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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 (solar) radiation and for different collector length. 
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1. INTRODUCTION 

The device which is used to transform solar energy to heat is referred to as solar col-
lector or STC. Depending on the temperatures gained by them, STCs 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 researches of solar collectors for the mid-tem-
perature conversion of solar radiation into heat via a liquid as a working fluid have been 
conducted.  R. Tchinda, E. Kaptouom and D. Njomo [1] have investigated heat transfer in a 
CPC collector and developed a model which during numerical analysis of heat transfer takes 
into account axial heat transfer in a CPC collector. The impact of various parameters has been 
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investigated, such as input temperature and the value of the flow of working fluid on dynamical 
behavior of the collector. B. Norton, A. F. Kothdiwala and P. C. Eames [2] have developed a 
theoretical heat transfer model, which describes steady state heat behavior of a symmetric CPC 
collector and they have investigated the impact of the tilt angle of the collector to the CPC 
collector performance. R. Oommen and 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 and 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 and 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 models are given, as well as the numerical 
calculation of a solar 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. 

2. PHYSICAL MODEL 

System description 

In this paper, a laminar flow of the fluid (l) through the absorber (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 layer of the 
pipe and falls at the pipe absorber. The look of a CPC-2V module is presented in Fig. 1. (a). A 
scheme of the cross section of a CPC-2V module is given in Fig. 1 (b). 
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Fig. 1. (a) CPC-2V collector module; (b) cross section of a CPC-2V collector 
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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. Conver-
sion 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 col-
lector 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 ab-
sorber-surrounding pipe layer. The collector consists of six CPC modules which are con-
nected parallel to the flow paths, so flow properties inside them may be considered equal. 

3. MATHEMATICAL MODEL 

3.1. Introduction 

Based on the physical model represented by the CPC collector, through whose ab-
sorber 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- ab-
sorber, (3) surrounding pipe layer, (4) transparent cover. During the set-up of mathemati-
cal model only one module of CPC collector was analyzed. 

3.2. 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; 
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 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 do not 
depend on coordinates, temperature or 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.  

3.3. Energy balance equations 

Mathematical model consists of equations of energy balance for all of the four 
components of the CPC module, 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 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 ,/f

T Tf f
c A c A w U T T rz r r opf f f pf f r f ft z

  
 

   
   

  (2) 

Where *
f , cpf  and wz represent density, specific heat, velocity in the axial direction of the 

elementary fluid volume, respectively * 2
,f r iA r 

 
is the area of the cross section of the 

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

Boundary condition for this equation is: 

 for  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

r r
r r r r r c r e r r e r e r o
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  

     (4) 
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Where λr,  and cr are heat conduction coefficient, density and specific heat for elemen-
tary pipe volume, respectively. * 2 2

, ,( )r r o r iA r r    is the area of the cross section of elemen-

tary 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 sur-
rounding 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: 

 for  z = 0,  0rT

z





;            (5) 

 for  z = L,  0rT

z





            (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 

 

* *
, / , / ,

, / , / , , , ,
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                       ( )( )2 ( )2
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
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  (7) 

Where *
e  and ce are density and specific heat of the surrounding layer of the collector 

* 2 2
, ,( )r e o e iA r r  

 
is the area of the cross section of elementary part of the surrounding 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:  

 

* *
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


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 (8) 

*
cA W  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. 

3.4. 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: 
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 For 0,    f r e c at T T T T T                 (9) 

 For 0,    f inz T T           (10) 

3.5. Heat transfer coefficients 

Heat transfer coefficient for convection from the cover to the environment, caused by 
air flow (wind) , /c c ah  is given by the following relation (Duffie and Beckman [12]): 

 
, / (5.7 3.8 ) c

c c a

r

A
h

A
  

 
(11) 

Heat transfer coefficient for the radiation of heat between the transparent cover and the 
sky , /r c sh  is calculated by: 

 

2 2

, /
( )( ) c

r c s c c s c s

r

A
h T T T T

A
      (12) 

Convective heat transfer coefficient between the surrounding pipe layer and the 
transparent cover, , /c e ch  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 , /r e ch  is given by [14]: 

 

2 2
( )( )
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1 / / (1 / 1)
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hr 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 surrounding collector layer may be neglected, so the heat transfer coefficient by 
convection is hc,r/e  0. 

Heat transfer coefficient for radiation from the collector pipe to the collector 
surrounding layer , /r r eh , is given as: 

 

2 2

, /
( )( )

1/ / (1/ 1)

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

 

/
, , , ,
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(16) 

Where rr,o and 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. 
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Coefficient of heat transfer by convection, from the internal pipe side to the fluid hf , is 
given as: 

 

uf f
f

N
h

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: 
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For the valid range: 
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1/ 3( / ) 2

f
R P d Lef rf
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 and  




f f

rf
f

pCP . 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 and qd,c, direct and diffusive 
radiation absorbed by the glass layer of the collector qb,e and qd,e and direct and diffusive 
radiation absorbed by the collector pipe - qb,r and 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. 

3.6. Heat efficiency of the CPC-2V collectors 

Heat efficiency of the collector (η) represents its thermal, or energy efficiency, which 
is basically its ability to convert a certain amount of radiated solar energy into heat, and is 
given as: 

 

( )f out in

tot c

pmC T T
I A


 


   (19) 

4. NUMERICAL MODEL 

4.1. 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 positioned on the system boundary. Control volumes surrounding these nodes are of 
Δz/2 length, whilst control volumes surrounding internal nodes are of Δz length. A 
divided working fluid with N control volumes is presented in Fig 2. Such division was 
made for other CPC collector components.  
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Fig. 2. Grid for the working fluid of CPC collector 

4.1.1. Discretization energy balance equations for the working fluid  

In order to create a discretized equation for the working fluid, a control volume around 
node i is taken, as shown in Fig 3. Node i is marked by P, and the neighboring nodes. 
Node i1 and i+1 are marked by W and E, respectively. Since the time is a one way 
coordinate the solution is obtained by "marching" 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
fPT , 0TfE , 0T fW  and  "new" (unknown) values in  t+Δt timestep are marked as  1

fPT , 1
fET , 1

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

 

P (i)

z z

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

 

Fig. 3. Grid for the working fluid of the CPC collector 
 

 
,

* * * *
/ ( )2f f f f o

e t t t t e t t e
f f

p pf f z r f r f r

w t t w t w

T T
c A dtdz c A w dzdt U T T r dzdt

t z

  

  
  

 
   

         (20) 

The order of the integration was chosen according the toe nature of the term. For the 
representation of T/t, prevailing value for T in a node for "stepwise" scheme in the 
control volume. This leaves: 
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01* * * * ( )

e t t
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f pf f f pf f fP fP

w t
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t


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


 

 
 

(21) 

For the integration of the convective term upwind scheme is used, thus the value 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 ) ( ,0 ,0 )

Tt t e t tf
c A w dzdt c A w T w T dtz ze zwpf f f pf f fe fe fw fwzt w t

c A F T F T te wpf f fe fw

c A t T F T F T F T Fe e w wpf f fP fE fW fP

 
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



 
    



  
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(22) 

0 0      za     0T T wzfe fP                  (23) 

0 0      za     0T T wzfe fE                (24) 

According to the assumption of the model that this is an uncompressible * *
fe we 

 
and * *

A Afe fw  we have that .w wze zw  Further, due to more simple writing, a new operator 

is introduced ||A,B|| standing for the greater value from A and B. A new sign F is 

introduced which stands for the convection intensity (flow): *F we zefe  and 

*F ww zwfw
.
 

 
0 0 0,0 ,0F T T F T Fe e efe fP fE  

 
 (25) 

 
0 0 0,0 ,0F T T F T Fw w wfw fW fP    (26) 

 
By integration of the third term: 
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  

  
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

            (27) 

For the temperature change TfP,  TrP, TfE and TfW with time t to t+Δt, an assumption of 
explicit scheme was introduced. 

By sorting the equation (20) an equation for a node (i) for the fluid in the time step (1) is, 
1
,ifT : 

 

 0
,4

0
1,3

0
,2

0
1,1**

1
, irififif

fpff
if TaTaTaTa

zAc

t
T 




 
         (28) 

For constant input temperature of the fluid Tin , for the first node is 0
,1T Tf in  for any time step. 
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4.1.2. Discretization of the energy balance equation for collector pipe 

By integrating differential equation of the energy balance for the collector pipe for the 
control volume in the time 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
,irT : 

 

1 0 0 0 0 0
, , ,51 , 1 2 3 , 1 4 6,* * [ ]

t
T b T b T b T b T b T br i r i e ir i r i f i

c A zr r r



 
      

 
(29) 

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 T / z = 0. 
Equation (29) for the boundary nodes (i = 1 and i = M) may be written as (30) and (31): 

 

1 0 0 0 0' 5,1 2 ,1 3 ,2 4 ,1 6,1* * [ ]
t

T b T b T b T b T br r r ef
c A zr r r



 
       (30) 

 

1 0 0 0 0' ,, , 51 , 1 2 4 6,* * [ ]
t

T b T b T b T b T be ir N r Nr N f i
c A zr r r



 
       (31) 

4.1.3. 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

,ieT :  

 

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



 
              (32) 

4.1.4. Discretization of the energy balance equation for transparent cover  

By integrating the energy balance differential equation for the transparent cover for 
the control volume in the time interval t to t+Δt, an equation for the temperature of the 
node (i) is obtained of the transparent cover for the time step (1), 1

,c iT : 

 

1 0 0
, , ,1 2 3* * [ ]

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

c A zc c c



 
  

 
 (33) 

4.2. 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 of the form (28), (29), (32) 
and (33), 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) depend on the temperature, there is a need for an iterative method of solving. 
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During the solving of this system of algebraic equations, two temperature fields, the 
previous time instant (0) and the next moment in time (1) were introduced. Before solving 
each new temperature field (1), thermophysical properties of water, the corresponding 
coefficient of heat transfer coefficients and equations themselves shall be converted. For 
the initial temperature field it 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 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 is not less than 
the pre-ser errors εe. After several test, we found that the εe=10-5 (°C) and Δt=0.0005 s. 
These values were used for all the results of the budget, which are presented in this paper. 

For the implementation of numerical procedures of solving the mathematical model of 
fluid flow in the pipe CPC receiver, and thermal behavior of other components of the 
receiver in the program has been developed in FORTRAN-77. The procedure begins with 
entering the calculation of basic geometric characteristics of CPC receiver, the number of 
nodal point, thermophysical and optical properties of system components, working fluid 
inlet temperature, intensity of solar radiation, and wind velocity. 
 
4.3. 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. Dimensions, 
thermophysical properties for the CPC module, for which the numerical simulation was 
conducted, are given in Table 1. 

Table 1. CPC module data 

Dimensions 

, 0.0065[ ]r i mr  , 0.0075[ ],r mr o  , 

, 0.01[ ]e i mr  , 0,012[ ]e or m , 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 

32700[ / ]    kg me c , 38930[ / ]d kg mr , /840[ ]J kgKe cc c  , 

/383[ ]J kgKrc  , /395[ ]W mKr   

 



164 V. STEFANOVIĆ, S. PAVLOVIĆ, N. APOSTOLOVIĆ 

0.0 0.2 0.4 0.6 0.8 1.0

32

33

34

35

36

37

Axial direction    z   (m)

F
lu

id
 te

m
pe

ra
tu

re
 in

 th
e 

ax
ia

l d
ir

ec
tio

n 
T

f 
  (

   
C

  )

A

B

C

D

o

 
0.0 0.2 0.4 0.6 0.8 1.0

T
em

pe
ra

tu
re

 c
om

po
ne

nt
s 

of
 th

e 
co

lle
ct

or
 

in
 th

e 
ax

ia
l d

ir
ec

tio
n 

T
r,

 T
f,

 T
e 

i T
c 

  (
   

C
  )

28

30

32

34

36

38

40

42

44

48
A

B

C
D

Axial direction   z   (m)

o

 
(a)      (b) 

Fig. 4. (a) Impact of the mass flow rate to local fluid temperature in the flow direction 
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 temperature of the collector components in the 
flow direction: A – collector pipe, B – working fluid, C - surrounding layer of the 
collector, D – transparent cover 

During the calculations, environment temperature 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 and different 
flow values, the values of local temperature 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. 

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 temperature 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. 
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(a)       (b) 
Fig. 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. 
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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 show that by 
raising inlet temperature of the fluid, heat efficiency drops. This is explained by the fact 
that solar flux and environment temperature remain constant, and the difference between 
inlet fluid temperatures is reduced, thus useful energy is reduced. Fig 6(b) shows the im-
pact of collector length to the output fluid temperature, for the CPC module 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. 
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 (a)             (b) 
Fig. 6. (a) 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 

5. CONCLUSIONS 

This paper gives numerical estimated changes of temperature 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 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. 
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MATEMATIČKI MODEL I NUMERIČKI PRORAČUN 
KONCENTRIŠUĆEG SOLARNOG PRIJEMNIKA CPC-2V 

Velimir Stefanović, Saša Pavlović, Nenad Apostolović 

Predstavljeni su fizički i matematički model, kao i numerička procedura za predviđanje 
termičkih performansi Složenog Paraboličnog Koncentratora CPC-2V. Solarni prijemnik CPC-2V 
je predviđen za oblast srednjetemperaturne konverzije sunčevog zračenja u toplotu. Prijemnik 
CPC-2V ima visoki učinak i nisku cenu. Radni fluid (voda) laminarno struji kroz bakarnu cev 
okruženu evakuisanim staklenim omotačem. Na osnovu fizičkog modela postavljen je matematički 
model, koga sačinjavaju jednačine bilansa energije za četiri komponente prijemnika. U ovom radu 
numerički su predviđane promene temperature vode u pravcu strujanja, kao i temperature 
odgovarajućih komponenti prijemnika CPC-2V za različite vrednosti ulazne temperature i 
masenog protoka radnog fluida, zatim za različite vrednosti direktnog sunčevog zračenja kao i za 
različitu dužinu prijemnika. 

Ključne reči: solarno zračenje, karakteristike, numerički model, dinamička analiza 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




