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Study of wall temperature on the interstage turbine
single vortex combustor
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Abstract: Because the\distance between combustion zone and wall is very short, the

overhigh wall temperature is‘\a lengstanding problem of trapped vortex combustor (TVC),

which limits the actual application of T VC. T he experimental study of wall temperature dis

tribution orithe T VC was reported in the paper, and the influences of fuel supply quantity

and inlet parameters of main stream on the wall temperature distribution were investigated.
M eanwhile, the rationality of cooling structure and air jet entrance structure was analyzed.

T he test results show that the hot spot temperature of combustor appears in the after wall.

T he distribution of wall temperature is greatly influenced by the fuel supply quantity and the

mach number of main stream, but little influenced by the temperature of main stream.

Key words: trapped vortex combustor; cooling; wall temperature; cavity;

inlet air parameter
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Fig.1 Two configuration of vortices!*®
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Fig.2 Structure of TVC
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Fig.3 Structure of evaporation tube
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Fig.4 Schematic of testing system



1514 25
) , 3
1.3
0. 5mm K 2
, s, o 5b) , 1 2 3 3
3 : 2# )
) 1; 24 ,
3 2; 24#
: 3. f o mu X 15.4%
T mue X 14,78
1 AR W R 34 R
S pAlldae LI X 3 St B X 4k Mir , Miud
0. 96~ 0.98, , )
tg B
L M= L
13 te— tila
W%%I‘EJ%%%/?EE%&HHD%% it t 1 , bl
(Gl 3) (% 2) (%l 1)
(a) LR 1
21
L1 NNy g Lo ERRELEL 6
.« 7 5
ﬁ T 822 C,
X ;3
1 2 2
3, , 2
(b) FLE 2 1 3 1 3
) 1 3.
> 2.2
Fig.5 Position of thermal couples )
1, 7(a), s
’ . 00C 3
, 6~38 (b) ’ ’
, 9 10 ’ ’
7 2 o
, 11~ 14
’ (¢, )
1~ 5 N 7 o
6 8 s 9~ 10 ’ K



; 1515
900 900 T T . .
< g0l a2 . ! w- f=1.28 /)‘~ R y
L ] i =1 T
E g00l - ] I go0l T / ]
S 600 1 S 600 g //A\\
= 500 . I= 500} L7 a ]
# i " T # cezz=l T T
¥z 400 - = b 400F ) Sinne ~ea .
— 300 “ ] = 300/ !
& . : &
200 — . . . 200 — . . .
NORETA  RAETE  JSREIR IR BCEETR NORETA  RAETE  JSREIR IR BCEETR
AL A N AL A N
(a) %1 1 (a) il 1
900 900 ;
é‘\'j 800 - — é‘\'j 800 F --.—j:':l 22
2 00 L ] 00 [ @ /7LD
E??E. ! - : 4@. 7008 4 f=193 P e S
%ng 600 |- TN i Hg 600 P =)
L - N 4 /o
]]]g 500 I /,’ e . ]]]g 500 ,;:/’
400 A e N 400t |
& L & 1
300 | . o 300t
& ol ] £ 200 - - - .
TIRER] LRERD JREER SR BRE R TIRER] EETD JRREIR 2R BRE R
FRL AT LA
(b) %h 2 (b) %l 3
900 ‘ ] 1.0 . ; . .
£ 800} - %
g B ] £ S [ N -
= 700 = oxt ) — |
£ 600 A ] o
i f A ~ee 1 2 A
= 500 4 . = 2
= 400 = o6f o 1
& 4 &
© 300 « - =l
# 200 [ n i i " | 0.4 L L L L
TIRER] LBER] J5REM IR BRI 1.0 1.2 1.4 1.6 1.8 2.0
H A MRS R
(c) 3 () MR HIRRE
6 Ma= 0.32, th=250C, f= 1.28 7 Ma= 0.43, tya= 350C
Fig.6 Ma=0-32, tyq= 250°C, f=1.28 Fig.7 Ma= 0.43, tyu= 350 C
2.3 ’
8(a) (b), , '
B k-s B
s 1
3 2
9 )
2 2 2 , 1
’ 2 3 Umter N
g 9 10 R 10
C 2 2
( ) U Uinner N
o Unuter Uinner ) 1
Uinntr Uuu er
' ’ ’ ‘ N Ma N Uouler/Uinner
Uinner M
2.4
) pgm- film @m‘ fired
10(a) (b), s
M — &asfﬂm Unuter

Q;asfir?{] Uinna ’
N N Uouler Uinner



1516 25
1
Table 1 Veocity ratio
U gier
Ma Uil (m/s)  Uppe/ (m/s) T
0.3 50.3 37.7 1.33
0.4 87.6 42. 1 2.08
0.5 112.7 45. 1 2.50
0.6 143. 1 47.17 3.0
900 000
800f - Ma=0.32 ' ' ' . |_250°C
T - @ Ma=0.43 800} e
= 700f 7 &) et =350C
= -a- Ma=0.57 = 700} et
] 600 7 ) = i =450C
z _m = 600F A .
% 500¢ v . 2 - ~
N S y IPEP G £ 500} a7 > .
T N e = iy N
2 300] - - = 4007 - PEAE NN ]
o = 300} L ~u ]
;% 200f y Jaf oo
100f - =
" , , , ) 100} ]
NUBETH  LBETE SR EET IR BB 0 —L L —
B (A TR T ,%E‘%éﬁgfi BIRBREH
(a) !fﬂ] 1 N ( )tfﬁ] 1 AN
a
900 .
. 800} P - st ]
< 700t A g i
= 700 S0k ]
o /N e X O = A _a
600} / X 3 P 3
’E\E‘ /’///A—————i\‘\\\. E\E6OO ////1‘;,,/—&\\?\=‘
o 500 e X A 7 2 500 < 7 - i
: Z kS 77
E 400 t/ =1 g 400 .// 4
Nt 300+ - Ma=0.32 ;31 300 e _— r=250°C |
o 200} e Ma=0.43 ] g el ]
® ~a Ma=0.57 = 200 ®1,,=350C
100¢ 1 100} ke £ =250
0 v : : e 1 1 ! L
AORER LRETAD S REIA $BVR BLREA 0 HIREH AR S REI IR EREE
PR ARATEL HL AT A
(b) i 3 (b) i 3
1.0 1.0 T T T T T
& = BT a -
S & 5 IR il
¥ 0.8 = ﬁt 08 L3 |
&g oy
— -
i 0.6 )6 i
= 1=
) o
g’g !
S 04 S i
0.2 1 L L 0.2 y ’ " . .
0.2 4.3 i 0.5 0.6 200 250 300 350 400 450 500
S SHECIRE /C

(OPsSessied
8 tiw = 350 cc,fz 1.93

Fig. 8 fwa=350C, f=1.93

(c) BB EIRCE
10 Ma= 0.43, f= 1.93
Fig.10 Ma= 0.43, f=1.93



1517

Uuult'r
pg)sﬁ]r

[ 4]

10 , ,
10(¢), ,
Uinnt'r N
m Qasfired N M
1) ,
(850 C),

2) ,
3) :
4) ,
5) ’ ’

Hsu K Y;Carter C D, Katta V R, et alyCharacteristics of
combustion associated  with
burner[ R]. ATAA 990488, 1999.

HsuK Y, Goss L P, Tramp D D. Performanee of a trapped

vortex combustor| R]. ATAA 950810, 1995.

instability trapped-vortex

Roquemore W M-;Shouse D7 Burrus D, et al. Trapped vor
tex combustor coneept for gas turbine engines[ R]. AIAA
2001- 0483, 2001.

Mancilla P C, Chakka P, Acharya S, et al. Performance of a

trapped vortex combustor [ R ]. ASME 2001-GT-
0058, 2001.

[J]. , 2007, 22( 7):
1132-1137.

KONG Zhaojian, FAN Weijun, YI Qi, et al. Ignition and

lean blow out performance of trapped vortex combustor

[6]

[7]

[ 8]

[10]

[11]

[12]

[13]

with evaporating tubes fuel injection| J]. Journal of Aero-
space Power, 2007, 22(7): 1132- 1137. (in Chinese)
[J]. , 2006, 26(9) : 66-70.
FAN Weijun, YI Qi, YAN Ming, et al. A study of double
vortex structure in the trapped vortex combustor| J]. Pro-
ceedings of the CSEE, 2006, 26(9) : 66-70. (in Chinese)
) ) [J1.

,2009,24(2):318 323.
HE Xiaomin, XU Jinsheng, SU Junging. Experimental re
search of the performance of the trapped vortex combustor
[J]. Journal of Aerospace Power, 2009, 24(2): 318 323.
(in Chinese)

[J]. ,2008,29(4):412 421.
XING Fei, FAN Weijun, LIU Yang, et al. Ignition and lean
blow out performance of T VC with different fuel air matc
hing forms [J]. Journal of Propulsion Technology, 2008,
29(4): 412-421. (in Chinese)
[J]. ,2010,'25(6) : 1238 1244.
ZHANG Rongchun, FAN Weijun, XIN G Fei. Experimental
study of wall tem perature distribution on the annular ir
terstag e trapped-yvortex combustor [ J]. Journal of Aero-
space Power, 2010, 25(6) : 1238 1244. (in Chinese)
7. , 2009, 24(7): 1482 1487.

LI Ruiming;L.TU Yuying, LIU Hexia, et al. Impact of ma
instream on the vortex flow of cavity in trapped vortex
combustor[ J]. Journal of Aerospace Power, 2009, 24(7):
1482-1487. (in Chinese)

PIV [J].
2272-2276.

, 2009, 24 (10):

LIU Hexia, LIU Yuying, LI Ruiming, et al. Experimental
study on the influence of fuel supply position of concave
cavity on the flow field in trapped vortex combustor by
PIV[]]. Journal of Aerospace Power, 2009, 24(10): 2272
2276. (in Chinese)

s ’ ’

[M]. ,2002.

,2000.



