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(isi thigu

Nding luong la mét trong cdc van dé hang déau trong suét lich su
phdt trién cia nhén loai. St dung ndng lugng hop ly, tiét kiém va
hiéu qua la mét trong cac tieu chi quan trong danh gid trinh d6 phat
trién kinh té, cong nghé cida mét quée gia.

Ndng luong la linh vie rét rong, bao quat nhiéu dang khdc nhau.
Theo nghia réng cé thé gém nhiét ndng, dién ndang va co ndng.
Chuyén déi tir dang nang luong nay sang dang ndng luong khde luén
luén kém theo su ton thét, nhung téng dai s6 cdc dang ndng luong la
khong doéi. Mot trong nhitng linh vie duoc quan tém dde biét la ly
thuyét va ung dung dong luc hoc thiy khi, vé ly thuyét cé thé bao
gém co hoc luu chdt, thiy lue, khi nén, co hoe méi truong lién tuc..

Vé ung dung, chi yéu la cdc thiét bi déng luong rét da dang va
phong phi, trong dé bom, quat, may nén la mét b phéan khéng thé
tach roi. “Bom, quat, mdy nén” la mén hoc co sé cia nhiéu chuyén
nganh t may déng luc, nhiét, dién lanh, thiét bi thiy khi, thiét bi hé
théng, cho dén ché tao mdy, diéu khién thiy khi.. Hou nhu moi
nganh déu st dung cdc thiét bi bom, quat, mdy nén, tiz cong nghiép,
néng nghiép, héa chdt, khai thdc ddu mé, cho dén giao théng vin tdi
va cd trong doi séng hang ngay.

Cuén sdach “Ly thuyét va thuc hanh bom, quat, may nén”
cung cdp ly thuyét co bdn vé cdc logi mdy bom chat léng va chdt khi,
cac logi mdy quat va mdy nén khi si dung trong céng nghiép va dén
dung. Ngoai phdn ly thuyét con cé cdc bai tdp ung dung, gébm loai bai
¢6 loi gidi day du, bai cé huong dén va ddp sé, va bai tdp chi cé ddp
86. Cuén sdach duoc bién soan dua trén cdc tai liéu méi nhét, thuc
tién iung dung ¢ Viét Nam va kinh nghiém nhiéu ndm nghién ciu va
gidng day cila cde tge gid. PéL tuong phue vu chi yéu la sinh vién cdc
truong dai hoc, cdc truong trung cép ky thudt, truong day nghé, cde
cong nhén va ky su dang lam viée trong linh vuc nay va moi nguoi
quan. tém. Pay cing cé thé la tai litu tham khdo cho cdc ban déng
nghiép dang lam céng tdac dao tao. Hy vong ban doc sé tim duoc
nhiéu diéu b6 ich trong cubn sdch nay.



Chuong L. MG PAU

VAINET VE LICH SUPHAT TRIEN BOM, QUAT, MAY NEN
Bom, quat, mdy nén thudc loai may thuy lyc va mdy thay khi.

M4y thdy luc thé so da c6 tir thoi ¢ xuwa. Gudng nude c¢é 1& 1a
may thiy luc ddu tién. Guong nudc lgi dung ning lugng clla nudc dé
kéo cdc coi xay luong thuc hodc dua nude vao déng rudng, da duge
sit dung khoang 3000 nam trudc céng nguyén. Ngay nay, gubng (con)
nudce van con G cAc sdng sudi ving cao cua nude ta, duge cic dan toc
thiéu s6 s dung dua nudc vé nha hodc dé gii gao, ...

Cac mdy hdt nuée sd dung sdc ngudi, hodc ngua, lac da duge sd
dung 6 Ai Cap ti thdi cdc Kim Ty Thép.

Bom piston duge ding ¢ thé ky thd | trude cdng nguyén. Bom
piston ¢6 loai vit v tan dugc dung réng rii ¢ Cai-ré dé 1ay nude &
d6 sdu 91,5 m vao th& ky tht 5 - 6 trudc cong nguyén. Bam nudc
bing vit vd tdn con dudc Archimede ché& tao ¢ Hy Lap c8 dai.

N6i chung, cho dén trude thé ky 17, may thiy khi rat tha so va it
chuing loai.

Bom piston

Nam 1640, nha v4t ly ngusi Dire, Otté Henrich, di sédng ché& hom
piston diu tién d€ bom khi va nuéc dung trong céng nghiép.

Khodng ndm 1805 nha bdc hoc ngusi Anh 14 Niu Komen 44 sédng
ché& bom piston d€ 14y nudc trong cdc nhi mdy khai thac mo, diung
xilanh hai ngung tu d€ tao lyc cin thiét trén truc mdy nhg dp suat
khi quyén.

Niam 1840-1850 nha bac hoc ngudi My 1a Vortington d4 gid thiét
cd cdu cia bom hoi, trong d6 piston cda bam va ddéng co hoi duge
phan bé trén mét truc chung, sy chuyén ddng cia piston duge didu
chinh nhd hé théng phdn phéi hoi dic biét.



Mdy canh din

Trong nhiing nim 1751-1754 nha bdc hoc Euler da viét 1y thuyé&t
cd bdn cia tuabin nudc néi riéng va cia mdy thdy khi cdnh din néi
chung, 1am co sd d& hon 80 nim sau, ndm 1830, nha bdc hoc ngusi
Phép 1a Phubde-nay-rén da ché& tao thanh cdng tuabin nude dau tién
vA vao ndm 1831 nha bic hoc ngudi Nga 1a Xablucop did sdng ché.
hom ly tdm va quat ly tdm dau tién. Pay chinh 14 nhitng bugc tién
16n trong lich s phat trién cdc m4y n#ng luong.

Bom nhiéu cap

Nha khoa hoc ngudi Anh 14 Reynolds khi nghién cuu cdu tao cia
bom nhiéu cdp da 4p dung cdc thiét bi dinh hudng cdnh dan xubi va
ngude. Nam 1875 da phdt minh ra loai bom tuong tu nhu loai bom
nhiéu cdp hién dai ngay nay.

May nén

Qua trinh phdt minh bom khéong khi va dang don gidn cua mdy
nén hién dai véi mét chu ky nén gén lién véi tén tudi cha nha vat ly
ngudi Pite 1a Gerike vao ndm 1640. Su hoan thién mdy nén & thé ky
18-19 da thuc d4y su ph4t trién cda cong nghiép khai thdc méd va
luyén ‘kim.

Vao cudi thé ky 18 & Anh nha bac hoc Vinkinson d4 séng ché&
mady nén piston 2 xilanh, nha bac hoc Watt da ché& tao thanh cong
mdy hat khéng khi ¢é truyén dong bing hai.

M4y nén nhiéu cap c6 lam lanh trung gian xuit hién é Phédp vao
khodng nhing nam 30 cta thé ky 19.

M4y nén nhiéu c4p ¢é lam lanh trung gian giita cdc cAp nén xuit
hién & Pdc vao nam 1849 do nha bdc hoc Raten sdng ché.

Quat

Vao nam 1831 nha bac hoc Nga Xablucop sdng che quat ly tam
dau tién ding dé 1Am ma4dt hdm mé va lam sach mdy.

Dac biét 1a 80 nam gan day, 1y thuyét vé thiy khi déng luc phat
trién rdt manh, c¢é nhiéu thanh tuu to 16n trong dng dung cdc phat
minh vé linh vue mdy thdy khi.

Ngay nay mdy thiy khi ¢é rat nhiéu loai véi nhiéu kidu dang
khidc nhau dugec dung trong moi linh vuc cta doi song cing nhu
trong cong nghiép va néng nghiép. D& ddp Ung nhu ciu vé nang
lugng ngay cang to 16n cia céng nghiép hién dai, ngay nay da ché
tao dugc cde tuabin c& 16n cé cong sudt dén 500.000 kW hoidc 16n
hon. Sé lugng bom, quat, may nén, ciihg nhu tuabin véi nhiéu ching
loai khic nhau d4 duge sdn xuat hang nim lén dén hang triéu chiéc.
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DINH NGHIA VA PHAN LOA!
Binh nghia

Bom 1a m4y d€ di chuyén dong méi chit va ting ning lugng cda
dong mdi chat. Khi bom lam viéc, niang lugng bom nhan duge tu
dong co sé& chuyén héa thanh thé& nang, déng ning va trong mot
chimg muc nhat dinh thanh nhiét nang ciia ddong méi chat.

M4y dé€ bom chat khi, tiy thudc vao 4p sudt dat dude, duge goi 1a
quat, may hdt khi va may nén khi.

Quat la thiét bi di chuyén chat khi véi co sé ting 4p € < 1,15 (¢
- ty s6 gilta 4p suit cla ra va dp sudt cita vao cda mdy) hay 4p suat
dat dugc p < 1500 mmH,O.

Mdy hut khi 1a may 1am viée véi € > 1,15 hay 4p suat dat duge p >
1500 mmH,0 nhung khéng lam lanh nhan tao.

May nén khi 12 may lam viée véi e > 1,15, 4p suit dat duge p > 1500
mm H,O, ¢6 1am lanh nhan tao & noi x4y ra qua trinh nén khi.

Phan loai

a- Phin loai theo nguyén tic tic dung cia mdy vdi dong méi chat
trong qua trinh lam viéc

May dé chuyén chat ldng
va khi
May nén Cho nuéc sach Cho hén hgp Cho chat ldng
khi va dung dich dat, tro va nudc cd dé nhét cao

Phun tia Phun tia Phun tia

A A A

Thé tich Thé tich Thé tich

A J A Y 3
Canh dan Canh dén Canh dan Cénh dan

Hinh 1.1 - S8 d8 phan loai theo nguyén téc tac dyng clla may vdi
dong mdi chat.
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b- Phin loai theo tinh chat trac déi ning lugng va ciu tao
Bom c¢é ba loai:
1. Bom cdnh dan: gobm
¢ Bom ly tAm
¢ Bom hudng truc
¢ Bom hudng chéo
o Bom xody
2. Bom thé tich: gom
» Bom piston
¢ Bom roto
e« Bom piston-roto
3. Bom phun tia
Quat chi c6 loai cdnh dan gém:
1. Quat ly tdm
2. Quat truc
Mady nén cé ba loai:
1. M4y nén canh din: gém
¢ M4y nén ly tam
» Mady nén truc
2. Mdy nén thé tich: gom
¢ Mady nén piston
e Maidy nén roto

3. M4y nén phun tia

CAC THONG SO LAM VIEC CO BAN
Cét ap
Kha nang trao déi ning lugng ciia mdy thiy khi vdi dong moéi

chat duge thé hién bing mdc chénh léch ndng lugng don vi cha dong
mdi chat ¢ 2 mit trude va sau may.

Nang lugng don vi tai mat cdt A-A:

Py, OaV)
Y 2g
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Pu,vp

Y T PA,VA

ZA

>
>

Zp

Hinh 1.2- So dé may thly khi trong hé théng

Nang lugng don vi tai mat ciat B-B:

2
Y 2
Trong d6: ¢ - ning lugng don vi (m)

z - 46 cao hinh hoc (m)

p - ap suit cGa dong chiy (N/m?)

v - van téc cia dong chdy (m/s)

o - hé s8 diéu chinh déng ning

g - khdi lugng riéng cla mdi chat (kg/m?)

y - trong luong riéng cia mdi chat (N/m?®)

Chénh léch nang luong don vi cia dong méi chdt qua mdy thiy

khi gida A va B la:
Pg —Pa + alsvlza _a,-\vi
Y 2g

Néu Ae,, >0 - dong mdi chét duge méy cung cdp nang lugng, vay
may 14 bom (chat 18ng hodc khi).

Aey, =2, -2, +

Néu Ae,, <0 - mdy duge dong méi chit cung cdp nang lugng, vay
mdy 1a déng co thay khi.

Cot 4p cha mdy thuy khi 14 ning lugng don vi cua dong méi chat
trao d6i v4i mdy thdy khi. Cot 4p cda mdy thiy khi la:

2 2
Ps —Pa + OpVp OV,

Y 2g

H=2z2,-2,+ (1.1)
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Thanh phan thé ning don vi goi la cot dp tinh, ky hiéu H,:

Py — P,
Y
Thanh phan déng ning don vi goi 1a cét 4p dong, ky hiéu H:

H o=z, -2, + (1.2)

2 2
H. = OpVg —A,V,
g = ———

2g
Vay: H=H +H, (1.4)

(1.3)

Luu lugng
Dinh nghia

Luu lugng 14 lugng méi chat chuyén déng qua mdy trong mét don
vi thdi gian. Tiy theo don vi do cé thé phan loai thanh luu lugng
thé tich, luu luong khai luong, va luu lugng trong lugng.

¢ Tinh bing don vi thé tich, ky hiéu Q, 1a luu luong thé tich,
don vi do la m%/s, m3h, Us.

¢ Tinh bang don vi khai lugng, ky hiéu M, 14 luu luong khéi
lugng, don vi do la kg/s, kg/h.

M=pQ
¢ Tinh bing don vi trong lugng, ky hidu G goi 14 luu lugng
trong lugng, ¢6 don vi do 1a N/s, N/h, kGrs.

Quan hé gida cac dai luong nay nhu sau:

G=yQ=pgQ=gM (1.5)
Cdéng suat va hiéu suat
Céan phan biét ré hai loai cong suat:
¢ Cong suit thay luc
¢ Cong suat trén truc

a- Céng sudt thiy luc: Ky hiéu N, (don vi do 1a W) 1a co ning
dong chat 18ng trao ddi vdi mdy thay luc trong mot don vi
thoi gian.

Céng suat thiy lyc dugc tinh bing tich cla cét dp véi luu
lugng trong lugng cua may.

N, =GH = yQH (1.6)
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b- Cong sudt lam viée: Ky higu N (c6 don vi do 14 W) 14 cong suit
trén truc cia mdy khi mdy lam viéc. Céng sudt thuy luc khéc
céng suat trén tryc. Qud trinh lam viée trong may cang hoan
thién thi N va N cang it khdc nhau.

e D&l véi bom: N > N,

N, yQH
N=—t=T52 (1.7)
n n
Heé sé n < 114 hiéu sudt cia bom.
e D&i véi dong co: N < N
N =nN, =nyQH (1.8)

Heé s6 n < 1 1a hiéu sudt cua déng co thuy luc.

c- Hiéu sudt cia mdy thiy luc, ky hiéu n (tinh theo % hoac
khong c6 don vi do) dung d€ ddnh gid t6n that ning lugng
trong quéa trinh mdy trao d8i nang lugng véi dong méi chat.

T cong thite (1.7) va (1.8) cé:

Ns = (1.9)

Ny
N
. N

=g (1.10)
Nl]

Trong diéu kién 1am viéc, cdc hiéu suat phu thudc vao rat nhiéu
yé&u t8: loai m4dy, kich thudc va cdu tao cia may, loai méi chat chuyén
dong trong mdy, ché d6 lam viéc ctia may, cdc dac tinh clia mang ma
may lam viéc trong dé.

D& dénh gia hiéu nang lugng cba hé théng chung gém c6 mdy va
dong co tusng Ung, ngudi ta con st dung hidu sudt cla hé théng n,

N,
N =

NDB
Trong d6 N — cong suét dién d€ khdi dong déng co.

D& tinh hiéu suft chung clia méy thiy luc, thudng ddnh gid thong
qua cdc dang tdn thAat.

d- Tén that ndang luong trong mdy thiy luc: ¢é 3 dang

o Tén that cot 4p cla dong moéi chat chidy qua mdy goi la tén
that thay luc, duge ddnh gid bang hidu sudt thiy luc, con goi
la hiéu suat cot 4p, ky hiéu n,, .
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Tén that do ma s4t cla cdc bd phan co khi trong may thuy luc
goi 1a tén that co khi, duge ddnh gid bing hiéu suit co khi, ky
hiéu n,.

Tén that do rdé ri méi chat lam giam luu lugng lam viéc cda
may goi 1a t6n that luu luong duge ddnh gid bang hiéu sudt luu

lugng, ky hisu 1.
Hiéu suit chung cia may thay luc 1a:
N = NNy Nex
BAl TAP
Bai 1-1
Mot mdy thay luc (bom nuée)

(1.11)

tiéu hao cdng sudt trén tryc N =

18,9 kW, hiéu suit cda mdy n=
0,71. Xdc dinh cac théng sé clia
bom: luu lugng, cdt 4p.
Biét dp sudt du tai cita ra cda
P

bom _Y_ =50,8my3 dp chan khéng

. Pcx
8 cUa vao —Y_ =3m | duong kinh

&ng hit d, = 100mm, dudng kinh ‘
ong day d, = 75mm, a, = o, = 1. Hinh 1.3

Giai:

1. Cong thdc tinh c6t ap:

+ , ¢6 thé bd qua dd cao hinh hoc.
Y 2g
Pax ¥ Pex V; - V]
Ha H= +
Y Y 2g
Vin tdc v,, v, duge xédc dinh tit phudgng trinh lién tuc:
Q=vS =v,5,
Q _4Q . Q _4Q
v, = —=—. V,=—=—3
S, nd; ’ S, md;

Thay cdc gia tri sé duge phuong trinh dugng dic tinh ludi:
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H - Pax t Pcx + 16Q2 16Q2

y 2gr’d?  2gn’d;
3 16 16
=5384+Q" - :
Q [2.9,81.712.0,075“ 2.9,81.7:-.0,14]
H =53,8+3437,3Q°
. S i \ N = YQH
2. Céng thutc tinh cong sudt tiéu hao trén truc: N = T

b Nn_189.10%071 1379
¥Q  9.81.10'Q Q

Két hop 2 phuong trinh cdt dp, sé thu dude phuong trinh bae 3
theo luu lugng Q:

Hay

. 1,379
53.8+34373Q° = —— hay 3437,3Q° +53.8Q0-1379=0

Gidi phuong trinh sé@ nhan duge: Q = 0,025 m¥/s = 25 s
Viy cot dp s& la: H =538+ 3437,3.0,025% =55,95m
Pdp s6: Q =25 U/s; H=5595m
Bai 1-2

Mot mAy bom nude tiéu hao
cong suat trén truc N = 5,5 kW.

Tinh cdc théng s6: cot dp, luu '_-7'/:/;/,“
lugng va hiéu suidt cda bom. Biét /
dp sudt du & cda ra cya bom d /
2~ ,/
P .
—Y—=2Om (c4t nude) va dp suat e f {
. | 5 7
chan khoéng tai ca vao cua bom 7
P T7TTTT 777777 5

%:4m, tée d6 trong dudng —El/
éng ddy v = 4 m/s, dudng kinh :—:: _—_-g
6ng diy d, = 75 mm, dudng kinh

ong hat d, = 100 mm.

Pap s6: Q=17,65Vs; H=2456m; N =424 kW; n =075

Hinh 1.4
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Bai 1-3

Hd
M6t mdy bom nudc cé ty sé H—:0'01475’ c6 dp suat ra

L

P
Y
dudng kinh éng ddy D, = 150mm.

Xdc dinh cdc thong sé cia bom: H, Q, N. Biét hiéu suit n = 76%
va Az , = 0.

Pcxi

=60m . 4p sudt vao =3m dudng kinh ong hadt D, = 200mm,

Pdp s6: H = 64m; Q = 92 Vs; N = 76kW

Bai 1- 4

Mot bom nudc dat cdch bé hit A vdi 46 cao hut z, = 1,36m. Hé 58
tén thit trong dudng éng hit & = 4.

Tinh cdc théng sd cla bom: luu lugng, cot d4p va cong suit trén

2

truc. Biét d4p sudt du & cifa ra ctia bom 7 =81.86m v3 chan khéng

& cifa vao bom H, = 4 m; dudng kinh dng hit va ddy D, = 300 mm,
D, = 200 mm; hiéu suat cGa bom n = 76%.

]
.
o| 7
&N 7] el D‘
/ 2
41V
Bl B
Tl
A—="F
177777,
Hinh 1.5

Dip s6: Q = 820 m*h; H = 88 m; N = 259 kW.
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Chuong II. KHAI NIEM CHUNG VE BOM

PINH NGHIA VA PHAN LOAI
Binh nghia

Bom 1a may d€ tao ra déng chét 18ng chuyén déng. Néi cach
khdc, bom 1a mdy dung d& di chuyén chit léng va ting nang lugng
cia ddng chit 16ng. Khi bom [am viéc, néng lugng bom nhian duge tu
doéng co sé chuyén héa thanh thé ning, déng ndng va trong mét
chitng myc nhét dinh thanh nhiét nang cia dong chat long.

Bom 1a loai mdy thiy luc dang d€ bién d6i co ning cia dong co
thanh ning lugng d€ van chuyén chat 16ng hojc tao nén 4ap suit can
thiét trong hé théng truyén dan thiy lue.

Pham vi st dung

Bom duge st dung rong rai trong nhiéu lanh vye:

¢ Trong nong nghidp:bom 12 thiét bi khéng thé thigu d€ thuc
hién thdy loi héa, chan nuéi, tréng trot...

» Trong cdng nghiép: bom duge st dung trong cdc céng trinh
khai thdc md, dau khi, cdc céng trinh xay dung...

e Hién nay trong kj thuit van chuyén, phat trién xu huéng dung
bom va dugng éng dan dé van chuyén cdc sdn phdm cla nganh
khai thac mé (d4u khi), héa chit, nguyén vat liéu xay dung, ..
va d6 1a phuong tién van chuyén thudn 1gi va kinh t&.

e Trong nganh ché tao mdy, bom dugc s& dung phé bién, 1a mdt
trong nhitng bé phdn chd y&u cda hé théng didu khién va
truyén dong thiy luc trong nhiéu loai mdy méc.

Phan loai

a. Theo nguyén ly lam viéc va cdu tao ciia bom (Hinh 1.1)

b. Theo céng dung

¢ Bom cap nude ndi hoi (trong cdc nha mdy nhiét dién)

e Bom diu (trong cidc hé thong truyén déng thiy luc)

e Bom nhién lidu

e Bom ciu hoa

e Bom héa chat..
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c. Theo pham vi cét ap va luu lvgng si dung
Bom duge chia thanh cdce loai: bom c¢6 c¢ét dp cao, trung binh,
‘hozc thdp; bom ¢é luu lugng 1én, trung binh, hoic nhé.
Trong k§ thuit, ba loai bom duge sif dung réng rii 1a bom ly tam,
bom hudng truc, va bom piston. Biéu d6 phan bd pham vi sif dung
cha cdc loai bom théng dung duge thé hién trén Hinh 2.1

H,m
10000
Bdr\ c;-x:-.--n-.A--.
pi St pn .“_.m.‘-m.......... .
1000
Bom |y téL
1 0 [ et MR e
Bom hudng tryc
1
10 100 1000 10000 5 L

Hinh 2.1 — Pham vi st dung clia céc loai bom thdng dung

CAC THONG SO LAM VIEC CO BAN

Bom bao gi& ciing lam viéc trong mot hé théng dudng 6ng. Dé
biét ré cong dung, qua trinh lam viéc va cdc thong s6 co ban cda
bom, c6 thé nghién ciu so d6 thiét bi cta bom lam viéc trong hé
théng don gian (Hinh 2.2).

Khi bam lam viée, chat I1dng ti bé hit qua lu6i loc chin rac theo
éng hit di vao bom. Sau khi qua bom, chat léng duge bom ¢dp cho
niang luong chay vao éng day d€ lén bé chia. Tir bé chia, chat 16ng
duge phan phdi vé cdc noi tiéu thy. Trong hé théng truyen déng
thuy lue, chit 16ng sau khi ra khai bam ¢6 dp suit cao, qua bd phén
phan phéi di vao déng co thiy luc dé thuc hién cde chuyén déng cho
timg cag cdu lam viéc. '

Bom cé 5 thong sé lam viéc ¢o ban: luu lugng Q, ot 4p H, cong
sudt N, hidu suit n, va cdt 4p hat cho phép [H ). Phan tiép theo sé
14n lugt trinh bay cdc théng sé nay.
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Hinh 2.2 ~ So dé hé théng bom
Luu lugng

Lugng chat 1éng bom van chuyén trong mét don vi thdi gian duge
goi 1a luu lugng.

Tuy theo don vi do cé 3 loai luu lugng: Wwu lugng thé tich Q, don
vi do 14 m¥s, Vs, m*h..; luu lugng khdi lugng M, don vi do 1a kg/s, kg/h,
g/s..; luu lugng trong lugng G, dan vi do 1a N/s, N/h, kG/s,...

Luu lugng cda bom duge xdc dinh bang céac dung cu do trung binh
14p trén 6ng day nhu 8ng Venturi, luu lugng ké& kiéu mang chédn hosc
cac dung cu do trung binh bing thung ludng hosc cin d4t & cudi éng
ddy. C4c loai dung cu do nay chi xdc dinh dugc gia tri trung binh cta
luu lugng trong mdt don vi thoi gian.

Cét ap
Ky hiéu H (m). Cét d4p duge hiéu 14 n&ng lugng don vi ma bom

truyén cho chat 18ng. Tu so dd hé thong 1am viéc cia bom (Hinh
2.2), ¢6:
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2 2
H:[zh +y+p—3+v—3]—[zh+&+y-2—]
y 28 Yy 2g

/

2 2
- Vi —v
P: P, A 2

H=y+ (2.1)
Y 2g

Trong d6: p,, p, — la cdc dp sudt tuyét doi

P> =P. ~Pck>

P: =P. T Pax
Poo Pax — & tri s8 4p sudt trén chan khong k& va dp ké.

Ps —P; _Pa +P
DO dé: 3 2 — AK CK
Y
Coéng thire tinh ¢t aAp cda bom sé ¢6 dang:
Pax T Peck Vi —Vg
H=y+ + (2.2)

Y 2g

Trong hé théng baom c6 thé coi ' hé s8 hidéu chinh déng nadng a = 1,
wi dong chady trong hé thong bom cé tiét dién éng nhd va van téc
16n, thudng 1a chiy réi va duge goi 1a dong chdy réi kich thudc bé.

Né&u dudng kinh éng hiit va éng diy bing nhau, va khéng trich
luu lugng trén dudng éng A4y thi v, = v, va khodng cach y c6 thé bs
qua (y =~ 0) thi tri s8 cdt 4p c6 thé xdc dinH bing cée tri s6 do trén
4p ké& va chan khéng ké& 14p d cra vio va ra cha bom:

H= Pak T Pcx
Y

Khi khéng ¢é cdc 56 lidu do cy thé cha bom dang lam viéc nhu
Pe> Pay - Ma chi ¢6 cde 88 1idu yéu cdu clia hé théng lam viéc nhu
D, P, Z -, ¢6 thé tinh cdt dp yéu cdu cda bom theo cdc gid tri niing
lugng & bé hit va bé chita nhu sau:

(2.3)

Viét phuong trinh ning lugng Bernoulli cho mat cdt (1-1) va (2-2):

%+;_;=Zh+%2_+"_;+hwh (2.4)

2 2

P, D, 6V, Va
22l { . ] 25

h,, — téng ton thit ning lugng ¢ 6ng hiit (m).
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Tur day c6 thé thay, né1 p, = p, va v, nhé thi dp suit & cira vao
ciia bom p, < p_, nghia la p, phai dugc do bang chdn khong ké.

Phuong trinh néng lugng Bernoulli cho mét cdt (1-1) va (2-2) cdn
duoc viét don gian la:
e, =¢e,+h, hay e, =e,-h,,

Tuong tu, phuong trinh ning lugng Bernoulli cho mit cit (3-3) va
(4-4):

2 2
-p_3+_V_3=Zd+P_4+V_4+th (2.6)
Yy 2g Y 2g
2 2
Py Py V; \
—=—=—-—4|2,+—+h
Hay y v 28 { Y wd] 2.7

h,, — téng ton that nang lugng 8 éng ddy (m).

2 2
v v
Trong hau hét cac trudng hgp thuc tién 2—; nhd hon [Zu + é +hy, J

rat nhiéu, nén p, > p,; néu p, = p, thi p, > p,, nghia la 4p suit & cta
ra cia bom phai duge do bing dp k&

Phugng trinh ning lugng Bernoulli cho mat cit (3-3) va (4-4) con
duge viét don gian la:
e,=¢e, +h,,
Thay e, va e, vao phuong trinh cft dp:
H=e,-e,=(e, +h,)-(e,~h,,)
=e,—-¢e +h, +h,,=¢e,-€ +h,

2 2
- v, -V
P, p1+ 4 L +h

y 2g "

Hay H=2z,-2z/+

2

— 2_
Py p|+V4 M +h, 2.8)

Y 2g
h, =h_ +h_ - tdng ton that ning lugng trong hé théng (m).

H=z+

TU cong thiic (2.4), cot dp yéu ciu clia bom ding dé& khdc phuc:

e Chénh léch d6 cao hinh hoc gitta mit thodng bé& chda va bé
hit, duge goi 1a 6 cao déng z.
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P, P

o Db chénh 4p sudt trén mat thodng bé chia va bé hit

2 2

4 1
2
e T&n that ning lugng trong hé théng dudng 6ng h.

e Db chénh dong ning gitta bé chita va bé hit

Cot 4p ciia bom lam viéce trong mot hé théng cing chinh 1a cot
ap cia hé théng.

b,

. p o
Céac thanh phan z va * la nhitng dai lugng khong thay dai

d6i vdi mét hé thong cho truse, do dé:.

Hl :Z_l-u

N goi la cét dp tinh cua hé théng  (2.9)

2 2
VvV, —V

Con céc s6 hang 42g "~ va h 12 nhing dai lugng thay d6i theo

lru lugng cda hé théng, phu thudce van téc dong chat 16ng trong 6ng,
do 4¢6:

2 2

V, —V
H, = —“2g ~+h, . goi 14 c6t dp dong cia hé théng  (2.10)
Vay: H=H +H, ' (2.11)

Néu biéu dién bing d6 thi phueng trinh cdt 4p clia hé théng (2.8)
sé nhin duge dudng cong bidu thi ddc tinh lam viée ciia hé théong goi
14 duong ddc tinh cia hé théng hay con goi 1a duong ddgc tinh luéi.

Hq = kQ?

Hinh 2.3 - Budng déc tinh ludi

Oy

, m¥/s
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Céng suat va hiéu suat
Theo (1.8), cong thifc tinh hiéu sudt thaiy luc cda bom la:

N, = GH = yQH (2.12)

vy - khéi lugng riéng cha chit 16ng, tinh bing N/m3.
Q - luu lugng cda bom, m/s.
H - ¢t dp toan phin cda bom, m.

D& tao ra N, (cdn goi 1a cdng sudt c6 ich) thi truc bom phai c6
céng suit 1én hon, vi trong khi lam viéc bom phdi tiéu hao mét
phan ning lugng d€ bu vao cdce ton that thiy lue va tén that ma sit
gitta cdc bd phén lam viéc cia bam, ...

N, H
N=-—u YO (2.13)
n n
1 < 113 hiéu suit toan phén cda bom, %
g Nll YQH
Hidu suat la: n=—+=1 2.14
iéu suat la: N N ( )

Khi chon déng co d&€ kéo bom, cin phdi chon céng suit cla dong
co N, 16n hon cdng suft tai truc N d€ dé phong trudng hop qué tai
va bu tén that do truyén déng tir dong co d&én bom.

N, =kN (2.15)

k > 1 — hé s6 an toan phu thudc tung loai bom, dong cao va cong
sudt lam viéc.

Cét ap hdt va chiéu cao hdt cho phép

Khia ning 1am viéc cia bom phu thudc rit nhiéu vao qua trinh
hiit cta bom. Trong qué trinh bom hit chédt 16ng, b4nh cong tdc phéi
tao duge A6 chénh dp nhat dinh giifa cla hit clia bom va mit thodng
cda bé& hiat. Do chénh dp nay dudc goi 14 cét dp hit cha bom, nhg dé,
chat 16ng chiy tir bé vao bom.

p,—p
H, =’TZ (2.16)

P,, b, - 4p suidt & mit thodng cda bé hit va cda vao cda bom.
Néu p, = p, (4p sudt khi trdi) thi cjt 4p hdt bing cét 4p chan
khong tai cda vao cia bom.

p,—P
H, =H = Y 2 2.17)
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Hinh 2.4 — SO d6 Iudi trén dudng 8ng hut

21
2|; ' i A

Zn

| p | ]

Thay phuong trinh (2.4) vao phuong trinh trén:

2
H =P1i7P2_; Y2y (2.18)
Y 2g _

Dé dang nhén thay cét dp hiit cha bom dung d& khéc phuc chiéu
cao hiit z , ton that trén 6ng hdt h, va tao nén déng ning can thiét
cia dong chdy g cifa vao clia bom v %/2g; do d6 cot dp hit tuy thude
vao tri s§ 4p suidt trén mit thoing cia bé hit, ddng thai dp suit nay
luén ludén cé gidi han nhat dinh.

Trudong hop p, = p,, theo cdng thdc (2.18), khé ning hit t&i da
cda bom iing véi khi ap sudt p, = 0 la:

Hhmnx = HCKmax = I:‘;_ﬂ = lomHZO

Piéu kién lam viéc cia bom sé la:
2

v
Hh =z‘h +—2§+hw < HCKmax (219)

Thuc t& ¢t 4p hiit cGa bom khi p, = p, khéng bao gis dat duge
dén 10 m H,O vi 4p suit § cifa ra cla bom khi gidm dén mot mue
nao dé s& bing 4p suft hoi bio hoa cla chat 16ng tai nhiét dé lam
viée, sé gdy ra hién tugng xdm thue (dn mon) bén trong bom.

Hién tugng xam thyc

Khi chit 1dng & thét d6 nhat dinh sé& s6i va béc hoi bao hoa dudi
4p sudt tuong dng. Ap suit nay duge goi 1a 4p sudt hoi béo hoa p,,.

Béng ap suét hdi béo hda clia nudce
Nhiét dg, t 0O 10 20 30 40 60 80 100 120
P /v, m 0,06 0,12 0,24 048 0,75 2,03 4,83 10,33 20,2
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Nhu vay ¢ mot nhiét d6 nao d6, khi dp suat trong chat léng bing
ap suit hoi bao hda p,, thi chdt 1dng sé sdi, tao nén nhiéu bot khi
trong dong chdy. C4c bot khi nay bi dong chdy cuén vao nhimg ving
¢6 dp sudt p > p,,, sé ngung tu dot ngdt thanh nhitng giot chat léng
c6 thé tich nhé hon rat nhiéu so vdi thé tich cda bot khi. Do dé trong
dong chay xuat hién nhig khodng tréng cuc bd, nhilng phan ti chit
16ng xung quanh sé& tran dé&n vdi vén tée rat 16n, 1am cho dp suit tai
d6 dét ngdt ting lén rat cao, c6 khi téi hang ngan atmétphe. Ap
suit cuc bd nay cé thé 1am rd bé mit kim loai, pha héng cdc bé phan
lam viéc cda mdy. Hién tugng nay goi la hién tugng xam thuc (dn
mon), thudng x3y ra trong cdc mdy thiy lue ¢6 4p sudt nhé, nhiét dd
cao. Nh4t 1a § noi chat 1dng ¢6 van téc va 4p suit thay déi dét ngot.

Khi hién tugng x4m thuc xay ra, dong chdy bi gidn doan, giy
tiéng dong bat thudng va may bi rung nhiédu, luu lugng, cot 4p va
hiéu suat clia may bi gidm dét ngot. Hién tugng xam thue kéo dai sé&
lam cac b§ phéan lam viée cda mdy bi pha héng.

DE tranh hién tugng xam thuc, cdn thdéa min diéu kién:
P2 _ Pm
Y Y
D€ tranh hién tugng xam thue, d6i véi ting loai bom duge sdn
xuat, trong cdc tai liéu ki thuat déu ghi r6 cot 4p chan khéong cho
phép (H_,] ing véi p, = 1 at va t = 20°C.
Diéu kién d€ bom c¢6 ddy da kh3 ning hit la:
2

\'%
H, =2, +2_;'+hw < [HCK] (2.20)

VAy chiéu cao hit cho phép clia bom la:

2

A"
[Zh]= [HCK]-—?Z‘-—hW (2.21)
g

Néu khong c6 gia tri [H_] thi [z ] phai duge tinh theo diéu kién
khéng xdy ra hién tugng xam thuc.

Diéu kién d€ khong x4y ra hién tugng xaAm thuc 1a cot 4p toan
phén tai clfa vao clia bom, noi cé 4p sult nhé nhat, nguy hiém nhat,
phédi 16n hon dp sudt hoi bdo hoa cda chat 1dng tai nhiét dé lam
viée.

2

Pr %2y Puypn (2.22)
Yy 28 ¥

Ah — ¢dt 4p chéng xam thue.
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Mait khédc, ti cong thic (2.4):

2

_I_)i + 12_ = &_ - Zh — hw
Yy 28 ¥

Thay vao bidu thife trén, chiéu cao hit cho phép clia bom la:
[lh]=p7“*{%“—+Ah+th . (223)

Cét dp chong xdm thuc Ah duge xde dinh bang thye nghidm, phu
thude vao s8 vong quay va luu lugng cha bom. Theo Rutdonhep:

4
;
Ah > 10[5‘/?6—] (2.24)

n — td¢ d6 quay cida banh céng tac (vong/phit).

Q - luu lugng (m?/s).

C — hé sé phu thudc vao dic diém ké&t cdu cta bom, cé gia
tri thay déi trong khodng 800+1000. C 14y gid tri cang lén thi diéu
kién chéng x4m thuc cia bom cang tét.

BAITAP
Bai 1I-1

Mot may bom nude tiéu hao cong suat trén truc N = 66 kW, hidu
suit n = 81%, luu lugng Q = 500 m%h va cét 4p chin khdng cho phép
chabom [H, 1=55m

Tinh chiéu cao hit cho phép cta bom (z, ], biét hé s6 tén that
trén dudng 6ng hit £, = 5, dudng kinh 8ng hdt va éng ddy bing
nhau D, = D, = 250 mm.

P2

17 |
/. 7 Y
4
£ ; 4 0
Y, A
=
AR
1-BRY
Hinh 2.5 P77,
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Tinh cét 4p va dp suit tai cfa ra cia bom.
Gidi:

1) Chiéu cao hiit cho phép ciia bom tinh theo cong thie:

[Zh]S [H('K]‘(i"‘fh i],

bé qua tén that doc dudng va 18y ddu “=”
Van tdc trén dudng 6ng hit duge tinh theo luu lugng va van téc:

4Q
A" K= 5
nD;
Véi Q = 500 m¥h = 0,139 m¥s; D, =D, = 250 mm = 0,25 m, thay vao:
4.0,139 2 2
v, = - =2.83m/s hay Yo _ 283 =0,4m
7.0,25 2g  2.981

Véy chidu cao hat 1a: [Z,]=5,5-(0,4+5.0,4)=3,Im

_YQH

. N7
2) T cong thdc tinh cong suét trén truc: N = T hay H=—

¥Q
66.10°.081
9,81.10%.0,139

3) Ap suat tai cia vao cda bom tinh tif phuong trinh Bernoulli
tai mit cdt trén mit thodng ciia b& hit va mit cit tai cda vao bom:

Cot 4p cia bom la: H=

b ]

P, =z,,+&+v—2+§,,v—2
4 y 28 2g
2 2
Hay 22=Pe 7,22 £ 2 _10_31-04-504=45m
y o7 2g 2g

P, — P, +V§ _V§ _Ps P

Y 2g ¥
Vay 4p sudt tai cda ra cia bom la:

T cong thie: H=y+

Py _pg+P2o392445-437m
Y Y
) p
Bép 80: [Zh] = 3,1 m; H= 39,2 m; _‘Y}— =43,7m
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Bai 11-2
[]
Mot bom tiéu hao cdng sudt trén truc N = 76 kW, bom nudc ti bé

kin A cé dp suit nhé hon khi trai —;—K =4mlen bé kin B ¢6 4p suat

Pak

ap k& =10m _pg chénh giita 2 b& z = 40m.

Tinh luu lugng va cot 4p cda bom. Biét hidu suit cia bom 1= 76%,

t6n that toan bd trong hé théng luéi Y h, =10m, dudng kinh &ng
hit va éng d4y bing nhau.

S
d
u
Hinh 2.6

7Y \

d ===

AT

Giai:

+ Phuong trinh duong ddc tinh luci

2
H=z+P2"Pa Vo~V +Y hy,

Y 2g
Ps “Pa _ Paxk + Pex =14m .
Y Y ’
Vi —Va , e s
2% =0 vi dudng kinh 8ng hit va 6ng d4y biing nhau.
H=40+14+0+10=64m
+ Luu lugng
. yQH
Ti cong thic tinh cong sust: N= “n—

Nn _ 76.10%.0,76
yH 981.10°.64
Péap s6: H=64 m; Q =92 Is.

Ta cé: Q= =0,092m> /s =921/s
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Bai II-3

Bom ly tdm d4at vdi dé cao hdt, tén thdt trong éng hit

2
‘ . N p v
Y h,, =1505m. Ap suit toan phin § cla ra —3+2—3g =87,7m
Xdc dinh cot dp cia bom va tén that trén dudng 6ng ddy. Biét do
cao gitia 2 bé chita H, = 68m; dudng kinh 6ng hit va duong kinh 6ng
ddy bing nhau.

I

l',

Y

‘Hinh 2.7

Vo

He

|
L,

LENTH

jH
|[|

_

Pép s6: H = 80m; » h,, =10,495m.
Bai I1-4

Xdc dinh cdng suat cda dong cd kéo bam, luu lugng Q = 400U/s ¢6
d6 cao hut z, = 3,5 m, ton thit trong ong hiit Zhwh =0,7m, d6 cao

6ng ddy H, = 50m, tén thit trong dudng éng day Zhw =58m,
hiéu suit cla bom n = 80 %.

Lol

"t

p'l

d
Hinh 2.8 Hy

Huéng ddn: Tinh céng sudt cia déng co theo cong thife: N, =
k.N,, trong d6 k = 1,05.

de —

DPdp s6: N, = 282 kW.
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Chuong IIL. BOM CANH DAN

KHAI NIEM CHUNG VE BOM CANH DAN

Khai niém chung

Trong lich st ph4t trién chia mdy thiy lyc thi may thiy lue canh
dan ra dai tuong ddi mudn so vdi mdy thay luc thé tich. Nam 1640,
bom piston dau tién do nha bdc hoe ngudi Puic sang ché da ra doi va
duge dung d& bom nude va khi trong cédng nghiép. Nhung mai dé&n
ndm 1830 nha bdc hoe ngusi Phdp Phudcnayrén mdéi ché tao thanh
cdng tuabin nude. Sau dé nim 1831 va 1832 nha bdc hoc ngusi Nga
Xablucop sdng ché ra bom va quat ly t4m. D6 14 nhitng mdy thiy luc
cdnh dan dAu tién. Nhung hién nay mdy thiy luc canh din duge su
dung rat phd bién va pham vi dng dung ngay cang dudc mé rong.

M4y thiy ldc cdanh din bao gom cic loai bam va déng c¢d cdnh
din nhu: bom ly tdm, bom hudng truce, cic loai tuabin nuéec...

Trong mdy thiy luc cdnh din viéc trao ddi nang lugng gitta may
v6i chat 1ong duge thuc hién bing ning lugng thiy déng cta dong
chat 16ng chdy qua may.

Nguyén ly lam viéc va cau tao chung

Bo phan quan trong va dién hinh nhat eta bom cdnh dan 14 banh
cong tdc. Bdnh céng tde duge ciu tao tir cdc ban cdnh thudng cé dang
miit cong goi 1a cdanh dan va cdc by phan c6 dinh ching. Trong banh
cong tdc cic canh dan dugc ghép chit vdi truc, khi 1am viée banh
cong tdc quay trong maéi trudng chat 14ng.

Bdnh cong tac cua bom quay duge 1a nhé dong co kéo bén ngoai
va trong qud trinh d6, qua cdc cdnh dan cd ning cha déng cq truyén
cho chat 16ng, tao nén dong chay lién tuc qua bdnh cong tdc. Chénh
léch ning lugng thdy déng clia chat léng & cla ra va cifa vao cda
banh cong tdc bing cd ning clia bom truyén cho chit 16ng (chua ké
cdc ton that).
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Phan loai banh céng tac

Theo phuong chuyén déng clia dong chat 16ng tir cita vio dén cla ra

cia cdnh din, banh céng tdc canh dan duge chia thanh bdn loai:

¢ Bdnh cong tdc ly tam hodc hudng tam: chat 1éng chuyén déng
qua banh cong tdc tir tAm ra ngoai hoéc tir ngoai vao tdm theo
phuong ban kinh.

e Banh cdng tdc huéng truc: chat 18ng chuyén dong qua binh
cong tac theo phuong song song vdi truc.

o Banh céng tdc tAm truc hodc truc tAm: chat 16ng chuyén dong
qua bdnh cong tdc theo hudng tam roi chuyén sang hudng truc
hoic nguge lai.

e Binh céng tdc huéng chéo: chit 18ng chuyén déng qua banh
cong tdc khong theo hudng tdm cing khéng theo hudng truc
ma theo hudng xién (chéo).

Cac loai van toc, tam giac van téc

Qui dao chuyén dong clia cac phén tif chat 1éng qua banh céng
tdc canh din rat phdc tap nhung d€ don gidn héa tinh todn, cé thé
gia thiét: '

e Dong chi3y qua banh cong tdc gom céc dong nguyén t6 nhu nhau

e Qui dao chuyén déng tuong dsi clia cdc phan t chat 16ng
trong banh céng tdc theo bién dang canh dan.

Diéu kién d& c6 dong chay nhu gid thiét néu trén la:

e Bénh cong tdc c6 s8 cdnh dan nhiéu v6 han va mbi cdnh din
mdng v6 cing (cdnh d4n khong cé chiéu day)

e Chat 184ng lam viéc 1 chat 16ng ly tudng.

Véi gia thiét trén, chuyén déng tuyét 461 cia méi phan tir chat
16ng qua banh céng tdc cé thé phan tich thanh hai chuyén déng
dong thdi: chuyén déng theo (quay tron cing banh céng tic) va
chuyén déng tuong doi (theo bién dang c4nh din).

Chuyén déng cia c4c phan tif chat 1ong qua banh céng tdc duge
dac trung bang cdc van téc:

¢ - van téc tuyét dai

u - vin téc theo (cGa chuyén doéng theo), ¢c6 phuong thiang géc
vdi ban kinh

v - Van téc tuong ddi, c6 phuong tiép tuyén véi bién dang c4nh dan.
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Hinh 3.1 - Biéu dién céac |oai van téc

c=u+v (3.1)

Hinh 3.1 biéu thi van téc clia cdc phan tif chat 16ng & cia vao va
clra'ra cGa banh céng tdc bom ly tam.

Chi s8 (1) va (2) biéu thi vi tri chdt 16ng bit dau vao va ra khoi
banh céng tdc. D& thuan tién khi nghién ciu cdc thanh phan vén téc
cla dong chdy, c6 thé dung cdc tam gidc van toc thay cho hinh binh
hanh van téc. Tam gidc van téc & cita vao va ra cia banh coéng téc:

Ci  w <2 wy
Cir C2r
o B a2 Ba
- > U : 1 5}
< Sl : e S o
~N ” .~ ”

Hinh 3.2 - Tam giac vén téc
Khi ding tam gidc van téc dé biéu thi cdc théng s6 déng hoc cia
chat 1éng, ngoai cdce ky hiéu ., 1, w, con st dung cdc ky hiédu sau:
o - géc gitla  va ¢

B - géc gita  va ; theo hudng nguge lai, biéu thi gdc b6 tri
canh dén

B, — goi la géc vao, B, — goi la géc ra
C, - hinh chiéu cia ¢ lén phuong ;

C, - hinh chiéu cta ¢ 1én phusng vuéng gée véi .
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Trong cédc banh céng tdc ly tdm ho#c huéng tdm, phuong cia c;
ludn luén di qua tAm cha bdanh cdng tdc, duge goi 1a thanh phan vén
téc huéng kinh.

Trong banh céng tdc hudng truc, ¢, huéng theo phuong truc.

Phuong trinh co ban clia may thiy Iyc canh dan
a- Phuong trinh moment

Mit cdt cia banh cong tdc cdnh dan:

1.Banh cong tac
2.Bia trude (dia phu)
3.Canh dan

4.Dia sau (dia chinh)
5.Ranh canh

‘Hinh 3.4 — Céac thanh phan van t&c va tam giac van téc

Ung dung dinh 1y co hoc vé bién thién moment déng lugng, cé
thé ph4t biéu d6i véi dong chat 16ng chuyén dong qua banh céng tdc
nhu sau:

“Bién thién moment dong lugng cta khéi chat 16ng chuyén dong
qua bdanh céng tdc trong mot don vi thoi gian d6i véi true quay caa

33



banh céng tac bing téng moment ngoai luc tic dung 1én khéi chit 16ng
dé ds6i véi truc, nghia 13 biing moment quay cia banh céng téc”.

Xét moét dong nguyén t6 trong khdi chit 1dng chuyén déng qua
bdnh céng tic cia bom ly tdm. Dong nguyén t6 cé luu lugng dQ,
déng lugng tal mat cdt (1-1) la:

dK; =d{me, )= pdQc,

Tuong tu, déong lugng tai mat cdt (2-2) la:
dﬁ: = d[m.ct)= p.dQ.g;

m, p - khéi lugng va khdi lugng riéng cda chat 16ng
b — Van téc tuyét déi
Moment ddng lugng cia dong nguyén t& d6i véi truc quay cia
banh céng tdc tai mat cit (1-1) va (2-2) la:

dL_.l = dK—;l_; =pdQ.c,.R,.cosa,

dL_.2 = dKjE =p.dQ.c,.R,.cosa,

Bién thién moment déng lugng cha dong nguydn td chit 1dng
trong mdt don vi thoi gian:

AL =dL, -dL, =p.dQ.(c2.R2 cosa, — ¢, .R, coso.,)

Wi d4 gia thiét cdc dong nguyén t6 chdy qua banh edng tdc la nhu
nhau, nén bién thién moment déng lugng cda toan bd khai chit 16ng
chuyén déng qua banh céng tdc biing tong bién thién moment déng
lugng cda cdc dong nguyén té:

S AL =3 p.dQ(c, R, cosa, ~¢,.R, cosa,)
=p.XdQ.(c,.R, cosa, —¢,.R, cosa,)
=p.Q].(<:2.R2 cosa, —¢,.R, cosa,)

Q, — luu lugng chdy qua banh cong tdc va bing hwu lugng ly
thuyét.

Goi M ]la moment do ngoai luc tdc dung lén tryc quay, tic la
moment quay cua truc:

M=2AL
M =p.Q, (¢, R,cosa, —¢, R, cosar,) (3.2)
Vay phuong trinh moment quay ciia banh céng tdc c6 dang téng
quat la:
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M =p.Q,{tc, R,cosa, Fc, R, cosa,) (8.4)
Hang diu trén cho mdy bom va hing dau dudi cho tuabin.
c- Phuong trinh c6t 4p

Nhu 44 biét, cot 4p H cGa mdy thay luc canh din 1a ning lugng
don vi cla dong chat 18ng trao d6i v6i mdy thiy lue, d6 chinh 1a
cdng cia mét don vi trong lugng chat 18ng trao d6i véi m4y.

Hon nita, céng suat thiy luc cia médy quan hé véi cot 4p la:

N, =yQH,, =pgQH, (3.5)

H,, - cOt 4p cia mdy ting vdi trudng hop dong chdy qua may théa
main cdc gid thiét da néy, tic 12 khong c6 ton thét va banh cong téc
¢6 s6 cdnh dan nhiéu vé han, coén goi 12 cot 4p ly thuyét vé han.

Mait khdc, cdng suit trén truc quay la:
N=Mo (3.6)

Néu khong xét cdc tén that, cong suit thiy luc bing cong suit
trén truc quay, do dé:

PeQH, =M.o
Thay biéu thdc tinh M theo cong thic (3.4) va bién déi:

3 (ir ¢,R,cosa, ¥¢,R, cosa,).u)

H, = (8.7)
o 3
Thay Ro=u,, R,0=u,
va R, cosa, =¢,,, R,cosa, =c,, vao bidu thic trén, sé
thu dugc:
tu,c,, +u
H, = ( 2624 Iclu) (3.8)

g

Pay 1a phuong trinh co bén ciia mdy thiy luc ednh dén con goi la
phuong trinh Euler.

d- Y nghia ning lugng ciia phuong trinh co ban
T cdc tam gidc van toc:
w!=cl+u?-2uc cosa, =c} +ul-2uc,

2 _ 2 2 _ a2 2 _
W =C; +u; —2U,c, COSA, =C; +U; —2U,C,,

Tu day suy ra:
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1
uc,, =-—(c]2 +ul —wf)
2

1
s, = 2 +u2 - i)

Thay vao phuong trinh co ban:

2 2 2 2 2 2
u, —u W, —W c, —C
2 | + ! 2+ 2 |

i v : H, =
¢ Doi vs1 bam: oo 2% 2g 2g

» DGi véi dong co:

2 2 2

2 2 2
u —u W, - W C, —C
—_ 1 2+ 2 ] + ] 2

Hlun -
2g 2g 2g
; e ~¢} ¢l —c? . ,
S6 hang 2e hoic 2 14 phan thay ddi déng nang don

vi cia dong chay khi di qua banh cong tde, biéu thi thanh phan cot

ap dong H,_,.

wowl o owiow e
2¢ odc 2g -ty 1@ vO1 s6 vong quay va duong

kinh bdnh céng tdc, né biéu thi thanh phan cdt 4p tinh tuong déi,
duge tao thanh do lyc ly tAm tdc dung lén dong chdy. Trong trugng
hgp bom huéng truc R, = R,, thi s6 hang nay biing khéng.

S& hang

, Wi =W, W, — W
S6 hang —2g_ hay “2_g— - phu thudc d0 md réong mang

dén cha banh céng tdc, d6i véi bom W, > W, , ching t6 mét phan
déng ning bién thanh dp ning.

Do 46, c6t ap tinh la:

2 2

H — U; - Uf + W] _W2
" 2g 28
Vﬁy Hlm = Hlaod + lel (39)
BOM LY TAM

Khai niém chung
Uu di€m co ban cda bom ly tdm:

¢« Bom duge nhiéu loai chat 1éng nhu nude, ddu, nhién liéu, héa
chat,.. k& ca cdc hdn hop clia chat 16ng va chit ran,
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1 - Banh cbng tac 2. Tryc bom
3 - B phén dén hudng vao

4 - Bb phan dan hudng ra
,\\\\ (con goi 1a budng xoén &c) ;
5 - Ong hat 6 -Ong ddy

Hinh 3.5 - Sg dd k&t cAu cia bom Iy tam.

¢ Pham vi st dung 16n va nang suit cao, cu thé:
+ Cot dp H tr 10 m H,0 dén hang ngan m HO
¢ Luulugng Q 2 + 70.000 m¥%h
+ Cbng suit 1 + 6000 kW
+ S6 vong quay 730 =+ 6000 v/ph.
e Két cau nhé gon, chic chdn, 1am viée tin cay.

¢ Hiéu suit n cia bom tuong d6i cao so véi cdc loai bom khic: n
= 0,65 + 0,90. ‘-

e Chi tiéu kinh t& t&t (gid thanh tuong doi ré).
Sa d6 két cAu cha bom ly tAm don gidn biéu thi trén Hinh 3.5

Trude khi cho bom lam viée can phdi lam cho than bom trong d6
c6 banh céng tdc va dng hit duge dién day chat 1éng, duge goi 1a qud
trinh méi bom.

Qua trinh 1am viéc

Khi bom lam viéc, banh céng tdc quay, cdc phan td chat 1dng
trong banh céng tac dudi anh hudng ciia luc ly tAm bi dén tif trong ra
ngoai chuyén déng theo cidc méng din va di vao 6ng diy vdéi dp suat
cao hon, d6 13 qué trinh ddy cia bom. Péng thdi & cda vao clia banh
cong tdc xudt hién mot vang c6 4p sudt chin khong, va dudi tdc dung
chia 4p suit & bé chda 16n hon 4p suat & cifa vao cha bom, chat 16ng &
bé hiit lién tuc bi hat vio bom theo dng hit. Bé 14 qud trinh hit cha
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bom. Qud trinh hit va ddy clia bom 14 cde qud trinh lién tuc, tao nén
dong chay lién tuc qua bom.

Bé phan dan huéng ra, c6 dang xodn éc nén dudc goi la budng
xo0dn 6¢, 1a € dan chit 16ng ti banh céng tdc ra 6ng diy duge diéu
hoa, 6n dinh va con c¢é tdc dung bién mét phan déng nang cia dong
chat 13ng thanh dp niéng can thiét.

Phuong trinh lam viéc cia bom ly tam
a- Phuong trinh co ban cta bom ly tam (phuong trinh cét dp)

Bom ly tdm la mét dang cda bom cdnh dan, tir phuong trinh co
ban cda may thiy luc cdnh dén, 4p dyng cho bom cdnh dén:

H (u2c2u _ulclu)

o = 3.10
. s (3.10)

Trong cdc bdm ly tdm hién dai, da s6 cdc bdnh cong tédc c6 két
cdu clia vao hoiic by phan din huéng vao sae cho dong chét léng §
cdfa vao clia mdng dan chuyén dong theo huéng kinh, nghia 1a
vudng géc véi y , o, = 90°, d& cot 4p cia bom c6 lgi nhat (¢, = 0).
Tam gidc van toc & cira vao 1a tam gidc vudng:

Cy Wi

— oN°
o= 90 Bl

u

Hinh 3.6 — Tam giac van t8c & cla vao clla banh cdng tac

Khi 46 phuong trinh co ban cda bom ly tAm c6 dang:

_ W0y,

H,=—"" (3.11)
' g

b- Cét ap thuc té -

Nhu da biét, phuong trinh ¢o ban cia bom ly tam duge lap tu
diéu kién gia thiét 1y thuyét:

¢ Cénh dan nhiéu vdé han va mdng vb cing

¢ Chit 1dng la 1y tudng.
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Véi gid thiét thd nhat, van téc phan bs déu trén cdc mit cdt cia
dong chdy qua cdc mang din. Vdi gi thigt thit hai, bd qua ton that
cia dong chdy trong cdc mang dan. Do dd, ¢bt 4p tinh theo phuong
trinh co ban duge goi 14 cdt dp 1y thuyét dng véi s8 c4nh din nhiéu
vé han (H,).

Thuc t&, cdnh d&n c6 chiéu day nhit dinh, 2 + 20 mm, va sé c4nh
din hitu han, 6 + 12 c4nh, giy nén su phén bd van téc khong déu
trén cdc mit cdt cda dong chdy, tao ra cdc dong xody va edc dong
quédn trong mang din. Diéu nay thé hién trén Hinh 3.7.

Hinh 3.7 - Phan bé van t8c trong mang dan

Mit khéc, chat 16ng ¢6 46 nhét do 46 gay ra tdn that trong dong
chay. Vi vay cot 4p thyc t&€ nhé hon cot 4p H_.

Cot 4p thuc t€ cda bom ly tdm H dugc tinh theo cong thie sau:

H=¢,n,H, (3.12)

g, — hé 86 k& tdi anh hudng cta s§ cdnh din hiu han dén cbt 4p,
dugc goi 12 hé sb cét dp; bing ly thuyst vé dong xody va thuc
nghiém, nam 1931 vién si Protskua da x4c dinh ¢, d6i v6i bom ly
tidm theo cong thie sau:

T
g, =1- -Z—smﬁ2 (3.13)
Z — s6 cdnh dan cda banh cong tdc.

Véi Z va B, théng thudng, tri s§ trung binh cia hé s6 ¢4t 4p
e, =0,8.
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7, — hé s6 k€ tdi tén that ning lugng cda dong chét léng chuyén
ddng qua banh céng tdc, phu thuéc vao nhiéu yéu t& nhu kich thude,
ké&t cdu cha banh cong tdc va b phan hudng dong..., duge goi 14 hidu
sudt cot 4p cta banh cong tdc.

Véi bom ly tdm: n,, =0,7+09.

Néu xét Anh hudng cia s8 cdnh dan hiju han dén cét 4p, cot 4p ly
thuyét uing vé6i s6 canh din hitu han la:

H, =¢,H, (3.14)
Cot 4p thuc t& cua bom ly tam la:

u,C,,

H=g,n,. (3.15)

Déi véi bom ¢ két cdu va s vong quay théng thudng thi:
u,
€2Nyu €y =Ez.Ny €, COSA, = Y o
Trong tinh todn gin ding, c6 thé xdc dinh cot dp thuc t& cha
bom ly tam theo biéu thifc:
2
= Y
2g
W - hé s6 cot 4p thue t&.

(3.16)

Anh huédng cua két cdu canh dén cét ap clia bom ly tam

Hinh dang bé tri két cAu cfia cdnh dan chd yéu phu thudc vao
goc B, va B, tite 1a géc vao va ra cha cdnh din. Dudi day sé xét dnh
hudng cda cdc géc nay dén cot 4p cliia bom ly tam.

a- Anh hudng cia géc B,

Gée vao B, (g6c bd tri cdnh dan) ciing 14 géc biéu thi phuong clia van
téc tuong ddi 6 cifa vio cda banh cong tde. Trudng haop cé loi nhat vé
cOt dp ctia bom, tam gide van téc § cta vao phai 1a tam gidc vudng
¢6 a, = 90°. Tu Hinh 3.6, B, chi phuy thugc vao u, va ¢, do dé:

C
te = -
gB, " (3.17)

uZCZU

Theo phuong trinh co ban cda bom ly tam Hi =T, géce B,

khéng @nh hudng tryc tiép dén cbt 4p cha bom ly tdm. Nhung néu B,
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khong thich hgp sé& gay ra va dip dong chdy véi canh dan § cda vao
bdnh coéng tdc, 4nh hudng x&du dén hidu sudt va cot 4p cua bam.

Trong thuc t& thudng chon B, = 15° + 30,

b- Anh hudmg cba géc B,

Ly thuyét va thuc nghiém ching t6 rang tri s cia B, ¢6 dnh huéng
truc ti€p dén phuong va gid tri cia cdc thanh phan van téc cia dong
chdy trong mdng dén, do d6 c¢é6 dnh hudng quyét dinh dén cot dp
toan phdn H va cdc cot 4p thanh phan H, va H, cia bom. Vi viy déi
vdi banh c6ng tdc bom ly tdm, gée B, ¢6 ¥ nghia ddc biét quan trong.

2) B2 < 90° by B = 50°

Hinh 3.8 — Cac cach bé tri canh dan

Tuy theo tri s§ cda B,, bdnh cong tdc c6 ba cdch bg tri canh dan:

* B, < 90 canh din cong vé phia sau (so véi u) — duge goi 1a
banh céng tdc c6 cdnh din ngodt sau (a) — loai a thudng giip &
bom d& bom cac chat 18ng nhu nude, dau,..

e B, =90 cdnh din hudng kinh & cia ra— duge goi la béanh cong
tdc ¢6 cdnh din hudng kinh (b).

e [, > 90 cdnh dan cong vé phia truéc — duge goi la banh cong
tdc c6 canh din ngoat trudc (c) — loai b, ¢ thudng gip & quat
va m4y nén dé bom cdc chat khi.

Ngoai ra, trong thuc t&€ hinh dang c4nh din cda bidnh cong tic
rat da dang, Hinh 3.9 bi€u dién mot s6 loai cdnh dén c¢6 géc ra B,
khdc nhau:

b€ hiéu rd vai tro cta B, d6i véi cdt 4p cha bom, c6 thé xét ba
bdnh céng tdc ly tAm co6:

¢ Kich thudc nhu nhau.

e Géc vao B, nhu nhau.
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Hinh 3.9 - Hinh dang cénh dan clia banh céng tac

e Sé& veng quay 1am viéc nhu nhau.
¢ Goécra B, khdc nhau.
Khéo sat cot d4p do timg loai banh cong tdc tao nén véi cac kiéu

cdnh din néi trén. Khi vé cdc tam gidc van téc cho cdc ki€u bdnh
cdng tdc nay, can chu y:

e Céc binh cdng tac ¢6 B,, kich thude clia vao, luu lugng va s6
vong quay lam viéc nhu nhau nén ¢é tam gide van téc § cia
vao nhu nhau.

-

e Cac banh cong tac c6 dudng kinh ngoai D, va vong quay lam
viée nhu nhau nén chiing ¢é vén t6¢c vong u, biing nhau.

Céc tam gidc van toc:

Hinh 3.10 — Tam giéc van t8c 8 clia vao
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<2

=90°,
B: 1 4
Cu < Y| o Cay = U3 Cyy =2
é“ S !< |.( 2u U

Cad

a) b) c)

Hinh 3.11 - Tam giac van t8c & clitara

U2CZu

Tu phuong trinh ¢o bdn cda bom ly tam Hi. = , ¢6 thé

nhan thdy trong cd 3 trudng hgp ¢é u, nhutt nhau nén H _ chi phu
thude vao ¢,,. Xét sy thay d6i cot 4p H,_ trong cd 3 trudng hop trén.

Khi B, < 90°
Tu tam gidc van toc biéu thi trén Hinh a:

C,, =0, —C,, cotgf, (3.18)
Thay vao phuong trinh ¢d ban (3.11):

2
u; —-u,c,, cot
= 2 3 2gR gB, (3.19)

Khi c,, =u, —c,; cotgPB, =0 tie la:

H

u c
cotgB, = —* hoxc B, = arctg—2%
Cir : u,
thi H_ = 0 nghia 14 bom lam viéc khéng cé cjt 4p.

Vay mudn bom lam viéc tao dugc coét 4p thi cdnh dan cda banh

c
cong tdc phdi c6 B, > B, . = arctg-ﬂ’ do d6 H _ tdng theo ty lé
2 2min u2 Ta
thuan vdi j,.

Khi B, = 90°
Lic nay tam gide van t6c & cla ra la tam gidc vuéng duge biéu
thi trén Hinh b, nén c,, =u,, do dé:

2
_ WG W,

g g

Thudng trong bam ly tAm tri sb cda c, thay d&i rat it tit cda vao
dén cda ra ciia b4anh cong téc, do d6:

H

oo
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Khi d6 ¢ot 4p dong la:

H :Ci_clz:c;_ciR
T¥ Hinh b, ¢ -ci; =ul, nén:
» 2
u
H = = (3.20)
2g
Cét ap tinh la: H,, =H,, -H,,, do dé:
Lo_ulw
Yoot
g 28 2g
H, u
Tacla: Hpy =Hy, =—==-% (3.21)
2 2

Tiép tuc tang B,
Khi g, > 90°
Theo Hinh ¢, ¢, >u,. Khéo sdt trudng hgp c, = 2u,, hic dé:

g g g

Nhuvay H, = H_, va do d6 H_ = 0 tic 1a khéng cd cbt dp
tinh.

oo U2 _ u, (2u,) _ 2]

lo

Néu tiép tuc tang B, thi ¢, > 2u, hic dé H,, > H _ tuc la cot 4p
dong 1n hon cdt 4p toan phan, hay néi cdch khéc ot 4p tinh c6 tri
s& Am.

Trong thuc t&, bom khéng thé lam viéc duge véi H, < 0 vi khi
d6 bom khong c6 kha ning ddy chat 1ong. VAy mudn cho bom lam
viée duge thi gée ra B, cla cdnh dén trong banh cong tdc khéong duge
16n qud mét gid tri gidi han nao 46, tuc la:

BQ < B?max

Véay d€ cho bom lam viée duge thi tri s6 cha géc B, phdi thoa
min diéu kién:

Pomn < B < Bopyy (3.22)

Quan hé gitra cdt dp 1y thuyét cia bom va tri s§ coa géc B, duge
biéu thi trén Hinh 4.12.
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l‘1loc

®He = 21122/g

Hie

I

/ H|mﬁ + Uzz/:!g
L

\ oot

H ot  U2/2 g

E v I B2
Bz = B2mm 90° B2 = BZmax

Hinh 3.12 - Quan hé gilia cft ap ly thuyét clia bom va tri s clia goc B,

Pudng EK chi sy thay déi ¢t 4p toan phan theo phuong trinh:

2 . .
_u; —u,c cot gB,

o = (3.23)
£

Pudng EI chi su thay d6i cda cot dp tinh theo phuong trinh:

H

w2 (c,, cot §
H,, :_2_( 2R gB,) (3.24)
2g 2g

Qua d6 thi ¢6 thé nhin thiy, géc B, cang 16n thi cot dp ly thuyét
cia bom cang 16n, bom cé kha ning truyén cd ning cho chat 1éng
cang nhiéu. Nhung trong ky thuit cdn gidi quyét sao cho co ning
ma bom truyén cho chat 18ng 14 ¢6 lgi nhat, nghia 14 ¢6 hiéu qua cao
nhat va ddp Ung dugc cdc yéu cdu lam viéc khdac nhau vé cot dp

ddng va cot dp tinh. B,, vé nguyén tic, dugc chon theo ydu cau lam
viéc cda bom.

Bom ly tAm lam viéc trong pham vi:
H,_, =(0,7+08H_
H,,6=02+0,3H_

Ung véi B, = 15° + 30°.

Trudng hgp dac biét, B, = 50°.
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Luu fugng va hiéu suat luu lugng

Luu lugng chat 16ng chdy qua bdnh céng tdc cia mdy thiy luc
canh dan néi chung va bom ly tdm néi riéng duge xéc dinh theo
céng thuec:

Q, =c,.tDb ' (3.25)

b — chiéu rong mang din ng véi dudng kinh D clia banh céng
tdc (thudng 1a tai cia ra).

D - dudng kinh D cta bdnh céng tée.
¢ — hinh chiéu vén tdc tuyét déi lén phuong vudng géc vdéi u.

Luu lugng qua bédnh cbng tdc xem nhu luu lugng 1y thuyét Q, cda
bom. Luu lugng thue t&€ Q qua éng ddy nhé hon Q, vi khéng phai tat
cd chit 1dng sau khi ra khdi banh céng t4c déu di vao ong ddy, ma
¢6 mdt phan nhd AQ chiy trd vé clta vao banh céng tdc hoidc ro ri ra
ngoai qua cdc khe hd cia cdc bé phan 16t kin “A” va “B” dugce biéu
thi trén Hinh 3.13.

Vay: Q=Q+4Q

D€ danh gid tén that luu lugng cla bom, c6 thé dung hiéu suit
luu lugng ng

_Q__Q
_Q] _Q+AQ (326)

Ng < 1 - phu thuge vao két cdu va chat lugng lam viée clia cdc bd
phan 16t kin. Thudng d6i vdi bom ly tam:

1 = 0,95 + 0,98
Bom ¢6 luu lugng cang 16n thi n, cang cao.

Q

No

Hinh 3.13 - Luu lugng chét 1dng trong banh cdéng tac
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Pudng dic tinh cia bom ly tam
Céc thong s6 cia bom nhu H, Q, N, n thay d8i theo cde ché d8
lam viéc cia bom véi s6 vong quay n khéng ddi hodc thay déi.

Cdc quan hé H = flQ), N = f{Q), n = f{Q) biéu thi dac tinh lam
viéc cia bom, duge biéu dién dudi dang gidi tich theo phuong trinh
dic tinh, duéi dang d6 thi duge goi 1a dudng ddc tinh cia bom.

Cdc dudng dic tinh ¢ng véi 86 vong quay 1am viéc khong ddi (n =
const) dude goi la duong ddc tinh lam viée, Ung véi nhidu s6 vong
quay (n bién thién) duge goi la dudng ddc tinh téng hop.

Trong 3 dudng dic tinh néu trén, quan trong nhat 1a dusng dic
tinh cot 4p H = RQ), cho biét khd ning lam viéc ctia bom nén duge
goi la duong dgc tinh co ban.

Tit dudng H = Q) ta c6 thé suy ra N = f(Q) va 1 = f(Q).
a- Duong dic tinh ly thuyét

Ti phugng trinh co ban c6 thé xdy dung dudng dic tinh ly thuyét
cda bom ly tdm.

u262u

g

Theo cong thuc (3.11): Hy =
T tam gidc vén tdc § cita ra:
(o3} W2

Car

(0.5) B2 <90

Gy 2
”

~

Hinh 3.14 - Tam giac vantéc dcllara
Trong dé: c,, =u, —c,, cotgpP,

Mt khdc, tir cong thite luu lugng ly thuyét (4.16), cé thé suy ra:
ES ——QI
nD,b,

Thay cac biéu thic trén vio cong thic cot 4p 1y thuyét:

Cr

2 2
_uj—u,cpcotgh, u;  uy.cotgh,

H

g g Dz.bz.g.n'1

loo
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Déi véi bom cho trude, u,, by, D, 12 nhing dai lugng khéng dai,
nén phuong trinh dudng dic tinh co ban ly thuyét cé dang:
H,. =a-b.cotgh,.Q, (3.27)
a, b — la nhitng hing s dugng.
Pudng biéu dién phuong trinh nay dugc goi 1a dudng dic tinh co
ban 1y thuyét. D6 1a dudng khong di qua goc toa d6, cé hé s& géc tuy

thudc vao tri s8 géc ra cha cdnh dan B,. Trong trudng hgp téng qudt

d6i véi may thiy lic, cé6 ba dang dudng dic tinh ly thuyét (Hinh
3.15).

4 B, > 90>~ B

A B, = 90°
/FA, C
B, <90°(Z — )

o
Hinh 3.15 — Budng dac tinh ly thuyét va dudng dac tinh tinh toan

o+ Néu B, < 90°, cotg B, > 0, dudng AD.

e Néu B, = 90°, cotg B, = 0, dudng AC.

¢ N&éu B, > 90°, cotg B, < 0, dugng AB.

b&i véi bom ly tam, B, < 90°, do d6 dutng dac tinh elia bom ly tam la
dudng nghich bién bac nhit AD. Pay la duong dic tinh co ban ly thuyét
clia bom ly tam khi chua xét s& canh dan hitu han va tén that.

e Né&u xét 58 canh dan hitu han, dudng dic tinh trd thanh dudng
ATY, ¢6 dang:

H =¢.H

1 7 lc
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Trong d6 g, < 1 - 14 hé s6 vé s8 c4nh dén hitu han.

Néu xét t6n that luu lugng n, dudng dic tinh tré thanh dudng
AD,. :

Né&u xét cdc loai tén that thiy lue cia dong chat 1dng qua
banh céng tdc, cdc loai tdn that thiy luc nay déu ty 1é véi binh
phuong cda vén tdc¢, ciing 1a binh phuong cia luu lugng, dudng
d4c tinh trd thanh duong cong bac hai AD/:

+ Khi Q = Q,, (Ung véi luu lugng thich hop nhat) thi h cé
gid tri nhé nhat (h » 0): n, = 1.
+ Khi Q > Q,, hotic Q < Q,,,, t6n thdt h_ déu tang.

Néu xét tén that co khi, duong dic tinh dich vé phia tréi va
thdp hon A’DY mot chit, d6 12 dudng A”D” - Day chinh la
dudng dic tinh co bdn tinh todn cia bom ly tam.

b- Budng dic tinh thuc nghiém

Viéc x4y dung dudng dic tinh tinh tedn rat phite tap va khé
khan, bdi vay trong ky thuat thudng x4y dung cdc dudng dic tinh
bing cdc s6 liéu do duge khi khio nghiém trén cdc mdy cy thé — dé
1a dudng dic tinh thuyc nghiém.

1- B& hut

2, 4- Khoa

3- Bom

5- Luu lugng ké
C- Chan khéng ké

) A- Ap k&
ey
3

V4 TP
A
Zh 7z
T

Hinh 3.16 - S0 a8 hé théng thi nghiém bom ly tam

S¢ d6 hé théng thi nghiém bom ly tam bidu thi trén Hinh 3.16.

Mubn xay dung duge cdc dutmg dic tinh thuc nghidm cha bom ly
tAm thi phdi cho bom lam viéc trong hé théng thi nghiém (Hinh

3.16).

Trinh ty ti€n hanh thi nghiém d€ xay dung dudng dic tinh gém

cdc budc:
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Hinh 3.17 - Budng déc tinh thyc nghiém

1. M& khéa 2 & 6ng hit va cho bom lam viéc cho d&n khi s6 vong
quay ca truc bom dat t6i tri s6 y&u cAu, trong khi d6 khéa 4
4 ong day vin déng (Q = 0). T céc tri s8 do duge hic nay 8 dp
k& A va chian khong k& C, suy ra cot ap H ctia bom ¢ ché d5
“khéng tai”

2. M& dan khéa 4 & éng ddy dé tiang luu lugng cia bom cho dén
khi dat téi tri s& cuc dai. Trong qud trinh thay d8i luu lugng,
s& vong quay lam viée khang ddi. Tai mdi vi tri mé cia khoa 4,
sé do dugc cdc sb lidu thi nghiém cda bom va dong co dién dé
tinh luu lugng Q, cot 4p H, va cong suit cha ddng co dién N .

Tai mbi diém lam viée sé& tinh duge cdng suat thiy lue cua bom.
So sanh cong sudt thdy lue va cdng sudt do duge trén truc cia bom
c6 thé suy ra hiéu suat cia bom.

Nhuf vay, tir cac s8 lidu thi nghiém, c6 thé xay dung dudge céc dudng
dic tinh thuc nghiém cia bom ly tam B-Q, N-Q, n-Q. Cdc dugng dac
tinh thuc nghiém cta bom vé hinh dang néi chung ciing tuong tu
dudng dic tinh tinh todn, nhung khéng trang nhau (do ¢6 mot sd
loai tdn th4t ma trong khi tinh todn khong thé ddnh gid hét).

Péi véi bom ly tam, ngoai 3 dudng dic tinh trén con cé dudng biéu
dién quan hé c4t ap chan khéng cho phép vdi luu lugng (H ] = Q).

Pudng dic tinh thuc nghiém ¢6 dang nhu trén Hinh 3.17.

Coéng dung cba dudng dic tinh lam viéc caa bom:

o Cac duong dic tinh H-Q, -Q, N-Q cho phép xde dinh khu vye

lam viée c6 lgi nhdt dng v6i hidu sudt cao nhat [n_, hodéc n =
M = 7%}
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¢ Qua hinh dang cia dudng dic tinh c¢6 thé biét tinh ning lam
viéc clia bom dé sit dung bom mét cach hgp ly.

» Duéng déc tinh [H,,] = flQ) d€ tinh todn 6ng hit va xdc dinh
vi tri dat bom mot cdch hop 1y. :

c- Puong dic tinh téng hop

Mbi dudng dic tinh 1am viéc duge xdy dung vdi mot s6 vong quay
lam viéc khong d8i cha bom. Néu thay ddi tée do 1am viéc (vong/
phit) thi duong d4c tinh lam viéc cling thay ddi theo. D€ biét nhanh
su thay ddi cdc thong sé Q, H, N, n cia bom khi n thay d4i, cadn x4y
dung duong dic tinh téng hop.

J{Lfm) 3
& ' Sy v ./
N H—-—r]-l-,zqzs-—-o-{\‘l & T 1042 N 5’
el - 5 ~ 40 Lz L)
Il B o | ?
»
= _ e Nl
L] e N r‘
P3P
] L a1y A
e s ' {,5 b &
P T
i ,-f, i
5 f-’.’f e ok
[ m A
B
O g =t
o '
o 10 20 qli/e)
G @ W @ & Gmig

Hinh 3.18 - Budng déc tinh t8ng hgp clia bom

Pudng dic tinh téng hgp clia bom 1a dudng biéu dién cdc quan hé
Q-H, N-H véi céc sé vong quay lam viée khdce nhau, trén d6 cdc diém
lam viéc cung hiéu sudt duge néi véi nhau thanh nhitng duong cong
goi la duong cung hiéu sudt (duong ddng hiéu sudt).

Ung dung déng dang trong bom ly tam

Khi s6 vdong quay lam viéc n cia bom thay déi, cdc théng s6 lam
viée khdc cia bom ciing thay d6i theo. _

Thuc nghiém ching té rdng, khi bom ly tdm véi s6 vong quay
thay déi it (dudi 50% so véi s6 vong quay dinh mic) thi hiéu suat
clia bom thay déi tuong déi it, c6 thé xem nhu khong ddi n = const.
Mit khédc cdc tam gide van téc déu ty 1é véi s6 vong quay, nén céc
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tam gidc van téc 38 déng dang vdi nhau. Do d6 cdc ché do lam viéc
khéc nhau cda bom trong trudng hdp nay xem nhu cdc truéng hgp
tuong tu. .
Theo 1y thuyét vé tuong tuy, hai ch& 46 1lam viéc goi 12 tuong tu
nhau khi chiing thod méin 3 diéu kién tuong tu:
Xét mdt mdy méd hinh va mot mdy nguyén hinh, ky hiédu: chi sé
M - mé hinh, N - nguyén hinh.
1. Tiéu chudn tuong ty hinh hoc:
D b
M =M =...=), =const
D, b,
2. Tiéu chudn tuong tu dong hoc:

Uy Cy Wy

=——=—"=...= ), =const
_ Uy O Wy
3. Tiéu chuén tuong tu déng luc:
P F
M =M. =, =const
Py K

Cé thé van dung cdc quan hé tuong ty niy d€ tim méi quan hé
gitta Q, H, N theo s§ vdng quay n.

Goi H,, Q, N,, 1a cdt ap, luu lugng, va cdng suét ing véi s§ vong
quay n,;

H, Q, N la cot ép,‘luu lugng, va céng suit Ung vé6i s6 vong
quay n,.

a - Phuong trinh dong dang luu lugng

Phuong trinh luu lugng cGia bom ly tam:
Q=cy. DD

Theo k&t ciu cia banh cong téc, b ty 1& vai D, nén cé thé viét:
b =k,.D

k, — hé s6 ty 1é

C, ciing ty 18 véi van tc u, nén: -
n
Ck =@0u=¢-—-D:n
. .R P P 60

o -hé s6tyld
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Thay vao biéu thude ciz Q:

2 kN Q nl
¢k, -——.n h =—.0-k, =0-k
Q=9¢-k, 50 ay 35 T 0K Te
Khi ¢é tuong tu hinh hoc thi k = const, ¢é tuong ty déng hoc thi
¢ = const, do dé:

3
Q QM DM 431
= const : =l -
D’ .n | hay Q, Dy, nyg

Dy
D

=\, - 12 tiéu chudn tuong ty hinh hoc

N

S ]
Lic dé: Q: 2(7“)3'}% (3.28)

Khi tinh cho cdc ch€ d6 lam viée cda cang myt bom thi A, =1,
phuong trinh cé dang:

Qu _Mw

2
Q. n, . (3.29)
b- Phuong trinh déng dang cét ip
Tl phuong trinh ¢o ban cda bom ly tdm:

u,c 1 ¢ 1Y c
Hlsz_A:_'ug' 2u =—[-—6—-0~] DZnZA

g g u, g U,
h R _ l[—n-]z £ o const
ay: D’n* gl60) u,
u c
vi {-ﬁ =M _const=> M = O _ ongr e S o const}
U, Cy u,, Uy u,
Nhu viy:
q D 2 2, 2
o) n n
M) MM =t M (3.30)
H o Dy Ny 0y
H 2
. oM _ | Ny
Khi A, = 1 Ho [nN J (3.31)
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c- Phuong trinh déng dang céng suat
T cong thie: N = yQH,_

Ny

Viy: N
N

5
= Ym Qu By =ZAEDM\ [“_M
Yn Qn Hiy

¥n \ Dy

/

Khi véi ciing mat chit 16ng lam viéc:

3
Ny, s | Ny
=7 . —=
N, L [HNJ (3.32)
N ’
) M _ | Dum
Khi =1 N, [nN ] (3.33)

Trong thuc t&, ngoai s6 vong quay lam viéc thay d8i con cé thé
gap trudng hgp trong lugng riéng y cha chit 186ng thay déi, dudng
kinh ngoai D cta bdnh cong tdc thay d6i. D€ ddp ung yéu cau su
dung, khi cdn gidm cot 4p va tdng luu lugng so véi dinh muc, c6 thé
gidm bét dudng kinh D (chi trong pham vi 10%), va hiéu suit cha
bom coi nhu khang d8i. C6 thé xem cdc ch& d§ lam viée cda bom
trong trudng hgp nay la cdc ch& d6 lam vide tuong tu.

Gol Ql’ Hl’ N1 - 1é ].Ln.l llIGng, Cét ép, Vé cﬁng Sué’t L’rng vdl D,, yl va

n
1
Q,, H,, N, — 1a luu lugng, cbt dp, va cdng suat tng véi D”, \yQ va
n,.
Quan hé tugng tu cia bom ly tdm duge néu trong bang sau:
Céc thong Khi y Khin Khi D Khiy,n, D
sb thay adi thay déi thay déi thay d8i
3 3
Luu lugn _n D" n, (D"
Q 9 Q2 :Q| Qz = n_TQ' Q3 = [B'_] Q. Q,= H_T[H] Qx
3 5 LR
Cétdp H, :Y_qu H, _(n_2 H, | H,= D— H, H, o (D_] H,
H Y2 L0, S D y,\n, J\D
Cong sust ¥ n, Y DY’ n, V(DY
1 oo (o w2l
N 1 ny Yo\ D
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Sé vong quay dic trung

D& dic trung cho mot hé théng, thudng dung mdt mdy mau
tugng trung (may méd hinh). Quy dinh cGa mdy bom mé hinh ¢6 cac
théong s sau:

H, = 1 m cbt chat 1éng
Q = 0,075 m¥/s
N, = 0,736 kW (tuong duong 1 ma luc)
' Mg — hiéu sudt c¢6 lgi nhat
- n, — s6 vong quay dac trung, v/ph.

Moi mdy thiy hte duge ché tao déu phai tuong tu v4i may md
hinh cung hé thdéng, cdc théng s8 lam viéc cia mdy d6 va cia mdy
md hinh quan hé vdi nhau theo luat tuong ty:

& _py

n

Q

Hg 2 | Dg ’

S 2| 28

H L[n] (2)

Ng n Y
S =) ==
N L[n] 3)

Két hgp cong thue (1) va (2), rit A, va cho bing nhay, thu duge
cong thuc:

36500
ng = ———3/— (334)
H 4
n — 88 vdng quay, v/ph
Q - luu lugng, m¥/s
H — cot 4p, m
K&t hgp cong thie (2) va (3), rit A tuong tu nhu trén, thu duge
cong thuc:

1167.0N"
Ny = — (3.35)
H 4

N — c6ng suit, kW
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Néu n tinh theo ma luec:

n.N%
= W (3.36)

Mudn biét mdy thidy luc cdnh din thudc hé théng cia msy méd
hinh tuong dng, cidn ding s& vdng quay dic trung ng tinh theo cdc
cong thic néu trén dé€ phén biét, nén n, duge goi la sé vong quay
ddc trung.

Dy

D
Vi du:ng = 40 + 80 v/ph — bom ly tam ty téc cham '52* =35
D
n, = 140 + 300 v/ph ~ bom ly tdm ty t6c nhanh Bf =13+1]1
' D
ng = 600 + 1800 v/ph — bom huéng tryc 1~ =08+ 06

Hién tugng xam thyc

Ap suidt dong chat 16ng chdy qua bom luén luén thay ddi va
khong bing nhau trong timg diém riéng ré trén mit cdt clia dong
chay.

Trong nhilng bom thong thudng, 4p suft nhé nh&t la & gan clra
vao cta banh cong tdc & phia 16m ciia cAnh dén, tite 12 & vi tri van tac
tuong dsi W va déng ning tuong dng W¥2 dat dugc gid tri 16n nhat
(viing A trén Hinh 3.19).

1
!
E
Hinh 3.19 - Ving xay ra xam thyc

Néu & viing A 4p suft bing ho#c nhé hon 4p suét hoi bao hoa cta
chit 16ng trong bom, thi s&-xudt hién hién tugng xAm thue. Hién
tugng nay s& lan rong ra cdc ving lan cédn clia dong chdy.
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Ngoai sy hdy hoai kim loai, hién tugng xam thue con ¢é téce hai la
khi may 1am viée khi c6 xAm thuc, hidu suit s& gidm mot cdch ré rét.

Bom lam viéc khi ¢6 xAm thuc rat 6n, rung manh, va khi cudng
d6 xam thuc 1én cao sé xuat hién su va d4p rat c¢é hai cho bom.

Bién phap khac phuc

Han ché& van téc chit long trong dong chdy cda bom.

Ung dung hinh ding t5i uu cho dong chdy va cho mit cdt cia

banh cong tac.
St dung bom & ché& d6 gAn véi ché d6 da tinh todn trudc.

Mot bién phdp quan trong chéng x4m thyc cho bom b4t ky 1a
cin c6 d6 cao hit thich hgp, tai d6 khong x3y ra x4m thuc,
duge goi 1a 4% cao hiit cho phép (da tinh todn & phin bom
canh din).

Kiém tra bom

1.

2.

oo

o

Chon bom ding yéu cau k§ thuit, dua vao dudng dic tinh cha
bom, trong dé dic biét chd y dudng d4c tinh co ban (H-Q).

Céc thi&t bi va déng hé do 4p suit, do chan khéng, do dién
cdn c6 day di. Can 1{p van mot chiéu & 6ng hiit va dng ddy dé
dé& dang khi moéi va khdi dong bom.

Trude khi cho bom lam viéc phai mbi bom

Trudc khi bom khéi déng phai kiém tra ddu mé trong bom va
déng cd, cdc méi ghép buldng, hé théng dién.

Khi khéi dong bom, cho déng ¢o quay én dinh réi mdi tut tir
mé khéa ¢ 6ng ddy (nhung véi bom 4p suit thap thi nguge lai,
md khéa & 6ng ddy rdi méi khdi dong; néu khéng, dong cd khé
khdi dong va dé bi qud tai).

Khi bom lam viée, cin theo ddi dong hd do, chid y nghe tiéng
may d€ kip thoi phat hién nhitng bat thudng va xa ly.

. Khi chuén b t4t mdy, lam thd ty dong téc nguge véi khi cho

méy chay: déng van § dng d4y trudc, tit mdy sau.

Khi bom 1am viéc, chat 16ng khéng 1én ho#c 1én it, ¢An ding
mdy va kiém tra lai:

o Cdc van ho#c khéa d dng d4y va dng hiit.

e Ludi ch&n réc bi 14p kin, ho#c miéng éng hit khéng & ding
dd sau cin thiét cach mit thodng ctia bé hiit.

¢ Binh cdng tdc quay nguge (bom dién c¢6 thé bi dau day
ngudgc pha).
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Piéu chinh ché dé lam viéc ctia bom

Biém lam viéec cda bom la giao diém cia hai dudng dic tinh cda
bam va clia hé théng trong cing mét hé toa dd.

H1 H-Q

Ha

Hs-Q

ov

Hinh 3.20 — Biém lam viéc

Qud trinh thay ddi diém lam viéc cta bom theo yéu cdu dude goi
12 qud trinh diéu chinh.

Cé hai phuang phdp diéu chinh:
a- Piéu chinh bing khéa

Piéu chinh bing khéa tao nén sy thay d8i duong dic tinh ludi
bing cach diéu chinh (déng ho#ic md) khéa ¢ ong ddy dé thay dé&i luu
luong cia hé thong (khéng diéu chinh & dng hit vi dé giy ra hién
tugng xam thuc).

o Khi mé khéa hoan toan, sé& cé diém lam viéc A (H,, Q,).

) H; - Q (CB)
He S H-QE
Hp
Ha =

Hp-Q

L
.
1
1
1
1
1
]
)
]
)
[

Qs Qa Q
Hinh 3.21 - Diéu chinh b&ng khéa
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e Khi déng bét khéa lai thi tén that khod sé ting lén (£, = £,),
luu lugng cda hé théng gidm, nghia 1a dudng dic tinh ludi sé
thay d8i déc hon, trong khi d&c tinh bom khéng d6i. Do d6
di€ém lam viéc t& A chuyén dén B (H, Q,).

Phuong phédp nay don gidn, thuin tién nhung khong kinh t& vi
giy thém tén that.

b- Piéu chinh bang thay d6i sé6 vong quay ctia truc bom

Néi dung ctia phuong phdp nay 1a thay d&i dudng dic tinh riéng
cda bom bing cdch thay d8i s& vong quay cta truc bom.

Hy H-Q

Hp

Ha

He ““Hy - Q (s >np)

i “He-Q(m)
" ‘HB~Q(PC<HA)
Qc Qa Qe Q

Hinh 3.22 - Diéu chinh bing thay ddi s& vong quay

Piém 1am viée A(H,,Q,) dng véi s6 vong quay lam viée n,. Khi
ting s§ vong quay dén n, > n, thi dudng dic tinh cia bom sé thay
ddi, trong khi d6 dudng dic tinh ludi khong thay ddi, diém lam viéc
tir A chuyén dén B (H, Q).

Phuong phdp nay dung cho bom cé thiét bi thay d8i s6 vong
quay. Phuong phép nay kinh t& hon so véi phuong phép trén. Nhung
dsi véi bom khéng cé thiét bi thay déi s6 vong quay lam viéc thi
phuong phdp trén thong dung hon.

Dbi khi cé thé két hgp cd hai phuong phép trén.
c- Khu vuc diéu chinh

D& diéu chinh bom can thay d6i dudng die tinh lu6i hosc thay
d6i dudng dic tinh bom. Nhung thuc t& khéng phai ¢ th& diéu
chinh diém lam viéc vé bat c diém ndo trén dudng dac tinh cda
bom.

Vi du: Trén Hinh 3.23 biéu thi Lom lam viée trong hé thong véi
cdc dudng dic tinh dd néu, trong 46, dudng dic tinh cle hom ¢6
dang 16i. T 12 diém gidi han, chia dudng d4c tinh ra lam ha’ ...u vye:

59



Piém g/han .

H4 K/vuc Kivuc H-Q
kgéng 6D e
D L4

O1L

Hinh 3.23 - Khu vyc¢ diéu chinh

bén phai diém T la khu vuc lam viéc 8n dinh, con bén trii diém T
tuy theo vi tri cha dudng dic tinh ludi, bam c6 thé 1am viéc khéng
én dinh goi 1a khu vie lam viéc khéng én dinh cia bom.

Thuc nghiém ching té ring:
¢ Khéng thé diéu chinh bom trong khu vyc khéng 6n dinh.

o Khi khéi dong bom, cdn ha thdp H , d€ diém lam viéc cta
bom khéng roi vao khu vyc khéng dn dinh.

D6i v6i cdc bom quan trong nhu bom cao &p cdp nuée cho ndi hai
(nha m4iy nhiét dién), yéu cfu vé dudng d4c tinh cta bom 12 khong
¢6 ving 1am viéc khéng dn dinh, tic 13 dudng dic tinh c6 dang déc
dimg ho#c thodi.

Vi tri cia diém gi6i han T phuy thude vao gée B,. Géc B, cang nho
thi khu vuc lam viée khéng én dinh cang nhd.

Ghép bom ly tdm

Cé hai cdch ghép bom: ghép song song va ghép néi tiép.

Ghép song song: (khi hé théng cé yéu cdu luu luong 16n hon luu
lugng cha mét bom)

DPiéu kién d& cdc bom ghép ¢6 thé lam viéce duge 1a:
e Cdc bom phdi lam viéc vdi cing cft dp: H = H, = .. = H,

o D& xdc dinh luu lugng ciia bom ghép song song 1am viéc trong
mot hé théng, cAn xiy dung dudng dic tinh chung cia céc
bom ghép (H-Q,) va biét dudng dic tinh luéi (H, ,-Q).
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Pudng dic tinh chung cda cic bom ghép song song (H- QC) trong
hé théng duge xay dung bing cidch cong cde luu lugng véi cing méot
cot 4p (cong cde hoanh df trén cing tung d4).

Vi du: Khéo sdt hai bom ¢6 dudng ddc tinh khdc nhau: (H,-Q) va
(H,-Q) ghép song song, c6 thé thdy vdi moi cét 4p H > H, trong hé
thong chi ¢6 bom 2 lam viéc. Khi H = H_ c4 hai bom déu cing lam
viéc nhung luu lugng clia hé théng chi bing luu lugng cta bam 2 \mg
véi diém B (Q, = Q,) (Hinh 3.24)

H-Q

Hc-Q

O
<

o

)
|o

Hp

e i —

Q& N
Qc<QitQ; 7

g
Y. R

/\1\/

Q
Hinh 3.24 - Ghép song song

C 1a diém 1am viéc cha cdc bom ghép trong hé théng. Khi dé
bom 1 1am viée véi Qf, bom 2 lam viée véi Qf. Vay: téng luu luong

cda hai bom ghép song song trong hé théng nhd hon tdng luu lugng
cda hai bom dé khi 1dm viéc riéng ré trong cing hé théng.

Q¢ =Q|C+Q§ <Q,+Q,

(vi hé théng lam viéc vSi nhiéu bom ghép song song cé cot dp
16n hon do luu lugng trong hé théng tang lén so véi khi timg bom
riéng ré lam viéc trong hé thang).

Nhan xét.

¢ Diéu chinh hé théng c6 cdc bom ghép song song tuong déi phitc:
* tap khi cdc bom ghép c6 dudng dac tinh khdc nhau nhiéu Do |
vay can ghép cdc bom c¢é duding dic tinh gan gidng nhau. '

¢ Ghép bom song song ¢6 hiéu qué lén khi dudng dic tinh cia
ching thodi (¢6 d4 d&c nhd) va dudng d4c tinh cda ludi khong
déc 1dm, do d6 nén ng dung ghép song song trong cdc hg

théng bom can ¢6 cot 4p thay déi it, nhung luu lugng thay déi
nhiéu.
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o S48 lugng bom ghép song song dé tang luu lugng cé gidi han
nhat dinh, duge xdc dinh béi dudng dic tinh chung va dudng
dic tinh lu6i.

Ghép néi tiép: (khi hé théng cé yéu ciu cdt 4p 16n hon cot dp cda
mot bom)

\V/ A‘H‘

Vo) /

Hinh 3.25 — Ghép néi tiép

Piéu kién ghép noi tiép:
o Cac bom ghép phai lam viéc véi luu lugng nhu nhau:
e (ot 4p lam viéc khi Q = const:
H.=H +H,+-+H
¢ Dudng dic tinh chung cua cdc bom ghép (H, - Q) duge xay

dung bang cdch coéng cdc cdt 4p cda riéng timg bom véi cing
mot luu lugng (cdng cdc tung dé trén cung mat hoanh 44)

Khao s4t hai bom 1, 2 c6 dugng d4c tinh khdc nhau ghép néi tiép
lam viéc trong mot hé thong.

Piém A (giao diém clia dugng dic tinh chung va dudng dic tinh
ludi) 1a diém 1am viéc cha cdc bom ghép trong hé thong, xdc dinh luu
lugng Q va cdt 4p H cda hai bem ghép.

Khi ghép néi tiép nén chon bom va hé théng c¢6 dudng dic tinh
déc nhiéu méi cé hidu qua cao, vi khi thay d6i luu lugng it da ting
duge cot 4p theo yéu cau.

Chi y: Khi ghép hai bom 1 va 2 néi ti&€p lién nhau ¢4n chi y bom
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2 phéi lam viéc vdi dp sudt cao han bom 1, vi vay néu khong dd suc
bén bam sé bi hong. Do dé phdi chon moét diém trén dudng éng diy
cia bom 1 sao cho dp suit khéng gay nguy h1em cho bom 2 trong
mach ghép.

Luc doc tryc trong bom iy tam -
cach khac phuc luc doc tryc

Khi bom lam viée, banh cong tdc cia bom chiu tdc dung cta cac
dp lue theo hudng truc, cAn khdo sdt cdc luc nay.

P2 P2
F I\ /I E
r < ~
1 \ 7 {
r < L ;
: X 7 -
{ \ : // ) M
L 4 ‘ P 1
D T 1 < / H
- / 1
R, +— '
> / !
\ 4
P| \ 4 2 PII
AN,
T

Hinh 3.26 - Lyc doc truc trong bom ly tdm

Khi bom lam viéc, chat 10ng & clta hiit A chuyén dong theo phuong
song song vdi truc vao banh cong tde dudi dp sudt khd nhé p,. Sau
khi vao banh cong tdc, dong chat 1éng ngodt 90° va trd thanh thing
géc vdi truc. Ap sudt chat 16ng ting din dén tri s& P, d clfa ra, p <<
p,. Dudi tdc dung cda p,, mét phan chat 16ng ro ri qua cdc khe hé
gitta banh coéng tdc va than bom B va C. Néu bd qua su quay cia chit
16ng trong khe hd B va C thi c6 thé xem gin ddng 4p suat trong cac
khe dé biing p,. Do dé dp luc huéng truc tdc dung lén dia sau cha
banh cong tdc huéng vé phia trdi la:

P, = pz.'xt.(Rz2 —rz)
Va 4p e hudng truc tdc dung 1én dia trudc banh cong tdc, hudng
vé bén phai la: .
P,= pz.rc.(R2 ~R3)+p, .n.(R2 - r2)

Vi P, >>p, = P, >> P . Do d6 4p luc doc truc ¢é xu hudng ddy
banh céng tac vé phla nguoo véi huéng chuyén déng cha chét léng
vao banh cong tdc.

63



P =P, - Pph = n-(Pz -b )(Rf _rz)
Hojc: P, =myH (R?-r?)

Trong thuc té&, do su quay cta chit 1éng theo cédc dia clia bdnh
cong tdc trong cdc khe hd B vad C nén 4p suit trong cdc khe gidm
dan tir ngoai vao trong (tir R, - R) theo cde dudng parabol.

Ngoai P, ra, con c6 luc hudng truc P, tdc dung 1én bdnh cong tic
theo huéng cia dong chdy (nguge véi P), P xuAt hién do chit 16ng
thay d8i phuong chuyén déng & cita vao cGa bdnh céng tdc (tit hudng
truc sang huéng kinh), cé thé tinh theo dinh luat déng lugng:

P, =mC, =&.C
g

o

1.Q,
g

m — khéi lugng chat 16ng chuyén dong qua banh cong tde, M =
C, — vin t3c chit 1ong & cira hit eda banh céng téc.
Viy dp luc tdng cong d4p dung trén mot banh céng tdc cha bom
la:
P=P -P,

DP&i véi bom nhiéu cdp cé s& banh cong tdc 13 i thi tdng dp lue
hudéng truc la:

A=iP
Néu-roto cha bom b tri thdng ding (bom truc ding) thi cong

thiec tinh téng 4p luc hudng truc A § trén cdn b8 sung thém thanh
phan trong lugng cia roto G:

A=i1PxG
DAu + hodc - tiy thude sy bd tri cdc clra vao va ra clia bom, gay
nén céc ap lye huéng truc cing hay nguoc chiéu véi trong lugng G cha
roto. .
Tac hai cla lyc hudng truc

Luc hudng truc trong bom lam mon cdc § chin tao nén su sai léch
cdc khe hd trong bam va 1am cho roto co vao thin bom khi lam viée
giy danh hudng xau dén hiéu suét va lam hdng bom.

Cach khic phuc
1. Dé&i vdi bom c6 mot banh cong tdc:

¢ Ding bédnh cong tdc c6 hai cia hit.
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Hinh 3.27 — Banh ¢éng tac hai Hinh 3.28 - C4u tao vanh 16t kin
miéng hat thu hai gidia thAn bom va dia sau

e (Cau tao vanh 16t kin thd hai chia khe hé gitta than bom va
dia sau cda banh céng tac thanh hai phan. Phan trén théng

véi clra ddy c6 4p sudt p=p,, phan duéi thong véi cta hat
biing cic 16 khoan trén dia sau banh céng tdc. Nhuge diém
cia phuong phép nay 1a lam gidm hiéu suit luu lugng 0, .
2. }j()'i véi bom cé nhiéu banh cong téc:
e Bo tri b4nh cong tdc thanh cdc cip d6i xing nhau.
e Dung piston cAn bang.
e Dung dia can bing. ’

e Chon bom theo diéu kién cho trudc.

(
BCT1 ) “: Cocr2 Tcnr- BCT3\1 2 >
= s '
' Tt _
{ i ™N 65—
| A B £
-_En
IS 4N 3 §
3 N 3|g
. e > » "\ )
Cépr Cip X Cép 1 Caplv Y ey 0 2.
‘ 2N N
Hinh 3.29 - B6 tri banh céng tac thanh cac = -
cap déi xung Hinh 3.30 — Bja can bang
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Hinh 3.31 - Chon bom theo luu lugng va ¢6t ap cho trudc
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BOM HUONG TRUC

Cau tao va pham vi st dung

a- Pham vi sir dung

Bom huéng truc cé6 pham vi st dung rit réng rai khi can luu
lugng 16n va cot ap thap, cu thé:

e Luulugng: Q =0,1 + 25 m¥s

e Cotap: H=4+10 mH,0

Pic biét ¢6 khi H = 22 m.

b- Cau tao va nguyén ly

Két cdu cia bom huéng truc don gidn va chdc chin, gém phan
dong va phan tinh.

Phan quay (phan dong) gdm bénh cong tac gin lién véi truc. Banh
cong tdc hinh khéi tru cé gin cdc cdnh din méit cong phéin bs déu
xung quanh. Sé canh dan thong dung ctia banh cong téc 1a 3 + 6 canh.

: —1 1.B6 phan dan hudng vao
2.Than bom
3.Banh cong tac

T 4 Mt chat léng
Q / 5.Truc bam
§
P
| 2
4
=7 [ ==
i -3 7

Hinh 3.32 - So d6 két cdu bom hudng truc
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Phan ditng yén (phin tinh) 14 vé bom cé dang hinh tru réng, phia
trong c6 cac cdnh dan huéng va bd phan 48 truc. Phia trén bo phan
dan huéng than bom udn cong d€ tién bé tri cdc bé phan dan déng
truc bom.

Tryc cha bom hudng truc thudng duge néi truc tiép véi dong co
dién. Khi bom 1am viéc, banh céng tdc quay trong moéi trudng chat
16ng va do c6 cdc canh didn mat cong dang cdng xo6n (cong theo
khéng gian 3 chiéu) nén chat 16ng duge hit vao bom va di chuyén
theo phuong song song véi truc véi luu lugng 16n.

Phuadng trinh lam viéc

Tuong tu nhu bom ly tam, cé thé vé tam giac van téc & clta vao va
ra cia banh cong tdc bom huéng truc theo Hinh 3.33. Trong d6 u, =

U, = U Cp = Cyppe

Wi C2 Wy A
Ci =Cir C2R
Ly o 2
’ P V

& 020 b
~ - —
P m=u=u
.~ Ve

Hinh 3.33 - Tam giac van téc

Phuong trinh co ban d6i véi bom cdnh dén téng quit:

u,c, —u,c

H, =————— (3.37)
g

Ap dung cho bom huéng truc:
|.ll = U2 =u

¢,, = 0 (vi § clta vao banh cdng tdc, dong chit 16ng chua cé
chuyén déng quay).

Vay phuong trinh co bédn dp dung cho bom hudéng truc la:

ue,,
H,, =—* (3.38)
g

wi-wl ¢l-¢;
Hoic:  H,=——7+-"— (3.39)
2¢g 2g
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Hai phuong trinh (3.37) va (3.38) 13 cdc phuong trinh cd ban cia
bom hudng truc. Cot 4p cua bom hudng truc tao nén do su chénh
léch vé tri s cha cdc thanh phan van téc tuong d8i va tuyét dsi &
cdc cla ra va vao cua bdnh cong tac.

So sdnh phuong trinh lam viéc cia bom ly tdm va bom hudng

truc, c6 thé thay cft dp cha bom huéng truc khong ¢6 thanh phan
2 2
u; -1
e ly tam — 28 ~  du thanh phin nay déi véi bom ly tdm rat quan

trong, vi 1a thanh phén chii y&u d€ tao nén cot 4p ciia bom.

Cot 4p thue t& cia bom hudng truc:
) (3.40)
Ki 2

K, = 0,0244_;1;4 - hé s§ cdt dp thuc t&
n, — s6 vong quay d#c trung, v/ph.

Hinh dang canh

.

Do tinh chAt néu trén, bom huéng truc cé cdc dic diém sau:

e Cdt 4p cha bam hudng truc khong thé 16n bing cot 4p cia bom
ly tam.

e Cot ap tinh cda bom hudng truc chi do dé6 md rong cdc mang

dan cia banh cong tac tao nén (w, > w,).
W/ —W;

2g

Do vay cic mang dén cda banh cdng tdc phai c6 40 md rong
dd dé€ tao nén cot 4p tinh can thiét cho bom (w, >> w,). Diéu
nay giy nén cdc ton that phu, vi Ic qudn tinh ctia dong chiy
qua mang din c6 van téc thay ddi 16n. P& gidm tdn that phu
thém nay, cdc mang din cha bom huéng truc cdn duge gia
cong chinh xdc va c¢é 4 nhin bé mit cao (V5 + V7).

e Tu phuong trinh (3.38), d& dong chat 16ng qua bdnh coéng tac
cha bom huéng truc dugc can bing én dinh, cdnh din phéi c6
két ciu sao cho cot dp clia mdi ddong nguyén té chat 1éng duge
tao nén bdi cdnh din 8 moi vi tri phai nhu nhau, nghia la:

Hlm( =

(3.41)

u.c
H,=—2"=const véi moi bdn kinh R (3.42)
g
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Do dé, u.c,, =const (3.43)

Néu u ting din t trong ra ngoai thi c,, cliing phai gidm dan tir
trong ra ngoai theo hudng kinh cida bdnh cong téc.

T tam gidc van téc:
€y =U—Cg cOtgP,

u=cg cotgph,

Suy ra c,, =CgplcotgP, —cotgB,) (3.44)
Thay phuong trinh (3.44) vao phuong trinh (3.38):

u
H, = 5 C (cotgB, —cotgB, ) (3.45)
T.n.¢c
Hodc H, = 30gR ‘R(cot gB, ~cotgB, ) (3.46)

T.N.C
Trong d6 30gR =const (451 véi bom cy thé, n = const, ¢, =

const).

Hinh 3.34 - Ti&t dién mat cit cdnh dan
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T biéu thuc (3.46):

1. Bdnh cong tdc cha bom hudng truc chi tao duge cot ap khi canh
din c6 cdc gée ra 16n hon gée vao ( B, > B,), mit canh dan
khéng thé 14 mat phdng ma phai 14 mit cong. Tri s6 cla B, va
B, cang chénh léch thi d6 cong cda canh din cang ldn.

2. Né&u hai bom lam viéc c¢é c¢ot 4p nhu nhau, bam nao ¢6 s8 vong
quay lam viéc it hon thi c4nh din chia banh cong tdc cda bom
d6 phai ¢6 46 cong 16n hon.

3. Diéu kién cha phuong trinh (3.43) duge ddm bao khi:
R{cotgB, —cotgB, )= const

Do d6 céc cép tri s& (8,, B,) khong ¢d dinh, ching phéi thay déi
theo ban kinh R, nghia 14 d6 cong cdnh din khéng déng déu & moi
ndi, ma phia trong sit bau d6 cong cdnh din sé 16n nhat va gidm
dAn tir trong ra ngoai theo huéng kinh. P§ cong cdnh din nhé nhat
iing v4i bdn kinh 16n nhat. Vi dé cong thay d6i nhu vdy nén mat
canh dan 1a mat cong theo 3 chidu khéng gian, titc dang xodn vé dé.

Puéng dac tinh

- Pudng dic tinh thuc nghiém cia bom hudng true ¢é6 nhing nét
khéc véi bom ly tadm.

Trén Hinh 3.35 thé€ hién dudng dic tinh 1adm viéc cda bom hudng
truc c6 canh din ¢§ dinh véi s6 vong quay khong déi.

Trong cdc bom hudng truc ¢d 1dn thudng gip trudong hgp cdnh
d&n cta bdnh c¢éng tdc cé thé thay ddi géc xoén bing cdc co clu co
khi bo tri bén trong bau banh cong tic d&€ diéu chinh luu lugng bom.
Banh cong tdc nhu vay goi 12 banh ¢dng tac ¢6 canh din diéu chinh
dugc. Dol véi loai bom nay, dudng dic tinh lam viéc duge x4y dung
véi cdc géc canh din khdc nhau.

“ ) .
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Hinh 3.35 - Budng déc tinh thyc nghiém

71



So sanh dudng dac tinh lam viée cda bom hudng truc véi bom ly
tAm c6 thé thiy cdc diém khéc nhau:

1.

Pudng dac tinh H — Q ¢6 do déc 16n hon, nhat 1a 6 2 dau. O
khodng giita c6 thé c¢6 diém udén hodc diém giay. Cot 4p cang
tang khi luu lugng cang gidm va 16n nhit khi déng khéa hoan
toan trén ong ddy (Q =0), H  =H__,.

Puong dic tinh N — Q ciing ¢6 hinh dang tuong tuy nhu H — Q.
Khi Q =0thi N=N__ . Céng suit N . c6 thé vugt tir 1,5 + 2
l1an cong suat lam v1ec bmh thuong ctia bom.

Pudng dic tinh H — Q va N — Q ¢6 hai dic diém néi trén
vi khi luu lugng trong bdanh céng tdc nhd thi xudt hién dong
chdy huéng kinh ti trong ra ngoai tao nén dong xody vong &
buéng chita banh céng tdc, dong xody nay c6 cudng do 16n
nhét khi Q = 0. Do 4nh hudng cGa dong xody ma cdt 4p va
cdng sudt tang khi luu lugng gidm.

Pham vi lam viéc t8i uu cia bom hudng truc tuong déi hep.
Néu bom lam viec vdi luu lugng khédc luu lugng dinh mude
khong nhiéu 1&m vé ca hai phia (16n hon ho3c nhé hon) th1
hiéu suadt bom déu gidm rat nhiéu.

Pudng dic tinh téng hop cia bom huéng truc thé hién trén Hinh

3.36.
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Piéu chinh ché€ do lam viéc

Do cdc didc diém néu trén cha dudng dac tinh cha bom hudng
truc, khong nén déng khéa & dng ddy va khong nén diéu chinh bom
bing khod. Trong bom huéng truc nén ding cdc bién phdp diéu
chinh khic d& bom c6 thé lam viée vdi hiéu suat tuong ddi cao.

Théong thuong c6 thé 4p dung cdc phuong phdp diéu chinh bom
huéng truc sau:

1. Diéu chinh s8 vdng quay lam viéc clia bom, khi ¢6 kha ning
thay dai duge s6 vong quay lam viéc ctia dong co.

2. Dung khdp néi thay luc cho phép thay déi s6 vong quay lam
viéc cla bom trong khi s vong quay cia déng co van khong dai.

Van hanh va ldp rdp bom hudng truc ciing tuong tu nhu dsi véi
bom ly tdm.
BAITAP

Bai -1

Bénh ¢ong tdc bom ly tdm cé cdc kich thude chinh: 2R = 100mm;
2R, = 250 mm; b, = 556 mm; b, = 23,7 mm. Luu lugng Q = 72,5 I/s; n =
. 1450 v/ph.

Hinh 3.37

X4ay dung tam gidc van téc 6 cda ra va cita vao cia day cdnh cho
dong nguyén td trung binh. Biét cdc géc dit cdnh B, = 32 B, = 23°.

Tinh cdc van tdc thanh phan ¢ ; ¢, va cdc géc a; a,.
© 2u 1 2
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Giai
Dé xdy dung tam gidc vin tdc, cAn xac dinh cdc van téc thanh

phén:

+ Van téc kinh tuyén: ¢, =—

]
C1R:g: Q = 72,5.10 = 4, m/s
F, 2nRb, 10,.0,055
. 3
Cyn = g_ _ Q _ 72,5.10 —39m/s
F, 2nR,b, m.0,250,0237
+ Vin téc vong: u =R
U =R, = MR =404 05 9 6mis
30
g, —oR, = TAR, =450 005 1om/s
30
Tu cdc thong s6 ¢, u, B, va ¢y, u,, B, xay dung cdc tam gide van

toc:

+ Xdc dinh cdc van téc thanh phén ¢, ¢, va cde géc a, , o

5

c,, =u, —ccotgh =7,6-42.1,6=09m/s

C,, =uU, —C,,cotgh, =19-39.2355=9,83m/s

c 4,2
tga, = —& = % = 4 67 _ 77085
g } Clu 0’9 (ll —-77 55
c 3,9
tga2 :AZQ:OQQ’] az =21()40I

2u

+ V& tam gidc van toc (Hinh 3.38)

C2 W

o) B2
Cou L6

Hinh 3.38- Tam giac van téc
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Bai 11{-2

Bom ly tAm hut nuée tir 2 bé ¢6 mic nude chénh nhau theo d¢
cao a = 1m lén bé trén cung cé d6 cao b = 5 m (so vdi muc nudc sat
bén dudi) véi luu lugng Q, = 10 Us, theo cdc nhdnh dudng 6ng 1l =5
m; d, = 50 mm ; d, = 75 mm (Hinh 3.39).

A

Y

Hinh 3.39- So dé bom

Xdc dinh cot 4p clia bom, biét hé sd ma s4t dudng éng A = 0,03;
khong tinh tén thit cuc bd.

Giai
" Cotdp chabom: H=a+b+Y hy+> h, =b+Y hy+Y h (1)
Trong dé: ZhAB - t6n th4t trong dudng éng tur A dén B.
th - t6n that trong nhénh e.

th - t6n thit trong nhénh f.
Tu hé phuong trinh (1):

a+y h =Y h

2 2
th :XLV_‘=1_1_ ch :KiQi
d, 2g d, 2gS

2 2
Y = A2 g Q]
d 2g d, 28S;
Hay a+K,Q: =K,Q} (2)
Do d6: Q=Q,+Q, hay Q,=Q-Q, (3)

Thay Q, vao (2): a+K,(Q-Q,) =K,Q}
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Rut ra: 21+K1QZ—ZKIQQ| =0

Q a
Q=7 20K, | (4)
L1 5 16 .
K,=A———=0,03 =3,97.10
Hay ', 2g8? 0.05 2.9.81.n".0,05*
Thay céc dai lugng K| va Q véo (4):
Q=242 51074 ! .
2 20K, 2.10.107.3,97.10

=510 +1,26.107° =6,26.10°m’ /s = 6,261 /s
Q.=Q-Q,; =10-6,26=3,741/s
H=b+» huy+ Y h,

5 100107
0,075 2.9,81..x.0,075*

=5+2,65+155=9.2m
Pdp s6: H = 9,2 m.

=5+003- +3,97.10%.6,26°.10°°

Bai IlI-3

Banh cong tdc bom ly tam cé ban kinh ngoai R, = 200 mm, ban
kinh trong R, = 100mm, chiéu roéng & c¥a vao b, = 100 mm, chiéu
réng & cia ra b, = 50 mm. Géc ra cia cdnh B, = 20°.

Xdc dinh moment va cdt dp 1y thuyét trong trudng hgp ¢, = 0 va
s6 lugng cdnh 16n vé ciing. Biét sé vong quay n = 2135 v/ph, luu
lugng Q = 240 Us.

Moment va cot ap ly thuyét thay ddi bao nhiéu khi ta gidm luu
lugng xuéng mot nita.

Stt dung s¢ dd trén Hinh 3.37.

Bai Il-4

Bdnh cdng tde cua bom huéng truc ¢6 dudng kinh ngoai D = 600
mm va dudng kinh bau d, = 0,2 D (Hinh 3.40).

Xay dung tam gidc van tdc cho dong nguyén t& trung binh va
tinh cdc véan tdc thanh phan ¢_, ¢, . Cho biét cde dai lugng: Q = 750
I/s; n=730v/ph;w, =1325m/s;w, =71 m/s.
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Hinh 3.40
N i R+,
Hudng dan: B4n kinh dong nguyén té trung binh: R = 2
,=07Tm/s; ¢, =72 m/s.

Pdpsé:c,_=¢c, =276m/s; c

Bai Ill-5

M6t bom nude lam viée véi s6 vong quay n = 1450 v/ph tiéu hao
cong sudt trén truc N = 21 kW, hiéu suat n = 0,78. D cao giita hai
muc nude H, = 16 m, ton that toan bd Th = 0,5H, (Hinh 3.41).

1

Hinh 3.41

X4c dinh cédc thong s8 cot 4p, luu lugng cha bom va dd cao hiat cho
phép [z, ], biét hé s& chéng x4m thuc C = 900. Nhiét d¢ nude t = 20°
va téng ton that trong éng hat Th, = 1/8 Th. Néu ting s6 vong quay
1én n' = 1740 v/ph thi cdc dai lugng Q, H, {z,] thay 341 bao nhiéu?
H=24m; Q=695Vs; [2]=562m.

P4p s6:
H=3456m,; Q=834Us; [2,)=4,33 m.
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Bai IllI-6

Bom ly tdm c6 dudng kinh ngoai D, = 300 mm, n = 1450 v/ph, Iuu
lugng Q = 1266 m%h va ¢t 4p H = 31 m.

D€ tiang luu Iugng va cdt dp, ting duong kinh ngoai D, =1,5D,va
tdng s6 vong quay n’ = 1,5 n.

1. Tinh cdc théng s6 luu lugng Q, ¢t 4p H va cong suit trén
truc N, biét hiéu suat cia bom n = 83%.

2. Khéng thay d6i dudng kinh ngoai, thay dai s6 vong quay n sao
cho cdng suat clia mdy chi bing % cong suit ban diu.

Pdp 861 1) Q =649 mh; H = 157 m; N = 274 Kw;
2)n" = 1150v/ph.
Bai HUI-7

M4y bom nudc tiéu hao eéng sudt trén true N = 70 kW. S vong
quay n = 960 v/ph, cdt ap H = 28m.

Xdc dinh s6 vong quay n' va luu lugng Q' sao cho luu lugng nay
cia bom gidm di 25% so v6i luu lugng ban diu. Biét hiéu suit cia
bom n = 0,863.

Pdp s8: n' = 720 v/ph ; Q = 0,165 m?/s.
Bai [l1-8

M4y bom nudc c6 cdt 4p H = 15m, s§ vong quay n = 1450 v/ph,
hiéu suat n = 81%.

X4c dinh luu lugng va céng sudt cia bom. Biét 58 vong quay dic
trung n, = 146 v/ph.

Pdp s6: Q =41,7l/s ; N = 7,6 kW.
Bai IlI-9

Bom ly tdm dit trén 49 cao VB = 4m, bom nude ti bé dudi
VA=2m lén b€ kin VC= 14m, ¢6 4p sudt du p, = 1,2at

Xac dinh luu lugng , ¢t nuéc va cong suét trén true. Biét dp suat
Pk = 26mH,0, duong kinh 6ng d, = 100mm, d, = 80mm, chiéu dai
ong 1 = 6m, |, = 60m, hiéu suit cda bom n = 70%.

Trong lac tinh 14y hé s6 ma st dng A, = 0,025; &, = 0,028. Hé s&
can cda ludi § = 7 va hé s6 can cia khod = 8.

X4y dung duong do 4p cho hé thong.
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Hinh 3.42
Pdps6: Q=7,17TVs; H=27,46m; N = 2,76 kW

Bai tlI-10

Trong tram thi nghiém, bom s6 1 bom nude ti bé B lén bé A kin

> . p N
véi @6 cao h = 5m. B& A ¢6 dp sudt chan khong —‘f: V, = 8m.

Pudng 6ng médi nhanh c¢é chiéu dai 1 = 10m va dudng kinh d =
50mm. Bom 2 bom nudc ti bé A vé bé B cung luu lugng nhu bom 1,
Q: 6 Vs.

Xsc dinh cot 4p cia mbi bom, biét hé s6 ma sdt dudng éng A = 0,03
va tdng hé s6 ton that cuc bd trong mdi nhdnh & = 6,5.

Tinh d§ chan khéng V, trong b& A sao cho cdt dp cia hai bom
bing nhau.

#)Va ‘
-4
‘ E‘:_-f:__‘ *
44
2
Hinh 3.43 N 2
e
[
P Pcx
PDdpsé:H, =3m; H,= 9mV, = —Y_= m
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Bai Ili-11

Nudc chdy trong hé théng kin gébm cé6 mdt bom va mot bo lam
ngudi c6 hé s6 cdn £ = 20. Téng chiéu dai ctia cdc dng néi 4] = 40m,
dudng kinh 6ng d = 40mm, hé s6 ma s4t dudng 6ng A= 0,02. Diém A
trén dudng dng néi véi binh bé sung ¢6 d6 cao H = 6 m.

1. Xdc dinh c6t 4p, cdng suit cla bom, Biét luu lugng Q = 3,76 I/s,
hiéu suit cia bom n = 0,7.

2. Xay dung dudng do 4p cho hé thong, xdc dinh 4p suat & cliia
vao cua bam.

3. Xdc dinh d8 cao H nhé nhat sao cho trong hé théng khong cé
chin khéng.

r
Hinh 3.44
Biép s8: 1.H=182m; N=096kW,
Pv _
2. 7" 14m; 3.H, =46m.

Bai Iill-12

Bom ly tAm c¢6 duéng dic tinh duge cho trong bdng vdi sé vong
quay n = 1600 v/ph bom nuéc tir bé dudi ¢6 dd cao V5m lén bé trén
¢6 4 cao V16m theo dudng 6ng hit 1, = 10m; d, = 100mm, dudng
ong dady |, = 30m; d, = 75mm. Bié&t hé s6 ma sat cia cdc dudng ong A,
= 0,025; 1, = 0,027 va hé sé ton that cuc bd trong cdc dudng éng &, =
2 €, = 12.

Hinh 3.45
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1. Xdc dinh luu lugng, cot 4p, cong sudt trén truc bom véi 58 vong
quay n = 1600 v/ph.

2. X4c dinh s8 vdong quay n cia bom d€ tang luu lugng lén 50%.
Puong dic tinh bom véi n = 1600 v/ph.

Ql’ls)y| o 2 4 6 8 10 | 12 | 14 | 186

H(m) | 149 | 154 | 155 | 149 14 12,2 | 10,1 8 4,3

n% 0 40 65 74 75 70 61 42 22

Huéng ddn: Sau khi xdc dinh luu lugng cta bom Q,, tir giao diém
cia dudng 1,5Q, véi duding dic tinh ludi xdc dinh hé s6 K cia dudng
parabole tuong tu H = KQ? Pudng nay cit dudng d4c tinh bom (n =
1600 v/ph ) tai mot difm. LAy cic thong s6 cha diém nay va giao diém
cia dudng 1,5Q, vdi dudng dic tinh ludi d€ tinh s§ vong quay n,.

Pap sb: 1.Q =73Vs; H=144m; N=1,37kW.
2. n = 1900v/ph.

Bai IiI-13

Bom ly tdm cé dudng dic tinh duge cho trong bing véi 586 vong
quay n = 1450 v/ph bom nudc tir b6 A d&€n bé B theo dudng dng xi
phéng c¢6 dd dai 3l = 75 m, dudng kinh d = 50mm. D§ chénh muc
nude trong hai bé Z = 8 m, diém cao nhat cia 6ng xi phéng nim
cdch muic nuée b€ Ala h = 5m,

Hinh 3.46

1. Xdc dinh luu lugng, cot 4p, cong suit trén truc bom. Biét ring
hé s6 ma sdt dudng 6ng A = 0,025; khéng tinh tén that cuc bd va cot
4p van toc.

2. Bom dit trude hay sau xi phong? Tai sao?
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3. Xdc dinh luu lugng trong dng xi phong néu bom khéng lam viéc.

4. Xdc dinh cot 4p chan khéng & diém cao nhét clia éng xi phong
khi bom lam viéc va bom khéng lam viéc.

Puéng dic tinh bom vdi n = 1450 v/ph

Q(l/s) 0 2 4 6 8 10
H({m) 13,2 14,2 13,2 10 4 -
n(%) - 40 60 60 40 -
I
Dép so:
1.Q=61s; H=10m; n = 60%. 2. bat trude.
3. Q =4 Vs.

4. P chan khong khi ¢6 bom: 1m; khi khdng ¢6 bam: 7,67 m.
Bai llI-14

Bam ly tdm ¢6 dudng d4c tinh duge cho trong bang vdi s6 vong
quay n = 2900 v/ph bom nuéc tit bé A dén bé B theo dudng éng xi
phong ¢é dd dai 21 = 20 m, dudng kinh d = 40mm, hé s& ma st cla
cdc dudng dng A = 0,03. P chénh mic nude trong hai b€ a = 2 m,
di€m cao nhat cla dng xi phéng K cdch mdc nudc b€ Alab = 8 m.

K

£d
A8 a
)77777 I /d :ﬁ
1. -8
Vorroiad
Hinh 3.47

Xdc dinh s vong quay nhé nhét cla bom sao cho dp suit tai
diém K khéng nhé hon dp suat khi trdi.

Bédng d4c tinh v6i s6 vong quay n = 2900 v/ph
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-
Q(l/s) 0 2 4 6 8 10
H(m) 13,2 14,2 13,2 10 4 -
n(%) - 40 60 60 40 -

1 v?
Husng dén: Xay dung dudng dic tinh lugi: H=—-a+ )»Ez—g sau

dé viét phuong trinh cho dp suit tai diém K bing ap suat khi trai
Px _H, -b-KQ?=0
y
Trong d6: K - hé s§ dic trung tén that ti bom dén diém K;
H,;Q - c¢ot dp va Juu lugng ctia bom dng véi s6 vong
quay n' can xac dinh.

Ap dung cédc cong thie tuong tu cot 4p va luu lugng, ta sé cé

phuong trinh xdc dinh s6 vong quay n'
P4p s6: n' = 2500 v/ph.

Bai I-15

Bom ly tdm c¢6 dudng dic tinh d4 cho trong bang véi sé vong
quay n =1450 v/ph bom nudc tir giéng 1én bé chifa ¢6 d6 cao H = 12m
theo dudng 6ng 1, = 8m; d, = 100mm, 1, = 16m; d, = 75mm; vdi A, =
0,03; A, =0,035;& =6;¢&, = 10.

g

H
a L gl
/777; |4 //////a
1210 h
4‘ i 7 ]
A—3=l
1=1Y
Hinh 3.48 A8l
7777, /4

1. Xdc dinh 46 sau h ctia mdc nuée khéng doéi trong giéng, biét
luu lugng bs sung Q = 8 Us.
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2. X4dc dinh s8 vong quay, luu lugng cia bom dé nude trong giéng
khéng tran ra ngoai, khi cé luu lugng bé sung Q = 8 Us.

Dudng dic tinh bom véi n = 1450 v/ph

Q (I/s) 0 2 4 6 8 10 12 14 16

H (m) 22 224 | 226 | 224 | 21,5 20 18 15 11
n% 0 37 58 71 75 74 68 56 37
bap sé: 1.h=6,13 m; 2. n = 1260 v/ph; Q = 6,95 V/s.
Bai lll-16

Bom ly tAm cé duéng dac tinh duge cho trong bang bom nudc
mach tr giéng siu sang giéng khdc theo mdt dusng éng mém téng
chieudail=1 +1,=7m,d =01 m.

7/] l/

A———
14 _1F A==
=17 y S
1=V & T\ 7T
A
A= L
Tl
Krrrrrrrs,

Hinh 3.49

X4c dinh thai gian bom dé midc nudc trong giéng ha xuéng H =
3m, biét dé chénh muc nudc cudi cing gida hai giéng la H, = 4m,
dién tich cla giéng siu 6,25 m?, hé s6 ma sat dudng éng A = 0,04,
téng hé s& cdn cuc bd trong éng hut &, = 6, trong éng ddy &, = 4.

Bang duong dic tinh

Q(l/s) 0 10

20

30

40

50

H(m)

10,8

10,8

6.5
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Huéng ddn: thoi gian cAn tim x4c dinh tif lvu lugng trung binh

+
cha luu lugng ban ddu va luu lugng cudi: Q, = —Q'—zgl

Pdp s3: t = 12,4 ph.
Bai 11-17

Bom ly tAm c6 dudng dic tinh duge cho trong bang véi 56 vong
quay n = 900 v/ph bom nude tit b& dubi c6 mic nude V = 0 qua mot
giéng trung gian rdi lén bé& chuda trén cé mic nuée V = 20m.

[LRLny
LA
1

Hinh 3.50

1. Xdc dinh s6 vong quay, cdng suft cda bom, biét luu lugng Q =
60 Us; cdc thong s6 dudng 6ng: 1, = 10m; 1, = 10m; 1, = 100m; d, =
0,2m; d, = 0,2m; d, = 0,15m; X = 0,03; 451 véi tat ca cdc dudng ong.
Khéng tinh tén that cuc bs.

2. Xdc dinh chiéu cao hit, biét d6 chan khéng cho phép & cda
vito cta bom [He |=6m.

Bang dudng dic tinh vdi 56 vong quay n = 900 v/ph

Qp(l/s) V] 10 20 30 40 50 80 70

Hg(m) | 12,5 | 18,25 ( 13,5 | 13,25 | 12,5 1 9,5 7,5

n% 0 45 67 77 82 82 75 60

Pdp s6: 1. n = 1440v/ph; N = 23,4 kW; 2. [z, ]=5.25m.
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Bai IlI-18

Bom ly tdm c¢6 dudng dic tinh duge cho trong bang véi s6 vong
quay n = 900 v/ph bom nugc 1én cao H, = 6m theo dudng éng c6 1, =
20m; d, = 0,2m, 1, = 100m; d, = 0,15m; véi A, = 0,02; A, = 0,025.

1. Xdc dinh luu lugng cia bom khi 1am viée véi s8 véng quay n =
900 v/ph.

2. So sdnh céng suit cia bom khi gidm luu lugng di 25% bing hai
cdch: diédu chinh bing tiét luu va thay ddi s6 vong quay.

Bang dudng dic tinh véi s6 vong quay n = 900 v/ph

Qg(l/s) 0 10 20 30 40 50 60

70J

Ha(m) | 12,5 13,4 13,6 134 13 11,6 9,7 7,5

n% 0 45 67 78 81 79 74 60

Dsp s6: 1. Q, =47 Us.
2. N = 5,6 kW (tiét luu); N = 3,9 kW (thay d6i n)

Bai llI-19

Bom ly tdm c¢6 dudng dic tinh duge cho trong bang, bom nuée
1én d6 cao H, = 15 m. Bom d#t & d6 cao hat h, = 4 m. Pudng kinh
ong hdt d, = 100 mm va dudng kinh éng ddy d, = 80 mm, tdng hé sé
tén that trén dudng 6ng hat &, = 6 va trén dudng dng ddy &, = 22
(chua ké hé sé tén that cia khéa).
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X4c dinb luu lugng lén nhat theo d8 cao hit da cho, gi4 tri hé s&
can cha khéa vdi luu lugng 16n nhéit va cong suit cla bom.

Bang dudng dic tinh

Qg(l/s) 0 2 4 | 6| 8 10 12 14 16 | 18 | 20

He(m) |45 | 475 | 49 | 48| 47 | 44,7 | 40,5 | 355 (29,5 | 23 | 15

[Hek](m)| 9 | 88 |84 |8 1|75]| 7 6,6 |6,15| 55 | 4,8 4

n% - - 60 65|68 [695| 70 [69,5]| 68 | 65 | 60

Huoéng dén: Giao diém cia dudng dic tinh dé chan khéng cho
phép [H_ ] = flQ) vai dudng biéu dién dé chén khéng truée cifa bom
chinh 13 diém tuong dmg véi dai lugng luu lugng 16n nhat.

D6 chan khéng trude cra bom 14 ham eda luu lugng duge biéu thi
theo edng thde:

Pex _ 2, +h, +-—=
Y 2g
VZ
Trong d6: hy =&, 2_; - t6ng tdn that trong dudng éng hit.

Pdp s6: Q = 16 Us; £, = 4,6; N = 6,85 kW.
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Bai IlI-20

Bom cdu hda ¢é dudng d3c tinh duge cho trong bing véi n = 3000
v/ph, bom nudc 1én d6 cao H, = 16 m. X4c dinh cong sudt va luu
lugng cia bom, bi&t dusng kinh ong néi mém d, = 100 mm, }, = 6 m
(A, = 0,025; £ = 4), d, = 90 mm, 1, = 40 m (A, = 0,035; &, = 10). Voi
phun cuéi 6ng mém cé6 dudng kinh d = 40 mm, hé s§ ton that & =
0,08.

Huéng dan: Cot 4p cia bam:
2

\%

2g

Trong dé: Th —téng tdn that

H=H.+) h+

v2

2_g- - ¢bt 4p van t8c cta dong chiy ra khdi vdi phun.

Bang duong dic tinh véi n = 3000 v/ph

Qa(i/s) | O 5 10 18 20 25 30 35

He(m) | 140 140 136 130 121 110 98 83

n% 0 34 55 68 75 77 73 65

Ddp s6: Q = 32,2 I/s; N = 40,6 kW.
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Bai 111-21

Bom ly tdm bom nude tir b€ A 1én hai bé B va C ¢6 d6 cao h, = 20
m; h, = 25 m véi luu lugng trong mdi nhdnh Q, = Q. = Q = 4 Us.
Pudng éng AK cé chidu dail = 100 m, d, = 75 mm; dudng dng KC va
KB c6 d6 dai l, =1, =50 m va d, = d, = 50 mm. Hé s6 ma sdt dudng
6ng A = 0,025.

Xac dinh hé s6 can ciia khod & sao cho ddm béo luu lugng trong
hai nhdnh bing nhau va eéng suit hitu ich cia bom.

1] H
1
!
o

Hinh 3.54

Pap s6: £ = 23,6; N, = 2,8 kW.
Bai llI-22

Bom ly tdm bom nuéc theo hé théng dudng éng (1 =5m, d =70
mm) dén diém A chia 1dm hai nhanh ¢6 dudng kinh éng d = 50 mm
va c¢6 49 dai 21 d6i véi moi nhdnh. Luu lugng trong nhanh phai Q =
10 Vs; dd cao h = 1 m.

Hinh 3.55 4d-1
2d 4 T4
::L“_:___-‘-;,; """ o
- ——-y
7

Xdc dinh cong suat trén truc bom. Bi&t hiéu suit n = 0,8; hé s4
ma sdt dudng 6ng A = 0,03 va hé s can trong éng hit &= 4.

Pap s8: N = 4 kW.
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Bai HI1-23

Bom hudng truc ¢é luu lugng Q = 14400 m¥/h, ¢t 4p H = 21,8 m,
n = 585 v/ph, hiéu suat n = 80%, c4t 4p du trd chéng xam thuc Ah, =
10 m.

Tinh céng suit trén truc bom va chiéu cao hdt cho phép néu
ting luu lugng 1én 25%. Cho t6n that trong dudng éng hit h, = 2 m
va nhiét do nude t = 20°C.

Pdp s6: N = 2100 kW; [2,] = -9 m.
Bai 1lI-24
Bom huéng truc c¢é luu lugng Q =1300 m®/h, n = 580 v/ph.
1. X4c dinh dudng kinh ngoai, dudng kinh bau eta baom, biét vin
téc thanh phan c_= 3,28 m/s; ty s6 d/D =0,5.
2. Xéc dinh cdt nude thue va cdng suét cha bom, bi&t géc o, = 90°%
B, = 23° 40’ cia dong nguyén t6 trung binh D, = (D + d,)/2; n = 84%;

Nex = 97,6%.
— d -
L
T
Hinh 3.57
Dép s6: 1) D = 450 mm; d, = 225 mm.

2H=25m; N=10,52 kW.
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Bai 111-25

Bom hudng truc lam viéc trong mot tram bom ¢6 cot 4p H = 12,3
m, luu lugng Q = 15 m¥/s, n = 250 v/ph va hé s6 xdm thuc o = 0,615.
Sau khi x4y dyng lai tram luu lugng ting lén Q = 19,6 m%s.

Xdc dinh céng suit, cot dp dy trid chéng xdm thuc Ah cda bom
trong diéu kién mdi, biét hidu suit cia bom n = 0,8.

Huong dén:Cot ap du trit chéng xam thue duge xdc dinh theo

ong thu G—A—
cong thue: T

Pép s6: N = 5060 kW, Ah = 12,7 m.
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Chudng IV. BOM THE TiCH

KHAI NIEM CHUNG VE BOM THE TiCH

Khai niém chung

M4y thiy lue thé tich néi chung bao gdbm: bom thé tich va déng
co thity luc thé tich. Bom thé tich ddy chAit léng bing 4p sudt thiy
tinh, cdn déng co thiy lue thé tich thi bién dp ning cha dong chét
long thanh co ning.

Vé nguyén tic, moi may thiy luc thé tich déu cé thé lam viéc
thudn nghich, nghia 1a lam dugc cd hai nhiém vu: bom va ddng co.

a- Cau tao va nguyén ly lam viéc

Xét so dé lam viéc ecda bom thé tich kiéu piston c6 chuyén déng
tinh tién duge néu trén Hinh 4.1.

4

............ ...

Hinh 4.1 - SO d8 lam viéc clia bom thé tich kiéu piston

Khi piston 1 sang trdi, thé tich budng lam viéc a ting lén, ap
suat & day gidm, nén chit 1dng tit 6ng hit 3 qua van mét chiéu 4 vao
xilanh 2. Khi piston 1 sang phai, dudi 4p luc P ctia piston, chit 16ng
trong xilanh bi nén vdi 4p suit p qua van mét chiéu 6 vao 6ng ddy 5.
Phén thé tich bubng lam viéc thay d8i dé hut va ddy ch4t 16ng duge
goi 14 thé tich lam viéc.
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b- Phan loai bom thé tich

Bom thé tich gdm nhiéu loai.

Theo cong dung, ¢6 thé chia lam hai loai:

e Bom nudc va cdc loai echdt 16ng khac.

e Bom dau dung trong cdc hé théng truyén déng.

Theo két cdu va dang chuyén ddng, c6 thé chia ra 3 loai chi yéu:
¢ Bom piston (chuyén ddng tinh tién).

e Bom piston-roto (vita ¢6 chuyén déng tinh ti&én vira cé6 chuyén
ddng quay).

e Bom roto (chuyén déng quay).

Céac thong sd lam viéc co ban clia bom thé tich

Cédc thong sé lam viée cg ban cha bom thé tich c6 mét s6 dac
diém khdc véi cdc thdng s clia bom cinh din.

Theo nguyén ly, dp sudt cia chit 1éng trong mAy thiy luc thé
tich chi phu thudc tai trong ngoai. Néu budng lam viéc hoan todn
kin, thi luu lugng cta mdy khéng phu thudc vao dp suat, cdn 4p suit
c6 thé tang lén bao nhiéu ciing dugc thy thudc vao dp suat phu tai va
. cdng suit ctia bom. Khi d6 luu luong cia mdy thiy luc thé tich chi
phu thudc vao van tdc chuyén déng cGa piston. Néu van téc piston
khéng thay déi thi luu lugng ciing khéng thay déi.

Nhung thuc t&, bubng lam viéc khéng thé tuyét dai kin véi moi
tri s6 4p sudt. Khi tai trong lam viéc ting dén mic nao d6 s& xuat
hién su chay ro chit long, néu ti€p tuc ting tai trong thi luu lugng
cla mdy s& hoan toan mat mat do rd ri. Ngoai ra, d4p suit lam viéc
cdn bi han ché& bdi sic bén cha may.

Do vy, dé dam bao su 1am viée binh thuong cta may, phai han
ché& 4p suat lam viéc t6i da biing cich ding van an toan (van s& ty
dong thai chat 16ng d&€ gidm d4p suat lam viéc khi tdi trong qud lén).

a- Lluu hiong

Luu lutgng 1y thuyét Q, (luu lugng chua ké t3i sy chay ro) béng
tdng cha thé€ tich 1am viéc cda may trong mot don vi thai gian:

Q =qmn (4.1)
q, - luu lugng riéng cda mdy (trong mot chu ky), 1a thé tich
lam viéc ela may trong mot chu ky.

n - s0 chu ky lam viéc cGa mdy trong mdt don vi thoi gian
(thudng bing s vong quay cta truc mdy).
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Q, 1a luwu lugng tinh trong cd qud trinh trong mét don vi thoi
gian nén con goi 1a luu lugng trung binh ly thuyét. Khdc véi may
thuy lue cdnh dan, luu lugng tite thoi cda mdy thay luc thé tich thay
d6i theo théi gian, ké c3 khi mdy lam viéc én dinh.

b- Ap suit
Cét ap clia mdy thiay e thé tich duge tao nén chi y&u bdi su
thay d6i dp suit tinh cda chat 1éng khi chuyén déng qua may. Do dé,

trong mdy thiy lyc thé tich thudng dung dp sudt d&€ biéu thi kha
ndng tai cda mdy.

Cot 4p H va 4p suat p lién hé véi nhau bing cong thie thdy tinh
hoc co ban:

p
H== 4.9)
y (

y- trong lugng riéng ctia chit 16ng lam viéc.

Ap sudt trong budng lam viéc c¢6 lien quan dén luc tic dung hoic
moment quay chia mdy.

o Dé&i v4i mdy thay lue thé tich e¢6 chuyén dong tinh tién, dp
suat lam viéc p tde dung 1én piston tao nén dp luc P:

P=p.F (4.3)
F - dién tich 1am viée cia mit piston.

¢ Déi véi may thiy luc thé tich ¢é chuyén déng quay, 4p suat
lam viéc p tac dung 1én roto tao nén moment quay M:

M =k, .p (4.4)

k, - la hang s6 dsi vdi mdy, phu thudc vao két ciu va kich
thude mdy, dude goi 1a hé sé6 moment

Hé sb k,, c6 thé suy tU cong thdc tinh cdng sudt ly thuyét.
Né&u bd qua céc ton that:

N =N,
N, = yQH (4.5)
Thay H = p/y vao phugng trinh (4.5):
N =Q.p (4.6)
Mit khédc: N, = oM, nén:
M= -Q—lp (4.7)
©
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So sanh cdc phuong trinh (4.4) va (4.7):

k., = 91_ = _q,n = &_
g =—~L= =
o 2mtn 2n
k,, thuc t€ < k,, ly thuyét va phu thudc vao hiéu suft n.
Moment quay M theo phuong trinh (4.7) 1a 1y thuyét (bé qua ton

that), trong truong hgp xét cdc t6n that thi moment quay cia bom
duge xdc dinh theo cong thic sau:

(4.8)

PQ = nMuw;
o) k
Hay M=—p=-—"tp (4.9)
no n

c - Hiéu suat va céng suat

Hiéu suit toan phan cda mdy thiy lyc xdc dinh theo cong thic
chung:

N="NeNcMy (4.10)

Dé6i vdi bom thé tich, ton that thiy luc tuong d6i nhé (vi déng
nang nhd) nén thudng cho n, = 1. Do §6:

N=NgMc 4.11)

Coéng suit lam vidc cha bom thudng duge xic dinh bing céc
théng sé thuy luc:

N TQH _pQ

4.12
M n ( )

BOM PISTON

Cau tao, nguyén ly 1am viéc

Bom piston duge kéo bdi dong cd, chuyén ddng quay cta truc
dong co dudc bién d6i thanh chuyén déng tinh tién cda piston 1
trong xilanh 2 nh& hé théng thanh truyén - tay quay véi hanh trinh
S = 2R (R- chiéu dai tay quay).

Xét sg d6 trén Hinh 4.2, hai diém B, B, cGa piston tuong déi vdi
hai vi tri C, G, cda tay quay. Khi trong budng lam viée 5 chita day
chét 16ng, néu tay quay tir vi trf C, quay theo chiéu mui tén thi
piston di chuyén tit B, vé phia trdi. Thé tich buéng 5 ting déan, 4p
sudt p trong d6 giam di va bé hon dp suft mét thodng bé chva p, (p
< p,)- Do d6 chat 16ng tir bé hit qua van hit 6 vao buéng lam viéc 5,
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Hinh 4.2 - C4u tao va nguyén ly lam viéc ctia bom piston tac dung don

trong khi d6 van ddy 4 déng. Khi piston chuyén déng tir B, > B,
bom thye hién qud trinh hut. Khi tay quay dén vi tri C, (piston dén
vi tri B)) thi qud trinh hit cia bom két thic.

Sau dé, tay quay ti€p tuc quay tit C,— C,, piston déi chiéu chuyén
dong td B, — B,. Thé tich budng lam viéc gidm dén, dp suat chat
16ng tang 1én, van hit 6 bi déng, van ddy 4 md chat ldang chdy vao
dng ddy. Qud trinh piston di chuyén ti B, — B, goi 14 qud trinh déy.

Nhu vay, cf mdt vong quay cia tay quay thi bom thuc hién lan
luot hai qu4 trinh hdt va ddy lién tiép. Néu tay quay tiép tuc quay
thi bom 1#p lai qud trinh hit va ddy. Do d6, qua trinh hit va diy
cua bom piston gidn doan va xen ké véi nhau. Mét qud trinh hit va
ddy k& ti€p nhau dugc goi 1a mét chu ky lam viéc cia bom.

Kha nang tu hut cda bom piston

Khic véi bom ly tdm, bom piston khong cidn méi, bom c¢é kha
niang tu hit.

Goi W, 1a thé tich khéng khi ¢ 6ng hit va budng lam viéc (khi
piston d B,). Néu piston di chuyén dén B, thi khong khi gidn ra véi
thé tich 16n hon, bing W + FS (FS - thé tich xilanh). Gia st khong
khi gian nd doan nhiét, thi 4p suit khéng khi trong budng lam viéc
lap<np;:

U

PP LTS

<P.

Do p < p, nén chit léng tit bé hiit chdy vao 6ng hit va déng lén
theo dd cao h:

pn _p 2 3
h= (chua ké tdi ton that)
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Néu piston ti€p tuc 1am viée, chit 1éng tir bé hit sé dang dan
theo 6ng hit va dién day bom. Khi d6 xem nhu bom di tu mai xong.

Uu diém cida bom piston

Cé thé€ tao nén 4p suat lén.
CAu tao don gian.

Nhuoe diém

Chuyén dong cia chéit 16ng qua bom khéng déu, do dé luu
lugng cua bom dao déng.

Két cdu eia bom tuong d6i cong kénh.,

Khi 4p sudt nhé hodc trung binh, thudng ding bom ly tdm c6 1gi
th€ hon. Khi cin 4p suit cao hosc rét ¢ao (tif 200 at trd 1én) va luu
lugng tuong d6i nhé thi bom piston chiém uu thé.

Phan loai

a - Theo hinh ding piston

C6 hai loai:

Bom piston dia: piston ¢é dang hinh dia, m#t xung quanh caa
piston ti€p xdc véi vach xi-lanh nén duge goi la piston gidp véch.
Bom piston try: piston ¢é dang tru véi dudng kinh tuong déi
nhd, mit xung quanh khéng tiép xic véi vach.

b- Theo s6 lin téc dung

Bom tdc dung don hay con goi bom tac dung mét chidu. Trong
loai bom nay, chit léng lam viéc & vé mét phia cia piston.
Mot chu ky lam viéc caa piston chi ¢6 mét qué trinh hit va
mdt qué trinh ddy néi tié€p nhau.

Bom tdc dung kép, hay con goi bom tdic dung hai chidu. Trong

~ loai bom nay, piston lam viée cd hai phia, do dé cé hai buéng

lam viéc A va B, 2 van hiit 1, 4 va 2 van ddy 2, 3. Trong mét
chu ky lam viéc ctia bom ¢6 2 qud trinh hit va 2 qud trinh ddy
(khi budng A hit thi budng B ddy va ngugc lai).

Bom tdc dung nhiéu lén: c6 2 loai:

+ Bom tdc dung 3 ldn: Trong mot chu ky 1lam viée (mot vong
quay caa truc bom), loai bom nay ¢é 3 qué trinh hit va 3 qua
trinh ddy, do 3 bom tdc dung don ghép lai véi nhau, cdc
piston duge din d6ng bing mot truc khuyu, cé chung éng
hit va ong dsy. D& c¢é dao dng luu lugng nhé nhat, c4c tay
quay duge bé tri léch nhau theo géc 120°.
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Hinh 4.3 — Bom piston tac dung hai phia

+ Bom tdic dung 4 ldn: Pay 1a kiéu bom do hai bom tdc dung
kép ghép lai v4i nhau. Tay quay cta hai bom dit 1&ch nhau
theo géc 90°.

c- Theo 4p suat

e Bom 4p suit thap: p < 10 at.

+ Bom 4p sudt trung binh: p = 10 + 20 at.
¢ Bom 4p sudt cao: p > 20 at.

d- Theo luu lugng

o Luu lugng nhé: Q < 15 m¥h.

¢ Luu lugng trung binh: Q = 15 + 60 m%h.
e Luu lugng 16n: Q > 60 m¥h. -

Caéch tinh luu lugng cita bom piston
a- Luu lugng ly thuyét trung binh

Déi vdi bom tac dung don, thé tich lam viéc trong mot chu ky la:

q=FS (4.13)
Déi vdi bom tdc dung kép.
q=S(2F -9 (4.14)
nD?

Trong dé: F= Y dién tich lam viéc ctia mat piston.



D - duong kinh piston

nd?

f=

- dién tich mat cdt can piston

d - dudng kinh cdn piston
S - hanh trinh ciia piston
Ti phuong trinh (4.1), ltu luong 1y thuyét trung binh ctia bom
piston tdc dung don la:

:E__— 3
Q, 0 m%/s (4.15)

Luu lugng 1y thuy&t trung binh cda bom tdc dung kép la:

Sn
Q =QF-f)-— m¥s (4.16)
60
n - 58 vong quay trong mét phit cda truc bom.
b- Luu lugng trung binh thuc

Luu lugng trung binh thuyc bao gi¢ cing nhé hon luwu lugng ly
thuy&t d4 tinh § trén vi nhimg nguyén nhin sau:

e Bb phéan 16t kin cha bom va é cdc van khéng thé didm bdo
tuyét dai kin khi bom lam viéc.

¢ Sy déng md chidm chia van hit va van d4y trong qué trinh hit
va day ké ti€p nhau.

¢ Khang khi lot vao bom.

Vi vay luu lugng thue trung binh cda bom piston la:

Q=m,Q, (4.17)

Ng - hiéu sudt luu lugng cda bom phuy thude vao cdc
nguyén nhan ké trén,

* My = 0,85 + 0,90 - d61 v6i bom nhé (¢6 dudng kinh piston D <
150 mm)

* 1Mg=0,90+0,95- d61 véi bom vira (D ~ 150 + 300 mm)
¢ 1,=095+:098- dé6i véi bom 16n (D > 300 mm)
c- Luu lugng tic thoi

Theo ly thuyét thdy lue, ¢6 thé xdc dinh luu lugng cia bom piston
tac dung don tai mét thai diém bat ky:

Q =Fv (4.18)
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v - vén toc tue thai cia dong chét léng trong bom, cling chinh
14 van t8c tdc thoi cda piston.

Cé6 thé két luan, sy bién d4di luu lugng cda bom phuy thudc vao
su thay d6i cia van t8c piston. Khio sdt chuyén dong cta piston
clia bom truyén din bing co ciu thanh truyén - tay quay (Hinh 4.4),
trong dé:

F - dién tich bé mit piston.

@ - géc quay cda tay quay.

R - bdn kinh quay (chiéu dai) cGa tay quay.

1 - chiéu dai thanh truyén.

¥ - khodng cédch tit mit lam viéc cda piston dén vi trf gidi han B,.

Néu chiéu dai thanh truyén 16n hon chiéu dai tay quay nhiéu,
khodng hon 10 14n (R/1 < 0,1) khi d6 c6 thé gia thiét:

x = C,T = R - Reosp

x = R(1 - cosg) (4.19)
Trong d6: ¢ = w.t (» - vadn tdc géc, t - thai gian)
Vin téc tdc thai cha piston la:

v=2 o Rsinq)d—(p
dt dt
Do dé: v =oRsing (4.29)

Luu lugng tite thoi cda bom tdc dung don la:

Q =FoRsing (4.21)

Cé thé thay, luu lugng tic thai cla bom piston dao dong theo ham
sine va dat gid tri cuc dai (Q__) khi ¢ = %/2, cyc tiéu (Q,,, = 0) khi ¢
= 0.

Q4

N a

2‘6

o

o
o)
g

? FoR | 0 /2 T a'(rad)

Hinh 4.4 - So dé dao ddng iuu lugng clia bom piston tac dyng don
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Bing cdch lap luan tuong tu nhu trén, c6 thé xdc dinhbiéu dé luu
lugng tue théi Q = f(p) cha bom piston tdc dung kép (Hinh 4.5).

, Q4 .
1 )
! Qumax Q !
| max
q ©® 0 Q 0 !
2FHR 0 n/2 n W2 2z (ZF-HoR
' Hanh trinh tién Hanh trinh i

phia khéng cén phia cé cén
Hinh 4.5 - So d8 dao déng Iuu lugng cla bom piston tac dung kép

Qua biéu 46 luu lugng Q = flo) cia bom piston tdc dung don va
kép, c6 thé nhan thay luu lugng clia bom dao dong trong pham vi
16n. P& ¢6 luu lugng déu hon (dao dong it hon), nén dung bom
piston ¢6 tdc dung 3 14n ho#ic 4 14n. Biéu do6 luu lugng clia bom téc
dung 3 14n hoc 4 14n cé thé x4y dung bing cich cong céc bidu db
luu lugng cha cdc bam don va cdc bom kép (Hinh 4.6).

Q Qmin Q an Q

¢ 0 T 2n (p;

Hinh 4.6 - So d8 dao ddng Iuu lugng cla bom piston tac dung 3 1&n va 4 |14n

Qua cé4c biéu dé luu lugng, c6 th€ nhin thidy bom piston tdc dung

3 14n ¢6 luu lugng dédu nh4t. Trong thue tidn, it sif dung bom c6 tdc
dung 16n hon 4 14n.

Pé d4nh gid mdc do khong déu cla luu lugng bom piston, thudng
dang hé sé khéng déu vé luu lugng v

Qmax
Vv=—- .
Q (4.22)

» Déi véi bom t4c dung don:
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Trong trudng hop téng qudt, Q duge tinh nhu sau:

J'f(x)dx
2n 60

trong 4é: f(x) = FRosing
Nhung do trong khodng ¢ = n + 2r luu lugng bing 0. Do dé6 Q cho
ca chu ky sé la:

n
=F2R—
Q 60

Do 46, hé s6 luu lugng khong déu clia bom piston tdc dung don la:
FR 2
v = 60 _ n=314

FR L
60

e Bom tdc dung kép va bom tdc dung bén 1an cé:

n

=—=157
v 2
e Bom tdc dung 3 lan:
T

=—=1,05
v 3

Vay bom tdc dung 3 14n c¢6 y nhé nhat, diéu nay phu hop véi
nhén xét qua cdc biéu dé luu lugng.

Chuyén déng khéng 6n dinh ctia chat 1dng trong bom.
Phuong trinh Bernoulli va bién phap khac phuyc

a- Phuong trinh Bernoulli cho dong chat ldng trong bom

Chuyén déng khéng é6n dinh:

Phéan trén da dé cip van tdc chit 1éng chuyén dong trong bom

» . dv
phu thudc van t6c chuyé&n déng cla piston v = f{t), c6 gia téc at #0,

Chét 18ng chuyén déng cé gia téc thay déi theo thai gian doc theo

D e P dv
dong chdy. Gia téc nay ¢6 thé duong (+) hodc 4m (-) & >0 hogc<0|

Nhu vay khéi chat 18ng c6 khéi lugng m chuyén dong trong bom sé
chiu tic dung eda lyc quén tinh la:
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dv
[, =—m-—
dt

(d4du (-) biéu thi lyc quén tinh ngude chiéu véi gia téc).

(4.24)

Luc quédn tinh tdc dung lén dong chdy trong bom c¢6 anh hudng
khéng t6t dén bom, dudng ong va cdc bd phan khie.

Tt phuong trinh (4.24), ¢6 thé thdy néu tai mét thei diém nao do,
khoi chat 1éng dang chuydn déng cé gia tdc cing chiéu véi chiéu
chuyé&n dong, thi lic d6 luc quén tinh sé& tdc dung nguge chiéu chuyén
déng. Lic nay luc quén tinh déng vai tro luc cdn ting thém 461 véi
dong chit long.

Nhung néu gia t6c nguge chiéu chuyén dong, thi luc quan tinh sé
tdc dung cung chidu véi chiéu chuyén dong, lic 46 khéi chat léng
duge b8 sung thém nang lugng. Nidng lugng nay cé tdc dung khic
phuc nhimg luc cdn khi4c.

Vi van téc piston thay déi cé chu ky nén gia tde dv/dt cing thay
d8i c6 chu ky cd vé tri s6 tuyét ddi va chiéu, do 46 Iyc qudn tinh sinh
ra trong bom piston chinh 14 tai trong déng c6 chu ky, tdc ddng vao
cdc bd phén cia bom va hé thdéng.

. Tir d6 c6 thé nhan xét ddng chay trong bom piston 14 dong khéng
6n dinh. Do vy trong phuong trinh néing lugng cia dong chdy khong
dn dinh phai c6 thanh phéan ciia lyc quén tinh.

Phuong trinh Bernoulli

Xét dong nguyén td chit 16ng chuyén déng trong bom tit mit cit
1 @én mat cit 2 b4t ky. Vi dong khéng dn dinh nén bién thién ning
lugng don vi toan phén tit mit c4t 1 d&€n 2 cla dong chiy 1a dé€ khic
phuc Iye cdn va vugt qua lue qudn tinh xuit hién trén doan 1-2.

Né&u m = 1/g 12 khéi lugng ca mét don vi trong lugng chit 18ng

1 ov
thi lyc quan tinh tdc dung lén m sé la:‘g“a.

Do d6 ¢6 thé viét phuong trinh chuyén ddng cho dong nguyén té
cGia chuyén ddng chat 1éng trong bom piston:

0 p v¥) dc 1 &v
—|z+—-+—|+—+——=0 (4.25)

oS y 2g) ot g ot ‘
Trong d6:

8/8S - bién thién ning lugng do sic can doc theo dong chay,
v - van téc trung binh cda dong chiy.
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Tich phan phuong trinh (4.25) sé duge phuong trinh Bernoulli
cho toan dong khong én dinh trong bom piston:

2
Z+B+V_+Zh+lj—al'as=00ﬂst (4.26)
Yy 2g g’ot

1 ¢ov .

Thanh phéin g IE'GS xuat hién do c6 luc quén tinh trong
dong chdy, thanh phén nay ciing dugc biéu thi biing cot chit 16ng,
do vay duge goi 1a c6t dp qudn tinh, ky hiéu h

1 ¢ov
h, = . _[555 (4.27)

Cot 4p quédn tinh c6 thé gay ra hién tugng x4m thye va 1am hu
hdng céc thiét bi cia bom va hé théng. Vi vdy cdn phdi nghién ciu
cdc quy lujt bién thién cia 4p suat tai budng cong t4c cia bom trong
qud trinh lam viéc.

b- Bién phap khic phuc chuyén déng khong 6n dinh cda chat léng
trong bom piston

Tdc hai cia chuyén déng khéng 6n dinh trong bom:
e Lam tdng tdn that thay lue.
¢ GAay chin dong.

e Né&u bom lam viéc trong hé thong 6ng dai c6 thé xuat hién va
dap thiy luc 12m héng céc bd phéan ctia bom va hé thong.

¢ Trudng hop hé thdng nhiéu bom cing lam viée, c6 thé x4y ra
hién tuong céng hudng bién d4 dao déng cha 4p sudt.

Bi¢n phdp khdc phuc chuyén déng khéng 6n dinh:
1. Dung bom téc dung hai chidu (bom tdc dung kép).

2. Diing bom ghép. Nhu & phén trén d4 trinh bay, hé sd khéng
déu vé luu lugng cda cdc bom piston ghép nhé hon cia bom
tdc dung don rit nhiéu.

3. Ding binh khang khf d€ diéu hoa luu lugng va 4p suit. Binh
khéng khi didu hoa luu lugng va 4p suft (goi tdt 1a bink diéu
hoa) cé k&t cdu rat don gidn. D6 1A cdc binh chia kin dit ngay
g4t trén ong hiit va éng ddy.

Binh diéu hoa 1dp trén 6ng hit goi 12 binh diéu héa hit, binh

diéu hoa 14p trén 6ng ddy goi 1a binh diéu hda ddy. '

Binh diéu hoa hut: nguyén ly lam viée nhu sau:
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Hinh 4.7 - Binh diéu hoa hut

Trong cdc qué trinh 1am viéc cia bom, mot phdn chat 16ng dugce
. tich liy trong binh didu hoa. N&u kich thuéc binh dd lén, dao déng
ch4t 16ng trong binh s& nhd. Hon niia, trén mat tho4dng chit 1dng
trong binh ludn luén c6 khéng khi va ¢6 dp suit chan khéng. Vi thé,
chit 1dng chay tir ng hit 18n binh mét cdch lién tyc va ¢ thé xem
nhu dong chdy dn dinh. Chuyén déng khéng 6n dinh chi xuit hién
trén doan tir binh chita dén mit piston. Do dé6 lyc qudn tinh trong
éng hit chi xudt hién trén mét doan ngén tir binh diéu hoa dén bom,
do d6 gidm duge tdn th&t nang lugng trong éng hut (Hinh 4.7).

Dit binh diéu hda trén 6ng hit cho phép:

e Tang chidu cao hit clia bom.

e Ting s6 vong quay lam viéc cia bom.

e Giam dao ddng 4p suit cia bom trong qud trinh hit.
Binh diéu hoa ddy: binh diéu hoa ddy lam viéc nhu sau:

Trong qu4 trinh ddy, mét phan luwu lugng cda bom (phén 16n hon
Iwu lugng trung binh) duge tich ldy trong binh, mudc chat 1éng sé
ding 1én, nén khéi khéng khi & phin trén cda binh, tac nén 4p suit
16n. Khi van d4dy déng nhd 4p sudt 16n cia khoi khéng khi bi nén
trong binh, nén chat 1éng duge tiép tuc ddy ra éng ddy, vi vy dao
ddng cha luu lugng va 4p suit trong 6ng ddy sé gidm, dong chiy tré
nén didu hoa hon (Hinh 4.8).
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Hinh 4.8 - Binh diéu hoa day

Ciing nhu binh diéu hoa hit, binh diéu hoa ddy cé tdc dung lam
gidm luc quan tinh trong éng d4y ctia bom piston. Luc quan tinh chi
con xuat hién trén mot doan ngin tir bom dén binh diéu hoa.

Dé binh diéu hoa diy hoat déng hiéu qua, cdn ph&i baoc ddm du
lugng khéng khi cAn thiét & trong binh.

Ap suat cia bom trong qua trinh hut

Ap suit clia bom trong qué trinh hit ¢6 dnh huéng lén dén kha
ning hit va diéu kién lam viéc ciia bom (Hinh 4.9).

Hinh 4.9 - S0 dé dudng 6ng hut
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Pé tim 4p sudt cha bom trong qud trinh hit, cAn 4p dung phuong
trinh Bernoulli cho dong chit 1éng khéng 6n dinh:
2
1 pov
Z+B+V—+Zh+—J—-6S=const
Yy 28 g-ot
Viét phuong trinh Bernoulli cho 2 mit cit a-a va b-b, 1dy mat
chuén tai a-a, z = 0, va gia thiét mét cit a-a dd 16n d€ v_~ 0:

2
pa :Zh pxl xl +Zh +h (428)
Y Y 2g _

Trong 46
p,, - 4p sudt & budng lam viéc trong qud trinh hit.

v, - van téc chdt 16ng trong budng 1am viée, cing chinh 1a

van toc cha piston.

Yh, - tdng ton th&t cot 4p trén toan b chiéu dai ong hit.
Trong trudng hop téng quit (6ng hit cé nhiéu doan ndi véi nhimg
dudng kinh khdc nhau) phuong trinh ¢6 dang:

2

Zhh = h\'h +Z€I _1 2} d_i

(4.29)

I\)‘_N

Trong d6:
A, € - cdc hé s6 t6n that dudng dng va cuc bo.

v, - vdn t6c cda chat long trong cde doan 6ng ndi tuong dng

trén 6ng hit ¢6 dién tich mat cit 1a £,
Vi=Vy- (4.30)
1, d. - chiéu dai va dudng kinh cdc doan dng néi cha 6ng hit.

Thay v, theo v_, ¢6 thé khai trién Th,_ nhu sau:

x1?

Sh, = hy+ ‘;g' T, (4.31)
" 2 n 2
Vi T, = 2.6, [EJ +2 N 'l—"{E] (4.32)
i=| f| i=l d} f!
T, - hé sé t6n that tuong duong cia dng hat.
h, - t6n that nang lugng tai van hut.

h - c¢ot 4p qudn tinh trén éng hit.
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Tu cdng thic cft dp quén tinh:

L, +x
"o ov
By _1 I g
B g o
L, - chiéu dai tuong duong cla 6ng hit.
. , R . aV)(I dvx]
Vi van tée v chi phu thudc théi gian, nén: 2 = “at
L,+x dv,
va hqm = hg _d‘t‘l“
Trong trudng hop tdng quét:
L, +x| dv
h, =|—" —2l
= F
véi: Ly=2¢h (4.30)
ial 4

Thay céc phuong trinh (4.31), (4.33) vao phuong trinh (4.26) va
bién ddi, s& c6 4p suit trong budng lam viéc cia bom, d6i véi trudng
hop téng quat:

2
P, P. v, [Ly+x] dv
==z, +h, +({+T, )+
¥ » |:h vh ( h) 2 [ 2 ] dt] (4.35)

Tit phuong trinh (4.35), 481 vdi nhitng sé hang trong ngodc vuéng,
L, +x dv
trit c6t d4p quédn tinh 2 Tdat 12 dai lugng d8i dau, con lai 1a

nhilg dai lugng duong (+). Do @6, 4p sudt & budng lam vide trong

qua trinh hat p, (néu h, > 0) s& nho han 4p suat mit thodng & bé
hit p,, nghia la P, < p

s Né&u p,, < p,, thi sé phét sinh sy gidn doan déng chit 14ng trong
bom, chdt 18ng ¢ thé tdch ryi khéi piston, lam gidm luu lugng cla
bom. Ngoai ra diéu nay con giy ra hién tugng xam thue trong bom,
lam héng cac bd phéan ciia bom.

D& c6 p,, 16n thi cdn c6 4p sudt p, 16n va cdc s6 hang trong ngoic
vudng nhd:

e z nén chon trong pham vi nhd nhit cho phép, trong thuc t&
z, <4 +5 m. N&u bom c6 bd phan 16t kin bdo ddm, c6 thé chon
z, < 0 (44t bom dudi m#t thodng cda bé hit).
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2
v a
. ( +Th)'*—21gl >0 g€ ting khi nang hiit cAn chon sao dai lugng

nay & muic nhé nhat cho phép, nhim gidm dén muc t6i thiéu
tén that cuc b va chon 6ng hit ngin nhit trong pham vi ¢6 thé.
Yéu t8 4nh hudng quan trong dén tdn that 1a van téc chuyén
ddng cua piston.

e h,: lic bdt d4u md khéa rat 16n, do d6 can lam van nhe va
ting dién tich mit cidt thoit cia chat 1éng.

e L, nhd khi dudng kinh 6ng hit 16n va chiéu dai 6ng hit nhé.

e Tri sé gia toc dv/dt phu thudc vAn tdc piston, khi vdng quay
cda bom cang 16n, gia téc sinh ra lyc qudn tinh cang 1én. Do
dé, dé giam cét Ap quédn tinh va ting khd ning hit cda bom,
phéi chon 6ng hit ngin nhit va c6 dudng kinh 16n; sé vong
quay cua truc bom khéng duge qud 1dn: n = 100 + 200 v/ph.

Qua sy phéan tich & trén, cé thé nhéan xét: 4p suit trong qu4 trinh
hit cda bom p_, min khi piston méi bit ddu chuyén ddng (x = 0) va
p,, max khi x = S (cudi hanh trinh). Do d6, diéu kién lam viéc binh
thuong cia bom khéng ¢é hién tugng xdm thue trong qud trinh hat

sé la:
[h] Z[Pﬂmj
Y e N Y

P. P
__(Zh +hvh +hqlmux)2_bh_+A‘h (4.36)
Y ¥
vz
(1+T,) 2 =0 khix = 0 va v =0

2g

D4&i vdi bom piston duge truyén dan bing co cdu thanh truyén -
tay quay véi x = 0:

Byt --11‘—(0.2R
g
P. L, S Pon h
Do dé: —Y—- z, +hy +?w- R —T+A- (4.37)

Ap suat cia bom piston trong qua trinh day

Tuang tu d6i véi qud trinh hit, cdn viét phuong trinh Bernoulli
cho dong chdy khéng 4n dinh giita 2 mit ¢it b-b va c-c, 14y b-b 1am
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Hinh 4.10 - S0 d6 dudng éng dady

mét chuin (z =0;z,=2,p,V -4ap suit va van téc dong chay tai noi
cAn cung cip chat long) (Hmh 4.10).

Phuong trinh Bernoulli trén duong éng ddy:

2
px2 + vx

72g

(4.38)
Trong dé:

P, V,, - 4p sudt va vén tée chit 16ng trong budng cdng tdc tai
thoi diém dang xét trong qud trinh d4y.

Yh, - téng ton thdt cdt dp trén toan b chidu dai dng day, xdc
dinh tuong tu qua trinh hat:

V2

Yh, = hy 2‘; y (4.39)

T, - hé s6 t6n that tuong duong cia ong ddy, xdc dinh tuong ty
T, trong phuong trinh (4.32).

h , - ton that ning lugng tai van ddy.

H,, - cot dp quén tinh trén éng ddy (tir b-b dén c-c) xdc dinh
theo cong thic sau (tuong tu qud trinh hiit):

h :[Ld +S—x]_dvx2
e 2 dt (4.40)
L, - chiéu dai tuong duong cla éng ddy, x4c dinh tuong tu L ;

S - hanh trinh piston.
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Thay cdc phuong trinh (4.39) va (4.40) vao phuong trinh (4.38) va
bién d8i, s& nhan dudc 4p suit trong budng lam viéc cia bom piston
trong quéd trinh ddy:

1
Pz _Pe ) i, 4 (T, —1) a2y [ L ¥ 37X) 4% (4.41)
Y Y 2g g dt '

T phuong trinh (4.41): pTﬂtrong qué trinh ddy la téng cha —
va cdc dd cao biéu thi bdi cdc 56 hang trong ngoic vuéng. Phan tich
tuong tu 461 véi qud trinh hdat, c6 thé nhéan thdy: p, c6 gid tri 16n
nh4t khi piston bt ddu d4y (x = S) va nhd nhat khi x = 0. Nhing lic
d6 gia téc cda piston trong bom cé tri s& m (-) va tri s8 cdt dp quén
tinh 14 cuc dai:

Py P,
{—zj =2 h{z, 1hy g, (4.42)
Y min y
L,+S| , .
R6 rang la khi Pymx = . ®."R thi trong budng cong tdc

px2 ] < 10,3 mHZO va xéy ra
Y

_clia bom c6 thé xudt hién chin khong [

P2 P
x4m thue [ S } .
Y Y

Do @4, diéu kién bdo ddm bom piston lam viéc binh thudng
(khong giy ra xam thuc) trong qué trinh ddy la:

pr > [phh +A h]
=7 - 4.43
[ Y jm, Y ( )

Pé6i véi bom piston duge truyén din biing co cdu thanh truyén -
tay quay:

L, +
&+[zd +h, —“—Sm.zR}zpi+A-h (4.44)
Y g ¥

Vay dé€ chéng hién tugng xam thuc trong qud trinh d4y cin 4p
dung nhiing bién phdp sau:

e Gidm chiéu dai 6ng ddy (nén gidm cédc doan nim ngang).

» Tang dién tich mit cit éng d4y (bién phdp nay don gidn va cé
hiéu qué tat).



Gidm dién tich mit c#t piston (F), bén kinh tay quay (R) va
sd vong quay lam viéc.

Vdng quay gidi han cGa bom piston

Mot trong cdc yéu td quan trong dnh hudng dén diéu kién dé
khéng x4y ra hién tugng xAm thyc 12 58 vong quay lam viéc cia bom.
Do d6 cin x4c dinh 56 vong quay lam viée gidi han cGa bom n

21t.n nn
60 30’

Gidi phuadng trinh (4.37), thay o=
x4dm thuec:

895 px_phh
N = f -Ah-z, -h,
max(1) LhR [ _Y h h (445)

895 - hiing s6 nhan dugc khi nhan 302 véi g va chia cho n? = 9,86:
900 x 9,81 _ 895
9,86

Tuong tu nhu trén, cé thé tinh s§ vong quay gidi han cho phép
clia bom trong qud trinh ddy 0o B diéu kién (4.45):

895 (p.—p
nmax(2) =\[; R{ 'Y o —Ah +Zd +hvd] (4.46)
d

Sé vong quay cho phép [n] cia bom piston khéng dugc 16n hon
tri s6 bé nhdt cdan__ van

trong diéu kién cé

max(2)’

[n] < nmax(l)ﬁ)

Vé6i bom nuéc, [n] = 100 + 200 v/ph.

Sé vong quay cho phép [n] phai gidm khi nhiét 46 chit 1éng
trong bom t3ng. N&u bom lam viéc véi sé [n] ¢8 dinh thi khi nhiét d6
ting thi sé phai gidm chiéu cao hit (z,)

PBuong dic tinh

a- Puong ddc tinh lam viée co bdn cia bom piston H = Q) véi
hai s vdng quay lam viéc khdc nhau n, > n,.

Theo ly thuyé&t clia mdy thdy luc thé tich, cot 4p khong phu thude
lwu lugng, do d6 dudng dic tinh 1y thuyét cia bom duge biéu dién
bing cdc dudng AB va CD song song truc OH. Nhung dudng dic tinh
thue nghiém thi khéng hoan toAn nhu vay. Ching dugc biéu dién
bing cdc dusng AG va CR, khi cot 4p (4p suit) cha bom ting thi luu
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Hinh 4.11 - Budng
dic tinh ly thuyét

o) A C 0

lugng gidm (Hinh 4.11). Didu nay dé& hiéu vi khi 4p suit tdng thi tén
that luu lugng (do chit 1éng rd ri qua bd phan lam kin) ting, lam
giam luu lugng thuc cia bom.

Né&u ap suat lam viéc qud Ién thi luvu lugng cla bom cé thé mat
mat hoan toan vi ro ri, ho#ic van an toan dugec mé dé x3 chat 1éng vé
bé hit. Ap sudt va luu lugng lic nay duge biéu dién bing doan GL,
diém L img vsi thoi diém van an toan dugc mé. Su chénh léch giia
dudng dic tinh cot ap ly thuy&t va thue nghiém cang nhiéu khi n
cang lén, vi khi d6 tén that luu lugng ting khéng phéi chi do ro ri
ma con do sy déng ma cha cde van ddy va hit khéong kip thai lam
giam luu lugng thyc cia bom.

b- Puong dde tinh lam viée Q = f{H), N = f(H), n = RfH) iing vdi n
= const.

N,Q.n

4

n = const

Hinh 4,12 - Budng

déc tinh 1am viéc ’
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DPéi véi may thiy lue thé tich ¢c6 n = const, thudng biéu dién cic
thong s6 1am viéc theo H vi khi lvu lugng Q khéng d6i thi viéc diéu
chinh ch€&€ dd 1am viéc cda loai may nay thusng duge thue hién bing
cdch thay d6i 4p suat lam viéc. Khi 4p sudt 1am viéc ctia bom khéng
ddi (H = const), néu s6 vong quay n tang thi luu lugng Q, céng suat N
va hiéu suit luu lugng ciing ting.

¢- Duong ddc tinh n = fin); Q = f(n); N = fin) khi H = const.
N.Qn Q
1 (.
/’kQ n, = const Ki
PN
ﬁ n; = const

~
T —Q

Hinh 4.13 - Budng d¥c tinh lam viéc thay ddi theo n

d- Duong ddc tinh xdm thuc cia bom piston theo hai s6 vong
quay khéc nhau n, # n,: Pugng dic tinh xadm thue cho biét kha ning

lam viéc binh thuong (khong x3y ra xAm thyc) clia bom ing véi sd
vong quay khéng déi.

Céc diém K, K, 12 cdc diém gi6i han pham vi lam viéc an toan
cia bom Ung vdi cdc tri sd 4p sudt chan khong gidi han AH = H
Né&u do chan khong trong bom vugt qud céc tri sé gidi han thi bom
sé lam viéc trong tinh trang bi xdm thue.

Tir dudng dic tinh xaAm thyc, ta cé thé x4c dinh chiéu cao hit cho
phép cia bom theo cong thue:

[2,]=[Hex ]- -2 —=h, (4.47)

BOM ROTO
Khai niém chung

Céc loai bom roto ra ddi vao khodng cudi thé ky trude, sém hon
bom piston roto. Trong 60 ndm trd lai day, ching duge dung réng
ridi trong cdc nganh ché tao méy va dong lue.
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Bom roto ¢6 nhiéu loai, nhiéu kiéu khdc nhau, nhung & day chi
nghién citu cdc loai phé bién sau:

e Bom bénh ring.

e Bom truc vit.

e Bom canh gat.

¢ Bom chin khong vong nudec.

Trong cdc loai bom nay (trir bom chéin khong vong nudce) déu ¢
th& chuyén thanh déng cg thiy luc, néu nap vao bom dong chat léng
¢6 4p suét da lén.

Trong bom roto, bd phan lam viéc chinh tryc tiép trao ddi 4p
ning vdi dong chat 1éng qua mdy 12 b phdn c6 chuyén ddng quay
nhu bdnh ring, truc quay cé cdnh gat,. goi chung la roto. Roto cé
chuyén déng tron déu tao ra dong chay tuong d8i déu. Luu lugng va
4p suat cha dong chdy trong cdc mdy roto dao dong it hon so véi
dong chiy trong cdc may thay luc piston.

Ap suidt lam viéc trong cdc bom roto thudng cao hon so véi céce

bom c4nh din nhung thdp hon so véi cdc bom piston, théng thudng
1a 20 + 150 at.

Uu diém chung cia bom roto 1a:

o K&t cidu don gian.

e Kich thuge nhd, gon nhe.

e C6 tudi bén cao.

e Lam viéc chic chédn, tin cay.

e C6 thé lam viéc vé6i s8 vong quay lén.

e Cong suit trén 1 don vi trong lugng lén.
e C6 chi tidu kinh t& tot (ré).

Cac wu diém chii y&u trén day lam cho cdc bom roto duge st dung
rong rii trong cdc nganh ch& tao mdy va déng luc img vdi cdc diéu
kién ky thuat phu hgp, chdng han trong cdc hé thong truyén déng
va truyén luc bang dau hojc trong cdc bd phan didu khién bing cdc
cd cau thay luc.

Bom banh rang
a - Ciu tao, nguyén ly l1am viéc

C4u tao chia bom c6 it nhat hai bianh ring &n khép véi nhau, ¢6
thé &n khép ngoadi ho#ic 4n khép trong. S8 ring thuong gip Z = 8 +
12 rang.

.
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Hinh 4.14 — Sg d6 cdu tao bom banh rang

So dé két cdu cia bom banh riang don gidn thudng cé hai banh
rang (Hinh 4.14).

Banh rang cht déng 1 gin trén truc chinh cta bom an khdp véi
banh ring bi déng 2, cd hai banh rang déu dat trong vo bom 3.
Khodng tréng A gita vé bom, miéng 6ng hit 4 va hai banh ring duge
goi 1a vung hut; khodng trong B giita vé bom, miéng 6ng ddy va 2
binh riang goi 1a ving ddy. Khi bom lam viéc, banh ring cha dong
quay, kéo bdnh ring bi déng quay theo chiéu mdi tén (Hinh 4.14),
chit 16ng chida diy trong cdc ranh a gilta cdc ring ngoai ving &n
khép duge chuyén tif ving hit qua ving ddy vong theo vé bom (theo
chiéu chuyén déng cia bdnh rang). Vi thé tich chda chit 1éng trong
vung d&y gidm khi cdc ring cda cip bdnh ring vao khép, nén chdt
long bi ép va dén vao éng ddy 5 véi ap sudt cao. Qud trinh nay la
qué trinh ddy ciia bom. Pong théi véi qué trinh day, trong ving hiit
x3y ra qud trinh hut nhu sau: khi cdc rang ra khdp, thé tich chda
chat 16ng ting, 4p suit ch4t 16ng gidm xudng thap hon dp suat trén
mit thodng cGa bé hit 1am cho chit 18ng chdy qua dng hiit 4 vao
bom. Qud trinh hit va ddy chit 16ng xdy ra déng thai va lién tuc.

Né&u trong bom khéng c6 khe hé thi 4p sudt chat 1dng chi ting
khi duge chuyén dén vung ddy. Vay 4p suidt do bom tao nén chi phy
thudc vao 4p suit phu tdi (4p suit trong dng ddy).

Nhung trong thuc t& luén luén ¢é khe hd:

+ gidla dinh rang véi vé bom;

+ giita mit ddu banh ring véi vé bom;

+ gita cic mit rang.

Do d6 chét 16ng duge ting dp sudt sém hon trude khi dén ving
d4y. C4c khe hd nay giy nén tdn that luu lugng trong bom bdnh
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ring (chit 1éng theo khe *8 chdy ngugc vé viung hat) han ché& kha
ning ting 4p sudt lam viéc clia bom. N&u 4p sudt phu tai cao qud
muc thi c6 thé luu lugng cia bom hoan toan bi tén that. Vi vay, dé
han ché& dp sudt lam viéc t6i da, cdn bd tri van an toan 6 trén éng
day.

b - Luu luong trung binh cda bom banh rang

Luu lugng trung binh cia bom bénh ring tinh theo céng thuec:

Q=qn (4.48)
Trong d6: q - luu lugng riéng cia bom trong mét chu ky;
n- s6 chu ky trong mét don vi thsi gian.
Tinh luu lugng riéng q:
Gia s thé tich cha mét ranh bing thé tich clia mét rang.
Goi a la thé€ tich cGa mét rang:

a~—hb
2

Trong dé:
n.D
t- budc rang; t= 7
D - dudng kinh vong lan;
h - chiéu cao an khép; h = 2 m; m- mdédun cha bdnh ring;

Z - s6 rang; A
b - chiéu dai ring (chiéu réng rang).
.D
Vay: ax ’327 2mb ‘

Khi hai banh riang quay mét vong, thé tich chit 16ng duge chuyén
qua bom ti ving d4y dén vung hit 1a 2Za.

Vay luu lugng ctia bom véi s6 vong quay n trong mét don vi thoi
gian la:

Q, =2Zan =2n.Dmbn (4.49)

Né&u s8 ring cda bénh rang khéng nhu nhau thi 14y s8 riang Z,
cda banh rang cha déng dé tinh.

Dé6i véi bdnh rang ¢é sé rang nhd Z = 6 + 12 thi thé tich cda ranh
16n hon thé tich cta rang, khi d6é trong céng thifc trén, thay n bing
hé s6 3,5, do dé:

Q, = 7Dmbn (4.50)
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d
Do m = 7 nén luu lugng cé thé tinh theo cong thie sau:

D2
QI =7?bn (451)

¢ - Mémen quay va luu luong tic thoi cda bom banh ring -
Dao déng luu lugng

1. Mémen quay ctia bom bdanh rdng.

Trong qué trinh bom bdnh ring lam viée (Hinh 4.16), cip banh
ring quay va in khép véi nhau tai diém an khép A. Phia trén diém
A théng véi ving ddy c6 4p suit vung ddy p,, trong khi d6 phia dudi
diém A théng véi vang hut sé& cé 4p sudt tai ving hit p,. Duéi téc
dung cda d9 chénh dp p = p, - p, trén truc quay cdabédnh ring chi
déng va banh rang bi déng chiu mémen quay M, va M, tdc dong lén
0,va 0,

P - tam &n khép
A - diém An khép;
R, - ban kinh véng tron cd s4;

R - ban kinh véng lan;

R, - ban kinh véng déu dinh réng;
x- khodng céch tir A dén O ;

y- khoang cach tu A dén O,.

Hinh 4.16 - Sd d6 xac dinh moment quay clia céc banh ring

Déi véi banh rdang chi déng:

Nhu da biét, dp luc tde dung cde mit ring dsi dién sé can bing
(triét tidu) nhau, néu 4p suat tdc dung 1én cdc mit d6i dién bing
nhau. Nhu vay déi véi cdc rang & ngoai vung 4n khép thi théa méan
diéu nay, con ddi véi cdc ring & tai ving &n khdp, cé thé thay:
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Xét ranh ring cia banh ring chi d6ng: dp sudt tai A A’ va A A
can bing (déu c6 4p sudt hiit) con doan A A" chiu 4p suat ddy, doan
A A " chiu 4p suat hit. Nhu vy tai ranh rang nay chiu tdc dung cda
dé chénh 4p p = Ap = p, - p,

Viy banh rang chi déng chiu ap hyc: P, = p.dién tich tdc dung =
p(AA"b)=p.(R,-x)b

D6i vdi banh rdang bi déng: tuong tu, c6 thé xét 2 mit dsi B, B"
va B,B,"

Doan B,’B,": dp sudt ddy; doan BB ": dp suit hdt.

Nhu viy trén phan dién tich BB " cing chiu 4 chénh 4p p = p,
- pl '

Vay banh rang bi dong chiu 4p luc: P, = p(B,B,".b) = p.(R, -y).b

Moment quay do cdc 4p lue P, va P, gy nén trén bdnh rang chi
déng va banh ring bi déng la:

R, +X R2 -x?
M, =Pp=p(R,~x)b.=L==p. 22" b _ (452)
Tudong ty:
R, + R2-y?
M, =P, p=p.(R, -y).b. 22 y=p. 22y b (4.53)

Moment t8ng cong M tdc dung lén cdc truc cia bom bédnh ring
sé la: M=M, + M,

Hay: M= E[ZRi ~(x* +y?)] (4.54)

Tu d6 sé x4c dinh gid tri x* +y?

Hinh 4.17 - Diém %n khép va tm &n khép
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Goi | - 1a khodng cdch tir diém an khép A dén tAm an khép P.
Do dé: x> =(R+c) +k’
y2 =(R—c)2 +k?
Vay:
x? +y? =2R? +2c? +2k? =2R” +2(c® +Kk* )=2R? + 21> =2(R* - 1}
Thay vao phuong trinh moment:
M =pb(R}-R?-1) (4.55)

Péi véi banh rﬁng théng thudng thi R, =R +m; nén:

M =pb(2Rm+m? -1?) (4.56)
Tu biéu thic trén: M phy thudc vao khodng cach 1.

Khil =1__ thi moment c6 tri s6 nhé nhat:

M, =p.b(2Rm+m’-12, ) (4.57)

max

Khi 1 = 0 thi moment c¢6 tri s6 16n nhit:

M, =pb{2Rm+m?)

Theo céng thic trén cé thé xdc dinh tri s6 cda moment tuc thoi
tdc dung lén truc bom. Su dao ddng ctia moment quay anh hudng
x4u dén sdc bén va didu kién 1am viéc cGa bom. Tri s6 M ty 1& véi
cobng sudt trén truc bom, ma cong sudt lai dnh hudng dén 4p suit va
luu lugng cta bom, do d6 su dao dong cua moment quay M gAy nén
su dao déng luu lugng va 4p suat.

2. Luu lugng tuc thaot cua bom banh rdng- Dao déng luu luong

Nhu phan trén da dé cap:

¢ Cong suit trén truc bom tai thoi di€m truc bom c6 moment
quay tic thoi M la:

N=M.mo; ® = const - vin tdc géc ciia truc bom.

e Mat khédc cong sudt bom phu thude luu lugng tide thai Q:

N=yQH=pQ;
p = const - chénh léch dp suit ¢ vang d4y va vung hut.
Suy ra: M.ow =p.Q

Hay: “ Q= Mo p.b.(ZRm tm’ - 12)(0 = (2Rm +m?> -1 )b.w
P | Y
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Vay: Q=(2Rm+m*-1’}be (4.58)

Suy ra: luu lugng tdc thdi cia bom banh ring thay déi phu thuéc
khodng cdch 1 tuong tu nhu moment.

Khi 1 = 0, bom ¢6 luu lugng 1dn nhAat:

Quae =(2Rm+m? Jb.0 (4.59)
Khil=1_, bom c¢6 luu lugng nhé nhit:

Qi =(2Rm+m? =12, Jbo (4.60)

T 46 ¢6 thé k&t luan: luu lugng tide thdi cla bom banh riang thay
d6i theo chu ky td Q_, dén Q__ . Bién d6 dao dong cia bom banh
rang phu thudc khodng cdch 1 va do d6 phu thude s6 ring va hé sé
an khdp cda cidp banh rang.

Déi véi bom banh rang thang cé thé xdc dinh bién 44 dao déng
luu lugng A theo cong thuc gan ding sau:

2

A= %E.mzRib (4.61)

£ - hé s8 an khdp;

Z - s8 rang;

b - chiéu dai rang ( chiéu réng banh ring);
® - vAn téc géc cia bdanh ring cha déng;

R, - ban kinh vong co sd.

Dé& danh gid mic dé dao dong luu lugng clia bom banh ring, can
tinh hé s& dao déng luu lugng:

Qrmx - Qmin

5= 4.62
th ( )

Hé s& dao dong luu lugng cia bom banh rang tru c6 thé tinh
theo céng thic gan dung:

2
cos™ a

6=125 (4.63)

o - géc #n khdp cda cap bdnh rang; dsi véi banh ring tiéu chuin
a = 20°,
Nhu vay 8 phu thudc vao s6 ring Z.

So véi cdce loai bam piston va piston roto, thi bam bdanh ring cé
hé s6 dao doéng luu lugng nhé hon nhiéu.
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Biéu d6 dao déng luu lugng va 4p suét clia bom bdnh rang cé sb
rang Z = 10 va Z =12 dugc néu trén Hinh 4.18.

Q z=10 ,  z=12

(Us) 14 Luu lugng trung binh
5 .\ N\ o
FAVAVAVAVAVA) Dao ddng
A\ \ : luu lugng
8

i’ Y i o e W 7+ Dao d¢ng

(N/cm?d) L W W A W7 A W W4 S ap sufit
uu’ ‘T-? 9.’;0 ar 82 &3

Hinh 4.18 - Biéu d6 dao ddng Iuu lugng va dp suét

Dao déng luu lugng gAy ra dao dong dp suit, anh hudng x4du dén
sy lam viéc cda bom va cha hé théng truyén déng thdy lue.

d - Bién phap khac phuc mét s6 nhugc diém caa bom banh rang

1. Hién tuong dao déng luu luong
Céc bién phdap khic phuc:
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Dung bdnh rang cé sd rang lén.
Nhuoce diém la phai ting dudng kinh bédnh ring.

Ding bédnh rang nghiéng. J banh rang nghiéng toan bé chidu
dai tiép xic khong vao va ra khdp cing mdt ldc ma vao va ra
khdp tir tit nén luu lugng cha bom déu hon (daoc dong it hon)
va bom lam viéc ém hon. Hé s§ dao déng luu lugng cha bom
banh rang nghiéng nhé hon so véi bom banh ring théng, tiy
thudc vao géc nghiéng cha rang. Nhuge didm cia bénh ring
nghiéng 12 khi lam viéc xuat hién lue chiéu truc P,. Géc nghiéng
B va 4p sudt lam viéc cha bam cang 16n thi luc chiéu truc cang
16n, giy hu héng & truc va ddi héi bom phai ¢6 két ciu phic
tap dé khic phuc luc d6. Trong ky thuit thudng dimg bom
bédnh ring nghiéng ¢6 B = 20°+ 30° va 4p sudt p = 3 + 5 at.

Diung banh ridng chit V. Banh ring chit V ¢6 diy dd uu diém
cia banh ring nghiéng nhung é day luc chiéu truc ty khi. Vi
vdy dung binh rang chif V phat huy duge wu diém cda binh
rang nghiéng bing cdch ting B cla ring c6 thé t6i 35° dén
45°, Do d6 c6 dp suat lam viéc cao han, p = 20 + 40 at. Nhuge
diém 1a c6 k&t cau phuc tap, ché tao dit tién.
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1
Hinh 4.19 - Banh rang chi V

P& khédc phuc nhugce di€m nay cha banh réng chi V, thugng ding
hai e3p banh ring nghiéng b8 tr{ d6i xing trén ciing mét truc.

2. Hién tuong chét 1éng bi nén & chdn rang khi bom lam viéc

Khi bom lam viéc, mét phan chat 18ng bi giit 1ai  chén rang khi
cdc rang &n khdp véi nhau. Néu gifta cdc m#t rdng khi an khdp
khong c6 khe hd thi phdn chét 16ng nay bi nén lai. Khi cip banh -
ring sdp két thiic qui trinh vao khdp thi 4p suit cha chat léng nay
1¢n nhit, do thé tich chda ching nhé nhit. Nhung khi c#p rang ra
khdp thi thé tich d6 1én dan, 4p suat gidm, xudt hién 4p suit chéin
khong. K&t qui 12 c6 mat phan mét ring khi vao khép va ra khdp
chiu thém tdi trong phu ddi dau gy 4nh hudng xiu dén sic bén cla
ring, binh rang va & truc (8 truc bi mdn khong déu). Ngoai ra chit
1dng trong cdc thé tich bi nén néng lén va khi 4p suat gidm chat
léng bdc hai, sdi bot gay hién tugng xAm thyc va néu chat 1éng 1a
diu d& bi bién chat (6xy héa).

Khi mdt cap rang vao khép Khi hai c&p réng vao khdp

Hinh 4.20 - Chéat Idng bi nén & chan ring

Bién phap khdc phuc:

o Lam cédc ranh “thodt” trén thanh vé bom ¢ phia trong ngang
vi tri &n khép cda hai bdnh rang. C4c ranh nay cé thé thong
v6i ving hut ho#ic ving ddy. Cédc chit 18ng bi nén sé& di qua céc
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Hinh 4.21 - K&t cdu ranh thoat trong banh rang

rinh nay tré vé ving hit hosc ving ddy, do dé khéng gy nén
tai trong phu. N&u ranh thong véi ving hit thi tén that luu
lugng tang, hiéu suat luu lugng gidm khodng 7%.

Khoan céc 16 thoat huéng kinh & chan ring. Céc 16 nay théng véi
cdc ranh trén truc d&n chat 18ng dén ving hit hodc ving ddy.

Hinh 4.22 - K&t cau 16i thoat hudng kinh & chan rang

Hai bién phdp nay doi héi két cdu phdc tap, ché tao khé, lam
gidm dd kin cha cac th€ tich lam viée do dé hiéu sudt gidm.

Dung bédnh riang nghiéng hoic chi V: 1a bién phdp tét vi su
vao va ra khdp cia cde cdp riang duge thuc hién tir ti nén chat
long ¢ chan rdng khong bi bao kin trong khu vuc bi nén (g
ving dn khép).D& bdo ddm diéu d6 banh ring phai c¢é géc an
khép B va chiéu rong b phid hgp sao cho khi dau nay cda cip
ring bit diu ra khép thi dau kia vin & ving vao khép.

3. Hién tuong tén thét va bién phdp khde phuc

Trong bem banh ring ¢é hai loai tdn that:
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Tén that co khi: do ma sat trén cdc bé mit lam viée cla céc
chi tiét trong bom.

Tén that luu luong: do cdc thé tich lam viéc khong kin (dan

dén rd ri) va do chét 18ng khéng dién day thé tich cdc rdanh
ring, do bi dong chdy nguge (chit 16ng chidy trong khe hd giira



vong dinh rang va thanh vé bom nguge vdi chiéu quay cia
banh ring vi 4p suat & viing ddy 16n hon 4p suidt & viing hit).

Bién phdp lam cho chat 1dng dién ddy cdc ranh rang:

o Tao 4p suit thich hgp trong ving hit, khong dé 4p suit 6
vung hiit nhé hon 4p sudt do luc ly tAm sinh ra khi banh
ridng quay, bang cdch diat bom th&p hon muc chat 16ng
trong bé hiit hoic tang 4p suit mit thodng cia bé hit.

+ Hinh ddng va kich thudc cia dudng din chat léng vao
ving hit phai hop 1y. Van téc chat 1éng vao ving hit khong
nén qua 2 = 3 m/s. Pudng din dén vung hut ¢6 ké&t cau hinh
“loa”, mdt canh md rong dan cho dén khi bing chiéu réng
cia banh ring d miéng vang hdt, va cung tron cua ving
hit khéng nén nhé qui 1/8 toan bd vong bao banh rang.
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Hinh 4.23 - Ké't cau dudng dan chéat (dng vao bong hut

’ ‘r/

¢ Han ché& van téc 1am viéc cha banh riang. Van téc ¢ vong
dau dinh rang khéng nén qud 6 + 8 m/s, vi ¢6 thé giy hién
tugng xam thue.

Bom tryc vit

Bom truc vit dude sit dung nhiéu trong céng nghiép vi ¢é cdc uu
diém co badn nhu sau:

o Luu lugng diéu hoa, it dao déng hon luu lugng cla cdc mdy
thay luc banh rang, k€ ca banh rang nghiéng.

o Hiéu suit tuong ddi cao.
o K&t cau nhd gon, chic chén, 1am viéc tin cAy, khéng 6n.
e (6 thé lam viéc vdi sé vdng quay ldn va 4p suit cao.

Trong thue t& sdn xuit bom true vit c6 s6 vong quay n = 18000 vg/
ph va p = 200 at.

e Moment quén tinh nhé nhat so vdi tdt cd cdc loai mdy thiy
luc thé tich khdc cé cuing céng suat. Do dé mdy 1am viéc ¢6 do
nhay cao.
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e Pham vi sif dung rdng rai: Q = 3+ 12000 I/ph; N = 1 + 1500 kW.
Ciu tao, nguyén Iy lam viéc

B4 phan chi y&u cia mdy thiy lue truc vit gom hai hoic ba truc
vit &n khép vdi nhau dit trong mét vé mdy cd dinh c6 16i dan chat
16ng vao va ra. Khe hé giita céc truc vit va vé mdy rat nho. Truc vit
thudng ¢6 mot hoic hai méi ren va bién dang ren thudng cé ba loai:
ren chit nhat, ren hinh thang, va ren cycloid.

Bom va ddng co c6 k&t cidu gidng nhau va c¢6 thé lam viéc thuin
nghich. D& don gian, c¢6 thé€ nghién afu cdc loai bom truc vit truéde,
sau dé suy ra doéng co.

a- Bom hai truc vit

Cdu tao. Truc vit chi ddng 1 ¢6 ren chif nhat, chiéu ren phai an
khdp vdi truc vit bi déng 2 ¢6 chiéu ren trdi. Cudi hai truc vit ¢ lip
hai banh rang 3 cing 4n khép véi nhau. Cdc truc vit duge dinh vi
bing cdc § truc d4t trong vé bom 4. V6 bom c6 vung hit A va vung
day B. Khe hd giia c4c truc vit va v6 bom rit nhé (Hinh 4.24).

a

Hinh 4.24 - SJ d8 cAu tao clia bom hai truc vit

Nguyén ly lam viéc cia bom truc vit. Chat 1éng & viung hit A dién
day ranh ren & vi tri a, khi truc vit quay moét vong, than ren b cha
truc vit kia &n khdp véi ranh ren a va ddy khéi chat 1éng trong d6 tir
vi tri a dé&n vi tr{ a’ va tit @’ khi tryc vit quay ti€p mét vong thi lai
chuyén dén a”. Theo chu ky dé chat 18ng duge chuyén tir viing hit
dén ving diy.

Bom hai truc vit ren vuéng (ho3c hinh thang) néu trén cé nhuge
diém 1a khé bdo didm kin thé tich lam viée, do 46 ton that luu lugng
va ton that thiy lue nhiéy, tdn that cd khi 16n, hiéu suat co khi thap.
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Vi vay, bom hai truc vit ¢é ren chit nhat (ho3c hinh thang) cé dp suat
va luu luong 1am viéc han ché: p = 100 at, Q = 20 = 40 V/ph.

Bom truc vit cing nhu bom banh riang nghiéng, khi lam viéc
phdt sinh tdi trong huéng truc, t4c dung 1én 8 truc, lam gidm tudi
tho bom. Pé gidm tai trong hudng truc, ¢6 thé tac ranh hoic dung
cdc tryc vit ¢6 hai phan ren nguge chiéu nhau.

Trong timg vdng quay, truc vit sé chuyén khdi chat 1éng cé thé
tich bing thé tich ranh ren trong mét budc ren t. N&u goi F 1a dién
tich m#t cdt ngang cla ranh ren, luu lugng ly thuyét riéng cia bom
truc vit la:

q =Ft (4.63)
Viy luu lugng ly thuyét Q, mdy bom trong mét giay la:
_ng, nkFt
Q, 0 - 60 (4.64)

Dién tich F c6 thé xdc dinh gin dung nhu sau:

E n.(D2 —d? }

= 4 (4.65)

Trong d6: D, d - dudng kinh caa dinh va chén ren truc vit.
Luu lugng thue t&€ trong mét gidy cida bom hai truc vit 1a:

= e (p? _g?) (4.66)

Trong dé: Mg - hiéu suat luu lugng cGa bom hai truc vit, gid tri
théng dung la ny= 0,75 + 0,85.

b - Bom ba truc vit

K&t cAu va nguyén 1§ lam viéc cda bom ba truc vit néi chung
tuong tu bam hai truc vit, diéu kh4c biét l1a truc vit chd déng 1 4n
khdp véi hai truc vit bi déng 2 va than bom 3 ¢6 hai 14n v d€ tin
nhiét t6t hon. Hinh 4.25 minh hoa mit cit ngang cia bom ba tryc
vit cycloid &n khdp nhau. So vdi hai truc vit, bom ba truc vit cé thé
tich 1am viéc duge lam kin toét hon, do dé hiéu suit luu lugng 1dn
han; g6c nang ciia méi ren c6 thé tang 1én, din dé&n hidu suit co khi
cing cao hon. Nhu vay bom ba truc vit ¢6 hiéu suét va tinh nang lam
viéc cao hon bom hai truc vit, ¢6 thé dat téi cac tri sé gidi han.

Luu lugng cda bom ba truc vit: tuong tu nhu bom hai true vit, xde
dinh theo cong thic gan ding:
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Hinh 4.25 - So dé cau tao clia bom ba truc vit

dJ.n.nQ

Q = ? (4.67)

Trong dé:

Q - luu lugng thuc t€ ctia bom trong mot phuit;
n - s6 vong quay cda bom trong mat phit;

Mg - hiéu suét luu lugng; 7,= 0,80 + 0,95;

d - duong kinh chéan ren cia truc vit chu déng.

Bom canh gat

a. Cdu tgo, nguyén ly lam viéc. Bom géom vd hinh tru 1 trong dé
¢6 roto 2. Tam caa vo6 va roto léch nhau véi khodng cach e. Khi roto
quay, ciac ban phing nay trugt trong cdc ranh cha roto va gat chit
16ng, nén dugc goi 14 canh gat. Phan khong gian gidi han béi v bom
va roto duge goi la thé tich lam viée.

Hinh 4.26a minh hoa so dd két cdu cia bom cdnh gat don gidn
(hai canh gat). Nha luc ddy cda 16 xo 4, cdc cdnh gat 3 ludn ludn tua
st vao thanh vé bom. Gid sit bom lam viéc quay theo chidu mii tén,
thé tich chita chat 16ng tir A dén C tang, 4p sudt trong chat léng
gidm, do dé chat 1dng bi hut vao bom. Khi ecdnh gat di chuyén tir C
dén B, sé lam gidm thé tich chida chit 16ng, do 46 lam tang 4p sudt
va diy chit long vao ong day.

Dé chat 16ng khong chdy nguge tir ving day vé lai ving hdit va
khéng bi “ket” trong cdc thé tich 1am viéc thi vi tri clia cdc cdnh gat
va cla roto phai bd tri sao cho khi cdnh gat nady bdt dau gat chat
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Hinh 4.26 - Sd d6 c4u tao clla bom canh gat, (a) hai canh, (b) sau cénh,

16ng (8 vi tri I) thi cdnh gat kia ciing diing gat chit 16ng (¢ vi tri II).
Do a6 luu lugng bom khéng déu, nhé nhat khi cdnh gat d vi tri I va
16n nhat khi canh gat & vi tri C-C. P& luu lugng bom déng déu hon,
can ting s6 cdnh gat trong bom (tif 4 d&n 12 cénh).

Hinh 4.26b minh hoa so d6 két ciu clia bom sdu cdnh gat. Céc go
chén AB, CD ngin khéng cho chat 16ng tit budng ddy ngudge vé budng
hut, g& chdn AB phdi cé chiéu dai thich hgp sao cho khi mét c4nh
gat bit dau vao vi tri A thi cdnh gat trudc d6 phdi vira dén vi tri B,

Cédc bom néu trén, trong mot chu ky lam viée (mét vong quay cua
roto) thuc hién mét 14n ddy va mot 1an hiit, nén goi 1a bom tdic dung
don.

D& giam tai trong trén § truc va nang cao dp suit lam viée, cdn
dung bom cdnh gat tdc dung kép. Bom tdc dung kép chi khae bom
tac dung don ¢ vé bom. Mit trong cda vo bom khang phai 1a mat try,
tAm cua roto trang véi tdm cda vé, bam c¢6 hai vung hit va hai ving
ddy bé tri doi xdng vdi tam vé.

Pdi véi bom tac dung don:

Ap suit lam viéc p < 20 at.
Luu lugng lam viéc 5 + 150 Us.
S6 vong quay lam viéc n = 1000 + 2000 vg/ph

Péi véi bom tdc dung kép:

Ap sudt lam viéc p < 70 at
Luu lugng lam viée 5 + 200 I/s

Hiéu suit cda bom canh gat néi chung: n = 0,5 < 0,8.
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Bom cdnh gat cé uu di€m la ké&t cdu nhé gon, don gidn, cé kha
ning diéu chinh luu lugng.

b - Luu lugng, bién phdap diéu chinh luu lugng.

Goi: R- khodng céch tir O, cia roto d&€n mit ti&p xic cia vé bom;
r - bdn kinh mit 1am viée cda vd bom,;
h - chiéu dai mit 1am viéc cda cdnh gat;
b - chiéu rong c4nh gat;
C - trong tdm phAn lam viéc cda c4nh gat;
¢ - géc quay cia roto k& tir dudng tAm thdng dimg AB.

Hinh 4.27 - Sd dé xac dinh luu lugng
C6 thé xdc dinh c4c thong sé hinh hoc va déng hoc cla bom cdnh
gat tit minh hoa trén Hinh 4.27.
Vi géc B rat nhd c¢6 thé coi cos f = 1:
h =e + EO,; ma EQO, = e.cos(E0,0,) = e.cos(180°-9) = -e.cos¢
nén h = e - ecosp = e.(1-cosp)

Vén téc truot tuong déi cda cdnh gat trong ranh:

v—-d—h—eo)sin
a oesme

d .
Trong d6: © = _(i% - van toc géc cda roto

Vén téc vong cda trong tAm phan lam viéc cia cdnh gat:

u=0,Co
Trong dé: 0,C =R -0,5h; vdi R =DE +EO, =rcosp —ecos ¢
O,C=rcosP~ecosp—-0,5h
=rcosB—ecosg—0,5¢(l ~ cosp)
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Néu coi cosP ~ 1 thi:
0,C =r-0,5¢(1 + cos )

Hay: u = ofr - 0,5¢(1 + cos o)) (4.68)

Luu lugng tic théi. Néu khong ké t6i anh hudng cda chiéu day
canh gat:

Q, =ubh

Q,, = [r -0,5¢.(1+ cosg)je.w.b.(l - cos o) (4.69)
Tit cong thic trén, luu lugng tite thyi clia bom thay d8i theo géc
quay cuia roto:
Khi ¢ = 90° va ¢ = 270° thi Q, = Q_ = (r-0,5¢).wb.e (4.70)
Khi ¢ = 180° thi Q, = Q_,, = 2.r.ab.e (4.71)
(mot canh gat chi 1am viéc véi ¢ c6 gid tri 90° dén 270° con tu
270° dén 90° canh gat kia lam viée, quay theo chiéu kim déng hé)
Heé s§ dao dong luu lugng:
Qn‘mx
Yy = Q..
Déi vdi bom hai cdnh gat luu lugng tic thoi thay ddi kh4 rong.
P61 véi bom nhiéu cdnh gat, chdng han Z = 6:

QITIAX
y= =07 1y lugng déu hon (4.73)

min

Luu lugng trung binh. Luu lugng trung binh trong mét vong
quay q (luu lugng riéng)

~2 (4.72)

Goi q, - luu lugng riéng cda bom khi khéng xét 4nh huéng cda
chiéu day canh gat;

’

q’ - luong gidm luu lugng riéng do 4nh hudng cha chiéu day
cdnh gat trong mft vong quay.

Khi d6: q=q,-q
Né&u s6 c4dnh gat Z di 1dn, cé thé 4p dung biéu thie sau:
q = 2eb(2nr-52); & - chidu day cdnh gat.

Goi n 14 s6 vong quay cda bom trong mét phdt, luu lugng trung
binh ly thuyét cda bom trong mét gidy la:
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_hq
Q 60

eb
Q, = n CO (2nr-8.2) 4.74)

Vay luu lugng thuc t& ctia bom cdnh gat tdc dung don la:

n.e.b.
Q- T“Q(zn.r ~5.2) (4.75)

Trong thuc t&€ n, = 0,8 + 0,9
Diéu chinh luu luong

Uu diém cda bom cdnh gat tdc dung don 1a ¢ thé didu chinh
duge luu lugng khi s6 vong quay lam viée cia roto khéng déi.

Tuong tu bom piston - roto hudng kinh, luu lugng cia bom cdnh
gat c6 thé diéu chinh bing c4ch thay d4i tri s§ do léch tAm e. Ngoai
ra, néu thay déi ddu cGa e thi ¢6 thé ddo chiéu lam viéc cda bom.

c. l‘l‘n —— hm,: 8310 . 0:0 Crfm’r.au,
2ol L ld il A Ll L Ll L
—t— J—- B -1eo—
Z\N 3
N
A—-— — ——— 4—.——
al ) 17/

Hinh 4.28 - Didu chinh luu lugng béing thay ddi dé léch tam

Trén Hinh 4.28 la sg d6 diéu chinh bom cdnh gat. Khi vi tr{
tuong ddi cia roto trong vé bom nhu trén hinh a) thi chét 16ng dugc
chuyén tt Atdi Bvdie =e__, do dé Q =Q__. Khi ddy vé bom sang
phai, e gidam dan, luu lugng gidm din va cho dén khi e = 0 thi Q = 0.
Maic di roto vAn quay vdéi van tdc géc va chiéu quay khong thay d6i,
nhung néu tiép tuc ddy vé bom sang phai thi e d8i dau, chiéu
chuyén déng cha chat 16ng thay déi tir B dén A va khi luu lugng cia
bom 16n nhit thie=e__.

¢ - Luc tdc dung lén canh gat

Xét trudng hgp ¢ = 180°, trén canh gat sé ¢6 cdc luc tde dung
(Hinh 4.29) nhu sau:

132



Hinh 4.29 - Luc tac
dung I&n canh gat

Luec ly tdm, bing tich s6 ciia khéi lugng cdnh gat m véi gia téc ly
tdm a_(dat & khoi tam, cdch tim quay theo khodng cach p):

P, =ma,
Vi
a, =p-(02 :(R —E].(ol Z{KCOSB—E-COS(‘)—E}QZ
2 2
"[r—ﬁ—e cosw]m2

;e .

2[ h ]
Nén: P, =m.o", r—E-e.coscp

Thay h = e(1 - cos ¢) vao biéu thic trén:

P, = m.o’ .[r —e.cosQ - %.e.(l —COs (p)}

=m.o? [r - 0,56(1 +cos (p)] (4.76)
Lue ly tAm thay d6i theo géc quay cia roto.

Khi ¢ = 180° thi P, . =m.r.o?

I max
Do d6 luc ly tdm luén luén d4y cdnh gat vé phia thanh vé bam.

Lyc qudn tinh P_do gia tdc chuyén dgng tudng d6i a cha cdnh
gat trong rdnh roto tao nén:

Pq =-m.a
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=e.n’.cos@

Nén P, = -me.n’.cos¢ (4.77)

q

Tri s6 va ddu cha P_thay d6i theo géc quay cda roto. Khi ¢ = 0 =
90° va ¢ = 270° + 360° thi P_ kéo c4nh gat vé tm (ngugc chidu luc ly
tdm). Khi ¢ = 90° ~ 180° va ¢ = 180° + 270° thi Pq cung chiéu véi P,
d4y cénh gat vé phia vé bom.

Khi ¢ = 180° thi P, =meon’ (4.78)

Néu cac dau ridnh phia trong cla roto théng véi ving ddy thi
cdnh gat con chiu mét 4p lyc ddy P vé phia thanh vé bom do do
chénh dp suat cia bom p = p, - p, gay ra:

P, =pbd; 5 - chiéu day canh gat.

Ngoai ra, trén cdnh gat cdn c6 luc quén tinh Coridlit (do gia téc
Coriélit) va luc ma sdt (gita cdnh gat va ranh roto). Luc quén tinh
Coridlit c6 phuong thing géc véi cdnh gat, do d6 1am ting lyc ma
sdt gitta cdnh gat va ranh roto.

Téng céc luc tdc dung 1én cdnh gat ¢6 tri s6 16n nhdt P__khi ¢ =

" 180°. Néu bd qua luc ma sdt, lue téng cong 16n nhit P__ tdc dung
1én cdnh gat la:

Pmax = Pp + leax + qunx = pb6 + l'n.l'.(l.)2 + m.e.ﬁ)z

=pbd+ma’(r+e) (4.79)

Lyc P_., 12 nguyén nh4n giy ra sy mai mon diu lam viée cla
cdnh gat va m#t lam viéc cda vé bom, lam cho bom chéng héng.
Ngoai ra, P_, cdn phu thudc vae chiéu day cda cdnh gat 5. D& han
ché& P_, , cdnh gat trong thuyc t& cé chiéu day khong quéd 3 mm.

Bom chan khéng vong nuéc
a- C8u tao, nguyén ly lam viéc.

Trong k¥ thuét, nhiéu khi phai tao chan khéng. Loai don gidn
nhit 1a bom chan khong c6 vong nuée (Hinh 4.30).

Bom gém mdt v hinh tru trén 1 trong d6 ¢6 roto 2. Trén roto cé
g4n c8 dinh c4c cdnh gat. TAm cda vé va roto 1éch nhau mot khoang
e. Trong vd 1 ¢6 nude. Khi roto quay cdc cdnh gat khudy nudc va
dudi tdc dung cia lyc ly tAm, nudc tao thanh hinh vanh khin bao
quanh vé lam kin bom. G mit bén clia v bom c¢6 miéng hiit a théng
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Hinh 4.30 - S0 d8 cAu
tao bom chan khéng
vong nudéc

véi.miéng d4y b thong vdi 6ng ddy. Hinh dang va vi tri cia miéng
hit va miéng ddy dudc néu trén Hinh 4.30. Khi bom lam viée, vong
nuéc phai chodn toan bd mat cit AB. Khi canh gat quay theo chiéu
mai tén tir AB dén CD, thé tich chida khong khi gitta roto va vong
nudc tang, 4p suit tai 6 gidm, khéng khi bi hit vao bom qua miéng
hit. Tir CD dén AB thé tich khang khi giita roto va vong nudc gidm,
khéng khi bi cdnh gat nén lai vdi 4p sudt cao hon & cira hiat va bi
ddy qua cifa d4y vao éng ddy.

Khi roto quay theo quy trinh néu trén, 4p sudt & miéng hit cda
bom gidm dén, tao nén d6 chian khéng ngay cang cao trong dng hiit.

Nguyén ly 1am viéc eia bom chdn khong véng nuéc ciing 1a nguyén
1y lam viéc clia bom c4nh gat tdc dung don. Vé k&t c4u, bom chan
khong vong nudc khéc vdi bom cdnh gat & chd cc cdnh gat khéng
trugt trong cdc ranh cada roto va khdng tua vao thanh vé bom vi
budng lam viéc dugc 1am kin bing vong nubc.

b - Luu lugng khéng khi do bom chén khéng vong nude hit

Gii s vong nudc c6 chiéu day khong déi, nghia 1a dudng gidi
han trong cta vdng nude 12 dudng tron, ddéng tim vdi vé bom, so dé
lam viéc cia bom chin khéng vong nude hoan toan tuong tu bom
cdnh gat tdc dung don c6 dudng kinh vd bom bing dudng kinh trong
caa vong nudc.
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Do 46, cdng thife tinh luu lugng trung binh cda bom chin khéng
vong nudc cé thé suy ra tit céng thite tinh luu lugng clia bom cénh
gat tac dung don, chi khédc 1a thay ban kinh vé bom cdanh gat (r)
bang dudng kinh trong cla vong nudc:

n.eb.n
Q —

= TQ(%L(rO +e)-387) (4.80)

Trong 46: n - sd vong quay cda roto (vg/ph)
e - d6 léch tdm caa roto va vé bom;
b - chiéu réng clia c4nh gat;
3 - chiéu day cda cdnh gat;
Z - 56 cdnh gat;
r_ - ban kinh truc roto (r, =d/2)
ng- hidu suit lvu lugng clia bom chén khéng
vong nudc; n= 0,7 + 0,8.

c- Lugng nudc cdn thiét trong bom

D& bom chan khéng hoat déng binh thudng, cin luén luén duy
tri thé tich nude V trong bom, sao cho khi bom lam viée V 1am kin
mit AB. Nghia 1a vong nuéc thudng xuyén cé thé tich bing thé tich
ctia khéi tru réng véi dudng kinh ngoai biing dung kinh roto (k€ cd
cdnh gat) va dudng kinh trong bing dudng kinh cda true roto:

V= b[%(dz ~dl)- 2.6.1] (4.81)

Trong d6: Z.5.1 - thé tich cdc cdnh gat cla roto.

Thuec t&, khi bom lam viéc, mit trong cda vong nuée khong hoan
toan tron va déng tam vdi vé bom (vi roto dit léch tdm véi vé bom)
nén khong thé trdnh moét phin nudc bi cdnh gat dua qua cda ddy ra
khdi bom. Vi thé, can bé sung nudc cho bom d€ lam kin. Luu lugng
nude bé sung nay thong thugng khodng 0,25 + 0,3 m%h. Lugng nudc
bé sung con cé tdc dung 1am ngudi bom.

BOM PISTON-ROTO

Khai niém chung, uu nhugc diém, phan loai

Bom kiéu piston-roto 13 loai bam thé tich mdi ra dsi va bit dau
dugc s dung nhiéu vao nhiing nam 1925 + 1935, khi ma truyén déng
thy luc bit ddu duge (ng dung rong rii trong cdc nganh ché tao
mdy cdng cy, may bay, va tau thiy.

DPic di€m cia bom piston-roto:
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o Tao duge 4p suit cao vdi luu lugng khong 16n 14m;

» C6 kha ndng thay d6i luu lugng mét cdch dé dang, trong khi
van gid nguyén 4p suit va s6 vdong quay lam viéc (4p sudt 1am
viéc khéng phy thude vao luu lugng va sé vong quay);

e Hiéu sudt tuong déi cao;

e Pham vi didu chinh 14n;

e S& vong quay lam viéc tuong d8i 1dn nén ¢6 kha ning ndi true
ti€p véi cdc ddng co dién théng thuong.

Bom va dong co piston-roto c6 k&t cdu hoan toan nhu nhau, tri
nhimg trudng hgp dic biét. Trong thyc t&, bom piston-roto bat ky
déu c6 thé lam viéc nhu ddng co néu din vao dé dong chit léng cé
ap suit di 16n.

Bom piston-roto ¢6 thé chia lam hai loai:

e Bom piston-roto hudng kinh

o Bom piston-roto hudéng truc

Bom piston - roto hudng kinh

a - Céu tao, nguyén ly lam viec. M4y gdm hai phin; phan quay (roto)
1 dat léch tam trong phan c¢d dinh (stato) 2. Roto 14 khéi tru tron,
trong d6 cdc xilanh va piston tru 3 khang cé can (thanh diy) phin
bd déu theo huéng kinh (kiéu bé tri hinh sao). Do sy bé tri léch tdm
theo khodng c4ch e nén khi roto quay, cdc piston quay theo roto va
déng thoi chuyén ddng tinh tién trong cac xilanh (Hinh 4.31).

Hinh 4.31 - So d6 c4u tac bom piston-roto hudng kinh

137



Trong bom, qué trinh hit duge thye hign khi c4c piston chuyén
dong huéng ra khéi tAm roto; chat 1éng dugc hit qua roto vao céc
xilanh nhd ¢6 156 dan a vao ving hit A. Khi piston bi thanh stato ép,
chuyén dgng hudng vé tdm thi chat 1dng bi nén vao vung ddy B va
chdy ra ngoai theo 156 din b trén stato, thuc hién qud trinh ddy caa
bom. Vang hit A va ving day B 14 hai ranh hinh bdn nguyét ciach
nhau bing mét vich bé tri & giita stato trong truc phén phoi 4 va
duge théng ra ngoai béi hai 16 ddn a, b. Trudng hgp nay ung véi
roto quay theo chiéu kim déng hd. Néu roto quay nguge chidu kim
déng hé thi viing hit la B va vung day 1a A.

P& bom lam viéc binh thudng, khi roto quay cdc dau piston phai
luén luén ty vio thanh stato, do d6 nhiéu khi phai diing bom phu
goi 1a bom cap d€ ddy chdt 1dng vaoc vang hit véi dp suat da d€ ddy
piston ty vao thanh stato trong qud trinh huit.

b- Phuong trinh chuyén déng cia piston. (Co sd tinh todn luu
lugng va lue tac dung trong bom)

Trén Hinh 4.32 1a so 6 nguyén ly chuyén d6ng cha bam piston-
roto huéng kinh, ciing 1a nguyén ly chuyén déng clia co cdu thanh
truyén - tay quay, trong dé tay quay L c6 dinh, con xilanh quay tron
quanh tdm O, véi van tdc géc khong d4di, va di€m A cda piston quay
quanh O, véi ban kinh r.

SO\

AMARLNY
LSO g

Hinh 4.32 - Sd d3 nguyén ly chuyén déng cla bam piston-roto hudng kinh

Trong bom piston-roto hudng kinh, thanh truyén r dugc thay
béng mdt vanh stato c6 tdm tring véi O,. Khi roto quay quanh O,,
déng thai piston ciing thuc hién chuyén dong tinh tién trong xilanh.

Xét thoi diém ban diu, piston & vi tri A. Khi roto quay theo
chiéu kim dong hé, piston c¢6 chuyén déng huéng vio tdm. Sau
khodng théi gian t, piston quay theo roto véi géc ¢ dén vi tri C, va
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khi d6 piston da chuyén déng tinh tisn tuong d6i v6i xilanh mot
doan la x:

Xx=r+e—-R

R =ecosp+rcosa
Suy ra x=(r+e)—(ecosp+rcosa)
Can bién d6i d& dua géc a vé géc o.

Tu Hinh 4.32, suy ra: rsina = esing

; e .
Hay sino = —sin @
r

2
Va cosa =+l —sin’ o =J1—[E] sin” ¢
r

Khai trién biéu thifc cosa theo nhi thic Newton va bd cdc s8

hang béc 3 tré lén:
2
cosa =1 —%[E] sin’ @

'Thay vao biéu thic cia R:

R = e[cosq>+£—lgsin2 (p]
e 2r

Thay vao biéu thife ciia x:
[ r le ., ]
X=r+e—¢ cos@+————sin" ¢
e 2r

Sau khi rit gon, phuong trinh chuyén dong cta piston trong
bom piston-roto hugng kinh ¢6 dang:

le .,
X=¢ l—cosq)+5—sm i) (4.82)
r
Cé thé xdc dinh van téc chuyén déng cua piston tit phuong trinh
trén.

Vén téc chuyén déng tuong déi clia piston trong xilanh:

v—g—em{sin +lSsin2(p]
o P 21 (4.83)
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Vi s8 hang thd hai rat bé so v6i 58 hang th nhat nén cé thé bé
qua va tinh v theo cong thdc sau:

vV =e.0.5in¢ (4.84)

Vay van téc tuong 441 v phu thudc vao ¢ va ¢6 tri sd 1dn nhat 1a:

Vioa = 60 (4.85)

Tri s6 trung binh cda v trong qu4 trinh piston chuyén déng vio
tAm:

Je.m. sinp.do
0

Vy="—————=—¢€0
n )

Su dao dong van téc tuong déi v duge d4nh gid bing ty so:

(4.86)

V max T

v, 2 (4.87)

Vén téc cia ddu piston theo vanh stato:

v,=Ro

: r le .,
v, =enl cose+————sin‘ o (4.88)
e 2r
Van téc chuyén ddong cda piston luén luén thay d6i trong qud
trinh roto quay.
¢ - Luu lugng

Luu luong trung binh. Luu lugng ciia bom piston-roto phu thuéc
vao kich thudc xilanh, s& xilanh va s8 vong quay clia roto.

Trong mét vong quay cda roto, lugng chit 16ng do mét piston cé
dudng kinh 14 d ddy:

2
nd e

Né&u bom ¢é Z piston thi luu lugng 1y thuyét cia bom trong mét
chu ky lam viéc (luu luong riéng) la:

nd’

2eZ (4.89)

1 =

Luu lugng 1y thuyé&t trung binh cta bom véi s6 vong quay n trong
mot don vi thoi gian:
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2

Q =q,n= 2eZn (4.90)

Luu luong tite thoi. Luu lugng tdc thoi do mdi piston tao nén
thay d6i theo thoi gian va ty 1& thuan véi van téc tuong d6i cia
piston trong xilanh:

nd’
q, = 4 v (4.91)

Thay biéu thic cda v vao biéu thife trén:

—Ewc sin +lssin2]
o =70 SO LIRS0

2

q, = 4 £.0.51n ¢ (4.92)

Luu lugng titc thai clia bom duge xdc dinh bang téng luu lugng
tie thai do cde piston & budng ddy tao nén. N&u toan b sd piston
ciia bom 1a Z va s& lugng piston ¢6 ¢ buong ddy 1a (m+1) thi luu
lugng tuc thai cia bom la:

2
Q, = '4 eo.[sin@ +sin(¢ +2a) +... +sin(¢ + ma))

Trong dé:
13 a9 . 3 27t
a - g6c gitia hai true cla piston lién nhau § tAm; a=—-
nd’ - . .
Vay: Q, = T.e.a).z sin(¢@ +ia) (4.93)
i=0

Do d6, luu luong tie thai thay déi theo gée quay cia roto.

Cé thé tim dugc tri s géc quay ¢ Ung véi gid tri cue dai Q__ bang
cdch ldy dao ham biéu thite trén theo ¢ va cho béng khong:

cos®+cos{p+a)+...+cos{(¢+ma)=0
Hay:

cos@ + cos®.cosa —sin@.sina +... + cos¢p.cosma —sin@.sinma = 0
Rut ra:

cos.(1+cosa+cos2a+..+cosma)—sin@.(sina +...+sinma) =0

l1+cosa+...+cosma
Suy ra: tgp =

- - (4.94)
sina +...+sinma
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Géc o ing v6i Q = Q___ duqzcl goi la gdc dao ddng cua bom
Khi ¢ =0 thl Q,=Q

P& d4nh gid mic d6 dao dong khéng déu cia bom, c¢6 thé dung
hé sé khong déu vé luu lugng:

Y= O (4.95)
3 .

min

Ngoai ra con dung hé s& dao dong luu lugng d€ ddnh gid su dao
dong luu lugng:

Qemox — Qomi
6 — @ max @ min 496
Q
d=y-—— 4.97
Q ( )

Thuc nghiém chidng t8, khi sd piston (Z) cia bom 16n thi d nho.
Va d cda bam ¢6 Z 18 bao gid cing nhé hon cia bom ¢6 Z chin.

Su dao ddng cha luu lugng c6 &nh hudng dén sy dao déng cia 4p
suit trong hé thong bom 1am viéc. Tuy nhién, so vdi bom piston thi
hé s6 dao ddng luu lugng cha bom piston-roto nhd hon nhiédu.

P& diéu chinh luu lugng cia bom piston-roto, c6 thé diung phuong
phép thay d6i d6 léch tAm e tuong ti nhu bom cdnh gat (Q ty 1é bac
nhét vdi e):

e=0thiQ=0

e=e, thQ=q,

Vay luu lugng cita may 'mg v6i d6 1éch tam e la:

e
Q=Qu o (4.98)
e
Trong d6: &= e lahe s6 didu chinh (4.99)
Q=¢Q,, (4.100)

Moment quay. Ap sudt lam viéc gay ra cac lue tde dung lén cédc bd
phan cta bom. Can nghién ciu céc lyc tdc dung d€ tinh céng sudt
yéu cau cia bom, ddng thdi phdt hién cdc nguyén nhéan gy hu héng
céc bd phén lam viéc chinh d€ c6 bién phdp ngin ngita hu hdng va sd
dung bom mdt cdch hiédu qua.
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Hinh 4.33 - So dd tinh moment quay bam piston - roto

Ti¥ Hinh 4.33 c6 thé thay: khi roto quay, vanh stato tdc dung lén
dau piston lue N huéng tdm O, ép chdt 16ng trong xi lanh. Néu 4p
suat trong xi lanh 1 p thi 4p luc tdc dung lén piston la P (theo
phuong cua truc piston):

2

P=p‘n.d

; d - dudng kinh piston. (4.101)

_ Lyc P nhu nhau déi véi moi piston trong budng day.
Phan tich N thanh 2 thanh phén:
s P’ c6 phuang song song truc piston;
o T c¢6 phuong vudng géc véi truc piston, duge goi la lue vong.

Luc P’ tao nén 4p suit p trong xilanh, néu bd qua luec ma sdt giia
piston va xilanh thi P = P’. Thanh phén luc vong T tao nén moment
can trén truc roto cia bom.

Tu Hinh 4.33:

T =Ptga
N = P
cos o
2
el .
Trong dé: coso =\[ —{-] sin” ¢
r
T =P.tga =p. 0%
coso
. e .
Vai: sino. = —smy

r
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Thay vao phuong trinh T:

€ .
—sin@
T=P——=

e (4.102)
- I‘TSln P

2
. BN e ~ r'd n ’ 2
Vi sin’ ¢ << sing va — 12 s hang nhé, c6 thé bé qua.
r

Do 4é: T= P.%simp (4.103)
Viy: luc vong T thay d8i theo géc quay ¢

¢ = 0 thi T=0

o = 90° thi T=T_

¢ = 90° + 180° TgidmtaT dénT_ =0
Moment quay tao nén béi lyc vong T tdc dung 1én mét piston la:

M=TR (4.104)

2 €

e .
P.-sino role
M —r———.c[cosq)+-——-—sin2(p]
e’ ., 2r
l—r-2—51n 0}

(4.105)

S Le 2 s a A A .
Né&u —sin" @ =0 va E:Sln ¢ =0 (vi 1a c4c dai lugng vd cung bé
r

bic cao).

e? . r
Tir d6: M=P-Tsmq>. COS¢>+E (4.106)

Moment quay cha roto bing téng moment clia cdc piston trong
ving day khi bom lam viéc:

M=) TR (4.107)
Nhidn xét:
e Moment quay M thay déi theo ¢ mdt cach cé chu ky.
e Tri cuc tiéu cda M phy thudc vao Z:
Vide: Z=5M_ =094M,
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Z=7,M, =096M,
Z=9;M__ =098M_

¢ Tuong tu dao ddng lwu lugng, moment quay dao dong cang it
néu Z cang 14n.

e M ty 1é thuin v6i 45 léch tdm e; M cang 16n khi e cang 16n; M
= 0 khi e = 0. Do vay ¢6 thé diéu chinh moment quay M bing
cich thay d8i 46 lach tAm e trong khi 4p sudt p khong d3i.
P4y la phuong phdp chi yéu d€ diéu chinh bom piston-roto
huéng kinh:

M e
max max

M=e

€

Viay: M= C—Mmax =eM,,, (4.108)

Trong d6: £ - hé s6 diéu chinh cia méy.

Bom piston - roto huéng tryc

a - Cdu tao va phén loai

Cdu tgo. Nguyén ly 1am viéc cia mdy nay ciing tu’dng tuy nhu bom

piston-roto hudng kinh, nhung k&t ciu ¢é hoi khéc (Hinh 4.34).

Trong bom piston-roto hudng truc, cdc 13 xilanh phén bs déu

trén roto 1 nhung khong huéng kinh ma song song véi nhau theo
hudng truc roto. Piston 2 trong xilanh luén luén duge ddy va tya
mét ddu vao dia cé dinh dat nghiéng 3 bing cdc 10 xo dit trong
xilanh. Khi roto quay, céc piston quay theo. Vi mét ddu piston luén
ludn tya vao mit dia nghiéng nén cdc piston cing ddng thai chuyén
déng tinh ti€n tuong déi vdi xilanh. Cdc 16 xilanh & mit cudi roto

v

._( - 3

7 2 4

Hinh 4.34 - So d8 cdu tao bom piston-roto hudng truc
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dugc 14p sdt vai nip 6 dinh 4. Trong nip nay cé hai ranh hinh vong
cung 5 duge ngin cdch nhau bdi hai g¢ 6, hai ranh nay duge théng
v6i hai 16 d€ dan chat 1dng ra vao a, b. Khi roto quay theo chiéu mai
tén thi réanh 5 bén trdi 14 cla hit A, ranh bén phdi 1a cda ddy B.

Phén loai. Bom piston-roto huéng truc cé6 thé chia 1aAm hai loai:

 Bom piston-roto hudng tryc ¢é dia nghiéng

¢ Bom piston-roto huéng truc ¢6 roto bé tri nghiéng.

D€ thye hién chuyén dong tudng déi cda cac pistion trong xilanh
thi roto quay tron va dia nghiéng c6 dinh hoic nguge lai. Nhung dé
phén phoi chat 16ng dugce tién lgi, két cAu bom don gidn, thi thudng
roto chuyén déng quay va dia nghiéng ¢¢ dinh.

Su diéu chinh bom piston-roto hudng truc duge thuc hién bing
cdch thay déi géc nghiéng clia dia so véi dudng tAm cda truc roto.

Uu diém:

¢ Ciéc clra hat va ddy cé diéu kién bd tri riéng biét trén dia

phan phdi, nén c¢é thé ché tao véi kich thudec 16n ma khong
lam téng kich thudc chung cta mdy. Do d6 cho phép nang cao
s6 vong quay dé tang luu lugng. Vi thé cic loai bom piston-
roto hudng truc ¢6 trong luong trén mat don vi cong sudt nho
hon hai dén ba l4dn so véi bom piston-roto huéng kinh.

¢ Moment qudn tinh tuong d6i nhd. Diéu niy cé ¥ nghia quan

trong khi s& dung may lam ddng co.

o Bom piston-roto hudng truc ¢6 hiéu sudt luu lugng cao Ny =

0,96 + 0,98, do vay hiéu suit chung ciing cao, 1 = 0,95.

b.- Phuong trinh chuyén déng

Nguyén ly chuyén déng clia piston trong xilanh cda bom piston-
roto huéng truc cing theo nguyén 1y chuy&n déng cia thanh truyén
- tay quay (Hinh 4.35).

r .S, o3
’\‘\"\‘\:'IJ“ \ S
N T"‘/}

Z »

;/// N
ﬁ""x////#@&\k _fJaQ_

AN B T

R
)

N A\ 7

Hinh 4.35 - So db nguyén ly chuyén déng cta piston

4
Ib‘ )
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Piston 2 va xilanh 1 cung chuyén déng quanh truc cha bom, nhung
tay quay 4 quay xung quanh truc tuong dng (trong két ciu cu thé cia
may tay quay 4 la dia nghiéng). Nhg c6 mét phéng quay cia tay quay
(d1a nghiéng) bd tri nghiéng theo géc y so vdi truc cda bom nén ¢é
thé tao ra chuyén déng tuong d6i gitta piston va xilanh véi hanh
trinh S, do d6 chi cAn piston va xilanh quay ho#c dia nghiéng quay.

Gia sk dia nghiéng quay tir A dén B, quing dudng chuyén déng x
cua piston trong xilanh la:

x = A'B'siny = (OA —OB').siny
=(0OA - OBcos¢).siny
= (R —Rcos@).siny =R.(1-cos¢)siny
Trong d6: R - ban kinh quay cha tay quay (dia nghiéng)
Van téc chuyén déng tuong déi ciia piston la:
dx

v=— = R.o.sin ¢.sin
dt P.s1ny

Do dé, c6 thé thAy van téc v clia piston trong mdy hudng truc
ciing thay déi theo ¢ mét cdch tuan hoan.

¢ - Luu luong:

Luu luong trung binh. Thé tich chat 1éng do mot piston van
chuyén trong mét vong quay cda roto la:

n.d’
2 S; §- hanh trinh piston; d - dudng kinh xilanh.
| Né&u mdy cé Z piston, luu lugng cGa bom trong mét vong quay la:
4’
=0 sz (4.109)

Tir d6, luu lugng 1y thuyét trung binh ctia bom véi s§ vong quay n
trong mot don vi théi gian la:

_nd?

Q,=qn S.Zn (4.110)

Véi S =D, .tgy =D.siny
Trong d6:

D, - dudng kinh cla roto trén d6 phan bé cde xilanh;
D - dudng kinh cda dia nghiéng.
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Cudi cung biéu thice cia Q, c6 thé duge viét dudi dang:

nd’ nd?

Q= p Sn.D,.tgy= 2 Zn.D.siny (4.111)

Luu luong tuc thoi. Luu lugng tic thdi do méi piston tao nén
thay déi theo thdi gian, phu thudc vén téc tuong dé8i v cda piston
trong xilanh:

_nd?
q, = 2 RY (4.112)
2
q, = '4 R.o.siny.sing (4.113)

Luu luwgng tie thai cda bom (do tat cd cdc piston tao nén) tai thai
diém bat ky:

2
n.;i R.@.siny.[sin ¢ +sin{¢ + a) +...+ sin(¢ + ma))

Q, =

n.d? . .
Hodc: Q, = T.R.m. siny.) _sin( +ia) (4.114)

i=0
Trong d6: a - géc gida hai piston; a=2n/4
D6 thi luu luong tuc thoi clia méy piston-roto hudng truc:

0 T r Y. 4

Hinh 4.36 - D3 thi dao ddng luu lugng

Céc cong thdc vé hé 56 khong déu va hé s6 dao déng luu luong
cia bom piston-roto hudng truc tuong tu nhu cda may huéng kinh,
vi luu lugng tite thai cla hai loai mdy nay déu cé cdc tinh chat nhu
nhau. D8i vdi bom piston-roto huéng true, viéc diéu chinh luu lugng
duge tién hanh bing cdch thay dai géc nghiéng y cia dia.

Chi y: Déi v6i trudng hop piston khdng néi véi dia nghiéng
biing khép cAdu ma chi ti€p xuc hoc tua vao dia nghiéng khi mdy
lam viée thi cdc cdng thdce tinh todn néu trén van ding.
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BAI TAP
Bai IV.1

Xde dinh cédc kich thugc co ban cia bom piston tdc dung don theo
cdce diéu kién sau: Luu lugng bom Q, = 5 m¥h, dp suat chat 1éng lam
viéc p = 20 at, s§ vong quay cha truc dong co din dong bom n, = 150
v/ph.

|
o=

Y
T s

< Hinh 4.37

Gidi:
Cdc kich thudc co bdn cda bom piston 12 dudng kinh pistoh,
dudng kinh cén piston, va hanh trinh piston.

DPudng kinh piston ciia bom cé thé€ xsc dinh tir céng thie tinh luu
lugng bom tdc dung don theo phuong trinh (4.15):

Q=3 FSn _nD?Sn _ nD'K¢n
60 60 240 240
Trong d6: F —~ dién tich mit piston;
S — hanh trinh piston;
n — s& vdng quay cda tryc déng co;
D - dueng kinh piston;

S )
Ks =1~ he s 17 1&.
Chon K, tuy theo 4p suit caa chét 16ng lam viée va vén tdc quay

cda truc dong co. Hé s8 K, 16n dp dung cho bom cao 4p va cé so
vdng quay nhd, hé s§ K, nh6 dung cho bom thap ép va c¢6 s§ vdng
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quay 16n. Théng thudng K| c6 gia tri trong khodng 1,5 + 3, ¢6 thé
ldy K, < 1,5 ho#c K > 3 tuy theo diéu kién 1am viée cia bom.

Tl cong thie trén, suy ra dudng kinh piston cia bom:

D=3; 240Qu, =4,253 Q
nKn K¢nm,

Hiéu sudt n, trong khi tinh todn c6 thé chon so bd theo luu
lugng cia bom:

Q < 15 m*h chon 1, =0,85+09
Q=15+60m*¥h chon n,=0,90+0,95
Q > 60 m*%h chon n,=0,95+0,98

Bom thiét k& ¢6 Q = 5m¥%h < 15 m*h, vi vay cé thé chon ng = 0,85.
Bom ¢6 4p suit p = 20 at 14 loai bom thap 4p, nén c6 thé chon Ks 1,5.

Puong kinh piston cé gid tri la:

D =4,25-3 —1—390— =8,25cm
1,5.150.0,85

‘(trong cbng thuc trén, thay Q, = 1390 cm®¥s = S5m%h).

Lay tron dudng kinh theo tidu chuidn, D = 80 mm; cin xdc dinh
hanh trinh S sao cho bdo dam luu lugng cia bom:

5=
D
Luu lugng riéng ctia bom:
6
q, = Q __ 310 =655cm’® /vg
Nen  60.0,85.150
4q 4.655
. = = =13,0cm =130mm
Vay: aD? 3148

i d
Pudng kinh cAn piston xfc dinh theo ty s6 K, = D phu thudc

dp suit, theo bang sau:

p<15at 15 < p <50 at 50 < p <80-100 at
i‘—'0,3+())35 i=0)5 £=0’7
D D D
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Chon K, = 0,5; vay d = 0,5.80 = 40 mm.

Céng suit cia bom:

20.9,81.10".
N, =pQ, =—0.93861T03= 2,73.10° W = 2,73kW

(trong d6 p tinh bing N/m?, Q, tinh biing m%¥/s)
Céng suét cda déng co:
N, 2,73

N, = = = 3,56kW
NoNe  0,85.0,95

Bai V.2

X4c dinh cdc thong s6 1am viée co ban clia bom piston tdc dung don,
cho biét: Pudng kinh piston D = 145 mm, hanh trinh piston S = 450
mm, cong sudt trén truc dong co N, = 56,8 kW, s§ vong quay lam
viéc clia dong cd n, = 75 v/ph. Hiéu sudt cda bom n, = 0,98; n, = 0,96.

Giai:

Cdc théng s6 1am viéc co ban cha bom 14 luu lugng Q,, 4p sudt

cla chdt long lam viéce p, cong suit cia bom N,. Ti cdc diéu kién cta
bai todn:

Luu lugng riéng caa bom:
_nD*
4
Luu lugng cda bom:

=q,.nn, =7,4.75.0,98 =5451/ph =9,08.10>m’ /s
Q, =q,-n1Mg p

Céng sudt cha bom:

14,52
S=3,141 5

q, =FS -45=7400 cm’/vg

N, = Ny MgNy = 56,8.0,98.096 = 53,5 kW

Ap suit ctia chat 16ng lam viéc:
p=-—t=""""—"—2=589210°N/m’ = 60at

Bai tV.3

X4c dinh cée kich thude co ban va céng suit cita bom banh rang,
cho biét: Luu lugng cha bom Q = 60 Vph, dp suit chAit 16ng lam viée
p = 20 at, s6 vong quay cia truc bom n = 1450 v/ph, 58 ring ciia méi
bénh rang Z = 14. Hiéu suat thiét k& n, = 0,92; n,, = 0,85.
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Gigi:

Cdc kich thudc co ban cda bom bidnh riang la: médun cha banh
ring m, dudng kinh vong lan D, duong kinh vong dinh D,, dudng
kinh vong tron co s§ D, chiéu cao cla rang h, chiéu réng cta banh

rang b, khoang cdch giita hai tAm bdnh riang L, dudng kinh éng hiit
va éng ddy d.

Hinh 4.38

Mbédun cia bdnh ring duge xdc dinh bing nhiéu phuong phdp
khdc nhau, cé thé xét mdt trong cdc phuong phap dé.

Tu biéu thic tinh gan ding luu lugng ctia bom:

Q=Tn,Dmbn="7n,m'bZ’n ; cm’/ph
Trong d6:
D- dudng kinh véng ldn, xdc dinh theom va Z: D = m.Z
— . - b
b- chiéu réng tuong d6i cda banh riang; b =-— duge chon phu

mZ
thudc vao 4p suit p cda chat 16ng 1am viéc nhu sau:

p (at) 10 25 70

b 1+ 0,65 0,7+ 0,5 0,4 + 0,25

Tu biéu thuc tinh luu lugng néu trén cé thé xdc dinh médun m:
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m=; Lz ;em
MobZ°n

Trong dé: Q tinh biing cm?ph; n — v/ph.

Céc kich thuée kh4ce cia banh riang duge xdc dinh theo m va 2
nhu sau:

D, = m(Z + 2)

D, = mZcosa, ;

a, 1 géc 4n khdp cda thudc ren, théng thudng o = 20°.
h = 2m; b = bmZ; L =mZ

DPudng kinh cia dng hit va 6ng ddy duge x4c dinh theo luu lugng
chit 16ng qua bom va vén téc cho phép clia dong chit léng trong

dudng 6ng:
d= 4,6J§ ,mm
A%

Trong dé: Q- tinh bing Iph; v- bing m/s.
béi véi ong hat v, < 1,5 + 2 m/s
" Déi véi dng ddy v, <3 + 5 m/s

Thay s6 vao cdc biéu thic trén, cé thé x4c dinh cdc kich thuée co
ban cda bom:

Mo6dun cia bdnh ring:

3
m=3 60.10 > =0,38cm = 3,8mm
7.0,92.0,6.14°.1450

Trong 36:Q = 60 /ph = 60.10% cm?/ph; Ng = 092, =06;Z = 14;
n = 1450v/ph.

Lam tron gid tri tinh to4dn cGa m va ldy m = 4mm, khi 46 § ¢6
"gia tri bing:

. Q 60.10° )

TeZ’m’n  7.0,92.147.0,4°.1450
+ Chiéu rong cha bdnh ring: b=0,51.4,14 = 28,5 mm
+ Budng kinh vong lan: D=mZ-=4.14 =56 nm

+ Pudng kinh vong dau dinh réng: D, = 4(14+2) = 64 mm
+ DPudng kinh vong tron co sg: D, =4.14.c0s20° = 52,5 mm
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+ Khoang cdch tAm giita hai banh ring: L =4.14 = 56 mm

+ Chiéu cao cda ring: h=24=8mm
R . Ve . 60
+ Pudng kinh cda 6ng hit: d, = 4,6\’—2~ =25,3 mm

Lam tron gid tri d, tinh todn va ldy d, = 25mm

N . o 2 60
+ Dudng kinh cia 6ng day: d; =4,6 i 17,8 mm
Lam tron gid tri d, tinh todn va lay d, = 20mm

+ Cong suat cia bom:

20.9,81.10*.60.10°°

N=pQ-= = 19kW
PQ 60.10°
+ Cong suit cla dong co din déng bam:
N 19
N, = ’ 2,5kW

NN 0,92.085

Bai IV.4

Xdc dinh cdc théng 56 1am viée cd ban cda bom hai bdnh réng va
hé s& dao dong luu lugng cia bom, cho biét: médun ciia bdnh ring m
= 4,5mm, s ring cia mdi banh ring Z = 13, chiéu rong tuong déi
cia banh rang = 0,86; géc an khdp cia thude ren o = 20°, 4p suét
cia chat 1dng lam viéc p = 3,3 at; s6 vong quay lam viée cda truc
bom n = 1450 v/ph; higu suit cia bom n, = 0,85; n, = 0,645,

Gidi:
Céc théng s6 1am viéc cd ban clia bom hai bénh rng 1a luu lugng
Q, 4p suit cha chat 16ng 1am vidc p, cong suft N va hiéu suat g.

Luu lugng trung binh cia bom c6 thé xdc dinh theo céng thuc
tuong ty nhu trén, con gia tri chinh xdc hon duge xdc dinh theg
cong thic sau:

Q,, = 2rnbm*Z+sin’a )

Luu lugng ayc dai va cuc tiéu clia bom duge xdc dinh theo cdc
cdng thite (4.59) va (4.60). Hé s6 dao déong luu lugng cda bom duge
x4c dinh tu céng thic (4.62):

80 - leax _lein
th
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Thay cac gid tri cia Q,,_, Q... Q, vao biéu thdc 8, s& c6 biéu
thie sau:

_247cos’ a,

3

9 Z+sinta,

Luu lugng 1y thuyét:

Q,, = 2rnnbm*(Z+sin’ae ) = 2.3,14.1450.0,452.(13+0,117)
= 121000 ¢cm?*ph = 121 I/ph.
Trong d6: n = 1450 v/ph
b= {ymZ=0,86.4,5.13 = 50mm =5 cm
m = (0,45 em
Z=13
sin’e = sin®20° = 0,117.

Luu lugng thuc trung binh cia bom:
Q. = Qg =121.0,65 = 78,6 /ph

Bai IV.5

Xdc dinh cdc kich thude co bdn va cong suidt clia bom cdnh gat
‘tac dung don theo cdc s6 liéu sau:

Luu lugng cda bom Q = 100 Uph, 4p sudt chat 16ng 1am viéc p =

30 at, s vong quay cda truc bom n = 960 v/ph, hiéu suit luu lugng va
higu suat co khi n, = 0,90; n,, = 0,96.

./
Hinh 4.39

Gidi:
Cidc kich thudc co ban ctia bom cdnh gat 1a: bdn kinh roto r, bdn

kinh trong cda stato (bén kinh vong hudng) R, 33 léch tdm gida roto
va stato e, chiéu réng cda canh gat b va chiéu cao cia cdnh gat h.

Bdn kinh trong clia stato xdc dinh tir biéu thife tinh luu lugng
cta bom:
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Q =2ebnn (2R - 8Z); Vph
R < Q+ 2¢bndZn,,

Suy ra:

4nnebn, )
Néu bd qua chiéu day cdnh gat 3, biéu thic tinh R nhu sau:
- (**)
4mnebn,

Trong trudng hop khéong ddi héi d4 chinh x4c cao, ¢c6 thé tinh R
theo cdng thic (**).

Néu trong diéu kién cda bai todn khdng cho trude céc gié tri e, b,
3, Z, c6 thé chon cac gid tri d6 trong gidi han sau:

e=2+10 mm b =10 + 40 mm
3=2,0+25mm Z=T7-16
Theo diéu kién bai todn v chone =4 mm; b = 25 mm; 8 = 2,3
mm; Z = 12, ¢6 th& tinh bdn kinh trong cda stato theo céng thic (*):

R- Q +2ebndZng  100.10° +2.0,4.2,5.0,23.12.960.0,9
4mnebng 4.3,14.960.0,4.2,5.0,9
=9,7em =97 mm

Lay tron R = 100 mm, khi d6 gi4 tri b bing:

b Q _ 100.108
2enmg (2nR - 3Z) 2.0,4.960.0,9.(2.3,14.10-0,23.12)
=241 cm=24,1 mm
+ Ban kinh cuia roto:
r=R-e=100-4 =96 mm

+ Chiéu cao phén lam viée cia cdnh gat:

h, = 2e = 8 mm
+ Chiéu cao cla canh gat: h = 0,4h, nén:
h, 8
=04 04"
+ Cong sudt cua bom:

20mm

_ pQ _ 30.981.10°.100.107
1000 1000.60

= 4,9kW
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+ Céng suit trén truc bom ( c6ng sudt déng co):

N 49
NoNa 0,9.0,96

N, = = 5,66kW
Bai IV.6

X4c dinh cdc kich thudc co ban vA cong suét cia bom piston roto
huéng kinh theo cdc sé lidu sau: luu lugng ca bam Q = 40 Uph, 4p
suét cia chat 1dng lam viée p = 100 at, s6 vong quay cia truc bom n
= 960 v/ph, hiéu suit cia bom 1, = ny = 0,95; s8 day pistoni =1, s8

piston trong day z = 7.
_.J_e+_

Dea

26
AN T
-

b

Hinh 4.40
Gidi:
Céc kich thudce ca ban caa bom piston-roto huéng kinh la dudng
kinh piston d, chiéu dai piston 1, dusng kinh stato D, dudng kinh

tryc roto D, dudng kinh truc roto D, dudng kinh & truc D,,, dudng
kinh ranh phan phéi d , va chiéu day vdch ngin b (Hinh 4.40).

Pudng kinh piston duge xdc dinh theo luu lugng cda bom. Tu
cong thuae (4.90):

2

Q =qn= n.:l .2e.Zn

f 2
Suy ra: d= Q].
mezni

Pudng kinh piston d4 xdc dinh dugc 14y tron theo tidu chudn. Dé
gidm ng sudt tiép xic, dudng kinh piston thudng cé gi4 tri trong
khodng d = 10 = 25 mm. Khi x4c dinh dudng kinh d, chon e trong
khoang 3 + 10 mm. Néu chua biét s6 ddy piston i va s piston trong
diay z,c6 th€ chonz =3; 5; 7vai<3.
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Chiéu dai piston 1 = 2 (e+d), 46 dai phén piston trong xilanh 1 =
(1,5 + 2)d, khe hd gidta piston va xilanh S = 0,015 + 0,035 mm.

Dudng kinh trong cha stato D = D_+ 2e
Duéng kinh roto D, = D,, + 4(e + d)
Budng kinh & trye D,, = 1,5 D,

Buong kinh true roto D, = = (4,5 + 5)d

Truc roto c¢é tir hai dén bén ranh phén phdi chit 16ng doc theo
truc, dudng kinh rdnh la d_xdc dinh theo céng thic:

e
kv
Trong dé: k — 58 rdanh phin phéi
v — vén téc trung binh ciia dong chay.

Pai véi bom tu hiit, v = 5 = 6 m/s.

Chiéu réng vdch ngin b = d,_ + 0,6 cm, dudng kinh 18 trong § truc
(16 dan chdt 16ng vao xilanh) d, = ( 0,65 + 0,7)d.

- X4c dinh luu lugng ly thuyét clia bom:

Q. _ 40

Q"" no 0)95 l/ph

- Buong kinh cla xilanh (piston):

d= —242@0— =2.5¢cm =25mm
3,14.0,6.7.960
Trong d6: e chon bing 6mm = 0,6 cm
- Chiéu dai piston: 1=2(e +4d)=2(6 +25) = 62 mm

- Dudng kinh truc roto: D = (4,56 + 5).25 = 112,56 mm
Liy D_ = 120 mm
- Pudng kinh 8 tryec D, = 1,5 D_ = 1,5.120 = 180 mm
- Budng kinh roto D_= D + 4(e + d) = 180 + 4(6 + 25) = 304 mm
- Pudng kinh trong ctia stato D, = D, + 2e = 304 + 2.6 = 316 mm

- Truc roto c6 tif hai dén bén rinh phan phéi chit 1dng, xdc dinh
dudng kinh ranh d  theo cong thdec:

g - \[4Q1= 442000 g
nkv  {3,14.2.300.60
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Trong d6 v = 3 m/s = 300 em/s.

- Pudng kinh 18 trong clia & truc (16 din chit 16ng vao xilanh)
d,_=(0,65+0,7)d = (0,65 + 0,7).25 = 162 + 175mm

Ldy d, = 170mm.

- Chiéu réng vdch ngan b =4, + 0,6 ecm = 170 + 6 = 176mm

- Coéng suft ctia bom:

pQ _100.9,81.10°.40.10”°

= = =6,54kW
1000 1000.60
- Cong suit cla dong co:
4
N=— = 83 _go6kw

* Mg M 095095
Bai IV.7

X4c dinh cac kich thudc co ban va cong suit ciia bom piston tac
dung don, cho biét: Luu luong cda bom Q, = 0,6 m%h, dp suit chat
16ng 1am viéc p = 200 at, s§ vong quay cla truc dong co n, = 195 v/
ph. Hiéu suat thiét k& n,, = 0,85; n,, = 0,95.

Pdp s6: Chon K = 4; khi d6 D = 25mm;

d = 20 mm; S = 123 mm; N, = 3,27 kW;
N, = 4,04 kW.

Bai IV.8

X4c dinh cdc kich thude c¢o ban va cdng sudt cia bom piston tdc
dung kép, cho biét: Luu lugng clia bom Q, = 16 m¥%h, 4p sudt chat
16ng lam viée p = 3 at, s6 vdng quay cia truc déng co n, = 45 v/ph.
Hiéu suit thiét k& n,, = 0,9; n, = 0,98.

Huéng dén: Céng thie tinh dudng kinh suy ra tir edng thue tinh
luu lugng cia bom:

ckb

D =3,36. Q,

2
1 [1 - -K;-].Ks.n.no

DPdp s6: D =150 mm; d = 50 mm; S = 200 mm; N, = 1,73 kW,
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Bai IV.9

X4c dinh cdc kich thude co bdn va cong sufit clia bom piston tdc
dung ba, cho biét: Luu lugng cda bom Q, = 30 m¥h, 4p suit chat 16ng
lam viée p = 22 at, s§ vong quay cia truc dong co n, = 105 v/ph.
Hiéu sudt thiét k& n, = 0,9; n,, = 0,95.

Huéng ddn: Dudng kinh cia bom piston tde dung ba (c6 ba xi
lanh) xdc dinh tuong tu nhu dudng kinh ctia bom piston tdc dung
don. Luu lugng cda mdi xi lanh bing 1/3 luwu lugng cia bom.

Pédp s6¢ D =120 mm; d = 60 mm; S =157 mm;
N, = 17,6 kW; N,. = 20,5 kW.

Bai IV.10

Xdc dinh cdc kich thuée co ban va céng sudt ctia bom piston tdc
dung bén c6 hai xi lanh tdc dung kép cho biét: Luu lugng cia bom Q,
= 20 m%h, 4p suit chat 16ng lam viéc p = 5 at, 36 véng quay cia tryc
dong co n, = 203 v/ph. Higu suit thiét k& 1, = 0,9; 0, = 0,95.

Huéng dén: Pudng kinh cda bom piston tdc dung bdn (c6 hai xi
lanh tdc dung kép) xdc dinh tuong ty nhu dudng kinh cha bom
piston tdc dung kép. Luu lugng cda mdi xi lanh bang 1/2 luu lugng
caa bom.

Pé4p s6: D = 80 mm; d = 40 mm; S = 108 mm;
N, = 13,6 kW; N, =14,2 kW.
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Chuong V. QUAT

KHAI NIEM CHUNG VE MAY QUAT
Khai niém chung

Quat thuédc loai médy c¢6 canh. Ching duge diing dé bién cd ning
cha ddng co thanh nang lugng d€ di chuyén méi chat va tao ra 4p
ning cin thiét.

Quat cdng nghiép luén ludn 1am viéc trong hé théng. Hé théng toi
thi€u bao gdm binh chia, duyng éng hut, va dudmg 6ng ddy. Quat ciing
v4i déng cd kéo dude goi chung la thié&t bi quat.

Déi vdi quat, do 4p suit phia sau 1dn hon 4p suit phia trude khong
ddng ké nén sy nén cia méi chat c6 thé bd qua va tinh todn quat cling
dugc tién hanh tuong tu véi bam.

Cac théng sé dic trung

Céc théng s6 dic trung cho hoat déng cia quat 1a: ning sudt (luu
lugng), cot ap, cong suat, va hiéu suit.

Ning suat

La lugng mdi chat do quat chuyén tdi trong mét don vi thai gian.
Niang suit con duge goi 1a luu luong.

Néu lugng mai chat duge do bing don vi trong lugng (kG/s, Ns,...)
thi dugc goi 1a ning suft trong lugng, ky hiéu 1a G.

Néu lugng méi chat duge do bing don vi thé tich (m%s, m*h, Vs,..)
thi goi 14 ndng suit thé tich, ky hiéu 1a Q.

Gilta G va Q ¢6 quan hé:

G=vy.Q (5.1
Thay trong lugng riéng g biing thé tich riéng 9 (nuy):

G
=7=G'9 (5.2)
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Cot ap
Cot dp cia quat, ky hiéu 1a H, la lugng nang lugng do quat cung
cip cho mot kg méi chat khi méi chat nay chuyén dong qua hé théng.

Vé mit hinh hoc, cét dp clia quat duge x4c dinh 1a chiéu cao lugng
chat 16ng ¢6 thé nang 1én do ning lugng nhén duge tir quat va duge do
bing mm H,O.

D& hiéu rd thanh phan clia ¢t 4p H, x6t so 6 trén Hinh 5.1.
p, - 4p suflt trén mit chat 16ng trong binh hat

p, - 4p sudt trude dau vao quat

v, - van t6c chét 16ng & dau vao

p, - 4p suat dau ra quat

v, - vén toc chit 16ng & ddu ra

y - khodng cdch giita hai diém do cda déng hé chan khong ké va
dong hoé 4p ké

P, - 4p sufit trén mjt ch&t 1ong trong binh chia

P
vl v
H‘lnh 5_1_deahé bt i et Zz
théng may quat 2
o o
I I y
]
A <’
VA

pd

Gid si: e - ning lugng riéng cda chat 16ng trude quat
e,- ning luong riéng cla chit 1dng sau quat,
Tt dinh nghia cot 4p:
H=e, —¢,
Theo phuong trinh Bernoulli:

2 2
v v
e, =t +—+z va e2=1—)i+—2—+zz+y

Yy 2g Y 2g
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Chuong V. QUAT

KHAI NIEM CHUNG VE MAY QUAT

Khai niém chung

Quat thudc loai méy cé canh. Chung duge dung dé bién co ning
cha dong co thanh ning lugng d€ di chuyén moi chat va tao ra ap
ning can thiét.

Quat cong nghiép luén ludén lam viéc trong hé théng. Hé thong tsi
thi€u bao gém binh chia, dudng éng hit, va dudng dng ddy. Quat cung
véi dong cd kéo duge goi chung 1a thiét bi quat.

Déi véi quat, do 4p suit phia sau 16n hon dp suat phia trude khéng
ddng k€ nén su nén clia méi chat cé thé bs qua va tinh todn quat ciing
dugc tién hanh tuong tu véi bom.

Céac théng sé dic trung

Céc thong sb dic trung cho hoat dong ca quat 1a: ning suit (luu
lugng), cot dp, cong sudt, va hidu suat.

Nang suat

La lugng méi chit do quat chuyén tai trong mot don vi thai gian.
Ning suat con duge goi 1a luu luong.

Né&u lugng méi chat duge do bing don vi trong lugng (kG/s, N/s,..)
thi duge goi 14 nang suat trong luong, ky hiéu 1a G.

Néu lugng mdi chit duge do bing don vi thé tich (m¥/s, m¥h, Us,..)
thi goi 12 nang suat thé tich, ky hidu 1a Q.

Gida G va Q ¢6 quan hé:

G=vQ (5.1)
Thay trong lugng riéng g bang thé tich riéng 9 (nuy):
G
Q= 3 G-38 (5.2)
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H=p2_p| +V§_v|2

Suy ra: +y (5.3)
Y Y 2g
béi véi tiét dién I-T va I1-11:
2
Pi P Vi
—=2z,+—+—+ ) h
Mk R >'h, (5.4)
Péi vdi tigt dién ITI-III va IV-IV:
2
p: Pu
el Z,+—+)>h
MR 2.h, (5.5)
Tu cde phuong trinh (5.4) va (5.5)
H=Pr"B 745 h (5.6)
Y

Trong dé:
Zh = Zh1 + th - téng ton that trén toan b dudng ong
> h, -tén that trén dusng dng huit

th -tdn that trén dudng 6ng ddy
z=2, +2,+Y

T phuong trinh (5.6) c6 thé thay cot 4p duge dung d€ vugt qua
hiéu 80 4p luc gitta hai binh, nang chit 16ng lén mot khodng cdch giita
hai binh Z va thing trd luc trén cdc dudng dng Th.

P6i v6i quat, do 4p sudt khi trude va sau quat khic nhau khong
ddng k& va ty trong cda khi tuong d&i nhé, cé thé gid thiét:

H,=PuTP -0

H=)h

nghia 12 cdt dp do quat sinh ra chi diung d€ thidng trd lyc trén
duting éng.

Céng suit va hiéu suat

Trong thdi gian quat lam viée, méi chat nhan ning lugng ti quat.
Niang lugng cung cAp lién tuc cho dong luu déng do déng co truyén cho
truc cua quat.

Cong sudt ddng co truyén qua tryc quat dudc goi la céng sudt trén
truc.
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Ning lugng truyén cho dong luu chit duge goi 1a ning lugng hitu
ich. Néng lugng hitu ich trong mdt don vi thoi gian duge goi 14 céng
sudt hitu ich.

Coéng suét hitu ich duge tinh theo cong thic:
N=GH=yQH;W (5.7)
Trong dé6: y- duge do bing N/m3
G- duge do bang N/s

GH yQH
Ne——="—"".
Hay 102 102 kGm/s (5.8)

Trong d6: Y- duge do béing kG/m?
G- dugc do bing kG/s
- N -
Hiéu suéat: W= N, - hiéu suit toan phan. (5.9)
de

QUAT LY TAM

K&t cau va mot sd chi tiét chinh

Quat ly tdm dugc dung dé van chuyén chat khi va tao nén dp suat
toan phan khong qué 1500 kG/m? (khi p = 1,2 kg/m?) va c6 hé sé ting

1-Truyc 2 — Dia chinh (dia sau)
4 — Bia phy (dia truéc) 5 - Mang canh

7 - Ong vao 8 -Ongra

10-04d3 11 - Puly truyén déng.

Hinh 5.2 — So dé két c4u clia quat ly tam.
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4p € < 1,15. Do 4p suat bé nhu viy, sy nén khdong d4nh hudng nhiéu
dén sy lam viéc chia mAy va tinh bi nén cta khi cé thé bé qua. Bi vay
cac co sd Iy thuyét cha quat ciing giéng nhu bom va chi khdc nhau rat
it vé két cdu (Hinh 5.2).

Két cdu. Banh cong téc cda quat duge tao bdi truc 1, duge gin chit
véi dia chinh 2. C4c cdnh dan lam viéc 3 duge gin chit véi dia chinh
2 va dia tru6e 4. Pia nay ddm béo d6 citng can thiét cia mang cdnh
5; 11 1a puly truyén ddng cda quat. V3 quat 6 dugc gin vdi bé 9 trén
dé c6 6 d6 10 mang truc quat c6 banh cong tac; 7 va 8 12 éng vao va
éng ra.

Bé4nh cdng tdc cé cdnh din cong vé phia trudc sé 6 4p luc cao hon
banh céng tdc ¢ cdnh thing hoac cong vé phia sau khi c6 cung sé
vdng quay song hiédu suit thiy lyc sé& thdp hon. Trong quat thudng
ding banh céng tédc ¢6 cdnh cong phia trude hoidc thing.

Cudi dng din ra thudng dung doan dng chuyén ti&p ¢6 dangloa dé
tiép tuc tdng 4p suit khi sau khi ra khdi v4.

Nguyén ly. Dong khi di vao bdnh céng tdc qua 6ng vio theo hudng
doc truc, sau d6 s& quay theo géc 90° va chuyén ddng trong ranh canh
tr tAm ra ngoai. Sau khi ra khéi banh céng tdc, dong khi di vao vé
xo#n ¢ va di ra dng ra.

r—idﬁ-»i <

0.8

l-e—?lﬂ-a-

2

\7w.82

fat— 7} -t G —=

Hinh 5.3 - So dé nguyén ly va tinh toan quat.

Cac théng sd cua quat ly tam
Ap suit quat

Piéu kién dé mdy quat cé thé 1am viée trong hé théng 6ng din,
phu thude vao yéu ciu chit khi (hodc chat 16ng) phai théa mén dinh
luat bdo toan ning lugng.
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P2, C2
2 12

£aC

///////i///////////////// \/7771

Hinh 5.4 ~ Sg 8 hé théng quat khéi

Xét 56 d6 quat va ong dén dugc néu trén Hinh 5.4, quat ddy khéi
ti 1o hai qua éng khéi vao méi trudng xung quanh.

Viét phuong trinh Bernoulli cho m#t cdt 1-2:

2
Py . &
—+—+gH=
> 8

P P

P, . S
——+7+g.H0 +g> h
k

Véi:

P, P, -4p sufit tinh tuyét ddi tai ddu va cudi dong khi 1-2.
p, - khdi lugng riéng trung binh cda khi trén doan 1-2.
¢, ¢, - vAn tdc tuydét 461 cia khi ¢ mat cdt 1-1 va 2-2.
H -  ¢bt 4p quat dat dugc.
Th -  tdn th4t cjt 4p trén doan 1-2.
H_ - 39 cao tf truc quat d&n miéng 8ng khéi.
Trong dé: P, = Py + Py P, = Dy + P, - P8H,
Véi D, P, - 4p sudt tinh (du)
p, - khéi lugng riéng cda khi quyén trung binh theo
dd cao cua éng khéi.
Sau khi bién 46i:

2 2
Py —Pu, €, € Po
H= + +) h—H,|—-
Py -8 2g ) °[pk ] (5.10)
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p
Biéu thic Ho(p_o] duge goi 1a suc hut tu nhién cda hé.
k
Do su phuy thude vao ty s8 p /p,; site hut ty nhién c6 thé duong (+)
hodc 4m (-). Né&u p_> p,_va H >0, thi sidc hdt tu nhién sé duong (+) va
s& lam gidm c6t 4p cln thiét cGa quat.

Khi H > 0 va p, < p,, sdc hit ty nhién 4m (-) va lam ting cot 4p
cdn thiét va céng suit trén truc quat.

Khi p, = p, véi moi gid tri H , sifc hit ty nhién bing khong, lic 46
quat lam viée véi cdt dp:

12
- ¢, —¢
H:p2t Pn L8276 +Zh (5.11)
Py-8 2g

Trong c4c thiét bi 16 hoi hién dai & nhiéu nha mdy nhiét dién, vi
hiéu s6 nhiét gitta khi quyén va khéi tuong d8i 1én va do 46 cao cia
dng khéi 16n (tir 350 + 400 m) nén sdc hit ty nhién cia hé xudt hién
rat ldn.

D€ tinh todn 4p sudt quat dat duge mot cdch nhanh chéng, can st
dung phuong phdp hé s6 dp sudt toan phdn.

Ju

C6 thé biéu dién thanh phan vén téc c,, theo hé s8 xodn u, =

uZ
G cta ra va st dung phuong trinh co ban cla mdy ly tAm:
u,c,, 1
H, =+ =—p,0; (5.12)
g g

P4nh gid mat m4t ning lugng trong quat bing cach tinh hiéu suit
thay luc:

1
H=n,H, =gnﬂ-uz-U§ (5.13)
p=pgH="n,pu,u, (5.14)
Str dung hé sd 4p suat toan phén:
-_p
p= 5.15
pu’ (5.15)
Do d6:  p=ppu’ (5.16)
P =14, (5.17)

167



D& tién tinh todn dp sudt todn phén véi 3 loai cdnh khédc nhau, ¢é
thé st dung bang duéi day:

B, My n p
> 90° 1,1+1,6 0,60+0,75 0,66+1,2
= 90° 0,85+0,95 0,65+0,8 0,60+0,76
< 90° 0,50+0,80 0,70+0,90 0,35:0,72

Néu dong khi & cita vao ela quat e cac thong s6lap , ¢, va 6 cla
ra p,, c,, 4p sut toan phdn quat dat duge la:

2 2
€, —C

P=Py Py, tP (5.18)

Luu luong caa quat ly tam

D€ so sdnh quat 1am viéc véi cdc chat khi c6 nhiét 33, khéi lugng
riéng, va dp suat khdc nhau, luu lugng dugc tinh theo m? tiéu chuén,
nghia 12 do ning suit theo diéu kién tiéu chudn cta khéng khi sach
(p = 760 mmHg va t = 0°C). Khi d6, trong lugng riéng ctia khong khi
tinh bing y, = 1,293 kG/m?®.

Luu lugng tinh theo m?® tidu chudn cé thé biéu dién nhu sau:
G
Q, = Y_’ m,° /s hodc m */h (56.19)
0
G - luu lugng trong lugng tinh theo kG/s hodc kG/h

Quan hé gidta luu lugng Q_ va luu lugng thue t& duge tinh theo cong
thuc:

Y
Q,=Q— (5.20)
Yo
Luu lugng cla quat cé thé tinh theo diéu kién binh thudng (p =
760 mmHg, t = 20°C, ¢ = 50% - 45 4m tudng d6i cda khéng khi).
ol
Q = QY—,, m?/s, m%h (5.21)
P61 véi khong khi: y'= 1,2 kG/m?

Vay: Q' = Ql—yz- (5.22)
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Céng suit va hiéu suit cta quat

Trong mét sé trudng hogp, dic trung cia quat khong phdi 1a dp
sudt toan phén ma la dp sudt tinh p, va cdt dp tinh H, tuong ing.
Trong nhitng trudng hgp dé, thudng ddnh gid hiéu qud nang lugng
cda quat biing hiéu suft tinh .

_pgQH, _Qp,
‘ N N
Hiéu suat tinh la ty sé giita cong suit cé ich dé tao thanh 4p suat

tinh véi cdng sudt dong ca truyén cho tryc cla quat. Vi vay n, < n.
Trong thyc t& thudng dp dung n, = (0,7 + 0,8) n.

(5.23)

Céng sudt can thiét cha quat duge tinh theo céng thdc:

\ _ PEQH
1
Hiéu suit toan phan thudng 14y trong khodng n = 0,75 + 0,92.

(5.24)

Céng sudt cia dong co dé kéo quat dude tinh theo céng thite:

_m p.g.QH
de NNy

m - hé s& du trif cla cong suét;
m = 1,05 + 1,2; cdng suit cing nhé cAn chon m cang lén.

.
de MMy

n,, - hidu suit truyén dong; khi néi truc tiép truc ddng co véi true
quat n,, = 1; khi truyén déng qua dai thang n,, = 0,9 + 0,95.

(5.25)

Puéng dac tinh cua quat ly tam

Céc duong d4c tinh cda quat duge xay dung tryc tiép tir thuc nghiém
vdi 88 vong quay khéng d4i va gia thiét khéng khi cé p = 1,2 kg/m?.

D61 véi cde dudng dic tinh duge x4y dung vdéi diéu kién chuan p =
760 mmHg, t = 20° v ¢ = 50%, khi tinh todn trén thuc té chi ¢é luu
lugng, c¢6t 4p, va hidu suat 1a khéng thay d8i, con 4p suit va céng
sudt trén truc thay déi ty 1& thuan vdi khéi lugng riéng cta khi:

p p
=p, -2 3 N=N_ -~
p po 1,2 va o 1’2 (526)

Vé hinh dang, cdc dudng dic tinh cia quat khdc cdc dudng dic
tinh cta bom do cdu tao clia bom va quat khdc nhau. Pic biét 8 mot
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mm |H T T
H,0 } =7000v/ph
—l]
200 (’_ \l
\ 1 - quat CTA Neg
150 A 2 - quat UB-46 N4
E\ ,7800"/1’&!\ 3 - quat BPH N°4
100 ==
3 > \\
50 =
n=2000v/ph \
I 1 .18

0 1000 3000  S5000mY%b
Hinh 5.5 — Budng dac tinh cia mét s6 loai quat ly tam
s8 quat, dugng dic tinh c6 dang yén ngua do gée B, tudng d6i nhd khi

ty sd D,/D, bé. Né6i chung, c6 hai loai dudng dic tinh, ¢6 thd nguyén
(don vi) va khong ¢6 thit nguyén.

Dudong ddc tinh c6 thu nguyén khi n = const
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Hinh 5.6 — Budng dic tinh khi n = const
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Puong ddc tinh co6 thu nguyén khi n thay doi (n bién thién) cia
quat BBAN°11

mm | H L 1 n=mo0 v/ph
H,0 ' Ve
¢ ’/‘ ')\/lo\ N =55.0 kW
) e AU
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AN Ny AN 7 x
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200 ‘.f N X yt900 '/‘ )Ao@ “y
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n=600 viph N =4.5 ki q
.0 J000 000  §000 72000 75000 78000 21000 m¥h

Hinh 5.7 - Budng dac tinh cé thu nguyén khi n thay déi.

Trong thi&t k& quat, dudng dic tinh khéng thit nguyén duge sd
dung rat rong rai. Pudng dic tinh nay chung cho cd mét ho cdc may
¢6 kich thugc hinh hoc tuong ty. Pudng dic tinh khéng thi nguyén
rit tién dung dé tinh kich thudc lam viéde cda quat tif nhitng s6 liéu
cho truge nhu:

D, - dudng kinh bénh cong téc
n - 88 vong quay lam viée, vg/ph.

Khi dé:
Q=k,-Q Trong d6:  k, =0,785D%u,
H=k, H k, =u
H =k, H_:
N=k,-N k, =0,785.pDu}
p=k,p k, =puj
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Hinh 5.8 - Budng dic tinh khéng thd nguyén

Diéu chinh quat

D& diéu chinh luu lugng quat, t6 thé 4p dung mét trong ba phuong
phép:

¢ Diéu chinh bing c4ch thay d6i sé vong quay

¢ Diéu chinh bing tiét luu & cita vao va ra cda quat

¢ Diéu chinh bang cdc thiét bi dinh hudng & clia vao.

a - Diéu chinh bing céch thay déi s6' vong quay

Thay d8i s8 vong quay cia quat biing cdch thay d6i s6 vong quay
cia dong cd kéo, hoidc khi s6 vong quay cia déng ca khong d6i c6 thé
1ip thém bo phan thay dai téc do. Trong ca hai trudng hap nay, thiét
bi quat phic tap va dAt tién, vi vAy cdch didu chinh nay chi 4p dung
dé1 vai cdc quat 16n.

Trong mdt s6 trudng hop, d€ méi quat, thudng dung dong co dién.
Loai d6ng co nay duge diéu chinh bing cdch thay déi dién trd trong
mach cda roto, cho phép diéu chinh déu d3n s& vong quay.
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Hién nay, d€ diéu chinh quat biing cach thay déi s8 vong quay,
thudng dung dong cd truyén din c6 thiét bi bién téc. Phuong phép
nay cé tinh kinh té&.

b - Piéu chinh bing tiét luu

Phuong phap nay duge st dung khi rong rii vi don gian. Céch
diéu chinh tuong tu nhu d8i véi bom.

c - Diéu chinh bang céc thiét bj dinh huéng & clia vao

Ning luong riéng do quat cung cap cho dong khi phan 1én tay
thudc cace diéu kién & clfa vao cGa bdnh céng tc. Su xoén cha dong khi
vao banh céng taec Anh hudng dén cot 4p va vdi dudng dic tinh ludi
cho trude, sé lam thay ddi luu lugng cha mdy. Do vay c6 thé diéu
chinh quat b3ng céch tdc dung 1én dong khi vao quat biing cac thiét bi
dic biét. C6é hai loai thiét bi dinh huéng, loai hudng truc va loai
hudng kinh.

Thiét bi dinh hudng theo chiéu truc: (ding trong trudng hgp dong
chdy @ cda vao banh cong tac 1a huéng truce).

Hinh 5.9 - Thiét bi dinh hudng theo chiéu tryc

C4nh dén véi cde truc hudng kinh quay déng thai nhd mot thiét bi
dic bigt. Mét trong cdc vi tri dic trung 1A dng véi vi tri cdnh dan &
miét phing chinh phuong (md hoan toan) va lic 4y dong & clra vao
banh céng tac sé di theo huéng truc, luu lugng lic nay 14 16n nhat
Q... Vi tri dac trung thyd hai dng vdi trudng hop cdc cdnh dan nay
déng hoan toan, nghia la Q = 0. Cdc vi tri trung gian cho phép chon
cdc gia tri diéu chinh.

Thié&t bi nay tién lgi khi dong chat khi di vao quat theo hudng doc
truec.

Thiét bi dinh hudng huéng kinh: (dang trong trudng hgp dong
chay @ cita vao bdanh cdong tic 1a huéng kinh).
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la H, H, H va N, N, N.. Khi quat lam viéc véi dudng d3c tinh ludi
cho trudc, sé c6 ba diém tuong dng A , A,, A, tit dé c6 thé xdc dinh
cdc gid tri tuong ng cha luu lugng Q,, Q,, Q,, va cong sudt N, N,, N_.
Cé thé dé dang xdc dinh cdc diém I, 11, III. N&i ching véi nhau sé&
duge duong thay déi céng subt khi diéu chinh bdng thiét bi dinh
hudéng huong Rinh.

Phuong phédp nay dugc dung rong rii trong tit c3 céc loai quat,
diic biét 1a cdc loai quat 16n. N&u cdc thiét bi dinh huéng duge thiét
ké& va gia céng t6t, géc ngo#t cla cdc cdnh dinh hudng dd nhd, tén
that do diéu chinh s& gidm va phuong phdp diéu chinh nay uu viét
hon so vdi diéu chinh bing tiét luu.

Lya chon quat theo diéu kién cho truéc

D& lua chon quat, thudng biét trude nang sudt Q va 4p suit p. Cdc
dai luong nay duge cho theo diéu kién 1am viéc cha quat. C4c tham s8
d4c tinh duge cho theo diéu kién tiéu chudn, nghia 14 t = 20°C, dp suat
khi quyén p, = 760 mmHg va d5 4m tuong d6i 50%.

" Viéc lya chon quat theo s8 tay ky thuat duge ti€n hanh véi dd du
trit 5% luu lugng va 10% 4p sudt, nghia 1a:

‘ ¥
Q =105.Q va  p.=11 p‘-f (5.27)

0 day Q> Py Yy - theo théng sg diéu kién chuédn dé cho.

T céc gid tri Qy, py, c6 thé chon loai quat can thiét. Phuong phéap
nay cho phép xdc dinh loai quat, kich thudc quat, va s8 vong quay.

Dé dat mua quat, ngoai loai quat, kich thuée, va sd vong quay, can
bi&t thém cdc tham sé& khédc, chdng han cdc théng sé duge dung lam
co 86 dé chon quat, chidu quay ciia roto, vi tri cGa ng hiit va ng day,
loai déng c¢ truyén dong, ..

Viéc xdc dinh n vA N trong diéu kién 1am viéc va tinh todn cdc
kich thudc hinh hoc tugng Ung cé thé tién hanh theo cic dic tinh
khong thit nguyén va so dé khi dong cha loai quat da chon.

Phan loai quat va céc chi tiét chinh cta quat ly tam

a- Phén loai quat: Quat duge phén loai theo cac tiéu chuin sau:

Theo dp suét do quat tgo nén:

e Quat 4p suit thap: dp sudt toan phan (hiéu s& c4c 4p suit toan
phén 4 tiét dién ra va tiét dién vao) dudi 100 kG/m?

e Quat Ap suft trung binh: 4p suit toan phén 100 = 200 kG/m?
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e Quat c6 4p suit cao: 4p suat toan phan 300 + 1200 kG/m?
Theo chiéu quay cia bdanh céng tdc:

¢ Quat ¢6 hudng quay bén phai: khi banh cong tdc quay theo
chiéu kim déng ho

e Quat c6 hudng quay bén trai: khi banh cdng tdc quay nguoc
chiéu kim déng hé

Theo sé phia 6ng hut:

e Quat mot phia hit

¢ Quat hai phia hut

Theo s6 vong quay ddc trung ng: .

¢ Quat c6 s8 vong quay d#ic trung nhé: n, < 25 vg/ph.

e Quat c6 s6 vong quay dic trung trung binh: n, = 25 + 50 vg/ph.
* Quat c6 sd vong quay dac trung ldn: n, > 50 + 80 vg/ph.

Ngoai ra, quat con duge phan loai theo so d6 két cay, tinh ning
lam viéc,...

b - Cdc chi tiét chinh cia quat ly tdm. Phuong phdp dua dong khi
vao banh cong tdc c6 danh hudng rat 16n dén hiéu suat va qud trinh
lam viéc cua quat ly tdm.

Né&u phan vao cia quat tét, c6 két cdu hop 1y, sé 1am cho dong khi
phan ba déu d4n tai tiét dién vao cda bdnh céng tdc va ddm bdo phan
phoi tdi déu din. Do vay, cdc b6 phin quan trong clia quat bao gom:

Ong vao. O cla vao cha quat luén ludn cé 6ng vao, vdi cac dang
hinh hoc duge néu trén Hinh 5.12. Dang hinh hoc cia 6ng vao phai
dam bao dé tdn that nang lugng & ctra vao 13 nhd nh4t. Diéu nay duge
d3m bao khi 6ng vao c¢6 hinh dang déu d4n (khdng gdp khic).

Khi d4t quat vao hé thang, cdc dudng 6ng din khong khi, d6i khi

Hinh 5.12 — C4c loai 8ng vao
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Hép vao
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Hinh 5.13 — Hop vao

phai bd tri cdc hop va ong ¢é cau tao dic biét ¢ dudng din vao quat.
Nhifng chi tiét nay lam thay déi tinh d3i xitng cia dong khi & cita vao
va su phan bé tdi déu din cda bdnh céng t4c, ddn dén gidm hiéu suAt.

Cdce hop vao dugce sif dung trong trudng hgp hat tir hai phia. Do cé
hop vao, cdc 6§ 48 truc quat duge bé tri ¢ phia ngoai dudng khéi (& cdc
quat khéi). Piéu nay rat quan trong khi van chuyén c4c khi néng, cho
phép dé dang kiém tra, thédo 1dp cdc 6 dd truc.

Poi khi cde hop vao ciing duge 14p & quat c6 hop hit mdt phia, khi
dé roto sé duge 14p trén hai géi, cho phép téng chiéu réng banh céng
. tde va tée dd vong quay.

Trong trudng hgp do yéu cau ldp rdp phai udn cong cdc dudng dng
phia trudc quat, caAn 1dp cdc hjp vao. Néu & clra vao cé thiét bi diéu
chinh thi tién nhat nén 44t trong hép vao.

Hép vao phai cé dién tich dd 1én, theo ty s6:

0
iy = 5‘“‘* = 1,75 + 2,25 (5.28)
(o]

Trong d6: Q,, - tiét dién cha hop;
Q, - dién tich tiét dién vao cda banh céng téc
Goc dat o, ctia hop vao 1a t6t nhat khi o, = 90°.
Dia phu. Hinh ddng cda dia phy cé 4nh hudng rat l6n dén tén

that ning lugng clia dong khi trong banh cong tdc. Ton that sé it
nhat khi hinh ddng dia phu déu d4n va canh vao nghiéng.

Chidu réng banh cong tic. Chiéu réng banh céng tdc ting thi
chiéu dai cdc luu tuyén ting, ddn d&n gidm 49 cong ctia géc ngoit, tén
that ning lugng sé gidm.

V4 quat. V6 quat thudng cé dang xoin dc, va trong mot sé it
trudng hgp cé dang 6ng ting 4p vong.
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A A

Hinh 5.14 - B1a phy

:

Hinh 5.15 - Vb quat

Trong vé xodn, khéng phai lic nao téc db ra cia dong khi phia sau
quat cling gidm cho dé&n khi bing toc dé ciia dong khi trong dudng
ong. Trong trudng hgp d6, cAn d4t them &ng tang 4p hinh c¢én & cita

ra.

6ng ra xo#n 6c thudng cé dang ludi. Kinh nghiém cho thdy, luai
lam ting tiéng 6n va c6 thé 1am gidm hiéu suat khi quat lam viéc.

Ong ting 4p hinh cén & chd ra sau ong xofn &c c6 dang déi xing
véi géc loe dén 25¢ vé phia bdnh céng téc.

Anh hudng tap chat khi dén sy lam viéc cla quat

Trong mét s& trudng hop, chat khi do quat van chuyén cé chia céc
hat cing nhd, chdng han khi van chuyén khi nén, hiit khang khi c6
bui, c4c thiét bi quat khéi.

Khi lam viéc véi loai khi c6 tap chat nay, banh céng tdc cdn c6
kha ning chéng bao mon do cdc hat cimg lo Iimg trong dong khi. Vi
viy, banh ¢éng tdc va é truc phai dugc ché tao tif nhitng vat liéu cing,
chéng mai mon t6t. S§ canh cha banh cong tdc cdn chon it, khodng 6
+ 8 canh d€ d& thdo rdi va sia chira.

Can xét dnh huéng cta cdc hat citng 10 1dng trong chat khi dén
cdc théng s6 1am viéc cha quat. Nong db cdc hat cing trong chat khi
dugce dic trung bang hé s6 nong 46 khéi lugng

M= M (5.29)

K
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Trong d6: M- khéi lugng hat cing trong luu chat dich chuyén
trong mot giay, kg/s
M, - khéi lugng luu chat sach, khéng chda tap chat
dich chuyén trong mét giay, kg/s
Thuc nghiém cho thay khi lugng tap chét it va kich thudc hat nhd,
cot dp va luu lugng quat hdu nhu tuong duong véi quat lam viéc vdi
khi sach, chi cé6 khéi lugng riéng p, 4p suit p, va cong suat N thay d4i.

Khéi lugng riéng cda hén hop:

o M. +Mg
=4~ 5.30
hh th ( )
Khaéi lugng riéng cia khi sach:
p My
= 5.31
« th (
Ty s& cac khdi lugng riéng:
p M.+M
= ———" (5.32)
Px My
Suy ra: P _py H
Px
Pm = Px (1"'”-) (5.33)

Ty s6 dp sudt va cong suit cia quat 1am viéc véi tap chat va véi
khi sach la:

Pun _ PumEHuw _ P
P« Px8Hu Pk

P =P (1+1) (5.34)

=l+p

Ny, _ P o 8H i Qo ZP_hh_=1+p

Ny  px8HWQum Pk

N, =N, (1+p) (5.35)

Khi quat van chuyén luu chdt chda tap chdét gbm cdc hat cing vdi
kich thuoce 16n, thanh phan ngang cda van téc trong dong chdy khéng
di d€ giir hat ciing & trang thdi lo ling, ddn dén cac hat cing va d4ap
vao bé mat, phat sinh tén that nang lugng phu dé thing lyc ma s4t
gitta cdc hat ciimg va bé m#t. Lac d6, ton that ning hugng trong banh
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cbng tac tai 6ng vao va ra clda quat sé ting 1én, d4p luc do quat tao ra
bi gidm va ting cdng suit tiéu thu.

Dé tinh 4p suit va céng sudt ton that do tap chat trong trudng
hgp niy, c6 thé 4p dung cong thitc bdan thuc nghiém cia Kalinukin:
P = px[l_kp“) (5.36)

N,, =N, (1+kyp) (5.37)

Céc hé s8 diéu chinh k va k, duge xac dinh béng thyc nghiém.
Khi kich thuéc cia cdc hat cing hitu cg khodang 0,5 + 3 mm:

k =01+045k,=15+17
Hiéu suft ctia quat khi van chuyén chit khi cé tap chat:

=th'phh ~th-Px~(l_kpu}_ -k p.

L

Ny  Ne(+tkgm) " leken (5.38)
VAay cong suit trén truc mdy khi van chuyén hén hop 1a:

Q...
N, = <P (5.39)
N

Cé thé nhan thay quat van chuyé&n hdn hgp lam viéc rat ning né
(ch&ng han cdc quat khéi trong nha mdy nhiét dién). B4t than va tro
sé lam cho cdnh quat chéng bi hu héng. Quat hu hdng cang nhanh
néu canh cang mdng, sé vong quay cang lén, va kich thudc céc hat
cimg cang lén. Thai gian lam viéc cia quat khéi con phu thude vao
hinh dang cdnh. Vi duy, quat ¢4 cdnh d&n nghiéng vé phia sau sé& it bi
hu héng hon so véi quat ¢6 cdnh din nghiéng vé phia truéc véi cung
cac didu kién 1am viéc.

Cdc bién phdp chinh dé gidm su hu hdng cia quat khéi:

o Giam sd vong quay.

o Tang chiéu day cda c4nh dén 8 mm.

e Gin cdc tdm kim loai cing chdng mon 1&n bé mat cdnh.

e Dung cdc tdm méng dé€ bido vé.

¢ Bao vé tudng xofn dc biing cdc tdm kim loai dic biét, day 10+
12 mm.

e Cai ti€n cdc thiét bi loc tro.

¢ Chon dang hinh hoc thich hgp cho ednh quat.
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QUAT TRUC

Nhiing chi y v& quat truc

Trong céc loai méy truc, cu thé 1a quat tryc, sy truyén nang lugng
tlr quat cho dong chidy xdy ra nh¢ tdc dung cia bénh cong tdc véi cédc
cdnh dén cong-xén dugc gin chit véi dng 16t. Vi banh céng tdc cda
m4y khi quay duge giit theo hudng truc, con cdnh din duge gén chic
theo géc nghiéng so véi mit phing quay, nén binh céng tdc vin
chuyén chat 16ng (chat khi) doc theo truc. Vi vay, dong chdy bi xodn
mét phan (Hinh 5.16).

LLLLLLLL

TN b
! ( Z% %

777777777777777
Hinh 5.16 — So 44 nguyén ly két cAu cla quat tryc

Pé khéo sdt qud trinh lam viéc clia méy truc, c6 thé sit dung
thuyé&t mang bién dang (profile) cdnh.

Cédt vong banh céng tdc theo mit phing tru bing b4dn kinh r va

khai trién mit phing nay cing céc tiét dién c4anh dén, s& nhan duge
mang bién dang phing cia quat truc (Hinh 5.17).

7

Hinh 5.17 - Mang bién dang canh dan
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Cidc gid tri co ban, dic trung hinh hoc cda mang la:
t - budc ctia ednh din, do theo hudng chuyén dong cia mang;
b - dé dai dAy cung cda tiét dién cdnh dan;
B - chiéu réng cGa mang, do song song véi truc quay;

B,,B, - géc ¢ clta vao va ra cia cdnh dan, géc gitta day cung
canh din va truc mang.

C4c kh4i niém cd ban bao gém:

Mat do mang: ky hiéu p, 12 ty s6 gitfa day cung va bude cdnh dan.

- b
b= T (5.40)

Budc tuong déi cia canh dén: ky hiéu t', 1a dai lugng nghich ddo
cua mét dé.

t’ 1.t 5.41
=5 b (5.41)

Khi x4y dung so d6 van téc & clta vao va ra, cn dp dung cdc thong
s6 dong hoc co ban cia dong chdy qua mang.

Hinh 5.18 - Sd db van téc cla mang

u, w,,c, va u,w,, ¢, tuong ung véi van toc dich chuyén, van téc
tugng d81, van toc tuyét d6i & clda vao va clra ra.
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., B, - gbc vao va géc ra.

i, - g6c tién cda c4nh dan § clta vao (goe gita ti€p tuyén cia
dudng trung binh cia mang véi van tdc tuong dé1 & cda vao).

i, - gbc tién cda cdnh dén & clfa ra

i_ - g6c tién cla cdnh din cha mang (géc giita diy cung cda mang
va vec-td vén téc tuong d6i trung binh w).

Tu so dé vin tdc nay, c6 thé thdy mang bién dang 1am thay déi

gia tri va hudng cha van téc tuong déi va tuyét dsi.

Piéu khéc biét djc trung cda quat truc 1a su xo#n cia dong chiy
(¢,, > ¢,) va sut luu lai mot phan dong chay & clra ra (o = 0).

Céc phuong trinh co ban cla quat truc

Khi nghién cfu quat truc cAn xét phuong trinh lién tuc, phuong
trinh ning lugng, phuong trinh dong lugng, phuong trinh luu s6, va
thuyét Giukdpxki d€ tinh lue nang.

Phuong trinh lién tuc

Tu dinh luit bio toan khéi lugng dm = 0, m = const; m, = m,, véi
quat truc:
m = p.Q =p.S.ec
Trong d4: S - tiét dién mit cdt cda dong chdy.
¢ - van téc tuyét déi ctia dong luu chat.
Do 44, phuong trinh lién tuc cé dang:
pl'slcla = pz'sz'cza (5.42)
Ap dung phuong trinh nay vao ranh giifa cdc cdnh, khi xét canh
dan c6 a6 dai Ar (Hinh 5.16).

Trong doan Ar, cé thé gid thiét van téc 1a khéng dsi. Dién tich
mat cit cda cifa viao va ra la bing nhau:
S1 = 82 = t.Ar
Trong phuong trinh trén, cde véc-to ¢, va c, tuong ung, vudng
gée vdi cdc tigt dién S, va S,. Vi vy, khi gid thiét S, va S, vuéng géc
véi truc cia mdy, tdc 1a c6 thé coi ¢, va c, 1a nhitng thanh phan
chiéu truc cla van tée tuyét doi.

T Hinh 5.18: ¢,, = w,,;¢,, =W

la’™ 2a 2a

Phuong trinh lién tyc ¢6 thé dugc viét sau khi gidn wée S, va S,;:
pl ‘Cla = p2 'C?.a

Hogec: Py W, =PyW,, (5.43)
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Déi vé6i chat 16ng khong chiu nén p, = p,:

cla = C2a = ca;wla = wh = WA (5‘44)

Phuong trinh nang luong

Phuong trinh ndang luong cia chuyén déng tuong déi Vé 1y thuyét,
trong chuyén déng tuong d3i cia dong moi chdt qua banh cong tédc
cda quat truc ndng lugng khong duge truyén cho dong chéy. 4 day chi
x4y ra sy bién d8i déng néng thanh thé ning. Qu4 trinh nay gay ra
sy tdn mat ning lugng cda dong chdy. Khi thay d6i déng ning riéng

2 2
I w - ] « 2ea
cda chuyén déng tuong dsi tir -2—’ dén 72 sé& xdy ra sy thay d6i lién
tuc 4p suit va khéi lugng riéng, phuong trinh ning lugng sé c¢é dang:
2 2 2

W, W, dp
o Rl
5 > I (5.45)

2
d
D6i véi quat Fp =C,(T,-T))

1
Trong d6: AL - phan ndng lugng chuyén thanh nhiét nang.

Su thay ddi thé nang duge biéu thi bing tich phin & v& phai ctia
phudng trinh (5.45), ¢é thé tinh duge trong trudng hop biét ré quan
hé gida p va p, tifc 12 biét qué trinh nhiét dong & ranh gida céde cdnh
d4n. 0 quat, qué trinh nhiét dong 1a ddng nhiét, con & mdy nén truc
14 qu4 trinh da bié&n.

Nang luong mang cinh dén cung cp cho dong chdy, cé thé tinh
theo phuong trinh co ban cia mdy ly tdm, trong d6 u, = u, = u:_
L, =u(c,, —¢,, )=uAc, (5.46)
Thr sg 46 van téc (Hinh 5.18), suy ra:
C,, =U, —C,, cotgp,
¢, =1, —c,, cotgB, (5.47)

Thé phuang trinh (5.47) vao phuong trinh (5.46), va st dung biéu
thie (5.44):

L, = uc,(cotgB, —cotgpB,) (5.48)

Phuong trinh ndng luong cia chuyén déng tuyét déi qua mang
lui cdnh dén cha quat truc cé thé viét:
2 2

u.ca.(coth, —cothz):Cp.(T2 —T,)-I-cz —-C

+q (5.49)
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Trong d4: q - m&t mat ning lugng vao mai truong bén ngoai.
Phuong trinh déng luong

Phuong trinh ddng lugng diung d€ tinh lyc tuong tdc gida dong
chdy va eac cdnh din cda quat truc.

/ /
2. %y 4
fr Wsag

Pz

Hinh 5.19 — Sc d8 lyc tac dung 1én mang canh
Gia st doan cdnh chiéu dai Ar t4c dung lyc P l&n dong chdy (Hinh
5.16 va 5.19). C4c hinh chiéu cda lyc nay bao gdém:
+ P_ - chiéu lén truc quat;
+ P_ - chiéu lén truc mang.

Xét dong chdy khi ¢6 chuyén déng tuang d6i véi 46 day bing mot
budc ciia mang.

Viét phuong trinh dong lugng trén truc cda quat va truc cia mang
canh dan d€ xac dinh cdc yc thanh phdn P_va P

Xsic dinh P_: Viét phuong trinh trén truc cda quat:

Qua tiét dién 1-1, lugng chit 16ng chdy qua trong mét gidy:
m = Art.w _.p,

Theo huéng truc cia m4y, dong lugng bang:
k =mw_=Artw _.p.w_

Tuong tu 481 véi tiét dién 2-2

k, = mw, =Artw, .p,w,
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Néu p, va p, 12 4p sudt § cdc ti€t dién 1-1 va 2-2 cia dong chay, thi
dp luc do ching gay ra tuong ung sé la: Ar.t. p, va Ar.t. p,.

Xung luong ctia cdac luc ngoai tae dung lén dong theo hudng vin
t6c ban ddu bing su thay déi déng luong cda dong, vi vy, phuong
trinh can bing nhu sau:

P,+P, -P, =k -k
K&t hop cac bidu thic néu trén sé nhan duge:
P, + Art. p, - Art. p, = (Ar.t.w, 2p, - Art.w, 2p))

D3au 4m (-) & v& phai cia ding thic cho thay: su thay ddi dong
luong cia thé tich chat 1dng dang xét gay ra lyc tac dung 1én cdnh
dan theo hudng nguge véi P, do dé:

P, = Ar.t(p, - p,) + Ar.t(w, 2p, - w 2p)) (5.50)

Dai vdi chat 16ng khdng chiu nén va theo phuong trinh (5.44), p,
= Py Wy, = Wo

P =Ari(p,-p,) (5.51)

Mang bién dang cinh dich chuyén chdt léng khéng nén duoc,
khéng lam thay déi van téc truc cia dong chdy; luc doc truc tde dung
lén dong chdy phén tdn dé tang dp suét.

Xie dinh P Viét phuong trinh déng lugng trén truc cia mang:
Péng lugng tai cdc tiét dién la:
k, =mw,_=Artw .p.w_
k, = m.w, = Ar.t.w,.p,.w,
Phuong trinh can béng cé dang:
P, =-(Artw, .p, W, - Art.w _.p.w, )
Tu d6, suy ra: P, = Ar.t(w .p,.w, - W, .p,W,)

Stt dung biéu thic (5.34) w _.p, = w,_.p,:

P, =Artw p(w, -w,) (5.52)

Luc téng hop, thu duge bang cdch cong hinh hoc hai Iuc P, va P,
Phuong trinh luu sé

Biéu thie chung cho qud trinh tuadn hoan la:

I'=qc.cosadS; a - gée (c,dS)
S

T - luu 88 tudn hoan
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Cé thé dé dang st dung biéu thic nay déi vdi bién dang cda mang.

Trén Hinh 5.19, khi xét vdng kin 1-1-2-2-1, cé thé hinh dung qud
trinh tuin hoan 12 tdng cha edc tich phan sau:

I'= 1leudt + ]wdS— z'[whdt - lJWdS
1 1 2 2

w - van téc tuong déi cda dong chay.

Vi hai dudng 1-2 va 2-1 vé phuong dién hinh hoc 1a nhu nhau va
van téc tai nhimg diém tuong (ing bing nhau, nén tich phan thi hai
va thit tu bi triét tiéu, do dé:

I'= I(Wlu —w,, Jdt

w,, va w, khong ddi tinh trung binh theo bude canh dén, nén:

U :(wlu ~ W )‘t (5.53)
Thuyét Giukopxki
Lyc nang cinh (véi 1 = 1; 1- chiéu dai cdnh) chuyén déng trong
khéng gian v han, duge xdc dinh bang thuyét Giuképxki.
P, =pwl (5.54)

Trong d4: w - van téc tuong d6i cia dong chay
I - luu 88 tuan hoan theo vong kin bao trum cdnh dan.

¢ Cénh din doc 1ap khong thay d8i cdc thong sé cia dong
chay, van téc tuong d6i trudc va sau canh dan bing nhau.

o Mang cdnh din, nhu trén Hinh 5.18, thay d6i gid tri va
huéng cda vén tdc tuong doi (w, # w,).

D6 1a sy khdc biét chinh gitta cAnh dan dbdc 1ap va mang cdnh dén.
Thuyét Giuképxki cho cdnh dén clia mang la:
P =plw, (5.55)
P_ - lye ndng cdnh
Tu Hinh 5.18, c6 thé thay w_1a vec-td van tdc trung binh:
We = ~fwi + w2
3 2 1 2
Trong trudng hgp chay qua mang 12 chat khi c¢6 khéi lugng riéng

p, thi trong phuong trinh (5.55) c6 thé coi p 14 khéi lugng riéng trung
binh s& hoc & cla ra va clfa vio:
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_Pi*Ps
P 2

Déng thoi c6 thé thay hudng cia P, vudng géc véi vec-to w, (Hinh
5.19).

Cac hé s6 khi dong luc hoc

Trong thyc tién c6 thé 4p dung mét phuong phdp khd phd bién dé
tinh toan luc tdc dung 1én mang cdnh d4n ti cdch tinh lyc tdc dung
lén cdnh dan déc lap, c6 thé viét:

2

wm

Py = Cypb"z—
2 (5.56)

P, =C, pb. w;

Trong d6:

C,,C,- hé 56 lyc nang va luc tuong tic mit chinh dién c4nh dén,

b-  d6 dai day cung cdnh din,

p -  khoi lugng riéng cda dong.

P, P - luc nang va hue tuong tdc mét chinh dién cia dong chdy
va bién dang mang.

Hé s6 C_ chi c6 thé x4c dinh bing thyc nghiém. Gi4 tri gin ding
cia C, c6 thé tinh gin ding bing ly thuyét, con gid tri chinh x4c thi
bing thuc nghiém.

Xde dinh C gdn ding béng thuc nghi¢m:

Két hop phudng trinh cia thuyét Giukdpxki (5.55) va phuong trinh
(5.56):

4 2

wm

pLw,=C, pb. >

2

Suy ra: I'= Cy.b.-‘%—’—

Phuong trinh nay cing véi phuong trinh (5.53) cho phép xdc dinh
C

y
t w, —Ww,,
cy=2.g._u_;
Wfﬂ

T Hinh 5.19:

w]u _ w2u

- cot gf, - cotgf,

Wlx = w2a

=w,sinf,
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3

{u

Hay: - =cotgP, sinP
Va ‘:,’“ = cot g, sinp,
t .
Vi vay: C, =2+ (cotgB, —cotgB, )sinp,, (5.57)

Ding thite nay cho phép tinh hé s§ C, theo cédc thong s8 da biét
cia mang bién dang.

Céc gid tri chinh xde C va C_c6 thé x4c dinh bing phuong phdp
thdi cdc mang cdnh din ¢6 kich thuéc khsc nhau véi nhitng géc tién
khdc nhau; thuc hién do van téc, khéi lugng riéng, va cdc luc Py, P,
sau dé tmh C, va C, theo phuong trinh (5.56). K&t qui clia qud trinh
thai duge bidu din béng phuong phdp dé thi.

Cac théng sd ctia quat truc
Ap suit

Cot ap 1y thuyét banh cong tédc cha quat truc cé thé dat dén duge
tinh theo phudng trinh Euler:

_ u202u ‘ulclu
g
3 day c6 thé gia thidt u, = u, = u. Ap dung gia thiét nay:

H

o

u
lPII = _(CZU _Clu)
g
DP6i véi quat, cAn xét thém hé s6 tiéu hao ¢:
S (5.58)
0= -

Hé s6 nay xdc dinh luu lugng thé tich chdy qua mét don vi dién
tich cda tiét dién trén mang cdnh dan.

TU tam gidc van téc: ¢, =u, —c,, cotgP,

€y =0 —C,, cotgfl,

Ap dung diéu kién ¢, = ¢, = c:
u u’
H, = —g--ca (cotgP, —cotgP, )= E'(P‘(C(’tg& —cotgp,) (5.59)
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Ap suit ly thuyé&t banh cong téc c6 thé dat duoe:

p=p-g-H =p-u’e-(cotgp, —cotgp,) (5.60)
Tu dp sudt 1y thuyét cé thé tinh dp sudt thue té:

p=n,p, =pu’e-(cotgp, —cotgp,)-n, (5.61)
Véi: n_ - hiéu sudt cda mang cdnh dan cia quat truc.

Hiéu suat
Hiéu suét ciia mang canh dén: n_

p _DP

= =— 5.62
p+Ap p, (5.62)

L™
Trong dé:

p va p, - &p sudt thuc t& va dp sudt ly thuyét c6 thé gia ting
trong mang,
Ap - mat m4t 4p sudt trong mang.

Néu mang ting dp suit ti p, dén p,, thi:

P, — Py

= . A 5.63
m = p, —p, +Ap (5.63)
Tinh hiéu sudt mang theo cdc thanh phdn luc

P6i vdi chit 16ng khéng nén duge, tir phuong trinh nang lugng
cta chuyén dong tuong dsi:

2 2 2
hd &_jd—me
2 2 7p
2 2
) — W,
Suy ra: P =P +Ap=p- 5 (5.64)
T so d6 van téc clra vao va ra:
Wi =wl+wl
wl=w?+wl
2 2 2 2
=> W] —W2 =W|u _W?.u =(“/Iu _w2u leu +w2u)
Do: w,, +w, =2w_ =2w, cotgPB,
Véy le—Wi :2(wlu_w2u)waC0thaa
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Hay: p- T =p-(w, ~wy, )W, cotgh,  (5.65)

Trong d6: B, - géc gilta vec-to , va truc mang.

St dung cdc bidu thite (5.64) va (5.65):

p2_pl+Ap=p'(wlu—w2u)waCOthao (5.66)
H -p, +Ap = P, cot B'
ay: P~ P p LA gP.

Trong d6: P, = Artpw, (w, —w,, )

( -
Hay p~wa‘wlu“wzu)‘ L Ar
T phuong trinh (5.61):
_ Pa
P,=H = LA (5.67)
Pﬁ
tar P
Suy ra:  n, = P, cotegp, P,.cotgP, (5.68)
t.Ar

Tinh hiéu sudt cia mang theo tinh ndng nguoc
T Hinh 5.20 biéu thi so 4 tinh hiéu sudt mang, cé thé thay:
P, =P,.cosB, —P .sinp,
P, =P .cosP, +P sinf, (5.69)

Thay biéu thite (5.69) vao phuong trinh (5.68) déng thdi chia ci ti
va méu cho P .cosp,:

1-ptgB,,
Mo = 14 p.cotef, (5.70)

P

Trong d6: M~ _PL - tinh ndng ngudc cda mang.
y

Péi véi canh didn quat truc, = 0,02 = 0,04.
Véi p= 0,03 va B_ = 25° 45°thin_= 0,9 + 0,94.

Dé ting hiéu suit cGa mang quat truc can st dung loai bién dang
cdnh c¢6 gid tri B nhd nhat cho phép.
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Hinh 5.20 - S d3 tinh hiéu suat mang
Hiéu sudt co khi: tinh dén tén th&t ning lugng do ma sit & dam,
8 bi va do ma s4t dia.
Nex = 0,94 + 0,98
Hiéu sudt thiy lue cia cdp:
My = P_x
Trong d6: p_ -  4p sudt tao thanh do quat ¢6 nhiéu banh cong
tdc, duge goi 1a quat nhiéu cap
P. =;:>.u’.q>.(c:otgﬁ1 —coth2)np + Apyr —ZAp (5.71)
TAp - mat mat dp suit khi cung va khi thai;
n, - hiéu sult cot 4p;

Ap, - lugng ép sult gia tang trong qué trinh thai do
x4y ra higu dng khuéch tdn.

Dbéi véi quat tryc: N, = 0,75 + 0,92
Hiéu sudt toan phén cia e6p M = Ny Ny = 0,70 + 0,90
Céng suit

yQH
1000

Céng suat trén truc ctia quat 1a: N (5.72)
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Quat tryc nhiéu cép

Phan tich cong thic (5.60) véip, =p-u’ep-(cotgp, —cotgh,), cb
thé thay dp suit dugc tao ra tir quat truc c6 mot banh cong tde bi giéi
han béi cac y&u t6 van téc va hinh hoc. Trong cdc m4y truc hién dai
ctia cdc thiét bi v4n tai, thudng s dung vén toc d ddu cdc canh din
cia banh céng tdc rai cao, dén 400nm/s. Nhung du nhu viy, trong
nhiéu trugng hap, vin khong ddm bdo 4p suit can thiét. Khi d6 cé
thé s dung mdy nhidu c4p gdm nhidu banh cong téc. Ap suét ting
d4n qua ting b4nh cang tac cho d&n khi dat gi4 tri yéu cdu. Mai banh
cdng tac tac ra mot clp 4p suit.

N

et T |

Hinh 5.21 - So dd quat tryc nhiéu cép

Quat truc nhiéu céf;; c6 mot s6 vong dong truc duge dit trén mot
truc chung (Hinh 5.21). Giita hai b4anh cong téc luén luén cé mét thiét
bi dinh huéng.

Céng dung cia thiét bi dinh hudng:
o Diéu chinh dong ra tit binh céng téc.

¢ Budc dong luu déng theo huéng can thiét dé€ trao ddi ning
luong tich eue & cdp sau.
» Bié&n d5i mét phan cot 4p dong thanh thé ning.

Thi&t bi dinh hudng duge lam ti nhitg tdm cong déu cé chiéu day
bién ddi, e6 sdc cAn mit trudc nhé. S§ cAp 4p suit trong mdy truc cé
khi 1én dén 20 c4p.

Diéu kién lam viéc ctia quat tryc

C4c thanh phin cdnh din cia quat truc, & nhilng khodng cdch
khéc nhau so véi dudng tAm, quay v6i cdc van tdc khdc nhau. Vi vy,
cdnh din vdi chiéu rong khong d6i va cde gée ra vao khéng déi tao
nén ct 4p thay d8i theo chiéu dai ciia cinh din. Diéu nay din dén sy
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di chuyén huéng kinh cta cdc phan ti chat 1éng trong dong chiy cha
banh céng tdc va su thio din lam gidm hiéu suat cha quat.

Hién tugng di chuyén huéng kinh nay dic biét rd trong cdc cap
cda quat truc ¢6 46 dai cdnh din 16n. Vi vay cdc c4p cha quat truc cé
dé dai canh din 16n thudng duge thiét ké tir diéu kién khong cé su di
chuyén huéng kinh cia dong chit 16ng.

Trong cdc loai mdy truc, néu bd qua lue nhét ciia dong, thi diéu
kién c4n bing huéng kinh duge thé hién bing ding thitc:

r.c, = const (5.73)

Céng thifc nay cé gid tri thuc t& rdt 16n. Didu kién dé€ khong cé sy
chuyén déng huéng kinh chi thue hién duge khi khéng cé sy thay déi
ctia qud trinh tuin hoan theo chiéu dai cdnh dan. Trong trudng hop
nay, mdi maot phén t¥ cda dong chdy chuyén déng theo mit tru tron
cia bdn kinh tugng img.

Phugng trinh (5.73) 14 luan dé quan trong nhédt trong thuyét
Giuképxki. Thyc hién duge bidu thic nay trong quat truc cho phép
tang ro rét hiéu sudt cda m4y.

Anh hudng cha didu kién (5.73) lén hinh dang két ciu cta cdnh
thé hién & ché cdnh din cé dang cong xodn 8¢ véi cde goc B, , thay
d6i theo chiéu dai cdnh d4n. Nhiing cdnh dan loai nay duge si dung
rit réng rai, dic biét & nhilng m4y dng 16t ¢6 dudng kinh tuong déi
nhd.

Trong nhimg m4dy éng 16t c6 dudng kinh tudng déi 1én, c4nh dan
duge 1am khéng cong, nhung diy cung gidm tir trong ra ngoai.

Dac tinh clia quat tryc

Tuong tu loai may ly tam, dac tinh clia méy truc (quat truc) biéu
thi quan hé gitta cot 4p (4p sudt), cdng suat trén truc, va hidu sult vdi
luu lugng.

Pudng dic tinh thudng duge xdy dung bang cdch thif véi s6 vong
quay khéng d8i va duge tinh vdi nhitng s§ vong quay khdc nhau theo
cong thite ty 18.

Dang dudng dic tinh dude xdc dinh nhd két cdu va cdc tinh chAt
thay khi déng hoc ctia m4y.

Duong dac tinh quat truc khi n = const

Khdc vdi may ly tdm, duéng dic tinh cdt 4p cha mdy truc thusng
c6 dang yén ngya. Mat khde, trén cdc may cot 4p thap, thudng gip
dang nghiéng cha loai dudng dic tinh nay.
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Hinh 5.22 — Budng d4c tinh cia mét sé loai quat tryc

Dang yén ngua trén dudng dic tinh gidi thich sy gidm luc ning
cdnh khi ¢6 luu lugng nhé va géc tién ting, va gidi thich su hién dién
cia dong thi cép.

Pudng dic tinh cong suit cha quat truc cho thiy su gidm cdng suidt
khi ting Q hodc gin nhu ndm ngang (Hinh 5.23). Vi vay, khi khdi
dong quat truc cho phép md hoan toan van trén éng hit dé€ c6 tai
trong.

Pudng dic tinh hiéu suit cda quat truc c6 cdnh din lam viéc duge
gin chat vdi éng 16t cé cue dai bidu hién ré. Khi ché d6 lam viéce bi
léch khéi vi tri t8i uu, hiéu sudt thay déi dot ngot.

>}

Hinh 5.23 — Budng
dac tinh cla quat =~
truc cbt ap thap

Y

Qmin  Qmax
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Phén 1am viéc cha dudng ddc tinh dugc thanh lap trén phan dn
dinh (bén phai diém B trén Hinh 5.23). Gi4 tri hiéu suit cuc dai cho
phép thdp nhit khodng 0,9 n__.

Piéu chinh luu lugng

Diéu chinh luu lugng cia quat truc cé thé duge tién hanh bing
cdch thay d6i s6 vong quay, thay ddi géc quay cia cdnh dén lam viéc
bing thiét bi huéng dong & cita vao, va bing tiét luu. Vé 1y thuyét,
diéu chinh luwu lugng bing cdch thay d8i s0 vong quay 12 hidu qua
nhat.

Diéu chinh bing ti&t luu dic biét khong kinh té&, vi luu lugng bi
gidm trong khi cong sudt khéng ddi ho#ic ting. Vi vAy tiéu hao niing
lugng trén méot don vi thé tich chit 16ng khi didu chinh bing phuong
phép nay ting.

Khi diéu chinh quat bing géc quay cdnh ddn cGa banh coéng tdc
hay bing thiét bi huéng dong d ca vao sé tiét kiém néng lugng trong
qué trinh truyén d6ng. Pidu chinh biing géc quay cdnh dén ho#c thiét
bi huéng dong rit tién lgi trong viée sit dung dudng dic tinh diéu
chinh tiéu chuin.
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Chuong VI. KHAI NIEM CHUNG VE MAY NEN

KHAI NIEM CHUNG

Pinh nghia
M4y nén 12 mdy dé nén khi vdi co s6 ting 4p € > 1,15 va ¢6 1am lanh
nhén tao d ndi xdy ra qua trinh nén khi.

Cong dung cia mday nén 12 nén khi va di chuyén khi nén dén noi
tiéu thu theo hé thdng ong dén.

M4y nén dung d& thsdo kh{ tir binh chin khéng va nén chiing dén
4p suit khi quy&n ho#c dp suit 18n hon, dude goi 14 bom chdn khéng.

Céc théng s8 co ban d3c trung cho su 1am viéc clla m4y nén bao
gdm: luu lugng thé tich Q (thudng dugc tinh trong diéu kién hiit), 4p
suit ddu p, va dp sudt cudi p, hodic hé sd tang 4p € = p,/p,, hiéu sust
n, va cong suat N trén truc cda mdy nén.

Phan loai may nén

Theo nguyén Iy lam viéc cé thé chia mdy nén ra 1am ba loai:

o M4y nén thé tich.

e M4y nén cédnh din.

¢ May nén phun tia.

Theo k&t cGu. M4y nén th€ tich cé hai loai:

¢ MaAy nén piston.

e Ma4dy nén roto.

M4y nén c4nh dén c6 hai loai:

e Miy nén ly tam.

o Midy nén truc.

Ngoai ra con ¢6 thé chia mdy nén ra thanh tilng nhém theo dang
chat khi 1am viée, theo dang truyén dén, ...

197



Sd dd két cau mot s6 may nén dién hinh

Mady nén piston (mét piston véi mdt cdp nén). Véi chuyén déng
tinh tién cda piston, cdc qué trinh l14n lugt dugc thue hién bao goém:
Dan né, Hat, Nén, D4y. Phuong phép tdc dung cda may nén piston dua
vao sy thai khi bing piston, cho phép xdy dung nhiing két ciu véi
dudng kinh va hanh trinh piston nhg, ¢6 4p suat 16n khi luu lugng
nhé (Hinh 6.1).

Khi  Khinén

f

Nuéc
lam ngudi

< Nudc
12am ngudi

Hinh 6.1 — M4y nén piston
M3y nén roto dang tam phing

So d6 mdy nén roto dang t4m phéng duge néu trén Hinh 6.2. Khi
roto 2 quay, trong c4c rinh doc ciia roto, cdc tAm phing 3 c¢6 thé tu do

1
2
1.Vé
3 2. Roto
3. Cac tdm phing
\ mﬁ 4, ?ng hut
— 5. Ong day
4 5

Hinh 6.2 — May nén roto dang t&m phing
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di chuyén, khi duge dién day trong khodng khéng gian gitta cdc cdnh
dugc mang tir 6ng hiit 4 d&n 6ng ddy 5 va duge dua ra hé théng 6ng

dan.

Truc roto cia mdy nén cé thé ndi vdi truc cda ddng co khdi dong
mot cdch truc ti€p khéng cin bé truyén dong. Diéu nay lam cho may
¢6 két cAu don gidn, dé dung, va lam gidm khdi lugng mdy.

May nén ly tam

Nguyén ly lam viéc tuong tu
nhu bom ly tdm. True cia mdy
nén ly tAm néi véi truc cha ddng
co khéi dong (dong ca dién hoic
tuabin hoi nudc) hosc truc tiép,
ho#c qua truyén din co hoc 48
ting s6 vong quay cha truc mdy
nén nham gidm kich thude may
nén, gidm khéi lugng va gidm
gi4d mdy (Hinh 6.3).

May nén truc

Két cdu gém roto cé gin canh
din 1am viée, vé c6 g4n c4nh din
huéng dong ¢ dinh. Khi dugc
hut vao éng hat, chuyén déng doc

Hinh 6.3 - May nén ly tam

truc va dong thdi bi nén trong céc cip nén cta cdnh din. Qua 8ng ddy
khi duge d&y vao hé théng 6ng dan dén noi tiéu thu (Hinh 6.4).

7 2
i ..|- 2 L 1. Cénh dén céng
s tée (canh dén
) £ déng)
- - - |
77 I om \vs 2. Roto
u =TT . 3. Canh din hudng
l_ ” I L I. - dong
AN L
1 Khi vao Khi rai

Hinh 6.4 -

May nén truc
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D€ khdi dong mdy nén tryec c6 thé dung dong co dién, tuabin hoi
nudc hode tuabin khi.

NHIET DPONG HOC MAY NEN

Qua trinh nén khi
a- Phuong trinh co ban

Ly thuyét don gidn nhat cGa mdy nén dya trén thuyét nhidt dong
hoc khi ly tuéng, théa man phuong trinh trang thai:

p=p.RT (6.1)
Khi dp sufit cudi cia qud trinh nén khi 16n hon 10°N/m? c¢6 thé
dung phuong trinh trang thai khi thue:
p=ZpRT | (6.2).
Z - hé s8 nén, véi gid tri thuc nghiém phu thudc vao cic dai lugng
khéng thit nguyén p/p,, va T/T,,. ’
b- Cic qué trinh nhiét djng co ban dupre st dung trong thuyét may nén

Khi két hap st dgng dinh luat thd nhat cda nhiét ddng hoc va
phuong trinh trang thdi khf ly tudng, sé thu duge cdc phuong trinh
cda qu4 trinh nén va din nd xdy ra trong mdy nén:

. P _
+ Qué trinh da bién: o" const hay pv" = const (6.3)
. P ‘ ‘
+ Qu4 trinh doan nhiét: p_" =const  hay pv* = const (6.4)
p

+ Qud trinh ddng nhiét: p_ =const  pay pv =const (6.5)

Qud trinh da bién 1A dang tdng qudt cda qué trinh nhiét déng hoc
x4y ra trong mdy nén phu thudc vdo diéu kién bén ngodi va bén
trong vdi chisén = 1,15 + 1,8.

Qua trinh doan nhiét 1 qud trinh khéng c6 traoc d8i nhiét véi mai
trudng bén ngoai; trong qué trinh nay cé thé c6 sy tao nhiét lugng
bén trong do cdng cia ma sét khi va sy tao xody. Qud trinh doan
nhi&t mot cdch nghidm ngit khong thé thu duge trong mdy nén vi
khéng thé€ cdch nhiét mét cdch hoan toan déng khi véi méi trudng
bén ngoai.

Qué trinh d4ng nhiét dic trung cho trang thii ddng nhiét do
khéng c6 su trao d8i nhiét vdi méi trudng bén ngodi va khéng c6 su
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tac nang lugng bén trong dudi Anh hudng cta ma st khi trong dong
chdy. Trong cdc mdy nén thuc, qud trinh d&ng nhiét khéng thé xdy
ra.

c- D6 thi T-S va p-v

Dé thi T-S: Céc qué trinh da néu trén thudng duge biéu thi bing
dé thi T-S, theo quan hé giifa nhiét do (T) va entropy (S).

Céc dang co ban cda qué trinh nén bao gdm:

e Qua trinh da bién n < k dic trung cho mdy nén cé qud trinh
lam lanh manh bing nuéc (Hinh 6.5 a) (mAy nén thé tich).

e Quai trinh da bién n > k dic trung cho c4c mdy nén cé qud trinh
lam lanh y&u bling nuée ho#ic 1am lanh bing khéng khi (Hinh
6.5 b) (mdy nén cénh din)

e Qu4 trinh ddng entrépi v6i S = const (Hinh 6.5 ¢)
e Qud trinh ddng nhiét véi T = const (Hinh 6.5 d)
Céc qué trinh d&ng entropy (trudng hgp riéng cia qué trinh doan

‘T « Fzgcqnst | T
pr=const 2
% Z puconst i f s=const
- \”« pa=tonst 1 piconst
|
as
3 7

Hinh 6.5 - B4 thi T-S
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nhiét) va qué trinh ding nhidt khémg thé 4p dung trong miy nén
thue, vi cde 1y do duéi day:

e Sy tao thanh nhiét lugng do cong cda ma sdt khi bén trong
xuat hién qué 1én.

e Khong thé ché tao két cdu hé théng lanh clia mdy nén di dé hé
thong nay bdo ddm qud trinh nén khi véi nhiét dé khéng déi.

Do véy, trong thuyét mdy nén, hai qu4 trinh nay chi ¢é tinh 1y thuyét
va duge sif dung d€ d4nh gid hidu suit nang lugng cla mdy nén.

Qu4d trinh nén trong cdc trudng hgp néu trén duge biéu thi bing
dudng 1-2 trén Hinh 6.5. Trong truong hop a,b qué trinh nén (4p suit
ting) din theo sy thay d8i entrdpi va tang nhiét do cia khi; vi vay
entanpi tang.

Trong qud trinh nén da bién vdi n < k:

e Duong 1-2 14 qud trinh nén x4y ra ¢ vang lam viéc (trong
xilanh, trong rdnh cda banh céng tdc va v4) cda mdy nén;

e Dudng 2-3 1a qud trinh lam lanh ding 4p cha khi nén dang ra
khéi mdy nén, qud trinh nay xay ra ¢ b4 phan lam lanh cda
m4y nén va trong mang ludi éng dén,

Theo dinh luit bdo toAn ning lugng cong do mdy nén cung cip cho
dong khi trong cdc qué trinh nén va dén nd khi (khéng k& t6i t8n that
co khi), bing téng nhiét lugng 18y dugc tit khi trong cdc qua trinh nén
va qua trinh 1am lanh déng 4p.

Tu dinh nghia co ban eda entropi trong qud trinh nhiét dong ly
thuyét:

as=9Q
T
Péi véi duong 1-2 va 2-3:

2 3
Q,, = [TdS vz Q,, = [TdS
[ 2

Biéu thice dudi dau tich phéan 13 nhimg phén t§ dién tich cta cdc
qu4 trinh nén va lam lanh, duge bifu didn trén dé thi T-S (Hinh 6.5),
do d6 lugng ning lwgng don vi cung cap cho khi d&€ thue hién quéd
trinh nén va ddn nd bing téng cla cdc dién tich 1-2-5-6 va 2-3-4-5.

Khi nén khi theo da bién véi n > k, thudng dic trung cho may nén
vdi sy lam lanh bing khéng khi hodc bing nudc cudng dd thap, dién
tich 1-2-6-5 trong qud trinh nén da bién 1-2 1a lugng nhiét duge tao
thanh trong dong chiay do ma sdt khi va sy tao xody.

202



Ning lugng cung cdp cho mdy nén, dung dé chi phi cho cic qua
trinh cda mdy nén (nén va dan néd) va cho céng cia ma s4t khi trong
dong chdy. Céng cda cdc qué trinh m4y nén bing dién tich 1-2-3-4-5,
do d6, ning lugng toan phan do m4y nén di chi phi (khong ké ning
lugng san sinh d& khidc phuc tén that co khi va tén that luu lugng),
duge bi€u thi bang dién tich 2-3-4-6 (Hinh 6.5b).

Néu qu4 trinh trong mdy nén xdy ra theo ddng entropi 1-2° thi su
ton that ning lugng toan phin bing dién tich1-2-3-4-5, tdc 14 nho
hon mét dién tich 2°-2-6-5. Suy ra, su t&ng ning lugng, ton that tir
mdy nén, khi chuyén tif qué trinh ding entropi sang qud trinh da
bién thue véi n > k, giy nén su ting tiéu thu ning lugng bing dién
tich 2'-2-6-5. R6 rang, dién tich 1-2’-2 12 néng lugng hao phi phu
trong qud trinh nén va qui trinh din nd thé tich, xu&t hién do két
qua cda qud trinh lam néng khi do ma sdt va tao xody.

D61 véi cdc qud trinh ddng entrépi va ddng nhiét biéu dién trén
dé thi T-S (Hinh 6.5¢, d) ¢6 thé nhan thAiy su thay d6i ning lugng
tuong tmg. Vé 1y thuyét, tdn that trong qud trinh nén ddng nhiét 12
thdp nhat, bifu thi bing dién tich 1-2-4-5.

Dé thi p-v: trong mét 86 trudng hgp, cdc qud trinh clia may nén cé
thé biéu dién trén dd thi p-v (4p suat - thé tich riéng) (Hinh 6.6).

Trén d8 thi nay, p, va p, 1a cdc dp sudt trude va sau khi nén,
dudng 4-1 14 qu4 trinh hat khi vao binh chita, cdc dudng 1-2 1a qud
trinh nén thy theo qud trinh nhiét déng hoc duge 4p dung.

Pudng 1-2, qua trinh nén da bién véi n < k;

Hinh 6.6 — D6 thi p-v
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Pudng 2-3, qud trinh lam lanh; vé ly thuyét, qud trinh nay xay ra

theo dudng déng 4p p = const, nhung thue t&€ thudng khong hoan toan 1a
déng 4p.

Pudng 1-2, biéu thi qué trinh nén ddng entropi;
Pudng 1-2”, biéu thi qu4 trinh nén ddng nhiét;
Pudng 1-2”, biéu thi qué trinh nén da bién véi n > k.

Phuong trinh néng lugng (c6ng nén)

a- Céng nén cta quaé trinh da bién

Nang lugng L, hao t6n trong qud trinh ctia mdy nén, khi nén va
dan nd 1kg khai lugng khi, dudge biéu didn bing dign tich trén d6 thi
p-v la dién tich giéi han bdi cdc dudng ddng 4p vdi 4p sudt ddu p, va
p sudt cudi p,, dudng nén da bién va tryc toa dj (Hinh 6.6).

Pai véi qud trinh da bién:

2
L=-[pdv+p,v,—-p,v,; 6.6)
1

(déu tnt trude ddu tich phan biéu thi p,v nghich bién).

Y
Ti phuong trinh nén da bign p.v"' =p,.v; , c6 thé tinh: p= E‘vn_l
Thay vao phuong trinh (6.6):

2
n

dv
L=-p,.v, _[—v—“—+ P,.V, =DV,
1

Bi&n 48i nhu sau:

2 2 -n+]
dv n \% 1 1 1
;T=_[V dv= - [ . n-lJ
1

; -n+1  n-1lvy" v,

Sé hang thir nhait trong phuong trinh (6.6) sé 1a:

: ed 1 v, \2 1
- jpdv= -V, _‘._Z = [pzn_z _P)“-: J= n_l(szz —plvl)
oo

Ivhon-i{( v
Do d6 biéu thifc nang lugng cia qué trinh da bién sé& la:
1

n
L=ﬁ(pzvz _ptvl)+sz2 — PV =H(P2v2 _plvl)

n v
= p]vl[Pz 2 _1]
n-1 PV
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Cé thé st dung cdc céng thidc nhiét déng hoc clia qud trinh da
bié&n:
n ! )
[&] P Vo (PP [P
= hay —=|—| =|—
M P> A P2 P,
2l L i
Nhu vay: P2Yy =p—’[p—’J " =[p_2] " =[_?] "
PV Py \ P P, Py

n-1

LN 1 73 R
Hay: =PV [p } : (6.7)

Quan hé giita 4p suat va nhiét d9 trong qud trinh da bién duge x4c
dinh bing ty sé:

T. o1
1;—2 =[?2] (6.8)
! {

n T
Vivay: L=——pV, [—’“ - 1] _ (6.9)

Két hop phuong trinh trang thdi ly tudng p,v, =RT,;:

=L R(T,-T) (6.10)

n-1
b- Céng nén ciia qua trinh ding entropi (doan nhiét)

Phuong trinh da bién va ding entrépi (6.3) va (6.4) hoan toan
tuong tu, chi khdc & chi s6. Vi vay déi vdi qud trinh ddng entropi c6
thé viét phuong trinh:

Le = k_1p1V| [E] __l (6.11)
L
. . p Tzd‘ k-l
Néu dp dung ty sb: == == (6.12)
P, T
k Tzde
Sé& ¢b: Le = PV[ '1] (6.13
& co de k-1 A T, )
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k

Hay: L= E_—IR(TM _T|) (6.14)
k <

Do R=C, -C, va —C—v‘

Véi R-  hing sd khi 1y tudng

C,- nhiét dung déng 4p
C,- nhiét dung déng tich

k- s6 mia doan nhiét
Phuang trinh (6.14) c6 thé viét 1a:
Le = Cp(TZde ”T1)= fhee =1 (6.15)

"Phuong trinh nay biéu dién c¢ong cta qud trinh ddng entrépi cda
mdy nén theo entanpi dau va cudi clia khi bi nén.

c- Céng nén cia qua trinh ding nhiét

Tu d6 thi p-v:

pvV=pV, =p,V,
Thay vao phuong trinh (6.6):

2

L, =- Ipdv

1

Qué trinh ding nhiét, thda man biéu thite:

pvV=pv, bpszVI
v
Suy ra:
2
dv 2 v v P
Lo =-DV, I—=—p,V1 an\l =pvn E=pyv,int=pvin*
: v v, 2 Pi
L, =p,v,InE2
Hay: w=pv,In (6.186)

1
Cé thé nhan xét cac biéu thiic néu trén cho phép xdc dinh su tiéu
hao ndng luong dé duy tri cdc qud trinh ctia mdy nén, nhung khong
cho biét sut phan bé ning luong tidu hao cho sy thay d43i cdc théng sd
riéng ré ciia qué trinh.
D& x4c dinh dugce sy phan bé ning lugng cho sy thay déi cla cac
théng s8, can sit dung diéu kién bio toan ning lugng, trong dé ning
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lugng tiéu hao trong cdc qud trinh cla mdy nén dung dé thay déi
entanpi, ddng niang cda khi, va dé khic phuc mit mat vao méi trudng
bén ngoai.
Diéu kién nay cé thé viét & dang téng qudt nhit dé la phuong
trinh can bing ning lugng cda cdc qué trinh trong miy nén:
2 2
N . ¢}
,+—+L=1,+—+ 6.17)
T DS q (
2 2 2

2
. . c, — -
Hay la: L=i, —i, + 2 d +q=Cp(T2—T,)+C—22i+q (6.18)

Trong 1y thuyét va tinh todn mdy nén con sit dung cac théng sé

ham: '
Néu mét dong khi ddng entrépi c6 nhiét 46 T va van tde C duge

ham mdt cach hoan toan, toin bd déng ning dugc chuyén thanh

nhi&t lugng va nhiét dé cia khi ting dén T", thi T' dugc goi 1a nhigt

dé ham. Lic dé can bing ndng lugng sé 1a:

2

qr+%:CT'

p

(6.19)

Ning lugng riéng clia qud trinh dang entropi duge biéu di&n theo
nhiét dd ham la:

L, =C,(T; - T/ )=i; ~i; (6.20)
Ap suit ham dugc xdc dinh theo cong thuc:
k
) T Yt
=p| — 6.21
P =P T (6.21)
Céng suat ctia may nén
_ p.QL W
10000, Moy * 5 (6.22)
Trong dé: )
p- khéi lugng riéng cia khi lic vio mdy nén (kg/m?)
Q- luu lugng thé tich cda may nén (m?%s)
L- nang lugng riéng cia qua trinh may nén (J/kg)
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n,- hieu suft thé tich, khi tinh d€n m&t m4t thé tich khi
do su rd ri qua cdc vdch lam kin

Nex -  hiéu sudt cd khi do khdc phuc ma sit co khi va

truyén dan clia cdc cd cdu cd hoc (chdng han, bom
d4u, quat, bom cda hé théng lanh,..)

Hiéu suit ctia may nén

Hiéu quéd cia méay nén khéng thé d4nh gid bing hiéu suit ning
lugng théng thudng, thong qua ty sb gitta ning lugng khi nhan duge
vdi ning luong bi tiéu hao d€ duy tri qui trinh clia m4y nén.

T phuong trinh (6.18):
+ Nang lugng bi tiéu hao:

cl-c?
L=C,(T, —T,)+2—2—‘+q
Véi didu kién: ¢, = c, (gid thiét van téc khi khong déi)
L= cp(Tl _Tl)+q
+ Niang lugng khi nhén duge trong qui trinh cda médy nén:
L-q= Cp(TZ -T,)
Hiéu suit nang lugng cla mdy nén:
C,(T,-T)
Cp(TZ _Tl)+q (6.23)

Khi iing dung biéu thic nay ddi véi qud trinh déng nhiét cia may
nén véi T, = T,, két qué s& la n = 0.

Nhu d4a ching minh, trong tdt cd cdc qud trinh cé thé x3y ra
trong mdy nén, thi qu4 trinh ddng nhiét 1a qud trinh tiéu hao ning
luong it nhat, kinh t& nhat. Nhung theo (6.23), k&t qui lai 1a n = 0.

VAy nguyén nhan la dau?

T‘=

Nhu 44 biét, trong qué trinh ding nhiét cGa mdy nén, C_(T, - T,)
= 0, suy ra entanpi cda khi, khi coi dé6 14 don vi do nang Eiuqng, la
khéng d6i. Mat khie, 431 véi cdc qud trinh nén khi, khi entanpi bdo
toan gia tri, qud trinh cia miy nén sé chuyén sang mdc thé ning
mdi, tuong dng véi dp sudt p, cao han va cho phép khi c6 thé thyc
hién céng khi din nd dén 4p suit ban diu.

Do vay, su d4nh gid ning lugng khi nhén duge trong qué trinh
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cia mdy nén biing su thay déi entanpi 14 khang c6 ¥ nghia, vi vy khi
bao toan entanpi khéng d6i thi kha ning thuc hién cdng cda khi ting
lén. T day c6 thé két luan, khéng cho phép ddnh gid su hoan thién
cia mdy nén bdng gid tri cia hiéu sudt ndng luong théng thuong.

Su hoan thién cia mdy nén duge ddnh gid bing hidu sudt nhiét
dong tuong déi. D6 1a hiéu sudt ddng nhidt n, va hiéu subt ddng
entrépi n,,.

o Né&u qu4 trinh da bién thue x3y ra véi chi s& n, v6i ning lugng
riéng L:

Ny = (6.24)

cls o s

MNge = (6.25)

. dung dé ddnh gid mdy nén c¢6 qud trinh lam lanh manh
bg\ng nudc (vi du, mdy nén piston va roto). P&i véi loai mdy
nén nay, qué trinh ddng nhiét c6 ning lugng riéng nhé nhat va
14 qu4 trinh chuin cGa m4y.

o Loai m4y nén c6 1am lanh yé&u (vi du, m4y nén ly tdm va mdy
nén truc) duge ddnh gid nha n, . Cé nghla 14 d4i véi nhimg loai

mdy nay, qué trinh ddng entrop1 1a qué tnnh chu&n va hoan
thién nhat.

Quan hé giita hiéu suit ddng entropi tuong dsi véi cdc thong s6
hiam cda qud trinh.

T cdc phuong trinh (6.1) va (6.11):

Do dé:

k—l k-1

- o
L. =~ rrl|P2|" —1f=c1 I
k-1 P P

)

Qua trinh thuc 13 da bién va theo biéu thie (6.18):

L =C,(T, ~T)+ & 2‘+q
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Khi viét theo thong s8 ham véi diéu kién q = O:

L=c, (T, -T) (6.26)
Tif hai biéu thic nay:

== T, (6.27)

Céng thuc ding dé tinh hidu suat ding nhiét tuong d6i, d€ d4nh
gid méy nén thé tich mét cdp ¢é 1am lanh manh béng nudc, cé thé xdc
dinh tit cdc bidu thic (6.16) va (6.26):

P
La =0V, ln;z’; L=CP(T2—T|)

1
RinPz
P
Vay: Ny, = c, Tﬂz‘1 (6.28)
T,
Chu ¥, trong trudng hop nay théng s6 ham khéng cé ¥ nghia, vi
md d4u va k&t thic qui trinh nén, vén téc dong khi khéng ddng ké.
Lam lanh trung gian va nén nhiéu céap

Ap suit do m4dy nén tao ra khi 1am viéc trong so db cong nghé sin
xuft dat t6i nhimg gid tri rat 16n. Mt khdc, mdy nén mét cdp hau
nhu khéng thé tao ra 4p suit cao.

Nguyén nhan:

o Trong mdy nén thé tich: su ting qud mitec nhiét dd & cudi qud
trinh nén, giy ra tén that l6n va khong thé thiét k& may nén
dd manh.

o Trong may nén cénh dén: khéng cho phép van téc canh din quéd
16m, vi c4nh din duge 1am tif nhitng vat lidu cé 46 bén xdc dinh.

Vi vay, d&€ ting dp suit trong qud trinh nén c¢é thé 4p dung cdc
bién phdp:

s Lam lanh khi trong quéd trinh nén.
o Nén khi qua cédc c4p nbi tiép, ddng thoi thue hién gidm nhiét
dé khi 4 thi€t bi lanh trung gian gidta cdc cdp nén khi.

210



- r@f?@@

Hinh 6.7 — So dé |

nénnhiéucdp L g 4 1,2 - Thiét bi lanh

3 4 5 3,4,5 — C4p may nén

So d6 chung cta may nén khi nhiéu cip duge néu trén Hinh 6.7.

St dung mdy nén da cap vdi sy 1am lanh khi & nhitng thié&t bi lanh
(TBL) gitta cdc cap cho phép tiét kiém ning lugng phai tiéu hao dé
din ddng mdy nén. Diéu nay thay rd trén dd thi T-S vi p-v cda mdy
nén hai cip (Hinh 6.8).

Néu qu4 trinh nén ti€n hanh trong mét cdp, dudng nén 1’-2 duge
biéu thi béing dudng da bién c6 n > k. Khi nén hai cip ciing trong
khodng 4p sudt 4y, dudsng nén sé la dudng gip khuc 1-2-1"-2", gon
hai dudng da bién 1-2’ va 1"-2", va mét dudng dang 4p 2’-1", 1a qua
trinh lam lanh & thiét bi lanh gida hai clp voi 4p sufit p_ = const.
Trong hai dé thi, ning lmmg tiét kiém duge tit qud trinh nén hai c4p
¢6 1am lanh trung gian duge bidu difn bing dién tich 1"-2-2-2".

Trong may nén hién dai, thudng st dung:

1. Lam lanh mdy nén bing cdch dua nudc vao khoang dugc ché&
tao ddc biét trong vé dudc, duge goi 1a lam lanh trong. Phuong
phap niy ci thién cdc didu kién tra ddu m& cla may nén piston,
nhung khéong thé tiét kiém ning lugng va dua qué trinh nén vé
gan véi ddng nhiét. Nguyén nhan la rat khé bio dam trao ddi
nhiét mot cach hiéu qui giita c4c dong khi va nudc lanh.

Tk py=rvonst_/ \P2

Hinh 6.8 — D4 thj T-S va p-v khi nén hai cap

211



2.

3.

212

Lam lanh § trong thiét bi lanh dugc dit & giita hai c4p riéng ré
dugce goi 1a lam lgnh ngodi hodc lam lgnh trung gian. Thiét bi
lanh (trao d8i nhiét) dang 6ng d6i luu c6 bé mit tiép xiic 16n
cho phép tin dung mét phdn ning lugng tén thit. Trong cée
mdy nén ly tAm, c4c thiét bi lanh thudng duge phéin bé giira cdc
nhém cép d€ don gidn héa két ciu cda thiét bi.

Lam lanh lién hop 1a két hogp cd 1am lanh trong va 1am lanh
ngoai. Phuong ph4p nay cé hiéu qui 14n nhat va duge si dung
rit rong rai mic du két cau phitc tap va ting gid thanh thiét bj.

Lam lanh bing su phun nuéc lanh vao dong khi trude cép thi
nhét cia mdy nén. Véi phuong phdp nay nhiét lugng khi duge
tiéu hao ting phén A€ lam bay hoi nudc 1am lanh va nhiét d6
cudi qu4 trinh nén bi gidm kh4 nhiéu. Nhuge diém cia phuong
phép nay 12 1am &m khi, do 6 khong thé 4p dung trong mot sé
truong hop.



Chuong VIL. MAY NEN CANH DAN

MAY NEN CANH DAN LY TAM

Nguyén ly lam viéc cia may nén ly tdm

Trén Hinh 7.1 14 so d8 don gidn clia banh cong tdc trong mdy nén
ly tam. Khi di vao bénh céng tdc a theo hudng truc, sau d6 quay theo
go& 90° va di vao ranh cdnh. Rinh c4nh gom dia chinh, cdc c4nh din
va dia phu.

4
/
b
(4
3
2
d a. Banh cdng tac
b.éng t&ng ap
a
c.Réanh cénh huéng quay
QN Q d.Ranh canh hudng ngugc
7 N \4 e.Doan vao

v NN\X\\\\V7Z
Hinh 7.1 - S0 d8 nguyén ly ctia c4p may nén ly tdm

Cénh dan trong khi quay truyén chuyén ddng quay cho dong khi.

O day luc ly tam xuat hién va ddy cdc phan td khi chuyé’n dong tu
trong ra ngoai va khi bi nén lai. Chuyen ddng tuong 461 cda dong khi
trong mdy nén ly tim theo dudng xodn &¢. Sau khi ra khdi banh cong
tdc, khi bi nén di vao dng ting 4p b bao quanh bdnh céng téc. o day
dong nang bién thanh th& ning, tic 12 4p luc tinh cia khong khi nén
ting. Ong tdng 4p c6 thé c6 canh huéng hoic khong c6 cdnh hu(mg
Trong 6ng nay khi nén ciing chuyén ddng theo dudng xodn &ec.
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Nhé ¢6 cdc cdnh quat huéng quay ¢ va cianh quat huéng nguge d,
khi nén duge dua vao banh céng tdc qua tdng sau. O cdc cdnh din
nay dong ciing bi xodn theo chuyén déng xodn &c. Poan vao e ddm
bdo khi nén di vao banh céng tdc & tAng sau mot cdch ddng déu.

Tang (hay cAp) may nén bao gdm bdnh céng tdc, 6ng téing 4p, cdc
cdnh dinh hudng xubi va nguge.

Phuong trinh 1am viéc cia cap may nén

Khi cho dong khi chdy qua ranh c4nh cla timg cap, trang théi cla
dong khi thay d8i do cé sy trao d6i néng lugng gitta dong khi va banh
cong tédc, do ma s4t khi, do sif tao xody, va do c6 trao d6i nhiét véi méi
trudng bén ngoai may nén (Hinh 7.2).

4
Ve
J
2 !
Khf /

4! Khira
vao —o | 1, khbi c8p
cap

N\\\\\\V.".]

Hinh 7.2 - Sd 48 chuyén ddng clia dodng khi trong c4p nén

Ti Hinh 7.2 ¢6 thé viét phuong trinh cin bing ctia dong khi trén
doan 1-2(J/kg):

Nang lugng chGa khi tai m#t cdt 1 & cifa vao banh céng téc trong
kénh gifta cdnh dan:

2
_5

LI ——2'+CPT1
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Ning lugng cdc cdnh din ¢dng tdc truyén cho dong khi tuan theo
phuong trinh Euler:
L = u’zclu - u’]clu

Ning lugng cha khi § tiét dién ra giita c4c rdnh cdnh dén:

Néu qua banh céng téc, nhiét lugng duge truyén tir khi ra méi
trudng bén ngoai 13 q, thi phuong trinh c4n bing ning lugng la:
L,+L-q=L,

2 2
¢ c
Hay: 3‘~+CPT, -I-(uzcz_,—uic,u)—q=72+CPT2

Suy ra, nhiét a6 nén cudi cing & banh céng tdc la:
1 ' q
Tch =T + 2C [Cl2 '_c; + z(uzcu -Gy )]_ C (7.1)
P

P
Gid sif qua trinh 13 ddng entrépi:

T =T, +Eé"'[clz _Cg +2(“2°2u —YUCy, )] (7.2)
P
Ngoai ra, khi nén ding entropi con cé:
k-1
Toge _ [Bz_]T
T, \p

Tu phuong trinh (7.2) suy ra:

1 k-1

P2 =P, {1 + 2C [C —c; + 2(uzczu 4Gy, )]} (7.3)
ph

Phuong trinh (7.2) va (7.3) lien hé cdc y&u té nhiét déng T, p, va

C, vdi céce kich thude hinh hoc, s6 vdng quay, va dang cdnh d4n banh

cong tdc cia mdy nén. Cdc phuong trinh nay chi c¢6 tinh ly thuyét,

khong phu hop vdi thue nghiém, vi qua trinh nén thyc trong banh
cong tdc khong phai 1a ddng entrapi.

Van tdc 16n cla dong khi 8 gita cdc ranh c4nh clia cAp nén gay
nén céc tén that ddng ké do ma s4t, tao xody, va su chuyén héa mét
phin n#ng lugng cia dong khi thanh nhiét lugng. Diéu nay din dén
qué trinh nén thyc cé dang qué trinh da bién vdi chi s& n:
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pv" = const

Ngoai ra, c¢6 th€ gia thiét sy tdn nhiét tir dong khi  trong banh
cbng tdc va méi trudng bén ngoai khdng ddng ké. P6i v6i qua trinh
nén trong trudng hgp nay cé thé cho q = 0 va:

T Yo
%1 = [T’] (7.4)
1 1

V6in=1,5+1,62

Trong thutc t& tinh todn va d4nh gi4 cdp clia m4y nén cdnh din ly tam
c6 1am lanh yéu, c6 thé si dung hiéu sudt ddng entrépi (n,, = L, /L).
Tif hai céng thue (7.1) va (7.4) véi q = 0, va s dung biéu thde n,,
qua cdp nén véi cdc qud trinh ddng entrépi va da bién, sé& nhén dugc:

)
P, =p‘{1 2C T [c -c; +2(u c,, —Uu c‘u)]} (7.5)

w=08+09

Phuong trinh (7.5) c6 thé sit dung dé tinh todn 4p suft cudi trong
. b4nh cdng tédc clia cAp mdy nén.

Thiét bj dinh huéng
Trong cdc thiét bi dinh huéng clia bdnh cong tdc, néng lugng

khéng duge truyén cho dong khi tif bén ngoai. o] day chi xdy ra sy
bién d6i dong ning thanh thé& nidng ho#c ngugc lai.

Néu gia thiét sy trao d8i nhiét véi méi trudng bén ngoai 1a khéng
ddng ké, can bing ning lugng cia dong trén doan 3-4 (Hinh 7.2) sé
la:

2 2

c c

C,T, + —23- =C,T, + 7“ (7.6)
Tir day suy ra:

T, c [ c ]

=l - (7.7)

T, 2C, T, ¢ '
Tit dinh luat: R.c, = const, suy ra:

¢, R,

Z;=R_4 R;,R,- cdc bén kinh.
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T c? R?
Do d6: =1+ 3{1-—’] (7.8)

T, 2C,T, R?
-5 L) . . 4. p4 T4 n-l
Gij s qué trinh 12 da bién, véi: — =] — ; suy ra:
_ P T,
2 2 n“_-l
C, R;
P.=P,|t+ [l—— (7.9)
{ 2C, T, R},

Chi s6 n phu thudc vao diéu kién 1am lanh va d8i véi két cdu mdy
nén thuéng sd dung n = 1,5.

Tinh toan lai dudng dac tinh
a- Khi thay d6i sé6 vong quay: (Gng dung déng dang)

Cho dudng dic tinh cla mdy nén vdi s8 vong quay n_. Yéu ciu
dyng lai dudng dic tinh véi s§ vong quay n, nhé hon hoéc 16n hon n,
khi thanh phan khi va c4c thong s§ ban dau khéng d8i.

Luu lugng cda mdy nén dugce xdc dinh theo phuang trinh lién tuc
béng gid tri cia van téc tuyét ddi, van tdc nay theo didu kién déng
dang dong hoc ty 1é véi vén téc vong, do 46 ty 18 vdi sé vdng quay. Vi
vy véi hé s§ nén khong lén, d€ tinh todn lai luu lugng c6 thé s dung
cong thde dédng dang théng thudng:
ny,
Qy =Q.- - (7.10)

a

Tinh todn luu huong theo biéu thife (7.10) c6 6 chinh xdc khang
cao, sai 88 cang 16n khi hé s8 ting dp cang cao.

Ti¥ phuong trinh c4n bing ning lugng cda qué trinh trong m4y
nén (quan hé giita thé€ ning cung cdp cho c4nh din véi ning lugng
cla dong khi trong may nén), suy ra trong qu4 trinh ding entropi:

n - 8§ vong quay cla truc mdy nén.

Vi véy, véi hai s6 vong quay n_va n,, c6 thé chdp nhan quan hé:

-1

L

e -1 n?
% 1_;;1:_ (7.11)
g,k —
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Suy ra, hé s6 tang ap véi s8 vong quay n,:

k

0 N\ 2 k-1 N P
g, = 1+[;"- [e,k —1J (7.12)
a )

D31 v6i may nén khéng khi, céng thic (7.12) ¢6 thé viét gén ding
nhu sau:

3

2
g, ~ 1+[5-] ) (7.13)

nﬂ

Theo céc gia tri luu lugng da tinh todn tuong Ung véi g, ¢6 thé tinh
4p sudt p, = p,. g, va xdy dung dudng dic tinh cho ch& 49 iing véi n,.

P& don gidn va 4p dung cong sudt cha mdy nén ty 1& véi khéi
lugng riéng cda khi, cong sust cia ché d6 b dugce tinh theo cong thite
gan dung nhu sau:

3
N, =p—"[ﬁ] N, (7.14)
p, | N

b- Khi thay déi tinh chat vat ly cia khi

Tinh chit vat 1y cla khi s dung trong bai todn dang xét duge dic
trung bing cédc gid tri R,k = C /C,, v.

Pudng dic tinh da cho clia mdy nén véi nhiét d va 4p suit ban
ddula T, va p,,, lam viéc vdi sd vong quay n, vdi khi cé cdc hiing s6
IaR,k,v,.

Yéu cau tinh todn lai dusng dic tinh lam viéc clia m4y nén khi s&
vong quay khéng d6i, nhung khi ¢6 cdc hiing sé R,, k,, v, va cdc thong
s6bandaula T, vap,.

Trudng hgp thudng gip nhit 14 mdy nén lam viée véi khi phan t
2-nguyén tit, do 46 ¢6 thé dp dung s8 md d&ng entropy k_= k = 1,41.

Do téc dé dong khi khong cao, c6 thé bd qua chi s& Re va anh
hudng cua 49 nhdt.

Diéu kién tuong tu cho phép xdc dinh hé s& luu lugng 1a khéng
dsi. Vi vay:

o _ S

hay ¢,, =c,,

U, Uy

Tir d6 suy ra: Ste,, =S¢y, hay Q, =Q,,
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Su thay d8i c4c h3ing s khi va nhiét 446 dau khong 4nh hudng dén
Iuu lugng thé tich cia mdy nén.

Gia s nang lugng riéng cda cdc qua trinh trong méy nén la ding
entrdpi, khong phu thudc vao diéu kién ban dau, cé thé viét:

k—I k-1
%R T, [ g% —1] kk R le[sh -1}

Tu @6 suy ra:

k
R,T, =
g, =|1+ gr -1
) { RT“,[" ]] (7.15)

Ho#c d dang gidn ude khi k = 1,41:

3
R,T
= 1.|.°7|a 3 ea _1)i| (7.16)
[ Ran,(

Khi chon gid tri p, trén duong d4c tinh d4 cho véi Q, bat ky va xdc
dinh ¢ = p /p , theo biéu thue (7.16):

g, = 2o
P
T d6 suy ra: Py = EyDPpp

Va tir gid tri p, 43 nhan duge c6 thé xdy dung dudng dic tinh 4p
sudt cin tim.

Tinh todn dudng dic tinh cong sudt duge tién hanh tuong tu nhu
trudng hop dudng dic tinh dp suit.
MAY NEN TRYC

Céu tao chung clia may nén tryc, ciu tao cép nén

Khéc véi mdy nén ly tdm, § mdy nén truc khi nén chuyén déng
doc theo truc (Hinh 7.3).

Roto 1 ¢6 dang tréng. Trén roto c6 gin cdc cdnh din lam viéc 3.
Céc cdnh din dinh huéng ¢d dmh 4 duge gén trén than mdy 2. Nhu'ng

cdnh din nay ciing duge gin & trude cdp thd nhit va sau cap cudi
cing.

Khi c6 cdc thong s6 ban daup,, T, C, di vio 6ng vao cia mdy nén,
sau khi di qua t4t cd cdc cdp, chung sé di qua 6ng tdng 4p, sau d6 di
qua 6ng ddy dén noi tidu thu.
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v uud N
;”m ) i m,,,,ﬁt 1. Cénh dan
lam viéc
L|_ I 2. Roto tréng
L .
3. Canh dan
J dinh hudng
*th vao Khira *

Hinh 7.3 — So db c4u tao chung clia may nén tryc

0] ong vao c6 cdc cdnh huéng dong 1am cho dong hoi ngoit vé phia
quay cla roto ho#ic vé phia ngugc lai tiy theo tinh chit cla ting tang.
Trong mdt s8 mdy nén, c6 thé khéng sit dung bd vao.

Trong cdc rdnh ting 4p trén cdc cdnh din dong, ning lugng cia
dong sé tang, do A6 4p suit va van toc tang.

Khi dong khi chuyén déng qua c4c cdanh ddn dong xuit hién lyc P
=P_+P . Lyc nay c6 huéng nguge véi chiéu quay ciia banh cong tic va
tao ra cong nén.

Cdn trong cdc ranh cha cdnh dinh huéng chi c¢6 sy bién d6i déng
ning thanh thé n#ng va lam cho dong khi luu déng theo huéng x4dc
dinh truée khi vao diy c4nh din d¢ng ké tiép.

Ciu tao cap may nén truc

M4y nén truc thudng gom vai cap dp sudt. Mdi cdp gdm méot vanh
quay c4c cdnh dén lam viéc va m6t vanh ¢d dinh cde ¢cdnh din huéng
dong tao thanh mang e4nh dan. C4c cdnh din lam viée duge g4n chit
vio cdc dia hay gédn chiit vao roto trdng, con cdc cdnh d&n huéng dong
duge gin chit vao vé cia may nén (Hinh 7.4).

C4p d4u cha mdy nén co thé cé hodc khdng c6 canh dAn huéng.
Codn cép cudi cing ludn ludn cé cdnh din huéng dong ra, muc dich 1a
diéu chinh dong va gidm tén th&t ning lugng & cla ra.
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Tinh chat, nhiing thong s8 dic trung
a- Nang lugng banh céng tic truyén cho dong khi

Ciac c4p nén cé thé duge phan chia b&ng mit tru cé chiéy day Dr
nhu so d6 trén Hinh 7.4. Trong gidi han chiéu dai cla cAp nguyén 8,
c4c tam gidc van téc khong thay déi.

=«
3 o® o
I
V77 < o
f“ééa;‘ | 2
] e gy
L] ‘ | Cép nguyén t6
"
so || &
Khi vao Se | |8 »Khi ra
V= £ Sc |
] [& I = !
<@ 0
oo s
NARRRRRRY AN ARNT R ANRNNATY
= 1
LY

Hinh 7.4 - So dd ciu tao c4p may nén truc

B4n kinh clia cip nguyén t6 r = const, ning lugng c4c cdénh din
cdng tdc clia mdy nén truc truyén cho dong khi, khi u, = u, = u duge
xdc dinh theo cdng thic:

L, =ulc,, —¢c,, )=uAc, (7.17)

Khi 4p dung phuong trinh lién tuc va biéu thuc hinh hoc giia cdc
tam gidc vén téc:

¢, =1, ~-c,, cotgf,

C,, =, —C,, cotgp,

¢S, =¢,,S, hay

Tit phuong trinh (7.17):

L= u.cm[cotgﬁl —&cotgﬁz] (7.18)

2

Mjt cdch gin ding S, ~ S,

221



7
Lue l
N _ g 1 o 8 ruc mang
~ c ———

;8 "
g 1.Canh dan

%t E' lam viéc
1 2.Cénh din

dinh hudéng
74

Hinh 7.5 — Sd d6 mang bién dang canh cia may nén tryc

L, =uc,, (cotgB, —cotgp,) (7.19)

Néu gid thiét qud trinh trong banh céng tac xdy ra khong cé tén
that thi ning lugng cung cap cho khi duge xdc dinh theo cdc phuong
trinh (7.18), (7.19). '

Nhu d4 biét, sur gia ting ning lugng duge xdc dinh bing hiéu s§
_entanpi cia dong ham:
L, =1} -1
Suy ra:  uc,(cotgp, —cotgB,)=1i} i (7.20)

Phuong trinh nay bidu dién quan hé gilta cdc théng s hinh hoc va
nhiét dong hoc.

b- Hiéu suat c6 ich cua cap nguyén té
Ning lugng may nén cung cap cho dong khi 4é:
e Tang 4p suit
¢ Thay ddi dong ning cha dong khi
e Khic phuc tén thit vao méi trudng bén ngoai.
Do d6, phuong trinh niang lugng cua dong khi ¢6 dang:
L, = 2d_p+c§_—gi+ln + ]gg+c§ ~ +
ip 2 i P

Lan (7.21)

véi: 1, +1, =1, tén that ning lugng cla cdp, gébm tdn that ning
lugng & ranh cong tdc 1, va & thiét bi dinh huéng 1, .

Phuong trinh cudi ciing ¢é dang:
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I_,1 =32E+C§ _C;Z
PP 2

Ning lugng thue dong khi nhan duge & c4p clia mdy nén la:

+1

[+

3 2 _ 2
L=L, -1 = dp ¢ —¢

t P 2

Su hoan thién khi dong clia cdp duge dénh gid bang ty s6 L/L,
duge goi 12 hiéu suit c6 ich ndi (duge ky hidu bang chi 58 1).

(7.22)

(e
7 _L_ e 2
T 2 _ 2 7.23
| Id—p+c3 CI"'lc (7.23)
P 2

Né&u qué trinh cia c4p la da bién, thi ning lugng riéng thuc duge
tinh theo biéu thuc d4 biét:

n-1

L=—"r1|| 2 R
n-1 P, 2

Lic d6 hiéu suft ¢6 ich ndi cia cdp duge tinh theo biéu thite (7.23),
duge goi 1a hiéu sudt c6 ich noi da bién, ky hiéu n,,.

Pé danh gi4 su hoan thién clia m4y nén cé 1am lanh y&u thudng st
dung hiéu suat ddng entrépi.
D61 v6i cap cia mdy nén truc ¢6 thé dung hiéu suit noi ding
entrdpi, duge tinh theo cdc théng s6 him bing biéu thidc sau:
k-1

P

Nige =

T, | (7.24)
T
e — it
Mg = % (7.25)

*
1, =1

Céc gid trin,, va 1,, cGa cdp mdy nén truc khac nhau khéng qu4
0,5%, vi vay cho phép sif dung n,, trong thuc t&.
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D61 véi nhitng c4p cla mdy nén truc lam viée 8n dinh, nén khéng
khi, hé s6 ting d4p £ = 1,1 +1,3 c¢6 thé dp dung:

N, = 0,85 0,95
c- Hé s6 hoat tinh ciia cap
Céc cfp clia mdy nén truc duge dic trung bing hé s6 hoat tinh.

Hé 56 hoat tinh biéu thi kha ning dat duge cot 4p tinh cia banh
cdng tdc. Hé s& hoat tinh dugce xdc dinh bing ty sé gitia cot dp tinh 1y
thuyé&t vdi cot 4p 1y thuyét toan phéan dat dude bdi c4nh dan cha bdnh
cong tdc. Goi p 14 hé sé hoat tinh:

2 2
C [ C276
le u’(c2u cIu) [ 2 ]

p= Hlm( = =
foo lao 2u lu
H L u(c -C )
Ti tam gidc van téc:
2 _ 2 2, 2 _ 2 2

€ =C +Cp, 5 C; =Cy +Cy,

Vi Cis =€
. 2 2 _ 2 1

Viy: €, —C =¢, ¢, _(clu —Cy Xclu +c2u)

Do d6 dang don gidn nhét cia hé s6 hoat tinh nhu sau:
Cy, +Cyy

2u
Céc cAp ctia m4y nén truc thudng cé hé sé hoat tinh p = 0,5 + 1,0
Xét sy dic bidt cia mang cap c6 hé sé hoat tinh 1a 0,5; 1,0; 0,75.
Cép c6 p= 0,56 (Hinh 7.6)
T bidu thie (7.26) suy ra:

p=1- (7.26)

Cy =U—C,, VA C,, =U—C,

Tam gidc vin téc théa man diéu kién nay duge biéu thi trén Hinh
7.6. Tir 46 6 ty s6:

wi=c; +clva wl=c] +c?

Mang cdnh d&n céng t4c 1am ting d6 xo#n cda ddng c;, >c;, suy
ra ¢}, —c;, <0 vd w2-w? <0.Tird6 suyra w2 <wl.

B4t ddng thdc nay cho thay c4c kénh giita cinh din c(a bdnh cong
tac cha cdp c6 p = 0,5 1a khuéch t4n.
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Cénh din
cbng tac

w, Cy

Hinh 7.6 — Mang céanh cllacdp ¢6 p=0,5
« Trong cac 6ng khuéch tdn xay ra sy gidm vén téc tuong déi va
bié€n d6i déng nang cta chuyén déng tuong déi thanh thé ning.

¢ H&é s6 hoat tinh p = 0,5 cho phép x4c dinh quan hé gida cdc
thanh phan van tdc va dang cia ranh canh sao cho tdn that
ning lugng trong cap & mifc thap nhat. Piéu nay gidi thich su
st dung cdp ¢6 p = 0,5 § loai mdy nén truc 6n dinh.

Cdp ¢6 p= 1,0 (Hinh 7.7)
Tur phuong trinh (7.26) dp dung cho trudng hgp nay:

c,, +¢,, =0 hay ¢,, =-c,, hay

Cal = ,CZu}

Tam gidc van tdc dng vdi trudng hgp p = 1,0 duge biéu dién trén
Hinh 7.7.

Tir tam gidc van tdc, c6 thé xdc dinh cde théng sé hinh hoc sau:
wizel e,
wi=c) +{u-c,)
T d6 suy ra W, <W,
w; —w? =duc,,
Vi vay su ting ning lugng trong qud trinh nén ¢ bdnh céng tdc cua

cdp khong c6 tén that sé la:
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Céanh
din hudng

Hinh 7.7 - Mang cdnh clacdp cé p=1,0

2 2
WWE e,
T tam gidc van t8e trén Hinh 7.7 véi didu kién Icluy =lc,,|, suy ra:
2 2
€, —¢
¢, =c¢, hay 2

Do d6, dong ning khang ddi

Dai véi cdp ¢6 p = 1,0 ning lugng khi nhan duge tir banh céng tdc
chuyén héa hoan toan thanh thé ning.

Trong cdp cé p = 1,0 (100% hoat tinh) néng lugng nhan duge & cAp
chi ¢6 & dang thé& niing (dp suat). Qua trinh nén x3y ra § gidfa cdc ranh
cdnh cda banh cong téc.

Trong trudng hop nay, cdc rdnh c4nh huéng dong khong lam thay
déi gid tri clia vén toc tuyét d6i, chi lam thay dai hudng tuong dng véi
géc a, va a,.

Cédp cé cita vao va cda ra hudng truc (p= 0,75)

Xét trudng hop dong khi di vao mét cap, di ra khdi cdp d6 va vao
c4p nén ké tiép theo huéng truc (Hinh 7.8).

Ddng khi di vao cdp theo hudng truc nén ¢, =0
Gia st ¢,, =0,5u, thay vao biéu thife (7.26):

_1_O§u
2u 2u

c‘\l + c2n

p=1- =1-0,25=0,75
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Hinh 7.8 — Mang cénh cla cip c6 p = 0,75

Suy ra, & ranh canh banh cong tdc xdy ra su ting 4p sudt do gidm
déng ning clda chuyén déng tuong déi.

Niang lugng do su tang dp néu khdng xét tén that ning lugng:

2
w? —w? -caz +u?~¢? W
2 2 "'
Thiét bi dinh hudng cta cdp c6 p = 0,75 ¢6 tinh chat cla éng
khuéch tan, vi vay & day x4y ra su gidm van téc cia chuyén déng
tuyét d6i tu ¢, —>c, =c,. K&t qué cia didu nay 1a su ting dp suit
tuong dugng vdi sut gidm déng nang cia chuyén dong tuyét dai.

2
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Chuong VIIL. MAY NEN THE TiCH

MAY NEN PISTON
D6 thi céng (d6 thi chi thi)

P€ hiéu chu trinh hoat déng cia miy nén khi kiéu piston-xilanh
c6 thé sir dung d6 thi p = flv), trong d6 p 14 4p suit, v 1a thé tich khi

trong xilanh thay ddi theo chuyén déng cda piston (Hinh 8.1).

Khi piston dich chuyén tit phdi sang trdi, piston nén khi trong
xilanh. Van hit (con goi 1a van nap) déng trong sudt qud trinh nén
khi. Con van ddy déng cho dén thoi diém hiéu sé giita 4p suft trong
xilanh va 4p suft trong éng diy vugt qua lyc ddy 16 xo. Khi diéu nay
x4y ra, van diy md va piston sé& thdi khi vio 6ng ddy. Qud trinh ting
4p suit biéu dién trén d6 thi 13 dudng 1-2, con qué trinh thai khi la

dudng 2-3 (Hinh 8.1).

ﬂp th
P2 ' 2
Veh
‘\" Pa
10 b lf" — ﬁ_— K s
Vi T

{j?l-f
> f
A
=
<

7
/
- -—

7/////////////%‘ |

A

/m LISIIIII77 7

T
i ik

Khi Nudc lam nqui‘

- thé tich thai

- thé tich chét
- thé tich dan nd
. - thé tich hat

, - thé tich tam viéc

<

th

< < < <

Hinh 8.1 - SG d6 may nén va dé thij chl thi
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Néu p, la 4p sudt trong xilanh khi thdi khi, thi thé tich khi thai
véi dp sudt p, la v, .
Khi nén, nhiét dé khi ting, nhung nudc lam lanh khéng th& thu

toan bg lugng nhiét do quéd trinh nén khi thai ra. Do vay dudng nén
la dudng da bién véi pv" = const.

Con dudng 2-3, theo 1y thuyét 1a dusng ddng 4p p, = const. Nhung
thuc t& do 4nh hudng quén tinh cda khoi khi, do tdc dong cia khéa va
cla 10 xo, dp suit cia khi thdi lién tuc thay déi.

Khi piston d&n vi tri c4n trai, khong thé thii duge toan bé lugng
khi, mét phan khi v, v&n cdn lai trong xilanh (v - la thé tich chét,
hay thé tich cé hai).

Vao diu hanh trinh cda piston sang phai, khéa diy déng lai va
mdt phan khi con lai § khodng chét v,, sé dan nd theo dudng 3-4.
Pudng din nd 12 dudng da bién c6 chi 86 n, theo phuong trinh:

p.v"™® = const (8.1)

Qu4 trinh din né tiép tuc dén khi 4p sudt trong xilanh gidm dén
P, < P, P, - 4p sudt trong thé tich nap khi.

Duéi dnh hudng cGa hiéu s& 4p suat p, - p,, khéa hdt md va piston
dich chuyén sang phai, s& xay ra su hit khi (nap khi) vio xilanh.

Ap sudt p, luén luén nhd hon p, vi e6 sy cdn trd cha tuyén hiit.
Qua trinh hit dugce biéu dién bing dudng ddng 4p 4-1.

Hinh 8.1 14 d6 thi p = f(v) ly thuyét cda m4y nén.

Pé thi thuc khdng ¢é cdc qué trinh hit va thii ddng 4p, do d6 hoi
khéc so v6i db thi 1y thuyét.

Anh hudng ciia thé tich chét

Xilanh cia m4y nén ludn ludn c6 thé tich chét. Diéu nay 14 cin
thiét dé tranh sy va dép clia piston vao nip mdy khi piston di dén
cudi hanh trinh.

Khodng khéng gian cé hai (thé tich chét) thudng duge ddnh gid
bing s phédn trim so véi thé tich lam viéc cha xilanh va duge goi 1a
thé tich tuong ddi cda khoang khéng gian chét:

a="_ (8.2)

vlv

Trong cdc loai may nén mét cdp hién dai, a = 0.025 + 0,06 (khi
khéa duge phén bd & ndp).
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Trong m4ay nén nhiéu cdp, cdc khéa duge phan bé ¢ bé mit sudn
xilanh vdi a ~ 0,2.

Su hién dién cta khodng khéng gian chét d4n d€n qu4 trinh hit
khéng b4t d4u tai thdi diém bit ddu cha hanh trinh ngude cia piston,
ma § thai diém cuéi cla qud trinh din né (tai di€m 4). Do 46, thé tich
hit v, thye t&€ nhé hon thé tich lam viéc cha xilanh v, < v, .

Thé tich chia khodng khong gian ché&t ¢6 4nh hudng xiu dén su
thai cGa mdy nén. Khi ting gid tri tuong d6i cua khodng khong gian
chét ¢6 thé din dén déng thifc:

1
a[e"“ —1]=1

va luu lugng tinh theo bidu thite (8.3) s& bing 0:

1
Q, = l—a[sn" —1] A AV, N (8.3)

Trong dé:

A - hé s6 nhiét, tinh dén anh hudng cda sy 1am néng khi khi
hiit tir bé mt cia khéa va thanh xilanh;

Ay - hé s8 kin, tinh dén d4nh hudng cda sy ro ri qua khéa va cdc
vanh dém cia piston va xilanh.

Piéu nay dugc minh hoa trén Hinh 8.2:

‘ P vin

3 2
| P2
i \
by \\

N

i N e
| ] % S
| b ~ !
| A1 >~
I - Viv v
Leem

Vdn Dt .W: )-i

Hinh 8.2 — D& thi chi thi khi thay d8i khoang khéng gian chét
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Khi ting thé tich chét v_, toa db p dich chuyén d4n sang trdi,
dudng nén da bién phin bd rong hon va dé€n mét gid tri giéi han nao
dé cda v, diém 2 sé& trung vao di€ém 3. Thé tich thdi bing khéng, lic
d6 dudng nén va dudng dan nd tring nhau, mdy nén khéng hiit,
khong thai.

Khodng khéng gian cé hai dnh hudng dén sy thai cang 16n khi hé
s6 ting 4p cang l6n, vi vy gid tri tuong d6i cda khodng khéng gian
chét duge chon cang nhé khi hé s8 ting 4p cang ldn.

Cach bd tri may nén nhiéu cap

M4y nén nhiéu cdp dugc thiét k& theo hai dang co bén:

e Loai c6 piston dang vi sai va mét s6 cidp nén trong mét xilanh
e Loai c6 nhiéu cdp nén trong ting xilanh riéng ra.

Xét cdc truong hgp co ban.

a- Mdy nén hai cap cd piston vi sai tic dung hai huéng

Trong mdy nén loai nay, cdc cp nén duge b tri theo hai bén cua
piston. Nguyén ly 1am viéc cé thé biéu dién ré rang bing 46 thi chi
thi trén Hinh 8.3, dugc x4y dung chung cho ci hai c4p.

Néu gid s mdy nén hut khong khi tir khi quyén, thi dudng hut cda
cAp dau tién sé hoi thip hon so véi dudng 4p suat khi quyén. Khi
piston chuy&n déng sang phdi, x3y ra qué trinh hit vao cdp ddu theo
dudng 4’-1’, nén va @4y cha cAp thu hai theo dudng 3-2" va 2"-3".

Khi piston bdt dAu di chuyén sang trdi, § cAp ddu x4y ra qud trinh
nén, cdn & cdp thi hai xady ra qud trinh dian né khi. Qu4 trinh cudi
x4y ra cho dén khi 4p suit trong xilanh dat téi p,’ tai diém 4". Tai
thai diém nay van hiit cda cAp thit hai md va piston, khi chuyén déng
sang tréi, s& hiit khi tir khodng khong gian kin cua thiét bi lanh, khi

KI}I ra , T
Khi ﬁ 3 . I
3 ’
Vao I " = 4 ’Ab_g =P‘
—— — | ¥) ; 2 V,Z,
—— 4" - a
n - Oo— =
.r-q— ﬂ b | v " N 0
| ’ —— { = X =
thwwwwg--- -
Thiét bj lanh Thiét bj lanh

Hinh 8.3 — So d8 va d4 thi c8ng may nén hai c4p
¢6 piston vi sai tac dyng hai hudng
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d6 dp sudt khi s& gidm. Khi piston dén vi tri x4c dinh theo diém 2',
ap suit khi & thiét bi lanh gidm d&€n mic van d4y cla cAp thd nhat
mé va khi sé& tif cAp thd nhat qua thiét bi lanh vao cdp thd hai. Ap
suit khi thay d6i theo dudng 2-3.

Vao lic dau cda hanh trinh vé phia bén phai, ¢ cap thi nhat x3y
ra qud trinh din né khi theo dudng da bién 3’-4’.

Thé tich ctia cdc xilanh cta c&p mot va c&p hai khong bing nhau,
vi viy d6 thi dang xét ¢6 ty 1& truc hoanh khédc nhau.

Trong mdy nén loai nay, qué trinh nén & cdc cdp duge thue hién
trén cac hanh trinh khde nhau ctia piston, va vi vay, luc tdc dung 1én
cdc phén cda khung két cdu dude phén bs kha déu.

b- May nén hai cap cé piston vi sai tac dung mét phia

P4c trung cia méy nén loai nay 12 sy phan bé c4p thit nhit va cap
thi hai theo mot phia clia piston; didu nay din d€n qu4 trinh hit ciing
nhu qud trinh ddy x4y ra dong thdi trong cd hai cdp (Hinh 8.4).

Khi bit dau tit diém 3", véi chuyén ddng cha piston vé phia phai,
x4y ra qud trinh dén né & cdp thi hai dén dp suit p,, dp sudt nay
duge tao § thiét bi lanh khi piston di chuyen sang phai. O vi tri 4”
cla piston, van hut ca cAp thit hai mé va x4y ra qud trinh hdt khi tir
thé tich kin cta thiét bi lanh. P4y ciing 12 qud trinh d&n nd khi theo
dutmg da bién 4"-1". G cuéi qué trinh nay 4p suit trong cdp thu hai
gidm dé&n p. Khi hanh trinh cia piston tiép tuc sang trdi & c4p thu
hai, kh{ bi nén theo dudng 1"-2" va dugc thai ra theo dudng 2"-3" vao
dng ddy. Trong thoi gian nay, § cdp thif nhit xdy ra qud trinh nén da
bién 1’-2’ dén 4p suft p,’. Tai diém 2', van ddy cda cap thd nhat mé va
khi bi ddy tit cAp nay vao khoang kin cfia thiét bi lanh. Qu4 trinh
dién ra theo dudng da bién 2-3’ va tdng 4p suit tu p, dén p,’. Khi

Thiét bi lanh 1

Hinh 8.4 — Sd d8 va d8 thi cbng may nén hai cap
¢O piston vi sai tdc dyung mot hudng
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hanh trinh piston sang phai, xdy ra qu4 trinh ddn né va hut & c4p
thit nhat.

Trong mdy nén loai nay, cac khoang cia cap mét va hai luén luén
phan cich bing nhitng van déng, nhung vin c6 nhiing qua trinh, x3y
ra déng thdi & cdc khoang clia mét cdp va cda thiét bi lanh.

Thiét bi lanh, ngoai ¢éng dung chinh la lam lanh khi nén, con
déng vai trdo nhuy mét binh chita d&€ nhan khi ra tit cAp thd nhit, sau
dé6 thai khi vao cip thi hai.

Trong mdy nén cé piston loai vi sai tdc dung mot phia, qué trinh
nén va thai khi xay ra déng thdi & ca hai cdp, do d6 trong phén khung
k&t cdu cia may nén sinh ra c4c luc 16n phan bs khong déu, doi hdi si
dung banh da c6 khéi lugng 1é6n d€ cln bing cdc luc ndy. K&t cdu nay
thuong duge 4p dung trong t8 hop véi so dd thuan dong ddi véi loai
mady nén ¢6 s6 cdp lén hon hai.

c- Mdy nén ba cap cd piston vi sai

Céc c4p ctia mdy nén trén Hinh 8.5 dudce bé tri lién hgp sao cho
mdi céip cdp canh nhau tao thinh m4y nén hai c4p. P& bdo ddm tinh
kinh t&, cong giita hai cAp k& tiép phdi béing nhau, nhung luc tdc dung
s& phan bd khong déng déu trén khung két cdu. D€ gidm nhimg luc
. nay va phan bd ching déng déu hon, thudng st dung s 46 mdy nén
hai cdp c6 su phan chia cdp thit nhit (Hinh 8.6).
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Hinh 8.5 — So d6 may nén ba cdp cé piston vi sai
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Hinh 8.6 — So dé may nén ba c&p piston vi sai ¢6 sy phén chia cép thit nhat
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d- Mdy nén nhiéu cap cd piston vi sai

Khi s& dung nguyén 1y tao cip vdi piston ¢é dudng kinh thay a6i,
¢6 thé thiét k& mdy nén vdi khéi lugng 16n céc cap.

] 0
Z
g 7

- |

Hinh 8.7 — S3 d& may nén nhiéu cdp piston vi sai

MAY NEN ROTO

Cau tao, nguyén ly lam viéc

M4y nén roto thudc loai may nén thé tich, nguyén ly 1am viéc
tuong tu bom roto. Loai mdy nén roto duge sit dung rong rai, nhat la
m4y nén roto tAm phéng (Hinh 8.8). Trong thdi gian gin diy, mdy
nén truc vit cing duge si dung.

Khi roto 1 quay, c4c tim phing tac thanh cdc khoang kin 4 va
mang khi tif khoang hiit sang khoang d4y, dong th#i x4y ra qu4 trinh
nén khi.

So 46 nay c6 sy cAn bing khéi lugng céc chat di chuyén rat tét,
cho phép roto quay véi s& vong quay 16n va cé thé ndi may truc tiép
vdi dong ca dién.

Trong qud trinh lam viéc clia mdy nén tdm phing, lugng nhiét 1én
téa ra do ma sdt khi, Vi vay khi hé s6 ting 4p > 1,5, vd mdy dugc
thiét ké& c6 thiét bi 1am lanh bing nudc.

1.Roto;
1 2.Than may;

3.Cac tdm phdng dugce bd tri léch tam;
4.Khoang kin dugc tao bdi 2 tAm phing.

Hinh 8.8 — So d8 c4u tao may nén t&m phéng
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M4y nén tAm phéng cé thé sit dung dé& hat khi hoic hoi tir thé tich
c6 dp sudt nhd hon dp suat khi quyén. Trong trudng hop nay, may
nén duge goi la bom chén khéng. Chan khong dugc tao thanh tir bom
chan khéng tdm phdng dat toi 95%.

Cac thong sé ¢6 ban
a- Luu lugng

Luu lugng mdy nén phu thuéc vao kich thude hinh hoce va s6 vdng
quay (Hinh 8.9).

]
2e
—le /ﬂﬁ
) Y], 2z
,¢7 7 P
y, rdy 7

Hinh 8.9 — Kich thudc hinh hoc cd ban cla may nén tam phing

Gid s cdc t&m phing huéng tdm, thé tich khi gita 2 tdm sé la:
v="~{Db

Trong d6: f- dién tich cuc dai ctia mit cdt doc gidta 2 tdm phéng;
b- chiéu rong clia t&m phéng.

C6 thé gia st gn ding:

df = o+ (r2+ 2e)do -2e = 2e(r + o

O.___‘NI'W

Vivay: = [de(r+e)do=2e(r+c)p (8.4)
2n . )
Vi: r+e=R va B=—Z—; 7Z — s8 cdc t4&m phing
4meR
Suy ra: f= 7z (8.5)
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Thé tich khi giita cdc tdm phang:

v 4neRb (8.6)
7 .
Luu lugng thue cia mdy nén la:
Q=v.Znn, =4neRbnn, (8.7)

ng — hiéu sudt luu lugng, thudng 1lay ny =0,5+08
Hiéu suit luu lugng phu thude vao tdn that bén trong qua cdc khe
hudng tAm va huéng truc, chiéu diy cdnh va s6 c4nh din.
b -luu lugng may nén truc vit

Q=(S,.Z, +S,.Z,)lnn, (8.5)

Trong dé: S, S, -dién tich cdc ranh truc vit thi nhét va thya hai;
Z,, Z, -s6 rang cia céc tryc vit;
1- chiéu dai cda truc vit;
n-  s6 vdng quay;
No- hiéu suidt luwu lugng.
c- Cong suat va hiéu suat
Cong suft clia c&p mAy nén roto c6 1am lanh manh bing nudc duge
tinh theo cong ddng nhiét:
_ N _ P Q, bne 86
1000“&1 'nck 1000"‘1&\ ‘nck ( ' )
Trong dé: p,-  4p sudt ddy;
Q,- luulugngé diéu kién hiit;
b-  chiéu rong tdm phéng.

D61 véi mdy nén duge lam lanh yéu bing khéng khi:
N,
" 1000m,,1,, @D
Cong suat ddng entrépi tinh theo céng thdc sau:

k-1

_ k P, D
N _ﬁpl'Ql [;} -1 (8.8)

{

Tich cde hidu suét cha may nén trong khodng:

ndn ‘nck = 095 + O$6; ndc 'nck = 056 + 037
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DPa1 vdi loai mdy nén truc vit, nhimg gia tri nay 1dn hon mét chit
do ma sdt cao khi giia cdc truc vit nhé hon (hau nhu bing khéng).

PIEVU CHINH CHE PO LAM VIEC CUA MAY NEN
Yéu cau

Luu lugng khi tir hé théng éng dan thay d6i theo diéu kién tiéu
thuy, vi vAy m4y nén cin phai thay ddi luu lugng thai 4€ tuong Ung véi
luru luong tiéu dung ciia khi tir hé théng éng. Cung vdi diéu nay, trong
mang ludi caAn phdi ddm bdo dp suit yéu ciu tai noi tidu thu. Qua
trinh d6 dugc goi 1a didu chinh vdi 4p suit khong ddi.

Nhiém vu diéu chinh la tdc dong 1én mdy nén dé can bing luu
lwong thai véi luu lugng tiéu thu khi cda noi tiéu thu.

Xung diu tién d€ din dén diéu chinh thudng 1a sy thay d8i 4p sudt
& mang luéi, sinh ra do sy thay déi luu lugng tiéu thy cda khi. Trong
cdc hé thong didu chinh t4t, su thay ddi 4p suit rat nhé (khodng 1%
- 10% 4p sudt khi quyén).

Diéu chinh bang cach thay ddi s6 vong quay
Tu céng thite (8.3):

1
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C6 thé thay luu lugng clia may nén cé thé duge didu chinh bing su
thay d8i s6 vong quay truc cla mdy nén. Phuong phdp nay kinh té&
trong khi st dung, nhung ddi hdi dong co truyén din cé thiét bi thay
ddi s6 vong quay. Vi vay thay d6i luu lugng bing cdch thay déi so
vong quay cia dong cg dién khdng duge s dung rong rai.

Phudng phép diéu chinh nay duge st dung trong trudng hgp truyén
din cia mdy nén tir dong co hoi hodc tir dong co dot trong, vdi su thay
déi sé vong quay duge thuc hién khé d& dang.

Piéu chinh bing tiét luu & 6ng nap

Néu 3§ tuyén hit cia méy nén ¢é dua thém cde vit cdn phu thi mdy
nén sé& giam luu lugng.

Gia st dt 1-2-3-4 14 d6 thi chi thi cia mdy nén khi khéng cé vat
cdn diédu chinh & éng hdt (Hinh 8.10). C6 thé 14p thém vao tuyén hit
céc vat can phy, lam gidm dp sudt hit ti p, dén p , , lic d6 qué trinh
dan nd la duong 3-4’ va dudng hiit (hay nap) 1a dusng 4'-1’.
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Hinh 8.10 - Biéu chinh bing tiét Iuu 8 8ng nap
Tu d6 thi c6 thé thdy thé tich nap sé& gidm tit v xuéng v, , con thé

tich thai tif v, xudng v,,, do d6 luu lugng thai cda mdy nén thay ddi.

So 45 diéu chinh tu déng loai nay dugc biéu dién trén Hinh 8.10.
Néu luu lugng tiéu thy tit bé 1 cia mang lu6i gidm thi véi luu lugng
thai cho trudc cia mdy nén 5, 4p suft trong bé 1 s& ting va khi sé
dugce dua theo 6ng 2 vao khoang cda hé thong co cé piston 3, 4p sudt
nay sé& tdc déng 1én piston, piston nén 15 xo va déng van tiét luu 4;
Iuu lugng thai cia m4y nén sé& gidm cho d&n khi can bing véi luu
lugng tidu thu ti bé. Phuong phdp nay don gidn va tu déng tdc dung,
nén dudc s dung rong rii khi hé sé nén cao, nhung hiéu qui nang
lugng khéng 16n.

Diéu chinh bing cdch md van nap

Néu gidm luu lugng tiéu thu tir mang, 4p sufit 6 1 ting lén, thi dp
suat nay khi dugc dua theo éng xung 2 dén thiét bi co dang piston 3
sé khic phuc duge luc day cda 1d xo va piston 4 chuyén déng xudng.
C4n clia piston c6 chac 5, cdn trd tdm phing cia van nap nim tai dé.
Ldc nay qué trinh nén sé khong xay ra bsi vi van nap s& md va khi tir
xilanh sé& bi thai vao dudng 6ng nap. Qu4d trinh nay sé& xdy ra cho dén
khi 4p suat & bé 1 bit ddu gidm va piston 4 ddy chac 5 va can trd tdm
phéng n&m tai d&. Su gidm luu luong dat duge & day nhd su thai luu
lugng (Hinh 8.11).

Trén Hinh 8.12 12 d5 thi chi thi cda trudng hgp didu chinh bing
cdch md van nap. Phudng phép diéu chinh nay rat dan gidn, nhung
hiéu suat nang lugng nhé, vi khi thai chi ¢dn 15% céng sudt toan
phan. Phuong phap nay duge st dung cho loai m4y nén c6 hé so nén
va luu lugng bt ky.
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Hinh 8.11 - Diéu chinh béng cach md van nap
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Hinh 8.12- B4 thi cdng khi diéu chinh bing md van nap

Trong giai doan hién nay, thugng 4p dung phuong phdp md khéa
nap & ting hanh trinh clia piston va ¢6 thé thay d8i luu lugng cia
mdy nén tU gid tri dinh mdc dén 0,1 gid tri dinh mude.

8.3.5- Thay déi thé tich khodng khong gian chét

Tu cong thic (8.3), ¢6 thé thdy véi v, , n, € khéng d8i, c6 thé dieu
chinh luu lugng biing c4ch thay déi thé tich khodng khéng gian chét
(Hinh 8.13).

Véi thé tich khodng khong gian chét v, thé tich nap khi la v .
Néu ting thé tich chét dén v, > v, thi dudng da bién dén nd, duge
x4y dung vdi vi tri méi cha truc toa do6 O’, 1a dudng 3-4’ va thé tich
nap khi v, s& nhé hon v,.

Dudng da bign nén 1-2’ sé tuong tng vdi thé tich khi thdi v, <v,.

Trong trudng hgp gidi han, thé tich khodng khéng gian chét cé
thé ting dén mitc dudng da bién dian nd va nén sé trung nhau, dé thi
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Hinh 8.13 — D& thj cang khi thay d8i thé tich khoang khéng chét

A4

chi thi 14 dudng 1-3. Khi d6 mdy nén sé khong nap va khong thdi; ca
hai van déu déng va trong xilanh xdy ra qud trinh din nd va nén
khai khi khéng déi.

& phuong phdp diéu chinh nay, két cdu duge ché tao dusi dang
cdc khoang phu cé thé tich (dung tich) khong déi hoic thay déi, cdc
khoang nay duge ndi vdi khodng khéng gian chét, cé thé diéu chinh
bing tay hoac tu déng.

D¢ thue hién diéu chinh luu lugng mdt cdch diéu hoa, thé tich phu
cda khodng khéng gian chét phii ¢6 dang héc héi tu thé tich tao bdi
xilanh va piston.

Phuong phdp nay rat kinh t& va dugc s dung réng rii trong cdc
mdy nén ¢6 c¢dng sudt ldn.

Mét s6 phuong phap diéu chinh khac

Ngoai cdc phuong phdp di néu trén con dung phuong phap:

e Déng tit mdy (khi céng suit trén truc dudi 200 kW);

e Dua khi tir khoang nén vao khoang nap;

¢ X4 khong tai tif mang ludi qua van ty déng.

Phuong phdp diu kh4 kinh té&, con hai phuong phép sau khéng
kinh té&, néi chung rat it dung.
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HIEU SACH NGUYEN TRAI

GI6I THIEU BO SACH VE KHOA HOC - KY THUAT

1 / THUC HANH CO KHi TIEN - PHAY - BAO - MAI
2 / THYC HANH KY THUAT TIEN
3 / CHE BO CAT GIA CONG CO KHi
4 / DO GA GIA CONG CO KHi
5 / SUA CHUA BAO TRI PONG CG XANG
6 / SUA CHUA BAO TRi BONG CO DIESEL
7 / MAY TAU VA HE THONG PIEN
8 /S8 TAY CHE TAO MAY
9 / S6 TAY LAP TRINH CNC
10/ THIET KE MACH LAP TRINH PLC
11/ PIEU KHIEN LOGIC LAP TRINH PLC
12/ THYC HANH BOM QUAT MAY NEN
13/ THUC HANH KY THUAT HAN - GO
14/ THYUC HANH HAN HO QUANG-MIG-TIG
15/ THIET KE LAP RAP ROBOT TU LINH KIEN THONG DUNG
16/ CO SG NGHIEN CUU SANG TAO ROBOT
17/ CHE TAO ROBOT DIEU KHIEN TU XA
18/ SUA CHUA BAO TRI MAY PHOTOCOPY
19/ HE THONG THUY LUC TREN MAY CONG NGHIEP
20/ SUA CHIYA NANG CAP LAP RAP MAY PC
21/ MAY DIEN VA MACH DIEU KHIEN
Ngi Phdat Hanh
CTY TNHH VAN HOA TRi DAN
HIEU SACH NGUYEN TRAI
AANg Trai - P3-Q5 - Tp.HCM
DT. 9901846 - 8383669 - Fax: 9971765
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