




C.ALCULATION OF PROPERTIES OF STEAM 
FROM THE N .  E .  L. STEAM TBLES 

E .  J. Lee 

ABSTRACT 

A s e t  of FORTW f inc t ion  subroutines has been wr i t ten  

for  ca lcu la t ion  of t h e  spec i f i c  volume and enthalpy of steam 

i n  t he  region, 35OoC.  - 800'~. temperature and 1-1000 bars  

pressure.  

and thermal conductivity.  

Routines have also been wr i t ten  for  t h e  v i scos i ty  
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INTRODUCTION 

The bas ic  reference for t h i s  repor t  i s  t h e  N .  E .  L .  

S t e m  Tables'where t h e  following equation of s t a t e  f i t t e d  t o  

experimental values f o r  the region, 35O0C. - 800°C. &qd 1-1000 

bars ,  i s  given: 

m n  

where p = densi ty  i n  g/cm 3 , 

P = pressure i n  bars ,  

0 T temperature i n  K, 

H = gas constant = 4.6152 bar  em /g°K, 3 

3 
p m a x  = maximum densi ty  = O.'qC!839 g/cm , 
T max = maximum temperature = 1178.15°K, 

Y' min = m i n i m u m  temperature = lC68.15OK, 

t he  a a re  the  coe f f i c i en t s  f o r  t he  l e a s t  squares f i t  t o  
r s  

3- 
equation (1) and T .  (u )  denotes t h e  jth degree sh i f t ed  Chebyshev 

polynomial i n  u. 
J 

iDepartment of S c i e n t i f i c  and Indus t r i a l  Research, National 
Engineering Laboratory, Stem Tables l961+, prepared by R.  W .  B a i n ;  
Her Majesty's  Stat ionery Office,  Edinburgh (1964). 
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1 
For the  enthalpy, there  i s  given i n  t he  Steam Tables the  

der ivat ion of t h e  equation : 

r=o s=o 

where h = enthalpy i n  J/g,  

* * 
R, T ,  T (x) and T (y)  aye as i n  (1) and 

ho zero pressure enthalpy 

= 1809.25 + 1.48286 T + 3.79025 x T2 -t 46.174 Ln T .  

The Steam Tables contain other  equations for t he  c a l c u l a t i o n '  

of t h e  sa tura t ion  pressure,  v i scos i ty  and thermal conductivity which 

a re  su i t ab le  for d i r e c t  evaluation as they stand. Routines have been 

provided f o r  these but no d e t a i l s  w i l l  be  given herein other  than a 

descr ipt ion of input and output.  

a re  a l l  f'unction type subroutines and common statements have been 

avoided. Input and output values a re  i n  appropriate engineering 

u n i t s .  

The rout ines  provided f o r  t h e  user 

METHODS OF CALCULATION 

a .  Specif ic  volume from temperature and pressure 

We use Newton's method t o  solve (1) for p . 
( 3 )  

2 

we take po = P/RT and i t e r a t e  

Le t t ing  f ( p )  = RT p W(p) -+ RTp - P, 

= Pi - f h  5 p i ) / f ' b i )  u n t i l  
P ii-1 
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aqproximated by ( f ( p .  + 6) - f ( p i  - 6))/26 
1 

- 11 
where 6 = 10 

by Vs = l / p  . 
x p i .  The spec i f ic  volume, Vs, i s  then given 

b .  Enthalpy from temperature and pressure.  From ( 2 )  t he  enthalpy 

i s :  h = h -t- RTU(p)  (4) 
0 

p i s  found as i n  a. above and subs t i tu ted  i n  ( " 1 )  t o  give the  

enthalpy, h .  

c .  Pressure from ttmperature and enthalpy. IJsing Newton's iiiethod 

t o  solve ( 2 )  f o r  0, l e t  f ( p )  = h - h - R W ( p )  ( 5 )  0 

with p = 0.01 and i t e r a t e  as i n  a.  above. Solving (1) for 
0 

t he  pressure then gives P = RTp' W(p) + RTp. 

d .  Temperature from enthalpy and pressure 

The methnd of interval-halving i s  used t o  solve ( 2 )  fo r  T .  

We take T = T -t 6 where 6 = 0 . 5  * (1073.15 - T c )  and 

T E saturat ion temperature evaluated by Newton's method 

applied t o  t h e  saturat ion l i n e  equations given i n  t h e  Stearn 

0 C 0 0 

C 

Tables, p .  3, and i t e r a t e  on f ( T i )  = h - h (T i )  - RI"LJ(Ti, ~ ( 2 ~ ) )  

i+l - Ti+l * 'i-tl with 8i+l = 0.5 ++ 

p ( T .  ) i s  obtained as described i n  a. above. 

0 

- u n t i l  I f ( T i ) /  < 0.0001. a d  T 

1. 
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FUNCTION SUBPROGRAMS 

I n  t h e  following T = temperature i n  0 F. and P = pressure 

2 
i n  lbs / in  

a. SV(T, 
3 SV = spec i f i c  volume i n  f t  / lb .  

b .  ENTH(T, P)  

ENTH = enthalpy i n  Btu/lb. 

C .  ENTR(T, ENTH) 

2 
ENTR = pressure i n  l b s / in  . 

d. ENTM ( ENTH , P ) 
0 

ENTM = temperature i n  F. 

e .  VISC(T, P)  

VISC = v i scos i ty  i n  micropoises. 

f .  TCON(T, P )  

TCON = thermal. conductivity i n  m i l l i w a t t s / m  OK. 

I n  a .  through d.  t h e  return argument i s  s e t  t o  0.0 i f  t he  

pressure exceeds t h e  sa tura t ion  pressure . In  e .  and f .  t h e  return 

argument i s  s e t  t o  0.0 i f  t h e  temperature < 100°C or pressure 

< 1 bar .  

The sh i f t ed  Chebyshev polynomials are  defined by 
* * 

To(u) = 1, T ( u )  = 2 u-1 and t h e  recursion r e l a t ion ,  
1 .* * * * 

j+l  ( u )  = 2T1(u) Tj (u )  - T j-1 (u), j * 1 ( 7 )  

They were computed by numericd recursion from (7 ) .  
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The Steam Tables give t h e  values of t h e  a . The b 
rs rs 

were computed from t h e  a using t h e  r e l a t ion  derived i n  the  

Ste.mi Tables, p .  19. 
rs 

A ch2ck of t he  rout ines  disclosed t h a t  they a re  general ly  

accurate Lo about 1:lOOO except near the sa tura t ion  l i n e  where the  

accuracy i s  about 1:100. It was found Lhat t h e  r e s u l t s  were of 

similar accuracy f o r  temperatures < 3>OoC., i. e . ,  when extrapolat ing 

beyond t h e  region over which t h e  a 

a re  l i s t e d  i n  Table I .  

were f i t .  The ars and b 
rs rs 
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TABLE I 

350-500 DEG C a 
rs 

-2.933857 -3.560472 -0.752570 -0.355238 4 . 1 7 f 6 1 8  -0.088253 -0.023708 -0.002024 
2,178508 1.646874 0.257244 -0.286577 -0.191781 -0.118835 -0.020660 0.0 

..ea.410626 -0.712020 - ~ . i 2 1 8 6 0  0.067088 0.080874 0.014949 0.0 0.0 

0.027044 -0.C46842 -0.028628 -0.032120 -0.006524 0.0 0.0 0.0 

0.102056 0.134922 0.052882 0.007107 0.0 0 .o 0.0 0.0 

-0.026332 -0.049185 -0.008993 0.0 0.0 0.0 0.0 0.0 
0.002725 0.001175 0.0 0.0 0.0 0 .o 0.0 0.0 

-.557699 
-.517544 

.028821 

-.012767 
.002373 
,002571 

-.000760 

.000055 

-. 6941 54 
-.701325 
-.019969 
-.014584 

.000893 

-.001221 

.000024 

. o o m o  

brs 

-. 3 3 5840 
-.411388 
-.066270 

.006493 
-.001177 

.001343 
-,000212 

0 

-. 191 929 
-.260457 -. O 5 6070 

.010977 
-.001280 

.000201 

0 

0 

350-500 DEG 
-.093314 -.035759 -. 132506 -.Ob8392 
-.033804 -,011927 

.005157 .000706 
-.00023 1 0 

0 0 

0 0 
0 0 

C 
-.007474 
-.008937 
-.001464 

0 
0 

0 
0 
0 

-. 000574 
-.000574 

0 .  
0 
0 
0 
0 
0 

500-800 DEG C 
-2.684145 -3.110441 -0.406137 -0.143284 -0.063656 -0.048549 -0.012639 -0.000698 

1.571884 0.553618 4.584342 -0.801473 -0.454050 -0.215289 -0.047550 -0.003221 

a rs 

-0.410626 -0 .712020 -0.121860 0.067088 0.080874 0.014949 0.0 0 .o 
0.027044 -0.046842 -0.028628 -0.032120 -0.006524 0.0 0.0 0 .o 
0.102056 0.134922 0.052882 0.007107 0.0 0.0 0.0 0 .o 

-0.026332 -0.049185 -0.008993 0.0 0.0 0 .o 0.0 0.0 
0.002725 0.001 175 0.0 0 .o 0.0 0 .O 0.0 0.0 

-. 32 1 009 -. 381 747 -. 07207 2. 

-.012767 
.002 37 3 
.002571 

.000055 

- . o w 7  60 

-.261421 
-.452753 -. 202 1 30 

-.014584 
.000893 
.003030 

-.001221 

.000024 

brs 

-.019557 
-,230511 
-.201676 

.006493 
-.001177 

.001343 
-.000212 

0 

-.002 1 32 -. 1521 0 2  

-.1 3751 2 

.010977 
-.001280 

.000201 

0 
0 

500-800 DEG C 

-.007125 -.006168 m.001326 
-,083838 -.031804 -.005620 
-.07 1 32 5 -. 024930 -.004294 

.005i 57 .000706 0 

-.000231 0 0 

0. 0 '  0 
0 0 0 

0 0 0 

-.000055 
-.000312 

-. 0002 57 
0 

0 
0 
0 
0 
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APPEMO I X 

SUBPROGRAM L I S T  (FORTRAN 63) 

FUMGTION S V ( T . P )  
DATA(RMX=I .4116518), ( T  1==776.83228) ,  ( T  l X = 0 . 6 5 9 3 6 6 1 9 ) ,  (c1p4.6152) 
T P a O . 5 5 5 T 5 5 S b q ( T - 3 2 . 0 ) + ~ 7 3 . 1 5  $ P P = P / 1 4 . 5 0 3 8  
IF(PP.GT.PCRIT(TP)) 7 , i  

1 RX=MA=PP/(G*TPJ $OW=0.0001*RX $TTmT I /TP-T I X  $W;CEBAA(TT)  
DO 5 1=1 . 20  $W=CEBAB (RMX*RX) $RP=RX+DR 

F=R X*R X"W+R X-t7 A $F P=R P*R P*WP+R P-R A $ F k R  M*RM*WM+R M-R A 
DEL=2.0*DRfF/(FP-FM) $RX=RX-DEL $ I F ( A B S F ( D E L / R X )  . L T . l . O E - 4 ) 6 , 5  

WP-CEBAB (RMX*RP) $RM..RX-DR $W+CCEBAB (RMX*RM) 

5 CONTINUE 
6 S V = 0 . 0 1 6 o 1 8 5 / R X  

R E W R B  
7 sv-0.0 

RETbRN 
END S V  

FUNCTION ENTH(T.P)  
DATA(RMX=I . 4 1 1 6 5 1 8 ) ,  ( T  1 - 7 7 6 . 8 j 2 2 8 ) .  ( T  I X = 0 . 6 5 9 3 6 6 1 9 ) ,  ( G ~ 4 . 6 1 5 2 )  
TP~0.55555556*(T-32 .0)+279.15  $PP=P/14. SO38 
IF  (PP.GT. PCR I T ( T P )  1 7.1 

E NTH=G*TF*W+( 1 809.25+1.48286*TP+TP*TP*3.79025E-04+46.174*LOGF TP) 
ENTH-0.429923*ENTH 
RETURN 

7 E N T t C 0 . O  
RETkRM 
END ENTM 

1 TT=TI/TP-TIX $ $R-SGP(TP.PP) $W=CEBB(RMX*R.TT) 

FUNCTION ENTR(T,ENTH) 
DAIA(KMXD1 . 4 1 1 6 5 1 8 ) .  ( T  1 - 7 7 6 . 8 3 2 2 8 ) .  ( T  lx=0.65936619), ( G e 4 . 6 1 5 2 )  
TPSO . 5 5 5 5 5 5 5 6 *  (T-32.0 )+27 3.1 5 $TT=T I /TP-T I X S E b k 2 . 3 2 6 " ~  NTH 
H=EN-(1809.25+1 .48286*TP+TP*TP*3.7!3025E-0lr+46.174*LOGF(TP)) 
RT=C*TP $RX=O.Ol $DR=0.0001*RX $DO 5 1-1.20 $RP=RX+DR SRWRX-DR 
FP=H-RT*CEBB (RMX*RP. T T )  $FMEH+T*CEBB (RMX*RM. T T )  



9 

F=H-RT*CEBB(RMX*RX.TT) $DEL=2 .O*DR*F / (FP- fM~ $RX=RX-DEL 
DR~0.000 1 *R X 
I F ( A B S F ( D E L / R X ) . L T . l  .UE-04)  6.5 

5 CONTINUE 
6 P P R T * R X  $bPICEBAA(TT) $PP.PP*RX*CEBAB (RMX*RX) +PP 

IF(PP.GT.I .OIO*PCBIT(TP)) 7 . 1  
7 E N T R 4 . O  

RETURN 
1 ENTR-14.5038"PP 

RETURN 
END ENTR 

FUNCT ION ENTM(ENTH. PI 
H=2.326*ENTH $PR-P /14 .5038  $ IF(PR. LT.  2 2 1 . 2 )  1 2  1 1  

1 1  T s 7 0 0 . 0  $GO TO 3 
1 2  T s 6 4 6 . 7 5  SQTe0 .5  $DO 2 I *?  . 2 0  

TP=T+UT $TM.T-DT SFPPCR IT(TP)-PR $F+PCR IT(TM)-PR $F=PCR IT(T)-PR 
DE L= 2 . O*D T*F / ( F P-FM ) $ T- T-DE L $ D T-0 .00  1 *T 
I F ( A B S F ( D E L / T ) . L T . l  .OE-04)  3.2 

2 CONT INUE 
3 TA-T $ T B = 1 0 7 3 . 1 5  $DT=0.5* (1073.1S-TA)  $R-SGP(T.PR) 

U=FENT(T,R,H) $T=TA+DT $00 s 1 = 1 , 2 5  $ D T ~ O . S * D T  
R=SGP(T.PR) $V=FENT(T.R,H) $ IF (L*V)  31 . s , 3 2  

31 TB=T $GO TO 33 
32 TA-T $U=V 
33 T=TA+DT 
5 CONTINUE 

61 E N T b l  .8 * (T -273 .15 )+32 .0  
RETURN 
END ENTM 

FUNCT ION V I S C ( T . P )  
P B = P / 1 4 . 5 0 3 8  $ IF (PB.LT . I .O)  1 .2  

1 VISC=O.O 
RETURN 

2 T C = 0 . 5 5 5 5 5 5 5 6 * ( T - 3 2 . 0 )  $ l F ( T C . L T . 1 0 0 . 0 )  1.3 
3 V=0. 407*TC+80 .4  $R=SGP (TC+273.15 .  PB 
4 V I  SC=V-R*(1858.0-5 .9*TC)  

$ IF  (TC. L T .  340.0) 4.5 
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FUNCTION TCON(T.P)  
~ w m . 5 0 3 a  SIF(PE.LT .1  .o) I , 2  

1 TCOM.O.0  
RETURN 

2 TC~0.55555556"(T-32.0) $IF(T@,LT.100.0) 1,3 
3 C=TC* (.r c* ( T c* E -11.5 1 E - Q ~  1 +I . 0 4 ~ - 0 4  1 +O .0587 )+I 7.6 

RE SGP ( TC+2 13.1 5, PB STCONS C+R" T C* I TC* ( -2.77 1 E -05 4-0.41 98 14-1 03.5 1 + 
1R* (2.1482E-cl b )  /TC**4.20 1 

RETURN 
E NO 

FUNCTION CEBAA(X) 
D IMEHS I O N  A ( 7  .a) ,  T X ( 7 )  .TY(8) .El;7.8) 
DATA(TX-1  .O), ( T Y = I  .0) 
R A T A  A=-2.933857 ,2.178508, +I. 4 1 0626 0.0 2~04~+,0.102056 I -0,Q 26332.0. 
1002725.-3.56O)t72,1.4461374.-Q.?12020,-0.Q~6842,0.134922.-0.049185,0 
2.001175,-0.75257O.0.257244,-0,121~60.-0.028628,0.052882.-0.008993. 

4618, -0.191 780 ,0.~8~87lt.-O.0O6~24.0.O.O.0.O.O.Q.O88253, -0.118835,O 
30.0, -0.355238, -0.286577,0.067088. -0.0321 20.0.007107 , o . 0 . 0 . 0 ,  - 0 . 1 7 1  

5.014949,0.0.0.0.0.0.0.0.~.029708. -0.020660,0.0.0.0.0.0 0.0 0 . 0 .  -0 
6.002024,0.0.0.0.0.0.o.o,o.o.o.o~ 

DATA(B=-2.6O4145.1.571884. -0.410626.O.O27O44.O. 102056. -0.026332.0. 
1002725. -3.1 lOWt1.0.553618. -0.7 12020, Q .Ob6842 . O  .134922, -0 .Oh91 85.0 
2 .U01175, -(P. 4061 37, -0.584342, -U ~ 121  860, -0.028628 ,0 .052882,-O. OO8gg3 
3,0.~, -0.143284,-0.801473,U.06~088,-0.032120,0.007107,0.0,0.O.-O.06 

5~.014949,0.O,0.0.0.0,O.0,-0.0l2639,-0.0~7550.0.0.0.0,0.0,0.0,0.O,- 
60,000698.-O.OO3221 ,O.O , O . O  ,0.0.0.0.0.0) 

43656. -0.454050.0.0a0a74, - 0 . ~ 6 5 ~ 4 , O . O  .o. u , o . o .  -0.04a549. -0.21 5289. 

T Y ( Z ) - X + X - l  .O $DO 1 1-3.8 STY; I)=2,0XTY(2)*TY( 1-1 ) - T Y (  1-2) 
1 CONTINUE $lF(X.GT.0.3453965) i 2 . 1 1  

1 1  ME0 $GO T O  13 
12 M-1 
13 C E B A A 4 . O  
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RETURN 
ENTRY CEBAB 
TX(Z)=X+X-l .O $00 2 1-3.7 $ T X f  1)~2.0*TX(2)*TX(I-l)-TX(I-2) 

2 CONT INUE SCEBAAm0.O $ IF(M) 211 422 

5 CONTINUE 
21 00 5 IE1.7 $DO 5 J ~ 1 . 8  $ZEA(I,J)*TX(I)*TY(J) $CEBAA-CEBAA+Z 

RETURN 
22 DO 6 I=1,7 $DO 6 Jm1.8 $Z=B( I ,J)*TX( I )*TY(J) $CEBAAiCEBAA+Z 

6 CONT lNUE 
RETURN 
END CEBAA 

FUNCTION CEBB(X,Y) 
DIMENSION B(8,8) .TX(8),TY(8),t(S,8) 

UATA(B=-O.  5576989. -0 .5175436.1~ 028821 24, -0.01 276703.0.002372795,o. 
1002571 138. -0.0007595265 .O.OOOO5S15138. -0.6941 539, -0,701 3254, -0.01 7 
29692, -0.01458357,O. ouO893273.t) .Uo3030! 41 .-O .001220805.o,oooo237816 
36,  -0.33584,-O.4113879.-0.06626999,0 .OO6~t93059,-O,001 I7661 9.0.00l34 
42822.-0.0002123517 . 0 . 0 . Q .  I91 9238, -0.2604569, -o,o56070o8,o.o1og770 

DATA(TX=I .o), (TYPI . o )  

59.  -0.1101 279544,~.0OO2013811 ,0.0.0.0. -O.09331409,4. t 32506. -0.03380 
6373.0.005157087 ,~.000~310763,0.0.0.0,0.0.Q.O3575945. -0.04839214, 

80.001 463534,O.O , O  . O  .0 .0 ,0.0 .0.0. -i, .QoO5735125. -O.O005735I 25.0.0 .O .  

DATA(C--0.321009. -0.381 747, -0.072072 e -0.01 2767 .O .002373.0.00257 I ,  - 
10.000760.0.000055, -0.261421 , -d. 452753. -0.2021 30, -0.01 4584.O.000893 
2,0.~03030.-0.001221,U.000024,^0.019557,-0.230511,-0.201676,0.00649 
33, -0.001 1 7 7 . O . U O 1 3 4 3 . ~ . U ~ ~ 2 1 2 , 0 . 0 . - 0 . 0 0 2 1 3 2 . - 0 . 1 5 2 1 0 2 , - 0 . 1 3 7 5 1 2 . 0  
4.Ul~9~7,~,O01280,0.000201.0.~,0.0.-0.007125.-0.083838.-0.0~1~25,0 
5 . U 0 5 1 5 7 , - 0 . 0 0 0 2 3 1 , 0 . 0 . O . 0 , ~ . 0 , ~ . 0 0 6 1 6 8 . ~ . 0 3 1 8 0 ~ . ~ . 0 2 4 9 3 0 . 0 . 0 0 0 7  

7 .O.-a.OOOO55,-O.OOO312, ~ . ~ U 0 ~ 5 7 , ~ . ~ . 0 . 0 . 0 . ~ . 0 . 0 . 0 . 0 ~  

7+ .o i  I 92671 .o.o0070s9ai 5,o.o.d.o.o.o .o.o, -0.0074735, -0.00a937034. - 
90 .0.u .O.0 .0.0 .0.0) 

606,0.o.0.0,0.0.0.0.-0.001326,~,005620,1,.004294,0.0,0.0,o.0,0.0,0 

TX(Z)=X+X-1  .O $TY(Z)=Y+Y- l  .O $DO 1 
TX( 1)=2.0*TX(2)*TX( 1-1 )-TX(I-i!) STY( 1)=2.0*TY(2)*TY(I-l)-TY( 1-2) 

103.8 

1 CONTINUE $CEUB=O.O $lF(Y.GT.0,3453365) 11,21 
1 1  DO 2 1=i ,8  $DO 2 ~ ~ 1 . 8  $Z~B( I ,J ) *TX( I ) *TY(J)  $ C E B B ~ C E B B + Z  

2 CONTINUE 
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RETURN 
2 1  DO 3 1-1.8 $DO 3 Jr1.8 $ Z = C ( I , J ) * T X ( I ) * T Y ( J )  $CEBB-CEBB+L 

3 CONT INUE 
RETURN 
END CEBB 

F U N C T I O N  SGP(TP.PP) 
DATA(RMX= 1 .4? 165181, I, T 1-776.832281, ( T  I X m O .  6593661 9). ( G m 4 . 6 1 5 2 )  

DO 5 l a ?  ,20 $ k C E B A t i ( R M X * R X )  $RP=RX+DR 
W b C E B A B  (RNX*RP) $RF%RX-DR $WF.l.;CEBAB (RMX*RM) 
F=R X*R X'*W+R X-RA $F P=RP*R P*\JP+RP-AA $F#=RM*RM*WM+RM-RA 
BEL=2.Q*DR*F/(FP-FM) $RX=RX-DEL $ I F ( A B S F ( 0 E L J R X )  .bT. I .OE-4)6,5 

RX=RA-PPJ(G*TP) $DR=Q.OOOI*RX $TT=T IITP-TIX $W=CEBAA(TT)  

5 CONT INUE 
6 SGP=RX 

RETURN 
END SGP 

FUNCTION FENT(T.R,H)  
D A T A ( R M X = l . 4 1 1 6 5 1 8 ) .  ( T  1 1 7 7 6 . 6 3 2 2 8 )  I (rrx=a.65936619), (Gp4.6152) 
FENT=H-G*T*CEBB(RMX*R. T I /T -T  IX)-(?809.25+1.48286*T+T*T*3.19025€-04 

* + 4 6 . 1 7 4 * b O G F ( T ) )  
RETURN 
END 
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I n t e r n a l  Distr ibut ion 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13 
14. 
15. 
16. 

17-18. 
19 
20. 
21. 
22. 
23 * 
24. 
25 
26. 
27 * 
28. 
29. 

R .  K. Adams 
E. D .  Arnold 
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