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Hyper sonic pitching damp measurementsfor a winged
vehicle by model free flight

MA Jiahuan L | Jiang ,PAN Wen-xin,ZHA| Marrling
(L aboratory of High Temperature Gas Dynamics, Ingtitute of Mechanics,
Chinese Academy of Sciences, Beijing 100080, China)

Abstract :Modé free flight experiments were carried out in impulse hypersonic wind tunnel
at Ingtitute of Mechanics, Chinese Academy of Sciences under the Mach number conditions
of 6.26,7.91 and 9. 29 to obtain pitching damp for a typical space shuttle model. The mod-
el movements were recorded by synchronized high- peed photography. The pitching damps
of models were obtained by parameter identification us ng maxi mum likelihood method. The
results show that within the scope of experimenta condition the models are al dynamicaly
stable. The repeated experiments at same nomina condition show that models moved with
same pattern and have close value of pitching damp. The variation of Mach number (from
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6.26 to 7.91) and axis variation of model’ s center of gravity (from 0.50 to 0. 60) cause lit-
tle change of pitching damp and the vdueisabout - 1.5. The damp at Mach number 9. 29
isrelatively smaler possbly mainly due to the lower Reynolds number rather than higher
Mach number. A dmple nonlinear identification model was adopted and it seemsthat the re-
sults were improved to a little hit.

Key wor ds :pitching-moment coefficient ; winged vehicle; hypersonic; impulse wind tunnd ;
mode free flight
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Table 1 JF8A hypersonic wind tunnel operated under three test conditions
po/ MPa To/ K Rew/ m* g/ MPa Vol (m.s')
M =6.36 5.6 640 2.36x 10" 0.0628 999
Mo =7.91 15.7 833 2.52 x 10 0.0690 1168
Mo =9.29 16.2 1100 1.10x10°  0.0334(1+9.1231) 1437
3
M = 6.26 , Xcg/ L

0.5 , Xcg/ L = 0.6
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Table 2 The identification results of linear model
Cpo Cou? Cno Cho Crmo (o Cing

696 0.50 062302 3.5 -0.094 11.54 -0.088- 1.518 - 0.0023 - 0.298 - 1.858 0.152
' ' 062503 2.5 -0.091 0.725 0.059- 0.722 0.008L - 0.172 - 1.244 0.129
0.025- 0.823 0.0154 - 0.199 - 1.286 0.244

7.91 0.50 062704 3.6 ~-0.128 1.8%4
9.29 0.50 062803 3.4 -0.087 1.056 -0.028-0.649 0.0136 - 0.152 - 0.503 0.074

; , (M =6.26 9.29)
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Table 3 The identification results of linear and non-linear model
Crg
062302 - 1.858 -1.819 0.152 0.135
6.26 0.50
062503 - 1.244 - 1.262 0.129 0.041
7.91 0.50 062704 - 1.286 -1.321 0.244 0.109
9.29 0.50 062803 - 0.503 - 0.409 0.074 0.071
[6]
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