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Flow Characteristics and Temperature Drop of Air Through Turbine Disk

with Internal Impeller Structure
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Engineering, Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract: To increase the outlet temperature drop of cooling air, the impeller structure is designed into a

typical turbine cavity. The numerical simulation of the flow and temperature drop characteristics in the cavity

with impeller structure is carried out. And the simulation results show that: Under the same conditions, the

total temperature drop of low radius impeller is greater than that of high radius impeller, and the temperature

drop ability of forward impeller is better than that of straight impeller, while the temperature drop ability of

straight impeller is better than that of backward impeller. The inlet and outlet angle of impeller has a

significant effect on the temperature drop effect, and there is an optimal inlet and outlet angle of impeller

under the actual working conditions of aeroengine.
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(a) Physical model and its inner channel structure
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(b) Cover-plate-type pre-spinning system
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Fig.1 Structure diagram of physical model of turbine disk cavity
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Fig.2  3-D schematic diagram of disc cavity impeller structure
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Fig.4 Grid independence analysis and verification

2 HERGW

2.1 RBEEEMHESH

TEWRFE IR By L B v, T HURE R 40 1Ak Y
e R 5 R R A DA (] i [5R]J E RE E  ee
Lk AW I B B O AR T V2 i il B R
AT AR B . R, s SOV ED AT T R
ATYSR WUE 2 40 H 030 A X EGR S TUE R 4
HE R SRz 2 A

AT=Tr— T (1)

s Ty e 0 TUHE R G0 1 1 AR BT 5 T8 ok TIE &R
e 4 X B o LI R B R A R
1%, V2 J R R |

SR 43 T P U A ORE R X S R R AR Bk 3 4 2k
XF R RE AT RS20, 51 e L 81 R it Ui FE HE
%E[ISJ’E

_ Y
p= wr (2)
_p e (3)
M

IV SO B T 1) T 5 o Sy IR B I ) e e
Fr B 5 T A C, oA i U6 FROREAY 2R K0 e, O i B
JEE 5 0 M A BT B
2.2 MREEEREMEXEMKEIR N
AR TR A BE U L LA B i I FE 3
11 23 BT e AT 2 AR 0 B 26 T A R R A S
Wi o L 370 AL A5 HY 03 T 19 52 0 3 B AR T A E
S T U 20 3 S SR T BARE HIC , FURE I B AR
HT I BRI 5 3 2 O L R AR VR S RO A S Y
M B T 5 A B AR R RN B I T L 1
=B A RS R 2l B U AR, DB TR 9% i 3 JRE B JEE



543

XS, 56 i P IS e A 2 R ) A 28 I O 3l 15 T e R P B S 565

T8 B U B E R AR UL s 7E RNG A-e BEAY Hh | i 3k
FEHL e 32 %2 52 3 2 BE & BYSE A, T A 7Y /N SO TR
T U AR Tk Bl R R e {0 /N AR AR A g
R Tk S AR R A K

WS Fir s, AN B E Ui 3l BT 7 A 18 40 B i T
F A T e PR U X, H e e AR e
Vi e TR T Eh oy B i o A 5 i 3N A
DX 8R4 D s BRI (E 7 e U L = [T (8 6), g Ak
R JHE A L DO AR A 8 8 B It AR A8 1) 9 3 7 L Ak )

Ma
0.50
0.45
0.40

0.35
0.30
0.25 ¢
0.20
0.15 o

010 g
0.05

0.00

Fenifir 2 Y

FUARAL , DL AR AR [h) 3 BE /N AR RS S o) R T 2
WA T o X F R 7 0 i i AR AT 7E w2 AR Y I e
B8 DX D IR 9 € A ) DX, 3 P A e A Y
Uit Bl AR o A Dk 2l R A i U AR HUE LT %
T A AR AFE 30 DX LA 7 AR Y0 1R ) g 8 X 5 T 5 o
FR9 43 B3 8 DX ORA W &, TR Sy I Ak 5 20 43 15 108 4 3l
e 75 i 3t bk 3 3 88 ) B T i e FE X i R
T ) R FE R DB R . s 2B AR A D R
T s o3 B AR AR RO e TR AR A

%Eﬂﬂfiﬁ FERLHAN

5 AN e R 2 AR B A - B R 3 o ]
Fig.5 Flow field nephograms of different basic blade profiles with high and low radii
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Fig.6  Swirl ratio cloud diagrams of different basic blade profiles with high and low radii

Turbulence eddy

dissipation/(m” * s)
7.0e+008
3.0e+008
1.3e+008
5.7e+007
2.4e+007
1.1e+007
4.6e+006
2.0e+006
8.6e+005
3.7e+005
1.6e+005
16.9¢+004
3.0e+004

AR

' SRt
s '

He At 2Y Y

FERh 2 —

HRhH R =

ey it FEARHAN

B 7 AR AR S [ Sl e TR i O 1 = [
Fig.7 Turbulence dissipation nephograms of different basic blade profiles with high and low radii
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