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ABSTRACT 

 
A paraboloidal solar concentrating collector in a non-planar configuration using reflecting materials of reflectance is 0.7 has been thermally 

designed and developed and at a 1metre focal distance in conjunction with a reverse flat plate absorber with black board paint (both selective 
and non selective coating) theoretically. To study optical and thermal performance tests like stagnation temperature (Tps), water temperature 

(Tw), plate temperature (Tp), thermal efficiency test (Xc), optical efficiency test (Xo), Heat transfer coefficient from surface to water (U), 

geometrical concentration ratio (C) and overall heat loss coefficient (U2) has been studied. The concentrator is placed such that all incident 
parallel rays of light intercepted by the concentrator aperture are reflected to a common focus. In this case the concentrator parabolic in 

shape. This communication presents the thermal design analysis of a CR- system. The results of some typical numerical calculations are 

shown graphically and their significance is discussed. 
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INTRODUCTION 

 
Paraboloidal solar concentrator is usually employed 

to receive the proper concentration of the solar flux 

on the linear absorbers. The analysis presented in this 

paper was used to study the performance 

characteristics of the paraboloidal concentrator in 

conjunction with a reverse flat plate (a rectangular 

channel) absorber 
[1, 2]

. It should however be noted 

that the analysis in general in nature where some 

assumptions were made to simplify the procedure. In 

the thermal analysis both the transient and steady 

state conditions were taken into consideration. This 

analysis would be applicable to any non-tracking or 

seasonally tracking concentrator with reverse flat 

plate absorber exposed to the concentrated flex 
[3, 4]

. 

The results computed on putting some typical values 

in the expressions obtained from the analysis are 

tabulated and presented graphically. 

 

MATERIALS AND METHODS 
 

Description of the prototype paraboloidal dish 

type concentrating collector/parabolic dish: 

The parabolic dish has undergone far less 

development than the parabolic trough.  In this paper 

two prototype parabolic dishes are discussed: the 

Shenandoah dish and the JPL Parabolic Dish 

Concentrator.  Both of these dishes presenting first-

generation designs.
 

 

Shenandoay Dish: 

The Shenandoah dish was designed for application to 

a solar thermal cogeneration project located at 

Shenandoah, GA 
[5, 6]

.  The dish is designed to heat 

silicone oil in one pass to 400'C (750°F) with an inlet 

temperature of 260°C (500°F).  The dish was 

designed by General Electric Corporation and was 

manufactured by Solar Kinetics, Inc.  The 7 m 

diameter parabolic reflecting dish is formed of 21 

aluminum petals, covered on one side with FEK-244 

reflective film and then die-stamped to the correct 

contour.  The petals are bolted to 21 supporting 

aluminum sheet metal ribs that are fastened to a 

fabricated steel central hub weldment. Design - 

Many of the design tradeoffs discussed above for the 

prototype trough were also examined in the design of 

the Shenandoah dish.  Dish diameter, for example, 

results from a tradeoff involving the desire to 

maximize dish diameter in order to decrease the 

amount of field piping in a given-size field.  The 

difficulty (and thus expense) of constructing very 

large optical structures capable of withstanding the 

anticipated wind loads, however, limits the size of 

parabolic dishes. The central steel hub of the dish is 

supported at the declination points by a concrete 

counterweighted yoke structure.  This yoke is held at 

an angle by two polar axis bearings that are, in turn, 

supported by a tubular steel tripod mount.  The 

mount rests on a triangular base that is bolted to the 

tops of three concrete pier foundations that have been 

cast into the ground. 
 

Tracking and Control - Drive about the polar axis 

is accomplished by rotation of the yoke structure by 

two 75 W i.e. 1/10 horsepower motor-driven jack 

screws in series, at the rate of 15 degrees per hour.  A 

third jack screw of the same type pivots the dish on 

its yoke support points to provide for motion about 

the declination angle. 
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A microprocessor-based control unit mounted on 

each concentrator provides tracking and safety 

commands (e.g., defocus during high winds or 

overheating).  Coarse tracking is provided by a 

microprocessor ephemeris track.  Fine tracking is 

provided by nulling the output of two pairs of fiber 

optics sensors located on the receiver aperture, one 

pair for each axis of rotation.  A 17.5-mrad (1-

degree) angular motion microprocessor limit 

prevents wandering of the concentrator, due to 

extraneous reflections. 

 

Receiver - The cavity receiver is designed to heat the 

heat-transfer fluid, Dow Corning Siltherm-800, to a 

maximum constant outlet temperature of 400°C 
[7, 8]

. 

Fluid supply and return lines are directed along a 

receiver support strut.  Two sets of flexible hoses are 

required to compensate for differential movement of 

the dish receiver with respect to the fixed thermal 

distribution piping in the field.  One flexible hose 

permits movement about the declination axis, 

whereas the other flexible hose permits the daily 

tracking movement of the dish about the polar axis.  

Concentrated light entering the cavity aperture 

strikes the tubes and is absorbed. Any light not 

absorbed on this first encounter with the tubing is 

reflected off the surface of the tube and strikes the 

coil of tubing in a different place, where it undergoes 

absorption again. Even if the absorptance of the 

tubing is only 0.6, over 98 percent of the radiation 

will be absorbed after three reflections within the 

cavity 
[3.4]

. The tested efficiency of the dish at its 

design conditions of 260°C (500°F) inlet, 400°C 

(750°F) outlet is about 61% (Kinoshita, private 

communication).  The efficiency of the dish is 

essentially constant with temperature as a result of 

the cavity receiver. 
 

JPL Parabolic Dish Concentrator-1 

The second parabolic dish discussed here is the JPL 

Parabolic Dish Concentrator-1 (PDC-1).  This 

concentrator consists of a dish designed by the Space 

Division of the General Electric Company and a 

receiver-power conversion cycle module designed by 

the Aeronautics Division of Ford Aerospace and 

Communications Corporation.  The power 

conversion system is designed to operate at 400°C 

and to provide electrical power to the power 

distribution grid of a small community.   
 

Design - The 12 m diameter parabolic reflector 

surface consists of 12 gores (panels) made of 

fiberglass and balsa wood sandwich panels that are 

injection-molded to the correct contour.  This 

lightweight construction was selected because of the 

very large aperture (12 m diameter) of the  PDC-1.  

An aluminized polyester reflective film is then 

bonded to each panel.  Each gore is essentially an arc 

segment 3 m at its widest point and approximately 6 

m in length.  The gores are attached to 12 front-

bracing ribs, which supply support and alignment 

with minimal weight.  Note that the diameter of this 

dish is considerably larger than that of the 

Shenandoah dish. 

 
The support structure of the PDC-1 is designed for 

azimuth-elevation tracking.  The dish is attached to a 

transverse semicircular truss and is pivoted at 

diametrically opposed points for a full 180-degree 

rotation.  The truss is attached to the receiver at one 

end and to the counterweight at the other.  The dish, 

truss, and pivots are supported by a lightweight space 

frame that rotates on wheels along a rolled I-beam 

circular steel track, which is supported from the 

ground by concrete piers.  The receiver is supported 

by three arms and one end point of the semicircular 

truss. 

 
Tracking and Control - The semicircular truss is 

rotated by use of a cable-drum arrangement.  The 

cable rides in a channel in the semicircular truss from 

the receiver to the counterweight.  Azimuth rotation 

is provided by a drive wheel that moves with the 

base along the circular track. The control system is a 

hybrid design similar in concept to that used with the 

parabolic trough system described earlier. A 

computed tracking angle is used for coarse tracking 

and fiber optic sensors located on the receiver are 

used for closed loop fine tracking.  The fiber optic 

sensors are located at the receiver aperture and 

provide feedback information to the tracking system 

to center the reflected beam on the cavity aperture 

area. At the focus is a module containing a combined 

cavity receiver and Rankine power conversion cycle.  

The cavity receiver is a direct-heated, once-through 

monotube boiler that uses toluene at supercritical 

pressure.  The cavity is formed by a cylindrical 

copper shell and backwall with stainless steel tubing 

brazed to the outside surface.  This core is 

surrounded by lightweight refractory insulation, 

load-bearing struts and an outer case. The aperture 

plate is made of copper to provide long life by 

conducting and reradiating heat and stray 

concentrated flux away from the aperture lip.   

 
Performance Comparison - A comparison of 

prototype parabolic dish and troughs with flat plate 

collectors is shown in Fig: 1. The below curves 

indicate the effects of operating temperature and 

solar radiation levels on the efficiency of the solar 

concentrating collector 
[9]

.  Of particular note is the 

low efficiency of the prototype parabolic dish which 

does not agree with the glass mirror reflector used.  

This is due to the low reflectance of the FEK-244 

reflective plastic film used on the prototype dish.   
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Mathematical expression for predicting the 

performance characteristics of solar paraboloidal 

dish type concentrating collector with reverse flat 

plate absorber of rectangular shape have been 

derived. The concentrator receiver assembly is 

shown in Fig: 2. This arrangement takes advantage 

of easy intermittent tracking and suppression of 

convection heat losses to an appreciable extent as 

compared to other types. Some realistic assumptions 

were made to simplify the procedure for obtaining 

expressions for stagnation temperature (Tps), Plate 

temperature (Tp) and water temperature (Tw) with 

respect to various input parameters 
[10]

.  

 

Water Temperature (Tw) 

 

The net amount of radiant energy reaching the 

elementary area of the receiver surface 
[6]

 Fig. (1) 

will be =𝐶𝜂0𝐼𝑏 𝑙𝑑𝑥, Where, 𝜂0=Optical efficiency, 

 𝐶 =Concentration ratio, 𝐼𝑏=Beam Radiation, 

𝑙=Breadth of the absorber, 𝑑𝑥=Elementary length of 

the absorber surface. 

In the steady state condition, this energy may be 

balanced as follows: 

𝐶𝜂
0
𝐼𝑏 𝑙𝑑𝑥 = 𝑚 𝑤𝐶𝑤𝑑𝑇𝑤 + 𝑈𝐿𝑙 𝑇𝑝 − 𝑇𝑎 𝑑𝑥  

…………………………………..(i) 

 

  

……….……………………………….(ii) 

The amount of heat transferred to the heat transfer 

fluid may be written as, 

  

………………………………………………(iii) 

Fig: 1. Comparison of experimentally measured ΔT/I curves with flat-plate collector performance. 

 

Fig: 2. An experimental setup of a solar paraboloidal dish type concentrating collector. 
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………………………………………………(iv) 

From the equations (ii) & (iv), we get 

 ….……………………………… (v) 

This equation is of the form 

 

……………………………………………………(vi) 

Where, , And 

. 

Now, integrating  equation (vi) and putting the 

boundary condition at , we get 

water temperature, 

 

…………….…………………………………….(vii) 

Substituting the values of A & B in equation (vii), 

we get 

………………………………(viii) 

Plate Temperature (Tp) 

 

From the equation (iv), we may further proceed to 

obtain the expression for plate temperature [7], 

 

…………………………………

………(ix) 

             Now differentiating equation (ix), we get 

          

…………….………(x) 

Now putting the value of  in equation (ix), we 

get the expression for plate temperature  

…

……………………………………………(xi) 

 

Stagnation Temperature (Tps) 

 

If there is no flow of heat transfer fluid through the 

absorber channel and the beam radiation is uniformly 

distributed over the absorber 
[8]

, the energy balance 

on the absorber surface may be written as, 

 ……………………………………. (xii) 

    Or, 

…

………………......………(xiii) 

 Now, putting  ,    

 Then,   

Now substituting the values in equation (xiii) we get, 

  

 =>  

Integrating both sides and putting the boundary 

condition 

  

 =>  

 =>

 

  

Substituting the values for K & B, we get expression 

for stagnation temperature 

…………………………….(xiv) 

Overall heat transfer co -efficient from 

receiver surface to water (u):  

 

From fig: 1 let us suppose that, 

=Outer surface temperature of the receiver, 

=Inner surface temperature of the receiver, 

 Water temperature at equilibrium, 

Heat transferred from to  will be given 

by Prescott (1940) 
[7]

, 

 

.................................................... (xv) 

Where,  is the thickness  and  thermal 

conductivity of the absorber plate. 

Heat converted from inner surface of wall to water is 

given by, 

 

…………………………………………… (xvi) 

Where hw is the heat transfer coefficient from inner 

surface to water .Heat transferred from outer surface 

to water will be given by, 

  

  

………………………………………. (xvii) 

Now, from equation (xv) and (xvii), we get 

    and 

  

Putting these values in equation (xvii) and assuming 

  

One can get the expression for heat transfer 

coefficient from surface to water (U), 
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U=   ………………………….(xviii) 

Overall heat loss co-efficient from receiver 

surface to surrounding (ul) 

 Inner surface temperature of glass cover, 

 Outer surface temperature of glass cover, 

Heat loss to the surrounding from the receiver 

surface, 

  

 

……………………………………….(xix) 

Heat transferred from receiver surface to inner 

surface of glass by convention  

 

………………………………

………………………………….(xx) 

Heat conducted through the glass wall 

 

………………………………………………………

………………(xxi) 

Where and   is the thermal conductivity and 

thickness of the glass. 

Again heat loss to the ambient from the outer surface 

of glass, 

 

……………………………………

……….(xxii) 

From equation (xx),(xxi) and (xxii), 

  

  

  

Putting these values in equation (xix) and assuming 

that   

One can get an expression for overall heat loss 

coefficient as  

  

Where, and are inside and outside 

convection heat loss coefficients. 

 
RESULTS & DISCUSSION 

 

Fig: 3. shows the comparative variation of plate and 

water temperature with beam radiation. It is seen that 

at lower insolation level, the plate and water 

temperature difference is narrower than that at higher 

insolation. It is also appears that at zero insolation 

the plate & water will be almost at the same 

temperature. The reason is obvious from the fact that 

with the increase of insolation, the plate can absorb 

energy more quickly than the water can through the 

plate where as overall heat loss factor (U2) increases 

at the elevated temperature. This results in the 

difference of temperature in the plate & water. 
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(a) Plate temperature vs.  

   insolation 
(b) Water temperature vs. 

insolation 

Fig: 3.  Variation of (a) plate and (b) water 

temperature with beam radiation 

 

The variation of plate and water temperature with 

mass flow rate of heat transfer fluid is shown in fig: 

4. It is seen that the temperature decreases is initially 

at a faster rate and then settles down approaching the 

ambient temperature. With the increase in mass flow 

rate the operating temperature decreases. As 

expected the system efficiency increases with 

decrease in operating temperature when UL is less 

than that are higher operating temperatures. 
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(a) Water temperature 

vs. mass flow rate 

(b) Plate temperature 

vs. mass flow rate 

 

Fig: 4. The variation of (a) plate and (b) water 

temperature with mass flow rate 

 

The variation of plate and water temperature 

difference with the length of the rectangular channel 

absorber is shown in Fig: 5. It is seen from the figure 

that with the increasing length the plate & water 

temperature difference tends to zero meaning there 

by that at the end of a long absorber channel, the 

plate and water temperature become the same. As 

expected the plate & water temperature increases 

more or less exponentially with the length of the 

absorber channel. 

0.4 0.5 0.6 0.7 0.8 0.9

23

24

25

26

0.01 0.02 0.03 0.04

100

120

140

160



                              Int J Nat Sci (2011), 1(3):68-74                                                                                              Hasnat et al. 

 

 

73 

 

 
1.5 2 2.5 3

172.5

173

173.5

174

174.5

175

175.5

 

(a) Plate temperature vs 

length 

 

(b) Water temperature 
vs length 

Fig: 5. The variation of (a) plate and (b) water 

temperature difference with the length 

 

The effect of variation of mass flow rate of heat 

transfer fluid on the efficiency of the CR- system is 

shown in Fig: 6. It is observed that the mass flow rate 

increases the efficiency increases. From the figure it 

is observed that about 8% increase in efficiency 

occurs when mass flow rate is varied from .001 

kg/sec to 0.007 kg/sec. No appreciable change is 

observed during the variation between 0.007kg/sec-

0.017 kg/sec onward. 
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Fig: 6. Variation of mass flow rate of heat transfer 

fluid on the efficiency of the CR- system. 
 

 

The variation of the plate and water temperature with 

concentration ratio is shown in Fig: 7. It is shown 

that the plate & water temperature difference 

increases with the increase in concentration ratio, the 

plate can absorb energy quicker that the heat transfer 

fluid can do through the absorber plate after 

incurring different sorts of heat losses. This leads to 

the widening of plate & water temperature difference 

with the increase in the concentration ratio. 
 

The variation of stagnation temperature with the hour 

of the day is shown in Fig: 8. It is seen that as time 

goes on the stagnation temperature starts increasing 

almost linearly and then after sufficient time span 

around solar noon, in tends to saturate at certain 

temperature when insolation level attains the peak 

value. The variation of temperature many attribute to 

the fact that the insolation varies with the time of the 

day 
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(a) Plate temperature vs. 

concentration ratio 

(b) Water temperature 

vs. concentration 

ratio 

Fig: 7. Variation of the (a) plate and (b) water 

temperature with concentration ratio 

 

Fig: 8. Variation of stagnation temperature with the 

hour of the day 

 

The variation of stagnation temperature with the 

length of the absorber is shown in Fig: 9. It is 

observed that with the increase of the observer 

channel, the stagnation temperature rises sharply and 

almost linearly at the beginning and then settles 

down exponentially at its saturation level. The 

computed values of the performance characteristics 

for a particular mass flow rate, insolation and 

ambient temperature are shown in appendix for 

comparison with measured values for both selective 

& non-selective coatings. 
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Fig: 9.  Variation of stagnation temperature with the 

length of the absorber 

50 100 150 200 250 300 350

25

50

75

100

125

150

175

0.2 0.4 0.6 0.8 1

45.5

46

46.5

47

47.5

48

2 4 6 8 10

25

50

75

100

125

150

175



                              Int J Nat Sci (2011), 1(3):68-74                                                                                              Hasnat et al. 

 

 

74 

 

CONCLUSION 
 

There are different kinds of solar concentrating 

collectors for practical utilization in different cases 

like solar thermal steam production and distillation, 

solar candle production, solar gur production, solar 

soap production, solar paddy boiling, solar biscuits 

production, solar chocolate production, solar salt 

production etc. Although this work is done for 

paraboloidal dish type concentrating collector, it will 

also help to design and fabricate other any type of 

concentrating collectors for practical utilization 

under the climatic condition of Bangladesh.  
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