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Study on hypersonic forebody transition characteristics based on
the amplification factor transport model

. . Lk .
Xu Yuan, Wang Haiyang, Wang Chengyu, Liu Zaijie , Huang Hexia
(College of Energy and Power Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: The bump-compression forebody constitutes a critical aerodynamic component for hypersonic
air-breathing vehicles. Its transition characteristics directly influence the quality of the flowfield entering the
engine, thereby impacting the overall efficiency and operational stability of the propulsion system. However,
there is currently a lack of systematic investigation into the transition characteristics of bump-compression
forebodies, both domestically and internationally, which hampers the provision of an effective basis for related
aerodynamic design. This study presents an investigation of the transition characteristics of a hypersonic bump-
compression forebody using the National Numerical Wind Tunnel (NNW) software PHengLEland the
Amplification Factor Transport (AFT) model. First, the transition model was validated using the HIFiRE-5 and
HyTRYV configurations. On this basis, the effects of Reynolds number, angle of attack, sideslip angle, and Mach
number on the transition front and aerodynamic characteristics were systematically analyzed. The results
demonstrate that Reynolds number and Mach number exert the most significant influence on transition: the
transition front moves forward with increasing Reynolds number and rearward with increasing Mach number. As
the angle of attack increases, the transition front on the windward surface evolves from a mountain-shaped
pattern to a concave-shaped configuration. An increase in the sideslip angle leads to a distinctly asymmetric
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distribution of the transition front. Compared to laminar flow predictions, accounting for boundary layer

transition results in maximum increases of 11.7%, 13.6%, and 10.7% in the lift, drag, and pitching moment

coefficients, respectively, while the lift-to-drag ratio exhibits a maximum decrease of 10.1%. This research

verifies the reliability of the two-equation AFT model for transition prediction on complex three-dimensional

forebodies, providing an effective numerical tool and data support for the aerodynamic design and thermal

protection optimization of hypersonic forebodies.

Keywords: hypersonic flow; AFT model; transition prediction; bump-compression forebody; crossflow

effects; amplification factor transport equation
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Case Ma, Pe/Pa a/(%) B/(°) Rew/ m*
1 6 323 0 0 4.4x10°
2 6 720 0 0 9.8x10°
3 6 1617 0 0 2.2x10"
4 6 720 -2 0 9.8x10°
5 6 720 2 0 9.8x10°
6 6 720 4 0 9.8x10°
7 6 720 6 0 9.8x10°
8 6 720 8 0 9.8x10°
9 6 720 0 1 9.8x10°
10 6 720 0 2 9.8x10°
11 6 720 0 4 9.8x10°
12 2 2160 0 0 9.8x10°
13 4 1080 0 0 9.8x10°
14 8 540 0 0 9.8x10°
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under the baseline conditions (Ma,=6, p,=720 Pa)

TR S 6 E SR E AR SR S R B0
A 3 2 i HIFIRE-5 5 HyTRV #4856 ik | %
FE R AN ) 7 7 R AFT R () ] S5, 6 1% 06
UEJG PR RY, AR B AT i B 60 R 4 T T A A8 R 1 2R
L /N SR R R 1 i ivevi QTN = W T X DA%
W49 4.4x10° | 9.8x10° L 2.2x107 /m, % L1 F A K I
ZHNE 1 PR,

7 RN T AN A v BT S R 4 TR AR X
THT S 15 DATHD B TH i = B o M B4 SRR, B AN
4.4x10°% /m I, 0L AT AR XU T A0 R 240 % L 0 4
MBI R, KK A

W A E A — AP 1 O, 200 R T B A B 1 X
B, HiBPE AL E B AT, 45t X 88 AR 5 35 0
Ko FEFWEEH 2.2x107 /m BF, 15 KU B K H B0 BE T
T I 188 DX 3, B O T O R 28 o R X R 40 A

Bl 8 LU 7 AR TR KA T, 2 TR AR
R S8 R ST AR R M EEK

3.5

W ESH 4.4x10° /m B4 & 2.2x107 /mB, B JE 45
T HT AT 77 R AW 705 & E TR B 2 oE i Bt
. AR S P R BB AT R
ZE 5, R RTH ST B B ) R BORE s AU 3R
T3, T 2 SRR 28 1 430 1 B 70 2 2500 i 2 5 6 )
iy NTTBE LR RN O =it - it R R E e 2 SR 1
JE PR E, BAL 4 T AT T ) R EEK 0.7% ~
4.1%, BHL 77 2B K 0.2% ~ 13.6%, MM /148 27 K
K 0.7% ~ 4.4%, FFIH LI/ 0.5% ~ 8.3%. 1% £ F
BE— 25 N T R W ECT IA 52 R B B
EFIRTES- AN
3.6 WAXMSEEA@AEERISENEZMm

B 5 396 B 1) 80 A 91 L D —2°. 00, 20 40, 6°, 8°, %
THLBR BRI AR S50 5 B TR — 2. K9
J7R T BT BB 4 T T A 0 XL T B T AR IAE 431

PP 9 AT LLR I : 5 A I, AR AR B T, 300X,
THT P9 000 5 1) 6 RS S 1 B P S RS, S A B PR



3 VB T ROR B T 48 7 PR AR Y Y vy A A R PR MR O AT 173
Heat flux/
! ! i i (kwm*Z)
50+ 20
16
E 0 12
w
8
50} | | )
i i i i 0
0 50 100 150 200 250
x/mm
(b) Re,=4.4 x 10°m™", 5
Heat flux/
i (kW-m)
Transi 50 F  Transition model i 20
- 16
é 0 12
N
—s0t ? ; ¢
. ‘ 0
0 50 100 150 200 250
x/mm
(c) Re,=9.8 x 10°m™, 3 JXUjA] (d) Re,=9.8 x 106 m™", 5 X ifij

z/mm

z/mm

x/mm

150
x/mm

(e) Re,=2.2x 10" m™",

R (f) Re,=2.2x 107 m™", 75 JXffi
E7 ARFEHTHEEHAEIETIRNESEXEERRRITE
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Contours of wall friction coefficient for the bump compression forebody at different Mach numbers
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