Journal of the Korea Academia-Industrial https://doi.org/10.5762/KA1S.2018.19.9.69

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 19, No. 9 pp. 69-76, 2018

25 W7 A9 PR Ade] E AAe] HE

QAL 54 53 A

MN

4IX|DI, 228, 0|, 0|4

Numerical Analysis of Heat Transfer Characteristics
of Ribbed Channels with Different Film Cooling Hole Position
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Abstract The present study analyzed the effect of film hole position of 45 degree ribbed cooling channel on film
cooling performance of gas turbine blades. We also investigated the influence of the ribs under the fixed blowing
ratio. Three-dimensional numerical model was constructed and extensive simulation was conducted using the
commercial code (Fluent ver. 17.0) under steady-state condition. Base on the simulation results, We investigated the
cooling effectiveness, flow velocity, streamline, and pressure coefficient. Moreover, We analyzed the effect of cooling
hole position on ejection of the secondary flow caused by the rib structure. From the results, It was found that internal
flow of the cooling channel forms a vortex pair in the counterclockwise from the top side, and clockwise from the
bottom side. For the channels with ribs, the vortex flow generated by the ribs caused a higher pressure difference
near the hole outlet, resulting in at least 12% higher cooling effectiveness than the channel without ribs. Additionally.
when the hole is located on the left side of the ribbed channel (Rib-Left), it can be found that the secondary flow
generated by the ribs hits against wall surface near the hole to form a flow in the direction of the hole inclination
angle. Therefore, It is considered that the region where the cooling gas discharged to the blade surface stays in the
main flow boundary layer is wider than the other cases. In this case, The largest pressure coefficient difference was
observed near the outlet of the hole, and as a result, the discharge of the cooling gas was accelerated and the cooling
efficiency was slightly increased.

Keywords : Computational Fluid Dynamics (CFD), Film Cooling, Gas turbine, Hole position, Rib turbulator

Woee 20189 J15A AR $EAA AR P4 AYe] A9 ol FAE Ay
"Corresponding Author : Seong Hyuk Lee(Chung-Ang Univ.)

Tel: +82-2-823-5332 email: shlee89@cau.ac.kr

Received May 28, 2018 Revised (1st August 7, 2018, 2nd September 5, 2018)

Accepted September 7, 2018 Published September 30, 2018

69



S| Eesl=EA) A9d A9E, 2018

1. M2

7RIS B A7)l Hle ti7l el A
go] F7] el A dzlow® Zhgukar 9)r.
TUA o R 7kAEe] B8 W EYE T
ste] Bl YR EE Fol= FA
ERlof] A= 7}*-4 >kes 559 3

(1]. 5% A8l Edol=9] 38 A52%
S 4= ArH2] LLPF/}H ERl Eol=9] g
< A fsted ogE uiR B9 o
® 7lEo] AtH gith uiR
cooling)> = |8 Wz, A-9 Y4, AE FE J7
o tF AEo] MAHL glor
(external cooling) .2+ S#o|= %
FEAI717] 918 APA, A A A
o] FojAaL SlTh1-3]. 53] FH WAEE]
f1ste] Wzbad el F3H](aspect ratlo) =l
& WAste]l A5 WS Alolste A7k 2o FH
37F Edol= 39 ¥ Aol u]i]
Lok A e gBE s 3
Bo of3f FAHH o)A fES & AL
5 F45H $471A7t
Wil A oleete @S
gloj=e] AHA HEHS Adste] 7

e e w}aw olsh Azel

B

oy
Ut

o

fiuj

> K

M ox

o> olr
e i j&j N N
dorE R [ o

rﬁoga:iﬂ

il

Fif
>
oZ = of
e o,?‘:: F{E“ oo
[o =
o
o Jo r_‘%
$

IS
ue
o
pe)
Ay wo o oo o m

23

1l =

rlo%"r«f o
h3
N
> I
ohﬁ

52
ya

%
1
e
4#
N

~

LT
m&

;L

o
1

9

>

Kl

o)

Ko

jaii)

0%

o
B U

Park ﬁ[3]3 ay} A A A
aﬂo] 7].7ﬂo] o 41:1» /Ké -
04?0}91E} 2|17} Adx

g Adel vs] A Asol o
Ahn 5{4]2 WZbade glB X &
o AX|ste] 2B HHxM %ﬁi&oﬂ H X

o HOC

O of
>

L
o

oo T
o Lo
w A

=2
=)
N
|
o2

s
2]

oZi
~
>
43
ofl
riu o
K
N
==
i

Pk

o

fru
oo

¢
of W
o%

g
~

mV)
g
o
2T el
o
ACH
Moz oo rE

il =
Z ulgo] ol 45 2 G A5l 1K

I
2
oSt
o,
lud
=)
o

g5l 4T TS Ae
d402 Ak Lee F61S 75 A8 1ES
olg3te] WE W2 £ Ak WA F HE 3
A% W AS vAE JFS FASGT F BT 2

)

_}i

o
v
o
A

2 N
it o
il
£

2odo RoE SN

2

o2
ok oft
tr M2 oox J

@

X

0Ol

=

[}

o,
T

X

Q77 F7p o
el Wi

x

ol

E5)

J
o

Jud)

o

o2 oft M

J\-> 8 N

e

ox

-

o

pRUiicA
o

flo
4
:OL_"

oAt

=)

[z

1>i
T ooff o

r10E
4

ol

-

32

&

offt wE 1o @ 2 L B e N o2

(

=
-

ol

= e
ofN ox

o
o of

N o
N

>

jus)

E5)

e,

o =

¢ ot
to n

Lo
u

e 2
e

o
N
-

=2
=
ol

o o &

.
3
i &

ol

-

2
o

.-

7sh & 147} A uﬂu
L EEREE
ol JEJ%- £ 45 WSt Qoo 8
& E3HIE A 1 9

ol

e

& oy
e
-p

2

o
kR
o
rﬂiol

A to o ot ofN
ol

1o 1 Mz tlo oXx
Mr

o MU 32

__>|4_’44
X
o}ﬂ 5l

2.1 s =l



Mainstream

Fig. 1. Geometry of coolant flow and mainstream
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Fig. 2. Grid generation near the hole
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