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METHOD OF DETERMINING ERROR IN CALCULATED
PARAMETERS OF COMBUSTION PROCESS RESULTING
FROM ERROR IN THERMODYNAMIC PROPERTILS OF
INDIVIDUAL SUBSTANCES

V. Ye. Alemasov, A. I, Dregalln,
Z. Kn. Gruzdeva, and A, S. Lyashev

Kazan'

Thermodynamic calculation 1s broadly used to determine the
parameters of the combustion process. Error in any parameter of
the process ¢, determined as a result of thermodynamic calculation,

depends on:
a) the mathematical error of the calculation method;

b) error In the original dnta on the fuel (enthalpy and

elementary composition of the fuel);

¢) error froum reference data on properties of individuul
subscances - components of combustion products (enthalpy Ig,

[al

entropy og, and other properties of g-th substance).
Studied in the work is the effect of error from referenceo
data on the properties of individual substances; errors of type

a and b have already been discussed in the literature [1].

In the case of a constant elementary fuel composition (number
of. atoms of the 1-th chemical element 1n a molecule of the fuel

FTD-HT-23-1939-74 1
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L,=:.n3%, 2ny parameter of the combustion process ¢ may ropresend
the function of enthalpy 1 and entropy s of the combustion
prnducts. The enthalpy and entropy in turn are determined by

the composition of the mixture and by the thermodynamic properties
of the individual substances 10 and Sg Consequently, error A¢

which develops as a result of errors in the thermodynamic

properties of the individual substances can, in the final analysis, b
be expressed as AIg and Asg.

The reference book [2] gives the following expressions for
enthalpy Ig, the change in enthalpy (Hg-Hg)o, and entropy Sg of
the g-th substance:

lg-Aqu.r+uw ~HY) g = (1% ~ 11y (1)
(Hy~Hy, =Rt (550) (2)

o p

S: =Roln T;' +RoT (0InQ,/3T),, (3)

where Qq 1s the statistical sum with respect to the states of

0 - the hecat of formation.
293q

the molecules; AH™f

As we see, errors AIg and Asg are determined by the errors
of four quantities, which will henceforth bc conditionally
denoted as: ?

Q oIn Q,
o =0H%ms, oo (Hiy—H})y In TI'-; ( — L )’. (4)

Consequently, the error of parameter ¢ for small error qu

is the linear functioﬁal'for Aw

qk
=X

N (525, e (5)

where quantitiles Aqu are determined by the reference data of [2];
ay - the parameters which determine the form of the combusiion
process.,

To calculate A¢ in the general case we must solve the problem

FTD-HT-23-1939-74 2
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& °f Uirear prepgramming, since ror certain components MU, ave
f expressed throush the enthaipy o Kkey substances, and crprovs
A(Hg-ﬂg) and A(H593-H3) are to a1 ovcertain extent interrelated.

Let us obtain some general ﬁelationships for the derivatives
(a¢/aqu)ai. As we know, the thermodynamlc description of many
processes in clgsed systems is based on the assumption that a
certain function of state ¢ (for example, the enthalpy of the fuel
for isobaric combustion, entropy - for isentropic expansion) does
4 not change during the process. For such cares any parameter of
‘ the combustion products ¢ may be represented by the functions

e=1(p T, wy), }
o dm oy ‘"Qb)~

(6)

After we have equated the total differential functions of
a and B for p and yYy=const we get

k=G @), E5). (7)

On the other hand, if we write the total differential of the
function y(p, T, wq) for p and y=const, we get

oy
() - e ®
.

Thus, for partlal derivatives of the thermodynamic parameters
the rollowing expression 1s valid:

dy ( )”"q
(0:.),,0=(00..)p.1'— 0'0)'.? | (;;) ’ ()
a 9 =y

Let us use formula (9) for the case of isobaric combustion,
described by the equations

Pu = const, }

{, = const (10)

D= 3= LY 3Y="7h 3 i




where the subscript "w" refers to parameters in the combustion

chamber.

A a result we get:

for the temperature of the combustion products ’1‘k
97, S A I
\(7ifLJ" ‘ Mn)»r' (11)

for the molecular welght ot the combustlion products My

T e i U LT o A
( thrgy )p. ] ( gy )r. r 0l (l ”r') ( fagy ),_ r U ( 1. )
f'or the number of moles ot the gq-th substance in the

combustion products

dng —f n o ol on

(=), =), % ), o b )..-,' (13)
where up Is the 1sobaric expansion coefficlent; cp - heat

capaclity at p=const.

The derivatives (81/3qu) ind (auk/aqu) are written as the
result of differentiating known expressions [1]. For example,
'or enthalpy we have

N (20, (),

(=)o s

where MT is the number of moles in the tuel, glving us the
equality of [1]

e o

p=Xa, ,
dinp\ ..i’.'".M.'_ .
(nﬁ.(), h ( [ [N ),

where Mo is' the molecular welght of the fuel; x - any parameter,

(14)

To determine partial derivatives (3 1n nq/aqu)p p and
»
(3 1n MT/aqu)p T We differentiate the system of equations for
]

thermodynamic equilibrium [1] with respect to w_, at p and T=const.

qk

FTD-HT-23-1939-74 4y




A. resull we getl a cloused equation system tor calculating the

v e ¥ ooe i m

lua Y o hln, : o N
( ’)rl \J ( ™y " R’ ‘..R.. N
“ ! -’ hn ain ¥,
\ ‘".'(_g'ol ‘('“‘:— r.t-”‘t'.?.——)'.r- o (i7)

N LI LR o
(L), = .

where § and 6il are the Kronecker symbols; 1| - atomic component ;

Jq
J = molecular component; guantitules “l and H, are determined by
ditrerentiating the logarithm off the equllibrium constant, and

are wlven in Table 1.

Table 1
-
o~ ! . | w0l wd (‘—‘;i).
- . -
TR - = g e
" |-w| W ; -
("E) ' a . an
e
The values of quantity A”kq can be selected on the basis

put iished data. Yor the calcuistlons below the data of [2] were
used along with materials froem the 3rd editlon of this handbook,
which 1s belng prepared.

- o 0 v
We took errors A(AH f293 ) and A(H?gj 0) directly from the
tabulated data of [2]; error 1n Q/N was det¢ rmined from the ratio
Q o
o= n, (19)

where 0: 1s the reduced thermadynamic poten.ial, whose error is
given in [2].

To calculate errors A(3 1n Q/aT)p we used the approximate
estimate recommended in [2]

FTD-HT-23-1939-74 5
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¢
AS) >(2 3)ang,. (20) “}?
;
Consequently, the greatest error equals g
aAingQ A ;
A( or ) RoT ) (21) ¢

The presented method of estimating the errors in parameters

A¢ was used to determine errors ATk and Auk, which arise in
calculating the comtustion process of several fuels. Characteristic

gquantities for relative errors T % and 6uk$ are given in Table 2

" (pressure Py = MN/m y B, exL.ess oxidant ratio).
J
Table 2
Fuel L™ P !rlu % ‘l‘m “
i
Or+Hy 06 13 027 022
%
NOq+ (CHy)oNNH, o8 15 116 037
o+kerosene 08 15 0.14 om
Wher. y=s the glven method can also be ised to estimate errors
in the calculated parameters of lsentroplc 2:xpansion, particularly

to determine error in specific pulse.

BIBLIOGRAPHY

i

1.B E Aneuacos, A O”gporulu.k 1. Tumwu Teopna paxernux asi-

nu.nl M «Mawnnocrpoennes, |
Tepuosnnaunvecxne coohersa lnuluyuuuu seutecrs. Capasownwx. floa pea.

BN rm-o M. Haz-s0 AH CCCP, |

B Ty e

FTD-HT-23-1939-74 6




