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Engineering Calculation of Heat Flux at the Stagnation
Point of Cylinder in Transitional Region

RONG Yisheng', CHEN Wet fang®, SHI Yu-zhong', LIU We+ qiang'
(1. College of A erospace and Material Engineering, Natinal Univ. of Defense Technology, Changsha 410073, China;
2 College of Acronautics and Astronautics, Zhejiang Universiy, Hangzhou 310027, China)

Abstract: By the use of linear interpolation and accommodate parameter, a heat transfer bridging relation in transiional region is
proposed in this paper, aming to fix the accommodate parameter for cylinder whose edge swface is windward. The results of the bridging
relation were validated by using DSMC method and compared with the results of other bridging relations. The validation shows that the
bridging relation can be used to calculate the heat flux at the stagnation point with Mach nunber larger than 10.

Key words: transitional region; stagnation point; bridging relation; DSMC method

[2]

Matting ,
Nomura 3 , Re
, \ MonteCaro( DSMC)
1
[7]

1

2 1 7
gu= 0. 381Pr*?(po 110] f[j—ﬂ } (hr— h] (1)

* :2008- 01- 20

(1983—), ,



h/‘ N 0 , W

[4]

285 1- ¢ Y o1 y+ 1T (-2 1 (-
me= a. m s’ -1 5\(%17‘_2 [e( ’ ) + 3Tssir19<1+ eIf(ssin@j}] - Ee( @
(2)
a. N € N Y y erf .S R s=
VeoBeo, Bz —1
‘2I?Too
it i_r S 3
erf(x) = N 06 t (3)
, €=0,a.=1 0= 12, s
1 3
0= Lo (4)
Knudsen , s
qu = a([Kn/‘m— Kn| q.+ [Kn— Kncj q/-m] /[anm_ Km] (5)
qu e s Qrm D Knc: 0' 0017 anmz
10. 0 181 ,Kn Knudsen a s
a=1.25
Matting " Nomura 3
Matting:
qu= q(-(l— e qf’”/q(] (6)
Nomura:
2
_ EZC+ ( KTI,/ C! SZZm
= "5 (Knf o)’ (7)
s Vel M. |°
Nomwa c¢= 3,Kn"= m: E
2 DSMC
R= 200mm s 1
1
Tab. 1 Different flight conditions
H (km) 85. 2 85.5 88. 4 91. 6 93.2 94. 6
Ma 11. 7 11.7 120 12 3 123 12 3
s DSMC 1 85. 2km
2  DSMC , 2
, , DSMC .
4% ;  Nomura Matting DSMC )

28%  36%



Level T Level MACH|
13 6500 11 11
12 6000 10 10
11 5500 9 9
10 5000 8 8
9 4500 T 7
8 4000 6 6
7 3500 5 5
6 3000 4 4
5 2500 3 3
4 2000 2 2
3 1500 1 1
2 1000
1 500
1 (H = 85. 2km)
Fig. 1 Temperature and Mach contour plots on the symmetry plane (H = 85 2km)
M=
0.6 | _m— DSMC %i__
~8 0.5 | —A—Matting
i 0.4 | 6= Nomura -
< o
g 03 "’1if::::;ég;;;;;;;::;tzzjt__d
S 02 &
0.1
%% 86 88 90 92 94 9%
H/km
2 DMC
KFg.2 Heat flux from different bridging relations and DSMC method
2 DMC

Tab. 2 Heat flux from different bridging relations and DSMC method

gbr Mat ting Nomura DSMC
H (km)
(W m’) (Wm’) (Wm?) (W m’)

853 35407. 35 - L 47% 22992. 68 - 36.02% 25725.22 - 28 41% 35936
855 34033 6 -0 41% 22118 47 - 35.28% 24847. 76 - 27.29% 34174
88 4 27694. 94 1. 89% 18011 67 - 33.74% 20909. 45 - 23.08% 27182
91.6 22354. 96 3. 66% 14409. 21 - 33 18% 17504. 1 - 18 83% 21565
93.2 19728 25 4. 61% 12592. 32 - 33.23% 15725. 13 - 16.62% 18859
9.6 17223. 64 1. 63% 10840. 24 - 36.03% 13951. 51 - 17.68% 16947
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Tab.3 Heat flux from different bridging relations and DSMC method at different maches (H = 94. 6km)

y Linear Matting Nomura DSMC
) (W m®) (Wm?) (W/m?) (W m®)
5 1014. 829 18 47% 631.7507 - 26.25% 824 4151 - 3.76% 856. 6
10 9031. 466 4 18% 5681.563 - 3446%  7317.781 - 15.59% 8668. 9
1235 17223. 64 1. 63% 10840.24 - 36 03% 13951.51 - 17.68% 16947
15 31102 3 3.41% 19579.4 - 3490%  25189.08 - 16.25% 30077. 7
20 74250.59 - 0. 98% 4674875 - 37.66% 6012425 - 19.82% 74985. 8
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