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A zonal coupled continuous/discontinuous Galerkin finite element method for
vehicle structure analyses under aerodynamic force/heating effects
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(1. School of Mathematics and Physics, University of Science and Technology Beijing, Beijing 100083, China;
2. China Aerodynamics Research and Development Center, Mianyang 621000, China)

Abstract: Assembly interfaces between dissimilar materials widely exist in thermal protection structures of
hypersonic aircrafts. The resulting imperfect contact and thermomechanical coupling need to be carefully
considered in structural analyses. Since the traditional three-dimensional finite element method is computational
expensive and inefficient, a new zonal coupled continuous/discontinuous Galerkin finite element method is
established especially for the thermal and thermomechanical analyses of problems with dissimilar-material
assembly interfaces. The effects of material nonlinearity, temperature, and stress-dependent thermal contact
resistance to the structural thermomechanical coupling response are taken into account. In addition, an efficient
and accurate finite element software suitable for large-scale engineering computations and three-dimensional
thermal and thermomechanical coupling analyses of problems with dissimilar-material assembly interfaces is
developed. This software provides a research tool and technical supports for the aerothermoelasticity prediction
and safety evaluation of novel hypersonic aircrafts.
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Fig. 2 Computational algorithm for solving thermomechanical coupling problems with thermal contact resistance
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Table 1 Equivalent stress at the center of the composite rod

Thermal contact resistance/ (m”K-W ') 5x10 °1x10 *1x10*

ANSYS 582.7 625.0 631.7

Equivalent stress/MPa (v = 0.3)
Present 580.2 622.7 632.8
Analytical 554.4 592.8 604.4

Equivalent stress/MPa (v = 0)
Present 553.2 594.4 605.5
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Fig. 8 The geometry of the rudder model

A, B T () I 2% B8 U3 77 AR BN # i 1 L 5 45 4
f1y B BE BEAT U B A0 M o U BE 37 23 M BN R B R B
25 15 3 Ji e 2 18 (R S T fich A BEL K 52
32 RESESIRNFEGR

T L1 AT R TT VAR B I e 2 R A0 ] 9~
V1R o SR BE 3 AN SE 33 73 W I 7 2248 58 X
B BN T T A M RIA S A A CFD i
20t SR A S H A D 3 b A Eh Y R Bh
JI3 V% BEGRUAR A o T B RS T RURTA BR
TC I BT A% B R A A, D S T EOR

(b) FEATHE M#%
B9 SNt s et E gL
Fig. 9 Comparisons of meshes for CFD and FEA computations



74 ol |

540 %%

Pressure/Pa

170000
160000
150000
140000
130000
120000
110000
100000
90000
80000
70000
60000
50000
40000
30000
20000

10000

(a) CFDIEI S B ik

Pressure/Pa

170000
160000
150000
140000
130000
120000
110000
100000
90000
80000
70000
& 60000
- 50000

40000
30000
20000
10000

(b) 45 IFEARL AL 3 55
E 10 HGEIESIHIEMSTKEERRRT L
Fig. 10 Comparisons of aerodynamic pressures for the CFD and
FEA computations after conversion
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Fig. 12 The temperature field of the rudder without
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