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Heat/Mass Transfer and Flow Characteristics
within a Film Cooling Hole of Square Cross Sections
with Asymmetric Inlet Flow Condition

Dong Ho Rhee, Seung Goo Kang and Hyung Hee Cho
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Abstract

An experimental study has been conducted to investigate the heat/mass transfer characteristics within
a square film cooling hole with asymmetric inlet flow conditions. The asymmetric inlet flow condition
is achieved by making distances between side walls of secondary flow duct and film cooling hole
different; one side wall is 2D, apart from the center of film cooling hole, while the other side wall ‘is
1.5D, apart from the center of film cooling hole. The heat/mass transfer experiments for this study
have been performed using a naphthalene sublimation method and the flow field has been analyzed by
numerical calculation using a commercial code. Swirl flow is generated at the inlet region and the
heat/mass transfer pattern with the asymmetric inlet flow condition is changed significantly from that
with the symmetric condition. At the exit region, the effect of mainstream on the inside hole flow is
reduced with asymmetric condition. The average heat/mass transfer coefficient is higher than that with
the symmetric condition due to the swirl flow generated by the asymmetric inlet condition.
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Fig. 1 Schematic view of duct with asymmetric
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Table 1 Experimental conditions

Ig:nrt::c Secondary flow | Main flow Bl(r)av;/:ng
D, U, vs)| Repn | U (m/5) M
48 15,000 12.3 0.39

0 free jet
50 7.8 25,000 10 0.78
20 039"
102 32,000 26 0.39

(*

: numerical simulation)

f5d AZHFEHR IRAEE 4T 20 mfs,

O5eld, 2442 ATAN BEEET B
A5t 13 m/s, 20%2 AAsRoH, ob BA}
$& M=0399) SRR
3. 24 o Eef
2 A7ME A HAE Batel uly
4 YTHERAL 2L FS BAE 2 B Uy

PN

Reynolds
Ags4e

Astol g F UEAY fE/¢
zFsPo, old oig 23L& Hl
o A A=} drt.
3.1 HHZtE Y FoiMe] RSN
2 dAFdMe vuA 4FRE
Ax W zE R F5EY
nEsr] g8 FAHHH A
o
Fig. 25 AAMZ 9¥ztE R S5 g 2
7E dEHAEZ A Aoz A EARHA FA
& £xE Dn HEE T wheba,
2<x/Dp<39) WL AAY, 0<u/Di<1?l B2 F
Ao FHFert
v d Jd7HE 24 S, oF dTFR2
z79 A4 948 g FE5HGe] BEA
y/Di=008} ZA$-(Fig. 2€a)), & WEE $59 &
g uw /D10 & BAZERE {80 RojuA
A S (swirl flow)ol BAEH7] A, o)
g AARFEL 2AH/E TERBAMN ET A
9y #4271 | %(-1<x/Dh<0 % T=
3<x/Di<3 &)X Bof B0l YHE Zedh

T

P
N

2

@ o 1

AL

A} *

o ok

it m}o

t

A
T



AT

Sl

frmm e
i SRR

(b) y/Dy=0.6

square film cooling hole with asymmetric inlet condition (not in scale)
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Fig. 3 Velocity vector plots in a square injection
hole with symmetric inlet condition (not in

scale)
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(c) y/Dy=1.2 (d) y/Di=1.8

>

(b) Asymmetric inlet condition
Fig. 4 Contour plots of Sh for different inlet flow

conditions without mainstream
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(a) M=0.39, Symmetric condition

y/Oh

(b) M=0.39

*/Dh
(d) M=0.78
Fig. 5 Contour plots of Sh for various blowing

rates with asymmetric inlet condition at

Repn=25,000
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M=0.39
M=0.78

(a) y/Dn=0.2 M=0.39 , Symmetric

-1 05 4
(b) y/Dh=1.0
Y
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(c) y/Dp=1.9
T M T
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X/Dn
Fig. 6 Local distributions of Sh for various
blowing rates with asymmetric inlet
condition at Repp=25,000
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Fig. 7 Average Sherwood number distributions for

various blowing rates with asymmetric inlet
condition at Rep,=25,000
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