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Abstract: To further explore the structural changes of flow field during the starting process of a continuous
supersonic wind tunnel nozzle, a wind tunnel nozzle with the exit Mach number of 4.35 was investigated numeri-
cally and experimentally. The analysis shows that it was not difficult to divide the unsteady starting process of
wind tunnel nozzle into four stages, which were named initial accumulation, development of shock train, extru-
sion of flow, pseudo—stabilization in turn. Thereinto, at the first stage, the pressure in the contraction in-
creased, and the Mach number near the throat rose gradually. At the second stage, a shock train structure was
formed and developed. At the third stage, the main flow was beyond the outlet boundary partly. The final stage
accounted for more than 60% of the nozzle starting time, and the pressure in the nozzle went up continually,
while the flow structure was stable. At the same time, compared with the steady results, this paper further em-
phasized the characters of each stage, and demonstrated that it is necessary to use the steady result to analyse
the starting process at the stage of extrusion of flow, pseudo—stabilization.
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Fig. 1 Model of the wind tunnel nozzle
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Fig.2 Calculated total temperature (pressure) at

combustion chamber
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Fig.3 Mach number comparison between calculation and

experiment at the outlet
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Fig. 5 Mach number distribution along axis

at the first stage
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Fig. 6 Total pressure distribution along axis

at the first stage

N

Flow :Shock train region: Mixing i
: region

Pseudo-shock region

(a) =3.00ms

45 C D E
(NS oo (o

Flow Shock train

(b) =9.00ms

W

Flow

(¢) =35.00ms

(d) =43.00ms
Fig.7 Flow structure at different moments

m

/
n




$36k: H1i AR

LA

WUE R Shid B2

n

27

(d) FP 2 B n, v 18] DX A3 380 38 A B AR XA, X iz
B 7(d) Bl w1819 al i, Bl B A% 0 AN W ffie o
HR T KRS RE X AN B O A 1 [ X ) A
W b B A

45¢
s0f
3sk
)3
25

Ma

2.0
1.5

t=6ms

1.0

E =9ms
05 /e =12ms

AT R R ST S
OAOO.O 0.2

0.6 0.8 1.0
X/L

Fig. 8 Mach number distribution along axis

at the second stage
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Fig. 9 Mach number distribution along outlet

at the third stage
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Fig. 10 Numerical results about total pressure

at different points
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Fig. 11 Experimental results about pitot pressure at

different points
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Table 1 Inlet parameter

No. t/ms T,/K po/kPa P/po
1 0.40 301.44 10.05 0.550
2 12.00 343.14 141.97 0.039
3 48.00 472.56 551.38 0.010
4 78.00 555.65 801.57 0.007
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