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Abstract: Conventional heat conduction analysis is based on continuous model, so it cannot describe heat
transport between two bodies with contact. A numerical simulation method for heat conduction in discontinuous
media is proposed, and a C++ computing code is developed. When simulating such problems, the domain is
discretized as a series of blocks, and then each block is divided into several continuous elements. The boundaries
of blocks are considered as potential contact interfaces, and the contact pairs are detected and marked efficiently
according to the semi-spring & semi-edge combined contact model. In this method, a traditional continuous model
is adopted for heat conduction inside each block (the Finite Volume Method is used in this paper), and a
point-face type, edge-edge type heat conduction model is introduced for each contact interface. By modifying the
stiffness factor of thermal conductivity for each contact interface, different heat transfer resistance effects can be
realized. Numerical cases show that the method proposed in this paper can simulate heat conduction effects in
discontinuous media well; the larger the stiffness factor on the contact interface, the smaller the heat conducting

resistance effect of the contact interface; when the stiffness factor is larger than 100, interface resistance effects
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mostly disappear, and the results of discontinuous media and continuous media are more or less the same; finally,

the interface stiffness factor only affects the transient process of heat conduction, but has no influence on steady

state solution.
Key words:

M JR AR K R RCHE AR A 9 2K g R F RS B
it HUBARBOR R AR T RS By A B 4
M PNy, H PRI TR R SRR, 454
TR ALAR SR M EBCERR R A HER A 25
PIHERA PR 55 ) IR AT LA 0 DR 3R A HE B2 R 1 1 B A
e RAE AR EE BRI 42 fid T S5 S EB 20

Al PR ARSI B P A1, JFER
B[Rl B A ARE S I SR . v g
B a A A MR RE AN, R S5V T 0 1 BE 9 B
(I, B A S5 FA TR AR AR P BRI RS S A i
ge[1-3]

T REAT ARE B it A T I AR 1 B
M, R BB VA B 06 ME TR Fh R PRk P 350 2 Ak ]
A ELEERE . AR BEIER TSN T
¥, WA RITE. A BRI KL Fouik s,
HEem HriR A B e SR, Tovh 2 i 57
TS A B AT (U520 o 0K 18 BTG A — Pt iR
RUIRAFE SRR S 22 AT NI BUE TS, 2T iR R B
R NITES T, AR e A3 58 0 SR AL AR S O [R]
A id . AERI M R T iR BEAT s S M
BEANRURLAAE B il AT 110 O 18] 10 12 i A L
ARk S EY Y. R R BOUGTE T N R S
TR T LA Oy 14 i S AR 42 fioh . 1o A A% AR
(s, (EJEIRAERR IR RIORL P 350 1 e i R
Bk B O I A il B AR AR 24k 0 22 AT NI
Bl Rl e R O R AT Sk S,
TRAPUR R LS O E T MES i #ot, ik
A CLAERA S I B AR BRI RO AR R s
A, I AR B (8] R Ak B 51N S T A SR
A, BRIl AN B E A A I R . H AT
SR B ] fik 57 T ) #A A SRR BIE TERLD, R A
B UDECH i 1o i 49 fidk 57 T B 11 2 04T 49
H, SCBLEAIL AP BT R IETT SR, T sE
PP AN Bk (8] it B2 ) A% 3%; UDEC Hh H2fid 7t i #h %
SPIEREMALEL TV, A RS TN BRI R PTRL
B2, B A BRI T R T AR I SE R s BB Ah,
UDEC iy AL #7572 R & ] T 4% -#e 2 (2D)
o, - T A (3D 2 P R 1

discontinuous media; granular media; contact; heat conduction; stiffness factor

SO T Bk B BT A B, R T — b
S i RAEARE S A 7 b H A S R RO S 74,
Jethih] T HARLI C+FLF.
1 HWEFZE
11 ETEEE

T, AR Tk e q ]
Al SR PR 1) B ph— AN B TAN S T AR
(AR ) 275 = F TR B I, = 4 AR o
27T DO s TR BN T ), A He kb2
G — AL FIE S . A AR BRI ) A
RITTBASy Jo AR A ORI, — 4 T - s
il - ERA R BB AR =K, ST
M, oM. ATTRAG. B
T B T - T K

K1 —HEESEN RS
Fig.1 2D discontinuous media system

K 1RO AR E SN ARSI 5 MR
M, Pk 1 S ANRIGAHR, Bk 2 B4 AN RoTd
Ji, Bk 3 ik 4 il 2 ANEOTAL L, Hik s
ANRTCH R AR 1L Pk 2 Z 8], Bk 3. ik 4
B -l HUR 5. Bk 1 2 JE], Bk s,
Bepk 2 2 8] e Hudk 3. Ptk 2 2 [0 -t s B
2. Btk 4 2 1) pi- A

AR LA T ) Rl TS DR A B A
TP  RAL S PR o BAR AR A A% K
FI 48 SR 8247 Tt #A A AR R BEAT il (A SR
A IRARBUEHEAT K AR) « LA (0] ) Hufte AL HE P f4a)
P AL T B AL UM BB HEAT
AL 3. B8 B HE AL I I R SO B A ) R
AR ARV Y AR Al BRI S, R R



T &

71 e 27

T AR - P fl T - B (R A AR, B R 1 1
Pl GoR B — e SRAGEATROE, JEIE I
B fh ST 110 O P R s L 40 foh 7 TG o6 oA S HOOR
FEIEHIRBN . T P g v ARE A R RGN E 2k
MR R, ASCR o 3 i A R 47
it PR AR B bt o
1.2 #ESHEWA

A5 P A G R T AL RE R ST O R
RO K fniz T FEGR(Q2)) .

oT
—g;, +Q, = pC— 1
ql,l + qv p 8t ( )
or
=k 2
] o )

Hrb: g /(WmP) N RGE R B g, /(W/m®) A AL
RFABIEIREE . T/CCYNIRRE:  p/(kg/m®) AR
BB C//kg/ CYNLIATE; s L T (a];
K/(W/m/Cy e S 250G x 7S AR .

FHRQRARKQ), B3R 8 SRR &
xid, NM:

2:
k%%%ﬂv=pC%% 3)

BAETERET, DT R ARSE— 2 ) X R 3 1)
WAk, B X IR VGG R S (WIME ),
S a0 SR P B G GAE A1) -
1.3 BREATRHRESIHE

KA FRARFE SRR 30 1 #ufte S A2
AR 2 TN SC R, SRR S
BETFE o g, M-

N

g = _\%z?nij AS’ “4)
i1

e N NERCES WA AE R
N=3, DUTH A e N=4); AS! A% j ANTIER
nJ NI j BSRALANE R AE | TR T AR
PETESR j AN L FIME
s Foe AR E TR R A B SRR E
q, M:
_$ranas! 5)
Horp: M FRIR IG5 3T G T AN (S AT
th M=2, DU A M=3); NI 955 j AN RO S
j TS
MEH 2RI, FFX AL SR E AT
BN, FEEAMMAAG S ki A F RS

TR RAE Qy

N,
Q=>0+Q,, +Q., (6)

j=l1
Horb: NS AR B ITE Qupp MR
MEMS: Q,, Nl FAbIRIF &
R4 PR E QMRS E AT, N:
AT =—QtAt
CpV,
Hrb: AUNTFERSE; VN SRR
e N R A O N Y s s i i M N = 3 A
E’ y\j:

()

Tt+A)=T(t)+AT (8)

XFF U BTG FTH A BT S 7S TR BTG 1)
PAEFUH, TRARA ST, 2Rl 4
A=A TG 6 AN PU T A4 576 K 10 AN PU T4 5T
1.4 REK[E)IERL KRR HE

N TR AR R T B, T B
PRI LA AR P 0 JR o ARSCR A& - i e A 4
iR UL SV AT A X (A R B bR

- 50 PR B G T A A AR () B T
(WG RAUE =4S 00 PR /ER . %
T THT P AFAT 1 i 8 e i (1 2) B 2 1 4 =
RIS 6 A Pand, =4 AR IE S 12
AR T 12 NPk BHETE R, 4t
— PRIV A 31 25 b A THT O BB IR 1%~5% (A8 3L
B 5%).

=g T =i
2 PIER-ERORE
Fig.2 Description of semi-springs and semi-edges
HT T4 5 K b R B0 B B H AR T A H AR
WJa, JrREMEH SRR, IRy <7
HE N R B 3).

(a) P35 B R P (b) “F4- H b s i
CERRCES TV

Fig.3 Two contact pairs



28 I 2
T 48 B B fisokar ) 7 32 o T - T B2 A 411 35 6 T
VEAERATH AN SR B ik A . T AR SR ) B A L — R S RN
PP BRI, TR, LT R Q. =—pk, T2 an

W2 (- 4E) B T (=4 N, RIS B % 3 BIRHIE T
MU HEE O T BCRALE ), -

As=A /N, )

Ap = Asi + A (10)
Horb: A Ap PR CERIRHMERI; AR
PR PR PR BRI B A N, 3RoR BT AE BRI
MITREG Agi~ A AAUSEERR IR R 35
TR o

FIH R 7y i s iy, A S DA S
FERARTIN SN IR . WA Rl T 2 s
W 5P B v R A B BT, I RO R
BonsES: N T IR RE, AR SCRH T
o FEHARTINS, 3 AEIAREAS BT R T SR
b, PP R MAEE AR (), w2 ®
AAE B ARbE (I =4t T S .

e - R IR R R R AR R I =
FIEhOC R - H AR IR R (EP T S
R-TEEAOCR), B =G 0L T BN R ¢ R %
53 - H AR A - H AR S ok R (B
ISR AT B AR R), AL T
T T R R AR .

IR R R AR R, THER
B R B CR TR SCHR[14 — 15T R g ih, ik
ANFEER .

1.5 $#EfOR EMRESITE

BT 1.4 R I 0 - H bR I R ) B koot
% - E B s, T R st T 42 i 2 A A AR
PR SR (R 4), BT, Q NIRE
P Run g, T, T, 0o S ab ks 1
Fefk 2 BFIFEERE, N« Ny Nyo N, Ak

ff”’"l PR T~ o,
1 N 0
N> T\ I = N;
Ng

(a) M-MHEMMAAES (b)) M-t LS
B4 s S L e L S Y

Fig.4 Two heat conduction models on the interface
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