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Abstract. The article presents an analysis of temperature on an internal 
wall surface. Simulations on the external wall corner were also carried out. 
It is a place where the surface temperature is lower due to the thermal 
bridge effect. The calculations were performed with the ADINA program 
used for numerical simulations on heat transfer through divisional 
structures. Finite element analysis was employed to solve the task. 
The calculations were performed for five case studies with different corner 
structures and different methods of insulation. The baseline was a wall 
with the heat transfer coefficient U = 0,30 W/(m2K). The reason for 
selecting such a coefficient for analysis was due to the fact that in most 
Polish buildings thermal resistance of walls results from technical norms 
from before January 2014. The findings of the numerical simulations were 
used to determine the maximum relative humidity of the internal air where 
water vapour condensation may occur on the internal surface of the corner. 
The calculations were crucial to making a qualitative assessment of the 
employed solutions. The findings showed that it is possible to improve the 
thermal functioning of a wall in the corner thanks to an additional layer of 
thermal insulation, for example in the form of an avant-corps, placed 
within the corner. 

1 Introduction 
The development of civilization and the emergence of new technologies brings with it the 
need for greater care for the natural environment [1, 2]. The production of increasing 
quantities of products is directly related to the higher consumption of natural resources and 
increased emission of pollutants into the environment. These processes are inextricably 
linked with the global increase in energy consumption (needed for the manufacture and 
supply of products, processing and utilization of waste, etc.) [3]. Therefore, initiatives 
aimed at rational and economical management of energy resources are important [4]. 
Reducing CO2 emissions is considered one of the key tasks that we have to face in the near 
future [5]. In recent years, recommendations of the European Parliament [6, 7] concerning 
the reduction of CO2 emissions have drawn the attention of constructors to the need to 
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reduce heat losses by external building barriers. Recommendations regarding the reduction 
of the maximum values of heat transfer coefficient U and the methodology for its 
determination have been introduced into European Standards and national regulations [8–10]. 
According to currently applicable Polish regulations, the coefficient Umax

 = 0.23 W/(m2K) 
for external walls (in the case of rooms with an internal temperature of Ti

 > 16°C), and after 
2021, this value will be reduced to the level of 0.20 W/(m2K) ). The current state of 
knowledge on the flow of heat flux through building barriers is very wide. 
The development of three-dimensional modelling of thermal processes in material 
structures has resulted in many studies that comprehensively describe the phenomena of 
heat flow through building barriers. This applies to all groups of buildings: construction of 
traditional masonry [11, 12] frame construction [13], transparent barriers [14] and those 
using phase change material [15–18]. Current studies concern both theoretical solutions and 
their applications in practice [19, 20]. The existing software used to create numerical 
models of building structures allows for proper design of building barriers in relation to 
current technical requirements, including in terms of required thermal insulation. 

The aim of this study is to focus on already existing buildings, which are not subject to 
current requirements, but are still used, and their technical parameters (for example, thermal 
insulation of walls) often deviate from the requirements for newly created buildings. 
This article analyses the temperature distribution in the corner of the wall, assuming a value 
of the heat transfer coefficient for the wall at the level of U = 0.30 W/(m2K), i.e. for existing 
buildings that were created in Poland before January 2014. 

2 Materials and methods 
In the case of the corner of an external wall, the surface temperature of the inner wall 
decreases. This is due to the fact that in the corner the outer surface (which is in contact 
with cold air) is larger than the internal surface (heated by warm air) (Fig. 1). In order to 
determine the negative impact of this phenomenon, several variants of the outer wall corner 
were analyzed. 

 
Fig. 1. Horizontal projection and the axonometric drawing of the outer wall of a building. 

Using the finite element method (FEM), several configurations of the corner of the outer 
wall were modelled. External and internal surfaces were subjected to convection and 
radiation phenomena. On this basis, the temperature distribution in the barrier was 
determined. The aim was to determine the temperature value of the inner surface of the 
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Using the finite element method (FEM), several configurations of the corner of the outer 
wall were modelled. External and internal surfaces were subjected to convection and 
radiation phenomena. On this basis, the temperature distribution in the barrier was 
determined. The aim was to determine the temperature value of the inner surface of the 

corner and the corresponding calculated value of the relative humidity of the internal air ϕi, 
at which surface condensation would occur. In all analysed cases, the external air 
temperature was assumed Te

 = -20°C and the internal air temperature Ti
 = +20°C. 

Simulation calculations were carried out for six calculation options: 
• Variant 1: Middle section of the wall. Wall construction with MAX block 288 mm, 

insulation: styrofoam 80 mm, finish: thin-layer plaster 5 mm, 
• Variant 2: Corner. Wall structure as in option 1, 
• Variant 3: Corner. Wall structure as in option 2, in the corner instead of the wall there is 

a reinforced concrete core with the width of the structural wall, 
• Variant 4: Corner. Structure of the wall as in option 3, additional insulation with a width 

of 600 mm in a corner with a thickness of 80 mm, 
• Variant 5: Corner. Structure of the wall as in option 3, additional insulation with a width 

of 1,000 mm in a corner with a thickness of 80 mm, 
• Variant 6: Corner. Structure of the wall as in option 5, break in additional insulation with 

a height of 100 mm, spacing every 1,100 mm. 

3 Results and discussion 
In order to check whether the numerical model gives correct results and the assumed 
boundary conditions are defined correctly – the internal surface temperature value was 
determined for the central wall section, using analytical calculations. In the case of the 
middle section of the wall made up of homogeneous layers - the heat flux penetrating 
through the barrier is perpendicular to the surface of this barrier. For this element, standard 
values [8] of heat transfer resistance were assumed: on the internal surface 
Rsi

 = 0.13 m2K/W and on the outside surface Rse
 = 0.04 m2K/W. The following parameters 

were also assumed: U = 0.30 W/(m2K) and the load of outside air temperature Te
 = -20°C 

and internal air temperature Ti
 = +20°C. For such assumptions, the surface temperature of 

the inner wall was calculated: 
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The computational value of the relative humidity of the internal air ϕi was determined, 
at which surface condensation of water vapor would occur. The obtained value ϕi

 = 90.90% 
indicates a very low probability of condensation. Then, calculations were made in the 
numerical model and the results were convergent with the values determined manually. 
The temperature value on the inner surface of the wall centre was as expected Tsi1

 = 18.42°C 
(Fig. 2). 
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Fig. 2. Temperature values in the central wall zone for variant 1. 

For the same wall structure, the temperature value on the inner surface of the wall 
corner was Tsi2

 = 15.92°C (Fig. 3). 

 

Fig. 3. Temperature values in the corner for variant 2. 

As is apparent from the obtained results, the temperature on the inner surface of the 
corner was lower in relation to the value occurring in the central part of the wall by 2.50°C. 
For such a temperature value, condensation would occur on the internal surface at the value 
of relative air humidity at the level of ϕi

 = 77.51%. This is still relatively high, and the 
probability of surface condensation is low. 

The situation changes significantly when we additionally deal with a corner zone with 
a deterioration of the thermal conditions resulting from the use of, for example, a reinforced 
concrete core. This variant occurs, for example, in buildings with a frame structure. 
In model No. 3, a reinforced concrete column instead of a wall was used in the corner. 
A width of the reinforced concrete column equal to the wall thickness was assumed. 
The space between the columns is still filled with a ceramic wall. The external thermal 
insulation and plaster finishing remain unchanged, as in option 1. Thermal calculations of 
model 3 showed a significant decrease in the temperature value in the corner. The lowest 
value of the internal surface temperature was Tsi3

 = 11.16°C (Fig. 4). 
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Fig. 4. Temperature values in the corner for variant 3. 

For this temperature value, condensation would occur on the inner surface at the relative 
humidity ϕi

 = 56.86%. The probability of condensation in this case is large. This applies in 
particular to rooms with high temporary water vapor saturation, such as: kitchen, bathroom, 
laundry, drying room, etc. It should also be noted that in practice the surface temperature of 
the wall may be even lower due to, for example, the occurrence of built-in housings, 
devices, etc. In order to prevent the condensation of water vapor, the temperature of the 
corner of the external wall should be raised. In model 4, additional corner insulation is used 
from the outside. The insulation was made of styrofoam 80 mm thick. The width of the 
projection from the outside was assumed to be 600 mm. Thermal calculations of model 4 
showed the lowest value of the internal temperature in the corner at Tsi4

 = 12.81°C (Fig. 5). 
 

 
Fig. 5. Temperature values in the corner for variant 4. 

In relation to the results obtained for case 3, the value of the minimum internal surface 
temperature increased by 1.65°C. This results in raising the maximum permissible relative 
humidity to the level of ϕi

 = 63.39%. This is not a satisfactory value. The small effect of the 
impact of additional insulation results from too narrow a strip insulating the corners. 

In model 5, an additional 80 mm thick insulation was used, similar to model 4. 
This time the width of the external projection is 1,000 mm. The results of the calculations 
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indicate a satisfactory effect. For variant 5, the minimum temperature of the inner surface 
in the corner is Tsi5

 = 15.29°C (Fig. 6). The obtained value is higher by 4.13°C in relation 
to that obtained for model 3. 

   
Fig. 6. Temperature values in the corner for variant 5. 

The temperature of the inner surface of the corner, obtained in variant 5 is similar to that 
which occurred in the case of the 2, which did not contain a thermal bridge in the form of 
a reinforced concrete column. For such a value of the surface temperature of the inner wall, 
condensation of water vapor will only occur after exceeding the relative humidity ϕi

 = 74.44%. 
Variant No. 6 contains the version of the "segmented" projection. In this version, 

an additional layer of corner insulation is realized in the form of corner squares with a side 
of 1,000 mm, separated from each other by a distance of 100 mm (Fig. 7). This form of 
projection is intended to improve the visual effect of the façade. The purpose of the analysis 
is to check how a 100 mm gap in additional insulation affects the minimum temperature 
drop on the inner surface in the corner. As a result of the calculations carried out for case 6, 
the minimum temperature of the inner surface of the corner at point 50860 was obtained. 
The obtained value Tsi6

 = 14.48°C (Fig. 7) is 0.77°C lower than that obtained for case 5, but 
1.67°C higher than the minimum value, obtained as a result of calculations of case 4. 
For this value of the surface temperature of the inner wall, condensation of water vapor will 
occur only after exceeding the relative humidity ϕi

 = 70.66%. 
The summary of results obtained for variants 1–6 is shown in Table 1. 

 

       
Fig. 7. Temperature values in the corner of the wall for case 6. 
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Table 1. Tabular summary of the results obtained for variants 1–6. 

No. Construction of the barrier Analysed
element 

Minimum 
temperature 
value on the 
inner surface 

[°C] 

Value of relative 
humidity at which 

condensation of 
water vapor occurs 
on the inner surface 

[%] 

1. MAX 288 mm blocks + styrofoam 80 mm Middle 
surface +18.42 90.90 

2. MAX 288 mm blocks + styrofoam 80 mm Corner +15.92 77.51 

3. MAX 288 mm blocks + styrofoam 80 mm + 
reinforced concrete core in 288 mm corner Corner +11.16 56.86 

4. 
MAX 288 mm blocks + polystyrene 80 mm + 
288 mm reinforced concrete core in the 
corner + corner insulation 600 mm wide 

Corner +12.81 63.39 

5. 
MAX 288 mm blocks + polystyrene 80 mm + 
288 mm reinforced concrete core in the corner 
+ corner insulation with a width of 1000 mm 

Corner +15.29 74.44 

6. 

MAX 288 mm blocks + styrofoam 80 mm + 
288 mm reinforced concrete core in corner + 
corner segment insulation (insulation 1000 mm
+ vertical break 100 mm) 

Corner +14.48 70.66 

4 Conclusions 

The calculations show that in the case of external walls, the surface temperature of the inner 
wall in the corner is significantly reduced. This applies especially to framework 
constructions in which construction columns are also thermal bridges. This adversely 
affects the properties of the barrier, it gives the possibility of water vapor condensing on its 
surface or inside it. This process may lead to increased conduction and, as a result, 
increased heat energy losses, the formation of fungal processes or reduced mechanical 
properties of the structure. In order to improve the temperature distribution in the corner 
and to avoid the condensation of water vapor, it is reasonable to use an increased layer of 
thermal insulation of the corner, for example in the form of breaks. The effectiveness of 
additional corner insulation depends on the minimum required additional insulation width. 
Its value should result from computational simulations. The use of segment projection 
lowers the temperature of the corner to a small extent and can be successfully implemented 
e.g. during thermal renovation of historic buildings. Careful design of thermal insulation of 
a building not only leads to a significant reduction of energy consumption during its 
operation, but it also provides users with much better indoor comfort. The use of numerical 
simulation of temperature distribution in a three-dimensional model of the barrier enables 
the implementation of energy-saving solutions and minimizes the risk of making design 
mistakes. The final result is a reduction in the operating costs of a building and sustainable 
management of energy resources on a macro scale. 
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