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Total length 1,200 cm
. vZ E7 W2 (Ruozzie) 20 cm
Test section - —
(Grid: 531 x 101) e we v S 65 cm
Aol A8l (Lereejet)
HrA AT 93 (Ringer) 70 cm
AAELE Aol (Leaeen) 135 cm
FaF o] (Ly) 200 cm
Diffuser 42 W (a) 6.5 deg
(Grid: 629 x 101) B 4o (L) 400 cm
= 93 (Re) 47.2 cm
SHAHT- ol (Lgy) 400 cm
SHAE REZE (B) 6 deg
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m. 4 g% @ 24

— Averaged total pressure

1 1
PO,avg = W fPOPU,dA = E fPOPUdA

— Averaged Mach number

Mgyq = fpudA fMpudA = — fMpudA
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Diffuser inlet
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Averaged total pressure [Pa]

Averaged Mach number
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HME 25 % Ogive cylinder A8 R4 HAFH FENIH | wE
¥4 U fF 54 B AFF Fewds g 23
B UFACAMY] A9y &4 <& 5>9 2k AFAHCR tFA
AR AN WG AAEA s 4k BEel @ $2FARe] 9%
A AL <E 6>o BERIATh <Y 215004 & 5 Qo] A
wHe] AR TEdol Ae5s AF RddN wAss 45
AT AA AER TR OFAH e vies ExE meld.
ol QI3l], tFA A A &4o) AA dAgsA Hot
£ 5. gFAANA TSt ALY &4
Total pressure loss
Back pressure [kPa]
[kPa] .
At model At diffuser
R=150 mm 9.5 2,022.4 265.1
R=200 mm 9.5 1,935.0 352.5
9.5 1,751.5 536.0
R=300 10.3 1,751.5 535.2
= mm
10.4 1,751.5 535.1
10.5 -
E 6. gFAAA A¢Y &4S HAIE .4
Total pressure loss at diffuser [kPa]
. Shock train /
Total At catch cylinder Terminal shock
R=150 mm 265.1 252.1 13.0
R=200 mm 352.5 334.9 17.6
R=300 mm 536.0 508.6 27.4

25



f

9]

E

[¢)

s

®)

f%2)
=y
[¢)

8

=

=

e}
=13
=

T A
Ogive cylinder

=

-

R

2
3} T A ol A

RERKR -

1

=]
=

=

=

& =gl
a =

=

sttt TFA
A

S

=

T

she}

%% (Dynamic pressure)< A¢Hd oiv] 2 % 9]

Foglom <A 8>3 o] UErd 4

7}l uf
7> YERUTE <29 18>y <I¥ 19>

sk
=
=

o

o}

W Al B O SEA oA

b2 2}

i

S

A

)
S <

]

=
=

A

A
Py = Py infiow — Po loss at model — P, loss at dif fuser

Ln 2w 300 mmet ANE 25 %

Ea
| .

S
pas

_]

==
=
e A
= =

o}
H
o
H

_]

1o

‘]

%
L

%

ol

1

U] 3741 ol A 2

ol
<0
)

<
4

14 Alo] A9} FEo]

Z£7 10,500 Pa 3

o}
H

Gl

AT,

]

[e)

PN
T

o)
=

ol
=

)

0

o)

)

26



E 7.9 Tk wE AgY &4

Total pressure loss

Back pressure [kPal]
[kPa] .
At model At diffuser

R=150 mm 9.5 2,022.4 265.1
R=200 mm 9.5 1,935.0 352.5
9.5 1,751.5 536.0
10.3 1,751.5 535.2
R=300 mm 10.4 1,751.5 535.1

10.5 -

—2. Ald B9 v qEe] wE H3

Ogive cylinder Ay E2e] MZ Zo]l& HIA AP 2 vt =2
9,500 Pacll tigt a4 s st AlF B FHAE] e &
4 A <IH 22>, AYH EEs <™ 23> I2|al wheke

27




BR=10 % '
R=150 mm |

200

BR=20 %
| B=150mm |

200

BR=25% |
R=150 mm |

200

| | T e T aa

3 & i Do S0 R0 SOBE 0N TN SHE R0
T

Terlmina] shock

| Y |

400 600 800 1000

X |[em|
|

Terminal shock

400 600 800 1000

X [em]
| | | |

ITtarmiual shuci: ! I
| ¥ |

600 80O 1000

X [em|

400

P, = 9.500 Pa
1200
P, = 9,500 Pa
1200
|
|
P, = 9,500 Pa
1200

a¥ 22. A EE A5 wE F5 U &Y EX

Averaged total pressure [Pa)

i[Vs

1]

10

1

' Diffuser inlet

1
7. BR= 10 %
'. = = = = HKR=2"%
L U Bt BR= 15 %
-|| a1
g |
%
'I_IL \
! E=150 mm

Py = 9,500 Pa

1000

1200

O¥ 23. AE EE W45 wE FTE W AEY X

28



BR=10 %,
- = - — BR=20%
------- BR= 25 %,

S R=150 mm
: P, = 9,500 Pa

Averazed Mach number

0 2im1 AW (] L] W 1200
X [em|

I98 24. A Ed HAg B2 FF W "ske X

2 ek oA AY BREE HANEo] 45 FETA It
el A s S <I¥ 22>F T AT 4 Qlvh <I¥ 23>
ol 22wk 2N Al BEe e FE
T Add=H AE Bl HAEe] 7HE F 25 % Alolxeld AE
2R g Ay &Aool 7Pg A LAt & 543 ARl
o AlFF 9 HFAClA P v Hske ExE HX
KI¥ 24>°4 & F Qo] "HFAdNAE 7HE ¥ mietr 2EE
Bt A1g 24 #N g & Hd s <E 8> YEila

A go] F5E £4 s Ao e tashe A8 S

E 8. A 2 AAE oE ) W

BR=10 % BR=15 % BR=20 % BR=25 %

Pymax [KPal] 11.0 10.5 10.2 9.8

29



Ho w4

s

A B

A<
T

3-3. A8 RdoA e ALY

dof tj

Al

167F4] Ogive cylinder?]

3

HS}A| A 71

25> YERR It

0.0050

I I I ] 1
=1 4
o [
- u.du
o =k
—_I_‘
o=
2
- L4 =
= [
=
L o
o (]
SR T
o =4
- - L
=
OAR
e
[
2
e~ @
- e —
A
—
b=
o
2
I o
=1 - = =
- gEEs
= (=BT W "
L 2. — = &1 N
= A -
=) (8 uaRuaasl
m.
r e 4 )
s
e
N | ’ I I T 1 ! I ! I |
o ) ~ ¥ i -+ o =1
=+ = =+ = =+ =+ =+ =+
= = = = = = o= =
< = < = < < < <=
= = = = = = = =
0 xemq
d mopjuf / d

09

0.8

0.7

0.6

0.5

0.4

PG loss at model / Inflow P'D

d3 Ao wjet

A
T

a9 25, A8 294 o3 AYH

Al

= O
5=

7 =2

o
o
oy

6

T

3|

242 Ogive cylinder A& ®do o

o}
H

ol

=k

s

&

30



>,
ot
>,
S
-
fot
f
Al
2
o
2o
<
=
o
i ‘
of
AN
>,
N
N
o2
ol
o
rlr
>,
oo
M
-
[
rlr

ut

ANE Aol A% ARG 5 k. <ad 2657 go] Ho) gl ZAw

QY= HAa AlE AZre] tigsl= Hul sl w4 (Intersection

point) & ¥& F YoH olF Fa AF &8&o°] ks 4 (Operable
region) & dpete 4= St
U.Uuﬁu T I T I T T T ‘ T
[ |
1 R300 REEC' !
0.0049 - R200 : -
| = R150 :
on |
0.0048 - R300 : -
" !
) 1 Operable region |
-~ - - 1 -
B 0.0047 R2£'0‘ !
2 1 Riog R230 !
= 0.0046 S : -
- 1 Required - R150 'Rim :
£ 000454 oquiredtestime R3O0} _._._.=
: i R150
- 7 A
000444 | ™ BRIO% RBO0 RO
® BRI15% i
| A BR20% Intersection point
0.0043 5 - : —
| Ly BR25% 5 Y
1
0.0042 : , . , . | . : :
0.4 0.5 0.6 0.7 0.8 0.9

PG loss at model / Inflow PD

I¥ 26. Al 7@ Aols A R FF 28 e

31



do] HAES o= Ax AA A AFS AP F A=A B
T A 9 E 5o, AFH FEWE 300 mmE zE+= Ogive cylinders

9. 4 AN B ANE 7ttt HY HAE

R=150 mm R=200 mm R=250 mm R=300 mm

BR 0y 18 % 20 % 22 % 25 %

L eeSuA S Al vheled RAd UFA
Pgel thste] AARANACE FE Aol AHgE AY e Ar

Mgk FAL e Fom Y AFsd Aola

il

agdow A4 F

32



4 NE GE TR AY 2 OF A8

i
ftlo

A|=7HA Ogive cylinder Al 2o AFHF 803} o 4
AStA A7 As sl om F5 800 3ol Al Ao~
S S WS AT ol ZelM e SxE5% TE Al &
o] ARgsh= Alg el i Ay &4 vlelHE T ESA 1

A ET dolHE & A wih el Hgsta Al AolAE

o
o

4—-1. g3 Ag mdo) AL &4 dolH

vlsk= 6~109] o3l Ogive cylinder, Elliptical cylinder 183l

27>, <Y 28>, <™ 29> YEhdeh A
5 H lliptical cylinder+
AFFE ANbE S WH3kA|FHYE.  Hemi—spherical  cylinder® 4%

g A Eo] A AFH SENF o] AejAA Hrt

33



@ Ogive cylinder

P, loss at model / Inflow P

P, loss at model / Inflow P,

1.0

I
14
* & .
0,9 v - i
&
*
L5 o < L
BE=150 mm
‘ '
07 - = M=b
»— M=T
¢ A M=8
0,6 - v M=%
» * M=10
05 T T ¥ T T
10 15 20 15
Blockage ratio [%a)
I-“ L) T I I
*
L * -*
& hd *
i r
™ v
&
0.4 < L -
]
.
BE=23 % u .
8 M=G
0.5 o & M=T u
&— M=8
v M=% by
*— M=10
0.7 T T T T T
150 HK} 250 300

Radius of curvature [mm]

1% 27. Ogive cylinder A8 £4 ©o]¥

34




® Elliptical cylinder

P, loss at model [ Inflow P,

[ Inflow P

P loss at model

1.0

T T T T
B t
* Y L]
0.5 = b
® -
(b5 = -
* [
L
0.7 - " a=150 mm
& " M-6
*  M=7
i o L ] ‘ hl'1=8
¥ M=9
05 u +  M=I10
1 1 J ) L]
10 15 0 25
Blockage rauo [%a)
1.0 . T T T
*
v *
i L 4
. hi *
0.9
L ] - T
L}
ik
) .
BE=25% =
0.5
B R=6 H
* M=T H
& M=§
¥ M=0
0.7 *  M=10 "
T T ¥ T T
1500 200 250 £l 1]
Semi major axis [mm]
19 28. Elliptical cylinder A8 &4 do]H

35




@ Hemi—spherical cylinder

T T
® $
s v Y
L 4 A -
= * ]
R u
Z 094 -
< Y . .
= .
o
'§ - = M=6
= 084 . ¢ M=7 -
7 A M=
o
;; v M=9
* M=10
]
0.7

; : T ; -
10 15 20 25
Blockage ratio [%]

19 29. Hemi—spherical cylinder A8 &4 do]H

ol

4-2. A2 g2 F7 AF 224 A dbolg A%

r

)
A
i)
b
1>
=
o
A
i
A=
o7
ri
P
o
.
A

E97 150 mmE %t HJAE
25 %2 Ogive cylinderet HME 20 %2 Hemi—spherical cylinders=
A BEoA At AET FYF v 88 %< EAo] g
T AE Bd Aolxe Ho wicke dkefel] mlwsia <& 10>

<713 30> YERY ST

36



£ 10. ALY &40 L& AE 229 Ho Wit vz

P, loss ratio
Test model 0 P kPa
at model bmax | ]
Ogive cylinder 98
(BR=25 %, R=150 mm) |
0.88
Hemi—spherical cylinder 9.7
(BR=20 %) '
0.0050 : : : , . , , , :
1 r3ty  R250
0.0049 | R200 i
| u R150
on
0.0048 - R300 -
~ i R250
A" 0.0047 - 5 i
= 0.0046 .
— i R200
“x R150 vA
= R306 -
: R150
- A
R BR 10 % Ro%  R200 |
BR 15 % v
BR 20 % ]
BR 25 % e
2
’ , , | ’ , —<
0.6 0.7 0.8 /o.sso_g

Hemi-spherical cylinder (BR=20 %)

Poloss at model / Inflow P,
a9 30. ALY &4o] Y AY 2l Ao vigt vlw

Al EeoM s Ay E4o] 2 7 AIE e i

offl
e
ol
ol
@
o
i)
@)
Q.
<
()
o
=
5
(@R
)]
=
=
=
<
B
=
=
A
I
r>~
o
fu
-z
Anj
T
)
2,
|

37



e FTA e AL gu|sitt. &, FoAX upekgrel Al A=
OFA g4 2o 3k Ogive cylinder? Ho vt =4S Hemi—

spherical cylinder & W& T/ Ald 2d dolHe dasie d&

st @ 7bs ol wek] B9 & vk

0.0050 . r r : . ; . ' .
{ rsom Res0 i
0.0049 - R200 ! -
] . R150 |
on |
0.0048 4 ezt i -
1 Operable region .
~ - 1 -
A% 0.0047 o |
% 1 rzop R250 |
= 0.0046 | -
: - ) . R‘ISO R200 1
‘_ 1
g 00045 Required test time R00.f o
g i R150
= 1 A
= oossl [ = BR10% o frem ]
' | ¢ BRI15% ) o
A o Intersection point |
0.0043 BR 20 % | 55
v BR25% ! Ny
N |
|
0.0042 , : : , . . ' : .
0.4 0.5 0.6 0.7 0.8 09

P loss at model / Inflow P, Allowable P, loss

a9 31. &7 AE A gRE AT & A9y &4
<1 31> YEbd Intersection pointel] tl-§3t= 7t2F] g
QTHE Ha AW Ae BE2AY 5 AW BN #E
Ae &4 (Allowable Po loss)& WERHT Al EEeoA EAgsh=
Aty £4do] 88 Ay SAERY AHA EAste AolAe AE
8ol 7hsst FAe Fotes s & v S, A BEE Fae

dAglel A S8l Al REolMe] Aty EAS debd
2
-



V. 28

o}

Ho

4
on
N
hin

il

Fel a3} Hy

53]
=
o

H

-

A

I Ogive cylinder Al

o

of i
SAAZIH Al B A 9

Er_t—ﬂg

&
=

Fskgth. Ogive cylinder Al

(o]
2

w

ol o
H=

Gl

BH

B

o wlj}ke]

1

o]
pal

T

[¢}

g 7}

o &

7}E

=

o

e

KL dlof| 4] €]

cylinder A&

ofiy

Aul} Z7HAIA

ol

il

=

A

2

ga g wa

it

FX3

—

0

¢+

B

T

Ogive cylinder? )

5

0]
pul

of i

A
38

A

% 574 Y

PN
T

5

°©

v}

o]

Hr

;ln,ﬂ

]S
=

A
=

o] HebA A A%
98 A% &

3

EX
=

5

WE Al EEeA <]
39

=
T

cylinder?} Hemi—spherical cylinder® =t uj<t



T ol A 9

Al

=

oR
¢+

i

B
i
il
Jo
—_
R
T
%

qr

A4

Al el

A} v

L.
T

5

)
SH

el

o
Hr

1r
ol

e

ofiy

4

)

Hr

T

ol

mdof tf

Al

o

H=
T=

]

=
[e)

IR

%
G+

0

B

)
o
s

ol
=

40



V. FaEd

[1] https://www.dlr.de/content/en/research—facilities/hypersonic—
wind—tunnel—h2k.html

[2] Agostinelli, P. W., Trifoni, E., & Savino, R. (2019).
Aerothermodynamic analyses and redesign of GHIBLI Plasma Wind

Tunnel hypersonic diffuser. Aerospace Science and Technology, 87,
218—229.

[3] https://www.nasa.gov/multimedia/imagegallery/image_feature_6
25.html

[4] Choi, D., Baek, J. S., & Kim, K. H. (2021). Efficient diffuser
design for plasma wind tunnels with a large blockage

model. Aerospace Science and Technology, 119, 107206.

[5] Pugazenthi, R. S., & McIntosh, A. C. (2011). Design and
performance analysis of a supersonic diffuser for plasma wing
tunnel. /nternational Journal of Aerospace and Mechanical
Engineering, 5(8), 1682—1687.

[6] Sol Baek, J., Choi, D., & Kim, K. H. (2022). Numerical
Investigation of Diffusers in Arc—Heated Wind Tunnel: Introducing
a Novel and Efficient Hypersonic Diffuser. Journal of Aerospace
Engineering, 35(5), 04022070.

[7] HANUS, G., MIKKELSEN, K., OLSTAD, S., & Caristia, S.
(1991). Supersonic wind tunnel diffuser performance with high
model blockageat moderate to low Reynolds numbers. In 27th Joint

Propulsion Conference (p. 2274).

41



[8] Lee, S., Yu, 1., Choi, J., Oh, J., Shin, M., & Ko, Y. (2018). Cold
Test and Internal Flow Analysis of Semi—Freejet Type High
Altitude Environment Simulation Test Facility for the High—Speed
Vehicle. Journal of the Korean Society for Aeronautical & Space
Sciences, 46(4), 290—296.

[9] Lee, J. I., Kim, C., & Kim, K. H. (2007). Accurate computations
of arc—heater flows using two—equation turbulence models. Journal
of thermophysics and heat transfer, 21(1), 67—76.

[10] Yoon, S., & Jameson, A. (1988). Lower—upper symmetric—
Gauss—Seidel method for the Euler and Navier—Stokes
equations. A/AA journal, 26(9), 1025—1026.

[11] Kim, K. H., Kim, C., & Rho, O. H. (2001). Methods for the
accurate computations of hypersonic flows: I. AUSMPW +
scheme. Journal of computational physics, 174(1), 38 —=80.

[12] Van Leer, B. (1979). Towards the ultimate conservative
difference scheme. V. A second—order sequel to Godunov's
method. Journal of computational Physics, 32(1), 101—136.

[13] Menter, F. R. (1994). Two—equation eddy—viscosity

turbulence models for engineering applications. A/AA
Journal, 32(8), 1598 —1605.

42



Abstract

Analysis on Performance of a Hypersonic
Wind Tunnel According to Shape and
Blockage Ratio of Test Models

Jaewon Jeong
Department of Aerospace Engineering

The Graduate School

Seoul National University

This study was conducted to analyze performance of blowdown
type hypersonic wind tunnel according to shape and blockage ratio of
test models through numerical simulation for presenting efficient
wind tunnel operation plans. With Mach 6 inflow condition, total
pressure loss by the test model and maximum back pressure were
identified with changing radius of curvature and blockage ratio of
Ogive cylinder test model. Through this, we could obtain a specific
curve for total pressure loss and maximum back pressure. With
consideration of required test time, we suggested what extent test
model could be increased to conduct wind tunnel test and efficient
operation plans of wind tunnel were presented. Also, it was confirmed
that the derived relationship between total pressure loss and
maximum back pressure could be applied to different kinds of test

models as well. We constructed total pressure loss data for test

43



models commonly used in hypersonic wind tunnel test and presented
how the data could be applied to wind tunnel operation. This study
can help to select efficient test cases and establish wind tunnel

operation plans in conducting hypersonic wind tunnel test.

Keywords : Hypersonic wind tunnel, Test model, Total pressure loss,
Maximum back pressure, Test time
Student Number : 2021-23473
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