RERZE: HARE 2011F F41%E 5 5H: 545~ 556

www.scichina.com tech.scichina.com

AP FEH I B9 Sk i

F2RY, AE)E°

@ JEFMUE R E T 2E R, BT 100191
@ mER BRI S AR, JE 100094

* E-mail: wanganliang @buaa.edu.cn

Weke H 8 2009-12-22; #:52 H : 2010-02-05

@ SCIENCE CHINA PRESS

WE  ACCHERR AN TNF R T RETRR, AR HA DR | X0
i, BHkMEEVERRITN . BN F RNk AU F AR E T E. B R S | ERRE
FOIER, BT NI AR TN E M LB, M T —F e, | ERET

FIF AR5 B A B 33 S LR % S0 T R AL e
U R IX
AR
BAEAE I

oA . AR TR SR, Bttt TIE R

U P A [ A4 3R T A R B, S o [ 440 [
() 2 AN R A A — 6 3 R BN T AR B, AR
[i) B30 43 e B A B AR A (9 an < KR ).
T IR B A BT () 3 R B0 T AR 3 A R B — RO 22
BROK, DRI | A T P AT R e AR AR A, T R ik
e A B i B, BP 42 feh 44 FH (Thermal Contact
Resistance, fijF#X TCR), H:5g Sk [ A i At vk 25
5 3m s gz e, 5 HO8 00 £ il 42 (Thermal
Contact Conductance, fi#j#f TCC), & ) SCHRBFR  F
[fil #% P (Thermal Boundary Resistance) 5§ i% 2 4 B
(Thermal Joint Resistance), SZBr_F'e AR B4R & 2
fik D PR 45 AVRE R, AR SO P — i R < A A BH X A
), FF A B[] A4 2 TR A P e A )

FE A ABH 1) B 200 S B HIE - R A
TR AT AR BT EPESE B%NYHELL
AL ZRAL K R 2 5 TR, F5 ) 2ir — = 4F

HANBHE N, D T PR UE AR — % {5 v [ Py AT
S TAE, YRR H ™2 . Intel 23 7] FAAE 2000 £F 5t
BT, AN R A R B E e i 2 T R
(gt — St att, T E TRARRE Z DB,
TR HL T u A A 0 A TR B G s 2 L e fh 3
PR, RS2 RS B A E R AR R, 32wk
fioh F T F) $5e B4 RE I AT 5 i S B B HLATE ST
O TR AU AT F (N A, ARG A
WENFELT, XA SR RAMEN, 3%
FEAL T RS HAT AT, BN, HefdAe S TR b
(K = ZEHATT 3, AR 5 S AR 2R
SERE 2 IR SR, 0 L L B S IR A,
EAT it PR AE R R VT A REAT R T AR, 2 A
BB LR TR Pl SEME R AR @ BT id, e 3k
2 e A BH A T A BT R A o T R ) R Y
A FRBEL > A TSI, X3 AL HERE RS L R R 45 K
LN [N I8 7 X LT o /% N A Ll

HEWIARIES: Wang A L, Zhao J F. Review of prediction for thermal contact resistance. Sci China Tech Sci, 2010, 53: 1798—1808, doi: 10.1007/s11431-

009-3190-6




T2 A RS P R T SR

5VF 2 TR A, S SR SRS n]
LAy S TRE T AN S Bt 9F 58 AN 5 . — 5 T AR
PSS, BT IR AR A2 AT R0 it /1 (B ) ¢
fish PR LA A2 SE B >R, R A L oA AR G S
AR, H R RS WA s A At A, BIRAT BE
NI A BB AT A, DR B BE % T AR TSk, Wb
RN DUEE G BAR I TREEEKR, St 1 V5 2 9 Ak (st
95) F M AN T 5 T B, WERIIE S bR ] TR R
INESS7RY AN TRAE ol i N IR Z Y AN o - ]
J s BEREATAAR A REE . KB oy R AU e 1) 1% fil
B LSS0 T, JFRLR TV 2 IS 5L
SR E Tk, T, BRSRAT AT A N R T
P Al BE A 250 OGRS 0 PR Y nl B AU 77 1%,
A A A b D00 2 Al AAVBEL PR K /DN, 8 380 o A0 o T 43¢ fh
R LT G54, BIERIEEA R, BLURCR T A B
BENC T2 AU AR AR T F0I0 2 ik A BEL A 7 92 M 4
AR BE SN PR R AT LTS, 5 AR AL
BRI AR AL £ 1 BRAA 10 S kB4 L 1D, R A e s
o i UL AT 8 3 (1 TR AR, O TA R it A ) 2
BLIth BAT B R E R X

AR S 2 i A LR At A 1 B 8 P
. EEANACRLNULATIm: 2.1 Wkd T ILM
ARNEI i Bt PP 2.2 A i ie 4 1k
(K LTI BT AT B R e 53k, JF R
AT 1 PR G B T 5, 32 0 JFG At fih 1) 0t A7 T A
{H; SR THEMb RUAR T, 2.3 W HEAT T 3 5 00T, 1A
A R, T A PR B A i i AR TR AR AL EAR
B> 2 TR SRS, M SR TZ
WL A8 2.4 711, FATA Al diog R2% s UL
J3- BB B ) A, AT ST IR SRR AS B [ eI
T s, T SEHUEE AU B R 6 AN RT /b ) TG
B e ada ittt — BT LA E T ).

2 WIS B3 A

FI N Alcock!“ 5 H 2 T4 il il UM f 22 1 #% ke
AL DUR, ] AR ok R BH 1 B8 5 S BGE T CL2 TT
JE i AN AL T R R SRR SR R Bl BB
(A HLER AN AR L4, W1 Lambert A1 Fletcher!”*,
Yovanovich™, Yovanovich #1 Marotha!""2% A ; fil] &
OS5 N 225 B T o L R A o R I 1

Fletcher'"'?!, Kraus 1 Bar-Cohen'"?!, Yovanovich #l

546

Antonetti", L% Madhusudanat™45 A ; i EMELES
#R 14, 0 Madhusudana F1 Fletcher'®, Fletcher!”,
Swartz f1 Pohl"*/fil Gmelin 2 A" 3% SLHJF 534 AT
P fil 4 M LB T AT TR, R T
TR S et D (Bl AL ) 2 i A BH T VA A B B
AL 70 AR LK, BN S TR T R T
fili BH BT, RIS T —E MR, AR
A RIS UK RS UL 22 P2 BLF e T 3
N Bl PABE ) SR BT, 8 MRS B T A A
o P ik B BEL (1) 52 i At RIS R AT T T 4
PBH, RS R AR AR P e R K
5 F H A PN BT T — R A HS S ST
FC. M EL TR SR R Y, WK B 34,
VS SIIPNE FoC ¥ Sl Ip Ui M IPNG 7 N 7 R YN
0 2 fil 4 R ] UEAT T SR8 BB IR R,

I8 AR A (1) A B R U, RE TR A8 B2 A 3 T 11
F LT A

1) AT ik f 2 1A R 5, — MRS 32 2 4
PAEHI LK 1);

2) [ BRI AL S ot i, A0 B A A 4 mT 2
[ =

3) B[R B R PR B, Gl ] 2
— P 5 e A BB 1) 2 E R 2 AT R i LA TR S ek
RURTEARREAE . BPEHE S H0R ) 22 P g #efhiin
FE 07 (Bl ) DA K o] A4 il B8 86 B2 2 A 4, J& T LA
o MPRERE L 1R RE SE 2 AR A X .
FRAMEGEA SR EIR A EL, WA A A
BT T VT 2 B A A L ) TR ASE TR N

Q=3 Q;

“ Y

i
)

B 1 SfrERRT RS hoR & E 5738




RERR: BRRIY 20114 H41% 551

2.1 B
il A BEL SN (1 32 4 Hh A o A R A A 3 11
PR, A5 AN [ LA T SN 8] B 7E ) % A

fisk 53 AR A FADT BRI 55 K 2 (Al AR B, TN B ) 42
fik 2377 1R ON 52 3 () e B BH g B PR A R 4 B RE
(Constriction Resistance), < Z # [n) 42 il 5 2 77 17
o sz 2 B B R O ¥ A4 FH (Spreading
Resistance). SEZER 1 99 il 44 2 10 A4 42 firh A BH B 60 935 s

L R ik P AT ST R i 0 P R B OK
Tl V258 N T A R, HES T Bk
FONETE . MR HE B2 UIER R B SR
52 0 BROK 2% T (K A BHLASE RS, 41 Carslaw F1 Jaeger™,
Gibson™" 1 Yovanovich™*!. Yovanovich®'#¢ % 2%
TEAR LEAR T AN [R] TR A i ) 422 fib 45 R SR 45

T3 R EE Y T PR K 2 TR] T 56 s 1) A% A 2 2
2T B A R L A e AABE Y B AT PR I A TR
X ax — HEAR LR JE AT VE 4 BF X AT Mikic
Rohsenow!*!, Cooper 2 A\, Gibson*”, Yovanovich™¥,
Negus F1 Yovanovich™. A AT (KIRIF 5T 25 5 e 10 22 fioh
BH 5 98 B IR R AE RO ST A K.

R Y R L R kA T B AR R ) R A
i HL i BfE S R, i O R R N — REORED RS 2% T 1 B2
i PR AL i AR (053 1) ROBESR U, 4 ik 7 1
AL R R (R )Rl ik AR
AL, ZEAGHE R (<300 K), X #0381 144
AT R, TR R g B T RS T

FE) W F A, AN G TE T Ak Ak B
XA R 2R S R (Acoustic Mismatch Model)
Y UK AR (Diffuse Mismatch Model)!'® '),

TV AT, [ A4 Tl fih 52 ) 1 A 2 2 flk
AP B FE R AZ O W2, 0 — oRURE e i, DS i)
Py R e AN B S e 1 7 T (= S A e s 27
RS B () 2 A T AR

2.2 K JUTESITF

R LRSI TCRR T XAl St X B
PRS2 v LRI T A0 1 R 00 e S5 TR AUt L A
JIZ (K R A O H T LN R i U

TS TEAL 158 72« D P FORE RS 8 55 T L AR i 22 11 B
Ty [ A 3 T 4 i A AN R A A — L X3
SEZ o 2 i 1 RRUZE e /N T A SCEE T AR o SRR 4
fiike 55K /N5 23 (8] o0 AT P HERRAR S, N bk o T
il A ALY gt T DA S AN SR T PR Al B[R] B
WEHEAME AT, CamERrmiE, AFHE
IEIX I #ege Sy, BTbL, iR A 4 FHURE R I
(1) i 4G P ASE Y LA 5 3 {1

RSN, WFF0F AT 40 I8 i RS 2% 1 ) 42
fi FABH 43 2 AR B AN O AR BH K 5 1&, G Clausing
M Chao™,  Greenwood F1 Tripp®”, Holm®",
Yovanovich®?, Burde ! Yovanovich®™, Lambert’®*,
Lambert A1 Fletcher'!, AT 2R 10 AV 15 2 1% 24 e Bk
FEAm AR R, DL & RO (1) B AS R fih o5 U B 2 W
fike A BEL, T R 42 e A BEL 2 e R RS 55 5 0 1) oW 42
fike SR RS ), FFX e P BLAT B R, AATTOR
R Z, O i R G e Aff e O i s ) R ST
54548, £, Kumar F1 Ramamurthi®> A 2 kS
1A P 1R AR e 2 %) 422 fil A BHL B HL A7 22
R

XT3 T Al ik R PR RS R0V 86 B2 4 A, AATT—
e A THT REL RS 52 1 2 8 V1 20 B 100 1 SR AIE ST, T8
PE T AE 4 T Greenwood Al Williamson™® 7).
Greenwood 1 Williamson!* 30 ik i1 & & B, 26 ThIHURE
B B R AT & = Wi (Gaussian) 20 A, 1 HARATIA K
RIS %6 50 ith 26 =y B A AR AR IE S Z S 0L T, #
JER 4 1R U vy 0 B A v 0T AL R KR it 2k B
U 55 T by U DG AR, AT T A AR
S BT DL SRR, R 2 R LT
Pefh ABHAERY . 40 Cooper %5 N1 Greenwood F1
Tripp"®, Mikic®”, Bush 2 A\1®! Sayles 1 Thomas'®",
McCool? A J  Yovanovich'® S8 8 41 () K= T4k
PR RS B DA vy 157 93 AT 1) B0 AR B30 32 I T R
P PSR 2 T 2 S T, AN TR B 2,
Polycarpou 1 EtsionWF5¥ i\ Ay £ — & (K Bt Y FH 79,
FEURE 52 M £ b ) % R0 s 2y A n L Fie HCk A8 =
Ga i TR g = R M (e o3 T AW U2 L e SN T P 1]
Greenwood A1 Wul®M b 7K A % TR w50 52 b vy 0r 23 A
) —AMEB L HT P L HT 1 1.

HE| B 80 AR, — RO 2 1 Y 42 fink
AR I 008 2 DA v BT e v A3 A B A FE A AT A A
AL, Sayles Al Thomas'® 5 LA Ky F T AR E 43

547



T2 A RS P R T SR

i AR BEN L FL. [5]—F4E, Mandelbrot®g1] 37
TELZMD T, 3T LA 2% 4 K i LA JE 5
MIRIE ST A T8 (AT ) T B 180 A T AN
TRIMIEH, 156 E [ 1 a2 R i LA e 30 2
75 FLAT 53 FEAHRAE ? Majumdar 25 A "UE IE ) W-M
PR O i R WL W BN T2 T i R RS B £k, i
Warren"74% A\ F Contor 4} JESEBIUFK M. 75 I,
AN LA 3 AL () e R, e R A B i 2
FI JE4e 2 wEoca st 7 & k. Rigvk. =07
155 Dubuc 25 NPT T IX 8 7 VA Ok 25 )5 i
Uf. 1fii Motoyoshi 25 N 7OURIE tH 5 2 N UL B
T EDNE L e, Fe B NS0 T 5 h 46
S I HERCHT I BE T vk, BN AR 47k, il %
o T R B VT ST LL R SR B, N AR 8 7 VR I T B
g WAL I e A vk, i HAE D) e 2 A —
bk, B RUR I (BB )
KNP T IE AT T PRI /N AR 8 7 18 0 EA HEL R
J iR 10 20 R AL, 0 0 R T B0 J LA TSR TR, 4
PET —ANERIBCE T H.

DLy RS A BEAE, Chang Al Etsion ™ FLgdt vy
T AR R AR, Majumdar %5 N17VIRRE T
RIS o T, FF N T 82 fd B 188 R A% 447
[l Warren 25 N> 7R Jf] Cantor £ R0 1M, #0571
L - 9 P A AR 5 A S P B A 1 3 JE AR TR Zahouani
2 N VSV 2 i o 5 5 0% T 4 BOR G IBE. Blyth Al
Pozrikidis™ %t A JL U ALE AT 43 A AE (R T 7 T
B P BHAR T i, Xu 2 NPTRL B 4E R B8
HEAT T B2 A B BH 1) 5256 43 M7, Zou %5 NB7TRI Ciavarella
e NS DLy 2 B0 g FEmt g 3 T UL Y. 2y
LML (0 2T, LA T LA R TH S N S, 4
FEURES 55 1 28 10 43 T 4 B0 A DAy B % Ak o5 2% 5 R f
TR G S8, 5 R R, 0 T 3 T2 A
VR RS 32 v 5 o0 AR P AR BE ML o0 A, DUKLRS 5 w0 (1)
EAHARURD B 07 S 1, A 35 S 2 A %) R R 5 ) 4y
ARFAE, BE— 20 F 5T B i 0 8 R0 I o B2 fle i A
S2fp b Majumdar A1 Bhushan®V 5 #4508 HY, 05
(49 TH R A0 A5 F 205 00 T8 4 B0 0% & G T IR ANHIE ST
Fgz R A NV BRI UB I T 2 T T Ty 0 R
oA 5 U 3 TE 4 BUZ A& SUAR TR IS, 15
e (B MT0) 5 B 22 S B ek T AR R A L A
SERNE SR, A T 2T R 6 2R 1 LA T SR 1
—Fh EEARAL B 2B IR, SR 43 T B8 oK Ak B A fd A

548

BH. $ful o BH . BEER B AE TR i) N, L TR 2
SN0 TAE.

ol AL SR W Gt TR IE e oy TR Tk,
TS — M A VR RS i I ) e R (06 ) vy A
PN bR B 53 A, 38 I 6] 43 AT R U RR A ke v L
firk 5 A0 B S BB Ak T A XA A AR AN OB ) . —
& e v~V 38 2 B ik 32 10 o VR R AR Uk N T 36 1
(025 1) e s R Rk B AU T3 T = 4 " A
(R 5 25 [\) 3 A, sk bR 2 5 Bl 2 R i b
B s B X e, Li 25 AP, Singhal Al Garimella™"!
P th, JoVRHHRE R e b v RN 4 A, S RE
DASE B ] e 2 PR SR AN D (s /N DX A TR 2 0 )
KRG, oy A E BN VR T AR R T S F i BB, A
T v B ) ik A B A AT R RS 2 1t 4 1 4 v
TE5 N B TR AS A I, $R A T — o 5 4 A AR B
(14357 S

BN RIOR AR, DIOHLRS JiE fh 25 48 1 i b 6 % 1) 2%
T LA TSI 5 73, FH T4 fid Ak BEL 1) Fo000 i 7 A1
PAR JUA Il i

1) DATERIFFT N Ay AR 5 fih r o RS 52 % (1) 0 22
IR, M BRI TR A A =AM E R e
FEAE, Qo far DR T 6 56 it 2 vh A 23 B R R FE L U3
FE RN AL 58 72 = J7 1R JU AR i 22, B AT 43 1 KE R 2
Mk 1 715 R AR, FF HL BRI A iR 22 %) 2 ik
PH AL A YOE FEm, A& HET AP 0]

2) SKFHEAN S BRI T2 T, 0 T R
5 2 At S A AT A S ILAT A AR AR ? v
SIATECAY T A A Y KR R 2 EWRLbIE A HIE S
S PR B A E 2T e 0 T 5 I DR o0l ASE 25 ()
AR

3) N e BB My R, N A B E R A 4 R
X U B35 B B T AR 4 S i 2 5 vy JE ) Tl
SR R AR, ATEAEIALIN R, AT g
B v IR XA, AT PP A i BT SE BRI

Bl TR ) R, T e RAR NSRS s
R R0 h 2 o0 IR AR, L T g S R o A
FARE LA P00 firh B

T, M4 bR vE A R O B
S AR it 2 (1 5% ) 1) Hiods S n 4 Sk BEAR K,
REIG 1 /N I 2 8 75 32 e AT 280k 2y v A il 4% 5 R R
JE Rk, TR, 622 BN T i A P S 56 BRI A
[F) o7 L PRRE RS B4 3R i 2, SR R /NI AR ¥ 07 1L 40



RERR: BRRIY 20114 H41% 551

TR LRI RS B 2k, X IR UE LR S br BRE T
TEAL R 22 R R R ML SR 22, ARG, MRS A
Mk BAC R B AT St o AR . A A5 R R,
FELHE il 2 5F AN IR ™ 6 1) ey W o0 A, HEAT —
HIESTE. XS R Y Greenwood F1 Williamson™®
[ 25 10 A — S0 R A R RS it 2 b R SR 0 A A
Al e AR T A A i, BATTE T 4 PR Al ()
PPE R B2 A 0eg = 14 1E S PEAT S0 2 0, Bfih e 1)
SAEFHIE SRR A O, HEh 45 R 55w A
AL, WA ERFE A IER 5. XA AL H
R, AR DL S B ) SRR il S I 4 ik 06g 1) 23 AT
TIE A LA, T R e b B ™ AR, dE 2D
T AR 28 Aar 1 42k AR

B J, o) 5 T J I ot 2 A A B Yo U0 & R
AT TG 8. BET, Bl BH 2 A 158 70 #0 A2 DR KE
B &G B S8 v o A AR e b HE R R, i T % RN
2 ik T R p RELAS 2 i 2 0Eg ) o A AR I 4 B SR .
Lambert 1 Fletcher tL# T BILAT (170 M A ) 55 52 5
g B, 2P R T 2 B A R 1) A
BATAA FAR A R N 2 — & R H T 4e B ith e 9 4e vt
S AT RBCR R IR R T LT TESIE ). AR BT 45 2R,
[ — R AN AL B e JEs th e, DLER Ak h 2 b4
fik UEE ) 28 T AREAE DA LA, PN 11 B A A B 22 ) AN,
B ULACR I =AM S HCR R AL REA R 1 E

£1072

2 — Result of profile A

5 - Result of profile B

T — Result of profile C

] -----Result of profile D

s

o

>

kel

c

Q

(]

st

g

S 107 7

(]

©

£

Q

£

7] -7

3 7

2

Q

£

a (a)
10_4 PR ' s PR S

107 103 102

Dimensionless pressure, papp/He

P, I A RATIR R M Bk, Wik 2 B,

R R 8 0 b £k K15 R R R A BRI, AE
TS A BN, RS 52 st 2 1) 28 1tk il 91 50 45
fioh i BE AN M T AN, LG LN i e B A D
AR AT, RN Z AFE R, BT, HEMN
=HEN A BOR VP R IR LTS, Rifn, — it T
0 e = RS R 1 0 A0 LU PR A, 59— T e
TARIEHAR,  H AT BAT 538 ) 1838 1 o
R A S RN Tk

FA, W5 = 4R LTS ik v fid
BRI Dt AR = A Ot T R
(CSNE SR EE TR T S RIESE il 3 ERTAT G R M eI R
FL 2 A e e R SIS A2
BV ER, AT, XN T AR ZORAR, Bl b B
TiAE, W AR AR, it 2O A — e 0 -0
R 2, X =YKL S B AR T W 2Rk
i, EA = ER IS AR K R RIS, HAT,
KB FH - = 4 2R 2 S0 5 06 2 A 1 A s R 4%
v, LU RO ANBIA R TS, = I v K
R RER et 2, B AR R (8, LBk AU R T AR
WRLEOR . ST R WO R
i 5 U DA B A DR T v R ) — S i R S A
%, DR RSV B3RS BE M BRI, H A de— fBe LA
R A% PR A, BB AN TT (8. Toie L T7 ik

102 —— o

E” [ E== TCC area of plate 1 g

3 - [ TCC area of plate 6

< r KXY TCC area of plate 2

< L

[

=

© y

B

3 )

[ =

Q

(]

8 10

£ 10° -

8 C 43 4

w L Z27aS

£ L

Q

£ 3 v )

@ ZEK b

N L 727 AN P

[0 RS

5

i N i

5 J

E 1 g (b)

0 104 . L . L
1074 1073 102

Dimensionless pressure, papp/He

B2 T HDRE B4R B 2 S8 VAR AIE B A H LT 45 SR
(@) ]SSR A 1 2 (b) AR RIS PSP B 1 S

549



T2 A RS P R T SR

WU R R DT, O X U AE AR T 4 LA
B ) AL BN S50 KT

7, NATTIF R T =431 JL AT T2 30 1) 4L
RIS, AR S R IR 1, AR FH 4
AR, PRTHAE ST AR RN S ) e 4 3 M A T T, AR
=R ISR, W Patir®!, Waton F Spedding!®®,
Whitehouse®”), Newland®®, Hu #I (991,
Chilamankuri £ Bhushan"'*”!, Mihailidis £l Bakolas''*"),
Wul'%25 A1 Bakolas! %l % i [ 1) %% 1) 2 40F0
AR 2 JW) 7L AT T a0k, R T — Rk s
[T B N B LA B Ak, i (1) 23 TE
PPN L AATTR K IR 2R, I F T Hb 3R R 30 ) A5 3,
T2 BT VEAT B B AN 20 T A A PRI, W
A B 2, BEAL 2 T i AL T A T A
L BIR BINE RGN JE R L SE . McGaughey il
Atiken!" V5 ] 43 T AN A LI FEAH 45 & B0 5 VA T
BEAL 3 T2 i . 23 TR 4 (R 1 A SR AR AR B8 2 1)
T E s, A B AN B B D R
U TE S J7 18, Y ASRE Al akE 1) n) 802 A0 1
oL S B RS TR DO AR R RS R = S
EE?

JC e K H S 56 I =k 2 HUE L, A4S 3] =
e JLFDE AR o, 52 H & T SRk 2
JUPE S 5% B S Az A, RIR RS R AE S 504 Re Ay
S5O T A A BRI ASE TR 2 3 Sk 19 77 T (1) )

1) —4EfRER I B, R TR 2
T SRR RE B =Tl JUART O 22 1 8, 3K 3k 17 2 75 42
KA R T71, 08 850 o 1 WA 22

2) T YRS R i i AR s, N pOU B i
RIS FE B A, JE 0 o S S B B i AR

2.3 AR AR TEARAE

[ A B2 Al T A 32 0 2 1, A 42 fd A BEL 0
PERLRT AN AR TR IR T AR e, AR Al 2R
PR A USRI B ST 45 R, A2 BT AR T B i —

Tonder

FBcRT BE R AR TRV L B AN — R AR R AR T,

HETT E R R i BH. SR AN H AR AR B, =
5 i gar (B ) AH O 1R B finh 8t Ao 7Y - 2 50 K
Bt
2.3.1  BPERR AR

Cooper % N5 BLER Y T — AN s 0 26 1

550

T A AR B Y, Ad AT Ok B P T AR AE R TH 32
JatM AR SAER. L Cooper 55 AL N
HEAl, Yovanovich!" 3 7 — AN Ik T 58 1 FE AR o U
T b e PO Bl R, Hegazy!""7 76 A i 18 -1
WL GO L E &, BFT T Vikers AUFE .
Brinell ffiJ% 1 Rockwell /& HI% AR, JF1IE T Khr
A AR Ll ik 2 P N 243 43 A1 5 48 3T B 5%
. 55 HAR AT LLR B, B R AR Y A s e e
Fil 5 S50 E 75 & W BLLF, AR AR AR far 4 AR
Koy HebE,

232 BRI

M Herz s PEAR L RIS, Mikic A k% 1124
FERE 2 10, A7 A FH R Sl fid i 32 SR AR BPE TR AR,
L5 T S s 22 fd T AN R0 422 Ml A R B KL
B AT 2 (R L 2 kS 8 4 Geenwood I Williamson™®),
Greenwood 1 Tripp”®2%. Sridhar #1 Yovanovich'®*'Lt
BT OR RS A W], P A A 2 A B A R
(1) B Al 0 ST T A B IR, ) 38 A R R 1) L
HANZR T, HAKIEH T3 R

2.3.3  GREAMER ML

Sridhar 1 Yovanovich!"®'%¢ 4 7 Cooper %5 A 1*
I Mikic™ Rk L, WAk SE BRI R TR e R
A SRR AR TG AR W] B R AR BRI, ARATTR M T A
HOIE ZHUAE IEAR S R LT S5, JFas i
PEAZ N (RO FE . Majumdar A1 Bhushan*UJ5A
FVE S B TEAR ) 43 St m 5 o TR 4E R K.

L35 2 IR O JL AT T3 AR TEARFAIE LA SRR
YIvE, WFIUEATIR T VR 2 o 2050 1R fik B BH O Tk
X, HEA T

. S pY
H, =HC?S=a(MJ , (1)
(MR H, H A5 B RWAG EN RS S
5 R THRRS BEAH G GE vk S 5B K oA
L RA R AVEREAH I S48 P oA B R 1 s )
M AR R PR B a, b R E R

B TR TR UART B S0 AN A8 TR AR AR IR AR, B9
TR S B SR BRI S 193 o M b R EL, HAR
Bz ZERARR. R/ WA R —J7 i, iy
FE i AT AR gt LA B A 0, 2 o AR A



RERR: BRRIY 20114 H41% 551

BRSO ik 51 S5 B B AR AR5 AE 77 S ATHOME b 3R 4T 4
WL, R LA R MR AR O
fisk 77 2 LA R W) £ 27 S5 AU AR, A R SRS A T
WA, 15—, B E— gk, R
JUT TSR AV 25 4 ) 2 2 1k, k™ TR . RSB
KA E RIBENLE, Bl g SRR a AR
W14y, M Lambert 1 Fletcher [ LL A 25 5L, n LA
F A B A O I I TN 4 2R g3 ok AR K,
R AW il FH 16 A X 5 I S 30 s R 7 &
HARIX I 200 ¢ F A ET 0T BAA TR 1) N A
PRS2 M, HAT AR KRR 7 (8, (H7E R ERHE
BN, TATVAN A AT fe 4k 2] — 41385 18 ) & 2 20
SEPTA A5 A, TN 25 AN T Jhk S AT A KR 22, 5
Ab, S HAE TRESE b W AR S e, thin
FEfb S0 ) ik oy A, S i NS WETEH
BRI OC, X AT H2 A AR L Y000 B n 52 A% 4k, CIBE )
5 3 FH S AR RO 32 21 Rl

KB4 ™ m AR TR AL 3 DL 2 W R 1 7 2 it
FEOARKHE, OB )R BRI, RS2 AR TR R A
R WA S R 8 56 & B0 2D,
B = e L SRS B W A A RO LB
FUB 45 R, X0 s AR TR R AT S 2 1) S50 R B S
WEJL.

24 ERES B HH

MARAS SR, Hefih # B S — A =5 RUE
TR AL BRI S - D3R RE T, BUAR M
5 R il 3 X TR S T A, (L) L 1
G b5 B 7 2 18 AR AR I AIZ 3l 35 il 1]
AL A T M BRI 98 )V Y, R AR
MRV UT R « RERALEE . SiklAL. TEREAS S LU
HRASEAT g — B A RL A | [ AT 24 TS B R A ) B A
AR [R] SG 0 IR SBR[ R, ARG L ek 0 5 %

JE RIS AR, oL 2, s B APkt

TR REZ -k & UL T3-S 2 MG RN
Py B B i AL ST IR i AR B, B3 LAl
RPE MBIy FRmmgify. S . S 2.
ORI 153 33 A S A R ROW 5 2
MDA ZR, SR s R B, o FLAIE 5
SEARTT . it RS B P ) - R 5 i 11 £ A B
KGR REL.

T30/ 2 RO A B4 2 DB 2 2 T I ST R, OB

PLJZ HAS 510 MO0 gy AORRE T 2 00 1 4 L
HORFHIEH,; A 2 32 R R L3800 1) 5 i
Matthiessen & =T AEHIZE . Casimir P [R5 —
AT 0 1) F Al A B X S B RL s A 5 1 2 ke
SABH PO AL T I AR RN 2 18, H AT 5 AR e vk A T VP
it ke RUJE 3850 S5l A AT 22 K, {EL AT LA
X5 T ATF 5T 25 ok ik 32 1) F 40

X s TS R RE A 0B R B TR0, AE AT
RFBITM, BT FZEERE . WS H0E 4
i 55 B v (R Bl P S G 4% M T, TR
3 W S5 A4 CL 48 Ay A AN ] 2 ) T L

BE A& LB AR AT AR, AATE 2R
JEE R JE 7 JRUE P A AR o 2 T 36 947 10 3 2 i 48 34 1) 8
R % H “Top-Down” # “Bottom-Up” 4 Fit [t % K J& JF
KRl

MM A, FAE B A 70 4EAR,
Yovanovich! ¥ 41 s {5 B S B fid s A R . A
. M. 2L R IEAR S LA Eit, ETs
PR LI B S R A A AL R B R AT 4
THT H 3 B BB AR 9, 33K 1 & T Ay 45 40 T A5
RIS ARAE T B IR AR HE 1. J5 oKk Rostami 25 A
BTG MRS, SR Fluent 800 = 450 9041 T
Bt sT AR RSF LA R BRLAT 2 50 %% (1 5% i)
Trujillo A1 Pappoff' "% 45 B IGR 0HT 1 $2 A a5
JUART &5 e 0 45 B4 (1 B 0. Wahid! SR AT BB 23V 0]
BB HETE 6 110 150 K o B 00 AT T BE B, &
THE T AU A A o5 Bk B 2R . Black 25 A4
BAEWTIT T AR E B AR L HETE A . AU BBl
DRI A0S T SRR R 2 T8I 11 e g ) L, B2
Y A0 4 TS 2 T A0 L AT T 358 1) TR X R ™y 055 T AR R A
(AN Hff o2 P 25 DA 25 BRI, BB A AL 3 AN [ R S 11
faifk, MERIRIEE T . AR RS i s T
SRR AL PR EL TG, Laraqi BREALZAU MOV T R
AN B AR L AT &5 P A PABE RS M i B Ol — A
) RUSH (R T B B P 48, 195 s BE AL 4 A A2 R T 1
KA 3 WA | A BR G E B 7 VA ST T e i i R
~F 7 R, TR o B A AR R e, JRRIEST T
Bt J3E S R T i 5 3 (1 %M. Tomimura 25 A0 32
fidt 7 BE AL 2> A (2R T EAT T 2 Pk I AUE AU, Zhang
A N2 22 T — B 3 b f A 1 340 AR 1 4 [
FERE AT, SC Bz fil s B AL AT AR I |, BN
1% 10 B2 fih 5 AR BOH S5 R R AL 3, B DR A 4 T

551



T2 A RS P R T SR

(1) 38 s A B AR £ B v B W S TR . M “Top-
Down” ¥ L 2% IF Jig 422 il 44 BH 2 B 55 B AL, AN (R
L TR R AR 72 Sl A T s 5 s 42 ik 2 18 7 iOM L AT
SR A 55 TR AR SRR AL, 3K TE 2 5% 1) o 00 A5 75 oA
A S P OB B A

AT R F B, B LT A4 5 o B B 43
Tk R S, SRR T4 18 J) % (Quantum
Molecular Dynamics) « 45 T 3 JJ %% (Molecular
Dynamics). Boltzmann J5 B2 5553 #7738, AMIAERESE
SR IE e T E 0 RN A Ak
MY\ AL S T O TR T AR ) 2 W
YEU931 - Touzelbaev F1 Goodson' 2 HE T 75 AL 4 # 18
(Phonon Transport Theory)X} 4 NIl A7 - Ji A4 1) 82 i 4 B
AT T o b 5, CLa R k1 2 A B B A 5L 2
JEPE R LA 280, A A 2l B BHL 45 52 6 MIAT () RE
T BEPE. Prasher 1 Phelan! 2 T — /% g™
B P 2R R U I IR AT A T (Scattering-Mediated
Acoustic Mismatch Model)>fe T 480 R 2 1) 422 fisk BB
DL RN JUAT 240, Tl 45 -5 Rh/MgO S 1)
K BHE A AR . Chen"™ 2 T — AN
Boltzmann J5 2 (1] # 38 § §4 /7 72 (Ballistic-Diffusive
Equations ) #2 i 15 S T AR OK 31 7 0 RUEE (1) 4%
S, AR AR A A T A A . 5 WA
52 2SR Al 7 5 49 1 3h 1 2% J7 1 (Non-Equilibrium
Molecular Dynamic) L T 40K JUBE T BE [ A 25256
Pk B BEL (%) 52 i, REDRE B2 FH DR 21 A0 A 52 T AR ok
SE SL(FE 0.02~0.12 nm i [H]), e LBl HE A 22 (1 4
T[] B4 S ZAE YR/, Liao F1 Yang!" 7SR 4 F58) 11 2%
A BRICAR G VI 738, 6 42 fi S 1 A% g AT T

BEATE L, RIS 5 B 2l i Bl K 25 6] o)A Ik,

MR i 6 TF JRE RV AR A AR 22 128139
“Bottom-Up” (K] 73 A1 E 64U, W5 4 AT TAE TR A 44
SFARIE T KRR R, B TR
BEAUA, ELR R BRI RSB ARAT R, — B AE AN
KGR, 1 2 R AT R i AL i i k.

T A2 25 WA 2 TOMASEAEL, T (1 3 [ PR Yo
ST SHLARE S RO R, R R T 2 A it S b s it
MITH S o, R AL RTE DL 2 K%, B

X T JLAR T S50 R Aok 5 A T 1 55 1 4t o o T ]
e, HVFZ BB AR Z A T SRR, — Ak
SR IR B ) R i RS - ) R 5 T i (1 ey
B, T4 TN 45 30 )2

3 WHRIAERE

JUAFER, 45 i B4 BEL F) 000 1) 70— L A A
TR, AATT N W RO P AN #8 BE N T IF
JET RKEMBERIII, Bk TFZS AR EIR A
filt &5 TREOE AR o8B 5 ik, A 7 ST M %
i ABELBEAT AT B P, BLR AR 2R
TR

D &L AW A 28, T
BRI o i e RS A0 A s JEE AT 9% 2 5 i A BEL T
(I B ME AL, o O G BE O AR Ge )iz (1 = e i LA
TESUKID AL, X 75 TR 00 BESR P 40 . ek v
RV M 4 A S A A R AT G AT R
NI/ RE ) 3 2 i 2 T (14 Sk 4 A R 5 T
FORL, 5T EE AL TR SR, S Uy T A
N i A SEL RTINS AR AT 47 PR32 5 2% AF

2) SRR R S RS SRR
SEREPE, ORT LSRR AR T A R AT A A Y 1)
AR T A, TR T B A AR ROU A R L 3
PE AL TE AR IR 5960 DT 5T

3) MBS M Z R & A L b, JT
2 18 D] 3% 5 A M A B B SRR R B R R
BRI R FETT B S O R BETT i 45, e 4 i 34
BELTSUBIAIT 5 1 6 SR

P AP TN BE ) R P e, 2 AR B AN T AR 56 23
SCAE R AU ) S 6 I BT VE A BORHED ISR —
AR GEAE NI P IR BE IRt AT Wt 2 1A
B € 3%, REAT £ 21— 1) LA O 2ok il id
PR AL 25 B A 2R A OG- DL AE A 3t 0 42 f 45
I BOR — A BT P MR E RO L 3
TR AT EEA WA 25 7, A8 R i B4 BEL A %
PR 2 A7 SR, R o B A MR RS (R 22 Y
A, B RE AL BOR )2 1 TR R

Hift  RMLEREMRARFMEMNE S TR EGEHRN LR, RETHROI 5 X8, R#tE —FH P

T 5 5 T8 B X B R B K 7 SCHE

552



RERR: BRRIY 20114 H41% 551

10

11
12

13
14

15
16
17
18
19

20
21
22
23
24
25
26
27
28
29

30
31
32
33
34
35
36
37

38

39

Viswanath R, Wakharkar V, Watwe A, et al. Thermal performance challenges from silicon to systems. Int Technol J, 2000, 4(3): 1-16
PAREZR, 35, MR AsHdEE. dbat: Blag bt 1998

ok S, SR, WK, 5. AR PR ROR. R HEREEOR LTI 218 SR, 2007, 12: 6-11

Ramamurthi K, Kumar S S, Abilash P M. Thermal contact conductance of molybdenum-sulphide-coated joints at low temperature. J
Thermophys Heat Transf, 2007, 21(4): 811-813

Culham J R, Khan W A, Yovanovich M M, et al. The influence of material properties and spreading resistance in the thermal design of plate
fin heat sinks. Trans ASME J Electron Pack, 2007, 129: 76-81

Alcock J F. Communications on a review of recent progress in heat transfer. Proc Institution Mech Eng, 1943, 149: 126-130

Lambert M A, Fletcher L S. Review of models for thermal contact conductance of metals. J Thermophys Heat Transf, 1997, 11(2): 129-140
Lambert M A, Fletcher L S. Thermal contact conductance of non-flat, rough, metallic coated metals. Trans ASME J Heat Transf, 2002, 124:
405-412

Yovanovich M M. Conduction and thermal contact resistances (conductances). In: Rohsenow W M, Hartnett J P, Cho Y I, eds. Handbook of
Heat Transfer. Chapter 3. New York: McGraw Hill, 1998

Yovanovich M M, Marotha E. Thermal spreading and contact resistance. In: Bejan A, Kraus A D, eds. Heat Transfer Handbook. Chapter 4.
New York: Wiley, 2003

Fletcher L S. A review of thermal control materials for metallic junctions. J Spacecr Rockets, 1972, 9: 849-850

Fletcher L S. A review of thermal enhancement techniques for electronic systems. IEEE T Compon Hybird Manuf Technol, 1990, 13(4):
1012-1021

Kraus A D, Bar-Cohen A. Thermal Analysis and Control of Electronic Equipment. New-York: McGraw-Hill, 1983

Yovanovich M M, Antonetti V W. Application of thermal contact resistance theory to electronic packages. In: Bar-Cohen A, Kraus A D, eds.
Advances in Thermal Modeling of Electronic Components and Systems. New York: Hemisphere Publishing, 1988

Madhusudana C V. Thermal Contact Conductance. New York: Springer-Verlag, 1996

Madhusudana C V, Fletcher L S. Contact heat transfer- The last decade. ATAA J, 1986, 24(3): 510-523

Fletcher L S. Recent developments in contact conductance heat transfer. Transa ASME J Heat Trans, 1988, 110: 1059-1070

Swartz E, Pohl R. Thermal boundary resistance. Rev Mod Phys, 1989, 61: 605-668

Gmelin E, Asen-Palmer M, Reuther M, et al. Thermal boundary resistance of mechanical contacts between solids at sub-ambient
temperatures. J Phys D-Appl Phys, 1999, 32: R19-R43

R 2 AP SR, LR K 2, 1992, 24(1): 46-52

R 2, et ISR BB R R R AR K S ), 1994, 26(3): 342-349

ot 2% b AL 1 R e A AL R v T3 e Bl 5244, 1995, 10(3): 232-236

AL, WA, AREEME, S AR R R R AR I BIETT. (IR 58 5, 1996, 24(1): 53-58

N

1
AL, BRI, M, SE. FUARUL TR e R A AR R . RO G, 1998, 4(1): 1-4
KV, AR, REG, A HMAREHAT T IR B 0 LA S . (R S, 1998, 26(2): 58-64

IREL, SRV, BATE, AF. AR DI A B T B A S R L. IR TR, 1999, (4): 185-189

AR, AREL. RGBS RO I FURRG e W) (A S 44, (RIR TR, 2000, 6(118): 52-57

R, ARE, IR, A S INEE OGN R A S T R A AR E AT, IR B S, 2000, 28(1): 51-54

Xu R P, Feng H D, Zhao L P, et al. Experimental investigation of thermal contact conductance at low temperature based on fractal
description. Int Commun Heat Mass Transf, 2006, 33: 811-818

Rt AR 1 A S T A Pl R SN L O SLOE ST, I 2 e S iDL R R, 2004

A AR - R S A AT, e S s B RHER A, 2006

TR, Ha b, BEE. PR AL BRI, B TR A, 1998, 22(3): 260-263

RigE, BRHER, BRT IR, BB T R B o 3T RS2 549K, 1996, 30(4): 415-421

RigE, Bk, BRTR, S OHURERR M il A B BS RSB WF AT, WK 22 4R (3 R BHERR), 1997, 31(1): 104-109

BRI, SRR, ARG, S WG G i B A RS R B SRR AT VE B TR AR, 1999, 15(3): 26-29

AR ] ST Ak e B R BN S B WE . S iR S0, ORI RIERLTRAE, 2007

Bahrami M, Culham J R, Yovanovich M M, et al. Thermal contact resistance of nonconforming rough surfaces. Part 1: Contact mechanics
model. J Thermophys Heat Transf, 2004, 18(2): 209-217

Bahrami M, Culham J R, Yovanovich M M, et al. Thermal contact resistance of nonconforming rough surfaces. Part 2: Thermal model. J
Thermophys Heat Transf, 2004, 18(2): 218-227

Carslaw H S, Jaeger J C. Conduction of Heat in Solids. 2nd ed. Oxford: Clarendon Press, 1959

=

=

i
~ s

N

1.
R

553



T2 A RS P R T SR

40
41

42
43
44
45

46
47
48
49
50
51
52
53
54

55

56
57
58
59
60
61
62
63
64

65
66
67
68
69

70
71
72

73
74

75
76
71
78
79
80
81

82

554

Gibson R D. The contact resistance for a semi-infinite cylinder in a vacuum. Appl Energy, 1976, 2: 57-65

Yovanovich M M. Thermal constriction resistance of contacts on a half-space: Intergral formulation. In: Progress in Astronautics and
Aeronautics: Radiative Transfer and Thermal Control. New York: AIAA, 1976. 397-418

Mikic B B, Rohsenow W M. Thermal Contact Resistance. Mech Eng Reps, DSP74542-41, MIT. 1966

Cooper M G, Mikic B B, Yovanovich M M. Thermal contact conductance. Int J] Heat Mass Transf, 1969, 12: 279-300

Yovanovich M M. General thermal constriction resistance parameter for annular contacts on circular flux tubes. AIAA J, 1976, 14(6): 822-824
Negus K J, Yovanovich M M. Constriction resistance of circular flux tubes with mixed boundary conditions by linear superposition of
Neumann solutions. ASME-84-HT-84, ASME. 1984

B, IR LAV AN et AUl AL, 1991

JAhSE. R R T, dbat: RBEE R ARAL, 2006

PR, BREAE. IR AR B K LN BOR. bRt o E g H Ak, 2008

Clausing A M, Chao B T. Thermal contact conductance in a vacuum environment. Trans ASME J Heat Transf, 1965, 87: 243-251
Greenwood J A, Tripp J H. The elastic contact of rough spheres. J Appl Mech, 1967, 89(1): 153-159

Holm R. Electric Contacts: Theory and Applications. New York: Springer-Verlag, 1967

Yovanovich M M. Overall constriction resistance between contacting rough, wavy surfaces. Int J Heat Mass Transf, 1969, 12: 1517-1520
Burde S S, Yovanovich M M. Thermal resistance at smooth sphere/rough flat contacts: Theoretical analysis. AIAA 78-871. 1978

Lambert M A. Thermal Contact Conductance of Spherical Rough Surfaces. Dissertation of Doctoral Degree. Houston: Texas A & M
University, 1995

Kumar S S, Ramamurthi K. Influence of flatness and waviness of rough surfaces on surface contact conductance. Trans ASME J Heat
Transf, 2003, 125: 394-402

Greenwood J A, Wiliamson J B P. Contact of nominally flat surfaces. Proc Roy Soc A, 1966, 295: 300-319

Greenwood J A. The area of contact between rough surfaces and flats. J Lubricant Technol, 1967, 81: 81-91

Greenwood J A, Tripp J H. The contact of two nominally flat rough surfaces. Proc Inst Mech Eng, 1970, 185: 625-633

Mikic B B. Thermal contact conductance: Theoretical considerations. Int J Heat Mass Transf, 1974, 17: 205-214

Bush A W, Gibson R D, Thomas T R. The elastic contact of rough surface. Wear, 1975, 35: 87-111

Sayles R S, Thomas T R. Thermal conductance of a rough elastic contact. J Appl Energy, 1976, 2: 249-267

McCool J I. Comparison of models for the contact of rough surfaces. Wear, 1986, 107: 37-60

Yovanovich M M. Thermal contact correlations. In: AIAA 16th Thermophysics Conference, Palo Alto, California, USA, 1981. 83-95
Sridhar M R, Yovanovich M M. Review of elastic and plastic contact conductance models: Comparison with experiment. J Thermophys
Heat Transf, 1994, 8(4): 633-640

Polycarpou A A, Etsion I. Analytical approximations in modeling contacting rough surfaces. Trans ASME J Tribol, 1999, 121: 234-239
Greenwood J A, Wu J J. Surface roughness and contact: An apology. Meccanica, 2001, 36(6): 617-630

Sayles R S, Thomas T R. Surface topography as a nonstationary random process. Nature, 1978, 271(2): 431-434

Mandelbrot B B. Fractal, Form, Chance and Dimension. Freeman: Sanfacisco, 1977

Majumdar A, Bhushan B. Role of fractal geometry in roughness characterization and contact mechanics of surfaces. ASME J Tribol, 1990,
112(1): 205-216

Majumdar A, Bhushan B. Fractal model of elastic-plastic contact between rough surfaces. ASME J Tribol, 1991, 113(1): 1-11

Majumdar A, Tien C L. Fractal characterization and simulation of rough surface. Wear, 1990, 136: 313-324

Warren T L, Krajcinovic D. Fractal models of elastic-perfectly plastic contact of rough surfaces based on the Contor set. Int J Solid Struct,
1995, 32(19): 2907-2922

Warren T L, Krajcinovic D. Random cantor set models for the elastic-perfectly plastic contact of rough surfaces. Wear, 1996, 196: 1-15
Warren T L, Majumdar A, Krajcinovic D. A fractal model for the rigid-perfectly plastic contact of rough surfaces. Trans ASME J Appl
Mech, 1996, 63: 47-54

Dubuc B, Tricot C, Zucker S W. Evaluating the fractal dimension of profiles. Phys Rev A, 1989, 39(3): 1500-1512

Hasegawa M, Liu J, Okuda K, et al. Calculation of the fractal dimensions of machined surface profiles. Wear, 1996, 192: 40-45

B, WX RN BT FIT R MBI, B2 2R, 1997, 17(4): 354-362

TR, MARE. PO PO R B SR N B BT . U LR 244K, 2001, 37(8): 65-69

a2 [, WA, PN LRSS AR AE v 50725, b AL AR, 2002, 13(8): 714-718

R, MAE. NBEEITIEEO I Z A 2 TR, HUBC L FE 224, 2002, 38(5): 80-85

Wang A L, Yang C X, Yuan X G. Evaluation of the wavelet transform method for machined surface topography II: Fractal characteristic
analysis. Tribol Int, 2003, 36(7): 527-535

Wang A L, Yang C X, Yuan X G. Evaluation of the wavelet transform method for machined surface topography I: Methodology validation.



RERR: BRRIY 20114 H41% 551

83
84
85
86
87
88
89
90

91

92
93
94

95
96
97
98
99
100
101
102
103
104
105

106
107

108
109
110
111
112
113
114
115

116
117

118

119

120

121

Tribol Int, 2003, 36(7): 517-526

B, kM. PEEEEN Y. dbnt AU B, 2005

Chang W R, Etsion I, Bogy D B. An elastic-plastic model for the contact of rough surfaces. Trans ASME J Tribol, 1987, 109: 257-263
Zahouani H, Vargiolu R, Loubet J L. Fractal models of surface topography and contact mechanics. Math Comp Model, 1998, 28(4-8): 517-534
Blyth M G, Pozrikidis C. Heat conduction across irregular and fractal-like surfaces. Int J Heat Mass Transf, 2003, 46: 1329-1339

Zou M Q, Yu B M, Cai J C, et al. Fractal model for thermal contact conductance. J Heat Transf, 2008, 130: 101301

Ciavarella M, Dibello S, Demelio G. Conductance of rough random profiles. Int J Solid Struct, 2008, 45(3-4): 879-893

TR, RERE, MR, PR MY R B AT AL, $RESD ) TR, 2003, 18(3) 291-296

Li Y Z, Madhusudana C V, Leonardi E. Experimental investigation of thermal contact conductance: Variations of surface microhardness and
roughness. Int J Thermophys, 1998, 19(6): 1691-1704

Singhal V, Garimella S V. Prediction of thermal contact conductance by surface deformation analysis. In: Proceedings of 2001 ASME
International Mechanical Engineering Congress and Exposition, New York, USA, 2001. 43-50

ROV, TR, MBI, e AR RS B2 2 i ZEvHRFE 2> . IR LA, 2003, 134(4): 49-56

BB, F R, MARE. kTR 2 S8 TR L I B A AP . R R B4, 2004, 25(1): 145-147

Zhao J F, Wang A L, Yang C X. Prediction of thermal contact conductance based on the statistics of the roughness profile characteristics.
Int J Heat Mass Transf, 2005, 48: 974-985

Patir N. A numerical procedure for random generation of rough surfaces. Wear, 1978, 47: 263-277

Waton W, Spedding T A. The time series modeling of non-Gaussian engineering processes. Wear, 1982, 83: 215-231

Whitehouse D J. The generation of two-dimensional random surfaces having a specified function. Ann CIRP, 1983, 32(1): 495-498
Newland D E. An Introduction to Random Vibration and Spectral Analysis. 2nd ed. London: Longman, 1984

Hu 'Y Z, Tonder K. Simulation of 3-D random rough surface by 2-D digital filter and Fourier analysis. Int ] Mach Tools Manuf, 1992, 32: 83-99
Chilamankuri S K, Bhushan B. Contact analysis of non-Gaussian random surfaces. Proc Inst Mech Eng, 1998, 212: 19-32

Mihailidis A, Bakolas V. Numerical simulation of real 3-D rough surface. J Balk Tribol Assoc, 1999, 5: 231-247

Wu J J. Simulation of rough surface with FFT. Tribol Int, 2000, 33: 47-58

Bakolas V. Numerical generation of arbitrarily oriented non-Gaussian three-dimensional rough surfaces. Wear, 2003, 254: 546-554

JAZE5E, BT, FEGE. R EBE. dent dEEEE BB AFS HAR, 1995

McGaughey D, Atiken G J M. Generating two-dimensional Brownian motion using the fraction Gaussian process (FGP) algorithm. Physica
A, 2002, 311: 369-380

Yovanovich M M. Thermal contact correlations. In: AIAA 16th Thermophysics Conference, Palo Alto, California, USA, 1981. 83-95
Hegazy A A. Thermal Joint Conductance of Conforming Rough Surfaces: Effect of Surface Microhardness Variation. Dissertation of
Doctoral Degree. Waterloo: University of Waterloo, 1985

Sridhar M R, Yovanovich M M. Elastoplastic contact conductance model for isotropic conforming rough surfaces and comparison with
experiments. Trans AMSE J Heat Transf, 1996, 118: 3-9

R ORI AR, et Bl R, 2001

B K A RBFA IR G 2 R TR PRI, 22 RER R RS 7T 25 (2006-2010)— T REHI B 55 GRUE A A, dbat: Bh22 H it 2006
Rostami A A, Hassan A Y, Lim P C. Parametric study of thermal constriction resistance. Heat Mass Transf, 2001, 37(1): 5-10

Trujillo D M, Pappoff C G. A general thermal contact resistance finite element. Finite Elem Anal Des, 2002, 38: 263-276

Wahid S M S. Numerical analysis of heat flow in contact heat transfer. Int ] Heat Mass Transf, 2003, 46: 4751-4754

Black A F, Singhal V, Garimella S V. Analysis and prediction of constriction resistance for contact between rough engineering surface. J
Thermophys Heat Transf, 2004, 18(1): 30-36

Salti B, Laraqi N. 3-D numerical modeling of heat transfer between two sliding bodies: Temperature and thermal contact resistance. Int J
Heat Mass Transf, 1999, 42: 2363-2374

Laraqi N. Thermal constriction resistance of coated solids-static and sliding contacts. Int Commun Heat Mass Transf, 1999, 26(3): 299-309

Laraqi N, Bairi A. New models of thermal resistance at the interface of solids connected by random disk contacts. CR Mecanique, 2002, 330:
39-43

Laraqi N, Bairi A. Theory of thermal resistance between solids with randomly sized and located contacts. Int J Heat Mass Transf, 2002, 45:
4175-4180

Laraqi N. Change of scale effect in the phenomena of thermal multi-constriction. CR Mecanique, 2002, 330:141-145

Tomimura T, Matsuda Y, Zhang X, et al. Two-dimensional modeling of heat transfer between contacting metal surfaces with spherical
waviness: Estimation of thermal contact conductance based on random numbers surface model. In: 5th International Symposium on Heat
Transfer, Beijing, China, 2000. 137-142

Zhang X, Cong P, Fujiwara S, et al. A new method for numerical simulation of thermal contact resistance in cylindrical coordinates. Int J

555



T2 A RS P R T SR

122
123

124

125

126

127

128

129

130

131

132

133

134

556

Heat Mass Transf, 2004, 47: 1091-1098

Zhang X, Cong P, Fujii M. A study on thermal contact resistance at the interface of two solids. Int J Thermophys, 2006, 27(3): 880-895
Touzellbaev M, Goodson K. Impact of nucleation density on the thermal resistance near diamond-substrate boundaries. J] Thermophys Heat
Transf, 1997, 11: 506-512

Prasher R S, Phelan P E. A scattering-mediated acoustic mismatch model for the prediction of thermal boundary resistance. J Heat Transf,
2001, 123: 105-112

Chen G. Ballistic-diffusive equations for transient heat conduction from nano to macroscales. J Heat Transf, 2002, 124: 320-328

BEBAN, . BN BE RS 20 0 1) S HGE R I, TR LA, 2006, 27(3): 475477

Liao N, Yang P. Characterizations of interfacial heat transfer for electronic packages by multi-scale modeling. J Thermophys Heat Transf,
2008, 22(4): 581-586

Prasher R S, Phelan P E. Microscopic and macroscopic thermal contact resistances of pressed mechanical contacts. J Appl Phys, 2006, 100:
063538

Zhong H, Lukes J R. Interfacial thermal resistance between carbon nanotubes: Molecular dynamics simulations and analytical thermal
modeling. Phys Rev B, 2006, 74: 125403

Hu M, Shenogin S, Keblinski P. Molecular dynamics simulation of interfacial thermal conductance between silicon and amorphous
polyethylene. Appl Phys Lett, 2007, 91: 241910

Termentzidis K, Chantrenne P, Keblinski P. Nonequilibrium molecular dynamics simulation of the in-plane thermal conductivity of
superlattices with rough interfaces. Phys Rev B, 2009, 79: 214307

Landry E S, McGaughey A J H. Thermal boundary resistance predictions from molecular dynamics simulations and theoretical calculations.
Phys Rev B, 2009, 80: 165304

Lyver J W, Blaisten-Barojas E. Effects of the interface between two Lennard-Jones crystals on the lattice vibrations: A molecular dynamics
study. J Phys-Condens Matter, 2009, 21: 345402

JUEE =2 P 0 A SR IT R e v R o s HERE R G sl #A ) 27 B Mk 2% B2, CSAA-99-006. 1999: 1-4



