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ABSTRACT 
 

A cylindrical-parabolic solar-thermal converter, with 0.5m
2
 of capture surface, was manufactured 

and attached to a furnace, constituting an indirect solar dryer. Thermal balances of the elements of 
the receiver, housed in the focal point of this collector, are settled. A campaign of vacuum tests of 
this dryer indicated temperatures of the heat-bearing air in natural convection, along the absorber 
tube (70°C) and inside the drying cage (almost 60°C,on average). The average thermal efficiency 
of said converter has been evaluated at 50%.The higher the efficiency, the less the converter's 
capture surface is required and, therefore, less investment is required. These promising results 
testify to the effective performance of this new dryer compared to dryers with flat collectors, whose 
efficiencies could not exceed 40% despite the large surface area of these collectors. 
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NOMENCLATURE 
 

 Latin letters 
 

Ai: area of a slice [m
2
] 

Ci: specific heat [J.kg-1.K-1] 
Di : diameters [m] 
dz: length of a slice [m] 
G: Solar irradiation [W.m-2] 
hi : transfer coefficients [W.m

-2
.K

-1
] 

qa : absorbed flux [W/m]. 
qb : solar irradiation absorbed by the glass 
qin: energy exchanged through the air confined 
between the absorber and the glass [W.m-1] 
qm: mass flow rate [kg.s

-1
] 

qout : heat exchanged between the glass cover 
and the external environment 
qv : volume flow[m3.s-1] 
qw: flux gained by the fluid [W/m] 
Ti: Temperatures [K] 
 t : time [s] 
 

 Greek letters 
 

α : absorptivity [%] 
β : thermal expansion coefficient [1/K] 
 : angle [rad] 
ε: emissivity [%] 
θ: angle [rad] 
a: thermal conductivity coefficient [W.m

-1
.K

-1
] 

 : kinematic viscosity [m
2
.s

-1
] 

ρi: densities [kg.m
-3

]      
σ: Stefan's constant [W.m-2.K-4] 
τ : transmitivity [%] 
i: heat flow [W] 
 

1. INTRODUCTION 
 

In the literature, extensive studies have been 
carried out to improve the performance of indirect 
flat plate solar dryers, including : Dissa et al. [1] 
have proposed an indirect solar dryer, with a flat 
plate collector with dimensions 2.02m×0.85m, 
where the air circulation in the collector is not 
free, but provided by a fan. Abene A. et al. [2] 
measured the drying time of grapes to the 
required moisture content with a constant air flow 
rate, without obstacles in the flat plate collector is 
13h20min and with transverse-longitudinal 
obstacles in the collector is 5h50min. Introduction 
of obstacles in the air channel is an important 
factor for improvement of collector performance 
which in turn reduces the drying time of grapes. 
In order to improve the efficiency of the thermal 
exchanges between air and glass on the one 
hand and between air and absorber on the other, 
Malénguinza S. [3] proposed an indirect solar 
dryer with double-glazed flat plate collectors. The 

temperature of the air circulating inside the said 
collector is of the order of 57°C. But the radiation 
that has passed through several panes of glass 
weakens energetically, so the multiplication of 
panes of glass decreases the over all 
transparency of the glass. Dianda et al. [4] fixed 
straight fins on a flat absorber with an area of 
3m2 and found an improvement of about 20% in 
thermal efficiency.  
 
Of the above, the temperature level of the drying 
air and the drying time in these dryers are the 
key parameters to be optimized. 
 

Thus, the parabolic trough solar dryer is a 
suitable system, which avoids the cost of 
improving the thermal performance of a flat plate 
solar dryer [5]. Experiments of this dryer have 
been carried out. The results obtained and 
presented in this paper seem promising 
compared to data from other excavations. 
 

2. MATERIELS AND METHODS 
 

2.1 Presentation of the Parabolic 
Cylindrical Collector Dryer 

 
An indirect solar dryer, with a parabolic cylinder 
collector, was built at the Laboratoire d'Energies 
Thermiques Renouvelables, University J.K.Z 
(Burkina Faso), [5]. It consists of two essential 
linked parts: the parabolic cylinder collector 
placed up stream of the drying cage, in the focal 
point of which a coaxial tubular receiver is 
housed, and the oven, where the products to be 
dried are spread out on racks arranged in a rack 
one after the other. Fig. 1 shows a photo of the 
experimental set-up. 

 
2.2 Operation of the Parabolic Cylindrical 

Sensor Dryer 
 
The present dryer is powered by a paraboli 
ccylinder collector with a 0.5m2 collecting 
surface, whose general operating principle is to 
reflect the parallel rays of the sun, incident on its 
exposure surface, towards its blackened tubular 
absorber, placed in its focus. The absorber, 1m 
long, is wrapped with pieces of glass that are 
transparent and opaque to infrared ray, thus 
creating the greenhouse. This greenhouse, 
trapping in addition to the infrared rays of the 
direct radiation, is responsible for the increase of 
the temperature of the drying air, having a good 
evaporation power, both along the absorber and 
inside the drying chamber, thus favouring its 
natural flow. 



 
Fig. 1. Photo of the solar dryer with parabolic cylinder collector

 
Heat balances established hereafter have made 
it possible to write down the exchanges which 
take place between the components 
fundamental part (sensor) of the said dryer.
 

2.3 Transfer Equations 
 
Thermal analysis is a fundamental step for the 
overall improvement of the efficiency of a solar 
system [5]. The different heat exchanges in the 
absorber are distributed as shown i
 

 The heat balance of the medium at time t 
in the duct element dz at position z 
(Fig.3) is given by the following equation, 
[6] : 

 
  

z
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t
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 The heat balance of the absorber is 

given by equation 2,  [5]:
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 Heat exchange between the glass, the 

absorber and the outside is by natural 
 

 
Fig. 2. Cross section of the heat transfer 

tube 

Oven 

Coaxial Tubular 

Recever 
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1. Photo of the solar dryer with parabolic cylinder collector

Heat balances established hereafter have made 
it possible to write down the exchanges which 
take place between the components of the 
fundamental part (sensor) of the said dryer. 

Thermal analysis is a fundamental step for the 
overall improvement of the efficiency of a solar 
system [5]. The different heat exchanges in the 
absorber are distributed as shown in Fig. 2. 

The heat balance of the medium at time t 
in the duct element dz at position z 
(Fig.3) is given by the following equation, 


 tzq

t
w ,

    (2.1)  

The heat balance of the absorber is 
given by equation 2,  [5]: 

),(),( tzqtzq win 
(2.2) 

Heat exchange between the glass, the 
absorber and the outside is by natural 

convection, with T
temperature of the transparent cover of 
the receiver. The heat exchange 
between the transparent cover and the 
environment is establis
(2.3), [5,6]: 

 

 
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
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The detailed expressions of the heat exchanged 
between the components of the receiver are in 
appendix. 
 

2.4 Thermal Efficiency of the Solar 
Inverter 

 
The performance of a solar system depends 
mainly on the efficiency of its converter 
(collector), [5]. Thus, the thermal efficiency of the 
concentrator, one of the parameters defining the 
performance of the present prototype, is defined 
according to the following equation, [7]:
 

 
0

,,

.AG

TTCq aireairspm 


 

2. Cross section of the heat transfer 

 
Fig. 3. Longitudinal section of heat transfer 

tube 
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1. Photo of the solar dryer with parabolic cylinder collector 

convection, with T3 (z,t) being the 
temperature of the transparent cover of 
the receiver. The heat exchange 
between the transparent cover and the 
environment is established by relation 

 ),(),(, tzqtzqt outin 
(2.3) 

The detailed expressions of the heat exchanged 
between the components of the receiver are in 

Thermal Efficiency of the Solar 

The performance of a solar system depends 
mainly on the efficiency of its converter 
(collector), [5]. Thus, the thermal efficiency of the 
concentrator, one of the parameters defining the 
performance of the present prototype, is defined 
according to the following equation, [7]: 



                         (2.4) 

 

3. Longitudinal section of heat transfer 

Chimney 

Cylindrical-Parabolic 

Sensor 
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3. RESULTS AND DISCUSSION 
 

3.1 Measuring Air Temperatures Along 
the Absorber 

 
Type J thermocouples have been arranged at the 
inlet, middle and outlet of the absorber tube (Fig. 
1). Although it is the end of winter, the 
temperatures of the drying air recorded at the 
inlet of the drying cage are comfortably above 
70°C. Fig. 4 below gives an idea of the evolution 
of these temperatures as a function of time. 
 
These temperatures vary according to the 
evolution of the global sunshine. They are 
regularly disturbed by alternating clouds and 
especially by the movement of the breeze. They 

naturally depend on the abscissa z along the 
absorber. They increase regularly from the inlet 
to the outlet of the absorber. This is due to the 
fact that the air, regularly heated by natural 
convection, rises inside the absorber tube and 
sees its temperature increase. 
 

3.2 Air Temperature Inside the Oven 
 
The average temperature values measured on 
the first three racks, numbered from bottom to 
top, are 61.19°C, 58.65°C and 57.09°C 
respectively, with maxima equal to 75.2°C, 
65.1°C and 63.2°C for each of the racks, spaced 
10 cm apart inside the oven. The curves in Fig. 5 
give abetter visualization of the temperature 
profile of the air inside the dryer enclosure. 

 

 
 

Fig. 4. Temperature of the drying air along the absorber tube 
 

 
 

Fig. 5. Air temperatures through the racks 
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The data in the literature agree on the 
temperature range of 43.5°C to 60°C; for quality 
drying, ensuring better conservation of the 
nutrients in okra [8]. Our results are in perfect 
agreement with the literature, on the other hand, 
these results are compatible for the drying of 
okra. Also, the drying air exchanges with the 
inner wall of the kiln as it rises. This regularly 
lowers its temperature. 
 

3.3 Absorber Temperature Profile 
 
Two probes were placed in the middle and at the 
outlet of the absorber as shown in Fig. 1, thus 
raising its temperature and that of the drying air 
at the furnace inlet. The minimum and maximum 
values obtained were respectively equal to 40°C 
at theend of the day and 98.2°C at 12 : 05, in a 
test with load. The average value obtained is 
87.22°C. However, values in excess of 100°C 
were also observed. 
 
The temperature of the absorber also                 
depends on its length, since the flow of the fluid 
by natural air convection along the tube is              
rising.  
 
Heat transfer by conduction, convection and the 
greenhouse effect between the glass pane and 
the absorber directley influences the thermo-
physical catracteristics of the heat transfer             
fluid. 

The temperature of the drying air has been 
raised. It is still lower than the temperature of the 
absorber that provides the heat, as shown in  
Fig. 6. 
 
3.4 Concentrator performance profile 
 
Fig. 7 shows the experimental evolution of the 
concentrator's thermal efficiency as a function of 
time. 
 
The average thermal efficiency of the 
concentrator is around 50%. The manual tracking 
of the sun in its movement by the concentrator 
has allowed the incident solar beam to be 
parallel to the axis of the collector, so that the 
maximum of said rays is permanently focused on 
the receiver. 
 
Around 5 p.m., the direct radiation decreases, 
but the thermal inertia of the receiver's material 
set allows the sensor to still produce large hot air 
flows. This results in an increase in efficiency at  
the end of the day, visible in this figure. 
 
With regard to these values, we can say that the 
collector used here, with an opening of 0.5m2, 
seems quite efficient. Gama et al. [9], with a 
parabolic cylindrical concentrator, with a 4m

2
 

opening, obtained a maximum efficiency of 21% 
without solar tracking and of the order of 26.9% 
with solar tracking. 

 

 
 

Fig. 6. Temperature development of the absorber and drying air 
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Fig. 7. Development of the thermal efficiency of the concentror 
 

 
 

Fig. 8. Fluid temperature development at the inlet of the drying chamber 
 
G. Ouédraogo [10], with a 4m

2
 flat plate collector, 

obtained between 10:30 am and 4:30 pm a 
thermal efficiency between 26% and 37%.  B. 
Dianda [4], with a 3m2 flat plate collector, 
obtained an efficiency of 20%. In general, the 
thermal efficiency of a flat plate collector cannot 
exceed 40%, [11]. 
 
But with a concentration converter, even a small 
one, one could hope for an efficiency exceeding 
40%, as currently obtained! 
 
The choice of such a sensor, with significantly 
reduced dimensions, is a technical-economic 
compromise [12,13], above all an alternative to 
minimize the cost of the new dryer and therefore 
facilitates its acquisition. 
 

3.5 Validation of the Calculation Code 
 
In order to validate these results, the coolant air 
temperatures calculated using the code were 
compared with those measured experimentally. 

The assessment criterion chosen was to 
evaluate the square root mean systematic error, 
RMSE [5]. The agreement between these two 
temperatures is shown in Fig. 8. 

 
We then obtain on this figure: RMSE= 

  


N

i simi TT
N 1

2

,1,1

1

= 4.5°                       (3.1)  
 
Quite a perfect harmony is noted! 
 
Where T1,i and Ti,sim are respectively the 
experimental and theoretical values of the air 
temperatures at the furnace inlet. 

 
4. CONCLUSION 
 
In this paper, experimental measurements of air 
temperatures along the absorber tube (70°C at 
the absorber outlet) and inside the furnace 
(almost 60°C, on average) of an indirect solar 
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dryer, with a concentration collector, were carried 
out. The temperature level of the heat transfer air 
inside the drying cage is in accordance with the 
data in the literature for a quality drying of most 
of our agricultural products [8]. These 
measurements have made it possible to 
establish the effective thermal efficiency of a 
parabolic cylindrical converter, attached to the 
dryer housing. Also, the average thermal 
efficiency of this collector (50.23%), of rather 
small size (0.5m

2
), confirms the thermal quality of 

the said converter, by comparison with the plane 
collector. The higher the efficiency, the less the 
collector surface is needed and therefore, less 
investments. 
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ANNEX 
 
Explicit expressions of the different flows 

 
Heat balance between absorber and heat transfer fluid 

 
The heat received by the heat transfer fluid, at a datetinaunit dz, at the position z of the absorber tube 
(Fig. 3), is given by the following equality: 

 

   tzTzACtzQ ,, 11111                                                                                                     (A1) 
 
In fact,  
 

   tzTqC
t

tzQ
V ,

,
111

1 




                                                                                                     (A2) 
 
Thus, the heat balance of the fluid at time t in the ductelement dz at position z is: 

 
      tztzz
t

tzQ
win ,,

,
11

1  




                                                                                  (A3) 
 
With, 

 

  zqtz Wwin ,1 :                                                  power gained by service               (A4) 
 

     tzTqC
t

tzQ
tz V ,

,
, 111

1
1  






:                       power transferred to the fluid               (A5) 
 

   tzzTqCtzz V ,, 1111  
                           power lost by the fluid                          (A6) 

 
From then on, equality (A3) becomes: 

 
     tzq

z

tzT
qC

t

tzT
AC WV ,

,, 1
11

1
111 











                                                                           (A7)  
 
qw is calculated as follows: 
 

 the first stepis to calculate the Rayleigh number 
 

 


 3
112

1

DTTg
Ra




                                                                                                                  (A8) 
 
 and then the Nusselt's number, depending on the geometry of the fluid flow, [13] 
 

  25.0
1 sin6.0  aRNu

                                                                                                               (A9) 
 

Then comes the convective transfer coefficient between the inner wall of the absorber and the air. 
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

aNu
h 1

1 

                                                                                                                               (A10) 
 
Thus, the heat is transferred to the heat transfer fluid by natural convection. 
 

   1211, TTDhtzqW                                                                                                             (A11) 
 
The solution, T1 (z, t), represents the vaviation in temperature of the drying air flowing through the 
conduit.  
 
Thermal analysis of the absorber 
 
In equation (2), where T2(z,t) is the temperature of the absorber, the flux absorbed, qa, by the receiver 
slice dz is defined by: 
 

    dzACItzq ga /, 223  
                                                                                            (A12)  

 
and, 
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2
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3

4
22

32

2

3 11
ln

2
),(

D

D

TTD
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D

D

K
tzq

eff
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







                                                                       (A13) 
 
qin (z,t) represents the energy exchanged by convection, assimilated to conduction with a correction 
coefficient, keff and by radiation respectively, through the air confined between the absorber and the 
glass pane. 
 
The effective thermal conductivity of the air mass confined between the absorber and the glass 
(greenhouse effect) is given by, 
 

   25.0Pr861.0Pr386.0,1max  Rackeff                                                                   (A14) 
 
Heat exchange between the glass, the absorber and the environment 

 
In equation (3), we have: 
 

 qout, amount of heat exchanged between the glass cover and the external environment 
 

   44
343344),( ambambout TTDTTDhtzq  

                                                             (A15) 
 

 qb (z,t), being the solar irradiation absorbed by the glass. 
 

  dzACItzq gb /),( 33  
                                                                                       (A16) 
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