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Abstract

A finite element method based on the penalized subdomain-interface framework is proposed for fully-
coupled, nonlinear thermomechanical analyses with thermal contact and/or radiation boundaries. In the
variational formulation, a well-known penalty functional scheme is adopted for connecting subdomains
and interfaces that satisfy various continuity requirements. As a logical consequence, the whole domain
can be arbitrarily divided into independently-modeled subdomains without considering the conformity of
meshes along their interfaces. Since the nonlinearities due to the contact and radiation boundaries can
be localized within a few subdomains, the computational efficiency of the present method is greatly
increased with appropriate solution algorithms. By solving some numerical problems, these advantageous
features are confirmed carefully.
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Table 1 Comparison of FLOPs (no. of time steps=10,000)

Mesh |Subdomain NOd?i Size of Matrix K| Time [, . No. of Calculations Total MFLOPS

/interface |on I*[D.0.F.JH.B.W.| Steps Decomp.| Substi. | Decomp. Substi. " |Percent.

full Q - 955 47 {10,000 17,436] 17.436] 17,436} 34,831.688] 2,257.997| 100.00

o 13 91| 11 17,436 261,540] 161.109]  694.650{ 2.31

casel o? 13 877] 44 | 10,000 17,436 1] 34,885 1.604] 3,878.235 10.46

T, - 13 - 17,436] 17,436 12.693 4.307] 0.05

Total 175.406] 4,577.192}.712 81

ol 25 283 23 17,436| 470,772] 2,364.461] 8,568.992] 29.48

case2 2% 25 697 35 {10,000 17,436 1] 34,897 0.802] 2,442.999  6.59

T - 25 - 17,436] 17,436 90.667| 16.128]  0.29

Total 2,455.930] 11,026.120" 36.36]

ol 25 283 23 17,405| 469,935| 2.360.257| 8,553.757} 29.43]

case3 ol? 25 gl 14 | 10,000 17,405 1| 34,835 0.015, 114.503] 0.3t

T, —~ 25 - 17,405] 17,405 90.506, 16,100}  0.29

Total 2,450.778] 8,684,359 30.02]

ol 9 283 23 17.405] 191,455] 2,360.257| 3,484.864] 15.76}

cased o 9 gal 14 | 10,000 17,405 1| 34,819 0.015, 114.450] 0.31

T, - 9l - 17,405 17,405 4177 2.036] 0.02

Total 2,364.449] 3.601.350]" 16.08
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Table 2 Comparison of FLOPs (no. of time steps=1,000)

Mesh Subdomain| NOd(e/i) Contact [Radiation| Size of Matrix K| Time lterations No. of Total GFLOPs
/Interface fon I, "{BoundaryjBoundary| D.0.F. |H.B.W.| Steps Decomp.]| Substi. | Decomp. | Substi. [Percent.
full Q - 0 - |30,324] 274 [1.000] 3,704 42|  3704]  94.696] 91.687] 14.92)
oY) 69 o] - 2,880 | 88 11] 8,926 0.238] 6.633] 0.55
E o? 81 X - 7,402 | 118 1| 7570 0.101] 19.567] -1.57]
E o 97 0 - 2,880 | 88 20] 11,288 0.432] 8.388] 0.71
8| wer 0¥ 121 X - 17402 118 | 1,000f 3,704 1| _7.650]  0.101] 19.774] 1.59
e ol 69 0 - 2,880 | 88 21 10,306 0.454] 7.658] ©0.6%
a Q® 81 X - | 7402 118 1 75700 o0.101] 19.567] 1.57
T, - - - 514 - 42| 3,704 1.901 1.467} 0.27
Total 3.328] 83.053f"". 6.91
full Q - 0 o lis162] 137 [ 1,000] 3,704] 3.704] 3,704] 1,040.094] 22.866] 85.08
Q" 69 0 0 1,440 [ 44 3,704] 262,984 9.888| 48.484]  4.67
® folid 81 X X 3,70t | 59 1| 7,489 0.013]  4.812]  ©.39)
= o 97 0 0 1,440 | 44 3,704| 366,696 9.888] 67.605] 6.20)
g HCR o 121 X X 3,701 | 59 | 1,000} 3,704 1| 7,529 0.013| 4.838] 0.39
E o 69 0 0 1,440 | 44 3,704| 262,984 9.888| 48.484] 4.87
o 81 X X 3,701 | 59 1 7,489 0.013] 4.812] 0.39
T, - - - 257 - 3,704] 3,704] 20.958] 0.366] 1.7t
Total 50 660| 179.402]"" 18 41
Aol B= 34 e FeHZ, AFEd "Nonconforming Mortar Element Methods: Application
2 Luzlged FAs A A grde= to Spectral Discretizations," NASA CR-181729, ICASE
278 ¢ Aok Report No. 88-59.
6) AXF A axtes 99 B2 9y, A (7) Farhat, C. and Roux, F. X., 1991, "A Method of
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gebAu, A4 AN o= Parallel Solution Algorithm," Int. J. Numer. Meth. Eng.,
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