SRS TS| 323

J. Korean Soc. Aeronaut. Space Sci. 48(5), 323-334(2020)
DOTI:https:/ /doi.org/10.5139/JKSAS.2020.48.5.323
ISSN 1225-1348(print), 2287-6871(online)

T 284 A% A4 9T 1 Re, 28 AN AT

3

1 2
AR @ MF,

Fiek

A Study on Improvement y— Fe, Model for Hypersonic Boundary Layer Analysis
Sunoh Kang', Sejong Oh® and Donghun Park’

Department of Aerospace Engineering, Pusan National University

ABSTRACT

Since boundary layer transition has a significant impact on the aero-thermodynamic
performance of hypersonic flight vehicles, capability of accurate prediction of transition location is
essential for design and performance analysis. In this study, y—Re, model is improved to
predict transition of hypersonic boundary layers and validated. A coefficient in the production
term of the intermittency transport equation that affects the transition onset location is
constructed and applied as a function of Mach number, wall temperature, and freestream
stagnation temperature based on the similarity numerical solution of compressible boundary layer.
To take into account a Mach number dependency of transition onset momentum thickness
Reynolds number and transition length, additional correlation equations are determined as function
of Mach number and applied to e, and F,,, correlations of the baseline model. The suggested
model is implemented to a commercial CFD code in consideration of practical use. Analysis of
hypersonic flat plate and circular cone boundary layers is carried out by using the model for
validation purpose. An improvement of prediction capability with respect to variation of Mach
number and unit Reynolds number is identified from the comparison with experimental data.
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Fig. 2. Re,,../(2.193 Re,) Profiles for flat plate
boundary layer with respect to edge mach
number(left) and wall temperature(right)

Table 1. Flat Plate Calculating Range
Start End Interval
M, 3 10 0.5
T,/ T, 0.05 1.2 0.05
7, Kl 100 1600 50
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Fig. 3. Re,,,./Re, values with respect to obtained
from boundary layer solution for Mach
3(left) and Mach 6(right)
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Fig. 5. Re, vs M, on sharp cones [40]
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= 9ol nalE 55-10.0 F7kol dwsiy, whatae A A AF=r TR AFTHATG
3.0-55 77+ ukales 5504 shame] zm vy BHEE AEFE ANSYS Fluent 19.08 AHEIHAL
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R(]L[e) — ( ( e )) (14)
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fH(]u;’ 7—711'/7-;)7 T)

w

= f(M,T,/ T, T,) R(M,)
+(1*R(Me))20-193 15)

hp(M) =h(M)R(M,)+(1—R(M,)) (16)

Yeff = max (¥, ¥sep) ’
¥

Py = VerrPr
k transport equation

w transport equation
Lo |

Fig. 6. v— Re,, algorithm modified through UDF

Table 2. Numerical Scheme

Type Scheme

Formulation Density—Based

Roe-FDS

Flux Calculation

Gradient Reconstruction | Least Squares Cell Based

Spatial Discretization Second Order Upwind
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Table 3. Air properties Table 5. Flat plate grid test information for
condition 2
Properties Value :
Case Stream wise | Wall normal y+
; 3
Density [kg/m?] Ideal gas Coarse 251 76 0
Specific Heat [J/kg— K] Constant Medium 501 11 0.7
Thermal conductivity [W/m — K] Polynomial Fine 521 121 0.4
Viscosity [kg/m.—s] Sutherland Condition 2,M_= 6.2, Unit Re = 2.6 x 10°
022 W AAS : Fine
- - edium
AFe 98 Fx2es BB AAF 4P wxw 5 OO0 ——ee= Coarse
3 gAR A4 Y 2o dF 4 £33
3t AAE vustay. dlE AEL Queensland 2
tigke] T4 piston-free FA3 E'2olA Mee[41]°l 50'001
o FPFHRoH, AF =1LE Table 40| 293519 3
o 27 1~3& 8% vekrol At vy gojzz P
F7F g2e=2, A" mdo] &9 golsRgo u I
2 Hol] HA A WIE HH3A oA=3=A & (1 E—— I —
Qlstrlo Adsith 1HA 41 =212 H=g T X [m]
ol 2ol A ik ”}gk&r‘ﬂ t27] e, ekl Fig. 7. Example of grid test results for a flat
g2 o] XA o= Hee Hrshr] {8 HA plate case at Condition 2
gt 2o R Adste HAASET. WHe] THE )
(T,)e A8z2AS Fushd 30052 HAsR, A AR AAE ARgste, 24 = dis) SF
§F UR BE(7u)E 1.0% AN,/ s 100z o R 2EA k-w SST 26, 1€ 5 Ry,
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