CHAPTER 3

Experimental S=tup
This chapter describes the experimental setup of the eqperimental system used
for laboratory tasting at the solar thermal desalination of szawater by bubble purnp

technique.  First, the structural design of the cyzstermn will be dizcussed.  Nedt, the

erperimental setup will be described including the input congidered and data acquisition

systems.
3.1 Descriptizn of the Operating System

Figure 2.1 illustraies a diagrarn for the desalination sy:tern functioning on zolar
energy with the bubble purp technigque.
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Figure 2.1 Diagrarmn of the complete operating system.

40% of Propylene glycol was added to the water in the zolar collection system to
extend the bailing point of waber to aboui 103 %2 The fed zeawater (M) at a
temperature (Tj) and a salinity (X;) was fed into the evaparator through a coil fube in
a counter-current mode, where the heat of hot water from the solar collector (Q.ay)
wag transferred. Afier recsiving the heai from the evaporator, the terperature ( T;) of
the fed saline water was increazed. While it reached the boiling ternperature (Ty), the
vapor formed ai a rate of (My). The sali water and steamn were separaied in the
ceparator tank by their densities. The vapor went throush a pipe into the condenser
which waz cooled by cool water at 3 temperaturz (T.y) and with 3 mase flow rate
of (Mg,), thus the diziillzte could be oblained with a low rate of (M), Wherzas the

brine water (M) would go through another pipe to 3 raceiver.
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2.2  The Bubble Purnp Design

The heat erxchange in this study was done between the salt water solution

containing in the bubble pumip and the hot warking Auid from the solar collector. Thus,
the dezign iz a cornmon heat exchangar of 2 tube inzide anathar. The inner tube was

dezigned in 2 spiral shape as it increases the size of the contact area, resulting 1o higher

quantity of heat transfer.

The bubble purnp unit in this laboratory was designed as a spiral tube enclosed in

a cylindrical shaped tube as illusiraied in Figure 2.2, The cylindrical tube was filled with
working fluid from the solar collector which iz near boiling ternperature. The salt water

traveling through the spiral tube exiis at boiling termperature. The cylindrical tube has

an internal capacity of approsimatzly 1.4 liters.

The salt zolution inside the coil ke can arystallize forming grains of salt during
the systern’s resting. The salt aysiallization can affect the system’s performance and
rust be prevented. Therefore, water was injected inia the coil twbe o Aush the grains

of salt before and zfter testing,
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Figure 3.2 The bubble purnp design.
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3.3  Experimental Setup
3.2.1 Sample preparation and Data Records

The zamples had salt content of 3, 2.5 and 4% of water by weizhi were prepared

for this taboratory instead of testing naiural sea waier, The artificial samples of sea water
weie made of szlt-water corresponding to the natural sea water which iz a raisture of
96.5% water, 2.5% zalts [16), and smaller amounis of the substances.  The major
dissolved substance in Zea water iz codiurm chlonide (salt). Salt conteni of water can vary
from 201 to 2.9% in most parts of the ocean [17]. The sarmple: were tasied in different
hizight tevels of solution in the bubble purmp which were 270, 216 and 162 rmm, ar 100,

30 and 60%, respectively.

The experiments were conducied during the roonths of Novernber, December and
January when the by was maosily dear. (Gee the date of testing cases in Appandi B).
The considering pararmeter records were shawn in Figure 220 All ternperature data
(inctuding zolar radiation) were recorded avery minuie by a daia Logger, Yield rate of

diztilled water and brine water were manually recorded every 20 minutas.
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Figure 2.2 Schernatic diagram of the e-perimental system.
3.2.2 Main Systern Components
Figure 2.4 precenis the piciures of the systarn components and the descriptions
were shown in Figurs 2.4, The main systern unit consisted of an evacuated-tube salar

collector, electrical purap, @vaporator, saline water reservoir, separator and a condenzer,
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(a) Evacuated-iube solar collector

(1) Condenzer () Conzling tower

Figure 2.4 Components in the evperirmental zetup.

Table 21 Descriptions of componenis in the /otzm.

Devices

Properties

Solar collecior

An evacuated-tube solar collactor with Fr(ta), of 0.51 and

FoU, of 3.42 W/m?K, aperture area of 2.8 m2.
rUL

Evaporator

A coil fube installed in 3 chell,

Hot water purnp

CP 15-1.5 Class F 1~220V ((A)=0.25 P(W)=215.

Saline walar resenvir

The Lavel of resenvir was controlled.

Separator

A zrpall tank with volurme of about 1 liter.

Condensar

Shell and tube heat e-changar.

Cooling tower

Madel: BEC 10 BT, Fan Mator: 14 H.P.
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3.3 Measuring Instrurnentation

Figure 2.5 chowed the picturzs of the syztem componznis with the description
shown in Table 3.2.
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(j) Salinity rieasurernen

() Meazuring glasses (1) Flow meter
Figure 2.5 Measuring instrumentaticon.

Table 2.2 Descriptions of measuring instrurmentation in the cystem.

Pyranornster Brand: WIZCO Modzl DL2000, Accuracy £0.5%.
Data logger Erand: WISCO Maodel DL2000, Accuracy +0.5%%.

Salinity reazurernent | Brand: Atago 22132, Accuracy +0.1%.

Measuring glasses Accuracy +10ml.
Flow meter Brand: Mirio Madel VA 102-15. Accuracy 10 kg/h.
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3.4  Problern during Testing

The salt solution could be considerzd a: a cooling system s it absorbed the heat

frorn the solar working Auid,. When the armount of sali water salution in the sali solution

reservoir was insuficient, the PVC pipe in the olar colleciar syztern rupiured (see Figure

2.6). The rupture was cauzed by preszure beyond the lirmiis of PVC pipe to contain,

2

Figure 2.6 The explozion on the pipe of the solar collectar system.
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E-peectzd Results from E-perimezntal Investigation

The averall heat ranzfer o:»eﬁ’i-:ier.f of the evaporatar (ULA) would be empirically
correlated. The influence of the clezigh pararneters on the diztilled water productivity
rate can ke invastigated directly. The effect of reservair Lavel and initial zalinity of the
cali water solution on the distillad water production would be aurnerically evarine:
fror the eqperirmental data. The maodel of the bubble pump was the relationship of
the distilled water rate (My) with the outlet termperature from the solar collector(T,),
the initial salinity of the solution (.\’,-) and the reservoir level of the bubble purmp(H).
The bubble purag modal would bz used for whole system simulation to find the distilled

water yield with the experimental verification.

22



