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Abstract：In this paper, effect of air gap thickness between absorber plate and glass cover 

on top heat loss of a closed loop oscillating heat pipe (CLOHP) solar collector was 

investigated. The CLOHP, which is made of copper with outer diameter of 3.2mm and 

inner diameter of 2.0mm, comprises 8 turns with heating, adiabatic and cooling section. 

The heating section of the heat pipe was attached to absorber plate which heated by solar 

simulator simulated by halogen lamps. The cooling section of the heat pipe was inserted 

into collector's cooling section that made of transparent acrylic. Temperatures of absorber 

plate, glass cover, and ambient air measured by K-type thermocouple and were recorded 

by MV2000-Yokogawa recorder. Top heat loss coefficients and top heat loss of the collector 

corresponding to some cases of air gap thickness were determined. The result of 

experiment shows the optimal air gap thickness for minimum top heat loss of this solar 

collector. 
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Nomenclature

h1c Convective heat transfer coefficient 

between plate and cover, [W/m2 K]

Nu Nusselt number

Ra Rayleigh number

Gr Grashof number

Pr Prandtl number

g Acceleration of gravity, [m/s2]

ΔT Temperature difference between 

plate and cover, [K]

Qt Top heat loss rate from front 

surface, [W]

L   Air gap thickness between plate 

and cover, [m]

h2c Convective heat loss coefficient 

from cover to ambient air, [W/m
2 K]

V Wind velocity, [m/s]

h1r Radiative heat loss coefficient 

from plate to cover, [W/m
2 K]

Tp Absorber plate temperature, [0C]

Ts Sky temperature, [0C]

Ta Ambient air temperature, [0C]

Tab Absorber plate temperature, [0C]

h1 Total heat transfer coefficient 

from plate to cover, [W/m
2K]

h2 Total heat transfer coefficient 
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from cover to ambient, [W/m2K]

Ut Total top loss coefficient from 

plate to ambient, [W/m
2K]

K Thermal conductivity of air, [W/mK]

Ac Area of collector, [m2]

I Incident solar intensity, [W/m2]

β Collector angle of inclination, [0]

α Thermal diffusivity of air, [m2/s]

ν Kinematic viscosity of air, [m2/s]

σ Stefan’s constant

εp Emissivity of absorber plate 

εg Emissivity of glass cover

εff Effective emissivity of plate-cover  

          system

′ 







1. Introduction

Thermal performance of oscillating heat 

pipe and solar collectors were investigated 

so much in previous researches. S. 

Rittidech and S. Wannapakne[1] 

investigated performance of a solar 

collector by closed-end oscillating heat 

pipe. The results confirmed that the 

anticipated fluctuation in collector 

efficiency was depended on the time of 

day, solar irradiation, ambient air 

temperature and mean temperature of 

absorber plate. Piyanun Charoensawan 

and Paradit Terdtoon[2] investigated the 

performance of horizontal closed loop 

oscillating heat pipe (HCLOHP). This 

study showed that, HCLOHP could not 

operate at lower than 50
0C of evaporating 

section and operating temperature 

depends on the number of turns of heat 

pipe. S. Rittidech, P. Terdtoon, M. 

Murakami, P. Kamonpet and W. 

Jompakdee[3] studied the effect of 

working fluids (R123, Ethanol), inner 

diameter and the number of turns of 

closed-end oscillating heat pipe on the 

heat flux. R. R. Avezov, V. G. Dyskin and 

N. R. Avezova[4] researched the water 

heating flat plate solar collector to get 

optimal closed air layer for a light- 

absorbing heat exchanger panel-transparent 

cover system. M. Mahasudan, G. N. 

Tiwari, D. S. Hrishikeshan and H. K. 

Sehgal[5] researched the optimization of 

heat loss in normal and converse 

flat-plate collector configurations. 

Seok-Hun Yoon, Cheol Oh, and Jae-Hyuk 

Choi[6] investigated the heat transfer 

characteristics of self oscillating heat 

pipe. The result showed that the effective 

thermal conductivity of this kind of heat 

pipe was 1000-2000 times in comparison 

with the conventional thermal 

conductivity of copper. Oscillating heat 

pipe does not need pumping power, its’ 

simple structure and large quantities of 

heat can be transported through a small 

cross-section area. Thus, the oscillating 

heat pipe can be used in many industrial 

fields including solar energy water 

heating system. 

Heat loss in most commercial flat-plate 

solar collectors occurs due to convective 

and radiative loss from the absorber 

surface[7]. To improve collector efficiency, 

these losses from front and back surfaces 

must be reduced to minimum. In this 

paper, top loss coefficient and top heat 

loss was determined to investigate the 

effect of the air gap thickness between 
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absorber plate and glass cover on top heat 

loss of CLOHP solar collector. 

2. Analysis

The thermal loss to the surrounding is 

an important factor of a flat-plate solar 

collector. Heat is lost from the plate 

through the glass cover (top loss), 

through the back insulation (bottom loss) 

and through the edges of collector referred 

as edge loss. These losses take place with 

forms of convection, conduction and 

radiation heat transfer.  However, back 

and edge losses can be minimized by 

choosing proper insulation material and 

their thickness. The most important heat 

loss in a flat plate solar collector is top 

loss. Therefore, the components that effect 

on it need to be investigated in details. 

These steps below show procedures to 

determine top heat loss of a flat plate 

solar collector.

2.1 Convective heat transfer coefficient

The convective heat transfer coefficient 

between absorber plate to the cover 

inclined an angle  to the horizontal can 

be calculated as[7]

 


                                 (1)

Nusselt number, Nu, for air between 

absorber plate and glass cover is 

calculated by expressions:

 cos


                            (2a)

  cos
sin 

                      (2b)

 
 cos 



                         (2c)

                      (2d)

The '+' exponent means that only the 

positive value of the term in square 

bracket is to be considered and zero is to 

be used for negative value, and , the 

angle of inclination varies between 0
0-750, 

the Rayleigh number, Ra, is given by:

 Pr 
′

                       (3)

If 75° ≤ β ≤ 90° :

 
sin  



                        (4a)

  sin                          (4b)

   max                             (4c)

The Nu number is the maximum value 

of the three quantities separated by 

comma and A is the ratio of length of 

collector plate inclined to spacing between 

cover and absorber plate.

The convective heat loss coefficient from 

cover to ambient air is given and V is the 

wind speed over collector in m/s:

                                 (5)

2.2 Radiative heat transfer coefficient

The radiative heat loss coefficient from 

plate to cover can be given as

   

 
  


        (6)

  






 

                          (7)
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         (8) 

                                   (9)

  

2.3 Total top loss coefficient

The total heat loss coefficient from plate 

to cover is sum of h1c and h1r,

                                  (10)

And that from the cover to ambient as:

                                  (11)

The total top loss coefficient from plate 

to ambient is given by:

  



 
 

                           (12)

And the rate of top heat loss is 

calculated as:

                            (13)

The formulas from (1) to (13) show that 

the rate of top heat loss of the collector 

depends on air gap thickness, wind velocity, 

ambient air temperature, temperatures of 

absorber plate and glass cover. It is impossible 

to control  environment conditions to 

reduce top heat loss, but it is possible to 

adjust some construction parameters 

including air gap thickness between absorber 

plate and glass cover. That is why we 

designed, constructed and investigated 

effect of air gap thickness on top heat loss 

of this kind of solar collector. 

3. Experiments and procedures

Figure 1 shows the detailed dimensions 

and configuration of the CLOHP solar 

collector which consists of heating, 

adiabatic and cooling section. The 

CLOHP, which was made of copper, was 

attached to absorber plate heated by solar 

simulator. Solar simulator was formed by 

twelve 300W-halogen lamps. The cooling 

section of CLOHP was inserted into 

collector’s cooling box made of transparent 

acrylic. Before charging working fluid, the 

air in the CLOHP was withdrawn to 

vacuum pressure of 10
-3Pa by diffusion 

type vacuum pump. Frame of the collector 

was made of aluminum at four sides and 

bottom side. And top cover of the collector 

was made of transparent glass and sealed 

with silicone. The bottom and the four 

sides were insulated by poly-urethane 

foam. The case of the collector consists of 

upper and lower parts separately for 

assembling with an adjustable thickness 

of air gap easily. Refrigerating water bath 

was used to supply cooling water for 

cooling section of the collector. 

Temperature of cooling water can be set 

at water bath. Radiation intensity of solar 

simulator was adjusted by voltage 

regulator and recorded by Yokogawa 

recorder via LP-PYRA-50-Pyranometer.  

To measure temperatures of absorber, 

glass cover and ambient air, K type 

thermocouples were used. Measuring 

points of absorber plate and glass cover 

are marked in Figure 2. All thermocouples 

were connected to 2000MV-Yokogawa 

recorder. Cooling water flow rate was 

adjusted to 0.15l/min, which was 

recommended by the ASHRAE and the 

temperature of cooling water was set to 
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250C at water bath. The solar simulator 

was fixed and arranged parallel with a 

controllable inclined angle stand. In this 

case, it was adjusted to inclination angle 

of 30
0. Solar irradiation intensity was 

adjusted to 200, 400, 500, 600, 700, and 

800W/m2. Experiment was performed with 

air gap thicknesses of 5, 15, 25, and 

35mm.
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Figure 1: Collector’s dimensions and configuration
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Figure 2: Diagram of experimental apparatus

4. Results and discussion    

The change of temperature of absorber 

plate is shown in Figure3. It shows that 

temperatures of absorber plate depend 

strongly on the air gap thickness of the 

collector. At first, temperatures of 

absorber plate increase with increasing of 

air gap thickness and after that, they 

decrease with bigger values of 25mm. 

Temperatures of absorber plate 

corresponding with 800W/m
2 of solar 

intensity are smaller than that of solar 

intensity of 500W/m
2, 600W/m2, and 

700W/m2. It means that it is high enough 

energy to evaporate the working fluid 

inside the heat pipe in case of 800W/m
2 

and it makes the working fluid oscillate 

quickly, and as this result, thermal heat 

in the heat pipe can be transported to 

cooling section more effectively.

Temperature differences between 

absorber plate and glass cover are shown 

in Figure4.

Figure 3: Absorber plate temperatures versus air gap 
thickness
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Figure 4: Absorber plate-glass cover temperature difference 

versus air gap thickness

Figure 5: Convective heat transfer coefficients, h1c 
versus air gap thickness 

The effect of air gap thickness on 

convection heat transfer coefficient, h1c, 

from absorber plate to glass cover is 

shown in Figure5. The maximum values of 

convective heat transfer coefficient are 

reached corresponding with 5mm of air 

gap thickness and theirs minimum are 

reached at 15mm. It means that heat 

conduction happened very intensively at 

5mm of air gap thickness because of small 

air gap thickness between absorber plate 

and glass cover, and convective heat 

transfer coefficient is almost equal to heat 

conductivity. In cases of air gap thickness 

of 15mm, the Nusselt number is little 

bigger than unity, but this thickness is 

enough to make the high thermal 

conduction resistance that makes low heat 

loss coefficient. 

Figure 6: Total top loss coefficients, Ut versus air 
gap thickness

The combination of these results makes 

top heat loss coefficient, Ut, minimize at 

air gap thickness of 15mm as shown in 

Figure 6. The convective heat transfer 

coefficient corresponding with irradiation 

intensity of 800W/m
2 is small because it is 

enough energy for heat pipe working 

effectively and it makes the temperature 

of heat absorb plate very low. 



20 Kim-Bao Nguyen․Soon Ho Choi․Doo Ho Yoon․Jae Hyuk Choi․Cheol Oh․Seok Hun Yoon

1000  / Journal of the Korean Society of Marine Engineering, Vol. 33, No. 7, 2009. 11

The trend of the change of the rate of 

top heat loss in Figure7 is similar to the 

trend of the change of total heat loss 

coefficient. The rate of top heat loss, Qt, 

is minimized at the air gap thickness of 

15mm in most ranges of solar irradiation 

intensity because convective heat transfer 

coefficient and total heat loss coefficient 

reach the minimum values at this air gap 

thickness as shown in above figures.

Figure 7: The rates of top heat loss versus air gap 
thickness

Figure 8: Ratio of top loss to incident solar energy 
versus air gap thickness

The effect of air gap thickness on the 

performance of collector can be judged by 

the ratio of thermal top heat loss to 

incident solar energy. The change of this 

ratio versus the air gap thickness 

corresponding with wide ranges of solar 

irradiation intensity is shown in Figure 8. 

The higher the solar irradiation intensity 

is, the smaller the top loss-solar 

irradiation ratio is. It means that much 

more thermal heat can be transported 

from heating to cooling section of the 

collector because heat pipe works more 

effectively. At lower solar irradiation 

intensity, it has not enough driving force 

for working fluid to circulate strongly. 

Therefore, the thermal heat absorbed can 

be stagnated inside collector’s heating 

section and it makes much more heat loss 

of the solar collector.  

Figure 8 also shows that the smallest 

values of the ratio of top heat loss to 

incident solar energy, which could give 

the highest efficiency for collector, 

corresponds with the air gap thickness of 

15mm for most ranges of solar radiation 

intensity.

5. Conclusion

In this research, a CLOHP flat-plate 

solar collector was constructed and 

experiment was performed to investigate 

the effect of air gap thickness between 

absorber plate and glass cover on top heat 

loss of the collector. Thermal top heat loss 

coefficients and the rate of top heat loss 

of the collector depend on both the air gap 

thickness and solar radiation intensity. 

The best air gap thickness of the collector 
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is 15mm for most ranges of solar 

intensity. At this air gap thickness, the 

collector could give the highest 

performance because of the smallest value 

of thermal top heat loss.
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