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Thermal Diffusivity Field Determination Based
on Fourier Series
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(1. Key Laboratory of Road and Traffic Engineering of the Ministry of
Education, Tongji University, Shanghai 201804, China; 2. CCCC Second
Highway Consultants Co. Ltd. , Wuhan 430056 , China)

Abstract: Pavement temperature field was abstracted as one-
dimensional transient heat conduction equation. Fourier series
that compatibility with the equation was obtained by
separation of variables. Then instantaneous temperature
distribution of one dimensional layered body in terms of known
interface temperature was derived based on Fourier series.
The Newton method that back-calculation the thermal
diffusivity of pavement material in related to measuring
temperature distribution in field was presented. In cooling
process as pavement temperature changes along the depth
monotony , Fourier series with 50 items can attain the accuracy
of 0. 01°C. Results derived from measured data show that
thermal diffusivity of top asphalt concrete layer is larger than
that of bottom layer, with 0. 002 4 m® « h™! for AC-16 and
0.001 6 m* « h™! for AC-25, which is lower than most of the
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laboratory measured values.

Key words: pavement; material; temperature field; thermal

diffusivity; Fourier series

S S BT A R B MR BT T K 3505 5 2%
K5 I TG e i 20 R AT K P S O 2 BT I T 4
V2 . XS 15 I T 45 R B HL PR A 3 B A Ak S
R Aok Ll b T 21 T8 T AR ) A 3 S O R B 1Y
AT D PR 5

T 5 B B2 0t P Ao ASTM C1771
BORIEE R AR T I RS R 1/3. € P iR
FORLX AR ¥ AR R Bt H TR AR s 2 A
I VMR EIN E 5 R Am 22 K.

Joseph Lucas 25" iff 5% 2R Fi B A (4 i1 ok 4 7
PSRN I T IR A AR 510 X4 k)
SRR AL (B A A A I ) AR ) AL
(ENETIESTNCS SEX I EAOR N A B

VRO AE ST LA S0 3R B S 1 ot A it g S
P R TR H 3530 BE Bt e 5] A8 £ 14 38 30 S R R
T FR B % VR T B R S A I HL BB
ARATAE ST 0 P9 5 T R B S B M. R A SO R
FHA B8 AN R 3 A3 BT AR 45 5 1 O i TR ) R B3 2 3
UBLE S 1@

W SEARGE YV R — A ISP BT LA SkEFF 28 Y
5 SRS AR MR EE 22 1) n) R 2 A1 52 P 5 ) 2 B
B it Ty 2N 5 0 5 S0 a1 22 AR OK B
M AN SR A SR 4y Sy
DA e S0 3 B 3 AR R R R A e R
DASE I 3L B 3 5 ks O 5 52 5 5 MR A I 2
.

) WA AT T BT TR E-mail: wys1e4b34@126. com

EIRVEE : PMIL (1963, T #z T A U, T2fd A, FEEAF5T 5 a] hilE #-5 2838 T2 . E-mail: jsun@ tongji. edu. cn



1496 7 K % 3 O A R D

439 %

1 RS

1.1 #REEST
EES TR 301 7 2 VR B 08 TR T TR RUBE ) L L /)
T 1/3 AU AT LA o 2 T T R R 1 2L
P07 )2 R R Ao SR UKL 3 £ B T R I
LR B 5 6 RE. 72 B R 2 N 2 A4 A 1E R
G AT G ST P R AR T EE 43 A eT AT
T REERT
oT(x,t) _ *TC(x,t)
ot % ax?
PRS- T, ) =A(t); T(H,t)=B(1).
Wik 54 T (2,00 = Ca).
AP R BREL T Coe s ) ISTR] ¢ SUREE o« 1 RE
o P IE Ty 1) Sy TR 1 L H Ry B H] S 5 o
PERE SR R B WG A R AT DAL S e ]
IR RS
B TR 3 M LA O IOE 9 5 U S AR AR T A
SEM PG
T =>¢,(x)0,(1 (2

n=1
K., (x) =sin(tnrx/H);0, () FHtEpY REL.
o ZEAE R NIEA 2 (1) 38 2o 43 5 A% 7
S ST GO IR E o W AR R ¢ R pR
B X2 RS R R
TES7 S 2R B 0, COWE LT R .
do, (t)
dt
a(nn/H[A(t) = (- D"B(t)]
J:j @, (x)?dx
Kf:d, = (un/H)? 5 v UL 9050 0 FRAE
. XHFE BREL 0., (1) A, B(t) pydin iy iy A
HepR¥H Fo (), Fa(s), Fy(s).0, SEMPER

oV

+ ady 671(t) =

3

da.,
L( )Z Fn ) — Un
4t sF,(s) —0,00)

Ko L R hr (AR5 0, (0) SRR TR T (85714
R n W REG H.
["¢. ctord
0,(0) =~
J ¢hdw
0
X 20 () MR AL e, I A

a(?@T{'/H)I:FA(S) - (= 1)”FB(S):| _
I
[RRORE
TR R
sF,(s)—0,0) +ar, F,(s) =Y 4
BT R (DT

Y

Fo(s) = L1 0.0 (5)
S+ al,
R 27 PR S5 6k 2 () A 3 7 i 300 A% e ik 45

SIS B R %R G,
1.2 EIMHRHIRE

XTI STR R CUAT 3 AN BT RS 70 A S RE NS
TR SR R B XA R A S WA A
AR D AL 2 O 8-l A e i R 5
A ) ST 2 A B[R] R BT v a]
T F74) I T LA T 55 S 19 2 5 D 25 e
UN SIS EY Gl s ra- e S

BRI I AR S e BRI U 25 A an e 1, 0
FEN N 1.3 2 FoRipiRe 1 50R300 2, 59l R B0
1074 o « h ' ApHr g AR EE Ry 10 em. AN [A]IUE N7 i2)
BHERB 1 5RO 2 F LA 7 eom REEANR AR LS 72
WE 2 F03 F  BIERH R A OO AL

RS 1 A1 2 AT R0 1 RGL 2 i FHR EE R ke
IFTE] A . ] 1 PR DL 1 W0 HRIRLIRE 53 A5 by 530 oy
B MRS 2 FIAGIBEAAAE 2 it Bl 2 R 1R
ST MR 50 WS s AN 0.05 C ORBL 1T T
Bib o s ) )RS 5T R ) R 25 A R N
POIFRIHROR R R 2 °C 36 h 5. 28/ 1 °CLE
3R 2 FhEEIRE 0. 05 °C (ARG BE AR 2EHL 100 151, H.
Bt AR R 22 0l NG RN I

£1 RR1BEHLR

Tab.1 Thermal boundary for condition 1

\ /T
{7 /cm
0 1h 2h 3h 4h 5h
0 20.8 18.3 15.3 13.4 12.4 11.4
10 16.1 15.6 14.7 13.6 12.5 11.6
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Tab.2 Thermal boundary for condition 2

\ /T
{7 /cm
0 1h 2h 3h 4 h 5h
0 38.6 38.8 37.7 36.0 35.2 34.5
10 40.3 39.6 39.0 38.5 37.7 36.9
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7 cm in condition 1

Fig.3 Fourier series fitting for

7 c¢m in condition 2
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Fig.5 Sensor arrangement

3 KM
o 1 i) 5 4 3.1 BHRHE
(8] / h ~ N — 3 ,_\_, i/
S0 20X 10 MR~ 50 10 e TR A 51 T R 0 B 2 5
~e- 10510 e B0 R0 > X000 g g B S R 0 T R

4 SRR RFEE

Fig.4 Monotony of thermal diffusion affections
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Tab.3 Urumchi temperature field measured

in April 6,2003

g/ C
{7 /mm

0 1h 2h 3h 4 h 5h

10 19.9 16.6 14.0 12.4 11.3 9.9

50 19.3 16.9 14.7 12.9 11.8 10.5

80 17.9 16.4 14.8 13.2 12.2 11.1

90 17.0 15.7 14.1 12.7 11.7 10.7
100 16.9 15.6 14.0 12.4 11.3 10.2
115 15.2 14.3 13.2 11.9 11.0 10.0
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Tab.4 Back-calculation results

AL /mm FEAF/AQ0 ' m? - bl RfOREL R2/C2
50 22.8 5 0.000 3
80 16.3 7 0.022 2
90 17.9 6 0.007 8
100 17.1 7 0.027 8
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Tab.5 Thermal diffusion of asphalt concrete
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