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JIN He-long, WANG Hao, LIN Qing—yu, TAO Ru-yi

(School of Energy and Power Engineering, Nanjing University of Science and Technology, Nanjing 210094, China)

Abstract: In order to study the characteristics of nozzle flow field and thrust for a solid rocket motor (SRM)
with a structure of angle—cut nozzle, the conservative N—S equations are solved by using the second—order accura-
cy AUSM scheme, combining them with the Realizable k—¢& turbulence model, and then the nozzle flow field and
thrust characteristics are researched on the numerical simulation method for different degrees of angle—cut nozzle.
At the same time, a thrust stand for the thrust test of angle—cut nozzle SRM is designed. The thrust curve of en-
gine working process is adopted by this thrust stand, and it is compared with the numerical simulation results and
the effectiveness and feasibility are verified for this competing method accordingly. Results show that the error be-
tween the thrust of angle—cut nozzle SRM obtained by the numerical simulation method and the test results is
small. From the simulation and test results, it can be seen that there is an angle between the thrust line and the
nozzle axis for 45° of angle—cut nozzle and it has been shown that the thrust deflection phenomenon exists. In ad-
dition, there are two high pressure areas which shock waves converged in the nozzle flow field, and the structural

strength of the second shock wave is higher than that of the first shock wave. When the degree of angle—cut nozzle
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reaches 40°,

with the increase of the degrees of angle—cut nozzle, the mass flow rate, the total thrust and the

thrust deflection angle continuous decrease, but the decreasing trend slows down.

Key words: Solid rocket motor; Angle—cut nozzle; Thrust test; Shock wave; Thrust deflection angle
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Fig.1 Structural diagram of solid rocket motor with angle-

cut nozzle
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Table 1 Parameters of propellant

Parameter Value
Characteristic velocity/(m/s) 1370
Specific heat ratio 1.274
Molecular weight of gas/( g/mol) 23.5
Burning rate coefficient/( mm/s) 0.5124
Burning rate exponent 0.66
Gas temperature/K 2100
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Table 2 Grid independence verification

Grid number of

Mass flow of nozzle

Case flow field outlet ri/(kg/s)
1 2110599 0.2050
2 2438087 0.2063
3 2641063 02063
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Fig.4 Structural diagrams of thrust test platform system
for SRM
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Fig. 7 Cloud charts of pressure and velocity distributions
in the combustion chamber tail and nozzle for angle-cut
nozzle SRM
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Fig. 8 Pressure and Mach number distributions along the nozzle axis for different angled nozzles
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Table 3 Characteristic parameters of different degrees of angled nozzles

BIC°) m, /(kgls) Vv, /(m/s) Ma,, F N F N FIN 0/(°)
40 0.20781 642.69 0.7656 277.6957 260.4475 380.72 3.16
45 0.20628 628.02 0.7473 253.8516 278.9431 377.16 2.70
60 0.20588 618.08 0.7345 174.8373 334.037 377.04 2.37
75 0.20581 615.08 0.7306 84.4430 367.225 376.81 2.05
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Fig. 9 Distribution of thrust characteristic parameters for

different angled nozzles
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