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i. ground' ~ 

S T gradient solar ponds ae es 

eergy in.-e regi where salt, rind sunshineSvater, arre plentiful. 

in the, "'solar pond in 


enlvhojme6mr4, where the soarlpond ~I located.' Th're Is a~n ed t:idenia' 


The physica end chemicl .processes ract with -the 

h~­
dorninant eeernal effecl ard the e tent f these effects, ontep,,~ra of 
thie ,ond4that' ..... oratonl contro-action can..e. 

dprorat1eoi Sid 

sat cadit oca pond technology, is relatively new. The conditions in theA. 
y~pond are -xree fo cmercially available iinStrUments which ae'sdt 

soori in order iii:lii@ i; 4ii"'""":" 

monitr,ops 6ti dilos This results in a dt eettit-
g i lm ooo a addional reoundieont 

Uia'I 'f 

' develop a'ppropriate measuring Instruments which are low 

I, : s: cost ad, robust enoug~4 
~4to oithstar,,1 such conditions. 

Ths^roject began Its activitizs in Ji~rne ioa. The con stIructio(In tof tAO, ~Sl 
7grdient s',ar ponds wiith 'a surfnce nr~a of 5o squarematers ec habegn 

S~planned. I1cass soa.pnCCir oiprne)nt has~been desige and built. 

2, '.rJ objective and specificobjectiOE K K jS; 

~. ~, ,This Cesearch study is, an, at.e t~ suy h [BL Iuufd~~ 

" ! to, s tc "di ubn es.ot h e c a l th r pc l mt e r l g c l c nd t o s n t e o n e i c'''' sa gradiet solar -piond' res'l
 

4'answ,er ,the qiuesto,* wa ex'."do Ahe. tropical weather> condibons :affect.
 
~V~he _jpper irrierfacial boundar tfhe'sl rdetzn ot, h oar nd
 

<;1Jeov/erall. ai) 'o, the project is to develop a,smp P ro(,cdreP ,r sclnr% ­

P'rll .- cou~ntries, in area giveDe" ,:r lesdevbloped triclhisjivill 
LODC s with an addiomAl~ energy,. alternative with get potenticl ~for futuijre t 

-< 'j 



-'ifY (D'f C-r rcF,0 16e "vuor 

so gr Cment1ins E',r P 0 , 

iii)To podofr operation in such ae~)ed~~procedure nba 

wva y -the I heP effects Of PXterno di s'lrbn es cinth salt gradient are 

101 -C r'C , 10 8 9 9 

2 2 Oojcti~esfordhf 

's anincara er d~ crcr ee Hy' 

Visi loev r~e l b-afhajresearcre.h ~c~ dok tn 1sTo Iapn oh;i on\ar nd 

0~0 

~~~~ IFeprcuernt o cupeL
 

1)Rie o f researchc p novate s oed condt ci
 

oe u npndwu *be eirdI%,Er ---I fuuhe carrie asth 

0~ ~-.~ 0 - -. P>-P 0~02 



Ir 	 een of eq'uiprr5a t 

ec cal des-cription 'orfmajor equipment items~were specified Pu~'cfW F 
o ose Iec hnc ally' ',wii specified ite riwere ca-r1ed out in; pifrsua l to 
prore e procedures.~~ ~ 

* 	 Conintation of solar, pAOd des!n and, construction
 

Striuct~ural design ;vfoh 'cquareA moter stlar- podsan' [ ei
AtVA5o 

occ ass rias ,,a performend, by part timeiy hringof q ctiil"engineer'rgq 

-ib 	 ~tntal building Contractorsstofrne, 	 Wvere appraced o os x 

.33continuation of theA electronic hdrome ter~ design and constrUCtiOn, 
Design" and, construction of a scaled,-,down model of scanning, arrag., 

0I Continuation of the electronic hydrorneter design and'construcion 
iechnical specifications of verdous~typ's 01~if pessure "transduc Er9s 1, 

j a;:ewr x as "potential -r,.obaFes o elec lron'c hyrir IA.
o'ami ned 	 mnsurinc 

?Motorcla 1f'X 2050 ~Pressure sense,-:, vere. purc'hned' f-, e, priment! irin,4~ 
AAAT",~ ii) Design and constructio-n o-f a sc2.!nd.4d.4on :node--If c nn A-

Three Versions of scclea-down oo~lf the 'scanning, :cwrge wre~ 

proposed. one of the, three versions ~was 4considered mrersappropriate than ta
 
rest Th~slct veson w'as bujilt 'ad tsed 6~ detefrrine the e'ffecL tA
 

corrosion w.hen used solorpcond environmient,'
Ain 4 

.3.]It~,Visit'4to. lsraiel by 'a Thai' ressiarche~r -and, visiL t 'Thaeila d,by "I t2-li 

collIsraeli 

-~ A ' on," ' .lo 4,4 e'4 

i'4'4 

fl Attscemule werei tmhe for Drict afTheonv 	 F,iJith hThid t 	 b , 
pos,'pon~d, AA4 

]j4 

444 4.'4 	 444 A~
1	 ~''4,4 '~ 4~ 4 4,4''V 



3.s Review of first year's work at KKU by ali collnborators in 

coreonpcence ,vi c:.;nterpnrF.h :srvep 


Progress reports were requestec from all research participants. A review
 

meeting was held in May nsa.
 

4. Results / Discussion 

4.1Review of research works on the so!ar pord rand procurement of
 

eq uipment
 

i) Review of research wor.s on the solar pond.
 

No relevant resu:!
 

ii) Prccurem,. 'f rr'irr­

i:cui'pr,en: rc.rcre 
, ,, c 
... ............ f r
,crrLn... ... " "h SE ....... cor... ul.r ", rj c ,,,se 

in bolh technical and adi-,inistro.ive wcr,,. 

Equiprnent Itermns with technical specificalicns redy for purchase 

1. Graphic printer. 

2. Data cgger.
 

s,Interfacing adaptor for data logger.
 

The rnicrocornputer piJrchas~rg lco , very iorg tire because the t.'aicna 

Computer Cor-irttee of ihc:!ond £tip,.e !:hat gk'P,,verr,enta! cenrtment 

acquiring a ccrr,putr sys:e. cr ils c.',,re::.cr:,,er ire : suhmt r 

Froprosal to the cornriitee f,-.rnprn hef,:re r.ceedica vith ihe poc-.rerrenl 

procecdure. 

4.2 Continuation of solar pond desian onc cons!uc:icn 

'4 
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S~ced sit8fo ota, pd cs ti6~a Osbdf 

e:lersity, jhe proposed construction site hadbeen epprovedv e loato 
o ae pproved~s~ ~ i ~> K~ 

dawings 2rd 'plons of~the soo" podcn h~ cesre 
6ty neerjas anndserjr thi acssc 

.3 cnliuatiinof a~'electronic'Thydro~meter dasign' n 'nsrcin n dcontruation 


e onoe of' the 'scannng
 

as;, oana -co'trucarriage 

of t*ne dsg-n 

06'relevanit result 'r
 

(i) ontinato eectronhic 'hydrometer osrcin' 

-~(ii) Design and con-struction of a scaled'down mnode!" of the'scanning4, 
carriage, 

'The result and discussion isattached as annex I.~ ~ 

:,j Visi'to js-aei b\ n Thai 'researchrad ll:trnindb Irei 

collaborators. ~---44 

44 No relevani result.4 
. 

e,!5Reiew or first, year's works at 1'KU by, all collaborators ;in 
co&rrespondence with Israeli count~er parts4 4 

It ',,,as-estimated that tne actua. research program ~work carried out was-.
 
mn.onths, behind the initial scnedu'Ie. jhswas the reutof three mi 
 a-ues
 

W~44*i The absence 4of the principal investigator, during his study leveto~­

(iUnexpectedbiureaucric pmcd Inprh sineip nV.I. 4 , 

-:specily crocmyipter4,. *~,HP rrm .- -. i 

cons truc tioni prjc t due o-6onstrUCtiicn boom,'and construction 
'natribs~&stJ2e'jh~~d4f ~>' ~" '<,4~-~' >.4 

mol~'4 inTh~nd ,'S 

~ r-.~ ' ~ ~ 4 44 - 44-4 J,'4444 -



'5 Re arks 

~A~A 

A ~AAA 

Wokoanfhee 'ehPifr old (Juned -cN'~~omdesrleeee tb ed 

o aAA isd riaacs oes en ml lo ,- n-e'A4 isAnn 

pon A i lr -l 

6. ConQfti%ation on trw- e~ ca n$d c ns zon of escir per 

aCCE~r~S ~o~rnn~d irc~oI~I~niesurng I~Iu~e~sn-~;.4 
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ANNEX 2 44 4 

Costut nP 'frSolarPonds and'Their Accessories 
Litof Cbristructions -4 4 

I ~~~ 
FDescripiroR

~Sol or~ .onds 4 ~ ~ 
S17Tze 6 r)x Grryx3mX 3- m 

44. 

44444 

'~ 

wiplystyrne; foai n Jn'rI lion: and uiltraviolet ~~44 
A -'~--~ 4resistant PVC liner (1 mrQ thick)~~ 4~,~

K~K~ci>-- ccrnpact- soil aI pods, ttor4~7-~ ~Vm44444 4 

Inslrurnent HutV 
-sizemMX 4 X 2.6M 

34-41'T 

S size C.-'J 5 rn) 2.5 rr~~j-­

414 

-with ultraviolet resislant PVC 
ccopsc I soil at bottomn44 

liner (osmm th'CKI 4 

~~<. ' 4 

5 Mrxing Ponds, 4 

midcmee,5r, depth o.5flm 
4444 4 

6 -Fence 4 eGate , - - 4 4 

40 m X 4.'4 bed- wire fence w~ith 
to' prevent anirna!s~from entering 

44~4444~ M4444 X 1 6t 

4 

wire 

DO 

-44 

mnesh 4~~ 

4(4-444 

~j '. 4 4 4 ; 44 4 4 4 4 4 4 4 4 3 

44444-44.414 .- - hb ~ oa e~' 44 4 4---48 

r4 
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Thermocoupte Instalations
2 layers are InstatJed at 

f or regular measurement0.25m & 0.75m beLow the ponds' bottom
totalLing 16 -teasuring points 

byJ.LImtragoot & SLimylngchoroen 
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Thermocouple"for heot Installtionloss measurementcs 
I I J j3 layers are !nstaLed cit

0,25m0.75r & 1.25m
below pond's bottom 

by JLiMtrcigoo & S.Llmylngcharoen 



III 
II 
II 

! 
! 

i 
I 

1 

1 

1aI 
III 
ii 

I 
ThermocoupLe Insta LL ions 

I Ifor measuring heat~ loss 
through side woaLL
4 Layers tare insttaLted t4*M25MO,75Ml,25m & 1.7 5m 

By J.Liviragool & S.Liylngcharoen 



ANNEX 3
 

SCALED DOWN MODEL OF SCANNING CORRIAGE
 

1. 	Gener'i! te..X.riphn 

A scaled V,.an rorid of mcanngn carriae .wsc cinsi i.wec"s in Figure 

*he model dri.ing system is rYven as n hock iagnrm in I-c're 

he model was tested to- deternne the effect c. corros ,- in heated sailt 

brine for so hCUrs. 

step~pi,,, motol,' 	 -' 7
 

coupltd to 	 Y 101/;Ibber 


Posi, 	ionalI 

I i 	 l. ight
 

Plastic carriage 	 Copper guido 

Plastic pulley iGuiding copper 

rod 5 nlli 

)inen,,ioI in centimete c.ept otherise stated 

Figure I Scanning carriage model
 



LOICUI 'Er, -- [[F I hCTO -F 4RPA 

I IG. 2 CONIRIGL Si$1llH FOR ,'ALE-DOWJIJ 1ODEL FCANI JO C ARRIAGE 

lest of Scanning Carriage ',d 

2.i Objectives
 

(i) lo determine the effect of corrosion of copper in heated salt brine. 
(ii) To investc!e he movement of the corriege mcde! in the heated 

StU brine
 

A) io deWerrIne r- "r....,
 

rF.tu... z Ic',:e."r 

iClss cknder :direter 0.24 n. lenht ow ri. 

Scrled dovn r.,ce! .-f -c~nn;n crrri.ge. 
T'r.- " '. . , -n V .Erg!- '' 


.reCi -. ,n......
 

c Reference mnet (a pece of ircn) 

2.3 Procedure 

I rLOCE At tKe V stur5:ed sat brine up tc 2e5 rrrtf,WE.. *e 

high in ithe g;rss cylii er. 

2 Mesure th w.eight of c ,per ncrs cf the model using procision 

scoe. 

2 P~No= n srg. r r.{;e areI p te Met! in. rc, ad tnce reererce 

the glass cyhr,d, 

,Plced thl err ."eer ; Me crryae which is submierged in the 

brine. 

EInsiel spA I1 t" "" ,s !a nest ne slt brine ,,jus! he Iaps 
using a I;gn d,'r,'er and njusi the cistoQce CA W w ,ps slands 

from the crss c,, 'er :, regu-:G!e the ternpfr?. ,-e of the brine to 
o ':c.
 

, !enrure the .tlr,ee:',eern :orer ports and lhe reference metol 

-i: 
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7 ,,\frt r ,6n]'r rs 

the ;'cV c-s 

e:; 

d 19 

e c '?.e 

,.;,esn 

n , + :,:. n.,s, :, ac 

p!oltec, ir-+:e :, 

Li fie 

(hours) 

PF' lt cf 

Rod vo]t.aaL, Il1 

(vol ) 

Po ind ln I 

Rod voltage 

( ol ts ) 

2 Rod voltage 

(v'd t.'s 

3 

1 0. 7109 0.7098 0, 7050 

5 

G 

7 

8 

9 

10 

11 

12 

13 

I 

15 

1C 

U.G 2 9 
•.6550 

oi. 62 9( 

0.r,,91 

0.6280 

0.631,10 

0. 6:25 

O..6190 

0.6187 

0.6152 

0. 5376 

0. -135 7 

0..15 5 

0. 1334 

0. LG71 
h. ,)Gl 

Ii. (1281 

0.G290 

0.6290 

0.6140 

0.C324 

0.6285 

0.6291 

0.6183 

0..1641 

V.161 (; 

0. 4616 

0. 4452 

. 
0.Gi,.0 

U.(:-,, } 

0. G11 0 

0.G380 

0.6100 

0.6175 

0.6190 

0.6092 

0.6117 

0.4556 

0.45 19 

0. -1,115 

0.4327 

I.,.A pie " ,,r i5:. ' i (as,rF:5"¢~c eecr.. 
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1. 	 Introduction
 

Salt gradient solar pond is 
 an alternative
 

approach 	 to 
 store solar energy for continuous use 
 in a
 

region with abundant sunshine and 
 few other alternative
 

sources of energy. 
 Thus the utilization o? solar 
 pond for
 

production of 
 energy offers tremendous potential 
 for less
 

developed countries 
 particularly 
those countries in thr
 

tropic which have 
scarce energy resources and 
little forestry
 

left but long sunshine hours.
 

This research program will 
 concentrate its
 

activity on the opeatioy3 and control of solar pond as well
 

as instrument development for 
future applications in LDC. 

Two ponds (each having a surface area of 50 m 2 ) w,' be used. 

One pond will be used for the study of boundary layer 

interfacing between the top convective zone and the salt 

gradient zone. The second pond will be used for the 
study of
 

the manipulation or contirol of 
the salt gradient. which acts
 

as heat insulator for the pond.
 

J\
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2 ObJectiveu
 

2.1 Overall 
objective and specific objectives
 

This research 
 study is an attempt to study the
 
effects 
 of external disturbances, especially 
 the tropical
 

meteorological conditions, 
on the top interfaclal boundary of
 
the salt gradie, solar pond. 
 Results of the research should
 
help answer question "To what 
extent do the tropical weather
 

conditions affect the upper 
interfaclal boundary of 
the salt
 

gradient zone of the 
solAr pond?",
 

The overall 
 aim of the project is 
 to develop a
 
simple procedure for solar pond operation for 
less developed
 
countries 
 in the tropical area. 
 This will give LDC with an
 
additional 
energy alternaLive with great potential 
for future
 

development.
 

Specific objectives 
are the followings:
 

i) To develop electronic hydrometer 
for monitoring
 

solar pond 
 conditions.
 

ii) To identify major 
factors affecting the top
 

interfacing boundary of 
the salt gradient in
 

solar pondo.
 

iii) To develop appropriate procedure 
for solar oonrl
 

operation in such a way that 
 the effects af
 

external disturbances on 
the salt gradient are
 

minimised.
 

2.2 Objectives for this peritd 
(June - November 1988) 

i) Research activity planning 

ii) Initial 
survey and data gathering
 

iii) Preliminary design of the two 
50 m2 solar ponds
 

iv) Initial design of 
the hydrometer
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3. 
Progress work for this period (June-November 1980)
 

3.1 Research activity planning
 

Meeting of all researchers was 
held in June 1988.
 
Planning 
of the research activity at KxU and collaboration
 

with Israeli collaborators were carried out.
 

3.2 Hiring of staff and procurement of equipments. 

An engineer (Mr. Rungroj Changprung, B.E.), and a technician
 

(Mr. Supachai Srlkana, Higher' Cert. 
 in EE) were hired
 
beginning May 1988. Equipments as listed in the year 
 I of
 

the proposed budget [13 
are being ordered.
 

3.3 initial design of the two 50 m 
 solar ponds
 

were, carried 
 out. Expected temperature and salinity
 

variations from the simple solar pond are
model shown in
 
Fig.l. Tentative site lay-out 
 of the experimental solar
 

ponds is in
shown Fig.2. Structural design of the solar
 
pond is in progress. Once the design 
 is complete
 

construction of 
the two solar ponds will begin at a designate
 

site.
 

3.4 The eIetronic hydrometer design is in
 

progress in cOnjunction with literature review 
on its design
 

and construction. 
Some electronic circuits 
were tested in
 
order to develop a suitable design. Initial 
 design of
 
a scanning carriage which will 
be used with the electronic
 

hydrometer is shown in Fig.3.
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4. 	Workplan for the next period (December 1988-May 1989)
 

4.1 	 Extensive review of research works carried out
 

on 
the 	solar pond and procurement of equipments.
 

4.2 	 Continue on solar pond design and construction
 

of the two 50 m2 ponds will be carried out at
 

the selected site.
 

4.3 	 Continuation of the electronic hydrometer
 

design and construction. Design and
 

construction of a scale model scanning carriage.
 

4.4 	 Visit to 
Isr'ael by a Thai researcher and visit
 

to Thailand by Israeli collaborators.
 

4.5 	 Review of the first year's work at KKU by all
 

collaborators in correspondence with Israeli
 

counterparts.
 

5. 	References
 

I) 	Monitoring and Controlling the Salt Gradient in the Solar
 

Pond, US.-Israel CDR Research Proposal, Faculty 
 of
 

Engineering, Khon 
 Jaen University, Khon Keen 
 40002,
 

Thailand.
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Fig.3 Schematic diagram of a scale model scanning carriage
 


