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y. Background

Salt gradient solar ponds is an aTtzrnative approach 1o harness solar energy
in the region where salt, waler, and sunshine are plentiful.

The physical and chemical prucesses in the solar pond interact with the
environment! where the solar pond is located. There is & need ‘o idenlify the
dominant external effects and the extent of these effects on the performance of
the solar pond in order thal appropriste operational control actior can Dbe
developed.

Saly gradient solar pond technology is relatively new. The conditions in the
pond are extreme for commercially a‘vailable instruments which are used to
monitor its operating conditions. This results in an additional requirement to
develop appropriate measuring instruments which are Jow cost end robust enough
1o withstand such conditions.

This project began its activities in June 1988. The construction of two salt
gradient solar ponds with a surface area of 0 squaremeters each has been

planned. Necessary solar pond accessory equipment has been designed and builtl.

2. Objectives

2.1 Overali objective and specific objectives

This research study it an atiempt to study the effects of exlernal
disturbances, expeciaily the tropical meteorological conditions, on the 1iop
interfacia) boundary of the salt gradiet solar pond. Results of the research should
help answer the question *To what t_axtenl do the 1iropical weather conditioné~
affect the upper interfacial boundary of the sait 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
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LDC's with an addiiional energy alternative with great potential for fulure
developmenl.
Specific cbjectives are the followings:
i) To develop electronic hydrcmeter fcr monitoring sclar ponds conditions.
:i) To identify major factors affecting the tcp interfacing boundary of tie
salt gradient in solar ponds.
iii) To develop appropriate prccedure for solar pcnd operaticn in such a
wayv that the effects of externa) disturbances on the salt gradient arc

minimised.

2.2 Objectives for this period (Junc 1989 - November 1989)
2.1 Solar pond construction.
22 Centinuation on the design and constructicn of solar pond
accessory equipment and installation of measuring instruments.
2.3 Solar pond filling and salt gradient establishmenz.
2.4 Conlinuation on the design and construction of electronic

bydrometer.

3. Materials and Melthods

3.1 Solar Pond Conslruction.

Invitations for consiruction cost quolations were senl to & potential
building conlractors. Only'one contractor turned up to verbally quote the
contruction cost. The quo'ed price was 780,000 bahis excluding pﬁnd insulation
and lining which was considered 100 high. The quotalion was nol accepled.

Four more building contractors were approached. The lowest cost of
740,000 bahis was oblained from Khon Kaen P. Panich Ltd. Part. Thé construction
began in June 1989 and was due to finish in October 1989. However, The solar
Ponds were found to leak and the building contracter was called {o repair up the

leaks.
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3.2 Continuation on the design and constructicn of the accessory equipment
and installation cf measuring insiruments.

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
solar radiation sensor. The phctovoltaic sensor gives oul a short circuit current as
g function of incident radiation. The current was then converled to voltage by a
shunt resistor. This voltage was then amplified to an appropriate vollage range {0
enable interfacing with a data logging device. Temperature conpensation circuit
was also emploved to keep the error of the measurement due 1o change in
operating temperature 10 & minimum. A protolype had been completed and
iested. An improved version which will employ betler elecironic components was
planned.

The consiruction of salinily probes was carried out by another group of two
fourth year students. This was also set up as anothe senior project. A method
similar to the one used in measuring soil resistivity was used. A constant current
source was built 1o inject a current through a pair of elecirodes. Another pair of
electrodes were placed between the current electrodes. The potential difference
of the latter pair of electrodes. was measured 1o obtain the conductivily of the
salt brine. The conductivily of the brine was used 1o indicate the salinitly of the
brine. This piece of instrument had not been completed yet.

Thermocouple wires were purchased and were installed during the solar
pond coastruction for messuring the temperatures underneaths the solar ponds'
bottom. This installation was made to enable the detection of heat loss due 1o

underground water flow.

3.3 Solar pond filling and salt gradient establishment.
The work on solar pond filling and sall gradient establishment was not

possible due 1o the leakage of the solar pond lining material.
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34 Continuation on the design and construction of electronic hydrometer.
Pressure transducers model MPX 2010 DP, MPX 2050 DP and MPX 10 DP were
examined. The transducers were connecled 1o an amplifier 10 increase their

sensitivity (see figure 1). Experiments were cerried out 10 determine potential

nroblems.
SUPPLY
i
|AMP | VILTMETER
1 GF 4
PRESSURE )
INJECTIVE SYRINGE FOR SENSIR - INJECTIVE SYRINGE FOR
ADJUSTING WATER L.EVEL . __1 ADJUSTING WATER LEVEL
AV . AV | SALT BRINE

b/V

Az - L 31 CN WATER LEVEL

GLASS POT VITHQ = 214 CH

Figure 1.Peld trial of pressure sensors
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4 Result /Discussion

4a Solar Pond Construction

v

Photcgraphs of varicus phases of construction are shown as follows

Pheto 1. LEarth vas
partially removed
for placing the
foundation of the
solar ponds’ side

walls

Phote 2. Steel
reinforcement
for side walls

foundaijon was

installed
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Concrele

Photn e. Poclystyrene
foams for side wall

ihermal insulation.
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Photo 7. Sidewall with

insujation installed.

Photo s. Drainage
system undern eath

the ponds’ bottom.
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Photo s.ins:llation

of thermocouples.

» Photo 10. Preparation

of lining material.

Photoh 11.Installation At
ey
oy

of liner.
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B Pnotc iz, Solar ponds
¥

wilh liner install;d.
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Photo 15. Evaporaling
pan with liner

insialled.

Photo 16. Earth
preparation for
brine mixing

and storage

Photo 17.Brine
mixing and

stcrage pond.
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42 Conlinuation on the design and construction of solar pand accessory

equipment and insiallalion of measuring instrument.

a) Solar radiation measuring instrument
A prolctvpe solar radiation meler was obtained with a measuring
range of 0-1000 \L'al:s/square meler, wilh an accuracy of fe walts/square meter
with in an opersting temperature range of 25-75 degrees Celcius. The sensitivity
of the radiztion meter' output was 1o millivclis per walt/square meter of
incident radiazion. Delailed explaination of the radialion meter is atiached as

Annexa.

b) Salinity probe
Trial experiments on aluminum, copper and chromium plaled electrodes
vere caried out. Corrosion occured on all the specimens resulting in unsatifactory

‘esulis.
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43 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 elecironic hydrometer

It was discovered that the output range of the selecied transducer was nol
appropriate for use as a sensor for measuring brine density.

Additional problems were alsc identified as follows

1. 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 tensicn and capillary effect caused uncertainty in the water
levels at the measuring ports of the pressure sensor (See figure 2). Glass funnels |

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

5. Collaboration with Jsraeli Investigators.

It was agreed between the Israeli and Thai investigators that the
collaboration work will be on "the development of a scanning probe Lo cbtain the
temperalure and density profiles in the KKU solar ponds in situ”.

A literature survey on densily measurement technologies was carried cut al
the Tel Aviv Universily. A densily meesuring instrument based on Archimedes
principle was developed. The progress report received from Israeli coligboralors

15 included 8s Annex 2.
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SUPPLY
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Figure 2 Caplllary effect on mecsuring ports

Work pian for the Next Period (December 1989-May 1990)
6.1- Solar pond filling and salt gradient establishment.
62 Continuation on the development of elecironic hydrometer.
63 Contimualion on the construction and insiallation of solar pond
accessoTy equipment. |

6.4 Solar pond Commissioning : Collection and measurement of relevant
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SUPPLY
AMPL VIOLTMETER
1|32 4
INJECTIVE SYRINGE FOR
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Figure 3, Glass funnels were used 4o
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1. Objective

Annexa.

Solar Radiation Meter

A meler for measuring the intensity of the solar radiation is required for

the solar pond project st Khon Kaen Universily.

2. Design Considerations

The following fealures have been maintained throughout the design and

construction phases.

1. Measuring range 0-1500 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 operatling temperature.

s. Use of locally available components.

3. Principles of Operation

The solar radiation meter can be decomposed into functional blocks as in

Figure 1.

Photo Current
Solar ) %0
Radlaiton — o] Vele T 7 Voltage [ 7]

Calls Converter Anplifier o Dutput
Solar Temperature Temperature
Cell —_———p  Sensor Compensation
Temperature Circutt

Figure 1 Block diagran of Solar Radiation meter

BEST AVAILABLE COPY

17



The solar radiation is converted to an electrical signal using a small
pholovoltaic panel. The short circuit curreni of the phoiovoltaic panel is
proportional 1o the incident radiation. This short circuit current is then converted
10 & voltage signal using a shunt resistor. The resulting voltage is then amiplified
t0 give a vcliage level which is compatible with the available dala jogger.

The short circuit current of the phctovoltaic panel, however, changes with
the solar cells temperature. A compensation circuit is ithen required. This is
accom'plished by measuring the temperature of the photovoltaic panel using a
tempersiure sensilive integrated circuit. The outpul of the temperature sensitlive
IC is then modified to an apprcpriate voltage level and correct lemperature
sensitivity. Thisis done in the block call temperature compensaling circuit. This
corrective voltage is then added to the output voltage of the current to voltage
converter. The resulting voltage is then amplified tc & voltage level which can be

directly connected to the available data logger.

3. Construction and Testing
34 Sensitivily measurement
A small solar panel (see Figure 2) was connecled 10 a 0.05 ohm resistor as in

Figure 3.
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Solar Cell

r1———-
IR

} 3& GD ll 0.05 Dhm Output
N |

1

Figure 3 Test Circult

The sclar panel was then placed is an  illuminated bOX whose light
intensity and iempersture can be sccurately controlled. The light intensitly was

then varied and the vollage across the resistor was measured Lo give the result in

Figure 4.
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32 Tempereture Effect Measurement

e

&N

Figure 4. Sensitivily of photovoltaic panel

An IC amplifier employing CA7a1 CE was used to amplify the outpul of

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

in Figure s.
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Figure 5. PV panel, 1/V Converter and Amplifier
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Tt g g

This part of the circuit was then tested by mainlaining the operaling

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

ir.tensity was then varied. The result is given in Figure e.
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Fingure 6. Temperature Sensitivity Test

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

obtain a temperature sensitivity of the circuit as 27.27 mV/degree Celcius.

BEST AVAILABLE COPY

21



33 Design and Construction of Temperature Compensalion Circuit.

An iniegraled circuil temperalure senscr (LM 335) was mounted on the
photovcligic panel for measuring the lemperature. Another 1C amplifier
employing LM 741 N was designed lo give a lemperalure sensitivity of z7.27 mv/

degree Celcius. The resulling compensating circuit is shown in Figure 7.

15
RY 10K
:>
L'7I
& Vi 2K
’ ‘E"q\ 10K
Dz s J> kS Rz 10k
s 3
LN 335 < L
I

L
DI 6BV L2 s e
T PR7 10F ] 2% R

Figure 7. Temperalure Compensaling Circuit

3.4 Final tesling
The sensor, ihe amplifier, the compensaling circuit and a regulated DC

power supply were combined to yield the circuit shown in Figure 8.
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Figure 8. Circuit Diagram of Solar Radiation Meter

The radiation meter was then tested and adjusted to yield the output

characteristics as in Figure 9.
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Figure 9. Output of Compensated Circuit

4. Conclusions and Recommendations
The solar radiation meter obtained gives a linear output of o-10 Volts
according 1o ;a radiation range of o-1000 Wats per square meter. It was expected
that the output could be extended to 1s Volts which is corrésponding o a
radiation of 1500 Watts/square meter with & minimum Jloss of accuracy slthough
test data had not been possible due to the lack of suitable instrument. The
accuracy of the meter was + 6 W/Square meter.
It was recommended that a digital display unit should be incorporated to

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

Kepcrt from lsraeli Collaborators

Fregrese Report (for the period Merch 1 to November 30, 19E%).

The collzboratione work con the topic "The development of a
sc&nning probe to obtain the temperature and dencity profiles
for the KIKU - socler ponde in €itu” ie besed on & Fh.D recearch
worl undertaken et the Tel Aviv University.

The first stage in the course of this worlk wes litereture survey
on dencsity mescsurements technolcogies. )
Following the literzture survey 2 density meesurement epperétus
based on Archimedes principle were developed.

The density of the {luid will be determined by meessuring the
buoyent fcrce of a glass (Duart:z) rod submerced horizontelly in
the =21t eolution, wusing "LVDT Force Trensducer” which is
eéccurate to 0,001 orems with uncertanty of 0.25%

The loral dencsity eof the =
arparent mase of the ¢
ioll owe:

&
lacse rod according to the exprecsion as

1t eolution is proportionel to the
as

where!
Wo - mass o!ig]asé rod.
%4(?) - Rpparent mese of csubmerged glass red.
Vo
This apparatus compr;sed of a Force Transducer and &n electronic
circuit designed by us. The output sigonmal from the "LVDT Force

Trancducer” is planned to be recorded by a percsonzl computer:
throuch &n R/D board.

Volume of the glaese rod.

A schemetic description of the density probe ie given in Fiogure
1.
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Step Motor

Force Transducer
L
~—————Nylon Thread (g 0I5 mm)
\\
\\ <
\\\\\\_ — Glass.
N el
\\\ Fiberglass
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| r — \\ Quartz Glass
Float (153x4mm £)

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