NAOSITE: Nagasaki University's Academic Output SITE

Rl KA A SR Y R RY

N NASSITE

Nagasaki university’'s Academic¢ Output SITE
Title 000000000000000
Author(s) 00,00:00,00
Citation O0D0OO0O00D0DDDO,18(30), pp.47-54; 1988
Issue Date 1988-01
URL http://hdl.handle.net/10069/24268
Right

This document is downloaded at: 2019-04-24T20:18:17Z

http://naosite.lb.nagasaki-u.ac.jp



BB RFE TH MBI RS

B18% H305 BEME3FE L A

47

EBEW+OME B E{Lo—FHE

R B M aB*-E B K E*

An Expression of Diurnal Change in Temperature
in Upper Layer of the Sandy Soil.

by

Takehiro TAKEMASA* and Hiroaki KOMODA *

The dry surface layer in sandy soil appears due to the amount of solar radiation in summer season.

The both of the soil temperature variation in the wet zone of lower layer located just bellow the dry

surface layer and the atmospheric temperéture variation of the near ground surface are remarkably af-

fected by the soil temperature variation in the dry surface layer.

The application of the harmonic analysis is usual to evaluate the diurnal changing of the soil

temperature near ground surface. Asis well known, the diurnal changing of the soil temperature is suf-

ficiently expressed with the diurnal term and semi—diurnal term in the harmonic terms.

In this paper,

a simplified expression on the diurnal change in the soil temperature is derived from

the solution of the heat flow equation with the consideration of the diurnal variation of the thermal dif-

fusivity «.

The obtained results are summarized as follows.

1) The diurnal changing of the soil temperature in the dry surface layer is sufficiently expressed with the

only term of
=0, +R sin(wt—7 sin ot+¢,)

Where 6, is mean temperature, R,, ¢;;amplitude and phase of the diurnal temperature variation,

respectively,

o= 2 7/P; the angular frequency of the Earth’s rotation,

and 7; constant.

2) The solution of the heat flow equation tells that the diurnal variation of the thermal diffusivity is

characterized by the additional term of “—7 sin wt”.

1, a0
BEVLIOMBAE L, HERO =¥ —INF
TRE D, ZOHE, KBE»HORHEOELIHFE
EOREELDEL LM% ED D, =D HHEL,
BRI ABOEEE U CERMBERCELT 55
Higt%, REOBHEBEIFC L5,
SHLKEFEOAHENAEVEHEDOD &L TR, EE
¥ enDERBH + TIXRAE D Icd D KFOBE,
SHLIZIKOHEERLThhZOBE L ENE T T
B IALBMREIZ KEHE LTV 5,

FEFN629: 9 A30ASHE
*+ AT %% (Department of Civil Engineering)

EREHAREKEEHC L > TR ELEHT HRE
BRI, EHSBNORRS FTESOMmECA
ELEERRIIET, LT, ZZTIHREWL
DERBECHE I h 5 BEBEAOIR BE > T
DN %R D,

ek, =5 LicRIL T COBEMREELH Lo
BAZORBRTEL LT, MG Rk
BnébhT\wb, ZORMGEOKEL A TEE
B EOW L OBESHEO BT > T B, &
LIty 32— 5 v L OWMBHERES — &t



48 BEW L OMR A Ebo—FREE

LT\w5b, ZDBE, MRESH*LEET I OB
HEFARE» HRET BB, fEEHFCERAL
TIERGENER L LB, HLEEORED L
LT EREDS e bty Lich - TIEFEIZ
WENER» OO L OBEHEEORENDLE L s
Do 7ok 24X Jackson 1%, BIEMLEINTIL, BAIKE
FEOMED, 52 bh 2REEHOBICEKET S
L, Mz TEKEZHKRESERIND Z & 2FHE
KL TR Lk, FFEGREELAGT, BoK
DEGEFRK L BT ORGERROEN F kv R
L, EBOKRGBENCH S Aot o BEE R LHIE
BIOEKRIMEKELEKET Lo LR LI, 3BT
RS, HiRs kS BB A BEHEBAOS
BAZCORR K> VT, BA#HER (Austaush)
DB L CRMENC AT B L E LB a DR
CEHEA DB LR LI,

ZhL—EHOREIZRBIh TV PR ERIC
EOWT, KWX T, BEoRERE, FEHTIBER
Bt LCERL, £ LTEREBRLENO BTk
IR B R L CRE LT 5 L IRE LIS E
DR R H 1T - 126

LB LII TS LR O ST COMIRAE
fbx b5z 52 LR & - THRIE LT,

2. BzEHEXREZOR

BREOKL BEF, REM Ko ZIFFICEE LT
BESRAHBE L TR b, —7, TEHS TLHENER
BEicREN MR TV 5, ZOBKEBWLICIER
KOFHCBBRSNFEL TR Y, ZOBBVER
DEEDOERLE LT, ETEBHEZEVRTLOLHE
FEIhD, ZOHIEBWLETIL, EREOE
S LT L OBMMEEREA LT 5, IHICKkGH
B BRBELE LS, JOFERIWENOEE
Pz K ECHELTR Y, BT OBdkE R r=2,C

(:BMEERE, CHEAEE) OECElr &l

TWBEEZBIRS, 22 TREBWLOREHHM
XN B REEOEEA T, R OB RE 0 R
DR E LTELT 2B EET D,

R HIREA L TR E D, Bk z &5 TR
t OHIR Y 0, BIRERE Y £ L THIEROBEE S
BA2rBLh 5,

-3

ot oz
£ wBER t (FRIERAY t =0) OBEKE L TKRAT
52 %,

k=kg (1 —ycosof)=tyf(t) (2)

(1)

IC, 0=21/P ThOHEEEXTT, Piz—H
BERAY (24h), 7 RERTH D, ko —BIFEX
O THANERL H HenDE XD RFE TILER
EF5, LIch-T t =0Tk « (35R/IME £ (1 —
7), EFICEREAKME (1 +y) &ich,

r:f;%ﬂﬁ=f—£dnwt 3)
DT L DR t & ¢ TEETHEQ)RL

0_ 920

ot K0z @

DERHEOMEENTBACER S h b,
CROBBRIZKE-T, z=0 (FH) TOHMBREE
DHEREHLEE ¢ ORMBINTE 2 5 RES), =
Ak LCTREH L, EBREE L B h KRG &KE
DAET TG EFEE T { HER—E LTV 5,
Z Ok EE S EBCERO)ROBEERK 2 —8
Ll e bin, L LI 2T, TR0z
OIS LB OMIBREENC R L FTEE LI
LEZ, Eoi—HAROMBLESORIBILESHA
CEBRCBRETHIFERYHEL T, HEOLDICERE
HORENLERICHE S & Lic, Lichi» TEREMH
KRR THEZ BB,

6 (0, 7) =60,+ E 0, sin(n wr+e,) (5)

n=1
# (0, 7) =48, (6)
(5), ()D& X HWRDEIKRRA LD,

8=6,+ I laexp(—zvnw, 2 ky)
n=1
X cos(not—2z2vne, 2 k) +bexp(—zVnaw, 2 ko)

X sin (nwr —zvnw, 2 ky)} ' (1)

LI REL D DHIC '
y=wt (8)
x=y—7rsiny (9)
0,=(nw,/ 2 Kky)" (10)

ErEMA I
=6yt % layexp(—d,2)cos(nx—3a,2)
n=1
+b,exp(—d,2)sin(nx—d,2) } ()
TRHAINS,
Lichs» TEBTOMRELTORL LRAX O T
REN B,
6=0,+ X (A,cos nx+B,sinnx)=0,+ 3 R,
n=1 n=1
x sin(nx+¢,) (12
22T Ry=texp(—zine,/2ky), e, =t,—z2Vne,/ 2k,
’C‘%éo



E{p N I e

oz THRAIEED B AL, QX DOE—EH (r=1)
FTTROERMKS LEE LHEE, BEAE
fLnFEBRRZKR L e 5,

0=0,+R,sin (ot—ysinet+3,)
=0,+0,exp(—zvw, 2 ky)
x sin(wt—ysinwt—zvw,” 2 ko +¢;) 13

19311 — B AR L LCoME R AR T b OT
Bb, BEIHRCRBORE, AAHOBAIE LT
5o WRIBOWFRICDWTUL, HEROKRREFAETHD
A, M OB BB > TV B DR TH D,

3.% A

RIBEARTHORBREZKFER ORI, KX 3
nX1.5mTEXl nOBBEEEY, £ TOHHN
B RIER T -7, Fig. 1 cWBFER LW OR
EmEdRE =T,

100 —— T T
Cle) |

54

D
o

I ERT 1 ] 1
001 01 10

Diameter

Percentage passin

through sieve
&~
o

100 (mm)

Fig. 1. Integrated granulometric composition curve
of sand used for the test of Eq. 13.
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Fig. 2. Diurnal changes in the soil temperature and
atmospheric temperature.
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Fig. 3. Profile of the daily mean water content, ar-
rangement of themocuples and heat flux
plates. .
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Fig. 4. Damping of temperature amplitude in the

soil with depth.

FE A FEEIC L » TROBICHE DS Z LT 5,

WEEBTO | BREBOEHEN IR TRREIN S
ERE LT Table 1ZmdHEIC L » CHIEEA L
BL, 8BTOR,, 7, &, ¥EET5, HL t =0
R L T5, Table 111X 2 cndHBBIZ DL
TOFEFTH 5,

#Eim& LT, Table 1 OVIHEDMED 7 sin of D%
EBZENBRETENE, MRAELORRALLT
COBWBOZLENTERIND Z LTl B, DK
Bizou T4 Table 1 SRIFOME AT\, Table 1
OV HL T B EE KD, FhbDERY Fig.
51T,

sd-

1 sinwt

e AN (hr)

2cm

-6l Ocm

Fig. 5. Diurnal change in r sin of at depths of 0
(surface), 2, 4, 6cm.

Table Diurnal variation in the soil temperature at 2 cm depth
time of day I I il v v )i VI v
7/23.14:00 —10 50.70 12.55 1.000 90.00 =150 —240.00 —8.20
15:00 -9 50.50 12.35 0.984 | 100.26 —135 —235.26 —3.46
16:00 — 8 48.50 10.35 0.825 | 124.41 —120 —244.41 —12.61
17:00 -7 42.30 4.15 0.331 1 160.67 —105 —265.67 | —33.87
18:00 —6 36. 40 —1.75| —0.139| 187.99 —99 —277.99 | —46.19
19:00 -5 33.60 —4.55| —0.363 | 201.28 —75 | = —276.28 | —44.48
20:00 -4 31.20 —6.95| —0.554 | 213.64 —60 —273.64 | —41.84
21:00 -3 30.00 —8.15| —0.649 | 220.47 . —45 —265.47 | —33.67
22:00 -2 29.30 —8.85| —0.705| 224.83 —30 —254.83 | —23.03
23:00 -1 28. 40 —9.75 1 —0.777 | 230.99 —15 —245.99 | —14.19
7124. 0:00 0 27.60 —10.50 | —0.841 | 237.25 0 —237.25 —5.45
1:00 1 27.00 —11.15| —0.888 | 242.62 15 —~227.62 4.18
2:00 2 26.50 —11.65| —0.928 | 248.13 30 —218.13 13.67
3:00 3 26.20 —11.95| —0.952 | 252.16 45 —207.16 24.64
4:00 4 25.90 —12.25| —0.976 | 257.42 60 —197.42 34.38
5:00 5 25.70 —12.45| —0.992 | 262.75 75 —187.75 44.05
6:00 6 25.60 —12.55| —1.000| 270.00 90 —180. 00 51.80
7:00 7 27.10 —11.05| —0.880 | 298.36 105 —193.36 38.44
8:00 8 30.20 —7.95| —0.633 | 320.73 120 —200.73 31.07
9:00 9 34.60 —3.55| —0.283 | 343.56 135 —208.56 23.24
10:00 10 40.00 1.85 0.147 | 368.45 150 —218.45 13.35
11:00 11 43.70 5.55 0.442 | 386.23 165 —221.23 10.57
12:00 12 47.90 9.75 0.777 | 410.99 180 —230.99. 0.81
13:00 13 50.70 12.50 1.000 | 450.00 195 —255.00 —2.32
I =time V =1I/TI (Max) =sin(wt—7 sin wt+¢,)

1T =soil temperature at 2 cm depth.

=0, +R,sin(wt—7 sin ot+%,)
O=0T— (I (Max)+ I (Min)J/2

=R sin(wt—7 sin ot-+¢,)

V=sin~!(N)=wt—7sin wt+¢,

VM=Ix15=ut

W=V —V=ysin wt—¢, 1 —¢, =VI(Mean)
VI=VI — VI (Mean) =VI— (—231.80) =y sin of
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Table 2 Values of coefficients in Eq.13 at each
depth of the sand.

depth z(cm) #0(C) Ry (T) 7(deg) 71 (deg)
0 41.10 16.50 45 241.63
2 38.15 12:55 45 231.80
4 35.85 9.35 45 219.85
6 34.20 7.10 45 208.55
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Fig. 6 . Calculated and observed temperature varia- -

tions in the sand at 2 cm depth.
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