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INTRODUCTION

People’s awareness of the adverse impact of 
fuel combustion on the environment, as well as 
the availability of fossil fuels and their potential 
depletion has increased in recent years. Heating 
of buildings consumes relatively large amount 
of energy, resulting in a growing interest in the 
solutions that can reduce it. Improvement of the 
efficiency of systems and equipment used in heat-
ing is one of the key strategies. The best strategy 
to lower energy use is through the design of en-
ergy-efficient buildings. The use of information 
technology can be helpful in sustainable design, 
especially in energy efficiency [1]. 

Replacement of high-temperature heat sourc-
es with a low-cost or low-temperature waste 

heating mediums can reduce the overall consump-
tion. It can also improve the efficiency of energy 
acquisition from fuel combustion and from non-
conventional sources [2].

Use of wall with an active thermal barrier is a 
solution, which enables the use of low-temperature 
heat to meet above mentioned criteria. The thermal 
barrier is a core made of concrete with a high ther-
mal conductivity coefficient, heated by a low-tem-
perature medium flowing in pipes located within. 
The core is covered on a single or both sides with a 
layer of insulation with a much lower conductivity 
coefficient than the thermal barrier [3, 4].

Figure 1 presents the cross-section of a insulat-
ed traditional wall and one with a thermal barrier.

The walls with thermal barriers are increas-
ingly used, particularly in energy-efficient 
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ABSTRACT
The problem of reducing primary energy consumption is increasingly discussed in the technical literature. Rela-
tively large amounts of energy are used to heat rooms. In the case of resources of much cheaper waste energy or 
energy from renewable sources with a temperature lower than required in the rooms, the so-called “thermal bar-
rier” placed in external walls can be used to reduce heat transmission losses. The thermal barrier is a vertical wall 
element with pipes with a heating medium installed in the partition, with a temperature lower than the temperature 
in the room but higher than that resulting from the heat transfer through the partition without a barrier. An analyti-
cal calculation of heat flow through a thermal barrier has not been encountered in the literature. Therefore, a meth-
odology for thermal barrier calculations was developed. In the paper, the heat fluxes flowing from the room to the 
partition and from the partition to the outside are determined. The developed model of partition with thermal bar-
rier is then presented and the formula for thermal barrier efficiency is derived. Based mainly on theoretical models 
for the assumed input values and the partition’s surroundings it was found that the efficiency of the thermal barrier 
does not depend on the temperatures of the barrier base and the wall environment, but only on the geometrical and 
thermodynamic parameters of the partition. It has also been shown that the efficiency of the thermal barrier is the 
highest when the resistance of the partition on both sides of the barrier is the same. It should be noted that the total 
amount of heat given off by a wall with a thermal barrier is greater than through a wall without a barrier, but the 
costs of heating the room may be lower.
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construction (as discussed by Kisilewicz et al. 
[5]). For several years, the ISOMAX system [6] 
has been used successfully in low-energy hous-
es. In this system, reinforced concrete is sand-
wiched between two 12.5 cm thick polystyrene 
boards, connected through 12.5  cm concrete 
fins. Inside the core a system of appropriately 
spaced PP pipes is installed. The space between 
these polystyrene layers is filled with BIO POR 
concrete. The construction of this type of wall is 
based on a core in which a constant temperature 
is maintained and which is well insulated with 
polystyrene on both sides. The thermal barrier 
is activated when a constant flow of low-heat 
medium through the pipes is initiated. The use 
of a thermal barrier wall prevents condensation 
and significantly reduces heat transfer losses 
from the building by creating a blockage of 
heat flow from higher to lower energy areas.
For pipes with flowing medium installed in 
a vertical barrier three (as discussed in [7, 8, 
9]), or four different temperature cases can be 
distinguished:
a)	The temperature of the medium is higher than 

the temperature in the room. The medium heats 
the room (case of wall heating), no insulation 
is placed on the inside of the wall (Figure 2a),

b)	The medium temperature is within the value 
of temperature in the room and the tempera-
ture at the location of potential barrier (barrier 
is disabled). In this case the heat penetration 
from the room is reduced, there is an active 
thermal barrier in the partition for heat penetra-
tion from the outside. The barrier is created by 
the temperature of the heated material of the 

wall core together with the pipes. This way of 
using a relatively low-temperature medium is 
a method of reducing heat penetration in the 
ISOMAX system [10] (Figure 2b), 

c)	The temperature of the medium is equal to the 
temperature at the location of potential bar-
rier (barrier disabled). In this case, the barrier 
does not affect the heat transfer through the 
partition (Figure 2c),

d)	The temperature of the medium is lower 
than the temperature at the location of po-
tential barrier (barrier disabled). This results 
in the cooling of the room (Figure 2d). When 
determining the parameters of the cooling 
water, the effect of its temperature on the 
possible condensation of water vapor in the 
partition should also be analyzed.

A thin line in Figure 2 shows the tempera-
ture development through the partitions. Math-
ematical methods: analytical and numerical 
are used to describe heat transfer in partitions. 
Most research papers on thermal barrier parti-
tions [11, 12] are based on numerical methods. 
The determination of the temperature field is 
achieved by adopting a digital control rather 
than continuous system and then subdividing 
the area into discrete elements. In modelling, 
the authors mostly use software: ABAQUS [13, 
14, 15], ANSYS [16, 17, 18, 19] or their own 
tools, e.g. CalA 3.0 program [20, 21] or mod-
els based on the RC method [5]. The results of 
the numerical calculations are compared with 
experimental tests, which are carried out in ex-
isting buildings or on test sites.

Figure 1. Insulated external wall: a) traditional, b) with the thermal barrier
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The results of research in a single-family 
building located in northern Poland are pre-
sented by Krzaczek et al. [13, 14, 15]. Kisiele-
wicz et al. [5] present the results of undertaken 
research in a two-storey residential building 
located in Hungary. Both buildings are con-
structed using technology similar to the Iso-
max system. Research carried out on the free-
standing building is also presented in the paper 
[22]. Subsequent research teams carried out 
experiments at laboratory sites [12].

Krajcik and Sikula et al. [20, 21] conducted 
research on a model of the partition with ther-
mal barrier and they used two climate cham-
bers on both sides of the wall to simulate exter-
nal and internal conditions. Chinese scholars 
Zhu et al. [23, 24] fabricated a partition with 
thermal barrier that separates two rooms made 
of steel sheets and insulated with XPS panels, 
acting as two environments: indoor and out-
door. Zhou and Li [16] conducted tests on an 
wall which was enclosed to provide a tempera-
ture difference on both sides of the wall. 

On the other hand Chen et al. [17, 18, 19] 
conducted research in scaled-down experiment 
rooms with south wall with thermal barrier and 
Romani et al. [25, 26, 27] carried out mea-
surements on two experimental facilities with 
internal dimensions of 5.25×2.7×2.7 m con-
structed specifically for this purpose.

The authors studied the validity of using 
partitions with a thermal barrier, the influence 
of temperature of thermal elements and type 
and thickness of the materials of the façade on 
energy efficiency [20, 21, 28] and carried out 

an economic analysis of the proposed solu-
tions [28]. All researchers showed a reduction 
in heat loss to the outside for a partition with a 
thermal barrier in comparison to a traditional 
partition.

Analytical methods are an thorough ap-
proach, involving the solution of differential 
equations, which requires the adoption of nec-
essary simplifications that can unfortunately 
affect the imperfection of the result. Analysing 
the case literature, we have not encountered a 
methodology for analytical thermal calcula-
tions for thermal barriers. A methodology for 
calculating heat flow through a thermal bar-
rier was therefore developed. The assump-
tions made in the development of the theoreti-
cal model derive from the physics of the heat 
transfer process through the partition.

For the purpose of this study, the case 
where pipes are placed in the wall as an active 
thermal barrier (B), the effect of the wall pa-
rameters on the temperature distribution in the 
barrier and the magnitudes of heat fluxes flow-
ing from the room to the partition and from 
the partition to the outside will be determined. 
Subsequently a detailed model for thermal bar-
rier efficiency analysis will be presented as 
well as the influence of different parameters 
on thermal efficiency. Our paper is based on 
theoretical models. As mentioned previously 
the results and analyses of research performed 
in an experimental building equipped with 
thermal barrier were describe in [5, 13, 14, 15].

Figure 2. Temperature development in partition in case when: a) the barrier heats the room; b) the barrier 
reduces the heat loss, c) the barrier does not affect the heat transfer, d) the barrier cools down the room
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HEAT FLUXES IN A PARTITION WITH AN ACTIVE THERMAL BARRIER 
The heat flux 𝑞̇𝑞𝑖𝑖 transferred from the room to the barrier can be determined as: 

 𝑞̇𝑞𝑖𝑖 = 1
𝑅𝑅𝑖𝑖

∙ (𝑡𝑡𝑖𝑖 − 𝑡𝑡𝑏𝑏) (1) 

where: 𝑅𝑅𝑖𝑖 – thermal resistance on the inside of the outer wall [m2 × K/W], 𝑡𝑡𝑖𝑖 – internal temperature 
[°C], 𝑡𝑡𝑏𝑏– temperature of thermal barrier [°C]. 

While the heat flux 𝑞̇𝑞𝑒𝑒 from the barrier to the outside can be determined as: 
 𝑞̇𝑞𝑒𝑒 = 1

𝑅𝑅𝑒𝑒
∙ (𝑡𝑡𝑏𝑏 − 𝑡𝑡𝑒𝑒) (2) 

where: 𝑅𝑅𝑒𝑒– thermal resistance on the outside of the outer wall [m2 × K/W], 𝑡𝑡𝑒𝑒 – external temperature 
[°C], 

 𝑅𝑅𝑖𝑖 = 𝑅𝑅𝑖𝑖 𝛼𝛼  +  𝑅𝑅𝑖𝑖 𝑏𝑏  +  𝑅𝑅𝑖𝑖 𝑖𝑖𝑖𝑖 (3) 
and 

 𝑅𝑅𝑒𝑒 = 𝑅𝑅𝑒𝑒 𝛼𝛼 + 𝑅𝑅𝑒𝑒 𝑏𝑏 + 𝑅𝑅𝑒𝑒 𝑖𝑖𝑖𝑖 (4) 
where: 𝑅𝑅𝑖𝑖 𝛼𝛼 – heat transfer resistance on the inside of the outer wall [m2 × K/W], 𝑅𝑅𝑖𝑖 𝑏𝑏 – thermal 

conduction resistance of the thermal barrier on the inside [m2 × K/W], 𝑅𝑅𝑖𝑖 𝑖𝑖𝑖𝑖 – thermal conduction 
resistance of the insulation layer on the inside [m2 × K/W], 𝑅𝑅𝑒𝑒 𝛼𝛼– heat transfer resistance on the 
outside of the outer wall [m2 × K/W], 𝑅𝑅𝑒𝑒 𝑏𝑏 – thermal conduction resistance of the thermal barrier 
on the outside [m2×K/W], 𝑅𝑅𝑒𝑒 𝑖𝑖𝑖𝑖– thermal conduction resistance of the insulation layer on the 
outside [m2 × K/W] 

In case of pipes located in the centre of the core the outer and inner thermal resistances are equal: 
 𝑅𝑅𝑖𝑖 𝑏𝑏  =  𝑅𝑅𝑒𝑒 𝑏𝑏  =  𝑅𝑅𝑏𝑏

2  (5) 

The heat flux 𝑞̇𝑞𝑏𝑏 from the medium is equal to the difference between the heat transferred outside and 
heat transferred from the room: 

 𝑞̇𝑞𝑏𝑏  =  𝑞̇𝑞𝑒𝑒  −  𝑞̇𝑞𝑖𝑖 (6) 
And is equal to: 

 𝑞̇𝑞𝑏𝑏  =  1
𝑅𝑅𝑒𝑒

 ∙  (𝑡𝑡𝑏𝑏 − 𝑡𝑡𝑒𝑒)  −  1
𝑅𝑅𝑖𝑖

 ∙  (𝑡𝑡𝑖𝑖 − 𝑡𝑡𝑏𝑏) (7) 

The heat flux from the room, in case when the medium is not flowing (barrier is disabled) equals to: 
 𝑞̇𝑞𝑤𝑤0 = 1

𝑅𝑅𝑤𝑤
(𝑡𝑡𝑖𝑖 − 𝑡𝑡𝑒𝑒) (8) 

where: 𝑅𝑅𝑤𝑤– thermal resistance of the wall with thermal barrier [m2 × K/W], 

By dividing (7) by (8) and further transformations the relative heat flux from the barrier can be calculated 
as: 

 𝑞̇𝑞𝑏𝑏
𝑞̇𝑞𝑤𝑤0

= 1
𝑅𝑅𝑒𝑒
𝑅𝑅𝑤𝑤

∙ 𝑡𝑡𝑏𝑏−𝑡𝑡𝑒𝑒
𝑡𝑡𝑖𝑖−𝑡𝑡𝑒𝑒

− 1
1− 𝑅𝑅𝑒𝑒

𝑅𝑅𝑤𝑤
∙ 𝑡𝑡𝑖𝑖−𝑡𝑡𝑏𝑏

𝑡𝑡𝑖𝑖−𝑡𝑡𝑒𝑒
 (9) 

After introducing reduced barrier temperature 𝜑𝜑𝑏𝑏 
 𝜑𝜑𝑏𝑏  =  𝑡𝑡𝑏𝑏−𝑡𝑡𝑒𝑒

𝑡𝑡𝑖𝑖−𝑡𝑡𝑒𝑒
 (10) 

and further transformations, three formulas for heat fluxes relative to the heat flux out of the room 
through the partition with disabled barrier can be established: to the outside of the partition (11), through 
the room (12) and through the thermal barrier (13): 

 𝑞̇𝑞𝑒𝑒
𝑞̇𝑞𝑤𝑤0

 =  1
𝑅𝑅𝑒𝑒
𝑅𝑅𝑤𝑤

 ∙  𝜑𝜑𝑏𝑏 (11) 

 𝑞̇𝑞𝑖𝑖
𝑞̇𝑞𝑤𝑤0

 =  1
1− 𝑅𝑅𝑒𝑒

𝑅𝑅𝑤𝑤
 ∙  (1 − 𝜑𝜑𝑏𝑏) (12) 

 𝑞̇𝑞𝑏𝑏
𝑞̇𝑞𝑤𝑤0

= 1
𝑅𝑅𝑒𝑒
𝑅𝑅𝑤𝑤

∙ 𝜑𝜑𝑏𝑏 − 1
1− 𝑅𝑅𝑒𝑒

𝑅𝑅𝑤𝑤
∙ (1 − 𝜑𝜑𝑏𝑏) (13) 
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Figure 3 shows the relative heat fluxes to the outside from the room and through the thermal barrier, 
in case when the thermal resistances on both sides are equal. Figure 3 shows that for the medium value 
of the thermal resistance of the barrier, the dimensionless temperature of the thermal barrier, which is 
0.5, corresponds to the temperature of the partition at that location. This means that the barrier is at an 
equilibrium. The room’s heat loss flux corresponds to the losses when the thermal barrier is not active. 
At higher barrier temperatures, as the temperature increases, the flux of heat given off by the barrier 
increases, while the flux of heat lost by the room decreases. And for lower temperatures than this value, 
the barrier draws heat which increases the heat flux given off from the room above the value when the 
barrier is disabled. 
 

 
Figure 3. Relative heat fluxes to the outside from the room through the thermal barrier, in case when the thermal 

resistances on both sides are equal 

HEAT TRANSFER MODEL THROUGH A WALL WITH A THERMAL BARRIER 
A partition with a thermal barriers is insulated at least on one side. The core of the thermal barrier 

has pipes in which the heating/cooling medium flow, while simultaneously allowing for transfer of the 
loads (as discussed by Krzaczek et al. [13, 14, 15] and by Małek [12]).  

A heat transfer model for a simulated thermal barrier wall segment with a width equal to half of the 
pipe spacing and a length of 1 m has been derived. It was assumed that the wall is insulated on both 
sides. The heat travels from the side with the heating medium (Fig 4a, top of the cross section) to the 
other end of the element, which is located on the plane of symmetry of the pipes. Heat does not flow 
through this plane. (Fig 4a, bottom of the cross section). The thermal conductivity of the core forming 
the thermal barrier is much greater than of the insulation, so longitudinal conduction in the insulation 
was ignored. The heat-transfer resistance outside the barrier was increased by its thermal resistance [29]. 
Heat gain from one side of the barrier and loss on the other side were considered as the internal heat 
sources of the barrier. It was assumed that there is a constant temperature at the base of the barrier, near 
the pipes. The above assumptions correspond to those made as for a classical fin [30, 31]. A diagram of 
adopted partition with a thermal barrier model is shown in Figure 4.  
 

 
Figure 4. Diagram of the partition model with a thermal barrier: a) cross-section through a separate element of 

the partition, b) diagram of the partition model 
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The output equation for the adopted model is: 
 𝑑𝑑2𝑡𝑡

𝑑𝑑𝑑𝑑2  =  𝑚𝑚 ∙  𝑡𝑡 −  𝑞𝑞  (14) 

where: m – coefficient [m-2], t – temperature [K], q – coefficient [K × m-2],  

 𝑚𝑚 =  
1

𝑅𝑅𝑖𝑖
 + 1

𝑅𝑅𝑒𝑒
𝜆𝜆𝑏𝑏 ∙ 𝑒𝑒𝑏𝑏

 (15) 

and 

 𝑞𝑞 =  
𝑡𝑡𝑖𝑖
𝑅𝑅𝑖𝑖

 + 𝑡𝑡𝑒𝑒
𝑅𝑅𝑒𝑒

𝜆𝜆𝑏𝑏 ∙ 𝑒𝑒𝑏𝑏
 (16) 

where: 𝜆𝜆𝑏𝑏 – thermal conductivity coefficient of the barrier material [W/(m × K)], 𝑒𝑒𝑏𝑏 – thermal barrier 
thickness [m] 

When there is no medium flowing through the barrier, only losses from the room by heat penetration 
are occurring. The temperature at the barrier tb0 is calculated as (17): 

 𝑡𝑡𝑏𝑏0  =  
𝑡𝑡𝑖𝑖
𝑅𝑅𝑖𝑖

 + 𝑡𝑡𝑒𝑒
𝑅𝑅𝑒𝑒

1
𝑅𝑅𝑖𝑖 + 1

𝑅𝑅𝑒𝑒
 =  𝑞𝑞

𝑚𝑚 (17) 

Equation 14 was solved with typical boundary conditions: 
 for 𝑥𝑥 = 0 → 𝑑𝑑𝑑𝑑

𝑑𝑑𝑑𝑑 = 0 (18) 

 for 𝑥𝑥 = 𝑙𝑙 → 𝑡𝑡 = 𝑡𝑡𝑝𝑝 (19) 
acquiring:  

 𝑡𝑡(𝑥𝑥) = (𝑡𝑡𝑝𝑝 −  𝑞𝑞
𝑚𝑚) ∙  cosh(√𝑚𝑚∙𝑥𝑥)

cosh(√𝑚𝑚∙𝑙𝑙)  +  𝑞𝑞
𝑚𝑚  (20) 

After introducing the temperature difference into the above relationship: 
 𝜗𝜗 =  𝑡𝑡 − 𝑡𝑡𝑏𝑏0  =  𝑡𝑡 −  𝑞𝑞

𝑚𝑚 (21) 

The formula for the temperature field is: 
 𝜗𝜗(𝑥𝑥)  =  𝜗𝜗𝑝𝑝  ∙  cosh(√𝑚𝑚∙𝑥𝑥)

cosh (√𝑚𝑚∙𝑙𝑙)   (22) 

The average temperature of the barrier segment is: 
 𝜗𝜗𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏 =  𝜗𝜗𝑝𝑝

√𝑚𝑚∙𝑙𝑙  ∙  𝑡𝑡𝑡𝑡ℎ(√𝑚𝑚  ∙  𝑙𝑙) (23) 

The heat flux transferred to the barrier segment is determined as: 
 𝑄̇𝑄𝑏𝑏  =  𝜆𝜆𝑏𝑏  ∙  𝑒𝑒𝑏𝑏  ∙  √𝑚𝑚 ∙  𝜗𝜗𝑝𝑝  ∙  𝑡𝑡𝑡𝑡ℎ(√𝑚𝑚 ∙  𝑙𝑙) (24) 

After taking into account (23), the formula can be presented as: 
 𝑄̇𝑄𝑏𝑏  =  𝑙𝑙 ∙  ( 1

𝑅𝑅𝑖𝑖
 +  1

𝑅𝑅𝑒𝑒
)  ∙  𝜗𝜗𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏 (25) 

The obtained relations for the temperature field in the thermal barrier and heat flux are identical to those 
presented in the literature for straight fins [30]. The m parameter is defined in more general manner. 

THERMAL BARRIER EFFICIENCY 

Definition of thermal barrier efficiency 
In order to simplify the calculations of the effect of geometric and thermodynamic parameters of 

the barrier on its temperature, the concept of thermal barrier efficiency 𝜂𝜂𝑏𝑏 was introduced. It was defined 
as the ratio of the difference between the average temperature of the thermal barrier 𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏 and the 
temperature of the wall 𝑡𝑡𝑏𝑏0 at the location of potential barrier (barrier is disabled), and the difference 
between the temperature of the barrier base (outer surface of the pipe) 𝑡𝑡𝑝𝑝 temperature of the wall 𝑡𝑡𝑏𝑏0 in 
the centre of the core [32, 33]. 

 𝜂𝜂𝑏𝑏 =  𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏 − 𝑡𝑡𝑏𝑏0
𝑡𝑡𝑝𝑝 − 𝑡𝑡𝑏𝑏0

 =  𝜗𝜗𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏
𝜗𝜗𝑝𝑝

  (26) 
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After using formula (23), the thermal barrier efficiency is: 
 𝜂𝜂𝑏𝑏  =  𝑡𝑡𝑡𝑡ℎ (√𝑚𝑚 ∙ 𝑙𝑙)

√𝑚𝑚 ∙ 𝑙𝑙   (27) 

The formula for the efficiency of the thermal barrier is identical to that for straight flat fin. The m 
parameter is defined differently as for fins. Knowing the efficiency allows to easily determine the 
average temperature of the thermal barrier segment: 

 𝜗𝜗𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏 =  𝜗𝜗𝑝𝑝 ∙  𝜂𝜂𝑏𝑏 = 𝜗𝜗𝑝𝑝  ∙  𝑡𝑡𝑡𝑡ℎ(√𝑚𝑚 ∙ 𝑙𝑙)
√𝑚𝑚 ∙ 𝑙𝑙   (28) 

while the basic relationships of heat fluxes flowing in and out of the partition for a segment with width 
l and length of 1 m are calculated as: 

 𝑄̇𝑄𝑒𝑒 = (𝑡𝑡𝑏𝑏0 + 𝜗𝜗𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏) − 𝑡𝑡𝑒𝑒
𝑅𝑅𝑖𝑖

 (29) 

 𝑄̇𝑄𝑖𝑖 = 𝑡𝑡𝑖𝑖 − (𝑡𝑡𝑏𝑏0 + 𝜗𝜗mean 𝑏𝑏)
𝑅𝑅𝑒𝑒

 (30) 

 𝑄̇𝑄𝑏𝑏  =  𝑄̇𝑄𝑖𝑖 − 𝑄̇𝑄𝑒𝑒 (31) 
Assuming: 

 𝑏𝑏 = √𝑚𝑚  ∙  𝑙𝑙 = √
1

𝑅𝑅𝑖𝑖
 + 1

𝑅𝑅𝑒𝑒
𝜆𝜆𝑏𝑏 ∙ 𝑒𝑒𝑏𝑏

 ∙  𝑙𝑙 (32) 

then:  
 𝜂𝜂𝑏𝑏 =  𝑡𝑡𝑡𝑡ℎ(𝑏𝑏)

𝑏𝑏   (33) 

The average temperature of the barrier is calculated as:  
 𝜗𝜗𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑏𝑏  = 𝜗𝜗𝑝𝑝 ∙  𝜂𝜂𝑏𝑏  (34) 

Figure 5 plots the efficiency determined by formula (33) depending on the value of the b coefficient. 
 

 
Figure 5. Thermal barrier efficiency depending on the value of the coefficient b 

Influence of insulation thicknesses on both sides of a thermal barrier on its efficiency 
When designing the insulation of building partitions, the value of thermal resistance is assumed as 

minimum value found in guidelines. Insulation is selected so that the total thermal resistance of the 
partition is at least equal to or greater of this value. For a wall with a thermal barrier, the thickness of 
insulation on both sides of the barrier should be taken into consideration, so that its efficiency is as high 
as possible. The efficiency of the barrier is correlated to the value of b coefficient – with its increase, 
the efficiency decreases. With a fixed heat conduction through the wall, for thermal resistance following 
formula can be proposed:  

 𝑅𝑅𝑤𝑤 = 𝑅𝑅𝑖𝑖 + 𝑅𝑅𝑒𝑒 = 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐. (35) 
 𝑅𝑅𝑖𝑖 = 𝑅𝑅𝑤𝑤 − 𝑅𝑅𝑒𝑒 (36) 

where: Ri and Re are defined by (3) i (4).  

The formula for the b coefficient (32) contains the expression for the equivalent heat transfer coefficient 
U calculated based on the Ri and Re: 

 𝑈𝑈 = 1
𝑅𝑅𝑖𝑖

 + 1
𝑅𝑅𝑒𝑒

 (37) 
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After using (36) in the relation (37), the resulting equation is differentiated. Since the extremum is sought 
it is equated to zero: 

 𝑑𝑑𝑑𝑑
𝑑𝑑𝑅𝑅𝑖𝑖

=
𝑑𝑑( 1

𝑅𝑅𝑖𝑖
 + 1

𝑅𝑅𝑤𝑤 − 𝑅𝑅𝑖𝑖
)

𝑑𝑑𝑅𝑅𝑖𝑖
= 0 (38) 

then: 
 𝑅𝑅𝑖𝑖 = 𝑅𝑅𝑤𝑤 

2 =  𝑅𝑅𝑒𝑒 (39) 

The second derivative of the differentiated expression is positive. Thus, we get that the extremum 
occurred for the value of 0.5: 

 𝑅𝑅𝑖𝑖
𝑅𝑅𝑤𝑤 

= 𝑅𝑅𝑒𝑒
𝑅𝑅𝑤𝑤 

= 0,5 (40) 

Figure 6 shows the graph of the reduced function 1/(Ri/Rw) + 1/(Re/Rw). 
 

 
Figure 6. The value of the U function depending on the resistance ratio Ri/Rw i Re/Rw 

Analyzing the graph of U values presented in Figure 6, it can be seen that, according to the 
calculations, the minimum occurs for a reduced value of thermal resistance of 0.5. Meaning that the 
minimum value occurs when the thermal resistance on one side of the barrier is equal to the thermal 
resistance on the other side of the barrier. For such case the value of barrier efficiency is the highest. 

Thermal barrier efficiency properties 
Concept of thermal barrier efficiency allows to easily calculate the temperature of a thermal barrier. 

The basis is that an increase of the value of b coefficient causes a decrease in its efficiency. Analyzing 
the dependence on the efficiency of the thermal barrier, it can be concluded that the efficiency of the 
barrier does not depend on the temperature of the barrier base and the wall surroundings, but only on 
the geometric and thermodynamic parameters of the partition. From the analysis of the dependence on 
the parameter b, it can be concluded that:  
• Increasing the insulation resistance outside the barrier results in increased efficiency. 
• Increasing the distance between the heating medium pipes inside the barrier results in lowering the 

efficiency of the barrier. 
• Using a material with a higher value of thermal conductivity for barrier’s core increases the efficiency. 
• Increase in the thickness of the thermal barrier increases its efficiency. 

Thermal barrier efficiency calculation 
For the assumed geometric and thermodynamic parameters of the thermal barrier, it is initially 

assumed that the temperature on the outer surface of the pipe tp corresponds to the temperature of the 
medium tm in the pipe and the parameter b is calculated from equation (32). Then the efficiency of the 
barrier b is determined (from relation (33) or the Figure 5) and the average temperature of the thermal 
barrier ϑmean,b is calculated (34). Taking into account the geometric and thermal parameters of the pipe, 
the heat transfer coefficient m and the thermal resistance of the pipe’s wall Rp are calculated. From the 
equation (40) the temperature drop between the medium and the base of the barrier is determined:  

 ∆𝑡𝑡 =  𝑡𝑡𝑚𝑚 −  𝑡𝑡𝑝𝑝 = 𝑄̇𝑄
𝜋𝜋 ∙ 𝑟𝑟 ∙ (𝛼𝛼𝑚𝑚 + 1

𝑅𝑅𝑝𝑝
)
  (40) 
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