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Fig. 3 Dimensionless pressure for the 4% circular-arc airfoil

F1FRITEHTIE

N HE AR E LPT J5Ex T kAT 4
PEITE NG TR SO0 K 1 m ) 4% )57 5] 515
R, HAB gl DR 4N A i 38 A I8 3 1 5Ok &

7N
a = ag + da - sinkt + ¢) (5)
h=dh-sinkt+ ¢) (6)

X (5) FI2 (6) 73 MR AR MHPIZ S FPLIEIZ S, k =
wC/ () NIRAEMIR , w HISEIE, c H5LK,
U ARTEEE, IXH ag = 0°, da = 1°, dh = 0°,
k=002 ¢ = 0. & 1K TAR CITEM4 IR
LPT J5 i AR 5 N-S RT3 RAG 1132170 ) R AL
RN 30 R B e A X R 22, T Ry i B
1338 ) BB AR Z2 AR5 s, DRt B b e
M 2. WER 1 0] LU H B T VR oS, SR Y
A FEFR IR (1A BN ) RS AR T W N-S T e
(10 25 A 22 ok O, v L, FEAR B o 5 2 1 > b
TG FE PR SRAT I B ) RECS AR E B N-S TR
b FUAF ZE RO, TT UL, FEAIG TR VA B0 P R
B, LPT ik Ca T HEMTH 5380 h 250, %
JERVER . X BLG E — M ARSI I
T Euler J7 TR M3 € PG SRAG L 1) ) R4
5 CFD 45 A1 2 10% LA L5l J14F 2 %05 CFD
gh AR ZE 20% A b, WA iEA IS, T2
F RERMERIN, IS AMRHE R L4 TR AR, 4%
TR BERT 40 km J5 Y Hh It % ZE B AN g 20 5
PR 52 .

ERSEHNRHIBEM LR

Table 1 Comparison of amplitude of aerodynamicfionts at dferent conditions

M H/km Regm™t LPTCy /1073 N-SCn/1073 R.ECn/% LPTCp/107% N-SCp/10™4 R.ECn/%
10 20 1.8%10° 7.44 7.71 3.5 7.76 8.09 4.1

10 30 3.7%10° 7.44 7.95 6.4 7.76 9.33 16.8
10 40 7.9%10° 7.44 8.18 9.1 7.76 10.2 23.9
15 50 2.9%10° 5.49 6.88 20.2 2.82 7.87 64.2
20 60 1.2%10° 4.64 6.90 32.8 0.65 8.40 92.2

Note: Cy, normal force cofficient;Cp, pitch moment cocient; R.E., relative error; LPT, local piston theory; N-S, Navier-Stokes
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Table 2 Three conditions f&@; determination

M H/km Rem! % k

15 50 2.9&10° 1.89%1072 0.02

20 60 1.2%10° 3.60x10°2 0.01

20 70 3.4%10% 6.91x1072 0.01
—

(@) H =50km
{
(b) H = 60 km
(c)H =70km
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Fig. 4 Htective shapes atfiierent conditions
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Table 4 Unsteady aerodynamic ¢deents at the same viscous interaction parameter

M  Hkm Rgm?l ¢m VLPT Cy/103 N-S Cn/102 R.E.Cy/%  VLPTCh/104  N-SC/104 R.E.C/%
9.7 40  7.6&%10° 0.2 8.75 8.93 2.0 13.2 125 5.6
15 50 2.9%10° 1.0 6.85 6.88 0.4 8.13 7.87 33
196 60 1.2%10° 3.6 6.11 6.18 1.1 6.81 6.32 7.8
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AN APPROXIMATE MODEL OF UNSTEADY AERODYNAMICS FOR HYPERSONIC
PROBLEMS AT HIGH ALTITUDE Y

Han Hangiao Zhang Chen’an Wang Fafin
(State Key Laboratory of High-temperature Gas Dynamibsstitute of Mechanics Chinese Academy of Scienceeijing 100190 China)

Abstract The paper introduces a local piston theory with viscous correction for the prediction of hypersonic unsteady

aerodynamic loads at high altitude where viscous interaction cannot be ignored. A semi-empirical relation for the de-
termination of &ective shape for this method at high Mach number and high altitude is presented based on steady
Navier-Stokes equations, and validation of the relation is also completed by numerical method. Furthermore, a serie:
of two-dimensional numerical examples with various Mach numbers, angles of attack and operating altitudes for typical

thin airfoil and typical blunt airfoil are provided. The unsteady aerodynamic forc&cieats are in well agreement with

the unsteady Navier-Stokes predictions with altitude in the range of 40 to 70 km and Mach number in the range of 10 to
20. Compared with classical piston theory and local piston theory based on steady Euler equations, this model perform

much better at high Mach number and high altitudes when the viscous interafgots @re strong. This model can be

applied in supersonjlypersonic problems with wide range of Mach number, angle of attack and altitude, and has much

higher computationalfgciency than unsteady Navier-Stokes equations.

Key words hypersonic, viscous interaction, unsteady aerodynamics, local piston theory, viscous correction
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