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TOM TAT
Dong chay hai pha ran -long trong bom ly tim rét phtrc tap, phuong phap tinh toan thlet ké thuy luc cho
bom ly tdm hai pha van con nhleu diém chua dugc 1am sang t6. Co hai van dé chinh can luu y cia bom ly

tdm hai pha rin-l6ng la hiéu sut thip va mai mon nghiém trong. Trong bai béo nay nhom tac gia nghién
ctru, dong chay hai pha rén- long, chuyén dong dimg, khéng nén, trong bom ly tim véi s6 vong quay dic

trung thap bang phuong phap sb. Pugc phén tich bang cach sir dung mé hinh rdi RKE, k—¢&, trong do
anh huong cta ndng do thé tich pha ran dén hiéu suét ciia bom dugc nghién ctru mét cach chi tiét. Cac két
qua m6 phong cho thdy ring cac dic tinh pha rin trong dong chay hai pha, dac biét la nfmg d6 phan trim
pha rin trong hdn hop, duong kinh trung binh cta hat rin c6 anh huong 16n dén hiéu suét ciia bom. Cot
ap va hidu suit cia bom giam khi duong kinh hodc phan tram pha ran tdng. Mat hut cta canh banh cong
tac bi mai mon nghiém trong hon nhiéu so véi mat day Két qua thu dugc so bo cho thay cac dac tinh cua
dong chay hai pha rin léng trong bom ly tam, gitp ich cho viéc cai tién va didu chinh thyc nghiém trong
tinh toan thiét ké thuy lyc bom ly tam.

Tir khoa: Dong hai pha; xi than; bom hai pha.

1. Pit van dé

Bom ly tim dugc sir dung rong rii trong cac hé théng van chuyén bin va co chi phi tiét kiém hon van
chuyén bang xe tai hodc bing tai. Van chuyén hdn hop bun bing bom ly tim thuong dwoc ding dé nao
vét kénh dan nuéc, san lép mat béng cho muyc dich xay dung, khai thac mo, vén tai tro xi trong cac nha
may nhiét dién,... Hiéu sut hoat dong cua bom ly tdm sir dung trong van chuyén bun phu thudc 16n vao
viéc thiét ké bom va cac dac tinh cta hdn hop hai pha ma bom van chuyén. Nghién ciru mt cach bai ban
c6 hé théng dong chay hai pha 16ng rin trong bom va anh hudng cua kich thuéc hat rin dén tinh chét
dong chay 14 co s& quan trong dé thiét ké va nang cao hiéu suit hoat déng ciia bom trong hé théng van
chuyén dong hai pha.

Nghién ctru, phén tich dong chay hai pha trong bai toan thyc té chu yéu duoc thyc hién bang cach sir
dung phuong phap $0 (CFD). Trong phuong phap s6 cac hat rin trong hdn hop thudng duoc coi nhu mot
mbi dong gia chat long, quy dao chuyén dong cta cac hat tim duoc bang cach giai phuong trinh dic trung
ctia m6 hinh dong chay nhiéu pha [1]. Phuong phap nay da dugc duge st dung rong rdi trong nhiéu bai
toan k¥ thuat do do chinh xac cao, chi phi thip ciia n6 trong tinh toan phéan tich dong chay nhiéu pha.
Tinh toian mo phong dong chay nhiéu pha c6 thé d& dang thyc hién nho st dung cac phan mém CFD
thwong mai c6 san. Piéu ndy dugc thé hién rd rang trong cac bai bao nghién ciru vé dong hai pha chat
long rén trong may canh dan [2], [3], cac bai bao d6 c6 dong gop dang ké vao viéc thiét ké hidu qua hon
bom hai pha ran long Tuy nhién, trong phwong phap CFD ciing c6 nhiing han ché nhat dinh do su xap xi
gin dung cia hat rén, va sy khong lién tuc trong qua trinh chuyen d6ng cua cac hat rin. Anh huéng cia
dac tinh cta hat nhu vat liéu, hinh dang va kich thudc khong thé duoc tinh toan chinh xac bang cach s
dung phuong phap.

2. M6 hinh va phwong phap tinh toan
2.1. Cong cu va phwong phdap mé hinh mé phong)

Nghién ctru sir dung phan mém Ansys-Fluent [4] cho md phong dong chay hai pha 16ng-rén trong bom
ly tim. M6 phéng dong nhiu pha dwoc thuc hién theo mé hinh mé hinh DDPM (Dense Discrete Phase
Model) cho dong nhiéu pha ndng d6 cao. Mé hinh DDPM dua trén phwong phép Euler-Lagrange cho
dong nhiéu pha duoc cai tién tir mo hinh DPM (Discrete Phase Model).



Dang téng quat ciia cac phuong trinh bao toan khéi luong va dong lugng dugc cho boi cac phuong
trinh (1) va (2) dudi day:

0 -
a_f + V(pV) = SDPM + Sother (1)

agz +V.(pW) = -Vp+V.r+ p.g+F veu + F otrer (2

trong do:

p - mat do;

¥V - véc to van tdc;

Sppum - khéi lwong duoc thém vao pha lién tyc tir pha phén tan;

Sother - khi lrgng thém vao khac;

p-ap suat;

T - ing suat;

g - véc to lyc trong truong;

Fppu - luc tic dung 1én pha lién tyc tir pha phan tén;

l_?)other - luc khac.

Don vi: sir dung hé théng don vi chudn quéc té SI

Mb hinh DPM chi phti hop véi cac bai todn c¢6 nong do pha ran nho hon 10%. Dé vuot qua gisi han
nay ciia mé hinh DPM, trong mé hinh DDPM, ty phan thé tich ciia cac pha riéng biét dugc tinh dén bing
cach mé rong phuong trinh (1) va (2) t6i hé cac phwong trinh duge viét cho timg pha p nhu sau:
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npha
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=1
trong do:
a - ty phan pha;
- d6 nhét cia pha q;
D, q - cac chi s6 dudi, dé chi cac pha khac nhau;
g, - ddc trung cho tdc d6 chuyén khéi lwong tir pha g sang pha p;
Ty - déc trung cho tdc d6 chuyén khdi lugng tir pha p sang pha gq;
K - hé sb trao ddi dong lugng giita cac pha;
va liftuser - hop luc cua trong luc a0, luc nang va ngoai luc;
qu - van tbc tuo’ng dbi gitra cac pha;
Sppm, other - tong khéi Iuong dugc thém vao pha lién tuc tir pha phan tan;
Céc s6 hang trao d6i dong lwong (ky hiéu DPM) dwoc tinh dén chi véi cac phuong trinh cho pha chinh.

2.2. M6 hinh tinh todan
M5 hinh tinh toan 1a bom ly tim mét cAp véi cac thong s6 thiét ké nhu sau: Luu lugng Q = 200 m*/h,
cOt ap H = 54 mH,0, va toc d6 quay n = 1450v/phut . Cac thong s6 hinh hoc chinh dugc thé hién trong

Bang 1, canh banh cong tac c6 dang canh tru [5]: )
Bang 1. Cac thong so co ban ciia bom mé hinh

Puong kinh mép vao Duong kinh mép ra Chi€u rong mang dan cua A g 1x
bénl% cong téchl bénhgcéng tac ]g2 banh cong t%’lc tai %fra vao bl Chicu day 14 canh
(mm) (mm) (mm) (mm)

140 400 60 15

Goc dat canh mép vao | Goc dét canh mép ra Chiéu rong mang dan cta
banh cong tac tai cira ra b2 S614 canh Z
B 182 (mm)
28 34 60 5

2.3. Chia luéi mién khong gian tinh todn



Phan khong gian khao sat bao gom phan tinh va phin khong gian dong, trong bai bao nay mlen khong
gian khao sat dwoc mo hinh héa bang ludi tr dién khéng cau tric. Dé tinh hiéu suét cua bom, sb lugng
ludi ding trong cac tinh toan 1a 1.300.118. S6 ludi khong di 16n d&& mé phong dong chay trong 16p bién,
nhung n6 c6 thé duge st dung dé dy doan twong ddi chinh x4c hiéu suit ctia bom & bén ngoai 16p bién va
bét dwoc cac hién twgng co ban cia dong chay.

Hinh 1. Mién khéng gian sau khi chia luéi
2.4. Phwong phap tinh

M6 phong 16i dwoc thuc hién theo mé hinh RKE (Realizable K — £ ). Qua trinh tinh toan, mé phong
dong chay dugce lap lai cho dén khi hdi tu v6i mot bude thoi gian nhét dinh (t=10s). Cac mo phong xac
dinh vi trf tirc thoi, bién thién van toc moi hat ran.

2.5. Diéu kién tinh todn

Céc diéu kién tinh toan sau diy nhiam khao sat anh huong ctia mot s6 yéu tb ctia pha rén dén dic tinh
clia bom gdm:

- Pé khao sat anh huong ciia dudng kinh hat, cac trudng hop mé phong duge thyuc hién véi duong kinh
hat 1an lugt 14 1a 2 mm, 4 mm, 6 mm, 8 mm v&i phan trim pha rén 1a 33% va khéi lugng riéng 2260
kg/m’ [6]

- Pé khao sat anh huong cua ndng d6 thé tich pha rén, cac truong hop mé phong dugc thyc hién khi
nong d phan trim pha ran lan luot 1a 7%, 14%, 30%, 62%, gia st ring duong kinh 1a 2 mm va khoi
lugng riéng 1a 2260 kg/m’;

3. Phan tich két qua
3.1. Anh hwdng ciia cac ddc tinh hat téi quy dao chuyén dong pha ran trong bom

Hinh 2 cho thiy céac ket qua md phong s6 phu hop véi két qua thuc nghiém. Cac gia tri cot ap dugce
tinh toan bang mo phong sb nhé hon cac gia tri thuc nghiém khi luu lugng dong chay hoat dong thap hon
gia tri dinh mtrc.

Mat dé hat (kg/m?)

2260.00
100%.
2034.00

Vung xody

1356.00

50% - 1130.00

904.00

67800

25%

45200 ']
e
226,00 *g‘
0.00 t

Case01-7% Case 02 -14% Case 03 -30% Case 04 -62%
Hinh 2. Anh huong nong do toi phdan bo hat trong buong xoan banh cong tac



Mat dé hat (kg/m?)

226000
100%
2034.00

1808.00

75% 158200

Case 03 -d,=2mm Case 05 -d,=4mm Case 06 —d,=6mm Case 07 —d,=8mm
Hinh 3. Anh hwong kich hat téi phan bé hat trong buong xodn banh céng tac

Hinh 2 va Hinh 3 cho thdy phan bd va quy dao cuta cac hat rdn bén trong bom trong nhitng thoi diém
khac nhau trong qua trinh mé phong. Céac phén tinh toan cta éng hit va éng diy dugc bo qua dé thé hién
1 rang sy phan bd cua cac hat rin xung quanh cac canh cta banh cong tac va vo bom. Phan bd cua cac
hat r rang cho thiy phan tram khéi lugng pha rin trong hdn hop ting dan trong khoang thoi gian t < 0,2s.
Sau d6, cac hat rin c6 xu hudng phan bd ddng déu hon trong phin 6ng hut cua bom, va di vao canh banh
cong téc doc theo cac mt ddy cua canh banh cong tac. Tir cac hinh anh minh hoa trén c6 thé thiy céc hat
¢6 khuynh huéng duy tri quy dao 6n dinh trong sudt .dong chay theo hudng tiép tuyén véi bién dang canh
cua banh cong tac. Cac hat cling ¢6 khuynh huéng ling dong doc theo tuong ngoai cua budng xodn va di
chuyén xu6i xubng diu ra. Nhin chung, quy dao cia hat khong co sy sai léch nhiéu giita cac truong hop
duoc khao sat.

3.2. Anh hwong ciia cdc ddic tinh ciia hat tdi ton thit ap sudt du ra ciia bom

Anh huong cia dac tinh cia hat dbi voi van tde va ap suét téng tai ddu vao banh cong tac ¢ phﬁn trung
tam dugc thé hién trong hinh v&. Hinh 4,5 cho the”iy su phan b cua van toc tuyét dbi va ap sudt téng 1a rat
giéng nhau trong cac truong hgp mo phong. Ca hai déu co cac dic diém dao dong c6 chu ky xap xi nhau
do sy bd tri hinh hoc ciia canh banh cong tac va dat cuc dai tai mép thoat ciia canh banh cong tac. Trong
khi do, ca hai déu khong ddi xtng do anh huong cua hinh dang canh banh cong tac, va dat gia tri cyc tiéu
gin dau vao canh banh cong tac, tir d6 ¢6 thé két luan ring bién dang canh banh cong tac dong mét vai tro
quan trong voi dong chay bén trong banh cong tac.

A% 5

Ap suat (bar)
Van t&c (m/s)

o] 0.2 0.4 0.6 0.8 1 1
Thaigian (s) 0 0.2 0.4 0.6 0.8 1
—— Clra hat, trudng hop 1 —— Clra x4, tredng hop 1 Thoi gian (s)
Clra hat, tretng hop 2 —— Clraxd, trwerng hop 2 X
M - L : Van t6c pha rén, truvamg hop 1 —— Van tdc pha long, trugmg hop 1
—— Cira hat, treeng hop 3 Cira xa, trwong hop 3

V4n t6c pha rén, trudng hop 2 —— Vién t8c pha I6ng, tregng hop 2
Van t8c pha rén, treding hop 3 —— Vin téc pha Iéng, tredng hop 3

) Hinh 4. Anh hwéng nong do hat dén phén bé dp sudt va vdn téc trong bom .
(Ket qua ap sudat cua bom sinh ra veng voi nong do 7% la 5.61 bar, nong do 14% la 5.58 bar va nong do
30% la 5.45bar)



Ap suat (bar)
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—— Clra hit, trudng hop 1 — Clraxa, tredng hop 1 V4n tc pha rén, trutmg hop 1 — Vin t8c pha Idng, trrdng hep 1
B 0 ? e et " Van t8c pha rén, truting hgp 2 — Vén toc pha léng, trrong hap 2
Cira hat, truong hop 2 Clra xa, truong hop 2 Van t6¢ pha rén, trubmg hop 3 — Vin téc pha Bng, trvons hop 3
—— Cira hit, truong hop 3 Clra x3, trremg hop 3

) Hinh 5., Anh hwong kich thuoc cua hat dén phan bé ap sudt va van téc trong bom
(Ket qua ap suat cia bom sinh ra vng voi duwong kinh hat 2mm la 5.41 bar, 4mm la 5.25 bar va 6mm
) ) 1a5.08 bar) .
Hinh 4 va Hinh 5 cho thay vén toc tuyét doi cua pha ran c6 xu huéng tang khi nong d¢ hat tang. Ngugc
lai, &4p suat tong giam khi nong d¢ ting.
4. Két luan va trao doi
Dua trén két qua mo phong, nghién ciru dua ra mot s6 nhan xét sau:

e Nong d6 hat, duong kinh hat 13 nhitng thong s rat quan trong anh huéng dén hiéu suét thuy luc cia
bom ly tim van chuyén hdn hop hai pha rén long.

e Cacotap vahi¢u sudt bom giam vdi su gia tang cua duong kinh hat hoac néng do phén tram pha rén.

e Cau triic dong chay thay d6i la tinh nang rd rang nhat & dudi canh banh cong tac, va nd tré nén rd
rang hon khi ndng d6 phén trim pha ran trong hdn hop ting lén.

e Banh cong tic 1a phin chinh bi mai mon khi bom van chuyén dong hai pha rén, 16ng. Cac mit hut
cua canh banh cong tac bi mai mon nghiém trong va cac mat déy chiu bi mai mon nhe chu yéu o
ving duoi.

Can m& rong khao sat anh hudng cua céc yéu t trén t6i hiéu suit, d0 mon hong tai banh cong tac, ...
de toi uu hoa thiet ké bom ly tdm van tai dong hon hop hai pha ran — long.

Tai li€éu tham khao

1. CAI Baoyuan. Theory and design of two-phase flow centrifiigal pump[J], Kexue Tongbao, 1984,
29(3): 407-414.

2. Medvitz R. B., Kunz R. F., Boger D. A., Pauley L. L. (2002), Performance analysis of cavitating
flow in centrifugal pumps using multiphase CFD, ASME Journal of Fluids Engineering, 124, (2), pp.
377-383.

3. LiulJ, Li Z., Wang L., Jiao L. (2011), Numerical simulation of the transient flow in a radial flow
pump during stopping period, ASME Journal of Fluids Engineering, 133,(11), pp.101-111.

4. ANSYS, Inc. (2009),Ansys Fluent 12.9 — Theore Guide.

5. Bui Minh Hoang, Nguyén Thé Mich, Nguyén Duy Chinh. M6 phéng sb cho dong hai pha rin - 16ng
trong bom ly tdm bé’mg mo hinh DDPM. Tdp 3 - Co hoc Thiy khi, Héi nghi Co hoc toan quéc lan thir
X, Ha Noi, 12/2017.

6. Vi Thanh Lam, Lé Pttic Nguyén, Pham Trung Nguyén, Duong Dtrc Hai, 2016. Nghién ctru lya chon
vat li¢u chen 10 tro, xi nha may nhiét dién, da thai va ba sang lam vat li€u chen 10 trong cac moé than
ham 16 thude TKV. Tuyén tdp bdo cdo Hoi nghi KHKT M6 toan quoc lan thir XXV.



ABSTRACT

Numerical Simulation and Analysis of Solid-Liquid Flow in
Centrifugal Pump

Hoang Bui Minh', Chinh Nguyen Duy'
! Hanoi University of Mining and Geology

The flow with solid-liquid two-phase media inside centrifugal pumps is very complicated and the
relevant method for the hydraulic design is still immature so far. There exist two main problems in the
operation of the two-phase flow pumps, i.e., low overall efficiency and severe abrasion. In this study, the
three-dimensional, steady, incompressible, and turbulent solid-liquid two-phase flows in a low-specific-
speed centrifugal pump are numerically simulated and analyzed by using a computational fluid dynamics
(CFD) code based on the mixture model of the two-phase flow and the RKE k-¢ two-equation turbulence
model. The simulation results predicted indicate that the solid phase properties in two-phase flow,
especially the concentration, the particle diameter, have strong effects on the hydraulic performance of
the pump. Both the pump head and the efficiency are reduced with increasing particle diameter or
concentration. However, the effect of particle density on the performance is relatively minor. An obvious
jet-wake flow structure is presented near the volute tongue and becomes more remarkable with
increasing solid phase concentration. The suction side of the blade is subject to much more severe
abrasion than the pressure side. The obtained results preliminarily reveal the characteristics of solid-liquid
two-phase flow in the centrifugal pump, and are helpful for improvement and empirical correction in the
hydraulic design of centrifugal pumps.

Keywords: Two-phase flow; coal ash; two-phase flow pump



