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On the Effect of Air-Simulated Side-Jets on the Aerodynamic Characteristics

of a Missile by Multi-Fidelity Modeling
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Department of Aerospace Engineering, Pusan National University

ABSTRACT

Side-jets enable the immediate maneuver of a missile compared to control surfaces; however,
they may cause adverse effects on aerodynamic coefficients, for they interfere with freestream.
To find out the impact of side-jets on aerodynamic coefficients, we simulate side-jets as air gas
and utilize multi-fidelity models to evaluate differences between aerodynamic coefficients
obtained with and without side-jets. We computed differences in aerodynamic coefficients to
investigate side-jet effects for the changes of a Mach number, a bank angle, and an angle of
attack. As a result, asymmetrically developed side-jets affect the longitudinal force and moment
coefficients, and the lateral force and moment coefficients drastically change in-between -30 and
30 degrees of bank angles. In contrast, side-jets hardly influence the axial force coefficients. As
for the axial moment coefficient, we could not determine the side-jet effect due to a lack of
aerodynamic coefficient samples in the Mach number. All in all, we confirm that side-jets lead
to the change of a missile attitude as they considerably vary the longitudinal and lateral
aerodynamic coefficients.
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Table 1. Dataset types
Type Side—jet Acquisition
(i) Off CFD
(ii) Off WTT
(iii) On CFD
(iv) On WTT

Fuselage Fin Side-jet

Fig. 1. Schematic of four-tail fins and two

side—jets
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Table 3. Hyperparameter search bounds Table 4. Numerical validation results of training
(base-10 logarithmic scale) samples obtained without side—jets
Qutput 0 P A Output R? MARE maxARE
C, [-25,20] | [-5.0,—4.0] | [-4.0,1.0] C. 0.9986 0.0159 0.0397
c, [—2.5,2.0] [—5.0,—4.0] [—4.0,1.0] C, 0.9988 0.0145 0.0375
G, [~4.0,3.0] [~5.0,1.0] [~4.0,1.0] G, 0.9992 0.0238 0.0927
C, [—4.0,3.0] [—5.0,1.0] [—4.0,1.0] C, 0.9993 0.0240 0.0775
C, [—1.0,1.0] [—5.0,1.0] [—7.0,—5.0] C, 1.0000 0.0000 0.0001
G [—1.0,0.5] [-7.0,—5.0] | [—2.0,—1.0] G 0.9999 0.0224 0.0842
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Table 5. Numerical validation results of training

samples obtained with side-jets M 0 My 5T M)

Output R? MARE maxARE

C, 0.9985 0.0157 0.0443

C, 0.9986 0.0142 0.0456

C, 0.9990 0.0160 0.0894

C, 0.9999 0.0118 0.0713

C, 1.0000 0.0000 0.0001

G 0.9940 0.0139 12304 Fig. 2. Prediction results of an axial moment
Table 6. Numerical validation results of testing :ggjﬁ?:mic coefficient obtained without

samples obtained without side—jets

Output R? MARE maxARE
C. 0.9961 0.0197 0.0573 S} S
C, 0.9968 0.0191 0.0419 ‘ ‘

: 0.9989 0.0287 0.0540 | Mo Mo
C, 0.9992 0.0230 0.0502
C, 0.9786 0.0430 0.1586 o .
& 0.7297 0.3637 0.5389
Table 7. Numerical validation results of testing J Mo - Mo ‘

samples obtained with side-jets

Output R? MARE maxARE -
C, 0.9957 0.0193 0.0394 -
C, 0.9958 0.0195 0.0436 i M (YRR 2 7 7
M M
% 0.9997 00213 00832 Fig. 3. Aerodynamic coefficients obtained without
G, 0.9997 0.0214 0.0635 side-jets for the changes of a Mach
C, 0.9756 0.0351 0.0761 number at ¢=+20" and a=16"
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side-jets for the changes of a bank
angle at A4
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