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ABSTRACT

Soils basically are three-phase systems consisting of solid particles, water, and air.
Soils are therefore microscopically nonuniform media. Thermal wave models could be
developed to study heat transfer in nonuniform soils (Karam, 2000). This study, which
is based on the wave-like characteristics of periodic heat flow in soils, takes into account
of the phenomena of air bubbles presence in soils due to decreasing water contents.
With air bubbles present, the propagation constants of thermal waves become different
and result in thermal scattering. The method by Twersky (1952) and Qian (1993) is
adopted for the problem. The thermal wave scattering due to single air bubble in the soil
is analyzed. Two boundary conditions on the bubble surface, which are continuous soil
temperature change and continuous heat flux, are applied to solve the problem. The
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analysis results for single air bubble are then extended. It is assumed as an ideal
situation that spherical air bubbles of uniform size are scattered in the soil domain. The
soil under the assumption is considered as nearly saturated situation. This study obtains
the analytical solution for thermal wave propagating in nearly saturated soils.
According to the analytical solution, it can be understood that temperature change

amplitude for nearly saturated soils is larger than for saturated soil at the same location in

case of same periodic heat sources.
of saturation for the soils.

The amount of the difference depends on the degree
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=1 RETENEFITEE ke b’
BEMT| BEERE0 | #EFC | e84 | absk)=(CoK)'"?| absk)-a
sec (=27/T) 1/sec J/m>-K K J/m-K-sec 1/m -
ER -5 3 -5
(101kPa » 20°C) 86400 7.27X10 1.22X10 0.0254 1.87 8.04X10
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T P 3R SR K (incident plane thermal
wave) o {EERTEARFERL R > $1S LB E 2 2
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PQ Z(YS,HS,goS) » Qp =(r,9,g0) °
(I3 b2 ST » 7T R 2 L
© e (4.3)
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re=r > Al(4.6)3UF AL :

0,+0=r1 J%

T, =
A Z( 1)" By, explikr, cosd, Jexp(ikr cos @)Py,(cos0)
h (kr) (4.7)
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e

T, = NA 3B, exp(ikr, cos )

m=0
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Texp(ikrcosH)PO(cosﬁ)sianH:2j0(kr) »...(4.10)
0
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h ~ FEREAETEH
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e » TRk — A SR 5 - {EL
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i”ZB" N (5.4)
H2E R 2(5.3) -
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—f K75 B YLFE Y (unconsolidated deposits) 1%k
+.(clay) Z FLFRZR7E 0.4 2 0.7 Z[E](Freeze ~
Cherry » 1979) » {BRE&FLBRZERS 0.5 0 HIFIA X
R & =041KF 0=10% > G2 HEKH
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TAAHFEE R — MM E FRAIBR ] o Ffs—iA
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(32— BRI Buax = /10 © FIATEE
AR FLIAZS n 5 0.25 1 JE AR~ 112
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HELR—ERZ K BIEIR - L HRR R L b
TEREE = 0 230 T(20) - (350 H R -

T(z,t)=T(z0)+ (1 + %Acos(kz +at) o (5.8)

LIS 1 PRI 2 8 R R k A
5 17.06  ff1F f=0.1 » f - BE(EA[FIREE T I
DRI AL s A L BV 2 B AR (5. ) 3 - 48
HAAITE 4 o FLrbiBLEE b ~ VR ~ R 2 SRR
LRI -
T-T(z0) - Z - tw
A( ). =y
DL (2= 0) B » Ho R AL I
0-04-~0.8~1-~14~18-2 EEAIEEE
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