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Experiment indoors on the Performance of a Solar Pond
under Solar Simulator
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Abstract

In order to make clear the mechanism of heat collection and heat storage of a solar pond, the
authors conduct the experiment indoors and numerical analysis on a small scale model of salt
gradient solar pond with 2 m2 of surface and 1.6 m depth, under incident ray from a Xe - lamp solar
simulator. In the experiment, temperatures in the pond water and surroundings were measured
continuously and recored automatically in a recorder, however, concentration of the salt water
solution was measured manually by a C.E.T. sensor.

We could find that several phenomena different from the expectations occurred, but the
distributions of temperature and concentration in the pond water were well explained from the
analytical result by means of spectroscopical consideration for the incident ray. We also observed
the phenomena of erosion of on the lower part of the gradient zone by convection of the storage zone.
Therefore, the spectroscopical consideration for thermal performance of any solar pond is
necessary to obtain a correct solution under the special incidence from natural rays .

Key words: Solar Pond, Solar Simulator, Experiment and Spectral Calculation, Temperature
and Concentration Distributions, Spectral Transmittance, Incident Ray’s Spectrum.

1. FLtelc ZITEELIE, EROV—F R FEERLET
FNVEERL, ChaY—5>Y3al—F—=0dLT

VSR FOERIE, ThHEERORETERS BrORBREFZABNIRELT, V=K k0

NARMTHIOAE, AEBICBLTIEBOSE R BRUCNT2ENRBEREL T, RRERO

EEDDLTRERAT— NV THEDNBIRETH B, BREBLUEREZT o2, EAKRROD I, AREE
LB L, BROSS M, ABSESCHRERIR L BOXHFEERROZLLIIERD, HCEBROKE
», S8, WEDSZVWREEFEMLL, BB, PEDERAEANLT, Y32V =y —DBOATH

F, B, BAREEESCZLOHY, BRELEA BEDZRT MVBHETZ. AFHIRI MVOSH
BREEBLILIIFTETHB. LEnoT, 85 BY—=FRY FORBELRECEET 0T, HkH
NEREROBE, BT, FlikzCE+AREET HELULTEL, ELMEOAFIERS HAEBE

T HETH 5. TEXATHEBRILIHY, BLAOREKIINT 2T
128, JERTEAFAFER(T090-8507 JLRAAEHET165) Student at Graduate Course
x288, JtRTERYETHEN Department of Mechanical Engineering
(FREZA SERRI0E6 ALLRED Kitami Institute of Technology
Vol.24,No.6 —49 — KBELX ¥~




B

% H—- &Lk BB 5L - B

- ATEER

21207,

=y, BEEL VW, ABABITEKERD
ARICETBELOF— IV BLUEMERBEDET
WBDT, TNHEEALTY —IHY FEEORR
ERORIFETV, EAY—7 Ry FEBELERE
Fylal—3 3y EFNOERDEDDOERNORL
EEROICHELMITHILNTER.

2. ERREL LUSE

2. 1 =BEE

Ml AZRICAVWShEEREBLGHOERET
¥. EBEOIEHIERALE, V-F¥yiaLb—7
—, AR AMERBIVHARP SR D, KR
Ry FAKIEEOEEER) = FL Vv RHOREREY
v 7 (D=¢1.6m,L=1.6m)ZBELTAV, BELIERE
BIUERBOBEOEDIC, ¥ YV ABORIIENR
FrEUNMRIC L NS ROZFEER 4ARZTE. T
CRKOBENTICRKEAENZRANL, R FER
OBLZ1/2 (L) BEE/4 (L eAZOHE)
O EFRICHES @ 5cnfIBTERERIZATOOH
EEERELE. TOED, K FREBITHED
BE, 2T ENEERLVKEREOHUE R YR
I, By FEKOBEMNEEC.ET.£X¥— Gz
IoFV, BEEARBLC BV T 2cMRTT—% %
Hok. EREEEWSHEBTCEATRAOREZ VY

| Salt and Fresh Water Preparation J

Solar Pond Proper J

aVvERWTEBRASCERMICRERL, BERT
~10EBEIC=a 7 NVTRAELE.

2. 2 EKEBOER

V35K FOEKEOERIETHED LI LEE
EMALTAECRST, RTHEEEKOERE
20<Y, FOLEFA 72—V —2@FPELTERES
RE, BkOLBAREED oz, TbBb, KT
BEYOEKEY VI OFEOFRS LWL LER,
BOWERZEHPETCZO LR EOREDEKEER
#(0.21/min) THETRICER 2 &5 EKL, HEE
*EooBALY, BEICEKEZRALTLEAR
ExfRLE. ARBIES Ta0—CREEZ10E
BHLFTOL ok, 2P, EKBRINCI—TAK
ZKEKTERLUTRAVE.

2. 3 HREOHH
AEBTHERALEY—FY Iy —EFt/ ¥
Sy 7 (8kWX204T) BRFEL LTWVE. TOEERER
#6000k BB DO AR Y MV AHIEERRLICHEML
7 AT HIR(IIS C8911,AML.5) e EbNB. ART T
NAFIRS Y TADHBEHICIFLALREEENT,
E4FTOEAKE (W500h) FITE-—ETHD. &
Blr AT A EABCEEREEREERDCD, HWIRE
CAMULTORBICERTIOTHEVWREVLRTH 2.
LHL, AERICERLZ20@EOF L) V5V T TH

Heat Extraction & Water Feed J

I |

Recovery of salt
gradient laver

Fresh water

Solar Simulator 1

T T .

++

H

. H
Suction type 3
Cleaner

Evacuated line

P

= -

Changable
Ejector

=
©
©
~
©
“
o
=
®
]
™
®
-
P E—

] City water

!

i

Axiliary tank Flow meter §  |hatofoooooc AL e
sgitator e b
Thermo-
couples
0. 150° X
Heater ]
Punp

Heat Extraction
—

0
Insulation

4@

. Drain
|
rIIIIIS Z T

222223

M1 EREBS X UHEOBE
Fig.1 Schematic diagram of the experimental apparatus and method

Journal of JSES

19985




V=S RY KDY I 2 V—F —IC L B ENEE

2000

T T T T

— Solar simulator(Xenon Lamp)

= Moon's spectrum on Am=1.5
' f ' '

1500 f--ft--q--—---}--1

1000 |--td-do -

03 04 05 06 07 08 0.9 1 1.1 1.2
Wavelength A (um)

Spectral Radiation Intensity W/(m u m)

K2 MoonDRAARZ bv&Fxt )V ARYZ NVDHE

Fig.2 The comparison of radiation intemsity of
two incident rays of Moon's and Xenon's
spectra

BEINETDP2I 5 =60 AIRIE, RD2AT
BRAXLERBZEHbbhok.

ZO—2RR2ICARTLIICHBDORART ML DE
WTHD. RrsBHshrRIICRI2L—F—H
SDOHEMINRY MVIE, BRADEE L XN BNoondD
BENXLHLERR A/ ERYT. BICAIAXRY b
WiE, #HR0.83~1.0LumDEFHRIMNE THR W X84 Z K
DEHRZEETDIATHD. T§7bb, ATRDRARY
PVOBWESRIAREL Y REEBICHEI LIC L
b, Ry FCANBEORKPOLEBENBARDIE
BEERY, Ry FKPOBELSFEROHRNS VANK
EREEERTZILICRD. bRACKERICHL
EAREZIRT PVICHT 2R KEkOLBEBE %
BRESEHEIC I > TR, NoonD ZXZ VD Zh
CHBELTEIICEYT .

H3&bBEsrREIIC, AIHZARY MVEER
BRESFDRVATLEBEIERLOELLSEETL
PRV EEDDPE. O LEV—IKY FORIR
XEAEHEDZARY MV EEEDOH R BEBEEEE L
THEHHERILOEZRDTHS, BRELEEEAI &
STEHT2ANENHEIsRITRIERS RNV T
LEERT D, ’

ZOo®iE, AFHXOEETHETHB. Tov S
—FEBROXRESX(1.20X2.20)C, ZOHOET & K
STUTH4DERD 5 BHT 20T, ASkike10°52
BEOFTHRAZESATVS. BE, 2XAMEIC L
STIREHHEI0W/ do ASIcH LT, BZEFE
KEhEEABAZRET DL, Chi b
REELIAREINRY. BRHERGHY FETBORE

Vol.24,No.6

E s

1 T T T
P os! Neol O0~20% ! NeCI 20%
! i Pt |
e
oo [
[ I |
o 1 1 1
c L 1 [ |
E s e 1 [ [
D06 F--- - oo b —m PP e e e e o
‘E ! Cop ! |
@ ] %0 ! "s Spectr
2 X *e0,,, Moon's Spectrum
o 4 1 1°ed
L e e i B St + -------
— a 1 1 1
8 1 Cay o . .
o 1 .'--.__ Solar Simulator
[ \ Segamg e
R e e A e
ucz:
Upperl NCZ: Lcz:
Conveptive  Non-Convective Zone | Lower Convective Zone
1 1
o . I L 1
0 40 80 120 160
Depth cm

K3 ZEBEARY RICBI2MonD XY MIVBLUTF
) VZART M NVERAWVELEBRFEOLE

Fig.3 The comparison of total transmittances of
the pond water for two incident rays of
Moon's and Xenon's spectra

(UCZ: Uppper convective zone, NCZ: Non-convec-
tive zone, LCZ: Lower covective zone)

PE—-LVRVORY FKOBELY BB BHEEI N,
CNEAHXDOFEITRSZZICREAOEEN LR
LEdDEZLNSE. LAL, KFEOHSEICS
WTAFRIZFTRE LTHRo>T W 3.

2. 4 EBHZE

EFNVRYFDOF U VICERE, ARBB I TBEK
BhroR2R FkEFELEE, RERZRHBLE.
FREIFHFACTOC Y —Dx /) VST ER
EARDPLRIPOFEAFB L 22UE L EAREE
ATRITL, —ERHERBHLEEEILT—HDOER
EHRTTE. EROBEEEHICHEL, EEILC.ET.
U —TANTEELE. BBEHEELLDICEARE
DBEDFNREC LR TBH, 50CIcRsE TlEEKE
DEREA—NT70—, FKBOHELZTOREICE
KT BEFICH o=, BABORRAIIEEELOEE
EOBRLTRAEDICA—NT70—LIZFACEEDE
KEfE L. BRBOBENS0°CLLLIC 2o =B
BALARBCAMEBT>T, ZhULOBELCRS
RWESICHAELE.

V—IRY FORRTCRETI2EREISHD 51,
RYFREADPSOKDORBEOEEBIIAEN. BRREEE
HOEDIELDEFVHER " VxhTna N,
ThEDOEDOEBEDEDRRENEY, AHETIXEH
DEKBEKBREZERL, ChZ2REELLE. B
HERIEH-EHHERALREOD LTEBHELE. —
BY=0O0BREERBIUVHE SEEREROFHHE

KBELxILF—




F MH—-&lnk-EB5 5L EBE E - AIHEER

BEBIUFHAFELSEIC LD BRENICEL
TR,
BERBOBRLICE ¥ Y —EZRSEZHALL.

3. EEBHERBLUR

3. 1 RYFXRBDOZHY
EAREIERNERCOPDPDST, BHRE-E X
SIENRY FEECRLT2REDPBRESNE. £
DOFEFECLTBFEZEEMERECHEMLTY—FF
VROBMEECEEEZRITRADGHZIOT, REIC
BAKEREASEL—NT7D—ICLVIRELE. REOD
SEYHECR—EORENLBETH 2D, REBROD
BARABTIIEKBEOARRII/ NS, BEYERE
LRDIZETERVWHEERBORAPLETSH 2.
ZIT, BARABERBASI®L NI D-—DOREZ
HMHPEEEKBOEZOEKRERRY, ZOILITER
ARBOESIBITEESFI, VTR Y—FT
FOBHMEREICIEZEZRIETI LIRS,
EERIIBWT, 27 BETHEKEOEZIZHEAD
15em»> 51008 # IS X 35emic @R L= L BBEET
. ERKEBOBSEERZ LFICTV, REBOITHEK
BRIVAREBZEZEICREOILIERLEE R
LEZSNB.

3. 2 BFERKBORBRULBNERIEER

FRETEKBOREETHEVHABTEALED, 3.
1BIZEAEZLHDD S —2DRERELTRO LD 2
ZeHETFBERB.

Thbb, H2h6braL5, V=¥V
— 5 —DF ) UHRBEDRRYT N IVORFHEIL KD TR
REOREVEFIINETEIRAEN. ZOT &IZEE
TNERIIRY FEBOBKBOBEVWHS TR M,
BKEORELRZL 2632 2EB%RT 2. Thid
H3DHRY FKFLLBBEOHBRIPLEWL PR L
302, ¥/ UHBIEHE L FKFE20enTHROE0GD KT
ANVF—2BIRTEI LIRS, ChiIZBEKBORE
TRy, BEARE LHCREREEARZLE6T
NP -

M4 EBRHPOEKBOBREDERMA L BHOE
2—HOEMTHRY. MrdbbhraLdic, BKEOD
BEIHROZBLLBICLREL, EREKIAZE
8O0H&BTIEMNIICOBEEZETHREL, AFXDE
BIZXoTLETEEB T2, EREHKOBEDORS
BEIFICCULEICETZ. AERILMICIT22DT
ZFRIFEHTHIICLEL, BREEADOEZREE &

Journal of JSES

50

T
0000610000#0000?000:[;('500
I 1 P!
! ok X X Kk X X X lx
. P
O 40 | & UcZ(3days) I
° © UCZ(80days) |
O LCZ(3days) '[ é
° © LCZ(80days) M
ey * LCZ(80days) at 4cm 1
330 from bottom | 71|
E L] ' | ° I ! |
© o..+ ] 1 I 1
o ® o 1 |
£ | ® e 4 ® | -ﬁ.l
) ! ] __] ]
= 20 F----- i Bafaditiding ‘— ————— q- - - == T
1 \ L ! (]
| | el e
8 BpowoBG0pgpnoo
oBesggggesce " |70
10 L -
[ 5 10 15 20
Time h

R4 EBROPEEHMICBIB0ILICIO01IBERER
1t

Fig.4 Temperature changes of UCZ and LCZ through
a day when different No. of days elapsed

DEFREVEDELMADPFELEL, SLREIEE
THOKRERBEEARIILIVFRELRYAEBED £
HHEETh, BKEOES L BEOBRIIDEN -
EbDEEDLND.

3. 3 BREIh/DEEDEE
BESNhELHARBZEEOREBICRT =, &
EEEEToOE. BEEFEIET LTEHTERT A
Ja—H—2BBEIhEAEBORELEICEELT,
2RINEHEEBEZY®-< Y (0.31/nin) REMWM 2.
Jio, BLEBT, 2OFA 7a—Y—z2fHW, KE
RO ZEAUARTHEEEOEREKZRALEEA
LTBET I LNTER. BEE, C.ET.E U —
LY BEAEZT AR, WHECEELTWD
PRI N

3. 4 HKEMRBOREEIL
M4liREKBEEL L ICHNREREOFHEE
BIUEEMED 1 HOBEELOHELTH 5.
IhbbhBLdCERKBICLN, HREREORER
B, ZOEMRFEFECECHPRILDPDRE. IO
BE, ERABOBELRELELLEAR Y —SHY
FOERBELRD, 2B, EREBREEOLRIOLT,
EEMEOBEH S CERABFHEEIVEVNI L b
5, EEH»SOROABAENI LHDRB.

3.5 SOEMBRACO>VTIOEE
EEOY - Ry FIEBWT, AREBDERITTH

19984




VSR NERED Y I 2 V—F — LB ERER

PHLETL, ERBOESIFRETHOICRLT,
HEEOESHHRLICEI Y, TOREELS L
b ZRRECEELRC L RoTHELL
HABRECBIANRIAREEIONS.
ZITCTHARESRORE*BE T ADICER
CBE—F EETBARERKY FEAICED, B
AEEE LROBOBEANKORNEREZERLE.
AEBLL2ERZRIEBVCHBLC LI VBRI E
ZHREORH Y — RS ICRYT. MEbbhd &
3012, E— YR IV MAT N ERETHOEKEMR
HEEN LR EENETLTEIRD, Z0OEN
IV LERERERD. COLRRRERE L ARED
BREKET 2 L HERCERA2HER RN, IO
CEBEEOKMIILIVARBO THEEERT LS
B2ETZ. COFRARERBEOREFGVTY, £k
ARBEAEAMEOREARDPARIIYELI R0
T, ThICE->THARBRTHE» BRI WES AR
BIUEL 2B LMIRTES.
WEAERIC BT 2 BEARBORENEORR %
REIHETTRT. BroARBIIBI2BEABD
HEEIARBETHTIEL, LBTRARI YD
DB TOZLRARETHOBREERIBVY, £
HIZBR2ILAFHEIN, RECZOLIRER
> TW3d., Wo1IE>, BATOEBODY—-FH Y
FEBOWTIBEOERER o aRBETHICS
WTHREARIAREYD, EREOBELRLEL
FoTEEEBBhI L AENEh .

3.6 RVFEREV»LDERE

Boundary surface NCZ
beiween NCZ and LCZ

Region_of erosion

Natural
conveclion Lcz
fow NeCl 20%
- . .
e,
Heater )
[ 1

K6 EBEHRBORELIRCIVEZ2BAMKORD
N —VBILUEBRNRIC L 2ABREORE

Fig.5 The flow pattern by natural convection
caused by temperature rise on the LCZ
and erosion of NCZ due to the natural
convection. ‘

Vol.24,No.6

ARRICBUZRY FRAPSORREEZEKER
L EOEREAE (BKEARBLA—NN7D—
KELDE) TRILRIDOBHYTHD. KLV HHK
DAL, BKEOREN LRI 2L LIHIEKDE
HREABTRDBARRKEIHEKRT 2.

E\W RV FRACBUI2HRERE
Table 1 Amount of evaporation from the surface

of solar pond

No. of days passed| 1 10 © 20 30 |
Litter/(mday) 2.3 3 4 5
No. of days passed | 40 | 50 | 60 | 70
Litter/(mday) 6 1 9 10
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