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Evaporation in sand column under diurnal temperature variation

REERE « BB . EEEIRI
By Teruyuki FUKUHARA, Yasuhide TAKANO and Kuniaki SATO

This paper describes the mechanism of evaporation in a sand column under
a diurnalp temperature variation. Thermo-hygro meters were used to obtain the
vertical profile of water vapor density along a sand column. The correlation between
air temperature and evaporation rate is positive and the evaporation rate is high
when the air temperature is high. There is, however, a time delay between these two
time series and it mainly depends on the time change of the water vapor density at
the top of capillary zone. As the dry layer becomes thick or the level o? groundwater
table gecomes low, the time delay gets larger. It is concluded that the diurnal
evaporation variation can be well explained by the diffusion theory of water vapor.
Keywords : evaporation, heat and mass transfer, meteorology

1. FA0E

BEAOERE TH S HHEOHKSR - LRICH T IMRIIBETIESE - [BF - WEH IO ARTE
BE REEOSFICE I - TITON TS, LH UENSHIBRSEEYE (Bt~ xV¥ - - K -
B - B Y ) CESEYRINSMETASRICHRT, BN TR 2%RKE LUKELBEICD
DT, AR BN EWBRE O - KR EDHEFHD B O RERBOBEHEREICELT
EEAREEDEZ 0, REOWEIZEOTIIWERANEZR LT3 BANEL. EERRL D L
UABRERPEAOBBICE O TEEE N S, DERILHRENR L EDH S LT, WBRERE
NE B S & OB L UPKESBBIOREIC OWTERT A Z EXNEELL S, EHER. B
BROBRI[ESTH 2 WIIKESREELSHFEWENSORREOMBRLZHONNITAIHOTFHDHEL
T BEERTICBIE3RRERETo TSk, TORRB. BRT S5 v 7/ AEEREREORIJTEAR
HBENIKBL[EENRIEFETE 2 & BLUHRICAD > TEREFNB LI LI REOCHEELRKT
T3, T EOIZEEES TREKO THABHMIRI VB RE I E5HOMTLEL VD,
TR ITINI. LDHENLTRERMNT CORBIFHEERARS DI, EEEITHAPNIREEL
TS BRREREIT-> TS Y, I TRHTFRELORL S 2BHEDOWBICTOVT. [BHkM. ¥
BHOERE. HMHEES XUKRIEESMORKELERT T v 7 AEEORKE(L L OBEMEIC
DNTHETT B,

*OERE. T, BHRFER. TEMRERFLFER (T 910, BHHXHE3-9-1)
o R BHRFRFERTAMIERE LIRS ( T 910, TBHEOK3-9-1)
BEOES R, T, BERFHHEIR. LEIMMBKEEBER ( 7 388, MW T AXMR 255 )

—119—



2. EREED IUERFE
EERIIBHEBETHENR LY - NOATKEE (BE: T, = —40°C ~80°C « #HEE : RH, =
30 % ~ 90 % OFEFE THIMTIEE ) WICT Fig. - 1 D& 5 BWEA S L, HEKES LUEKLS 2
5SS EREBEHNTITONS, WEERLND SORODHEA D ZWA B7:DI2, BRI Fo—ILE
JUWRE — FOERAING, [QiRiL 25 °C 22 (g1 ) IBEE L. 24 BRAOSLUEZARIC
->T5°C ~55°C OFMATEIT S, 24 K% 1 YA 7 0E LT, BED LUHESEENGIY 1
PIVOEREEEDSLNI EEHBLENS, —EHOKRIIZI~4 V1 7Nl K ( BE
KEER ) BATSSEICRET 3MEEHAOERKEN S ATLKEBHNDOEKMS 7 ZEB LT
WEICHHR I N5, EKNLY V7 ITBIERRIT SN, HEKE, SR DATNIHTRERKIESZ
&Ik o THRALE—FITR D, D& HIC U THTRALE L UIKEBNERFP—EIZIED L ITDI .
WENOIRE T 5 LUHESHERE RH 3. 10 XOR - EEE Y (VrA 9S8 ) 2T 30 458
KREFHIZN S, 29 LTRONIEE R LUHEMRED S, KEKEE p, BIUESIE P, 25E
ENb, BRI T v 7 REE m, . WEEHNOBTREEMNT 3 BlE ( H50IT 6 BilE ) 1
WEH S LOERBYBIMETSZZEICL-THL
h5, 2/ WBOKREEKE 0 13PHThGE (K
HER)) FHOTHIFHM 0.03 m BICHEESN S,
ERFEMIT Table - 1 TREND, KBRS — UL, senwatorroom 7w}
HFRALR PR R HIHE ( EREE 0.08 m :
YUS - 1 #TFARMIE L BRFEIED ( BRFE
020m)US-2 D2 TH 3,

3. BEMEREK - ka5 h ORRBEEAL
CITIBRY A7 (US- 1 TRE3ITA 7, of groundvater level Gontiat temperature bast

US-2 TIREAYA V) iTBIT 2 EREENT 5,
EEEIKE 0 DEREI 0(2) % Fig. - 2 ITRT,

Measurement room
with constant temperature

HFRAMAIUS -1 & US - 2 TREBH, Koo HD Fig. - 1 Experimental facility
FERZIZIEUTH D, HWTRERRH 572010
F-RELERBRTED 0(z) LD 6(2) ITKZ Table - 1 Experimental conditions
BERIE, UEEETLR ( ERWEEEHD
2 e CASE 2 (m) T.(°C) | Tw(°C)

BR ) oERZERBA» B oN. kA H LD — n s "
MIETRS &L ARBRBERERISE, - :

US -2 -0.55 5~ 55 25

Fig. - 3 3B T OHMEDH T(2) OREFEILE
AL bOTHB, S5 3 HRIEICHIE NS e
(LUF. AAHREES L UOKESBE AT b .

L) o HFREOBCED S

0.1 T T T T 0.1 T T T T
FHEYy — R &by BESTEIH (m%__gg _______ I . T B
HECLVBESTHES N Pg--o-DRR | ol Drytayer E i
BESHD SEHMLTOE. B | 2 og ] s B Grel
S 02| Copilary @ @ = 02Pg )
FTRbb. BEICHYT 5K 2 o5l layer | =, 04 a Caplllzryyer 1
BEERsLCEREIcEYTs £ T o g7 |
fURERE (M. zhen = Voo o (h%
BiRR, ERFEFHTS ) & T O_Final Bl S 2 I
b BEH LR TREAE VT 007 02 03 04 05 S0 o1 0z 03 04 05
(V = d/dz ) B"R& L EALT Volumetric water g Volumetric water content
B, JHUIARRBRICLZEE (a)US -1 (b)US - 2
ETHBLUKIEIC LS EH Fig. - 2 Profile of volumetric water content

—120—



Time=48hr S1hr 54hr 57hr 60hr 63hr 66hr 69hr 72hr
1 Yy

ool - JSL P | — | .\ L 3 L 8 L | | -
R & Y Yy
gy ¥ Y 1% 71§
szt §c| § § ¢ § | | |
£ o3l ® 4 4 ° o o o ° °
Saf * 2l 2| el *=2| =2 sz ‘g ‘sl =
sl GWL
_0.6 L 1 1 i 1 1 3 1 L L il i i 4 1 il | I D
0 20 40 60 0 20 40 60
T (C) G.L. = Ground Level G.W.L. = Groundwater Level T(C)
D.L. = D1y Layer C.L. = Capillary Layer
(a) US-1
Time=72hr 75hr 78hr 8lhr Sdhr $7hr 90hr 93hr 96hr
1 —e— . - ’ -— > - ° N
00 - B GL: 4 4 . Y Y 1 § | J.
AV AR IR A A
i St i CEE L ORI FR S ot SO B SRS SRS S
g o3l ® cL . . . . H . . .
[ ]
A o4l [} [ ° [ ° ] L) .
05 GWL
i =z -4 " = -2 z =z x4
.6 L= L L= 1 L= i L= i 1= L 1= 1= L L= i 1=
0 20 40 60 0 20 40 60
T(0) T(C)
(b) US - 2
Fig. - 3 Time change of temperature profile over last diurnal cycle
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Fig. - 4 Time change of relative humidity profile under diurnal temperature variations
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Fig. - 5 Time change of profile of water vapor density under diurnal temperature variations
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Fig. - 6 Time series of temperature, density of water vapor and evaporation mass flux density
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