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and the Analysis of Thermal Environment
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Abstract: The computation of the case of 70° cone section of planetary with a M,,=8.65 has been presented in
the paper. The results agree with those from the experimental studies in the LENS shock tunnel very well.
The vibrational excitation of multi-species, non-equilibrium gas and two-temperature conservative Na-
vier-Stokes equations are employed in the computation. In order to obtain reasonable aerothermal environ-
ment, 5 species 17 reactions chemical reaction model has been used. Two non-dimensional numbers have
been employed: Damkdhler Number and |T-T,|/T, to depict the degree of chemical and thermodynamic
non-equilibrium respectively. Numerical computing shows that the most significant thermodynamic
non-equilibrium shows up after shock wave behind the shoulder, which having a [T-T,|/T of 1~3. Typical
examples show that the hypersonic thermo-chemical nonequilibrium code we made is valid. It can apply nec-
essary theoretical data for thermal protection design.

Keywords: hypersonic bypass, thermodynamic non-equilibrium, chemical non-equilibrium, Da number,
non-dimensional number |T-T,|/T

70° EIH#EFITE RN EZ SR AN FIETERIFR
Navier-Stokes 52 5 #AINERI 94T

% #, ERE
B TR M Be, dbst, [, 100081
Email : gloria716@gmail.com, bguowang@bit.edu.cn

B OE: KAXAESEA Navier-Stokes A2t %, # /87T 540 17 A0 F R AR AR IE-F
BIAARNIRD AL, RFT RADMIA M,=8.65 i 70° EAERIFN K egLeii, 55 LENS Sk
P4 X ISAE AT T 2Pk, HesdF. L P53t T AT R LR 24434 ( Damkohler Number )
Da 5[T-T|T, k4R 8E A eF R - FEARE S M) FAR-FEARE., SETHALN, ERTE
ITF, AAFEFHEAREZGRREINAR IR EE T, [T-TYT RAALTEH 1~3. H#A H 1)
A RAVPT G hl 6 A8 5 ik AL F - HTRAZ R TATHY, B 7 A h RAT S 69 A5 i R A &
ERELBOE &7

KEBiF: SR FRER, AAFEPHES;, HFIEPHS Dask, LERT-TYT

18l R MR CATEAAM, Bk AT CIAT
L - . I ERAN A SR, XY e R s B S

UL, X 6T S A S BT Y gg;%{ et e
e o ST AL BITL By GO AR A . 152 R, TR E
AR L SR . VK AR, A ahR i O
FPOLER S SRR - ’ SRS, TTBUABE R0, S BURS TAREAE
EREAHEELTE (50376004) : BZewMtenasmum 1RO RS SN, 4R s AT A e
HETE (20030007028) WP AT, RREREAR DL S sl SR T R

978-1-935068-14-3 © 2010 SciRes. 306


mailto:2.gloria716@gmail.com
mailto:gloria716@gmail.com

Proceedings of the 10th Conference on Man-Machine-Environment System Engineering

A A AT A

KL Rl O AR A W RS, TR
L7 B ) AR B HEA T RN 2 el 7 AT
BT LR TR 3, WATA e (AT
BTS2 2RO T3+ B~ Sk i DX dsk A BE 0038
AN LA AT A (B AN S B i R e vt i
FErh 5B I -

2 EEXEBERRNIERE
21 spERRRA

X2 0L (e 75 TR AT AR A SR XN 5
ZMIC. AP IR SR 5 5 R N R
LA CES TR SRR Ae R LA AR B -HL T
HL TR BE T RE TR B N-S 5 R 2l e ik s I3,

oU F-F) dG-G,)  oH-H)

T T ey T @

2.2 FhHTHEIR
RFF ALK, YR il Stokes e R E i

=W (2.1)

ou, Ou, _ 2
R e A VAU 7 (2.2)

Horb p ETRA SRR TE R EL
2.3 RERERER

ST TG s, SOP R RERRBNRER 1 e
e

Tshk -1

Vs

Tshk _Tvs shk

_, &M-e,
QT—vsL-T _ps <Ts LT >

Jot €, SEABLIRL VRS TALIE s BT RS fE
€5, (T) A PRI T F AL Hy7 ThrS i o
RAUAS PAE s RTINS < T g > 4l
JG s “Tahfe S54RI RE B K T Landau-Teller FEAEFA
).

24 BERMER

W HUERORA, e N HLHERL 5 4170(Nos
O,. NO. N f10). 17 FEIC /MR, Hrh M K&y
MEAE BTG, 1 ) S NI ke (Ta) N

(2.3)

ke (Ta)=Ct Ta" exp(a /Ta) (2.4)
A1 B e
Ta =TO.5TVO.5 (25)

7

% Scientific
% Research

»
%

9

o

X R N
Ta =T (2.6)
Civ 5 M1 O BRI Park 45 HIR 45 5. AEA ST
S, ) R IR ky(TYITE R «
ko(T)= k¢ (T)/Keg(T) (2.7)
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Ay F As IEEINER 1 TR
=1 TEEX
?;; A A, Az Ay As

1 3.898 -12.611 0.683 -0.118 0.006

2 1.335 -4.127 -0.616 0.093 -0.005

3 1.549 -7.784 0.228 -0.043 0.002

4 0.215 -3.657 0.843 -0.136 0.007

5 2.349 -4.828 0.455 -0.075 0.004
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