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Aerodynamic design and experimental study of a missile propelled
by solid rocket ramjet

Liu Yuan™ , Cheng Yangmin, Li Xiaohui, Yan Baoren

(Xi’an Institute of Aerospace Propulsion Technology, Xi’an 710025,China)

Abstract; Many researches show that missiles propelled by ducted solid rocket ramjet is
regarded superior at the aspects of firing range, velocity and maneuverability. To improve the
unexpected defects of some solid fuel ramjet missiles, such as larger flight drag., poor static
stability, larger trimming angle of attack and higher rudder effect, comparative studies of key
components to the aerodynamic performance of the missile were fulfilled, a series of significant
different models comparing to the basic missile configuration were established based on the
aerodynamic characteristics of some components that exercise a major influence on the missile
performance. Using the CFD software Fluent, the missile flow fields with different attack angles
were simulated numerically, and corresponding axial force coefficient, normal force coefficient
and pitching moment coefficient with variety of attack angels were obtained, the pressure
distributing trend were analyzed. The results indicated that, in terms of the optimization target,
configuration with larger size inlet, smaller wing, rudder surface of edge, sweepback rudder
surface and horizontal tail is superior to others. To validate this analysis, an experiment were
carried out in the FD-06 hypersonic wind tunnel. The key components were installed on the
missile body step by step by building up method. Totally, 16 models were tested, and the test
results indicated that the optimal shape showed the consistent with the optimal model obtained by
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CFD analysis. Comparing to the basic missile, various performances of the optimized model were

improved obviously under the studied conditions, the axial force coefficient decreased about 3. 0%

~4.0% , the longitudinal focus position moved backwards about 3. 0% and the balance angle of
attack decreased about 1. 5°(60%), and the pitching and rolling rudder effect reduced 40% and
35% respectively. Furthermore, CFD results agreed well with the test results, and the

reasonableness of CFD numerical methods instead of tunnel test results in the process of

aerodynamic optimization were verified.

Keywords: solid fuel ramjet; twin-inlet 90° configuration at the venter; two-dimensional

inlet; aerodynamic configuration design; numerical simulation; split combination model test;

wind tunnel test
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Fig. 8 Surface pressure contour of each model
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Table 1 Calculation results of each model

a=0° a=4°
Ca Cx Coo Ca Cy Coo

HAESR 1.3869 -0.4490 -0.4480  1.4013 1.4935 0.9625 0.4553
FERY A 1.4458 -0.5615 -0.5431  1.4524 1.4636 0.7940 0.4578
BRI B 1.3652 -0.3102 -0.3107  1.3719 1.6591 1.1565 0.4803
FER C1.3220 -0.3284 -0.3204  1.3227 1.2248 0.7883 0.4146
BRI D 1.3403 -0.3660 -0.3503  1.3529 1.5812 1.0915 0.4733
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Fig. 9 Components combination and diversion of the model
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Fig. 12 Axial force coefficient vs. attack angle

3.2.3 BENARFRE

K13 44T Ma=2.5.Ma=3.0 Wifh %44 M
Xof JE0C (R IREAD 0 6 R BB T A A i 2. an 1B s
e Ak B 1) T A A A R U SR8 /N 1. 5°(60%0) 2 AT .
[F) B 5345 2 B A0F A0 g 46 R 8 S e A B BUE W &
B, B R KIRER 200 4.

F 2/ THE Ma=2.5Ma=3.0 PiFp &1 F .
I BB 0" BUA X FRPE S . B3 2 AT, Ak
S04 Jl 1) ) R R ) R BORURE A O A R O A

Fr N
0.20
—=— PRI
0.15+ —o— HEUEFLS
* ARALF A
0.10} *
£0.05 *
$)
0
*
-0.05 \w
0.10
6 4 2 0 2 4 6 8 10
a/(°)
(a) Ma=2.5



T [ A KO b R S AL i ] Eh AN B SR 795

56 1 bl
—A— 'L
0-204¢ e
0.136}
% 0.068|
g
0
-0.068
*
-0.136
6 4 2 0 2 4 6 8 10
al(®)
(b) Ma=3.0

B 13 I AERBER AT L%
Fig. 13 Pitching moment coefficient vs. attack angle
R2 OCHAXMMRELE
Table 2 Normal force coefficient and pitching

moment coefficient at a=10°

Ma=2.5 Ma=3.0
Ca Cyn Coo Ca Cn Cino
JEERR  1.35475 —0.35291 0.07092  1.27138 —0.33774 0.07577
Ak 1.34161 —0.30826 0.03285  1.25545 —0.27672 0.04744
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