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INTRODUCTION

The application of electronic computers also in the
field of energetics requires increasingly corresponding
software for computer-aided design and optimization as well
as automated operating of plants. According to these ten-
dencies, scientific work for the mechanical placing at
dispasal of substance data for eall thermodynamic and thermo=-
hydraulic modellings of precesses had been started at the
beginning of the seventhies, ,

This paper represents the working situation of 1985
as a summary and shows some selected scientific results.
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SYMBOLS, INDEXES AND ABBREVIATIONS

nomenclature sense
with dimension |dimensionless
n material parameter

pressure
temperature

specific volume
specific entropy

specific enthalpy

specific internal
energy

dryness fraction
specitic heat
capacity

isentropic sonic speed

O X C J®»w < ~0
-6 — 0 QX < o

0
®

dynamic viscosity

» 3

thermal conductivity

e'd surface tension

index sense

k critical state

t triple state

d saturated state

! saturated liquid

] dry saturated vapour

SP SUBPROGRAMM

PS programme set

ASPECTS OF MODERN PLACING AT ODISPOSAL OF
SUBSTANCE DATA

Statements following are focussed on the problems of
energetics and by that on the mostly used working fluids
(pure substances).

New problems in preparing and making available
thermophyeical subetance data have come out by microelec-



tronics and the fast availability of all-size computers

connected by terminals and long=-distance data transmission

plants: ‘

- complex placing at disposal of substance data by medium
and large-size computers; '

- simplified calculation of substance data by small-size
and microcomputers and microprocessors respectively as
well as developing of processes for the automated gehe-
ration of such algorithmus (also for unsteady modellings
by medium and large-size computers;

- @stablishment of data banks and attached dialog pro-
grammes for substance data by all-size computers;

- generation of equilibrium diagrammes on displays and
plotters as working means;

- generation of printable vapour charts.

Fig. 1 shows how to realize thase tasks at the

Thermodynamics Department.

Thermodynamic calculation
of processes by electronic
data processing

Development of material Programme set of material Immediate generation of
data soft ware for micro- charakteristics vapour charts by electronic
computers data processing

T

|

|

1 | m—m———————

| | B ' ‘

i 1 { l
immediate generation of Data bank system
state diograr'nms by electronic Dialog Closed Listing
data processing processing processing

Plotter Listing Listing

Display

Fig. 1 Illustration of research objectives at the
Thermodynamics Oepartment




First of all, the central programme set for placing
at disposal of substance data had been designed for calcula=-
ting esubstance data for thermodynamic process calculations
by large-size computers ( 1,2,3 ). The other working direc-
tions arranged radially in fig. 1 have been started later
on. They use computable information by the programme set.

A SUBSTANCE DATA PROGRAMME SET FOR MEDIUM
AND LARGE-SIZE COMPUTERS

As it is known, the quality of thermodynamic process
calculations depend decisively upon substance data available.
The concopt of the srogrance systea for cooprehonosive sube
atanco datn computation is determinocd LV
= nlacing at dicnosal of subetance cata for tho noat i

portant wori:ing ?luide of anerqgetica:

- computation of cany thernophysical properties and thoir
dorivativeo;

« proalizotion of ionlicite tharwodyneoic functions with anvy
nairas of tho jiven guontities »,T,v,9,03,u by subotance-
indapendant calculotiong;

- anuisition of tie loggoste=poscible rance oF atato and
uid one and two=jnhaac rejiong;

- solection of scaveral oquationg of atoto (foroulation) of
diffarcnt coaplaxity and osrecisian for thio @oet isportant
gubotanceo:

- Juarantoe of tharnodynacic consist:incy batwoon Ffunctions
and gepocially at intorphacese.

WORKING FLUIDS .
At present, working fluids as shown in fig 2 may
be computed.



substance equation of material
state parameter
water IAPS 1984 8
IFC 1968 9
IFC 1987 2
IFC 1967 {techn.region] b
RIVKIN and
KREMENEVSKAJA /4] n
vDI 1963 10
ammonia MARTIN - HOU - equation 20
{ILKA-calculation
R catalodue) 21
R12 Y] 22
R13 . 23
R 22 24
R13 B1 25
R 113 26
R114 27
R 502 ___28
R 12 BAEHR and HICKEN 3
carbondioxide ALTUNIN, IUPAC resp. 5
helium ZEDERBERG 6
sodium PEE /8/ 7
nitrogen unifled state equation 12
helium 171 , 13
oxigen 14
air 15
methane 16
ethgne 17
ethylene 18
15 substances model of the semi
i ideal gas 1

Fig. 2 Warking fluids contained in the programme
set of the Thermodynamice Department at Dresden
" Univereity of Technology (1985)

According to manifold epplication, five formulations
have been considered for water as the mostly ueed working
fluid at energetics. Experiences with different equations
from the point of view of thermodynamic process calculation
shows /8/. Furthermore, some refrigerants and especially '
~cooling fluids for nuclear reactors and gases for com-
buetion compdtation are available.



FUNCTIONS

The wide range of thermodynamic functions of stata,
transport quantities and derivatives (see fig. 3) of the
programme set results from requirements of different process
computations at energetics. Especially inverse functions for
any given pairs of quantities p,T,v,s,h,u are placsd at dis-
posal., The dryness fraction x contained in relations indi-
cates the functional capability of subprogrammes at fluid
one and two-phase regions. The substance data programme set
may be used in the shape of subprogrammes for sach function
shown in chart 1. Through a characteristic number, the de-
sired substance and equation of state respactively may be

choosen,

p, =p, (T,
T, =T, (p)

n=n{plvix]
A=A (pTvix)

v =v(pT,x)
p.x= p,x(T,v
T x=T,x(pyv)

g.=0d, (T )
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O
©
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p(plTl V)x)
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u
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s =slpTv"x)
h = hipT.v¥x)

pv,x= pyvx(T,s)
pvix= pVv,x(T,h)

Tvx= Tv,x(p,s)
Tv,x= T,vx (p,h)

pTx= pTx(v,s)
p,ix= pTx(s,h]

pT,vix)
=<—2—$>\fp,T,v"‘,x)

T
5
~—

oT/.

(%{-)p = (%—)p(p,T, vix )

) - iie
T T

B o

p.Tx= pTx (v,u)

¥ — There is no necessity of
the input of v as a given

pTvx= pTv,xlsh)

quantity

Fig. 3 Relations fdr thermodynamic quantitiit in the.
ougetanco data programme set (1985)



CALCULATION

All thernodynamic functions and derivotigese aro cale
culatod substance=independently by moone of itoration and
nunorical differentiation in subprogramnes of plane IXX. To
do ao, it ie departed froo substonce~specific equations of
state in reduced shape (V,S,h « #(p,T) at enqineering fore
aulation and P, S, h # f(7,v) at physipal fornulation ae
woll as the vapour >ressure function Pd -,Dd(Ta) and theodr
derivativeos (seo fig. 4, nlane 8), This line of action hae
proved a succoso because of t'ie possibility foe controlling
the theroodynamic coneiatoncy of calculated functione bet-
woen goch other and eocpecially at interphanoa.

A an examples, fig. 3 shows the internal calculae
tion of the SP TYPSRE for functione P, [, X = #(p,s),

Departing from the prossure jiven, tho attached
limit cvclo entropios aro celculotod and cocpared to the
attachod antropy in the nhaee test at firot. Aftor that, the
actual calculstions talkke Dlaco in the one and two-phase
rogion. To aveid inoeffective and confound itarationsg, ale
jJorithno haize bHeen writton separately for anjincoring and
ahvysical fornmulations of equations af stato {Those intares
satod 71ll find detatled description in /10/),
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Fig. 4 Part of the substance data programme set.
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physical formulation technical formulation
neoe=n0c¢e(dX) (X.,G'.es‘x,ﬂ',f.(ﬂ,\’,)()]
Test of phases
ﬂqiv.ﬂt - vagpour
nqw 21 — supercritical
Syiv < o, - liquid
Civ * 3, — vapour
Ny <1 A Gy« @' - liquid
A L s" — vapour
A c'sc;iv:e' - wat vapour

with 3 = 9 (ng,)

* one-dimensional iteration of X' * 0',6":0'8" Ny, %)
and X* out of N=N{0, X),
compensation to Ny, .

°e5'=a'(s, ¥ @'=c'(¥ X

One phase region

¢ two -dimensional iteration of @, e one-dimensional iteration of ¥,
and X out of n.nw,xl, out of Gx &N, } compensatidn
compensation to N, ; §=a{¥x], to &4y
compensation to G, . X,,s)?(n?,,ﬂ“)
Two phase region
S, - 6" -
=9, m?'v) W ge-e X" X xy X" X'
with
*YX', X" and 6',6* out of the e 8', 8" out of the test of phases
test of phases * X' X"s x',x-(nwo"l

Fig. 5 Illustration of test of phases and iterative
calcu

lation at the example T,v,x = f(p,s)



IVE IANLULR ITIOATINN EnuAaATIL IS

AL functiong of which variables do not coreagpond
to jivon quantitios of astorad equations of state arc caloue
latod itgeatively, iance, tizo queation for tiho undorlying
aring values raisos. The affactivoness of calculation doe
Jends decisively on the dracision of Hrine valuos. Foe all
tho functional rolationa, shown in fij. 5, subotanco~indge
scaucdont equoations ave been 3laced at digpoeal in /12/ and
/13 /. Approxinations are basod on 3 jarticularly nodifiod

Thermodynamic iterate initial equations needed
tunctions of state [qne phase region |Wet vapour region | Test of phases
PF TF PF TF PF TF
T, =T,(p) - e 3 =9,00,)|%=2n) | — -
v = V(vaix’ X'X(ﬂ,\)) _— Z'-X'(ﬂ..\}.) - - -
X*=146,.0,)
px = p,x{T,v) — N=ndx}| — S — —
T,x = T,x{pyv) T=3(0X) (=0 X) | — — — —
pvxzpv,x(Ts) X=X30)|N=nlde) — — — —
pVv.x=p,v,x{T,h) Y=Xx(3e) (N =n(de)| — o — —
pTx=pT,x [v,s) U= HYO) | = X0) [3=0,0,8) | =0,0x8) |&,=0,(x) |¥,=9,(X)
A = n(x o) | X=x"(X,0) Bg= 0y (X1 | 3= 9, (1)
pTx=p,T,x {vh) V= 20} = BXE) (I, =8 (Xe) | 0= O (X L) (Fy= 0 (x) | § =, (L)
N =nXg) | X" =X*"{XE) 3.-0' (") &..&. (x*)
Twx=Tyvx(ps) [¥=3(00)|&=No) — — — —
X =X|\g)
TvxaTvxiph) |¢=tne)|d=tne)| — — — —
X =X{ne)
. N 4—
PTviX 3 pTuX(Sh) [ =Nae) (8= NHoE) [ =4 08) |8 =0g(88) (Y= (0') [8= 3, (0")
X =X(€e) (N=N(TE) [X"=X"EE) X'=Yx{¢')
. l”- a‘(cl) 0.' ". (c.)
X' - YY)
T v .
n=L ¥ x=L PF - physical :
T v
Py " TF - technical tormulation
Ga ;:':, = pt?v $ -saturation curve
" Kk * - Dboiling curve " -dew curve

Fig. 6 Prime value iteration equations
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Tadlich=itong equation and linear setups for the vopour-
oroosouro rolation in the log Py ! 1[Td-plona. They aro
tranamiooible to othor asubgstancee without tho ueso of chart
data and rogreesion.

Use OF THED SUDSTANCE DATA  PROGRAIRE  SCT

At Jerosent, the use of the progronne -at for moe
dollings and optinizatione of power plant processes 19 in
tiie first nlace. Tho storage location necdod doponds upon
subotance data functions c:lled=in as woll as subetoncos
to be calculatad:

aropoartios out of the function of p and V3 14 % Dyte
invereo functiones G0N 't Oyte
dorivativoo: 5 < dyto

‘worlan; fluids depending on the complexity

of the equation of stato: 2eeel5 X Qyto
Th'o conputation time necdaed for ona charactariatic
y0int 1o algo dotornined by the complexity of the choosen
aquotion af atatc. “ome aelectod axamples night De notod
(70D Y )
Jropertics 2o 2 function of 9 and T3 e i esele d 3
invoroo functiono: NeC8 oseele2 9
For the diroct and daily uee, a dialog inquiry pro-
Jranne 19 avallable (storage location of 20 X Oyte).

GEMERATION OFf TUHERMCOYNAMIC CGCQUILIDRIUN
DIAGRAIMIES

Decause of the accomplishment of many logical and
cooputaotion processos by fast avoiloble computors, visual
working moane 89 outline and test diaogranmee for therwmo-
dynomic calculations have an increoeing eignificence. It
has cowo out a nececsary tagk to gencrate thea with the
moet JifVeront otato paerametars and also in coordinotee
unusual up to now on plotters and gjraphical screens,

Departing fron sany progremmos being alresady in
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existence for thermophysical state parameters, a programme

system for medium and large-size computers has been daveloped
with using the substance data programme set at Thermodynamics
Department of the Dresden University of Technology. The
possibilities are as follows:

- representation of any quantities in any coordinates with
different axis graduations in closed curves;

- substance-independent diagram computation and selective
representation of several substances and equations of
state respectively in one diagram for the purpose of
comparison;

- drawing of any cut-outs and enlargements inclusive one
and two-phase regions;

- interpolation of all coordinate values only out of
supporting values to be computed

in the one=phase region in the frame of temperature and
pressure (isothaermel),

in the two-phase region in the frame of temperature and
dryness fraction (isothermal);

- production of diagrams for the purpose of comparison as
well as reading off with high precision.

Fig. 7 illustrates the principle of diagramm gene-
ration.

A detailed description of algorithms contains /9/.

Fig. 8 represents a photo copy of a h s~diagram of
watar according to IFC '68 drawn by the DIGIGRAF-plottsr
f 12 )} as part of steam turbine calculation (original size
100 cm x 80 cm, ball-point pen drawing).
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input-informations

staple of cards

display
|
calculation of the initial
datasets
o saturation lines
e one -phase- region input of tha
e two- phase- region initial datasets
j|
= !
grading rsp. interpolation output of the
:’:;:;3:‘ of dates of isolines initlal datasets
ZEICH
input of the
input-informations isoline datasets
]
produce of record
office for drawing
[ ] Coordlnd'. n" proqromm system
e saturation lines of plotter
e isolines
e lettering
}
1
[ ] —_
external drawing produci .{ ]
storage L(oﬂlim?) g " f,m""

Fig. 7 Principle of
of equilibrium diagrams

e e e

computing and automated drawing
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SITPLIFICE SUCCTANCE DATA ZTUPUTATICN 30
IIXCRUCLIPUTEND

7o uoce of jersonnel cooputers at design departoents
and aicroprocoossors for operating onergy alaonts roquires
software for gioplifiod modellings of bagic units and Hroe
cooro8 in a large scolae. locouse of lioitod reococources of
picroconputers, an affoctive slacing at diepoeal of aube
gtance data io roquired with rospect to demando of calculae
tion time and storage location. Sspaecially tho gngll oxtone
sion of tarno llae to Lo coneicorod. Jesidcs olaborating
guitabla and sicplified algorithos for oicrocowputors, roe
search =worl: 13 aleo done with respoct to thoidr outomoted
genoration on larqgoe-oize computars by usc of the gsubaetonce
data arogracoo set., Thio workt 19 focusoed on a progranno
ayaton noliing available aicplified algortthoe for a given
ronge of atate at roquired Hrocision and with quantitative
conoicdarat=an of tiic thernodynanic congiotcncy.

Threo traditiconol onthies of gsolution aro poooibla to
corputo substonce datd by nicrocomutors. Thioy aro 1l1lue
atrated in fig. O and asbiould DHe discusocd ohoetdy,

Methods of Simplified Calculation of the Properties of State

interpolation out of Polynoms and other Iteration of simple
sceleton tables functions for all depen- equations of state and
dencies combination with approxi-
r ] mation equations respec-
Linear interpolation Spline interpolation tively

with transformation with transformation
of the coordinates of the coordinates
and calculation of and differentation
difference quotients of polynoms

'} \

'

Eloboration of an algorithm  Elaboration of a program Programming of o fast

for moking available. of system for making version of the formulation
sceleton tables at given avallable coeftizients of IFC 1967 In technicol region
precision polynoms or other func- far personal computers

tions at given precision

Fig. 9 Pathee of solution for esimplified substance
data computation by microcomputers
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The number of supporting velues ejected in the pri-
mary store limits the range of state computable by the first
method of interpolation. Because of carrying out all calcu-
lations with the same supporting data, thermodynamic con=-
eistency between functions and at interphases is well
guaranteed. On account of simple mathematical operations,
the interpolation is very suitable to computers. Presuming
the interpolation in the primery store, computation time
needed for finding of one characteristic point becomes res-
latively short. A few supporting values will do for calcu=
lations when adapting the transformation of coordinates in
connection with spline=-interpolation to the true thermo-
dynamic behavior.

When calculating functions of state by simple func-
tions and polynome, the region of state covered is limited
by the maximum degree of polynoms. It results from signifi-
cant numbers needed for coefficients as well as the maximum
numbar of coefficients for polynoms in the primary store.
The quantitative consideration of the thermodynamic consi-
stency between functions and at interphases forms a special
problem within this path of solution. However, very little
computation time is needed when using high-performance
polynoms,

' Refarring to the third path, the computable ragion
of state depends upon equations of state used. When deter-
mining implicite functions iteratively out of equations of
state, consistency is controllable but computation time in-
creases considerably. On the other hand, a combination of
equations of atate and polynoms or interpolations are
favourable. The altogether long computation time and re=
latively high demands for storage location forbid the
direct uee at process calculations but they are well
sufficient for substance data banks on personnel computers.

SUMMARY

The represented acientific work for proceesing and



making available of substance data deliver solutions for
medium and large-size computers es well as microcomputers

as follows:

- informations programmes for substance data;

complex placing at disposal of substance data;

- generation of simplified substance date algorithms;
generation of equilibrium diagrammes and printable vapour

charts.
A central problem of present research work ie given
by the automated generation of simplified algorithme for
aubstance data.
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