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ABSTRACT

Buildings in Indonesia, which has a humid tropical climate, receive
direct exposure to sunlight on the roof. The influence of this heat will
directly affect the space under the roof and will increase the
temperature significantly. Heat transfer is often not taken into
account carefully in building physics calculations, even though

Keywords: increasing temperature will affect energy consumption. This
Heat transfer research was carried out to determine the distribution of heat and
HT-Flux how to prevent the entry of solar heat through the HT-Flux software.

The aim of this research is to analyze heat transfer patterns and
prevention efforts in buildings. The research method used is an
experimental method, where roof construction patterns are tested, to
obtain the right roof construction in tropical areas. The result of this
research is to obtain damping on the roof by testing it with HT-Flux
software.
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Introduction

In residential buildings in tropical areas, thermal
planning is often rarely taken into account
carefully (L. M. F Purwanto and Lake 2021).
Solving the thermal problem will be easy to do
with artificial air conditioning, be it a fan or AC.
Meanwhile, the rate of entry of solar heat is the
largest contributor to indoor heat and needs to be
conditioned so as not to disturb thermal comfort,
this needs to be considered, especially from the
side of the building roof (Leonardus Murialdo
Fransiskus Purwanto 2019). The choice of
building materials, roof covering color, roof
construction, ceiling covering and dampening
efforts need to be carefully considered so that the

building becomes more comfortable and shadier
(Banionis et al. 2012; Ashhar and Lim 2020).

Several studies on heat transfer have been
carried out, especially in sub-tropical areas, which
is useful for planning and implementing heat
insulation from inside the building produced by
space heaters, so that it does not radiate out
through the walls, which results in a waste of
space heating energy (Antonopoulos and
Democritou 1993). Efforts to reduce heat entry
through walls in buildings outside the tropics
always suggest adding wall insulation (Abdullah
and Aboud 2016). This wall insulation is not
necessary in buildings in tropical areas. The
shading design of the roof is important because it
uses air movement to distribute hot air around the
building.

Copyright ©2023 L. M. F. Purwanto. This is an open access article distributed the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International License
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Several studies on heat transfer through roofs
were also carried out in sub-tropical climates,
related to insulation that prevents heat from
leaving the building, with an insulation design
that is more rigid than that used on walls. Villi,
Pasut, and Carli (2009) examined the rate of heat
transfer on roofs using CFD software which is
quite complicated in its calculations (Villi, Pasut,
and Carli 2009). Calculations using trials of
several roof material elements were carried out by
Ravikumar and Srinivasan (2012), to obtain
optimal results for reducing heat in India. Several
building materials are recommended with the
addition of insulation on the roof to limit the rate
of heat transfer into the building.

The use of HT-Flux computer software for
heat transfer calculations was carried out by
Bienvenido-Huertas et al. (2018), but was not
used to calculate heat transfer through walls and
roofs. Therefore, it is concluded that the research
that will be carried out in the form of calculations
using HT-Flux software to calculate heat transfer
through walls and roofs which influences the
increase in temperature inside the building, has
never been carried out.

In heat transfer calculations, we always use a
finite element calculation approach, namely heat
transfer calculations that divide the object of
observation into small components, in order to
obtain a more detailed and accurate depiction of
the results. This Finite Element is a numerical
procedural step that produces solutions to
differential equations, both Ordinary Differential
Equations and Partial Differential Equations in
engineering problems and physics problems in
everyday life, which can be applied in heat
transfer calculations (Zhu 2018). This finite
element processes data from heat transfer
calculations which include; Surface resistance
(1/a), Heat loss rate (q), object resistance (1/A),
thus heat resistance (R), surface conductivity
(Uvalue) (L. M. F. Purwanto and Chandra 2023).

The problem of this research is to determine
the ideal roof covering that is able to inhibit heat
transfer into the building and produce careful
calculations  through  HT-Flux  software
simulation to produce appropriate  roof
construction in residential buildings in tropical
climates. This research aims to provide a real
picture of the influence of sunlight and solar heat
into buildings which conduct heat into the
building. This incoming heat will significantly
affect thermal comfort. By studying this, this
research can provide and benefit in designing

comfortable  residential buildings  with
temperature increases that are not too large and
make the temperature increase in the space below
not too significant. The roof and ceiling
construction in the house can be used as a
reference for use in the community. This heat
transfer calculation by providing a real picture
through simulation in HT-Flux has never been
done before and a picture of roof construction
which is linked to the heat distribution that occurs,
provides a real picture for architects and the
public in determining a comfortable residential
building design.

Method

The research method used is an experimental
research method by conducting trials on different
roof shapes, measuring and analyzing the heat
transfer that occurs. The use of HT-Flux Software
helps calculate heat transfer on the selected roof
construction.

HT-Flux software was developed by HT-Flux
Engineering GmbH Austria, which can calculate
Heat flow, U-value, ¥-value, fRsi value, and
temperature extreme values. Calculations of Heat
flow, U-value, W-value, fRsi value, and
temperature extreme values are very necessary for
heat transfer through walls and roofs which will
affect thermal comfort in buildings and efforts to
reduce energy use in tropical areas for the use of
artificial conditioning. the optimal one. Heat leaks
entering the building will increase the temperature
inside the building which will impact energy
consumption to reduce the temperature (Ghanim
and Ahmed 2020).

NHTlux

Figure 1. HT-Flux Software

Result and discussion

In residential buildings, the roof plays an
important role in preventing the flow of solar heat
into the building. Restraining this rate can be done
by adding paint (coating) which prevents heat
propagation into the building (Farhan et al. 2021;
Kaduchovd, Lenhard, and Malcho 2020). In

396



L. M. F. Purwanto:
Heat transfer on residential roofs with the HT-Flux software

residential buildings in tropical areas, insulation is
often neglected (Chowdhury and Neogi 2019).
Residential buildings in Indonesia often use tile
and asbestos roof coverings (Rafika, Ridwan, and
Murtyas 2016; Joshi 2020). These two roof
coverings are used as research objects with the
addition of a ceiling as a damper or heat insulation
so that the rate of heat is hampered. This research
uses both types of roof covering as a trial
(experiment) and the addition of a ceiling, which
is then simulated with HT-Flux software to see the
rate of heat that occurs.

Roofs with asbestos roof coverings have a
smaller roof slope angle compared to roof
constructions with clay tile coverings, resulting in
the influence of heat and its distribution being
even throughout the parts with very high
temperatures. Heat distribution is important in
heat transfer on roofs (Kaduchova, Lenhard, and
Malcho 2020). The heat distribution on an
asbestos roof is simulated with the following
results:

Figure 2. Temperature of asbestos roof covering

The distribution of heat transfer that
propagates in asbestos roof coverings looks even
and affects the entire surface according to the
shape and construction material of the roof
(Mahmoodzadeh and Fatehi 2019) as in the
following picture:

Wt 0 L] 10 ) P b g 05 "
e ]| |

Figure 3. Heat flux in asbestos roof covering

Design solutions
A. Clay tile roof covering with gypsum ceiling
Providing a ceiling under the roof construction
has a significant influence on heat attenuation in
the building. Ceiling dampening slightly reduces
the temperature under the roof, giving rise to
differences in heat distribution in the roof
construction (Rangel et al. 2022). The connection
point where the roof and walls meet requires
attention to be provided with a solution for
thermal insulation that prevents heat from
entering the building.

R T | 1 1 T
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Figure 4. Temperature of clay tile roof covering with
gypsum ceiling

The distribution of heat transfer can be seen,

that the roof connection becomes a thermal bridge
and becomes heat flux to the building.
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Figure 5. Heat flux in a clay tile roof covering with a
gypsum ceiling

B. Asbestos roof covering with the addition of a
gypsum ceiling
After being given a gypsum ceiling, it was
seen that there was heat distribution and a
decrease in heat in the roof area. However, the
angle of the roof slope still has a significant effect
on reducing heat, because a lower roof angle
provides a small space under the roof, so that the
air inside which can also be used as heat retainer
has a small amount (Samah, Banna, and Zeghmati
2022), so it cannot optimally withstand heat.
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Figure 6. Temperature of ashestos roof covering with
gypsum ceiling

Heat transfer increases at the junction of walls
and roofs, due to the influence of material, the
angle of inclination of the building and the area of
exposure to light which has an impact on heat
distribution (Zhang et al. 2022).

Figure 7. Heat flux in asbestos tiles with gypsum
ceilings.

C. Clay tile wall and roof covering with gypsum

ceiling and heat insulation on the roof

The addition of heat insulation space
containing air spaces between the roof
construction in the form of Styrofoam and
glasswool, has not provided a significant
temperature reduction in roof construction, both
on roofs with clay tile roof coverings and ashestos
roof coverings. This can be seen in the heat
distribution in Figures 8, 9, 10 and 11. The
connection point between the roof and wall
construction shows that the highest heat influence
occurs in that area. A computer simulation
approach is very helpful in producing the
distribution of heat transfer in this roof
construction (Vazquez-Ruiz et al. 2022). The
distribution of heat transfer on a dampened roof
results in a significant reduction in the heat
distribution area. The heat insulation used is
Styrofoam 5 cm thick and glasswool + aluninium
foil 2.5 cm thick.

Figure 8. Temperature of clay tile roof covering with
gypsum ceiling and heat insulation on the roof
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The heat transfer rate begins to decrease and
the roof space shows a decrease in temperature
(Rajavel et al. 2020). This temperature reduction
is influenced by the addition of appropriate heat
insulation and placed under the roof covering
which inhibits the rate of heat.

Figure 9. Heat flux in clay tile roof covering with
gypsum ceiling and heat insulation on the roof

The asbestos roof covering is treated with the
same heat insulation addition as in the tile roof
covering construction. For asbestos, the
temperature decrease is not seen as significantly,
because the slope is gentle. However, a decrease
in the heat transfer rate still occurs.

< 0 1" 0 bl
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Figure 10. Temperature of asbestos roof covering with
gypsum ceiling and heat insulation on the roof

The heat transfer rate can be slightly reduced
by the addition of thermal insulation. Thermal
insulation construction provides a good impact
and increases the ability to withstand the rate of
impact inside the building.

Figure 11. Heat flux in asbestos roof covering with
gypsum ceiling and heat insulation on the roof

Conclusions

The addition of heat insulation in roof
construction has a significant effect in inhibiting
heat transfer into the building. Heat insulation can
be done under the roof covering and adding a
ceiling is the right step. The reduction in heat
transfer affects the heat transfer rate which affects
the space under the roof.
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