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g,:é.e fu

Ndng luogng lad mot trong cdc vdn dé hang ddu trong sudt lich si
phdt trién cia nhdn logi. St dung ndng lucng hop ly, tiét kiem va
hiéu qud la mét trong cde tiéu chi quan trong ddanh gid trinh d¢ phdt
trién kinh té, céng nghé cida mét quéde gia.

Nang luong la linh vue rdt réng, bao qudt nhiéu dong khde nhau.
Theo nghia rong cé thé gém nhiét ndng, dign ndng va co ndng. -
Chuyén d6i tit dang ndang luong niy sang dang ndng lugng khde lubn
luén kem theo sy ton thét, nhung téng dai s6 cdc dang ndng luong la
khéong doi. Mot trong nhang linh vie duoe quan tém dge bist la Iy
thuyét va ung dung déng luc hoc thidy khi, vé Iy thuyét c6 thé bao
gom co hoc luu chét, thiy luc, khi nén, co hoc moéi truong lign tuc..

Vé itng dung, chii yéu la cde thiét bi dong luong rét da dang va
phong phii, trong dé bom, quat, mday nén ld mét b6 phan khong thé
tdch roi. “Bom, quat, mdy nén” la mén hoc co sé cia nhidu chuyén
nganh ti mdy dong luc, nhiét, dign lanh, thiét bi thady khi, thiét bi hé
théng, cho dén ché tgo mdy, didu khién thiy khi.. Héu nhu moi
nganh déu sit dung cde thiét bi bom, quat, mdy nén, tiz céng nghiép,
néng nghiép, héa chdt, khai thdac ddu mé, cho dén giao thong van tdi
va ed trong doi séng hang ngay.

Cuén sdch “Ly thuyét va thywec hanh bom, quat, méy nén”
cung cdp ly thuyét co bdn vé cde logi mdy bom chdt Iéng va chdt khi,
cdc logi mdy quat va mdy nén khi si dung trong céng nghiép va dén
dung. Ngoai phdn ly thuyét ¢on c6 cdc bai tdp ung dung, gébm loai bai
6 1i gidi day di, bai c6 hudng dén va ddp s6, va bai tép chi e6 ddp
86. Cudn sdch duge bién soan dua trén cdc tai lieu méi nhét, thuc
tién iing dung 6 Viét Nam va kink nghigm nhiéu nam nghién ciu va
gidng day ctia cde tge gid. Poi tuong phue vu chi yéu lg sinh vién cde
truong dai hoce, cde truong trung cdp ky thudt, truong day nghé, cde
eéng nhdn va ky su dang lam vige trong linh vue nay ve moi nguoi
quan. tdm. Ddy cing cé the la tai lidu tham khdo cho cdc ban dong
nghiép dang lam céng tdc dao tao. Hy vong ban doc sé tim duge
nhiéu diéu bé ich trong cubn sdch nay.



Chuong I. MG PAU

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

Mdy thiy luc thd so da c6 tir thei ¢6 xua. Gudng nude c6 18 la
mdy thiy lue dau tién. Guéng nude Igi dung ning lugng ctia nude dé
kéo cdc cdi xay luong thyc hode dua nude vao déng ruong, da duge
sut dung khoang 3000 nam trudc cdng nguyén. Ngay nay, gudng (con)
nude van con § cdc séng sudi vung cao cua nudc ta, duge céc dan toc
thi€u s§ st dung dua nuéc vé nha hoic dé§ gid gao, ...

Cdc mdy hiit nuée si dung sde ngudi, hode ngua, lac da duge si
dung & Ai Cap ti thoi cdec Kim Ty Thap.

Bom piston duge dung & thé ky thd I trude cong nguyén. Bom
piston ¢d loai vit v4 t4n duge ding réng rii & Cai-ré d€ 18y nude &
dd sau 91,5 m vao th& ky thd 5 - 6 trude céng nguyén. Bom nudc
bang vit vd tin con duge Archimede ché& tao & Hy Lap c8 dai.

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

Bom piston

Nam 1640, nha v4t Iy ngusi Die, Otté Henrich, da sdng ché& bom
piston dau tién d€ bom khi va nude dung trong céng nghiép.

Khoang ndm 1805 nha bdc hoe ngudi Anh 14 Niu Komen d4 séng
ché bom piston dé ldy nude trong cdc nha mdy khai thdc mg, diung

xilanh hoi ngung tu d€ tao luc cdn thiét trén truc may nhéo 4p suat
khi quyén.

Ni&m 1840-1850 nha bdc hoc ngusi My la Vortington d4 gia thist
cd cdu cha bom hoi, trong d6 piston cta bam va déng c¢o hoi duge
phan bg trén mot true chung, sy chuyén dong cla piston duge diéu
chinh nhd hé théng phin phdi hoi d4c biét.



May canh dan

Trong nhitng ndm 1751-1754 nha bdc hoc Euler d& viét 1y thuyét
cd ban ciia tuabin nudc néi riéng va cia may thiy khi cdnh dén néi
chung, 1am co sé d€ hon 80 nam sau, ndm 1830, nha bdc hec nguoi
Phép la Phude-niy-ron da ché tao thanh cdng tuabin nudc dau tién
vA vao nam 1831 nha bac hoc ngudi Nga 1a Xablucdp dd sdng ché.
hom ly tdm va quat ly tam dau tién. Day chinh 14 nhilmg bude tién
16n trong lich s phat trién cdc mdy ning lugng.

Bom nhiéu cap

Nha khoa hoc ngudi Anh 12 Reynolds khi nghién ciu cdu tao cia
bom nhidu cdp da dp dung céc thiét bi dinh hudng cdnh dan xudi va
nguge. Nam 1875 da phdt minh ra loai bom tuong tu nhu loai bom
nhidu cdp hién dai ngay nay.

May nén

Quad trinh phét minh bom khéng khi va dang don gién clia may
nén hién dai véi mot chu ky nén gén lién véi tén tudi cda nha vat 1y
ngudi Pic 1a Gerike vao nam 1640. Sy hoan thién mdy nén & thé ky

18-19 da thuc ddy su phdt trién cda cdng nghiép khai thdc md va
luyén kim. '

Vio cudi thé k¥ 18 & Anh nha béc hoc Vinkinson d& sdng ché
méy nén piston 2 xilanh, nha bac hoc Watt da ché tao thanh cong
mdy hat khéng khi ¢é truyén dong bing hoi.

M4y nén nhidu cap cé lam lanh trung gian xuft hién § Phép vao
khodng nhitng nim 30 cta thé ky 19.

M4y nén nhiédu cip ¢6 1lam lanh trung gian giita cdc cdp nén xuat
hién & Dhic vao nam 1849 do nha béc hoc Raten sdng ché.

Quat

Vao nam 1831 nha bac hoc Nga Xablucdp sdng che quat ly tam
dAu tién dung d€ 1am m4dt hdm md va lam sach mdy.

Dic biét 12 80 nam gén day, Iy thuyét vé thiy khi dong luc phat
trién rdat manh, ¢é nhiéu thanh tuu to 16n trong dng dung cdc phat
minh vé linh vuc mdy thay khi.

Ngay nay mdy thiy khi ¢é rat nhiéu loai v&i nhidu kidu ddng
khdc nhau duge ding trong moi linh vuc cGa doi so’ng cing nhu
trong cong nghiép v nong nghidp. D& dép Ung nhu cau vé nang
lugng ngay cang to ldn cua coéng nghlep hién dai, ngay nay da ché
tao duge cde tuabin c& 16n cé cong sudt dén 500.000 kW hoic 16n
hon. S6 lugng bom, quat, may nén, ciihg nhu tuabin véi nhiéu ching
loai khéc nhau dd duge sin xuét hing nam lén dén hang triéu chiée.



DINH NGHIA VA PHAN LOAI
Binh nghia

Bom 1a may d€ di chuyén dong méi chdt va ting nang lugng cia
dong mdi chat. Khi bom lam viée, ning lugng bom nhéan duge tu
déng co sé chuyén héa thanh th€ nidng, ddng néng va trong mot
ching muc nhat dinh thanh nhiét ning ciia déng moi chat.

M4y d€ bom chat khi, tiy thuge vae 4p suét dat duge, duge goi la
quat, may hdt khi va médy nén khi.

Quat 12 thiét bi di chuyén chat khi véi co s6 tang dp € < 1,15 (e

-ty sb giita 4p sudt cla ra va 4p sudt clia vao clia mdy) hay 4p sudt
dat dugce p < 1500 mmH,O.

May hat khi 1a may lam viée vdi € > 1,15 hay 4p suat dat duge p >
1500 mmH,O nhung khéng lam lanh nhén tao.

Mdy nén khi 12 may lam viée véi e > 1,15, dp sudt dat duge p > 1500
mm H,0, ¢6 lam lanh nhén tao & noi xdy ra qué trinh nén khi.

Phan loai

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

May d€ chuyén chat ldng
va khi
May nen Cho nudc sach Cho hén hagp Cho chit long
khi va dung dich dat, tro va nudc co dé nhot cao

i Fhun tia Phun tia Phun tia
1 ) L L
Thé tich | Thé tich Thé tich

L L L kL
Canh dan Canh dan . Canh dan Canh din

Hinh 1.1 - S d& phan loai theo nguyén tic tac dung cla may vdi
dong méi chat.
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b- Phan loai theo tinh chat trao di nang lugng va ciu tao
Bam ¢é ba loai:
1. Bom cdnh dén: gém
¢ Bom ly tAm
e Bom hudng true
e Bom hudéng chéo
» Bom xody
2. Bom thé tich: gém
» Bom piston
+ Bom roto
s Bom piston-roto
3. Bom phun tia
Quat chi ¢6 loai cdnh dan gém:
1. Quat ly tim
2. Quat truc
Mdéy nén cé ba loai:
1. Mdy nén cdnh din: gém
* M4y nén ly tdm |
» Mady nén truc
2. M4y nén thé tich: gém
* M4y nén piston
* M4y nén roto

3. M4y nén phun tia

CAC THONG SO LAM VIEC CO BAN
Cét ap
Khd néng trao doi ndng lugng ciia mdy thiy khi véi dong méi

chat duge thé hién bang muc chénh léch ning lugng don vi cda dong
mbi chat ¢ 2 mdt trude va sau mdy.
Nang lugng don vi tai mat et A-A:
2
o,V
e, =7, +Pa FaVs
Yy 2g
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Pu,vs

y T Pa,va
VAL 4 A A

Hinh 1.2- So d6 may thiy khi trong hé théng

Nang lugng don vi tai mit cdt B-B:

p

€, =7 +Ps  s¥s
Y 28
Trong d6: e - nidng lugng don vi (m)

z - 46 cao hinh hoc (m)

p - 4p suit cia dong chdy (N/m?2)

v - van tdc cia dong chay (m/s)

o - hé 88 diéu chinh dong nang

g - khéi lugng riéng cla méi chdt (kg/m?3)

y - trong lugng riéng clia méi chat (N/m?)

Chénh léch nang lugng don vi cda dong méi chit qua mdy thuy

khi gida A va B la:

_ . Pg = Ps , OV &V,
Aey, =2, -2, + +

Néu Ae,, >0 - dong méi chat duge mdy cung cap nang lugng, vay
may 14 bom (chat léng hoic khi).

Né&u Ae,, <0 - mdy dugc dong madi chat cung cdp nang lugng, vay
mdy 12 déng co thay khi.

Cét ap cha may thuy khi 14 ning lugng don vi ciia dong méi chat
trao d0i v4i mdy thiy khi. Cét 4p cia mdy thuy khi la:

2 2
— O Ve, —C,V
H:ZB_ZA+pB pa’\_l_ BB AT A
¥ 2g

(1.1)
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Thanh phan thé ning don vi goi la cdt ap tinh, ky hiéu H:

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

H=z,-7,+ (1.2)

2 2
- gV — UV,

H
d 2% {1.3)

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

Luu lugng
Dinh nghia

Luu lugng 1a lugng méi chit chuyén dong qua mdy trong mét don
vi théi gian. Tiy theo don vi do ¢6 thé phan loai thanh luu lugng
thé tich, luu lugng khéi lugng, va luu lugng trong lugng.

¢ Tinh bing don vi thé tich, ky hiéu Q, 1a luu lugng thé tich,
don vi do 1la m%s, m%h, Vs.

¢+ Tinh bang don vi khéi luong, k¥ hiéu M, 14 luu luong khéi
lugng, don vi do 1a kg/s, kg/h.

M =pQ
¢ Tinh bing don vi trong luong, ky hidu G goi 1a luu lugng
trong lugng, ¢é don vi do 1a N/s, N/h, kGi/s,

Quan hé gia cac dai lugng nay nhu sau:

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

a- Coéng sudt thiy luc: Ky higu N (don vi do 1a W) 1a co ning
dong chat 18ng trao déi vdi may thuy luc trong mot don vi
thoi gian.

Cong suat thiy lyc duge tinh bing tich clia cét dp véi luu
lugng trong lugng cua may.

N, = GH = yQH (1.6)
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b- Coéng sudt lam viee: Ky hidu N (c6 don vi do 1a W) 14 cong suat
trén truc cla may khi mdy lam viéde. Coéng sudt thiy luc khdc
cdng suit trén tryc. Qu4 trinh lam viée trong mdy cang hoan
thién thi N va N cang it khac nhau.

¢« Da&i vdi bom: N = N,

N=Na_¥QH

n n
Hé s& n < 1 1a hiéu sudt cia bom.

(1.7)

e D&i véi ddng co: N < N,

N =nN, =nyQH (1.8)
Heé s6 n < 1 1a hiéu sudt cia dong co thiy luc.

¢- Hiéu sudt cia mdy thiy luc, ky hiéu n (tinh theo % hodc
khoéng ¢é don vi do) ding d€ ddnh gid tén that ning lugng
trong qud trinh mdy trao d6i ning lugng vdi dong mdi chat.

T cdng thite (1.7) va (1.8) cé:

Ms = (1.9)

Nll
N
N

N = '1;[‘" (1.1

tl

Trong diéu kién lam viéc, cdc hidu suat phu thudc vao rat nhiéu
yé&u t8: loai mAay, kich thude va cdu tao cia mdy, loai méi chat chuyén
dong trong may, ché dd lam viéc cia may, cdc dic tinh clia mang ma
may lam viée trong dé.

D€ ddnh gid hiéu nang lugng cha hé théng chung gom ¢6 mdy va
dong co tudng ing, ngudi ta con st dung hidu sudt cia hé théng v,

Nl[
NBB
Trong d6 N, — cong sufit dién d€ khdi déng déng co.

N =

P& tinh hiéu suit chung cda m4y thiy lue, thudng ddnh gid théng
qua cdc dang tdn that.

d- Tén thdt ndng luong trong mdy thiy lue: ¢6 3 dang

e Tén that cdt 4p cla dong mbdi chat chidy qua mdy goi la tén
that thay luc, duge ddnh gid bang hiédu suit thiy lue, con goi
la hiéu suat cgt dp, ky hiéu n,, .

13



¢ Tdn that do ma s4t cda cdc bd phédn cd khi trong m4y thiy luc
goi 1a ton that co khi, duge ddnh gi4 bing hiéu suét co khi, ky

hiéu 1.

Tén that do rd ri mdi chat lam gidm luu luong lam viée eta

may goi la ton that luu lugng duge ddnh gid bing hidu suat luu

lugng, ky hiéu n,.
Hiéu suit chung cla mdy thay lue 1a:
= Ny Mg Mo
BAI TAP
Bai 1-1

Mgt mdy thay lue (bom nude)

(1.11)

tiéu hao cdng sudt trén truc N = =
18,9 kW, hiéu sudt cia mdy n=

0,71. Xdc dinh cac thong sé cla 4
bom: luu lugng, cot 4p.
Bi€t dp sudt du tai cita ra cGa Fex f
P,

bom _Y_ =50,8my3 d¢ chan khéng - d

\\\h\ﬁé:ﬂﬁQx\]

ey

. Pk
¢ cda vao _Y" =3m | duong kinh

N \\\

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

Gidi:
1. Cong thdc tinh cot 4p:

P, P \,f'z—\"2 v
H-= = L Zzg],céthébéquad@ cao hinh hoc.

H:pf\K+pCK+V§“V12
Y 2g
Van tdc v,, v, duge x4c dinh tir phuong trinh lién tue:
Q= vlSl = V;zSz
_Q 4Q ~Q _4Q
vy T e T T g v, - 3
S, md,° S, md;

Hay

Thay cdc gid tri sé duge phudng trinh dugng dac tinh ludi:

14



i = Par *Pek | 16Q° 16Q°

Y 2gn’ds  2gnid}
2 16 16
=5384+Q- - -
< [2.9,81.112.0,075“ 2.9,81.11:‘.0,14]
H =53,8+3437,3Q°
\ VI T A N = JQH
2. Cong thite tinh ¢éng sudt tidu hao trén truc: N = T

- Nn_189.10°071 1379
¥Q  981.10°Q Q

K&t hop 2 phuong trinh cét 4p, s& thu duge phudng trinh bac 3
theo luu lugng Q:

Hay

538+3437,3Q7 = 1277

hay 3437,3Q° +538Q-1,379=0
Gidi phuong trinh s& nhén duge: Q = 0,025 m?¥s = 25 Us
Vay cot dp sé la: H =538+3437,3.0,025% = 55,95m
Pdp s6: Q =25Vs; H=5595m
Bai 1-2

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

Tinh cdc thong s8: cot dp, luu '—:*/?/E/;//N

hugng va hiéu suit cda bom. Biét '/

dp sudt du § cita ra cda bom dzx. /

/

P , 7

“?:201'“ (bt nudc) va dp suét e B f

- 2 - T ’ /

chin khéng tai c¢fa vao cia bom 7

Pex TTTITTIITT
v =4m  5c d6 trong dudng 3 ’/}'
ong ddy v = 4 m/s, dudng kinh —- =

ong ddy d, = 75 mm, dudng kinh
ong hat d, = 100 mm.

Dép s0: Q = 17,65 Us; H = 24,56 m; N = 4,24 kW: n = 0,75

Hinh 1.4
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Bai 1-3

Hd
Mot mdy bom nudc cé ty sé H—ZO’GM?S’ c6 dp suit ra

L

P
Y
dudng kinh 6ng ddy D, = 150mm.

Xdc dinh cdc théng s6 cua bom: H, Q, N. Biét hidu suit n = 76%
va Az ,=0.

Prx;

=60m . 4p sudt vao =3m qudng kinh dng hit D, = 200mm,

Pép s8;: H = 64m; Q = 92 Vs; N = 76kW

Bai1-4

Mot bom nude dat cdch b€ hit A v6i 4§ cao hat z, = 1,36m. Hé 58
tén that trong dudng éng hit & = 4.

Tinh cde théng s8 cia bom: luu ludng, cot 4p va coéng sudt trén

2

truc. Biét dp sudt du & clfa ra cia bom T =81.86m 3 chan khéng

§ cita vao bom H, = 4 m; duong kinh éng hit va ddy D, = 300 mm,
D, = 200 mm; hiéu suit cda bom n = 76%.

L
Lrwa s I I Tr Iy

<<
=

H
g
]

!
\K\\\\\\T\\

Ay

/
LTIl

Hinh 1.5

N e e

Pdp s6: Q = 820 m¥h; H = 88 m; N = 259 kW.
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Chuong I1. KHAINIEM CHUNG VE BOM

PINH NGHIA VA PHAN LOAI
Pinh nghia

Bom 1a may dé tao ra dong chdt 16ng chuyén déng. N6i cach
khéc, bom 12 may dung dé di chuyén chét 1éng va ting ning lugng
ctia dong chat 16ng. Khi bom lam viée, ning lugng bom nhan duge tir
déng oo sé chuyén héa thanh th€ ning, déng nang va trong mot
chiing myc nhét dinh thanh nhiét ning cda dong chat 1éng.

Bom 12 loai mdy thiy lyc dong dé bién ddi co néing cua dong co
thanh ning lugng d€ van chuyén chat 16ng hodc tao nén ap sudt cAn
thi&t trong hé thong truyén dan thiy huc.

Pham vi s dung

Bom duge st dung rong rai trong nhiéu linh vye:

« Trong nong nghiép:bom 1a thiét bi khong thé thigu dé thue
hién thiy loi héa, chan nudi, trong trot...

» Trong cong nghiép: bom duge st dung trong céc cong trinh
khai thdc mo, ddu khi, cdc ¢dng trinh xay dyng...

« Hién nay trong k¥ thuét van chuyén, phét trién xu huéng dung
bom va dudng dng din dé van chuyén céc san phdm cda nganh
khai thdac mé (ddu khi), héa chdt, nguyén vat liéu xay dung, ..
va d6 1a phuong tién vin chuyén thuén loi va kinh &,

e Trong nganh ché tao mdy, bom dugc si dung phé bién, 13 mét
trong nhiing bé phan chiG y&u cta hé thong diéu khién va
truyén dong thiy lyc trong nhiéu loai mdy mée.

Phan loai |

a. Theo nguyén Iy lam viéc va cdu tao cda bom (Hinh 1.1)

b. Theo céng dung |

o Bom cip nude ndi hai (trong cde nha may nhigt dién)

e Bom diu (trong cdc hé thong truyén dng thuiy luc)

¢ Bom nhién liéu

e Bom ciu héa

e Bom héa chat..
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- ¢. Theo pham vi c6t dp va luu Iugng si dung
Bom duge chia thanh cdc loai: bom c6 cot 4p cao, trung binh,
-hodc thap; bom ¢6 luu lugng 16n, trung binh, hosc nhé.
Trong k§y thudt, ba loai bom duge sif dung réng rii 1a bom ly tam,
bom huéng truc, va bom piston. Bidu dé phan bd pham vi st dung
caa cdc loai bom théng dung duge thé hién trén Hinh 2.1

H,.m
10000
B dn-] PN LLL ot
pi ston ..‘__..‘.......‘........ e
1000 X
som téln
1 0 -..‘. N auzet] pepenrer
Bom hudng truc
1
10 100 1000 10000 o) -

Hinh 2.1 — Pham vi slf dyng cla céc loai bom thdng dung

CAC THONG SO LAM VIEC CO BAN

Bom bao gié cling lam viéc trong mot hé théng dudng ong. Dé
biét ré cong dung, qu4 trinh lam viéc va cdc théng s6 co ban cla
bom, c6 thé nghién ctu so dd thiét bi clia bom lam viée trong hé
thong don gidn (Hinh 2.2).

Khi bom lam viée, chét 16ng tit bé hiit qua 1u6i loc chin réc theo
ong hit di vao bom. Sau khi qua bom, chat 1éng duge bom cdp cho
nang luong chdy vio éng ddy d¢€ lén bé chia. Tir bé chita, chat long
duge phan phdi vé cdc noi tiéu thy. Trong hé théng truyén déng
thuy lue, chét 16ng sau khi ra khéi bom ¢6 dp suit cao, qua bd phin
phén phdi di vao déng co thiiy luc dé thuc hién céc chuyén dong cho
ting co cdu lam viée. ‘ :

Bom c¢6 5 thong s6 lam viéc co ban: luu lugng Q, cot ap H, cong
sudt N, hidu sudt n, va cot 4p hat cho phép [H, ). Phan tiép theo s&
lan lugt trinh bay cdc théng sé nay.
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4P1ll4

i L Bé chita
Zg &ng ddy
. | ¥ K.
r— 33 ax
Y T CKY
_ =T 5
i ] ‘ K 2 Béng co
ang hat <
A :
PI= Pa ////Bom/////////
1 ¥ 1 ' 1
: .
/] v
/] XX %
4 Bénat ‘
S
Hinh 2.2 - So d6 hé théng bom
Luu lugng

 Lugng chat 16ng bom vén chuyén trong mét don vi thoi gian duge
goi 1a luu lugng.

~ Tuy theo ddn vi do ¢6 3 loai luu lugng: luu lugng thé tich Q, don
vi do 1& m¥/s, Vs, m%h._; uu lugng khoi lugng M, don vi do 1a kg/s, kg/h,
g/s..; luu lugng trong lugng G, don vi do la N/s, N/h, kG/s,..

Luu lugng cha bom duge xdc dinh bing ede dung cu do trung binh
14p trén 6ng ddy nhu 8ng Venturi, luu lugng ké ki€u mang chin hosc
cac dung cu do trung binh bing thung luong hoic can dt ¢ cudi dng
day. C4c loai dung cu do nay chi xdc dinh duge gid tri trung binh cia
luu lugng trong mdt don vi théi gian.

Cét ap
Ky hiéu H (m). Cét d4p duge hiéu 1a néng lugng don vi ma bom

truyén cho chat 18ng. Ti so 48 hé théng lam viée cia bom (Hinh
2.2), e6:

" H=e, 6 -e, =-¢e-e

ra vap 3 2
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2 2'
H—[z +y+p—3+—]—[z B Y ]
Yy 2 Yy 2g)
pa_pz+vi_“'§

¥ 2g
Trong dé: p,, p, — 1a cdc 4p sudt tuyét doi

H=vy+

(2.1}

P> =P, ~Pck>
=P. TPax
P Pax — 12 tri 8 4p sudt trén chan khong k& va dp ké.
Ps —P; _ Pax *Pck
v
Céng thie tinh cdt 4p cda bom sé c6 dang:

Do 4é6:

2 2
H=y+ P ax ;chx + Vszgvz (2.2)

Trong hé théng bom cé thé coi hé sd hiéu chinh déng ndng a = 1,
#1 ddng chdy trong hé thong bom cé tiét dién éng nhd va van téc
ldn, thudng 1a chdy réi va duge goi 1a dong chay réi kich thude bé.

N&u dudng kinh éng hit va éng ddy bing nhau, va khéng trich
lwu lugng trén dudng ong ddy thi v, = v, va khodng c4ch y ¢6 thé bé
qua (y =~ 0) thi tri 8 cdt 4p e thé xdc dinK bing cdc tri s do trén
ap ké va chén khéng ké l4p § clta vao va ra clia bom:

H— Pak ¥ Pex
Y .
Khi khong ¢é cde s6 lidu do cy thé cia bom dang lam viée nhu

Po> Pax - ma chi ¢6 cde s8 1igu yeu cau cia hé théng lam viée nhu

P, Py Z .., ¢6 thé tinh cft dp yéu cdu cda bdm theo cde gid tri ning
lugng & be hit va bé chida nhu sau:

2.3)

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

TR @0
2 2 g
P P v, Va |

h,, — tong ton thit ning lugng ¢ 6ng hit (m).
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Tt day c6 thé thay, né p, = p, va v, nhé thi dp sult § cla vao
clia bom p, < p_, nghia 14 p, phai duge do bang chdn khiong ké.
Phuong trinh ning luong Bernoulli cho mét cit (1-1) va (2-2) cdn
duge vigt don gidn la:
e =€, +hy hay e, =e —h,
Tuong tu, phuong trinh néng lugng Bernoulli cho mét cdt (3-3) va
(4-4):

2 2

P4

P
— -——-Z +—+—+h
Y 26 Ty T (2.6)
2 2
P; P4 ¥ L
=224z, +-—+h,
Hay v v 28 [a 20 ] 2.7

h_, — téng ton that ning lugng ¢ 6ng ddy (m).

2 2
v v
Trong hau hét cac trudng hop thuc tidn 2—; nhd hon [Zu + ﬁ +h, J

rat nhiéu, nén p, > p,; néu p, = p_ thi p, > p_, nghia la dp sudt & cGa
ra cia bom phai duge do bing dp k&

Phuong trinh néng lugng Bernoulli cho mit cdt (3-3) va (4-4) con
dugce viét don gian la:
e, =¢e, +h
Thay e, va e, vao phuong trinh cjt dp:
H=e,—¢,=(e, +h,,)-(e, ~h,)
=e¢,—-e, +h,,+h,, 6 =€,-¢ +h,

2 2

Ps— P +v4-v] +h
Y 2g

Hay H = Z4 - ZI + w

p4 __pl _{_Vi _VI2 +h
Y 2g

h, =h_ +h_, — tdng ton thit ning luong trong hé théng (m).

H=z+ w 2.8)

T cong thiic (2.4), cot 4p yéu ciu cla bom dung dé khie phuc:

e Chénh léch d6 cao hinh hoc giita mit thodng bé chita va bé
hut, duge goi 1a 6 cao déng z.
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P, — P

» Do chénh 4p suét trén mit thodng bé& chida va bé hut

2 2

a7V

2
o T6n thit ning lugng trong hé thong dudng 6ng h_.

¢ Do chénh dong ning gitta bé chita va bé huit

Cot dp ciia bom lam viée trong mot hé théng ciing chinh 1a cdt
ap cdia hé théng.

by

R P ..
Céac thanh phéan z va * 14 nhitng dai lugng khéng thay déi

dsi vdi mot hé théng cho trude, do dé:.
H _ p4 - pl A . . -.. " " .A/ .
= Z +T goi 1a cét dp tinh ciia hé théng  (2.9)
vi—v}
Con cdc s6 hang 42g - va h _ 14 nhiing dai lugng thay d6i theo

luu lugng cGa hé théng, phu thude van téc dong chét 16ng trong &ng,
do dé:
=

H, =

2g M- g0l 1a cot p ding cia hé théng  (2.10)

Vay: H=H +H, ' (2.11)

Né&u biéu dién bing d6 thi phuong trinh cdt dp cila hé thang (2.8)
s& nhén duge dudng cong bitu thi d4c tinh lam viée cia hé théng goi
la duong ddc tinh cia hé théng hay con goi 1a duong ddc tinh ludi.

Ha = kQ?

Hinh 2.3 - Buéng déc tinh UG

Q, m¥s
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Cdéng sudat va higu suét

Thee (1.6), cong thife tinh hiéu sudt thay luc cia bom la:

N, = GH = yQH (2.12)

¥ - khéi lugng riéng cha chit 18ng, tinh bing N/ms3.
Q - luu lugng cda bom, m%s.
H - ¢6t 4p toan phén clia bom, m.

D& tao ra N, (cdn goi 1a c¢dng sudt ¢é ich) thi truc bom phaéi cé
cong sudt 16n hon, vi trong khi lam viéc bom phdi tiéu hao mét
phén ning lugng d€ bu vao cde ton that thiy Iue va tén that ma sit
giifa cdc bd phén lam viéc cia bom, ..

N, vQH
N Y (2.13)
noom
1 < 1 14 hiéu suit toan phén cta bom, %
¢ Nti YQH
Hié at la: = —=—— 2.14
iéu suat la: N N ( )

Khi chon déng co d€ kéo bom, c4n phai chon céng suit cda d(’jﬁg
cag N, 16n hon cdng suét tai truc N d€ dé phong trudng hgp qu4 tai
va bu t6n that do truyén déng ti déng co d&€n bom.

N, = kN (2.15)

k > 1 — hé s§ an toan phu thuge ting loai bom, ddng co va cong
sudt lam viée.

Cot ap hut va chiéu cao hat cho phép

Kh3 ning lam viéc cia bom phu thudc rat nhiéu vao qud trinh
hiit cta bom. Trong qud trinh bom hit chét 16ng, b4nh cong tdc phai
tao duge dd chénh dp nhat dinh giita clfa hdt cia bom va mét thodng
cia bé hat. Do chénh dp nay duge goi 14 cét dp At cia bom, nhd d6,
chit 16ng chiy tir bé vao bom.

Hh — p] _pz
Y
P,, P, - 4p suit ¢ mit thodng cia bé hit va clta vao ciia bom.

‘Néu p, = p_ (4p sudt khi trdi) thi cot 4p hit bing cét 4p chéan
khéng tai cda vao cia bom.

(2.16)

P.— P
H, =H¢ = Y 2 (2.17)
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Hinh 2.4 — So d6 ludi trén dudng &ng hut

2 1
p. D

— EDSG

Thay phuong trinh (2.4) vao phuong trinh trén:

2
H, =P 7Pz _; 72 (2.18)
Y 2g '

D& dang nhén thdy cot 4p hit cda bom dung d€ khic phuc chiéu
cao hiit z , t8n that trén ong hit h va tao nén déng ning cin thiét
caa dong chay & eta vao cia bom v 2a"2g, do 46 ¢bt dp hit tdy thude
vao tri 88 4p sult trén mit thodng ciia bé hiit, ddng théi dp suat nay
luén ludn e6 giéi han nhét dinh.

Truong hop P, =P, theo cong thdc (2.18), khd ning hit tdi da
cda bom iing véi khi ap suat p, = 0 la:

Hhmax =HCKmax =p7a510mH20 ’

Diéu kién 1am viée clia bom sé la:
2

v .
H, =z, +ﬁ+h < Hg max (2.19)

Thuc t& ¢t d4p hit cGa bom khi P, =P, khéng bao gu?} dat duge
dén 10 m H,O vi dp suit & cita ra cla bom khi gidm dén moét mue
nao dé sé béng 4p sudt hoi bdo hoa clia chat I6ng tai nhiét dé lam
viée, s& gdy ra hién tugng xdm thyc (4n mon) bén trong bom.

Hién tugng xam thyc

Khi chit 1éng & nhiét d6 nhét dinh s& s6i va bdc hai bao hoa dudi
dp sudt tuong Ung. Ap suidt nay duge goi 1& dp sufit hoi béo hoa p,,.

Bang ép suét hai bdo hda clia nude
Nhiét df_'), 0 10 20 30 40 60 80 100 120

P /y, m 0,06 0,12 0,24 048 0,75 2,03 .4,83 10,33 20,2
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Nhu vay & mdt nhiét 3§ nao 46, khi 4p sudt trong chat long bang

Ap sudt hoi bao hoa p,, thi chat long s& i, tao nén nhiéu bot khi
trong dong chay. Céc bot khi nay bi dong chdy cudn vao nhitmg ving
¢6 dp sudt p > p,,, 5& ngung tu dot ngdt thanh nhimg giot chat léng
¢6 thé tich nhé hon rat nhiéu so vdi thé tich cta bot khi. Do dé trong
ddng chay xuit hién nhing khodng tréng cyc by, nhiing phan ti chit
léng xung quanh sé tran dén véi vén tc rat ldn lam cho 4p suat tai
dé dét ngdt ting l1én rat cao, c6 khi téi hang ngan atmdtphe. Ap
sudt cuc b:f) nay c6 thé 1am rd bé mit kim loai, pha héng cdc by phén
lam viéc cia mdy. Hién tugng nay goi 1a hién tugng xam thyc (an
mén), thudng xdy ra trong cdc mdy thdy lyc c6 dp sudt nhé, nhiét do
cao. Nhit 1a é noi chat 1éng c6 vén tdc va 4p suit thay d6i dot ngdt.

Khi hién tugng xam thyc xay ra, dong chay bi gidn doan, gy
tiéng dong bat thu(mg va may bi rung nhiéu, luu lugng, c6t 4p va
hiéu suat clia mdy bi gidm dét ngdt. Hién tugng x4m thuye kéo dai sé
lam cdc b phén lam viée cda médy bi ph4 héng.

P& tranh hién tuong xam thuc, cdn thda man diéu kién:

P2, Pm
¥ ¥
P& tranh hién tugng xam thye, d6i vdi ting loai bom duge san
xudt, trong céc tai lidu ky thuat déu ghi r6 cdt 4p chan khéng cho
phép[H_ Jingvéip =latvats= 20°C.
Diéu kién d€ bom cé6 didy dd kha nang hit la:
v2
H, =2, +=->+h, S[HCK] (2.20)
2g
Vay chidu cao hit cho phép cia bom la:
vl |
[2,]= [Hc.(]—j—-hw (2.21)
g
Néu khéng c6 gia tri [H,,] thi [z, ] phdi duge tinh theo diéu kién
khéng xdy ra hién tugng xém thuc.

Piéu kién dé khong x4y ra hién tugng x4m thyc la cft 4p toan
phén tai clra viio clia bom, noi cé 4p suét nhé nhat, nguy hiém nhét,
phéi 16n hon dp sudt hoi bdo hoa cia chat 16ng tai nhigt do lam
viée,

2
Pr ayPuypn (2.22)
Yy 28 v
Ah — ¢ft dp chéng xam thye.
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Mat khdc, ti cdng thdc (2.4):

2

P2 Vi_P

+ —=-z,—-h,
Yy 28 v
Thay vao biéu thifc trén, chiéu cao hat cho phép ciia bom la:
[%]=%“*[%’L+Ah+h,) - @23)

Cot dp chong xdm thyc Ah duge xdce dinh bing thue nghiém, phu
thude vao s6 vong quay va luu lugng cia bom. Theo Rutdonhep:

4
3
(2.24)

n — tdc d§ quay ctia banh céng téc (vong/phit).

Q - luu lugng (m?s).

C - hé s8 phu thujc vao dic dim két cdu cda bom, cé gia
tri thay d4i trong khodng 800+1000. C 14y gi4 tri cAng 1én thi didu
kién chéng x4m thyc cia bom cang tét. '

BAI TAP

Ah 210[“ Q
C

Bai 1I-1

Mgt méy bom nude tiéu hao cong suat trén truc N = 66 kW, hiéu
sudt n = 81%, lwu lugng Q = 500 m*%h v cot ap chin khéng cho phép
cGa bom [Hy,1=55m '

Tinh chiéu cao hit cho phép ctia bom [z, ], biét hé 56 t6n that
trén dudng dng hat ¢ = 5, duong kinh 6ng hit va dng ddy bing
nhau D, = D, = 250 mm.

P2

iT ¥z

NS

t

N S,

.

fl'f]‘f
'

A

t Ty

3 \\\\‘\\\\\\T\\

Hinh 2.5
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Tinh cdt 4p va 4p suit tai cia ra cia bom.
Gidi:
1) Chiéu cao hit cho phép cia bom tinh theo cong thuc:

[1[”][ v, ];

bé qua tén that doc dudng va 14y ddu “=”
Vén tdc trén dudng ong hit duge tinh theo luu lugng va vén toc:

4Q
Vv, = —
nD}
V61 Q = 500 m*h = 0,139 m¥s; D, =D, = 250 mm = 0,25 m, thay vao:
4.0,139 2 z
W= , = 2,.83m/s hay Yo _ 283 =0,4m
7.0,25 2g 2981
Viy chidu cao hit 1a: {7, ]=5,5-(0,4+5.04)=3.Im
| o YQH Nn
2) TUu céng thice tinh cdng sudt trén truc: N = T hay H= :{—Q—

66.10°.081
9.81.10°.0,139

3) Ap sudt tai clrta vao cia bom tinh tif phuong trinh Bernoulli
tai mét cdt trén mit thodng cGa bé hit va mat cit tai cda vao bom:

Cot 4p cta bom la: H=

3

2
P _z,,+p—2+ +§,,
¥ y 2g
2 2
Hay o2 =Pe -z,'—32——-5,,1’3—-=10—3,1—0,4-5.0,4=4,5m
y v 2g 2g _

2 2

P, — P +V3 —Vy _Ps 7Py
¥ 2g ¥
Vay 4p sudt tal eda ra cia bom la:

Ti eéng thie: H=y+

Ps _paP2_392445-437m
Y Y _
” P2 _
Dép s6: [z,] = 3,1 m; H =392 m; 7 =43,7m
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Bai 11-2
fl
Mgt bom tiéu hao edng sudt trén truc N = 76 kW, bom nudc tit bé
. . Pc o .
kin A cé dp sudt nhé hon khi trai % =4mgn bé kin B ¢6 ap suit

Pax

dp ké =10m Py chénh gitta 2 b€ z = 40m.

Tinh luu lugng va ¢4t dp cha bom. Biét hiéu suat ctia bom 1= 76%,

ton thdt toan bg trong hé théng ludi D h, =10m, dudng kinh &ng
hit va dng d4y bing nhau.

rm

>
.!I;‘
I

rh

r

Hinh 2.6

!

e

d E=

A

Pet

Giai:
+ Phuong trinh duong ddc tinh luoi
' 2 2

H=z+22"Pa Yo" V4 + Y hy,

Y 2g
Ps ~Pa _ Pak ¥ Pcx ;14m '
¥ Y ’
vy
Bzg £-=0 vi dudmg kinh 8ng hat va 6ng ddy bling nhau.
H=40+14+0+10=64m
+ Luu lugng
. YQH
T cong thic tinh cong sudt: N= ““n—

Nn  76.10%.0,76 3
;. =l = 0,092m* /s =921/
Tacs: Q= = 98110%64

Pdp s6: H = 64 m; Q = 92 Vs.
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Bai Il-3

Bom ly tdm dat vdi dé cao hdt, t6n thdt trong d6ng hut

2
‘ . N Py v
> h,, =1505m. Ap suit toan phin § cia ra 2+ .Zé =87,7m
Xdc dinh c¢dt dp cia bom va tén that trén dudng 6ng ddy. Biét do
cao gitfa 2 bé chita H_ = 68m; dudng kinh éng hit va dudng kinh ¢ng
ddy bing nhau. -

‘Hinh 2.7

He

—
i W
At

f

lfl
[yt
URELE

jH

|

Dép s8: H = 80m; »_h,; =10,495m.
Beai I1-4

Xdc dinh cdng sudt cia ddng co kéo bom, luu lugng Q = 400V/s c6
d6 cao hut z, = 3,5 m, ton that trong ong hiit Zhwh =0,7m , 4§ cao

ong ddy H, = 50m, tén thit trong dudng ong day Zhw =5,8m,
hiéu suat cia bom n = 80 %.

d
Hinh 2.8 Hy

Huéng dén: Tinh cdng sudt clia ddng co theo cong thife: N,
k.N;, trong d6 k = 1,05.

Dép s6: N,_= 282 kW.
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Chuong IIIL. BOM CANH DAN

KHAI NIEM CHUNG VE BOM CANH DAN

Khai niém chung

Trong lich sit phét trién cia mdy thiy luc thi mdy thdy luc cdnh
dén ra doi tuong déi mudn so véi mdy thiy Iue thé tich. Nam 1640,
bom piston diu tién do nha bdc hee ngudi Puc sdng ché da ra doi va
dugc dung d€ bom nude va khi trong céng nghiép. Nhung mai dén
ndm 1830 nha bdc hoe ngusi Phdp Phudcnayrén mdi ché tao thanh
cong tuabin nudc. Sau d6 nim 1831 va 1832 nha bac hoe ngusi Nga
Xablucdp sdng ché ra bom va quat ly t4m. D6 1a nhiing m4y thiy luc
cdnh din d4u tién. Nhung hién nay m4dy thiy lyc cénh din duge st
dung rat phd bién va pham vi ing dung ngay cang duge md rong.

May thiy luc cdnh dén bao gdm cic loai bom va dong co cinh
dan nhu: bom ly tdm, bom hudng true, cdc loai tuabin nuée..

Trong mdy thiy lyc cdnh din viée trao déi nang luong giita may
v6i chat 16ng duge thyc hién bing ning lugng thiy déng cia dong
chat 16ng chay qua mdy.

Nguyén ly lam viéc va cdu tao chung

B phén quan trong va dié€n hinh nh4t ehia bom ednh dén 1a banh
cong tac. Banh edng tdc duge ciu tao tif cde ban cdnh thudng c6 dang
mét cong goi l1a cdnh din va cdc b phan c6 dinh ching. Trong bénh
cong tdc cac cdnh dan dugc ghép chit véi true, khi lam viée banh
cong tdc quay trong méi trudng chat 16ng.

Bdnh céng tac cia bom quay duge 1a nh& déng co kéo bén ngoai
va trong qué trinh d6, qua cédc cdnh din ed ning cha dong cd truyén
cho chat 1éng, tao nén dong chdy lign tuc qua banh cong téc. Chénh
léch nang luong thiy dong clia chat 16ng & clia ra va cita vao cla
banh cong tdc bing co ning clia bom truyén che chét 1dng (chua ké
cdc tén that). '
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Phéan loai banh céng tac

Theo phuong chuyén déng clia dong chat 16ng tif cifa vao dén cda ra

ciia cdnh dén, bdnh ¢dng tdc canh din duoc chia thanh bén loai:

* Bdnh cong tdc Iy tdm hodc hudng tdm: chat 1éng chuyén déng
qua bdnh cong tdc tir tAm ra ngoai hodc tif ngoai vao tim theo
phuong ban kinh.

e Banh cdng tdc hudng truc: chat 16ng chuyén dong qua banh
cong tac theo phuong song song vdéi truc.

» Bénh cong tdc tAm truc hodc truc tAm: chat long chuyén dong
qua banh cong tdc theo hudng tam réi chuyén sang hudng truc
hodc nguge lai.

e Bianh cbéng tdc hudng chéo: chit 1éng chuyén déng qua banh
céng tac khong theo hudng tdm ciing khéng theo huéng truc
ma theo hudng xién (chéo).

Cac loai van téc, tam giac van téc

Qui dao chuyen dong clia cdc phan td chat 16ng qua banh céng
tdc canh dén rat phic tap nhung d€ don gidn héa tmh todn, cé thé
gia thiét:

» Dong chay qua banh céng tic gbm céc dong nguyén 5 nhu nhau

* Qui dao chuyén déng tuong d6i clia cdc phédn tit chat 16ng
trong bénh cong tdc theo bién dang cdnh dén.

Diéu kign dé c6 dong chiy nhu gid thist néu trén la:

* Bdnh céng tdc c¢6 s& cdnh dan nhiéu v6 han va mdi cdnh dan
mdng v cung {cdnh din khéng cé chiéu day)

» Chat ldng lam viée 1a chat 16ng Iy tudng.

Véi gid thiét trén, chuyén dong tuyét déi cla mdi phan tit chat
16ng qua banh cdng tdc c¢é thé phan tich thanh hai chuyén dong
déng thoi: chuyén déng theo (quay tron cing bdnh cdng tdc) va
chuyén déng tuong ddi (theo bién dang c4nh din).

Chuyén d6ng cla cdc phdn tif chat 1éng qua bénh cong tic duge
dac trung bing cdc van tdc:

-

¢ - van téc tuyét dsi

u - van tdc theo (cGa chuyén dong theo), ¢6 phuong thing géc
v@i bén kinh

v - vén t8c tuong d6i, c6 phuong tiép tuyén véi bien dang cénh dan.
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Hinh 3.1 - Biéu dién céc loai van toc

— —

C=u+v (3.1)

Hinh 3.1 biéu thi van t8c clia cdc phan tif chat 16ng § cita vao va
ctia ra cGa banh cong tdc bom ly tam.

Chi s8 (1) va (2) biéu thi vi tri ch4t 16ng bit dau vao va ra khoi
banh céng tdc. D& thuan tién khi nghién cfu cdc thanh phan véan téc
ctia dong chay, ¢6 thé dung cdc tam gidc vén téc thay cho hinh binh
hanh vén t8c. Tam gidc vin tdc & clta vao va ra-cia banh céng téc:

Ci w €2 wp

Cir C2r

o B o2 B2

T L u] ™ > UZ
Cly ) TN
Ty -

h 4

M

Hinh 3.2 - Tam gi&c van tdc
Khi diing tam gidc van t&c d€ biu thi cdc théng s6 dong hoc cha
chit 16ng, ngoai cdc ky hidu ¢, 1, w, cdn sl dung cde ky hidu sau:
o - goc gilta  va ¢

B - goc gilta y va  theo huédng nguge lai, biéu thi gdc b8 tri
canh ddn

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

C, - hinh chiéu cia ; 1én phuong vuéng géc véi .
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Trong céc banh céng tdc ly tam ho#c huéng tam, phuong cia c,
luon ludn di qua tAm ctia banh cong tdc, duge goi 1a thanh phan van
toc huéng kinh.

Trong bénh coéng tac huéng truc, ¢, huéng theo phuong truc.

Phuong trinh cd ban clia mdy thly lyc canh dan
a- Phuong trinh moment
Mt cdt cha banh cong tdc cdnh dan:

1.Banh cong tac
2.Dia trudc (dia phu)
3.Canh dan

4.B7a sau (dia chinh)
5.Ranh canh

'Hinh 3.4 — C4c thanh phan van téc va tam giac van téc

Ung dung dinh 1y co hoc vé bién thién moment dong lugng, c6
'thé phéat biéu d6i vdi dong chat 16ng chuyén ddng qua bdnh cong tic
nhu sau:

“Bi&n thién moment dong lugng cta khdi chat 16ng chuyén dong
qua banh cong téc trong mdt don vi thoi gian doi véi truc quay cla
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banh cong tac bing téng moment ngoai luc tic dung 1én khai chat 16ng
dé d&i vdi true, nghia 14 biing moment quay cGa banh céng téc”.

Xét mot dong nguyén t6 trong khdi chat 16ng chuyén dong qua
bdnh cbng tdc cha bom'ly tdm. Dong nguyén t& cd luu luong dQ,
dong lugng tai mat cat (1-1) la:

dK; =dlme; )= pdQc,
Tuong tu, ddng lugng tai mat cit (2-2) la:
dK; = dlme, |=pdQc,
m, p - khéi lugng va khéi lugng riéng chia chat 16ng
b — Van téc tuyét doi

Moment déng lugng cliia dong nguyén t§ déi véi truc quay cia
banh ¢éng tdc tai mat cat (1-1) va (2-2) la;

dL, = dK, I, = pdQ.c, .R,.cos,

dL_.2 = dK—z.l_z. =p.dQ.c,.R,.cosa,

Bién thién moment déng lugng cta dong nguyén t§ chat léng
trong mét don vi thoi gian:

AL =dL, -dL, = p.dQ.(c,.R, cosa, —¢, R, cosa,)

Vi da gid thiét cdc dong nguyén t6 chay qua banh cong tde 1a nhu
nhau, nén bién thién moment déng lugng cia toan b khai chat 1éng
chuyén déng qua bdnh céng tdc bing tdng bi€n thién moment dong
lugng cha cdc dong nguyén to: :

Y AL =3 pdQ.c, R, cosa, ~¢,.R, cosa,)
=p.2dQc, R, cosa, ~¢, R cosa,)
=pQ,.(c, R, cosa, —¢,.R, cosax,)

Q, — luu lugng chdy qua banh edéng tdc va bang luu lugng ly
thuyét.

Goi M la moment do ngoai lue tdc dung lén true quay, tic la
moment quay caa truc:

M= AL
M =pQ, (¢, R,cosa, ¢, R, cosax, ) (3.2) .
Vay phuong trinh moment quay cla banh céng tdc c¢6 dang téng
quat la:
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M =p.Q,{t¢,R,cosa, Tc, R, cosa,) (3.4)
Hang dAiu trén cho mdy bom va hang diu dudi cho tuabin.
¢- Phuong trinh cét ap

Nhu 44 biét, cot 4p H cGa mdy thiy luc cdnh dan la nang lugng
don vi clia dong chédt léng trao ddi v6i mdy thay luc, d6 chinh la
céng cia mét don vi trong lugng chat 18ng trao déi véi mdy.

Hon nita, ¢ong suat thiy luc cda médy quan hé vdi cdt ap la:

N, =vQH,, =pgQH, (3.5)

H,, - c0t dp cla mdy ung véi trudng hgp dong chdy qua may théa
mén cdc gid thiét da néu, tic 1a khéng c6 ton thit va bdnh coéng téc
¢6 sb cdnh din nhiéu vé han, cén goi 1a cot dp 1y thuyét vo han.

Mait khdc, céng sudt trén truc quay 1a:
N=Mo (3.6)

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

pgQ H,, = Mo
Thay biéu thifc tinh M theo cong thuc (3.4) va bién déi:

(i ¢,R, cosa, F¢,R, cosai).u)

o = (3.7)
o g
Thay Ro=u, R,o=u,
va R cosa, =¢,,, R,cosa, =¢,, vao bidu thic trén, sé
thu duge:
tu,c,, Fuc
le :( 2 2ug . | Iu) (38)

Pay la phuong trinh co bdn cida mdy thiy luc ednh dén con goi la
phuong trinh Euler.

d- Y nghia ning lugng cta phuong trinh co bn
Tir cdc tam gidc vén tac:
wi=c?+ul-2uc cosa, =¢ +ul ~2u,c,

2 _ .2 2 a2 2 _
W), =C; +U; —2U,C, COSaL, = C; +Uj —2U,C,,

Tu day suy ra:
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1
,Cy =“(012 +uf _Wf)
2

' i
s, = (el -wi)

Thay vao phuong trinh co ban:

3 3 2
.. u, _ulz W, _Wg C, —
+ Dai véi bom: H,, = + +

2g 2g 2g

» Déi vdi dong co:
2 2 2,2 a2
ui -u; w,—-w: ¢l-c¢
— 1 2+ 2 |+ i 2

H. =
2g 2g 2g

o
R Al 12 phén thay d8i dg a
2e odc g & phan thay 461 déng ning don

vi cda dong chay khi di qua banh cong tae, biéu thi thanh phan cjt
ap dong H,_,.

86 hang

2 2 2 2
u; — U, u, —u;

22 hodc 28 ty 18 v6i sd vong quay va dudng

kinh bdnh cong tdc, né biéu thi thanh phin c6t 4p tinh tuong dai,
duge tao thanh do lyc ly tAm tdc dung 18n dong chiy. Trong truong
hgp bom huéng truc R, = R,, thi s6 hang nay bing khong.

S6 hang

2 2 2 2
W, — W) W — W,

2 hay 28

dan cia banh cong tdc, d6i v6i bom W_ > W, , chiéng t3 mot phan
dong nang bién thanh dp nang.

S8 hang - phu thuéc d9 mé réng méang

Do d6, cot 4p tinh la:

2 2

Hlm — Ll; —Uf + W] w2
2g 2g
Vﬁ'y H]oo = Hlonl.l + lel (39)
BOM LY TAM

Khai niém chung
Uu diém co bén cta bom ly tam:
e Bom duge nhiéu loai chat 1éng nhu nuge, diu, nhign liéu, héa

chat,.. k& cd cdc hén hop cda chit 16ng va chat rin.
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1 - Banh cbng tac S 2. Trye bam
3 - BS phan dan hudng vao

4 - BO phan din huéng ra
.\\\\ (con goi 1a budng xoén &c) k\\

5 - Ong hat 6 -Ong ddy

Hinh 3.5 - S0 d8 két cau clia bom ly tam.

¢ Pham vi sd dung 16n va néing suat cao, cu thé:
+ Cét dp H tir 10 m H,0 dén hang ngan m H0
¢« Luu lugng Q 2 + 70.000 m%h
+ Cbdng sudt 1 + 6000 kW
+ S8 vong quay 730 = 6000 v/ph.
o K&t cdu nhé gon, chic chdn, lam viée tin cay.
+ Hiéu sudt n clia bom tuong d6i cao so vdi cdc loai bom khde:
= 0,65 + 0,90. .
i ]
e Chi tidu kinh t& t5t (gid thanh tuong d6i ré).
So d6 két cau eda bom ly tdm don gidn biéu thi trén Hinh 8.5

Trude khi cho bom lam viée cdn phdi lam cho than bom trong dé
cé banh cdng tdc va dng hit duge dién day chét léng, duge goi 1a qud
trinh méi bom.

Qud trinh fam viéc

Khi bom lam viéc, banh céng tdc quay, cdc phdn ti chat 1éng
trong banh cong tac dudi dnh hudng cia lyc ly t4m bi dén tir trong ra
ngoai chuyén déng theo cdc méng dén va di vao dng ddy véi dp suat
cao hon, dé 1a qud trinh ddy cia bom. Déng thdi ¢ eda vao cha banh
cdng tdc xuat hién mét ving c6 4p sut chin khong, va dudi tdc dung
ctia 4p sudt & bé chita 16n hon 4p suat & elda vao cia bom, chét 16ng 6
bé hut lién tuc bi hit vio bom theo 8ng hiit. P6 1a qud trinh hit eha
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bom. Qud trinh hidt va ddy clia bom 14 cde qud trinh lién tuc, tao nén
dong chiy lién tuc qua bom.

Bé phan dadn huéng ra, c6 dang xodn &c nén dugc goi 1a budng
xo0dn O¢, 1a € dan chat 16ng tif banh cong tdc ra 6ng ddy duge didu
hoa, 8n dinh va con cé tdc dung bién mét phdn déng ndng cia dong
chat 1éng thanh dp ning can thiét.

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

Bom ly tdm la mét dang cda bom cdanh dén, tit phuong trinh co
ban cda mdy thiy luc cdnh din, 4p dung cho bom cénh dén:

H (uzczu _ulclu)

w 3.10
l 2 ( }

Trong céc bom ly t4m hién dai, da s6 cdc banh céng tdc cé két
cdu clia vao hoic bd phan dan hudng vao sae cho dong chét léng &
clfa vao cla mdng dan chuyén dong theo hudng kinh, nghia 1a
vudng gée véi y , a, = 90°, d€ cot 4p cla bom ¢6 lgi nhat (¢, = 0).
Tam gidc vAn téc & clra vao 1a tam gide vudng:

C W)

u;

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

Khi dé6 phuong trinh co bdn cua bom ly tdm cé dang:

_ WG,y

= 3.11
: (3.11)

H

leo

b- Cét ap thuc té -

Nhu da bié€t, phuong trinh ¢o ban cia bom ly tam duge lap tu
diéu kién gid thiét 1y thuyét:
¢ Cénh din nhiéu vé han va méng v6 cing

¢ Chit 13ng 1a 1y tudng.
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Véi gid thist thd nhat, van téc phan bd déu trén cdc mit cdt cla
dong chdy qua cdc mang din. Vdi gid thiét thi hai, b6 qua ton that
cia dong chdy trong cdc ming din. Do dé, ¢t 4p tinh theo phuong
trinh co ban duge goi 14 cdt 4p 1y thuyét dng véi s8 c4nh din nhiéu
v6 han (H,).

Thuc t&, cdnh din c¢6 chiéu day nhat dinh, 2 + 20 mm, va sé cdnh
din hitu han, 6 + 12 c4nh, giy nén sy phén bd vén téc khong déu
trén cdc mit cdt cda dong chdy, tao ra cdc dong xody va edc dong
quén trong mang din. DPiéu nay thé hién trén Hinh 3.7.

Hinh 3.7 - Phan bé van t8c trong mang dan

Mit khdc, chdt 1dng ¢6 46 nhét do A6 gay ra tén thdt trong dong
chdy. Vi vay 6t 4p thyc t&€ nhé hon cot ap H .

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

H=¢,n,H, (3.12)

g, — hé 86 ké t¢i 4nh hudng cla s cdnh din hitu han d€n cdt 4p,
duge goi 1a hé sf cot dp; bing 1y thuyét vé dong xody va thuc
nghiém, nim 1931 vién si Protskua da xdc dinh £, d&i véi bom ly
tAm theo cdng thic sau:

T .
€, =1- ~Z—smB2 (3.13)
Z — 56 cdnh dan cda banh cong tdc.

Véi Z va B, thong thudng, tri s8 trung binh cla hé s6 cft 4p
R 0 8 . ’
Z »
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n, — hé s8 ké tdi tén that ning lugng cda dong chit 16ng chuyén
ddéng qua banh céng tdc, phu thude vao nhiéu y&u t8 nhu kich thude,
két cdu cha bdanh cong tdc va bd phan hudng dong.., duge goi 1a hisu
sudt ¢ot 4p cia banh cong tdc.

Véi bom ly tam: Ny, =0,7+09.

Né&u xét dnh hudng cia s8 cdnh din hilu han dén cot dp, ¢dt dp ly
thuyét ing véi 88 canh din hitu han la:

H =¢,H, (3.14)

Cot dp thuyc t€ cia bom ly tdm la:

u,C,,

H=eg,mn,. (3.15)

Déi v6i bom ¢é két cdu va s6 vong quay théng thudng thi:
. 0,

€z M Coy = E7.My £, COSA, = Y, Y
Trong tinh todn gin ding, c¢6 thé xdc dinh cft dp thue t& cha
bom ly tdm theo biéu thirc:

2

=Y

2g -

y - hé 58 cot 4p thue t&.

(3.16)

Anh huéng ciia két ciu cénh dén cot ap ciia bam ly tam

Hinh dang b& tri két cdu cla cdnh dan chi yéu phu thude vao
géc B, va (B, tite 1a géc vao va ra cha cdnh d4n. Dudi day sé xét anh
hudng cda cde gée nay dén cét dp clia bom ly tAm.

a- Anh huéng cia géc B,

Gée vao B, (g6e b tri canh dan) ciing 14 géc biéu thi phuong clia van
tdc tuong d61 § clta vao cGa banh céng tde. Trudng hop 6 lgi nhat vé
¢t dp clia bom, tam gide vén tdc § cda vao phai 1a tam gidc vudng
¢6 a, = 90°. Tir Hinh 3.6, B, chi phu thugc vao u, va ¢, do d¢:

c
o = -
b, u, (3.17)

u,c,,
Theo phuong trinh co ban cda bom ly tdm Hi. =?, goc B,

khong anh hudng truc tiép dén cot 4p cda bom ly tdm. Nhung néu B, |
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khong thich hgp sé gay ra va ddp dong chdy véi cdnh dan & cia vao
bdnh cong tde, dnh hudng xdu dén hidu sudt va cot 4p cia bam.

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

b- Anh hudng cba géc B,

Ly thuyét va thuc nghiém chitng t6 rang tri s6 cta p, ¢6 dnh hudng
truc ti€p dén phuong va gid tri clia cdc thanh phéin van tdc clia dong
chdy trong médng din, do dé cé6 d4nh hudng quyét dinh dén cot dp
toan phan H va cdc ¢ot d4p thanh phan H, va H, ciia bom. Vi vay d5i
v6i banh cong tdc bom ly tdm, géc B, c6 ¥ nghia dic biét quan trong.

b) B = 90°

Hinh 3.8 — Cac cach b6 tri canh dan

Tuy theo tri s§ cla B,, bdnh cong téc c6 ba cdch bé tri cdnh dan:

* B, < 90° canh dén cong vé phia sau (so véi u) - duge goi 1a
banh cong tdc ¢6 cdnh din ngodt sau (a) — loai a thudng gip &
bom dé& bom cdc chat 1éng nhu nude, dau,...
* B, =90 cdnh din hudng kinh § clra ra— duge goi 1a banh cong
tdc ¢6 cdnh dan huéng kinh (b).

¢ [, > 90° cdnh dén cong vé phia trude — duge goi 14 banh cong
tdc ¢6 canh din ngodt trude {¢) — loai b, ¢ thudng gip ¢ quat
va m4ay nén dé bom cdc chit khi.

Ngoai ra, trong thyc t€ hinh dang cdnh dan cia bdnh céng tdc
rit da dang, Hinh 3.9 biéu dién mgt s6 loai cdnh dén c6 gée ra B,
khdc nhau:

D& hiéu rd vai trd cha B, d6i véi cot 4p cha bom, c6 thé xét ba
bdnh cong tdc ly tAm cé:

e Kich thude nhu nhau.

» Gdc vao B, nhu nhau.
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Hinh 3.9 - Hinh dang canh dan clla banh céng tac

¢ S4& vong quay 1am viéc nhu nhau.
* Gobc ra B, khde nhau.

Khéo s4dt c6t d4p do timg loai banh ¢dng tdc tao nén véi cde kiéu
canh din néi trén. Khi vé cdc tam gidc van tdc cho cdc kidu banh
cong tdc nay, cAn chd y:

¢ Cé4c banh cong tidc c¢é B, kich thude ca vao, luu lugng va sd
vong quay lam viéc nhu nhau nén c¢é tam gidc van téc & clia
vao nhu nhau.

* Cédc banh céng tdc cé dudng kinh ngoai D, va vong quay lam
viéc nhu nhau nén ching ¢6 van téc¢ vong u, bing nhau.

Céc tam gidc van toc:

Hinh 3.10 — Tam gidc van t6c & clia vao
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Cig = 2“2
L
c)

v

v ¥
-

Cgu < Uy o !{ Coy =42
b)

a)
Hinh 3.11 - Tam giac van tdc & cliara

u,C
2¥2u . &
———, ¢0 thé

Tu phuong trinh co bdn cda bom ly tam H.. =

nhan thay trong cd 3 truong hgp ¢6 u, nhit nhau nén H,, chi phu
thuge vao ¢, . Xét sy thay do6i cot ap H_ trong cd 3 trudng hgp trén.

Khi f3, < 90°
Tu tam gidc v4n tdc biéu thi trén Hinh a:
C,, = U, —C,, cotgf, (3.18)
Thay véao phuong trinh ¢g ban (3.11):
2
u; —u,c,, cot :
2 = UyCye COLEPR, (3.19)

H]oo =
g

Khi ¢,, =u, —c,; cotgP, =0 tide la:

cotgB, =2 hoic B2 = arctgc—m—
2R ’ U,
thi H_ = 0 nghia la bom lam viéc khéng ¢6 cjt dp.

Viy mudn bom lam viéce tao duge cdt 4p thi cdnh din cda banh
cdng tdc phdi ¢6 B, > B, . = arCtgf“z'R‘, do d6 H, téng theo ty l&
thuéan véi B,. ’

Khi B, = 90°
Lic nay tam gidc van tdc ¢ clfa ra 1a tam gidc vudng duge biéu
thi trén Hinh b, nén c,, =u,, do dé:

2
_WhG W

H!oo
£ g
Thutng trong bom ly tam tri s8 cla ¢, thay d6i rat it t cda vao
dén cla ra cila banh cong téc, do d6:
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€ = Cig = €

Khi dé cbt 4p dong la:

g ¢ —¢) €] —Coe
T Hinh b, ¢ -¢j, =u}, nén:
‘ 2
u
H  =-%
[ 28 (3.20)
Cét 4p tinh la: H,, =H,, - H,,,, do dé:
Jaot,
g 2z 2g
H, ul
Tdcla: Hpy=H, = 2' =2—; (3.21)

Tiép tuc ting B,
Khi 5, > 90°
Theo Hinh ¢, ¢, >u,. Khio sdt trudng hop ¢, = 2u,, lic dé:
0,8, u,(2u,) _ 2u;
g g g

Nhuvay H, = H_, va do d6 H_ = 0 tic 13 khong c6 cot &p
tinh.

H

&)

Néu tiép tuc tang B, thi ¢, > 2u, hic d6 H, > H_ tuc 1a c6t 4p

dong 16n hon ¢t 4p toan phan hay noéi cdch khac cot ap tinh cé tri
s8 am.

Trong thuc t&, bom khéng thé lam viée duge véi H,_, < 0 vi khi
d6 bam khong cé kha néng ddy chat 1éng. VAy mudn cbo bom lam
viée duge thi gée ra B, clia cdnh dan trong bdnh céng tdc khéng duge
16n quda mét gid tri gidi han nao 446, tic la:

2 = B?max

Vay dé€ cho bom lam viéc dugc thi tri s6 cda géc B, phai thoa
main diéu kién:

Bymin < By < By (3.22)

Quan hé gitta ¢4t dp 1y thuyét clia bom va tri s6 cha géc B, dugc
biéu thi trén Hinh 4.12.
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I_Ilcx:

B 1Hi» = 21122fg

He

14

/ H|wﬁ bl u;;zfiig
]

\ Toot
Hiwt F 12%/7 g
E v : I B2
BZ = BZmin 900 BZ = BZmax

Hinh 3.12 - Quan hé gilia ¢4t ap Iy thuyét clia bom va trj s6 clia goc B,

Pudng EK chi sy thay d6i cot 4p toan phin theo phuong trinh:

2 . .
U; —1,C,, cotgh,

o = (3.23)
g

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

H

Ll (encotgB,)
fe| 2g 2g

Qua d6 thi ¢6 thé nhén thiy, géc B, cang 16n thi cbt dp 1y thuyét
cia bom cang 16n, bom ¢é kha ning truyén ed ning cho chat léng
cang nhiéu. Nhung trong kj thuat cdn gidi quyét sao cho co ning
ma bom truyén cho chit 1éng 1a ¢é lgi nhit, nghia 1a ¢6 hidu qua cao
nhit va ddp ung duge cde yéu cdu lam viée khéac nhau vé cot 4p
ddéng va cft dp tinh. B,, vé nguyén tic, duge chon theo yéu cau lam
viéc cda bom.

(3.24)

Bom ly tdm lam viéc trong pham vi:
H_ =(0,7+08H_
H,,=02+03H_

Ung véi B, = 15° + 30°.

Truong hgp déac biet, B, = 50°.
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Luu fugng va hiéu suat luu lugng

Luu lugng chit 16ng chdy qua bdnh c¢béng tdc clia mady thiy lue
cdnh din néi chung va bom ly tdm néi riéng duge x4c dinh theo
cing thuc:

Q, =c,.nDb ' {3.25)

b — chiéu rong mang din dng vdi dudng kinh D cia bdnh céng
tdc {thuong la tai cda ra).

D - dudng kinh D cta bdnh céng téde.
¢, — hinh chiéu van tdc tuyét d6i lén phuong vudng géc vdi u.

Luu lugng qua banh céng tde xem nhu luu lugng 1y thuyét Q, cla
bom. Luu lugng thuc t&€ Q qua 8ng ddy nhoé hon Q, vi khong phéi tat
ca chédt 16ng sau khi ra khdi banh céng tdc déu di vao 6ng day, ma
¢6 mdt phan nhé AQ chay trd vé clfa vao banh cong tédc hodic rd ri ra
ngodi qua cdc khe hd cia cdc bé phan 16t kin “A” va “B” duge biéu
thi trén Hinh 3.13.

Vay: @ =Q+4Q

Dé danh gid tén that luu lugng cda bom, c¢é thé dung hidu sudt
luu lugng gt

-Q__Q
_Q] _Q+AQ (326)

Mg < 1 -~ phu thuge vao két cdu va chat lugng lam viée clia cdc bd
phan 16t kin. Thudng d6i v6i bom ly tam:

Nq = 0,95 + 0,98
Bom ¢6 luu lugng cang Ién thi ng cang cao.

Q

Mo

Hinh 3.13 - Luu iugng chét 1dng trong banh céng tac
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Budng dac tinh cda bom ly tam
Cdc thong s6 cda bom nhu H, @, N, n thay d6i theo cdc ché db
1am viéc clia bom véi s6 vong quay n khéng d8i hoac thay déi.

Céc quan hé H = fQ), N = f{Q), n = Q) bidu thi dc tinh lam
viéc cua bom, duge biéu dién dudi dang gidi tich theo phuong trinh
d&c tinh, duéi dang d6 thi duge goi 1a dudng dgc tinh cia bom.

Cédc dudng dic tinh dng véi s§ vong quay 1am viée khong d8i (n =
const) duge goi la duong ddc tinh lam viée, Ung véi nhidu s8 vong
quay (n bi&€n thién) duge goi 1a duong ddc tinh téng hop.

Trong 3 dudng dic tinh néu trén, quan trong nhat 1a duong dac
tinh cét 4p H = f(Q), cho bi&t kha nadng lam viéc clla bom nén duge
goi 14 dudng dge tinh co bdn.

T dudng H = Q) ta ¢6 thé suy ra N = f{lQ) va n = Q).
a- buong dic tinh Iy thuyét

Tu phuong trinh co bdn ¢6 thé x4y dung dudng dic tinh 1y thuyét
cda bom ly tAm.

u,c

g

2u

Theo cong thic (3.11): H, =
Tu tam gidc vin toc § cia ra:
Ca W2

Car

0.5 B2 <90

S 2
-

Ty

Hinh 3.14 - Tam giac vantdc dcllara
Trong dé: ¢,, =u, —c,, cotgp,

Mt khdc, ti céng thite luu lugng 1y thuyét (4.16), c6 thé suy ra:
= QI

nD,b,
Thay céc bidu thic trén vio cong thic cot ap ly thuyét:

Cr

H - uj —u,c,, cotgp, _u;  u,.cotgh,
I ‘“____——-Qi
g g D,b,gn
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D81 v6i bom cho trude, u,, b,, D, 1a nhimng dai lugng khéng ddi,
nén phuong trinh dudng d#c tinh co ban 1y thuyét cé dang:

H,_ =a-b.cotgph,.Q, (3.27)
— la nhiing hang s6 dusng.

DPudng biéu dién phuong trinh nay duge goi 1a dusng dic tinh co
ban 1y thuy&t. D6 1a dudng khéng di qua géc toa 46, ¢ hé s8 géc tuy
thudc vao tri s8 géc ra cha cdnh din B,. Trong trudng hop tdng quat

d6i v6i mdy thiy luc, ¢6 ba dang dudng dédc tinh ly thuyét (Hinh
3.15).

4 B, > 90° B

=90°
A B3 c

B, < 90° (Z - =)

Hinh 3.16 — Budng dic tinh Iy thuyét va dudng dac tinh tinh toan

o N&u B, < 90, cotg B, > 0, dudng AD.
» Néu B, = 90°, cotg B, = 0, dudng AC.
¢ N&u B, > 90°, cotg B, < 0, dudng AB.

D&i véi bom ly tam, B, < 90°, do d6 duting dac tinh clia bom ly tam la
du‘cmg nghich bign bac nhit AD. Pay 13 dudng dic tinh cd ban 1y thuyét
ciia bom ly tam khi chua xét s§ canh din hitu han va tén that.

e N&u xét s8 canh din hitu han, dudng d¥c tinh trd thanh dudng
ATY, ¢é dang:

H =¢.H

1 7 e
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Trong d6 &, < 1 - 1a hé s8 v& s& c4nh d4n hitu han.

Néu xét t6n thét luu 1u’0'ng Ner duﬁng déc tinh trd thanh dudng
A!D e .

Néu xet céc loal tén that thuy lyc cta dong chédt léng qua
bdanh cong téc, cdc loai t6n thé4t thay luc nay déu ty 1& véi binh

phuong cGa van tdc, ciing 1a binh phuong cda luu lugng, dudng
d4c tinh trd thanh dudng cong bac hai AD": o

+ KhiQ = Q¢ (Ung véi luu lu’tmg thich hgp nhét) thi h cd
. gid tri nhé nhat (h, »0)ny, = 1.
+ Khi Q> Q,, hotic Q < Q t6n th4t h déu tang.

Néu xét ton that co khi, dudng dac tinh dich vé phia trai va
thap hon A’ mégt chat, dé 1a du'(’mg AT - Day- chlnh 1a
dutmg dic tinh c¢ ban tinh todn cua bom ly tam.

b- Dudmg dic tinh thuc nghiém

Vide xay dung dudng diec tinh tinh todn. rat phu’c tap va | khé
khan, béi vay trong ky thuit thudng xay dung cde dudng dac tinh
bing cdc 6 lidu do duge khi khdo nghiém trén céc méy cu the —-dé
1a dudng dic tinh thue nghiém.

1- B& hat

2, 4- Khoa.

3- Bom

'B- Luu lugng ké
C- Chan khéng ké -
A-Apké

S
Hinh 3.16 - S0 48 hé théng thi nghiém bam Iy tam

S¢ db hé thong thi nghiém bom ly tam bidu thi trén Hinh 3.16.

Mudn xay dung duge cdc dudng dic tinh thue nghiém cha bom ly
tam thi ph&i cho bcm lam viéc trong hé théng thi. nghlem (Hinh

Trinh tu ti&n hanh thi nghiém & xay dung du¥ng dic tinh gom
cdc bude:
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Hinh 3.17 - Budng dic tinh thyc nghiém

Aes]

1. M6 khéa 2 & ong hit va cho bom 1am viéc cho d&n khi s§ vong
quay cGa truc bom dat t6i tri 86 yéu cdu, trong khi dé khéa 4
d éng day van déng (Q = 0). Tit cdc tri s6 do duge hic nay & ap
k&€ A va chan khéng ké C, suy ra cot ép H ciia bom & ché do
“khéng tai”

2. M6 dan khéa 4 ¢ dng ddy @@ tang luu lugng cta bom cho dén
khi dat t6i tri s6 cuc dai. Trong qud trinh thay d8i luu lugng,
s0 vong quay lam viéc khéng d8i. Tai m&i vi tri mé cia khoa 4,
sé& do dugc cdc s0 liéu thi nghiém cia bom va dong cd dién dé
tinh huu lugng Q, cét 4p H, va céng suat cda dong cd dién N,..

Tai méi diém lam viée sé& tinh duge cong suat thity luc clia bom.
So sanh cong sudt thay luc va céng sudt do duge trén true clia bom
¢6 thé suy ra hiéu suat cha bom.

Nhu vay, tit céc 83 lidu thi nghigm, ¢6 thé xay dung dugc céc dudng
ddc tinh thyc nghiém cia bom ly tam H-Q, N-Q, n-Q. Céc dutng dac
tinh thuc nghiém cGa bom vé hinh dang néi chung ciing tuong tu
dudng dic tinh tinh todn, nhung khéng trong nhau {(do ¢6 mdt so
loai t8n tht ma trong khi tinh todn khéng thé ddnh gi4 hét).

Déi v6i bom ly tam, ngoai 3 dudng dic tinh trén cdn ¢6 dudng biéu
dién quan hé ¢4t 4p chan khdng cho phép véi luu lugng [H_, ] = Q).

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

Cong dung cta dudng dic tinh 1am viéc cda bom:

¢ Céc duong dic tinh H-Q, n-Q, N-Q cho phép xdc dinh khu vye

l1am viéc ¢6 lgi nhédt ting véi hidu suat cao nhat [ 1, hodc 1=
(n_. - 1%},
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e Qua hinh dang ciia dudng dc tinh ¢6 thé biét tinh ning lam
viéc ctia bom dé sit dung bom mét cach hop ly.

e Dudng dic tinh [H,] = Q) d€ tinh todn 6ng hdt va xdc dinh
vi tri ddt bom mot cdch hop ly. :

c- Puong dic tinh téng hop

Mbéi dudng dic tinh 1am viée duge xay dung véi mot s6 vong quay
lam viéc khong d6i ctia bom. Né&u thay d6i téc do 1am viéc (vong/
phit) thi dudng dic tinh 1am viéc ciing thay ddi theo. P& biét nhanh
su thay déi cdc théng s6 Q, H, N, n clia bom khi n thay d6i, cAn xay
dung dudng dic tinh téng hop.

J{fafm)
8 e Y
L4 H*-*rn-'plﬂzi— 0 o 1 1040 Q s’ \
P = Sk x 40 e
o
FEC) o, ?
y e
15 1301 «2! % -??g\‘l
- o
[T et 1% __l A N !\'4
{ A
10428 __,I X ) aVay.
I s L. ,,:?_ f‘ s \1/
'.-7! 21
b — ‘.4 ')‘-.‘
o "f‘r S .
siop R -
L .
- :F
.‘gﬁ'}. En B s
J, T

] 0 20 qli/¢)
T W @ W Amis

Hinh 3.18 - Budng dé&c tinh téng hop clia bom

Dudng dic tinh tdng hgp cia bom 1a dudng biéu dién cdc quan hé
Q-H, N-H véi céc s6 vong quay 1am viéc khéc nhau, trén dé cdc diém
lam viéc cing hiéu sudt duge néi v6i nhau thanh nhitng dudng cong
goi 1a duong cung hiéu sudt (duong ddng hiéu sudt).

Ung dung déng dang trong bom ly tam

Khi s6 vong quay lam viéc n cia bom thay déi, cdc théng s6 1am
viéc khéc cia bom ciing thay déi theo. ;

Thuc nghiém ching t6 rdng, khi bom ly tdm véi s6 vong quay
thay déi it (duéi 50% so véi sd vong quay dinh miic) thi hidu suit
ctia bem thay déi tuong déi it, c6 thé xem nhu khong déi n = const.
Mt khéc cdc tam gide vén tée déu ty 1& véi s6 vong quay, nén cédc
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© tam gide van toc s& déng dang véi nhau. Do d6 céc ché dd lam viéc
khéc nhau ctia bom trong trusng hgp nay xem nhu edc trudng hgp
tuong tu. '

‘Theo 1y thuyét vé tuong tu, hai ch& d¢ 1am viéc goi 1a tuong tu
nhau khi chiing thod mén 3 diéu kién tuong tu:

Xét mot mdy mé hinh va mot mdy nguyén hinh, k¥ hiéu: chi sé
M - mé hinh, N - nguyén hinh. :

1. Tiéu chudn tuong ty hinh hoe:

——=——="'=7“L = Const
D, . by

2. Tiéu chuédn tuong tu dong hoc:

MM =..-= ), =const
uN CN WN
3. Tiéu chudn tugng tu déng bue: |
P,
—.-—E—:_F-—hlz-"=lp =C0ﬂSt
P, F, - '

Cé thé vin dung cdc quan hé tuong ti ndy d€ tim méi quan hé
gita Q, H, N theo s8 vong quay n. :

Goi Hy,, Q,;, N,, 12 ¢bt 4p, Iuu lugng, va cong sust Ung vdi s& vong
quay n,;

H,, Q,, N 1& cbt 4p, huu lugng, va cong sudt ung véi s6 vong
quay n,,. '

a - Phuong trinh déng dang luu lugng
Phuong trinh luu lugng cGa bom ly tam:
Q=cz.mDb |
Theo k&t ciu clia banh cdng tac, b ty 18 véi D, nén cé thé viet:
b=k,.D
k, - hé s6 t 16

C, cing ty 1& vdi vén téc u, nén: -

 Cg =cp.u=<p—%-D-n
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Thay vao biéu thite cis Q:

22D* Q n
=q-k - ‘n h —_ =
Q=¢-k = Y 60

Khi ¢6 tuong ty hinh hoc thi k = const, ¢6 tuong ty dong hoc thi
¢ = const, do dé:

3
D
= const hay: Qu = (—M] -‘-Fﬁ

(‘pki :(pk

D’.n Qx Dy Ny
D,, -
D, =A, - 1a tiéu chudn tuong tif hinh hoc
: n
Liic d6: =) | (3.28)

QN

Khi tinh cho cdc ché do lam viée cla cung mét bom thi A
phuong trinh c6 dang:

Qu Ny

2
Q ny . (329
b- Phuong trinh déng dang c6t 4p
Ti phuong trinh co ban cGa bom ly tam:

2
SRS ERETES (SRS
g g u, g

60 u,
2
hav: H,, = l[—‘{'— 2 . const
ay: D’n* g\l60, u,
. u I C C
Vi {_M = Eﬁ =Cconst = _C_M_ =N const & 2L = COHSt}
Uy  Cy Uy Uy u,
Nhu viy:
q D 2 2. : 2 '
M ] IM M 2 M (3.30)
H, Dy Ny Ny
) M _ | M
Khi} =1 H, [nN } _ (3.31)
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c- Phuong trinh dong dang céng suat
Tit cong thie: N = yQH,

5 3 3
Vay: - Y Qu i =1~L(D_M} (“_M] —Tm s [“_M]
e Ny 75 Qu Huw v\ Dy Ny Tn " iy

Khi véi cung mat chit 16ng lam viéc:

3
Ny 5 | Ny
= A ] —
N, L (HN } (3.32)
N 3
. M _ | Dm _
Khi 1‘1, =1 N, (HN ] (3.33)

Trong thuc t&, ngoai s§ vong quay lam viéc thay d8i con c¢é thé
gap trudng hgp trong lugng riéng y cha chit 16ng thay déi, dudng
kinh ngoai D cGa bdnh cong tdc thay d6i. Dé ddp ung yéu clu su
dung, khi c¢dn gidm c¢ot 4p va téng luu luogng so véi dinh muc, c6 thé
giam bét dudng kinh D (chi trong pham vi 10%), va hiéu suat cia
bom coi nhu khdng d6i. C6 thé xem cédc ch& d6 lam viée ecda bom
trong trudng hop nay la cdc ch&€ dé lam vide tuong tu.

Goi Q, H, N, ~1a luu lugng, cbt 4p, va cdng sudt tng véi D’, y, va

n,

Q,, H,, N, — 1a luu lugng, cdt dp, va cdng sudt tng véi D”, v, va

Quan hé tugng tu cia bom ly tAm duge néu trong bang sau:

Céc thong Khiy Khin Khi D Khiy, n, D
s0 thay d8i thay déi thay d8i thay a8

Luu gang Q, =Q, Q,=—=qQ, Q,= (9_] Q Q.= n_z[gi) @

, 2 2 2
Cc:{ép H=Diy, | g, Jn_zJ H | H, =[D_] H | H, :Y_'[“_z} (D_] H,

o 3 ; R 3 ey 3
Céng suat leY_le N, = w3 N, Nl:(P“] N, N2=_3 - (Q_J N
N 1, I, D Yo D'
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S6 vong quay dic trung

D& dic trung cho mét hé théng, thudng ding mét mdy miu
- tugng trung (mdy md hinh). Quy dinh cha mdy bom mé hinh ¢é cdc
théng sb sau:

H, = 1 m cdt chét 1éng
Q, = 0,075 m¥s
N, = 0,736 kW (tuong duong 1 ma luc)
g — hiéu suit c6 lgi nhat
‘:"n&— s6 vong quay dic trung, v/ph.

Moi mdy thay hte duge ché tao déu phai tuong tu véi mdy mbd
hinh cing hé théng, cdc thong s6 lam viée cia mdy dé va cia mdy
md hinh quan hé véi nhau theo luit tuong tu:

Qs 3 ns
=5 (. V.5
Q ( L) " (1)
H n Y
s zkz 5
H '“[ n] (2)

N s{n ?
_Sle_[_s'] (3)

K&t hgp cong thic (1) va (2), rit A, va cho bing nhau, thu duge
cdng thuc:

3.65.n0.Q7
ng = ==5 (3.34)
H* ' '

n — 88 vdng quay, v/ph

Q - luu lugng, m¥s

H - ¢6t dp, m
Keét hgp cong thie (2) va (3), mit A tuong tu nhy trén, thu duge

cong thic: : .

_1167.nN%
g = A - (3.35)
H 4

N — coéng sudt, kW
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Né&u n tinh theo ma luc:

n _n.N% 6
g —H% (3.36)

Mudn biét mdy thiy lte cdanh din thudc hé théng cia mdy md
‘hinh tuong dng, cdn ding s§ vdng quay dédc trung ng tinh theo cdc
cong thic néu trén dé phan biét, nén n, duge goi la s6 vong quay
ddc trung.

' D
Vi du:ng = 40 + 80 v/ph — bom ly tam ty t6c cham 6—2— =35
_ c
n, = 140 + 300 v/ph ~ bom ly t4m t§ tc nhanh -f)f =13+11
: _ D
n, = 600 + 1800 v/ph — b.dm huéng truc D—z —08+0,6

Hién tugng xam thuyc

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

Trong nhitng bom théng thudng, 4p sudt nhé nh4t la & gin cta
vao clia banh cong tdc & phia 16m ciia cAnh dén, tic 12 & vi tri vén téc
tuong ddi W va déng ning tuong dng W42 dat duge gid tri 16n nhat
(viing A trén Hinh 3.19).

Hinh 3.19 - Vung xay ra xam thyic

Né&u & viing A 4p suft bing ho#c nhé hon 4p suét hoi bdo hda cha
chéit 16ng trong bom, thi s& xudt hién hién tugng xam thye. Hién
tugng nay sé lan rong ra cdc vang l4n cén cia dong chdy.
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Ngoai sy hiy hoai kim loai, hién tuong x4m thyc cdn c6 tdc hai 1a
khi may lam viée khi c6 xAm thuc, hidu suat s& gidm mot cdch rd rét.

Bom lam viée khi c¢é xdm thyc rat 6n, rung manh, va khi cuténg
d6 xam thuc 1én cao s& xuat hién su va d4p rat c6 hai cho bom.

Bién phap khac phuc

Han ché van téc chat long trong dong chdy cia bom.

Ung dung hinh ding £5i wu cho ddong chay va cho mit cdt cia

banh cong tac.

Str dung bom & c¢h& d6 gAn vé6i ché @ dd tinh todn trudc.
Mot bién phdp quan trong chéng x4m thuc cho bom b4t ky 1a
can cé dd cao hiit thich hogp, tai d6 khong xdy ra xam thuc,

duge goi 1a d cao hit cho phép (da tinh tedn & phan bom
canh din).

Ki€m tra bom

1.

2.

- w

Chon bom ding yéu cau k¥ thuat, dua vao dudng dic tinh cia
bam, trong dé d#c biét chd ¥ dudng d4c tinh co ban (H-Q).

Céce thiét bi va ddéng hd do 4p suit, do chan khéng, do dién
cdn c6 ddy di. Cén 1dp van mét chiéu & dng hit va dng ddy dé

‘dé& dang khi méi va khéi dong bom.

Trude khi cho bom lam viéc phai mdi bom

Trude khi bom khéi dng phai kiém tra ddu md trong bom va
déng cd, cdc mdi ghép buldng, hé thong dién.

Khi khdi dong bom, cho déng co quay én dinh rdi mdi tr tit
mé khéa & 6ng ddy (nhung véi bom 4p sudt thdp thi nguge lai,
md khéa & 6ng day rdi méi khdi déng; néu khong, doéng ca khé
khdi dong va dé bi qud tai).

Khi bom lam vige, can theo déi déng hé do, chd ¥ nghe tiéng
mdy d€ kip thoi phat hién nhiing bat thuong va xq ly.

. Khi chuén bi tdt mdy, lam thi tu dong téc nguge véi khi cho

méy chay: déng van § dng ddy trude, tdt mdy sau.

Khi bom lam viéc, chat 1éng khéng 1én hoic 1én it, cAn dimg
may va kiém tra lai:

» Céc van hodc khéa § dng ddy va éng hiit.

o Lu¢i chdn réc bi 14p kin, hosc miéng &ng hit khéng & ding
dd sAu cin thi&t cach mit thodng cda bé hut.

» Binh eéng tde quay ngudge (bom dién c¢6 thé bi dau day
ngugc pha).
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Diéu chinh ché dé lam viéc cfia bem

Biém lam viéc cia bom 14 giao difm cta hai dutng dic tinh ecla
bom va clia hé théng trong ciing mét ha toa dé.

Ha H-Q
Hg - Q
_6_

Hinh 3.20 - Diém 1am viéc

Qué trinh thay d68i diém lam viée cia bom theo yéu cau duge goi
1a qud trinh diéu chinh.

Cé hai phugng phap diéu chinh:
a- Piéu chinh bing khéa

Diéu chinh bing khéa tao nén sy thay d6i dudng dic tinh ludi
bing cach diéu chinh (déng hodc mé) khéa & ong ddy d& thay déi luu
lugng cda hé thong (khéng diéu chinh & &ng hit vi da gy ra hién
tugng xdm thuc).

* Khi mé khéa hoan toan, s& c6 diém lam viéc A (H,, Q).

;HI = Q (C.;B)
H4 . S H QG

i
L]
1
1
1
1
1
1
}
1
}
[]
L

Qs Qa Q
Hinh 3.21 - Biéu chinh bing khoa
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* Khi déng bdt khda lai thi t6n that khod sé ting lén (£,= ¢
luu lugng cda hé théng gidm, nghia 1a dudng dic tinh hrm se
thay d6i déc hon, trong khi d3c tinh bom khéng d8i. Do d6
diém lam viéc t0 A chuyén dén B (Hg, Q.

Phuong phdp nay don gidn, thuin tién nhung khéng kinh t& vi
gly thém tén that.

b- Piéu chinh bing thay déi s6'vong quay ciia truc bom

N9i dung cia phuong phdp nay 14 thay ddi dudng dic tinh riéng
cia bom biing cdch thay d8i s8 vong quay cGa truc bom.

Hlk ’ HI'Q

————
-
= -

Hg

Hp [-----mmmmeme o3
HC Rt

Qc Qa Qs _(3
Hinh 3.22 - Bi¢u chinh bang thay ddi s& vong quay

Diém lam viée A(HA,Q ) Ung vdi s0 vong quay lam viée n,. Khi
ting s6 vong quay dén n, > n, thi dudng dic tinh cia bom sé& thay
déi, trong khi dé dudng déc tmh ludi khong thay d6i, diém lam viéc
tir A chuyén dén B (H,, Q).

Phuong phdp nay dung cho bom cé thiét bi thay d8i s vong
quay. Phuong phdp nay kinh t& hen so vdi phuong phdp trén. Nhung
d8i vdi bom khéng cé thiét bi thay déi sd vong quay lam viée thi
phuong phdp trén théng dung hon.

béi khi ¢6 thé két hop cd hai phuong phédp trén.
c- Khu vire diéu chinh

D€ diéu chinh bom cén thay d6i dudng dae tinh lu6i hodic thay
d0i dudng dic tinh bcirn Nhung thuc té khéng phai ¢6 thé diéu

chinh di€m lam viéc vé bdt o diém nao trén dudng dic tinh cda
bom.

Vi du: Trén Hinh 3.23 biéu thi Lom lam viée trong hé thong véi
cdc dudng dic tinh d4 néu, trong d6, dudng dic tinh cle hom ¢é
dang 18i. T 1a diém gidi han, chia dudng dic tinh ra lam ha’ ...u vue:
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Biém g/han .

Kvue | Kivue
Khéng| 6&p -
o)) -

Hinh 3.23 - Khu vye¢ diéu chinh

bén phai diém T 14 khu vyc lam viée 8n dinh, con bén trdi diém T
tiy theo vi tri cia dudng dic tinh ludi, bom c6 thé lam viéc khéng
on dinh gei 14 kku vie lam viec khéng 6n dinh ciia bom.

Thuce nghiém ching té ring:
» Khong thé diéu chinh bom trong khu virc khéng 8n dinh.

* Khi khéi dyng bom, cin ha thdp H , d& diém lam viéc cGa
bom khéng roi vao khu vyc khong 8n dinh. '

Doi v6i cdc bom quan trong nhu bom cao dp cip nuée cho ndi hoi
(nha mdy nhiét dién), yéu céu vé dung dic tinh cia bom la khong
¢6 ving lam viée khéng &n dinh, tifc 13 dudng d4e tinh c6 dang ddc
diing ho#c thodi.

Vi tri clia diém gidi han T phu thude vao gée B,. Géc B, cAng nhé
thi khu vife lam viée khong 6n dinh cang nhé.

Ghép bom ly tam _

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

Ghép song song: (khi hé théng c6 yéu ciu luu luong 16n hon luu
lugng cua mét bom)

biéu kién d& cdc bom ghép c6 thé lam viéc duge la:
» Cédc bom phéi lam vige véi cing cft dp: H = H, = .. = H

» D& xdc dinh luu lugng cia bom ghép song song lam viéc trong
mgt hé théng, cdn xay dyng dudng dic tinh chung ca céc
bom ghép (H-Q,) va biét dudng dc tinh luéi (H_-Q).
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Pudng dic tinh chung cta cdc bom ghép song song (H- QC) trong
hé théng duge xay dung biing cdch cong cdce luu lugng véi cling mét
cot dp (cdng cde hoanh dé trén cing tung dd).

Vi dy: Khio séat hai bom ¢é dudng dac tinh khdc nhau: (H,-Q) va
(H,-Q) ghép song song, c6 thé thdy vdi moi cét 4p H > H trong hé
thong chi ¢6 bom 2 lam viéc. Khi H = H ca hai bom deu cung lam
viéc nhung luu lugng cta hé théng chi béng luu lugng cta bom 2 ing
véi diém B (Q, = Q,) (Hinh 3.24)

AV Hy

H-Q

Hc -Q

S
o

Hg

e  —

Q& -~

iy
.. e
< U< >
<

<]
Y. .

Q
Hinh 3.24 - Ghep song song

C la diém lam viéc clia cdc bom ghép trong hé théng. Khi dé
bom 1 lam viée véi Q[ , bom 2 lam viée véi QF. Vay: téng luu lugng

cta hai bom ghép song song trong hé théng nhé hon tong luu lugng
cia hai bom d6 khi 1dm viée riéng ré trong cing hé thong.

QC_ =QF+Q§ <Q|+Qz .

(vi hé thdng lam viéc véi nhidu bom ghép song song cé cdt ap
16n hon do luu lugng trong hé théng tang 1én so vdi khi timg bom
riéng ré lam viéc trong hé thang).

Nhéan xét:

» Diéu chinh hé thang c6 cac bom ghép song song tudng déi phite:
~ tap khi cdc bom ghép c6 duong dic tinh khédc nhau nhiéu Do |
vay can ghép cde bom cé duting dic tinh gén gidng nhau. |

¢ Ghép bom song song ¢6 hiéu qui lén khi dudng dic tinh cha -
“ching thodi (c6 d6 ddc nhd) va dudng dic tinh cda ludi khong
déc 1dm, do d6 nén ng dung ghép song song trong cdc hg

théng bUm cAn ¢6 cot ap thay déi it, nhung luu lugng thay déi
nhleu
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* 386 lugng bom ghép song song dé tang luu lugng c6 gidi han
nhat dinh, duge x4c dinh béi dudng dic tinh chung va dudng
dic tinh lusi.

Ghép ndi tiép: (khi hé théng c6 yéu cdu cdt 4p 16n hon cbt 4p cia
mot bom)

v Hy

L

Hinh 3.25 — Ghép ndi tiép

Diéu kién ghép noi ti€p:
» Cdc bom ghép phai lam viéc véi luu lugng nhu nhau:
o (ot dp lam viéc khi Q = const:
H.=H +H,+-+H,
* Dutng dic tinh chung cla cdc bom ghép (H, - Q) duge xay

dung bang cach cong cdc ¢t 4p cta riéng ting bom véi cing
mét luu lugng (cOng cde tung dd trén cing mot hoanh do)

Khdo sdt hai bom 1, 2 c6 dudng déc tinh khdc nhau ghép néi ti&p
lam vige trong mot hé thong.

Diém A (giao diém cta dudng dic tinh chung va dudng dic tinh
lugi) 14 di€m 1am viéc cha cde bom ghép trong hé théng, xdc dinh luu
lugng Q va cot dp H cia hai bom ghép.

Khi ghép ndi ti€p nén chon bom va hg théng ¢6 dudng dic tinh
ddc nhiéu méi 6 hiu qua cao, vi khi thay d6i luu lugng it da ting
duge cft 4p theo yéu cau.

Chi y: Khi ghép hai bom 1 va 2 ndi ti€p lién nhau cdn chd ¥ bom
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2 phai lam viéc véi dp sudt cao hon bom 1, vi vay néu khong da sic
bén bom s& bi héng. Do d6 phdi chon mot diém trén dudng éng ddy
cua bom 1 sao cho d4p sudt khong gdy nguy h1em cho bom 2 trong
mach ghép.

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

Khi bom lam viéc, bdanh cdng tic cda bom chiu tdc dung clia céc
dp lue theo huéng truc, cin khéo s4t cdce lyc nay.

- — E
P
e !
/ 3
Vi 3
al / ] M
I / !
- Vi H
- Fd |
- Fi !
E fl )
> ‘N
v K
2Py
/\}3 A

Hinh 3.26 - Luc doc truc trong bam ly tam

Khi bom lam viée, chat ldng & cita hiit A chuyén déng theo phuong
song song vdi truc vao bdnh cong tdc dudi dp sudt khd nhé p,. Sau
khi vao banh cong tdc, dong chat léng ngo#t 90° va tré thanh thing
géc véi truc. Ap sudt chét 16ng ting ddn dén tri s& P, d clta ra, p <<
p,. Dudi tac dung cia p,, mot phan chat 1éng o ri qua ecdc khe hé
gitta banh c¢dng tac va than bom B va C. Néu bé qua su quay clia chat
long trong khe hd B va C thi ¢6 thé xem gin ding dp suat trong cac
khe d6 biing p,. Do d6 dp luc hudng truc tdc dung 1én dia sau cGa
bdnh cong tdc hudng vé phia trdi la:

P, = pz.Tt.(Ri - rz)
Va 4p luc hudng truc tde dung 1én dia trude banh coéng tac, hudng
vé bén phai la: .
P, =p,nRI-R)+p, n(R2 -7}

Vip,>> p, =P, >>P_. Do d6 4p lyc doc truc ¢6 xu hudng ddy
bdnh cdng tdc vé phla nguo’c v4i hudng chuyén dong cda chit léng
vao banh cdng tde.
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P, =P, _Pph = n‘ﬁ’z _Pl)'(Rf _rz)
Hodc: P, =1r.y.Hl.(Rf —rz)
Trong thuc t&, do su quay cha chat 1éng theo cédc dia cia bdnh

cdng tdc trong cdc khe hd B va C nén 4p suit trong cdc khe gidm
dan tir ngoai vao trong (tr R, - R ) theo cdc dudng parabol.

Ngoai P, ra, con c6 lue hudng truc P tdc dung 1én bdnh cong téc
theo hu’dng cua dong chay (nguge véi P) PII xuit hién do chét 16ng
thay d8i phuong chuyén dong & cita vao cGa bdnh cong tdc (ti hudng
truc sang hudng kinh), cé thé tinh theo dinh luit déng lugng:

19 .

P, =mC,
_ g

. . o ' ¥Q
m — khéi lugng chat 16ng chuyén ddng qua banh cong tde, M = —gl—

C, — vin toc chat 16ng & cifa hit cfa banh cong tac.

Vay dp luc téng cong d4p dung trén mot banh edng tc cda bcfm
la:
P=P -P,

D61 v6i bom nhiéu cip c6 s6 banh cong tdc 1a i thi tong 4p lue
huéng truc la: '

A=1P
Né&u-roto cia bom bé tri thing dlmg (bo’m tryc ding) thi céng

thite tinh téng 4p luc huéng truc A § trén can b8 sung thém thémh
phan trong lugng clia roto G:

A=iPtG
Dau + hodc - thy thude sy bd tri cédc clta vao va ra cha bom, gy
nén cdc dp lye hudng truc ciing hay nguoc chiéu véi trong lugng G cha
roto. .
Tac hai cia luc hudng truc.

Luc huéng truc trong bom lam mon cdc § chin tao nén sy sai léch
cdc khe hé trong bom va 1am cho roto co vao thian bom khi lam viée
gay anh hudng xiu dén hiéu sudt va 1am héng bom.

Cich khic phuc
1. D&i vdi bom cé6 mot banh cong tde:

¢ Ding bdnh cdng tdc cé hai cda hut.
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Hinh 3.27 — Banh ¢éng tac hai Hinh 3.28 - Ciu tao vanh 16t kin
miéng hut thit hat gifia than bom va dia sau

e CAu tao vanh 16t kin thit hai chia khe hé gitia thin bom va
dia sau clia banh cdng tdc thanh hai phin. Phédn trén théng

v6i clra ddy c6 dp sudt p~p,, phan duéi thong véi cda hat
bing edc 16 khoan trén dia sau bdnh céng tdc. Nhuge diém
cta phuong phédp nay 12 lam gidm hiéu suét luu lugng ng .
9. D6i véi bom c6 nhidu banh cong tdc:
e Bé tri b4nh cong tdc thanh céc cip d6i xitng nhau.
» Dung piston can bing.
e Dung dia can bang. ’

e Chon bom theo diéu kién cho trudc.

2 2

%2 . ¥ HEN s
= T N F 3
1 . . F g £
Cépr  CapX Cipll Ceplr N s ey 5
) EZ NN LA
Hinh 3.29 - B& tri banh céng tac thanh céc 3 -
cap ddi xing Hinh 3.30 - Dja can bang
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Hinh 3.31 — Chon bom theo Iuu lugng va cdt ap cho trude
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BOM HUONG TRUYC

Cau tao va pham vi st dung

a- Pham vi str dung

Bom hudng truc ¢6 pham vi sit dyng rdt rong rai khi can luu
lugng 16n va cot dp thap, cu thé:

e Luulugng : Q = 0,1 + 25 m¥/s

e Cotédp:H=4+10mH,0

Péc biét ¢6 khi H = 22 m.

b- Cau tao va nguyén ly

Két cdu cia bom huéng truc don gian va chdc chén, gém phan
dong va phéan tinh.

Phan quay (phin dong) gom bénh cong téc gén lién v6i truc. Banh
cong tdc hinh khdi tru c6 gén cdc c4nh didn mit cong phéan bs déu
xung quanh. S6 cdnh dan thoéng dung clia banh cong téc 1a 3 = 6 canh.

: —h 1.Bd phan dén hudng vao
) ; 2.Than bom
3.Banh cong tac
1 4 Mtc chat 1dng
6 / 5.Tryc bom
§

Hinh 3.32 - So d6 két c4u bom hudng truc
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Phin ditng yén (phin tinh) 14 vé bom c6 dang hinh tru réng, phia
trong c6 cdc canh din hudng va bo phan 43 truc. Phia trén b§ phan
dan huéng than bom udn cong dé tién bd tri cdc bd phin dan dong
truc bom.

Truc clia bom hudng truc thudng duge néi truc tiép véi dong co
dién. Khi bom lam viée, banh céng tdc quay trong méi trudng chit
léng va do c6 céc cdnh din mit cong dang cong x6n {(cong theo
khéng gian 3 chiéu) nén chat 16ng duge hit vaec bom va di chuyén
theo phuong song song véi truc vdi luu lugng 16n.

Phuong trinh lam viéc

Tuong tu nhu bom ly tadm, c6 thé vé tam giac van tdc ¢ clta vao va
ra cia banh céng tdc bom huéng truc theo Hinh 3.33. Trong d6 u, =

U = U Cg = Cype

W1 T2 MW, A
Ci = Cir C2R
P Bi \E
. 02U e,
T " —
P m=u=u
ey -

Hinh 3.33 - Tam giac van téc

Phuong trinh co ban d8i véi bom cdnh dan tong quét:

g

Ap dung cho bom huéng truc:
'I.l1 = U2 =u

¢,, = 0 (vi § clfa vao banh cdng tdc, dong chat léng chua cé
chuyén ddng quay).

Vay phuong trinh cg badn 4p dung cho bom huéng truc la:

ne,,
H,, =—* (3.38)
g
wi-wl ¢i-¢
Hose:  H, =——"+—"— (3.39)

2g 2g
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Hai phuong trinh (3.37, va (3.38) 14 cde phuong trinh co ban cia
bom huang truc. Cét 4p cua bom hudng truc tao nén do su chénh
léch vé tri s§ cda cdc thanh phan van téc tuong d6i va tuyét dsi &
cdc cia ra va vao cda bdnh cong tdc.

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

tryue, ¢6 thé thay cot 4p cla bom huéng truc khong cé thanh phan

ul-u?

lue 1y tam 22g , d& thanh phin nay d6i véi bom ly tdm rat quan

trong, vi 1a thanh phéan chi y&u dé€ tao nén ¢bt 4p cia bom.

Cét 4p thue t& cda bom hudng truc:
H=_—7- (3.40)
K? 2g

K, =0,0244.n7° - he s& cbt 4p thyc t&
n, — s0 vong quay dic trung, v/ph.

Hinh dang canh

Do tinh chat néu trén, bom hudng truc cé cdc dac diém sau:

¢ (ot 4p cha bom hudng truc khéng thé 16n bing cot 4p clia bom -
ly tam.

e (ot ap tinh cda bom hudng truc chi do d6 m& rong cdc mdng
dan ciia banh céng tdc tao nén (w, > w,).

_Wiow; 041
Jon 2g ( . )

Do vay cac mang dan cua banh cong tdc phai cé6 d6 md rong
dd dé tao nén cot ép tinh can thiét cho bom (w, >>w,). Piéu
nay giy nén cdc ton that phu, vi Itc quan tinh cua dong chay
qua mang dan cé van toc thay déi l6n. P& gidm tdn thit phu
thém nay, cdc mdng din cGa bom huéng truc cdn duge gia
cong chinh xdc va ¢6 dd nh&n bé mit cao (V5 =+ V7).

¢ Tu phuong trinh (3.38), 3¢ ddng chit 1éng qua banh cong tédc
cha bom hudng trye duge can biing 6n dinh, cdnh din phéi ¢6
ké&t cdu sao cho ¢bt 4p clia mdi dong nguyén t8 chat léng duge
tao nén bdi cdnh din ¢ mei vi tri phdi nhu nhau, nghia la:

H

u.c
o =—2 =const  v6i moi bdn kinh R (3.42)
g

H
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Do do, u.c,, =const (3.43)
Néu u ting dan tir trong ra ngoai thi ¢, cling phai gidm dan tit
trong ra ngoai theo hudéng kinh cia banh cong téc.

T tam gide van toc:

¢y, =U~cCycotgf,

u=cgcotgh,
Suy ra C,, =g (cotgP, —cotgpB,) (3.44)
Thay phuong trinh (3.44) vio phuong trinh (3.38):

U
H, = E'CR (C'Otgﬁ] —cot ng) (3.45)
n.Nn.c
Hosic H,, = 30; ‘Ricot gB, ~cotgB, ) (3.46)

TIL.C _ ) )
Trong d6 3OgR =const (d5i véi bom cu thé, n = const, ¢, =

const).

Hinh 3.34 - Ti&t dién mat ¢t canh dan
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T bidu thuc (3.46):

1. Banh cdng tdc cha bom hudng truc chi tao duge cdt 4p khi canh
dén ¢6 cde g6e ra 16n hon gée vao ( B, > B,), mit canh dén
khéng thé 14 mat phdng ma phai 1a mat cong. Tri s& cda B, va
B, cang chénh léch thi d¢ cong cda cdanh din cang ln.

2. N&u hai bom lam viéc c6 ¢t dp nhu nhau, bom nao ¢6 s6 vong
quay lam viéc it hon thi cdnh din cla bdnh céng tdc eha bom
dé phéi ¢é6 dd cong 14n hon.

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

Do d6 céc caip tri 8§ (8,, B,) khéng ¢d dinh, chung phéi thay déi
theo bdn kinh R, nghia 12 d6 cong cdnh din khéng déng déu & moi-
ndgi, ma phia trong sdt bau d6 cong cdnh din s& 16n nhat va gidm
din ti trong ra ngoai theo hudng kinh. Bé cong canh d4n nhé nhat
iing véi bédn kinh 1én nhét. Vi d cong thay ddi nhu vy nén mit
canh din 12 mat cong theo 3 chiéu khong gian, tiic dang xodn vé d6.

Pbuéng dac tinh

» Puéng dac tinh thue nghiém ciua bom hudng true ¢é nhimg nét
khée véi bom ly tdm.

Trén Hinh 3.35 thé& hién dudng dic tinh lam viée cda bom hudng
truc ¢6 canh din ¢d dinh véi s8 vong quay khong ddi.

Trong cdc bom huéng truc c¢d 16n thudng gip trudng hgp cdnh
din cGa bédnh cdng tdc c6 thé thay ddi géc xodn bing cdc co cdu co
khi bo tri bén trong bau banh cdng téc dé diéu chinh luu lugng bom.
Banh céng tdc nhu vay goi 12 banh céng tdc cé canh din diéu chinh
duge. Dai véi loai bom nay, dudng dic tinh 1am viéde duge xay dung
vOi cdc géc canh din khéc nhau.

u‘ ) —_

R
TINTNC O
j Sy~ ¥ ;i
)
L LA NN s
1 N

1 J e
goo sa00 o0 A(%s) @
je6n 3500 4000 q Yy
Hinh 3.35 - Budng déc tinh thifc nghiém
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So sdnh dudng dic tinh lam viéc cia bom huéng truc véi bom ly
tAm c6 thé thay cdc diém khdc nhau:

1.

Pudng dic tinh H — Q ¢6 dd déc 16n hon, nhat 1a & 2 diu. O
khoang gitta ¢6 thé c¢6 diém ubén hodc diém giy. Cot 4p cang
tang khi luu lugng cang gidm va 16n nhit khi déng khéa hoan
toan trén éng ddy (Q =0), H_ = ; T

Pudng déc tinh N — Q cing ¢6 hinh dang tuong tu nhu H - Q.
Khi Q =0thi N =N__.Cong sudt N__ c6 thé vugt tir 1,5 + 2
14n cong suat lam viéc bmh thuong cta bom.

Pudng dic tinh H — Q va N — Q ¢6 hai dic diém néi trén
vi khi luu lugng trong bdnh céng tdc nhé thi xuit hién dong
chay huéng kinh tir trong ra ngoai tao nén dong xody vong &
buéng chira banh cong tdc, dong xody nay cé cudng dd 16n
nhét khi Q = 0. Do 4nh hudng cia dong xody ma cot dp va
cong suat tang khi luu lugng gidm.

Pham vi 1am viéc t8i uu ciGa bom huéng truc tuong déi hep.
Néu bom lam viéc vdi luu lugng khédc luu lugng dinh mue
khéng nhiéu 1&m vé cd hai phia (16n hon ho#c nhé hon) th1
hiéu suit bom déu gidm rit nhiéu.

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

3.36.
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Piéu chinh ché d6 lam viéc
Do cdc ddc diém néu trén cha dudng dic tinh cha bom huéng
truc, khong nén déng khéa & dng ddy va khéng nén diéu chinh bom
béng khod. Trong bom huéng truc nén ding cdc bién phdp diéu
chinh khdc d& bom c6 thé lam viée vdi hidu suat tuong ddi cao.
Théng thung c6 thé 4p dung cdc phuong phép didu chinh bom
huéng truc sau:
1. Piéu chinh s6 vdong quay lam viée clia bom, khi c¢6 kha ning
thay déi duge s6 vong quay lam viéc cda ddng co.
2. Dung khép ndi thay luc cho phép thay déi s6 vong quay lam
viéc ca bom trong khi s8 vong quay cia déng cd van khong déi.

Van hanh va lip rdp bom huéng truc ciing tuong tu nhu déi véi
bom ly tdm.

BAITAP
Bai -1
Bdnh cong tdc bom ly tAm c6 cdc kich thuée chinh: 2R, = 100mm;

2R, = 250 mm; b, = 55 mm; b, = 23,7 mm. Luu lugng Q = 72,5 I/s; n =
. 1450 v/ph.

Hinh 3.37

Xay dgfng tam gidc van téc § cda ra va clta vao clia ddy cdnh cho
dong nguyén to trung binh. Biét cdc géc dit cdnh 8, = 32%; B, = 23,

Tinh cédc van téc thanh phéan ¢ ; ¢, va cdc goc o; a,.
n 2u 1 2
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Giai
bé x4y dung tam gidc vin tdc, cAn xdc dinh cdc van tdée thanh
phan:

+ Vién tée kinh tuyén: ¢, = —

3
Cir :g: Q = 72,5.10 =4,2m/s
F, 27Rb, 7.0,.0,055
. 3
e 2Q__Q _ msi Lo
F, 27R,b, m.0,25.0,0237
+ Van téc vong: u =R
U =R, = TR =104 05 g 6mys
30
b, —oR, =R = EM00 105 om/s
30
Tu céde thong s6 ¢, u, B, va ¢y, u,, B, xdy dung cde tam gide van

téc:

+ Xdc dinh cdc vén t8c thanh phan ¢, , ¢, va cde gée o, , o, .

¢, =u,—ccotgf =7,6-42.16=09m/s

C,, = U, —C,pcotgh, =19-39.2355=9.83m/s
e 42

P TR o, =77°55
Gy 39

tgaz —‘(':;‘—%—0,39? az =21040|

+ V& tam gidc van toc (Hinh 3.38)

Hinh 3.38- Tam gidc van téc
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Bai 1li-2

Bom ly tdm hdt nude tir 2 bé ¢6 mic nude chénh nhau theo do
cao a = 1m lén bé trén cing cé d6 cao b = 5 m (so vdi muc nude sat
bén dudi) vdi luu lugng Q, = 10 Vs, theo cdc nhdnh dutng éng 1 =5
m; d, = 50 mm ; d, = 75 mm (Hinh 3.39).

b _:_Z—__.
X — ‘e’d' B H’al
—_ o - = *@

a X

¥ A
==z *
ittt Y

14,

Hinh 3.39- S¢ dd bam

Xdc dinh c§t 4p clia bom, biét hé 6 ma s4at dudng éng A = 0,03;
khong tinh tén that cuc bd.

Giai
" Cotdpchabom: H=a+b+Y hy+Y h, =b+> hy+> h, (1)
Trong dé: Zh ap - 16N thit trong dudng &ng tir A dén B.
th - t6n that trong nhénh e.

Zh,. - ton that trong nhénh f .
T hé phudng trinh (1):

a+> h, =>h,

> h, —xdz— 1 =K,Q:

g d, 2gS;
1 Q:
zh ml_ ng =K1Qf
d 2g d, 2g5;
Hay a+K,Q! =K,Q? (2)
Do dé: Q=Q,+Q hay Q. =Q-Q, (3)

Thay Q_ vao (2): a+K,(Q-Q,) =K,Q?
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Ritra:  a+K,Q*-2K,QQ, =0

Q a
= — 4
Q 2 20K, _ (4)
L1 5 16 .
K, = A——— =003 ~397.10
Hay ', 2g8? 0,05 2.981 72 .0,05°

Thay cac dai lugng K, va Q vao (4):

Q=2+ 2 51074 ] .
2 20K, 2.10.107.397.10

=5.107 +1,26.107 =6,26.10°m’ /s = 6,261 /s
Q.=Q-Q,=10-6,26=3,741/s

H=b+Y hyg+ ) h,

2 -8
=5+003. — .10 '1,0 +3,97.10".6,26°.10"°
0,075 2.9.81..x°.0,075*

=5+2,65+1,55=92m
Pdp s6: H=9,2 m.

Bati -3

Bdnh cdng tdc bom ly tdm c6 bdn kinh ngoai R, = 200 mm, bén
kinh trong R, = 100mm, chiéu rong G clta vao b, = 100 mm, ch1eu
réng & cda ra b = 50 mm. Géc ra cia cdnh B, = 20°

X4c dinh moment va ¢ét 4p 1y thuyet trong trudng hgp ¢, = 0 va
s6 lugng cdnh 16n v ciing. Biét s6 vong quay n = 2135 vfph luu
lugng Q = 240 U/s.

Moment va c¢ét dp ly thuyét thay déi bao nhiéu khi ta gidm luu
lugng xudng mét nita.

St dung so db trén Hinh 3.37.
Bai lil-4

Bédnh cdng tdc cia bom hudng tryc ¢6 dudng kinh ngoai D = 600
mm va dudng kinh bdu d, = 0,2 D (Hinh 3.40).

Xdy dyng tam gidc van tde cho dong nguyén té trung binh va
tinh cdc van tdc thanh phan ¢_, ¢, . Cho biét cde dai lugng: Q = 750
Vs; n="730v/ph;w =13,25m/s ;w, = 71 m/s.

76



o
\_/

Al

1 0
T

T

Hinh 3.40

R+,
Hudng din: B4n kinh dong nguyén t6 trung binh: R, = > :

Ddp sé: ¢, =¢, =276 m/s; ¢ =077 m/s; ¢, = 7,2 m/s. -

Bai -5

Mét bom nudce lam viée véi s8 vong quay n = 1450 v/ph tidu hao
cong sufit trén tryc N = 21 kW, hiéu sudt n = 0,78. P cao giita hai
mye nude H, = 16 m, t6n that toan b Th = 0,5H, (Hinh 3.41).

Hinh 3.41

Xéac dinh cédc thdng s8 cft dp, luu lugng cha bom va dé cao hit cho
phép [z, ], biét hé s& chéng x4m thuc C = 900. Nhiét d6 nude t = 20°
va tong ton that trong 6ng hat Th, = 1/8 Th. Néu ting s§ vong quay
lén n’ = 1740 v/ph thi cdc dai lugng Q, H, {z,] thay d6i bao nhiéu?

Pdp so: H=24m; Q=695Vs; [z])=562m.
H=3456m,; Q=834Vs; [2]=433m.
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Bai -6
Bom ly tam c¢6 dudng kinh ngoai D, = 300 mm, n = 1450 v/ph, luu
lugng Q = 1266 m%h va cdt 4p H = 31 m.

DE tang luu lugng va cot dp, ting dudng kinh ngoai D, =1,5D,va
tang s vong quay n’ = 1,5 n.

1. Tinh cde thong s& luu lugng Q, ¢dt 4p H va cong suit trén
truc N, biét hiéu suat cta bom n = 83%.

2. Khéng thay d6i dudng kinh ngoai, thay ddi s6 vong quay n sao
cho cong sudt clia mdy chi bing % céng sudt ban dau.

Dap s6: 1) Q = 649 m%h; H = 157 m; N’ = 274 Kw;
2)n" = 1150v/ph.
Bai HI-7

Mdy bom nudc tiéu hao eéng suit trén true N = 70 kW. S vong
quay n = 960 v/ph, cot 4p H = 28m.

Xdc dinh s§ vdng quay n’ va luu lugng Q sao cho luu lugng nay
cia bom gidm di 25% so véi luu lugng ban ddu. Biét hidu suit cia
bom 1 = 0,863.

Dép s6: n' = 720 v/ph ; Q = 0,165 m¥s.
Bai I11-8

Méy bom nudc ¢ cdt 4p H = 15m, s6 vong quay n = 1450 v/ph,
hiéu suat n = 81%.

Xac dinh luu lugng va cong sudt clia bom. Biét s§ vong quay dac
trung n = 146 v/ph.

Ddp s6: Q = 41,7 /s : N = 7,6 kW.
Bai {ll-9

Bom ly tdm dat trén 46 cac VB = 4m, bom nudc tit bé dudi
VA=2m lén bé kin VC= 14m, ¢6 4p sudt du p, = 1,2at

Xac dinh luu lugng , ¢dt nuGe va cong sudt trén true. Bist ap suat
Pux = 26mH,0, dudng kinh 6ng d, = 100mm, d, = 80mm, chidu dai
dng 1, = 6m, 1, = 60m, hiéu suit cia bom n = 70%. ' '

Trong ldc tinh 18y hé s§ ma sat éng A, = 0,025; &, = 0,028. Hé s5
can cda ludi & = 7 va hé s8 can cia khod &, = 8.

Xay dung dudng do 4p cho hé théng.
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Hinh 3.42
Pdps6: Q =7,17Vs; H=2746 m; N = 2,76 kW
Bai HI-10

Trong tram thi nghiém, bom $6 1 bom nude ti b& B 1én bé A kin

Pox
v8i d6 cao h = 5m. B& A ¢6 4p sudt chan khong —— y = =V, = 8m.

Budng 6ng méi nhanh ¢6 chidu dai 1 = 10m va dudng kinh d =
50mm. Bom 2 bom nudc ti b€ A vé bé B cung luu lugng nhu bom 1,
Q: 6 Vs.

" Xac dinh cot ap ciia moi bom, biét hé s6 ma sat dudng éng & = 0,03
va tdng hé s6 t6n that cuc bd trong mdi nhanh £ =6,5.

Tinh d9 chan khéong V, trong b€ A sao cho cdt dp cla hai bom

bing nhau.
S;?VA ;
o o
V [A=TE
4 1
{ 4
Hinh 3.43 -
1
B
L ' Pck
Bdpsd: H, =3m; H, = ImV, = y =5 m,
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Bai -1

Nuéde chdy trong hé théng kin gom cé modt bom va mét bo lam
ngudi e6 hé sd cdn & = 20. Téng chiéu dai clia cdc dng néi 4] = 40m,
dudng kinh éng d = 40mm, hé s& ma s4at dudng dng A= 0,02. Piém A
trén dudng 6ng néi v6i binh bé sung ¢é d6 cao H = 6 m.

1. Xédc dinh c6t 4p, cong suit clia bom. Bigt luu lugng Q = 3,76 Us,
hiéu sudt cta bom n =0,7.

2. Xay dyng dudng do 4p cho hé théng, xdc dinh 4p suit & cla
vao cua bam,

3. Xdc dinh d9 cac H nhé nhit sao cho trong hé thdng khéng cé
chin khéng.

I
Hinh 3.44
Dép s6: 1.H=182m; N =096 kW,
Pv _
2. = L4m; 3.H,  =46m.

Bai lil-12

Bom ly tdm ¢6 duong dic tinh duge cho trong bdng vdi 58 vong
quay n = 1600 v/ph bom nuée tir bé dudi ¢6 dd cao V5m lén bé trén
¢6 4 cao V16m theo dudng 6ng hit 1, = 10m; d, = 100mm, dudng
ong day 1, = 30m; d, = 75mm. Biét hé s6 ma sat cla cdc dudng 6ng X,
= 0,025; A, = 0,027 va hé s6 ton that cuc bd trong cdc dudng éng &, =
2; £, = 12.

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

2. X4c dinh s8 vong quay n cia bom d€ tang luu lugng lén 50%.
Pudng déc tinh bom vdi n = 1600 v/ph.

Qil’ls)| 0 2 4 6 8 10 | 12 | 14 | 18

H{m) | 149 | 154 [ 155 | 149 14 12,2 | 101 8 4,3

n% ¢ 40 65 74 75 70 61 42 22

Huong ddn: Sau khi x4c dinh luu lugng cta bom Q,, tir giao diém
cia dudng 1,5Q, v6i dudng dic tinh ludi xdce dinh hé s6 K cua dudong
parabole tuong tu H = KQ? Pudng nay cit dudng déc tinh bom (n =
1600 v/ph ) tai mét di€m. LAy cac théng s6 clia diém nay va giao diém
cia dudng 1,5Q, vdi duong déc tinh ludi d€ tinh s8 vong quay n,.

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

Bai Iil-13

Bom ly tdm cé dudng dic tinh duge cho trong bang véi s8 vong
quay n = 1450 v/ph bom nudc tir b€ A d&€n bé B theo dudng dng xi
phéng c¢6 46 dai 3l = 75 m, dudng kinh d = 50mm. P§ chénh muc
nude trong hai bé Z = 8 m, diém cao nhat cla 6ng xi phéng nim
cdch muie nuée b€ Ala h = 5m,

Hinh 3.46

1. Xdc dinh luu lugng, cdt d4p, cong sudt trén truc bom. Biét ring
hé s8 ma s4at dudng éng A = 0,025; khéng tinh tén that cuc bd va cot
4p vén toc.

2. Bom dit trude hay sau xi phong? Tai sao?
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3. Xde dinh luu lugng trong 6ng xi phéng néu bom khéng lam viéc.

4. Xdc dinh c6t 4p chan khéng & di€m cao nhat ciia ong xi phéng

khi bom lam viéc va bom khéng lam viac.

Buéng dic tinh bom véi n = 1450 v/ph

Q(l/s) 0 2 4 6 8 10
H{m) 13,2 14,2 13,2 10 4 -
(%) - 40 60 60 40 -
Bdp sb:

1.Q=6Vs; H=10m; 1 = 60%. 2. bat trude.
3. Q=4 Vs,

4. Po chan khéng khi ¢6 bom: 1m; khi khéng ¢6 bom: 7,67 m.
Bai llI-14

Bom ly tdm ¢6 dudng ddc tinh duge cho trong bang véi s& vong
quay n = 2900 v/ph bom nuée tir b€ A dén bé B theo dudng éng xi
phéng cé dd dai 21 = 20 m, dudng kinh d = 40mm, hé s8 ma sdt clia
cdc dudng dng A = 0,03. Pé chénh mic nude trong hai b€ a = 2 m,
diém cao nh4t ctia 6ng xi phéng K cich mutc nude bé A 14 b = 8 m.

i
i
e

e bull
LB

o e &

Hinh 3.47
Xdc dinh s8 vdong quay nhé nhit cda bom sao cho 4p sudt tai
diém K kHéng nhé hon 4p suat khi troi.
Bdng déc tinh véi s6 vong quay n = 2900 v/ph
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Q(lfs) 0 2 4 6 8 10

H({m) 13,2 14,2 13,2 10 4 -

n{%) - 40 60 60 40 -

1 v?

Huong dén: Xay dung dudng dac tinh lugi: H=-2a+ ka2_g sau
dé viét phuong trinh cho dp suét tai diém K bing dp suit khi troi
Pe _H —b-KQ?=0

Y
Trong dé: K - hé s§ dic trung t8n that ti bom dén diém K;
H,;Q - cOt dp va luu lugng clia bom dng véi s6 vong
quay n' can xéac dinh.

Ap dung cdc céng thitc tuong tu cot 4p va luu lugng, ta sé cé

phuong trinh xdc dinh s6 vong quay n'.

Pdp s6: n' = 2500 v/ph.

Bai I1-15

Bom ly tdm c¢6 dudng dic tinh d4 cho trong badng vdéi s6 vong
quay n =1450 v/ph bom nudc tir giéng 18n bé chida ¢6 dé cao H = 12m
theo dudng 6ng 1, = 8m; d, = 100mm, 1, = 16m; d, = 75mm; vdi A, =
0,03; 1, = 0,035 ; &, = 6 ; &, = 10,

B
1

Q.
Iy if e

—

Hinh 3.48

NN s
[N
iy

Bt Sunay s

\
N
N
\

1. Xdc dinh d6 sau h cia mde nuée khéng doéi trong giéng, biét
luu lugng bd sung Q = 8 I/s.
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2. Xdc dinh s3 vong quay, luu lugng cia bom d& nudce trong giéng

khing tran ra ngoai, khi cé luu lugng b sung Q = 8 Us.

Budng déc tinh bom véi n = 1450 v/ph

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

H {m) 22 224 | 226 | 224 | 21,5 20 18 15 11
n% 0 a7 58 71 75 74 68 56 37
Pap so: 1.h=6,13 m; 2. n' = 1260 v/ph; Q = 6,95 Vs.
Bai Ill-16

Bom ly tdm cé duéng dic tinh duge cho trong bang bom nudc

mach tir giéng sau sang giéng khdc theo mdt dudng éng mém téng
chiéu dail = | +1L,=7Tm,d=01m.

4,d

My

T S
ll
)t
L

SSRANN A, N
Hy

I

l‘

' ra
S TR T

//////l A

W

Hinh 3.49

X4dc dinh théi gian bom 4€ mdc nudc trong gleng ha xuéng H|
3m, biét d6 chénh mudc nude cubi cung gitta hai giéng l1a H, = 4m
dlen tich cia gi€ng siu 6,25 m?, hé s ma s4t du’éfng ong 7L 0,04,
téng hé s8 cdn euc bd trong éng hit &, = 6, trong ong ddy &, = 4.

Bang duong dic tinh

Q{l/s) 0 10 20 30 40 50

H(m} 9 10,8

10,8 9 6,5 3
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Huéng ddn: thoi gian cAn tim xdc dinh tir luu lugng trung binh

_ QI +Q2

cia luu lugng ban ddu va lwu lugng cusi: Q, = >
Dip s6: t = 12,4 ph.
Bai 1l1-17

Bom ly tdm c6 duong déc tinh duge cho trong bang vdi 5§ vong
quay n = 900 v/ph bom nude tit b€ dudi c6 mic nude V = 0 qua mét
giéng trung gian réi 1én b& chda trén ¢6 muc nude V = 20m.

AN

1)

OSSN SSTERRRNES

oD

LA‘ ‘g-ldl

Hinh 3.50

1. Xdc dinh s6 vong quay, cong suélt cia bom, biét luu lugng Q =
60 Us; cdc thong s8 dudng éng: 1, = 10m; 1, = 10m; 1, = 100m; d, =
0,2m; d, = 0,2m; d, = 0,15m; A = 0,03; i vdi tat ca cdc dudng dng.
Khéng tinh tén that cuc bd.

2. Xdc dinh chiéu cao hut, biét dd chan khéng cho phép & cia
vao cta bom [H., ]=6m .

Béng dudng dac tinh v6i s¢ vong quay n = 900 v/ph

Qgll/s) 0 10 20 30 40 50 60 70

Hs(m) | 12,6 [ 18,25 135 | 1325 | 125 1 9,5 7.5

n% 0 45 67 77 82 82 75 60

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

Bom ly tam cé dudng dic tinh duge cho trong bang véi s§ vong
quay n = 900 v/ph bom nudc 1én cao H, = 6m theo dudng dng cé 1, =
20m; d, = 0,2m, 1, = 100m; d, = 0,15m; véi A, = 0,02; A, = 0,025.

Hinh 3.51

1. Xde dinh luu lugng cia bom khi 1am viée véi s0 vong quay n =
900 v/ph.

2. So sanh céng suft ctia bom khi gidm luu lugng di 25% bang hai
cdch: didu chinh bing tiét luu va thay d6i s§ vong quay.

Bang dudng dic tinh véi s6 vong quay n = 800 v/ph

Qgll/s) 0 10 20 30 40 50 60 70

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

n% 0 45 67 78 81 79 74 60

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

Bai Ill-19

Bom ly tdm c6 dudng dic tinh duge cho trong bang, bom nude
18n d6 ecao H, = 15 m. Bom dat ¢ d¢ cao hdt h, = 4 m. Dudng kinh
ong hit d, = 100 mm v& dudng kinh éng ddy d, = 80 mm, tong hé 56
tén that tren du‘éjng 6ng hit & = & va trén du&rng éng ddy &, = 22
{chua ké hé s& ton thit cha khéa).
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X4e dinh luu lugng 16n nhat theo d3 cao hit d4 cho, gi4 tri hé s§
cdn ciua khéa vdi luu lugng 16n nhét va cong suit cia bom.

Bang dudng dic tinh

Qgall/s) C 2 4 | 6| 8 10 12 14 16 | 18 1 20

He(m) |45 | 47,5 | 49 |48 | 47 (44,7 | 405 (355|295 23 | 15

[Hek](m)}| 9 { 88 [84| 8 |75 7 6,6 |615| 55 (48| 4

n% - - 60 |65 68 695 | 70 |695| 68 | 65 {60

Huong dan: Giao di€m cda dudng dic tinh d6 chdn khéng cho
phép [H_. ] = fQ) vdi dudng bidu dién d9 chan khong trude cifa bom
chinh 13 diém tuong ing véi dai lugng luu lugng 16n nhat.

D¢ chén khong trude cirta bom 1a ham cda luu lugng duge biéu thi
theo cong thie:

Pex =z, +h, P
Y 2g

2
v
Trong dé: hy =&, 2_; - t8ng ton that trong dudng éng hat.

Ddp s6: Q = 16 U/s; £, = 4,6; N = 6,85 kW.
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Bai llI-20

Bom ctu héa ¢6 dudng d¥c tinh duge cho trong bang véi n = 3000
= 16 m. Xac dinh céng sudt va luu
lugng cia bom, bigt dudng kmh éng ndi mém d, =100 mm, ] =6 m
(A, = 0,025; &, = 4), d,=90mm, 1, =40 m (%, _0035 g‘,b_10) Voi
phun cudi éng mém c6 dudng kmh d = 40 mm, hé s&§ ton that & =

v/ph, bom nuéc 1én d6 cao H,

0,08.

Huéng dan: Cét ap cha bom:

Trong dé: Th —téng t6n that

H=HT+Zh+;—

Béang duéng dic tinh véi n = 3000 v/ph

5 - ¢6t d4p van tdc cha dong chay ra khéi vdi phun.

Qs(l/s) 0 5 10 15 20 25 30 35
He(m) | 140 140 136 130 121 110 98 83
n% 0 34 55 68 75 77 73 65

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

Bom ly td&m bom nude tit bé A 1én hai bé B va C ¢6 dé cao h, =20
m; h, = 25 m vdi luu lugng trong mdi nhdnh Q =Q,. = Q = 4 I/s.
Buorng ong AK c6 chiéu dail = 100 m, d, = 75 mm; dudng 6ng KC va

KBcododail =1, _50mv§1d = d, -50mm Hesomasétdmmg
fng A = 0,025.

Xac dinh hé s8 cdn clia khod & sao cho ddm bdo luu lugng trong
hai nhdnh bing nhau va ¢éng suit hiu ich cia bom.

[
Ll._ll
!
ro

Hinh 3.54

Dép s3: & = 23,6; N, = 2,8 kW.
Bai Ili-22

Bom ly tdm bom nudc theo hé théng dudng éng (1=5m, d, = 70
mm) dé€n di€m A chia 1am hai nhanh ¢6 dudng kinh &ng d = 50 mm

va c6 46 dai 21 d8i véi moi nhdnh. Luu lugng trong nhdnh phai Q =
10 Vs; dd caoh = 1 m,

Hinh 3.55 2d-

X4c dinh cbng suat trén truc bom. Biét hidu sudt n = 0,8; hé s&
ma sit dubng dng A = 0,03 va hé s& cén trong éng hat &, = 4.

Pdp s6: N = 4 kW.
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Bai H1-23

Bom hudng truc ¢6 luu lugng @ = 14400 m¥h, ¢t 4p H = 21,8 m,
n = 585 v/ph, hiéu sudt n = 80%, cft 4p du tri chdng xdm thuc Ah, =
10 m.

Tinh cng suat trén truc bom va chiéu cao hit cho phép néu
ting hiu lugng 1én 25%. Cho t6n that trong dudng dng hith, = 2 m
va nhiét dd nude t = 20°C.

Pdp sé: N = 2100 kW; (z,] =-9 m.
Bai 11-24
Bom hudng truc ¢é luu lugng Q =1300 m%h, n = 580 v/ph.
1. X4c dinh dudng kinh ngoai, dudng kinh bau etia bom, biét van
téc thanh phan ¢ = 3,28 m/s; ty s§ d./D = 0,5.
2. X4c dinh cft nude thue va cdng sufit cha bom, biét géc o, = 90°
B, = 23° 40’ ctia dong nguyén t6 trung binh D, = (D + d,)/2; n = 84%;

N = 97,6%.
— d _—
LB
!
Hinh 3.57
Dé4p so: 1) D = 450 mm; d, = 225 mm.

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

Bom hudng truc lam viéc trong mét tram bom cé cét 4p H = 12,3
m, luu lugng Q = 15 m¥s, n = 250 v/ph va hé 56 xdm thuc o = 0,615.
Sau khi xay dung lai tram luu lugng ting 1én Q = 19,6 m%s.

Xde dinh cong sudt, cdt dp dy trid chéng xdm thuc Ah cda bom
trong diéu kién mdi, biét hiéu suat cia bom n = 0,8.

Huong ddn:Cot 4p du trit chdng xam thyc duge xdc dinh theo

0 thuc: O =
de: 0 = —
cong ¢ I

DP4p sob: N = 5060 kW; Ah =127 m.

91



Chuong IV. BOM THE TICH

KHAI NIEM CHUNG VE BOM THE TicH

Khai niém chung

Miy thiy lue thé tich néi chung bao gbm: bom thé tich va déng
cd thiy Iye thé tich. Bom thé tich ddy chat léng bdng 4p sudt thay
tinh, cdn déng co thiy lyc thé tich thi bién dp nang cda dong chéat
léng thanh co ning.

Vé nguyén tdc, moi m4y thiy luc thé tich ddu c6 thé lam viée
thudn nghich, nghia la 1am duge ¢ hai nhiém vu: bom va ddng co.

a- Ciu a0 va nguyén Iy lam viéc

Xét s¢ d6 lam viée cda bom thé tich kidu piston ¢6 chuyén déng
tinh tién duge néu trén Hinh 4.1.

o fL/" 5

e T
- _._.P ‘ :4-_.?_ _._é.ﬂﬂf‘if__ a
= 4
T \ ﬁl\ ‘ '":_(,
Voo 3
1 2 | & T

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

Hinh 4.1 - Sg d6 lam viéc clia bom thé tich kidu piston

Khi piston 1 sang trdi, thé tich budng lam viéc a tang lén, ap
sudt § day gidm, nén chit 16ng tit 6ng hdt 3 qua van mét chiéu 4 vao
xilanh 2. Khi piston 1 sang phai, duéi 4p luc P cia piston, chit léng
trong xilanh bi nén véi 4p sudt p qua van mét chidu 6 vao 6ng diy 5.
Phén thé tich buéng lam viée thay d6i dé hut va ddy chat 16ng duge
goi 1a thé tich lam viéc.
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b- Phin loai bom thé tich

Bom thé tich gdm nhiéu loai.

Theo cong dung, c6 thé chia lam hai loai:

* Bom nudc va cde loai chét 16ng khic.

* Bom dau diung trong cic hé thong truyén dong.

Theo két ciu va dang chuyén déng, ¢6 thé chia ra 3 loai chi yéu:
* Bom piston (chuyén déng tinh ti&n).

* Bom piston-roto (vita ¢6 chuyén déng tinh tién vira c6 chuyén
déng quay).

* Bom roto (chuyén dong quay).

Cac théng s6 lam viéc cd ban clia bom thé tich

Cdc thong s6 lam viée co ban cia bom thé tich cé mét s6 dac
di€m khdc vdi edc théng s6 cia bom cdnh dan,

Theo nguyén 1y, dp sudt cia chit 1éng trong mdy thiy luc thé
tich chi phu thujc tdi trong ngoai. Néu budng lam viéc hoan toan
kin, thi luu lugng cta may khéng phu thudce vao dp suit, con 4p suat
c6 thé tang lén bao nhidu ciing dugc tuy thudc vao dp suat phu tai va
+ ¢dng sult clia bom. Khi d6 luu lugng cha mdy thiy lge thé tich chi
phu thube vao véan tdc chuyén déng cia piston. Néu van tdc piston
khong thay déi thi luu lugng ciing khéng thay d4i.

Nhung thye t&, budng lam viéc khéng thé tuyét d4i kin véi moi
tri 85 4p sust. Khi tai trong lam viée téing d&én muc nao 46 s& xuat
hién sy chay ro chét 16ng, néu ti€p tuc ting tai trong thi luu lugng
cha mdy s& hoan toan mat m4t do rd ri. Ngoai ra, dp sudt lam viée
con bi han ché& bdi sie bén cha m4y.

Do véy, d6 ddm bao sy 1am vige binh thudng cia may, phii han
ché€ 4p suit lam viée t6i da bing cich ding van an toan (van s& ty
déng théi chat 16ng d€ gidm 4p suat lam viéc khi tai trong qud lén).

a- Luu hiong

Luu lugng 1y thuyét Q, (lwu lugng chua ké téi sur chiy ro) bang
tong cda thé tich 1am viéc cGa mdy trong mét don vi thdi gian:

Q, = q.n (4.1)
q, - luu lugng riéng cta mdy (trong mét chu ky), la thé tich
lam viée cha mdy trong mét chu ky.

n - s§ chu ky lam viée caa mdy trong mét don vi thoi gian
(thudng biing s§ vong quay cia truc mdy).
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QI la huu lugng tinh trong ed qud trinh trong mét don vi thoi
gian nén con goi 1a luu lugng trung binh ly thuyét. Khdc véi may
thiy luc cdnh dén, luu lugng tic thoi cda mdy thiy lye thé tich thay
d8i theo thsi gian, k€ ca khi méy lam viéc én dinh.

b- Ap suat

Cot 4p clia mdy thiy e thé tich duge tao nén chii y&u bdi sy
thay d6i 4p sudt tinh cda chat 1éng khi chuyén dong qua may. Do do,
trong mdy thiy lue thé tich thudng dung dp sudt d€ biéu thi kha
nang tai cia may.

Cot 4p H va 4p sudt p lién hé vdi nhau bing cong thic thiy tinh
hoe ¢co ban:

n==2
»

y- trong lugng riéng cla chat 16ng lam viéc.

(4.2)

Ap sudt trong bubng lam vigc ¢6 lién quan dén luc tie dung hode
moment quay cia may.

e D& véi may thiy luc thé tich ¢6 chuyén dong tinh tién, 4p
sudt lam viéc p téc dung 1én piston tao nén dp lyc P:
F - dién tich 1am viéc caa mit piston.

« Dé&i véi may thiy luc thé tich ¢é chuyén déng quay, dp suit
lam viéc p tdc dung 1én roto tao nén moment quay M:

M = kp (4.4)

- 14 hing s6 d6i vcn may, phu thudc vao két cdu va kich
thuoc may, duge goi 1a hé s6 moment

Hé s6 k, c6 thé suy tif cong thic tinh céng suat 1y thuyét.
Néu bd qua céc ton that:

N =N,
N, = yQH (4.5)
Thay H = p/y vao phuong trinh (4.5):
N =Q.p (4.6)
Mit khdc: N, = oM, nén:
M= 9—113 (4.7)
@
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So sanh cdc phuong trinh (4.4) va (4.7):

koo _an_q
g ==t= o
© 2mn  2n
k,, thuc t& < k,, Iy thuyét va phu thudc vaoc hiéu sudt .
Moment quay M theo phuong trinh (4.7) 1a 1y thuyét (bd qua tén

thét), trong truong hop xét cdc tén that thi moment quay clia bom
dude xde dinh theo cong thiie sau:

(4.8)

PQ = nMuw;
Q k
Hay M=—"p=—"tp (4.9)
ne- M

c - Hiéu sudt va céng suat
Hi¢u suat toan phan cia mdy thiy luc xdc dinh theo cong thic
chung:

N=NeNcMy (4.10)

Déi véi bom thé tich, ton that thiy lye tuong d6i nhé (vi dong
nang nhé) nén thudng cho n, = 1. Do dé:

N=TNyMc (4.11)

Coéng suit lam viée cGa bom thudng duge xdc dinh bing céc
théng s6 thay luc:

N 1QH _pQ

4.12
- n ( )

BOM PISTON

Cau tao, nguyén ly iam viéc

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

Xét so do trén Hinh 4.2, hai diém B, B, cGa piston tuong d&i vdi
hai vi tri C,, C, cia tay quay. Khi trong budng lam viée 5 chia diy
chét 1éng, néu tay quay tir vi tri C, quay theo chiéu mii tén thi
piston di chuyén tit B, vé phia trai. Thé tich budng 5 ting dan, 4p
sudt p trong d6 gidm di va bé hon 4p sudt m4t thoang bé chia p, (p
< p,» Do d6 chat léng tir bé hidt qua van hit 6 vao budng lam viée 5,
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Hinh 4.2 — C4du tao va nguyén ly lam viéc cta bom piston tac dung daon

trong khi d6 van ddy 4 déng. Khi piston chuyén déng tit B, > B,
bom thyc hién qud trink hit. Khi tay quay dén vi tri C, (piston dén
vi tri B)) thi qué trinh hiit cia bom két thic.

Sau dé, tay quay ti€p tuc quay tit C,» C, piston d6i chiéu chuyén
dong tu B — B,. Thé tich budng Iam v1ec gidm dan, d4p suat chat
16ng ting len van hiit 8 bi déng, van day 4 mé chat léng chiy vao
dng ddy. Qud trinh piston di chuyén ti B, — B, goi 1a qud trink déy.

Nhu vay, cd mdt vong quay cia tay quay thi bom thuc hién lan
lugt hai qud trinh hit va ddy lién tiép. Néu tay quay tiép tuc quay
thi bom 13p lai qud trinh hit va ddy. Do d6, qu4 trinh hit va ddy
cia bom piston gidn doan va xen k& véi nhau. Mét qud trinh hit va
ddy ké& ti€p nhau duge goi la mét chu ky lam viée cia bom.

Kha ning tu hut cda baom piston

Khdce vdi bom ly tdm, bom piston khéng cidn méi, bom cé kha
nidng tu hit.

Goi W, 1a thé tich khéng khi & éng hit va budng lam viéc (khi
piston 4 B ;). Néu piston di chuyén dén B, thi khong khi gian ra véi
thé tich lcffn hon, bang W_ + FS (FS - thé t1ch xilanh). Gia st khong
khi gidn nd doan nhiét, thl 4p sudt khong khi trong budng 1am viéc
lap<p;

— o
P=P. 5 W, +FS <P,

Do p < p_ nén chét léng tit b€ huit chdy vao éng hit va ding lén

theo d6 cae h:

pa - P . 2 ,
h= (chua ké tdi ton that)
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Néu piston ti€p tuc lam viéc, chit léng tir bé hit s& dang dén
theo ng hit va dién day bom. Khi d6 xem nhu bom da tu mdi xong.

Uu diém cda bom piston

e (6 thé taoc nén Ap suat lén.

e Cau tao don gian.

Nhugc diém

e Chuyén dong clia chat 16ng qua bom khéng déu, do d6 luu

lugng caa bom dao dong.

e K&t cdu ctia bom tuong doi c¢ong kénh.

Khi 4p sudt nhé hodc trung binh, thuténg ding bom ly tdm c6 lgi
th& hon. Khi cln 4p suit cao hodc rit cao (tif 200 at trd 1én) va luu
lugng tuong déi nhd thi bom piston chiém uu thé.

Phan loai

a - Theo hinh ding piston

Cé hai loai:

s Bom piston dia: piston ¢é dang hinh dia, mit xung quanh caa

piston tiép xuc véi vach xi-lanh nén duge goi 1a piston gisp véch.

o Bom piston try: piston ¢6 dang tru v6i dudng kinh tuong déi

nhd, mit xung quanh khong tiép xic véi vach.

b- Theo sé lin tic dung

e Bom tic dung don hay con got bom tdac dung mét chiéu. Trong

loai bom nay, chat 1dng lam viée & vé mot phia cia piston.

Mgt chu ky lam viéc caa piston chi ¢6 mét qud trinh hat va
mdt qué trinh d4y néi tiép nhau.

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

loai bom nay, piston lam viéec cd hai phia, do dé ¢6 hai buéng

" lam viéc A va B, 2 van hiit 1, 4 va 2 van ddy 2, 3. Trong mét

chu k¥ lam viéc ciia bom ¢é 2 qud trinh hit va 2 qud trinh d4y
(Ichi budng A hiit thi budng B d4y va ngudc lai).

e Bom tic dung nhiéu lén: cé 2 loai:

s+ Bom tde dung 3 lan: Trong mét chu ki 1am viée (mbt vong
quay cta truc bom), loai bom nay ¢ 3 qua trinh hit va 3 qua
trinh ddy, do 3 bom t4c dung don ghép lai véi nhau, cde
piston dugc din déng bing mét truc khuyu, cé chung ong
hit va ng ddy. P& c¢é dao dong luu lugng nhé nhat, cic tay
quay duge bé tri léch nhau theo gée 120
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Hinh 4.3 — Bom piston tac dyng hai phia

+ Bom tdc dung 4 lan: Pay 1a kiéu bom do hai bom tdc dung
kép ghép lai véi nhau. Tay quay cda hai bom dét léch nhau
theo géc 90°.

c- Theo 4p suat

+ Bom 4p suit thdp: p < 10 at.

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

d- Theo luu lugng

e Luu lugng nhdé: Q < 15 m%h.

e Luu lugng trung binh: Q = 15 + 60 m%h.
s Luu lugng 1én: Q > 60 m¥h. ~

Céch tinh luu lugng ciia bom piston
a- Luu lugng ly thuyét trung binh

P61 véi bom téc dung don, thé tich lam viée trong mot chu ky la:

q=FS (4.13)
Péi v6i bom tac dung kép.
q=S(2F-f (4.14)
nD?

Trong dé: F= e dién tich lam viéc cia mat piston.



D - duong kinh piston

nd?

f =

- dién tich mit cdt can piston

d - dudng kinh cdn piston
S - hanh trinh cda piston

Tu phuong trinh (4.1), luu lugng 1y thuyét trung binh cia bom
piston tdc dung don la:
gn FSn s
= —=—— my 4.1
Q, 60 co M7 (4.15)
Luu lugng 1y thuyé&t trung binh cfia bom tdc dung kép la:

Sn
Q, =(Q2F-1f):— m¥s (4.16)
60
n - 56 vong quay trong mét phiit cda truc bom.
b- Luu lugng trung binh thuc

Luu lugng trung binh thyc bao gid cling nhé hon luu lugng 1y
thuyét d4 tinh & trén vi nhitng nguyén nhan sau:

e B) phén 16t kin cia bom va & cdc van khéng thé ddm bdo
tuyét d6i kin khi bom lam viéc.

¢ Sy déng mé chim cda van hit va van ddy trong qud trinh hiit
va day k& ti€p nhau.

o Khang khi lot vao bom.
Vi vay luu lugng thue trung binh cda bem piston la:

Q=1,Q, (4.17)

Ng - hiéu sudt luu lugng cia bom phu thude vao cde
nguyén nhin ké trén.

* My = 0,85 + 0,90 - 461 v6i bom nhé (c6 dudng kinh piston D <
150 mm)

* 1ng=090+095- d61 véi bom vira (D = 150 + 300 mm)
¢ Mg = 0,95 = 0,98 - d6i v6i bom 16n (D > 300 mm)
c- Luu lugng tic thoi

Theo 1y thuyét thay luc, cé thé xdc dinh luu lugng cia bom piston
tac dung don tai mét thai diém bat ky:

Q =Fv (4.18)
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v - vén tdc tic thoi cha dong chét 1éng trong bom, cling chinh
la van t8c tuc thoi eda piston.

C6 thé k&t luan, sy bign ddi luu lugng cha bom phy thude vao
sy thay d6i cda van t8c piston. Khio sdt chuyén déng cta piston
cia bom truyén din béing co cfu thanh truyén - tay quay (Hinh 4.4),
trong dé:

F - dién tich bé mit piston.

¢ - goc quay cha tay quay.

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

1 - chiéu dai thanh truyén.

x - khodng cédch tit mit lam viéc cda piston d&n vi tri gidi han B,.

Néu chiéu dai thanh truyén 16n hon chidu dai tay quay nhiéu,
khodng hon 10 14n (R/l < 0,1) khi d6 ¢6 thé gia thiét:

x = CT =R - Reosg

x = R(1 - coso) (4.19)
Trong d6: ¢ = w.t (& - vAn téc géc, t - thai gian)
Van tée tde thai cda piston la:

V= g)i = Rsin(pd—(p
dt de
Do d4é: v =oRsing (4.29)

Luu lugng tide théi eda bom tdc dung don la:

Q =FwRsing (4.21)

Cé thé thdy, luu lugng tic thii clia bom piston dao déng theo ham
sine va dat gid tri cyc dai (Q_,) khi ¢ = n/2, cuc tiéu (Q__ = 0) khi ¢
= 0.

—

|

i

> »
5/@ ol/ |2

i FoR 2, /2 n cp-;(rad)

Hinh 4.4 - So d6 dao ddng iuu lugng clia bom piston tac dung don
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Bing cdch 1ap ludn tuong ty nhu trén, c6 thé xdc dinhbidu d8 luu
lugng tue thoi Q = f{ep) cha bom piston tdc dung kép (Hinh 4.5).

: Q4 .

fl |

! Qrmax Q !

| max

i P \ 0 Q o |
2FOR Q w72 n 2 2= (ZFHoR

' Hanh trinh tién Hanh trinh 10i

phia khéng ¢cén phia ¢é cén
Hinh 4.5 - So d& dao déng Iuu iugng cla bom piston tac dung kép

- Qua biéu 46 luu lugng Q = flo) cia bom piston tdc dung don va
kép, c6 thé nhan thdy luu lugng cia bom dao ddng trong pham vi
1én. Pé ¢6 hwu lugng déu hon (dao déng it hon), nén dung bom
piston c6 tdc dung 3 1an ho#c 4 14n. Biéu d6 luu lugng cia bom téc
dung 3 14n hodc 4 l4n cé thé xay dung bing cdch cong cde bidu do
luu lugng cha cdc bom don va cde bom kép (Hinh 4.6).

lex

0 m 2n tp:
Hinh 4.6 - S0 d8 dao dong luu lugng cla bom piston tac dung 3 18n va 4 14n

Qua cédc biéu d6 luu lugng, c6 th€ nhin thiy bom piston tdc dung
3 1an ¢6 luu lugng déu nh4t. Trong thue tidn, it sif dung bom cé tdc
dung 16n hon 4 lan.

Pé ddnh gid mude 4 khong déu efia luu lugng bom piston, thudng
dong hé sé khéng déu vé luu lugng v

Qmax
yY=— 4,22
Q ( )
» D&i v6i bom tde dung don:
21 i 2nn yis
=FR—— khi ¢=—,0=——,8in—=1
Qs = FR7G khi 9= 0= sing
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Trong trudng hgp téng qudt, Q duge tinh nhyu sau:

j.f(x)dx .

27 60

trong 4é: f(x) = FRosing

Nhung do trong khoédng ¢ = # + 2r luu lugng biing 0. Do d6 Q cho
ca chu ky sé la:

n
Q=F2R &0
Do d6, hé s3 luu lugng khang déu clia bom piston tdc dung don la:
FR 210
y=—O —n-314
FR —
60

* Bom tdc dung kép va bom tdc dung bén 14n c6:

L8

=T o157
¥ 2
e Bom tdc dung 3 lan:
n

=—=105
¥ 3

Vay bom tdc dung 3 l4n ¢6 y nhé nhit, didu nay phd hgp véi
nhén xét qua cdc biéu dé luu lugng.

Chuyén ddng khéng &n dinh clia chat Idng trong bom.
Phugng trinh Bernoulli va bién phap khac phuc

a- Phuong trinh Bernoulli cho dong chat léng trong bom

Chuyén déng khéng 6n dinh:

Phan trén da dé cap van tdc chit 16ng chuyén déng trong bom

, , dv
phu thudc van tde chuy&n dong cla piston v = f{t), c6 gia tée m #0,

Chét long chuyén déng c6 gia téc thay ddi theo thei gian doc theo

D e - dv
dong chdy. Gia t8c nay cé th& duong (+) hodc 4m (-) G >0 hodic <0

Nhu véy khoi chat 16ng ¢6 khéi lugng m chuyén déng trong bom sé
chiu tdc dung eda lye quén tinh la:
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1= m (4.24)
a dt ‘

(d4u (-} biéu thi lyc qudn tinh nguge chidu vé6i gia toe).

Luc quédn tinh tdc dung lén dong chdy trong bom ¢6 anh hudng
khéng t6t dén bom, dudmg éng va cdc bd phan khic.

T phuong trinh (4.24), ¢6 thé thady néu tai mot thei diém nao do,
khéi chdt 184ng dang chuyén déng cé gia tée cling chiéu v6i chidu
chuyén dong, thi hic d6 Iuc quén tinh s& tdc dung ngugc chiéu chuyén
doéng. Lic nay lue quén tinh déng vai trd lyc ¢dn ting thém 4ddi vdéi
dong chit long.

Nhung néu gia téc nguge chiéu chuyén dong, thi lue quén tinh sé
tac dung cung chidu véi chidu chuyén déng, lic 46 khéi chat 1dng
duge bé sung thém ning lugng. Ning lugng nay cé tdc dung khic
phuc nhitmg luc cdn khéc.

Vi vAn t8c piston thay d6i ¢6 chu ky nén gia tdc dv/dt ciing thay
d6i c6 chu ky cé vé tri s§ tuyét déi va chidu, do d6 lyc qudn tinh sinh
ra trong bom piston chinh 14 tai trong dong c6 chu ky, tdc déng vao
cdc bd phén cha bom va hé thong.

. Tir d6 c6 thé nhan xét dong chdy trong bom piston 14 dong khéng
én dinh. Do viy trong phuong trinh néng lugng cta dong chiy khong
én dinh phai c6 thanh phéan clia lue quén tinh.

Phuong trinh Bernoulli

Xét dong nguyén t& chit 1éng chuyén déng trong bom tir mit cit
1 dén mat cit 2 bat ky. Vi dong khéng 6n dinh nén bién thién ning
lugng don vi toan phan tir mit cdt 1 d&€n 2 cla dong chiy 1a d€ khic
phuc lue cdn va vugt qua lyc qudn tinh xudt hién trén doan 1-2.

Néu m = 1/g 14 khéi lugng cha mdt don vi trong lugng chat 1éng

1 v
thi lyc quan tinh tdc dung l1én m =& 1.-1:;5.

Do dé c¢6 thé viét phuong trinh chuyén déng cho dong nguyén té

cia chuyén dong chat léng trong bom piston:

0 p v') do 1 ov
—|z+—+—{+—+——=0 (4.25)

oS Yy 2g) ot g ot :
Trong d6:

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

2
Z+E+V—+Eh+lj—aj—-6$=const (4.26)
Y 28 goot
1 pov )
Thanh phan E ,[E'as xuit hién do ¢6 luc quén tinh trong

dong chdy, thanh phén nay ciing duge biu thi biang cot chét 1éng,
do vay dugc goi 12 ¢t dp qudn tinh, ky hiéu h :

1 ¢ov
h. =1 [Yas

Cot dp quén tinh c6 thé giy ra hién tugng xdm thyc va lam hu
héng cédc thiét bi ciia bom va hé théng. Vi vdy cdn phai nghién ciu
céc quy luat bi&€n thién cha 4p suat tai budng cong t4c cia bom trong
qud trinh lam viéc.

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

Tde hai ciia chuyén déng khéng én dinh trong bam:
e Lam tdng tdn thit thay lue.
e G4y chédn dong.

o N&u bom lam viée trong hé thong éng dai c¢6 thé xuat hién va
dap thiy lue 1am héng cdc bd phén ciia bom va hé thong.

e Trudng hop hé théng nhiéu bom cing 1am viée, ¢6 thé xdy ra
hién tuong cing hudng bién d6 dao ddng cha 4p suit.

Bign phdp khdc phuc chuyén déng khéng én dinh:
1. Dung bom tdc dung hai chiéu (hom tdc dung kép).

2. Dimg bom ghép. Nhu & phdn trén d4 trinh bay, hé s khong
déu vé luu lugng clia cdc bom piston ghép nhd hon cia bom
tdc dung don rit nhiéu.

3. Ding binh khong khi d€ diéu hda luu lugng va 4p suét. Binh
khéng khi diéu hoa luu lugng va 4p sudt (goi tdt la binh diéu
hoa) cé k&t clu rat don gidn. D6 1A cdc binh chia kin dat ngay
sat trén dng hit va éng ddy.

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

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

Binh diéu hoa hut: nguyén 1y 1am vide nhu sau:
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Hinh 4.7 - Binh diéu hoa hut

Trong céc qué trinh 1am viéc cda bom, mét phan chat long duge
_ tich liy trong binh diéu hda. Néu kich thu’dc binh da 16n, dao déng
chit 1éng trong binh s& nhé. Hon nifa, trén mjt thodng chét long
trong binh ludn ludn cé khong khi va cé 4p suit chan khong. Vi thé,
chat 1dng chay tlt &ng hit 18n binh médt cdch lién tyc va cé thé xem
nhu dong chdy 6n dinh. Chuyén dong khéng én dinh chi xuat hié¢n
trén doan tif binh chia dén mt piston. Do dé lyc quan tinh trong
ong hat chi xuét hién trén mot doan ngén tif binh diéu hda dén bom,
do d6 gidm dugc tdn thit nang lugng trong 6ng hat (Hinh 4.7).

Pit binh diéu hda trén dng hut cho phép:

e Tang chidu cac it cGia bom.

¢ T#ng s6 vong quay lam viéc clia bom.

e (idm dao ddng 4p sudt cGa bom trong qud trinh hit.
Binh diéu hoa ddy: binh didu hoa ddy 1am viéc nhu sau:

Trong qud trinh dy, mét phén luu lugng clia bom (phén 16n hon
luu lugng trung binh) duge tich liy trong binh, mdc chét 1éng sé&
dang 18n, nén khdi khong khi & phin trén cda binh, tao nén 4ap suat
16n. Khi van ddy déng nh& 4p sudt 16n cla khoi khong khi bi nén
trong binh, nén chat 16ng duge tiép tuc ddy ra dng ddy, vi vy dao
dong cta Iuu lugng va 4p suft trong 6ng ddy sé gidm, dong chdy trd
nén diéu hoa hon (Hinh 4.8). '
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Hinh 4.8 - Binh diéu hoa ddy

Cling nhu binh diéu hoa hut, binh diéu hda ddy 6 tdc dung lam
gidm lyc qudn tinh trong éng diy clia bom piston. Luc qudn tinh chi
con xuit hién trén mét doan ngfn tit bom dén binh didu hoa.

D€ binh diéu hoa ddy hoat dong hidu qua, cin phdi bao dam dq
lugng khéng khi cdn thiét ¢ trong binh.
Ap sudt ctia bom trong qua trinh hiit

Ap sudt clia bom trong qud trinh hit ¢6 dnh huéng 16n dén kha
ndng hit va diéu kién lam viéc clia bom (Hinh 4.9).

Hinh 4.9 - S d6 dudng éng hut
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Pé tim 4p sudt cha bom trong qud trinh hit, cAn 4p dung phuong
trinh Bernoulli cho dong chit 1éng khéng ¢n dinh:
2
I pov
Z+B+V—+Eh+—j—-5S=COHSt
Y 28 g o
Viét phuong trinh Bernoulli cho 2 mat cdt a-a va b-b, ldy mat
chuén tai a-a, z = 0, va gia thiét mét cit a-a 4 16n d€ v_=~ 0:
2

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

Trong dé
P, - 4p sudt & budng lam viéce trong qud trinh hut.
v, - van t6c chdt 16ng trong budng lam viée, cing chinh Ia
vAn tdc cla piston.
Yh, - tong ton thdt ct 4p trén toan b chiéu dai ong hit.
Trong truding hop téng qudt (8ng hit cé nhiéu doan ndi véi nhing
dudng kinh khdc nhau) phuong trinh ¢6 dang:

2 m
= hy +ZQ| _1 z d_]
il

(4.29)

N‘_M

Trong do6:
A, & - cdac hé s8 tén that dudng éng va cuc bo.

v, - vén t8¢ cda chat léng trong cde doan éng ndi tuong dng
trén 6ng hiit ¢6 dién tich mat cdt 1a £,
V=V (4.30)
1, d. - chiéu dai va dudng kinh cdc doan 6ng ndi cha &ng hit.
Thay v, theo v_, ¢6 thé khai trién Th,_ nhu sau:

2
Vi

X 'T

2g n (4.31)

Zhh = hvh +

2 2

1 F o I F

o, T = d2 + D, el —
Vdi: h G (fl 1 §i=l: 1 d, [fl ] (4.32)

i=l

T, - hé s6 tén that tuong dugng cla &ng hdait.
h, - t&n thit ndng lugng tai van hiit.

h - c¢bt 4p quén tinh trén éng hit.
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Tir céng thic ¢t 4p qudn tinh:
1 L.-H(av

hy, =— | =4
g I
L, - chiéu dai tuong duong ca éng hut.
- P avxl dvx]
Vi van tée v chi phu thude théi gian, nén: G at
L,+x dv,
va hqlh = _h'é__d‘t‘l“
Trong trudng hgp téng qudt:
L, +x dv
h, =|—=2
- F
véi; Zf_ {4.34)
1

Thay cdc phuong trinh (4.31), (4.33) vao phu’dng trinh (4. 26).va
bi&n déi, s& c6 dp suit trong budng lam viée cta bom, d8i véi trudng
hop téng quat:

2
Pu _Pa [z +h, +(1+T,)- v’”*’[ﬂ}‘d‘zﬁ} (4.35)

Yo 2g g dt
Ti phuong trinh (4.35), d3i v4i nhitng s8 hang trong ngo#c vuéng,
L,+x dv,
trir ¢4t 4Ap qudn tinh ‘ dt

nhitng dai lugng duong (+). Do d6, 4p suat & buﬁng lam viée trong
qué trinh hat p, (néu h, > 0)sé nho hon 4p sudt mit thodng & bé
hit p , nghia la P, < p

» Néup_ < p, thi s& phét sinh sy gidn doan dong chat léng trong
bom, chat léng c6 thé tach rai khéi piston, lam gidm luu lugng cha
bom. Ngoai ra diéu nay codn gay ra hién tugng xa4m thue trong bom,
lam héng cac bd phan ciia bom.

D& ¢6 p_, 16n thi cdn c6 4p suit p, 16n va cde s6 hang trong ngoic
vubng nhé:

* z, nén chon trong pham vi nhé nhat cho phép, trong thuc t&
z, <4+ 5 m. Néu bom ¢6 b phéan 16t kin bdo ddm, ¢6 thé chon
z, < 0 (dat bom dudi m#t thodng cla bé hut).
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2
v -
(1 +Th)'““—2; >0 4€ ting kha nang hit cin chon sao dai lugng

nay & mde nhé nhat cho phép, nhiim gidm dén muc t6i thidu
t6n that cuc bd va chon dng hit ngin nhit trong pham vi ¢6 thé.
Yéu t8 4anh hudng quan trong dén tdn that 1a van téc chuyén
ddng eta piston.

e h, : lic b4t ddu md khéa rat 16n, do d6 cdn lam van nhe va
tang dién tich mat cdt thoat cia chit 18ng.

» L, nhé khi dudng kinh 6ng hit 16n va chiéu dai éng hit nhé.

e Tri s8 gia tdc dv/dt phu thudc van tdc piston, khi vdong quay
cua bom cang 1dn, gia t8c sinh ra Iyc quén tinh cang lén. Do
d6, d€ gidm cot 4p qudn tinh va ting kha ning hdt cha bom,
phéi chon 8ng hit ngdn nhat va c¢6 dudng kinh 16n; s6 vong
quay cua truc bom khéng duge qud 1én: n = 100 + 200 v/ph.

Qua su phén tich & trén, c6 thé nhéan xét: 4p suit trong qud trinh
hit cGa bom p , min khi piston méi bdt ddu chuyén déng (x = 0) va
p,, max khi x = S (cudi hanh trinh). Do d6, diéu kién lam viéc binh
thudng cda bom khéng ¢é hién tugng x4m thue trong qud trinh hat

58 la:
(PL‘] > [&L + A.h}
Y x=[) Y

a P
P__(Zh +h,, +hqlmax)2_bh_+A‘h (4.36)
Y ¥
VZ
(1+T,) =0 khix = O vav_ =0
. 2g

Béi v6i bom piston duge truyén din bing co cdu thanh truyén -
tay quay véi x = O:

L

By max ="t IR
g
pa Lh 2 = pbh h
Do d6: 7- z, +h, +?w- R _T +A. (4.37)

Ap suat cGa bom piston trong qué trinh ddy

Tuong ty d6i v6i qud trinh hit, cdn viét phueng trinh Bernoulli
cho dong chdy khéng én dinh giita 2 mit cit b-b va c-c, 14y b-b 1am
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Hinh 4.10 - So dd dudng éng day

mat chudn (z =0;z =z, p, v, - 4p sult va van tdc dong chdy tai noi
cin cung cip chat long) (Hinh 4. 10).

Phuong trinh Bernoulli trén duong ong ddy:

2
pr + sz

Yy 2

(4.38)
Trong d6:

P, V,, - 4p sudt va vén t6c chdt 1éng trong budng cong tdc tai
thot diém dang xét trong qud trinh ddy.

>h, - téng tén that cot 4p trén toan bd chidu dai dng ddy, xde
dinh tuong tu qua trinh hat:

2
VxZ

Th, = hy 2g (4.39)

T, - hé s6 t6n that tuong duong cha ong ddy, xdc dinh tuong tu
T, trong phuong trinh (4.32).

h , - tdn th4t ning lugng tai van ddy.

H,, - ¢0t 4p quén tinh trén Ong ddy (it b-b dén c-¢) xdc dinh
theo céng thifc sau (tuong tu qud trinh hat):

L,+S-x) dv,
hqw=[ - ] dtz (4.40)

g
L, - chiéu dai tuong duong cla 6ng ddy, x4c dinh tudng tu L;
S - hanh trinh piston.
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Thay cdc phuong trinh (4.39) va (4.40) vio phuong trinh (4.38) va
bi&€n d8i, s& nhan dugc ap suit trong budng lam vide cha bom piston
trong qud trinh ddy:

2
P, P \A L,+S—-x) dv,
~—Y2 ; +[:zd+h“,+(T 1)._22 +[ d ] dtz} (4.41)

g 2

T phuong trinh (4.41): » trong qud trinh ddy 1a téng cia —
va cédc do cao biéu thi bdi cdc s6 hang trong ngoic vudng. Phan tich
tuong ty d6i vdi qud trinh hat, c6 th€ nhan thdy: p_, ¢6 gid tri 16n
nhat khi pxston bdt ddu ddy (x = S) va nhd nhat khi x = 0. Nhing lLic

dé gia téc cda piston trong bom c¢6 tri s§ am (-) va tri s8 cbt 4p quédn
tinh 1a cuc dai:

px pt‘
[Tz] -5 +{zg +h — ) (4.42)

L,+S
g

R6 rang 1a khi Pyme :{ ]m-thhi trong budng céng tdc

7 - . px Y 7
_cda bom c6 thé xuat hién chan khéng ( Y2 J <10,3mH,0 3 xdy ra

P P
x4m thue ( t< _‘bh‘);
Y ¥

Do 36, diéu kién bdo ddm bom piston lam viéc binh thudng
(khéng giy ra xAm thuc) trong qud trinh ddy la:

Pal » [pﬂm h]
= : 443
( Y ]H; ¥ ( )

Dé&i vdi bom piston duge truyén dan bing co cdu thanh truyén -
tay quay:

¥ g ¥

Vay d€ chdng hién tugng xam thyc trong qud trinh ddy cdn &p
dung nhitng bién phdp sau:

L
&+[z‘i +h,, —d—J"Sm?R} >Pm 4 An (4.44)

e Gidm chiéu dai 6ng ddy (nén gidm cé4c doan nim ngang).

» Tang dién tich mit cit dng ddy (bién phdp nay don gidn va cé
hiéu qui tat).
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Gidm dién tich mit cit piston (F), bén kinh tay quay (R) va
s§ vong quay lam viéc.

Vdng quay gidi han cha bom piston

Mgt trong cdc y&u td quan trong adnh hudng dén diéu kién d4é
khéng x4y ra hién tugng xam thye 13 s8 vong quay lam viéc cha bom.
Do d6 cin x4c dinh s6 vong quay lam viéc gidi han cda bom n__

21r.n .0
60 30°

Gidi phuong trinh (4.37), thay o=
xadm thuec:

895 (P, — P )
0oty = -Ah-2z, -h, (4.45)
{1 JLhR( Y h h

895 - hiing s6 nhan dugc khi nhan 302 véi g va chia cho 2 = 9,86:
900 x 9,81 - 395
9,86

Tuong tu nhu trén, c6 thé tinh s§ véng quay gidi han cho phép
cda bom trong qud trinh ddy n__, tit diéu kién (4.45):

835 (p.—p
Ny =\jL R{ ; Mo Ah+z, +hvd] (4.46)
d

S8 vdng quay cho phép [n] cia bom piston khéng duge 16n hon
tri 86 bé nhdt chan_,_ van

trong diéu kién c

maxt 2}

[n] s nmax(l).(?)

Véi bom nuéce, [n] = 100 + 200 v/ph.

S& vong quay cho phép [n] phai gidm khi nhiét d6 chit 1éng
trong bom t3ng. N&u bom lam viéc véi s6 [n] 8 dinh thi khi nhiét d6
tang thi sé phai gidm chiéu cao hit (z,)

Budng déc tinh

a- Dudng ddc tinh lam vige co bdn cia bom piston H = Q) véi
hai s6 vong quay lam viéc khdc nhaun, > n,.

Theo 1y thuyé&t clia mdy thdy luc thé tich, ¢t 4p khong phu thude
luu lugng, do 46 dudng dic tinh 1y thuyét cia bom duge biéu dién
bang cde dudng AB va CD song song true OH. Nhung dudng dic tinh
thue nghiém thi khong hoan todn nhu vay. Ching dugc biéu didn
bing cdc dudng AG va CR, khi cot 4p (dp sudt) cha bom tang thi luu
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Hinh 4.11 - Budng

dac tinh Iy thuyét n; >

0 A c 0

ligng giam (Hinh 4.11). Pidu nay dé hiéu vi khi 4p suft ting thi tén
that luu lugng (do chat 18ng rd ri qua bo phan lam kin) tang, lam
giam luu lugng thuc cia bom.

N&u 4p sudt 1am viéc qud 16n thi Luu lugng cia bom cé thé mat
mét hoan toan vi rd ri, hodc van an toan duge md dé x4 chat 16ng vé
bé hit. Ap suat va luu lugng hic nay duge biéu dién béng doan GL,
diém L ¢ng v6i thoi diém van an toan duge mé. Su chénh léch giita
dudng dac tinh cdt 4p ly thuyét va thye nghiém cang nhiéu khi n
cang 1én, vi khi d6 tén that luu lugng tang khong phai chi do rd ri
ma con do sy déng mé cla cdc van ddy va hiit khong kip thoi lam
giam luu lugng thuc cia bom.

b- Puong ddc tinh lam vige Q = f(H), N = f{H), n = f{lH) ving véi n
= const.

N,Q.n

&
n = const

Hinh 4.12 - Budng

déc tinh 1am viéc ’

jant |

113



Déi véi may thay luc thé tich c¢6 n = const, thudng biéu dién cac
thong s6 1am viéc theo H vi khi luu lugng Q khéng d8i thi vide didu
chinh ché& 4 1am viéc cda loai mdy nay thu‘dng dugc thuc hién bing
cdch thay d8i 4p sudt 1am viéc. Khi 4p suit 1am viéc ctia bom khéng

d8i (H = const), néu s8 vong quay n tang thi luu lugng Q, cdng sudt N
va hiéu suat luu lugng ciing tang.

c- Duong ddc tinh n = fin); Q@ = fin); N = fin) khi H = const.

N.Qm Q

1\

/,/_Q ne=const X
)
/'/_— n; = const 2

~

u Q

Hinh 4.13 - Budng dic tinh 1am viéc thay déi theo n

d- Duong ddc tinh xdm thuc cia bom piston theo hai s& vong
quay kh4c nhau n, # n,: Dudng dic tinh xadm thue cho biét kha niang

lam viéc binh thuang (khong x4y ra xadm thuyc) cla bom ing véi s
vong quay khéng déi.

Céc diém K, K, 1a cdc diém giéi han pham vi lam viée an toan
cua bom tUng vdéi cde tri s8 dp sudt chan khong gldl han AH = H_
Né&u d6 chan khéng trong bom vugt qud céc tri s6 gidgi han thi bo‘m
s& lam viéc trong tinh trang bi xdm thue.

Tu dudng dic tinh x4dm thuyc, ta c6 thé x4c dinh chidu cao hit cho
phép caa bom theo cong thic:

[z,]=[H ]- =% —=h, (4.47)

BOM ROTO
Khai niém chung

Céc loai bom roto ra dai vao khodng cudi thé ky trude, sém hon
bom piston roto. Trong 60 ndm trg lai ddy, ching duge dung réng
rédi trong cdc nganh ché tac méy va dong lue.
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Bom roto ¢6 nhiéu loai, nhiéu kiéu khdc nhau, nhung ¢ day chi
nghién ciu cde loai phé bién sau:

o Bom bénh riang.

¢« Bom truc vit.

« Bom canh gat.

¢ Bom chan khong vong nude.

Trong cdc loai bom nay (trir bom chin khéng vong nude) déu c6
thé chuyén thanh déng cg thiy luc, néu nap vao bam dong chat léng
¢é 4p suat da lon.

Trong bom roto, bé phan lam viéc chinh truc tiép trao d6i 4p
ning véi dong chat 16ng qua mdy 12 b phén c6 chuyén déng quay
nhu bdanh rdng, truc quay c6 cdnh gat,.. goi chung 1a roto. Roto ¢6
chuyén dong tron déu tao ra dong chiy tuong d&i déu. Luu lugng va
4p suat cha dong chdy trong cdc mdy roto dao dong it hon so vdi
dong chay trong cdc may thay luc piston.

Ap sudt 1am viéc trong cdc bom roto thudng cao hon so véi céc

bom cdnh din nhung thdp hon so véi cdc bom piston, théng thudng
1a 20 + 150 at.

Uu diém chung ciia bom roto 1a:

» K&t cau don gian.

e Kich thudc nhd, gon nhe.

e (6 tudi bén cao.

¢ Lam viée chic chin, tin ciy.

e C6 thé lam viéc vdi s8 vong quay lén.

+ Codng suft trén 1 don vi trong lugng 16n.
e (6 chi tidu kinh t&€ tot (ré).

Céc wu diém chii yé&u trén diy 1am cho cdc bom roto dudce sit dung
rong rii trong cdc nganh ch& tac mdy va déng luc ing vdi cdc diéu
kién ki thuit pht hgp, ching han trong cdac hé thong truyén déng
va truyén ldc bang dau hodc trong cdc by phan didu khién bing cdc
cd ciu thay luc.

Bom banh rang
a - Ciu tao, nguyén ly lam viéc

C4u tao clia bom 6 it nhdt hai bdanh rang &n khép vdi nhau, 6
thé in khdp ngoai ho#ic 4n khdp trong. S6 ring thuong giap Z = 8 +
12 réng.

-
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Hinh 4.14 — S¢ d6 cdu tao bom banh rang

S¢ 46 két cdu cla bom banh réng don gidn thudng ¢6 hai banh
rang (Hinh 4.14).

Béanh réng chd doéng 1 g&n trén truc chinh cia bom an khép véi
bdnh réng bi déng 2, ¢4 hai banh ring déu dat trong vé bom 3.
Khodng trong A gilia v bom, miéng 8ng hit 4 va hai banh réng duge
goi 14 vung hit; khodng tréng B gitta vé bom, miéng éng ddy va 2
banh ring goi 1a vung ddy. Khi bom lam viéc, banh rang chi dong
quay, kéo bdnh rang bi déng quay theo chiéu mai tén (Hinh 4.14),
chdt 1éng chia ddy trong cdc ranh a gida cdc ring ngoal ving an
khép duge chuyén tit vang hit qua ving ddy vong theo vé bom (theo
chiéu chuyén déng cua bdnh réng) Vi thé tich chua chat 1éng trong
vung d4dy gidm khi cdc réng cda cip banh ring vio khép, nén chit
16ng bi ép va don vao 6ng diy 5 véi 4p sudt cao. Qud trinh nay la
qua trinh ddy ciia bom. Pong thdi vdi qué trinh ddy, trong ving hiit
x4y ra qud trinh hit nhu sau: khi cdc ring ra khép, thé tich chia
chat 16ng ting, 4p sudt chit 1éng gidm xudng thap hon dp suat trén
mit thodng chia bé hut 1am cho chat 16ng chay qua 6ng hit 4 vao
bom. Qud trinh hit va ddy chédt léng x3y ra déng thoi va lién tuc.

Néu trong bom khéng c6 khe hé thi dp sudt chat léng chi ting
khi duge chuyén dén vung day. Vay dp sudt do bom tao nén chi phu
thudc vao dp sudt phuy tdi (4p sudt trong ong ddy).

Nhung trong thue t& ludn luén ¢é khe hd:

+ giifa dinh réng vdi vé bom;

+ gitta m3t d4u banh ring vdéi vé bom:

+ gilfa cdc méit riang.

Do 46 chét 16ng duge ting dp suit sém hon trude khi dén ving
ddy. C4c khe hd nay giy nén tén that luu lugng trong bom bdnh

116



rang (chdt 1éng theo khe & chidy ngugc vé ving hat) han ché kha
néng tdng dp sudt lam viéc clia bom. N&u 4p sudt phu tai cao qué
muc thi c6 thé luu lugng cda bom hoan toan bi tdn that. Vi vay, dé
han ch& 4p sudt lam viéc t8i da, cin bd tri van an toan 6 trén éng
day.

b - Luu lugng trung binh cda bom banh ring
Luu lugng trung binh clia bom banh ring tinh theo eéng thic:

Q=qn (4.48)
Trong dé: g - luu lugng riéng clia bom trong mét chu ky;
n- 88 chu ky trong mdt don vi thai gian.
Tinh luu lugng riéng q:
Gia s thé tich cla mét ranh bing th& tich cha mot riang.
Goi a 1a thé tich cGa mét rang:

aml.h.b
2

Trong 4d6:

n.D
t- budc rdng; t= 7

D - dudng kinh vong lan;

h - chiéu cao &n khép; h = 2 m; m- médun cGa bénh ring;

Z - 58 rang; ‘

b - chiéu dai rang (chiéu réng rang).
Vay: a= ——2—— 2mb

Khi hai banh rang quay mét vong, thé tich chat 16ng duge chuyén
qua bom ti ving ddy dén ving hit 1a 2Za.

Véy luu lugng ctia bom véi s6 vong quay n trong mét don vi thai
gian la:
Q, =2Zan = 2n.Dmbn (4.49)

Néu s8 ring cla banh réng khéng nhu nhau thi 18y s6 rang Z,
¢ia bdnh ring chi déng dé tinh.

D4i véi banh ring c6 s rang nhé Z = 6 + 12 thi thé tich cda rinh
16n hon thé tich cda rang, khi d6 trong céng thitc trén, thay n bing
hé s6 3,5, do d6:

Q, = 7Dmbn (4.50)
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Do m = 7 nén luu lugng cé thé tinh theo cong thite sau:
D2
Q, _';Ebn (4.51)

¢ - Mémen quay va luu luong tic théi cda bom bdnh ring -
Dao dong luu liong

1. Mémen quay ctia bom bdanh rdng.

Trong qud trinh bom bdnh rédng lam viéc (Hinh 4.16), cip banh
réng quay va in khép vdi nhau tai difém &n khép A. Phia trén diém
A thong v6i ving ddy c6 4p suét ving ddy p,, trong khi d6 phia dusi
diém A thong véi vung hut sé cé dp suat tai vung hiit p,. Dusi tac
dung cla d9 chénh 4p p = p, - p, trén tryc quay ciabédnh ring chi

déng va banh rang bi dong chiu mémen quay M, va M, tdc dong lén
0,va 0,

P - tam &n khép

A - diém &n khdp;

R, - ban kinh vong tron cd s8;

R - ban kinh vong lan;

R, - ban kinh vong ddu dinh ring;
x- khodng céch tif A dén O ;

y- khoang cach ti A dén O,

Hinh 4.16 - Sd d5 x4c dinh moment quay clia cac banh rang

Dé6i véi banh rang chi déng:

Nhu d4 biét, dp lue tde dung cdc mit ring doi dién s& can bing
(triét tidu) nhau, néu 4p suat tdc dung 18n cdc mit d6i dién bing
nhau. Nhu vay d6i vdi cdc ring & ngoai vung #n khdp thi théa man
diéu nay, con ddi véi cdc ring & tai ving #n khdp, c6 thé thdy:
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Xét rdnh ring cta bdanh rang cha déng: ép suft tai A A’ va A A
cin bang (déu ¢6 4p suat hiit) con doan A A" chiu dp suat day, doan

A A " chiu dp sudt hat. Nhu vay tai rdnh réng nay chiu tdc dung cda
dé chénh 4p p = Ap = p, - p,

Véy bédnh rang chi dong chiu 4p lyc: P, = p.dién tich tdc dung =
p(AA"b)=p(R,-x)b

Doi voi banh rdng bi déng: tuong tu, ¢ thé xét 2 mit déi BB,
va B,B."

Doan B,'B,": 4p sudt ddy; doan B/'B,": dp suflt hat.

Nhu vy trén phan dién tich BB," cing chiu d) chénh 4p p = p,

- p, :
Vay béanh ring bi dong chiu dp lue: P, = p.(B,B,".b) = p(R, -y}.b
Moment quay do cde 4p lyc P, va P, gy nén trén banh ring chi

déng va banh ring bi déng la:

2 2
R, +x R;-x

M, =Pip=p.R, - x)b—L—=p.=2 b - (452)
Tudng tu:
R, + R; -y?
M, =Pp=p(R, -y b—tF =p 22T p (4.53)

Moment tdng cong M tdc dung 1én cdc truc cia bom bédnh ring
sé la: M=M, +M,

Hay: M= pzb[sz _(K2+)’2)] (4.54)

Tu 46 s& x4c dinh gia tri x* +y?

Hinh 4.17 - Diém #n khép va tAm &n khép
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Goi 1 - 12 khodng cédch tir diém #n khdép A d&€n tim &n khép P.
Do dé: x> =(R+c) +k’
y’ =(R—c)2 +k’
Vay:
x?+y? =2R? +2¢? +2k? =2R? +2(c? +k*)=2R? + 21> = 2(R* - I*)
Thay vao phuong trinh moment:
M =pb(R2-R>-1?) (4.55)

Péi véi banh r:’:ing théng thudng thi R, =R +m; nén:

M =pb(2Rm+m? -1?) (4.56)
T biéu thic trén: M phy thudc vao khodng céach 1.

Khil=1__ thi moment ¢6 tri sé nhé nhéat:

M,, =pb{2Rm+m’-12, ) (4.57)

miax

Khi 1 = (0 thi moment ¢6 tri s6 16n nhit:

M., = p.b.(2Rm +m?)

Theo ¢dng thie trén c¢6 thé xdc dinh tri 6 clia moment tite thi
tdc dung l1én truc bom. Sy dao ddng clla moment quay anh hudng
x4u dén sic bén va didu kién 1am viéc cGa bom. Tri s6 M ty 18 vé6i
cbng sudt trén truc bom, ma cong sudt lai anh hudng dén 4p suit va
luu lugng cua bom, do dé sy dao déng cua moment quay M gdy nén
su dao ddng luu lugng va 4p suit.

2, Luu lugng tic thot cua bom bdanh rdng- Dao déng luu luong

Nhu phéan trén da dé cép:

e (Cong suit trén truc bom tai thoi diém truc bom c6 moment
quay tic thoi M la:

N =M., ® = const - vadn tdc gdc clia truc bom.

e Mat khédc cong sudt bom phu thude luu lugng tide thai Q:

N=yQH=pQ;
p = const - chénh léch dp suit ¢ ving ddy va vung hut.
Suy ra: Mo =p.Q

Hay: ™ Q= Mo p.b.(ZRm +m #12)0) = (ZRm +m” -1° )b.w
P P
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Vay: Q={2Rm+m?-1’bo (4.58)

Suy ra: luu lugng tdc théi ciia bom bdnh rdang thay d6i phu thude
khodng cdch 1 tuong tu nhu moment.

Khi 1 = 0, bom ¢6 luu lugng 1én nhat:

Qo = 2RM +m? .o (4.59)
Khil=1_, bom ¢6 luu lugng nhé nhat:
Quin = (2Rm +m’ - 17, )b.m (4.60)

T 46 ¢6 thé k&t luan: luu lugng tde thdi ca bom bdnh rang thay
d6i theo chu ky td Q_. dén Q__. Bién do dao dong cia bom banh
rang phu thudc khodng cdch 1 va do d6 phu thude s8 ring va hé s6
an khdp cha cap banh ring.

Péi véi bom bédnh rang thing c¢6 thé xdc dinh bién 46 dao déng
luu lugng A theo céng thuc gan dang sau:

2

A= %a.mlRib (4.61)

£ - hé 88 an khdp;

Z - s8 rang;

b - chiéu dai rang ( chiéu réng bdnh ring);
® - vAn tdc goéc cia bdnh rang cha dong;
R, - bdn kinh vong co sd.

P& danh gid mic d6 dao déng luu lugng clia bom bénh ridng, can
tinh hé s& dao dong luu lugng:

6 = Qmax - Qmin (4 62)
le . . -

Hé s dao dong luu lugng cia bom bdnh réng tru c¢6 thé tinh
theo céng thic gan ding:

2
cos™ A

6=125 (4.63)

o - géc &n khdp clia cip banh rdng; d6i véi banh ring tiéu chuén
a = 20°,

Nhu vay 8 phu thudc vao so rdng Z.

So véi cdc loai bom piston va piston roto, thi bom bédnh réng cé
hé s8 dao dong luu lugng nhd hon nhiéu.
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Biéu db dao dong luu lugng va 4p sudt ciia bom banh ring c6 s6
rang Z = 10 va Z =12 dugc néu trén Hinh 4.18.

Q Z=10 " Z=12

(VS) 14 Luu lugng trung binh
) Pl Y Fan ¥ .
NAVAVAVWAVAVAWA LU (LY
) 'R luu fugng

P F =Y Y |
(Nem?) I AT S D;;;’fé’}g

ar a.2 #J[n ar a2 3
L L 1 1
L

Hinh 4.18 - Biéu d8 dao déng Iuu lugng va 4p suat

Dao dong luu lugng gy ra dao doéng 4p suit, anh hudng x4u dén
sy 1am viéc cta bom va cda hé théng truyén déng thiy lye.

d - Bién phép khic phuc mt s6 nhugc di€m cda bom banh ring

1. Higén tugng dao déng luu luong
Céc bién phdp khic phuc:
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Dung banh rang cé s6 riang lén.
Nhuge diém la phéi tang dudng kinh bédnh ring.

Ding bénh rang nghiéng. § banh ring nghiéng toan bg chidu
dai ti€p xic khong vao va ra khdp cling mat lic ma vao va ra
khdp tir tif nén luu lugng cda bom déu hon (dao dong it hon)
va bom lam viéc ém hon. Hé s8 dao ddng luu lugng cda bom
banh ring nghiéng nhé hon so véi bom bdnh ring théng, tuy
thudc vao géc nghiéng cha ring. Nhuge diém cia banh ring
nghiéng 14 khi lam viéc xuat hién luc chiéu truc P_. Géc nghiéng
B va 4p suat lam v1ec cia bom cang 16n thi lue chidu truc cang
16n, gy hu héng & truc va ddi héi bom phai c¢6 két cdu phc
tap d€ khdc phuc luc dé. Trong k§ thuit thudng ding bom
banh réng nghiéng ¢6 B = 20° + 30° va 4p sudt p = 3 = 5 at.

Dung banh réng chit V. Bianh ring chit V c¢6 diy 40 uu diém
cla banh réng nghiéng nhung & day lyc chidu truc tu khi. Vi
viy dung bdnh réng chif V phat huy duge vu diém cda bénh
rang nghiéng bang cdch tdng B cla ring c6 thé tdi 35° dén
45°. Do d6 c¢6 dp suat lam viéc cao hon, p = 20 + 40 at. Nhuge
diém 1a c6 k&t cdu phifc tap, ché tao a4t tién.
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Hinh 4.19 - Banh rAng chid V

Pé khic phuc nhuge di€m nay cia banh ring chit V, thudng diung
hai cip banh ring nghiéng bd tri ddi xiing trén cling mdt truc.

2. Hien tuong chdt ldng bi nén & chdn rang khi bom lam viéc

Khi bom lam viéc, mot phan chét 1dng bi giit lai & chén rang khi
cdc rang &n khdép véi nhau. Néu giffa cde mit riang khi dn khdp
khoéng c¢6 khe hé thi phan chét 16ng nay bi nén lai. Khi c#p banh -
ring sdp két thic qua trinh vao khdp thi d4p sudt cha chdt long nay
1én nhat, do thé tich chia ching nhé nhat. Nhung khi cip rédng ra
khép thi thé tich d6 1én dan, 4p suat gidm, xudt hién dp sudt chin
khong. K&t qua 1a c6 mdt phan mét ring khi vao khép va ra khdp
chiu thém t&i trong phu d8i ddu gdy &nh hudng xiu dén sic bén cda
ring, banh rang va § tryc (§ truc bi mdn khong déu). Ngoai ra chit
léng trong cdc thé tich bi nén néng lén va khi dp sudt gidm chat
léng bdc hoi, sGi bot giy hién tugng xadm thyc va néu chét 1éng la
diu d& bi bién chdt (6xy hoa).

Khi mdt cap rang vao khdp Khi hai c&p réng vao khdp

Hinh 4.20 - Ch4t 1dng bi nén & chan rdng

Bién phdp khdc phuc:

» Lam cdc ranh “thodt” trén thanh vé bom ¢ phia trong ngang
vi tri &n khép cla hai bdnh rang. Céc ranh nay cé thé théng
v6i vung hiit ho#c viing ddy. Cdc chdt 18ng bi nén sé di qua cac
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Hinh 4.21 - K&t ciu ranh thoat trong banh rang

ranh nay tré vé ving hiit hodc ving ddy, do d6 khéng giy nén
tai trong phu. Néu rdnh théng vdi ving hit thi t6n that luu
lugng tdng,hiéu sudt luu lugng gidm khodng 7%.

Khoan cédc 15 thoat huéng kinh & chan ring. Céc 16 nay théng véi
cde ranh trén truc din chat 18ng dén viing hit hodc ving ddy.

Hinh 4.22 - K&t cau 18i thoat hudng kinh & chan rang

Hai bién phdp nay doi héi két cdu phide tap, ché tao khé, 1am
gidm dd kin cha cdc thé tich lam viée do dé hiéu suit gidm.

Dung bdnh rang nghiéng hodc chif V: 14 bién phdp tot vi su
vao va ra khdp clia cde cdp riang duge thue hién tir tir nén chat
long ¢ chan rdng khong bi bao kin trong khu vyc bi nén (&
ving idn khdp).D& bdo ddm diéu dé banh ring phai c¢é géc an
khép B va chiéu rong b phi hgp sao cho khi dau nay cda eép
ring bit diu ra khép thi ddu kia van & ving vao khép.

3. Hién tuong tén thdt va bién phdp khde phuc

Trong bém banh ring ¢é hai loai tdn that:
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Tén that eo khi: do ma s4t trén cdc bé mit lam viée cla céc
chi tiét trong bom.

Tan thdt luu lugng: do cdc thé tich lam viéc khong kin (dan

dén rd ri) va do chét 18ng khéng dién day thé tich cdc rdnh
ring, do bi dong chiy nguge (chit 16ng chiy trong khe hd giiia



vong dinh rdng va thanh vé bom nguge vdi chidu quay cia
banh ring vi 4p suat & viing ddy l6n hon 4p sudt & vimng hit),

Bién phdp lam cho chat 1éng dién day cdc ranh rang:
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Tao 4p sudt thich hgp trong ving hit, khéng dé 4p suit &
vung hit nhd hon 4p sudt do lue ly tAm sinh ra khi banh
ring quay, bing cdch diat bom thdp hon mic chat 1éng
trong bé hiit hoic ting 4p suit mit thodng ctia bé hit.

Hinh ddng va kich thudc cia dudng din chat léng vao
viung hit phai hop 1y, Van toc chit 1éng vao vimg hit khong
nén qua 2 = 3 m/s. Pudng din dén ving hut c¢é két cau hinh
“loa”, mét canh m& rong dan cho dén khi bing chiéu rong
cia banh rdng & miéng vang hat, va cung tron cia ving
hit khéng nén nhé quéd 1/8 toan bé vong bao banh rang.
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Hinh 4.23 - Két cdu dudng dan chét 1dng vao bong hut

Han ché van téc 1am viéc cGa banh rdng. Van tdc ¢ vong
dau dinh ridng khéng nén qud 6 + 8 m/s, vi ¢6 thé gy hién
tugng xam thue.

Bom tryc vit

Bom truc vit duge si dung nhiéu trong céng nghiép vi ¢é cic wu
diém co ban nhi sau:

Luu lugng diéu hoa, it dao déng hon luu lugng clia cdc mdy
thiy lue banh riang, ké ci bdnh rang nghiéng.

Hiéu suat tuong déi cao.

K&t cdu nhd gon, chic chén, lam viée tin cay, khong 6n.

Cé thé lam viéc vdi s8 vdng quay ldn va dp suit cao.

Trong thue t& sdn xuit bom truc vit c6 s8 vong quay n = 18000 vg/
ph va p = 200 at.

Moment qudn tinh nhé nhat so vdi tdt cd cdc loai mdy thiy
luc thé tich khde cé cing céng sudt. Do dé mdy 1am viéc ¢6 dd
nhay cao.
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* Pham vi sit dung rong rii: Q = 3+ 12000 I/ph; N = 1+ 1500 kW.
Ciu tao, nguyén Iy lam viéc

B phén chi yéu cia mdy thiy lye truc vit gém hai hodc ba truc
vit &n khép véi nhau d4t trong mot vé may ¢ dinh c6 16i dan chat
16ng vao va ra. Khe hé giita cdc truc vit va vé mdy rit nhé. Trye vit
thudng c¢6 mot hosic hai méi ren va bién dang ren thudng c6 ba loai:
ren chit nhit, ren hinh thang, va ren cycloid.

Bom va déng co 6 két csu gidng nhau va c6 thé lam viee thuin
nghich. D€ don gidn, c6 thé nghién ctu cdc loai bom truc vit trudec,
sau d6 suy ra dong co.

a- Bom hai truc vit

Cdu tgo. Tryc vit chi déng 1 cé ren chif nhat, chiéu ren phai an
khdp vdi truc vit bi dong 2 ¢6 chidu ren trdi. Cudi hai truc vit ¢é 14p
hai bdnh riéng 3 ciing #n khép véi nhau. Céc truc vit duge dinh vi
bang céc § truc dit trong vé bom 4. Vé bom c6 ving hit A va ving
ddy B. Khe hé gita cdc truc vit va vd bom rdt nhé (Hinh 4.24).

@

Hinh 4.24 - Sg d8 c4u tao cla bom hai truc vit

Nguyén ly lam vige cdla bom truc vit. Chat 16ng ¢ ving hit A dién
day rdanh ren & vi tri a, khi tryc vit quay mdt véng, than ren b cda
truc vit kia dn khdp v6i réinh ren a va ddy khéi chét 16ng trong d6 tir
vi trf a dén vi tr{ &’ va tit &’ khi trye vit quay tidp mot vong thi lai
chuyén dén a”. Theo chu ky d6 chat 18ng duge chuyén tir viing hat
dén ving d4dy.

Bom hai tryc vit ren vuéng (hosic hinh thang) néu trén cé nhuge
diém 12 khé bdo ddm kin thé tich lam viée, do d6 tdn that luu lugng
va ton that thiy lyc nhidu, tén thét co khi 16n, hiéu suit co khi thap.
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Vi vy, bom hai true vit ¢6 ren chit nhat (hodic hinh thang) ¢6 dp suét
va luu lugng 1am viée han ché&: p = 100 at, Q = 20 = 40 I/ph.

Bom truc vit cling nhu bom banh ring nghiéng, khi lam viéc
phét sinh tdi trong hudng truc, tdc dung 1&n &8 true, lam gidm tudi
tho bom. D& gidm tai trong hudng truc, ¢6 thé tao rdnh hodc diung
cde truc vit ¢6 hai phan ren nguge chidu nhau.

Trong timg vong quay, truc vit s& chuyén khéi chat 1éng c6 thé
tich bang thé tich rdnh ren trong mét budc ren t. N&u goi F la dién
tich mat cdt ngang cda ranh ren, luu lugng 1y thuy&t ridng cda bom
true vit la;

q=Ft (4.63)

Vay luwu lugng 1y thuyét Q, mdy bom trong mét giay la:
_ng;, nFt

Q %0 -~ 60 (4.64)

Dién tich F ¢6 thé xdc dinh gan dung nhu sau:
\D? —d?

F= ﬂ_4_3 (4.65)
Trong dé: D, d - dudng kinh cda dinh va chén ren truc vit.
Luu lugng thyc t& trong mét gidy clia bom hai truc vit 1a:

Mo tn.m
Q=Q,m, =L-—(D2—dz) (4.66)

240
Trong d6: ng- hiéu sudt luu lugng cla bom hai tryc vit, gid tri
théng dung la ny= 0,75 = 0,85.

b - Bom ba truc vit

Két cau va nguyén 1y 1am viéc cha bom ba truc vit néi chung
tuong tu bom hai truc vit, diéu khéc biét 13 truc vit chd déng 1 4n
khdp vdi hai truc vit bi dong 2 va than bom 3 ¢6 hai 14n v &€ tan
nhiét t6t hon. Hinh 4.25 minh hoa mit cdt ngang cda bom ba truc
vit cycloid &n khdp nhau. So vdi hai tryc vit, bom ba truc vit ¢ thé
tich lam viéc duge lam kin t&t hon, do dé higu suft luu lugng 16n
han; géc ndng clia mai ren ¢6 thé ting lén, d4n dén hidu suat co khi
cing cao hon. Nhu vay bom ba truc vit ¢6 hiéu suft va tinh ning lam
viéc cao hon bom hai truc vit, ¢6 thé dat téi cdc tri sd gidi han.

Luu lugng clia bom ba truc vit: tugng tu nhu bom hai truc vit, xdc
dinh theo cong thitc gdn ding:
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Hinh 4.25 - Sg d6 ciu tao clla bom ba truc vit

S,
\‘\\\\\\\\\‘\}\

(13.r1.11Q

Q= 14.5

(4.67)
Trong d6é:

Q - luu lugng thue t&€ cia bom trong mét phuit;
n - s6 vong quay cda bom trong mét phit;

Mg - hiéu sudt luu lugng; 7,= 0,80 + 0,95;

d - dudng kinh chén ren cda truc vit cha dong.

Bom canh gat

a. Cdu tgo, nguyén ly lam viéc. Bom gém v3 hinh tru 1 trong d6
¢6 roto 2. TAm cta vd va roto léch nhau véi khodng cdch e. Khi roto
quay, c4c bdn phdng nay trugt trong cdc ranh cda roto va gat chat
léng, nén dugce goi 14 canh gat. Phan khéng gian gidi han béi v6 bom
va roto duge goi la thé tich lam viée.

Hinh 4.26a minh hoa s¢ 4 két cidu cla bom cdnh gat don gidn
(hai cdnh gat). Nho luc ddy cda 10 xo 4, cdc cdnh gat 3 luén ludn tua
sat vao thanh vé bom. Gid sit bom lam viéc quay theo chidu mii tén,
thé tich chia chdt léng tU A d&n C tang, 4p sudt trong chat 1éng
gidm, do dé chéit 1dng bi hiit vao bom. Khi cdnh gat di chuyén tir C
dén B, sé lam gidm thé tich chida chit 16ng, do d6 lam tang dp sudt
va day chit 1éng vao ong day.

D& chat 16ng khong chdy nguge tir ving ddy vé lai viing hat va
khong bi “ket” trong cdc thé tich 1am viéce thi vi tri clia cde cdnh gat
va cia roto phdi bé tri sao cho khi cdnh gat nay bt dau gat chit
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Hinh 4.26 - Sd d6 cau tao clia bom canh gat, (&) hai canh, (b) sau cénh.

16ng (& vi tri I) thi canh gat kia cling diing gat ché&t 18ng (8 vi tri II).
Do d6 luu lugng bom khédng déu, nhd nhat khi cdnh gat & vi tri I va
16n nhat khi cdnh gat & vi tri C-C. P& luu lugng bom déng déu hon,
cAn ting sb cdnh gat trong bom (tif 4 dén 12 cdnh).

Hinh 4.26b minh hoa so d6 ké&t cdu cda bom sdu cdnh gat. Céc go
chén AB, CD ngin khéng cho chit 16ng tit budng ddy nguge vé& budng
hut, g& chin AB phdi cé chiéu dai thich hgp sao cho khi m6t cdnh
gat bt dAu vao vi tri A thi cdnh gat trude d6 phai via dén vi tri B,

Cdc bom néu trén, trong mo6t chu ky 1am viée (mt vong quay cua
roto) thuc hién mét 14n ddy va mdt 1an hit, nén goi 1a bom tdc dung
don.

D& gidm tai trong trén 8 truc va nang cao dp suit lam viée, cin
dung bom cdnh gat tde dung kép. Bom téc dung kép chi khac bom
tac dung don & vé bom. Mit trong cla v6 bom khong phai 1a mét try,
tam cda roto tring véi tAm cda v, bom c¢é hai ving hit va hai ving
ddy bé tri ddi xing vdi tAm vo.

Péi v6i bom tdce dung don:

Ap suft 1am viéc p < 20 at.
Luu lugng lam viée 5 + 150 U/s.
56 vong quay 1am viée n = 1000 + 2000 vg/ph
Péi v6i bom tdc dung kép:
Ap sudt lam viéc p < 70 at
Luu Iugng lam viéce 5 + 200 U/s
Hiéu sudt cia bom cénh gat néi chung: n = 0,5 + 0,8.
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Bom cdnh gat c6 wu diém 1a két c&u nhé gon, don gidn, ¢6 kha
ning diéu chinh luu lugng.

b - Luu lugng, bign phdp diéu chink luu luong.

Goi: R~ khodng céch tir O, ciia roto dén mit tiép xvc clia vé bom;
r - bdn kinh m#t lam viéc cia vé bom;
h - chiéu dai mit l1am viéc cda cdnh gat;
b - chiéu rong c4nh gat:
C - trong tdm phin lam viéc cla c4nh gat;
@ - goc quay clia roto k& tir dudng tadm théng ding AB.

Hinh 4.27 - S0 d6 xac dinh luu lugng
Cé thé x4c dinh c4c théng s6 hinh hoc va dong hoc cda bom cdnh
gat ti minh hoa trén Hinh 4.27.
Vi géc B rdt nhd c6 thé coi cos B = 1:
h =e + EO, ma EQ, = e.cos(EQ,0,) = e.cos(180°-¢) = -e.Cosp

nén h = e - ecosp = e.{1-cosp)
Vén tdc truot tuong doi cia cdnh gat trong ranh:
v = dh _ €.0).5in
e oome

d )
Trong d6: ©= _(i(tg - van tdc géc eha roto

Vén t6c vong cta trong tdm phén 1am viée cda cdnh gat:

u=0,Co
Trong d6: 0,C =R -0,5h; véi R =DE+EO, =rcosB—ecos¢
0,C=rcosp~ecosop—-0,5h
=rcosP—ecosp—0,5¢(1 - cos Q)
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Néu coi cosP ~ 1 thi:
0,C =r-0,5¢(1+cosp)

Hay: u = ofr - 0,5e(1 + cos ¢)] (4.68)
Luu luong tic théi. Néu khong k€ t6i anh huéng cda chidu day
canh gat:
Q,, =ubh

Q,, = [r ~0,5¢.(1 + cosg)je.wb.(l - cos o) (4.69)
Tir cong thdc trén, luu lugng tite thai cia bom thay ddi theo géc
quay cua roto:

Khi ¢ = 90° va ¢ = 270° thi Q, = Q_ = (r-0,5¢).wb.e (4.70)

Khi ¢ = 180° thi Q, = Q__ = 2r.wb.e 4.71)
(mdt canh gat chi 1am viéc véi ¢ c6 gid tri 90° dén 270° con tu

270° dén 90° cdnh gat kia lam viéc, quay theo chidu kim déng hé)
Hé s6 dao déng luu luogng:

Q max

veg. =2 (4.72)
Péi vdi bom hai cdnh gat luu lugng tirc thei thay ddi khd rong.
D51 v6i bom nhiéu cdnh gat, chdng han Z = 6:

Qmax
y=r =107 1y lugng dédu hon (4.73)

Luu luong trung binh. Luu lugng trung binh trong mot vong
quay g (luu lugng riéng)

Goi q, - luu lugng rigng cda bom khi khéng xét 4nh hudng cia
chiéu day canh gat;
q - lugng gidm luu lugng riéng do 4nh hudng cia chiéu day
cdnh gat trong mét vong quay.
Khi dé6: q=q,-4q
Né&u s6 cdnh gat Z di 16n, cé thé 4p dung biéu thic sau:
q = 2eb(2nr-57); & - chidu day c4nh gat.

Goi n 14 56 vong quay cta bom trong mét phit, luu lugng trung
binh ly thuyét cla bom trong mét gidy la:
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_ngq

=%
n.eb
Q, = 0 (2n.r—8.2) (4.74)
Vay luu lugng thuc t& cla bom cdnh gat tdc dung don la:
n.e.b.
- —T%(Zn.r ~5.2) (4.75)

Trong thuc t&€ n, = 0,8 = 0,9
Diéu chinh luu luong

Uu di€m cda bom cdnh gat tde dung don 1a c6 thé didu chinh
duge luu lugng khi s8 vong quay lam viée cda roto khéong déi.

Tudng ty bom piston - roto hudng kinh, luu lugng eta bom canh
gat ¢6 thé€ diéu chinh bing c4ch thay ddi tri s6 d¢ 16ch tAm e. Ngoai
ra, néu thay déi ddu cha e thi c6 thé dao chidu lam viéc cda bom.
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Hinh 4.28 - Didu chinh luu lugng béing thay ddi dé léch tam

Trén Hinh 4.28 la sg d6 diéu chinh bom cdnh gat. Khi vi tr{
tuong ddi clia roto trong vé bom nhu trén hinh a) thi chdt 16ng dugc
chuyén tit Atéi Bvdie =e_, dodé Q = Q__. Khi ddy v6 bom sang
phdi, e gidm dan, luu lugng gidm dan va cho dén khi e = 0 thi Q = 0.
Mic da roto vAn quay véi van tdc géc va chidu quay khéng thay ddi,
nhung néu tiép tuc ddy vé bom sang phdi thi e d8i d&u, chiéu
chuyén dong cia chat 16ng thay d6i tit B d&n A va khi luu lugng cla
bom l6n nhdt thie=e__ .

¢ - Luc tde dung lén cdnh gat
Xét trudng hgp ¢ = 180°, trén cdnh gat sé& c¢6 cdc luc tde dung
(Hinh 4.29) nhu sau:
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Hinh 4.29 - Lyc tac
dung |é&n canh gat

Luc ly tdm, biing tich s8 cia khéi lugng c4nh gat m vdi gia t&c ly
tdm a_(dat & khdi tdm, cdch tAm quay theo khodng cé4ch p):

P,=ma,
Vi

2 h’ 2 h 2

anzp.w = R-——- 0 = ?’-COSB—e.GOS(p—— e
2 2
—(r—ﬁ—ecos )mz

5 Tecosg )

2 h
Nén: P, =m.o”, (= = e.cosq

Thay h = e(1 - cos ¢) vao bidu thic trén:

P, = m.o’ .[r —e.cosq— -;—.e.(l —cos cp)}

=m.o’[r~0,5¢(1 + cosp)] (4.76)
Luc ly tAm thay d48i theo géc quay cha roto.
Khi ¢ = 180° thi P, =m.r.o’

Do d6 lyc ly tdm ludn ludn ddy cdnh gat vé phia thanh vé bom.

Lye qudn tinh P_do gia téc chuyén dgng tuong déi a cha cdnh
gat trong r&nh roto tao nén: i

Pq =-m.a
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2
- =€.0°.cos¢

Nén P, = -me.w’.cos¢ (4.77)

q
Tri s6 va ddu cha P_thay d6i theo géc quay cda roto. Khi ¢ = 0 =
90° va @ = 270° + 360° thi P_ kéo canh gat vé tam (nguge chidu lyc ly
tam). Khi ¢ = 90° + 180° va ¢ = 180° + 270° thi P_ cung chiéu véi P,
d4y cdnh gat vé phia vé bom.

Khi ¢ = 180° thi P, _ =m.eon’ (4.78)

i ma

Néu cdc dau rdnh phia trong cla roto théng véi vung day thi
cénh gat cdn chiu mét dp lyc ddy P v& phia thanh vé bom do d¢
chénh 4p suat clia bom p = p, - p, gay ra:

P, =pbd; § - chiéu day c4nh gat.

Ngoai ra, trén cdnh gat cdn ¢6 luc quén tinh Coridlit (do gia téc
Coriélit) va luc ma sat (gita cdnh gat va rénh roto). Luc quén tinh
Céridlit c6 phuong thdng géc véi cdnh gat, do d6 lam tdng lyc ma
sdt gitta canh gat va ranh roto.

‘ Téng cdc luc tdc dung 1én cénh gat ¢d tri s8 lén nhat P___khi ¢ =
180°. Néu bd qua ltc ma s4t, luc téng cdng 16n nhit P__ téc dung
lén cédnh gat la:

Pmax = Pp + leax + quax = pbﬁ + II'I.I'.C!.)2 + m.e.ﬁ)z

=pbd+maw’(r+e) (4.79)

Luc P_,, 12 nguyén nhin giy ra sy mai mon ddu lam viée cla
cdnh gat va mit lam viéc cia vé bom, lam cho bom chéng héng.
Ngoai ra, P, con phu thujc vae chiéu day clia cdnh gat 8. P& han
ché P .., canh gat trong thuc t& ¢é chidu day khong qué 3 mm.

Bom chan khéng vong nudc
a- Céu tao, nguyén ly lam viée.

Trong ky thuat, nhidu khi phai tao chian khéng. Loai don gidn
nhit 1a bom chan khong c6 vong nuée (Hinh 4.30).

Bom gém mdt v4 hinh tru tron 1 trong dé ¢6 roto 2. Trén roto ¢é
gin ¢6 dinh c4c canh gat. TAm cda vd va roto léch nhau mjt khoang
e. Trong vd 1 ¢6 nude. Khi roto quay cdc cdnh gat khudy nude va
dudi tdc dung cla lyc ly tAm, nudc tao thanh hinh vanh khin bao
quanh vé lam kin bom. G m4t bén ciia v8 bom c6 miéng hit a théng
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Hinh 4.30 - So d8 c4u
tao bom chan khéng
vong nudc

véi.miéng ddy b théng véi 6ng d4y. Hinh dang va vi tri cha miéng
hit va miéng d&y dugc néu trén Hinh 4.30. Khi bom 1am viée, vdng
nuéc phai chodn toan by mit cdt AB. Khi cdnh gat quay theo chiéu
mii tén tit AB dén CD, thé tich chda khéng khi giita roto va vong
nudc ting, dp sudt tai 6 gidm, khéng khi bi hit vao bom qua miéng
hit. Tir CD dén AB thé tich khéng khi giita roto va vong nuéc gidm,
khéng khi bi cdnh gat nén lai v6i 4p sudt cac hon & cia hit va bi
ddy qua clia ddy vao dng ddy.

Khi roto quay theo quy trinh néu trén, 4p suit é miéng hit cia
bom gidm déan, tao nén d9 chan khéng ngay cang cao trong éng hit.

Nguyén 1y lam viéc cia bom chén khéng véng nuéce eiing 1a nguyén
1y lam viéc cGa bom cdnh gat tdc dung don. V& k&t cdu, bom chan
khéng vdng nude khdc véi bom cdnh gat 6 chd céc cdnh gat khong
trugt trong cdc rdnh cha roto va khéng tua vac thanh vé bom vi
buéng lam viéc duge 1am kin biing vong nuée.

b - Luu lugng khéng khi do bom chén khéng vong nuoe hit

Gid sd vong nudc ¢6 chidu day khong déi, nghia 1a dugng gidi
han trong cia vong nuéce la dudng tron, déng tAm vdi vé bom, so dé
lam viéc cia bom chan khoéng vdng nudc hoan toan tuong tu bom
cdnh gat tic dung don ¢6 dudng kinh vé bom bing dudng kinh trong
caa vong nudc.
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Do 46, céng thide tinh luu lugng trung binh cda bom chin khong
vong nudc cé thé suy ra tit cébng thite tinh luu lugng elia bom cénh
gat tdc dung don, chi khédc 1a thay bdn kinh vé bom cdnh gat (r)
bing dudng kinh trong cia vong nudc:

nebmn,
30

Trong d6: n - sd vong quay cda roto (vg/ph)
e - 46 léch tdm cha roto va vb bom;
b - chiéu réng clia cdnh gat;
8 - chiéu day cda cdnh gat;
Z - 58 cdnh gat;
r_- ban kinh truc roto (r, =d/2)
ng- hidu suit ltu lugng clia bom chén khéng
vong nudce; n= 0,7 + 0,8.

(2n(r, +e)-8.2) (4.80)

¢- Lugng nudc cdn thiét trong bom

Pé bom chan khéng hoat ddng binh thudng, cdn ludén luén duy
trl thé tich nude V trong bdm, sao cho khi bom lam viée V lam kin
mit AB. Nghia 1a vong nudc thudng xuyén cé thé tich bang thé tich
ctia khéi tru rdng vdi dudng kinh ngoai biing dudng kinh roto (k€ cd
cdanh gat) va dudng kinh trong bing dudng kinh cla true roto:

V= b[g(d’* ~d)- 2.5.1] (4.81)

Trong d6: Z.5.1 - thé tich cdc cdnh gat cla roto.

Thuc t&, khi bom lam viée, mit trong cda vong nude khong hoan
toan tron va déng tim véi vo bom (vi roto dit léch tAm véi vé bom)
nén khéng thé tranh mét phin nudc bi cdnh gat dua qua cla day ra
khéi bom. Vi thé, can b6 sung nude cho bom dé& lam kin. Luu lugng
nude bd sung nay théng thudng khodng 0,25 + 0,3 m*h. Lugng nugc
b8 sung con b tdc dung 1am ngudi bom.

BOM PISTON-ROTO

Khai niém chung, uu nhugc diém, phan loai

Bom kiéu piston-roto 14 loai bom thé tich mdi ra dai va bit d4u
duge st dung nhiéu vao nhitng nam 1925 + 1935, khi ma truyén déng
thay lyc bt ddu duge (ng dung rong rii trong cic nganh ché tao
mdy cdng cu, may bay, va tau thiy.

Pic diém cGa bom piston-roto:
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o Tao duge dp suit cao vdi luu lugng khong 16n 14m;

» C6 kha nang thay d6i luu lugng mdt cdch dé dang, trong khi
van gilf nguyén 4p sudt va s6 vong quay lam viéc (4p sudt lam
viée khong phu thude vao luu lugng va s vong quay);

e Hiéu sudt tuong déi cao;

¢ Pham vi didu chinh 1dn;

e S8 vong quay lam viéc tuong ddi 16n nén ¢6 kha ning ndi truc
tiép véi cdc ddng co dién thong thudng.

Bom va déng co piston-roto cé két cdu hoan toan nhu nhau, tri
nhiing trudng hop dac biét. Trong thyc t&, bom piston-roto bat ky
déu c6 th€ lam viée nhu déng co néu din vao d6 dong chat 1ong ¢
ap suit da 16n.

Bom piston-roto ¢6 thé chia lam hai loai:

* Bom piston-roto hudng kinh

s Bom piston-roto hudng truc

Bam piston - roto hudng kinh

a - Céu tao, nguyén ly lam vigc. M4y gbm hai phan; phan quay (roto)
1 44t lach tam trong phédn cf dinh (stato) 2. Roto 1a khdi tru tron,
trong d6 c4c xilanh va piston tru 3 khong cé cdn (thanh d4y) phin
bd déu theo huéng kinh (kiéu bd tri hinh saoc). Do sy b6 tri 1éch tAm
theo khodng cdch e nén khi roto quay, cdc piston quay theo roto va
déng thoi chuyén ddng tinh ti€n trong cdc xilanh (Hinh 4.31).

Hinh 4.31 - So d6 cdu tac bom piston-roto hudng kinh
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Trong bom, qud trinh hit duge thye hién khi cde piston chuyén
dong hudng ra khéi tdm roto; chat 16ng duge hit qua roto vao cde
xilanh nhé c6 16 din a vao ving hit A. Khi piston bj thanh stato ép,
chuyén dong hudng v& tam thi chat 1dng bi nén vao vung ddy B va
chdy ra ngoai theo 15 din b trén stato, thuc hién qud trinh ddy cha
bom. Viing hit A va vang ddy B 1a hai ranh hinh bén nguyét cach
nhau b#ing mét vdch béd tr{ & giita stato trong truc phan phdi 4 va
duge théng ra ngoai béi hai 16 din a, b. Trudng hop nay ung vdi
roto quay theo chiéu kim déng ha. Néu roto quay nguge chidu kim
dong hd thi ving hat 1a B va vang ddy 13 A.

D& bom lam viéc binh thudng, khi roto quay cdc d4u piston phai
luén ludn ty vao thanh stato, do d6 nhidu khi phai diing bom phu
g0i 1a bom cdp d€ ddy chat 1éng vao ving hit véi dp sudt da dé ddy
piston ty vao thanh stato trong qud trinh hiit.

b- Phuong trinh chuyén dong cila piston. (Co sd tinh todn luu
lugng va lye tac dyng trong bom)

Trén Hinh 4.32 1a so d6 nguyén ly chuyén dong cia bom piston-
roto hudng kinh, ciing 1a nguyén 1y chuyén d6ng cda co cfu thanh
truyén - tay quay, trong dé tay quay L ¢& dinh, con xilanh quay tron
quanh tdm O, v4i vén téc géc khong d6i, va diém A cha piston quay
quanh O, vdi ban kinh r.

“anaan (i

0\
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B A Ay
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Hinh 4.32 - Sa d6 nguyén Iy chuyén déng clia bom piston-roto hudng kinh

Treng bom piston-roto hudéng kinh, thanh truyén r duge thay
bing mét vanh stato ¢é tdm trang veéi O,. Khi roto quay quanh O,,
déng thoi piston ciing thuc hién chuyé&n déng tinh tign trong xilanh.

Xét thsi diém ban ddu, piston & vi tri A. Khi roto quay theo
chiéu kim déng hd, piston c6 chuyén déng huéng vio tim. Sau
khodng théi gian t, piston quay theo roto véi géc ¢ dén vi tri C, va
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khi d6 piston d& chuyén dong tinh tién tudng d61 vdi xilanh mot
doan la x:

X=r+e—-R

R =e¢cosp+rcosa
Suy ra X=(r+e)—(ecosp+rcosc)
Cén bién d6i d& dua géc o vé géc o.
Tu Hinh 4.32, suy ra: rsina =esing

) e .
Hay sino = —sin@
r

2
Va cosa =+l —sin’ ¢ =J1—[E] sin’ ¢
T

Khai trién biéu thic cosa theo nhi thic Newton va bé cdc sé
hang béc 3 trd lén:

l(f:J2 3
coscr.=1—§ —| sin“ @

'Thay vao biéu thic cda R:

R=e[cosnp+£—lgsin2(p]
e 2r
Thay vao biéu thic eia x:
[ r le. , )
X=r+e—elcoso+———=sin’ ¢
e 2r

Sau khi rit gon, phuong trinh chuyén déng cda piston trong
bom piston-roto huéng kinh ¢6 dang:

le . ,
XxX=e 1—005(p+5—sm Q (4.82)
r
Cé thé xdc dinh van téc chuyén déng cia piston tif phuong trinh
trén.

Vén tdc chuyén déng tuong déi cla piston trong xilanh:

v—%——em{sin +lgsin2 ]
& : ® 71 P (4.83)
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Vi s6 hang thd hai rat bé so v6i s& hang thd nhat nén cé thé bé
qua va tinh v theo ¢dng thdc sau:

vV =e.0.51n¢ (4.84)

Vay van téc tuong 461 v phu thude vao ¢ va cé tri s& 16n nhat 1a:

Vioa = S0 (4.85)

Tri s trung binh cla v trong qud trinh piston chuyén déng vao
tAm:

Je.co. sinp.do X
v, =2 —fen (4.88)
T T

Su dao dong van t6c tuong déi v duge d4nh gid bing ty so:

Vo T
v = _2“ (4.87)
tb
Vén toc ciia ddu piston theo vanh stato:
vy =Ro
_ [ r le ., ]
v, =ef coso+——-——sin‘ @ (4.88)
e 2r

Vén téc chuyén ddng cda piston ludn ludn thay d8i trong qud
trinh roto quay.

¢ - Luu lugng

Luu lugng trung binh. Luu lugng cua bom piston-roto phu thuéc
vao kich thude xilanh, s& xilanh va s8 vong quay clia roto.

Trong mét vdng quay cda roto, lugng chat 1éng do mét piston cé
dudng kinh 1a d d4y:

2
nd 2e

Né&u bom ¢é Z piston thi luu lugng 1y thuyét cla bom trong mét
chu ky lam viéc (luu lugng riéng) la:

d?
q, = “4 2e7 (4.89)

Luu lugng 1y thuyé&t trung binh cha bam véi s6 vong quay n trong
moét don vi thoi gian:
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2

Ql :q]_n =

2eZn (4.90)

Luu luong tiec thoi. Luu lugng tde thoi do mdi piston tao nén
thay d6i theo thoi gian va ty 1& thuin véi van téc tuong d6i cla

piston trong xilanh:

_nd? v (491)
1 .

Thay biéu thiic cha v vao biéu thidc trén:

%

—ﬁme sin +lEsin2 ]
qq’ 4 T (P 2r (p

d?

q, = 2 £.00.51n ¢

(4.92)
Luu lugng tidc thdi cia bom duge xdc dinh bang tdng luu lugng
tie thoi do cde piston & budng ddy tao nén. N&u toan bd s6 piston

cia bom 14 Z va s6 lugng piston ¢6 § budng day 1a (m+1) thi luu
lugng tie thai caa bom la:

2

rd
Q, = A

eo.fsing +sin(Q+a)+... +sin(¢ + ma)]

Trong dé:

. 27n
a - géc gitta hai truc cta piston lién nhau § tdm; a=—-

2

m.d = . .
Vay: Q,= 2 €. ) sin(e+ia) (4.93)
i=0

Do d6, luu lugng tie thai thay déi theo géc quay cla roto.

Cé thé tim duge tri s8 géc quay ¢ ing véi gid tri cye dai Q__ bang
cdch 14y dao ham biéu thic trén theo ¢ va cho biing khéng:

cos@+cos{p+a)+...+cos{gp+ma)=>_4
Hay:

COS( + COSP.COsa —sing.sina +... + cos¢.cosma —sin@.sinma = 0
Rut ra:

cos@.(l+cosa+cos2a+..+cosma)—sin@.(sina+...+sinma) =0

l+cosa+..+cosma
Suy ra: tgp = — ; (4.94)
sina+..+slnma
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Géc ¢ ing v6i Q = Q__ dLr'(.j-}:l goi la géc dao déng cia bom
Khi ¢ = 0 thi Q,=Q

b€ dénh gid mic d) dao dong khéng déu cda bom, c6 thé ding
hé s§ khong déu vé luu lugng:

_ Qmax
b4 —_Q_ (4.95)

min

Ngoai ra cdn ding hé s§ dao dong luu lugng dé dénh gid su dao
déng luu lugng:

Q max _Q min
=22 0T 3 - (4.96)
Q min .
S=y- ——‘& (4.97)

Thuc nghiém chdng té, khi s6 piston (Z) ctia bom 1én thi d nhs.
Va d cia bom ¢6 Z 18 bao gi¥ ciing nhd hon ciia bom ¢6 Z chén.,

Sy dao déng cla lwu lugng c6 4nh hudng dén sy dao dong cia 4p
suat trong hé théng bom lam viéc. Tuy nhién, so véi bom piston thi
h¢ s8 dao ddng luu lugng cGa bom piston-roto nhd hon nhidu.

D& diéu chinh luu lugng clia bom piston-roto, ¢6 thé ding phuong
phédp thay ddi d¢ léch tam e tuong tu nhu bom cénh gat (Q ty 1& bac
nhét vdi e): '

e=0thiQ=20
e=e thiQ=Q
Vay luu lugng cia mdy 'ng v6i do léch tam e 1a:

[ +] .
Q=Q,u o (4.98)
e
Trong dé: €= o la ke s6 diéu chinh (4.99)
Q=¢Q, (4.100)

Moment quay. Ap suét 1am vide géy ra céc luc tde dung lén cdc bd
phan cla bom. Can nghién cdu cde lyc tic dung dé tinh cdng suit
yéu cdu clha bom, déng thei phat hién cdc nguyén nhan géy hu hong
cdc bo phan 1am viéc chinh d€ ¢6 bién phédp ngin ngita hu héng va si
dung bom mét cdch hidu qua.
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Hinh 4.33 - S¢ d8 tinh moment quay bdm piston - roto

T Hinh 4.33 ¢6 thé thdy: khi roto quay, vanh stato tdc dung lén
dau piston luc N huéng tdm O, ép chdt léng trong xi lanh. Néu 4p
suit trong xi lanh 1a p thi dp lye tdc dung 1én piston la P (theo
phuong cua truc piston):

7.d°

P=p.
p4

; d - dudng kinh piston. (4.101)

. Luyc P nhu nhau d6i véi moi piston trong budng ddy.
Phén tich N thanh 2 thanh phan:
* P’ c6 phuong song song truc piston;
e T c6 phuong vudng géc véi truc piston, duge goi 1a luc vong.

Luc P’ tao nén dp suit p trong xilanh, néu bé qua luc ma s4t gida
piston va xilanh thi P = P’. Thanh phén luc vong T tao nén moment
can trén truc roto cta bom.

Tt Hinh 4.33:

T=Pitga
N = P
COS QL
e 2
Trong dé: cosor =1 —[—"J Sil’l2 ¢
T
T =Pitga =P. Sne
cosSQ
. e .
Vi sino. = —sing

r
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Thay vao phuong trinh T:

1 et ., (4.102)
—-rTsm 0
2

H Y € by ' i) r =
Vi sin’ @ << sing va 7 la 56 hang nhd, ¢6 thé€ bé qua.

Do dé: T= P-%-sinfp (4.103)
Véy: Iyc vong T thay déi theo géc quay ¢

¢ = 0 thi T=0

¢ = 90° thi T=T _

¢ = 90° + 180° TgidmtuT  dénT_ =0
Moment quay tao nén béi luc vong T téc dung lén mét piston la:

M=TR (4.104)

€ .
P.-sing role
Mz—L-——.c[coscp+—~———sin2(pJ
N e 2r
1—-r-2—sm ¢

(4.105)

” ez . le 2.2 . . : -
Né&u —sin“ 0= 0 va E;Sm ¢ =0 (vila cde dai lugng vo cung bé
r

bic cao).

el | r
Tit dé: M= P-Tsm_q)-[cosw + E] (4.106)

Moment quay cla roto biing tdng moment cla cde piston trong
vung ddy khi bom lam viée:

M=>TR (4.107)
Nhén xét:
* Moment quay M thay d8i theo ¢ mét cdch ¢6 chu ky.
¢ Tri eye tiéu cia M phu thude vao Z:
Vide: Z=5M_ =094 M,
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Z=T,M_ =096M,
Z= 9; l\ﬂmin = 0,98 MTB
o Tuong tu dao dong luu lugng, moment quay dao dong cang it
néu Z cang 16n.

e M tj 16 thuin vdi 46 léch t4m e; M cang lén khi e cang 16n; M
= 0 khi e = 0. Do vay c6 thé dleu chinh moment quay M béng
cdch thay d6i dé lach tdm e trong khi dp sudt p khéng dai.
Pay la phuong phap chd yéu dé diéu chinh bom piston-roto

huéng kinh:
M e
M=e
[~
Vﬁy M = e_“-Mmax = 8‘hdrmuc . (4108)

Max

Trong d6: £ - hé s6 diéu chinh cia méy.

Bom piston - roto hudng truc
a - Cdu tao va phédn logi

Céu teo. Nguyén 1y lam viéc cia may nay cing tu'dng ty nhu bom
piston-roto huéng kinh, nhung k&t cdu cé hoi khdc (Hinh 4.34).

Trong bom piston-roto hudng trye, cdc 15 xilanh phén b8 déu
trén roto 1 nhung khong huéng kinh ma song song véi nhau theo
huéng truc roto. Piston 2 trong xilanh luén ludn duge ddy va tua
mdt ddu vao dia ¢f dinh dat nghiéng 3 bing cdc 15 xo dit trong
xilanh. Khi roto quay, céc piston quay theo. Vi mét d4u piston ludn
ludn tua vao mit dia nghiéng nén cdc pisten cing ddng thai chuyen
dong tinh tién tuong 461 vdi xilanh. Cdc 18 xilanh & mit cudi roto

v
Y-] K
vllllll/ \\

\ ';4. L:ﬂ
l" \ ______ r‘\\\ ]
ﬁ 2 *\
R TIPLLLLLLE t!.‘.‘),,,
y ; ¥, l-‘l'l.h‘k‘l iy
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.\“—"t.\“\\\
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Hinh 4.34 - S0 dé cdu tao bom piston-roto hudng truc
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dugc 1ap sdt véi ndp ¢d dinh 4. Trong ndp nay cé hai rinh hinh vong
cung 5 duge ngan cdch nhau béi hai g& 6, hai ranh nay dugc théng
v6i hai 16 d€ dén ch4t 1dng ra vao a, b. Khi roto quay theo chidu mii
tén thi rénh 5 bén trdi 14 cléta hit A, ranh bén phdi 1a cZa d4y B.

Phén logi. Bom piston-roto huéng truc cé thé chia 1am hai loai:

* Bom piston-roto hudng truc ¢é dia nghiéng

» Bom piston-rato hudng truc ¢6 roto bd tri nghiéng.

D€ thye hién chuyén dong tuong déi cha cdc pistion trong xilanh
thi roto quay tron va dia nghiéng ¢§ dinh hoic nguge lai. Nhung dé&

phan phéi chat 16ng duge tién loi, k&t cdu bom don gidn, thi thudng
roto chuyén dong quay va dia nghiéng c6 dinh.

Syt diéu chinh bom piston-roto huéng truc duge thuc hién bing

cdch thay d6i géc nghiéng cda dia so véi dudng tam cda true roto.

Uu diém:

o Céc cita hit va ddy cé diéu kién b6 tri riéng biét trén dia
phén phdi, nén ¢6 thé ch& tao véi kich thude 1én ma khéng
lam téng kich thudc chung cia médy. Do d6 cho phép nang cao
s0 vong quay d€ ting luu lugng. Vi th& cdc loai bom piston-
roto hudng truc cé trong lugng trén mét don vi céng suit nhé
hon hai dén ba 14n so v6i bom piston-roto huéng kinh.

* Moment qudn tinh tuong d6i nhé. Diéu nay c¢é ¥ nghia quan
trong khi s dung may lam dong co.

» Bom piston-roto hudng truc ¢é hiéu suit luu lugng cao 1, =
0,96 - 0,98, do vay hiéu sudt chung ciing cao, 1 = 0,95.

b.- Phuong trinh chuyédn dong

Nguyén 1y chuyén déng clia piston trong xilanh ctia bom piston-

roto hudng truc cling theo nguyén ly chuyén dong cia thanh truyén
- tay quay (Hinh 4.35).

Sy e L)
\ /
§\ \ S

KA AW
&, .

%

o~
o,

Hinh 4.35 - So dd nguyén Iy chuyén déng ca piston
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Piston 2 va xilanh 1 cling chuyé&n déng quanh truc ¢ha bom, nhung
tay quay 4 quay xung quanh truc tuong (ng (trong két ciu cu thé cia
may tay quay 4 la dia nghiéng). Nh& ¢é mét phang quay cda tay quay
(dia nghiéng) bd tri nghiéng theo géc y so vdi truc cda bom nén ¢6
thé tao ra chuyén déng tuong d6i gitta piston va xilanh véi hanh
trinh S, do d6 chi can piston va xilanh quay ho#c dia nghiéng quay.

Gia st dia nghiéng quay tif A dén B, quing dudng chuyén déng x
cua piston trong xilanh la:

x =A'B'siny = (OA - OB").siny
=(0OA - OBcos).siny
= (R —Rcosg).siny =R.(I1 - cos@)siny
Trong d6: R - bdan kinh quay cla tay quay (dia nghiéng)
Vian téc chuyén déng tuong déi cda piston la:
v= (cil_)t( = R.o.sin@.siny

Do dé6, c6 thé thdy van tdc v clia piston trong mdy hudng truc
ciing thay déi theo ¢ mét cdch tudn hoan.

¢ - Luu luong:

L luong trung binh. Thé tich chat 1éng do mot piston van
chuyén trong mét vong quay cla roto la:

d°
11:4 S; §- hanh trinh piston; d - dudng kinh xilanh.
Né&u mdy c6 Z piston, luu lugng cda bom trong mdt vong quay la:
d?
=1 sz (4.109)

Tir d6, luu lugng 1y thuyét trung binh clia bom véi s§ vong quay n
trong mét don vi thai gian la:

nd’

Q,=qn= S.Zn (4.110)

Véi S=D,.tgy =D.siny

‘Trong dé:
D, - dudng kinh clia roto trén d6 phin bé cdc xilanh;
D - dutdng kinh cda dia nghiéng.
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Cudi cing bi€u thie cta Q, c6 thé dugc vist dusi dang:

2 2

_ d .
Q] = ‘J'E:l _S_n.Dx'th = 7 .Z.H.D.SII‘IY (4.111)

Luu lugng tde thoi. Luu lugng tic thoi do méi piston tao nén
thay déi theo thoi gian, phy thude van tdc tuong d6i v cla piston
trong xilanh:

m.d?
4y =T (4.112)
2
q, = '4 R.o.siny.sing 4.113)

Luu lugng tdc thai chia bom (do tat ca cdc piston tao nén) tai thai
diém bat ky:

2
Q, = n';j R.o.siny.[sing +sin{@ + a) +... + sin(¢ + ma))
nd? L, :
Hoic: Q, = a R.o.sin Y—Z sin{¢ +1a} (4.114)

i=0
Trong dé: a - géc giia hai piston; a=2n/4
D6 thi luu lugng tuc théi cia méy piston-roto huéng tryc:

b
[ T 27?

Hinh 4.36 - D4 thi dao ddng luu Iugng

Cdc cong thic vé hé s6 khong déu va hé s6 dao déng luu lugng
cia bom piston-roto hudng truc tugng tu nhu cia miy huéng kinh,
vi luu lugng tide thi cha hai loai may nay déu c6 cde tinh chat nhu
nhau. P6i vdi bom piston-roto huéng true, vige didu chinh luu lugng
dugc tién hanh bang e4ch thay ddi géc nghiéng y cGa dia.

Chi §: D81 v6i trudng hgp piston khong néi véi dia nghiéng
bing khdp cdu ma chi tiép xuc hosic tua vao dia nghiéng khi may
1am viéc thi cdc cong thdc tinh todn néu trén vin ding.
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BAI TAP
Bai IV.1
Xdc dinh céc kich thuge cd ban cia bom piston tdc dung don theo

cdc didu kién sau: Luu lugng bom Q, = 5 m¥h, dp sudt chat léng lam

viégc p = 20 at, s6 vdng quay ctia truc dong c¢ dén dong bom n, = 150
v/ph.

|
]
B

T
s

Hinh 4.37

Gidi:
Céc kich thudc co bdn clia bom piston 12 dudng kinh pisto.n,
dudng kinh cdn piston, va hanh trinh piston.

Dudng kinh piston cia bom cé thé xéc dinh tif cong thie tinh luu
lugng bom tdc dung don theo phuong trinh (4.15):

Q=3 _ FSn _=D’Sn _aD’Kn
Y60 60 240 240
Trong d6: F -~ dién tich mit piston;
S — hanh trinh piston;
n — s6 vdng quay cda truc ddng co;
D - dudng kinh piston;

S .
K= ‘6- hé s6 ty lé.
Chon K| tuy theo dp suit cta chat 16ng lam viéc va van tdc quay

cGa truc dong co. Hé s8 K 16n 4p dung cho bom cao 4p va cé s6
véng quay nhé, hé s§ K  nhé dung cho bom thdp dp va c¢6 s§ vong
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quay lén. Théng thusng K ¢6 gid tri trong khodng 1,5 + 3, c6 thé
lay K < 1,5 hosic K > 3 tiy theo diéu kién lam viéc clia bom.

Tit cong thie trén, suy ra dudng kinh piston cta bom:

D=; 240Qy, =425 Q
nKgn Knm,

Hiéu sudt n, trong khi tinh todn c6 thé chon s¢ b theo luu
lugng cha bom:

Q < 15 m*%h chon n,=0,85+09
Q=15+60m%h chon Mg =0,90 + 0,95
Q > 60 m*h chen n, = 0,95+ 0,98

Bom thiét k& ¢6 Q = 5m*h < 15 m%h, vi vay cé thé chon nq = 0,85.
Bom ¢6 4p sudt p = 20 at 14 loai bom thap 4p, nén c6 thé chon K = 1,5.

Pudng kinh piston ¢6 gi4 tri la:

D =4,25-3 _ 139 =8,25cm
1,5.150.0,85

*(trong cbng thic trén, thay Q, = 1390 ecm®s = 5m%h).
Ldy tron dudng kinh theo tiéu chuin, D = 80 mm; cdn xdc dinh
hanh trinh S sao cho bdo dam luu lugng cia bom:
4
§=—4
nD
Luu lugng riéng cia bom:

Q, 5.10°

= = =655em’ /v
B en  60.0,85.150 5
4q 4655
Vay: = = = VYT =13,0cm =130mm

i d
Pudng kinh can piston x4c dinh theo ty s§ K, = D phu thude

dp sudt, theo bang sau:

p<15at 15 < p <50 at 50 < p <80 - 100 at
4 0,3:035 d 05 4 o7
D D D
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Chon K, = 0,5; vy d = 0,5.80 = 40 mm.

Céng sudt cda bom:

20.9,81.10%,
N, =pQ, =—0f;10—~;i§= 2,73.10° W = 2,73kW

(trong dé p tinh biing N/m?, Q, tinh biing m%/s)
Cong sudt cia déng co:

N, 2,73

N = =
NN 0.85.0,95

dc

=3,56kW

Bai IV.2

Xdc dinh cdc théng s lam viéc ¢d ban clia bom piston téc dung don,
cho biét: Pudng kinh piston D = 145 mm, hanh trinh piston S = 450
mm, cbéng sudt trén truc déng cg N, = 56,8 kW, s8 vdong quay lam
viéc cla déng co n,_ = 75 v/ph. Hidu sudt ciia bom N = 0,98; n, = 0,96.

Gidi:
Cdc théng s6 lam viéc cd ban cda bom 1a luvu lugng Q,, 4p sudt

clia chét 1dng lam viéc p, cdng sudt cta bom N,. Tit cde diéu kién cia
bai todn:

Luu lugng riéng cia bom;:

n.D?2 3.14.14,52
=FS= §=2 :
o 4 4

Luu lugng cda bom:

Q, =q,.nng =7,4.75.0,98 = 5451/ph = 9,08.10° m’ /s

Cong sudt cta bom:

-45=7400 cm’/vg

N, = Ny Mg My = 56,8.0,98.0,96 =535 kW
Ap suit ctia chat 16ng lam viéc:

N, 535.10°

=cT = 908.107 =5,892.10°N/m? = 60at
b i

Bai V.3

Xdc dinh cée kich thudc co ban va cong sudt cia bom banh rang,
cho bigt: Luu lugng cla bom Q = 60 Vph, dp sudt chat 1dng 1am vide
P = 20 at, s8 vong quay clia truc bom n = 1450 v/ph, 58 ring cia mi
banh riang Z = 14. Hiéu suat thist k& N, = 0,92; n, = 0,85.
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Gidi:

Céc kich thude co bdn clia bom b4dnh riang 13: mddun eia banh
rang m, duyng kinh vong lin D, duong kinh vong dinh D, dudng
kinh vong tron ¢o s¢ D, chidu cac clia rdng h, chidu réng cGa banh
riang b, khodng cdch gitta hai tdm bédnh réng L, dudng kinh 6ng hiit
va dng ddy d.

Hinh 4.38

M6dun cha bdnh ring dugc xdc dinh bing nhiéu phuong phédp
khdc nhau, ¢6 thé xét mot trong cdc phuong phap dé.

T biéu thite tinh gan ding luu lugng ctia bom:

Q=Tn,Dmbn=7n,m’'bZ’n ; cm’/ph
Trong dé:
D- dudng kinh vong ldn, xdc dinh theom va Z: D = m.Z

_ . - b
b - chiéu réng tuong déi cia banh riang; b= o7 duge chon phu

thudc vao 4p suit p cda chat 16ng 1lam viée nhu sau:

p (at) 10 25 70

b 1+0,65 0,7+ 0,5 0,4 + 0,25

Tit bidu thie tinh luu ligng néu trén c6 thé xic dinh médun m:
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m=; —‘—9-5— ;cm
TnebZ n

Trong d6: Q tinh bing em?ph; n — v/ph.

Céc kich thude khdc cta banh riang duge xdc dinh theo m va 2
nhu sau:

D, = m(Z + 2)

D, = mZcosa;

a_ la gée &n khdp cha thude ren, théng thuong o = 20-.
h = 2m; b = bmZ; L =mZ

| Pudng kinh cia dng hiat va 6ng ddy duge xéc dinh theo huu lugng
chat 16ng qua bom va van toc cho phép cla dong chat 16ng trong

dudng ong:
d =46, ’9_ ,mm
v

Trong dé: Q- tinh biing l/ph; v- béng m/s.
D81 voi ong hit v, < 1,5 + 2 m/s
' Déi véi dng ddy v, <3 + 5 m/s

Thay sé vao cdc bidu thic trén, cé thé xdc dinh cdc kich thude co
ban cda bom:

Modun ciGa bdnh ring:

3
m=3 60.10 > =0,38cm = 3,8mm
7.0,92.0,6.14°.1450

Trong 46:Q = 60 I/ph = 60.10° cm®*ph; ng = 0,92; = 0,6; Z = 14;
n = 1450v/ph.

Lam tron gid tri tinh todn cla m va 18y m = 4mm, khi d6 p ¢6
‘gi4 tri b¥ng:

b= Q _ 60.10° _
oZ'm’n  7.0,92.142.0,4°.1450
+ Chiéu réng cia bdanh rang: b=0,51.4,14 = 28,5 mm
+ Pudng kinh vong lan: D=mZ-=4.14 =56 mm
+ Pudng kinh vong diu dinh ring: D, = 4(1442) = 64 mm
+ Dudng kinh vong tron co sd: D =4.14.cos20° = 52,5 mm
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+ Khodng céch tAm gitta hai banh ring: L =4.14 = 56 mm

+ Chiéu cao cda rang: h=24=8mm
» s 7 - i 6
+ Dudng kinh cha éng hut: d, =4 61’ 2 =25,3 mm

Lam trdn gid tri d, tinh todn va lay d, = 25mm

Y . 60
+ Pudng kinh cia dng ddy: dy =4,6 i 17,8 mm
Lam tron gid tri d, tinh toan va ldy d, = 20mm

+ Céng suat cha bom:

20.9,81.10*.60.107°

=pQ-= - =1,9kW
PQ 60.10°
+ Cong sudt cha dong co ddn déng bom:
N, = N __ 19 2,5kW

MoNa 0,92.0 85
Bai IV 4
X4c dinh cde thong s6 lam viée co ban cia bom hai banh rédng va

hé s& dao dong luu Iu'dng ciia bom, cho bi€t: médun cia bdnh ring m
= 4,5mm, s8 rdng cda mdi banh ring Z = 13, chiéu rdng tuong de6i

cia bdnh rang p = 0,86; géc an khép cla thude ren a = 20° 4p sudt

cla chat 16ng lam viéc p = 3,3 at; s6 vong quay lam viée eda truc
bom n = 1450 v/ph; hiéu suit ciia bom Ng = 0,65; 1, = 0,646.

Gidi:

Céc thong s6 1am vidc co ban cia bom hai banh réng 1a luu lugng
Q, dp sudt cla chat 16ng 1am vidc p, cong sudt N va hiéu suat .

Luu lugng trung binh cia bom c¢é thé xde dinh theo cong thic
tuong tu nhu trén, con gid tri chinh xdc hon duge xdc dinh theg
cdng thic sau:

Q, = 2rnbm*Z+sin%x )

Luu lugng auc dai va cuc tifu cla bom duge xde dinh theo cdc
cdng thie (4.59) va (4.60). Hé s6 dao dong luu lugng cda bom duge
xédc dinh tir e6ng thidce (4.62):

80 - leaxQ_thlmin
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Thay cac gid tri cia Q_ ., Q... th vao biéu thic 5, s& c6 biéu
thife sau:

_247cos’

Oy =

Z+sin’ o,
Luu lugng 1y thuyét:

Q,, = 2mnnbm?*Z+sin’n) = 2.3,14.1450.0,452.(13+0,117)
= 121000 cm¥ph = 121 I/ph.
Trong d6: n = 1450 v/ph
b={mZ=0,86.4,5.13 = 50mm =5 cm
m = (,45 em
Z=13
sin®o = sin?20° = 0,117.

Luu lugng thue trung binh cia bom:
Q,, = Qung =121.0,65 = 78,6 Uph

Bai IvV.5

X4c dinh cdc kich thude co bdn va cong suit ciia bom cédnh gat
‘tac dung don theo cdc s8 liéu sau:

Luu ILI(mg cia bom Q = 100 Uph 4p suit chat 16ng lam viéc p =
30 at, s vong quay clia truc bom n = 960 v/ph, hiéu suit luu lugng va
hiéu sué‘it co khi 1, = 0,90; n, = 0,96.

Hinh 4.39

Gidi:
Cdc kich thuéc co ban cua bom cdnh gat 1a: bdn kinh roto r, bdn

kinh trong caa stato (bdn kinh vong hudéng) R, 4 léch tdm giita roto
va stato e, chidu réng cia canh gat b va chiéu cao cla ednh gat h.

Bdn kinh trong clia stato xdc dinh ti bidu thde tinh luu lugng
cha bom:
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Q =2eban(2nR - 8Z); I/'ph
R < Q+ 26bn5211Q

Suy ra:

4mnebn,, ™)
Néu bé qua chiéu day cdnh gat 5, bidu thic tinh R nhu sau:
-9 (*¥*)
4nnebn,

Trong trudng hop khong doi héi do chinh xdc cao, ¢6 thé tinh R
theo cong thiec (**),

Néu trong diéu kién cta bai toan khong cho trude cdc gid tri e, b,
8, Z, c6 thé chon céc gid tri d6 trong gidi han sau:

e=2+ 10 mm b =10+ 40 mm
=20+ 25mm Z=7-+16
Theo diéu kién bai todn va chon e = 4 mm; b = 25 mm; § = 2,3
mm; Z = 12, ¢6 thé tinh ban kinh trong eda stato theo cdng thdc (*):

p . Q+2ebnéZng 100.10° +2.0,4.2,5.0,23.12.960.0,9
4mnebn, 4.3,14.960.0,4.2,5.0,9
=9,7ecm =97 mm
Lay tron R = 100 mm, khi d6 gi tri b bling:
b Q _ 100.10°
2enmq(2nR - 82) 2.0,4.960.0,9{2.3,14.10-0,23.12)
=241 cm=24,1mm
+ Ban kinh cua roto:
r=R-e=100-4 =96 mm

+ Chiéu cao phén lam viéc cia cdnh gat:

hlv=2e=8mrn

+ Chidu cao cla cénh gat: h_ = 0,4h, nén:
= b, _ 8 = 20mm
04 04

+ Céng sudt cia bom;:

_ pQ _ 30.981.10°100.10
1000 1000.60

= 4,9kW
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+ Cong sudt trén truc bom ( cbng sudt dong co):

Ne =— =% 5660w
NoNa  0,9.0,96

Bai IV.6

X4c dinh cdc kich thudc cd bdn va cfng suit cia bom piston roto
hu‘dng kinh theo cdc s6 lidu sau: luu 1u'(mg cia bom Q = 40 I/ph, 4p
sudt cia chat 16ng 1am viée p = 100 at, s& vdng quay cua truc bom n

= 960 v/ph, hiéu sudt cia bom 1, = n, = 0,95; s day piston i = 1, s§
piston trong day z = 7. '

Pa
3 M ! h
o :
L
e 3%
"
Hinh 4.40

Gidi:

Céc kich thudc co bén cia bom piston-roto huéng kinh la dudng
kinh piston d, chiéu dai piston 1, dudng kinh stato D,, dudng kinh
tryc roto D, dudng kinh tryc roto D, dudng kinh § truc D,,, dudng
kinh ranh phan phéi d , va chiéu déy véch ngidn b (Hinh 4. 40)

Budng kinh piston duge xdc dinh theo luu lugng cGa bom. Tu
cdng thuc (4.90):

2

Q =q,n= md 2eZn
4
2
Suy ra: d= Q].
nezni

Bugng kinh piston d4 xdc¢ dinh duoe 14y tron theo tidu chuin. D&
gidm Ung suét tidp xte, dutmg kinh piston thudng ¢é gis tri trong
khodng d = 10 + 25 mm. Khi xdc dinh dudng kinh d, chon e trong
khoang 8 + 10 mm. Néu chua bi&t s§ day piston i va s8 piston trong
day z, ¢6 thé chon z = 3; 5; 7va1<3
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Chiéu dai piston 1 = 2 (e+d) d¢ dai phéin piston trong xilanh 1 =
(1,5 + 2)d, khe hd gitta piston va xilanh S = 0,015 + 0,035 mm.

Pudng kinh trong cha stato D =D +2e
Budng kinh roto D = D, + 4(e + d)
Budng kinh 6 tryc D, = 1,5 D,

Budng kinh true roto D_ = = (4,5 + 5)d

True roto ¢6 tir hai dén bén ranh phan phdi chat 16ng doc theo
truc, dudng kinh rianh la d, xac dinh theo céng thic:

o - [
Tikv
Trong dé: k ~ 88 rdnh phan phéi

v — van tdc¢ trung binh cia dong chay.
P&i véi bom ty hit, v =5 « 6 m/s. -

Chiéu rong vach ngin b = d,+ 0,6 cm, dudng kinh 16 trong § truc
(16 dAn chdlt 1éng vao xilanh) d = (0,65 + 0,7)d.

- Xdc dinh luu lugng 1y thuyét clia bom:

Q, _ 40
= =——=42
Qu N 0 95 I/ph

- Pudng kinh clia xilanh (piston):

d= \/ 2.42000 =2.,5¢cm = 25mm

3,14.0,6.7.960
Trong d6: e chon bing 6mm = 0,6 cm
- Chiéu dai piston: 1=2(e +d)=2(6 +25) = 62 mm
- Puong kinh tryc roto: D = (4,5 + 5).25 = 112,5 mm

Ly D_= 120 mm

- Budng kinh 8 true D, = 1,5 D_=1,5.120 = 180 mm
- Budng kinh roto D_= D, + 4(e + d) = 180 + 4(6 + 25) = 304 mm
- Puong kinh trong cia stato D =D, +2e =304 +2.6 =316 mm

- Truc roto cé tir hai dén bén rénh phan phéi chit léng, x4c dmh
dudng kinh rdnh d_theo cong thiec:

\/4Q‘ J 4.42000 =1lcm =11mm

kv 3,14.2.300.60
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Trong dé6 v = 3 m/s = 300 cm/s.

- Pudng kinh 18 trong clia § truc (16 din chat 16ng vao xilanh)
dk ={0,65 +0,7d = (0,65 + 0,7).25 = 162 + 175mm

Léy d, = 170mm. :

- Chiéu rong vdch ngdn b = d_+ 0,6 cm = 170 + 6 = 176mm

- Cong sudt ciia bom:

pQ  100.9,81.10%.40.107

N = — = = 6,54kW
1000 1000.60
- Céng sudt cla dong co:
4
N, =— o8 okw _

NoNu  0,95.0,95
Bai IV.7

X4dc dinh cdc kich thude co ban va cong suit cia bom piston tdc
dung don, cho biét: Luu hrdng cia bom Q, = 0,6 m%h, dp suit chat

1éng lam viéc p = 200 at, s& vdong quay cda truc dong co n, = 195 v/
ph. Hiéu sudt thiét ké& Ng, = 0,85; n,, = 0,95.

Pdp s6: Chon K, = 4; khi 46 D = 25mm;
d = 20 mm; S = 123 mm; N, = 3,27 kW;
N, = 4,04 kW.

Bai IV.8

X4c dinh cdc kich thuge ¢o ban va cong suit cha bom piston tde
dung kép, cho biét: Luu llmng clia bom Q, = 16 m¥%h, 4p suit chat-

léng lam viée p = 3 at, s6 vong quay cia truc dong co n, = 45 v/ph.
Hiéu suit thiét ké Ng = 0,95 1, = 0,98.

Huéng dédn: Cong thice tinh dudng kinh suy ra ti eéng thde tinh
luu lugng cia bom:

ckb

D =336, Q.

2
i [1 - --K;-].Ks.n.nc,

Pdp s6: D =150 mm; d = 50 mm; 8 = 200 mm; N, = LL73 kW.
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Bai IV.9

X4c dinh cde kich thuée co bdn va céng suét clia bom piston tdc
dung ba, cho bi&t: Luu lugng eda bom Q, = 30 m¥h, 4p suat chét 1éng
lam viéc p = 22 at, s6 vong quay cia truc dong co n,_ = 105 v/ph.
Hiéu sudt thiét k& n, = 0,9; n,, = 0,95.

Hudéng ddén: Dudng kinh cia bom piston tdc dung ba (c6 ba xi
lanh) xdc dinh tuong tu nhu dudng kinh cia bom piston tdc dung
don. Luu lugng cda mai xi lanh bing 1/3 luu lugng cha bom.

Pép sé: D =120 mm; d = 60 mm; S = 157 mm;
N, = 17,6 kW, N, = 20,5 kW.

Bai IV.10

Xde dinh cdce kich thude cg bdn va cong sudt cliia bom piston tédc
dung bon c6 hai xi lanh tdc dung kép cho biét: Luu lugng cia bom Q,
= 20 m%h, 4p suit chét 1éng lam viée p = 5 at, 88 vong quay cta truc
dong co n, = 203 v/ph. Higu suit thiét k& n, = 0,9; v, = 0,95.

Huong dén: Pudng kinh cia bom piston tdc dung bon (cé hai xi
lanh tdc dung kép) xdc dinh tuong ty nhu dudng kinh cha bom
piston tdc dung kép. Luu lugng cGa méi xi lanh bing 1/2 luu lugng
caa bom.

P4p s6: D = 80 mm; d = 40 mm; S =108 mm;
N, = 13,6 kW; N, = 14,2 kW.
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Chuong V. QUAT

KHAI NIEM CHUNG VE MAY QUAT

Khai niém chung

Quat thudc loai méy c¢é canh. Ching duge ding d€ bién co ning
cha déng cd thanh nang lugng dé di chuyén moi chidt va tao ra 4p
nang cin thiét.

Quat cong nghiép luén ludn lam viéc trong hé théng. Hé thong toi
thigu bao gdm binh chda, dudng éng hit, va dudng ng ddy. Quat ciing
vdi dong cd kéo duge goi chung la thiét bi quat.

D& véi quat, do 4p sudt phia sau 16n hon dp suit phia trude khong
déng ké nén su nén ciia mdi chat cé thé bé qua va tinh todn quat ciing
duge tién hanh tuong tu vdi bom.

Cac thdng sé déc trung

Céc théng s6 dic trung cho hoat ddng clia quat la: nang sudt (luu
lugng), cdt 4p, cong sudt, va hidu sudt.

Ning sudt

La luong méi chat do quat chuyén tdi trong mét don vi thdi gian.
Niang suit con duge goi 1a luu luong.

Néu lugng moi chat duge do béing don vi trong lugng (kG/s, N/s,.}
thi duge goi 12 ning sudt trong lugng, ky hiéula G.

N&u lugng méi chat duge do bing don vi thé tich (m¥s, m%h, Us,..)
thi goi 14 nang suit thé tich, ky hiéula Q.

Giita G va Q ¢é quan hé:

G=vQ (5.1)
Thay trong luong riéng g béng thé tich riéng § (nuy):
G
Q= 3 C G-3 (5.2)
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Cétap
Cot dp cda quat, ky hiéu 1a H, la lugng néng lugng do quat cung
c&p cho mot kg méi chat khi méi chat nay chuy&n ddng qua hé théng.

Vé mat hinh hoe, ct dp cla quat duge x4c dinh 13 chidu cao lugng
chat 16ng ¢6 thé nang 1én do ning lugng nhén duge tif quat va duge do
biing mm H,0.

D& hiéu r6 thanh phén cda cot 4p H, xét s 46 trén Hinh 5.1,
P, - 4p sudt trén mit chat léng trong binh ht

P, - 4p sult trude dau vao quat

v, - van téc chdt 1ong 6 d4u vao

P, - 4p sudt diu ra quat

v, - vin toc chdt 1ong & diu ra

y - khodng cdch gitta hai diém do cha déng hd chan khéng k& va
déng hé 4p ké

Py, - 4p suft trén m¥t ch&t 18ng trong binh chda

P

H‘Inh 5.1 - Sd d6 hé N
théng may quat 2

Zi b1

Gid slii:  e,- niing lugng riéng cla chat 16ng trude quat
e,- ning lugng riéng cla chat 1éng sau quat
Tit dinh nghia cot 4p:
H=e¢, ¢,

Theo phuong trinh Bernoulli:

2 2
|+ _pl+L_+zl va ezzl_).?_+_2+zz+y
Y 28 Y 2g
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Chuong V. QUAT

KHAI NIEM CHUNG VE MAY QUAT
Khai niém chung

Quat thudc loai méy ¢é cdnh. Chung duge dung dé bién cd ning
cua dong co thanh nang luong 4€ di chuyén méi chat va tao ra 4p
ning cin thiét.

Quat cong nghiép luén ludn lam viéc trong hé thong Heé thong toi
thidu bao gém binh chda, dudng éng hit, va dudng ong ddy. Quat cing
véi dong co kéo duge goi chung 1a thiét bi quat.

Dé&i vdi quat, do dp sudt phia sau 16n hon 4p sudt phia trude khong
ddng k& nén su nén clia moi chat ¢ thé bé qua va tinh todn quat cling
duge tién hanh tuong tu véi bom.

Cac thdng s6 dic trung

Céc thong s§ didc trung cho hoat dong cGa guat 1a: néng suit (luu
lugng), cdt dp, cong sudt, va hidu suit.

Ning suat

La lugng mdi chat do quat chuyén tai trong mdt don vi thdi gian.
Nang sudt con duge goi la luu luong.

Né&u lugng méi chéit duge do biang don vi trong lugng (kG/s, N/s,..)
thi duge goi 1a nang suat trong lugng, ky hiéu la G.

Néu lugng mdi chit duge do bing don vi thé tich (m¥s, m¥h, Is,.)
thi goi 1a néng sudt thé tich, ky hidu la Q.

Gitta G va Q c¢6 quan hé:

G=v.Q 5.1)
Thay trong luong riéng g biing thé tich riéng 9 (nuy):

G
Q=7=G-3 (5.2)
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Hzpz_pl +V§_V|2

Suy ra: +y (5.3)
Y ¥ 2g
bai véi tist dién I-1 va I1-11:
2
pl p] vl
—=z,+—+—+) h
Tt > h, (5.4)
D6i v4i tiet dign IT1-111 va IV-IV:
2
P, Va2 Pu
~~+—==2z,+——+ ) h
Y 28 2 y Z 2 (5.5)
Tt cde phuong trinh (5.4) va (5.5)
H=2"P 0 5 (5.6)

¥
Trong d6:

Zh = Zh1 + th - téng ton that trén toan b dudng dng
D h, -t8n that trén dusng dng hiit

th -tdn that trén dudng ong ddy
| Z=Z +2,+Y

Ti phuong trinh (5.6) ¢6 thé thiy cot 4p duge dung d€ vugt qua
hiéu s& 4p lyc gitta hai binh, ning chat 16ng 1&én mét khodng céch giita
hai binh Z va thing trd luc trén cdc dudng dng h.

Béi v6i quat, do dp sudt khi trude va sau quat khéc nhau khéng
ddng k& va ty trong cda khi tugng ddi nhé, c6 thé gid thiét:

H, _Pu P +7=0

i
H=>h
nghia 1a ¢ft dp do quat sinh ra chi ding d€ thing trd luc trén
duding éng.

Céng suat va hiéu suit

Trong thdi gian quat 1am viée, mdi chdt nhén ning lugng tit quat.
Ning lugng cung c4p lién tuc cho déng luu déng do déng co truyén cho
truc caa quat.

Cong sudt ddng co truyén qua truc quat dugc goi 1a ebng sudt trén
truc.
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Ning lugng truyén cho dong luu chat duge goi 1a ning lugng hitu
ich. Nang lugng hitu ich trong mdt don vi thoi gian duge goi 1a cong
sudt hau ich.

Cong suit hitu ich dugc tinh theo cong thiec:
N=GH=yQH; W (5.7)
Trong d6: y- duge do bing N/m?
G- duge do biang N/s

GH yQH
N=——=12,
Hay 102 - 102 kGm/s (5.8)

Trong d6: Y- duge do bing kG/m?
G- dugc do bang kG/s
N -
Hiéu suét: 1§ = N - hiéu suét toan phan. (5.9)
de

QUAT LY TAM

K&t cau va mot sé chi tiét chinh

Quat ly tdm dugc dung d€ van chuyén chAit khi va tao nén 4p suat
toan phan khong qud 1500 kG/m? (khi p = 1,2 kg/m?®) va c6 hé sd ting

1-Truc 2 — Pia chinh (dia sau)
4 - Dia phy (dia trudc) 5 - Mang canh

7 - Ong vao 8 -Ongra

10-0d3 11 - Puly truyén déng.

Hinh 5.2 — So dé két c4u clia quat ly tam.
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ap € < 1,15. Do 4p suat bé nhu vy, sy nén khéng dnh hudng nhiéu
dén sy lam viéc cda may va tinh bi nén cha khi c¢6 thé bd qua. B&i viy
cdc ¢d 89 Iy thuyét cla quat ciing giéng nhu bom va chi khdc nhau rat
it vé k&t cdu (Hinh 5.2).

K&t cdu. Banh cong téc cGa quat duge tao béi truc 1, duge gin chit
v6i dia chinh 2. Cdc cdnh din lam viéc 3 duge gén chit véi dia chinh
2 va dia trude 4. Pia nay ddm bao dd ciing cdn thi&t cia mang cdnh
5: 11 1a puly truyén déng cda quat. V& quat 6 dugc gin vdi bé 9 trén
d6 ¢6 6 d8 10 mang truc quat c6 banh cong tdc; 7 va 8 12 6ng vao va
éng ra.

B4nh ¢bng tdc c6 cdnh din cong vé phia trudc sé ¢6 ap lue cao hon
bdnh cdng téc c6 cdnh thing hoic cong vé phia sau khi c6 clng s6
vong quay song hidu suit thiy luc s8 thap hon, Trong quat thuéng
dung bénh céng tdc cé cdnh cong phia trude hodic thing.

Cuéi 6ng dén ra thudng ding doan ng chuyén tiép c6 dangloa dé
tiép tuc tdng 4p sudt khi sau khi ra khdi vo.

Nguyén ly. Dong khi di vao banh cong tde qua dng vao theo hudng
doc truc, sau d6 sé& quay theo géc 90° va chuyén dong trong ranh cdnh
ti tAm ra ngoai. Sau khi ra khéi bdanh céng tac, dong khi di vao vé
xodn ¢ va di ra dng ra.

rt-idﬁ-a-i -

0.8

79 —>
J
A

I-e—?lﬂ-a—

251 a5

2\ w2z

et 7} —dtrne— G —d

Hinh 5.3 - Sg dé nguyén ly va tinh toan quat.

Cac théng s0 cia quat ly tam
Ap suit quat

Piéu kién dé mdy quat cé thé lam viéc trong hé théng 6ng dan,
phu thude vao yéu ciu chit khi (hodc chit 16ng) phai théa méan dinh
luét bdo toan ning lugng.
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P2, G2
2t 2

R=%s

///////i//////////////ff/ 77771

Hinh 5.4 ~ S0 d8 hé théng quat khoi

Xét s6 d6 quat va 6ng dén duge néu trén Hinh 5.4, quat ddy khéi
tir 16 hoi qua éng khéi vao méi trudng xung quanh.

Viét phuong trinh Bernoulli cho mét cdt 1-2:

2
P-‘~+£2‘—+g.H=p—2+

P Py

c

2
22 +gH,+g> h
Véi:

P,» P, -4p sufit tinh tuyét 461 tai ddu va cudi ddng khi 1-2.
p, - khéi lugng ridng trung binh cia khi trén doan 1-2.
¢,, C, - van tdc tuyét ddi cha khi ¢ mat cdt 1-1 va 2-2.
H - ¢4t 4p quat dat duge. _
Th -  tdn th4t cjt 4p trén doan 1-2.
H_ - @3 cao tif truc quat dén miéng 6ng khéi.

Trong dé: P, =Py + Py P, = Py + P, - p8H,

Véi Py D, - 4p suét tinh (du)

p, - khéi lugng riéng cla khi quyén trung binh theo
dd cao cda dng khéi.

Sau khi bién d5i:

Py —Py, , Ci—c’ [po ]
H = + + ) h—-H,|—- 0
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p .
Biéu thiec Ha{p_o) duge goi 1a sue hit tu nhién cda hé.
k

Do su phy thudc vao ty s8 p /p,; sdc hit ty nhién c6 thé duong (+)
hodc 4m (-). Néu p_> P, V& H > 0, thi sdce hidt ty nhién s& duong (+) va
s& lam gidm ¢dt 4p can thigt cGa quat.

Khi H > 0 va p_ < p,, sdc hit ty nhién am (-) va 1am téng cot &p
cdn thiét va cbng sudt trén truc quat.

Khi p, = p, v6i moi gid tri H , sic hat ty nhién bing khéng, lic d6
quat lam viéce véi cOt 4p:

2 2
Py —Pu , €3 —C
H= + +2.h (5.11)
P8 28 2

Trong céc thiét bi 10 hoi hién dai & nhidu nha mdy nhiét dién, vi
hiéu sg nhiét gidta khi quyén va khéi tuong d8i 16n va do d6 cao cla
ong khéi 16n (tir 350 + 400 m) nén siic hit ty nhién cia hé xuit hién
rat lén.

D€ tinh todn dp suat quat dat duge mot cdch nhanh chéng, cin st
dung phuong phédp hé s6 dp sudt toan phén.

2u

C6 th& biéu dién thanh phén vén téc c,, theo hé s6 xodn y, = .

2
g cda ra va si dung phudng trinh co ban clia mdy ly tAm:

u,c,, 1

o T =, .3 (5.12)
g B

DP4nh gid m4t mét ning lugng trong quat biing cdch tinh hidu suit
thay lue:

H

| |
H=n,H,, =gnﬂ-uz-ll§ (5.13)
p=pgH=n,pp,u; (5.14)
St dung hé sd 4p suit toan phan:
-_p
p= 5.15
pu’ (5.15)
Do dé:  p=ppu’ (5.16)
P =N, (5.17)
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D& tién tinh todn 4p sudt toan phén véi 3 loai cdanh khée nhau, ¢6
thé st dung bang dusi day:

B, My n p
> 90 1,1+1,6 0,60+0,75 0,66+1,2
= 90° 0,85+0,95 0,65+0,8 0,60+0,76
< 90° 0,50+0,80 0,70+0,90 0,35:0,72

Néu dong khi § cita vao ciia quat ¢ cac thong s6lap,,, ¢, va § cla
ra p,, ¢,, 4p sudt toan phan quat dat duge la:

2 2
C, 6

P=Px P, tpP (5.18)

Luu lugng chda quat ly tam

D€ so0 sdnh quat 1am viéce véi cde chit khi c6 nhiét 38, khéi lugng
riéng, va ap suat khdc nhau, luu lugng dugc tinh theo m? tiéu chuén,
nghia 14 do ning suit theo didu kién tiéu chudn cta khéng khi sach
(p = 760 mmHg va t = 0°C). Khi 46, trong lugng riéng ctia khong khi
tinh bing y = 1,293 kG/m®.

Luu lugng tinh theo m?® tiéu chudn cé thé bigu dién nhu sau:

G
Q, = Y_’ m,* /s hodc m */h (5.19)
0

G - luu lugng trong lugng tinh theo kG/s hodc kG/h

Quan hé gidta luu lugng Q_ va luu lugng thue t& duge tinh theo cong
thue:

¥
Q,=Q— (5.20)
Yo
Luu lugng cla quat ¢ thé tinh theo diédu kién binh thudng (p =
760 mmHg, t = 20°C, ¢ = 50% - 49 4m tudng ddi cda khéng khi).
oy
Q = Q;T, m¥/s, m*%h (5.21)
P61 véi khong khi: y'= 1,2 kG/m?

Vay: Q' = Q{‘{i (5.22)
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Céng suit va hiéu suit cta quat

Trong mdt sd trudng hgp, dic trung clia quat khong phdi 1a dp
sudt toan phén ma la 4p sudt tinh p, va ¢ft dp tinh H tuong tng.
Trong nhitng trudng hgp d6, thudng ddnh gid hidu qua ning lugng
chia quat bang hiéu sudt tinh 7.

_pgQH, _Qp,
‘ N N
Hiéu sudt tinh 1a t§ s6 giita céng sudt c6 ich d€ tao thanh dp suat

tinh véi cong suat dong co truyén cho truc ca quat. Vi vay n < n.
Trong thyc t& thudng dp dung n, = (0,7 + 0,8) n.

(5.23)

Céng sudt can thiét cGa quat duge tinh theo céng thdc:

N - PEQH
1
Hidu suit toan phan thudng 14y trong khodng n = 0,75 + 0,92,

(5.24)

Cong sudt cia dong co A€ kéo quat duge tinh theo céng thic:

p.g.QH
N, = M~
© NNy
m - hé s8 du trif cla cong sudt;
m = 1,05 + 1,2; cbng sudt cing nho cin chon m cang ldn.
=nLQp
de NNy

n,, - hidu sudt truyén dong; khi néi tryc tiép true dong co véi true
quat 1, = 1; khi truyén déng qua dai thang 1, = 0,9 + 0,95.

(5.25)

Pudng dac tinh cha quat ly tam

Céc dudmg d4c tinh cha quat duge xay dung tryc ti€p tif thue nghiém
véi s6 vong quay khéng ddi va gid thigt khong khi ¢é p = 1,2 kg/m®.

D6i véi cde dudng dic tinh duge x4y dung v6i didu kién chudn p =
760 mmHg, t = 20° va ¢ = 50%, khi tinh todn trén thuc t& chi c¢é luu
lugng, ¢ot 4p, va hidu sudt 1a khéng thay d8i, con 4p suit va cong
sudt trén truc thay d6i ty 18 thuan véi khéi lugng riéng cia khi:

p p

=p.- o3y N=N_ - = -
P=P, 5 va 12 (5.26)

Vé hinh dang, cdc dudng dic tinh cda quat khdc cde dudng dic
tinh ctia bom do cdu tao clia bom va quat khédc nhau. Dac biégt ¢ mét
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mm |H ' '
H0 | n=1000viph
200 *T/ —
\ 1-quat CTA N°g
150 P\ 2 - quat U6-46 N4
2\ mogy;"ph\ 3 - quat BPH N4
100 = .
3 N
" LN
n-ZﬂGOv/ph\\
|1 q

o 100 Jogo 5000 m3/h
Hinh 5.5 — Budng dic tinh ciia mét s6 loai guat ly tam

s quat, dudng dic tinh cé dang yén ngya do gée B, tuong d6i nhé khi
ty s6 D/D, bé. N6i chung, ¢6 hai loai dudng dic tinh, ¢6 thit nguyén
(don vi) va khéng ¢6 thit nguyén.

Duong dgc tinh c6 tha nguyén khi n = const

D2=500 mm ] ] T (%,
P =12 kg/m3 < o6
mm H,0 5 d 47t
76 -
70 A < 0.4
P N
59— i 0.3
54 / s °>}> J2.64
49 - a8 02
43 |~f »
= 47
il 0y 72
]
32.5
27 a1 o

G /500 3000 4500 6000 7500 8000 10500 m¥/h
Hinh 5.6 — Budng d¥c tinh khi n = const
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Budng ddgc tinh c6 thu nguyeén khi n thay d6i (n bién thién) cia
quat BBAN°11

mm | H || p=ro0 v/ph
H,0 ' =
¢ ,I‘ ;\/;1;7 N =550 kW
7=045 1 NAT I 1 /1N
500 0';0 —*"* /0.55\;1[,20 1 >/ ~\ 7 \\7
Ib( N\ 258\ 0* % ¥ \ é,
400 i o = e vy o AT s ey W 2
l’ —{ Xo.s’b\
f N I\ -~
_ 7 =
> AN I N 2200 I I e
e
£
A Y PRXESS
S / é“;‘%ﬁ’
700 }—1 47 pNoz 2
4 T
=600 viph AN =4.5 ki q
.0 3000 6000 9000 72000 15000 18000 21000 m¥h

Hinh 5.7 - Budng déc tinh ¢é thd nguyén khi n thay ddi.

Trong thiét k& quat, dudng dic tinh khéng thit nguyén duge st
dung rat rong rai. Pudng d4c tinh nay chung cho cd mét ho cdc may
¢6 kich thudc hinh hoc tuong ty. Pudng dic tinh khéng thi nguyén
rit tién dung dé tinh kich thudc lam viée cda quat tif nhitng sé liéu
cho trude nhu:

D, - dudng kinh bénh cong téc
n - 86 vong quay lam viée, vg/ph.

Khi dé:
Q=kq Q Trong d6:  k, = 0,785D2u,
H=k, H k, =u’
H =k, H_t
N=k,-N k, =0,785pD2u}
p=k,p k, =puj
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- 0. = n.D,n
n=n 2 60

Duong ddc tinh khong thit nguyén cia quat U4 - 76

0.8 A 71 N
0.7

0.5 V/// 0.7
/ n =56
0.5 / = 0.2

0.4 ~

0.3 i
/ / \ 1%
0.2 //
0.7 L] 0.2
0 T &ior]0
. ol 0.2 0.3
Hinh 5.8 - Budng dac tinh khdng thd nguyén

Diéu chinh quat
Dé& diéu chinh luu lugng quat,'qé thé 4p dung mot trong ba phuong
phdp:
» Diéu chinh bing cdch thay d6i s6 vong quay
e Diéu chinh bing tiét luu & clta vao va ra cla quat
¢ Diéu chinh biing c4c thié&t bi dinh huéng & clta vao.
a - Biéu chinh bing cich thay déi s6 vong quay

Thay d6i s6 vong quay cda quat biing cdch thay d6i s6 vong quay
cua dong cd kéo, hosic khi s6 vdng quay clia dong co khong d6i ¢6 thé
13p thém bd phén thay d6i téc d6. Trong ca hai trudng hop nay, thist
bi quat phdc tap va dit tién, vi vAy cdch diéu chinh nay chi dp dung
d6i véi cdc quat 16n.

Trong mot s6 trudng hgp, d€ médi quat, thudng ding déng co dién.
Loai déng co nay duge diéu chinh bing cdch thay déi dién trd trong
mach cla roto, cho phép diéu chinh déu din s& vong quay.
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Hién nay, d€ diéu chinh quat bling cdch thay d6i sd vong quay,
thudng dung dong cd truyén dan cé thi&t bi bién téc. Phuong phédp
nay cé tinh kinh té&.

b - Piéu chinh bing tiét luu

Phuong phap nay duge st dung kh4 réng rdi vi don gidn. Céch
diéu chinh tuong tu nhu d8i véi bom.

c - Diéu chinh bing céc thiét bi dinh huéng & cifa vao

Ning lugng riéng do quat cung cdp cho dong khi phan 16n tay
thudc cde diéu kién & clfa vao cGa banh céng tdc. Sy xoén cia dong khi
vao banh cdng tdc dnh hudng dén bt 4p va vdi dudng déc tinh ludi
cho trude, s& lam thay ddi luu lugng cha mdy. Do vAy cé thé diéu
chinh quat bing céch tdc dung 18n dong khi vao quat biing cdc thiét bi
dic biét. Cé hai loai thiét bi dinh huéng, loai hudng truc va loai
hirgng kinh.

Thiét bi dinh huong theo chiéu tryc: (ding trong trudng hgp dong
chdy d cla vao bdnh cong tdc 1a hudng truc).

Hinh 5.9 - Thiét bi dinh hudng theo chiéu tryc

Cénh din véi cdce truc hudng kinh quay déng théi nhd mdt thiét bi
dic bigt. Mot trong cde vi tri ddc trung 14 Ung véi vi tri cdnh dan &
mét phdng chinh phuong (mé hoan toan) va lic iy dong § cda vao
bdnh céng tdc sé di theo hudng truc, luu lugng lac nay 14 16n nhit
Q.. Vi tri ddc trung thd hai dng véi trudng hop cde canh dan nay
déng hoan toan, nghia la Q = 0. Cédc vi tri trung gian cho phép chon
cdc gia tri diéu chinh.

Thié&t bi nay tién lgi khi dong chat khi di vao quat theo huéng doc
truc.

Thiét bi dinh hudng huéng kinh: (dong trong truong hop déng
chay d cta vao bdnh c¢dng tdc 1a hudng kinh).
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laH,H,H,vaN, N,, N,. Khi quat lam viéc véi dudng d4c tinh 1udi
cho trude, sé ¢6 ba diém tuong dng A, A, A, tir d6 ¢6 thé xac dinh
cdce gid tri tuong dng cla luu lugng Q,, Q,, Q,, va cong sudt N, N, N_.
Cé thé dé dang xéc dinh cdc diém I, II, IT1. N&i ching véi nhau sé
duge duong thay déi céng sudt khi didu chinh bdng thiét bi dinh
huong huong kinh.

Phuong phdp nay duge dung réng rii trong tat ca céc loai quat,
diic biét 14 cdc loai quat 16n. N&u céc thiét bi dinh hudng dude thiét
ké va gia céng t6t, géc ngoit cia cde cdnh dinh huéng dd nhd, tén
that do diéu chinh s& gidm va phuong phap didu chinh ndy uu viét
hon so véi diéu chinh bing ti&t luu.

Lya chon quat theo diéu kién cho trudc

Dé& lya chon quat, thudng biét trude ning sudt Q va dp suat p. Cdc
dai lugng nay duge cho theo diéu kién lam viéc cua quat. Céc tham s
d4c tinh duge cho theo diéu kién tiéu chudn, nghia la t = 20°C, 4p suat
khi quyén p, = 760 mmHg va d% 4m tuong d5i 50%.

~ Viée lya chon quat theo s8 tay k§ thuat duge ti€n hanh véi do du
trit 5% luu lugng va 10% 4p suit, nghia 1a:

‘ ¥
Q, = 1,05.Q va  p.=11 p.-;{“— (5.27)

J day Q> Py Yy - theo théng s8 didu kién chudn da cho.

Tir céc gid tri Q,, p,, c6 thé chon loai quat c4n thiét. Phuong phéap
nay cho phép xdc dinh loai quat, kich thudc quat, va sd vong quay.

Dé€ a4t mua quat, ngoai loai quat, kich thude, va s& vdng quay, cAn
bigt thém cdc tham s& khéc, chdng han cdc thong s8 duge dung lam
cd s6 d€ chon quat, chidu quay ciia roto, vi trf ca ong hit va éng ddy,
loai déng co truyén dong, ..

Viéc xde dinh n va N trong diéu kién lam viéc va tinh todn cdc
kich thudéc hinh hoe tuong tng c6 thé tién hanh theo cdc d%c tinh
khong thit nguyén va so dé khi dong ca loai quat da chon.

Phan loai quat va céc chi ti€t chinh cia quat Iy tam

a- Phén logi quat: Quat duge phan loai theo cac tiéu chuﬁn_ sau:

Theo dp sudt do quat tao nén:

* Quat dp sudt thap: 4p suat toan phan (hidu sé c4c 4p sust toan
phén § tiét dién ra va tist dién vao) dudi 100 kG/m?

* Quat &p sudt trung binh: 4p suft toan phin 100 = 200 kG/m?
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e Quat c6 4p suit cao: 4p suit toan phan 300 + 1200 kG/m?
Theo chiéu quay cia bdnh céng tdc:

¢ Quat ¢6 hudng quay bén phai: khi banh céng tdc quay theo
chiéu kim déng hd

s Quat cé hudng quay bén trai: khi bdanh cdng tdc quay nguge
chiéu kim déng hé

Theo sd phia 6ng hit:

s Quat mot phia hiit

¢ Quat hai phia hut

Theo s6 vong quay ddc tring ng: .

* Quat ¢6 s8 vong quay dic trung nhé: n, < 25 vg/ph.

* Quat c6 s6 vong quay déc trung trung binh: n, = 25 + 50 vg/ph.
» Quat ¢6 s8 vong quay dac trung lén: n, > 50 = 80 vg/ph.

Ngoai ra, quat con duge phan loai theo sg d6 két cau, tinh ning
lam viéc,...

b - Cdc chi tiét chinh cia quat ly tém. Phuong phédp dua dong khi
véao bdnh ¢ong tdc c6 dnh hudng rit 16n dén hiéu sudt va qué trinh
lam viéc cua quat ly tdm.

Né&u phan vao clia quat t6t, ¢ két cdu hop 1y, s& 1am cho dong khi
phéan bd déu din tai tiét dién vao cda bdnh céng tdc va ddm béo phin
phdi tai déu din. Do vay, cdc bd phan quan trong clia quat bao gom:

6ng vao. G clia vao ciia quat ludn ludn c6 Sng vio, vdi csc dang
hinh hoe duge néu trén Hinh 5.12. Dang hinh hoc c¢ia 6ng vao phai
dam bdo dé t6n that niang lugng & clta vao 1a nhd nh4t. Diéu nay duge
d3m bao khi 8ng vao c6 hinh dang déu d4n (khéng gdp khic).

Khi dit quat vao hé thang, cdc dudng ong din khéng khi, d6i khi

Hinh 5.12 — Céc loai 8ng vao
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Hinh 5.13 — Hép vao

phai b& tri cdc hop va ng ¢ cdu tao dic biét 6 dudng dan vao quat.
Nhiing chi tiét nay lam thay d4i tinh d4i x\ing clia dong khi & cla vao
va su phan b& tai ddu din cGa banh cdng tdc, ddn dén gidm hiéu suat.

Céc hdp vao duge sif dung trong trudng hgp hat tit hai phia. Do c6
hop vao, cdc 6 4d truc quat duge bé tri & phia ngoai duding khéi (& cdc
quat khoéi). Piéu nay rit quan trong khi van chuyén cdc khi néng, cho
phép dé dang kiém tra, thdo ldp cédc 6 d& tryc.

P6i khi cde hdp vao ciing duge 1ldp 6 quat ¢6 hop hiit mdt phia, khi
dé roto s& duge 18p trén hai gdi, cho phép ting chiéu réng bdnh cong
. tde va téc dd vong quay.

Trong trudng hcfp do yéu céu ldp rdp phal udn cong cdc dudng dng
phia truéc quat, cdn 1dp cdc hép vao. N&u & cita vao c6 thiét bi diédu
chinh thi tién nhat nén d4t trong hAdp vao.

Hép vao phéi c6 dién tich dd 16n, theo ty s6:
. Q,
W= T L75+225 (5.28)
o
Trong dé: Q,, - ti€t dién clha hép;
Q, - dién tich tiét dién vao cda banh céng téc
Géc dat o cla hdp vao 1a t6t nhat khi o, = 90°.

Pia phu. Hinh ddng cia dia phu cé 4nh hudng rat 16n dén ton
that ning lugng cia dong khi trong badnh céng tdc. Ton that sé it
nhat khi hinh ddng dia phu déu d4n va canh vao nghiéng.

Chiédu réng binh céng tic. Chiéu rong bdnh cdng tdc ting thi
chidu dai céc luu tuyén tang, ddn 4&n gidm d6 cong cta géc ngoit, ton
that nang lugng sé gidm.

V3 quat. V6 quat thudng c6 dang xo#n 8¢, va trong mot sd it
trudng hop ¢é dang 6ng ting dp vong.
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Hinh 5.15 - V& quat

Trong vé xodn, khong phai ltic ndo téc d ra cia dong khi phia sau
quat cling gidm cho dén khi bé’mg tdc do cda dong khi trong du‘Emg

ong. Trong trudng hop d6, cdn dat them éng tang ap hinh ¢én ¢ cda
ra.

Ong ra xodn &c thudng c¢6 dang ludi. Kinh nghlem cho thdy, ludi
lam tang tiéng 6n va ¢6 thé 1am gidm hidu sust khi quat 1am viée.

Ong tédng 4p hinh cén & chd ra sau §ng xodn &¢ ¢6 dang ddi xing
vdi goc loe dén 25° vé phia banh cong tdc.

Anh hudng tap chat khi dén sy lam viéc clia quat

Trong mot s& trutng hop, chat khi do quat van chuyén ¢6 chia céc
hat cing nhé, chdng han khi van chuyén khi nén, hiit khéng khi ¢6
bui, cac thiét bl quat khéi.

Khi lam viéc véi loai khi ¢6 tap chat nay, banh céng tdc cdn cé
kh& ning chéng bao mon do c4c hat ciing 1o ling trong dong khi. Vi
vdy, bdnh céng tdc va & truc pha1 duge ché tao tir nhu’ng vt lidu ciing,
chong mal mén t6t. 8§ cdnh cla bénh céng téc cin chon it, khodng 6
+ 8 canh dé d& théo rdi va sia chita.

Can xét anh hudng cia cde hat cing 10 ling trong chat khi dén
cdc thong s6 1am viéc cda quat. Néng do cdc hat citng trong chat khi
dugc dic trung biing hé s6 ndng d6 khéi luong

M,
M

n= (5.29)

K
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Trong d6: M- khéi lugng hat ciing trong luu chét dich chuyén
trong mot gidy, kg/s
M, - khéi lugng luu chat sach, khdng chia tap chat
dich chuyén trong mét gidy, kg/s
Thuc nghiém cho thay khi lugng tap chét it va kich thudc hat nhé,
¢dt 4p va luu Iugng quat hdu nhu tuong duong vdi quat 1am viée vai
khi sach, chi ¢6 khdi lugng riéng p, 4p sudt p, va cong sufit N thay déi.

Khéi lugng riéng cha hén hgp:

o M. +Mg
P — (5.30
"~ Qu !
Khéi hugng riéng clia khi sach:
p My
= 5.31
< th (
Ty sd céc khoi lugng riéng:
P M.+M
e (5.32)
Pk My
Suy ra: P _py H
Px
Pm = Px (1+U) (5.33)

Ty s6 dp sudt va cng sudt cha quat lam viéc vdi tap chat va véi
khi sach la:

Pu _ Pun&H _ P
P Px8Hu Pk

P = Py (1+11) (5.34)

=l+pu

Ny, _ P o 8H i Qi _Pm
Ny px8HWQum Pk

N, =N (1+p) (5.35)

Khi quat vAn chuyén luu chét chua tap chdt gém cdc hat cing voi
kich thuoe lén, thanh phan ngang cda van téc trong dong chdy khong
dh dé giit hat cing & trang thdi lo Wing, ddn dén cdc hat cing va dap
vao bé mat, phat sinh tén that nang lugng phu dé thing lyc ma s4t
gitta cdc hat ciing va bé méat. Luic d6, ton thit ning lugng trong banh

=1l4+p
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cong tdc tai Ong vao va ra cda quat s& ting 1én, 4p luc do quat tao ra
bi gidm va ting cdng sudt tidu thu.

D€ tinh 4p sudt va cong sudt tn that do tap chat trong truong
hgp ndy, ¢6 thé 4p dung cong thite bdn thyc nghiém cda Kalinukin:

w =P l- k1) (5.36)

N, =N (1+kp) (5.37)

Céc hé s6 didu chinh k va k, duge xdc dinh biing thuc nghiém.
Khi kich thugc cia cdc hat cing hﬁ‘u cd khodng 0,5 + 3 mm:

k,=01+045k, =15+17
Higu suét cla quat khi van chuyén ch4t khi c6 tap chat:
. _ Qu Py thh'pK‘(l_kp“’)=n 1-k p. .
" Ny, NK(I"'kN“-) « 1+kyp (5.38)
Vay cong sudt trén truc mdy khi vin chuyén hén hop la:

N,, = Qun Py
N

Cé6 thé nhéan thay quat vin chuyén hén hop lam viée rat ning né
(chdng han cdc quat khéi trong nha mdy nhiét dién). Bét than va tro
s& lam cho cdnh quat chéng bi hu héng. Quat hu hdng cang nhanh
néu cdnh cang mdng, s§ vong quay céng 16n, va kich thudc cdc hat
cing cang lén. Théi gian 1am viée cha quat khéi con phu thude vao
hinh dang cdnh. Vi du, quat c4 canh dén ngh1eng vé phia sau sé it bi
hu héng hon so véi quat ¢6 canh din nghiéng vé phia trudc vdi cung
cdc didu kién 1am viéc.

(5.39)

Cdc bign phdp chinh dé giam sy hu héng cia quat khoi:

¢ Gidm sd vong quay.

» Tang chiéu day cda cdnh d&n 8 mm.

e Gén cdc tdm kim loai ciing chéng mdn 1én bé mat cénh.
¢ Duing cdc tdm moéng d€ béo vé.

* Bdo vé tudng xon dc biing cdc tAm kim loai dic biét, day 10 -
12 mm.

» Cai tién cdc thiét bi loc tro.
¢ Chon dang hinh hec thich hgp cho cdnh quat.
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QUAT TRUC

Nhiing chii y v& quat tryc

Trong céc loai méy truc, cu thé 1a quat truc, su truyén nang lugng
tlr quat cho dong chdy xdy ra nhé tdc dung cia banh céng tdc véi cde
cdnh dén cong-xén duge gin chit véi dng 16t. Vi banh cong tdc cda
mdy khi quay duge giit theo hudng truc, cdon cdnh dan duge gén chic
theo géc nghiéng so véi mit phing quay, nén binh cong tdc vin
chuyén chit 16ng (chat khi) doe theo truc. Vi vay, dong chdy bi xodn
mét phan (Hinh 5.16).

&
&

Hinh 5.16 — So A4 nguyén 1y két cAu cla quat tryc

P& khdo sdt qud trinh lam viée cila may true, ¢6 thé si dung
thuyé&t mang bién dang (profile) cdnh.

C4t vong banh cong téc theo mijt phing tru bang b4dn kinh r va
khai trién m#t phing nay cing céc tiét dién canh dén, s& nhan duge
mang bién dang phing cia quat tryc (Hinh 5.17).

/ KB Aﬁm
e T

/32

Hinh 5.17 - Mang bién dang cénh dan
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Cdc gid tri c¢o ban, dic trung hinh hoc cha mang la:
t - bude clia cdnh dan, do theo hudng chuyén ddng cia mang;
b - 49 dai diy cung cha tiét dién canh din;
B - chiéu réng cia mang, do song song vdi truc quay;

B,,B, - g6c § clta vao va ra cia cdnh dan, géc gitta ddy cung
cdnh din va truc mang.

Céc kh4i niém co ban bao gom:

Mdat do mang: ky higu }, 12 ty s6 gitta diy cung va budc cdnh dan.
b
n (5.40)

Budc tuong déi cida eanh dén: ky higu t’, 1a dai luong nghich ddo
cua mét dé.

b=

t
b (5.41)

Khi x4y dung sc db van téc § cla vao va ra, cdn dp dung cdc théng
s8 dong hoc co bin cla dong chdy qua mang.

Hinh 5.18 - Sd d6 van téc cla mang

u, W, V& u,,w,, ¢, tusng ung véi vén tée dich chuyén, van tde
tuong d6i1, van tée tuyét d61 & clta vao va cla ra.
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B, B, - géc vao va goc ra.
i, - goc tién cha cdnh ddn & clta vao (géc glu'a tiép tuyén cla
dudng trung binh ciia mang vdi van téc tu‘dng d61 & cita vao).

i, - gbc tién cia cdnh dén & cla ra

i_- g6c ti&n cla cdnh dén cha mang (gée gita dy cung cia mang
va vec-to van tdc tuong d6i trung binh w ).

Tir sd dd van toc nay, ¢6 thé thiy mang bién dang lam thay déi
gia tri va hudng cta van téc tuong d6i va tuyét dsi.

Didu khéc bist dic trung cda quat true 1a sy xodn cia dong chdy
(e, > ¢,) va sy luu lai mot phan dong chdy § cta ra (o = 0).
Cac phuong trinh ¢d ban clia quat tryc

Khi nghién cifu quat truc cAn xét phuong trinh lién tue, phuong
trinh nang luong, phuong trinh déng luong, phuong trinh luu s8, va
thuyét Giukdpxki dé€ tinh lyc ning.

Phuong trinh lién tuc

T dinh lu4t bdo toan khéi lugng dm = 0, m = const; m, = m,, vdi
quat truc:

m = p.Q = p.S.c

Trong dé: S - tiét dién mit cdt cda ddng chay.
¢ - van tdc tuydt ddi clia dong luu chéat.

Do d6, phuong trinh lién tuc cé dang:
p,-S,c,, = p,.S,.¢,, (5.42)
Ap dung phuong trinh nay vao ranh gitta cdc ednh, khi xét cdnh
dan cé dd dai Ar (Hinh 5.16).
Trong doan Ar, c¢6 thé gid thiét van téc 1a khong déi. Dién tich
mat cdt cda cifa vao va ra 1a béng nhau: .
3, =85, =tAr
Trong phuong trinh trén, cdc véc-to ¢, va c,, tuong ung, vudng
géc vdi cdc tiét dién S, va 8,. Vi vay, khi gla thiét S, va S, vubng goc

vdi truc cua mdy, ttIc la cé thé coi ¢, vac, la nerng thanh phin
chiéu truc cla van tée tuyét doi.
Tit Hinh 5.18: ¢, =w,,;¢,, =W,

Phuong trinh lién tuc c¢6 thé dugce viét sau khi gidn uée S va S
P1Cia =P2C2

Hodc: p,W,, =P,W,, (5.43)
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D6i véi chdt 16ng khong chiu nén p, = p,:
cla = C2a = ca;wla = wh = wa (5‘44)
Phuong trinh ning luong

Phuong trinh ndng lugng cia chuyén déng tuong déi Vé 1y thuyét,
trong chuyén dong tuong ddi cia dong moi chdt qua banh céng tdc
cia quat true néing lugng khéng duge truyén cho dong chiy. 6, day chi
xdy ra sy bién d8i déng néing thanh thé ning. Qu4 trinh nay giy ra
st tdn mat ning lugng cda dong chdy. Khi thay d6i déng ning riéng

2 2
cda chuyén déng tuong d6i tir %’- dén 72 sé x4y ra sy thay d6i lién

tue dp sudt va khéi lugng riéng, phuong trinh ning lugng sé ¢6 dang:

2 2 2
W, W, dp
RARTRRAE J b SN
> ]Ip ; (5.45)
2
d
D61 véi quat —pP-=Cp(Tz -T,)
J

Trong dé: AL - phan ning lugng chuyén thanh nhiét ning.

Sy thay d8i thé nang duge biéu thi bing tich phin & v& phai clia
phudng trinh (5.45), ¢6 thé tinh duge trong trudng hgp biét ré quan
hé giita p va p, tic 12 bi€t qu4 trinh nhiét dong ¢ ranh gida cdc cdnh
dan. U quat, qud trinh nhiét déng 1a ddng nhiét, con § mdy nén true
14 qud trinh da bién.

Ndang lugng mang cdnh dén cung cdp cho dong chdy, c6 thé tinh
theo phudng trinh cd ban cia mdy ly tdm, trong dé u, =u, = u:
L, =ulc,, —¢,, )=uAc, (5.46)
T sa 6 van téc (Hinh 5.18), suy ra:
¢,, =U, —c,, cotgp,
¢, =Uu, —c, cotgp, (5.47)

Thé& phuong trinh (5.47) vao phuong trinh (5.46), va st dung biéu
thie (5.44):

L, = uc,{cotgP, —cotgp, ) (5.48)

Phuong trinh ndng luong cia chuyén déng tuyét déi qua mang
ludi cdnh din cha quat truc cé thé viét:
2 2

u.ca.(cotg[}] —(:otg[iz):(jp.(*r2 _T])+Cz —C

+q (5.49)
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Trong dé: q - mat m4t ning lugng vao mdi trudng bén ngoai.
Phuong trinh déng lugng

Phuong trinh dong lugng ding d€ tinh lyc tuong tdc gida dong
chdy va cdc cdnh dan cda quat truc.
V’f
7 @

- —— -,
/// wi’az/ 7
fm - Apj’/

2 L/... Wyy

/
-
PzT Haa

Hinh 5.19 — Sd d8 lyc tac dung 1én mang canh
Gi4 s doan canh chidu dai Ar tdc dung luc P lén dong chdy (Hinh
5.16 va 5.19). Céc hinh chi&u cla lyc nay bao gém:
+ P_- chiéu 1én truc quat;
+ P_ - chiéu lén tryc mang.

Xét dong chdy khi c6 chuyén dong tuong d8i v6i 46 day bing mot
budc cia mang.

Viét phuong trinh ddng lugng trén truc cia quat va truc cla mang
c4nh din d€ x4c dinh cdc huc thanh phan P, va P,

Xac dinh P_: Viét phuong trinh trén tryc cda quat:

Qua tiét dién 1-1, lugng chét long chdy qua trong mot gidy:
m = Ar.t.w, .p,

Theo hudng truc cha mdy, déng lugng bang:
k =mw,_=Artw p.w,

Tuong ty ddi véi tiét dién 2-2

k, = mw, = Art.w, .p, W,
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Néu p, va p, 12 dp sudt & cde ti6t dién 1-1 va 2-2 cia dong chay, thi
dp luc do chiing gay ra tuong vng s8 1a: Ar.t. P, vd Ar.t. p,.

Xung lugng ciia cde lyc ngodi tic dung lén dong theo hiudéng vin
téc ban ddu béng su thay d6i dong luong ctia dong, vi vAy, phuong
trinh cén bang nhu sau:

P1+P8-P2=k1-k2
Keét hgp cdc biéu thic néu trén sé nhan duge:
P, +Art. p -Art. p, = (Ar.t.w, 2.p, - Ar.t.w, 2p))

Dau 4m (-) & v&€ phai cha ding thic cho thay: su thay déi déng
lugng cia thé tich chat 1éng dang xét gay ra lye tdc dung 1én cinh
dan theo hudng nguoe vai P, do d6:

P =Art(p,-p)+ Ar.Ww, p, - w, 2p) (5.50)

Déi vdi chét 16ng khong chiu nén va theo phuong trinh (5.44), p,
= Py Wi, = Wy,

P, =Ari(p,-p) (5.51)

Mang bién dang cdnh dich chuyén chdt léng khéng nén duoc,
khong lam thay d6i vgn tée truc ciia dong chdy; lue doc truc tde dung
lén dong chdy phén tdn dé tang dp sudk.

Xae dinh P Vigt phuong trinh dong lugng trén truc cda mang:
Péng lugng tai céc tiét dién la:
| k=mw, = Art.w .p.w,
k,=mw, = Ar.t.w, .p,.w,
Phudng trinh can bing ¢6 dang:
P =- (Ar.t‘,.wzﬂ.|;>2.W2u - Artw, .p.w, )
T 46, suyra: P, = Artlw, .p.w, - W, .p,.W,)
Stt dung biéu thie (5.34) w.p, = w, .p,:
P =Artw p(w, -w,) (5.52)

Lyc tdng hgp, thu duge bing cdch cong hinh hoc hai luc P vaP
Phuong trinh luu sé

Bi&u thie chung cho qué trinh tuin hoan 1a:

I'=4qc.cosadS; a - gée (¢,dS)
]

I - luu 88 tudn hoan
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Cé thé dé dang st dung biéu thie nay dsi véi bién dang cia mang.

Trén Hinh 5.19, khi xét vong kin 1-1-2-2-1, ¢é thé hinh dung qud
trinh tufin hoan 1a tong cha cdc tich phan sau:

I= ]‘w]udt + 2:[wdS— ].whdt - ]WdS
1 1 2 2

w - vAn toc tuong d6i ca dong chay.

Vi hai dudng 1-2 va 2-1 vé phuong dién hinh hoc 13 nhu nhau va
van téc tai nhitng di€m tuong ng bing nhau, nén tich phan thit hai
va thit tu bi triét tiéu, do do:

F = J(wlu _Wlu ht
w,, va w, khong déi tinh trung binh theo bude canh dén, nén:

T=(w,, ~wy )t (5.53)
Thuyét Giukopxki
Luc néng cénh (véi 1 = 1; I- chiéu dai cdnh) chuyén déng trong
khong gian vd han, duge xdc dinh bing thuyét Giukdpxki.
P, =pwTl (5.54)

Trong d6: w - van toc tuong déi cua dong chay
[ - luu $6 tuAn hoan theo vong kin bao tram cdnh dén.

o Cdnh din ddc lap khong thay doi cdc thong sd clia dong
chay, vin tdc tuong ddi trude va sau cdnh dan bing nhau.

+ Mang cdnh din, nhu trén Hinh 5.18, thay d6i gid tri va
hudng cha vén tde tudng doi (w, = w,).

D6 1a suf khdc biét chinh gitta canh din ddc 14p va mang cdnh dan.
Thuyét Giukopxki cho cdnh din clia mang la:
P =plw, (5.55)
P_- lye ndng canh
T Hinh 5.18, ¢6 thé thay w_1a vec-to vin tdc trung binh:
we =l we)
Trong trudng hop chdy qua mang 13 chat khi ¢6 khéi lugng riéng

p, thi trong phuong trinh (5.55) c6 thé coi p 14 khéi lugng riéng trung
binh s8 hoc & clia ra va clfa vio:
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Pi P
2

Dong thoi c6 thé thdy hudng cla P vuéng géc véi vec-to w_ (Hinh
5.19).

Céc hé s6 khi dgng hic hoc

p:

Trong thye tién c6 thé 4p dung mdt phuong phép khé phd bién dé
tinh toan luc tdc dung lén mang cdnh dén ti edch tinh luc téc dung
l1&én cdnh dan déc lap, cé thé viét:

2

ww
Py = Cypb"’z—
2 (5.56)
P, = Cx.p.b.-‘zi

Trong d6:

C,,C,- hé s6 luc nang va luc tuong tdc mat chinh dién cdnh din,

b -  d% dai diy cung cdnh din,

p-  khéi lugng riéng cta dong.-

P, P - luc ndng va Iyc tuong tdc mat chinh dién cda dong chdy
va bién dang mang.

Heé s6 C_ chi c6 the xdc dinh bing thyc nghiém. Gid tri gin ding

cia C, c6 thé tinh gén ding bing ly thuyét, con gid tri chinh x4c thi
béng thLIc nghiém.

Xdc dinh C, gan ding bdng thuc nghi¢m:

K&t hap phl.fdng trinh cta thuyét Giukdpxki (5.55) va phu’cfng trinh
(5.56):

v w?
plw, =C, pb—=
2
WZ
Suy ra: I'= Cy.b.-?’#
Phuong trinh nay cling véi phuong trinh (5.53) cho phép xdc dinh
C!’
Cc =2.8. ¥ "Wa
¢ b W,
Tu Hinh 5.19:
W1 =w = w]u wZu

=w,sinf,

a 2a

cot gf, " cot gB,
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3

fu

Hay: - =cotgf, sinf3
Va :z“ =cot g3, sinf,
t . -
Vi vay: C, =2+ (cot gB, ~ cotgP, )sinP,, (5.57)

Ding thitc nay cho phép tinh hé s§ C, theo céc théng s8 da biét
cia mang bién dang.

Céc gid tri chinh xde C va C_c6 thé xde dinh bing phuong phdp
thdi cdc mang cdnh dan ¢6 kich thuéc khée nhau véi nhitng géc tién
khdc nhau; thuc hién do van toc, khéi lugng riéng, va céc luc Py, P,
sau dé tlnh C, va C, theo phuong trinh (5.56). K&t qui cla qud trinh
théi duge bidu didn b?ing phuong phdp d6 thi.

Cac théng sd cla quat truc
Ap suat
Cot dp 1y thuyét banh cong tdc cha quat truc cé thé dat dén duge
tinh theo phuong trinh Euler:
| _ U0, WGy,
e
O day c6 thé gia thiét u, = u, = u. Ap dung gia thiét nay:

H

o

u

HI = _(CZI.I _clu)
g

Dé6i v6i quat, cdn xét thém hé s6 tiéu hao ¢:

ca

o= > (5.58)

Hé s6 nay x4c dinh luu lugng thé tich chdy qua mét don vi dlen
tich cia tiét dién trén mang cdnh dan,

Tl tam gidc van téc: ¢, =u, —¢,, cotgP,

u
€,y =1 —C,, cotgh,

Ap dung didu kién c,=¢C, =C
u l.l2
G -(cotgpP, —cotgp,)= ;wp-(cotgﬂ. —cotgh,)  (5.59)

H,
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Ap sudt 1y thuyé&t banh céng téc ¢6 thé dat duge:

p=p-g-H =p-u’p-(cotgp, —cotgp,) (5.60)
T ap sudt ly thuyét cé thé tinh 4p suit thue té:

pznmpl =pu2(p-(cotg[3| _COtgﬁl)'nm (561)
Véi: 7, - hiéu sudt cGa mang cdnh dan cia quat truc.

Hiéu suat
Hitu suét ciia mang cdnh dén: n_

P |y

= - 5.62
"o =p+ap p .62
Trong dé:

p va p, - 4p sudt thuc t& va dp sudt 1y thuyét c6 thé gia ting
troeng mang,
Ap - mét mat 4p sudt trong mang.

Né&u mang ting 4p suét tit p, dén p,, thi:
P, —P
Mo = p, —p, +4A
p; =P p
Tinh hiéu subt mang theo cdc thanh phén luc

(5.63)

P61 vdi chit 16ng khong nén duge, tit phuong trinh ning lugng
ctia chuyén déng tuong dai:

2 2 2

Wi Wi _ Jd_p+AL
2 2 7p
wi —w?

Suy ra: P> —P +Ap=p-lT2 (5.64)
Tit sa dd van tdc clia vao va ra:

wl=wl+wl

wi=wl+wl

2 2 2 2
=> W] _wl =‘Mlu _w?.u :(wlu —qu leu +w2u)

DO: W1u+w2u=2Wu=2waCOthm
Véy wf._wg =2(wlu_w2u)wa COthm
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Wy =W,

Hay: Pt =p (W), —wy, Jw, cotgB,  (5.65)

Trong dé: B_ - gbe gitta vec-to _ v truc mang.

St dung cde biéu thie (5.64) va (5.65):

p,-p, +Ap=p (w, —w,, Jw, cotgB_ (5.66)

'P .
: -p, +Ap=—cotgp,,
Hay P, =P, +Ap =~ —cotgp

Trong dé: P, = Artpw, (w, —w, )

—_ Pu
Hay p.Wa.(Wlu —_Wzll)_ f AT
T phuong trinh (5.61):
_ Pa
P;—p, = AL (5.67)
Pﬁ
P
Suyra: 1 = ;F:; cotgp, P, .cotgP, (5.68)
Ar

Tinh hiéu sudt cia mang theo tinh ning nguoe

Ti Hinh 5.20 bi€u thi so 46 tinh hidu suit mang, ¢6 thé thay:
P, =P, .cosf, —P .sinp, 569
P, =P, .cosf3, +P .sinf3, '

Thay biéu thite (5.69) vao phuong trinh (5.68) déng thai chia cd td
va mu cho P .cosp :

1-ptgB,
Mo = 14 pcotgh, (5.70)

Trong d6: H = 'Pi - tinh ndng ngugc cda mang.
¥
D61 vdi cdnh ddn quat true, p= 0,02 = 0,04.
V6i 1= 0,03 va B, = 25° 45° thi n_ = 0,9 + 0,04,

Dé€ ting hidu sudt cia mang quat tryc can sd dung loai bién dang
cdnh ¢6 gid tri p nhd nhat cho phép.
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Hinh 5.20 - So A4 tinh hiéu suit mang
Hiéu su6lt co khi: tinh d&n ton that ning lugng do ma sédt ¢ dam,
& bi va do ma s4t dia.
N = 0,94 + 0,98
Hiéu sudt thiy lye cia cdp:

Trong d6: p, - 4p sudt tao thanh do quat ¢6 nhiéu bdnh céng
tdc, duge goi 1a quat nhiéu cap
p, =pu’pfcotgh, —cotgh,)n, +Ap — . Ap (5.71)
YAp - méit mdt 4p sudt khi cung va khi thai;
n, - higu sudt cdt 4p;

AP, - lugng 4p sudt gia tdng trong qud trinh thai do
x4y ra higu dng khuéch tdn,

béi v6i quat truc: N, = 0,75 + 0,92
Higu sudt toan phdn cia edp m =ny. ng = 0,70 + 0,90
Céng suat

yQH

. o 5 .N=
Cong suat trén truc cia quat la: 0007

(5.72)

—

192



Quat truc nhiéu cép

Phan tich céng thic (5.60) véip, =p-u’e-(cotgp, ~cotgp,), cb
thé thay dp suit dugc tao ra tif quat truc c6 mdt banh cong téc bi gisi
han béi cdc y&u t& van t8c va hinh hoc. Trong cdc mdy truc hién dai
* ¢lia céc thidt bi vén tai, thudng sif dung van téc § ddu cdc canh dan
clia banh cong téc rat cao, d&€n 400m/s. Nhung du nhu viy, trong
nhidu truémg hop, vin khdng ddm bdo 4p suit cdn thiét. Khi d6 c6
thé s dung mdy nhidu cdp gdm nhidu banh cong téc. Ap sufit tang
d4n qua timg banh cong téc cho dén khi dat gid tri yéu cdu. Mbi banh
cong téc tac ra mdt cdp 4p sudt.

)

Hinh 5.21 - So dd quat tryc nhiéu cép
Quat truc nhiéu cp c6 mét s6 vong ddng truc duge dit trén mét

truc chung (Hinh 5.21). Gi{fa hai banh céng t4c luén ludn cé mot thiét
bi dinh huéng. '

Cong dung ciia thist bi dinh huéng:
o Diéu chinh dong ra tit bidnh cdng téc.

e Bubc dong luu déng theo huéng cin thigt d€ trao dGi ning
lugng tich cuc & cdp sau.
« Bién d8i mdt phdn cbt 4p dong thanh thé ning.

Thi&t bi dinh hudng duge lam tif nhimg tdm cong déu c6 chiéu day
bign d8i, e6 sic cdn mit trudc nhé. S& cAp 4p sudt trong mdy truc c6
khi 1én dé&n 20 cdp.

Piéu kién lam viéc cua quat tryc

Céc thanh phédn cdnh din cia quat tryc,  nhiing khodng cdch
khéc nhau so v6i dudng tAm, quay véi cdc van tdc khdc nhau. Vi vay,
canh din vdi chidu rong khong d8i va céc géc ra vao khong ddi tao
nén cot 4p thay d8i theo chidu dai ctia cdnh din. Diéu nay din dé&n sy
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di chuyén huéng kinh ciia cde phin ti chat 16ng trong dong chiy clia
bdnh cong tdc va su thdo ddn lam gidm hiéu sudt cia quat.

Hién tugng di chuyén hudng kinh nay dic biét rs trong cdc cdp
cua quat truc 6 d¢ dai canh dén 16n. Vi vay cdc cdp clia quat truc cé
'd¢ dai cdnh dan 16n thuding duge thiét k& ti diéu kién khéng c6 sif di
chuyén huéng kinh ciia dong chat 16ng.

Trong cdc loai mdy true, néu bé qua lye nhét cia dong, thi didu
kign cén bing huéng kinh duge thé hién bing ding thite:

r.c, = const (5.73)

Céng thic nay cé gid tri thyc t& rat 16n. Diéu kién dé khong 6 su
chuyén déng huéng kinh chi thye hién duge khi khéng c6 sy thay déi
cda qud trinh tudn hoan theo chidu dai cdnh dan. Trong truong hep
ndy, mdi mot phén t¥ cda ddong chdy chuyén dong theo mat try tron
cia bdn kinh tuong img.

Phuong trinh (5.73) 1a ludn d& quan trong nhét trong thuyét
Giukopxki. Thye hién duge bidu thic nay trong quat truc cho phép
tdng ré rét hidu sudt cda may. '

Anh huéng cha diéu kién (5.73) 1én hinh dang k&t cdu cda cdnh
thé hi¢n & ché canh din cé dang cong xofn &c véi chc goe B,> , thay
d6i theo chiéu dai cdnh d4n. Nhitng cénh dan loai nay duge st dung
rat rong rdi, dic biét & nhing mdy 8ng 16t ¢6 dudng kinh tuong d6i
nhé.

Trong nhitng mdy dng 16t ¢6 dusng kinh tuong d6i 16n, canh din
duge lam khéng cong, nhung day cung gidm tif trong ra ngoai.
béc tinh clia quat tryc

Tuong tu loai mdy ly tAm, djc tinh cla méy truc (quat truc) bidu
thi quan h¢ gitta ¢4t 4p (dp sudt), cong sudt trén true, va hidu sust vdi
luu lugng.

Buting déc tinh thuting duge x4y dyng biing cdch thi véi s6 vong
quay khéng déi va dugc tinh véi nhiing s§ vong quay khde nhau theo
cong thire ty lé. '

Dang dudng dic tinh duge xdc dinh nhé két cdu va cde tinh chat
thay khi déng hoc cda m4dy.

Duong dic tinh quat tryc khi n = const

Khdc v6i mdy ly tAm, dudng dic tinh cét 4p cla mdy tryc thusng
c6 dang yén ngua. Mat khde, trén cde méy cot 4p thap, thuong gip
dang nghiéng cia loai duong dic tinh nay. '
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Hinh 5.22 — Budng d4c tinh cia mdt s6 loai quat tryc

Dang yén ngua trén dudng dic tinh giai thich sy gidm luc ning
¢dnh khi ¢6 luu lugng nhé va goc tién ting, va gidi thich su hién dién
cua dong thit cép.

Pudng die tinh ¢éng suit cha quat truc cho thiy su gidm céng sudt
khi ting @ hodc giAn nhu ndm ngang (Hinh 5.23). Vi vay, khi khdi
dong quat truc cho phép md hoan toan van trén éng hat dé€ c6 tai
trong.

Pudng d3c tinh hiéu sudt cda quat truc ¢6 cdnh din lam viéc duge

gin chit véi 6ng 16t ¢é cue dai biéu hién ré. Khi ché do lam viée bi
léch khéi vi tri t8i wu, hiéu suit thay déi dot ngot.

JN_—-’/_ﬁLobr\
N
A7
F B
Hinh 5.23 — Budng
déac tinh cla quat
truc cot ap thdp 7 &
T
> \
[

Qmin  Qmax

195



Phén lam viéc cda dudng dic tinh dugc thanh lap trén phan on
dinh (bén phdi diém B trén Hinh 5.23). Gi4 tri hidu suat cyc dai cho
phép thdp nhit khodng 0,9 n__.

Biéu chinh luu lugng

Diéu chinh luu lugng clia quat truc c6 thé duge tién hanh bing
cdch thay d6i s8 vong quay, thay ddi géc quay cda cdnh ddn 1am vidc
bing thiét bi huéng déng & cita vao, va bing tist luu. V& 1y thuyét,
diéu chinh luu lugng bing cdch thay d8i s6 vong quay 1a hiéu qua
nhat.

Diéu chinh bing tiét luu dic bist khong kinh t&, vi luu lugng bi
gidm trong khi c6ng suéit khong ddi hojc ting. Vi vay tiéu hao ning
lugng trén mét don vi thé tich chat 16ng khi didu chinh bing phuong
phdp nay ting.

Khi diéu chinh quat bing géc quay cdnh din clia banh cbng tic
hay biing thiét bi huéng dong & cifa vao sé tist kiém ning lugng trong
qué trinh truyén déng. Didu chinh biing géc quay c4nh din hoic thist
bi huéng dong rat tién l¢i trong viée st dung dudng dic tinh didu
chinh tiéu chuin.
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Chuong VI. KHAI NIEM CHUNG Vi MAY NEN

KHAI NIEM CHUNG

Pinh nghia
M4y nén 12 mdy d€ nén khi vdi co 56 ting dp € > 1,15 va ¢6 lam lanh
nhén tao d ndi xdy ra qua trinh nén khi.

Cong dung clia méy nén 1a nén khi va di chuyén khi nén dén noi
tiéu thu theo hé thdng 6ng dan.

M4y nén dung dé& thdo khi tir binh chin khéng va nén chiing dén
4p sudt khi quyén hodc dp suat 16n hon, duge goi 14 bom chdn khéng.

Cdc théng s8 co ban dic trung cho su lam viée clia mdy nén bao
gdm: lwu lugng thé tich Q (thudng duge tinh trong diéu kién hut), 4p
sudit diu p, va dp suit cudi p, hodic hé s tang ép € = p,/p,, hidu sudt
N, va cdng sudt N trén tryc cia mdy nén.

Phéan loai may nén

Theo nguyén Iy lam vige c6 thé chia mdy nén ra 1am ba loai:

o M4y nén thé tich.

e MaA4y nén cédnh din.

¢ May nén phun tia. _

Theo k&t cdu. M4y nén thé€ tich cé hai loai:

+ M4y nén piston.

* Maidy nén roto.

M4y nén canh dén ¢6 hai loai:

e Maidy nén ly tam.

o Maidy nén truc.

Ngoai ra edn ¢6 thé& chia m4y nén ra thanh timg nhém theo dang
chat khi 1am viée, theo dang truyén dén, .. .
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Sd db két cdu mot s6 may nén dién hinh

Mday nén piston (mét piston v6i mot cdp nén). Véi chuyén déng
tinh ti€n cla piston, cdc qué trinh 1an lugt duge thue hién bao gbm:
Dan nd, Hit, Nén, DAy. Phuong phdp tdc dung ca may nén piston dua
vao sy thai khi bing piston, cho phép xay dung nhitng két ciu véi
dudng kinh va hanh trinh piston nhs, ¢6 4p sudt 16n khi luu lugng
nhé (Hinh 6.1).

Khi Kh[fnén
Nuéc
r- : 5 Em ngudi
b f
Yt ,
iR
e,

Hinh 6.1 - M4y nén piston

May nén roto dang tim phing

So d6 mdy nén roto dang t&m phéng duge néu trén Hinh 6.2. Khi
roto 2 quay, trong cdc rianh doc ciia roto, cde tAm phéng 3 c6 thé tu do

!
2
1.Vé
3 2. Roto
3. Céc tdm phing
N “_E 4, ?ng hut
= 5. Ong ddy
4 5

Hinh 6.2 — May nén roto dang t4m phing

198



di chuyén, khi duge dién diy trong khodng khéng gian giita céc cdnh
dugc mang tir 6ng hit 4 dén 6ng ddy 5 va duge dua ra hé théng éng

dén.

Truc roto ciia méy nén ¢6 thé ndi vdi truc cda dong co khdi déng
mét cdch truc ti€p khéng cdn bd truyén dong. Didu nay lam cho mdy
¢é két cdu don gidn, d& dung, va lam gidm khdi lugng mdy.

Mady nén ly tim

Nguyén ly lam viéc tuong tu
nhu bom ly tAm. True cia méy
nén ly tAm néi véi truc cda dong
co khéi ding (déng co dién hoic
tuabin hei nudc) ho#e true ti&p,
ho#ic qua truyén din co hoc d€
tang s6 vong quay cha truc mdy
nén nhim gidm kich thudc mdy
nén, gidm khéi lugng va gidm
g14 méy (Hinh 6.3).

May nén truc

Két ciu gém roto cé gdn canh
dén lam viée, v6 ¢6 gdn c4anh din
huéng dong ¢6 dinh. Khi duge
hiit vao 8ng hit, chuyén dong doc

Cép tha 11

Hinh 6.3 - May nén ly tam

truc va dong thdi bi nén trong cdc c4p nén cha cédnh din. Qua 8ng ddy
khi duge d&y vao hé théng ong ddn dén noi tidu thu (Hinh 6.4).

1. Cdnh dan céng
v A tac (canh din
% ddng)

NS
3

1 Khi vao

Hinh 6.4 -

mFm s 2. Roto

3. Canh dan huéng
(UHLUINOnT déng

Khi ral
May nén truc
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b€ khdi dong méy nén true c6 thé dung dr,mg co dlen tuabin hoi
nude hosie tuabin khi.

NHIET PONG HOC MAY NEN

Qua trinh nén kh.i_
a- Phuong trinh co bin

Ly thuy&t don gidn nhat cia mdy nén dua trén thuydt nhiét dong
hoc khi ly tugng, théa min phuong trinh trang thai:
= p.R.T _ (6.1)

Khi ép suflt cudi cda qud trinh nén khi 16n hon 10N/m? c¢6 thé
dung phuong trinh trang thai khi thuc:

p=ZpRT | (6.2).

Z - hé s8 nén, véi gid tri thyc nghiém phu thude vao céc da1 lugng
khéng thi nguyén p/p va T/T,,.

b- Cic qué trinh nhiét dgng ca bin dl!pt str dung trong thuyé_'t mdy nén

Khi két hgp s dung dinh lugt thi nhat cla nhiét déng hoc va
phuong trinh trang thdi khi 1y tudng, sé thu duoc cdc phuong trinh
cla qud trinh nén va dan nd x4y ra trong mdy nén:

+ Qué4 trinh da bién: =const hay pv" =const (6.3)

= const

+ QuA trinh doan nhiét: hay bvk = const (6.4)

p

p _
+ Qud trinh ddng nhiét: “F;‘ =const  hay pv =const (6.5)

Qud trinh da bién 1a dang téng quit cia qué trinh nhiét ddng hoc
xdy ra trong mdy nén phu thudc vao didu kién bén ngoai va bén
trong véichisfn=115+18

Qua4 trinh doan nhiét 14 qud trinh khéng c6 trao d8i nhiét véi méi
trudng bén ngoai; trong qud trinh nay c¢6 thé c6 sy tao nhiét lugng
bén trong do cdng cia ma sdt khi va sy tao xody. Qud trinh doan
nhiét mét cdch nghiém ngit khéng thé thu duge trong mdy nén vi
khong th€ cdch nhiét mét cdch hoan toan ddng khi véi méi truding
bén ngoai. '

Qud trinh d8ng nhiét d4c trung cho trang thai ddng nhiét do
khong ¢6 sy trao ddi nhiét v4i méi trudng bén ngodi va khéng c6 su
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tac nang lugng bén trong dudi 4nh hudng ctia ma sét khi trong dbng

chay. Trong cdc méy nén thue, qué trinh déng nhigt khéng thé xdy
ra.

c- D6 thi T-S va p-v

D6 thi T-8: Céc qué trinh 48 néu trén thudng duge bl‘e"u thj bang
dé thi T-S, theo quan hé gita nhig¢t d6 (T) va entropy (S).

Céc dang co ban ciia qud trinh nén bao gém:

e Qu4 trinh da bién n < & dic trung cho mdy nén cé qua trinh
lam lanh manh bing nuée (Hinh 6.5 a) (mdy nén thé tich).

e Qua4 trinh da bién n > k dic trung cho cdc médy nén cé qud trinh
1am lanh y&u bling nuée ho#ic 1am lanh biing khong khi (Hinh
6.5 b) (m4y nén cénh din)

o Qu4 trinh ddng entrépi v6i S = const (Hinh 6.5 c)
e Quéd trinh ddng nhiét v6i T = const (Hinh 6.5 d)
Céc qué trinh déng entropy (trudng hgp riéng caa qua trinh doan

lr .I quconst AT
_ pr=const 2 /
% pu=sonst 1/ f s=const
. \"‘K pa=tonst 1 piconst
3 7

Hinh 6.5 - D6 thi T-S
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nhiét) va qud trinh ddng nhiét khémg thé 4p dung trong mdy nén
thye, vi cde 1y do dudi day:

* Sy tao thanh nhiét lugng do cong cda ma sit khi bén trong
xuit hién qu4 lon. .

* Khong thé ché tao két cdu hé théng lanh cia méy nén di dé he
thong nay bdo ddm qué trinh nén khi véi nhiét d6 khéng d4i.

Do véy, trong thuy&t m4y nén, hai qu4 trinh nay chi ¢6 tinh 1y thuyét
va duge sif dung d€ danh gis hidu sudt ning lugng cda mdy nén.

Qu4 trinh nén trong céc trudng hop néu trén dugc biéu thi bing
dudng 1-2 trén Hinh 6.5. Trong truang hop a,b qué trinh nén (4p suit
ting) dan theo sy thay déi entropi va tdng nhiét do cia khi; vi vay
entanpi ting.

Trong qud trink nén da bién véi n < k-

e Dudng 1-2 14 qué trinh nén xdy ra ¢ ving lam viéc (trong
xilanh, trong rdnh ciia banh céng tdc va vo) cla mdy nén;

* Dudng 2-3 12 qud trinh 1am lanh ding 4p ciia khi nén dang ra
khéi may nén, qu4 trinh nay xdy ra 6 b phan lam lanh cda
may nén va trong mang ludi 6ng din.

Theo dinh luat bdo toan ning lugng cong do mdy nén cung c4p cho
dong khi trong c4c qud trinh nén va dan ng khj (khéng ké tdi t6n that
co khi), bing tdng nhiét lugng 14y dugc tit khi trong céc qud trinh nén
va qué trinh 1am lanh déng 4p.

Tit dinh nghia c¢ bdn cia entropi trong qud trinh nhiét déng ly
thuyét:

ds=3Q
T

Dai véi duong 1-2 va 2-3:

2 3
Qi = [TdS v Q,, = [Tds
I 2

Biéu thic dudi d4u tich phén 1a nhiig phén t& dién tich cia cdc
qua trinh nén va lam lanh, duge bifu didn trén d3 thi T-S (Hinh 6.5),
do d6 lugng niing igng don vi cung cdp cho khi d& thyc hién qua
trinh nén va dén nd biing téng cia cic dién tich 1-2-5-6 va 2-3-4-5.

Khi nén khi theo da bién véi n > &, thudng dic trung cho mdy nén
véi su lam lanh bing khéng khi ho#ic bing nuée eudng dd thap, dién
tich 1-2-6-5 trong qud trinh nén da bién 1-2 1a lugng nhiét duge tao
thanh trong dong chiy do ma st kh{ va sy tao xody.
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Ning lugng cung cdp cho mdy nén, ding dé chi phi cho cac qua
trinh ctia mdy nén (nén va din nd) va cho céng cua ma st khi trong
dong chdy. Céng cha cdc qud trinh mdy nén bing dién tich 1-2-3-4-5,
do dé, ning lugng toan phan do m4dy nén da chi phi (khéng ké ning
lugng sdn sinh dé khdc phuc tén that co khi va tén thit luu lugng),
duge biéu thi bing dién tich 2-3-4-6 (Hinh 6.5b).

N&u qud trinh trong mdy nén x4y ra theo ding entrépi 1-2° thi su
ton that ning lugng toan phan bing dién tich1-2’-3-4-5, tdc 1a nho
hon mét dién tich 2°-2-6-5. Suy ra, su tdng ning lugng, tén that tir
méy nén, khi chuyén tir qui trinh didng entropi sang qud trinh da
bién thuc véi n > k, gy nén su tdng tiéu thy ning lugng bing dién
tich 2'-2-6-5. R6 rang, dién tich 1-2’-2 1a ning lugng hao phi phu
trong qud trinh nén va qud trinh didn nd thé tich, xudt hién do két
qua cia qud trinh lam néng khi do ma sit va tao xody.

P&l vé6i cdc qud trinh ddng entrépi va ddng nhiét biéu dién trén
dé thi T-S (Hinh 6.5¢, d) ¢ thé nhan thiy su thay d6i ning lugng
tuong tng. V& 1y thuyét, tdn théat trong qua trinh nén ding nhiét 14
th&p nhat, bidu thi bing dién tich 1-2-4-5.

D6 thi p-v: trong mot s6 trudng hgp, cdce qud trinh cla mdy nén cé
thé biéu dién trén db thi p-v (4p sudt - thé tich riéng) (Hinh 6.6).

Trén d6 thi ndy, p, va p, 12 céc dp suflt trude va sau khi nén,
duong 4-1 14 qud trinh hat khi vao binh chita, cdce dudng 1-2 1a qud
trinh nén tiy theo qud trinh nhiét déng hoc duge 4p dung.

Pudng 1-2, qua trinh nén da bién véi n < k;

2 % v

Hinh 6.6 — D4 thi p-v
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BPudng 2-3, qud trinh lam lanh; vé Iy thuyét, qud trinh nay xdy ra

theo dudmg déng 4p p = const, nhung thuc t& thudng khang hoan toan 1
déng 4p.

Budng 1-2’, biéu thi qud trinh nén ding entrépi;
Buéng 1-2”, biéu thi qud trinh nén ddng nhiat;
Pudng 1-2”, biéu thi qud trinh nén da bi&n véi n > k.

Phuadng trinh nang lugng (cong nén)

a- Coéng nén cta qua trinh da bién

Ning lugng L, hao tén trong qud trinh ciia may nén, khi nén va
dén nd 1kg khéi lugng khi, duge biéu di&n biing dién tich trén 6 thi

p-v 14 dién tich giéi han béi cdc dudng ddng p véi 4p sudt dAu p, va
é.p sudt cudi p,, dudng nén da bién va truc toa do (Hinh 6.6).

Péi véi qud trinh da bién:

2
L=-[pdv+p,v,-p,v, 6.6)
1

(dau trir trude dédu tich phan bidu thi p,v nghich bién).

Tu phuong trinh nén da bisn p.v' =p,.v; , ¢6 thé tinh: p= __p*v':l
Thay vao phuong trinh (6.6):
_ ’
» rdv
L=-p.v _l"'";""' P,.V, =DV,
v

Bi&n 46i nhu sau:

d Zj-"d RS B AR N
; “n+l  n-l vi'oovt

H
S& hang' thu nh4t trong phuong trinh (6.6) s8 la:

2 2 ) n n
o pdv 1 {p,v; p,v 1
- IpdV= Y, '{Vn = n—l[ vzn_lz - V]"-: }= n_l(pzvz _plvl)
j 1 1 2 1

Do d6 biéu thic néng lugng cla qud trinh da bign sé& la:

1
L=n_:i’(pzvz _plvl)+p2v2 —PY =n—11“1—(P3V2 _plvi)

= p]"’l[pzv2 _1]
n-1 P.Yy
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Cé thé s dung cde cong thde nhiét dong hoc clia qud trinh da
bién:

_on (et |
Hay: L_n_lplvl [p ] 1 . (67)

Quan hé giita 4p sudt va nhiét dd trong qud trinh da bién duge x4c
dinh bing ty s6:

T 'n_liT ' ' :
’;—” = (?’*J (6.8)
1 1 X

n T : -
Vivay: L= n_lpl\f.[,—rj-—l] o 6.9)

Két hgp phuong trinh trang théi 1y tuéng p,v, = RT;:

L=-__R(T,-T,) : (6.10)
n-1 _ . :
b- Céng nén ctia qué trinh ding entrépi (doan nhiét)

Phuong trinh da bién va ding entrépi (6.3) va (6.4) hoan toan
tuong tu, chi khée & chi s8. Vi vay ddi vdi qud trinh ddng entropi ¢c6
thé viét phuong trinh: '

k-1
Ly = k_1p1V1 [p_1] __1 (6.11)
T, Yk
Né&u dp dung ty sb: P {%} : (6.12)
| 1 ’
k Tzde
S8 c6: Ly = PV( —1) (6.13)
e co de k-1 171 Tl

205



k

Hay: Le = ER(TME _TI) (6.14)
k <,

Do R=C -C, va *C—v.

Véi R -  hing s8 khi 1y tudng

C,- nhiét dung déng 4p
C_ - nhiét dung déng tich

k- $8 md doan nhiét
Phuong trinh (6.14) cé thé viét la:
L = Cp(TZde '_Tl)':izde -1, (6.15)

"Phuong trinh nay biéu dién céng cla qud trinh déng entropi clia
mdy nén theo entanpi d4u va cudi cda khi bi nén.

c- Céng nén ciia qué trinh ding nhiét
Ti db thi p-v:

pv=pv, =p,v,

Thay vao phuong trinh (6.6):

L, = —i[pdv
1

Qué trinh déng nhiét, théa man biéu thite:

pv=pv, =p= A
V'
Suy ra:
2
dv 2 v v P
L, =-pv, I— =-mv anI =-pv,In—*= p,v,In—-= pv, In==
: Y v, 2 P
L, =pv, In22
Hay: =PV, In (6.16)

1
C6 thé nhin xét cdc bidu thiic néu trén cho phép xde dink si tiéu
hao ndng lugng dé duy trl cdc qud trinh cda mdy nén, nhung khéng
cho biét su phan bd nang lugng tidu hao cho sy thay di cdc théng sd
riéng ré cla qud trinh.
D& xdc dinh duge sy phan b§ ning lugng cho sy thay dai ctia céc
théng s3, cn sl dung didu kién bdo toan nang lugng, trong dé ning
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lugng tiéu hao trong cdc qud trinh cda mdy nén ding d€ thay déi
entanpi, ddng nang cha khi, va dé khdc phuc mit mat vao méi trudng
bén ngoai.

Diéu kién nay cé thé viét § dang téng quét nhat d6 la phuong
trinh cén bing ning lugng cia cdc qus trinh trong mdy nén:

2 2
C, 2

1, + +L—i+c+ (6.17)
1 275 q .

2 2 2 2
C, —C, ¢

. . c, —
Hay la: L =i, ~i, + +q=Cp(Tz—T,)+——22—‘+q (6.18)

Trong 1y thuyét va tinh todn mdy nén con si dung céc théng sé
hdam: '

Néu mét dong khi ddng entrépi c6 nhiét dd T va van tdc C duoc
him mét cach hoan toan, toian b$ déng ning ducgc chuyén thanh
nhiét lugng va nhiét d6 cda khi ting dén T", thi T* dugc goi 1a nhist
dé hdm. Lic d6 can bing néng lugng sé 1a:

2

C,T+—=C1T
2

P

(6.19)

Ning lugng riéng cla qud trinh dang entrdpi duge bidu dién theo
nhiét 4 ham la:

L, =C,(T; - T )=i} -i; | (6.20)
Ap suit ham duge xdc dinh theo cong thic:
k
. T Yt
=p| - 6.21
P =p T (6.21)
Cdng suat clia may nén
N pQL W
1000., o KW o (6.22)
Trong dé: .
p-  khoi lugng riéng ciia khi ldc vio mdy nén (kg/md)
Q- luu lugng thé tich clia may nén (m?¥s)
L- néng lugng riéng cda qud trinh mdy nén (J/kg)
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n,- hiéu susit thé tich, khi tinh d&n mat mat thé tich khi
'do sy rd ri qua ¢dc véch lam kin
Nk~ hiéu sudt co khi do khic phuc ma sdt co khi va -

truyén dén clta céc co ciu cd hoe (chdng han, bom
ddu, quat, bom c¢ta hé théng lanh,..)

Hiéu sudt ctia may nén

Hiéu qud clia mdy nén khéng thé ddnh gid bing hidu suit ning
lugng thong thudng, thong qua ty sé gitta ning lugng khi nhén duge
v6i nang lugng bi tiéu hao d€ duy tri qud trinh cia mdy nén.

Tu phuong trinh (6.18):

+ Nang lugng bi tiéu hao:

' 2

L=C,(T,-T)+ 2" 1q

Véi diéu kién: ¢, = c, (gid thiét van téc khi khong d6i)
L=C,(T,-T,)+q
+ Niang lugng khi nhén duge trong quéd trinh clia mdy nén;
L_q=Cp(T2 “T1)
Hiéu suit nang lugng clia mdy nén:
C(T,-T) |
C,(T,~T)+q ©2%

Khi ting dung bidu thic nay d6i véi qué trinh d&ng nhiét ciia may
nén véi T, = T,, két qué s& la n = 0.

Nhu 44 ching minh, trong tdt cd cdc qud trinh c6 thé x3y ra
trong mdy nén, thi qué trinh déng nhiét 14 qua trinh tidu hao ning
lugng it nhat, kinh t& nhat. Nhung theo (6. 23) két qué lai lé. n=0.

VAy nguyén nhan la dau?

'[":

Nhu d4 biét, trong quei trinh déng nhiét clia mdy nén, C (T,-T)
= 0, suy ra entanpi caa khi, khi coi dé 1a don vi do nang pll.rcmg, la
khong déi. Mit khic, d6i véi cdc qud trinh nén khi, khi entanpi bdo
toan gia tri, qud trmh clia mdy nén s& chuyén sang muc thé ning
mdi, tuong ¥ng véi dp suit p, cao han va cho phép khi c6 thé thlIc
hxen cong khi din nd dén 4p sudt ban diu.

Do vay, su ddnh gid ning lugng khi nhén duge trong qué_trinh'
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cia mdy nén biing su thay d6i entanpi 14 khéng c¢6 ¥ nghia, vi vy khi
bao toan entanpi khong d6i thi kha ning thuyc hién c¢éng cda khi ting
1én. T ddy c6 thé két luln, khéng cho phép danh gid su hoan thién
cia mady nén bing gid tri cia hiéu sudt ndng luong théng thuong.

Su hoan thién cia mdy nén duge ddnh gid bing hidu sudt nhiét
déng tuong doi. D6 1& hitu sudt dcfng nhiét Men va hiéu sudt déng
entropi n,,.

e Néu qué trinh da bi&n thue x3y ra v6i chi 56 n, v6i nang lugng

riéng L:
L
M= : (6.24)
L |
M= (6.25)

. dung dé ddnh gid mdy nén c¢6 qud trinh lam lanh manh
bgng nude (vi du, mdy nén piston va roto). Déi véi loai mdy
nén nay, qud trinh ddng nhiét c6 ning higng riéng nhé nhat va
14 qu4 trinh chudn cia m4y.

» Loai m4dy nén cé lam lanh y&u (vi du, m4y nén ly tdm va mdy
nén truc) duge danh gid nha n, . Cé nghla 14 d4i véi nhimg loai

mAy nay, qué trinh ding entrépi 1a qua trmh chuén va hoan
thién nhat.

Quan hé giita hiéu suit ddng entropi tuong d8i véi cdc thong s6
hdm cda qud trinh.

T cdc phuong trinh (6.1) va (6.11):

k-1
k P, O
L,=—~pv||l— -1
de k-lpll(p,]

Do dé:

= ket

Yk K
L, =~ rr||P2|" —1]=c1 P |t
k-1 P P

Quad trinh thue 13 da bi&n va theo biéu thie (6.18):

2

2_
L=C,(T,-T,)+2 2"1 +q
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Khi vié&t theo thong s6 ham vdi diéu kién q = 0:
L=C, (T, -T) (6.26)
T hai biéu thitc nay:

L Py

de
M= = T, (6.27)

Céng thic dung d€ tinh higu suat ddng nhiét tuong d6i, d€ ddnh
gid mdy nén thé tich mét c4p cé lam lanh manh biing nudc, ¢6 thé xsc
dinh tir cdc biéu thic (6.16) va (6.26):

Lo =1, lnp_z; L=Cp(T2—T])

P
Rin22
P
Vay: = T 6.28
ay T]dn Cp _2 . 1 ( )
T,
Cha ¢, trong trudng hgp nay théng s§ ham khéng ¢6 ¥ nghia, vi
md ddu va két thuc qué trinh nén, van téc dong khi khong d4ng ké.
Lam lanh trung gian va nén nhiéu cap

Ap sut do méy nén tao ra khi lam viéc trong so d8 céng nghé san
xufit dat tdi nhing gid trj rat 16n. Mt khdc, mdy nén mét cdp hau
nhu khéng thé tao ra 4p suit cao.

Nguyén nhan:

* Trong mdy nén thé tich: sy ting qua mitc nhiét d6 & cudi qua
trinh nén, gy ra tn th4t l6n va khong thé thiét ké mdy nén
dd manh.

* Trong mdy nén cinh dén: khong cho phép van téc canh din qué
16n, vi cAnh din duge 1am tif nhitng vat lidu 6 dd bén xdc dinh.

Vi vay, d€ tang 4p suit trong qud trinh nén c6 thé 4p dung céc
bién phdp:

* Lam lanh khi trong quéd trinh nén.
* Nén khi qua cdc cp néi tiép, déng thoi thue hién gidm nhiét
d¢ khi & thiét bi lanh trung gian giiia cdc cdp nén khi.
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Hinh 6.7 — So d6 i

nén rthiéu cép At P A 1,2 - Thiét bj lanh

3 4 5 3,4,5 — C4p may nén

S d6 chung cta mdy nén khi nhiéu cdp duge néu trén Hinh 6.7.

St dung méy nén da cip vdi sy lam lanh khi é nhitng thi&t bi lanh
(TBL) gitta cdc cAp cho phép tiét kiém nang lugng phéi tiéu hao dé
din dong mdy nén. Piéu nay thdy rd trén do thi T-S va p-v clia mdy
nén hai cdp (Hinh 6.8).

Né&u qué trinh nén tién hanh trong mét cdp, dudng nén 1’-2 duge
biéu thi bing dudng da bigén 6 n > k. Khi nén hai ¢dp ciing trong
khodng dp sufit &y, dudng nén sé la dudng gap khic 1-2-1"-2", gén
hai dudng da bién 1’-2’ va 1"-2", va mét duong ddng ap 2’-1", 1a qua
trinh lam lanh & thiét bi lanh gita hai cép véi dp sudt p, = const.
Trong hai d6 thi, ning lugng tiét kiém duge tit qué trinh nén hai c4p
c¢6 1am lanh trung gian duge biéu dién bing dién tich 1".27-2-2".

Trong may nén hién dai, thudng st dung:

1. Lam lanh mdy nén bing cdch dua nudc vao khoang dugc ché
tao d4c biét trong vé duc, duge goi 14 lam lgnh trong. Phuong
phép nay cai thién cdc didu kign tra ddu m@ clia may nén piston,
nhung khéng thé tiét kiém ning lugng va dua qué trinh nén vé
gin véi ddng nhiét. Nguyén nhan 1a rat khé bdo dam trao ddi
nhiét mot cach hiéu qud giita cdc dong khi va nude lanh.

T py=vonst, s | P,
p_2" 2
Pe
%st Pe > 2!
7
pr !
7__ 8 d

Hinh 6.8 — D4 thi T-S va p-v khi nén hai cép
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2. Lam lanh § trong thiét bi lanh duge d4t & gitta hai cap riéng ré

duge goi 1a lam lanh ngoai hode lam lgnh trung gian. Thiét bi
lanh (trao d8i nhiét) dang 6ng @i luu c6 bé mat tiép xic 1én
che phép tin dung m¢t phdn n#ng lugng t8n thit. Trong céc
mdy nén ly tdm, cdc thiét bi lanh thuémg duge phén bé giita cdc
nhém cép d€ don gidn héa két ciu cda thist bi.

3. Lam lgnh lién hop 13 két hop cd 1am lanh trong va lam lanh

212

ngoai. Phuong phdp nay c6 hiéu qud 16n nhat va duge si dung
rét rong rai mic du két cau phic tap va ting gid thanh thiét bj.

Lam lanh bang s« phun nuée lgnh vao dong khi trude c6p thi
nhét clia méy nén. Véi phuong phép nay nhiét lugng khi duge
tiéu hao timg phdn d€ 1am bay hdi nudc 1am lanh va nhist dé
cudi qué trinh nén bi gidm kh4 nhidu. Nhuge diém cta phuong
Phép nay 1a 1am &m khi, do 46 khong thé 4p dung trong mot sé
trudng hogp.



Chuong VIL. MAY NEN CANH DAN

MAY NEN CANH DAN LY TAM

Nguyén ly lam viéc cla may nén ly tdm

Trén Hinh 7.1 13 s¢ 46 don gidn cia banh céng tdc trong mdy nén
ly tam. Khi di vao bdnh ¢dng tdc a theo hudng true, sau 86 quay theo
got 90° va di vao rdnh c4nh. Rénh c4nh gdm dia chinh, cdc c4nh din
va dia phu.

4
Y
b
[
J
V4
o a. Banh céng tac
b.éng téng ap
a
c.Rénh canh hudng quay
Sy d.Ranh canh hudéng ngugc
\4 e.Doan vao
g
| NNNNNNN Z |

Hinh 7.1 - S¢ d8 nguyén ly cha c&p may nén ly tdm

Cdnh dan trong khi quay truyén chuyén déng quay cho dong khi.

3 day luc ly tam xudt hién va ddy cdc phan ti khi chuyé”n dong tir
trong ra ngoai va khi bi nén lai. Chuyen ddéng tuong dai cda dong khi
trong mdy nén ly tdm theo dudng xodn 6c. Sau khi ra khéi banh  cong
tdc, khi bi nén di vao 8ng tang 4p b bao quanh bdnh céng tdc. § day
déng ning bién thanh th& ning, tic 1 dp luc tinh cGa khong khi nén
tdng. Ong tang 4p c6 thé c6 cdnh huéng hosc khong c¢6 cdnh hu(mg
Trong 6ng nay khi nén ciing chuyén ddng theo dudng xodn dc.
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Nhé ¢6 cédc cdnh quat huéng quay c va cdnh quat huéng ngugc d,
kh{ nén duge dua vao banh céng tdc qua tﬁng sau. 0 céc canh dén
niy dong ciing bi xodn theo chuyén déng xodn Sec. Poan vao e dam
bdo khi nén di vao bénh céng téc & tdng sau mét cdch déng déu.

Téng (hay cdp) may nén bao gém banh cong tdc, 6ng téng 4p, cdc
cdnh dinh huéng xudi va nguge.

Phuong trinh 1am viéc cua cap may nén

Khi cho dong khi chdy qua rénh cdnh cla titng cdp, trang thdi cia
dong khi thay d8i do cé sy trao déi nﬁng lugng giita dong khi va banh
cong téc, do ma sdt khi, do sy tao xody, va do ¢6 trac d6i nhiét véi méi
trudng bén ngodi mdy nén (Hinh 7.2).

&
7
J
2 !
Khf /
A Khira
VA0 ~o’] T, khoi cgp
cap
NN\

Hinh 7.2 ~ S0 48 chuyén ddng cita dong khi trong cdp nén

Tit Hinh 7.2 ¢6 thé vi&t phuong trinh cén bing cta dong khi trén
doan 1-2(J/kg):

Nang lugng ca khi tai mit cdt 1 & cita vao banh cdng téc trong
kénh gifta cdnh din:

Cl

2

L, = +CT
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Ning ltgng cdc cdnh din cdng tde truyén cho dong khi tuan theo
phuong trinh Euler:

L=u,c,, —uc,
Ning lugng cha khi & tiét dién ra giffa cdc rdnh cdnh dén:

Cz

L, +CT
2

Néu qua banh céng tdc, nhiét lugng duoge truyén tit khi ra méi
trudng bén ngoai 12 q, thi phugng trinh c4n bing néng lugng 1a:

L,+L-q=L,
c, ¢
Hay: —i--+CpTl +(u202n—uic,u)—q=7+CpT2
Suy ra, nhiét d6 nén cudi cing & bdnh cong tdc la;
1 ' ' q
T =T, *‘f[cl2 _c;+2(u202u_ulclu)]_c_ (7.1
] p

Gi& s qud trinh 1 ddng entrépi:

1
Tzde = T] —|——i~é—-[c12 "Cg +2(ugczu —u,Cy, )] (7.2)
P

Ngoai ra, khi nén déng entrdpi cdn cé:

k-t

Trse _ (EAJ .
T \p

Tu phuong trinh (7.2) suy ra:

k-1
P, = p,{1+ 1. [C —c +2(u2°2u 4Gy, )]} (7.3)
2C 1,

Phuong trinh (7.2) va (7.3) lién hé cdc y&u td nhiét déng T, p, va
C, v6i céc kich thude hinh hoc, s6 vong quay, va dang cdnh d4n banh
cong tdc cia mdy nén. Cdc phuong trinh nay chi ¢é tinh 1y thuyét,
khong phu hop véi thue nghiém, vi qua trinh nén thye trong banh
cong tdc khong phéi 1a ding entrapi.

Van tdc 16n cla dong khi § gilta cdc ranh cdnh cia cfp nén gay
nén céc tén that ddng ké do ma s4t, tao xody, va su chuyén héa mét
phan ning lugng cha dong khi thanh nhiét luong. Diéu nay din dén
qué trinh nén thyc ¢6 dang qud trinh da bién véi chi s§ n:
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pv" = const

Ngoai ra, c6 thé gid thiét sy tdn nhiét tit dong khi & trong banh
cbng tdc va mdi trudng bén ngoai khéng dang ké. P6i véi qua trinh
nén trong trudng hgp nay ¢6 thé cho q = 0 va:

T. Yot
(3
1 1

Véin=1,5+1,62

Trong thuc t& tinh to4n va d4nh gi4 cdp clia may nén cénh din ly tim
¢6 lam lanh y&u, ¢6 thé sit dung hiéu sudt dng entrépi (n,, = L, /L).

Tit hai cong thie (7.1) va (7.4) véi q = 0, va st dyng biéu thic ,,
qua cdp nén véi cdc qud trinh ddng entrépi va da bién, sé nhan duge:

1
P, =P, {1 + 22:}] o7 - c2 +2(u,c,, —ugcm)]} (71.5)
Ny = 0,809

Phuong trinh (7.5) c6 thé st dung d€ tinh todn 4p sudt cudi trong
. bdnh céng tdc cda cdp mdy nén.

Thiét bi dinh hudng

Trong céc thiét bi dinh huéng clia banh cong téc, ning lugng
khéng duge truyén cho dong khi tir bén ngoai. O day chi xdy ra su
bign ddi djng nang thanh th& ning hoidc nguoc lai.

Néu gid thiét sy trao d8i nhiét vdi moi trudng bén ngoai 1a khéng

ddng ké, can bing ning lugng cia dong trén doan 3-4 (Hinh 7.2) sé
la:

cl c?
C,T, + —2"‘- =C,T, + ?" (7.6)
Tu day suy ra:
Ty & [—ﬁ] @7
T, 2C, T, «¢; '
Tir dinh luat: R.c = const, suy ra:

¢ _R,
¢, R,’ RsR,-cdcban kinh.
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T, c; R?
JS U R S 5 P
DO do. T3 2C T ( Ri ] (7-8)

n

n-1
Gia sif qud trinh 1a da bién, véi: Ps o {——4—] ; Uy ra:

cz R2 -l
=p,[1+——|1-=—= 7.
P4 psl: 2CPT3[ Ri]:\ (7.9)

Chi s6 n phu thudc vao diéu kién 1am lanh va d&i véi két cau mdy
nén thudng sd dung n = 1,5.

Tinh toan lai dudng dac tinh
a- Khi thay d6i s6 vong quay: ((ng dung déng dang)

Cho dudng dic tinh cia mdy nén véi s§ vong quay n,. Yéu ciu
dung lai dudng dic tinh vdi s§ vong quay n, nhé hon hofic 1én honn,
khi thanh phan khi va c4c théng s8 ban ddu khéng déi.

_ Luu lugng cla may nén duge xdc dinh theo phuong trinh lién tuc

bing gid tri cia vén t8c tuyét d6i, v4n tdc nay theo didu kién déng
dang d6ng hoc ty 18 v6i vén téc vong, do d6 ty 18 véi s vdng quay. Vi
vay v6i hé s8 nén khéng ldn, dé tinh todn lai luu lugng c6 thé sit dung
cong thie déng dang thong thudng:

n
Q, = f (7.10)

a

Tinh todn luu lugng theo biéu thifc (7.10) ¢6 4 chinh xdc khang
cao, sai 80 cang 16n khi hé sé tidng dp cang cao.

T phuong trinh cdn bang ning lugng cda qua trinh trong mdy
nén (quan hé giita thé néng cung cdp cho canh dén vdi ning lugng
cda dong khi trong mdy nén), suy ra trong qud trinh ddng entropi:

n - s& vong quay cda truc may nén.

Vi vay, vdi hai s§ vong quay n_va n,, ¢6 thé chdp nhan quan hé:
k-1

gk -1 n’
-1

3

a a

] " (7.11)

k
g, —1

o kD
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Suy ra, hé s6 tang 4p vdi s vong quay n,:

k

27 k1 k-1
g, = 1+(—2—bJ (ea" —IJ (7.12)

Déi véi mdy nén khéng khi, edng thic (7.12) ¢6 thé viét gén ding
nhu sau:

3

2
£, ~ 1+[~n—bj ({fgul) (7.18),

na

Theo cée gid tri luu lugng da tinh toan tuong dng véi g, ¢6 thé tinh
4p sudt p, = p,. g, va xdy dung dudng dic tinh cho ché d¢ ing véi n,.
D€ don gidn va dp dung céng suét cda mdy nén ty 18 véi khai

lugng riéng cia khi, ¢ong sudt cia ché dé b duge tinh theo cbng thie
gan dung nhy sau:

3
Py N _
N, =p—"(—”~] N, (7.14)

b- Khi thay ddi tinh chat vit Iy ciia khi

trung bing cdc gia tri R, k = C/C,v.

Puéng d4c tinh da cho clia mdy nén véi nhidt dé va 4p sust ban
ddula T, va p,, lam viéc vdi s8 vong quay n_véi khi ¢6 cdc hiing s6
AR, k,v.

Yéu ciu tinh todn lai dutng dic tinh 1am viée cda mdy nén khi s¢

vong quay khong déi, nhung khi ¢6 cdc hiing sé R, k,, v, va cdc théng
s6 ban ddula T, vap,.

Tinh chét v4t Iy eda khi sif dung trong bai to4n dang xét duge dic

Trudng hgp thuong gip nhat 13 mdy nén lam viée vdi khi phén ti
2-nguyén tif, do d6 ¢6 thé dp dung s8 ma déng entropy k =k =141.

Do téc d¢ dong khi khong cao, ¢6 thé bé qua chi s§ Re va anh
hudng cia dd nhét.

Diéu kién tuong tu cho phép x4c dinh hé s8 luu lugng 14 khéng
déi. Vi vay:
& CI

u

Cip

4. hayc,=c,
b

la

th dé Sl.ly ra: S{cla =S!c]b hay Qla =Q1h
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Su thay d6i c4e h¥ing s6 khi va nhiét 46 ddu khéng dnh huéng dén
Ivu lugng thé tich cda mdy nén.

Gid s’ nang lugng riéng cla cdc qud trinh trong médy nén la ding
entroépi, khong phu thude vao diéu kién ban d4u, cé thé viét:

k k-t k il
HRQTM[S:{ '—IJ = i____thTlh[shk -1

Tu d6 suy ra:

k
R,T,( ¥ |~
g, =1+ —L|gk -1
b { Ran,[ b ]] (7.15)
Ho#c ¢ dang gidn uée khi k = 1,41:
3
: R,T,
g, = 1+—L—*'—(3 £, —1)] (7.16)
{ R, T -

Khi chon gid tri p, trén dudng djc tinh d& cho vdi Q_bat ky va xdc
dinh ¢ = p /p, , theo biéu thue (7.16):

6, =1L
p;b
T d6 suy ra: Py =EuPi

Va tir gid tri p, 48 nhdn duge c6 thé x4y dung dudng dic tinh 4p
sufit can tim.

Tinh todn dudng dic tinh cong sudt duge ti€n hanh tuong tu nhu
trudng hgp dudng dic tinh dp suit.
MAY NEN TRYC

Céau tao chung clia may nén tryc, céu tao cdp nén

Khéc v6i mdy nén ly tdm, § mdy nén truc khi nén chuyén dong
doc theo truc (Hinh 7.3).

Roto 1 ¢é dang trong. Trén roto c¢6 gén cdc cdnh ddn lam viée 3.
Céc cdnh dan dinh hudng ¢ dinh 4 duge gén trén than mdy 2. Nhiing
canh dén ndy ciing duge gin & trude cdp thi nh&t va sau cdp cudi
clng.

Khi ¢6 cdc thong s6 ban ddup,, T, C, di vio 6ng vio cGa mdy nén,
sau khi di qua tdt cd cdc cdp, ching sé& di qua 6ng tang 4p, sau dé di
qua &éng ddy dén noi tidu thu.
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Vetuss L Al
;”m ) i mj‘, 1. Cénh dan
lam viéc
” [I 2. Roto tréng
b ]
N 3. Canh dan
Ki dinh hudng
1th vao Khira *

Hinh 7.3 - Sd d6 c4u tao chung clia may nén tryc

g Ong vao ¢6 edc cdnh huéng dong 1am cho ddng hoi ngoat vé phia
quay clia roto hodic vé phfa ngugc lai tity theo tinh chét ciia tiing tang.
Trong mdt s6 may nén, c6 thé khéng sit dung bé vao.

Trong cdc rénh ting 4p trén cdc cianh din déng, ning lugng cia
déng sé téng, do d6 4p sudt va vAn tdc ting.

Khi dong khi chuyén déng qua cdc cdnh din dong xuét hién lyc P
=P_+P . Luc nay c6 hudng nguge v6i chidu quay ciia banh cong tac va
tao ra cdng nén.

Con trong céc ranh cha cdnh dinh hudng chi ¢6 sy bién d8i déng
ning thanh thé ning va lam cho dong khi luu déng theo huéng xdc
dinh truge khi vao day c4nh din dong ké tiép.

Ciu tao cap mdy nén truc

M4y nén truc thudng gom vai edp 4p su&t. M&i cAp gém mét vanh
quay cdc cdnh dén lam viéc va mjt vanh c8 dinh céc c4nh din huéng
dong tao thanh mang canh dan. Céc cdnh din lam viée duge g4n chat
vao c4c dia hay gdn chit vio roto tréng, cdn cdc canh din huéng dong
duge gén chit vao vé cia may nén (Hinh 7.4).

C&p d4u clha mdy nén c6 thé cé hodc khéng c6 cdnh din huéng.
Con cép cudi cing ludn ludn ¢é cdnh din huéng dong ra, muc dich 14
diéu chinh dong va gidm tdn th&t nang lugng & cia ra.
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Tinh chat, nhiing théng s8 dic trung
a- Ning luong banh céng tic truyén cho dong khi

Céc cdp nén c6 thé duge phan chia bing mt tru ¢6 chiéy day Dr
nhu so d6 trén Hinh 7.4. Trong gidi han chiéu dai cla c4p nguyén 8,
cdc tam gidc vAn tdc khong thay d6i.

= ™
S g o
o |
%2 g. Tg;
b
ﬁ/ < L} =
N e %
3 | C&p nguyén t6
¥y
< o o)
Khi vae T g =0 = Khfra
i B co|ls<c |!
' 50 0L
Qe hs]
AARRRRRRY § RIS ARRRRY
g |
k-]

Hinh 7.4 - S0 d6 cdu tao cdp may nén truc

B4n kinh cta c4p nguyén t6 r = const, ning lugng cdc cdnh dén
cdng tdc cia méy nén truc truyén cho dong khi, khi u, = u, = u duge
x4c¢ dinh theo cong thic:

L, =ulc,, -'c,u )=u.Ac, (7.17)

Khi 4p dung phugng trinh lién tuc va biéu thic hinh hoc giita céc
tam gide vin téc:

¢, =4, —c,, cotgh,
Cy, = Uy —Cy, cotgf3,

Cre _ S,
cla SZ

It

clasl :CZuSZ hay

Tir phuong trinh (7.17):

L= u'cia[COthl _::_ICOthz] (7.18)

2

Mot cdch gén ding S, ~ 8,
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A
g _' I i ryc mang
< - ———
.8 ‘F
£ 1.Canh dan
£%e E' lam viéc
=t 2.Cénh dén
dinh hudng
>

Hinh 7.5 — S¢ d6 mang bién dang canh cia may nén truc

L, =uc,, (cotgB, —cotgph,) (7.19)

Néu gid thiét qué trinh trong banh céng téc xay ra khong c6 tén
that thi ning lugng cung cip cho khi duge xdc dinh theo cac phuong
trinh (7.18), (7.19). '

Nhu da biét, sy gia ting nang lugng duge xdc dinh bing hiéu s6
_entanpi clia dong ham:
L, =i -1
Suy ra:  u.c,(cotgp, —cotgP, )=1; ~i (7.20}

Phuong trinh nay bi€u dién quan hé gitta c4c théng s hinh hoc va
nhiét déng hoc.

b- Hiéu sudt c6 ich cia cip nguyén 16

Ning lugng may nén cung cép cho dong khi dé:

» Tang ap suit

¢ Thay d46i dong niing cha dong khi

« Khée phyc t6n thdt vao méi trudéng bén ngoai.

Do @6, phuong trinh ning lugng cta dong khi ¢6 dang:

2 3 2 3 2 2

d B _

L, = _P,+Ez_°_n+1n+ P, & °2+Id,, (7.21)
1 p 2 2 p 2

véir 1, +1, =1, ton that nidng lugng cha cdp, gdm tdn that nang
lugng & rénh cong téc 1, va § thigt bi dinh huéng Ly, -

Phuong trinh cudi ciing ¢é dang:
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3 2
Ll = EP..FE.Q.‘. lc
oy 2
Ning lugng thue dong khi nhan duge & cdp clia may nén la:
3 2 2
dp ¢;-c
L=L, -1 =[®P;% "%
1~ e o > (7.22}

Su hoan thién khi dong clia cdp dugc danh gid bing ty s§ L/L,
duge goi 14 hiéu suit ¢6 ich ndi (duge ky hidu bang chi sd i).

o ci=cl

n——L-— L P 2

L ]d—p+°§_°'2+1 (7.23)
PP 2 :

Néu qué trinh cla cdp 1a da bién, thi nang lugng riéng thuc duoc
tinh theo biéu thuc d4 biét:

n-1

o 72
L=—"grr|[R|" ]+ &%
n-1 P, 2

Lic d6 hiéu sudt c6 ich ndi cla cap duge tinh theo biéu thice (7.23),
duge goi 1a hiéu sudt co ich noi da bién, ky hiéun,,.

Pé dénh gid su hoan thién cla m4y nén cé lam lanh y&u thudng si
dung higu suat ddng entropi.
D31 véi clp clla mdy nén truc cé thé dung hidu suit noi ding
entrdpi, duge tinh theo cdc théng 58 him bang biéu thie sau:
k-1

[p]_ "
P

Nige =

T, 1 (7.24)
T
ge = 11ge
Nige = 210 (7.25)

*
1, 1

Cdc gid trin,, va 1,, cha cdp mdy nén truc khic nhau khéng qud
0,5%, vi vay cho phép sif dung 1, trong thue té.
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D31 vdi nhilng cdp clia mdy nén truc 1am viéc én dinh, nén khéng
khi, hé s8 ting 4p £ = 1,1 +1,3 c6 thé 4p dung:

My = 0,85 +0,95
c- Hé s6 hoat tinh cia cap
Céc cdp cia mdy nén truc duge dic trung bing hé s6 hoat tinh.

Heé 56 hoat tinh biéu thi kha ning dat duge c6t 4p tinh cia banh
cong tdc. Hé s& hoat tinh duge xdc dinh bing ty s6 gifia cdt dp tinh 1y
thuy&t véi cot dp 1y thuyét toan phén dat duge bdi cdnh din clia bdnh
cdng tde. Goi p 14 hé s6 hoat tinh:

, o _g?
ei-e (53]
o 2 1 2

let L
p = = =
Hlm Llao u(clu _c]u)
Tl tam gidc vin toc:
2 2 z 2 2
C =¢, +¢, €, =C,, +Cy
Vi: €, =€y,
AL 2 2 _ 2 2 .
Va.'Y' €, —C =¢, ¢, _(clu _CluXclu+02u)

Do d6 dang don gidn nhét ciia hé s6 hoat tinh nhu sau:
c,, +€,,

2u :
Céc cdp cia mdy nén truc thudng ¢é hé s8 hoat tinh p= 0,5 + 1,0
Xét sy dic bidt cia mang cap cé hé s6 hoat tinh 1a 0,5; 1,0; 0,75.
Cép ¢6 p= 0,5 (Hinh 7.6)
Tit bidu thite (7.26) suy ra:

p=1- (7.26)

€,y =U—C,, VA C,, =U~C,

u

Tam gide vin téc thda man didu kién nay duge bidu thi trén Hinh
7.6. Tu d6 cé ty s6:

Wi=cl +el va wimcl 4!
Mang cdnh dén cong tdc 1am téing 6 xodn cla ddng c2, >c’, suy
ra c;, —¢;, <0 v w2 -w? <0.Titd6é suyra w2 <w?.

B4t ddng thic nay cho thdy cdc kénh giita cdnh din cia bdnh cong
tac ca cdp c6 p = 0,5 1a khuéch t4n.
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Ny

N Cénh din hudng
N
N
N
wru // C'm
7 Canh din
cong tac
w
efr—— o
-
Way
: N
A\
w, ¢z

Hinh 7.6 — Mang canh clacdp cé p=0,5

« Trong cac 6ng khuéch tdn xay ra sy gidm van tde tuong d6i va
bi&n ddi dong nang cia chuyén dong tuong dsi thanh thé nang.
e« Hé sd hoat tinh p = 0,6 cho phép xdc dinh quan hé gilia cdc
thanh phan vén téc va dang cda rénh cdanh sao cho ton that

nfing 1u’cng trong cdp & mic thap nhat. Diéu nay giai thich sy
stf dung cdp ¢6 p = 0,5 & loai mdy nén truc 6n dinh.

Cép c6 p= 1,0 (Hinh 7.7)
Tir phugng trinh (7.26) dp dung cho trudng hop nay:

¢,, +¢,, =0 hay ¢,, =—c,, hay [¢,,

= ‘Czu‘

Tam gidc van tde dng vdi trudng hop p = 1,0 ducc biéu dién trén
Hinh 7.7.

Tir tam gide van toc, c6 thé xdc dinh cdc thong s6 hinh hoc sau:
2 2
wi=cl+{u+c,)
wi=cfu-c, )
Tir d6 suy ra w, <W,
wi-wi=duc,,
Vi vay sy ting ning lugng trong qud trinh nén & bénh cong tdc cia
cdp khong c6 ton that s& la:
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Canh
dén huéng

Hinh 7.7 — Mang canh cla cép c6 p=1,0

Wi W, =2uc
2 lu
Tir tam gide vén t& trén Hinh 7.7 véi diéu kién |C1J = Iczu , Suy ra:
¢l —¢?
¢, =c¢, hay .

Do @6, déng n#ng khong ddi

Dai véi cdp ¢6 p = 1,0 ning lugng khi nhan duge tir banh cong tdc
chuy&n héa hoan toan thanh thé ning.

Trong cdp cé p = 1,0 (100% hoat tinh) né{ng lugng nhéan duge & cap
chi ¢6 & dang thé€ ndng (dp suit). Qud trinh nén x4y ra § giita cdce ranh
cdnh clia banh eong téc.

Trong trudng hop nay, cédc rdnh cdnh huéng dong khéng 1am thay
d6i gid tri clia vén téc tuyét d6i, chi lam thay d6i huéng tuong dng véi
géc o, va a,.

Cdp ¢6 cita vao va cla ra hudng tryc {p=0,75)

Xét trudng hop dong khi di vao mét cip, di ra khéi cdp dé va vao
c8p nén k& tiép theo huéng truc (Hinh 7.8).

Dong khi di vao cap theo hudng truc nén ¢, =0
Gia st ¢,, =0,5u, thay vao biéu thic (7.26):

€ +Cy, —1- 0,5u
2u 2u

p=1- =1-0,25=0,75
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cdng tac

Céanh din hudng

Hinh 7.8 — Mang canh cla cdp co p= 0,75

Suy ra, ¢ ranh cdnh bdnh cong tdc xdy ra su ting 4p sudt do gidm
doéng ning cia chuyén déng tuong déi.

Niang lugng do sy ting dp néu khéng xét tén that ning lugng:

Thiét bi dinh huéng cha cdp c6 p = 0,75 c6 tinh chit cia dng
khuéch tdn, vi vy § day x4y ra sy gidm véan téc cta chuyén déng
tuyét d6i ti ¢, —>» ¢, =c,. K& qué cha didu nay 1& su ting dp suit
tuong duong vdi su gidm ddng nang cGa chuyén dong tuyét doi.

227



Chuong VIIL. MAY NEN THE TiCH

MAY NEN PISTON

Do thi céng (d6 thi chi thi)

P& hiéu chu trinh hoat déng cGa may nén kh{ kiéu piston-xilanh
¢6 thé sit dung dé thi p = flv), trong d6 p 13 4p suét, v 14 thé tich khi

trong xilanh thay d6i theo chuyén déng chGa piston (Hinh 8.1).

Khi piston dich chuyén tir phdi sang trdi, piston nén khi trong
xilanh. Van hat (cdn goi 1a van nap) déng trong sudt qud trinh nén
khi. Con van ddy déng cho dén thai diém hiéu s& giita 4p suit trong
xilanh va 4p sudt trong 6ng ddy vugt qua luc ddy 16 xo. Khi diéu nay
x4y ra, van ddy md va piston sé& thii khi vao 6ng ddy. Qu4 trinh ting
&p suit biéu didn trén 46 thi 1a dudng 1-2, con qud trinh théi khi la

dudng 2-3 (Hinh 8.1).

lp Vig

Veh
1 Pa
lf"l’ — ?.-\J l}! 5
Vi o
- Wls)
VLA ALLLL AL LSS 2

2
#

\
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v, - thé tich thai

- thé tich chét
- 1hé tich dan nd
- thé tich hat

- thé tich tam viéc

Hinh 8.1 - S0 d6 may nén va dé thj chi thi



Néu p, 1a 4p suét trong xilanh khi thii khi, thi thé tich khi thai
véi dp sudlt p, la v, .

Khi nén, nhiét d khi ting, nhung nude lam lanh khong thé thu
toan b¢ lugng nhiét do qud trinh nén khi thdi ra. Do vay dudng nén
la duding da bién véi pv" = const.

Con dudng 2-3, theo 1y thuyét 1a dudng ddng 4p p, = const. Nhung
thue té do 4nh huong quén tinh cha khéi khi, do tdc déng cta khéa va
cia 1o xo, &p sudt eha khi thai lidn tuc thay déi.

Khi piston dé&n vi tri ¢édn trai, khéng thé thai duge toan bd lugng
khi, mot phén khi v van con 131 trong xilanh (v, - 1a thé tich chét,
hay thé& tich c6 hai).

Vao diu hanh trinh cia piston sang phai, khéa ddy d6ng lai va
mot phan khi con lai ¢ khodng chét v, s& dén nd theo dugng 3-4.
Butng dén nd 12 dudng da bién c6 chi s6 n theo phuong trinh:

p.v'® = const (8.1)

Qud trinh din nd tiép tuc d&n khi 4p suft trong xilanh gidm dén
P, < P,y P, - 4p sudt trong thé tich nap khi.

Duéi dnh hudng cla hidu s§ 4p suat p, - p,, khéa hit md va piston
dich chuyén sang phdi, sé x4y ra su hiit khl (nap khi) vao xilanh.

Ap sudt p, ludn luén nhd hon p, vi ¢6 sy cdn trd cha tuyén hiit.
Qué trinh hit duge biéu dién bing dudng ddng ép 4-1.

Hinh 8.1 la d6 thi p = f{v) Iy thuyét cla m4dy nén.

D6 thi thuc khéng ¢6 cdc qué trinh hit va thai ddng 4p, do dé hai
khéc so v6i d6 thi 1y thuyét.

Anh huéng ciia thé tich chét

Xilanh chia mdy nén ludn ludn cé thé tich chét. Piéu nay 1a cdn
thiét dé€ tranh sy va d4p cla piston vao nip mdy khi piston di dén
cudi hanh trinh.

Khodng khéng gian cé hai (thé tich chét) thudng duge ddnh gid
béng s6 phan trim so vdi thé tich 1am viéc cha xilanh va dugc goi 1a
thé tich tuong ddi cda khodng khéng gian chét:

a= | (8.2)

Vlv

Trong cdc loai mdy nén mét cdp hién dai, a = 0.025 + 0,06 (khi
khéa duge phén bd & nidp).
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Trong may nén nhiéu cip, cdc khéa duge phan bé ¢ bé mat sudn
xilanh vdi a = 0,2.

Su hién dién cla khodng khéng gian chét din dén qu4 trinh hit
khéng bdt ddu tai thdi di€m bidt diu cha hanh trinh nguge cia piston,
ma ¢ thai diém cuéi clia qud trinh d4n né (tai diém 4). Do 46, thé tich
hit v, thye t€ nhé hon thé tich lam viée cha xilanh v, < v,

Thé tich chia khoang khéng gian chét c¢6 dnh hudng xiu dén sy
thai cGa m4y nén. Khi téng gid tri tuong déi cia khodng khéng gian
chét ¢6 thé din dén ding thifc:

N _
a{s"“ —l]zl

va luu lugng tinh theo biéu thite (8.3) s& bing 0:

1
Q, = l—a[s'1P —1} Ap AV, n (8.3)

Trong do:
A - hé s6 nhigt, tinh dén anh hudng cha sy 1am néng khi khi
hiit tir bé mat ctia khéa va thanh xilanh;

A - hé s8 kin, tinh dén dnh hudng cla sy rd ri qua khéa va céc
vanh dém cda piston va xilanh.

Piéu nay duge minh hoa trén Hinh 8.2:

l A\ v
3 2
| P2
E N
N
i v Ne
.
| Pr ‘.
| - Viy v
— -
Vin I |

Hinh 8.2 — D8 thi chi thi khi thay d8i khoang khéng gian ché&t
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Khi ting thé tich chét v, toa do p dich chuyén dan sang trdi,
duding nén da bién phéan b rong hon va dén mdt gid tri giéi han nao
d6 cha v, diém 2 s& tring vao diém 3. Thé tich thai bing khéng, lic
d6 dudng nén va dudng ddn nd trung nhau, mdy nén khéng hat,
khéng thai.

Khodng khong gian ¢6 hai 4nh hudng dén su thai cang l6n khi hé
s& ting 4p cang 1én, vi vay gid tri tuong d6i cda khodng khéng gian
chét duge chon cang nhé khi hé s6 ting 4p cang ldn.

Céach bd tri may nén nhiéu cap

M4y nén nhiéu cdp duge thiét k& theo hai dang co ban:

o Loai c6 piston dang vi sai vA mdt s6 cAp nén trong mét xilanh
e Loai c6 nhiéu cdp nén trong ting xilanh riéng ré.

Xét cdc trutmg hgp cg ban.

a- Mdy nén hai cap co piston vi sai tic dung hai hudng

Trong mdy nén loai nay, cde cAp nén duge be tri theo hai bén cua
piston. Nguyén 1y 1am viéc c6 thé biéu dién rd rang béing d6 thi chi
thi trén Hinh 8.3, dugc x4y dyng chung cho ¢4 hai cép.

N&u gia si may nén hit khéng khi tir khi quyén, thi duéng hit cia
c&p dau tién s& hoi thdp hon so véi dudng dp sudt khi quyén. Khi
piston chuyén dong sang phai, xdy ra qud trinh hat vao cdp dau theo
duding 4’-1’, nén va d4y cda cap thyd hai theo dudng 3’-2" va 2"-3".

Khi piston bdt ddu di chuyén sang trdi, § cAp ddu x4y ra qué trinh
nén, con & c&p thi hai xay ra qud trinh dan né khi. Qud trinh cudi
x4y ra cho d&n khi 4p sudt trong xilanh dat téi p,’ tai diém 4". Tai
th&i di€m nay van hiit cda cdp thit hai md va piston, khi chuyén déng
sang tréi, & hiit khi tir khodng khong gian kin cua thiét bi lanh, khi

Khi ra 2, 3,

i
A n wp!
" N $ rg Ps
% 2 Veh
4 ! - Pa
0 s
*ﬁ—"{ X -
Thiét bj lanh Thiét bj fanh

Hinh 8.3 — So 48 va dé thi cdng may nén hai cdp
c6 piston vi sai tac dyng hai hudng
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d6 4p sudt khi sé gidm. Khi piston dén vi tr{ xdc dinh theo diém 2,
ap sudt khi & thiét bi lanh gidm d€n mic van d&y cha cAp tha nhat
md va khi s& tif cip thi nhat qua thiét bi lanh vao cdp thit hai. Ap
suft khi thay d6i theo dusng 2’-3".

Vao lic dau cia hanh trinh vé phia bén phai, & cdp thit nhat xay
ra qud trinh dédn nd khi theo dudng da bién 3'-4’.

Thé tich cta cdc xilanh cda c&p mét va cdp hai khéng biing nhau,
vi viy d6 thi dang xét ¢6 t 1& truc hoanh khéc nhau.

Trong méy nén loai nay, qué trinh nén & cdc cdp duge thue hién
trén cdc hanh trinh khée nhau cia piston, va vi vay, luc tde dung 1én
cde phén cia khung két cdu duoc phan bé kha déu.

b- May nén hai cap cd piston vi sai tic dyng mét phia

Bac trung clia mdy nén loai nay 14 su phan bé cdp thit nhét va cap
thit hai theo mot ph1a cua piston; diéu nay din dén qué trinh hut cling
nhu qua trinh ddy x4y ra déng thdi trong c hai cap (Hinh 8.4).

Khi bit dau tir diém 3", v6i chuyén dong cia piston vé& phia phai,
xdy ra qud trinh ddn nd & cdp thit hai dén dp suit P,, 4p sudt nay
duge tao & thigt bi lanh khi piston di chuyen sang phai. O vi tri 4”
cta piston, van hit cda efp thit hai mé va x4y ra qud trinh hdt khi tir
thé tich kin cda thiét bi lanh. D&y ciing 1 qud trinh dén nd khi theo
duﬁmg da blé'n 4"-1". & cudi qué. trinh nay 4p suit trong cép thi hai
gidm dé&n p,’. Khi hanh trinh ciia piston tidp tuc sang trdi & cép thi
hai, khi bi nén theo dudng 1"-2" va dugc thai ra theo dudng 2"-3" vao
6ng ddy. Trong thoi gian nay, & ca'p thid nhat xay ra qud trinh nén da
bién 1’-2’ dén 4 ap sut p,". Tai diém 2', van day cia cap thif nhat mé va
khi bi day tit cAp nay vao khoang k1n clia thiét bi lanh. Quéd trinh
dién ra theo dudng da bién 2°-3’ va ting 4p sudt tu p,’ dén p,’. Khi

i8t bi lanh ¥
Thiét bi lan 3" g
P2
i I I!
e
i 5—-
. ,(.7' I 2: T"
’ i
P
¢ 7’ _V

Hinh 8.4 — Sd dé va d4 thi cdng may nén hai cap
¢4 piston vi sai tdc dyng mét hudng
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hanh trinh piston sang phai, xdy ra qud trinh dén né va hit & cdp
thit nhat.

| Trong m&y nén loai nay, cdc khoang ciia cap mét va hai luén ludn
phén cdch bing nhitng van déng, nhung vin c6 nhing qud trinh, xay
ra déng thoi § cdc khoang clia mt cAp va cla thiét bi lanh.

Thiét bi lanh, ngoai ¢éng dung chinh la lam lanh khi nén, con
déng vai trdo nhu mét binh chita d€ nhéan khi ra tit cdp tha nhit, sau
d6 thai khi vao cdp thd hai.

Trong mdy nén cé piston loai vi sai tdc dung mot phia, qua trinh
nén va thai khi xay ra ddng thdi & ca hai cdp, do d6 trong phan khung
k&t cdu ciia may nén sinh ra cdc lyc 16n phan b8 khong déu, doi héi si
dung banh da ¢6 khéi lugng 16n dé can bing cdc luc nay. Két cau nay
thuong duge dp dung trong t8 hop vdi so 46 thuan dong doi véi loai
may nén c¢6 s6 cdp 1én hon hai.

c- Mdy nén ba cap cé piston vi sai

Céc cip clia mdy nén trén Hinh 8.5 dugc bd tri lién hgp sao cho
mdi c&p cap canh nhau tao thanh méy nén hai ¢4bp. Dé€ bdo dam tinh
kinh t&, céng giita hai c4p k& tiép phai bang nhau, nhung luc tdc dung
sé phan bd khong déng ddu trén khung két cdu. D€ gidm nhing luc
_ nay va phan bé ching déng ddu hon, thudng sit dung sg d6 mdy nén
hai c4p ¢6 su phéan chia edp tht nhét (Hinh 8.6).

L |
r*— m"l

1 1
4 ==
t ¥t : —— - —
A ————
1
1

-
L e AN Y
TBL cép |

Hinh 8.5 — So dé may nén ba cip c6 piston vi sai

TBL ¢4p |
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TBLcapll
Hinh 8.6 — S¢ d6 may nén ba c&p piston vi sai ¢6 sy phan chia cdp thi nhét
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d- Mdy nén nhiéu cip cé piston vi sai

Khi st dung nguyén 1y tao cap véi piston c6 dudng kinh thay ddi
c6 thé thiét k& mdy nén véi khi lugng 16n céc cap.

¥

7 14

Hinh 8.7 — Sg d& may nén nhiéu cap piston vi sai

MAY NEN ROTO

Cau tao, nguyén ly lam viéc

M4y nén roto thudc loai may nén thé tich, nguyén ly lam viéc
tuong ty bom roto. Loai mdy nén roto duge st dung rong rdi, nhat 1a
mdy nén roto tdm phéng (Hinh 8.8). Trong thdi gian gin day, may
nén tryc vit cling duge s dung.

Khi roto 1 quay, cdc tdm phdng tao thanh cdc khoang kin 4 va
mang khi tir khoang hit sang khoang d4y, déng thei x4y ra qu4 trinh
nén khi.

So d6 nay c6 sy cAn biing khéi lugng cdc chat di chuyén rat tot,
cho phép roto quay véi s6 vong quay 16n va c6 thé nsi mAay truc tiép
vdi dong co dién.

Trong qud trinh lam viée cda mdy nén t4m phing, lugng nhiét 1én
téa ra do ma st khi. Vi vy khi hé s6 ting 4p > 1,5, v4 mdy duge
thiét k& c6 thi&t bi 1am lanh bing nudc.

1.Roto;
1 2.Than may,

3.Cac t4m phdng dugc bé tri [éch tam;
4.Khoang kin dugc tao bdi 2 tAim phing.

Hinh 8.8 — So dé c4u tao mdy nén tdm phing
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M4y nén tdm phéng cé thé sit dung d& hut khi hodc hai tir thé tich
¢6 dp sudt nhé hon dp sudt khi quyén. Trong trudng hop nay, may
nén duge goi 12 bom chén khéng. Chan khong dugce tao thanh tif bom
chan khéng tdm phdng dat tdi 95%.

Céc thdng s6 ¢6 ban
a- Luu lugng

Luu luong mdy nén phu thudc vao kich thude hinh hoe va s6 vong
quay (Hinh 8.9).

]
Ze
e /XP
i Ar 1%
{7 777 P
/ rdy Fa
X / w (rt+2e)de

Hinh 8.9 — Kich thudc hinh hoc cd ban clia mdy nén tdm phing

Gia st céc t&m phing huéng tadm, thé tich khi gita 2 tdm s la:
v=1fb

Trong d6: f- dién tich cyc dai clia mit cdt doc gida 2 t4m phéng;
b- chiéu rong cia tdm phéng.

C6 thé gid st gdn ding:

df = o+ (r2+ 2e)do . 2¢ = 2e{r +e)do

Qt__”*-il'@

Vivay: = [4e(r+e)do=2e(r+e)p (8.4)
2n . .
Vi: r+e=R va |3=-E*; 7 — s6 cdc t&m phing
4meR
Suy ra: f= 7 (8.5)
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Thé tich khi giita cdc t&m phing:

V_47teRb 8.6
7 (8.6)

Luu lugng thuc cda mdy nén la:

Q=vZnn, = 4neR.bnn, (8.7)

ng — hidu sudt luu lugng, thudng ldy n, = 0,5+ 0,8
Higu sudt luu lugng phu thude vao t8n that bén trong qua cde khe
hudng tdm va hudng true, chiéu diy cdnh va 6 canh din.
b -Luu Ivgng may nén truc vit

Q=(8,.Z, +S,.Z,)lan, (8.5)
Trong d6: 8, S, - dién tich cde ranh truc vit thit nhat va thya hai;
Z,, Z, -s8 rang cia cdc truc vit;
1- chiéu dai cda truc vit;
n- s6 vong quay;
No- hidu sudt luu lugng.
c- Céng suat va hiéu suit
Coéng sudt clia cdp mdy nén roto ¢6 1am lanh manh bling nudc duge
tinh theo céng ddng nhiét:
' __ Nu _ pQbne
1000“:[11 'T]ck 1000'T|dn ‘nck ' (86)
Trong dé: p,-  4p sudt ddy
Q, - luu lugng & diéu kién hit;
b-  chiéu rong tdm phéng.
D6i v6i mdy nén duge lam lanh y&u béing khéng khi:
Nde
- looo.nde.nck (8.7)

Cong suat ding entrdpi tinh theo cong thic sau:

k

_ k P, T_
N, “ﬁprQ} [;‘J -1 (8.8)

1

1

Tich cdc hiéu sudt cla may nén trong khodng:

Mo N =0,5+0,65 MM, =0,6+0,7

236



Pai vdi loai mdy nén truc vit, nhimg gia tri nay 1dn hon mét chait
do ma sét co khi gilta cdc truc vit nhé hon (hdu nhu bing khong).

DIEU CHINH CHE PO LAM VIEC CUA MAY NEN
Yéu cau

Luu lugng khi tir hé thong 6ng din thay déi theo didu kién tiéu
thy, vi vy mdy nén c¢dn phai thay d8i luu lugng thai d€ tuong dng vdi
luu lugng tidu dung cta khi tit hé théng éng. Cung véi diéu nay, trong
mang ludi can phdi ddm bdo dp suit yéu ciu tai noi tidu thu. Qud
trinh d6 duge goi 14 diéu chinh véi 4p suidt khang déi.

Nhiém vu didu chinh 1 téc dong lén mdy nén dé€ can bing luu
lugng thai véi luu lugng tiéu thu khi cda ndi tiéu thu.

Xung d4u tién d& din dén didu chinh thudng 13 sy thay d6i dp sudt
& mang 1u6i, sinh ra do sy thay d6i luu lugng tiéu thu cia khi. Trong
cdc hé théng diéu chinh tat, sy thay d6i dp suit rit nhé (khodng 1%
- 10% dp sudt khi quyén).

Diéu chinh bing cach thay ddi s vong quay
Tir cdng thie (8.3):

1

Q =v.n=|1-ale™ =1 ||A, A v, D
| ¥ T K*" vy

C6 thé thdy luu lugng clia m4y nén ¢6 thé duge diéu chinh bing sy
thay d6i s6 vdng quay truc cGa mdy nén. Phuong phdp nay kinh t&
trong khi s dung, nhung dodi hoi déng co truyén din c6 thiét bi thay
ddi s vong quay. Vi vay thay d6i luu lugng bing cdch thay ddi s6
vong quay cia dong cd dién khdng duge s dung réng rai.

Phuong phap diéu chinh nay duge s dung trong trudng hop truyén
d&n cGa mdy nén tir ddng co hoi hodc tir dong co Aot trong, véi su thay
déi s6 vong quay duge thuc hién khd dé dang.

Piéu chinh bang tiét luu & éng nap

Néu & tuyén hiit cia mdy nén ¢6 dua thém cdce vat can phy thi mdy
nén sé giam luu lugng.

Gia s dt 1-2-3-4 12 46 thi chi thi cGa mdy nén khi khong c6 vat
cdn didu chinh & 6ng hut (Hinh 8.10). C6 thé ldp thém vao tuyén hit
cdc vat can phuy, lam gidm 4p sudt hut ti p, dén p,,, ldc d6 qud trinh
dan nd 1a dudng 3-4’ va dudng hiit (hay nap) 1a dugng 4’-1°.
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Hinh 8.10 - Biéu chinh bing ti&t lvu & 8ng nap

Tit d6 thi c6 thé thay thé tich nap s& gidm tir v, xubng v, , con thé
tich thai tif v, xudng v,, , do d6 luu lugng thai cta mdy nén thay déi.

So d6 diéu chinh ty dong loai nay dude bidu didn trén Hinh 8.10.
Néu luu lugng tiéu thu tit b€ 1 elia mang lu6i giam thi véi luu lugng
théi cho trudc cha mdy nén 5, 4p sudt trong b€ 1 s& ting va khi sé
duge dua theo 8ng 2 vao khoang cta hé théng co c6 piston 3, 4p sudt
nay sé tdc ddng lén piston, piston nén 1d xo va déng van tiét luu 4;
luu lugng thdi cla mdy nén sé gidm cho d&n khi cdn bing vdi luu
lugng tiéu thu ti bé. Phuong phdp nay don gidn va tu dong tdc dung,
nén dude st dung rong rai khi hé sé nén cao, nhung hiéu qué ning
Iugng khéng 16n.

biéu chinh bing cdch md van nap

Néu gidm luu lugng tiéu thu ti¥ mang, 4p suét & 1 tang lén, thi ap
sudt nay khi dugc dua theo 8ng xung 2 dén thiét bi co dang piston 3
s& khic phuc duge lyc ddy cfia 16 xo va piston 4 chuy8n déng xubng.
Cén clia piston c6 chac 5, cdn trd tdm phing cia van nap nim tai dé.
Lie nay qud trinh nén s& khéng x3y ra bdi vi van nap s& md va khi tir
xilanh sé bi thai vao dudng 8ng nap. Qu4 trinh nay sé x4y ra cho dén
khi dp suat & bé 1 bdt ddu gidm va piston 4 ddy chac 5 va can trd tAm
phéng nim tai d&. Sy gidm luu luong dat dugc & day nhd su théi Iuu
lugng (Hinh 8.11).

Trén Hinh 8.12 12 d6 thj chi thi cda trudng hgp didu chinh bing
cdch mé van nap. Phuong phdp diéu chinh nay rat don gidn, nhung
hiéu suit ning lugng nhé, vi khi thai chi cdn 15% cong sudt toan
phédn. Phuong ph&p nay duge s& dung cho loai m4y nén c6 hé s6 nén
va luu lugng b4t ky.
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Hinh 8.11 - Diéu chinh b&ng cach md van nap
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Hinh 8.12- B4 thi cang khi diéu chinh bing md van nap

Trong giai doan hién nay, thudng 4p dung phuong phdp mé khéa
nap 8 tung hanh trinh clia piston va c6 thé thay d8i luu lugng cia
mdy nén tir gid tri dinh mudc dén 0,1 gi4 tri dinh mde.

8.3.5- Thay déi thé tich Rhodng khéng gian chét

Tu cong thie (8.3), ¢6 thé thdy vdi v, n, £ khong d6i, c6 thé diéu
chinh luu lugng bing céch thay d6i thé tich khodng khong gian chét
(Hinh 8.13).

Véi thé tich khodng khong gian chét v_, thé tich nap khi 14 v,.
Néu tang thé tich chét dén v, > v, thi dudng da bi&n dén nd, duge
x4y dung vdi vi tri mdi cda truc toa dd O, 13 dudng 3-4’ va thé tich
nap khi v, s& nhé hon v,.

Pudng da bign nén 1-2’ sé tuong ng vdi thé tich khithdiv,_<v,.

Trong trudng hgp gidi han, thé tich khodng khéng gian chét cé
thé ting dén mue dudng da bién didn nd va nén sé trung nhau, dé thi

239



pf A —

g' 0 vV .
T
Hinh 8.13 — D6 thj cong khi thay déi thé tich khoang khéng chét

chi thi 14 dudng 1-3. Khi d6é mdy nén sé khéng nap va khéng thai; ca

hai van déu déng va trong xilanh x3y ra qud trinh din né va nén
khéi khi khéng déi.

3 phuong phép diéu chinh nay, két edu duge ché tao dudi dang
cde khoang phu ¢6 thé tich (dung tich) khéng ddi hosic thay déi, cdc
khoang nay duge ndi v6i khodng khong gian chét, ¢6 thé didu chinh
bing tay hoac tu déng.

D¢ thye hién diéu chinh luu lugng mét cdch didu haa, thé tich phu
cia khodng khéng gian chét phai c6 dang hdc hoi tu thé tich tao bdi
xilanh va piston.

Phuong phdp nay rit kinh t& va duge st dung réng rdi trong cdc
mdy nén cé cong sudt lén.

M&t sé phuong phap diéu chinh khac

Ngoai cdc phudng phdp da néu trén con ding phuong phép:

* Déng tit may (khi céng sudt trén truc dugi 200 kW);

* Dua khi tir khoang nén vao khoang nap;

» X4 khéng tai tit mang ludi qua van ty déng.

Phu‘dng phédp ddu kh4 kinh t&, con hai phuong phdp sau khong
kinh t&, néi chung rat it dung.
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HIEU SACH NGUYEN TRAI

GIGI THIEU BO SACH VE KHOA HOC - KY THUAT

1/ THUC HANH CG KHI TIEN - PHAY - BAO - MAI
2 / THYC HANH KY THUAT TIEN

3/ CHE B CAT GIA CONG CO KHI

4/ DO GA GIA CONG CO KHI

5 / SUA CHUA BAO TRI DONG CO XANG

6 / SUA CHIJA BAO TRi PONG CO DIESEL

7 / MAY TAU VA HE THONG BIEN

8 /50 TAY CHE TAO MAY

9 /5O TAY LAP TRINH CNC

10/ THIET KE MACH LAP TRINH PLC

11/ BIEU KHIEN LOGIC LAP TRINH PLC

12/ THYC HANH BOM QUAT MAY NEN

13/ THUC HANH K¥ THUAT HAN - GO

14/ THYC HANH HAN HO QUANG-MIG-TIG

15/ THIET KE LAP RAP ROBOT T(f LINH KIEN THONG DUNG
16/ CO S8 NGHIEN CUfU SANG TAO ROBOT

17/ CHE TAO ROBOT BIEU KHIEN TU XA

18/ SUA CHUA BAG TRI MAY PHOTOCOPY

19/ HE THONG THUY LYC TREN MAY CONG NGHIEP
20/ SUA CHUA NANG CAP LAP RAP MAY PC
21/ MAY DIEN VA MACH DIEU KHIEN

Ngi Phét Hanh

CTY TNHH VAN HOA TRf DAN
HIEU SACH NGUYEN TRAI
AA Ng Trai - P3 - Q5 - Tp.HCM
DT: 9901846 - 8383669 - Fax: 9971765
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