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ABSTRACT

This study has analyzed the convective heat transfer on the deck exposed to the high-temperature impingement
exhausting from a VTOL vehicle. The heat flow of the impingement on the deck is modeled by the convection
heat transfer. The convective heat flux generated by the hot impinging jet is investigated by using both convective
heat transfer formulation and conjugate heat transfer formulation. Computational fluid dynamics(CFD) code was
used to compute the heat flux distribution. The RANS equation and the k-e turbulence model were used to
analyze the thermal flow of the impinging jet. The heat flux distribution near the stagnation zone obtained by the

conjugate heat transfer analysis shows more reasonable than the convective heat transfer analysis.

Key Words : Nusselt Number(Nusselt <), Convective Heat Transfer(tHF &4 ¥), Conjugate Heat Transfer(&H3F G4,

Vertical Take-Off Landing(VTOL, <=%]©]2+57]), Thermal Flow(€ %

Jllsddy A, : Area of jet nozzle
A, : Area of Propeller

D : Diameter of nozzle
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k : Thermal conductivity
Nu : Nusselt number
Pr : Prandtl number
q : heat flux
r : Radial distance from the axis
Re : Reynolds number
St : Stanton number
T, : Thrust of propeller
T; : Thrust of jet
T, : Temperature of surface
T, : Temperature of exhaust gas
U : Induced velocity of VTOL
U, : Velocity of exhaust gas
|4 : Volume of fluid
Wyror + Weight of VTOL
z : Distance of nozzle from impinging wall
Pa : Density of air
Pe : Density of exhaust gas
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Table 1. Region defined by distance

Wall jet
Region

Transition
Region

Stagnation

Hzglion Region

Section |0 < /D < l1<r/D<25|25<r/D

nozzle

[
I

\j

Impingement
surface

r
|

Wall jet
region

Transition
region

Stagnation
region

Fig. 1. The flow regions of impinging jet

E 79 WelAMe fsel &
2] HH*(Z)JJr 7}i“of%(r)2

-
45E 3

Y
LM”

76 / Srart A e8] 4] A21E AN1E(2018 2¢Y)

A
i
AN

Ao A7t &
o, —‘?—“:roﬂ"i
(heat flow rate)= U]+
ko dlF gdgdd o3 fAEFE
g duAl= DfiS(heat flux, ¢')O=E

(Hel dA= %%DP.

=
]’j‘l:ll_'ﬂ'

h= diFadde

A& (EdE ol
SIS A ) P g EaXC)
A = drh AR

I 5,
&34
Nusselt (N )<
Nusselt 5% I A2 x|
719] Hl&olth dif Gxde Alh)S
o] TAE v 2tk

)
iy

e ope & orlr

O

o
mlo o
X o

fo

gt
:L gt

W

&

ke o

f

ng
2L
iy
X,

o

x5
mrr

54 dol&
AR(DYe 574 dol2 A} Nusselt
Reynolds <7(Re)%} Prandtl 57(Pr)2] Sr2AM ®d

UHBergman & Incropera, 2011).

N P N,

o

Lmﬁi
1o

ol ok 2

Nu :f(Re,Pr, A,,,%)

o]7]4, Reynolds ¢} Prandtl & ZVZ Re,=
U Dlv, Pl’:cp,u/kzi’.i Helg}, U= HAE §2 v
= 44 S oE AY HY, 4L wZo] AR}
24, 98 5ol e 27 WAL e,
3. ol2X g

3.1 iR g MAlst

Al 7hae 8 2 dEkAR)Y T ookH A



o Augidelot d. HA 9% neyd, ¢
¥ uEUH % BG4 8 oA neae 23

At FAE 3 o

o

F(Navier-Stokes A4, oY=
3}gk 4= Qlth(Chung, 2002).

1>

Q)

®

()

c =
p

=i
E__l_,

H]

pi

W=, 7,7 Reynolds
o e olvlel

g 7ol T
= (ucp/Pr)(aT/axj),
=—pc, u/~T9_§ A ojHrt}. o7]

o T

o] o)
=,

Shear Stress 9=} ¢ Yo
I ok el x@dek 7, 7,

woU/ox;+oU/ox,), q;=

%
rr

L

fu

turb

7 ——ﬂu—up q
A, pe A SR, W,
wslgko|t), 9] AL e
Wl wjidol| g
o33l &mot 2=
= F7189] Reynolds stress}
Zuckerman & Lior(2006)2] Aol FEA Ed
11/_].2 DH]]:H 7:1“4.2 u]j_o]_Oﬂ ou{i SST_:_
eA7F AA vepdtiar AlA skl o, SST
< Reynolds oA Aol #A vEhdth
Achari & Das(2015)9} Coussirat(2005)2] Aol A=
k—e RO& /\]__Q_ ]_Oﬂotq xF
BEeE HAFAE %A
fresiAollA nlaA
pS = oﬂ}ﬂ xF k—
A% 3R A8 =

A A

224

ZIA

Tl

o
i o,
lo
1157
Ho
I
o

fo lo I

s
=
e U

C,pk*/£)°]
0.09= 7Hg3t3itt

e

Y
23
tlo
e
¥
[
1%

(ANSYS 2015). %+

H 2de] i &
k)ﬂ o A4k E(Turbulence dissipation rate, &)<
Aste] AP ETh

AR ()2 A (D3 A ®)°ll A
5 oY X]|(turbulence kinetic energy,

3

A(pk)
ot

2
—lu+—
8@[”

+p7( Uk) (7)
J

2 ) ok
o) 0z,

]+Pk pe+ Py

®)

(jéfl)g + (jar Fb)

wstel, Pt P
A9 4 (0t @l A
, 0,=130, C,,=144,
279 @Ee
2% ol
0 2 g
o,

Versteeg & Malalasekera(2007)°] *
gag0m, ol g W 1
]

!

H
o
=

ok

(C))

D) eP 9
—*ngf( i

+7urt) (10)

i

0

ox,;

1

Py op +pc, . (qj + q;‘“'b> (11)

St al 2 el 7|8 A A1 A1E018d 2€9) /77



A71M o WRAUA, Us Al &%, e
o= WEE ougit}. ol HA} co9} s= bzt
2 uAREANE ok R oy

o 2~ ”
ds g o ¢

41 TAEE Ho

WA} &% Reynolds 5 Aol 714 23
Wapoln] diprow dFAsE AAshs a4t
=, A mdod BAL £25 AAsE AL UFA
TE AAsted etk 2 oA wi7]7kse
A SEE ok S AWsitith WA wr)vt
29 B

o,

(Intergovernmental Panel on Climate Change)ollA] 23

f RINE Bz 337 7)kae) AR 7 A
v wygA e} wrlvkael BAAE Ao Aol
T

L W77k e] 2AAE Aolsh] A Fae

78 / Sh=rt A e8] 4] A21E AN1E (2018 2¢Y)

#alo] gor wd Ach wr7hre] WX,
Aol tigh 24A=

D eabas ke = Dikns 1t = D ety 02 AOIFHATE

_ Y 14
fa =y (14)
A7IA, e, & =489 AZFHE(Volume Fraction, V)&
ojmet Wi AA WA AAsHE FIo] HE=Z
AeojHr) 47t 249 AAE V)2 1S B
ojof gt} wjr|7k~e] EAXE 47 EFIE] A
S|
2]
k|

22 p, =

Table 2. Component ratio of exhaust gas

) Thermal Dynamic

. Volume | Density . ; X
Material s | Telir] Conductivity| viscosity
g [W/mk] | [Ns/m?]
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Fig. 2. Schematic diagram showing the operation of

a turboprop engine
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Table 3. Parameter of propeller thrust and jet thrust
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Fig. 3. Conceptual view of impinging jet and flow

Length: 18,400[mm]

Height: 1,321[mm]

Impinging wall

Fig. 4. Domain of jet nozzle and plate
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Table 4. Parameter of simulation model

Diameter of nozzle Domain
0.92[m] Air and Exhaust Gas
Weight of VTOL | Length Height z/D
27.4[1] 184[m] | 1.32[m] 1.44
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