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Abstract: A method of evaluation of the adiabatic combustion temperature, which allows to consider the
enthalpy internal energy of phase transitions starting materials, reaction products and the full use of the heat
balance equation in a situation where the heat exhibits properties fully differential. The calculation of the
adiabatic combustion temperature of carbon at various partial combustion reaction of the active carbon. It is
shown that the method of calculating the adiabatic temperature, which does not take into account the partial
activity of the components can not be used for reasonably accurate estimates of the thermodynamic parameters
of thermal systems.

Key words: The adiabatic combustion temperature of carbon  Partial activity of the components of the
combustion reaction of carbon.

INTRODUCTION in the change mechanism explosive processes  [2, 3].

The reaction of the combustion of carbon discussed associated  with  spontaneous  increases  or decreases
in detail in the experimental comparison of thermochemical the speed of transformation of matter with a slight change
measurements and thermodynamic  calculations.  Take of parameters of influence on the system.
into account the heterogeneous nature of the surface One of the important parameters of thermodynamic
processes and the conditions of transition from calculation of critical processes is the adiabatic
combustion  in   the  so-called  critical   regime.   These temperature, which is related to the actual output of the
studies are important not only for the qualitative and explosion, burning. Calculations of the adiabatic
quantitative research in the aerospace industry, but also temperature of combustion, explosion - the basis of
to improve and create a modern fire detection system calculations of thermal processes, heat engines and
based on the fundamental studies of the theory of devices. At present the methodological aspects of the
combustion and explosion. calculation of the adiabatic combustion temperature of

Chemical and physical processes that are common carbon not worked enough. 
patterns in the course of time, such as spontaneous
release or absorption of energy. The rate of such Problematic Aspects of the Research: The general
reactions can spontaneously grow for a certain time and theoretical framework and the combustion of carbon
then gradually decreases and fades. Many processes compounds containing carbon, considered in sufficient
occur in the case of minor changes in the system detail. It is shown  that  an  increase  in  combustion  rate
parameters - pressure, temperature and volume. In this of carbon  occurs at temperatures of 1000 - 2000°C [4].
case, it is indicated that the process is in the critical The methods for calculating the carbon burning
regime [1]. In critical conditions often occur oxidation, temperature substances including adiabatic combustion
combustion, phase transitions and almost all the temperature [5-9]. Develop a dynamic mathematical model
explosions. In particular, the role of temperature is shown of the combustion of carbon-containing materials [10].

Thus, we define the critical process as a phenomenon
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Simulation is carried out numerically, composed nonlinear
differential equations. The equations are solved by
Newton's method based on 2-D distribution by drawing
up specific adaptive grids. Simulation combustion modes
depending on the temperature, speed allowed predict
unusual physical phenomenon - filtration burning of
carbon. When changing from one speed and temperature
to the other parameters changed composition of the
products of combustion. Therefore, the temperature
combustion modes are important because they allow you
to carry out thermodynamic calculations of combustion of
carbon. The temperature of burning coal to determine the
conditions of pyrolysis and calculate the yield of
volatiles, which is important for the processing
technology of coal [11]. The calculation of the enthalpy or
internal energy need to consider the algebraic sum of
thermal capacities of the reaction products and starting
materials. This is not mentioned in many textbooks, which
provides estimates of the adiabatic temperature of
combustion, explosion, including, among other things, in
his classic monograph of Zel'dovich and colleagues. [12]

MATERIALS AND METHODS

Typically, the calculations of the adiabatic
combustion temperature is carried out based on the
phenomenological models, which take into account the
parameters of empirical processes [13-14]. Calculated
values ??in models adiabatic combustion temperature, as
a rule, does not correlate with the conditions. As shown
in this study the adiabatic combustion temperature will
depend upon such variables as the partial combustion
reaction active components. Therefore, the calculations
are given in the abstract scheme of combustion without
the partial activities of the components contain significant
errors. The problem is complicated by the fact that, in
practice, to check the adequacy of the proposed methods
of calculation is not possible, so the adiabatic mode of
combustion, explosion - it's an impossible ideal model.

As indicated, based on the theoretical concepts of
critical processes, you can make a variety of algorithms
for calculating the adiabatic temperature, but in terms of
methodology, the problem is not fully developed. This is
due to the fact that the experimentally verify the
calculations is not possible - adiabatic process is not
implemented in practice. It should highlight the main
provisions of calculation methods. Fundamentals of
calculations based on the first law of thermodynamics and
its consequences:

Applying Kirchhoff equation processes, define their
enthalpy or internal energy:

Here, H, U - change in enthalpy, internal energy, J/mol;
C , C  - the isobaric and isochoric heat capacity, J/mol•K;ð v

v - stoichiometric coefficients of the formal scheme of the
process, T - temperature, K.

Since the properties of the complete differential
display enthalpy and internal energy, we construct the
following algorithm to calculate the adiabatic temperature
of the critical process, given that H, H , H , H , H -1 2 3 4

respectively the enthalpy of the process, the raw
materials, phase transitions, chemical reactions, the
reaction products:

dH= dH +dH +dH +dH . (1)1 2 3 4

dU=dU +dU +dU +dU . (2)1 2 3 4

For most critical processes in the adiabatic mode
(dH=0; dU=0) is satisfied: H , H , << H , H ; U , U <<1 2 3 4 1 2

U , U . If you do not take into account the enthalpy3 4

(internal energy) of the starting materials and the phase
transitions, the calculation is simplified H  = - H ; U = -3 4 3

U . In the exact calculations ignore the enthalpy (internal4

energy) phase transitions and the raw materials can not be
applied and the total heat balance equation - the
equations 1 and 2. Typically, a complete heat balance
equation is used at sufficiently low enthalpy of
comparable energy to the phase transitions of combustion
processes.

The Main Part: The paper presents a procedure for
evaluating the critical process that consists of the
following steps.

Drawing up a formal process scheme.
Chemical reaction enthalpy H .3

Drawing up a system of equations with the
equilibrium constant Kp.
Calculation of the adiabatic temperature:
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(1)

Similarly,  you  can  perform  calculations of the
critical process of adiabatic temperature at constant
volume:

(2) combustion temperature by computer

The calculations in the zero approximation using the
ideal gas model is unacceptable, as the temperature
estimates do not provide physical-chemical model that
adequately reflects the process. So, using the value of the
enthalpy of carbon monoxide (IV), the value of isobaric
heat capacity in accordance with the theory of ideal gases
equal to 33.3 J/mol•K, we calculated the value of the
adiabatic combustion temperature (1)

Obviously, it is necessary to take into account the
dissociation of substances, the temperature dependence
of the enthalpy and heat capacity of substances. In the
embodiment of a computer implemented calculation
scheme shown in Fig. 1.

Calculating the number of cycles in accordance with
the calculation algorithm can be significantly reduced by
using the initial conditions close to the adiabatic
temperature of the combustion process (Table 1). Heat
capacity depends on the temperature represented by a
power series:

Here, a, b, c - the coefficients of the power series, Table 1.
In accordance with an algorithm for calculating the

composition formal schemes possible burning substances CONCLUSION
and dissociation of the reaction products:

C + O = CO , the equilibrium constant ( ) K ; (3)2 2 ð 1

C+0,5O = CO, the equilibrium constant ( ) K ; (4)2 ð 2

Fig. 1: The algorithm for calculating the adiabatic

Table 1: Thermodynamic properties of the test substances
The coefficients of 
the power series
------------------------------

Substances ,J/mol K  kJ/mol a b 10 c 10. . 3 . 5

C 8,53 0 17,15 4,27 -8,79
CO 29,15 -110,52 28,41 4,10 -0,46
CO 37,13 -393,51 44,14 9,04 -8,532

O 29,36 0 31,46 3,39 -3,772

CO =CO+0,5O , the equilibrium constant ( ) K. (5)2 2 ð

Dissociation of carbon oxide (II) is neglected in
connection with a minor reaction was at the specified
route.

Take into account the dependence of the equilibrium
constant on temperature is represented by equation [14]:

Combining equations (3-5), we get for the equilibrium
constant K:

Here, a  - activity of reaction component (CO, O , CO ).i 2 2

Thus, for calculation of the adiabatic combustion
temperature of carbon we need solution to the system of
equations (6). Analyzing the equations (6), note that the
calculations   of  the  adiabatic  combustion  temperature
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Fig. 2: Graphic  representation  of  the parameter Y on the content of carbon monoxide (II) for one and five iterations (left)

should be compared with the combustion conditions,
particularly the active components with partial activities
of combustion formal scheme components. Thus, after
burning of one mole of carbon in different volumes
calorimeter system we obtain different values of adiabatic
temperature depending on the equilibrium partial
pressures of oxygen and carbon oxides. This conclusion
is general in nature and should be applied in the
calculation of the adiabatic temperature of all systems that
take into account the dependence of the equilibrium
constant with temperature. The system of equations for
the reaction of carbon combustion has following form:

 (6)

Here, H(CO ), H(CO), C (CO ), C (CO), C (O ) -2 2 2
ð ð ð

carbon oxides respectively enthalpy, heat capacity
substances.

Transforming the system of equations, we introduce
the parameter Y, equal to:

Table 2: Calculated values of the adiabatic combustion temperature of
carbon

Number of Partial The calculated value of 
approximation pressure the adiabatic combustion
(iteration) CO, atm. temperature, K

0 0 12130
1 0,860 3820
2 0,732 3451
3 0,719 3537
4 0,693 3541
5 0,674 3539
6 0,673 3539

Here x - partial pressure of carbon dioxide (II) in a formal
scheme (5), atm.; 1 - the initial partial pressure of carbon
dioxide (IV) with the complete reaction equilibrium shift
towards the formation of CO , atm. 2

Using the condition Y = 0, we define the parameter x
and the adiabatic combustion temperature of carbon. 

Thus, in a first approximation (iteration 1) x = 0,860;
calculated power value of the adiabatic temperature 3820
K, Fig. 2. Compared with the zero-order approximation,
equal to 12130, we note a significant increase in the
accuracy of the calculation, as we get the value of
adiabatic temperature, which has a definite physical
meaning and a more approximate value to the real
conditions of combustion of carbon.

Calculated cycles of the proposed method converge
quickly - it is enough just five iterations to get the
accuracy  of the calculation of adiabatic temperature
within one degree, Table 2. By reducing the pressure (per
CO ) from 1 to 0,1 atm. the equilibrium shifts towards2

complete dissociation of carbon oxide (IV). The partial
pressure of carbon monoxide (II) is 0,0988 atm. The
adiabatic combustion temperature is reduced from 3539 to
2412 K. 
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This example is to evaluate the importance of the REFERENCES
partial activities of the components of the combustion
reaction. Indeed, when the pressure is reduced to 10 times
the adiabatic combustion temperature of carbon
decreased by 1000 K. Thus, methods of calculating the
adiabatic temperature, which does not take into account
the partial activity of the components can not be used for
reasonably accurate estimates of the thermodynamic
parameters of thermal systems. We should also highlight
the benefits of the proposed calculation of the adiabatic
combustion temperature: the algorithm significantly
reduces the time required mathematical calculations,
software algorithm provides a more accurate calculation,
when it does not take into account the dependence of the
enthalpy and internal energy of the temperature, the
proposed algorithm allows to estimate the actual
temperature with the heat loss. Given the heat loss
equations for calculating the actual combustion
temperature is:

Here [alpha] - percentage of heat lost in the combustion
process

CONCLUSIONS

The algorithm for calculating the adiabatic
temperature of a critical process, which consists in
drawing up a formal scheme and solving the system
of equations with the equilibrium constant of the
reaction.
The advantages of the proposed algorithm: reducing
the time-consuming calculations, software algorithm
provides a more accurate calculation.
The proposed algorithm allows to estimate the actual
temperature with the heat loss of combustion
reactions.
It is shown that the method of calculating the
adiabatic temperature, which does not take into
account the partial molar activity of the components
can not be used for reasonably accurate estimates of
the  thermodynamic  parameters  of   thermal
systems.
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