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LU'C HUONG TAM VA BIEN PHAP KHAC PHUC TRONG BOM LY TAM
VAN TAI DONG CHAT LONG CO HAT RAN

RESEARCH ON CENTRIPETAL FORCE IN CENTRIFUGAL PUMPS USED FOR
TRANSPORTING FLUID WITH SOLID

ThS. Bui Minh Hoang, TS. Pham Pirc Thién, ThS. Poan Kim Binh
Truong Pai hoc Md — Dia chat

TOM TAT

Nghién ciru da tong hop dwoc co sé ly thuyét tinh todn lyc hidng tam trong mdy bom ly tam.
Trén co so phwong phdp tinh toan luc hudng tam trong mdy bom ly tam, nghién cuu da phan tich
va liea chon dwoc phwong phdp tinh todn e hiedng tam cho mdy bom dong hai pha rin — long chiu

mai mon noi chung va cho may bom thai xi noi riéng.

Két qud tinh todn sir dung dé thiét ké mdy bom thdi tro xi mé hinh. Nghién citu ciing dé xudt

bién phap giam luc huong tam trong may bom ly tam noi chung va may bom thai xi noi riéng.
Tiwr khéa: Bom dong hon hop hai pha rin — long; Bom thdi xi; Bom hai pha.
ABSTRACT

Research has synthesized the theoretical basis for calculating centripetal force in centrifugal
pumps. On the base of the method of calculating centripetal force in centrifugal pumps, research
has analyzed and selected the calculation method for centrifugal pumps for transporting solid-

liquid mixtures.

Calculation results used to design model centrifugal pumps for transporting coal ash in
thermal power factories. The study also proposes measures to reduce centrifugal force in centrifugal
pumps in general and coal ash pumps in particular.

Keywords: Two-phase flow pump; Mixed solid — liquid pump.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024

cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO POI

1. GIOI THIEU

Trong may bom ly tdm noi chung va
may bom thai xi noi riéng, khi lam viéc banh
cong tac chiu tadc dung cua nhiéu lyc khac nhau.
Trong cac bom 1én, cac luc nay c6 thé dat gia
tri rdt cao. P& cho bom lam viéc on dinh thi
cac lyc tac dung 1én banh cong tac phai dugc
can bang, nghia 1a phai ¢6 cac bién phap dé can
bang lyc d6. Cac luyc tac dung 1én banh cong
tac ciia mdy bom ly tim bao gdm: luc khdi
(trong luc, luc quan tinh) va luc bé mat do tac
dung cta ap suat chat 1ong (luc huéng truc, luc
hudng tam) [1].

2. CO SO LY THUYET TINH TOAN LUC
HUONG TAM TRONG MAY BOM THAI Xi

2.1. Co s& 1y thuyét tinh toan lyc huéng tim
trong may bom ly tam

Luc hudng kinh tac dung 1én banh cong
tac cua bom ly tam chi xuét hién & cac ché do
lam viéc ctia bom khac v6i ché d téi uu, tic la
khi khong dam bao céc didu kién dong chay bao
ngoai banh cong tac dbi xting qua truc. Khi luu
luong cua may bom giam (Q < Q ), trong mang
dan xoén, van toc clia dong chat long giam dan
tir tiét dién dau (miii x0én) t6i tiét dién cudi
(tiép glap vOi ong loe) cua no, con ap suat thi
tang dan tir tlet dién dau tdi tiét dién cudi cua
mang dan xoan. Khi luu luong ctia bom tang
(Q>Q,). trong méng dn xoéq, tir tiét dién dau
téi tiet dién cudi cua nd, van toc va ap suat cua
dong chat 16ng s& phan bd nguoc lai. Trong ca
hai truong hgp, dong chdy bao ngoai banh cong
tac phan bd khong dbi xtmg qua truc, vi vdy
xudt hién lyc hudng kinh (hudng tam) tac dung
1én banh cong tac cua may bom.

Hinh 1(a) gidi thiéu biéu d6 phan bd
ap suat dién hinh trong toa d6 cuc theo vong
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tron cta banh cong tac tinh bang phan tram so
v6i cot ap toan phan. Biéu dd trén dugc xdy
dung d6i v6i bom ly tim c6 mang dan xoin bao
ngoai banh xe cong tac, lam viéc vdi luu lugng
bang 19% luu luong trong ché do lam viéc tdi
uu, ap sudt tang dan tu tiét dién dau ti tiét dién
cudi ciia mang dan xoan.

a, 0 b, . F‘.

180 - .

270
Hinh 1. Biéu do phén bé dp sudt trong toa dé cuc
cua dong chay trong mang dan xodn cua bom ly

tam [1]

Su phén b ap suat khong déi ximg theo
vong tron cua banh xe cong tac 1am xudt hién
luc huorng kinh (F,) tdc dung Ién banh cdong tic
huong vé phia céc tiét dién nho ctia mang dan
xoan (hinh 1, b).

Khi bom lam viéc qua tai, quy luat phan
bd 4p suat theo vong tron clia banh cong tac cé
dac tinh nguoc lai va luc ’hué’ng kinh (F)) tac
dung hudng veé phia céc tiét dién 16n ciia mang
dan xo4n (hinh 1, b).

Céc cong trinh thuc nghiém cho thay
rang: luc hudéng kinh ctia dong chat léng tac
dung lén banh cong tac cia bom ty 1¢ thuan véi
cot ap H, vdi chidu rong b, (ké ca chiéu day
dia) va duong kinh D, cua banh cong tac [2].

Trong cac bom cao ap va cac bom co

kich thude 16n, lyc hudng kinh (F,) c6 anh
huong dang ké t6i d6 vong cua truc, gy nén do

&
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l1éch tdm cua banh cong tac vdi cac vong dém
trude, 1am hu hong dém 16t. Pong thoi, lyc ma
sat tac dung lén dém 16t cua banh cong tac khi
no 1€ch tam VO’l cac vong dém, gay nén chuyen
dong khong on dinh cua rotor. Vi vay, ket cau
cua bom phai dam bao cho né lam viéc 6n dinh
& moi ché d6 véi nhing gia tri luu luong khéac
nhautr 0 +Q_ .

D0 vong cua truc dudi tac dung cua luc
hudng kinh khong dugce vuot qua tri sb cuia cac
khe dém. Trong diéu kién do, truc bom khong
nhiing phai da d6 bén ma con phai du do cimg.

2.2. Ly thuyét tinh toan lye hwéng tim trong
may bom thai xi

Luc hudng tdm phat sinh do phan bd
khong dong déu cua ap lyc chat 1ong trén 16i ra
ctia banh cong tac. Su thay ddi ap luc doc dong
chay trong banh cong tac dugc xac dinh theo
cong thuc [1]:

2_..2 2_ 2
‘12_‘11 ol T o

P2 —P1 = p. +p.—— ()

Vi ap sudt P, va van toc tuong ddi w

ctia dong chay & 16i Vao banh cong tac phan bo

2 2,
dong geu, tong p- 2 0 + p- > wi + P1 (ky
hiéu tong la p) 1a dai lugng khong doi, khong
thay d6i theo chu vi banh cong tac. Su phan bd
&p suat ¢ 16i ra banh cong tic twong tng véi
biéu thirc & trén duge xac dinh bang dang thic:

2

P, =p—p.—* 2)

Do d6, su phan bd ap suit theo dudong
tron trén 16i ra khoi banh cong tac phu thudc
vao sy thay d6i cuc bo vén tdc tuong ddi w,.

Pé xac dinh luc hudng tam khong can
bang tac dung 1én 16i ra banh cong tac phu

thudc vao sy thay doi cuc bo van téc tuong doi
w,, can xdc dinh tich phan:

2 !
J " pa-bh.Rode 3)

Trong do: b,' 1a chiéu rong ctia banh
cong tac lam viéc tren 16i ra ¢6 tinh dén chiéu
day: do 1a phan tir goc.

Néu chon truc toa d x va y di qua tam
banh cong tac, thi lyc hudng tam khong can
bang theo cac thanh phan s¢ la:

R, = —v.b5.R, fonglg% cospdp (4
I 2 2 ]
Ry = —v.bs. R, fo " ‘;ng sinpde (5)

2
Trong  dé:  J, pcosede va

2m : s n
fo p sin@d¢ bang khong.

Théng thudng, sy phan bd vén tdc, ap
lgyc bom theo chu vi cua banh cong tadc khong
xac dinh duoc, do d6, biéu thirc (4) va (5) khéng
thé xac dinh dugc. Tuy nhién, biéu thirc nay ¢6
thé bién d6i vé dang c6 thé sir dung dé tinh toan
lgc hudng tam.

Xét cac ché do lam viéc cua hai may
bom déng dang, tuong tu nhau vé mit hinh hoc.
Van téc tai cac diém tuong ung & 16i ra khoi
banh cong tac clia cac may bom bang tich cua
s6 vong quay véi duong kinh banh cong tac,
con ap luc vén tdc 1a ap luc bom ciia may bom.
Do @6, luc huong tam tac dung trong cadc may
bom dong hdn hop hai pha rén — 16ng twong tu
cua may bom ly tdm nudc thong thuong. Do
do, luc hudng tam tac dung trong cdc may bom
tuong tu nhau, lam viéc trong cung mat ché do
lam viéc, ty 1& twong Gmg véi biéu thirc (4) va
(5) theo tich s6 b, R .H.
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Nhu vay, cong thirc tinh toan dé xéc
dinh lyc hudng tam tac dung 1én banh cong tac
c6 dang:

R =K,.b).R,. Hy (6)

Trong do: K 1a h¢ s6 phu thugc ché do
lam viéc va cau tao may bom.

Luc hudng tdm R trong cdc may bom
thai tro xi ¢o thé xac dinh theo cong thirc sau [2]:
R = Kqg [1 - (Q%Q“‘)Z] by.D, HYy  (7)
Trong do6: K, = (0,3 + 0,4) 1a h¢ s6 luc
xuyén tdm, nhén trén co s¢ thue nghiém; Q .

la Tuu lugng may bom tuong g vadi gia tri luc
hudng tam t5i thiéu.

Ché d6 lam viéc twong Umg véi gia tri
t6i thiéu cua luc hudéng tim (R ) trong tru(‘)rng
hop chung khong trung vdi che do lam viéc toi
uu, néu su khong tring 1ap nay cang 16n, toc do
bom cang nho.

Déi v6i may bom thai xi, tat ca cac ché
dd lam viéc cua may bom déu ¢6 su phan bd
van tdc va 4p suat khong dong déu theo chu vi
banh cong téc.

Budng xoin ciia may bom thai tro xi
dugc dic trung bang ty s6 dién tich tiét dién
ludi F| trén dign tich thiét ké cua buong Xoan
F o Dm v6i budng dan dang budng xoin

Fr,

— 0 dbi voi buéng dan dang tron

| FL — 1, v6i mdy bom thai tro xi, ty s6
Fp-c

F

—=(0,5+1).

Fpe

D61 voi buong xoan, tiét dién thiét ké
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phan cach véi tiét dién dau tién cua ludi dan,
vi vay & ché do lam viéc dac trung do sy phan
bd khong dong déu cua 4p suat khong xay ra su
can bang 4p suat theo chu vi banh xe cong tac &
16i ra. Do d6 da xuét hién luc hudng tim dang
ké trong nhing ché do lam viéc khac hoan toan
nhiing ché d6 dic trung bang sy phan bd dong
déu 4p sudt trén 16i ra ciia banh xe cong tac. Gia
tri cuc dai ctia luc hudng tm tuong tng véi ché
d6 khong tai hay ché d6 lam viéc qua tai. Gia tri
nho nhat ciia luc hudng tim gan téi khong.

Su thay d6i luc hudng tim trong may
bom thai tro xi phu thudc vao luu lufong may
bom (hinh 1.2a). D6i véi buong dan gan nhu
la Vong tron vung tiét dién ban dau va tiét dién
thiét ké ndi véi nhau (vi dién tich tiét dién ludi
va thiét ké 1a trong dong), tao diéu kién thuan
loi dé can bang 4p suat. Vi vy, anh huong cua
ché do 1am viéc may bom 1én sy phan b dong
déu ap suét va dai lugng lyc hudng tdm giam di

L O day, luu lugng
Fpe

tuong Ung voi gia tri cuc tiéu cua luc hudng
tam s€ nho di. Luc hudng tam tang khi tang luu
lugng. O tt ca cac ché do lam viéc, gia tri tuyét
dbi cua luc huéng tdm cua budng dan tron nho
hon nhiéu so véi gia tri luc hudng tdm trong
budng dan kiéu xodn (hinh 1.2b va c).

cung voi su tang ty 1€

Hinh 2. Su thay déi lyc huong tam theo cdu tgo

khdac nhau cua buong xoan
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3. BIEN PHAP GIAM LUC HUONG TAM
TRONG MAY BOM THAI Xi

Nhimng nghién ctru ly thuyét va thuc
nghiém [2], [3], [4] vé dong hai pha trong may
bom ly tdm da cho thay quy dao chuyén dong
cuia hat rén va cua chat 10ng mang hat 1a khong
trung nhau. Quy dao cia cac phan tir chit long
& ché do 1am viée 6n dinh cua bom thuong phu
hop v&i bién dang canh dan duoc thiét ké, con
quy dao chuyén dong cia cac hat ran thi léch
khoi quy dao cua dong chét long. Do 1éch nay
ctia quy dao phu thudc vao nhiéu yéu t6 khac
nhau nhu néng do hat, duong kinh hat, khéi
lwgng riéng cua hat, vi tri cua hat khi bat dau
vao canh dan va s& thay doi ¢ timg vi tri doc
theo mang canh dan banh coéng tic va mang
xo0an bc.

3.1. Giai phap giam lwc huéng tim trong
bom ly tam

Trong nhiéu trudng hop, khi truyén luc
hudng kinh 1én 6 d& cua truc phai kém theo viée
tang tuong tng d§ cing cua truc. Giai phap nay
vé mat k¥ thuat khong hop ly, vi vy nguoi ta
sir dung cac bién phap thiy luc can bang luc
hudng kinh.

Hinh 3. So' @6 cdn bang hec hirdng kinh bang hai

mdng dan xodn bao banh céng tic

Hinh 4. Buéng dan ra xodn c6 hai mang dan

Céc bién phap thuy luc can bing luc
huéng kinh thong dung 1a ting s mang dan
dong ra khoi banh xe cong tac. Khi s méang
dan dong 1a hai (hinh 3) thi m&i mot méng dan
dong bao banh cong tic mdt goc 180°. Luc
hudng kinh xudt hién vé hai phia ctia banh cong
tac trén mdi cung (180°) c¢6 gid tri bang nhau
va huéng nguoc chiéu nhau, do d6 ching dbi
xng va triét tiéu 1an nhau.

Tuong tu nhu vay, khi ) mang dan
dong ra I6n hon hai s€ tao nén mot h¢ luc trung
tam c6 gia tri bang nhau va c6 hop luc bang
khong. Trong trudng hop st dung budng din ra
kiéu canh, s6 mang dan lu6n luén 16n hon hai
va luc hudng kinh tdc dung 1én banh cong tac
can bang.

Trong cac bom cé budng dan ra xoin, dé
can bang luc huéng kinh, ngudi ta chia budng
xoin ra 1am hai mang dan xoén bang vach ngin
(hinh 4). Cac méang dan xoan c6 két cAu gidng
nhau va mdi mang dan bao banh xe cong tic
mot goc bang 180°.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 322, thang 11 nim 2024
cokhivietnam.vn / tapchicokhi.com.vn



NGHIEN CU’U - TRAO POI

Mang din xodn dau dugc chuyén tiép
t6i mang dan c6 tiét dién khong d6i. Hai méng
din ndi v6i nhau trong ong dip-phu-zo (6ng
loe). Trong cac bom nhiéu cdp, cin bang luc
huéng kinh (F,) c6 thé thuc hlen dugc bang
céch quay céc budng dan ra xoan mot goc 180°
d6i v6i nhau (hinh 5).

Hinh 5. Can bang lic hudng kinh bang cdch quay
buéng ddn ra xodn 180°

Luc hudng kinh tdc dung 1én banh xe
cong tac trong cac may bom nhu vay cé gia tri
bang nhau va hudng nguoc chiéu nhau. Céc luc
nay tao thanh ngiu luc gdy nén tai trong phu
tac dung lén 6 truc ciia bom, con hop luc cua
ching bang khong.

3.2. Giii phap giam lwc hwéng tam trong
bom ly tim van tai tro xi

Doi v6i may bom thai tro xi la dang may
bom dong hai pha rin — 16ng chiu mai mon, dé
giam luc hudng tAm, nén thiét ké budng dan c6
hinh dang tron hodc gan tron.

Pbi voi budng din c6 dang tron, co
kha nang chiu mai mon tdt, lam tang tudi tho
ctia budng dan, giam duoc lyc hudng tim. Tuy
nhién, vé mat thuy luc, ton that thuy luc trong
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budng dan dang tron 16n hon budng dan dang
xoan.

Khi thiét ké may bom thai tro xi, can
phai can nhic cac yéu té trén mot cach hai hai
hoa. Vi vdy, budng dan trong may bom thai tro
xi tot nht 1a thiét ké theo dang nira xoan.

Ngoai ra, dicu kién lam viéc ciia bom
thai xi 1a khac nghiét, hay mon, do vay ngoai
viéc tinh toan, lua chon vat liéu, thi két cAu bom
xi phai dam bao bén, cung vitng, chiu dugc cac
lyc sinh ra do qua trinh van hanh bom.
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