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INVESTIGATION OF ADIABATICWALL EFFECTIVENESS
OF THE INCL INED M UL TIHOLEWALL FILM COOL ING

W ITH D IFFERENT ANGLESTO THEWALL SURFACE
L N Yu-zhen, SONGBo, L IBin, L U Gao-en
(The Themal Pow er Institute, Beijing U niversity of A eronautics and A stronautics, Beijing 100083, China)
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Abstract: A n investigation of adiabaticw all effectiveness of the inclined multihole w all w ith different angles
to thew all surfacew as conducted using the experimental method of heatmass transfer analogy. The inclined
multihole w alls are smulated by the inclined multihole testing plate The inclined holesof all plates are angled
0° to themainstream and 30°, 45° and 150° to the surface regectively. The ratio of hole gpacing to the hole di-
ameter and the ratio of row gacing to the hole dianeter are equal in all testing plates The expermental re-
sults revealed the influence of different angles to thew all surface on the adiabatic wall film effectiveness of
the inclined multiholewall A nd the considerations of the selection of the hole angle to the surface are dis-
cussed w hen the inclined multiholew all cooling is utilized in the combustion chamber of the aeroengine

Key words aircraft engines combustion chanbers ooding

1
[1 5] [1 4] ,

, p/d= 3 14, s/ ,
d=5 10 M ( M = Piui/ (Pe Q5 1 0nm, 12 2nm,
Ueo ) , Q1 15 , I/d= 3 8, p/d=3 6,

[5] , s/d=3 12, o= 20° 30°
B=0° 45°, 1
) Y
1y j; o
SV 17
o , T& o o P 1% B A-A
' 17 20 [z
& a VARZ
A4 2 a4F

: 1998-05-05; 1998-07-03



202

20

(To- Ta)/(Tw- Ti) Taw
6 10
3
s/d ,
81 p/d 3 41 B
, |/d
10 o
45°  150°, 1 2 3
CO:2 ,
( ) CO.,
[6!7] H
Sc
Q 98, ta- t]< 3,
)7 H
CO: Gn
CO: ,
CO 2,
E n /G, G CO:
[8],CO:
[9]
2
1
1 z

X z= 0, z=p/4, z=p/2

n =
P/2
j’ o Thwdz/P x/d n
x/d
1, :
2 3 1 (o= 30°) M
201 384
z p/2, ,
z/d= 0 ) )
z/d= (p/d) /2 N
) n
n 1,2,
3
n , 5d
n z/d=
(p/d)/2 n
, 1 ,
M 1,
4 2 (0= 45°) M
394
n ,
1 ,z/d= 0 , x/d=3
"= Q 056, o= 30°
1
TE Q 35,
n 1 3
, 1 1
.3
M = 2 04
, [9]
5 6 3 (0= 150°)
M 197 395
, o= 30° 45° 1 2
1 2



3 203
, 1 (- 8< x/d< 0) n
, ; Q28 Q38 o= 30° 45°
, 2 1 2 , 1 n
, o= 150° , , M=1 97
M = 3 4 , M=3 95
1 97) .1 (- 8< x/d< 0) , 1 2
n 0, M= 3 95)
1.0— == S 1.0—=—o—u—o S 1.0
‘N n “Q
0.8 . 0.8 3 0.8
O o,
0.6 5t 0.6 wit -
. . 0.6
= 0.4 b 0.4 o = o ¥
' . d " =0 LN .8::. 2/d=0 04 ;ﬂ‘" n 2/d=0
[ ] ® z/d=1, z/d=1.0 ® z/d=1.0
02 g% 2/d=20 0.2 = * 2/d=20 0.2 o * 2d=20
T R TR TR R TR T B R N 1) 9% 10 T30S0 o
x/d x/d x/d
2 1 31 4 2
M =2 01) M= 3 84) M= 3 94)
1.0 = o = o = ¢ n e T S e o o 1.0
0.8 0.8 0.8 * ’
. . - ‘ ‘ i ‘ . .
0.6 M 0.6 0.t = 0.6 T eton .
- .ﬁ M. ~ | m g u 5 ?’Q L] 3:3“ *
0.4 A 04} o8 Vel A *
o~ m z/d=0 a m z/d=0 i ¥ Te® o a=30°
02 o,  Z/d=10 02 o Z/d=1.0 . 02f ot W lag=ys
- * 2/d=20 * 2/d=20 ol - =150
T (R R N T R T S T T 20 1030 30 70
x/d x/d x/d
5 3 6 3 7 3 n,
M=197) M= 3 95) M=20)
7 8 3 M=20 ( o= 45°
M=40 n, 12 , ) )
2
, , 1 920° ,
1 2 , 1
3 x/d ,
1.0 ’
0.8 .“...:
0.6 .‘.n . ! - :
50_4’; m-i‘“,o,o M=40 68 ,
R s ea=30° ,
0.2 o ,. - =45
o *a=150 ,
0T3S0 90
x/d , 8 10
8 3 n, M =40 , ,
( o= 309,




204

20

[1]

[2]

[3]

(1) : :

(2 , x/d

x/d
(3)

M ayleR E, CanarataF J M ultihole cooling film effective-
ness and heat transfer[J]. Transof the A 9 E, Journal of
Heat Transfer, 1975, 97(2): 534 538

SasakiM , TakaharaK, Kumagai T, etal Film cooling ef-
fectiveness for injection from multirow holes[R]. ASME
Pgper 78-GT-32, 1978

CravfordM E, KaysW M, M offat R 3 Full-coverage film
cooling, Part I: Comparison of heat transfer data for three
injection angles[R]. A 9Vl E Pgper 80-GT-43, 198Q

(1) ; (2
; (5)
; (8)
(1) , , ,
(4 11999 5 30
( ) (6) 024-86722541-315(), 024-86782276(H);

[4]

[5]

[6]

[7]

(8l

[9]

; (6)

; (5)

KumadaM , KasagiN, HirataM. Studiesof full-coverage
film cooling, Part 2:M easurement of local heat transfer co-
efficient[R]. A 9V E Paper 81-GT-38, 1981

[J] , 1998, 13(1): 65
68

[A]
3114[C], 1981
PedersenD R, Eckert ER G, GoldSteinR 3 Film ocooling

1981 81-

w ith large density difference between the main stream and
secondary fluidmeasured by the heat-mass transfer analogy
[J]. Transof theA SV E, Journal of Heat Transfer, 1977,
99(2): 620 627

D]

, 1995
D]
, 1997
.29
: (010) 82317425
, 28, )
: (010) 82317425
1999
; (3) ; (4)
; (7)
5000 200 1 (2)
; (3) , ,
725 201 ( :110035)

024-86782275(H)



