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Abstract:  The present work is an attempt to simulate the single-pass parabolic trough collector from thermal 
and optical point of view, considering the simultaneous hourly profiles of solar radiation, ambient dry-bulb 

temperature, and wind speed during the sunshine period for specific geographical location. Also, computer 

program is constructed and presented as simulator to predict the performance of the parabolic trough collector 

with varying operating, design, and weather conditions. For the studied case, the results are; the maximum 

reflected solar radiation from the mirror surface is 20849.0 W/m2 at hour 12 and distributed as; 65.8 % and 1.53 

% absorbed by the absorber, cover tubes respectively while 32.67 % is dissipated as heat loss to the surrounding 

environment. For 0.001 kg/s of heat transfer fluid, results showed that; the temperature of the absorber tube is 

597.0 oC at hour 12, while the heat transfer fluid is 539.0 oC at hour 13.30 and the cover tube is 258.6 oC at hour 

11.097. It is noted that; after hour 14.317 and beyond the heat transfer from the absorber tube to the heat transfer 
fluid reverses its direction, while at the sunshine end, the temperatures are 342.0 oC for heat transfer fluid, 204.0 
oC for the absorber tube, and 50.2 oC for the cover tube at the exit section.  
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Nomenclature 
A accommodation coefficient  

1A  cross sectional flow area for 
absorber tube 

m2 

aA  cross sectional area for absorber 
tube thickness 

m2 

cA  cross sectional area for cover 

tube thickness 

m2 

aC  specific heat for absorber 
material 

J/kg.K 

cC  specific heat for cover material J/kg.K 

fC  specific heat for heat transfer 

fluid  

J/kg.K 

1d  absorber tube inner diameter m 

2d  absorber tube outer diameter m 

3d  cover tube inner diameter m 

4d  cover tube outer diameter m 

gd  characteristics length for 
annuals area 

m 

mold  molecular diameter for annuals 
gas 

cm 

f  internal friction factor for 
absorber tube  

- 

acF  view factor between absorber 
and cover tubes 

 

g  gravitational acceleration m/s2 

.

H  
rate of total enthalpy for the 
heat transfer fluid 

W 

 
 

 
 

1h  convective heat transfer 
coefficient between absorber 

inner surface and heat transfer 
fluid 

W/m2 K 

2h  convective heat transfer 
coefficient between absorber 
outer surface and cover inner 
surface 

W/m2 K 

3h  radiative heat transfer 
coefficient between absorber 
outer surface and cover inner 

surface 

W/m2 K 

4h  convective heat transfer 
coefficient between cover outer 
surface and ambient 

W/m2 K 

5h  radiative heat transfer 
coefficient between cover outer 
surface and sky 

W/m2 K 

molIC  interaction coefficient  

K incident angle modifier  
L Absorber length m 

f

.

m  
rate of mass flow through 
absorber tube 

kg/s 

fNu  Nusselt number for heat transfer 
fluid 

- 

P Pressure of annuals gas  

Pr  Prandtl number for ambient air  - 

fPr  Prandtl number for heat transfer 
fluid  

- 

afPr  Prandtl number for heat transfer 
fluid at absorber temperature 

- 
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gPr  Prandtl number for annuals gas   

1

.

q  
convective heat transfer from 
inner surface of absorber to heat 
transfer fluid  

W/m2 

2

.

q  
convective heat transfer from 
outer surface of cover to 
ambient  

W/m2 

3

.

q  
radiative heat transfer from 
outer surface of absorber to 
inner surface of cover  

W/m2 

4

.

q  
convective heat transfer from 
outer surface of absorber to 

inner surface of cover  

W/m2 

5

.

q  
radiative heat transfer from 
outer surface of cover to sky  

W/m2 

sa

.

q  
solar radiation to absorber tube  W/m2 

sc

.

q  
solar radiation to cover tube  W/m2 

gRa  Rayleigh number for annuals 
gas 

 

 
 
 
 
Greek Symbols 

 

Re  Reynolds number for ambient 
air  

- 

fRe  Reynolds number for heat 
transfer fluid 

- 

T  temperature of ambient K 

aT  temperature of cover tube K 

cT  temperature of absorber tube K 

fT  temperature of heat transfer 
fluid 

K 

fT  temperature of external film 
boundary layer  

K 

gT  
temperature of annuals gas K 

skyT  temperature of sky K 

t time sec 

fU  internal energy for control 
volume from heat transfer fluid 

J 

aU  internal energy for control 

volume from absorber tube 

J 

cU  internal energy for control 
volume from cover tube 

J 

molZ  Mean free path between 
collisions of a molecule of 
annuals gas 

cm 

W Collector Width m 

fρ  density of heat transfer fluid  kg/m3 

aρ  density of absorber material kg/m3 

cρ  density of cover material kg/m3 

cmρ  Clean mirror reflectance  

ρ  density for ambient air  kg/m3 

μ  Dynamic viscosity for ambient 
air  

Pa.s 

fμ  dynamic viscosity for heat 
transfer fluid  

Pa.s 

f  thermal conductivity for heat 
transfer fluid  

W/m.K 

  thermal conductivity for 
ambient air  

W/m.K 

v  speed for ambient air  m/s 

mol  thermal conductance of annuals 
gas 

W/m.K 

γ  specific heat ratio of annuals 
gas  

 

gβ  coefficient of volumetric 
thermal expansion of annuals 

gas 

K-1 

β  coefficient of volumetric 
thermal expansion for ambient 
air  

K-1 

σ  Stephan-Boltzmann constant W/m2k-4 

Ra  Rayleigh number for ambient 
air  

 

gα  thermal diffusivity for annuals 

gas 

m2/s 

gυ  kinematic viscosity for ambient 
air  

m2/s 

 

 

α  thermal diffusivity for ambient 
air  

m2/s 

aα  Absorber absorptance  

cα  Cover absorptance  

c  Cover transmittance  

υ  kinematic viscosity for annuals 
gas 

m2/s 

gλ  thermal conductivity for annuals 
gas  

W/m.K 

cε  emissivity of cover tube  

aε  emissivity of absorber tube  

1ε  Shadowing term  

2ε  Tracking error term  

3ε  Mirror alignment error  

4ε  Dirt on mirrors  

5ε  Dirt on cover  

6ε  Unaccounted term  

cη  Cover effective optical 
efficiency  

 

aη  Absorber optical efficiency   
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I. INTRODUCTION 

The first practical experience with parabolic trough collectors goes back to 1870, when a successful 

engineer, John Ericsson, a Swedish immigrant to the United States, designed and built a 3.25 m2 aperture 

collector which drove a small 373.0 W engine, with steam was produced directly inside the solar collector 

(today called Direct Steam Generation-DSG). 

 There are many different ways that solar energy can be applied, but there are also many different 

methods for collecting the solar energy from incident radiation. The more popular types of solar collectors are;  

 Glazed flat-plate solar collectors  

 Unglazed flat-plate solar collectors  

 Unglazed perforated plate collectors  

 Back-pass solar collectors  

 Concentrating solar collectors  

 Air based solar collectors  

 Batch solar collectors  

 Solar cookers  

 Liquid-based solar collectors  

 Parabolic dish systems  

 Parabolic trough systems  

 Power tower systems  

 Stationary concentrating solar collectors  

 Vacuum tube solar collectors  

Concentrating solar collectors operate by using reflectors to concentrate sunlight on the absorber of a 

solar collector, the size of the absorber can be dramatically reduced, which reduces heat losses and increases 

efficiency at high temperatures. Another advantage is that reflectors can cost substantially less per unit area than 

collectors. This class of collector is used for high-temperature applications such as steam production for the 

generation of electricity and thermal detoxification. Stationary concentrating collectors may be liquid-based, air-

based, or even an oven such as a solar cooker. There are four basic types of concentrating collectors: 

 Parabolic trough 

 Parabolic dish 

 Power tower 

 Stationary concentrating collectors 

In Egypt, the first power station utilize solar energy is Al Kuraymat electrical power station with 

capacity of 120.0 MW from fossil fuel and 20.0 MW from solar energy by using parabolic trough collectors. A 

parabolic trough collector system as illustrated in Fig. 1 is composed of a sheet of reflective material, usually 

silvered acrylic, which is bent into a parabolic shape. Many such sheets are put together in series to form long 

troughs. These modules are supported from the ground by simple pedestals at both ends. The long parabolic 

shaped modules have a linear focus (focal line) along which an absorber is mounted. The absorber is generally a 

black metal pipe which contains a fluid that is heated to a high temperature by the energy of the sunlight; the hot 

fluid is piped to equipment. The absorber encased in a glass pipe to limit heat loss by convection. The metal 

tube’s surface is often covered with a selective coating that features high solar absorbance and low thermal 

emittance. The glass tube itself is typically coated with antireflective coating to enhance transmissivity. A 

vacuum or air can be applied in the space between the glass and the metal pipes to further minimize heat loss 

and thus boost the system’s efficiency. The parabolic trough is usually aligned on a north-south axis, and rotated 

to track the sun as it moves across the sky each day. Alternatively, the trough can be aligned on an east-west 

axis; this reduces the overall efficiency of the collector due to cosine loss but only requires the trough to be 

aligned with the change in seasons, avoiding the need for tracking motors. This tracking method works correctly 

at the spring and fall equinoxes with errors in the focusing of the light at other times during the year (the 

magnitude of this error varies throughout the day, taking a minimum value at solar noon).  

 

http://en.wikipedia.org/wiki/Fluid
http://en.wikipedia.org/wiki/Season
http://en.wikipedia.org/wiki/Equinox
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There is also an error introduced due to the daily motion of the sun across the sky, this error also 

reaches a minimum at solar noon. Due to these sources of error, seasonally adjusted parabolic troughs are 

generally designed with a lower solar concentration ratio. The heat transfer fluid flows through the absorber, 

collecting and transporting thermal energy. The HTF in PTC systems is usually water or oil, where oil is 

generally preferred due to its higher boiling point and relatively low volatility.  

 

 
Fig. 1: Parabolic Trough Collector System 

 

The parabolic trough collector’s performance is highly sensitive to the weather conditions such as 

ambient dry-bulb temperature and wind speed in addition to the solar radiation.  It is noticed that; during the 

mathematical modeling and simulation of parabolic trough collectors and other solar systems, the researchers do 

not take into account the hourly profile of solar radiation, ambient dry-bulb temperature, and wind speed 

simultaneously. Mattew et. al. [14] studied by numerical analysis the heat loss from the absorber tube, while the 

ambient dry-bulb temperature was kept constant at 25 oC and neglecting the wind speed. Arpakon et. al. [2] 

studied the distribution of velocity and temperature of flowing water in a solar parabolic trough receiver with no 

mention the mathematical treatment of ambient temperature and wind speed. A. Giostri et. al. [1] compared two 

linear collectors in solar thermal plant; parabolic trough vs. Fresnel with ambient temperature was kept constant 

at 19.8 oC with negligible wind speed. García et. al. [7] studied by numerical simulation the parabolic trough 

solar collector using counter flow concentric circular heat exchangers, where for each studied case; the solar 

radiation, the ambient temperature, and wind speed were kept constant for each case. Ming et. al. [15] presented 

performance model for a linear parabolic trough solar collector with ambient temperature kept constant at 20 oC 

with constant wind speed of 4 m/s. M. Ouagued et. al. [12] simulated the temperature and heat gain by solar 

parabolic trough collector in Algeria considering constant solar radiation, ambient dry-bulb temperature, and 

wind speed. The work presented herein, is an attempt to simulate the single-pass parabolic trough collector from 

thermal and optical point of view, considering the simultaneous hourly profiles of solar radiation, ambient dry-

bulb temperature, and wind speed during the sunshine period for specific location. Also, computer program is 

constructed and presented as simulator to predict the performance of the parabolic trough collector with varying 

operating, design, and weather conditions. 

 

II. SIMULATION OF PARABOLIC TROUGH SOLAR COLLECTOR (PTC) 

Fig. 2, illustrates a control volume from a parabolic trough collector, the control volume contains three 

components; cover tube, absorber tube, and fluid. The incoming solar radiation reaches the cover tube is divided 

into three values; reflected value to the surrounding, absorbed value that is responsible for the cover tube 

temperature rise, and transmitted value that reaches the absorber tube. Also, the cover tube radiates heat to the 

surrounding and convects heat to the ambient, while the cover tube receives radiation and convection heat 

through the annuals gas from the absorber tube.  

The transmitted value from the incoming solar radiation from the cover tube is responsible for the 

temperature rise of the absorber tube, where in addition to the radiative and convective heats to the cover tube it 

also transfers heat to the heat transfer fluid by convection.  

http://en.wikipedia.org/w/index.php?title=Solar_concentration_ratio&action=edit&redlink=1
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Fig. 2: Control Volume from Parabolic Trough Solar Collector  

 

The present work concerns the transient, one-dimensional thermal behavior of the parabolic trough 

solar collector and is based on the following assumptions: 

1. The thermophysical properties for the cover tube and absorber tube materials are independent on the 

temperature. 

2. The variations in both kinetic and potential energies for the heat transfer fluid are negligible. 

3. Conductive heat transfers in the axial and radial directions for the absorber and cover tubes are negligible. 

 

2.1 Simulation of Solar Radiation 

For the parabolic trough solar collector with certain dimensions and geometry, the solar radiation 

concentrated and reflected from the parabolic mirror surface is determined by: 

mirrors

.

ρ I Cq                                                                                                                                                       (1) 

Where, C is defined as the concentration ratio and defined by: 

2

2

d π

d-W
 C                                                                                                                                                           (2) 

The solar radiation absorbed by the cover tube is determined by: 

ccs

.

sc

.

α ηqq                                                                                                                                                        (3) 

K  ρ ε ε ε ε ε εη c654321c                                                                                                                                (4) 

2θ  0.00005369-θ  0.000884θ COSK                                                                                                       (5) 

The solar radiation absorbed by the absorber tube is determined by: 

aas

.

sa

.

α  ηqq                                                                                                                                                       (6) 

c η η ca                                                                                                                                                               (7) 

  

2.2 Simulation of Heat Transfer Fluid 

The heat transfer fluid flows inside the absorber tube is simulated by the conservation of energy rate for 

finite control volume under unsteady-state, steady flow conditions. The control volume undergoes convective 

heat transfer from the inner surface of the absorber tube, inflow, and outflow enthalpies. The conservation of 

energy yields to Eq. 8;   

dx H
dx

d
dx d  πq

dt

dU
x

.

11

.
f                                                                                                                          (8) 

 

Where; 

dx T  A ρU f

.

1ff                                                                                                                                               (9) 



Hourly Simulation of Parabolic Trough Solar Collector with Simultaneous Solar Radiation and 

www.iosrjen.org                                                    50 | P a g e  

 fa11

.

TT hq                                                                                                                                                (10) 

fff

.

x

.

T C mH                                                                                                                                                   (11) 

Therefore Eq. 8 is re-written to be Eq. 12, which represents the one-dimensional, time distribution for 

the temperature of the heat transfer fluid. 











dx

dT
Cmd  πq

C A ρ

1

dt

dT f
ff

.

11

.

f1f

f                                                                                                      (12) 

Solution of Eq. 12 requires the value of convective heat transfer coefficient between the inner surface 

of the absorber tube and the heat transfer fluid, which is determined according its flow regime as: 

f1

.

f
f

μ d π

m4
Re                                                                                                                                                     (13) 

For the fully developed laminar flow regime [9]: 

3002Re f               4.36Nu f                                                                                                                      (14) 

For transitional and turbulent flow regime [8]: 

6
f  x105Re2300 

  11.0

af

f

3

2

f

ff

f
Pr

Pr

1Pr 
8

f
1.271

Pr 1000Re 
8

f

Nu

































                                                                 (15) 

Where;                   

  2

f 64.1Reln .821f


                                                                                                                                   (16) 

1

ff
1

d

λ Nu
h                                                                                                                                                      (17) 

 

2.3 Simulation of Absorber Tube 

The absorber tube is simulated by the conservation of energy rate for finite control volume under 

unsteady-state conditions. The control volume undergoes convective heat transfer from its inner surface to the 

heat transfer fluid, connective and radiative heat transfer from its outer surface to the cover tube through annuals 

medium, and the incoming solar radiation reaches the absorber. The conservation of energy yields to Eq. 18;  

  

dx d   πq  - q  - q  - q
dt

dU
23

.

2

.

1

.

sa

.
a









                                                                                                             (18) 

Where; 

                                                                                                                                  (19) 

 

 ca22

.

TT hq                                                                                                                                               (20) 

 ca33

.

TT hq   

Eq. 18 is re-written to be Eq. 21, which represents the time distribution for the temperature of the absorber tube. 

 q-q - q  - q
C A ρ

d  π

dt

dT
3

.

2

.

1

.

sa

.

aaa

2a








                                                                                                             (21) 

 

Solution of Eq. 21 requires the values of convective and radiative heat transfer coefficients between the 

outer surface of the absorber tube to the cover tube through annuals medium. The convective heat transfer 

coefficient is correlated based on the type of annuals filling conditions, for the vacuum annuals where P < 100 

mmHg the free molecule convection approach [11] and correlated as [17], with the molecular properties are 

listed in Table 1 [13]: 

 

dx T C A ρU aaaaa 
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2

TT
T ca

g


                                                                                                                                                     (22) 

2

mol

g
20

mol
d P

T 2.331x10
Z



                                                                                                                                    (23) 

  
 1γA  2

5 γ9 A2
ICmol




                                                                                                                                   (24) 


























1
d

d
 ZIC

d

d
ln 2

d

λ
h

3

2
molmol

2

3

2

mol
2

                                                                                                           (25) 

 
 

While for the natural convection with P > 100 mmHg the free convection approach [11] and the heat 

transfer coefficient is correlated [3]: 

2

TT
T ca

g


                                                                                                                                                      (26) 

g

g
T

1
β                                                                                                                                                                (27) 

3

5

5

3

3
5

3

3

3

4

2

3

g

2

d

2

d

d

d
ln 2

d






























































                                                                                                                           (28) 

 

gg

3

gcag

g
α υ

d TTβ g
Ra


                                                                                                                                 (29) 

4

5

5

3

4

3
4

1

g

gg

g2
d

d
1

Pr0.861

Ra Pr
 λ 2.425h














































                                                                                              (30) 

The radiative heat transfer coefficient is correlated as [6], while the view factor between the absorber and cover 

tubes is assumed equal to 1. 

 

  
 

3c

2c

aca

c

ca

2

c

2

a
3

d ε

d ε1

F

1

ε

ε-1

TT TT σ
h





                                                                                                                        (31) 

 

2.4 Simulation of Cover Tube 

The cover tube is simulated by the conservation of energy rate for finite control volume under 

unsteady-state conditions. The control volume undergoes convective and radiative heat transfer to its inner 

surface from the absorber tube, connective and radiative heat transfer from its outer surface to the ambient and 
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sky respectively, and the incoming solar radiation reaches the cover tube. The conservation of energy yields to 

Eq. 32;   

dx d   πq   qdx d   πq  - q  - q
dt

dU
23

.

2

.

45

.

4

.

sc

.
c


















                                                                               (32) 

Where; 

dx T  A ρU c

.

c1cc                                                                                                                                            (33) 

  TT hq c44

.

                                                                                                                                             (34) 

 skyc55

.

TT hq                                                                                                                                             (35) 

Eq. 32 is re-written to Eq. 36, which represents the time distribution for the temperature of the cover tube. 


















 3

.

2

.

ccc

2
5

.

4

.

sc

.

ccc

4c qq 
C A ρ

d π
 q  - q  - q

C A ρ

d π

dt

dT
                                                                           (36) 

Solution of Eq. 36 requires the values of convective and radiative heat transfer coefficients between the 

outer surface of the cover tube to the ambient and sky respectively. The convective heat transfer coefficient is 

correlated [10]:  

 




 

μ

d  vρ
Re 4                                                                                                                                              (37) 

04Re4.0      
4

3

1
0.33

4
d

λ
 Pr Re 0.989h 

                                                                                            (38)  

0004Re40  

4

3

1
0.486

4
d

λ
 Pr Re 0.683h 

                                                                                         (39) 

00004Re4000  

4

3

1
0.618

4
d

λ
 Pr Re 0.193h 

                                                                                   (40) 

000004Re40000  

4

3

1
0.805

4
d

λ
 Pr Re 0.0266h 

                                                                             (41) 

The value of heat transfer coefficient obtained from previous correlations is compared with the 

corresponding value obtained for free convection [4] and the maximum value is considered. 

2

TT
T c

 


                                                                                                                                                    (42) 



 
T

1
β                                                                                                                                                              (43)                                                                                                               

(43)                                                                                                                                                              

                                                                                                                           (44) 

 

 

4

2

6

1

16

94
d

λ

Pr

0.559
1

Ra
0.3870.6h 


































































                                                                            (45) 

The radiative heat transfer coefficient is correlated as: 

1.5

sky T 0.0552T                                                                                                                                             (46) 
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2.5 Numerical Formulation  

Dividing the parabolic trough collector into a number (N) of control volumes, each control volume 

contains the heat transfer fluid, absorber tube, and cover tube, then the main three Eqs. 12, 21, and 36 are 

numerically formulated explicitly respectively as:  
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While, the initial conditions are defined for 0t  and the boundary conditions are defined for 1I  , 

The heat transfer terms at each time are calculated as: 
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Computer software is constructed in VISUAL FORTRAN environment, where the parabolic trough 

collector is simulated and the software is flexible to deduce the performance of parabolic trough collector with 

any design, operating, and weather conditions. 

 

III. ANALYSIS OF THERMAL BEHAVIOR OF PARABOLIC TROUGH SOLAR 

COLLECTOR 

The main input data for the proposed simulator are categorized to the following conditions: 

 

A. Design Conditions; 

The parabolic trough collector that is chosen in the study has the design conditions in Table 2 [5], the 

optical properties in Table 3 [16] with air in the annuals area. 

 

 
B. Operating Conditions; 

The parabolic trough collector operates with Therminol 66; Therminol 66 is a high performance stable 

synthetic heat transfer fluid offering extended life and very low top-up rates resulting in reduced running costs 
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and minimal downtime for operations at temperatures up to 345 oC. The physical, chemical, and thermal 

properties of Therminol 66 are in Table 4. 

 

Table 4: Typical Physical, Chemical and Thermal Properties of Therminol 66 

 
 

The properties of Therminol 66 are correlated as a function of temperature as follows: 
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The flow rate of the heat transfer fluid inside the absorber tube is kept constant at 0.001 kg/s which is suitable 

for the studied parabolic trough collector [12]. 

 

C. Weather Conditions;  

The work herein is based on using the parabolic trough with previous design and operating conditions 

located in Arab Republic of Egypt (A.R.E.) – Cairo – Cairo International Airport district. The weather data are 

referred to that published in Solar Advisor Model SAM- National Renewable Energy Laboratory "NREL"-

Version 2012.5.11. The Geography for the location is illustrated in Table 5, while the monthly profile for global 

horizontal solar radiation, ambient dry bulb temperature, and wind speed are shown in Figures 3, 4, and 5 

respectively 

Table 5: Geography of Cairo International Air Port – Cairo – Egypt 

[Solar Advisor Model- National Renewable Energy Laboratory "NREL"-Version 2012.5.11] 
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 Fig. 3: Monthly Profile for the Global Horizontal Solar Radiation 

[Solar Advisor Model- National Renewable Energy Laboratory "NREL"-Version 2012.5.11] 

 

 
 Fig. 4: Monthly Profile for the Ambient Dry Bulb Temperature 

[Solar Advisor Model- National Renewable Energy Laboratory "NREL"-Version 2012.5.11] 

 

 
 Fig. 5: Monthly Profile for the Wind Speed 

[Solar Advisor Model- National Renewable Energy Laboratory "NREL"-Version 2012.5.11] 
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As shown in Fig. 3, May has the highest solar radiation over the rest of the months; therefore May is 

taken as the design month. The sunshine period starts from hour 5 to hour 18, with the maximum global 

horizontal solar radiation of 1000.0 W/m2 at hour 12. 

 

IV. RESULTS AND DISCUSSION 

The parabolic trough solar collector with the design conditions shown in Tables 2, 3 and used to heat 

the heat transfer fluid that has the properties in Table 4. This parabolic trough solar collector is located in the 

location described in Table 5, and subjected to the weather conditions as in Figs. 3, 4, and 5 for May.  The 

simulator presented herein run for the parabolic trough solar collector starts from the t = 5 hr to 18 hr which 

covers the sunshine period. 

 

 
Fig. 6: Hourly Distribution of Various Solar Radiations during Sunshine Period 

 

Fig. 6 illustrates the hourly distribution of the reflected solar radiation from the mirror surface (Solar-

Mirror) during the sunshine period. The values of the reflected solar radiation from the mirror surface are much 

higher than the global horizontal solar radiation as a result of the concentration ratio of the parabolic trough 

geometry. For the studied case; the concentration ratio is 22.0 with smaller effect of the mirror surface 

reflectivity, the maximum reflected solar radiation from the mirror surface is 20849.0 W/m2 and achieved at 

hour 12 while at this time the maximum global horizontal solar radiation is 1000.0 W/m2. 

Also, Fig. 6 illustrates the hourly distribution of the solar radiation absorbed by the absorber tube 

(Solar-Absorber) during the sunshine period, which is considered the motive force to heat the flowing heat 

transfer fluid. The value of this absorbed heat reaches its maximum value of 13715.04 W/m2 at hour 12. 

Generally; the ratio between the solar absorbed by the absorber tube and the reflected solar radiation from the 

mirror surface is in the range of 65.8 %, this ratio is dependent only on the optical properties of the parabolic 

trough collector. 

Fig. 6 illustrates the hourly distribution of the solar radiation absorbed by the cover tube (Solar-Cover) 

during the sunshine period. The value of this absorbed heat reaches its maximum value of 318.7 W/m2 at hour 

12. The optical properties of the parabolic trough collector such as the absorptivity of the cover material, govern 

the ratio between the solar absorbed by the cover tube and the reflected solar radiation from the mirror surface in 

the range of 1.53 %.  One can deduce that; 32.67 % from the reflected solar radiation from the mirror surface is 

dissipated as heat loss to the surrounding environment in different forms of heat loss. The forms of the heat 

losses depend on the weather conditions such as the ambient temperature, and the wind speed. 
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Fig. 7: Hourly Distribution of the Temperature of Heat Transfer Fluid, Absorber Tube, and Cover Tube at 

Outflow Location during Sunshine Period - For Heat Transfer Fluid Flow of 0.001 kg/s  

 

Fig. 7 illustrates the hourly distribution of the temperature for the heat transfer fluid, absorber tube, and 

cover tube at the outflow location during the sunshine period, for flow of 0.001 kg/s of heat transfer fluid. 

Starting from the initial conditions of 15 oC; the temperature of the absorber tube increases to 597.0 oC at hour 

12, while for the heat transfer fluid increases to 539.0 oC at hour 13.30, and for the cover tube increases to 258.6 
oC at hour 11.097.  

At hour 14.317 and beyond, the temperature of the absorber tube is lower than the temperature of the 

heat transfer fluid, which indicates that; the heat transfer fluid heats the absorber tube till the sunset time. Since 

the temperature of the heat transfer fluid is the motive force in the energy storage and transmission of heat for 

the desired application, then the temperature profile will be very required.  

 

 
Fig. 8: Hourly Distribution of the Various Total Heat Transfers during Sunshine Period - For Heat Transfer 

Fluid Flow of 0.001 kg/s  
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Fig. 8 illustrates the hourly distribution of various total heat transfers during the sunshine period, for 

flow of 0.001 kg/s of heat transfer fluid. Firstly; it is noticed that; after hour 14.317 and beyond the value of heat 

transfer from the absorber tube to the heat transfer fluid reverses its direction as a result of the illustrated in Fig. 

7. The maximum heat transfer is that in the form of radiation from the absorber tube to the cover tube, while, the 

minimum is that in the form of convection from the absorber tube to the cover tube through the annuals air. 

 

 
Fig. 9: Distribution of the Temperature for Heat Transfer Fluid, Absorber Tube, and Cover Tube along the PTC 

Length at Sunshine End Time for Heat Transfer Fluid Flow of 0.001 kg/s 

 

Fig. 9 illustrates the distribution of the temperature for heat transfer fluid, absorber tube, and cover tube 

along the PTC length at the sunshine end time for flow of 0.001 kg/s of heat transfer fluid. Referring to Figure 6 

at hour 18, the temperatures are 342.0 oC for heat transfer fluid, 204.0 oC for the absorber tube, and 50.2 oC for 

the cover tube.  

 

V. CONCLUSIONS AND RECOMMENDATIONS FOR FUTURE WORK 

For the studied case, it is concluded that;   

1. The maximum reflected solar radiation from the mirror surface is 20849.0 W/m2 at hour 12. 

2. The ratio between the solar absorbed by the absorber tube and the reflected solar radiation from the mirror 

surface is 65.8 %, this ratio depends only on the optical properties of the parabolic trough collector. 

3. The ratio between the solar absorbed by the cover tube and the reflected solar radiation from the mirror 

surface is 1.53 %.  

4. 32.67 % from the reflected solar radiation from the mirror surface is dissipated as heat loss to the 

surrounding environment in different forms of heat loss.  

5. For flow of 0.001 kg/s of heat transfer fluid;  

a) The temperature of the absorber tube increases to 597.0 oC at hour 12, while the heat transfer fluid increases 

to 539.0 oC at hour 13.30 and the cover tube increases to 258.6 oC at hour 11.097.  

b) After hour 14.317 and beyond the heat transfer from the absorber tube to the heat transfer fluid reverses its 

direction. 

c) At the sunshine end, the temperatures are 342.0 oC for heat transfer fluid, 204.0 oC for the absorber tube, 

and 50.2 oC for the cover tube at the exit section.  

       These conclusions are considered the input parameters to design the thermal storage system and the process 

response. Also, the present model will be applied on the first module of parabolic trough collector that is 

constructed completely in Solar Lab. – Department of Mechanical Power Engineering – Faculty of 

Engineering – Ain Shams University – Cairo Egypt. 
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