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RUSSIAN AND ENGLISH TRIGONOMETRIC FUNCTIONS 

Russian 

sin 

cos 

tg 

ctg 

sec 

cosec 

sh 

ch 

th 

cth 

sch 

csch 

arc sin 

arc cos 

arc tg 

arc ctg 

arc sec 

arc cosec 

arc sh 

arc ch 

arc th 

arc cth 

arc sch 

arc csch 

English 

sin 

cos 

tan 

cot 

sec 

esc 

slnh 

cosh 

tanh 

coth 

sech 

csch 

sin' 

oos" 

tan' 

cot' 

sec' 

esc' 

slnh 

cosh 

lanh 

coth 

sech 

csch 

rot 

lg 

curl 

log 
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GREEK ALPHABET 

Alpha A a • Nu N V 

Beta B 3 XI ~ t. 
Gamma r Y Omlcron 0 0 

Delta A 6 PI n TT 

Epsilon E e c Rho p P t 

Zcta Z r. Sigma i a < 

Ft a 11 n T a T T 

Theta 0 9 * Upsllon T U 

Iota I i Phi •t V * 

Kappa K H <  « Chi X X 

Lambda A X Psi f * 

Mu M u Ome^a Ü U) 
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METHOD OF DETERMINING ERROR IN CALCULATED 
PARAMETERS OF COMBUSTION PROCESS RESULTING 
FROM ERROR IN THERMODYNAMIC PROPERTIES OF 
INDIVIDUAL SUBSTANCES 

V. Ye. Alern;tsnv, A. K. Dregailn, 
Z. Kn. üruzdeva, and A. S. Lyaühev 

Kazan' 

Thermodynamlc calculation is broadly used to determine the 

parameters of the combustion process. Error in any parameter of 

the process  (j),  determined as a result  of thermodynamic  calculation, 

depends  on: 

a) the mathematical error of the calculation method; 

b) error in the original data on the fuel (enthalpy and 

elementary composition of the fuel); 

c) error frum reference data on properties of individual 

subscances - components of combustion products (enthalpy I , 
0 ^ 

entropy 3 , and other properties of q-th substance). 

Studied in the work Is the effect of error from reference 

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 

or atoms of the i-th chemical element In a molecule of the fuel ' 

PTD-HT-23-1939-7i< 
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r,  = j .r.5t}    any   parameter of the combusiion prooesss «)) may  r«. p'-ciu«!!*. 

the  function of enthalpy  1 and entropy  s of the  combustion 
products.     The enthalpy  and entropy  in  turn are  determined by 

the composition of the mixture and by the thermodynamic properties 
of the Individual  substances 1    ;ind S  .     Consequently, error A^ 

which develops as a result of errors  in  the  thermodynamic 

properties of the individual subatances can,  in  the final analysis, 

be expressed as  AI     and  AS  . q q 

The reference book [2] gives the following expressions for 

enthalpy I , the change in enthalpy (HT-H0) , and entropy S of 

the q-th substance: 

<?, Sl-RdnyL+RJidlnQJdT),, 

where Q    is  the statistical sum with respect   to the states of 
q 0 the molecules;   AH  fpq^    - the heat  of  formation. 

q 

As we see, errors AI and AS are determined by the errors q     q 
of four quantities, which will henceforth be- conditionally 

denoted as: 

(1) 
(2) 

(3) 

V-A«7«..,:  (H^-HV,:    In £:  (^L-); CO 

Consequently,   the error of parameter ((> for small error w 
i , i 

is the linear functional for Aw 
qk 

qk 

A-S$(-^W (5) 

where quantities  Aw ■   are determined by  the  reference data of [2]; 

a.   - the  parameters  which determine  the  form of the combust-lon 
process. 

To  calculate   A(|)  in  the general  case we  must   soivo Iho  problem 

l<'TD-HT-23-1939-7ii 
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'??  llnonr prc^ivimr.lnp;,   slnct»  re!' «.'evtiiln ooiiipoiuMii ;> All ri0, in*«' 

expret^ed through the enthalp.v  •>:, lo'y  tmbr.t aiu'in«,  aiui (,n^M*!•. 
A(IIJ-HQ)  and ACH-g^-H^)   aro lo ■!  certain extent   interrelate.i. 

Let  us obtain  some general  relationships  for the derivatives 

(9(|)/3w . )   ..     As we know,  the thermodynamlc  description of many 

processes In closed systems is based on the assumption that a 

certain function of state i|/  (for example,  the enthalpy of the  fuel 

for isobarlc combustion,  entropy - for Isentroplc expansion)  does 

not  change during the process.    For such cares any parameter of 

the combustion products  ^ may be represented by the functions 

?   HP, '*. ■%»)■ I (6) 

After we have equated the total differential functions of 

a and ß for p and 4)«const we get 

(7) 

On the other hand.   If we write the total differential of the 

function ^(p, T,  w  )  for p and ij;»const, we get 

/ or \    _    Vs h. T (8) 

Thus,  for partial  derivatives of the  tnermodynamic parameters 

the  following expression  is valid: 

\*»,»/,.t     \*»*h.T     \AvVr      lj%\ 
(9) 

Let us use formula (9) for the case of isobarlc combustion, 

described by the equations 

/», = const, \ 
i, = const I (10) 
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where the subscript "K" refers to parameters In the combustion 

chamber. 

AL: a resuJl wo ^el: 

for the temperature of tho combustion products T. 

for the molecular weight of the combustion products uk 

\ •>•••,• ki      \  ,. Irr      f, /. '   ' ' •' l *.„ j ,. r ' 

for the number of moles t.f the q-th substance in the 

combustion products 

where a Is the Isobaric expansion coefficient; c - heat 

capacity at p«const. 

(11) 

(ID 

(13) 

The derivatives (31/3w . ) ind Ou,/3w . ) are written as the qk       k  qk 
result of differentiating known expressions [1].  For example, 

fee enthalpy we have 

(1^) 

where M is the number of moles in the fuel, giving us the 

equality of [Ij 

/»- 1«,. 
(t) In |i \   / i»^n_AI, \ 

it In r /,,  \ i' In r /, 

(l'O 

where p is' the molecular weight of the fuel; x - any parameter. 

To determine partial derivatives (3 In n /3u) . ) m and q  qk p,T 
(3 In M /3u) . ) T we differentiate the system of equations for T   qK p,i 
thermodynamic equilibrium [1] with respect to u . at p and T-const 

KTD-HT-23-1939-7^ 
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1
" "·) &, R, t.. R,: 

·- · r. I .,. \ .-.. f1. I 

\ .. 
.... ., II( .... ,.,.,) t'•'l"''i) ,,..,,,) 
~..., , ~ . . , "• -- -811 ·-- - .. 

- -. r ...... r. , \ • • , . . , , 
,, "· ( ..... ··--~ = o. 
.._. ...... '"· r • ( 18) 

where 6 Jq and 61 1 
a r•e t he 1\ront:',·ker .·ymb ls ~ l - :atomic ~ l,mpllnent ; 

J - lll• lt.•\:u :u• e >~•. onent ; (iU<lut. t t les H1 :u1d H.! at·e ~eterm1tl\' t by 

1.1 ··. · r·er l :jt lrt~ the l o ~ar1ttu ,q· ttw t~qu1111rr·\unl ,· on~tant, :ttht 

' t l' • ·~1 v n 1r 'frtb e I . 

Table 1 

._ I All'l:. "f.-·,: .. JL I r-t~L I • 
•• ~ --j --- • M 

I I 
I • ., -- Ill Ill 

(~),,, I I I • ,. 
~ ' he val e :; u t' qu:1n 1 ty Awk ·au bf: se h :ct ed on the ba ~~ l s " '' 

•1 
p 1.1l i.;hed aata . :.• r • ht: a t· t h tl n::> oelow t.he <iat.a of" [ ? J wer•t• 

. ~ j 'l l •) npr w1 h :rn ~f':" 1 '13 rr~ nJ th ' -' J•i dl : ( I I • !' t hls IJarn.Hh ' •' k, 

wr.1 h 1 ~ be1n· prep~red. 

0 0 0 
toJe to k err rs A(llH r 293 ) and A(H?~j-t-O)q dlr·ectly fr,)m t.he 

q 
t b~lated data of (2] ; error ln Q/N waa det f rmtned rrom the ratlo 

e ,... 
~ .. - = _!,. • • (19) 

where t• 1s the rea~ced thermodynamic poten .lal, whose error ls 
T 

g iven 1n [2]. 

To calc~late errors A(~ ln Q/iT)P we usea the approxlaate 
estimate reco~~ended 1n [ 2] 

FTD-HT-23-1939-74 5 . 
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ASJ»(2  3)^# (20) 

Consequently, the greatest »n-ror equals 

(21) 

The presented method of estimating the errors  in parameters 

A(t was   used to determine errors  AT.   and Auk,  which  arise  in 

calculating the combustion process of several  fuels.     Characteristic 

quantities  for relative errors  5T, ? and 6u^% are given in Table 2 

(pressure p.   - MN/m  , a      - excess oxldant ratio). r rK OK 

Table 2 

Fuel ■« />. «r.. « W « 

OH-H« o.n 15 (W 0.33 

NA+(CH,)^NH, 0.S 15 1.16 037 

Oi+kerosene 0.11 IS o.u o.n 

When ii»"s the given method can also be ised to estimate errors 

In the calculated parameter?-, of isentroplc jxpanslon, particularly 

to determine error In specific pulse. 
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