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Description of Flat Plate Collectors

Sketch of a conventional flat plate collectorE-email : 
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 The thermal performance of a collector can be calculated from a 
first-law energy balance. According to the first law of 
thermodynamics, for a simple flat-plate collector an instantaneous 
steady-state energy balance is : 

         Useful energy = energy absorbed  –  heat loss to 
           gain (Qu)          by the collector     surroundings   
And,

• Absorbed  energy = Ac FR S         
• Lost energy = AC FR UL (Tf –Ta ) 
where ;
Ac   =  Collector area, m²
FR   =  Heat removal factor, unitless
S     =  IT (τα) = Absorbed solar radiation, J/m²

IT – solar radiation  
τα - transmittance-absorptance

UL   =  Heat transfer loss coefficient, J/m²°C
Tf   = The temperature of fluid enters the collector, °C
Ta   =  The ambient temperature, °C. E-email : 
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• Therefore;

QU =  AC FR S - AC FR UL (Tf –Ta)
QU =  AC FR [ S - UL (Tf –Ta) ]

QU =  AC FR [ IT (τα) - UL (Tf –Ta) ]
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QU =  AC FR [ S - UL (Tf–Ta)]

UL =Utop +Ubottom +Uedge  (W/m²K)

Absorbed radiation

Overall heat loss coefficient
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Absorbed radiation

In equation, S is absorbed radiation and it is equal to:

In equation;                                                 are

the view factors from  the   collector to the sky and 

from the collector to the ground, respectively. 

The subscripts b,d, and g represent beam, 

diffuse, and ground , respectively. is 

transmittance and absorptance product. Rb is the 

ratio of beam radiation on the tilted surface to that  on a 
horizantal surface at any time.
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In equation, FR is collector heat removal factor; a quantity that relates 
the actual useful energy gain of a collector to the useful gain if the 
whole collector surfaces were at the fluid inlet temperature.

Where;
             ṁ  =  Fluid mass flow rate, kg/s
              Cp =  Fluid specific heat, J/kg °C
              Fʹ =collector efficiency factor

 The quantitiy FR is equavialent to the effectiveness of a conventional 
heat exchange, which is defined as the ratio of the actual heat transfer to 
the maximum possible heat transfer. The maximum possible useful 
energy gain (heat transfer) in a solar collector occurs when the all whole 
collector is at the inlet fluid temperature; heat losses to the surroudings 
are than at a minimum.

Collector Heat Removal and Flow Factor
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The collector efficiency factor Fʹ is given as

Outside Tube 
diameter

Tube 
spacing

fin 
efficiency 

factor

Bond 
conductance

Heat transfer 
coefficient inside 

tubes
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Overall heat loss coefficient
• And the function F is the fin efficiency factor :  

The bond conductance can be estimated from:

Where

• The collector flow factor Fʺ as the ratio of FR to Fʹ

Plate 
thickness

Plate Thermal 
conductively  
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• A measure of collector performance is the collection efficiency, defined as the ratio 
of the useful gain over some specified time period to the incident solar energy over the 
same time period:

If conditions are constant over a time period, the efficiency reduces to

ηi =

Collector Efficiency
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Performing this integration and substituting FR  and Qu , the mean fluid 
temperature was shown by Klein et al. (1974) to be

and the mean plate temperature, we have

MEAN FLUID AND PLATE TEMPERATURES
When a collector is producing useful energy, the mean plate temperature will
always be greater than the mean fluid temperature due to the heat transfer
resistance between the absorbing surface and the fluid. This temperature
difference is usually small for liquid heating collectors but may be significant for
air collectors. The mean fluid temperature can be found by integrating this
Equation :
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Calculate the daily useful gain and efficiency of an array of 10 solar collector 
modules installed in parallel at a slope of 60◦ and a surface azimuth of 0◦. The 
hourly radiation on the plane of the collector IT , the hourly radiation absorbed by 
the absorber plate S, and the hourly ambient temperature Ta are given in the table 
1. For a copper plate 1mm thick, kδ = 0.4 W/◦C; for a steel plate 0.1mm thick, kδ = 0.005 
W/◦C. Thus, the probable range of kδ is from 0.005 to 0.4. The bond conductance was 
assumed to be very large (i.e., 1/Cb = 0) and the outside tube diameter was selected as 0.012 
m. Calculate the collector efficiency factor for the following specifications:

The water flow rate through each 1 × 2-m collector panel is 0.03 kg/s and the inlet
water temperature remains constant at 40◦C. Assume a controller turns off the water
flow whenever the outlet temperature is less than the inlet temperature. Find the
mean fluid and plate temperatures for the hour 11 to 12 .

Question 2
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Table 1  Illustrate the hourly radiation S, and the hourly ambient 
temperature Ta with daily useful gain and efficiency of the array .  
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To calculate the daily useful gain :        

Solution : 

Then , The collector efficiency factor Fʹ

QU =  AC FR [ IT (τα) - UL (Tf –Ta) ]

First  calculate the heat removal factor :        

The fin efficiency factor F
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The fin efficiency factor F,

Solution : 

The collector efficiency factor Fʹ
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The dimensionless collector mass flow rate is

so that the collector flow factor,

the heat removal factor is
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The average loss rate for the hour 10 to 11, based on an inlet 
temperature of 40◦C, is

The useful energy gain is

QU =  AC FR [ S - UL (Ti –Ta) ]

The collector efficiency for this hour

Table 1

SO, the average useful energy gain per unit of collector area is
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and the day-long collector efficiency is

The daily useful energy gain of the 10 collector modules in the 
array is

array of solar 
collector 

Area of the 
collector 

Daily average useful 
energy gain 
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The losses are both thermal and optical, and during the early 
morning and late afternoon the radiation level was not sufficient to 
overcome the losses. The collector should not be operated during
these periods. Daily efficiency may also be based on the period 
while the collector is operating.
So the collector efficiency during this hours is : 

   18.3

7.57

18..3

= 0.41
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The mean fluid and plate temperatures for the hour 11 
to 12 are calculate from this equ: 

The mean plate temperature is

From table 1 , (qu) 

FR=0.797

Fʺ=0.948

UL= 8 W/m2 ◦C,
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THANK YOU
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