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Abstract: Today researches in the field of brick production mostly deal with problem of 
fuel consumption. Average specific fuel consumption in brick production lines is ap-
proximately 2100 kJ per 1kg of the product. Such values are in engineering praxis 
considering as very high. 
Ovens in ceramics industry are optimized according to requested quality of products 
which ought to be made with minimal fuel consumption. This can be successfully 
achieved only if the burners are supplied with sufficient amount of energy and if energy 
of burned materials are connected or included into the process of increasing supplied 
energy thus affect the sintering curve. 
This work is an approach of determination of temperature fields in tunnel kiln for brick 
production.
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Introduction

Uneven distribution of temperature through 
the sections of material layers, starting from 
the bottom then all over to the top of the 
kiln, is a very common occurrence in brick 
production.

Hence, row bricks material at the lower sec-
tions normally stay at lower temperature, 
while upper sections of materials do with 
sharp increasing temperature. Thus the 
temperature curves of raw materials in this 
temperature area show some differences. To 
some extent, equalizing of the temperature 
across the heigh of raw clay might be ade-
quately done by using circulatory equipment. 
As a consequence, relatively significant dif-
ferences in temperature field occur in that 
area, primarily due to the energy set up by 

fuel combustion. Top sections of clay are 
exposed to high temperature level for some 
time. Middle and lower sections are also 
subjected to sharp temperature increasing 
during the heating process. Process opti-
mization described by mathematical model 
should offer reliable proof about parameters 
with strongest influence on desired values. 
Modeling is required for those parameters 
that significantly affect the production proc-
ess. Others should be included by correla-
tions[1-3].

Energy balance mostly consists of flue gas 
energy then, temperature of the product 
at the kiln exit, preheated air temperature, 
maximal temperature of sintering process, 
additional volume of air used as a heat 
transfer medium and possible volume of air 
pull out of the cooling area[4-6]. Heat transfer 
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direction regarding the kilt conveyer direction of movement in tunnel kiln might be of less 
interest then the vertical heat transfer which forms mechanism of heat transfer by a lateral 
convection[7].

Mathematical model

Fuel consumption by unit of a product in brick production considerably affects the price of 
a final product. Hence the final goal of any brick manufacturer is a production by optimal 
fuel consumption and at the same time with required and satisfactory quality of product. 
Thus the different approaches and possibilities of decreasing specific fuel consumption have 
been investigated. 

For mathematical analysis of all significant parameters that affect the fuel consumption in 
tunnel kiln, it is necessary to define temperature field inside kiln. Main heat transportation 
medium in the kiln is fuel gas, so in order to get the relationship that define temperature field 
in kiln, current state and conditions inside it must be taken into consideration[8]. According 
to these conditions appropriate partial differential equation has to be set up. Modified partial 
differential equation that describes heat transfer is as follows[9]:

	                       (1)

where are:
M, 	 mass of the medium,
U, 	 spatial coordinate and time dependent 

function connects physical meaning of 
parameters M, H, and K2, and function 
F(x, y, z, t),

H, 	 heat transfer resistant factor or specific 
force that cause change in velocity of 
field U by time t,

K, 	 specific force that cause change in ac-
celeration of field U by spatial variable 
Fexternal force cause changes in field 
state, and U2∇ , Laplace’s operator.

If M is too small comparing to H, and if field 
U is independent of time t, changing only 
when the spatial coordinates are changing, 

then finally if we assumed that area of inter-
est for consideration is of quadrilateral shape 
and negligible comparing to overall length L 
of tunnel kiln, expression (1) became:

                               (2)

In this case U(x) means temperature and 
can be replaced by abbreviation for absolute 
temperature T(x). Boundary conditions are 
U(0)=u0, U(L)=uL.
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Solution is obtained in three phases.
First, since the U(x) depends only of x coor-
dinate, partial derivation can be expressed as 
a ordinary derivation:

		              (3)

Which means that G(x) function whose sec-
ond derivation is G”(x) have to be found by 
integration as follows:

                     (4)

Second, desire field function U(x) is obtained 
by equation (5):

                              (5)

where A and B are the random constants.
A and B are defined according to boundary 
conditions of field function U(x), that are: 
U(0)=u0, U(l)=uL.

(6)

If upon the temperature field acts external 
force F(x), it cause “echo”, so the tempera-
ture field U(x) has obtained form. Function 
U(x) is echo function of temperature field 
equilibrium (the balance of thermal state 
of the system). Function U(x) is produced 
through the balance of external force F(x) 
and force that causes changes in U(x) field 
only when x variable is changing time 
independent. This working regime is char-
acteristics for many heat aggregates. While 
keeping the temperature during the time, 

thermal aggregate is in state of equilibrium. 
This state became stationary after some time 
of oven heating. To determine real U(x) func-
tion all before mentioned parameters must be 
defined: the length L, then U0 and UL.. 

The most important step is determination of 
parameter K– giving its value followed by 
dimension and unit. H function influence on 
equilibrium state might be negligible since it 
is assumed that U is time independent func-
tion, so it can be written that H = 1. Function 
F(x) depends of heat conducted into the kiln. 
The discretization above aimed to enable 
easier computer modeling and calculation, 
but also form step approximation of function 
F(x). Sense of the discretization is to replace 
all functions F(t,T,x,y,z) which depend of time, 
spatial coordinates and place inside the kiln, 
with set of discrete values.

Equilibrium function

Starting point is assumption that there exists 
a relationship between final product charac-
teristics and factors such as: temperature field 
regime inside the kiln, refractory linings, car-
riage and product. This relationship is very 
complex by its nature (affected by nature 
of factors by itself as well as by number of 
different influencing factors). Manufactur-
ing process essentially is a mechanism that 
realizes mentioned relationships in a way 
that each product is accompanied by values 
of certain campaign for which temperature 
equivalent of heating the chamber, that is ac-
tually fuel consumption per 1 kg of product, 
can be measured.

Temperature equilibrium data has been pre-
sented by measured heating curve (Figure 1) 
from which values of the coordinates x and 
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y were taken: x (distance from starting point 
or enter into the chamber) and y (temperature 
equivalent of the external force). 

From the diagram in Figure 1, 18 points 
with their coordinates have been taken 
and separately presented in Table 1.

External force function is unknown since 
the K value is also unknown. But values of 
the temperature given in Figure 1 might be 
taken as a thermal energy equivalent used 
to obtained force F. Then, external force is 
presented as:

(7)

where is V[i] = ve[i]/(K
2).

Desired function G(x) for which is G(x)=F(x) 
or

.		              (8)
Integration results in: 

G′(x) = V[i]  for de[i] ≤ x ≤de[i+1],  i = 1,2,3....
(9)

And finally:

Gi(x) = ci⋅x + ci, for de[i] ≤ x ≤ de[i+1], i = 1,2,3
                                                               (10)

Function of the temperature field is expressed 
as:

T(x) = Gi(x) + ci1⋅x + ci2, for de[i] ≤ x ≤ de[i+1],   
i = 1,2,3....                                             (11)

Figure 1. Measured heating curve

Table 1. Measuring points and temperatures in the chamber

             Abbreviated as Ti (de[i], ve[i]), i = 1,2,...,18.
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Following conditions must be fulfilled:

T(de[i]) = V[i],          i = 1,2,3....	           						            (12)

and: 

Gi(de[i]) = g(i) = g = g(i+1) = Gi(de[i+1]),           i = 1,2,3.... 				          (13)

And the last step is to obtain values for T(x):

                                                                           (14)

It is clear that T(de[i]) = V[i] i T(de[i+1]) = V[i+1], 	 for i = 1,2,3....

Equation (14) describes the function of tem-
perature equilibrium and thus the tempera-
ture field in a chamber after longer heating 
process.

The way in which temperature field in cham-
ber has been generated, is shown in Figure 2. 
Computer program was developed on Delphi 
3 programming language base at Faculty of 
Metallurgy and Materials Science, Univer-
sity of Zenica.

Results 

For the determination of temperature field 
inside the kiln chamber it is common to use 
term “temperature equivalent of heat“[10]. 
Then, in initial Equation (1) instead of tem-
perature, the heat that can be expressed by 
temperature, mass and specific heat, was 
included. This explain the reasons for usage 
of the temperature as a heat equivalent. Area 
closed by temperature curve and horizontal 
axis (Figure 2) represents the total heat nec-
essary for achieving requested temperature 

Figure 2. Temperature field output - testing case
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inside the kiln. This enables determination 
of temperature equivalents in kiln as well as 
heat capacity. 

The diagram (Figure 2) consists of three 
parts. Third part (Z3) illustrates T(x) function. 
It is clear that this part match completely to 
the curve which is used for determination 
of T(x) function (Figure 1). This verify that 
temperature field inside the kiln can be ob-
tained theoretically. 

First part of the diagram (Z1) represents 
temperature equivalent of the external force 
which is calculating according to expression 
F(x) = T″(x). Finally, the second part of the 

diagram (Z2) shows the rate of temperature 
change T(x) if x coordinate is changing. 
Function G′(x) = T′(x) is also presented on 
this part of diagram. 

Conclusions

In our work presented and discussed math-
ematical model is appropriate for analysis 
and checking of a stationary temperature 
field in brick products and in the furnace. 
Using developed software, it is possible to 
execute a simulation of temperature distri-
bution in furnace during a brick production 
process in real conditions. 
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