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Abstract:

In this study, a hybrid commercial solar dish concentrator (SDC) integrated with a multi-effect
distillation (MED) unit is thermodynamically modeled for the desalination process. A
mathematical model implemented in MATLAB software is developed to simulate the proposed
SDC/MED system to analyze its performance under the conditions of Tianjin (TJ), China. An
energy analysis viability for assessing the life cycle of the SDC/MED system is also performed.
The results demonstrated that, despite the site's solar radiation changes throughout the day, the
desalinated water output for the proposed SDC/MED system is sufficient. In addition, the TJ-
SDC/MED system is more cost-efficient than comparable standalone desalination systems. The
simulation of the SDC with the MED unit of five effects yielded average productivity of roughly
95.5 kg/s, a specific cooling water flow rate of 1.689, and an overall performance ratio of 223.3.
It is recommended that the hybrid SDC/MED system is an efficient choice for producing potable
water in large scale desalination applications.

Keywords: Multi-effect desalination; Solar dish concentrator; Energy analysis; Freshwater
production; Overall efficiency; Case study.

Nomenclature

Symbols Greek Symbols \
Acon. Aperture area of the dish, m? c \S/\tﬁéezr_]K%;) Itzmann constant (5.67x10
Ao cav. Cavity outer area, m? Ne Concentrator efficiency

CgD Design geometric concentration é;ff Effective absorbance of receiver
Deav. Diameter of the cavity, m Pm Concentrator mirror reflectivity
Dii Tube inner diameter, m r Solar interception factor

Do Tube outer diameter, m Y Receiver tilt angle

Fo Degradation factor Vi Wind speed, m/s

Gr Grashof number MED System

Neonv., forceds  FOrCed convection, W/m?.K A Avrea of heat transferred, m?

Neonv.naturat ~ Natural convection, W/m2.K B Flow rate of Brine each effect, g/s
Pext cav- Receiver external convection, W/m.K BPE Boiling point elevation, 8 °C

Ign Direct normal irradiation, W/m? Cp Sgﬁgt':ni B?:;;Si‘fvﬁgilr(gz%ac'ty at
Kamb Thermal conductivity of air, W/m.K D Distillate flow rate by boiling for each
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Kins Insulation thermal conductivity, W/m.K
Kree Receiver thermal conductivity, W/m.K
Lins Insulation thickness, mm
rr Recovery ratio, %
Re Reynold’s number

Qcond. Conduction heat loss, W

Qconv. Convection heat loss, W

Qloss Total heat loss, W
Qrad Radiation heat loss, W
Qref Energy reflected, W

Qu Useful Energy, W

Teav. Cavitation receiver temperature, °C or K

Qioss Total heat loss, W

Tv Vapor temperature, °C

S Steam flow rate entering the first effect, g/s

Evaporator section overall heat transfer

Ue coefficient, KW/m?. oC

Ts Steam temperature, °C

Tv Vapor temperature, °C

U. Condenser section overall heat transfer

coefficient, KW/m?.cC

1. Introduction

Important global challenges like water and
energy are not being adequately addressed
in the face of a growing population and
advanced technology, causing great
concern for scientists and decision-
makers. Important global challenges like
water and energy are not adequately
addressed in the face of a growing
population and advanced technology,
causing great concern for scientists and
decision-makers. This is due to the
depletion of both fossil fuel and drinkable
water. Therefore, it was necessary and
crucial to create a sustainable, clean, and
viable energy source using desalination
techniques. The present global energy
transformation must include solar energy.
Since solar energy is free and plentiful, it
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effect, g/s
D¢ Distillate flashing flow rate for each
flashing box, g/s
F Feed flow rate to each effect, g/s
GR Gain ratio
h Heat transfer coefficient, W/m?2.°C
L Heat of latent, ki/kg
LMTD Temperature diﬁ;erence by logarithmic
mean approach, °C
m Mass flow rate, kg/s
n Total number of effects
T Temperature of brine boiling in the
b effects, °C
T, Cooling water temperature, °C
Ts Feed temperature, °C
T, Last effect temperature, °C
Ts Steam temperature, °C
AT Temperature decreases, °C
Xy Brine salinity
X, Salt concentration, ppm or g/kg
y Flashing fraction
Subscripts
0 effect number
c condenser
cwW cooling seawater
% vapor

is becoming more competitive with
conventional fossil fuels, which produce
significant amounts of greenhouse gases.

Freshwater scarcity is one of the most
urgent problems facing the globe today
because of the rapid industrial and
population growth, even while new
technologies are being employed to
produce and store solar energy.

Desalination as a viable alternative for
supplying freshwater is gaining popularity
in this area. A combination of desalination
and renewable energy technologies may
help to mitigate these negative
consequences to some degree [1,2].
Therefore, by linking it, solar energy is
used for power production or heating
source for seawater desalination methods
such as reverse osmosis and multi-effect
evaporators [3-9]. Although the reverse
osmosis technique has the highest
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freshwater production, it consumes much
power [10-20]. This requires finding other
sources for desalination of seawater with
low energy and relatively high
productivity.

Systems producing water using multi-
effect evaporation and humidification-
dehumidification (HDH) water
desalination use less energy. The most
efficient and effective solar concentrator
devices in engineering applications
include the linear Fresnel reflector (LFR),
a parabolic trough collector (PTC), solar
towers, and solar dishes [21-26]. Sunlight
is captured by solar dish concentrators,
which turn it into heat to heat water,
which is then utilized as a source of heat
for the multi-effect evaporator [27-29].
The effectiveness of the Stirling engine
based on a dish concentrator for the
creation of electric power has also been
studied. A solar dish/Stirling engine
system (SDSES) with a rated output of 25
kW was the subject of a thermodynamic
theoretical model and a techno-economic
study conducted by Zayed et al. [30].
According to the results, the system
generates 3.5 MWh of energy each month
at a maximum efficiency of 22.75% and
28.748 MWh vyearly at a net overall
efficiency of 19.55%. Zayed et al. [31]
looked at how the SDSES's output power
and overall efficiency were affected by the
concentrator diameter, receiver
operational temperature, DNI, wind speed,
and ambient temperature. The results
manifested that the SDSS's power
production and overall efficiency rise with
increasing DNI and receiver temperatures
while decreasing with increasing ambient
temperatures and wind speeds.
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From the literature review, an energy-
efficient standalone desalination unit such
as the MED system powered by solar
energy that may be used in distant areas to
cover the needs of desalinated water is
urgently needed.

To do this, the performance of the hybrid
SDC/MED system is studied using the
simulation code of MATLAB. The
theoretical model, design, and operational
conditions of Tianjin city-China are
included in the present research.

The proposed strategy in this study is to
develop a hybrid standalone solar-
powered desalination system with two
subsystems making up the proposed
system. The first one is the solar dish
concentrator (SDC), which supplies steam
to the MED unit. The MED system for the
desalination stage is the second system
with five effects. A commercial code of
MATLAB software is used to simulate the
hybrid system MED/SDC. A schematic of
the freestanding MED unit powered by the
solar dish concentrator is shown in Fig. 1.

Solar heat
= exchanger

I
| 1

|

|
| ide valvel

PG

Solar dish concentrator ! !
& |

Figure 1. sketch diagram for the
mechanism of the TJ-SDC/MED system.
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2. Methodology The solar dish includes mirror reflection
(reflectivity 0.92). In the solar thermal
receiver, a hollow copper cylindrical coil
was placed in the focal zone of the solar
dish. A solar dish concentrator with a solar
thermal receiver was employed to heat and

however, brine salinity and the temperature raise feed water temperature before pumping
of the ultimate effect are ignored. Two codes to the MED unit in the proposed unique

have been developed for the proposed hybrid system of SDCs driven MED

hybrid system: one for the multi-effect desalination unit combined with a solar dish
evaporation  desalination (MED) system concentrator. Table 1 shows the dimensions
equations and the other for the solar dish of each component of the proposed hybrid

concentrator (SDC). The model result is system of an SDC-driven MED desalination
used to compute the performance respect unit coupled with a solar dish concentrator.
ratio, specific heat transfer surface area, and

specific cooling water flow rate for the
system. The results include impact
temperatures, distillate flow, and brine flow.
2.1 Configuration of the solar dish
concentrator (SDC)

The proposed model solves the mass and
energy balance of the hybrid system using
MATLAB software. Temperature and water
salinity are entered as parameter values;

SDC is a focused solar technology that
converts solar energy into thermal energy by
concentrating radiation on the receiver from
the solar collector. Figure 2 shows the
system heat balance of the SDC, and Table 1
demonstrates the design specifications of the
SDC system. The heat is absorbed by the
circulated water flowing through a

Figure 2. Receiver’s of the energy distributed in

cylindrical coil (a cavity receiver), as shown. the SDCs.
Table 1. Design and operation data of the No. of mirror units 144
proposed hybrid model. Tracking control Open circuit

Cavity reciever design with Tianjin solar dish

E?!ﬁ zfallﬁ:tlj](m) fg %Cmcatlons concentrator (TJ-SDC/MED):
aperture area (m?) 12.2_72 Type _ Cylindrical cavity
Effective aperture area (m?) 105 Aperture diameter (m) 0.25
Mirror reflectance 0.92 Pipe outer diameter (m) 0.035
Total optical error g Pipe inner diameter (m) 0.0326

i : - Pipe length (m) 25.4

Altitude, azimuth tow

Tracking system axis Number of coils 12
Type Paraboloid
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2.1.1 The mathematical model

The analysis model of the TJ-SDC was
conducted to evaluate the performance of
the new design of the SDC for supplying the
heating energy to the MED desalination
unit.

A. Thermal analysis model of both receiver
and reflector cavity:

As illustrated in Figure 2, a thermodynamic
analysis model was utilized to calculate the
parabolic and receiver system's output
energy and total heat efficiency. The
difference between the power reflected by
the parabola to the receiver (Qrc) and the
total heat loss (Qiess) IS known as the usable
energy in the cavity (Qy), which is defined
as the energy obtained by the working fluid:

Qu = Qrec — Qioss (l)

Where Qe and Qs denote the energy
reflected by the dish to the receiver and the
total heat losses, respectively. The reflected
power to the receiver is given by Eq. (2)
[27].

Qrec = Pm T Ipn Acon (2

Where pn, represents the concentrator mirror
reflectivity is 0.92 [28] and I' the sun
interception factor. This factor is assumed
between 0.9 and 0.99, according to the
Harrigan model [29, 30]. Further, in this
paper for the possibility of maximum losses,
(') is assumed 0.9. (lgy) is the direct normal
irradiance, W/m?.

B. The receiver’s total heat losses

Determination of the gross thermal loss of
the receiver is accomplished by the value of
three types of thermal losses in the receiver:
convection, conduction, and radiation [21].

333

QL = Qconduction + Qconvection +
3)

Firstly, the thermal loss via radiation
“Qragiation” 18 given by the following
equation [31-33]

Qradiation

Qrad- = Seff-Acav.(Tcav4 - Tamb.4) 4)

1
1 Aap

[1+(£_c 1)Acav

T..= ambient temperature, T, = cavity

receiver temperature.

The (cavity receiver temperature) “Tca,”, is
given as [34,35].

T __ 4 |®apsrCg,nlBn
cav — o€ . Eatt
T

Where Cgyp design geometric concentration
and the receiver temperature near to the
working temperatures is provided as: """ IS
an attenuation constant, while the transmitter
temperature is given as:

Where €orr = (5)

(6)

Eatt = Me Fp Fex (7)

Where 1 efficiency of the concentrator and
Fp (degradation factor), Fex (Excess heat
removal factor).

The parabolic concentrator efficiency nc
may be computed using the concentrator
mirror characteristics and manufacturing
process defects, as shown in [36].

(8)

Fs, stands for the un-shading factor. The
natural convection thermal loss within the
cavity receiver “Qconvnat’ and the power
convection thermal loss owing to wind
speed “Qconvwing” make up the convective
thermal loss “Qcony”’. The natural convection
thermal 10ss (Qconvnat) Within the cavity
receiver may be computed as follows:

Ne = PmFsnl
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Qconv = (hconv,nat + hconv,forced ) Acav (Tcav‘Too)
9)

The heat convective “hconynat” 1s determined
by the -cavity insulation and receiver
diameters, the thermal losses conductivity of
the receiver material, the receiver tilt angle,
and the temperature of the cavity receiver
and its surroundings. It may be determined
in the following way [37].

hconv,nat =

KTEC

rec

(10)

Where v is tilt angle of the receiver, (Kre) is
the receiver thermal conductivity, W/m.K
and (Gr) Grashof number.

The receiver tilt angle (y) and wind speed
(vw) affect forced convective thermal loss
(hCOHV, forced) aS fOIIOWS [38,39]

1.401

hconv,forced = f(Y)-VW (11)

Where f(y) is dependent according to ref.
[39] as:

| Input parameters of the TI-SDCS model.

l0_088_ Gr0333. (%)0-18 (cosy)?*7. (%)

| Qrod = Qrad, ref- Qrademi |<—

)

I Qeonv = (eampar + hcmnu‘orred ) Aca (Tear-Too) |4—
Qe =Pu T nuAcen )
Ocond = (Teap=Teo)
cond ”“l{ﬁ% [.(HPD('%’E e |
enKrlr 2nKipclins hextcavdcav

1
| Qloss :Qm«’. + chm‘ + Qconn’

Figure 3. Flow chart of the SDC system.

2.2 MED desalination unit

In the current investigation, a parallel feed
MED is explored, as illustrated in Fig. 3. A
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f(y)=0.1634 + 0.7498 sin y + 0.5026 sin 2y

+ 0.3278 sin 3y
(12)
Where “y” is the inclination angle of the

cavity receiver on the horizontal plane, and
it is adjusted at 75° [36], resulting in
minimal wind convection thermal loss.

The heat loss by conduction “Qcong” is
computed as [40,41]

1.12 .98(Dr—ZQ (Teav—Too)
cond® inPro ;. Dcav
Dyi Dyro 1

T T
2nKyrLy 27K ipglins hext,cavA°cav

(13)

The receiver cavity external surface
convection heat “hexcay” is €Stimated as [42]

hext.,cav = 0.148Re0-633 ;;”

cav

(14)

Where K, is the air thermal conductivity
W/m.K

Fig. 3 illustrates the flow chart describing
the SDC mathematical solution technique.

multi-effect evaporation unit is made up of
several single-effect evaporators. The first
effect is heated by a source outside of the
system, such as steam. Then, the vapor
created in the previous effect heats the rest
of the effects, preventing the heated brine
from being rejected and, as a result,
reducing energy loss. Many facilities in the
desalination business use this technique. The
unit can be used on its own or in conjunction
with heat or mechanical vapor compression
systems (MVC).

2.2.1 Working Principle

Figure 4 displays a  multi-effects
vaporization system using parallel feeds and
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n-effects from the left while the stream
flows ahead of the first effect. A heat
transfer surface, a droplet separator, and a
salt pool are all included in each effect. The
vapor moves in the direction of dropping
pressure and temperature for each effect,
while the input sea water flows vertically. In
addition, a condenser is at the down of the
evaporators (the last effect, and (n-1) flash

droplets, the feed saltwater is chemically
treated. The feed seawater temperature rises
to the boiling (saturation) point in each
evaporator, then a portion of it evaporates.
The steam inside tubes provides the heat
required for preheating and evaporation in
the first, effect. The system is powered by
an external supply of steam. For all effects
of raising the boiling point, the steam
saturation temperature is lower than the
boiling temperature of the brine (BPE). The
steam passes through a demister or mist
eliminator to remove the accompanying
brine droplets. The amount of steam formed
by one effect is greater than the amount of
steam formed by the next effect. This is due
to the fact that when the temperature drops,
the latent heat of vaporization rises.

2.3 Modeling of MED unit

MATLAB software is used to model the
MED plant. Table 2 and Table 3 show the

boxes. The latent heat of the condensing
vapor from the previous effect is absorbed
by feed seawater in the down condenser. As
a result, its temperature rises to that of the
feed saltwater To ensure that all the vapor
formed in the back effect is condensed, a
part of the heated saltwater is returned to the
sea as cooling water. Before being sprayed
into the evaporators in a form of small.

model inputs and practical equations for this
MED  plant's  mathematical  model,
respectively. The following simplification
assumptions were used in this model [43]:

« All effects have a constant temperature
differential, and the distillate is salt-free.

* The operation in a steady condition.

* In all effects, there is an equal feed flow
rate.

* Minimal losses in thermodynamic analysis.
» Each impact has the same boiling point
elevation of 1 °C.

\‘\ Feed Sea Water (F, )

Condenser

Total Distill

Figure 4. Parallel MED desalination unit.

Table 2. Inputs of the multi-effect desalination system model

Parameter Symbol Value
No. of effects n 5
First effect temperature (°C) Ty 48
Last effect temperature (°C) Th 68
Brine water temperature entering the condenser (°C) Tew 33
Seawater temperature leaving the condenser (°C) Ts 45
Brine salinity entering the condenser (ppm) X 40,000
Motive steam temperature (°C) Tm 159
Motive vapor pressure (kPa) Pm 600

Recovery ratio (%)

rr 30% < RR <40%

Cooling water (Fay, Tr)

t Sea water In (Fy, Tin)

- — — — & Rejected Brine (B,)

water (D)
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Table 3. Governing equations of Mathematical analysis modeling of the MED unit

Definition Equation
Temperature difference of effects, AT T1—Ty
o AT = —=
(°C) n-1
Compressed steam temperature, Ts (°C) T, =T, + AT
Effects steam temperature, T, (°C) T,; =T; — BPE
Mass, Energy, and salinity balance (for i D, = (Dm+Dep)As—F1 Cp(T1~Ty)
= 1,2) Condenser performance, D —FoC é}_T Y4By Cy(Ty~T5)
Distillated flow rate, D; (g/s) D, = ——=2 Azf e
Bl’lne ﬂOW I’ate, Bi (g/S) Bl = F1 - D1 y BZ = FZ + Bl - D2 ' Bi = Fi + Bi—l - Di
.- - ) _ F _ XfF2+X131 o XfFi+Xi—lBi—1
Salinity of brine, x; (ppm) X, = Flng g , Xy = 5 , X = 5,
D; = —R‘C‘l(:_ _f; ) for i #1 [44]
Distillate flow rate, D; (g/s) [1+p+f]
y = Flashing fraction D=Y"D,, R=3
1 ’
L = Latent heat, kJ/g Dji=yBi_y
— hri B;=YX(R—-1)D; [44]
B = brine flow rate, g/s B, = (R—1)D,
F = Feed of flow rate, g/s
F1=40g/s
. Tr — T,
K = Condenser effectiveness k= ——
Tvn - Tc

T. = Cooling water temperature, °C

Where (A)) MED’s each effect area (m?), (B)
salt permeability constant (kg/m?s), (Bi)
brine flow rate out of multi effect all effect
(9/s), (Fi) feed water of MED’s, each effect
(9/s), (T;) temperature effect (°C).

(Tv,;) Saturated steam temperature for each
effect (°C), (xf) MED water supply
concentration (ppm), (Xj) MED effect brine
concentration  (ppm), (A;) evaporation
enthalpy effect MED (kJ/kg).

The temperature difference between all
effects is the same as the temperature
difference between heated steam and vapour
produced by the first effect. The temperature
differential between the steam generated by
the final effect and the temperature of the
The salinity in each effect is given by:

Fi.Xf: Bi.Xi

17)
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saltwater entering the down condenser is also
significant.
AT =Ts-Tv1 = Tu-Tv2 = Tva-Tvza = Tuz-Tun =
TVFI_TC (15)

The cooling water mass flow rate, (Energy
balance at condenser) is given by the
following equation:
vaC
Cp(Tcw_Tsw)

(16)

Mey =

Where: m,, = Condenser vapor flow rate,g/s

L. = Condenser vapor latent heat, g/s
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Energy balance in the first effect:
. Ls = F,C,(Ty — Tf) + Dy.L; (18)
Energy balance in each effect:

Di_1.Li—y + Dpi_q.Fioq = FiCp(T; —
Tr) + Di.L; (19)

The boiling point temperature (BPT) is
given by:

BPT=X;(B+CX,) x1073 (20)

Where: B = [(6.71 + 6.34 x 1072T;) +
(9.74 x1075T;*)] x 1073

C = (22.238 +9.959 x 10-3T; +9.42 x 10”
T x 10°®

The latent heat of vaporization is calculated
by the following correlation:

L =2501.897+2.41T +1.19 x 102 — 1.59
x10°T3 (21)

The vapor density is calculated by the
following correlation:

pv = 0.0051 + 0.00024T, + 1.8 x 10°T,? -
4.33 x 10°T,°+4.34 x 10°T1,* (22)

Condenser overall convection heat transfer
is estimated by the following correlation:

A = Di_1Lj—1

 Ui(Tyimy—Ty) @7)

The condenser heat transfer area can be
computed as follows

2.4 Performance of MED system

The performance ratio (PR) is a term used to
describe the performance of multi effect
desalination systems, which are similar to
thermal desalination systems. It's calculated
as the ratio of the system's produced water

Ueong= 1.7243.21 x 103 T, - 1.6 x 10°T,? -
1.99 x10'T.2, kW/m2.K (23)

For each evaporator effect, the overall heat
transfer convection is computed by the
following correlation:

Ue=1.97+1.2x 10° T, — 8.598 x 10°T,,? -

2.57 x10"'Ty’, kW/m*.K (24)
The saturated temperature is calculated
using the following correlation:
In(Psqi/Fe) =
Tc
(T+273.15 N
8 .
1) i=1f, (0.001 (T+273.15-338.15)) " (25)
T, =647.286 K and P, = 22089 kPa
f f, fs f,
-7.416242 0.29721 -0.1155286 | 0.008685635
f5 f6 f7 f8
0.001094098 | -0.00439993 | 0.002520658 -
0.000521868
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The heat transfer area of evaporators for the
parallel MED can be calculated as follow:
For the first effect:

__ QinMED)
A= U1 (Ts—T1) (26)
For the effect 2-n:
D, L
P —— (28)
U.(LMTD)¢
Tin—T
(LMTD)¢ = ——=r— (29)
"[m]

flow rate to its vapor consumption flow rate
[45].

mg

PR = (30)

s
Where: m, = The amount of permeated
produced in g/s.
mg = The amount of entering vapor in g/s.
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The specific cooling water flow rate is given

STitgy = T (31)
mq
The specific heat transfer of a surface area is
given by:
— Z?:lAi‘*'Ac
Sa = T (32)

3. Results and discussion

In this section, the findings of numerical
modeling of the solar desalination system
consisting of a solar dish concentrator and a
multi-effect desalination unit are presented
for the climatic conditions of Tianjin, China.
A group of influencing factors such as the
effect of changing the outside air
temperature, the intensity of solar radiation,
and time was studied to verify the extent of
their impact on the performance of the solar
desalination system. The next part is divided
into two subsections to display the results of
numerical modeling using the MATLAB
program for both the solar dish collector and
a multi-effect desalination unit.

3.1 Environmental Conditions

The meteorological conditions for the period
recorded in Tianjin, China, are depicted in
the following curves, which are essential to
the theoretical study of the simulated
system. Figure 5a shows the variation of
solar intensity at Tianjin, China during the
daytime. Figure 5b also shows the
distribution of ambient temperature and
wind speed. From 5:00 a.m. to 19:00,
fluctuations in ambient air temperature,
direct sun intensity, and wind speed were
recorded for Tianjin, China (39.3434° N and
117.3616° E.Figure 5a shows that the
intensity of solar radiation increases
between 5 am and 7 pm and decreases until
it reaches its maximum of 830 W/m? at 2
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a.m. Also, within this period, the
temperature ambient varied between 33 and
39 'C and 24-40 °'C over the day.
Furthermore, as shown in Fig. 5b, the wind
speed data for Tianjin city has an average
value of 3.3 m/s. It is apparent that the wind
speed varies during the day depending on
temperature and solar intensity.

900 3320

800
700
600 4310 4
© 500
g 400
300 4300 4
200

100

0 4290

4 8 12 16 20
Time, Hr

(a) Variation of ambient temperature and
solar radiation distribution during daytime

V,, m/s

4 8 12 16 20
Time, Hr

(b) Wind speed distribution during the
daytime

Figure 5. Variation of solar radiation,
ambient temperature, and wind speed during
daytime at Tianjin, China.

3.2 Useful energy generated from the
SDC

Figure 6. shows the net useful energy
generated by the SDC as a result of solar
radiation falling on the reflectors and
collected on the receiver at the SDC focus
during the day considering losses. When the
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amount of solar radiation reaches a rising
level of over, 800 W/m? at 2:00 pm, the
effective heat output of the receiver also

Solar thermal concentrators absorb sunlight
and concentrate it on a receiver, boosting the
temperature by hundreds of degrees and
enabling high-value energy conversions.
When operating at high temperatures, the
receiver's performance diminishes as a result
of increased heat losses. The losses included
conduction, convection, and radiation. As
shown in Fig. 7a, the quantity of energy
conduction through the receiver increases
with time, reaching a peak of 41 W between
10 and 2 p.m. (peak period), then it declines
to the lowest value after 6 p.m. due to a
decrease in the intensity of direct solar
radiation during the day. Similarly, the
amount of heat radiation through the
receiver increases to a maximum value of
1.2 W at 2 o'clock as seen in Fig. 7b. The
value of the radiation heat decreases sharply
until it reaches a minimum value with the
decrease in the intensity of solar radiation
during the day. Figure 7c shows the
relationship between the amount of heat
convection with time during the period from
5 am to 7 p.m for the city of China. The
convection heat rate of the concentrator
receiver rises to a maximum value of 2750
W until 2 p.m during afternoon period from
11 p.m to 3 p.m, after which the convection
heat drops sharply

according to the decrease in wind speed and
the decrease in the rate of solar radiation at
the end of the day.

(b)
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increases to a certain value called a
maximum of 8.1x10* W and then decreases
rapidly with time at lower solar intensity.
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Also, Fig. 7d confirms the relationship
between total heat losses (conduction,
convection, and radiation) and time,
displaying the same curve direction for the
same result, indicating that the peak time of
2 p.m. results in the highest total heat loss of
2780 W.
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Figure 7. Hourly variation of the receiver
heat losses during daytime: (a) Hourly
variation of conduction a heat loss; (b)
Hourly variation of radiation a heat loss; (c)
Hourly variation of convection heat loss;
(d) Hourly variation of total heat loss.

Figure 8a shows the hourly compound
efficiency from 5 am to 7 p.m for China
city. The trend indicates that the maximum
efficiency is 82%, which is recorded at
14:00 p.m. In the afternoon, compound
efficiency decreases as solar radiation
decreases, and therefore the productivity rate
decreases accordingly. The variation
between efficiency and useful heat rate is
illustrated in Fig. 8b. It can be seen from the
figure that the receiver concentrator
efficiency is increased with the increase of
the useful heat rate.
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Figure 8. (a) Hourly variation of total overall
efficiency versus time; (b) Variation of overall
efficiency versus useful energy

On the other hand, Fig. 9 displays a
representation of the convection and
radiation heat rate of the receiver versus
solar intensity for a constant ambient
temperature of 298 K and wind speed of 2.5
m/s. The figure shows that the receiver heat
convection and heat radiation rate increase
for all sun irradiance values. The intensity
rate of the sun is an important factor
influencing the heat transfer rate by
convection and radiation of the receiver
which depends on the latitude and
geographic location of the city.
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Figure 9. Variation of convection and
radiation heat losses against the solar
intensity.

The relationships between heat loss and
conduction heat against solar intensity are
depicted in Fig. 10. As can be seen in the
graph, an increase in sun intensity leads to an
increase in the solar concentrator's heat loss
and conduction heat rate. Thermal losses
change during the day due to a variety of
factors, including solar irradiation, wind
speed, which adds to convection losses, and
ambient temperatures. The fluctuation in
conduction losses inside the receiver over time
is seen in the graph below. The heat
transmission to the environment by the flow of
air inside the receiver is referred to as
convection losses. The useful heat and
receiver heat of the concentrator receiver dish
is calculated by Eqgs. (1) and (2), respectively.
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Figure 10. Variation of loss and conduction
of heat against the solar intensity

In addition, Fig. 11 illustrates the useful heat
rate and receiver heat rate of solar dish
collectors against solar intensity for a range
of 100-1000 W/m? for a constant ambient
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temperature of 298 K and wind speed of 2.5
m/s. It can be seen from the figure that the
useful heat rate and receiver heat rate of
solar dish collector is increased when the
solar irradiance increases too. This can be
explained by the solar irradiance impact on
the solar dish receiver heat transfer rate
which is an indicator for enhancing the
efficiency of the solar dish collectors. This
occurs as a result of an increase in ambient
temperature caused by the impact of solar
radiation intensity, and as a result, thermal
storage increases rapidly, increasing the
quantity of usable or receiver heat rate.
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Figure 11. Variation of useful and receiver
heat against the solar intensity.

Figure 12 shows the convection and
radiation heat rate of the receiver versus
ambient temperature at a constant sun
intensity of 2000 W/m? and a wind speed of
2.5 m/s. As can be observed in the graph, the
receiver heat convection decreases fast as
the ambient temperature rises. Furthermore,
with an increase in ambient air temperature,
the receiver’s radiation heat rate remains
constant. The heat transfer rate via
convection is significantly influenced by
ambient air temperature, whereas the heat
transfer rate via radiation is unaffected.
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Figure 12. Variation of convection and
radiation heat losses against the ambient
temperature.

Figure 13 depicts the total heat losses and
heat conduction heat loss against the
ambient temperature. As can be seen from
Fig. 13, the lower the ambient temperature,
the higher the thermal losses. That is due to
that: increasing the ambient air temperature
results in increasing the temperature
difference between the operational receiver
temperature and weather air temperature and
thus decreasing the total thermal losses of
the receiver. The results demonstrated in
Fig. 13, for the SDC at ambient air
temperature values between 298 and 208 K,
reveal that the total heat losses of the
receiver are between 3.16 and 3.09 kW,
when solar radiation intensity is 1000 W/m?
and wind speed is 2.5 m/s Moreover, it is
clear that the conduction heat loss has an
insignificant fraction of the receiver total
losses, which is estimated between 0.0452
and 0.0443 kW.
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Figure 13. Variation of loss and conduction
heat against ambient temperature.

The relationship between the amount of
useful heat rate and the amount of receiver
heat rate with ambient air temperature is
shown in Fig. 14 with an intensity of solar
radiation of 1000 W/m? and a wind speed of
2.5 m/s. The figure shows that the ambient
air temperatures have a slight effect on the
receiver's useful heat transfer rate, while it
has no effect on the receiver's heat rate for
the same reason highlighted above.
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Figure 14. Variation of useful and receiver
heat against ambient temperature

3.3 Productivity of the MED unit

Figure 13 shows the variation of useful
energy with the total distilled water
produced using five multi-effect
evaporators. The distilled water increases
with the increase of useful energy. This is
due to the increase in radiation intensity
which affected the quantity of useful energy
during the daytime.
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Figure 15. Variation of useful energy versus
average total distilled water.
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4. Conclusions

A numerical accurate tool is needed to
develop and simulate various designs for
multi-effect desalination (MED) facilities,
under various operating conditions.This
investigation concerned a theoretical
evaluation of the performance of a solar dish
concentrator (SDC) integrated with a MED
unit for desalting water. In this work, the
performance of a solar dish concentrator
(SDC) combined with a MED unit for
desalinating  water was  theoretically
evaluated. The proposed SDC/MED system
is simulated using MATLAB software, and
the performance of the system is examined
for Tianjin city, China. The analyzed
SDC/MED system's daily, monthly, and
yearly performance levels are examined.
The following are the primary conclusions:
1. The direct sun radiation intensity
substantially impacts the receiver's effective
energy output.

2. When the wind speed stays within a range
of up to 3.0 m/s, the system performance is
noticeably increased; nevertheless, the
ambient temperature has an insignificant
impact on the system performance.

3. The combined SDC/MED system has an
overall efficiency of 80%.

4. The integration of SDC with MED unit
achieves average productivity of 95.5 kg/s, a
specific cooling water flow rate of 1.689,
and an overall performance ratio of 223.3.

5. The total freshwater productivity rate
increases by increasing the useful heat gain
of the solar receiver.

6. The solar MED distiller system's receiver
convection and radiation heat losses are
more sensitive to ambient air temperature
and direct sun irradiation.
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