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The Comparison Study of the Heat Transfer Value from the Installation of the

Solar Rooftop with Amorphous Silicon and Monocrystalline Solar Cell Module
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Abstract

This research studied the behavior of heat in the solar rooftop module. It was the analysis of heat transfers
by comparison 2 specimens, namely, metal sheet roof and metal sheet roof equipped with amorphous silicon
and monocrystalline silicon solar cell module. The concept of the thermal equilibrium and heat transfer of

material were applied to the roofing material in each layer. It was found that the solar module installation on

the rooftop decreased the average temperature of the metal sheet rooftop at 12 °C. The heat transfer rate

through the metal sheet rooftop to the model home was 104.58 watts or 4.62% when compared with the heat

transfer that incident the metal sheet rooftop. The average heat transfer rate through the solar module
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installed metal sheet rooftop to the model home was 22.49 watts or 1.02% when compared with the heat

transfer that incident the solar module. The installation of the solar module on the rooftop decreased the heat

transfer to the model home at 82.09 watts or 78.50%. The comparison consideration found that the solar

module that decreased the highest heat transfer rate through the solar module installed metal sheet to the

model home were Amorphous Silicon solar cell module and Monocrystalline Silicon solar cell module at 25.69

watts and 18.15 watts or 1.19% and 0.88% accordingly when compared with the heat transfer rate the

incident the solar module.

Keywords: Heat transfer, Solar rooftop
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Figure 2 Rooftop material layer heat transfer
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Table 1 Heat-transfer properties for each layer of the roofing material

metal sheet metal sheet
Metal sheet
Comparison list rooftop with rooftop with
rooftop
a-Si Mono-Si

Thermal energy w % w % w %
1. Intensity of solar incident the solar - 2,159.36 100 2,072.00 100
cells (Q,)
2. Heat absorption by solar cell (Q,) - 876.57 40.59 967.02 46.67
3. Convection and radiation form solar - 559.02 25.89 478.53 23.10
cell (Qj)
4. Conduction through solar cell (Q,) - 723.78 33.52 626.45 30.23
5. Convection between solar cell and - 2.54 0.12 214 0.10
metal sheet rooftop (Qs)
6. Heat incident the metal sheet rooftop 2,264.40 100 721.24 33.40 624.31 30.13
(Qs)
7. Heat absorption by metal sheet 1,919.81 84.78 689.51 31.93 601.30 29.02
rooftop (Qy)
8. Convection and radiation form metal 240.01 10.60 6.05 0.28 4.86 0.23
sheet rooftop (Qg)
9. Conduction through metal sheet 104.58 4.62 25.69 1.19 18.15 0.88
rooftop (Qg)
10. Heat loss - - 78.89 75.43 86.43 82.64
Temperature °C % °C % °C %
1. Temperature under the rooftop 50.69 - 39.02 - 38.83 -
2. Decrease in temperature - - 11.67 23.02 11.86 23.40
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Figure 3 The graph shows the relationship between time, temperature, intensity of solar

a. Metal sheet rooftop

b. Metal sheet rooftop that is installed with amorphous silicon solar cell module

c. Metal sheet rooftop that is installed with monocrystalline silicon solar cell module
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Table 2 Roof Thermal Transfer Value (RTTV)

Comparison list of RTTV

Standard RTTV 10 W/m?
RTTV from calculation

Metal sheet rooftop 21.44 W/m?

Metal sheet rooftop with a-Si 3.73 W/m?

Metal sheet rooftop with Mono-Si 3.58 W/m?
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Nomenclature
a Thermal diffusivity of the fluid, m?/s

A Area, m?

ﬂ Volumetric thermal expansion coefficient, -
Cp Specific heat capacity, kJ/kg-°C
DSH Density-specific heat product, kJ/m?-°C

& Radiative property of the surface termed

the emissivity, -

(o) Stefan—Boltzmann constant, W/m?2-K*

E Radiation heat transfer, W

ESR  Value solar radiation which has an effect on
the thermal transfer through transparent
and/or solid roof, W/m?

g Gravitational acceleration, m/s’

Gr Grashof number, -

h Convection heat transfer
coefficient, W/m?-°C

k Thermal conductivity, W/m-°C

L Length, m

Nu Nusselt number, -

Pr Prandtl number, -

q..mq Conduction heat transfer, W
4., Convection heat transfer, W
Ra Rayleigh number, -

R12 Thermal resistance, °C/W

RTTV , Overall thermal transfer of section of the

roof being considered, W/m?

SC  Shading coefficient of the shading

instrument, -
SHGC Coefficient of the thermal transfer value
from solar ray which is sent through a

transparent roof, -

SRR Ratio between transparent area of the roof
and the roof’s total area being considered, -

T Temperature, °C

TD ., Equivalent temperature difference between
outside and inside the building including the
result of the solar ray absorption of the
roof, °C

M dynamic viscosity of the fluid, N-s/m?

Ur Coefficient of the overall thermal transfer
value of a solid roof, W/m-°C

U, Coefficient of the overall thermal transfer
value of a transparent roof, W/m-°C

v Kinematic viscosity of the fluid, m?/s



