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1. Introduction

Fossil fuel reserves are increasingly depleted and this
requires people to find alternative energy sources to meet
actual needs when the world population is increasing.
Humans take advantage of mining to generate electricity
and heat, but applications that can be applied to simulta-
neously exploit electrical and thermal energy sources have
not been fully utilized. There are many abundant and inex-
haustible energy sources such as solar energy, wind energy,
wave energy, etc. In these mentioned sources of renewable
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energy, solar energy is stab
where. Solar photovoltaics (P

facing the lack of clean water for living nowadays.
year, millions of people die from lack of clean water and
from the diseases relating to drinking and living water.
There is a lot of technology in the world to produce fresh
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water from sea water or brackish water. However, these
technologies are mostly expensive, not suitable for the poor
and developing countries and communities where most
of the

ater shortages are occurring. In addition, most of

rest of the energy
to the environ-

operating temperdture of PV
ficient is shown in Table 1
Moreover, the uneven te

PV cells as much as possible and i
cells, researchers have proposed
solar cells by creating systems called photovo
(PV/T) systems. PV/T systems are known as
of heat and electricity because in addition t
generate electricity, the excess heat remov@
cells also has great potential for drying, wa
heating and water distillation.

There have been many studies in the world on cooling
solar PV panels to increase their efficiencies. Akbarzade
and Wadowski [3] designed a water-cooled PV syste
incorporating a heat pipe and found that the output power
of the solar cells increased by almost 50%. Chaniotakis [4]
designed a water-cooled PV system and an air-cooled sys-
tem and concluded that water-cooled systems increase
efficiency more than air-cooled systems. Batoul [5] investi-
gated the effect of airflow on the performance of PV panels
using computational fluid dynamics (CFD) and found that
the shape and conformation of the PV system had a large
impact to the efficiency of the cooled panels. Tonui and
Tripanagnostopoulos [6] designed a PV system cooled by
forced or natural convection air. Ho et al. [7] studied the cool-
ing system for solar cells and found that the power output of
cooled solar cells increased by 27.35% compared with that
of uncooled cells. However, the combination of cooling sys-
tems for PVs to distill water is currently very rare. Hedayati

Table 1
Temperature coefficient of solar cells [2]

PV Type  Efficiency of Efficiency decreases when
commercial PV (%) temperature increases (%/°C)

Mono c-Si  15-20 -0.446

Poly c-Si  10-14 -0.387

a-Si 5-9 -0.234

CdTe 7 -0.172

et al. [8] presented a PV/T system using a stepped cascade
solar still and reported that the volume of distilled water
was increased by about 20%. However, this type must con-
sume electricity to run the pump to supply the distillation
equipment.

This paper introduces a new idea of PV/T system, in
which the water used to cool solar cells (PV cells) is used to
provide hot water at night for a solar passive single basin
still — a distillation device with simple design and opera-
tion. Therefore, this solar still can produce distilled water at
both day and night, hence increasing the distilled yield from
35.2% to 41.7% compared to that of conventional solar still
which only works during day time. The article also pres-
ents a simulation program written in MATLAB based on
the thermal analysis equations of PV/T system equipment,
thereby calculating the parameters of the equipment as
well as the power output and distilled water of the whole
PV/T system. The comparison of the calculated results and
the experimental results shows that the written simulation
program has high accuracy and reliability. Then, the simu-
lation program is used to recommend the optimal volume
of water in the tank and thereby predict the production of
distilled water at typical days of 6 months from January
to June.

eration principle of the system and the
mental model

he water distillation system using a PV/T collector com-
ed w1th a solar passive single basin still is presented in
e day, the PV/T system receives solar radi-

t is converted into AC current by the
e pump motor, the rest will be sent
eafpenergy is absorbed by two zig-

en reduced to tem-
t collector PV/T for

release heat to seawater i
perature ¢, and contin
reheating. The amo

seawater temperature is e
and is discharged outside.

pared to the traditional solar stills only operati
when the solar radiation is available.

Fig. 2 presents an overview of as well as some of the
main equipment in the experimental PV/T model.

3. Mathematical model

The simulation program is set up by the energy balance
equations at the components of the PV/T system and the



Fig. 1. Water distillation system using PV/T collector combined with si
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single basin still. All equations are written on the basis of
the following assumptions:

Ignore the heat flow from the outside to the 4 sides of
the PV/T system and the single basin still;

Physical parameters at glass cover, PV layer, absorption
plate, copper tube, insulation layer of PV/T collector and
at glass cover, absorption plate of still are unchanged;
Thermophysical parameters of pure water at PV/T col-
lector and seawater at distillation system change with
temperature;

Constant flow of pure water according to the length of
the heat exchanger tube of PV/T collector;

The temperature of the glass cover, PV layer, absorbing
plate, copper tube, purified water and insulation layer in
PV/T collector and of the glass cover, seawater, absorbent
plate of still changes with time.

The temperature of the seawater in the container is
uniform;

Pump pressure loss includes valve loss, 1 pass loss
through PV/T collector heat exchanger tube and coil loss
inside the seawater tank.

Area of glass cover, PV layer, absorption plate and

3.

1)

where I, T, v_is the average value over a perio

h
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1. PVIT collector
3.1.1. Glass

dT
sP3Cr.g 7: = hf*ﬂrg (Tﬂ B TS) + h’*“rg (TS“Y B

(T =T, )+ L,

pvl g

solar
radiation intensity, ambient temperature and average wind
speed respectively;

Heat transfer coefficient by convection and radiation
between coated glass and atmosphere [1].

=h

w
c-a,g ~ "Yc-a,ins =28+ 3Va [mZKJ (2)
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Fig. 2. The overview layout and some of the main equipment in the experimental PV/T model. (a) Overall layout of equipment
of experimental PV/T system, (b) solar panels and installation location of temperature sensors, (c) water distillation device seen
from above and locations of glass temperature measured sensors, (d) sea water tank seen from inside, and (e) sea water tank seen
from outside.
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Moy = egg[(Tsky)z +(Tg)2}(Tsky +Tg)[mvaj ORI }k (mVYK] (12)

ins ins

The contact area between tube and absorption plate is

given [10]:
4
(@) A, =5, ( mz) (13)
1cer1t by thermal conductivity 3.1.4. Tube

LAp,C 4 hy (T, ~T,)+PeLh,, (T, ~T,)

p.t dT t,ab al it "pw,t

+ A (T = T) (14)

t,ins’ “t,ins t

®)

In which:

e The cross-sectional area of the tube (m?:
T
A=2(D},-D}) (15
* D, is the outer diameter of tube (m); D,; is the outer

b
= fEaec diameter of tube (m)
¢ Inner circumference of tube (m): Pe, =nD, (16)
where the specific electrical capacit * Inner circumference of tube (m): Pe, =nD, 17)

The contact area of the tube and the insulation (m?):
ins = L€, — At,ab (18)

E,..=In, [1 -B, (T T the length of 1 tube pass in the PV/T collector (m)

pvi r
eat transfer coefficient by heat conduction between

Packing factor: and insulation:

A
fo A (19)

APV/T
convection of water and
Heat transfer coefficient by thermal conduction

tub
between PV layer and absorption plate: "

1 w h =
h = 9 pw.t
Pt 8,4 /Ky (mzK] ®

3.1.3. Absorber

dT 24,
8ubpabcp,ub 7:’ = hpvl,ab (Tpvl - T:zb) + At' - hab,f (T; - ’Tub)

ab

+ (1 - 2::””] hab,ins (’I;ns - ’I;h ) (10)

ab

T in which heat transfer coefficient between absorber
plate and tube:

Reynold value:

1 4%
h, = —_— 11
"8y, 8 (mZK] () P ®

pw pwl Dt,i
) Re,, = Ponlon s (3)
ab t u pw

Heat transfer coefficient by heat conduction between ¢ Nusselt value is dependent in Reynold number as
the absorption plate and the insulation: follows [11]:
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+With Re, <2300: Nu_ =4.364 (24) 3.1.5. Pure water
08 04 LA p ¢ dTPW:Pe.Lh (T—T )
., >2300: Nu,, =0.023(Re,, ) (Pr,,)’ @5 PG T Ll (T =T
26
=Gy (Too = To) (26)
he the’@physical parameters of pure water and
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Fig. 3. Layout diagram of the zigzag-tube type heat exchanger e PV/ d the positions of temperature measured

Sensors.

Table 2
Physical properties of water [4]

Note

| =1.99274064;
J (kg/m®) 109965342;

Physical properties of water

1+b1W1/3 +bz‘|/2/3 +b3\l15/3
P=P. +b4w15/3 +b5\u43/3 n b6w110/3
y=1-T/T; T.=647.09 [K]|; p, =332 (kg/m’)

¢, =a+b(T-273.15)+¢(T-273.15)"
+d(T-273.15)" +e(T~273.15)" (k] / kg K)

- ! ﬁ]
g a+b(T-273.15)+¢(T-273.15)" +d(T-273.15)’ [ms

¢=0.1360459;
=-3.1160832 x 10~*.

a.=0.5650285;
b = 0.0026363895;
+d(T~273.15)" +¢(T -273.15)" (W / mK) ¢=-0.00012516934;

= -1.5154918 x 10-6;
¢ =-0.0009412945.

k=a+b(T~273.15)+c(T-273.15)"
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- Cross-sectional area of water flowing in 1 pipe pass (m?)

a4 - nD;,

pw

(27)

pw,i

(28)

3.1.6. Insulation

dT;ns 2Af,ﬂb
6ins pinscp,ins d‘C = (1 - A hins,ub (T;zb S

ins

2At,ins
+ Tht,ins (T; - T;ns

ins

) + hcfa,ins (T;l - T;ns)

3.2. Seawater tank

dT,
Qhw = Vhwphwcp,hw d:W = QC1 - hhwl,n (Thw - T!l)

-2A ., . (T, -T.)(W)

w a

(30)

where Q, : heat that sea water receives (W); V, : volume of
water in the tank (m°); € specific heat of seawater (J/kg-K)

The heat of pure water released at the spiral coil is
calculated by one of the following two equations:

ch = 2Gpwcp,pw (pr,O - pr,i )(W) (31)

Or: QCZ = Fcoilhpw,t (pr - ]—;)(W) (32)

where T and T, are the average temperature of pure water
in the spiral coil and the wall temperature, respectively.

T +T
. _ pw hw
Give T, Rl [K] (33)

* Area of heat exchange between pure hot water inside
the spiral coil and sea water in the tank.

F

coil

=xD, L (m’) (34)

+D,; =D, : Inner diameter of spiral coil (m)
+ L : Length of the spiral coil (m)

e The

velocity

of water

O =20, (m / s) (35)

pw2

in

59

coil:

* Reynold, Nusselt values and the heat transfer coefficient
by convection of pure water in the spiral coil is similar

Table 3

Design and operation parameters of the PV/T collector and

single basin solar still

Components Parameters Value Unit
PV/T collector ALy /T 2 m?
5, 0.004 m
P, 2,200 kg/m?®
€\ 670 J/kg'K
Glass kx 0.9 W/m-K
€, 0.88
o, 0.04
T, 0.93
f 0.9
3, 0.0011 m
Ppi 2,320 kg/m?
€y out 900 J/kg-K
ko 140 W/m-K
oy, 0.9
n, 20 %
B, 0.00405 1/K
I 1,000 W/m?
T 298.15 K
0.0002 m
2,702 kg/m®
896 J/kg'K
310 W/m-K
0.00952 m

Insulation

Sea water tank

Single basin
solar still

~ A O O >
5 % 5
& 5 3
@

o

O

ins,i

(2}

ins,hw

H

o5

RGNS

SR
¢ 2 2

)

(o4

P S

0.00792

kg/m®
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to that of the water in the heat exchanger tube pass at
PV/T collector.

heat transfer coefficient from hot water through
the tank to the surrounding environment [12]:

the

(W/K)  (36)

nD.  H h

ins, 0" “hw' “c—a,ins

at transfer from hot water
e tank to the surrounding

(37)

inshw’ "Tins . iy
of the seawater tank insulation

+ D, ;: Inner diameter of hot watg
+ Outer diameter of hot water t

D ., =D,

ins,0 ins,i

+23

ins, hw

+ Height of water inside the tank (m)

+ Area of the top or the bottom of the tank (m?)

_Dh.
"

A (40)

+ D, : diameter of water in the tank (m) (give D, =D
+H, =H, :height of the tank insulation (m)

ins,i)

3.3. Single basin still

The coefficient of heat transfer by radiation and con-
vection between the glass cover and the environment __,
h, ., is calculated in the same way as the PV/T collector. ’

he partial pressure of water vapor in the glass cover

and sea water is given in [8]:

Glass

/ PV layer
. s
SRS (o
00sesesesetel 55 Absorber
QLRI 355
SRR poess 9%, S
KKK, 28 K
R o R o R R R IR K]
R B R,

Insulation / Pure water / \Tube

Fig. 4. Cross-section of PV/T collector.

5144 )
P =exp 25.317—[7] (N/m?)

8

(41)

(42)

5144
P =exp|25.317 - N/m’
. -enp| 25307 22 v )
Heat transfer coefficient by convection between the
sea water and the glass cover according to [1]:

1/3

(P —P,)(T.,) (ﬂ]
| Uk

43
268.9x10°— p (43)

B g =0884) (T, =T )+

c-sw,g g

Radiative heat transfer coefficient between the sea
water and the glass cover [1]:

hr—sw,g = Seffc TSW Tg mZK (44)
-1
l+i_1] )
€ €

=0.016273h (46)

c-sw,g (

Total heat transfer
and the glass cover a

Heat transfer coefficient
environment hh/a.

Heat transfer coefficient bet
the sea water hb,sw'

Distilled water yield [1]:

T.-T |d
My, == S “(k) (48)
fg
+ Vapor temperature
T +T
_ W 8
T,=— [K] (49)
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Fig. 6. Heat flow between components of single basin still. 3.3.3. Heat balance equation

¢ The latent heat of water vapor he, [8]: ar,
If T <343.15 [K] ABuPyCys Fa Ahy (T, -T,)
+ —_ .
+ Abhh'” (T;l - T;’) + Abrgtswabls
10° —947.79(T, - 273.15)

g =2.4935 +0'13132(Tv _273’15)2 (] / kg) 3.4. Energy values of seawater heating system using
~0.0047974(T, ~273.15)’ (50) PVIT collector
Pump capacity:
+If T,>343.15 [K]
B 2G, Ap

. pump = (W) (55)
hy, =3.1615[10° - 761.6(T, - 273.15) |(] / kg) (51) MpumpP
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pump = 0:8 s the electrical-mechanical efficiency Electricity going to the grid:

of the pump
Pgrid = Pelecl - Ppump (W) (58)
the total pressure loss of the pump calculated
ing to [5] with the above-mentioned assumption.

Energy efficiency of the PV/T system [13]:

Pgrid + Qhw
nenergy = I A (59)
(56) spyyr
4. Solution method

To simulate the entire system, the software MATLAB
2018b is chosen to perform, all steps are shown in the
(57)  diagram in Fig. 7.

e Start the program
e Set design and operation parameters as Table 1

‘ Input design and operation parameters |

Ing PV/T collector Single basin solar still

[T ]

Input weather data (I, Ty, va)

Given Gy

it ¥
Assume initial values of para Assume initial values of parameter (n=0)
T T";wl- T T T Tﬂ“’ Tor. T
ol
¥

Start iteration of energy equations
attime of n+1 ( 1, )

F

. Start iteration of energy equations
Energy equations at time of o1 { ta )
of collector PVIT

7
Energy equation| [Energy equation| Energy :_Q‘-'a‘iﬁ"‘ Energy equation| |Energy equation| [Energy eq
ol

of glass of PV layer oo plate of tube of pure water of insulator

Tt Tt

Temperature values of the components
after each iteration (k)

}

Energy [Energy eq
of sea water of basin liner

j

No Continue iteration at k+1

[N S i

gerature values of

Yes ge ot Ty, T,

‘Output the temperature values of the components|

at time n+1: Ty, T:wl‘ Tyt Times Trs Tines T

Continue computing at t + At{n+1)

No Decrease T =T . -0.01
pw pui

Export all results over t

Calculate the values at time n+1:

oy ]
Export all results over time

Continue computing at t + At (n+1) No

Reach the end time?

Fig. 7. Simulation diagram for PV/T system and single basin solar still.
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* Load weather data including solar radiation, ambient
temperature and wind speed. Weather data values are
actually measured and recorded every 5 min.

ture over time of the glass cover
absorption plate (T ), the heat

the basin liner (T,),
ks used. The unsta-
il be discrete in
time with the la od. In which

the selected time

radiation intensity and a
wind speed is fixed at 1 m

4.1. Seawater heating system using PV,

e Step 1: Assume the temperature para
components at the initial time (n = 0) T;,
T, T, T

e Step 2: Put the water temperature in theQQV,
tor equal to the water temperature in th
tank T‘; i .

* Step 3: Calculate the energy equations at the components
to find the temperature T;’”, TP'Ql, T, T, Tp’z;l, T,
T, at time n+1. Calculation results will be saved int
vector (V) and compared between computations using
number of iterations (k).

+1f |Vk - Vk’1| >10"° continue the iteration at k+1
+If |Vk - Vk’1| <10°° results converged

® Step 4: Results in Step 3 are used to calculate the values
of Q,and Q.

ch — ch

Qi
ch — ch
ch

* Step 5: Output the values of temperatures T;”, Tp’gl, T,
T, Tp”;l, T, T at time n+1.

* Step 6: Calculate the energy values P";}mp, P”;i o e,
Nt ergy At time n+1.

e Step 7: Take the values found in Step 5 and go back to
Step 1 to find the values at the next time (t + At), and so
on until the end.

¢ Step 8: Output all results

* Step 9: Stop the program

+If

o .
>107 repeat Step 2 with T

i

=T .-0.01
PW,

i

+If <107 results converged

4.2. Single basin solar still

+ Day time
e Step 1: Assume the temperature parameters of the
components at the initial time (n=0) T¢, Tt , T}.

sw/

e Step 2: Calculate the energy equations at the compo-
nents to find the temperature T;’*l, T, T/ at time
n+l. Calculation results will be saved into vector (V)
and compared between computations using number of
iterations (k).

+If[V* - V| > 10 repeat at k+1
+If|V" - VH| <10 results converged

* Step 3: Output the temperature values T, T, T,"
at the time n+1.

e Step 4: Calculate distilled water yield m' at the time
n+l.

e Step 5: Take the values found in Step 3 and go back to
step 1 to find the values at the next time (t + At), and so
on until the end.

e Step 6: Output all results.

e Step 7: Stop the program.

+ Nighttime

When distilling at night, because there is no longer
solar radiation, at this time, the weather data included in
the simulation program are only left with ambient tem-
perature and wind speed. Using the simulation diagram
for the single basin still (Fig. 7) with the initial water tem-
peragure in the distillation basin T equal to the hot water
ature in the tank, the distillation results at night are

ation results, the experiment was
sly for the water heating system

was tested from July 7th
Vietnam. In this paper,

solar radiation got
m?) and the ambi

the temperature values of the glass cover &
absorbing plate (T) and pure water (T ) ar8

values of the sensors, correspondingly. Spimilarly,
of the hot water tank was also fitted with 3 temperature
sensors to measure the water temperature at the bottom,
middle and top of the tank. Experimental values of water
temperature in the tank (T, ) are the average value of 3
sensors and are compared with simulation. Solar radiation
data (I)), ambient temperature (T), wind speed (v,) and all
measured values at temperature sensors were recorded and
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saved automatically every 5 min. Distilled water yield was

recorded every 30 min.

The error between simulation and experimental results

is calculated by:
m Y -
Er l meas,n pred,n XlOO (%) (60)
m n meas,n

where m is the total number of times of recording experi-
mental values, Y __ an and Y s, ar€ simulated and experi-
mental values at t}i'ue nth time.
The changing in the experimental and simulation tem-
peratures of the glass cover and seawater in the basin still
during the day is shown in Fig. 10. The graph shows that
the experimental and simulation curves have the same
shapes. The average error between simulation and experi-
ment of glass cover is 5.22% and that of sea water is 4.24%.
The experimental line shows that the difference in tempera-
ture of the glass cover and sea water is small at the begin-
ning due to low radiation intensity, over time the difference
becomes larger, fluctuating about 10°C in the period from
12 to 13 h30. Experimental data also shows that the tem-
perature of sea water and glass cover greatly depends on
the intensity of solar radiation because the water thickness
in the basin is thin, about 2 ¢m, so the thermal inertia is
small. The temperature of water and glass cover gradually
increased with the intensity of solar radiation and peaked
at about 71°C and 63°C, respectively between 12h30 and
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®
°; Erg =5.22(%)
=l Er,, =4.24(%)
B
£60
g
Q
S
§504
o
&
§40 | — measured Tg
54 —— measured 1sw
—é predicted Tg
:30 T —— predicted Tsw
=
Q
20 T T T T T T T T T 1
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Time (h)

Fig. 10. Temperature change during operation of glass cover
and seawater at the basin still during the day.

Er, =7.11(%)

Distill output - m,, (iml/h)
=
[=]
(]
L

— measured
— predicted

8 9 10 11 12 13 14 15/ 16 17 18
Day time (h)

ield obtained during daytime operation.

that the simulation a

trend of increasing error is small

i next period

from 14h20 to 18

10 am and is most obvious at

imental distilled water pr

simulation reached 2.91 L,
and experiment is 7.11%.

Fig. 12 shows the change in

in the tank over time between

Looking at the experimental line on the cha
shows that the water temperature gradually increased
and peaked 51.5°C at 13h55, then decreased slightly and
reached 48.7°C at 16 h.

Fig. 13 shows that the ambient temperature decreases
with time and the wind speed changes continuously during
the experimental time. From 18:00 to 19:00, all seawa-
ter used for daytime which left over in the basin was dis-
charged out and the seawater in the heat exchange tank
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Er,, =432(%)

measured

— predicted

13 14 15 16

Md speed - Va (m/s)

Ambient Temperature - Ta (oC)

19 20 21 2 23 0 1
Night time (h)

Fig. 13. Ambient temperature and wind speed in
of 22nd and morning of July 23rd, 2022.

would be filled in the still. Due to the heat loss when stor-
ing in the tank and the loss when filling, the sea water tem-
perature when down to 45.6°C.

After the period from 16 h to 19 h, due to heat loss to
the environment, 100 L of water in the tank decreased from
48.7°C to 45.6°C. Fig. 14 shows the experimental and sim-
ulation temperature changes of the glass cover and sea
water at night. The verification results show that the aver-
age error between simulation and experiment of the glass
cover is 5.27% and that of sea water is 4.19%. Experimental
data shows that the temperature of the glass cover and sea
water decreases steadily over time, the temperature of water
and glass cover reaches 31.8°C and 28.3°C, respectively at
6h. As shown in Fig. 13, the glass cover temperature at 6 h
is about 2°C higher than the ambient temperature, which
shows that the system’s ability to distill water at night is
very high, lasting for 11 h.

Fig. 15 depicts the simulation and experimental distil-
late yield at night. The graph shows that the results between
simulation and experiment are quite similar. The total pro-
duction of distilled water in simulation is 770 mL while
experimental is 815 mL, so the error between simulation
and experiment is 5.91%. Because there is no influence by
the intensity of solar radiation, the error in distilled water
yield between simulation and experiment at night is smaller
than that during the day.

As discussed above, Figs. 10-15 show that there are good
agreements between simulation and experimental results.
The next step, this simulation program is used to make
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Fig. 14. Temperature changing during operation of glass cover
and seawater at the basin still at night.
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1d obtained during night operation.

Using data of
of typical days for
the written simulation was use,
ciency with G flows varyj
the calculation results, the

of hot water
This can bg

Fig. 17 also shows that the larger the vo
in the tank, the higher the energy efficié
explained because the larger the volume G
tank, the smaller the temperature of the cOS
entering the collector, the greater the ability to receive
heat, so the thermal and electrical efficiency increases,
leading to increased energy efficiency.

Using a flow rate of G, = 0.02 kg/s, the simulation pro-
gram determined the distilled water output for hot water
volumes in the tank from 50 to 150 L for typical days of the
month. The results as described in Fig. 18 show that the sys-
tem achieves the largest distilled water output in January,
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Fig. 16. Solar radiation intensity and ambient temperature of typical days of the months.

March, April, and June when the volume of hot water in
the tank is at 100 L. In February the optimal volume is 80 L
while in May it is 110 L.

Under the weather conditions in April and water
flow G, = 0.02 kg/s, the study investigated the tempera-
ture change over time of the components in the PV/T
collector (glass cover (T), PV layer (T, absorber (T ),

February

9 0 11 12 13 14 15
Time (h)
— Is (W/m2) — Ta (oC)

April

o

1 1z 13 4 15 16
Time (h)
(W/m2) — Ta (oC)

Time (h)
— Is (W/m2)— Ta (0@

tube (T,)) and hot water in the tank (T, ) when chang-
ing the tank volume for 4 levels at 60, 80, 100 and 120 L,
respectively. The results are shown in the four graphs of
Fig. 19. In general, the lower the tank volume, the higher
the temperature of the components in the PV/T collec-
tor and the hot water. Besides, there is little temperature
difference between glass cover, PV layer, absorber and
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tube because these components are linked together as
a whole. As the radiation intensity is higher and the hot
water temperature is greater, the difference in tempera-
een these components becomes more obvious.

50 70 90

Sea water tank volume
++#-0.01 ——0.02 ——0.03 0.04 ——0.05

Fig. 17. Average energy efficiency of water heatin
PV/T collector.

60 liters

Temperature (°C)
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5.3. Distilled water production prediction

From the above optimal results of the G, flow and opti-
mal tank volume findings, the simulations were done to
predict the daytime and nighttime distillate production
of typical days in the months. The results in Fig. 20 show
that total distillate production during the day and night in
March is the highest, with 3.76 L/d, followed by February,
April, May, June and May with 3.58, 3.36, 3.13, 2.81 and
2.5 L/d respectively. Fig. 20 also shows that the nocturnal

—+— Jan
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“+— Mar
Apr
—#— May

Distillate (Kg)

—eo— Jun

0.5~ T T T T

T T T
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Distilled water output at night in months corresponding
olume of water in the tank.
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Fig. 19. Temperature of components over time as the tank volume changes.



68 V.V. Hoang et al. / Desalination and Water Treatment 282 (2023) 53-69

Symbols
h — Heat transfer coefficient, W/m?-K
h, — Convective heat transfer coefficient, W/m?2K
207 h, — Radiative heat transfer coefficient, W/m2?K
h, — Evaporative heat transfer coefficient, W/m*K
k — Thermal conductivity, W/m-K
Q — Energy rate, W
M — Mass, kg
0.74

— Distillate output, kg/s

— Surface area, m?

— Air velocity, m/s

Specific heat capacity, J/kg-K
— Temperature, K

— Diameter, m?

I
SRS ICIENE
|

Pe — Perimeter, m

H — Height, m

L — Length, m

[4 — Pressure, Pa

P — Electrical power, W

s . )
output at night ranges fr JE : ?ﬁ?ﬁﬁc ?;iig;cal power Wi
tilled water production. Re — Re nol%ls number
also seen that the use hot water produg N _ Nlilsselt number
tor to distill water at night increase I _ Solar radiation intensity, W/m?
water from 35.2% to 41.7%. This h¥ G B Mass flow rate, kg/s !
for water distillation potential. h — Latent heat of vaporization of water, J/kg-K
— Time, s

6. Conclusions - Pressure drop, Pa

This paper introduced a new idea of PV/T System,
which the water used to cool solar cells (PV cells) is used to

provide hot water at night for a solar passive single basin A
still — a distillation device with simple design and opera t
tion. This proposed PV/T system helped the solar still pro-¥ o tzmann constant, 5.67 x 10, W/m?>K*
duce distilled water at both day and night, hence increasing p
the distilled yield in comparison with that of conventional = w
solar still. The article also presented a simulation program &
written in MATLAB based on the thermal analysis equa- &
tions of PV/T system equipment, thereby calculating the n Efficiency
parameters of the equipment as well as the power output u — Dynami
and distilled water of the whole PV/T system. The compar-
ison of the calculated.results. and t?he experimental rest.llts Subscripts
showed that the written simulation program has high
accuracy and reliability. The errors between experimental ¢ - Glass
and simulation results were around 4.24% to 7.11%. Then, pw — Pure water
the simulation program was used to recommend the opti- sw  — Sea water
mal volume of water in the tank and thereby predicted the hw — Hot sea water in ta
production of distilled water at typical days of 6 months a — Ambient
from January to June. The simulation results showed that ab  — Absorber
the use of hot water from PV/T collector to distill water at pvc — Photovoltaic cell
night increased the output of distilled water from 352% PV/T — Photovoltaic/thermal collecto
to 41.7% compared to that of traditional solar single basin pvl — PV layer
stills. t — Tube
In the next studies, the feasibility of applying hot water b — Basin liner
supply systems using PV/T collectors for water distillation ¢ — Convection, coil, critical
systems other than single basin solar still will be conducted 7 — Radiation, reference
and evaluated. This future work will hopefully contrib- e - Evaporation
ute to solve two urgent problems of electricity shortage ins — Insulation
and improving freshwater sources, helping to improve grid — On grid

lives for people in remote areas, rurals and islands. th — Thermal
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e, elec — Electrical
1 — In
0 — Out

ad Thermal adhesive
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