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Introduction This work objectives

Creation of reduced schemes for pyrolysis of hydrocarbons is
an important problem:

In the gas-phase kinetic experiments, propane pyrolysis was
carried out in laboratory reactors with the reaction mixture
heated by CO, laser irradiation.

* Due to a large number of parameters affecting the yield of
products, investigation of this process is based not only on
experiments but also on numerical modeling of the dynamics
of chemically active gas in a laboratory reactor by means of
the Ansys Fluent software.

*The reduced (compact) kinetic schemes describing the most
essential aspects of the mechanism of a chemical process are
needed for such simulations.

*Development of a procedure for analysing sensitivity of
mathematical models aimed at reducing the kinetic reaction
scheme.

*Construction of a compact kinetic model of gas-phase
propane pyrolysis using the developed procedure that
adequately describes the experimental data on low-
temperature propane pyrolysis (820-980 K).

*Numerical modeling of three-dimensional dynamics of a
gas flow in a reactor in the ANSY'S Fluent software package
using a compact kinetic model.



Mathematical model Sensitivity analysis

The equation describing the reaction of decomposition/
formation of intermediate and final products of the reaction:
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The u i1s inferred from the mass flow rate of the mixture:
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Equations for chemical reactions are presented as:
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The rate constants for reactions were calculated from the
Arrhenius equation:
k = A -(T/298)" -exp(~E, / RT)
Here c; are concentrations of the substances, M is the number of substances, N
is the number of steps, B, are stoichiometric coefficients, o, are negative
elements of B;;, f;; are positive elements of B, w; is the rate at the j step, &, k;
are the rate constants for the forward and reverse reaction, respectively, ¢ is
time, u is the speed of the mixture, L is the distance from the entrance of the

rector to the current point, £, is the activation energy, A, is kinetic parameter, R
1s the universal gas constant, 7 is temperature.
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It is proposed to analyses the sensitivity of the functional
model to variations of the rate constants, where the
functional determines how close the values calculated using
the existing reaction scheme are to those calculated using
the scheme obtained by perturbation of its parameters at

various time points and/or for various temperatures:
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Where ¢!, are the concentrations calculated using the

initial scheme; ¢, are concentrations calculated after
variation (perturbation) of parameters of the scheme.



Kinetic scheme

No cTaaus A E m No craaus A E m
1| C;H; — C,Hye + CH,e 2,78E+18 376,00 | -1,80 | 16| H,+C,Hs — C,H, + He 8,37E+07 | 79,49 | 2,38
2/ C,Hs» — C,H, + He 431E+12 155,00 | 1,19 17| C;H,+H+ — H, +C,Hse 2,61E+08 10,39 | 2,50
3| C,H, + H— C,H.* 4,09E+09 415| 149 | 18/ CH,+H*— H,+C,H 248E+09 | 3534 | 1,50
4| CH +CH, » — CH, + n-CH.* 2,98E+05 2993 | 3,65| 19 n-CHe— CH,+He 1,09E+13 | 149,00 | 0,17
5/ C;Hg+CH, » — CH, + iso-CH.» 5,48E+05 2295| 346 20/ C.H,+He— n-CiH,e 1,30E+10 | 13,64 0,00
6| C.H, +He — H, + n-C;H* 2,55E+09 28,27| 2,54 21/ H,+CH,+— CH, +H- 1,50B+07 | 3642 3,12
7 CHg +He — H, + iso-C;H.* 1,13E+09 18,71 | 2,40 | 22| C,H,+ C,Hy — CH, 9,21E+08 | 19,00 | 0,00
8| n-C;H,» — C,H, + CH,e 1,20E+13 126,00 0,00 | 23| C,H,— CH,+H- 6,40E+12 | 144,20 | 0,00
9 iso-C;H.» — C,H, + He 1,60E+13 150,00 0,00 | 24/ C,H,— C,H,+ C,H,e 2,10E+13 | 149,20 | 0,00
10/ C,H,+CH, « — CH, + C,H,* 9,45E+06 3974 | 3,70 25| C,H — C,H, + CH,e 3,00E+13 | 151,00 | 0,00
11| cH, + C,H;» — C,H,+CH, * 1,28E+07 22,86 | 4,02 26 C,H,— C,Hg + CH,* 1,00E+16 | 305,00 0,00
12/ C.H, + C,H,» — C,H, + n-C;H. 9,70E+05 38,25| 3,65 27| CH,e + CHye — CH, 2,64E+10 0,00 | 0,00
13| C,H, + C,Hy» — C,H, + iso-C,H.» 4,79E+07 36,92 | 3,10 28 C,H. +CH,* — C,H, 1,64E+10 | -0,55 | -0,32
14/ C,H, + C,He — C,H, + C;H.e 1,02E+06 27,77| 3,50 29 C,H,* + CH,» — C,H, 9,56E+11 0,57 | -0,54
15| C,H, + C,Hee — C,H, + n-C,H. e 3 44E+07 83,06 | 3,30 30 C,H. +CH,— C,H, 2,83E+10 0,00 | -0,50




Sensitivity analysis

Decomposition C;Hj S; % formation CH, S; %
C;Hy— C,Hs» + CH;e 48,52 C;Hy+CH;*— CH, + n-C;H,» 97,08
C;Hg+CH; » — CH, + n-C;H 27,00 formation C,H,
C;Hg+CH; » — CH, + iso-C;H 13,50 C,H,— C,H,; + He 100,00
C;Hy +He — H, + iso-C;H 9,56 formation C,Hj

C;H;* + CHy» — C,Hy 100,00
formation C,H, decompositionC,H,
C,Hs» — C,H, + He 63,80 C,H, + H— C,H;* 55,52
n-C;H,» — C,H, +CH;* 13,70 C,H,+CH; » — CH, + C,H;* 37,81
CH,+ C,H;» — C,H,+CH; * 13,20 C,H,+ C,H;» — C,H, 6,67
formation C;H; Decomposition C;Hj
n-C;H,» — C;H, + He 86,48 C;Hy; + Ho— n-C;H,» 83,80
C;Hg+ C;Hys — C;Hy +n-C;H» 7,67 C;Hy+ He — H, +C;Hse 11,07
C,H;» + CH;» — C;H, 3,60 C;H, + C,Hs» — C,H; + C;H,e 5,13
formation H, Decomposition /,
C;Hg +He — H, + n-C;H » 91,97 H, +C;H;» — C;H, + He 56,09
C;Hy+He — H, + iso-C;H 7,88 H,+CH; *— CH,+ H* 43,91
formation C,H, Decomposition C,Hj
C;Hy+ C,Hy» — C,Hy +n-C;H,» 53,29 C,H, + H*— H, +C,H;* 100,00
C;H;,+ C,Hy» — C,Hy+ C;Hse 28,59 formation C,H,

CH,» + CHy» — C,H, 18,12 C,H;» — C,H, + CH,e 100,00



Influence of temperature on food composition Gas flow dynamics

Figure 2 The temperature distribution in the longitudinal section
in the reactor (see online version for colours)

-

fr—

o 970

Propane concentration, %

i Figure 3 The propane mole fraction distribution 1in the

e longitudinal section (see online version for colours)

o
050 g O nTY 100 )
Temperature, K Reactor length, mm Reactor length, mm Temperature, K ' ]
1

W
R

& SR

RS
SR
AR

“ \“ O ? 5 mre 4 The methane mole fraction distribution in the
”’:&‘&NM@ < : longitudinal section (see online version for colours)

e f—

RO
.

e

X
o
=
s
B
=
b}
g 2
S |
[}
=
<
=
ey
=

Temperature, K * Reactor length, mm Temperature, K * Reactor length, mm



Conclusions References

We have developed a procedure for constructing reduced
schemes of chemical reactions predicting the concentrations
and the major yields of reactions with the desired accuracy
and requiring moderate computing resources. The efficiency
of using this procedure was demonstrated for modelling
propane pyrolysis using detailed and reduced schemes.
The reduction of the 157 reactions in the detailed propane
pyrolysis scheme to the 30 reaction scheme was carried out
using this procedure. The reduced kinetic model of
low-temperature pyrolysis of propane is proposed. This
model adequately describes the yield of the reaction
products in the temperature range 820-980 K at
atmospheric pressure. The dynamics of the propane
pyrolysis gas flow was calculated for the laboratory reactor
and taking into account the diffusion processes, thermal
effects of the reaction and other thermal processes in the
reactor using ANSYS Fluent software package including the
newly developed kinetic model.
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