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discontinuous problems through introduction of 2 cover systems: the mathematical cover for constructing the
partition of unity functions and the physical cover for constructing the local approximation function. The appli-
cation of the NMM to 2D transient nonlinear heat conduction problems was investigated. Firstly, based on the
governing equations for the transient nonlinear heat conduction, along with the initial and boundary conditions,
the weak form of the initial-boundary value problem was established. Subsequently, an NMM approximate ex-
pression for the temperature field was presented and the global discretization form was derived with the Galer-
kin method. For the time discretization, the backward Euler difference method was used and combined with the
Newton-Raphson iterative method to solve the algebraic equations. From simulation of typical discontinuous
plates with irregular boundaries and holes, the results show that, the NMM not only has high computational ac-
curacy (the maximum error is not more than 0.6% ) and good robustness, but also can handle complex geome-
tries and discontinuous plates more effectively, which provides an innovative and efficient new method for nu-

merical computation in this field.

Key words: nonlinear heat conduction; numerical manifold method; Galerkin method; Newton-Raphson

method ; temperature field
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Table 1 The temperatures of point A, and A, at different moments calculated by NMM and FEM

point 4, point A,

1 NMM FEM error/ % NMM FEM error/ %
1 100.02 100.01 0.002 3 100.73 100.56 0.168 4
2 100.73 100.62 0.110 3 108.86 108.80 0.056 6
3 103.99 103.74 0.242 1 120.51 120.88 0.308 3
4 109.46 109.27 0.173 7 130.27 130.92 0.493 6
5 115.55 115.45 0.084 3 137.75 138.50 0.539 5
6 121.22 121.29 0.056 1 143.49 144.23 0.509 8
7 126.09 126.33 0.189 2 147.97 148.64 0.451 0
8 130.09 130.46 0.2810 151.49 152.08 0.386 4
9 133.30 133.80 0.370 1 154.28 154.87 0.384 0
10 135.85 136.42 0.4215 156.47 157.08 0.387 0
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Fig. 10 Contour plots of the temperature at different moments
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Table 2 The temperatures of point B, and B, at different moments

point B, point B,

t/s
NMM FEM error/ % NMM FEM error/ %
2 799.26 800.21 0.118 7 794.04 795.49 0.182 3
4 793.90 794.93 0.129 6 780.81 781.37 0.071 7
6 784.12 784.9 0.099 4 766.16 766.53 0.048 3
8 772.01 772.68 0.086 7 752.38 752.54 0.021 3
10 759.33 759.66 0.043 4 739.99 739.83 0.022 0

PEHCT YA B, (Om,10 m), B, (=10 m,20 m) , B, (=10 m,30 m) , B, (0 m,40 m) , | F NMM i}
BT PO T R AIR (R, T AT FEM 2B BT 2 (PDEM) FIERTTHME (DEM) #E4T T X H. A3E 3
ATLUE 1 R NMM I3 45 SR 5 A =Rl ik & —30, 58 0E T NMM ) e s 1.

£3  By,B,,Bs Rl By WA ORI 20 i 1

Table 3 The temperatures of point By ,B, ,Bs and B at different moments

point FEM PEDM error/ % EDM error/ % NMM error/ %
B, 734.307 728.484 0.793 733.681 0.085 735.244 0.128
B, 774.639 770.477 0.537 773.307 0.172 771.633 0.388
Bs 775.070 770.261 0.620 773.389 0.217 771.74 0.429
Bg 735.843 732.233 0.490 733.897 0.264 735.179 0.090

21 25461 7 B NMM Al FEM 313805 ] U 9 T = B 20 A, 7T DA H 7 3 O TS S AR — 3, PR
UE T NMM 7ER i 52 22 — 2 JUAn A e 1 A% e [ 880 1) A RO
3.4 NiOEHEERILEMNBRSHES

e 22, % & — e SN SIIE KR 2 m, REIEIR RS r = 1 m HIERIEEE R 500 K, BETEE
A B IAL T RBCK k=580 — 0. 1T ; MOREE B M ELIRES 73900 0 p = 100 kg/m’*, ¢ = 180 + 0.47 N2 M X
eI FIEA AP R IIREE T, = 300 K, R ECH h = 100 W/ (m-K) , NFSIEIFR Ry 4 bl Bt

& 23 RS 1024 s A8 w6 B, A= il 1840 MATESATT.ANE 24, COMSOL %147 H = M e Mg
PEATHA, — 3 a3 348 MNEATT ARG T A = 1x10°, ) B HEE K N Ar = 0.1s 318 €,(1.5 m,0 m)
C,(1.5 m, 1 m) FIATT SR, R AER 4 PR 4 T LIE I H R EIE® —2, ¢, F ¢, P
)k B (e K B R 22K 0.009 6% 1 0.020 5%.
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Fig. 21  Contour plots of the temperature fields by NMM and FEM at¢ = 25,4 5,65s,8 s
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Fig. 22 The geometric model for example 4 Fig. 23 The mathematical cover with 1 024 Fig. 24  The finite element mesh with 3 348

mathematical patches triangular elements

R4 €, W C, PRI ZI B

Table 4 The temperatures of point C; and C, at different moments

point C, point C,

v NMM FEM error/ % NMM FEM error/ %
1 499.41 499.46 0.009 4 498.04 498.07 0.006 9
2 498.51 498.50 0.001 6 495.95 496.01 0.012 6
3 497.53 497.50 0.006 6 494.1 494.15 0.010 2
4 496.57 496.54 0.006 6 492.45 492.49 0.007 1
5 495.65 495.62 0.005 5 490.95 490.98 0.006 0
6 494.76 494.73 0.006 0 489.57 489.60 0.006 4
7 493.90 493.86 0.008 5 488.27 488.33 0.0115
8 493.07 493.03 0.007 6 487.06 487.13 0.015 3
9 492.25 492.21 0.008 3 485.93 486.01 0.017 1
10 491.45 491.40 0.009 6 484.85 484.95 0.020 5

F25 2T ¢t =5 fle=10s BIRE =, ] LB H B NMM A FEM 2§ 48R 2+ 04
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Fig. 25 Contour plots of the temperature fields by NMM and FEM at¢ = 5's, 10 s
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AWEFEE UK NMM 47 Ji 7 T2 — 4 B 25 AR L MR & b i S ) S S 1 A SO $ 5 A Y T A
PEFN RS L, BV SR PR BT H R R A DR 22 WA I FE 0.6% AN, i SUS A B TS S i 1 — o or k.
FRGEH FEM 7EAT & RIR I, 257 AR b A8 T TR 22 R T, NMM 75 i Ak B 2 HiGS A v, B s A 5 1)
U 5€ 2 — 25, AT LICR FIALN Ay WA A TV D S B i, AT SE 20 A3 1 FAIC A BE AR SK T LOKE NMM 47
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