Journal of the Korean Society of Propulsion Engineers

Vol. 24, No. 5, pp. 65-76, 2020 65

Research Paper DOI: https://doi.org/10.6108/KSPE.2020.24.5.065
AL 2349 2] ARANHE o] §
32+ vl A 9] Y g s

@gol - AEAY - b

Aerodynamic Model Development for Three-dimensional
Scramjet Model Based on Two-dimensional CFD Analysis

Song Ee Han® - Ho Cheol Shin® - Soo Hyung Park™"

*Department of Aerospace Information Engineering, Konkuk University, Korea
®Department of Mechanical and Aerospace Engineering, Konkuk University, Korea
“Corresponding author. E-mail: pish@konkuk.ac.kr

ABSTRACT

On the initial design process of a scramjet vehicle such as the trajectory prediction, it is
inevitable to estimate the aerodynamic performance of a three-dimensional effect. Despite the
necessity of intensive computing for the three-dimensional model, it is inefficient in predicting a
wide range of aerodynamic performance. In this study, an engineering model for aerodynamic
performance was developed based on two-dimensional computational fluid analysis and linearized
supersonic inviscid flow theory. Correspondingly, the three-dimension aerodynamic performance
relations are presented based on the two-dimensional results. And the additional three-

dimensional computation was performed to evaluate the adequacy for the extended relations.
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oy AF4a F gghs FAHSE AIYAE H]
M : Mach number P 71z A7 FHEIL JTH5]. Lee S[6]
a : Angle of attack 20 FXIAE gAS 23AAE ¥PA Ade
Re  : Reynolds number AE Fdqsted AR 9o £ AE 24
CL . Lift coefficient & st en, AAE 2IPWAE v &
Cp : Total drag coefficient 49 Y 7t AdE BAY E=% Ha S[7]1S
m : Mass flow rate 2H 2T PHAE dXloA FEFHE HIA71H
MCR : Inlet mass capture ratio ZAYAE REox FAE ez Holste
0 : Static density A FAHNAE ol&st] AP Ayet vln
T : Static temperature 2 Ao
Tl AFHJD HREY ~AHAE A
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Fig. 1 Schematic of two—dimensional SCP- |
scramjet model.

Fig. 2 Schematic of three—dimensional SCP- |
scramjet model.
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scramjet model.
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Table 1. Free—stream condition.

Altitude | Mach no. | Rer (/m) Angle of
attack
4 1.6162x10’
15 km 5 2.0202x10”
6 2.4242x107
4 7.3764x10° | -4 °, 2 °, 0
20 km 5 9.2205x10° °,2°
6 1.1065x10” 4°
4 3.3023x10°
25 km 5 4.1278x10°
6 4.9534x10°

plp: 02 3 58 86 114142 17 1982726254 282 31

Mach 5

plp: 02 3 58 86 114142 17 19.8 226 254 28.2 31

Mach 6

plp: 02 3 58 86 114142 17 19.8 226254282 31

Fig. 5 Static pressure contour at flight altitude 20
km, angle of attack 0° for two dimensional
model.
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Fig. 6 Aerodynamic results: lift coefficient of 2-D
SCP- | model.
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Fig. 7 Aerodynamic results: drag coefficient of 2-D
SCP- 1 model.
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Fig. 8 Aerodynamic results: inlet mass capture ratio of
2-D SCP-1 model.

2-D SCP-1 scramjet model, Flight altitude = 20km, Mach no. 5
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Fig. 9 Mach number at center flow for flight altitude
20 km, flight Mach no. 5.
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Fig. 10 Static pressure contour at flight altitude 20
km, angle of attack 0° for three dimesional
model.
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Fig. 11 Aerodynamic results: lift coefficients of
3-D SCP- I model.
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Fig. 12 Aerodynamic results: drag coefficient of 3-D
SCP- I model at flight altitude 15 km.

3-D SCP-1 scramjet model, Flight altitude = 20km

—#—— 3-D, Mach 4, 20km, KFLOW

——&—— 3-D, Mach 5, 20km, KFLOW

—®—— 3-D, Mach 6, 20km, KFLOW
3-D, Mach 4, 20km, func.

- 3-D, Mach 5, 20km, func.

- 3-D, Mach 6, 20km, func.

e

Angle of Attack

Fig. 13 Aerodynamic results: drag coefficient of 3-D
SCP- I model at flight altitude 20 km.

3-D SCP-1 scramjet model, Flight altitude = 25km
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Fig. 14 Aerodynamic results: drag coefficient of 3-D
SCP- I model at flight altitude 25 km.
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Fig. 16 Aerodynamic results: inlet mass capture ratio
of 3-D SCP- I model at flight altitude 15 km.

3-D SCP-1 scramjet model, Flight altitude = 20km
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Fig. 17 Aerodynamic results: inlet mass capture ratio
of 3-D SCP- I model at flight altitude 20 km.

3-D SCP-1 scramjet model, Flight altitude = 25km
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Fig. 18 Aerodynamic results: inlet mass capture ratio of
3-D SCP- I model at flight altitude at 25 km.
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