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Experimental study of the heat trander characteristics
of combined cooling of impingement —+ rever sed
convection +film

SON G-Shuang-wen'” ;" YAN G Wa-hua'? ,
HU-Hao-sheng* , ZHAN GJing-zhou'

(1. College of Energy and Power Engineering,
Nanjing University of Aeronautics and A stronautics, Nanjing 210016, China;
2. China Aviation ‘Powerplant Research Institute, Zhuzhou 412002, China)

Abstract : In order to study the heat trander characteristics of combined cooling of im-
pingement + reversed convection +filmon aflame tube wall , 6 test piecesof different geom-
etry were designed. The heat tranger characteristics of the combined cooling were studied by
the experimental method using infrared cameras. The experimental results shows that the
cooling effectivenessincreases with the increase of blowing ratio; between the i mpingement
position andfilm exit , the cooling eff ectivenessincreasesin the direction of mainflow , and at
a given posdtion the cooling eff ectiveness decreases with the increase of distance between im-
pingement postion and thefilm exit ; beyond the impingement position, the cooling effective-
ness decreasesin the direction of mainflow. At the same wall position, the cooling eff ective-
ness increases with the decrease of the impingement distance.

Key words: aerospace propulsion system; aeroengine; flame tube; impinging cooling;
film cooling; convective heat transer; experimental study

1 2007-03-26, . 2007-06-22
(1966-) ,



1418 22
, 2 6
g \ 3 \_S
: , \ 8
) 7
L N : —= ——3 L B -ed e 6
[1-2] Ny _ _
LL 2. \ 3 \4 5
3]
, 1
Fig.1 Schematic of test system
[4-5] , ,
+
\ / / X ,
' Z=3-mm, d=2 mm,
/ a =60, 2d,
100 K. [6-7] 1.5 mm.
+ d=1.5mm, )
' 5 mm. 10 mm,
, + + S=3mm, 1 5 mm.
) 3 4
Cooling Tongue
wall plate
1 S —
1.1 VAN
. ( , p= Impingement |
hole
800 kPa, 1.2 kgl 9 I hisnnel
1, (2 x60 kW) 2, ' X
3, 4, 5, 6, . .
Fig.2 Schematic of test section
7, 8 9
2
, 1
2oz
’ ’ o O
o o
o O
! 1 r—r—
1 b
3
! Fg.3 Schematic of impinging plate
; o
22
1.2 g
43
2 : 7

4
Fig.4 Schematic of film plate



1419

9 +
2
2.1
L 1 M > 11
M>1
2.2
0.8
N = Le=Tu (1)
Tw - Te 0.6
't'a. s M=0.25
T, Te » Tw T U et ., *M=038
*» AM=0.63
0.4feen, Lttt YM=090
"Saygunn" .. o M=1.16
. AM=1.44
0.3F
M= el MelAc LA (2) v M=1.71
P Us Mo/ Aw 02 1 ] 1 ] 1
“0 10 20 30 40 50 60
Pec U XIS
[T 6 (zd=2)
3 Fig.6 FEfect of blow ratio on cooling
dfectiveness (Z/ d=2)
3.1 a% Aaggé
ad
5 7 , 190988 500a000889% ) V0
_0 0-7,vvv'y'v"v vy ‘A“A‘
'XI S_ 06:AAAAAAAA“ ‘
X JAre WM=025
*
:O.Srﬁtnna..‘.,.a-" * :ng:
0.4} v M=0.90
’ ' " ot "tee OM=116
0.8 . A M=1.44
" E 03F "aggun?
.'aat*"":umu;'t v M=1.71
0.7 soaoaa®® e *'a 0.2 I : ' : -
aada, 00, 0 10 20 30 40 50 60
06L‘AALA““ A‘ g X/S
a3 o
A
POS_'"'..:".'.' * “A ! (Z/d:2)
) '-,. p— FHg.7 HEfect of blow ratio on cooling
* B M=0. .
0.4,.__..“.._.-"-_- * M=038 efectiveness (2/ d=2)
".,, AM=049
0.3 o M=0.63
* M=0.90 3.2
1 1 | E— 1
0210 20 30 40 50 60 8 11
X/S
5 (z7d=2) ( ) ’
Fig.5 HEfect of blow ratio on cooling ’

efectiveness (Z/ d=2)




1420 22
1 L 1 0.76
L L
0741 " ,t‘...
072 | = -:.-'l. . L ‘ A [ ] . .A .
’ " At .,
0.68F 4 4444san . e
[ .
0.45 064 —=—Z/d=2.00 .,
T —=—21d=2.00 —+—2/d=2.67 ¢
—*—2/d=2.67 pus I 0.60F —4—Z/d=3.33
o *
0.40 L—n.—‘—Z/{L‘z'”. -. F - 0.56 L 1 1 1 1
O ., "t >0 10 20 30 40 50 60
LR e ‘Al a4 as X/S
Ll L AL
= 0.35M. " i3 11
]
" R ... (M=0.90, Z/ d=2.0)
0.30 g P : Fig.11 Hfect of impingement location on cooling
'y
‘ effectiveness (M =0.90, zZ/ d=2.0)
1 1 1 1
023500 20 30 40 50 ,
X/S

(M=0.25, Z d=2.0)
Fig.8 Hfect of impingement location on cooling
efectiveness (M=0.25, 7z d=2.0)

0.58
0561 1
0.54
0.52
= 0.50 A 4 'q‘ o Aay
] N t

0461~ —w—2/d=2.00 YT
044}~ —*—2/d=2.67

0.42

T

1
0 10 20 30 40 50

(M=0.38, Z d=2.0)
Fg.9 Hfect of impingement location on cooling
effectiveness (M=0.38, Z/ d=2.0)

0.76
onk ._-..--I.
. bl *
1 ot - L.AA.‘
068, annn
| & . wh
- * u‘ ™ *a
0.64F Y "
A

= |44 4asaaant [ = &

0.60F [ . A

l L
0.56- g || T
a—7/d=2.0( || "
" *—7/d=2.67 (
0.52f &—7/d=3.33 1
0.48 y —L %\ T -L-
0 10 20 30 40 50 60
X/S
10

(M=0.63, Z d=2.0)
Fig.10 HEfect of impingement location on cooling
effectiveness (M =0.63, Z/ d=2.0)

1.0
o—\/d=.00
*—/7/d=2067
0.8 <
1] —a Zld=3.33
0.6
041 st B# aguguguged
L g
Mt g gt td
02K
1 1 1 {
0 10 20 30 40 50
X/S
12

(X/ $=358,M=0 25)
Fig.12 HEfect of impingement distance on
cooling effectiveness ( X/ S=35.8,M =0.25)

1.0
—w—Z/d=2.00
08k —*—Z1d=267
0.6
® %AW
04t
02
A 1 L. 1
0 10 20 30 40 50
XIS
13

(X/ $=35.8,M=0.38)
Fig.13 Hfect of impingement distance on cooling
effectiveness( X/ S=35.8,M =0.38)



9 + 1421
3.3 1.0
12 17 -
1.0 ~
0.6
0.8} s
0.4
0.6M —a—27/d=2.00
- 021~ ——7/d=2.67
—a—7/d=3.33
04} 00 | | | |
—8—7/d=2.00 () 10 20 30 40 50
02k —*—7/d=2.67 X/S
’ —a—7/d=3.33
17
1 1 L 1 — —_
0 10 20 30 40 50 (X/'$=35.8,M=1.44)
XIS Fig.17 Effect of impingement distance on cooling
14 efectiveness (X/ S=35.8,M=1.44)

(X/ $=35.8,M=0.63)
Fig.14 Hfect of impingement distance on cooling
effectiveness ( X/ S=35.8,M =0.63)

1.0
0.8
0.6
IS
0.4
—a—Z/d=2.00
021 —*—7/d=2.67
—A—7/d=3.33
1 1 1 1
0 10 20 30 40 50
X/s
15

(X/ $=35.8,M =0.90)
Fg.15 HEfect of impingement distance on cooling
effectiveness ( X/ S=35.8,M =0.90)

1.0
08F I
0.6F
IS
04F
—a—Z/d=2.00
02+ ——7/d=2.67
—a—7/d=333
1 1 1 1
00 20 30 40 50
X/s
16

(X/ S=35.8,M=1.16)
Fg.16 HEfect of impingement distance on cooling
effectiveness (X/ S=35.8, M =1.16)

, Zd=20 33 ,
4
(1) ,
M>1 ;
(2) ,
(3 Zd=20 33 ,

[1] Médler A. M. Desgn of modern turbine combustor[M].
New York ,N Y: Academic Press Inc. , 1990.

[2] Lefebvre H. Gas turbine combustion[ M]. Washington:
Hemi sphere Publishing Corp , 1983.

[3] ,

[J]. 11999 ,12(2) :14-17.
[4] , , . /
(1) [J]. ,1994 15 (1)

14-17.
JIN Jie ,MA Jihua JIN Rushan. Studieson the distribution
of wall temperature of impingement and film cooling of
combustion chambers (1) Experimentally[J]. Journa of
Propulson Technology ,1994 ,15(1) :14-17.

[5] , , . /

(2) [J1. ,1994 ,15(2) :



1422

22

[6]

34-40.

JIN Jie ,MA Jihua JIN Rushan. Studies on the distribution
of wall temperature of impingement and film cooling of
combustion chambers (1) Theoreticaly [J]. Journa of
Propulson Technology ,1994 ,15(2) :34-40.

[3]. ,2004 ,19(2) :213-218.
XU Quanhong, LIN Yuzhen, LIU Gaoen. Study of the

efudon wal film heat trander coefficients of impinge

(7]

ment/ eff uson double wall cooling method[J]. Journa of
Aerospace Power ,2004 ,19(2) :213-218.

/
[J3]. ,2005,20(2) :

197-201.

XU Quanhong; LIN Yuzhen; LIU Gaoen. Rigtest of inm-
pingement/ effuson double wall cooling methods for the
main combustor [J]. Journa of Aerospace Power , 2005,
20(2) :197-201.



