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Experimental Investigation for the Shroud Separation

in the Supersonic Flow
Jung-Young Kim* and Dong-Min Lee**

The 1* Research and Development Institute, Agency for Defense Development, Korea* **
ABSTRACT

In this paper, experimental studies on the shroud separation were performed to
investigate characteristics of the shroud separation at mach 3. Shroud separation tests
were carried out in the vertical freejet wind tunnel that is capable of testing
separable structures. A shroud model was miniaturized to meet test objectives and test
section dimensions of the wind tunnel. Pneumatic Locking and separation mechanisms
were designed considering external force due to free stream. High speed cameras were
used to record the shroud motion and unsteady shock patterns over the deploying
shrouds during the shroud separation process. Also, unsteady pressures on the nose
surface were measured by using the pressure sensors. Through the tests, the
measurement data necessary for researches on the shroud separation technology were
obtained. Shroud separation behaviors and characteristics of unsteady pressure on the
nose surface for each external flow conditions were analyzed.
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Fig. 3. Test model for the shroud
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Table 1. Test model dimensions
Dimensions(Unit: mm)

Body Nose Shroud Shroud
diameter(D) | radius(R_N) | radius(R) | length(L)
65.0 1.0 156.5 105.0

Pneumatic tube

Pusher pin

Locking pin

Piston Hinge

Fig. 4. Cutaway of the test model

Release Locking Pin
[Locking Mechanism]

w Separation

Initial deployment of shroud
[Separation mechanism]

Fig. 5. Locking and separation mechanism
of the test model
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Table 2. Measurement items and sensors

Table 3. Flow conditions of the wind tunnel

Measurement items Sensor type Range
) Tronic Line
Reservoir pressure 89193510 60 bar
Type K on o
Total pressure & Thermocouple 200~ 1250°C
temperature
PMP 4010 a 40 bar
pnven s | SR | *° ™
Lock release
pressure PDCR 10/T 15 bar
separation pressure PDCR 921 sg 135 bar
Model orientation Digital protractor 0° - 45°
angle (AngleStar DP 60)
Stead & unsteady é“'gfaéiicﬁz 7 717 bar
pressure 7p55 b9 273°C$ (100™250psi)
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Flow condition Flow1 Flow2
Mach 3.0
Po(MPa) 2.58
To(K) 288.15 723.15
Density(Kg/m®) 2.38 095
Pw(MPa) 0.0702 0.0702
Teo(K) 102.9 258.3
Rel1/m] 203.8x10° 56.0x10°

Deploying
direction

Deploying
direction

IFFEE stream I Free stream

(a) Side-Slip Angle (b) Angie of Attack

Fig. 9. Side slip angle and angle of attack
of the test model

Fig. 10. Test model orientation (separation
plane)
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Reaching the test rhombus

Shroud deployment start boundary(+9.6mse)

Hinge Separation(+7.0msec)
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Reaching the test rhombus

Hinge Separation(+7.0msec) boundary(+9.4msec)

Fig. 13. Shroud separation behavior of Test03 and Test04
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548 BAY -

n m

ol BT T B

8
—=— P01
71 ——po2
64 ——P03
= P04
8 54 ——Po5
R -
g, P06
g3
o
2
1
0 +———— : : : : : : : : : : :
6714 6716 6718 6720 6722 6724 6726 6728
Time(sec)

Fig. 17. Unsteady pressure measured on the nose surface of Test03

Pressure(bar)

0 T T v T T ¥ v i ¥ ¥ ¥ b4 X
18.558 18.560 18.562 18.564 18.566 18.568
Time(sec)
Fig. 18. Unsteady pressure measured on the nose surface of Test05

b wA

oted WElE AZstgt). Fig 159

Zo] AFE g F 6719 ¢HAME 283}
Rk ¥ AZFLS 10kHzo| AEH &S A 83
At

Figure 162 2 AldolA A€ HF5F &9
o] ¥ Wsloltt. k=T ANEE ¢ A
TR EHCE 2T EE 3% 4 FEHY oY
H3l7F AlSE AT Test0l ~ Test049] AlS A}

o

2 By FAurAel g 2 Wl RS SAF
sttt 4 Aol =AQd 4E v=ae HY o

¥ 2 557 ~ 6.74barZ ThA ZpolE Hh FHU
A e eI SAAdA E2E F A&ete
A3 E 4y 22 ~25bar®] oF 279 FFoI
o Al ndo) M-S A 83 Test059} Test07
AN@olAes Al 1A fe Ha3rt #dFEH e
= gfgo] A&st= AR °F 1.0msec F7}H3
o ¢tg 39 HY fd¥€L 75 ~ 76bar FF
olth. et AMNE= %"J g3t HlA
A 8ol HlE &1HRl stFoll sHA| T FE
o] &HAlE Aol ol 1HT FERAHA &



Figure 173 Fig. 182 «¥ A5 23t ¥
3 77} /‘37]“ A9 schlieren 94S Y

Aotk Ide Sl o™ vt Arie AH 9
webrE AsH FAIe] FAS FAsath
Fig. 17-& Test032] <48 AS Azolth. A WA
g dae AN A F ek oF 7.0=
AN A A (+4.0msec)ll, F HA A= FehF-
Z7F SACA Ee8d 7“5(+7Omsec)°ﬂ e
o kst FACA EHEHE AR F
At H4 o] FFdAA BlojuHA e FAY
el = 3 BE AT Fig. 182 Test059] AZ A
o)t} Test05+ yiHeF 552 AAZo] 2gd
ANEeltt. Q7= Fe et HdR e s
EYHAT A 27 A&ste A AA o4 E
3 5 AA (P02, P04, P06 X))ol ATE A

ZHAY. F MA das 5 worE £

H, A WA FaE B2 fees gelA el
Gehg 99 ol 29 oo 2ol A

Mol BAHWA Y =9 A71e Folch

AR wWe WY 4y AF AR A=
Hola ul - wggHolo A AN O o
37 oHTh FF ks BN S1Ee 3
S AEH A% Snol B Wed AR
walgthe AHolA & AT ANE Fad oo
7b siek,

B AP AE §59 259 ‘%}% 230 w
=B Eﬂi

i
[m :l>
13
-{m
v
)
ot o
o
nZL'
_1
_l
Ftl
rE
o
2
1

%ff;ol A o], wheA u}o}fa} TS
& A% fEeEs) dHAE fEE
5o A9 59qt AW BH3 2
& Bl we debd 5 AAAT vheks

(i fe AL Lo
o
\

229049 %9 BN AT 549
of ¢fg =T BAG AFOoEE FEE &
g As &Xo] T3 715 AoE Addn

frEs WaFo] HE&d APolAe= @ vlnnhazt
z1 g3 ks HtE Asol fFEES
gl At BIthA Azl ofs HFFol A&
st oY W3 JeU= e vdAd As
et 28 A HEAZdd Fuig TS
vtk webA ks AA Aol EE Al
st 1%, F58F 59 v $HES FES
aHg #E AeH HAHA glo] dFHoltt

2 A7 ANEE BT webeEr AAEE
Fote] w&Ttv el 38 JAF} schlieren 974
agla AEE w1 §bY W3 5 s &
g B4 AT €83 Fa AF As5ES FE
stATh gRE AS5EL FF dAiAA 4 A
Ho] HAES Y3 A2 G AHo|H AlF
= = BEsY Ve Rl 7o9F Aes ¢
fRei=2

References

1) L. Resch, C. Decesaris, and E. Hedlund,
“The Naval
Hypervelocity Wind Tunnel

Surface =~ Warfare  Center
9 Hypersonic
Shroud Separation Testing Capability,” AIAA
92-0676, 30™ Aerospace Sciences Meeting &
Exhibit, 1992

2) Michael S. Holden, Timothy P. Wadhams,
Matthew MacLean,

the LENS Supersonic and Hypersonic Tunnels

“Experimental Studies in

for Hypervelocity Vehicle Performance and
Code Validation,” AIAA 2008-2505, 15" AIAA
International Space Planes and Hypersonic
Systems and Technologies Conference, 2008

3) R. Chamberlain, ]. Baltar,
Calculation of Hypersonic Shroud Separation,”
AIAA 93-0317, 31* Aerospace Sciences Meeting
& Exhibit, 1993

4) P.A. Cavallo and S.M. Dash,
“Aerodynamic of Multi-Body Separation Using
Adaptive Unstructured Grid,” AIAA-2000-4407,
18" AIAA Applied Aerodynamic Conference,

2000

“Time Accurate



