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i. Background 

Salt gradient solar ponds is an at2rnative approach to harness solar energy 

in the region where salt, water, and sunshine are plentiful. 

The physical and chemical prucesses in the solar pond interact with the 

where the solar pond is located. There is a need to identify theenvironment 

the performance ofdominant external effects and the extent of these effects on 

the solar pond in order that appropriate operational control action can be 

developed.
 

Sall gradient solar pond technology is relatively new. 	The conditions in the 

pond are extreme for commercially available instruments which are used to 

monitor, its operating conditions. This results in an additional requirement to 

develop appropriate measuring instruments which are low cost and robust enough 

to withstand such conditions. 

This project began its activities in June 19B8. The construction of two salt 

gradient solar ponds with a surface area of '.o squaremeters each has been 

plan ned. Necessary solar pond accessory equipment has been designed and built. 

2. Objectives 

2.1 Overall objective and specific objectives 

This research study is an attempt to study the effects of external 

disturbances, 	 expeciaily the tropical meteorological conditions, on the top 

Results of the research shouldinterfacial boundary of the salt gradiet solar pond. 

'To what extent do the tropical weather conditions­help answer the question 

affect the upper interfacial boundary of the salt gradient zone of the 

solar pon d7". 

a simple procedure for solarThe overall aim of the project is to develop 


area.
pond operation for less developed countries in the 	tropical This will give 
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LDC-s with an additional energy alternative wi'h great potential for future 

dcvelopment. 

Specific objectives are the followings: 

i) To develop electronic hydrcmeter fcr monitoring sclar ponds conditions. 

ii) To identify major factors affecting the tcp interfacing boundary of the 

salt gradient in solar ponds. 

iii) To develop appropriate prccedure for solar pond operaticn in such a 

way that the effects of external disturbances on the salt gradient arc 

min imi sed. 

2.2 	 Objectives for this period (June 1989 - November 1989) 

2.1 	Solar pond construction. 

2.2 	Continuation on the design and construction of solar pond 

accessory equipment and installation cf measuring instruments. 

2.3 	 Solar pond filling P.nd salt gradient establishment. 

2.4 	Continuation on the design and construction of electronic 

hydrometer. 

3. 	 Materials and Melthods 

3.1 	 Solar Pond Construction. 

Invitations for construction cost quotations were sent to 6 potential 

building contractors. Only one contractor turned up to verbally quote the 

contruction cost. The quoted price was 78o,ooo bahts excluding pond insulation 

and 	lining which was considered too high. The quotation was not accepted. 

Four more building contractors were approached. The lowest cost of 

740,ooo bahts was obtained from Khon Kaen P. Panich Ltd. Part. The construction 

began in June 1989 and was due to finish in October 19i9. However, The solar 

Ponds were found to leak and the building contractor was called to repair up the 

leaks. 
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of the accessory equipment3.2 Continuation on the design and construction 

and installa.ion of measuring instruments. 

Solar radiation measuring instrument was built by a fourth year electrical 

engineering 	student as a senior project. A small photovoltaic panel was use as a 

assolar radiation sensor. The phctovoltaic sensor gives out a short circuit current 

a function of incident radiation. The current was then converted to voltage by a 

to an appropriate voltage range toshunt resistor.This voltage was then amplified 

data logging device. Temperature conpensation circuitenable interfacing with a 

was also employed to keep the error of the measurement due to change in 

A prototype had been completed andoperating temperature to a minimum. 

wastested. An improved version which will employ betler electronic components 

planned. 

The construction of salinity probes was carried out by another group of two 

A methodfourth year students. This was also set up as anothe senior project. 

similar to the one used in measuring soil resistivity was used. A constant current 

source was built to inject a current through a pair of electrodes. Another pair of 

electrodes were placed between the current electrodes. The potential difference 

of the latter pair of electrodes. was measured to obtain the conductivity of the 

of thesalt brine. The conductivity of the brine was used to indicate the salinity 

brine. This piece of instrument had not been completed yet. 

Thermocouple wires were purchased and were installed during the solar 

solar ponds'pond co-nstruction for measuring the temperatures underneaths the 

bottom. This installation was made.to enable the detection of heat loss due to 

underground water flow. 

3.3 Solar pond filling and salt gradient establishment. 

The work on solar pond filling and salt gradient establishment was not 

possible due to the leakage of the solar pond lining material. 
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3.4 Continuation on the design and construction of electronic hydrometer. 

were
Pressure transducers model MPX 2oio DP, MPX 2o5o DP and MPX io DP 

thei'rexamined. The transducers were connected to an amplifier to increase 

to determine potential
sensitivity (see figure ). Experiments were carried out 

problems. 

AJZ =2C 3 T VATER LEVEL 

a=E PAAT wLAH 24 cmM 

flours I.fletd tr~oct of pressune sersasr 
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4 Result /Discussion 

4.1 	 Solar Pond C-onztruction 

Photccraphs of \,arlcus phaes of construction 

Photo i. Earth wa-: 

partially removed 

f:)r plci n the 

fnundstion of the 

solr pnnds side 

w.all s 

are 	sho-wn as fojloV.'L 

Photo 2. Steel 

reinforcement 

for side walls 

founda:ion was 

installed 
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i.l"f,,-rc m e m 
."Al 

!.Wirpc;nds 

Vfi f,-)7rncd. 

• - ...A -,. 

Phcto 4. Ccnstruction 

f37ms fDr the side 

,vla s vere crected. 
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hot 5. Concrete 

castir,L. 

444 

.4. 

Photo 6. Polystyrene 

fDams for side wall 

•,hcrmal insulation. 
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Photo 7. Sidewall with 

insulation installed. 

Photo a. Drainage 

system underneath 

the ponds' bottom. 
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Photo 9. InslIlation 

of thermocouples. 

Photo io. Preparation 

of lining material. 

Photoh i.Installation 

of liner. 
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Pnotc i. &ijlar pci ds 

w ith liner installed. 

.--,'.';
 

Photo 13. Earth 

preparation for 

evaporating pan. 

Photo 14. Evaporating 

pan structure. 
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Photo j 5.Evaporati ng 

pan with liner 

installed. 

Photo 16. Earth 

preparation for 

brine mixing 

an d storage 

pond. 

L:I 

Photo 17.Brinemixing and
stcrage pon d.. 
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Photo i8.Erection 

of instrument hu,. 

(-AC 

I --- .i


Photo ig.Instrument 

hut. 

S. . 

- -. ,_- .ES. 

-. 

-.-
12 

12 

Photo 2o. Constructii 

of salt storage. 

>._:---- AVIABLECOP 
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"' 	 PhfOI 21 Stilt strora e. 

A.4 

4.2 	 Continuation on the design and construction of solar pond accessory 

equipment and installation of nieasuring instrument. 

a) Solar radiation measuring in!-trument 

A protctvpe solar radiation meter was obtained \with a measuring 

ranQe of o-ooo wal:.s/square meter, with an accuracy of +.6Wa ts/square meter 

,ith in an operatin temperature range of 25-75 degrees Celcius. The sensitivity 

of the radiation meter output was 10 millivclts per walt/square meter of 

incident radia-ion. Detailed explaination of the radiation meter is attached as 

Annex i. 

b) Salinity probe 

on aluminum, copper and chromium plated electrodesTrial experiments 

'ere caried out. Corrosion occured on all the specimens resulting in unsatifactory 

'esults. 
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4-3 Solar pond filling and salt gradient estabilishment. 

Due to leaking problem, solar pond filling and salt gradient establishment 

was possible. 

4.4 	 Continuation on the design and construction of electronic hydrometer 

It was discovered that the output range of the selec"ed transducer was not 

appropriate 	for use as a sensor for measuring brine density. 

Additional problems were alsc identified as follows 

i. Submersion of the sensor in the salt brine was not possible. Direct contact 

of the sensors with the salt brine resulted in damage to the sensors. 

2. Surface tension and capillary effect caused uncertainty in the water 

levels at the measuring ports of the pressure sensor (See figure 2). Glass funnels 

were attached to the measuring ports to reduce this effect. (See figure 3) 

5. Collaboration with Israeli Investigators. 

It was agreed between the Israeli and Thai investigators that the 

collaboration work will be on "the development of a scanning probe to obtain the 

temperature and density profiles in the KKU solar ponds in situ". 

A literature survey on density measurement technologies was carried cut at 

the Tel Aviv University. A density measuring instrument based on Archimedes 

principle was developed. The progress report received from Israeli collaborators 

is included as Annex 2. 
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rMA . LE MlVE Y IN E FDR 

ADJJJSTMhI WATER LEVL 

SALT DR ,E 

CAPIL.LARY EFFECT WITH ZEfMM 

F~gure 2. Coapftwy effect an meassrtftg Ports 

6. Work plan for the Next PerioQ (December 1989-May '99o) 

6.1. Solar pond filling and salt gradient establishment. 

6.2 Continuation on the development of electronic hydrometer. 

6.3 Contimuation on th'e construction and installation of solar pond 

accessory equipment. 

64 Solar pond Commissioning : Collection and measurement of relevant 

data. BEST AVAILABLE COPY 
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YR45E FURSINJECTIVE SYRINGE F13R 
ADJUSTING VATER LEVEL

LEVELADJUSTING WATER 
-SALT BRINE 

CH 31 CM 	 WATER LEVEL 

TU3 REDLEGLASS FUNNELS WERE USED 

CAPILLARY EFFECT 

- 21L4 CMGLASS PDT WITH 

Flure 3. 	Gloss Furewls were used to 

reduce cckp, ry effect 
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Annex i.
 

Solar Radiation Meter
 

i. 	 Objective 

radiation is required forA meter for measuring the intensity of the solar 


the solar pond project at Khon Kaen University.
 

2. 	Design Considerations 

The following features have been maintained throughout the design and 

construction phases. 

i. Measuring range o-isoo watts/m2. 

2. An 	accuracy of + 5%. 

3. D C 	voltage output (0-15 v) for direct connection to a data logger. 

4. Minimum drift due to change in operating temperature. 

s.Use 	of locally available components.
 

3. Principles of Operation 

meter 	 can be decomposed into functional blocks as inThe solar radiation 

Figure 	i . 

/t
Solar 


Te periature 

Figure i Block diagran of Solar Radiation meter 
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The solar radiation is converted to an electrical signal using a small 

photovoltaic panel. The short circuit current of the ph :ovoltaic panel is 

This short circuit current is then ccnvertedproportional to the incident radiation. 

to a voltage signal using a shunt resistor. The resulting voltage is then amiplified 

to give a voltage level which is compatible with the available data logger. 

The short circuit current of the phctovoltaic panel, however, changes with 

the solar cells' temperature. A compensation circuit is then required. 	 This is 

using aaccomplished by measuring the temperature of Lhe photovoltaic panel 

The output of the temperature sensitivetemperature sensitive integrated circuit. 

IC is then modified to an apprcpriate voltage level and correct temperature 

temperature compensating circuit. Thissensitivity. This is done in the block call 

corrective voltage is then added to the output voltage of the current to voltage 

converter. The resulting voltage is then amplified to a voltage level which can be 

directly connected to the available data logger. 

3. Construction and Testing 

3.1 	 Sensitivity measurement 

A small solar panel (see Figure 2) was connected to a 0.05 ohm resistor as in 

Ficure 	3. 
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Figure 2. Photovoltaic panel as a radiation sensor. 

I I 

Solar CellN- I 0.05 Ohm Output 

L 

Figure 3 Test Circuit 

The solar panel was then placed is an illuminated box whose light 

intensity and temperature can be accurately controlled. The light intcnsity was 

,hcn varied and the voltage across the resistor was measured to give the resul' in 

Figure 4. 
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Figure 	4. Sensitivity of photovoltaic panel 

3.2 	 Temperature Effect Measurement 

An IC amplifier employing CA741 CE was used to amplify the output of 

the current to voltage converter. The circuit of the sensor and anplifier is shown 

in Figure s. 

VRESISTOR _Ti 
R? RS(47 '> R-e R4t47-0 V)Voqut)R7-R± 	 CI3.eeL= <"I> 

-V RESISTO RESISTORRESISTOR 

Ff--cISR.LM-4 T0 1N 
R-V* II-fS 

RFMISTOVAR R ?--=R3C 14C*O: 

BES 	AVIALECP
T0
RC i. rk SK//A0OK
 
RESISTOR
 

Figure s. PV panel, I/V Converter and Amplifier 
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This part of the circuit was then tested by maintaining the operating 

temperature at various possible temperatures (25-75 degree celcius). The radiation 

i,tensity was then varied. The result is given in Figure 6. 

-1 
1-/sq.m000 =_ -' 

800 V/sq.m 

I-­

"-.......
; boo_- _-------

U 6t00 1,/sq.m _ - - -----*-" .. . 

400 V/sq.m " ­

200 w/sq.m_ 
.4-­"29 -


I 50 W/sq.m-

Fingure 6. Temperature Sensitivity Test 

A linear curve fitling using least square error method was carried out to 

obtain a temperature sensitivity of the circuit as 27.27 mV/degree Celcius. 
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3.3 	 Design and Construction of Temperature Compensation Circuit. 

An integrated circuit "trmperature senscr (LM 335) was mounted on *.he 

photovcltaic panel f0r measuring the temperature. Another IC amplifier 

mV/employing LM 741 N was designed to give a temperature sensitivity of :7.27 

dcuree Celcius. The resulting compensating circuit is shown in Figure 7. 

f15 V 

h'9 10K 
>
 

2R16 	 8.8 K 

71 

> ,j,,, 31 cD2. R21 ul;
 
LW 335 
 _o 

D-	 VlR7 5K 
__---- Y{ 5ox. 

P7 10F 201: . Fi' 

R6 
67(il 

-15 V 

Figure 7. Temperature Compensating Circuit 

3A Final testing 

The sensor, the amplifier, the compensating circuit and a regulated DC 

power supply were combined to yield the circuit shown in Figure a. 
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Figuresa. Circuit Diagram of Solar Radiation, Meter 

12TSThe radiation meter was 

characteristics as in Figure 9. 

then tested and AVAILABL COPmYadjusted to yield the output 
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a linear output of 0-10 VoltsThe solar radiation meter obtained gives 

Wats per square meter. It was expectedaccording to a radiation range of o-tooo 

Corresponding to a
that the output could be extended to 15 Volts which is 

with a minimum loss of accuracy althoughradiation Of 1500 Watts/square meter 

suitable instrument. The
test data had not been possible due to the lack of 

accuracy of the meter was +6 W/square meter. 

unit should be incorporated toIt was recommended that a digital display 

read out by an operator. A better operationalthe meter to enable direct 
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Annex 2 

keport from Isrkel! Collabnorator. 

Frogress Report (for the period March I to November 0, I989).. 

The co] Iaborationr" work on the topic "The devel opment of a 
scanning probe to obtain the temperature and density profiles 
for the KIKU - solar ponds in situ" is based on a F'h.D research 
worl, undertaken at the Tel Aviv University. 

The first stage in the course of this work was literature survey 
on density measurements tetchnologies. 
Follow-ng the literature survey a density measurement apparatus
 
based on Archirmedes principle were developed. 

The density of the fluid will be determined by measuring the 
buoyant 4orce of a glass (Duartz) rod submerged horizontally in 
the szlt solution, using "LVDT Force Transducer" which is 
accurate to 0.001 grams i.:Sth kncertanty of 0.25% 

The local density of the salt solution is proportional to the 
apparent mass of the olass rod according to the expresion as 
fol ows: 

~'0 

wh er e: 

10} - mass of glass rod. 

wyi) - Apparent mass of submerged glass rod. 

VO - Volume of the olass rod. 

This apparatus comprised of a Force Transducer and an electronic 
Ci,-cut designed by us. The output signal -from the "LVDT Force 
Transducer" is planned to be recorded by a personal computer 
throuch ar P./D board. 

A s-chematic description of the density probe is given in Figure 
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Step Motor
 

Force Transducer
 

Nylon Thread (00.15 mm) 

Glass-X Wall 

- Fiberglass 
Insulalion 

. Quarz Glass 
Float (153x4mm .) 

Density Measurement Apparatus(Archimedes method).
Fig. 1: 
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