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THE METHOD OF DETERMINING THE COMPOSITION
OF HYDROCARBON FUEL BY THE RATIO OF FUEL
AND AIR CONSUMPTION AND TEMPERATURE
OF COMBUSTION PRODUCTS

O.B. Bymenko, B.E. [Jemuoenro, O.1. Bpynemxin. MeTox BH3HAYEHHSI CKJIAAYy BYIJIEBOJHEBOI0 NAJIBLHOIO IO CHiBBiTHOLIEHHIO
BHTPAT MAJLHOTIO i MOBITPsI Ta TeMIepaTypi MPOIYKTIB 3ropaHHs. BUKOPHCTaHHSA eKCTPEMABHUX PETyJIATOPIB Ma€ 3arajJbHUN HENOJIK,
SIKHIl 3aJICKATh BiJl BUIY GKCTPEMAIBHOI XapaKTEPUCTHKH. IIpH HaOMIKEHHI O TOYKM EKCTPEMyMy IPAJi€HT BHMIPIOBAHOIO Iapamerpa 3
HPUHHATO 00YHCITIOBANIBHOIO IIOXHOKOKO 3MEHILYEThCS JI0 HyJlsl. Take BinOyBaeThCs, K [T BUNAIKa BU3HAYCHHS MAKCUMAJIHOI TEMIIEpaTypH
TIpY TOPIHHI, TaK i Ul BUMAJKa BU3HAUYCHHS MaKCHMAIBHOI TEMIIEPATYPH TEIUIOHOCISA. Y psi BUMAIKIB 3'SBISIETHCS MOMIIMBICTH OpraHi3arii
NPOLIECIB YIPABIIIHHSA, SIKI HE MAIOTh EKCTPEMAIBHUX XapaKTEPHCTHK a HOCSATh TUIBKU PO3PAaXyHKOBHI XapakTep o BUMipaM. Mera HayKOBOrO
JIOCTII/PKEHHSI TOJISiTae B PO3pOOLI METOly BU3HAUCHHS CKJIA/ly BYTJIEBOAHEBOIO MAIBHOIO MO CIIBBITHOLICHHIO BUTPAT MaJbHOTO i MOBITPS Ta
TeMIepaTypi MPOAYKTIB 3ropsiHHs. HaykoBa 1 IpakTH4YHa 3HAYYIIOCTI POOOTH MOJSATAE B BH3HAYCHI 3arajbHOTO THITY 3a[adi, SIK 3BOPOTHO
HEKOPEKTHO TIOCTABJICHOI 1 BHUIEHO ii Oinbll By3bKMil Kiac — CKJIaJHa 3ajada iHteprperamnii. Po3po0ieHo meTon 3amoBHEHHs Oi0mioTeKH
PO3B’sA3KaMH HpsIMOl 3aJiavi y BHIVILAI pOOOYOro TPUBHMIPHOIO MacHBy. [l IbOTO 3aIpONOHOBAHO METOJ IEPETBOPEHHS BHXITHHUX JaHHX
NpsIMOI 3a/1a4i B YMCJIO-3TOPTKY sIKe (OPMYEThCS Ha OCHOBI TO3ULIHHOTO MPUHLMITY 3aMKCY JECATKOBUX 4HCeN. MEeToJ0Moril TOCIiPKeHHS
Ga3yeTbcss Ha MeToJi po3B’si3aHHA — Mero[ HeroToHa-Padcona, umcii oOyMOBIIGHOCTI KBajpaTHOI MaTpuii Ta Ha MeToai GiOmioreku Juis
PO3B’si3aHHs 3BOPOTHOI 3aa4i. OCHOBHIM pEe3yJIbTaTOM 3alIPOIIOHOBAHOTO METO/Y [IPH BU3HAYCHHI CKJIAy HAlIMBa UL PO3IISHYTUX PEYOBHH
(MeraH, mpomaH, eTWIOBMH CHHPT) MOXKHA BB)XKaTH OTpUMaHe TOYHE pilleHHS B paMkax Mozeini.llpakTidHa IiHHICTE NPOBEIEHOrO
JIOCII/PKEHHS TOJISiTa€ B TOMY, IO TOKa3aHa BiJCYTHICTh TMOXMOOK, LIO BHOCSTHCA [0 DIllI€HHS aJrOPUTMOM 3alPOIIOHOBAHOTO METO.Y.
PozpaxyHKoBi MOXHOKM OOYMOBIIEHI TIIBKM AWCKPETH3AI[€0 BHXIIHUX NAHUX IIPU PO3B’si3aHi NpsMOI 3ajadi. BH3HAueHO BIUIMB TOYHOCTI
BUMIpPIOBaHb TEXHOJIOTIYHHX NAapaMeTpiB Ha IOXUOKY BU3HAYEHHS CKJIay MaJbHOTO.
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O. Butenko, V. Demidenko, O. Brunetkin. The method of determining the composition of hydrocarbon fuel by the ratio of fuel
and air consumption and temperature of combustion products. The use of extreme regulators has a common disadvantage, which
depends on the type of extreme characteristic. When approaching the extremum point, the gradient of the measured parameter with the
accepted computational error decreases to zero. This happens both for the case of determining the maximum temperature during combustion
and for determining the maximum temperature of the coolant. In some cases, it is possible to organize management processes that do not
have extreme characteristics but are only calculated in nature. The purpose of the scientific study is to develop a method for determining the
composition of hydrocarbon fuel by the ratio of fuel and air consumption and temperature of combustion products. The scientific and
practical significance of the work lies in the definition of the general type of problem, as inversely incorrectly assigned and distinguished its
narrower class - a difficult task of interpretation. The method of filling the library with direct problem solvers in the form of a working three-
dimensional array is developed. For this purpose, we propose a method of converting the output of a direct problem into a convolution
number that is formed on the basis of the positional principle of writing decimal numbers. The research methodology is based on the solution
method (the Newton-Raphson method), the square matrix conditionality, and the library method for solving the inverse problem. The main
result of the proposed method in determining the composition of the fuel allowed for the substances (methane, propane, ethyl alcohol) can be
considered to be the exact solution within the model. The practical value of the study is that it shows that there are no errors that are
contributed to the solution by the algorithm of the proposed method. The calculation errors are only due to the discretization of the source
data when solving a direct problem. The influence of measurement accuracy of technological parameters on the uncertainty of fuel
composition determination is determined.

Keywords: hydrocarbon fuel, combustion, direct problem, library method, number of square matrix conditionality

Introduction

Currently, there is no single method of optimal control of the combustion process of hydrocarbon
gas of unknown composition. This is due to the different uses of the technological product, which is
obtained later. This is combustion for energy purposes, use as petrochemical raw materials, or use of
the resulting product in metallurgical technology.
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Analysis of recent publications and problem statement

The use of any type of extreme controllers has the general disadvantage that depends on the type
of extreme characteristic. When approaching the extremum point, the gradient of the measured param-
eter with the accepted computational error decreases to zero. This happens both for the case of deter-
mining the maximum temperature during combustion [1] and for the case of determining the maxi-
mum temperature of the coolant [2]. A similar property of the gradient of the measured parameter oc-
curs in the case of determining the minimum concentration of carbon monoxide (CO), when the value
of the concentration of oxygen in the flue gases approaches zero [3]. Given the sensitivity threshold
and errors of the measurement and control systems at the extreme point, large errors occur in deter-
mining the magnitude of the search. Measurement channel noise also has a negative effect on the accu-
racy of determining such a value. As a consequence, a maximum measurement error is formed in the
vicinity of the extremum point, which is significantly complicating, and in some cases makes it impos-
sible to use extreme regulators to control the combustion of variable fuel.

You can use gas analyzers to identify components in unknown gas mixtures. In the future, the
identified mixtures are used for combustion for energy purposes or the identified components are used
for transformation in chemical technologies of hydrocarbon gases. In such cases, it is possible to or-
ganize management processes that do not have extreme characteristics. An example would be a non-
oxidizing heating furnace [4] or an organic synthesis reactor.

Existing models and methods for determining the composition of the fuel by the measured con-
sumption of it and the air, as well as by the temperature of the combustion products, set out in [5 - 7]
allow for the excess measurements of fuel consumption, air and the temperature of the flame, to carry
out the correction of the generalized formula of gaseous fuel for compensation for internal and exter-
nal disturbances. This adjustment allows you to find a stable solution for the fuel-air ratio. The pro-
posed method of determining the variable composition of the fuel allows in real time to ensure the ef-
ficient operation of the equipment. The developed model and method of solving the definition of con-
ditional fuel formula is a system of nonlinear algebraic equations. The application of the Newton-
Raphson method to determine the temperature of combustion products with a known fuel composition
gave a similar solution [5 - 7].

The problem is that when approaching the extremum point, the gradient of the measured parameter with the
accepted computational error decreases to zero. This happens both for the case of determining the maximum
temperature during combustion and for determining the maximum temperature of the coolant.

The purpose and objectives of the study

The purpose of this article is to develop a method for determining the composition of a hydrocar-
bon fuel by the ratio of fuel to air flow and the temperature of combustion products without a gradient
of the measured parameter. The steps of solving such a problem were as follows:

— analysis of the possibility of solving the problem of determining the conditional fuel formula;

— the method of filling the library when solving a direct task;

— modeling of technological measurements without errors.

Analysis of the possibility of solving the problem of determining the conditional fuel formula

An attempt was made to apply the Newton-Raphson method to determine the fuel composition by
measured flow and temperature on the basis of the proposed model, but no positive result was ob-
tained. A similar solution for a simpler case of hydrocarbon fuel could not be obtained. In the latter
case, methane (CH,) was considered as the fuel for modeling. Hydrocarbon fuel is selected due to the
coincidence of the composition of the combustion products [5— 7] in comparison with the case of
combustion of oxygen-containing fuel. The difference concerns only the number of determined quanti-
ties and, therefore, the number of equations. So the composition of hydrocarbon fuels is determined
only by two quantities bc and by in the conditional fuel formula CycHye, and oxygen-containing hydro-
carbon fuel — three: be, by, b in the conditional formula C,cHpcOyo. Let us analyze the possible rea-
sons for the instability of the solution.

The solution method used in [5—7] is most commonly used in engineering calculations — the
Newton-Rafson method. In the process of finding the causes of instability, the system of linear equations
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formed during linearization of the original nonlinear system was analyzed in the solution process. The
calculation of the determinant of its principal matrix in all the cases considered gave a finite value. This
shows that the system does not degenerate, that is, it has a solution and the model is correct.

To determine the cause of the instability of numerical search when solving the original nonlinear
system of equations, let us consider the conditionality of the matrix of a linearized system, which
characterizes the sensitivity of its solution to small changes in the coefficients. It was concluded in [8]
that the determinant close to zero of the matrix A (det(A)) indicates its poor conditionality. The value
of the condition of the matrix A (cond(A)) is a much more significant estimate of the solution of the
linear system Ax=Db than the value of det(A), close to zero, or of large order n.

Number of square matrix conditionality:

cond(A) =[A[JA~],

here |A|| and |A-1| are the norms of the original linearized basic matrix of the system of equations

and inverses, respectively.

The number of conditionality of the matrix depends on the choice of norm. But if the matrix is
well conditioned, then its number of conditionality will be small in any choice, and if it is poorly
conditioned, then its number of conditionality will be large in any choice of norm. In practice, the
most widely used 1-norm, 2-norm and co-norm. The co-norm was chosen for the calculations, which
defines as the maximum sum of modules of elements of each of the rows of the matrix:

n

Al = max fas|

1<i<n =1 .

In the calculated embodiment, the number of conditionality is defined as:
cond(A) =[|A[, A,

Essentially, conditionality estimates the proximity of the coefficient matrix A to degeneracy. The
condition number cond(A) is a quantitative estimate of conditionality. Note that always cond(A)>1.
If cond (A)>10°, then matrix A is poorly conditioned. If 1<cond(A)<100, then the matrix is considered
well conditioned.

Two types of hydrocarbon fuel methane (CH,) and oxygen-containing ethanol (C,HsOH) were
considered. For each type of fuel, the solution of the forward and reverse problem was considered.

For the solutions of the direct problem we obtain a stable solution of the original systems of non-
linear equations. At the same time, it was not possible to get a sustainable solution for the variants of
the inverse problem. The value of the conditionality of the matrices for each of the options is shown
in Table 1.

For the considered variants, when solving the direct problem, the values of cond(A) are different,
but the regularities are the same. The number of systems conditionality increases as we approach the
solution. The reason for this is that as we approach the solution, the difference decreases between the
previous approximation and the calculated current value. In this case, the influence of the error of cal-
culation of the coefficients of the matrix of the system of equations, which was linearized, increases.
The considerable value of cond(A) required the application of the lower relaxation coefficient (0.5) at
each iteration to ensure the convergence of the computation process, which made it possible to obtain
adequate solutions [5 - 7].

The situation is different for the inverse problem solution. The previously calculated values of
cond(A) for the initial approximation were very large Table 1.

The large magnitudes of the conditionality numbers explain the lack of convergence of the solu-
tion for the inverse problem. As the calculations for the variants of the direct solution of the problem
have shown, it is necessary to take into account an even larger increase in the values of cond(A) when
iteratively approaching a stable solution.
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Table 1
Comparison of calculations
The conditional numbers of the matrix cond(A)
for two types of hydrocarbon fuels
The type of task being solved by definition CH,4 C,HsOH
initial . initial .
S Solution S Solution
approximation approximation
The temperature of the products of com-
bustion of gases with a known composition 540 1390 73 230

of the fuel in the measured parameters —
the ratio of costs (direct)

The composition of the fuel in the meas-
ured parameters — the ratio of fuel con-
sumption and air, and the temperature of
the combustion products (reverse)

5200 - 110000 -

Based on the above definition of the conditionality of the linearized system of equations, a compar-
ison of two variants of the initial data was carried out, the results of which are presented in Table 1.

The poor conditionality of the linearized systems of equations used in the iterative process of
solving the original systems of nonlinear equations reflects the high sensitivity of the approximations.
The problem can be solved by improving the accuracy of the initial approximations. Moreover, the
greater the value of the number of conditioned matrix, the more accurate should be the initial approx-
imation of certain quantities, which are the partial pressures of combustion products and the number of
atoms of chemical elements in the conditional fuel formula. But the source data to solve this problem
does not allow you to do this. The number of atoms in the process of decoupling may vary, which is
unpredictable. The above calculations are for fuels consisting of no more than three chemical elements
CucHucOpo. Therefore, you must use the library method to solve the inverse problem.

A way to fill a library when solving a direct task

The library is filled with solutions of a direct problem of 6 dimensions. This is the number of at-
oms of the corresponding elements in the gross fuel formula (bc, by, bo, by), the coefficient of excess
air o and the enthalpy of the fuel I..

The size of the interval of each of the six values can be any. For certainty, we take 100, which
will allow you to track the change in each of the values b, by, bo, by, for example, in the range of
0.05...4.95 in increments of 0.05, the values of a — in the range of 0.025...2, 5 in increments of 0.025.
This requires (100)°=10" solutions of the direct problem with fixation of all results, but reduction of
the dimensionality of the problem is possible.

If nitrogen (N) is introduced into the fuel only from the air, then the value of by from the variable
list is excluded and will be quantitatively calculated by the coefficient of excess of oxidant o.. Further,
according to [9], the number of variables in a problem can be reduced by normalizing them. There is
no need to know its gross formula to implement a rational, or more widely controlled, fuel combustion
process. It is enough to determine the ratio of the number of atoms of the chemical elements that make
up it. For example, a process of combustion of ethane passing stoichiometrically can be created, both
on the basis of its complete formula and at the normalized number of atoms:

2C2H6+702:4C02+6 Hzo,
or
4C1H3+702:4C02+6 HZO

The normalization is performed by the number of carbon atoms. In a gross formula, the number
of atoms need not necessarily be integers. In this problem, the number of carbon atoms will be con-
stant and equal to 1. In this case, the gross formula is defined as:

CiH (/) O (o /i) Niow i) OF CrHay Ot Nty - 1)
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As a result, the number of solutions to the direct problem is reduced to (100)*=10° variants. Consid-
er a method of converting the results obtained into a form that is convenient to find solutions based on
technological measurements of combustion products temperature and volumetric fuel and oxidizer costs.

1. Partial volume of calculation results in solving the direct problem are the partial pressures of
gases in the mixture of combustion products. They do not take part in determining the composition of
the source fuel and are not present in the library.

2. By varying dy, do, dy from (1), for each variant of solving a direct problem, a specific fuel
composition is given and the molar stoichiometric ratio of the components y, is calculated. Taking into

account [5—7] x =ayo and y =Vy/V: and the change in the value of the coefficient of excess oxi-
dizer o is converted into a change in the ratio of the measured technological parameters Vo, /V} .

3. For all possible combinations of the initial data \/ox/\/'f (o), dy, do, dy and Iy, which occur
when these quantities are varied, the direct problem of determining the temperature of the combustion
products is solved. In some cases, the ratio of the composition of the fuel to its enthalpy is incompati-
ble from the physical point of view. Such solutions are excluded from consideration.

4. For all existing solutions of a direct problem, the set of output data dy, do, dy and I; are written
in the normalized form example,
dy —d,
dy —d,
were dy — is the number of hydrogen atoms in this implementation of the direct problem;

dl, dy — left and right boundaries of the considered interval of change in the amount of hydro-

gen atoms when solving a direct problem.
In this case, the factor “100” corresponds to the number of steps of changing du. Its value is due

only to the selected range (0...4.95) and step (0.05) of change. As a result dy €[00...99]. Similarly,

do, dn and I, are converted to obtain the corresponding values do, dn and Ty, whose values also

change in the same or similar interval.

The obtained values are combined into a single number “E,” on the
basis of the positional principle of the representation of decimal numbers
by setting the values found to their corresponding digits (Fig. 1). It was N S S
decided to place values in the first two digits for certainty. Although the I dy do dn
order of formation of this number may be any other. As a result, complex-  Eig 1. view and diagram
es are formed in which each pair of values of the results of the solution of of the positional

a direct problem (T and Vi /V¢ ) corresponds to a single number in which  representation of a single
the values of the corresponding output data are collapsed; number of normalized
. s values of the initial data
5. The calculation results (T and VOX/Vf ) are structured as follows.
Max [T", (Vo /Vi )1 and min [T', (Vo /V; )'] values are determined. Their

ranges are broken into several intervals. The number of intervals and, accordingly, the magnitude of
the step of change of each magnitude is determined by the available technological accuracy of measur-

ing the magnitudes (T and \iox/\/f ) in the process of burning the fuel.

6. Using the results of the solution (T and V,, /V} ) of the direct problem and the corresponding ini-
tial data, summarized in a single number “E,”, a three-dimensional array is formed (Fig. 2). Plane T —
Vi /V; s divided into cells with sides:

- A A AT
AT TT ay 2 NN = Vo) @
N M
were N, M is the number of elements (intervals) along the respective axes.

The cell boundaries are determined by the ratios:

dy = -100,

E=[1]2]3]4]5]6[7]8
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T'=T'+AT -(i-1); Tr=T"+AT-i; i<[0,N]. 3
(\/OX/Vf ) :NOX/Vf ) +AV -(j-1);
(Vox V1 )5 = Vox V£ )T + AV - ; je[0,M], (4)

where i, j are the cell numbers along the T and Vi /V} axes respectively
7. Each cell is assigned a vector of dimension L (Fig. 2),

’I’ﬁ 2 the elements of which are the numbers “E,”. The value of the
S - number is determined by the value in the first (highest) cate-
L laa g gory. In this case, the values in the first digits are determined
A A by the value of the enthalpy. Therefore, the vector axis is de-
A “ noted as the enthalpy axis I.. The step of changing the magni-
’/, 11 n . .
:51 ,2] tude of the elements from the vector is determined in the
y 0 ,E;L‘:/ same way (2) as for T or Vi, /Vs :
5 ] View A Ir |l
t - Alt — t — It ,
Ve .
A 4 and the range of enthalpy change corresponding to each of

) ) the elements of the vector is determined from ratios similar to
Fig. 2. Scheme of formation, structured (3) or (4):

working three-dimensional array of | |
“ibrary” on the basis of initial data and (k=N +Alc-(k=21); (I =1f +Al-k; ke[0,L],
results of the solution of the direct

problem were I{, If — the minimum and maximum value of en-

thalpies from the considered range of their changes when
solving a direct problem;

Al — Enthalpy change step; L is the number of elements into which the enthalpy change interval
is considered.

The values of L, M and N are determined taking into account the required accuracy of considera-
tion of the corresponding quantities. Suppose, for example, that in the six considered values N=100

and M=100. In this case, 10 cells are formed on the plane T — V'OX/V'f . In the number of implementa-

tions of the solution of the direct problem, the results of ~10%/10*=10* solutions can correspond to each
of the 10° cells. A similar number of related “E,” solutions are placed in the elements of the corre-
sponding vectors.

8. In the elements of the vector are placed the values “Ey”, which are within their respective
boundaries:

Ec €[(1{)x, (1 )]
Some elements of vectors are unfilled, because not all combinations of fuel composition
(dy, do, dn) can be realized in the considered list of enthalpy values I;. The elements of the vectors

are ordered in ascending order. Therefore, the values of the numbers “E,” within each vector are also
ordered in ascending order. Examples of filling some vectors are shown in Fig. 2 and marked in color.

Thus, based on the solution of direct problems and processing of calculation results, a working
three-dimensional array “library” is formed. Array values can be used to determine the composition of
different fuels. It is important that their gross formula consists of the chemical elements used in form-
ing the working array. However, some elements may be missing. For example, the considered array
can serve as a basis for determining the composition of both oxygen-containing and oxygen-free hy-
drocarbons when they are combusted in the air (taking into account nitrogen) and in oxygen.

Modeling of technological measurements without errors

The proposed method of finding a solution to the inverse problem of interpretation based on the
use of library data was tested for adequacy according to the previously known composition of gases:
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methane (CHy), propane (CsHg) and ethyl alcohol (C,HsOH). For methane, the rational, gross formula
and the given gross formula are the same. For propane, the rational and the gross formulas are the
same. The above gross formula looks like CHgj3 or CH, ). For alcohol, the gross formula and the given
gross formula are C,HgO and CH30y s, respectively. An example of combustion of these substances in
oxygen was considered. This allows you to use the gross formula of the formula to search for fuel
composition:

CHEH OcTo : (5)

This choice for checking the adequacy of the method is due to the following reasons:

—the use of air as an oxidizing agent does not introduce in the process of combustion fundamen-
tal features in comparison with the use of oxygen. The absence of nitrogen makes the method work
test less voluminous;

— the choice of alcohol as fuel is due to the availability of reference data [10] on the process of its
combustion in oxygen (a, T, the composition of combustion products). This provides control over the
reliability of the results of solving a direct problem when forming a working three-dimensional array;

— fulfillment of the requirement of finding the fuel in the gaseous state for alcohol is ensured by
considering the case of finding it in the vapor state and the corresponding enthalpy state.

The initial data of technological measurements were simulated by the results of solving a direct
problem for the corresponding substances. Two variants of the initial data assignment were considered.

1. Simulation of technological measurements without taking into account measurement errors.
The purpose is to verify the operational efficiency of the proposed method. The coincidence or devia-
tion of certain compositions of combustible from the specified will determine the calculated error of
the method.

2. Simulation of technological measurements with the introduced measurement error. The pur-
pose is to evaluate the effect of measurement error on the accuracy of determining the composition of
the fuel.

The option of specifying the output does not affect the order of formation of a working three-
dimensional array. The following ranges of change were made to the original data:

—in (5)

3dy €[0...4.95]: (du)i =Ad(i—-1) Ad=0.05 Vie[l...100],
3do €[0...4.95]: (do)i=Ad(i-1) Ad=0.05 Vie[l...100];
— oxidizer excess coefficient o
Ja.€[0.025...2.5]: o =0.025+Aa(j—1) Aa=0.025 Vje]l...100].
— enthalpy of fuel I;:

(6)

Ellte[—13500...8800]§: (1) =-13500+ Al (i-1) Al =100 Vie[l...224].
g

As a result, the solutions of the direct problem were found to be 2.24 108, For all combinations of
the initial data, the temperatures of combustion products were calculated and the coefficients of excess
oxidizer a relative to the volumetric flow rates of oxidizer and fuel Vi /Vs. were used. ~2.7 GB of
memory. After being converted to binary, the volume is reduced to 1.2 GB.

Further, based on the solution of the direct problem, exact measurements of technological param-
eters (Vy /V} and T;) were simulated. Using the obtained values from the previously formed working
array, the solutions of the inverse problem were determined. The results of the calculations are given
in Table. 2. The third column shows the exact normalized gross formulas of the corresponding sub-
stances with the given values of the quantities of the corresponding atoms. The fourth column shows
similar formulas, but with the calculated values of atoms.
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Table 2
Normalized calculated and accurate gross formulas with given values of the number of atoms
. . Normalized gross formula with | Normalized gross formula with
Rational Normalized .
the exact value of the number of the given number of atoms
formula gross formula
atoms resolved
CH,4 CH,4 CH, CH,
CSHS CH2.67 CH2.67 CH2.67
CZHS(OH) CH3OO.5 CHSOO.S CHSOO.S

The use of the proposed method in determining the composition of the fuel allowed for the sub-
stances (methane, propane, ethyl alcohol) to obtain accurate within the model solution. When deter-
mining the composition of methane in the case of one hundred interval intervals, the number of hydro-
gen atoms found was always 4.

The calculated error can only be due to the degree of discretization of the raw data. In the case of
a reduction of the partition interval by four times, the number of hydrogen atoms was determined tak-
ing into account the calculated error and was in the range [3.95...4.05] for methane. The ambiguity
range in this case is due only to the sampling step (6) of this magnitude in solving the direct problem.
No other calculations were made on this basis.

Conclusions

1. Determined the general type of the problem, as inversely incorrectly assigned and distin-
guished its narrower class — a difficult task of interpretation.

2. The method of filling the library with the solutions of a direct problem in the form of a work-
ing three-dimensional array is developed. For this purpose, a method of converting the initial data of a
direct problem into a convolution number (the number of atoms of chemical elements in the gross
formula and the enthalpy of fuel) is proposed, which is formed on the basis of the positional principle
of writing decimal numbers.

3. The absence of errors that are brought to the decision by the algorithm of the proposed method
is shown. When modeling accurate technological measurements, the calculation errors are only due to
the discretization of the output data when solving a direct problem.

4. The influence of measurement accuracy of technological parameters on the uncertainty of the
fuel composition determination is determined. The magnitude of the error does not exceed the allowa-
ble value for engineering calculations.
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