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ABSTRACT 

The present work is an experimental and analytical study of various heat losses in flat 

solar energy collection devices mainly flat plate collectors and box type solar cookers. 

Knowledge of wind induced convective heat transfer is required for estimation of 

upward heat losses from the top surface of flat plate solar collectors/box type solar 

cookers. An outdoor experimental investigation has been carried out to study this 

wind induced heat transfer. (i) To study the effect of size, three unglazed test plates of 

different sizes (925 mm X 865mm, 500mm X 500mm, and 250mm X 250mm) and of 

similar construction were employed. These were exposed to solar radiation in outdoor 

tests. Data were obtained during the months of March, April, May and June. It is 

found that the size of plate has an effect on wind heat transfer coefficient (h). It is 

also verified that the size of plate can be taken care of approximately by relation; h„ 

proportional to L-0'2. (ii) Experiments have also been conducted (on the larger 

unglazed test plate of size 925mm x 865 mm) in the months December and January 

when low wind speeds are observed. Noteworthy natural convection effects have been 

observed at low wind in outdoor conditions. The experimental data of the unglazed 

test plate (925mm x 865 mm) at low wind have also been analyzed by mixed 

convection theory. 

(iii) Estimation of upward heat losses is required for thermal performance evaluation 

of flat plate solar collectors/box type solar cookers under different operating 

conditions including wind heat transfer coefficient. A simple method to estimate wind 

heat transfer coefficient in outdoor conditions during testing of flat plate solar 
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collectors/box type solar cookers is recommended based on experimental 

confirmation. Experiments have been conducted on a box type solar cooker/collector 

(aperture area = 950mmx 950 mm) and three unglazed test plates (mentioned above) 

in similar outdoor conditions. Temperatures of unglazed test plates and outer glass 

cover of cooker were measured for estimation of wind heat transfer coefficient. At 

same wind speeds, values of h obtained from outer glass cover of collector/cooker 

were compared to those obtained from unglazed plates (results were normalized for 

aperture size of cooker). The results obtained on collector glazing and those of 

unglazed test plates are found in good agreement. This technique for estimation of hw  

should also be applicable to tilted/vertical flat plate collectors and for a wide range 

of wind speed 

A linear correlation between wind heat transfer coefficient and wind speed has been 

proposed based on two years outdoor experimental data on larger test plate (925mm 

X 865 mm). The results of linear correlation have been compared with results of 

previous studies (Mc Adams, 1954; Wattmuff et al., 1977; Sparrow et al., 1979; Test 

et al., 1981; Kumar et al., 1977; Sharples and Charlesworth,1998; Sartori, 2006) 

normalized for size of the test plate. The validity of proposed linear correlation for 

estimation of wind heat transfer coefficient in outdoor testing of horizontal flat plate 

collectors/box type solar cookers has also been checked. At same wind speeds, the 

values of h estimated from proposed linear correlation and those obtained from outer 

glass cover of cooker (by using measured temperature of outer glass cover) were 

found in good agreement. 
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Experiments have been conducted on experimental single glazed flat collector 

(aperture area = 890mm X 890mm) in outdoor conditions for estimation of top heat 

loss coefficient. Top heat loss coefficient has been calculated by subtracting bottom 

and side heat loss coefficient from overall heat loss. The experimental values of top 

heat loss coefficient have been compared to those obtained from analytical equation 

of Mullick and Samdarshi (1988) and numerical solution of heat balance equations. 

Flat plate collectors are used in thermal systems integrated with building walls. 

Upward/outward heat loss coefficient is required for evaluating thermal performance 

of those collectors. Accurate methods simpler than iterative procedure have been 

proposed for computation of top heat loss coefficients/outward heat loss coefficients 

of flat plate collectors (with single and double glazing) with nearly vertical 

configuration. Analytical equations have been employed for computation of top heat 

loss coefficient. Empirical relations have been proposed to estimate temperatures of 

glass covers. The results of analytical equations have been compared with those 

obtained by numerical solution of heat balance equations over a wide range of 

variables. The maximum absolute error in values of Ut  computed from analytical 

equation of single glazed collector is within 1.8 percent. The maximum absolute error 

is within 2.5 percent by using analytical equation of double glazed collector. It has 

also been verified that proposed empirical relation for temperature of glass cover of 

single glazed collector can be used for estimating the individual convective and 

radiative heat transfer coefficients with reasonable accuracy in comparison to results 

of numerical solution. 
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