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Effect of Combustion Chamber Outlet Swirling Flow on Flow Pattern,

Heat Transfer and Cooling Characteristics of Turbine Vane Endwall

LI Zhiyu, ZHANG Kaiyuan, LI Zhigang, LI Jun

(Institute of Turbomachinery, Xi’an Jiaotong University, Xi’an 710049, China)

Abstract: The strong swirling flow and nonuniform temperature at the outlet of lean oil premixed
combustion chamber transfer downstream, which directly affects the aerodynamic performance of
the vane endwall of downstream turbine, and then changes the endwall heat transfer and film
cooling characteristics. The combustion chamber is designed with typical outlet velocity and
temperature characteristics. Comparing with the experimental data, we have verified that the
swirling flow and temperature distribution of designed combustion chamber outlet is typical. In
this paper, we studied the influence of combustion chamber outlet swirling flow on the flow
pattern, heat transfer and film cooling characteristics of the turbine vane endwall by numerical
solution of 3D Reynolds-averaged Navier-Stokes (RANS) equation and shear stress transport
turbulence model (SST k-w). The flow field pattern, heat transfer and film cooling characteristics

-

of the turbine vane endwall at 5 relative positions along the pitch between the center of
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combustion chamber outlet swirling flow and the turbine vane are compared and analyzed. The
result shows that when the center of combustion chamber outlet swirling flow is facing the vane
1, the lateral movement of the pressure side leg of the horseshoe vortex is weakened, and the
heat transfer at endwall exacerbates due to downstream movement of stagnation point; the
coolant at the third row of film hole is taken away from the endwall, so the heat insulation
effectiveness of air film decreases. When the swirling flow center is facing the vane 2, the
pressure side leg of the horseshoe vortex envelopes the coolant at the second row of film hole and
impacts suction surface, which improves the secondary cooling effect while the average film
cooling effectiveness at the endwall surface increases (the maximum value is 0.148, and the
surface averaged net heat flux reduction is 0. 055 5). This study reveals the influence mechanism
of the combustion chamber outlet swirling flow on the flow field pattern, heat transfer and film

cooling characteristics at the endwall of the downstream turbine vane, which provides some

reference for the layout design of endwall film cooling.

Keywords: turbine; combustion chamber; outlet swirling flow; vane endwall; film cooling
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Fig. 1 Cascade model and film cooling layout
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Table 1 Geometric parameters of cascade model
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4HTH ¥ 2
%K C/mm 149. 2
A1) 5% K Coo/mm 82. 8
MW P/mm 131.4
M H/mm 122.3
A o/ (O 0
WM B/ O 75. 6
SBFLEL 18
SEFLEAE d/mm 1.5
ALK AR H 40
AL IR s/ mm 9.09
SEEFLAT IR A ¢ /(O 30
SBEAEZEM /O 75.6

1.2 BEFERIE

2 gl TR AR T S R . R
1 ANSYS-ICEM A= J§% 22 He 55 14 16 W A% o 78 <R L
T A RE 17 B S SR O 0 0 s it o 00 A o . oA
T A [ i A R Y SR R ol e BR A A BE T
S — 2 AR B AR AE A T AE T kw119 3 I A 2

http: // zkxb. xjtu. edu. cn

AP BETE v ' <<1.7EfH LT ke 10 Ji JA0 45T 20 B B o]
11<<y" <30,

B2 BRI S A T A
Fig. 2 Grid of turbine cascade and film holes
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Table 2 Boundary conditions of experiment
JUR S I S
FRBER R M/ (kg s™") 1.1
EWREHRE T /K 453
SIS E R BRI m/ (kg - s 0.005 5
AR Z G FR B T /K 298
R HR AL B 1.6
I R/ Y 19
FE 0 I N/ m 0.017

O P, /Pa 98 000
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Fig. 3 Grid independence verification
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Fig. 4 Film cooling effectiveness distribution of experiment

and CFD
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of experiment and CFD
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Fig. 7 Model of swirler and combustion chamber

B8 ke g A 4 I A i )

Fig. 8 Grid of swirler and combustion chamber
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Table 3 Boundary conditions of combustion chamber
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EWmEERE M, /(kges ) 0.7
FWHERE T /K 453
A SR R R o /(kg e s D) 0.2
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Fig. 9 The temperature ratio distribution on the vane

inlet plane along the z direction
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Table 4 Swirl core position of different cases
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Fig. 13 Relative position of swirl core and cascade
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Lo 4 Fx 7 AQ

FEAE T 0.143 0 0
TH 1 0.105 0 —0.008 9
T 2 0.045 8 —0.075 5
T8 3 0.031 8 —0.103 6
T8 4 0.083 3 —0.000 2
T8 5 0.148 0 0.055 5
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