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LOINOI PAU

“Bom, quat, may nén” la mot trong nhitng mén hoc chuyen nganh quan
trong ciia sinh vién nganh “Coéng nghé Nhiét — Dién lanh”. Cudn sdch nay duoc
bién soan nhdm ddp itng yéu cau cia sinh vien Truong dai hoc Sw pham ky
thudt vé sdch tai ligu chuyén nganh.

Sdch “Bom, quat, mdy nén” gém 8 chuwong cé ndi dung dé cdp dén cdc ly
thuyét co bdn vé cdc logi mdy bom chdt I6ng va chdt khi, cdc loai may quat va
mdy nén khi dung trong cong nghiép va dan dung, lam co sJ cho sinh vién
chuyén nganh “Céng nghé Nhiét — Dién lanh” hiéu ré vé cdc loai bom, quat,
mdy nén thong dung ding trong cdc nha mdy nhiét dién va trong thicc té.

Sdch sé phuc vu t6t cho viéc gidng day, hoc tdp va nghién citu trong cdc
truong dai hoc ky thudt noi chung va Truong dai hoc Su pham ky thudt thanh
phé"H6 Chi Minh néi riéng.
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CHUONG I: MG PAU

1.1- VAINET VE LICH SU PHAT TRIEN BOM, QUAT, MAY NEN
Bom, quat, may nén thudc loai cic may thuy luc va may thuy khi.

Midy thuy luc thd sd di c6 tir thdi ¢6 xwa. Gudng nudc 13 may thuy luc dau tién.
Guong nudc 1¢i dung ning lugng clia nude dé kéo cdc cdi xay luong thuc hodc dwa nudc vao
dong rudong, da dugc st dung khodng 3000 nim trudc cong nguyén.

Céc mdy hiit nuéc c6 st dung sic ngudi va vat duge st dung & Ai Cap hang may
ngan nam trudc cong nguyen.

Bom piston dudc dung & th€ ky thit I trude cong nguyén. Bom piston ¢6 loai xich vo
ciing dugc dung rong rai & Cai-ro d€ 14y nudc & do6 sau 91,5m viao th€ ky thi 5-6 truGc cong
nguyén.

No6i chung trudc thé ky thit 17 may thuy khi rat thd sd va it loai.
Bom piston:

= Nam 1640 nha vat 1y hoc ngudi Pic 1a Ottd Henrich da sang ché ra bom piston ddu
tién d€ bom khi va nudc diing trong cong nghiép.

» Khoang nam 1805 nhabéc hoc ngudi Anh 1a Niu Komen da phat minh ra bom piston
dé 1ay nu6c trong cdc nha may khai thic md, ding xilanh hdi ngung tu d€ tao lyc
can thiét trén truc may nhd 4p suat khi quyén.

* Nam 1840-1850 nhabé4c hoc ngudi My 1aVortington da gi4 thi€t cd cidu cia bom hoi
ma trong do piston clia bom va dong cd hdi duge phan bd trén mot truc chung, sy
chuyén dong clia piston dugc diéu chinh nhd mot hé thdng phan bd hdi dac biét.

Mady cdnh dan:

Trong nhitng nim 1751-1754 nha bic hoc Euler d3 viét vé 1y thuyét co ban clia tuabin
nudc néi riéng va clia may thuy khi canh din néi chung, 1am co s& d€ hon 80 nim sau, vio
nim 1830 nha bic hoc ngudi Phap 1a Phudc-nay-ron da ché tao thanh cong tuabin nuéc dau
tién vavao nam 1831 nha bac hoc ngudi Nga 1a Xablucdp dd sdng ché& ra bom ly tim va quat
ly tAm dAu tién. Pay chinh 13 nhitng buc nhay 16n trong lich st phat trién cdc mdy ning
lugng.

Bom nhiéu cdp:

Nha Béc hoc vi dai ngudi Anh 1a Reynolds khi nghién cttu ciu tao clia bom nhiéu cap
da dua vao nhitng thi€t bi dinh huéng canh din xu6i va ngugc. Nam 1875 da phat minh ra
loai bom tuong ty nhu loai bom nhiéu cip hién dai ngay nay.
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Mady nén:

* Phat minh bdm khdng khi va dang don gidn ciia may nén hién dai v6i mét chu ky
nén gin lién v4i tén tudi ciia nha vat 1y vi dai ngudi Pic 12 Gerike vao nam 1640.
Su hoan thién may nén & thé ky 18-19 da thic ddy sy phat trién ctia cong nghiép
quang md va luyén kim.

= Vao cudi th€ ky 18 & Anh nha bac hoc Vinkinson dd sdng ché ra may nén piston 2
xilanh, nha bac hoc Uatt da ch€ tao thanh cong mdy hit khong khi ¢6 truyén dong
bang hoi.

* Mady nén nhiéu cip c6 lam lanh trung gian xud't hién & Phap vao khodng nhitng nim
30 ctia th€ ky 19.

» Mady nén nhiéu cAp c6 lam lanh trung gian gifta cdc cAp nén xuit hién & Pic vao
nam 1849 do nha bac hoc Raten sdng ché ra.

Quat:

Viao nam 1831 nha bac hoc Nga Xablucdp sing ché ra quat ly tAim diu tién dung dé
lam m4atham md va lam sach mdy.

Dic biét 1a 80 nim gin day, 1y thuy&t vé thuy khi dong lyc phat tri€n rit manh, cé
nhiéu thanh tyu to 16n trong viéc ng dung cic phat minh vé linh viuc mdy thuy khi.

Ngay nay may thuy khi cé riat nhiéu loai vdi nhiéu ki€u dang khac nhau dudc dung
trong moi linh virc clia ddi song ciing nhu trong cong nghiép va nong nghiép. P& d4p tng nhu
cAu vé ning lugng ngay cang to 16n clia cong nghiép hién dai, ngdy nay ngudi ta da ché tao
dudc cic tuabin ¢d 16n ¢6 cong suat dén 500.000 kW hoic 16n hon. SO lugng bom, quat, miy

nén ciing nhu tuabin cédc chiing loai khac nhau da dugc sdn xuit hang nam 1én dén hang triéu
chi€c.

1.2- PINH NGHIA VA PHAN LOAI
1.2.1- Dinh nghia

Bom 13 may dé di chuyén dong mdi chat va ting ning lugng ciia dong moi chat. Khi
bom lIam viéc ning lugng ma bom nhan dudc tir dong co s& chuyén ho4 thanh thé ning, dong
ning va trong mdt chirng myc nhat dinh thanh nhiét ning ctia dong mdi chat.

M4y d€ bom chit khi, tuy thudc vao 4p suat dat dude dudc goi 1a quat, may hit khi va
may nén khi.

Quat 1a may dé di chuyén chat khi vdi co s6 ting ap € < 1,15 (¢ - ty sd gifta 4p suat
cltara va 4p sudtclra vao clia may) hay 4p suat dat dugc p < 1500 mmH,O.

Mcdy hiit khi 1a may lam viéc v6i € > 1,15 hay 4p suit dat dugc p > 1500 mmH,O
nhung khong c¢6 1am lanh nhén tao.
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Mcdy nén khi 1a may lam viéc véi € > 1,15 hay 4p suat dat dugc p > 1500 mmH,O va
¢6 lam lanh nhan tao & noi x4y ra qua trinh nén khi.

1.2.2- Phédn loai

a- Phén loai theo nguyén tdc tdc dung ciia mdy véi dong méi chdt trong qud trinh lam

vigc
M4y @€ chuyén chat 16ng va khi
Midy nén Cho nudc sach Cho hdn hogp dat, Cho chat 16ng ¢c6
khi va dung dich tro va nugc dd nhdt cao
Y y
Phun tia Phun tia Phun tia
A y A
Thé tich Thé tich Thé tich
y A 4 A 4
Cénh din Cé4nh din Cé4nh din Cénh din

Hinh 1.1 - So @6 phan loai theo nguyén tic tic dung cia may vdi dong mdi chat.
b- Phédn loqi theo tinh chdt trao doi nding luong va cdu tao
Bom c6 ba loai:

1. Bom canh dan: gdm
e Bdmly tim
e Bodm hudng truc
e Bdm huéng chéo
e Bdm xody
2. Bom thé tich: gbm
e Bdm piston
e Bomroto
e Bom piston-roto
3. Bodm phun tia
Quat chi c6 loai cdnh din gdm:
I. Quatly tam
2. Quat truc
May nén c6 ba loai:

1. M4y nén céanh din: gbm
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e Midynénly tam
e Maidy nén truc

2. Midy nén thé tich: gdm
e Mady nén piston
e Mady nén roto

3. M4y nén phun tia

1.3 - CAC THONG SO LAM VIEC CO BAN
1.3.1- Cot dp

zg| 4 AllA

Pg.v

Pa,va

Hinh 1.2 — S0 d6 mdy thuy khi trong hé thdng

http://www.hcmutg¢2du.vn

Kha ning trao d6i nang lugng ctia may thuy khi véi dong moi chat duge thé hién
bang mitc chénh Iéch ning lwgng don vi cda dong moi chat & 2 mit trudc va sau may.

Nang lugng don vi tai mat cit A-A:

2
_ Pa , GaVa
e, =z, + 2+ ATA

Yy o 2g

Niang lugng don vi tai mét cit B-B:

Y 2g
Trong do: z - dd cao hinh hoc

p,v— 4p sudt va van toc cia dong chay

o - hé so diéu chinh dong ning

Chénh 1éch ning lugng don vi clia dong moi chit qua may thuy khi giitta A va B la:
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Pg —Pa + O‘BV% _OLAVI%\
Y 2g

Aeg, =25 -2, +

* N&u Ae,, >0 - dong mdi chit dugc mdy cip cho ning lugng, viy may 1a bom (chat
16ng hoic khi).

= Né&u Ae,, <0 - may dugc dong mdi chdt cip cho ning lugng, vdy may la dong co
thuy khi.

Vay cot 4p clla may thuy khi 13 ning lugng don vi cia dong mdi chat trao d6i véi may
thuy khi. Cot 4p clia may thuy khi 1a:

pB _pA + (XBVé _CX‘AVIZA (11)

H=z,-z, +
B A ’Y 2g
Thanh phin th€ ning don vi goi la cdt 4p tinh, ky hiéu H, :

H =z, -z, +22 " Pa (1.2)

Y
Thanh phin ddng ning don vi goi I cot 4p dong, ky hiéu Hy :

2 2
_ OgVyg =V,

H
d 2¢

(1.3)

Vay: H=H +H, (1.4)

1.3.2- Luu luong
Dinh nghia:

Luu lugng 13 lwgng moi chit chuyén dong qua mdy trong mdt don vi thdi gian. Tuy
thudc don vi do ¢ Iuu lugng thé tich, lvu lugng khdi lugng, lvu lugng trong lugng.

= Tinh bing don vi thé tich, ky hiéu Q goi 12 lvu lugng thé tich, c6 don vi do 1a m’/s,
3
m-/h, 1/s.

» Tinh bing don vi khéi lugng, ky hieu M goi 1a lvu lugng khdi lugng, c6 don vi do 1a
kg/s, kg/h.

M =pQ

* Tinh bang don vi trong ludng, ky hiéu G goi la lvu lugng trong lugng, c6 don vi do
la N/s, N/h, kG/s.

G=yQ=pgR=eM (1.5)
1.3.3- Cong sudt va hié¢u sudt
Can phan biét rd hai loai cong suit:

» CoOng sudt thuy luc
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» CoOng sudt trén truc

a- Cong sudt thuy luc: ky hiéu Ny (c6 don vi do 1a W) 14 cd ning ma dong chit 1dng
trao d6i véi may thuy luc trong mot don vi thdi gian.

Cong sult thuy Iyc dudc tinh bing tich ctia cdt ap v6i luu lwgng trong Iudng clia may.
N, =GH =yQH (1.6)
b- Cong sudt lam vi¢c: ky hiéu N (c6 don vi do 1aW) 1a cdng suat trén truc clia may

khi may lam viéc. Cong suat thuy lyc khac cdng suit trén truc. Qud trinh 1Am viéc trong miy
cang hoan thi€n thi N va Ny cang it khac nhau.

» Poi véibom: N > Ny
v Na_sQn
nooom (1.7)
Heé s6 n < 1 goi 12 hi¢u sudt ciia bom.
* D0i v6idong cd: N <Ny
N=nN, =nyQH (1.3)
Hé s6 n < 1 goi 12 higu sudt ciia dong co thuy licc.

c- Higu sudt ciia mdy thuy luc, ky hiéu n ( do bing % hoic khong c6 don vi do) diing
dé danh gia ton thit ning lugng trong qda trinh may trao ddi nang lugng v6i dong mdi chit.

Twr cong thac (1.7) va (1.8) ta c6:

N

Ng = Nﬂ (1.9)
N

Ny = — (1.10)
° Ntl

Trong diéu kién 1am viéc, cdc hiéu suit phu thudc vao rit nhiéu yé&u td: loai may,
kich thuc va ciu tao clia may, loai mdi chat chuyén dong trong may, ch&€ dd lam viéc clia
may, cdc dac tinh cia mang ma may lam viéc trong do.

Pé danh gid hiéu ning luong ciia hé thong chung gdbm c6 may va ddng cd clia né,
ngudi ta con st dung hiéu suit clia hé thdng My

Trong d6 Npp — cong suat dién dé khdi dong dong co.

P& tinh hiéu sud't chung cia mdy thuy luc, ngudi ta danh gia thdong qua cdc dang tdn
that.
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e- Ton thdt ndng lugng trong mdy thuy luc: ¢é 3 dang

= Ton that cot 4p clia dong mdi chit chdy qua may goi 13 tdn that thuy luc, dugc danh
gi4 bang hi¢u suat thuy lyc, con goi la hig¢u suat cot 4p, ky hiéu n,

= TG6n that do ma sit clia cac bo phan cd khi trong may thuy luc goi 13 t8n thi't cd khi,
dugc danh gid bang hiéu suat cd khi, ky hi€u 1

= T6n thatdo ro i mdi chat 1am gidm luvu lugng 1am viéc clia may goi la tén that luu
lugng dugc danh gid bing hiéu suat lvu lugng, ky hiu n,,
Hiéu suit chung cia may thuy luc Ia:
N = Nu-NQ-NcK (1.11)
BAI TAP
Bai I-1

Mot may thiy luc (bom nudc) tiéu hao cong suat trén truc N = 18,9 kW, hiéu suit clia
mdy n=0,71. Xac dinh céc thong s6 clia bom: lvu ludng, cdt ap.

Bi€t 4p suit du tai clfa ra clia bom P2 _508mva do chan khong & clra vao
Y
Pek _ 3m , dudng kinh 6ng hat D; = 100mm, dudng kinh dng ddy D> = 75mm,a =0, =1 .
Y
— ==

1777
7
d, | {//
e B 4
g
Z
d y
177 7IT 27777 7

SNuway

Hinh 1.3
Gidi:
1) Cong thirc tinh cot ap:
P2=Pi, VioVi
¥ 2g

H=

, bd qua @6 cao hinh hoc theo dé bai

2 2
_ Pax T Pck _I_Vz —Vy

Hay H
Y 2g
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Van tdc vy , v, dude x4c dinh tif phuong trinh lién tuc: Q = vS; = v2S,
Q 4Q . v. = Q 4Q

Ta cé: vV, =—= ===
. 1 2 2 2
S, md; S, md;

Thay céc gia tri vao ta dugc phuong trinh dudng dic tinh ludi:

2 2
H:pAK TP + 16Q 16Q _53,8+Q2[ 16 16 j

Y 2gn’d  2gn’d’ 2.9,81.12.0,075° 2.9.81.%x°.0,°

H =53,8+3437,3Q"
YyQH

2) Cong thic tinh cong suit tiéu hao trén truc: N = —~—
n

o Nn_ 18,9.10°.0,71 1,379

yQ  981.10°.Q Q
K&t hdp 2 phuong trinh ¢t 4p, ta thu dudc phuong trinh bac 3 theo Iuu lwgng Q:
1,379

Hay

53,8+3437,3Q% = hay 34373Q7 +538Q-1,379=0

Giai phuong trinh ta thu dugc: Q = 0,025 m’/s =25 I/s
Vay cot dp sé la: H =53,8+3437,3.0,025* =55,95m
Paps6:Q=251/s ; H=5595m
Bai I-2
Mot may bom nudc tiéu hao cong suit trén truc N = 5,5 kW. Tinh cdc thong s6 : cot

4p, luu lugng va hiéu suit cda bom. Bi€t ap suat du & clra ra clia bom P _oom (cot nudc)
Y

Pek _ 4m, t8c do trong dudng 6ng ddy v = 4

Y

m/s, dudng kinh 8ng ddy d, = 75mm, dudng kinh 6ng hitd; = 100mm.

va 4p sudt chan khong tai clra vao clia bom

.
77

-—

1l

)

7

——— ]

L5
rd

7
/
,

7
Wy

s i 4

Hinh 1.4
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Paps6:Q=17,651/s ; H= 24,56m ; N=4.24kW ; n=0,75
Bai I-3
Hd

Mot may bom nuéc c¢6 ty sd H—:O,01475 c6 4p suit ra P: _60m; 4p sudt vao
t

Pet _ 31 dudng kinh 8ng hit D; = 200mm, dudng kinh 6ng diy D, = 150mm.

Y
Xac dinh cédc thong s6 clia bom: H, Q, N. Bi€t hiéu sudtn = 76% va Az, = 0.
Papso:H=64m ; Q=921/s ; N=76kW
Bail- 4

Mot bom nuSc dat cach bé hit A véi dd cao hiit z, = 1,36m. Hé s6 tdn thit trong
dudng dng hiit & = 4.

Tinh céc thong s6 clia bom: Iuu lugng , cot 4p va cong suit trén truc. Bi€t 4p sudtdu &
clta ra ciia bom 22 = 81,86m va chan khong & clta vao bom H =4m ;dudng kinh dng hit
Y
va dﬁfy D, = 300mm, D, =200mm; hiéu suitctiia bom n=76%.

bl S

.
vy i LA S
7 [/
L / /’
&7 e
Y / A
|1
EE|Er
7
Grr777777
Hinh 1.5

bap SO Q=820m3/h ; H=88m ; N =259 kW.
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CHUGNG II : KHAI NIEM CHUNG VE BOM

2.1- DINH NGHIA VA PHAN LOAI
2.1.1- Dinh nghia

Bom 1a may dé€ tao ra dong chat 16ng. Hay néi cdch khic, bom 12 may dung d€ di
chuyén chat Idng va ting ning lugng clia dong chat 1éng. Khi bom lam viéc nang lugng ma
bom nhin dudc tir dong cd s& chuyén hod thanh th€ ning, dong ning va trong mdt chirng
muc nhat dinh thanh nhiét ning cia dong chat Idng.

Vay bom la loai may thuy Iuc ding d€ bi€n ddi co niang ciia dong co thanh ning
luong @€ van chuyén chat 18ng hodc tao nén ap suit can thi€t trong hé thong truyén din thuy
luc.

2.1.2- Pham vi st dung

Bom dugc st dung rong rii trong nhiéu linh vuc:

* Trong ndng nghiép:bom 13 thi€t bi khong thé thi€u d€ thuc hién thuy 1gi hod chin
nudi trong trot.

» Trong cong nghiép: bom dugc sit dung trong cic cdng trinh khai thic md, quang dau
hay cdc cong trinh xay dung.

» Hién nay trong k¥ thuit van chuyén, phdt tri€n xu huéng diing bom va dudng 6ng dan
dé van chuyén cdc sdn phim clia nganh khai thic md ( quing diu), hoa chit, nguyén
vatliéu xay dung, ... va d6 la phuong ti€én van chuyén thuan 1gi va kinh t&.

* Trong nganh ch€ tao may, bom dugc sit dung phd bi€n, né 12 mdt trong nhitng bo
phan chli y&u clia hé thong diéu khién va truyén dong thuy luc trong may.

2.1.3- Phdn loai
a. Theo nguyén ly lam viéc va cdu tao ciia bom (twong tw nhu phan loai & trén)
b. Theo cong dung:

* Bom cip nude ndi hoi ( trong cdc nha maiy nhiét dién)
* Bom dau ( trong cdc hé thdng truyén dong thuy luc)

= Bom nhién liéu

* Bom ciu hod

* Bom ho4 chit..

¢. Theo pham vi cot dp va luu luong sit dung:

Ngudi ta chia bom thanh céac loai: bom c6 cot 4p cao, trung binh hodc thap; bom cé
luu lugng 16n, trung binh hodc nho.
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Trong ky thuét cé 3 loai bom dugc st dung rong rii la bom ly tAm, bom hudng truc va
bom piston. Bi€u d phian bd pham vi st dung clia cic loai bom thong dung trén dugc thé

hi€n trén hinh 2.1

H,m
10000
Bon
piston ~
1000
Bom ly tam \
100
10 =
Bom hudng truc
1
10 100 1000 10000 Q.m’h
2.1 — Pham vi stt dung ctia cdc loai bom thong dung
2..2 - CAC THONG SO LAM VIEC CG BAN
Py
4 4 v v4
A A R
Bé€ chwa
Zq ong diy
7 H K,
Y 3 B ax
y T CKd/_'
> ( Pong co
Af , Ky 2
ong hit >~
“h _ 7// S
P1=Pa Bom
A\ 4
4 4 ﬁ
/] s
/] XX “
4 Béhit [
S S

Hinh 2.2 — SJ @b hé thdng bom
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Bom bao gi¢ ciing lam viéc trong mdt hé thdng dudng dng. PE biét 6 cong dung, qua
trinh 1am viéc va cdc thong sd cd ban clia bom, ta nghién cttu so do thi€t bi clia mot bom lam
viéc trong hé thdng don gidn trén hinh 2.2

Khi bom l1am viéc, chat 1dng tir bé hiit qua Iudi chin rac theo dng hiit di vao bom. Sau
khi qua bom, chat 16ng dugc bom cip cho niang lugng chiy vao dng ddy d€ 1én bé chira. T
bé chita chat 1dng dugc phan phdi vé cic noi tiéu thu. Trong hé thong truyén dong thuy luc,
chat 18ng sau khi ra khdi bom c6 4p suat cao, qua bd phan phan phdi di vao dong co thuy Iuc
dé thuc hién cac chuyén dong ciia nhitng cd cau lam viéc.

Bom c6 5 thong s6 lam viéc co ban: Iuu lugng Q, cot 4p H, cong suat N, hiéu suat n
va cdt 4p hiit cho phép [Hek]. Ta sé 1an ludt nghién citu cic thong sO niy.

2.2.1- Luu luong
L3 lugng chi't 1dng ma bom van chuyén dugc trong mot don vi thdi gian.

Tuy thudc don vi do c¢6 3 loai lvu lugng: luu lugng thé tich Q c6 don vi do 1a m’/s, /s,
m>/h...; luu lugng khéi lwgng M c6 don vi do 1a kg/s, kg/h, g/s...; luu lugng trong lugng G c6
don vi do 1a N/s, N/h, kGfs,...

Luu lwgng clia bom dude xac dinh bing cdc dung cu do trung binh 1ip trén 6ng diy
nhu &ng Venturi, luu lwrgng k&€ ki€u mang chin hoic cdc dung cu do trung binh bing thiing
ludng hodc can dat & cudi dng ddy. Céc loai dung cu do nay chi x4c dinh dugc gid tri trung
binh cia luu lugng trong mot don vi thoi gian nao do.

2.2.2- Cot ap: ky hiéu H (m)

La niang lugng don vi ma bom truyén dugc cho chit 1éng. Tir s dd hé thong 1am viéc
ciia bom (hinh 2.2), ta c6:

H=en.-eno=€3-€
2 2
H:(zh +y+p—3+V—3]—(zh +p—2+V—2j
Y 2g Yy 2g

2 2
— V; —V
P; =P, A 2

Y 2g

H=y+ 2.1)

Trong d6: pa, p3 — la cac ap suat tuyét doi
P> =P. " Pck >
P3; =P. T Pak

Pck, Pak — 1a tri s& ap suat doc dugc trén chan khong k& va 4p k&.
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Do d6- Ps =Py _ Pak +Pcx
Y Y

Cong thic tinh cdt dp cia bom sé thanh:

2 2
Pak T Pck N V3=V,

H=y+
Y 2g

(2.2)

Trong hé thdng bom ta 14y hé s& hiéu chinh dong ning o = 1 vi dong chdy trong hé
th6ng bom c6 ti€t dién 6ng nhd va van téc nudc 16n ngudi ta thudng coi 1a dong chay rdi va
dudc goila dong chay rdi kich thuéc bé.

N&u dudng kinh &ng hiit va dudng kinh dng ddy bing nhau va khong trich luu Iugng
trén dudng dng ddy thi v, = v3 va khodng cdch y c6 thé bd qua (y =~ 0) thi tri s6 cot 4p c6 thé
xac dinh bang cic tri s6 doc dugc cia 4p k€ va chan khong k&€ 1ip & miéng vao va ra cia
bom:

H — pAK +pCK (23)
Y

Khi khong c6 céac s6 liéu do dudc cu thé cia bom dang lam viéc nhu pck, pak .. ma
chi c6 cdc s6 liéu yéu ciu clia hé théng lam viéc nhu p;, ps, z ... ta ¢6 thé tinh cdt 4p yéu
ciu clia bom theo cédc gia tri ning Iugng & bé hit va bé chita nhu sau:

Vi€t phuong trinh ning lwgng Bernoulli cho mit cdt (1-1) va (2-2):

2 2
Piy g P2 oy (2.4)
Yy 22 Y 2g
2 2
Hay P_z_&+__£Z +V2+hwhj (2.5)
Yy v 28 2g

hyn — tong tn thi't ning lugng & 6ng hiit.

Tir day ta thay, n€u p; = p, va vy nhd thi 4p suat & miéng vao clia bom p, < p, tic1a p,
phai dugc do bing chdn khong ké.

Phuong trinh ning Iugng Bernoulli cho mit cdt (1-1) va (2-2) con dugc vi€t don gidn

N

la:
e, =¢e,+h,, hay e,=¢,—h,

Tuong tu ta viét phuong trinh ning lwvgng Bernoulli cho mit cit (3-3) va (4-4):

2

Py +V—3_z +p—4+—+h (2.6)
v 2g Y 2g
P; _ P4 V2 V2

Hay —“=-"*-2+|z,+—+h,, 2.7)
Y ooy 2g 2g

hwa — tong tdn that ning lugng & 6ng diy.
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2 2
Ta thay, thudng ;—3 nhdé hon (zd + ;—4+ hde rat nhi€u nén p; > ps; néu ps = p, thi
g g

p3 > pa tic 1a 4p sudt & miéng ra ciia bom phai dudc do bing dp ké.

Phuong trinh ning Iugng Bernoulli cho mit cit (3-3) va (4-4) con dugc vi€t don gidn
la: e, =¢,+h,

Thay e, va e; vao phuong trinh cdt ap, ta c6:
H=e, -e, :(64 +hwd)_(el _hwh)

=e,—¢e, +h,,+h ,=e,—€e +h,

2

1
+h,

2
P4 — Py _|_V4_V

Hay H=z,-z +
¥ 2g

_ 2_ 2
Pa 7P  VaTVi Ly (2.8)

H=z+ w
Y 2g

hy = hyn + hyg — tOng t6n that ning lugng trong hé thong.
Tir cong thitc (2.4) ta thiy cot 4p yéu cau cia bom dung d€ khic phuc:

= Chénh léch @6 cao hinh hoc giita mit thoang bé chita va bé hiit, con goi 1a dd cao

dang z
= Do chénh 4p suit trén mit thoang b& chita va bé hit P+ —PL
Y
Vi —v:
* DO chénh ddng nang gitta bé chira va bé hut 42 !
g

= T&n thit nang luong trong hé thong dudng 6ng hy,.
Cot 4p clia bom 1am viéc trong mot hé thdng ciing chinh 12 cdt 4p clia hé thong.
Céc thanh phin z va 24 7P1 13 nhimg dai Iwgng khong thay d8i dsi véi mot hé théng
Y
cho truée, do do:

H =2+ 247P o0i1a ot dp rinh ciia he thong (2.9)

Y

2 2
Con cic sd hang v42 "L vahy I nhitng dai lugng thay d6i theo luu lugng clia hé
g
thong, tifc 12 phu thudc van tdc dong chit 18ng trong dng, do d6:

2 2
H, =YL\ h  _goila et dp dong ciia he thong (2.10)

Vay: H=H +Hq 2.11)
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Né&u bi€u dién bing dd thi phuong trinh cot 4p ciia hé thong (2.8) ta sé dudc dudng
cong biéu thi dac tinh 1am viéc clia hé thdng goi la duong ddc tinh ciia hé thong hay con goi
la duong ddc tinh ludi.

H,m
A

Hq = kQ?

Hinh 2.3 — Pudng déc tinh luéi

2.2.3- Cong sudt va hig¢u sudt
Theo (1.6) ta c6 cong thitc tinh hiéu suat thuy luc cda bom la:
N, =GH = yQH (2.12)
v - khoi lugng riéng cia chit 1dng, tinh bing N/m’
Q - luu lugng cta bom, m’/s
H - cot 4p toan phan clia bom, m

Mudn tao dugc Ny ( con goi la cdng suit ¢6 ich) thi truc bom phai c6 cong suit 16n
hon, vi trong khi 1am viéc bom phai tiéu hao mot phan ning lugng dé b vao cic ton that
thuy lyc va tdn that ma sat giita cic bd phan lam viéc ctia bom, ...

N
Nz N _ YQH (2.13)
n n
n <112 hiéu suét toan phan cia bom, %
. N
Hiéusuatla: n=—L= 'YQ?H (2.14)

Khi chon ddng cd d€ kéo bom, cin phai chon cong suat clia dong co Ng. 16n hon cong
suat tai truc N d€ dé€ phong trudng hop qua tii va bl vao tn that do truyén dong tir dong cd
dé&n bom.

Nie =k.N (2.15)
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k> 1 - hé s6 an toan phu thudc tirng loai bom, dong c¢d va cdng suit lam viéc.

2.2.4- Cjt dp hiit va chiéu cao hiit cho phép

Kha ning Iam viéc clia bom phu thudc rat nhiéu vao qua trinh hiit ciia bom. Trong
qua trinh bom hit chit 1dng, banh cong tic phdi tao dudc dd chénh 4p nhat dinh gitta miéng
hiit clia bom va mit thoang ciia bé hiit. Pd chénh ap nay goi 1 cdt dp hiit cia bom, nhd né
ma chi't 1dng chdy tir bé vao bom.

Hinh 2.4 — SJ d6 1uéi trén dudng 6ng hit

H, =2 P (2.16)
Y

pi, P2 - 4p sudt & mit thodng clia bé hit va 16i vao clia bom
N&u p; = p. (4p suat khi tr&i) thi cdt 4p hiit bing cdt 4p chan khong tai 16i vao clia

bom.

thHCK:pa;p2 (2.17)

Thay phuong trinh (2.4) vao phuong trinh trén ta co6:

H =P"P_, V2 y (2.18)

Ta thdy cdt 4p hiit cia bom dung dé khic phuc chiéu cao hiit z, , tdn thit trén 6ng hit
hy va tao nén dong ning cin thi€t ciia dong chiy & miéng vao cia bom v,*/2g. Suy ra cot 4p
hiit tuy thudc vao tri s6 ap suat trén mat thoang clia b€ hit ma 4p suat nay lai c6 gidi han
nhat dinh.

Trudng hgp pi = pa theo cong thitc (2.18) ta thdy khi ning hit 81 da ciia bom ¥ng v6i
khi 4p sudt p, =0 la:
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H

hmax — H CK max

=P ~10mH,0
Y

Vay diéu kién dé bom lam viéc dudc la:

H, =z, +2+h, <Hg... (2.19)

Thuc &€ cot 4p hiit clia bom khi p; = p, khong bao gid dat dugc dé€n 10 mH,O vi 4p
sudt & miéng ra clia bom khi nhd d€n mot mic nao d6 bang ap suat hdi bdo hoa clia chat
16ng tai nhi€t 6 1am viéc thi s& gay ra hién tugng xam thyuc trong bom.

Hién tugng xam thuc
Khi chit 1dng & mot nhiét do nhit dinh s& s6i va bdc hdi bdo hoa dudi mot 4p suat
nhat dinh. Ap suat ndy goila 4p sudt hdi bio hoa pyp.

Béng 4p suat hdi bdo hoa clia nudc:

Nhiét do, t°C | 0 10 20 30 40 60 80 100 120
Pon 0,06 0,12 0,24 0,48 0,75 2,03 4,83 10,33 | 20,2
;}, 2

Nhu vay & mot nhiét dd ndo do, khi 4p suat trong chit 16ng bing 4p suat hoi bdo hoa
Pon thi chit 18ng s& sdi, tao nén nhiéu bot khi trong dong chdy. Céc bot khi nay bi dong chay
cudn vao nhitng viing c6 4p sufit p > pyn , s€ ngung tu lai dot ngdt thanh nhitng giot chat 1dng
c6 thé tich nhdé hon rit nhiéu so vdi thé tich clia bot khi. Do d6 trong dong chiy xuit hién
nhitng kho4ng trong cuc bod, thu nhitng phan ti chi't 1dng xung quanh x6 t6i vdi van tdc rat
16n, 1am cho 4p suit tai d6 dot ngdt ting Ién ri't cao, c¢6 khi t6i hang ngan atmdtphe. Ap suit
cuc bd nay cé thé lam ré bé miat kim loai, pha hdng cdc bo phan lam viéc clia may. Hién
tugng nay goi 1a hién twgng xam thuc, thudng x4y ra trong cdc may thuy Iwc c6 4p suat nhd,
nhiét do cao. Nhat 1a & ndi chit 1dng c6 van toc va 4p suat thay ddi dot ngot.

Khi hién twgng xam thyc x4y ra, dong chay bi gidn doan, giy ti€ng dong bat thudng
va may bi rung nhiéu, lvu lugng, cdt 4p va hiéu sudt clia mdy bi gidm dot ngdt. Hién tugng
xam thuc kéo dai sé lam cdc bd phan lam viéc ctia may bi pha hdng.

P& tranh hién twong xam thuc, can thod man diéu kién:

P> Pon

Y Y

Cho nén d€ tridnh hién tugng xam thuc, ddi véi tirng loai bom dugc sdn xuit ra, trong
cdc tai lieu k§ thuat déu c6 ghi cot 4p chan khong cho phép [Hek] tng véi p, = 1 at va
t=20°C.

Piéu kién d€ bom c6 day dd kha ning hit la:

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DEhGBKS MK IGMigm chung vé bom http://www.hcmutg@du.vn

2
H =z, +;—2+ h, <[He] (2.20)
g

Vay chiéu cao hiit cho phép cia bom la:
Va
[2.]=[He ]-2% -1 221)

Né&u khdong cé gia tri [Hek] thi [z,] phdi dugc tinh theo diéu kién khong xdy ra hién
tuong xam thuc.

Ta bi€t ring, diéu kién d€ khong xay ra hién tugng xam thuc 1a cot 4p toan phan tai
16i vao ctia bom, ndi c6 4p suit nhé nhat, nguy hi€m nhat phai I6n hon 4p sui't hdi bio hoa
clia chat 1dng tai nhiét d6 1am viéc.

2
Ta c6: p—2+;—22pﬂ+Ah (2.22)
Y 28 v

Ah — ¢Ot 4p chong xam thuyc

Mitkhéc, tr cong thic (2.4), ta cé:

Pr Vo _Pul,

_———Zh

Yoo2g
Thay vao bi€u thifc trén ta c6 chiéu cao hit cho phép ciia bom la:
[zh]zp—a—(pﬂwmhwj (2.23)
Y Y

Cot ap chong xam thuc Ah dugec x4c dinh bang thuc nghiém, né phu thudc vao sé
vong quay va luu lugng ciia bom. Theo Rutdonhep, ta c6:

Ah > 10{@}3 (2.24)

n — s6 vong quay trong mot phit cia banh cong tac
Q - Ivu lugng tinh bing m’/s

C — hé s6 phu thudc vao dic diém k&t cdu clia bom, ¢ gia tri thay ddi trong khodng
800+-1000. C 14y gi4 tri cang I16n thi diéu kién chdng xam thuc clia bom cing tot.

BAI TAP
Bai II-1

Mot may bom nude tiéu hao mot cong suat rén truc N = 66 kW, hiéu suit n = 81%,
luu lugng Q = 500m’/h va cot 4p chan khong cho phép cta bom [Hekx 1=5,5m
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Tinh chiéu cao hiit cho phép clia bom [Z, ], biét hé s6 tdn thit trén dudng 6ng hit
&n =5 va dudng kinh &ng hiit va 6ng ddy bing nhau D; = D, = 250mm.

Tinh cdt 4p va 4p suat tai clra ra clia bom.

L
7777V 77, FEFEAIE PSS
) [/
| 4 2
| 7 o
Y / 7
A 1“:/
/: = ://,
ke 7
T Ry /;
DI777777 s
Hinh 2.5

Gidi:

1) Chiéu cao hitcho phép clia bom tinh theo cong thic:

2 2
[Z,]=[H ]—[\2/—; +E&, ;—;j : bd qua t6n thit doc dudng va 14y dau “="

A KA ; S A 4
Van toc trén dudng 6ng hut dugc tinh theo luu lugng va van toc: v, = %
Ty,

V6iQ = 500m>/h = 0,139 m’/s ; Dp =D =250mm = 0,25m thay vao:

2 2
v, = 2039 g3m/s hay Yi= 28 _o4m
1.0,25 2g 2981
Vay chiéu cao hitla: [Z,]=55-(0,4+5.0,4)=3,Im
2) Tir cong thitc tinh cong suat trén truc: N = YQH hay H= Nn
n 7Q
3
Cotdp cha bom Ia: H= 010081 590

9,81.10°.0,139

3) Ap suit tai clta vao clia bom tinh tir phuong trinh Bernoulli tai mat cit trén mit
tho4ng ctia b€ hiit va mat cit tai 16i vio bom:
2 2
v \
p_a:Zh +p_2+_2+§h_2
Y Y 28 T 2g
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2
p P. \
Hay Pr B 7, D¢

2
Y2 _10-31-04-5.04=45m
YooY 2g 2g

2 2
Tir cong thitc: H=y+p3 Pr (V57Vs P37
Y 2g Y

Vay ap suét tai ctfa ra clia bom Ia:

Py o P2o390445-437m

Y Y

Pap 56 [Zu] =3,1m ; H=39.2m ; 22 —=437m

Y
Bai I1-2
Mot bom tiéu hao mdt cong suit trén truc N = 76 kW, bom nudc tir bé kin A c¢6 4p
sudt nhd hon khi trdsi p;K — 4m1én bé kin B ¢6 dp suit dp k& p;\K =10m . PO chénh giia 2

b€  z=40m.

Tinh lvu lugng va cdt 4p clia bom. Biét hiéu sui't ca bom 1 =76%, tdn that toan bo
trong hé théng lui » h, =10m, dudng kinh &ng hit va 6ng ddy bang nhau.

Ps
= 1
d
N
Ba Y
& I
AT
Hinh 2.6

Gidi:
+ Phuong trinh dudng dac tinh luéi:
Ps —Pa Vs ~Va
H=z+ + +> hy,
¥ 2g
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2 2
Vg = Va

2g
H=40+14+0+10=64m

=0 vidudng kinh 6ng hiit va dng ddy bing nhau.

+ Luu lugng:
Tir cong thitc tinh cdng sudt: N = vQH
n
3
Ta c6: Q:&=M=0,092m3/s=921/s
yH 981.10°.64
Pap s6: H=64m ; Q=92 I/s.
Bai I1-3

Bom ly thm dit v6i do cao hit [z,]=3,795m , 5n thit trong dng hdt Y h,, =1505m.

2
Ap sut toan phin & miéng ra £ + ;—3 =74,7m .
Y g

Xac dinh cot 4p clia bom va tdn that trén dudng dng diy. Bi€t d6 cao giita 2 b€ chira
Hr= 68m; dudng kinh &ng hit va dudng kinh 6ng diy bing nhau.

| |

Hr

Eeetl

Hinh 2.7

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

Xac dinh cong suat clia mot dong co kéo bom, luu lugng Q = 4001/s c6 dd cao hit
zn = 3,5 m, tdn thit trong dng hit Zhwh =0,7m , dd cao 6ng ddy Hg = 50m, tdn that trong

dudng 8ng ddy D h,, =5.8m , hiéu suit cia bom 1 = 80 %.

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DEhGBKS MK IGMigm chung vé bom http://www.hcmutg@du.vn

Hinh 2.8

Huéng dan:Tinh cong sudt cia dong cd theo cdng thitc sau: Ng. = k.Np, trong dé
k=1,05.

Dép s0: Ng. = 282 kW.
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CHUONG III: BOM CANH DAN

3.1- KHAI NIEM CHUNG VE BOM CANH DAN
3.1.1- Khdi ni¢m chung

Trong lich st phat trién ciia may thuy luc thi may thuy luc cdnh din ra d5i twong d6i
mudn so vdi may thuy luc thé tich. Nam 1640, bom piston dau tién do nha bac hoc ngudi Piic
sang ché& da ra ddi va dugc diing d€ bom nudc va khi trong cong nghiép. Nhung mii d€n nam
1830 nha bac hoc ngudi Phap Phudcnayron mdi ch€ tao thanh cong tuabin nudc. Sau d6 ndm
1831 va 1832 nha bac hoc ngudi Nga Xablucop sdng ché ra bom va quat ly tim. D6 12 nhitng
may thuy lyc canh din diu tién. Nhung hién nay may thuy lyc cinh din dugc st dung phd
bi€n nhit va pham vi sit dung ngay cang dudc md rong.

M4y thuy luc cdnh din bao gdm cdc loai bom va dong cd cdnh din nhu: bom ly tim,
bom huéng truc, cic loai tuabin nudc...

Trong may thuy luc canh din viéc trao ddi ning luong giita may vSi chat 1dng dudc
thuc hién bang ning lugng thuy dong clia dong chat 18ng chdy qua may.

3.1.2- Nguyén Iy lam viéc va cdu tao chung

Bo phan quan trong va di€n hinh nhat cia bom canh din 12 banh cong tic. Binh cong
tac dugc ciu tao tif cdc ban cdnh thudng c¢6 dang mit cong goila cdnh din va cdc bd phan cd
dinh chiing. Trong banh cong tdc cic cdnh din dugc ghép chit véi truc, khi lam viéc banh
cong tdc quay trong moi trudng chit 1dng.

Bénh cong tic clia bom quay dudc 1a nhd ddng co kéo bén ngoai va trong qua trinh
d6, do ¢6 cac cdnh din ma co ning clia dong cd truyén dudc cho chit 1dng, tao nén dong
chay lién tuc qua banh cong tac. Chénh Iéch ning lugng thuy dong ctia chat I1dng & 16i ra va
16i vao clia banh cdng tic chinh bing cd ning clia bom da truyén cho chat 18dng ( chua ké tdi
ton that).

3.1.3- Phdn loai bdanh cong tdc

Theo phuong chuyén dong clia dong chat 1dng tir 181 vio dé€n 181 ra clia canh din,
banh cong tic canh din dugc chia thanh bdn loai sau:

= Banh cong tic ly tim hoic huéng tim: chit 1dng chuyén dong qua banh cong tic tir
tam ra ngoai hodc tir ngoai vao tam theo phudng ban kinh.

* Bénh cong tic hudng truc: chit 1dng chuyén dong qua banh cong tic theo phudng
song song vdi truc.

* Banh cong tic tim truc hodc truc tAm: chit 1dng chuyén dong qua banh cong tic theo
huéng tdm roi chuyén sang huéng truc hodc ngugc lai.

* Bénh cdng tic hudng chéo: chit 1dng chuyén dong qua banh cong tic khong theo
hudng tim ciing khong theo hudng truc ma theo hudng xi€n (chéo).
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3.1.4- Cdc loai vdn toc ,tam gidc vdn tdc

Qui dao chuyén dong cia cdc phan tir chit 16ng qua banh cong tic canh din rit phic
tap nhung d€ don gidn tinh to4n, ngudi ta gia thiét:

» Dong chdy qua banh cong tdc bao gdm cic dong nguyén & nhu nhau

* Qui dao chuyén ddng tuong ddi clia cdc phan tif chit 1dng trong banh cong tic theo
bién dang cianh din.

Diéu kién d€ c6 dong chay nhu gia thiét trén la:

* Banh cong tic c¢6 s6 canh din nhi€u vo cing va mdi cdnh dAn mdng v6 cung ( cdnh
din khong c6 chi€u day)

* Chitldng lam viéc Ia chatldng Iy twdng.

Véi gia thi€t trén, chuyén dong tuyét d6i cia mdi phan tir chat 1dng qua banh cong
tic c6 thé phan tich thanh 2 chuyén dong ddng thdi: chuyén dong theo ( quay tron ciing banh
cong tdc) va chuyén ddng tuong ddi ( theo bién dang canh din).

Chuyén dong clia cdc phan tif chit 1dng qua banh cong tic dudc dic trung bing cdc

van toc:
¢ - van toc tuyét doi
u- van toc theo (cta chuyén dong theo), c6 phuong thing géc vSi ban kinh
Vv - van 3¢ tuong ddi, c6 phuong ti€p tuy&n véi bién dang canh din.

c=u+v (3.1

g X 2 . A ~
Hinh 3.1 — Bi€u dién cac loai van toc

Hinh 3.1 bi€u thi van tdc clia cdc phan t chat 1éng & 181 vao va 18i ra cla banh cong
tic bom ly tam.

A N R . X A 2 < A N N . P A e R oA
Chi s6 (1) va (2) bi€u thi cho chat Iong bat dau vao va ra khdi banh cong tac. Bé tién
viéc nghién cifu cdc thanh phan van tdc cda dong chay, ta ding cic tam gidc van tdc thay
cho cédc hinh binh hanh van tdc. Ta c6 cdc tam gidc van toc & 16i vao va ra clia banh cong
tac:
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Ci W G, W

CIR CorR

o B] (05) [32
> u >
Clu ! Cou Uz

Hinh 3.2 — Tam gidc van tdc

Khi diing tam gidc van tdc d€ bi€u thi cic thong s6 ddng hoc clia chat 1dng ngoai cic

-

ky hiéu c, E, w ta con dua vao cdc ky hiéu sau:

o - goc gilta uvac

B - goc gilta w va u theo huéng ngugc lai, biéu thi géc bd tri cdnh din

B1— goila gocvao , Br— goila goc ra

c, -hinh chi€u cta ¢ 1én phuong u;

Cg - hinh chi€u cla ¢ lén phuong vudng géc véi u.

Trong cdc banh cong tic ly tdm hodc hudng tim phudng ciia ¢, bao gid ciing di qua
tAm clia banh cong tdc goi 1a thanh phan van tdc hudng kinh.

Trong banh cong tic huéng truc ¢, huéng theo phuong truc.

3.1.5- Phuong trinh co bdn ciia mdy thuy luc canh dén

a- Phuong trinh moment

Miit cit cia mot banh cong tic cdnh din:

Hinh 3.3 — Mitcédtcla banh cong tic
1.Banh cong tic 2.Pia trudc (dia phu)
3.Canh din 4.Pia sau (dia chinh)
5.Ré@nh cdnh
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Hinh 3.4 — C4c thanh phin van tdc va tam gidc van tdc

Ung dung dinh 1y co hoc vé bi€n thién moment dong lugng, ta c6 thé phat biu ddi
vdi dong chit1dng chuyén ddong qua banh cong tic nhu sau:

“ Bién thién moment dong lugng ctia khdi chi't 16ng chuyén dong qua banh cong tic
trong mot don vi thdi gian ddi vdi truc quay cla banh cong tic thi bing tdng moment ngoai
luc tdc dung 1én khdi chat 16ng d6 ddi véi truc, tic 1a bing moment quay clia badnh cong tdc”.

Xét mot dong nguyén 8 trong khdi chit 1dng chuyén dong qua banh cong tic cla
bom ly tAim. Dong nguyén td c6 luu lugng dQ, dong lugng clia né tai mit cit (1-1) Ia:

dK; = d[me, )= pdQe;
Tuong tu tai matcit (2-2) la:

dK; =d[me, |=pdQe,
m, p - khdi lugng va khdi lugng riéng clia chat18ng
¢ — van tdc thuyét doi.

Moment ddng lugng cia dong nguyén t6 doi v46i truc quay clia banh cong tdc tai mit
cat(1-1) va (2-2) la:

dL—1 = dl?li =p.dQ.c,.R,.cosq,
dfz = dgg =p.dQ.c, .R,.cosa,

Bi€n thién moment dong lugng clia dong nguyén & chit 1dng trong modt don vi thdi
gian:
AL =dL, —-dL, = p.dQ.(cz.R2 cosa, —c¢,.R, cos al)
Vi ta da gia thi€t cdc dong nguyén t& chdy qua banh cdng tac 12 nhu nhau, nén bi€n

thién moment dong lugng cla toan bo khdi chi't 16ng chuyén dong qua banh cong tic bing
tong bié€n thién moment dong lugng clia cic dong nguyén td:

Y AL =Y p.dQ(c,.R, cosa, —¢,.R, cosa, )
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thi:

=p.2dQ/(c,.R, cosa, —¢c,.R, cosa, )
=p.Q, .(02 R, cosa, —¢,.R, cos ocl)
Q! - lvu lugng chdy qua banh cdng tic va chinh bing luu lugng 1y thuyét.

Goi M 1a moment do ngoai luc tic dung 1€n truc quay, tifc 1a moment quay cua truc
M= AL

M =p.Q, .(CZ.R2 cosa, —¢,.R, cosoc,) (3.2)
Vay phuong trinh moment quay clia banh cong tic c6 dang tong quat 1a:
M=p.Q,.(J_r ¢, R,cosa, +¢,.R, cosocl) (3.4)
Hang diu trén cho mdy bom va hang d4u dudi cho tuabin.
b- Phuong trinh ct dp

Ta da bi€t, cdt 4p H clia mdy thuy luc cdnh din 1a ning lugng don vi clia dong chit

18ng trao ddi v6i may thuy luc, né chinh 13 cong clia mot don vi trong ludng chi't 1dng trao
ddi véi may.

Hon nita, cong suit thuy luc clia may quan hé vdi codt ap la:
N, =yQH,, =pgQH,, (3.5)

Hi, - ¢t 4p clia may Gng véi trudng hop dong chiy qua miy thod min cdc gid thi€t

~ A . N A 2 R ~ N 2 A 2 7 ~ 2 X N A N PN s 1N
da néu, titc 1a khong c¢6 ton that va banh cong tic cé sd cdnh dan nhiéu vd cung, con goi la

cot ap ly thuy&t vo cling.

Mitkhéc, cong suat trén truc quay la:
N=Mo (3.6)

Né&u khong k€ t6i ton thit, thi cong suat thuy lyc bing cong suit trén truc quay, do do:
peQH, =M.o

Thay tri s6 ctia M theo cong thirc (3.4) vao va bi€n ddi, ta c6:

(ir ¢,R, cosa, +¢,R, cosocl).oo

o = (3.7
g
Tathay Rio=u, , R,o=u,
va R,cosa, =c,, , R,cosa, =c,, vao biéu thic trén, ta thu dugc:
tu,c,, fuc
le =( 2%2u 1 lu) (38)

g

DPay 1a phuong trinh co bdn ciia mdy thuy luc cdnh ddn con goila phuong trinh Euler.

c- Y nghia nang lugng ciia phiong trinh co bin
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T cdc tam gidc van tdc ta co:
2 2 2 2 2
W, =c; +u; —2u,c, cosa, =c¢; +u; —2u,c,,
2 2 2 2 2
W5 =C; +u; —2u,c, CoOsa, =C;, +u; —2u,C,,
Tur day ta ratra:

1
uc :5(012+u12—wlz)

1¥1u
L, 2 2
U,Ch, = E(Cz +u, _Wz)

Thay vao phudng trinh ¢o ban ta dugc:

* P&i v6ibom: H _ué—uf+wf—w§+c§_cf
: b=

2g 2g 2g
2 2 2 2 2

» Poi véi dongco: H,, = U —u, W,=w; ¢ —G
2g 2g 2g

c2_¢? c?—¢? R
S6 hang 22 L hay 2 - 13 phén thay d6i dong ning don vi cida dong chiy khi
g

di qua banh cong tic, né biéu thi thanh phan cot 4p dong Hi.q.

2 2 2 2
u, —u u, —u
2 1 hay 1 2

S6 hang - ty 1& v6i s& vong quay va dudng kinh banh cong tdc,

né bi€u thi thanh phin cot ap tinh tudng ddi dudc tao thanh do lyc ly tim tdc dung 1én dong
chdy. Trong trudng hgp bom huéng truc R; = R», thi sd hang nay bing khong.
y W, —W; Wi —w; .
S8 hang % hay ——L - phu thudc d6 md rong mang din clia banh cong tic,
g

doi véi bom w, > w, , chitng t6 mdt phan dong néing bié€n thanh 4p ning.

Do dé, cOt ap tinh la:

2 2 2 2
U, —u; W, =W,
+

2g 2g

H =

loot

Vay: H,=H,_, +H

0

(3.9)

loot

3.2-BOMLY TAM
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3.2.1- khdi ni¢m chung
Uu di€m co ban ctia bom ly tim:

* Bom dugc nhiéu loai chi't 1dng nhu nudc, dau, nhién liéu, hoa chit,... k€ ci ciac hdn
hop cla chit 16ng va chatrin.

* Pham vi st dung 16n va ning suit cao, cu thé:
- Cotéap H tr 10 mH,0 d€n hang ngan mH,0
- Luu lugng Q ti¥ 2 +70.000 m’/h
- Cong suat tr 1 + 6000 kW
- S8 vong quay tr 730 + 6000 v/ph.
» K&t cAunhd gon, chic chin, lam viéc tin ciy.
* Hiéu suatm clia bom twong doi cao so vdi cac loai bom khac: n =0,65 + 0,90.
» Chi tiéu kinh t& t6t ( gid thanh trong ddi ré).

SO d6 ké&t cau clia mdt bom ly tim don gidn bi€u thi trén hinh 3.5

Hinh 3.5 — Sd d6 k&t cau cia bom ly tam

Bom ly tAim gdm cédc b phan chii y&u sau:

1 - Banh cong tac 2 - Truc bom

3 - B phan din huéng vao 4 - Bo phan din huéng ra ( con goi 1a budng xodn &c¢)
5- 6ng hut 6 —6ng ddy

TruSe khi cho bom 1am viéc cAn phai lam cho than bom trong d6 c6 banh cdng tic va
dng hiit dudce dién day chat 18ng, goi 1a qud trinh moi bom.
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Quda trinh lam viéc:

Khi bom 1am viéc, banh cong tdc quay, cdc phan t chat 1dng & trong binh cong tic
dudi Anh hudng cia luc ly tim bi don tir trong ra ngoai chuyén dong theo cic mang din va di
vio 6ng diy vdi ap suit cao hon, d6 12 qué trinh ddy ctia bom. Pdng thdi § 167 vao clia banh
cdng tic tao nén mot viing c6 4p suit chan khong, va duéi tic dung cla ap suit & bé chira
16n hon 4p suit & 16i vao clia bom, chit 1dng & bé hiit lién tuc bi hiit vao bom theo &ng hiit.
D6 1a qua trinh hit ciia bom. Qud trinh hit va ddy clia bom 1a cdc qua trinh lién tuc, tao nén
dong chay lién tuc qua bom.

Bo phan din hudng ra, c6 dang xoin 6¢ nén goi 13 budng xoin 6¢ 1a d€ din chit 1dng
tif banh cong tic ra 6ng diy dudc di€u hoa, 6n dinh va con c6 tic dung bi€n mot phan dong
ning cia dong chit 1dng thanh 4p ning cin thiét.

3.2.2- Phuong trinh lam vi¢c ctia bom ly tdm

a- Phuong trinh co bdn ctia bom ly tdm (phuong trinh ¢t dp):

Bom ly tAm la mdt dang clia bom cdnh din, tif phuong trinh ¢ ban clia may thuy luc
canh din, 4p dung cho bom cénh dan ta c6:

H, = (uzczu _ulclu) (3.10)
g
Trong cic bom ly tam hién dai, da s6 cdc banh cong tic c6 k&t cAu 161 vao hodc bo
phan din huéng vao sao cho dong chit1dng & 18i vio clia mang din chuyén dong theo hudng
kinh, nghia la c vuong géc véi u tic 1a a; = 90°, d€ cot 4p clia bom c6 1di nhit (cy, = 0).
Tam gidc van t8c & 161 vao 12 tam gidc vudng, ta co:

a= 900 Bl (

up
Hinh 3.6 — Tam gidc van tdc & 16i vao clia banh cdng tac
Khi d6 phuong trinh ¢6 ban ctia bom ly tim c¢6 dang la:
H,, =22 (3.11)
g
b- Cét dp thuc té:

Ta da bi€t, phuong trinh co ban cia bom ly tim dudc 1ap tir di€u kién gid thiét ly
thuyét:

- Canh dan nhiéu vd cling va mdng vd cing

- Chatléng 1a 1y twdng.
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Véi gia thi€t thit nhat ta ¢6 van tdc phan bd déu trén cac mat cit clia dong chdy qua
cic mang din. V§i gid thi€t thit hai ta bd qua ton that clia dong chdy trong cic mang din. Vi
th€ nén cot 4p tinh theo phuong trinh co ban goi 1a cot ap ly thuy€t ng vdi s6 cdnh din
nhiéu vd cling (Hi.,).

Thuc t&, cdnh din c6 chiéu diy nhat dinh tir 2 = 20mm va sd canh din hitu han tir
6 + 12 cdnh gay nén sy phan bd van tdc khong déu trén cdc miat cit clia dong chly, tao nén
cdc dong xody cic dong quin trong mang din. Piéu nay thé hién trén hinh (3.7)

Wmax

Hinh 3.7 — Phan bd van téc trong mang din

Mit khac, chat 1dng c6 dd nhét do d6 giy nén tdn thi't trong dong chdy. Vi vay cot dp
thuc t&€ nhé hon cot ap Hy, .

Cot ap thuc t€ cia bom ly tim H dugc tinh theo cong thitc sau:
H=¢,n,.H,, (3.12)

&z — hé s6 k& t6i 4nh hudng clia s6 cdnh dAn hitu han dén cot 4p, goi 1a hé s6 cot 4p;
biang ly thuyé&t vé dong xody va thuc nghiém, nim 1931 vién si Protskua da xéc dinh &, doi
v6ibom ly taim theo cOng thitc sau:

g, = 1—%sm52 (3.13)

Z — s0 canh din clia banh cong tic.
V6i Z va B, thong thudng thi tri s6 trung binh clia hé s6 cotap €, ~ 0.8.

Nu — hé 6 k& t6i tdn that ning lugng cla dong chit 18dng chuyén dong qua banh cong
tac, né phu thudc vio rit nhiéu y&u t6 nhu kich thudc, két ciu clia banh cong tdc va bd phan
huéng dong... goi 1a hiéu suat cot 4p clia banh cong tic.

Véibom ly tim: n,; =0,7+0,9.

Trudng hdp k€ tdi 4nh hudng clia s6 canh din hitu han d&€n cot 4p, ta c6 cot ap ly
thuy&t ng vdi s6 canh dan hitu han Ia:

H =¢,H, (3.14)
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Cot 4p thyc t&€ cia bom ly tdm la:

U, Gy,

H=¢,n,. (3.15)

DP6i véi bom c6 k&t cau va s6 vong quay thdng thudng thi:

u
_ - 2
€, My-Cpy =E€,.MNy.C, COSA, & w{—z ]

Vay trong tinh todn gan ding, c6 thé xac dinh cdt 4p thuc t&€ cda bom ly tAm theo biéu
thirc:
VAL
2g

H-=

(3.16)

v - hé so cot ap thuc t&.
3.2.3 — Anh huéng ciia két cdu canh dén cét dp ciia bom ly tdm

Hinh dang bd tri k€t ciu clia cdnh dAn chd y&u phu thudc vao géc B va B, tic 13 gbc
vao va ra clia cdnh din. Ta xét &nh hudng clia cic gécnay dén cdt 4p clia bom ly tam.

a- Anh hudng ciia géc f;

Goéc vao By 1a géc bé tri cdnh din ciing 1a g6c bi€u thi phuong ciia van tdc tuong ddi &
16i vao clia banh cong tic. Trudng hgp c6 1gi nhit vé& cot 4p clia bom thi tam gidc van tdc &
16i vao 1a tam gidc vudng ¢6 o = 90°. Tir hinh (3.6), ta théfy B1 chi phu thudc vao u; va ¢y, ta
co:

gh, = - (3.17)

u]
Theo phudng trinh ¢ bén clia bom ly tim H_ = Lol thdy géc B; khong anh
g

huéng truc ti€p dén cot 4p cia bom ly tAm. Nhung néu B, khong thich hdp s& gy ra va dap
dong chdy véi canh dan & 161 vao banh cong tdc anh hudng xau dén hiéu suit va cdt 4p cda
bom.

Ngudi ta thudng chon B, = 15° + 30°.

b- Anh hudng ctia géc [

Ly thuyé&t va thuc nghiém chitng td rang tri s6 cda B, ¢6 dnh hudng truc ti€p dén
phuong va gia tri ciia cdc thanh phan van tdc clia dong chdy trong méng din, do d6 ¢6 anh
huéng quy€t dinh d€n cot 4p toan phan H va cic cdt 4p thanh phan H, va Hy cia bom. Vi vay
d6i v6i banh cong tdc bom ly tAm, goc B, ¢6 ¥ nghia dic biét quan trong.

Tuy theo tri sd clia B2, banh cdng tdc c6 3 cdch bd tri cdnh dan:

= B, <90° : canh dan cong vé phia sau ( so v6i u) — goi la banh cong tic c6 cdnh din ngoit
sau ( a) — loai a thudng gip & bom d€ bom cic chat 1dng nhu nudc, dau,...

» 3, =90°: cdnh din huéng kinh & 16i ra— goi 1a banh cong tic c6 cdnh din huéng kinh (b).
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» 3, >90° : canh din cong vé phia tru6c — goi Ia banh cong tic c6 cdnh din ngoit trudc ( ¢)
— loai b,c thudng gip & quat va may nén d€ bom cic chat khi

Hinh 3.8 — Cac cdch bd tri cdnh dan

wz CZ

Hinh 3.9 — Hinh dang cdnh din cla banh cong tic

Ngoai ra trong thurc t&€, ngudi ta con ché tao hinh dang canh din clia banh cong tdc rat
da dang, hinh 3.9 bi€u dién mot s6 loai canh din c6 géc ra B, khac nhau:

D& hi€u rd vai trd ciia B, d6i vdi cdt 4p clia bom ta xét 3 banh cong tic ly tAm c6:
- kich thu6c nhu nhau
- g6cvao B nhu nhau
- s06 vong quay lam viéc nhu nhau

- gbcra f, khdc nhau.
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2 A 2 N . 2 A 2 A 2 * 2 R 2 X 2 A
Ta khao sat cot dp do tirng loai banh cong tac tao nén vGi cac ki€u canh dan néi trén.
Khi vé& cic tam gidc van toc cho kiéu banh cong tdc nay ta cin chi y:

» Céc banh cong téc c6 By, kich thudc 181 vao, luu lugng va s6 vong quay lam viéc nhu
nhau nén c6 tam gidc van tdc § 161 vao nhu nhau.

= Cac banh cong tdc c6 dudng kinh ngoai D, va vong quay lam vi€éc nhu nhau nén
chiing c6 van t6c vong u, bing nhau.

Ta c6 cdc tam gidc van toc la:

uj

Hinh 3.10 — Tam gidc van td¢ & 161 vao

Co Co %)
/Y
W2 W
w2
Cor Cor C2r
_ 90°
o U B, = 90° B>
B, <90 N 2 f;‘ U e
Cou < U Cou =Up Cou =2Up
a) b) c)

Hinh 3.11 — Tam gidc van tdc & 16i ra

2 2 A u,cC u ~ 2 pN z
T phuong trinh ¢o ban ctia bom ly tim H,, = =22, ta thdy trong ca 3 trudng hgp ¢6
g

u; nhu nhau nén Hj, chi phu thudc vao cy,. Ta xét sy thay ddi chia cot ap Hi, trong cd 3
trudng hgp trén.

* Khi B, < 90°

Tir tam gidc van toc bi€u thi trén hinh a, ta c6:

Cy, = U, —Cpp cOtEP, (3.18)

Thay vao phuong trinh ¢o ban (3.11) ta dugc:

le — u; _uZCZR cot gBZ (319)
g
Ta thdy, khi ¢,, =u, —c,, cotgB, =0 tic la:

u c
cotgB, =—— hoic B, =arctg—R

2R u,
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thi Hi = 0 nghia 1a bom lam viéc khdong c6 cot ap.
Vay mudn bom lam viéc tao dugc cdt 4p thi cdnh din clia banh cong tdc phai c6

c . 5 1A thiiBen <A
B2 > Pomin = arctg —X . Vi ta nhan thiy H,, ting theo ty 1& thuin véi B,.
u,

* Khi B =90°
Lic nay tam gidc van toc & 16i ra 12 tam gidc vudng dudc bi€u thi trén hinh b, nén

c,, =u, dodé ta co:

H = u,.C,, _

loo
g

oa |5,

Thudng trong bom ly tAm tri s6 clia cg thay ddi rit it tir 16i vao d&n 16i ra clia banh
cong tdc nén ta co:
CoR = CIR = €y
Khi d6 cotap dong la:
2

2 2 2
C, —C _ C; —Csr

H

2g 2g

lod —

< 1s (.2 20 2 AL
Tu hinh b, ta ¢6: ¢; —c5; =u; , nén:

u2
H,, =2 (3.20)
2g

Ma cotaptinhla: H_ =H, —H,_, nén tathu dudc:

loot 0

loot g 2g 2g

2
Hloo _ u2

Tuc la: H_,=H =
2 2g

(3.21)

loot =

Ta ti€p tuc ting B, 1én nita ta thay:
* Khi 3, >90°
Ti hinh c, ta ¢6 ¢y, > up. ta khdo sat trudng hgp khi ¢y = 2u, , lic d6:

o= Yo u, (2u,) _ 2y

g g g

loo

Nhu vay Hie = Hiwa va do d6 Hi = 0 titc 12 khong c6 cdt ap tinh.

N&u ta ti€p tuc ting B, 1én nifa thi cpy > 2u, lic d6 Hiwg > Hi tifc 12 cdt 4p ddng 16n
hon ¢t 4p toan phan hay néi cach khéc cot 4p tinh c6 tri s6 am.

Trong thyuc t&, bom khong thé 1am viéc dugc véi Hiy < 0 vi khi d6 bom khong c6 khi
ning diy chit1éng. Vay mudn cho bom lam viéc dugc thi géc ra B, cia canh din trong banh
cong tdc khong dugc 16n qua mdt gia tri gidi han nao do, ticla:
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BZ < BZmax
Vay d€ cho bom lam viéc dudc thi tri s6 clia géc B, phai thod min diéu kién:
BZmin < BZ < B2max (322)

Quan hé giita cot ap 1y thuy&t ctia bom va tri s ctia géc B, dudc bi€u thi trén hinh 4.8.
Pudng EK chi sy thay d8i clia cot 4p toan phin theo phuong trinh:

2
- t
= u2 u2C2gR Co gBZ (323)

H

Pudng EI chi sy thay ddi ciia cot 4p tinh theo phudng trinh:

2 t 2
let — u_2_ (CZR Cco gBZ) (324)
2g 2g

Hloo

7 Hi = 2u’/g

H /-

Hloo = LI22/ g
/ H]ood bS] uzz/,Zg
/ |
] 1 T~ Hiot
Hi + U2°/2g
E \ 1 BZ
B2 = Bamin 9(° B2 = Bamax

Hinh 3.12 - Quan hé giita cdt 4p 1y thuy€t clia bom va tri s& clia géc B2

Qua dd thi ta thiy, géc B, cang 16n thi cot ap 1y thuyét clia bom cang 16n, bom cé kha
nang truyén cd nang cho chit 18ng cang nhiéu. Nhung trong k§ thuat cin gidi quyét sao cho
cd ning ma bom truyén cho chat 1dng 12 ¢6 1gi nhat, nghia 1a c6 hiéu qué cao nhit va dap
ing dugc cdc yéu cau 1am viéc khac nhau vé cdt 4p dong va codt 4p tinh. Tuy kha ning 1am
viéc khdc nhau ciia bom ma chon 3, thich hgp.

Bom ly tdim lam vi€c trong pham vi:
Hiot = (0,7 + 0,8 )Hys
Hia = (0,2 + 0,3 )Hi

Tic 1a dng v6i Ba = 15° = 30°,
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Trong trudng hgp dic biét B, = 50°.

3.2.4- Luu luong va hié¢u sudt luu luong

Hinh 3.13 — Luu Iugng chit 1dng trong banh cdng tic

Luu lugng chat 1dng chdy qua banh cong tdc clia may thuy lhrc cdnh din néi chung va
bom ly tdm néi riéng dugc xac dinh theo cong thic:

Q, =c,.Db (3.25)

b — chiéu rong mang din ng véi dudng kinh D cla banh cong tic (thudng la tai 161
ra)

D - dudng kinh D cia banh cong tac
cr — hinh chi€u van td¢ tuyét ddi 1én phuong vudng géc vdi u.

Luu lugng qua banh cdng tdc xem nhu Iuu lugng 1y thuy€t Q) ciia bom. Luu lugng thuc
t€ Q qua 6ng ddy nhé hon Q, vi khong phai td't ci chit 1dng sau khi ra khéi banh cong tic déu
di vao 6ng ddy ma c6 mot phan nhd AQ chay trd vé 161 vao banh cong tic hodc rod rira ngoai
qua cdc khe hd ciia cic bo phan 16t kin “A” va “B” dugc bi€u thi trén hinh vé (3.13)

Vay: Q=Q+AQ
D& danh gia t8n that luu lugng clia bom ngudi ta diing hiéu suat luu Ivgng ng :
ne=2=_2 (3.26)
Q Q+AQ

Mo < 1 — phu thudc vao k&t ciu va chat lugng lam viéc cia cdc bd phan 16t kin.
Thudng d6i v6i bom ly tim:

No =0,95 + 0,98
Bom c6 luu lugng cang 16n thi ng cang cao.
3.2.5- Duong ddc tinh ciia bom ly tim

Céc thong s6 clia bom nhu H, Q, N, 1 thay déi theo cac ché @6 lam viéc cia bom véi
s6 vong quay n khdng ddi hoic thay ddi.
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Céc quan hé H = f(Q), N = f(Q), n = f(Q) bi€u thi dic tinh lam viéc ciia bom. Pudc
bi€u dién dudi dang giai tich goi 1 phuong trinh dac tinh. Bi€u dién dudi dang dd thi goi 1a
duong ddc tinh cia bom.

Cac dudng dac tinh &ng vSi s6 vong quay lam viéc khdng ddi ( n = const ) goi la
dwong ddc tinh lam viéc, Gng v§i nhiéu s6 vong quay (n = var) goi 1a duong ddc tinh tong hop.

Trong 3 dudng ddc tinh néu trén, quan trong hon ca la dudng dac tinh cot ap H = f(Q),
n6 cho ta bi€t kha nang lam viéc ctia bom nén goi la duong ddc tinh co bdn.

Tir dudng H = f(Q) ta c6 thé suy ra N =f(Q) va n = f(Q).
a- Puong ddc tinh ly thuyét

Tir phuong trinh co ban ta c6 thé xay dung dudng dic tinh 1y thuy€t clia bom ly tAm.

u,c
Theo cong thirc (3.11): H, =22
g
Tir tam gidc van toc & 101 ra:
C W2
CoR
ol B2 <90
Cou 18]

Hinh 3.14 — Tam gidc van t6¢c & 10i ra
Ta c6: C,, = U, —C,p cOtgf,

Q

nD,b,

Mitkhac, tir cong thic luu Iugng 1y thuy&t (4.16) ta ritra dugc: c, =

Thay cic bi€u thiic trén vao cong thic cot 4p ly thuyét, ta thu dudc:

_ Uy —uycpcotgh, uj _u,.cotgf, Q
lo ™ - — {)
g g D,b,gn

H

P&i v6i mot bom cho trudc thi u,, by, Dy 12 nhitng dai lugng khong d6i nén phuong
trinh dudng dic tinh co ban 1y thuyé&t cé dang:

H, =a-b.cotgf},.Q, (3.27)
a, b — 12 nhitng hiing s& duong.

Pudng bi€u dién phuong trinh nay goi 1a dudng dic tinh co ban 1y thuyét. P6 1a mot
dudng khong di qua gdc toa do, hé s6 géc clia né tuy thudc vao tri s géc ra clia canh dan ..
Trong trudng hgp tdng quit d6i vdi may thuy luc, ta c¢6 3 dang dudng dic tinh 1y thuyét thé
hién trén hinh vé.
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HA

‘ B.>90°~B
A Bz = 900
A’ ¢

[32<900(Z—)OO)

Hinh 3.15 — Pudng dic tinh 1y thuy&t va dudng déc tinh tinh toén
»  N&u B, <90° thi cotg B2 > 0, ta c6 dudng AD
* Ne&u B, =90° thi cotg B, =0, ta c6 dudng AC
*  N&u B, >90° thi cotg B> < 0, ta c6 dudng AB

DP6i v6i bom ly tim, ta c6 B, < 90° do d6 dudng dic tinh clia bom ly tAm 12 dudng
nghich bi€n bac nhit AD. Pay la dudng dic tinh co ban ly thuyé&t cia bom ly tAim khi chua ké
tGi s canh din hiru han va t6n that.

= N&u k€& t6i s8 canh din hitu han, dudng dic tinh tr§ thanh dudng A'D/, biéu dién:
H, =¢z.H,

Trong d6 €z <1 - 13 hé s6 k& t&i s6 canh din hitu han.

= N&u k€ t6i tdn thi't lvu lugng 1o, dudng dic tinh trd thanh dudng A'D/

» N&uké t6i cdc loai ton that thuy luc ciia dong chat 16ng qua banh cdng tic, ta biét cdc
loai tdn that thuy lyc nay déu ty 1é v4i binh phuong ciia van tdc, tiic cling 1a binh
phuong cia Iuu lugng thi dudng dic tinh trd thanh dudng cong bac hai A"D”:

- Khi Q = Q¢ (tng v6i Iuu lugng thich hgp nhat) thi hy, c6 gid tri nhd nhat (hy, = 0) :
NH = 1.
- Khi Q > Q¢ hay Q < Qy thi ton thit hy, déu ting.

= N&u k€ t6i t6n that co khi thi dudng dic tinh dich vé phia trai va thap hon A’D” mot
chiit, d6 1a dudong A”'D” - Pay chinh 1a dudng dic tinh cd ban tinh todn cia bom ly
tam.

b- Puong ddc tinh thuc nghiém
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Viéc xay dung dudng dic tinh tinh to4n rat phic tap kho khin, bdi vay trong k§ thuat
thudng xay dung cdc dudng dic tinh bing céc s6 liéu do dudc khi khio nghiém trén cic mdy
cu thé — d6 1a dudng dédc tinh thyc nghiém.

So @6 hé thong thi nghiém bom ly tAm biéu thi trén hinh (3.16).

1- BE hiit

2, 4- Khoa

3- Bom

5- Luu lugng k&
C- Chan khong k&

A- Ap k&
S
/)
/)

S
Hinh 3.16 - So dd hé thdng thi nghiém bom ly tim

Muén xay dung dudc cdc dudng dic tinh thuc nghiém clia bom ly tAm thi phdi cho
bom lam viéc trong mot hé thdng thi nghiém nhu hinh vé.

Trinh ty ti€n hanh thi nghiém d€ xay dung dudng dic tinh gdm cac budc sau:

1. Md khod 2 & 6ng hit va cho bom ldm vi€c cho dén khi s& vong quay cda truc bom dat
t6i tri s§ yéu cau, trong khi d6 kho4 4 & dng ddy van déng (Q =0 ). Tir cdc tri sd do
dudc lic nay & ap k€ A va chan khong k€ C, ta suy ra cdt 4p H clia bom & ché do
“khong t4i”

2. M4 dan khoa 4 & 6ng ddy d€ ting luu lugng cia bom cho d&n khi dat téi tri s6 cuc
dai. Trong qué trinh thay d8i luu lugng, s& vong quay lam viéc khong ddi. Tai mdi vi
tri m& clia khod 4, ta do dugc cic sd liéu thi nghiém ctia bom va dong co dién d€ tinh
ra luu lugng Q, cot ap H va cdng suit clia ddng co dién Nge.

Tai mdi di€m 1am viéc ta tinh dudc cong suat thuy luc cia bom. So sdnh cong suit
thuy luc va cong sudt do dudc trén truc clia bom ta suy ra dugc hiéu suat clia bom.

Nhu vay, tif cdc s6 liéu thi nghiém, ta c6 thé xay dung dudc cidc dudng dac tinh thuc
nghiém ctia bom ly tim H-Q, N-Q, n-Q. Cac dudng dic tinh thyc nghiém clia bom vé hinh
dang néi chung ciing gidng nhu dudng dic tinh tinh toan, nhung khong tring nhau ( do c6 mot
s0 loai tdn thdt ma trong khi tinh todn ta khong danh gia hét dudc).

P3&i v6i bom ly tAm, ngoai 3 dudng dic tinh trén con c¢6 thém dudng bi€u dién quan
hé cdt 4p chan khong cho phép véi Iuu Iugng [Hek] = £(Q).

Pudng dic tinh thuc nghi€m c6 dang nhu sau:
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Hinh 3.17 - Budng dac tinh thyc nghiém
Cong dung cia dudng dic tinh lam viéc cia bom:

* Qua cic dudng dic tinh H-Q, n-Q, N-Q ta thdy dudc khu vuc 1am viéc ¢6 1di nhat tng
v6ihiéu sudt cao nhat [ Nmax hodc N = (Mmax — 7%)]

* Qua hinh dang cla dudng dic tinh ta bi€t duoc tinh ning 1am viéc cia bom dé st
dung bom cho hgp ly.

* Pudng dac tinh [Hek] = f(Q) dé tinh toan ong hit va x4c dinh vi tri dat bom mot cach
hgp 1y.

c- Puong ddc tinh tong hop

MJdi dudng dic tinh lam viéc dugc xay dung v6i mdt sd vong quay lam viéc khong
ddi ciia bom. Néu thay ddi vong quay lam viéc thi dudng dic tinh lam viéc ciing thay ddi
theo. P& bi€t dugc nhanh chéng cic thong s6 Q, H, N, n clia bom thay d8i nhu the€ nao khi n
thay ddi, ngudi ta dung dudng dic tinh tdng hop.

Pudng dic tinh tdng hop clia bom 1a dudng bi€u dién cac quan hé Q-H, N-H véi cdc
s6 vong quay lam viéc khic nhau, trén d6 cdc di€m lam viéc cling hiéu suat dugc ndi vdi
nhau thanh nhitng dudng cong goi la duong cing hiéu sudt.
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Hinh 3.18 - Pudng dic tinh tdng hgp clia bom
3.2.6 - Ung dung dong dang trong bom ly tim

Ta biét ring, khi s& vong quay lam viéc n cia bom thay ddi thi cdc thong s§ 1am viéc
khéc clia bom ciing thay d6i theo.

Thyc nghiém chiing t6 ring, khi mot bom ly tim vdi s6 vong quay thay d6i it (dudi
50% so véi sd vong quay dinh mitc) thi hiéu sudt ciia bom thay ddi tuong ddi it, c6 thé xem
nhu khong ddi 1 = const. Mit khac cic tam gidc van tdc déu ty 1& vdi sd vong quay, nén cic
tam gidc van toc s& déng dang vSi nhau. Do d6 cic ché do 1am viéc khac nhau clia bom
trong trudng hgp nay xem nhu cac trudng hgp tuong tuy.

Theo ly thuy&t vé tuong ty, hai ch€ do 1am viéc goi 1a twong tw nhau khi chiing thod
min 3 diéu kién tuong tu:

Ta xét mdt may mod hinh vd mdt miy nguyén hinh, ky hiéu: chi s6 M - mo hinh,
N - nguyén hinh.

1. Tiéu chuin tuong ty hinh hoc:

D b
_M=_M=~-~=XL = const
DN bN

2. Tiéu chuin twong tv dong hoc:

Uy Cv _ Wnm

M _ "M _ =..-=A, =const
Uy Oy Wy
3. Tiéu chuin tuong ty dong luc:
P F
_M:_M=sz =Const
PN I::N
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Ta c6 thé van dung cic quan hé twong ty nay d€ tim mdi quan hé giita Q, H, N theo s&
vong quay n.

Goi Hy, Qum, Ny 1a cdt 4p, luu lugng va cdng suit ng véi s6 vong quay ny;
Hy, Qn, Ny 12 ¢ot 4p, Iuu lugng va cdng suit ing v6i sd vong quay ny.
a - Phuong trinh déng dang luu lugng
Ta c6 phuong trinh luu lugng ctia bom ly tAm:
Q=cy.mDb
Theo k&t cAu clia banh cong tdc, b ty 1& v6i D nén c6 thé viét:
b=k;.D
ki — hé s tj 16

Cg cling ty 1€ vGi van toc u, nén:

CR :(P.u:(p.%.]).n

@ -hesdty lé
Thay vio biéu thitc cia Q ta dugc:
TCZ D3 Q TCZ

—o-k.- ¥ 4 ha _T
=0k, =3 Y D'n 60

ok, =¢-k

Khi ta c6 tuong tu hinh hoc thi k = const, c6 tuong tw dong hoc thi ¢ = const, do do:

3
D
~—— =const hay: Q—M= VI L VE
D" -n Qy Dy ny
Dy < in 2 .
D = AL - 1a tiéu chuan tuong ty hinh hoc
N
Licdé taco: 2 =(h, ). Mo (3.28)

N Ny

Khi ta tinh cho cdc ch€ do lam viéc clia cing mdt bom thi Ay = 1, phuong trinh c6
dang:

Qu _ My (3.29)

QN 1llN
b- Phuong trinh dong dang cit dp

Theo phuong trinh ¢d ban cliia bom ly tAm ta c6:

2
H :M_l.uz.cﬂ_l(nj D2 S2u

T g g T u, gleo u,
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2
H 1({ ) ¢
hay: = —| — | 2% =const
Dn”~ g(60) u,
. u c c c c
vi {—M =M _const => M = N —const <& 2 = const}
Uy Cy Uy Uy u,

Nhu vay ta dugc:

2 2 2
_leM :[D_M] (n_M] ZXZL[H—M] (3.30)
HlooN DN nN IlN
H 2
Khi = 1 ﬂ:(“—MJ (3.31)
HlooN 1llN

c- Phuong trinh dong dang cong sudt

Ta co: N =yQH,
5 3 3
Vay: Ny _Yu Qu Hiow _ 7w D_Mj (H_M] _Tw g (H_Mj
Ny 7w Qv Hiw v\ Py Ny T~ Ny

Khi v6i cing mot chit I1dng lam viéc, ta c6:

3
N
N_M = [E_M] (3.32)
N N
N 3
Khitg=1: -M (“—Mj (3.33)
NN 1llN

Trong thuc t&, ngodi sd vong quay lam viéc thay ddi con cé thé gap trudng hgp trong
luong riéng y cla chit 18ng thay ddi, dudng kinh ngoai D clia banh cong tic thay d6i. P& dap

ing yéu ciu st dung, thudng khi cin gidm cot 4p va tang luu lugng so vdi dinh mic, ngudi ta
c6 thé got b6t dudng kinh D ( chi trong pham vi 10%) thi hiéu sudt ciia bom coi nhu khong
ddi. Ta c6 thé xem cic ch& d6 1am viéc clia bom trong trudng hop nay 1 cdc ch€ do lam viéc

tuong tu.

Goi Qy, Hy, N| — 1a Ivu lugng, cdt 4p va cong sutng v6i D’, y; va ng

Q,, Hz, N> — 12 Ivu Iugng, cdt 4p va cOng suat trng véi D, 5 va n,.

Ta c¢6 quan hé tudng ty cia mot bom ly tdim nhu bang sau:

Céc thong

Khi y thay d6i | Khinthay d5i | Khi D thay ddi
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A

SO
Luu llI'O'ng Q2 :Ql n2 D" n D" 3
Q2 :_Q] = —— :_2 -
Q m Q: (D' Q. n, [D'J 2

Cotap H Y : "
otap H, =y—1H1 H, :(n_z] H, | H, :(D_
2

2 D'l 2
H, - v_l(n_z] (_j H
Yo \ 1 D

Cong suit 2 o) D"
N N2 - ZNI N2 = (—2 N1 N2 = (_

3.2.7- 86’ vong quay ddic trung

Pé dic trung cho mot hé thdng, ngudi ta diing mot miy miu tugng trung ( may mo

hinh). Quy dinh ctia may bom m6 hinh c6 céc thdong so sau:
Hs =1 m cdt chat1dng
Qs =0,075 m’/s
Ns =0,736 kW ( tvdng duong 1 ma luc)
ns — hiéu suat c6 1gi nhat

ns — sO vong quay dic trung, v/ph.

Batky may thuy Iwc nao dugc ché tao ra cling phdi twrong tu véi may mo hinh ciing hé
théng, cdc thdong sd lam viéc clia mdy d6 va clia mdy mo hinh quan hé véi nhau theo luat

tuong tu, ticla:

(3.34)

Qs 3 Ng
s _(h )-8 1
g =) (1
Hg 2 | Dy ’
— =A | — 2
H L( n ] )
n 3

S _ 7\‘5 S 3

N L( n j )
K&t hgp cong thitc (1) va (2), riit A va cho bing nhau, ta thu dudc cdng thifc:

_3650Q”"

N H%

n — s6 vong quay, v/ph
Q — luu lugng, m’/s

H- cotap, m

K&t hgp cong thitc (2) va (3), rit Ay tuong tw nhu trén, ta thu dudc cong thic:
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1,167.0N"
ny = (3.35)
H 4
N — cong suat, kW
N&u n tinh theo ma luc, ta cé:
A
ng="2N" (3.36)
T

Muén bi€t mot mdy thuy Iwc cdnh din ndo thudc hé thdng clia mady md hinh nao,
ngudi ta ding s6 vong quay dic trung ng tinh theo cdc cong thifc trén d€ phan biét, nén ns
dudc goila sd vong quay dic trung.

D2

Vidu: ng =40 + 80 v/ph — bom ly tAm ty t6¢ cham 5 - 3,5

o

. D
ng = 140 + 300 v/ph — bom ly tim ty toc¢ nhanh D—2 =13+1,1

(]

D
ng = 600 + 1800 v/ph — bom huéng truc D—2 =0,8+0,6

o

3.2.8- Hién tuong xam thuc

Ap suit dong chat 16ng chdy qua bom lu6n ludn thay d6i va khong bing nhau trong
tirng di€m riéng ré trén mat cit cia dong chay.

Trong nhitng bom thong thudng, 4p suat nhd nhit 12 & gan 18i vao clia banh cong tic
& phia 16m clia cdnh din, tifc 12 & chd nao van t6c tuong ddi W va dong niang ng v6ind
W?/2 dat dudc gid tri 16n nha't (viing A trén hinh).

Hinh 3.19 — Vung xay ra xam thyc

Né&u & viing A 4p suit bing hay nhd hon 4p suat hoi bdo hoa cda chit 18dng trong bom,
thi s& xud't hién hién twgng xam thyc. Hién tugng nay s€ lan rong ra cac ving lan cin cla
dong chay.

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DEhGBKG ITP.BiaNcdnh din http://www.hcmutg du.vn

Hién tugng xam thuc ¢6 hai khong chi vi né huy hoai kim loai ma con vi may lam
viéc khi c6 xam thyc s& 1am gidm ri't I6n hiéu suat.

Bom Iam viéc khi ¢6 xam thuc rit 6n, rung manh va khi cudng dd xam thuc 1én cao
xuathién sy va dap sé ratcé hai cho bom.

Bién phdp khdc phuc:
* Han ch& van tdc chit 1dng trong dong chdy clia bom
= Ung dung hinh ding tién 1¢i cho dong chay va cho mat cit clia banh cong tic
» St dung bom & ché€ do gan v6i ché do da tinh todn trudc

* Mot bién phip quan trong trong viéc chdng xam thuc clia bit ky loai bom nao d6 1a
cin c6 dd cao hit thich hgp, ma v6i @6 cao hit nay khdng x4y ra xam thyc goi 1a do
cao hiit cho phép (da dudc tinh toan & phan bom canh din).

3.2.9 — Kiém tra bom

1. Chon bom diing yéu cau k¥ thuat, dwa vao dudng dic tinh clia bom, trong dé dic biét
chi y dudng dic tinh cd ban (H-Q).

2. Céc thi€t bi va ddng hd do ap suit, do chan khong, do dién can c6 diy dd. Can lip
van mot chiéu & 6ng hiit va dng ddy d€ d& dang khi mdi va khéi dong bom.

3. Tru6c khi cho bom lam viéc phai mdi bom

4. Trudc khi bom khéi dong phai kiém tra ddu md trong bom va dong cd, cdc mdi ghép
bulong, hé thong dién.

5. Khi khdi dong bom, cho dong cd quay 6n dinh rdi mdi tir tif md khoa & 6ng diy
(nhung v6i bom 4p suit thap thi nguoc lai, mé khod & dng diy réi mdi khdi dong néu
khong dong cd khé khdi dong va dé bi qua tai).

6. Khi bom lam viéc, cin theo doi dong hd do, chi y nghe ti€ng may dé kip thdi phat
hién nhitng bat thudng d€ xit Iy kip thdi.

7. Khi chuin bi tit may, lam thi tw dong tic ngudc vdi khi cho mdy chay: déng van &
ong ddy trudc, tit may sau.

8. Khi bom lam viéc chat 18ng khong 1&én hodc 1én it, cAn dirng may va kiém tra lai:
» Cécvan hoic khod & 6ng ddy va 6ng hit.

* Lu6i chin rac c¢6 bi 1dp kin hodc miéng 6ng hiit khdng & ding d6 siu can thiét
cich mit thoang clia bé hiit.

* Banh cdng tic quay ngugc (bom dién c6 thé bi ddu day ngudc pha).

3.2.10 — Piéu chinh ché dj lam viéc ciia bom
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Hi-Q

Hinh 3.20 — Piém lam viéc

Piém lam viéc clia bom 1a giao diém clia hai dudng dic tinh clia bom va clia hé thong
trong cung mot hé toa do.

Qua4 trinh thay d8i diém 1am viéc cia bom theo mdt yéu ciu nao d6 goi 1a qud trinh
diéu chinh.

C6 hai phuong phap diéu chinh:

a- Diéu chinh béing khod

K H; - Q (Cp)
H H; - Q (Ca)
Hg
Ha
Hp - Q
Q

Hinh 3.21 - Piéu chinh bing kho4

Diéu chinh bing khod tao nén sy thay ddi dudng dic tinh ludi bing cach di€u chinh
(d6ng hoic md) khoa & 6ng diy d€ thay d6i luu lugng clia hé thong (khong diéu chinh & 6ng
hiit vi dé gy ra hién tugng xAm thuc).

» Khi m& khod hoan toan ta c¢6 di€m lam viéc A (Ha, Qa).

Khi d6ng b6t khod lai thi ton that khoa sé& ting 1én ({a=> (p), Iuu Iugng clia hé
thong gidm, nghia 12 dudng dic tinh u6i s& thay ddi doc hon, trong khi dic
tinh bom khdng ddi. Do dé di€ém lam viéc tir A chuyén d&n B (Hg, Qg).

Phuong phép nay don gian, thuin tién nhung khong kinh t€ vi giy thém t6n that.
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b- Diéu chinh bdng thay doi s6' vong quay ciia truc bom

HA H-Q

“"Hp - Q (ng >n,)
. Hg — Q (na)

S

.1 " Hs- Qe <ny)

Qc Qa Qs Q

Hinh 3.22 - Diéu chinh biing thay d&i s6 vong quay

Ndi dung clia phuong phap nay la thay d6i dudng dic tinh riéng ciia bom bing cich
thay d6i s6 vong quay cdia truc bom.

DPi€m lam viéc A(Ha,Qa) ting v6i s6 vong quay lam viéc na. Khi ting s6 vong quay
dén ng > n, thi dudng dic tinh cda bom sé khac di trong khi d6 dudng dic tinh luéi khong
thay d6i, di€ém lam viéc tir A chuyén dén B (Hg, Qg).

Phuong phap nay diing cho bom cé thiét bi thay d6i s& vong quay. Phuong phap nay
kinh t& hon so v6i phwong phap trén. Nhung d6i v6i bom khong cé thi€t bi thay ddi s6 vong
quay lam vi¢c thi phuong phép trén thong dung hon.

D6i khi ngudi ta k€t hdp cé hai phuong phap trén.

c- Khu vuc diéu chinh

Ta thiy ring mu6n diéu chinh bom thi phai thay ddi dudng dic tinh Iugi hodc thay ddi

dudng dic tinh bom. Nhung thyc t€ khdng phai c¢6 thé diéu chinh diém lam viéc vé bat cif
diém nao trén dudng dic tinh ctia bom.

Piém g/han e
A
I K/vuc K/vuc
— —>
khong Ob| Ob e

Hg - Q

oL 4

Hinh 3.23 - Khu vuc diéu chinh

Vi du: Trén hinh v&, c6 mot bom lam viéc trong hé thdng véi cac dudng dic tinh nhu
da dugc thé hién, trong d6 dudng dic tinh ciia bom c6 dang 16i. Pi€m T la di€ém gidi han chia
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dudng dic tinh ra lam hai khu vuc: bén phai di€m T 1a khu vuc lam viéc 6n dinh, con bén
trdi di€ém T tuy theo vi tri clia dudng dic tinh wdi, bom c6 thé 1am viéc khong 6n dinh goi 1a
khu viee lam viéc khong on dinh ciia bom.

Thuc nghiém chitng td rang:

» Khong thé diéu chinh bom trong khu vuc khdng &n dinh.

» Khi khdi dong bom, cAn ha thap Hyg d€ di€m lam viéc cda bom khong roi vao

khu vuc khong 6n dinh.

D3&i véi cdc bom quan trong nhu bom cao 4p cAp nude cho ndi hoi (nha mdy nhiét
dién), yéu cau vé dudng dic tinh clia bom 1a khong c¢6 ving lam viéc khong dn dinh, tic 1a
dudng dic tinh c6 dang doc ditng ho#c thodi.

Vi tri ciia diém gidi han T phu thudc vao géc B,. Géc Bz cang nhd thi khu vuc lam
viéc khong 6n dinh cang nhd.

3.2.11 - Ghép bom ly tim

C6 hai cdach ghép bom: ghép song song va ghép ndi tiép.

a- Ghép song song: (khi hé thdng c6 yéu cau luu lugng 16n hon luu lugng clia mot

bom)

biéu kién d€ cdc bom ghép c6 thé 1am viéc dudc 1a:

» Céacbom phailam viéc vGicung cdtap: H =Hy=.. = H;

* Pé xic dinh luu lugng clia bom ghép song song lam viéc trong mot hé thdng, ta can
xay dyng dudng dic tinh chung clia cdc bom ghép (H-Qc) va bi€t dudng dic tinh ludi
(Hiysi-Q).

Pudng dic tinh chung clia cdc bom ghép song song (H-Qc) trong hé thdng dudc xay

dung bang cdch cong cac Ivu lugng véi cing mot cot ap (cdng cdc hoanh dod trén cung tung
do).

Vi du: Khéao sdt hai bom c6 dudng dac tinh khac nhau: (H;-Q) va (H>-Q) ghép song
song, ta thi'y v6i moi cot 4p H > Hp trong hé thong chi ¢c6 bom 2 lam viéc. Khi H = Hg ¢ hai
bom déu cling lam viéc nhung Iuu lugng clia hé thdng chi bang Ivu lugng clia bom 2 tng vdi
diém B (Qg = Q) (hinh 3.24)

Pi€m C la di€m lam viéc ciia cdc bom ghép trong hé thong. Khi d6 bom 1 lam viéc
v6i Qf, bom 2 1am viéc véi QY. Vay: Téng luvu lugng clia hai bom ghép song song trong hé
thong nhd hon tong lvu lugng clia hai bom dé khi lam viéc riéng ré ciling trong hé thdng do.

QC =Q? +Qg <Q] +Q2

(vi hé thong 1Am viéc vdi nhiéu bom ghép song song ¢ cdt 4p 16n hon do lvu ludng trong hé
théng ting 1én so vdi khi tirng bom riéng r& 1am viéc trong hé thong).
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Qac
Qic

Hi-Q

Hc -Q

Qc< Qi+Q;

oY

Hinh 3.24 - Ghép song song

Nhin xét:

» Diéu chinh hé thdng c6 cdc bom ghép song song twong ddi phifc tap khi cdc bom ghép
c6 dudng dic tinh khac nhau nhiéu = Do vay cin ghép cic bom c¢6 dudng dic tinh
gan giong nhau.

»  Ghép bom song song ¢6 hiéu qua 16n khi dudng dic tinh ctia ching thodi (c6 do doc
nhd) va dudng dic tinh cla Wu6i khong doc 1dm => Ta can dng dung ghép song song
trong cac hé thdng bom cin c6 cdt ap thay ddi it khi luu Iugng thay ddi nhiéu.

» S6 lugng bom ghép song song dé ting luu lugng cé gidi han nhéit dinh, dudc xac dinh
bdi duong dac tinh chung va dudng dic tinh 1udi.

b- Ghép néi tiép: (khi hé thdng cé yéu cau cot 4p 16n hon cot 4p cia mot bom)

\V Ha

H]lr(’ﬁ - Q

Hc = Hic + Hye

fe) 4

Hinh 3.25 — Ghép ndi ti€p
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Piéu kién ghép nai tiép:
= Cacbom ghép phailam viéc vdi luu lugng nhu nhau: Q, =Q, =---=Q,

= Cotéap lam viéc khi Q = const:

H.=H,+H,+---+H,

1

* DPudng dic tinh chung cia cdc bom ghép (He - Q) dugc xay dung bing cach cdng céc
cOt ap cla riéng tiing bom véi cing mot luu lugng (cdng cdc tung dd trén cing mot
hoanh d9)

Khio sdt hai bom 1, 2 c¢6 dudng dic tinh khac nhau ghép ndi ti€p lam viéc trong mot
hé thdng.

Pi€ém A (giao di€ém clia dudng dic tinh chung va dudng dic tinh ludi) 1a diém lam
viéc clia cdc bom ghép trong hé thong, xac dinh luu lugng Q va cdt 4p H clia hai bom ghép.

Khi ghép ndi ti€p nén chon bom va hé thdng c6 dudng dic tinh ddc nhi€éu mdi cé hiéu
qua cao, vikhi thay d6i luu lugng it da ting dudc cot 4p theo yéu cau.

Chii ¥: Khi ghép hai bom 1 va 2 ndi ti€p lién nhau cin chd y 1a bom 2 phai lam viéc
vdi 4p suit cao hon bom 1, vi viy néu khong di sitc bén bom sé bi hdng. Do dé phai chon
trén dudng dng diy clia bom 1 di€m nio c6 ap sudt khong giay nguy hi€m cho bom 2 @&
ghép.

3.2.12 - Luc doc truc trong bom ly tim — cdch khdc phuc luc doc truc

Khi bom lam viéc, banh cong tdc clia bom chiu tic dung cia cédc ap luc theo hudng
truc. Ta s€ khao sat cac lyc nay.

p2 p2
F O E = P E
. AN <4 Pz
| AN < yd '
r AN 1d / 1
. \ / '
: \ < /- M
D T | < /
i : —F :
R, ! 7 !
0 < 'N
P r q/ 2I(
VO N A < P
! g “ S 0
T

Hinh 3.26 - Lyc doc truc trong bom ly tim

Khi bom 1am viéc, chit 16ng & bong hit A chuyén dong theo phuong song song v§i
truc vao banh cong tic dudi ap suidt kha nhd p;. Sau khi vao banh cong tdc, dong chit 16ng
ngoat 90° va trd thanh thing géc vdi truc. Ap suat chit 18ng ting dan dén tri s6 p, § 161 ra, p,
<< p> . Duéi tdc dung clia p,, mot phan chit 16ng ro 1f qua cdc khe hd giita banh cong tic va
than bom B va C. N&u bd qua sy quay cia chit 1dng trong khe hd B va C thi c6 thé xem gan
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ding 4p sud't trong cdc khe d6 bang p,. Do dé ap luc huéng truc tic dung Ién dia sau cda
banh cong tic hudng vé phia tri la:

P, = pz.n.(R§ —r2)
Va 4p luc huéng truc tic dung Ién dia truéc banh cong tic, huéng vé bén phdi la:
Pph = pz.n.(Ri — Rf)+ P, .Tc.(Rl2 — rz)
Vi p2 >> p; = Py >> Py Do d6 4p lyc doc truc ¢6 xu hudng ddy banh cong tic vé
phia ngudc véi huéng chuyén ddng cia chat 1dng vao banh cong tic.
P, =P, -P, =n(p, - p R} -1?)
Hodc: P = n.y.Ht.(Rf - r2)

Trong thyc t&, do su quay clia chat 16ng theo cdc dia clia banh cong tic trong cic khe
hé B va C nén 4p suat trong cdc khe gidm dan tir ngoai vao trong (tif R, — R)) theo céc
dudng parabol.

Ngoai Py ra, con ¢6 luc huéng truc Py tdc dung 1€n banh cong tac theo huéng cia dong
chay (nguoc véi Pp), Py xuat hién do chit 1dng thay ddi phuong chuyén dong & 18i vao clia
banh cong tac (tif hudng truc sang hudng kinh), ¢ thé tinh theo dinh luat dong lugng:

P, =m.C, = &-CO
g

T

m — khdi lugng chit 18ng chuyén dong qua banh cdng tic, m = -
g

C, — van téc chit1dng & bong hiit cia banh cong tac.

Vay ap luc tdng cong ap dung trén mdt banh cong tic cda bom la:
P=P P,

D3&i véi bom nhiéu cip c6 s6 banh cong tic 1a i thi tdng 4p luc hudng truc 1a:
A=iP

* Né&u roto clia bom bd tri thaing ditng (bom truc ding) thi cong thifc tinh tdng 4p luc
hudng truc A & trén can bd sung thém thanh phan trong lugng ctia roto G:

A=1P+G

Dau *tuy thudc vao sy bd tri miéng vao va ra cda bom, gy nén cic 4p lyc hudng
truc cling hay ngugc chiéu véi trong Iugng G cia roto.

Tdc hai ciia luc hudng truc

Luc hudng truc trong bom lam mon cdc & chdn tao nén sy sai léch cdc khe hd trong
bom va 1am cho roto co vao than bom khi lam viéc gdy 4nh hudng xau dén hiéu sui't va lam
hdng bom.

Cdch khdc phuc
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1. P6i véi bom c6 mot banh cong tac:

* Dung banh cOng tic cé hai mi€ng hit.

: %,%%
X
1¥/N 1

N el

Hinh 3.27 — Banh c6ng tdc hai mi€ng hit

* CHu tao vanh 16t kin thd hai chia khe h& giita thain bom va dia sau cta banh cong tic
thanh hai phan. Phan trén thong véi bong ddy c6 4p suit p ~p,, phan dugi thong véi
bong hiit bing cac 15 khoan trén dia sau banh cong tdc. Nhugc di€m clia phuong phap
nay 1a lam gidm hiéu sudt lvu lugng 1, .

DR NN WA NAY

7 Z

& =

7777 \SNNNN\ g

Hinh 3.28 - C4u tao vanh I6t kin thit hai giita thAn bom va dia sau

2. P&i véi bom c6 nhiéu banh cong tic:

* B6 tri banh cdng tac thanh cdc cip d6i xitng nhau.
|

BCT1 If_jl

3

13

I ij . L
NN

C= NNNAN L2222 NNNNN Sooneens goggy o et e
Capl Capll Cipll  Capy
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Hinh 3.29 - B6 tri banh cong tdc thanh cédc cip doi xiing

* Dung piston can bing.
* Dung dia can bang.

7
iE\\\ =

o

%\\\.\\ R
~ Pén
= cdp sau

Z XN\ i
]

Hinh 3.30 — DBia cin bing
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Hinh 3.31 — Chon bom theo Iuu lugng v
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3.3- BOM HUONG TRUC
3.2.1- Céu tao va pham vi sit dung
a- Pham vi st dung

Bom huéng truc c6 pham vi st dung rit rong rai khi can lvu lugng 16n va cot ap thap,
cu thé:

* Luulugng:Q=0,1+25 m’/s
= Cotap:H=4-+ 10 mH,0
Pacbiét cé khi H=22 m.

b- Cdu tao va nguyén ly

Hinh 3.32 - So dd k&t cAu bom huéng truc

So dd k&t cau bom huéng truc

1.Bo phan dan huéng vao 2.Than bom
3.Bdnh cong tdc 4.Mic chat1dng 5.Truc bom

K&t ciu clia bom huéng truc don gidn va chic chin. N6 gom cé phin dong va phin
tinh.

Phin quay (phin dong) gdm banh cong tic gin lién vdi truc. Banh cong tic hinh khoi
tru ¢6 gin cdc cdnh din mit cong phan bd déu xung quanh. Thudng sd cdnh din clia binh
cdng tic tir 3 + 6 cdnh. Phan ditng yén (phan tinh) 12 vd bom c6 dang hinh tru réng, phia
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trong ¢6 cdc canh din huéng va bd phan dd truc. Phia trén bd phan din hudng than bom udn
cong dé tién bd tri cdc bd phan din dong truc bom.

Truc cia bom huéng truc thudng dugc ndi truc ti€p v6i dong co dién. Khi bom lam
viéc, banh cong tdc quay trong mdi trudng chat 1dng va do ¢6 cdc cdnh din mit cong dang
cdng xdn (cong theo khong gian 3 chiéu) nén chit 1dng dugc hiit vio bom va di chuyén theo
phuong song song v4i truc v4i Iuu lugng 16n.

3.3.2- Phuong trinh lam viéc

Tuong ty nhu bom ly tim, ta c6 thé vé tam giac van tdc & 16i vao va 16i ra clia banh
cong tdc bom hudng truc theo hinh vé dudi day. Trong d6 ux =u; =u; cjr = Cr

€1 =CIr C2rR

(05) Bl

Cou

Uy =u=u

Hinh 3.33 - Tam gidc van toc
Ta bi€t phuong trinh cd ban ddi véi bom cdnh din néi chung la:

_ WGy WGy,

g

H, (3.37)

o0

Ap dung cho bom huéng truc, ta c6:
uy=u>=u1u
ciu =0 (vi 161 vao banh cdng tdc, dong chat 16ng chua ¢6 chuyén dong quay)

Vay phuong trinh cd ban vi€'t cho bom huéng truc la:

H, =2 (3.38)
g
2 2 2 2
Hoic: H, =1~ %76 (3.39)

2g 2g

Hai phuong trinh (3.37) va (3.38) la cac phuong trinh ¢ ban cia bém hudng truc. Vay
cdt 4p cla bom huéng truc tao nén do sy chénh l&éch vé tri s clia cdc thanh phan van tdc
tuong d6i va tuyét doi & 16ira va 181 vao clia banh cong tic.
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So sanh phuong trinh 1am viéc cia bom ly tim va bom hudng truc, ta thay cot ap cla
2
U, —u

2g
vdibom ly tAm rat quan trong vi 1a thanh phan chii y&€u d€ tao nén cot 4p ciia bom.

bom huéng truc khong c¢é thanh phin luc ly tAm tham du, ma thanh phan nay doi

Cot ap thuc t€ cia bom huéng truc:

Ho L .U (3.40)

2 . -
K, =0,0244.n/ - he s cot ap thuc &

ns — sO vong quay dic trung, v/ph.

3.3.3- Hinh dang cdanh

Do tinh chit dd néu & trén ma bom hudng truc c6 nhitng dic diém sau:
= Cot ap clia bom huéng truc khong thé 16n biing cot 4p clia bom ly tam.

= (ot ap tinh clia bom huéng truc chi do d6 md rong cdc mang din clia banh cong tic
tao nén (w; > wy).

2,2
Hloot = u (3.41)
2g

Do viy cdc mang din clia banh cong tic phai c6 @6 md rong thich dang dé tao
nén cot 4p tinh cin thi€t cho bom (w; >> w;). Piéu nay giy nén céc ton that phu
thém, vi lyc quan tinh ctia dong chidy qua mang din c6 van tdc thay d6i I6n. PE gidm
ton thiat phu thém nay, cdc mang din clia bom huéng truc cin dudc gia cong chinh
xdc va c¢6 @6 nhin bé mat cao (V5 = V7).

= Tu (3.38) ta thdy, mudn dong chit 16ng qua banh cong tdc clia bom huéng truc dudc
can biang 6n dinh thi cdnh din phai c6 k&t ciu sao cho cdt 4p cia mdi dong nguyén t&
chat 1dng dude tao nén bdi cdnh din & moi vi tri phdi nhu nhau, nghia 1a:

H,_ =22 _ const v6i moibdn kinh R (3.42)

loo
g
Mudn vy, u.c,, = const (3.43)

Tic 1a, n€u u ting dan tir trong ra ngoai thi ¢y, cling phai gidm dan tir trong ra ngoai
theo huéng kinh ctia banh cong tac.

Tir tam gidc van tdc:
c,, =u—cycotgf,
u=c,cotgp,
Suy ra C,, =Cg (cot gp, —cot ng) (3.44)

Thay (3.44) vao (3.38) ta co:
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u
H,, = g-cR(cot gB, —cotgp,) (3.45)
Hoac H, = it -R(cot gB, —cot gB, ) (3.46)
30g
TN.Cy

Trong d6 =const ( ddi v6i mot bom nhit dinh n = const, cg = const )

30g
Tir biéu thitc (3.46) ta thiy:

1. Bénh cdng tdc cia bom hudng truc chi tao dugc cot 4p khi canh din c6 cic gbcra
16n hon géc vao ( B > By) tifc 12 mit cdnh din khong thé 14 mit phang ma 1a mit
cong. Tri s6 clia B; va B, cang khac nhau nhiéu thi dd cong clia cinh din cang 16n.

2. N&u hai bom lam viéc c6 cdt 4p nhu nhau, bom nao cé s6 vong quay lam viéc it
hon thi cdnh dan ctia banh cong tdc ciia bom d6 phéi cé dd cong 16n hon.

3. Diéu kién (3.43) dugc ddm bao khi:
R.(cot gf3, —cot ng) = const

By
j-fi

Hinh 3.34 - Thi€tdién matcit cinh din

Do d6 cac cip tri s6 (B1, B2) khong c& dinh ma thay ddi theo ban kinh R, nghia 1a d6
cong cinh din khdng ddong déu & moi ndi, ma phia trong sit bau d6 cong cdnh din sé& 16n
nhit va gidm din tr trong ra ngoai theo huéng kinh. P cong canh din nhd nhat tng véi ban
kinh 16n nhat. Vi dd cong thay d6i nhu vay nén mit canh din la mit cong theo 3 chiéu khong
gian, titc dang xodn vo do.

3.3.4- Puong ddc tinh
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Hinh 3.35 - Budng dac tinh thuc nghiém
Pudng dac tinh thyc nghiém ctia bom hudng truc c6 nhitng nét khiac v6i bom ly tam.

Trén hinh (3.35) thé hién dudng dic tinh 1am viéc ciia bom huéng truc c6 canh dan cé
dinh véi s6 vong quay khong ddi.

Trong cic bom huéng truc ¢ 16n thudng gip trudng hdp cdnh din clia banh cong tic
c6 thé thay d6i dugc géc do bing cic co ciu co khi bd tri bén trong bau banh cong tic dé
diéu chinh Ivu lugng bom. B4nh cdng tic nhu vay goi la banh cong tidc ¢6 cdnh din di€u
chinh dudc. Pi véi loai bom nay dudng dic tinh 1am viéc dude xay dung vdi cdc géc do
khac nhau ctia cdnh dan.

So sénh dudng dic tinh 1am viéc cia bom huéng truc véi bom ly tdm ta thdy c6 nhitng
diém khéc nhau:

1. Pudng dic tinh H— Q c¢6 do d&c 16n hon, nhd't a & 2 ddu. O khoéng giita ¢6 thé c6
di€m udn hoic diém giy. Cot 4p cang ting khi luu lugng cang gidm va 16n nhat
khi d6ng khod hoan toan trén 6ng dﬁy (Q=0), Hnax = Hg-o.

2. Pubng dac tinh N — Q cling ¢6 hinh dang tuong t¢ nhu H — Q. Khi Q = 0 thi
N = Npax. COng sudit Ny, ¢6 thé vugt tir 1,5 + 2 1an cdng sudt 1am viéc binh
thudng ctia bom.

Puong dic tinh H— Q va N — Q ¢6 hai dic di€m ndi trén vi khi lvu lugng trong banh
cong tdc nhd thi xuat hién dong chdy hudng kinh tir trong ra ngoai tao nén dong xoay vong &
budng chita banh cong tic, dong xody nay c6 cudng dd 16n nhat khi Q =0. Do 4nh huéng clia
dong xody ma cot ap va cong suit ting khi lvu lugng gidm.

3. Pham vi lam viéc t8i wu ctia bom huéng truc twong d6i hep. Néu bom lam viéc véi
lvu lugng khac Ivu lugng dinh mirc khong nhiéu 1dm vé ca hai phia ( 16n hon hoic
nhé hon) thi hiéu sudt bom déu gidm rat nhiéu.

Pudng dic tinh tdng hgp clia bom huéng truc thé hién trén hinh 3.36
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Hinh 3.36 - Pudng dac tinh tdng hgp
3.3.5- Piéu chinh ché dj lam viéc

Do cic dic diém trén clia dudng dic tinh ciia bom huéng truc, khong nén déng kho4
& ong diy va khong nén diéu chinh bom bing khoa. Trong bom hudng truc nén ding céc
bién phap diéu chinh khdc dé€ bom c6 thé 1am viéc vSi hiéu suit tuong di cao.

Thong thudng ¢ cac phuong phap di€u chinh bom huéng truc sau:

1. Piéu chinh s§ vong quay lam viéc clia bom, khi c6 kha ning thay ddi dudc sd vong
quay lam viéc clia dong cd.

2. Dung khép ndi thuy lyc cho phép thay ddi s6 vong quay lam viéc cia bom trong khi
s6 vong quay ctia dong cd van khong ddi.

Van hanh va 1p rap bom hudng truc cling twong tu nhu d6i v6i bom ly tim.

BAI TAP
Bai I11-1

Béanh cong tdc bom ly tdm c6 cac kich thudc chinh: 2R; = 100mm; 2R, = 250mm;
b; =55mm; b, = 23,7mm. Luu lugng Q = 72,5 I/s; n = 1450 v/ph.

Xay dung tam gidc van tdc § clta ra va clfa vao clia diy cdnh cho dong nguyén t&
trung binh. Bi€t cdc géc dit cdnh By = 32°%; B, = 23°.

Tinh cdc van toc thanh phan cyy; ¢y va cdc goc ap; ap.
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Hinh 3.37

Gidi:
D¢ xay dung tam gidc van téc, can xac dinh céc van tdc thanh phan:

+van toc kinh tuyén: c, =%

3
Cir _Q__Q 72510 =42m/s
F,  2rnRb, m0,1.0,055
3
e 2Q__Q _ 7510
F, 2aR,b, 7.0,25.0,0237

+van tdc vong : u= R

U =R, =R, =950 05 7 6m/s
30
u, =oR, =R, = 7T';‘(‘)500,125 =19m/s

T30
Tir cdc thong SO Cim, Ur, P1 VA Com, Uz, B2 x4y dung cdc tam gidc van tdc:
+ x4c dinh cdc van toc thanh phﬁn Clu, Coy VA cadc géc oy , Ay .

C1

=u, —c,cotgP, =7,6-4,2.1,6 =09m/s

u

C,, =U, —C,; cotgP, =19-39.2355=9,83m/s

tgo, = Sk =2 _y 67 o, =77°55
¢, 09

tgo, =% = 32 0397 o, =210
c,, 9,83

+ V& tam gidc van toc
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C
2 W» Ci Wi
CoR CirR
o B2 o1 B1
rd 7
Cou up Clu 188
Hinh 3.38

Bai I11-2

Bom ly tAm hiit nuéc tir 2 b€ c6 miic nuSc chénh nhau mot dd cao a = Im 1én bé trén
cung c6 dd cao b = 5Sm ( so v6i mic nudc sdt bén dudi) vdi luu lugng Qp = 10 /s, theo céc

nhanh dudng 6ng 1 =5m; d; = 50mm ; d, = 75mm.

Xac dinh cdt 4p clia bom, bi€t hé s6 ma sat dudng dng A = 0,03; khong tinh ton thi't

cuc bd.

b = KX
ey i £)d‘ 8 +£;d?_
Fat(s) ok 94 r

a g E!dz @
b B
— i _T‘{:;{\‘

Hinh 3.39

Gidi : Cot ap clia bom: H=a+b+> h,+> h, =b+> h,;+> h;
Trong dé: D h, - On thi't trong dudnh &ng tr A d€n B
> h, -tdn thdt trong nhénh e
D h, -t0n thdt trong nhénh f
T hé phuong trinh (1) ta c6:
a+> h, =>h,

2 2
3 h, A Ye _, 1 Qez =K,Q?
d, 2¢g d, 2gS;]

> h =xiﬁ:xi Qi =K, Q?
bod 2g dp2gst T

Hay a+K1Q§ :KlQi

Ta cé: Q=Qr+Qe hay Qc=Q-0Q
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Thay Q. vao (2): a+K,(Q-Q,) =K,Q;

Ritra: a+K,Q*-2K,QQ, =0
a
Q=2 )
2 2QK,
Hay K, YL - =0,03 > 162 +=397.10°
d, 2gS; 0,05 2.9,81.n°.0,05

Thay cédc dai lugng K; va Q vao (4) ta c6:

Q=2+ % _s5107+4 ! .
2 20K, 2.10.10°.3,97.10

=5.10" +1,26.107 = 6,26.10°m’ /s = 6,261/ s
Q.=0Q-Q,; =10-6,26=3,741/s

5 10%.10°°
0,075 2.981..7%.0,075*

H=b+> h,; +> h, =5+0,03. +3,97.10%.6,26°.10°°

=5+4+2,65+155=9,2m
Pap s6: H=9,2m.
Bai Il1-3

Banh cong tic bom ly tdm c6 ban kinh ngoai R, = 200mm, ban kinh trong
R; = 100mm, chiéu rong & ctfa vao b; = 100mm, chiéu rong & clra ra b, = 50mm. Goc ra clia
cdanh B, =20°.

Xac dinh moment va cot 4p 1y thuyét trong trudng hdp cjy =0 va s6 cdnh 16n vo cling.
Bi€t s6 vong quay n = 2135 v/ph, luu lugng Q =240 I/s.

Moment va cot ap 1y thuyé&t thay d6i bao nhiéu khi ta gidm luvu lugng xudng mot nia.
St dung hinh 3.37.
Bai IlI-4

oﬁ/,A
/

I
HIF

Hinh 3.40

[]
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Béanh c6ng tic cia bom huéng truc ¢6 duong kinh ngoai D = 600mm va dudng kinh
baudy,=0,2D.

Xay dung tam gidc van td¢ cho dong nguyén 8 trung binh va tinh cic van td¢ thanh

phﬁn Cm », Cu . Cho biét cic dailugng: Q =750 1/s ; n =730 v/ph ; w; = 13,25 m/s ;w, =71 m/s.

e AR RAe Lol I . R+r,

Hu6ng dan: Ban kinh dong nguyén t0 trung binh: R, = ——

bap $O: Cim = Com = 2,76 m/s ; ¢y =0,77 m/s ; ¢y =7,2 m/s.
Bai I11-5

Mot bom nuéc 1am viéc v6i s vong quay n = 1450 v/ph tiéu hao cdng suit trén truc
N = 21 kW, hi¢u suit n = 0,78. Do cao giita hai miic nu6c Hr = 16 m, t&n thit toan bd
>h =0,5Hr.

Xéc dinh cic thong s6 cot ap, Iuvu lugng clia bom va dd cao hiit cho phép [z], biét hé
s6 chong xam thuc C = 900. Nhiét do clia nudc t = 20° va tong tdn thit trong 6ng hit
Shy = 1/8 Yh. N&u ta ting s6 vong quay 1én n = 1740 v/ph thi cdc dai lugng Q, H, [zy] thay
ddi bao nhiéu?

Hinh 3.41
DPap s0: H=24m; Q=69,51s; [z,] =5,62 m.
H =3456m; Q =8341/s; [z]=4,33 m.
Bai I11-6

Mot bom ly tdm c¢6 dudng kinh ngoai D, = 300mm, n = 1450 v/ph, Iuu lugng
Q=1266m’/h va cot ap H=31m.

Dé ting luu lugng va cdt 4p, ting dudng kinh ngoai D, =1,5D, va ting sd vong quay
n =15n.

1. Tinh cdc thong s6 luu lugng Q ,cot 4p H va cong suit trén truc N, bi€t hiéu suit
cia bom n = 83%.

2. Khong thay ddi dudng kinh ngoai, ta thay ddi s6 vong quay n sao cho cong suit clia
mdy chi bing % cong suit ban dau.

Paps6:1)Q =649m’h; H =157m; N =274Kw ; 2)n = 1150v/ph.
Bai I1-7
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Mdy bom nudc tiéu hao mot cong suat trén truc N = 70 kW. S& vong quay
n =960 v/ph, cotiap H=28m.

Xéc dinh s8 vong quay n va luu lugng Q sao cho luu lugng nay cia bom giam di 25%
so v&i luu lugng ban dau. Biét hiéu suit clia bom n = 0,863.

Péap s6:n =720 v/ph ; Q =0,165m/s.
Bai II1-8

Mot may bom nude c6 c¢ot 4p H = 15m, s6 vong quay n = 1450 v/ph, hi€u suit
n=81%.

Xéc dinh luu lugng va cong suat ciia bom. Biét s6 vong quay dic trung ng = 146 v/ph.
Paps6: Q=41,71/s ;N =7,6 kW.
Bai I11-9

Bom ly tam dit trén d6 cao VB = 4m, bom nudc tir bé dudi VA=2m Ién bé kin
VC=14m, ¢6 ap sudtdu p; = 1,2at

Xéc dinh luu lugng , cot nuc va cong suat trén truc. Bi€t 4p sudt pax = 25mH,0,
dudng kinh 6ng d; = 100mm, d, = 80mm, chiéu dai 6ng 1; = 6m, 1, = 60m, hiéu sui't ctia bom
N =70%.

Trong lic tinh 14y hé s6 ma sat dng A; = 0,025; A, = 0,028. Hé s6 cdn cla ludi
€ =7 va hé s6 cdn clia khod &g = 8.

Xay dung dudng do 4p cho hé thong.

ﬂNF-'_I'—'
MG
TITTTT
LdA [/
R, /
el €.
.jﬂ_’ _// s v
ey
Hinh 3.42

Paps6:Q=7,171/s; H=27,46 m; N =2,76 kW
Bai II1-10

Trong tram thi nghiém, bom 1 bom nudc tit b€ B 1én bé A kin v6i dd cao h = 5m.

Trong bé A c6 4p sudt chan khong Pek _ v, = 8m. Pudng dng mdi nhanh c¢6 chiéu dai 1a
Y
1 = 10m va dudng kinh d = 50mm. Bom 2 bom nudc tit bé A trd vé bé B cling lvu lugng nhu

bom 1, Q=6 1/s.

Xac dinh cdt 4p cia mdi bom, bi€t hé s6 ma sat dudng 6ng A = 0,03 va tdng hé s6 ton
thit cuc bo trong mdinhanh & = 6,5.
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Tinh dd chan khdng V, trong bé A sao cho cdt 4p ciia 2 bom biing nhau.

v lm= b=
2,4 !
i £
T
2
B - -
Hinh 3.43
Pap s6:Hy =3m ; Hp=9m; V, = Pek _ 51y
Y

Bai Il11-11

Nué6c chiy trong mot hé kin gdm c¢6 mot bom va mdt b lam ngudi cé hé s6 cin & =
20. Téng chiéu dai cla cdc 6ng ndi 41 = 40m, dudng kinh 6ng d = 40mm, hé s6 ma sit dudng
ong A=0,02. Piém A trén dudng 6ng ndi vdi binh bd sung ¢6 dd cao H = 6m.

1. X4c dinh cot 4p, cOng suét ciia bom. Bi€t luu ludng Q = 3,76 I/s, hiéu suat cia bom
n=0,7.

2. Xay dung dudng do 4p cho hé thong, x4c dinh 4p suit § clra vao clia bom.

3. Xac dinh do cao H nhé nhit sao cho trong hé thong khong c¢6 chan khdng.

Hinh 3.44

bap s6:1.H=18,2m ; N =0,96kW ;2. bv _ 1,14m ; 3. Hpin =4,6m.
Y

Bai I11-12

Bom ly tAm c6 dudng dic tinh da cho trong bang v6i s6 vong quay n = 1600 v/ph bom
nude tir bé dudi c6 dd cao V5m 1én bé trén c6 d6 cao V16m theo dudng dng hiit ; = 10m;
d; = 100mm, dudng 6ng diy I, = 30m; d; = 75mm. Bi€t hé s6 ma sit ciia cic dudng 6ng
A1 =0,025; 1, =0,027 va hé s6 tdn thit cuc bd trong cic dudng dng &, =2; & = 12.

1. Xac dinh Iuu lugng, cot 4p, cong suit trén truc bom véi sd vong quay n = 1600 v/ph.

2. X4c dinh s6 vong quay n; clia bom d€ tang Iuu lugng 1én 50%.
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Hinh 3.45
Pudng dac tinh bom véin = 1600 v/ph
Q (I/s) 0 2 4 6 8 10 12 14 16
H (m) 14,9 15,4 15,5 149 14 12,2 10,1 8 4,3
n% 0 40 65 74 75 70 61 42 22

Hudng din: Sau khi x4c dinh luu lugng cia bom Q, , ti¥ giao di€ém cia dudng 1,5Qy
v6i dudng dic tinh ludi xac dinh hé s6 K clia dudng parabole twong tv H = KQ’. Pudng nay
cit dudng dac tinh bom ( n = 1600 v/ph ) tai mot di€m. Lay cdc thong s6 clia diém nay va
giao di€m cia dudng 1,5Q, vdi dudng dic tinh lwéi dé tinh s6 vong quay n;.

Pap so: 1.Qy=731l/s ; H=144m ; N=1,37kW.
2. n; = 1900v/ph.
BaiIll-13

Bom ly tAm c6 dudng dic tinh da cho trong bang v6i s6 vong quay n = 1450 v/ph bom
nudc tir b€ A d€n bé B theo dudng dng xi phdng c¢6 do dai 31 = 75 m, dudng kinh d = 50mm.
Do chénh mitc nudc trong hai bé Z = 8m, di€m cao nhat clia dng xi phong nim cdch mifc
nudc bé Ala h=5m.

Hinh 3.46

1. X4c dinh luvu Iugng, ¢t 4p, cong suat trén truc bom. Bi€t ring hé s6 ma s4t dudng
ong A = 0,025; khong tinh ton that cuc bd va cot 4p van tdc.

2. Bom dit truGc hay sau xi phong ? Taisao ?

3. X4c dinh Iuu lugng trong 6ng xi phong né€u bom khong lam viéc.
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4. Xac dinh ¢t 4p chan khong & diém cao nhit cia 6ng xi phong khi bom lam viéc va
bom khong lam viéc.

Pudng dac tinh bom v6in = 1450 v/ph

Ql/s) 0 2 4 6 8 10
H(m) 13,2 14,2 13,2 10 4 -
(%) - 40 60 60 40 B}

Paps6:1.Q=61/s ; H=10m ; 1 =60%. 2. bit trudce.

3.Q=41s.4. D06 chan khong khi c6 bom: 1m; khi khong ¢c6 bom: 7,67m.
Bai Il11-14
Bom ly tAm c6 dudng dic tinh dd cho trong bing vdi sd vong quay n =2900 v/ph bom
nudc tir b€ A d€n bé B theo dudng ng xi phong c¢6 dd dai 21 = 20 m, dudng kinh d = 40mm,

hé s6 ma st clia cic dudng dng A =0,03. Do chénh mitc nudc trong hai bé a = 2m, diém cao
nhét cda 6ng xi phong K cach mic nudc bé A 12 b = 8m.

Xac dinh s& vong quay nhé nhit cia bom sao cho ap suit tai di€m K khong nhd hon
4p suat khi troi.

Hinh 3.47
Béng dic tinh vé6i s& vong quay n = 2900 v/ph
Q/s) 1 2 4 6 8 10 11
H(m) 30 30 29 27 22 15 11
N(%) - 30 65 75 66 45 -

2

Huéng dan: Xay dung dudng dic tinh luwdi: H=—-a+ Ké;— sau d6 vi€t phuong trinh
g

cho 4p sufit tai diém K bang ap suit khi i 2X = H, —b-KQ? =0.
Y
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K - hé s6 dic trung ton thi't tr bom dén diém K;
H,;Q - cot ap va luu lugng clia bom ting véi s vong quay n can x4c dinh.

Trong dé6:

Ap dung cdc cdng thifc tuong ty cdt 4p va luu lugng, ta sé ¢ phuong trinh xac dinh s6
vong quay n.
Pép s6:n = 2500 v/ph.

Bai I11-15

Bom ly tAm c6 dudng dic tinh da cho trong bing vdi s6 vong quay n =1450 v/ph bom
nudc tir gi€ng 1én bé chita c6 dd cao H = 12m theo dudng dng 1, = 8m; d; = 100mm, 1, = 16m;
dy, =75mm; v6iA; =0,03; A, =0,035;&, =6 ;& = 10.

1.X4c dinh do siau h clia mic nudc khong ddi trong gi€ng, bi€t luu lugng bd sung
Q=8 Is.

2.X4c dinh s6 vong quay, lvu lugng clia bom dé€ nudc trong gi€ng khdng tran ra ngoii,
khi ¢6 luu lugng b sung Q = 8 s.

Hinh 3.48
Pudng dac tinh bom v6in = 1450 v/ph

Q (I7s) 0 2 4 6 8 10 12 14 16
H (m) 22 22,4 22,6 224 21,5 20 18 15 11

n% 0 37 58 71 75 74 68 56 37

bap s0: 1.h=6,13m;
2.n =1260 v/ph; Q = 6,95 Is.

Bai IllI-16

Bom ly tAm c6 dudng dic tinh dd cho trong bing bom nuéc mach tir gi€ng siu sang
gi€ng khic theo mot dudng dng mém tong chiéu dail=1; +1, =7m, d=0,Im.

Xac dinh thdi gian bom d€ mitc nuc trong gi€ng ha xudng H; = 3m, bi€t dd chénh
mifc nudc cudi cling gitta hai gi€ng 12 H, = 4m, dién tich cia gi€ng siu 6,25m?, hé s6 ma sit
dudng 6ng A = 0,04, tdng hé s6 cin cuc bd trong 6ng hiit &; = 6, trong 6ng day &, = 4.
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Y, d
'77- P
/ ;
4
T g7
AtV <
f A o A
VT,
Hinh 3.49
Bang duong dac tinh
QW/s) 0 10 20 30 40 50
H(m) 9 10,8 10,8 9 6,5 3

Huéng din: thdi gian cAn tim x4c dinh 6 luu lugng trung binh cda luu lugng ban dau
.. +
va luu lugng cudi: Q= %

Pap s6: t= 12,4 ph.
Bai I11-17

Bom ly tdm ¢6 dudng dic tinh da cho trong bang v6i sd vong quay n = 900 v/ph bom
nuée tif bé dudi c6 mic nudc V = 0 qua mot gi€ng trung gian rdi 1én bé chia trén c6 mitc
nudc V = 20m.

1. X4c dinh s6 vong quay, cong suat clia bom, bi€t luu lugng Q = 60 1/s; cédc thong sé
dudng 6ng: lp =10m; 1; = 10m; 1, = 100m; dy = 0,2m; d; = 0,2m; d, = 0,15m; A = 0,03; ddi véGi
tit cd cdc dudng dng. Khong tinh tdn that cuc bo.

2. Xac dinh chiéu cao hit, bi€t dd chan khong cho phép & cita vao clia bom
[HCK ] =o6m.

=%,
—

)

I

NH
1]
s

Hinh 3.50

Béang dudng dic tinh véi s6 vong quay n = 900 v/ph
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Qs(/s) 0 10 20 30 40 50 60 70
Hg(m) 12,5 13,25 13,5 13,25 12,5 11 9,5 7,5
n% 0 45 67 77 82 82 75 60
Pap s6: 1.n =1440v/ph ; N=234kW ;2. [z,]=5,25m.
Bai IT1-18

Bom ly tim ¢6 dudng dac tinh d3 cho trong bang véi sd vong quay n = 900 v/ph bom
nudc 1én cao Hr = 6m theo dudng 6ng c0 4 =20m; d; =0,2m, L, = 100m; d, = 0,15m; véi
A1=0,02; A, =0,025.

1. Xac dinh Iuu lugng clia bom khi 1am viéc véi s6 vong quay n = 900 v/ph.

2. So sdnh cong suat clia bom khi gidm luu lugng di 25% bing hai cdch: diéu chinh
bing ti€t luu va thay ddi s6 vong quay.

I
£,,d
S N —
Hinh 3.51
Béang dudng dic tinh véi s6 vong quay n = 900 v/ph
Qg(/s) 0 10 20 30 40 50 60 70
Hg(m) 12,5 134 13,6 134 13 11,6 9,7 7,5
n% 0 45 67 78 81 79 74 60

Papso:  1.Qg=471/s. 2.N=5,6kW (ti€tlwu) ; N=3,9kW ( thay d5in)
Bai I11-19

Bom ly tim c6 dudng dic tinh da cho trong bang bom nudc 1én d cao Hr = 15m. Bom
dit & @6 cao hit h, = 4m. Pudng kinh 6ng hit d, = 100mm va dudng kinh 6ng diy

dg = 80mm, t6ng hé sd ton that trén dudng Ong hit &, = 6 va trén dudng dng diy &4 = 22
( chua k& hé so ton that clia khod).

Xac dinh luu lugng 16n nhat theo d6 cao hit da cho, gia tri hé s6 can clia khoa véi luu
lugng 16n nha't va cong suét clia bom.
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Bang duong dac tinh

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

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

[Hek}(m) | 35 33 33 30 | 27,5 25 23 20,5 | 17,5 14 10

n% - - 60 65 68 69,5 70 69,5 68 65 60

Hu6ng din: Giao di€m cla dudng dic tinh do chian khong cho phép [Hek] = f(Q) véi
dudng bi€u dién @6 chan khong trudc clra bom chinh 13 diém tuong ¥ng véi dai Iugng luu
lugng 16n nha't.

D6 chan khong trudc clra bom 13 ham cla luu lugng dugc biéu thi theo cong thifc:

2
:zh+hh+v—h
Y 2g

Pck

2
Trong d6: h, =&, ;—h - tdng tdn thi't trong dudng 6ng hiit.
g
Paps6:Q=161/s ; Ex=4,6 ; N=6,85kW.
Bai I11-20

Bom cttu hoa c6 dudng dac tinh cho trong bang véi n = 3000 v/ph, bom nudc 1€n dd
cao Hy = 16m. Xac dinh cong suit va luu lugng clia bom, bi€t dudng kinh 6ng ndi mém
d; = 100mm, 1, = 6m ( A1 = 0,025; &, = 4), dy = 90mm, I, = 40m (A, = 0,035; & = 10). Voi
phun cudi 6ng mém cé dudng kinh d = 40mm, hé s tdn that & = 0,08.
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Hudéng dan: Cot ap clia bom:

2

H=H, + Zh + ;—g
Trong d6:  Th —tng ton thit
é - cOt 4p van toc cda dong chay ra khdi voi phun.
Bang dudng dac tinh véi n = 3000 v/ph
Qs(l/s) 0 5 10 15 20 25 30 35
Hg(m) 140 140 136 130 121 110 98 83
n% 0 34 55 68 75 77 73 65
Pap s6: Q=3221/s ; N=40,6 kW.
Bai I11-21

Bom ly tAim bom nudc tir bé A 1én hai b€ B va C ¢6 dd cao hg = 20m; he = 25m véi
luu lugng trong mdi nhanh Qg = Qc = Q = 4 I/s. Pudng dng AK c6 chiéu dai 1; = 100m,
d; = 75mm; dudng 6ng KC va KB ¢6 d6 dail, =13 = 50m va d, = d3 = 50mm. Hé s& ma sét
dudng dng A = 0,025.

Xac dinh hé s6 can ciia kho4 & sao cho didm bdo Iuu lugng trong hai nhanh biing nhau
va cdng suat hitu ich clia bom.
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DPap s6: & =23,6 ; Ng=2,8 kW.
Bai I11-22
Bom ly tim bom nudc theo hé thong dudng dng (1= 5m, d; = 70mm) d&€n diém A chia

lam hai nhanh c6 dudng kinh dng d = 50mm va c6 d6 dai 21 d6i v6i moi nhanh. Luu lugng
trong nhanh phai Q =10 I/s ; @6 caoh = Im.

Xac dinh cong suit trén truc bom. Bi€t hiéu suit n = 0,8; hé sd ma sit dudng ong
L =0,03 va hé s6 cin trong ong hit &, = 4.

/E,d A 2,6{,

£,d, at
2d-
td d =]
i e 1 S
oy '__"_‘_/
Hinh 3.55

DPap s6: N=4kW.
Bai I11-23

Bom huéng truc ¢6 Iuu Iugng Q = 14400 m’/h, cot ap H =21,8 m, n = 585 v/ph, hi€u
suat n = 80%, cot ap du trit chdng xam thuc Ah; = 10 m.

Tinh cong suit trén truc bom va chi€u cao hiit cho phép néu ting Iuu lugng 1&én 25%.
Cho t6n that trong dudng dng hiit hy, = 2m va nhiét do nudc t = 20°C.

Péap s6: N =2100kW ; [z,] =-9 m.
Bai Il11-24

Bom huéng truc c¢6 lvu lugng Q =1300 m*/h, n = 580 v/ph.

——

\

i~

Hinh 3.57
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1. X4c dinh dudng kinh ngoai, dudng kinh bau clia bom, bi€t van tdc thanh phin
cm = 3,28 m/s; ty s6 dp/D =0,5.

2. Xéc dinh ¢t nuSc thyc va cong suat cia bom, bi€t géc oy = 90° ; B2 = 23° 40’ cia
dong nguyén o trung binh Dy, = (D +dp)/2 ; N = 84% ; nek = 97,6%.

DPap s0: 1) D=450 mm ; dp =225 mm.
2)H=25m; N=10,52 kW.
Bai II1-25

Bom hudéng truc lam viéc trong mot tram bom c6 cot 4p H = 12,3m, luvu lugng
Q=15 m’/s, n = 250v/ph va hé s& xam thuc ¢ = 0,615. Sau khi xay dung lai tram luu lugng
taing 1én Q = 19,6 m’/s.

Xac dinh cong suit, cot ap du trit chdng xam thyc Ah clia bom trong diéu kién mdi,
bi€t hiéu sut ciia bomn =0,8.

~ . . Ah
Huéng dan:Cot 4p du trit chong xam thyc dugc x4c dinh theo cong thic: o = Tl

bap s0: N =5060 kW Ah=12,7 m.
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CHUONG IV : BOM THE TiCH

4.1- KHAI NIEM CHUNG VE BOM THE TiCH
4.1.1- Khdi ni¢m chung

M4y thiiy luc thé tich néi chung bao gdm : bom thé tich va dong co thiy luc thé tich.
Bom thé tich diy chat 1dng biing 4p sud't thiy tinh, con dong cd thiy luc thé tich thi bi€n 4p
ning cda dong chat 18ng thanh cd ning clia nd.

V& nguyén tic, bat ky may thdy lyc thé tich nao ciing ¢6 thé 1am viéc thuin nghich
tic 1a 1am dudgc ca 2 nhiém vu: bom va dong cd.

a- Cdu tao va nguyén ly lam viéc

(nghién citu so dd 1lam viéc ctia mot bom thé tich ki€u piston c6 chuyén dong tinh

ti€n)
//5
— i T%/
___P ':P _____ ;A{{_a
— T 4
Vo :
1 2 AT

Hinh 4.1 - So @6 1am viéc cia mot bom thé tich ki€u piston

Khi piston 1 sang trdi, thé tich budng lam viéc a ting lén, 4p sudt § diy gidm, nén
chi't 18ng tir 6ng hit 3 qua van mot chiéu 4 vao xilanh 2. Khi piston 1 sang phdi, dudi dp luc P
clia piston, chat 1dng trong xilanh bi nén véi 4p sudt p qua van mdt chiéu 6 vao dng diy 5.
Phin thé tich budng 1am viéc thay d6i d€ hit va ddy chd't 1dng goi 12 thé tich 1am viéc.

b- Phén loai bom thé tich
Bom thé tich gdm nhiéu loai.
Theo cong dung, c6 thé chia 1am hai loai:

* Bom nuéc va cdc loai chat 16ng khéc.
* Bom diu dung trong cdc hé thdng truyén dong.

Theo két cAu va dang chuyén dong, c6 thé chia ra 3 loai chi yé&u:

= Bdm piston (Chuyén dong tinh ti€n)
* Bdm piston-roto (vira c6 chuyén dong tinh ti€n vira c6 chuyén ddng quay)
* Bdm roto (chuyén dong quay)
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4.1.2- Cdc thong sé’ lam viéc co bdn ciia bom thé tich

C4c thong s6 1am viéc cd ban clia bom thé tich c6 mot s6 dic di€m khic véi cdc
thong s6 ctia bom cénh dan.

Theo nguyén 1y, 4p sudt clia chit 18ng trong mdy thiy lyc thé tich chi phu thudc tdi
trong ngodi. N&u budng lam viéc hoan toan kin, thi luu lugng cia may khéng phu thudc vao
4p sudt, con 4p suat c6 thé ting Ién bao nhiéu ciing dugc tiy thudc vao ap suit phu tii va
cong sudt ciia bom. Khi d6 luu lugng cla mdy thdy luc thé tich chi phu thudc vao van tdc
chuyén dong clia piston. N&u van toc piston khong thay ddi thi Iuu lugng ciing khong thay
dai.

Nhung thuc t&, budng lam viéc khong thé tuyét ddi kin v6i moi tri s& dp suat. Khi
ting tdi trong 1am viéc ting d€n mifc ndo d6 s& xuat hién su chdy rod chat 16ng, né&u ti€p tuc
ting tdi trong nita thi luu lugng clia mdy s& hoan toan mat mat do rd ri. Ngoai ra, 4p sudt lam
viéc con bi han ché& bdi sitc bén clia may.

Do viy, d€ ddm bdo sy 1am viéc binh thudng clia mdy, phai han ché 4p sudt lam viéc
t6i da bing cdch diing van an toan (van sé ty dong thai chit 16ng d€ gidm 4p sud't lam viéc
khi tai trong qué 16n.

a- Luu lugng

Luu lugng 1y thuyét Q; (luu ludng chua k€& t6i sy chdy ro) bing tdng cia thé tich 1am
viéc cua mdy trong mot don vi thdi gian:

Q=qn 4.1)

qi - luu lugng riéng cia mdy (trong mot chu ky), né ciing chinh 13 thé tich lam viéc
clia mdy trong mot chu ky.

n - s6 chu ky 1am viéc clia mdy trong mot don vi thdi gian (thudng bing s6 vong quay
clia truc may).

Q 12 luu lugng tinh trong cd qud trinh trong mot don vi thGi gian nén con goi 1a luu
lugng trung binh 1y thuyé&t. Khdc v6i may thiy Iyc cdnh din, Ivu lugng tic thdi cia mdy thiy
luc thé tich thay d6i theo thdi gian, ké cd khi mdy 1am viéc dn dinh.

b- Ap sudt

Ta bi€t, cot 4p clia mdy thiy luc thé tich dudc tao nén chd y&u bdi sy thay ddi 4p sudt
tinh ctia chit 16ng khi chuyén dong qua mdy. Do d6, trong mdy thiy lyc thé tich thudng diing
ap suit d€ bi€u thi kha ning tai clia may.

Cot 4p H va 4p sudt p lién hé v6i nhau biing cong thitc cd bdn clia thiy tinh hoc:

=P (4.2)
Y

v- trong luong riéng clia chit 16ng 1am viéc.

Ap sud't trong budng 1am viéc c6 lién quan dén luc tdc dung hoic moment quay clia

mdy.
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* Poi v6i mdy thily luc thé tich c6 chuyén dong tinh ti€n, 4p suitlam viéc p tic dung
1€n piston tao nén 4p luc P:

P=pF (4.3)
F - dién tich lam viéc ctia mdt piston.

* Poi véi may thuy luc thé tich c6 chuyén dong quay, 4p sud'tlam viéc p tdc dung1én
roto tao nén mOt moment quay M:

M = ku.p (4.4)

ky - 12 hiing s6 d6i v6i mot mdy nhat dinh phu thudc vao két cAu va kich thudc mdy,
g0i 12 hé sO0 moment

Hé sd ky c6 thé suy tir cong thic tinh cong suat 1y thuyé&t. Néu khong k& tdi tdn that,

ta cO: N =N,
N =yQH (4.5)
Thay H=p/y vao (4.5),tadugc: N;=Q.p (4.6)
Mait khac: Ni=wM, nén M= %p 4.7
®
So sdnh (4.4) va (4.7), ta c6: K, =2 _4n_d 4.8)

® 2m 2=
ky thuc t€ < ky 1y thuy€t va phu thudc vao hiéu suat n.

Moment quay M theo (4.7) 1 trudng hop 1y thuyét (chua k€ tdi ton that), trong trudng
hgp k& t6i tén tha't thi moment quay ctia bom dudc x4c dinh theo cong thic sau:

pPQ=nMo ;
k
Hay M= gp =Mp (4.9)
now n

c - Hiéu sudt va cong sudt
Hiéu sud't toan phin clia mdy thiy luc xdc dinh theo cdng thitc chung:
N ="NgNcNx (4.10)

P&i v6i bom thé tich, tdn thit thiy Iwc tuong d6i nhd (vi dong ning nhd) nén
thudng cho np= 1. Do dé:

n="NgNc 4.11)
Cong suat lam viéc cia bom thudng dugc xdc dinh bing cdc thong so thiy luc:

NoYQH _pQ (4.12)
nooom
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4.2- BOM PISTON

4.2.1- Cdu tao, nguyén ly lam viéc

2
<l

Hinh 4.2 — CAu tao v nguyén Iy 1am viéc cia bom piston tdc dung don

Bom piston dugc kéo bdi dong co, chuyén dong quay cida truc dong co dugc bién ddi
thanh chuyén dong tinh ti€n clia piston 1 trong xilanh 2 nhd hé théng thanh truyén tay quay
vdi hanh trinh S = 2R (R- chiéu dai tay quay)

Hai diém B,, B, cda piston tuong ddi vdi hai vi tri C;, C, clia tay quay. Khi trong
budng 1am viéc 5 chita ddy chat 1dng, néu tay quay tir vi tri C, quay theo chiéu miii tén thi
piston di chuyén tir B, vé phia trdi. Thé tich budng 5 ting dan, 4p sut p trong d6 gidm di va
bé hon 4p sudt mit thodng bé chita p, (p < p.). Do d6 chat 18ng tir bé hiit qua van hit 6 vao
budng lam viéc 5, trong khi d6 van ddy 4 d6ng. Khi piston chuyén dong tir B, - B bom thuc
hién qud trinh hit . Khi tay quay dén vi tri C; (piston dén vi tri By) thi qud trinh hiit ciia bom
két thuc.

Sau d6, tay quay ti€p tuc quay tit C; — C,, piston d6i chiéu chuyén dong tir B; — B,.
Thé tich budng lam viéc gidm dan, 4p sud't chit 1dng ting 1én, van hiit 6 bi déng, van diy 4
m& chat 16ng chdy vao 6ng day. Qua trinh piston di chuyén tir B; — B, g0i 12 qud trinh ddy.

Nhu vay, ¢t mot vong quay cia tay quay thi bom thuc hién dudc 2 qud trinh hit, ddy
lién nhau. N&u tay quay ti€p tuc quay thi bom lai lip lai qué trinh hiit va ddy nhu cii. Do d6
qué trinh hiit va ddy clia bom piston gidn doan va xen k& v&i nhau. Mot qué trinh hit va ddy
k& ti€p nhau goi 1a mot chu ky lam viéc ciia bom.

Kha ndng tw hiit ctia bom piston:
Khic v6i bom ly tim, bom piston khong can phai mdi, bom c6 thé ty hit dugc.

Goi Wy 1a thé tich khdng khi & &ng hiit va budng lam viéc (khi piston & B,). N&u
piston di chuyén dén B, thi khong khi gidn ra vé6i thé tich 16n hon, bing Wy + FS (FS - thé
tich xilanh). Cho ring khong khi giin n§ doan nhiét, thi 4p sudt khong khi liic by gid trong
budng 1am viéc 12 p < pa:
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W,

P=Pe W, +FS

P.

Do p < p, nén chat 18ng tir bé hiit chdy vao dng hiit va ding 1én dudc mot dd cao:

poPap
Y

(chua ké t6i ton that)

N&u piston ti€p tuc 1am viéc, chat 16ng tir bé hiit sé ding dan theo 6ng hiit va dién
day bom. Khi d6 xem nhu bom da ty mdi xong.

Uu diém ciia bom piston:
» (6 thé tao nén 4p suat 16n.
* Ciutao don gidn.
Khuyét di¢m:
* Chuyén dong cia chit 16ng qua bom khong déu. Do d6 lvu Iugng clia bom dao dong.
= K&t ciu clia bom tuong ddi cong kénh.

Khi 4p suat nhd hoic trung binh, thudng ding bom ly tim c6 1¢i thé hon. Khi cin 4p
sud't cao hoidc rat cao (tr 200 at trd 1én) va luu lvgng twong d6i nhod thi bom piston chi€m wu
thé.

4.2.2- Phdn loai
a - Theo hinh ddng piston: 2 loai

* Bom piston dia: piston c6 dang hinh dia, mit xung quanh ctlia piston ti€p xtic v6i thanh
nén boi la piston gidp thanh.

» Bom piston tru: piston c6 dang tru véi dudng kinh twong ddi nhd, mit xung quanh
khong ti€p xtic v4i thanh.

b- Theo sé'ldn tdc dung: |

A | 3
N ——H
B D )

1/;|_ ‘ ' A—R\4

Hinh 4.3 — Bom piston tdc dung hai phia
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Bom tdc dung don hay con goi bom tic dung mot chiéu. Trong loai bom nay, chat
16ng 1am viéc & vé mot phia clia piston. Mot chu ky 1am viéc clia piston chi c6 mot

qud trinh hit vd mdt qué trinh d4y ndi ti€p nhau.

Bom tdc dung kép, hay con goi bom tdc dung 2 chiéu. Trong loai bom nay, piston IAm
viéc cd hai phia, do d6 c6 hai bu6ng lam viéc A va B, 2 van hut 1,4 va 2 van d?fy 2,3.
Trong mdt chu ky 1am viéc ctia bom c6 2 qud trinh hit va 2 qud trinh ddy (khi budng

A hiit thi budng B ddy va nguoc lai).

Bom tic dung nhiéu 1an: ¢6 2 loai

- Bom tic dung 3 1an: Trong mdt chu k¥ 1am viéc (mdt vong quay ciia truc bom)
loai bom nay c6 3 qud trinh hit va 3 qud trinh ddy. N6 chinh 1a do 3 bom tdc
dung don ghép lai véi nhau, c4c piston dugc din dong bing mdot truc khuyu, ¢
chung mot dng hiit vi mot dng didy. PE c6 dao dong luu lugng nhd nhat, cdc

tay quay dudc bo tri 1éch nhau 1 géc 120°.

- Bom tdc dung 4 1an: n6 ciing 12 do 2 bom tdc dung kép ghép lai véi nhau. Tay

quay cda 2 bom dit 1éch nhau 1 géc 90°.

c- Theo dp sudt:

Bom 4p sudt thap :p <10 at

Bom 4p suat trung binh: p = 10 + 20 at

Bom 4p suit cao :p>20at

d- Theo luu lugng:

Luu lugng nhd :Q< 15m’h

Luu Iugng trung binh  : Q = 15+ 60 m’/h

Luu Iugng 16n : Q> 60m’h

4.2.3- Cdch tinh luu luong ciia bom piston

a-Luu lugng Iy thuyét trung binh

D&i v6i bom tac dung don, thé tich lam viéc trong mot chu ky 1a:
q=FS

DPoi v6i bom tac dung kép:
q=SQ2F-1)

_ nD?

Trong do: F - dién tich 1am viéc clia mat piston

D - dudng kinh piston

f=7td2

- dién tich mit c4t can piston
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d - dudng kinh can piston
S - hanh trinh cta piston
Vay theo (4.1), luu lugng ly thuy€t trung binh clia bom piston tdc dung don la:

_g_FSn 3

= =" m’/s 4.15
Q, 60 60 (4.15)

Cua bom tdc dung kép la:

(glz(zF-43-§% m’/s (4.16)

n - s6 vong quay trong mot phiit ctia truc bom.
b- Luu lugng trung binh thuc

Luu lugng trung binh thuc bao gid cling nhd hon lwu lugng 1y thuyét da tinh & trén vi

nhitng nguyén nhin sau:

(@)

Bo6 phan 16t kin clia bom va § cdc van khong thé ddm bio tuyét ddi kin khi bom 1lam
viéc.

Su d6ng md cham cida van hiit va van ddy trong qua trinh hit va day k& ti€p nhau.
Khéng khi lot vao bom.
Vi vay luu lugng thuc trung binh ctia bom piston 1a:
Q=n,Q (4.17)
No - hiéu suat luu lugng clia bom phu thudc vao cdc nguyén nhan ké trén.
No = 0,85 + 0,90 - d3i v6i bom nhd (c6 dudng kinh piston D < 150mm)
No = 0,90 + 0,95 - d6i véi bom vira (D = 150 + 300mm)
Ngo =0,95+0,98 - d61 v6i bom 16n (D > 300mm)
c- Luu luong tiic thoi

Theo 1y thuyét thiiy luc, ta c6 thé xdc dinh luu lugng clia bom piston tdc dung don tai

mot thdi diém bat ky:

piston.

Q=Fv (4.18)

v - van tdc tifc thdi clia dong chit 16ng trong bom, cling chinh 1a van tdc tic thdi clia

Viy: su bi€n d6i lvu lugng cia bom phu thudc vao sy thay d6i cia van tSc piston.

Khdo sdt chuyén dong clia piston clia bom truyén din bing co cidu thanh truyén tay quay
theo hinh vé&, goi:

F - dién tich cua piston
¢ - gdc quay cla tay quay
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R - bdn kinh quay (chiéu dai) cla tay quay
1 - chiéu dai ctia thanh truyén
x - khodng cdch tir mit 1am viéc clia piston dén vi tri gi6i han B,.

N&u chiéu dai ctia thanh truyén 16n hon chiéu dai cla tay quay nhiéu, thudng > 10 1an
(R/1<0,1) khi d6 c6 thé xem nhu:

x = C,T =R - Rcoso
x = R(1 - cosp) (4.19)
Trong d6: @ = o.t (» - van tdc goc , t - thdi gian)

Van toc tic thdi clia piston 1a:

V= dx = Rsin(pd—(P
dt dt
Do d6: v =oRsin@ (4.29)

Luu lugng tic thsi ciia bom tdc dung don la:
Q =FoRsing 4.21)

Ta thdy, Ivu ludgng tic thdi clia bom piston dao dong theo ham sin va dat gid tri cuc
dai (Qumax) khi @ = n/2 , cire ti€u (Qmin = 0) khi ¢ = 0.

A
| Q
|
i Qmax
L A° o/ |2 .
:5 FoR, ¢ /2 T @(rad)

Hinh 4.4 - So dd dao dong luu lugng clia bom piston tdc dung don

Bing cdch 1ap luin tuong tu nhu trén, ta c6 thé vé dugc bi€u d6 luu lugng tic thdi
Q =f(p) cua bom piston c6 tic dung kép.

Q A
|
! |
! , |
| Qmax Q max |
] |
Pl 0 Q YN
. 2FOR n/2 n 3n2 2= (2F-HoR

' Hanh trinh ti€n |, Hanh trinh i

phia khong can phia ¢6 can

Hinh 4.5 - S0 dd dao dong luu lugng clia bom piston tdc dung kép
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Qua biéu dd luu lugng Q = f(¢) clia bom piston tidc dung don va kép, ta thay lvu lugng
cia bom dao dong trong pham vi 16n. P& c6 luu lugng déu hon (dao dong it hon), ngudi ta
diing bom piston ¢6 tic dung 3 1dn hodc 4 1an. Biéu dd luu lugng clia bom tic dung 3 1an
hodc 4 1an c6 thé xAy dung biing cdch cong cdc biéu @6 luu lugng cla cic bom don va cdc

bom kép:
N Quin Q Qs Q4
0 - 2En (pt 0 T 2n 3 (P=

Hinh 4.6 - SJ dd dao ddng luu lugng clia bom piston tdc dung 3 14n va 4 1an

Qua cdc bi€u @6 luu lugng, ta thdy bom piston tic dung 3 1an c6 luu lugng déu
nhi't. Thuc t& bom c6 tdc dung 16n hon 4 14n it dudc ché tao.

Pé dinh gid mic 36 khong déu ctia lwu lugng bom piston, ngudi ta ding hé s6 khdng
déu vé luu luong v

S Qunax (4.22)
Q

* P81 véi bom tdc dung don:

Qmax =FR2LH khi (Pzzawzzin,SinE—l

60 2 60
Trong trudng hgp tong quat Q dudc tinh nhu sau:
jf(x)dx
— 0 ~F-2R- 2 4.23

Q 2n 60 29

trong do : f(x) = FRosing

Nhung vi tir 7 + 27 luu lugng bing 0. Do d6 Q cho cd chu k¥ s€ 1a:

n
=F2R—
Q 60

Vay hé s6 luu lugng khong déu clia bom piston tic dung don 1a:
FR 2m
Y= 60 _n= 3,14

FR
60
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* Bom tdc dung kép va bom tdc dung bon 1an cé: :g: 1,57

T

* Bom tdc dung 3 lan: U} =§ =1,05

Viy bom tdc dung 3 14n ¢6 y nhd nhit, diéu nay phit hgp v6i nhan xét qua cdc bi€u
dd luu lugng.

4.2.4- Chuyén dong khong 6n dinh ciia chdt long trong bom. Phuong trinh Bernoull,
cdch khdc phuc

a- Phuong trinh Bernoulli cho dong chdt I6ng trong bom
Chuyén déng khéng on dinh:
Ta bi€t ring, van tdc chuyén dong clia chit 16ng trong bom phu thudc van tdc chuyén

. . . e d
dong cua piston v = f(t), c6 gia toc d_\t/ #0.

Cha't 16ng chuyén ddong cé gia tdc thay ddi theo thdi gian doc theo dong chdy. Gia tdc
o d Ze z o , A e A
nay c6 thé (+) hodc (-) [d_: >< Oj. Nhu vay khoi chat long c¢6 khodi lugng m chuyén dong
trong bom s€ chiu tic dung ciia mot lyc quan tinh 1a:

I :_m_dv

hal 4.24
qt dt ( )

(d&u (-) biéu thi lyc quan tinh ngudc chiéu vdi gia toc).

Luc quén tinh tdc dung 1én dong chdy trong bom c¢6 4nh hudng khong t6t d€n bom,
dudng 6ng va cdc bd phan khic.

Theo (4.24), ta thdy néu tai mot thdi diém nio d6, khdi chi't 16ng dang chuyén dong
c6 gia toc cuing chiéu vé6i chiéu chuyén dong, thi lic d6 lyc quan tinh sé tdc dung ngugc lai
chiéu chuyén dong. Lic nay luc quan tinh déng vai trd mot Iyc cdn ting thém d6i véi dong
chat 16ng.

Nhung né€u gia téc ngudce chiéu chuyén dong, thi lvc quén tinh sé tac dung cling chiéu
v6i chiéu chuyén dong, lic d6 khdi cha't 16ng dugc bd xung thém mot s6 ning lugng. Ning
lugng nay c6 tdc dung khic phuc nhitng luc cdn khéc.

Vi van toc piston thay ddi c6 chu ky nén gia téc dv/dt ciing thay ddi c6 chu ky cd vé
phuong dién tri s6 tuyét d6i, do d6 luc quén tinh sinh ra trong bom piston chinh 12 mot tdi
trong dong c6 chu k¥, tdc dong vao cdc bd phan clia bom va hé thong.

Vay dong chdy trong bom piston 1a dong khdong 6n dinh. Do vay trong phuong trinh
ning luong ciia dong chiy khdng &n dinh phdi ¢6 thanh phin ciia luc quan tinh.

Phuong trinh Bernoulli:
Xét dong nguyén t6 chit 1dng chuyén dong trong bom tir mit cit 1 d€n mit cit 2 bat

ky niao dé. Vi dong khong 6n dinh nén bi€n thién ning lugng don vi toan phan tir mit cit 1
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dén 2 ciia dong chdy 1a d€ khic phuc Ivc cdn va ngoai ra con d€ khic phuc luc quin tinh
xuét hién trén doan 1-2.

N&u m = 1/g 1a kh6i lugng ctia mot don vi trong lugng chat 18ng thi luc quédn tinh tdc
L ov
g o’
Do d6 ta c6 thé viét phuong trinh chuyén dong clia dong nguyén t& ciia chuyén dong
chat 16ng trong bom piston la:
i[z+3+ﬁj+a—“+l-a—v=o (4.25)
oS Yy 2g) ot g ot

Trong d6: 6c/0S - bién thién clia ning luong do stc cdn doc theo dong chdy,

dung lénnd 1a :

v - vin tdc trung binh clia dong chdy.
Tich phan phuong trinh (4.25) ta sé& dugc pt Bernouli cho toan dong khong 6n dinh
trong bom piston:

2
Z+B+V—+zh+lj@-aszconst (4.26)
y 2g g- ot

Thanh phan l~j%-6$ xuét hién do c6 luc quin tinh trong dong chdy, thanh phin
g

ndy ciing dugc biéu thi bing cot chit 1dng, do vay nén dudc goi 1a cdt dp qudn tinh, ky hiéu

1 ov
hy: h, = . jaas (4.27)

Cot 4p qudn tinh c6 thé gy ra hién tugng xam thyc va 1am hu hdng cdc thiét bi cda
bom va hé thdng. Vi vdy can phdi nghién cifu cdc quy ludt bién thién cla 4p suit tai budng
cong tac ciia bom trong qud trinh lam viéc.

b- Cdch khdc phuc chuyén dong khong én dinh ciia chdt l6ng trong bom piston
Tdc hai ciia chuyén dong khong on dinh trong bom:

* Lam ting ton thit thiy luc

= GAay chan dong

* N&u bom lam viéc trong hé thong 6ng dai c6 thé xuit hién va dap thiy luc 1am héng
cdc bd phin clia bom va hé thong.

* Trudng hgp hé thdng nhiéu bom ciing 1am viéc, c6 thé xudt hién hién tugng cong
hudng bién do dao dong clia 4p suit.

Bién phdp khdc phuc chuyén dong khéng 6n dinh: 3 bién phip
1. Dung bom tdc dung hai chiéu (bom tdc dung kép).

2. Dung bon ghép. Nhu & phan trén ta thi'y, hé s& khong déu vé luu lugng clia cdc bom
piston ghép nhd hon clia bom tdc dung don ri't nhiéu.

3. Diuing binh khong khi d€ diéu hoa luu lugng va 4p sudt. Binh khong khi diéu hoa luu
lugng va 4p suat (goi tat 1a binh diéu hoa ) c6 ké&t cdu rat don gidn. P6 chinh 1a
nhitng binh chita kin dit ngay sit trén ong hiit va 6ng diy.
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Binh diéu hoa ldp trén &ng hiit goi 13 binh diéu hoa hiit, binh diéu hoa 1dp trén ong
d4y goi la binh diéu hoa diy.
Binh diéu hoa hiit: nguyén 1y 1am viéc nhu sau:

A

|
|
VAN :
1

Hinh 4.7 - Binh diéu hoa hit

Trong cdc qué trinh IAm viéc clia bom, mdt phan chi't 18ng dudce tich liiy lai trong binh
di€u hoa. N€&u kich thudc binh di 16n thi dao dong chit 16ng trong binh s& nhd. Hon nita trén
mit thodng clia chit 18ng trong binh ludn ludn c6 khong khi va c¢é dp suid't chan khong. Vi thé
ma chat 1éng chdy tir dng hit 1én binh mot cdch lién tuc va cé thé xem nhu dong chiy 6n
dinh. Chuyén dong khong 6n dinh chi xui't hién trén mot doan tir binh chita d€n mit piston.
Do d6 Ivc qudn tinh trong 6ng hiit chi xudt hién trén mot doan ngin tir binh diéu hoa dén
bom = gidm dugc tdn that ning lugng trong dng hit.

Pt binh diéu hoa trén 6ng hiit cho phép:

» Ting thém dudc chiéu cao hiit clia bom.
* Ting s6 vong quay lam viéc cda bom.
*  Gidm dugc dao dong 4p sudt clia bom trong qud trinh hut.

Binh diéu hoa ddy: binh diéu hoa ddy 1am viéc nhu sau:

Zn

B =

E
T
T

JEUE [ _;.'::_:._‘|. [ _ i

T |
Hinh 4.8 - Binh diéu hoa diy
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Trong qud trinh ddy mot phan lvu lugng ctia bom (phan 16n hon lvu lugng trung binh)
dudc tich lily lai trong binh, mifc chat 16ng s& dang 1én, nén khdi khong khi & phan trén cla
binh, tao nén ap sud't I6n. Khi van diy déng nhd cé 4p sud't 16n ctia khdi khong khi bi nén
trong binh, nén chat 18ng dugc ti€p tuc day ra 6ng day, vi vay dao dong clia lvu lugng va dp
sua't trong dng diy dugc gidm di, dong chiy diéu hoa hon.

Ciing nhu binh diéu hoa hit, binh diéu hoa ddy c6 tic dung 1am gidm luc quin tinh
trong 6ng day ctia bom piston. Luc qudn tinh chi con xuét hién trén mot doan ngin tit bom
dé&n binh diéu hoa.

P& binh diéu hoa ddy c6 tdc dung, can phdi bio ddm thudng xuyén mot lugng khong
khi cAn thi€t nhi't dinh & trong binh.

4.2.5- Ap sudt ciia bom trong qud trinh hiit

Ap sud't clia bom trong qu4 trinh hiit ¢c6 4nh huéng 16n d&€n kha ning hit va diéu kién
lam viéc clia bom.

Zp

Hinh 4.9 - So dd dudng 6ng hit
P& tim 4p sud't cia bom trong qud trinh hiit, ta van dung phuong trinh Bernoulli cho

dong chi't 18ng khong dn dinh:

2
Z+B+V—+Zh+lj@-GS:const
g’ ot

Y 2g

Vi€t phuong trinh Bernoulli cho 2 mit cit a-a va b-b, 14y mit chuin tai a-a, z = 0 va
cho ring mit cit a-a di 16n dé v, ~ 0:

2
Po g B Y i5h 4n, (4.28)

Y Y28
Trong phuong trinh:

Pxi - 4p suat & budng lam viéc trong qu4 trinh hit.
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V1 - van tdc chi't 18ng trong budng 1am viéc, cling chinh 14 van tdc clia piston.

Yhy, - tdng tdn tha't cot 4p trén toan bd chiu dai 6ng hiit. Trong trudng hop tdng quat
(0ng hit c6 nhiéu doan ndi véi nhitng dudng kinh kh4c nhau) ta c6:
2 m
Zhy=h,, +ch1 —1 +> A v (4.29)
i=1 i=1 d, 2¢g
Trong do:
L, C - cdc hé s6 tdn thit dudng dng va cuc bo.
v; - van toc cla chat 1dng trong cdc doan Ong ndi tudng Gng trén 6ng hiit c6 dién
tich matcatla f; .

v, =v, & (4.30)
f]
I;, d; - chiéu dai va dudng kinh cdc doan dng ndi clia dng hit.
Thay v; theo vy ta c6 thé vi€t Yhy, nhu sau:
V2
Shy = h, +2L.T, 431)
2g

2 2
n m 1
Véi: T, =>¢ [EJ +> N, -L-(EJ (4.32)
f = d, \f

i=l
Th - goi 12 hé s6 tdn that tuong duong clia dng hiit.
hyp - t6n that ning luong tai van hit.
hgm - cOt 4p quén tinh trén 6ng ht.

Theo cong thiic ¢t 4p quan tinh ta c6:

xl.al
g o ot

. :l_LTXaV

qth

Ly - goi 1a chiéu dai tuong duong clia 6ng hiit.

. 0 d
Vi vin tdc vy chi phu thudc thsi gian, nén: Var - SV
ot dt
v h,, = L, +x dv,
g dt
Trong trudng hop téng quat thi:
L d
B, =[ : +XJ o (4.33)
g dt
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v6i: ZfE (4.34)

—_

Thay (4.31), (4.33) vao (4.26) va bi€n d6i, ta c6 4p suit & trong budng lam viéc clia
bom déi véi trudng hgp tong quat 1a:

2
pi:p——[zfﬁh +(1+T)V“+(ﬂj-cz—“} (4.35)
t

Yy oy 2g g

Tu pt (4.35) ta tha'y, d6i v6i nhitng s6 hang trong ngodc vudng, trit cdt 4p quén tinh

Lytx dvy 1a dai lugng d6i dau, con lai 1a nhitng dai lugng ducng (+). Vi thé nén 4p suit §
g t

budng 1am viéc trong qué trinh hit py; (n€u hy > 0) s& nhd hon 4p sud't mit thodng & b€ hiit
pa: le < pa-

N&u px1 < pph thi s& sinh ra sy gidn doan clia dong chit 1dng trong bom, chit 16ng ¢
thé tdch rdi khoi piston, 1am gidm luu lugng ctia bom. Ngoai ra con gdy ra hién tugng xam
thuc trong bom, lamhdng cdc bd phan cia bom.

Mudn cho py; 16n thi can c6 4p sult p, 16n va cdc s6 hang trong ngoic vudng nho:

oz nén chon trong pham vi cAng nhd cang tdt, trong thuc t€ z, < 4 + 5m. Néu bom c6
bd phan 16t kin bido ddm, c6 thé chon z, < 0 (dit bom dudi mit thodng clia bé hiit).

2
v R o~ 2 - a A N ?2 N ~ P N
o (1+Th)- 2“ > (0 = dé ting kha niang hut can chon sao cho cang nho cang tot, tic 1a

gidm d&€n mic t8i thi€u tdn that cuc bd va chon dng hit ngdn nhit trong pham vi c6
thé. Nhan t6 anh hudng quan trong d&n tdn that 13 van tdc chuyén dong clia piston.

o hy,: ldc bt dAu md khéa rat 16n. Can 1am van nhe va ting dién tich mit cit thodt clia
chat 16ng.

o Ly nhd khi dudng kinh &ng hiit 16n va chiéu dai 6ng hit nhd.

o Trisd clia gia t6c dv/dt phu thudc van tdc piston, khi vong quay ctia bom cang 16n thi
gia toc sinh ra luc qudn tinh cang 16n. VAy mudn gidm cot 4p quan tinh d€ ting kha

ning hiit ctia bom, phdi chon 6ng hiit ngdn nhit va c6 dudng kinh I6n; s& vong quay
cta truc bom khong dugc qué 16n: n = 100 + 200 v/ph.

Qua su phin tich & trén, ta thay: 4p sudt trong qua trinh hit clia bom py; min khi piston
mdi bit ddu chuyén dong (x = 0) va py; max khi x = S (cudi hanh trinh). Do d6, diéu kién lam
viéc binh thudng cia bom khong c6 hién tugng xadm thuc trong qua trinh hadt la:

Y Jx=o Y

Tac1a: P2 —(z, +h,, +h,,. )2 2+ Ah (4.36)
Y Y
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2

(1+T, )2 =0  khix=0va vy =0

2g
DP3&i v6i bom piston dugc truyén din bing cd cidu thanh truyén tay quay thi; x = 0 c6:
hqlmax = ho‘)zR
g
L
Do d6: P, —{zh +h,, +—hm.2R}2pﬂ+A.h (4.37)
Y g Y

4.2.6- Ap sudt ciia bom piston trong qud trinh ddy

Tuong tu nhu ddi véi qua trinh hiit, ta vi€t pt Bernoulli cho dong chdy khong &n dinh
gitta 2 mit cit b-b va c-c, 18y b-b 1am miit chuén (z, = 0; Zc = Z4 ; Pe, Ve - 4p SUAt va van toc
dong chdy tai ndi can cung cap chit 1dng).

2 2
. Px2 | Vo P. , Vv
Ta co: =+ =z,+—+—+ > h,+h (4.38)
v 2 'y 2 2hit i

Zg

o
—_ | -
(@}

H

S sx]
b

T

Hinh 4.10 - So dd dudng 6ng day
Trong do:

Px2 > Vx2 - 4p sudt va van tdc chit 1dng trong budng cdng tic tai thdi di€ém dang xét
trong qud trinh day.

Yhg - tdng tdn thit cot d4p trén toan bd chiéu dai 6ng didy, xdc dinh gidng nhu trong
quad trinh hut:

2

Shy = h,, +22.T, (4.39)
2g

Tq - hé s6 tdn that tuong duong clia 6ng ddy, xdc dinh tuong tu Ty, theo (4.32).

hya - t6n that ning luong tai van ddy.
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Hgqa - cOt 4p quén tinh trén ng ddy (tr b-b d€n c-c) xdc dinh theo cong thic sau:
(tuong tu qua trinh hut)

L,+S- d
By =( “g Xj- Zt“ (4.40)

Lq - chiéu dai tuong dudng clia 6ng ddy, xdc dinh tuong tu Ly;
S - 1a hanh trinh piston.

Thay céc gid tri vio va bi€n déi, ta dugc 4p sua't trong budng 1am viéc ctia bom piston
trong qud trinh diy 1a:

2 L,+S- d
Pr: :P_c{zdmvﬁ(n—l)-vm[ o Xj- V“} (441)

Trong (4.41) ta thay: pLZtrong qué trinh ddy 13 tdng cia Pe va cdc d6 cao bi€u thi
Y

bdi cdc sd hang trong ngodc vudng. Phin tich tuong ty nhu ddi v6i qud trinh hit, ta thiy: pe
c6 gid tri 16n nhat khi piston bit ddu ddy (x = S) va min khi x = 0. Nhitng lic d6 gia téc cia
piston trong bom c6 tri s6 4m (-) va tri s6 cOt 4p quan tinh 12 max:

(-p*—zJ =P (g +h —h ) (4.42)
V' imin Y
~ ~ < . Ld +S 2 N A A . o . R ~
RO rang 1a khi h . =| ——— |©."Rthi trong budng cong tdc cua bom c6 thé xuat
g

hién chan khong (p—zJ <103mH,0 va xdy ra xam thyc (pﬁ < pﬂ}.
Y Yy

Do d6, diéu kién bdo ddm bom piston 1am viéc binh thudng ( khong giy ra xAm thuc)
trong qud trinh diy 1a:

(lizj z(l’ﬂmhj (4.43)
Y Jico Y

D&i v6i bom piston dugc truyén din biing cd ciu thanh truyén tay quay:

P,
Y

L,+S
—®
g

2 R} > P A (4.44)

+[zd +h , -
Y

Vay mudn chdng hién tugng xadm thuc trong qua trinh diy cin cé nhitng bién phip
sau:

o Gidm chiéu dai 6ng ddy (nén gidm cdc doan nim ngang)
o Ting dién tich mit cit 6ng ddy (bién phdp nay don gidn va c6 hidu qua tot).

o Gidm dién tich mit cdt piston (F), bdn kinh tay quay ( R) va s vong quay lam viéc.
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4.2.7- Vong quay gidgi han ctia bom piston

Mot trong cdc y&u td quan trong 4nh hudng dén diéu kién d€ khong xay ra hién tuong
xam thyc 12 s6 vong quay 1am viéc clia bom. Do d6 cin xdc dinh s vong quay 1am viéc gidi
han clia bom npax.

2m. A LA 2 oA L
Giai pt (4.37), thay o= % , trong diéu ki€n c6 xam thuyc ta co6:

Y ol Tt YN NP (4.45)
LR Y
895 - 1 s6 hang thu dugdc khi ta nhan 30 v6i g va chia cho n* = 9,86. Tiic 1a:
900x981 _ oo
9,86

Tuong tu nhu trén ta tinh dugc s6 vong quay giéi han cho phép clia bom trong qud
trinh d:?fy Nmax2) tU diéu kién (4.45):

N = 895 [Pe=Pon Ay z,+h, (4.46)
LdR Y

S& vong quay cho phép [n] clia bom piston khdng dugc 16n hon tri s6 bé nhat clia

Nmax(1) va Nmax(2)-
[n] < Nmax).)

V6i bom nuGe, thudng [n] = 100 + 200 v/ph.

S& vong quay cho phép [n] phai gidm khi nhiét dd chat 1dng trong bom ting. N&u bom
l1am viéc v6i s [n] c& dinh thi khi nhiét do ting thi s& phdi gidm chiéu cao hit (zp)

4.2.8- Puong ddc tinh

a- Buong ddc tinh lam viéc co bdn clia bom piston H = f(Q) vdi 2 s vong quay lam
viéc khac nhau n, > n;

HA

L G

0 A C Q

Hinh 4.11 - Pudng dic tinh Iy thuyét
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Theo 1y thuyét cia mdy thuy luc thé tich, cot 4p khong phu thudc luu lugng. Nén
dudng dic tinh 1y thuyét clia bom dudc bi€u dién biing cdc dudng AB va CD song song truc
OH. Nhung dudng dic tinh thuc nghiém thi khong hoan toan nhu vay. Ching dudc bi€u dién
bing cdc dudng AG va CR, khi cot 4p (4p sud't) cda bom ting 1én thi lvu lugng c6 gidm di.
Diéu nay dé& hi€u vi khi 4p sudt ting thi ton that lvu lugng (do chat 18dng 1o ri qua bo phin
lam kin) tdng, lam gidm luu lugng thuc cda bom.

Né&u 4p suat 1am viéc qud 16n thi luu lugng clia bom c6 thé mat mat hoan toin vi ro i,
hodc van an toan dugc m& d€ xa chat 1dng vé bé hiit. Ap sudt va luu lugng lic nay dude biu
dién bing doan GL, di€m L @ng vé6i thdi di€m van an toan dugc md. Su chénh léch giita
dudng dic tinh cot 4p 1y thuy&t va thuc nghiém cang nhiéu khi n cang 16n, vi khi d6 ton that
luu lugng ting khong phdi chi do ro ri ma con do sy déng md clia cdc van ddy va hiit khong
kip thdi lam gidm luu lugng thyc cia bom.

b- Buong ddc tinh lam viéc Q = f(H), N = f(H), n = f(H) ttng v6i n = const.

N,Q.n
n = const

[ —

Hinh 4.12 - BPudng dic tinh lam viéc

H

DP&i v6i mdy thity luc thé tich c6 n = const, thudng bi€u dién cdc thong s& lam viéc
theo H vi khi luu lugng Q khong ddi thi viéc diéu chinh ch€ do 1am viéc clia loai mdy nay
thudng dugc thuc hién bing cach thay ddi 4p sud't lam viéc. Khi 4p sudt 1am viéc cia bom
khong ddi (H = const), néu sd vong quay n ting thi Ivu lugng Q, cong sud't N va hiéu sud't luu
lugng cling tdng.

c- Puong ddc tinh n = fin); Q =f(n); N =f(n) khi H = const.

N.Qn Q

r'y

n
/E n, = const K
//_— n; = const

» >

n Q

Hinh 4.13 - Pudng dic tinh 1am viéc thay d6i theo n
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d- Puong ddc tinh xdm thuc cia bom piston theo hai s6 vong quay khdc nhau n; # n; :
Pudng dic tinh xAm thyc cho ta bi€t kh3 ning lam viéc binh thudng (khong x4y ra xAm thuc)
cia bom @ng vdi s6 vong quay khong ddi.

Céc diém K, K, 13 cdc di€m gidi han pham vi lam viéc an toan clia bom @ng véi
cdc tri s& dp sudt chan khdng gi6i han AH = Hck. N€u dd chan khong trong bom vugt qud cdc
tri s& gidi han thi
bom s€& lam viéc trong tinh trang bi xam thuc.

Tur dudng dic tinh xAm thuc, ta c¢6 thé xdc dinh chiéu cao hit cho phép clia bom theo
cong thuc:

[2.]=[Hee ] ;—Z—Ehh (4.47)
g

4.3- BOM ROTO
4.3.1- Khdi niém chung

Céc loai bom roto ra ddi vao khodng cudi thé ky trudc, sém hon bom piston roto.
Trong 60 nim trd lai day, ching dudc dung rong rdi trong cdc nganh ché€ tao miy va dong
luc.

Bom roto ¢6 nhiéu loai, nhiéu ki€u khdc nhau. Nhung chiing ta chi nghién cifu cdc
loai phd bién sau day:

* Bom bdnh ring

=  Bom truc vit

= Bom cdnh gat

= Bom chin khong vong nudc

Trong cdc loai bom nay (trir bom chin khong vong nudc) déu cé thé bi€n thanh dong
co thuy luc, n€u ta nap vao ching dong chat 16ng c¢6 dp sudt dd 16n.

Trong bom roto, bd phan lam viéc chinh tryc ti€p trao ddi 4p ning v6i dong chat 16ng
qua mdy 13 bd phan c6 chuyén dong quay nhu banh ring, truc quay c6 cdnh gat,... goi chung
12 roto. Roto c6 chuyén dong tron déu tao ra dong chdy tuong d6i déu. Luu lugng va dp sudt
ctia dong chdy trong cdc mdy roto dao ddng it hon so v4i dong chdy trong cdc mdy thiy luc
piston.

Ap sud't 1am viéc trong cdc bom roto thudng cao hon so v6i cdc bom cdnh din nhung
thdp hon so vdi cdc bom piston, thong thudng 1a 20 + 150 at.

Uu diém chung ciia bom roto la:
» K&t ciu don gidn

» Kich thu6c nhd, gon nhe
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= (6 tudi bén cao

* Lam viéc chic chin, tin ciy

= (6 thé lam viéc v6i s6 vong quay 16n
» (Cong sudt trén 1 dvi trong lugng 16n
* (6 chi tiéu kinh t€ tdt (ré)

Céc vu di€m chii y&u trén ddy 1am cho cdc bom roto dugc st dung rong rii trong cdc
nganh ché tao mdy va dong luc ing véi cdc dicu kién k§ thuat phit hop, vi du nhu trong cdc
hé thdng truyén dong va truyén lyc bing diu hoic trong cic bo phan diéu khién biing cdc cd
céu thiy lyc.

4.3.2- Bom bdnh rdng

a - Cdu tao, nguyén ly lam viéc

&)

1=

Hinh 4.14 — So d6 ciu tao bom bdnh ring

C4u tao clia bom c6 tif 2 banh ring trd 1én in khép v6i nhau, c¢6 thé in khdp ngoai
hoiic dn khép trong. SO ring thudng gip Z = 8 + 12 riing.

Sd dd k&t c4u clia 1 bom banh ring don gidn nhat thudng c6 2 banh ring nhu hinh vé.

Bénh ring chi dong 1 gin lién trén truc chinh clia bom dn khép v6i banh ring bi
dong 2, cd 2 banh ring déu dit trong vé bom 3. Khodng tréng A giita vé bom, miéng dng hiit
4 va 2 banh ring goi 1a bong hit; khodng trong B giita vé bom, miéng 6ng ddy va 2 banh
ring goi 1a bong ddy. Khi bom lam viéc banh ring chi dong quay, kéo bdnh ring bi dong
quay theo chiéu miii tén (nhu hinh vé), chit 18ng chita diy trong cdc ridnh a giita cdc ring
ngoai viing in khdp dugc chuyén tir bong hiit qua bong diy vong theo vd bom ( theo chiéu
chuyén dong ctia banh ring). Vi thé tich chita chit 16ng trong bong diy gidm khi cdc ring
clia cip banh ring vao khdp, nén chit 1dng bi chén ép va don vao dng ddy 5 v6i dp suit cao.
Qué trinh nay goi 14 qud trinh ddy ctia bom. Pong thdi v6i qud trinh diy thi & trong bong hiit
X4y ra qud trinh hit nhu sau: khi cdc ring ra khép, thé tich chita chat 10ng ting, 4p sut chat
186ng gidm xudng thap hon dp sudt trén mit thodng cla bé hiit lam cho chit 16ng chiy qua
ong hit 4 vio bom. Qua trinh hit va ddy cha't 18ng x4y ra ddng thdi va lién tuc.
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* N&u trong bom khong c6 khe hd thi 4p sud't chdt 16ng chi ting khi ndo né dudc
chuyén d&€n bong ddy. Vay ap suit do bom tao nén chi phu thudc vao dp sudt phu tai (4p suat
trong 6ng diy).

* Nhung thuc t€ bao gid ciing c6 khe hd:
- gitra dinh ring véi vé bom;
- gilta mit diu banh ring véi v bom;
- gilta cdc mat rang.

Do d6 chit 18ng dudc ting 4p suit sém hon trudc khi d€n bong ddy. Chinh cic khe hd
gy nén ton that luu lugng trong bom banh ring (chit 1dng theo khe hd chdy ngudc trd vé
bong hiit) han ché& kha niing ting 4p sudt lam viéc clia bom. N&u 4p sui't phu tdi cao qua mitc
thi ¢6 thé luu lugng cia bom hoan toan bi tdn that. Vi vy, dé han ché& dp sudt lam viéc tdi
da, ngudi ta bo tri van an toin 6 trén dng day.

b - Luu luong trung binh ciia bom bdnh rdng

Hinh 4.15 - So dd 4n khép clia cdc ring
Luu lugng trung binh cia bom béanh ring tinh theo cong thic:
Q=qn (4.48)
Trong d6: ¢ - luu lugng riéng ctia bom trong 1 chu ky;
n - s6 chu k¥ trong 1 don vi thdi gian.
Tinh luu lugng riéng q:
Gia st thé tich ctia 1 rdnh bing thé tich cda 1 ring.

Goi a 1a thé tich ctia 1 ring:

a~—.hb
2

Trong do:

e m.D
t- budc cua rang; t= 7 :

D - dutng kinh vong lan;
h - chiéu cao dn khép; h =2m; m - mddun clia banh ring;

Z - s0 ring;
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b - chiéu dai ring (chiéu rong ring).

Vay: a~"2omb
27

Khi 2 banh ring quay 1 vong, thé tich chit 1éng dudc chuyén qua bom tir bong diy
dén bong hiit1a 2Za.
Vay luu lugng cla bom véi s6 vong quay n trong 1 don vi thdi gian Ia:
Q, =2Zan =2n.Dmbn (4.49)

Néu s6 ring clia banh ring khdng nhu nhau thi 14y s6 ring Z; clia banh ring chi dong
dé tinh.

D&i v6i banh ring c6 s6 ring nhd Z = 6 + 12 thi thé tich clia rinh 16n hon thé tich clia
ring, khi d6 trong cong thic trén ngudi ta thay  bing hé s6 3,5. Ta c6:

Q, =7Dmbn (4.50)
. d LR A .
Ma m = = nén luu lugng c6 thé tinh theo cong thirc sau:
2
Q, :7Pz—bn (4.51)

¢ - Momen quay va luu lugng ticc thoi ciia bom bdnh rdng - Dao dong luu luong

1. Mémen quay ctia bom bdanh rdng:

Hinh 4.16 - So dd x4c dinh moment quay clia cdc banh ring
P — tdm an khép

A — diém in khép;
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R, - bdn kinh vOng tron cd sd;
R - bédn kinh vong lan;
R, - bdn kinh vong dau dinh ring.

Trong quda trinh bom banh rdng lam vi€c, cdp bdnh ring quay va dn khdp vdi nhau tai
di€m in khdp A. Phia trén di€m A thong v6i bong ddy c6 dp sud't bong ddy ps, trong khi d6
phia dudi di€ém A thong v6i bong hiit s& c6 4p sud't tai bong hiit p;. Dudi tdc dung cda do
chénh 4p  p = py - p1, trén truc quay cda banh ring chi ddng va banh ring bi dong chiu
moémen quay M; va M, tdc dong 1€n O; va O,.

Goi x- khodng céch tir A dén Oy;

y- khodng cdch tit A dén O,.

* P&i v6i banh ring chi dong:

Ta biét 4p luc tic dung cdc mit ring doi dién thi ciAn bing (triét tiéu) nhau, néu 4p
sudt tdc dung 1én cdc mit d6i dién bing nhau. Nhu vy do6i vdi cdc ring & ngoai viing dn
khép thi thda min diéu nay, con ddi v6i cdc ring & tai viing dn khép ta thay:

Xét rinh ring cda bdnh ring chii dong: 4p suat tai AjA;” vd AyA,” can biing (déu c6
4p suat hiit) con doan AjA,” chiu 4p suit ddy, doan A,A,” chiu 4p sudt hiit. Nhu vdy tai rdnh
rang nay chiu tdc dung ciia do chénh dp p=Ap=p: - pi

Viy banh ring chd dong chiu 1 dp luc la: P; = p.dtich tdc dung = p.(A;A;”.b)
= p.(Ry-x).b

* P81 véi banh ring bi dong: tuong ty ta xét 2 mit ddi B1B;” va B,B,”
doan By’B,” : dp sudt ddy ; doanB;’B;”:4p suit hit

Nhu vay tai trén phan dién tich B;’B;” cling chiu dd chénh dp p = p> - pi
Vay banh rang bi dong chiu 4p lyc la: P, =p.(B;’B;”.b) = p.(R2 -y).b

Moment quay do cdc dp luc P; va P, gdy nén trén bdnh ring chi déng va banh ring
R, +x :p.Rﬁ -x° .

bi dong la: M, =P, p=p.(R, —=x).b. 5 5

b (4.52)

R RZ _u2
Tuong tu: M, =P, p=p.(R, —y).b.—2 Y p.— Y b

4.
2 2 (429

Moment téng cong M tdc dung 1én cdc truc clia bom banh ring s& 1a: M=M, +M,
Hay: M = %[211; —(>+y?) (4.54)

* Ta s& xdc dinh gid tri x* +y°
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0,

Hinh 4.17 - Piém dn khép va tim dn khdp

Goi | - 12 khdng cdch tir diém #n khép A dé€n tAm dn khép P.
Ta c6: x*=R+c) +k’

y2 = (R—c)2 +k?
Vay: X2 +y? =2R? 4207 +2k% =2R% +2(* + k*)=2R* + 21> =2(R* - I)
Thay vao phuong trinh moment ta c6:

M=pb(R-R>-1?) (4.55)
D3i v6i banh ring thong thudng thi R, =R +m; nén:

M = p.b.2Rm +m? —1?) (4.56)
T bi€u thifc trén ta thi'y: M phu thudc vao khodng cich 1.
Khi | = 1ax thi moment ¢ tri s& nhd nhat:

M, =pb(2Rm+m>-12 ) (4.57)
Khi | = 0 thi moment c6 tri s6 16n nhat:

M, .. = p.b.(2Rm +m’ )

Theo cdng thic trén ta c6 thé xdc dinh dudc tri s6 clia moment titc thdi tdc dung l€n
truc bom. Sy dao dong cia moment quay 4nh hudng xau dén stic bén va diéu kién lam viéc
clia bom. Ta biét tri s6 M ty 1& vdi cong sudt trén truc bom, ma cong suat lai 4nh hudng dén
4p sud't va luu lugng clia bom, do d6 sy dao dong clia moment quay M gdy nén sy dao dong
luu lugng va 4p suit.

2. Luu luong tiic thoi ciia bom bdnh rdang- Dao djong luu luong
Ta biét:
= (CoOng suit trén truc ctia bom tai thdi di€m truc bom c6 moment quay tic thdi M 1a:

N=M.o ; o =const- vin téc géc cla truc bom.
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*  Mitkhic cong sudt bom phu thudc luu ludng tie thdi Q:
N=v.QH=p.Q ;

p = const - chénh l&ch 4p sui't § bong ddy va bong hiit.

Suy ra: M.o = p.Q
2 12
Hay: Q- M.o _ p.b.(2Rm +m° -1 )oa _ (2Rm tm? -1 ).b.oo
p p
Vay: Q=(2Rm+m* -1’ }b.w (4.58)

Suy ra: luu lugng tic thdi ciia bom banh ring thay d6i phu thudc khodng cdch 1 tuong
tu nhu moment.

Khi 1= 0, bom c¢6 luu lugng 16n nhat:
Q... =(2Rm+m?)bw (4.59)
Khi | = lax , bom c6 Ivu lugng nhé nhat:

Q.. = (ZRm +m’ —1? ).b.w (4.60)

max

Vady: Luu lugng tic thdi cia bom banh ring thay d6i mot cach c¢6 chu ky tif Quin dén
Quax Bién d6 dao dong ctia bom banh ring phu thudc khodng cdch 1 va do d6 phu thudc s&
ring va hé so tring khép clia cip banh ring.

D3i v6i bom banh ring thing c6 thé x4c dinh bién do dao dong luu ludng A theo cong
thic gin ding sau:

A= ;—zs.mszb (4.61)
¢ - hé sd trung khép;
Z - 0 ring;
b - chiéu dai ring ( chiéu rong banh ring);
® - van toc goc clia banh ring chi dong;
R, - ban kinh vong cd sd.
» P& d4nh gid mic dd dao dong lvu lugng cia bom banh ring, ta tinh hé s& dao dong

Ivu lugng: 5= QQ& (4.62)
tb

Hé s6 dao ddng luu lugng clia bom banh ring tru c¢6 thé tinh theo cong thifc gan ding:

0052 (04

5=125 (4.63)

a. - gbc dn khdp clia cip banh ring; d6i v6i banh ring tiéu chuin o = 20°.
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Nhu vy & phu thudc vao so ring Z.

So véi cdc loai bom piston va piston roto, thi bom banh ring c6 hé s6 dao dong luu
lugng nhd hon nhiéu.

Bi€u d6 dao dong luu lugng va 4p sud't ciia bom banh ring ¢ s6 ring Z = 10 va Z
=12.

Z=fg { Félrd
2 / fle fieng f:;ung bk
rZ/AJ sl oy P e -, A’fﬂac?;;ny
¢ \ )‘ \ / \ / \ M fdong
4 JLT \L
wr | o S
P 2 - -
e s Sy S D (4 W B 2 YR \;’i Jeo dong
5 D Y 0, W A S B g
W7 7 - - et bl ap Fuat
ar 0.2 .-?Jia Y] 8z 83
i L. L 1

I
Hinh 4.18 - Bi€u d6 dao dong luu lugng va dp suit

Dao dong luu lugng giy ra dao ddng 4p suat, dnh hudng xau dén sy 1am viéc cia bom
va clia hé thong truyén dong thiy luc.

d - Cdch khdc phuc mot s6 nhugc diém ciia bom bdnh rdng

1. Hién tuong dao dong luu luong

C6 mot s bién phép:

* Dung bdnh ring c6 sd ring 16n.

Nhugc diém 1a phdi ting dudng kinh banh ring.

* Dung bdnh ring nghiéng: § banh ring nghiéng toan bd chiéu dai ti€p xic khong vao
va ra khép ciing mot ltic ma vao va ra khép tir tif nén Ivu lugng clia bom déu hon (
dao dong it hon) va bom 1am viéc ém hon. Hé s& dao dong luu lugng ctia bom banh
ring nghiéng nhd hon so véi bom banh ring thing; né tiy thudc vao géc nghiéng clia
ring. Nhuoc diém clia banh ring nghiéng 12 khi 1am viéc xudt hién Iyc chiéu truc P,.
Goéc nghiéng B va 4p suatlam viéc cda bom cang 16n thi lyc chiéu truc cang 16n, giy
hu héng 6 truc va doi héi bom phai cé két cAu phitc tap d€ khic phuc luc d6. Trong
k§ thuit thudng ding bom bdnh ring nghiéng c6 B = 20° + 30° va 4p sudtp =3 + 5 at.

= Dung bidnh rang chit V:

Banh ring chit V c6 diy di vu di€m cda banh ring nghiéng nhung & dy luc chiéu
truc ty kh. Vi vdy ding banh ring chit V phat huy dudc wu diém cda bdnh ring
nghiéng biing cdch ting B clia ring c6 thé tdi 35° d&€n 45°. Do d6 né c 4p sudt lam
viéc cao hon p = 20 + 40 at.

Nhuge diém c6 két cAu phiic tap, ché tao dit tién.
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P& khic phuc nhudc di€ém nay clia banh ring chit V, ngudi ta dung 2 cip bdnh ring
nghiéng bd tri d6i xing trén cung 1 truc.

W
N

i

{ —m

Hinh 4.19 - Banh ring chir V
2. Hién tuong chdt ldng bi nén & chén rdng khi bom lam viéc

* Khi 1 cdp rang vao khép * Khi 2 cap rang vao khép

Hinh 4.20 - Chat 16ng bi nén & chin ring

Khi bom 1am viéc, modt phan chi't 1dng bi giit 1ai & chan ring khi cdc ring in khép véi
nhau. N&u gifta cdc mit ring khi an khép khong c6 khe hé thi phan chit 1dng nay bi nén lai.
Khi cdp banh ring sdp két thic qua trinh vao khép thi 4p sud't clia chat 1dng ndy 16n nhat vi
thé tich chita chiing nhd nhat. Nhung khi cip ring ra khép thi thé tich d6 16n dan, 4p sudt
gidm, xuit hién 4p suit chan khong. K&t qua 12 ¢c6 mdt phan mit ring khi vao khép va ra
khép chiu thém tdi trong phu d6i ddu gdy 4nh hudng xau dé€n sitc bén clia ring, banh ring va
& truc (8 truc bi mon khong déu). Ngoai ra chat 1éng trong cic thé tich bi nén néng lén va khi
4p sudt gidm chi't 16ng boc hoi, sdi bot gy hién tugng xAm thyc va néu chi't 16ng 1a dau dé
bi bi€n cha't (6xy hoa).

Bién phdp khdc phuc:

» Lam cdc ranh “thodt” trén thanh vo bom G phia trong ngang vi tri an khdp ctia 2 banh
ring. Cdc rinh nay c6 thé thong v6i bong hiit hoic bong day. C4c chat 16ng bi nén sé&

di qua cdc rinh ndy ma vé bong hiit hoic bong diy, do dé khong giy nén tdi trong

phu. N&u rinh thong véi bong hiit thi tén thi't luu lugng ting,hiéu sud't luu lugng gidm

khoang 7%.
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Hinh 4.21 - K&t c4u rinh thodt trong banh rin g
» Khoan céc 10 thoat huéng kinh & chan ring
Céc 16 nay thdng vé6i cdc ranh trén truc din chit 1dng d&€n bong hiit hoic bong diy.

Hai bién phdp nay doi héi két cau phiic tap, ché tao khé, 1am gidm do kin clia cdc thé
tich 1am viéc do d6 hiéu suat gidm.

Hinh 4.22 - K&t ciu 161 thoat huéng kinh & chin ring

* Dung banh ring nghiéng hoidc chit V: 1a bién phdp t6t vi sy vao va ra khép cia cdc
cdp ring dugc thyc hién tir tir nén chat 16ng & chin ring khong bi bao kin trong khu
vure bi nén (& viing dn khép). Mudn th€ banh ring phdi c6 géc dn khép B va chiéu
rong b phit hgp sao cho khi diu nay clia cip ring bit diu ra khép thi diu kia vin &
viung vao khép.

3. Hién tuong ton thdt va cdch khdc phuc
Trong bom banh ring c6 2 loai ton that:
» T&n thd't co khi: do masat trén cdc bé mit 1am viéc clia cdc chi ti€t trong bom.

» T6n tha't lvu lugng: do cdc thé tich 1am viéc khong kin (dAn dé€n 10 1f) va do chit 16ng
khong dién day thé tich cdc ranh ring, do bi dong chdy ngugc (chit 16ng chiy trong
khe hé giita vong dinh ring va thanh vé bom ngugc véi chiéu quay cia banh ring vi
4p sudt & bong day 16n hon 4p sut & bong hit).

Bién phdp lam cho chdt 16ng dién ddy cdc ranh rdng:

o Tao 4p suat thich hgp trong bong hiit, khdng d€ 4p sui't & bong hiit nhd hon dp
sud't do lyc ly tAm sinh ra khi banh ring quay, bing cdch dit bom thdp hon
mifc chit 16ng trong bé hiit hoic ting 4p sud't mit thodng ciia bé hiit.

o Hinh ddng va kich thudc clia dudng dan chat 16ng vao bong hit phéi hgp 1y .
Van téc cia chit 1dng vao bong hit khong nén qué 2 + 3 m/s. Pudng dan dén
bong hiit c6 k&t cAu hinh “loa”, modt canh md rong dan cho biing bé rong clia
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banh ring & miéng bong hit, va cung tron cia bong hit khong nén nhé qud
1/8 toan bd vong bao banh rang.

s w’}"

Hinh 4.23 - K&t cAu dudng dan chat 1éng vao bong hit

o Han ch€ van tdc 1am viéc clia banh ring. Van tdc & vong dau dinh ring khdng
nén qui 6 + 8 m/s, vi c6 thé€ giy hién tugng xam thuc.

4.3.3 - Bom truc vit
Bom truc vit dudc st dung nhiéu trong cong nghiép vi c6 uu diém cd ban nhu sau:

* Luu lugng diéu hoa, it dao dong hon lvu lugng clia cdc mdy thiy Iuc banh ring, k€ cd
banh rdng nghiéng.

» Hiéu suat tuong doi cao.
= K&t cAu nhd gon, chic chin, lam viéc tin cdy, khong 6n.
= C6 thé lam viéc vdi s6 vong quay 16n va ap sudt cao.
Ngudi ta di sdn xud't bom truc vit c6 s& vong quay n = 18000 vg/ph va p = 200 at.

* Moment quén tinh nhd nhit so vdi td't cd cic loai may thiy lyc thé tich khdc c6 cling
cong sudt. Do d6 mdy Iam viéc c¢é dd nhay cao.

*  Pham vi st dung rong rdi: Q =3 + 12000 I/ph ; N =1 + 1500 kw.
Cédu tao, nguyén ly lam viéc

Bo phan chli yéu cia mdy thuy luc truc vit gdm 2 hoic 3 truc vit An khép v6i nhau dit
trong mot vé mdy c6 dinh c6 161 dan chat 1dng vao va ra. Khe hé giita cdc truc vit va vé mdy
rat nhd. Truc vit thuéng c6 1 hodc 2 mdi ren va bién dang ren thudng ¢ 3 loai: ren chit nhat,
ren hinh thang, va ren sicloit.

Bom va dong co c6 két cau gidng nhau va cé thé 1am viéc thuin nghich. PE tién, ta
nghién cdu cidc loai bom truc vit trudc, sau do ta suy ra dong cd.

a- Bom 2 truc vit
Céu tao:

Truc vit chli ddng 1 c6 ren chit nhit, chiéu ren phai in khép véi truc vit bi dong 2 ¢
chiéu ren trdi. Cudi 2 truc vit ¢6 ldp 2 banh ring 3 ciing dn khép véi nhau. Céc truc vit duge
dinh vi biing cdc 6 truc dit trong vé bom 4. V4 bom c6 bong hiit A va bong diy B. Khe hd
giffa cdc truc vit va vé bom rit nhd.
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Hinh 4.24 - S d6 c4u tao ctia bom hai truc vit

Nguyén ly lam viéc ctia bom truc vit

Chat 16ng & bong hiit A dién ddy rinh ren & vi tri a, khi truc vit quay 1 vong, than ren
b ctlia truc vit kia #n khép vdi rdnh ren a va ddy khoi chét 16ng trong d6 tir vi tri a d&n vi trf a’
va tir a’ khi truc vit quay 1 vong nita ti€p theo thi lai chuyén dén a’’. Ctt nhu th& chat 16ng
dudc chuyén tir bong hiit d€n bong di'y.

Bom 2 truc vit ren vudng ( hoic hinh thang) § trén c6 nhugc di€ém la khé bdo dam kin
thé tich 1am viéc, do d6 tn that lvu lugng va tdn that thiy luc nhiéu, t6n thit co khi 16n, hiéu
sui't c¢d khi thap. Vi vay, bom 2 truc vit c6 ren chit nhat ( hodc hinh thang) c6 dp sudt va luu
lugng 1am viéc han ché&: p = 100 at , Q = 20 + 40 1/ph.

Bom truc vit cling nhu bom banh riang nghiéng, khi lam viéc phdt sinh tai trong huéng
truc, tdc dung 1én & truc, lam gidm tudi tho bom. PE 1am gidm t3i trong hudng truc, ngudi ta
l1am rdnh hoic dung cdc truc vit ¢cé 2 phan ren ngugc chiéu nhau.

Cit mdi vong quay thi truc vit chuyén dugc 1 khoi chi't 16ng c6 thé tich bing thé tich

rinh ren trong mot budc ren t. Néu goi F 1a dién tich mit cit ngang clia rinh ren, ta c6 luu
lugng 1y thuy€t riéng cta bom truc vit 1a:

q=F.t (4.63)

* Vay luu lugng 1y thuyét Q, mdy bom trong mot gidy 1a:
ng, nF.t
— 4.64

Q, 50 60 (4.64)

Dién tich F c6 thé x4c dinh gin ding nhu sau:
2 2
Fe Tt-(D4 a’) (4.65)

Trong d6: D, d - dudng kinh cta dinh va chéin ren truc vit.

* Luu lugng thuc t€ trong mot gidy clia bom 2 truc vit 1a:
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Ne-tN.7T
Q=Qm, = QZTO(D2 ~d?) (4.66)

Trong do: m,, - hiu sudt lvu lugng clia bom 2 truc vit, thudng No=0,75+0,85.

b - Bom 3 truc vit

B ' Il
3 ./ H;’_ d G ‘:W‘;ﬂ'”-'_-?..
A EE S SR

'A' -, e e | i
VNN p—

X

5

Hinh 4.25 - So @6 cdu tao cia bom ba truc vit

K&t cdu va nguyén ly lam viéc cia bom 3 truc vit n6i chung twong ty bom 2 truc vit.
Chi khéc 1a truc vit chi ddng 1 in khép vdi 2 truc vit bi dong 2 va than bom 3 ¢6 2 1an vé @€
tdn nhiét dugc tdt hon. Trén hinh vé 12 mit cit ngang cda bom 3 truc vit sicldit an khép nhau.
Ta thdy so vdi 2 truc vit, thi bom 3 truc vit c6 thé tich 1am viéc dudc lam kin tSt hon, do d6
hiéu sud't luu lugng 16n hon; géc nang clia mdi ren c¢é thé 1am 16n, din d€n hiéu sud't co khi
ciing cao hon. Nhu vy bom 3 truc vit ¢6 hiéu sud't va tinh ning lam viéc cao hon bom 2 truc
vit, c6 thé dat t6i cac tri s6 gidi han.

* Luu lugng cia bom 3 truc vit: tuong tu nhu bom 2 truc vit, xdc dinh theo cong thiic
gin ding:

d’n.
@ Mg (4.67)
14.5

Q=
Trong do:
Q - lvu lugng thuc t&€ cta bom trong 1 phiit;
n - s6 vong quay ctia bom trong 1 phit;

1, - hiéu sudt luu lugng; 7,= 0,80 +0,95;

d - duong kinh chin ren cta truc vit chi dong.
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4.3.4 - Bom cdnh gat

a. Cdu tao, nguyén ly lam viéc

I i
T g ot

Hinh 4.26 - S0 dd ciu tao clia bom cdnh gat

Bom gém 1 vé hinh tru 1 trong d6 c6 roto 2. TAm clia v4 va roto 1éch nhau 1 khodng
e. Khi roto quay, cdc ban phing nay trugt trong cc rinh ciia roto va gat chi't 1dng, nén goi 1a
canh gat. Phan khong gian gidi han bdi vé bom va roto goi 1a thé tich 1am viéc.

Hinh vé 13 so do két cdu cla bom canh gat don gidn nhat ( ¢6 2 cdnh gat). Nhd luc
ddy ctia 10 so 4 cdc cdnh gat 3 ludn ludn ty sdt vao thanh vé bom. Gid st khi bom lam viéc
quay theo chiéu miii tén, thé tich chita chit 1dng tir A dén C ting, 4p su't trong chit 1dng
gidm, do d6 chdt 1dng bi hiit vio bom. Khi cdnh gat di chuyén tir C dén B, né lam gidm thé
tich chita chit 18ng, do d6 1am ting 4p suat va day chat1dng vao dng day.

P& chit 16ng khong chdy ngudc tir bong ddy vé lai bong hiit va khong bi “chet” trong
cdc thé tich 1am viéc thi vi tri ctia cdc cdnh gat va clia roto phai bd tri sao cho khi canh gat
nay bit dau gat chat 16ng (& vi tri I) thi cdnh gat kia ciling vira thoi khong gat chit 1dng nita (&
vi tri IT). Do d6 luu lugng bom khdng déu, nhd nhat khi cdnh gat & vi tri I va 16n nhA't khi
canh gat & vi tri C-C. P€ cho luu lugng bom déu hon, ngudi ta ting s cdnh gat trong bom (tir
4 dé&n 12 cdnh).

Trén hinh vé 13 so d6 k&t cau clia bom 6 cdnh gat. Cdc gd chin AB, CD ngin khong
cho cha't 18ng tir budng ddy ngudc vé budng hiit, g chin AB phai c6é chiéu dai thich hdp sao
cho khi mot cdnh gat bat ddu vao vi tri A thi cdnh gat trudc né phdi vira d&n vi tri B.

Cdc bom khéo sdt § trén, trong mdt chu ky lam viéc (1 vong quay cta roto) thyc hién
dudc 1 14n ddy va 1 1an hit, nén goi 12 bom tdc dung don.

P& gidm bét tdi trong & trén & truc va ning cao 4p sudt lam viéc, ngudi ta dung bom
cdnh gat tdc dung kép. Bom tdc dung kép chi khiac bom tic dung don § v6 bom. Mit trong
ciia vd bom khong phdi la mat try, tdm cda roto trung v4i tim cia vo, bom ¢ 2 bong hit va
2 bong ddy bd tri ddi xtitng vdi tAim vo.

* P81 véi bom tdc dung don:
Ap sudtlam viéc p <20 at

Luu lugng lam viéc tut 5+ 150 1/s
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SO vong quay lam viéc n = 1000 + 2000 vg/ph

* Pi véi bom tdc dung kép:

Ap sud'tlam viéc p <70 at

Luu lugng lam viéc tot 5 + 200 /s

Hiéu sua't ctia bom cdnh gat n6i chung : 1=10,5+0,8.

Tuy vay bom cé vu di€m 1a két cAu nhd gon, don gidn, c6 kha ning diéu chinh dugc
luu lugng.

b - Luu lugng, cdch diéu chinh luu lugng

i .
S
| L

Hinh 4.27 - So dd xdc dinh luu lugng

Goi: R - khodng c4ch tir O, ciia roto d&n miit ti€p siic clia vé bom;

r - ban kinh mat lam viéc cda vo bom;

h - chiéu dai mit 1am viéc cda cinh gat;

b - chiéu rong cdnh gat;

C - trong tAm phin 1am viéc cda cdnh gat;

¢ - gbc quay ctia roto ké tir dudng tAm thang ditng AB.
Ta cdc dinh mdt s& thdng s& hinh hoc va dong hoc clia bom.
Vi géc B rat nhd c6 thé coi cosp = 1, ta c6:

h=¢e+EO, ;ma EO,=e.cos(E0,0)) = e.cos(180° - @) = -e.cos@
nén h=e-ecosp
=e.(1 - cosp)

Véan téc trugt tuong doi ctia cdnh gat trong ranh:
V= h_ €.0.sinQ
T
2 d(P A ~ 2 2
Trong d6: ®= i van téc gdc cua roto
Vén téc vong clia trong tAm phan lam viéc ciia cdnh gat:
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u=0,Co
Trong do6: (F=R—O,5h ; V6 i R=DE+EO, =rcosf—ecos

0,C=rcospB—ecos¢p—0,5h

=rcosf—ecosp— O,Se(l —COS (p)

Néu coi cosP ~ 1 thi ta c6:

0,C=r- O,Se(l + cos (p)
Hay: u= oo[r —0,5¢(1 +cos (p)] (4.68)
Luu luong tiic thoi:
Né&u khong k€ t6i 4nh hudng clia chiéu day cdnh gat, ta c6:

Q, =ubh

Q,, = [r—0,5¢(1+ cos p)]e.w.b.(1 - cos p) (4.69)
TUr cong thic trén ta thdy luu lugng tic thdi clia bom thay ddi theo géc quay ciia roto:

Khi ¢ = 90° va ¢ = 270° thi Q,, = Quin = (1-0,5¢).0.b.e (4.70)
Khi ¢ = 180° thi Q, = Quax = 2.1.0.b.e 471

(mot cdnh gat chi lam viéc véi @ tr gid tri 90° dén 270° con tir 270° d€n 90° cdnh gat kia lam
viéc, quay theo chiéu kim dong hd)

Hé s6 dao dong luu luong:

y= oo (4.72)

Qmin
Ta thdy d6i v6i bom 2 canh gat luu lugng tic thdi thay ddi kha nhiéu.
D3&i véi bom nhiéu cdnh gat, vi du: khi Z = 6 thi:

ye= 2 _107 = L lugng déu hon (4.73)

Luu luong trung binh:
* Luu lugng trung binh trong mdt vong quay q (luu lugng ri€ng)
Goi  qo - luu lugng riéng ctia bom khi chwa k& téi 4nh hudng chiéu day canh gat;

q’ - lugng gidm luu lugng riéng do dnh hudng clia chiéu day cdnh gat trong
mot

vong quay.

Ta co: q=9o-9q’
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Né&u s6 cdnh gat Z di 16n, ta c6 thé st dung bi€u thic sau:
q=2eb(2nr-8Z) ; &-chiéuday cdnh gat.

* Néu goi n 12 s6 vong quay cda bom trong mot phiit, thi luu lugng trung binh 1y
thuy&t ctia bom trong mot gidy la:

_hgq
Q 60
n.e.b

Q, = ) 2n.r-8.2) (4.74)

Viy: luu luong thuc t&€ clia bom cdnh gat tdc dung don 1a:

Q="M (o 57) (4.75)

Thuong n, =0,8+0,9

Diéu chinh luu luong

Uu di€m clia bom cdnh gat tic dung don 1a c6 thé diéu chinh dudc luu lugng khi s6
vong quay lam viéc cia roto khong ddi.

Tuong tu nhu bom piston - roto huéng kinh, lvu lIugng clia bom cdnh gat c¢6 thé diéu
chinh biing cdch thay d6i tri s& clia 6 1éch tAm e. Ngoai ra, néu thay ddi dau clia e thi con c6
thé ddo chiéu lam viéc clda bom.

- 'EJ'.J'!‘M'_- &z P8 . 8:0 e‘-*’m’ ‘ﬂw:
SN
gy F El
‘9,- FESESS, B 3 e —
o \ P, 7
N Y
o G A
a o) &

Hinh 4.28 - Piéu chinh luu lugng bing thay d6i do 1éch tim

Trén hinh vé 13 so d6 diéu chinh bom cdnh gat. Khi ¢6 vi tri tuong d6i clia roto trong
vé bom nhu trén hinh a) thi chit 16ng dudc chuyén tir A t6i B vdi € = emay thi Q = Quax. Khi
ddy vé bom sang phdi, e gidm din, luu lugng gidm dan va cho dé&n khi e = 0 thi Q = 0. Mic
dii roto van quay v6i vin tdc géc va chiéu quay khong thay ddi. Né&u ti€p tuc ddy vé bom
sang phai thi e ddi dau, chiéu chuyén dong ctia chit 1dng thay ddi tit B d&én A va khi luu
lugng clia bom 16n nha't thi € = epy;.

c - Luc tdc dung lén canh gat

Hinh vé trong trudng hgp ¢ = 180°.
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Hinh 4.29 - Lyc tdc dung l€n cédnh gat
Trén cdnh gat c6 nhitng lyc tdc dung sau:

* Lyc ly tAm, bing tich s6 clia khdi lugng cdnh gat m véi gia tdc ly tim a, (dit & khoi
tam, cdch tam quay mot quang p):

P =ma,
Vi
a, =p.o° = R-De? = r.cosB—e.coscp—E o = r—E—e.coscp .
2 2 2
A 2 h
Nén: P, =mo .(r—g—e.cosq)j

Thay h = e(1 - cos @) vao bi€u thic trén, ta c6:
P = m.o’ .{r —€.Cos (P — %.e.(l —Ccos (p)}

=m.o’[r—0,5¢(1+cos )] (4.76)
Ta thdy luc ly tim thay ddi theo géc quay ciia roto.

Khi ¢ = 180° thi P =mro’

I max

Vay luc ly tim ludn ludn diy canh gat vé phia thanh vd bom.

* Lyc qudn tinh Py do gia tdc chuyén dong tuong ddi a clia cdnh gat trong rdnh roto

tao nén:
P, =-ma
42
Vi azdt—2=e.w cos®
Nén P =-me.n .coso (4.77)
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Tri s6 va ddu cda P, thay ddi theo géc quay cda roto. Khi @ = 0 + 90° va
@ =270° + 360° thi P, kéo cdnh gat vé tdm (ngudc chiéu lyc ly tim). Khi ¢ = 90° + 180° va
@ = 180° + 270° thi P lai cing chiéu véi P; ddy cdnh gat vé& phia v4 bom.

Khip=180° thi P, =mew’ (4.78)

qmax

* N&u cdc diu rinh phia trong clia roto thong vdi bong diy thi cinh gat con chiu 1 4p
lyc ddy P, vé phia thanh vé bom do do chénh 4p sudt clia bom p = p, - p; gy ra:

P =pbd ; O - chiéu day cdnh gat.

Ngoai ra trén cdnh gat con c6 luc quén tinh Coridlit (do gia tdc Coridlit) va luc masat
(gilta canh gat va rdnh roto) tdc dung. Lyc quén tinh Céridlit c6 phuong thing géc v6i cdnh
gat, vi th€ n6 1am ting lwc masat giita cdnh gat va ranh roto.

Ta thdy tong cdc luc tic dung 1én cdnh gat c6 tri s& 16n nhat P,y khi ¢ = 180°. N&u bd
qua luc masat, ta ¢6 luc tdng cong 16n nha't Py tdc dung 1én canh gat 1a:

+P

Imax qmax

P . = Pp +P
=p.b.do+ m.r.o’ +m.e.o’

=p.b.d+m.e’ (r + e) (4.79)

Lyc P_. 1a nguyén nhan giy ra sy mai mon dau lam viéc clia cdnh gat vd mit lam
viéc ctia v bom lam bom chéng hdng. Ngoai ra P__con phu thudc vao chi€u day clia cdnh
gat 8. D€ han ch& P ngudi ta 1am cdnh gat c6 chi¢u day khdng qua 3mm.

X

4.3.5 - Bom chdn khong vong nudc

a- Cdu tao, nguyén ly lam viéc

]
N

W

o4l i,
7
o

[y
5

%

!

< | SN

Hinh 4.30 - So dd ciu tao bom chin khong vong nuéc
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Trong k§ thuat nhiéu khi phdi tao chan khong. Loai bom chan khong don gidn nhat 1a
bom chin khoéng c6 vong nudce.

Bom gdm c6 mdt v4 hinh tru tron 1 trong dé c6 roto 2. Trén roto ¢6 gin cd dinh cédc
cdnh gat. Tam cta v4 va roto 1éch nhau mot khodng e. Trong v6 1 ¢6 nude. Khi roto quay céc
cdnh gat khudy nuéc va dudi tdc dung cla lyc ly tim, nu6c tao thanh 1 hinh vanh khiin bao
quanh v6 lam kin bom. O mit bén cda v4 bom ¢6 miéng hit a thong vdi miéng didy b thong
véi dng ddy. Hinh dang va vi tri cia miéng hiit va miéng ddy nhu trén hinh vé&. Khi bom lam
viéc thi vong nudc phai chodn toan bd mit cit AB. Khi cdnh gat quay theo chiéu mfii tén tir
AB dén CD, thé tich chita khong khi giita roto va vong nudc ting, 4p suit tai d6 gidm, khong
khi bi hiit vio bom qua miéng hiit. Tir CD d&€n AB thé tich khong khi giita roto va vong nudc
gidm, khong khi bi cinh gat nén lai vdi 4p sud't cao hon & bong hiit va bi diy qua miéng diy
vio ong diy.

Khi roto quay nhu vay, 4p suit & miéng hit cia bom gidm din tao nén d6 chan khong
ngly cang cao trong 6ng hit.

Nguyén 1y l1am viéc ciia bom chdn khdong vong nudc ciing 1a nguyén 1y lam viéc cla
bom cdnh gat tdc dung don. V& két cAu, bom chan khong vong nudc khdc v6i bom cdanh gat &
chd cdc canh gat khong trugt trong cdc rinh clia roto va khong ty vao thanh vé bom vi budng
lam viéc dudc 1am kin biing vong nuéc.

b - Luu luong khong khi do bom chan khéng vong nudc hiit

Gia thi€t ring vong nudc c6 chiéu day khdng ddi, nghia 1a dudng gidi han trong clia
vong nuéc 13 dudng tron, ddng tAm vSi vé bom, thi so do 1am viéc cia bom chan khong vong
nudc giong hét bom cdnh gat tdc dung don cé dudng kinh vé bom biing dudng kinh trong clia
vong nudc.

Do d6 cong thitc tinh luu lugng trung binh cia bom chian khong vong nudc c6 thé suy
ra tir cong thdc tinh luu luong cia bom cdh gat tdc dung don, chi khdc 1a thay ban kinh vo
bom cdnh gat (1) bang dudng kinh trong ctia vong nuéc:

nebm,

T@n.(ro +e)—38.2Z) (4.80)

Q=

Trong do:
n - s6 vong quay ctlia roto (vg/ph)
e - d6 1éch tAm ctda roto va vd bom;
b - chiéu rong clia cdnh gat;
& - chiéu day ctia c4nh gat;
Z - 88 cdnh gat;
I, - ban kinh truc roto (r, = d/2 )

N - hiéu sudt lvu lugng ciia bom chin khong vong nudc ; n,=0,7 +0,8.
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c- Lugng nuée can thiét trong bom

D& cho bom chan khong 1am viéc dudc binh thudng cin phai ludn ludn duy tri trong
bom mot thé tich nude V, sao cho khi bom 1am viéc né 1am kin duge mit AB. Nghia 1a vong
nude thudng xuyén cé thé tich biing thé tich cta khdi tru rdng ma dudng kinh ngoai bing
dudng kinh roto (k& c4 cdnh gat) va dudng kinh trong bing dudng kinh ctia truc roto:

V= bE( > _d2)- Z.S.I} (4.81)

Trong d6: Z.5.1 - thé tich cdc cdnh gat cda roto.

Thyc t&, khi bom 1am viéc mit trong clia vong nuSc khdng hoan toan tron va dong
tAm vSi vé bom (vi roto dit 1éch tAm véi vé bom) nén khong thé tranh khéi mot phan nude bi
cdnh gat gat qua miéng dy ra khdi bom. Vi thé nén cin phdi bd sung nuéc cho bom d€ lam
kin. Luu luong nuée bd sung nay thong thudng khodng 0,25 + 0,3 m’/h. Lugng nudc bd sung
nay con c6 tdc dung lam ngudi bom.

4.4- BOM PISTON-ROTO
4.4.1- Khdi ni¢m chung, vu nhuoc diém, phdan loai

Bom kiéu piston-roto 1a loai bom thé tich mdi ra d5i va bit ddu dugc si dung nhiéu
vao nhitng nim 1925 + 1935, khi ma truyén dong thiy luc bit diu dudc @ng dung rong rii
trong cdc nganh ché tao mdy cong cu, may bay va tau thiy.

Pic diém clia bom piston-roto:
* Tao dugc dp sudt cao v6i luu lugng khong 16n 1dm;

» (C6 kha ning thay d6i Iuu lugng mot cdch d& dang, trong khi van giit nguyén dp suat
va sd vong quay lam viéc ( 4p sudt lam viéc khong phu thudc vao luu lugng va sé
vong quay);

* Hiéu suit tuong doi cao;
* Pham vi diéu chinh 16n;

* S vong quay lam viéc tudng doi 16n nén c¢6 khd ning ndi truc ti€p véi cic dong co
dién thong thudng.

Bom va dong co piston-roto c6 k&t cAu hoan toan nhu nhau, trit nhitng trudng hop dic
biét. Trong thuc t&€ bom piston-roto nio ciing c6 thé 1am viéc nhu mdt dong cd néu din vao
né mot dong cha't 18ng c6 dp suit da 16n.

Bom piston-roto c6 thé chia 1am 2 loai:
=  Bom piston-roto huéng kinh

= Bodm piston-roto huéng truc

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DEhGBKG IVP. BIGAVKE tich http://www.hcmut2@du.vn

4.4.2 - Bom piston - roto hudng kinh

a - Cdu tao, nguyén ly lam viéc

)

e
Hinh 4.31 - So dd c4u tao bom piston-roto huéng kinh

M4y gdm cé 2 phan; phin quay (roto) 1 dit 1éch tim trong phin cd dinh (stato) 2.
Roto 12 mot khdi tru tron, trong dé cdc xilanh va piston tru 3 khong ¢6 can phan bd déu theo
huéng kinh (ki€u bd tri hinh sao). Do sy b6 tri 1éch tim nay mot khodng e nén khi roto quay,
cdc piston quay theo roto va dong thdi chuyén dong tinh ti€n trong cdc xilanh.

Trong bom qué trinh hit dudc thuc hién khi cdc piston chuyén dong huéng ra khéi
tAm roto; chat 1éng dudc hit qua roto vao cdc xilanh nhd ¢6 16 din a vao bong hiit A. Khi
piston bi thanh stato ép, chuyén ddng huéng vé& tim thi chat 1éng bi nén vao bong diy B va
chdy ra ngoai theo 156 din b trén stato, thuc hién qué trinh ddy ctia bom. Bong hiit A va bong
d4y B 1a 2 rinh hinh ban nguyét dudc ngin cach nhau biing mot vach bd tri & giita stato trong
truc phan phdi 4 va dudc thong ra ngoai bdi 2 16 din a, b. Trudng hop nay ng vdi khi roto
quay theo chiéu kim déng hd. Né&u roto quay ngudc chiéu kim ddng hd thi bong hiit 1a B va
bong diy 1a A.

P& bom lam viéc dugc binh thudng, khi roto quay cdc dau piston phai ludn ludn ty
vao thanh stato, do d6 nhiéu khi phdi ding bom phu goi 1a bom cdp dé ddy chit 16ng vao
bong hiit vdi d4p sudt di dé€ ddy piston ty vao thanh stato trong qua trinh hit.

b- Phuong trinh chuyén déng ciia piston:

(1a c6 s4 cho viéc tinh todn luu lugng va luc tdc dung trong bom)

Trén hinh vé& 1a s6 dd nguyén ly chuyén dong clia bom piston-roto hudng kinh, ciing
12 nguyén ly chuyén dong clia cd cAu thanh truyén tay quay trong dé tay quay L c¢& dinh, con
xilanh thi quay tron quanh tim O, v6i van tdc géc khong ddi, va di€m A cilia piston thi quay
quanh O; v6i bén kinh r.
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Hinh 4.32 - So dd nguyén 1y chuyén ddng clia bom piston-roto huéng kinh

Trong bom piston-roto hudng kinh thi thanh truyén r dugc thay bing mot vanh stato cé
tAm trung vdi O;. Khi roto quay quanh O, thi ddng thdi piston ciing thuc hién dudc chuyén
dong tinh ti€n trong xilanh.

Ta xét thdi di€m ban dau, piston & vi tri A. Khi roto quay theo chiéu kim déng hé thi
piston c¢6 chuyén dong huéng vao tim. Sau khodng thdi gian t, piston quay theo roto dugc
mot géc ¢ dén vi tri C, va khi d6 piston di chuyén dong tinh ti€n twong ddi ddi vé6i xilanh
mdt doan 1a x:

x=r+e—R
Ma R =ecosp+rcosa
Suy ra x=(r+e)—(ecosp+rcosa)

A [ R R z A z 2
Ta can bi€n dod1 dé dua géc a vé goc ¢, ta co:

Tu hinh vé, suy ra:  rsina = esin @

Hay Sil’lOL=ESil’l(|)

r
2
Va coso. =1 —sin’ o = 1—(Ej sin” @
|\ s

Khai trién biéu thitc cosa theo nhi thitc Newton va bd cic s6 hang bac 3 trd di, ta co:

1(eY’
cosa :1——(—J sin” @
2\r

Thay vio bi€u thifc ciia R ta c6:
( r le., j
R=¢|lcoso+————sm” ¢
e 2r

Thay vao bi€u thifc clia x ta c6:
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( T le ) j
X=r+e—elcosQ+————sin” @
e 2r

Rit gon lai, ta ¢c6 phuong trinh chuyén ddng clia piston trong bom piston-roto huéng
kinh:

X = e(l —cosQ+ %E sin ” (pj (4.82)
r

Ta c6 thé xdc dinh dugc van téc chuyén dong clia piston tif phuong trinh trén.
Van téc chuyén dong tuong doi clia piston trong xilanh:
_dx

le
V=—=¢e®| Sn@+——sin 2 4.83
& ( g+ S @j (483)

Vi s6 hang thit 2 rit bé so v6i s& hang thit 1 nén c6 thé bd qua va tinh v theo cong
thuc sau:

V = e.0.SIn @ (4.84)
Vay van toc tuong ddi v phu thudc vao ¢ va c6 tri s6 16n nhat la:

V. =em (4.85)

max

Tri s6 trung binh clia v trong qud trinh piston chuyén dong vao tim:
I e.o.sin .do
Vo=t—="c0 (4.86)
T T

Su dao dong van téc tuong ddi v dugc danh gid bing ty so:

Yom T (4.87)
Ve 2
Van téc ciia ddu piston theo vanh stato:
v, =R.o
r le . 2
V, =€ cos@+————sin” @ (4.88)
e 2r

Vay: Van t6c chuyén dong clia piston ludn ludn thay ddi trong qué trinh roto quay.
c - Luu luong
1.Luu lugng trung binh

Luu lugng ctia bom piston-roto phu thudc vao kich thudc xilanh, s§ xilanh va s6 vong
quay cua roto.

Trong mdt vong quay clia roto, lugng chit 1dng ma mot piston c6 dudng kinh 1 d ddy
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n.d?

dugc la: 2e

Né&u bom ¢6 Z piston thi lvu lugng 1y thuyét ctia bom trong mot chu ky 1am viéc (Iwu
lugng riéng) la:

2
q = “'j 2eZ (4.89)

Viy luu lugng 1y thuyé&t trung binh clia bom véi s6 vong quay n trong mdt don vi thdi
2

gian: Q,=q,n= “j 2eZn (4.90)

2.Luu lugng titc thoi

Luu lugng tic thdi do mdi piston tao nén thay ddi theo thdi gian va ty 1& thuin vdi van
toc tuong ddi clia piston trong xilanh:

nd’
4y ==Y (4.91)
Thay bi€u thitc clia v vao biéu thifc & trén , ta c6:
—n'zme sin +1esin2
q(p 4 S "p 2 r (p
d2
q, = 4 ..0.sIn @ (4.92)

Luu lugng tic thdi clia bom duge xdc dinh biing téng luvu lugng titc thdi do cdc piston
& budng ddy tao nén. N&u toan bo s6 piston clia bom 12 Z va s6 lugng piston c6 & budng diy
1a (m+1) thi ta ¢6 luu lugng téc thdi ctia bom la:
d? : .
Q, = 2 L.o.[sin +sin(@+a)+...+sin(¢p+ma)]

2 < 2 ., . 9 . A o A 2TC
Trong do: a - 1a goc gilra hai truc cua piston li€n nhau 0 tdm; a = -

n.d?

.e.(o.zm: sin(p +1a) (4.93)

i=0

Vay: Q, =

Ta thay, lvu lugng tic thdi thay ddi theo géc quay cia roto.

Ta c6 thé tim dudc tri s6 goc quay ¢ Gng vdi gid tri clic dai Qmax bing cdch 14y dao
ham biéu thic trén theo ¢ va cho bing khong, ta c6:

cos@+cos(p+a)+...+cos(p+ma)=0
Hay: COS (p + COS (.cOSa —Sin (.sin a +... + cos ¢.cos ma — sin ¢.sin ma = 0

Ruat ra: cos®.(1+cosa+cos2a+...+cosma)—sin@.(sina+...+sinma) =0

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DEhGBKG IVP. BIGAVKE tich http://www.hcmutd@du.vn

Suy ra: tgp = 1+‘cosa+...+‘cosma (4.94)
sina +...+sin ma

Go6c ¢ tng v6i Q = Qmax goi 1a goc dao dong ciia bom
Khi Q= 0 thi Qw= Qmin

Pé d4nh gid mic do dao dong khong déu clia bom, ta c6 hé s6 khong déu vé luu

lugng:
Q
g = S (4.95)
Q
Ngoai ra con diing hé s& dao dong luu luong dé ddnh gia sy dao dong luu lugng:

8 — Qgpmax - Qq)min (496)
Q

§=y- Qo (4.97)
Q

Thuc nghiém chiéng té, khi s6 piston (Z) ctia bom 16n thi § nhd. Va § ctia bom c6 Z 1é
bao gid ciing nhd hon cia bom ¢6 Z chin.

Su dao dong clia luu lugng c6 dnh hudng dén sy dao dong clia 4p sudt trong hé thdng
ma bom lam viéc. Tuy nhién so vdi bom piston thi hé s6 dao dong luu lugng clia bom piston-
roto nhd hon nhiéu.

P& diéu chinh luu lugng clia bom piston-roto ngudi ta diing cdch thay ddi d 1éch tAim
e tuong ty nhu bom cdnh gat (Q ty 1& bic nhit vdi e):

e=0 thi Q=0
€ = Cmax thi Q:Qmax

Vay luu lugng cia mdy Gng véi do 1éch tim e l1a:

(&
Q=Q, . .— (4.98)
Ky hiew:  e=—  goila he s diéu chinh (4.99)
emax
Ta co: Q=¢Q,,. (4.100)

3. Moment quay

Ap sud't lam viéc gdy nén cdc lyc tdc dung 1én cdc bd phin ctia bom. Ta cin nghién
cttu cdc lyc tdc dung d€ tinh dugc cong suit yéu cau ctia bom, déng thdi thdy dude nguyén
nhan gdy hu héng cdc bd phan lam viéc chinh d€ c6 bién phap ngin ngira hu hdng va sk
dung bom t&t.
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Hinh 4.33 - So dd tinh moment quay

T hinh vé ta thay: khi roto quay, vanh stato tdc dung Ién diu piston mdt luc N huéng
tam Oy, ép chat 1dng trong xi lanh . N&u 4p suit trong xi lanh 13 p thi 4p luc tdc dung 1én
piston la P (theo phudng cia truc piston):

n.d?
P=p.
P 4

; d - dudng kinh piston. (4.101)

Luc P nhu nhau ddi vdi moi piston trong budng day.
Phan tich N thianh 2 thanh phan:

- P’ ¢6 phuong song song truc piston;

- T ¢6 phuong vudng gbéc véi truc piston goi la luc vong.

Lyc P’ tao nén 4p suat p trong xilanh, n€u bd qua lyc ma sit giita piston va xilanh thi
P = P’. Thanh phan lyc vong T tao nén moment cdn trén truc roto cda bom.

T hinh vé, ta co:

T =Ptga
N= P
cosal

2
Ta da cé: cosa = 1—(Ej sin” ¢

T=P.tga =P. sna

cosa
» . e .
Véi: sin o = —sin @
r

Thay vao phuong trinh T:
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—sin @
T=P (4.102)
. 2
l——-sin” @
e’ . .
Visin®¢ << sing va e la s6 hang nho, c6 thé bd qua.
Do dé: 'rzpfst (4.103)

Vay: lyc vong T thay d&i theo géc quay ¢

¢=0 thi T=0

@ =90° thi T = Thax

@ =90°+180° T gidm tif Tpax d€n Tpin =0
Moment quay tao nén bdi luc vong T tac dung 1én mdt piston la:

M=TR (4.104)

M=

P.Esin(p
! €
[ 2r

2
/ e .
1——251n2(p
r
2

. oe . . le . s ok : A L 1A
Neéu —zsmch;O va E—smchzo (vila céc dai lugng vO cung bé bac cao)
r

cos<p+£—lgsin2(pj (4.105)
e

2
Ta c6: M =P.& sin (p.(coscp+ EJ (4.106)
r e
Moment quay clia roto bing tdng moment clia cic piston c¢é § trong bong day khi bom
lam viéc:
M=>TR (4.107)
Nhin xét:.

+ Moment quay M thay d8i theo ¢ mdt cdch c6 chu ky.
+ Tri cuc tiéu cia M phu thudc vao Z:
VD: Z =5; Mpin= 0,94 M1p

Z ="T; Muin= 0,96 Mtp

Z =9; Mpin=0,98 M1p

+ Tuong tv dao dong luu lugng, moment quay dao dong cang it néu Z cang 16n.
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+ M ty 1€ thudn v6i dd 1éch tim e; M cang 16n khi € cang 16n; M = 0 khi e = 0. Do vay
c6 thé diéu chinh dudc moment quay M bing cach thay d6i do 1éch tim e trong khi 4p sua't p
khong d6i. Pay 1a phudng phap chi y&u d€ diéu chinh bom piston-roto huéng kinh:

Mmax = emax

M = e

Viy: M=—M__=eM (4.108)

Trong d6 : € - hé s6 diéu chinh clia mdy.
4.4.3 - Bom piston - roto huéng truc
a - Cdu tao va phan loai

1.Céu tao

Hinh 4.34 - So dd ciu tao bom piston-roto huéng truc

Nguyén 1y lam viéc cia mdy nay cling tuong t¢ nhu bom piston-roto huéng kinh,
nhung k&t cau c6 hoi khéc.

Trong bom piston-roto huéng truc, cdc 16 xilanh phan b& déu trén roto 1 nhung khdng
theo huéng kinh ma song song v6i nhau theo hudng truc roto. Piston 2 trong xilanh ludn ludn
dudc diy ty mot diu vao dia c6 dinh dit nghiéng 3 bing cdc 160 dit trong xilanh. Khi roto
quay, cdc piston quay theo. Vi mot day piston ludn ludn phdi ty vao mit dia nghiéng nén cdc
piston ciing ddng thdi chuyén dong tinh ti€n tudng d6i vdi xilanh. Cic 16 xilanh & mit cudi
roto dugc 1dp sdt v6i mdt ndp cd dinh 4. Bén trong ndp ndy c6 hai rinh hinh vong cung 5
dudc ngin cdch nhau bdi hai g& 6, hai rinh nay dugc thong vé6i hai 16 dé dan cha't 16ng ra vao
a, b. Khi roto quay theo chiéu miii tén thi rdnh 5 bén trdi 12 bong hit A, rinh bén phai 1a
bong diy B.

2.Phdn loai

Bom piston-roto huéng truc c6 thé chia 1am 2 loai:
= Bdm piston-roto hudng truc ¢6 dia nghi€ng
* Bom piston-roto hudng truc cé roto bd tri nghiéng.

P& thuc hién chuyén dong tuong d6i clia cdc pistion trong xilanh thi roto quay tron va
dia nghiéng cd dinh hoic ngugc lai. Nhung d€ viéc phan phdi chat 1dng dudc tién 19i, két cau
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bom don gidn thi thudng roto chuyén dong quay va dia nghiéng c6 dinh.

Su diéu chinh bom piston-roto hudng truc dugc thuc hién bing cdch thay ddi goc
nghiéng cia dia so v6i dudng tAm cia truc roto.

3.Uu diém:

» Céc bong hiit va ddy c6 diéu kién bd tri riéng biét trén dia phan phdi, nén c6 thé ché&
tao v4i kich thude 16n ma khong lam ting kich thuGc chung cia mdy. Do d6 cho phép
nang cao sd vong quay d€ ting luu lugng. Vi thé cdc loai bom piston-roto huéng truc

c6 trong lugng trén mdt don vi cong suat nhd hon 2 d€n 3 14n so véi bom piston-roto
hudng kinh.

* Moment quin tinh tudng ddi nhd. Piéu ndy c6 y nghia quan trong khi st dung may
lam ddng co.

= Bom piston-roto huéng truc c6 hiéu su't luu lugng cao Mg = 0,96 + 0,98. Do vay hiéu
sud't chung cao n = 0,95.

b.- Phuong trinh chuyén dong

by 2 ;
B “‘ v —\
P NN AT

N
N
RS
-

o

SN

N I\ ALY

f--l
S,

Hinh 4.35 - So d nguyén 1y chuyén dong ciia piston

Nguyén 1y chuyén dong cia piston trong xilanh ctia bom piston-roto huéng truc ciing
theo nguyén ly chuyén dong ciia thanh truyén tay quay.

Piston 2 va xilanh 1 ciing chuyén dong quanh truc cia bom, nhung tay quay 4 quay
xung quanh truc clia né (trong k&t cAu cu thé clia mdy tay quay 4 chinh 13 dia nghiéng). Nho
c6 mit phing quay clia tay quay(dia nghiéng) bd tri nghiéng mdt géc y so vdi truc clia bom
nén tao ra dudc chuyén dong tuong ddi giita piston va xilanh v4i hanh trinh S. Vay chi cin
piston va xilanh quay hodc dia nghi€éng quay.

Gia st khi dia nghiéng quay tir A d€n B, ta dudc quing dudng chuyén dong x clia
piston trong xilanh la:

x =A'B'siny =(OA —OB').siny
= (OA —OBcos).sin y
=(R —-Rcos@).siny =R.(1-cos@)siny

Trong d6: R - ban kinh quay cda tay quay (dia nghiéng)
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Vin toc chuyén dong tuong ddi clia piston 1:

dx ) )
v=—=R.m.s1n @.sIn
at ¢.sm Yy

Viy: vin toc v clia piston trong may hudng truc ciing thay d6i theo ¢ mot cdch tuin
hoan.

¢ - Luu luong:

1.Luu lugng trung binh:

Thé tich chi't 1dng ma mot piston chuyén dudc trong mot vong quay clia roto la:

2
m.d S ; S-hanh trinh cda piston; d - dudng kinh cda xilanh.

N&u mdy c6 Z piston thi Ivu lugng clia bom trong mot vong quay Ia:

nd?

SZ (4.109)

Vay luu lugng 1y thuy€t trung binh ctia bom véi s6 vong quay n trong mdt don vi thdi

gian la:
nd’
Q,=qn= 2 S.Zn (4.110)
Ma: S=Dy.tgy=D.siny
Trong do:

D, - dudng kinh clia roto trén d6 phan bd céc xilanh;
D - dudng kinh cua dia nghiéng.

Cudi ciing biéu thitc ca Q, ¢6 thé dudc viét dusi dang:

2 2

Q, = “‘j SnD, tgy = “'j ZnD.siny @.111)

2.Luu lugng tiic thoi:

Luu lugng tifc thdi do mdi piston tao nén thay ddi theo thdi gian, phu thudc van tdc
tuong d6i v clia piston trong xilanh:

2
q, = nd (4.112)
4
2
q, = “'j R.o.sin y.sin @ (4.113)

Luu lugng tic thdi clia bom (do ta't cd moi piston tao nén) tai thdi diém nao dé:
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2
Q, = nzl R.o.siny.[sin @ +sin(@+a)+...+sin(p+ ma)]

nd?

Ro.siny.) sin(p+ia) (4.114)

i=0

Hoic: Q, =

Trong do: a - gbc gilta 2 piston ; a=2n/4

D6 thi luu lugng tikc thoi clha loai mdy piston-roto huéng truc:

dy

Hinh 4.36 - P4 thi dao dong luu lugng

Céc cong thitc vé hé s6 khong déu va hé s6 dao dong Ivu lugng clia bom piston-roto
huéng truc tuong ty nhit cda mdy huéng kinh, vi luu lugng tic thdi clia 2 loai mdy nay déu cé
diy dd cdc tinh chit nhu nhau. P&i véi bom piston-roto hudng truc , viéc diéu chinh Ivu lugng
dugc ti€n hanh biing cich thay ddi géc nghiéng y clia dia.

Chii $: D061 v6i trudng hgp piston khong ndi v6i dia nghiéng bing khép cadu ma chi
ti€p xtic hodc ty vao dia nghiéng khi mdy 1am viéc thi cdc cong thifc tinh todn & trén vin
ding.

BAI TAP
Bai IV.1

Xic dinh cdc kich thudc co ban clia bom piston tdc dung don theo cdc diéu kién sau:
Luu lugng ctia bom Q, = 5 m’/h, 4p sudt ciia cha't 1dng lam viéc p = 20at, s& vong quay ciia
truc dong cd din dong bom ng. = 150v/ph.

Gidi:

Di‘ L

Hinh 4.37
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C4c kich thudc co ban clia bom piston 1a dudng kinh piston, dudng kinh cin piston va
hanh trinh piston.

Puong kinh piston clia bom cé thé xdc dinh tir cong thic tinh luu lugng clia bom

(5.15):
Q = qgn _FSn nD*Sn B mD’K¢n
L6060 240 240
Trong do: F — di€én tich méit piston;

S — hanh trinh piston;
n — sO vong quay clia truc dong cd;

D — dudng kinh piston;
S . ..
K¢ = D hé so ty I€.

Ks chon tuy theo 4p sud't ctia chat 1dng 1am viéc v van tdc quay clia truc dong co.
Hé s& Ks 16n chon cho bom cao 4p va c6 s6 vong quay nhd, hé s6 Ks nhd chon cho bom thip
4p va c6 s vong quay 16n. Thong thudng Ks c6 gia tri trong khodng 1,5 + 3, c6 thé 1y Ks <
1,5 hoic Kg > 3 tuy theo diéu kién lam viéc clia bom.

Tw cong thic trén suy ra dudng kinh piston ciia bom:

D=3 M:4,25.3 L
nK¢n K¢nn,

Hiéu sua't ng trong khi tinh todn c6 thé& chon sd bo theo luu lugng ctia bom:
Q< 15m’h chon mng=0,85+0,9
Q=15+60m’’h  chon mo=0,90+0,95
Q> 60 m’h chon mg=0,95+0,98

Bom thi€t k&€ ¢c6 Q = 5m’h < 15m’/h, vi vdy ta chon ng = 0,85. Bom c6 4p sudt
p = 20at thudc loai bom thap 4p, nén ta chon Ks = 1,5.

Pudng kinh piston c6 gia tri la:

D=425-3 ﬂ =8,25cm
1,5.150.0,85

(trong cong thic trén ta thay Qp = 1390 cm’/s = 5Sm’/h).
LAy tron dudng kinh theo tiéu chuin, D = 80mm; ta xdc dinh hanh trinh S sao cho bo

ddm dugc luu lugng clia bom:

s= 4
D

Luu lugng riéng cia bom:
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Q, 5.10°

- = =655cm’ /v

T n 60.085.150 s

Vay: 5= = %035 43 0¢m =130mm
nD® 3,148

N ’ A . 7z . 2 ~ d 7z A 7z 2
budng kinh can piston xdc dinh theo ty s0 K, = D chon theo dp suat, ta c6 bang sau:

p<15at I5<p<50at 50<p=<80+ 100 at

d

= =0,3+035 d_ 0,5 LI 0,7
D D D

Chon K4=0,5;vay d=0,5.80 = 40mm.
Cong suit cia bom:

20.9,81.10%.5

=2.73.10° W = 2,73kW
3600

Nb = p'Qb =

(trong d6 p tinh bing N/m”; Q tinh bing m’/s)
Cong suit clia dong co:

N, 273

N = = =
“ MmN 0,85.0,95

3,56kW

Bailv.2
Xdc dinh cdc thong s& 1am viéc co bin clia bom piston tdc dung don cho biét:

Pudng kinh piston D = 145mm, hanh trinh piston S = 450mm, cong suit trén truc dong
¢ Ng. = 56,8 kW, s6 vong quay lam viéc clia dong co ng. = 75 v/ph. Hiéu sud't clia bom
Ng = 0,98; Nk = 0,96

Gidi:
Céc thong s 1am viéc co ban ctia bom 1a luu lugng Qp, 4p sudt cia chat Idng lam viéc
p, cong suat clia bom Np,. Theo diéu kién bai todn ta c6:

Luu lugng riéng cia bom:

n.D? .
4

_314.14,5°

q, =FS= S -45=7400 cm’/vg

Luu lugng ctia bom:

Q, =q,.n.ng = 7,4.75.0,98 = 5451/ph =9,08.10°m"* /s

Cong suit cia bom:
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N, = Ny Mg My =56.8.098.0,96 =535 kW
Ap suit clia chit 16ng 1am viéc:

N, 535.10°

p=—t= —=5.892.10°N/m* = 60at
Q, 9.08.10

Bai IV.3

Xic dinh céc kich thudc cd bdn va cong sui't ciia bom banh ring cho biét:

Luu lugng ctia bom Q = 60 1/ph, 4p sudt chit 1dng lam viéc p = 20 at, s6 vong quay
clia truc bom n = 1450 v/ph , s6 ring clia mdi banh ring Z = 14. Hi¢u suit thi€t k& ng = 0,92
; Mk = 0,85.

Gidi:

Cdc kich thuGc co ban cia bom bdnh ring 1a: moédun cia banh ring m, dudng kinh
vong lin D, dudng kinh vong diu dinh D,, Pudng kinh vong tron c¢d s§ D,, chiéu cao clia

ring h, chiéu rong clia banh ring b, khodng cdch giita hai tAim bdnh ring L, dudng kinh dng
hiit va 6ng ddy d.

Hinh 4.38

Mbddun clia banh ring duge x4c dinh bing nhiéu phuong phip khic nhau, ta xét mot
trong cac phuong phap do.

Xué't phét tir bi€u thic tinh gan ding luu lugng clia bom, ta c6:
Q=7n,Dmbn =7m,m*b.Z’n ; cm’/ph

Trong do: D- dudng kinh vong lin, dugc x4c dinh theo m va Z bing : D=m.Z

b - chiéu rong tuwong ddi clia banh ring ; b= % dudc chon phu

thudc vao 4p suat p clia chat 16ng lam viéc nhu sau:
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p (at) 10 25 70

b 1+0,65 0,7+0,5 0,4 +0,25

T bi€u thife tinh lvu lugng & trén ta xdc dinh duge mddun m:

m=3; LZ ,Cm
MebZn

Trong do: Q tinh bing cm3/ph ; n — v/ph.
Céc kich thu6c khdc ctia banh ring duge xdc dinh theo m va Z nhu sau:
D,=m(Z +2)

D, = mZcosa, ; 0, 1a géc dn khdp cua thudc ren, thdong thudng o, = 20°.

h=2m
b=bmZ
L=mZ

Pudng kinh cia 6ng hiit va 6ng diy dudc xdc dinh theo lvu lugng chit 1dng qua bom
va van téc cho phép clia dong chi't 18ng trong dudng dng:

d= 4,6\/§ ,mm
\%

Trong do: Q- tinh bang 1/ph ; v- bing m/s.

D6i véi dng hidt v, < 1,5 +2 m/s

D&i v6i 6ng ddy vg<3 + 5m/s

Thay s& vao cdc bi€u thiic trén ta xdc dinh dugc cdc kich thudc co ban clia bom:

+ Mddun cua banh ring:

3
m=3 60.10 > =0,38cm = 3,8mm
7.0,92.0,6.14°.1450

Trong d6:Q = 60 I/ph = 60.10° cm®/ph ; 19 =0,92; b =0,6 ; Z =14 ; n = 1450v/ph.

Ta 14y tron gid tri tinh todn cia m va 14y m = 4mm, khi d6 b c6 gié tri biing:

oo Q _ 60.10° _
TneZ’m’n  7.0,92.14°.0,4.1450
+ Chiéu rong clia banh ring: b=0,51.4,14 = 28,5mm
+ budng kinh vong lin: D=m.Z =4.14 = 56mm
+ Pudng kinh vong dau dinh ring: D, = 4(14+2) = 64mm
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+ Pudng kinh vong tron cd sé: D, =4.14.c0s20° = 52,5mm
+ Khodng cdch tim gitta 2 banh ring: L =4.14=56mm

+ Chiéu cao cda ring: h=2.4=8mm

+ Pudng kinh ctia dng hiit: d, =46, /62—0 = 253mm

Ta lay tron gid tri dy, tinh todn va 18y d, = 25mm

+ Pudng kinh ctia 6ng diy: d, =46 80 _ 17,8mm

T

Ta 14y tron gid tri dg tinh todn va 14y dg = 20mm

~20.9,81.10%60.10°

+ Cong sud't cda bom: N =p. =1,9kW
£ PQ 60.10°
A ~ 2 A x A N 159
+ Cong suat cua dong cd dan dong bom: N, = = =2,5kW

NoNee  0,92.0,85

BaiIV.4

Xic dinh c4c thong s6 1am viéc co ban clia bom hai banh ring va hé s6 dao dong luu
lugng clda bom, cho bi€t: mddun clia banh ring m = 4,5mm, s6 ring clia mdi banh ring
Z =13, chiéu rong tuong ddi clia banh ring b= 0,86 ; géc dn khép clia thudc ren a, = 20°, dp
sud't clia chat 16ng 1am viéc p = 3,3at ; s6 vong quay lam viéc cda truc bom n = 1450 v/ph ;
hiéu sudt cia bom ng = 0,65 ; Nk = 0,645.

Gidi:

C4c thong s& 1am viéc c¢d bdn cla bom hai banh ring 13 luu lugng clia bom Q, dp suit

clia chit16ng lam viéc p, cong suat N va hiéu suat n.

Luu lugng trung binh cia bom c6 thé xdc dinh theo cong thiic twong tu nhu trén, con
gid tri chinh xdc hon dudc xdc dinh theo cong thic sau:

Qup = 2nnbm*(Z+sin’oL,)

Luu lugng cuc dai va cuc ti€u cta bom dudc xdc dinh theo cong thuac da cho trong ly
thuy&t. Hé s6 dao dong luu ludng clia bom:

8 _ leax _lein
o = —imm_ <lmin
Qltb
Thay cdc gid tri ctia Qmax, Qimin» Qub Va0 bi€u thifc 8q ta c6 bi€u thic sau:
5 - 2,47 cos’ o,
¢ Z+sin’a,

+ Luu lugng ly thuy€t bing:
Qub = 2mnbm*(Z+sin’a,) = 2.3,14.1450.0,45%.(13+0,117)
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= 121000 cm*/ph = 121 1/ph.
Trong do6: n = 1450 v/ph
b=bmZ=0,86.4,5.13=50mm =5 cm
m=0,45cm
Z=13
sin®at, = sin*20° = 0,117.
+ Luu lugng thyc trung binh ctia bom:
Quw = Queno =121.0,65 = 78,6 1/ph
BaiIv.5

Xic dinh cédc kich thuc cd bdn va cong suit cia bom cdnh gat tdc dung don theo cdc
s0 liéu sau:

Luu lugng ctia bom Q = 100 I/ph, 4p sud't chat 16ng lam viéc p = 30 at, s6 vOng quay
clia truc bom n = 960 v/ph , hiéu sudt Iuu lugng va hiéu suat co khi ng =0,90 ; ne = 0,96.

Hinh 4.39

Gidi:

Céc kich thudc ¢ ban clia bom cdanh gat la: ban kinh roto r, ban kinh trong cta stato
(ban kinh vong hugng) R, do 1éch tAm giita roto va stato e, chiéu rong clia cdanh gat b va
chiu cao clia cdnh gat h.

Ban kinh trong ctia stato xdc dinh tir bi€u thifc tinh luu lugng clia bom:
Q =2ebnng(2nR - 6Z) ; /ph

R Q +2ebndZn,,

Ta suy ra:
4mnebn,,

)

Né&u bd qua chiéu day cdnh gat & thi ta ¢6 biéu thiic tinh R nhu sau:

Q

= ke
4nnebn, %)

Trong trudng hgp khong ddi hdi do chinh xdc cao thi ta ¢6 thé tinh R theo cong thifc
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Néu trong diéu kién ra ctia bai todn khong cho truéc cdc gid tri e, b, 9, Z ta c6 thé
chon cdc gid tri do trong gidi han sau:

e=2+10mmb =10+ 40 mm
6=2,0+25mm 7Z=T7+16

+ Theo diéu kién ra ctia bai todn v chone=4mm; b=25mm; =23 mm;Z=12ta
tinh dugc ban kinh trong cia stato theo cong thic (*) 1a:

R QF2ebndZng _100.10° +2.0,4.2,5.0,23.12.960.0.9 _

9,7cm = 97mm
4rnebr, 4.3,14.960.0,4.2,5.0,9

LAy chin R = 100mm, khi d6 ta c6 gi4 tri b bing:

_ Q B 100.10°
2emm, (2nR —8Z) 2.0,4.960.0,9.(2.3,14.10 - 0,23.12)

=2,41cm = 24,Imm

+ Bdn kinh cia roto:
r=R-e=100-4=96 mm

+ Chiéu cao phan lam viéc clia céanh gat:
h;, =2e =8 mm

+ Chiéu cao cda cdnh gat: ta c6 hy, = 0,4h, nén:

+ Cong sud't cia bom:

_ pQ _30.9,81.10%100.107
1000 1000.60

= 4,9kW

+ Cong sui't trén truc bom ( cong suit dong co):

N 4,9

N = =
“neNe 0,9.096

=5,66kW.

Bailv.6

o,
AR

=

a

-

Hinh 4.40
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X4c dinh cdc kich thudc co ban va cong suit ctia bom piston roto huéng kinh theo cdc
s6 liéu sau: lvu lugng ctia bom Q = 40 1/ph, 4p sudt clia chat 16ng lam viéc p = 100 at,s6 vong
quay cta truc bom n = 960 v/ph, hi€u suat ciia bom ne = Mg = 0,95 ; s6 ddy pistoni =1, s§
piston cia diy z=17.

Giai:

Céc kich thudc cd ban ctia bom piston-roto huéng kinh 1a dudng kinh piston d, chiéu
dai piston I, dudng kinh stato Dg, dudng kinh truc roto D;, dudng kinh truc roto D,, dudng kinh
mayd Dy, dudng kinh rinh phan phéi d, va chiéu day vdch ngin b (hinh vé).

Budng kinh piston dugc xdc dinh theo luu lugng ctia bom. Tl cong thitc (7.9):

2

2e/Zn

Q =qn=

2
Tasuyra: d=,] Ql.
\/ mezni

Pudng kinh piston di x4c dinh dugc 14y tron theo tiéu chuin. D€ gidm @ng sud't tiép
xuc, dudng kinh piston thudng c6 gid tri trong khoing d = 10 + 25 mm. Khi xdc dinh dudng
kinh d chon e trong khodng 3 + 10 mm. Trong trudng hop dau bai khong cho sd diy piston i
va s0 piston trong diy z, ta cé thé chonz=3;5;7vai<3.

Chiéu dai piston 1 =2 (e + d), do dai ph?in piston nim trong xilanh 1, = (1,5 + 2)d, khe
hég giita piston va xilanh S = 0,015 + 0,035 mm.

budng kinh trong cua stato Dy = D, + 2e
Pudng kinh roto D; = Dy + 4(e + d)
Pudng kinh mayo truc Dy = 1,5 D,
Budng kinh truc roto D, == (4,5 + 5)d

Truc roto ¢6 tir 2 d&€n 4 ranh phan phdi chit 16ng doc theo truc, dudng kinh ranh 1a d,
xdc dinh theo cong thic:

d, = /4Q1
\l nkv

Trong d6:  k — s6 rdnh phan phdi

v — van téc trung binh clia dong chdy.
Db6i véi bom ty hit v =15 + 6 m/s.

Chiéu rong vach ngin b = di + 0,6 cm, dudng kinh 156 trong mayd ( 16 din chit 18ng
vao xilanh) dy = (0,65 = 0,7)d.

- X4c dinh luu lugng 1y thuyét clia bom:

40 s 1ph

Qu N, 0095
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- Pudng kinh cida xilanh (piston):

d= \/ 242000 =25cm =25mm

Trong do6: e chon bing 6mm = 0,6cm
- Chiéu dai piston : 1=2(e +d)=2(6+25)=62mm
- BPudng kinh truc roto: Dy=(4,5+5)25=112,5mm
Lay D, = 120mm
- Bbudng kinh mayd truc Dy = 1,5 D, = 1,5.120 = 180mm
- Bbudng kinh roto D; = Dy + 4(e + d) = 180 + 4(6 + 25) = 304mm
- Pudng kinh trong cua stato Dy =D, + 2e = 304 + 2.6 = 316mm

- Truc roto c6 tf 2 rinh phan phdi chat 18dng, dudng kinh rinh d, x4c dinh theo cong

thitc:
0= = 57t gy ~em =
Trong d6 v = 3m/s =300 cm/s.
- Pudng kinh 16 trong ctia mayo (16 din chdt 1dng vao xilanh)
dx = (0,65 +0,7)d = (0,65 +0,7).25 =162 + 175mm
Lﬁ’y dx = 170mm.
- Chiéu rong vdch nginb =dy + 0,6 cm = 170 + 6 = 176mm
- Cong suat clia bom:
4 3
"B e O
- Cong suat clia dong co:
N, = anj]Ck - 0’965’?'(?’95 —726kW .
Bai IV.7

Xic dinh c4c kich thuSc ¢o bdn va cong sui't clia bom piston tdc dung don cho biét:

Luu lugng ctia bom Qp = 0,6 m>/h, 4p suat chi't 16ng 1am viéc p = 200 at, s& vong quay
cua truc dong cd ng. = 195 v/ph. Hiéu suat thi€t k& ngp, = 0,85 ; Ny = 0,95.

DPiép s0: Chon Ks =4 ; khi d6 D = 25mm;
d=20mm ; S=123 mm ; N, =3,27kW ;
Nge = 4,04 kW.
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BaiIV.8
Xic dinh c4c kich thuéc co bdn va cdng sui't clia bom piston tdc dung kép cho biét:

Luu lugng ciia bom Q, = 16 m*/h, 4p suat chat 16ng 1am viéc p = 3 at, s6 vong quay
clia truc dong cd ng. = 45 v/ph. Hiéu sud't thi€t k&€ ngp = 0,9 ; Neks» = 0,98.

Huéng ddn: Cong thitc tinh dudng kinh suy ra ti cong thitc tinh luu lugng cla bom, ta
¢ cong thiic sau:

D =3,36. ’ Ksz
3
\/(1— Td].KS.n.nQ
bap s0: D=150mm ;d =50 mm ; S =200 mm ; Ng. = 1,73 kW.

BaiIV.9
X4c dinh céc kich thudc ¢d bdn va cong suit clia bom piston tdc dung ba cho biét:

Luu lugng ciia bom Q, = 30 m’/h, 4p sud't chit 16ng 1am viéc p = 22 at, s& vong quay
clia truc dong cd ng. = 105 v/ph. Hiéu sud't thi€tké ng = 0,9 ; N = 0,95.

Huéng dan: Pudng kinh clia bom piston tdc dung ba (c6é 3 xi lanh) xdc dinh tuong tu
nhu dudng kinh clia bom piston tdc dung don. Luu lugng cia mdi xi lanh biing 1/3 luu lugng
ctia bom.

bip s0: D=120mm;d=60mm:;S=157mm; N,=17,6 kW ; Ng. = 20,5 kW.
Bai IV.10

Xdc dinh cdc kich thu6c co bdn va cong sudt cda bom piston tdc dung bdn ¢ hai xi
lanh tdc dung kép cho biét:

Luu lugng ctia bom Q, = 20 m’/h, 4p sud't chdt 16ng 1am viéc p = 5 at, s vong quay
clia truc dong co ng. = 203 v/ph. Hiéu sui't thi€t k& ng = 0,9 ; N = 0,95.

Huéng din: Pudng kinh clia bom piston tdc dung bon (c6 2 xi lanh tdc dung kép) xéc
dinh tuong ty nhu dudng kinh clia bom piston tdc dung kép. Luu lugng ctia mdi xi lanh bing
1/2 luu lugng clia bom.

DPiép s6: D=80mm ;d=40 mm ;S = 108 mm ;
Np=13,6 kW ; Ng. = 14,2 kW.
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CHUONG V: QUAT

5.1- KHAINIEM CHUNG VE MAY QUAT
5.1.1 - Khai niém chung
Quat thudc loai may cé cdnh. Ching dugc dung d€ bi€n co ning ctia dong co thanh ning
lugng d€ di chuyén moi chat va tao cho né mot 4p ning can thiét.
Quat bao gid cling lam viéc trong hé thong . Hé thdng bao gdm binh chita, dudng 6ng hit
va dudng 6ng ddy. Quat ciing v6i dong co kéo né dudc goi 1a thi€t bi quat.
Doi véi quat, do 4p suit sau nd khdong 16n hon 4p suat trude né 12 bao nhiéu nén sy nén
clia moi cha't c6 thé bd qua va viéc tinh todn quat ciing dudc tién hanh tuong ty nhu v6i bom.
5.1.2 - Céc thong so dic trung
Céc thong s dic trung cho sy 1am viéc clia quat 1a: ning sud't (Iuu lugng), cot 4p, cong
sud't va hiéu suit.
a- Ndng sudt
La lugng moi chi't do quat quat duge trong mdt don vi thoi gian. Ning suat con dugc goi
l1a luu luong.
Néu lugng mdi chat dude do bing don vi trong lugng (kG/s, N/s,..) thi dugc goi 1a ning
sud't trong luong, ky hiéu 1a G.
N&u lugng moi chdt duge do bing don vi thé tich (m’/s, m’/h, I/s,..) thi goi I ning suit
thé tich, ky hiéula Q.
Giita G va Q c6 moi lién hé:
G=7Q (5.1)
Thay trong lugng riéng y biing thé tich riéng 9 (nuy) ta c6:
Q=2-aG-9 (52)
Y
b- Cot dp
Cot 4p clia quat 12 lugng ning lugng do quat cung cAp cho 1kg mdi chat khi moi chdtnay
chuyén dong qua ching. Cot 4p dugce ky hiéu la H.
V& mit hinh hoc, cot 4p clia quat dugc xem nhu chiéu cao ma lugng chi't 1dng c6 thé
nang lén dugc do nidng lugng ma ching nhan dugce va duge do bing mmH,O.
P& hiéu rd thanh phin clia cot 4p H, ta xét hinh vé sau:
p1 - 4p sua't trén mit chi't 18ng trong binh hit
p1 - 4p sudt truSc dau vao quat
vi- van tdc chit 16ng & dau vao
p2 - 4p sudt ddura quat

v, - van tdc chat16ng & diu ra
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y - khodng cdch giita hai di€ém do clia @dng hd chian khong k& va déng hd 4p k&
pu - 4p sud't trén mit chat 1dng trong binh chita

P

b

P2 Ib
P1 III?7 1I
.~ n Iy

D=

71 P1

b

Hinh 5.1 — So @b hé thdng clia mdy quat
Gia st e;- ning lugng riéng clia chi't 18ng trudc quat
e;- ning lugng riéng chia chi't 16ng sau quat

Tu dinh nghia vé cot 4p, ta c6:

H=e, —¢,
Theo phuong trinh Becnulli, ta c6:
2 2
61:&+V—1+z1 va ezzp—2+v—2+zz+y
voo2g Y
2 2
Suy ra: g=P27P Va7V (5.3)
Y 2g
D3&i v6i thiét dién I-1 va II-11, ta co:
2
LIRS SR (5.4)
Y Y28
Dbéi véi thi€t dién -1 va IV-1V, ta cé:
2
P, Vi Pu
24+ 2=z +—+ h (5.5)
v 2g 2Lh:

Tir (5.4) va (5.5), ta dudgc:

H=Pi"Pr /S (5.6)
Y

Trong dé:
D> h=>"h+> h,-t6ng ton that trén toan b dudng Gng

D h, -ton tht trén dudng Sng hiit
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> h, -ton that trén dudng Sng ddy

2=721+2+Yy

T (5.6) ta thdy: cot 4p dugc dung dé vudt hiéu s6 4p luc giita hai binh, ning chat 1dng
1én mdt khodng cdch gifta hai binh Z va thing trd lyc trén cdc dudng 6ng h.

D&i v6i quat, do d4p sudt khi tru6c va sau quat khong khdc nhau 1a may va ty trong clia
khi nhd, ta c6 thé cho dai lugng:

lepn_pI+Z:0

Y
H=>"h
nghia 13 cot 4p do quat sinh ra chi diing @€ thing trd luc trén dudng dng.
c- Cong sudt va hiéu sudt
Trong thoi gian quat 1am viéc, mdi chat dudc nhin tir quat mdt s6 ning luong. Ning
ludgng cung cAp lién tuc cho dong chdy nay do dong co truyén cho truc clia quat.
Cong suat do dong co truyén qua truc quat goi 1a cong sudt trén truc.
Ning lugng truyén cho dong chat 1éng dugc goi 12 ning lugng hitu ich. Ning lugng hitu
ich trong mot don vi thdi gian goi 13 cong sudt hitu ich.
Cong sudt hitu ich la:
N=GH=vyQH ;W 5.7
Trong d6: y- dugc do bing N/m’
G- dugc do bang N/s

G.H QH
Hay _GH_vQH - as (5.8)
102 102
Trong d6: y- dugc do bing kG/m®
G- dugc do bing kG/s
Hiéu suitla: n= Nl - hiéu sud't toan phan. (5.9)
dc
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5.2-QUATLY TAM
5.2.1- Két cduva mot so chi tiét chinh

Quat ly thm dugc dung d€ van chuyén chit khi va tao nén 4p suat toan phian khong qua
1500kG/m? (khi p = 1,2 kg/m’) va ¢6 hé s6 ting ap € < 1,15. Do dp suit bé nhu vay, su nén khong
4nh hudng nhiéu dén su lam viéc cia may va tinh bi nén ctia khi c6 thé bd qua. BSi viy cic cd s&
1y thuy€t clia quat ciing giong nhu bom va chi khdc nhau rat it vé két ciu.

6

Hinh 5.2 — Sd dd két cau clia quat

1 —Truc 6 — Thanh truyén dong

2 — Dia chinh ( dia sau) 7 — Vo quat

3 — Canh dan 8 — Bé quat

4 — Pia phu (dia trudc) 9-0ds

5 — Mang cénh 10, 11 — 6ng ra, ong vao

Két cdu:

Bénh cong tc clia quat dugc tao bdi truc 1, dudc gin chit véi dia chinh 2. Cac cinh din lam
viec 3 dudc gin chit véi dia chinh 2 va dia trudc 4. Pia ndy ddm bio do cling cAn thiét clia mang
canh 5; 6 1 thanh truyén dong clia quat. V4 quat 7 dudc gin vdi bé 8 trén d6 c6 6 d6 9 mang truc
quat c6 banh cong tdc 10 va 11 1a ndp kep clia 6ng vao va 6ng ra.

Bénh cong tic c6 canh din cong vé phia trudc s& c6 4p Iwc cao hon banh cong tic c6 cdnh
thing hodc cong vé phia sau khi ¢ cling s vong quay song hiéu suat thily luc s& thap hon. Trong
quat thudng diing banh cong tic c6 cdnh cong phia truGc hoic thing.

Cudi 6ng din ra thudng ding doan 6ng chuyén ti€p ¢ dang loa d€ ti€p tuc ting 4p khi sau
khi ra khoi vo.
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Nguyeén [y:

Dong khi di vao banh cong tdc qua 6ng vao theo hudng doc truc, sau do s& quay 1 géc 90°
va chuyén dong trong ranh cinh tif tim ra ngoai. Sau khi ra khéi banh cong tic, dong khi di vao vd
xo0dn oc va dira ong ra.

585> et
13 5 l-é
506>

— |

70 —=

= 25 /],5255\
I

¥4
e— 7] ~mtee—— G0 —= -—9”4:::{—‘?2

Hinh 5.3 — SJ d6 nguyén 1y va tinh todn

5.2.2 - Cac thong sé ciia quat ly tam
a - Ap sudt quat
Ta biét rang, diéu kién d€ may quat co thé lam viéc trong hé thong 6ng din, phu thudc rit
16n vao tinh chdt sau: chit khi (hodc chat 16ng) phai théa min dinh luat bio toan ning lugng.
p2, &

le2

H, Po —— Pk

Hinh 5.4 — So d hé thdng quat khéi
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Xét trudng hop: quat va dng din nhu trong hinh vé&, quat quat khéi tir ndi hdi qua &ng khoi
vao mdi trudng xung quanh.

Vi€t phuong trinh Bernoulli cho mitcit 1-2, ta c6:

2 2
b1, G p, €
—+—+gH=""=+—=+gH,+g)> h
P 2 P 2 ’ Z

P1, P2 - 4p sudt tinh tuyét doi tai ddu va cudi ctia dong khi 1-2
px - khoi lugng riéng trung binh ctia khi trén doan 1-2
C1, €2 - van tdc tuyét doi cda khi & mitcit 1-1 va 2-2
H - c0Ot 4p ma quat dat dugc
>h - ti€u hao cdtdp trén doan 1-2
H, - d6 cao tir truc quat d€n miéng dng khoi
Ma ta biét:
Pi=Pi+DPo ; P2=Ppa+Po- Pogo
V6i  pi pa - ap sudt tinh (du)
Po - khdi Iugng riéng ctia khi quyén trung binh theo dd cao ctia dng khéi.

Sau khi bi€n d6i ta dugc:

B 2 2

g=PuTPu C 76 +Zh_H0[p_0_j (5.10)
Py -8 2g P

Po

Py

Biéu thic HO( jdu’(jc goi la sifc hiit ty nhién ciia he.

Do sy phu thudc vao ty s& po/py; stic hit tif nhién c6 thé duong (+) hay am (). N&u p, > px
va H, > 0, thi stic hit ty nhién s& duong (+) va né s& lam gidm cdt 4p ma quat can thiét.

Khi H, > 0 va p, < py, stc hit ty nhien 4m (-) va lam ting cot 4p can thi€t vA cong suit
trén truc quat.

Khi p, = px v6i moi gia tri Hy, ta c6 stic hit tw nhién bing khong, Itic d6 quat lam viéc véi
cOt 4p:

2 2
— c5—¢
=P P 76 +>h (5.11)
P8 2g

Trong céc thi€t bi ndi hdi hién dai clia cdc tram nhiét dién, vi c6 hiéu s6 nhiét dién cda khi
quyén va clia khéi 16n va vi do cao ctia 6ng khéi 16n (tir 350 + 400m) nén sitc hiit ty nhién clia he
xuat hién rat 16n.
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P& tinh todn 4p suit ma quat dat dudc mot cich nhanh chéng ngudi ta st dung phuong phap
hé sé dp sudt toan phan.

R X N A A ~ A ~ <z c A N
Ta bi€u di€én thanh phian van toc ¢, theo hé s6 xodn p, = —2- & 16i ra va st dung

U,
phuong trinh ¢ ban cia may ly tim , ta c6:
H, =% 1, 0o (5.12)
g g
DPénh gid mat matning lugng trong quatbing cich tinh hiéu suat thiy luc:
1
H=n,H, Zgnw“z-u; (5.13)
p=pgH=n,pu,u (5.14)
St dung hé s& 4p sut toan phan:
p=—21 (5.15)
p-u,
Ta c6: p=ppu’ (5.16)
Hay pP=144, (5.17)
Pé tién tinh todn dp suét toan phin véi 3 loai canh khac nhau, ta co thé sit dung bang
duéi day:
P2 15} 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

N&u dong khi & 18i vao clia quat ¢ cac thong sd 1a py¢, ¢ va & 18i ra py , ¢, thi ap sudt
toan phan ma quat dat dugc la:

2 2
C, ¢

P=DPy — Py TP B

(5.18)
b - Luu lugng ciia quat ly tdm

Pé so sanh quat lam viéc véi cic chat khi c6 nhiét do khdc nhau, khdi lugng riéng va dp
suiit khac nhau, Ivu Iwgng dudc tinh theo m® tiéu chuén, nghia 1a do ning sudt theo diéu kién tiéu
chuin ctia khong khi sach (p = 760 mmHg va t = 0°C ). Khi d6, trong lugng riéng ctia khong khi
tinh bang v = 1,293 kG/m”.
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Luu lugng tinh theo m” tiéu chuén c6 thé biéu dién:
Q, = S | mdss hoic mh (5.19)
Yo
G - luu lugng trong lugng tinh theo kG/s hodc kG/h

Su lién hé gitra Iuu lugng Q, va luu ludgng thuc t&€ dudc tinh theo cong thiic:

Q, = le (5.20)

Luu Iugng ctia quat c6 thé tinh theo diéu kién binh thudng ( p = 760 mmHg, t=20°C, o
=50% - 46 4m tuong d6i cia khong khi).

Q = Ql/ , m°s, m'/h (5.21)
Y
D&i v6i khong khi: y'= 1,2 kG/m®
Vay: Q=075 (5.22)

c - Céng sudt va hiéu sudt ciia quat

Trong mot s§ trudng hdp, dic trung clia quat khong phdila 4p suit toan phan ma la dp suat
tinh p; va tuong ting v6i nd 1a cdt ap finh H; . Trong nhitng truong hgp dé ngudi ta danh gid hi€u
qud ning lugng cla quat bing hiéu suit tinh 1, .

_pgQH, _Qp,

5.23
t N N (5.23)

Vay: Hiéu suat tinh la ty s6 giita cong suit ¢ ich d€ tao thanh 4p suéit tinh v6i cong sudt ma
dong co truyén cho truc cla quat. Vi vy n, < n. Thudng 1, = (0,7 + 0,8) 1.

Cong suit can thiét clia quat dudc tinh theo cong thifc:

n
Hiéu sui't toan phan thudng 14y trong khodng n = 0,75 + 0,92.
Cong suat cia ddng co d€ kéo quat dudc tinh theo cong thic sau:
N = m. P9 (5.25)
NNy

m - hé s6 du trif cia cong sudt; m = 1,05 + 1,2 ; cong suitcang nhd can chon m cang 16n.

Q.p
NNy

Ndcz m
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N - hiéu sufit truyén dong; khi ndi truc ti€p truc ddng cd vdi truc quat mq = 1; khi truyén
bang cua-roa hinh ném m=0,9 + 0,95.

5.2.3 - Puong ddc tinh cua quat ly tim

Céac dudng dic tinh clia quat dugc xay dung truc ti€p tr thuc nghiém véi sO vong quay
khong d6i va d6i véi khong khi ¢é p = 1,2 kg/m’.

D&i véi cac dudng dic tinh duge xay dung véi diéu kién chuin p = 760 mmHg, t = 20° va
@ = 50%, khi tinh todn trén thuc t& chi c¢6 luu lugng, cdt 4p va hiéu suat 1a khong thay ddi, con 4p
suat va cong sudt trén truc thay ddi ty 1& thuin véi khoi luong riéng clia khi, tic la:

P N P
=p, — va N=N_ -— 5.26
P=p, 12 °'12 (5.26)

V& mat hinh dang cic dudng dac tinh clia quat khdc cdc dudng dic tinh clia bom do ciu tao
clia bom va quat khic nhau. Pac biét & mot sd quat thi dudng dic tinh c¢6 dang yén ngua do goc B
bé khi ty s6 Do/D; bé.

” | I
rzﬁoq n=1000v/ph
200 yd _""'\' .
AT NN
] !
150 "
Z raaav/ph\
100 F— =
3 N
50 [ N
n=2000 v/ph\.\
| | ]

0 1000 Jooo S000 m3/h

Hinh 5.5 — Pudng dic tinh cia mot s6 loai quat ly tim
1 - quat CTAN®8 2 - quat U6-46 N°4 3 - quat BPHN’4
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* Puong ddc tinh co thit nguyén khi n = const

n =800 v/ph /,/“7? ! ~—— 06
=12 kg/m® - —+— -
mm H,0 f: 2 ,/ — U !
81 o \} = —""';0.5— 53
78 -
r Wl (_/ M
‘E”i \ AV J/ ‘N. | - \ aé“'— {’-0
\- / Pl =
5% ) —2.6%
/ J"/", 4._’fr._s>“\_
#9— >q 02
43 L ; :
it [l | [~ “\m—r.zz
32.5 1 | ' : '
' | i ' al Jo

27 - -. :
0 500 3000 %500 6000 7500 9000 10500 m/h

Hinh 5.7 — BPudng ddc tinh khi n = const
* Puong ddc tinh cé thit nguyén khi n thay doi n = var ciia quat BBAN’11

mm |4 | | L n=rko0 viph ]
HZ0 | N | ] Ty=
! ¢ \J{ J?_w 7NN 55.0 kW
grass I N AT | /N
0.501] | 22 NS 7209 5’; T A2
D< / o.sagq\x,\ ' NN
400 B = = = g gy N ATA S gy \wig 2
%.- g Xg_ﬁ]“\
T N % = ~
300 2 NR NN 7\\}1” i
3 W (- 'c—ﬁ o _‘
NIEFIAN L9 4 N L
LW 'C:“ il
200 l ;!‘J X k)(é’d?& ;‘% ‘?C?v '
A L o T XE |
/ e 700 , :‘;3-)//
A W SSESr
700 = mm— = WA
n=600viph SGEN =4.5 kW Q
0 Joo0 6000  S000 72000 15000 18000 21000 mVh

Hinh 5.8 - Pudng dic tinh c6 thit nguyén khi n thay d6i n = var

Trong khi thi€t k€ quat, dudng dic tinh khdng th nguyén dudc st dung ratrong rai. Pudng
dac tinh nay chung cho cd mot ho cic may c6 kich thuGc hinh hoc tuong tu. Pudng dic tinh khong
thit nguyén rat tién dung dé tinh kich thuéc 1am viéc clia quat tif nhitng s& ligu cho trudc nhur:
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D, - dudng kinh bdnh cOng tac

n - s6 vong quay lam viéc, vg/ph.

Lac d6 ta co:

Trong do6:

k, =0,785D%u,

)
ky =u;

k, =0,785.p.Du;}

k, =pu;
n.D,n
u, =
60

* Puong ddc tinh khong thit nguyén ciia quat U4 - 76

0.8

0.7

= N
A
7 - W 0.3
| g 0.8
fq;
A’/"‘ -
:‘/ .
A s
= 0.6 0.2
",.-" '-\ ’H
o 0.5
iy N ,
— = D4
" ol 107
/ // ; i 03
Pl 0.2
T Qo710
0.1 0.2 0.3

Hinh 5.9 - Budng dic tinh khong thi nguyén
5.2.4- Diéu chinh quat

Pé diéu chinh luu lugng quat, c6 3 phudng phap sau:

* Diéu chinh bing cich thay d6i s6 vong quay

* Piéu chinh bang ti€t lvu & 18i vao va ra clia quat

* Diéu chinh bang cic thi€t bi dinh huéng & cifa vao.

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn

http://www.hcmute.edu.vn

157



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong V: Quat 158

a - Diéu chinh bing cdch thay dbi s6 vong quay

O day thay ddi s6 vong quay clia quat bing cdch thay ddi s6 vong quay clia dong cd kéo
n6, hoic khi s6 vong quay cia dong co khong ddi thi 1dp thém bd phan thay ddi ¢ do. Trong c
hai trudng hgp niy, thi€t bi quat phic tap va dit thém, vi vay cich diéu chinh nay chi dung ddi véi
quat I6n.

Trong mdt sO trudng hop, dé mdi quat ngudi ta ding dong co dien . Loai dong cd nay dudc
dicu chinh bang cach thay ddi dién trd trong mach cfia roto cho phép diéu chinh déu din s6 vong
quay.

Trong giai doan hién nay, d€ di€u chinh quat bang cich thay d6i s vong quay, ngudi ta
thudng diing dong cd truyén din c6 thiét bi bién tdc. Phuong phap nay diing ra't kinh t€&.

b - Piéu chinh bdng tiét luu

Phuong phdp nay dudc sit dung kha rong rai vi don gian. Cdch di¢u chinh twong tw nhu trong
bom.

c - Piéu chinh bing cdc thiét bi dinh hudng & cita vao

Ta thiy rang ning lugng riéng ma quat cung cip cho dong khi phan 16n 1a do dicu kién &
clra vao clia bdnh cong tdc. Sy xodn clia dong khi vao banh cdng tic 4nh hudng dén cdt ap va véi
mot dudng dic tinh [u6i nhat dinh, né s& lam thay d6i lvu ludgng cda mdy. Do vay co thé diéu chinh
quat biing cich tic dung l1én dong khi vao quat bang cac thi€t bi dic biet. C6 hai loai thi€t bi dinh
hudng: loai huéng truc va loai hudng kinh.

1. Thiét bi dinh hudng hudng truc: (dung trong trudng hop dong chdy & 18i vao banh cong
tdc la huéng truc)

i /2’!“

CH

Hinh 5.10 - Thi€t bi dinh huéng huéng truc
Canh din vdi cic truc hudng kinh dong thdi quay nhd mot thiét bi dac biét. Mot trong cic vi
tri dic trung clia né Ia Wng vdi vi tri cAnh din & mat phing chinh phuong (md hoan toan) va lic Ay
dong & 16i vao banh cong tac s& di theo hudng truc, Ivu lugng ltc ndy 12 16n nha't Quax. MOt vi tri
dac trung khic Gng vdi trudng hdp cac canh din ndy déng hoan toan, nghia la Q = 0. Cdc vi tri
trung gian cho ta cic gia tri diéu chinh.

Thi€t bi nay tién I¢i khi dong chdt khi di vao quat theo huéng doc truc.
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2. Thiét bi dinh hudng huéng kinh: (dung trong trudng hop dong chdy & 16i vio banh cong
tdc la hudng kinh)

Q
I n/n\"ﬁ{ L

Hinh 5.11 - Thi€t bi dinh huéng huéng kinh

0 day mang lu6i canh hinh tru tron, cic canh din ¢6 dang elip tru c6 truc song song véi truc
roto cllia may, mang Iu6i nay s& gy ra su d6i hudng clia dong khéi mit phing chinh phuong. Su
léch dong dugc diéu chinh bing goc léch giita mat phing trung binh clia cdc cinh vdi mat phing
chinh phuong (12 mat phing di qua truc quay ctia canh). Tir hinh vé& ta thiy, thi&t bi diéu chinh
hudng kinh doi hoi dong vao phdi c6 huéng kinh.

Thiét bi di€u chinh dit ngay & cla vao banh cong tdc cang gan cang tot, ¢ nhu vay hiéu
qué diéu chinh mdi cao.

Trén hinh 5.12 la dudng dic tinh clia cot ap, cdng sudt khi n = const, ng vdi 3 vi tri khac
nhau ciia thiét bi dinh huéng & ctra vao 1a Hy, Ha, Hz va Ny, No, N;. Khi quatlam viéc v6i dudng dic
tinh 1u6i cho trudc, ta c6 3 diém tuong ng Aj, A,, A3, cho ta nhitng gid tri twong ¥ng cla luu lugng
Q1, Qz, Q3 va cong suatla Ny, Na, N3. Ta xac dinh dugc cac diém I, II, II1. N&i chiing ta dudc duong
thay doi cong sudt khi diéu chinh bdng thiét bi dinh hudng hudng kinh.

Hinh 5.12 — D thi thay d&i cong suit khi diéu chinh bing thiét bi dinh huéng
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Phuong phdp nay dudc diing rong rdi trong tit ci cac loai quat nhit 13 & cac loai quat I6n.
Néu cdc thi€t bi dinh huéng dugc thi€t k& va gia cong t6t, géc ngoit clia cic canh quat hudéng bé thi
ton that do di€u chinh sé it va phuong phap diéu chinh nay c6 uu viét hon so v6i di€u chinh bing
ti€t luu.

5.2.5 - Lua chon quat theo diéu kién cho trudc

P& lya chon quat, ngudi ta cho trudc nang suit Q va 4p suit p. Cac dai lwugng nay dudc vho
trong diéu kién 1am viéc clia quat. C4c tham s§ dac tinh dugc cho theo diéu kién tieu chuin, nghia
1a t = 20°C, 4p sud't khi quyén p, = 760mmHg va dd 4m tuong ddi 50%.

Viéc lwa chon quat theo cAm nang dugc ti€n hanh véi do dy trit 5% vé luu luong va 10% vé
4p suat, nghia la:

Qx=1,05Q va px=11p K (5.27)
Y

0] day Qk, px, Yk - thong sd trong diéu kién chuin di cho.

Tir cic gia tri cda Qg, pk ta lva chon loai quat can thi€t. Phuong phap nay cho phép ta xac
dinh loai quat, kich thudc quat cling nhu s6 vOng quay.

Pé dat hang mua cac loai quat, thi ngoai loai quat, kich thu6c va s& vong quay, cAn phai bist
cac tham s6 phu khac nhu: cdc thdng s dudce ding lam co s& @& chon quat, chiéu quay ctia roto, vi
trf cia 6ng hut va dng ddy, loai ddng co dugc dung d€ kéo, ...

Viéc xdc dinh 1 va N trong diéu kién lam viéc va tinh todn c4c kich thu6c hinh hoc clia n6
c6 thé ti€n hanh theo cédc dic tinh khong thi nguyén va so dd khi dong clia loai quat di chon.

5.2.6- Phan logi quat va mot so chi tiét chinh ciia quat ly tdm
a- Phén loai quat: Thudng ngudi ta phan loai quat theo cac tiéu chun sau:
1.Theo dp sudt do quat tao nén:

o Quat ap sud't thap: C6 4p sufit toan phan ( hiéu s& cdc ap sudttoan phan & ti€t dién ra
va tiét dién vao) dudi 100 kG/m?

o Quat ap sudt trung binh: ¢6 ap suét toan phan tir 100 + 200 kG/m”

o Quatcé 4p suit cao: 4p suattoan phin tir 300 + 1200 kG/m?
2. Theo hudng quay ciia bdnh cong tdc:

o Quatcé huéng quay bén phai: khi banh cdng tac quay theo chiéu kim dong hd

o Quatcé huéng quay bén trdi: khi banh cong tic quay ngudc chiéu kim ddong hod
3. Theo sé phia 6ng hiit:

o Quat mot phia hat

o Quat hai phia huat
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4. Theo s& vong quay ddc trung ns:

o Quatcé s6 vong quay dic trung bé: ng <25 vg/ph

o Quatcé sd vong quay dic trung trung binh: ng = 25 + 50 vg/ph

o Quatcé s6 vong quay dic trung 16n: ng > 50 + 80 vg/ph
Ngoaira, ngudi ta con phan loai quat theo so d@d k&t cau, theo tinh ning Iam viéc,...
b - Mét sO chi tiét ciia quat ly tdm

Céch dua dong khi vio banh cong tic c6 anh hudng rat 16n dén hiéu qui, dé€n qud trinh lam
vigc cha quatly tam.

Né&u phan vao clia quat tdt, c6 k&t cAu diing s& lam cho dong khi phin bd déu din tai thiét
dién vao clia banh cong tdc va ddm bio cho né ¢6 phu tdi déu din. Do vay, mot trong nhitng bo
phin quan trong cla quat la:

1. 6ng vao

Hinh 5.13 — C4c loai 6ng vao

O 161 vao cla quat ¢ dat ng vao. Hinh dang khac nhau cia né dugc th€ hién & hinh 5.13.
Hinh dang hinh hoc ctia 6ng vao phdi ddm bao d€ ton thit ning lugng & chd vao Ia bé nhat. Piéu
nay dugc ddm bao khi 6ng vao c¢6 hinh dang déu din (khong gap khic).

Con khi dit quat vao h¢ thong cdc dudng dng d€ quat khong khi doi khi doi hdi phai dit &
161 vao cac hop va 6ng c6 ciu tao dic biét. Nhitng chi ti€t nay pha hily tinh doi xitng cia dong &
chd vao va su déu din clia phu tdi cda binh cong tdc din d€n giam hiéu suit.

Cac hdp vao dudc st dung trong trudng hdp hiit tir hai phia. Do ¢6 hdp vao, cac palié (6 bac
dd) cha quat truc dugc dit ngoai dudng khéi (& cic quat khéi) . Piéu ndy ri't quan trong khi vin
chuyén cac khi néng va viéc kiém tra lap rap cic palié ciing d& dang hon.

Doi khi cac hdp vao ciling dugc 1ip & quat c6 hop hiit mot phia, khi d6 roto sé dugc lap trén
2 g6i, chiéu rong banh cdng tic ting va tdc dd vong quay ciing tang.

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong V: Quat 162

Trong trudng hgp do 1dp rdp phdi uén cong cac dudng dng trudc quat, thi cling nén dit hop
vao. N&u & cita vao c6 thi€t bi diéu chinh thi tién nhdtnén dit né trong hdp vao.
Hop vao phdicé dién tich 16n. Pai lugng tuong doi
Q

=_" = 1,75+2725 (5.28)

i
H
Q,

Trong d6: Qy - tiét dién clia hop; Qo - dién tich ti€t dién vao clia banh cong tac

Hop vao

-
Ny
C

A

B N —
F:
Ly
|
|
H
|
|
i
!
|
|

[
I

Hinh 5.14 — Hop vao

Goc dit ay cha hop vao tt nhatkhi oy = 90°.

2.Pia phu

Hinh 5.15 — Bia phu
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Hinh ding cfia dia phu c6 4nh hudng rit I6n d&n tdn thit ning lugng clia dong trong banh
cong tac. TOn thit sé it nha't khi hinh ddng dia phu déu din va canh vio nghiéng.

3. Chiéu réng bdnh cong tdc

Chiéu rong banh cong tic ting thi chi¢u dai cac luu tuyé&n ting, din dén giam d6 cong cla
goc ngoit, tdn that nang lugng s& gidm.

4.Vo quat

Vo quat thudng c6 dang xodn O¢ va trong mot s6 it trudng hdp c6 dang dng ting 4p vong.

Trong vd xoén 8¢, khong phai lic ndo td¢c do ra cda khi sau quat ciing giam cho dén khi
bang ¢ dd clia dong trong dudng 6ng. Trong trudng hdp nhu vy, & chd ra clia quat ngudi ta dat
thém &ng ting 4p hinh con.

Ong ra xodn 8¢ thuong c6 dang lu@i. Kinh nghiém cho thdy, Iudi sé 1am tang ti€ng dn khi
quat Iam viéc va c¢6 thé 1am gidm hiéu sut cda no.

Ong tang 4p hinh con & chd ra sau dng xoin ¢ o6 dang ddi xing véi géc loe d&n 25° vé
phia banh cOng tac.

Hinh 5.16 — V3 quat

5.2.7- Anh hubng tap chat khi dén su lam vi¢c ciia quat

Trong mdt sO trudng hop, chi't khi do quat vin chuyén co chita cic hat citng nhd. Vi du nhu
khi van chuyén khi nén, hiit khdng khi c6 bui, cic thi€t bi quat khéi.

Khi lam viéc vdi loai khi co tap chit nay, banh cong tic can ¢ stic chdng tot d6i vdi su bao
mon clia cic hat cing c6 trong dong chdy. Vi vay, banh cdng tic va may-d clia n6 phai dudc ché
tao tir nhitng vat liéu cting, chdng mai mon tot. SO canh clia binh cong tic can chon it, khoAng tir 6
+ 8 canh dé thdo r&i va stra chita nhanh.

Ta cin xét dnh hudng clia cdc hat citng chifa trong chat khi d&€n céc thong s& lam viéc clia
quat. Nong do cic hat ciing trong chi't khi dugc dic trung bing hé s& ndng do khdi lugng p:

n= (5.29)
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Trong dé:
M .-kh&i lugng hat ciing c6 trong chit khi dich chuyén trong mot giay, kg/s
M -kh&i lugng chatkhi sach clia tap chat dich chuyén dugc trong mot gidy, kg/s

* Thyc nghiém cho thdy ring khi tap chdt c6 unhd va kich thudc ciia hat bui nhé thi cot ap
va luu Iugng quat ciing bing nhu khi Iam viéc véi khi sach. Chi ¢6 khdi lugng riéng p, 4p sudtp va
cong suitN la thay doi.

Khdi lugng riéng ctia hdn hop:

M. + M
o, =M *My (5.30)
hh th
Khdi lugng rieng ciia khi sach:
MK
Py = (5.31)
“ th
Ta c6 ty s6 cic khoi lwgng riéng:
P _ Mc #My¢ (5.32)
Pk My
Suy ra: P _yy n
Px
Tic la: P =P (1+1) (5.33)

Ty s6 4p sudtva cdng sudt ciia quatlam viéc v6i tap chat va vdi khi sach 1a:

Poun _ P& _ Pun

=1l+p
Pv  Px8Hu  Px
Hay P =P (1+1) (5.34)
Ny, _ P 8H 1y Qi _ pﬂ:l—i—u
Ny pegHuQum  Px
Hay N, =N, (1+n) (5.35)

* Con néu quat van chuyén tap chdt c¢é nhitng hat cing cé kich thudc Idn, thi thanh phin
nim ngang clia vin toc trong dong chay khong di dé giir hat ciing & trang thdi 10 limg nita. Xy ra
su va ddp céc hat ciing vao bé mit, sinh ra thém tdn thdt ning lugng phu nita d€ thing luc ma sat
clia cic hat ciing véi bé mit. Lic d6, ton thit ning lugng trong banh cong tic tai dng vao va ra clia
quat s& ting 1én, 4p Iuc do quattao nén giam va cong suitsé ting.

P& tinh 4p sudt va cong suit cia tap chit trong trudng hdp nay, ngudi ta diing cdng thirc ban
thuc nghiém cta Kalinukin:
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P =Pi (1=K, 1) (5.36)
N, =N, (I1+k,u) (5.37)

Céc hé so diéu chinh kp va ky dudc xdc dinh bing thuc nghiém. Khi kich thuéc ciia céc hat
cting httu cd khoang ttr 0,5 + 3 mm thi:
k,=0,1+0,45 ; kn=1,5+1,7
Hi¢u suat ciia quat khi van chuyén tap chitla:

_ Qi -Pn th-pK-(l_kpM) 1—kpu,

= =N, — > (5.38)
" Ny, NK(I"'kNM) e I+kyp
Vay cong suit trén truc may khi van chuyén hdn hop la:
N,, = 2uPu (5.39)
MNhn

Ta thay, quat ding d€ van chuyén hdn hop lam viéc rdt ning né (vi du: quat khéi trong céc
nha may nhiét dién). Bot than va tro s€ lam canh quat chéng bi hu hdng. Quat hu hdng cang nhanh
n&u canh cang mdng, s6 vong quay cang lén va kich thudc cac hat citng cang I6n. Thdi gian lam
viéc clia quat khoi con phu thude vio hinh dang canh. Vi du: quat c6 canh din nghiéng vé phia sau
s& it bi hu hdng hon so véi quat cd canh din nghiéng vé phia truc trong ciing mot diéu kién lam
viec.

Cdc bi¢n phdp chinh dé gidm su hu héng ciia quat khoi:

Gidm s6 vong quay.

Tang chiéu day clia cinh d€n 8 mm.

Han thém trén bé mat canh mot mi€ng kim loai ciing chdng mon.

Diing céc tim mdng dé€ bio vé.

Béo vé tudng xodn Oc¢ bang nhitng tAm kim loai dac biét day 10 + 12 mm.
Cai ti€n céc thi€t bi loc tro.

Chon hinh dang thich hgp cho canh quat.

O O O 0O O O O
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5.3- QUAT TRUC

5.3.1 - Nhitng chii y vé quat truc

Trong cdc loai mdy truc, cu thé 13 quat truc, su truyén ning lugng tir quat cho dong chdy
x4y ra nhd sy gitip d& clia bdnh cong tdc c6 nhitng cdnh dAn cong-x6n dude gin chit véi 6ng 16t.
Vi bdnh cdng tdc cia mdy khi quay dugc giit theo huéng truc, con cdnh din cha né dudc gin
chic dusi modt géc nghiéng ddi véi mit phing quay, nén bdnh cong tdc van chuyén chit 1éng
( hay chat khi) doc theo truc. Vi vy nén dong chdy c6 bi xoan mot phan.

D& khdo sdt qud trinh 1am viéc clia mdy truc, ngudi ta st dung thuy&t mang profin cdnh

(mang bién dang cdnh).

LLLLLLAL LS LL LSS LS

]h\ S ] 2
i)

bf

Hinh 5.17 — So dd nguyén 1y k&t cdu cha quat truc
Cit vong banh cong tdc theo mit phing tru bing ban kinh r va trdi mat phing nay ra
cling cdc thi€t dién cdnh din, ta thu dugc mang profin phiang clia quat truc.

/ KBy
g o &
AR A

R VA
Hinh 5.18 — Mang profin cdnh din

Cdc gid tri cdbdn, dic trung hinh hoc clia mang la:

t - budc chia canh din, do theo huéng chuyén dong ctia mang;
b - d6 dai day cung clia thi€t dién cédnh dan;
B - chiéu rong clia mang, do song song véi truc quay;

B1,B2 - gbc & clra vao va ra clia cdnh din, goc gitta diy cung cdnh din va truc mang.
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C6 mot sd khdi niém co bdn sau:

a - Mat dé ciia mang: ky hiéu b 1a ty s6 giita ddy cung va budc canh din.
(540)

b - Budc tuong doi ciia cdnh ddn: ky hiéu t’ 1a dai lugng nghich ddo clia mat do.
1t
b b

Khi xdy dung sd d6 van tdc & clra vao va ra, ta dua vao cdc thong s dong hoc cd bdn clia
dong chdy qua mang.

£ (5.41)

los

Hinh 5.19 — Sd @6 vain tdc cia mang

Up, Wi,c1 VA Uy, Wy, C; tudng tng véSi van tdc dich chuyén, van toc tuong ddi, van toc tuyét
ddi & ctra vao va cira ra.

B1, B2 - gbc vao va goc ra.

i; - gbc ti€n clia cdnh din cua clra vao ( géc giita ti€p tuyén cla dudng trung binh clia
mang véi van tdc tuong doi & clra vao).

ip - goc ti€n cla cdanh din cla clra ra

i, - goc tién clia cdnh din clia mang (goc gita diy cung clia mang va vec-td van tdc
twong doi trung binh w., ).

Tl so d van tdc nay, ta suy ra: mang profin 1am thay d6i gid tri va hudng cda van tdc
tuong ddi va tuyét doi.

Diéu khdc biét dic trung clia quat truc 13 s xodn clia dong chdy (cy, > cjy) va su hién
dién ctia sy luu lai ca dong chdy & 16i ra (¢ #0).
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5.3.2 - Cac phuong trinh co bdn cia quat truc
a- Phuong trinh lién tuc
Tu dinh luat bdo toan khdi lugng dm = 0 hay m = const ; m; = ma
Mam=p.Q=pS.c
Trong do:
S - thi€t dién mit cit cha dong chdy
¢ - vAn tdc tuyét doi ciia dong cha't 16ng.
Ta c6 phuong trinh dang:
P1-S1Cla = P2.52.C24 (542)
Ta ng dung phuong trinh ndy vao rinh giita cdc cénh, khi xét 1 cdnh din c6 do dai Ar
(xem hinh 5.17)
Trong doan Ar, ta c6 thé gid thi€t ring vin toc 1a khong ddi. Dién tich clia mit cit clia
clta vao va ra l1a bing nhau, tic 1a:
Si=S,=tAr
Trong phuong trinh trén, cdc véc td ci, va ¢, tuong Gng vudng géc vdi cdc thi€t dién mit
cit S1va Sa. Vi vay, khi ta gid thi€t ring S1 vad Sz vudng gbéc véi truc clia mdy, titc 1a c6 thé coi
Cla VA C2, 12 nhitng thanh phan chiéu truc cda van tdc tuyét doi.
Tu hinh v€ ta c6: ¢, = w,;¢,, =W,,
Tic 1a: phuong trinh lién tuc c¢6 thé dugc viét sau khi gidn uéc S; va S, 14 :
P1Cia =P2-Cay
Hodc: PW, =Py-Wy, (5.43)
D3&i v6i cha't 16ng khong nén dugc p; = p,, ta dugc:
C,=C,, =C; W, =W, =W, (5.44)
a - Phuong trinh ndang luong
1.Phuwong trinh ndng lugng ciia chuyén dong tuong doi
Trong chuyén dong tuong d6i clia dong mdi chdt qua banh cong tic clia quat truc ning
lugng khong duge truyén cho dong chdy. O day chi x3y ra su bi€n ddi dong ning thanh thé
ning. Qué trinh ndy gdy ra su tin mat niang lugng clia dong chdy. Khi thay d6i dong ning riéng
2 2
ctia chuyén dong tuong ddi tir WTI dén 72 thi xdy ra su thay d6i lién tuc 4p suit va khdi lugng
riéng, va phuong trinh ning lugng c6 thé viét:
Wi

w2 2dp
__Z:I—+AL : (5.45)
2 2 1P

2
bai v6i quat Id—p =C,(T,-T,)
1 P
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Trong d6: AL - ning luong di chuyén thanh nhiét ning.

Su thay ddi thé ning dugc bi€u thi bing tich phan & phdn bén phdi cia bi€u thifc trén, c6
thé tinh dugc trong trudng hgp khi da biét rd mdi quan hé giita p va p, tic 13 khi di biét dudc
qud trinh nhiét dong & ranh giita cdc cdnh din. 0] quat, qud trinh nhiét dong 1a ding nhiét, con &
mdy nén truc 13 qud trinh da bié&n.

2.Ndng lwong ma mang cdnh din dd@ cung cho dong chdy, cé thé tinh dugc theo phuong
trinh c¢o ban clia mdy ly tim, ma § d6 u, = u; = u:

L, =u(c,, —¢,,)=uAc, (5.46)

Tir so d6 van tdc, suy ra

Cy, = U, —C,, cotgp,

¢, =u, —c,, cotgp, G47)
Thé& (5.47) vao (5.46), c6 st dung bi€u thiic (5.44):
L, :u.ca(cothI —cothz) (5.48)
3.Phuiong trinh nding luong cia chuyén dong tuyét déi qua mang ludi cdnh din cla quat
truc c6 thé viét: 1w,@mg&—cmgm)=cwﬁ;—1)+@_°f+q (5.49)

q - mat mat ning luong vao mdi trudng bén ngoai.
¢ - Phuong trinh dong luong
Phuong trinh ddng lugng ding d€ tinh luc tuong tic giita dong chdy va cdc cdnh din cla

quat truc.
lm
7 W L
- ia~
/I/ﬂm/’f //<'ﬁm -
// '/.
7 ; /
! 4 ' //":“Pu
v
| /! /,’
/
7 v Pa; (4
/ #
/ w, /
Bl e b il
T Wzg
bz

Hinh 5.20 — So dd luc tdc dung 1én mang cdnh
Gi4 st doan cdnh chiéu dai Ar tdc dung 1&n dong chdy mot luc P (hinh 5.17 va hinh 5.20)
Céc hinh chi€u cla lyc nay:

P, - chi€u 1én truc clia quat;
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P, - chi€u 1én truc clia mang.
Ta xét dong chdy khi c6 chuyén dong twong doi vdi do day bing mot budc clia mang.
Ta viét phuong trinh dong lugng trén truc clia quat va truc clia mang cdnh din dé xdc
dinh cédc lyc thanh phian P, va P,.
* Xdc dinh P,: Vi€t phuong trinh trén truc cda quat :
Qua thi€t dién 1-1, lugng chdt 16ng chdy qua trong mot gidy:
m = Ar.t.wia.p1
Theo huéng truc clia mdy c6 dong lugng bing:
ki=mwj, = Artwi,.p1.wi,
Tuong ty ddi v6i thiét dién 2-2
Ky = m.wy, = Ar.t.Woa.p2.Waa
N&u p; va py 12 4p sudt & cac thiét dién 1-1 va 2-2 clia dong chdy, thi dp luc gy ra bdi
ching tuong ng s€ 1a: Ar.t. p; va Ar.t. p,.
Xung lugng ciia cdc lyc ngodi tac dung lén dong theo hudng vin té'c ban dau bdng su thay
doi déng lugng ciia dong, vi vay, ta c6 phuong trinh cAn bing nhu sau:
Pi+ Py -P>=ki ko
Thay vao ta dugc:
P,+ Art.p;-Art. pr= —(Ar.t.wzaz.pz - Ar.t.wlaz.pl)
D4u (-) 8 phia phdi cia ding thic néi 1én ring: su thay d6i dong ludng cha thé tich chat
16ng dang xét gy ra lvc tdc dung Ién cdnh dan theo huéng ngudc vé6i P,. Suy ra:

P.= Art(p2-p1 ) + Ar.t(wWaa’.p2 - Wia’.p1) (5.50)
Doi v6i chd't 16ng khong nén dugc va theo phuong trinh (5.44), p1 = p2, Wia = W2a ta c6:
P,=Ar.t(p2-p1) (5.51)

Mang préfin, ma dich chuyén chdt I16ng khong nén dugc, khéng lam thay doi van téc truc
clia dong chay; luc doc truc tdc dung lén dong chdy phén tdn dé tdng dp sudt.
* Xdc dinh Py: ta viét phudng trinh dong lugng trén truc clia mang:
DPong lugng trong céc thi€t dién 1a:
ki=m.wi, = Ar.twia.pr.wiy
ko = m.wy, = Ar.t.wo,.p2.Woy
Phuong trinh cAn bang c6 dang:
Py=- (Art.wo,.po.Woy - AT t.Wi,.p1.W1y)
Tu do suy ra:
Pu= Ar.t(Wia.p1.Wiy - W2a.p2.Wau)
St dung bi€u thifc (3.4) Wi,.p1 = Wa,.p2 ta co:
Py = Ar.t.wia.pi(wiy - Way) (5.52)
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Luc tf;ng hop, thu dugc bing cdch cdng hinh hoc 2 luc P, va P,
d- Phuong trinh luu s6
Biéu thitc chung cho qu4 trinh tudn hoan la:

r= j;c. coso.dS ; a - goc (c,dS)
S

ta ¢6 thé st dung d& dang bi€u thic nay ddi v6i profin clia mang.
Trén hinh 5.20, ta xét vong kin 1-1-2-2-1, ta tudng tugng ring: qua trinh tudn hoan chinh
13 tdng chia cac tich phan sau:

I'= Jl.wludt+iwdS—.2|.w2udt —jwdS
1 1 2 2

w - van tOc tuong doi cha dong chdy.
Vi hai dudng 1-2 va 2-1 vé phuong dién hinh hoc 1 nhu nhau va vin t6c tai nhitng di€m
twong ng bing nhau, nén tich phan thit 2 va thit 4 bi triét tiéu. Suy ra:

I'= J.(Wlu - qu)dt
Ma Wy, va Wy, 1a khong d6i tinh trung binh theo budc cdnh dan, nén:

T =(w,, =Wy )t (5.53)
e- Thuyét Giuképxki
Luc niang cdnh (v6i 1 = 1; I- chiéu dai cdnh) chuyén dong trong khong gian vd han, dudc

xdc dinh biing thuyét Giukdpxki.
P, =pwl (5.54)

Trong do6:
w - van toc tuong doi chia dong chdy
I" - lvu s6 tudn hoan theo vong kin bao triim cdnh din.

* C4nh din dugc cdch ly khong thay d6i cdc thong s6 clia dong chdy: van toc tuong doi
tru6c cdnh din va sau n6 bing nhau.

* Mang canh dan, nhu ta thdy & hinh 5.19, thay d6i gid tri vd huéng cla van toc tudng doi
(W, #W,).

D6 chinh 1a sy khdc biét 16 rang giita canh dan cd 14p va mang cdanh dan.
Thuy€t Giukodpxki cho cdnh ddn chia mang Ia:

P, =pTw, (5.55)
Py - luc ndng canh
T hinh 5.19, ta thdy ring w., 12 vec-to van tdc trung binh:

W o :—(W1 +W2)
2

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong V: Quat 172

Trong trudng hop chdy qua mang la chd't khi c6 khdi luong riéng p, thi trong phuong trinh
(5.55) c6 thé cho riing p 14 kh&i luong riéng trung binh s& hoc & ctlra ra va clra vao:
_Pitp
2
Va ta thdy ring hudng cta Py vudng géc véi vec-td we, (hinh 5.20).
f- Cdc hé s6 khi dong luc hoc
Ngudi ta thudng diing mot phwong phap khd phd bién dé tinh todn lyc tdc dung 1én mang
canh din tir cdch tinh luc tdc dung 1én cdnh din cd 14p, ta c6 thé viét:
P, =C, p.b.WTi
, (5.56)
Woo
P = Cx.p.b.T
Trong do:
C,,Cx - hé s6 clia lyc nang va cla lyc tuong tdc mat chinh dién cdnh dan,
b - 6 dai day cung cdnh dan,
p - khoi lugng riéng ctia dong.
Py, Py - luc ndng va lyc tuong tdc mat chinh dién cia dong chdy va profin cla
mang.
Hé s& Cy chi c¢6 thé xdc dinh bing thuc nghi¢m. Gid tri gdn ding clia Cy c6 thé tinh gan
dtng biang 1y thuyét, con gi4 tri chinh xdc thi bing thuc nghiém.
* X4c dinh C, gan dng bing thyc nghiém:
Tir (5.55) va phuong trinh ddu ctia (5.56), ta dugc:

2

plw_ = Cy.p.b.&
2
W2
Suy ra: r =Cy.b.7°0

Phuong trinh nay cung véi phuong trinh (5.53) cho phép ta xdc dinh dugc C,

t w, —w,

C, =2~ u
b W,
Tiwr hinh 5.19 ta c6:
w w .
Wla :WZa = - = 2 :WoosmBoo
cotgf, cotgp,

w .
Hay: I = cotgP, sinB,,

W(X)

w .
Va 2 = cotgB, sinf,,

w

0
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Vivay: C,=2-

y

-(cotgpB, —cotgB, )sinp, (5.57)

S|

Ping thiic nay cho phép ta tinh hé s6 C, theo cdc thong s& da biét cho truSc clia mang
profin.

Cdc gid tri chinh xdc Cy va Cy c6 thé xdc dinh dugc bing phuong phdp thdi cdc mang
cdnh din c6 kich thu6c khdc nhau v6i nhitng géc ti€n khdc nhau; thuc hién do van tdc, khdi
lugng riéng va cdc luc Py, Py, sau d6 tinh Cy va Cy theo phudng trinh (5.56). K&t qud cla qua
trinh thdi dudc biéu dién biing phuong phap dd thi.

5.3.3- Cdc thong sé cua quat truc

a- Ap sudt

Cot 4p 1y thuy&t ma bdnh cong tdc cha quat truc dat dudc, cé thé dugc tinh theo phudng
trinh Euler:

_ WG, —u Gy,
T g

0] day c6 thé gid thiét u; = u = u. Vi diéu kién nay ta c6:

H

Hl = E(C2u _Clu)

Doi v6i quat ta dua vao hé s6 tiéu hao ¢:

o= (5.58)
u
Hé s& nay dugc xdc dinh luu lugng thé tich chdy qua mdt don vi dién tich cha thi€t dién
cdt clia mang cdnh din.
Tu tam gidc van toc, ta co:
€y, =U; = ¢, cotgP,
C,, =Uu, —C,, cotgf,

Vi diéu kién ¢y, = ¢y, = ¢, ta dudc:
u u’
Hi=e -(cot gB, —cotgB, )= . ¢ (cot gB, —cotgB,) (5.59)

Ap sud't ly thuyét ma banh cong tac dat dudc:

p=p-g-H =p-u’¢-(cotgp, —cotgp,) (5.60)
Tu 4p suat 1y thuyét ta c6 thé tinh dugc 4p suat thuc t€:

p="n,p, =pu’e-(cotgh, —cotgB,)-n,, (5.61)
Véi: Nm - hiéu sui't clia mang cdnh din clia quat truc.
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b- Hieu sudt

1.Hiéu sudt ciia mang cdnh dan: Nm

Mm=—b =P (5.62)
p+Ap p,

Trong do:

p va p; - 4p suat thuc t€ va 4p sudt Iy thuyét gia ting dugc & trong mang,

Ap - mat mit 4p suat trong mang.
N&u mang ting dp suat tif p; dén p,, thi:

Mm= —22 P (5.63)
p,—p; + Ap
2.Tinh hiéu sudt mang theo cdc thanh phdn luc
P3&i v6i chat 16ng khong nén dudc, tir phudng trinh ning lugng cla chuyén dong tuong
doi, ta co:

W_f_w_izjd_mAL
2

2 P
W —W3
Suy ra: p,—p, +Ap=p- % (5.64)
Tir sd d6 van tdc 161 vao va ra, ta c6:
wi=w.+w;
Wi=wW.+w5
_ 2 2 _ 2 2
=> Wl _W2 _Wlu_w2u _(Wlu_WZu)(Wlu +w2u)
Ma: W, +W,, =2w_=2w_cotgf,
Véy le—Wg :2(W1u_w2u)WaC0thoo
2 2
Hay: p- 2 =p-(w,, ~w,, Jw, cotgB, (5.65)
Trong d6: B - gbc gitta vec-td W va truc mang.
St dung biéu thitc (5.64) va biéu thic (5.65), ta dudc:
P, =P, +Ap=p- (W, —w,, )W, cotgp, (5.66)
Pu
Hay: p, —p, + Ap=—=—cotgf},
t.Ar

Trong do: P, =Artpw, .(wlLl - qu)
P

u

Hay p'Wa'(Wlu _WZu): tAr

Twr (5.61) ta co:
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R, (5.67)

t.Ar
P

a

P
Suy ra: Mm= — AT a (5.68)
P, .cotgf
cotgf, u’ ®

|

u

t.Ar

3.Tinh hi¢u sudt ciia mang theo tinh niing ngugc

F:YH ’Pyu
—— —
Y /| ! ;
Byl P
J :
/ o Y N~
tya

4 P
Hinh 5.21 — Sd @6 tinh hiéu sui't clia mang

Tu hinh 5.21, ta ¢6:
P, =P .cosB, —P, .sinf3,

: (5.69)
P, =P,.cosf3, +P .sinf3,
Thé (5.69) vao (5.68) ddng thdi chia cd tif va miu cho Py.cosPx , ta c6:
M= L tEBs (5.70)
1+ p.cotgf,
. P . 5 ”
Trong do: u= P—" - tinh ndng ngudc cua mang.

y
Dboi v6i canh ddn quat truc p= 0,02 +0,04.

V6i p=0,03va B =25° +45° thi nm = 0,9 + 0,94,

P& ting hiéu suit cia mang quat truc can st dung loai profin ¢ gid tri 1 cang nhd cang

4.Hiéu sudt co khi: tinh d@&n tén thit ning lugng do ma sat § dim, 6 bi va do ma sit dia.
nex = 0,94 + 0,98

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuong V: Quat 176

5.Hiéu sudt thity lyc cia cdp: Nu= ==

Trong do6:
Pe - 4p sud't dugc tao thanh bdi cap
p. = pu’@.(cotgB, —cotgB,)n, + Apyr — D Ap (5.71)
T Ap - mAt mét 4p suat khi cung va khi thdi;
Np - hi€u sud't cot dp;
Apkr - lugng 4p suat ting dudc trong qud trinh thdi do x4y ra hiéu tng khuyé&ch
tdn.
Péivéi quat truc:  mrL=0,75+ 0,92
6.Hiéu sudt toan phan ciia cdp N ="N1. Nck = 0,70 + 0,90
c- Cong sudt

QH
N = rQH

Cong suit trén truc cda quat Ia:
1000m

(5.72)

5.3.4- Quat truc nhiéu cdp

5
1
1
.

DH PH

LS

=
@ AN

Hinh 5.22 — Sd db quat truc nhiéu c4p

Phan tich cong thic (5.60): p, = p-u’e-(cotgf, —cotgB, ), c6 thé thdy ring dp sui't dugc
tao nén bdi 1 banh cong tdc quat truc bi gidi han bdi cdc y&u t§ van td¢ va hinh hoc. Trong cdc
mdy truc hién dai clia cdc thi€t bi van tdi, ngudi ta s dung van téc & ddu cdc cdnh din clia banh
cong tic rat cao, d&n 400m/s. Nhung dit c6 nhu viy, trong nhiéu trudng hdp vin khong ddm bdo
4p sud't can thi€t. Khi d6 ngudi ta st dung mdy nhiéu c4p.

Quat truc nhi€u c4dp c6 modt sd vong ddng truc dugc dit trén mot truc chung (hinh 5.22).
Ct giita hai binh cong tdc dugc dit mot thi€t bi dinh huéng.

Cong dung ciia no:

o Vin lai dong ra tir banh cong tdc.
o Cho dong mdt huéng can thi€t @€ trao ddi ning lugng tich cuc & cap sau.

o Bié&n ddi mot phdn cot 4p dong thanh thé ning.
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Thi€t bi dinh huéng dudc 1am tir nhitng tim cong déu cé chiéu day bién ddi, c6 stc cdn
miit trudc nhd. SO cAp dp suat trong may truc c6 khi 1én d&n 20 cap.

5.3.5- Diéu kién lam viéc ctia quat truc

Céc thanh phin clia cdnh din clia quat truc, § nhitng khodng cdch khdc nhau céch tdm,
quay vdi nhitng van tdc khdc nhau. Vi vdy, cdnh din véi chiéu rong khong ddi va cdc goc ra vao
khong d8i tao nén cot 4p thay ddi theo chiéu dai clia canh ddn. Piéu nay din dén su di chuyén
huéng kinh cda cdc phan tif chdt 16ng trong dong chdy clia banh cong tic va su thdo din lam
gidm hiéu suit clia quat.

Hién tugng di chuyén hudng kinh nay dic biét rd trong cdc ciAp clia quat truc c6 dd dai
céanh din 16n. Vi vdy cdc cip clia quat truc ¢6 dd dai cdnh din 16n thudng dugc thiét k& tir diéu
kién khong c6 su di chuyén hudng kinh ctia dong cha't 1ong.

Ta biét ring: trong cdc loai mdy truc, néu bd qua lyc nhdt clia dong, thi diéu kién cin
biing huéng kinh dudc thé hién bing ding thitc:

r.c, = const (5.73)

Cong thitc ndy c6 gid tri thuc t& rat 16n. Diéu kién dé khong c6 sy chuyén dong hudng
kinh chi thuc hién dugc khi khong c6 su thay doi clia qud trinh tudn hoan theo chiéu dai cinh
din. Trong trudng hop nay, mdi mot phan tit clia dong chiy chuyén dong theo miit tru tron clia
béan kinh tuwong Gng.

Phuong trinh (5.73) 12 ludn dé quan trong nha't trong thuyét Giukopxki. Thuc hién duge
biéu thifc nay trong quat truc cho phép ting rit nhiéu hiéu sui't ciia may.

Anh hudng cta diéu kien (5.73) 1én hinh dang k&t cau cla cdnh thé hién & chd cdnh din
c6 dang cong xodn &c v6i nhitng géc By, B thay d6i theo chiéu dai cdnh dAn. Nhitng canh din
loai nay dudc st dung rat rong rai, dic biét & nhitng mdy 6ng 16t c6 dudng kinh tuong d6i nhd.

Trong nhitng mdy 6ng 16t c6 dudng kinh twong ddi 16n, cdnh din duge lam khong cong,
nhung ddy cung gidm tif trong ra ngoai.

5.3.6- Ddic tinh cua quat truc

mm [ 1 | ] F ke
320 B> \ 32
\H__ ‘,.r< n=600v/ph \

\ L L
240 | t 1 —12%
\ ).fi':"iGUl-‘z‘}Jh
760 = > 16
;>- T~
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0

0
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0 4 & w0 12 K 185G m¥

Hinh 5.23 — Pudng diic tinh cia mot s6 loai quat truc
1. Quat thudc séri Y-12 N°16 2. Quat thudc séri BC
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Tuong tu nhu nhitng mdy ly tim, dic tinh clla mdy truc (quat truc) cho ta mdi quan hé
gilta cOt 4p (4p sud't), cong sua't trén truc va hiéu sudt véi luu lugng.

Puding dic tinh thudng dugc xay dung bing cach thif vdi sd vong quay khdng ddi va dugc
tinh v6i nhitng s6 vong quay khdc nhau theo cong thiic ty 1&.

Dang dudng dic tinh dugc xdc dinh nhd két cAu va cdc tinh chdt thiy khi dong hoc cla
may.

* Pudng ddc tinh quat truc khi n = const

Khdc v6i may ly tim, dudng dic tinh cdt 4p clla may truc thudng c6 dang yén ngua. Mit
khdc & nhitng mdy cot 4p thdp, thudng gip dang nghiéng clia loai dudng dic tinh ndy.

N Gy

A
N
%))
i B
NG A b
&
R
7
L8 \
y | S 4

Qmin  Qmax
Hinh 5.24 — Pudng dic tinh cla quat truc cdt 4p thap

Dang yén ngua trén dutng dic tinh gidi thich sy gidm cta luc ning cdnh khi ¢6 luu lugng
nhd va géc ti€n ting va gidi thich sy hién dién clia dong thit c4p.

Pudng dic tinh cong suat clia quat truc cho tha'y su gidm cong sut khi ting Q hodc gin
nhu nim ngang (hinh 5.24). Vi vay kh&i dong quat truc cho phép m& hoan toan van trén dng hit,
tic 1a ¢6 chiu tdi trong.

Pudng dic tinh hiéu sud't clia quat truc c6 cdnh din lam viéc dugc gin chit véi 6ng 16t
c6 cyc dai bi€u hién rd. Khi ch€ d 1am viéc bi 1éch khdi vi tri t8i uu, hiéu suat thay ddi dot
ngot.

Phin Iam viéc clia dudng dic tinh dugc thanh 14p & phin &n dinh cta né (bén phdi di€m
B trén hinh 5.24). Gid tri cuc dai cho phép thip nhi't cia hiéu sud't khodng 0,9 Nmax -

5.3.7 - Piéu chinh luu lugng

Diéu chinh lvu lugng chia quat truc c6 thé dugce tién hanh bing cich thay ddi sd vong
quay, thay d6i géc quay ctia canh din lam viéc bing thiét bi huéng dong & chia vio va bing tiét
luu.

C4ch thit nhat c6 hiéu qud hon c4.
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Diéu chinh bing ti€t lvu dic biét khong kinh t&, vi lvu lugng bi gidm trong khi cong suat
khong d8i hoic ting. Vi vay tiéu hao ning lugng trén modt don vi thé tich chat 1dng khi diéu
chinh bang phuong phdp nay ting.

Khi diéu chinh quat bing géc quay cdnh din ctia banh cdng tdc hay bing thi€t bi hudng
dong & clia vao ti€t kiém rat 16n ning lugng trong qud trinh truyén dong. Khi diéu chinh bing
gbc quay cdnh din hoic thi€t bi hu6ng dong ra't tién 1gi trong viéc st dung dudng dic tinh diéu
chinh tiéu chudn.
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CHUONG VI: KHAINIEM CHUNG VE MAY NEN

6.1- KHAINIEM CHUNG

6.1.1-Dinh nghia

M4y nén 1a may d€ nén khi v6i co s ting 4p € > 1,15 va ¢6 lam lanh nhéan tao & ndi x4y ra
qué trinh nén khi.

Cong dung clia may nén 12 nén khi va di chuyén khi nén dén ndi tiéu thu theo hé théng dng
dan.

M4y nén ding dé thdo khi tir binh chan khong va nén ching dé&n 4p suit khi quyén hoic 4p
sudt 16n hon, dudc goi 1a bom chéan khéng.

Cac thong s c¢d ban dic trung cho su lam viéc cdia may nén 1a: luu lugng thé tich Q (thudng
dugc tinh trong di€u kién hit), ap sudt dau p; va ap suit cudi p, hoiché so ting 4p €= pa/p1,
s6 vong quay n va cong sudtN trén truc clia may nén.

6.1.2-Phan loai mdy nén

* Theo nguyén Iy lam viéc c6 thé chia mdy nén ra lam 3 loai:
o M4y nén thé tich.
o M4y nén cénh dan.
o May nén phun tia.

* Theo két cdu

M4y nén thé tich c6 2 loai:
o Mady nén piston.
o May nén roto.

Mady nén canh dan c6 2 loai:
o May nénly tam.
o Mady nén truc.

Ngodi ra con ¢6 thé chia may nén ra thanh tirng nhém theo dang chat khi lam viéc, theo
dang truyén dan, ...

6.1.3- So do két cdu mot s6'mdy nén dién hinh
* Mdy nén piston ( mot piston v6i mot cAp nén)

Vi chuyén dong tinh ti€n Ién xudng clia piston, cic qué trinh sau dugc thuc hién: Din nd,
Hat, Nén, Pay. Phuong phap tic dung clia may nén piston dua vao su thdi khi béing piston, cho
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phép xay dung dudc nhitng k&t cAu v6i dudng kinh va hanh trinh piston nhd, c¢6 4p suat 16n khi luu
lugng bé.
Khi Khinén

i

Nruide
.
liim lanh

Nruoc
lam lanh

Hinh 6.1 — May nén piston

* Mdy nén roto dang tdm phdng:

\ __N
\ SN N \_ R
3 NNNS PN
4 5

Hinh 6.2 — M4y nén roto dang tim phing

1. Vo 2. Roto
3. C4c tim phing 4. Ong hiit

5. 6ng ddy
Khi roto 2 quay, trong cdc rinh doc clia roto, cic tAim phang 3 ¢6 thé tr do di chuyén, khi
dugc dién ddy trong khodng khong gian giita cdc canh dugc mang tir Ong hit 4 dén &ng diy 5 va
dugc thdira hé thong 6ng dan.
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Truc roto ctia may nén ¢6 thé ndi véi truc clia dong co khdi dong mot cach truc ti€p khong
cAn bd truyén dong. Piéu nay lam cho mdy gian tién, d& dung va 1am gidm khdi luong clia may.

*Mdy nén ly tam:
Cép thit {1

Cip thit I !

Hinh 6.3 — May nén ly tam

Nguyén 1y Iam viéc twong ty nhu bom ly tim. Truc clia may nén ly thm ndi véi truc cla
dong cd khdi dong (dong co dien hoic tuabin hoi nude) hoic truc ti€p, hodc qua truyén din cd hoc
dé ting sO vong quay clia truc mady nén nhim gidm kich thudc clia may nén va gidm khdi lugng
cling nhu gidm gid mdy.

* Mdy nén truc:

7 2
A /
07 nooong
U
3 —
thi vao Khi ml

Hinh 6.4 — M4y nén truc
1. Cénh din cdng tic (canh dan dong) 2. Roto3. C4nh din huéng dong
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K&t cau gdm roto c6 gin canh din lam viéc, vé ¢6 gin cinh din huéng dong cd dinh. Khi
dugc hiit vao 6ng hit, chuyén dong doc truc va dong thdi bi nén trong cdc cAp nén chia canh din.
Qua &ng ddy khi dugc ddy vao hé thong dng din d&n ndi tiéu thu.

D& khdi ddng may nén truc diing dong co dién, tuabin hoi nuc hodc tuabin khi.

6.2- NHIET PONG HOC MAY NEN
6.2.1- Qua trinh nén khi
a- Phuong trinh co ban

Ly thuyét don gian nhat clia may nén dua trén thuyét nhiét dong hoc khi Iy tuéng thda man
phuong trinh:

p=p.RT (6.1)
Khi 4p sudt cudi clia qua trinh nén khi 16n hon 10°N/m?” ¢6 thé diing phuong trinh trang thai
khi thuc:
p=Z.p.RT (6.2)

Z - he s8 nén dudc, gid tri thuc nghiém ctia n6 phy thudc vao cac dai lugng khong thd nguyén p/pen
Vﬁ T/Tgh.

b- Cdc qiia trinh nhiét dong co bdn duoc sit dung trong thuyét mdy nén

Khi két hgp st dung dinh luat thit nhit cia nhiét ddng hoc va phuong trinh trang thai khi 1y
tudng, ta thu dugc cac phuong trinh clia qua trinh nén va dan nd xay ra trong may nén:

* Qua trinh da bi€n: pn =const hay pv" =const (6.3)
p

* Qua trinh doan nhiét: Lk =const hay pv* =const (64)
p

* Qu4 trinh ding nhiét: P _const hay pv =const (6.5)
p

Qud trinh da bi€n 13 dang tSng quét cia qud trinh nhiét dong hoc x3y ra trong may nén phu
thudc vao diéu kién bén ngoai va bén trong vGi chi son=1,15=+18.

Qui trinh doan nhiét 1a qda trinh khong c6 trao dSi nhigt véi moi trudng bén ngoai; trong
qué trinh ndy c6 thé cé su tao nhiét lugng bén trong do cong clia ma sat khi va su tao xody. Qua
trinh doan nhiét mot cich nghiém ngat khong thé thu dudc trong may nén vi khong thé céch ly
nhi€t mot cach hoan toan dong khi v61 mé1 trudng bén ngoai.

Qué trinh ding nhiét dic trung cho trang thdi ding nhiét do khdng c6 sy trao d6i nhiét véi
moi trudng bén ngoai va khdng cb su tao nang lugng bén trong dudi dnh hudng ciia ma sat khi
trong dong chdy. Trong cic may nén thuc, qua trinh déng nhiét khong thé xay ra dudc.
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c- D6 thj T-S va p-v
* D6 thi T-S: Cdc qua trinh d3 néu trén rat tién bidu thi biang dd thi trén truc T-S.

A" pa=tonst AT

py=const 2

s=const

p'u”:c:onst
h<k

pa=const pirconst

as

ow |
-..b..
FTSTSIETTI CTETT AT
o\
&
|
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\
tn
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4
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Hinh 6.5 — D thj T-S
O day ta dva ra nhitng dang cd ban cla qua trinh nén:

o Qué tinh da bién n < k dac trung cho miy nén c¢6 qud trinh lam lanh manh bing
nu6c (hinh 6.5 a) ( may nén thé tich).

o Qud tinh da bién n > k dic trung cho cic mdy nén c6 qud trinh 1am lanh y&u bing
nudc hodic lam lanh bing khong khi (hinh 6.5 b) (m4y nén cénh din)

Qud trinh ddng entréopi v6i S = const (hinh 6.5 ¢)
Qud trinh ddng nhié¢t v6i T = const (hinh 6.5 d)
* Cdc qua trinh c, d trong may nén 1a khong thé thuc hién dugc vi:
o Su tao thanh nhiét lugng do cong clia ma sat khi bén trong xuét hién qué 16n.

o Khong thé lam dugc két cau hé thong lanh clia may nén d€ cho hé thong nay ddm
bio dudc qua trinh nén khi v6i nhiét dd khong ddi.
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Do vay trong thuy&t may nén, hai qua trinh ndy chi si dung d€ ddnh gia hiéu suit ning
lugng cia may nén.

Quad trinh nén trong céac trudng hgp trén la dudng 1-2. Trong truong hop a,b quéa trinh nén
(4p suat tang) din theo sy thay dSi entrdopi va ting nhigt dd clia khi; vi vay entanpi tang.
Trong giia trinh nén da bién véin < k:
- dudng 1-21a qud trinh nén xdy ra & viing lam viéc (trong xilanh, trong ranh cia banh
cong tac va vo) cila may nén;
- dudng 2-3 12 qua trinh lam lanh dAng 4p clia khi nén dang ra khdi may nén, qui
trinh ndy x4y ra & bd phan Iam lanh cdia may nén va trong mang Iudi ong dan.

Theo dinh luat bdo toan nang lugng: cdng ma may nén cung cho dong khi trong cic qué
trinh nén va din nd khi (khong ké t6i t5n thi't cd khi), bang tSng nhiét lugng 14y dudc tir khi trong
cdc qud trinh nén va qué trinh Iam lanh ding 4p.

Ta st dung dinh nghia ¢ ban cla entr6pi trong qua trinh nhiét ddng cd ban:

_dQ
T

dS
boi véi dudng 1-2 va 2-3, ta cé:
2 3
Q,=[TdS va Q,,=[TdS
1 2

Biéu thitc dudi dau tich phan 13 nhitng phan t5 dién tich clia cic qua trinh nén va lam lanh,
dugc biéu dién trén db thi T-S. Suy ra, lugng ning ludng don vi dugc cung cho khi @€ thuc hién qua
trinh nén va dan nd khi biing tong clia cic dién tich 1-2-5-6 va 2-3-4-5.

Khi nén khi theo da bién véi n > k, thudng dic trung cho miy nén vdéi sy 1am lanh bing
khong khi hoac bing nu6c cudng do thip, dién tich 1-2-6-5 trong qua trinh nén da bié€n 1-2 12 lugng
nhiét dugc tao thanh trong dong chiy do ma sat khi va sy tao xody.

Niang lugng cung cho may nén, diing d€ chi phi cho cdc qud trinh clia mdy nén (nén va din
nd) va cho cong clia ma sat khi trong dong chay. Cong cia cic qud trinh may nén bing dién tich 1-
2-3-4-5. Suy ra, ning lugng toan phin ma miy nén da chi phi (khong k€ ning lugng da sin ra dé
khic phuc t6n thiit cd khi va t8n tha't lvu lugng), dudc bi€u thi biing dién tich 2-3-4-6 (hinh b).

Néu qud trinh trong may nén x3y ra theo ding entrdpi 1-2° thi sy hao tdn ning lugng
toan phan bang dién tich1-2’-3-4-5, tic 1a nhd hon mot dién tich 2°-2-6-5. Suy ra, sy ting ning
lrong, ma may nén hao ton, khi chuyén tir qué trinh ding entropi sang qué trinh da bién thuc v6i n
>k, gdy nén sy ting tiéu thu nang lugng bing dién tich 2°-2-6-5. R rang, dién tich 1-2°-2 la niing
luong hao phi phu trong qué trinh nén va qué trinh didn nd mot thé tich, xui't hién do két qlia clia
qud trinh lam néng khi trong khi altva tao xody.

D®&i véi cac qud trinh ding entrépi va ddng nhiét trén dd thi T-S (hinh ¢, d) thi sy minh hoa
trén cting dugc st dung.
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Ning lugng hao t6n trong qué trinh nén ding nhiét 1a nhd nha't (hinh d), bidu thi bang dién
tich 1-2-4-5.

* PO thi p-v: trong mot sd trudng hop cac qud trinh clia may nén tién nhat 1a bi€u thi trén d6
thi pv.

P9

U, % v

Hinh 6.6 — Db thi p-v
Pudng 1-2, qud trinh nén da bién véin <k;

DPuding 2-3, qué trinh 1am lanh, qué trinh nay mot cich 1y thuy&t x4y ra theo dudng ding dp
p = const, nhung thuc t& ¢6 1éch khdi dudng dang ap.

Pudng 1-2°, bi€u thi qua trinh nén ding entropi;
DPuding 1-2”’, biéu thi qué trinh nén ding nhiét;
Pudng 1-2°*’, biéu thi qua trinh nén da bi€n véi n > k.
6.2.2- Phuong trinh ndang lupng (cong nén)

a- Cong nén ciia qud trinh da bién

Ning lugng L, hao t8n trong qué trinh clia may nén, khi nén va din nd 1kg khdi lugng khi,
dugc bi€u dién bang dién tich trén dd thi p-v 1a dién tich giGi han bdi cdc dudng didng dp v6i 4p suit
dau p; va dp suitcudi p,, dudng nén da bi€n va truc toa dd (hinh 6.6).

D6i véi qua trinh da bi€n, ta cé:
2
L:—jpdv+pzv2 -p,Vv, (6.6)
1

(d&u tni trude dau tich phan bi€u thi p,v nghich bién).

n
p:-V;

n

\%

TU phuong trinh nén da bi€n p.v" =p,.v] ,tacé: p=
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Thay vao phuong trinh (6.6), ta dugc:
2

L dv
L=-p,v, J‘V—n+p2.v2 -p,v,

1

Ta ti€n hanh bi€n d8i nhu sau:

2 —n+l

1 1 1
L =
LV -n+1  n-1{v)" v/

S hang thit nha't trong phuong trinh (6.6) s& la:

d 1 n n 1
‘fpdV——p, IIVZ n_l[szz_plnv-ij:n—l(pzvz_p‘vl)

n—1
1 Vs Vi

Vay biéu thifc ning lugng clia qua trinh da bién la:

1 n
L= n_1 (p2V2 p1V1)+p2V2 —PV, = H_—l(pzvz _plvl)

n p,Vv
=_p1V1( 2 _lj
n-—1 bV,

Ta c6 thé sir dung cac cong thifc clia nhiét d()ng hoc sau:

B
v P, pz
PivVi P

Hay: L= Llplv1 (6.7)

MGéi lién hé giita 4p sudt va nhiét do trong qu4 trinh da bién dugc x4c dinh bing ty s6:

i—z = [%j (6.8)
1 1

Viviy: L:ﬁplvl(T—z—lj (6.9)
1

K&t hgp phuong trinh trang thdi p,v, = RT, ta dugc:
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n

L= R(T,-T,) (6.10)

n-1
b- Céng nén ciia qud trinh dding entropi (ddng nhiét)

Phuong trinh da bi€n va ding entropi (6.3) va (6.4) hoan toan tuong tuf, chi khac & chi s3. Vi
vy d6i v6i qua trinh ding entropi ta c6 thé viét phuong trinh:

k-1

k P, o
L,=—pvl|l22] -1 6.11
de k_lpl 1 [plj ( )
ﬂ
. . T, )k
N&u ap dung t s0: p_zz[ﬂJ (6.12)
b, T,
. k Toe
Ta c6: L, = Eplvl( ;j' —1] (6.13)
k
Hay: L, = ER(TZde ~T) (6.14)

z C 2 z
Matadabiet R=C, —-C, va k= C_p . Do d6 phuong trinh (6.14) c6 the viét la:

L, = Cp(TZde -T ) =1y 1 (6.15)
Phuong trinh nay bidu dién cong chia qud trinh ding entrdpi cia may nén theo entanpi dau
va cudi clia khi bi nén.
c- Cong nén ciia qud trinh ddng nhigt
Tir @6 thi p-v, ta c6:
pvV=p,V, =PV,

Thay vao phuong trinh (6.6), ta c6:
2
Ldn = _J.pdV
1
Ma ddi véi qud trinh ding nhiét, thda min biéu thic:

\4
pv=p,v, < p="t

2
d
Suy ra: L, = —p]V]_[TV =—p,v, 1nv|12 =-p,v, an—z =pv,In L =pv, InP2
1

1 2 b,
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Hay ta c6: L, =p,v, lnp—2 (6.16)

1
Ta c6 nhan xét ring: cac bi€u thitc da viét & trén cho phép ta xdc dinh duoc tiéu hao nding
lgng dé duy tri cdc quda trinh ciia mdy nén, nhung khong cho ta bi€t sy phan bo ning lugng da tiéu
hao cho s thay ddi clia cic thong s riéng r& clia qud trinh .

Dbé xac dinh dugc su phan bd ning lugng cho sy thay ddi clia cic thdng sd, ta sit dung diéu
kién bdo toan niang lugng: ning luong tiéu hao trong cic qua trinh clia may nén ding d€ thay ddi
entanpi, ddng ning ctia khi va d€ khic phuc mat mat vio moi trudng bén ngoai.
Piéu kién nay co thé viet & dang tdng quat nhi't d6 1a phudng trinh cin biing ning lugng
cha cac qud trinh cia may nén:
2 2

.c .
i+ +L=i,+2+ 6.17
1ty 2T q ( )

2 2
2

2 2
—C C,— ¢

Hay la: L=i, —i, + 2— 4 +q=C, (T, - T, )+ tq (6.18)

* Trong 1y thuy&t va tinh toAn may nén con st dung cac thong sé ham:

N&u mot dong khi ding entrépi c6 nhiét @ T va van tdc C dudec him mdt cdch hoan toan,
titc 12 dong ning cha né dugc bi€n thanh nhiét lugng va nhiet do cta khi tang 1én d&n T , thi
T dugc goi 1a nhiét do ham.

Ltc d6 can bang ning lugng Ia:

2

C *
CpT+7:CpT

CZ

=> T =T+ (6.19)
2C,
Vay: ning lugng riéng clia qud trinh ding entrdpi dudc biéu dién theo nhiét dd ham la:
L, =C,(T: -T} )=i; i (6.20)
Ap suit ham dudc xac dinh theo cong thic:
*
) T |k
=p| — 6.21
{T) -
6.2.3- Cong sudt cia mdy nén
-_PRL (6.22)
1000, .Mk

Trong do6:

Thu vien DH SPKT TP. HCM - http://www.thuvienspkt.edu.vn



Truong DH SPKT TP. HCM http://www.hcmute.edu.vn

Chuiong VI: Khdi nigm chung vé mdy nén 190

p - khoi lugng riéng clia khi lic vio may nén (kg/m)

Q- luu luwgng thé tich ctia may nén (m’/s)

L- ning lugng riéng clia qua trinh clia may nén (J/kg)

1, - hi€u suat th€ tich, khi tinh d€n mat mat th€ tich khi do sy do rf qua cic vach lam kin

N - hiéu sufit ¢d khi do khdc phuc ma sat cd khi va truyén dan clia cac co cdu co hoc phu

(vi du: bom diu, quat, bom ctia hé thdng lanh,...)

6.2.4- Higu sudt ciia mdy nén

Hiéu qua ctia may nén khong thé dinh gia bang hiéu sufit ning lugng thong thuding, tic la:

ty sO giita nang lugng ma khi nhian dudc v6i ning lugng bi tiéu hao dé duy tri qud trinh cia mdy

nén.

=0.

Theo phuong trinh (6.18):
+ Nang lugng bi ti€u hao la:

2 2
€, =¢C

L=C,(T,-T, )+

Véi diéu kién: ¢i = ¢, (ta gia thi€t van tdc khi khong ddi)

L:Cp(TZ _T1)+q

+ Ning lugng ma khi nhan dugc trong qua trinh ctia mdy nén:
L_q =Cp(T2 _Tl)

Hiéu sudtning lugng clia may nén la:

C,(T, - T
n= (T =T (6.23)
Cp(TZ_TI)+q

Khi ¢ng dung biéu thiic ndy ddi vdi qué trinh ding nhiét cia may nén vdi T, = T», ta dugc n

Ma nhu truSc day ta dd chitng minh, rang trong tit ci cic qua trinh c¢6 thé x4y ra dudc trong

may nén, thi qué trinh ding nhiét a qui trinh c6 tiéu hao ning lugng it nha't tic 14 qia trinh kinh t&
nha't. Nhung theo (6.23) ta lai thu dugc 1 = 0.

Vay nguyén nhan la dau?

Ta da biét: trong qua trinh ddng nhiét cia may nén C, (T, - Ty) = 0, suy ra entanpi ctia kh,

khi ta so sanh né nhu Ia don vi do ning lugng, 1a khong ddi. Ma d6i véi cac qua trinh nén khi, khi
entanpi dudc bdo toan gid tri clia entanpi, qué trinh ctia may nén s& chuyén sang miic thé ning méi,
tuong ng véi 4p suit p, cao hon va né cho phép khi c6 thé thyc hién dugc cong khi di nd dén dp
suat ban dau.
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Suy ra, danh gia ning lugng ma khi nhan dudc trong qua trinh cia mdy nén bing su thay
ddi entanpi 1a khong c6 y nghia, vi vay khi bdo toan entanpi khdng ddi thi kha niing thuc hién cong
ctia khi dugc ting 1én. Tir day c6 thé néi rang: khéng cho phép danh gid sy hoan thién ciia mdy nén
bdng gid tri ciia hi¢u sudt nang luong théng thuong.

* Sy hoan thién clia may nén dudc danh gia bang hiéu sudt nhiét dong tuong déi. P Ia
higu sudt ddng nhiét Na, va hiéu sudt ddng entrépi 1ge.

o N&u qud trinh da bi€n thuc xdy ra v6i chi s& n, v6i ning lugng riéng L, thi ta c6:

L,
= n 6.24
Nan L ( )
L,
. = e 6.25
MNa L ( )

0 Ma ding @€ ddnh gid may nén c6 qua trinh lam lanh manh biing nudc (vi du: may
nén piston va roto). D&i vdi loai miy nén nay, qud trinh ding nhiét c6 ning lugng
riéng nhé nhit va 1a qué trinh chuén clia may.

o Nhung loai may nén c6 1am lanh y&u (vi du: mdy nén ly tim va mdy nén truc) dugc
danh gid nhd nge. C6 nghia 12 d6i v6i nhung loai may nay, qué trinh ddng entrdpi a
qué trinh chuén va hoin thién nhat.

* M6i lién hé giifa hiéu suit ding entropi tuong d6i v6i cac thong s6 hdm clia qué trinh.

Tu (6.1) va (6.11):

p=p-RT
k-1
k k
e =7 PV P> 1
k-1 o8
1 1
* k * k
Ta c6: L, -~ RT’ (p—Z] -1|=C,T; {pgj
k-1 P, P,

Qua trinh thuc 12 da bi€n va c6 biéu thirc (6.18):

2 2
C, —¢

L=C,/(T,-T)+ +q

Khi vi€'t theo thong s& him véi diéu kién q = 0, ta c6:
L=C,(T,-T,) (6.26)

Tir hai biéu thitc nay ta c6:
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ﬂ
L, _\p
e = — = — <% 6.27
Mee = — T (6.27)
T

* Cong thitc ding dé tinh hiéu suat ding nhiét tuong doi, dé danh gid may nén thé tich 1
cap c6 lam lanh manh bang nuéc thu dugc tir (6.16) va (6.26):

L, =pV, lnp_2
b,
L:Cp(TZ _Tl)
Rlnp—2

P

Vay: (6.28)

Nan= ——F—<
CP(T_z_lj
T,

(& day st dung thong s& ham khong ¢6 ¥ nghia vi m& dau va két thiic qua trinh nén van toc dong
khi khong ddng k€).

6.2.5- Lam lanh trung gian va nén nhiéu cap

Ap sud't ma may nén tao dugc khi lam viéc trong sd d6 cong nghé san xudt dat tGi nhitng
gia trirdt16n. Mat khéc, d€ tao dudc 4p suit cao trong mot cAp clia may nén gip khé khin.

Nguyén nhan:

* Trong may nén thé tich: 1a sy ting qui mic nhiét dd & cudi qua trinh nén, gy nén
sy khong thé thiét k&€ modt may nén c6 thé 14y nhiét lugng tir khi nén di manh.

* Trong miy nén cianh din: Ia khong cho phép van tdc cdnh din qud 16n, vi cinh din
dugc lam tir nhitng vat lieu c6 dd bén xdc dinh.

Vivay: dé ting ap suit trong qda trinh nén ngudi ta thudng dung:
= Lam lanh khi trong qud trinh nén
* Tién hanh nén khi & nhitng cap ndi ti€p, ddng thdi thuc hién gidm nhiét d6 khi &
thi€t bi lanh dugc dit & giita cac cap.

S0 d6 chung clia mdy nén c céc ciip nén:
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[
4 2 4
GO, iy
1 V4 14
i1 1 1
37 4 5

Hinh 6.7 — SJ dd nén nhiéu cip
1,2 — Thiét bi lanh 34,5 - Cﬁfp may nén

St dung may nén c6 cip véi su 1am lanh khi & nhitng thi€t bi lanh (TBL) giita cdc cap dua
lai ti€t kieém 16n ning lugng phai tiu hao d€ din dong may nén. Piéu ndy thdy rd trén dd thi T-S
va p-v cla may nén 2 cap:

i py=tonst 7/ r,Dg
p o [

Hinh 6.8 — D6 thi T-S va p-v khi nén hai cip

Né&u qud trinh nén tién hanh trong 1 cap, thi dudng nén dugc bi€u thi bing dudng da bién cb
n >k : 1-2. Khi nén ciing & trong khodng 4p sudt 4y, & 2 cAp dudc bidu thi biang dudng gap khic 1°-
2°-17-2”, dugc tao bdi 2 dudng da bién 1°-2° va 17-2” va mot dudng ding 4p 2°-17, 13 qué trinh
lam lanh & thi€t bi lanh giita cfip v6i 4p sudt cAp p. = const. Trong 2 do thi, ning lugng ti€t ki€ém
dugc tir qua trinh nén 2 cAp c6 lam lanh giita cdp dugc bi€u dién bang dién tich dugc gach ngang
17-2°-2-27.
Trong may nén hién dai, ngudi ta st dung:
1. Lam lanh may nén béing cach dwa nudc vao khoang dugc lam dic biét & trong vo dic
goi Ia lam lanh trong . Phuong phap nay lam t6t mot cich ddng k€ diéu kién tra ddu md
clia may nén piston. Con bang phuong phap nay mudn ti€t ki€ém ning lugng va dua qué
trinh nén vé ding nhiét khdng thyc hién duge. Nguyén nhin 1 didu kién trao ddi nhiét
gitta cdc dong khi va nudc lanh gdp khoé khin.
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2. Lam lanh & trong thi€t bi lanh dugc dit & giita hai ciip riéng ré goi la lam lanh ngoai.
Véi phuong phdp nay sir dung thi€t bi lanh dang Sng c6 bé mat ti€p xic 16n co thé thu
dugc ti€t kiém ning luong tiéu hao 1 phan. Trong cidc may nén ly thm, cic thiét bi lanh
thudng dugc phan b gitta cic nhém ciip dé 1am don gidn k&t cAu clia thi€t bi.

3. Lam lanh lién hop 1a két hop ca lam lanh trong va 1am lanh ngoai. Phuong phdp nay c6
tinh hiéu qua 16n nhit va dudc sit dung ratrong rdi mic diu k&t ciu phitc tap va ting gia
thi€'t bi.

4. Lam lanh bang sy phun nudéc lanh vao dong khi truéc cdp thit nhdt cha may nén. V6i
phuong phap nay nhiét lugng khi dugc tiéu hao tirng phan d€ 1am bay hdi nu6c lam lanh
va nhiét d6 cudi qua trinh nén bi gidm kha nhiéu. Nhudc diém clia phuong phip nay la
lam dm khi do d6 trong mot s6 trudng hdp khong thé ding dudgc.
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CHUONG VII: MAY NEN CANH DAN

7.1- MAY NEN CANHDAN LY TAM

7.1.1- Nguyén ly lam vi¢c ciia mdy nén ly tdm

&
g
b
(A
; |
2
A
ad
a
™~
N 7
7 N
g
INSSNNNNZogg
Hinh 7.1 — So @b nguyén 1y ctia cAp mdy nén ly tim
1.bia chinh 5.6ng tang dp
2.C4nh din 6.Ranh cdnh huéng quay
3.bia phu 7.Ranh cdnh huéng ngugc
4. Truc 8.Poan vao

Trén so db 1a hinh v& don gidn clia bdnh cong tic clia mdy nén ly tim. Khi di vao bdnh
cong tdc theo hudng truc (nhu hinh v&) sau d6 quay 1 géc 90° va di vao ranh canh. Ranh cdnh
dudc tao nén béi dia chinh 1, cdc cdnh ddn 2 va dia phu 3.

Cénh din trong khi quay da truyén cho khi mot chuyén dong quay. O ddy luc ly taim xudt
hién va ddy cdc phan ti khi chuyén dong tir trong ra ngodi va nhu vay khi bi nén lai. Chuyén
dong twong ddi clia dong khi trong mdy nén ly tAm theo dudng xodn dc. Sau khi ra khdi binh
cong tdc, khi bi nén di vao 6ng ting 4p 5 nim bao quanh bdnh cong tdc. 0 day dong niing bién
thanh th€ ning, tifc 1a dp lyc tinh clia khong khi nén ting. Ong ting d4p c6 thé c¢6 cdnh huéng
hoic khong c6 cdnh hudng. Trong dng nay khi nén ciing chuyén dong theo dudng xoin &c.

Nho c6 cdc canh quat erdng quay 6 va cianh quat huéng ngu’dc 7, khi nén dugc dua vao
bdnh cong tic qua ting sau. 0 cdc cdnh dén nay dong cung bi xodn theo chuyén dong xodn Sc.
Poan vao 8 ddm bdo cho khi nén vio banh cong tic § tang sau dudc déu.
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Tang (hay cAp) may nén bao gdm: banh cdng tdc, dng ting 4p, cdc canh dinh huéng xudi

va ngugc.
7.1.2- Phuong trinh lam viéc ctia cdp mdy nén
4
-
J
, |
-
/ o

Khi vao 7 N Rhira
cdp O khoi cip

| NN 2

Hinh 7.2 — SJ @6 chuyén dong clia dong khi trong cAp nén

Khi cho dong khi chdy qua rdnh cdnh cda cip, trang thdi clia né bi thay ddi do c6 su trao
ddi ning lugng giita dong khi va banh cong tdc, do ma sdt khi, do su tao thanh xody va do c6
trao ddi nhiét v6i moi trudng bén ngoai mdy nén.
* Ta vi€t phuong trinh cin bing clia dong khi trén doan 1-2(J/kg):
Ning luong clia khi tai mit cdt 1 & clta vao banh cong téc trong kénh giita canh dan:
2
c
L = ?1 +C, T,
Ning lugng ma cdc canh din cong tdc da truyén cho khi theo phuong trinh Euler:
L=u,c,, —uc,,

Ning lugng cla khi & thi€t diénra giita cdc rinh cdnh dan:

C2
L, :72+C T,

P

N&u qua banh cdng tdc, nhiét lugng dugc truyén tir khi ra moi trudng bén ngoai 1 g, thi
phuong trinh can bing ning lugng 1a:
L, +L-q=L,
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c c
Hay: 7‘+CPT1 4—(u2c2u —ulclu)—q= ?2+CPT2
Suy ra, nhiét dd nén cudi cling & banh cong tac la:
1 q
Ty =T, +E[Cf -c; +2(u2C2u —W,Cyy )]_a (7.1)

Khi gia st qud trinh 12 ding entrdpi, ta dudc:
1
T, =T, +f[cf —c2+2(uye,, —uyey, ) (7.2)
p

<. ., 2 A s 2
Ngoaira khi nén dang entropi ta co6:

k-1

Thge _ (p_ij
T, b,
Tu (7.2) suy ra:
k
1 ronS =
P, :p1{1+ﬁ[c1 —C +2(uZC2u —W 6y )]} (7.3)

Phuong trinh (7.2) va (7.3) lién hé cdc y€u t§ nhiét dong T, p va C, v6i cdc kich thude
hinh hoc, s6 vong quay va dang cdnh din banh cong tic clia miy nén. Cdc phuong trinh nay
khong dugce khing dinh qua cdc thi nghiém vi qua trinh nén thuc trong banh cdng tdc khong phai
12 ding entropi.

Van téc 16n clia dong khi & giita cdc rinh cdnh clia cAp gdy nén nhitng mi't mat ding ké
do ma sdt va tao xody va su chuyén héa mot phan ning luong cia dong khi thanh nhiét lugng.
Piéu ndy ddn d&€n qud trinh nén thyc c6 dang qu4 trinh da bi€n véi chi s8 n:

pv" = const

Ngoai ra sy tdn nhiét tir dong khi & trong banh cdng tdc va mdi trudng bén ngoai khong
ddng ké. PGi vdi qud trinh nén trong trudng hop nay c6 thé cho q =0 va:

I;—Z - (%} (7.4)
1 1

V6in=15+1,62

Trong thuc t€ tinh todn va ddnh gid cAp cia mdy nén cdnh dinly tim c6 lam lanh yé&u,
ngudi ta st dung hiéu sud't ding entrdpi (Nge = Lae/L)

T hai cong thite (7.1) va (7.4) v6i q = 0 va khi st dung biéu thiic ng. qua cip nén vdi cdc
qué trinh ding entrdpi va da bién, ta dugc:
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N4 2 2 =
p2 :pl l+ﬁ[cl _C2 +2(u2C2u _ulclu)] (75)
Tlde = 058 - 0’9
Phuong trinh (7.5) c¢6 thé st dung d€ tinh todn 4p sui't cudi trong binh cong tdc clia cip
m4ay nén.

* Thieét bi dinh hudn
Trong cdc thi€t bi dinh huéng clia banh cdng tic, ning lugng khong dudce truyén cho
dong khi tir bén ngoai. O diy chi xdy ra su bién ddi dong ning thanh thé ning hoic ngugc lai.
Né&u gid st ring sy trao doi nhiét véi moi trudng bén ngoai 1a khong c6, khi cin bing
ning lugng clia dong trén doan 3-4 s€ 1a:
2 2

C3 _ C4
C,T, +7_CpT4 +? (7.6)
Tu day suy ra:
2 2
Lo & e (1.7)
T, 2C T, C;
Tu dinh ludt: R.c, = const, suy ra:
R
S5 . R,,R,-cdc binkinh.
¢c; R,
2 R2
Ta cé: T—4=1+ ©s [l——i] (7.8)
T, 2C, T, R}
.2 2 z x N (e 2 p4 T4 E
Gia st qud trinh 1a da bién ta c6: —=| —| ;suyra:
Ps T,
2 2 %
c R
=p,| 1+ ——|1-—> 79
p4 p3|: 2CPT3( Ri}:| ( )

Chi s& n phu thudc vao diéu kién 1am lanh va ddi véi két cAu may nén thudng n = 1,5.

7.1.3- Tinh todn lai duong ddc tinh

a- Khi thay d6i s6 vong quay: (ng dung dong dang)

Cho dudng dic tinh cia mdy nén vdi s& vong quay n,. Yéu cAu dung lai dudng dic tinh
vdi s0 vong quay n, nhd hon hodc 16n hon n,, khi thinh phan khi va cdc thong s6 ban diu khong
dadi.

Luu lugng clia mdy nén dudc xdc dinh theo phuong trinh lién tuc biing gid tri cda van toc
tuyét d6i, ma van tdc nay theo diéu kién dong dang dong hoc ty 1& v6i van tdc vong, suy ra 1a ty
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1é vdi s6 vong quay. Vi vy vSi hé sd nén khong 16n 1dm, d€ tinh todn lai lvu ludgng c6 thé st
dung cdng thitc dong dang thdng thudng:

Q, = By (7.10)

a

n

Tinh todn luu lugng theo (7.10) khong dudc chinh xdc 1dm, mitc d6 sai cang 16n khi hé s6
tdng 4p cang Ién.

Tu phuong trinh cAn bing ning luong clia qud trinh trong may nén (lién hé thé ning dugc
cung cho cdnh din v6i ning lugng clia dong khi trong mdy nén), suy ra trong qué trinh ding

entropi:
E
gk —1|=n’

n - s6 vong quay clia truc may nén.

~ A e Zy® N N 2 R ~ A A 1A A
Vivay, doi v6i 2 s06 vong quay n, va ny,, co theé chdp nhdin moi lién hé sau:

2
S (7.11)
n,

k
g, = 1+(n—bj (gak —1} (7.12)

P3&i v6i may nén khdng khi cong thie (7.12) c6 thé viét gdn ding nhu sau:

(e

n

a

Theo nhitng gid tri clia lvu lugng da tinh todn tuong Gng v4i &y, ta s& tinh 4p suidt p, = p1.
gp va x4y dung dudng dic tinh cho ch& do ng v6i ny.

D& don gidn va vdi chi ¥ ring cong sudt cia mdy nén ty 1& vdi khoi lugng riéng cla khi,
thi cong sud't ciia ch& do b dudc tinh theo cong thitc gdn ding nhu sau:

3
n
N, = p—b[—bj N, (7.14)
Pa

b- Khi thay ddi tinh chdt vat Iy ciia khi

Tinh chat vat 1y clia khi sit dung trong bai todn dang xét dudc dic trung bing cdc gid tri
R,k =C,/C,, v.

Pudng dic tinh da cho clia mdy nén v4i nhiét dd va dp sudt ban ddu 1a Ty, va Pia, lam
viéc v6i s6 vong quay n, vdi khi c6 cdc hing s6 1a Ry, k,, V..
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Yéu ciu tinh todn lai dudng dic tinh 1am viéc clla mdy nén khi s& vong quay khdng ddi,

nhung khi c6 cdc hiing s6 Ry, ky, vy, va cdc thong s& ban ddu1a Tap, va py .

Trudng hop thudng gidp nhat 1a mdy nén lam viéc v6i khi 2 phan t. Vi vay ta gid sir

k.=ky=141.
Anh hudng ctia s& Re loai trir va vi vdy dnh hudng clia do nhét khi tinh todn c6 thé bd
qua.
Diéu kién tuong tu cho ta hé s6 lvu lugng 12 khdng ddi. Vi vay:
¢, ¢C
—=— hay ¢, =c,
U, Uy
Tu d6 suy ra: Sc, =S¢, hay Q,.=Q,
Su thay ddi cdc hiing sO khi va nhiét 46 diu khong 4nh huéng dé&n luu lugng thé tich cla
may nén.

Gid st ning lugng riéng clia cdc qud trinh trong mdy nén 1a diang entrdpi, khong phu

A N [N ‘A 2 4 FEY
thudc vao dieu ki€n ban dau, c6 thé viét:

k ket k ket
ERHTM[%I‘ —1]=ERJ1{SJ‘ -1

Tir day suy ra:
X
k-1 k-1
g, = 1+@[abk —1] (7.15)
Rleb

Hodc & dang gian u6c khi k= 1,41:

&, ={1+%(§/§—1)}3 (7.16)

b ~1b

Khi chon trén dudng dic tinh di cho gid tri p, v6i Q, bat ky va xéc dinh g, = p./p1a theo

(7.16), ta tinh dudc:

g, = Do
Pio
Tu do6 suy ra: Py, =€yPyp

Va tir gi4 tri p, 4 nhdn dudc ta dung dudng dic tinh 4p sud't cAn tim.
Tinh todn dudng dic tinh cong suat dudc ti€n hanh tuong ty nhu trudng hdp trén .
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7.2- MAY NEN TRUC

7.2.1- Cédu tao chung ciia mdy nén truc, cdu tao cép

A
N
]I LU0
N
3 —
TKhi vao Khi ra ¢

Hinh 7.3 — Sd @b ciu tao chung ctia mdy nén truc
1. Cdnh dinlam viéc 2. Roto tréng 3. Cdnh din dinh huéng

Khic v6i mdy nén ly tAm, § mdy nén truc khi nén chuyén ddong doc theo truc.

Roto 1 c6 dang tréng. Trén roto c6 gdn cdc cdnh din lam viéc 3. Cdc cdnh din dinh
huéng c6 dinh 4 dudc gin trén thAin mdy 2. Nhitng cdnh din nay ciing dudc gin & trude cap thir
nh4t va sau cap sau cling.

Khi ¢6 cdc thong s6 ban dau p;, Ti, C; di vao dng vdo clia may nén, sau khi di qua tat ca
céc cap, chiing s& di qua 6ng ting 4p, sau d6 di qua dng dd'y d&€n noi tiéu thu.

0 dng vao c6 cdc canh hudng dong 1am cho dong hdi ngoidt vé phia quay clia roto hoic
vé phia ngugc lai tiy theo tinh chit clia tiing tAng. Trong mot sd may nén, bo vao khdng cé.

Trong cdc ranh ting dp clia cac canh dAn dong, ning ludng clia dong sé& ting, tic 1A dp
sui't va van tdc tang.

Khi dong khi chuyén dong qua cdc cdnh din dong xui't hién luc P = Py + Py . Luc nay co
hudng ngugc véi huéng quay cta banh cong tdc va tao ra cong nén.

Con trong cdc ranh clia cdnh dinh huéng chi c6 sy bién dong ning thanh thé€ ning va
gitp cho dong khi c6 mdt hu6ng nhd't dinh trudc khi vao diy cdnh dong sau.
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Cdu tao cdp mdy nén truc

_—
ks ™
k‘%ﬁ I
SIS
| “hﬁ%z%,
RS Cép
|| N { U ng.té
1
P = = IIT P
Khi 1§g § lﬁg 1 }_Kkl
" L‘ _a kel
yao ; ‘g g: :‘% “E ! ra
S SIS 3
AARRRNRAL ARV ANTR SNRNR
]
hl I |
5

Hinh 7.4 — So @ ciu tao cAp mdy nén truc

M4y nén truc dudc tao bdi mot s6 cap 4p suat. Mdi cAp gdm mot vanh quay cidc cdnh din
1am viéc va mot vanh ¢8 dinh cdc cdnh din huéng dong tao thinh mang cdnh din. C4c cdnh din
1am viéc dudc gin chit vao cdc dia hay gin chiit vao roto trong, con cdc cdnh din huéng dong
dugc gdn chit vao vo clia mdy nén.

CAp ddu clia mdy nén c6 thé duge 1am c6 cdnh din huéng hodc khong cé chiing. Con cAp
cudi ciing ludn ludn cé cdnh din huéng dong ra, muc dich ctia né 1a @€ vin dong va lam gidm
mat mat ning lugng & cira ra.

7.2.2- Tinh chdt, nhiing thong so ddc trung

a- Ndng lugng bdnh cong tdc truyén cho dong khi

Ta chia cip bing mit phing tru c6 dd diy Ar nhu hinh vé (hinh 7.4). Trong gi6i han do
dai ctia c4p nguyén td, cdc tam gidc van tdc khong thay ddi.

— L2 — 7

/N oo

.“.
i 7 ' . Truc

f mang

Hinh 7.5 — So d6 mang proﬁn canh cia mdy nén truc

-

(dy nén

Truc md
M [y

1.C4nh din Iam viéc 2.Cdnh din dinh huéng
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B4n kinh ctia cAp nguyén to r = const, ning lugng ma céc cdnh dan cong tdc cia may nén
truc truyén cho dong khi, khi u; = u, = u dugc xdc dinh theo cong thic:
L, =u(c,, —¢,, )= uAc, (7.17)
Khi st dung phuong trinh lién tuc va bi€u thitc hinh hoc giita cdc tam gidc van tdc, ta c6:

C,, =Uu, —c,cotgp,

u

€y, = U, =€y, cotgp,

C a
CP; =C5p,  hay S P
Ca P2
Ta thu dugc:
L, =u.cm[cotg[31 —p—lcotgﬁzj (7.18)
2

Cho gin ding p; = p, , ta co:
L, =u.cla(cotg[3l —cothz) (7.19)
Né&u gid thi€t ring qud trinh trong bdnh cong tdc xdy ra khong c6 mat mdt thi ning lugng
da cung cho khi dugc xédc dinh theo (7.18), (7.19).
Ma ta di biét, su gia ting ning luong dugc xdc dinh bing hiéu so entanpi clia dong him:
L =i,-1
Suy ra: uc, (cotgB, —cotgp,)=1; —i; (7.20)
Phuong trinh nay cho ta m&i lién hé giita cdc thong s& hinh hoc va nhiét dong hoc.
b- Hieu sudt cd ich ciia cdp nguyén t6’
* Nang lugng ma may nén cung cip cho dong khi dé:
* Ting 4p sudt
* Thay ddi dong ning ctia dong khi
* Khic phuc mit mit vao mdi trudng bén ngoai.

Do d6, phuong trinh nang lugng cia dong khi c6 dang:

2 2 2 3 2 2
L=f®peze,, R, 520, (721)
1 p 2 2 p 2

v6i: 1, +1, =1, mat mdt ning lugng cla cdp, gom mat mat ning lugng & rinh cong tdc 1, va &
thi€t bi dinh huéng 1, .

Phuong trinh cudi cling dwa vé dang:
2

3 2
LI:.|.@+—C32Cl +1
1 P

* Niang lugng thuc ma dong khi nhan dudc & cAp clia mdy nén la:

C
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ci—c;
2
Su hoan thién khi dong ctia cdp dugc ddnh gid bing ty s6 L/L;, dugc goi 1a hiéu suit co
ich ndi (dugc ky hiéu biing chi 8 i)
fin, -t
_L__=p 2
ni = L_ I 2 2
1 J‘%_’_ ¢ ¢
P2
N&u qud trinh ctia cAp x4y ra theo da bié€n, thi ning lugng riéng thuc dudc tinh theo bi€u
thirc da bi€t:

(7.22)

3dp
L=L,-1 =[=+
L P

(7.23)
+1

C

n-1

- 22
L=—"Rrr|[B]| —1[+& =5
n—1 p; 2

Liic d6 hi¢u sua't c6 ich ndi clia cdp dugc tinh theo bi€u thic (7.23), dugc goi l1a hiéu sudt
c6 ich ndi da bién, ky hiéu ngp.
* P& ddnh gid sy hodn thién cia mdy nén c6 1am lanh y&€u ngudi ta st dung hiéu suit
diang entropi.
DP3&i véi cdp clia may nén truc ngudi ta dung hiéu sudt ndi ding entrdpi, dugc tinh theo
céc thong s6 him bing bi€u thic sau:
k-1

)
Mg =~ (7.24)
T,
|
Tl
My = e e (7.25)

371

Céc gid trin,, vd n,, cha cAp mdy nén truc khdc nhau khong qud 0,5%, vi vay st dung
N, trong thyc t& 12 cho phép.

D3&i v6i nhitng cip clia mady nén truc 1am viéc 6n dinh, nén khong khi, hé s6 ting dp
e=1,1+1,3taco:

Nice = 0,85 0,95

c- Hé s6 hoat tinh ciia cap

Céc cap clia mdy nén truc dudc dic trung bdi hé s6 hoat tinh.

Hé s hoat tinh thé hién kh3 ning dat dugc cot 4p tinh clia binh cong tic. Hé sd hoat
tinh dugc xdc dinh bing ty sd gita cdt 4p tinh 1y thuyé&t v6i cot dp 1y thuyét toan phan dat duge
bdi cdnh din clia banh cong tdc. Goi p 1a hé s6 hoat tinh ta c6:
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C2 - C2
u(C 2u Clu )_ 2 ]
Hloot Lloct 2
p = = =
H, L, u(e,, —cy,)

Ti tam gidc van toc, ta co:

2 _ 2 2 . 2 2 2
Cl - clu +C1a ’ C2 - C2u +C2a
Vi C,, =C,,
AL 2 2 _ 2 2 _
Vay: C, =€ =€, —Cyy _(Clu _CZu)(Clu +Czu)

Ta thu dugc dang don gidn nhat clia hé sd hoat tinh 1a:
Clu + C2u
2u

Céc cap clia mdy nén truc thudng c6 hé s hoat tinh p = 0,5+ 1,0

p=1- (7.26)

Ta s& xét sy dic biét clia mang cAp c6 hé s hoat tinh 13 0,5; 1,0; 0,75.

e Cipcop=205

\. Cdnh din
'\\:\ )
N huong

anh dan

e
A
Foie
Sy C‘ -
5
.
5

cong tdc

Hinh 7.6 — Mang cdnh clia cdp ¢6 p= 0,5
Tu (7.26) suy ra:
C,=uU—¢C,, Va C,, =u-—-c,,
Tam gidc van toc théa man diéu kién nay thé hién trén hinh 7.6. Tir d6 ta c6 ty so:
wl=cj +c. va wi=c; +c.

Mang cdnh din cong tdc 1am ting dd xodn cta dong c¢3, >c; suyra c;, —c5, <0 va
wi—-w?<0.Twdésuyra: wi <w:.

Bat ddng thiic ndy cho ta thi'y ring : cdc kénh giita cdnh din clia bdnh cdng tdc clia cip
c6 p =0,51a khuéch tdn.
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- O nhitng 6ng khu€ch tdn xdy ra sy gidm van tdc tuong ddi va c6 su bi€n dong ning
ctia chuyén dong tuong ddi thanh thé ning.

- Heé s& hoat tinh p = 0,5 cho ta mdi quan hé giita cdc thanh phan van toc va dang clia
ranh cdnh sao cho mit mat ning lugng trong cip la it. Pidu nay gidi thich vé& su st
dung cap c6 p=0,5 3 loai may nén truc &n dinh.

“Cdpcé p = 1,0

Tu phuong trinh (7.26) 4p dung cho trudng hgp nay ta c6:

¢, +¢,, =0 hay ¢, =-c,

u

hay |clu

= |C2u

Tam gidc van tSc ng v6i trudng hop nay dugce bi€u dién trén hinh 7.7

Ld

A%
Cénh déin
hudng

Hinh 7.7 — Mang cdnh ctia cap c6 p= 1,0

TUr tam gidc vin tdc ta ¢6 cdc ty s hinh hoc sau:

w2=c>+(u+c,)

wy=c; +(u-c,,)
Trdosuyra w, <w,

wi—w; =4duc,,

Vi vdy: su ting nidng luong trong qud trinh nén & banh cong tdc clia cAp khong c6 su mat

mat la:
Wi W3
=2uc,,
2
T tam gidc van toc trén hinh 13.5 v6i didu kién [c,,| =|c,, |, suy ra:
2 2
€ —¢

c,=c, hay => ddng ning khong doi

Viy: ning lugng ma khi nhan dugc tir binh cong tdic chuyén héa hoan toan thianh thé&
nang.
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Trong cap c¢6 p = 1,0 (100% hoat tinh) ning luong nhian dugc & cdp chi c6 & dang thé
niing (4p sud’t). Qud trinh nén x4y ra § gitta cdc rinh cdnh cha banh cong tic.

Trong trudng hgp nay, cdc rinh cdnh huéng dong khong 1am thay d6i gid tri ctia vin tdc
tuyét doi nhung chi 1am thay ddi huéng clia n6 tuong ng véi goc o, vaa,.

* Cdp c6 167 vao va 161 ra hudng truc (p= 0,75)

Ta xét trudng hop khi dong khi dugc cho vao cAp va di ra khdi né vao cip sau theo huéng
truc, tic la:

P - X
&< Cdnh dan

4 y 4 céng tdac
et
3 \)
\
\

Cidnh ddin
hwidng

. Wi
2 Cz

Hinh 7.8 — Mang cdnh ctia c4dp c6 p = 0,75

Dong khi di vao c&p theo hudng truc nén ¢,, =0
Gid slrrang : ¢,, =0,5u thay vao ta c6:

_l_Oﬁu
2u 2u

+
Cru TCoy =1-0,25=0,75

p=1-

Suy ra, & rinh cdnh bdanh cdng tdc xdy ra su ting 4p sudt do két qua clia su gidm dong
ning cta chuyén dong tuong doi.
Ning luong do su ting 4p néu chua tinh d&€n mat mdt ning lugng ta cé:
2

2 2 2
2 2 c . +u” —¢c, ——
wiowl STV TGS 5

2 2 8
Thiét bi dinh huéng ctia cdp c6 p = 0,75 c6 tinh clia 6ng khu€ch tin, vi vy & ddy xdy ra
st gidm véan tdc clia chuyén dong tuyét doi tir ¢, — ¢, = ¢,. K&t qué cla diéu nay la su ting dp

2

suat tuong duong vdi sy gidm dong ning clia chuyén dong tuyét doi.
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CHUONG VIII: MAY NEN THE TiCH

8.1- MAY NEN PISTON
8.1.1- Po thi cong ( hay do thi chi thi)

Lp vth

)N
la 7 ‘,f'_\' oty :;}f_ I_;_S
Vin,_ Ve
Vi !(5)

| VI ST

-
I
I
M U

%ﬁ'
-@L—-"_

r_'E Ky s,
Khi

v o =
Nudc [

feim lanh

Hinh 8.1 - S6 dd may nén va d6 thi chi thi

Vi - thé tich thai
Vap - thé tich dan ng

Ve - thé tich chét
vi - thé tich hit

Viy - thé tich lam viéc

http://www.hcm@egdu.vn

Ta s& theo ddi trinh tf lam viéc cia may nén dudi sy gitip d8 ctia dd thi p = f(v), v-thé
tich chira trong xilanh dudc gidi han bdi piston, né phu thudc vao vi tri cia piston.

Khi piston dich chuyén tit phia phai sang phia trai, piston nén khi nim trong xilanh. Van
hiit (hay con goi 1a van nap) déng trong sudt thdi gian qua trinh nén khi. Con van diy déng dén
khi n2o hiéu s& giita 4p suit trong xilanh va 4p suat trong 6ng ddy thing dugc Iuc diy cia 1o so.
Khi diéu nay x4y ra, van diy m& va piston sé& thai khi vio dng diy. Qua trinh ting ap suit bi€u
dién trén @6 thi Ia dudng 1-2, con qué trinh thai khi 1a dudng 2-3.

N&u p, 1a ap suét trong xilanh khi thai khi, thi thé tich khi thai dudc vdi dp sudtpr 1a vy, .

Khi nén, nhiét dd khi ting, nhung nudc lanh khong 14y dugc mdt cach hoan toan lugng
nhiét do qua trinh nén khi thai ra. Do vay dudng nén 1a dudng da bi€n: pv" = const.
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Con dudng 2-3, theo ly thuyét Ia dudng déng ap p, = const. Nhung thyc t& do Anh hudng
clia quan tinh clia khdi khi, do tic dong cta khéa va cla 10 so, ap suit cia khi thai khong giit
dudc khong ddi.

Khi piston dén vi tri cAn trai, né khong thai dugc toan bo khi, vi mot phan ciia khi v,
van con lai trong xilanh (v - goi 12 thé tich chét hay thé tich c¢6 hai).

Viao diu hanh trinh clia piston sang phai, khéa diy déng lai va mot phan khi con lai &
khodng khong chét v, s& din nd theo dudng 3-4. Pudng din nd la dudng da bi€n c6 chi s3 ny,
c6 phuong trinh:

p.v"" = const (8.1)

Qua4 trinh din nd ti€p tuc dén khi 4p suit trong xilanh gidm dé&n p; < po, po - 4p suit &
trong khoang khong ma khi dugc hit vao.

Dudi 4nh hudng cda hiéu s& ap suit po - pi, khéa hit mé va piston dich chuyén sang
phai, va sé& xay ra sy hit khi vao xilanh.

Ap suéit p; ludn ludn nhd hon py vi ¢6 sy can tr§ cta tuyén hit. Qua trinh hit dude bi€u
dién bing dudng déng 4p 4-1.

Hinh 8.1 12 d6 thi chi thi Iy thuyét clia may nén.
D& thi chi thi thuc ¢ khic so vdi dd thi Iy thuyét (chi y&u & dudng hiit va dudng diy).
8.1.2- Anh huéng ciia khodng khong chét

Xilanh ctia may nén ludén duge lam c6 khoang khong gian chét. Piéu nay can thi€t dé
tranh sy va dap cda piston vao ndp may khi hanh trinh cia né dén di€m cudi.

Khoang khong gian c6 hai thudng dudc danh gid bing s& phan trim so véi thé tich lam
viéc clia xilanh va dudc goi la thé tich twong d6i ciia khoang khong chét:

(8.2)

Trong cac loai may nén 1 cip hién dai a = 0.025 + 0,06 (khi kh6a dudc phan bd & nép).
Trong khi nén nhiu cip, cdc khéa dugc phan bd & bé mit sudn clia xilanh a ~ 0,2.

* Sy hién dién cla khodng khong ché&t dAn dé&n: qua trinh hit khong bit dau tai thdi
di€m bit diu cda hanh trinh ngudc clia piston, ma & thdi diém cudi cia qua trinh din nd (tai
diém 4). Suy ra, thé€ tich hiit v;, ma thuc t&€ piston hiit dugc nhd hon thé tich lam viéc cia xilanh
Vh < Viy.

Thé tich cia khoang khong chét c6 anh hudng xiu dén sy thai ciia may nén. Khi ting
gia tri trong ddi clia khoing chét c6 thé din dén dang thic:

1
n

ale’ —1(=1
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va luu lugng tinh theo bi€u thitc sau s& bang 0:

1
Q, = la{en" 1} Aphg.v,n (8.3)

Trong do:

Ay - hé 0 nhiét, tinh &nh hudng clia sy 1am néng khi khi hit tr bé mit cia khoa va
thanh xilanh;

A, - hé s0 kin, tinh 4nh hudng cta sy rd ri qua khoa va cdc vanh dém cda piston va
xilanh.

Diéu nay thiy rd trén hinh 8.2:

By

[

\

————

Vedn Vi

g e - -

Hinh 8.2 — P thi chi thi khi thay ddi khoang khong chét

Khi ting Ve, truc toa do p dich chuyén sang trai, dudng nén da bién phan bd rong hon va
dé&n mot gia tri giGi han nao d6 cla v, di€m 2 sé& trung vao diém 3. Thé tich thai biang khong,
ldic @6 dudng nén va dudng dan nd tring nhau, may nén khéng hit, khong thai.

Khodng khong c6 hai 4nh hudng dén sy thai cang 16n khi hé s6 ting 4p cang 16n, vi vay
gi tri tiong ddi cia khoang khong chét dude chon cang nhé khi hé s8 ting 4p cang I6n .

8.1.3- Cdch bé'tri mdy nén nhiéu cip

M4y nén nhiéu cip dugc lam theo 2 cach chinh:
» Joai c6 piston dang vi sai va mot s6 cAp nén trong mot xilanh
* Joai c6 nhi€u cAp nén trong céc xilanh riéng ré.

Ta xét mot s6 trudng hgp.
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a- Mdy nén 2 cdp cé piston vi sai tdc dung 2 hudng

Trong may nén loai nay cic ciAp nén dudc bo tri theo 2 bén ciia piston. Nguyén Iy lam
viéc c6 thé bi€u dién rd rang bing dd thi chi thi, dugc xay dung chung cho ca 2 cap.

Khira 2 3'55_

| 0 =Pa
G — |
’.U" 4 — i 1
Vao T { &r-g p
e e | Veh
Ins Pa
:—-‘ — T E = 0
Jl:}* ‘ 0/ [ () e —
L. _:--___J {E'IT —r?_— f--————- ‘iﬂ‘

—_— pa

o
Thiét bi lanh Thiét bi lanh
Hinh 8.3 — S6 dd va d6 thi cong may nén 2 cip c6 piston visai taic dung 2 huéng

Né&u gia st raing may nén hit khong khi tir khi quyén, thi dudng hiit cia cAp du tién sé
nim thip hon mat chiit so véi dudng ap suit khi quyén. Khi chuyén dong clia piston sang phai
X4y ra qud trinh hiit vio cip diu theo dudng 4’-1°, nén va diy ciia cip thit 2 theo dudng 3°-2”
va 27-37.

Khi piston bit dau di chuyén sang trdi, & cAp diu x4y ra qua trinh nén, con & cip thi 2
x4y ra qué trinh din nd khi. Qua trinh cudi x4y ra dén khi nao 4p suit trong xilanh con chua dat
t6i po’ tai di€m 4”. Tai thdi diém nay van hit clia cAp thit 2 md va piston, khi chuyén dong sang
trdi, sé hit khi tir khodng khong kin clia thi€t bi lanh. Va Iic nay 4p suit khi s& gidm. Khi piston
da chi€m dudc vi tri xac dinh bdi di€m 2°, 4p suat khi & thi€t bi lanh gidm d&n chirng nao van
ddy clia cip thit nhit mG va khi s& tir cap thit 1 qua thiét bi lanh vao cip thi 2. Ap suét khi thay
ddi theo duding 2°-3°.

Vio lic dau clia hanh trinh vé phia bén phai & cap thit 1 x4y ra qua trinh din nd khi theo
dudng da bién 3°-4".

Thé tich clia cic xilanh clia cAp 1 va cip 2 khong bang nhau, vi vay do thi dang xét c6 ty
1é vé truc hoanh khac nhau.

Trong may nén loai nay qua trinh nén & cac cap dudc thuc hién & nhitng hanh trinh khic
nhau clia piston, va vi vay luc tic dung 1én cdc phan cda khung dugc phan bé kha déu.

b- Mdy nén 2 cdp cé piston vi sai tdc dung 1 phia

DPiac biét clia may nén loai nay 1a su phan bd cip thif nhit va cip thit 2 theo mdt phia clia
piston; di€u nay din d&n: qua trinh hiit ciing nhu qua trinh ddy x4y ra trong ci hai cip la ddng
thdi.

Khi bit dau tr diém 3” trén hinh 8.4, v6i chuyén dong clia piston vé phia phai x4y ra
qua trinh din nd & cip thit 2 d€n 4p suat py, 4p suit nay dugc tao § thi€t bi lanh bdi cap khi hanh
trinh clia piston sang phai. O vi trf cia piston dugc x4c dinh bdi di€m 47, van hiit cda cip thi 2
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md va x4y ra qué trinh hit khi tir thé tich kin ctia thi€t bi lanh. Py ciing 13 qué trinh din nd khi
theo dudng da bi€n 47-1”. G cudi qua trinh nay 4p suft trong cip thit 2 gidm d&n p;’. Khi hanh
trinh clia piston ti€p tuc sang trai & cAp thit 2 khi bi nén theo dudng 17-2” va dudc thdi ra theo
dudng 27-3” vao dng ddy. Trong thdi gian nay & cAp thi nhatxay ra qui

Thiét bi lanh J

VAV £

TrL
T
Hi LT
I

Hinh 8.4 — Sd dd va d6 thi cong may nén 2 cip c6 piston vi sai tic dung 1 huéng

trinh nén theo da bi€n 1°-2’ d&n 4p suit p;’. Tai di€m 2’ van diy cda cip thit nhat mG va khi bi
diy tir cAp vao khoang kin clia thi€t bi lanh. Qu4 trinh dién ra theo dudng da bi€n 2°-3’ va gy
ra sy ting ap suat tif p;” d&€n p,’. Khi hanh trinh piston sang phai xay ra qua trinh ddn nd va hit &
cap thi 1.

Trong may nén loai nay cic khoang ctia cip 1 va2 ludn luén dugc phan cich bing
nhitng van déng, nhung vin c6 nhitng qua trinh, xay ra dong thdi § cac khoang clia mot cAp nao
day va cla thi€t bi lanh.

Thi€t bi lanh: ngoai cong dung chinh ctia n6 Ia lam lanh khi nén, n6 con déng vai trd nhu
mot binh chifa tifc 1a dung tich d€ nhan khi ra tir cip thit 1, sau d6 s khi vao cap thit 2.

Trong may nén c6 piston loai vi sai tic dung 1 phia nay, qua trinh nén va thai khi xay ra
& cA 2 cip ddng thdi, do d6 trong phan khung clia may nén sinh ra nhitng Iyc I6n phan bd khong
déu, doi héi st dung banh da c6 khdi lugng 16n dé€ cin biang cic lyc nay. So dd nay thudng
diing trong mot t3 hop vdi so do thuan dong d6i véi loai may nén c6 s cap 16n hon 2.

c- Mdy nén 3 cdp cé piston vi sai

TRL cdp T

L il
[ 5
=T
l - = — -
I_ — H_—N\WVW‘___-___J
TBL cdp I

Hinh 8.5 — Sd dd may nén 3 cip c6 piston vi sai
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Céc cap clia mdy nén trén hinh 8.5 dudc lién hdp sao cho ¢t mdi cip cAp canh nhau tao
thanh may nén 2 cip. Khi tao dugc déng thitc cong clia 2 cip riéng ré Ia diéu kién cla hiéu qua
kinh t&, s6 @6 nay cho ta sy phan b khong déu trén cic phan clia khung may. D€ gidm nhitng
Iyc nay va phan bd chiing duge déu hon, ngudi ta sit dung so @& may nén 2 cip c6 sy phan chia

cip thit nhat.
TBL cdy

l A
|

| m JTH7 - ?
L e ] |
-

_____ o - ..

TBL cap 11

Hinh 8.6 — S6 dd may nén 3 cip piston vi sai cé su phan chia cAp thif nhat
d- Mdy nén nhiéu cdp cé piston vi sai

Khi st dung nguyén ly tao cip véi piston c¢6 dudng kinh thay d6i, c6 thé thi€t k€ may
nén vdi khoi lugng 16n cac cap.

Hinh 8.7 — S6 dd m4y nén nhi€u cip piston vi sai

8.2- MAY NEN ROTO
8.2.1- Cdu tao, nguyén Iy lam viéc

Ta c6 so dd may nén tAm phing:

Hinh 8.8 — Sd dd ciu tao may nén tim phang
1.Roto; 2.Than may ;
3.Céc tAm phéng dugc bo triléch tim ; 4 Khoang kin dugc tao b3i 2 tAm phing.
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M4y nén roto thudc vao loai may nén thé tich, theo nguyén ly lam viéc né gidng bom
roto. Loai may nén roto dudc st dung rong rit nhit 12 may nén roto tim phéng. Trong thdi gian
gan day ngudi ta ciing c6 st dung may nén truc vit.

Khi roto 1 quay, cic tim phing tao thanh cic khoang kin 4 va mang khi tir khoang hiit
sang khoang ddy, dong thdi x4y ra qua trinh nén khi.

Sd dd nay c6 su cin bang khdi lugng cac chit di chuyén rat t8t, né cho phép roto quay
vdi s6 vong quay 16n va c6 thé ndi may mot cich tric ti€p v6i dong co dién.

Trong qué trinh lam viéc cia may nén tim phing, mdt khdi lugng nhiét I16n dudc tda ra
do masat khi. Vi vay khi hé s& ting 4p > 1,5 vd clia may dudc thi€t k& c6 thi€t bi lam lanh bing
nudce.

M4y nén tAim phing c6 thé sit dung dé hiit khi hoéc hai tir thé tich ¢6 ap suit nhé hon 4p
suat khi quyén. Trong trudng hop niy, may nén goi la bom chdn khong. Chan khong dudc tao
thanh bdi bom chan khdng tim phéng dat tdi 95%.

8.2.2- Cdc thong so co ban
a- Luu luong

Luu lvgng may nén phu thudc vao kich thude hinh hoc clia né va s6 vong quay.

¢
2e
e /ﬁ_ﬁ_
] g la L
* rdsﬁ g} ?E
X / w (r+2e)de

Hinh 8.9 — Kich thu6c hinh hoc cd ban clia may nén tim phing
Né&u gia st cic tim phang hudng tim, thi thé tich khi giita 2 tim sé& Ia:
v=fb
Trong d6:
f- dién tich cuc dai cia mit cit doc giita 2 tim phing;
b- chiéu rong clia tim phing.

C6 thé gia st gan ding:

df = rde+ (r2+ 2 M -2e = 2e(r +¢)do
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B
2
Vivay: f= J.4e(r +e)do = 2e(r +e)p (84)
0
. 2n N N 2
Vi r+e=R va BZ? ; Z— s0 cac tam phang
Suy ra: f= 4meR (8.5)
Z
Thé tich khi giita cic tim phang:
v 4meRb (8.6)
Z
Vay luu lugng thuc cia may nén la:
Q=v.Znn, =4neRbnn, (8.7)

1o — hiéu suat luu Iugng, thudng 1dy n, =0,5+0,8

Hiéu suat luu lugng phu thudc vao mit mat bén trong qua cic khe huéng tim va hudng
truc, cling nhu chiéu day canh va sé canh dan.

b -Luu lugng mdy nén truc vit

Q=(S,.Z, +S,.Z,)lnn, (8.5)
Trong d6: Si, S, - dién tich cic rdnh truc vit thi nhit va thit 2;

Z1,7Z, - s6 rang cla cic truc vit;

1 - chiéu dai cda truc vit;

n - s§ vong quay;

1, - hiéu sufit Iuu Iugng.

c- Coéng sudt va hieu sudt

* Cong suit clia cAp may nén roto c6 lam lanh manh bing nuSc dudc tinh theo cong

déng nhiét:
_ N, _ D Q,bne 8.6)
10001ﬁ.dn n ck 1Ooondn 'nck
Trong d6:  p; - 4p suat dau;

Qi - Iuu lugng & diéu kién hit;

b - chiéu rong tim phang.
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* P81 véi mdy nén dugc lam lanh y€u bang khong khi
N
=& (8.7)
looo'nde 'nck
Cong suit ddng entropi tinh theo cong thic sau:
E
k p, | *
N,=—p, =1 -1 8.8
" k_1101(21[ ] (88)

Tich cac hiéu suit clia may nén nim trong khoang:
Ngn Nex = 0,5+0,6 ; Ny N =0,6+0,7

D3&i vé6i loai may nén truc vit, nhitng gid tri nay 16n hon mdt chit do ma st co khi giita
cAc truc vit nhd hon ( hau nhu bang khong).

8.3 - PIEU CHINH CHE PO LAM VIEC CUA MAY NEN

8.3.1- Yéu cdu

Luu luong khi tir hé thong dng din theo diéu kién tiéu thu c6 thé thay ddi, vi vay may
nén can phai thay ddi luu lugng thai d€ sao cho né twong ng véi Iuu lugng tiéu diing ctia khi tir
hé thdng 6ng. Cling véi di€u nay, trong mang Iu6i cin phai ddm bio 4p sudt yéu cau tai ndi tiéu
thu. Piéu chinh nhu vay dudc goi la diéu chinh véi ap suat khong ddi.

Nhiém vu diéu chinh 1a tic dong 1én m4y nén ma tic dong nay sé lam can bing luu
lugng thai cliia né vdi luu lugng ti€u thu khi cia ndi ti€u thu.

Xung dau tién d€ dan d&€n di€u chinh thudng 12 sy thay d6i 4p suit & mang luéi, sinh ra
do sy thay d6i luu Iugng tiéu thu ctia khi. O trong cic hé thong diéu chinh t5t, su thay ddi 4p suit
rat nhd (khoang 1% - 10% ap suit khi quyén).

8.3.2- Diéu chinh bdng cdch thay doi s6 vong quay
Twr cong thic (8.3):

1

Q =v,n= la{sa IJ Aphg v n

ta thay ring luu lugng clia may nén c6 thé dudc diéu chinh bing sy thay ddi sd vong quay truc
clia may nén. Phuong phap nay kinh t& trong khi st dung, nhung doi hdi dong co truyén din c6
thi€t bi thay ddi sd vong quay. Vi vay thay ddi Iuu lugng bing cach thay ddi s6 vong quay clia
ddng cd dién khong dugc st dung rong rai.

Phuong phap di€u chinh nay dugc st dung trong trudng hop truyén din cia may nén tir
ddng co hdi hoic tir dng co ddt trong, ma & d6 su thay ddi s& vong quay dugc thuc hién kha dé
dang.
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8.3.3- Diéu chinh bdng tiét luu & éng nap
Néu & tuyén hit cia may nén c6 dua thém cac vat cdn phu thi mdy nén s€ gidm luu
lugng.

Gia st dt 1-2-3-4 Ia do thi chi thi cia may nén khi khdng c6 vat can di€u chinh & 6ng hit
(hinh 8.10). Ta s& cho thém vao tuy&n hit mot vat cdn phu, lam gidm 4p suat hit tf p; dén pige,
ldc d6 qua trinh dan nd la dudng 3-4° va dudng hiit (hay nap) 1a dudng 4’-1.

Tir @ thi ta thiy rang, thé tich nap s& gidm tif v; xudng viq., con thé tich thai tir v, xuong
Vade. Tuong ng lvu lugng thai ciia may nén thay ddi.

Py
Pric

Y=<

Q | Vide

Hinh 8.10 - Diéu chinh bing ti&t Ivu & 6ng nap

So dd diéu chinh tw dong loai nay bi€u dién trén hinh 8.10: N&u lvu ugng tiéu thu tir bé
1 cia mang 1u6i gidm thi vdi luu lugng thai cho trude cia may nén 5, 4p suit trong bé 1 s& ting
va khi s& dugc dua theo 6ng 2 vao khoang clia hé thong cd ¢ piston 3, ap sudit nay sé tic dong
1én piston, piston nén 10 so va lam déng van ti€t Iuvu 4; luu lugng thai cda may nén sé gidm cho
dén khi can bing vdi luu lugng tiéu thu tir b€. Phuong phap nay don gidn va tu dong tic dung,
nén dudc sit dung rong rii khi hé s6 nén cao, nhung hi¢u qua vé mit nang Iugng khong 16n.

8.3.4- Piéu chinh bang cdch mé van nap

Né&u do sy gidm Ivu lugng tiéu thu tf mang, 4p suit & 1 ting Ién, thi 4p suit nay khi dugc
dua theo 6ng xung 2 dén thi€t bi co dang piston 3 sé& khic phuc dudgc Iuc ddy clia 1o so va piston
4 chuyén dong xudng. Cén clia piston ¢ trac 5, cdc voi clia né s& can trd tim phang clia van
nap nam tai d€. Liic nay qué trinh nén s& khong xay ra bdi vi van nap s& md va khi tir xilanh s&
bi thai vao dudng 6ng nap. Qua trinh nay s& x4y ra d€n khinio ap suit & bé 1 con chua gidm va
piston 4 s& khong ddy trac 5 va khong cin trd tim phing nim tai d&. Tém lai gidm luu lugng
dat dugc & day nhd su thai luu lugng.

Trén hinh 8.12 13 d thi chi thi cla trudng hgp nay. Phuong phip di€u chinh nay rit don
gian, nhung hiéu sut ning lugng nhd vi khi thai chi cin 15% cong suat toan phan. Puong phap
nay dudc st dung cho loai may nén c6 hé s6 nén va luu lugng bat ky.
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Hinh 8.11 - Diéu chinh bing cich m& van nap
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Hinh 8.12- D) thi cong khi diéu chinh bang m& van nap

http://www.hcm@é¢.gdu.vn

Trong giai doan hién nay, ngudi ta st dung phudng phap md khéa nap & tirng hanh trinh
clia piston va c6 thé thay ddi dudc lvu lugng cia may nén tir gid tri dinh mic d€n 0,1 gia tri dinh

muc.

8.3.5- Thay doi thé tich khodng khong chét
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v

0" 0 v,

Hinh 8.13 — D thi cong khi thay ddi thé tich khoang khong chét

Tir cong thiic (8.3), ta thdy ring véi vy, n, € khong d6i c6 thé diéu chinh Iuu lugng bing
cach thay ddi thé tich khoang khong chét (hinh 8.13)

Véi thé tich khodng khong chét v, thé tich nap khi 1a v,. N&u ting thé tich chét dén
Vehde > Ven thi dudng da bi€n din nd, dugc xay dung véi vi tri méi clia truc toa d6 O’, 1a dudng 3-
4’ va th€ tich nap khi vi4. s€ nhd hon v;.

Pudng da bi€n nén 1-2° s& twdng ¥ng vdi thé tich khi thai vage < Vva.

Trong trudng hop gidi han, thé tich khoing khong chét c6 thé ting d&€n mic dudng da
bi€n din nd va nén sé triing nhau va db thi chi thi 1a dudng 1-3. Va lic @6 miy nén sé& khong
nap va khong thai: cd hai van déu d6ng va trong xilanh x4y ra qua trinh din nd va nén mot khai
khi khong d6i.

O phuong phap diéu chinh nay, k&t ciu dudc ché tao dudi dang céc khoang phu c6 thé
tich (dung tich) khdng ddi hoac thay ddi, cac khoang nay dudc ndi vdi khoang khong chét, cé
thé diéu chinh bing tay hoic tw dong.

DPé thuc hién diéu chinh luu lugng mot cich diéu hoa, thé tich phu clia khodng khong
ché&t phai dudc 1am du6i dang hdc hdi tu thé tich tao bdi xilanh va piston.

Phuong phip nay rit kinh € va dudc stt dung rong rdi trong cic may nén cé cong suat
16n.

8.3.6- Mpt 56 phuiong phdp diéu chinh khdc:

Ngoai cac phuong phap da néu trén con dung phuong phap:
* Dong tit may (khi cong suat trén truc dudi 200kW);
* Bing cach dua khi tir khoang nén vao khoang nap;
» Bing cach x4 khong i tf mang w6i qua van tr dong.

Phuong phap dau khi kinh t&, con 2 phuong phip sau khong kinh t&, néi chung rat it
dung.
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