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Experimental Study on Film Cooling Effectiveness Downstream of
Fan—shaped Film Cooling Holes with Staircase Geometry at Hole Exit
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ABSTRACT

In this study, the adiabatic film cooling effectiveness downstream of a row of the fan-shaped film cooling holes with various

staircase geometries at hole exit was measured and analyzed using a pressure sensitive paint method. Experiments were

conducted with baseline fan-shaped film cooling hole and the three different configurations with staircase geometry, in which

‘two-step’ geometry was applied to the hole exit and its lateral length is changed from 2.3D to 6D. A low-speed open-type

wind tunnel was used for the experiments. The density ratio of the coolant fluid to main stream was 1.0 and the blowing ratio

ranged between 0.5 and 2.0. The result showed that the staircase geometry promotes lateral spreading of the coolant at the hole

exit, which results in better film coverage near the hole. At low blowing ratio, the film cooling effectiveness distributions are

quite similar for all the tested cases except near the hole exit because the momentum of the coolant is low and baseline

configuration also has good coverage downstream of the hole. However as the blowing ratio becomes higher, the effect of the

staircase geometry becomes stronger and higher film cooling effectiveness values are obtained due to increased film coverage

with reduced momentum of the coolant on the whole measured area.
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(a) Side view of the cooling hole with staircase geometry

Baseline Config. A Config. B Config. C
p O AR AR A
Z
Ws/D=2.3 Wg/D =3 Ws/D=6

\J X (b) Top view of various configurations

Fig. 2 Schematics of film cooling holes with various

D

Fig. 1 Baseline cooling hole design staircase geometries
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Fig. 3 Schematic diagram of the experimental apparatus
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Table 2 Test conditions

Parameters Values
Mainstream velocity [m/s] 19.5
Turbulence intensity [%)] 1.2

Density ratio (DR) 1.0
Blowing ratio (M) 0.5, 1.0, 2.0
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Fig. 4 Mainstream velocity and turbulence intensity
profiles at x/D=—12

Zuflolth, 233 BAZY FAL Yz & 47 o
3,610 A5 URAEE

— gai_ aw (1)

Y7t § 82 ddHH 2= 5 SAsto] AAE 4= 9lo

= A7} itk o)A o]
= iz s Aol lolAl RIS HIIE(PSP)E °]
93t BRAAY A8 Waysict PSP A3 WL Park
s

v
e
1
<t
ut)
L
Y
R
o
M
N
I
_<|>L
O
"
r{n

.. —C. (P —(By),,

TG, G, P @
(P air! (Pp,), et

PHSHRIEE B4 o] We A e, 4k9)
ol wheh Wge] A& (Intensity) 7t el 4
< Z3L Qlt}, AkAO] vt Yol Hfo] Aol A4E Wy
7t S7khe EAS 2 9lo] Fi-E0l Akavt 524
&o] Abaiero] HAshH Yz HIRIES] WY ET}
7heke @ido] doldtt, slid He| WRgA|I71E o835t
Tyt a8S Qo] fleliAle theat 22 A©2)F A
&et}, A(2)F olgste] Wizt a&S ALy flsiA
£ Akao] Boby) oFzhS vl e Wt Ao gk At
TAIE dotofgitt, olF el #etol 7Hse #vE ARt
alojA| 3o AMEEl LEDZW(LM2X-DM LED Light

Source) ¥} 7}H|2H(PSP-CCD-M)E ©]&-5tof ol whe
WZAIZIE S8 en, 11 AE Fig. 5o AlAISHI.



1.2
P/Prey = 0.7792(Lpes /1) + 0.3257(Lp /1) — 0.1021
1.0 o
5
0.8 4 'Q
:E (o]
& 06 4 o
R
(o]
0.4 A L)
Ke)
0.2 (o)
o
0.0
0.0 0.2 0.4 0.6 0.8 1.0 1.2
lre[/’

Fig. 5 PSP Calibration curve
FeSAAEL Yt o} LrolE gL W=
o, ey Aol ARE RS HIQIEE ISSIALY] Binary
FIB PSP (BF400)2 3lg Al&o] Afof e H71sh nf, 2
Ado] 43 2= (7= 15~25°C) ol A= =0
w2 FFS FAIT wEt o, 4% HIOIHE Ll
o7 BA4E $Ysio] Fig, 5t 2 BAARE P40t

gzt F80] BIHAEL Natsui 5779 A7E40E 5
of AikE Jestqc & AdolA 1zt ase] B
T= =054 9F +45%, n=029)4= oF +11.0% 2
A= At
3. A dn
3.1 7|F W Y W 58 BEELlo| Hluw

A%t

Fig. 62 Schroeder £®0] 433t Axte}l B oJ7Lo) A
3t Ao AiE YERfal @it} Schroeder®] At

s QoMY A Bzt To Aue] Zoje UR
%, W], 71 5 2do] gt v Rl X,
AT Sre] W HA T AMESle] AR AR
upo] W P4} vhyzt Bo| vhys A g B} YT 3
F BEgol SR AS B % gk

SAtH[of| UE 9pHz)

Fig. 72 M=05942] uhyz} 58 =4
Zloltt, Fig. 7(a)= o] Age] 7]|&o] Q%
7(b)& Config, A°|t}, Fig. 7(c)9} 7(d)=
9} Config, C JAre g2 & AR} 34
o] T2 713t FAtoloh

izt BERES vTaE u, 712347} Contig. Ao
H]&]] Config. BS} Config, C7} EHgko mo] g8-0] Hxv}

o He AL AT 5 YUk ol & 27 1R

(b) Contour plot of Baseline result

05
Reference'®!

04 — Baseline

01

0.0

15.0 20,0 25.0

x/D

0.0 5.0 10.0 300

(c) Comparison of laterally averaged film cooling effectiveness

Fig. 6 Comparison of cooling effectiveness at M=1,0
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Fig. 7 Contour plots of film cooling effectiveness for various hole configurations at M=0.5
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Fig. 8 Contour plots of film cooling effectiveness for various hole configurations at M=1,0
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Fig. 9 Contour plots of film cooling effectiveness for various hole configurations at M=2.0
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