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Study on the Reduction of the Computing Time of Thermodynamic
Equation of State for Industial Use
Second Report : Comparison of Fortran Compiler and Effect of Compiler on the
Calculation of International Formulation for Industrial Use

Tomoaki SATO and Kosei OGUCHI

Abstract

For designing the power plants, the international formulation" for industrial use has to be used

for the property calculation of water and steam internationally.

However, the computing time of

this formulation is quite a lot in the whole cycle calculation, and also a personal computer is

widely used for such kind of design calculation.

Therefore, the special programing method for the

reduction of computing time is expected to be developed.
In the present study, the computing time has been compared between the compilers of Pro-
Fortran and MS-Fortran concerning the fundamental arithmetic functions with the use of a 32 bit

personal computer NEC-9801NS/T, as shown in Table 1 and 2.

Based on these comparisons, the

computing time has been reduced to 50% of normal calculation, as shown in Table 3 to 12 and in

Fig.1 and 2.
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Table 1. Comparisons of the Computing Times for the Different Form of Equation
(Loops=100,000,000, ProFortran, NEC9801NS/T, 80386SL+80387SX, 20 MHz)

Precision Single Double
Type of Equation |Absolute Time (us)| Relative Time |Absolute Time (us) Relative Time
Y=X+a 13.51 1.00 15.83 1.00
Y=X *a 14.06 1.04 16.00 1.01
Y=X/a 14.86 1.10 17.29 1.09
Y =SQRT (X) 28.14 2.08 28.88 1.82
Y=X %% 2 13.46 1.00 14.64 0.92
Y=LOG(x) 32.53 2.41 32.93 2.08
Y =LO0G,o(x) 32:25 2.39 33.31 2.10
Y =EXP(X) 81.96 6.07 82.27 5.20
Y=X * % REAL 115.43 8.54 116.99 7.39
Y=X %% INT 83.41 6.17 81.96 5.18
Y =SIN (x) 117.58 8.70 119.24 7.53
Y =COS(X) 127.67 9.45 130.48 8.24
Y=TANX) 107.67 7.97 110.91 7.01
Y=X 8.67 0.64 10.35 0.65
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Table 2. Comparisons of the Computing Times for the Different Form of Equation (Loops=
100,000,000, MSFortran, NEC9801NS/T, 80386SL+80387SX, 20 MHz)

Precision Single Double
Type of Equation |Absolute Time (us)| Relative Time |Absolute Time (us)| Relative Time
Y=X+a 3.80 1.00 5.80 1.00
Y=X %a 4.00 1.05 5.70 0.98
Y=X/a 7.00 1.84 8.60 1.48
Y =SQRT(X) 23.10 6.05 25.10 4.33
Y=X %% 2 4.00 1.05 ’ 5.60 0.96
Y=LOG(x) 28.80 7.58 29.90 5.16
Y =L0G,,(x) 29.60 7.79 30.80 531
Y=EXP(X) 96.60 25.42 98.80 17.03
Y=X % % REAL 104.00 27.37 99.00 17.07
Y=X %% INT 104.00 27.37 98.80 17.03
Y =SINX) 71.70 18.87 73.00 12.59
Y =COS(X) 74.10 19.50 75.60 13.03
Y=TANX) 92.60 24.37 83.30 14.36
Y=X 1.10 0.29 2.60 0.45
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Fig. 1. Comparisens between the Computing Times of X" (by Single Precision) (ProFortran, 386SL+

387SX, 20MHz, Loops=1,000,000)
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Table 3. Vapor Pressure Equation of IFC-67”, No.1 (Loops=100,000)

Vapor Pressure Equation, No. 1

Q=TQ/647.30E+00
Calculation Method Q1=0ONE-Q

BKQ=EXP((Ql * K1+Ql * % 2 * K2+Q1 % * 3 * K3+Q1 * * 4 % K4+QIl % % 5 *
K5)/(Q * (ONE+K6 * QI+K7 * QL * * 2))—Q1/(K8 * Q1 * % 2+K9))

Computing Time

ProFortran Single 32 (s)
ProFortran Double 34 (s)
MSFortran Single 55 (s)
MSFortran Double 57 (s)

Table 4. Vapor Pressure Equation of IFC-67", No.2 (Loops=100,000)

Vapor Pressure Equation, No. 2

Q=TQ/647.30E+00
Calculation Method Q1=0NE-Q

* Q1+K9))

BKQ=EXP((Ql * K1+Q1 % Q1 * K2+Q1 * Q1 *
(Ql * Q)% * 2 % Q1 * K5)/(Q * (ONE+K6 * Q1+K7 * Q1 % Q1))—Q1/(K8 * Q1

Ql * K3+(Q1 * Q1) * * 2 * K4+

DT Qinala
rrororiran sSingile

1Q 7N
10 (8)

Computing Time

ProFortran Double 20 (s)
MSFortran Single 17 (s)
MSFortran Double 18 (s)

Table5. Vapor Pressure Equation IFC-67", No. 3 (Loops=100,000)

Vapor Pressure Equation, No. 3

Q=TQ/647.30E+00
Calculation Method Q1=0ONE-Q

BKQ=EXP((Ql * K1+Q1 * (K2+Q1 * (K3+Q1 * (K4+Q1 * K5)))))/(Q * (ONE+
K6 * Q1+K7 * QL(* Q1))—Q1/(K8 % Ql * Q1 * +K9))

Computing Time

Profortran Single 15 (s)
ProFortran Double 18 (s)
MSFortran Single 15 (s)
MSFortran Double 17 (s)
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Table 6. Equation of State of IFC-67" in Compressed Water Region, No. 1 (Loops=100,000)

Equation of State in Compressed Water Region, No. 1

Y=1-SAl * Q * Q-SA2/(Q * * 6)
Z=Y+SQRT (SA3 % Y % Y-2. 0E+00 % SA4 x Q+2. 0OE+00 * SA5 % BET)

Calculation Method X1=A1l1 * SA5 * Z x % (—2.941176471E—01)+ (A12+Q * (A13+Al4 x Q) +Al5 %

* A22 % BET/(Q * % 20))

(SA6-Q) * * 10+A16/(SA7T+Q * * 19))—(A17+BET * (20E+00 * A18+3.0E+00 *
Al19 % BET))/(SA8+Q % % 11)—A20 * Q * % 18 * (SA9+Q * Q) * (—3.0E+00/
(SA10+BET) * * 44+SA11)+BET % BET % (3.0E+00 * A21 % (SA12—Q)+4. 0E+00

Computing Time

ProFortran Single 86 (s)
ProFortran Double 92 (s)
MSFortran Single 126 (s)
MSFortran Double 129 (s)

Table 7. Equation of State of IFC-67" in Compressed Water Region, No. 2 (Loops=100,000)

Equation of State in Compressed Water Region, No. 2

Y=1-SAl * Q * Q—SA2/((Q * Q* x 2 *x Q * Q)
Z=Y+SQRT (SA3 * Y x Y—2.0E+00 * SA4 * Q+2. 0E4+00 * SA5 % BET)

Calculation Method X1=A1l * SAS5 * Z * % (—2.941176471E—01)+ (A12+Q * (A13+Al4 * Q) +Al5 *

Q* Q**2)

(((SA6—Q)* % 2)% % 2) % % 2 % (SA6-Q) * * 2+A16/(SAT+((((Q * Q) % * 2) % * 2)
* % 2)% Q *xQ % Q)—(A17+BET % (2.0E4+00 * A18+3.0E4+00 % Al9 * BET))/
(SA8+((Q* Q* *2)%k k2% Q *x Q% Q) —A20 *x(((Q *x Q% % 2)% % 2)% % 2 % Q
* Q * (SA9+Q * Q) % (—3.0E4+00/(SA10+BET) * * 4+SA11)+BET % BET x* (3.
0E+00 * A21 * (SA12—Q)+4.0E+00 * A22 %* BET/((((Q * Q)% * 2)% % 2)% % 2 %

ProFortran Single 54 (a)

FroFortran Double 60 (s)
Computing Time

MSFortran Single 59 (s)

MSFortran Double 65 (s)
31 KO RIFHREE & FEH OBIFRRICBIT 5 bt 2 k1= 0

, : e

FEHEBRKERY o Ko BARE & EHoBfRR © 7

Ok o fafEKEDOHBIR) oW T E AR BRI 05
W7 e 5 AR RER LI,

311 KofafESKHE OB

EHEBRRER" oKkofgfASE MR KD
ERHTH A,

Mﬁli']
ke(1—6)*+ ks

ST
§,= P _ P(MPa)
G P,;, 22.12
_ T(K)
Tcl 647.3

ki 125 ko ﬂi%&” Thbo
ERoFTAFERA No.1~3 1o\, Table3, 4 X



BERERORAFE O oo 0 FHERRERICE T 58158 (E# - ) 19

Table 8. Equation of State of IFC-67" in Compressed Water Region, No. 3 (Loops=100,000)

Calculation Method

Equation of State in Compressed Water Region, No. 3

Q2=Q * Q

Q4=Q2 * Q2

Q8=Q4 * Q4

Q10=Q8 * Q2

Q18=Q10 * Q8

SA6Q=SA6—-Q

SA10B=SA10+BET

Y=1-SAl % Q2—SA2/(Q2 * Q4)

Z=Y+SQRT(SA3 % Y % Y—2.0E+00 * SA4 % Q+2.0E+00 * SA5 % BET)

X1=A11 % SA5 % Z % * (—2.941176471E—01)+ (A124+Q * (A13+Al4 * Q)+ Ald *
SA6Q * SA6Q * SA6Q * SA6Q * SA6Q * SA6Q * SA6Q * SA6Q * SA6Q * SASQ+
A16/(SA7T+Q18 * Q))—(A17+BET * (2.0E+00 * A18+3.0E+00 * Al9 * BET))/
(SA8+Q10 * Q) —A20 * Q18 * (SA9+Q2) * (—3.0E4+00/(SA10B * SA10B * SA10B *
SA10B)+SA11)+BET * BET * (3.0E4+00 * A21 % (SA12—Q)+4.0E+00 * A22 %
BET/(Q10 * Q10))

Computing Time

ProFortran Single 46 (s)
ProFortran Double 52 (s)
MSFortran Single 35 (s)
MSFortran Double 41 (o)

Table9. Equation of Sate of IFC-67" in Compressed Water Region, No. 4 (Looops=100,000)

Calculation Method

Equation of State in Compressed Water Region, No. 4

Q2=Q * Q

Q4=Q2 * Q2

Q8=Q4 * Q4

Q10=Q8 * Q2

Q18=Q10 * Q8

SA6Q=SA6—Q

SA10B=SA10+BET

Y=1-SAl * Q2—SA2/(Q2 * Q4)

Z=Y+SQRT(SA3 * Y % Y—2.0E+00 * SA4 * Q+2.0E+00 * SA5 % BET)

X1=Al1l % SA5 % Z % * (—2.941176471E—01) + (A12+Q * (A13+A1l4 * Q) +Al5 %
((SA6Q % SA6Q) * * 2)* * 2 ¥ SA6Q * SASQ+A16/(SAT+Q18 * Q)) — (A17+BET
% (2.0E+00 * A18--3.0E+00 * A19 % BET))/(SA8+Q10 * Q)—A20 * Q18 * (SA9+
Q2) * (—3.0E+00/(SA10B * SA10B * SA10B * SA10B)+SA11) +BET * BET * (3.
0E+00 % A21 % (SA12—Q)+4.0E4+00 * A22 % BET/(Q10 * Q10))

Computing Time

ProFortran Single 45 (s)
ProFortran Double 51 (s)
MSFortran Single 35 (s)
MSFortran Double 42 (s)
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Table 10.
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Equation of State of IFC-67" in Superheated Steam Region, No. 1 (Loops=100,000)

Calculation Method

Equation of State in Superheated Steam Region, No. 1

X=EXP(SB *(1-Q))

BET2=BET * BET
BETM4=1.0E+00/BET2/BET2
BETM5=BETM4/BET
BETLL=BET/(L0+Q * (L1+L2 % Q))
BETLL2=BETLL * BETLL
BETLL4=BETLL2 * BETLL2
BETLL6=LETLL4 % BETLL2

VR=I1 % Q/BET — (X % (2.0E4+00 * BET % B23+X * (2.0E+00 * BET % B22+X *
(B124+X % * 7 % (3.0E+00 * BET2 % B32+X % % 3 % (B11+X % BET * (4.0E+00 %
BET2 % B42+X % % 4 % (20E+00 % B21+BET * (3.0E+00 * B31+BET * X * % 6 %
(5.0E4+00 * BET * B53+X * (4.0E4+00 x B41+50E+00 * X % % 3 * BET % (B52+X
* % 4 % B51))))))))))))—(X % % 10 * X % (4.0E+00 * (B61 * X+B62)/(BETM4+
SB61 % X % % 14)% % 2+ X % % 3 % (6.0E+00 x (B81 * X % % 10+B82)/(BETM5/
BET +(SB81 % X % % 27+SB82)% X % % 27)% % 2/BET+X % * 4 % 5.0E+00 % (B71
* X % % 6+B72)/(BETM5+SB71 % X % % 13 % X % * 6)% % 2)/BET) % BETM5)+
11.0E4+00 * DETLL6 * BETLL4 % (B90+X % (B91+X * (B92+X % (B93+X % (B94+
X % (B95+X % B9))))))

Computing Time

ProFortran Single 229 (s)
ProFortran Double 236 (s)
MSFortran Single 230 (s)
MSFortran Double 238 (s)

Table 11.

Equation of State of IFC-67" in Superheated Steam Region, No. 2 (Loops=100,000)

Calculation Method

Equation of State in Superheated Steam Region, No. 2

X=EXP(SB % (1-Q))

BET2=BET % BET
BETM4=1.0E+00/BET2/BET2
BETM5=BETM4/BET
BETLL=BET/(L0+Q * (L1+L2 % Q)

VR=I1 % Q/BET — (X % (2.0E+00 * BET % B23+X % (2.0E+00 % BET % B22+X %
(B12+X % (3.0E4+00 * BET2 % B32+X % X % X % (Bl11+X % BET * (4.0E+00 *
BET2 % B42+((X % X) % % 2) % (2.0E+00 % B21+BET * (3.0E+00 * B31+BET *
(X %*X)% x2)% X % X %(5,0E400 * BET % B53+X % (4.0E+00 * B41+5.0E+00 %
* BET * (B52+ ((X * X)*% % 2)% B51))))))))))))—((((X * X)*% % 2) %
X % X % (4.0E+00 % (B61 * X+B62)/(BETM4+SB61 * ((((X % X) % % 2)
2)/(X % X)) % % 24X % X % X % (6.0E+00 % (B81 * (((X * X)* % 2)% %
+B82)/(BETM5/BET + (SB81 % ((((X % X) % % 2)% % 2) % % 2)% % 2/((X
D%k % 2 % X)+SB82)k (((((X % X))k % 2)% % 2)% % 2)% % 2)/(((X % X)% % 2)
* X)) % % 2/BET+((X * X)%x % 2)% 50E+00 % (B71 % (X % X)*x % 2)% X % X+
B72)/(BETM5+SB71 # (((X * XD % % 2)% % 2)% % 2)% X % X % X)*x % 2)/BET) %
BETM5)+11.0E+00 % (((BETLL * BETLL) * * 2)% % 2)% BETLL % BETLL %
(B90+X % (B91+X % (B92+X % (B93+X * (B9 +X % (B95+X % B6))))))

*
X % * X
* 2% X *
* %k * %
2% X % X
* X

Computing Time

ProFortran Single 169 (s)
ProFortran Double 180 (s)
MSFortran Single 69 (s)
MSFortran Double 80 (s)
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Table 12. Equation of State of IFC-67" in Superheated Steam Region, No. 3 (Loops=100,000)

Equation of State in Superheated Steam Region, No. 3

X=EXP(SB * (1-Q))
X3=X %X x X
X4=X3 x* X

X6=X3 * X3

X7=X3 * X4

X10=X7 * X3
X14=X7 * X7
X13=X10 * X3
X27=X14 % X13
BET2=BET * BET
BETM4=1.0E+00/BET2/BET?2
BETM5=BETM4/BET

Calculation Method

BETLL2=BETLL * BETLL
BETLL4=BETLL2 * BETLL2
BETLL6=BETLL4 * BETLL2

BETLL=BET/(L0+Q * (L1+L2 % Q))

VR=I1 % Q/BET—(X * (2.0E4+00 * BET % B23+X % (2.0E+00 * BET * B22+X *
(B12+X7 % (3.0E+00 * BET2 % B32+X3 % (B11+X % BET * (4.0E4+00 * BET2 *
B42+X4 % (2.0E+00 * B21+BET * (3.0E+00 * B31+BET * X6 * (5.0E+00 * BET *

(X10 * X * (4.0E+00 * (B61 * X+B62)/(BETM4+SB61 * X14) * * 2+X3 * (6.0E+
00 * (B81 * X10+B82)/(BETM5/BET + (SB81 * X27+SB82) * X27) % * 2/BET +X4
* 5.0E+00 x (B71 * X6+B72)/(BETM5+SB71 * X13 * X6)* * 2)/BET) *
BETMS5) +11.0E+400 % BETLL6 % BETLL4 * (B90+X * (B91+X * (B92+X * (B93+
X * (B94+X % (B9%5+X * B96))))))

Computing Time

ProFortran Single 112 (s)
ProFortran Double 123 (s)
MSFortran Single 45 (s)
MSFortran Double 56 (s)
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Table 13. Equation of State of IFC-67" in Superheated Steam Region, No. 4 (Loops=100,000)

Equation of State Superheated Steam Region, No. 4

X=EXP(SB % (1-Q))

X3=X % X x X

X4=X3 % X

X6=X3 * X3

X7=X3 % X4

X10=X7 * X3

X14=X7 * X7

X13=X10 * X3

X27=X14 % X13

BET2=BET % BET

Calculation Method BETM4=1.0E+00/BET2/BET?2
BETM5=BETM4/BET
BETLL=BET/(L0+Q * (L1+L2 *x Q))

VR=11 * Q/BET — (X % (2.0E+00 * BET % B23+X % (2.0E+00 * BET % B22+X %
(B12+4+X7 % (3.0E4+00 x BET2 % B32+X3 % (B11+X % BET % (4.0E+00 x* BET2 %
B42+X4 % (2.0E+00 * B21+BET * (3.0E+00 * B31+BET * X6 % (5.0E400 * BET *
B53+X % (4.0E+00 % B41+5.0E+00 * X3 * BET * (B52+X4 % B51)))))))))))) —
(X10 * X * (4.0E+00 * (B61 * X+B62)/(BETM4+SB61 % X14)% * 2+ X3 % (6.0E+
00 % (B81 * X10+B82)/(BETM5/BET + (SB81 % X27+SB82) % X27) % % 2/BET+X4
% 5.0E+00 x (B71 % X6+ B72)/(BETM5+SB71 % X13 % X6)* % 2)/BET) %
BETMS5)+11.0E+00 % ((BETLL % BETLL) * % 2)% % 2 *x BETLL % BETLL % (B90+
X % (B91+X % (B92+X % (B93+X % (B94+X % (B95+X % B9%))))))

ProFortran Single 110 (s)

ProFortran Double 120 (s)
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MSFortran Double 56 (s)
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Fig.5. Comparisons of the Relative Computing Times of Vapor Pressure Equation (Loops=1,000,000)
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Fig. 6. Comparisons of the Relative Computing Times of Compressed Water Equation (Loops=1,000,000)
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Fig. 7. Comparisons of the Relative Computing Times of Superheated Steam Equation
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