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Effect of inlet pressure on measurement of flow

resistance coefficient of cavitating venturi

HU Renzhong, LI Xiaoming, WANG Xin
(Xi’an Aerospace Propulsion Institute, Xi’an 710100, China)

Abstract; The measured flow resistance coefficient of cavitating venturi is the direct basis for the
performance calculation and adjustment of liquid rocket engine. Aiming at the problem that the inlet pres-
sure of some cavitating venturis could not be pressurized to the rated value in liquid flow test, the analysis
model of flow resistance coefficient was established and the effect of inlet pressure of cavitating venturi on
the measurement of flow resistance coefficient was studied. The relationship between the flow resistance
coefficient and the inlet pressure was obtained as well as the related correction formula. In addition, the
five-stage pressure test method for measuring flow resistance coefficient was evaluated. The research
results show that with the increase of inlet pressure, the throat equivalent circulation area of cavitating
venturi decreases and the flow resistance coefficient increases. The flow resistance coefficient increases ap-
proximately linearly with the decrease of reciprocal inlet pressure. The deviation of flow resistance coeffi-
cient is different under the symmetrical pressure on both sides of the rated inlet pressure, and the devia-

tion of flow resistance coefficient caused by inlet pressure decrease is greater than the deviation caused by

4 %5 H 87 :2018-04-22 ; & [E] A #7:2018-11-01
BEETB 34 DK G 5L 4 (61401 B06240601 )
YEE R AR (1994—) , B A, A5 40k Ay 1k 575 4 shal



45 % H2 1)

WAZAR, A5 L A T 0 b A L AR S50 ) s i 21

inlet pressure increase. The flow resistance coefficient measured by the five-stage flow method is small, so

the inlet pressure of the five-stage inlet pressure should be selected as close as possible to the rated inlet

pressure or asymmetrically. When all inlet pressures are all lower than the rated inlet pressure in liquid

flow test, the deviation can be effectively reduced by correcting the measured value of flow resistance co-

efficient.

Keywords: liquid rocket engine ; cavitating venturi ;inlet pressure ;flow resistance coefficient ; correc-

tion method
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Fig.1 Schematic diagram of the inner surface of

cavitating venturi
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Tab.1 Main parameters of three kinds of cavitating venturis

ZH ven-A ven-B ven-C
a/(°) 60 60 60
d,/mm 2.1 3.15 37.2

G/ (kg = s7") 0.5 1.0 87
P/ MPa 8.9 9.9 11.5
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Fig.2 Inlet Reynolds number as a function of inlet pressure

AFEABJES 04, 0 Rk 2 fr
/R) B 2 4 000 < Re<<80(d/A) , FRITUMAE NIi
IR BhE T e B2 25 i 2 e 4 X . IR
MAEMALOMA o =60°, Hishab TG & X nf, ik
26 BOL S B 7 £ 2 R PEEEE S 1R , IERT ¢ B Re 1
BRI N R EEAR N, 1T LA ¢ FEAAR A

®2 HOFEHTWEE

Tab.2 Variation range of inlet Reynolds number

e ven-A ven-B ven-C

P/ Po 0.10~1.66 0.08~1.49 0.05~1.25
Rex107* 1.8~7.2  3.3~13.4 51 ~226
80(d/A) 1 x10° 1 x10° 9.6 x10°
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Fig. 3 Flow diagram of cavitating venturi
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Fig.4 Flow resistance coefficient as a function

of inlet pressure
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Fig. 5 Relationship between inlet pressure

and Reynolds number
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Tab.3 Coefficients in formula of flow resistance coefficient

B3 ven-A ven-B ven-C
a 3.18x107°  8.76x107"°  2.96x10°"
b 0.211 0.114 0. 898
c 7.47 0.770 3.34x107°
K 35.0 6.72 3.73x107*
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Tab. 4 Distribution of five — stage inlet pressure

p;/MPa

Fkig
1 2 3 4 5

ven-A 6. 96 7.94 8.92 9.90 10. 89
ven-B 7.94 8.92 9.90 10. 89 11.87
ven-C 4.04 3.98 3.91 3.85 3.77
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Tab.5 Measurement deviation evaluation of

five-stage flow method

SR ven-A ven-B ven-C
K,/(MPa-s* - kg ?) 34.18 6.643 3.703x107*
K'/(MPa s’ - kg™ ?) 34.17 6.642  3.660 x107*

S/ % -0.029 -0.015 -1.2
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Tab. 6 Calculation results of flow resistance coefficient

deviation under different inlet pressures

8./ Y
Pi/Po
ven-A ven-B ven-C
0.2 -8.60 ~4.40 -2.10
0.3 -5.20 -2.60 -1.30
0. 40 -3.40 -1.70 -0.91
0.5 -2.30 -1.10 -0.63
0.6 -1.50 -0.76 -0.43
0.7 -1.00 -0.49 -0.28
0.8 -0.58 -0.29 -0.17
0.9 -0.26 -0.13 -0.07
1.0 0.00 0.00 0.00
1.1 0.21 0. 10 0. 062
1.2 0.39 0.19 0.11
1.3 0.54 0.26 0.16
1.4 0. 67 0.33 0.20
1.5 0.79 0.38 0.23
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Tab.7 Test results of flow resistance coefficient deviation

under different inlet pressures

Pi/Po Ok /% P/ Po Ok, /%
0.22 -8.00 0.19 -4.30
0.33 -5.50 0.29 -3.50
0.44 -4.40 0.39 -2.40
0.55 -3.00 0.49 -1.80
0. 66 -1.40 0. 60 -1.20
0.78 -1.00 0.70 -0.50
0. 89 -0.71 0. 80 -0.37
1.00 0.00 0.90 -0.18
1.11 0.19 1. 00 0.00
1.22 0.30 1. 10 0.17

1.20 0.36
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