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ABSTRACT  

The analytical solutions to the dynamic model of an air-heating flat plate solar energy thermal 

collector were validated by direct measurement from a physical model constructed for that 

purpose, of the temperatures of the cover and absorber plates, the inlet and outlet fluids, and the 

ambient air from morning to evening for four different days at 1800s intervals. 

 A plot of the measured plates and fluid outlet temperatures showed the values to be very close to 

those of the analytical dynamic model, the small differences being attributable to the attenuation 

produced by cloud cover, mist, fog, and rain for the real collector and clear sky conditions for 

the model. The developed output expressions (in closed form) for the dynamic model of flat plate 

solar energy air heating collectors can easily be used for optimization studies and design of 

better air heating solar energy collectors. (SSSCA means "Single Glazing, Single Pass, and 

Single Flow Air Heating Collector with Flow between the cover and Absorber Plates".)  

 
 

1. INTRODUCTION  

The analytical consideration of the dynamic 

model of the energy equations of a single 

glazing, single pass and single flow solar 

energy thermal collector (Onuoha, 2004) 

enabled expressions for the mean glazing, 

absorber and outlet fluid temperatures to be 

obtained. Expressions were also obtained for 

the collector instantaneous energy delivery 

rate, efficiency, heat removal factor, and 

combined plates coefficient of performance of 

the cover and  
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2.  THE EXPERIMENTAL SET-UP  

The expressions for the analytical solutions to 

the dynamic model equations of the flat plate 

collector considered were validated by 

temperature measurements on a physical 

model, which was constructed for that 

purpose. The absorber plate was a black 

galvanized iron, 0.0035m thick, 1.225m long, 

and 0.95m wide with 0.94m of the width 

exposed to solar radiation, and was not given 

further black painting. The glazing material 

was clear window glass, 0.004m thick, 1.225m 

long, 0.95m wide, with 0.94m of the width 

exposed to solar radiation. The insulation 

material was sawdust obtained from a sawmill 

at Nsukka, Nigeria. The dimensions of the 

collector and thermo-physical properties of the 

material of construction are as given in 

(Onuoha, 2004, Section 4.2). The average 

temperature of the absorber plate was obtained 

by the average of the readings of fifteen 

thermocouples soldered at different points on 

its upper surface as shown in fig. 2. For the 

glazing material, the average of the readings 

of two thermocouples cellotaped on its upper 

surface at points A and B as indicated in fig. 2, 

gave its average temperature. Two 

thermocouples were also located at positions 

C and D in the fluid channel (0.02m deep, 

0.94m wide, and 1.225m long) to measure the 

fluid inlet and outlet temperatures 

respectively. A liquid-in-glass mercury 

thermometer was also located at position D in 

the fluid channel to confirm the thermocouple 

readings. The thermocouples were initially 

calibrated using the liquid-in-glass mercury 

thermometer (Michalski et al ,1991; Benedict, 

1984; Kent, 1993; Sato, 1971; White, 1959; 

Wilson, 1964) and a water bath, the voltage 

readings being taken at equal intervals during 

the heating and cooling of the water, which 

was continuously well stirred. The calibration 

equation of the thermocouple is  

T = -1.458E+ l 0e
4
 + 1.022E+08e

3
 - 

7.085E+05e
2
 + 2.4553383E+04e + 

273.967192 K …………..(26)  

where the emf e, is in volts, and was measured 

using ALDA precision digital multimeter 

model DT- 830B. This multi meter was also 

used to measure the emf output of the Eppley 

precision radiometer model PSP/ 17361 F3 

used to measure the global radiation. The 

output of the radiometer is related to the 

global radiation by the equation:  

I (or IT) = e/(9.6E-06) Wm
2
……………(27) 

for e in volts. A liquid-in-glass mercury 

thermometer, which was shielded from direct 

Sun's rays was used to measure the ambient 

air temperature, Ta which was found to be a 

function of time of day and its functional form 

from a least- square analysis for each model 

day is given by 

 Ta =Tao + Ta1t + Ta2t
2 

+Ta3t
3
 +Ta4t

4
, for 0  t  

43200s …. (28)  

where Ta0 Tal, Ta2, Ta3 and Ta4 are constants. 

The Global Radiatior s, H and HT were 

obtained as summation or integration of a 

least-square approximation of the half-hourly 

values of I, (on a horizontal surface) and IT 

(on the plane of the collector) respectively, 

obtained from Eppley PSP precision 

pyranometer (radiometer). Where a 

pyranometer is not available, it is expected 

that Insolation (global radiation) Graphs like 

that of Ezekwe and Ezeilo (1981) or Climatic 

Radiation Graphs like that of Ezekwe (1988) 

will be used in estimating H from  ̂ and hence 

HT The collector itself was mounted on a table 

at a tilt angle of β = 0.174533 rad., facing 

South. The latitude of Nsukka, Nigeria is L = 

0.0119555 rad. All readings were taken at 

1800s intervals as the model output and are 

displayed in figs. (3) (4), (5), and (6) for 14-

03-02, 16-03-02, 21-03-02, and 23-03-02 

respectively.  

 

3.0 OBSERVATIONS  

But for the attenuation produced by cloud-

cover and to a lesser extent by fog and drizzle 

(rain), the outputs are similar to those of the 

model displayed in figs. (2a),(3a),(4a) and (Sa) 

respectively of Onuoha , 2004 and repeated 

here as figs 3b, 4b, 5b, and 6b compared with 

the measured output, respectively and with the 

ordinate of the measured output, displaced to 

the right by 1800s. The measured maximum 

average temperatures as displayed in Table 1 

are also very close to the model temperatures, 

their points of occurrence depending on the 

actual maximum global radiation and cloud 

cover duration. The closeness of the outlet 

fluid temperature to the cover temperature on 

21-03-02 and to the absorber temperature on 

14-03-02 is attributed to the closeness of the 

thermocouple (and thermometer) to the cover 

plate in the first case and to the absorber plate 

in the second. From the above, it appears that 

but for the attenuating factors, the analytical 

solutions accurately represent the operation of 

the real physical single cover, single pass, 
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single flow air heating flat plate solar energy 

collector with flow between the cover and the 

absorber plates under clear sky conditions.  

 

4.0   CONCLUSION AND 

RECOMMENDATIONS.  

4.1. Conclusion  

Equations have been developed that can be 

used to accurately predict the output 

parameters of a natural convection, single 

glazing, single pass, single flow, air heating 

flat plate solar energy collector with flow 

between the cover and the absorber plates. The 

small difference noticed between the 

analytical model solutions and the actual 

collector is attributable to the attenuation 

produced by cloud cover, mist, fog, and rain 

for the real collector and clear sky conditions 

for the model.  

 

4.2. Recommendations.  

It is recommended as follows:-  

(i)  The developed equations and given 

above by eqns. (9) - (25) and (28) 

should be used in determining the 

collector output if the configuration is of 

the form as the one analyzed.  

(ii)  Since the input to the model is the daily 

global radiation on a horizontal surface, 

H, or its monthly average   ̂ , 
published graphs of  ̂ (e.g. Ezekwe and 

Ezeilo, 1981) or Solar Radiation 

Climatic Maps (e.g. Ezekwe, 1988) of 

the location under consideration should 

be used to obtain H if a pyranometer is 

not available.  

(iii) Since for a particular collector con 

figuration. Ta = Ta(t) is used in 

conjunction with H as the only input to 

the model, ordinary mercury-in-glass 

thermometer should be used to determine 

the functional relationship. It is further 

suggested that further research be 

conducted to obtain the coefficients: Ta0, 

Tal, Ta2, Ta3 and Ta4 in eqn. (28) which 

future investigators can use without 

recourse to direct measurements like has 

been done for $, and hence for 

 ̂   ̂   ̂       ̂ . 
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NOMENCLATURE  
Ac collector area exposed to solar radiation, 

m
2
  

Af cross-section of fluid flow channel, m
2
 

D hydraulic diameter, m 

e  heat capacity per unit area, JK
-1

m
-2

,; emf, 

V. 

Fp collector combined plates’ coefficient of 

performance  

FR collector heat removal factor 

g acceleration due to gravity, ms
-2 

Gr Grashof Number 

Gz Graetz Number 

h Heat transfer coefficient, Wm
2
K

-1
 

H daily global radiation on a horizontal 

surface, MJm
2
 

Hd daily diffuse ration on horizontal surface, 

MJm
2
 

IT instantaneous global radiation on a titled 

surface Wm
2
 

K thermal conductivity, Wm
-1

K
-1

 

L latitude, rad; length, m 

Nu Nusselt number 

P pressure, Nm
-2

 

Pr Prandtl Number 

QuD collector energy delivery rate, W. 

QuD,T collector total (daily) energy delivery, MJ 

Re Reynolds Nuber 

t times, s 

T Temperature, K 

u heat transfer/loss coefficient, Wm
-2

K
-1

 

UL overall heat transfer coefficient, Wm
-2

K
-1

 

UT overall heat transfer coefficient, Wm
-2 

K
-1

 

Vf fluid velocity, ms
-1

 

rp obsorber plate abosrptivity 

 collector tilt, rad 

 emissivity  

 efficiency 

 dynamic viscosity, Nsm
-2

 

 3.141592654 

 density, kgm
-3

 reflectivity, ground albedo 

 Stefan-Boltzmann constant, Wm
-2

K
4
 

 solar transmitivity  

 solar angular frequency, rad.s
-1

, = 

/43200.0 
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