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Abstract 
Solar energy is the best alternative to limited fossil fuels. The foremost important means of utilizing solar 

energy are solar collectors. The most common types of solar collectors are flat plate solar collectors. A great deal of 

theoretical research has been conducted to enhance the flat plate solar collector efficiency. One effective way to increase 

the efficiency is by using an improved thermal properties fluid as nanofluid. In this paper, a numerical study has been 

made to enhance the efficiency and improve the performance of solar collector via the use of (Multi-Wall Carbon Nano 

Tube-water) MWCNT-H2O nanofluid instead of traditional fluid like water as working fluid under the weather of Mosul 

city / Iraq (36.3489° N, 43.1577° E). One dimensional dynamic model using implicit finite difference method was used. 

Solving energy conservation equations through the various layers of the solar system is the basis upon which the current 

model was based. Effects of nanoparticle volume fraction and mass flow rate on the working fluid stream temperature 

differences, and the thermal efficiency were studied. The mass flow rate was varied from 0.004 kg/s to 0.03 kg/s, while 

the volume fraction was varied from 0% to 6%. The results of "Nanofluid Based Flat Plate Solar Collector" were 

compared with the experimental results presented by [1]. The comparison established a good match between the current 

results and experimental results. The results showed an increase in the working fluid outlet and inlet temperature 

difference and collector thermal efficiency due to the addition of MWCNT nanoparticles. The temperature difference of 

"Nanofluid Based Flat Plate Solar Collector" was found 28.8⁰ C at 0.014 kg/s and 6% in April, while it was 25 ⁰ C at the 

same condition in the "Water Based Flat Plate Solar Collector case". Also, the thermal efficiency of "Nanofluid Based 

Flat Plate Solar Collector" was found 2.41% to 6.68% more than the "Water Based Flat Plate Solar Collector case". 

 

1. INTRODUCTION  

In the last decade, as a result of low fuel resources 

and environmental concerns about air pollution 

and international warming, increased interest in 

the use of solar energy has been aided by 

continued decline and a rapid rate of total cost of 

solar energy applications. Among the applications 

that are widely used are solar water heating 

systems, where solar radiation is converted into 

heat transmitted to the flowing water for heating. 

The most common collector types for solar water 

heating systems are flat plate solar collectors [2]. 

The standard flat plate solar collector consists of 

an insulation box with a high conductivity metal 

plate inside it, such as aluminium or copper called 

absorber plate, connected to the absorber plate 

tubes, and sometimes the tubes are integrated with 

the plate. The single or double clear glass layer is 

mounted on the box. The insulation box reduces 

heat loss from the sides of the collector or behind 

it. These collectors are wont to heat a liquid or air 

to temperatures under eighty °C [3]. The overall 

performance of the sun's collector depends on 

several factors, the most important of which are 

the thermal properties of the liquid that flows 

through it. Conventional fluids used in solar 

collectors have bad thermal properties. So many 

studies have tended to use another class of 

working fluids called 'Nanofluid' as a substitute 

for conventional fluids, which have improved 
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thermal properties and thus increase the thermal 

performance of the solar collector [4]. Nanofluids 

consist of nanoparticles of a specific size less than 

100 nanometers suspended in conventional 

liquids. Nanofluids have unique mechanical and 

thermal properties [4]. Numerous experiments 

were conducted by different researchers on the 

flat plate solar collector to test the effect of the 

use of nanofluids as a substitute for conventional 

fluids, where the results showed an increase in the 

rate of heat transfer in the solar collectors as a 

result of the use of nanofluids [5]. A study of the 

effect of the use of nanofluids on the thermal 

efficiency and size of the flat plate solar collector 

was conducted by Faizal et al. [6]. The 

researchers noted that the use of the nanofluid 

will increase thermal efficiency and reduce the 

area of solar collector. Experiments to verify the 

heat transfer through the flat plate solar collector 

using the Al2O3 nanofluid and at different 

concentrations were carried out by Said et al. [7]. 

Yousefi et al. [8] experimentally studied the effect 

of the use of Al2O3-H2O nanofluid with different 

nanoparticle mass fraction on the flat plate solar 

collector efficiency. Another experimental study 

on a flat plate solar collector using the MWCNT-

H2O nanofluid was conducted by Yousefi et al. 

[9] . Kabeel et al [10] theoretically studied the 

solar water heating system to perform the effect 

of adding Cu nanoparticles on improving the 

working fluid heat transfer coefficient. In this 

study, an estimation of the outer fluid 

temperatures was done. The study observed a 

noticeable effect of the nanofluid volume 

fractions on increasing the temperature of the 

fluid leaving the solar collector as well as the 

thermal efficiency. Another theoretical study was 

presented by Alper M. G. [11]. They proposed a 

transient model of flat plate solar collector at 

different climatic condition to study the effect of a 

number of factors on the performance of the solar 

system, including: Al2O3-water nanofluid volume 

fraction and nanofluid mass flow rates. In this 

study, at a mass flow rate of 0.004 kg/s and a 

nanofluid volume fractions of 3%, the maximum 

increase in the temperature of the nanofluid 

leaving the solar collector was 7.2%.  The effect 

of adding two types of Al2O3 and CuO 

nanoparticles with volumetric fractions between 

1% and 4% was theoretically studied by M. R. 

Saffarian et al [12]. According to the results of the 

researchers, it is possible to improve the 

coefficient of heat transfer up to 78.25%. Another 

factor that has been studied is the direction of 

nanofluids flowing into the solar collector. 

The present paper aims to study the performance 

of the flat plate solar collector theoretically using 

MWCNT-water nanofluid with different mass 

flow rates and volume fraction under the weather 

of Mosul city, Iraq using a transient one-

dimensional model. 

 

2. Mathematical model  

The dynamic model proposed by [13] for "Water 

Based Flat Plate Solar Collector" (WBFPSC) are 

going to be adopted during this section after being 

modified to suit the "Nanofluid Based Flat Plate 

Solar Collector" (NBFPSC). During this model, 

the control volume is chosen during the flat 

plate solar collector to incorporate one tube and 

divides the control volume perpendicular to the 

direction of the fluid flow into the following five 

nodes: glassing, air space, absorbent, working 

fluid, and insulation, Fig. 1. While N is taken 

from the nodes within the direction of the 

flow, therefore the pattern contains (5 × N) nodes. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The most important assumptions adopted in the 

current model are as follows: 

1- The fluid flow is equal in all tubes. 

2- One-dimensional heat transfer through the 

solar collector layers. 

3- There is no heat transmitted from the edges 

of the solar collector. 

All governing equations are derived by applying 

the total energy balance of each layer within the 

control volume [13]: 

-The glass cover: 

CpgρgVg

dTg

dt
= ho1 A(Tamb − Tg) + α A G

− hc1A(Tg − Tair)

− hr A(Tg − Tabs)         … . (1) 

Where:  

CpgρgVg, are the specific heat, density, and 

volume of the glass cover. 

α ∶  the absorption coefficient.   
G ∶  the incident solar radiation.    
A ∶ the collector area. 
Tg  ∶  the temperature of glass cover.     

Insulation 

 

Absorber plate 

Incident solar radiation (G)  

Air space 

Working fluid 

Glassing 
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Tamb ∶  the temperature of ambient.  
Tair ∶  the temperature of air gap.    
Tabs ∶  the temperature of absorber.   
hr: the heat transfer coefficient by radiation [14].    

hr =
σ(Tabs

2 − Tg
2)(Tabs + Tg )

(1 εabs⁄ ) + (1 εg⁄ ) − 1
 

Where: 

 σ ∶  the Stefan − Boltzmann constant.      
εabs ∶  the emissivity of absorber.  
 εg ∶  the emissivity of glass cover.    

hc1  : the free convection heat transfer coefficient 

in the inclined air gap [15]. 

hc1 =
Nuair kair

thair

 

Nuair = 1 + 1.44 [1 −
1708[sin (1.8β)]1.6

Ra cos(β)
]

× [1 −
1708

Ra cos(β)
]

+ [(
Ra cos(β)

5830
)

1

3

− 1] 

Where: 

Ra ∶  the  Rayleigh number. 
β  ∶ the thermal expansion coefficient. 
L  ∶ the length of the tube. 
 

The equivalent heat transfer coefficient at 

the glass external surface, ho1, can be 

obtained from the following formula [14]: 

ho1 =
σ εg(Tg

4 − Tsky
4 )

Tg − Tamb

+ hc2 

Where: 

Tsky : the sky temperature, Tsky = 0.0552 Tamb
1.5 . 

hc2 : the external surface convection heat 

transfer coefficient.  

hc2 =
Nuambkamb

th
 , Nuamb = 0.86 Reamb

1 2⁄
 Pramb

1 3⁄
 , 

th =
4 a b

√a2+b2
 

Where: 

Re ∶  the Reynolds number.  
Pr ∶  the Prandtl number.  
And a, b are collector dimension. 

 

-The air space layer 

CpairρairVair

dTair

dt
= hc1A(Tg − Tair)

− hc1A(Tair − Tabs)   … . (2) 

Where: 

CpairρairVair, are the specific heat, density, and 

volume of the air. 

 

- The absorber 

CpabsρabsVabs

dTabs

dt
= hr A(Tg − Tabs) + (τα) A G

+ hc1A(Tair − Tabs)

−
kins

thins
 A(Tabs − Tins)

− hnfAs(Tabs − Tf)       … . (3) 

Where: 

CpabsρabsVabs, are the specific heat, density, and 

volume of the absorber. 

As ∶  the pipe cross sectional area.     
τα ∶  the effective transmittance absorption  
coefficient.  
Tf ∶  the temperature of working fluid.      
Tins ∶  the temperature of insulation.   
kins ∶  the insulation thermal conductivity.   
thins ∶  the insulation layer thickness.  
hnf ∶  the nanofluid heat transfer coefficient. 
     

- The working fluid 

CpnfρnfAf

∂Tf

∂t
= π hnf din(Tabs − Tf)

− mf  Cpnf

∂Tf

∂z
     … . (4) 

Where: 

Af     ∶ the cross sectional area of the tube.     
din   ∶  the inner diameter of the tube.    
mf      : the nanofluid mass flowrate per tube. 
Cpnf ∶  the specific heat of nanofluid.   
ρnf    ∶  the density of nanofluid.    
 

These nanofluid properties are evaluated using the 

following correlations:   

Density of nanofluid can be estimated from Pak 

and Cho’s equation [16] as: 

ρnf = (1 − ) ρbf +  ρp 

Where: 

 ∶ the nanofluid volume fraction. 


bf
∶   the density of the water. 


b

:  the density of the  MWCNT nanoparticle′s.   

The specific heat of nanofluid given as [16]: 

Cpnf =
(1 − )ρbf Cpbf +  ρp Cpp

ρnf

 

Where: 

Cpp: the specific heat of MWCNT nanoparticle′s  

Cpbf ∶  the water specific heat.   
The heat transfer coefficient of Nanofluid or 

water is given as: 

h =
Nu k

din

 

Using Dittus-Boelter correlation [17], Nusselt 

number (Nu) for the water flowing inside the pipe 

is obtained, where the Nusselt number for 

nanofluid is obtained by using the formula of 

Xuan and Li [18] as follows: 

For Re < 2300 
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Nunf = 0.4328 (1 + 11.285 0.745 Pe
0.218) Re

0.333 Pr
0.4 

For  2300 < Re < 25000 

Nunf = 0.0059 (1 + 7.628 0.6886  Pe
0.001) Re

0.9238 Pr
0.4 

Where Pe is the Peclet number which is defined 

as: 

Pe =
Um dp

αnf

 

Where: 

dp ∶  the nanoparticle diameter.  

Um: the nanofluid mean velocity 

αnf ∶  the thermal diffusivity for the nanofluid.  
The thermal conductivity of nanofluid can be 

estimated from the following equation [16]: 

knf = kbf

kp + (n − 1) kbf − (n − 1) (kbf − kp)

kp + (n − 1) kbf +  (kbf − kp)
 

Where: 

kp ∶  the thermal conductivity of nanoparticles.  

kbf: the thermal conductivity of of the base fluid.  
n : the shape factor  (n = 3 ⁄ ), and  is the 

particle sphericity. 

 

- The insulation 

CpinsρinsVins
dTins

dt
=

kins

thins
 A(Tabs − Tins) −

ho2 A(Tins − Tamb)                                                 … . (5) 

 

Where: 

CpinsρinsVins, are the insulation layer specific 

heat, density, and volume. 

ho2  : the equivalent heat transfer coefficient at 

the outside surface of the insulation. 

 

The implicit finite difference method was used to 

solve the system of differential equations, and the 

forward and backward difference scheme were 

used instead of the dimensional and time 

derivatives.  The final formula of the equation 

system is: 

 

Tg

= [
Tg

old

∆t
+ A1 Tamb + A2 Tair + A3 Tabs + A4 G] A5⁄  

                                                                       ….(6) 

Tair

= [
Tair

old

∆t
+ A6 Tg + A6 Tabs] A7                     … . (7)⁄  

Tabs

= [
Tabs

old

∆t
+ A8 Tg + A9 Tair + A10 G + A11 Tins

+A12 Tf

] A13⁄  

                                                                       ….(8) 

Tf

= [
Tf

old

∆t
+ A14 Tabs +

A15

∆z
 Tf,j−1] A16⁄        … . . (9) 

Tins

= [
Tins

old

∆t
+ A17 Tabs + A18 Tamb] A19⁄ … . (10)  

 

A1 = ho1 Cpgρgthg⁄  A2 = hc1 Cpgρgthg⁄  

A3 = hr Cpgρgthg⁄  A4 = α Cpgρgthg⁄  

A5 =(1/t)+A1+A2+A3 A6 = hc1 Cpairρairth̅air⁄  

A7 =(1/t)+2A6 
A8

= hr p Cpabsρabsth̅abs⁄  

A9 = hc1 p Cpabsρabsth̅abs⁄  
A10

= (τα) p Cpabsρabsth̅abs⁄  

A11

= kins p Cpabsρabsth̅abs⁄ thins 

A12

= πdin hc1 Cpabsρabsth̅abs⁄  

A13 

=(1/t)+A8+A9+A11+A12 
A14 = π dinhf Cpf ρf Af⁄   

A15 = mf  ρf Af⁄  A16 =(1/t)+A14A15 

A17 = kins Cpinsρinsthins
2⁄  

A18

= ho2 Cpinsρins⁄ thins 

A19 =(1/t)+A17+A18  

The criterion of performance of the solar collector 

in current study is the difference between the 

temperature of the working fluid outlet and inlet 

temperatures difference, in addition to the 

efficiency of the solar collector. The thermal 

efficiency () of the solar collector can be defined 

as the heat that the fluid gained during the solar 

collector to the total solar radiation incident on 

the surface area of the collector. 

 =
mf Cpf (To − Ti)

A G
 

 

3. Solution Method: 

An itemized description of solution steps of the 

flat plate solar collector model is presented 

below: 

1. Stepping along the length of the wheel 

channel (z direction), the temperatures of: 

glass cover (eq.6), air gap (eq.7), absorber 

(eq.8), working fluid (eq.9), and insulation 

layers (eq.10), are computed incrementally.  

2. The temperatures are stored.  These 

temperatures will be used as “previous” 

temperature in the next time step. 
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3. Steps 1and 2 are repeated for each time step 

until getting the required convergence 

 (Tj − Tj
old Tj⁄ ) ≤ εerror.    

4. The final temperature is recorded and used to 

find the performance. 

The variables estimation is stopped when achieve 

convergence with the convergence criterion set to 

(error=1.0x10-4). During this work, FORTRAN 90 

(Microsoft Developer studio Copy right© 1994-

1995) has been utilized to develop the code. 

 

4. Model Validation. 

A comparison of simulation results with 

experimental results presented by [1] was made to 

confirm the validity of the current model.  

Experimentally investigated at the Razi 

University of Kermanshah, Iran (latitude is 

34°20′56′′ N and longitudeis 7°9′20′′ E). The 

major design information used in the comparison, 

are given in Table 1. 

Table 1: Parameters used in solar collector 

validation 

Specifications Detail 

Dimension of the 

collector 
2 × 1 × 0.95 m 

Material of the tubes Copper 

Tubes number 9 

Diameter of the tubes 0.0125 m 

Material of the absorber Aluminum 

Thickness of the glass 

cover 
0.004 m 

Air space thickness 0.025 m 

Collector title angle 45˚ 

Working fluid MWCNT-water 

Mass fraction 0.2 % 

Fluid mass flow rate 0.05 kg/s 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Results of the comparison are pictured in Fig. 2.  

Fig. 2 show that the present model gives good 

congruence with experimental data. The 

maximum difference in the values between the 

results of the present model and experiment of 

data is about (8 %), which confirms accuracy of 

the present model. 

 

5. Simulation results 

This section explores the simulation results and 

the remarks concluded from those result. The 

design descriptions of the flat plate solar collector 

and the operating conditions will be presented 

before discussing the simulation results. 

 

Table 2: The NBFPSC model description and 

operating condition: 

Collector parameters Detail 

Dimension of the 

collector 
2 × 1 m 

Material of the tubes Copper 

Tubes number 9 

Tubes inner and outer 

diameters 
0.01, 0.0125 m 

Material of the absorber Aluminum 

Back insulation 

thickness 
0.025 m 

Glass thickness 0.004 m 

Air space thickness 0.025 m 

Collector title angle 31˚ 

Working fluid 
MWCNT-H2O , 

water 

Mass fraction 0, 1, 2, 3, 4, 5, 6% 

Mass flow rate 0.004 to 0.03 kg/s 

 

The values of solar radiation falling on the solar 

collector (G) at different hours of the day, in 

addition to the average ambient temperature were 

found for Mosul city, Iraq (36.348°N, 43.1577°E) 

from the website “Photovoltaic Geographical 

Information System (PVGIS)” [19].  These data 

for tilted surface collector (𝜃 =31°, south 

orientation) are presented graphically in Figures 3 

to 6. From Fig. 3, it can seen in a typical day in 

January, the average ambient temperature varies 

between 3 to 12°C, where the incident radiation 

varies between 0 to 570 W/m2. Fig.4 show that in 

a typical day in April the average ambient 

temperature varies between 13.5 to 25.5°C, where 

the incident radiation varies between 0 to 846 

W/m2. In a typical day in July Fig.5 show that the 

average ambient temperature varies between 29 to 

42.5°C, where the incident radiation varies  
Fig. 2 NBFPSC model validation. 
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between 0 to 988 W/m2, whereas in typical day in 

October Fig. 6 show that the average ambient 

temperature varies between 18 to 29.9°C, where 

the incident radiation varies between 0 to 827.5 

W/m2.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figures 3 to 6 also show the hourly variation of 

working fluid outlet and inlet temperatures 

difference (ΔT) variance as a function of 

nanoparticle volume fraction. The working fluid 

mass flow rate will be assumed constant at (0.014 

kg/s) while its inlet temperature will be assumed 

similar to the city water temperature which has 

the values shown in the fig. 7 [20].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the Figures it can seen that the temperatures 

difference (ΔT) increase as time and volume 

fraction increase. The temperatures difference 

(ΔT) follow the pattern of solar radiation with 

some delay the maximum temperature difference 

occurred before noon and minimum in morning 

and evening. The Figures also show that the 

addition of nanoparticles increase the temperature 

difference. For example, in the case of (NBFPSC) 

the maximum temperature differences were 

(16.3°C), (28.8°C), (36.5°C) and  (29.5°C) at a 

volume fraction of (6%) in a typical days in 

 
Fig. 7 Monthly city water temperature profile 

in Mosul city. 

 

 Fig. 3 Variation of hourly solar radiation on the 

solar collectors, ambient temperature and 

working fluid temperature differences as a 

function of nanoparticle volume fraction during 

a typical day in January. 

 
Fig. 4 Variation of hourly solar radiation on the 

solar collectors, ambient temperature and 

working fluid temperature differences as a 

function of nanoparticle volume fraction during 

a typical day in April. 

 
Fig. 5 Variation of hourly solar radiation on the 

solar collectors, ambient temperature and 

working fluid temperature differences as a 

function of nanoparticle volume fraction during 

a typical day in July. 

 Fig. 6 Variation of hourly solar radiation on the 

solar collectors, ambient temperature and 

working fluid temperature differences as a 

function of nanoparticle volume fraction during 

a typical day in October. 
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January, April, July and October respectively, 

whereas in the case of (WBFPSC), maximum 

temperature differences were (14°C), (25°C), 

(31.9°C) and (22.8°C) at a volume fraction of 

(6%) in a typical days in January, April, July and 

October respectively. The explanation for this can 

be illustrated by the following: The increase in 

nanoparticle volume fraction will increase both 

the density of nanofluid, thermal conductivity, 

and viscosity, which will increase the heat 

transfer coefficient. The temperature differences 

lines in the case of (NBFPSC) are very close to 

each other, for example the maximum 

temperature differences were (1°C), (1.8°C), 

(2.29°C) and (1.8°C) in a typical days in January, 

April, July and October respectively In Fig. 8, 

thermal efficiencies are given at the working fluid 

mass flow rate between 0.004 kg/s to 0.03 kg/s in 

April with different nanoparticle volume 

fractions. It can be seen that the efficiency 

increase with increasing mass flow rate for 

(NBFPSC) and (WBFPSC) cases. At high flow 

rate, the addition of nanoparticles to the water 

leads to an improvement in efficiency with a 

higher rate than the low flow status. For example, 

the addition of nanoparticles led to an increase in 

efficiency between (2.41 %) to (2.91 %) at flow 

rate (0.004 kg/s), while adding nanoparticles led 

to an increase in efficiency between (4.67 %) at 

flow rate (6.68 %) at flow rate (0.03 kg/s). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

6. Conclusion 

In this study, the one dimensional dynamic model 

of MWCNT-H2O nanofluid based flat plate solar 

collector for different nanoparticles volume 

fraction and mass flow rate at Mosul city, Iraq 

climatic condition. The main conclusion are 

summarized as follow: 

 A noticeable increase in the working fluid outlet 

and inlet temperature differences through solar 

collector obtained by adding nanoparticles for 

the four selected months. 

 Changing the values of nanoparticle volume 

fraction between 1% to 6% led to a limited 

increase in the working fluid outlet and inlet 

temperatures difference and thermal efficiency.  

 The working fluid mass flow rate has a 

significant impact on increasing the (NBFPSC) 

and (WBFPSC) efficiencies, but the rate of 

increase varies according to the flow rate. 

Whereat high flowrate, adding nanoparticles to 

water improved efficiency at a rate higher than 

low flow condition. 

 

Nomenclature 

A Collector area, m2. 

a×b Collector dimension, m×m. 

As Pipe cross sectional area, m2. 

Cp Specific heat, J/kg.K. 

dp Nanoparticle diameter, m. 

G Incident solar radiation, W/m2. 

h Working fluid heat transfer 

coefficient, W/m2.K. 

hc1 Heat transfer coefficient in the 

inclined air space, W/m2.K. 

hc2 Heat transfer coefficient on 

the external surface of the 

cover, W/m2.K. 

ho1 Equivalent heat transfer 

coefficient on the external 

surface of the glass, W/m2.K. 

hr Radiation heat transfer 

coefficient between the 

absorber and glass cover, 

W/m2.K. 

j Node number. 

mf Working fluid mass flow rate, 

kg/s. 

Nu Nusselt number. 

Pe Peclet number. 

Pr Prandtl number. 

Ra Rayleigh number. 

Re Reynolds number. 

T Temperature, K. 

th Thickness, m. 

Tsky Sky temperature, K. 

 Fig. 8 Average thermal efficiency for 

(WBFPSC) and (NBFPSC) as a function of 

working fluid mass flow rates during a typical 

day in April. 
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V Volume, m3. 

z Flow direction. 

Greek Symbols 

α Absorption coefficient. 

β 
Thermal expansion 

coefficient. 

 Collector thermal efficiency. 

𝜃 Collector title angle, degree. 

ρ Density, kg/m3. 

σ 
Stefan-Boltzmann constant = 

5.67 × 10-8 W/m2.K4. 

τ Transmissivity. 

 
Particle's volume fraction in 

the nanofluid. 

Subscripts 

abs Absorber. 

air Air gap. 

am Ambient. 

bf Base fluid. 

f Working fluid. 

g Glass cover. 

i , o Inlet and outlet working fluid. 

ins Insulation. 

p Nanoparticles. 
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  الملخص

المجمعات تعتبر الطاقة الشمسية هي مجمعات الطاقة الشمسية.  للاستفادة من التقنيات. أهم المهدد بالنفاذالطاقة الشمسية أفضل بديل للوقود الأحفوري تمثل 
المجمعات الشمسية تعزيز كفاءة  اجريت من اجل الأبحاث النظريةالعديد من الألواح المسطحة أكثر أنواع مجمعات الطاقة الشمسية استخدامًا.  الشمسية ذات

، تم إجراء البحث. في هذه ةنانويال الموائعمثل خواص حرارية محسنة ذو استخدام مائع  تتمثل فيالألواح المسطحة. إحدى الطرق الفعالة لزيادة الكفاءة  ذات
بدلًا من السوائل التقليدية   (MWCNT-H2O)المائع النانوي عن طريق استخدام ذو لوح مستوي شمسي  مجمعدراسة عددية لتحسين الكفاءة وتحسين أداء 

واحد وبالاستعانة  ذو بعد تم استخدام نموذج ديناميكي (.رقًاش°  3.1.44.شمالًا ، °  38.3.69مدينة الموصل / العراق )ل الظروف الجويةمثل الماء تحت 
تمت  . الشمسي المختلفة هو الأساس الذي استند إليه النموذج الحالي المجمع. إن حل معادلات حفظ الطاقة خلال طبقات بطريقة الفروق المحدودة الضمنية

اضافة الى  و الخارج من المجمعالداخل  المائعدرجة حرارة في  الفرقعلى  المائع الجارية جسيمات النانوية ومعدل تدفق كتللل النسبة الحجميةدراسة تأثيرات 
إلى  ٪.جسيمات النانوية من لل النسبة الحجمية تتراوحكجم / ثانية ، بينما  3...كجم / ثانية إلى  .....من المائع تراوح معدل تدفق كتلة تالكفاءة الحرارية. 

المقارنة تطابقًا جيدًا  اظهرت[. 1" مع النتائج التجريبية المقدمة من ]كمائع تشغيل نانويباستخدام مائع لوح مسطح  الشمسي ذو مجمع. تمت مقارنة نتائج "8٪
ب إضافة والكفاءة الحرارية للمجمع بسب الخارجالداخل  المائعدرجة حرارة بين  الفرقأظهرت النتائج زيادة في كما بين النتائج الحالية والنتائج التجريبية. 

مجمع "في حالة في أبريل  ٪ 8كجم / ثانية و  .1...درجة مئوية عند  28.8 مقدارهدرجة الحرارة في فرق  وجود بينت النتائج .MWCNTنانوية الجسيمات ال
المجمع  في حالة " شروط النفس  عنددرجة مئوية  .5 الفرق في درجة الحرارة ، في حين كان كمائع تشغيل" نانويباستخدام مائع لوح مسطح  الشمسي ذو
 نانويباستخدام مائع لوح مسطح  مجمع الشمسي ذو" في حالة  الكفاءة الحرارية انأيضا، بينت النتائج ".  باستخدام الماء كمائع تشغيللوح مسطح  الشمسي ذو

 ." باستخدام الماء كمائع تشغيللوح مسطح  المجمع الشمسي ذو "حالةمقارنة ب ٪ 8.86إلى  ٪ 1..5 تتراوح من بنسبةكانت اكثر  كمائع تشغيل"
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