THE UNIVERSITY OF DANANG, JOURNAL OF SCIENCE AND TECHNOLOGY, NO. 6(79).2014, VOL. 1 13

INITIAL EXPERIMENT RESULTS ON THE RESEARCH PROTOTYPE
FRESHWATER DISTILLATION EQUIPMENTHIGH EFFICIENCY

MOT SO KET QUA BUGC PAU CUA NGHIEN CUU CHE TAO THU NGHIEM THIET BI
CHUNG CAT NUGC NGOT HIEU SUAT CAO

Tran Thai Duy?, Hoang An Quoc?, Tran Van Vang?
'Ho Chi Minh City University of Technical Education; Email: hanquoc@hcmute.edu.vn
2University of Danang, University of Science and Technology

Abstract - Distilling freshwater using solar energy is a promising
way to sustainable development since the energy used is free and
clean [1], [2], [3]. In this paper, the freshwater distillation equipment
using a parabolic concentrated solar collector has been
experimentally studied. The experimental system consists of a
parabolic concentrated solar collector with 1.3m diameter and
0.45m depth. The material of reflective surface’s parabolic collector
is Inox, so that it can reflect solar radiation. The parabolic type's
solar collector is adjusted according to the movement of the Sun
every 15 minutes so that the reflective surface of parabolic is
perpendicular to the solar radiation. At the focal point of the
parabolic collector mount the freshwater distillation equipment.
Performance of the freshwater distillation equipment using a
parabolic concentrated solar collector is tested under the local
conditions of Dinhquan, Dongnai province from 13/6/2012 to
30/11/2012. The experiment shows that, the influence of the solar
radiation and wind speed on a capacity of the equipment. The
capacity of this equipment can range from 6 to 8 L/day of fresh
water from 8 AM to 4 PM.

Key words - distillation equipment; solar energy; freshwater
distillation; water distillation; parabolic type's solar collector.

1. Introduction

There have many researches on application of solar
energy on freshwater distillation. This enables people in
rural areas and isolated islands to use freshwater. Though
freshwater distillation use solar energy has long been used,
most of these used greenhouse effect, which has many
disadvantages such as very low efficiency and
unreasonable cost due to energy loss on collector surface.

The water distillation technology using parabolic
concentrated  solar collector can reduce those
disadvantages. This collector can focus solar radiation so
that the water temperature is very high, thus, the
evaporating process occurs very rapidly, resulting a very
high efficiency for the distillation process.

In this paper, the freshwater distillation equipment
using a parabolic concentrated solar collector has been
experimentally studied. The section 2 presents the
concentrated parabolic and it’s thermal analysis, section 3
describe freshwater distillation equipment used for
experiments. The experimental results are shown in
section 4. Section 5 summarizes the result.

2. The concentrated parabol and thermal analysis

2.1. Concentrated Parabolic

Figure 1 show the sunlight reflected on the parabolic
collector. The sunlight is reflected to a point known as the
focus F.

Tém tat - Chung cAt nwéc ngot bang cach st dung nang lwong
mét tréi (NLMT) la phwong phap tét cho sy phét tridn bén viing, vi
n&ng lwong dwoc str dung mién phi va than thién véi mai trwong
[1], [2], [3]. Trong bai bao nay, da nghién ctu thwe nghiém thiét bi
chwng cat nwéc ngot st dung mot bd thu NLMT kiéu parabol. Hé&
théng the nghiém gém mat bo thu kiéu parabol cé dwong kinh
1,3m va chiéu sau 0,45m. B& mét phan xa parabol dwoc lam bang
Inox c6 thé phan xa NLMT. Tai tiéu diém ctia parabol gan mot thiét
bi chwng cat nwéc. Thiét bi dwoc diéu chinh quay theo chuyén
déng clia mat tréi 15 phat/lan, sao cho bé mat phan xa parapol
vudng géc véi tia birc xa mét trévi. Thiét bi chwng c&t nwée st dung
bd thu kidu parabol dwoc thiét ké va ther nghiém & Binh Quan,
Déng Nai tir 13/6/12 dén 30/11/12. Thi nghiém do anh hwéng cta
blrc xa mét trovi va téc do gié déncong suét cla thiét bj. Lwong
nwéc thu dwoc tlr 6 dén 8L/ngay trong thoi gian tr 8h00 dén
16h00.

T khoa - thiét bj chwng cét; chung cat nwéc ngot; chwng cét
nwéc; NLMT; bd thu NLMT kiéu parabol.
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Firgure 1. The image of the sun at focus F.
If a black generator is placed at the focus it will absorb
the sunlight’s energy and boil the water in a generator.
2.2. Thermal analysis

The collector thermal efficiency is defined as the ratio
of the useful energy per the energy incident on the
concentrator aperture as flows [3], [4]:
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Where:
- A is the aperture area of the dish

concentrator;
— 1, is the incident solar radiation per unit of

concentrator area.
Under steady state condition, the energy balance on a
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solar collector can be written as:
Q, =Q -Q )
Where: Q, is the useful heat delivered by solar

collector which is equal to the energy absorbed by the heat
transfer fluid and can be calculated by:

Qu = me (Tout _Tin) (3)
Q, is the radiant solar energy falling on the receiver.
Q =mAl (4)

1, 1s the optical efficiency

So the collector thermal efficiency can be written as:

Qu Q|
o= =M=, 5
Al PTAL ©
Q, is the total heat loss rate of collector
QI =UL'%(Tr _Ta) (6)

Where: U, isthe overall heat transfer coefficientbasedon A, .
According to [..] the actual heat gain is given by [3],[5]:

Qu = FRAa |:S _%(Tin _Ta ):| (7)

Where:
A

—  C =—2js the concentration ratio;

— A, =zR%isthe aperture area of parabolic dish;

T . .
- A= Zdz is the receiver aperture area;

- S=n,l, isthe absorbed flux;
— T, is the ambient temperature; and
— R is the heat removal factor.

e, |
" AU,

From equation (7) and (8) the actual useful heat gain is
given as [3],[5]:
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Qu = U|_ S_%(Tin _Ta):| 1—6[ " ] (9)

Where F'is the collector efficiency factor.

3. The freshwater distillation experimental equipment

Figure 2 shows the freshwater distillation equipment
used for experimental in this paper.

The experimental model consists of a parabolic
concentrated solar collector, generator, condenser and
cooling water system. The volume of generator contents 3
liters of water. There are two models of distillation
equipment is presented in figure 3 and figure 4. The
specification of the experimental equipment is shown in
table 1.
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Figure 2. The experimental model

Table 1. The specification of the experimental equipment

No. Components Specification
1 Collector 1,3m Diameter
2 Generator 3 liters
3 Condenser 2 models

Figure 3 and figure 4 shown 2 models of distillation
experimental equipments with different types of
condensers. In the first model (Figure 3), the water is
condensed inside the coils where as the water in the second
model (figure 4) is condensed outside the coil.

Cooling water out

{ Condenser

Cooling water in

= Freshwwater out

Figure 3 (b). The distillation equipment of model 1
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Cooling water out

Figure 4 (b). The distillation equipment of second model

4. Experiment results

The two models of distillation equipments described in
section 3 were used for experiment. Many experiments
have been carried out the freshwater distillation equipment
under the local conditions of Pinh Quan, Pdng Nai
province during the days from 13/6/2012 to 30/11/2012.
An experimental result of each model is the result of an
average of 5 days of experiments in the sameconditions.

The experimental results of two models are presented
in figure 5 and figure 6.
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Figure 5. Experimental results ofthemodel 1

Experimental results of the first model for the amount
of distilled water from 7h00 to 16h00 is 6960ml,

meanwhile results of the second models in the same
conditions, the amount of distilled water is 8005ml. In the
first model, water steam is condensed in the small tubes
(coils) and flows down, so it will be bad influence on
subsequent condensation so this explains why and the
condensing process is less efficient. Meanwhile, in the 2nd
model, the water steam is condensed in the large tube and
flows down. In this case, the distilled water does not affect
the subsequent condensing processes. This explains why
the second model gave better efficiency as shown in this
experimental data.
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Figure 6. Experimental results of the model 1

In comparison with the greenhouse effect technology,
this concentrated solar collector gives a much better
efficiency. In particular, with a solar radiation above 800
W/m? the amount of freshwater obtained with the parabolic
concentrated solar collector is 1180 ml/hour (second model)
where as the number is 800ml/hours for greenhouse effect
technology. Total cost of equipment is only 2,500,000
Vietnam dong.

5. Conclusion

The experimental data shown freshwater distillation
technology using parabolic concentrated solar collector
can be exploited solar energy for rural areas or isolated
island to produce freshwater.

The experiment was carried out during the raining
season in the south of Vietnam and gave quite good
efficiency. It is expected that, during the dry season where
the peak solar radiation is up to 1000 W/m?, the amount of
distilled water will be increased significantly.
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