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Thermal physical property of refractory material measured by
plane heat source method with constant heat rate
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(School of Energy Science and Engineering, Central South University, Changsha 410083, China)

Abstract: Based on the principle of constant heat rate source method and one-dimensional conduction mathematic model
for semi-infinite object built under the second boundary condition, a set of device for measuring materials with low
thermal conductivity was developed and precise analytical solution was obtained by numeric calculation in related
references. The DUT5000 data acquisition card and VB software were used to conduct real-time data acquisition and data
processing. The thermal diffusivity and thermal conductivity of eight kinds of firebricks and ceramic fibers were tested.
The results show that the relative errors between experimental results and results from references are evaluated to be
within 6%. The testing system has the characteristic of simple structure, easy operation, short testing time and high
precision.

Key words: thermal conductivity; thermal diffusivity; plane heat source method with constant heat rate; error analysis;

Vol42 No.5
May 2011

numeric calculation

BEE AR R B R B AR EH R R, AUt
FHREKEZREN, AT RAILS
BHHELRERAAEE., HHEFERRLEN
—FEAHRIEIRTE, AANRREE. B
BREEBEMA, BHEPEHIFEET 20 e 70
FERBRERFYETERREY, THFSCR0R
REBEET T, BEIRFERRENRR

WA 2010-01-14: BB HM: 2010-04-20
ELWE: BRAREEESRBTH(S0876116)

REBEFERE. UBRENPBIRZE)ZHIE 6%
DA SRR 20 % TR Pl R AT T B
R, B TEGERMBCAER, R THOBELES
o AXEREFDEFEARENEE, FHR
REFRBIRRERLAENHALS, BT RHT—E
RIHREMBNFERE. SRERNELE, X
KR REM B SRR EE TR

WEMEER: AFR1948-), B, WRFHA, 8%, BLESH, NEXAPEMARATRERAGRSRAHTAA; @iF: 13974870895; E-mail:

jmzhou@csu.edu.cn



1468 R AR (BREER) oy
¢ RATLRPITLIH RME, hEaKH LT
1 HEigsHH ierfol — |- L
ierfc 2 = JE¢ ©)
ENBEFEHRBEAKENELETR A% FRRERORLBEZERy = 3 A, WP
PRIBCEE R R AR IE 1 iR, ‘/‘;a
BT =%(7;,,,° +T, . ) MSEREY:
2
__ %
‘1_4yt,‘l 0
% 2 BRNDRARQ), EIATR A M SHEH A:
_ 299 _1_
/ 3, v
/ RN FERIN ¢, BIERGEEHRER
Bl KERYA LN FRy=—T, KAXUHRES L RO AR F
Fig.1 Mathematical model and coordinate 2\/-‘"_”1
KRYEEE .
EVIEBEE « A HEANEERXMEKRET WIESE CER9):
(=0).L, W FHIFHEAFEER, BREEN 90 ,
EEYVHBREREET, EXED x &, « HZH0EA ierfc[—fl—}=—l—exp[—:f'——}—L—erf{x—‘]
K08, 2 Jaz, n 4ar, ) 2/Jar, 2 Jaz,
2 &)
AT, == ar lerfc[z J;] M R erfe( ) HEHREIHEL

Ad: AT, AHBFH, AT, =T, -T,, K; T, Kt
WREEE, K go ARAEE, Wm™? A W ERER
¥, WmK)"; a HSEEE, m’s; ¢ B, s
ferfc( ) AR ATRE A BB — KRB,

Y =15, x=0 B},

ierfc[ X

2 ary

} = ierfc(O) = \/l_-
n
W
Ty, =2 Jary <= @

Hr=r, , x=x i,

AT, . =Zh 1erfc[ ] 3
ARG URR)TE
AT},, \[; \/Elerfc[ ‘/__.J 4)
s
AT,
p=—n |0 ®)
AIb,r, T,

HBRORARK(6)FTE:

2
- . U I X1 erfe d | 1
¢ exo[4ar,1] JEZ ar, {21/‘"1& } (19)

= | , M
4y 2o, il

.2
B(y) = exp| —1— |- & —P—erfc| —0— |=
4“Tx, 2 ar, 2 ar,

e —Jmerfey) - (1)
KA
2 po _ 2
erfely) == [[ ¢ &y (12)
#HRORARADE:
B(y)=¢ -2y j:e:y’dy (13)

BR, B)E A RER ¢ . BRI ¢ RAR3),
H Bk

fop=e” -2y[ eV dy—g=

e"z—w/;y+2yj:e'yzdy—¢=0 (14)



$5 W FFR, % WIhET mhki R H st e 1469
2 ) Newton #ACEH 5y, WUAT 2, IFEHRFEERAE, WRE | TEER “AF
o=y =2O D o g sy BT GMAEEIA, W ] 02 R
o) K SR 4 THECL PR (R4S R B I

qrp: n HERRE. BHEERBEREURH:
e'f’z1+§£% (16)

BUHHT m T, 2B

B § 8 7
. yY.,»r

e =Sk o 17
a[ YEY T sk 7 .

A, XA AT KB,

d 'y 7y: Ly
E[joe dy]—e (18)

Bt FR16), (17)K(18)A] i HEREL £ (v.6)
MiZBRES y - FE 00 - B fO.9)
[, ¢) fRAK(15), S, FIH VB Kt
HATLA S y B2, BB m AR B 0, 0]
UA$G T B4R e T S MR

2 MikEE

Wiz B 2 Frn, WTFEL# 3 BT
R S5 B AR 1, 2 A0 3. AR KA &
J HJERER) 8~10 £, InFhER M ThteE, ME R

MERIER, >0, WA EHRMME Y LA G
Fhit, FFEL NI PRILERN, HE =y
i, R IR L 3 i A0 K RE T 3% i 4% IT 4 7+
e 1E 0<r<<ry MM, WF 1M ISEHELE R, &
B 1AL AR RE IR R Bk 2 N gisk BRIk
Wtk. TR T hn LaslRe 10 5 5 i R T P
&, Bk, InAFEGE SR A mEE, Akt

o3 IR R LA R B BRI 2 AR REE 2 7
ST IR, Wb DU R AL Aot i 5 SR
W, GG, REREE 6 cm: RS-
KGR RAEA FIHGRE B FHAT IR, A akeg.
®hak . wEBE L KEEE 8 MR R R A
O I ASR) R EE(THRIR. B FALRMN
WHBARSARBIR S, T HREERME, RAK
AR E N IERER) 8~10 FF AR, Ml fELE
WP P — NS I — e, SRk
IS, MR A 1A 2 IR BT, E
W T FBGE RIS, MO R AR BRI PR
TEA R E AR SRR R AR
—AEF A BRI ABE e RSB Th AR
R AR S R B AT R, MWl T 3 h3e
ST ABER T BGE IR

5

6

I—FLHAR R L 2—Hlfl: 3—iHSEAL: 4—HER R F DUT5000: S—4BRRMEIT: 6—ilhF T
TR REIL: 8 g
B2 AXEAREWE
Fig.2 Diagram of testing system



1470 FEAFHRARNER)

Bl

3 RBERSH

31 RENEHANMREROEN

B 3 i AREENE L FHEME T, B 4
B hRBEMNARAEHRNZEW, &1 FrhR
HUAREREENARRERN SRR A
B3, BMamR1TUEE, —HE, EAFTER
ERBEAMARREEN, HLINABGMNES 1M
2 WFHE LI RYIE, B RER IR H AT LA
WHER—BM: H—T7H, AFLANERERNH

35

BRE/C

205 200 200 00 500

B /s
I—FRFEBEFNIERA 1: 2—FAREEEERIE AL 2:
3—RBPBREFNEEAR 1: —RHEREFRBA 2
B3 HRERESELABRHEGYH
Fig.3 Influence of insulation layer on temperature change

curves for clay

0 200 200 600 800
B /s
I—ARFEEFHBES 1; 2~ FREREZHRIE K 2;
RAEBHEES 1 4—RREZRIE S 2
4 REBEMBHABGENYR
Fig.4 Influence of insulation layer on temperature change

curves for asbestos

X1 KHYRAREREERTEFREEN TR
B E SRR
Table1 Comparison of measuring thermal conductivity with

and without insulation layer set around specimen

SHFEMWmIKY  ARRERESH
BERERNSH
HREE ERBE SR E %
L 0.646 3 0.6402 0.94
Pay 0.0809 0.0802 0.87

BHRIARBEREREEHNE N SR R
EAREE 1.0%, MERBEERAEREN, TLHAN
X2 MERTHARNSRARBEIRAD, mERmE
BEMNZREREWEE M. NMiRET LA K
MEBAHLEEN 8~10 &8, REFHIHET—
BT P, AR E ST L 2 E . B,
REN, RELEEANRNUARERER, A3
T EREBHEN.
32 AREBEEREWMRGERNEM

B 5 7B 6 Fin s Bl e S 4w KRS R B
2 191.8 F1378.8 W/m® BIRISFEAE IR % E 2 99.8 )
197.3 W/m? R B4k . MBS 6 ATLIE H: ik
FEHERYIRM R, WA | NEEREARE, 1
B, WA 2 MEELTFEEEL, HETH, X2
EA MBS RALRFIREE | ERE. 2401005 )5, H
BA | MEEFE LA, WEA2 HEFEHARK
# BT ERREGRAKBEHR, WEA 1M
B 2 MEE LTS8, BARREES,
BRI MEERLRTHES2 WA . 4485 f

60
3
sot
o 4
& 4 1
|
2
30}
205 200 200 600 800

i iR)/s
1—qo=191.8 W/m’, Ui & 1; 2—g¢=191.8 W/m?, R 5 2;
3—4qo=378.8 W/im?, i /5 1; 4—q,=378.8 W/im®, T/ 2
5 HEIHKALERRAATETHAREE
Fig.5 Temperature change curves for diatomite firebrick
under different heat fluxes



w5 AFR, % BHEFEARERAR K H RO 1471
30 60
sst
28}
sof
p 26 1 3 o st
i el
® 2, e oo B 40
) 4 3st
22 .
30
20 : : : 25! s s s
0 200 400 600 800 0 200 400 600 800
/s Bt ikl/s

1—gy=99.8 W/m%, MIfR A 1; 2—¢,=99.8 Wim?, BB A4 2;
3—¢=197.3 Wim’, S A 1;4—qo=197.3 W/m®, {5 2
e ATJHARRABAEATHABRHLE
Fig.6 Temperature change curves for lime-sand brick under
different heat flux

B 6 BATUEH: LmAMMEERKN, BELF
R R R, MBRMEEEK, BE EABEHR.
33 FEHBRB S

B 7 AR ARERREESR 1627
W’ I FHR 2. ME 7 ATLE, Vs
HE 1 HBRERE LA, —BRERENES 2 HRE
WA EF, 4300 s 5, AMRMRES 2 HEEK
RERFRTIIE S 1| MIREEE, AREES 12 ME
EX; TMREZHNES 12 HREEEMmNER
b1 AR, FERERRELR, hE2
AILLEH: ARFARECK 0.080 2 W(mK), kR
SR RN 1.051 0 W(mK), ARKIFHAKILE
BREME, FL, FHRANAREET, 88K

I—REE AR A 1 2— R AR R T 2;
3—ABAARINEAR 1 4R AR A 2
7 RRAMHGAR G ALK
Fig.7 Comparison of temperature change curves for different

materials

BUMOPPR R BT, X REY t(8) T8
AT, =220 oz L, sungare g8 o —2n,
o i \/;

REPEANREASSARERKRE, SHEHSH
REBA, BABK, BELEABEHE: RZ, Sk
REEA, BB, BEFAGEE. 2EFERE
B XHEFH R BRI RE AR R R )%
TRE.
34 ZHHRESRE

RN, HLAEE, BT ARS 8 H
MRS BT T 3 AFE TR PEARELRM 1 4F
BEER, HRERMCMENELR2. BT
ARERERTEMAEGTRILK, MiaALNE

%2 SAHHRIRLE KRGS

Table2 Comprehensive analysis of experimental results of eight materials

MR R B 58#%
png  TRREY SRANY SRR ann amam xenw
ms)  WmOKD BE@MOWMTKY  pimee wml K HIEREM
R LR kS 3.3876 0.2270 0.2238 143 0.220 3.18
L FRERE 3.8443 0.6402 0676 1 531 0.6550 226
2373 8.2840 1.0510 0.996 3 5.49 1.089 0 3.49
pay ] 24229 0.0802 0.081 1 1.11 0.078 0 2.82
KT 3.2874 0.708 3 0.683 5 3.63 0.680 0 4.16
MR % 1.0824 0.066 3 0.064 9 2.18 <0.1380 -
%%’;4;4 0.7122 0.040 8 0.0418 239 0.040 0~0.053 0 —
LYGX-153 1.6362 0.1396 0.136 2 2.50 0.1350 3.41

BRI K T AR




1472

TRAZFREARRER)

B2y

KR SARRE LR ENGEREY, B
b, ALERUNGNGRARSEGANGRIT
HE.

4 it

(1) BHAGEH G REw RN, AT
RBRARE N AR B R HSRERNE—E SR ER
ERARNEET HARENEE, K BHRBLEHR
BRkiE). Bt MR FRRKEREAOTEN RE L
RERBUERELRRTE, REMARLEEM
[LL-N

Q) APRRERAFHE R FERFEN KT
i%E B REFIR M A K B REF SR RERHR A,
XEAFHREMRAERE R REDIRA

() HHHBSARBKE—EMERE, AEALR
FENRN, HRE EARE, BEFED. FEKE
REEXESAREEMEATIE; WA 8 FE
BAREMENSBRBNSAREE RS EERK
BHZNEERYE, HNREE 6%LUN. FHit,
HRRTT A TR SRRMBIR R, RS
RABAABRBOR RS,

BE 30w -

[ ENE, £ER F&EL AARTFREANMNEEARY
MERERREHH]. TEAYEER, 1982, 3(1): 1-2.
WANG Bu-xuan, REN Ze-lin, FANG Zhao-hong. Measuring
technology and error analysis on the measurement of thermal
conductivity using two-plane thermal conductivity instrument{J].
Journal of Engineering Thermophysics, 1982, 3(1): 1~2.

{2] Fukuyo K. Finite analytic method based on power series
expansion for unsteady heat conduction problems[J]. Numerical
Heat Transfer, 2004, 45(4): 369—384.

Bl E#E B8 THE, % ARMeLHREE « B 0E
D FHEAGEE]. TEMYEER, 1980, 1(1): 80-87.
WANG Bu-xuan, HAN Li-zhong, WANG Wei-cheng, et al. A
plane heat source method for simultaneous measurement of the
thermal diffusivity & and conductibity A of insulating materials
with constant heat rate[J]. Journal of Engineering Thermophysics,
1980, 1(1): 80~87.

[4] #%, FEE EOFEDHIEFEHARED LEBRIR
FBREIR, 2001, 16(2): 48-52.
CUI Ping, FANG Zhao-hong. Improvement on the plane-source
method with constant heating rate on the boundary[J]. Journal of
Shandong Institute of Architecture and Engineering, 2001, 16(2):
48-52.

51 EBEE, Nz, kEE, % EOETEAREEEANE

{6]

7

(81

1

(10

(1]

f12]

[13)

[14]

BHEARL]. PR IEFR, 2000, 21(1): 98-103.

YU Guo-qiang, LIU An-wei, ZHANG Guo-jun, et al. An
intelligent measuring system for thermal physical properties by
plane heat source method with constant heat rate[J]. Chinese
Journal of Scientific Instrument, 2000, 21(1): 98—103.

FKE, BFR, Lamvik M, %. BAHAREEE SRR
WHEOXERBEFRD). KPR ERER: ARFER,
2005, 20(3): 1-2.

WANG Chang-hong, ZHOU Jie-min, Lamvik M, et al.
Numerical and experimental study on the measurement of
thermophysical property of metals using periodic heating
method[J]. Jounal of Changsha University of Electric Power:
Natural Science, 2005, 20(3): 1-2.

BRI, BH A, B, BRARAANAYHMEM). AE:
PEBEHEAR K IR, 1990: 87-99.

CHEN Ze-shao, GE Xin-shi, GU Yu-gin. Calorimetric
technology and measurement of thermophysical property[M].
Hefei: University of Science and Technology of China Press,
1990: 87-99.

Wl EE, TRk, % ATLREMM). LI BEK
B A3, 1986: 267-324.

TU Xie, ZHANG Xi-ming, LI Han-yan, et al. Experiment
foundation of thermodynamic[M]. Beijing: Higher Education
Press, 1986: 267-324.

BRERHR, PR, TRE. ARERTBHRELED. B
HELR, 2000, 20(3): 6-8.

CHEN Zhao-dong, SHU Wei-fen, KUANG Xiang-jun. The data
processing of transient measurement of thermal conductivity[J].
Physics Experimentation, 2000, 20(3): 6-8.

Kakac S, Yener Y. Heat conduction[M]. Washington:
Hemisphere Publishing Corporation, 1986: 109-302,

BEL ARRAEREERREEFRRENHAD]. K
¥ PERFREHE S IRER, 2004: 1-2.

XUE Zheng-hua. Study on the measurement of thermal
conductivity of metals and alloys using periodic heating
method[D]. Changsha: Central South University. School of
Energy Science and Engineering, 2004: 1-2.

Frudr. P AR AR R R B RD]. BTFH
HKE%H, 2004, 33(5): 551-554.

CHEN Zhao-dong, Investigation of transient measurement
thermal physics properties by plain thermal source method[J].
Journal of University of Electronic Science and Technology of
China, 2004, 33(5): 551-554.

Incropera F P, DeWitt D P. Introduction to heat transfer{M]. New
York: John Wiley & Sons, 1996: 212-236.

Brmath, F43F, BRE, %. WA BshBE S LR BN
BV ROAMERR)DEELR, 2002, 22(10): 3-5.

CHEN Zhao-dong, SHU Wei-fen, CHEN Pi, et al. Thermal
physics coefficient measurement by pulse method with transient
automatic measurement apparatus[J]. Physics Experimentation,
2002, 22(10): 3-5.

(iR BR)



3 TR RIR B TATH R R BT [H hGEE ..

(=" JFIRG,  REX, WAL, 45, BRfh,  sKokA, ZHOU Jie-min, ZHU Zai-xing,
XIE Dong—jiang, LI Hao, CHEN Wei, ZHANG Yong—xing

3 PA R RIS R TR B, W K, 410083

% IR (BRI

BELH) 4 JOURNAL OF CENTRAL SOUTH UNTVERSITY

B0 2011, 42 (5)

L b AR T 2 L AR S 3 S B R R IR A 72 017 1982.(01)

2.Fukuyo K Finite analytic method based on power series expansion for unsteady heat conduction

problems[4MSCHIFI] 2004 (04)

3. AN BALED ESER [N AR o A B T P 1980 (01)

4. R B SOt R DT AR D8 3] - LD A DR A2 BE 44 2001 (02)

5. B [E 8 AT K P A 0 A S M AR 45 D83 - (A LG 5 4 2000 (01)

6. T i R Lamvik M JRIHAEE I SR bP R 1 5200 K SCRTBESE DT FIE 301~ Kevb iy 22 240 (1
RAER) 2005 (03)

7. WRIER S0 G AR AP 1990

8. R, WG R LSS SRRl 1986

9. W SPHESS ;)8 1) 25 i S o g A YA 0 i A 2 O3 038 S ] - B 58 2000 (03)

10. Kakac S;Yener Y Heat conduction 1986

L1 BEIEHE i TR T I 5 <5 e 2 5 i P AR BT (3408 30T 2004
12, BRI P i AL B AR RI YL RIS DUITR8 30T - L RS2 2431 2004 (05)

13. Ineropera F P;DeWitt D P Introduction to heat transfer 1996

14, RIEME  BFAESE  BRAS (L2 H 3B T Rk B R B B B I8 ST -1 2S5 2002 (10)

A e R (1026)

L R, ER Y58, SORESG. SRl AL 203 B4 D) RE S AR BT SEE e L9383 ] Tt K B4 8E2001, 35 (6)

2. Bhaab. Bl Ak S RBURRT S T8 30 - P AL bk 27 B 24122003, 18 (2)

3. & IR KR ARV T SUIRRE Sl R BT DI 530 IR 51 R 2008, 30 (6)

4. M3 %. FAH. QU Yue—hua. WANG Cui-yan X—ShH 2k 9Nt MK I e B0 AR 3 Yooy DR S0 -10 420
112006, 26 (4)

5. [/, il m R RII. #7K 4. DT Xiao—bo. BAO Chong-gao. GAO Yi-min. XIE Zhen-gang. HU Yong-nian
FU L AR TR ECSG BN PG R 5T D TR 3] - 20452011, 48 (3)

6. B, THT#i. X EFF. ) JA. Zhao Rui.Wang Xinfu.Liu Guogi.Yan Guangzhou 3§41 ANK LI (SEN) K Jit
U138 5] - B35 422006, 14.(4)

7. AAPE. gREE. T GU He—ping. ZHANG Jing—feng. DING Jian BSdhiitih Sl R oS E 15 i AETT % DT
W] - AR 2006, 25 (12)

8. L. KX BITsK. B, JT Yu-chao. ZHANG Shuang—xi.HU Kai-yong. CHEN Ting-ting [k SRS
0]k () X6 7 DT 985 ] — i M 2L 1K 2% 244122009, 30 (3)

9. LS. #hz M. GONG Hong—ju. SUN Yuan—jian FE4 ISR BN E Jr kIt DR TR 30T -2 m AR 254
2006, 21 (3)



http://d.g.wanfangdata.com.cn/Periodical_zngydxxb201105047.aspx
http://g.wanfangdata.com.cn/
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%91%a8%e5%ad%91%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e5%86%8d%e5%85%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e4%b8%9c%e6%b1%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9d%8e%e6%b5%a9%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e4%bc%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%b0%b8%e6%98%9f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHOU+Jie-min%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHU+Zai-xing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Dong-jiang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22LI+Hao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Wei%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Yong-xing%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Organization%3a%22%e4%b8%ad%e5%8d%97%e5%a4%a7%e5%ad%a6%e8%83%bd%e6%ba%90%e7%a7%91%e5%ad%a6%e4%b8%8e%e5%b7%a5%e7%a8%8b%e5%ad%a6%e9%99%a2%2c%e6%b9%96%e5%8d%97%e9%95%bf%e6%b2%99%2c410083%22+DBID%3aWF_QK
http://c.g.wanfangdata.com.cn/periodical-zngydxxb.aspx
http://c.g.wanfangdata.com.cn/periodical-zngydxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%a1%a5%e5%ae%a3%3b%e4%bb%bb%e6%b3%bd%e9%9c%96%3b%e6%96%b9%e8%82%87%e6%b4%aa%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zngydxxb201105047%5e1.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Fukuyo+K%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024635213.aspx
http://d.g.wanfangdata.com.cn/NSTLQK_NSTL_QKJJ024635213.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e8%a1%a5%e5%ae%a3%3b%e9%9f%a9%e7%a4%bc%e9%92%9f%3b%e7%8e%8b%e7%bb%b4%e5%9f%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zngydxxb201105047%5e3.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%b4%94%e8%90%8d%3b%e6%96%b9%e8%82%87%e6%b4%aa%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_sdjzgcxyxb200102012.aspx
http://c.g.wanfangdata.com.cn/periodical-sdjzgcxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%a6%b9%e5%9b%bd%e5%bc%ba%3b%e5%88%98%e5%ae%89%e4%bc%9f%3b%e5%bc%a0%e5%9b%bd%e5%90%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_yqyb200001029.aspx
http://c.g.wanfangdata.com.cn/periodical-yqyb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e9%95%bf%e5%ae%8f%3b%e5%91%a8%e5%ad%91%e6%b0%91%3bLamvik+M%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_csdlxyxb200503010.aspx
http://c.g.wanfangdata.com.cn/periodical-csdlxyxb.aspx
http://c.g.wanfangdata.com.cn/periodical-csdlxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%88%99%e9%9f%b6%3b%e8%91%9b%e6%96%b0%e7%9f%b3%3b%e9%a1%be%e6%af%93%e6%b2%81%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zngydxxb201105047%5e7.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b6%82%e9%a2%89%3b%e7%ab%a0%e7%86%99%e6%98%8e%3b%e6%9d%8e%e6%b1%89%e7%82%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zngydxxb201105047%5e8.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%98%ad%e6%a0%8b%3b%e8%88%92%e7%bb%b4%e8%8a%ac%3b%e9%82%9d%e5%90%91%e5%86%9b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wlsy200003002.aspx
http://c.g.wanfangdata.com.cn/periodical-wlsy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Kakac+S%3bYener+Y%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zngydxxb201105047%5e10.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%96%9b%e6%ad%a3%e5%8d%8e%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Thesis_Y673025.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%98%ad%e6%a0%8b%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_dzkjdxxb200405018.aspx
http://c.g.wanfangdata.com.cn/periodical-dzkjdxxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Ineropera+F+P%3bDeWitt+D+P%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/ExternalResource-zngydxxb201105047%5e13.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e6%98%ad%e6%a0%8b%3b%e8%88%92%e7%bb%b4%e8%8a%ac%3b%e9%99%88%e4%b8%95%22+DBID%3aWF_QK
http://d.g.wanfangdata.com.cn/Periodical_wlsy200210001.aspx
http://c.g.wanfangdata.com.cn/periodical-wlsy.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e4%b8%96%e6%9f%af%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%b1%9f%e8%8e%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%bb%84%e6%a0%a1%e5%85%88%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%83%ad%e6%99%af%e5%9d%a4%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_nhcl200106019&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_nhcl200106019.aspx
http://c.g.wanfangdata.com.cn/periodical-nhcl.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e4%ba%91%e5%bf%97%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%92%9f%e4%b9%89%e5%b1%b1%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_xblxyxb200302025&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_xblxyxb200302025.aspx
http://c.g.wanfangdata.com.cn/periodical-xblxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%80%af%e5%85%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9c%b1%e5%85%86%e5%86%9b%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%96%9c%e5%8f%91%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_dwjzjs200806056&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_dwjzjs200806056.aspx
http://c.g.wanfangdata.com.cn/periodical-dwjzjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e6%9b%b2%e6%9c%88%e5%8d%8e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e7%bf%a0%e8%89%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22QU+Yue-hua%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22WANG+Cui-yan%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_yjfx200604010&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_yjfx200604010.aspx
http://c.g.wanfangdata.com.cn/periodical-yjfx.aspx
http://c.g.wanfangdata.com.cn/periodical-yjfx.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%82%b8%e5%b0%8f%e6%b3%a2%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%b2%8d%e5%b4%87%e9%ab%98%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e4%b9%89%e6%b0%91%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%a2%e6%8c%af%e5%88%9a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e6%b0%b8%e5%b9%b4%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DI+Xiao-bo%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22BAO+Chong-gao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Yi-min%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22XIE+Zhen-gang%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Yong-nian%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_zk201103003&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_zk201103003.aspx
http://c.g.wanfangdata.com.cn/periodical-zk.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b5%b5%e7%91%9e%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%8e%8b%e6%96%b0%e7%a6%8f%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%88%98%e5%9b%bd%e9%bd%90%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%97%ab%e5%b9%bf%e5%91%a8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Zhao+Rui%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Wang+Xinfu%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Liu+Guoqi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22Yan+Guangzhou%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_henyj200604001&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_henyj200604001.aspx
http://c.g.wanfangdata.com.cn/periodical-henyj.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%b0%b7%e5%92%8c%e5%b9%b3%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e6%99%af%e5%b3%b0%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e4%b8%81%e5%81%a5%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GU+He-ping%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Jing-feng%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22DING+Jian%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ckjs200612018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ckjs200612018.aspx
http://c.g.wanfangdata.com.cn/periodical-ckjs.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e7%ba%aa%e7%8e%89%e8%b6%85%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%bc%a0%e5%8f%8c%e5%96%9c%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e8%83%a1%e5%bc%80%e6%b0%b8%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%99%88%e5%a9%b7%e5%a9%b7%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22JI+Yu-chao%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22ZHANG+Shuang-xi%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22HU+Kai-yong%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22CHEN+Ting-ting%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_qdjzgcxyxb200903018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_qdjzgcxyxb200903018.aspx
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_qdjzgcxyxb200903018&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_qdjzgcxyxb200903018.aspx
http://c.g.wanfangdata.com.cn/periodical-qdjzgcxyxb.aspx
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%be%9a%e7%ba%a2%e8%8f%8a%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e5%ad%99%e8%bf%9c%e8%a7%81%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GONG+Hong-ju%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22SUN+Yuan-jian%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_ynnydxxb200603024&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_ynnydxxb200603024.aspx
http://c.g.wanfangdata.com.cn/periodical-ynnydxxb.aspx

10. #5258, GAO Xingyong RIVARAEAE milih b in#un Sl R 50k 55 DT SC]-#uin 1C 12252010, 39 (19)

A http://d. g. wanfangdata. com. cn/Periodical zngydxxb201105047. aspx



http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22%e9%ab%98%e5%85%b4%e5%8b%87%22+DBID%3aWF_QK
http://s.g.wanfangdata.com.cn/Paper.aspx?q=Creator%3a%22GAO+Xingyong%22+DBID%3aWF_QK
http://usagereport.wanfangdata.com.cn/Redirect.ashx?From=F.Periodical_rjggy201019029&Category=Recommendation&TO=http://d.g.wanfangdata.com.cn/Periodical_rjggy201019029.aspx
http://c.g.wanfangdata.com.cn/periodical-rjggy.aspx
http://d.g.wanfangdata.com.cn/Periodical_zngydxxb201105047.aspx

