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Investigation on Film Cooling and Aerodynamic Performance of the
Multi-Cavity Tip with Inclined Film Holes in a Linear Turbine Cascade
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Abstract: In order to improve the film cooling effectiveness and reduce the aerodynamic loss of
the gas turbine blade tips, an experiment was conducted to investigate the film cooling character-
istics of the multi-cavity tips with inclined film holes, and the aerodynamic performance of these
tips was numerically simulated. Firstly, the variation rule of the film cooling performance of four
types of multi-cavity tips, of which the cavity number was one, two, three and four respectively,
was measured under four blowing ratios (0.5, 1.0, 1.5 and 2. 0) by the pressure sensitive paint
technique. Secondly, after the validation of turbulence models, the SST k-w turbulence model,
which showed the most excellent agreement with experimental results, was adopted to simulate
the flow field structure and aerodynamic loss of the multi-cavity tips. The results show that the
multi-cavity tips have better film cooling coverage on the front and middle parts of the tips as well as the

rims; the installed ribs of the multi-cavity tips can prevent the coolant from flowing downstream and
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induce vortices behind the ribs to involve the coolant, leading to better film cooling effectiveness on the

upstream and downstream parts of the ribs; compared with the conventional cavity tips, the aerodynamic

loss of the multi-cavity tips are lower, of which the three-cavity tips performs the lowest loss coefficient

and it is 9. 3% lower than that of the conventional cavity tip at most.

Keywords: gas turbine; multi-cavity tip; film cooling; pressure sensitive paint; aerodynamic

characteristics
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Fig. 1 Experiment system and aerodynamic measurement

results of the cascade
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Fig. 2 Schematic of tip structures
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Fig. 3 Schematic of the multi-cavity tips

1.3 RBRNEFRESIAWHEE

P TOUAC B ¥ A A8 43 AT 2 ) R ) U AR
AR B . F ) BRI R R DA L 4L )5 2
FE Ay, 38 2 > Bl SR B R A0 ) SR T AR VS
WA RS . e BURE A R EE R OBk
JEMEFN AR IR . JEBUR I TS Y ) U AR R
T 52 B W R IR (B 400 nm) B, N
151102 i RN | b2 e ¢ S 1 [ l| B~ N S P U i SR TR

http: // zkxb. xjtu. edu. cn

RO 20606 QIR R T 600 nm) 5 AU A KE M 48 2
Je 3 AR A 2 1 S 30 A7 A SR 03 1 I PR A 2
T 1] 9 B BE 25 0 e b e B0l T AR
WA RE A 1 2100 . AR A0 FLARR 1, T g S0 R B 3R
TG -5 24 4 58 70 A 5% ] CCD ATPLR 4 K i D't
SR o 3 5 i RS Ak B B A B B A R
AR BT AU B, SO A UK o R R4

T. —T., . Coo ™ Cmix
77 - T~ - Tc - Ce (1)

AP T O BB 5 T, 9 4 BRE L 5 T v il
JE 5o O B TRIIRE s 0 N ER AN REY
TR ROMREE T ) SR TR A T T 75 2 AT A
AZRATAE RS S 58 F1RH X 48070 i U ) 1 5 A% A ]
4 s B T R IMARRYER , R R 1 565 ,
LRSI, P 3R m b s i 18 v A5 /9 15 1,
M P RARZHETr, AT LR 2], Y65 E R 2
% i L — BURE L ARAT A bR 2 2 A —EL

121

1.0F

=
o

g T * Ul

—v— T, ;=315K

0 0?2 0!4 076 OI.8 110
P 1)““[
K4 TR SR R 2%

Fig. 4 Calibration curves of pressure sensitive paint
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Fig. 5 Computational model and meshes
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