KILFHRIE $36% 199262 H

WEH T LRNOKETBE EEZEA =X A

Movement of water vapor in sand column and mechanisum of evaporation

BEME - (EBRHIE " - BRwL
By Teruyuki FUKUHARA, Kuniaki SATO and Tomio BABA

This paper presents an experimental investigation on the movement of water
vapor in a sand column, which is comprised of dry, capillary and saturated
zones, and the relationship between the vapor pressure profile and
evaporation velocity. The vapor pressure is obtained from the simultaneous
measurements of temperature and relative humidity. It became clear that the
evaporation actively occurred near the capillary fringe and most of the
evaporated water vapor moved toward the atmosphere and the remaining water
vapor moved downward and then condensed. The experimental results for the
vapor pressure profiles well agreed with the theoretical results based on
the one way diffusion theory. A comparison between the theoretical and
experimental results demonstrated the importance of the effect of the vapor
pressure gradient across the dry zone on the evaporation velocity,
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Experimental case CASE-1 CASE-2 CASE-3 CASE-4
Density of sand (kg/m*) 2.462x10° 2.462x 10° 2.462x10° 2.462x10°
Duration (Day) 7 7 7 7

Ground water lebel (m) -0.55 -0.55 -0.40 -0.40
Porocity - 0.421 0.421 0.4212 0.421
Evaporation rate (m/s) 1.800% 10~ 2.310x 10" 2.310x 10" 2.860x10°

Lamp height {m) 0.5 0.5 0.3 0.3

—455—



1EMD T, B, HMEES L CHRENREE (2)FEICH> TREL Y 2emd 55end I (4310877
THREE N, FEESKEOREIC LT BKS5H(NORTH HIGHTECHBD AAH WS iz, AMRTCRATKAS
$US v TEE(BMRE) DFhFhEL ABEOEERRERE T o, EREME2R - 1IRT,

5. HERR L EZRBEROLE - RET

EHEBOASEOBENF T(2)BLCKIAM0 ()R- 2BLUR -3 ICEhEThrd., BE TEHEF
EFRMEOETH Y, JRICRENCHE@ENMEE—BT 5. b MBI LBRE, TREFAICEZE
—RBICAHL T3, 28I, R—21CRAW.QBLTU)ZEARKICHETLED TS LURFEEE
V.OHERRDIREATNG, MBALERL LD o EHERREY ICHAS LHEMNEDOT(2) 3 & V) ERhkE
BIGEDSL. V.OHEELR- 1 FOERRREE (ERE) LIZE—HT 2. #oT, INFERRE, #T
Kk K K51 0 (DAEAShhiE, BESH T(z) 8L UERREE V.3 —BRICRE S,

wic, BEWLRBME (BRT 5 & D CRRBIERLEE) ORI X IVX—RERBOERIFEE % A
BB, CRICELDBMIRINF-T Ty 7 A %0, BRICED Fh%EQ. BREIRINV¥-E0sLThiL,
CASE-1Ci3Qry : Qrz : Qra=1:1.83: 0.07, CASE-2CHQr: : Qrz : Qra=1:2.33:0.08, CASE-3TdQr: : Qrz
$Qra=1:1.29:0.13 K UCASE-4TitQry : Qrz : Qrs=1:1:0.13, 43, ZTh& Yl FKEAHRICHE
TEREBNKELBAOEREBRE TR, TRCRIETEREBROVEOREWZ LB ENDL, Fi=,
QraldQr: B & TAr2AC AT 1 F — H/hE <, BRERIC I 2B RNV —RENOBRBRIZDE 0,

Temperature T(°C)

Temperatute T (°C)

Temperature T(°C)

Temperature T(°C)

00 10 20 30 40 50 6 00 10 20 30 40 S0 6 00 10 20 30 4 S0 6 00 10 20 30 40 50 &
— —— T — T — 71—
01 01 01 01
oz O Observed 02 © Observed oz Capillary ¥rings o2 Capillary Fringe
g —Ep. ()| F —Bpme| § © Observed g © Observed
N 03 Ve=190a0"@s)| 3 o4 | Vex35240° @) | 4 —Epad@| .| ~—Eqs. (1) and @)
Ve = 188x10(mA) Vi » 2654107 ()
g | 2
04 | Capiliy Wiige 2 04 % Coplli ¥iis £ 04 __w__GewL 2' -04 —=_ GWL
05 -0s b 05 -05
—= 6wl —2— GWL
06 = -06 = -0.6 -06
(3) CASE-1 ®) CASE-2 () CASE-3 (d) CASE-4
®-2 o B 45 fi
Volumetric Water Content 8 Volumetric Water Content 8 ‘Volumetric Water Content 6 Volumetric Water Content €
00 01 02 03 04 05 00 01 02 03 04 05 00 01 02 03 04 05 00 01 02 03 _ 04 OS
T ——— —— —
-01 -01 01 O Observed 01 O Observed
°
g0 502 g2t °5 o Caplliry Pige z2t 8§ o Capiliy e
) & g ° g °
N 03 S © Observed N-Ojg O Observed N o3 | o ° N 03 b o °
g ° 3 ° g g
£ oos o copllY ¥ilee | £, % iy iige Faosl —=owr Foal —= cwr %
o o = =
05 N 05 ° % 05 Y
—— GWL § ——Gw1.
~0.6 = -0.6 = -0.6 -06
(8) CASE-1 ®) CASE-2 (&) CASB-3 (@ CASE-4
B —3 X & 2 f&

wic, BRI HRH(z) 2R— 4i0RT, BEFOKES TRI~100% TH Y . BEWF LBRBMAEL S L
T OEFFIC R TRHIZB AT 5, T KARC Ty TEE (HRGEE) O&DCASE-3& CASE-4% [k
T5E, HMBEANM BE DR OCASE-40 T ACASE-SICH AT, MUz T HRIDMEIR/NE 2D,

—456—



Relative Humidity RH (%) Relative Humidity RH (%) Relative Humidity RH (%) Relative Humidity RH (%)

00 50 00 00 50 100 00 50 10 00 50 100
T T T T
®o ° %o o o o
-01 } %y wal %o ° -01 | o ° -01 ° o °
[+] [+] ANANNS [}
w2 o, w2l o, g |conii Ringe S | Copiliy Pringe §
g g & g
N_0'3_'oolmerved ° N_oj_oobmved ° N_0.3_0 Observed N_OS_OObsuved
ANANAS g = g
. il =3
R -04 | Copillary Friage of &-04 -Q"‘“m o g 04 |- —2 GwL| R -04 —Z— GWL
-05 -0.5 -05 -0.5
—<___GWL —%— GWL
-06 = -0.6 = -06 -06
(8) CASE-1 (b) CASE-2 (c) CASE-3 (d) CASE-4
R-4 H N & B 7+
Vapor Pressure Pv (Pa) Vapor Pressure Pv (Pa) Vapor Pressure Pv {Pa) Vapor Pressure Pv (Pa)
1000 2000 3000 1000 2000 3000 1000 2000 3000 1000 2000 3000
) T T T N T T T T
o
-01 ° ‘;”Z‘;" -0.1 ° sq“(‘:‘;;d -1 | ) -01 F ° S
—Eq.Q1 —Eq.
°
o2} Ve =1.90x10” (m/s} _ -0z Ve = 3.52>10" (m/s) _ o2} Caplay Folnge & _ -z} &pwge o°
8 & £ &
N 03 | o N 03 N 03 | ° N 03 | o
g £ -] g
2 o
g 04 | Copllry Folge ° R 04} Ca ringe o K04 OObserved o Gwyp 2‘ 04 | OOmeved v gwiL
—E3.(12) = —8.Q2) =
os b oskL _os |ve=188:10"(uvs) _os [Ve=2.6540" (vs)
—2— GWL —Z-—GWL
-06 = -0.6 = -06 -06
(a) CASE-1 () CASE-2 (c) CASE-3 (@) CASE-4
Differential Pressure P-Patm (Pa) Differential Pressure P-Patm (Pa) Differential Pressure P-Patm (Pa) Differential Pressure P-Patm (Pa)
-10 -5 0 5 10 -10 -5 0 5 10 -10 -5 0 s 10 -10 -5 0 s 10
T T T T
-01 | -01 g -01 | g -01 | g
AVATAYAYS
02} =02} o2} Copiliany Firingel -~ g5 | Copily P
& & & &
N 03 | o N g3 | ) N g3 | o N 93 | o
g | 8 N A L= ‘&
Booat o CeellyFilid & o, 1 o CwmayFingd ., ’. —w.—cwL| B-04 ’- —= GwL
o5 © Opeered o5 | © Observed o5 | © Ovserved o5 | © Observed
—2___GWL —2_ GWL
-06 = -06 = -06 -06
(a) CASE-1 (b) CASE-2 (c) CASE-3 (d) CASB-4

R—-6 # E o #

H— 5 ERRELT Pv(z)TH 5, #CASEL &, VOBRAERBEW LEMICMEBEL .. MRAS L THT
KEIC > TPz E W FhBYT B, T 405 BT ClddPv/dz<0, BB TIdPv/dzX0CH Y, KERIZ
HETCRBRICH> T, BETRTHCH>TEFLEABET5. 2hk vy, WEAERRIEBEW LERET
BRTHLZLFANS, ZOZLEIEEF BB CORBEEMEKY 2H)I<FHL TS, D ER
LTRMCED KER TS v 7 ABEIERFORIEARITEKEL ., BRLEARRO—BEIBUTAHK
MWL TBERKICREZLHEMTED, Ho T, HTKUATHE ERFOESAHT) IKDOhT
| dPv/dz | A/ha< 2y, BBEBEBMA T2 LEALhS, T2, SHEOEREKHAETIE, AUHTAMT
HEMBEDOHE W F Tz=-DTCONVKBERDSLZ WCH DD S THEMEOPVOETOLHIC | dPv/dz | AF
RELRY, BREBIHKT 5. EFTHOIPv/dzidKERKEE D source T 5 EFH LB B OPy L sink T
HOHEHDENL OEB SUERFEXIKET 1D, BREBERIABET (SO AERKHE,
BTEKRAURE) oazdd, ##RELOIME (RR) BTCHBIIKETHZLANS, &b, KPR

~—457—



A Heat Lamp

/1N

rre
z z Water Vapor
Dry Zone
Bvaporaon |/ GF_ L. Caplil?iy_ _F._rin_g_e_ _______ (.:_F_ ....................
Capillary = & ﬁ = J}
Zone B 2 2
@ i)
o |. . Water Vapor
a Liquid Water g apo
Saturated
Zone
Temperature T Volumetric Water Content © Vapor Pressure PV

R—7 WEAKRESLCTKSBHOBER

BR (DI YVHESAENGR)THY,, ERELELS-BLTWS, ZonLE, BEEROMEFRR S IE
0.4~0.80fEZ L 5,

H— 6 iIWBEEROERE (FAE~AKE) OHKESFTHY ., ZERZIZL0ICE L, HXESEIC
FUEEEhZERWXEIERL < TLN,

U EoHER2ZICBEARETODBAZRS LUKSBEI 2 RANSRLELONR—-TTH 5, AR
BENTLBUEBRKI AT 9 7 ABENEEH LRETERBICERL., 202 THRAHCAL»ID
ThREN ERLEARRO—BEIECREL THRKICRS) 2L2XLTWS, ZOZL IEHRERR
DHEFHBEL LTHRRKD TSy VA2 RICARBREHET 2 FEEERBICIBYTLVWC L 2EKT 5,

6. &

HTF KA EBRNE OGS ORREREEC ST IWBARRESMFEEEC, DEBANTORRBB LT
KERBEAA=—XLEHOMCT B L HIC, BREBLEIES AL OBBICOOTETILERTRL,
TORUEERIEL =, LATIC, BohEBRE2ENL, T35,

(1) HBZEHFOHAETARECIZEELL, —FBERICLIBRBETNERETHS,

(2) HMNBEZBEFORED TL00%IEL . BEH LBRAAED S ERFCHORHMICEP T 5,

(3) ZREOBRANEIEEF LERBICHbI, HERES I TR T KEICH> TRREZRP T3,

(4) HBREERERFORIEIRICEREL, BRLE-BOKERTERSL THRRKICKS,

ARRORITICH - ETiE, BEERESAMHORME 2B, ££, ZRICEU TIBHRIERNE Y
2A—OBNEEE, RUTHEEELET,

2 % X B

1) $kBA : BERETICBT 2 LHASOBE), BERK. H184%, 35, pp.10-16, 1962

2) BEME  BEAKETOMICS T2 KEROREL BE), BELRFEL2HE, $615, pp.1-8, 1976

3) BBEA - BEEE - WIEE  WBHS LhOKEREBE A A =X L, L RESHOEGREHHER
BEEE&, 11-31, pp.102-103, 1991 _

4) K.Sato, T.Fukuhara and S.Bories: Dynamic analysis of heat, mass and solute transfer due to
evaporation from a soil surface, 9th International Heat Transfer Conference, Jerusalem,
Israel, 1990

5) HEHRE - (FHEHRH - 5. Bories : RRICHHUMBORZER L ARETHOLH OMERE, KT
I, H35%. pp.9-14, 1991

—458—



