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 Abstract-- Physical and mathematical model is presented, 
as well as numerical procedure for predicting thermal 
performances of the CPC-2V solar concentrator. The CPC-
2V solar collector is designed for the area of middle 
temperature conversion of solar radiation into heat. The 
collector has high efficiency and low price. Working fluid is 
water with laminar flow through a copper pipe surrounded 
by an evacuated glass layer. Based on the physical model, a 
mathematical model is introduced, which consists of energy 
balance equations for four collector components. In this 
paper water temperatures in flow directions are numerically 
predicted, as well as temperatures of relevant CPC-2V 
collector components for various values of input 
temperatures and mass flow rates of the working fluid, and 
also for various values of direct sunlight radiation and for 
different collector length. 
 

Keywords: thermal, solar radiation, performance, 
model, dynamic analysis 

 
I. INTRODUCTION 

 
The device which is used to transform solar 

energy to heat is referred to as solar collector or SC. 
Depending on the temperatures gained by them, SC 
can be divided into low, middle and high temperature 
systems. Mid-temperature systems are applicable for 
refrigeration systems and industrial processes.  

Numerous theoretical and experimental research 
of solar collectors for the mid-temperature conversion 
of solar radiation into heat via a liquid as a working 
fluid have been conducted.  R. Tchinda, E. Kaptouom 
i D. Njomo [1] have investigated heat transfer in a 
CPC collector and developed model which during 
numerical analysis of heat transfer takes into account 
axial heat transfer in a CPC collector. Impact of 
various parameters has been investigates, such as 
input temperature and the value of the flow of 
working fluid on dynamical behavior of the collector. 
B. Norton, A. F. Kothdiwala i P. C. Eames [2] have 
developed a theoretical heat transfer model, which 
describes steady state heat behavior of a symmetric 
CPC collector and investigated the impact of the tilt 
angle of the collector to the CPC collector 
performance. R. Oommen i S. Jayaraman [3] have 
experimentally investigated a complex parabolic 
concentrator (CPC), with water as a working fluid. 
They have investigated efficiency of the collector for 
various input temperatures of water, as well as the 
efficiency of the collector in the conditions of steam 
generation.  P. Gata Amaral, E. Ribeiro, R. Brites i F. 

Gaspar [4] have worked on the development of solar 
concentrating collectors based on the shape known as 
complex paraboilc colector of solar energy (CPC), 
which allow utilization of maximal solar energy ratio. 
By wide area of rotation movement of a SolAgua 
collector, it was made possible to follow the Sun. 
Khaled E. Albahloul, Abdullatif S. Zgalei i Omar M. 
Mahgjup [5] have theoretically analyzed the use of a 
CPC collector with refrigeration systems. They 
followed the efficiency of CPC collector with 
refrigeration systems during the year. CPC collectors 
have been of different length and with different 
concentrating ratios.  

In this paper, physical and mathematical 
model are given, as well as the numerical calculation 
of a collar collector CPC-2V. This is a solar 
concentrator, designed for the mid-temperature 
conversion �6-11� (B. Nikolic, V. Stefanovic and all). 
The paper gives a change of fluid temperate and 
collector components in the direction of the flow, as 
well as the influence of the input fluid temperature, 
radiation intensity, mass flow rate to the heating 
behavior and current efficiency of the collector. The 
change of fluid temperature was given in the direction 
of the fluid flow for six collectors connected in a row 

 
 

II.  PHYSICAL MODEL  
 
A. Structure 
 
In this paper, a laminar flow of the fluid (l) through 
the apsorber (2) is assumed. The pipe of the absorber 
is subjected to solar radiation. Solar rays go through 
the transparent cover (5) on the collector apparatus. A 
part of the solar radiation after going through the 
transparent cover of the pipe (4) and evacuated area 
(3), falls directly to the absorber. Another part of the 
solar radiation, after reflection from the reflector (6), 
goes through the transparent cover leyer of the pipe 
and falls at the pipe absorber. The look of a CPC-2V 
module is presented in Fig. 1. (a). Scheme of the cross 
section of a CPC-2V module is given in Fig. 1 (b).  
 
 
 
 
 
 



 
 

 

 
(a) (b) 
 

Figure 1. Functional scheme of system 
 
The CPC module consists of a complex 

cylindrical-parabolic reflection surface and a copper 
tube with ø15 mm  outside diameter used as the 
absorber. Cylindrical cooper absorber is surrounded 
by a glass surrounding layer for lowering convective 
loss from the collector pipe. The area between the 
pipe absorber and glass surrounding layer is 
evacuated. Conversion of solar energy into heat is 
conducted on the pipe collector. Pipe absorber is 
colored with selective color of high absorbing 
properties and low emissivity (εr). The area of the 
reflector has high reflection ratio (ρm). Between the 
pipe absorber and the reflector there is a gap (hole) 
which stops heat transfer from the collector pipe to 
the reflector. Water is the working fluid, with a 
laminar flow through the pipe of the collector. 
Apparatus of the collector is covered by transparent 
cover layer made of glass (Plexiglass) so the reflector 
area could be saved from wearing and to lower the 
value of heat loss from the assembly pipe absorber-
surrounding pipe layer. The collector consists of six 
CPC modules which are connected parallel to the 
flow paths, so flow properties inside them may be 
considered equal. 
 

 
III. MATHEMATICAL MODEL 

 
A. Introduction 

 
Based on the physical model represented by the 

CPC collector, through whose absorber pipe a laminar 
flow of water occurs, and which is subjected to solar 
radiation, a mathematical model is proposed. The 
mathematical model consists of the energy balance 
equations for four CPC module components: (1) 
working fluid, (2) collector pipe- absorber, (3) 
surrounding pipe layer, (4) transparent cover. During 
the set-up of mathematical model only one module of 
CPC collector was analyzed. 

 
B. Basic assumption according to which the model 
was based 
 

The following assumptions were introduced for 
the definition of mathematical model: 

 
- The sky was treated as an absolute black 

object, which is the source of infrared 
radiation during an equivalent sky 
temperature  

- Reflected radiation from surrounding 
objects was considered negligible and 
was not taken into account; 

- Diffusive insulation on the apparatus of 
the cover is isotropic; 

- CPC collector has permanent Sun 
tracking, thus Sun rays are normal to the 
plane of transparent cover (aperture 
plane); 

- Radiation to the collector is unified; 
- CPC module is constructed with ideal 

geometry, thus the concentration ratio is 
given by: [13]: 
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- Heat transport in the transparent cover, 

surrounding cover layer, collector 
surrounding layer, pipe absorber and the 
fluid is transient 

- Transparent cover, transparent cover 
layer, collector surrounding layer, and 
pipe absorber are homogenous and 
isotropic objects;  

- Heat transport by conduction in the 
transparent cover layer and the glass 
layer is negligible due to small heat 
conductivity of glass; 

- Thermo-physical properties of the CPC 
collector component material (ρ*, c, λ)  
as well as optic properties (ρ, τ, ε, α) of 
the components of CPC collector are do 
not depend on coordinates, temperature 
nor time;  

- Fluid flow is steady state and it is 
conducted only in the axial direction, 
thus the velocity field is related just to 
the speed component wz; 

- Fluid flow shape is the same in every 
axial cross sections, thus the tangential 
velocity component  wφ does not exist; 

- Radial velocity component wr  is 
neglected as a value of smaller order and 
thus the convection in radial direction is 
also neglected; 

- Fluid flow may be considered 
incompressible; 

- Conduction in the axial direction has a 
negligibly small contribution to the 
resulting heat transport compared to the 
convection. 
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C. Energy balance equation 

 
Mathematical model consists of equations of 

energy balance for all of the four components of the 
CPC modle, relations for determining heat transfer 
coefficient, relations for radiation absorbed by the 
relevant system components. In order to gain a unified 
solution from the system of equations, initial and 
boundary conditions are defined. With a 
predetermined  assumptions, equations of energy 
balance may be written as:  

 
(1)  For the working fluid 
 
Energy balance for an elementary fluid volume 

of dz length in the axial direction, after sorting, may 
be written as:  

 

* * * *

2 ,/

T Tf f
c A c A w zf p f f f p f ft z

U T T rr r or f f

� �

�
    (2)

	

 
Where ��∗, ���  i wz represent density, specific 

heat, velocity in the axial direction of the elementary 
fluid volume, respectively �2

,
*

irf rA �  is the area of 

the cross section of the elementary fluid particle. The 
second  term on the right hanside of the equation (2) 
represents heat gained from the outer side of the 
collector pipe 

Boundary condition for this equation is: 
 

za  z = 0,  
inf TT � .             (3) 

 
(2) For the collector absorber pipe 

 
Energy balance for elementary part of the collector of 
dz length in the axial direction may be written as;  
 

* * *
, / , /

2 ,

- 2 2, ,/ , ,

T Tr rc A A h hr r r r r c r e r r et z z

T T rr e r o

U T T r q q rr r o r or f f b r d r

� �

�

� �   (4) 

Where  λr, ��∗i cr are head conduction 
coefficient, density and specific heat for elementary 

pipe volume, respectively. � ��2
,

2
,

*
irorr rrA ��  is the 

area of the cross section of elementary part of the 
collector pipe. The first term on the right hand side of 
the equation (4) represents heat transport by 
conduction in the axial direction of the collector, the 
second is the heat loss due to convention and radiation 
between the collector pipe and the surrounding layer 
of the collector pipe, the third term represents heat 
given to the working fluid, and the fourth represents 
heat gained via solar radiation 
Boundary conditions for this equation are:

 
za		z	�	0,  0�

�
�

z
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za		z	�	L,  0�
�
�

z

Tr               (6) 

 
(3) For the transparent cover of the pipe 

collector 
 
Energy balance for the elementary part of the 

surrounding layer of the collector pipe of dz length is 
written as: 
 

* *
2 ,, / , /

- , / , /

2 2, ,, ,

Tec A h h T T re e e r e r oc r e r r et

h h T Te cc e c r e c
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� �

� �
    

(7) 

 
 

Where ��∗ i ce are density and specific heat og the 
surrounding layer of the collector � ��2

,
2
,

*
ieoer rrA ��

 
is the area of the cross section of elementary part of 
the surraounding layer of the collector. The second 
term on the right hand side of the equation (7) is the 
heat lost due to radiation from the surrounding layer 
of the collector to the transparent cover 
 
 (4) For the transparent cover 
 
Energy balance for the elementary part of the 
transparent cover of the concentrating collector, with 
dz length in the z direction and W width, may be 
written as:  
 

* *
, / , /

2 , , / , /

2 ,, ,



Tcc A h h T Tc c c e cc e c r e ct

r h T T W h T T We o c a c sc c a r c s

q q rr ob c d c

�

�

�        (8) 

 
�WAc �*  is the area of the cross section of 

elementary part of the transparent cover of the 
collector. The second term on the right hand side of 
the equation (8) is the heat lost due to convection 
from the transparent cover to the environment, the 
third term is the heat lost due to radiation between the 
transparent cover and the sky. 
 
 D. Initial conditions 
 

It was assumed for the initial conditions that in 
the initial time point the temperature field in all 
components is equal to the environment temperature 
Ta, while the fluid temperature at the inlet is constant 
in time  

0,			 			T T T T Tr e c afZa t 			 												(9)	

0,			 			T TinfZa z 		 																											(10)	

      
 



 
 

 
F. Heat transfer coefficients 

 
Heat transfer coefficient for convection from 

the cover to the environment, caused by air flow 

(wind) acch /,  is given by the following relation je 

(Duffie i Beckman [12]): 
 

5.7 3.8, /
Achc c a Ar

�               (11) 

Heat transfer coefficient for the radiation of 

heat between the transparent cover and the sky scrh /,  

is calculated by : 
 

2 2
, /

Ach T T T Tc c s c sr c s Ar
� �             (12) 

Convective heat transfer coefficient between 
the surrounding pipe layer and the transparent cover, 

cech /,  may be calculated by [14]:  

3.25 0 .0085, /
4

�
� �
� �
� �
� �

T T Ae c ehc e c r Ae r

            (13) 

 
Heat transfer coefficient originating from the 

radiation form the surrounding pipe layer to the 

transparent cover cerh /,  is given by [14]: 

 
2 2

, /
1 / / 1 / 1

T T T T Ae c e c ehr e c
A A Ac e c c r

�
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          (14) 

 
Heat transfer by convection through the 

evacuated area between the collector pipes and the 
surroundin collector layer may be neglected, so the 
heat transfer ceofficient by convection is 

, / 0c r eh � . 

Heat transfer coefficient for radiation from the 
collector pipe to the collector surrounding layer 

, /hr r e
, is given as: 

� � � �
� �

2 2

, /
1 / / 1 / 1

� � �
�
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T T T Te r e r
hr r e A Ar r e e

            (15) 

 
Total heat transfer coefficient Ur/f between the outside 
surface of the collector pipe and the working fluid is 
[14] : 

1

/
ln /, , , ,

,

Ur f
r r r Ar o r o r i r o

h Ar r if�

           (16) 

Where rr,o i rr,i are outside and inside radius 
of the pipe of the collector , λr heat conduction 
coefficient of the collector pipe hf coefficient of heat 
transfer by convection from the internal surface of the 
pipe of the collector to the working fluid. Coefficient 
of heat transfer by convection, from the internal pipe 
side to the fluid hf , is given as: 
 

Nuf f
h f

d

�
              (17) 

Where Nuf is the Nusselt number calculated 
according to Sieder and Tate relation [16, 17]: 
For laminar fluid flow through the pipe Re<2300: 
 

0.141/3

1, 86
R P def rf f

Nuf
L fs

�

�
            (18) 

 
 

For the valid range:  
0.14

1/3
/ 2

f
R P d Lef rf

fs

�

�
 ,                 (19) 

where: 4
�

� �

�m
Ref

df

 i  
�

�
�

Cf pf
Prf

f

. the relation 

stands for 0.7 ≤ Prf ≤ 16700. 
 

The terms for direct and diffusive radiation 
(reduced to a unit of absorber area) which falls on the 
transparent cover and is absorbed by it - qb,c i qd,c, 
direct and diffusive radiation absorbed by the glass 
layer of the collector qb,e i qd,e and direct and diffusive 
radiation absorbed by the collector pipe - qb,r i qd,r, are 
taken according to[14] (Hsieh). 

A model set this way can be solved numerically, 
and for solving a complex model finite volume 
method was used. 
 

IV. HEAT EFFICIENCY OF THE CPC 
COLLECTOR 

 
 
A. Dividing the calculation area into control volumes 
 

The numerical model is based on dividing every 
component of the CPC collector, with L length,on a 
number of control volumes, thus making each control 
volume surrounding a single node. Differential 
balance equations are integrated for every control 
volume of the relevant component [15]. N number of 
nodes in z direction is taken. Nodes 1 and N are 
postionoed on the system boundary.. Control volumes 
surrounding thiese nodes are of Δz/2 lenght, whilst 
control volumes surrounding internal nodes are of Δz 
lenght. On Fig 2. A divided working fluid with N 
control volumes is presented. Such division was made 
for other CPC collector components. 
 

 

Figure 2. Grid for the working fluid of CPC collector 
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� Discretization energy balance equations for the 

working fluid  

In order create a discretized equation for the working 
fluid, a control volume around a node I, is taken, as 
shown on Fig 3. Node i is marked by P, and the 
neighbouring nodes. Node i-1 i i+1 are marked by W 
and E, respectively. Since the time is a one way 
coordinate the solution is obtained by “marshcing” 
through time beginning with initial temperature field. 
Temperature T is set for the nodes in the t time step, 
and T values in the time step t+Δt should be found. 
"Old" (set) values for T in the nodes will be marked 

0
TfP , 

0
TfE , 

0
TfW  and  "new" (unknown) values in  t+Δt 

timestep are marked as  
1

TfP , 
1

TfE , 
1

TfW . 

Discretization of the diferential equations of energy 
balance for the working fluid  is possible to conduct 
by its integration for the control volume as on Fig. 
3.In the time interval t to t+Δt: 
 

 
 

 
Figure 3. Grid for the working fluid of the CPC collector 
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             (20) 

 
The order of the integration was chosen according the 

to nature of the term. For the representation of 
T

t  
, 

prevailing value for T in a node for "stepwise" 
scheme in the control volume. Which leaves: 
 

* * * * 1 0Te t t f
c A dtdz c A z T Tf pf f f pf f fP fP

w t t
� �

�
�         (21) 

 
For the integration of the convective term upwind 

scheme is used, thus the values of temperature at the 
mid surface is equal to the value of temperature in the 
node of the upwind side of the node: 
 

* *

0 0
, 0 , 0

*

0 0
, 0 , 0

Tt t e f
A w dzdtzpf f ft w z

T F T Fe efP fE
c A tpf f

T F T Fw wfW fP

c �
�

�

            (22) 

 

According to the assumption of the model 

that this is an uncompressible 
* *

wefe� �  i and

* *
A Afe fw  we have that .zwze ww �  Further, due to 

more simple writing, new operator is introduced 

,A B  standing for the greater value from A and B. 

New sign F is introduced which stands for the 

convection intensity (flow): 
*

F we zefe�  i 

*
F ww zwfw�

. 
By sorting the equation (20) an equation for a node i) 

for the fluid in the time step (1) is, 
1

,Tf i : 

 
          (23) 

� Discretization of the energy balance equation 
for collector pipe 

By integragine differential equation of the energy 
balance for the collector pipe for the control volume 
in the dime interval from t to  t+Δt, and then sorting, 
the equation for the node (i) temperature of the pipe in 

the time step (1) is
1
,Tr i : 

0 0 0
1 ,1 , 1 2 3 , 1
, 0 0* *

,54 6,

t b T b T b Tr ir i r iTr i
b T b T bc A z e if ir r r�

�

�
            (24) 

 
Equation (29) is a general equation set for any internal 
control volume of the collector pipe. Boundary nodes 
i=1 and i=M  are on adiabatic boundary. For the 

adiabatic boundary 0
T

z
. 

 
� Discretization of the energy balance 

equation for the transparent cover of the 
collector 

 
 
In the same fashion, by integrating differential 
equation for the energy balance equation for 
transparent cover collector for the control volume in 
the time interval t to t+Δt, an equation for temperature 
of the node (i) is gained for the cover of the collector  
in the time step (1) 

1 0 0 0
, , , ,1 2 3 4* *

t
T c T c T c T ce i e i r i c i

c A ze e e�

�

�

             (25) 

 

� Discretization of the energy balance equation 
for transparent cover 

By integrating the energy balance differential 
equation for the tranparent cover for the control 
volume  in the time interval t to t+Δt, an equation for 

P (i)

z z

W (i-1)   E (i+1)ew z

� �0
,4

0
1,3

0
,2

0
1,1**

1
, irififif

fpff
if TaTaTaTa

zAc

t
T ���

�
�

� ���



 

the temperature of the node (i) is obtained of the 

transparent cover for the time step (1), 
1
,icT : 

1 0 0
, , ,1 2 3* *

t
T d T d T dc i c i e i

c A zc c c�

�

�
         (26) 

 
B. The method for solving algebraic equations 

 

Discretization equation of energy balance 
components for the corresponding receiver modules 
CPC gets a set of coupled linear algebraic equations, 
with the total number of equations equals the number 
of nodal points in the axial direction for all four 
components. Since .the thermophysical properties of 
working fluid (water) depends on the temperature, 
there is a need for an iterative method of solving.  

During the solving this system of algebraic 
equations were introduced two temperature fields, the 
previous time instant (0) and the next moment in time 
(1). Before solving each new temperature field (1), 
shall be converted thermophysical properties of water, 
the corresponding coefficient of heat transfer 
coefficients and equations themselves. For the initial 
temperature field is taken that the temperature of all 
components of nodal points of equal temperature 
environment. Nodal point i=1 for the working fluid at 
the entrance to the pipe receiver has a constant 
temperature Tin for the each time instant. After 
solving the system of algebraic equations, the new 
temperature field (1) now becomes the temperature 
field for the previous time instant (0). Solving 
procedure continues until the temperature difference 
between two successive iterations, for all nodal points 
are not less than the pre-ser errors εe. After several 
test, we found that the εe=10-5 (°C) i Δt=0.0005 s 

For the implementation of numerical 
procedures of solving the mathematical model of fluid 
flow ine the pipe CPC receiver, and thermal behavior 
of other components of the receiver in the program 
has been developed in FORTRAN-77, whose algoritm 

is shown in Fig.7. 
 

The procedure begins with entering the calculation 
of basic geometric characteristics of CPC receiver, the 
number of nodal point, thermophysic and optical 
properties of system components, working fluid inlet 
temperature, intensity of solar radiation, and wind 
velocity. 

C. The results of numerical experiments  
 

During the calculation, it was assumed that the 
solar rays fall normal to the aperture plane. It was 
assumed that all off the radiation falls to the aperture 
directly. In the table I. Dimensions ,thermophisical 
properties for the CPC module, for which the 
numerical simulation was conducted, is given. 
 
During the calculations, envirponment temperature 
was Ta=28 ºC , wind speed v=2 m/s were kept 
constant. For direct solar radiation Ib=950 W/m2, inlet 
fluid temperature  Tul=32 ºC i and different flow 
values, the values of local temperautere of the 
working fluid in the direction of the flow are given in 
Fig. 4. (a) which shows that by increasing fluid flow 
rate output temperature is reduced. Fig. 4. (b) shows 
the change of temperature of the collector pipe, 
working fluid, surrounding collector pipe layer, and 
transparent cover in the flow direction, for the direct 
solar radiation Ib=950 W/m2, inlet temperature of the 
fluid Tul=32 ºC and working fluid flow 0.00162 kg/s. 

 

  

Figure 4. (a) Impact of the mass flow rate to local fluid temperature 
in the flow direction  
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TABLE I.  CPC MODULE DATA 
 

Dimensions 

� �0.0065,r mr i � , � �0.0075,r mr o � , � �0.01,r me i � , 

� �0,012,r me o � ,  � �0.005 m� � , 0.065[ ]�W m , 1[ ]�L m

0.0465[ ]�H m  

Optical properties 

0.05r� � , 0.85e c� �� � , 0.05e c� �� � , 0.15r� � , 

0.85m� � , 0.90e c� �� � , 0.95� �r , 0.05e c� �� �  

Thermo-physical properties 

3
2700[ / ]� � � � kg me c , 

3
8930[ / ]�d kg mr , 

� �840 /c c J kgKe c� � , � �383 /c J kgKr � ,  � �395 /W mKr� �  

 



 
 

Tulf=32 º C, A - m� =0.00162 kg/s, B - m� =0.003 kg/s, C - m�

=0.005 kg/s, D - m� =0.01 kg/s; 
(b) Change of local temperauter of the collector components in the 
flow direction: A – collector pipe , B – working fluid, C -  
surrounding layer of the collector, D – transparent cover 

 
Fig 5 (a) shows the impact of the direct radiation 
intensity to the working temperature change in the 
flow direction, for the inlet fluid temperature Tul=32 
ºC and fluid flow 0.00162 kg/s. Fig 5. (b) depicts the 
impact of the value of local inlet temperauter of the 
fluid to the local fluid temperature for the flow rate 
of 0.00162 kg/s and direct radiation of Ib=950 W/m2. 

 
 

 

 
 

Figure 5. (a)Impact of the direct radiation value to the 
local temperature in the flow direction 

 A - Ib =1000 W/m2, B - Ib =900 W/m2, C - Ib =800 W/m2,  D - 

Ib =700 W/m2; 

(b) Impact inlet fluid temperature value to the local fluid 
temperature in direction flow: A - Tulf=40 º C, B - Tulf=32 º C, C - 
Tulf=24 º C. 
 

Fig 6. (a) depicts the impact of inlet fluid 
temperature to the current heat efficiency, for direct 
radiation Ib=950 W/m2 and flow rate 0.00162 kg/s. 
The graphs shows that by raising inlet temperature of 
the fluid, heat efficiency drops. This is explained by 
the fact that solar fluks and environment temperature 
remain constant, and the diference between inlet fluid 
temperature is reduced, thus usefull energy is reduced. 

For the case of serial connection of six modules CPC 
receiver, where the output from a previous entry in 
folowing collector, the results are shown in Fig 6(b). 
Fig 6(b) shows the impact of collector length to the 
output fluid temperature, for the searial connection of 
six CPC  module(overall length L=6m), Ib=950 W/m2, 
input fluid temperature Tul=32 ºC and flow rate 
0.00162 kg/s where length increase compared to the 
collector 1 m long, a higher output temperature is 
achieved. Serial connection a larger number of 
modules CPC receiver obtained a higher outlet 
temperature of working fluid. In the experiment we 
were not able to connect the six units of CPC,but we 
assume that we would get significantly higher outlet 
temperature of working fluid, which of course opens 
the possibility to prove it in the future. 

 

 
 

Figure 6 . Impact of the input fluid temperature value to 
the current heat efficiency of the CPC collector 

(b) Impact of the length to the value of the output 
temperature 

 
An important feature of the program 

FORTRAN-77 is that it has a simple user interface 
that allows directinput from the keyboard of all 
parametersm of interest by the user. This opens wide 
possibilities of numericalmsimulations of real 
experiments and detailed numerical analysis of the 
impact of geometric and operating parameters on 
mechanism of transformation of solar energy into heat 
energy. 
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Figure 7.The Algorithm of calculation 
 
 
 
IX.  CONCLUSION 
 

 
This paper gives numerical estimated changes of 

temperaute in the direction of fluid flow for different 
flow rates, different solar radiation intensity and 
different inlet fluid temperatures. By fluid flow 
increase output temperature is reduced, whilst by 
solar radiation intensity increase and inlet water 
temperature – output temperature of water is 
increased. A prediction of the change of temperature 
of components of the CPC 2V module in the flow 
direction is also given. The change in efficiency is 
predicted with the change in input temperature of 
water. With the increase of the inlet water temperature 
current efficiency of the collector is decreased. All of 
the predictions are given for a 1m long module. Also, 
numerical estimation of the of the change of the fluid 
temperature  in the direction of the flow for a 6m long 
module connected in a row, where a higher output 
temperature is achieved compared to the 1m long 
module 
 
 

 
X. REFERENCES 
 

[1] R. Tchinda, E. Kaptouom, D. Njomo, Study of the C.P.C. 
collector thermal behaviour, Energy Conversion and. 
Management Vol. 39, (1998), No. 13, pp. 1395-1406. 

[2] B. Norton, A. F. Kothdiwala and P. C. Eames, Effect of 
Inclination on the Performance  
of  CPC Solar Energy Collectors, Renewable Energy, Vol.5, 
(1994), Part I, pp. 357-367. 

[3] R. Oommen, S. Jayaraman, Development and performance 
analysis of compound parabolic solar concentrators with 
reduced gap losses – oversized reflector, Energy Conversion 
and Management 42 (2001) 1379-1399. 

[4] P. Gata Amaral, E. Ribeiro, R. Brites, F. Gaspar,  SolAgua, a 
non static compound parabolic concentrator (CPC) for 
residential and service buildings. 

[5] Khaled E. Albahloul, Abdullatif S. Zgalei, Omar M. Mahgjup, 
The Feasibility of the  Compound Parabolic Concentrator For 
solar Cooling in Libya. 

[6] Nikolić, B., Modifikovani složeni parabolični koncentrator 
CPC-2V. Diplomski rad, Mašinski fakultet u Nišu, Niš, 
Srbija, 1994. 

[7] Nikolić, B., Laković, S., Stefanović, V. 1995,:Primena  
koncentratora sunčeve energije  u oblasti  srednjetemperaturne 
konverzije, 26th  kongres o klimatizaciji, grejanju i hlađenju, 
Beograd, Srbija, 22-24. novembar, 1995, Vol. Sunčeva  
energija, nove metode, materijali i tehnologije, str. 29-40. 

[8] Stefanović, V. i saradnici: Razvoj nove generacije solarnih 
prijemnika za oblast nisko i srednjetemperaturne konverzije  
sunčevog zračenja u toplotu i primena na  prototipu porodične 
stambene zgrade sa hibridnim pasivnm i aktivnim sistemima  

 korišćenja sunčeve energije, 2004-2005, Nacionalni projekat 
NPEE709300036, Mašinski fakultet u Nišu, Niš, Srbija. 

[9] Stefanović, V. i saradnici. Elaborat I, II i III, Nacionalni 
projekat, 2004-2005,NPEE  709300036, Mašinski fakultet u 
Nišu, Niš, Srbija. 

[10] Stefanović, V. i saradnici: Izveštaji po projektu, 2004-2005, 
NPEE 709300036I,Nacionalni projekat NPEE 709300036, 
Mašinski fakultet u Nišu, Niš, Srbija. 

[11] Stefanović, V., Bojić, M.: The model of  Solar receiver for 
middle temperature conversion of solar radiation in heat, 
Thermal Science, Vol.10, (2006), No. 4, pp. 177-187. 

[12] J. A. Duffie and W. A. Beckman, Solar Engineering of 
Thermal Process, edited by John Wiley & Sons, Inc. 1991. 

[13] J. S. Hsieh, Solar energy engineering (Englewood Cliffs, N.J 
:Prentice-Hall, 1986). 

[14] Hsieh, C. K.,Thermal analysis of CPC  collectors, Solar 
Energy, (1981), 27, 19. 

[15] Patankar S., Numerical heat transfer and fluid flow, 
Hemisphere publishing Corp., 1980. 

[16] Sacadura, J. F., Initiation aux transferts thermiques. Tech. et 
Documentation, 1982, 446 pp. 

[17] Brodkey, R. S. And Hershey, H. C., Transport Phenomena. 
McGaw-Hill Book Company, 1988. 

 
 
 
 
 
 
 
 
 

 

 

Start

End

The in put param eters of the system

C alculation of the value of rad iation
 qb,r  , q d,r , qb,e , q d,e  , qb,c  ,  qd,c

D o  i =  1 , N

Interpolation o f therm ophysical
properties of w ater, heat transfer 
coeffic ient ca lcu lation
and the  coefficients o f equation

Calculation  of the tem perature

T f ,i
 

1 T r,i
 

1 T e,i
 

1 T c,i
 

1, , ,

If for each node
T f ,i  - T f ,i

  
 

1 0
<  e

  
 

T r,i  - T r,i

  
 

1 0

T e,i  - T e,i

  
 

1 0

, ,

, T c,i  -  T c,i

  
 

1 0

Print

Y es

T f ,i =T f ,i

  
 

0 1

T r,i =T r,i

  
 

0 1

T e,i =Te,i

  
 

0 1

T c,i =Tc,i

  
 

0 1

N o

< e

  
 

<  e

  
 
<  e

  
 



���������������������������������������������������������������������������
���������������������������������������������������������������������������������
�����������������������������������������������������


