K
o
kK
f[9

P20 A JpE =
M 62 M 45 2012. 12 . S30A I |

4o 0l

24

2= -
wpeak . B . ZA T

Numerical Analysis and 2-D Experiment of Heat Transfer
Coefficient on
the Pintle of a Controllable Thruster Nozzle

Soon Sang Park - Young gi Moon and - Jae Su Kawk'

ABSTRACT

In this paper, 2-D experiment and steady—-state computational fluid analysis were conducted

for measuring the hear transfer coefficient of pintle type controllable thruster in high pressure

and temperature. In case of 2-D experiment, transient liquid crystal technique was us

ed for

measuring heat transfer coefficient for the 2-D pintle model. The experimental result was

used to validate the CFD result. The CFD results well predicted the heat transfer coefficient

on the pintle surface except the nozzle downstream region, where the results by CFD was

higher than experimental results. The CFD results were also compared with the result by

Bartz equation and the it was shown that the Bartz equation overestimated the heat transfer

coefficient on the nozzle throat as much as 80%.

Key Words : Controllable thruster, Heat Transfer Coefficient, Pintle

- J|sMd -
1. M =
o @ N8Rl AEAE
. SHHEHo| odXC= =
R ANERe SHEE Ao wee 24 2790 gE 32 24l
x AlZF
¢ ™ol Al GsuA e Tz UTAS aTas 7%
od X Ch A
nooang s g Q7sl +A9n Uk e 8 2ho] 1w
A Z=F 2ANAH o 1A = w2 g
1—2012L4 119 159 "4 ~ 201249 12€ 18Y AlAlelg }_Xéo] 7]’%{5}5—% S}E :rL_JZ_oﬂ EH?:SJ' 91?7]' é%ﬁ
S8, Asdedsta FesT 8 7)AE st AP k(1] 53 L3k A 2 B
" s, R s 3TEF 9 AT o . .
R e e o A e o S 58 T F e WA g AU JAdyE

At A2}, E-mail: jskwak@kau.ac.kr




(3)

4y
9y—>5

Pr=

25

s

olo

el
W
B
o}
il

—_

0
I

PH
3
Nlo

=

T
N
u
X

4)

)[],5 Tv

m

(46.6 < 107 1)(

7

5+

o

A A=E 54

o

p

o] 7l&

Aol 7l=oltt

A

"

(5)

| 74

Characteristic velocity(sound speed)
L

2.2 2D 4

C

A77b AAF gk (2] ol

-(f;_]__
g A Ao Al Z=E el

=

%}.HL

1

2l betol A =
e} %

o
=

Figure 1

el
o)

‘_Iryl
ﬁo
B

A,

3]

‘EH

oA Aol g bg A7} A Aol

el
)
B
i)
,Ao
-

B
<

B
_~
o

op

wK

23
e

#27)

fs

oA 7t

o))
Ak
A

)

o]

B

ey
Mﬂ
-

—

o

(CFD)E &
Folch.

A
S

A1

ol
R
il

fvie)

X
A

fIr

ol

Al
.

Al

Hg o2 CFD

2315

[e)

p

o}

g

(6)

oo} 2

st

o

L

[}

b

[e)
AL A =7t

141 Duhamel?] WS o] &

ot

1—exp(z?)erfe(z) o] T}

o

[

11

i oFRt

o

o

ard

HA A
1714, Flx)

=

=

0

},

2

3

2

bl the

0

9

=

=

e

7

Q.

C*

() s

blck

14 gkvhel Wl

3|

FLUENT7} AM&-5] 9t}

o]

)

A

Qs
o~
T

L

MO.QC}}

Fo] Axis symmetry
proo

Foich.
(

i<

0.2
t

o

2oz
0.026
D,

I

]
9] Bartz 2]S AR

SST k-w 29g A}

|

=

E
< a1y

g

LS|
A
KX
=
=]
=
o
=
h



26

&l
Rr

<
"

ioJ

K]

U
Al

0o

217

Kt
B

Z0A Jt

=

0
U

ok

2012. 12 .

o6 Al 4

el

N FAAI A7)

N

o}

N
N

viel

Nr
&)

ol

el

AT
.

N

el

4K

2]
]

M
4

i

R
ol

el

X
ol
Lo

SRR 7hdd m7hA whol s~

3 %1

el

¢
oW

el

BN

A 7

o i

a4 2

t CFD

3|
T

R REIRCE I

10] o

Fig. 2014 thebdl whsh o] 2

wwe

4= 2

oju

ofp

Hallcrest)

1 %ol HH(35Cw,

A 8o

o] CCD 7teletE

s

&

=
<
1o
)
o

Tt

Aws 4YF

<
T

o
GH
oj

M

il

Fig. 3 Velocity Contour

Figure 3, 4, 5

wjr

H

Fig. 4 Mach Number Contour

Fig. 5 Static Pressure Contour

Fig. 2 Test part of Controllable Thruster



27

A

=

N
A

oI

L
.

ol A

gk v a glem, A3 gkatke] Hia

we 7
A4 fAr

1A e

3|

Al S
=

to] Bartz

S

%

o

o ols) 7}

ey

£
[\l
ol

<

7F ok 5% 4 w9

M=

KR
=

Figure 7

tol Atet dxprh 2w

S

2 g

A o2 Bartz 2

HU} 80%°1A 100%4 % =2 AFgro] =&H UL

o

A=kl HE

14 Aol M o

3]

old

®

ARSI

Fol

To°
T

ol o] =7]717 9]

=l

bt

3ol CFD 23} u|alg

5 Fig. 74

A

g5} e

T

<

U= AHE CFD Ak

il =] oh

3]

AN 5 7HEel 9
o, A&z CFDAA

Ax ¥ W

=
R

Z]

I8

l

dol,

Z

of

e
0

X
_r

Il

o]

)

A4

<

%

;0.._
B

o

=

iy
£
]

7} CFDY| 9

CFD A4t

2~ )
T A5
A A =

I

A

Q=g
e}

3

5|
.

o
=
dAG AMolmw A A} Fgro o

]

3]

of 9]

A4

3

=3
=

M
Ul

A%

| 7 %A debson, CFD A,

o3

o a
a =1
B =l

[ zuii |

JuBIIYa07 Jajsuel| eay

T
-0.02 000 002 004 006 008 010 012 014 0.16

3o

28 i
53
- L
8855 /

T T T T T T
g 8 8 8 8 8 =
8 8 § 8 | 2
[Ozwjm] wusioyyeoo Jejsuel yesy

Fig. 7 Comparison between Results

Fig. 6 Heat transfer coefficient at nozzle
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