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Leakage Characteristics of Wear Ring Clearance in Liquid Oxygen

Turbo Pump under Thermodynamic Effect
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Abstract: To accurately analyze the leakage characteristics of the wear ring clearance and the
influence of the leakage flow on the internal flow field of the liquid oxygen turbo pump, SST k-w
turbulence model and high resolution algorithm are used for numerical simulation of the pump
based on full size and the whole flow field to investigate how thermodynamic effects affect under
different flow rates, the external characteristics of the pump., the leakage flow rate of the wear
ring clearance, and the cavitation characteristics. The results show that each empirical formula
from Ovsyannikov can predict the leakage characteristics accurately near the rated operational
conditions while it cannot be so accurate in the case of deviation from the rated conditions. The
pump efficiency is higher and the leakage is larger for liquid oxygen compared with normal
temperature water at the same volume flow rate, and the leakage difference is related to the flow
rate of the pump. In the isothermal condition, the leakage flow rate is little affected by the
temperature of the working fluid, and the leakage loss is larger when high temperature liquid
oxygen is adopted as the working fluid under the rated operational condition. For thermodynamic

effects, the temperature rise in the pump cavity and the wear ring clearance increases with the
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decrease of the flow rate of the pump and is about 1—3 K with the flow rate of the pump growing

from 120% to 40%. Compared to the results in the isothermal condition, the pump head and

efficiency slightly increase, and the vortex at the inlet and outlet of the wear ring clearance

increases, but the leakage significantly decreases. The reduction in the leakage is inversely

related to the flow rate of the pump, with a maximum reduction of 3%. Moreover, the cavitation

in the wear ring clearance is aggravated.

Keywords: liquid oxygen turbo pump; wear ring clearance; thermodynamic effect
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Table 1 Design parameters of liquid oxygen turbo pump

Q/(m* *h™") n/(r*min') H/m 17/% P/kW  n,

20. 196 16 000 257 70 22.8 70
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Fig. 1 Model of liquid oxygen pump
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Fig. 3 Structured mesh of inducer and impeller domain
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Fig. 4 Structured mesh of wear ring clearance
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Fig. 5 The validation of mesh independence
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Table 2 Empirical formula for leakage flow rate calculation

of wear ring clearance
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Table 3 Physical parameters of liquid oxygen
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Fig. 7 Comparison of pump performance curves
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Fig. 8 Comparison of leakage flow rate curves
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Table 4 Physical parameters of liquid oxygen at different

temperature

Mg/ wEE/ W/ WERRE HRER/
K (kg+m ) (10 "Pass)(Jokg '« K D(Wem '« KD

90 1143.2 1.9779 1696.3 0.151 4
95 1118.0 1.729 3 1712.2 0.144 2
100 1091.9 1.5317 1734.6 0.136 9
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Fig. 11 Leakage flow rate curves at different temperature

3.2 EERANFYLE T OWRE RTINS

TE o 5% SR Y V) L 22 Ui L TR BCE AR T
TSI PN S B A A T T o T P 2 b SR s
TR T 5 24 i A 28 PR I L 23 R AR A AR
A0 T B T O R 7 2R R Y . Uk B R IR
JOK W S AT BB . i ] Total Energy £ REAL
TSR fii Ge & 7 B2, ffi ] Zwart-Gerber-Belamri 55 {k
BRI 5 55 R A% 10 T 0 3 AR 10 B 400 45 X L
3T .

B A CEX-CEL s8R %2 3

http: // zkxb. xjtu. edu. cn

JE PR VIR M R 2R S Y
PES BB L B 722 AL, WS 805 i 1 56 AR
PRUER AP S R S IR A U AT L

p=2150—23.81T+0.208 2T* —7.59 X 107'T*

(O
= 0.002 27 —4.79X10°T+3.61 X107 T* —
9.394 X 10°°T® (2)
C, =—6 2694 243. 92T — 2. 504T* + 0. 008 65T°
(3

A=0.28—0.001 4T —4.45 X 107" T* 4
1.31 X 107°T® (4

pe =—4.419 340.167 5T —0.002 16T* +
9.488 X 107 °T® (5)

A T R A 2 M3 5 s 0 R U AR 5 B 5 e Ry TR B
NFEEEC, AR o AR 2 NIRRT p.
SRR 2 b IR A AR . A (D) ~ (B I IE
TG BN 70~150 K., 1 f A 400 3 B 45 1 .

SR 43 AT A - A (i) It 3 O O GE PN 0 I R 3 AR
b, WY AL 1] 7 5 - 1 BA [ B 3 O P I 8 A M
1 AN 12 fr7m, Wa DU T 1~ 3 76 5 B 0N . W0 T 4
~8 Wy FI AR E BRI A O 2= DA &,

[ 12 1 FR E] B P 0
Fig. 12 The positions of the monitoring points in the wear

ring clearance

(ESI IS % N i = o T R N 1=1 7 %
it e 000 X A s - 11 A [ B 3 PN R BE 7 R T AR
ZE U T RN L - 10 B JA] B O G PN R AR
80 %0 ~120 Y% i 1 L0 %% B - 11 4[R]3 3 3 Lb
AR TR R SR L0 W E MR
Bl 1~3 K, AFEGE T T . i ARG
SR, F 2 I R i & 1 BRI B E 1B % U
ZIN o 1T AN T 0 3 T P I B S 0N PR N A AE — IR
AR AR A

14 25 [ 7 24 5800 5 5 T 2% 1R A UL A 2
vERERN 2k . I 15 2% AT E RO N S i SRR




%7 KR 55« 25 R ARy 5T 118 T 6 43 10 i) it T s o 1 151
—=—00,'=04 —v— 00,510 KB,
93.0r ——00;'=0.6 —o—Q-0;'=1.2 L8r
+Q'Qd-1:0-8 e
92.5 ‘\-—.\-\-’4‘_—/- \\ —u— A N
LT\ e R
92.0
v E
< ’“\W S LB
91.5 | 2
W =
aof S sl
oS
0.4 0.6 0.8 1.0 12
J]]Vnr_:rl\l =] :
i) 00,
o) Y V2 3 VH BE A
& 13 1 BA[a] Bt it 38 3R BE 4 A (R
Fig. 13 Temperature distribution in the wear ring clearance
1.005
B IRE  JRR  EE SRT HR N
YrE 5 5 i B0 S T L TE R /N 5 2R N S L '
N NIV N W, s 0.995
A F R E A AR OG5 IR T 0N T A
b R T 2R O T R T e
JE e Rk R /0 i TR B R 2 A AR R T R B T 0.985F
L —m— R RN
A& 0.980 o mAT
290 180
0.975
280
0.970 ! ! L L .
270 0.4 0.6 9.18 1.0 152
004
260 R
£ S (b i 3 &2t AR LA
<
250 B15 i T A R L
240 Fig. 15 Comparison of the results of leakage flow rate
230 A N N N N N
P 16 A 4R 2 PN I S L EE 0 A1 L 2R N B T
220 ! ! ! L : 30 S Sde — -
G R LU FEMBEA T AW DTS I R AR T m . i
004

Bl 14 ZRAERE M Z 1L

Fig. 14 Comparison of pump performance curves

B 15 25 AR )~ 3000 5 A I R PR AREAU R R
THE U 45 PSR AP g O A% U B D0 S T A 1R
1P [a] B e 30 o by 2 - M) B G P 3l T AR
R B 2 R0 2 T A R A W S . B R
A 2 0T I T U 4 Al AR PR DL it O A Y 22
Tt 5 3 00 A R /N L AE 120 %0 R T
SR LA AR X5 AL 13 R 11 FR A B
U8 P I BE S A LW /N TR T O R R 3R
TFa B 3L T A 3 T A A g 2 AR ) it T 114 5 )
BR . FEATR T 00 RT » % EAR T 2 3500 AU 1Y
T U /0 T A5 L A% RSSO0 IR f v O L 5 A DL 4
SR A F ]+ 58 T T e 1 A 5 W 2 O

http: // zkxb. xjtu. edu. cn

e R R AN B 2] 1 R W g R R T IR
AT 1 5 99 5 19 Sl i o0 R T sl AR E

N ] .

90.00 90.43 90.86 91.29 91.71 92.14 92.57 93.00
77K

-
TN
e

‘.
'-

(a) FE 5l # m




152 [ . i

556 &

B B
IIlln:!!=7 s

(b) - 1 B X 3

)

Co) -4 v 8 T
[ 16 VAR N IR B 3 40 A

Fig. 16 Temperature distribution of liquid oxygen pump
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Fig. 18 Vortex distribution at different conditions
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Fig. 21 Distribution of temperature in the wear ring clearance
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Fig. 22 Distribution of pressure in the wear ring clearance
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