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Fig. 1. Flow field of a ramp flow (The abscissa and the ordinate are the horizontal and vertical distances from the leading edge, re-

spectively).
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Fig. 2. Sketch of incompressible oblique stagnation-point flow: (a

shear flow.
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Fig. 3. The model of compressible oblique-stagnation-point
flow induced by impinging shear-layer.
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ARI— bk, BUM, = 5.0, Hg =3 x 1073, H; = 3x
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Items in energy equation
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Fig. 6. Profiles of the items in Equation (17).
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4.2 HYIRENHSSERANYIENE
g
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Y FERHE S S, BN C A Sk I R R B A
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22 2 U IE 00 I AE T BHE: 5 Bh B s5 0 i
AN 435 AT KN, AT BB 25
BB .

B 7 AR Hg B H T 09 T0 5 4005 B 5 . AT
VIE ), & Hg Al He WESA ] LI BT D12 N 1Y)
TERE NI 3G JCORE T L 44 I H He A 520 B
FOMRAERER TR (11c), $E8 H, EERW T 44
R, AL T FERORON . P T A 25 3032 H 4 0 2R
YER, FEAERON 3%, 3K He il 8 & 42w 5802 N
TRE. Hp SEZER2M T 3 1) 3 B 0 B2 AR RE RN, SR
T2 A HOSON, X 2 1 Y BB Y BTk /N, o) il
T S IR0 TR 8 45 H T BETE b G IR

20

Hy=2.0x10-3
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10 |
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Fig. 7. Influences of Hg and H¢ on heat transfer: (a) Tem-
perature profiles under different Hg; (b) temperature pro-
files under different H .
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Fig. 8. Influences of Hg and H¢ on ©((0).
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Fig. 9. Influences of Hg and H¢ on the wall heat-transfer
cocfficient: (a) Influence of Hg; (b) influence of He .
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SR T AR A VF 2 it sl o BE ), T RET
S (S8 17191 b7k ks o L N N A AN S R D R U
T RE L AR AU A A

SRR P R B R R R B R T A
T AR K SEBARAE TS T3 T T

Mk A DSMC 3L E 7] ¥ 8 K m 5
B K EME B R R s 5 %%

A SR DSMC J5 2 50 B0 47 453 1 3 B9 - P B
3y, DABEAR RIS B0 £ F BE O R 48 P i 8, TR
PR IX R B A ErE. 2 A1 BIH T DSMC BB AY R 45 493 £
mshZE, Kb, A-D 40 Do R AU e, E-G 418
A0 AR EE AR, TR T 200 43 1)y oK 7 R RE T 38 7R
k. & A2 BT RGBS 2 S T
g TR 1) SR R U B S8, A A R A B D) i h AR AR 14 Sk 2%
250, LABGIF IR R () A R

# Al DSMC RBP4 453 11 2 15 -1 B U Sl ) U
EIE 27
Table Al. Flow conditions of the compression

ramp flow in DSMC simulations.

Case No. Moo Rep/10* 60/(°) Too/K Ty /K L/m

Al 9 1 25 60 300 1
Bl 9 2 25 60 300 1
B2 11 2 25 60 300 1
C1 9 5 25 60 300 1
C2 11 5 25 60 300 1
C3 13 5 25 60 300 1
C4 15 5 25 60 300 1
D1 13 10 25 60 300 1
D2 15 10 25 60 300 1
El 11 5 21 60 297 1
E2 11 5 24 60 297 1
E3 11 5 27 60 297 1
E4 11 5 30 60 297 1
F1 15 2 30 60 300 1
Gl 15 5 24 60 300 1
G2 15 5 27 60 300 1
H1 11 2 25 100 300 1
H2 11 2 25 150 300 1
H3 11 2 25 200 300 1
H4 11 2 25 250 300 1
11 11 5 25 60 100 1
12 11 5 25 60 200 1
13 11 5 25 60 250 1
14 11 5 25 60 350 1
15 11 5 25 60 450 1
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A2

Table A2.

TR R SRR T 29 T B 2

ity behind the reattachment point.

Dimensionless parameters of the vicin-

Case No. M. Hpgx10* H;x10® p, Tw ¢
Al 4.82 1.79 12.25  15.2 1.64 13.6
Bl 4.60 1.60 10.27  16.4 1.51 14.0
B2 557 1.16 6.45 19.9 1.43 15.0
Cl  4.69 0.97 5.21 23.1 1.57 15.3
2 544 0.78 3.89 25.6 1.37 15.8
Cc3 615 0.66 3.22 27.5 1.23 16.0
C4 655 0.68 3.10 27.7 1.04 16.5
DI 6.00 0.51 2.32 32.4 1.18 16.6
D2 6.28 0.51 217 32,9 0.96 17.0
El 590 0.57 4.93 23.0 1.56 12.1
E2  5.60 0.71 4.07 25.1 1.42 14.8
E3 518 0.93 3.86 25.4 1.25 17.2
E4 471 1.28 3.99 24.5 1.07 19.7
F1 571 1.75 5.17 21.0 0.82 20.2
Gl 7.05 0.50 2.61 30.4 1.19 15.5
G2 599 0.90 3.40 26.1 0.88 18.0
H1I 548 1.17 6.40 18.9 0.83 15.1
H2 538 1.22 6.52 18.2 0.54 15.3
H3  5.46 1.12 5.90 18.9 0.41 15.4
H4  5.08 1.36 7.29 16.8 0.36 15.3
n 5.35 0.90 3.88 23.4 0.45 16.9
2 5.50 0.78 3.53 25.7 0.93 16.6
I3 5.50 0.75 3.57 26.1 1.17 16.2
14 5.43 0.80 4.10 25.5 1.59 15.6
15 5.45 0.73 4.06 27.1 2.07 15.0

S5 3k

(12]
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Abstract

Hypersonic reattachment flow usually causes extremely high wall heat flux, which is of great concern in
engineering. The flow can be modeled as a high-speed shear layer impinging on a wall at a certain angle, which
forms an oblique stagnation-point flow in the vicinity of the stagnation point, including stagnation-component
and shear-component. Previous work focused on incompressible oblique stagnation-point flow, while in the
present study a semi-analytical-semi-numeric solution is given via the self-similar method for compressible
oblique stagnation-point flow. Through the comparison and validation with the numerical results, it is found
that the flow model can well simulate the heat transfer near the wall in the flow of uniform shear layer
impinging on the wall caused by hypersonic reattachment. With the analysis of the contribution of the energy
transport and the heat production in the flow model, it is found that the compression effect and dissipation
effect are mainly caused by the shear-component, leading to a significant convective heat transfer in the flow
direction, which is different from the case of the classic boundary layer. Then the temperature of the flow near
the wall rises rapidly after reattachment, resulting in a high heat flux to the wall. Parameter analysis indicates
that the wall heat-transfer coefficient is related to the dimensionless wall temperature gradient and the
thickness of the boundary layer. The former is mainly controlled by the shear-component parameter H¢, and
the latter is negatively correlated with the stagnation-component parameter Hg. Further analysis shows that
the wall heat-transfer coefficient has a linear relationship with H. and is proportional to \/Hs when Hp is
small. This work provides a theoretical basis and solution for studying on the hypersonic reattachment flow,

and it is also an extension of the asymmetric stagnation boundary layer theory.
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