27 3 Vol.27, No.3
2009 06 ACTA AERODY NAMICA SINICA Jun. ,2009
: 0258-1825(2009) 03-0358-05
1 2 2 1 1
(1. , 410073;
2. 100080)
JF10 , - 1
10242 A
0
[6] 113 ” ,
( “ ”
) ’
(1] '

T3 T4, T5 HEG(High Enthalpy

Shock Tunnel in Gottingen) |, 1997 “ "
HIEST ( High Enthalpy Shock Tunnel in
Kakuda)
JF10% ' ’
’ [34] ' “ .
(5]
) JF10
* :2008-02-25; :2008-07-28
: (10672170 ,10502056)
(1971-) , . Email :zengming @nudt. edu. cn



HEG® TCM2 (Free-pistom Shock Tunnel at
Marseille University)!
Electre'® ,
2
! Fig.2 Free stream electron number densty measurement plate
1 7 (N2 0: N O NO
NO* e), Gupta (11]
JF10 T
T Ty,
, 11mm, 500mm _—
7920K , 19. 6M Pa "
Tw =600K
(3.0] ’ NS
’ A, 2E, 26, _
' ot 8 or
R=9.5mm
&z
b =14400Pa [ * HJ rW D
1 350mm, :
240mm , 200mm, U= PCpC:, PCsPupv,E,E)" (2
140mm p = W = (wi,w2, ,Ws,0,0,0,S)" (3)
211Pa C i , Wi , Ev
, Sv F G ,
F G JH H
NND (2]

L U-SGS (2]
1
Fg.1 Free stream pressure measurement plate 2.2
: po =19.6MPa,
somm 9 2) 3 To = 7920K AIA" =
Ne =(4.0%£1.2) x10° /cm 2838 .
2
118 ,
2.1 101 ,
[e10] [14] 3
JF10 ( 8000K 1

20M Pa) , 7



360

27

W

TT,/16°K
N

g

[ N

o T N\

[ === TV N

r j’—J\

0 0.25 0.5 0.75 1
1/r,,

Fig.3 Radia distribution of temperature at the nozzle exit

(x=50mm) ,
Ne =1.0x10" /cm®,
Ne =(4.0+1.2) x10° /cm®

Fig.4 Pressure p(Pa) contour of the flow field around the plate

1
Tablel Numerical free ssream properties
p/ Pa 95 Cn, 0.745
T K 436 CN 8.4x10°°
TJ K 3210 Co, 0.065
p/ (kg- m-3) 6.73x10°* Co 0. 146
u/(m- s %) 4990 Cno 0.044
M 11.0 Cno* 5.4%x10°7
3
3.1
JF10
(1 :
7 11
’ NS 1
AUSMPW + (151
R=9.5mm,
4
I p = 15360Pa, 1.4
p. =14400Pa
, 0.6m
0° 4
(x =
140mm) p =202Pa,
p =211Pa
Ne

30 q
_ 8.5E+09
£ 20
£
> 10 1
0 |
0 50 100 150
X /mm
5
Ne( /cm?d)

Fig.5 Hectron number densty Ne(/cm®)

contour of the flow field around the plate

New =7.3x10° /cm®,
Ne =1.0x10"° /cm®

30 %,
Ne 1.9 3.6



3 361
NO L
3.2
2
( 7%, 5%) ,
1.9
[1] ITOH K, UEDA S, TANNO H, KOMURO T, SATO
K. Hypersonic aerothermodynamic and scramjet re-
search usng high enthalpy shock tunnel [J]. Shock
2 JF10

Table 2 Measured and numerical rebuilding val ues of

the free stream properties in JF10 tunnel

/ Pa 14400 15360
/ Pa 211 202

(4.0£1.2) x10° 1.0x10%

/(- cm™®

(1 ,
4
(1)
(2 JF10
( 8000K 20M Pa) ,
(pp, T, Tv,CG )
(3) ,

(2]

(3]

[4]

(5]

(6]

(7]

(8l

(9]

[10]

[11]

[12]

[13]

Waves, 2002, (12) :93-98.

. [3]. ,
1999 ,31(4) :389-396.
. JF10

[3].

,2000,14(3) :12-17.

JIANG Z L, ZHAO W, WANG C. Forwardrunning
detonation drivers for high-enthalpy shock tunnels[J].
AIAA Journal , 2002, 40(10) : 2009-2016.

[J]. ,2005,22 (4) :
425-430.

HANNEMANN K. High enthapy flows in the HEG
shock tunnel : experiment and numerical rebuilding[ R].
AIAA 2003-0978.

ZEITOUN D, BOCCACIO E, DRUGUET M C, IM-
BERT M. Reactive and viscous flow in hypersonic noz-
Zles[J]. AIAA Journal , 1994, 32(2) :333-340.
SAGNIER P, DEVEZEAUX D, PAPIRNYK O, LOUR-
ME D. Standard model testing in the European high en-
thalpy facility F4 and extrapolation to flight[ R]. AIAA
1992-3905.

[D].
,2006.
[3].
,2006 ,24(3) :346-349.

GUPTA RN, YOSJ M, THOMPSON RA ,eta. A
review of reaction rates and thermodynamic and trans-
port properties for an 11-species air mode for chemical
and thermal non-equilibrium calculations to 30000K[ R].
NASA RP 1232,1990.

ZHANGH X, ZHUANGF G. NND schemes and their
applications to numerica smulation of two- and three-
dimensional flows[J]. Advancesin Applied Mechanics,
1992, 29:193-256.

STOLL P, GERLINGER P, BRUGGEMANN D. Do-



362 27

main decomposition for an implicit L U-SGS scheme u- [15] KIM K H, KIM C, RHO O H. Accurate computations

sng overlapping grids[ R]. AIAA 97-0770, 1997. of hypersonic flows usng AUSMPW + scheme and
[14] , , , . shock-aligned grid technique [ R]. AIAA 982442,
[J1. ,2005 ,26 (1) :38-41. 1998.

Numerical rebuilding of free stream measurement
in the high enthal py shock tunnel

ZENG Ming', LIN Zherrbin®, GUO Dahua , L 1U Jun', QU Zhang hua'
(1. College of Aerospace and Material Engineering, National Univ. of Defence Technology, Changsha 410073, China;
2. Key L aboratory of High Temperature Gas Dynamics, Inst. of Mechanics, Chinese Academy of Sciences, Beijing 100080, China)

Abstract :1t is difficult to determine the S mulative parameters of a new high enthalpy tunnel merely by
measurements because the measurements themselves are affected by the high temperature nonequilbrium
effects. Taking the high enthalpy shock tunnel JF-10 as an example, the free-stream measurements taken in
the test section are numerically rebuilt through calculating the nozzle flow field and the flow fields around the
measurement probes sequentially. The detail free-stream properties in JF10 tunnel are determined by in-
tegrating the numerical solution of the nozzle flow field with the free-stream measurement val ues and the re-

sultsof the numerical rebuilding of the measurements.
Key words:high enthalpy shock tunnel ; hypersonic nozzle; numerical rebuilding; nonequilibrium flow



