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Investigation of the performance of flow field in supersonic/hypersonic
wind tunnel with different test section geometry configurations

Yang Bo, Liu Sen
(China Aerodynamics Research and Development Center, Mianyang Sichuan 621000, China)

Abstract: The steady flow fields of the @1m hypersonic wind tunnel are simulated under
Mach number 3 and 6 by solving axisymmetric N-S equations. The comparison between the nu-
merical simulation and experimental data validates that this numerical method is feasible. And
then the flowfields of wind tunnels with closed straight round and unclosed free-jet test sections
under these Mach numbers are simulated respectively. The results of uniformity test core of
closed straight round and unclosed free-jet test sections meet the requirement of relevant stand-
ards. The results show that the minimum diameter of the uniformity test core in Mach 3 nozzle
with closed test section reaches @882mm at the axial coordinate from -300mm to 900mm. The
test core increases by about 31.57% compared with free-jet test section, which significantly im-
proves the test capacity of wind tunnel. For Mach 6 nozzle with closed test section, the uniformi-
ty test core only increases by about 8. 24 % compared with unclosed test section, which makes lit-
tle improvement on the flowfield performance. The uniformity test core of supersonic wind tun-
nel with closed test section enlarges observably, but it is little larger in hypersonic wind tunnel
with closed test section than that with unclosed free-jet test section.

Key words:numerical simulation;test section configuration;supersonic wind tunnel;flowfield
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Table 1 Test and calculation results of Mach 3 and 6 nozzles
W AR _ iﬁ%?%’ _ AR
/mm M oM D it/ mm dM/dX M oM D it/ mm dM/dX
-300 3.025 0.0089 800. 0 2.992 0.0079 913.4
-150 3.026 0.0061 800. 0 2.992 0.0043 907. 3
0 3.017 0. 0046 800. 0 2.992 0.0021 900. 5
M3 0.0168 0.0179
300 3.027 0. 0060 750.0 3.000 0.0074 748.8
700 3. 040 0.0064 450.0 3.008 0.0042 408. 6
900 3.042 0.0107 350.0 3.011 0. 0066 241.4
-300 5.972 0.0180 800. 0 6.002 0.0189 843.6
-150 5.971 0.0142 800. 0 6. 000 0.0162 846. 3
Mé 0 5.973 0.0187 800. 0 0.0193 5.998 0.0157 848.5 0. 0224
300 5.968 0.0221 800. 0 5.998 0. 0062 864. 1
700 5.964 0.0204 700. 0 5. 986 0.0166 666. 3
1000 5.943 0.0236 575.0 5.970 0.0173 528.0
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Fig. 1 Numerical mesh scheme of different test
section geometry configurations
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Fig.2 Mach number distributions of Mach 3 nozzle with
different test section geometry configurations

PR 130 Bl o) A () A T D R 8 A2 1w 20 A it
LA RME 3 raa . 7E-300mm~O0mm i,
BRI R A A B AR — B, R 2 R A IX
-5 B R M A AT SR T X — a5 7E 300mm K




62 SO W

® o

(2014)%8 28 %

PUG - I H A H 83 8 56 B 7 49 55 IXGRGE /) L 5F
L P A rr) i RS R B T I 2 AL T R
R B B IX . ENAIE T B 2a o 9 25 T i 50 = [ 45

500~

5 5 - *
s00] | P ) "}
B 7 ¥
3009 = A ¥ Floo
a ¥ % /° —= Cylinder-300mm
2004-@ a Y S * /' —o—Open jet-300mm
g A = o - *Cylinder-150mm
1004 ¢ g % 7+ —o-Open jet-150mm
g 7 A ¥ ¥ ¥ 4—Cylinder-Omm
£ 04 ¥ —~—Open jet-Omm
= g v * x v—Cylinder+300mm
-100 ¥ )4 1 —v—Open jet+300mm
¥ » * +—Cylinder+700mm
20042 a Y >4 1 ——Open jet+700mm
a 2 v % . —* Cylinder+900mm
-300+ q 2 é % 7, —*Open jet+900mm
400 - : j j
el S =] v o~ -
'500 T T T T T T T 1
025 050 075 100 125 150 1.75 2.00 2.50

M/3+(x-0.3)
B3 %L 3 AT AN R BT D Koo A
Fig. 3 Variation in the lateral Mach number distributions at
different axial stations of Mach 3 nozzle with differ-
ent test section geometry configurations
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VA BTSRRI AE S 3 20 T . R M
1 45 T B8] 4 U B T A A R S 8 A IR
ORI L 3k F] 0882, 0omm DA b L ¥4 X (13 i 1k
REFE AR 2 00 T e 2 KU 32 3 1 BE 5 s 4 o+ (ELBE

T 300 2 45 U A DXTTR) il S A 4 DR % 3 3 1 o JB
Az — 5 ) BT R ) A XGTR 1RE d FE H RT L Ao B T
P 5k T LB IE ., 2565 0L 17 m2h 4 gt (8
T A RO IR0 B 4 ¥ 59 X [ 7 1 ok A
M B T 42 T KGR 1t e 1 A de K . Bl
W, —AN R4 10°, K 1000mm . JEE#B B % @150mm [1)
HEFER AR A 107 Eh R 3 51T CRAIFH B
SR B, T B0 A K B 24 0l 760mm A2 AT (B
TS HR AR AT Y 300mm , AN 5 [5G A5 BE 1] 11 2 5
FERZMAD 5 2R FH P 101 3 56 B, mT 3 56 11 B A K B 24 0
1000mm A4 .

RS A 2 3 3 76 SR A e B s FEAIR
it K50 A TR S S U AR R 4 [ RE S R )E R IR
FIAERIRY b i 1] 8 LY m S R B AR R R ™ E . [ FE LA
IR HERERTY RSB, S RREL 3 ST 3 KT Sk EB
B2y 29, 61°, B A2 34. 05°; Thik i 6 S 1F R
30 RT3k B AR 2 24, 07°, SO A 2 26,977, #F
Ry Bl S ARSI TR 3o o ] R TIN5 A . B Ah L R R Y
W BUE T RS F WA E A, DL R
S a] AR BT AT LSBT IR

PR P S 45 1 T o BT I A B B i 08 1 0 3 24
A DX B S 3 R A — T A S S R il B 2
B
3.2 M6 itE&ERRSH

PR B P Re 4R AR T 45 R ANk 3 R
R LA B PRI B i 3 35 50 XN 1) 4% 7 1 e 4
B Coh i 50X 7 MR IR 22 ons B K DR AR e 22
| AMa | 00 ¥ T 0 88 75 e XU 3 3 1 i 2l 0 98 A
(GJB4399-2002) , P45 4% 1 ~F- 15 5 o K507 XU TIR) il
2R 17 S W A /0N 4 e A A 1 6 B o A OB
Y R K — 2, /N SR PA Ea B 45
T A5 X AR AR H 8 @820mm DL b, 1 JF H iR 36
B X EARLE 700mm 8 LUE S 80 1 B A e
/N, & 1000mm #1657 X R @528mm, I /) i 3
B bR 3 B P RIRZ .

£2 MIBEARREREMRAMEERTESER

Table 2 Calculation results of Mach 3 nozzle with different test section geometry configurations

o (AR A _ FE A H A R g B _ P70 5 B T R B
/mm M oM Duit/mm | AMa | max  dM/dX M oM Duit/mm | AMa | mex  dM/dX
1 -300 2.992  0.0079  913.4 0.0253 2.992  0.0074  913.4 0. 0202
2 -150 2.992  0.0043  907.3 0.0116 2.993  0.0041  907.3 0. 0057
3 0 2.992  0.0021  900.5 0. 0077 2.992  0.0049  908.7 0. 0240
4 300 3.000 0.0074  748.8 0.0224 0- 0179 2.989 0.0106  891.6 0.0179 0. 0106
5 700 3.008 0.0042  408.6 0.0074 2.984 0.0112  882.0 0.0242
6 900 3.011  0.0066  241.4 0.0072 2.980 0.0118  882.0 0.0261
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Table 3 Calculation results of Mach 6 nozzle with different test section geometry configurations

oy AR TFI B i i i g B PAT 10 55 (680 G T X G
7 /mm M o Dug/mm | AMa | mee dM/dX M o Dug/mm | AMa | mo dM/dX
1 -300 6.002 0.0189 843. 6 0.0396 6.001 0.0166 843.6 0.0342
2 -150 6.000 0.0162 846. 3 0.0451 5.999 0.0137 846. 3 0.0381
3 0 5.998 0.0157 848.5 0.0582 0. 0224 5.996 0.0129 848.5 0.0493 0. 0338
4 300 5.998  0.0062  864.1 0.0220 ' 5.991  0.0063  836.3 0.0275 ’
5 700 5.986 0.0166 666. 3 0.0396 5.972  0.0102 823.1 0.0210
6 1000 5.970 0.0173 528.0 0.0310 5.957 0.0099 823.1 0.0277
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