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Chuong 1
MG DAU

§1.1. POI TUONG, PHUOGNG PHAP NGHIEN CGU MON HOC - UNG DUNG
1. Déi tuong

Doi tugng nghién cidu clia mon hoc 1a chét 1ong. Chat ldng & day hiéu theo nghia
rong, bao gém chat 1ong & thé nudc - chit long khong nén duge (khéi lugng riéng p
khong thay déi) va chat 1ong & thé khi - chat 16ng nén duge (khéi luong riéng thay déi,
p # const). P& tién cho viéc nghién ciu, ciing nhu theo su phét trién cia khoa hoc, ngudi
ta chia chat long thanh chat long It tudng hay la chat long khong nhét va chat [ong thuc,
con goi 1a chat 16ng nhét (d6 nhdt p # 0). Chat long tuan theo quy luat vé luc nhdt cua
Newton goi 1 chat 16ng Newton. Con nhiing chat long khong theo quy luat nay nguoi ta
goi 1a chat 16ng phi Newton, nhu ddu thé chang han.

Ky thuat thiy khi nghién cdu cac quy luat can bang va chuyén dong cha chat 1ong.
Thong thuong trong gido trinh, ngudi ta chia thanh bon phan:

- Tinh hoc chat 16ng: nghién ciiu cdc diéu kién cin bang cilta chit 1dng & trang
thai tinh.

- Pong hoc chat 16ng: nghién cu chuyén déng cta chat 16ng theo thdi gian, khong
ké dén nguyén nhan gay ra chuyén dong.

- Dong luc hoc chdt 1ong: nghién ciu chuyén dong cla chat long va tic dung trong
hé chia né vai vat ran. Cu thé ]1a phai giai hai bai todn co ban sau day.

1. Xdc dinh su phan bo van tde, dp suat, khoi lugng riéng va nhiét do trong chat long.

2. Xdc dinh luc tdc dung tuong hé giita chat 1ong va vat ran xung quanh nd.

- Ung dung vao mdy thuy khi.

Vi tri cta mén hoc: né 1a nhip néi giita nhimg moén khoa hoc co béan (toan, li...) véi
nhitng mén ki thuat chuyén nganh.

2. Phuong phép nghién citu
Ding ba phuong phap sau day:

- Phuong phdp 1i thuyét: SIr dung céng cu todn hoc, chit yéu nhu todn giai tich,
phuong trinh vi phan. Ching ta s&€ gap lai céc todn ir vi phan quen thudc nhur:

gradicnt: gradp =t —{Q—p +]— 3R + k ap
oy
. L Ov, v, v,
divergent: divv = + +—=
0y 0z
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Va sir dung cdc dinh Iy tdng quét cla cd hoc nhu dinh 1i bdo toan khai lrong, niang
luong. dinh li bién thién dong lugng, mémen dong luong, ba dinh luat trao déi nhiét
(Fourier), vat chat (Fick), dong luong (Newton).

[}

- Phuong phép thuc nghiém: diing trong mot s6 trudng hop ma khong thé giai bang
1i thuyét, nhu xac dinh hé $6 can cuc bo.

- Phuong phéap ban thuce nghiém: két hgp gitta 1i thuyét va thuc nghiém.
3. Ung dung

Ky thuat thuy khi ¢6 dng dung rat rong rai trong cac nganh khoa hoc, ki thuat nhir
giao thong van tai, hang khong, co kht, cong ngh¢ hod hoc, vi sinh, vat licu... vi ching
déu ¢é lién quan dén chat [6ng: nude va khi (tham khao thém sdch [3]).

§1.2. SO LUGC LICH SUPHAT TRIEN MON HOC

K§ thuat thuy khi bi¢u thi sy lién hé rat chat ché giita khoa hoc va yéu ciu thuc (€.
Nong nghi¢p da doi héi thuy lgi phdt trién rat s6m nhu kénh dao, dap nudc, déng
thuyén, be... & ddy chi xin néu ra mot s6 nha bac hoc quen thudc ma qua dé thiy su
phdt trién cha mon hoc. Tén (uéi Acsimet (287-212, truéc cong nguyén) gin licn véi
thuy finh - luc day Acsimet.

Nhi danh hoa Y Léona Povanhxi (1452-1519) dua ra khdi ni¢m vé lyc can cua chat
1ong lén cic vat chuyén dong trong né. Ong rat muén biét tai sao chim lai bay dwoc.

Nhung phdi hon 400 nam sau, Jucopki (1847-1921) va Kutta méi giai thich duge: d6 1a
luc ning.

Hai ong L.Ole (1707-1783) va D.Becnuli (1700-1782)1a nhing ngudi da dat co sa i
thuyét cho thuy khi dong luc, tich né khéi co hoc 1i thuyét dé€ thanh mét nganh riéng.
Hai ong déu 1a ngusi Thuy S§. sau duoc nid hoang Nga moi sang lam viéc & Vién han
lam khoa hoc Pétecbua cho dén khi mat. Chdng ta sé con gap lai hai ong nhiéu lan trong
gido trinh sau nay. Tén tudi cia C.L.M.H. Navier (1785-1836) va Sir George G. Stokes
(1819-1903) gan lién vai nghién cttu chat l1ong thuc. Hai éng da tim ra phuong trinh vi



phan chuyén dong tir nam 1821 d&n nam 1845. Nha bic hoc nguai Pic L. Prandt]
(1875-1953) da sang lap ra i thuyét 16p bién (1904), gép phan giai nhiéu bai todn dong
luc hoc.

Tir nira cudi the ki 20, thuy khi dong luc phat trién nhu vid bao véi nhiéu guong mat
sdng chdi, ké ca trong nudc ta.

§1.3. MOT SO PINH NGHIA VA TINH CHAT CO L CUA CHAT LONG
1. Chat 1ong ¢6 mot s6 tinh chat dé nhan biét sau day

Tinh lién tuc: vat chat dugc phan bd lién tuc trong khong gian. Tinh dé di dong bicu
thi & chd: tng suat tié€p (néi ma sat) trong chat long chi khac 0 khi cé chuyén dong
tuang doi gita cdc 1dp chit 1ong. Tinh nén dugce: thé tich W cla chat 16ng thay déi khi
4p suat tac dung p thay d6i. Ta ¢6 hé s6 nén dugc:

1 dW

B= —W—(E(m'/N)

2. Tinh nhét

La tinh can trd chuyén dong clia chat 16ng. Nguyén nhéan nao? Ta nghién citu tinh
nhét dira trén thi nghiém clia Newton. C6 hai tdm phéang (hinh 1.1): tAm dudi 1I ¢6 dinh;
tam trén I ¢6 dién tich S chuyén dong dudi tidc dung cta ngoai luc F. Gilta 2 (am ¢6 1 16p
mong chat 16ng h. Sau mot thdi gian nao dé, tam | s& chuyén dong déu véi vin téc tuong
doi v song song véi tam 1. Thi nghiém cho ta thdy ring c4c phan 1 chat 16ng dinh chat
vao tdm I s di chuyén cling véi van téc v, con nhitng phan tir dinh chat vao tam 11 thi
khong chuyén dong. Van téc cdc phan tir 16ng gilra 2 tim phang tang theo quy luat tuyén
tinh va ti 1& véi khoang cach tam IT (hinh 1.1).
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Hinh 1.1

Newton gia thiét 1a khi chat 1ong chuyén déng, né chay thanh 16p vé cing mong vai
van toc khac nhau, do dé truot 1én nhau. Gita cic 16p chat 1ong chuyén dong tuong déi
v3i nhau 4y xudt hién luc ma sat. DS 1a lue ma sat trong, con goi 1a luc nhét:

\%

fr :pSh

11 12 hé s6 chi phu thuoc vao chat [ong gitta hai tam phang. N dac trung cho tinh
nhét goi 1a hé s& nhdt dong luc hodac d6 nhét dong luc. Téng quat hom, ta c6 thé biéu
dién cong thitc trén duéi dang dinh luat ciia Newton vé lyc nhét:



T= ps@
dy
Hay biéu dién dudi dang img suat tiép:
T du
T=—= -

= 1.1
s~ May (1.1

Trong d6 du/dy la gradient van téc theo phuong y vudng géc véi dong chay. Nhimg
chat long tuan theo (1.1) goi 1a chat 1ong Newton nhu da néi 6 trén.

Tir (1.1) rt ra: H=—-"

Néu Iay S = 1 don vi; d—u =1 don vi thi p tuong duong vé mot lue. Bon vi do p
y
trong hé SI 1a N.s/m’; trong hé CGS la poazo: P; 1P = 10" N.s/m’.

Ngoai 1. cdn diing hé s6 nhdt dong hoc v = p/p trong cic biéu thite cé lién quan dén
chuyén dong. Don vi do v trong h¢ SI 1a m?/s, trong hé CGS la:
Stoc: St; 1St = 10™* m’/s
Cic hé s6 p vaa v thay doi theo nhiét do va dp suat. Nhin chung p va v clia chit 1dng
gidm khi nhiét do tang va tang khi dp suat tang; cua chét khi tang khi tang nhiét do va
giam khi 4p suat tang.
3. Khoi luong riéng va trong hrong riéng

Khai luong M cla chat 1ong duge dac trung boi khai lugng ciia 1 don vi thé tich W

goi la khoi lugng rieng hoac khai lugng don vi:
M N
= — (kp/m’)
p W B

Tuong ty, ¢6 trong lugng riéng v =% (N/m" hay kG/m")

Trong luong | vat ¢6 khai lugng 1kg c6 thé coi bing 9,8N ~10N;
1kG =I0N = 1daN
Ta c¢é méi lién hé: y = pg; g =9,8m/s’
4. Ngoai luc tac dung 1én chat long
Pugc chia thanh hai loai:
- Luc mat 1a luc tac dung lén chat 1ong ti 1¢ véi dién tich mat tiép xdc (nhu 4p luce. ).

- Lurc khéi 1a luc tac dung 1én chat 1ong 4 1¢ véi khéi luong (nhu trong luc, fuc quan tinh. ).



Chuong 2
TINH HOC CHAT LONG

Tinh hoc chat 1dng hay thuy tfinh hoc nghién ciu cic quy luat vé can bang cia chat
long & trang thai tinh. Ngudi ta phén ra 2 trang thai tinh: Tinh tuyét déi: chat long
chuyén dong so v6i hé toa do cd dinh (gan lién véi trai dat). Tinh twong doi: chat 1ong
chuyén déng so vé6i hé toa do ¢6 dinh nhung gida chiing khong cé chuyén déng tuong
d6i. Nhu vay, ¢ day chat long thuc va i tuong 1a mot. Trong chuong nay chd yéu nghién
clru dp suat va dp luc do chat long tao nén.

§2.1. AP SUAT THUY TINH

1. Dinh nghia

Ap sudt thuy tinh la nhimg tmg suat gay ra boi cic luc
khoi va luc mat tdc dung lén chat long & trang thai tinh.

Pé thé hién rd hon khai niém ap suat thuy tinh trong chat
long, ta xét thé tich chat 1éng gist han bai dién tich € (hinh
2.1). Tudng tuong cit khéi chat léng bang mat phang AB,
chat 1dng trong phan I tic dung 1én phan I qua mat cit o.

. . P
Ap suat trung binh: Ps=— Hinh 2.1
: o
. N ) .. AP
Con 4p suat tai diem M: Pum —Alal)TOE
Pon vi clia dp suat: N/m” = Pa (Pascal);

lat = 9.8.10* N/m’ = 10* kG/m? = 10mH,O = 10T/m? = 1kG/cm®
2. Hai tinh chat cua ap suat thuy tinh
a) Ap sudt thuy tinh luon luon tic dung thang géc va hudng
vao mat tiép xtc (hinh 2.2).
C6 thé tu ching minh bing phan ching.
b) Ap suit thuy tinh tai méi diém theo moi phuong bing
nhau. Chang han, tai diém gdc toa do Décic O:

pxzpy:pZ:pn (21)
C6 thé ching minh bang cich xét khdi chat long trong
mot hinh 4 mat ¢é cic canh dx, dy, dz vo cung nhé bé. Ching
minh biéu thiac (2.1) khi dx, dy, dz -0 (Tham khao gido trinh [1]).

Hinh 2.2



§2.2. PHUONG TRINH VI PHAN CAN BANG CUA CHAT LONG -
PHUONG TRINH OLE TINH (1755)

Phuong trinh biéu dién méi quan
hé gitta ngoai luc tdc dung vao mot
phan tir chat long véi noi lue sinh ra /
trong d6 (tic la 4p suat thuy tinh p). d /

!
|

Xét mot phan wr chit 1ong hinh
hop céan bang c6 cac canh dx, dy, dz
// x, y. z (hinh 2.3). Trong tam ’
M(x,y.z) chiu dp sudt thuy {(inh
p(x.y.z).

Luc khai: ' ’
F ~ m = pdxdydz; X, Y, Z la

hinh chiéu cta gia t6c luc khoi 1én
cac truc x, y, z.

Hinh 2.3
Luc mat tdc dung 1én hinh hop gom céc luc do dp suat thuy tinh tao nén trén 6 mat
(4ap luc).

Lap diéu kién can bang cua phan tir cht 14ng hinh hop dudi tdc dung cua luc khai
va ap luc.
Hinh chiéu cta cic lue [én truc x:
Y =P -P,+F =0 (2.2)
Trong d6: F, = Xpdxdydz
P =(p +% g% dx)dydz

P. =(p —%%dx)dydz
Thay vao (2.2) ta duoc:

2, = —%dxdydz + Xpdxdydz =0

hay la: —l@:O
p OX
lépzo

Tuong tu cho truc y va z -——— (2.3)

p Oy
19p _

p Oz
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D6 1a phuong trinh Ole tinh viét dudi dang hinh chiéu.
Viét dudi dang vécto: F- ! gradp=20 2.4)
P

Trong d6: F la luc khoi cua 1 don vi khéi luong:

F=iX+]Y+kZ

§2.3. PHUONG TRINH CO BAN THUY TINH
Nhan cidc phuong trinh (2.3) lan luot vai dx, dy, dz réi cong lai theo cot, ta dugc:

de+Ydy+Zdz-— ﬂ'pdxapdy+:‘pdz
plLox Oy 0z

hay la: Xdx + Ydy + Zdz :ldp (2.5)
p

Day 13 mat dang khéc clia phuong trinh vi phan can bing ciia chat [ong.
1. Mat dang ap
Mat dang 4p 1 miit trén d6 tai moi diém dp suat p = const. Tir (2.5) suy ra phuong
trinh ctia mat dang 4ap:
Xdx + Ydy+Zdz=0
2. Xét truomg hop lue khéi chi ¢6 trong luc va truc oz huéng I1én trén
X=0;Y=0,7=-¢ 7 .
Tir (2.5) ta c6: SEPIL

: T
l h
-gdz= —dp A‘l
P Z

Sau khi tich phan, ta dugc phuong trinh co
ban thuy (inh:

0
Pyz=const=C (2.6) /
Y X

hay la: Hinh 2.4

~

p—A+7 Py +25=..=const+z,
v
3. Cong thitc tinh ap suat diém
Can tinh 4p sudt tai diém A: p, =?
p p
—YA R4 (Zy = Z4) > Py =P+ V(7 - 2,)

11



Khi bi€t dp suat tai B, nhu B trung vdi mat thoing c6 dp sudt p, va z, —z, = h la do
sau tir mat thoang dén diém A, ta duoc:

Pi\ = pn + Yh B p = pu + Yh (2'7)
Néu p, = p, - 4p suat khong khi: p=p, + yh

vh 14 trong luong cot chat 1dng cao bang h va cé dién tich ddy bang | don vi;
h=P7Po bidy thi dp suat, nén c6 don vi 1 m cot nudc. lat = 10mH,0.
Y

4. Phan biét ba loai 4p suat

Muon do dp suat ta phai 1dy moét gid tri nao d6 1am gdéc, thi du nhu s6 0 hay dp suat
khong khi p,. Néu 14y 0 1 géc thi p, = lat. Ap sut tinh theo (2.7) 1a dp sudt tuyét d6i ki
hiéu p,, nghia la cdc gid tri duge do trong chan khong tuyét d6i. Nhung trong thuc t€ chi
do dugc hiéu s6 dp suat tuyét doi va dp suat khong khi goi 1a dp suat du, ki hiéu p,:

P - P. =Py =7Yh, vé1 p>p,; khi p<p, = p,— p=ps £0i la 4p sudt chan khong.
5. Y nghia ciia phuong trinh co ban thuy tinh (2.6)
a) Y nghta hinh hoc hay thuy e

z - do cao hinh hoc.

P do cao clia mot cot chdt 1ong biéu thi dp suat, goi 1 d6 cao do 4p.
v
z+ P H, = const - c6t 4p thuy tinh tuyét doi;
Y
z+ P4 —H = const - cot dp thuy tinh du.
Y

Viy, trong mot moi trudng chat 1dng can bang, cot ap thuy tinh cha moi diém 1 mot
hing 6.

b)Y nghia ndng hiong

Xét phan t&r chit 1éng quanh diém A c6 khéi luong dm, dG = gdm & do cao hinh hoc z
va chiu 4p suat p. So v6i mat chuan, phén tir c6 thé nang z.gdm = zdG dic trung cho vi tri

cta phin t, goi la vi nang. Do chiu 4p sudt p nén c6 nang lugng —;idG - ciing 1a thé nang,

nhung déc trnung cho dp sudt thuy tinh tic dung lén phan tr chat 1ong, goi 1a 4p nang.

Tong the nz'mg[z + B]d(} i
¥

12



Tinh cho mot don vi trong luong chat long:

[z + R]dG/dG ~z+P

Y Y
Trong moi trudng chat long can bang, theo phuong trinh co ban thuy tinh:
2+ 2 = H = const
Y

Vay thé niang don vi clla moi diém trong mét moéi trudng chat 1éng can bang déu
biang nhau va bang c¢ot dp thity tinh H.

6. Mot so 1rng dung
Trén co sd cong thic tinh dp suat diém (2.7) ngudi ta ché tao ra cdc dung cu do dp
suat diém bEmg chat long nhu Sng do dp (bimg thuy tinh, ¢6 dudng kinh d = 0,015m, ndi

truc tiép qua ong cao su vao diém can do 4p suit), 4p ké thiy ngan (khi ap suat tai diém
do 16n, h cao), 4p k& do chénh (giita 2 diém trén dudng ong...).

§2.4. TINH TUONG DPOI

Chat long chuyén dong lién mot khoi. He toa do gin lién v6i vat chuyén dong (hé
toa do theo). Luc kh6i gébm trong luc va luc quén tinh cita chuyén dong theo. Ta xét haj
dang tinh tuong d61 dac trung sau day.

1. Binh chifa chit 16ng chuyén dong thing thay déi déu (gia téc a = const; cé trong
cac xe chd dau, nude sau khi khdi dong, bo ché hoa khi ciia 6 to, mdy bay...)
3 day can xdc dinh phan bs 4p sudt trong
chat ldng va mat dang 4p.
Chon hé toa d6 nhu hinh vE (hinh 2.5).
Xuit phat tir phwong trinh (2.5).
dp = p(Xdx + Ydy + Zdz)

Luc khoi tac dung: trong luc G =mg, luc

qudn tinh F, =-ma, hinh chi¢u ca gia toc lyc
kho: HO)
X=0.Y=-2,Z=-g S iSSesssdsaces
Do d6 dp = p(- ady — pdz)
—>p=-pay-pgz+C
Khiy =0, z=0: p=C=p, - ap sudt tai mat thodng.
Vay, phan b6 4p suat tai moi diém trong chat 16ng:

P=P,-pay-7yz

Hinh 2.5

13



Phuong trinh ding 4p:  p = const, dp =0
ady + gdz.=0 — ay + gz =C
Vay mat dang 4p 1 mat phang nghiéng mét gée o

g

‘tga

a . o o e . . . .
—— <0 —> a>0: van toc tang. chuyén dong nhanh dan déu (xuong déc). duong doc
g

xuong nhir hinh ve.
~2 50 - a<0: van tSc giam (khi ham), chuyén dong cham ddn déu, dudng déc 1én.
g

Do d6 phai ¢ nhitng bién phédp dac biét dé dam bdo viéc cung cap nhién liéu duoc
diéu hoa trong mdy bay, 6td.

C6 theé tinh dugc muc nudce & phia sau toa dang cao bao nhiéu:
L
Ah =—tga
2

2. Binh chia chat 16ng quay déu véi van t6¢ géc o = const.
Tim phan b 4p suat vad mat dang ap? (hinh 2.6)

Luc khoéi: G = mg: luc qudn tinh 1i tam: F,, = mo’r.

Hinh chiéu: X = 0’x, Y = 'y, 7. = -g.

Do dé: dp = p(w’xdx + ’ydy - gdz)

]

W 3 3
p=97(X‘+y‘)—ng+C

x=y=z=0:p=C=po%p=p%—r2-72+po

Phuong trinh dang 4p:

p—yz=C P
2 X
b6 la phuong trinh mdt mat paraboloit quay quanh truc oz.
Phuong (rinh mat thodng: p=p,: Hinh 2.6
o'r’

p———yz=0
Do dé:

Ah=7:p£=mr (2.8)

Y 2



Dua trén hién tugng nay ngudi ta ché tao cdc may do vong quay, cic hé théng boi
tron O truc, cdc he théng lang li tam, didc cdc binh xc, cdc 6ng gang thép. ..

§2.5. TINH AP LUC THUY TINH

Ap luc chia chat 1dng 1én cic cong trinh, thiét bi.
1. Ap luc 1én thanh phing

Tinh 4p luc P 1én di¢n tich S (hinh 2.7). Phai xdc dinh 3 y&u 16: phuong chiéu, tri s8,
diém dat ctha P.

Cich tinh: tinh dP tac dung lén dS, sau khi tich phan tién toan S s€ dugce P.
- Phuong chiéu: P L S, huéng vao
-Tri s6
P=[dP= [pdS= [(p, +vh)dS = [p,dS + [yhdS = p,S+ ysina [ydS
S S S S

S S

=pyS+ysina-y S=8(p, +vh,) =Sp,
Ki hiéu: p, = p,+ h, - dp suit tai trong tam.
Ti hinh 2.7: h = ysina; h, = y.sinag Ide =y.S- momen tinh.
S
_Néup, =p,; P, =vh.S (2.9) trong thuc ¢ hay dung cong thic nay.

- Diém dat: xét trudng hop hinh phang c6 truc déi xing.
Goi D la diém dat cua P.

AN
)
LC\ N
//
D 5
Y Ve
Ye /
7/

yo /

/
X a s/
\v
Hinh 2.7

Ap dung dinh 1i Varinhong: Mémen clia hgp luc P déi véi mot truc bing 1dng cic
momen cla cde luc thanh phan dP dai véi truc dé.
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Lay mdémen d6i véi truc x:

Py, = f}'dpd

S
P,y = vh Sy, = vy sinaSy,,
Iyde = IyyhdS = Jyyy sinadS = ysina _l'yldS = ysinal ;
S

vi I, = [y*dS=1J,+y’S- Ia mémen qudn tinh cia S d6i véi truc x.

Thay cdc gia tri vao biCu thuc trén, taritra: y, =y _+ CS
y

<

Truong hop hinh phing khéng c6 truc d6i xing phai tinh thém x,, (tham khao [1]).
2. Ap lre Ién thanh cong (6ng dan nuée, bé chira dau...)

Ta xét mot $6 trudng hop thanh cong 12 hinh cau, hinh try. Cdc lyuc phan t6 khong

song song nhau.
P(P,.P,.P); P=P}+P}+P;

4

Hinh 2.8

Xét truong hop thanh cong S cua binh chida ¢6 mot mat tiép xiic véi chat long, con
mat kia ti€p xic véi khong khi (hinh2.8), xoy trang véi mat thodng. Tinh dP tic dung
jén dS c6 do sau h. Vi dS nhé lén coi nhu mat phang:

dP =vhdS; dP L dS.

16



XX

P, = [dP, = [yhdS, =vh.S
% Sx

S
P, = [dP, = fyhdS, =vh,S, (2.10a)
Sy Sy

P, = [dP, = [yhdS, =yV

Sz Sz

Trong d

dy trén 1a hinh
chiéu S, cta vat thé 4p luc.

biém da
3. Phu

b
Tinh luc
nhat h.b (hin
VE biéu
canh cira the
gidc vuong c
ap suat thuy
diém).
Theo co
phing (2.9):

g_ﬂ gidc biéu dé ap

khoi chit long
—, va chiéu cao
2

a trong tam cha

Tinh dp luc bang biéu dé rit thuan tién trong
L L1\ L trudng hop c6 nuéc & hai bén (hinh 2.10). Biéu d6 ap
suat 1a hinh thang vuéng, nén dp luc lén cdnh cira sé
Hinh 2.10 la:
h, +h,
2

P=

'T(h| _hz)'b

17



b) Tinh ap lyc 1én tru tron cé ban kinh R, dai b (hinh 2.11).
G day chic6 P, va P,.
P =P, - P, tinh theo cong thitc (2.10a) hay theo bidu dé:

R 3 ., AV
P.=v2R-R:-b—yR.-—:b==9R"b ¥ T
2 2 L
R 1 LR P Y
P,=P,+P, =yV, +yV, =¥ +ZYan ® @
P —i *[Rlb 77 TTTTTT
et Hinh 2.11

§2.6. MOT SO NGUYEN LI THUY TINH

1. Nguyén li hod ran
Mot khéi chat [ong can bang néu trd nén ran lai thi tinh chat can bing khong bi mat di.

Nhu da biét truée day nhiéu nguyén 1i nhu tic dung va phan tic dung, doc lap tic
dung... 12 nhilng nguyén 1f cta co hoc vat ran ¢6 thé dp dung cho chat 1ong thi nguyeén 1i
hod ran 14 nguyén 1i 4p dung tir chat 16ng cho vat ran, cho phép ta tir viéc xac dinh 4p suat,
4p luc trong dng chat 16ng trd thanh viéc tinh dp suét, 4p lyc 1én cic bé mat vat ran.

2. Nguyén li Acsimét - khai niem vé vat néi

Mot vat khong tham ngap titng phan hay toan phin trong —
chat long $& chiu mot luc ddy theo phuong thang ding, chiéu —
tr dudi lén va cé tri s6 bang trong lugng khéi chat 1ong bi
chi¢m ché. —

P=vyV (2.10) -

goi 1a luc ddy Acsimét. Diém dat C cia trong lugng G clia -
vat goi 12 trong tam, cdn diém dat D cha luc ddy Acsimét P goi
ta tam ddy. Hinh 2.12

Diéu kién dé€ mot vat ngap toan phan hoac ting phdn trong chat 16ng ¢6 duge trang
thdi can bang 6n dinh thi C phai & d6 sau hon diém D.

3. Nguyén li Pascan - Khai niém vé may ép thuy lue

Goi p, 1a dp sudt trén mat thodng di cho. Theo cong thic tinh dp suat thuy tinh ta c¢é
thé viét (hinh 2.13):

pA - pl) + Yh/\
Py = P, + Yhy .11

18



Néu tang dp sudt trén mat thodng mot dai luong Ap ta Ap
cling c6 thé viét: DQ‘
AV

p.-\ = pu + Ap + Yh\ 7
Ps=D.+Ap +vhy (2.12) J'(he

Qua cic biéu thirc (2.11) va (2.12) ta ¢6 thé phat biéu
no1 dung sau:

Ap sudt tdc dung 1én mat thodng truyén dén moi diém
trong chat long nhing dai lugng nhu nhau. Hinh 2.13

Tir bigu thie (2.12) ta suy ra ring néu Ap 16n (c6 khi hang chuc at) thi ¢6 thé bd qua
dai lugng vh,, yh,. Khi d6 cé thé xem p, = py.
D6 la co sd dé tinh todn cho bai toan may ép thuy luc (hinh 2.14).

Khi tac dong luc Q dut [8n ta ¢o:

P =p f/ﬁ
Trong do: p, :i; p,= P }
@

[X)

1 @ A\
s s ) a+b 5 [P
Xét bal toan don OA tacé: P, = Q p'//—/_ -
a -
C

. Cuéi cling ta ¢d biéu thiic lién he giia P,
(luc ép vat) va tar trong Q la:

Pl=&a+bQ=a+b[2j Q
w, a a \d

Hinh 2.14

§2.7. TINH HOC CHAT KHI
O trén ta khao st chat 1ong khong nén duoc. D6i véi chat 1ong nén duge ta khao st
mot 8O trudny hop sau day:
1. Chat long it nén dugc
Khao sdt qué trinh dang nhiét ta ¢6 phuong trinh xdc dinh thé tich khéi khi fa:
V=V,[1-%(p-p)]
] 1

Hay la: = =—[l-yx(p-py)] (2.13)
PPy

Trong d6 chi s8: 0 - chi trang thai dd xdc dinh; %o - h¢ s6 gidn nS ding nhiét.
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Chon truc z theo phuong thang ditng huéng xudng ta cé phuong trinh vi phan:

d9p =gdz
p
Thay (2.13) vao phuong trinh trén, sau khi tich phan ta c6:

1
pP-p, —Ex.a(p—pn)2 =p,gz

(2.14)

(2.135)

O nhiét do

O nhiét do (2.16)

Chon truc z

Két hop vai

Duéi day
trong mot sO tr

- Trucong he
Tich phan p
T=T,=co

In

Hay la:

273_z-z0J

=p,,exp| - —
P: =Py P[ T

=p,. exp[-— 2= % ) (2.18) 9 Po Po
Hinh 2.15
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Tuong tu (2.18) ta c6 biéu thifc xdc dinh khéi lugng riéng:

o e 2.2
pz pZO Tm hn
=pmexp[- = J @12
th‘I‘I
Trucong
(2.20)
B - hing
Thay (2.2
Ta cé:
Hay 1a (2.21)
Tir phuon
(2.22)
Théng th trong truong g
khong déi m’, con trong
luong riéng ¢ 88'K) & do cao
bang khong |
KhiO<z

t,=15-0,0065z; (z - m, t, - 0°C)
hay la: T,= 288 (1 - 22,6.10%z); (z- m, T - ’K)
Khi z> 11000m ta cé: t = -56,5°C; (T = 216,5°K)
Tir do cao 300km nhiét do T — 1500'K.
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cua Ong dan, néu chiéu cao cot thuy ngan h, =
25cm. Tam oOng dan dit dudi dudng phan giéi

3. Khi cau
Got: G - trong lugng khi ciu (ké ca trong luong khi trong khi cdu);
V - thé tich khi cdu;
y - rong Juong riéng clia khong khi;
v - trong luong riéng cha khi trong khi cdu. Ta s& cé biéu thic xé4c dinh luc ddy:

F,=Vy,-G,=Vy,- (VY +G,)=Vy, (1-8)-G,

Trong dé: & = R trong chat khi;
Y

G, - trong luong ctia khi cau (khong ké khi bén trong).

Tai vi tri khi cau dat do cao cuc dai z,, ta cé F, = 0; nghia la:

Gu = V-Y/M (l = 6)

Khao sét moi truong khi quyén ding nhiét. ket hop véi bicu thic (2.19) ta c6:
273 -
G,= VL, (z—8)exp| — 2. 2n Z
T 8000
ZM = Z‘) = tinh b:‘ang m,
T -5
hay la: Zy = Z, =8000—. 2,31g szo(l )
273 G,

§2.8. VI DU VA BAI TAP

Vi du: 2.1. X4c dinh 4p suit du tai diém A

gita nudc va thuy ngan h, = h = 40cm (hinh h,

bai 2.1).

cong thic: p, = py + ¥y20h, Ma py = v h, nén:

9810 x 0.4 = 37278 N/m?* = 3800kG/m>.

Bai gidi: Ap suat du tai diém A tinh bang

Pa = Yol + Yipohy = 133 x 416 x 0,25 +
Hinh bai 2.1
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Vidu 2-2. Vi dp ké' hai chdt long.

Vi dp ké hai chat long hinh chit U dudng kinh 6ng d = 5Smm dugc néi voi hai binh
¢6 dudng kinh D = 50mm.

Dung cu duge d6 ddy chat 16ng hoa tan ¢6 trong lugng riéng xap xi v6i nude nhu
ruou étylen (y, = 8530 N/m™) v ddu hda (y, = 8 140N/m").

Lap quan hé gitra do chénh ap suit cia khi duoc do bai vi 4p k& Ap = p, — p, véi dé dich
chuyén clia méit phan cdch hai chat 1éng h d6i véi vi tri ban ddu khi Ap = 0 (Hinh 2-2a).
Xéc dinh Ap khi h = 280mm.

Vi Ap da cho, s6 chi clia dung cu s€ giam di bao nhiéu 14n, néu trong dung cu bo di
cac binh trén dau 6ng.

Giai: Theo hinh v& 2-2b khi Ap =0 tic 12 p, = p, ta cé:

¥:h, =v,h,

Khi dp sudt p, > p, thi chat 16ng binh bén trdi tut xudng va mait phan céch giita hai loai
chat 16ng s& dang [én moét do cao h ké tix vi tri O ting véi lic p, = p,; di nhién 12 & binh chit
16ng bén phéi mit chat long cling dang 1én moét doan. Do ha thap cia mat chat 1éng binh

trai va d6 dang cao mat chat 16ng binh phai déu bang h% , trong d6 o la dién tich mit cét
ngang clta 6ng va Q 12 dién tich ctia mat cit ngang binh, (hinh 2.2¢) cho nén.

d2
Q D’

Lic nay ta cé:

d2 dl
P +Y|[h1 "h_hﬁJz P> +Y2[h2 +h§_h]

d,
p,— P, =Ap=-v,h, +7,h, +h[(Y1 Y)+—5 D? 5 +Yz):|

vi yh, = v,h, nén:

Ap= h[(v. Y,)) 4 ~ 2 (y, +Yz)i|

Khi h = 280mm ta c6

Hinh bai 2.2a

0,005°
Ap = 0,280| (8530 —8140) + 8530 + 8140
P [( )+ 00502( )]

3

Ap =157N/m*
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Khi bo cdc b ay ldic nay:

Vi du 2-3.

Nghiém thu nép bén ciu
bét chat bang n h hinh try D
=1,2m.

Tai dinh nép
1. Thit micc. )’ N/m?, hoi:

a) Ap suat ta
b) Ung suit tac dung 1én vo ctia binh tai mot diém M céch ddy 1m?

* Chi thich. Ap ké-chan khong k€ (viét tit AKCKK) ding do 4p sudt du va dp sufit chan khong.
Vach goc (s6 khong), tmg véi gid tri du cla dp sudt khi tréi: py, = 0. Cdc vach do dp sudt du thudng dinh
dau cong (+): cdc vach do dp sudt chan khong thuong danh ddu (-).
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¢) Luc tac dung lén toan bo cac bulong va lén mot bulong?
Luc nén hay kéo?

2. Thit khi - chita nuéc vao diy phéan hinh tru va thir
khi theo hai phuong phép:

2-1. Phuong phap thit nhat: Bom khi vao; ap ké chi dp
suat p,(at). Hoi:

a) Luc tac

b) Ung su
Ap dung

Pe =Pax + y,,(h +%) =12,17.9,8.10* N/m?

2 3
wobPe D' 174 D
Y, 4 2

0,1

daN/mm”*

au)
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:M[]Z,l?Jri-EjQ&lO‘N
4 10 3

P, = 135,262.10°N - Luc huéng lén trén.
Luc tdc dung 1én mot buléng = % p, = 2,817.10°N - luc kéo.

2.1. Lic bom khong khi vio ddy nap ban ciu véi 4p suat du p, ta cé:
2
a) Luc tic dung lén nip bdn cau: P, =p, = % . hudng lén. Trudng hop trong luong

2
khong khi trong nap ban cdu khong ding ké so véi ap luc p, = D

, €6 thé bo qua.
D?
b) Luc tdc dung lén ddy: P, =(p, -+ y“H)n-Zw
2.2. Luc hit khéng khi trong np ban cdu ra va do dugc 4p suat chan khong p, ta cé:
Ap suit tuyét d6i trong nip: p,=p, - Pu
- Ap suat dur trong nap:p.s,= P - Pu = -Pux
Ap suit du tai ddy binh: pyy, = P + ¥.H = -ps + 7,.H

a) Luc tdc dung lén nip binh: - Nip binh chiv tdc dung ctia ci hai hop luc thang
dimg va nguge chiéu do 4p luc khong khi bén ngoai
va bén trong binh tao ra. Ap luc khong khi bén ngoai

. P -
de nap xuong, ap luc bén trong ddy nip lén. AV c . PPu
. 7D’ nD’ nD’ ;
Pz = P,“W, - pzlrung = Tpa - 4 (pa - pck) = _pck T
Luc d¢é xudng I
b) Luc tdc dung 1én ddy binh:
. 7D’
P, =(-py +7,H
d ( p"k ‘Y ) 4 rr "’ 7
c) Biéu d6 phan bé dp suat [én vo hinh tru: (hinh 2- YH+(pap,’)
3b). Vi trong binh vira ¢6 chan khong vira ¢6 4p sudt yH -
cla nudc va bén ngodi c6 ap suat khi troi ép vao vo nén
Hinh bai 2.3b
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phdi xét ket qua 1dng hgp cla cdc 4p suat trén hai phia cia vd binh. C8 thé thay rang trong
binh tuy chia nuéc nhung van ¢d khu vuc &p sudt nhd hon ap suat khi tréi p, (chan khong
trong nudc gin mat thodng) va gan ddy thi 4p suit 16n hon p, (khu vuc 6 dp suit du).

Vidu 2.4: Xdic dinh dp licc 1én mdt cong bdng dé gid.

Xdc dinh bang hinh vé cudng do va hudng cla 4p luc thuy linh P 1én mét phan ciia
mit cong hinh tru tron ndm ngang ma mat cit ngang da bict.

Gidi: Trong phuong phdp thit nhat ¢é thé xdc dinh cudng do va vi tri cua hai thanh

phan P, va P, clia P: Thanh phan ngang P, xac dinh khong khé. Muén ¢6 thanh phéan P,
phai do dién tich ABC va x4c dinh dudng thiang ding qua trong tam.

Hinh bai 2.4

Trong phuong phdp thif hai, cé thé chia doan cong AB thanh mot s6 du 16n phan 16
nam ngang ¢é dién tich bang nhau, vi du MN, coi nhu dién tich phang; trén mdi phan t6
c6 luc nhu AP téc dong. VE luc AP dé dang ca vé cudng d6 va vé hudng.

Hop luc cin tim 13 t6ng hinh hoc cdc luc phan t6 dé (xem hinh 2.4); nhu vay c6 thé
do trén hinh vé luc P (cuong dd va hudng).

Dé xac dinh dudng tic dung cha luc P 1én mit cong phai biét mot diém clia né. Véi
mat cong tru tron P bat budc phai qua tdm hinh tron.

Vi du 2.5. Van hinh cdau

Mot phao hinh cau réng ban kinh R, trong lugng G = Mg dugc dung 1am van bit kin
mot 16 ddy nim ngang ciia mot binh chita va lot xudng 16 moét do sau h (hinh 2.5a).

Bién luin vé kha niang déng kin 16 khi cdc yéu t8 anh hudng dén l1a do sau H cua
chat long trong binh, khdi lugng don vi p clia chat 1ong va trong luong G cilia qua cau.

Giai: Phao s& bit kin 16 khi hgp luc cua cic luc tidc dung 1én né hudng xudng dudi.
Céc lire ay déu thang dimg - vi If do déi xing - gém c6 trong luong G va mot hop luc
thang ditng cuia céc dp luc thuy tinh P,.

1. Tim biéu thitc cila cdc 4p lyc thiy (inh. - Trén hinh cdu xét mot vdng dai cao dz &
céch ddy mot do cao z (hinh 2.5b). Ap su4t tic dung lén vong dai 4y 12 p = pg (H - 2).
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Dién tich vong dai dy bang dS = 2 nRcos0 % = 27Rdz . Hinh chi€u trén mat thang
cos

- = r i) - ~ FA e R . h —Z
diing ctia cac ap luc 1én vong dai ay bang tich cta timg luc phan t6 vGising = ———.

Hinh chiéu trén mat thang dimg cta dp luc phén t6 1én vong dai:

dP, = dS sinfp

Hin

Do dé, khi <2R - hthi
hop luc cua cac ri la:
Khi d6 sau

¢ clia cdc dp
inh mot qua
bét cac ap

luc thuy tinh 1é
cdu bi cat chom
luc P, ing véi

Heé thong lu
mic chat long.
don gian tuyén t

g phu thudc
ot biéu thic

P, =mnr’pgH
trong dé: = ban kinh 16.
Tacé r=R*- (R -h)’=h(2R - h),
vay P, =P, - npgHh(2R - h).
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Hai céch tinh theo (a) va (b) tat nhién dan dén két qua giéng nhau khi miic chét 1éng
ti€p tuy€n véi qua cau tai dinh, tic 1a H=2R - h:

P, - mpgh(2R -h)’ = npg(2R - h)’ (R -h-

2R—h)
3

P, = npg(2R - h)’ (

R+h
(c)

Thay bié

(d)

2. Buon
2(R - h), tic

o0t max khi H =
bit kin.

Gid tri m, toan ngap, ban

kinh (R - h). a lic mirc nudc
ngang tam q Pg -
Cuéi cung luc ddy triét tiéu khi mic chét 1ong ¢6 do cao H, = = 1;‘:R ) .

do ti€p tuc giam va co gia tri am.
Dé biét hop luc ciia toan bo cic luc tac dong l1én phao, chi cdn cit dudng cong biéu
i - 2 s - 4 i %
dién bang mot duong thang ngang c6 tung do bang G. Néu G 2§npg(R ~h)?, tic 1a
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trong tugng phao 16n hon luc ddy 1én qua cdu c6 ban kinh (R - h) thi khong ¢ giao diém
va hop luc luon hudng xudng. Phao ludn luon bit kin 16.

Neu G ¢6 gia tri bé hon, dudng ngang cat dudng biéu dién tai hai diém vi s& c6 mot
khu vuc do sau chat 10ng trong d6 phao khong thé chim dén ddy. Mot trong hai vi trf d6
Ung véi muc chit long ngap dinh qua cdu nfu G < P, khi H> 2R - h:

- R-2h
G < npg(2R - h)”

~

D

Nhu thé, ¢6 thé thuc hién mot van wr dong mé khi mitc chat 16ng ha thap hon mot
do cao nao do.

Vi du 2.6. Kich thuy hee
Kich thuy lyc dé thir sic bén vat liéu c6

dudng kinh ¢105mm, kéo mot thanh dudng kinh
55mm.

Bom cidp dau cho kich ¢é pitténg dudng kinh
18mm, dung ddn bay vdi cac cdnh tay don dai
0,10m va Im.

Hoi: 1. Cho luc kéo bang 10 tdn, tinh ap
sudt p trong hé thong thuy luc va lyc F can tdc
dong 1én ddu don bdy (4p suét tai mat trén
pittong bang dp suat khi troi). Hinh bdi 2.6

2. Khi ddu don bdy ha thap 10cm thi thanh bj thir kéo di chuyén bao nhiéu (b6 qua
ma sat).

Gidi: 1. Ap suat bén trén pittong bing dp suat khi i vi the khong cén k€ vao cic

luc tac dong Ién pitténg. Pittong can bing dudi tic dung luc kéo va dp luc thuy finh do
Ap suit p tao nén tai mat dudi cua nd.

Dién tich mat dudi pittong: S = %(10,52 ~5,5')=62,7em? =107.62,7m’
Ap sudt p bing:

_ 109.8
P=10762.7.08.10°

Luc tdc dong Ién pittong clia bom dau:

=159,5at.

F = p%(l,S)z =159,5.9,8.2,55 = 407.9,8N

Luc tic dong len ddu don bay:

= kil = 107.9.8 _ 398.86N
10 10
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2. Cho rang khong ¢6 t6n that nang lugng do ma sit, cong sinh ra khi dau don bay di
chuyén phai bing cong do kich thuy luc tao ra. Goi x do dich chuyén ctia thanh:

407.9,8

x.10°9,8 = 10. Nem

X = ‘?877 =4.07.10%m ~ 0.41mm

Cé thé tinh cdch khéc: thé tich ddu do pitténg cla bom diy qua kich phai bang thé
tich do pittong cta kich tao ra khi di chuyén; pittong ctia bom ha thap lcm khi dau don
bay ha thap 10cm.

1.2,55 = 62,7xcm’

X = 2,35 _ 4,07.10%cm
62,7

Vi du 2-7: Noi on dinh ciia mér vat hinh tru trong chdt long bdt ky

Ngudi ta muén cho moét hinh tru tron trong luong riéng v, (vat liéu coi nhu dong
déu). ban kinh R, chiéu cao H, c6 thé néi én dinh ma vin giit truc thing ding trong bat
cit chat long ndo (trong luong riéng 7y, thay ddi tuy theo chat 16ng), do ngap siu cla tru

I h. | 559
Hoi: Chiéu cao 16n nhat H,,, bang bao nhiéu. '}M
. Gidi: Diéu kién noi =7 Ic —
¥ H=yqh h f TD JLYCI_
h_r |r
H yq

Hinh bai 2.7
Tru s€ ndi 6n dinh néu tdm dinh khuynh M cao hon trong tam C. Bdn kinh dinh
khuynh p,, tinh theo cong thic (2-46) cta “Gido trinh TL va MTL tap I’
J

Pym =

W

’ R s 7 7, - N Ly - R ~ N nR
J- mémen quén tinh d61 véi ban kinh bat ky cua mat ndi hinh tron =

W- thé tich ngép ctia tru = nR’h;
_mR' 1 R

4 7R’h 4h

Pum
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Do cao tir tam ddy D dén trong tam C bang CD = =

. Diéu kién néi 6n dinh

cua tru la p,, > e, tic la R—2> H-h
. pM ] 4h 2

Z
R*s 2h(H—h)=2(Hh—h2)=2H3[£._h__’]
H H

Suy ra:

Vé phai s&
RV2 (lic d6 h
ctia hinh tru khd

véitrisO H =

cao lén nhat

giéng dé lan, m
nudc bién 12m:
cot thuy ngan.
nhiéu?

Néu noi 4
baromét) véi k
trong ap k& sé€
khong c6 dinh?
nao? cho rang t
noi khong dang

PS: x = 1655mm \ S M e\
h,=hy=-52,8mm M

Chui thich: Trong giéng lan c6 bom khi nén
nén nudc khong vao trong giéng dugc. B2.1
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Bai 2.2: Do dp sudt biang ba loai dp ké

Mot binh chita day xang (8=0,7) dén do cao V2m. Noi ba dung cu do ap suat khéac
nthau vao binh.

N ' / O np ciia binh noi v6i dp k¢ kim Joai 10 xo M:
Khong khi' & thanh binh ché bén trdt sat dy ndi véi éng do ap.

P bén phat thanh binh néi véi ba dp k& chi U trong
lgz  chda day thuy ngan (3=13,6), nuée (8=1) va khong
khi (820} so vé1 nudc).

Hoi dp k&€ M chi bao nhi¢u? do cao H cia dng
do dp 1a bao nhiéu? néu ba ap k& chit U dugc dat
nhu hinh vé& (mic cao V cho bang mét so véi mat
chuan) trong d6 do cao cdc miic nudc va thuy nhan
nhu sau:

Thuy ngin Nude
Mitc nudc nhanh bén phai: V2m;

B 2.2 Miie nude nhanh bén trai; VO,2m:
Mitc thuy ngéin bén phai (chr U gitra) V1,8m:

Muc thuy ngan bén trdi (chit U gitra) VO;
Muc thuy ngan bén phai (chi U trd1) V1,6m;
Mic thuy ngan bén trdi cung VIim;
Mat chuidn V0.
PS: AK chi 3,2at dir; H = 48m.
Bai 2.3: Ap ké'do chénh

Khone ki Tim ap sudt p cla khéng khi & hinh B. néu

o ap sudt mat nudc O binh A bang 0,25at (ap sudt
du), do6 chénh muic thuy ngan (3=13.6) trong
ap k& h, = 200mm

h, =250mm va h =0,5m

—\\

Nuoe

+ B Khoang giira hai muc thity ngan chita con
j‘ (5=0,8)
& Thuy ngan bS: pe = 0,276at.

B2.3

|98
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Bai 2.4. Ap sudt trong mor duong éng

Dé do ap suat tuyét dsi trong dudng 6ng dan chat long khai luong riéng p ngudi ta
dat canh nhau moét phong vii biéu (barémét) va mot dp ké chit U chira thuy ngan khoi
luong riéng p, = 13,6.10" kg/m*). Két qua doc duoc la:

H, trén barémét W

H, va H, trén dp k&€ cht U (hinh B-2-4). R |

Tinh 4p suat tai truc éng trong hai trudng
hop: a) dan khi; b) dan nudc. [ He

Ap dung s6: H, = 75,65cm { ]
H, = 32,45cm; H, = 19,25cm ' t -

a) Prnone kn # 03
b) P, = 1000kg/m’.
Tinh dp sudt bang N/m’ vii atmoétfe ky thuat (at)
DS: p = glp, (Hy + Hp) + (py- p) Hl
a)p, = 1,731 at
b)p, = 1,712 at

2.4

Bai 2.5: Anh lutong ciia vi 1ri dp ké dén két qud do.

Do 4p suit mot binh chida day nudc bang ap k&
chit U dung thuy ngan. Ap suat trong binh dugc xdc
dinh bang s6 chi h (mm) cua ap k&. Hoi su thay déi

cta s6 chi Ah (mm) khi dp k& dich thip xudng a,
mm.

DS: Ah=—2_
13.1

3

Bai 2.6. Do dp sudr chinh xdc bdng nhidu dp ké' chit U

Xdc dinh 4p sudt cua hoi mat nude trong binh bang dp k& uon khidc thiy ngan, cho
bict do cao cdc vi tri nhu sau:
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V,=23m: V,=12m: V,=25m;
V.,=14m:. V.=3,0m;

¥, = 13,6.9,81.10'N/m’;

v, = 98 1ON/m’

in

bS: p,=36,3.10'N/m* = 3.7at

B2.6

Bai 2.7. Xéc dinh thé tich meie va ddau trong mot binh

Mot binh hinh tru duong kinh D = 0,4m chira dau va
nude ling xudng. Mat phan cdch gitta dau va nudc xem &
ong A, con mit trén cla dau thi xem g ong B.

Xdc dinh:

|. The tich nude vit ddu (8 = 0.84) trong binh néu
a=0,5m:; b= [.6m

. Trong luong riéng cia dau néu a=0.2m.c = 1.4m, b
1.2m

Il 2

bS: W_=62238/
W, = 164,51
v, = 8175N/m’,

Bai 2.8. Miic ép thuy e

e Xdc dinh lrc Q tic dung vao can bom pittdng ctia
I mot mdy ép thuy luc dé luc nén Ién vat CIA P =
¢ 30000N. Cho biét:
” - Vat C va pittong tra nang 2000N,
J 4li¢ G e - Pudng kinh pittong cta bom d = Sem
. ‘z: / :4 ¢ - Pudng kinh pittdéng tru cnia may ép D = 30cem,
=R] - - Chiéu dai cdan bom a = 25¢m
A - Chidu dai tay don b = Sem
- Ma sdt 16p 16t kin bang 5% hre nén cia pittong tru
B2.8 DS: Q= 187N



Bai 2.9. Binh tich nang

Mot kich thuy luc 1am viéc vai dp suat 5 IT ] K
at vii phat nang mot vat ning G = 20000N
lén cao H = 53m. Kich duoc néi lién véi mot 7 n
may tich ning. Xdc dinh duong kinh pittong N ’
(ruc cua may tich nang. cho bi¢t do cao di \<\ 0
chuyén cta pittong truy cha tich nang h = o » % ’
1.5m, hi¢u suit kich n, = 0,80. Hiéu suat L \ DN W h
cba hé thong bang ty s6 gilfa cong hitu ich Ben bgm 3 oy
GH’ véi nang lugng tiéu hao baGi tich ning ‘
pW, tronpg d6 W la thé tich lam viéc cia B &ech dhuylek NN
xylanh mdy tich néang:
GH B2.9
N, = —— =1,.1 .
]]l! p“/, ]L ]l
DS: D =0,687m
Bai 2.10. Mdy ép thuy hee kiém dinh vach khdc cho dp ké
A Pé dinh cdc vach khac trén mot dp k&€ M do ap sudt cac,
— OISR L . e
ngudi ta dung may ¢ép thuy luc nhu hinh vé& B.2.10.
Puong kinh pittong tru 1a 1,22c¢m; khoi luong cda dia céan
, -np  (khong ké qua can) [a m’ = 1340gam: khéi luong céc qué can
~ S{) datlén dia 1a m = 5430gam.
A Hoi: Cot nudc H tmg v6i vach chi trén dp k€ bang bao
nhiéu? (khéi luong riéng chia nudc: p, = 1g/cm™).
B2.10 DS: H = 58m

Bai 2.11. Ap lec lén ndp hinh trutron peemmpme-

Trén thinh phiang nghi¢ng 45° cia mot binh chia
nudc ¢6 mot 16 hinh ch nhat kich thude a x b. Ding H
mot nap hinh tru tron dé déng kin 16 d6. Mt nude ty do
cao hon trong tam cta 16 H.

Xdc dinh lyc P tic dung 1én nap. Tri s6 a, b, H lay
thco bang dudi (2-11). Trong luong riéng cia nudc
v, = 9810N/m".

DS: sznab[ H —fﬁj

cosa 8

P =y ,\ab(H —n—;cos%“] B2 11
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Bang 2-11

Dé so 1 2 3 4 5 6 7 8 9 10
a(m) 0,1 10,2 0,3 0.4 0,5 0,6 0.7 0,8 0.9 1.00
b(m) 0.2 103 0,4 05 10,6 0.7 0,8 0.9 1,0 1,2
H(m) 08 | 1,0 1,2 1.4 1.6 1.8 2.0 2.2 2,4 ‘ 2.6
Bai 2.12. Ngdu litc trén mot cua cong ngap r
Trén thanh thing ding cla mot dap nudc ¢ mdt _ of
cira chit nhat canh 16n nim ngang. Ngudi ta déng cta  — = = C
bang mot van hinh chit nhat quay quanh truc ngang di 2
qua tdm hinh hoc. Yo | Ye ;/
I. Chitng minh ring ngau luc cdn dé€ gii van déng ] C
kin khong phu thuéc chic¢u sau, mién 14 mat nudc & bén D P
trén canh trén cua van.
2. Tinh mémen ctia nglu luc dé cho mét van cao
2m, rong 3m. (Lay g = 10m/s").
bS: 1.C=vJ, lfhong phu thudc chiéu sau. B2.12
2.C=2.10" Nm.
Bai 2.13. Cua van thdo midc
—g— :F Dé thdo nudc tir mot bé chita ra ngusi ta lap mot van
-+ — A cao a = 0,40m va rong b = Im. D6 sau nude trong bé
N chiala H =4m; v, ~ 10°N/m".
Hotom N y~=3,803m Tinh lirc tdc dong 1én truc clia cira van va chiéu sau
’ cua tam day.
T2 7T gZZA
g P NA bS: = 1.52.10°N
T vy = 3,803m
B2.13 d,
. —
Bai 2.14. Luc tdc dung lén khuén khi rét gang G
vao khuon diic, khuon bi dp luc thuy tinh cha gang 7 1T
1] 2 ~ 7 » . N - - /
long day l¢én, do d6 phai ding vat nang trong lugng P th 7 N
tong cong la G dé khuon. q.//*‘_‘di
Xic dinh trong lwong G khi dic mot ndp gang Z H
hinh try c6 bdn kinh trong 1 R, dai /, bé day 1a 3, 7 £,
biét rang: m

- Phéu 16t gang hinh tru tron dudng kinh

d, = 10cm; chiéu cao h, = 10cm. B2.14
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- L6 r6t gang hinh tron duong kinh d, = 4em.

- Trong lugng cua dat va vo thép trong phan trén cla khuon 1a G, = 39200N, trong
luong riéng gang 1ong y, = 68600N/m'.

- Chiéu cao tir ddy khuon dén mat thodng cia phéu rét gang 1a H = 1m. Céc tri s6 R,
[, 6 14y trong bang dudi day:

. ! T !

péss L1 23 lals]el7is]lolwo!ln|i;n
Rm) {0304 05(04]103]04(03|04]|05]04 |03 04|03

[(m) 1 T2 1301415 L1 12013 10,0 1,2 14113

(dmmy | 202 | 2 | 3 [ 3|3 | 4|4 |4] 22| 2)2]

L1

V& hinh phoi cénh cua vat thé dp luc tadc dong l1én mat cong cta khuén dic trude
khi tinh.
PSG=P, -G,

P,=yV
Voo o) —| xR poh cr gy ™ B
2 4 4
‘ |
Bai 2.15. Van phao hinh cau d
|
Mot qua cau duong kinh D = 150mm nang G = 4,90N dung [am _ T 1
van déng kin miéng éng duong kinh d = 100mm. Qua cdu nam trong :’l: H
nuée. Do chénh H phai bang bao nhi¢u d¢ van md& cho nudc tir ong —] |, ==
vao binh. ——) ——|
PS: H= 161mm E@
|
B2.15

Bai 2.16. Xic dinh s¢ vong quay ciia binh.

Xdc dinh s6 vong quay ctia mot binh tru cao H, = 1,2m, dudng kinh D = 0,8m chira

chat 16ng dén do cao P;" dé khi quay chat 1éng dang dén mép binh.

Xdc dinh s6 vong quay ctia binh d¢ khi quay trong binh chi con lai mot nira thé tich
chat long ban dau.

bS: n, = 116vg/ph; n, = 163,5 vg/ph.
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Bai 2.17 Puic banh xe (phuong phap 1y tam). b ) —

DBuc banh xe bing phuong phip ly tam, dudng ]
kinh banh x¢ D = 1000mm, chiéu rong h = 200mm ey |
chiéu day b = 80mm, chiéu day dia ¢ = 40mm. Pudng A L T H
kinh 16 rét d = 200mm. Khuon quay véi s6 vong quay 4! | ' C e B
n = 200 vg/ph (hinh B2.17). K an B ol ?
Xde dinh luc kéo cdc buléng A, bd qua trong b~ w

lugng bulong, dat lam khuon; do cao cla gang rét vao
khuon H = 300mm. trong luong riéng cua gang
70S00N/m”.

B2.17

DS: P, =17.9,8.10° N.

Bai 2.18. Ap luc doc 1ruc wabin thuy
lire.

Xdc dinh ap luc doc truc P, tai vanh
trén cua banh cong tac tuabin néu ap sudt
thuy dong & quanh banh cong tac p = 6at.
buong kinh banh tuabin D = 2000mm;
s6 vong quay n = 300vg/ph.

Chu y: Banh céng tdc tuabin quay
nén phai xét thém ap hue do luc ly tAm
tao ra.

DS: P, = 2626000N ~ 2,63.10°N.

Bai 2.19. May thuy tinh do vong quay.

Mot binh hinh tru tron, truc thang ding, dudng kinh D = Im va cao H = 1,5m, ban
dau chifa nuéc dén mot nira, quay quanh truc véi van toc déu 90 vg/ph.

1. VE bi€u d6 phan bo dp suit trén thanh va trén ddy binh: - lic nghi; - lic quay.
2. Trong khi quay dp suit nho nhat va 16n nhdt trén ddy bing bao nhiéu va & chd nio?

Chii y: Thé tich cta hinh parab6l6it d6i xitng bang nira thé tich hinh tru bao ngoi va
ciing chiéu cao.

Lay g = 10m/s’.
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!
| N
{ N
1 —
Ke) N
;i; _\"\ 1\
I > N : ‘\
> ' >
{ 75cm nudc c 13lcmnuéc
i 75cm nude
v v 131cm nuGe
Binh &dng yén
B.2.19a B.2.19b

bS: 2. pom = 20cmH,0
Prax = 131cmH,O

‘Bai 2.20. Tinh phao cua ché hoa khi.

Xang (8 = 0,7) dudi 4p suit p = 2,94N/cm’ chay vao ché hoa khi cé phao theo dudng
ong d = 4mm. Phao cau trong luong 0,245N va kim

(cé trong lugng & trong xang 0,118N) déng mo xdng %‘ B : Lo
dugc gan vio don by (a = 40mm, b = 15mm); don ’_j/q{h\)____ :LlJl.E“ |
bay ndy quay quanh truc O (hinh B.2.20). = - - /F:}_i _qlé_ﬁi;j
Xc dinh kich thudc phao (bén kinh R) véi diéu C T R
kién lam sao git dugc muc xing khong ddi va khi <« —~ i —*{ i|'*Q
md 16, phao chim mét nira. Bo qua ma sat cda qua Vio voi phun Py
cdu v trong luong don bay. b

Tir b aing

1B2.24
bS: R =28, 7mm.
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Chuong 3
PONG HOC CHAT LONG

Trong chuong ndy ta nghién ctu chuyén dong cla chat 16ng, nghia Ia nghicn ctu
cdc dai lrgng dac trung cua chuyén dong nhu dang chuyén dong, van toc, khai luong
rieng v.v...Ta chua xét nguyén nhan gay ra chuyén dong, tdc 1a luc.

§3.1. HAI PHUONG PHAP NGHIEN CUU CHUYEN PONG CUA CHAT LONG
1. Phuong phap Lagrangio -
Phuong phdp nay khao st
chuyén dong cua timg phan 1t chat
fong rieng biét. Gia sir o thoi diém

ban diau t,, phan t@ chat long co vi " /
(i Aa. b. ¢): & thi diém t, né . Al

chuyén sang A(x, y, 2). Goi r A
vecto ban kinh chuyén déng cua
mdi phan t& & thai diém .

r(a, b, c,t) ) !

hay l4 hinh chiéu lén cdc truc toa do b a
(hinh 3.1): / y X
x'=xl(a, b, c, t); ;/

y=y,da. b, c, t) Hinh 3.1

z=12z,(a, b, c,t)

Néu biét x,. y., Z, ta s biét chuyén déng clia phdn tlr chat 16ng va quy dao clta né va
d’r

3 -

dt-

o 4 .- do .
1r d6 suy ra van tdc: u = e gratdoc w=
t

a, b, ¢, t - goi la bién s¢ Lagrangio.
2. Phuong phip Ole

Khéo st mot cach tdng quat chuyén dong cla chat 16ng di qua nhing diém c6 dinh
trong khong gian & nhimg thai diém t khdc nhau (hinh 3.2). Chon diém M c6 dinh trong
khong gian duge xic dinh bai vécto bdn kinh T (X, y, z). Tai thsi di¢m t ta xdc dinh duoc
vécto van te cua phan tir chit tong di qua diém dé:

u=u(x,v,z1t)
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Khao sdt chuyén dong cla nhiéu phin tir chit long tai T
ciic dicm ¢o dinh trong dong chay. Ung véi thoi didm t

xidc dinh. ta ¢6 cdc vécto van toc phan bé tai cic diém /'/(/

trong khong gian, nghia la ta ¢é trnrong van téc.
Hinh chidu ctia tlén cic truc toa do:
u =u(x.y, 7. 1)
u, = v{X, v.z.1)
u,=w(x, vy, z1t)
. . - do fu odudx oudy dudz fQu A ou ou
Giatoc w=—=— +———+——=—+—u +—u +---U,
dt &t oxdt oydt dzdt & ox oy ~ 0Oz

X, y. 2,1 got la bién so Ole.

So sdnh hai phuong phdp: Phuong phip Lagrangio nghién ciru chuyén dong bang
cach gin chit vao mot phan tir chat 16ng, do d6 tim dugc quy dao cua né (nhu chuyén
dong séng). Con phuong phip Ole xdc dinh duge trudng van t6c va s& tim dirge dong
cua cdc phan t chat 10ong. Trong gido trinh nay ta nghién ctu theo phuong phép Ole. C6
thé chuyén tr bién s6 Lagrangio sang bién s6 Gle va ngugc lai.

§3.2. CAC PAC TRUNG DPONG HOC

1. Phan loai chuyén dong

Chuyén dong dimg: cic yéu 16 chuyén dong khong bign doi theo thai gian:
0

u=u(X.v,2),...—=0
(X ot

R . 0
Chuyén dong khong dimg: u = u(x, y. z, t),.... 3 #0
Dong chay déu (trong chuyén dong dimg): su phan bs van téc trén mol mit cét doc
ke » al I au
thco dong chay gidng nhau (khong doi); P = const
N : . ou
Dong chay khong déu: — = const
X
Dong chay ¢6 dp (cudng buc) 1a dong chay khong ¢6 mat thodng. con dong chiy
khong ap (tu do): cé mat thodng.
2. Cac yéu to thuy hire
Mat cét uét [a mat cat vuong gde vdi véctd van toe clha dong chay, ki hiéu o.

Chu vi uét 1a doan tiép xtc giita chat long va thanh gidi han dong chay. ki hiéu y.

Bin kinh thuy luc: R = ®
X
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Luu luogng 1a luong chat 1ong chay qua o trong 1 don vi thai gian. ki hiéu i Q.
Q= Ile(D don vi do Q: m'/s
Trong trudng hop phang (hinh 3.3)

Q= -:J'u”ds

I = {u ,ds-goi la luu s6 van toc. V&i 1 cung AB:

B B B B
an = I(ﬁdg) - Jdcosaos = _[uids = J(udx + vdy)
A A A A
ds - ti€p tuyén tai mot diém ndo d6 cha AB.

Vian t6c¢ trung binh trén mat cit udt:

v=2
o
Suy ra:
Q=vo

3. Puing dong, dong nguyén to

buong dong la duong cong trén dé vécta van
toc cua cde diem trung vai tép tuyén tai cac diém
cua dudng cong.

Hinh 3.3

Tur dinh nghta suy ra: - Cach vé dudng dong.
- Phuong trinh duong dong:
e = - d 4
u//dt > uAdr =O—>§i:—y=d—7
u v w

Trong d6: d 7 : phan 16 vécto ca dudng dong.

Chii y: Tai méi diém trong khong gian, & méi thoi diém chi di qua mot dudng dong
nghia 12 cdc dudng dong khong cit nhau.

Can phan biét quy dao vdi duong dong:

Quy dao dac trumg cho sy bién thién vi tri cia phan tlr chat long theo thoi gian, con
duong dong biéu dién phuong van téc cla cac phan tir chat 1ong tai mot thdi diém.
Trong chuyén dong dimg thi chdng trung nhau.

Cic dudng dong tua lén mot vong kin vo cing nho ta duge moét ong dong. Chat long
chiy ddy trong 6ng dong goi la dong nguyén t6. Chat 1ong khong thé xuyén qua 6ng dong.

4. Ham dong va th¢ van toc

D¢ don gidn, ta khao sdt chuyén dong trong mit phing xy. Pua o him y(x, y) va
@(x, V) sao cho thod min diéu kién:
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O ) %)
po Qv 00 v_ode
<

Ay O ot oy
v goi {a ham dong; ¢ - thé van tée
dy

N N N N X
Tur phuong trinh dudong dong: — = —
u v

. vy oy
Tacéd: -vdx + udy = —dx+—dy=dy =0
y x Py y W

Do d6 phuong trinh dutng dong ¢é dang: w = const = C, biéu dién ho dudng dong.
Tuong 1y, 1a ¢é ¢ = const bi¢u dién ho dudng dang vin tdc.
Tir dinh nghia cha y va ¢, ta dugc:
vop NP _
ox Ox Oy ¢y
D6 [ diéu kién truc giao clia cdc dudng dong v dudng dang thé vén téc, hay goi la
di¢u kién Cosi-Riéman.

Dé thay r6 ¥ nghia vat Ii ctia ¢ va vy, tlr dinh nghia cta luu s6 van toc & trén:

) B B Ba 0 B
[ = Ausds = /:[(udx +vdy) = Jg(pdx +5y(£dy = Jdgp =p(B)-¢(A)

B 3 B B
Cp op
Tu t: Q= ds = d dy)= |—dx+—dy= |dp=¢(B)-plA
Tuong tu: Q Jun s J'(u X + vdy) J X+5‘y y ,([¢ (p() qo()

nghia 12 hiéu cdc gid tri ham dong tai hai diém nio dé bang luu luong chat long
chdy qua 6ng dong gidi han bdi hai dudng dong di qua hai diém dé.

5. Puing xody, ong xoay

Chuyén dong quay ciia méi phan tr chat 16ng xung quanh mét truc quay tifc thoi di
qua né duge goi la chuyén dong xody.

Vécio vin téc goéc quay trong chuyén dong xody:

Q= lrotﬁ
2

Chuyén dong khong xoay hay chuyén dong thé khi:
rotu=0
Twong ty nhu khai niem vé dudng dong va ong dong, & day ta c6 khdi niém vé
dudng xody va ong xody. Néu cho trude trudng van téc, tir biéu thikc trén ta ¢ thé xic
dinh truong vécto van téc gbéc Q). Dudng cong ti€p xic véi vécto van téc gée goi la
dudng xody. Tap hop cdc duong xody bao quanh moét phan t3 dién tich do nao d6 goi la
ong xoay. Chat long chay day trong 6ng xody goi la soi xody.
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Cuong do cla ong xody: 1 = Imtn udo

Phuong trinh duong xody:
dx _dy _dz

Q. Q Q

§3.3. PINH LI COST - HEMHON (PINH Li HEMHON 1)

Hay 12 dinh If ca ban ciia dong hoc chat long.
Dinh i v¢ su bién dang ctia phan 3 chat 16ng.

Theo ¢o hoc 1i thuyét, doi vdi vat ran, van toc tai M bing van téc tinh tién taj O cong

vai van tée quay cia M quanh O (hinh 3.4):

Uy, = Uy + Uy,

Da6i véi chat 1ong, moi thé tich bat ki ndo dé déu bi bién dang trong qui trinh
chuyén dong. Vi vay khao sdt van t6c ctia mot phan t8 chét 16ng phai thém vao thanh

phan van tdc bién dang u,,;:

U=0,+ QAT+ 0y

D6 12 noi dung ctia dinh [f Hemhon 1. G, clia phan 18 chat long tai M ¢4 thé viét

dudi dang ma tran:

Uy = AT

S= \S”’ - tenxo van toc bién dang, véi cdc thanh phan:

cu
§ =1 M o103
T olex,

Ngoai ra, con ¢é cdc dinh 1i vé chuyén
dong xody sau day:
Dinh 1f Hemhon 2: BPinh Ii bao toan xody.

Dinh Ii Stoc: Pinh 1i vé su lién hé gita
cudng do cha 6ng xody va luu s6 van toci=T.

Cong thifc Bid.- Xava: Tim phan bd vin
16¢c cam ung quanh soi xody da biét.
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§3.4. PHUONG TRINH LIEN TUC

Dy 1a mot dang cia dinh luat bao toan khoi lugng: Khoi lugng m caa hé co lap

khong thay dai trong sudt qud trinh chuyén dong: ? =0.
t

1. Dang tong quat (hay la dang Ole)

Trong moi trudnga chat 1ong chuyén dong ta tudng tuong tich ra mot phan t6 hinh
hop ¢6 thé tich AV = dxdydz (hinh 3.5).

Theo dinh luat bao toan khéi lugng:

d(pAV)

dt
p = p(x. v, 7.t) khoi lwong riéng cua chat long

l.ay dao ham:

Tdp, 1 daA
pdt AV dt
dav. o o
" la van tdc twrong doi cua the tich phin 16 chat [ong., duge xdc dinh nhu la tong

hop cua cdc bi¢n dang dii thanh phan theo ba phuong x, y, z.

y |

| 84,
U, T ® Ux‘1_‘dx
—_ ] | _
PR ey Su—— _
7/
0 .
X
2
Hinh 3.5
Xé1 theo phuang x: Van téc mat 1: u;
-,
Au
mat 2: u + —-dx
X

Sau thai gian dt: mat 1 di chuyén sang phai: u dt

mat 2; (u + N, dx )dt
13)
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Thé tich clia phan t3 chat {ong thay ddi theo hudng truc x mot lugng tuyét déi bang:

ou
(u +— d*(jdVd?dt -u,dydzdt = o, dx dydzdt
ox ox

tuong tu cho hai phuong trinh y, 7.

Mu
Nén: dAV = ou, +( -+ ou, dxdydzdt
x oy (z

. i d/‘\V E?u\ du,  du,
va: +—+
AV dl Ox &y oz
ldp &u,  cu, ou
-+ +—

pdt  ox Oy oz

D6 chinh 1 phuong trinh lién tuc dang (8ng qudt. C6 thé vict dudi dang gon hon:

Vay =0

1 dp +divu=0
p dt
hay la: %’—+div(pﬁ y=0

Trong chuyén dong dimg: — 81 =0néndiv(pu)=0

Dai véi chat 1ong khong nén duoce (p = const) ta duoc:
diva=0

C6 thé ching minh phuong trinh lién tuc gon hon bang cic cong thic bién déi tich
phan (xem phu luc & cudi sach. Pinh 1 van chuyén Reynolds).

2. Poi vdi dong nguyén to

Khao sdt khai chat long trong dong nguyén
{ giita hai mat cat 1-1 va 2-2. Gia thiét chuyén
dong dimg, chat long khong nén duge.

Lugng chat long di vao 1-1: pu,dw, di ra 2-
2: pudo,

Theo dinh luat bao toan khéi lugng:

pu do, = pu,do,

- pu,dw, = pu,dw, = dQ = const

boi véi toan dong:

Hinh 3.6

VD, =V, (0, = const

hay la: Q, = Q, =const
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nghia la trong dong chay dimg cha chdt long khong nén duge, luu luong qua moi
mat cat déu bang nhau, suy ra van t6c ti 1¢ nghich véi (€1 dien.

Vidu:

Hai luéng chat long cling van toc, nguoc chiéu, cé dusng kinh d, va d, dap vao
nhau. Lap bi¢u thitc lién hé giita géc 6 va dudng kinh d, va d,.

TN //@// 'y
i

dy

—»V -

! \ﬂ\‘\

Hinh bai 3.1

Bai gidi:

Chon chiéu truc x tring véi truc dong, tir trdi sang phai. Viét phuong trinh dong
lwong cho thé tich kiém tra gidi han doan dong tia trong pham vi 1, 2 va 3.

-pQv + pQ,v + pQ;vcosd =0

hoac
-pS,V2 + pS,v + pvicosd(S, + S,) =0
rat ra:
Sy (1 +cosB) = §,(1 - cosB)
z nd’
bidt S,= —2va§=—-
4 4
Vay: E i _ 1—cos@
d, 14 cosf
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Chuong 4
PONG LUC HOC CHAT LONG

Trong chuong nay ta nghién cttu cdc quy luat chuyén dong cta chat long dudi tic
dung cta luc va nhimg ting dung cta n6. DE tiét kiém thoi gian, ta khdo st chat long
thuc truée, sau do suy ra cho chat long 1i tuéng.

(2.3). Trong
ta khao sat
long véi vin

kién can bin 4.1

chi s6 x: T nam trong mat phang L Ox;
chi s6 y: chiéu t 1én Oy
tuong tu voi ing sudt tiép 1,

Luc quan tinh: F, =—p dxdydzgd%

qrx
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Luc khéi: F, = pdxdydz.X
Vay Z_\: F‘( + Px - Px + th‘x = O
hay la:

pXdxdydz + P + ki + Oy dxdydz - pd—u dxdydz = 0.
ox dy oz dt

Sau khi don gian cho dxdydz, ta dugce:
dp ot on
X_‘_l[ XX Ox}’+ xz]_ du.

+ -~ T
p L ox oy 0z dt
ot ot
Tuong tuchotrucyvaz: Y + 1 Py +—2 Y= d_v; (4.1)
pLox 8y oz dt
Z+_1_ apzx_’_a‘rllr'*_apu =d_w;
pLOx oy oz dt

(4.1) 12 phuong trinh vi phan chuyén déng ciia chat 16ng thuc dang img suat. C6 thé
chimg minh:

2. Phuong trinh Navie-Stoc

Hai 6ng Navier (ngudi Phap) va Stokes (ngudi Anh) di viét phuong trinh (4.1) duéi
dang khéc, tién sir dung, dua trén cac gia thuyét vé ing sudt, va phuong trinh d6 duoc
mang tén hai ong.

- Ap sust thuy dong p tai mot diém I3 trung binh cong clia céc 4p suat phap tuyén
I¢én ba mat vudng gée véi nhau qua diém dé:

1
p= —g(p“ +p,, +P,.) (4.2)
C6 dau trir vi chon chiéu duong la chiéu kéo gidn phén tir chat 10ng.

- Ung sudt phap: Iirc nhét da lam xuat hién cdc tng suat phap bé sung o:
Px=-p*+0,;Vlio, = 2pgu——gudivﬁ;
ox 3
P,y,=-P+0,,Vlic, = 2p% - %pdivﬁ; 4.3)
. ow 2 . .
Ppy=-pP+0,, V015, = 2;1-5 _Ep'dlvu
- Ung sudt tic¢p:

Theo Newton: tng suat ti€p gay ra bai luc nhdt ti 1é vt cic van te bién dang tuong

ing. Trong mat phang ta ¢6 (1.1): 1= ugﬂ
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Trong khong gian: 1,, = @Jr u
; o By
o)
sz = —+—
0z 0ox
r,=p| X
= 6z Oy

Thay céc biéu thic (4.2) — (4.4) vao (4.1) va sau mét s6 phép bién ddi phic tap, ta
dugc phuong trinh Navie-Stoc:

95:)(- 1 @+vAu+lvi divii
dt p Ox
922 Y - l @+vAv+lv£ divu
dt p Oy
QE: -lap+vAw+ V—a—dl\/u
dt p Oz 3 0z
Hay viét dudi dang vécto:
du_g_ lgradp + VAT +~grad (divil) (4.6)
dt p 3

Trong dé: A - toan tir Laplas: v = u/p do nhét dong hoc.
Mot s6 nhan xét:
Doi v6i chat 10ng khong nén duge: p = const — divi = 0 nén phuong trinh (4.6) mat
di s0 hang cubi cung:
du =

pria =F —lgradp + vAu 4.7

Nhu vay 3 phuong trinh (4.7) va phuong trinh lién tuc divii= O di dé xdc dinh 4 4n:
u.v, w va p, c6 nghia mo hinh toan la kin.
- Khi v = 0, nghia la chat long 1i tudng, ta dugc:
du =

1
— =F——grad 4.8
dt pg p (4.8)

- Chat long khong chuyén dong (& trang thdi tinh): i= 0, hay chuyén dong thang

déu: (:Tu =0, nén (4.8) co dang: F- lgradp =0.
t p

Dé chinh 1a phuong trinh Gle tinh (2.4).
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§4.2. PHUONG TRINH VI PHAN CHUYEN PONG CUA CHAT LONG
LY TUONG

1. Dang Ole
D6 chinh 1a phuong trinh (4.8), hay con goi la phuong trinh Ole dong:
= 1 du
F——gradp = — 4.8
S gradp = - (4.8)
2. Dang La
Phuong trin ong.

Dé thay ro
bién dang, Lam

h tién, quay,

Ta xét phur
a4 @J
0z 0Ox
hay Ia;
tuong tu:

hay viét dudi da
F—lgrad 1:'+7 —-—=2QAi (4.9)
b6 1a phuong trinh Lambo-Groméca

P= I—-Hamapsuat l@ @ Lip 6P l@

ox pox oy poy oz poz
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Néu luc khéi 1a ham ¢6 thé, ta dua vao ham thé U:

x:-a_U; Y:—,_a_U; Z:-@E
ox oy 0z
Khi dé phuong trinh (4.9) duoc viét dudi dang:
-grad(U + P+ %)-%%zilﬂ/\ﬁ: (4.10)
§4.3. TI PONG CUA
CHAT LON
1. Tich p
Xét chu tai ham thé van
toc @: grade
Do dé p

Nhur vay
2. Tich g

¢=0.

Xét chu dudi dang hinh

chiéu cé dang

ox 2" T

2

—%(U+P+%)=2(Q:U-QKW); (4.12)

u!

3]
= E(U +P +7) =2(Q,v-Q u);
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Nhan phuong trinh (4.12) lan luot véi dx, dy. dz réi cong lai, ta dugc:

, dx dy dz
d(U + P+ %):2 UV ow (4.13)
0. o o,

Phuong trinh (4.13) dé dang tich phan khi v¢ phai = 0, nghia la:
dx dy d» )
X Y Z. phuong trinh (4.13) tich phan doc theo duong dong, dong nguyén ta.

‘)—:—:——-—_

u \Y
dx dy d
) @9 —Z: tich phan doc theo soi xody.
)
o) L =Y ™ . ghia Ia chuyén dong xoén dinh vit.

Q. Q
d) Q =Q =Q, =0:chuyén dong the

Dod6: U+P+ %zconst

Néu tuc khéi chi 1a trong Iuc: Z = -%1‘— - g, ta dugc:
17

g7 + J‘d?p +u—2_ =const =C (4.14)

D46 1a tich phan Bécnuli.
" 3. Cic dang phuong trinh Bécnuli viét cho dong nguyén t6 cia chat long i
tuong, khong nén duoc, luc khoi la trong luc (truc oz huéng lén).

3 a
a) Trong chuy¢n déng dung: a =0

Tu (4.14) ta dugc:

2z + E+u—2'=const=C

2 2
7o+ Pty (B (4.15)

hay la: R
Y 2 Y 2
- Y nghia cua phuong trinh Becnuli (4.15)

Biéu dién hinh hoc (hinh 4.2)
7 - d6 cao hinh hoc:

p. do cao do dp;
y
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. e K
— - dd cao van toc.
2g
- Y nghia nang luong
2+ P the nang don vi - dudng do dp;
y

— - dong nang don vi
2g
e P9 L H ot dp dona - duons na
= H, — c6t 4p dong - dudng nang.
Y 2g
. p, v '
~+ — = ¢ = const — nang lugng don vi.
Y g

Buéng nang

Hinh 4.2
Nghia 13, nang luong don vi tai cdc miat cét doc theo dong nguyén t6 cla chat 1dng 1i

tudng khong nén duge trong chuyén dong dung la khéng déi.

C6 thé thanh 1ap phuong trinh (4.15) mét cach khéc.
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Vi¢t phuong trinh Ole dong (4.8) dudi dang hinh chiéu t(u, v.w):

du_ 19p
dt p Ox
dv_y. 10p
dt p Ay
dw 1

Nhan céac p
r6i cong lai, ta

Bién doi vé&

va

hay la:

Tich phan |

b) Trong ch

Tu phuong

[ — khoang céch doc dudng dong tir mat cit dau.
1 l au el # -
E -[E d/=h_ - cotdp quén tinh
Cho dong nguyén t6:
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2+ B M, P +‘211 +h.  (4.16)
g

Y

¢) Trong chuyén dong tuong doi: c6 dang gidng

(4.16):

T

suy ra:

SR, L P

ql

28 77

2g Y 28

dong, no gy ra
Ga chat long bi
lugng h,, ,cla

p ., uw
Z+ —+—#Fconst,
Y 2g
2 2
z,+E'—+5'—=zz+p—2+b—+ h,.. (4.17)
Y 2g Y 2g -

b, 1}



ba 1a phuong trinh Béenuli viét cho dong nguyén t6 cha chat long thyc.

Ta c¢6 thé nhan duge phuong trinh (4.17) mét céch chat ché ¢é nghia la tich phan tir
phuong trinh Navie-Stéc (4.7) vdi cic diéu kién:

p = const,; %:0; X=Y=0;Z=-g

Ki hiéu: — R = vAii - Him luc ma sat, dac trung cho luc nhét. Goi L 1a cong ma sit
gay ra do mot don vi khéi luong chat léng chuyén dong:
JL _aL

Ro=-E r=-% g T
ax Y &z

du 10p_OL

dt  péx o

d_vz_l@_a_L (4.18)
at  pdy Oy

dw _ 1op 0L

dt pdz oz

Nhan lan luot cac phuong trinh (4.18) véi dx, dy, dz roi cdng lai theo ¢ot ta dugc:

udu+vdv-+-wdw=-gdz—l @dx+§2dy+@dz - a—de+a—Ldy+%dz
p L ox oy 0z Ox oy oz

= 2
aL =—-gdz-ldp-dL
2 p

2 2
d[Z+B+U—J+d—L=O—)Z+£+."l—+£=C

Y 28) &8 Y 28 8
2 2
hay la: z,+&+u—'=z,2+ LN h,,, (4.19)
Y 2g Yy 28

Véi h,,,= —Ila ton thit nang luong cua mot don vi trong luong chat long di chuyén
g
tir mit cat 1-1 dén mit cit 2-2 (cé thit nguyén do dai).
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2. Y nghia ciia phuong trinh Bécnuli (4.17)
Biéu dién trén hinh 4.4.

Puong nang luon ludn déc xudng
Vi ¢6 ton that ning lugng. Pé xac dinh
do doc cha dudng ning, ta dua vao
khai niém do déc thiy luc J: 1a ti s6
gilfa t8n that niang luong don vi trén
don vi dai:
J = SH_]L d Jth = hi
dL L
3. Phuong trinh Bécnuli cho
toan dong

Ta phai tinh nang luong toan dong
chdy tai cac mat cat 1-1; 2-2; Cach lam
nhu sau: viét phuong trinh Bécnuli
(4.17) cho dG trong luong, sau dé tich

phan trén toan mat cit, nghia la nhép Hinh 4.4
phuong trinh (4.17) véi dG = ydQ, réi
tich phan:

2 2
u u, »
Jz+2ypdQ+ [2vdQ= [z, + BypdQ+ [Z2ydQ+ [h,,vdQ
@ Y 4 2g e ¥ ) 2g L))
Nhrr vay ta 1an lugt xét ba loai tich phan.
- Tai cdc mit cat, 4p suat phan bd theo quy luat thuy tinh (2.6) vi coi chat long tai d6
chuyén dong gin nhu déu; z + P _ const, nén:
Y

Jee+ BypdQ =2+ By
Y Y
- Dong nang trung binh: T, = D vt = Lva2
2 2g
2
- Dong nang tinh toan: T, = _l-% vdQ =0T,
g

2
e T, JudQ
o 1a hé 6 hi¢u chinh dong nang: a == J‘ ,
Ty, vQ

gid tri ctia né phu thudc vao ché€ do chay, nhir:

o = 2: chay ting

o = 1: chay roi
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Viy phuong trinh Bécnuli cho toan dong:

3 3
o,V a,Vv;
+&+#:L+&+ 2%

Yy 28 v 2g

2“I + hwl-!

Trong dé: vy, v, — van téc trung binh tai mat cit: v = Q/®

h, ,=— _[h'w]_de -'16n thit nang lugng trung binh doc theo dong chay.

dudng kinh d.

Tudng tugn
(trir 6ng) va 2-
trinh Bécnuli (4

e S ——
——

M
h4.5
Vi
Trong tru
2. Dong ch
ChoH,d -

Xét voi nho, binh 16n (hinh 4.6).

Chon céc mat cit nhu hinh vé. Ap dung phuong trinh (4.15) ta duoc:

2
H+0+0=0+0+ g%—auﬁu: 2gH
g
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D6 chinh la cong thic Torixeli 1
Luu lugng Q = u.; mz%_
Trong thuc t&, khi dong chiay qua voi ¢6 16n that do

hinh dang cta voi, nén u = ¢ /2gH véi ¢ <1, goi lahé¢ s6 ©

van toc. Con luu lugng qua voi, tiét dién bi thu hep (hinh

4.6): o, = ew: )

chuong dong ¢

inh 4.6

Cic hé s¢

Prandtl

con do chénh
Hi
dtl (hinh 4.7a).
2
d

o8

:\\\ W \\;\ P )
=)

4. Luu lugng ké Venturi
Cho D, d, AH. Tinh Q (hinh 4.8).

Tur (4.15): AR -l N PR . SR
28 Y 28
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2 2
Slly ra. AH= [Z] +&]_[Zz+&_]: u, -,

Y Y 2
u, :%2 u, =£'ra(%3
— 2gAH = 11(2)2 [dl_i_él
—>Q=% [lzgjl—EK\/m Hinh 4.8
Vo b

2
ce o A, Iy -~ P o u « R A - R
Dai véi chit long thue s& ¢ ton thith,, , = Z;z—',C 13 hé s& ton that cuc bo.
g

Khi dé:

— . T
Q=K,yAHVai K, = 2

Tém lay, cdc bude dp dung phuong trinh Bécnuli nhir sau:

1. Chon cdc mat cat thit ty 1-2 doc theo dong chay (mat catl ). Tai cdc mat cat
chit 1éng chuyén déng déu. S8 4n tai mat cat nho hon 2, néu bang 2 phai viét them
phuong trinh luu lugng Q = ov.

2. Luu lugng qua cdc mat cat khong déi: Q = ov = const.
3. Mat chudn chon tuy ¥, nhung tién cho tinh toén.

4. Ap suit c6 thé 12 tuyét d6i, du, nhung phii thong nhét cho 2 vé. Néu 1y dp suat
dur thi tai mat cat nao dé6 ¢6 4p sudt chan khong phai déi dau.

§4.6. CAC PINH L OLE

Mot s6 bai toan khéng thé giai duge bang phuong trinh Bécnuli thudng phai dung
dén dinh Ii Ole.

L. Pinh 1i Ole 1. Hay la phuong trinh dong lugng
Ung dung dinh i bién thien dong luong clia co li thuyét vio chat léng:

%(mﬁ) = Z E,;E, 1h ngoai luc, nhu vay khong phéi xét dén noi lyc clia chat 1ong (luc nhdr).
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Xét dong nguyén t6 (hinh 4.9). Luc tic dung [&én khéi chat 16ng: goi Rnli tong luc
khai. R. 12 tdng luc mat.
Theo dinh Ii bi€n thién dong lugng
L mi)=R, +R,
dt
Ta tinh: m = poudt
d(mu) = (mu), ~ (mu), = pw,u,ii,dt —pwuu,dt = pQa, —u,)dt

vi B0, = U, =Q

Hinh 4.9
Vay: R +R, +pQu, +(~-pQii,) =0 (4.20)
D6 12 noi dung dinh 1i Ole 1.
Ung dung phuong trinh dong lugng:

Phuong trinh dong lugng ting dung rong rdi trong thily khi dong luc va If thuyét mdy
thily khi, chang han:

- Tinh luc ddy ctia dong co phan luc hoac ctia mot tén lira.
- Tinh luc tic dung lén cdc canh tuabin, cdnh quat, bom v.v...
- Nghién ctiu hién tuong va dap thay luc trong duong ong dan cé dp.

Duéi day ching ta dan ra mét trudag hgp van dung phuong trinh déng tuong vao
viéc xac dinh tdc dung dong luc cta moét ludng chat 16ng 1én vat chan.

Gid thi€t c6 mot ludng chat 1éng phun vao vat chin cé dinh (hinh 4.10).
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ol s = i i it (il

Khi gap vat
dung [én vit chg

in. Luong tac
ng chiu mot
oc nhau. Dé
mat cat 0-0,

phan luc R cia
tim luc P ta ap
1-1 va 2-2, chié

_trong dé:
tuong ung trong

, 1-1 va 2-2,

Tir phuong ¢

Hay la:
(4.21)

trong dé:
Ta tién han

a) Vat chin 12 mot mat phang dat vuoéng géc véi luéng (hinh 4.11).

Truong hop nay ta cé:
o, = o, = 90"
B = 180"
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1 myuy
Q =.Q2 = 5 Q T
h=t 1 L1
Thay cdc gid tri trén vio biéu thic
(4.21)tacéd: 0
R X
R=P=pQu, (422) T T [\ T =
Qua thuc nghiém thay rang tri s6 luc P ol 1\ ma,
nho hon tri s6 tinh theo cong thuc li 2 — 2
thuyét. cu thé 1a: l
P = kpQu, (4.23) myu;
trong d6: k =0.92 + 0,95 Hinh 4.11

b) Vit chéan [2 mét mat cong déi xing (hinh 4.12)
Trong trudng hop nay:

o =a,=a U
B=180"
Q=Q:=+Q
TN TS ni
(o]

ul=u2=u() f

Sau khi thay cdc gia tri trén vao
biéu thic (4.21) ta cé: )

P =pQu, (cosa - 1) (4.24)

c) Vat chan 1a mot mat phing dat

vuong géc voi ludng nhung chuyén
dong theo chiéu dong ludng véi van M0y
toc v (hinh 4.13). Hinh 4.12

Trong trudng hop nay c¢6 su chuyén dong twong doi clia lubng d6i voi vat chin vdi
van t6c tuong doi la:

quﬂ_v

Ta van c6 thé 4p dung cong thic (4.22) dé tinh luc tic dung clia ludng 1én vat chin
nhung phai thay van toc tuyét déi u, bing van tSc tuong d&i w:

Ta c6: P = pQu, —v) (4.25)
Cong suat cia luéng cung cap cho vat chin di dong s¢ 1a: .
N =Pv=pQ(u, - v)v (4.26)
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Cong suat cuc dai ma ludng cé thé cung cap cho vat chan di dong s& ¢6 khi:

X pQ, -2v) =0
dv
Rt ra: v= Lo
2
Do dé: N .= Q”—‘z’—l Qu—i (4.27)
. max p 4 2‘Y 2g .

Cong sudt von ¢6 cha ban than luong 1a:
u;
N, = vQ (4.28)
2g

So sanh véi (4.27) va (4.28) ta nhan thdy rang khi vat chan 1a mét mat phang dat
thang géc v6i ludng va di dong theo chiéu ddng luéng, ta chi 161 dung dugc nhiéu nhat 1a
nifa cong sudt von c¢d cha ban than ludng.

d) Trudng hop vat chén 12 mot mat cong déi xing di dong theo chiéu dong ludng vdi
van toc v (hinh 4.14)

Ciing giéng nhu trudng hgp c) & trén, ludng chuyén dong tuong déi so véi vat chén
véi van téc tuong d6i w = u, - v. Ap dung cong thiic (4.24) dé tinh luc tic dung cia

ludng 1én vat chin, nhung cdn chi y thay van t6c tuyét déi u, bang van t6¢ tuong d6i w
=u,-v.

Khi d6 ta ¢cé:

P=P=pQ(u, - v)(cosa-1) (4.29)
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Trudng hop dac biét khi o = 180", lic d6 ta cé6:

P = 2pQ(u, - v) (4.30)
Cong suat cia ludng cung cap cho vat chin:

N =Pv=2pQ(u, - v)v
Céng suat dé s€ 16n nhat khi:

aN =2pQ(u, -2v)=0
dv
Rut ra: v= Yo
2
Do do: N =2 Q-Li—1 Qﬁ 4.31)
M max p 4 2Y 28 v~

So sanh (4.31) va (4.28) ta rut ra két luin:

Khi vat chan 1a mot mat cong déi xing di dong theo chiéu dong ludng thi cong suit
cuia ludng ¢6 thé duoce sir dung toan bo. Hinh dang ctia cdnh tuabin xung kich “kiéu gio”
ngay nay chinh la xuat phat tir két luan dé.

2. Dinh li (le 2. Hay 1a phuong trinh mémen dong lugng
dL,

dt = ZMO

Xét khoi chit long chuyén
dong trong ranh banh céng tic
(cua tuabin chang han) (hinh 4.15).

Goi M, - mémen ngoai luc.

- M, 12 mémen tic dung cia
dong chay 1én thanh ranh -
moémen lam quay bianh cong tac
cua tuabin.

di., = (miir), — (miir),

dL, = po,u,dt.u,.r,cosa,

- po,u,dt.u,.r,cosa,

Hinh 4.15

= pQ(u,r,cos0, - ur,cosa,)dt

Viy momen lam quay banh cong tic cia tuabin, gdy ra do tic dung cua dong chat
16ng ¢4 luu luong Q:

M, = pQ(-u,r,cosa, + ur,cosa,) (4.32)
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Tuabin quay vdi van tdéc géc Q thi cong suit coa nd la: N = M,Q
Trong thuc t&: N = nM,Q
1 <1 - hiéu suat chung cha tuabin.
Vay: N = npQQ(u,r,cosa, - u,r,cosa.,)
Véilruy:  1Q = v, van toc theo.

§4.7. VI DU VA BAI TAP

Vi du 4.1. Mdy do nhdét Engler bao gdm mot binh tru tron

2R

'

bin kinh R = 5,3cm va mét 6ng nhd giot & dudi ddy vdi ban
kinh r = 0,145cm, chiéu dai / = 2cm. D6 sau chat long trong
binh hic éng nho giot bat ddu chay 1a h, = 5,2cm.

1. Tim mdi quan h¢ giita thoi gian thao chat long t véi d6 /4

L

nhdt dong hoc v clia nd. B6 qua ma sdt va gia t6c cia chat u l
Q

Jong khi mdy lam viéc.

2. Cho chat 16ng 12 nude, v = 0,0lem?/s. Tim thdi gian . :
thdo nudc tir d6 sau h, xudng d6 sdu h, = 2,93cm. Hinh bai 4.1

Bdi gidi:

\;/,7 f I.a) Thanh lap phuong trinh:
1 !

n,  binh va éng nho giot la:

7R 2dh = —mr’vdt

|

I
h
Y 2 |, [ 2 v

i
vy

Viét phuong trinh Bécnuli cho 2 mat cit 1-1 va 2-2, ta c6:
N ‘o 2 2 2
Hinh bai 4.1a h=2""+h, _ov L1V
2g 2g d2g
Dong chay trong ong nho giot 1a dong chdy tang, nén:
y= 8432y
Re rv

Gia thiét l1dy a = 1 phuong trinh (2) cé dang:

5, levl
v+ . v-2gh=0

Giai (3) s& tim duroc biéu thifc:

v=§¥l( 1+kh—l)
r
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4

Véi: k= =

REPE
Thay (4) vao (1) ta c6 phuong trinh:
_k_zL — dt (5)
8vl V1+kh —1

1.b) Tim quan hé t ~ v
Giai phuong trinh (5) véi diéu kién: khi t =0, h = hy, r = R s& tim dugc quan hé giita

t va v nhu sau;
2| Jirkn, -1
(2R Jl+kh, -J1+kh+1n[—° }

gr’ Vvi+kh -1

(6)
2. Thoi gian thdo nude tr h, dén h, 1a:
B N
2 1+kh, -1
(=R} kb, — Tk, +ln[—°ﬂ

gr J1+kh -1

véi nudce, v = 0,01cm?/s, T = 37,30s.

Vi du 4-2. Ong Venturi phing

Mot 6ng mat cat hinh chit nhat 0,5m x 0,4m
din nudc véi van t6c 6n dinh v, ducc ndi véi
mot ong khic mit cit hinh chit nhat 0,50m x
0,20m bing mot doan chuyén ti€p A - A, B - B.
Tal cdc mat cat A - A, B - B c¢é dat 4p k&€ kim
loai M, va M,.

Hoi:

1. Tinh 46 chénh léch 4p sudt Ap gilta hai 4p
k& M, va M, néu biét luru lugng 1a 600!/s, van t6c
tai A 12 0,7v,, van t6c tai B 1a 2,3v;; ldy g =

2 -
Hinh bai 4.2 10m/s’, o = 1.

2. Tinh d6 chénh Ah giita hai mic nudc trong 6ng do dp chit U ngugc 14p tai hai mat
cit A — A, B— B ngang vi trf hai 4p k€ M, va M, (trén mat thodng clia nuéc trong 6ng do
ap c6 khong khi trong lugng khong ddng ké).

Giai thich tai sao ¢4 su chénh léch giita hai két qua tinh 4p suit trén day: lay g =
10m/s’.

Gidi: 1. Viét phuong trinh Bécnuli cho hai mat cat A va B:

69



2

Z, +p—A+—V—A=Z;3+I)_I3+"i ®
Yy 2g Yy 28
hay la
_I.J_A_—pn = ZB —ZA ‘+'_1-(sz -‘Vi‘)
y 2
2
Pa=Ps 012+ 20((2.3) - (0,7)]
Y 22
biét
o 05.04
Vo _9 _ 0,45mH,0
2g
vay

Pa=Pa _ 12404548 =2,04mH,0
Y

Ap =p, —py = 0,204at.

2. 6ng do dp, do z+ p , V1 vay trong truong hop nay do chénh Ah trong ong do 4p
Y

chit U nguoc biéu thi

o) on
Y Y

Tt phuong trinh Becnuli (a) trén day, rit ra:

[ZA +p_A}_{ZB +p—9] =Y [(2.3)? - (0,7)]
¥ 2g

y
Ah=0,454,8=2,16mH,O Khong khf
2 0o— 12 .J' ——— 0
Vi du 4-3. Déng chdy ctia chdt 10ng bi ép. - -] =
1,20m
Mot binh 16n, kin, chita chat long trén mat cé —
khéng khi véi dp suat du 0,07at. —L | .
Céch dudi mat thodng mét do sau 1,20m ¢6 16 nho L _": —_—;\#—-‘c
cho chat 16ng chay ra. - — lc ¢
Tinh van t6c chdy qua 16 tai mat cét co hep cla
dong chay trong 3 trudong hop; Hinh bai 4.2
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1. Chat long 1a nudc;

2. Chit fong la dau véi ty trong 0,7,

3. Chat 1ong gém 1 16p nude day 30cm va 1 13p dau day 90cm ty trong 0,7.

Liy g = 10m/s>, o = 1.

Chu y: Dong chdy qua 16 ¢6 hién tuong co hep sau khi ra khoi 16; tai mat cat co hep
¢6 thé coi nhu dong bién déi cham. Bd qua tdn that; van tdc trén mat thoang khong ding
k&. Ap sut p, tai mat cit co hep bing p..

Gidi: Viét phuong trinh Bécnuli cho hai mat 0-0 (mat thodng trén binh kin) va mat
cat co hep C-C.

z0+l—)9+—vi=zc+&+i
y 2g Yy 2g
Suy ra:
-i=7—zc+&—p‘+v—é
2g Y ¥y 2

Vi v, khong dang ké nén:

B s o)
Y

1. Truong hop chat long la nude
7o =7, =12mH,0; vy, =10'N/m’

P, — P, =0.07.10°N/m* Pe"Pe — 0 7mp, 0.
Y-Nn

v, =+20(1,2+0.7) =6,16m/s
2. Truong hop chat long la dau véi ty trong 0,7
v, =7.10'N/m';z, =z, =1.2m cot ddu;

P~ p. = 0.07.10° N/m* P = Pe = 1m ot dau;
Y4
v,y =20(1.241) =6.63m/s
3. Truomg hop chat long gom nudée va dau

L&p nude nang hon dau nam dudi nén dong chay qua 16 s¢ 1a dong nudc, vi vay phai
viét lai phuong trinh Bécnuli trong d6 ta doi chiéu cao cot ddu thanh chicu cao cot nude
tuong duong.
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Goi z, d6 cao clia phan gidi nude — dau (cdc ki hiéu khac khong déi) ta cé:

2

(zu—zn)ﬁ+zn+&=z(,+&+L.
Ya Vn Yo 28
Rit ra
2
V. = (2, —z“)Y—d+(zn _Zc)+M
2g Ve Y
Thay s6 vao

2

Ve _09.0,7+03+0,7;
20

V,us = 201,63 = 5.7m/s.

Van téc 14n nay bé hon ca hai trudng hgp trén, khong phai cé gid tri trung gian giita
v,, vav_, nhu ta ¢6 thé tudng.

Vi du 4-4. Hiéu sudt cua mot quat gié

Mot quat gié lip trong 6ng dudng kinh 0,80m nhan cha dong co mot cong suit la
35M.L it khong khi ngoai troi va tao ra mot dong chay déu, van t6c 40m/s trong 6ng.

Tinh hiéu suat cha hé thong. Ly

o = 1 225kg/m’ = 225N, \—%
. Gidi: Co nang chia moét don vi thé tich tai mat cét ra 1a: /’ y

2
e, =p, +7Z, + p% Hinh bai 4.4

o |

Co nang ctia mot don vi thé tich tai mat car vao la:
vi
¢ =P +Y% +p7 =P,
VZ
Trong hé théng nay c6 thé bd qua yz,,yzz,z—' (vi trong luong cot khong khi khéng
g
dang k€. van tdc vio rat bé); dp sudt tinh p, = p,.

Nhu vay quat cung cap cho don vi thé tich khéng khi mét co nang bing Ae:

2
Ae=¢,—¢, = p~2—2
L . D* y
Trong mét gidy, véi lun lugng 1a Q = v, = Tv2 thi nang lirong do quat cung cap

cho dong khong khi la:
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nD? vi gD}
N = _A_ = . -2 = . *
Q P V,y-p 5 3 P *)

N = %0,82.4".103‘1,225 =19.698kW =26 8ML (mi lyc)

Hiéu suat cta hé thong:

n=258 _476.
35
Vi du 4-5. Tinh cong sudt cia bom.

P, 020m M6t bom cép nudc lru luong Q = 9000!/ph.
_E Ong hiit c6 doan nim ngang dudng kinh D, =
0,30m i £ 30cm. Tai miéng vao bom dp suat trén truc 6ng
A . § hidt 12 p, nhd hon 4p suat khi trdi 20cm thay
“‘"i“‘i'::_‘:@ ““““““ ~ ngan. Ong ddy dat nim ngang cd dudng kinh
l} D,= 20cm. Truc éng ddy cao hon truc dng hiit

Az = 1,22m. 4p suit tai miéng ra ciia bom (trén
truc 6ng ddy) 1A p, 16n hon 4p sudt khi troi
0,7at.

Hinh bai 4.5 Cho rang hiéu suit bom n = 80%, tinh
cong sudt can cung cép cho né.

Lay g = 10m/s’; o = 1; 4p sudt khi trdi p, = 10mH,0.

Gidi: Khi nuéc chay qua bom thi bom cung cip cho mdi don vi trong luong nudc
mot s6 ning lugng ma ta ki hiéu 1 Ae. N&u nhu khong 6 tdn that nang lugng thi ta c6:

Nang luegng don vi tai miéng vao bom:

2

e, =z + B o
Y 2
Ning lugng don vi tai miéng ra bom:
2
6=z, + B2y 8%
Y 28

2 2
P, — b + a,v, - o4V,

Ae=¢e,~¢ =(z,-2)+
2g

(*) Trong hé thitc niy, d€ dé thdy can bang thit nguyén va don vi cia hai vé nén lay p=1,225N.s*/m"*,
vi kg/m* = N.s’/m/m".
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Véi hiru lugng cua bom la Q cong suat can cung cip cho nude bing:

N’ =vQAe

Do ¢6 ton thét, bom 6 hiéu sudt 1 <1 nén phai cung cip cho bom moét cong suat N
1én hon N':
B l’ _yQAe
i n

N

Thay $6 vao cong thuc trén:

20cmHg = 20.13,6cmH,0 = 2,72mH,0;

0,7at = TmH,0

PrBe g7 B2Payg BPBi_gpop
~ Y Y Y v Y

K]
Q= 9.10 =0.15m"/s; v, = Lz =2,12m/s
0,785(0.3)
v, =— 00 4 gmis; Y27V g 90m:
* 0 0,785(0.2)° 2g

7z, -7, =1,2m;y= 10*N/m*
Ac=122+972+092=11_86m.

Cong suat N cia bom diing dua 0,15m’ nuéce trong mot giay 1én cao 11,86m. Nhimg

thuc € do hi¢u suit ciia bom n = 0,80 nén can phai cung cip cho bom mot cong suat N
16n hon N':

_10%.0,15.11,86
0,8.10°

!

=22,20kW = 29.8ML..

Vi du 4-6. Bom phun tia.

Mot bom phun tia ¢é I lugng Q = 301/s ap suat tai chod vao p, = 2at, D = 100mm, d
= 50mm. Nudc khi ra khoi bom gip khong khi.

Néu dar binh nuéc thap hon truc bom phun tia H = 4,5m thi bom c6 thé hiit nudc 1ir
binh Ién khong?

Iieong dan: Néu mudn hit nuée tr binh 1én thi do cao chan khorng tai mit cit c6
dudmg kinh d 13 h, > H.
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Hl

—_—

Hinh bai 4.6

Gidi: Viét phuong trinh Bécnuli cho hai mat cat I-I va II-11, bd qua (8n that nang
luong:

b, oV, o]

y 28y 28
Do cao chan khong duoc xdc dinh bai biéu thic sau:

A N

ck
Y ¥

Vay thay vao (1) ta co:

(N

2 2
_%LVi_ eV P Py

2g 2¢ v ¥

ck

Vi

VI:—Q: Q_’

®, =D

4
. Q_Q

w, nd

4

lﬁy a]:agzls

cudi cung ta cé:




1 . 2
L =800 L1 )i100-200
3,142,09.811 0,05 0,10

h, =1,15m
ViH =45m > h, = 1,15 do 46 bom khéng hiit dugc nudc tir binh 1én. Mu6n hiit
dugc phai tang Q hodc giam ap suat ché vao p,.
Vi du 4-7. Lyc ddy cva dong co phdn luc.
Mot mdy bay phan luc cé van t6c 804,5km/h. Khong khi duge nap vao dong co véi

lvu lugng khéi 22,7kg/s. Nhién liéu duoc phun vao bubng dét theo ty 1¢ khoi sau day:

mot nhién liéu 40 khong khi. Vén tSc khi thai ra 13 397m/s. Tinh luc ddy cia déng co
phén luc.

1 |2

C'/’ﬂ\_: 397mis

2.7kg/s
(X
14

s

Hinh bai 4.7
~ Gidi: Chon hai mat cét kiém tra 1-1 va 2-2 trudc va sau dong co, cich xa dong co
mot it.
Pong luong vao qua mat cat 1-1:

804,5.10°
=227 —>" — =5080N.
(PQ), v, 3600

Dong luong ra qua mit cit 2-2 1a (pQ), v, trong d6 (pQ), 12 luu lugng khéi ra clia
Kh thii (g6m khong khi + nhién liu)
PQ), =22,7+ 22,7.% =23,3kg/s
(0Q), v, = 23,3.397 = 9200N.
Viy luc ddy ctia dong co phan lyc 1a:
F =(pQ),v, —(pQ), v, =5080-9200 = —4120N.
Vi du 4-8. Diing bom ddy tau thuy.
Ngudi ta muén ddy tan thuy chay véi van téc v bing cich dimé bom hiit nuéc bién &

mi thu va phun nudc ra sau dudi tau theo truc doc cia tau véi van téc w déi v6i tau.
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1. Tinh cong suat ¢4 ich cin thiét cho viéc ddy tau theo luu lugng khai ¢ nudc phun ra.

) . A 2 " ~ » - V 5 - — N
2. Tinh hiéu sudt day cia tau theo ty s6 —. Nang lugng san xuat ra da duoc ding
w
vao nhitng viéc gi.

3. Ung dung $6: van téc tau 24km/h. L lugng bom Q = 0,28m’/s qua mot Ong tron
dudng kinh |5cm. Tinh luc ddy, cong suat ¢6 ich va hiéu suat ddy. Lay khoi luong riéng
- cha nuéc p = 1000kg/m" = 1000Ns”/m*.

-« Gidi: 1. Coi tau thuy nhu mot éng trong
dé nudc chdy qua va phun ra ngoai véi van
to¢ twong d6i w. Lay mot mat kiem tra cach
= —~ ——= xa miéng vio clia dng nhung gin sdt mat cit
ra. Doc mat nay 4p suat khong déi. Ap dung

IE € . _ phuong trinh déong luong vio mat kiém tra,
] v Bom : ta thay lru Juong khoi q cla nude chiy vao
TIitAaT— w VO vantoc tuyét doi w — v, Vay hre day la:
___I_: 11 || ——p
~7” | F=q(w-v)

va cong suat cé ich cho viéc ddy tau:
Hinh bai 4.8 N, =Fv=qv(w-v)

(Ta ciing dat duge két qua tuong tu néu
lay mat kiém tra gin lién véi tau, khong phai c¢6 dinh).

2. Muén tinh hiéu sudt ddy, phai tinh cong suat thyc t€ ma bom di cung cdp cho nudc.
Néu ta 1ay hé théng mat kiém tra gan lién véi fu, ta cé thé coi nhu khéi luong nude
q chay dén véi dong nang % qVv’ va chay ra véi dong nang%qwz. Vay bom phai cung
cap cho nd cong suit:
N, = lzqw2 —%qu = %q(w2 -v%).
Hiéu suat day la:
N, 2v(w-v) 2v.. 2

n= €L = = =
2 b
—v? w
N, w w+v W

A%
. - N o v " ’e . v ~ . » a
Hiéu suat tang cling vdt —, tién téi 1 khi v tién dén w (lidc do luc day F = 0).
w
Ta thay ring coéng suit do bom san xuat ra diing dé:

- Cung cap cong suit N, itng v6i luc ddy;
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ar e - - 1 . . ~ - . ] R
- Cung cap cho nudc dong nang Eq(w ~v)*bi tiéu hao vi ma sdt véi nude bién.

Nb = NCI +15q(w —V)Z'

3. Ung dung s&:

V= M = 6,67m/s
3600
_Q 0,28

w=<=_—2" ___1585m/s
© 0,785.0,15

q = pQ =1000.0,28 = 280kg/s = 280Ns/m.
Luc day la:

F = q(w — v) = 280(15.85 - 6,67) = 2570N.
Cong suit ¢o ich:

N_, =Fv=2570.6,67 =17,15kW = 23,3M.L
Hiéu suat day:

2
N4 =—w=0,59.
1+ -
v

Vi du 4-9. Phun hee ciia mor voi chita chdy.

Dau phun cia moét voi chita chdy c6 dudng kinh trong D, = 3cm duge van bing ren

vao mot 6ng tron ¢d duong kinh trong D, = 8cm.

Khi dau phun ma thi voi ¢6 lwu lugng Q = 40//s. Tinh:

1. Cot 4p H tao ra luu lugng dé. T‘_A%D—F&:m
2. Téng hop luc tic dong lén cdc bugc ren:  Sem | V! 2D ___
: S=
a) khi diu phun mo; SM Cv,
V.

b) khi ddu phun déng. ?

B4 qua tdn that va trong lugng clta nudc. Hinh bai 4.9
Lay g = 10m/s*; a = 1.

Giai: 1. Viet phuong trinh Bécnuli cho hai mit cat AB va CD (hinh 4.9).

2 2
a,v a,v
Zl+pl+ 1|:22+pz+ 2V2

Yy 2 Yy 2
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Vi bo qua trong lugng cia nudc lén trong phuong trinh trén bod qua z, va z,. Voi
chira chdy phun nudc ra ngoai trdi nén p, = p,. Tinh theo 4p sudt du va thay a = |
phuong trinh trén con lai:

v 28 28
2 2
Cot ap Y2 ¢hinh do cotap H= By Ltz_io ra.
2g Y 28
. -3
Biét v, = Q = 40.10 —— = 56.6m/s.
S Ty 00,785.(3.107)
4 2
2 2
- G5O 6o,
2g 20

2. a) Viét phuong trinh dong lugng cho mit kiém tra ABCD gi6i han dau phun khi
né ma:
- PQV\ + pévz =D, = P, + R
T4t ca cdc vecto trén day déu song song véi truc 6ng. Téng hop luc can tim [a —R .
Cing nhu trén, ta tinh véi p,, =0
-R =p,0, —pQ(v, ~V)).
Thay s6 vao:
Y 10

pQ=L0Q=—"-40.10" = 40Ns/m
g 10

2
v =v, 2 = 56.6(3] = 7,96m/s
o, 8

®, = 2(8.102)? = 5,02.10" m?
4

p,=v|H S =104[160— 63.3 =156,86.10'N/m’
2g 20

~R =156,86.10".5,02.107 — 40(56,6 — 7.96)N.
R =-5930N.

b) Néu dau phun déng, dp sudt trong 6ng bing cot nude H:
p, = yH =10*.160N/m* =16at.
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Luc téc dung 1én cdc budc ren bang |R2l= P, :

=160.10"5,02.10'N
= 8032N.

Rl
R’

Vi du 4-10. Mo! bom i tam bdng bom phun tia.

Khi chuin bi cho chay mot bom l tam ngudi ta ding mot bom phun tia dé méi
nudc. PO cao chan khong can tao ra h, = 200mm cdt thuy ngan. Dudng kinh 16 diu voi
bom phun tia d, = 50mm, duong kinh éng d, = 75Smm. D6 cao H, = 1,5m. Xdc dinh do
cao H, dé bom phun tia c6 thé tao ra do cao chan khéng yéu ciu.

Chi y: Bd qua tén that.
Gidi: Viét phuong trinh Bécnuli cho mit thodng binh bén trdi va dau voi

Ho+H,+ 2Py Y

Yy vy 28

riit ra:

l

Viét phuong trinh Bécnuli cho mat cét & ddu voi va mat cat cudi dng phia phai:

Hinh bai 4.10
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2g Y
16Q° 1 1
n’2g [0,05“ 0,075
Véi h,, = 200mmHg, tinh ra = 2,72m c6t nude:

]:1,5+hck;

3,14°.2.9.81

thanh méng
1. Tinh v:

2. So s
chat long, ho

Giai: 1.

fuong ducthg:

Vi

v =4/2.9,81.1,8 = 5,94m/s.

2. Khi binh chi c¢6 dau:

e P Moo diaty
Ya Yq
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Vay v=29812=627ms.

Khi binh chi cé nudc

n=P -y 2 _onmo.

n =

Vay v=429812 =627m/s.
Vi du 4-16. Litu lwong qua 16 thanh mong.

Nudc chay qua mét 16 thanh mdng dudng kinh d
= 120mm khoét trén ddy ciia mot 8ng dudng kinh D
= 200mm. Maét dp k€& kim loai 1ap truée 16 chi dp
sudt p = lat; tam dp k€& cao hon truc 6ng h = 1,5m.

1. Tinh luu lugng qua 4.

2. Luu lugng s& thay déi thé nao néu néi thém
vao 16 mot voi tru tron (nét ditt trén hinh).

Hinh bai 4.16 3. Trudng hop lap voi nhu trén, tim 4p sudt chi

trén dp k& lic xdy ra hién tugng gidn doan ché do

clia dong chdy, gia thiét rang khi xay ra gidn doan dp sudt tuyét déi tai mat cét co hep
cua dong bing khong (dp sudt khi troi p, = lat),

Hé s6 t6n that cia 16 Ay bang £ = 0,04.
Gidi: 1. X4c dinh luu luong:
Viét phuong trinh Bécnuli cho mat cit ¢6 1ap dp k& va mat cit chd dong co hep:

2 2 2
\'% \'% \%
P oYM _P Y V2

- (1)
Yy 28 v 28 "2
trong dé:
Pr _Ps
Y
P _ 1.98100 .,.1,5_,.91;
Y 9810 ¥
&=11,5+&;p‘—_&=11,5m
Y Y Y
Tir phrong trinh lién tuc cé:
Q=vF =v,F.
Fl
Vy =V, =
FZ
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vi F, 1a dién tich mat cat co hep nén F, = €F, trong d6 & 1a hé s6 co hep va F, 1a dién
tich mat cit 16. He s6 € dugc tinh theo cong thifc:

£=0,62+0,3 8[—?) v6i F, dién tich mat ct tai 1, F, dién tich mat cét trudc 16.
\

g day = 0,62+038 —— 120° =0.67.
200°
Ta ¢6:
2
v, = VZE- =v, EE“— =0,67v, —Fﬁ = 0,67v2£7
F " F K ]
Tu (1) ¢6:

Vi Q=v,k,tacé:

€ P 7P
Q = d2 .FO 2g—L‘_Y_2_ )
\/r] + C — 0,67 )
D2
) 0.67 21401200 Soe 1T s

2 4
\[1+004 0,67 120
200%

Q=0,115m'ss.
2. Tinh Q khi lap thém vdi.

Vié1 phuong trinh Bécnuli cho mat cét tai ché 1ap dp k€ va mat cat chd ra cla voi:
P Y P Vo Ve (VW)
Y 22 v 28 "2 2g

trong dé v, 12 van tc tai mat cét ra cia voi.

Vi:
F E \Y
v, =y, L=y, 2 ==2
F ek £
2 0
va
FO d?
Vi=Vy T =Vy 5
F, D

nén sau khi rit gon phuong trinh trén cé:

4
B P Y I+£+—12—+1—%—d—;.
Yy v 2g £ ¢ e D
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Viét phuon

Vi

0.67°

Py —Pa

3.14.0,120?

4

(1+0.04)-=

Y

E

Pr._ 22.2m, vay Puoe _ 12,2m.

y

i4

84
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Vidu 4-17. Tang kha ndng thdo ciia voi.

Dé tang kha nang thdo chat 16ng qua mot voi hinh luwu
tuyén c6 dudng kinh 16 ra d = 80mm va hé s6 tén that £ =
0,04 ngudi ta ndi thém vao né mot doan 6ng ngan dudng
kinh D.

1. Xdc dinh duong kinh cta doan 6ng ngan sao cho kha
nang thdo ctia voi 1a 16n nhat.

cOt nudc gidi
co hep cua voi

Giai: 1 at thoang cua
binh va mat ¢ lai ta cé:

trong do

h,, - t6n hinh tru.

ong kinh d, va

2gl d*
2
Rities: A= thBecl 0u) b
- d d_



H=Y2(AD* + BD? +C);
2

| 2gH
Vy, = ] P
AD* +BD* +C

T D’
Q=v,0, =—/2gH.
’ 4 VAD* +BD? + C

Q ¢6 tri s6 cuc dai khi dudng kinh D thoa man —j% =0, bdi vay ta 14y dao ham cla

Q theo D.

dQ

2 1]
D Z 2gH{ l:-——(AD" +BD’ +C) }(4AD’ +2BD )] +2D((AD* + BD? + C) }=
: _ 1 4AD’ +2BD’
JAD4+Bgz+C 2 AD*+BD*+C

s
4AD’ + BD'

Khi: dQ =0 thi 2D—l 3 =0 hay
dD 2 AD*+BD*+C

2AD? +2BD*® +2DC = 2AD’ + BD’;
D(BD? +2C)=0
D #0viy BD*+2C=0

D= -2
B
, 2 -2
trong do: = —87 = 008" ———,;C=2 (xem doan trén)
Vay:

2
D= ]’———2'2'2’08 =0,113m

2. D€ xdc dinh cot nudce gidi han khi xuét hién chan khong tai mit cét co hep clia
vol, ta viét phuong trinh Bécnuli tai mat thodng va mat cat co hep:
2
v
H=- Ny h,,
Y 28
vi

h_, 1 18n that cuc bd clia voi Iuu tuyén, b, = C—z—
g
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Ta co:
2 2 2
H=-Pa Y Py Y gy g
Yy 2¢ 28 v 2g

2 H+i
vy _H+ (). )
2g  1+(
Viét phuong trinh Bécnuli tai mat thodng va mat cét ra cia voi:
2
H=_2 +h, +h,
2g
trong dé h, v, =vy) \
2g
Vay: H= Y.;_ + Cﬁ + ﬁ:_‘Qﬁ

2¢ "2g 2g
2
Dem (1) thay vao (2) va chd ¥ rang v, = v, iR ta c6:

H+10 d D’

N 2
2[1_1810{_]
-1+ —

1+ 004)£’-

L
H=10,8m
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Vi du 4-18. Dong chay qua 16 tiét leu.

Xang tir mot binh chita chdy qua mot 16 chén tiét luu d, = 2mm vao bdu 6n dinh
mifc Xxang.

Tinh dudng kinh d ctia dong chiy qua 16 chan va luu lugng Q khi cot 4p H = 0,4m; 16
md hoan toan. Trong bai giai dung biéu dé quan hé p - Re do nhét cha xang v = 0,93¢St.

Giai: Cong thiic tinh Iuu luong qua 16: p

Néu bo qua

vao s6 Raynon

hoac hinh 5-11
trang 155)

2.9,81.0,4.0,002

Ta xdc dinh Re, = =6000.

0,93.10°°
Tra dugc p=0,645 va € =0,73.
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Thay vao ta co:

v
Q= 0,645.3—’{4&&.\/2.9,8.0,4

Q =0,00000568m’/s = 5,68.10°m’/s = 5,68cm’/s
Dién tich dong tia F duoc x4c dinh bang F=F ¢

Vay: d'=d’e

hay la:

Vidu 4-1

Mot bo g aN/m’, pittong
dudng kinh [Omm. Vong
dém kin cua p pittong.

luong qua cac
ittong.

pittong;

F: dién ti

Tacé: H cta pittong va

Y Q
duoc tinh bing P, = Nf = p,Ff véi F 14 dién tich clia vanh dém 16t kin, F' = nDb.
Cudi cling ta c6:

P—pFf
pl = Ql
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R 117500
Q+Ff 3,14.0,2°

P

+3,14.0,2.0,025.0,15

p, = 35,6.10°N/m*;

p _356.10°
y 8480

a2 2
Q= 0,6.1’1—4'40’0—lq/2.9,81.4,2.102

0=42710"m’/s
2.4.27.107°
V=———————
3,14.02}
4
Vi du 4.20. B5 gidm xéc¢ ddu ~ khi nén

=42.10"m.

=0,272m/s

Mot bo giam x6c ddu — khi nén véi duong kinh xylanh D =
120mm ldc ban dau duge nap khi 4p suat p, = 32at; lic dé thé tich khi
¢6 chiéu cao a, = 150mm. a,

L4 tiét luu ddu dudng kinh d = 2,2mm, hé s6 luu lugng 1 = 0,8.

Trong ludng riéng cua ddu y = 1100.9,81N/m* (hén hop coén —
glixérin). S

“Tinh thoi gian ha thap (tut xudng) cta xylanh va d6 giam cta chiéu
cao thé tich khi nén khi ¢6 tdi trong khong ddi G = 4900daN tic dong

dot ngdt 1én bo giam xdc. 2N
3 ’)o‘ ar N - 7 N \ I
Giai: Néu trong thdi gian dt, xylanh ha thap xuéng mét doan dx thi ta N s

c6 phuong trinh vi phan chuyén dong clia chat long trong xylanh nhur sau:

— Fdx = Qdt (D Hinh bai 4.20
F — dién tich pittong;

Q — luu lugng chét 16ng chdy qua 16 tiét luu.
Mat khdc ta cé thé tinh luu hugng qua 16 tiét theo céng thitc sau:

Q=pf [2g PP )
Y
" < i . Z - G
p, - Ap suat cua pittdng tinh theo céng thitc p, = R ;

p - Ap suit ctia khong khi trong xylanh ting véi d6 cao cha khong khi trong xylanh
13 X (tai thdi diém ban dau do cao cha thé tich khéng khi trong xylanh 12 a,)
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p duoc tinh theo cong thic: p=(p, + Pa)a—o -
X

p, vOi p, la dp suat khi quyén va bang
lat.

Goi a, la do cao cua khong khi trong xylanh khi 4p sudt khong khi bang p, ta cé bicu
thire sau:

a
P, =(po+p;.)a—°*pa

vay a, = a[Li] (3)
pO +pa
a = ao[&ﬂi] (4)
pl +pa
p, = —32000___ 433N/em?
3,14.0,12°
4
a, = 015 G2 D08\~ 1tem,
433+1.9,81

Thay céc gid tri vao (2) ¢cé:

a
P —[(po +p,) ¢ _pa]
X

Q=nf)2g :
Y

Q-= uf\ﬁg(pl + pa)["—'ﬁ] (6)
Y X

Thay Q tinh tir (6) vao (1) va bién d6i, ta cé:

dt = — F / X dx,
”f\/zgp.jpa x-a,

y

{t=

_ F I { x ___F
uf\ﬁg Pr¥Pa g, VX2 uf fzgp_lﬂ_)i
Y Y
X {a,ln\/;l~[m+a,ln(\/g+,lao -2, )]}
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Thay s6 lay don vi dai 1a cm:

b 0,122

§ T - [J(A5=1D)15 +1 1In(15 + VIS 11)]}

(433+9,81)

0.8.0,25%_./2.9.81.
0,0011.9.81

t=-0,321(13,2 = 27,2) = 4,55

10ng hinh chir
lugng. Trude
16 téng dién
nhimg 16 sac
6 la ngap véi

Hinh

2. Tén that ¢
B6 qua anh

Gidi: Luu | 16 khoan trén
tdm ldng. Vi cdd viéc doc lap
véi hé s6 luu | t ca céc 16 dy
bang luu lugng ¢ tc 1a bing F =

0,25m’. He s6 1 chdy qua céc
16 clia tdm lang
Dong chay

nudc &y bang
a—h.Vaytacop

uF,/2gh = mb(a - b),/2g(a —b) (1)

tuong duong véi phuong trinh bac ba;
FY?
(“_] h=(a-h)’ (2)
mb
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Giai phuong trinh (2) bing phuong phdp dé thi hodc tinh thir din. O day ding
phuong phép tinh thir dan.

bat:
2 2
e [“—F] h=[260251 . 1 61998k ~02h
mb 0.42.0.8
y, =(a=h)’ = (0.4-h)’
Lap bang
h 0,4 +1
y, ~0,2h 0,2
y>=(04—h) 0 -0,216
Ta thdy t ém 3 tri s6 cua
y; Vay, ing v
Véi
Vay luu | Is.
Tén that
Bai 4-1.
Nudc tir udi 6ng. Voi c6
duong kinh = 1.
A
S e
B |
: E (6ng n6i vao
g ta he thong.
i --F DS: 1. vp = 24,5m/s
': 2.q. = 31/s.
i 3. p, = 8,125mH,0;
TIITITIT

4. ps = 28,125mH,0.
Bai 4.1
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Bai 4-2. Luwu lvong ké'vong chan.

Tinh chinh xac lwu lugng nudc chay
qua mét dudng ong D = 153mm ¢4 1ap luu
luong k& vong chin d = 102mm véi hai
ong do ap ldp cach vong chén khoang cach
D va DD/2. D6 chénh co6t thuy ngan trong dp
k& h = 254mm. Cong thitc tinh luu luong:

245mm

B

Q=C, 2k 270

Y
2
s CH
l-m D E S
C, =cz,2,,

¢=0,607;z, =z, =1.
Huong dan: Déi cot thily ngan h thanh Bai 4.2
A
cotnude 22 = hy, —y,)—
v

PS: Q =0,0434m’/s.
Bai 4-3. Dung 6ng co hep dé hiit nudc.

Mot ong ddn nam ngang ¢ dudng kinh d, = 50mm; dudng kinh ché ong bi thu hep
d, = 25mm. Ti ché 6ng co hep ngudi ta ndi médt 6ng nhd cam vao maét binh hd chia
nude (hinh B-4-3).

Bai 4.3

Xiéc dinh chiéu cao h dé nudc cé thé duogce hdt ti binh 1én dng.

Cho biét dp sudt du tai mat cit 6ng trudc chd co hep p, = 0,784N/cm’” lu luong
trong 6ng nim ngang Q = 2,7//s. B6 qua t6n that.

PS: h =650mm.
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Bai 4-4. O’ng xi phong
Xdc dinh dp suit chan khong p,, tai diém cao nhét clia ong xi phong va tinh hn
lugng nuée trong dng. Cho biét d = 150mm, H, = 3.3m; H, = 1,5m; z = 6,8m. Tdn that
c6t nuSe tir bé vao 6ng bing 0,6m cot nudc,
2
tr ng ra bé bén phai h, =&, Y trong dé6 P,
: 28 Z P,
£, = 15 cAc t8n that khic bd qua. n ot
1

bS: Q = 861/s: S BN | Jl‘lz_

Pac = 0,53at. Bii 4.4
Bai 4-5. D¢ cao dar bom.

Pec Bom ly tam hiit nuGce tir giéng 1&n. Ap suat tai mat

nude giéng 1a p,. Luu lugng bom Q = 25//s. Tai miéng
vio bom cé 4p suat chan khéng p, = 6,87.10“Nm’ =
6.87N/cm?, 6ng hiit ¢6 dudng kinh d = 0,15m. Tén that
trong &ng hit h, = 1m c6t nude. Xéc dinh d6 cao dat
bom h, (khoang cich thang dimg tir truc bom 61 mat
nudc giéng).

<

\
|
1
!
1
t
— -
’
I
1

7
h,

Pto

e - — -

- ]

Chii y: bd qua van t6c tai mat giéng; g = 10m/s.
DS: 5,77m.

|
AN RN R o P2

Bai 4.5

Bai 4-6. Ap sudt tai miéng ra ciia quat.

Mot quat gi6 luu Tugng 3000m™/h (y = 11,77N/m’)
d ddu éng loe ¢6 d, = 300mm. X4c dinh 4p suat khong
khi & ddu ong loe.

Bo qua su bién ddi cha trong lugng rieng khong
khi theo p vi bd qua tén that tai ng loe; g = 9,81m/s’.

. 2
DS: 1317N/m". Bai 4.6

Bai 4-7. Trong lvong cua quat ban.
Mot quat ban @ 305mm cé luu lugng khong khi 56,5m*/ph. Muén cho quat diing ¢6
dinh, tinh trong luong t6i thiéu clia né biét ring hé s6 ma sit giifa d& chia n6 va ban 12 0,1.
Trong khi tinh gia thi€t dong khi & trude quat (thuong luu) 16n hon dién tich
dong tai quat khoang 10% va mat cat dong & ha luu bé hon dong tai quat khoang
10%; p,, = 1,22kg/m".
DS: 30N.
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Bai 4-8. May neéi ne quay.

p i "I Mot mdy wdéi tr dong quay
Q quanh tryc thang dimg. N6 c6 hai voi
mr N 7 phun @ 5Smm cdch xa nhau 60cm va

hudng 1én phia trén tao mot géc 30"
so v6i mat phang ngang (hinh B 4-8).

Biét lvu luong cua mdy tuéi nay

Bai 4-9. Ph

Mot doan
60" 1ap trén mo
ngang véi luu 1
suat la 4at, @ 1

Xac dinh ¢
nam ngang tac
(b6 qua tén that

g = 10m/s o
DS:F=62
e=2
Bai 4-10.
Loe go hi dong thi
4 mot  ludng
150mm van
| qua tinh nén
) | L 1 khi, van téc
gop va tat ca
I ip sudt. Cho
" 1 g khong khi
L’ *. Hoi:
do 8ng khi
: mgllen giad.
Bai 4.10 ' 2. Hop luc cua céic luc

khi dong 1én doan voi phun,
biét rang @ cua diu vao 1a 350mm.

3. Do chénh ap suét khi dong tai hai phia cla quat, suy ra luc ddy ctia quat 1én truc
cua no.
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4. Tinh theo hai phuong phédp cong suét ¢é ich cua quat.
PS: 1) 8,66N. 2) 15,7N,;
3) Ap = 2452N/m?; F = 23,6N;
4) N = 86,6W.

Cach tha nhat, tinh véi Ap.

5

Céch thit hai, tinh véi p;’—-
g

Bai 4-11. Luc tdc dong lén xylanh.

~ Trong mét xylanh thuy lyc D = 60mm pittong chiu tdc dong cua mét lyc P = 3000N
day qua mot 16 ddy xylanh d = 20mm. BS qua ma sat pittong xylanh.

Xéc dinh lyc tdc dong lén xylanh. Ty trong cia dau 8 = 0,9.
He s6 luru lwong qua 16 p = 0,63. Cong thic tinh luu luong qua
{6 thanh moéng Q = pm\/ATg {(w: dién tich 16; Ah: do chénh cot
ap). Hé s6 co hep cia 16 £ = 0,65.
DS: 2620N.

Bai 4-12. Luc cria nuée tde déng lén bom.

Bai 4.11

Bom li tam véi 6ng hut D, = 700mm dudi 4p suat chn khong bén phia hit p, =
20kN/m’® cung c4p nuéc véi leu luong Q = 1300//s qua dudng 6ng ddy D, = 500mm duéi
4p suat du p, = 880kN/m*. S6 vong quay cla
bom 960vg/ph; cong suat dong co dién N, = S
1250kW. —

Theo kich thuée ghi trén hinh B4.12, xdc dinh - 2
lyc (téng cong) do nudc tac dong lén bom va ID‘
momen céce lue ngoai déi val truc quay cia né. X

PS: R = 185kN.
M = 126kNm.

=T
i Ta)

I

, Bai 4.12
Bai 4-13. Ap luc nudc 1én ong loe.

Nudc chdy qua mot doan chuyén ti€p hinh loe,
——"-} (duong kinh vao D, = 250mm, duong kinh ra D, =

.L_l =~} S500mm) vio bé chia dudi cot dp khong ddi h = 4m.
—f |} Luulugng Q= 0,4m’/s).
> T IS —{
T—| D, 1. Xac dinh luc doc tryc 1én 6ng loe, biét rang khi
L{"L qua ong loe dp sudt tai miéng ra bi gidm so vdi ap sudt
tai miéng vio va hé s& tdn that ca éng loe ¢, = 0,25.
Bai4.13

97



2. Ap suit chan khong tai mat thoang clia binh bing bao nhiéu thi luc doc truc 6ng

triét tiéu?

DS: R =

4.6kN.

P = 31.4kN/m’.
Bai 4-14. Lic 1dc dong lén bé di ong.

Poan 6ng chuyén ti€p clia mot dudng 6ng dan nude
dat trén bé 46 c6 duong kinh vao D, = 1.Sm vara D, =

D o
Tinh lyc doc truc (dc dong lén bé d5 khi 4p sust dutai 7%~ //7//2’;?”

miéng vao p = 4at va luu lugng nude Q = 1,8m’/s.

Im.

Bo qua tén that.

e
N

392kN.

Trén mot dudng 6ng dan nudc (y = 9,8.10%) dat
trong mat phang thing dimg ngudi ta xét doan gidi
han giita hai mat cat Y-Y va X-X. Tai mat cit Y-Y
(0 dudi) cé lap dp k€ kim loai (manémét) do duoc
py = 2,6at.

Tai mat cat trén X-X c6 lap ap k& chit U dung
thuy ngan va do dugc dd chénh cot thiy ngan Ah,
= 735mmHg. Chiéu cao tiy Y-Y dén X-X 1a H =
15m. Dudng kinh 6ng khéng déi. Dong chiy én
dinh. Coi nhu cic tri s6 cua ap suat do dugc tai cic
taim A; Beha Y-Y va X-X.

Hoi: 1. Nudc chdy theo chiéu nao (khong cit
doan 6ng ra).

DS:R=
Bai 4-15. Phdn dodn chiéu dong chdy trong éng kin.
:
S =
X \x’/ ~ ", o |
- 7 ) /:": \\-\ A-’I Il i ':-‘
: Ry <
PO i
N z:'/ SRR
| SN v i
i ~ '
, il
il I
\\‘ AN /‘/I
N e
| : ™ P
: L\/>\\ \\'\ |/ l\']
TN A
i ~— \\_..1_'{ \\\__.
\\I\ :i

Bai 4.15

2. Tinh tén that thuy luc.
DS: h, =h, = ImH,0.

Bai 4-16. Xic dinh kich thuoc ctia ey Iiong ké vong chdn.

Mot luru luong k& vong chin duoc lap
trén duong 6ng D = 153mm do luu Juong
khi dét Q = 1700m'/h. Do chénh 4p suat
tuong g trong cdc 6ng do 4p la 748 N/m’,

Khi dét ¢6 cdc dac tinh sau day:
- do nhét v = 1,44.10 'N.s/m?;
- nhiét do t’ = 289°K;

Bai 4.16
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-ty trong & = 0.5; dp suat: p= 101000N/m".

Tinh duong kinh d.

Hiromg dan: tinh d tir cong thite (3-37) “gido trinh thuy luc Mdy thiy luc Tap 1.
Nhung phii tim chiéu cao ¢ot khi dot Ah tuong duong vai do chénh dp suat 748N/m’.

Nhu vay. can dung phuong trinh trang tha: khi P _ RT ¢& tinh khéi lugng riéng cua
P

khong khi (bi¢t rang R = 287N.m/kg"K déi vai khong khi va suy ra khéi hegng rigng cua

khi dot).

PS: d = 62mm.
Bai 4-17. Do van 16¢ gid banyg éng Pito.

Mot éng Pito duge dat trong mot luong Khi dp suat (tuyét déi) p = 207000N/m” va
nhi¢t d6 1 = 29,5°C. PO chénh cot thuy ngan trong ap k€ chir U lap véi ong Pito li
Ah =33 3mmHg. Ty trong cta thuy ngan d = 13,6.

Tinh van téc gid. (1ay R nhu trong bat 4-16)

bS: 61my/s.

Bai 4-18. Tinh dp suar chan khong trong bom.

Mét bom nude c6 do cao hit h, = Sm, luu tuong
‘Q = 6//s, dudng kinh dng d = 100mm. Yéu ciu xdc
dinh 4p suat tai chd vao bom. Cho biét 16n thit toan bo h,
trén ong e h, = 0,32m.

P,
DS. p, =0,535at. =
p, = 0,465at. _
] Bai 4.18
Bai 4-19. Lirn hepng ké'Venturi.
T 6ng do luu lugng Venturi ¢é dudng

kinh D = 200mm. d = 80mm. Ap k& do
chénh 13p trén tuu luong k& duge do day
thiy ngan va nudc. D6 chénh muc thuy
A-B e e ——_—— — - ngan trén 4p k€ h = 200mm, xdc dinh hru
lugng Q. Hé 6 tuu lugng cta luu luong
ké p=098.Lay e = 1,1.

Bai 4.19 DS: Q = 0,0344m’s.
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Bai 4-20. Ong xd ciia tuabin thuy he.

Xdc dinh do chan khong h,, tai chd dau 6ng xa

(mat cit I - T) cha tuabin Q = 1,5m"/s (bd qua tdn

pu that thay luc; ldy a, = a, = 1,1) h, = Sm; D, =
0,7m; D, = 1,4m.

— 5l DS: hy, = 5.8m.

ho=>m

Il :'—'—4 Rra ':’_-l': U
"D
Bai 4.20

Bai 4-21. Linc leong ciia xdng bi ép chdy qua voi.

Mot binh kin chifa xang cé gan voi tru tron tai ddy va chiu dp suét khi nén trén mat
thodng. Pudng kinh voi d = 50mm; cdt dp cha xang h = 1,5m, 4p suat hoi xang p,, =
200mm c¢6t thuy ngan, trong lugng riéng xang y, = 750daN/m’.

1. Tinh dp suat 16n nhat cGa khong khi nén 1én mat thodng ctia xang dé dam bao cho
dong chdy qua voi tai mat cat ra van duge gitr day.

s s o < Khong kh{
2. Luu lugng trong lrong G ldc ay bang bao nhiéu? f nén
LAy 4p sudt khi tri bang 730mm cét thuy ngan. fPue
Cho hé s6 Iru luong 1= 0,81, hé s cohep e =0,62. | —=— . — ~ t
Huéng din: Xem gido trinh TL.MTL, tap 1, cong thic N .
(5-27).
PS: 1) p. = 083.10°Nm? I l
2) G = 186N/s. i
Bai 4.21

Bai 4-22. Dong chdy qua dng loe.

Nudc chdy tir mot binh xuéng mot bé qua mot 6ng loe (dudng kinh nho d, =
t00mm, dudng kinh 16n d, = 150mm). Hé s8 ton that tai doan vao éng loc £ = 0,06 va hé
s6 ton that trong doan loe ¢, = 0,2.

Mat cit co hep ctia 6ng loe cao hon mit nudc bé dusi H, = 1,2m, 4dp suat khi trdi p, = lat.

Tinh chiéu cao H, tr mit cit co hep dén mit nude binh trén sao cho dp suat tuyét dai
tai mit cat co hep bang khong.
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Huong dan: Tu phuong trinh Bécnuli viét cho hé thong
nay ta co:

2 2 2
Ho+H, =t =¥y v
2g 2g 2g
Diéu kién dé cé 4dp suat tuyét déi bang khong tai mat
co hep cung cap thém phuong trinh:

2
nm+Pe oSy
Y 28

DS: H, = 2,6m.

Bai 4-23. So sdnh 6ng try tron va éng loe.

Nudc chdy tir mot binh trén xudng bé dudi qua hai 6ng: mot ng tru tron dudng kinh
d = 300mm va mot 6ng loe dudng kinh vao ciing bang d = 300mm, dudng kinh ra D =
600mm. Chiéu cao cic cot nude gita binh va bé [a: a = 0,8m; b = 1,4m (tir sau doan vao
cdc ong tai mat cit A — A); ¢ = 0,6m. Hé s tén that cla
doan vao &, = 0,05; hé s6 ton that trong &ng loc ¢, =
0,25; hé s6 ma sat trong ong tron A = 0,025.

1. So sanh luu luong chay qua hai ong.

2. Tinh 4p suat tai mat cit A — A trong hai 6ng.

DS: 1) Luu lugng qua ong loe bang 2,2 1an luu
leong qua dng tru tron.

2) Chan khong tai mat cat A — A trong 6ng
tron bang 1,1.10°N/m’, trong 6ng loe bang 8,1.10°N/m?>.

Bai 4-24. Dong chdy qua 16 va voi trong binh hai ngan.

Mot binh kin hai ngan théng nhau bang mot 16 thanh
mong dudng kinh d, = 30mm tai ddy cla ngan trén va cé
mot vdi dudng kinh d, = 20mm l4p tai day ngan dudi.

Nudc duge dan viao ngan trén, chdy qua 16 xudng
ngan dudi va thodt qua voi ra ngoai troi. Khi dong chay da
dn dinh 4p suat khong khi trén mat thodng cta ngan trén
do bang 4p k& kim loat 1a p, = 0,5at, cot nudc trong cac
dng do 4p 1a h, = 2m (ngin trén), va h, = 3m (ngin dudi).

1. Xdc dinh luu lugng Q cua dong nude vao.

2. Tinh 4p suat p, trén mat thoang clia ngan dudi.

Lay g = 9,8m/s*. Hé s6 co hep € = 0,63 (xem gido 4.
trinh TLMTL).
DS:1)Q=31//s;:2)p, = 4,3.10"N/m2 = (,44at. Bai 4.24
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Bai 4-25. Liae livong cria khi qua voi.

Chat khi trong mot éng thang ding phun ra ngodi rdi qua hai voi dudmg kinh d =
10mm cidch nhau mot khodng a = 100m va ¢4 truc thang goc vdi éng. Heé so luu luong
cua voi u = 0,95 (dd c6 x¢ét dén ton that trong cdc dogn dng dan ngan). dp k¢ chir U dung
¢On lap ngang mat cit voi dudi do duge cot ap h = 200mm ¢bn (trong lugng ricng v, =
800daN/m’). Ap suat khi trasi tai mi¢ng ra cha voi phun duéi [a p, = 745mm thuy ngan.
nhic¢t do khong khi va chiit khi trong 6ng la t = 20'C. Hang s6 khi cua khong khi R =
287J/kg"'K vit cua chat khi trong 6ng R = 530J/kg'K.

Bo qua ¢Ot dp van toc va cdc ton that: trong lugng riéng ca khong khi va clia chat
khi trong dng coi nhu Khong doi theo chiéu cao a.

Tinh luu luong khoi cia chat khi qua méi voi.

Hudng dan: Trong cong thic tinh hau luong cua khi gua voi

Q = uFv2aH
phai tinh H theo ¢ot khi.

! H=P"P. trong do p: dap suat tuyét
ZP.

P, dp sudt khi tro1 ngang miéng voi: p,: khoi luong

. Khi doi cua khi trong 6np:
} riéng cta khi.
|

Khéi luong rieng cta khong khi va cila khi duge xdc
dinh theo phuong trinh trang thdi:

\
|
d ‘ | | b
S L C E-RT

e N l‘ P
L , e
) trong dé: p: dp suat tuyét déi; R: hiang s6 cha khi:
Cén T: nhiét db tuyét dsi do bang do K.
Bai 4.25 DS: Luu lugng khéi qua voi dudt M, = 0,0034kg/s.

Luu lugng khoi qua voi trén M, = 0,0039%g/s.

Bai 4-26. Luu leong qua civa cong.

Tinh luu Yuong chay clia mot cira cong, biét rang
cot dp trén cira H = 4m, bé cao cua clra a = 0,8m, hé
rong cta b = 2.4m. L6 khong bi ngap va khong bi co
hep bén.

'
TTLITTr T

TTITTZ
[

| ==
]
-Ji'———
\\l
g
1
[
J

Trong mat cat n — n (trong doé ap suat phian bo theo
quy luat thity tinh) hé s6 co hep & = 0,67 va he $6 van
toc o = 0,97. Bo qua van (6¢ & gan cla.

bPS: Q = 10,3m/s. Bai 4.26
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Chuong 5
CHUYEN PONG MOT CHIEU
CUA CHAT LONG KHONG NEN PUGC

Trong chuong 4 ta da thinh lap duge hé phuong trinh vi phan chuyén déng ciia chat
long. Chuong nay xét cu thé mot s6 dang chuyén dong mot chiéu cua chat long khong
nén duoc nhu nude chay trong éng. dau trong cic khe hep v.v... Tir dé riit ra nhimg (g
dung vao ki thuat.

§.5.1. TON THAT NANG LUGNG TRONG DONG CHAY

1. Hai trang thai chay

0O.Rcynolds tam thi nghiém vao nam 1883 va nhan thay ¢6 hai trang thdi chay khic
biét nhau rd rét. Thi nghiém gém mét binh nudce 16n A va mot bau nho nude mau C -
mau do. Mot ong thuy tinh trong sudt dé trong thdy nude chay (hinh 5.1). Diéu chinh
khoa dé nudc mau do6 chay thanh mot sgi chi do cang xuyén sudt ong thuy tinh, nghia 1a
céc 16p chit long khong tron lan vao nhau, chdy thanh tang 1dp. D6 1a trang thdi chay
tang (hinh 5.la). Tang van toc dong chdy, dau tién soi chi d6 bi dit doan (hinh 5.1b) poi
1a chay qua do, sau d6 chay hon loan hoa vao nude (hinh 5.1¢) goi la chay 16i.

P Ong do ap

[ |
=2
a
A

T 1Y
T 1
1.1

T 71
R N M S|

PRV
x

It

- — —:1\— ————————————————————
— !

B
_J / \_L_Lrbl dn dong [~

Hinh 5.1
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Hinh 5.1 (tiép)
Nhur vay trang thdi dong chay phu thudc vao van toc v, do nhdt dong hoc v va dudng
kinh ong d. Reynolds da tim ra 13 hop 3 dai lugng dy la mot s6 khong thif nguyén mang

» N » ~ N \"d PR ‘ g N ) L~ 2" P
tén ong: S6 Raynon: Re=-— va tim duoc tri s6 trung binh cua s Re t6i han tirong ing
\%

véi trang thai chay qué do: Re =2320.

Viay: Re < 2320: chay tang

Re >2320: chay roi

2. Quy luat tén that nang lugng trong dong chay

Nguyén nhan clia t3n that nang lugng c6 nhiéu: tinh nhét cua chat 16ng (v), doan
dudng di dai hay ngan /, tiét dién dong chay (o), trang thdi chdy v.v...

De tién tinh todn, ngudi ta quy udc chia thanh hai dang tdn thét: t6n that doc dudng
h, v tdn that cuc bd: h: h, = Zhd + th

a) Tén thdt doe diomg

Dicxi nhan thay: O chay ting: h,= kv

3 chay réi h, = k,v7, ¢
va ong dua ra céng thifc chung vao nam 1856, goi 1a cong thic Déacxi:
l 2
hy=h— -
d 2g

trong dé:
1 - chicu dai; d - dudng kinh dng; v - van toc trung binh.
A - hé so ti I¢, goi 1a he s6 ma sat. NG phu thudc vao s6 Re va do nhdm
thanh 6ng n:
A (Re, n)
Viéc tinh A kha phic tap. C6 nhiéu cong thitc ban thuc nghiém dé tinh. Ngudi ta
thudng hay dung do thi Nicurétze (hinh 5.2).
Cé 5 khu vuce: N
s s A
[. Chay tang A = -
(1. Chay qud a6 tir tang sang réi: chua ¢6 quy luat nao.
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IT1. Chay roi tharh tron: L = f(Re).
IV. Chay qua do tir thanh tron sang thanh nham: A = f(Re, n).
V. Chay rot thanh nhim: A = f(n).

Trong timg khu vuc ¢6 cong thite tinh A tuong ing (tham khéo S8 tay Thuy luc).

A T
10
09! .- _
: A _1
081 o 15,
g //ﬂ'— ‘1_ 1
07 < - 308
R {
06 / el 1 v
' NN 60
v N
05 11 /1_ 11%
04 n 1
’ 757
\ sk,
03 -
507
— 1w joRe \ 1
02 .J 9| :

"26 28 30 32 34 35 38 40

b) Tén thal cuc bo

Hinh 5.2

Thudng diing cong thicc Vaizobic:

2

\%
h, =62
ng

Z- hée s6 ti 1&, goi 1a hé s6 ton that cuc bo, thudng
duge xdc dinh bing thuc nghiém. N6 phu thudc vao so
Re va dac trung hinh hoc vat can. Vi du xét hai truong

hop (hinh 5.3a va 5.3b)
bat md (hinh 5.3a)

h,=C L—Q:
Y 12g ’ 1
Vi
hL:é’l—z-é; glz[
bot thu (hinh 5.3b):
2
hc:§2v_2’ ;2'“
g
h = Ivf; | —
=6 2 S\

2

[0 ?
)
Q

_1]2
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Q
Hinh 5.3a
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§5.2. DONG CHAY ROI TRONG ONG

1. Cau tric dong chay roi trong ong

Thuc nghiém chig to dong chay réi trong 6ng gom hai phan chinh (hinh 5.4a): 16i
réi va 1dp chay tang sét thanh cé chiéu day

Trong 161 161, van t6c diém thay déi vé tri s& va ca hudng theo thoi gian. Néu xét
trong mot khoang thai gian tvong déi dai T, thi thdy u dao dong xung quanh mot tri so
khong doi U (hinh 5.4b) goi 12 van (6c trung binh thoi gian:

Lép ch_!sy E\g sdt thanh

Hinh 5.4a

Hinh 5.4b
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D
i=— Jutdt
0]
Liic d6 van toc tic thdi n= G+ u, u’ goi Ia van téc mach dong. Tuong tu ta cé:

pP=p+p: p=p+p

2. Phan bé van toc trong ong
du . O trang théi chiy rdi, ngudi ta dira

O trang thai chay ting, theo Newton 1 = ;,Ld—
Y
du

viio hé s6 nhét roi bé sung T, = (g + ) .
y
o
Nhung ¢ >> y, nént,=1= gl
dy

Gia thuyét vé £ ¢6 nhiéu, nhung theo Prandtl

Trong 46 [ = ky 1a chiéu dai xdo tron, dac trung cho su chuyén dong theo phirong
ngang ciia cdc phan tir chat long; k = 0.,4;

du A . . o
— - gradicnt van toc trung binh thoi gian.

dy
Do do6:
di . (du)
‘[:g—:pl —_—
dy dy
- T
d_u: El:u‘l véi u, = |~ van téc dong luc
dy pl 1 P
A= Yoy o9y
/ k

U="lny+C Taitrucong:y=r:0=0,

— u.
C: u ... - ?Inr

X

_ u., r . v ven A N
Vay u=u_, - —In— nghiala van téc bi¢n thién theo luat logarit, con:
’ ) k

v=Q/w =0825 T
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§5.3 DONG CHAY TANG TRONG ONG - DONG HAGEN - POADOI

1. Phuong trinh vi phan chuyén dong

Hinh 5.5
Xét chuyén dong mot chiéu (u # 0) trong 6ng ndm ngang do d6 chénh 4p (p,>p,) clia

chat 1dng khong nén duge (p = const) chuyén dong dimg (2 _ 0)» b0 qua luc khoi
ot

(F=0) (hinh 5.5). V3i nhilng diéu kién d6, xudt phit tr phuong trinh lién tuc:

div U =0 va phuong trinh Navie-Stéc:

-lgradp + VAU = c(ij_u

p t
2 2
Suy ra: ld—p+ v 21+8_1: =0
p dx oy’ oz’
2 2
-»alf+-a-—tl=ld—p=constzc 5.1
dy” 077 wdx

3 day cho hai v& bing const, vi v& trai phu thudc vao y, z, con v€ phai khong phu
thuéc vao ching.

dp Ap th

ot S A ek 52
ax 1 ! 62
Trong dé: J - d6 ddc thuy luc.

Dé dé tich phan phuong trinh (5.1), ta viét duéi dang toa do tru véi gia thiét dong
chay déi xing truc:

l_d_[rd_uj:_lﬂ (5.3)
rdr{ dr w o/
Véi diéu kién r = O: u hiru han

r=R,:u=0
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2. Phan bé van toc
Tich phan phuong trinh (5.3) véi cdc diéu kién bién ta s& dugc phan bé van téc cé

dang parabon.

u=—-(R;-r)

Ap_ Rf)
a
Ry, Ry
. To2
Ta tinh duge hnu lugng: Q = JdQ = J27: rdr= ERO u
0 0

Van tdc max tai truc éng: u_,, =

max

Q u

Véan toc trung binh: v= < = Zmx
(0]

Do chénh dp: ap =Sl _8WQ (5.4)
R, 7R,
D6 1a dinh luat Hagen-Poadoi, dugc 4p dung dé tinh dé nhét (xem [4)).
Heé s6 hiéu chinh dong nang:
_l-u3d(n
a=2—"—=2
v'Q

Phan bg ting suat ti€p trong dong chay:
du_dpr__r

R = 10
dy [ 2 R
Ap R,

Véi 1,(r=R,) = -5 - MR, R - bin kinh thuy luc.

3. Ton that doc duong ciia éng

hy=h, = 2P (theo (5.2))
I

P,
_ 32,1280

Thay Ap bang (5.4).  h, = (5.5)

yd’ yd*

Tu (5.5) ta cd hai nhan xét sau day:

- Thi¥ nhat, h; ~ v. nghia 1a nhu da néu & §5.1: trong chay ting: h, = k,v;
- Thit hai, véi Q = const, d = const, khi p giam (do nhiét do tang) thi h, giam, nghia

12 mudn ton that h, it thi hAm néng chat 16ng (hAm néng ¢6 muc do).

Tiép tuc bi€n doéi (5.5) bang cach thay y = pg va nhan véi 2_v ta dugc:
\"

64 1 v’ I v?
d= A
Re d 2¢ d2g
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Chinh 1a cong thac Darcy da néu trong cong thiac chady tang:
64 vdp
Re - T
§5.4. DONG CHAY TANG CO AP TRONG CAC KHE HEP
Trong ki thuat, gitra cac chi tiét may cé nhitng khe ho nén ¢6 su rd ri cla chit long
(xang. ddu...) do chat long lam viée duéi dp suat cao. Nén can tinh todn do khit cin thiét
cua nhimg khe ha dé, han ché hru lugng ro i, v.v. ..
1. Dong chay giira hai tAim phang song song
Véi nhiing diéu kién nhu dong chay ting trong 6ng (§5.3) va do khe hep nén
u=u(y); (hinh 5.6).
Phuong trinh vi phan chuyén dong c6 dang:
d’u _Idp
dy’  pdx
Véi diéu kién bién: y = 0; hiu = 0.
Sau khi tich phéin ta s& duge phin bo van toc cé
dang parabon:

I .

3

|

nl
1 dp i
u=-——vy(h- I W
2udx,( y) . .

L@hz Hinh 5.6
p dx
I dp,s_

h
1 Ap, .,
Luu lugng Q = [budy = — ——Pp = L APy,
meQ (,J YT Tndx i

Van toc max (taiy =h/2) u

maNT

2

Vin toc trung binh v = Q =—U,.
bh 3 ™
& day: b- bé rong tam phang;
[- chiéu dai cuaa khe.

2. Dong chay doc truc gira hai tru tron

a)y Mdr oy dong tdm
Ta dung cic ki hiéu sau day (hinh 5.7a).

D,- duong kinh ngoai; D,- dudng kinh trong

D= D, *D. duong kinh trung binh.
2 Hinh 5.7a
8= &;A - chiéu day cba khe.

110



Xét 8<< D/2, I - chiéu dai ctia doan dong chay can xét. Ap dung cong thite (5.6) tinh
luu lugng thay b =D, h = 9, ¢6:

DY’ Ap
AT

Q=Q =

b) Mat tru léch 1im

Goi 8- chiéu day cta khe hd khi mat tru dong
1am;

¢ - d6 léch tam (hinh 5.7b)

@- goc cna 1 ban kinh vécto véi dudng qua
tam cua hai mat tru (toa doc cuc 0 12 tAm).

a(¢) - khe hé theo bdn kinh vécto tng vdi .

Xét a<< D nén \ -
D D e
a=—"-—t+tecoso= 8[1 +—cos¢]
2 2 & ."’
Ap dung (5.6) cho phan 13 hinh thang vuong: WI ,l’
b= Bd ¢ a=h T e
2 Hinh 5.7b
3
Ap D, ¢ j
dQ= ———8"|1+—=cose | d
RAENE [ R

_r:DAp Je 3¢’
Q== JdQ 12u/ (l 25} Q‘[stzj

Vay Q,> Q, va Q, = 2.5 Q, khi do léch tam 16n nhat (c = &).

O day ¢6 thé xét thém bai todn loc dau, tikc 13 dong chay tang theo phuong ban kinh
trong khe hep phang (xem [1] trang 181 - 184),

§5.5 DONG CHAY TRONG KHE HEP DO MA SAT - CO SO CUA Li
THUYET BOI TRON THUY PONG

Ta gap rat nhi¢u chuyén dong do ma sat trong khe hep nhu chat 16ng chuyén dong
giita pittong va xilanh, piita con trugt va ban truot, giita truc va 6 truc v.v... Cén phai
tinh luc ma sdt va momen can.

1. Dong chay giira hai mat phang song song - bai toan Cuét

Dong chiy do ma sit (do tim phing trén chuyén dong vdi van tée U, - hinh 5.8) va
do chénh léch dp dp/dx # 0. Liic d6 phuong trinh vi phan chuyén déng giong nhu §5.4.1
nhung diéu kién bién khic khi y =h: u=U,. nén:
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U, 1 dp
=Ly — " vy(h- 5.7 y
n Y Tn y(h - y) (5.7) !
h u
. Uh 1 dp,; !
vi: Q= |judy=—"--——FVN 5.8
Q (-)[ Y 2 12pdx G T N,
.
Khi khong ¢é do chénh ap (dp/dx = 0). )
v 770777, >
u= U, =
h Hink 5.8
e U
dy : h

Luccan T=1S= p% S; S - dién tich tam phang.

2. Béi tron hinh ném

Khi mot tam phang nghiéng di mot gée nhd @, ta ¢6 hinh ném (hinh 5.9). Liic nay,
ngoai luc can F con ¢ luc nang P, nghia la cin tim sy phan bd dng sudt tié€p va phan bo
ap suat

Tuong tu nhu bai toan Cuét (§5.5.1) ta tinh duge luru lugng qua mat cét chiéu cao h.

_Uh_ 1 dpys
2 12udx

vdih=hx)=(a-x)tga=(a—x)a. (5.9

Gia slr tuong Ung vdi mit cit chiéu cao h.
cé dp sudt cuc dai, nghia la:

Q (5.8)

Hinh 5.9 -

thay vao (5.8), ta tinh duoc QE

X
Uh, Uh 1 d_ph3
2 2 12pdx

N d_pzép.lUl(h-h.)ZGHU{ 120 }

dx h h! UL

Khix=0vax=Lp=p,
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Thay h bang (5.9) va lay jdx , ta dugc:
0

—— prtx - Q 2a-x
a“a(a - x) aU, a(a-x)
Suy ra dp luc tac dung lén ban phang:
!

b6 chuyén dong

bé rong déi véi

Tinh luc
5.10). Goir -
=rQ thi chat

Ung suat

Moémen luc ma sat: M = Tt = 2nrlp — = — . iu=1€); )=
308 158 30
Do léch tam khi quay truc, nén phai nhan cdc két qua trén véi hé s6 hiéu chinh:
2(1+2CY) e
e ; C =
Q2+CWI1-C? 8

(C6 thé tham khao 15i gii chinh x4c ctia bai todn boi tron 6 truc & [1], trang 191-196).
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Thay h bang (5.9) va lay [dx , ta duoc:
0

P 2();.LU,:& - Q 2a-x
aa(a-x) aU, a(a-x)
Suy ra dp luc tac dung lén ban phang:

puz’

b6 chuyén dong

bé rong déi véi

5.10). Goir -
= rQ) thi chat
vén téc do, cd

306 156 )
Do léch tam khi quay truc, nén phai nhan cdc két qua trén véi hé s hiéu chinh:
2142C°) _¢

T @+CWI-c? B
(C6 thé tham khao 16i gidi chinh xdc ctia bai todn boi tron 6 truc & [1], trang 191-196).

Momen luc ma sat: M = T.t = 2nr/p
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§5.6 VI DU VA BAI TAP

Vidu 5.1. Tinh h¢é 56 ton that dot md.

Trong mot 6ng din nudc tiét dién thay déi dot ngot d, = 50mm, d, = 100mm Juu
luong 12 Q = 16m'/h. Ap k€ do chénh mic vao ché tiét dién thay déi (chua dung dich c6

trong luong riéng vy = 1,6 . 9,81.10* N/m?) do dugc do chénh cot chat 1ong

Ah = 173mm. X4c dinh hé s¢ tn that do md rong dot _____[/:"/’
4,__/—__

ngdt - C,,, — va so sanh véi két qua tinh theo cong thic 1y

a

thuyét. Lay trong luong riéng cla nudc y = 9,81.10° N/m* —
Gidi: *u\
1. Tinh £, theo do dac thuc té.
Viét phuong trinh Bécnuli cho hai mat cat 1-1 va 2-2

(trén hinh 5-1 trung véi hai chd néi 6ng do dp vao doan
ong bé vi doan ong 16n).

NI

2

E_‘.+XL:&+V_E+€AFHV_E
y 28 vy 2¢g 2g Hinh bai 5.1
_ 2 v
p]—_.lzz_zh(lﬁ_gdm)'ft
Y 2g -8
Vi
PPy ZAMY =Y | ppr6o1y,
-YII ‘Yn
4
vf=VEd—2 ;v,=2=4—Qz,
g, T oo, nd)
do dé:

244 4
¢, = PP 2emdy , fdy )
y o 16Q° d,

2.981.314%0,1* [ 0.1 ]"
-1+ ;

’ 05)°
16.[ 16 j °
3600
gdv(\=8’68'

2. Tinh £, thco cong thirc 1y thuyét

= | % _ lzﬁ_ 2= 2132
Qdm—{ml ] [dlz 1) (-0

Qdm=9

-0,176(1,6 - 1)

r
Sdm

114




Vidu 5.2. Ap sudt Init ctia bom

Mot bom duoce dat cao hon muc nude giéng h, = 5m. (A)ng hat day 10m duomg kinh d
= [00mm cé mot doan 6ng uén cong, ban kinh uén R = 300mm, va ludi chan ric.

HE sO ma sdt cua ong 2 = 0,025. HE <0 16n that cta 1udi chan rdc Z, = 8. Luu luong
qua bom [a Q = 6//s. Trong luong ricng cha nude y = 10°.9.8N/m’. 11¢ 50 tén that uan
cong tra bang phu luc (Tap L. Gido trinh TL.MTL). Tinh dp suat chan khong va dp suit
tuvet dot tal mat cat vao (v-v) cua bom.

Giai

Viét phuong trinh Béenuli cho hai mat
cit 1-1 v v-v 1ay 1-1 lam mat chuan. Diem
chon trén 1-1 1 mot diém trén mit thodng,
ngoai ong. diém chon trén v-v 1 tam cta mat 1 &

”"3

AT7TTT 77777777777
v

T

7
Z
Z
-
C 1
I ; « g - < Z NP . o
cal. Bo qua van toc tar mit cat 1-1 va lay ap ’ -
. . o . -
suat tuyét doi ta co: _‘f ”
! 2
2 .
\.’
(_)+p“+():h\+p¢+—+h“. 2
Y Yy 2

Hinh bai 5.2
h\\ = (gl + C.m:n + >“ I ]L
\

dj2g
e v . odor o
I'ra bang phu luc 4-6, img v8i —=— c6 &, = 0,14 (lay tron):
2R 6
}\i = 0.025.1-00 =2.5.
d 10
b, =(148+0.14+2.5) e =11.640
2p 2g 2g
Vo= 9 = 46—10« =0.764m/s
w  T0.1)
LM L h, =5+ (0.764)° 11.64 =5535m H,0O
Y 2.9.8

Ap suat tuyét doi tai mat cat vao:

p. = 10 =535 =4.6m H,0



Vi du 5.3. Do chinh xdc trong tinh t6n that thuy lie

Mot dudng 6ng tron bang thép ¢é dudng kinh D = Im va do nhdm tuong duong
déng déu k = 1£0,25mm. Dudng kinh D ¢6 sai s6 twong d6i + 2%.

Gia thiét duong 6ng din nudc véi luu lugng Q, trang thdi chay 1a r6i thanh nham.
Hoi do chinh xdc twong déi trong tinh t6n thit doc dudng trén mot don vi dai.

Giai: Hé s6 ma sét trong 6ng thanh nhdm dugc tinh theo cong thiic Kdcman-Pran
(Karman-Prandt);

Tén that dc

Dvaklaha

Vicdc sai s

0 day ta c6:

» # . 1 ~ &D ~ A-k 2 hd P [ . L
Tinh todn trén chi c6 gia tri n€u D va 5 déu nhé hon so véi 1. Diéu nay chi

. .. AD
ding véi —
D
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Sau khi [am cac phép tinh ta duoc:

M2 (000025 024108, 6 165
I 100 100 100 100 100
Céc sai s6 vé D va k c6 hau qua tuong duong vé do 16n trong tinh todn tén that cot
ap cua duong 6ng.

Nhan xér: Dé xét anh hudng cua sai s6 vé k, cich 1am ding hon 1a thay dao ham
theo k boi m

gia st D

J:
D
163,71 —
[g kJ

R g . 6
Két qua nay khong chénh léch nhiéu so véi két qua trén la T
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Vidu 5-4. Thap loc

Mot thdp loc tru tron thang dimng cao H = 3m va tiét dién S = 2" chita diy cdt min
véi do tham k = 5.10"cm”, Dung dich cin loc ngam hoan toan thé tich cir; do nhdt dong
luc clia n6 1a p = 1.1cP (centipoazo), khoi lugng riéng p = 1,04g/cm’. LAy gia téc trong
truong g = 1000cm/s’.

1. Tinh luu [ugng trong ngay cta thap néu dung dich dugc dira tr dinh Xuong véi dp
sudt du 0.42daN/cm’ va dugce thu lai & ddy dudi dp suat khi trdi.

2. Néu dung dich duge nap vao tir day lén va duge thu lai & dinh dudi dp suat khi troi
thi 4p suat nap can phai hao bao nhiéu dé dat luu lugng nhu trén?

3. Ngudi ta dy dinh nap dung dich vao qua mot ong dudng kinh d = 6cm dong truc,
¢6 nhiéu 156. Ong niy cao bing thip, & dudi md, trén bit kin. Chit 16ng s& dugc thu hdi
doc thanh ding cua thdp, cé nhicu 16 va ti€p xdc véi khi trai.

Gia thiét dong chay hoan toan theo phuong ban kinh trén méi tiét dién cua thap loc,
tinh lun lugng trong ngay khi 4p suét du nap dung dich tai day ong 1a p, = 0,42daN/cm’.

Trong diéu kién trén, cé gia thiet dugc dong chay trong moi trudng xop la chdy
tang khong?

Nhic lai quy luat chay trong méi trudng xop, dinh luat Décxi (Darcy):
V= —Egradp'
1L

Trong dé: k - do tham cua mai trudng x6p;
V - Van t6c dong; p” = p +pgh; p - d6 nhét

Chua y ring p” & day chi th€ niang cua dong thdm, dimg 1an Véi ap suét (oan phin
thuy finh.

Gidi:

1. Dong chdy la dong mot chiéu, thang ding; vin téc huéng xudng bang:

vo_kdp
pod,

Vi chiéu duong ctia z hudng xudng (chiéu duong ciia z 14y theo ddng chay). Luu

lwrong cua thap loc la:

Q=SV= _kgdp
(TR
Tich phan 1¢n (v6i Q khang doi):
kS p, - p,
Q=-=B=h (1)
K Z-Z
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trong dé6: 7Z,-7Z,=H

P —P, =P, - P, +pg(h, —h,) =p, +pgH véi quy uéc chiéu duong clia d6 cao H van
hudng 1én va tinh theo dp suat du. Vay:

kS

Q= —{& + pg]. (2)
p \H

Tinh Q véi don vi m's:

5.10—‘2.2(0,42

Q=T 3

10° +1 ,04.10“j =0,222.10"m'/s
hoac
Q =19.16m"/ ngay.

2. Néu nap dung dich vao tir ddy thap, phuong trinh (1) van ding khi ta hudng truc z
lén trén (chiéu duong cua H van hudng 1én). Lac dé:

z,—z,=-H

P, — P> =p, —p, +glh, —h,)=p; —pgH.

Q=%-[%—pg} 3)

Muén gilt luu lwgng nhu trudng hop trén phai cé:
| P —pgH = p, +pgH.

Vay:

tirc la:
P\ =P +2pgH (4)
p; =0,42.10° +2.1,04.10°.3 =1,044.10°N/m* = 1,044at

3. Vi gia thiét dong chay hoan toan theo phuong ban kinh, xét mot 16p day mét don
vi (theo chiéu cao) ta cé:

q=2xrV,trongddo VvV = —-Ed—;;
Vay:
__2km dp
p dr
Tich phan 1én (v6i q khong déi):
P~ P, =%1ni—z
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trong do:

P =P = (p; +pgh) —(p, +pgh) =p, —p, =p;;
r, va r,1a ban kinh 6ng nap va ban kinh thap loc.

Ritraq:

_ 27k p,

Véi mot 16p

(6)

Thay s6 vao:

hoac:

Q = 59,6m"/ ngay

Luu luong nay 1én hon rd rét so véi trudng hop 1 va 2. Nhung ¢6 thé kiém tra thay

rang, van téc theo phuong béan kinh ctia né van bé (gid tri 16n nhat rit ra tir phuong trinh
(5) bang khoang 0,20cm/s). Vi loai cit min, s6 Re ctia dong chay trong moi trudng x6p
van con bé dé c6 thé coi nhu gia thiét vé dong chay ting la ding.
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Vi du 5-5. Théng gi6 béing luéng théi chéo

A Trén mot dudng Ong
L TN tron, ndm ngang, duong
.v,_}"x_ "“:\_'“x kinh D, thong vdi khi
S T r N P === === TR tr‘(‘:ri tai h:{i da'u.\ngufri’ ta
D Al—=V_P: piB_ v lap mot 6ng duong kinh
|

| ~d, dat chéo mot géc nhod
ong khong khi
¢ déu V, thoi
gdn mat cit A,

Trong mo lai thanh dong
déu véi van t cd van toc V,,.
Coi nhu khon

1. Bo qua p, ham ctia V,
tai A.

2. Tinh & ong vé phia ha
luu cta B.

ang cdc duong

,. Ung véi gid

au day:

a mot it dé coi

: t cit A, bd qua
ton that:

Tinh véi

o
Gia tri cta p, luon luén am c6 nghia dé la dp sudt chan khong.
2. Trén doan 6ng tir mat cat B dén miéng ra, ta c6:

- Y - Vj—kll Vi
Ps P2g Pa P2 Dp2-
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Tinh véi dp suat du:

PV
=p, =A—p—,
Py =P DP 5

3. Ap dung phuong trinh dong lugng vao mit ki€m tra dénh dau trén hinh v&, bo qua tdn
that. Nhur vay vé luc ngoai chi con lai cdc ap luc lén hai mat cat A va B, titc 1a (p, - p,)S.
Dong lugng ra la pSV,%; dong luong vao gom c¢6 pSV/ va hinh chiéu lén truc 8ng cia
psV %, v6i gia thiét 12 hinh chiéu chia V, 1én truc 6ng khong thay ddi trong mat kiém tra.

Ta cé:

S:Ld_, S=nD-, s = —d— S
4 4 D

5 5 S,
pr =Py =pV; —pVy - ng(cosa :

Phuong trinh nay chi ding khi céc van toc ¢6 chiéu nhu trén hinh. Ba van t6c quan
hé véi nhau qua phuong trinh lién tuc:
pSV, =pSV, +psV,.

V, =V, +[£] V..
) D

Thay p, va p, bang cac biéu thitc d tim dugc, ta cé:

pr(l + %J—P—Z—O —p%V,zcosa =0.

2

Loai V,ravadit a=-—= hd , phuong trinh trén thanh:
D’ S

1l s M Al
VI = +—— |+a’V}[ 1+ — |+ 2aV,V |1+ — | -aVZ cosa = 0.
0[2 2D] a 1[ 2D] av, ][+2D] aVv, cosa
Datizx ta co:
|
(1 Al Al
(o)l (oo

Vi dang phuong trinh nay ta nhan thdy ring V,, = 0, tic la x = 0 khi:

coso. _ d’
l e )\.I D_
2D

Trong cong thic ndy néu géc o bé thi thay cosa = 1.
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v ~ M . : e
4. Véi cac s6 liéu da cho ta ¢6 % =25 va a=0,04. Coi cosa = | phuong trinh tinh

X sé& 1a;

1.75x7 +0.18x ~0,0364 = 0.

Bo nghiém am cua x. con lai:

x=0,1017
Vay

Yo S

Yox o 0,1017

=492m/s.

V, =V, +aV, =697m/s.
p, =—1,56mmH,0 =p_,

p, = 7.58mmli,O

Bai 5-1. Dong chdy trong éng ngdn

Nuéc chay tir binh chita qua mot
dudng 6ng dat nam ngang, co tiél dién
thay déi. Cot nuée trén mig¢ng ra clia 6ng
H = Im. Binh hd va nuéc chdy tr do ra
ngodi trdi. Pudng kinh cdc doan éng: d, =
75mm; d, = 100mm; d, = 50mm

[. Tinh Ivu lugng qua 6ng. (cdc h¢
s6 ton that cuc bo tinh theo 1y thuyét.
B qua ton that doc dudng).

2. V& dudng nang, duong do 4p.

pl
AV4
H
4, ¢ a _n
e

Hinh bai 5.1

3. Néu bo doan &ng c6 dudng kinh d, thi dudng nang va dudng do dp ¢6 gi thay déi?
PS: 1.Q =7,06.10" mYs.
3. Bo doan d, thi trong doan d, ¢6 chan khong.

h, : 77777 T TTT7T7777

i z vV
1 ]p‘ : Z
\v4 ’ “
v L~
; -
L~
} -
¥ 2
[ -
L~
-
b~

Bai 5.2

Bai 5-2. Xidc dinh d¢ cao ddt bom ly tam.
Xac dinh 9 cao diat bom ly tam h, so v&

myc nudec bé hit néu 4p suit chan khong trong
bom duoc quy dinh 12 h, = 4,5mH,0. Ong hut
¢6 dudng kinh d = 150mm, chiéu dai ! = 10m,
mot doan udn cong (£, = 0,2) mot ludi chan
rac va van moét chidu (§,, = 6,0). Hé s6 ma sdt
cua 6ng A = 0,03. Luu lugng qua bom Q =
16//s. B& hut hd, van t6c trén mat bé khong
ddng ké. Mitic nuéc 4n dinh

PS: h,=4,11m

123



Bai 5-3. Tinh bom phun tia ' |

Mot bom phun tia nhan nudc tir bé A h
dé hit nude tir bé B 1én do cao H, = 4m
va ddy nudc dé lén bé C duéi cot 4p
H, = 2m. Buong kinh miéng ra ctia voi
phun d, = 20mm, duong kinh budng trén
d, = 40mm, duong kinh d, = 100mm.
Xdc dinh:

1. Cot ap 16
bang bao nhiéu
nudc tir bé B lén.

2. Luru luong
lic dy bang bao

Chi ké dén t
ong loe (hé s6 to

Hudng dén:
phun bang H, mé

Lic d6 phu
chita C nhur sau:

tron va trong
at ra clia voi

phun va binh

trong do: v,
v

At tai mat cat
ra etia voi phun |

Bai 5-4. L

Mot luu luo
duong 6ng déan d
= 50mm. D6 ché
tai vi tri voi luu
ra cua void = 30
Hoi: 1. Tén
nhiéu?
2. Tai thugng luu cta voi dudi dp suat bao nhiéu thi
xay ra hién tuong xam thuc trong luu lugng ké, biét rang dp suét boc hoi bio hoa clia ddu
hoa p,, = 150mm c6t thuy ngan.

bS: Q=5,4//s; h,=0,237m; p=0,43at tuyét doi.

Bai 5.4
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Bai 5-5. Ap sudt ciia bom trong hé thong thuy luc .

Mot hé t
phéan phéi va

song mot khoa

chac ba A theo
ac phu tai P tac
dong lén cén chac ba B theo

duong /, vé th

Moi phu 05m/s. Duong
kinh pittdong g tr thung dén
chac ba A, [, chacba B, /, =
2m; chac ba m. D6 nhét cia
dau y = 4cm’ t6n that cuc bo,
lay g = 10m/s

Tinh dp s

Venturi ¢6 D
tai phia trud
khong khit =
ap ké chit U, h = 150mm, hé s6 luu lugng p = 1. h
Héng so6 khi ctia khong khi R =287 J/kg.K

DS: Q =10 I/s; G = 0,68N/s

Clui y: Trong phuong trinh trang thdi phai Bai 5.6
dung dp suat tuyét doi.
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Bai 5-7. L lieemg kéVennoi dimg cho nioe

Lo luong nude chay trong ong duong kinh D = 200mm duge do bang luu luang ké
Venturt Q = 50//s (hinh B5-6)

1. Néu muon cho do chénh ¢ot thuy ngan trong dp k€ chit U cta luu legmg k¢ khong
nho hon h = 160mm thi dudmg kinh cuia mat cat co hep phai 1 bao nhic¢u?

2. Trong dicu kien ndi trén, muon cho khong xiy ra hién twang ¢han khong tai mat
cat co hep thi dp sudt phin trude Juu lugng ke (do bing dp k& kim loai) phai 161 thicu
bing bao nhicu?

Heé sa ton thdt coa doan co hep cua luu luong ke Z = 0,04

bS: d = t00mm: p,.,, = 0.2at.

Bai 5-8. So sanh cde haehiong ké

: Bai 5.8

Teén dudng ong duong Kinh D = 100mm lip cdc Tuu luong K& kiéu voi fuu tuycn,
vong chan va Venturi ¢6 dudng kinh nhé bang nhau d = 60mm. Heé s6 ton 1hdt cha doan
tr 161 vao dén mat cat co hep trong ba luu lugng k& nay bang nhau 2, = 0.06, con h¢ ~o
ton that cua doan loe ra trong dng Venturi 1a 2, =0.2.

H¢ 6 co hep trong vong chan la & = 0,66.
1. Hiy so sanh ton that ¢ot ap cha ba dung cu do Ay khi luu lugng 1a: Q = 16//s.

2. V& duong nang, duong do dp coa dong chay qua ba dung cu ay trong tricong hop
4p suat tai mat cit vao (do bang manémet) M = Tat vi dd cao taim dp k¢ h = 0.5m.

3. Xdc dinh luu lrong 16n nhat ¢6 the chiy qua dudi dp suat néi rén trong mdi dung
cu dé cho dp suat chan khong trong mat cat co hep khong vuot qua 7mH.0.

bS: h,, =077m:h,=023m:h . =24m:

Lany

Q.. =0, =5341/5:.Q.,, =343 1/

went
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Bai 5-9. Line lvomg quar iés

Mot quat gid hit khong khi ngoai troi
dudi dp sudt p, = 760mm cot thuy ngan va
nhict do t = 20'C qua mét voi luu tuyén do
luu lugng duomg kinh D = 200mm. Hé 6 luu
lugng cua voi p= 0,95

1. Tinh luu lugng khong khi khi ¢dt ap
cua ruou dung trong chan khong ké 1a h =
250mm. (Trong luong riéng cba ruou la: y, =
800daN/m* hoac p, = 800kg/m*).

2. Néu luu lugng khong khi trén day Bai 5.9
duge hit tir mot budng chan khong kin )
trong d6 dp suat bang p = 40Smm cot thuy ngan va nhiét do t = - 20'C thi cot dp clha
ruou s& la bao nhi¢u?

Hang s6 khi cta khong khi R = 29,27m/’K; tinh véi y; néu ding p, R = 287 J/kg'K.

PS: Q =1,7m/s; h = 155mm
Bai 5-10. Do heu huong hing ong Pité
i

LD

| B
S — 5 A
A S
Bai 5.10

Trén truc ctia mot éng thang ditng dudng kinh D = 200mm ¢é lap dng Pitd A dé do ¢ot
ap toan phan. Cung trong mat cét ¢6 lap 6ng do dp B do 4p suat tinh.

Két qua do: muic nude trong 6ng Pitd A cao hon miéng dng la H, = 0.3m: con mitc
nudc trong dng do ap tinh thap hon mat cat do la H, = 0,2m,

Cho ring van 16c trung binh trong mat cat bang 0.84 van tdc¢ do tai truc éng. véu ciu
tinh Iuu lugng nuée chay trong éng.

DS: Q = 82,5 /s,
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) Chuong 6 )
CHUYEN PONG MOT CHIEU CUA CHAT KHI

Nghién ctiu chuyén dong mot chiéu clia chat 1ong nén dugc - chat khi, nghia la p #
const, né thay déi theo dp suit p va nhiét do T. Khi d6 céc phuong trinh c6 thay déi.

Cho ta moi
khi hoan hao, ta

Déi véi chat

1.4

Tir (6.1) va (

Mot céch t6

trong do: n
2. Phuong me
Ta ¢6 dang gidng nhu d6i véi chat long:
G =yQ = const; YiVi0, = Y,V,0,
hay la: i + L + £s -
Yy V. o
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3. Phuong trinh Bécnuli doi v6i dong nguyén té clia chat khi li tuéng, chuyén
dong dimg (4.14)

_ dp u’
Z+ \—+—=const
Y 28
Xét qui trinh doan nhiet: p= ks [P= K P
v k-ly
Vay phuong trinh Bécnuli c6 dang:
k 2 2 2
er—RJri-=C—>z,+—k—&+li=22+-—k—&+Ei 6.4)
k-1y 2g k-1vy, 2g k-1y, 2g

Dai véi qué trinh dang nhiét:

2
u’
z+&)-lnp+— = const
Yo

4. Phuong trinh entanpi

Thanh 1ap cho dong nguyén t6 clia }
chat khi 1y tudng, chuyén déng dimg.
Khao sét sy bién thién niang lugng trong
khoi khi tir 1-1 dén 2-2 sau khodng thoi
gian dt trong hé toa dd c¢6 dinh (hinh 6.1).
Dua vao dinh luat bdo toan nang lugng:
ning luong thu vao hay sinh ra bang bién
thién ndng luong cua thé tich chat khi,
nghia la:

Nhiét hap thu + Cong cua ap luc =

Thé nang + Noi nang + Cong co hoc +
Cong ma sat.

0 -
Viét cho mot don vi trong lugng .
chat khi: Hinh 6.1
2 2 .
Q+&_B;:(Zz_zl)+“z i Ys U1+L+Lm\
A Y T 2g

Nhiét luong Q = Q, (toa nhiét ra ngoai) + Q, (n61 nhiét do ma sat).
Q. = AL,,.. Tiép tuc bién déi phuong trinh trén dua vao cdc biéu thiic sau day:

c,T
P_RT, ¢,T-C.T=ART—»—2 ST _pp_P
Y A A Y
¢TI _p,CT

A vy A

i=CT - entanpi.
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1_p, U
A v A
U =C.T - noéi nang
Néu xét qua trinh doan nhiét (Q, = 0) va bd qua cong co hoc (L = 0), ta s& duoc
phuong trinh entanpi:
2 P
it AL i A
2g 2g
nghia 12 tdng entanpi va dong nang 12 mot dai luong khong doi.

(6.5)

§6.2. CAC THONG SO DONG KHI
1. Van toc am

Theo dinh nghia:a = |SP — [24P
dp dy

Xét  p=cp.a= kg = JkgRT
Y

Nhu vay a ~ JT: Vian t6c am phu thudc vao nhiét do tuyét déi.

Chang han: t= 15°C: T=237 + 15 =288'K, k= 1,4 = a = 314m/s.

Dé so sanh van téc dong chay v v6i van téc am a éng Méc (ngudi Ao) dua vio s6
Mac: M = v/a.

S6 Mic 1a tiéu chudn quan trong dé danh gid mic d6 anh hudng cua tinh nén dugc
dén chuyén dong, né 1A tiu chuan quan trong cla hai dong khi twong tu.

M < 1: dong dudi am

M = [: dong qua dd.

M > 1: dong trén am (siéu am)

Trong dong khi trén am (M >1) thudng xay ra hi¢n tugng sang va (séng va thang va
séng va xién). D6 1a mot van dé rat thi vi, duoc nghién cdu trong céc gido trinh nhiéu
gio hay chuyen dé {1].

2. Dong ham, dong téi han

Khi chat khi & trang thdi tinh v = 0, nguoi ta néi chat khi & trang thdi ham, con p,,
Ty Py--- goi 12 cic thong sé dong ham.

Tim mot lién hé gilta cac thong s6 dong ham véi cic thong s6 dong khi. Tir phuong
trinh entanpi (6.5) viét cho dong ham.

2
C,T,=CT+A
28
A U’ 1 u’
+ =1+ :
T 26 C. T ____C_,,_ kgRT
kRA
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vi: C,— C, = AR,
T, _ Ve
T—1+7—:M =1

k-1

a’ = kgRT, nén:

FLSIVE
2

k
& :[] +k*_.lM2]k_]
p 2

1

BQ:(}+1_(-_1M2]};;1
p 2

Bién déi theo (6.3) s¢ duoc: (6.6)

Hinh 6.2

Ta c6 thé tinh dugc van téc cuc dai cia dong khi tir binh chifa ra (hinh 6.2)

Theo phuong trinh Bécnuli (6.4) ta c6:

kpo_ kp v

k-1y, k-1y 2g

. 2&[&_31
k-1y, v

Tir biéu thic do, ta thay p giam thi u tang va p = 0 thi:

2
u—u = 2gk_p_0= [2a, _ /2kgRT0
k-1, k-1 k-1

DGi véi khong khi: u,,, = 44,8 /T,
V6i T, = 300°K: u,,,, = 776m/s

mdx

e

Khi van toc dong khi bing van t6¢c am: u = a, ta ¢6 trang thai tdi han. Lic dé ¢6 cic

thong s cua dong té1 han: u, = a., p., p., Ts,...

Tim méi lién hé gida cac thong s6 dong hdm va dong t6i han bing cach tir cdc biéu

thitc (6.6) choM =1,
T, k-1 k+1

LN PRl
1.

hay la: (6.7)

2 )k_':l
p. = K+l P

Tinh lwu lugng trong lugng tir binh chia ra ngoai (hinh 6.3)

G =yuo
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2 k+1

k X e
G=o 26— poyo [L] —(L]
k- Po Po

Gmax = Y*u*u)
Trén hinh 6.3 cho ta méi quan hé gitta G/G,,,, va p/p,

St NAA . N N . x . u ‘o . e vea R
Ngoai s6 Mac, ngudi ta con dua vao hé s8 van téc A =—, gitta ching cé maéi Jién he:
a

 M(k+1)
T ME(k-1)+2 (©:8)

§6.3. CHUYEN PONG CUA CHAT KHI TRONG ONG PHUN

Xét chuyén dong mot chiéu cia chat khi trong céc loai 8ng phun khic nhau. 6ng
phun 12 loai 6ng ma chat khi trong d6 c6 thé thay ddi ché d6 chuyén déng dudi am sang
trén am hay nguoc lai.

1. Cac phuong trinh thong s6 cua 6ng phun
Viét cac phuong trinh co ban duéi dang vi phén:
- Phuong trinh trang théi dp = d(YRT)
- Phuong trinh luu lwrong trong luong: dG = d(yve) =
Phuong trinh Bécnuli khi ké dén cong co hoc va cong ma sat:
dp N dv’
Y 2

+dL+dL . =0

max

ms

- Phuong trinh nang luong: aQ =dl B di + dv +dL+dL
A Y 2g A

Trong 4 phuong trinh ¢é 5 thong s6: p, p,v, U, T va 5 yéu t6 tac dung 1én dong chay
»,G QL. L.

Vi vay tir 4 phuong trinh trén cing véi céng thitc tinh néi nang U = C/T, ta khir 4
thong s& dé thanh lap phuong trinh lién hé giita thong s6 con lai, chang han nhu van toc
v. V4t S yéu t6. Két qua cudi cung ta dugc:

(M2 -1)dv - de -ﬁ-é dQ- ke —3dL-—% KBaL,,  (69)
v o G a

§ day ta chi xét chll y&u su ting van tdc chia dong chay trong 6ng phun (tir dong
dudi am sang dong trén 4m), nén ta xét phuong trinh (6.9) tuong ting véi cic truong hop
rieng, nghia 1a xem nhu trong dong chdy chi ¢é mot yéu t6 anh hudng, con cic yéu t8
khic ¢6 the bo qua.

132



2. Ong phun hinh hoe (6ng Lavan, nam 1883)

Chi ¢6 ti€t dien thay déi (dw = 0), cdn cc yéu 6 khic bd qua (dG =dQ =dL =dL__
= 0). Tir phuong trinh (6.9) suy ra:
(M3 _ 1)2\1 _do
vV oo
Xét truong hop tang toc dv > 0.
Néuv>a, M <] thido < 0: dién tich thu hep.
v=a, M =1, do = 0: dién tich khong d&i goi 1A mat cat t&i han ..
v>a, M> 1, do > 0: dién tich mo rong.

Nhur vay 6ng phun hinh hoc hay mang
tén nha thiét k& Lavan cé dang hinh 6.4

C6 2 chu y quan trong:

a) Su thay déi tiét dién & gdn mat cat téi
han c-c anh hudng rat 16n dén van téc v.

Ching han nhu tiét dién o thay déi 1% thi s6
Mac M thay déi tir 0,9 dén |

b) Dong chat khi chuyén tr duéi &m
sang trén am chi cé thé xay ra véi diéu kién
14 v = a tai mat cit nhd nhat c-c (hinh 6.4).

Ta nhan xét thém riang & dong khi trén
am, khi tiét dién ting van toc clng tang.
D6 la khdc biét néi bat khi so sénh dong
nuéc va dong khi chuyén dong trong 6ng
thang tiét dién bién déi.

3. (A)‘ng phun luvu lugng
Chi 1am thay ddi luu lugng dG = 0, nén phuong trinh (6.9) c6 dang:

\% G
C
Xét trwdmg hop tang t5c dv > 0. Sl
- Khi M< 1; dG > 0: hiit khf vao dé G ting —

SRR

-KhiM=1:dG=0 Cung cép kh Thai kh
- Khi M >1; dG < 0: thai khi ra dé G gidm

, Hinh 6.5
Vay ong phun luu lugng c6 dang hinh 6.5
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4. Ong phun nhiét (hinh 6.6)

Trong truong hop nay dQ # 0 con do = dG =dL = dL , = 0. Phuong trinh cla 6ng
phun nhiét cé dang:

( ].)d\] %EdQ III\III\III\IUC[UKLUJ_LZMfIIfA_Lllllull
\Y a’ A - N 1
Xét (1\’ > O‘ e Yl‘ly'lflyljly c:(ll T f‘(\(\& ‘q LALLER AN
M < 1 néu dQ > 0 (cung cap nhict). Cung cép nhiet Thar nfuét

M=1néudQ=0

M > 1 néu dQ < 0 (lay nhiét ra).

Nhu vay, vé nguyen ly lam viéc cha hai loai ng phun luu lugng va 6ng phun nhiét
gidng nhau, boi vi viéc cung cip nhiét vao va lay nhiét ra ciing ¢6 tdc dung gidng nhu
viéc cung ¢dp va thai khi trong éng hinh tru.

Hinh 6.6

5. (Aing phun co hoc
Chi cé dL # 0, con do = dG =dQ =dL_, = 0.
Phuong trinh ng phun co hoc ¢6 dang:

dv k;D
(M 1]v Sl

Xétdv>0:

M < I néu dL > 0 (dong khi sinh cong).

M=1néudL=0

M > | néu dL < 0 (dong khi nhan cong).

Nhu vay trong trudng hop ting toc voi M < 1 khi AL > 0, nghia la dong khi trong

ong hinh tru sinh céng nhu lam quay tuabin. V&i M > 1 khi dL. < 0, nghia 1a cong co hoc
truyén cho dong khi nhd may nén hay quat chang han.

6. 6ng phun ma sat a) m mg P
dL, # 0, do =dG = ‘
dQ = dL = 0 M —_—— V———» v
Trong truong hop nay phuong trinh -
c6 dang: e '
dv kg
(v? 1) S =L Hinh 6.7

Néu dong chay ¢6 ma sat thi dong khi trong 6ng s& sinh céng dé thing luc ma st,
nén cong cua luc ma st luon luon duong: dL_ > 0, do d6 vé phai cia phuong trinh trén
luén ludn am.

KhiM< Ll thidv>0
M>1thidv<O

Nghia ]a kht dong dudi 4m thi luc ma st lam tang van toc¢ con khi dong trén am, thi
luc ma st lam giam van toc.
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Két luan: Trir ng phun ma sét, trong nhimg éng phun con lai muén tang van toc
dong chay phai ¢6 tdc dung nguoc (nhu dng phun hinh hoc dédu tién dién tich thu hep sau
d6 md rong). D6 1a nguyén ly “tac dung nguge™.

Ngoai ra con cd cac loai ng phun hén hop nhu hinh hoc - luu lugng, hinh hoc - co
hoc, It twgng - nhiét v.v...(hinh 6.7)

§6.4. TINH TOAN DONG KHI BANG CAC HAM KHI PONG VA BIEU PO

Ham khi dong 1a ham c6 dang f(k, &) hay f(k, M). V@i gid tri k nhat dinh va cic gia
tri hé 80 van téc A va M, ngudi ta tinh gid tri cAc ham dé va lap thanh bang, hay vé cédc
biéu d6. Nho cdc bang ham khi dong (bang 3, phan phu luc) va biéu dé dé, cé thé tinh
cdc thong s6 dong khi mot cach thuan tién.

C6 thé néu ra nhimg uu diém cta phuong phép nay:
- Rt ngdn céc qud trinh tinh todn.

- Pon gian rat nhiéu cdc phép bién ddi khi cling gidi nhiéu phuong trinh, nghia 1a
tim duagc 101 gidi chung cua nhitng bai toan phifc tap.

- Biét mot cach dinh tinh co ban nhimg quy luat clia chuyén dong va méi lién quan
giita cic thong s6 cua dong khi.

1. Tinh cac thong so6 dong khi
Tir (6.6) va (6.8) ta fim dugc cdc ham khi dong saun day:

x(k):Tl():[]-ﬂxz]

k+1

k

7t(7u)=£ =[1—MX2]H
o k+1

1

E(X)=£ =[1——k-1 szk‘l
o k+1

Vi du 1: Trong mat cit {-1 & phdn dudi 4m cla 6ng Lavan 1i téng cho p, =
16kG/ecm?; T, = 400°K, A, = 0,6. Tinh X, va p, & 2-2. Biét T,= 273"K
Gidi: Trong 6ng phun Lavan li tudng: T, = Ty,
P = pu(T, = const, p, = const)
273

Tim A t(h,)= L L _2B 6805
' Tp T, 400

Tra bang 3 tim duoc %, = 1,38. Vay tiét dién 2-2 & phin 6ng trén am.
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Tim p,: n(k) SN ol P _ Py
i P n(k ) TI:(XQ)
P, =P ()\ ) =p, (1’38) =16. 0,2628 =5,23kG/cm?
(L) (0,6) 0,8053

2. Tinh hru hrong

= YOV
T céc biéu thic y = f(p,, k, A) va v =1L.a., ta cé:

G= 02 B.q()

T,

k+1

k-
Trong dé: B = kg —2—] | =04 véik=14
R \k+1

I A
= o) £(x)

g- luu lwong dan suat, ham khi dong luu lugng.
Tinh luvu lugng qua ép suit tinh p:

(l)
: p
G = o ——By(
® T y(r
(X) @ mot ham khi dong nita
a(r)

Vi du 2:
Tinh A,, p, & miéng ra cia 6ng giam tdc, néu bi€t & miéng vao Ong gidm 8¢
Py = 3kG/em?; A, = 0,85; D225 vahess 4p suat toan phdn § = Pa _ 094

@, Poy
Gidi: Tu cong thic tinh Iiu lugng:

Po Po2
o, (—-Q()‘ )=°° — Q()‘z)
TOI I ’ T02
B6 qua su trao d6i nhiét qua thanh 6ng gim t6¢, ta ¢ T, = T, suy ra:
| o,

Q()"z) gm—qa )

2

Tra bang 3: q(X,) = q(0,85) =0,9729

Neén q(hy) = 0,413 =), = 0,27 va n(,) = 0,958
P; = PuT(Xy) = 6py (k,) = 2,7kG/em?
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3. Tinh xung luc

I= 9v+pm=9(v+—)=ﬂ9 a.Z())
g g pv. 2k g
Véi zm:m%

Vay biét A (bing s6 hay biéu thite) hay f(A, k) tra bang hay d6 thi sé tim dwagc f(A k)
hay X khéc.

4. Két luan

Dé két luan van dé nay ta diém lai cdc ham khi dong va cac biéu thic lién hé giita
ching v4i nhau.

a) Cdc ham don gidn biéu thi mot lién hé giita cdc théng s6" ham:

x(k)=1~£)f (h)= [1—ﬂxzjk

k+1 k +1
|
k—l 5 k-l
A)=|1- I
S() [ k+1 ]
va: (L) = TV )e(R)

b) Cac ham sé6 biéu dién hm hiong khi qua dp sudt toan phdn:
q(}) = che(hr)
hay la qua ap suat tinh:
A A
y(A) = —q( ) = C—X

) )
Nho cdc ham dé ta c6 duge hai biéu thifc tinh luu lugng khi:
G =Bo P2 q()=Bo——y(})

iR

1
A)=A+ —
z(A) :

¢) Nho ham:

ta ¢ thé biéu dién xung luc dong khi duéi dang tich gita nhiét dd ham va luu lugng khi:

1= §v+ PO =%§-a.z()»)

d) Xung luc dong khi biéu dién qua dp sudt toan phdn va dp sudt finh nhé cdc ham

HA)var(d):

— _1_ Z(ALr{A)=C 1
0= a0 b =c ey a3
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bing céc biéu thiic sau:

pw
r(})

Hang s6 ¢ trong cac cong thdc trén:
1

bang 1.577 d6i v&i k = 1.4 va 1,588 d6i véi k = 1,33.

I=p,ot(h) =

e) Cac ham q(r,a0), y(h, o) va z(A, o) cho phép dp dung phuong phdp tinh todn va
cdc cong thic trén cho trudng hop chuyén dong cha chédt khi ¢6 thanh phin vin téc
huéng kinh hay (iép tuyén.

¢) Khi giai mot s6 bai todn ciing diing dao ham cta cidc ham khi dong. Bing cdch vi

phan va qua mot s phép bién déi ta cé thé nhan dugc biéu thitc clia chiing qua cdc ham
cd ban.

FOREER

‘Zq(_()?‘))z q(™ 1 (—2—]‘(4 y(})[v.v...

i_ k+1

Vidu:

Y nghia clia cdc phuong trinh co ban biéu dién qua ham khi dong.

Tir cdc vi du & trén ta thiy ring wu viét co ban cla cac biéu thic ham khi dong 1a &
ché né chita cac thong sé clia dong chay ma su thay déi clia chiing ¢6 thé dé dang thiét
lap tir nhimg diéu kién cha bai toan. Vi du nhur su khéng déi ctia nhiét d6 him T, trong
chuyén dong doan nhiét va viéc tang T, khi cung c4p nhiét; viéc bao toan dp suit toan
phdn p, trong chuyén déng déng entropi va su giam p, khi c6 tén that v.v...Bing cdch
chon cic biéu thitc thich hop cho luu luong hay xung luc ¢6 thé din t6i cong thic chita ft
nhat nhimg théng s6 chua biét va thudng tim duge 4n s6 true tiép tir cac phuong trinh co
ban ma khéng c4n nhitng bién déi phic tap.

Ta néu ra mot s6 quy tic chung gitp ich cho viéc giai cdc phuong trinh duéi dang
téng quat nhd cdc ham khi dong.

Trong tit ca cdc trudmg hop khi nhin duge biéu thic 1dng quat hay biéu thitc hing
56 clta hé s6 van t6¢ A hoac clia mot ham khi dong bat ki nio ta déu c6 thé coi 1a tt ca
cdc ham khi dong vi hé s6 van 16c da biét (tir bang hay d6 thi). D6 la diéu kién co ban
dé don gian vi¢c tinh todn, bsi vi n6 loai trir sy cdn thiét phai viét dudi dang cu thé sur
phu thuoc gifta A va cac ham cda né. Trong khi tinh bang s6 cin phai chd ¥ ring céc
ham t(}), n(A), e(}) trong mién van t6c nhd va cac ham q(h), z(A), f(A) trong mién van
tdc gin am thay déi rat it khi A thay doi. Bdi vay trong cdc mién d6 chii can sai $6 nho
cua ham ciing dan dén sai s6 1dn eva hé sé van tdc A. Do d6 trong céc trudng hgp d6 nén
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c6 gang dung cdc phuong trinh chia cic ham y(L), r(h), con néu khong duge nhu vay
phai tinh todn rat chinh xdc. Tat nhién trong cidc mién d6 khong nén tinh A theo cdc ham
trén bang dé thi. Dac biét doi véi ham z(A) chi thay déi ¢6 10% trong khodng A 16n (1ir

0,65 dén 1,55). Vi vay dé tim A theo gia tri ham z(A) trong mién chuyén dong gin 4m cé
thé tinh truc ti€p tir phuong trinh:

b % =z())
o ) o z(\)+z’(A)-4

B 2
2 2(\)F 72 (1)-4
Dé tranh sai s6 do khi trir hai gid tri gdn bing nhau ta tim nghiém trén am theo biéu
thie déu tién, con nghiém dudi am theo biéu thiic thit hai.
Qua cdc vi du da khao st ta thay phuong phdp tinh todn nho cac ham khi dong rat
c6 hiéu luc dé€ giai cdc bai todn tuong déi phic tap va ¢6 y nghia thyc t€ ki thuat.
D6 thi cac ham khi dong cé dang sau day (hinh 6.8)

w{s) t{A)
al). r(x) y(a); 12z(3)
| L1y -
10 {j/ 4
"{\ (k) a/1/
TN ANYS 7
. N
: N 00 | N .
\ J SN
0.7 /AN
AR \ﬂ)____«_:’ %-3’ \.\
o ) N A AN
[/ NN 7
v 7 2.0
h LN 112200)
0.4 ‘F“r\ AN JZ{
. JARN RONSON A b & L
[ N 7 INAN \ A DN
0.3 < S - <
7 10
02 UL " AN
] TAANAY
>
0.1 ) LS L A R A
- ] \‘ N
0




Chmmg 7 )
TINH TOAN THUY LUC PUOGNG ONG

Puong 6ng ding dé van chuyén chit 16ng tir noi nay dén noi khdc hay 1a phuong
tién truyén co nang cua chat 16ng. Van tai dudng 6ng con 1a mot nganh kha phat trién.
Nghién ctru chuong nay dé thiét k€, kiém tra hodc diéu chinh hé théng dudng 6ng sin c6
cho phi hop véi yéu cdu vé cot dp va luu lugng, it gay t8n that nang lugng.

§7.1. CO SO LI THUYET PE TINH TOAN DUONG ONG
1. Phan loai
Dua vao tdn that nang lugng h,,, chia duong 6ng thanh hai loai:
. 2
- Ong dai: h, 13 chli y&u, bd qua h, vi ¢t 4p van téc ‘2,—, h, <10% h,, thuong / »d
g
(hang 1000 lan).
- Ong ngin: h,> 10% h,,
Dua vao luvu lugng Q ngudi ta chia thanh: dudng 6ng don gidn 12 dudng dng cb
dudng kinh d va Q khéng déi doc theo chiéu dai va dudng ong phic tap: d hay Q thay

déi, nghia 1a gébm nhiéu dudng 6ng don gian ghép ndi lai, nén viéc tinh todn 6ng don
gian s€ 12 co s& cho viéc tinh todn 6ng phiic tap.

2. Cong thire tinh

- Phuong trinh Bécnuli d6i véi chat 16ng thuc (h, — tdn thit cot 4p = t8n that nang
lugng don vi):

21+R+—‘—‘i_ 2+-p—2+9-2—2+hw;
A 2g A g
hay la: H, =H, +h,
Ki hiéu:
2
I—I,=z,+&+g'zl—-cotépda‘u6ng
Y 2g

2

H,=1z, 4P Vo cot dp cudi dng

Y 28

- Phuong trinh luu lugng Q = vo
2
A%

2g
Dua vao cac phuong trinh trén suy ra céng thitc chung: f(H;, H,,d, Q,/)=0

2
- Cong thic tinh hy: h,= A~ Y—h, =2
d 2g
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3. Bon bai toan co ban vé duéng ong don gian
Goi / - chiéu dai dudng 6ng, n = %- d6 nhdm tuong doi.

a) Tinh H, khi bict H,, Q,/,d. n
Tir phuong trinh Béenuli:

1) 8Q?
H=H,-H,=h,= A= |— 7.1
) [ZG d]n,gd4 (7.1)

Suy ra:
1 8Q°
Hl = [ZC + )\.E)Ez-g—dT + H2
b) Tinh Q bi¢t H,, H,, ., d, n
Giai bing 2 phuong phép:
- Phuong phép cot 4p t6i han (H,) khi khéng ¢6 luc can cuc bo. Ta c6:
32v7/

H,= ——Re
gd’

Néu H=H, - H<H_: chat long chay tAng: A = 64/Re

128v/ ngd*
—-Q=H
ngd* Q=0 128v]

Tu (7.1)co: H=

Néu H > H.: chay r6i, nén tinh A bang phuong phap thir din.
- Phuong phép biéu dé (cho ca X£ # 0).

Cho céc tri s6 Q, v& H(Q) theo cong thirc (7.1). Tur biéu dé do, khi cho H s& ¢6 Q
tuong ung.

¢) Tinh d. biét 7, H,, H,, Q, n

8 1
Tir cong thife (7.1) suy rad* = ——| Y [+ |Q
cong thic (7.1) suy ra nng[ZC d]Q

)’|=d4;

8 1Y)
Y= ng—gH‘[ZCﬂvE]Q

Giao diém 2 dudng cong dé chiéu xuéng hoanh do la d cin tim.
d) Tinh d, H, biet H,, Q, /. n

Tinh truéc d theo v,, (v, = lm/s) hay v,,. Sau tinh H, nhu bai toan 1.

Tim d bing thir dn:
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A

§7.2. TINH TOAN THUY LUC BUONG ONG NGAN PHUC TAP

Dua trén co s6 tinh toan dudng ong ngin don gian

1. Dudng ong noi tiép, tim quan hé giiva H va Q

______ g 1,
al e R
G, Q. a,
o O'1l l 0,7
Hinh 7.1
bac diém thuy luc (hinh 7.1: Q=Q,=Q,=... =Q,

H=H +H,+...+H,
Chon nguén H thich hop:
T (7.1):

/ 8
H, = E +rL |——Q, =50/
] [ - dl}ﬂzd:g N Q

suyra: H= (S, + S, + .. +)Q* = ¥5,Q’

Béng phuong phép dé giai: xay dung dudng quan he H - Q.
2. Puong 6ng noi song song

Dac diém thuy luc (hinh 7.2) °
Q=0Q,+Q,+...+Q, I CE

H=H=H=..=H, &, L_(J

:SIQE = S:Q§: = SuQi

S,

Q, ~\L2 Q
. Sk

Suy ra: Q, =_[-1Q,
SR
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Q

1l

1+ 5_|+ /S—}—u._}_ {;QI
S, VS, VS,
QZ
1+ +..+
VSQ Sn

Tuong tu, ¢6 the gidi bang dé giai.

1 Sl

3. Puong ong phan nhianh ho

Gia sir ta ¢6 so d6 nhu hinh 7.3

6 ! A Q.
. . y . . ¢ & - 0, ———
A. B, C: vi tri cua cac diém c
chat long phan phéi dén. o
Cic budc tinh todn $+—+L T+ ——
: Cf 1 2 3 4
. 5
Buoc I: g 4
B

Chon duong ong ¢d ban la:
dudmg &ng van tai nang luong cua Hinh 7.3
chat 16ng 16n nhdt; thudong chon Q
hay / dai nhat.

Buoc 2: Tinh todn thuy luc cho dudng ong di chon.

Bude 3: Kiém tra trén duong ong nhdnh, Xem vdi nang luong di tinh ¢é @i 1ai cho
mot ong nhanh khong? Khong da, phai chon lai, tinh lai.

Xét cu thé trén so dé 7.3

Budc 1: Gia strtachon 1,2, 3,4, D.

Budce 2: Cic s6 liéu da cho 6 tai A, B, C, D nhu Q. H, I, n: Q,. Q. Q. H,, H,, He:
Lol

Khi thiét k& yéu cau phai tinh duge d, H, Q.

Tinh todn tir cudi dudng &ng trd }én nguon.

QD =Qun= QA - Qu - ch

Q.s=Q~- Q,—Qq

Qz =Q - Q:\

Q|.2= Q.

Duong kinh:

d,,=1.13 Q"D
Vi

d»1 =113 QH
Vi
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"
d,, =113 Q.
vk\
Cot ap:
Hin=S0Q1
H,, =S,,Q7,

Buée 3: Kiém tra

Doan 4-C: H, - H. > S, .Q¢
DPoan 3-B: H, - H; > S, .03
Doan 2-A: H,-H, >S,,.Q}

Né&u thoa min céc biéu thic trén thi két qua ding, néu khéng thi phai giai lai.
4. Pudng ong phan phdai lién tuc
Cé s0 d6 nhy hinh 7.4.

Q. =g/ (- luu luvong trén 1 don vi dai). o 3“* - -L .

_ Qn  _ Qy XERERE -
Qu=Qu- Ex=Q,+Qy - x AREREARENN
Tinh tén that nang lugng dh trén dx (coi luu lugng Hinh 7.4

khong doi trén dx) theo (7.1) v6i 26 = 0.

8 , dx Q
dh = ;IZ—gXF[Qr + Qﬂ- -—%AXZJ

Suy ra:

{
e 8 (L, 1,
hd = (th ——“nzg )\'?[Qr +QrQIT +§Qﬂ—}

Chinh 1a d6 chénh cdt ap.

Ngoai ra, ¢6 thé tinh todn thuy luc dudng ong dai phifc tap dua trén cd sd tinh todn
dudmg 6ng ngin phuc tap bd qua Lh, (xem sé tay Thuy luc).

144



§7.3. PHUONG PHAP DUNG HE SO PAC TRUNG LUU LUONG K
1. Noi dung

Phuong phap nay dung dé tinh todn cho cdc 6ng dai, chay roi va chay déu.
Do éngdainéen H=h,=h, =J./

Trong d6: J - do doc thuy luc, /- chiéu dai clia 6ng.

Vin toc cluia dong chay déu duoc xdc dinh theo cong thic Sédi: v = C+/RJ

Trong d6
Trong d6
Do dé 1
bat:

Chol = qua mat cat uét
khi d6 doc th g K=K (d, n).
Thay (7.2)

Cac tri s va n khac nhau
va lap thanh an binh phuong
(xem bang 4,

Ung véi inh ton that a:
o g

K-
v 0,2 1,1 1,2
a 1.41 1,015 | 1
2.Ungd
a)H, =

2
suy ra: H, = %i +H,

b)Q=?Tﬁ(7.2);Q:K\E

K tra bang theo tri s6 d va n da cho.
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¢)d =7 dung béang

. . H
Theo dau bai ta tinh duoc K = Q/\/;. Tir K d6 va n da cho, tra nguoc lai tim d
trong bang tri s6 K.

d) d. H, = ? chon trudc d theo v,,. Sau dua vao d dd va n tra bang tim K tuong tng.
Tr K, Q. /tim duoc H va H,.

3. Ung dung d¢é tinh dudng ong phiic tap
a) Puong ong ndi tiép: Q bang nhau. H = Y H,

b) Duding 6ng song song: H bang nhau; Q = Y.Q,

H H
=K, [—:...Q, =K, [+
W7, TR

Suy ra: Q= ZQ \[_Z\/‘

¢) budng ong phan phc‘)'i lién tuc
- 2(Q +Q Qn‘+ Qﬂ‘ ——2'(Qr+0955Qﬂ')2

D¢ tinh todn mang luéi dudng 6ng dung phuong phdp Cross tuong déi pho bién.

§7.4. HIEN TUGNG VA PAP THUY LUC TRONG DUONG ONG

Ta nghién cifu mot hién tugng dac biét trong dudng 6ng do thay déi dp suat dot ngot
trong do.

1. Hién tuong

Va dap thuy luc (hay con goi 12 nude va) trong dudng 6ng 1a hién tugng thay doi dot
ngdt 4p suat trong d6 do su thay ddi van t6c chuyén dong clia chat [ong trong 6ng mdot
cach dét ngot.

Va dap thuy luc xay ra khi ta déng khoa nhanh, khi dimg tuabin, dimg bom dot ngot
v.v... Trong trudng hop nay 4p suat s€ tang rat nhanh do viéc gidm nhanh van t6c trong
dng. D6 1a hien tugng va dap thuy luc duong. Ap sudt c6 thé tang gap nhiéu 1an so véi ap
sudt binh thudng trong 6ng, do dé c6 thé lam v& 6ng nhat 1 trong cdc dudng Sng dai.

Va dap thiy luc ciing ¢6 thé xdy ra khi md& khod nhanh. Trong trudng hgp nay 4p
sudt s& giam nhanh do tang dot ngdt van toc. D6 1a hién tugng va dap thuy luc 4m. Viéc
4p suat giam c6 thé tao ra trong dudng 6ng chan khong ¢6 hai.
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Nguyén nhan cua viéc tang hay gidm dp sudt trong va dap thay luc 1a do quan tinh
cua khoi chat 1ong chuyén dong trong dng. Bat ki mot su thay ddi niio cla van tée trong
ong déu lam cho chét 1ong chuyén dong nhanh 1én hay cham di. Do dé trong chat long
chuyén dong s& xuat hién luc quén tinh va chinh cic luc ndy s€ gay nén su tang hay
gidm 4p suat.

Lan dau tién nha bac hoc Nga Giucopxki da nghién ctu hién tuong va dap thuy luc
vd nam 1898 ong da sang lap nén li thuyét va dap thuy luc.

Ta khao sdt chat 1ong chuyén dong tix binh chtra ra vdi van téc v trong ong din ¢é
chicu dai / va duong kinh D = 2r. Cudi 6ng c¢6 khod K (hinh 7.5a)

Gia s 1n tai thoi diém nao ddy do déng khod dién tich © cta éng gidm di mot dai
luong Aw. Khi dé van to¢ s€ gidm mot dai lugng Av. Van t0c¢ giam s& khong xay ra ngay
cho toan 6ng. Lic dau van (6c cla 18p chat 1ong ngay sat khéa sé thay doéi. Sau dé van
toc giam s& truyén tuln ty tir 10p ndy dén [8p khdc theo hudng tir khod cho dén bé chita
(ngugc dong chdy) va sau mdt khoang thoi gian sé truyén hét toan éng. Vin toc giam s&
1am cho 4p suat tang, do d6 lam chat long bi nén va thanh ong bi nd ra.

Gia sir dén thoi diém t su tang 4dp suat (séng va) di truyén dén tiét dien AB (hinh
7.5b). Dén thai diém t + At né di chuyén mét doan Ax dén tiét dién CD. Néu a 12 van t6c
truyén séng va, thi:

AXx = aAt (a)
Thoi gian s6ng va truyén tir khod dén bé chita va nguoc lai goi 1a pha va dap thuy luc.
21
tl = —
a
v A
L 3 r———- 5
2(r+ An
vy =V EAY
V _— - -— ——
H = consl _— |
r
Ly ——
K C  ax=aal B
T V1
aj //\\ b)
Hinh 7.5

Ta ki hiéu ¢, ]2 thoi gian déng khod.
Néu t, < t,, thi va dap thuy luc goi la truc tiép.

Trong truong hop nay ﬂong va truyén tir binh chda vé dén khod khi khoa di déng.
Triwdng hop ndy ¢6 thé xay ra khi duo’ng ong tuong doi dai hdy khi khoa déng rat
nhanh. Néu t, > t,, thi va dap thay luc goi la gidn tiép. Séng va truyén tir binh chifa s& dén
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khod truéc khi khod déng. Hién tugng nay thudng xay ra déi véi 6ng ngan hay khi
khod déng cham.

2. Cong thire tinh toan

Nhu ta vira trinh bay, diéu quan trong nhat trong va dap thuy luc 14 tinh su tang dp
suat Ap.

Khao sit 6ng dan nhu trén hinh 7.5. Néu ta dot ngot déng khéa nhung chua kin hoan
toan, thi phia trudc khoa do vﬂn t6c chuyen dong cua chat long g:am dot ngot nen trong
ong s€ xudl hiéngs g AP : a
trude khod trudo
toc phia trude K
nhung chua kin

Trong trudn
long chita trong

ho khoi chat

Trong do: 1

phuong trinh
trén ta duoc:

hay la theo {

D6 1a cong ¢
_Tir cong thii
toc giam dén kh

Cong thic (

uy luc duong
gidn tiép c6 thé ¢

Tur (d) thay
xay ra va dap thi
(b), con vadapt

va sé khong
ng cong thitc

lv

Trong dé B=

gHt,

y - trong lugng riéng clia chat 1ong;
g - gia toc trong trudng.
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Nhu vay, dé xdc dinh do tang dp sudt trong va dap thuy luc can phai biét van t6c
truyén song va a. Theo Giucdpki, van t6c d6 phu thudc vao loai chat 16ng, vat liéu lam
ong, dudng kinh va chiéu day thanh 6ng va dugc xédc dinh theo cong thiic:

e

A 1.
2

1+

trong do:

kim loai:

Nhu vay
khda, van tir

nhu déng, md
bé, hay la dung
quy dinh.

om nudc va.

Van A md cho nudce chay, sau dong dot ngot, dp sudt trong 6ng ting lam van B m&
nén nudc chay vao binh C, khong khi bi nén. Sau dé khong khi gidn nd lam nudc tiép tuc
duoc ddy lén 6ng D. Khi nudc vao bom, dp sudt trong 6ng gidm, van B déng lai, van A
tu dong mao va hién tugng dugce lap lai.
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§7.5. CHUYEN PONG CUA CHAT KHI TRONG ONG DAN
1. Phuong trinh chuyén dong

Nhir ta da biét, chat khi khiac chat 16ng & chd dé 1a chat khi nén duoc (p # const).
Trong nhiéu truong hgp nhu khi chat khi chuyén dong véi van tée trén am (M >1), rat
can thiét phai k€ dén tinh nén duge. D6i v6i chuyén dong dimg, dusi am (M <1) cta
chat khi thuc trong 6ng dan ta ¢6 phuogng trinh lién tuc (phuong trinh liru luong).

G = yvo = const (7.3)
vi phiong trinh Bécnult viél dudi dang vi phan cé ké dén tén that nang lugng.
2
dz+ Py dY Ldh=0 (7.4)
Yy 2
Ton that nang lugng dh trén mot doan dng dx ciing tuan theo cong thic Dacxi:
dh= 23XV (7.5)
D 2g

Ngoai ra ta c6 phuong trinh trang théi:

Thay (7.5) vao (7.4) 1a dugc:

2 2
dz+ 3P LV dxX v g (7.6)

Y 2g D 2g

Phuong trinh (7.6) tich phan dugc, néu ta biét qua trinh thay ddi trang thai cla chat
khi trong &ng va su thay d8i cla hé s6 ma sit L. D&i v6i chuyén dong dang nhiét
(T = const)A khong thay déi doc theo 6ng din. Trong trudmg hop chuyén dong dudi am
(M<<l), ciing giong nhu d6i véi chat 1ong, A phu thuéc vao s6 Raynon va do nhdm
tuong déi n cua 6ng. Nhung s6 Raynon Re = Yop thay d61 theo nhiét d6 vi h¢ s6 nhét p
phu thude vao nhiét do T. D61 vdi chat khi p giam khi T gidm. Néu doc theo ong nhiét
do giam thi cudi 6ng s6 Re tang, do d6 hé s6 ma sdt A thay déi.

Véi quan diém tinh todn thuy luc dudng 6ng din khi ngusi ta phan biét hai truong
hop chuyén dong cha chat khi: 1 - ¢6 thé b qua tinh nén dugc ctia chat khikhi dong khi
chuyén dong vai do chénh dp trong d6i bé; 2 - Phii ké dén tinh nén duge khi dong khi
chuyén dong véi do chénh ap tuong doi 16n.

Do chénh dp tuong doi & day 1A ti s6 giita hiéu 4p sult tai mat cat dau va mat cit
cudi ong voi 4p sudt tai mit cat dau ong.
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2. Chuyén dong ciia chat khi trong 6ng tru nam ngang c6 tiét dién khong doi.
Phuong trinh chuyén dong (7.6) va phuong trinh lién tuc (7.3) s& c6 dang:

dp gVl a8V, (1.7)
y 28 D2g
yv = const (7.8)

Dai véi trudng hop thit nhat clia chuyén dong chat khi (khi bd qua tinh nén durge),
thi trong lurong riéng cha chat khi va suy ra vén t6c¢ trung binh theo mat cat s& khong déi
doc theo chiéun dai ctia 6ng khi git nguyén luu luong Q. Do d6 tich phan phuong trinh
(7.7) s€ duoc:

1 yv2

= h—
P - P2 ng

chi s6 1 va 2 ing v4i mat cit ddu va cubi 6ng, / - chiéu dai cha 6ng. Nhu vay trong
truong hop nay tinh todn thuy luc dudng 6ng dan khi khong khac viéc tinh todn thuy luc
ong dan nudc.

Trong trudng hop thit hai, chuyén dong cla chat khi ¢6 k&m theo su giam trong luong
riéng va ting vén toc trung binh clia mat cat doc theo 6ng véi luu lugng Q cho trude.

2

s - o o N ;v N , . -2 b e e

Nhung gid tri véan toc ciia dong khi d2— thuong nho hon rat nhiéu so véi cdce gid tri
g

khdc ctia s6 hang trong phuong trinh (7.7) nén c6 thé€ bd qua. Do d6 phuong trinh
Bécnuli c6 dang:

dp__,dx v*
Y D 2g
2
vi: V= —g—ncn —@—l——?——z.d—x
YO Y 2y‘gen” D
G? dx
vdp = A =
TP = e D

Xét qua trinh da bién:

i

-%:P—Il hay lay=y,| P "
Y 1 P,

Do dé:

l

o P ) ap=ao &
P, 2gw” D
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Gia su A = const doc 6ng dan, tich phan phuong trinh trén cé dang:

1+n P2

B G |
= YiPy [2) =A—.=

Cong thie t
ban dé xdc dinh
hodac tinh dutng

cong thic co
hénh 4p suat

beéi v6i qua

hay la :

Trudng hop

huong trinh
chuyén dong viét dudi dang hé s6 van t6c A = 2 Thue vay, két hop giai cdc phuang
a
trinh(7.7), phuong trinh lién tuc (7.3) viét dudi dang vi phan:
L
Yy v

(7.9)
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va phuong trinh nang lugng viét cho van téc am a:
vi a? k+lal

P S R S 7.10
2 k-1 k-12 ( :

trong dé: a, - van téc am téi han;

k — chi s6 doan nhiét, ta s& nhan dugc phuong trinh vi phan cta su phan b6 van t6c
doc theo 6ng c6 ké dén t6n that nang lugng:

trong dé:

Tur phuon ong chi c6 thé
xudt hién tai 1)khi A<1va
dA > 0 dong y s& cham dan;
truong hop A 7.11) va khong

phi hap véi ¥

Gia su he .11) c6 dang:

trong doé:
an x.

Pé tién vi

Su phu (€ .
khong déi dugc biéu dién trén hinh (7.6). Dai
lugng x, ¢6 cuc dai tai A = A, = 1. Gia tri cuc
dai ctia x, dugc xac dinh theo cong thifc:

1 5 ) ) -

= ——1+InA] (7.14)
£ Hinh 7.6

X

5 max
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Céc dudng cong x (A) gom hai nhanh: mét nhanh \ng v6i dong dudi am (A <1) con
nhanh kia img v&i dong trén am (A >1).

Nhiing dudng cong dé cling cho ta thay la trong ong hinh tru khOng c6 thé chuycn van
toc tir dudi dm sang trén Am. Nhu da néu g trén, trong Ong nay véi gid tri van téc xac dinh
o miéng vao A, va do dai tuong tng, van toc téi han s dat dugce tai miéng ra (A, = 1).

Dong dudi am tai miéng vao dng (A, <1) tng véi doan AB (hinh 7.6), con dong trén
am (A, >1) img vdi doan CB. Diém B xdc dinh gid tri cuc dai ham x_ cha A, cho trudc.
—0khi A, =1.

Nhu vay, phuong trinh (7.14) cho thdy ring d6i véi dng hinh tru ¢6 kich thuée /, D
cho trudc véi van téc & miéng ra A, = 1, gid tri k v A xdc dinh, thil hé s van toc &
miéng vao A, va luu lugng dan xuat cia chat khi g, c6 mét gid tri hoan toan xac dinh.

Tu cong thite (7.14) suy ra X,

5 max

V&i chuyén dong dimg va véan t6¢ dudi &m tai miéng vao, mot lwong khi cuc dai ¢6
thé chuyén dong qua dng hinh try dai /, ¢6 hé s6 ma sdt A néu A, = 1.

Luu luong tuyét ddi cha chat khi qua &ng cé chiéu dai gidi han sé bang:
Gmax = gm(pl l)rmx = gmq]maxp*ia" =

1
k+1 k-1 k-1
g(l)[ 2 j Almnx(l—E‘_‘_—lAlmax) p‘la':

1
2 jk'-'u 2k
k +1 k+1

Véichiy: paa = pm[

_[ 2 ]k-l 2k Py
k+l) V(k+DRg JT,

Ta s€ dugc:

A
G, =0 dggk_/\lmx[l k- A‘mﬂ]k'l _Poi_ (7.15)
(k+DR k + T,,

Nhur vy, dé tang luu luong tuyét déi cta chat khi qua 6ng hinh tru ¢é kich thudc
xdc dinh can thié€t phai tang 4p sudt toan phan tai miéng vao p,, hay la khi p,, ¢4 dinh thi
phai giam nhiét do ham T,,. Trong khi d6, tai miéng ra van toc s€ dat gia tri tGi han va
gid tri tuyét doi clia nd s€ giam khi T, gidm. Nhung luu lugng s€ tang do khéi lugng
riéng tang.

Thue nghiém cho thay rang v6i van t6c trén am tai miéng vao s& xuat hién mot sé
tinh chat méi cta dong chay ma phuong trinh (7.13) khong mo ta duoc. C6 mot s§ didu
nhan xét la theo phuong trinh (7.13), khi A, >1 van t6c trong éng phai giam lién tuc cho
dén miéng ra theo duong cong CB trén hinh (7.6), con dp suit sé tang lién tuc.
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Nhung trong thue t€ su thay déi van téc va dp sudt trong’6ng & nhiéu truong hop xay
ra mot cach khong lién tuc (cé bude nhay).

3. Tinh toan dudng 6ng

a) Tinh toan ducng 6ng dan khi ciing tuong tw nhu viéc tinh todn duong éng ddn
chdt long.

Ton that 4p sudt toan bo trong dudng 6ng don gidn duge xac dinh bang tén that 4p
suat trong tit ca cdc doan:
X 1 ‘Y N
) = )\,_ + —V"
P Z( D ZC) 28
Trong d6: x — s6 doan cia ong dan.

Con d6i vdi dudng 6ng phiic tap, tén that dp sudt toan bd dugc xac dinh bang s6 ton
that dp suat cda nhimg doan dudng 6ng duge chon lam dudng 6ng co ban:

y ! Y 2
- 2[5 T
Trong d6: y ~ s6 doan dudng 6ng co ban.
b) Thuong coé nhitng bai todn co bdn sau:
1. Cho biét liu lugng, tinh dudng kinh 6ng dan, van téc va tén thit ap suat.
2. Cho biét luu lugng va dp sudt, tinh dudng kinh va van t6c hay nguoc lai.
3. Cho biét dudng kinh va dp suat, tinh luw lugng va van téc.

Truong hop thi nhat thudng dac trung cho viée tinh toan duong dng khi ¢6 ngudn
lam viéc (quat, mdy nén v.v...). Trong khi tinh todn nén luu y 12 luu lugng, van téc va
dién tich mit ong dugc lién hé bing phuong trinh luu lugng:

Q=vo
c) Phuong phdp tinh todn

Dét v6i timg doan 6ng cho biét chiéu dai /, tdng cdc hé s t6n that cuc bd £& va luu
luong g, d6ng thai tinh duge van tée v, ta sé xdc dinh duge dudng kinh éng:
{

D= 1.13(3]2
A\

va t8n that dp suat:
1 Y 2
=|A—+ ——V
b ( D ZQLg

Trong d6, néi chung hé s6 ma sdt A phu thudc vao trang thdi chay va tinh chat cia
thanh ong.
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Vi du:

C6 hé thong 6ng dan khi nhu so do (hinh 7.7). Khi duge hop lai tir ba nhanh dan dén
quat va sau d6 khi dugc phan di hai noi. Nhitng doan éng ctia dudng chinh ki hiéu bing
céc chira, b, ¢, d, e; cdn nhitng doan phan nhénh bang cdc s6 1, 2, 3. Chicu dai / cta cdc
doan 6ng, tong gid tri cac hé s6 tén that cuc bo I va luu lugng q cho trong bang 7.1.
Hay tinh t6n that dp sudt toan phén trong cdc doan 6ng.

Giai:

Vin toc tru
van t6c kinh t&:

skin — goi la

trong dé: a

n - thoi gian s dung quat.

r- gid tién 1kWh;

e - hé so ti 1é tiéu thu dién;

y - trong lugng riéng cua khi;
Q - t6ng luu luogng.
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1

B:Z iL_quZﬁ T i=—lv' = const
| ¢ 113
d6i v6i khong khi i = 0,04

Néu chon van t6c kinh t€ trong duong 6ng dén khi v = 13m/s thi tir d6 suy ra dudng
kinh 6ng cta doan a:

ap sudt dg
Tén that

Tuong tu,

8
— tinh t =0,5;y =
= in m @ y
‘ 1,2kG/m?).
Céc doan a1
Tén that dng 65,3kG/m’
Theo dp suat ong Ong trén
S6cac | A p
doan 6ng| (m 5 (kG/m?)
a 7 1,71 17,8
b 5 0,34 34
c 2.5 0,13 1.4
d 2 | 0,1 | 3000 | 285 k3.1 10,5 | 0,053 | 0,11 | 0,21 2.2
e 12 | 24 | 1500 | 195 | 140 | 12,0 | 0,084 | 1,0 | 3,40 | 40,5
1 6 1,0 | 1000 | 165 13,0 10,0 | 0,102 | 0,61 1,61 16,7
2 7 | 1,0 | 1000 | 165 | 130 | 104 | 0,102 [ 0,71 | 1,71 17,8
3 4 1,3 1500 195 14,0 12,0 | 0,084 | 034 1,64 19,7
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§7.6. Vi DU VA RAI TAP
Vi du 7-1. Dung cu do heu hieong nho

Dung cu dé do luu lugng nhd gém mat xylanh trong dé dat
mot phao ¢6 lap 6ng xiphong

Tinh luu luong cia nude (46 nhét v = 0,01St va cua mét
hod chat (dé ahét v = 0,1St) néu ong dai I = 600mm, dudng
kinh d = 5Smm v mat cét ra cla ong dat thap hon mat thodng Hinh bai 7.1
chat long trong xylanh mot khoang h = 250mm. Chi ké t6n
that doc duong.

Gidi: Vi¢t phuong trinh Bécnuli cho hai mat cit dau va cudi 6ng, bd qua chiéu cao
cua phao:

2 2

[ 1
h=h, =p Y = (1)
d 2g d 2g o

Trong phuong trinh (1) muén x4c dinh Q cin biét A. P& xdc dinh A cdn phai bist

trang thai chuyén déng. Ta da biét ddi véi chay tang

329y
gd’
Néu trong céng thic trin ta thay v = v, (v,,: van téc phan giéi giita chdy ting va
1 o ~ ~ 2 2 Vpgd Repgv 5
chdy roi) thitas€ c6 H,. Vic6Re,, = —=—nénv = 4 va
v
_ i2v21Repg
PR gd?
Trong bai nay véi v = 0,018t thi:
32(0,01.10)0,6.
_ 32(0,01.107)°0,6 2320:0,0359m.

L 9,81.0,005°
Tacé: h =0.250m > Hpg =0.0359m

vay dong chay trong dng la roi; tinh A theo cong thitc clia Blaisus

A= 0,31L6‘
Re*
Thay céc gia tri vao (1) va riit gon c6:
0316 ?

h =

Ly,
vd) d 2g’
)
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suy ra

2ghd’  2.9,81.0,25.0,005"

vi= [ L
L0316.v'  0,6.0,316(10)

v =1,045m/s

Q=vo=1 045 3140003 o 10 mis

vgiv=0,1St

_320,1.10"J 0,6
T 9,81.0,005

Ta cé h=0,25m < H,, = 3,59m, vay dong chdy trong ong la chdy tang. Hé s6 A tinh

2320 =3,59m

. 64 s )
theo cong thifc A = E—.Thay vao va nit gon ta cé:
(]

2 2
ve 2ghd _ 2.9,81.0,23.0,005 ~ 0.319mys.
64vl 64.107.0.6

3,14.0,003?
4

Q=0319. =6,25.10"°m"s.

Vidu 7-2. Hé théng boi tron truc khuyu

Dau boi tron (8= 0,8, ¥ = 0,06St) dugc din dén cic &
truc clia mot truc khuyu theo mot hé thdng 6ng nho gom
nam doan giéng nhau dai / = 500mm va dudng kinh
d = 4mm.

1. Tinh l[uu lugng dau phai cung cap tai nit ca hé
théng dé cho méi 6 truc nhan dugc khong dudi 8cm/s

2. Luu luong ddu cén c6 néi trén sé thay déi nhu the ‘ g
nao khi thay doan 6ng AB bang 6ng c6 dudng kinh D = 8mm. Hinh bai 7.2

B qua cdc t6n thit cuc bo; coi nhu 4p suat tai c4c 6 truc bang nhau.
Giai: Dé tinh todn ta gia thiét trang thai chay trong hé thong 1a chay ting (sau khi

tinh todn dugc Q ta s& ki€m tra lai gid thi€t) nhu vay cot dp ton thit duge tinh theo
cong thire:

>
H= Vo i a=B_8
d 2g Re vd
A
. Thay v=g=4—Q, ta co:
' o nd”
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H=128\;{Q=AQ o A=128\:{.
ngd ngd
B ¢ A Q Ta ki hiéu (hinh 7.2a):
= Q, Q,: luu lugng chay tir C dén D,
l } Q,: luu lugng chay tir C dén E,
2 Q, . luu lugng chay tir A dén F

Hin
Trén doan

Trén doan

Trén doan

Trén doan

Vi dp suat t

Tir (1) c6 2
Tir (2) ¢6

Tir céc qua
8cm'/s thi Q, =

Kiém tra lai

¢u lay Q, =

an AF:

Vy=

Qs G00008 _ orpen
® 3,140,004’
4

v 3,180,004

Re =2120 <2320

v 00610
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Vay gid thi¢t chay tang trén la ding.
b) Néu doan AB thay bang duong éng ¢6 D = 8mm.
Ta cing gia thiét chay tang trong hé théng.

Nhu vay:
128v/
Hey = T[ng Q, = ADQI’
128vl
H/\C = —4'(Q2 +Q1) = AD(Qz +Q1)-
gD
Ciing Ii luan nhu phan trén ta cé:
HAF. = HA!— ()
HCD = He (2)
Tir (1) ta co:
He = Hae + Hee = Ap (Q, + Q) + AQ, = AQ, (3)
Tir (2):

Hey = Heg + Hpgp = ApQ, + AQ, = AQ,; vay Q,=Q, [1 + %j
Thay vao (3) ta cé:

A An )|
AD[Q, +Q,[1+TH+A{QI(I+ A j‘J-AQ3

2

Q1(3AD +A +%] = AQ,

o] .

Ap 128l mgd’ _(iT |
2d

A mgD'’128v] - 16

2
Lay Q,=8em'/s: Q, = [3% e (%6] }8 ~9.5em’/s;

! :
, =8 1+— |=8,5cm/s;
N ( 16]

Q=8+8,5+9,5=26cm’/s.
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Trong doan 6ng AF van ciing dudng kinh d va Q, 1dn nay nhoé hon lan trudc vay
trang thai chay nhit dinh la chay ting.

Vi du 7-3. Diéu chinh vin 1oc pitténg bdng ong xd

Pittdong trong moét xylanh luc (D, = 150mm, D,
= 50mm) di chuyén nhd luu luong hédn hop con
golixérin (v = 18t, y = 1200daN/m’) clia mo6t bom
— nap vao xilanh. Phu tai lén pittong 12 P =196N.

Dé diéu chinh van tdc chuyén dong khi luu
lugng bom khong déi, tai niit A clia hé théng cd lip
thém &ng x4 véi khod K (hé s6 16n that £,).

Luu lwong bom Q = 7,85//s, chiéu dai dudng
Hinh bai 7.3 ong tuong duong /, = Sm, I, = 10m, dudng kinh éng
d = 50mm.

1. Tinh van tSc pittong;
2. Van téc 16n nhét v, bang bao nhiéu?

3. Khi khod K md hét, chiéu dai dudng 6ng xa nho nhat phai 12 bao nhiéu dé cho
pittong khéng chuyén dong.

Gidi: Gia thiét trang thai chay trong hé thong 1a chay tang (san khi x4c dinh duge v
s€ kiém tra lai gia thiét), ta c6 cong thirc tinh t6n that nhu sau:

128v!

H= .
ngd* Q
Biét nhédnh trdi, t8n that nang luong bang:
l28vl 128.107%.10
H,=—2XQ,=————"—_Q, =6,67.10°Q,.
2= e 273 ,14.9,81.0,05* ® <
Bén nhanh phai tén that nang lugng b?mg:
H, = 128\/1] hg + 2,
véi
P 196
P< 0 Sy o8]
4
p = 12500N/m*
-4
H =2. 128.10 .5 -Q, + 12500 =6,67.10°Q, +1,04.
3,14.9,81.0,05 12000
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Vi H =H,vaQ=Q, + Q, nén:
6,67.10°Q, = 6,67.10°Q, + 1,04.

1,04
= +
%=Q 6.67.10°
1,04
@=Q-Q, 6.67.10°
_Q_ 104 _
Q 2 2667100

_ 0,00785  1.04
2 2.6,67.107

=0,00317m’/s

Kiém tra lai trang thdi chdy, tinh van tdc trong 6ng:

v Qo 000317

', 3,14.005
AP

vd 1,6.0,05

v 10

vay gia thiét & trén ding.

Re = = 800 < 2320;

Toc do cua pittong:

_Q_ 000317 o

Q314058 _g0s?)
4
van toc pittong 16n nhat khi Q,=0va Q, = Q.
_Q 0,00785

Vma‘ = —=
Q3140415 0,05)

=0,5m/s

Xylanh khong chuyén dong khi Q, =0 va Q, = Q; liic do:
1

P_ 128V?L;rm ra L=1.04. 3,14.9_,?1.0,05 —m

y  mad 128.107.0,00785

Vidu 7-4. Hé théng hai binh cung cdp cho mot bom

M, =

Bom bdnh rang luu lwong Q = 4//s hiit xang tir hai binh chénh nhau ldc ban dau mot
do cao h = 0,5m qua cic dudng 6ng dudng kinh d = 50mm, dai (d&n diém chac ba N)
/= 10m.

1. Tinh liu lugng ban dau hiit ra tir mbi binh.
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2. Tinh do chénh cao h dé cho luu lugng ban ddu
hat tir binh dudi 1én bang khong.

3. Phai dat diém nit N thap hon ddy binh du6i
mot khoang cdch z bang bao nhiéu dé cho khi binh
trén by hut can thi khéng khi khong vao bom va ¢é
thé tiép tuc hit can xang & binh dudi

Chi k& t6n that doc dudng lay A = 0,02.

Gidi: 1. Ton that cot nude bén nhanh trai (tir binh
chira dén diém chia nhanh)

2
H =LY o o,osz7x-’5—Q,2 = AQ! véi A, = 008270
d 2¢g d d
Tén thit cot nude bén nhanh phai:

.- l
H =A Q] vii A = 0,08271—(1—5 = A,

Thay s6 vao ta co:

10

A, =A, =0,0827.0,02. =5.3.10°

2

Theo hinh vé ta c6:
H, = Hp +h;
AQl=AQ}+h.

(.. h
Q|: Qz“':'-
Vi Q,+Q, = Qnén \/Q§+%+Q2=Q»

SN
Q2+A ‘Q Qz

Ruit ra:
~Q h 0004 0,5 _
T2 2AQ 2 253.10°0,004°

Q;

Q, =0,00082m’/s
Q, = 0,004 —0,00082 = 0,00312m/s.
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2. Khi luu lugng cda binh chida bén nhanh phai bing khong
Q,=0,tac6Q,=Q,
AQI=AQ =h.
Vay
h =3,3.10°.0,004°
h = 0,85m

3. D€ thao can duge binh chifa nhanh phai ma khong khi khong lot duge vio bom
(sau khi binh nhéanh trdi da thdo can) thi luu lugng tir binh nhanh phai vao phai cung cap
du luu lugng cho bom. Mudn vay:

z=A,Q* =5,3.10.0,004*
z=0,85m
Vi du 7-5. Hé thong ba binh cdp niéc cho éng cdi

Tir ba binh chita ¢6 ¢t dp bing nhau H = 10m va theo ba dudng 6ng giong nhau dai
I = 50m, dudng kinh d = 100mm (& = 0,025) nudc chay don vao mot 6ng cai gdm ba
doan giong nhau dai /, = 80m duong kinh d, = 200mm (X, = 0,021).

1. Tinh luu lugng chdy qua 6ng céi ra ngoai trdi khi tat ca céc khod trude déu md hét
cd (G, = 0).

2. Tinh céc luu luong Q,, Q,, Q; chay vao dng céi khi cot dp 1a H.

Gidi: Cong thifc tinh luu lugng trong dudng Sng khi bd qua tdn thét cuc bo cé dang sau:

2
ol Y~ 00827 x%QZ
d 2¢g d
A ! . !
Ki hiéu: 0,0827h— = A va 0,0827— = A, (a)
d 1
o i—:_‘:‘:i:3
F
Ql\ Q’\
_Q
D A B C
Hinh bai 7.5a Hinh bai 7.5b
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Tinh t6n that trén cdc doan 6ng:
doan FA c6 Hpy = AQ;
doan EB c6 H,, = AQ;
doan DC c6 Hye = AQ3
doan CB¢6é Hey = A Q5
doan BA c6 Hy, = A(Q, + Q)%
doan AO cé H,, = A,Q°%

Theo hinh vé ta ¢c6:

Q=Q,+Q,+Q, (b
H,;=Hg,=H,,+ Hg,;

Vay: AQ;=AQ}+AQ\+Q,) (2)
Hpy, = Hyye + Heys

Vay: AQ:=AQ;+AQ; (3)

Tir (3) it ra:
Q,=BQ, (4)

. A
_ trong d6: B= .1+ K] (b)

Thay (4) vao (2):
AQ|2 =A(BQ3)2 +A|(Q3 + BQa)
AQI=[ABR+ A (1+BY] Q.

AQ:=CQ! trong 46 C= AB* + A, (1+B)’ (c)

hay: Q= Ql\/E
C

Cudi cung ta cé:

Q. =DQ, (5)

vdi

(d)

c
Il
ol»
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thay (4) va (5) vao (1) rit gon:
Q=0Q, +BQ;+DQ, =Q, + BDQ, + DQ;
Q=QIIl+DMB+D);datE=1+DB+ 1)
co:
Q=EQ,. (6)
Theo hinh vE& ta co:

cot nude téng cong H = He, + H 0

H=AQ!+A,Q = A[%j +AQ’ =Q2[§—+A‘];

Rut ra:

(7)

Tinh cdc hé s6 theo cac biéu thifc (a), (b), (¢), (e):
!/ 0,0827.0,025.50

A =00827h— = 2200 10350,
d 0,1
N —ooszn 008270,5025.80:434;
0,2
_ 434
10350

0350.1,02% + 434(1+1,02)* =12565;

/1035
12565
E=1+0,91(1,02+1)=2,835,

Pem thay vao cic hé thic tinh luu luong ta cé:

10 )
tir (7): Q= |z —— =0,076m’/s.
10350 .,
8
. 0,076
tir (6): Q, = 2835 =0,0268m"/s.
tir (5): Q, =0,91.0,0268 = 0,0244m’/s.
tr (1): Q, =0,076 —0,0268 —0,0244 = 0,0248m’/s.
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Bai 7-1. Hut nude bang pittong

Mot pittong duong kinh D = 200mm chuyén dong déu (1 dudi Ién) trong mot xy lanh
hiit nude tir mot bé chia hd, mic nude 6n dinh. Ong hit gém doan thing dudng kinh d =
50mm, dai / = 1m, hé s& ma sat & = 0,03, va hai doan cong hé s6 t6n that & = 0,5.

Khi pitténg & vi tri cao hon muc nude trong la h = 2m thi luc can thiét dé 1am né
chuyén dong 1a P = 2350N.

Pl p, 1. Xac dinh van t6c¢ nang 1én cua pittong.
i 2. Tinh d6 nang cao 16n nhat h_,, cua pittdbng va van toc

T . b nét trén ma khong gay ra nguy co lam gian doan dong chay.
L < == Biét dp suit boc hoi bdo hoa cla nuée: p,, = 32mmHg;
Al g Boyg g khoi luong eréng cia nudc & nhigt do t = 30°C la
e p = 995kg/m’;
==L Ap suat khi trdi p, = 740mmHg; g = 9,8m/s%.
Bai 7.1 Bb qua trong tuong pittdng, ma sat va ton that trong xylanh.

PS: v=0,212m/s; h_,, = 4m.
Bai 7-2. Tinh ong xi phong

Trong mot 6ng xi phong véi cot 4p H = 6m can cho qua mot lvu luong Q = 504/s véi
diéu kién 1a chan khong khong dwoc vuot qua 7m c6t nuée. Diém nguy hiém nhat C cao
hon mifc nudc thugng luu h = 4m, chidu dai dudng 6ng dén d6 /,= 100m, chiéu dai
dudng 6ng tlir d6 trd xudng /, = 60m. Trén dudng 6ng c6 mot van vao va ludi chan ric (&,
= 5), mét khoa (&,).

1. Tinh dudng kinh 6ng va hé s6 6n
that £, cha khod thod madn yéu ciu trén.

Hé s6 ma sat tinh theo cong thiic A =

0302 - 2 - - .
———; bd qua t6n that cuc bd tai doan

udn cong.

Bai 7.2

2. V& duodng do dp doc theo 6ng.
PS: d =200mm; £, =13
Pong co thuy luc Bai 7-3. Hé thong truyén dong bom - dong co

N thuy luc,
2
'''' I_;B'"<p Cong suat N, = 300kW clta mét bom duoc
. ' truyén qua mét ddng co thuy luc theo mot dudng
_:;1_ = ong dan nudc ndm ngang dai L = 1500m, dudng

—=—= kinh D = 400mm véi luu luong Q = 0,2m’/s.
Hinh 7.3
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Hé s6 ma sédt caa ng & = 0,03,

1. Tinh t6n that cong suat trong duimg Gng.

2. Tinh dp suélt p, do bom tao ra tai dau duding 6ng va dp suat p, tai truée dong co
thuy luc & cudi duong ong.

Hiong dan: Biéu thitc chung dé tinh cong suat dong chay:

N:yQ[B+i+z]
Y 2g

PS: N = 28 4kW
p, = 1.5.10°N/m"
p, = 1,35.10°N/m?
Bai 7-4. Cong sudt va hiéu sudi ciia dieong ong.
Trong mot tram thuy dién dudng 6ng dai / = 2200m, duong kinh D = 1.2m dan nudc
dudi cot 4p H = 180m vao tuabin hi¢u suat n, = 0,88.
1. Tinh cong sudt [6n nhat cua hé théng tuabin.

2. Tinh hiéu suit cha dudng 6ng N, va luu lugng Q chay qua tuabin trong trudng hop do.

Chi xét tén thit doc dubdng 1ay A = 0,02.

Huing dan: Cong suat ¢ ich cia he
thong:

N=yQMH-h)n,
trong dé6 h, ton that trong dudng ong.

H

d

- Hieu suat duong 6ng 1, =

I e
-h,= 0,08271;(}

Tinh N, ham cua Q.
DS: N =6620kW. Bai 7.4

max

H

Q= |———— = 6,4m*/s
3.0,0827A s
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Bai 7-5. Hé thong lam lanh amoniac ‘D; r& dy
Hét thong lam lanh amoniac gém bén Nude_ P —
doan noi (i€p madi doan ¢é hai dng dong truc. oL T ] D
ong trong day 2,5mm, duong kinh d, = 30mm X
dan nude lanh; ong ngoai duong kinh d, = ©| —
S0mm dan amoéniac long. — L
. ) = 4
‘Chiéu d%li toan bo ong trong L, = 22m 8 ds~—] 9
chiéu dai méi doan L, = 4m; dudng kinh céc BT - y
6ng ndi d, = 35mm. l " A-mg-nioc L,

Tinh tén that cot 4p: 1) cho nude,
2) cho amoniac.
biét rang luu luong nude G, = 4000daN/h (d6 nhét v = 1,2.10°m?/s) va luu luong
amoniac G, = 2200daN/h (ty trong & = 0,61); d6 nhét dong luc p = 23.10%daN.s/m’ &
nhi¢t dé t = 20"C). Coi nhir cdc dng [ thanh tron, hé s6 t8n that vio va ra clia cc 6ng
noi &, = 0.,5; & = 1; (6n that tai cac doan éng cong cuia 6ng dan nudc khong ddng ké.

) 2 3 D
Hudng dan:  h, = ).L.v—:k = %;Rc = u;
D 2g v
4w
D«I =
X

BS: hy, =2.1m (nudc)
h,, = 1,5m (amdniac).

Bai 7-6. Bom nitie tir giéhe thong voi bé vhita.

Bom ly tim bom nudc tir giéng cé 6ng thong véi bé chia. éng nay dai L=20m, D =
150mm, hé s6 can clia 1u6i chin rac & = 2, hé
s6 ma sat A = 0,03. Ong hiit ciia bom dai / = £=0,2 1 Bom
12m, d = 150mm, hé s& can cta luéi chan rac £
=6, hé s6 can chd cong £ =0,2; A =0,03.

Xéc dinh huu lugng 16n nhat cia bom véi
diéu kién tai ché vao bom d6 chan khong
khong vugt qua 6m ¢t nudec. Xac dinh do
chénh z gitta bé va giéng. Cho biét h = 2m (ur
mit thodng clia bé chifa dén truc clia bom).

DS: Q =38.5//s

z=1,7m.
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Bai 7-7. Ap sudt bom trong hé théng boi trom.

Mot he¢ thong boi tron ding bom banh ring cung cip
(uu lugng dau Q = 60//ph & nhiet do 1 = 20"C (d6 nhét v
= 2S¢, ty trong & = 0,92). Pudng éng hiit bang thép, dai /
= 5m. dudng kinh d = 35mm, doé nhim tuyét doi A =

0,Imm. Toén that cuc bd bing 10% ton that doc dudng. J"d a
Mat cat vao cua bom dat thap hon mat thodng dau trong —— '
binh h = Im;: 4p suat mat thodng = p,. Bai 7.7

1. Tinh dp sudt tai mat cat vao ctia bom.
2. Khi dau néng dén 80"C (v =0,1St, 8 = 0,85) 4p suat ndi trén thay doi nhir thé nao?
PS: 1. p, = 0,188at; 2. p,, = 0.05at.
Bai 7-8. Chuyén dong ciia ba pittong chiu lie khdc nhau.
Ba xylzmh\gié’ng nhau dudmg kinh D = 50mm chita dau (& = 0,88, v = 0,3c¢St) duoc
noi vdi nhau bang cdc 6ng dai L, = 1., = 22,5m, L, = 20m va duong kinh d = 25mm.

Trén mat daw trong xylanh dat ba pittong chiu cic luc P,
= 70daN, P, = 64daN, P, = 50daN. Bo qua anh hudng cla do
cao Vi tri cic pittong so v6i diém nit N (noi 3 6ng ndi vao
nhau).

Xdc dinh huéng va vin téc chuyén dong clia cdc pittong.

Hudng dan. Bai nay giai theo loai bai todn ba binh chifa.
Mudn xac dinh huéng chuyén dong can tinh cot dp y tai diém
nidt N gitta ba 6ng theo cong thuc:

- HI ‘H}
yH‘{L L, d J Bai 7.8
= o+l
)\’] LI d3
H,: cot dp tai xylanh 1, H, P
Y
H.: cot dp tai xylanh 3, H, = By
Y

Py

y
xylanh 3 va ta c¢6 cdc phuong trinh sau:

So sénh y v6i H, ==, néu y < H, thi chdt long s& tir xylanh 2 va | chdy vao

IJ
H, -y =0.0827), d—;Qf;
l
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IJ\

H, -y =0.0827%, = Q%;

4
L,

y—H, = 0.0827, =2 QZ;

3 di
Q +Q, =Q;,
Gtai he phuong trinh trén c6 thé dung phuong phép dé thi.
DS: v, = 0,375m/s; v, = 0,125m/s;
v,=0,5m/s.
Bai 7-9. Puong dne ngdan.
Nudc bi nén chay tir mot binh theo dudng 6ng ngén ra ngoai.
Ap k€ trén binh chi 4at, do cao h = 5m, hé s can cia khod &, = 4, hé s& can clia voi

£, = 0,06, 6ng cé dd nhdam A = Imm (6ng ci); /, = 10m, /, = 40m, d, = 100mm,
d, =200mm, d, = 80mm.
Xdc dinh luu lugng chay trong ong?

DS: Q = 67.81/s véi & = 22

d 2
193,72
(g Aj

p — ——

- ~Q' d;jmm
y l,:ﬂm /z’wlﬂ

e L dz:zwmm

Bai 7.9
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Chuong 8
LUC TAC DUNG LEN VAT NGAP TRONG
CHAT LONG CHUYEN PONG

Trong chuong nay gidi thi¢u tdng quét vé lyc can, luc nang va cong thiic tinh céc luc
dé clia chit 16ng chuyén déng téc dung 1én vat ngap trong nd.

§8.1. LUC CAN, LUC NANG
oy
1. Cong thiic tong quat
Ta c6 dong chat 16ng chuyén déng véi van
t6c U_bao quanh vt ran c6 dinh (hay coi gan U,
dtng 1a vat ran chuyén dong vét van tsc U, ——>
trong chat 16ng tinh). Gia st U_ khong déi vé
tri s6 va huéng. Chat 16ng chuyén dong tic
dung 1én vat can, gay ra luc phip tuyén va tiép
tuyén (hinh 8.1). Téng hgp céc luc d6 s& duge
mot hop luc Pva mot ngdu luc M. Hop luc
P gém 2 thanh phan:

P=P +P Hinh 8.1

P vuong géc véi phuong clia van t6c & vo cing U goi la luc nang; f’, cling phuong
vai U_ nhung nguge chiéu, goi la luc can.

VE tri 6, c4c luc d6 c6 biéu thuc sau:

2

p=c Pl
2

2

Pn =Cv&
'

trong d6: C, - hé sd luc can, khong thit nguyén.
C, - hé s6 luc nang, khéng thir nguyén.
p - khot lugng riéng cua chat 1ong.

S - tiét dién can chinh (hinh chi€u clia vat can lén mat phang vuéng géc
vai Uy).
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Trong luc can, thong thuong ¢ hai thanh phan. Mot do ma sét trong 16p bién gay
nén P, ma ta s& xét trong phan sau; moét do phan bé cua dp suit trén bé mat vat can gay
nén P, trong dong phang ta cé:

P.=P, . +P

Tms Tap

Tap

Khi vat ran nam trong dong chay né sé gy ra cédc kich dong. Do dé trong 18p bién
céc thong s6 clia dong chay sé thay déi. Phan bs 4p suat va luc ma sat trén bé mat vat
phu thudc vao hinh dang, vao vi tri clia né & trong dong chdy va vao vin toc & vo cling
(dong chua bi kich dong).

Phan bo dp suat va luc ma sat trén bé mat vat duoc dac trung bang céac hé s6 luc can
dp suat vamasat C,,, C, .,

C,=C,, +C

Vai van 16c dong chay nho, khi d6 tinh nén duoc cta chit 1ong thuc t€ khong ¢d tic
dung, thi &nh chinh dén hé s6 luc cdn 1a hinh dang vat can, géc tdi va s6 Raynon.

Cac luc P, va P, 16n hay nho chi yéu phu thudc vao hinh ddng cua vat can. Vat
¢6 hinh dang khi dong xau nghia 1a vat khi dong bao quanh né c6 diém rdi, khong bao
kin (nhv hinh tru tron, thuyén thiing v.v...) thi P, 16n honP

Véi cdc vat ahu cinh mdy bay, cinh tuabin, tdm phang v.v... luc cdn c6 thé tinh
thco cong thuc:

Xap xms

'!411 Tma »dl
PT = Pﬂns(l + k)

Véi k=0,1 +0,25
Heé s6 luc can cia mot s6 vat thuong gap:

Hinh dang vat Ti 56 cdc do dai S§Re | Liétdien |
: can chinh X
d
a/b=1 1.15
Us G
- 2 1.16
5 6.10° ab 1,20
a) 10 1,22
T4m phing cé chiéu day 30 1,62
d= (0.01 = 0,002)b
ID=0.5 1,00
! -
R 1.0 .| 084
. /s 2.0 5.10° “Ij 0,76
\ 40 0,78
b)
5.0 0.80




Tiét dien

Hinh dang vat Ti s6 cac do dai S6 Re \ ) C
L can chinh x
/D=1 0,64
2 0,68
5 0,9.10° D! 0,76
10 0,80
40 0,98
I/D=34 , 0,05
5 (5+6).10° “Ij 0,06
6 0,075
o = 60° 710" D | 051
30° o 4 0,33
6.2.10° ’ﬂz' 1,16
Dia tron ¢6 chiéu day
d=0,01D
. 4.10° LA
. 1,42
D"’
. f 4
h) \ 5.10°
. X 4.10° 0-34
Nua gédo cau ' 0,36

2. Lue nang. Pinh li Giucopxki - Kutta

Khi nghién ctu dong the cha chat 16ng li tudng bao quanh tru tron, nghid 1a dong
bao quanh tru tron khong ¢é luu s8 van tée (T = 0) ngudi ta thay khdng b bat ki mot luc
nao tic dung 1én né. Trong co hoc chat Iong, két luan nay dugc goi la nghich li Ole
Palambe. Diéu nay con diing ci d6i véi nhimng vat c6 hinh déng bat ki.
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Con khi dong bao quanh tru tron ¢6 luu s6 van toc thi vécto chinh ciia dp luc chi cé
mot thanh phan hudng vuong goc véi van toc & vo cling Uy va ¢6 tri s6 pU.T. Day 1A
trudng hop riéng cua dinh Ii Giucépxki vé luc nang.

Trong thuc t&, khi cdc vit hinh tru hay hinh tron quay trong chat 16ng thuc chuyén
dong ta c6 thé xem nhu dong bao quanh chiing ¢6 luu s6 van téc va do dé xudt hién luc
ngang vudng géc véi van tdc cua chit long tic dung lén cdc vat d6. DAy 1a noi dung ctia
hiéu \ing mang tén Mécniit. Dua vao hiéu ting nay ta c6 thé giai thich mot s6 hién tugng
nhu viéc sinh ra cac “phéu” xody nuéc khi thdo nudc tir bé chifa ra, dan dao bi léch
ngang, chuyén dong bi uon cong, qua béng xody v.v. ..

Pinh li Giucopxki - Kutta

No6i dung cha dinh 1i néi vé luc nang cha dong chat 16ng 1i tudng tdc dung 1én cinh
don nhu cdnh may bay.

Dinh 1i: Néu dong chay ¢6 van tdc & vo cung U, bao quanh préfin canh va lTuu 6
van téc doc theo profin canh la [, thi hop luc cia dp luc chat long tic dung 1én profin
canh sé ¢6 tri 56 pU..I', con phuong chiéu duge xédc dinh bang céch quay vécta U, mot
géc 90° nguoc chiéu 1.

C6 thé chiing minh dinh )i bang cch dp dung dinh 1{ bién thién dong luong cho khéi
chat léng nam giita vong tron khd 16n va profin cdnh, hay nhd i thuyét him bién phc
nhu Traplughin da 1am (xem trang 97-100 tap 2 [1]).

V& mat vat If: sitc ndng mot chiéc canh bat dong [ do su chuyén dong tron (xody)
chia ddong chat 1dng xung quanh cédnh dé (lwu s6 van t6c). Do anh hudng chuyén dong
ctia dong chat 16ng Ay, van toc trén lung canh 16n hon van téc & dudi bung cdnh. T d6
sinh ra su chénh léch vé dp suat, tao thanh mot luc ddy tir duéi lén.

§8.2. LOP BIEN

Nhu vira néu & trén, muén tinh luc can phai biét phan b luc ma sét (iing suét ti€p)
doc bé mat clia vat bi chat 16ng bao quanh, nghia 12 phai nghién ctu 13p chat long st vat
_ 16p bién.

1. Dinh nghia

Khi chat long thuc bao quanh mét vat dimg yén, do tinh nhét nén hinh nhu né dinh
vao bé mit vat. Vi vy, van t6¢ cua dong chiy trén mat vat bang khong. Khi ra xa vat
theo phuong phap tuyén véi bé mat, van t6c sé tang ddn va tai khoang cich nao dé ki
hi¢u la 8 nd s& gin bang van téc cua dong bén ngoai U, (=0,99U.). Lép chat 1ong cé
chiéu day 1a 8 d6 goi la 19p bién. Trong 16n bién tap trung hau hét anh hudng cda tinh
nhét, ¢6 nghia chat 1ong 1a chit 1ong thuc. Mién con lai anh hudng clia tinh nhét khong
ddng ké va cd thé xem né nhu 1a mién chat 1éng 1i tudng.
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Dai lugng 3 phu thudce vao viéc chon & dau diém quy udc chi rd bién gidi cla 16p
bi¢n. Do d6 trong khi tinh todn nguoi ta dua vao nhimg chiéu day dac trimg khéc cta
I6p bien: chiéu day bi ép &', chiéu day tén that xung luc 8™ va chiéu day tdn that nang

lugng &% **,

2. Chiéu day bi ép

Dot véi chat 1ong 1i wong: céac duong dong
gén tudng khong thay dai phuong nhir khi & xa
tuong. Con doi vdi chat long thuc: cac dudng
dong gan wong sé bi uén cong viu < U, - tao
thanh 16p bién. Nhu vay, & day xét anh hudng
dong hoc cua tinh nhét én vi tri cha dudng
dong. nghia 1a tinh A bang bao nhiéu (hinh 8.2).

Xic dinh khoang cdch dich chuyén A cia
duong dong do anh hudng cua tinh nhdt dua
trén tinh chat: duong dong la dudng luu luong
bang nhau. Tinh luu lugng Q, chat Iong thuc

yd
A B hue
)
A
— _ _Bhjveng
@
7. e

Hinh 8.2

qua mat cdt giifa bé mat vat va duding dong cach thanh mot khoang y.

v

Q, = Judy

0

Putng dong tuong tng ca chat 1ong 11 tudng $€ gdn bé mat vat hon maot doan A va

dugc tinh tir di¢u kién can bang liu luong:

y
Q,=u_(y-A)y=u, jdy -u_A
0

Q =Q,»u A= J'(un - u)dy

hay A= [(1-—)dy
0 u

Y

&
Khiy—>8 A=A, =8 = [(1-—)y
0 u

n

Hay viét dudi dang khong thit nguyén:
|
5 = J(l — ¢)dnd
0
D01 véi chit 1ong nén dugc:

8

) u

8 = [(1-L)dy
0 pum
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Nhur vay, 8 dac trung cho su dich chuyén duang dong cia dong ngoai khoi phuong
cta dudng dong trong chuyén dong ciia chat 1éng I tudng. Luong chat 16ng di qua chiéu
day 8" bang lugng chat 1ong di qua (5 - 87). Sur gidm luu lugng dé pay ra do 16p bién
“ép” chit 1dng, nén & mang tén chicu day bi ép. DGi véi tim phang: 8" = 0,3758.

3. Chiéu day tén that xung lvce

Xé1 anh huong dong lire cta tinh nhdt 1én dong chay bao quanh vat.

Tinh luc can X theo dinh 1i bién thién dong lvong (Dinh 1i Ole 1 (4.20)) cho khoi
chat long chifa trong ABA’B’ (hinh 8.3).

Dong luong chat 1ong chay vao qua AB:

q, =2phu;,
Vi lugng chét long chay vio qua AB gan bing lugng chdy ra qua A'B’ nén:
+h y
2phu’ = [pudy A~ AN Ll
_j}: ——] / \ -
+h
Suyra: g, =u,p Iudy u,, " iy
h
Dong lugng chit long chay ra qua - RIS
A’B’: — -
+h —h h
P
q, =p |udy —
! 1 /
;) \ / B

Theco dinh 1i bién thién dong
Iuong: Hinh 8.3

-h +h

X=u_p judy -p juzdy +q'
-h

-h

Trong d6 q” - dong luong chat long chay qua AA’, BB’. Khi h —co thi > -0 nén:

X=u,p lu(l - _11_de
u

—n 0

Tim hé s6 luc can:

Trong d6 & = I—LL[I ——u—}dy- chiéu day tén that xung Iuc.
u u

" o "
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)
Trong 16p bién cé dang: &, = J‘l[l —L)dy
0 u':.\ um

1
Hay la viét dudi dang khong thit nguyén: 8™ =8 _[go(l - p)dn

0
Nhu vay, chiéu day ton that xung luc 1a chiéu diy ma trong d6 dong tuong clia chat
16ng i tudng (twong tng véi U.) bang dong lugng tiéu hao trong 16p bién:

p.3"u,u, = [pu(u, -u)dy
0

Tinh cho tdm phang: 8 = 0,1465

n

B
D6 vdi chat long nén duge: & = [ {1 - -“—]uy
: ¢ pmuao u
Trong mot s6 tinh todn, ngudi ta con diing ti s6 cdc chiéu day:
' * (2] 6”
H= % H = 6— I = —
) ) 8

4. Phuong phap 16p bién

L]

a) Gidi chinh xdc: Vi 18p bién duogc hinh thanh chi khi s6 Raynon 16n, nén phuong
trinh chuyén déng trong 18p bién ¢6 thé nhan dudgc tir phuong trinh Navie-Stoc viét dudi
dang téng quat khong thi nguyén, sau dé dinh gid bac cdc thanh phin trong phuong
trinh ay dua trén diéu kién co ban: chi¢u day 16p bién nhd hon nhiéu so vdi chiéu dai caa
vat (3<<l) nén suy ra gid tri cdc dai luong theo phuong y nho hon gia (ri cdc dai lugng
theo phuong x (hinh 8.4).

Bang cdch d6, nam 1904, L Prandtl da tim ra hé phuong trinh vi phan 16p bién cho
trudng hop chuyén dong phang, ding cia
chat 16ng khong nén duge va bo qua luc
khoi (xem trang 135-137 tap 2 [1)).

du du, d%u
Uu—+v—=1 +vVv

ax oy T dx oy I -
- 5
LA @8.1) i ] X
ox 0Oy 0 -
!
Véi cdc diéu kién: taiy=0:u=v=0 -
Hinh 8.4

y =08, U= Uy (X)
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Giai truc tiép hé phuong trinh (8.1) v6i cdc diéu kién bién tuong (ng ta sé tim duoc
nghiém u(x, y), V(x,y) trong toan 1p bién va do dé cé thé tinh duoc tng suat tiép trén bé
mat vat. Loi gidt dién hinh la cta Fokner va Skanc tim ra tir nim 1930 khi cho phén b6
van t6c ngoai 1Gp bién dudi dang ham sé mii:

U, (x) = Cx™
b) Gidi gan duiing: Hé thic tich phan T.Karman

Dua trén viéc ddnh gid su bién thién dong lugng trong 19p bién qua chiéu day bi ép
& va chiéu day tén that xung hue 87 (hinh 8.5) Karman nhan dugc hé thic tich phan:

S_dpw+d8 N du, (25" +8') =
p,. dx dx u_dx

T,

(8.2)

S6 hang thi nhat trong v€ trdi clia phuong trinh (8.2) biéu dién ing suat ma sat dai
vdi chuyén dong cha chat 16ng nén duoge. D6i vdi chit 16ng khong nén duge (p.. = const)
ta cé phuong trinh:

o, LA, o5 igy= s (8.3)
dx u, dx p.u,

Khi u., = const, s6 hang thit hai bang 0.

Phuong trinh (8.2), (8.3) goi 1a hé thic tich phan Karman vi n6 chia céc tich phan
8", 8. Tir he thuc tich phan dé ta sé xé4c dinh duge t,,, 8,8 khi cho biét dang profin van
toc trong 16p bién, chang han nhu Ponhauden cho préfin van t6c khong thif nguyen:

gf)=l=A0 + A’ +A,n3;%¢0
u, T dx
Bing phuong phdp nay ngudi ta da gidi cho 16p bién chay tang trén tim phing vi
tim ra duogc hé s8 can toan bo: C = 1,444/ Re

Hé 6 can cuc bo: C, = T, 0722

;pUi R,

0,664

JRe,

Trong khi dé 14 giai chinh xdc cho: C, =
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y 'y
f—
. — "]
- /
L p+dp
[
p
— ]
& a
[t Ty
y ¥ - -
LIS TR 7777777777777 7777 7777777777777 7777777 7777777777777 %
¢ dx d
Hinh 8.5

§8.3. MOT SO BAI TOAN LOP BIEN

Ta 4p dung hé thic tich phan Cécman (8.3) dé gidi mot s6 trudng hop cu thé.
1. L6p bién chay tang trén tim phang

- g d 4 -
Trong truong hgp nay ap suat p, u, khong doi: :_p =0, :“’ =0. Do dé phuong trinh
X X
(8.3) s€ ¢6 dang rat don gian:
° _ Tt (8.4)
dx p,u,

Dé giai phuong trinh d6 ta cho dang profin van téc:

p=""=A, +AN+AN +. +AR"
u

B

Ciaché sé Ay, A,, ..., A, duoc xdc dinh tir cdc diéu kién bién: moéi hé s6 ttng véi mot
diéu kién bién. Gia sir ¢6 3 diéu kién bién:

N=0y=0)x0¢=0(@=0)
N=1y=38);¢=1@u=uy)va
0 _ 0[@ _ 0]

on oy
Thi profin van tdc cd dang:

p=A,+An+An
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Tir cac diéu kién bién ta xac dinh dugc:
A= 0: A, =2; A, = -1

Vay dang profin van toc s€ la:
p=2n-7’

Thay ¢ vao cic biéu thiic ciia 8", 8, 1,

[
L] 1
8 =5[(1-2n+n)dn==5
Dj( n+n’)dn = 2
! 2
8" =38 [an-n")(1-2n-1')dn =28
0

u
T, = 2U—=
w p 8

Thay cic gia tri cita 8 va t,, vio phuong trinh (8.4) ta tim duogc:

5= 302

u\f.\

hay la: 8 _ 548
X Re,

nghia 1a 8 1 1e v8i VX : 8~ v/x . Biét & sé tinh duoc 1, vi tir d6 tinh duoc hé s6 luc can.

Hé s6 luc can cuc bo:

Co— T _ 0,722
(= -
'ouz VRe,
2
Hé luc can toan bo:
X 1444

C

x

ép\JiS VRe
Trong d6: S = 2b/ - dién tich hai phia cia tim phang;
b - chiéu rong;
! - chiéu dai.
Luc ma sat trén toan tdm phang:

|
X =2b|r,dx = %,/uplui

0
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2. Lop bién chay roi trén tam phing

V4§i nhitng diéu kién nhat dinh, 16p bién chay ting s& mat 6n dinh va chuyén sang
chay réi. Tuang t nhu viée khao sdt hai trang thai chay trong 6ng, tieu chudn dé xac
dinh gidi han su mat 6n dinh cla trang thdi chay ting 13 s6 Raynén téi han. Déi véi tim
phang, néu s6 Re > 3.10° ta s& c6 16p bién chdy r6i.

Nhu ta di biét, néu Idp bién chiy tang trén tdm phang, thi chiéu day 16p bién ti 1¢
v6i VX, X 12 khodng cdch tir ddu mii tAm phing. Qua do tir 16p bién chay ting sang
chay r3i dugc rat nhiéu ngudi nghién ciu va thay ring d mién gin mii tam phang 16p

bién ludn luon chay tdng, nhung tiép theo doc dong chay vai nhilng dicu kién nhat dinh,
13p bién trd thanh roi.

Khi dong khong khi bao quanh tim phang ¢6 ddu miii nhon, 16p bién chuyén sang
roi & khoang cach x dwoc xdc dinh tir bi¢u thic sau:

Re.. =2 =3510° +5.10°

A%

Tir d6 suy ra, khi vén tdc clia ddng chdy u. ting thi diém qué do dich din Jén phia
ddu miii tim phang.

Ngoai s6 Raynon téi han Re ., con cé nhimg yé&u t§ khdc anh hudng truc tiép dén
trang thdi qua do, nhu gradient dp sudt, d6 nham, d6 cong clia bé mat vat v.v...

Khao sét i6p bién chay r6i trén tAm phéng.

Ta da biét trong chuyén dong rdi, ngusi ta dua vao khai niém gia tri trung binh thoi
gian va da xét gia thuyét Prandtl doi véi ting suat tiép:

_\2
dy

Trong dé: / - chiéu dai dudng rdi (chiéu dai xdo tron).

Dai v6i tdm phang ta cling ¢6 phuong trinh:

e
o pTL‘:z (8.4)

nhung véi chi y 12 céc gid tri 8, 87, 87", va t,, s&€ khic trude.

Co s& 1i thuyét ban thire nghiém cla 16p bién r6i 1a su tuong tu giita chuyén dong réj
trong 6ng va trong 16p bien. Dai v6i 18p bién chdy ting va chuyén dong trong Ong ta da
¢6 su lién hé gitra cdc thong s6 sau day: ban kinh cla dng va van tdc trén truc ong tuong
ting véi chiéu day 16p bién 8 va van téc tai y = 8. Nhilng diéu nay ciing ¢4 thé dp dung
cho chuyén dong roi. Khi dé profin van téc trong 16p bién réi c6 thé tim dudi dang ham
s6 md hay ham logarit.



Ta tim dudi dang ham s6 ma:

l:[l] hay lap=n"
u, )

Thay gid tri @ vio biéu thitc cia 8", 8™

)
8§ =8 _[(1 ~p)dn=-"15
h n-1

=5 fw(l pln =

«——8
(n+1)(2n+1)

Néu lay n = 1/7 — goi 14 préfin van tée 1/7 ta s€ tinh duoc:

5 =tasm=Ls

8 72
D¢ tinh (ing suat ti€p trén tAm phang T, ta 4p dung cong thic clia chuyén dong réi
trong ong:
U -114
T, = 0,0225p, fm[—w]
v
Khi thay u_, = u.; r, = 8, ta cé:

5 —1/4
1, =0,0225p, i[”w )
Vv

Thay 1, va 8 vao phuong trinh (8.4) ta sé dugc:

§ = 0.37x| 2=X j_“s
) “ V

Hay la: . 0,37Re "
X

Suy ra, 8, ti 1& véi x**: 8, ~ x**, trong khi d6 §
theo x nhanh hon 16p bién chdy ting.

8]
Biét 3 s& tim duoc T, va suy ra luc can

|
X =2b [r,dx = 0,072pulb/Re™"*
0
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Hé s6 luc can cuc bo:

C, = =0,0576Re;""
EPU;
Heé s6 luc can toan phan:
C.= 1 X) =0,072Re™"*
i—pu;S

So sanh véi thuc nghiém, ngudi ta 1ay 0,074,

3. Lop bién trén mat cong

Ta da khéo sét xong hai bai todn 16p bién trén tAm phing tuong doi don gian. Nhung
trong cdc may cd cdnh (tuabin, may nén khi, quat v.v...) thuong gap nhirng vat c6 hinh
dang cong nhu cdc day cdnh. Khi dong chdy bao quanh mit cong thuong xay ra mot
hién tuong kha quan trong’ xuat hién diém rdi ctta 16p bién. Ta s€ giai thich hién tugng
nay dua trén dicu da chimg minh trong phin hé phuong trinh 16p bién o =

Ta khao sit dong bao quanh mat cong AB (hinh 8.6).

p

Hinh 8.6

Gia sir 4p suit cia dong ngoai doc AB lic ddu giam, dat gia tri cuc tidu & M va sau

s€ tang. Mién dong ngoai ma tai d6 gradien dp suit Am [% < 0] goi 12 mién thu hep
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dp

din. Mién chuyén dong sau diém M c6 gradien dp suat duong [g > O]goi la mién mo

rong dan. Tai mién thu hep dan dong ngoai sé tang téc, con d mién md rong dan dong sé

p

bi ham. Vi trong 1&p bién 2y =0, nén c6 thé két luan ki phan bé 4p suat ciing s tuong

tu nhur the trong bt ki khoang cich y < 8 trong 1&p bién trén doan AB.

Trong pham vi 18p bién van t6¢c trudc diém M s& tang, con sau M s gidm. Pén mat
cat S nao ddy, cdc phan I chat long g sdt bé mat AB khong thé thing dnh hudng him
cua dong ngoai va ching bi dung lai. Tai S s€ ¢6:

[au} -0
ov
s Zy=0

Sau diém S, dudi tic dung clia d6 chénh 4p suit nguoc chiéu dong chdy, cic phan tir
chat long & st bé mat AB sé bat dau chuyén dong ngugc, goi 1a dong thi cap. Gap dong
chinh dong thi cdp bi ddy ra khoi bé mat AB, ddn den hién tuong tdch rai l6p bién.
Diém S [a diém rd&i cha 16p bién.

Sau day ta xét cach giai cu thé bai todn I6p bién chiy ting trén mat cong dua vao
phuong trinh xung lugng (8.3) theo cach giai gdn diing cua hai nha bac hoc Kochin va
Loixianxki.

Vi trong phuong trinh (8.3) ¢6 3 an s6 8", 8™ 1,,, nén tét ca cic phuong phép giai gin
diing déu tim cdch dwa vé phuong trinh chita mot dn bang cdch chon moét ho cic profin
van t6c chi phu thuéc mot thong s6 va nhu viy s& duge phuong trinh vi phan thuong doi
voi thong s6 da chon.

Ko6chin va Loixianxki d3 chon thong s6 d6 12 dai lugng f - goi 1a thong s6 hinh ddng:
5"

{= = (8.5)
s

Khi dé ho profin trong 13p bién chay tdng s& c6 dang phu thudc sau day:
u
Lo Ft)-on
n, 0
Cond’, 8" vat

. ° u o .o
4 —J[l—u—jdy—ﬁ J[1—4o(npf)}in.=5 H(f)

o

ou op u, _fu,
=y —| =p—| =="=2¢0,
T, u[ y LO “[an, ]‘H 5 7 (0,£)
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w

Néu ki hieu ¢'(0,f) = {(f) = L thi phuong trinh (8.3) s€ ¢6 dang:
pu

o2

ds” u,
Kdr—s 2+ H(f)]_

a:

Nhan phuong trinh dé vai % , ta s€ duge:

2 dx v
hay 13, véi cha y:
u s
N,
va ki hi¢u:

2(8(H — (2 - H)f] = F(f)

Phuong trinh xung lugng sé c6 dang:

48\ _d( 1) FD
dx| v | dx u;j“um>

nén phuong trinh trén cé dang cudi ciing:

dfu

= 1{+ ”F
dx u ®

0 2]

(8.6)

Khi biét F(f) vd cho u. (x) c6 thé gidi duge
phuong trinh d6 va s& tim dugc f(x), tir d6 suy ra 8™
va T,(x).

Tl cdc 10i giai chinh xdc di duge thuc nghiém
chitng minh, ta cé thé biéu dién F(f) dudi dang ham
tuyén tinh:

F(f) =a—bf

1 87, ud™ _«n
[v ]+ oy 2+ H(f)] .

0.6

\ 6
F\S 0,5
\

4

ox /VC

0,08

Trén hinh (8.7) biéu dién cac dudng cong H(f),
C(H) va F(f) ing vdi 161 giai chinh xdc cta bai todn
16p bién chay tdng khi van tdc u. = cx" va a = 0,45,
b = 5,35.
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Sau khi thay gid tri cta F(f) vao phuong trinh (8.6), ta sé dugc phuong trinh xung
luong dudi dang:

df —alx +[E:i—bu—°°}f

dx u u u

N »

£

Pé 1a phuong trinh vi phan thudng tuyén tinh bac nhat va nghiém cla nd sé la:

au,, ¢ - u,
—ui_ ju* "QOdE + cu—i (8.7)

0

f =

Hang s6 tich phian C duoc xac dinh tir cac diéu kién bién: x = 0; u =0 va f hiu han,
nén C = 0. Bi¢u dién 8" qua thong s hinh ddng f theo céng thic (8.5) ta dugc:

5= | - Y2 T odg (8.8)
ua) u:r.m 0

Biét f(x) vi 8™, theo d6 thi trén hinh (8.7) cé thé tim dugc H(f) va &(f), tir d6 suy ra
8" =8"H.
u,,(x)
T, X)=U——
W) =g ) (5
Toa d6 chia diém rdi dude xdc dinh tir diéu kién 1, = 0. N6 tng véi £(f) = 0. Tir hinh
(8.7) ta thay &(f) = 0 khi f_ = - 0,0681. D4u am chitng td diém roi xay ra trong viing mo
rong dan.

Cic k&t qua tinh todn trén hoan toan phil hgp vdi két qua thuc nghiém khi f > 0, con
mién gin f = f, két qua hoi khidc nhau.

§8.4. LOP BIEN NHIET PO

Trén co sd nhitng két qua vira thu duge, ta khao st mot loat 16p bién khac goi ta 16p
bién nhiét do, ma thudng gap 0O trén cdc vat hay trong cdc may ¢6 canh chuyén déng véi
van téc 1n.

1. Pinh nghia
Tuong tu 16p bién da xét & trén con goi 1a I6p bién dong hoc hay 16p bién van t6c —
ta ¢4 1dp bién nhiét do.

Néu nhiét do cua vat bi bao quanh va nhi¢t do clta dong chay khdc nhau, thi chiéu
day clla mién ma tai d6 xay ra su bién thién tir nhiét do ctia vat dén nhiét do clia dong
chay sé& phu thudc vao mot dai luong khong thit nguyén. Dai luong d6, tuong tu nhu s
Raynon trong 18p bién dong hoc, goi la Raynén nhiét d6:
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Trong d6: a = A hé s6 dan nhiét do;
pC,

* - hé s6 dan nhiét
. B , T - Nhigt 44 dong chay
C, - nhiét dung dang ap.
Ki hiéu chiéu day d6 la 8, con chiéu
day khong tha nguyén:
= &
=T L

Khi Re,nhod thi &,>>1; con khi Re;

i6n thi & <<l. Dinh nghia: 18p bien 77777777777777777777777777777777
nhiét do 1a 16p sat vat bi dong chay bao T, - Nhiét 43 twémg nong
quanh, ma tai dé khi s6 Re; 1én thi nhiét inh 8.8
d6 s& bién thién tir nhiét do cla vat dén Hinh 8.
nhiét d6 cia dong chay (hinh 8.8).
2. Phuong trinh I6p bién nhiét do. Hé thirc tich phan cia 16p bién nhiét d¢
Xuat phat tir phuong trinh din nhiét cho chuyén déng phing, dimg:
aT [aZT aZT]

u‘—-—+uv-—=a——,+—2—
x ey e oy

trong dé: T - nhiét do.

Tién hanh trong tu nhir déi véi 18p bién dong hoc & phan §8.2, nghia la viét phuong
trinh trén dudi dang khong thit nguyén réi dinh gid bic cdc s6 hang ta s&€ cé phuong
trinh 16p bién nhiét do.

aT _ o'T
U, —+u,—=a—_—
ox dy oy

Tir dé ¢6 hé thic tich phan cha 16p bién nhiét do hay con goi 1a dong nhiét truyén
qua 1p bién:

87 _ a 4T
ox u, T, oy "
&T
trong dé: 8 = [> [1—l]dy
0 u, Tm
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hay bi¢n ddi
T,-T=(T,-T,)—(T~-T,)=0-8
Ta s& duge hé thite tich phan cua 16p bién nhiét do:

db" a ae

8.9
dx  Ou, dy (89

y=0

-t

3. L6p bién nhiét do trén tim phang

trong dé:

Ta giai cu thé mot bai todn 16p bién nhiét do: dong chat 16ng chay tang véi van téc
khong déi u.. bao quanh tim phang c6 nhiét d6 ¢d dinh T,,. DE sir dung hé thitc tich phan (8-
9) phai biét profin van t6¢ va profin nhiét do trong 1dp bién. Ta cho dang profin nhiét do:

T(y)=b,+by+by + ... +by (8.10)

S& lugng céc s6 hang va gid tri cdc hé s6 by, b, b,...b, ¢ thé x4c dinh theo cic diéu

kién bién cho trudc. O day, ta ¢ cac didu kién bién:
)
Khiy=0 (& trén matvaty: T=T,_; By =0

yBTTﬁo

Thay cic diéu kién trén vao (8.10) ta s& dugc mot hé phuang trinh vdi 4 4n: by, b,
b,,b.:

T, =b,:T, = b, +b,8; +b,8% +b,8}
2b, =0;b, +2b,8, +3b,5] =0
Giai h¢ phuong trinh dé6, s& tim dugc:

b0 = Tw’b1 = ET” _Tw
2 5,
b, = 0§b1 = "l' L _xTw
2 &
3 1 "
Do dé: T:'I‘w+—(Tﬁ—Tw)l——(Tm—Tw)(l]
2 5, 2 8;
_ 3
hay 1a: o =L 3y 1y 8.11)
0 T.-T, 25 2|5,



Profin van toc ta cling chon dudt dang:

U, =u=a,+ay+ay+ay
Vi cac diéu kién bién:

y=0:u=0; 6‘21:0
oy

y:6:u=u4;@=0
oy

$€ (im duoc:

1o,
al == ‘1'
R 2 b.
Suy ra, profin van téc cé dang:
3 1(yY
- =—-1——(1] (8.12)
u, 2 8 2.8

Thay cdc gid tri (8.11), (8.12) vao phuong trinh (8.9) va gia thiét 8, < & sau vai phép
bién déi ta s& duoc phuong trinh:

[5.];4,(@4

5) 37 dx  Pr 813
Trong dé:

Pr= g - 80 Prandtl
Nghiém riéng cta phuong trinh dé la:

—851 zﬁhay la d; = -l

Trong phan §8.3 di tinh dugc:
§=4.64 |2
um

5, =464 — | XX (8.14)
Pr\u

o

suy ra:

Nhur vay, chiéu day 16p bién nhiét do trén tdim phang i & vdi Vx cling giong nhu
chiéu day 16p bién van toc.
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Tuong tu nthu tinh hé 6 lyc can trong 16p bién van t6éc, & day ta tinh he s6 trao dai
nhiét cuc bd a(x). N6 duoc xdc dinh nhu sau:

1 ]
o) = e =—1{QJ LN ¥l
w o e ay y=0 _T ayy_o

w A

Tir (8.11) ta cé:
a0/
a

Va véi chi y (8.14) ta duoc:

o(x) = 03230 4Pr. Ve
vX

Cé thé tinh hé s& trao ddi nhiét trung binh:

a, =~ fax)dx = 0,646APr | 2= = 24
X 3 VX

3.9
28,

y=0

Thong thudng trong trao déi nhiét ngudi ta ding tidu chuin tuong v Nuxen:
al
Nu=—
A
S6 Nuxen cuc bo sé la:

Nu, = “—;‘ =0,323YPrRe

S6 Nuxen toan phan:
Nu = O‘Tbl = 0,646 3/Pr VRe

Luong nhiét truyén tir mot don vi chiéu rong cfia mét mat t&m phang trong moét don
vi thoi gian:

Q=a(T, —T.)1 = x%’m Ty (T, —T.)Nu

Ta néi thém vé cach bién déi dé c6 duoe phuong trinh (8.13)

Sau khi bi&t profin nhiét d6 (8.11) va profin van t6c (8.12), ta c6 thé viet hé thitc tich
phan (8.9) duéi dang:

5T 2 2
dm 3y Uy K2 ey g3 2 (8.15)
o i 727 T2ls ) Y278 21 s, 2 0,8,




Dé dang tinh duge tich phéan trén néu gia thiét 8, < 8. Trong trudng hop nay, tich
phan trong khoang (8 - 8;) luén bang khong vi 6 =0, suy ra gid tri chia ham duéi déu
tich phan trong biéu thitc cia 87 trong khoang (8 - 8;) luén ludn biang khong.

Néu ta dat h= % , nghia 1a &, = hd thi tich phan trong phuong trinh (8.15) s& bang:

51— = 4

S6 hang
sO hang thi

lah<1.Boqua

hay la: (8.16)

Thay céac

Coi: 14
13
8.17)
Vidul: truyén nhiét:
ar 1 oT
U=
ox Cp

Trong d6 ¢6 thé xem cic dai lugng C,, p, A 1a khong déi, (theo Ii thuyét dong hoc
chat khi ta ¢6 cong thitc gan ding A = pCal; trong d6 / chi€u dai chay tu do trung binh
cua phan tir, a - vin toc am).
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Bai gidi:
Tir phuong trinh truyén nhiét:

ar a &T
ox  Cpu, ox°

Vi cde diéu kién bien:
Khix=-0:T=T,

T,»- nhiét 46 sau mat tang vot nén. Suy ra:

T =Ta + (Tye - T)eXp {Cppuw %]

Chiéu day mat tang vot nén d duge x4c dinh dua vao gradien nhiét do tai x = 0 wr
biéu thic sau:

T,,—-T, N /
d:: = = -
{g’ﬂ'j C,pu, M
ax x=0
M == -353 Miac
a

Vi du 2: Dua vao d6 thi trén hinh 8.9 hdy tinh hé s6 luc cén ctia tdm phang trong 16p
bién chdy ting khi s6 Re = 3.10° vd s6 M = 2,13.

Bai gidi: cRe ) 1
oy e o v 15 s
Trén do thi, n la sé mii cda biéu thic:
0,8
n 1.0 '
B {lj & 05
mo (T, 05
Trong d6: p - hé s6 nhdt; T - nhiét do. I . A -
0 5 10
Ca 3 truong hop (ng véi s6 Py = 1.
& 1iop fmg ¥ , Hinh 8.9
Dua trén d6 thi, ta s€ tim duge hé s6 luc can C,.
C, = L3 _ 0.0024

X \/’R_C

(d6i vai khong khi, 1dy n = 0,8).
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Vi du 3. Hiy so sdnh nhiét dé trén tim phing T, bi ddong chay bao quanh véi nhiét
do tai diém tdi han phia trude T, khi s M =13 ;5. Dong bao cé T = 220'K, Pr=0,7.

Bai gidi:
Dai vai trudng hop chuyén dong dimg ta cé cic cong thifc sau:

T,= [1 + %Ml]Tﬂ

L_IZ[EM ]J;?r

T T

a5 »

Tir cac bicu thic d6 ta tinh dugc cdc gid tri sau day cta nhiét do:

M.. T, - 273" T, - 273
1 9 -17°
3 343" 282"
5 1037° 865"

Nhung tai diém tSi han phia trudc ma tai dé su trao ddi nhiét kha yéu do van téc
nho, trang thai dimg dat dugc rat cham; vi vay nhitng vat ¢6 dau tl it nguy hiém so véi
nhiing vat c6 mii nhon.

Vi du 4. Dya vao dé thi trén hinh 8.9, hiy tim heé s6 luc can C, cla tdm phang bang
phuong phap Ponhauzen md réng chon =0,75 van=1.
" Bai gidi:

Ta ¢6 hé thife tich phan Karman:

ou . du d o
— | =8"p,u, —=+—(p,ud
“‘I[ a JI pm ¥ dX dX (pm »n )

Trong d6: 5°,8" - chiéu day bj ép va chiéu day tén that xung lre.

d 5"’
Giasirdat: C =u —[p,, ]

T dx K
Khi dé véi gid tri cia thong s0:
.‘2
d
= p.S = du, _,
Y, dx

tir hé thie tinh phan Karman trén ta duoc:

C.yRe, =2 C[%]
0
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Tur hinh 8.9 ta thay gid tri v€ phai clia biéu thifc trén s& gan bang 1,3. Dai lugng C
duge xdc dinh nho d6 thi cta phuong phdp Ponhauzen md rong (hinh 8.10). Két qua
cudi cling ta s€ tinh dugc gia tri cdc théng so sau day:

T C,+/Re,
M., & T_
- n=1 n=0,73

0 1,33

1,34
2 1,36

M,
Vidu 5. Mg bang vat liéu

duyra dang chit
chiéu day cua t
tri ndm trung voé

éu rong va &
1c O duoc bo

ch cuia tAim o

L4y khoang cdch x tir tam clia mat phéng hing gié (dp tAm) dén truc quay ctia tdim
theo cong thitc thuc nghiém:
x=1(0,2+0,3cosa)

Trong lugng riéng cta vat liéu lam tdm bdo van toc gio 1a vy,
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Bai giai:

Ap luc gié tac dung lén tdm c6 dién
tich /b bang:

u: —_—
P =Clbp, —=

Pk )
Trong dé:
C- hé sd ¢

Sau khi th

ang dimg chay
: phing s& nim
yén lo ling. tdm C, chi phu
thudc vao gog

Xéc din
dong khi N ti
lo Iimg (hinh

Bai gidi:

Ap luc
hudng thang goc VoI
bang:

|
u’ "/ ]
|

P= Cw(l)’\{k '5; Vo
Trong dé: v, - trong luong riéng cha khi. Hinh 8.12
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Chi y ring 4nh hudng clia géc ¢ dén 4p luc khi tic dung 1én tim duoc ké dén trong
h¢ s6 can C,.

Xé1 diéu kién can bang luc khi tim phing nam 1o lmg ta cé:
G=P
Do dé:

2

0}
G=C, oy, —=
“’Yng

; 28G
riit ra: u, =
C,ov,

Cong suit dong khi:

mu_,
2
Trong dé6:  m - khéi lugng gidy cha dong khi;

N =

m = 0P U,COSP

Tl d6 ta co:
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Chuong 9

| M,O HINH HOA
CO SO LI THUYET THU NGUYEN, TUONG TU

§9.1. MO PAU

Nhimng 131 giai chinh xdc (bing phuong phép If thuyét) clia mot s6 bai toan thiy khi
dong luc la rat hi€m. Trén thue t& ngudi ta sir dung nhiéu phuong phip thuc nghiém.
Phuong phap mo hinh héa tvong déi phd bién. N6 dua trén If thuyét thit nguyén va tuong
tr. M6 hinh héa 1a su thay th€ viéc nghién ciu hién tuong cia mot doi tugng trén
nguyén mau bang viéc nghién ciu hién tugng tuong tr trén moé hinh ¢é kich thude bé
hon hay 16n hon.

Y nghia cla phuong phap: dua vio nhitg két qua thi nghiém trén mo hinh cé thé
k&t luan vé cdc hién tugng xay ra trén nguyén mau. Dicu kién st dung duoc nhitng két
qua trén mo6 hinh 1a khi ti€n hanh thi nghiém phai tuan theo nhimg quy luat nhat dinh
clia mo hinh héa. Nhimg quy luat dé 13 nhimg tiéu chudn twong fur.

Viéc xac dinh céc tiéu chudn tuong tu hay 1a cic dai lugng khong thit nguyén (cic
$6) khi mo hinh hda cac hién tugng 14 mot van dé rat phic tap. Khi giai bai todn nay c6
thé chia cdc hién tuong nghién ctru ra 1am hai loai.

1. Nhitng hién tugng va cédc qud trinh ¢6 thé dugc mo ta bang cdc phuong trinh (nhur
phuong trinh vi phan chuyén dong ciia chat 16ng trong éng, trong khe hep v.v...).

Khi d6 céc tiéu chuan tuong tu duge xac dinh dé dang nhu 1a cdc hé sé cha phuong
trinh viét dudi dang khong thit nguyén.

2. Cdc qua trinh va cdc hién tugng chua duoc mo ta bang céc phuong trinh. Khi d6,
i thuyé&t duy nhét cho phép tim cac tiéu chudn tuong ty 12 1 thuyét thit nguyen.

§9.2. LI THUYET THUNGUYEN

1. Cac dai lugng ¢6 thit nguyén nhu 36 dai, dién tich, van téc, dp suat v.v... Cic dai
luong khong thit nguyén nhu géc do bing radian (rad), s6 Raynon (Re), s6 Mic (M), v.v...

Pinh nghia: Pai luong ¢6 thd nguyén 1a dai luong ma cdc gia tri bang 6 cta né phu
thudc vao h¢ don vi do ludng do ta chon.

Dai luong khong thit nguyén [a dai lugng ma cdc gid tri biang s6 cha né khong phu
thudc vao hé don vi do luong do ta chon.

Cic dinh nghia néu trén chi cé tinh chat tuong doi.
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2. Thir nguyén
- Pon vi co ban va don vidin suat.

Cic dai luong vat 1i duoc lién hé v6i nhau bang nhitng biéu thic nhit dinh. Trong co
hoc thuong chon 3 dai luong co ban: d6 dai L; thoi gian T; khoi lugng M va thiét lap cho
ching mét don vi do luong nao dé goi la don vi co ban, nhu hé don vi SI (m, s, kg), hé
don vi CGS (cm, gam, s)...

Pon vi dan sudt 1a don vi biéu dién qua don vi cd ban nhu cm/s; ke/m’ v.v...

Thit nguyé

bang ddu []. Vi

3. Cong th

Li thuyét th

a) Ti s6 gi o day khong
phu thudc vao hu ti s6 gita
hai dién tich khd D

Tirdinh 1i n luong vat 1i:

Chéng han I:m=0;:
cta gia t6c [L,

b) Biéu thia u biéu thitc
giira cac dai lug ) —

Buckingham.

Biéu thitc to dai luong c6
thir nguyén a la hameua cac dai luong doc lap voi nhau co thirnguyena .. . .. Y
nghia la:

Néuk<nl

op khong tha

nguyén p; clia ci (theo (9.1)):

........................
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Nghia 12 s6 t6 hop bang hiéu giita s6 dai lugng c6 thit nguyén va sé thi nguyén co
ban.

Nhu vay, trong hé don vi méi biéu thidc (9.2) ¢6 thé viét duéi dang:
=00 L Lt Mgy i)
Mai t6 hop khong thi nguyén la mot tieu chufn twong tu. C6 nghia la néu dai lugng

khong tha nguyén (vi du he so luc can C,) phu thuf‘)c n dai lugng, ma s6 thit nguyén co

ban cua chiin khi dong luc k
=3, vay nén

Vidu I. o cdc thong so

dong chay.
Bai giai:
Gia str C

do nhét dong

lugng riéng p,

Dung co

nguyén cua cic
dai luong vat

a cdc dai luong

Thay cdc

Tir do ta

Xem ran g trinh trén, ta
dugc: b=c ai luong khong
thit nguyén:

oo

nghia 1a C, phu thuéc vao s6 Raynon. S6 mii n ¢6 thé tim bang thuc nghiém hoac tir céc
diéu kién phu vé sic can ctia cdnh.
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Vi dyu 2. Ap dung dinh Ii Pi dé 1ap bidu thiic tinh cong suat N ciia bom.

Bi¢t N phu thudc liru luvong Q, cot 4p H va trong luong riéng y.

Bai gidi:

Quan hé giira cac dai luong trén c6 thé biéu dién qua phuong trinh (5.2):
f(y.Q.H) =N

Co 4 dai lvgng ¢6 thi nguyén va chi cd 3 thd nguyén cua dan vi co ban, do dé cé 4 -
3 =1 56 hang n. Chon y, Q, H 1am 3 dai luong cé thi nguyén co ban, ta c¢é thé lap s
hang m:

N
m=
Q'y’H’
Viét dudt dang thd nguyén:
FLT' = [L'T'J'(FL"P[LY
Tuxdésuyra:x=y=z=1.

Do dé: 7'c:l hay la N = kyQH
yQH

Qua hai vi du trén, cé thé suy ra mot s6 budc co ban dé giai mot bai toan nhu sau:

1. Lap biéu thitc phu thuoc (n + 1) dai lugng a (9.2). Ghi thif nguyén cla chiing.

2. Chon k dai lugng co ban (thong thudng k = 3). Vi€t céng thic thif nguyén cia cic
dai lugng vat Ii. Nhu vay ta c6 (n+ 1 - k) s6 hang .

3. S6 hang 7 ddu tién cd thé 12 tich clia k dai lugng c6 s6 mil chua bi€t v6i mot dai
luong khic c6 s6 mi da biét (thong thudng cho s6 mit d6 bang 1).

4, Ldy nhimg dai lugng di chon & muc 2 lam bién s6 (k dai lugng) va chon mot
trong nhitng bién s& con lai d€ 14p s6 hang 7 ti€p theo. Lap lai twong tu lién tiép cho cdc
sO T sau.

5. Nho phan tich thit nguyén ta s€ cd hé k phuong trinh dai s6 va tir d6 xac dinh sé
mil cita méi s6 hang .

89.3. CAC TIEU CHUAN TUONG TU

Dinh nghia; Hai hién tugng goi la tuong tu (hay dong dang) néu dua vio céc dac
trumg cla hién tugng nay cé thé suy ra cdc dic trung cla hién tugng kia bang mot phép
bi€n ddi don gian.

Piéu kién tuong tu co ban cla hai hién tuong 12 cic tiéu chudn twong tu phai bang
nhau (idem). Néu ki hiéu n cho nguyén mau; m cho moé hinh, thi Re,=Re_;M,=M_ v.v...
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1. Tuong ty hinh hoc

Hai hé théng thiy khi dong luc tuong tu hinh hoc 12 khi céc kich thuéc twong g
cua chiing ti I¢ véi nhau.
L. .5
L “’s

m m

2
=K.

Trong dé: k, - ti 1¢ tuong tu hinh hoc.
2. Tuong tu dong hoc

Hai hé thong thay khi dong luc tuong tr ddng hoc phai tuong ti hinh hoc va cé thoi
gian di chuyén ctia mot phdn tir chat 1ong tir diém nay sang diém khdc trén cdc dudng
dong tuong tng ti 1&.

Ta cé: % =k,

m

Trong do: k.- ti 1& turong tu thai gian.

, .V LT
T do suy ra ti 1€ van toc: —=—""4
V L Tm

m m

=k k'

Tuong tu dong hoc ap dung trong cdc may thiy khi 1 cdc tam gidc van t6c dong dang.
3. Tuong tu dong luc hoc

Hai hé thong thiy khi dong luc tuong tu dong hoc va cé cdc khdi lugng tuong (g ti
+ 1€ thi goi 1a tuong tu dong luc hoc.

kp = Po 1¢ tuong tu dong luc
. 'L 1t?  kk!
Ti & cac luc: 5 = b T "T"_z =
Fm p m L;Il'l L“'I Tln k-r
. E p LV
Hay tong quat: =+~ =" =Ne = const
y g q Fm p“’l Lzmvl'fl

Tiéu chuén tuong ty Newton hay sé Newton.

Nhu vay trong thuc té, hai hé thong thiy khi dong luc twong tu phai théa man cic
dicu kién sau day:

1. Ching phai tuong tu hinh hoc.
2. C6 tinh chit giong nhau va c6 cing phuong trinh vi phan.

3. Chi cé thé so sanh véi nhau giita céc dai lugng ddng nhat tai nhing toa d6 khong
gian giong nhau va thoi gian giong nhau.
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4. Cic hang s6 tuong tu cua hai hién tugng ¢6 mai lién quan chat ché véi nhau.Viéc
chon bat ki mét trong nhitng dai lugng nao do s€ tao nén su phu thudc xac dinh déi vai
nhitng dai lugng hang s6 tuong tu con lai.

5. Tuong tu cua hai chuyén dong phang
Dé lam séng to nhiing diéu da néu & trén, ta hdy tim cdc diéu kién can thiét dé cho
hai chuyén dong phang tuong tu. Mudn vdy, ta viét phuong trinh chuyén dong Navie -

Stéc (4.5) cho trudng hgp chuyén dong phing duéi dang khéng thit nhuyén béng céch
chon cédc dai lu g, cung cla

canh...), van to ,» khéi luong
riéng p,, dé nhé lugng g - gia
tac trong trudng chit nhu cédc
dai luong c6 thu g trinh lién

tuc viét dudi da

Tir hé phu
mo ta bang nhii
tri cac dai luon

chiing dugc
i c6 cung gia

Trong 1i th
tiéu chudn tuon

[

Volo

=Sh -

ig{_ =Re - 56 Raynon (Reynolds) quen thudc, dac trung cho luc nhdt.
Vo

Po — = Eu- 58 Ole (L.Euler) dac trung cho dp luc.
PoVo
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Diéu kién bang nhau ciia céc s6 tuong tu duogc ki hiéu bang chif idem (la mot), nghia
Ia hai dong phang cha chat 16ng khong nén duoc s& tuong tur khi:

Sh = idem; Fr = idem; Re = idem; Eu= idem

S6 Ole doi véi chét 16ng nén duge ¢6 dang.

Trong dé - s6 Mic.
Nhu vay,
idem; M= ide

Trong th
tiéu chudn dé
khong thir ng
tiéu chudn tu

r = idem; Re =

uén cé nhiing
viét dudi dang
s€ c6 thém céc

ong duoc truyén
bang din nhié

twong tu. Néu
khong thé thuc
rong nhu nhau.
hudng ctia timg
tiéu chudn tu n viéc thay doi
diéu kién vat chudn hiu nhu
khong tham gia vao su ung ticu chuan khong quyeét ding. Do dé trong
thuc t€ phai dung m6 hinh héa ting phén, nghia 1a chi cdn tuan theo mot s6 tiéu chuén
quyét dinh. '

thoa man tit
hién dugc.
Trong nhitng

Chang han nhu khi tim diéu kién mé hinh héa cta chuyén dong tau ngim, ta thay c6
thé bd qua tiéu chudn Frdt, ma phai ké dén tiéu chudn Raynon, nghia 1a s6 Re doi v6i
nguyén méiu va mo hinh phai nhu nhau. Thuc vay, d6i véi tau ngdm s6 Fr chi ¢6 y nghia
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khi tau di xuéng va di lén mat nudc, con khi chay, s& Fr cé thé bd qua. Luc can khi chay
phu thuéc vao do nhét cua dong bao quanh khong ¢6 xam thuc. Nhung trong thi nghiém
mo hinh ca né chuyén déng véi van tée 16n, tiéu chudn Fr ¢é dnh hudng 16n, con c6 thé
bd qua lyc nhét, nghia 1a khong thoa min tiéu chudn Re.

Diéu kién mo hinh héa clia nhimg mdy méc chuyén dong trén am, trudc tién 12 phai
thda man tieu chuan Mac (M), con 56 Re tuy kha nang, s6 Fr bd qua. Day khong phai 1a
mo hinh héa toan bd ma chi la timp phan. Thinh thoing 1dm méi thanh cong khi thda
man ca hai tiéu chudn Fr va Re.

Vi du 3. Muon c6 tuong tur dong luc hoc thi van téc chuyén dong cia diu tho trong
ong c6 dudng kinh 30mm phai bang bao nhiéu, khi van t 8¢ cla nudc trong ong co
dudong kinh Smm & nhiét do 20°C 1a 6m/s. Cho py;, = 84kgGs*/m*; p,,, = 0,2P; p,... =
102kgGs*/m™; p, = 0,013P

Bai gidi:

Diéu kién dé cho hai dong chat 1déng chuyén déng trong dng trom tuong ty 1A s&

d ) . e e »
Re = 222 v 56 Ole Eu = po’ bang nhau. Nhung theo di€u kién clia bai toan, vi van tdc

W pv’
cua nuée cho bi¢t nén ticu chudn tuong ty chi 1a s6 Raynén, con s6 Gle 13 ham cta s6
Re. Hay néi mot ciach khdc, vi dai lugng dac trung cia dp sudt p, khong cho trude nén
c6 thé chon p, bang gid tri bat ki. D€ cho tién, ta chon p, = pv* tir diéu kién s6 Gle
Eu=20 -1

pv-

Do dé6 ta suy ra: Re, = Re,, = Re,,,. = Re,

dp _ e,
o Yy
Suy ra: SRR =242
dipi,

Viy van téc ctua dau v, = 24,2m/s.
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Chuong 10
BOM LI TAM VA MAY THUY LUC CANH DAN

§10.1. KHAI NIEM CHUNG VE MAY THUY LUC

May thuy luc 1a loai may diing dé bién déi co nang gilfa mdy va chat 1ong. Tuy
theo chi¢u bién doi co nang. mdy thuy Iyc dude chia 1am hai loai: Bom va dong co
thiy luc. DSt vdi bom, co ning clia mdy chuyén hoéa thanh co nang cla chit 1ong.
Con trong dong co thiy luc, co nang cua chat long duge bién thanh co nang cua mdy.
Néu coi dong chit long giong nhu dong dién thi bom giong nhu may phdt dién, con
dong co thuy luc trong tr nhu dong co dién. Vé nguyén tic, mot mdy thiy luc ¢6 thé
thuc hién duge hai chitc nang: bom hoic dong co. C6 thé 14y mat vii vi du minh hoa
diéu d6. Chang han quat mdy, binh thudng d6 14 mot loai bom khong khi, nghia la co
nang cva canh quat lam tang co nang cua khong khi, tao ra gié. Nhung néu quat dang
ding vén, gié c6 the lam cho canh quat quay. Khi dé quat lai ¢6 chitc nang nhu mot
dong co. Hoac xylanh luc, 46 chinh 1a mét dong co. Dau véi dp suat cao duge dua
vao trong xylanh lam pitténg chuyén dong. Mat khic néu day pittong trong xi lanh.
thé tich khoang chita dau sé bién déi |am cho ap suat ddu thay dai, khién chat [ong
chuyén dong.

Tuy nhién, cin chd ¥ ring khong phai bat cit mdy thiy luc nio hiéu suat lam viée
chiéu nao ciing nhu nhau. Mac di vay, thuat ngit mdy thay luc la thuat ng chung cho ca
bom va dong co.

Tuy theo nguyén 1y hoat dong, mdy thay luc duge chia lam hai loai: Mdy thay luc
canh dan va mdy thay luc thé tich. Mdy thily luc c4anh dan 13 loai mdy théng qua canh
dan mA co nang cta chat 16ng va clia mdy chuyén héa cho nhau. Vi du nhu bom li tam,
tuabin, quat.v.v... P&i véi mdy thiy luc thé tich, sy trao doi co nang giita mdy va chat
I6ng dién ra trong budng lam viéc kin ctia mdy. Vi du nhu bom pittong, xylanh luc, bom
canh gat, bom bdnh rang. v.v...

Trong mdy cdnh dan c6 ba loai chinh: mdy thiuy luc li tam, hudng truc va hudng
chéo, phu thuéc vao phuong chuyén dong cia chat 1ong trong may.

Mdy thily luc thé tich cling c¢é ba loai chinh. D6 12 mdy thiy luc pittong. pittong -
roto va roto.

Con c6 rat nhiéu cach phan loai khic déi véi cac may thiy lue. Nhu vay mdy thoy
luc 12 loal mady duge sir dung rdt rong rai trong thuc (€,

Miy thay luc ¢6 thé déng vai trd bé ngudn nang luong, cling ¢6 thé 1a bo phéan chip
hanh trong hé thong thuy luc. Dicu dé ¢é nghia ching ludn ludn 1a cdc phan tr chu yéu
trong hé thong thay luc.
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Chuong nay chi y&€u néi vé mot trong cdc mdy thay luc thong dung nhat. D6 l1a
bom li tam. Nghién cttu bom li tdm, ta ¢6 co s& hi€u biét cdc mdy thiy luc cdnh dén
néi chung.

§10.2. GIOI THIEU CHUNG VE BOM LI TAM

Bom li tdm la loai bom cdnh dén, dugc dung rong rai nhat trong cédc loai bom vi ¢é
nhiéu vu diém:

né nhu déu,

xang hoic céc h dc chat long

pha chat rin.

- Hiéu suat

nhiéu cdp c6
cot ap khd cao't

N6i chung, nguoi ta bo

truc ding
va bom truc ngang.

Thuc t& cdn ¢é nhiéu cdch phan loai khic dua vao két cdu than bom va cédc b phan
dan hudng. v.v.

Nhin vao cdch phan loai ta thdy rang bom li tam da dap ng dugce cdc yéu cdu rit da
dang trong thuc té.
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§10.3. SO PO CAU TAO VA NGUYEN LY HOAT PONG CUA BOM LI TAM
10.3.1. So dé cdu tao

Trén hinh10.1 chi 18 so d6 cdu tao clia mét bom i tam don gian.

Hinh 10.1

Bo phén chit yéu cta bom [a binh cong tic 1. Banh cong tac bao gom: dia trude cé
miéng hit chat léng & gitta, dia sau duge gin véi truc 6. Hai dia trudc va sau dat song
“song vdi nhau va dugce gan 1ién bdi cdc cdnh, tao nén cdc mang dan chat 1éng tir miéng
hiit vao buong xoan dc 2 (vo bom). Gilta dng hit 4 va miéng hit 1a bo phan dan hudng
vao. Bo phin 5 goi 1 krépin. N6 bao gom ludi chan rdc va van mot chiéu (chi cho chat
16ng chuyén dong moét chiéu tir bé hit vio bom qua 6ng hdt). Chat Idng tir banh cong tic
1 chuyén dong theo buéng xoan 6c 2 vio miéng ddy 7 va qua 6ng ddy 8. Truc bom 6
dugc néi vai dong co dan dong.

10.3.2. Nguyén ly hoat dong

Pé bom cé thé hoat dong dugc, can phai dién diy chat léng vao bom (ké ca ong
hat). Pong tac nay thuong ducge goi 13 “moi” bom.

Khi banh céng tic 1 quay, chdt 1ong trong banh cong tdc quay theo va phat sinh Tuc
li tam. Do tdc dong cua luc 1i tam, chat long tlr binh cong téc vang ra ngoai vao buodng
xodn oc 2, qua miéng ddy 7 va vado &ng ddy 8. Nhu vay bom di thuc hién qué trinh
“day” chat 16ng. Khi chat 1ong vang tir banh cong tdc ra ngodi, dp suit tai mi¢ng hut bj
giam di. K&l qua 1a do chénh 4p suat gifia bé hiit va miéng hit duge hinh thanh. Dudi tic
dong clia chénh dp d6, chat 1dng dugc hiit tit bé hdt 1én miéng hit qua krépin, 6ng hit va
bo phan dan huéng. D6 chinh 1a qud trinh “hdt” chat long cia bom.
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Qud trinh huit va ddy chat long xay ra déng thai, lién tuc 1am chét 1ong chuyén dong
tlr b€ hdt qua bom vao hé thong ong ddy.

Tt nguyén 1y hoat dong cua bom, cé thé riit ra cdc nhan xét sau:
- Co nang ma bom truyén cho chat 16ng duge thuc hién tai canh dan.

- Dang nang lugng chil yéu ma bom truyén cho chét 1dng tai banh cong tac 1a dong
nang. Dong nang cang 18n, luc 1i tam cang 16n, khién chat 1ong vang ra khoi binh cong
tdc cang manh. Diéu d6 lam ting do chénh ap gita bé hit va miéng hut, nhd dé chat
16ng c6 thé duogc hiit 1én miéng hit dé dang. Mt khéc ta biét déng nang ciing nhu luc
quén tinh i tam phu thudc vao khéi lugng cha chit 1ong. Néu khi bom hoat dong, trong
banh cong tic ¢ chda khi (cé khai luong nhéd hon rat nhiéu chat 1éng thanh hat), luc 1i
tAm sinh ra sé rat nho. Diéu d6 dan dén bom khong thé tao ra do chénh 4p dli 16n dé hit
chat 16ng 1én - nghia 13, qua trinh hit khong duge thue hién. Vi vay, cdn thiét phai “méi”
trurde khi cho bom hoat dong.

- Nhu nhan xét trén da néu, khi qua banh cong tic, chét long dugc tang dong nang 1a
chinh. Vi vay, néu sau khi ra khoi banh cong tic, chat long dugc chuyén ngay vao éng
ddy vdi thanh phan dong nang 16n, dong chat 1ong sé bi ton that nang luong rat nhanh.
S& di nhu vay vi ta déu biét ton that nang luong ti Ié véi van t6c bac hai. Dé tranh diéu
nay ngudi ta phai bé tri buéng xoan 6c¢ c6 1iét dién md rong ddn cho dong chay giam din
van tdc, tuc la giam dan dong nang va tang dan dp nang 1én, tranh cho dong chat long bi
ton that 16n trong qua trinh chuyén déng trong 6ng day.

§10.4. CAC THONG SO CO BAN CUA BOM LI TAM

Dé danh gia chét lugng bom ngudi ta dua vao cac thong s6 co ban. D6 1a: cot ap,
luu tugng, cong sudt va hiéu sudt. Ngoai ra nguoi ta con chi y dén c6t dp hit cho
phép cta bom.

10.4.1. Cét dp cua bom

Cot 4p cua bom 1a co nang don vi ma chat 1ong nhan duge tir bom. Cot 4p ctia bom
thudng duoc tinh bing mét cot nudc va duge ky hiéu bang chir H.

1. Phwong trinh cot dap
Dé lap phuong trinh cot dp dé ding, ta dua ra mot s6 gia thiét sau:
- S6 canh trong banh cong tac nhiéu vo cling va mong vo cung.

- Chat 16ng 1am vigéc 12 chdt 16ng 1y tudng - khong cé bat cif tén that nang lugng nao
trong qua trinh hoat dong.

Vi gia thiét dau, chiing ta di coi dong chay chat 16ng qua binh cong tic bao gém
v6 56 cdc dong nguyén t5 (xem hinh 10.2) giéng hét nhau. Chat long chay theo dong
nguyén td dé va dong thoi quay quanh tim O cta banh céng tdc véi van toe géc o. So
dé dong hoc clia dong nguyeén t6& duge thé hién trén hinh 10.2.
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La

Hinh 10.2
Gid sur chat 16ng chuyén dong trong dong nguyén t6 vdi luu luong dQ tiy mat cat (1-
1) dén (2-2). Bong thoi dong nguyén t6 lai quay quanh cuc O v3i van toc géc .
Chuyén dong clia cdc phin tir chat 16ng duge dac trung bdi cdc van 16c:
ti,, U, - van téc vong tai cdc mat car (1-1) va (2-2) vuéng gdc vdi cdc bin kinh
quay R, R,

W,, W, - van téc tuong déi c6 phuong tiép tuyén véi dong chay tai cdc mat cat (1-
1) va (2-2)

¢,, €, - van téc tuyet doi tai cdc mat cat (1-1) va (2-2) tuong dng,.

Mo hinh dong luc hoc nay hoan toan gidng mo hinh da xét trong chuong Dong luc
hoc chat long vé phuong trinh mémen dong lugng déi véi dong nguyén t6.

Vi cdc gia thiét néu trén, ta c6 thé lap duge phuong trinh momen:

My, =p.Q(R, G, -R, C,))
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Trong do: C,,, C,, - Cac hinh chiéu cua C, va G, lén cic phuong G, i, turong duong

M, - Momen d6i véi tam banh cong tic cha cdc luc do cdnh bom tic dong vao
chit long.

Q, - Luu luong ly thuyét cna bom.

. Vi gid thi€t chat long 1y tudng, bd qua cdc t8n that nang luogng, cOng sudt clia may
s€ bang cong suat thuy luc.

N=My0=pQR,0C,-RoC,)=
=p.Qu,C,-1,C) =7.Q He (10.1)
Trong d6: H,. - Cot dp ly thuyét ciia bom.
Tir (10-1) ta ¢é phuong trinh ¢t &p ly thuyét cha bom:

1
Hy =E Gy -y, Cy) (10.2)

Trong cdc bom li tam hién dai, da s6 cdc bdnh cong tic cé két cau 161 vao hodc bo
phan dan hudng sao cho dong chat léng ¢ 168i vao clia méang din chuyén dong theo
huéng kinh, nghia 12 ¢, L 4, va o, =90° (hinh 10.3) dé cot 4p clta bom c6 lgi  nhat.
Trong truong hgp d6 C,, = 0.

C,
B G _

- u e
, P S
L. \Kf2 -
W2 \ y

pa
IL? | A
2 ,S(/ \N
pa \\
7 \

Hinh 10.3
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Do d6. phuong trinh ¢t dp ciia bom ¢6 dang

u, G
Ho =—.>

Phuong trinh (10.3) duge lap nén véi cdce gia thiét:

(10.3)

- 86 cdnh dan nhiéu vo6 cling va mong vo ciing.
- Chat I6ng tam viéc la ly tuong.

Trong thuc t& s& canh dan trong banh céng tic cé chiéu day nhat dinh (thudng tir 2
+ 20 mm) va s6 cénh dan cé han (thuong tir 6 + 12) gay nén su phin bo van t6c khong
déu trén mat cat udt cha dong chdy, tao nén cdc dong xody trong mdng din clia banh
cong tic. Mat khac chat 16ng [am viée 1a thuce, ¢6 do nhét, gdy nén ton that nang luong
cua dong chay.

Véi cic ly do dé cot dp thuc t€ H clia bom nho hon cét 4p 1y thuyét H.,, va duge
tinh theo cong thic:

H=¢,ny Ho (10.4)
Trong dé: €, la hé s6 ké t4i anh hudng clia s6 cdnh dén c6 han - goi 1a hé s6 cot 4p.
1, 12 h¢ s6 ké tdt t6n that ning luong clia dong chay.
Bing ly thuyét vé dong xody va thuc nghiém, nam 1931 Vién sy Protskua di xdc
dinh duogc €, d6i vai bom li tam theo cong thife:
£,=1 - sinB, (10.5)
Trong dé: z - s6 canh dan clia banh cong téc.
B, - géc hop bdi van téc W, va phuong G, (xem hinh 10.3)
Thong thuong ¢, ~ 0,80
He s6 1, d6i véi bom li tam thudng tir 0,70 dén 0,90.
Tir (10.3) va (10.4) ta c6:

HZSA"]H% (10.6)
Vi ¢, (il v8i U, nén c6 thé viét (10.6) dudi dang:
H=y (10.7)

2g
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Trong d6 w goi 1a hé s6 cot ap thuc t€, phu thudc vao s6 vong quay dac trung n_cla
bom va lay theo bang sau:

Bdng 10.1
n, 50 + 60 60 + 180 180 + 350 350 = 580
W 1.56 + 1,24 1,24 +0.71 0,71 = 0,51 051 + 0,33

O day can phai lam ro khai niém vé s6 vong quay dac trung n,.

Trong cic nudc cong nghiép hién dai, viéc san xuit bom phai dugc tiéu chuin hoéa.
Mai loai may cdnh din dugc chia thanh nhiéu hé théng. Trong cung mot hé théng dac
tinh 1am viéc va hiéu suat cua cdc may nhu nhau, nghia la ching turong tu véi nhau. Vi
vay dé ddp (mg nhu cdu da dang trong thuc t&, méi hé théng chi cin mot mdy mau dugce
thiét k€& co chat lugng kinh t&€ ky thuat tot. Ngudi ta goi may dé 1a may mau, Nguoi ta
qui dinh may mau ¢6 cic thong sé sau:

Cot ap H, = Im cot chit long

Cong suat N.=0,736 kW (1 ma luc)
n, - $4 vong quay trong 1 phdt
1, - hi¢u suat ¢o lgi nhat

\ Nhr vy $6 vong quay dac trung n,_ cua mdt bom A 1a sé vong quay cia bom mau
trong tu vai bom A, ¢é cac thong s6 nhu trén.

2. Anh hitong cia két cdu cdnh ddn dén cor ap ciia bom li 16m
Két cau banh cong tdc cé anh hudng rit quan trong t&i cot 4p bom.

Hinh dang cédnh trong banh cong tdc chi yéu phu thudc vao goc vao B, va goc ra B,
(xem hinh 10.3), vi viy hai g6c nay c6é anh hudng tdi cot ap ctia bom.

- Anh huéng ctia géc vio B,.

Gée vao B, 1 géc b tri cdnh dan va ciing 12 géc biéu thi phuong clia van téc tuong
doi § 181 vao cha banh cong tic (hinh10.3). Trong trudong hop ¢6 lot nhat vé cot ap (khi
a,= 90°) thi theo (10.3) ta thiy géc B, khong ¢S anh hudng truc ticp 61 codt 4p. Nhung
néu P, khong thich hop sé gay ra va dap ctia dong chay v6i cdnh dan d 161 vao banh cong
tac, anh hudng x4du dén hiéu suat va cot ap cha bom.

Thuong lay B, =~15° = 30°

- Anh hudng cha géc ra p,.
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Goc ra B, 1a gée bo tri cdnh dan va ciing 12 géc biéu thi phuong cla van tée tuong
doi ¢ 16i ra ctia bdnh cong tac (hinh 10.3). Ly thuyét va thuc nghiém da ching td géc B,
c6 anh huong tryc tiép t6i phuong va tri s6 cdc thanh phin véin t6c clia dong chét 1ong
trong cdc mdng din cia banh cong tic, do d6 cé anh hirong quyét dinh dén cot dp cta
bom. Vi vay géc B,cd ¥ nghia quan trong dic biét d6i véi banh cong tac cua bom li tam.

- Khi B, < 90° - cdnh dan cong vé phia sau (so v&i i) goi la canh din ngoat sau
(hinh10.4a).

- Khi B, = 90°- canh dan huéng kinh & 16i ra, goi 1a cdnh dan hudng kinh
(hinh10.4b).

- Khi B, > 90° - cdnh din cong vé phia trudc goi la canh dén ngodt trude (hinh 10.4c).

Hinh 104 - Cdc kiéu bo'tri cdanh ddn trong bdanh céng tdc bom li tam.

Loai bom cdnh dan ngoat sau thudng gap ¢ bom céc lodi chat 16ng thanh hat (nhu
nudc, dau...). Hai loai sau thuong gap trong bom khi (quat, mady nén khi...).

Dé hiéu rd vai trdo clia B, ta xét ba banh cong tic li tam cé kich thudce, géc vao B,
va s6 vong quay lam viéc n nhu nhau, nhung c6 géc 3, khac nhau (hinh10.5).
1
Theo (10.3): Hi =§ u, C,

V1 trong ca ba trudng hop ¢6 u, nhu nhau nén H. chi phu thude vao G,,.
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Cou>U2

Hinh 10.5

Tir cdc tam gidce van t6c (hinh 10.5), ta ¢é:

C= 1, - G cotg B, (10.8)
Thay (10.8) vao (10.3), ta ¢6

1
H;. =_g: u, (1, - G,..cotg B,) (10.9)

Cong thic (10.9) cho thay khi C,,=u, - G, .cotg B,=0

tire 1a khi cotg B2 = U2
sz
—_— sz N _
hay B, = arctg = thi He =0
95

Nghia 1a khi d6 bom khéng cé cét ap.
Viy muén cho bom tao durge ¢ot 4p thi canh dan clia banh cong tac phai ¢6 géc ra.
B‘_’ > ﬁZ i arCtg “Cz—m (10 I 0)
u>

Po6ng thoi ta thay Hy,, tang theo ti 1é thudn véi 8,
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Khi 8, =90° thi tam gidc van tdc & 161 ra s€ la tam gidc vuong (hinh10.5b)
nen G, = u,. Do dé:
1

H. =—u} (10.11)
g

Thong thudng trong bom 1i tam, tri s6 C,, thay déi rat it tir 16i vao dén 16i ra cla

bdnh cong tac, nén C, ~ C,_, do dé:

Khi 8, = 90° thi C,..=C, =C, (10.12)
2 2 LIPS
Khid6cot dpdong H,y = -G GG, (xem muc 10.9.2)
2g 2g
u)
Tur tam gidc van téc (hinh 10.5b)tacé C3-C3, =ul nén Hay = 2—’
g
2 2 2
Viy cot dp tinh 1a: Ho, = Ho -Hy, =221
g 28 2
u2
Titc 13 Hp, = Hy,, =H= -2 (10.13)
2 2¢g
Neéu B, tié€p tuc tang, khi §,> 90° thi C,, > u, (hinh10.5¢)
cr a g L e, u2Cou 2'3;
Gia st khi C,,=2u, licdé H., = =
g g
} 2 2 2
NhU Véy I_‘I]aO ¢ = CZ C)m — C2u - 2u2
2g 28 g
Vay H,, = H». Dodé H., =0 (10.14)

Nghia 13 cdt 4p finh khong 6.

Néu tiép tuc tang B, lén nia (C,, > 2u, ) thi Hey, >Hiw, ¢6 nghia cdt dp tinh ¢6 tri

56 am.

Trong thuc t&€ bom khong thé 1am viéc duge véi H., <0 vi khi d6 bom khong ¢

kha nang ddy chat [dng. Viy B, < B; ma
Tém lai dé bom c6 thé 1am viéc dugc thi tri s6 goc ra B, phai nam trong gidi han:

By mn< Bz < B e, (10.15)
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Bom li tam thudng lam viéc véi Hiw, va Hew, nhu sau:
H., = (0,7+0,8)H;
H-y, = (0,2+03)H

Tirc la ang vdi géc B, = 15° + 30°

Ly thuyé&t va thuc nghiém da chitng 16 ring néu gbéc B, nam ngoal pham vi trén thi
ton that co ning s€ rat 1én (chli yéu do dong nang 16n), hiéu sudt cha bom s& rat thdp.

Tuy nhién d6i véi cac loai quat li tam thi cé thé B, ¢616n hon (B, > 90°) i t6n that
do dong nang cua dong khi chuyén dong trong quat cé tri s6 nho hon nhiéu so véi chat
l6ng thanh hat (nhu nudc, dau...).

3.Y nghia ciia cot dp cia bom i tém

Xét mot so do don gian cua hé thong bom
Cac mat cat:

(1-1) — trén mat thoang cta bé hiit.

(2-2) — mat cét tai miéng vao cha bom.
(3-3) — mat cét tai miéng ra cia bom.

(4-4) — mat cit ra cua 6ng day.

Ta da biét cot 4p clia bom 1a co nang don vi ma chat 16ng nhan duge khi di qua bom.
Do d6, ta c6 thé coi cot 4p H,, clia bom la bing chénh Iéch gidia co ning e, tai mat cat (3-
3) va e, tai mat cat (2-2).

H,= e, -¢, (10.16)
Hay H,= e,-¢, +h, +h,, (10.17
Trong dé: :

€, €, - co ning don vi tai mét cit ra cla dng ddy
v mat cit tai mat thodng bé hiit.

h,, - t6n thit co nang trén dudng 6ng hiit.

h,, - tén thit co ning trén duong dng ddy.

h,, +hyy = h,

Trong dé: h,, - tng t6n that co nang cua chat
long trong h¢ thong bom.

Tu (10.17) ta c6:

2 2
Hy= 7,z + 04 Py @Va 00V oy
Y 2

(10.18)
Hinh 10.6
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Tu (10.18). ta thay cot dp 11, coa bom diing d¢:

+ Dua chat 1ong tu do cao z, 1én z,. Thudng thi day 12 mdt trong nhimg muc dich
chu y€u cua ngudi ding bom.

+ Khic phuc do chénh dp sudt gitta mat cat (4-4) va (3-3).

p4_pl =0.
Y

Paoi véi hé thong bam nude, thuong thi

2 2
(14V4_0.1Vl

2g
mat thoang trong bé hidt). Vi vidy mot phin cot 4p bom dung dé tao ra cot 4p vian
2

sV, .
—2471 ciing ¢6 nghia la tao ra luu lugng cia bom.

+ Khac phuc d6 chénh dp van toc . Thue t€ V, = 0 (vi dé 1a van toc tai

toc

+ Khéc phuc moi tén that co nang clia dong chay trong hé thdng bom.

Mait khic, tir (10.18) ta thay cét 4p cha bom dung dé tao ra cot dp tinh.

Hl:Z4-Zl +p4-p|
y
2 2
H, = Vim0V, | h,
2g
Hay H, =5.Q*
Trong dé

s - hé s phu thuoc vio sdc can trong 1udi duong ong trong hé thong bom.
Q - lvu lugng bom tao ra trong hé théng.
Nhu vay
H,=H, +5.Q’ (10.19)

Nhin vao biéu thitc (10.19), c6 thé thay cot 4p cha bom tao ra dé théa man yéu cau
cha hé théng. Diéu d6 c6 nghia v€ trdi (10.19) 1a cot ap cia bom con vé€ phai la yéu cdu
cba hé théng hay con got la cot dp luéi H,.

H=H, + 5.Q? (10.20)

Biéu thic (10.20) cling duoc goi la dac tinh cia ludi dudng 6ng, cé dang 1a dudng
bac hai (hinh 10.7).
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Hinh 10.7 - Ddc tinh luoi.

Do dée cha dac tinh 1udi phu thude vao hé s6 s, tirc 1a phu thudc vao tinh trang gay
ra ton thit c¢d nang clia dong chay trong hé théng nhiéu hay it.

4. Cdch xdc dinh cot ap bom trong thuc 1é

1. Apké

2. Chan khong ké

%,

Trong tram bom li tdm, ngudi ta thudng bo tri dp
Y 1 k&dé do dp suat du tai 161 ra va chan khong ké dé do dp
sudt chan khong tai 161 vao ciia bom (hinh10.8).

h, Tir (10.16), ta co:

2

2
h . Voo v
— [\ 1 Hh=e}_%:23_2’2+p3 p2+(13 1T Y,
4>7/W<‘ Y 2¢g
7
Né&u dudng kinh dng hiit bang dudng kinh ong ddy

2 2

| m BYi Y, o
2g

B2

Hinh10.8 - So do hé thong bom.

Trong do6:

Trong thuc t€ thuong thi do chénh nay khong ding
k€, cé thé bd qua.

Nhuvay: H, = h, + D_P2 (10.21)
' i

P» - 4p sudt tai 161 ra ciia bom, dudc xdc dinh theo chi s6 ap k& p,,:

P = Pu + Yh,
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p, - dp sudt tai 161 vio cia bom, dugc xdc dinh theo chi s chan khong ké& p,:
P = - P«
Vi vay c6 thé viét lai (10.21):
H,=h +h,+ Px"Pa (10.22)
Y

Nhu vay chi can do h|, h, v cin c vao s6 doc trén dp ké va chan khong ké, cd the
xac dinh duge cot dp clia bom.

10.4.2. Luu luong ciia bom li tdm
Luu luong cia bom li tam 1a lugng chdt 16ng chuyén qua bom trong mot don vi
thoi gian.

Goi C,, 1a van t6c li tam theo hudng kinh, tai miéng ra cia banh cong tic, luu luong
1y thuyét clia bom c6 thé dugc tinh theo cong thite:

Q,=C,nDb (10. 23)
Trong d6: D - dudng kinh ngoai clia banh cong tac;
b - chiéu rong miéng ra cla binh cong tac.
Luu lugng thuc t€ ca bom ludn ntho hon luu lugng 1y thuyét theo cong thuc (10. 23) vi:
- Chiéu day cdanh bom han ché mot phan dién tich miéng ra cia banh cong tac.

- Thudng xay ra rd ri chat 16ong tir budng xodn 6¢ vé miéng hit do chénh dp va tir
budng xodn 6¢ qua khe ho gitta dém 16t va truc.

Vi vay khéng phai toan bd luu luong ly thuyét duge chuyén vio éng diy ma luu
luong bi tiéu hao mot luong AQ. Luu lugng thuyc t& Q s& la:

Q=Q-AQ
Pé danh gid chat luong van chuyén chat 16ng qua bom, ngudi ta ding hi¢u suét lwu
luong 7,

_Q_,.48Q
Q, Q

R6 rang 7, <1. Gia tri M, phu thudc vao do kin khit cua cdc khe hd va dém 16t.

No

Théng thudng doi véi bom li tam Ny = 0,95 + 0,98. Bom cang l6n o cang cao.

10.4.3. Cong sudt va hiéu sudt ciia bom li tam

Cong suat thuy luc N, ma bom tao ra duge tinh theo cong thic:

N,=7y.QH (10. 24)
Pé tao ra cong suat thiy luc, can phai c6 cong suat tai truc bom N> N,
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Nghia 1a, khong phai toan bo cong suat tai truc duge truyén cho chat tong ma mot
phan phai d¢ khac phuc moi t6n that co ning cta dong chdy trong bom. Bom, nhat |
banh cong tac ¢6 chat fuong cang cao, t6n that co nang cang it.

Vi vay mot trong nhitng tiéu chi danh gid chat lugng bom 12 hiéu suat clia bom 1

_ Nu
1N

DEé tao ra cong suat tai truc N, cong suat dong co N, dan déng bom phai 16n hon:
N, =k.N

Trong d6 hé s6 k > 1. Gid tri cia hé s6 nay phu thuge vao chat lugng khép noi va do
dong truc gitra truc bom va dong co.

§10.5. PUONG PAC TINH CUA BOM LI TAM

Néu chi dua trén cdc théng s6 cd ban, chua thé ddnh gid toan dién chat luong cla
bom. Muén danh gid bom chinh xac hon, phai xét méi quan hé giita cac thong s6 do.

Céc quan he

H=£,(Q)
N = f,(Q)
n= F(Q)
biéu thi dac tinh ctia bom li tAim.
4 3 Céc dudng bidu dién cdc dic tinh trén duoe
/__M\ g0i 12 céc dudmg dc tinh ciia bom.
Cic dudng dac tinh duge xay dumg tir cic s6
liéu tinh todn goi 1a cac duong dac tinh tinh todn.

Néu chiing dugc xiy dung tir cdc s6 lieu thuc
CK Ak ghiém goi la cdc dudng dic tinh thyc nghiém.
2 Cdc dudng dac tinb tinh todn rat ¢6 y nghia
L—"" trong vi¢c nghién citu va hoan thién bom. Céc
(4

duong dac tinh thuc nghiém khoéng nhimg giip
ta hiéu rd tinh nang clia bom, ma con givp ta sir

T dung bom moét ciach hop 1y. Dudi day chiing ta
3 chi d¢ cap dén cdc dudng dac tinh thuc nghiém.
p( - Khi xay dung cdc duong dac tinh ting vdi s0
vong quay khéng ddi (n = const), ta ¢é céc

] dudng dac tinh 1am viéc.
1. Bé hut 2. Bom , T
3.Khoa trén dng ddy 4. Luu lwong ké Néu xay dung cdc dudng dac tinh ing véi

nhiéu s6 vong quay khic nhau, ta s€ ¢6 dudng
Hinh 10.9 -So0 dé hé thong thuc nghiém. dac tinh téng hop.
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10.5.1. Puong ddc tinh lam viéc thuc nghiém
Muén 1dy s6 lieu dé xay dimg dudng dac tinh thuc nghiém, can phai cho bom lam
viéc trong hé thong thuc nghiém. So do hé théng thuc nghiém theo hinh 10.9.

Cho bom quay véi s6 vong quay n = const. Nhd luu lugng k€ 4 c6 thé do duoc I
lugng thyc té cta bom. Dua trén cdc s6 lieu doc trén dp k&, chan khong k& va do cao
cdm 4p k€ 6 thé tinh duge cot dp thuc t€ H clia bom. Tir 6 lieu Q va H, tinh dugc cong
suat thuy luc N,. So sdnh céng suat thay luc va cong sudt do trén truc bom ta tinh dugc
hiéu suat clia bom 1. Nhu vay khi thay déi dd m& ctia khéa dng day 3, ta thu duce bang
s6 lieu Q. H, N, n va v€ dugc cdc dudng dic tinh 1am viéc. Hinh 10.10. 1a mot vi du vé
céc dudmg dac tinh dé.

N(Kw) H(m)

b g

n(%) W~

/ ﬂr,Q

7

—

0 Q(l/s)

Hinh 10.10 - Puiong ddc tinh lam viéc thuc nghiém cua bom li tam.

Pudng dac tinh coéng suat cua bom li tam thuong la dudng cong don diéu tang.
Nghia 1a luu lugng cang tang, cong sudt cang tang. Cong suit nho nhat tai luu luong
Q=0.

Pudng dac tinh hiéu suit c6 diém cuc dai. Diéu d6 ¢6 nghia khong phéi bat cit diém
1am viéc nao ctia bom ciing ¢6 hiéu suat cao.

Puong dac tinh c6t dp 1a dudng dac tinh quan trong nhat, vi tir duong dac tinh nay,
bing tinh to4n ¢4 thé suy ra cdc dudng dac tinh cong suit va hiéu suit. Do dé, ngudi ta
goi nd ta dudng dac tinh co ban.

DPuong dac tinh cot ap, trong thuc t€, ¢é ba dang: 16i, déc va thoai (hinh 10.11)
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H(m)

0 Q
Hinh 10.11. Cdc dang duong déc tinh H = f(Q).

Duong dac tinh ¢ot 4p dang 161 cdn goi la dudng dac tinh khong 6n dinh vi tai khu
vuc cdt dp cure dai, tng v6éi moi gia tri cOt dp ¢6 hai gid tri luu lugng.

Pudng dic tinh thodi cé khodng diéu chinh luu lvong 16n, nhung ¢6é nhuoc diém 1a
thay ddi cot 4p rat it luu luong bi thay déi 16n.

Trong hé théng cdp nudc tudn hoan cha nha mdy nhiét dién lai can khoang diéu
chinh cét dp I6n. Khi @6 bom cé dudng dac tinh déc 1a rat thich hop.

10.5.2. Puong ddc tinh tong hop

Duong dic tinh téng hop cla bom dugc x4y dung véi nhiéu s6 vong quay khdc nhau
va duge biéu dién trén cling mét hé truc. Tuy nhién, thay vi v& céc dudng dic tinh hieu
suit 1~ Q ngudi ta thé hién cdc dudng néi cdc diém lam viéc cling hi¢u suat goi la
dudng cing hiéu suat. Hinh 10.12 1A mot vi du vé dudng dac tinh téng hop.

N 4 H n=292s
Kw

15

10 —

0 20 40 60 80 M/h

Hinh 10.12 - duong ddc tinh tong hop:
- Enpmng dac mnh H - 7

“

__________ Puwirg dac nb N - 17
e —— s Pudug dac unby - 0
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Céc dudng dac tinh t6ng hop thudng duoc cho trong céc sé tay, tai licu k§ thuat cha céc
hang san xuat bom. Dudng dic tinh tdng hop gitip ngudi sit dung lira chon ch& do lam
viéc thich hop va c6 1gi nhat khi diéu chinh bom.

§10.6. PIEM LAM VIEC VA PI£U CHINH BOM LI TAM
Bom bao gid ciing 1am viéc trong mot hé théng cu thé ndo do.

Dudng dac tinh lam viéc H, ~ Q chi rd kha nang cta bom, con duong dic tinh ludi
H, ~ Q biéu hi¢n yéu ciu thuc t& cha hé théng bom.

Vi vay diém lam viéc ctia bom chinh Ia giao diém giita hai duong dac tinh dé
(hinh 10.13)

H(m) H(m)

0 Q 0 Q
Hinh 10.13 - Piém lam viéc cua bom li tam. Hinh 10.14 - Piéu chinh bom.

Ta c6 thé diéu chinh dugc diém 1am viéc ctia bom theo ¥ muén.

Trong trudng hop muén chuyén diém lam viée tir A sang A, nim trén dac tinh bom
(xem hinh 10.14) ta can diéu chinh dac tinh 1uéi sao cho né cat dudng dic tinh bom &
A, D€ diéu chinh dac tinh ludi. ngudi ta thudng dung céch thay déi do déc cha nd bang
cich thay déi sdc can trong hé thong ludi dudng 6ng. Vi du nhu thay déi dudng kinh
éng day hoac thay déi do md cla khéa trén ong diy v.v.... Théng thudng, thay déi do
md cla khéa 6ng ddy 1a cach tién 1gi nhdt, nén ngudi ta goi phuang phdp nay 1a phuong
phdp diéu chinh bom béing khéa 6ng ddy.

Ub diém chia phuong phdp ndy la don gidn, tién lgi. Tuy nhién phuong phdp nay
khong kinh t& vi khi 1ap dat hé thong phai ting céng suat clia bom dé bii lai nang lugng
bi tiéu hao trong qud trinh di¢u chinh.

Truong hgp mudn thay déi diém Iam viéc tir A dén diém A, nam trén dudng dac tinh
luGi, thi phai thay ddi duong dac tinh bom bang cdch thay déi s6 vong quay clia bem
(hinh 10.14). Phuong phdp nay tuy rat kinh t&, song khong thuan loi, bdi I mudn thay
ddi s6 vong quay phai c6 thiét bi phu nhu hop giam téc, thay ddi ti s6 truyén bang hé dai
truyén khac hoac diing déng co dién mot chiéu... Ciing vi Iy do d6, mac du khéng kinh
t¢ nhung ngudi ta van va dung phuong phap diéu chinh khéa 6ng diy hon.
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Hinh 10.15. Hai diém lam viéc.

Q

Néu dac tinh ludi cit dac tinh bom & hai diém,
ta s& c6 hai diém lam viéc. Trong trudng hop nay,
mot trong hai diém lam viéc sé khong on dinh.

Trén hinh [0.5 ta thay diém lam viéc A la
diém 1am viéc 6n dinh.

Gia st do mot kich déng nao dé diém lam viéc
A chuyén sang A,

Tai dé ¢6 H, < H, nghia la cot dp cua bom
khong dip ting duoc cot ap yéu cau cha ludi duong
ong dan dén suy giam luu lugng cna bom nén sau
khi hét kich dong 1am viéc A, lai trd vé A.

Néu diém lam viéc bi chuyén sang A,, tai d6

H, > H,, kha niang cia bom thira so v8i yéu cdu cta ludi, 1am cho luu luong bom ting
1én. Vi vay sau khi thoi kich dong diém lam viéc A, lai & vé A,.

Nguoe lai B 12 diém 1am viéc khong 6n dinh. Néu do kich dong diém lam viéc bi
chuyén sang B,. Tai d6 H, > H,, diéu dé 1am lIuu luong bom tang lén do d6é diém lam

viéc B, khong thé 1rd vé B duac.

Nhu vay néu gap phai loai bom cé dic tinh 18i, dé cho bom 1am viéc lu6n luén én
dinh can phdi thiét k&€ hé thong ludi duong 6ng sao cho dudng dac tinh 1uéi chi cét

duong dac tinh bom & mot diém.

§10.7. GHEP BOM

. Khi dang mot bom khéng dat duoc fuu lugng va cot 4p yéu cau, can phdi ghép bom.
C4 hai cdch ghép bom: ghép song song va noi tiép.

10.7.1. Ghép song song

Céch ghép nay dugc tién hanh khi cin ¢ luu lugng 16n hon mét bom.
So do ghép song song dugc trinh by trén hinh 10.15.

M (2

s

H
(N H-Q
\‘&>AK// )l
“bom 1,2 A
P Sl I
TN LT
: ' |
! || \
0 Q a Q

Hinh 10.15 - So do ghép bom song song.  Hinh 10.16 - Ddc tinh bom ghép song song.
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Duong ra cia hai bom 1 va 2 duge n6i v6t nhau. Vi vay hai bom ghép s& lam viéc
cung cot ap.

C6 thé ghép song song hai bom cé dac tinh khic nhau. Thong thutmg hai bom ghép
c6 cung dac tinh (xem hinh 10.16).

D¢ xay dyng dudng dac tinh chung, ngudi ta cong luu luong khi cuing cot 4p. Néu
bom 1am viéc riéng &, fai diém 1am viéc A, mbi bom sé ¢6 luu luong Q,. A 13 diém [am
viéc chung cna hai bom ghép song song. Tai d6 luu lugng ca hai bam ghép s€ [a Q.. Ta
ludn luon thay Q.- < 2Q,.

Diéu d6 ¢6 nghia khi ghép song song luu luong ¢6 tang lén nhung khong phai tang
gdp doi.

C6 thé ghép nhiéu bom song song. Tuy nhién do dic tinh luéi 13 dudng cong bic hai
nén ghép cing nhiéu bom hiéu qua ting luu lugng cang it di. Vi vay dé tang luu luong
nén chon bom Ién hon. Bién phdp ghép song song chi nén st dung néu khong tim duoc
bom {6n hon.

Céch ghép song song chi ¢6 hiéu qua 1on khi dudng dac tinh cla bom ghép thoai va
duong dac tinh ludi it doc.

10.7.2. Ghép ndi tiép

Cich ghép nay duogc diing khi ¢ nhu cau ¢d cot ap 16n hon kha nang ciia mot bom.

So dé ghép nai ti€p thé hien trén hinh 10.17.

H (!
! §
H~ |
“‘\<;€ Q)c ;
% | (H~Q)
l | \\
T N
a2 BN /
k J/)/ i //
H <
l (\‘\-)( ,}(Ac
( \)1 -s\\A \\
: \I' . / ’i\\ }r‘\
' | IERNEAN
i | \4\\
Bonf'1, 2 |
0 Q
Hinh 10.17 - So do ghép ndéi tiép Hinh 10.18 - Buong ddc tinh cua
hai bom li tam. hai bom ghép nai tiép.
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Céc bom ghép song song lam viée v6i cung hmu lugng. Vi vay dudng dac tinh cua bom
ghép duge lap nén bing cdch cong cot dp khi cing luu luong. Nhin vao dac tinh bom ghép
song song ta thiy diém ]am viéc A, clta bom ghép dng véi cot dp cao hon nhung khong
16n hon gap doi ¢t d4p chia mdi bom khi 1am viéc riéng (tmg vdi diém 1am viéc A).

Khi ghép ndi tiép nén chon bom va ludi dudng dng cd dic tinh doc méi ¢6 hiéu qua
cao, vi khi thay déi Iwu lugng it cling c6 thé tang cot dp 1én nhidu. Viéc ghép néi tiép
bom trong h¢ thong tuong déi phuc tap va khéng kinh t€ bang chon mot bom khic ¢é du
cot 4p yéu can,

§10.8. NHUNG CHU Y KHI SUDUNG BOM LI TAM

a. Khi chon bom phai chd y dén cdc dudng dic tinh cua hé théng ludi 6ng va bom.
Pac biét chd ¥ dén dudng diac tinh co ban H ~ Q.

b. Nén b8 tri ddy da cdc déng hé do dp suat du va chan khong d¢ tién theo ddi hoat
dong cia bom.

c. Trude khi khot dong bom cén kiém tra ddu md boi tron & cdc dém 16t, 6 truc bom
v dong co. Déng thai diing tay quay khdp néi giita bom v déng co dé phdt hién ket
bom do di vat lot vao bom.

‘d. Déng khda 6ng day trude khi khoi dong bom. Nhung lai phai mé trude khéa éng
ddy déi vdi bom dp suat thap dé dé phong qud tai dong co khi khéi dong.

e. Trong khi bom hoat dong cén theo dai déng hé do ap sudt, phat hién cdc su c6 dé
x1r ly kip thoi. Dac biét khi thdy tiéng nd bat thudng phdi dimg bom ngay, dé phong hien
twgng xam thuc xay ra. Mat khdc néu thay nhiét d6 bom va déng co tang bat thuong can
phai dimg bom dé kiém tra xem cédc b phian quay nhu cdnh bom va réto ¢é bi co xat vao
. vO khong hoac c6 qud tai tai cdc dém I6t kin. Mot trong nhimg nguyén nhin gay ra qua
1ai trén cdc 8 dd hoac co x4t gilta banh cong tac va vé bom la do phét sinh luc doc truc.
Trong qua trinh bom hoat dong, qua khe ho giita binh cong tic va vo bom, chat 1dng co
thé rd ri ngugc vé miéng hit gay that thoat luu lugng. Ddng thoi chat 1ong ro vé phia sau
banh cong tac, gady nén chénh 4p 16n gilra mit sau va mat trude clia banh cong tic, phat
sinh luc doc truc gay qué tai dém L6t va va cham banh cong tdc vao vo. Dé khic phuc
hién turgng nay ngudi ta thudng khoan céc 16 thong phia trude va phia sau bianh cong tic
dé can bang 4p suat. Trong qud trinh sir dung, cé thé cdc 16 nay bi gi sét, di vat bit kin...
nén phat sinh luc doc truc.

f. Khi chuin bi dimg bom cin déng khéa 6ng ddy trude khi tit may.

§10.9. MOT SO VAN PE VE MAY THUY LUC CANH DAN

O phén trén, mot s6 van dé co bian vé bom 1i tam di duge gi6i thieu. Cac van dé dé
12 co sd dé tim hiéu cdc mdy thiy luc cdnh din néi chung. Do han ché vé chuong trinh,
dudi day chi dé cap mot s6 van dé chinh cua mdy thiy luc cdnh dan.

10.9.1. Két cdu

Bo phan chi yéu cha may thity luc cdnh dan 1a banh cong tac. Phuong chuyén dong
cua chit long qua bdnh cong tic tity thudc vao két cau va bién dang clia cdnh din.
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Theo phuong chuyén dong cua chit long tir 16i vao dén 161 ra clia canh déin, binh
cong tac dugc chia ra cdc loal sau: :

- Banh cong tdc li tAm hoac huéng tam (hinh 10.19. a,b). Chat 16ng chuyén dong
qua banh cdng tdc tir tam ra ngoai hoac tr ngoai vao tim theo hudng kinh.

l Vl\\\ u

> | S

%AL/ 454 MW
) \/ I Rt v

W, V,

Hinh 10.19.

- Bénh cong tdc huéng tryc (hinh 10.19. ¢). Chit 1ong chuyén dong qua banh cong
tdc theo phuong song song vdi truc.

- Banh cong tac tam truc hoac truc tam (hinh 10.19.d). Chat long chuyén dong qua
banh cong tdc theo huéng tam réi chuyén sang huéng truc hoac ngugce lai .

- Bdnh cong téc hudng chéo (hinh 10.19. d). Chat léng chuyén dong qua bénh cong
tic theo phuong chéo véi truc.
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Deé tang luu fuong cua bom ngudi ta dilng banh cong tic c¢é hai miéng hdt. Bom 6
banh cong tac loai nay goi la bom hai miéng hiit. Binh céng tic cia loai bom nay duge
xem nhu hai banh cong tdc cia bom mot miéng hit c¢é cung kich thude ghép lai véi
nhau (hinh 10. 20).

Hinh 10.20 So do cdu tao Hinh 10.21. So db cdu tao
bdanh cong tdc hai miéng hiit. cda bom li tém nhiéu cap.

Dé cé cot dp cao, ngudi ta thudng lap néi tiép nhiéu binh cong tic trén mot truc
quay cta bom (hinh 10.21). S6 lugng banh céng tic tiy thude cot dp yéu cau (thudng cb
2 + 8, trudng hop dac biét ¢ thé 1én t8i 12 banh cong tac). Cot 4p cha bom nhiéu cap
gin bang téng cot 4p cha céc banh cong tdc ¢6 trong bom.

10.9.2. Ly thuyét co ban
Déi v6i mdy thity luc canh din néi chung, phuong trinh moémen ¢6 dang téng quat:
M=pQ (=GR, ¥ CR)
(hang diu trén déi véi bom, hang dau dudi d6i véi tuabin).
Néu khong ké tdn that thi cong suit thiy luc bing cong suat tai truc:
N=M.o =pgQ.Hs
Tur dé ta cé:

1
He =3 GG, F u,Cy) (10. 25)

Pay la phuong trinh cg ban cia mdy thiy lyc cénh dan do Ole lap ra nam 1775. Vi
viy né con duge goi 1a phuong trinh Ole.
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Dua trén cdc tam giac van toc ta c6:

w’=c +u2u,c.cos o, =c’+ul-2uc,
fuong tu w2 = ¢, 0,2 - 21C,,
Tir do:

1 2 2 2
ulclu'__z(cl +u, -w%)

1
W0 =9 (cH+ v’ - wy)

Thay thé céc bi¢u thifc trén vao (10.25) ta cé:
- bai voi bom:

H, = 279 + (10. 26)
- Paoi véi tuabin:
: 2 r 2 2 _ 2
Ho = 9%y WMioW | 6 -6 (10. 27)
2g 2g 2g
Ta di biét He = oo + Hio gone (10. 28)

- b6i vai bom:
2 _ C2
+ S6 hang 22—‘ la thanh phan dong nang don vi clia dong chdy duge ting lén
g2

. , 2 C2
khi qua banh céng tac. Hie gong = (:22—'
g
20 22
Do dé cot 4p tinh: Huopy = 2 ¢ 1= W3
2g 2g
ul —u’
+ S6 hang ‘2 2 (i 16 v6i s6 vong quay va dudng kinh banh céng tdc, biéu thi
g

thianh phan cot 4p tinh twong d6i dugce tao nén do luc 1i tAm tdc dung lén dong chay.
2 2
+ S6 hang ~W’2—w2 phu thudc dé md rong mang dan clia banh cong tic. Thudng
g
w, > w, dong chay trong doi cham dan, nén moét phan dong nang bién thanh 4p ning.
- D61 vai tuabin
c-a
2g

HF'O dong =
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2 2 2 3
Uy —u, + W) — W,

I—{Imﬁn =
1 h 2g 2g

D6i véi tuabin hudng tam u, > u,, luc li tim hudng nguge chiéu dong chay nén
uj —u;

5 bic¢u thi lugng gidm cot dp tinh. Con d6i véi banh cong tdc tuabin li tam thi
g

2 2
u;y -y . . . N . . o tae
u, < u, ’2 2 < 0, luc i tdm huéng ciing chiéu vdi dong chay, ¢6 xu hudng lam tang
g
cot dp tinh. D61 véi banh cong tac tuabin hudng truc thi bang khong.

SG h-ﬁmg\u
2g
w,> w, nén s6 hang niy biéu thi lugng giam cot dp tinh.

[V

phu thudc vao do thu hep clia mang din banh cong tdc. Thuong

10.9.3. Cdc quan hé ruong tu trong mdy thay luc cinh ddn
a. Déi voi hai may thity hic canh déan tuong ne

Theo ly thuyét thit nguyén va twong tu, khi hai mdy thay luc tuong tu nhau, ching
¢6 tinh chat giéng nhau va théa min cic diéu kién trong .

- Quan hé tuong tr luu lIuong

Luu luong dong chay qua banh cong tac cla bt ky mdy canh dan ndo ciing c6 thé
tinh theo cong thuc:

Q=C_nDb
Trong d6: b - chiéu rong vanh ra ctia banh cong tac;
D, - dudng kinh ngoai cua binh cong tic;
C..- hinh chi€u van téc tuyét doi lén phuong vubng géc vdi van tdc u.
C, ti 1& véi D, va s6 vong quay n.

Nhur vay ti s8 gifta luu lugng cua hai may:

Q n
_l:)‘i'_l_ (10. 29)
< g

Trong dé: n, - 6 vong quay cia may 1.

n, - S& vong quay cta may 2.
A, - ti 1& tuong tu hinh hoc cua hai mdy.

- Quan hé tuong tur cOt ap.
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Tu phuong trinh ¢6t dp:
1
H,. = g (0,Gy- u,C,)

Ta biét C,, C,,, u,, u, déu ti 1¢ v6i dudng kinh banh céng tac va sé vong quay n
cua bom.
2

H, N 5 N
L =\ 10. 30
H,., ; n, ( )

Vi vay:

- Quan hé tuong tu cong suat.
Ta biét cong suit cia mdy thay luc:
N=yQH
Trong d6: y - trong lugng riéng cia chét 1ong.
Vi vay ti 1é trong tu cong suét cla hai mdy la:

N Aoy (10. 31)

N, &, ' n;
- Ti 1& twong tu mémen quay
Ta bi¢t quan hé gilta mémen quay va cong suit cia may:
M.o» =N
Trong d6: o - van toc géc cia banh cong tac.

Do d6 ti 1& tuong ty mémen s€ la:

M_Nn
M, N, n
2
hay %:%xi-% (10. 32)
2 2 n,

b. Quan hé twong ty trong ciing mot mdy

Ngudi ta dd ching minh ring trong ciing mét mdy, khi s& vong quay thay ddi khong
qui 50% thi cdc ché do 1am viéc tuong tv nhau va cling hiéu suit.

Khidé A, =tva 1L =1,
Y
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Nhu vay trong ciing mét may, khi hai ch& do lam viée tuong wr, ta ¢é:

Q_n
3= (10. 33)
2
Ho_n (10. 34)
H, mn
3
No_m (10. 35)
N, m
M= 2 (10. 36)
n,

10.9.4. Mot 56 tng dung cdc quan hé tuong tu

1. Tinh s6'vong quay ddc tung cia mdy n,

Theo (10.29) va (10.30)
%S: Al (10. 37)
n
2
%= xf_% (10. 38)

Rut A, tlr (10.38), thay cic gié tri Q,, H, (xem 10.4.1) va bién déi ta cé:

n

N

1
3,65.n.0)2
= Q (10. 39)
H4
Trong d6 n, tinh theo v/ph, Q tinh theo m/s, H tinh bing m.
Hoic theo (10.31)

a
Ngsz A e (10. 40)
n
]
N2
Ta c6: n, = 1167 -1 (10. 41)
H4
Trong dé N tinh theo kW,
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2.Vé duong biéu dién cac diém lam viéc ciing hidu sudt ciia mdyv

3 mot mdy, néu s& vong quay thay déi khong qué 50% ta s& ¢6 cdc didm lam vice
tuong tu. G céc diém d6, hiéu suat 1am vice nhu nhau. Duding néi cdc diém lam viée cé
hi¢u suat nhu nhau 12 dudng biéu dién cic diém lam viéc cling hiéu suit hay con goi 1a
duong déng hiéu suat.

Theo (10.33) va (10.34) ta co:
H, 1,

- =— =k =const
Q Q
Nhu vay dudng déng hiéu suat duoc biéu dién bai phuong trinh:
H=k.Q (10. 42)

Do doc cua cdc duong nay phu thuoc vao hé $6 k (hinh 10.22).

B\

=
0 Q
Hinh 10.22. Puong dong hiéu sudt.

3. V& dudng dac tinh cla bom di qua diém lam viéc cho trudc, khi cho truée
duong dac tinh khac

Gia sir cho duong dic tinh cta bom itng v4i s6 vong quay n, (hinh 10.23). Hay vé
dudng dic tinh méi clia bom di qua diém lam viéc A ¢6 luu lugng Q, va cot dp H,.
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B
H | - A
A | n1

{

K [

A : n,

|

[

1

0 Q, Q
Hinh 10.23

Diém A nidm ngoai dudng dac tinh (ng véi s6 vong quay n,. Vi vay dudng dac
tinh qua A phai c6 s6 vong quay khic. Goi s6 vong quay do6 1a n,. Dé vé dugc dac tinh
mdi qua A, trudc hét can x4c dinh s6 vong quay n,. D€ xdc dinh n,, cin phai biét diém
lam viéc tuong tu trén dudng dac tinh cho trude. Néu v& duge dudng déng hiéu suat
qua A thi diém 1am viéc B trén dudng dic tinh di cho tuong tr véi diém lam viec A sé
1a giao diém giita dudng dong hiéu suat qua A va dudng dac tinh da cho (ing véi s6
vong quay n,). Khi cho truéc Q, va H, ta c¢6 thé tinh dugc d6 d6c dudng déng hicu
sudt qua A.

H,
Qi

nhu vay phuong trinh H = k,.Q* 1a dudng déng hiéu suat qua A. Vi A, B 1a hai
diém 1am viéc twong ty nén cé thé 4p dung (10.33) d¢ tinh s& vong quay n,

kA=

Nhu vay, khi d3 biét n, va n, dua vao cidc quan hé tuong tu (10.33) va (10.34) tng
véi mot diém lam viéce trén dic tinh cho trudce ta sé xdc dinh dugc mot diém 1am viéc
tuong ung trén duong dac tinh mdi img v6i s6 vong quay n,. Vdi cach lam nhu vay ta cé
thé v& dugc dudng dic tinh mong mudn.
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Chuong 11
BOM PITTONG VA MAY THUY LUC THE TICH

§11.1. KHAI NIEM CHUNG

_ Bom pittong ra doi trude bom i tdm rat lau. Nam 1640 nha vat ty hoc ngudi bic
Ott6 Henrich da ché tao thanh cong bom pittong dau tién dé bom nudc va nén khi dung
trong cong nghiép.

So dé nguyén 1y clla bom pittéong dugc thé hién trén hinh 11.1.

—_. 9 10 i i
- 1 2 5
V4 |
/7 R [\
Cy, ¥ L \Ce =N 1
\ T 1B 5Bt | B
N Vi N
S~ _— /E
V4 |
? 7

Hinh 11.1 - So do bom pittong:

| - Pittong. 2 - Xilanh 3-Ongddy 4-Vanddy 5 - Budng lam vice
6 - Van hit 7 - Ong hiit 8 - B¢ hut 9 -Tay quay 10 - Thanh truyén.

Khi dong co quay, nhd co cau thanh truyén tay quay, pittdong 1 ¢6 thé chuyén dong
tinh tién trong xilanh 2 giita hai diém B, va B, véi hanh trinh S = 2R (R - chiéu dai tay
quay 9). Hai diém B,, B, twong dng vdéi hai vi tri C, va C, cla khdp néi thanh truyén,
tay quay.

Khi pitténg di chuyén sang trdi, thé tich budng lam viéc tang dédn, dp sudt trong
budng 1am viéc 5 nho di va nhoé hon 4p sudt trong 6ng ddy 3 va mat thodng bé hiit 8. Vi
vay van ddy 4 bi déng lai, van hit 6 dugc md ra, chat 1dng s& dugc hit 1én budng lam
viéc 5 qua 6ng hit 7. Qua trinh hit chat 1ong két thic khi pittong dén vi tri B,. Khi
pittdng di chuyén sang phai, thé tich buéng lam viéc 5 gidm di 1am 4p suat trong d6 tang
cao hon 4p suét trong &ng day va éng hiit. Khi d6 van hit 6 bi déng lai va van ddy 7 md
ra. Chat 16ng s& duoc chuyén tir budng 1am viéc qua van ddy 4 vao 6ng ddy 3. Qud trinh
day chat 16ng két thic khi pittong dén vi tri B,.
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Neéu tay quay quay lién tuc, qud trinh hit va ddy chdt 10ng x4y ra xen k& nhau
theo chu ky. Mot qua tminh hit va day chat 1dng k€ ti€p nhau goi 1a mot chu ky 1am
viéc clia bom.

Can cu vao cau tao va nguyén ly 1am viéc chia bom ta thay: _

- Néu ddm bio do bén va do kin khit cla pittong - xilanh, cé thé tao dugc 4p suat
lam viéc rat cao. D6 [a vu diém noi trol clia loai bom nay.

- Dang nang luong chil yéu ma bom truyén cho chat 1éng 13 dp niang. Ap nang duoc
tao ra do qud trinh dan nd chat long trong bom. Néu diing bom dé hit cdc chat 1ong
thanh hat nhu nudc, dau..., bom cé the ty hit khong cin phai mdi, tham chi ngay ca khi
trong buodng lam viéc chifa ddy khi.

Goi W, 12 thé tich khong khi & 6ng hdt v budng 1am viéc khi pitténg & vi tri B, Néu
pittong di chuyén dén vi tri B, thi khong khi bi din ra véi thé tich [6n hon va bang W, +
F.S. Cho rang khong khi dan nd doan nhiét, nghia la:

p.Wo=p.(W,+F.S)
Trong d6: p, - dp suat khi quyén;
p - 4p suit sau dan nao.

Do dé:
p=p—o___p,
Wo +F.S
Vi vay chat 16ng ¢6 the tir bé hiit chdy vao 6ng hdt va ding 1én mot do cao:
h = P. P
Y

Néu pittong tiép tuc 1am viéc, chat 16ng tir bé hiit s&€ dan dién day bom. Khi dé xem
thu bom di tu “moi” xong.

Ciing do nguyén 1y trén bom pittdng hoin toan ¢é thé Am nhiém vu clia mét bom
chan khong.

Tuy nhién ta ciing thay rd nhuoc diém clia loai bom nay 1a luu luong rat khong déu,
tham chi bi gidn doan. Dicu d6 gdy ra su dao dong vé luu luong vi 4p sudt trong hé
théng truyén dong, trong d6 nd lam chic nang 1a bd ngudn.

§11.2. PHAN LOAI
Trong thuc t&€, nguoi ta phan loai bom pittong theo nhiéu cach:

- Theo s6 lan tic dung trong mdt chu ky lam viéc, bom duge chia ra ba loai: téc
dung don, tic dung kép va tic dung nhiéu lan.

Bom tac dung don (hinh 11.1) hay con goi la bom tic dung mot chiéu. Trong mot
chu ky 1am viéc bom chi thuc hién mot qué trinh ddy va mét qua trinh hiit néi ti€p nhau.

Bom tdc dung kép hay con goi 1a bom téac dung hai chiéu (hinh 11.2).
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- P
1 e A P 1; 4 - Van hut
Ny = B A — 2; 3 - Van ddy
= /
W TN\ -F

Hinh 11.2 - Bom pittong tdac dung kép.

Bom nay c6 hai budéng 1am viéc & hai phia. Vi vdy trong bt cif hanh trinh nao ciing
¢6 mét qua trinh ddy va mot qud trinh hit xay ra. Do d6 liu luong clta bom s€ déu hon.

Dé cho luu luong va 4p suat bom déu hon, ngudi ta dung bom tac dung nhiéu lan.
Da6i v6i bom nay nguoi ta ghép nhiéu bom tdc dung don va cho hoat dong léch pha nhau
bang cdch din dong cdc pittong biang mét truc khuyu (hinh 11.3). Cic bom nay c¢é
chung 6ng hiit v 6ng ddy.

1- 6ng day
! 2- Van day
‘ 3- Van hut
I 4- Ong hut
% |
\ T \L
N=pt
1
T 4
a - So d6 din dong bang truc khuyu b - So d6 bo tri budng 1am viéc

Hinh 11.3 - Bom pitténg tdc dung nhiéu ldn.
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- Theo dic diém coa pittdng, bom duge chia thanh hai loai: bom pittong tru va dia.

Bom pittong tru (hinh 11.3), trong d6 pittong c6 dang hinh tru. Mat xung quanh cua
pittong khong tiép xic vdi thanh xilanh, ma ti€p xdc & cd xilanh théng qua dém 16t kin.
Loai nay c6 uu diém la xilanh dugc ché tao dé dang, khong can dé chinh x4c cao, thanh
xilanh khong bi mai mon. Bé phan 16t kin 1a nhitg dém 16t khong gan lién véi pittong,
nén cé kha nang ch€ tao chinh xic, 16t kin duge tét hon. Loai bom nay thudng duge
dung véi ap suat 1dn.

Bom pittong dia (hinh 11.2), trong d6 pittong c6 dang det hinh dia. Mat xung quanh
cua pittong duge tiép xuc vdi thanh xilanh. Vi vay, bo doi pittong xilanh phai dugc ché
tao véi do chinh xdc cao. D€ tang do kin khit cia budng lam viéc ngudi ta thudng sir
dung vong ging (séc mang), lap trén pittdng.

- Theo ap suat lam viéc, bom duoc chia ra ba loai:

Bom 4p sudt thdp p<l0at
Bom ap suat trung binh p=10+20at
Bom 4p sudt cao p > 20 at

- Theo luu lugng, bom duoe chia ra ba loai:
Bom luu lugng nho Q<15m'’/h
Bom lwu lugng trung binh  Q=15+60m"h
Bom luu lugng 16n Q>60mYh

§11.3. CAC THONG SO CO BAN CUA BOM PITTONG
\ 11.3.1. Luu lugng cua bom pittong
a. Liru iomg trung binh
Goi D - duong kinh pittong
d - dudng kinh cba cén pittong
S - hanh trinh cua pittong

Thé tich 1am viéc trong mot chu k¥ d&i v6i bom tac dung don la:

DZ
q="55 (11.1)
Con d6i véi bom tic dung kép:
D! | my
=2—7/S8-—3S§ 11.2
q 4 4 ( )

hay
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Vay, néu n la s6 vong quay trong mot don vi thoi gian thi luu lugng trung binh 1y
thuyét ctia bom sé la:

Q=qn (11.3)
Tuy nhién luu lugng thuc t€ Q bao gid ciing nho hon luu luong 1y thuyét vi:
- Co6 su 1o 11 qua cac dém 16t kin.
- Van hit va ddy m& cham trong qué trinh hit va ddy.
- C6 thé ¢ [ 2

150 mm)
150 + 300 mm)

>300 mm)
b. Luu
C6 thé x htic:

Gia sit b uay (hinh 11.1)
thi tay quay tr B, dén B’,.
Néu chiéu da ) thi cé thé coi
gan ding:

Nghia la:

X :
v= T = Rsmtpd—f
hay v = 0.Rsing (11.7)
Do d6 luu lugng tife thoi ctia bom tédc dung don la:
Q = Fo.Rsing
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Nhu vay luu lugng tie thoi cia bom dao dong theo ham sin va dat gia tri cuc dai khi

(ng,a_rc tiéu khi ¢ =0 va@ =n (hinh 11.4).

Hinh 11.4 - Luu luong titc thoi cua bom pittong tdc dung don.

Khi ¢ ¢6 gid ri tir 1 dé€n 2n bom s€ khong c6 luu lugng, vi trong khoiang dé bom
thure hién qud trinh hit.

Bom pittong tdc dung kép s& 1am cho luu lrong khéng bi gidn doan nhiéu. D6i véi
loat bom ndy, sau khi khoang khéng cé cin thuc hién xong quéd trinh ddy chat lang,
khoang c6 can s& thuc hién qua trinh ddy v6i luu luong:

Q=F-fHyv
Hay
Q= (F -1 Rsing (11.8)

‘Nhur vay cé thé vé duge biéu d6 luu lugng clia bom tdc dung kép (hinh 11.5)

Q A

T~ N

0 T 27 3 AT @

Hinh 11.5 - Biéu dé lwu luong tire thoti ciia bom pittong tdc dung kép. ~

Qua biéu dé lvu lugng cha bom tic dung don va kép ta thay mitc do dao dong clia
chuing rat 16n.

Pé gidm muc d6 dao dong luu lugng, ngudi ta ding bom tic dung nhiéu l4n bing
cdch ghép nhiéu bom va cho chiing lam viéc léch pha nhau. Tuy nhién cén trdnh hién
tuong cac bom lam viéc tring pha. Trén hinh 11.6 13 biéu dé Iwu lrong cia ba bom ghép
1¢ch pha nhan mot géec 120°.
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0 n 27 |\ j \ 3n 41t
Qmin Qmax
Hinh 11.6 - Biéu do luu luong cua ba bom ghép léch pha 120°
Q
ol s o 3n in o

Hinh 11.7 - Biéu do luu luong ciia bon bom ghép léch pha 90 °

Qua hinh 11.7, ta thdy mac di ghép bdn bom nhung luén luén ¢6 hai bom hoat dong
tring pha nhau nén mic dd dao dong 1dn hon so véi ba bom ghép léch pha nhau 120°.

Dé ddnh gida mic do dao dong luu lugng, ngudi ta diing hé s6 khong déu vé luu
lrong 8 hay con goi 12 hé s6 dao dong luu luong.

d= Qmax (11.9)
Qb
Trong d6 Q,, - lwu lugng trung binh cia hé bom duge tinh theo cong thic (11.3).
bai vai bom tdc dung don:

T.n
pRED
5= F.R.o _ 30 _ .
Fs" F2RL
60 60

Vi phuong phap nhur vay, cé thé tinh duge hé s6 dao dong luu lugng:

- Ciia bom téc dung kép va bom tdc dung bon lan & =§

- Clia bom tac dung ba lan & =13E— .

R& rang dao dong lwu luong 12 dac diém, d6ng thoi 1a nhuogc diém clha bom pittong.
Nhuge diém nay gay nén su khong 6n dinh cha ddng chay trong bom. Diéu dé han ché
pham vi str dung ciia loai bom nay, nhit 14 d6i vdi cdc hé théng truyén dong thiy luc cin
¢6 dé chinh xdc cao.
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Mait khédc cin thdy rang vé mat ly thuyét, luu lugng trung binh clia bom chi phu
thudc vao s6 vong quay ctia hé dan dong. Viéc diéu chinh lwu luong cha bom c6 thé
duoc tién hanh theo cédc cdch sau:

- Thay déi s6 vong n clia bom.
- Diéu chinh bing khéa dé€ thdo bét chét 16ng tir buéng ddy vé budng hit clia bom.
- Thay déi dién tich 1am viéc cta pittong bang céc co cau dac biét.

Do dac thu
luén la dong cha
theo thot gian.
nguge chiéu ch

ng bom luén
nay thay doi
uc quan tinh
tiéu hao co
ong cua chat
long nd s€ déng

Van toc cua 6i trén cling

doéi vai luu
lugng ma con d
A. Ap suat
Xét so db cu
Vi€t phuong la mat (1-1)
(11.10)

Hinh 11.8 - So dé bom pittong.
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Trong dé: p, - 4p suat mat thodng bé hiit, bang dp suat khi quyén.
h, - chiéu cao hiit cia bom.
P, - dp sudt trong budng lam viéc clia bom.
v, - van t6c chat 16ng trong buéng lam viéc, cling chinh la van téc pittong.
>h,, - Téng t6n that cot ap cha chat 16ng tir mat cat (1-1) dén (2-2):

E-heés

A;-hés g kinh d..

v,-vant

Co6 thé b

Tir do c6
1.11)

Trong d

1.12)

£, duoc

Cotdpq

: 13)

Trong dé6: L, - chiéu dai tuong duong ctia 6ng hiit.
x - doan dudng ma pitténg di chuyén dugce trong xilanh.
n
F

L,= ig;‘f I
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Trong truong hop van t6¢V, chi phy thuoe thoi gian thi:

hl:[th+X]9’£

g dt
Tai x = 0 ta ¢6 hy o, = L0 4Ve
g dt
Pén day c6 thé viét lai phuong trinh (11.10 ):
2
+ X
Ph_Pa_ zh+hvh+¢h12+[—Lh ]——dVP (11.14)
Yy v 2g g dt

Cdc s6 hang trong ngoac vuong cta (11.14) déu duong, chi ¢é cot dp quin tinh

+ » 2. . 2
[Lh X ]9;',—;3 cé the doi dau vi d;ip c6 thé am hoac duong.
g

Tir d6 ta thdy dp sudt hiit p, s€ 16n nhat & cudi hanh trinh hit va nhd nhét & ddu hanh
trinh hat.

Trong trudng hop sau néu p, < p,, (p suat béc hoi bao hoa cla chat 1ong) dé xay ra
hién tugng xam thuc.

D¢ tranh hién tuong xam thuc cén gidm chiéu cao hiit z, va gidm Yh,,. Dé gidm tdn
that trén duong ong hiit nén b tri dudng kinh 6ng hiit 16n, giam cac tén that cuc bo...
\ Tri s6 h,, phu thudc vao van 16c quay cla dong co. Van t6c quay cang 1én h,, cang
Ién. Thuong han ché van tdc quay cia dong co trong khoang n = 100 + 200 vg/ph.

Néu bom duoc dan dong bang hé thanh truyén tay quay thi: %‘3 =o'R

Vay dé€ khong xay ra hién tugng xam thuc thi:
Pa.f g 4h,+ LhgR ]2 Pohyan (1L.15)
g Y
Trong d6 Ah - luong du trit chdng xam thuc.
B. Ap suit ciza bom trong qua trinh diy
Viét phuong trinh Becnuli cho hai mat cat (2-2) - (3-3):

2

2
Bi Vo ozt By Yoy shiah] (11.16)
Y 2g Y 2g
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Trong dé p,- 4p suit trong budng lam viéc trong qud trinh ddy.
V, - vén t6c cha pittong.
Yh,, - téng tén that cot 4p trong dong chat 1éng tir mat cat (2-2) dén (3-3).

3

N v
C6 thé viét: Yh,, =& == +h,
2g
Trong d6 hé s6 &,- hé s6 ton that tuong duong (giéng nhur trudng hop hiit & trén)

h,, - t6n that tai van diy.

h,s - cOt4p qudn tinh trong qué trinh ddy. Tuong ty nhu trong qué
trinh hut:

:L!‘FS-X de

h
qud g d t

(11.17)

Trong d6: L, - chiéu dai tvong dudng clia ddong chay trong qué trinh ddy.
S - hanh trinh cla pittong.
C6 thé viet lai (11.16);

2
Ba o Pl thot (5, - 1)¥+(L“~+—gs;")d—;ii’—] (11.18)

Tir (11.18) ta thay, 4p sudt trong qud trinh day s& 16n nhat khi bt ddu hanh trinh day
(x = S) va nhd nhat & cudi hanh trinh ddy (x = 0). Nhimg lic d6 cot ap gia t6c luc

dvyp 12 16m nhat.

quan tinh

Khi x = 0 cét 4p quan tinh cyc dat:

S
qumax =( L - ) (D2R < 0
g

h

Bz  Poh

Lic niy 4p suat ddy bé. Néu v , c6 thé xay ra hién tugng xam thuc.

DE tranh hién tuong xam thuc thi:

P2, +hvd-—1ﬂjgim2R)z %Jr Ah (11.19)
‘Y 3
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11.3.3. S6 vong quay gioi han cua bom pittong

Sau khi nghién citu dp sudt lam viéc ctia bom ta thay: Khi cau hinh cta hé thong
da duogc xdc dinh thi s6 vong quay dan dong bom cang I6n, cang dé xay ra hién
tuong xam thuc.

Giai phuong trinh (11.15) trong diéu kién c6 xam thuc:

2.2 B
_L__h_nnmax R:Pﬂ th “&h_zh—hvh
900
Suy ra:
Tuong tu do
Nhu vay s6
§11.4. PUO
t dp va luu
H & rat chat ché
1, lru luong
bao do kin
61 v6i bom

pittong phu
ddy, con luu
uay ctia dong
ittong).

uru lugng clia
nhau.

- Khi ché¢ tao bom pittong, gilta
0 pittong vi xilanh khéong thé khéong cé

Q  khe ho. Khi p sudt trong bubng 1am viéc
taing cao dén moét mirc nao dé sé xudt
hién su ro ri luu lugng qua khe hé trén

Hinh 11.9 - Ddc tinh lam viéc cua bom pittong.
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va dong thoi néu dp suét 1am viéc qud 16n thi luu lugng clia bom c6 thé mat hoan toan,
vi khi d6 van an toan s&é ma dé xa chat 16ng vé bé hit. Boi vay dac tinh lam viéc co ban
ctia bom pittéong c6 dang nhu hinh 11.9.

ay n = const.

Hck

Hinh 11.11 - Cdc duong ddc tinh bom pittong phu thuéc cét ap H
trng vdi sé vong quay n = const.

Khi cot 4p bom khong déi (H = const), néu s6 vong quay n tang thi luu lugng, cong
suat va hi¢u suat luu lugng ciing s€ tang theo (hinh 11.11).
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Z03

/’ﬂnﬁ(

nj=const K
Q=f(n 2 1
/u” "\
QO

X
N K,

nJ=const
\

0 n 0 Hck

Hinh 11.12 - Cdc ddc tinh ctia bom Hinh 11.13 - Duong ddc tinh xdm thuc
khi H = const. cua bom pitténg.

Puong dic tinh xam thuc ciia bom (hinh 11.12) theo cic s6 vong quay khic nhau.
Cac diém K, K, tmg vé6i gid tri cot 4p chan khéng giGi han. Néu bom lam viéc vdi cot dp
chan khong vugt qua céc gidi han dé, hién tugng xam thuc trong bom s& xdy ra.

Céc dudng dac tinh cha bom gitip ching ta sir dung bom mot cdch hiéu qua va an
toan. C4c bom thé tich khic ciing ¢é cdc dudng dic tinh tuong tu.

§11.5. MOT SO VAN PE VE MAY THUY LUC THE TiCH

Qua viéc nghién ciu vé bom pittong ta c6 thé thdy mét s6 van dé sau:

- Kha nang tao ra dp suilt rit cao, néu dam bio duge do bén va do kin khit clia
pittong va xilanh. Vi vdy c6 thé tang cong sudt cia mady ma khong cén phai tang kich
thuéc cia may. D6 chinh 12 mot uu di€m va ciing 12 dac diém cha bom pittong ciing nhu
mady thuy luc pittdong nhu xilanh luc, xilanh momen.

- Luu lugng hoac bi gidn doan hoac khong déu.
Hé s6 dao dong luu lugng thudng rat 16n.

- Viéc diéu chinh luu lugng trong qua trinh bom 1am viéc 12 rat khé khan. Thuong
ngudi ta dung cdc bién phédp sau.

1. Thay déi s6 vong quay cia truc dong cd.
2. Diéu chinh bing khéa (tiét luu) dé thio bot chat 16ng tir buéng ddy vé budng hut.
3. Thay déi dién tich mat lam viéc clia pitténg bing cic co cdu dac biét.

4. Thay d6i chiéu dai hanh trinh cha pitténg bing cdch thay déi kich thudc cla
thanh truyén hoac tay quay bing céc ca cau dic biét.

D& phdt huy vu diém va han ché cic nhuge diém cia loai mdy thuy luc pittong
ngudi ta thiét k&, ché€ tao cic mdy thuy luc khac nhu mdy thuy luc pittong - roto, mdy
thuy luc roto.
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11.5.1. Mdy thuy luc pittong réto

3 loai may nay, ngudi ta bé tri nhicu xy lanhtrén mot réto. Nhes chuyén dong quay
cla roto, céc pittong c6 the thuc hién chuyén dong tinh tién trong xilanh.

Trong thuc t& c6 hai loai may thuy luc pittong - réto: huéng kinh va hudng truc. Mot

mdy thuy luc pitténg - roto c6 thé thyc hién duge hai chifc ning: bom va déng co véi
hiéu suat 1am viéc tuong duong nhau.

B
BB 7///!/ NSl 4442444 AR
A 2 ; f §
= A
3
i\ ;
' BN,
— N '_tz\
0 10,/ ‘ %4/ | I B
/]
/ —
4 l
' /
TN
b 4
) L/ -/
yIPD
/) / :;;;;:;/;:;/
g \7/ A B |
Hinh 11.14

1. May thuy luc pitténg réto hiedng kinh

Céc xilanh duge b6 tri trén roto 1. Truc cha ching c¢6 phuong xuyén tdm roto. Roto
1 dugc dat léch tam véi sta to 2 v6i do 1éch tAm e. Cac pittdng dat trong cac xilanh ¢6
mot ddu luon luén ti vao vanh stato. O giita roto ¢6 hai ranh hinh ban nguyét A va B
dugc ngan cach nhau boi mot vach ngan gan lién vdi stato, hai rinh nay dugc thong ra
ngodi bdi hai 16 din a, b, Cic xilanh déu dugc théng véi cic rinh con goi 1a bong A
hoac B.

Néu mdy 12 bom, khi roto quay (vi du theo chiéu kim déng ha), nhd ¢é d¢ léch tam
gilta roto va stato cdc pittong sé thuc hién chuyén dong tinh tién trong xilanh gay ra su
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bién ddi thé tich trong cdc budng Iam viéc. Cdc bubng 1am viéc néu n6i v6i ranh A trong
qua trinh quay ¢6 thé tich ting ddn lam 4p suét giam dan lam chat 16ng duge hit vao
cdc budbng d6. Qua trinh hdt chét 1ong chia mdi budng s& két thic khi dudng thong véi
ranh A bi bit kin bdi vach ngan. Khi dudng thong thodt khoi vdach ngan va thong véi
ranh B, qud trinh ddy chét 16ng ra khoi budng 1am viéc duge bat dau. Trong qué trinh
quay tiép dién cla roto, buéng lam viéc c6 thé tich gidm dén, 4p suat ting lén lam chat
16ng bi ddy ra ngoai.

Néu chiéu g

Néu mudn
A hoac B, cic p
ra momen luc 12
thanh co nang ¢

Dé dam bac
luén ti vao tha
hoac cdc co ca ngudi ta con
dung mot bom Hdy pittong ti
vao thanh stato, t phai c6 céc
bién phdp trén Y
sdt vao stato.

16n vao bong
pittong s€ tao
long da bién

ng phai luén

ai dung 10 xo

Luu luong ¢
lanh, s6 xilanh

Goi Z 1a s6
ctia mdy trong

Do dé: lru 1

rong mot don
vi thoi gian la:

Cong thiic ( vao do léch
tam e gitra roto va stato. Bang cac < do léch tam e, co thé diéu chinh duoc Iuu
lugng ctiia may trong qud trinh lam viéc. Liru luong clia mdy s€ bang khong khi e = 0.

2. Mdy thuy luc pitténg réto huong truc
Khéc véi loai trén, ngudi ta bé tri cdc truc cua xilanh song song véi truc quay cua
roto 1 (hinh 11.15).
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N\
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R e S~ E - —
S
-..\\‘!‘
el
\
I S
Pl
Piu cua g clia cdc 10 xo
dat trong xila
Nhu vay én trong xilanh.
Céc 16 luu th ranh vong cung
5 bé tri trén n 6.
Mat kha vao va ra khoi

xilanh.

Néu mdy 1a bom, khi réto quay nguge kim déng hé (nhu hinh v&) thi rinh vong
cung bén trai l1a bong ddy con bén phai 1a bong huit.

Néu dan chat long dp sudt du 16n vao xilanh, cdc pittong s€ ti vao dia nghiéng, mot
phan phan luc ti tic dung vao dau pittong s€ tao ra mémen lam quay roto quanh truc ctia
né. Khi d6 may lam nhiém vu cua mot dong co thuy luc.
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Ky hiéu S 1a hanh trinh cla pittong trong xilanh thi lwu lugng riéng 1y thuyét cla
mady la:

dZ
q == 8Z (11.21)
4
o day S =D. siny = Dy tgy,

trong d6: D- Duong kinh lam viéc cua dia nghiéng.
Dy, - Pudng kinh cua roto trén d6 phan bé céc truc cua xilanh.
Vi vay hu lugng trung binh 1y thuyét clia may sg la:

2
Q, =—7%—Z.n.D.siny (11.22)
rd’
Q= 1 Zn.Dytgy (11.23)

Qua cdc cong thic trén ta thay luu lugng ciia may phu thudce vao géc nghiéng y cua
dia nghiéng.

Néu diéu chinh géc nghiéng v ta c6 thé diéu chinh dugc luu lugng ctia mdy.

3. Nhitng nhdn xét vé cdc mady thuy hec pitténg - roto.

Qua két cau va nguyén ly 1am viéc cia cdc loai mdy nay, ¢ thé rit ra nhimg nhén
xét sau day:

a. Vé két cau.

Cac loai mdy nay khong cén b6 tri cdc van hit va diy nén cé thé lam viéc véi s6 vong
quay cao, may hudng truc thuong duge diing trong cdc trudng hgp can ¢ s6 vong quay
cao vi momen thay d6i nho, con mdy hudng kinh, thi ngugc lai, dugc ding trong triromg
hgp c6 mémen quay 16n (c6 thé dén trén 4900 Nm) va van téc quay tuong d6i nho.

So v6i mdy hudng kinh, mdy hudng truc c6 kich thude nhé hon khoang hai lan trong
khi cdc diéu kién khac nhu nhau.

b. V& cong nang.

Thuc chat mdy thuy luc pittong - roto 1a bao gébm nhiéu mdy thuy lyc pittong ghép
lai va 1am viéc léch pha nhau. Vi vay, ching phét huy duge wu diém clia mdy thuy huc
pittong. 6 1a kha nang tao dp suit cao. Nguoc lai chiing han ché duge nhuge diém cla
mdy thuy luc pitténg. Vi cé thé b tri nhiéu xilanh trén cung mot réto, nén luu lyong cha
cac loai mdy nay déu hon mady pittong. Mat khac viéc diéu chinh luru lugng va mémen
quay cua mdy trong qud trinh 1am viéc dé dang hon, pham vi diéu chinh 16n hon nhiéu
véi méy thuy luc pittdng.

11.5.2. M4y thuy luc roto

Mdy thuy luc roto ra doi vao khoang cudi the ky 19, sdm hon mdy thuy luc pittong -
roto. C6 khé nhiéu loai mdy thuy luc r6to. O day chi gii thiéu mot s6 loai chinh.

- Mady thuy luc banh rang.

254



- May thuy luc truc vit.

- Mdy thuy luc canh gat.

- Bom chan khong vong nudc.
1. Mdy thuy luc banh rang.

Nguyén Iy co ban clia 1oai nay dua trén sir bién ddi thé tich ctia cac budng lam viéc
nhd qua trinh an khép cha cdc banh rang.

a. Bom bdnh rang.

Bom banh rang dugc ding phd bién nhat trong cdc loai mdy roto vi: két cau don
gian, dé ché tao, lam viéc tin cdy, wdbi tho cao, kich thudc nhd, gon, c6 khi ning chiu
qué tai trong thai gian ngin.

Xét so d6 nguyén ly cta loai bom nay trén hinh 11.16.

a) b)
Hinh 11.16

Gia slr cac banh rang 1 va 2 1a cdc banh rang than khai khong dich chinh.

Bénh rang chit dong 1 gén vdi truc chinh cia bom, dn khép véi banh rang bi dong 2.
C4 hai banh rang déu duogc dat trong vo bom 3. Khoang tréng A giita cap binh rang va
ong hit 4 goi 1a bong hiit. Con khoang tréng B néi véi 6ng ddy 5 goi la bong ddy.

Khi banh ring chil dong 1 quay theo chiéu mii tén, hai banh rang sé dn khép nhau.
& khu vuc bong hit A, hai bdnh ring thuc hién qué trinh ra khép, ¢6 nghia la ring cua
banh rang nay thodt khéi rinh clia banh rang kia. Qu4 trinh ndy 1am cho thé tich buéng
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lam viéc tang lén. Hau qua 1a dp sudt trong bong hiit giam hon so vdi ap suat trén mat
thodng cta bé hit, 1am cho chat 1dng tir bé hit dang lén bong hit A qua 6ng hiit 4. Sau
d6 chit long s& dugc chuyén 1én bong ddy B theo c4c ranh rang sat véi vo 3. D6 1a qud
trinh hut.

Déng thoi véi qua trinh hit, trén bong ddy B dién ra qud trinh ddy chat 16ng. Trong
bong ddy A dién ra qud trinh vao khdp clia hai banh rang. Nghia 1a rang ctia banh rang
nay chén vao ranh cta banh rang kia. Hau qua 1a thé tich bong ddy gidm di. Diéu dé6 gay
ra su tang dp sudt trong bong ddy hon so véi 6ng ddy, 1am cho chat 16ng tir bong ddy B
chuyén vao 6ng

Nhu vay qu

Qua nghién
cua banh rang
ong day khi hai
thé tinh gan dd

y la do rang
chuyén vao
clia rang co

trong dé:
t - budc ran

h - 1a chiéu

24)

¢ la 2za. Vay
néu s6 vong qua

Néu so ran

cht dong.

Déi véi cic anh rang 16n
hon dang ké so ng thic (11-
25) bang 3,5 né

Q,=7.D.m.b.n
2
Vim= % nén c6 thé viét: Q= T%bn (11-26)

Luu luong thuc t€ Q ctia bom thudng nho hon luu lugng 1y thuyét Q, vi ¢6 tdn that
luu Iugng do rod ri qua céac khe ho gitta vo v6i mat ddu rang va dinh rang.
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Vi vy luu luong thae t€ clia bom a:

Q=ny. Q="My D.m.b.n (11.27)
Trong d6: my: hiéu suét luu lugng (thong thuong n,=0,8 - 0,9)

Thuc nghiém chitng 16, t6n that luu lugng qua khe hd gita mat ddu rang va vé chiém
khodng 75 + 80% tdng t6n thit luu luong. Khi tang khe hd d6 1én 0,1 mm thi hiéu suat
tru lrong giam 20%. Nhung néu tang khe hd dinh ring véi vo bom 1én 0,1 mm thi hiéu
sudt liru lugng chi giam 0,25%.

Chat léng c6 do nhdt cang cao cang giam ton that ro ri. Tuy nhién néu do nhét 16n
qud mifc c6 thé xay ra hién tuong chat 16ng khé chay vao diy ranh rang. Hién tuong nay
khong nhitng 1am giam luu lugng ciia bom ma cdn gy cac tic dung x&u khac. Khi rinh
khong chita ddy chat 16ng di chuyén dén gan bong ddy, chat [dng c6 dp sudt cao & bong
ddy s& chdy tran vao ranh d6 gdy nén tai trong phu tic dung 1&n 8 truc. Mit khdc tinh
trang khuyét chat 16ng trong cic rdnh ¢é thé gdy nén hién tugng xam thuc va 1am cho
ddu m4t pham chat.

Qua cong thiac tinh luu luong, ¢ thé thay d€ tang lwu luong ¢6 thé ting s6 vong
quay n. Tuy nhién chi nén han ch€ s6 vong quay sao cho vin téc vong & dinh rang
khong qud 6 + 8 m/s. Khi van t6c qua cao sé& sinh ra luc 1i tdim dédng ké, 1am 4p sudt chat
long & bong hit tai khu vire dinh rang gidm xuéng, dé gay hién tuong xam thuc.

Thyc nghiém cho biét khi vén t6¢c & dinh rang nho hon 8 m/s thi anh hudng dén qué
trinh hit khéng ddng ké. Khi van téc tang dén 20 m/s thi bom khéng hit dugc nita hoac
hat rat kém.

Can cha y tdi hién tuong chen ép chat 1ong & chan rang khi bom 1am viéc. Ta biét
khi banh rang vio khdp, khong phai toan bo chat 16ng trong ranh duge chuyén vio hong
day, ma mot phian duge gitt lai d chan rang (hinh 11.17).

Hinh 11.17

Néu giita cac mat rang khi vao khdp khong c6 khe hd thi phan cha® 1ong & chan ring
dé bi nén lai véi 4p suat rat cao vi thé tich chita giam dan. Nhung khi cap rang bat dau
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qui trinh ra khép, thé tich chia lai tang dan, 4p suat giam di. K&t qua 1 banh riang bi tai
trong phu doi dau, anh hudng dén siic bén cla banh rang vi & truc. Mat khac hién tuong
nay ciing ¢6 thé gay ra hién tuong xam thuc va dau bi bién chat.

Dé tranh hién tuong trén ngudi ta thudng lam cdc rinh thodt trén thanh v bom
ngang vi tri n khdp. Cdc ranh nay cé thé théng véi bong hit hoac bong ddy. Ciing cé
thé khoan cic 16 thoat hudng kinh & chan rang, thong véi rinh thoat trén truc, din chat
16ng vé bong hiit hoac day. Con mot bién phdp rat (6t dé khac phuc hién tuong trén 1a
dung banh rang nghiéng hoac chit V. Véi cdc cap bdnh rang nay qua trinh vao va ra
khép dién ra tir tir, chat long khong bi nhét kin tai chan rang.

b. Dong co banh riang

Poéng co banh rang c6 két cdu tuong tu nhv bom banh rdng, nhung doi hoéi ché tao
chinh xdc hon d¢é tranh tén that 4p suat nhiéu.

Khi cung cap nguén chat 1ong ¢6 dp sudt di 16n vao bong A (hinh 11.16), do chénh
ap luc lén cic bé mat rang s€ tao ra momen quay lam chuyén dong cdc banh rang quanh
truc cua chung.

Tén that co khi trong dong cd banh rang 16n hon trong cac déng cd pittong - roto
nhiéu, nén 4p suit ding d¢ khai dong dong co banh rang cling ddi héi 16n hon. Vi du dé
khai dong khong tai mot dong co pittong - roto chi can dp suat d 161 vao khoang 0,5 +
1,5 at, trong khi dé doi vdi dong co banh rang tuong duong cdn dén ap suat 10 + 15 at.

V1 vay viéc giam ma sét trén cdc be mat lam viéc cha cdc chi tiét trong dong co
banh rang cin dugc chi trong dac biét. Mat khic phai khac phuc phu tai hudng tam do
chénh léch dp luc chit 16ng 1én banh rang giy ra. Nguoi ta thudng bd tri cdc ranh trong
thanh vo, néi cdc viing cé 4p sudt khac nhau dé can bang dp luc trén truc (hinh 11.18).

| P
/»%

N

7

N

Hinh 11.18
Ngudi ta con sir dung dong co nhiéu banh ring d€ c6 momen quay 16n va kich
thude nho gon hon (hinh 11.19)
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Hinh 11.19

Cong suat clia cdc loai ndy thudng kha I6n, cé thé dén 80 kW. Tham chi véi 4p suat
vai p = 100 at va s6 vong quay n <100 vg/ph va diing 1} banh ring, momen quay cé thé
dat t&1 20.000 + 25.000 Nm.

Dai véi dong co banh rang thang c6 thé x4c dinh mémen 1y thuyét M, va cong suat
1y thuyét N, theo céc cong thic sau:

M, =%(Z+I) Nem (11.28)
N, = TRabn (Z+1) kW (11.29)
' 306 ‘

Trong d6  Ry(cm) - ban kinh vong tron co s6;
b(cm) - chiéu rong binh rang;
p(N/cm’ ) - 4p suat chat long.

c. May thuy luc banh rang an khép trong

PE giam kich thudc, 1am mdy nhoé gon hon, ngudi ta ché tao mdy thity luc binh rang
an khdp trong. Vdi loai may nay, banh rang ngoai bao gid ciing c¢6 s6 rang Z, 16n hon sé
ring Z, cua banh rang trong. Can ci vao hiéu s6 Z, - Z,, ngudi ta chia mdy thanh hai loai:

+ Loai co 7, -7,>1
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+ Loai ¢6 Z,-7Z =1

Ciing nhu d6i véi loai an khép ngoai, loai may an khép trong ¢6 Z, - Z, >1 ludn ludn
chi ¢6 mét cap rang an khdp trong qud trinh 1am viéc (hinh 11.20) do dé chi ¢é mot
khodng trong giita hai banh rang.

T
|
SN/

Hinh 11.20

Dé tao ra bong hit va ddy riéng biét, ngudi ta phai bé tri tim chan hinh ludi liém.
Kich thudc loai nay tuy ¢é nhé gon hon loai @an khép ngoai, nhung luu luong va momen
quay khong bién déi dang ké va lwu lugng ciling chi phu thudc bac nhat vao s6 rang Z
cua banh rang chi dong.

Dsi véi loai may ¢6 Z, - Z, =1 thi khdc héan. Trong cing mot thdi diém tit ca cdc cap
ring déu ti€p xdc vdi nhau. Vi vay luon luon tén tai s8 budng lam vige kin bang sd rang
clia banh rang trong Z, (hinh 11.21).

260



Y. NNy S \A
A / 454

Z 2 - @rﬁg

=N

N

AN
N

Hinh 11.21

Loai mdy nay ¢6 cic uu diém co ban sau:
- Két cau don gian vi khong can dung ludi liém d€ tao ra cdc budng [am viéc.

- Thé tich lam viéc rat 16n. Tai moi thoi diém déu c6 s6 budng 1am viéc bang s6 rang
trong. Vé mit 1y thuyét, thé tich chét ¢é thé bang khéng nén khi 1am viéc & ché do dong
co ty s6 nén rat cao. Khi lam viéc & ch€ do bom, luu lugng chat Iong ti 1é véi tich s6 Z,. Z,
(trong khi d6i v6i cac loai an khdp ngoai chi ti 1€ véi s6 rang chia banh rang chil dong).

- Do su tang dp dién ra tit nita chu vi bdnh rang nén mdy lam viéc ém. Tudi tho cao
do dudng an khdp khép kin, hé s& tring khdp rdt 16n (bang s6 rang cba vanh rang
ngoai).

- Hé s6 dao dong luu luong va momen rat nhé do téng thé tich cdc khoang lam viéc
tuong déi bang nhau tai moi thoi diém. Véi cling s6 rang so véi may an khdp ngoai, hé
56 dao dong luu lugng clia mdy an khép trong c6 thé nhd hon t6i 10 1an.

- Khi ciing lvu lugng, mdy an khdp trong cé kich thude nho hon rét nhiéu so véi loai
mdy an khdp ngoai.

2. M4y thay luc tryc vit

Ciing giong nhu cdc mdy thiy luc khdc, mdy thay luc truc vit cé thé thue hi¢n hai
chifc ning: bom va dong co.

a. Bom truc vit

Hinh 11.22 giéi thiéu két ciu cia mét bom hai truc vit c6 ren chif nhit.
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a) b)
1 - Truc vit chd dong. 2 - Truc vit bt dong.
3 - Cap banh rang an khdp vdi nhau. 4 - Vo bom.
A - Bong hiit. B - Bong day.

Hinh 11.22 - Két cdu bom hai truc vit.

Pé dé hinh dung nguyén 1y hoat dong cia loai bom nay, ta tuéng tugng c6 mot dai
dc an khép ren véi truc vit. Néu giir cho dai 6¢ khong quay, khi truc vit quay, dai 6c s&
c6 chuyén déng tinh tién theo phuong truc cla truc vit. Tuong tu, néu bao quanh truc vit
Ja chat 16ng thi chat 16ng d6 dong vai trd nhu moét dai 6c. Khi truc vit quay, chét long
cling s& cé chuyén déng tinh tién theo phuong truc cha tryc vit.

Néu hai truc vit an khép véi nhau, ren cta truc vit ndy chen vao ranh ren cia truc vit
kia. Ren nay cé tic dung nhu mot tdm chin khéng cho chét 16ng trong ranh ren quay
theo truc ma chi cé th€ chuyén dong tinh ti€n theo phuong truc. Néu truc vit chli dong 1
quay theo chiéu miii tén thi chat 1éng s& duge chuyén tir bong hiit A dén bong dy B.

Ngoai truc vit ren vuong, ngudi ta con dung cac loai ren khac nhu: ren hinh thang
hoac cycloid.

Tur két cdu va nguyén 1y lam viéc cla bom ta thdy rdt khé ddm bao su kin khit cha
thé tich 1am viéc, nén tdn tht thay luc, luu lugng va co khi khd 16n. Do dé hiéu suat 1am
viéc clia bom tuong doi thap.

Tén that luu [ugng 12 nguyén nhan ddng ké 1am giam hiéu suét cia bom. Trong qud
trinh hoat dong, chat 1dng ¢ thé chay ngugce tir bong ddy vé bong hiit qua céc khe hé
khong thé trdnh khoi. D6 1a:

- Khe hd giira truc vit va vo bom.
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- Khe ho giira cic mat ren.

- Khe hd gitta dinh ren va chan ren.

D¢ han ché cdc khe hd trén c6 thé dung hai cich:

- Tang s6 budc ren clia mo6i ren trén truc vit, tic 12 ting chiéu dai 1am viéc clia
truc vit.

- Giam chiéu dai budc ren, tic 1a giam géc nang cla méi ren.

Theo cach dau thi kich thudce ctia bom ting 1én nhiéu. Theo c4ch thir hai thi tinh
him cia truyén dong truc vit ting 1én, do d6 t6n that co khi ting 1am hiéu suét co khi
giam di. Vi vay cin dung hoa hai bién phap trén, nghia la tang chiéu dai ctia bude ren va
gidm budc ren tdi mitc c6 thé.

Ta biét khi tang s6 budc ren, géc nang giam di, tinh tu him ting lén. Do d6
ngudi ta thudng b tri thém bo truyén banh rang 3 (hinh 11.23) d¢ hé tro truyén dong
cha cap truc vit.

Do cédc nhugc diém néi trén, bom hai truc vit dé ¢6 4p suat va luu luong han ché.
Thudng thi dp suit p = 100 at, con hru lugng Q = 20 + 40 //ph.

Ciing nhu doi v6i bom banh rang nghiéng, bom truc vit, khi lam viéc, phét sinh luc
huéng truc, tic dung lén & d3, lam giam tudi tho cua bom. PE€ gidm luc hudng truc,

ngudi ta lam cdc ranh a va b (hinh 11.23) hodc c6 thé ding truc vit cé hai phan ren
nguoc chiéu nhau (hinh 11.23)

R

Hinh 11.23

Dé tang kha nang lam kin, nguoi ta lam bom ba truc vit (hinh 11.24).
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Hinh 11.24

Khi ba truc vit an khdp nhau, dién tich 1am kin giita cdc mat ren nhiéu hon tham chi
hau nhu khéng c¢6 khe hd giita cic mat ren. Vi vay loai nay c6 hi¢u suat luu lugng cao
hon loai hai truc vit.

Mat khic, déi véi loai ba truc vit, géc ning méi ren c6 thé lam tang 1én nén hiéu
sudt co khi 16n hon so v6i bom hai truc vit. Vi vay dp suét 1am viée clia loai nay c6 thé
ting lén dén 200 at.

3. Mdy thiy luc canh gat
a. Bom céanh gat
Hinh 11.25 la so d6 két cau ciia mét bom canh gat don gian nhat.

Vo6 bom 1 hinh tru, cé roto 2 dat léch tam véi vé mot khoang e. Trén roto ¢6 céc
ranh chita cic cénh phang 3. Khi roto quay, cdc ban phing niy cé chuyén déng truot
trong cic ranh d6. D€ cho canh tudn luon t sat vio vd, ngudi ta bé tri cac 10 xo 4 trong
cdc rinh. Nhu vay cdac khoang khong gian gitta vo, réto va cdnh 1 cic budng lam viéc
ctia bom. Céc budng nay duoc thong ra ngoai bang cdc clra A va B.

Gia sl roto quay theo chiéu mii tén, thé tich budng bén trdi ting dan, lam 4p suat
trong dé giam xudng. Do d6 chit long dugc hiit qua cira A vao budng lam viée. Trong
khi dé thé tich udng bén phai giam dan, 4p sudt trong d6 ting Ién, ép chat 1dng qua cira
B vao ong ddy.
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Hinh 11.25 Hinh 11.26

D¢ chat 16ng khong chdy nguoc tir bong ddy vé bong hit va khong bi chet trong céc
budng lam viéc thi phai b6 tri sao cho canh gat nay bat ddu bit kin duong hit chét 1ong
(tai vi tri I) thi canh gat kia bat ddu mé& cho chat 1dng théng véi dudng day, dé tranh hién
tuong chat long bi “chet” trong budng lam viéc kin.

Pé cho luu luong it dao dong, ngudi ta ting s6 cinh gat. Thong thudng s8 cdnh gat
¢6 khoang tir 4 + 12 (hinh 11.26)

Néu trong cdc ranh cta réto khong bé tri 10 xo thi ngudi ta phai thong cdc ranh véi
bong day dé gay 4p luc ép cic canh gat luén ludn ti vao vd bom.

Céc loai bom néu trén 1a bom tic dung don vi trong mot chu ky lam viéce chi dién ra
mot 1dn hdt va mot lan ddy. Do dac diém nay nén phat sinh luc tic dung lén & truc. Ap
suat lam viéc cang cao, luc d6 cang 16n, nén 4p sudt tam viéc bi han ché.

Dé giam tai trong trén truc, ngudi ta ché tao bom tac dung kép (hinh 11.26).

Hink 11.27
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Dic diém cta bom tic dung kép 1a 1610 déng tam véi stato (vd). K&t cau cia roto
khong thay ddi, nhung thinh stato khéng phéi hinh tru tron. Bom c6 hai bong hit AB,
EG va hai bong ddy CD, HK. Céc cung BC, DE, GH, KA nam 14 cic mat tru tron déng
tim vai roto.

Vi cau tao nay, trong mdt chu ky lam viéc, bom thuc hién hai qué trinh hdt va hai
qué trinh day chat léng.

Bom roto canh gat tic dung don cé dp sudt 1am viéc tuong d6i thap va pham vi sit
dung hep hon bom banh rang. Thuong ap suat lam viéc khong qud 20 at, lvu lugng tir 5
+150 I/s v6i 6 vong quay n = 1000 + 200 vg/ph. Dai vdi bom tac dung kép, ap suat lam
viéc cao hon nhung khong qua 70 at, luu lugng tir 5 +200 //s. Hiéu sudt bom cinh gat
kh4 thap (n = 0,5 + 0,8). Tuy nhién bom cd két cdu nho gon vi cé thé diéu chinh duge
lru lugng (bang cach thay déi do léch tam e gitta stato va roto).

Luu lugng trung binh 1y thuyét cha bom cdnh gat tdc dung don c6 thé tinh bang
cong thuc:

Q =— (11.30)

Trong dé n (vg/ph) - s6 vOng quay ciia bom.
q - luu luong trong mét chu ky 1am viéc (mot vong quay).
g=2eb2nr-4672)
O day e - do léch tam.
b - chiéu rong cénh gat ,
& - chiéu day cénh gat.
z - s6 cdnh gat.
r - ban kinh trong cla vo bom (stato).
Vay luu lugng thuc t€ clia bom:
Q=meQ
Trong dé N, - hiéu sudt luu lugng cha bom. Thudng thi n, = 0,8 + 0,9.
b. Pong co canh gat

Pong ca canh gat c6 két cau nhu bom cénh gat. Trong nhiéu trudng hop, may ¢6 thé
thuc hién hai chdc nang.

Moémen quay, hodc van tdc quay cua dong co cdnh gat tic dung don ¢ thé dugc
diéu chinh vo cdp bang cach diéu chinh d6 léch tam e giita roto va stato. Péi vdi loai
dong co canh gat tic dung kép, khong c6 d6 léch tim, mudn diéu chinh cac théng s6
trén ngudi ta c6 thé thyc hién bang cach diéu chinh luu lugng vao déong co.
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bong co thily luc canh gat diing trong truyén dong thay luc thudng cé s6 vong quay
n = 100 + 200 vg/ph véi momen quay c6 thé dat dén 15.000 Nm. Trong cdc trudng hop
dung trong tau thiy, mdy mo, bang tdi... mémen lam viéc cd thé dén 50.000 Nm nhung
vdi s6 vong quay nhod n = 50 +100 vg/ph.

Hinh 11.28 1a mot vi du vé két cau cda mot dong co canh gat ¢6 bo phan diéu chinh
momen va so vong quay.

3

Hinh 11.28

Bo phén diéu chinh bao gém pittong 1 trong xilanh 2. Su di chuyén cta pittong dugc
diéu khién bdi tay quay 3. quay xung quanh truc quay 4. Bing céch xoay tay quay 3,
pittong 1 s& c6 chuyén dong tinh tién trong xilanh 2 dé thu hep hoac md rong cira luu
thong ngudn chat long vao dong co.

a. Bom chan khéng vong nudc

Pé hiit khi, tao chan khong phuc vu k§ thuat sdn xuét, ngudi ta ¢é thé ding bom
chéan khdng vong nudc.

Cau tao cua loai bom nay rat don gian (hinh 11.29).

Roto 2 dat léch tdm trong vo hinh try tron 1. Trén réto cé gin cdc cdnh ¢6 dinh.
Trong vo cé chita nuée. Khi roto quay, cac cénh gat quay theo 1am nudc c6 chuyén dong
vong tron. Duéi tic dung cia luc i tdm, nudce tao thanh mot hinh vanh khan sét vao vo,
gdy nén cdc budng lam viéc kin. 3 céc mat bén clia vé bom c6 miéng hit a thong véi
ong hit va miéng ddy b thong véi ong ddy.
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Hinh 11.29

Néu cénh gat quay theo chiéu mili tén, bung lam viéc (chia khi) bén phai cé thé
tich tang dan, 4p suat trong dé gidm di, khong khi s€ bi hit vao bom qua éng hit. Nguoe
lai cdc budng chifa khi bén tréi cé thé tich gidm dan, 4p suat tang 1én, khi s€ bi ddy ra
ngoai qua 6ng day.

Nhu vy, éng hit ciia bom ndi véi mot budng kin, do khi bi hidt qua bom trong qua
trinh bom hoat déng, dp suat trong budng ngay cing gidm tao nén d6 chan khong ngay
cang cao.

Bom chan khong duge ding nhiéu trong k¥ thuat it chan khong, trong say lanh céc
thuc pham hoic ding dé “méi” cdc bom li tam 16n.

Luu lugng hidt khi cia bom chan khéng vdng nudc ¢ thé suy tir cong thite (11.30)
cua bom cdnh gat, chi khéc 14 thay tri s& r (bdn kinh trong clia vo), bang bén kinh trong
cua vong nudc (r, + e).

neb

Q =nQ—3—0—[2n(r0+e)—SZ] (11.31)

Mg - hiéu suat lvu lugng, thudng n, =0,7 +0,8.

Dé cho bom chan khong vong nudc 1am viée duge, cdn phdi cé mot thé tich nude V
di tao nén cdc budng kin. Néu goi a la dudng kinh ctia vong tron bao ngoai dinh cdnh cla
roto va d,, 1a dudng kinh chia réto (hinh 11.30), thi thé tich cia nudc t6i thiéu cin c6 la:

V=bE(d2~dg)-zsz] (11.32)

Trong do z - 8O canh gat.
8 - chiéu day cdnh gat.
[ - chiéu cao cdnh gat.
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Hinh 11.30

Thuc t&, trong qua trinh 1am viéc mot phan nudc bi canh gat gat qua miéng ddy cla
bom. Vi viy can thudng xuyén bé sung nudc cho bom dé lam kin.
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_ Chuong 12
TRUYEN BONG THUY LUC

§12.1. GIOI THIEU CHUNG

Trong k¥ thuat cé ba loai truyén dong chinh: Truyén déng co khi, truyén dong di¢n
va truyén dong thity luc. Nét co ban cila cdc loai truyén dong dé 1a qué trinh bién ddi
dong nang lugng tir bd nguén qua cdc bo phan bién déi, diéu khién dén co cau chap
hanh. Trong truyén dong thity luc ddng ning lugng dé 1a dong nang lugng ctia chat 16ng.

Tat nhién, do nhu cau thuc t& ngay cang phong pht, trong mot hé thdng truyén dong
khon;s chi ¢6 mot dang nang lugng ma cé nhiéu dang nang lugng khac nhau cing tham
gia thuc hién truyén dong. Su ket hgp mot cdch linh hoat céc loai truyén dong di phat huy
dugc cac wu viét clia mdi loai dé dat duge hidu qua 161 vu vé cac chi tiéu Kinh t&, ky thuat,

C6 thé chia truyén dong thly lyc thanh hai loai: Truyén dong thily dong va truyén
dong thuy luc thé tich. Trong truyén dong thity dong, ngudi ta si dung va bién ddi dong
nang cua chat 16ng la chi yéu. Vi vay, trong hé thong ndy thudng dung cdc mdy canh
din dé 1am bd ngudn va co cdu chap hanh. Con trong truyén dong thé tich, ngudi ta st
dung va bién déi dp nang 1a chinh. Do d6, b6 nguén vi cdc co cdu chap hanh thudng 12
cac mdy thé tich.

Ta da biét, trong dong ning luong cua chit 1ong, néu thanh phan déng nang 16n, co
nang chat 16ng bi tén that rat nhanh. Vi vy, trong hé théng truyén dong thuy luc, bo
ngudn va cd cdu chip hanh thudng duge ghép khd sit nhau. Bo phan bién déi va diéu
khién can phai dugc bé trf trong khong gian hep, sao cho quing dudng chuyén dong cia

.chét long 1a ngan nhat.

Nguoc lai, trong truyén dong thity luc thé tich, c6 thé bé tri bo phan bién ddi va dicu
khién trong pham vi rong, nghia 13 b ngudn cé thé cach kh4 xa co cdu chap hanh. Dé
dan chat 1dng tlr nguén dén co cdu chdp hanh cé thé dung cdc dudng 6ng chiu dp luc ma
khéng gay ra nhiéu tén thdt co ning cla chét 16ng. Néu khéng gian b6 tri truyén déng
thiy dong 13 timg cum thi hé théng truyén dong thily luc thé tich cé thé bs tri rai ra trén
toan bo may.

So vdi cac hé thong truyén dong khéc, truyén dong thuy luc ¢6 cic uu va nhuoc
diém sau day:

Uu diém:

- Truyén dong cac cong suat 16n.

- C4 thé thuc hién dugc diéu chinh vo cdp mot cdch dé dang.

- C6 thé diéu chinh durge van téc clia co cau chdp hanh cling nhu 6n dinh duoc van
t6c khong phu thude vio tai va ngay ca khi mdy dang hoat dong.

- Két cau gon, nhe. Ti s6 trong lugng trén mot don vi cong sudt rat nho.

- Quin tinh nho vi vay 6n dinh nhanh.
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- Truyén chuyén dong rat ém, hau nhu khong c6 tiéng on.
- Chiu duge tic dung va dap, 1am viéc an toan.

- C6 thé dé phong duge su cé khi hé théng qua tai.

Nhuoe diém:

- T6c dd truyén dong bi han ché dé dé phong va dap thiy luc, tdn that co nang va
hién tuong xam thuc trong qua trinh hoat déng.

- D€ giam trong luong riéng. hé théng can phai lam viéc véi 4p suat cao. Vi vay viec
lam kin cac bo phan 1am viéc, tranh lot khi, tén that dp su4t... rdt khé khan. Diéu nay dan
dén yéu cu rat cao vé do chinh x4c khi gia cong cdc chi tiét, lam ting gid thanh san pham.

- Yéu cdu d6i véi chat 1dng 1am viéc khd khat khe: do nhét thich hop (dé giam rd ri
va tén that co nang), it thay déi khi nhiét d6 va dp sudt lam viéc thay déi, khé bi oxy
héa, khé chdy, khong an mon kim loai, khong doc...

Biét dugc cac wu nhuge diém trén, ta cé thé sit dung truyén dong thiy luc két hop
véi truyén dong dién, co khi... d€ tao nén gidi phdp t6i vu trong truyén dong.

§12.2. TRUYEN PONG THUY PONG

Truyén dong thiy dong ra doi tir ddu the ky 20. Xuét phdt tir nhu cdu phai truyén
chuyén dong 6 van téc cao va cong sudt 16n nhu tir dong co dén chan vit tau thay. Truyén
chuyén dong bing ma sat (li hop ma sat) khong thé dam bao, thudng bi trugt trong trudng
hop van 8¢ cao, cong sudt 16n. Phuong phép truyén dong niy ngdy cang duogc ding rong
1ai trong cidc may giao thong nhu 6t6, mdy kéo, xe tang, tau thuy, tau hoa....

12.2.1. Nguyén Iy lam viéc cua truyén dong thiy dong

Hinh 12.1 biéu dién so d6 nguyén 1y ciia truyén dong thay déng tir mét chuyén
dong quay nay sang chuyén dong quay khéc, vi du tir dong co tau thiy dén chan vit.

\z

Hinh 12.1. So do nguyén ly truyén dong thity dong.
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Hinh 12.2

Hinh 12.3

bong co 1 kéo bom 2 hoat dong 1am cho
chat long duogc hit tlr thiing chia 7 qua 6ng
hidt 8 vao ong ndi 3 sang tuabin 4 1am quay
chan vit 5. Chat long tir tuabin dugc xa vé
thing chia 7 qua dng x4 6.

Véi so dd nhu trén ta thdy chuyén dong
quay ctia dong co d6t trong da duoc truyén
cho chan vit bing mot khép néi 1a 18 hgp Bom
- Tuabin. Vi vy so dd nay thuc chat la sg do
cia mot khdp néi thay luc. Két cdu nay cé
nhuge diém 12 cdng kénh, niang né va hiéu
sudt lam viéc thap, khong virot qué 70%.

DéE két cau gon, nhe, hidu sudt cao hon,
ngudi ta ghép banh cong tic bom va tuabin
sdt nhau trong mét vo chung (hinh 12.2).

Banh cong tic bom 1 duge lap c¢6 dinh
trén truc din 5 noi lién véi dong ca cin dan
dong. Banh céng tac cha tuabin 2 duoc lap
trén truc bi dan 4. Vo 3 cta khép néi 1ap véi
banh cong tic bom tao thanh budng lam viéc
chda chit 1ong. Hai truc din va bi dan tich
r0i nhau.

Khi truc dan 5 quay, binh cong tic |
clia bom quay theo. Hoat dong cia bom tao
nén dong chit long c¢é nang lugng cao.
Dong chat 16ng nay duogc din vio binh cong
tidc 2 cla tuabin lam tuabin quay theo chiéu
quay ctia bom. Nhu viy moémen quay dugc
truyén tur truc din 5 t6i truc bi dan 4. Chat
16ng sau khi ra khoi tuabin lai duge dan trd
lai banh cdng tdc bom va lap lai qud trinh
dan dong nhu trén.

Dé c6 thé bién déi momen quay gida
truc din va bi dan, ngudi ta dung bién tdc
thuy luc.

Hinh 12.3 trinh bay so d6 cha mot bién
téc thiy luc don gian. Khdc vé6i khGp néi
thiy luc, trong cdu tao cia bién t6¢ ngudi ta
con lip thém bo phan dan huéng 3 (con goi
la bdnh phan tng) cd dinh vdi vd 6.

Trong bd phan din hwéng ciling ¢ céc

canh din. O bién téc, chat 16ng sau khi ra khoi
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banh coéng tdc 2 clia bom s€ di vao banh phan tng 3. Nh& c6 két cdu canh dan hgp 1y
trong banh phan tng, huéng dong chay dugc thay déi cho phit hop véi 16i vio ctia banh
cong tac tuabin dé trdnh va dap. Mat khdc, qua banh phan (mg van téc dong chay s&
dugc thay déi phut hgp v6i yéu cdu & 16i vao banh cong téc tuabin bing cich thay déi
dién tich mat cat ctia cic mang dan giita cic canh trong binh phan tng.

Chat long khi qua banh phan tng s€ tic dung vao banh nay m{t mémen quay.
Nhung do banh phén tng dugc ¢6 dinh vao vd nén né c6 tdc dung nhu mot diém tua
truyén lai cho chét 16ng mot méomen dong lugng (con goi 1a mémen phan dng).

Néu ban
dugc truyén

12:2:2,

cua truc dan sé
5t khép néi.

Trong th phan loai theo

a. Theo Kk

Z
2

1%
I

NN

Hinh 12.4
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Khép noi cé vanh trong cé tic dung dan dong. Tuy nhién, qua thuc t&€ sir dung, dong
chay trong d6 bi tdn that co nang I6n. Véi loai khong cé vanh trong, ddng chay it bi tén
tht hon. Vi vay dé gidm tén that va hudng dong t6t hon, ngudi ta dung loai khép néi c6
mét vanh trong.

Khép néi kép bao gébm hai khdp néi ghép song song, do dé kich thudc dudng kinh
gon hon. Mat khac, do tinh chat d6i xing cia két cau nén khic phuc dugc luc hudng
truc. Tuy nhién, né cé két cau phitc tap va trong lugng 1én hon loai khdp néi don.

b. Theo phuong phap diéu chinh, khdp néi duge chia ra hai loai khong diéu chinh
(hinh 12.5a) va cé diéu chinh (hinh 12.5b).

G khdp noi khong didu chinh, khi van t6c quay cia truc din khong déi thi van t6c
quay cua truc bi dan chi phu thudc vao momen tai dat trén truc bi dan.

Trong khdp ndi di€u chinh, s6 vdng quay cta truc bi din khong nhimg phu thuoc
vao moémen tai ma cdn phu thude vao vi tri ¢g cdu diéu chinh. Co cau nay dung d€ thay
déi luong chat 16ng 1am viée trong khép néi va duge diéu khién bang tay hodc tu dong

Je——

/, - \"\_ . _.. =
\ ’ \
T\ \

Ong diéu chinh

,‘fm
i
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Hinh 12.5

2. Bién téc thay luc

Bién tac thiy luc ding dé ting moémen quay trén truc bi dan. Mat khéc né cing cé
tinh chat ty dong thay d8i vé cdp van téc truc bi dan nhu khép n6i thuy luc.

Ta biét, khic vai khép néi, bién t6¢c con cd thém mdt bd phan dé 1a banh phan tng.
Banh phén ting cé thé dat sau banh cong tac clia bom va trude banh cong tic clia tuabin
hoac ngugce lal.
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- Trudong hop banh phan tGng dat sau banh cong tic cia bom va trudec béanh cong tac
cla tuabin (hinh 12.6).

— f Cp w

/0

Y/

Hinh 12.6

Hinh dudi cung cta hinh 12.6 biéu dién vong chuyén dong tudn hoan cha chat léng
(dudng nét dit). Hinh giita 12 khai trién mat cit ngang clia budng tuabin (T), bdnh phan
ing (P) va banh cong tdc bom (B). Hinh trén cing 13 so d6 bd tri cdc canh din cha
tuabin (T) bdnh phan tng (P) va bom (B).

Chit 13ng di vao banh céng tic bom véi van t6c w’. Khi banh céng tic bom quay,
dudi téc dung cla luc li tim chuyén dong vé6i van t6c tang dan. Tai vanh ra banh cong
téc chat long vdi van t8c tuyét d6i C, sé di vio banh phan tng. Do banh phdn dng c6
dinh nén co nang dong chat 16ng khong bi trao déi véi no.

Do méng din cta banh phin img thu hep dan nén mot phin 4p nang cua chat long
bién thanh dong ning, nghia la van téc dong chat 10ng ting lén. Mat khéc, nho ¢6 bién
dang cdnh thich hgp nén hudng dong chdy thay déi phi hop véi 16i vao cla binh cong
tac tuabin.
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Dong chét 16ng sau khi ra khoi banh phan ting véi van t6c C, s€ vao banh cong tic
tuabin v6i géca,. Do C, > C, va 05> @; nén mémen quay cla truc banh cong tdc
tuabin 16n hon so véi truc banh céng tdc bom.

Néu khong ¢6 banh phan ng thi dong chat long di vao tuabin véi géc o, < o, va

véi van toc C,. Khi d6 mémen quay trén banh cong tic tuabin s€ bang mémen quay trén
truc bom va do6 la trudng hop 1am viéc cua khdp néi thuy luc.

- Truong ho
bom (hinh 12.7)

nh cong tic

Vi khéng cd n dong nang

 khi ra khoi

y thuan theo
S van toc tang
2 dong co.

X AN
=
8
=
[=N
=

tinh chat tu
va s6 vong

bi din. Khi
, moémen tac
tuabin ludn
truc d6 Néu
momen tac
dung Ién banh cong tac tuabin thi banh
cong tic tuabin quay cham lai. Khi dé mémen quay cua banh cong tic tuabin sé tu dong
tang cho dén khi cén bang véi mémen can nhu trong khdp néi thiy luc.

Néu tai trong 1én truc bi dén giam thi s6 vong quay cla banh cong tdc tuabin ting
lén vi do d6 moémen quay ctia banh d6 giam t6i trang thdi can bing véi momen cén.
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Cin chu y rang du moémen quay cha banh cong tdc tuabin thay déi thé nao do
momen can thay déi thi mémen quay clia banh céng tdc bom van hau nhu khong déi. C6
thé thuc hién duoc diéu dé biang cich thiét k€ bién dang canh dén ctia cdc banh cong tic
sao cho phu hop.

§12.3. TRUYEN PONG THUY LUC THE TiCH

Mot hé théng truyen déng thuy luc c6 ba phan chu yéu nguén, bd phan bién déi, co

cdu chap hanh, O ] gudi fa thuong di C md uc thé tich nhu
b hanh ngudi ta
chinh, bién déi
hudc vao dang
é tich thanh cic
y dong (chuyén

huéng va co
chuyén dong
loai ¢6 chuy
dong theo dd

12.3.1
Hau hét ¢ [ khd don gian
ma ta di 1am ¥ co ban thuong

an .

{ta co nang chat
3 16 khong c6 t6n
that, ta c6 thé
‘ tinh tién.
quay.
trong d6

ddi duoc luc, momen tdc dong lén co cau, dic biét 12 c6 thé thay ddi duge van téc
chuyén dong ctia co cau.

- Nguyén ly tiét [uu.
Pay 12 mot nguyén ly rat phd bién vi né thé hién & trong hoat dong cha rat nhiéu
phan tr thiy luc. Xét mot dong chay qua ché co hep (hinh 12.8).
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Hinh 12.8

Sau khi viét phuong trinh Bécnuli cho hat mat cat (1-1) va (2-2) trudc va sau chd co
hep, ta cé:

Ap:lol—pfq).Q2 (12.1)

hay Q =¢./Ap (12.2)
trong d6: p,, p, - 4p suat chat long trude va sau co hep.
Q - liu lugng chia dong chay.

€, @ - cac hé s6 phu thudc vao do nhdt cia chat long va dién tich co hep
cta dong chay.

Tir (12.1) va (12.2) cé thé thdy do nhét ciia chat 10ng c6 anh hudng dén ché do 1am
viéc cha cac phan tir. Vi vay dé cdc co c4u hoat déng 8n dinh phai chd ¥ dic biét vé tinh
nhot cha chét long.

Mit khdc, c6 thé diéu chinh duge cdc théng s6 ddng chdy bing cdch thay déi dién
tich luu thong tai cho co hep.

- Nguyén ly can béng ap lyc.

Goi S,, S, 1a cdc dién tich ddi dién nhau trén mét co cau tuong Ung véi dp sudt trén
d6 1a p, va p, (hinh 12.9). Khi bo qua tdc dong cuia cot dp van toe trén co céu thi:

Pi-S = p-S,
S,
hay P, =P, (12.3)
Sl
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Hinh 12.9

Nhu vay bang céch thay déi ty so gifia S,va S, c6 thé thay déi dugc twong quan ap
suat p,va p,. Nguyén ly nay duroc 4p dung trong cic co ciu ting (giam) 4p trong hé
thong truyén dong thay luc.

Dudi day ching ta khao sdt cdc phdn tir chii yéu trong hé théng truyén dong thuy luc
thé tich.

1. Phan tir nguon

Céc phan tir nguén 12 cdc loai bom thé tich da gidi thiéu trong chuong trudc. Céc
phan t ngudn ¢é nhiém vu cung cap dong chat ldng ¢6 co nang cao phit hop véi yéu cdu
cia hé thong. Mat khac né c6 thé tham gia vio viéc diéu chinh 4p suat, luu lirong chat
1ong 1am viéc trong hé thong.

2. Co cau phan phéi

Co c4u phan phoi duge bd tri tai cdc mit cia ludi dudng dng. N6 c6 nhiém vu phan
phéi chat 1ong tir bom vao cdc nhanh dudng 6ng theo yéu ciu hoat dong cua hé théng
nhu: ddo chiéu chuyén dong cia co c4u chdp hanh hoac diéu khién né chuyén dong theo
mat qui luat nhat dinh.

N6i chung co c&u phan phdi cé hai bé phan chinh: vé va b6 phan ddi nhinh. Trong
vo thudng b6 tri cic clra lru thong ndi véi ludi dudong éng. Bd phan ddi nhinh c6 thé di
chuyén tuong d6i so véi vé dé phan phéi chit 10ng vao cdc cra luu thong. Bo phan déi
nhénh c6 thé 1a ngan kéo, pittong hodc nim xoay.

a. Con trugt phan phdi

Con trugt phan phéi duoc ding rat phé bién trong truyén dong thé tich. Con trugt c6
thé ]a pitténg hoac ngan kéo, trong d6 hay duge ding nhét 12 pittong bac (ngin).

Hinh 12.10.a 14 so d6 con trugt phan phdi dang ngan kéo.
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Céc bo pha a B duoc n6i
vGi dong co thu ¢ cam... Néu
ddy ngin kéo 2 uoc din dén
dong co thuy lu

Trong con truot phan phdi pitténg (hinh 12.10.b) c6 pittong bac 1 va xilanh (vo) 2.
Trong xy lanhcé bé tri cdc ranh thong véi hé théng ludi dudng 6ng. O vi tri nhu hinh v&,
con truot ngan khong cho chat 16ng vao hé théng. Khi con trugt di chuyén sang trdi hoac
phai, chat long tir bom s€ duge ddn vao hé thdng qua cira bén phai hoac trdi va chat long
tir hé théng sé duge chuyén vé thung chia qua clra bén trdi hodc bén phai.
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Goi chiéu rong cta bac pittong 1a b, va clia rinh luu thong 12 b, (hinh 12.10.b.c).

Khi b, > b, ta goi con trugt phin phdi c6 do déng duong, khi b, < b, ta goi con trugt
phan phéi cé do dong am. Trudng hop thit nhdt han ché dugce su rd ri chat long giita cdc
ranh luu thong nén hé thong 1am viéc dé 6n dinh nhung kém nhay trong diéu khién.
Trudng hop thit hai rd ri nhiéu, hé théng lam viéc khé én dinh nhumng c6 do nhay cao
trong diéu khién.

Tuy theo y
loai hai, ba ha
v0), nguoi ta ¢
12 so d6 cha ¢

au phéan phoi ra cic
p bac pittong va
bng. Hinh 12.11

T bo
Dén dong ca

a)
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Hinh 12.11

Pé diéu khién con trugt cé thé dung tay, truc cam, nam cham dién hoac thity luc. ..

Hinh 12.12 1a so d6 cha co cau phan phéi duge diéu khién bing co cdu phan phdi
phu. Phdn 16n chat 18ng tir bom duge dua dén co cau phan phdi chinh 2 va mot it qua co
cau phu 3. Khi cho pitténg 3 di chuyén sang trdi dén vi tri nhu hinh Ve, pitténg 2 sé duoc
ddy sang phai. Liic d6 chat 1ong tir bom s& di theo dudng 6ng bén phai vio déng cd thity
lyc 1. Khi cho pittong 3 dich sang phai, pittong 2 s& dudc chuyén sang trdi. Chat 1dng tir
bom s& chuyén vao dong cd thiy luc theo dudng 6ng beén trdi. Nhu vay ¢é thé dao duoc
chiéu chuyén dong ctia dong co thiy luc. Co c4u phan phéi loai ndy ¢é vu diém 16n 13 c6
thé diéu khién nhe nhang dong co thity luc cé phu ti rdt 16n. That vay, co cdu phan phoi
phu chi ding dé diéu khién co cau phan phéi chinh 2, khéng diéu khién truc tiép dong
ca thuy luc.
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Hinh 12.12

Hinh 12.13 la so d6 co cau phan phéi con trugt ngan kéo ba vi tri duge diéu khién
bdi cong tic dién tir. Khi ngat mach dién ca hai bén, duéi tic dung clia 10 xo cac vién bi
1,2 déu md cira thong vSi bom dan chat 16ng vao hai budng ddn cia céc pittong 3,4. Khi
dé ngin kéo o vi tri trung gian (hinh 12.13.a). Khi déng mach dién bén trdi, nam cham
dién huit vién bi 1 v€ bén phai (hinh 12.13.b), déng kin dudng din chat long tir bom dén
dau pittong 4, lam 4p sudt & dau pittong nay gidm xudng. Do d6, dudi do chénh 4p luc,
ngin kéo bi ddy sang phai, chat 10ng tit bom sé& theo cira bén trdi dén dong co thiy luc.
Muén dan chat 16ng tir bom qua cira bén phai dé dao chiéu chuyén dong cla déng co
thiy luc thi ngat mach dién bén trdi va déng mach dién bén phai (hinh 12.13.c).
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b. Khéa phén phéi
Ciu tao cua khoa phan phoi rit don gian (hinh 12.14).
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N6 gém ¢ v, trén dé ¢6 lap
bo phén diéu hay.

Nit xoay g khit. Dudi tac
dung ctia chenhslg : L VO va niit tang
lén, cht 1ong dé ro ri. Vi nit hinh nén ¢6 thé b tri 16 xo dé niit luon ép khit véi vo. Ap
luc chat 1ong cang 16n, 10 xo cang phai cing do d6 luc diéu khién nit cang phai 1én.

c¢. Van phan phoi

Khi cin phén phéi chat 16ng mot cach gidn doan theo mot quy luat nhét dinh, ngudi
ta dung van phan phéi.
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Van phan phéi (hinh 12.15) gdm vo van 3 ¢6 céc clra luu thong chat 16ng, nap van 1,
16 x0 2. Lo x0 2 luén c6 xu huéng €p nap van vao d€ van.

D¢ déng md van c6 thé dung tay, truyén dong co khi hoic dién... Trén hinh H.12.15,
nap van duoc diéu khién bing truc cam 4.

Uu diém cta loai van nay 1a két cau don gidn, dé ché tao, dé khit cao va 1am viéc
chac chan.

Hinh 12.15
. 3. Co cAu tiét luu

Co cAu tiét luu ¢6 hai loai: Diéu chinh duge va khong diéu chinh dugc (cé dinh).

Ngudi ta thudng b tri tiét hwu ¢6 dinh nham gay chénh 4p cin thiét gita hai khoang
1am viéc hoac d€ han ché dao dong 4p suat clia chét 1ong do va ddp thiy luc gy ra.
Thong thudng loai ti€t luu nay ¢6 dang 16 (hinh 12.16) nén con goi 12 16 tiét luu. Trong
truomg hop 16 tiét lvu 1lam nhiém vy gidm chan, né con duge goi 1a 16 giam chan.

Hinh 12.16
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Néu dat tiét Iru diéu chinh duoc trén 1u6i 6ng clia hé théng thay luc thi khi diéu
chinh stc can cta n6, luu lugng h¢ thong sé thay d6i. C6 thé diéu chinh sic can tiét huu
bang cich thay doi dién tich luu thong chat 16ng hay tang giam chiéu dai luu thong chat
long cua no.

Hinh 12.17 12 so d6 mat s6 kiéu tiét luu diéu chinh duge:

- Kiéu nén (hinh 12.17.a)

- Kiéu khe (hinh 12.17.b)

- Kiéu vit (hinh 12.17.¢).

1 N

Hinh 12.17

c)

Nhin vao c6ng thiic (12.1) va (12.2) ta thay khi thay ddi sic can trén tiét luu ta thdy:

Néu giit nguyén luu luong qua ti€t luu thi c6 thé thay d6i dugc do chénh dp sust
trudc va sau tiét luu.

Néu gift nguyén do chénh 4p thi cé thé thay déi duge Ivu lugng.

_ Ngudi ta cé thé diing co cdu phan phéi con trugt 1am thém nhiém vu tiét luu vi ¢é
kha nang diéu chinh dugc dién tich cdc ctra luu thong cla nd.

4. Cac loai van

Van la phan tr rat pho bién trong truyen dong thay luc. Nha b8 tri hop ly céc loai
van c6 thé tao nén ché dé 1am viéc n dinh cha hé thong.
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Can cir vao chiic nang, c6 thé chia cédc loai van thanh ba nhém: mot chiéu, an toan
va giam ap.

a. Van mot chiéu

Van mot chiéu dung dé giir cho chat 16ng chi chdy theo mot chiéu. Ngoai vo van (hinh
12.18) van mot chiéu c¢6 hai bo phan chinh 13 ndp van va 1d xo giit nép van. Nip van c¢6 thé
c6 dang cdu (hinh 12.18.a) hodc nén (hinh 12.18.b) hoac pittong (hinh 12.18.c).

Hinh 12.18
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Dudi tic dung cta 16 xo ndp van cé xu huéng ti sit vao d€ van. Vi vay dé giam sitc
can trén dong chay, luc 16 xo phai cing nho cang t6t sao cho ép duge nap van sit vao d&
van khi khong c6 dong chdy. Néu chat 16ng cé xu hudng chay nguoc lai, do chénh ap
luc trén nap van, cong voi luc 10 xo s& 1am nip van ép chat vao d€, ngan khong cho chat
long chay nguoc lai.

Céc van mot chiéu loai bi va nén c6 két cdu don gian, it sic can nhung khé déng
khit. Do khong ¢6 dan huéng nén khi déng dé bi lech tam, giy nén rd ri chat léng qua
van. Van mot chiéu pittong c6 thanh dan hudng nén dé déng khit hon. Tuy nhién do phai
thang luc ma sat khi déng van, 10 xo phai cing hon 10 xo cta cac loai van khdc, do dé
stic can dong chdy bi tang én. Vi vay chi nén dung loai van mot chiéu pittong khi can
thodt moét luu luong 16n va dp sudt lam viée cao.

b. Van an toan.

Thong thudng hé thang truyén dong thay luc 1am viéc véi dp sudt kha cao. D€ gilt an
toan cho hé théng, ngudi ta phai ba tri van an toan. Van an toan dugc dat trén dudng 6ng
chinh cé dp sudt cao va thudng & vi trf dudng ra cia bom nguén.

Nguyén Iy 1am viéc cia van nay dua vao su can bang gida dp luc chét 1ong trong hé
thong va tng luc 16 xo tdc dung 1én nap van. Néu dp luc chat 16ng nhéd hon ing luc 10 xo
th van déng lai, con khi 16n hon (khi qud tai) van s&€ md ra, chat long duge thdo bdt vé
thung, giam 4p cho hé thong.

Khéc v6i van mot chiéu, van an toan ¢6 15 xo cing hon nhiéu. Ung luc 1d xo duoc
diéu chinh phit hgp véi dp sudt lam viéc cho phép trong hé thdng.

C6 hai loai van an toan:

- Van chéng dd 1a loai van chi hoat dong khi ¢6 qua tai.

- Van tran 12 loai van 1am viéc lién tuc (Iuon luén cé chdt Iong chay qua van).

Tuy nhién, cung moét loat van nhung tiy theo su phoi hop cia né trong hé thong ma
né cé thé lic thi 1am viéc nhu mot van chéng dd, lic thi 1am viée nhu mot van tran.

Can ctf vao nguyén Iy hoat dong c6 thé chia nhém van an toan ra hai loai:

- Van tdc dung truc tiép, trong d6 kich thudc hinh hoc va sé cia luu thong duge thay
ddi chi do tic dung clia chat long 1am viée.

- Van tic dung gidn tiép, trong dé kich thudc va s6 clra luu thong duge thay déi
khéng chi do tic dung ciia dong chat ldng ma con do tic dung clia co cdu phu. Ngudi ta
con goi van nay 1a van an toan cé tic dung ty dong.

Van an toan tryc tiép cé thé 12 van bi, nén hay pittong. Don gian nhat 13 loai van bi
va nén, nhung pham vi sir dung cba né bi han ché. Nhuge diém cla loai ndy 1a khé déng
kin. Mat khac khi déng, nip van bi va dap tuan hoan vao d€ van giy ra mach dong luu
lugng va ap sudt trong hé thong. Nguoi ta chi duing loai nay trong cdc hé théng cé dp
sudt thdp, luu lugng nho va it bi qua tai.
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Trong h¢ théng lam viéc véi luu luong 16n, cdn phai dung loai van an toan pittong.
Tuy nhién trong trudng hop ap sudt cho phép trong hé théng cao, cic loai van trén céan
¢6 15 xo cimg va kich thudc 16n. D€ gidm dé cimg va kich thudc 16 xo, ngudi ta ding
van pittong c6 tac dung vi sai k&t hgp véi giam chén.

Hinh (2.19 13 so d6 mot ki€u van vi sai ¢c6 dém gidm chén. Van nay gém vo 1,
pitténg 2 ¢6 16 giam chan 3, 10 xo 4, vit diéu chinh ing luc 16 xo 5. Khi qua tai, chat
16ng thoat tir cira a sang cira b. Do pittéong ¢6 hai cdp mat bac khac nhau nén 4p luc chat
long 1én pittong s€ giam di, c6 nghia gidm tai cho 16 xo. Vi vy tmg luc 106 xo khong céan
I6n. Khi 4p suét trong hé théng gidm di, pittong di chuyén sang trdi déng cira van lai.
Trong qua trinh d6, chat 16ng tir budng 6 chiy qua 16 3 sang bubng c6 15 xo. Vi cé 16
gidm chan 3, 4p sudt trong budng 6 s& cao hon nhiéu so vét budng cé 16 xo va gay ra luc
can, tranh cho pittong va dap vao vo khi van déng lai.

Céc loai van an toan truc tiép chi khéng ché duge gidi han trén cia 4p suit, khong
gilt dugc gia tri 6n dinh clia 4p suat 1am viéc trong hé thong. D& c6 mat 4p suat én dinh,
phai diing dén van an toan tic dung tiy dong.

Hiy khao sdt nguyén 1y hoat dong cia mét van an toan tity dong (hinh 12.20).
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Hinh 12.20

Cau tao cia van goém: vo 1, pitténg 2, 10 xo yéu 3, van bi tlly déng 4, 16 xo cla van
bi 5 va nap 6.

Chat long lam viéc tit bom duge din vao cira a, con cita b duge thong véi hé thong.

Dudi tic dung cla 16 xo yé&u 3, pittong 2 bi ép xuéng dudi, dudng thong tir clra a
sang b bi déng lai. Trong 16 thong 9 & giita pittong cé 16 giam chan 8 (¢4 dudtng kinh
nho). Nho d6, budng a luén luén thong véi budng ¢. Mat khdc budng a ciing théng véi
budng e. Ld x0 5 ¢é tic dung ép vién bi 4 vao d€ van, ing luc cia né duge diéu chinh
nhag vit 7.

Khi van bi 4 chua ma ra (van an toan chua lam viéc), tie 1a khi dp luc 1én vién bi 4
chua vugt qud Ung luc 156 xo 5 budng a thong véi budng ¢ ,d ,e nhung khong thong véi
buéng b. Chat 10ng trong cac budng trén J trang thai tinh, vi vay dp sudt trong cic bubng
a.c .4 ,e coi nhu bang nhau. Khi d6 pitténg 2 & vi tri thdp nhat.

Khi hé thdng bi qud tai ,Ap sudt d cira a tang lén dot ngdt. Thece dinh luat Pascan dp
sudt cdc buong c, d, ¢ ciing tang theo. Mat khdc, khi d6 dp luc chat long tic dung lén
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vién bi 4 vugt qua tng lyc 10 xo 5 va lam vién bi 4 bi ddy 1én va cira luu thong bi md ra.
Mot it chat Idng duge ddy qua cira d6, vé thing chifa. Diéu d6 1am cho chat 1ong tir clra a
chay qua budng d 1én budng c. Nhung khi chdy qua 16 giam chan 8, dp sudt chat 16ng bi
tén that 1am cho 4p suit budng ¢ nhd hon 4p sudt & budng d va e. Nhu vay trang thii can
bing lyc trén pittdng mat di va pittong 2 bi ddy lén trén cho dén khi lap lai su can bing
gifta dp luc chat long va dng luc 10 xo 3 thi dimg lai. Két qua 1a cira a théng véi cia b.
Do dé chat 1ong tir hé thong sé dugc thoat bét vé thiing chifa, gidm tai cho hé théng.

Néu dp suat trong hé thong ting nia thi dong chdy tir bubéng d, e 1én ¢ qua van bi
cang manh, t8n that 4p suat tai 16 8 cang 16n, d6 chénh dp trén pittong 2 cang tang. Ket
qua la pittong 2 tiép tuc duoc nang lén nita, clra luu théng tir a sang b cang rong, chat
ldng cang ducdc thodt nhiéu vé thing.

Thuc t& ngudi ta thudng diéu chinh ing luc 16 xo 5 sao cho Inén c¢6 dong chay qua
van bi. Diéu d6 nghia I& van Iam viéc nhu mot van tran, Nhd d6 4p sudt trong hé théng
ludn dugc gilt khong dai.

Qua d¢ ta thay:

- Van an toan tily dong khong nhitng bao vé cho hé théng khoi bi qud tai ma cdn én
dinh dugc 4p sudt lam viéc trong hé thong va khong gy hién tugng va dap trong van.

- Ap suit & cira vao clra van ¢4 tic dung diéu khién hoat dong ciia van.

- R6 rang day la loai van tran gidn ti€p va van bi 4 déng vai trd co cu phu géy tic
dong lén pittong.

a. Van giam é4p

Trong trudng hgp mot bom ngudn phai cung cip chit 10ng cho nhiéu noi vdi yéu
cau 4p suit khic nhau, ngudi ta phai dung van giam ap. Van giam 4p diing dé ha 4p suét
" tr ngudn xudng cho phit hgp véi noi tieu thy, ddng thdi gilt cho 4p sudt noi d6 luén
khong doi.

Dang don gian nhat cda van nay duge trinh bay trén hinh 12.21.
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Van nay gom pittong 2 ¢6 mét ddu hinh nén, mot dau hinh tru ti 1én 10 xo 1. Chat
16ng & dudng 3 c6 thé chay sang dudng 4 qua kbe giifa mat nén cua pittong va d¢ van.
Néu 4p sudt & dudng 4 vi Ii do nao d6 tang 1én, pittdng s& bi mat can bang va bi day sang
trdi, dong bdt cira luu thong lai. K&t qua 12 han ch€ duge chat 1ong tir duong 3 qua duong
4 dé gir nguyén 4p suat p,, ban ddu. Nguoc lai néu P,. bl gidm xuéng, pittong 2 do mat
can bang luc s& bi dich chuyén sang phai, m& réng cira Ivu thong. Khi d6 chit iong tr
clra 3 s chdy bd sung qua cira luu thong vao dudng 4 1am cho p,, tang tré lai gia tri cii.
Nhu viy véi loai van nay khong nhimg dp suat dong chat 1ong dwgc gidm tir p, xudng p,,
ma cdn git cho p,, ludn luén khong doi.

Trong trudng hop cin luu thong luu lugng 16n, ngudi ta dung van giam 4p tuy dong
(hinh 12.22).
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N6 gom vo 1, pittong 2, 16 xo 3 va 5, van bi ty dong 4 va nap 6. Chat l1dng lam viéc
dugc ddy tir budng a sang budng b qua cira luu thong gilta mép pittong 2 va vo 1. Pittong
2 bi 16 xo y&u 3 ludn ludn ép xudng dudi.

Buodng b thong v6i budng e qua 16 gidm chdn 10. Mat khac budng b dugc thong véi
buéng d va c qua 16 giam chéan 8 va 16 thong 9 & gifta than pittong.

Lo xo 5 luén c6 xu hudng ddy vién bi 4 vé d& van. Ung luc cla né duoc diéu chinh
bang vit 7.

Khi ap luc chat long tac dung lén vién bi 4 chua vugt qué ing luc 16 xo 5 thi cira luu
thong cia van bi déng lai. Khi d6 pittong 2 & vi tri thap nhét. Lic nay dién tich cira lwu
thong gilta budng a va b 1dn nhat.

Khi 4p suat & clra ra b tang lén, nghia 12 dp luc tdc dung 1én vién bi 4 ting vuot qué
ing luc 16 xo 5 1am van bi m& ra. Khi dé chat long tir budng b chay qua bubng d 1én ¢
qua van bi thodt vé€ thiing chita. Mat khac khi qua 18 gidm chin 8, dong chiy bi t6n that
dp suat nén 4p sudt chat 16ng & buéng ¢ nhd hon 4dp luc trong budng e va d. Do vay,
pittong 2 dugc nang lén, dién tich clra [wu théng giita budng a va b hep lai, han ché chat
16ng tir bom qua buéng a va b nén 4p suit tai b giam trd lai.

Néu vi Ii do ndo dé, dp svit budng b gidm xudng lam dp sut tai budng d va ¢ gidm
theo va nho hon dp suit budng c. Két qua la dudi tic dung cha 16 xo 3 va do chénh ap,
pittong 2 bi day xuéng dudi, md rong cira luu thong gita bubng a va b lam cho 4p suat
budng b duoc tang trd lai gid tri cu.

Néu trong thdi gian lam viéc, ta ludn luon dé mot it chat 1ong thdo qua van bi thy
doéng thi nhd hoat dong ctia van giam 4p ty dong, 4p suét sau van luén luén khong déi
va nhd hon 4p suit do bom tao ra. C6 thé tao dugc 4p suat P,. theo ¥ mudn bang cich
dié¢u chinh img luc 1 xo 5 bang vit 7.

d. Bo diéu to¢

Ta biet, luu lugng chit long qua tiét luu phu thudc dd chénh 4p trude va sau tiét hr.
Khi phu tai thay ddi, do chénh dp d6 sé thay déi. Vi vay co cdu tiét luu khong 6 kha
nang gii cho luu lugng qua nd khéng ddi, nghia 1a khéng thé én dinh duogc van t8c cha
dong co thily luc. Néu phéi hgp hoat dong giiia tiét luu va van diéu 4p thi s& 6n dinh
duoc lru lugng (van t8c) clia dong co thiy luc khong phu thudce su thay déi cha phu tai.
Co céu phéi hgp nhu vay goi 1a bo diéu toc.

Hinh 12.23 12 so d6 cia mét bo diéu toe.
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Hinh 12.23

Chat [6ng dugc dan vao 16 1 qua khe giita vo 3 va pittong 2 cta van diéu 4p va tiép
tuc vao budng 4. Chat 16ng tir budng 4 duge dan qua khe tiét Iuu vao budng 5 i 16 7.
Lo xo 6 c6 xu huéng ép pittong 2 xudng vi tri thap nhat.

Khi dp sudt sau tiét luu (& 16 7) gidm xudng, 1am dp sudt trong buéng 16 xo cta van
diéu 4p giam theo. Khi d6 trang thdi cin bang luc trén pittong 2 bi phd va. Diéu d6 lam
pittong 2 bi ddy 1én trén, 1am khe ho gilia pitténg 2 va v 3 hep lai. Do d6 sitc can déi
véi dong chay tir 16 1 vao budng 4 (trude ti€t luu). Két qua (2 4p suat trude ti€t Iuu bi
giam xudng, bdo dam d¢ chénh dp trudc va sau ti€t luu nhu cii.

5. Cac bo phan phu
a. 6ng din

Ong din diing dé néi cdc phan tir trong hé théng véi nhau. Ty theo diéu kién 1am
viéc, ngudi ta ding loai 6ng din mém hoic cing. Vi hdu hét cic 6ng dan chiu dp suat
cao nén cén chii y téi stic bén va do kin khit & cic méi néi 6ng. Mat khac khi lap rdp cac
6ng cén tranh lip qua gang, gy Umg sut trudc trong thanh &ng dé tranh nift, vd 6ng.

b. Thung chia chat 1ong

Yeu cau thiing chita 13 dam bao di lugng ddu 1am viéc trong hé théng, dam bao loc
sach va lam ngudi dau t6t. Thudng thé tich clia thing dugc tinh theo thé tich ddu chda
trong hé théng (trong bom dong co thiy luc, trong 1udi &ng, trong cdc thiét bi gin trong
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he théng) va phai ké dén lugng dau rd ri va boi tron... trong qud trinh 1am viéc. Nhiéu

khi dé giam tiéng 6n va nang cao hiéu suat clia bom, ngudi ta d€ bom ngap vao chat

16ng trong thiing chita. Diéu dé lam ting thé tich clia thing. Ngoai ra thé tich phdn

khong khi trén mat thodng ciia ddu trong thung nén dé khodng 10 +15% thé tich thing.
c¢. B loc dau

Phai b6 tri b6 loc dau trong tit ca cdc hé théng. Tuy di€u kién thuc t€, c6 thé dung
cdc loat loc nhu: loc tam, loc luéi, loc héa hoc hay loc li tam...

d. Binh tich ning

Trong hé thong truyén dong thuy luc, hru lugng yéu cdu clia dong co thay luc
thuong thay déi trong khi dé luu luong clia bom lai khéng ddi. Vi vay phai ding bom cé
luu lugng 16n hon luu lugng cao nhit ma dong co yéu ciu. Pé ddm bao cho hé thong
lam viéc binh thudng va nang cao hiéu sudt clia né, ngudi ta diing binh tich nang. Binh
tich nang ¢6 nhiém vu tich trit nang lugng thira khi he théng khong dimg hét va cung cép
thém nang luong khi yéu cdu cua hé thong vuot qua kha nang cua bom. Vi vay néu cb
binh tich nang, ta khong cin phai dung bom 16n, tranh lang phi.

Hinh 12.24 gi6i thiéu mot kiéu binh tich nang.
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Chat 16ng chay theo dudng dng 6 qua van 5 vao khoang 4 théng véi binh tich nang
réi sang duong 6ng 3. Piutong 1 ngan cach phdn khi & trén va chat 1dng & duéi. DE tranh
ro ri cha khi, ngudi ta lap thém vong dém cao su 2 trén than pittong. Khéa 0 lap 3 trén
cung binh tich nang dé dan khi vao hodc ra khéi binh. Khi déng co thiy luc khong ding
hét nang lugng (4p nang), chat long dudi 4p suat cao duge dén vao binh ddy pitténg lén,
nén khi lai. Nhu vay chat 16ng da tich cho pittong mot the nang va cho khi mot 4p nang.
Khi déng co thuy luc ddi hoi nang lugng 1én, chat 1ong can phai dan vao dong co nhiéu,
vugt qua kha nang cung cap ciia bom lam 4p suat trong hé théng (dudng dng 3.6) giam
xudng. Lic d6 khi & trén dan ra, pittong ha xudng, day chat 16ng ra khoi binh. Két qua
1 hé théng dugc bu nang lugng.

Trong thuc t€ ¢6 nhiéu Kiéu binh tich nang vi du c6 thé thay pittong bing mang cao
su hoac thay phidn khi bang 16 xo hay tu treo...

c. Mdy tang 4p

Khi cdn tang dp suat d noi nao dd, ngudi ta dung mdy tang dp. So d6 nguyén 1y cia
mdy tang ap rat don gian (H.12.25). N6 gém pittong hai bac 1 di chuyén trong xi lanh.

Hinh 12.25
Goi p, - 4p suét trong khoang c6é dudng kinh I6n D.
P, - dp sudt trong khoang c¢6 dudng kinh nho d.
e D2
Ta cé: Po=Pi g
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Nhu vay chi can dua 4p suét nho p, vho khoang 16n s& tao ra dugc dp suat trong
2

khoang nho 16n gdp (%) ap sudt p,.

Trong sg dé nay, chét 16ng duge bom 2 ddy qua van mot chiéu, co cau phan phoi A
dén khoang 1am viéc cha xylanh lyc 3 1am pitténg di chuyén. Néu vi tri clia co cau phan
phéi B nhu hinh vé thi khoang nhé cla xylanh mdy tang dp dugc n6i véi 6ng ddy cha
bom va khoang trdi clia xylanh luc. Khoang 1én clia miy tang dp dugc ndi v6i dudng
thai. Khi dé pittong 1 bi ddy sang vi tri tdt cing bén trdi. Néu xoay vi tri co cdu phan
phdi B mdt géc 90° thi khoang trdi cha xylanh 16n cia mdy tang dp dugc ndi véi bom,
codn khoang xylanh nho duge néi véi khoang lam viéce cua xylanh luc. Lic d6 mdy tang
dp ¢6 tac dung lam tang ap suit khoang 1am viéc cia xylanh luc.

12.3.2. Ky hiéu cdc phan tu thiy luc

Dé biéu dién so dé truyén dong thiy luc duge don gidn, 13 rang c6 thé skt dung cac
ky hiéu liét ké trong bang dudi day:
) Bang ky hiéu
TT Tén Ky hi¢u
1 ] Luc:
Duong van chuyén cua dong

Diéukhién: T T

Khau co khi

+3 | Bom ddng co Q
4 | Cociucon truot, van

5 | Chd néi {

., ok ~
6 | Giam chan tiét hou

Bang loxo: VW

7 | Co clu diéu khién Bang pittdng: —]
Bing nam chim dién 77"
J 4] ¢o hai cugn day:
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Khong dao chiéu C?
8 | Bom khong diéu chinh dugc
Pao chiéu: #}
Khdng ddo chiéu: %
9 | Bom diéu chinh dwoc
Do chiéu: i ;
Khdng dao chiéu:
1o | Pong co thuy lue khang didu chinh
duogc
DPéo chiéu:
Khéng dao chiéu: %
[1 | Ddng co thuy luc diéu chinh duoc
Pio chiéu: %
Théng thudng: AE:;I
12 | Xy ianhthuy luc
Vi sai: :Eq
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{3 | Tiét hru khdng diéu chinh duoc ) (
14 | Tiét luu didu chinh duoc /
b
15 | Van mdt chiéu
.16 | Van an toan tuy dong
17 | Van diéu 4p J‘—{ RN s
TL
18 | Van giam 4p tuy ddng
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19 | Piéu tbc mﬂ :
L7 T
Co céu con trrot phin phdi pittong _ [N -
201 gidu khin thuy luc =14 T
L.Q.....‘ L. s
Co cau con trrot phén phdi pittong A1}
. AR N /1
211 4i2u khién bang dién ¥, Lo
Co céu con trugt pitténg phan phdi ™\ - ‘ Lonn
22 bon clra luu thong E\_—“ /’< _ |, _h S
|
23 Co c¢Au con truot tuy d6ng mot khe I ]\ .
| uu théng [ ! ’
4 o dbne hai B
24 Co cau con trugt tuy dong hai khe —1 / | | \_“ AAA
luu thong A A — 5. B
L
95 Co cdu con truot tuy dong bbn khe

Iwu thong
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12.3.3. Cac so do nguyén ly truyén dong thily luc thé tich

Tuy theo dang chuyén déong cla co cdu chép hanh, ta ¢é thé chia truyén dong thiy
luc thé tich thanh ba dang chinh:

- Truyén dong thiy luc thé tich c6 chuyén dong tinh tién.

- Truyén déng thiy luc thé tich ¢6 chuyén dong quay.

- Truyén dong thily luc tiy dong.

1. Truyén dong thiy luc thé tich ¢4 chuyén déng tinh ti€n va quay
a. Truyén dong thuy luc thé tich cé chuyén déng tinh tién

3 loai nay, bo phan chap hanh c6 chuyén dong tinh tién (hinh 12.26).

Hinh 12.26

Tai vi tri clia co cdu phan phéi 2, bom 1 cung cdp chat 1ong ¢6 4p suat cao vao khoang
phai cia xylanh hre 3, ddy pittong chuyén dong sang trdi. Ddu tir khoang trdi clia xylanh
s& héi vé thing chifa 5 qua co cau phan phéi. Néu thay déi vi trf cua co cdu phan phéi, diu
tir bom $€ cung cdp chat 16ng dén khoang trdi ctia xylanh lue. Pittong s€ duoc déo chiéu
chuyén dong sang phai. Ap suat clia hé thong dugc khong ché bdi van an toan 4

Néu khong ¢6 ro ri thi luu luong bom Q, bang luu lugng dong co Q.

Q,=Qs =V, F, (12.4)

Trong d6: v, - van toc pittong.

F, - tiét dién coa pittong.
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Tir (12.4) ta co:

v, =% (12.5)

p
Vi vay bing cdch thay déi luu lugng cita bom ta cé thé thay déi van téc cla pitiong.
b. Truyén déng thiy luc thé tich c6 chuyén dong quay

Truong hgp ndy, bo phian chap hianh c¢é chuyén déng quay. Dé lam bo phan chdp
hanh, ¢6 thé dung cdc dong cd thiy luc rdto hodc pittong réto (xem chuong Bom pittong
va May thay luc thé tich).

Néu hé théng khong c6 ro i thi:
Qr=Qy=qsny (12.6)
Trong dé: q, - lvu lrgng riéng coa dong co thiy luc.
n, - $6 vong quay (van téc) cia ddng co thay luc.
Tur (12.6) ta c6:

n, =% (12.7)

c. biéu chinh van tc cia bd phan chdp hanh

Theo cic cong thitc (12.5) va (12.7) ta thay ¢6 thé diéu chinh duge van téc clia co
ciu chdp hanh bing hai phuong phap: Phuong phdp thé tich va phuong phép tiét tuu.

- Phuong phdp thé tich:

C6 thé thyc hién phuong phép nay bang cich diéu chinh luu lugng clia bom khi thay
déi luu lrong riéng clhia bom hoac luu lugng riéng cha dong co thuy luc. Ngudi ta thudng

diing cdc mdy thity luc thé tich c6 thé diéu chinh dugc luu luong dé 1am bom va dong co
thay luc.

Thuc t€ khong tranh khoi rd ri chat 16ng khi hé thang hoat ddng. Vi vay chi c6 thé
diéu chinh van toc cla dong co thiy lyc khi lvu lugng bom 1dn hon luu luong 1o ri. Luu
luong o i phu thudc phu tai. Khi phu tai tang 1én luu lugng ro ri tang 1én. Vi vay khi
phu tai thay déi, viéc diéu chinh vén t6c s& bi khé khan, khong nhay va khé chinh xéc,
nhdt 12 d6i véi he thong c6 luu lugng nhd.

Tuy nhién wu diém co ban cla phuong phdp nay 12 rdt kinh t€ vi luu lugng (cong
suat) cia bom luén luén bién déi phit hgp véi Ivu lugng ma dong co thiy luc yéu cdu.

- Phuong phap tiét luu:

Néu ding bom khong diéu chinh duge luu lugng, d€ thay déi van t8c pittong ta ¢
thé dung tiét luu.

C6 ba cdch b tri tiét luu trong hé thong:
- Dat 5161 vao dong co thiy luc (hinh 12.27.a).
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- Dat §16i ra dong co thiy luc (hinh 12.27.b).
- Dat song song vé@i dong co thay luc (hinh12.27.c).

T L [ gl ‘ 1
? L] [ ]
{ X X

t
5T 16T

N VAN

p L

b) c)
Hinh 12.27

- Trudng hop dat tiét luu & 16i vao dong co thiy lyc.

Ta biét luu lugng qua tiét luu phy thude vao dién tich luu thong trong ti€t luu va higu
4p sudt trudc va sau tiét luu. Nhd ¢é van tran (van an toan) nén 4p suét trudc tiét luu luon
lu6n khong déi, con 4p sudt sau tiét luu phu thudc phu tai dat 1én dong co thiy tue. Khi
phu tai tang, dp sudt sau tiét luu ciing tang 1én, do d6 hiéu dp suit J tiét luu gidm xudng.
‘K&t qua 1 luu lugng qua tiét luu giam xudng, lam van t6c dong co thuy luc bi giam di.
Nguoc lai khi gidm phu tai, van t6c ddng co thlly luc sé tang 1én.

Tém lai viée diéu chinh bang tigt luu dat & 16i vao khéng dam bao cho dong co thiy
iuc c6 van téc én dinh khi tai trong thay d6i. Mat khic, khi qua tiét luu, chat léng bi
néng 1én (do tén that 16n) nén nhiét d6 lam viéc cta chat 16ng cao. Do dé luu lugng rd i
tang lén, lam giam hiéu suat 1am viéc cua hé thong.

- Trudng hop dat tiét leu & 161 ra dong co thiy luc.

Theo so d6 hinh 12.27.b, ta thdy khi tang phu tai 1én pittong, dp suit trong khoang
phai cla xy lanhs€ giam xudng do dé hiéu dp suit trude va sau ti€t luu cling giam theo.
K&t qua 1a luu luong qua tiét Iuu giam, do dé van téc di chuyén cia pittong giam di.

Nhur vay khi phu tai thay déi, van tdc dong co thily luc ciing thay déi. Tuy nhién
khic véi so d6 trén, khi dat tiét luu & 16i ra, nhiét do chat long ting 1én khi qua ti€t luu
khong anh hudng gi dén ché do lam viéc cta hé théng, bdi vi né duge kip thoi lam ngudi
& thung chira trudc khi ti€p tuc lam viéc, Mat khac viéc dat tiét hiu & 161 ra s€ tao nén déi
ap I6n trong khoang khong lam viéc clia xy lanhluc, tao nén dém giam chan duge va dap
thiy luc trong dong co.

- Truong hop dat tiét luu song song véi déng co thiy luc.
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Trong tudng hop nay van téc di chuyén cua pittong phu thuoc vao su phéi hop clia
tiét luu. Khi ti€t luvu déng hoan toan, toan bo chat long tir bom duoge ddy vao xilanh luc.
Khi d6 vin téc pittong 1a I6n nhat. Khi tiét luu md, mot phan chét 1ong sé€ thoét qua tiét
luu vé thung chia. Vi vay, diéu chinh cita luu théng ctia tiét luu, ta s& diéu chinh duogc
vén toc cua co ciu chap hanh.

bé diéu chinh c6 hiéu qué van téc chuyén dong clia co ciu chap hanh thi van an
toan trong hé théng phai déng vai trd clia van chéng dd (nghia 1a né chi md ra khi hé
thong cé qud tai). Hiéu dp sudt hai dau tiét luu phu thudc hiéu dp suat hai khoang xilanh
luc. Vi vay so d6 nay cling
khong dam ‘
trong truong
su ro ri chat

Tuy nhi

hé thdng trén vi
trong trudng

thuy luc.
Tém lai hé 6n dinh dugc
van téc cha
Trong t
phu tai thay
d. On dj
Viéc gi
phu tai cé y
(trong may
béng bé mat
Phuong
phép co khi.

i hanh ké ca khi

ong phu thudc
g dé ddy dao cit
g rat lon dén do

so v6i phuong

Dé thuc op trén, ngudi ta
dung bo dié

Ciing gi o, 161 ra va song
song véi do u toc déu co tic

dung 6n din

g 4n déu c6 uu,
nhuoc diém

2. Truy
He thon n dong theo dai.
D6 1a he th ién theo chuong

trinh tiy ¥ mot cach tu dong. Trong qua trinh lam viéc cua hé thong, hoat dong cua bo
phan chap hanh luén duge theo déi kiém tra va duge bdo vé bo phan so sdnh phat hién
sai léch va hiéu chinh.

Hé thong nay duogc dung rdt rong rdi trong nganh ché tao may nhu trong hé théng
chép hinh clia mdy cit got, trong bo phan diéu khién clia cdc mdy 1am rimg, mdy kéo
xich, mdy bay...
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Hinh 12.28 13 so d6 mot hé théng truyén dong thay luc tdy dong don gian. Hé théng
nay duoc ding trong mday phay chép hinh. Nhiém vu ctia hé thdng nay 1a lam cho dao
cat ¢6 thé gia cong trén phéi | dang cia miu hinh 14 mot cdch tw dong. Phoi 1 va miu
hinh 14 dugc gan trén ciing mot ban truot doc 16. Nhu vay, nhd din dong co khi, ban
trugt 16 ¢6 chuyén dong doc mang theo phéi I va mau hinh 14. Dao cét ti vao phoi |,
miii do 17 i vao miu hinh 14,

: Jfr, £
il

[« &

N

Hinh 12.28
Nguyén ly hoat dong clia hé thong nay nhur sau:

Bom day dau theo dudng 6ng 10 vao clra giita trong vé 8 cha co cdu phan phdi con
trugt diéu khién 18. Vi tri clia con truot pitténg 18 phu thudc vio tinh hinh luu thong clia
dau qua cidc khe hé h,. h,, hy, h, gitta mép con trugt va cadc mép ranh trong vo 8. Xilanh
luc 4 gan chit véi ban bat dong 7 ciia mdy. Cin pitténg 3 gin cing vdi ban trugt thing
dimg 2, v di dong 8 va dung cu cit. Ap suit vao ciia hé théng dugc giit khéng ddi nho
van tran 12 va dugc kiém tra bing dp k& 11. Mot ddu con trugt pitténg dugc gin véi tay
don 15 va mili do 17, mot dau khéc ti vao 1o xo 9. Duéi tic dung ciia 1o x0 9, con truat
pittéong 18 bi diy xuéng vi tri thdp nhat. Khi d6 khe luu théng h, > h, vi h> h, Két qua
1a 4p sudt trong budng B cao hon budng A bdi vi dong chay tir cita giira cda vo 8 qua khe
h, sut dp it hon qua khe h, hon ni¥a chat 16ng khi vé thing chita qua khe h, bi sut p
nhiéu hon khi qua khe h; Do buéng C thong vSi budng B va budng D thong véi budng A
nén 4p suit trong xylanh luc tdc dong lén pittong vé phia budng C 16n hon vé phia budng
D. Vi xylanh 4 gin véi ban bat dong 7, nén dudi d6 chénh 4p, pitténg bi ddy xudng kéo
theo ca ban trugt ditng ¢6 gan dung cu cét ti vao phéi 1 va van truot ¢é gan mii do 17
xudng ti vio mau hinh 14. Trong kic con trugt 18 (c6 gin mii dd) bi dimg lai, vo van 8
do gan ciing véGi pittong 3 va ban trugt ding 2, dudi tic dung cia dd chénh ap trong
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xylanh luc 4, vin ha xuéng dudi. Két qua 1a dién tich luu thong cla khe h, va h, hep dan
lai, con khe h, va h, tang 1én, 1am d6 chénh dp trong cdc budng cua xylanh luc giam
xudng. Cho dén khi cdc dién tich luu thong qua cdc khe can bang va do chénh 4p trong
xylanh yc khong du thiang Iy an dao (cét var liéu) thi qud trinh an dao thang diing bi
nglng lai.

Néu ban 16 ¢6 van téc di chuyén doc v, khong déi, thi khi miii dd gap chd bién nho
cao cliia mau 14, con trugt pittong sé bi di chuyén lén trén qua vi tri can bang. Khi d6
dién tich luu thong qua khe h, va h, ting 1&n con khe h, va h, hep dan. Dan dan dp suat
trong budng D 16n hon budng C. Do chénh 4p tiép tuc ting cho téi khi thing dugc luc
can chuyén dong cua pittong xylanh lyc. Lic d6, ban trugt dimg k&m theo dao cat dugc
nang lén. RS rang di chuyén 4y do van truot pitténg diéu khién theo tin hiéu chia méau
hinh 14 dua vao. Di chuyén dé lai duoc bao vé van truot diéu khién nhd lién hé nguac
(do gan ciing pittong 3, bin truot 2 véi vo van trugt 8). Tac dung ctia lién hé ngugc ¢ xu
huéng 1am yéu tin hiéu diéu khién ciia van truot. Do lién hé nguoc, tin hiéu dé s€ tit dan
Va triét tiéu khi con trugt pittong trd vé vi tri trung gian.

Khi bién clia miu 14 ha thap, miii dd va con trugt pittong sé di chuyén xuéng dudi
do tdc dung cha 1o x0 9. Con truot pittdong roi vi tri trung gian va ha xudng. Dién tich luu
thong khe h,, h, ting 1én cdn h,, h, giam di cho dén khi d6 chénh dp gilta buong C va D
di dé thing sic can chuyén dong ca pittong 3 thi dimg lai. Khi d6 pittong 3 cing dung
cu cat bat ddu dugc di chuyén xudng duéi, d6i huéng cat.

Nhur vay, téng hop van tdc v, cia miu hinh v phoi véi van toc thang ding v, ca
miii dd va dao cit s& dam bao chép lai dang ciia méu hinh 14 trén phoi.

Duéi day 1a hé thong truyén dong tuy dong cla hé thong 14i 6to. So d6 hé thong nay
duge trinh bay trén hinh 12.29.

Nguyén ly hoat dong clia hé thong nay nhu sau. Khi chua quay can ldi, dudi tic
dung cita 16 xo 2, cdc tru phan phéi & vi tri trung gian, cdc ranh phan phdi khong thong
vdi nhau. Dau tir bom s€ di qua van an toan vé thiing chira. Khi tay 1di quay mot géc nao
dé (vi du theo chiéu kim déng ho), tru phan phdi 3 quay theo, lam cho céc ranh cilia hai
tru phan phéi thong véi nhau. G vi tri nay, diu c¢6 4p suit cao tir bom dugc ddy vao cic
khoang trai giffa cap banh rang. Trong khi dd, cdc khoang phai cé dp sudt thdp. Chénh
lech 4p suit d6 gay ra momen 1am banh rang trong quay theo chiéu kim dong hé, ép dau
tlr cdc khoang trai vao khoang trai ciia xilanh luc. Dudi tic dong cla dp suat cao, pittdng
bi ddy sang phai lam banh xe quay mot géc twong iing. Néu tay 14i ditng quay, dudi tic
dong ciia 16 xo 14 2, hai tru phan ph6i lai trd vé vi tri trung gian ban ddu. Nhu vay, tay l4i
quay chiéu nao, banh xe s& quay theo chiéu dé véi mot géc tuong tmg. Trong qud trinh
hoat dong, 16 xo0 14 2 déng vai trd 12 lién hé nguoc. HE thong nay con cé thé 1am viéc
duoc ngay ca khi bom khong lam viéc. Khi dé, cap banh rang sé lam viéc nhu mot bom
dusi tic dong diéu khién clia tay l4i.

Hé thong nay duoc dung rat nhiéu trong cdc hé thong ldi tau thuy, cic may giao
thong khdc, tao nén nhiing tinh nang vuot troi so véi hé thong 14i truyén thdng.
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Hinh 12.29

I- Cin tay I4i; 2. Lo so I4; 3. V&; 4. Van mot chiéu; 5. Ong tru phan phéi trong;
6. Ong tru phan ph&i ngoai; 7. Truc cdc dang; 8. Vanh ring ngoai; 9. Binh rang trong
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PHU LUC
Bang 1. Bang khi quyén tiéu chudn

105,67
90,24
77,07
65,8
56,21

Nhiét do T\
(°K)

216.,5
216,5
216,5
216,5
216,5

Khoi luong
riéng tuong

309

déi cha
khong khi

0,1849
0,1579
0,1349
0,1152
0,0938

Heé s6 nhét
dong clia
khong khi

Van téc
am trong
khong khi

ay (m/s)

(6)

0,601
0,704
0,824
0,965
1,13

340,2
3383
336,4
3344
3325
330,5
328,5
326,5
3245
322,5
320,5
3184
316,3
3143
312,2
310,1
308,0
305,9
303,7
301,6
2994
2972
295,0
295,0
295,0
295,0
295,0
295,0
295,0
295,0




(Tiép bdng 1)

() (2) (3) 4) (5) 6) |
15000 43,01 216,5 0,0840 1,32 295,0
20000 41,00 216,5 0,0718 1.55 295,0
21000 35,02 216,5 0.0613 1,81 295.0
22000 29,90 216,5 0,0523 2,12 295,0
23000 25.54 216,5 0,0447 2,49 295.0
24000 21,81 216,5 0,0382 291 295,0
25000 18,63 2165 0,0326 3,41 295,0
26000 1591 216,5 0,0278 3,99 295,0
27000 13,59 2165 0,0238 4,68 295.0
28000 11,60 216.5 0,0203 5,48 295,0
29000 9,910 216,5 0,0173 6,41 295,0
30000 8,460 2165 | 00148 7,51 295,0

Bang 2. Bang cac thong s6 vat li coa khi quyén
Chiéu cao H, Nhietdo TS, | Apsudtpy, Khéi Iuong rieng p,,
(km) (°K) (mmHg) (kg/m")
0 288,0 760 1,1
10 230,8 210 4.2.10"
20 212,8 42 9,3.10?
30 231,7 9,6 1,9.10?
40 262,5 2.4 4,2.10"
50 270,8 7,6.10" 1.2.10°
60 252.8 2,2.102 3,5.10*
70 218,0 5,5.10° 9,7.10°
80 205,0 1,1.10? 2,1.10°
90 217,0 2,0.10° 1,1.10%
100 240,0 6,0.10* 8,6.107
110 270,0 2,0.10* 2,0.107
120 3300 6,0.10°% 5,6.10"
130 390,0 2,0.10° 1,9.10"
140 447,0 7,0.10° 7,6.10°
150 503,0 3,7.10 3,4.107
160 560,0 2,0.10 1,6.10°
180 676.9 7,0.107 4,8.10"
200 792,5 3,0.107 1,710
220 906,6 1,4.107 7,0.10"
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Bang 3. Bang cdc ham khi dong

T k-1., 1 i
—=1=]1—-—— f=—qg()) +—
T k4l S MM+
k
—B-=7r=(l—t—l7\2)k" q = cAre(A r=— : c:L1
+
P. YR + ) “
1
l:g:(]_ _1)\/2)k| y=ﬂ
P, +1 (L)
k=14
A T T £ q y f ro| M
0,00 1,0000 | 1,0000 | 1,0000 | 0,0000 | 0,0000 | 1,0000 | 1,0000 | 0,0000
0,01 | 1,0000 | 0,9999 | 0,9991 | 0,0158 |0,0158 | 1,0000 | 0,9999 | 0,0091
0,02 | 09999 | 0,9998 | 0,9998 | 0,0315 | 0,0315 | 1,0002 | 0,9996 | 0,0183
0,03 | 0,9999 | 0,9995 { 0,9997 | 0,0473 | 0,0473 | 1,0006 | 09999 [ 0,0274
0,04 | 0,9997 | 0,9990 | 0,9993 | 0,0631 | 0,0631 | 1,0009 [ 0,9981 [0,0365
0,05 | 0,9996 | 0,9986 | 0,9990 | 0,0788 | 0,0788 | 1,0019 | 0,9971 | 0,0457
0,06 | 0,9994 [ 0,9979 | 0,9985 | 0,0945 | 0,0945 | 1,0021 | 0,9958 [ 0,0548
0,07 | 0,9992 | 0,9971 | 0,9979 | 0,1102 | 0,1102 | 1,0028 | 0,9943 | 0,0639
0,08 | 0,9989 | 0,9963 | 0,9974 | 0,1259 | 0,1259 | 1,0038 | 0,9925 | 0,0731
0,09 | 0,9987 | 0,9953 | 0,9967 | 0,1415 | 0,1415 | 1,0047 | 06,9906 | 0,0822
0,10 | 0,9983 | 0,9942 | 0,9959 | 0,1571 | 0,1571 | 1,0058 | 0,9868 | 0,0914
0,11 | 0,9980 | 0,9929 ( 0,9949 | 0,1726 | 0,1726 | 1,0070 | 0,9860 | 0,1005
0,12 | 09976 | 0,9916 | 0,9940 | 0,1882 | 0,1882 { 1,0083 | 0,9834 | 0,1097
0,13 | 0,9972 | 0,9901 { 0,9929 | 0,2036 | 0,2036 | 1,0100 | 0,9806 | 0,1190
0,14 | 0,9967 | 0,9966 | 0,9918 | 0,2190 | 0,2190 { 1,0113 | 0,9776 | 0,1200
0,15 | 0,9963 | 0,9870 | 0,9907 | 0,2344 | 0,2344 | 1,0129 | 0,9744 | 0,1372
0,16 | 0,9957 [ 0,9851 | 0,9893 | 0,2497 | 0,2497 | 1,0147 | 0,9709 | 0,1460
0,17 | 0,9952 [0,9832 | 0,9880 | 0,2649 | 0,2649 | 1,0165 | 0,9673 | 0,1560
0,18 | 0,9946 [ 09812 ([ 09866 | 0,2801 | 0,2801 | 1,0185 | 0,9634 | 0,1650
0,19 | 0,9940 [0,9791 | 0,9850 | 0,2952 | 0,2952 | 1,0206 | 0,9594 | 0,1740
0,20 | 0.9933 [0,9768 | 0,9834 | 0,3102 | 0,3102 | 1,0227 | 0,9551 | 0,1830
0,21 | 0,9927 10,9745 | 09815 | 0,5252 | 0,5252 | 1,0250 | 0,9507 | 0,1920
0,22 | 0,9919 {0,9720 | 0,9799 | 0,3401 | 0,3401 | 1,0274 | 0,9461 | 0,2020
0,23 | 09912 | 0,9695 | 09781 | 0,3549 | 0,3549 | 1,0298 | 0,9414 |} 0,2109
0,24 | 0,9904 | 0,9668 | 0,9762 | 0,3696 | 0,3696 | 1,0315 | 0,9373 | 0,2202




Tiép bang 3

k=14
A T | s £ q y § r M
0,25 | 0,9896 | 09640 | 0,9742 | 0,3842 | 0,3842 | 1,0350 | 0,9314 | 0,2290
0,26 | 0,9887 | 0,9611 | 09721 | 0,3987 | 0,3987 | 1,0378 | 0,9264 | 0,2387
027 | 09879 | 0,9581 | 0,9699 | 0,4131 | 0,4134 | 1,0406 | 0,9207 | 0,2480
0.28 | 0,9869 | 09550 | 09677 | 0,4274 | 0,4274 | 1,0435 | 0,9152 | 0.2573
0,29 | 0,9860 0,2670
0,30 | 0,9950 0,2760
0,31 | 0,9840 0,2850
0,32 | 0,9829 0,2947
0,33 | 0,9819 0,3040
0,34 | 0,9807 0,3134
0,35 | 0,9796 0,3228
0,36 | 0,9784 0,3322
0,37 | 09772 0,3417
0,38 | 0,9759 0,3511
0,39 | 0,9747 0,3606
0,40 | 0,9733 0,3701
0,41 | 0,9720 0,3796
0,42 | 0,9706 0,3892
0,43 | 0,9692 0,3987
0,44 | 0,9677 0,3083
0,45 | 0,9663 0,4197
0,46 | 0,9647 0,4275
0,47 | 0,9632 0,4372
0,48 | 0,9616 0,4468
0,49 | 0,9600 0,4565
0,50 | 0,9583 0,4663
0,51 | 0,9567 0,4760
0,52 | 0,9954 0,4858
0,53 | 0,9532 0,4956
0,54 | 09514 g . 0,5054
0,55 | 0,9496 | 0,8344 | 0,8787 | 0,7623 | 0,9136 | 1,1445 | 0,7290 | 0.5152
0,56 | 09477 | 0,8287 | 0,8744 | 0,7724 | 0,9321 | 1,1486 | 0,7215 | 0.5251
0,57 | 0,9459 | 0,8230 | 0,7823 | 0,7823 | 0,9506 | 1,1528 | 0.7139 | 0,5350
0,58 | 0,9439 | 0,8172 | 0,7920 | 0,7920 | 0,9692 | 1,1569 | 0,7064 | 0,5450
0,59 | 0,9420 | 0,8112 | 0,8015 | 0,8015 | 0,9880 | 1,1610 | 0,6987 | 0.5549

312




Tiép bdng 3

k=14
A T s € q y f r M
0,60 | 0,9400 | 0,8053 | 0,8567 | 0,8109 | 1,0069 | 1,1651 | 0.6912 | 0.5649
0,61 | 09380 | 0,7992 | 0,8561 | 0,8198 | 1,0258 | 1,1691 | 0,6836 | 0,5750
0,62 | 0,9359 | 0,7932 | 0,8475 | 0,8288 | 1,0449 | 1,1733 | 0,7660 | 0,5850
0,63 | 0,9339 | 0,7870 | 0,8428 | 0,8375 | 1,0641 | 1,1772 | 0,6685 | 0.595]
0,64 0,93 ). 7808 Q2 Q (). 8350 Q Q 0,6053
0,65 0,6154
0,66 0,6256
0,67 0,6359
0,68 0,6461
0,69 0,6565
0,70 0,6660
0,71 0,6772
0,72 0,6876
0,73 0,6981
0,74 0,7086
0,75 0,7192
0,76 0,7298
0,77 0,7404
0,78 0,7511
0,79 0,7616
0,80 0,7727
0,81 0,7835
0,82 0,7944
0,83 0,8053
0,84 0,8163
0,85 0,8274
0,86 0,8381
0,87 0,8496
0,88 0,8608
0,89 - - - %4843 | 0,8721
0,90 | 0,8650 | 0,6019 | 0,6959 | 09579 | 1,6412 | 1,2595 | 0,4779 | 0.8833
0,91 | 0,8620 | 0,5946 | 0,6898 | 0,9902 | 1,6652 | 1,2611 | 0,4715 | 0.8947
0,92 | 0,8589 | 0,5873 | 0,6838 | 0,9923 | 1,6895 | 1,2625 | 0.4652 | 0,9062
0,93 | 0,8559 | 0,5800 | 0,6776 | 0,9941 | 1,7140 | 1,2637 | 0,4589 | 0,9117
0,94 | 0,8527 | 0,5726 | 0,6715 | 0,9957 | 1,7388 | 1,2648 | 0,4527 | 0,9292

313




Tiép bdng 3

A T m £ q y f r M
0,95 | 08496 | 05653 | 0,6653 | 09970 | 1,7638 | 12648 | 0.4466 0,9409
0,96 | 08464 | 0,5579 | 0,6591 | 0,9981 | 1,7890 | 1.2666 | 0,4405 0,9526
0,97 0.8432 | 0,5505 | 0,6528 | 0,9989 | 1,8146 | 1,2671 | 0,4344 | 0,9644
0,98 10,8399 | 0,5431 | 0,6466 | 0,9953 | 1,8404 | 1.2676 | 04285 0,9761
0,99 0.8367 | 0,5575 | 0,6403 | 0,9999 | 1,8665 | 1,2678 | 0,4225 | 09880

1,00 | 0.8333 | 0,5283 | 0,6340 | 1,0000 | 1,8229 | 1,2679 | 0,4167 | 1,0000
1,01 0,8300 | 0,5209 | 0,6276 | 0,9999 | 1,9195 | 1,2678 | 0,4109 | 1,0120
1,02 | 0.8266 | 0,5135 | 0.6212 | 0,9995 | 1,9464 | 1,2675 | 0,4051 | 1.024]
1,03 | 0,8232 | 0,5061 | 0,6148 | 09989 | 1,9737 | 1,2671 | 0,3994 | 1.0363
1,04 | 0.8197 | 0,4987 | 0,0608 | 0,9880 | 2,0013 | 1,2664 | 0,3938 | 1,0486

1,05 | 08163 | 0,4913 | 0,6019 | 0,9969 | 2,0291 | 1,2655 | 0,3882 | 1,0609
1,06 | 08127 | 0,4840 | 0,5955 | 0,9957 | 2,0573 | 1,2646 | 0.3827 | 1.0733
1,07 | 0,8092 | 0,4766 | 0,5890 | 0,9941 | 2,0585 | 1,2633 | 0.3773 | 1,0858
1,08 | 0,8056 | 0,4693 | 0,5826 | 0,9924 | 2,1147 | 1,2620 | 0.3719 | 1,0985
1,09 | 0,8020 | 0,4619 | 0,5760 | 0,9903 | 2,1439 | 1,2602 | 0,3665 | 11111

1,10 | 0,9783 | 0,4547 | 0,5694 | 09880 | 2,1734 | 1,2574 | 0.3613 | 1.1239
111 10,7947 | 0,4483 | 0,5629 | 0,9856 | 2,2034 | 1,2563 | 0,3560 | 1,1367
1,12 | 0,7909 | 0,4400 | 0,5564 | 09829 | 2,2337 | 1,2543 | 0,3508 | 1.1446
1,13 10,7872 | 0,4328 | 0,5498 | 0,9880 | 2,2643 | 1,2549 | 0,3457 | 1,1627
1,14 | 0,7834 | 0,4255 | 0,5432 | 0,9768 | 2,2954 | 1,2491 | 0,3407 | 1,1758

1,15 | 0,7796 | 0.,4184 | 0,5366 | 0,9735 | 2,3269 | 1,2463 | 0,3357 | 1.1690
.16 | 0,7757 | 0,4111 | 0,5300 | 0,9698 | 2,3588 | 1,2432 | 0,3307 | 1,2023

. 0,7719 | 0,4040 | 0,5234 | 0,9659 | 2,3911 | 1,2398 | 0,3258 | 1,2157
1,18 10,7679 | 0,3969 | 0,5168 | 0,9620 | 2,4238 | 1,2364 | 0,3210 | 1,2292
1,19 } 0,7640 | 0,3898 | 0,5102 | 0,9577 | 2,4570 | 1,2326 | 03162 | 1.2428

1,20 | 0,7600 { 0,3827 | 0,5035 | 0,9531 | 2,4906 | 1,2296 | 03115 | 1.2566
1,21 1 0,7560 | 0,3757 | 0,4969 | 0,9484 | 2,5247 | 1,2244 | 0,3068 | 1,2708
1,22 1 0,7519 | 0,3687 | 0,4903 | 0,9435 | 2,5593 | 1,2200 | 0,3022 | 1,2843
1,23 10,7478 | 0,3617 | 0,4837 { 0,9384 | 2,5944 | 1,2154 | 0,2976 | 1.2974
1.24 1 07437 | 0,3548 | 04770 | 09311 | 2,6300 | 1,2105 | 0,2931 | 1,3126

1,25 | 0,7396 | 0,3479 | 0,4704 | 09275 | 2,6660 | 1,2054 | 0,2886 | 1,3298
1,26 | 0,7354 | 0,3411 | 0,4638 | 0,9217 | 2,7026 | 1,2000 | 0,2842 | 1.3413
.27 | 0,7312 | 0,3343 | 04572 | 09159 | 2,7398 | 1,1946 | 0,2798 | 1.3558
1,28 | 0,7269 | 0,3275 | 0,4505 | 0,9096 | 2,7775 | 1,1887 | 0,2755 | 1,3705
1,29 | 07227 | 0,3208 | 0,4439 | 0,9033 | 2,8158 | 1,1826 | 02713 | [,3853

1,30 | 0,7183 | 0,3142 | 0,4374 | 0,8969 | 2,8547 | 1,1765 | 0,1670 | 1.4002
1,31 0,7180 | 0,3075 | 0,4307 | 08101 | 2,9841 | 1,1629 | 0.2629 | 1.4153
1,32 | 0,7096 | 03910 | 0,4244 | 0,8831 | 2,9343 | 1,1632 | 0.2547 | 1.4458




Tiép bdng 3
k=14

T LS £ q y f r M

0,7052 | 0,2945 | 04176 | 0.8761 | 2,9750 | 1,1562 | 0,2547 | 1,4458
0,7007 | 0.2880 | 0,4110 | 0.8688 | 3,0164 | [,1490 | 0,2507 | 1,4613

0,6962 | 0,2816 | 0,4045 | 0,8614 | 3,0586 | 1,1417 | 0,2467 | 1,4769
0,6917 | 0,2753 | 0,3980 | 0,8538 | 3,1013 | 1,1341 | 0,2427 | 1,4927
0,6872 | 0,2690 | 0,3914 | 0,8459 | 3,1448 | 1,1261 | 0.2389 | 1,5087
0,6826 | 0,2628 | 0,3850 | 0,8380 | 3,1889 | 1,1180 | 0.2350 | 1,5248
0,6780 | 0,2566 | 0,3785 | 0,8299 | 3,2340 | 1,1098 | 0,2312 | 1,5410

0,6733 | 0,2505 | 0,3720 | 0,8216 | 3,2798 | 1,1012 | 0.2275 | 1,5575
0,6687 | 0,2445 | 0,3656 | 0,8131 | 3,3263 | 1,0924 | 0,2238 | 1,5241
0,6639 | 0,2385 | 0,3592 | 0,8046 | 3,3737 | 1,0835 | 0,2201 | 1,5909
0,6592 | 0,2326 | 0,3528 | 0,7958 | 3,4219 | 1,0742 | 0,2165 | 1,6078
0,6544 | 02267 | 0,3464 | 0,7869 | 3,4710 | 1,0648 | 0,2129 | 1,6250

0,6496 | 0,2209 | 0,3401 | 0,7778 | 3,5211 | 1,0551 | 0,2094 | 1,6423
0,6447 | 0,2152 | 0,3338 | 0,7687 | 3,5720 | 1,0453 | 0,2059 | 1,6598
0,6398 [ 0,2095 | 0,3275 | 0,7593 | 3,6240 | 1,0354 | 0,2024 | 1,6776
0,6349 | 0,2040 | 0,3212 | 0,7499 | 3,6768 | 1,0249 | 0,1990 | 1,6955
0,6300 | 0,1985 | 03150 | 0,7404 | 3,7308 | 1,0144 | 0,1956 | 1,7137

0,6250 | 0,1930 } 0,3088 | 0,7307 | 3,7858 | 1,0037 | 0,1923 | 1,732}
0,6200 | 0,1876 | 0,3027 | 0,7209 | 3,8418 | 0,9927 | 0,1890 | 1,7500
0,6149 | 0,1824 | 0,2965 | 0,7110 | 3,8990 | 0,9316 | 0,1858 | 1,7694
0,6099 | 0,1771 | 0,2904 | 0,7009 | 3,9571 | 09703 | 0.1825 | 1,7885
0,6047 | 0,1720 | 0,2844 | 0,6909 | 4,0172 | 0,9590 | 0,1794 | 1,8078

0,5996 | 0,1669 | 02784 | 0,6807 | 4,0778 | 0,9472 | 0,1762 | 1.8273
0,5944 [ 0,1619 | 0.2724 | 0,6703 | 4,1394 | 0,9353 | 0,1731 | 1,8273
0.5892 | 0,1570 | 0,2665 | 0,6599 | 4,2054 | 0,9233 | 0,1700 | 1,8672
0,5839 | 0,1522 | 0,2506 | 0,6494 | 4,2680 | 0,9111 | 0,1670 | 1.8875
0,5786 | 0,1474 | 0,2547 | 0,6389 | 4,3343 | 0,8988 | 0,1640 | 1,9081

0,5733 | 0,1427 | 0,2489 | 0,6282 | 4,4020 | 0,8861 | 0,1611 | 1,9290
0,5680 | 0,1381 | 0,2431 | 0.6175 | 44713 | 0,8734 | 0,1581 | 1,9501
0.5626 | 0,1336 | 0,2374 | 0,6067 | 4,5422 | 0,8604 | 0.1552 | 1,9716
0,5572 | 0,1291 | 0,2317 | 0,5958 | 4,6144 | 0,8474 | 0,1524 | 1,9934
0,5517 | 0,1248 | 0,2261 | 0,5850 { 4,6887 | 0,8343 | 0,1495 | 2,0155

0,5463 | 0,1205 | 0,2205 | 0,5740 | 4,7647 | 0,8210 | 0,1467 | 2,0380
0,5407 | 0,1163 | 0,2150 | 0,5630 | 4,8424 | 0,8075 | 0,1440 | 2,0607
0,5352 | G,1121 | 0,2095 | 0,5520 | 4,9221 | 0,7939 | 0,1413 | 2,0839
0,5296 | 0,1081 | 0,2041 | 0,5409 | 5,0037 | 0,7802 | 0,1386 | 2,1073
L 0,5240 | 0,1041 | 0,1988 | 0,5298 | 5.0877 | 0,7664 | 0,1359 | 2,1313

315




Tiép bdang 3

k=14
A T m £ q y f r M
1,70 | 0,5183 | 0,1003 0,1934 | 0,5187 | 5,1735 | 0,7524 | 0,1333 | 2,1555
1,71 | 0,5126 | 0,0956 0,1881 | 0,5075 | 53167 | 0,7383 | 0,1306 | 2,1802
1,72 | 0,5069 | 0,0928 0,1830 | 0,4965 | 5,3520 | 0,7243 | 0,1281 | 2,2053
1,73 | 0,5012 | 0,0891 0,1778 | 0,4852 | 54449 | 0,7100 | 0,1255 | 2,2308
1,74 | 04954 | 0,0856 0,1727 | 0,4741 | 5,5403 | 0,6957 | 0,1230 | 2,2567
1,75 | 0,4896 2,2831
1,76 | 0,4837 2,3100
1,77 | 04779 23374
1,78 | 0,4719 2,3653
1,79 | 0,5660 2,3937
1,80 | 0,4600 2,4227
1.81 | 0,4540 2,4523
1,82 | 0,4470 2.4824
1,83 | 0,4418 2,5132
1,84 | 0,4357 2,5449
1,85 | 0,4296 1| 2,5766
1,86 | 04234 9 | 2,6094
1,87 | 04172 8 | 2,6429
1,88 | 0,4109 6 | 2,6772
1,89 | 04047 51 27123
1,90 | 0,3983 4 | 2,7481
1,91 | 0,3920 3| 2,7849
1,92 | 0,3856 3| 2,8225
1,93 | 0,3792 3| 28612
1,94 | 0,3727 2 | 2,9007
1,95 | 0,3662 329414
1,96 | 0,3597 3| 2,9831
1,97 | 0,3532 4 | 3,0301
1,98 | 0,3466 4 | 3,0701
1,99 | 0,3400 5 | 31155
2,00 | 0,3333 8 | 3,1622
2,01 | 0,3267 8 | 3,2104
2,02 | 0,3199 0 | 3,2603
2,03 | 03132 3,3113
2,04 | 0,3064 3,3642
2,05 | 0,2996 | 0,0147 0,0491 | 0,1588 | 10,794 | 0,2556 | 0,0576 | 3.4190
2,06 | 0,2927 | 0,0136 0,0464 | 0,1507 | 11,102 | 0,2431 { 0,0558 | 3.4759
2,07 | 0,2859 | 0,0125 0,0437 | 0,1427 | 11,422 | 0,2309 | 0,0541 | 3,5343
2,08 | 0,2789 | 0,0115 0,0411 | 0,1348 | 11,762 | 0,2189 | 0,0524 | 3.5951
2,09 | 0,2720 | 0,0105 0,0386 | 0,1272 | 12,121 | 0,2070 | 0,0507 | 3,6583

316




Tiép bang 3

k=14

A T L € q y f r M

2,101 02650 | 00096 | 00361 | 0,1198 | 12,500 | 0,1956 |0,0490]| 3.7240
2,11 102580 | 0,0087 | 0,0338 | 0,1125 | 12,901 | 0,1843 0,0473 | 3,7922
2,121 02509 | 0,0079 | 0,0315 | 0,1055 | 13,326 | 0,1733 0,0157| 3,8633
2,13 10,2439 | 0,0072 | 0,0294 | 0,0986 | 13,778 | 0,1626 0,0440| 3,9376
2,14 | 0,2367 14,259 | 0,1522 4,0150
2,15 4,0961
2,16 4,1791
2,17 4,2702
2,18 4,3642
2,19 4,4633
2,20 4,5674
2,21 4,6778
2.22 4,7954
2,23 4,9201
2,24 5,0533
2,25 5,1958
2,26 5,3494
2.27 55147
2,28 5,6940
2.29 5,8891
2.30 6,1033
2.31 6,3399
2.32 6,6008
2.33 6,8935
2,34 7,2254
2.35 7,6053
2.36 8,0450
2.37 8,5619
2.38 9,1882
2,39 9,9624
2,40 | 0,0400 [0,242.10*| 0,00032 | 0,0012 {94,703 | 0,0022 |0,0059| 10,957
241 | 0,0320 (0,584.10°| 0,00918 | 0,0007 | 118,94 | 0,0012 [0,0047| 12,306
2,42 | 0,0239 [0,211.107]0,884.10*| 0,0003 | 159,65 | 0,0006 |0,0035| 14,287
2,43 | 00158 |0,242.10°|0,315.10°| 0,0001 | 242,16 | 0,0002 [0,0025| 17.631
2,44 | 0,0077 |0.316.107{0,310.10%(0,058.10*| 499,16 0,285.10*(0,0011 | 25,367

317




Tiép bdng 3

k=14
A T 5 2 q y f r M
0.00 1,0000 |1,0000 |1,0000 [0,0000 [0,0000 [1,0000 [1,0000 [0.0000
0,01 1,0000 10,9999 10,9999 |0,0159 [0,0159 |1,0000 |1,0000 [0,0093
0,02 10,9999 10,9998 [0,9999 |0,0318 |0,0318 |1,0003 |0,9995 [0,0185
0,03 0,9999 10,9995 10,9997 |0,0476 |0,0477 [1,0006 |0,9990 0,0278
0,04 10,9998 10,9991 [0,9993 |0,0635 |0,0636 |1,0009 |0,9982 [0.0371
0,05 10,9997 [0,9986 10,9990 [0,0793 [0,0795 |(1,0015 |0,9972 |0,0463
0,06 10,9995 |0,9980 |0,9985 |0,0952 [0,0954 |1,0021 |0,9959 |0.0556
0,07 10,9993 10,9972 |0,9979 |0,1110 [0,1113 |1,0028 |0,9944 |0,0649
0,08 0,9991 10,9964 (0,9973 |0,1267 [0,1272 |1,0037 |0,9928 |0,0742
0,09 10,9989 10,9954 |0,9968 |0,1425 |0,1431 |1,0046 |0.9908 |0.0834
0,10 10,9986 |0,9944 |0,9958 [0,1582 [0,1591 |1,0057 [0.9887 |0.0927
0,11 0,9983 10,9932 (0,9949 |0,1738 |0,1750 |1,0069 |0,9864 |0.1025
0,12 10,0980 |0,9918 |0,9938 |0,1894 |[0,1910 |1,0081 (0,9838 [0.1113
0,13 10,9976 |0,9904 (0,9928 |0,2052 |0,2072 [1,0096 |0,9810 [0.1206
0,14 10,9972 10,9889 [0,9917 |0,2205 |0,2220 (1,0111 |0,9781 [0,1299
0,15 10,9968 10,9872 |0,9903 |0,2360 |0,2390 [1,0126 [0,9749 [0,1392
0,16 10,9964 10,9854 |0,9890 |0,2514 |0,2551 |1,0143 |0,9715 [0,1485
0,17 10,9959 |0,9836 |(0,9877 |0,2667 |0,2712 [1,0169 [0,9679 |0.1578
0,18 10,9954 10,9816 |0,9862 [0,2820 |0,2873 [1,0181 [0.9642 |0,1672
0,19 09949 10,9796 [0,9846 |0,2972 |0,3034 [1,0202 [0,9602 |0.1765
0,20 10,9943 10,9774 [0,9830 |0,3123 |0,3195 [1,0223 |0,9561 |0,1858
0,21 0,9938 10,9751 |0,9812 |0,3273 |0,3357 |1,0245 [0,9518 |0,1952
0,22 10,9932 10,9728 [0,9795 |0,3423 [0,3519 |1,0269 |0,9473 |0.2045
0,23 10,9925 10,9702 |0,9775 |0,3571 |0,3681 |1,0292 |0,9427 |0,2139
0,24 10,9918 10,9675 |0,9755 |0,3719 |0,3844 [1,0317 [0,9378 |0,2233
025 10,9912 10,9648 |0,9734 |0,3866 |0,4007 [1,0343 [0,9329 |0,2327
0,26 10,9904 |0,9619 |0,9712 |0,4011 |0,4170 |1,0369 |0,9277 |0.2420
0,27 10,9897 |0,9590 |0,9690 |0,4156 [0,4334 [1,0996 [0,9224 |072515
0,28 10,9889 10,9560 |0,9667 |0,4300 |0,4498 [1,0425 |0,9170 |0,2609
0,29 |0,9881 |0,9529 |0,9644 |0,4443 |0.4662 |[1,0455 (09114 (02703
0,30 |0,9873 |0,9496 |0,9619 |0,4584 |0,4827 |1,0485 |0,9057 |0,2797
0,31 09864 [0,9463 (09594 |0,4724 |0,4992 |1,0516 |0,8999 |0,2892
0,32 |0,9855 |0,9428 |0,9567 |0.4863 |0,5158 |[1,0547 |0,8940 |0,2986
0,33 |0,9846 |0.9393 |0,9540 |0,5001 |0,5324 |1,0579 |0,8879 |0,3081
0,34 |0.9836 |0,9356 |09510 |0,5137 |0,5491 |[1,0612 |0,8817 |0,3176
0,35 ]0,9827 |0,9319 |0,9484 |0,5273 |0,5658 |1,0645 |0,8754 [0,3271
0,36 |0,9817 |0,9281 |0,9455 |0,5407 |0,5826 |[1,0680 |0,8690 |0,3366
0,37 ]0,9806 0,9241 |0,9424 |0,5539 |0,5994 (1,0714 |0,8625 |0,3462
0,38 10,9796 |0,9201 (0,9393 |0,5670 |0,6162 |[1,0750 |0,8560 |0,3557
0,39 0,9785 | 09151 | 09331 | 0,5799 | 0,6332 | 1,0785 | 0,8493 | 0,3653
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Tiép bdng 3
k=133

A 1 0 £ q y f r M

0,40 10,9773 |0,9118 09329 [0,5928 [0,6501 [1,0822 |0,8425 |0.3749
0,41 0,9762 10,9075 |0,9296 |0,6055 |0,6672 |1,0859 |0,8357 |0.3845
0,42 10,9750 ]0,9030 [0,9262 |0.6179 |0,6843 |1,0896 |0,8288 |0,3941
0,43 10,9738 |0,8985 [0,9227 |0,6303 |0,7014 {1,0033 |0,8218 |0.4037
0,44  [0,9726 |0,8940 [0,9192 |0,6425 [0,7187 |[1,0972 |0.8148 |0.4134

0,45 09713 10,8893 [0,9156 (0,6549 |0,7359 |1,1010 |0,8078 [0,4230
046 10,9700 [0,8850 [0,9123 [0,6666 [0,7533 |1,1053 |0,8006 ]0,4305
0,47 |0,9687 [0,8797 |[0,9081 |0,6780 (0,7707 |1,1088 10,7934 |0,4424
0,48 0,9674 |(0,8749 |0,9044 |0,6896 (0,7882 |1,1128 [0,7862 |0,4522
0,49 10,9660 10,8699 |09005 [0,7609 [0,8058 |[I1,1168 |0,7790 [0,4619

0,50 |0,9646 [0,8648 |0,8966 [0,7121 |(0,8234 |[1,1207 |0,7717 |0.4717
0,51 09632 |0.,8596 [0,8925 |0,7230 |0.8411 |1,1246 [0,7644 |0,4815
0,52 |0,9617 |0,8544 |(0,8884 |0,7339 |0,8589 |1,1287 [0,7570 |0,4913
0,53 10,9602 |0,8491 |0,8843 10,7445 |6.8768 |[1,1327 (0,7496 |0,5011
0,54 |0,9587 [0,8436 |0,8799 [(0,7548 |[0,8947 [1,1365 [0,7423 |0.5110

0,55 0,9572 |0,8382 |0,8757 |0,7651 |0.9128 |1,1406 10,7349 |0,5208
0,56 |0,9556 |0,8327 |(0,8714 |0,7752 (0,9309 [1,1447 (0,7275 |0,5308
0,57 |0.9540 [0,8271 |0,8670 |0,7850 (0,9491 |1,1487 [0,7200 |0,5407
0,58 0,9524 |(0,8214 |0,8625 |0,7946 |0,9674 |1,1526 [0,7126 |0,5506
0,59 09507 |0,8156 |[0,8597 |0,8040 [0,9858 [1,1565 [0,7052 |0,5606

0,60 0,9490 ]0,8098 |0,8533 |0,8133 [1.0043 |1,1605 |0,6978 |0,5706
061 |09473 |0,8040 |0,8487 [0,8224 [1,0229 |1.1645 |0.6904 |0.5807
0,62 09456 |0,7980 |(0.8439 |0,8312 [1,0416 [1,1634 |0,6830 |0,5907
0.63 09438 (07921 [0,8393 [0,8399 |1.0604 |1.1724 |0.6756 |0.6008
0,64 (09420 07860 |0,8344 [0,8483 |1,0792 [1.1762 |0.6683 |0.6109

0,65 10,9402 (0,7798 (0,8294 [0,8564 |[1,0982 [1,1799 [0,6609 |0,6211
0,66 10,9383 10,7737 |0,8246 |0,8545 |[1,1173 [1,1838 |0,6536 |0,6313
0,67 109364 |0,7674 |0,8195 |0,8722 |[1,1366 |1,1874 |0,6463 |0,6415
0,68 10,9345 |0,7612 |0.8145 [0,8798 (1,1559 |[1,1911 |0,6390 [0,6517
0,69 10,9326 |0,7548 |0,8094 |0,8871 |[1,1753 |1,1947 |0,6318 |0,6620

0,70 10,9306 |0,7483 |0,8041 (0,8941 (1,1949 [1,1981 [0,6246 |0,6723
0,71 0,9286 (0,7419 |0,7989 |0,9011 |1,2146 |1,2017 |0,6174 |0,6826
0,72 10,9266 |0,7354 |0,7937 |0,9077 |1,2343 |1,2051 |0,6102 |0,6930
0,73 0,9245 10,7289 |0,7884 |0,9143 (1,2543 |1,2086 |0,0631 |0,7034
0,74 10,9224 10,7223 |0,7830 |0,9204 |1,2743 |1,2118 [0,5961 |0,7139

0,75 10,9203 |0,7157 [0,7777 (09265 [1,2945 |l,2151 |0,5890 [0,7243
0,76 0,9180 10,7090 |0,7722 |0,9322 |1,3148 |1,2182 [0,5820 |0,7348
0,77 09160 10,7023 [0,7666 [0,9377 |1,3353 |1,2212 |0,5751 |0,7454
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Tiép bdng 3

k=1,33
A % T € q y f T M
0,78 09138 10,6955 |(0,7611 [0,9430 [1,3559 [1,2241 [0,5682 |0.7561
0,79 09116 10,6887 10,7555 |0,9481 |1,3766 [1,2270 |0,5613 |0,7666
0,80 0,9094 10,6819 [0,7499 [09529 |1,3975 [1,2298 |0,5545 [0,7772
0,81 0,9071 10,6750 10,7442 |0,9575 |[1,4185 |1,2324 |0,5477 |0,7880
0'82 0‘904 () * () Q4 (3.0 0 420 10 ) 4 0,7987
0,83 0,8095
0,84 0,8203
0.85 0,8312
0,86 0,8421
0,87 0,8531
0,88 0,8641
0,89 0,8751
0,90 0,8862
0,91 0,8974
0,92 0,9086
0,93 0,9198
0,94 0,9311
0,95 0,9424
0.96 0,9538
0.97 0,9653
0,98 0,9768
0.99 0,9884
1,00 1,0000
1,01 1,0117
1,02 1,0234
1,03 1,0352
1,04 1,0471
1,05 1,0590
1,06 1,0710
1,07 1,0830
1,08 8344 1,0951
1,09 0.8317 10,4759 10,5722 |0,9907 |2,0818 |1,2520 |0,3801 |[1,1073
1,10 0,8286 |0,4688 |0,5658 |0,9886 |2,1087 |1,2503 |0,3750 |1,1196
1,11 0,8255 |0,4617 |0,5593 |0,9862 |2,1360 |1,2484 |0,3698 |[1,1319
1,12 0,8223 10,4546 |[0,5528 [0,9835 |2,1635 |1,2463 |0,3648 |1,1443
1,13 0,8192 10,4475 |[0,5463 (0,9806 |2,1913 |1,2439 |0,3598 |1,1567
1,14 10,8159 [0,4405 [0,5399 10,9777 (2,2194 [1,2415 |0,3548 |[1,1693
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Tiép bdng 3

k=133

A T 5 2 q y f r M
1,13 0.8127 [0,4335 10,5334 [0,9744 22478 [1,2388 0.3499 1,1819
1,16 0.8094 10,4265 10,5260 (09709 (2,2765 |1.2359 |0,3451 1,1946
1,17 0.8061 |0,4196 [0.5105 [0,9674 |2,3035 |[1.2330 10,3403 |1,2073
1,18 0.8028 [0,4126 [0,5140 [0,9634 |2,3349 [1,2296 [0,3336 [1,2202
1,19 0.7994 10,4057 [0,5075 [0,9593 |2.3646 [1,2261 (03309 [1.2331
1,20 0,7961 [0,3986 |0,5007 [0,9545 [2,3940 [1,2218 10,3263 |1 2461
1,21 0,7926 10,3920 10,4946 10,9506 (24249 [12186 [0,3217 [1.2592
1,22 0,7892 10,3852 [0,4881 [0,9459 |2,4556 [1,2102 (03127 [1.2723
1,23 0,7857 10,3784 [0,4816 |0,9410 [2,4867 [1.2102 10,3127 |1.2856
1,24 0,7822 |0,3716 |0,4751 [0,9357 [2.5181 1.2055 (0,3083 [1,2990
1,25 07778 10,3649 [0,4686 10,9305 |2,5500 [1.2008 [0,3039 [1.3124
1,26 0,7752 10,3583 [0,4622 10,9252 |2,5821 1,1961 [0,2996 [1,3259
1,27 0,7716 10,3516 [0,4557 |0,9193 |2,6147 [1,1907 [0,2953 [1,3396
1,28 0.7680 10,3450 10,4493 |0,9135 |2.6477 [1,1853 |0,2911 1,3533
1,29 0,7643 [0,3385 |0,4429 10,9065 |2.6811 1,1799 [0,2869 (1,3671
1.30 0,7606 10,3320 0,4365 |0,9014 (2,7149 |1,1741 |0,2828 |1.3820
1.31 0,7570 10,3255 [0.4300 [0,3949 (2,7492 [1,1680 |0,2787 [1.3950
1,32 0,7532 10,3191 [0,4236 10,8883 |2,7838 |1,1618 10,2747 |1.4091
11,33 0.7495 10,3128 |0,4173 |0,8816 [2,8190 |1,1555 |0,2707 1,4234
1,34 0,7457 10,3110 [0.4110 |0.8749 [2,8345 [1,1491 l0.2667 |1,4377
.35 0.7419 03092 10,4046 [0,8677 [2,8905 (1,142} (02629 [1.4521
1,36 0,7380 10,2940 [0,3984 |0,8606 |2,9271 1,1351 10,2590 |1,4667
1,37 0,7342 10,2878 [0,3920 [0.8531 |2,9642 [1,1277 10,2552 |1.4814
1,38 0,7303 |0,2817 [0,3857 |0,8455 |3,0017 [1.,1302 |0.2515 |1.4960
'1,39 0,7264 10,2757 [0,3796 |0.8381 [3,0398 [1,1129 |0,2477 |1,5110

1,40 0,7224 10,2697 |0,3733 |0,8303 |3,0784 |1,1051 ]0,2441 |[1,529
1,41 0,7184 10,2637 10,3671 |0,8221 |3,1176 |1,0968 |0,2404 |[1,5412
1.42 0,7144 10,2578 |0,3609 10,8140 |[3,1573 |[1,0885 [0,2368 [1.5564
11,43 0,7104 10,2520 ]0,3548 |0,8060 |3,1977 |1,0803 [0,2333 [1.5719
1,44 0.7063 10,2463 |0,3487 (0,7976 (3,2386 |[1,0717 (02298 |(1.5875
g 45 0,7022 10,2406 [0,3426 |0,7891 |3.2802 |1,0629 [0,2263 |1.6031
1,46 10,6981 [0,2349 10,3365 |0,7805 |[3.3222 |1,0539 |0,2229 |[1.6188
1,47 0,6940 10,2294 10,3305 |0.7718 [3.3649 [1,0447 [0,2195 |1.6349

1,48 0,6398 10,2238 (0,3245 |0,7629 |3,4083 [1,0353 |0,2162 |1.651
1,49 0,6856 |0.2184 10,3186 |0,754 34524 |1,0258 |0,2129 |1,6672
1,50 0,6813 10,2138 (0,3126 |0,7449 [3,4972 |1,016 0,2097 |1,6836
1,51 0,6771 10,2077 ]0,3067 |0,7357 |3,5426 |1,0061 |0,2064 |1.7002
1.52 0.6723 0,2024 |0.3009 |0,7265 {3,5892 |1,9061 |0.2032 1,7169
1,53 0.6685 10,1973 02951 |0,7172 |3,6358 |1,9858 |0,2001 1,7338
[,54 0.6641 ]0,1921 102893 |0,7077 |3,6836 [1,9754 0,197 1,7508
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Tiép bang 3

k=1,33
A T U £ q y f r M

1,55 | 0,659 0,1871 | 0;2836 | 0,6982 | 37321 | 09649 | 0,193 | 1.768
1,56 | 0.6553 | 0,1821 | 0,2779 | 0,6886 | 3,7813 | 0.6541 | 0.1909 | 1,7854
.57 | 0,6509 | 0,1772 | 0,2722 | 0,6789 | 3,8314 | 0.9432 | 0,1879 | 1.8029
1,58 0,6464 | 0,1723 | 0,2666 | 0,6691 | 3,8825 | 0.932] 0,1849 | 1.8207
1,59 0,642 0.1676 0.261 0,6593 | 3,9345 | 0.9209 0,182 | 1.8386
1,60 0,6374 | 0,1628 | 0,2554 | 0,6492 | 3,9874 | 0,9093 0,1791 | 1,8567
1,61 | 0,6329 | 0,1582 0.25 0,6394 | 4,041 ([ 0,8981 | 0,1762 | 1.875
1,62 | 0,6283 | 0,1537 | 0,2446 | 0,6294 | 4,0957 | 0,8865 | 0,1734 | 1.8935
1,63 [ 0,6237 | 0,1492 | 0.2392 | 0,6193 | 4,1515 | 0,8746 | 0.1706 { 1.9122
1,64 | 06191 | 0,1448 | 0,2338 | 0,6092 4,208 0,8628 | 0,1678 | 1,9311
1.65 | 06144 | 0,1404 | 0,2286 | 0,5994 | 4,2659 | 0.8508 | 0,1651 | 1,9503
1.66 | 0.6097 | 0,1362 | 02233 | 0,5889 | 4,325 | 0,8387 | 0,1623 | 1.9696
1,67 0,605 0.132 02181 ( 0,5786 | 4,3849 | 0,8264 | 0,1597 | 1,9892
168 | 0,6003 | 0,1276 | 0213 | 0,5684 | 4,4458 | 08141 | 0,157 | 2.0089
1,69 0,5955 | 0,1238 | 0,2079 | 0.5561 | 4,5082 | 0,8016 | 0,1544 2,029
1,70 | 0,5907 | 0,1198 | 0,2029 | 0,5478 | 4,5718 | 0,789 | 0,1519 | 2,0493
71 | 0,5859 | 0,1159 | 0,1979 | 0,5374 | 4,6362 | 0,7764 | 0.1493 | 2.0698
1,72 0,581 { O0,1121 | 0,192 | 0,5271 | 4,7027 | 0,7637 | 0,1468 | 2.0906
1,73 1 0,5761 | 0,1083 | 01881 | 0,5168 | 4,7703 | 0,7509 | 0,1443 [ 2.1112
74 10,5712 | 0,1047 | 0,1833 | 0.5065 | 4,839 | 0,7381 | 0,1418 | 2,133
1,75 |1 0,5663 | 0,101t | 0.,1785 | 0,4961 | 4,909 0,725 | 0,1394 | 2,1546
1,76 | 0,5613 | 0,0975 | 0,1738 | 0,4858 | 4,9808 0,712 0,137 | 2,1765
1,77 0,5563 | 0,0941 | 0,1691 | 0,4755 | 5,0543 0,699 0,1346 | 2,1987
1,78 0,5513 [ 0,0907 | 0,1645 | 0,4652 | 5,1291 | 0,6858 | 0.1323 | 2.2211 !
1,79 0.5462 | 0,0874 0,162 0,455 5,2057 { 0.6727 | 0,1299 | 2,2439 i
1,80 | 0,5411 | 0,0842 [ 0,1555 | 0,4447 | 5,2839 | 0,6595 | 0.1276 | 2.2670 i
1,81 05360 | 0,0810 | O,1511 | 0,4345 | 53642 | 0,6462 | 0,1254 | 2.2905 !
[,82 [ 0,5309 [ 0,0779 | 0,1468 | 0,4243 | 54459 | 0,6329 | 0,1231 | 2,3143 |
1,83 | 05257 | 0,0749 | 0,1425 | 04142 | 55297 | 06197 | 0,1209 | 2,3384 .
1,84 | 0,5205 | 00720 | 0,1383 | 0,4041 | 56153 | 0,6063 | 0.1187 | 2,3629 |
1,85 | 0,5153 | 0,0691 | 0,1341 | 0,3927 | 56835 | 0,5930 | 0.1165 | 2.3877 =
1.86 | 0,5100 | 0,0603 { 0,1300 | 0,3841 | 57928 | 0,5797 | 0,1144 |2.4130
1,87 | 0,5047 | 0,0636 | 0,1260 | 0,3741 | 5,8800 | 0.5664 | 0,1122 | 2.4386 .
1,88 | 0,4994 | 0,0609 | 0,1220 | 0,3643 | 59795 | 0,5531 | 0.1101 | 2.4647
1,89 | 0,4941 | 0,0583 | 0,1181 | 03545 | 6,0764 | 0,5398 | 0.1081 | 2.4911 !
190 | 0,4837 | 0,0558 | 0,1142 | 0,3447 | 6,1757 | 0,5266 | 0,1060 | 2.5180 i
191 | 0,4833 | 0,0534 | 0,1105 | 0,3351 | 6,2779 | 0,5134 | 0,1040 | 2.5454
1,92 | 0,4779 | 0,0510 | 0,1067 | 0,3256 | 6,3820 | 0,5002 | 0,1020 | 2.5731
1,93 0,4724 | 0,0487 | 0,1031 | 03161 | 6,4899 | 0,4871 | 0,1000 | 2.6015
1,94 | 0,4670 | 0,0465 | 0,0995 | 0,3064 | 6,5940 | 0,4740 | 0,0980 | 2,6302
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Tiép bdng 3

k=1,33
B T T £ q y f r M

1,95 [ 0,4615 | 0,0443 | 0,0960 | 0,2973 | 6,7128 0,4609 | 0,0961 | 2,6596
1,96 | 0,4559 | 0,0422 | 0,0925 | 0,2881 6,8289 0,4480 | 0,0942 | 2,6894
1,97 | 0,4504 | 0,0402 | 0,0892 | 0,2790 | 6,9487 0,4352 | 0,0923 | 2,7198
1,98 | 0.4448 | 0,0382 | 0.0858 | 0,2700 | 7,0720 0,4224 | 0,0004 | 2,7507
1,99 | 0,4391 0,0363 | 0,0826 | 0,2611 | 7.1985 0.4097 | 0,0885 | 2,7822
2,00 | 0,4335 | 0,0344 | 0,0794 | 0,2523 | 7,3288 0,3971 0,0867 | 2,8143
2.01 | 0,4278 | 0,0326 | 0.0763 | 0,2436 | 7,4635 0,3845 | 0,0849 | 2,8471
2,02 | 04221 | 0,0309 | 0,0733 | 0,235t | 7,6020 | 0,3723 | 0,0831 | 2.8806
2,03 | 0,4164 | 0,0293 | 0,0703 | 0,2267 | 7,7448 0,3600 | 0,0813 | 29147
2,04 | 04106 | 0,0277 | 0,0674 | 0,2183 | 7,8923 | 0,3477 | 0,0795 | 2.9496
2,05 | 0,4048 | 0,0261 | 0,0645 | 0,2101 | 8,0444 | 0,3357 | 0,0778 | 2.9852
2,06 | 0,3990 | 0,0247 | 0,0618 | 0,2022 | 8,2016 | 0,3240 | 0,0761 | 3.0215
2,07 | 0,3931 | 0,0232 | 0,0591 | 0,1942 | 8,3639 | 0,3122 | 0.0744 | 3,0587
2,08 | 43873 | 0,0219 | 0,0564 | 0,1864 | 8,5323 | 0,3005 | 0,0727 | 3.0967
2,09 [ 0,3814 | 0,0205 | 0,0539 [ 0,1788 | 87059 | 0,2891 | 0.0710 | 3,1356

,10 | 0,3794 | 0,0193 | 0,0514 | 0,1713 | 8,8854 | 0,2778 | 0,0694 | 3,1754
2,11 | 0,3695 | 0,0181 | 0,0489 | 0,1640 | 9,0725 | 0,2668 | 0,0678 | 3,2162

12 10,3635 | 0,0169 | 0,0466 | 0,1569 | 9,2652 | 0,2559 | 0,0662 | 3,2579
2,13 | 0,3574 | 0,0158 | 0,0443 [ 0,1500 | 9.4829 | 0,2551 | 0,0646 | 3.3007

14 10,3514 | 0,0148 | 0,0420 | 0,1429 | 9,6737 | 0,2345 | 0,0630 | 3,3446
2,15 | 0,3463 | 0,0138 | 0,0399 | 0,1362 | 9,8903 | 0,2242 | 0,0614 | 3,3897
2,16 | 0,3392 | 0,0128 | 0.0378 | 0,1296 | 10,1160 | 0,2140 | 0,0599 | 3.4360
2,17 | 0,3331 0,0119 | 0,0357 | 0,1232 | 10,3490 | 0,2041 0.0583 | 3,4836
2,18 | 0,326% | 0,0110 | 0,0338 | 0,1170 | 10,5920 | 0,1943 | 0,0568 | 3,5824
2,19 | 0,3207 | 0,0102 | 0,0319 | 0,1109 | 10,8470 | 0,1847 | 0,0553 | 3.5828
2,20 | 03145 | 0,0094 | 0,0300 | 0,1050 | 11,1110 | 0,1755 | 0,0539 | 3,6344
2,21 | 0,3083 | 0,0087 | 0,0282 | 0,0993 | 11,3880 | 0,1664 | 0,0544 | 3,6877
2,22 | 0,3020 | 0,0080 | 0,0266 | 0,0937 | 11,6780 | 0,1575 | 0,0509 | 3,7428
2,23 | 0,2957 | 0,0074 | 0,0249 | 0,0883 | 11,9800 | 0,1488 | 0,0495 | 3,7995
2,24 | 0,2894 | 0,0068 | 0,0233 | 0,0830 | 12,2970 | 0,1404 | 0,0481 | 3,8579
2,25 | 0,2830 | 0,00620 | 0,0218 | 0,0780 | 12,6290 | 0,i323 | 0,0467 | 3,9185
2,26 | 0,2766 | 0,00560 | 0,0204 | 0,0731 | 12,9780 | 0,1243 | 0,0453 | 3,9811
2,27 | 0,2702 | 0,00512 | 0,0190 | 0,0684 | 13,3450 | 0,1167 | 0,0439 | 4,0458
2,28 | 0,2638 | 0,00465 | 0,0176 | 0,0638 | 13,7320 | 0,1092 | 0,0426 | 4,0452
2,29 | 0,2573 | 0,00421 | 0,0163 | 0,0595 | 14,1390 | 0,1021 | 0,0412 | 4,1828
2,30 | 0,2508 | 0,00379 | 0,0151 | 0,0553 | 14,5680 | 0,0951 | 0,0399 | 4,255]
2,31 | 0,2443 | 0,00341 | 0,0140 | 0,0512 | 15,0230 | 0,0885 | 0,0385 | 4.3304
2,32 | 0,2377 | 0,00306 | 0,0139 | 0,0474 | 15,5050 | 0,0881 | 0,0372 | 4,4086
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k=1,33

Tiép bdng 3

T

e

€

q

y

f

r

M

2,33
2,34

2,35
2,36
2,37
2,38
2,39

2,40
2,41
2,42
2,43
2,44

2,45
2,46
2,47
2,48
2,49

12,50
2,51
2,52
2,53
2,54

2,55
2,56
2,57
2,58
2,59

2,60
2,61
2,62
2,63
6,24

2,65

0,2311
0,2245

0,2179
0,2112
0.2045
0,1978
0,1510

0,1842
0,1774
0,1706
0,1637
0,1568

0,1499
0,1429
0,1359
0,1289
0,1219

0,1148
0,1077
0,1006
0,0934
0,0863

0,0791
0,0718
0,0646
0,0573
0,0499

0,0426
0,0352
0,0278
0,0204
0,0129

0,0054

0.00273
0,00243

0.00215
0.00190
0.00167
0.00146
0.00127

0,00109
0.00095
0,00080
0,00068
0.00057

0,000438
0,00039
0.00032
0.00026
0.00021

0,000163
0,000126
0,955.10*
0,710.10°
0,514.10

0,362.10™
(,,240.10"
),160.107
0,986.10°
0,588.10*

0,299.10°°
0,139.10"
0,536.10°
0,153.10°
0,243.107

0,728.10"

0,01180
0,01080

0,00990
0,00900
0,00810
0,00740
0,00660

0,00590
0,00530
0.,00470
0,00410
0,00360

0,00320
0,00270
0,00240
0,00200
0,00170

0,00142
0,001169
0,000949
0,000759
0,000596

0,000457
0,000342
0,000248
0,000172
0,000114

0,702.10™
0,394.10™*
0,193.10"
0,750.10°
0,188.10°

0,135.10°

0,0437
0,0402

0,0369
0,0337
0,0307
0,0278
0,0252

0,0226
0,0205
0,0181
0,0160
0,0141

0,0124

0,0108

0,0093

0,0079
0,00670

0,00503
0.00466
0,00380
0,00305
0,00240

0,00185
0,00139
0,00101
0,00070
0,00047

0,00029
0,00016
0,802.10™
0,313.10*
0,782.10°

0,567.10°

16,0140
16,5570

17,1360
17,7510
19,1180
18,4110
19,8760

20,6960
21,5790
22,5360
23,5810
24,7190

26,0500
27,3450
28,8630
30,5560
32,4590

34,5870
37,1020
36,7980
43,0110
46,7740

51,2420
56,6290
63,2480
71,5720
82,3930

96,9980

117,7900
119,6800
205,1700
322,2600

779,1200

0,0795
0.0700

0,0644
0,0590
0,0419
0,0539
0,0445

0,0402
0,0364
0,0323
0,0287
0,0254

0,0223
0,0194
0,0168
0,0144
0,0122

0,01030
0,00853
0,00698
0,00562
0,00444

0,00343
0,00258
0,00188
0,00132
0,00088

0,00054
0,00031
0,152.10°
0,594.10™
0,150.10™

0,108.10°

0,0310
0.0347

0,0334
0,0321
0,0297
0,0309
0,0285

0,0272
0,0261
0,0249
0,0237
0,0225

0,0214
0,0203
0,0191
0,0180
0,01690

0,01580
0,01480
0,01370
0,01273
0.,01160

0,01050
0,00952
0,00850
0,00748
0,00648

0,00548
0,00450
0,00353
0,00257
0.00162

0,00067

4,4903
4,5756

4,6647
4,7578
4,9588
4,8557
5,0665

5,1807
5,3011
35,4288
5,5645
5,7089

5,8630
6,0288
6,2067
6,3990
6,6079

6,8355
7,0981
73614
7,6681
8,0125

8,4028
8,8506
93716
9,9892
10,7387

11.67360
12,88800
14,55790
17.07770
21,53660

33.39910
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. 1
tinh theo cong thitc caa Pavolopxki ¢ = —R?Y;y =f(n,R)
n

] Bang 4. i
Hé so dac trung hru hugng K cua cac 6ng dan nuéc tron

Buong kinh Dién tich @ Heé s3 dac trumg luu lugng K(m?/s) véi cic gié tri n khic nhau
d(m) (m?) 0.011 0,020 0,030 0,040
1,0 0,7854 25.806 14,707 8,934 6,185
1,5 1.7672 86,664 44.307 27.638 19.716
2.0 3.1416 184,573 96,618 61.747 44 644
2.5 1,9087 328,123 174,196 112,663 82,338
3,0 7.0690 535.31 288.90 188,636 140,02
35 9.6210 801,70 436.92 288.762 215,18
4.0 12,566 1140,00 628.32 418.67 314,16
5,0 19.635 2049 87 114271 707,21 582.86
6,0 28,274 3311,98 186537 270,16 969,02
7,0 38,481 4961,79 2813,88 192671 147938
R0 50,266 705281 4025,73 2766,80 213378
9,0 63,617 9600.30 5501,31 3795.18 2935.30
10,0 78,540 12702,26 7202.86 5051,05 391891
12,0 113,097 20427,94 11798.90 8198.57 635927
14,0 153,938 30628.30 17703.39 1232,40 0585.74
16,0 201,062 43469,17 25132.50 17532.43 13632,00

Hé s6 dac trumg luu lugng K ciia cac 6ng dan nude theo cong thirc Manning

1

C - RI/6
n
d K, (I/s)
mr‘n @, m? C)ng sach Céc diéu kién tinh binh thudng Ong bin
(n=0,011) (n=0,0125) (n = 0,0143)

50 0,00196 9.624 8.460 7.403
75 0,00442 28.37 24,94 21.83
100 0.00785 G1,1! 53,72 47.01
125 0.01227 110,80 97.40 85,23
150 0.01767 180,20 158,40 138.50
170 0,02405 271.80 238,90 209,00
200 0,03142 383.00 341,10 298.50
225 0.03976 531,20 467,00 408,60
250 0.04909 703,50 418,50 541,20
300 0,07068 1,144.10° 1.006.10% 380.00
350 0,09621 1,726.10° 1,517.10° 1,327.10°
400 0,12566 2,464.10°" 2,166.10° 1.895.10°
450 0,15904 3,373.10° 2,965.10° 2,594.10"
500 0,19635 4,467.10° 3,927.10° 3,436.10°
600 0.28371 7.264.10° 6,386.10° 5.587.10°
700 0.38485 10,96.10" 9.632.10° 8.,428.10"
750 0,44179 13,17.10° 11,580.10° 10,13.10
800 0,50266 15,64.10° 13.75.10° 12.03.10°
900 0,63617 21,12.10 13,83.10° 16,47.10"
1.000 0.78540 28,36.10° 24,93.10° 21,82.10"
1.200 1.13090 46,12.10° 40,55.10° 35.48.10"
1.400 1,5391 66,57.10" 61,16.10" 53.52.10"
1.600 2.0106 99,33.10° 87.32.10° 76.41.10°
1.800 2.5447 136,00.10° 119,50.10" 101,6.10*
2.000 3,1416 180,10.10° 158,30.10° 138,5.10°
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BINH LI CHUYEN POI REYNOLDS

Trong céc chuong 2, 3, 4, theo phuong phip Ole ta di thanh 1ap dugc céc phuong
trinh co ban cua thuy khi déng luc ¢mng dung. C6 thé nhan dugc cdc phuong trinh 8y nhd
ap dung dinh 1i chuyén déi Reynolds sau day.

Néu dai luong dac trung F cho mat thé tich V bat ki; dai lugng f cho moét don vi thé
tich: F= [fdV thi;

9%: %Tt:-rdiv(fﬁ) \ (1) ? A
o Ea @

Ta ching minh ngan gon nhu sau.

Xét thé tich kiém tra V, cé dién tich S (xem
hinh bén). v

Tai thdi diém t: t
F(1) = FA(1) + Fy(t);

Tai thoi diém t + At:
F(1+At) = Fy(t+At) + F(t+At)

S

dF _ lim{[ﬂ O+ Fa®)] = [Pt + Aty + Eo(1+ At)]}
dt At

_ nm{[FB ®-Fyt+a0] [Fu-Fet+ At)]}

At At
= j%tf dv + _[ﬂid§ :

vi: Jim T~ Fa(t+ A jﬁf— dv
Jan

At—0 At

lim F () —F (t+At) Ifﬁd's’
Ai—0 At :

uds = unds
Theo cong thirc Oxtrogradxki - Gauss:

[fids = [div(fi)dv

dF of
Vay: — = |l =+ div(fu) dV
ay & ﬂ&t ( )]d
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Ap dung
a) Phuong trinh lién we (3.1)

Ta c6 dinh luat bao toan khéi lugng: i‘—m =0
t

O day dai luong F chinh 13 khoi lugng m;conf=pvim= _[pdV

Ap dung céng thitc (1):
dm 7%/ B
— = || = +div(ptu) dV =0
o ]{ o Ve )]d
Do thé tich V bat ki, nén:
1%/, B
— +div(pu) =0 2
A (pu) ()

D6 chinh 1a phuong trinh lién tuc (3.1).
b) Phitong trinh Ole dong (4.8)
3 day dai luong F chinh 12 dong lugng mii; con f = pi.

Theo dinh li bién thién dong lugng d(zu) = ZR 3)

Xét vé trdi phuong trinh (3)

d(mi) _ J{a(gtﬁ) N diV(pﬁﬁ)]dV

dt
Trién khai s8 hang div(pu.i) = udiv(pii) + p(i.V)3
Theo phuong trinh (2) khi p = const : div((pu) =0

nén %ntﬁ_) = J‘[p ﬂgt@ + p(ﬁ.V)ﬁ}dV 4)

Xét vé& phai phuong trinh (3). Ngoai luc & day gém luc khéi va luc mit:

Y F, =mg - [pdS
hay 1a: = ngdv - ijdv (5)
Két hop (4), (5) ta duoc:

U \%

@ @V)i=g-—

o p
Day chinh [a phuong trinh Ole dong (4.8) cho trudng hgp lue khéi chi 12 trong lue.

Tuong tu, c¢é thé nhan dugc phuong trinh Navie-Stoc (4.6).
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MUC LUC

Lai néi dau

Chuong 1. Mg dan

§1.1. Dol tuong, phuong phédp nghién citu moén hoc - ing dung
§1.2. So lugc lich sir phét trién mén hoc

§1.3. Mot s6 dinh nghia v tinh chét co If cua chdt 1ong.
Chuong 2. Tinh hoc chat long

§2.1. Ap suat thiy tinh

§2.2. Phuong trinh vi phan can bang cia chat 16ng - Phuong trinh Ole tinh
§2.3. Phuong trinh co ban thiy tinh

§2.4. Tinh tuong doi

§2.5. Tinh dp {uc thay tinh

§2.6. Mot s6 nguyén li thuy tinh

§2.7. Tinh hoc chat khi

" §2.8. Vi du va bai tap

Chuong 3. Pong hoc chat long

§3.1. Hai phuong phép nghién ciiu chuyén déng cua chat léng
§3.2. C4c dic trimg dong hoc

§3.3. Dinh 1i Cosi - Hemhon (dinh i Hemhon 1)

§3.4. Phuong trinh lién tuc

Chuong 4. Pong Wwc hoc chat long

§4.1. Phuong trinh vi phan chuyén dong cla chat 1ong thuc
§4.2. Phuong trinh vi phan chuyén dong clia chat 1ong 1i tudng
§4.3. Tich phan phuong trinh vi phan chuyén dong cta chat 16ng 1i tudng
§4.4. Phuong trinh Bécnuli d6i vdi chat 1ong thuc

§4.5. Ap dung phuong trinh Bécnuli
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§7.3. Phuong phip dung hé sé dac trung luu luong K

§7.4. Hién tugng va dap thiy luc trong dudng 6ng

§7.5. Chuyén dong cta chat khi trong dng dan

§7.6. Vi du va bai tap

Chuong 8. Lyc tic dung lén vat ngap trong chat 1ong chuyén dong
§8.1. Luc cdn, luc nang

§8.2. Lop bien

§8.3. M6t 56 bai todn IS8p bicn

§8.4. Ldp bién nhiét do
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