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ON APPROXIMATING THERMODYNAMIC

PROPETIES OF INDIVIDUAL SUBSTANCES

单一物质的热力学性能近似计算

Dregalin A. F .
*

* 　Nazyrova R. R. 　 ( Kazan Aviat ion Inst itute)

【ABSTRACT】　A method fo r complex approx imat ion of the thermodynamic functions, such as en-

thalpy , entropy and heat capacity , w ith reg ard fo r the fix ed po ints is presented, w hich has been suc-

cessfully used in approx im ating about 1500 tables w it hin temperatur e range fr om 100 to 20000K .

The r esults o f the thermodynamic calculations of mix ture par ameter s on t he basis of T Dsoft sys-

tem w hich includes the pro gr am approx imat ion Package show high r eliability o f the polynom ials in

solving iter ation pr oblems for computing multicomponent sy stems.

【摘要】　本文介绍针对固定温度点的热力学函数 (如焓、熵、比热) 综合近似计算法。该方法已

成功地用来近似计算温度范围为 100～20000K 的 1500 个热力学函数表。用内含近似计算程序包

的 T D软件系统对混合物参数进行热力计算的结果证明, 该多项式在求解多组元系统计算中迭代

问题时具有很高的可靠性。
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1　Introduction

　　The thermodynamic propert ies of the individual substances are utilized as the informa-

tion basis for simulat ing and computing ther mal pr ocesses in various technical devices. T radi-

tionally , these propert ies are presented in a tabular form . A number o f papers ( including

tho se w ith reference data tables) substant iate the necessity of special polynomials and meth-

ods o f appro ximat ion, and the corresponding studies ar e being curried out . As approx im ation

cr iteria, accuracy and shortness are most ly considered. How ever, along with ever m ore exten-

sive and deepgoing under standing in the f ield of the thermal pow er -plant processes, as w ell as

due to intensive ecolog y invest igat ions and enorm ous capability of m odern computers to pro-

vide a proper data base and storage, on the o rder o f the day has been put a pressing task to

develop a new complex approach to so lut ion of the opt imizat ion problems to evaluate inter-

connect ion and interdependence of param eters on the datum level g ains actuality. To such

kind of this com plex approach w e can r efer the paper [ 1] in w hich the invest igat ion adopted

NASA polynom ials.
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2　A New Complex Approach

　　We car ried out a number of invest igat ions on appr oxim at ing the thermodynamic pr oper-

ties of the individual substances but w ith po lynomials
[ 2]

as follow s

P I ( x ) = a I + a1x + a2x
2 + ⋯ + anx

n ( 1)　

P S ( x ) = aS + 0. 001 + 〔a1 lnx + 2a2x + ⋯ + ( n/ n - 1) anx
n- 1
〕 ( 2)　

P C
p ( x ) = 0. 001( a1 + 2a2x + ⋯ + nanx

n- 1
) ( 3)　

w here I—enthalpy , S—entropy, Cp—heat capacity , x= 0. 001T and T is temperature.

In the meant ime, w e take accuracy and shortness as the approx imat ion criteria. As a r e-

sult o f the appro ximat ion investig at ion, w e come to the conclusion that the com plex approach

is the most rel iable and precise tool for approx imat ing the thermodynamic proper ties of the

individual substances. It is the complex appro ach based on using all the funct ion values that

makes it possible to sm ooth a certain inconsistency o f the assum ed funct ion values and to di-

minish errors caused by the r eference method due to only one funct ion used in the dir ect ap-

proximat ion. In addit ion, the appr oach provides the po ssibility of int roducing f ixed point ( or

po ints) and enables not only to eliminate any discrepances in funct ion values but also to f ix a

po int ( e. g. temperature 298, 15K) as err or reference point .

So, the approx imat ion of the enthalpy I ( T ) , entr opy S ( T ) and thermal capacity Cp

( T ) w ithin the tem perature range T∈[ T 0, T N ] can be carried out with the aid of polynomials
( 1) - ( 3) fo r the f ix ed points T 1 w her e

P I ( x 1 ) = I ( x 1 )　,　PS ( x 1) = S ( T 1 )　,　P C
p
( x 1) = Cp ( T 1)　,　x 1 = 0. 001T 1

( 4)　
and for T 2

P I ( x 2) = I ( T 2)　,　PS ( x 2 ) = S( T 2 )　, 　PC
p ( x 2 ) = Cp ( T 2 )　,　x 2 = 0. 001T 2

( 5)　

then the approx imat ion becomes a problem of f inding the polynomial coeff icients �S0 , �I0 , �1,

⋯, �n
P I ( x ) = �I0P0 ( x ) + �1P 1( x ) + ⋯ + �nP n( x ) ( 6)　

P S ( x ) = �S0P0 ( x ) + 0. 001〔�1P
S
1 ( x ) + ⋯ + �nPS

n ( x )〕 ( 7)　

P C
p

= 0. 001〔�1P
C
p

1 ( x ) + ⋯ + �nP C
p

n ( x )〕 ( 8)　

w here P 0 ( x ) , P1 ( x ) ,⋯, P n ( x ) are the Cheby shov′s polynom ials w hich satisfy the condit ions

P 0( x ) = 1

P1 ( x ) = x + �( 1)
1

P2 ( x ) = x
2 + �( 2)

1 x + �( 2)
2

P3 ( x ) = x
3

+ �( 3 )
1 x

2
+ �( 3)

2 x + �( 3)
3

�
Pn ( x ) = x

n
+ �( n)

1 x
n- 1

+ r
( n)
2 x

n- 2
+ ⋯ + �( n)

n

fo r

�
N

j = 0

g jPK ( x j ) Pm( x j ) =
0, k ≠ m

≠ 0, k = m

g j are the w eight f ract ions of po ints x j .

Po lynomial P C
p ( x ) are def ined as follow s:
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P
Cp ( x ) = dP ( x ) / dx

　　Po lynomials P
S

( x ) are represented in the fo rm:

P
S
( x ) =∫P

C
p ( x ) dlnx

　　The connect ion betw een equations ( 1) - ( 3) and ( 6) - ( 8) is g iven in the form o f r ela-

tions

aI = �I0 + �
n

i= 0
�i�( i)

i 　, 　aS = �S0　,　a1 = �1 + �
n

i= 2
�i�( i)

i- 1　,⋯,　an = �n

As the basis for this method the funct ion minim ization is taken

F = �
N

j= 0
g j {〔I ( x j ) - P I ( x j )〕2 + 〔S( x j ) - P S ( x j )〕2 + 〔cp ( x j ) - PC

p
( x j )〕2}

The set of equat ions of function appr oxim at ion w ithout fix ed point is as follow s:

�F
��I0 = 0　,　

�F
��S0 = 0　,　

�F
��1 = 0　, ⋯,　

�F
��n = 0

—w ith f ix ed point x 1

P I ( x 1) = I x 1　, 　P S ( x 1) = S ( x 1)　,　PCp ( x 1 ) = Cp ( x 1)

�F
��2 = 0　,⋯,　

�F
��n = 0

—w ith f ix ed points x 1 and x 2

P I ( x 1) = I x
1( x 1 )　, 　P S ( x 1) = S ( x 1)　,　PC

p ( x 1 ) = Cp ( x 1)

P I ( x 2) = I x
2
( x 2 )　, 　P S ( x 2) = S ( x 2)　,　PC

p
( x 2 ) = Cp ( x 2)

�F
��5 = 0　,⋯,　

�F
��n = 0

3　Conclnsions

　　We have also carried out a series of invest ig at ions to solv e the problem for qualitative

and quantitat iv e evaluat ion of err ors.

The m ethod developed w as successfully used in appr ox im ating about 1500 tables w ithin

tem perature range fr om 100 to 20000K. The results of the thermodynamic calculat ions o f

mix ture parameters on the basis of TDsof t sy stem w hich includes the pr ogram approx im ation

Package show high rel iability of the po lynomials in so lving iter at ion problems fo r comput ing

mult icom ponent system s.
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