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Figure 5 (Color online) Effect of variation in viscosity coefficients along Line A on velocity (a), temperature (b), density (c), pressure (d)

distributions in the frozen flow.

044702-6



FRESE. REBLY MEEE J0E ORICE 20154 45 E H4H
TR oy, sl 2 B B0 I ER, BT dp=(pV) P=pR,T, 24

Vds/Reureas FH Reurvea, dp M1 ds 73RN IR R
73 RVER T R 08 B BC BE L. 4 3 PN,
LFRAR)E, AL TR AR R AL E AR A AR,
T B IR R . XA 3 rh e R 1 {5
S8 70 i 7 b T A N B JEUEALL AT R R )
{80 ffy -7 SRR BB 20 B RE I Dy BRI OR, {8 A
JE 77 BT AR, A5 O BIE R X i T Line
A SR mAEE 6 than . B 6 S 5 ML, &M
S (R ZE AL T I TR A A B AR A
AR AZ A R B, A RN IR R S R 2
TR AR REE, BETR 5 7 A G . R
THOXT He 7353 A5 B S AR BLAE BN L TR, T
SRS I 7 53 A1 FRY R T ) 2 B v T ) T PO

s
REANSHEIE NI TR 2 A

N T HEEMMXSE, X — 3R 4 AT
PO 22 B S x I 07 A 1)

%

=
w2

3.2

E=N A

Xt H R 15

dP/ds = pR,dT /ds+R,Tdp/ds+pTdR,, /ds. (25)

MHIR,, = iRl.ci —dR,, = iRidci L TR

i=1 i=1

dP/ds=pR,dT /ds+R,Tdp/ds

+ Z PTR.dc, / ds.

(26)
i=1
K A QOEE N 5 — ML
dP/ds=P, +P,+P,, @n
H o, P=pR,dT/ds, P,=R,Tdp/ds, P,=

B

PIRdc; Ids=P, +P, +F +F +F .

i=1

NRQDHERY], SRR EERE T 3 M,

B, AR AR B FE ARG SRR AR Ao A4k, TR 4
TR 25 7 F WakUL, Z %1 Pr=0.
051
0.4}
~ = 03f
o < [
> % 0.2F
0.1F
oL (a). - | N I PR R B 0 i
2000 2500 3000 3500 4000
Velocity (m/s) Temperature (K)
057 05
: =T —8— rf=0.0
04 —— 1=0.1 L e | (s s —_— =01
3 | —— rf=1.0 I ’ —le =10
s L —V—I’f=10.0 ] [ . 77 77777777 ——— I’f=10.0 N
g03 ; : g 03r -y ; ‘
X X d : :
ol © |
2 ‘ < |
@ 02\ NN\ RS I IS R U~ =R T
0.1: : S i A ] R N
i‘((.:)i R . . ‘ T 0»@) R R N
070,003 0004 0005 0006 0.007 0.008 2000 2500 30007 ¥ 3500
Density (kg/m?3) Pressure (Pa)
Ee6 (MFMEENAKZIELERINFPEE (a), RE (D). FE()FESI1()/A Line A FHIAFER T
Figure 6 (Color online) Effect of variation in reaction rates along Line A on velocity (a), temperature (b), density (c), pressure (d) in the

chemical nonequilibrium flow.

044702-7



BRRESE. hERE W D RO

2015F F45%F Fa4l

Bl 7 25t T URGS B A R X R A IR
£\ %5 FE RN 713 Line A 7EI0 542 N ARG B, Xt
U AT RNZE X 5/(0.5xD)<0.25, JE /AR {3 5 iR
WAL —3, FEE NS E R T % ER
HUR R B R YE R BRS, EEE DTER IR, 3G AR
JE 77 00748 4k ZR 98 /s (1B 3 4 5 8 2 38 ). 78 X 5k
0.25<5/(0.5xD)<0.5, % F& 1 e A48 K TR B 1 e s
iy BEE B E R BN, R DR AR A R N (H
Y S E 2 /NI, TESET W A S 2 R g, B
A EEAER, MEEITANERIARZEH 5y, o R4
EEFEEH. S sRL A ERS) S5KEL I E
WANAERKAE, BFEREEKR, BWAREN DR
KT 1 TG EE A AT 48 1 AR R R 5 R R B4R

PAL T RN AT, . HERA SR
XTEJIMoTRRE R 8 g . R ER, BEF R
NEEZ P38 N, 77 022 Ak I B DT R [ A5 4k T 1)
— B, 5% BRI A 53 1 o kAR T TR A . X R B,

$/(0.5%D)

FEA LS IRONIIN, i FE Tk ke PR, HOK
T MR B9 @t T AR
R ATk R, 45 R EoR, SR TR TTIE R R,
HE P ARSI —EL B, G AT
AR s AT B RE DS, i LS AR AN R A i R B ok
RO FSE P S0 TR AT AR RIS, X ECE 8 AT 9wl
LR PET SRR, B3RP x5
WA BER; XA IL TR NG N R s 2,
PEEART B 26 T B IS AR TE D BEN, e TR i
AR BAL AT AN S0 R B BT R TR

4 g

WEFEEE X HB2 ARAERERYES 814 L3 5Kk 7k AT
G BT s g 28 5 9 n 2 a5 R R RS B 51 i
fRIX — SR A, O 1 A SN R e 2 A 1
L ONR Rz PAPYRE S AT QIR i B VR T iR

05
0.4F
03}
0.2 f

0.1 =5z

o
©w

o ¢
(X
—

s/(0.5%D)

o
o
T

0

i(c)i “ 5“ :

—-100000

100000
dP/ds

E7 (MERFEE)FLERAPREMSEDFREE (2)y HEDb)MEXE ()T LHITTR

Figure 7 (Color online) Effect of variation in viscosity coefficients on the contributions of temperature (a) and density (b) to the pressure (c)

change in the frozen flow.
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Effect of viscosity and chemical reactions on aerodynamic
force in chemical nonequilibrium flow

LI Kang, HU ZongMin & JIANG ZongLin"

State Key Laboratory of High Temperature Gas Dynamics, Institute of Mechanics, Chinese Academy of Science,
Beijing 100190, China

The present work deals with the sensitivity of aerodynamic force to variations in viscous coefficients and chemical
reaction rates in thermochemical nonequilibrium flow over HB2 model. Within this scope, numerical simulations are
conducted by varying the viscous coefficients and chemical reaction rates over their uncertainty range. The numerical
method uses Park’s two-temperature model for the description of thermochemical nonequilibrium processes and
solves the full N-S equations for a multicomponent reacting gas mixture. The effect of variations in viscous
coefficients and chemical reaction rates on pressure coefficient on the flare skirt part shows a big difference. The
thicker boundary layer is not the reason for pressure becoming higher on the flare part. It is found that the main
contribution to the pressure increase in the nonequilibrium case is the change of temperature due to chemical
nonequilibrium, but not the increase of viscous coefficient.

hypersonic chemical nonequilibrium, viscous interaction, HB2 model, pressure coefficient, chemically reacting
boundary layer
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