CHAPTER 1
Introduction

1.1 Background and Problem Staternent

According to the Worldwatch Institute 1], fresh water shartages could be one of
the bigzast challenges for more than twao-thirds of the world’s population by 2025, This
rneans that countries which are nob facing the risk of water shortages prezently, will still
require to tackle the problern in firnz o come. Even though water seemly iz abundant
in our planat, the majority of all waier sources is not desirable for hurman consurnption
as it containz oo much arnouni of zalt and harmful organisms. In fzct, there is only a
trivial one percent of fresh water which can be found in rivers, lales and underground
water rezervoirs. Furthermors, these sources are not eazily accessible in every part on

earth.

Since natural sources of fresh watar can only meet limited dernands, the uze of

water treatment can hardly be overstressed. Geographically zpealing, sea water
conztitute: twa thirds of the entire 2arth’s surface. Hence, it make: logical sense that
dezalination technalogy shauld be developed and uzed in the production of potable
water. Recently, several separation procesies (thermal and mermbrane processes) have
been developed in arder to produce freshwatzr from sea water. The rmain obstacle of

these technologizs is thai they consurne large quantitizs of energy [2] which are not

available in some resions such as coastsl areas, islands or other remote areaz from

electrical grid.
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Figure 1.1 Earth’s water distribution [2].

Penewable energy sources must be considerad in order to solve the prablarm of
high enzrgy consurmption. Considerable attzntion has been recently given to the use of

colar enargy as a heat source for desalination, especially in th2 regions which lach



sufficient electrical power. The usz of solar thermal energy can not only reduce fossil
fuel consumption, but alzo be a limitless resouwrce which generates low emizzions. There
are many designe of solar applications for either low or high termperature genaration.
Howeavar, the drawback: of solar energy are a relatively low productivity rate and low

therrnal efficiency. [3).

Sorne technologies have been developed such as the bubble pump technique
which can be used to zccelerate watar evaporation as shown in Figure 1.2, 18 uses thermal
energy as a replacemneant for rmechanical energy to cause the changz of the Auid position.
Fluid volume increases after reserving the heat then the generated bubbles causze tha
upward movernent of the Auid in a column. The salt solution i heated in a small
quantity so that the svaporation process can be accelerated. The benefits of this syziem
are the increased zpeed of evaporation withoui electricity requirernent and it dosan’t

have maoving part thus the process could be aperated simply.
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Figure 1.2 Schematic dizgram of bubble pump technique (4.

Thiz study introduces a desalination cystern with the e of the bubble purmp
technique to increaze the speed of evaporation, uzing solar collector az 3 hest source.
The parameters affecting the performance of the systern az well as the unit cogt of the
distilled water are considerad.

1.2 Literature Review
1.2.1 Desalination Technolagies

i

Several zeparaiion processes have been developed in crder to produce frechwater

from sea water. Most of these processes are funciioned based on the principle that water



and salts do not separate spontancously but need zoms adernal energy to force the

feparation process, Figure 1.3 shaws the maost comrm fication of these proceszes

is based on the type of separation proczss adopied: thermal and rmembrane processes.
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Figurz 1.2 Thermal and membrane desalination pracesses (8]

The mermbranes for the desalination group contain Reverse O:mosis (RO) and
Elecira dialysis (ED) which are challenging for crnall scale demands. Even though it
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requires a lesser amount of energy to process salt watar than by the thermal decalination

group but RO planiz are equipped with many machines which require lots of shilled
tabors to control. ED iz aften uzed only to producs hish quality water as it conzumes
high electricity.  Therzfore, membrans proceszes through RO and ED might not be
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financially feasiblz for mast countries suffering from water scarcities, For the main
thermal dezalination processes, these include mulb-sizgs flash desalination (MSF),
rultiple-effect distitlzation (MED), and mechanical vapor comprezzion (MVC). MEF and
MED zysterns are cornmonly built in cogeneration plant: where pawer and water ars
produced all together, whilz the MVC cystern ic functionad zalely by electrical power.
They require a large amount of encrgy, around 10-15 FWhm? [2], which makes it

I surnmary, the discuzzion has shown that both thermal and mermbrane procesces
are not feazible for some countries where small scale demands are needed dus to high



enargy consurnpiion. Thus, solar enary as a heat source for desalination may be another
solution.

1.2.2 Zalar Energy Applications for Distillation
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cea water iz solar heat.
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One of the lezding practices wsed in the distillation o
Malil: [6] proven that the developmenis in the use of solar energy is ideally suited for
desalination when the dermand of fresh water is not oo large, An application of this
technique was the design of Mehta [7] as viewed in Figure 1.4, The designed madel with
dirmenzions of 20 o in height, 65 arnin length and 128 o in breath could distll 1.5
liters of fresh water fror 14 liters of dirty water within 6 hours, The study slzo found

that th2 efficiency of the unit was 64.37%.
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Figure 1.4 Dezigned raadel of solar distillation cystern [7].
The study of Miyornvas [5] was alzo involved in solar desalination parformance.
The model had a ouare wave tray with dimensions of 0.6 m = 0.6 m = 0.047 . The
study intenaed to compare the perfarmance of the systern with and without flat plate
reflactors within @ hours per day between 200 arm - 2:00 pen. The syctem with fat plate
reflectors could produce fresh waier in a rake of 0.293 Um?/h, while that without Aat

plate refleciar could get the yield with & rate of 0.305 U/rm?/h.



Figure 1.5 Solar distilter with Aat-plate reflection [3].

These titeratures showed that the use of solar energy had 3 low productivity rate
about 2 liters per zquare meter per day. Therefore, impraving the praductivity rate is

needed and in this study a bubble purnp technigue is applied.
1.2.3 Bubble Purnp Application for Distillation

Many researches are interested in the use of bubble pump to accelerate
evaporation of 3 solution. Most recent literaiures were studizd on ethancol distillation by
the technique of bubble pump. Somphert (9] dezigned 2 unit wing bubble pump

technigque to distill ethanol as shawn in Fisura 1.6,
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Figure 1.6 Thermal distillation by bubble purmp [9].

The study aimed to investigaie the parameier: affecting the flow rate of the

dotem L3

product of sthanol and its concentration, and estimate the product cozt. The study also

found that the Row rate and the concentration of ethanol stransly depended on inner



diarmeter of the bubble tube, height of the bubble tube and elecirical power supply.

The production casts from 2.57 to 4.94 Bahiliter.

Sirnilarly, Jittayasothon  [10] corrslated  three  pararneters  including  initial

concentration, level of solution in the evaporator and the overall heat transfer areas

which affected the amount of disiilled ethanol and its conceniration (Figure 1.7). The

and 3.2
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testing was conducted by twao diztillers with different heat fransfer arsasz of 8.2
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Figure 1.7 Two stage:s thermal distillation by bubble purap [10].

Frorn the tezting datz, the correlations of the related pararmeter: were establiched

as:
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The difference of ihe calculated data and the experirmental results were within

+12%.

A zimiilar concept-designed ystern was uzed by Rabhorn [11] on three binds of
fermentzd ethanol from rice, molazzes and pineapple. LPG was used 35 3 heat source.
The objective was to cormpare the concentration of ethanot from these agricultural crops

and find out the one that provided highest yield.



Az the resull, the procuct frorn raolaszes gave the highest concentration of ethanol
(65.67% by volume) afier proceeded with the bubble purmp technique.
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Figure 1.8 Applicaiion of therrmal distillation by bubble pump [11].

Malawaonno [12] applied bubble purnp technique with @ colar collector az a heat
source. The study uzed three different types of solar collecior performing in the zame
condition of the zolar radiation, the ambient ternperature, the amount or level of
solution in solar collector and the alcohol concentration of the feed solution. These

three types were:

o Type A-a single glazed verfical finned-and-tube Aat plate collector

o Type B - a cingle glazed flai finned-and-tube Aat plate collectar (selective
surface), and
L

Type € - a double glazed Aat finned-and-fube Aat plate collector.

The objective was fo find the best one in termz of the product ot
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Figure 1.9 Bubble purnp technique for solar distilation [12].

Bazed on thesze literatures, the bubble purnp fechnigque has been applied rmostly
for ethanol diztilation. However, there iz very litile litarature about the technique for
sea water distillation.  In this study, the concept of the bubble pump techniques was

applied for desalination.
1.3 Objectives

1.3.1 To invesiizate the parameters affecting the performance of the solar
seawater dezalination such as the raservoir lavel of the bubble tube, the
initial concentration and heat supplied by the collector,

1.3.2 To develop a madel to simulate the cystern behavior,

1.2.2 To estimate the unit cost of distilled water,



1.4
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Expecting Benefit

1.4.1 The testing systern can be used & a testing rig for fraining cstudenis or those
interested in such technology.
1.4.2 The concept can lead io a prototype design for providing hygienic potable

water from sea water for srall needs in househaolds or commmunities.
Scope of Study

Sali contents of water were 3%, 3.5%, and 4% by waeight.
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The eperiment was done at a laboratory scale under Chiang Mai climatic
condition.
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1.5.2 Heat source came from an sotar collector with thermal characteriztics of the

area = 2.8 m?, Fr(ta), = 051 and Fll, = 342 W/m*. K



