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ABSTRACT: The paper presents the modeling and simulation of heat transfer in ANSYS in a room of a 

house. The house is a three-room apartment located in Resita, Caras-Severin. The room where the heat 

transfer was studied is the coolest room in the apartment. The mathematical model of heat transfer was 

developed and then based on this mathematical model the numerical model with finite elements was 

elaborated, thus making possible the simulation of the thermal transfer in ANSYS. The results obtained can 

help the homeowner in the correct sizing of the heating system.  
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1. INTRODUCTION 
 

The heating of the spaces in which people 

carries out his activities was a necessity of 

his, which led to an evolution of the way in 

which man ensures his comfort using various 

heat sources. 

Heat sources can range from burning solid 

fuels (wood, walls, coke, lignite, coal, 

briquettes, peat), liquids (liquefied petroleum 

gas LPG, oil, diesel) or gaseous (natural gas) 

to thermal water heat, solar energy, electricity 

and the environment (soil). 

The heating of a space can be both local, in 

which each room has its own heating source 

(stoves, terracotta) and central. The central 

heating consists of the heat source, the 

network of pipes through which the thermal 

agent circulates and radiators through which 

the heat is transmitted to the room.  

 

2. PRESENTATION OF THE 

HEATING INSTALLATION 
 

The heating installation is installed in a three-

room apartment, located on the 1st floor of a 

4-storey building, in Reşiţa, Caraş-Severin 

County. 
The apartment where the measurements were 

made has a total area of 77 m2 and a volume of 

approximately 184 m3 [3], and its plan is 

presented in figure 1. 

The table 1 shows the dimensions of each room. 
 

 
Figure 1. Apartment plan 
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Table 1. The dimensions of the spaces in which the measurements were performed 

Room Surface [ ] Volume ] 

Hall 1  5,28 12,67 

Hall 2  3 7,2 

Room 1 20 48 

Room 2 14,76 35,42 

Room 3 14,4 34,56 

Kitchen  11,88 28,51 

Bathroom 1 4,32 10,37 

Bathroom 2 2,69 6,9 

Total 76,25 183,63 
 

For the thermal insulation of the apartment 

was used expanded polystyrene (EPS-

Expanded PolyStyrene) with a thickness of 3 

cm with a computational thermal conductivity 

of 0.04 W / mK and an effective thermal 

conductivity of 0.036W / mK. 

The measurements were performed in room 1, 

which is provided with a PVC door, size 

90/200 cm and with a thermal conductivity of 

0.17 W/mK, and its three outer walls are 

insulated with EPS. 

The apartment has 3 panel radiators and 2 

staircase radiators, made of steel, with a 

thickness of 1.2 mm. 

Room 1, in which the measurements were 

performed, is equipped with a 1600/600/ 

85mm Ferroli steel radiator (Figure 2). 
 

 
Figure 2. Panel type radiator by 1600/600/85 [mm] dimensions 

 

In room 2 and room 3, two panel radiators 

1400/600/85 were used. 

In bathroom 1 and bathroom 2 and in the 

kitchen another type of radiator was used, due 

to the smaller space, namely stair radiators of 

different sizes 600X1000 and 500X1200 

respectively. 

For the thermal installation were used in total, 

both for the flow and for the return, 

approximately 29 meters of copper pipe and 

41 elbows, distributed in the 6 rooms of the 

house. 

The Westen Quasar 24 F thermal power plant 

was used to build the thermal installation. 

 

3. MODELING THE THERMAL 

FIELD OF THE THERMAL 

AGENT-RADIATOR-AIR SYSTEM 
 

The continuous mathematical model is elaborated 

and then the one with finite elements of the 

thermal agent - radiator - air system, summarized 

below. 

 

3.1. Continuous mathematical model of the 

thermal field for the thermal agent - 

radiator - air system 
 

The radiator is considered to be the surface S, 

and in this a certain point P, located in space 

through the position vector r , defined with 

respect to the origin O, of a coordinate system 

(figure 3). 

It is admitted that, in general, in the radiator 

there is an increase of its internal energy, 

through an irreversible transformation of a 

certain form of energy. It is said that in that 

area heat develops (releases), and that area is 

called a source (source) of heat [1]. 
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For the local characterization of a heat source, 

at each point of it is defined the heat 

developed in the unit of time, in a volume 

element around that point, which is called the 

volume density of the heat generation rate, or 

density of volume of heat flow developed, 

however, in this paper we will use the name 

specific calorific value [5]. 

 

 
Figure 3. Orientation of the P point in the Cartesian coordinate system 

 

So, if we note by qd the specific calorific 

value from a certain moment t, at a certain 

point P, then the heat developed in an 

infinitely small time dt, in a volume element 

dV around the point P, is an infinite small, 

second order, noted by d2Qd, given by the 

relation:          

                                    

dtdVqQd dd =2                               (1) 

 

For the thermal agent - radiator - air system, it 

is considered that the heat source is only the 

radiator. 

By thermal field of the radiator is meant the 

scalar field, which, in general, is of the form 

T=T(t, r ), where T is the temperature from a 

certain moment t, and from a certain point P. 

Due to the existence of temperature 

differences, in the thermal agent - radiator - 

air system there is an energy exchange in the 

form of heat. 

If we note by qS the density of heat flux 

transferred from a certain point P of the 

radiator surface, then the heat transferred in 

the infinitely small time interval dt, by a 

surface element dS, around P, is a small 

infinity of the order two, denoted by d2QS, 

and is given by the relation: 

                                             

dtdSqQd sS =2
                                        (2) 

 

However, at each moment t, qS depends both 

on the position of the point P on S and on the 

spatial orientation of S, namely qS=qS(t, nr, ), 

where it was noted n  by the versus of the 

normal taken in P to S. 

As a result, qS does not depend only on the 

difference between the temperature T in P and 

that in the neighboring points of P, namely qS 

is not an exclusive local feature of heat 

transfer in P. 

Define the heat flux density vector, from time 

t and point P, noted by q , namely ( )rtqq ,= . 

It is shown [1] that: 

                                                  

nqqS =                                                 (3) 

 

where the + sign is taken if n  it is oriented in 

the direction of heat transfer through S, and 

the reverse direction otherwise. 

As the radiator is a closed surface, n  it is 

oriented towards the outside of the volume 

bounded by it and is called the slope of the 

outer normal to the surface S. 

In conclusion, if the vector q  is known, from 

relation (3) qS can be determined; respectively 

the heat transmitted through the radiator in 

any time interval can be determined. 

For this reason, the study of heat transfer aims 

to determine the vector field ( )rtqq ,= . 

For this purpose, certain laws are used, 

specific to each mode of heat transfer. 

In the case of heat transfer by thermal 

conduction [1], Fourier's law is used, which, 

mathematically, is written as: 

                                     

TqgradTq −=−=  ;                          (4) 

 

where  is called the thermal conductivity of 
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the environment at point P. 

In the case of an isotropic and homogeneous 

environment,  is a local characteristic of that 

environment, and does not depend on the 

direction considered [3]. 

In the case of a homogeneous but anisotropic 

medium, T depends on the chosen direction, 

and the vector q  decomposes after three 

directions passing through P, which depends 

on the degree of anisotropy. 

If the medium is allowed to be orthotropic, 

the three directions are mutually 

perpendicular [5].  

If they are chosen as the x, y, z axes of a 

Cartesian coordinate system, then: 
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T
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−=                  (5) 

 

where kji ,, are the versors of the axes, and 

x, y, z, are the thermal conductivities of the 

environment along the three axes. 

Imposing the boundary conditions, by solving 

the equations of the model the field T=T(t, r ), 

is determined, from which it can be calculated 

n

T




 in point S, and according to the relations 

can be found . 

Finally, for the continuous 

mathematical model of the thermal field for 

the thermal agent - radiator - air system, the 

relation was reached: 
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                            (6) 

 

where:  is the main unknown quantity, 

namely the temperature; S represents the 

volume density of the sources, which is 

known for each equation and c, k are material 

quantities, namely: c is the product between 

density and specific heat, and k is the thermal 

conductivity. 

 

3.2. Mathematical model with finite 

elements for the thermal agent - radiator - 

air system 

 

For the elaboration of the mathematical model 

with finite elements, the continuous 

mathematical model was considered (6) 

where it was considered that all quantities are 

variable both in space and in time: 
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The S function is a function that depends on 

the boundary surface. 

This requires that each size be discretized 

with finite elements, both in time and space 

[4]. 

First, a discretization with finite elements in 

space is perform [2], assuming that the 

respective quantity remains constant in time, 

equal to its value from a certain moment t. 

The mathematical model with finite 

elements for the thermal field is obtained: 
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4. SIMULATION OF HEAT 

TRANSFER IN THE RADIATOR 

LOCATED IN THE COOLEST 

ROOM OF THE APARTMENT 
 

Based on the measurements performed in the 

coolest room of the apartment, room C1, the 

heat transfer is simulated in the ANSYS 

modeling and simulation program [6]. 

The measurements were performed during 6 

months, starting with November until April, 

in two time intervals 6: 00-8: 00 and 18: 00-

20: 00, the plant having a starting temperature 

of 30oC to 80oC, the average water 

temperature in the radiator being 50oC [3]. 

A digital thermometer was used for the 

measurements, at a room temperature of 20.5 

oC - 21 oC, after a time of 15 minutes after 

starting the boiler. The thermometer has two 

functions through which it is possible to 

measure simultaneously both the outside 

temperature, with the help of a cable 

positioned outside the apartment, and the 

temperature inside the apartment. 

The room where the measurements were 

perform has four side walls (figure 4, a, b, c): 
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1) The first wall, with a length of 240 cm, 

connects with the outside and has a window 

measuring 100X100 cm; 

2) The second wall, with a length of 5 meters, 

has the staircase outside; 

3) The 3rd wall, with a length of 4 meters, has 

the staircase outside; 

4) The 4th wall, with a length of 4 meters, 

connects with hall 1 of the apartment and has 

an interior PVC door with dimensions 90/200 

cm. 

The first three walls are insulated with 

expanded polystyrene (EPS-Expanded 

PolyStyrene) with a thickness of 3 cm. 

 

 

 

 

  

                    a)                                            b)                                                      c) 

Figure 4. The room where the measurements were perform 

a) Dimensioning of room 1 in which the measurements were performed; b) Positioning of room 1 in 

the apartment as well as the flow and return of the pipes to the radiator; c) Adjacent room 1 with the 

other spaces 

 

The geometric model consists of three areas, 

namely: radiator, the area of the air that 

constitutes the room and the area of infinite 

elements, which is also formed by air, and 

represents the exterior of the house. 

The geometric model of the three areas is 

presented in figure 5. 

Measured temperatures [3] that are used in the 

simulation presented in table 2.

 
Figure 5. The geometric model of the three area 

 

Table 2 Measured temperatures that are used in the simulation 

 

 

 

 

Month 

Temperature IN (oC) Temperature OUT (oC) 

Morning temperature Evening temperature Morning 

tempe-

rature 

Evening 

tempe-

rature 

T pipe T at 10 

cm from 
the pipe 

T 

radiator 

T at 10 

cm from 
the 

radiator 

T pipe T at 10 

cm from 
the pipe 

T 

radiator 

T at 10 

cm from 
the 

radiator 

November 31,2 25,6 40,2 34 28,1 22 41,1 28,9 4.3 1 

December 34,3 28,9 42,3 36,4 35,5 28,7 46,1 39,7 -1.2 -6 

January 39,9 32,2 49,8 42 40,1 32 52,2 43,7 -12.1 -17 
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These temperatures are the most 

representative of the months in which the 

temperature was monitored. 

In the simulation, the coldest month was 

considered, respectively January. 

Following the simulations, in January results 

were obtained for the temperature variation as 

well as for the thermal flow (figure 6).

  

         a)       b)   

Figure 6. Simulation results for January 

a) Temperature variation; b) Thermal flux 

 

CONCLUSION 
 

Based on the dimensions of the apartment, 

respectively of the room, the type of 

insulation used, the installed central heating, 

as well as the dimensioning and 

characteristics of the radiators and pipes used 

in each room, the temperature of the radiator, 

pipes, room and outdoor environment was 

monitored. 

The continuous mathematical model and the 

numerical model with finite elements of the 

thermal transfer were elaborated. This 

mathematical model with finite elements was 

customized for the case studied by imposing 

boundary and boundary conditions. The 

elaboration of the mathematical model with 

finite elements of the thermal transfer makes 

possible its simulation in the ANSYS 

modeling and simulation program. 

Following the simulations in the ANSYS 

finite element modeling and simulation 

program and based on the temperatures 

measured in the months of interest, it is 

observed that: 

- the maximum temperature is in the radiator 

area, respectively in the room where it is 

positioned; 

- the thermal flow is directly proportional to 

the temperature; 

- the results obtained are approximate with 

those measured; 
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