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Abstract

The purpose of this study is to learn more about temperature management, which is the process of
maintaining a region's temperature within a certain range by using various forms of augmentation and
insulation. By being able to extract the equation for both dimensions space and solve using the provided
conditions and ambient temperature, it is possible to compare models that use 2 and 3 system of equations.
By taking a real-life example of thermal coefficient and assumption of ambient temperature that act as a
period, the mathematical modelling for home heating by using Newton’s law of cooling is created by
applying eigenvalue method for both equations. Each final particular equation is being tested and the graph
of 2 and 3 system of equation being compared to find the relationship between ambient temperature and
the temperature inside the house also the raising of temperature when the heater is turned on at certain
degrees. From this research, we can explore the solutions under various heat source operating settings for
different types of houses and select the heating mode that is both comfortable and financially viable.

Keywords Newton’s Law of Cooling; Home heating; Mathematical modeling of home heating
systems; Eigenvalue method of two and three systems.

1. Introduction

Mathematical modeling is a conceptual and specific study surrounding the model that simulates actual
things that we want to discover. The model consists of dependent variables, independent variables and
also the input and output variables. The three important things to bear in mind while modeling are the input
, output and neglected variables[9] as it will affect the efficiency of our model. If the wrong variables are
neglected, the output might not be accurate and the model would be considered as unsuccessful.

We are also familiar with the term ‘heat’ in everyday life. But in fact the term was used inconsistent
with its real definition. What is heat? Heat is a form of energy which can actively move from one place to
another because of the high energy level. Heat transfer in general is in which the internal energy from one
material is transferred to another due to the temperature difference between two conditions. The
transmission of energy through conduction is essentially tied to the interactions of these energy carriers,
with more energetic (high temperature) energy carriers emit energy to less energetic (low temperature)
surfaces [10].

In relation to heat study, Newton's law of cooling which is responsible for the heat transfer theory
founded by Isaac Newton in the 18th century . He had studied different kinds of rigid forms of cooling.
Though Isaac Newton was the first to find out about the cooling law, the Russian scientist was the one who
immensely influenced the modern interpretation of the law of cooling which is why in Russia, the newton’s
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law of cooling is named as Newton-Richmann law of cooling as per the Russian scientist name, Georg
Wilhelm Richmann [2].

2, Understanding derivation of Newton’s Law and theoretical assumptions

Newton's law of cooling is used in daily life even as simple as to find out how much time is needed to cool
down a hot coffee. Therefore, we want to study the application of Newton's law of Cooling in home heating
systems. There are few basic assumptions before we able to further our study on the mathematical
modelling of Newton’s law of cooling First, we need to assume that the house parameters are constant and
each layer is built with homogenous materials so that it would not be a variable for our model later. Next,
we assume that the floor was covered by thermal insulation thus the rate of heat loss is constant and very
few. We also need to make an assumption that there is no other heat sources inside the house like another
heater or we did not switch on the stove during the simulation so that there is no other factor that influence
the model.

Based on the previous research study, they proved that the basic Newton'’s law of cooling can be
solved by using ordinary differential equations method [3]. Seperable equation method is used and to be
continued by using eigenvalue method. This method is familiar with us but the condition given of the model
might not similar with other research study. The model prediction for this study research is to find the
accurate model based on mathematical modelling of two storey house with one heating sources and try to
fit in the house with basement and attic and have two heating sources with assumptions that the heating
source is provide a constant heat source throughout the day.

For two storey house with one heat sources on the ground floor and the area of the house assumed
the model is being created as below:

dx

T =l (T = %)+l 7 = x) + ke (T —x) + £ ()

= —(ky+ky +k3)x +iTy+kyy+ ks T, + f(D) @)

dy
E:kz x=—y)+ky (T, —y)
=kyx+ky Ty — (ky + ky)y (2)

For house with basement and attic with two heat sources located in the basement and on the main living
area and the area of the house assumed the model is being created as below:

g—k1 (T, —x) + ko (T, —y —x) + (1)

dt
= (ky + k)T, — (ky + kp)x —ky, y + f(D)
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dz

E=k4 z=y)+ ks(T, —y)

= —(ky +ks)y +kyz+ ksT,

3. Results and discussion

The transition process is described by the first two terms, which are damped. The third phrase has
to do with heat transfer with the surroundings. The law of the change in ambient temperature was selected
for this equation. The final element in the formula describes how the constant heat source behaves. The
parameter and source power are inversely proportional. The temperature (on the ground floor) rises by
degrees once the heat source operates for an hour.

x(t) _ _ —0.7043t 0.5530
J(6)] = (180712 - 0.1960f, )e [ 1 ]
+
1
_ _ —-0.2677t
(—16.2052 — 1.4193f,)e [0_5534]

+

T

6.5741 + 11.6773 sin (Et) + 4.9516 cos (%t)

1.9627 f,
—1.1481 + 0.6087 sin (E t) + 2.04491 cos ( Et) 1019

The transition process is described by the first two terms, which are damped. The third phrase has to do
with heat transfer with the surroundings which involving the existence of heat sources in the basement and
also the main living floor. The law of the change in ambient temperature was selected for this equation. The
final element in the formula describes how the constant heat source behaves. The parameter and source
power are inversely proportional. The temperature (on the ground floor) rises by degrees once the heat
source operates for an hour.
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Figure 1

Examine the temperature change graphs. When the heater is off, Figure displays the temperature curves

on the lower and higher floors of the home:

It is clear that when the outside temperature rises, the

temperature within the home does so gradually. The temperature on the ground level fluctuates in the

following range due to the inertia of heat transmission.
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Figure 2

Based on the result obtained, the modelling for three systems of equation involving two heat sources
is not being modelled successfully because the value of the temperature inside the house on each floor is
inconsistent and show no relationship between ambient temperature and the temperature inside the house.

Conclusion

To conclude the research finding, the objective of this research is being achieved whereby the equation for
home heating system of two storey house with one heating sources on the ground floor. Unfortunately, the
modelling for a two storey house with attic and two heat sources located at the ground floor and the upper
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floor is not successfully modelled. The model is being tested and the graph outcome from the model is
interpreted well. The relationship between ambient temperature and the temperature inside the house also
being studied and the two model is being compared.
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