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ANALYSIS OF HEAT TRANSFER OF INCLINED IMPINGING JETS ON A CONCAVE SURFACE

M.W. Heo, K.D. Lee' and K.Y. Kim”

Numerical analyses have been carried out to analyze the three-dimensional turbulent heat transfer by
impingement jet on a concave surface with variation of geometric configurations. Three-dimensional Reynolds
averaged Navier-stokes equations have been calculated using the shear stress transport turbulent model. The
numerical results for heat transfer rate were validated in comparison with the experimental data. The distance
between jet nozzles and angle of inclined jet nozzle were selected as the geometric variables. Area-averaged Nusselt
numbers on concave surface are evaluated to find the characteristics of heat transfer with the two geometric
variables. The heat transfer increases as the distance between jet nozzles increases, and the inclined impinging jets
show much better heat transfer performance than the vertical impinging jet.
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Fig.1 Geometry and computational domain

ro
i

o, N
o
2
N
o

do

‘
N
—_
o,
!
o,

:'L

7 Ao €] ﬁﬂm i?&‘ﬁ«l o} 6HH7}
2 A%5E Hola oA Hixel ueuga}t
¢ tgEg= As 3tk Kumar
&2

FAFeE7] flsko] FAls S

A BAF RS AE =53 WA Aol 23
BH*U ﬁﬂrxl < Hlasklt. o=

oy R mlo
N

=il
m
Hﬂ
>
e
N
o
1o g
=
&l
i
%*i“

Reynolds  averaged

fez] =
= o
FAANe s A
4e 5o QU WG RS

Navier-Stokes (RANS) @
Atole] A} QY TARE A% =59 7]e7] Wstel w

£ FESYI 90T J5 e Bl

2 AFelxs Edols MR F¥ZRE U o5W
gt FEAES] A 5 2 EdE 5A4ES RANS ¥
A& B3l siMsieion, M-S M 48 CFba=
ANSYS CFX 110[12]& ARSIl dRaials flsiAl

frre ol 2

Fig.2 Example of grid system

SST WS ARSIt o]
NAE ko FHFED, o] £ o
Sohe RER o dEguR <

Z%o]a].jl OLFE]X:] ol [ 3].

B AT E o5 Yo SEWY FAA FAE
2EA7]7] 94 % < Fig. 13} Zo] vldA7|a, F7]%
& ARgste]l 2Ele] vERd At o e wE5w0s

2
1o
P
g
=2
I
2
o
o
«
5
N
)
[\S)
o
ofr
o
N
i)
k1
Bl
o
>
boh)
i)

R

T e
o
o _IR
jg _,
o m
N
s}
ol
X
—u
O_u
3_
>~
o

o
b
N
X oo
-
2
rir
ol
o
5
AB
F#J
e
o
I
BN
N

= o z

(273°C)°l -roi i EE W % é%‘(no slip)zzio] 485

Atk o‘lTxﬂ‘_ o7 A7, Pr=0.7)E 715

A2 AL 1.004 x103(J/kg * K), FHAL

10-5(kg/m * s) 218]3 QHEEE 2,61 x 10-2(W/m * K)o|th
i 31492 9l3l Intel Xeon CPU E5420 (8CPUs) & AR

ako] oF 184170 AR EQUT

0

3. gakHs 2 M

oIr

x|

ofl
>
227
i
I

2] A7l thet

o

= Fig, 1o Ut AE



AZYA 712oR FEAEEY g% 258

W ge) dAY A5

A6, A23, 2011. 6 / 13

125 =

Numerical result

——+—— Experimental data [8]

100 -

7S

Nu

S0

25

Fig.3 Comparison between predicted and measured Nusselt
numbers

2(P)e] H(P/d)et AAA 71821 =] AE(O)olt) & <
TFAME IAHEE F &
A, F ol FARSE P/d 9Jr 0= *?iﬁw?lttl FE WA
o] dHd EAS = el

Uehd wle} o] AH75}s] Ur ﬁé*&tﬂ ol w
AL A vasky] g8k %“&01]*1 il

E(Nussel)TE AsAG= A3

Table 1 Design variables and design space

Design variable Lower bound Upper bound
P/d 2 12
0 40 90

P -
=T
TITTIT]

(5]
L&)
I

N
T

=y
o
| LEEEN RAERS |

B AFeMde feslide geds Ass] fskd
Fenot 58] Q.&™o] that FEAES] A
& F2HH/A=T, dID=0.1, Pld=4) At} AREx|9} A=A
£ vlwekt Fig 32 SEWHS wE F5 74
thall Fenot S[8]2 AEAze}l f-53lAde] AAE H|us
o g zolrh ARS Rej=23,000 T Tj-Tw=38 T2 Z7iol|A
$8J319A k. Fig. 304 #1e = = ko) o] Alitd A
_v,}lz /\]6‘4%}-]1]_ EH;(];HOE_ +% o ]/\30 y_o;]r I‘UJ‘]Q/]
Nuit22E S/d~02004 Hdl Nugts 283 Sid=2
&7|Wske Helth e, AXAIE o] Sid=2 AAA ¢
g 71e71E & dEEA Ree] o)F @‘6421 E} P
e eI it ol FE olF AVlE
jevyol ol dRZ Holshe de Wy —5—} 1 e o
FREZ Q8 WAHE oA AR, Fig 4% AERS
Ate] ZHAP/d)2] Wl w2 S5 HolA WA Hek Nuf
o] Wgls Tgxe Hogth AdR FY5E AAREE
AAZANTN7) $lEte] AERZ Ale] 7HAo] Wl ule} v
AERZRE fdEe F35 WA =89 A9+
Pld=49 WETt DUAELZE F W F3S FUAHT
A2 Pld=29] A
TS dAE=ZZ FYAATE P o STl bt 44
AT E SV AES Holil o FUHEE 414138
7ste]l P 7F 8 ool HW drddA T WelEe] vt

b o % gtk o

il

O

A=
[eXe}
‘IT

il



14 / st2FARH 28| X| A g0 E=E-AHE

(2) P/d=2 (b) Pd=4 (¢) Pld=8 (d) P/d=10

Fig.5 Velocity vector plots on x-z plane with different P/d(6=90°)
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Fig.6 Nusselt number contours on concave wall with different P/d (6=90")
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