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Research on the influence of water injection parameters on flow
field of rocket jets
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Abstract: A study on the effects of different water injection conditions on the jet flow field of a
rocket model was performed. The numerical calculation of the jet flow field of a single nozzle rocket
during water injection was carried out based on the computational fluid dynamics (CFD) and Mixture
model. The effects of water injection on average temperature, pressure, velocity and turbulent kinetic
energy field of rocket jet were analyzed in different water injection velocities and flow rate conditions. The
results showed that when the water injection speed was greater than 30 m/s, the temperature and speed of

the nozzle jet can be effectively reduced. When the water injection speed was lower than 20 m/s, the
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influence of water injection on physical quantity of the jet axis became smaller. When the water injection

speed was 30 m/s and the flow rate was more than 2.2 times the nozzle jet second flow rate, the nozzle jet

temperature and speed can be effectively reduced. When the action point of water injection and the jet

were located at the first three shock wave positions of the nozzle jet, the water injection had a good effect

on the jet cooling and velocity reduction, and the closer the operation point was to the upstream, the more

obvious the impact on the nozzle jet was. However, in practical engineering applications, the injection

should avoid splashing on the nozzle.

Keywords: rockets; water injection; gas-liquid multiphase flow; flow field of jet;
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Table 1 Gas nozzle condition

S8 ¢
B A H B4 Dy/mm 50
IS IfRIE B4 Dymm 19
Wi 0 B4 D/mm 67
KB L/mm 207
W E AU p'/10° Pa 5.5
I RE O BIR T/K 3700
x2 MEWESHER
Table 2 Gas property parameter
24 BE
JEE IR JFi i M /(g/mol) 25.88
HAE FRRAE ¢/ (K0/(kg'K)) 1.9174
SHEH(W/(mK)) 0.205
%107 (kg/(ms)) 6.37
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Fig.2 Relative position of water injection pipe and gas nozzle
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Fig. 3 Size of water injection pipe
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Table 3 Condition of different water infection velocity

Feg KE RN /mm KR (m/s) K e/ (kg/s)

1 4%30 20 48
2 4% 30 30 72
3 4%30 35 8.4
4 4% 30 40 9.6
5 4%30 45 10.8
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Table 4 Condition of different size of water injection pipe

e AKEHORS /mm HARERE/ (m/s)  HoK TR/ (kg/s)

1 4%6 30 1.44
2 4% 10 30 24
3 4%20 30 48
4 4% 30 30 72
5 4% 50 30 12

6 4%70 30 16.8

x5 HERFEKRENTREH

Table 5 Condition of same water injection flow

JPe KPR /mm VKR (m/s) KR/ (kg/s)

1 4x6 66.66 32
2 4x10 40 32
3 4%20 20 32
4 4%30 13.33 32
5 4% 50 8 32

R6 TEFKESENTRIEH
Table 6 Condition of different height of water injection pipe

5 KBRS /mm ARG/ (m/s)  FEKAE B /mm

1 4% 10 40 150
2 4% 10 40 50
3 4%10 40 0
4 4% 10 40 -25
5 4x10 40 ~100
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Fig. 27 Volume fraction contour of vapour while the water

injection velocity is 30 m/s
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Fig. 35 Turbulent kinetic energy on nozzle axis of different size
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Fig. 41 Velocity magnitude on nozzle axis of different velocity

of water injection

600
L,=6 mm, V,,.,=66.6 m/s
500 —— L,=10 mm, V_,,,~40 m/s
L,=20 mm, V,.,.~20 m/s
400 | —— L,=30 mm, V,,~13.3 m/s
L,=50 mm, V=8 m/s
300} —— No water

200

100 |

Turbulent kinetic energy/10° (m?%/s?)

0 5 10 15 20 25 30 35 40
Y/D
[ 42 [l K GE B I A 2L 1 it Sl AR S 1
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velocity of water injection
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