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Abstract

For example, germination, crop growth,
Ther-

Soil thermal properties are critical to many processes.
and nitrification depend on soil temperature, which is determined by thermal properties.
mal properties are usually measured in situ using specially designed probes that enclose a heat
source. Here we propose and validate an alternative method for estimating soil thermal
diffusivity, based on changes in temperature at the center of a soil core subjected to changing
thermal boundary conditions. This method formerly required numerical analysis because no
analytical solution was known ; here we present an analytical solution. Estimates of thermal
diffusivity of an Andisol at various moisture levels, obtained using the new method, compared
favorably to results derived with the conventional probe method, showing that the new method
constitutes a viable alternative.

Key words : Andisol, thermal properties, cylinder method, probe method, analytical solution

1. FLC&®IC

T oBMEEAES 5 C &, HrasEroE
BTH B, PIAR, BECBOTIETORIECEIO
EREHEICRESEGESN S, $72, TEL - REZHED
WAL FERUS SR OB a2 ) 5, BT, T
WCHERE S NITERE OB E PG b iR O %252 1
5 EFlansg, MROZ(LZTEOBMIMIEEICL - T
FEINS,

THEDBLERDOMIEICIE, Hi—7 o — 7 (Shio-
zawa and Campbell, 1990) X ' % O ER O W FH
71 — 77 (Kasubuchi, 1978) 23, 7z, BVRER, (K
AR, BPEEREOMIE I PRV 2 7 e —

71 (Bristow et al., 1994) SHW SN B T ENE W, I
M, BHS (2003) 3L D7 O — FEIC & BEYLER
AIEE DI AHRE L T2, F 72, B2 (2005) (3, W
FHRIE )V 2 7o — 7L TDR (time domain reflec-
tometry) #EEMHASGDOE Y — € TDR Eax(fi- 721
HEhoB IR REREEEZRZL TV S, o7
0—7E, e —T7IcNELIce — 7 — 2RO E
I & - TNBAT 2 B b 5 7o, Bkl 7o — 7 %(f
bIs TRB LKV, LaL, 7— % @i i hir s
ThHbo

Riha et al. (1980) (FH3EICHEA LI 5 0 idn
MUz vy =9 2o REZ{L%, %7 Noborio and
Mclnnes (1993) 37V I =9 Ly vy —CHH L

ok g TR F020-8550 BT LM 3 TH 18-8
BT RFERFBES A E TR

*HUERT : IR T214-8571 JIIETH 2 EXE=H 1-1-1

F—0— N BRI BEWHE, v ) vy -k To— T RIS



6 THEOYIEIM: 51015 (2005)

FTIEOEBEZACZRTE S 5 T &1 & - TBILBREE A
TE L7 HEOFEREE (SIER ICHMiTH 2%, MTIC
BlEfR LA - FoRT 21T S BN S B, L L,
EffEIC & 20l Cld, MNTICIERIAS e 5 7o, @
MY T b2 TMWAF LIS 70T 5,

S OEEBIC B W T HIEOBWIEE 2 RET B
B, FEERSE RO B TH 5 T L
FLL, KFETE, v vy —IcFlEL LR
ZALAPEL, rREE-> CF— s 2T 5L T
BJILERE A HEE S 2 AN T 5,

2. EBRMHELTE

dHEERHCE, SFRE T EEE D SEIL o BE 7
+ (i 43.3%, v v b 285%, fhit 28.2% : @fEt) % &
1%, 2mm 7 A Ao o b DR - 72, HHAX TS
AF 7Ny FORTIRIEEKE (0) 2|5, 0.1, 0.2,
0.3m?*/m* ICHEE L CRORA Lictk, =R &OPHEcE
5 & DT L FEIE EHE L 7

2.1 YyvH—ik

C T Tl Noborio and McInnes (1993) A3#R45 L 7252
Bzt - 7oo GKRARIE L /o HIBA T VY =0 28
v vy — Gl a=bcm, £& 24cm) ITHEFICE S X
HICHHE LI, TDEXDIBEEEIF1.0~1.1 Mg/m®
Thotee V) vy —Oigd I A CEE L TEEK
330 oy vy —2kE2ig i, V) V-0
F& A EER AR ORI T BIBE % Bl L
T, THEET O 215 & clilE L2 (M-, #l
EICE 7Y 7 VAR (e M & C (FF) #1:4 TX1001)
ML, ¥ v —NOTHEEET (°C) »iERK
FEDKIR To (C) &3IFH L 5% & THEIRM 508
U 7oo THT/KIE & HIEOYIHRAE DL, $10C Th -
7o

MRE > ) v & —NIcB T 3EREZIE

o _ (T

_ (0T 1 oT
ot or?

r or

(1)

LERIN, TITTRRE (O, v BAMLEHRE (m*/
s), rid¥y vy —rulp o OEEE (m), ¢ 3R (s)
Td 5 (Carslaw and Jaeger, 1959), TEOYIHIEE T
=7, (C) &L, vV s —0NDREN—ETH S
EWVSEREN T=T, ((C) ©X() < LikRD XS 12
Rt 218 % (Carslaw and Jaeger, 1959, p.199),

JO(an/a)
Bue1(Bn)

V) v S —HuES ORI R, a

T,= éggzL—172§]e p< BZKt @)

o Tz

e te

= To \/
BB
J

a /T
. /
13:RKE BEXN pirzzmasys—

H-1 vV vy—gack 2 LIEEEZ/LONE. T
T, TRETERE (CC), T, 3EIEKEDKE
C), aldv ) v&—0FF (m) Th5.
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The slope of a regres-

sion line with a zero intercept value is &, thermal diffusivity.
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Fig. 3

Errors, from a pseudo-true value, associated with the number of data used for

calculating thermal diffusivity. The pseudo-true value was assumed to be the
thermal conductivity calculated with an eight data set as shown in Table 1.
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Fig. 4 Temporal changes in probe temperature measured. A line indicates the regression
line of measured data to Eq. 3, and In(ty) indicates a value in Eq. 4.
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