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Computation and analysis of thermodynamic parameters of

shock wave and detonation wave in H,/0, rocket engine

JIANG Kai, HE Yungin, LIANG Guozhu

(School of Astronautics, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: In order to analyze the effects of shock wave and detonation wave on hydrogen oxygen
engine more accurately, the thermodynamic parameters are calculated and analyzed, in which the in-
fluence of thermo-chemical reactions are fully considered. Dased on the traditional one-dimensional
pipe flow model, a chemical equilibrium model is introduced to calculate and analyze the general law
of the influence of propellant mixture ratio and chamber pressure on the shock position and thermal pa-
rameters, and then the C-J detonation theory based on thermo-chemical equilibrium is used to calcu-
late and analyze the effects of propellant’s mixing ratio, initial temperature and initial pressure on
detonation wave. The results show that the shock positions in the nozzle expansion section are linear to

the pressure in the combustion chamber, and the temperature ratio at the shock wave is about 28% ~
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38% lower than that without thermo-chemical reaction, where the pressure ratio has no significant

difference. The temperature ratio and the pressure ratio are minimum at the stoichiometric mixture ra-

tio. The results also show that the detonation wave intensity enhances with the increase of initial pres-

sure and the decrease of initial temperature. And it becomes strongest at the stoichiometric mixture ra-

tio. The detonation pressure and temperature can be up to 220 MPa and 4 500 K respectively, and the

wave velocity exceeds 3000 m/s when the initial temperature is 30 K and the initial pressure is

1 MPa. The rules and characteristics of these two kinds of waves in rocket engines can provide a cer-

tain conference for engine engineers.

Keywords: hydrogen-oxygen rocket engine; shock wave; detonation wave; thermodynamic

parameter; pressure ratio
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Fig. 1 Flow chart of shock wave calculation
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Tab.2 Comparison of shock wave parameters

Jigia BE
B/ W f2z/ ﬁﬁﬁ/
MPa i BF % i B %
Nk HE nk HE

2 15.75 15.56 -1.15 2.63 1.89 -28.14

4 21.20 20.98 -1.02 3.35 2.30 -31.27
6 25.03 24.78 -0.99 3.89 2.60 -33.27
8 28.05 27.77 -1.00 4.34 2.83 -34.71
10 30.60 30.28 -1.02 4.73 3.03 -35.84
12 32.80 32.46 -1.04 5.07 3.21 -36.77
14 34.36 34.03 -0.95 5.39 3.36 -37.63

16 36.04 35.69 -0.97 5.65 3.48 -38.42
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Fig. 2 Effects of chamber pressure on shock wave parameters
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Fig.3 Influence of mixture ratio on shock wave parameters
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Fig. 4 Flow chart for calculation of detonation wave
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Tab.3 Comparison of detonation parameters
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2.2 HESERSH
R C - JIEHIE, R RO

3150
~ 310 .
. _._._._._._._A_._._.
o " _._A_._._._.-
> 300 T - - o
=’;»O 0 _______._._._--..
u [ ]

2900

2850
2800 T
2750 1 1 1 1 | 1 1 1 1 | 1 1 1 1

200 300 400 500

T/IK
ES5 BEFITESIBRNGEREEEILL
Fig. 5 Comparison of detonation velocity ratios

obtained by program calculation and experiment
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Fig. 6 Variation of detonation parameters with mixing ratio and initial pressure
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