%2654 8 1)
Volume 26 Number 8

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 48 H

XEHRS: 1004-0609(2016)-08-1668-07

LR EARNESMHRIANSRRE

August 2016

FIER ', BlEIAK Y, Mpahdkt, B4R

(1. MR DR MRS 3 TRE24BE, Mot 211816;
2. FRCTNR: BRIRAERE, FIa 211816)

B FE: /DRI EN R LSS R S AR EE, B IE A —IFIBOR, 7 S AL [ — [ AR 2 A AR
RO IR, - [ AT S AR O IR GR IO SRR R K BT [ AR, R FLBE 0 AR R R A
FEAE S 5 AL S AP R SR B S AR TS AL S S i K = S AR A RS R HOF
PR AL S BEORH AR 35 65 SRR RS0 A A SR AR R o R AT 30 A AR B B (L S AT OGS B i i A e

sE R R PG AL, EHA X AHER .
EER: BAEMEL ARSRARY, R FLE
hE4SZS: TB33; TB131

XERARERD: A

A, SREREMEHEE . R, i
IR ¥R R AR 2 Uk 1 B ADoK 32, A%

HL -G B AR B L S RS A7 R B O 7 6
LR, R ) B LT AT AT SRR . SiC/AL
SWIA/Cu 25 ARG )68 B B S AR AT A 1K mT
JRENE, HSIEREA S, EEBIAIA T ERT
RIEP S BRI RS T 0y S AL B T 206 5 44
BEEAMA LIS R R, R ARR IO Ak
BEMsEmaR, HRT, FCN B S B R S vk
il £ < JeB Bl RS 52 A MR R B BB B R iR )2, BT
FEWI I IR EA 25 5 e K BT REAE Hu s 1) 5 A
Y, HBASMAS MG REAR G R ET &, 2
TR 25 RS 20 BB P () T v S - BRI R i
eI bah, RIS EEAR, H4 R B p
& @M AR, W SRR E T 4R R A
X EE, RV RREL AR R, A R
YT ERETE 5 FF R R S5 I JY, i A B A
e SIRRICEHEONEE WY BIIERE . T,
MELR ERFTU -SRI P REEE,  HAT O B2
PR ME

AR5 3 i ek — S N A R ) B
A4, 11 Baschirow-Selenew %Y, Maxwell-Eucken i
A, Bruggeman P, Agari FERYAEIN SRR

FEAEPAE LU N AN — 2 A B AH S R B O vk
iR T U E% U VN T eies e 3 0 o 1A K | PR R
JEAR KA HE 7 AR 05 m, IR 7
TR INAH G B 250 DA K7 R 003 VG T, e Tl
FERL. SR, AL GER AL HR 2 Ar 2 S i BRI AL (1)
AR OL NN, PR IR IR REXT B A MR
SIEBATAE, RS S AR RO %
%o HAET, WFFRM SRR E 2 A MRS
AT KRB ZR o R & vR BRSNS, 052
GBI REA A W35 500 . AEAE B AL i
#£F, GEIGER Z2fl HASSELMAN 252U7E Maxwell
R Rl F T TBIE, FIAARCYEL I, 4R
T A AR 1 B S AR A BT EMT
(Effective medium theory)fi, FEERS T S BH 1)
oM. AR, APRREBRE R, AR N AR
FEALBR HE AR AR SR IE, A G TR
FLER I AR R S AR B E e . Har, 255
2 AL BRI F 0 A BE 52 1 (1) 52 A A R A% AR TR e oK AL
I AR, KT B AL AR RL T R eI T
MR AT — . T E AR A A
BE RS AL AR RL T R BE A AT 2 Sk ) AR
L, 3K e R e B T SRR . R D 2 R
JAR, BTN FABH v AN A R R AR BRI, mT
P FLBEURR S AP 1K 52 A AR AR R IR L

HEETE: HFRAKRRAESEIIE(51502133); T HRREIEE % BT H (BK20140945)

Iis BEA: 2015-05-29; 1&iTHHA: 2015-12-23

BIEEE: O, Jim, 4 fih: 025-58139953; E-mail: pxmkf@njtech.edu.cn



5526 55 8 1) PENOHT, A5 LR S A PH K S A bR e R B 1669
SR
q
@ 7

1 ERHES

L1 SREARESHMHREYASE
LL1 s iRl it ar

R Fp /N TR T e L A5 28 AR B 257 )
HIRL SRR R O & S AR RS B AR A
S5 PEE RSB, AN B TR K UKD, #E R
FRERE I, Al HIE ORI I G R RN AR
AR DI, FTRESMESEENT R, R4t
FUHAT AR F] ELAFRAFARL I IR ISR K. KB
RS PPRIE A o R O 35— AN R HORORE 1) 375
B ICARZE RS S HEAA,  BAIRST AT T 2 N (L1

L

5 /——\

Heat flow

1 SEMEHRGHER

Fig. 1 Unit cell of composites

TR AR, TR A AT I ) A
IRFARH,  FEH LA A A PRI, B R] SR AT FTAA
(IS5 RRARE, B ER—IF IR (LA 2).

112 & SR AR A B R 1

P IR, X ILREAT B IR, A S L
FINZIR, HES & T RBLI SRR T R
Haziks.

BBEERCM T AL Tr AL, ERPR SRR 12
R, SLIRILKN L, WIBAFEAIARR > 2

47R3
V= 7t3
3L

7HVP§% (1)

(b)

© g

2 IR
Fig. 2 Series—parallel connection models: (a) Thermal
resistance diagram of unit cell; (b) Projection of micro ring
perpendicularly with heat flow; (c) Effective thermal resistance

diagram of unit cell

BRI IE 7> KRG — MRS ) B
SUA SR Pl I, 5y —ASRAERGTT ) 258
BB DR A, (EREE RGN, WA
ARSE RSN, DL B A b il IUROCIA IS,
Wl 2()f7n. BEMEREAR R SRZk M oAby
8 dO PO S A2 TAT (R B RT3 RO e GA T
o] _EMEGE IR ddy (LI 2(b)):

d4, = 2nR* sin O cos 1O Q)



1670 oh A G 2R 2016 4F- 8 H
= +
Ly =2Rcos 6 3) b (ZRzﬁﬁﬁ;L %fame+2RBj
TESEARI K L >
Ly =L—2Rcos (4) M o
UEAN, ARG HTFABH I TR A A Ry, WIAE#RAT HETT SRR TCAR AT BT R Ay
3 1) & SR EOM I AR T TE R AP dRy bl /R R 0 43 L B! S
BB L 2(0)): A=Ayt — —mmAL, BT
dRy=-ho 4 bo  2Rs_ B 2Ry
74, A,d4,  d4, n(l3+2RBjm A, R
A, R B 2Ry
- 24+ — 4+ 2B
2Rcost9+L 2Rcost9+2RB a4, (s) +/12+ R
Ay A, 3 ®)
2BA

t EXT%n, MM 0 A0 ABE 2 B, SHEVR
HOH A FARUEE B 2 AN RN dO Ioc i sE Jf
WRPTRI . ARAE I 2(c), JUliZ3m 3 1 S FABH B 50T
PRI [ P BH 5 B S AT T T R 4B R, IR TS
A3l R, HR(6)FTR .

L
(L =7R*) 2,

A, PIAG R AR Ry IRIA T

R, = (6)

Heat flow

.

N
\
\
\
\
\
\
et LU T T
O
o
NN
\
\
\

l ~
=
!...
&
2

@

3 SRS R IC RS

PN P P B S . I
A A 3,

1.2 BSIFMAEAEEESMRBNHREE

SEAR, T AR AR (4 /P ) B MR T A 4 AT
BOFIREON Ay PIFAHBEAADRL, NS SALNE &
PERL) T 3R EnT F B AL B SRR A ) 3 PR A g
Ak, HARITARBI AT 3(a) TR .

z

S

Heat flow dx

////g

i
N\
N

2a

(d)

Fig. 3 Structures of unit cell containing void: (a) Unit cell; (b) Elementary section perpendicularly with x axis; (c) Ideal calculation

elementary; (d) Section of unit cell in xoz plane



26 455 8

PENW], S LB ST AABH ) S A b R R R M 1671

X FLBRE A MRME W M i 1) LA ERE
HIRE s 2) IRHT x oy ki 3) A IEXT
wAe. i RBE DRrA, LU B ITR RS R ROR
FEAMEHOIGZ, I KR 2a H RS A BRI TS
WA RICH, BROLEL A 0 R %h v, B
BRL ARG, U PR TG A T B EE T x BT
W2, WE 3@FR. e AR,
I T Bl HEE R d B AT AR S 48] 3(b)
FizR, Hd m="-x*)"%. B 3(b)4 LA
BTz i HEEE R d, (RASPAT I 4k a0k 3 2 51 9F
FHP AL R P A ADREAS SR 1 it i, 73 21 ] 3(c)
BRI A0

B 3(c)asoe A LA A AT o 0 PR R A 4
A yia F(a—y)a, MK x BT, EAHS
AR R I, AT FABE 09 2 SRR BH IR I
CIECE T O S 2

A - _
ﬂ’bar :ﬂ-i- ﬂc (Cl y) — (ﬂ“d ﬂ’c )y +lc (9)
a a a

K Aa 5 A0 U S AR R T 3
[l BT HERR I 3(b) P oA B KT AR 50

ﬂwm:Ztg?%:ZEMz (10)
H4 3RO AIR(10))F 5 A 1 f
Aquarter = J.:(ﬁ'd —A)yd_ | a* + '[Or/icadz Ja? =

LER N G S (11)

44>

T 3oy 4 AT A XBRIG HLAE 2R 7 1)
EIFIC, PTELE 3(b) e BEANOT R I A T 2
Aquariers FENEAITCARRTLAGY UL 3(d) BRI 4 T84
Loy 1 4R S AR IR G, 853 2 4 A
AR VI35 X Aquaner 15 x 7 1) LR R AT
TR 1 AT 2N

_ma’ (A=A

ll = J‘Oﬂ’quarterdx /jodx = 661—2 c

B 3(d) B4 1 505 2 fEa T ) b FRERT,
FH AABHLFR) 5 SR HR IR A BE 1) 1 BT HEAR A 75 8 3 A 8
AR TTIR A BT Lo WAL«
a l-alb

=—+
bk A

(12)

1
— 13
™ (13)

WK, HAAFUAHAE BT Py LA B Ok LR
Enrl6a). 445 R(8), MR AEMEEER S HEREL
Aot B AR P RAREL A B HARAIK(13), WHETH
B ALBRAN SR AP ) 2 S AR S R IRk

1
1 _1-12483 1

A A 1 1
ec b-t
0.65(Ag — Ay )E3 +0.812, & 3

(14)

W) PG T &N /Ag ARG S ek
fig, XS RREEEAT T, R A RO e e
EMT W8 T S A FRH SRR FIAR R O 54
PERERIREN . & 1 s AR S IR BN S R i
LA FRR AR IR 2

F1 SNA/RE SR ATERE
Table 1 Effective thermal conductivity of diamond/silver
Particle Volume Measured Error of EET
size of fraction of cor?(:ll:zilit y theory and
diamond/um  diamond/% (W-m' .K,?l) experiment/%
Silver 0 376 0
1 8.5 325 2.6
1 13.6 277 12
1 18.3 226 27
35 13.6 280 14
5 13.6 292 12
90 13.6 406 0
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Table 2 Parameters of silicon carbide/aluminum composite

material
Particle Volume ) Measured thermal
) . Porosity/ ..
size of fraction of o conductivity/
SiC/pm SiC/% ’ (W-m K™
100 60 3.7 208
100 60 8.8 197
100 60 11.3 181
100 60 13.4 173
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Effective thermal conductivity of composite materials containing
pore and interface thermal resistance

PANG Xu-ming', ZHOU Jian-qiu', YANG Jing-xin?, LIAO Ming-hong?

(1. School of Mechanical and Power Engineering, Nanjing Technology University, Nanjing 211816, China;
2. College of Energy Engineering, Nanjing Technology University, Nanjing 211816, China)

Abstract: Based on the laws of the minimal thermal resistance and the specific effective thermal conductivity, the
effective thermal conductivity of solid—solid phase composite material containing interface thermal was established by
the modifying the series—parallel connection model. Thus the solid—solid phase composite material was viewed as the
single phase solid material that the thermal conductivity is equal to the effective thermal conductivity. Then, the thermal
conductivity of the composite material containing pore was derived by the heat transfer model of a single phase material
containing pore. The effective thermal conductivity of composite materials containing pore and interface thermal
resistance was deduced. And the effects, such as pores, particle size and volume fraction of dispersed phase on thermal
conductivity were investigated. The calculation values agree well with the experimental results obtained from the other
literature which show the method is effective.

Key words: composite material; effective thermal conductivity; interface thermal resistance; pore
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