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ABSTRACT

Film cooling had been widely applied to hot parts in gas turbines or propulsion systems in order to protect the components

from the hot combustion gas. Conventional film cooling hole has cylindrical shape and the surface roughness of the hole

depends on the manufacturing process. In this study, the effect of roughness distribution inside a cylindrical film cooling hole

on the film cooling performance was experimentally studied. The test plate with film cooling holes was made by the additive

manufacturing process, and the film cooling effectiveness was measured using the pressure sensitive paint technique. The

diameter of the hole was 5 mm, the hole length to diameter ratio(L/D) was 6, and injection angle was 30 degrees. The density

ratio was 1.5 and the blowing ratio varied from 0.5 to 2.0. The mainstream velocity and turbulence intensity were 20 m/s and

11%, respectively. Results showed that the hole roughness had effect on the film cooling effectiveness near the hole exit, but

the effect was diminished toward the downstream region. Also, the effect of hole roughness was not significant for lower

blowing ratio cases.
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Mainstream

Fig. 1 Schematic of test section
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(a) Smooth hole

(b) Roughness cylindrical hole

Fig. 2 Schematic of the cylindrical hole

Table 2 Design variables of cylindrical hole

Parameter d(mm) p(mm) L., /D
Smooth hole 0 0 0
Case 1 0.6 0.6 4
Case 2 0.6 1.2 4
Case 3 0.6 2.4 4
32

(a) Smooth hole

(b) Casel (p/d=1)

(c) Case2 (p/d =2)

(d) Case3 (p/d=4)
Fig. 3 Detail view of cylindrical hole

Al8 A|H-2 SLA(Stereolithography) Z&A|2HAo2
A ZZ7)= 0,05 mmo|H, 1] 7Fs3tEE A&kt Al
A Al FHASHIES A X F AIPF AR

o] 400 nmtj9] Tl WS FARSH= F14] LED (LM2X—
DM-400, ISSI)E X3}ttt 3§ sCOMS camera(PCO
edge 3.1, POO)E Aol tslo] ez m|el=rt At
s ol ZEE BT,

3. &gy

Fig. 4% 7} B 787|§ FA 128 G4 dhe of
vel mn|15)2h dl AHe] EARIO.5, 1.0, 15, 2.0) 24
o4 Z4E Bhyz 8 BEE ek ol 952 WR
ek gl BE ZolA We b M=0.59 1)
7V 2 gzt B e E3, BARt 37K o) o

2 kol Atk W4 ST 4 99
| AeR B e e05Y BR0l e o

A et 0] 2 Lele] & BAC e
Sy B8E MSIC, A WA RS e maH o
Qo 950 EEo] SR A4S Tz mgo] me
A grEls @4l BaE gt

S=ERAMDIHSE =28 232, Hi2S, 2020



n T [ [Tl

005 02 035 05 065 08 095

M=0.5 M=1.0

M=1.5 M=2.0
(@) Smooth hole

M=0.5 M=1.0

M=1.5 M=2.0
(b) Casel (p/d=1)

M=0.5 M=1.0

[

M=1.5 M=2.0

(c) Case?2 (p/d=2)

M=0.5 M=1.0

B

M=1.5 M=2.0
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Fig. 4 Distribution of film cooling effectiveness
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Fig. 5 Centerline film cooling effectiveness
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