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A study on supersonic jet using Schlieren technique and numerical simulation
in low-pressure condition

Yun Young Ji', Dong Kyu Jang’, Dong Kee Sohn” and Han Seo Ko®

Abstract Research on shock structures of supersonic jet through visualization experiments in low-
pressure environment have not been actively conducted. Therefore, in this study, shock waves and
supersonic jets were analyzed and compared by numerical analysis and Schlieren technique at
low-pressure. Schlieren technique is commonly used to visualize the shock waves generated by density
gradient as interferometric methods. Pressure ratio of entrance and ambient was set around 4 to
observe moderate under-expanded jet. For validation of experimental and numerical results, the shock
structure and frequency were compared. In the case of ST and C nozzle, the results were shown that
the difference of shock cell distance was within 10%. The Mach number gradually decreased due to
energy reduction, and the error rate was within 7%. D nozzle was not fitted to be observing the shock
structure. Because the interface between rarefaction fan and supersonic jet was ambiguous and
oscillating phemenoma occurred at end of jet, the supersonic jet in low ambient pressure was observed
and analyzed.

Key Words : Supersonic jet(Z+<7 A|E), Shock wave(5Z43}), Schlieren Technique(&2]# 7]H),
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Fig. 1. Experimental setup for visualizing shock
wave and supersonic jet
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Fig. 2. Schematic of mockup with MFC and
pressure gauge
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Fig. 3. 3 geometric types of nozzle : a) Straight

nozzle, b) Convergent-conical nozzle, and
¢) Divergent-conical nozzle
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Fig. 4. Sequence of image processing for detecting
rarefaction fan : a) Gaussian filtering, b)

Edge detecting, c) Edge dilating, d) Filling
holes, and e) Edge erosion(smoothing)

of|Ae] FAlS dojdll 4
HBE Qo & glt o] FAAE olol
A HEES S8l S43} Alele] Zt=E dojdl
2, FA7ARe) Nae 54

R

A 3
5 2~

A AEE BA 5 o

rlr -{} o

2.3 Shock structure 241

FRe) el BEE A9 285 A=
2 oy Al Bol Fg s gol HAF
QI It Bede A=e) e} del A
B9l #% 3L WEE TEsle] $An W
Zhg ARG =5 Aol 2R FA49 A
(shock cell)@} T}2A] AE EojA] WHAYS T4
5 e NPRo] Sol W W 5ol S5
o Zoj5o] AE7} gotel W) o <l
8 FAt) wzke] AR e A Wy
Jitk ufebd STSF CleZolNRE 5 Wl
ARG e Se] BT AL A
o D el 285 AR w3 oY
a7k sl Seld T wmE
412 0] WIS wgl ko] S
o ST} CxeZ9] 3 WA
45t wzel %EEOM. AES] Ao

o] ¥R 1527 el sk o
SAe] WEE STZ, Ci=Z 712]3l D=

o _1

o,
r

o

:::‘4

o O{N'

Q- FET - £F7) - 2LFhA

* o ST nozzle
| oW v m  C nozzle
*
364 « * D nozzle
34 4
* w ;K*
324
— * * *
— *
30 ¥
[~ * *
28 L = 1 i on
E.D. Am— 'ﬁa!!!‘_lg‘_ﬂ.ﬂ__l ap? Swgm- ..Il__
26 [5] D*’*D_DD DD:LD'DD U O 5 goo © " gt do
24 4
22 *
T T T T T T T T

Number of image

Fig. 6. Half angle of ST, C and D nozzles
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Fig. 7. Schematic of numerical simulation model

Table 1. Measured room temperature, inlet pressure,
ambient pressure and NPR by experiment
P, [kPa] TI[K| P,[kPa] P /P,

ST nozzle 152.39 298.3 35.72 427
C nozzle  149.36 298.3 36.00 4.15
D nozzle 154.73 298.3 36.11 428
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Table 2. Experimental and numerical data of
number of shock cell

Experimental data  Numerical data

ST nozzle 4~5 5
C nozzle 6~7 8
D nozzle 2~4 4
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Table 3. Error rate of Schlieren and numerical
simulation data according to rarefaction

fan point
lst 2nd 3rd 4th

ST nozzle 2% 7% 5% 2%
C nozzle 0% 10% 0% 5%
D nozzle 36% 13%
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Fig. 10. Mach number of experimental and
numerical data
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