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Abstract i Characteristics of convective heat transer in holes of inclined multihole wall
were investigated numerically by two different ways. One was focused on the purely aero-
thermal effectsof the coolingflow , and the other one on the conjugate heat transer. The re-
sults reveal that the-conjugate heat trander smulation is more accurate in reflecting convec-
tive heat trander in holes. The results also show that the Nusselt number at the entrance of
the holes is the maximum, and the influence of the entrance on the local convective heat
trander is variable with the Renolds number.
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Fig 2 Computational domains and grids

Ao =0 31987 +0 00776 T/ To (D)
M/Mo =3 84815+ 0. 048711/ To (2)

To=1K; Ao =102 (W- m™ -
Mo=10°(kg- m™* - s1).

K1),

2

2.1

(Focus on the purely aerothermal-effects of the

cooling-flow , FPAC)
(Conjugate heat trander,
CHT) , CFX110
N-S ,
ke , ;
Wl CHT ,
FPAC
(61
22
[3]
H ( Un
Ue ) 19. 8, Re
10000 53000
, 283 K,
5000 W/ m?”.

P
e = G/ (Thw - Te) (3



5 959
Che ; Trw ; Te 3 Line A
. Re , FPAC
Re=p - u- d/M (4 Line B Line C
CHT ,
d p,u M
FPAC xd=20
. Nu
A , Nu Nu
Nu=h- d/ 5 . .
‘ ® ,LineB LineC
d Ae 283 K 60%
FPAC
1
3 ) FPAC
L] X y
4 ,Line A
; 5000W/ m* 3(a) FPAC
[3] Nu
31
3 H=19 8, Re= 10000 HF19.8 CHT
10676 Nu 8000 e W Re*l(w"’—[‘@nc 4
*:;.4‘. --L}ncB‘
~ 6000+ ~ - - LineC
100 £ -
Line 4 Datal’! % 4000,
80T | - o < g
. H=19.8 — CHI :
_ 60 &N Re=10676<==EPAC 2000
= 40}
0 2 4 6 8 10 12 14
204 g5
0 A
0 p) 4 6 8 10
X/ 4 (H=19 8,Re=10676)
100 Fig 4 Heat flux through wall surface insde hole
Line B, Datal’! (H=19 8, Re=10676)
801 i, H=198  —— CHT
el \ s Re=10676 --- FPAC
2 e iy
C40 . . ‘.\_.‘\ , he
20 O (
02+ 6 s 10 12 )
x/d ) ,
100
Line C Datal’! !
801 H=198 —— CHT )
_eof _\Ra:mem --- FPAC Tor '
) 40',“. . \.\‘:-- Che Tc
20t , (3
04 6 % 012 CHT
a : (3) ,(4)
Nu ,
3 Nu. . .(H=198,Re=10676) CHT [3]
Fig 3 (DIStrI bution of Nusselt)number 5 H =19 8, Re= 10676
H=19 8, Re=10676
(3) Che Nu

( Line C ).



960

80 T
Line C — CHT
H=19.8 - = FPAC
60 r Re=10676
< 40f <<
=
20
O - — 1 1 A i 1 1
0 2 4 6 8 10 12
x/d
5 (3) Nu

Fig 5 Distribution of Nusselt number by modified
expression (3)

5 (3)

32
6
Line C ,
U/ U max x/ d=5 2
7 ,
Nu . s Nu
, x/ d ,Nu )
,Line C Nu
Line A Nu , x/ d ,Nu
32105 Line A Nu
Line C Nu . 6 ,

, Line C

Re=17530

Re=24394

Re=51783

L
1.00 0.75 0.50 0.25 0

6 (H=19 8)

Fg 6 Veocity distribution on the symmetry plane

(H=198)

Line C Nu ;



5 961
5 . 100
3 H=198 —— Line 4 L . H=19.8 —— Line 4 . H=19.8 —— Line 4
40 Re=10676 — = Line B \ Re=17530 = = Line B . Re=24394 — — Line B
o 601 : ) g0 \\ . .
Line ( Line C - LineC
35
= = 50t 3
30 ’ e
- 40
40
20 30 L . S S
0 2 4 6 8§ 10 12 0 10 12 0 2 4 6 8 10 12
x/d x/d x/d
(a) (b) (c)
ik HA198 — Lined | 160f H=198 —— Line A 20 H=198 —— Line A
< Re=32105— — Line B 140l Re=41432 = = Line B . Re=51783 = — Line B
100} > - Line C 120% \ - - - LineC o . - - LineC
2 ot Z 100 = 120
- xoL
il 60 80
W% ¢ 10 1 V=% % 0 12 0 10 12
x/d x/d
(d) (e) (f)
7 Nu (H=19 8)
Fig 7 Distribution of Nusselt.number (H=19. 8)
Line C 4
, Line A ,
, Line A
, Line CHT
A Nu Line C Nu ) , FPAC
8 Nu x/ d )
, , 60 % ;
Nu Nu ) )
x/ d , , ;
Nu U/ Umax y s
Re= 10676 i Line C Nu
x d=5 Re= 51783 x/ d=8. ' 32105,
LineA Nu Line C Nu ;
10676 51783,
x/ d=5
- x/ d=8.
ke H=19.8
200t 51783 '
150} 41432
s 32105
: 1 . , M].
= 100} 24394 (1] [M]
117530 \ , 2008:171-172
0T 10676 & [2] Andrews G E, Alikhanpadeh M , Asere A A , et a. Smdll
0 7 % & 1o diameter film cooling holes: wall convection heat tranger
x/d [R]. ASME Paper 86- GT-225, 1986
[3] , , ,
8 Nu (H=19 8) [J]. , 1999, 14(1) : 87-90.

Fig 8 Distribution of mean Nusselt number in LIN Yuzhen, SONGBo, L1Bin, et d. A study on con

. . . vective heat transer in holesof inclined multihole wall film
circumferentia-wise ( H=19. 8)

cooling[J]. Journal of Aerospace Power , 1999, 14(1) :87-



962

24

[4]

[5]

90. (in Chinese)
[D].
, 1997.
LIN Yuzhen. An investigation of the inclined multihole
wall film cooling combustion chamber[D]. Bejing: Bejing
University of Aeronautics and Astronautics, 1997. (in
Chinese)
[3]. , 1999, 20(1) : 6872

LIN Yuzhen, L1 Bin, SONG Bo, et a. Investigation of
convective heat transer indde small holes with different
inlet angles in inclined multihole wall film cooling[J].
Journal of Propulson Technology, 1999, 20(1) : 6872

(in Chinese)

[6]

(7]

[8]

[9]

[10]

Bohn D, Krewinkd R. The effectsof unintentional devia-
tions due to manufacturing of cooling holes and operation
on trangpiration cooling eficiency[ R]. ASME Paper 2006-
GT-90856 , 2006.
HeidmannJ D, Kassab A J, Divo E A, et al. Conjugate
heat trander effectson a redistic fil m-cooled turbine vane
[R]. ASME Paper 2003- GT-38553, 2003
York WD, LeylekJ H. Three-dimensonal conjugate heat
trander smulation of aninternally-cooled gas turbine vane
[R]. ASME Paper 2003- GT-38551, 2003

[M]. : ,
2001: 233-234
ANSYS Inc. . ANSYS CFX-Solver theory guide[M]. [s.1.]
ANSYS Inc. , 2000



