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Combustion Using Three Dimensional Heat Flow

Coupling Numerical Simulation
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Abstract: In order to understand the cooling procedure of aviation engine blade after titanium
combustion, the finite element method was used to simulate the temperature and fluid field of
ROTOR37 model after combustion occurred with 550 C fire proof titanium alloy(TF550 titanium al-
loy) and 600 C high temperature titanium alloy(TA29 titanium alloy) , respectively. The results show
that the relative mach number influences the cooling procedure of blade,the cooling performance at the
area of mach number about 0. 7-1 is much higher than other area; compared with the leading edge, the
cooling process of the tip is more complex, and the cooling rate is an order of magnitude lower than
that of the leading edge. The difference of cooling temperature between TF550 titanium alloy and
TAZ29 titanium alloy at tip combustion area is quite observable; and the maximum value occurs within
the scope of 1000-2500K; the former is more than 100K lower than the latter, the value is reduced in-
to 30K within the scope of 300-500K. The temperature distortion of the flow field would increase the
intensity of the surge, the effect of combustion on the surge margin should be fully considered during
the design of the blade.
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Table 1 Basic design parameters of ROTOR37

Number of Design speed/  Design flow rate/ Design Tip speed/ Tip Tip clearance/ Aspect Mass flow rate/
blades (r+min 1) (kg+s 1) pressure ratio (mes 1) solidity cm ratio (kg+s 1)
36 17188.7 20.19 2.106 454, 14 1.29 0.0356 1.19 20.19
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Fig. 2 ROTOR37 single passage mesh (a)mesh of passage fluid field and wall; (b) mesh of blade
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Table 2 Thermo physical parameters of TF550 titanium alloy

Temperature/ Specific heat/ Thermal conductivity/
K (Jekg '« K™H) (Wem!t+«K™)
373 535.8 10. 3
473 540.0 12.7
573 548. 4 14.9
673 556. 7 16.7
773 568.5 18.4
873 580.0 19.7
973 593.6 20.7

R3I TARKEEANMESH
Table 3 Thermo physical parameters of TA29 titanium alloy

Temperature/ Specific heat/ Thermal conductivity/
K (Jekg '+ K™D (Wem!«K1)
373 476 6. 10
473 524 7.54
573 571 8.96
673 612 10. 30
773 637 11.50
873 638 12.40
973 624 13. 20
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Fig. 4 Suction side temperature field at leading edge burning area of TF550 titanium alloy with different time
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Fig.5 Average temperature history at leading edge burning

area with different titanium alloys
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Fig. 6 Procedure of suction side temperature field at tip burning area of TF550 titanium alloy with different time
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Fig. 7 Procedure of suction side temperature field at tip burning area of TA29 titanium alloy with different time
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Fig. 8 Procedure of pressure side temperature field at tip burning area of TF550 titanium alloy with different time
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Fig. 9 Procedure of pressure side temperature field at tip burning area of TA29 titanium alloy with different time
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with different titanium alloys
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