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Sensibility analysis of gap ratio in rotating cavity
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Abstract: The sensibility analysis of the gap ratio was investigated on the cooling effect
of the rotating cavity with intent of ensuring safety of a turbine disk, one of the life-limited
parts in the propulsion system. The cooling effect was evaluated by fluid-structure-interac-
tion numerical method according to resistance evaluation, heat transfer evaluation and stress
distribution evaluation. The results show that the gap ratio has a great effect on heat trans-
fer and temperature distribution of the rotating disk. Furthermore, the thermal stress of the
rotating disk related to the temperature gradient can be affected. As the rising of the gap ra-
tio, the frictional windage of the rotating cavity has not changed, heat transfer of the wind-
ward of the disk takes on up-down tendency, and the stress level and the maximum value en-
larged. Therefore, change of the gap ratio has an effect on the failure probability of the tur-

bine disk from two aspects: the material affordability and the working stress.

Key words: airworthiness; rotating cavity; gap ratio; cooling effect;

sensibility analysis

:2011-05-05; :2011-12-04
(IRT0905)

(1967—), , N s s s



3 529
X [o-11]
|:1:| . b 40% b
[2] s R
, , [12-13]
, 1/8 1/3 s
[3] b b b
10° / L ;
. , [5] .
[5] . b
) , ( D
, (fluid structure interac-
Daily  Necel® tion, FSD
, G s
Re,
Bayley  Owen'"
1
> 1.1
.Howey ¥ [14]
) 1 S
: , 1
A H r
Y R S S
e
N~ %
e _ %
WHER %
L
[ 5% % Bk /A )
IR 0
S b z
1

Fig.1 Model of rotating cavity and disk
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Table 1 Geometry parameters of the model » Re » Re, s T
’ rin/rO . U(Po /Uo
7o/ mm b/mm 7/ mm
320 40 224 Ma<0. 3.
5/mm go/(o) Sk/mm ’ [}
1.2 0 8 ’
2 .T,,=T,=301.15K, 3
s 3
Table 3 Data list of the physical parameters
N 15
6 K-Omega
1073 o/ (kg/m’®) 1.173
C ) 0. 1% Atia/ (W/(m » K)) 0.0265
¢,/ (J/ (kg « K)) 1005
/1077 (kg/(m + $)) 1. 854
o/ C kg/m®) 7840
Asotia/ (W/(m + K)) 47
¢,/ (J/ (kg + K)) 470
2 E/GPa 200
Fig. 2 Mesh of rotating cavity and disk ) 0.3
107 6°C! 14.2
1.2 o/
) G:S/To( 2
) 2.1
. , Re=1.7X10°, ,
Rez=2. OZ;?IOG,TeZO. 394,r;,,/r<)=((i.7,v¢()/72J<;)=O G =o0.170 .
s r 0.025~
[10]
2
Table 2 Computational boundary condition
G=0.025
/(kg/s) 0.02778
/K 301.15 ' '
/() 0 ) G—
/Pa 101325 0. 200 s G:O. 025
/(r/min) 3000 0.8%, 13%.
, 2.2
( )/ (W/m) 17407

51 - 2(p* 7po)/‘00(u27'(2) (3)
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Fig. 3 Temperature distributions of the rotating disk
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Fig. 6 Von-mises stress distributions of rotating disk
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