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INTRODUCTION 

The application of electronic computers also in the 
fielq of energetics requires increas1ngly corresponding 
software for computer-eided design end optimizetion es well 
es automated operating of plants. According to these ten
dencies, ec1entif1c work for the mechanical placing at 
dispaeal of subetance data for all thermodynamic and thermo
hydraulic modellinge of precesses hed been sterted at the 
beginn1ng of the eeventh1es. 

Th1s paper represents the work1ng situation of 1985 
as a summary and ehows some selected sc1entific results. 
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SP SUBPROGRAMM 

PS programme set 

ASP ECTS OF MODERN PLACING AT OISPOSAL OF 
SUBSTANCE OATA . 

Statements "follow1ng are focussed on the problems of 
energet1cs and by thet on the mostly ueed work1ng flu1ds 
(pure substancee). 

New problems in prepar1ng and mak1ng ava1lable 
thermophye1cal eubetance date have COme out by m1croelec
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tronic9 and the fast availability of all-aize computers 
connected by terminals end long-distance data transmission 
plante: 
- complex placing at disposal of substance date by medium 

end large-size computers: 
- simplified calculation of substance data by small-s1ze 

and microcomputers and microprocessors respectively as 
well as developing of processes for the automated gehe
r~tion of such algorithmus (also for unsteady modellings 
by medium end large-size computers: 

- establishment of data banks and"ettached dialog pro

grammes for substance data by all-size computers:
 

- generation of equilibrium d1agrammes on displays and
 
plotters as working meens:
 

- generation of printable vapour charts.
 
Fig. 1 shows how to reelize these tasks at the
 

Thermodynamics Department.
 

The r modynamic calculat ion 
of proce.slS by electronie 
data proce.sing 

Immediate generation ofProgramme set of materialOevelopment of material 
'-- vapour charts by electronicf-- charakteristics 

data proceuing 
data soft ware for micro
computers 

I I
I 1 
I
I 

\--------..., 
I III ~ 

Data bank system
 
s tote diagram ms by electronie
 
Immediate generation of 

elond
 
data proce5sing
 

Dialog 
proceuingproeeuing 

r 

/
l

/ 
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/ 
CJ L....-r l.-/ 

Display 

Fig. 1 Illustration of research objectives at the 
Thermodynem1c8 Oepertment 
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F1rst of all, the central programme set for plac1ng 
at d1sposal of &ubstance data had beßn des1gned for calcula
ting substance data for tharmodynamic proc8ss calculat10ns 
by large-s1ze computers ( 1,2,3 ). The other work1ng d1rec
t10ns arranged red1ally 1n f1g. 1 have been startad later 
on~ They use computable 1nformat10n by the programme set. 

A SUBSTANCE OATA PROGRAMME SET FOR MEDIUM 
ANO LARGE~SIZE COMPUTERS 
Ae 1t 18 known, the qua11ty of thermodynam1c proce8S 

calculat10ne depend dec1s1vely upon eub8tanoe data ava1lable. 
Tho concopt 0' the ,Mgrscce syotem for cocprehono1ve oub
GtJnco doto coaputot1on lo dotorminod byJ 
- ;lloc1n\J ot dlopo9:l1 o. 9UbGt~nce cotn for tho ooet 1r3

portont >1Or(:1n9 fluide of Gnerr,Jet1cs, 
- coaput.:ltj.on 01 oony therr.JOphys1cal propert1eo ;Jod tllair 

dor1vBt1voo. 
- roal1.:mt:.on 0' 1.Jt:>11cito thorc;odynoc1c !runct1ono ':I1th ':lOV 

;'loim of :ho J1von quont1Cloa J. T .v.o.:'.u ~y !)UUot;:lOca

1ndopendont c~lculat1ono; 

-	 QC1uio1t:1un of' ri1C 1:lttaoot-!>oGo1bla ron~o of Qt:Jto .Jnd 
~lu1d uno 3nd :no-phaoo rOJ1~n~; 

•	 $Olect1on of OQvorol oqunt1one of st:Jto (foroulation) of 
different cocple:c1t'l ond :)roclo~on for t:1Q QOot ioportant 

oubot:.lncoa • 
..	 Juarantoo af thorcodynacic eoneJ.at',ncy bot1."loon funct!.ono 

3nd IJepGcially at 1ntar?haGee. 

WORKING FLUIDS 

At present, work1ng flu1de as shown 1n f1g 2 mey 
be computed. 
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Fig. 2 Working fluids contained in the programme 
set of the Thermodynamice Oepartment at Dresden 
unlvereity of Technology (1985) 

According to manifold application, fiv. formulations 
have been considered for water 88 the mostly used working 
fluid at energetics. Experienc88 wi th dlt"f"ere,nt equatlons 
trom the point of view of thermodyna~lc proc••• calculation 
shows /8/. Furthermore, some refrlgerants end eepecially 
coo11ng fluids tor nuclear reactors end gases for com
buetion computation are available. 
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FUNCTIONS 
The wide range of thermodynamic functions of state, 

transport quant1t1ee and derivatives (see f1g. 3) of the 
programme set results fram requi~ements of different process 
computations at energetics. Espec1ally inverse functions for 
sny given pairs of quantit1se p,T,v,s,h,u are placed at d1s
posal. The drynes8 fraction x contained in relations indi
cates the functional capability of 8ubprogrammes at fluid 
one and two_phase regions. The aubstance data programms set 
may be used in the shape of subprogrammes for each function 
shown in chart 1. Through a characteristic number, the de
sired substance and equstion of stete reapectively may be 
choosen.	 Ps =Ps (T~ J TJ =T) (pl, V~X) 

T =T (p ) A =A (p,T)v~ X ) 
s s s 

(f=a' (T	 )
V =V (p,T, X)	 s s 

P,V,X = P,v,X (T, 5) 
P,V,X= P,V,X (T,h) 

--------  t 

P, X =p, X (T, V) 

T, X =T, X (p,v) 
------  . - I 

5 = 5 (P,T, V : X ) 

h = h (p ,T,V ~ X ) 

c=c(p,T,v~x) 
p P 

Qs =Os (p,T, V·,X) 

( ~) = (lQ.)( p,T,v~x) 
uT v oT v 

(TI-) = (TI) (p,T, V~ X ) 
OV p i)v p 

( ~~) - (~~) (P, T, v~ X ) 

T T 

(h)\ ; (h) (p T v. X ) 
uT (}T' , ) 

v v 

T, V, X=T, V, X ( P, 5 ) 

T, V, X=T,V, X (p, h ) 

p;T",x (V, 5 ) 

p,1:x (5, h ) 
pJ,X (V,U) 

p,T;v,x= p,T,v, X (s,h) 

P,"f,x = 
p,T,x = 
P,l':x = *- There is no nec.••s ity of 

the lnput of v as a given 
auantitv _ . 

Fig. 3 Relations for th.rmodynemic quentiti•• in th., 
.ubetanc. date proOrem~e •• t (1985) 



T
 

C/\LCUr.,.\TION 

,Ul theroodynamic functlone and derivot1eee aro cal
culotod substanco-lndependently by moan. af iteration end 
nuoor1ca! differonti~tion 1n subproorammes af plano IIt. To 

da ~o. lt 18 deported 'roa ~ubGtQnc"op8clf1c 8qu8tione of 
9tOtO 1n reduced shop. (v.S.h. '(p.T) st ena1neerlng 'or
oulot1on and P. s • h " '(T,v) at phyeit0l forr.lulotlon 8t? 
woll ae tho vapour ,reeeure function Pd • PdC/d) 3nd thoir 
darlvotivoo (3.0 'i9. 4, ,Ion. 9). Th10 line 0' Qctlon hae 
proved a 9uccoao becouee 0' t'lIl p0801bll1ty 'or controlling 
the t"8rcodynolJlc aoneiatency 0' cslculoted functlone bet
_8n oach other and eepecially at 1ntorphaooo. 

AG an example. '1g •. 5 eho•• tho internal calcula
tlon 0' the SP TVP5Re 'or funotione p. T, ~ • '(p.s). 

Oepert1ng 'rom the ,ros6UrG Jiven, tho attached 
l1alt cyclo entroplos ero celculntod ~nd cocparod to tho 
~ttnchod ontropy 1n t!lG ph::Jeo test 3t 'trat •.\ftor that. the 

ilctual :::nlcul.:it1one tol(o ;llaco 1n t:19 ane .'lnd t~'1O-pho90 

rog10n. in ~vold inoffactlve and confcund ltor3t1ons. ~l
1or1thr.lo :1Dbo becn 'ivr1tton seporatoly 'or on:jinoor1na ::JJ~d 

;ll1yo1colrornulot::.ong of oquot1on!) ']f ot;Jto (Those 1nto....o 
e8terl ~111 find detal1.d doecrlpt1on 1n /10/). 
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lIj' 0' 

,/ supercnhcol region
log n 

n",l 

superheated vapour' 
n.
"., 

1I;.w :1. ... ......\ " 
subcooled liqUid ---

'\tH ,J:I_-" ~ \ \
Am 

«,
0'" 0" t e" 

phYlical formulatlon technical formulatlon
 
(n,C",t zr n,<J,EI",l)) (X,~t & a ",~, tIn, ",x)]
 

ngiv ntc 

ng1v ! 1 

l3"giv c (J't'
 
~giv » (ft"
 
Ogiv c 1 1\ C!qrvc ~ I
 

1\ ß"Qiv» <!" 

1\ (J'~~~~' 

with "s. It. Ingivl 

• one -dimensional iteration of X' • 15" \5"a 15" <5"ln, ~ I 
I , 1'" s
 

and XI out of n=OI'O's,X) •
 
C ompensation to ngiv
 

• 3'2C5"1~
It'

~'l .1: er'l", ~it,·' 
Onl phase region 

• two - dimensional iteration of 'tlt • ane-dlmensional iteration of "k 
and Xit out of O.nlf,X), out of Satrln,h"tJ,compensation 
compensation to Oliv i (Jaslt ,x J, to t9'giv 

compensatien to f3rj:t1 • "It'" X InlJv' "It I 
Two phase region 

"it·"5In~1 )(It= :':::: ')(ltaX+lCitIX"-X'1 

with 

• X' I X' and <r ', \5" out of the •• 1, l!" out of the test of phaslI 
test of phosp.s • :xI, X' '" X' I 'X" Ingiv' "it I 

Fig. 5 Illustration of test of phse8s ond iterative 
calculDt10n at the example T,v,x • f(p,e) 
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,·tC' 

,:.~ :;'( 1. '.L:.:r:: 'Li:: ·.i\TI~iJ r::jU/\7r:. ~L:i 

;\11 'unctiono of ~h1ch vortobloo da aoe corraopond 

to Jivon quant1tloo of 9torou oquationa of ~t~eo ara colau
L.1tod 1torot:l.vu1'l. ':once. t:~o quoat1on f:.J1'" t~~o uncorll/1nn 
~r1Qe valueo raiaoo. T~10 effect1voneoG of c:llcul\lt1on da

;JCmdo doc101vol'j .Jn t~~o .Jrocis1on 01 ,Jr1::lo valuoo. r-oc- .]11 
tho funct1onol rolot1ono. shown in fi.::;. 1). ~ubot.:ll1Co-lnda

:)Q~1dont oquot1ons 1::lUO boan ;)laced at d1opoeol in /11/ ond 
/13/. :\o;)ro:4.io;Jt1ono oro boood on a ,Jort1cularly :'JO~1 fiod 

Iterate initial equations neededThermodynamic 
functions 0# state On. phase region Wet vapour region Test of phases 

PFPF TF PFTF TF 
- - --,). - ,). (n. )T. =T. (p.) ,). -~. (n.) 

.-- I- . --
-- - -X- X(O,~)v =v I p,T,x! x'-x'ln. ,"'.) 

x--x·(n•. ~.) 

--n -n(",x) -P,X =p,xIT,v) - -
~-~(n,l) ~ - ))en,X) - -T, x ~ T,)( Ip,v ) - -

- -1'1 -/H!t,tS) - -x- X(",O")p,V,X =P,v,x IT,s! 
-n - 1\(1,(.) --P,v, x =P, v, x Ir. h) -X- X('.t) 

~,-1t, (X')~ - !lex,<J)1t. "(l,~) •• -G.(X' )lt. - ~.l~,cs)p,T,x =p,T, x Iv,l! '" -ll.crI'> 
XI-X-{I,CS)" • /Hl,5) ~ ." l'l")"." lX')

p,T,)( =p,T,)( Iv,h) ~ - ~ll,t} ~ - &(X,f.) -a-.·~.(x·)"'. - ~.(~,t)". - '" (X,f) a. - ". (~') 
n - (UX,t) ~. - X'lX,') t ." (X") 1l•• ". (X",
1----

-- - -T, V,)(: T, v,x (P,S) t - t(ß.O") 0' - "tn ,Cf ) 

~ -X(O,.) 
-& -t(n,t) - -T, V,X a T, v,x Ip,n ) --• - '''',L) .X-X(n,') 

--1--- _. - .... ..._-
p,T,v,x a p,T,v,xls,h) t•• ,t. (.,(. ) ". - f(..,~) t - "1G", L) "•• \~.t) &. - ". (~')".-It. (1") 

X'. ~.~,f.)X • X(.,L) 0- n{cr,L) x.'- ~(J") 

"•• a. (CS") &0•• ". (er-) 
1-- X"(cs") 

T0= ..e.. "It:-r. X-::L. PF - physicat } .
P\c k vk . formulatlon

TF - t echnlcal 
(J a s·T\c n 

r,. -p.v s - saturatian curve 
~·v\c k k I _ boilinq curve - dew curve11 

Fig. 6 Prime value iteration equatione 
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1odl.1c(1-t<\10nlJ oquot1on <lud l1near getupe 'or the vopour

;),.ooouro rolation 1n thE) IOD Pd Il./Td-plane. They aro 

tr~nonloo1blo to othor subotancee ~1thQut tllO uoo 0' chort 

dota ond ro~ro90ion. 

IJsr: ar: TI!C ~05T:'tJC[; OATr\ r'ROGRArt lE SET 

.'t ;)rosont. t:~e uso of the prot]roane '~8t for mo

dollings .:JOd opt.~ol=ot1onG of ;)0W8r ;11ant proc8eoee 10 1n 

the fi.!)! :>10C8. T~lO 8101'":10_ locut1on neodod doponde upon 

subotonce dato funct10ne c',llled-in ae rwll 00 9ubotonca8 

to bo cD1culotod: 
:'rfJpert1oo out of t;10 functlon of p aod i· ~ 14 ~ ayta 
1nvereo funct1onos 00 'tO~o 

dor1votlvool S ~ 1yto 
l"fOrf-:1nr; flu1de dopcnd1ng on tlle camplextty 
of tli9 oquotion of ~tnto: 2•••1!3 :~ lJyto 

T':o conputnt:'..on t108 necdod Tor 000 ohoractor1ot1c 
,Joint 10 ,"l100 dotorolnod by tho complexity of tho choonen 
oquot ion 01 ntoto .·~or.tO 901cctod oX01oo1oo r.J1aht !Ja notod 
, -,- ?"")"F' ~p ij) : 
~ ~; . .J ." • 

;Jl"'oport1oo ,]0 CI 7unction of ;) .:Jnd7: :.>2•••.1.:0 ~ 

invol'"oo functlono: Q.OO •••0.2 • 
For the diroct and dal1y uee. 8 dialog lnqulry pro

Jr~Clce 10 ava:L1obl. (storage locat1on of 20 :-: Oyto). 

Gr:.1JE~ATIOf>J OF THERfiODYrtN11C :::QUILIORIUfl 
OIAG~J.\n·m9 

Decouee of the accoDp11ehaent of many loolcal and 
ooaputot1on proceaoo. by faat avot1oble computore, visuol 
work:Lng aeone 88 outl~ne end , ••t diagramme. for thermo
dynam:Lo 001cul&t10n. hevw an 1ncreo8ing eigniftcanoe. II 
heo corno out • necooeary t.ek to generat. them .1th ehe 
maat dlf~erent stolo per3motore end s1eo 1n coordlnet•• 
unu8ual up to now on plotters and 1raphicol ..,nen•• 

DepartSng froll INIfIY progr81D1tOe belng alreedy in 
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existence for thermophysical state parameters, a programme 

system for medium end large-eize computers has been developed 

with using the aubstance dato programme set at Thermodynamics 
Department of the Dresden University of Technology. The 
poasibi1ities are as follows: 

- representation of any quantit1ee in any coordinates with 
different ax1s graduations in closed curveSi 

- substance-independent diagram computation and selective 
representation of several subetances and equations of 
state respectively in one diagram for the purpose of 
comper1soni 

- drawing of any cut-outs end enlargements inclusive one 
and two-phaa6 regions; 

- interpolation of all coordinata valuea only out of 
aupporting values to ba computed 

in the one-phase region in the frame of temparature and
 
preasure (isothermel),
 

in the two-phaae region in the frame of temperature and
 
drynsss fraction (isothermal) ;
 

- production of diagrame for the purpoae of camparisan ae 
well ae roading off with high precision. 

Fig. 7 illuatratae the principle of diagramm gene
ration. 

A detailed description of algorithme contains/9/. 
Fig. 8 represente a photo copy of a h s-diagram of 

watar according to IFC '68 clr~wn by the DIGIGRAF-plotter 
I 12 1 ae part of steam turbine calculation (original size 
100 cm x 80 cm, ball-point pen drewing). 



/f '(
 

~
 

ay 

r 
~" 

external 
storage 

~ 
"',. ,I 

I- 

.'---'" 

external 
storage 

.;>-

-


- IlDA8ERE 
..._--_.- _. 

input- informa tion s
 
r
 

calculatlon of the initial
 
datasetl 

• saturation lines 

• on. - phale - region 

• two-phale- region 
I 
r 

•
 
grading rsp. interpolation 
of dates of isolines 

C>
ZEICH 

inpu t-into rrnation 5 

J 
'T 

produce 0' record 
office 'or drawing 
• coordinate net 

• saturation Unes 

• Isolines 

•	 lettering 
I 

I I	 =t 
drawing producing 
Ioff !ine I 

n
 

--,1 

,, 

staple of cards 

/i input ofthe /
initial datants 

I 

•
 
/,output of the /
 

initial datasets
 

/ }J 
/ input of the /
 

isoline datants
 
I 

Iprogramm system 1 
I of plo tter 

F1g. 7 Pr1nc1ple of comput1ng and autometed draw1ng
of equi11br1um d1agrame 



·W.8~S p8~884J.dns 
~O UOl6sJ lW8J6elP-SI4 8 ~O ~~8d S ·6l= 



/15
 

:} ~~ Pt.!r: !r:c :3UC~~T,VJCE n.\T/\ r;~;t~·JT.'l"IcrJ 'J('J 
i IICROCCtPUTC~~~ 

":0 uoo of )on)onnol conputors ::Jt desion dcp3rtoonto 

and rn1croprocoooorn ~or opor~t1ng oner~y )lonto roqulrae 
ooft~1Oro tor s1oplif1od Qodol11ngs of booie un1Ca and ,ro
COO~oOO 10 0 largo !JC::llo. ~QCOUO. of 11aitod roooources of 
alcrocooputero. on effoct1ve ~lae1ng 3t dlopoeal of 9ub

stoneD doC~ 10 roqu1rod with rospect Co doaando of c~leula
ttan tioe Jrad 9tor~aO loeation. ~QPoclally eho 9~oll akton
9100 of torr.Jo :100 to bo cone:t.c!orod. :Jeo1dco olabor~tln9 

9u1tLlblo :Jnd ~1cplJ.fled ~IIJorlthmD 'or a1crocomputors. re

sooreh ~'lorr: 19 3100 danG t'l1th roOPoct to thoi,. automotod 

genorat1on on laruo-oi;:e eocputor!J by uso of the 9ubetance 
dota ;1rolJrOQCO oot. Th19 ~1Orft 10 focuoood on 3 p,.0lJreamo 

aY9toIJ 00!:1n9 avo11able 91t!p11f1ed al')oM.thCJG for 0 aivon 

"Qn~o of ~t::Jto :Jt roqu1rcd ,roc1010" 3nd ~':l.th quonfltotlve 
conoicar:Jt ::.00 of t!10 thoroodynofJ1c conolotcncv. 

,~lroo tr:lcJ1~~onal)nt:leo of oolution :lro ;>0001010 to 

COi;':puto :Juootonce coCa by o1crocornputor9. j'"'lOy :lro 1!!u
o

~tr:::Jtcd :'n f IJ .:Jnc ~l-i\]uld :'0 d1ocuoool.~ ohort!"Je.:.,,]. 

Methods of 5implified Calculation of the Propertle. of State 

I I 1 
Interpolation out of Polynoms and other Iteration of simple 
see leton tables fune tlons for oll depen equatlons of siate and 

dencies 
I 1_---"
 

Linear in terpolation Spline interpolation 
with transformation with transformation 
of the coordinates of the coordinates 
and calculatlon of and dlfferentation 
difference quotients of polynoms 

I • I 

comblnation wlth apprOlCi

motion equatlons respec
tively 

Eloboratlon of an algorithm Elaboration of a program Progromming of a fast 
tor making ovailoble of system for mok Ing version of the forrrula tlon 
seeleton tables at glven avallable coefflzlents of IFe 1981 In technlcol rlQton 
preclslon polynoms or other fune for personal CO'"9uters 

tlon5 at Q/ven prtelslon 

F1g. 9 Pathee of solution for s1mp11f1ed 8ubetance 
date computetlon by Mlcroco~puter8 



,'1(;;
 

The number of supporting values ejected in the pri 
mary store limits the range of state computable by the first 
method of interpolat10n. BecauBe of carry1ng out all calcu
lat10ns w1th the same support1ng data, thermodynam1c con
e1stency between funct10ns end at 1nterphases 1s well 
guaranteed. On account of s1mple mathemat1cal operat10ns, 
the 1nterpolat10n 18 very su1table to computers. Presum1ng 
the 1nterpolation 1n the primery store, computat10n t1me 
needed for f1nd1ng of one character1st1c p01nt becomes rs
latively shart. A few 8upport1ng values will do tor calcu
lat10ns when adapt1ng the transformat10n of coordinates 1n 
connection w1th sp11ne-interpolat10n to the true thermo
dynam1e behav10r. 

When c8lculat1ng funct10ns of state by s1mple func
t10ne end polynome, the reg10n of state covered 1e lim1ted 
by the max1mum degree of polynome. It results from s1gn1fi
cant numbers n••ded for coeff1cients 8S well 8e the maximum 
number of coeff1c1ents for polynome 1n the pr1mary store. 
The quant1tat1ve cOR81derat10n of the thermodynam1c consi
stency betwean funct10ns and st 1nterphases forme a spec1al 
problem w1th1n th1s path of solution. However, very l1ttle 
computat10n t1me 1s nead.d when us1ng h1gh-performance 
polynoms. 

Referr1ng to the th1rd path, the computable rag ion 
of state depende upon equat10na of state uesd. When detsr
m1n1ng 1mpl1c1te funct10ns 1terat1vely out of equet10ns of 
etate, cons1steney ie eontrollabl. but computat10n t1me 1n
er.sees cona1derably. On the other hand, 8 comb1nat10n of 
equat10na of state and polynoee or interpolations are 
favourable. Th. eltogether long computat10n t1me end re
latively high demanda for storage 10cat10n forb1d the 
d1rect uea at process calculat10ne but they are well 
aufflelent tor substance data banke on personnel computers, 

SUMMARY 

The repreeented ac1ent1flc work for proceseing and 
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maklng avallable of substance data dellver solutlons for
 
medium and lerge-slze computers 8S weIl es mlcrocomputers
 
as follows:
 
- informations programmes for substanca data;
 
- complex placlng at dleposal of eubstance data:
 
- generatlon of s1mplified substance date algorlthms;
 
- ganeratlon of equilibrium diagrammes and printable vapour
 

charts. 
A central problem of present research work 1. glven 

by the automated generatlon of slmplifled algorlthme for 
aubstance data. 
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