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Abstract

Nowadays, it is common to find heat transfer
systems inside buildings. In the present work, a heat
transfer system applied to a structural element of a building
is proposed, which is produced with a system embedded
inside the wall from the internal transport of the liquid that
allows increasing or decreasing the interior temperature.
For this, a mathematical model developed from a
steady-state, one-dimensional energy balance was
analytically solved. The system was applied in a circadian
way with the data applicable to maximum and minimum
temperatures in the city of Monterrey, Nuevo León.
Experimentally, the thermal properties of the proposed
material were obtained and a wall section was developed
with the heat transfer system. An increase in thermal
resistance is obtained that allows reducing the temperature
changes on the interior face of the wall. The structural
element presents thermal resistance values that increase
while maintaining the fluid inside the wall. The system
justifies the use of fluid within the vertical element that can
promote comfort. Using this system would reduce energy
consumption by up to 60% compared to a traditional
cooling system. The objective of this work was to obtain a
mathematical model that approximately describes the
behavior of the interior temperature of the wall as a
function of the exterior temperature and the flow and
temperature of the cooling water, to evaluate the energy
efficiency of the heat exchanger.
Keywords Heat Transfer in Walls, Increase in
Thermal Delay, Energy Saving

1. Introduction
Currently, traditional homes have a greater number of

equipment such as refrigerators, televisions, washing
machines, and air conditioners with low energy efficiency,
in rural areas they present the same situation with less
consumption due to the population index [1]. Furthermore,
it is estimated that the number of homes will reach almost
50 million in 2030 [2], which may increase the presence of
heat islands [3] and this makes us think of the importance
of implement energy efficiency measures in buildings, both
in new homes and in existing ones. Energy consumption
can be reduced from sustainable techniques such as
construction systems and systems in rural housing [4].
It is important to evaluate heat transfer processes over
time, mainly from the perspective of envelopes [5], since
they are related to comfort processes leading to a
bioclimatic design [6]. Some processes have focused on the
weighting of the thermal balance through a material [7].
Structural elements such as load-bearing walls or slabs
found on the surface faces of buildings can receive
significant amounts of solar radiation; When the material is
similar to concrete, the heat transfer increases substantially
compared to others that contain or are entirely made with
insulating coatings [8].
Some heat transfer systems can be designed from
passive arrangements [9,10], or different elaboration
systems of elements can be used from a hollow
conformation that decreases the thermal transmittance [11].
Although cooling processes can be designed by daily
cycles [12], together, modeling of heat transfer systems in
hollow concrete block walls is well known [13] and passive
cooling systems have been applied in slabs such as green
roofs [14] as well as irrigation systems in slabs that
decrease the temperature. This can positively impact the
reduction of energy use and therefore the impact on the
environment [15].
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Figure 1.
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Cross-section of a wall with a space inside it through which a liquid flows

2. Method
For the model design, there is a wall within which there
is a space through which water flows, which exchanges
heat with the solid wall, in such a way that the interior part
of the wall has a lower temperature than the exterior, which
is in contact with the environment (Figure 1).
The model obtained was evaluated for extreme cases
presenting the possible results. Once a constant
temperature was obtained, the system was compared
against a traditional one based on air cooling and 1000W of
power in terms of energy consumption.

and t (h) is time.
For differential equations, the temperature of the water
inside the wall is considered to be equal to the outlet
temperature:
(3)
such that the time differential equations (1) and (2) are
written in the form:
(4)
(5)

Obtaining the model
For model obtaining, we applied the law of conservation
of energy from a macroscopic balance in steady-state, in
such a way that for the temperature of the cooling water
inside the wall, the time differential equation:
(1)
while for the temperature on the inside of the wall it is
written:

where:
(6)
is a parameter that is related to the final variation of the
leaving water temperature concerning the variation of the
entering water temperature, and the time constants (h):
(7)
(8)

(2)
In equations (1) and (2), T11 and T12 are the inlet and
outlet temperature of the cooling water, respectively, T21
and T22 are the interior and exterior wall temperature,
respectively, T the water flow temperature of cooling
inside the wall (K or 0C), ρ1 and ρ2 (kg / m3) represent the
density of water and the solid that forms the wall,
respectively, η1 and η2 (J / (kg.K)) are the heat capacity per
unit mass of water and solid, A (m2) is the total area of the
wall, h (m) is the thickness of the section through which the
water flows, h1 (m) the thickness of the section of the wall
that is in contact with the interior of the room and h2 (m)
the thickness of the wall that is in contact with the outside,
k2 (W / (mK)) is the coefficient of thermal conductivity of
the solid material, Q1 (m3 / h) is the flow of cooling water

they are related to the rate of the change of the interior wall
temperature and the water outlet temperature when a
change in the exterior temperature occurs, as will be seen
later.
In steady-state, the temporal derivative that appears in
equations (4) and (5) becomes equal to zero, in such a way
that:
(9)
(10)
and, therefore, the interior temperature of the wall can be
written as a function of the exterior temperature and the
inlet temperature of the water:
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(11)
To find the non-steady-state behavior define the
deviation variable u, which represents the difference
between the value of the variable in the non-steady state
and the value of the variable in the initial steady state, such
that:
(12)
(13)
such that the differential equations (4) and (5) are rewritten
as:
(14)

From this consideration and applying the Laplace
transform the differential equations (14) and (15) are
written as a system of algebraic equations:
(17)
Where
variable

represents the transform of the deviation
. From (17) and combining appropriately we

obtain:
(18)
For a disturbance in the external temperature step jump
type of magnitude B (0C) we obtain:
(19)

(15)
To analyze the dynamic behavior of the system and its
capacity to maintain the interior temperature within a range
of values that guarantee adequate room comfort, the
behavior of the interior temperature of the wall will be
analyzed when there is a change in the outdoor temperature
keeping the flow and temperature of the cooling water
constant, such that:
(16)

Applying the inverse of the Laplace transform and
substituting the deviation variable, we obtain:
(20)
while for a sinusoidal disturbance of amplitude B (0C) and
frequency w equation (18) is written:
(21)
Applying the inverse of the Laplace transform and
substituting the deviation variable:

(22)

Civil Engineering and Architecture 8(4): 450-455, 2020

453

3. Results and Discussion
In previous works [16, 17], models based on the
phenomenological conservation of energy and the equation
of change for temperature (ref bird) have been proposed
and validated, which have allowed the temporal behaviors
of the temperature profiles to be established. Generated on
the walls of the rooms. Following the same reasoning, a
new model was developed that considers the energy
conservation equations in non-stationary systems
considering the average temperature values established in
the different sections of a wall inside which a stream of
cooling water flows aim to maintain the comfort of the
room in markedly hot climates. The main purpose of this
model is to theoretically evaluate the feasibility of
establishing this type of air conditioning system.
In order to analyze the predictions of the mathematical
model, a concrete block wall and a dumped earth wall are
considered, a construction system similar to the wall, with
the analyzed water cooling system. We obtained physical
properties from measurements of both the block walls and
the prototype existing in the FADU UAT of poured earth
and the geometric characteristics of the system, as well as
the required temperature difference on both sides of the
wall, defined as outside temperature minus inside
temperature.

The temporal behavior of the interior wall temperature
that occurs when there is a 10°C increase in the exterior
temperature is shown in Figure 2, while Figure 3 shows the
behavior of the interior wall temperature when the Outside
temperature oscillates sinusoidally with a frequency of
0.261 80 h-1 and an amplitude of 5°C.

Figure 2. The behavior of the interior wall temperature (solid line)
when the exterior temperature increases by 10 degrees (dashed line)

Table 1. Physical properties of materials and geometric characteristics
of the wall
Properties

Masonry

Water

Density kg/m3

1700

1000

Heat Capacity J/kg.K

837

4178

Thermal conductivity W/m.K

0.658

0.615

Interior wall thickness m

0.05

Exterior wall thickness m

0.07

Thickness of the area where the water
flows m

0.04

Wall area m2

8

Inlet water temperature 0C

20

Required temperature difference on the
wall 0C

5

Required interior temperature 0C

25

From equation (11) it is obtained that the required value
of φ is given by:

hence, the required flow value is obtained from equation
(6):

From equations (7) and (8) we obtain:

Figure 3. The behavior of the interior wall temperature (solid line) when
the exterior temperature fluctuates throughout the day (dashed line)

Possible energy consumed
For an approximation of the possible energy consumed,
a tower cooling system was considered, which works by
pumping water in a flow to obtain an internal temperature
of 25°C. The pumping system consumes 400W.h in
continuous work while the global cooling system, for a
similar system, is equivalent to 100W.h. The energy
consumption is obtained directly from the electricity
required for the operation of both types of equipment.
However, it is necessary to consider the costs of creating
the cooling systems.
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While a standard air conditioning system ranges
between $400.00 to USD 1,000.00 depending on the type
and brand, the development of the cooling system will
surely have a higher cost for the piping arrangement used,
as well as the cooling tower to be located in a strategic
section on the roof of the building, however, it may have
higher life systems. Furthermore, the pumping system
could use alternative energy such as solar or wind, which
would also reduce global emissions in energy production.
In future work, it is expected to design the piping system
and the associated costs, considering higher durability than
traditional processes but an accessible cost for the
communities with fewer resources.

4. Conclusions
From the application of the law of conservation of
energy and the application of the principles related to heat
transport, a mathematical model was obtained that allows
predicting the temporal behavior of the interior
temperature of the wall of a room with respect to the
outdoor temperature and the temperature and flow of the
water used in its internal environment and which flow
considering a uniform temperature in order to maintain the
comfort of a room. Although the model has been developed
considering the existence of a climate, hot, extreme in such
a way that the purpose of the water flow is cooling, the
proposed model can be adapted for its application in
low-temperature climates, wherein the interior of the
structure can flow high-temperature water compared to the
outside temperature. In this sense, the model can be used to
consider the most appropriate water flow and temperature
to reduce the costs of this system and compare these with
those related to the use of conventional air conditioning
equipment.
In future work, the external system will be designed that
can maintain the water at temperature.
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