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Abstract: To analyze the influence of clocking effect of pipe diffusers on the performance and
pressure pulsation of high-speed turbopumps and elucidate the influencing mechanism, this paper
conducts three-dimensional steady and unsteady numerical calculations of the entire flow field of a
high-speed turbopump in a liquid rocket engine. The study investigates the influence of clocking
effect of a pipe diffuser on the external characteristics of the turbopump., analyzes the energy loss
inside the turbopump using the entropy production theory, and evaluates the level of pressure
pulsation inside the turbopump using the root mean square (RMS) method. The results show
that with an increase in the angle between the pipe diffuser blades and the volute tongue, the

overall efficiency and head of the turbopump first increase and then decrease, with amplitudes of
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variations of 0.75% and 1. 68%, respectively. The turbopump exhibits better performance when

the angle between the suction side exit of the pipe diffuser blades and the volute tongue is 20. 5°

and 25.5°. The influencing mechanism is determined by the variation of vortices and energy losses

near the exit of the expansion pipe below the volute tongue. The rotor-stator interference effect is

the main cause of pressure pulsation inside the turbopump, and the clocking effect respectively

has impacts of 37.7% and 67. 6% on the pressure fluctuation at the turbopump outlet and near

the volute tongue. The outlet region of the expansion pipe below the volute tongue exhibits the

maximum value of pressure pulsation in the volute flow passage, and the influence of the clocking

effect on the maximum value of pressure pulsation is 20. 5%. The findings of this study provide

references for optimizing the performance and vibration of turbopumps in liquid rocket engines.
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Table 1 The geometric parameters of turbopump
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Fig. 3 The mesh of the pipe diffuser and volute fluid
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Table 3 Experimental validation of full flow field simulation

HE
| Exs |
TG A5 ) 0.679 1.143
BUERE 0.691 1.134
MRHR 2/ % 1. 80 —0.75

2 ARSI B

2.1 WEFIMXRLRAENZENZ N

A YT 2 -5 W 5 Y I R ARORL 0 s B AR 4 R R
UL R BCRE & 7 s . AWIE 7 WTLLE
ERAY ESET O E N C B E G WA R AL
R T AR S O S T v e R AR LR I 0
Cs \Cy A8 T8 Cs A, i EACR M 1
AR AL BE 43590 R 0. 75 %6 1. 6824

73.0 y 7 1.40
—a— R
R {19

723 1.38

1.37
E=d

1.36 B&

.\_I
by
715 /A\ {135 %
\— 1.34

o _/./

71.0 ;/

705 . .
C G & &

AR

1.33

1.32

~

IV PE 2 SRT RIEE 3 & I EZE VRS (AL

Fig. 7 The influence of the clocking effect on the efficiency and

head of the turbopump

2.2 BEEMKSN

W 77 e AN AT 30 R A 14 TN S ARl AR T
AR T HUMRBE R AL O N REJE R TG L O S B
W BB T AR R VF 22 o 3 M AT 7 B R 03
BRI R AR, MR R AW IR,
1+ v DX i 3 Ik 3l A P IS R A9 58 BT U1 IR
k22 51 R A PN R B 48 Ok L B B e U5 ik
A LA O UL VT AL B0 JE b i O 3 5 1 fE 4
KEOLE .

i L AL B AR 7 AR L R M i AL A
TT o LR HICIOU ph IR ] - 247 3 38 5 12 i U AR RO £
Jok S B 5 IR o i U U Bl LA AR R A A

http: // zkxb. xjtu. edu. cn

S DR
S. =S +8, (5)
A S il B 51 B8 7R S, S i Bk 3l
R SRR R,
FH - 25736 B2 5 RS A 7 R R R R o
so= B[ ae) + (e 5e) +
(3252 B[+ () 5 (32)°
(6
KF: oo NEYHEETE 2 y.2 7 EE &S
T R AU BE 5 e AR BN 1 B
16T i B 35 R P bk ol R ) e VR T
AR SST ko dim A, B ik 3l 3 B2 7= A4
RO P= AT A R
s, =ﬁ’% )

s B=0.09 N 25 R E 0 it VK SR 2 g
i BHHE .
0 R % PR 5% B SR ) i A8 K A
E=(|s.av)T (8)

v

XV TSR AR R

X 108 e 2 45 L U AT AR T A B A ALY R
i IR 3P 2000 X 109 8 A 3 A A B A 40K A R e 2
AU 8 Froi B v S i 8 A T BEER A Y BE R
W L e B RE R R .

90 - 180
¢ --——---- > -
80 F -~0—»_>;‘;_7_‘>>/,_/'
* 170
) — T me—

—=— R AT

60l o— i AL 160 =
—a— il =
K

Ji it

- - AR o
40 &
) — 140 4
30
130
0L < ]
‘lO l 1 1 1 ( ]20
& , C C, s

iy Hc/‘ﬁ

B8 IS A 17 %ok i i % 4% Ui 3L A e 451 % 11 5% T
Fig. 8 The influence of clocking effect on the energy loss

in various flow domains of the turbopump

M8 Al DL HY i 58 2 5 BE 1 451 Ok B A 5T
e i B e 37 ) 8 22 BRI S T B X




190 [N .

PN

% 58 &

5187 ORI 7 B 2R A 7R A SR X
FPALE Co Ab i 58 2 1 S RE B LR B S R AR
B o A HB AR Y B AR Ok A2 A il L nT LU
B 280N % 45 2T He 45 R 52 IAE SR 1Y) e K
My 558 A %o A 38 A 52 ) 652/, G v o T % R

70 B RE I 40 M £k 5 R AR Ak il 4 B A A )
B, RV P TR A% I F 00 X 168 58 A A R Y
AU S T N R A e R I B (Ui (1 N A T
B U e A% R 5T v 1] 8 T A JR) A0 7 3 43 A An
K9 Fis

0 0.1 02

03 04 05 06 07 08 09 1.0
JA R/ (MW e m™ « K7

(dC,

(e)C;

P9 AR I 7 o 8T A8 A s 4% T 093 58 o (1) 480 T ) SR 9 A 7 % 40 A
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Fig. 18 The location of the maximum pressure fluctuation in

the volute flow channel at different clocking positions
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