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Abstract: The possibility of receiving and using solar radiation
by an object depends on many factors: location, orientation,
shape, materials and many others. The process of designing en-
ergy efficient buildings requires their integration, and simulation
studies seem to be a very good and increasingly popular tool
for this purpose. The present article attempts to assess building
thermal response. Special attention was paid to the influence of
object location and chosen material parameters of external par-
titions on the object thermal behavior shown by internal tem-
perature or energy delivered for heating or cooling. The analysis
was performed using a computer program (ESP-r) based on the
Finite Volume Method, which is used to evaluate the dynamic
behavior of an object.

1. Introduction

Last years have seen an increase in the speed with which changes occur in the mod-
ern world. Continued development of civilization involves significant consumption of
natural resources and thereby increases the pressure exerted by the human on the en-
vironment. Thus more and more emphasis is placed on the rational use of energy in
buildings, both existing and newly designed.

Designing buildings requires a global view and becomes a multi-component task
(Fig. 1). Each element may be subject of an independent research – both in-situ,
laboratory and modeling. At the same time a proper correlation of all the components
making up the design process should be ensured.

A good solution would be to propose an approach of assessing building behavior
through numerical analysis. The advantage of analysis based on simulation is the pos-
sibility to test many different design variants and compare them. Indicators received
using building energy simulation in thermal protection become increasingly impor-
tant. The study attempts to assess the thermal behavior of a building. The proposed
computational model can create, after a suitable calibration, a virtual equivalent of
in situ and laboratory tests. The approach is a continuation of the research presented
in the previous works of the author.
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Fig. 1. Integrated design process (Coady, 1994).

2. Tools for the simulations

To assess the thermal behavior of a building it is necessary to select the appropriate
advanced computer tools. ESP-r (Environmental Systems Performance) is a simula-
tion program based on a complex calculation algorithm which conducts a complete
analysis of the dynamic behavior of an object and its individual elements. It is suit-
able for evaluating projected and existing buildings. ESP-r models the energy and
fluid flows, giving the results very accurately reflecting the real building environment.
Possibility to change the input database allows the researcher to implement solutions
well-matched to the local climate. Fig. 2 shows the relationship between the program
and the database modules which form a simulation environment.

Fig. 2. Structure of ESP-r (ESP-r CookBook, 2010).
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Fig. 3. Model of the object: (3a) view from perspective; (3b) site plan.

3. Model of the object

Numerical analysis was performed for a one-zone model of an object in the shape of a
cube with dimensions 2.0 x 2.0 x 2.0 m. Building envelope, initially, with a thickness
of 0.25 m, made of solid brick with parameters λ = 0.77 W/mK, cp = 940.00 J/kgK,
ρ = 1700.00 kg/m3, ε = 0.90, α = 0.65.

For the purpose of the analysis wall thickness was changed from 0.25 m to 0.49 m
and 0.37 m, and brick absorptivity, from 0.65 to 0.60 and 0.70.

With a chosen climate database thermal behavior of the object was assessed by
measuring the dynamic changes of internal temperature or changes in the energy
consumption for heating or cooling. For the measurement of indoor temperatures,
there were no internal sources of heat, and a standard module of heating and cooling
(to maintain the temperature in the zone at the level of 20.0 ◦C to 24.0 ◦C) was used
while measuring heat flow.

Assessing the impact of object orientation north, south, east and west surface
temperatures were analyzed. In testing the effect of the thickness and absorptivity
of the material only the south wall was analyzed and the other walls were separated
from the external environment by adiabat.

4. Results of the analyses

The potential for receiving and utilizing solar radiation by the object depends on
many factors: location, orientation, shape, materials from which it is made, and
many others. To illustrate the significant difference in the obtained temperature
values, depending on the orientation of the object, the temperature of internal and
external surfaces of the walls was analyzed (Tab. 1). Fig. 4 shows the results for the
southern wall on a selected day in summer.

A time shift of the maximum temperatures was observed in every season, in all
partitions. It results from the effect of heat storage in building components, which
affects the energy balance of the partitions. The obtained values of the surface tem-
peratures determine the heat flux flowing through the walls. In the winter – a flux of
heat loss, during the summer – a flux of heat gains, affect the final energy demand
for heating and cooling (Heim, 2012).
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Tab. 1. Thermal response of objects in summer (08 August).
temperature of external surface temperature of internal surface

time external
temp.

internal
temp.

N S E W N S E W

h ◦C

00:30 20.90 30.10 25.98 25.89 23.52 24.10 29.95 31.08 29.89 31.48

02:30 19.50 29.55 24.58 24.64 22.53 23.31 29.69 30.51 29.46 30.75

04:30 17.70 28.80 22.76 22.75 21.41 22.88 29.16 29.76 28.84 29.87

06:30 19.35 28.11 22.68 22.58 22.89 22.77 28.47 28.91 28.12 28.97

08:30 24.00 27.61 25.53 28.90 34.88 25.62 27.80 28.15 27.60 28.17

10:30 26.95 27.45 28.91 40.62 42.09 29.89 27.40 27.91 27.75 27.69

12:30 30.05 27.97 32.90 47.45 38.15 35/34 27.46 28.51 28.47 27.74

14:30 31.00 28.78 34.86 49.11 35.50 47.88 28.01 29.74 29.25 28.45

16:30 31.55 29.87 34.72 41.65 36.04 58.86 28.89 31.09 30.01 30.01

18:30 28.00 30.89 35.49 35.76 35.66 55.31 29.87 32.09 30.80 31.09

20:30 24.50 31.74 31.29 31.21 32.09 40.42 30.78 32.63 31.51 33.75

22:30 23.30 32.07 25.93 28.33 28.23 27.02 31.27 32.71 31.87 34.06

To examine the influence of selected materials used for external wall, were the
behavior of the southern partition was analyzed.

Heat transfer in nontransparent partitions can occur by conduction, convection
and radiation. The change in the form of increasing the thickness of external walls
by 0.12 m leads to changes in heat transport. Fig. 5, 6 and Tab. 2 show the values
of conduction, convection and long wave radiation, read on the internal surface of
the southern wall, and the energy delivered for heating and cooling to maintain the
temperature 20 – 24◦C.

Fig. 4. Temperature of internal ti and external te surfaces of the south wall in summer
(08 August).
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Tab. 2. Thermal response of objects with variable external partition thicknesses.
d=0.25m d=0.37m d=0.49m

time
external
temp. Cd Cv RL Cd Cv RL Cd Cv RL

h ◦C W

20 January

00:30 -2.70 -164.20 74.15 89.61 -127.95 56.11 71.77 -102.65 43.75 58.13

04:30 -3.00 -164.35 74.31 89.68 -127.98 56.17 71.75 -103.09 44.05 58.47

08:30 -3.75 -168.44 74.90 90.41 -128.22 56.25 71.77 -103.46 44.28 58.71

12:30 -2.70 -166.67 76.04 91.59 -129.09 56.57 72.15 -104.17 44.50 58.97

16:30 -2.70 -161.37 74.67 89.48 -128.38 56.63 72.06 -104.17 44.70 59.19

20:30 -3.15 -164.59 74.35 89.21 -127.73 56.33 71.58 -104.00 44.76 59.20

08 August

00:30 20.90 61.43 -28.56 -67.06 67.76 -13.84 -52.64 47.72 -7.56 -32.52

04:30 17.70 23.52 -16.22 -40.99 57.23 -13.32 -48.15 46.85 -9.19 -35.14

08:30 24.00 10.93 -7.07 -20.41 42.82 -9.08 -39.31 41.56 -7.48 -34.49

12:30 30.05 100.52 -11.53 -35.00 40.50 -5.98 -33.61 37.22 -5.54 -32.24

16:30 31.55 153.01 -32.40 -76.11 59.56 -8.58 -41.27 41.96 -5.20 -32.21

20:30 24.50 107.99 -39.26 -82.20 73.71 -14.34 -52.83 50.59 -7.64 -35.85

Increasing the thickness of the envelope clearly led to a reduction in demand for
energy. In the summer it is a change of about 0.03 kW each hour. Parameters such
as density, specific heat, absorptivity or emissivity, though often underestimated, are
important for the energy characteristic of the building.

Increasing the absorption of solar radiation by the partitions results in significantly

Fig. 5. Internal temperature Ti and energy delivered E for heating in the object with
variable partitions thickness in winter (20 January).
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higher temperatures of partition surfaces. In the summer, the change in absorptivity
of about 0.05 increases the zone temperature by about 0.5 ◦C (Tab. 3). It creates the
possibility for additional heat gain through the elements full.

Tab. 3. Thermal response in objects with variable absorptivity of external partitions.

α=0.60 α=0.65 α=0.70

time external temp. internal temperature

h ◦C

20 January

00:30 -2.70 0.06 0.17 0.28

04:30 -3.00 0.03 0.14 0.24

08:30 -3.75 -0.03 0.08 0.18

12:30 -2.70 -0.03 0.07 0.17

16:30 -2.70 -0.03 0.07 0.17

20:30 -3.15 -0.06 0.04 0.14

08 August

00:30 20.90 24.63 25.17 25.71

04:30 17.70 24.24 24.76 25.27

08:30 24.00 24.13 24.62 25.11

12:30 30.05 24.44 24.94 25.45

16:30 31.55 25.16 25.71 26.25

20:30 24.50 25.42 25.98 26.54

Fig. 6. Internal temperature Ti and energy delivered E for cooling in the object with
variable partitions thickness in summer (08 August).
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5. Summary

Efficiency of numerical research and the importance of the indicators obtained by
energy simulation used in assessment of physical buildings are more and more often
appreciated in the process of designing buildings. In the conducted global delibera-
tions, efficiency of numerical study in the design of energy-efficient objects was shown.

Using ESP-r program, the thermal response was studied for one-zone objects
with different boundary conditions. Special attention was paid to the importance
of building orientation and also to thickness and absorptivity of the object partitions.
Studies show the importance of the examined factors.

The article presents the results of selected analyzes, which are a continuation of
studies presented in previous works of the author (Pokorska-Silva, 2013). Further
planned research will also focus on comparing simulations results with in situ results.
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