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4 e BOM THE TiCH

4.1. Cac thong s6 ciia bom thé tich

Cac thong s6 lam viéc co ban cia bom thé tich c6 mot sb dic diém khac vai
cac thong sb ciia bom canh dan.

Theo nguyén 1y, 4p suat chét 1ong trong may thuy luc thé tich chi phu thudc tai
trong ngoai. Néu budng 1am viéc hoan toan kin, thi luu luong cia may khong phu
thudc vao ap suat, con ap suat co thé tang 1én bao nhiéu ciing dugc tity thudc vao ap
suat phu tai va cong suat bom. Khi d6 luu luong ctia may thuy luc thé tich chi phu
thudc vao van tdc chuyén dong cua piston. Néu van tdc piston khong thay dbi thi luu
lugng ciing thay doi.

Thuec té, budng 1am viéc khong thé kin tuyét d6i véi moi tri sé ap sudt. Khi tai
trong lam viéc ting dén mirc nao d6 s& xuat hién sy chay ro chit 1ong, néu tiép tuc
tang tai thi luu luong cia mdy s& hoan toan mét mat do ro ri. Ngoai ra, ap suat lam
viéc con bi han ché do strc bén cua may.

Do vay, dé dam bao su 1am viéc binh thudng ctia may, phai han ché ap suit
1am viéc tdi da bang cach dung van an toan (van s& tu dong thai chat long dé giam ap

sudt 1am viéc khi tai trong qua 16m).
4.1.1. Luu lwgng
- Luu luong 1y thuyét Q1 (Iuu lugng chua ké tdi su chay ro) bang tong cua thé tich

lam viéc cia may trong mgt don vi thoi gian.

Q1=0q1n

g1 = luu luong riéng cuia mdy, 1a thé tich 1am viéc cia may trong mot chu ky.
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n=sd chuky lam viéc ctia may trong mot don vi thoi gian (thudng bang sb
vong quay cua truc may).

Q1 1a luu luong tinh trong ca qua trinh trong mot don vi thoi gian nén con goi
13 luu luong trung binh 1y thuyét. Khac voi may thiy luc canh dan, luu luong tic thoi

ctia may thay luc thé tich thay d6i theo thdi gian, ké ca khi may lam viée 6n dinh.

4.1.2. Ap suit

Cot ap cua may thity luc thé tich dugc tao nén chu yéu boi su thay doi 4p sudt tinh
ctia chat 1ong khi chuyén dong qua may. Do d6, trong may thily luc thé tich thuong
dung ap suit dé biéu thi kha ning lam viéc ctia may.
Cot ap H va ap suat p lién hé voi nhau bang cong thic thuy tinh hoc co ban:
H_P
v
y — trong luong riéng cua chat 16ng lam viéc.
Ap suét trong budng 1am viéc c6 lién quan dén luc tac dung hodc moment quay cia
may.
- Pbi voi may thay luc thé tich co chuyén dong tinh tién, ap suat 1am viéc p tac
dung Ién piston tao nén ap luc P:
P=p.F

F: dién tich lam viéc ctia mét piston.

- Pbi voi may thay luc thé tich co chuyén dong tinh tién, ap suat lam viéc p tac
dung 1én roto tao nén moment quay M:

M = Km.p

Kwm — hang sé ddi véi may, phu thudc vao két cau va kich thude may duoc goi
1a hé s6 moment.
Hé s6 km €0 thé suy ra tir cong thire tinh cong suat Iy thuyét. Néu bo qua ton
thét:
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N =N;
N1 =17.Qu.H
Thay H = p/y vao phuong trinh trén
N1 =Q1.p

Matkhac: M =2p
(0]

Viy k, QG0 _ G

o 2zn 2rx
Kwm thuc té < km Iy thuyét va phu thugc vao hiéu suat .
Truong hop xét dén céc ton that thi moment quay cta bom duoc xac dinh
theo cong thuec:

pQ=nMo
M= p=fip
now n

4.1.3. Hi€u suat va cong suat

Hiéu suit toan phan cua may thity luc xac dinh theo cong thirc chung:
N = NQnenH
Déi v6i bom thé tich, ton that thiy luc twong ddi nhoé (vi dong ning nhd) nén thuong

chonn = 1. Do do:

n="mnenc
Cong suit 1am viéc ciia bom thudng dugc xac dinh bang cac thong s thuy luc:
N=ZQH _ PR
n n
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4.2. Bom piston
4.2.1. Céu tao va nguyén Iy 1am viéc

Bom piston lam viéc theo nguyén 1y thé tich, dugc thé hién cu thé trong Hinh 4.1

Hinh 4.1. Nguyén 1y lam viéc ctiia bom piston tac dung don.
Bom piston duogc truyén dong boi dong co, chuyén dong quay cua truc dong co dugce
bién d6i thanh chuyén dong tinh tién cua piston 1 trong xi lanh 2.
Néu tay quay tir vi tri diém C2 quay theo chiéu miii tén dén diém Cithi piston di chuyén
vé phia trai, thé tich budng 1am viéc 5 ting dén, ap suat p trong d6 giam di va bé hon
ap suat & mit thoang bé chira pa (p < pa). Do d6 chat 16ng tir bé hat qua van hit 6 vao
budng lam viéc 5, trong khi d6 van day 4 dong. D6 1a qua trinh hit ciia bom.
Sau do, tay quay tiép tuc quay tir diém C1 dén diém Cy, piston ddi chidu chuyén dong
sang phai, thé tich budng 1am viéc giam dan lam 4p suét ting lén, van hat 6 bi dong,
van ddy 4 mé dé chat 1ong chay vao dng day thuc hién qua trinh day cta bom.
Qua trinh hat va day caa bom piston dién ra gian doan va xen k& 1an nhau, tao nén
qua trinh lam viéc lién tuc ctia bom. Mot qua trinh hat va day ké tiép nhau goi 1a mot

chu trinh lam viéc cua bom.
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4.2.2. Uu nhuwoc diém va pham vi sir dung ciia bom piston

Uu diém:
v' C6 thé tao nén 4p suit lon.
v' Bom dugc céc loai chat long co do nhét cao.
v' Céu tao don gian.
Nhuoc diém:
v' Chuyén dong cta chat long qua bom khong déu, do d6 luu lugng cua
bom bi dao dong.
v' Két cu caa bom tuong d6i cong kénh.
Pham vi str dung: Bom piston thuong duoc st dung khi can 4p suét cao hodc rat cao

(tir 200 at trd 1én) va luu lugng trong d6i nho.

4.2.3. Phan loai bom piston

a) Bom tac dung don (bom tac dung mot chiéu)

2. li 3
R -
B D[ |
L B AT

1 I 4

Hinh 4.2. Nguyén ly 1am viéc ctia bom piston tac dung kép.
Trong loai bom nay, chat long lam viéc & vé mot phia ciia piston, mot chu ki 1am viéc
ctia piston chi c6 mot qua trinh hit va day nbi tiép. Cau tao va nguyén 1y 1am viée cua

bom tac dung don dugc thé hién cu thé trong Hinh 4.2.
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b) Bom tac dung kép (bom tic dung hai chiéu)
Trong loai bom nay, piston lam viéc ca hai phia, do d6 c6 hai budng lam viéc A va B,
hai van hit 1,4 va hai van ddy 2.3. Trong mét chu trinh lam viéc cta bom c6 hai qua

trinh hdt va hai qué trinh day (khi buéng A hut thi budng B day va nguoc lai).

4.2.4. Pwong dac tinh bom piston

N.Q.n

n = const

>

H
Hinh 4.3. Buong déc tinh cua bom piston

Déi v6i bom piston cé n = const, ta thuong biéu dién cac thong sé lam viéc theo H vi
khi luu lugng Q khong dbi thi viéc diéu chinh ché do 1am viéc ciia bom duge thuc

hién bang cach thay doi ap suét lam viéc.

4.2.5. S6 vong quay giéi han ciia bom piston

Mot trong cac yéu td quan trong anh hudng dén diéu kién dé khong xay ra hién tuong
xam thuc 13 s6 vong quay 1am viéc ctia bom. Do d6 can xac dinh sd vong quay lam
viéc gi6i han ciia bom nmax. D& bom 1am viée duoc, sé vong quay cho phép [n] < nmax
Déi v6i bom nude, [n] = 100 = 200 rpm.

S6 vong quay cho phép [n] phai giam khi nhiét d chat 1ong trong bom ting. Néu bom
1am viéc voi s6 [n] ¢b dinh thi khi nhiét 6 chat 16ng ting thi phai giam chiéu cao hut

Zh.
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4.3. Bom ro to

4.3.1. Khai ni¢ém chung vé bom rb to

Bom r6 to 1a loai bom ma trong d6 bo phan lam viéc chinh truc tiép trao doi ap nang
v6i dong chat 10ng qua may 13 bd phan c6 chuyén dong quay nhu banh ring, truc quay
co canh gat,... goi chung la r6 to.
RO to ¢6 chuyén dong tron déu tao ra dong chay twong ddi déu. Luu luong va 4p suét
cua dong chay trong cac bom 16 to dao dong it hon so v&1 dong chay trong cac loai
bom piston.
Ap suat lam viéc trong cac bom 1o to thudng cao hon so véi cac bom canh din nhung
thip hon so véi cac bom piston, thong thudng 1 20 = 50 at.

v Bom 1 to ¢6 cac wu diém chung sau day:

v' Két ciu don gian, kich thudc nhod va gon nhe, chi tiéu kinh té tét (ré).

v' Lam viéc chac chan, tin cay va c6 tudi bén cao.

v C6 thé lam viéc véi s6 vong quay lon.

v/ Cong suat trén mot don vi trong lwong l6n.
Céc vu diém chi yéu trén day 1am cho cac bom 16 to duoc sir dung rong rii trong cac
nganh ché tao may va dong luc tng vai cac diéu kién k¥ thuat phu hop, trong cac hé
thong truyén dong va truyén lyc bang dau hoic trong cac bd phan diéu khién bang cac

co cau thay lyc.

4.3.2. Bom banh rang

a) C4u tao va nguyén 1y lam viéc

So d6 két ciu bom banh ring don gian thuong c6 2 banh rang. Khi 1am viéc, banh
rang chi dong quay, kéo banh rang bi dong quay theo chiéu mili tén. Chat 1ong chira
day trong cac ranh gitta banh ring va vo bom sé& dugc chuyén tir ving hut dén ving

day vong theo vo bom. Vi thé tich chira chat 1ong trong ving day giam khi cac banh
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rang cua cip banh ring vao khép, nén chit 1ong bi ép va don vao dng day véi ap suét
cao, d6 1a qua trinh ddy. Pong thoi voi qua trinh day, xay ra qua trinh hit nhu sau:
khi céc ring ra khép, thé tich chira chét 16ng ting, ap suit chira chit long giam xubng
thip hon ap suit trén mit thoang lam cho chét 16ng chay lién tuc qua dng hit vao

bom. Qua trinh hut va day chét 16ng xay ra dong thoi va lién tuc.

Hinh 4.4. Nguyén ly lam viéc ciia bom banh rang.
Trong thyc té, ludn c6 khe hd giita dinh ring véi vo bom, gitra cac mit rang. Cac khe
hé nay tao nén ton that luu luong trong bom banh ring (chat 1ong theo khe hd chay
nguoc vé ving hat) han ché kha ning ting 4p suat 1am viéc cia bom. Néu ap suit phu
tai cao qua muc thi co thé luu luong cua bom hoan toan bi ton that. Vi vay, dé han
ché ap suit 1am viéc téi da, can bd tri van an toan trén dng day.
Bom banh rang thuong dugc ing dung trong cac may thuy luc (may €p, may nang,
can cau, may dao dat, .. .), hé théng diéu khién tu dong, dac biét trong cong nghé ngudi
may, trong boi tron cac bo phan chuyén dong ctia cac may.
b) Phan loai bom banh rang
Co 2 loai bom banh rang: bom banh rang an khdp trong va bom banh rdng an khop

ngoai.
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= OUTLET

Hinh 4.5. Bom banh rang an khép ngoai (trai) va an khdp trong (phai)
d) Bién phap khic phuc hién tuong ton that luu lugng
C4c bién phéap sau ddy dung dé khic phuc hién tugng ton that luu luong do khe ho da
néu trén day:
- Tao &p suét thich hop trong viing hut, khong dé &p suat ¢ ving hat nhé hon
&p suat do luc ly tAm sinh ra khi banh ring quay, bang cach dat bom thap
hom muc chat 16ng trong bé hit hoic ting ap suat mat thoang cua bé hat.
- Hinh dang va kich thudc cua dudng dan chat 16ng vao ving hat phai hop 1y.
Van toc chat 1ong vao ving hut khong nén qua 2 + 3 m/s. Puong dan dén
viing hit nén c6 két cau hinh loa, mot canh ma rong dan cho dén khi bang

chiéu rong ciia banh rang & miéng vang ht.

- Han ché van toc lam viéc cua banh rang. Van toc ¢ vong dau dinh rang khong nén

qua 6 + 8 m/s, vi co thé gay hién tuong xam thuc.

4.3.3. Bom truc vit

a) Bom 2 tryc vit
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Hinh 4.6. Cau tao va nguyén 1y 1am viéc bom r6 to 2 truc vit
Truc vit chi dong 1 c6 ren hinh chir nhat, chiéu ren phai an khop voi truc vit bi dong
2 ¢6 chiéu ren trai. Cudi 2 truc vit ¢6 lap 2 banh ring 3 ciing dn khdp véi nhau, Cac
truc vit duoc dinh vi bé“mg céc 0 truc dat trong vé bom 4. Vo bom c6 vung hat A va
ving day B. Khe hé gitta céc truc vit va vé bom rat nho.
Khi bom 1am viéc, chat long & ving hut A dién day rinh then va s& bj ddy dan dan

dén vung day B khi hai tryc vit an khdp 13n nhau.

Hinh 4.7. Bom 16 to 2 truc vit 2 dau hat.

Trén day 1a bom 16 to 2 tryc vit mét dau hut, ngoai ra, con ¢6 bom ro to 2 tryuc vit 2
dau hut nhu Hinh 4.8.
b) Bom 3 tryc vit
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Hinh 4.8. Cau tao va nguyén 1y 1am viéc bom r6 to 3 truc vit.

T At
AN S SN\,

R S w

Két cau va nguyén 1y 1am viéc ctia bom 3 tryc vit noi chung twong tu v6i bom 2 truc

vit, diéu khéac biét 1a truc vit chu dong an khdp véi 2 truc vit bi dong. So vdi bom 2

truc vit, bom 3 truc vit c6 thé tich lam viéc duge 1am kin tot hon, do d6 hiéu suét luu

luong 16n hon; goc nang clia mdi ren c6 thé ting 1én, din dén hiéu suat co khi ciing

cao hon. Nhu vay bom 3 truc vit ¢ hi¢u suat va tinh nang lam viéc cao hon bom 2

truc vit, c6 thé dat dén cac tri s6 gidi han.

i'%r///a///////:ry/// s

o
e Sy

lﬂ.}

Hinh 4.9. Bom r6 to 3 truc vit mdt ctra hut (trai) va 2 ctra hut (phai)
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Hinh 4.10. Ciu tao mdt bom rd to 3 truc vit.

4.3.4. Bom canh gat

CAu tao va nguyén Iy 1am viéc cia bom canh gat don gian (2 canh gat) dugc minh hoa

trong hinh 4.11 duéi day

Hinh 4.11. Cau tao va nguyén 1y lam viéc ciia bom canh gat (2 canh)
Bom goém v6 hinh tru 1 trong d6 ¢ 16 to 2. TAm ctia v6 va rd to 1éch nhau mot khoang
cach e. Khi 6 to quay, cic ban phang ndy trugt trong cac rinh cua ro to va gat chat
long nén duogc goi la canh gat. Phan khong gian giéi han boi vo bom va 16 to dugc
goi 1a thé tich lam viéc.
Nho luc day cia 10 xo 4, cac canh gat 3 ludn ludn tua sat vao thanh vé bom. Gia st

bom lam viéc theo chiéu miii tén, thé tich chira chét long tir A dén C ting, ap suét
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trong chit 10ng giam, do d6 chit 10ng s& bi hut vao bom. Khi canh gat di chuyén tir C
dén B, s& lam giam thé tich chira chat 1ong, do d6 1am ting ap sut va ddy chat long
vao dng day.

Nhuoc diém ctia bom canh gat 1a luu lugng khong déu, nho nhét khi canh gat & vi tri
I va 1én nhat khi canh gat & vi tri C — C. Dé luu luong bom dong déu hon, cin ting sb
canh gat trong bom (tir 4 dén 12 canh).

Hinh 4.13 duéi day 1a mot bom canh gat 6 canh.

Hinh 4.12. Bom canh gat 6 canh
4.3.5. Bom vong
Nguyén ly [am viéc cia bom vong cling tuong tu nhu voi nguyén ly 1am viéc ciia bom

banh ring dn khop ngoai, nhung & day khong c6 mot truc dan dong va mot truc bi

dong, ma ca 2 truc hoat dong doc 1ap voi nhau.

Hinh 4.13. Nguyén 1y lam viéc cia mdt bom vong 3 lobe.
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Khi bom lam viéc, 2 truc quay theo chi€u nhu trén hinh s€ hut chat l1ong vao céc ranh
dugc tao nén boi rd to va vo bom, sau dé day chiing vao ong day. Tuy theo cau tao co

thé c6 bom vong 1 lobe hay nhiéu lobe (hinh 29).

Hinh 4.14. Bom vong 1 lobe (trai) va nhiéu lobe (phai)
4.4. Bom piston — ro to

4.4.1. Bom piston — ré to hwéong kinh

CAu tao va nguyén 1y 1am viéc ctia bom piston — r6 to huéng kinh dugc mo ta trong

hinh 4.15 duéi day.

Hinh 4.15. Cau tao va nguyén ly lam viéc bom r6 to huéng kinh
Bom gdm 2 phan: phan quay (rd to) 1 dat 1éch tdm trong phan cb dinh (stato) 2. R6 to
1a khéi try tron, trong d6 cac xi lanh va piston tru 3 khong c6 can (thanh day) phan b
déu theo kiéu huéng kinh. Do sy bd tri 1éch tdm theo khoang cach e nén khi 16 to

quay, cac piston quay theo r6 to va dong thoi chuyén dong tinh tién trong cac xi lanh.

Nguyén Hai Pang — BM May STH&CB — Khoa CKCN
Web: www2.hcmuaf.edu.vn/?ur=dangnh

FB: www.facebook.com/NguyenhaidangkK CK Page 17



"=~ Bai giang MTK-Chuwong 4. Bom thé tich 2014

Trong bom, qua trinh hat dwgc thue hién khi cac piston chuyén dong hudng ra khoi
tam 1o to; chat 1ong duoc hut qua 16 to vao cac xi lanh nho ¢6 16 dan a vao ving hut
A. Khi piston bi thanh stato ép, chuyén dong huéng vé tdm thi chat 1ong bi nén vao
ving ddy B va chay ra ngoai theo 15 dan b trén stato, thuc hién qua trinh day ctua bom.
Ving hut A va ving dy B 1a hai ranh hinh ban nguyét cach nhau bang mot vach bd
tri & gitra stato trong truc phan phdi 4 va dugc théng ra ngoai qua cac 16 dan a, b.

Pé bom lam viéc binh thudng, khi ro to quay cac dau piston phai luon ludn ty vao
thanh stato, do d6, nhiéu khi phai dung bom phu goi 1a bom cap dé day chat 1ong vao

vung hat véi 4p suat du dé day piston ty vao thanh stato trong qua trinh hut.

4.4.2. Bom piston — ro to hwong truc

Nguyén 1y lam viéc ctia bom piston — r6 to hudng truc ciing twong tu nhu bom piston

— 16 to hudng kinh, nhung két ciu c6 hoi khac (hinh 4.16).

Hinh 4.16. CAu tao va nguyén Iy lam viéc bom r6 to hudng truc.
Trong bom piston — 16 to hudng truc, cac 16 xi lanh phan bd déu trén ro to 1 nhung
khong hudng kinh ma song song vdi nhau theo hudng truc r6 to. Piston 2 trong xi lanh
1udn ludn dugc day va twa mot dau vao dia ¢b dinh nam nghiéng 3 bang cac 10 xo dit
trong xi lanh. Khi rd to quay, cic piston quay theo, vi mot dau piston ludn luén tira
vao mit dia nghiéng nén cac piston ciing déng thoi chuyén dong tinh tién twong ddi
v6i xi lanh. Cac 16 xi lanh & mat cudi rd to dugc lap sat voi nip cb dinh 4. Trong nap

nay co hai ranh hinh vong cung 5 duoc ngan cach nhau boi hai go 6, hai ranh nay
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dugc thong véi hai 16 dé dan chit 16ng ra vao a,b. Khi r6 to quay theo chiéu miii tén

thi ranh 5 bén tréi 1a ctra hat A, rdnh bén phai 1a ctra day B.
5 e BOM TRONG HE THONG

5.1. Giéi thiéu vé bom va hé thong

Hé thdng bom tiéu thy hon 20% ning luong dién trén toan thé gidi, 20 — 25% ning
lugng trong cac nganh cong nghiép.
Mot hé théng bom gom c6 cac thiét bi chinh sau day:

v' Bom.

v" Ngudn dong lyc chinh: dong co dién, dong co diesel hoic hé théng khi
nen.
Hé thdng duong dng dé van chuyén chat long.
Hé théng van dung dé diéu chinh luu luong.

Thiét bi két ndi, dung cu do dac va diéu khién.

AR NEE NN

Thiét bi sir dung véi nhitng yéu cau khéac nhau vé luu luong, cot ap,...va
do d6 s& 1a co s¢ dé chon céc thiét b trong hé théng bom, vi du nhu bd

trao doi nhiét, thung chtra, hé thong may thuay luc,...
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Hinh 5.1. Cac thiét bi ciia mot hé thong bom cy thé.

A — Bom; G — Van by-pass;

B — B0 chi thi mirc nudc; H — B6 trao ddi nhiét;
C-Bé cép nudc; | — Buong do dac;

D — bong co bom; J— Ong day cua bom;
E — B6 diéu khién dong co bom; K- Ong hut cta bom.

F — Van buom;
5.2. Nhirng khoé khin trong viéc danh gia va tham dinh bom

Trong thuc té, rit kho dé danh gia va tham dinh cac dic tinh ciia bom, vi cac ly do
chinh sau day:

a) Thiéu cac dic tinh k¥ thuat cta bom: Bang dic tinh k¥ thuat dugc doi hoi trong
viéc danh gia bom. Hau hét cac cong ty khong cung cip cac tai lidu ky thuat gbc chira
cac thong tin d6 va do do, viéc tinh toan va tham dinh cac thong s6 nhu luu lugng va
coOt ap khong thé duoc thuc hién mdot cach chinh xac.

b) Kho khin trong viéc do dac dong luu chat: Co rat nhiéu phuong phap dé tinh todn
dong luu chat. Trong hau hét cac truong hop, toc d6 dong chay duoc tinh toan gian

tiép thong qua loai chat 1ong, cot ap va kich ¢& ng..., nhung phuong phap nay c6 hé
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s6 chinh x4c khong cao. Mot phuong phap khac 13 nguoi ta 1dy thé tich bé chira chia
cho thoi gian bom diy bé chta. Tuy nhién phuong phép nay chi dugc sir dung bom
dang hoat dong va phai dong van ddy cua bom lai. Phuong phap chinh xac va nhanh
nhat dé do dac dong chay cta bom 13 str dung luu lugng ké siéu am.

¢) Khéng cén chinh dung cu do mét cach hop 1y: Viée can chinh cac ap ké & duong
hut va dudng day va can chinh cac dung cu do khac 14 rat quan trong dé dem lai két
qua do chinh x&c. Nhung khong phai lic nao su can chinh cling dugc thyc hién, va
thay vao do nguoi ta st dung mot s6 hé sb chinh x4c. Piéu d6 s& dan dén su thiéu

chinh x4ac trong viéc tinh todn va danh gia bom.
5.3. Trién vong tiét kiém ning lwong trong viéc sir dung bom
5.3.1. Chgn dung bom

Trong khi chon bom, nha cung cép cb gang chon dugc loai bom ma c6 dudng dic tinh
cang phu hop véi duong dic tinh ciia hé thong dugc cung cap bai ngudi st dung cang
t6t. Diém lam viéc cua bom (POP) 14 giao diém giira dudng dic tinh cua bom va dic
tinh ctia hé thong. Tuy nhién, trudng hop diém POP nam trong cac diéu kién hoat
dong 1y tudng 1a rat kho xay ra. Vi du, khi ta chin bot van day, dudng trd luc cia hé
thng s& di chuyén sang phia bén trai va kéo theo diém POP di chuyén theo (Hinh
4.19).
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Hinh 5.2. Puong dic tinh mot bom ly tim dién hinh cta nha cung cap.

Piém lam viéc hiéu qua (BEP) ciia bom 1a diém ma bom hoat dong khi c6 duong kinh
banh cong tac 1a 16n nhat, néi cach khéc, d6 chinh 1a diém ma bom c6 hidu suét cao
nhat. TAt ca moi diém bén phai hay bén trai diém BEP dau c6 hiéu suét thip hon.
Piém BEP s& bi anh hudng khi ta chon bom ¢6 kich thudc 16n hon yéu cau. Ly do 1a
khi d6, luu lwong qua bom s& bi diéu chinh bang nhiéu phuong phap, nhu 1a dong bot
van hodc st dung duong by — pass va diéu d6 s& lam trd luc cuc bd ting 1én din dén
tré luc cua toan hé théng ciing ting theo. Két qua 1a dudng dic tinh ctia hé thong di
chuyén sang bén trai va cit dudng dic tinh ctia bom tai mot diém khac. Lic nay, diém
BEP ciing thip hon so v&i ban dau. Noi cach khéc, hiéu suat ciia bom giam xudng do
lwu lwong & cira ra dd giam xudng nhung ning luong tiéu hao thi lai khong ddi. Bién
phap khic phuc 13 c6 thé dung bo truyén dong hai hodc nhiéu cip, diéu chinh s vong

quay thap hon, ding banh cong tac nho hon hodc cit bot banh cong tac.

5.3.2. Bién thién vén téc dé diéu chinh téc dd dong chay

a) Vai tro s6 vong quay cua r6 to
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Trong mot bom ly tdm, banh cong tac quay s& tao ra cot ap. Van tdc bién clia banh
cong tac chiu sy anh huong truc tiép cia s6 vong quay 16 to, vi vdy nén thay doi s6
vong quay cua rd to s& anh hudng truc tiép dén dudng dic tinh ciia bom.

Céc thong s6 dic tinh ctia bom (luu lwong Q, cot ap H, cong suat N) s& thay d6i ing
v6i cac s6 vong quay khac nhau cua r6 to. Dé dam béo an toan cho bom tai cac toc do
khac nhau, ta can phai biét duoc mdi quan hé gitta chung. Va mdi quan hé nay duoc
thé hién ro rang trong Pinh luat déng dang:

Luu lugng Q ty 1¢ bac 1 dbi vai sd vong quay n:

3
QN r]N DN

Cot ap H ty 18 bac 2 ddi véi sb6 vong quay n:

2 2
Hy _[ M | «[ Du
HN nN DN

Cong suat N ty 1& bac 3 ddi véi sd vong quay n

3 5
Ny _[ M | «f Dm
NN nN DN

Nhu dugc thé hién trong dinh luat trén, néu sé vong quay cua 16 to ting 1én gap 2 lan

thi nang luong tiéu thu s& ting 1én 8 1an. Vi vdy, chi cAn giam sb vong quay cua o to
mot it thi s& ddn dén két qua 1a mot luong 16n ning luong tiéu thu duoc gam di. Pay
13 co so cho phuong phap tiét kiém nang lugng bang cach thay doi sé vong quay.
C6 thé thiy 13 rang 12 phuong phap thay d6i s6 vong quay ludn ludn hiéu qua hon
phuong phép st dung van diéu chinh. Béi vi van diéu chinh c6 thé giam dugc luu
luong ctiia bom nhung ning lugng tiéu thy thi van khong thay d6i. Ngoai ra, sb vong
quay giam con dem lai nhiing loi ich nhu sau:
v Tudi tho bac dan duogc ting 1én. D6 1a vi bac dan d& mét &p lyc sinh ra
do banh cong tac, ma &p luc nay lai ty 18 véi binh phuong s6 vong quay

10 to. Poi véi bom, tudi tho bac dan ty 1& bac 7 véi s6 vong quay ro to.
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v' Rung d6ng, tiéng dn duoc giam bét va tudi tho dém kin duoc ting 1én.
b) St dung bo diéu tdc
Nhu di dé cap ¢ trén, diéu chinh téc d6 quay cua ro to 1a phuwong phap hiéu qua nhét
dé diéu chinh luu luong cta bom, vi khi téc d6 quay giam thi nang luong tiéu thu
cling giam theo. Phuong phap thuong duoc st dung nhit dé diéu chinh sé vong quay
ctia 6 to 1a st dung bo didu tdc VSD (Variable Speed Drive).
B6 diéu tdc cho phép sé vong quay cia ro to duoc thay ddi mot cach vo cap, thudong
dugc sir dung trong 2 hé thong:

v' Bd diéu tdc co bao gdm bo ly hop thay luc, khép ndi thay luc va bo dai
va puly diéu chinh dugc.

v’ Bo diéu tdc dién bao gébm bo ly hop dién, bo diéu chinh dong co 16 to
day quan va bo bién tin VFDs (Variable Frequency Drivers), trong d6
phuong phéap bién tan hién dang duoc st dung rong ri va pho bién nhat.

Trong nhiéu hé théng, phuong phap bién tin co ¥ nghia rat 16n trong viéc cai thién
nang suét lam viéc ciia bom & nhirng diéu kién lam viéc khac nhau. Sy hiéu qua cua

viéc giam sb vong quay cta ro to duoc thé hién trong hinh 34

— Nl oprating eod
150 e Rodiond spoed
— Direction of the Shifl as
P —_—
150 ] i\\ Spowd Dicreees
/ Perfomuence Cunve

/ A BEP Efficiency (%)
- lceny I
b

2

BHP

od B B&E 238 3

-’

Hinh 5.3. Hiéu qua cua viéc st dung bd bién tang
Nhu duoc thé hién trong hinh trén, khi bd bién ting giam sb vong quay cua 1o to
xudng, duong dic tinh Q — H va duong cong suat di chuyén xudng dudi, trong khi

duong hi€u suat di chuyén vé phia bén trai.
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Céac diém thuén loi cia phuwong phap bién thién van tdc trong viée tiét kiém ning
luong la:
v Diéu chinh luu luong mot cach nhanh chong va dé dang.
v' Tang d6 bén cho hé théng vi hao mon trong bom, bac dan va dém kin
sé giam di.
v/ Giam chi phi dau tu va bao tri vi van diéu khién, duong bypass va bo
khoi dong thong thuong khong con can thiét nira.
v/ Cong suat khoi dong khong can cao, chap nhan dong co khoi dong véi

dong thap hon.

5.3.3. Ghép song song nhiéu bom

Van hanh 2 bom song song véi nhau va tit mot bom khi nhu cau giam xuéng la
phuong phap c6 y nghia dang ké trong viéc tiét kiém ning luong. Ghép song song
nhiéu bom 1a phuong an dugc lya chon khi tinh 4p chiém hon 50% tong ap. Hinh 35
thé hién duong déc tinh cua bom khi hoat dong riéng 1¢, 2 bom hoat dong song song
va 3 bom hoat dong song song. N6 chi ra rang duong dic tinh ctia hé théng khong
thay d6i khi cac bom van hanh song song va luu luong ctia hé thong 13 tong luu luong

clia cac bom thanh phan.

SYSTEM
CURVE

Three Pumps
T In Parallel

HEAD

Flow-1 Flow-2 Flow-3

FLOW RATE

Hinh 5.4. Puong dac tinh ctia cac bom hoat dong song song

Nguyén Hai Pang — BM May STH&CB — Khoa CKCN

Web: www2.hcmuaf.edu.vn/?ur=dangnh

FB: www.facebook.com/NguyenhaidangkK CK Page 25



DangNH 7 1
~~"" Bai giang MTK-Churong 4. Bom thé tich 2014

5.3.4. Str dung van diéu chinh dong chay

Mot phuong phép khac dé diéu chinh luu lwong cta hé thong 13 dong bét van & duong
day. Phuong phap nay lam giam luu luong ciia hé thdng nhung lai khong giam ning
lugng ti€u thy, vi tinh 4p cua h¢ théng bi tang 1én. Hinh 36 thé hién sy di chuyén cua

dudng dic tinh hé théng khi van ddy bi dong bt mot nira.

System Curve with Half Open Valve

/ System Curve

T —] with Fully Open Valvs

I

71 Head Drop Acrass
Half Open valve

HEAD

4 e
'-.—’/ .=
T
T e me = =

Flow 2 Flow 1

FLOW RATE
Hinh 5.5. Piéu chinh luu lugng ctia bom bang van

5.3.5. Sir dung van hoi (by — pass)

Luu lugng ciia bom ciing ¢6 thé dugce giam bdt bang cach lap dat mot dudng hoi veé.
Trong phuong phap nay, dudng day ciia bom duge chia ra lam 2 nhanh: mot nhanh
van chuyén chét 16ng dén noi sir dung, trong khi nhanh con lai hdi chét 16ng vé lai bé
chtra. Noi cach khac, c6 mot luong chat 1ong bi bom nguoc tré lai ngudén. Phuong

phap nay it duoc st dung do né hao phi ning luong cta lwong nudce bi hdi vé.
5.3.6. Phwong phap dong ngit bom
Mot phuong phép don gian va hi¢u qua trong viéc giam luu luong cia bom 1a sir dung

van dong ngét, st dung khi bom hoat dong mot cach khong thuong xuyén va lién tuc.

Vi du nhu, khi bom duge str dung dé bom day mot bé chira véi mot toc do khong doi.
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Trong hé théng nay, bo diéu khién duoc cai dit sao cho bom s& khoi dong khi muc

nudc 1 thip nhit va ngung hoat dong khi myc nude di dang 1én dén mirc cao nhat.

5.3.7. Thay d6i dwong kinh cinh bom

Thay d6i dudng kinh canh bom s& dan dén su thay doi theo ty 18 ciia van toc bién canh

bom, tir d6 lam thay ddi luu lugng qua bom. Mbi quan hé nay ciing dugc thé hién rd

3
QN r]N DN

Thay d6i duong kinh canh bom 1a mét phuong phap hiéu qua dé diéu chinh luu luong

qua Dinh luat dong dang:

qua bom, tuy nhién, trudc khi lua chon phuong 4n nay can phai can nhac cac van dé
Sau:

v' Phuong an nay khong thé sir dung trong truong hop hé théng can luu
luong thay doi.

v/ Céanh bom khong nén bj cit quéa 25% so véi kich thudc cii, vi nd s& dan
dén viéc bom bi rung do xam thyc va vi vay lam giam hiéu suat cua
bom.

v Phai duy tri su can bang cho bom, vi vdy cac canh bom phai dugc cat
déu nhu nhau.

Thay d6i cach bom khac d6i khi ciing 1a mot phuong an hiéu qua hon viéc cat bot
canh bom, tuy nhién chi phi lai cao hon va do6i1 khi khong thé thuc hién duoc do canh
quat méi qua nho. Hinh 37 thé hién 1 sy thay ddi cua duong dic tinh ciia bom va

diém lam viéc cia bom khi cat bt duong kinh cia mot bom ly tam.
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Hinh 5.6. Phuong phép cit b6t canh bom & mot bom ly tim

Bang 5.1. So sanh cac phuong phéap diéu chinh luu lugng trén bom

Phuong an diéu chinh luu luong
Thong sb Van diéu Cat canh bom VFD
chinh

Duong kinh canh bom (mm) 430 375 430
Cot ap (m H20) 71,7 42 34,5
Hiéu suat (%) 75,1 72,1 77
Luu luong (m3/hr) 80 80 80
Cong suat tiéu thu (kW) 23,1 14 11,6

6 e PHUONG PHAP CHON BOM

Viéc chon bom trong mot hé thong c6 thé bao gém cac bude chinh sau:
v Thiét ké hé théng bom.
v Lua chon bom va loai truyén dong.
v’ Xaéc dinh cac dac tinh k§ thuat ctia bom.
v" Tham khao béao gia.
v' Panh gia dau thau.
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v Tién hanh mua bom.
Trong qua trinh xac dinh cac thiét bi trong hé théng bom, ngudi k¥ su can biét duoc
cac yéu cAu cua hé théng, duong dac tinh cua hé théng, trén co so do chon lua loai
bom, céc dic tinh k§ thuat, xac dinh cac phuong phap kiém tra, kiém nghiém, yéu cau
nha thau cung cip cac ban v& can thiét dé xac dinh yéu cau d6i voi nha cung cap.
Sau khi hoan thanh cac budc trén, ngudi k¥ su can dua ra bao gia ddi véi cac nha

thau, tién hanh dau thau dé chon nha cung cap va dat hang.
6.1. Thiét ké hé thong bom

Budc nay nham dé xac dinh cac yéu cau va diéu kién cia h¢ thong ma bom hoat dong.

6.1.1. Loai chat long

Viéc mo ta mot cach toan dién loai chat léong dugc van chuyén phai dugc thuc hién.
Do bao gém cac dac tinh ky thuat nhu do nhét, ty trong, ap suat bay hoi, tinh kém,
kha nang an mon, do bay hoi, kha nang bat lira, va tinh doc hai. Tuy thudc vao cac
qua trinh ctia hé thong ma mot trong cac dic tinh d6 s& co anh huong quan trong dén
viéc thiét ké hé thdng bom. Duédi day 1a mot vai dan chimg:
v' Kha ning dn mon cta chat long s& anh hudng toi viéc lua chon vat liéu
lam bom.
v' Néu chat long c6 lan cac tap chat, viéc chon loai dém kin va két cau
chéng mai mon can phai duoc xem xét lai.
v/ Chat long cd tinh chat doc hai cd thé can thiét sa dung dém kin kép theo
qui dinh ctia nha nude va can nhéc cac yéu tb an toan.
v Céc chat khi 13n vao chat long dugc hit vao bom s& anh hudng dén cot

ap cta bom.
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Bom phai hoat dong trong khoang diéu kién cho phép cua cac dic tinh vat 1y va hoa
hoc, nhitng anh huéng khac nhu trong diéu kién nhiét do va ap suat khac déu khong

duoc chép nhan.

6.1.2. Pwong dic tinh ciia hé thong

Nguoi k¥ su can hiéu rd vé cac qua trinh va hé thong ma bom s& hoat dong trong d6
va thiét ké so bd vé so dd thiét bi, dudng 6ng va dung cu do. Ban thiét ké nay s& thé
hién duong kinh va chiéu dai so bo cua éng, luu lugng trong hé théng, van, khop ndi
va tat ca cac thiét bi khac tao nén trd luc ctia hé théng. Nhitng ban vé dé sé duoc dung
dé tinh toan kich thudc cudi ciing cia dng va tré Iyc cta hé thong.

Vi céac thong tin trén, ta co thé thiét lap duoc duong dac tinh ctia hé théng, chi ra
duoc mdi lién hé gitia luu lugng va cOt ap cua hé théng. Trong qua trinh x4&c dinh tré
luc cta hé thng, ta can tinh toan thém vao cho phul hop su an mon va dong cin khi
bom lam vi€c trong twong lai.

Vi trd luc ctia hé thdng 1a mot ham sé cua tbe d6 dong chay, kich thude dng va cac
thiét bi khac nén mdi phan riéng cia hé thong s& c6 dudng dic tinh riéng. Nguoi ta
thuong ndi cac duong dic tinh riéng dé tao thanh duong dic tinh tong hop cua hé
théng. Cot 4p ciia bom dugc chon phai nam phia trén dudng dic tinh cta hé thong

trong tat ca cac diém lam viéc va di€u kién khac nhau ctia dong chay.

6.1.3. Cac cach van hanh ciia h¢ thong

Viéc xem xé€t cac cach van hanh cua h¢ thong la rat quan trong trong vi¢c xac dinh
cac thiét b1 cia hé thong. Phan tich cac cach van hanh khac nhau cia bom nhu van
hanh lién tyc hay gian doan, cadc bom ghép song song hay ndi ti€p,... s€ la co s¢ dé

quyét dinh sd luong bom can thiét, cot ap, luu luong,...
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6.1.4. Sy thay d6i ciia h¢ thong trong twong lai

Yéu té cudi cuing can phai dugc xem xét 1a cac kha ning ma hé thdng s& thay doi trong
tuong lai. Khi ma su thay d6i cua hé thng trong twong lai c6 thé dugc du doan trude

& mot mutrc d6 chic chan nao d6, hé thong sé duoc thiét ké tng vé6i su du doan do.
6.2. Chon bom, loai truyén dong va thiét bi phu
6.2.1. Loai bom

Nguoi ta thuong chon loai bom dya vao s vong quay dic trung.
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NOTE: NS,(U rP } Q}Ed- = ﬂ 2733
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Hinh 6.1. Chon loai bom dya vao s vong quay dic trung.

6.2.2. Yéu cau tu moi bom

Néu bom hut chét 16ng tir mot ngudén nam phia dudi miéng hat ciia bom, d6i khi yéu
cau ty mdi bom 14 can thiét. Cac loai bom thé tich nhu bom piston, bom truc vit hodc
bom banh ring c¢6 kha niang ty mdi bom trong pham vi cong suat thap. Ciing c6 mot

vai loai bom ly tam duoc thiét ké dic biét dé ty mdi bom trong truong hop nay.
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6.2.3. Yéu cau cft ap va luu hrong khac nhau

Bom ly tim va hudng truc c6 kha ning hoat dong trong nhitng diéu kién luu lugng va
cot 4p khac nhau. Bing cach quan sat duong dic tinh ciia bom, ta c6 thé dé dang xac
dinh dugc ving luu lugng va cdt 4p ma bom lam viéc. Cot ap cua hé thdng c6 thé
dugc thay ddi bang cach diéu tiét van ddy hodc bang cach st dung phwong phéap thay

doi s6 vong quay cua bom.

6.2.4. Yéu ciu cao ap (trén kha ning ciia bom ly tim don céap)

Tuy theo yéu cau cua luu luong, ca bom ly tim hodc bom huéng truc déu co thé thuc
hién duogc yéu cau khac nhau cho ¢t 4p cao. Néu mot luu lwong twong ddi thap duoc
yéu cau, ca bom banh rang an khdp trong toc dd cao hodc bom piston déu c6 thé dugc
chon. Khi phai lga chon mot trong hai phuong an trén, mot sb van dé sau duoc can
nhic:
v" Liéu sy rung dong trong bom piston s& gay hai cho sy van hanh cua hé
théng? Liéu bo giam chan co du dé ngin chin tac hai d6?
v Liéu chit long c6 du sach dé tranh xay ra hién twong dn mon qua som
trong xi lanh va piston.
Néu ca luu luong cao va cdt ap cao déu dugc yéu cau, mot bom ly tAm nhiéu tang
canh co thé duoc st dung. Céc thiét ké khac nhau cia loai bom nay s& phu hop voi
nhirng diéu kién 1am viéc dic biét khac nhau (nhiét do cao, lanh sau, trong nudc,

hydrocarbon,...).
6.2.5. Kha nang hi€u chinh chinh xac
Trong qua trinh lam viéc v&i luu lugng thap, ma & d6 doi hoi sy chinh xac trong viée

do luu luong, st dung mot bom dinh lwong 13 phu hop. Loai bom nay ciing c6 thé

cung cap nhimng luu lugng khac nhau. Mot s loai bom d3 biét nhu bom banh ring,
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bom piston kiéu tru truot, bom mang c6 thé duoc sir dung két hop vé6i cac phuong

phap diéu téc dé diéu chinh véi cac luu lwong khac nhau.

6.2.6. Pic tinh ciia chat 16ng

Céc dic tinh cta chat 16ng nhu do nhdét, ty trong, ap suét bay hoti, do bén hoa hoc va
tap chat 1a nhitng yéu t6 quan trong can phai xem xét khi chon Iya bom. Bom c¢6 kha
nang van chuyén nhiéu loai chat 16ng. Bom tryc vit thuong dugc ding dé bom nhing
loai dung dich nhdo nhu kem danh rang, bo dau phong hoac dau g01 dau chu khong
phai 1a su Iya chon tdt nhat cho viéc bom nudc va xang. Bom r6 to va cac loai bom
thé tich khac thudng duoc dung trong cac hé thong diéu khién thuy dong, nhung it
dugc dung trong cac hé théng nude sinh hoat. Bom canh gat c6 thé duge dung dé bom
nhira dudng ndng hodc trong cac hé thdng boi tron bang dau. Chon lua kiéu bom tot
nhat cho mot loai chat 16ng nhat dinh thudng rat khé, thong thuong 1a dya vao kinh

nghiém.

6.2.7. Vat liéu lam bom

Loai vat liéu dugc chon phu thude vao chét long van chuyén va moi trudong lam viéc.
Kha nang chiu dung dugc dn mon va gi sét rat quan trong trong viéc lya chon vt li¢u
1am bom. Nguoi k¥ su phai xac dinh duoc loai vat liéu nao 13 phi hop va kinh té nhat
trong ting trudng hop cu thé. Cac yéu cau nhu hoat dong lién tuc hay gian doan, giéi
han van hanh hoic tudi tho ctia bom phai duogc can nhéc can than khi chon vat liéu
lam bom.

Bom thuong dugc 1am bing gang xam, gang déo, dong thau, thép carbon, thép hop
kim va nhiéu khi 1a vat liéu composit hodc cac hop kim dac bi¢t khac nhu Monel,
Hastelloy va Titanium. Ngoai ra can phai xem xét cac yéu td vé tudi tho 1am viéc va
d6 an toan. Gang xam khong dugc sir dung trong trudng hop v bom phai chiu ap suat

cao vi nd ¢ dic diém 1a gion va d& bi nut giy khi bi sdc nhiét. Trong nhirng truong
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hop nhu vay, vé bom phai dugc lam céc vat liéu c6 do bén déo cao nhu thép carbon

hay thép hop kim.

6.2.8. Chon phwong phap truyén dong

Chon phuong phap truyén dong c6 ¥ nghia quan trong twong tu nhu chon bom. Céc
yéu t6 anh huéng dén phuong phap truyén dong 1a gia thanh dau tu, cac phwong phap
truyén dong kha dung va kha nang van hanh 6n dinh.

Néu yéu t6 gia thanh duoc xem xét dau tién thi dong co dién téc d6 khong doi phuwong
phap kinh té nhat. Dé dam bao yéu cau van hanh 6n dinh, ta c6 thé sir dung dong thoi
mot bom truyén dong bang hoi nudc va mot bom dong co dién du phong. Trong cac
bom ciru hoa, can thiét phai c6 mot bo ac qui khéi dong va dong co diesel dé hoan
toan khong phu thudc vao ngudn dién bén ngoai. B diéu tde ¢ gia thanh cao hon
nhung lai c6 ¥ nghia dang ké trong viéc tiét kiém niang luong. Néu bom duoc truyén
dong bang tua bin hoi, chi phi dau tu s& cao hon do phai lap dat thém hé théng dudng
dng va chi phi bao tri dinh ki.

7 o BAI TAP
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