Q. HI

O = DOL http://dx.doi.org/10.5293/kfma.2014.17.6.021
O Original Paper ISSN (Print): 2287-9706

lAel {7t ZAetEl E{EEZoAML| FHHIH0IM 3 Y

sy
S

o

L EES" - RS

o

re

Characteristics of Cavitating Flow in Turbopump Inducer/Impeller

Changhyun Kim', Chang-Ho Choi”, Jehyun Baek™"
Key Words : Turbopump( E]22-EZ), Inducer( $/7747), Impeller( Y E2), Cavitation( 7} 5] E /%), Numerical anaylsis(53 &j4j)
ABSTRACT

Propellent should be pressurized inside the turbopump to gain high thrust in a projectile. Turbopump is composed of an
inducer, which prevents impeller performance deterioration, and an impeller. Several types of cavitation occur inside the inducer,
numerous experiments and CFD simulations are conducted. Though, an inducer takes only small portion of total head of the
pump and the following impeller determines whole turbopump performance. In addition, low inlet pressure makes the flow to
be cavitated not only at the inducer, but also at the impeller in real cases. Therefore, flow through an inducer and an impeller
should considered simultaneously. In this study, LOX pump composed of an inducer and an impeller is analyzed by using
commercial CFD code ANSYS CFX 13.0. Non-cavitating flow with high inlet pressure and cavitating flow with low inlet
pressure are both simulated and head, suction performances are shown. Evolution of the flow and the cavitation by reducing
cavitation number and effect of cavitation on pump performance are studied.
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Fig. 1 Configuration of the turbopump
Table 1 Specification of the turbopump
Parameters Value
Design flow coefficient 0.0916
Inlet hub to tip diameter ratio 0.351
Tip clearance to
Inducer | inlet tip diameter ratio 00106
Outlet hub to tip diameter ratio 05
Blade number 3
Inlet to outlet diameter ratio 0.5
Impeller
Blade number 7
Ve d 4 . |2 PP
7dt E (§7TRB ) 47TRB g pf
s, dvy o B—P
T T o

P Zut 27 Ao] Absl &z o] 2lo|2 1Eal] 9
3 =E HF Aro|n, Zure siga ol (iR 2
Z 7120 RSt o] AL TEsle] P4 19| A
A r, 2 =Y FHe] A At 2 AEEL oS
3} 2t

m'fg: FST”“”;_T”)I)" %‘P”;;P‘ sgn(P,— P)

nuc

ANSYS CFX 13.00A= ¢ 44 ARSE 2 IAE9
712 ZEe® g,,=lum, r,,.=0,0005, F=50(Z% A]), F=
0.01(52 AD=Z AdA=o] qct,

=28 M7, Me=, 2014



Fig. 2 Grid system of the turbopump
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Fig. 3 Meridional velocity vector at 50%Qd condition
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Fig. 5 Suction performance of inducer in the pump
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Fig. 6 Suction performance of the whole pump
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Fig. 7 Pressure development through the whole pump

;& Zraslr] ARl Alujgo]A S0 olA] Al

Pyl 4
Bk A4 k9] Zolh glelon] T olfi 4 W B85
7h20] ghfrpol Them, ARME fA) W 3717 W
wol Aulgloldl wale] FErt gebd 4 9l7] whitelc,

AFAL T TAI At e E 23t A F
Zo] Fo) FAL vl EA QFA oA I A5kt Lo
o] Fof= Ao 4 AHlH ol SR FR
Asl7h WS ehgtths As & 5= Uk sfiAol AR
A T AFA AL FF Adlol| el Edol=
Hulglo]do] §-29] H(throat) g 9SO EA WAYgH
ths Zo] WAEgloma® B Aol AR A o]
oj R = dHe| o] B4 Hot AAIRE £A4S Q18 2 el
sl A 7hulEo]do]l AL glo] ol YAl FA==
A" A, FAT FFY At FEe(head breakdown)
o] WAsl7] AH A7 BeE A% 217 C (AR A
A A~CO] A= Fig, 60l YRS 9] B ¢ tolld &
7R 9] b e 39S Fig, 7ol YeEpSict e 7f

oF 2=

(S =FN
L

& M7, M6, 2014



Total
Proasure CooMciant

150084000 150084000
! 135084000 - ! 135084000
120084000 = = 1 1:2000+000
1.0508+000 | | 1.0508+000
9.0008-001 | 9.0008-001
7.5008-001 7.5008-001
6.0008-001 6.0008-001
20 % 4 5008-001 £ 4 5008-001
3.0000-001 | 3.0000-001
Pt 1.5008-001 Nt 1.5008-001
= 0.0008+000 0.0008+000
Total Preasure Coaffiiant Total Prsasure Cocent
1.5008+000 1.5008+000
! 135084000 ! 135084000
120084000 120084000
| | 1.0508+000 1.0508+000
| 9.0008-001 9,0008-001
7.5008-001 7.5008-001
6.0008-001 6.0008-001
50 % 4.5000-001 45000-001
3.0000-001 3.0000-001
2~ 3 1 500e-001 1.5008-001
= 0.0008+000 0.0008+000
Total Prsasure Cocent Total Prsasure Cocent
150084000 150084000
! 135084000 —— ! 135084000
120084000 120084000
1.0508+000 1.0508+000
9,0008-001 9,0008-001
7.5008-001 7.5008-001
6.0008-001 6.0008-001
80 O0 4 5000001 4 /5000-001
3.0000-001 3.0000-001
Pt 1:500e-001 1:500e-001
— 000084000 | 0.00080000

BHEHZ

B (¥4 Ask 4)

ollM2l ZHHIE0|ME RE =4
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Table 2 Pressure difference (A-B) at inducer outlet and impeller outlet

90 %Qd 100 %Qd 110 %Qd
ACp (A-B)
at inducer outlet 0109 0082 0.056
ACp (A-B)
at impeller outlet 0.037 0.026 0.015
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NOMENCLATURE
® @ flow coefficient, Q/(4,7,,)
W @ head coefficient, (p,—p,)/(0.500,,)

> A4 a9 © 3 @

Q
kel

< c O3

. cavitation number, (Pn -

. volume fraction
. efficiency, (p,—p,)Q/ (tw)
. density

D, )/(O'Ova“pl )

. torque
. angular velocity

. cross sectional area at inducer leading edge

© pressure coefficient, (p,—p,)/(0.5pU7,;)

. pressure

. volume flow rate
: blade velocity

. fluid velocity
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Subscripts
1 : inducer inlet
2 . impeller outlet
d : design
1 : liquid

tip : blade tip

VvV . vapor
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