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ABSTRACT

A small unit for water desalination by solar eneaqd flash evaporation process is
investigated. The system is built at the Facultyefroleum and Mining Engineering
at Suez-Egypt. The system consists of a solar wedater (flat plate solar collector)
working as a brine heater, and a vertical flasht wrhich is attached with a
condenser/preheater unit. In this work, the systermvestigated theoretically and
experimentally at different real environmental ctiods along Julian days of one year.
A mathematical model is developed to calculateptoaluctivity of the system under
different operating conditions. BIRD model for thalculation of solar insolation is
used to predict the solar insolation instantangouslso the solar insolation is
measured by a high sensitive digital pyranometemgarison between the theoretical
and experimental results is performed. The systwmested during the summer and
winter months. The average accumulative produgtigit the system in November,
December and January raged between 2.5 to 3.5 \kg/M@e average summer
productivity ranged between 13 to 16 kg/day in Jarg August and 10 to 12 kg/day
in June.
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INTRODUCTION

Global resources of fresh water are scarce, ungwstributed and, in many cases,
may require some form of treatment and handlinges€hlimited resources have
resulted in water shortages in 88 developing caestacross the world containing
50% of the world's population [1]. Need for purdimn of saline water is increasing
due to an increase of population and limited supplyotable water.

Using solar energy is a practical method for oltgirsmall amounts of fresh water
from saline water. Solar water distillation has rbee subject of great interest for
several decades [2]. The standard techniques likéi rstage flash, multi effect
distillation, vapor compression and reverse osmases reliable for large capacity



228  Tenth International Water Technology Conferencel G40 2006, Alexandria, Egypt

range of (100-50,000) Huay of fresh water production. However, these rietdgies
are expensive for small amounts of fresh water.ddweer, they can not be used in
locations where there are limited maintenance ifeesl In addition, the use of
conventional energy sources to drive these teclgredohas a negative impact on
environment [3]. Solar desalination techniques @nesidered to be clean operations
for producing clean water from the saline wateisoAechniques of solar desalination
are many and varying according to the size of tamahding of fresh water and the
sizing of solar energy presence. El-Nashar presantmall solar Multi Effect
Distillation (MED) of seawater desalination procesdor remote arid areas [4]. A
solar stand-alone system consisting of a Multi-&ffetack (MES) evaporator supplied
by thermal energy from flat plate or evacuated tabkectors with pumping power
supplied by a solar PV system was investigated [®jurdes Garcia-Rodriguez
presented a preliminary design for different sadgstems of seawater distillation
processes. The solar collectors were paraboligtranes in which brine circulate as
thermal fluid. Steam is directly obtained from diating brine. The solar collector
field could be connected to condenser/preheatetr érezhangers; nevertheless, the
system would have a low performance ratio. Nafegl ¢6] presented a small size of
solar still unit that could be suitable for smatbgps of people. In that work, four
experimental still units of 0.25 freach are constructed. The maximum accumulative
productivity of the still was about 10 lit/day. AlsSoliman et al [3] examined a
humidification dehumidification desalination systgowered by solar collector with
total unit productivity equal to 5 kg/day. Multiegfe flash (MSF) plants represent one
of many other solutions to overcome the problerwater shortage. Actually, a small
range of top brine temperature beginning from 5€4€ operate MSF processes. Solar
stills, solar ponds and solar collectors can predhese small ranges of temperatures
needed in flashing process. Kriesi [7] constructezbnventional 6 fiday MSF plant
with a brine maximum temperature of 120°C and cediplith a concentrating solar
greenhouse collector and a hot water storage tAido; scheme for large-scale
desalination of seawater by solar energy and M®Egss was manufactured in Thar
Desert of India [8]. The scheme was designed tolyme about 5.25x10n%year of
fresh water with 11.52 kfrof collector area. Ziad M et al [9] presentedragke flash
unit powered by a flat plate solar collector. Theaxmum allowable top brine
temperature was ranged between 50-70°C. Howewerpritcess is still in needs for
more theoretical and experimental investigationth@ present work a small size of
flash unit is used with the solar energy for pradga small amount of potable water.
This system is operated and investigated at thellfyaof Petroleum and Mining
Engineering at Suez-Egypt. The system is mainhsisbs of a flat plate solar collector
(FPC) and a flash evaporation unit. The systenpe&ated and investigated under real
environmental conditions during winter and summeassns. Generally, the total
productivity of the system in winter ranged betw@ehto 3.5 kg/day, and the summer
productivity ranged between 10 to 16 kg/day. Thennmdjective of this study is to
perform a theoretical and experimental investigatbthe process performance under
real operating conditions.
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SYSTEM DESCRIPTION AND EXPERIMENTAL WORK PROCEDURE

Figure 1 shows the system components. Simply tlséesy containing: solar water
heater (FPC) (1) and flash evaporation unit (2)ghesi vertically and attached to the
condenser/preheater unit (3). Feed water entersdhéenser inlet point (4) at a
known temperature then passing through the condeukes till out going from the
outlet point (5) with a new temperature value cdusg the heat transferred from the
vapor that condensate across the outside surfatieeofondenser tubes. Then feed
water enters the solar collector with its new terapee to raise it to the top brine
temperature (TBT) before entering the flash chamibben hot seawater enters the
flash chamber by passing through a brine injec&)r The seawater injector is
operated at maximum flow rate equal to 1.4 lit/raivd minimum flow rate equal to
0.8 lit/min. The wasted brine then exits after aslag its vapor (7) that condensates on
the condenser tubes (8) to produce fresh water.
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Figure (1) A schematic draw of the system
components

1. Flash evaporation unit

Flash chamber is designed as a steel cylindrioél caated with epoxy steel to prevent
outside environmental corrosion effects and to cedhe thermal losses to the ambient.
The height of the flash chamber is 1m, width dieenes 0.5m. The brine level is
controlled to be 20cm in the flash tank. The tan&ight is about 95 kg and its
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thickness equal to 3mm. Fig. 2 shows the flash thait attached to the condenser unit.
Fig. 3 shows a photograph of the flash chamberowitlttaching to the condenser unit.

Seawater
injector Outlet stream from

the condenser

Temperature
sensor

Vacuum pressure on
the condenser tubes

Fresh condensate

& 4— Inlet feed stream to the
condenser

Figure (2) The photograph of the flash chamber
attached to the condenser unit

The place that
the condenser
unit attaches

Seawater
injector

Figure (3) Theflash chamber
without its condenser

The hot seawater enters the flash chamber thrduglsd¢awater injector at a pressure
equal to 2.5 bar at maximum flow rate, and 1.5dtaminimum flow rate. The injector

is designed to control the feed water to the sydigra control valve opening at three
positions.
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2. The condenser/preheater unit

The condenser unit is very important part in tystem. The main parts of this unit are
copper tubes, upper and lower headers and thedeutsiver. The tubes across the
condenser unit are made from copper with thermadlaotivity 387 W/m.K. The tube
length is 65cm and the inner diameter is 0.8 cmthaduter diameter is 0.98cm. The
number of tubes is 69 tubes to perform a totaltleiod about 45m and total condenser
area equal to 1.388%mEvery tube bank contains 5 tubes staggered llision. The
tubes are welded at their ends by an epoxy stedivgematerial in a flange made of
steel copper to prevent leakages. To fix the coseleto the flash unit without any
leakages; a rubber frame is welded to the condeRger4 shows a photograph of the
condenser at different views with its inside tubgthout covering or headers.

Steel frame
covered by
rubber
Tubes welded to
Copper_ the copper flange
flange to fix by epoxy steel
the upper welding
heade i

Figure (4) Different views of the
condenser unit with itstubes

3. Solar collector (brine heater)

The brine heater in this work is a flat plate sotallector. The collector is
manufactured by Solar Energy Corporation Foundatiokgypt-Cairo. The collector
technical data are listed in Table 1.

The collector is operated with a slope angl& ahe collector aspects degree is 2180
south. The connections tubes between the collectdrthe flashing unit are made of
plastic material and insulated by reflectance nmteFhe tubes are made of plastic to
reduce thermal losses to the ambient. The dianoétére plastic tubes is % inch. The
position of the collector is 3 m above the flashimu.
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Table 1. The manufactured characteristics of the collector

Absorber material:

Aluminum plate thickness=0.5mm

Collector area:

Ac=2.39nf

Absorber area:

Ap=2.1nf

Effective area:

A~=88% of the collector area

Coating absor ptance:

92%

Coating emittance: 15%
Glass cover transmittance: 91%

I nsulation thickness: 37mm
Absorber thickness: Aluminum steel=0.5mm
Glass cover thickness: 3mm
Collector weight: 58,5 kg
Tuberisers mean diameter : 16mm
Tube headers mean diameters: 28mm
Tube spacing acr oss the collector : S5=16.3cm
Riserstubelength: 1.81m
The plateto glass cover spacing: 70mm
Number of glass cover: 1

WhereAc is the collector total aredp is the plate heat transfer aréa,is the collector effective area,

S is the tube spacing

MEASUREMENTSOF THE EXPERIMENTAL DATA

1. Temperature

The different temperatures of the system (see Bigire measured by a digital volt
meter through signals provided by number of thewnptes. The device relative error
is less than 1%. The ambient temperature is meadsbyea common glass-tube-

mercury temperature meter.

2. Solar radiation and wind velocity

Solar radiation is measured by a solar radiatiorapymeter laid on the collector
surface with slope angle equal to°43he error of the device is about 3%. An

anemometer is used to measure the wind speed in m/s

3. Pressure

The inlet feed water and vacuum pressures are meghdly pressure sensors. The
pressure sensor for the inlet feed water is petctly after the brine injector valve. The

vacuum pressure sensor is put at distillate oudlkte.
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CONDENSATE AND WASTED BRINE FLOW RATES

By collecting the condensate and outlet wastedebmmtwo calibrated tanks at a
certain time, the flow rate of both the condensaig brine can be measured.

MATHEMATICAL MODEL

The process mathematical model consists of twapdlte first part is for estimating
the solar intensity. Seven different models ar@ssteally examined by comparing the
measured and calculated values of the solar iryefi®]. BIRD’'s model [10] gives
the more matched results for Suez-Gulf area. Thergkpart contains the equations
representing the process units. Using the measuakdes of solar intensity, wind
velocity, ambient temperature and all operatingapeters (temperatures and
pressures), the daily productivity of the system ba calculated by the developed
program.

1. The mathematical model of the process units

The second part of the mathematical model is reptewy the flat plate solar collector
and the flashing unit with its condenser.
1.a. Mathematical model for theflat plate solar collector
The energy balance equation of the solar collesz#arbe written as follows [11];
I S X Ac = Qloss + Qu + Qstg (1)

Wherel ¢ is the energy from the sudy,is the collector effective areq, ., is the heat
loss from the collector an@, is the useful energy transferred from the absaxbére

flash chamber anQq is the energy stored in the collector. The hesd is expressed
by Frederick [12] as;

Qloss = ACU| F (-Ff _Tamb) (2)
The overall heat loss of the collectdris the summation of three components; the top
lossU,, the bottom loss)y,, and the edge lodd, and the other variables are defined in
the nomenclature.

U, =U, +U, +U, (3)
Where, the bottom and edge losses are calculaspdatvely as following [15]:

U, =k, /1, (4)
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2(CL +Cw)Gy,

C, xC,

U, =(k, /1) x

®)

An empirical equation for the top lossdsfor both hand and computer calculations
was developed by Klein (1975) [13].

- -1

NG 1 U(Tmp + Tamb) (Trgp + Tazmb)

U, = +— | +

_ e 2NG+ f —1+0.133x ¢
(Tonp Tamb} h, (£, + 0.0059NG xh,) ™ + P NG
£

c
| Topl (NG+ 1) .

(6)

Where,

NG is the number of glass covefsz (1+0.08%,, —0.1166h,,&,)(1+0.07866NG),

C =520x% (1L- 0.00005)3?) for 0°< B<70°, e= 043(1-100/T,,,) where g is the
collector tilt angle in degree arg,is the wind heat transfer coefficient and given by
[11] as;

h, =57+38xV,, (7)

Efficiency factorF of equation (2) can be calculated as follows;

1

F = Y. (8)

1 1 1
+—+

U.[(s, —d)F +d] @ h 7d,
|

The fin efficiencyF is given by; [11]
U,(s —d
tann _|[—| ————
ko 2
U (s —d
ko 2

The heat removal factor is calculated from; [11]

F =

(9)
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. GC U.F
F,=F x—"11-ex t 10
" UfF { p_(GCpB ( )

Where G=m/A.. OnceFg is calculated, the useful energy from the collecan be
calculated from the following equation;

Qu = FRAC[I s _UI (Ticol _Tamb)] (11)

The energy stored is expressed by Frederick [12] as

dfcol
dt

Qstg = Ac Cc (12)

1.b. Mathematical model for the flashing unit

Fig. 5 shows the flashing unit with its stream &hkes [14].

Bm Xbo' TbOv > Fo, ><fo, Tfo, Pfo
Pbo

1k 1
PS4

m

m

Flash chambi < | m

Brine pool +—_ | -]

a

| ¥ Condense

Bi, Xo1, Toy, Por € Fi, X, Tsi, P

Figure (5) A flash stage unit.

The energy balance for the flashing brine is exq@éss follows,

Bo N, (Thos Xbo) = Bihey (Tes X)) +[(Bo = Br)Hys (T, P(T,))] (13)
Where,

B =W, + X, (14)

Equations (15) and (16) below shows the overallsrzaslance for both flash and
condenser units,

B, =D;+B; (15)
F=F; (16)
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And the flash unit enthalpy balance is;
BoDho + I:iq‘]Fi = Bfhbl + DlEth + I:oqf]Fo +Qloss (17)

While the overall heat transfer coefficient is egented by the following equation
[14],

U, =f(¢Ts, Tes Ty, 1D, 0D, FF, RE) (18)

The amount of heat exchanges across the condemesg¢rtfansfer surfac€, is
calculated by equation (19),

Qu =Mg; oC, (Tee —Tg ) UL A XATy (19)
From equation (19),

U1XA1 =In TDl_TFi :_InTDl_TFO (20)
mEi oC To1 = Tro Tor — Tk

p
From equation (20), the following equation is obéal:

L-E)xTg +ExTy =T, =0 (21)

WhereE =1-e "™ and NTU, =U, x A /mj, ,C,
T,, =T,, ~NEA-BPR (22)

The non-equilibrium allowanceNEA and BPR are calculated by the following
equations [14],

NEA= A+BxT,, +CxT2 +DxT. (23)
BPR=(B+Cx X)x X (24)

Where,
10° xB = 671+ 643x1072 xT,, + 974x107° x T

10° xC = 238+ 959x107° xT,; + 942x107° xT]

Using the measured values of solar intensity, wialdbcity and ambient temperature
as input data, the daily productivity of the systean be calculated. The average
values for climatic conditions such as ambient terafure, inlet seawater temperature,
wind speed and solar intensity are taken duringdénehours. Using these conditions,
with initializing the unknown temperatures; thetgys units’ heat transfer coefficients
are calculated. With a reasonable specific tolezatiee mathematical model is solved
by Gauss-Seidel iteration method.
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RESULTSAND COMMENTS

For illustration the detailed results for just tways (one during the summer season
and the other during the winter) are considerdtienfollowing sections.

1. Summer results

The measured data and parameters obtained on"tder@, 2005 are illustrated in
Tables 2 and 3. Feed water flow rate is considardsk constant and equals to 0.0183
kg/s. During the operating hours, the system goegusteady state conditions. Losses
from the flash unit to the ambient are neglected.

Table 2 Measured weather conditions and resultson a Julian day 160 in June 2005

Time - 9 10 11 12 13 14 15 16 hr

I's - 450 | 562 650 | 680 | 648| 571 474 415W/m°
T amb - 26 27 28 29 30 30 31 30 |°C
Vw 1.3 m/s
Tk 27 °C
Tro - 31 36 38 39 37 36 36 36 | °C
TBT - 50 52 54 56 52 50 50 49 |°C
Th1 - 37 39 41 42 40 39 39 37 |°C
Ta - 32 37 39 40 38 37 37 36 | °C

Tq - 33 33 34 35 34 34 33 33 |°C
Ticol - 31 36 38 39 37 36 36 36 | °C

T ocol - 50 52 54 56 52 50 60 59 | °C
PR - 0.7 0.85 | 0.8 0.9 0.8 0.8/ 0.9 0.9

Tins 31 °C

Fs 0.0183 ka/s
Product | 11 kg/day

Table 3 The estimated ener gy values through the solar collector on a
Julian day 160 in June 2005

Qg -10.02 | 0.62 | 1.34 1.65 1.39 0.71 0.13 0 |W/m?
Qloss - | 64.52] 78.73/ 89.55 | 91.37 | 80.8969.86| 56.68 | 50.87 | W/m?
Qu - | 385.4| 482.6| 559.09| 587.01| 565.7| 500.4| 417.18| 364.22| W/m?
Uloss 3.98 | 391 | 4.01 4.04 405 4.083 4.07 4.02W/m°K
Utioss -12.26 | 231 | 2.35 2.38 239 237 2.36 2.36 W/m°K
Udoss 0.309 W/mK
Ubloss 1.35 W/m°K
Efficiency 0.93

Factor

Heat

Removal | 0.88

Factor
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The measured data show that the system productivitt kg/day. For'®June, 2005
the average total solar irradiance obtained on ¢b#ector surface is about
4.45kWhr/nf. Fig. 6 shows the hourly variation in solar raidiatduring the 9 of
June, 2005. The mean values of the fractional pé&ige error between the theoretical
and the experimental results; about 2% (see Takllg Kig. 7 shows the characteristic
efficiency and operating temperatures curves of dbkector (brine heater). Fig. 7
gives a clear aspect about the collector rankingrty other collectors due to the
efficiency factor and heat removal factors valuggs. 8 to 10 show the experimental
and theoretical results of the system operatioinduhe ¢' of June. Fig. 8 represents
the temperature distribution of the system durlmg day operation. The temperatures
increase gradually due to the changing in solansity along the day operation.
Theoretical and experimental results for the terpees distributions are in a good
agreement as shown in Fig. 8.

Solar radiation, kW/m2

Time, hr

Figure (6) The hourly variation in solar radiation
during the 9" of June 2005
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Figure (7) The characteristic efficiency and operating
temper atures curves of the collector (brine heater)



Tenth International Water Technology Conferencel @40 2006, Alexandria, Egypt 239

—{1— Theo, TBT
—O— Exp, TBT
=B+ Theo, Thout

O Q-+ Exp, Thout
o — ® - Theo, TFo
% - —@® —Exp, TFo
3 ---'i"t""a? =g || —¥— Tamb

o ool e © LT > Y [N |

£ 40 g W ¥

5 ;

|_

Time, hr

Figure (8) Thetemperaturedistribution of the system along
the day operation during the 9" of June 2005

The performance ratio can be estimated as follows:

— Zl..n DtE X HV”
| xAC

PR (25)

where | ¢ is the solar intensity in kW/and A, is the collector heat transfer area in

m?, Hv, is the latent heat of vaporization at stage (D,,is the rate of total
productivity at stagenj. The stage temperature drapT, is equal to the difference

between TBT and the wasted blow down biigg and is known as the flashing range.
Fig. 9 shows the hourly variations in the systemfggmance ratio (PR) and the
flashing rang&T,,. The figure shows that the PR is ranged betwe®®® andAT,,

is ranged between 11-15.

Figure 10 shows the system hourly productivity ke tsame day in June. The
accumulative productivity on this day is about Hday. Also, the figure shows that
the top value of distillate product (DP) obtaineervabout 1.75 kg/hr.
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Figure (9) The system performanceratio and the system
flashing range during the 9" of June 2005

Productivity, kg/hr

Figure (10) The hourly productivity of the system
during the 9" of June 2005

2. Winter results

Table 4 shows the measured data off 2dnuary, 2005 as example of the winter
conditions. The table shows that the productist2 .5 kg/day. The TBT is recorded as
38-42C which is considered too low to drive the flashimgeration. The maximum
obtainable solar intensity on that day was 447 ¥/Fhis value of the measured solar
flux is weak to produce the suitable TBT. Generdtlg fresh water productivity and
the performance ratio of the system are smalldhénwinter operation than summer
operation.
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Table 4 Measured weather conditions and resultson a Julian day 21 in January 2005

Time 9 10 11 12 13 14 15 16 17 hr

I's 266 | 370 | 432 | 447 | 415| 341 230 90 - | wim?
T amb 17 18 22 23 22 21 20 19 17| °C
Vw 1.5 m/s
TH 18.5 °C
Tro 22 25 27 28.5| 26 255 23b 215 - |°C
TBT 38 39 40 42 41 41 40 39 - |°C
Th1 245 | 28 30 32 31 31 30 29 - |°C
Ta1 22 25 27 28 26 25 235 215 - |°C

Tq 22 23 25 25 23 23 22 21 - |°C
Ticol 22 25 27 28.5| 26 255 23b 215 - |°C

T ocol 38 39 40 42 41 41 40 39 - |°C
PR 0.6 .65 0.7 0.85| 0.8 0.79 0.6 0.6 - -
Tins 21 °C

Fs 0.0183 kals
Product | 2.5 kg/day

Figure 11 shows the variations of the solar ragimtin 2% January, 2005. The figure
illustrates the agreement between the theoreticadleinresults of solar radiation
(BIRD model) and the measured results that the mami error is 2%. Figure 12
shows the system temperature distribution alongdtne operation hours. It is seen
from Fig. 12 that the temperatures are increasnagluglly till the mid day and then
decrease gradually till the shut off operationhat énd of the day light hours. Also the
figure shows a good matching between the theotetiwh experimental results for this
day. Figure 13 shows both of the PR and the flashangeAT ;. PR is not exceeding

about 0.7 to 0.8 in winter, andT_is ranged from 10 to 12°C. Figure 14 shows the

hourly productivity of the system. The figure shoawscomparison an acceptable
different between the theoretical and measureditsesith an error about 9%. The
total distillate productivity DP is not exceedingoait 2.5 kg/day on 2lof January.
The lower productivity in winter is caused by tlver solar intensity against summer
value.



Tenth International Water Technology Conferencel @40 2006, Alexandria, Egypt

242

Time, hr

ZW/MY ‘uoneIpel Jejos

=B+ Theo, Thout
@+ Exp, Thout

—{1— Theo, TBT
—O— Exp, TBT

\\\\\\\\\\\\\\\\

of January 2005

the 21%

Figure (11) Variation of solar radiation with time during

D ‘aunjesadwsa |

Time, hr

Figure (12) Thetemperaturedistribution of the
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Figure (13) The system unit performanceratio and the system
flashing range during the 21% of January 2005

Productivity, kg/hr

Time, hi

Figure (14) The hourly productivity of the system during
the 21% of January 2005

Following the same sequence for the days of onelgag, the average measured data
and results are tabled in Table 5 below.
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Table 5 The average values obtained for the system oper ation along one year
Month Tk Tro TBT | T, Is Tamb | Tg | Tins Vw Product
°C °C °C |°C |Whr/im*|°C |°C |°C m/s | kg/day
1/2005 |18 25.125 40 26 3144 20 24| 22 22% 25
2/2005 | 19 25.357 44.25| 28 3469 23 30 | 26 1.3 4.5
3/2005 | 20.25 | 28.125 48 34.5 | 4049 24 30.627 4.2 6.5
4/2005 | 22.6 32 49 35.5| 4462 25 31 2825 3.7 8
5/2005 | 24 34 52 36.5| 4495 276 30 30 1.05 8.5
6/2005 | 27.25 | 36.125 53 40 4750 29 34| 30.25 25 11
7/2005 | 27.6 38 60 44 4867 31 35 32.3p1.5 14
8/2005 | 28.75 | 39 67 43.755120 33 36.9 34.5 0.8 16.5
9/2004 | 26.75 | 36.5 52 42 4601 29 36.80.75 | 3.25| 12

10/2004 | 26.5 35.25| 49 37 3858 28 35.61 3.7 9

11/2004 | 20.375| 34 44 35 2888 23 32| 30 3.8 5

12/2004 | 17.125] 32 42 345 | 2791 19 28(323.5 1.625 3.5

CONCLUSIONS

To summarize and conclude the results and the sBgms in this article, the
following points could be withdrawn:

1.

A mathematical model is written for the all systeamponents (collector, flash
unit, condenser unit) to predict the system prasitgtunder different and wide
range of operating conditions.

. The unit performance ratio is low because it rangledut 0.7 to 0.8 in winter

and 0.8 to 0.9 in summer.

. The system daily productivity in summer is aboutt@QL6 kg/day, and about

2.5 to 3.5 kg/day during the winter season.
The Fr percentage error of the system performance rafie mot exceeding
about 9% the total productivity DP.

. The collector efficiency factor is about 0.93 ahd heat removal factor is about

0.88.

. The system works better at higher TBT, i.e., high@ar intensity. Reasonable

rate of feeding water is ranged about 0.0183 kg/s.

. The results of the proposed mathematical modeliraigood agreement with

those of the experimental model of the system.

NOMENCLATURE

PSP

Tends to area in fnor a parameter used in equation 22
Condenser heat transfer areg)(m

The collector heat transfer area®m

The collector effective area fin

The collector absorber areaqm

Tends to the brine, or a parameter used in equa8pg4
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Mass flow rate of the brine entering the flash (kgy/s)
Mass flow rate of the brine exiting from the 1ststh unit (kg/s)
Boiling point elevation of saline water parameter

The thickness of the bond (m)

Tends to the parameter used in equation 23, 2deocdllector heat capacity
Bond conductance

Collector height (m)

Collector length (m)

Collector width (m)

Specific heat capacity of saline water (kJ/kgK)

Tends to distillate or parameter used in equatn 2
Distillate product kg/hr

Distillate product from the®*istage (kg/s)

Collector tube outer diameter (m)

Parameter used in equation 20

Fin efficiency

Inlet and outlet feed water to the condenser (kg/s)

Flat plate collector

Flooding factor

Efficiency factor for solar collector

Heat removal factor

Feed water system (kg/s)

Latent heat of vaporization of water (kJ/kg)

Fluid heat transfer coefficient (W)

Enthalpy stream of the inlet brine to the stagen(i)
Enthalpy stream of the outlet brine from the st@égékg)
Enthalpy stream of the distillate product (kJ/kg)
Enthalpy stream of the inlet and outlet feed wadehe condenser (kJ/kg)
Convection heat transfer coefficient (W)

Solar intensity (W/f)

Inner diameter of the condenser tubed)(m

Back insolation conductivity (W/mK)

Edge insolation conductivity (W/mK)

Thermal conductivity (W/mK)

Length (m)

Back insolation thickness (m)

Edge insolation thickness (m)

Mass flow rate of feed water in and out of the carskr (kg/s)
Non equilibrium allowance

No. of glass covers of the collector

No. of transfer unit parameter

Outer diameter of the condenser tube$) (m

Tends to the pressure (kPa)

Unit performance ratio

Pressure stream of the inlet brine to the flaspes{aPa)
Pressure stream of the outlet brine from the fiage (kPa)
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Pa1 Pressure stream of the distillate (kPa)

Prio Pressure stream of the condenser (kPa)

Q. Thermal energy of the condenser in steady state (W)
Qu Useful energy from the collector (W)

Qioss Energy loss from the collector (W)
Qstg Energy stored in the collector (W)

Re Stage fouling factor

S Tube spacing (m)

TBT Top brine temperaturéQ@)

To Top brine temperaturéQ)

Tamb Ambient temperatur€’C)

Tho Inlet brine stream temperature to the flash sté@k (
To1 Outlet brine stream temperature from the flashes{3@)
Ti ocol Inlet and outlet brine stream temperature to thiector (°C)
Tp1q1 Distillate product stream temperatuf€)

Trio Inlet and outlet feed temperature of the conde(f&dr
Tg Collector glass cover temperatuf€)

Tins Collector insulation temperaturéQ)

Tim1 Logarithmic mean temperaturC)

Top Mean plate temperature of the collectt)(

To Plate temperature of the collectdC)

Tu Vapor temperatur€C)

U, Overall heat loss of the stage(\WH)

U, Overall top loss in the collector (W)

U, Overall losses in the collector (W7K)

Vu Wind speed (m/s)

Wh1 Flow rate of water in the brine (kg/s)

X Salt concentration

Xp1 Flow rate of salt in the brine (kg/s)

B Collector tilt angle

o Boltzmann constant

& Emittance of glass cover

& Emittance of absorber plate

o Fin thickness (m)

7 Tube side brine velocity (m/s)
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APPENDIX A
A.l. Theerror analysis of the experimental work

The measured experimental data includes some edt@so the uncertainty of the
measuring process and the limited precision ofetkigerimental instruments. For the
examination of the validity of the experimental Wathe following fractional errorHr)
equation is used:

Calculated- Measuredx
Calculatec

%Fr = 100

The averagér percentage for the measuring of the solar radiatias about 1%-2%.
For the TBT; the~r error; was not exceeding about 6%-7%. Also forviasted brine
and outlet feed water temperatures; the percentageabout 9% and 8% respectively.
The percentage for the system performance ratioisP&out 4% and 9% for the
system productivity DP.

Table A-1 TheFr error percentage of the measured data

Parameter: Fr Percentage%:
ls 2%

TBT 6%-7%

To1 9%

Ticol 8%

DP 9%

PR 4%




