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Equations and Tables for the Thermodynamic Properties of
Ordinary Water Substance at Saturation from the Critical

Point down to �66 �C 

ABSTRACT

This report summarizes and extends the range of the equations proposed by Saul and Wagner
(1987) down to -60 �C. The uniformity of the equations used is extremely practical for use in
computer programs. For temperatures above the triple point, the coefficients determined by Saul and
Wagner are maintained, except for density, for which the new coefficients proposed by the IAPWS
(1997) were adopted. For temperatures below that, new coefficients were determined, while
retaining the same form of the equations. A listing of a calculation routine for the whole temperature
range, written in the Borland Pascal™ programming language is included in Appendix A. SI Units are
used throughout for all quantities. A table of properties at saturation, for the whole temperature
range considered, is included as Appendix B.

Nomenclature

Thermodynamic quantities:
h specific enthalpy
I enthalpy of phase transition
P vapour pressure
s specific entropy
T temperature
� density
� auxiliary quantity for specific enthalpy
� auxiliary quantity for specific entropy
� = T/Tc

� = 1 � �

Subscripts:
c value at the critical point
s value for solid phase
L value for liquid phase
V value for vapour phase
sg solid to vapour phase transition
fg liquid to vapour phase transition
sat at saturation

Reference constants

Tc = 647.14 K
Pc = 22.064x106 Pa
�c = 322 kg m�3

R = 461.518 350 5 J kg�1 K�1

M = 18.015 34
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213.15 K � T � 273.16 K 273.16 K � T � 647.14 K

c1 -0.864 991               -2.025 450 113               

c2 -1.629 574               -2.701 314 216               

c3 -4.019 472               -5.359 161 836               

c4 -32.838 573               -17.343 964 539               

c5 -24.601 436               -44.618 326 953               

c6 -93.753 172               -64.869 052 901               

α
α

θ θ θ θ θα
0

1
19

2 3
4 5

4
5

5
54 5= + + + + +−d d d d d d. .

ϕ
ϕ

θ θ θ θ θϕ
0

1
20

2 3
3 5

4
4

5
53 59

7
5
4

109
107

= + + + + +−d d d LN d d d. .

213.15 K � T � 273.16 K 273.16 K � T � 647.14 K

d1 0.0               -5.717 56x10�8               

d2 667.663 152               2 689.810               

d3 14 202.078 027               129.889               

d4 -15 324.511 005               -137.181               

d5 0.0               0.968 874               

d� -702.840 803              -1135.481 615 639               

d� -498.196 684              2 318.914 2               

Specific enthalpy and entropy

Auxiliary equations

with 

�0 = 1000.0 J kg�1

�0 = �0/Tc J kg�1 K�1
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Range of validity of the equations

The equations presented here are valid for

213.15 K � T � 647.14 K
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{$N+,F+,D+}

UNIT SatWater;

{ For the calculation of the properties of saturated water between 213.0 .. and

  the critical point. Equations used have the form proposed by Saul & Wagner

  (1987) in J. Phys. Chem. Ref. Data, Vol.16, No. 4, 893-901.

  The coefficients for solid state were adjusted using data from

  ASHRAE - Psychrometrics Theory and Practice, 1996

  M. Conde Engineering,  Created, June 16, 1997

  Last Update,   June 17, 2002 }

Interface

Uses DOS,Crt;

TYPE

     TH2oParamArray = ARRAY[0..6] OF DOUBLE;

     TH2oPropRec = RECORD

                      RH2o      : DOUBLE;

                      MH2o      : DOUBLE;

                      H2oTc     : DOUBLE;

                      H2oPc     : DOUBLE;

                      H2oRhoc   : DOUBLE;

                      H2oAlpha0 : DOUBLE;

                      IceVp     : TH2oParamArray;

                      H2oVp     : TH2oParamArray;

                      IceRho    : TH2oParamArray;

                      H2oRho    : TH2oParamArray;

                      VapIceRho : TH2oParamArray;

                      VapH2oRho : TH2oParamArray;

                      IceAux    : TH2oParamArray;

                      H2oAux    : TH2oParamArray;

                   END;

     H2oFil = FILE OF TH2oPropRec;

CONST

     DH2o : TH2oPropRec = (RH2o      : 461.5183505; { J/kg K }

                           MH2o      : 18.01534;

                           H2oTc     : 647.14; { K }

                           H2oPc     : 22.064E+6; { Pa }

                           H2oRhoc   : 322.0; { kg/m3 }

                           H2oAlpha0 : 1000.0; { J/kg }

                           IceVp : (   0.0,      { Vapour pressure over ice }

                                       2.442663,

                                     -11.413077,

                                     -15.109346,

                                       1.119193,

                                      18.159568,

                                      -6.138264);

                           H2oVp : (   0.0,      { Vapour pressure over liquid }

                                      -7.858230,
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                                       1.839910,

                                     -11.781100,

                                      22.670500,

                                     -15.939300,

                                       1.775160);

                           IceRho : (  0.0,      { Solid density }

                                      -2.379140,

                                       7.999465,

                                      -4.270316,

                                      -0.344761,

                                      22.552663,

                                  -32956.064921);

                           H2oRho : (  0.0,      { Liquid density }

                                       1.993771842992,

                                       1.098521160394,

                                      -0.509449299608,

                                      -1.761912427015,

                                     -44.900548026659,

                                 -723692.261863189517);

                       VapIceRho : (   0.0,        { Density of steam over ice }

                                      -0.864991,

                                      -1.629574,

                                      -4.019472,

                                     -32.838573,

                                     -24.601436,

                                     -93.753172);

                       VapH2oRho : (   0.0,      { Density of steam over liquid }

                                      -2.025450113018,

                                      -2.701314216303,

                                      -5.359161836041,

                                     -17.343964538812,

                                     -44.618326953465,

                                     -64.869052901136);

                        IceAux : (  -702.840803, { Saul & Wagner's d_alpha }

                                       0.0,

                                     667.663152,

                                   14202.078027,

                                  -15324.511005,

                                       0.0,

                                    -498.196684);    { Saul & Wagner's d_phi }

                        H2oAux : ( -1135.481615639,  { Saul & Wagner's d_alpha }

                                      -5.717560E-8,

                                    2689.81,

                                     129.889,

                                    -137.181,

                                       0.968874,

                                    2318.9142));     { Saul & Wagner's d_phi }

     Error : BOOLEAN = FALSE;
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FUNCTION VapPressure     (T : REAL) : REAL;

FUNCTION SatTemp         (P : REAL) : REAL;

FUNCTION CondensPhaseRho (T : REAL) : REAL;

FUNCTION VapourPhaseRho  (T : REAL) : REAL;

FUNCTION LiqEnthalpy     (T : REAL) : REAL;

FUNCTION VapEnthalpy     (T : REAL) : REAL;

FUNCTION LiqEntropy      (T : REAL) : REAL;

FUNCTION VapEntropy      (T : REAL) : REAL;

FUNCTION LatentEnthalpy  (T: REAL) : REAL;

FUNCTION LatentEntropy   (T : REAL) : REAL;

Implementation

CONST

     PTol = 0.01; { Pascal }

     MaxIter = 30;

FUNCTION TRangeOK (T : REAL) : BOOLEAN;

Begin

   TRangeOK:=((T >= 213.0) AND (T <= DH2o.H2oTc));

END;

FUNCTION PRangeOK (P : REAL) : BOOLEAN;

Begin

   PRangeOK:=((P >= 1.08) AND (P <= DH2o.H2oPc));

END;

FUNCTION dPSatdT (T : REAL) : DOUBLE;

{ Calculates the derivative of the vapour pressure in relation to the

  saturation temperature }

VAR PParm : TH2oParamArray;

FUNCTION dPdTCalc (T : REAL) : REAL;

VAR Ps, Tau, X, LnTau : DOUBLE;

Begin

   Ps:=VapPressure(T);

   Tau:=1.0-T/DH2o.H2oTc;

   LnTau:=LN(Tau);

   X:=7.5*PParm[6]*EXP(6.5*LnTau);

   X:=X+4.0*PParm[5]*Tau*Tau*Tau;

   X:=X+3.5*PParm[4]*EXP(2.5*LnTau);

   X:=X+3.0*PParm[3]*Tau*Tau;

   X:=X+1.5*PParm[2]*EXP(0.5*LnTau);

   X:=X+PParm[1]+LN(Ps/DH2o.H2oPc);

   dPdTCalc:=-Ps/T*X;

END;

Begin  { dPSatdT }

   IF ((T >= 213.0) AND (T <= 273.15)) THEN Begin { Condensed phase is solid }
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      PParm:=DH2o.IceVp;

      dPSatdT:=dPdTCalc(T);

   END ELSE

      IF ((T > 273.15) AND (T < DH2o.H2oTc)) THEN Begin { Condensed phase is liquid
}

         PParm:=DH2o.H2oVp;

         dPSatdT:=dPdTCalc(T);

      END ELSE

         IF T = DH2o.H2oTc THEN dPSatdT:=0.0;

END; { dPSatdT }

FUNCTION VapPressure (T : REAL) : REAL;

VAR PParm : TH2oParamArray;

FUNCTION PsatCalc (T : REAL) : REAL;

VAR Tau, LnTau, X : REAL;

Begin

   Tau:=1.0-T/DH2o.H2oTc;

   LnTau:=LN(Tau);

   X:=PParm[6]*EXP(7.5*LnTau);

   X:=X+PParm[5]*EXP(4.0*LnTau);

   X:=X+PParm[4]*EXP(3.5*LnTau);

   X:=X+PParm[3]*Tau*Tau*Tau;

   X:=X+PParm[2]*EXP(1.5*LnTau);

   X:=X+PParm[1]*Tau;

   PSatCalc:=DH2o.H2oPc*EXP(DH2o.H2oTc*X/T);

END;

Begin { VapPressure }

   IF TRangeOk(T) THEN Begin

      IF ((T >= 213.0) AND (T <= 273.15)) THEN Begin { Condensed phase is solid }

         PParm:=DH2o.IceVp;

         VapPressure:=PSatCalc(T);

      END ELSE

         IF ((T > 273.15) AND (T < DH2o.H2oTc)) THEN Begin { Condensed phase is liquid
}

            PParm:=DH2o.H2oVp;

            VapPressure:=PSatCalc(T);

         END ELSE

            IF T = DH2o.H2oTc THEN VapPressure:=DH2o.H2oPc;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION SatTemp (P : REAL) : REAL;

VAR PCalc, dPdT, T : REAL;

    Itc : INTEGER;
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Begin { SatTemp }

   IF PRangeOk(P) THEN Begin

      T:=293.15;

      Itc:=0;

      REPEAT

         INC(Itc);

         PCalc:=VapPressure(T);

         dPdT:=dPSatdT(T);

         T:=T-(PCalc-P)/dPdT;

      UNTIL ((ABS(PCalc-P) < PTol) OR (Itc > MaxIter));

      IF (Itc > MaxIter) THEN Begin

         { Error: Convergence not found on P }

         Error:=TRUE;

      END;

   END ELSE Begin

      { Error: P Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION CondensPhaseRho (T : REAL) : REAL;

VAR  RParm : TH2oParamArray;

FUNCTION RhoCalc (T : REAL) : REAL;

VAR Tau, LnTau, X : REAL;

Begin

   Tau:=1.0-T/DH2o.H2oTc;

   LnTau:=LN(Tau);

   X:=RParm[6]*EXP(110.0*LnTau/3.0);

   X:=X+RParm[5]*EXP(43.0*LnTau/3.0);

   X:=X+RParm[4]*EXP(16.0*LnTau/3.0);

   X:=X+RParm[3]*EXP(5.0*LnTau/3.0);

   X:=X+RParm[2]*EXP(2.0*LnTau/3.0);

   X:=X+RParm[1]*Exp(LnTau/3.0);

   RhoCalc:=DH2o.H2oRhoc*(1.0+X);

END;

Begin  { CondensPhaseRho }

   IF TRangeOK(T) THEN Begin

      IF ((T >= 213.0) AND (T <= 273.15)) THEN Begin { Condensed phase is solid }

         RParm:=DH2o.IceRho;

         CondensPhaseRho:=RhoCalc(T);

      END ELSE

         IF ((T > 273.15) AND (T < DH2o.H2oTc)) THEN Begin { Condensed phase is liquid
}

            RParm:=DH2o.H2oRho;

            CondensPhaseRho:=RhoCalc(T);

         END ELSE

            IF T = DH2o.H2oTc THEN CondensPhaseRho:=DH2o.H2oRhoc;
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   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;   { CondensPhaseRho }

FUNCTION VapourPhaseRho (T : REAL) : REAL;

VAR  RParm : TH2oParamArray;

FUNCTION RhoCalc (T : REAL) : REAL;

VAR Tau, LnTau, X : REAL;

Begin

   Tau:=1.0-T/DH2o.H2oTc;

   LnTau:=LN(Tau);

   X:=RParm[6]*EXP(71.0*LnTau/6.0);

   X:=X+RParm[5]*EXP(37.0*LnTau/6.0);

   X:=X+RParm[4]*EXP(3.0*LnTau);

   X:=X+RParm[3]*EXP(4.0*LnTau/3.0);

   X:=X+RParm[2]*EXP(2.0*LnTau/3.0);

   X:=X+RParm[1]*Exp(LnTau/3.0);

   RhoCalc:=DH2o.H2oRhoc*EXP(X);

END;

Begin  { VapourPhaseRho }

   IF TRangeOK(T) THEN Begin

      IF ((T >= 213.0) AND (T <= 273.15)) THEN Begin { Condensed phase is solid }

         RParm:=DH2o.VapIceRho;

         VapourPhaseRho:=RhoCalc(T);

      END ELSE

         IF ((T > 273.15) AND (T < DH2o.H2oTc)) THEN Begin { Condensed phase is liquid
}

            RParm:=DH2o.VapH2oRho;

            VapourPhaseRho:=RhoCalc(T);

         END ELSE

            IF T = DH2o.H2oTc THEN VapourPhaseRho:=DH2o.H2oRhoc;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;   { VapourPhaseRho }

FUNCTION FAlpha (T: REAL) : DOUBLE;

VAR AParm : TH2oParamArray;

FUNCTION CalcAlpha (T : REAL) : REAL;

VAR Theta, LnTheta, X : REAL;

Begin

   Theta:=T/DH2o.H2oTc;

   LnTheta:=LN(Theta);
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   X:=AParm[5]*EXP(54.5*LnTheta);

   X:=X+AParm[4]*EXP(5.0*LnTheta);

   X:=X+AParm[3]*EXP(4.5*LnTheta);

   X:=X+AParm[2]*Theta;

   X:=X+AParm[1]*EXP(-19.0*LnTheta);

   CalcAlpha:=1000.0*(X+AParm[0]);

END;

Begin

   IF TRangeOK(T) THEN Begin

      IF ((T >= 213.0) AND (T <= 273.15)) THEN { Condensed phase is solid }

         AParm:=DH2o.IceAux

      ELSE

         IF ((T > 273.15) AND (T <= DH2o.H2oTc)) THEN { Condensed phase is liquid }

            AParm:=DH2o.H2oAux;

      FAlpha:=CalcAlpha(T);

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END; { FAlpha }

FUNCTION LiqEnthalpy (T : REAL) : REAL;

VAR  Rho, dPdT : REAL;

Begin

   IF TRangeOK(T) THEN Begin

      Rho:=CondensPhaseRho(T);

      dPdT:=dPSatdT(T);

      IF NOT Error THEN LiqEnthalpy:=FAlpha(T)+T/Rho*dPdT;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION VapEnthalpy (T : REAL) : REAL;

VAR  Rho, dPdT : REAL;

Begin

   IF TRangeOK(T) THEN Begin

      Rho:=VapourPhaseRho(T);

      dPdT:=dPSatdT(T);

      IF NOT Error THEN VapEnthalpy:=FAlpha(T)+T/Rho*dPdT;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION FPhi (T : REAL) : DOUBLE;
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VAR AParm : TH2oParamArray;

FUNCTION CalcPhi (T : REAL) : REAL;

VAR Theta, LnTheta, X : REAL;

Begin

   Theta:=T/DH2o.H2oTc;

   LnTheta:=LN(Theta);

   X:=109.0/107.0*AParm[5]*EXP(53.5*LnTheta);

   X:=X+5.0/4.0*AParm[4]*EXP(4.0*LnTheta);

   X:=X+9.0/7.0*AParm[3]*EXP(3.5*LnTheta);

   X:=X+AParm[2]*LnTheta;

   X:=X+19.0/20.0*AParm[1]*EXP(-20.0*LnTheta);

   CalcPhi:=1000.0/DH2o.H2oTc*(AParm[6]+X);

END;  { CalcPhi }

Begin

   IF TRangeOK(T) THEN Begin

      IF ((T >= 213.0) AND (T <= 273.15)) THEN { Condensed phase is solid }

         AParm:=DH2o.IceAux

      ELSE

         IF ((T > 273.15) AND (T <= DH2o.H2oTc)) THEN { Condensed phase is liquid }

            AParm:=DH2o.H2oAux;

      FPhi:=CalcPhi(T);

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END; { FPhi}

FUNCTION LiqEntropy (T : REAL) : REAL;

VAR  Rho, dPdT : REAL;

Begin

   IF TRangeOK(T) THEN Begin

      Rho:=CondensPhaseRho(T);

      dPdT:=dPSatdT(T);

      IF NOT Error THEN LiqEntropy:=FPhi(T)+1.0/Rho*dPdT;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION VapEntropy (T : REAL) : REAL;

VAR  Rho, dPdT : REAL;

Begin

   IF TRangeOK(T) THEN Begin

      Rho:=VapourPhaseRho(T);

      dPdT:=dPSatdT(T);
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      IF NOT Error THEN VapEntropy:=FPhi(T)+1.0/Rho*dPdT;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION LatentEnthalpy (T: REAL) : REAL;

VAR  RhoL, RhoG, dPdT : REAL;

Begin

   IF TRangeOK(T) THEN Begin

      RhoG:=VapourPhaseRho(T);

      RhoL:=CondensPhaseRho(T);

      dPdT:=dPSatdT(T);

      IF NOT Error THEN LatentEnthalpy:=T*(1.0/RhoG-1.0/RhoL)*dPdT;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

FUNCTION LatentEntropy (T : REAL) : REAL;

VAR  RhoL, RhoG, dPdT : REAL;

Begin

   IF TRangeOK(T) THEN Begin

      RhoG:=VapourPhaseRho(T);

      RhoL:=CondensPhaseRho(T);

      dPdT:=dPSatdT(T);

      IF NOT Error THEN LatentEntropy:=(1.0/RhoG-1.0/RhoL)*dPdT;

   END ELSE Begin

      { Error: T Out of Range }

      Error:=TRUE;

   END;

END;

END. { Implementation Part }



APPENDIX B



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 1

6 
/ 2

3

-
6
0
.
0

0
.
0
0
1
0
8

9
2
4
.
3
0
4

1
.
1
0
0
e
-
0
5

-
4
4
6
.
4
0
8

2
8
3
6
.
5
8
7

2
3
9
0
.
1
7
9

-
1
.
6
8
5
4

1
3
.
3
0
7
9

1
1
.
6
2
2
6

-
5
9
.
0

0
.
0
0
1
2
4

9
2
4
.
2
6
3

1
.
3
0
0
e
-
0
5

-
4
4
4
.
7
4
1

2
8
3
6
.
9
5
0

2
3
9
2
.
2
0
8

-
1
.
6
7
7
6

1
3
.
2
4
7
5

1
1
.
5
6
9
9

-
5
8
.
0

0
.
0
0
1
4
1

9
2
4
.
2
0
9

1
.
4
0
0
e
-
0
5

-
4
4
3
.
0
6
7

2
8
3
7
.
2
7
1

2
3
9
4
.
2
0
4

-
1
.
6
6
9
8

1
3
.
1
8
7
4

1
1
.
5
1
7
6

-
5
7
.
0

0
.
0
0
1
6
1

9
2
4
.
1
4
2

1
.
6
0
0
e
-
0
5

-
4
4
1
.
3
8
6

2
8
3
7
.
5
5
4

2
3
9
6
.
1
6
8

-
1
.
6
6
2
0

1
3
.
1
2
7
7

1
1
.
4
6
5
7

-
5
6
.
0

0
.
0
0
1
8
4

9
2
4
.
0
6
6

1
.
8
0
0
e
-
0
5

-
4
3
9
.
6
9
7

2
8
3
7
.
8
0
3

2
3
9
8
.
1
0
5

-
1
.
6
5
4
2

1
3
.
0
6
8
4

1
1
.
4
1
4
2

-
5
5
.
0

0
.
0
0
2
0
9

9
2
3
.
9
8
0

2
.
1
0
0
e
-
0
5

-
4
3
8
.
0
0
2

2
8
3
8
.
0
2
0

2
4
0
0
.
0
1
8

-
1
.
6
4
6
4

1
3
.
0
0
9
5

1
1
.
3
6
3
1

-
5
4
.
0

0
.
0
0
2
3
8

9
2
3
.
8
8
7

2
.
4
0
0
e
-
0
5

-
4
3
6
.
2
9
9

2
8
3
8
.
2
0
8

2
4
0
1
.
9
0
9

-
1
.
6
3
8
6

1
2
.
9
5
1
0

1
1
.
3
1
2
4

-
5
3
.
0

0
.
0
0
2
7
1

9
2
3
.
7
8
6

2
.
7
0
0
e
-
0
5

-
4
3
4
.
5
8
9

2
8
3
8
.
3
7
0

2
4
0
3
.
7
8
1

-
1
.
6
3
0
8

1
2
.
8
9
2
9

1
1
.
2
6
2
1

-
5
2
.
0

0
.
0
0
3
0
7

9
2
3
.
6
8
0

3
.
0
0
0
e
-
0
5

-
4
3
2
.
8
7
2

2
8
3
8
.
5
0
7

2
4
0
5
.
6
3
6

-
1
.
6
2
3
0

1
2
.
8
3
5
2

1
1
.
2
1
2
2

-
5
1
.
0

0
.
0
0
3
4
8

9
2
3
.
5
6
9

3
.
4
0
0
e
-
0
5

-
4
3
1
.
1
4
7

2
8
3
8
.
6
2
3

2
4
0
7
.
4
7
6

-
1
.
6
1
5
3

1
2
.
7
7
8
0

1
1
.
1
6
2
7

-
5
0
.
0

0
.
0
0
3
9
4

9
2
3
.
4
5
3

3
.
8
0
0
e
-
0
5

-
4
2
9
.
4
1
5

2
8
3
8
.
7
1
9

2
4
0
9
.
3
0
4

-
1
.
6
0
7
5

1
2
.
7
2
1
1

1
1
.
1
1
3
7

-
4
9
.
0

0
.
0
0
4
4
5

9
2
3
.
3
3
4

4
.
3
0
0
e
-
0
5

-
4
2
7
.
6
7
6

2
8
3
8
.
7
9
8

2
4
1
1
.
1
2
2

-
1
.
5
9
9
7

1
2
.
6
6
4
7

1
1
.
0
6
5
0

-
4
8
.
0

0
.
0
0
5
0
3

9
2
3
.
2
1
2

4
.
8
0
0
e
-
0
5

-
4
2
5
.
9
3
0

2
8
3
8
.
8
6
0

2
4
1
2
.
9
3
0

-
1
.
5
9
1
9

1
2
.
6
0
8
7

1
1
.
0
1
6
8

-
4
7
.
0

0
.
0
0
5
6
8

9
2
3
.
0
8
8

5
.
4
0
0
e
-
0
5

-
4
2
4
.
1
7
6

2
8
3
8
.
9
0
7

2
4
1
4
.
7
3
1

-
1
.
5
8
4
2

1
2
.
5
5
3
2

1
0
.
9
6
9
1

-
4
6
.
0

0
.
0
0
6
4
0

9
2
2
.
9
6
1

6
.
1
0
0
e
-
0
5

-
4
2
2
.
4
1
5

2
8
3
8
.
9
4
2

2
4
1
6
.
5
2
7

-
1
.
5
7
6
4

1
2
.
4
9
8
1

1
0
.
9
2
1
7

-
4
5
.
0

0
.
0
0
7
2
1

9
2
2
.
8
3
4

6
.
8
0
0
e
-
0
5

-
4
2
0
.
6
4
7

2
8
3
8
.
9
6
5

2
4
1
8
.
3
1
8

-
1
.
5
6
8
6

1
2
.
4
4
3
4

1
0
.
8
7
4
8

-
4
4
.
0

0
.
0
0
8
1
1

9
2
2
.
7
0
5

7
.
7
0
0
e
-
0
5

-
4
1
8
.
8
7
1

2
8
3
8
.
9
7
7

2
4
2
0
.
1
0
6

-
1
.
5
6
0
8

1
2
.
3
8
9
2

1
0
.
8
2
8
3

-
4
3
.
0

0
.
0
0
9
1
1

9
2
2
.
5
7
5

8
.
6
0
0
e
-
0
5

-
4
1
7
.
0
8
8

2
8
3
8
.
9
8
0

2
4
2
1
.
8
9
2

-
1
.
5
5
3
1

1
2
.
3
3
5
3

1
0
.
7
8
2
3

-
4
2
.
0

0
.
0
1
0
2
3

9
2
2
.
4
4
4

9
.
6
0
0
e
-
0
5

-
4
1
5
.
2
9
7

2
8
3
8
.
9
7
4

2
4
2
3
.
6
7
7

-
1
.
5
4
5
3

1
2
.
2
8
2
0

1
0
.
7
3
6
6

-
4
1
.
0

0
.
0
1
1
4
7

9
2
2
.
3
1
4

1
.
0
7
0
e
-
0
4

-
4
1
3
.
4
9
9

2
8
3
8
.
9
6
1

2
4
2
5
.
4
6
2

-
1
.
5
3
7
6

1
2
.
2
2
9
0

1
0
.
6
9
1
4

-
4
0
.
0

0
.
0
1
2
8
5

9
2
2
.
1
8
3

1
.
1
9
0
e
-
0
4

-
4
1
1
.
6
9
4

2
8
3
8
.
9
4
2

2
4
2
7
.
2
4
8

-
1
.
5
2
9
8

1
2
.
1
7
6
5

1
0
.
6
4
6
7

-
3
9
.
0

0
.
0
1
4
3
8

9
2
2
.
0
5
2

1
.
3
3
0
e
-
0
4

-
4
0
9
.
8
8
2

2
8
3
8
.
9
1
6

2
4
2
9
.
0
3
5

-
1
.
5
2
2
0

1
2
.
1
2
4
3

1
0
.
6
0
2
3

-
3
8
.
0

0
.
0
1
6
0
8

9
2
1
.
9
2
1

1
.
4
8
0
e
-
0
4

-
4
0
8
.
0
6
2

2
8
3
8
.
8
8
5

2
4
3
0
.
8
2
4

-
1
.
5
1
4
3

1
2
.
0
7
2
7

1
0
.
5
5
8
4

-
3
7
.
0

0
.
0
1
7
9
6

9
2
1
.
7
9
0

1
.
6
5
0
e
-
0
4

-
4
0
6
.
2
3
4

2
8
3
8
.
8
5
0

2
4
3
2
.
6
1
5

-
1
.
5
0
6
5

1
2
.
0
2
1
4

1
0
.
5
1
4
8

-
3
6
.
0

0
.
0
2
0
0
5

9
2
1
.
6
5
9

1
.
8
3
0
e
-
0
4

-
4
0
4
.
3
9
9

2
8
3
8
.
8
1
0

2
4
3
4
.
4
1
0

-
1
.
4
9
8
8

1
1
.
9
7
0
5

1
0
.
4
7
1
7

-
3
5
.
0

0
.
0
2
2
3
5

9
2
1
.
5
2
9

2
.
0
3
0
e
-
0
4

-
4
0
2
.
5
5
7

2
8
3
8
.
7
6
6

2
4
3
6
.
2
0
9

-
1
.
4
9
1
0

1
1
.
9
2
0
1

1
0
.
4
2
9
0

-
3
4
.
0

0
.
0
2
4
9
0

9
2
1
.
3
9
8

2
.
2
6
0
e
-
0
4

-
4
0
0
.
7
0
7

2
8
3
8
.
7
1
8

2
4
3
8
.
0
1
1

-
1
.
4
8
3
3

1
1
.
8
7
0
0

1
0
.
3
8
6
8

-
3
3
.
0

0
.
0
2
7
7
2

9
2
1
.
2
6
8

2
.
5
0
0
e
-
0
4

-
3
9
8
.
8
5
0

2
8
3
8
.
6
6
7

2
4
3
9
.
8
1
7

-
1
.
4
7
5
5

1
1
.
8
2
0
4

1
0
.
3
4
4
9

-
3
2
.
0

0
.
0
3
0
8
2

9
2
1
.
1
3
9

2
.
7
7
0
e
-
0
4

-
3
9
6
.
9
8
6

2
8
3
8
.
6
1
3

2
4
4
1
.
6
2
8

-
1
.
4
6
7
8

1
1
.
7
7
1
2

1
0
.
3
0
3
4

-
3
1
.
0

0
.
0
3
4
2
5

9
2
1
.
0
0
9

3
.
0
6
0
e
-
0
4

-
3
9
5
.
1
1
4

2
8
3
8
.
5
5
6

2
4
4
3
.
4
4
2

-
1
.
4
6
0
0

1
1
.
7
2
2
3

1
0
.
2
6
2
3

-
3
0
.
0

0
.
0
3
8
0
2

9
2
0
.
8
7
9

3
.
3
9
0
e
-
0
4

-
3
9
3
.
2
3
4

2
8
3
8
.
4
9
6

2
4
4
5
.
2
6
2

-
1
.
4
5
2
3

1
1
.
6
7
3
8

1
0
.
2
2
1
6

-
2
9
.
0

0
.
0
4
2
1
7

9
2
0
.
7
5
0

3
.
7
4
0
e
-
0
4

-
3
9
1
.
3
4
8

2
8
3
8
.
4
3
4

2
4
4
7
.
0
8
6

-
1
.
4
4
4
5

1
1
.
6
2
5
8

1
0
.
1
8
1
2

-
2
8
.
0

0
.
0
4
6
7
3

9
2
0
.
6
2
0

4
.
1
3
0
e
-
0
4

-
3
8
9
.
4
5
4

2
8
3
8
.
3
6
8

2
4
4
8
.
9
1
5

-
1
.
4
3
6
8

1
1
.
5
7
8
1

1
0
.
1
4
1
3



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 1

7 
/ 2

3

-
2
7
.
0

0
.
0
5
1
7
5

9
2
0
.
4
9
1

4
.
5
6
0
e
-
0
4

-
3
8
7
.
5
5
2

2
8
3
8
.
3
0
0

2
4
5
0
.
7
4
8

-
1
.
4
2
9
1

1
1
.
5
3
0
8

1
0
.
1
0
1
7

-
2
6
.
0

0
.
0
5
7
2
5

9
2
0
.
3
6
1

5
.
0
2
0
e
-
0
4

-
3
8
5
.
6
4
3

2
8
3
8
.
2
2
8

2
4
5
2
.
5
8
5

-
1
.
4
2
1
3

1
1
.
4
8
3
8

1
0
.
0
6
2
5

-
2
5
.
0

0
.
0
6
3
2
9

9
2
0
.
2
3
1

5
.
5
3
0
e
-
0
4

-
3
8
3
.
7
2
7

2
8
3
8
.
1
5
4

2
4
5
4
.
4
2
7

-
1
.
4
1
3
6

1
1
.
4
3
7
3

1
0
.
0
2
3
7

-
2
4
.
0

0
.
0
6
9
9
1

9
2
0
.
1
0
0

6
.
0
8
0
e
-
0
4

-
3
8
1
.
8
0
3

2
8
3
8
.
0
7
6

2
4
5
6
.
2
7
3

-
1
.
4
0
5
8

1
1
.
3
9
1
0

9
.
9
8
5
2

-
2
3
.
0

0
.
0
7
7
1
6

9
1
9
.
9
6
9

6
.
6
8
0
e
-
0
4

-
3
7
9
.
8
7
2

2
8
3
7
.
9
9
5

2
4
5
8
.
1
2
2

-
1
.
3
9
8
1

1
1
.
3
4
5
2

9
.
9
4
7
1

-
2
2
.
0

0
.
0
8
5
1
0

9
1
9
.
8
3
7

7
.
3
4
0
e
-
0
4

-
3
7
7
.
9
3
4

2
8
3
7
.
9
0
9

2
4
5
9
.
9
7
6

-
1
.
3
9
0
4

1
1
.
2
9
9
7

9
.
9
0
9
3

-
2
1
.
0

0
.
0
9
3
7
7

9
1
9
.
7
0
4

8
.
0
6
0
e
-
0
4

-
3
7
5
.
9
8
8

2
8
3
7
.
8
2
0

2
4
6
1
.
8
3
2

-
1
.
3
8
2
6

1
1
.
2
5
4
5

9
.
8
7
1
8

-
2
0
.
0

0
.
1
0
3
2
6

9
1
9
.
5
7
1

8
.
8
4
0
e
-
0
4

-
3
7
4
.
0
3
5

2
8
3
7
.
7
2
7

2
4
6
3
.
6
9
2

-
1
.
3
7
4
9

1
1
.
2
0
9
7

9
.
8
3
4
7

-
1
9
.
0

0
.
1
1
3
6
2

9
1
9
.
4
3
6

9
.
6
9
0
e
-
0
4

-
3
7
2
.
0
7
4

2
8
3
7
.
6
2
8

2
4
6
5
.
5
5
4

-
1
.
3
6
7
2

1
1
.
1
6
5
2

9
.
7
9
8
0

-
1
8
.
0

0
.
1
2
4
9
2

9
1
9
.
3
0
1

1
.
0
6
1
e
-
0
3

-
3
7
0
.
1
0
6

2
8
3
7
.
5
2
5

2
4
6
7
.
4
1
9

-
1
.
3
5
9
5

1
1
.
1
2
1
0

9
.
7
6
1
5

-
1
7
.
0

0
.
1
3
7
2
4

9
1
9
.
1
6
4

1
.
1
6
1
e
-
0
3

-
3
6
8
.
1
3
1

2
8
3
7
.
4
1
7

2
4
6
9
.
2
8
6

-
1
.
3
5
1
7

1
1
.
0
7
7
2

9
.
7
2
5
4

-
1
6
.
0

0
.
1
5
0
6
7

9
1
9
.
0
2
5

1
.
2
7
0
e
-
0
3

-
3
6
6
.
1
4
9

2
8
3
7
.
3
0
3

2
4
7
1
.
1
5
4

-
1
.
3
4
4
0

1
1
.
0
3
3
6

9
.
6
8
9
6

-
1
5
.
0

0
.
1
6
5
3
0

9
1
8
.
8
8
5

1
.
3
8
8
e
-
0
3

-
3
6
4
.
1
5
9

2
8
3
7
.
1
8
2

2
4
7
3
.
0
2
3

-
1
.
3
3
6
3

1
0
.
9
9
0
4

9
.
6
5
4
2

-
1
4
.
0

0
.
1
8
1
2
1

9
1
8
.
7
4
3

1
.
5
1
6
e
-
0
3

-
3
6
2
.
1
6
2

2
8
3
7
.
0
5
5

2
4
7
4
.
8
9
3

-
1
.
3
2
8
6

1
0
.
9
4
7
5

9
.
6
1
9
0

-
1
3
.
0

0
.
1
9
8
5
1

9
1
8
.
6
0
0

1
.
6
5
4
e
-
0
3

-
3
6
0
.
1
5
8

2
8
3
6
.
9
2
1

2
4
7
6
.
7
6
3

-
1
.
3
2
0
8

1
0
.
9
0
4
9

9
.
5
8
4
1

-
1
2
.
0

0
.
2
1
7
3
2

9
1
8
.
4
5
4

1
.
8
0
4
e
-
0
3

-
3
5
8
.
1
4
7

2
8
3
6
.
7
7
9

2
4
7
8
.
6
3
3

-
1
.
3
1
3
1

1
0
.
8
6
2
6

9
.
5
4
9
5

-
1
1
.
0

0
.
2
3
7
7
4

9
1
8
.
3
0
7

1
.
9
6
6
e
-
0
3

-
3
5
6
.
1
2
8

2
8
3
6
.
6
3
0

2
4
8
0
.
5
0
2

-
1
.
3
0
5
4

1
0
.
8
2
0
6

9
.
5
1
5
2

-
1
0
.
0

0
.
2
5
9
9
0

9
1
8
.
1
5
7

2
.
1
4
1
e
-
0
3

-
3
5
4
.
1
0
2

2
8
3
6
.
4
7
2

2
4
8
2
.
3
6
9

-
1
.
2
9
7
7

1
0
.
7
7
8
9

9
.
4
8
1
2

-
9
.
0

0
.
2
8
3
9
3

9
1
8
.
0
0
5

2
.
3
3
0
e
-
0
3

-
3
5
2
.
0
6
9

2
8
3
6
.
3
0
5

2
4
8
4
.
2
3
5

-
1
.
2
9
0
0

1
0
.
7
3
7
5

9
.
4
4
7
5

-
8
.
0

0
.
3
0
9
9
8

9
1
7
.
8
5
1

2
.
5
3
4
e
-
0
3

-
3
5
0
.
0
2
9

2
8
3
6
.
1
2
8

2
4
8
6
.
0
9
9

-
1
.
2
8
2
3

1
0
.
6
9
6
3

9
.
4
1
4
0

-
7
.
0

0
.
3
3
8
1
9

9
1
7
.
6
9
3

2
.
7
5
4
e
-
0
3

-
3
4
7
.
9
8
2

2
8
3
5
.
9
4
2

2
4
8
7
.
9
5
9

-
1
.
2
7
4
6

1
0
.
6
5
5
4

9
.
3
8
0
8

-
6
.
0

0
.
3
6
8
7
3

9
1
7
.
5
3
4

2
.
9
9
2
e
-
0
3

-
3
4
5
.
9
2
8

2
8
3
5
.
7
4
5

2
4
8
9
.
8
1
7

-
1
.
2
6
6
9

1
0
.
6
1
4
8

9
.
3
4
7
9

-
5
.
0

0
.
4
0
1
7
7

9
1
7
.
3
7
1

3
.
2
4
8
e
-
0
3

-
3
4
3
.
8
6
7

2
8
3
5
.
5
3
7

2
4
9
1
.
6
7
0

-
1
.
2
5
9
2

1
0
.
5
7
4
4

9
.
3
1
5
3

-
4
.
0

0
.
4
3
7
4
8

9
1
7
.
2
0
5

3
.
5
2
3
e
-
0
3

-
3
4
1
.
7
9
9

2
8
3
5
.
3
1
7

2
4
9
3
.
5
1
8

-
1
.
2
5
1
5

1
0
.
5
3
4
3

9
.
2
8
2
9

-
3
.
0

0
.
4
7
6
0
7

9
1
7
.
0
3
6

3
.
8
2
0
e
-
0
3

-
3
3
9
.
7
2
3

2
8
3
5
.
0
8
5

2
4
9
5
.
3
6
2

-
1
.
2
4
3
8

1
0
.
4
9
4
5

9
.
2
5
0
7

-
2
.
0

0
.
5
1
7
7
3

9
1
6
.
8
6
4

4
.
1
3
9
e
-
0
3

-
3
3
7
.
6
4
1

2
8
3
4
.
8
4
1

2
4
9
7
.
2
0
0

-
1
.
2
3
6
1

1
0
.
4
5
4
9

9
.
2
1
8
8

-
1
.
0

0
.
5
6
2
6
9

9
1
6
.
6
8
9

4
.
4
8
2
e
-
0
3

-
3
3
5
.
5
5
2

2
8
3
4
.
5
8
3

2
4
9
9
.
0
3
1

-
1
.
2
2
8
4

1
0
.
4
1
5
5

9
.
1
8
7
1

0
.
0

0
.
6
1
1
1
7

9
1
6
.
5
1
0

4
.
8
5
0
e
-
0
3

-
3
3
3
.
4
5
6

2
8
3
4
.
3
1
1

2
5
0
0
.
8
5
5

-
1
.
2
2
0
7

1
0
.
3
7
6
4

9
.
1
5
5
7

1
.
0

0
.
6
5
7

9
9
9
.
8
4
9

5
.
1
9
5
e
-
0
3

4
.
1
7
6

2
4
9
8
.
0
2
1

2
5
0
2
.
1
9
8

0
.
0
1
5
3

9
.
1
1
1
9

9
.
1
2
7
1

2
.
0

0
.
7
0
6

9
9
9
.
8
9
0

5
.
5
6
2
e
-
0
3

8
.
3
9
1

2
4
9
5
.
7
2
3

2
5
0
4
.
1
1
4

0
.
0
3
0
6

9
.
0
7
0
4

9
.
1
0
1
0

3
.
0

0
.
7
5
8

9
9
9
.
9
1
5

5
.
9
5
0
e
-
0
3

1
2
.
6
0
3

2
4
9
3
.
4
2
0

2
5
0
6
.
0
2
2

0
.
0
4
5
9

9
.
0
2
9
2

9
.
0
7
5
1

4
.
0

0
.
8
1
3

9
9
9
.
9
2
3

6
.
3
6
3
e
-
0
3

1
6
.
8
1
1

2
4
9
1
.
1
1
1

2
5
0
7
.
9
2
2

0
.
0
6
1
1

8
.
9
8
8
3

9
.
0
4
9
4

5
.
0

0
.
8
7
2

9
9
9
.
9
1
5

6
.
8
0
0
e
-
0
3

2
1
.
0
1
7

2
4
8
8
.
7
9
8

2
5
0
9
.
8
1
5

0
.
0
7
6
2

8
.
9
4
7
7

9
.
0
2
3
9



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 1

8 
/ 2

3

6
.
0

0
.
9
3
5

9
9
9
.
8
9
2

7
.
2
6
3
e
-
0
3

2
5
.
2
2
1

2
4
8
6
.
4
8
1

2
5
1
1
.
7
0
2

0
.
0
9
1
3

8
.
9
0
7
3

8
.
9
9
8
7

7
.
0

1
.
0
0
2

9
9
9
.
8
5
4

7
.
7
5
3
e
-
0
3

2
9
.
4
2
2

2
4
8
4
.
1
6
0

2
5
1
3
.
5
8
1

0
.
1
0
6
4

8
.
8
6
7
2

8
.
9
7
3
6

8
.
0

1
.
0
7
3

9
9
9
.
8
0
1

8
.
2
7
3
e
-
0
3

3
3
.
6
2
1

2
4
8
1
.
8
3
4

2
5
1
5
.
4
5
5

0
.
1
2
1
3

8
.
8
2
7
4

8
.
9
4
8
8

9
.
0

1
.
1
4
8

9
9
9
.
7
3
4

8
.
8
2
2
e
-
0
3

3
7
.
8
1
8

2
4
7
9
.
5
0
5

2
5
1
7
.
3
2
3

0
.
1
3
6
2

8
.
7
8
7
9

8
.
9
2
4
1

1
0
.
0

1
.
2
2
8

9
9
9
.
6
5
3

9
.
4
0
3
e
-
0
3

4
2
.
0
1
3

2
4
7
7
.
1
7
3

2
5
1
9
.
1
8
7

0
.
1
5
1
1

8
.
7
4
8
6

8
.
8
9
9
7

1
1
.
0

1
.
3
1
3

9
9
9
.
5
5
8

1
.
0
0
2
e
-
0
2

4
6
.
2
0
7

2
4
7
4
.
8
3
8

2
5
2
1
.
0
4
5

0
.
1
6
5
8

8
.
7
0
9
6

8
.
8
7
5
5

1
2
.
0

1
.
4
0
2

9
9
9
.
4
5
1

1
.
0
6
7
e
-
0
2

5
0
.
3
9
9

2
4
7
2
.
4
9
9

2
5
2
2
.
8
9
8

0
.
1
8
0
6

8
.
6
7
0
9

8
.
8
5
1
4

1
3
.
0

1
.
4
9
8

9
9
9
.
3
3
1

1
.
1
3
5
e
-
0
2

5
4
.
5
9
0

2
4
7
0
.
1
5
7

2
5
2
4
.
7
4
8

0
.
1
9
5
2

8
.
6
3
2
4

8
.
8
2
7
6

1
4
.
0

1
.
5
9
9

9
9
9
.
1
9
8

1
.
2
0
7
e
-
0
2

5
8
.
7
8
0

2
4
6
7
.
8
1
3

2
5
2
6
.
5
9
3

0
.
2
0
9
9

8
.
5
9
4
2

8
.
8
0
4
0

1
5
.
0

1
.
7
0
5

9
9
9
.
0
5
4

1
.
2
8
3
e
-
0
2

6
2
.
9
6
8

2
4
6
5
.
4
6
6

2
5
2
8
.
4
3
4

0
.
2
2
4
4

8
.
5
5
6
2

8
.
7
8
0
6

1
6
.
0

1
.
8
1
8

9
9
8
.
8
9
8

1
.
3
6
4
e
-
0
2

6
7
.
1
5
5

2
4
6
3
.
1
1
7

2
5
3
0
.
2
7
2

0
.
2
3
8
9

8
.
5
1
8
5

8
.
7
5
7
4

1
7
.
0

1
.
9
3
8

9
9
8
.
7
3
0

1
.
4
4
8
e
-
0
2

7
1
.
3
4
2

2
4
6
0
.
7
6
5

2
5
3
2
.
1
0
7

0
.
2
5
3
4

8
.
4
8
1
0

8
.
7
3
4
4

1
8
.
0

2
.
0
6
4

9
9
8
.
5
5
1

1
.
5
3
8
e
-
0
2

7
5
.
5
2
7

2
4
5
8
.
4
1
2

2
5
3
3
.
9
3
8

0
.
2
6
7
8

8
.
4
4
3
8

8
.
7
1
1
6

1
9
.
0

2
.
1
9
8

9
9
8
.
3
6
1

1
.
6
3
2
e
-
0
2

7
9
.
7
1
1

2
4
5
6
.
0
5
5

2
5
3
5
.
7
6
7

0
.
2
8
2
1

8
.
4
0
6
8

8
.
6
8
9
0

2
0
.
0

2
.
3
3
8

9
9
8
.
1
6
0

1
.
7
3
0
e
-
0
2

8
3
.
8
9
5

2
4
5
3
.
6
9
7

2
5
3
7
.
5
9
3

0
.
2
9
6
4

8
.
3
7
0
1

8
.
6
6
6
5

2
1
.
0

2
.
4
8
7

9
9
7
.
9
4
8

1
.
8
3
4
e
-
0
2

8
8
.
0
7
8

2
4
5
1
.
3
3
7

2
5
3
9
.
4
1
6

0
.
3
1
0
7

8
.
3
3
3
6

8
.
6
4
4
3

2
2
.
0

2
.
6
4
4

9
9
7
.
7
2
6

1
.
9
4
4
e
-
0
2

9
2
.
2
6
1

2
4
4
8
.
9
7
5

2
5
4
1
.
2
3
6

0
.
3
2
4
9

8
.
2
9
7
4

8
.
6
2
2
2

2
3
.
0

2
.
8
1
0

9
9
7
.
4
9
5

2
.
0
5
9
e
-
0
2

9
6
.
4
4
3

2
4
4
6
.
6
1
1

2
5
4
3
.
0
5
4

0
.
3
3
9
0

8
.
2
6
1
4

8
.
6
0
0
4

2
4
.
0

2
.
9
8
5

9
9
7
.
2
5
3

2
.
1
7
9
e
-
0
2

1
0
0
.
6
2
4

2
4
4
4
.
2
4
6

2
5
4
4
.
8
7
0

0
.
3
5
3
1

8
.
2
2
5
6

8
.
5
7
8
7

2
5
.
0

3
.
1
6
9

9
9
7
.
0
0
1

2
.
3
0
6
e
-
0
2

1
0
4
.
8
0
6

2
4
4
1
.
8
7
8

2
5
4
6
.
6
8
4

0
.
3
6
7
1

8
.
1
9
0
1

8
.
5
5
7
2

2
6
.
0

3
.
3
6
3

9
9
6
.
7
4
0

2
.
4
3
9
e
-
0
2

1
0
8
.
9
8
6

2
4
3
9
.
5
0
9

2
5
4
8
.
4
9
5

0
.
3
8
1
1

8
.
1
5
4
8

8
.
5
3
5
9

2
7
.
0

3
.
5
6
7

9
9
6
.
4
7
0

2
.
5
7
9
e
-
0
2

1
1
3
.
1
6
6

2
4
3
7
.
1
3
8

2
5
5
0
.
3
0
5

0
.
3
9
5
1

8
.
1
1
9
7

8
.
5
1
4
8

2
8
.
0

3
.
7
8
1

9
9
6
.
1
9
1

2
.
7
2
5
e
-
0
2

1
1
7
.
3
4
6

2
4
3
4
.
7
6
6

2
5
5
2
.
1
1
2

0
.
4
0
9
0

8
.
0
8
4
9

8
.
4
9
3
9

2
9
.
0

4
.
0
0
7

9
9
5
.
9
0
2

2
.
8
7
9
e
-
0
2

1
2
1
.
5
2
6

2
4
3
2
.
3
9
1

2
5
5
3
.
9
1
8

0
.
4
2
2
8

8
.
0
5
0
3

8
.
4
7
3
1

3
0
.
0

4
.
2
4
5

9
9
5
.
6
0
5

3
.
0
4
0
e
-
0
2

1
2
5
.
7
0
6

2
4
3
0
.
0
1
6

2
5
5
5
.
7
2
1

0
.
4
3
6
7

8
.
0
1
5
9

8
.
4
5
2
5

3
1
.
0

4
.
4
9
5

9
9
5
.
2
9
9

3
.
2
0
8
e
-
0
2

1
2
9
.
8
8
5

2
4
2
7
.
6
3
8

2
5
5
7
.
5
2
3

0
.
4
5
0
4

7
.
9
8
1
7

8
.
4
3
2
1

3
2
.
0

4
.
7
5
7

9
9
4
.
9
8
4

3
.
3
8
5
e
-
0
2

1
3
4
.
0
6
4

2
4
2
5
.
2
5
9

2
5
5
9
.
3
2
3

0
.
4
6
4
1

7
.
9
4
7
8

8
.
4
1
1
9

3
3
.
0

5
.
0
3
3

9
9
4
.
6
6
1

3
.
5
6
9
e
-
0
2

1
3
8
.
2
4
3

2
4
2
2
.
8
7
8

2
5
6
1
.
1
2
2

0
.
4
7
7
8

7
.
9
1
4
0

8
.
3
9
1
8

3
4
.
0

5
.
3
2
3

9
9
4
.
3
3
0

3
.
7
6
3
e
-
0
2

1
4
2
.
4
2
2

2
4
2
0
.
4
9
6

2
5
6
2
.
9
1
8

0
.
4
9
1
4

7
.
8
8
0
5

8
.
3
7
1
9

3
5
.
0

5
.
6
2
6

9
9
3
.
9
9
0

3
.
9
6
5
e
-
0
2

1
4
6
.
6
0
1

2
4
1
8
.
1
1
2

2
5
6
4
.
7
1
3

0
.
5
0
5
0

7
.
8
4
7
2

8
.
3
5
2
2

3
6
.
0

5
.
9
4
5

9
9
3
.
6
4
3

4
.
1
7
6
e
-
0
2

1
5
0
.
7
8
0

2
4
1
5
.
7
2
6

2
5
6
6
.
5
0
6

0
.
5
1
8
6

7
.
8
1
4
1

8
.
3
3
2
6

3
7
.
0

6
.
2
7
9

9
9
3
.
2
8
7

4
.
3
9
7
e
-
0
2

1
5
4
.
9
5
9

2
4
1
3
.
3
3
9

2
5
6
8
.
2
9
8

0
.
5
3
2
1

7
.
7
8
1
2

8
.
3
1
3
2

3
8
.
0

6
.
6
3
0

9
9
2
.
9
2
4

4
.
6
2
8
e
-
0
2

1
5
9
.
1
3
8

2
4
1
0
.
9
5
0

2
5
7
0
.
0
8
8

0
.
5
4
5
5

7
.
7
4
8
5

8
.
2
9
4
0



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 1

9 
/ 2

3

3
9
.
0

6
.
9
9
7

9
9
2
.
5
5
3

4
.
8
6
9
e
-
0
2

1
6
3
.
3
1
7

2
4
0
8
.
5
5
9

2
5
7
1
.
8
7
6

0
.
5
5
8
9

7
.
7
1
6
0

8
.
2
7
4
9

4
0
.
0

7
.
3
8
1

9
9
2
.
1
7
5

5
.
1
2
0
e
-
0
2

1
6
7
.
4
9
6

2
4
0
6
.
1
6
6

2
5
7
3
.
6
6
2

0
.
5
7
2
3

7
.
6
8
3
7

8
.
2
5
6
0

4
1
.
0

7
.
7
8
4

9
9
1
.
7
8
9

5
.
3
8
3
e
-
0
2

1
7
1
.
6
7
5

2
4
0
3
.
7
7
2

2
5
7
5
.
4
4
7

0
.
5
8
5
6

7
.
6
5
1
7

8
.
2
3
7
3

4
2
.
0

8
.
2
0
5

9
9
1
.
3
9
6

5
.
6
5
7
e
-
0
2

1
7
5
.
8
5
4

2
4
0
1
.
3
7
5

2
5
7
7
.
2
3
0

0
.
5
9
8
9

7
.
6
1
9
8

8
.
2
1
8
7

4
3
.
0

8
.
6
4
6

9
9
0
.
9
9
5

5
.
9
4
3
e
-
0
2

1
8
0
.
0
3
4

2
3
9
8
.
9
7
7

2
5
7
9
.
0
1
1

0
.
6
1
2
1

7
.
5
8
8
1

8
.
2
0
0
2

4
4
.
0

9
.
1
0
7

9
9
0
.
5
8
8

6
.
2
4
1
e
-
0
2

1
8
4
.
2
1
3

2
3
9
6
.
5
7
7

2
5
8
0
.
7
9
0

0
.
6
2
5
3

7
.
5
5
6
6

8
.
1
8
1
9

4
5
.
0

9
.
5
9
0

9
9
0
.
1
7
3

6
.
5
5
1
e
-
0
2

1
8
8
.
3
9
3

2
3
9
4
.
1
7
5

2
5
8
2
.
5
6
8

0
.
6
3
8
5

7
.
5
2
5
3

8
.
1
6
3
8

4
6
.
0

1
0
.
0
9
4

9
8
9
.
7
5
1

6
.
8
7
5
e
-
0
2

1
9
2
.
5
7
3

2
3
9
1
.
7
7
0

2
5
8
4
.
3
4
3

0
.
6
5
1
6

7
.
4
9
4
2

8
.
1
4
5
8

4
7
.
0

1
0
.
6
2
0

9
8
9
.
3
2
3

7
.
2
1
2
e
-
0
2

1
9
6
.
7
5
3

2
3
8
9
.
3
6
4

2
5
8
6
.
1
1
7

0
.
6
6
4
7

7
.
4
6
3
3

8
.
1
2
7
9

4
8
.
0

1
1
.
1
7
1

9
8
8
.
8
8
8

7
.
5
6
3
e
-
0
2

2
0
0
.
9
3
3

2
3
8
6
.
9
5
5

2
5
8
7
.
8
8
9

0
.
6
7
7
7

7
.
4
3
2
5

8
.
1
1
0
2

4
9
.
0

1
1
.
7
4
5

9
8
8
.
4
4
6

7
.
9
2
8
e
-
0
2

2
0
5
.
1
1
4

2
3
8
4
.
5
4
5

2
5
8
9
.
6
5
9

0
.
6
9
0
7

7
.
4
0
2
0

8
.
0
9
2
7

5
0
.
0

1
2
.
3
4
5

9
8
7
.
9
9
7

8
.
3
0
8
e
-
0
2

2
0
9
.
2
9
5

2
3
8
2
.
1
3
2

2
5
9
1
.
4
2
7

0
.
7
0
3
7

7
.
3
7
1
6

8
.
0
7
5
2

5
1
.
0

1
2
.
9
7
0

9
8
7
.
5
4
2

8
.
7
0
3
e
-
0
2

2
1
3
.
4
7
6

2
3
7
9
.
7
1
6

2
5
9
3
.
1
9
2

0
.
7
1
6
6

7
.
3
4
1
4

8
.
0
5
8
0

5
2
.
0

1
3
.
6
2
3

9
8
7
.
0
8
0

9
.
1
1
4
e
-
0
2

2
1
7
.
6
5
8

2
3
7
7
.
2
9
8

2
5
9
4
.
9
5
6

0
.
7
2
9
4

7
.
3
1
1
4

8
.
0
4
0
8

5
3
.
0

1
4
.
3
0
3

9
8
6
.
6
1
2

9
.
5
4
1
e
-
0
2

2
2
1
.
8
4
0

2
3
7
4
.
8
7
8

2
5
9
6
.
7
1
7

0
.
7
4
2
3

7
.
2
8
1
6

8
.
0
2
3
8

5
4
.
0

1
5
.
0
1
3

9
8
6
.
1
3
8

9
.
9
8
5
e
-
0
2

2
2
6
.
0
2
2

2
3
7
2
.
4
5
5

2
5
9
8
.
4
7
7

0
.
7
5
5
1

7
.
2
5
1
9

8
.
0
0
7
0

5
5
.
0

1
5
.
7
5
2

9
8
5
.
6
5
7

1
.
0
4
5
e
-
0
1

2
3
0
.
2
0
4

2
3
7
0
.
0
2
9

2
6
0
0
.
2
3
4

0
.
7
6
7
9

7
.
2
2
2
4

7
.
9
9
0
2

5
6
.
0

1
6
.
5
2
2

9
8
5
.
1
7
1

1
.
0
9
3
e
-
0
1

2
3
4
.
3
8
7

2
3
6
7
.
6
0
1

2
6
0
1
.
9
8
8

0
.
7
8
0
6

7
.
1
9
3
1

7
.
9
7
3
7

5
7
.
0

1
7
.
3
2
4

9
8
4
.
6
7
8

1
.
1
4
2
e
-
0
1

2
3
8
.
5
7
1

2
3
6
5
.
1
7
0

2
6
0
3
.
7
4
1

0
.
7
9
3
3

7
.
1
6
3
9

7
.
9
5
7
2

5
8
.
0

1
8
.
1
6
0

9
8
4
.
1
7
9

1
.
1
9
4
e
-
0
1

2
4
2
.
7
5
4

2
3
6
2
.
7
3
6

2
6
0
5
.
4
9
1

0
.
8
0
5
9

7
.
1
3
4
9

7
.
9
4
0
9

5
9
.
0

1
9
.
0
2
9

9
8
3
.
6
7
4

1
.
2
4
7
e
-
0
1

2
4
6
.
9
3
8

2
3
6
0
.
2
9
9

2
6
0
7
.
2
3
8

0
.
8
1
8
5

7
.
1
0
6
1

7
.
9
2
4
7

6
0
.
0

1
9
.
9
3
3

9
8
3
.
1
6
3

1
.
3
0
3
e
-
0
1

2
5
1
.
1
2
3

2
3
5
7
.
8
6
0

2
6
0
8
.
9
8
3

0
.
8
3
1
1

7
.
0
7
7
5

7
.
9
0
8
6

6
1
.
0

2
0
.
8
7
4

9
8
2
.
6
4
6

1
.
3
6
1
e
-
0
1

2
5
5
.
3
0
8

2
3
5
5
.
4
1
7

2
6
1
0
.
7
2
5

0
.
8
4
3
6

7
.
0
4
9
0

7
.
8
9
2
6

6
2
.
0

2
1
.
8
5
2

9
8
2
.
1
2
3

1
.
4
2
0
e
-
0
1

2
5
9
.
4
9
4

2
3
5
2
.
9
7
1

2
6
1
2
.
4
6
4

0
.
8
5
6
1

7
.
0
2
0
6

7
.
8
7
6
8

6
3
.
0

2
2
.
8
6
9

9
8
1
.
5
9
5

1
.
4
8
2
e
-
0
1

2
6
3
.
6
8
0

2
3
5
0
.
5
2
1

2
6
1
4
.
2
0
1

0
.
8
6
8
6

6
.
9
9
2
5

7
.
8
6
1
1

6
4
.
0

2
3
.
9
2
6

9
8
1
.
0
6
1

1
.
5
4
7
e
-
0
1

2
6
7
.
8
6
6

2
3
4
8
.
0
6
9

2
6
1
5
.
9
3
5

0
.
8
8
1
0

6
.
9
6
4
5

7
.
8
4
5
5

6
5
.
0

2
5
.
0
2
4

9
8
0
.
5
2
1

1
.
6
1
3
e
-
0
1

2
7
2
.
0
5
3

2
3
4
5
.
6
1
2

2
6
1
7
.
6
6
6

0
.
8
9
3
4

6
.
9
3
6
6

7
.
8
3
0
1

6
6
.
0

2
6
.
1
6
4

9
7
9
.
9
7
6

1
.
6
8
2
e
-
0
1

2
7
6
.
2
4
1

2
3
4
3
.
1
5
3

2
6
1
9
.
3
9
4

0
.
9
0
5
8

6
.
9
0
8
9

7
.
8
1
4
7

6
7
.
0

2
7
.
3
4
9

9
7
9
.
4
2
5

1
.
7
5
3
e
-
0
1

2
8
0
.
4
2
9

2
3
4
0
.
6
9
0

2
6
2
1
.
1
1
9

0
.
9
1
8
1

6
.
8
8
1
3

7
.
7
9
9
5

6
8
.
0

2
8
.
5
7
8

9
7
8
.
8
6
8

1
.
8
2
7
e
-
0
1

2
8
4
.
6
1
8

2
3
3
8
.
2
2
3

2
6
2
2
.
8
4
0

0
.
9
3
0
4

6
.
8
5
3
9

7
.
7
8
4
4

6
9
.
0

2
9
.
8
5
4

9
7
8
.
3
0
6

1
.
9
0
3
e
-
0
1

2
8
8
.
8
0
7

2
3
3
5
.
7
5
2

2
6
2
4
.
5
5
9

0
.
9
4
2
7

6
.
8
2
6
7

7
.
7
6
9
4

7
0
.
0

3
1
.
1
7
8

9
7
7
.
7
3
9

1
.
9
8
2
e
-
0
1

2
9
2
.
9
9
7

2
3
3
3
.
2
7
8

2
6
2
6
.
2
7
4

0
.
9
5
4
9

6
.
7
9
9
6

7
.
7
5
4
5

7
1
.
0

3
2
.
5
5
1

9
7
7
.
1
6
6

2
.
0
6
4
e
-
0
1

2
9
7
.
1
8
7

2
3
3
0
.
7
9
9

2
6
2
7
.
9
8
7

0
.
9
6
7
1

6
.
7
7
2
6

7
.
7
3
9
7



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 2

0 
/ 2

3

7
2
.
0

3
3
.
9
7
4

9
7
6
.
5
8
8

2
.
1
4
8
e
-
0
1

3
0
1
.
3
7
9

2
3
2
8
.
3
1
7

2
6
2
9
.
6
9
5

0
.
9
7
9
3

6
.
7
4
5
8

7
.
7
2
5
1

7
3
.
0

3
5
.
4
5
0

9
7
6
.
0
0
4

2
.
2
3
6
e
-
0
1

3
0
5
.
5
7
1

2
3
2
5
.
8
3
0

2
6
3
1
.
4
0
0

0
.
9
9
1
4

6
.
7
1
9
1

7
.
7
1
0
5

7
4
.
0

3
6
.
9
8
0

9
7
5
.
4
1
5

2
.
3
2
6
e
-
0
1

3
0
9
.
7
6
3

2
3
2
3
.
3
3
9

2
6
3
3
.
1
0
2

1
.
0
0
3
5

6
.
6
9
2
6

7
.
6
9
6
1

7
5
.
0

3
8
.
5
6
5

9
7
4
.
8
2
1

2
.
4
1
9
e
-
0
1

3
1
3
.
9
5
6

2
3
2
0
.
8
4
4

2
6
3
4
.
8
0
0

1
.
0
1
5
5

6
.
6
6
6
2

7
.
6
8
1
7

7
6
.
0

4
0
.
2
0
7

9
7
4
.
2
2
2

2
.
5
1
6
e
-
0
1

3
1
8
.
1
5
0

2
3
1
8
.
3
4
4

2
6
3
6
.
4
9
4

1
.
0
2
7
6

6
.
6
4
0
0

7
.
6
6
7
5

7
7
.
0

4
1
.
9
0
8

9
7
3
.
6
1
8

2
.
6
1
5
e
-
0
1

3
2
2
.
3
4
5

2
3
1
5
.
8
4
0

2
6
3
8
.
1
8
5

1
.
0
3
9
5

6
.
6
1
3
9

7
.
6
5
3
4

7
8
.
0

4
3
.
6
6
8

9
7
3
.
0
0
9

2
.
7
1
8
e
-
0
1

3
2
6
.
5
4
0

2
3
1
3
.
3
3
1

2
6
3
9
.
8
7
2

1
.
0
5
1
5

6
.
5
8
7
9

7
.
6
3
9
4

7
9
.
0

4
5
.
4
9
0

9
7
2
.
3
9
4

2
.
8
2
4
e
-
0
1

3
3
0
.
7
3
6

2
3
1
0
.
8
1
8

2
6
4
1
.
5
5
4

1
.
0
6
3
4

6
.
5
6
2
0

7
.
6
2
5
5

8
0
.
0

4
7
.
3
7
6

9
7
1
.
7
7
5

2
.
9
3
4
e
-
0
1

3
3
4
.
9
3
3

2
3
0
8
.
3
0
0

2
6
4
3
.
2
3
3

1
.
0
7
5
3

6
.
5
3
6
3

7
.
6
1
1
6

8
1
.
0

4
9
.
3
2
7

9
7
1
.
1
5
0

3
.
0
4
6
e
-
0
1

3
3
9
.
1
3
1

2
3
0
5
.
7
7
7

2
6
4
4
.
9
0
8

1
.
0
8
7
2

6
.
5
1
0
7

7
.
5
9
7
9

8
2
.
0

5
1
.
3
4
5

9
7
0
.
5
2
0

3
.
1
6
3
e
-
0
1

3
4
3
.
3
2
9

2
3
0
3
.
2
4
9

2
6
4
6
.
5
7
8

1
.
0
9
9
0

6
.
4
8
5
3

7
.
5
8
4
3

8
3
.
0

5
3
.
4
3
1

9
6
9
.
8
8
6

3
.
2
8
3
e
-
0
1

3
4
7
.
5
2
9

2
3
0
0
.
7
1
6

2
6
4
8
.
2
4
4

1
.
1
1
0
8

6
.
4
6
0
0

7
.
5
7
0
8

8
4
.
0

5
5
.
5
8
9

9
6
9
.
2
4
6

3
.
4
0
7
e
-
0
1

3
5
1
.
7
2
9

2
2
9
8
.
1
7
7

2
6
4
9
.
9
0
6

1
.
1
2
2
6

6
.
4
3
4
8

7
.
5
5
7
4

8
5
.
0

5
7
.
8
1
8

9
6
8
.
6
0
2

3
.
5
3
5
e
-
0
1

3
5
5
.
9
3
0

2
2
9
5
.
6
3
4

2
6
5
1
.
5
6
4

1
.
1
3
4
3

6
.
4
0
9
7

7
.
5
4
4
0

8
6
.
0

6
0
.
1
2
2

9
6
7
.
9
5
3

3
.
6
6
6
e
-
0
1

3
6
0
.
1
3
2

2
2
9
3
.
0
8
5

2
6
5
3
.
2
1
7

1
.
1
4
6
0

6
.
3
8
4
8

7
.
5
3
0
8

8
7
.
0

6
2
.
5
0
3

9
6
7
.
2
9
9

3
.
8
0
2
e
-
0
1

3
6
4
.
3
3
5

2
2
9
0
.
5
3
0

2
6
5
4
.
8
6
5

1
.
1
5
7
7

6
.
3
5
9
9

7
.
5
1
7
7

8
8
.
0

6
4
.
9
6
1

9
6
6
.
6
4
0

3
.
9
4
2
e
-
0
1

3
6
8
.
5
3
9

2
2
8
7
.
9
7
0

2
6
5
6
.
5
0
9

1
.
1
6
9
4

6
.
3
3
5
2

7
.
5
0
4
6

8
9
.
0

6
7
.
5
0
0

9
6
5
.
9
7
6

4
.
0
8
6
e
-
0
1

3
7
2
.
7
4
4

2
2
8
5
.
4
0
4

2
6
5
8
.
1
4
8

1
.
1
8
1
0

6
.
3
1
0
7

7
.
4
9
1
6

9
0
.
0

7
0
.
1
2
1

9
6
5
.
3
0
8

4
.
2
3
4
e
-
0
1

3
7
6
.
9
4
9

2
2
8
2
.
8
3
3

2
6
5
9
.
7
8
2

1
.
1
9
2
6

6
.
2
8
6
2

7
.
4
7
8
8

9
1
.
0

7
2
.
8
2
6

9
6
4
.
6
3
5

4
.
3
8
7
e
-
0
1

3
8
1
.
1
5
6

2
2
8
0
.
2
5
6

2
6
6
1
.
4
1
2

1
.
2
0
4
1

6
.
2
6
1
9

7
.
4
6
6
0

9
2
.
0

7
5
.
6
1
8

9
6
3
.
9
5
7

4
.
5
4
4
e
-
0
1

3
8
5
.
3
6
4

2
2
7
7
.
6
7
2

2
6
6
3
.
0
3
6

1
.
2
1
5
7

6
.
2
3
7
6

7
.
4
5
3
3

9
3
.
0

7
8
.
4
9
8

9
6
3
.
2
7
4

4
.
7
0
6
e
-
0
1

3
8
9
.
5
7
3

2
2
7
5
.
0
8
3

2
6
6
4
.
6
5
6

1
.
2
2
7
2

6
.
2
1
3
5

7
.
4
4
0
7

9
4
.
0

8
1
.
4
6
9

9
6
2
.
5
8
7

4
.
8
7
2
e
-
0
1

3
9
3
.
7
8
3

2
2
7
2
.
4
8
7

2
6
6
6
.
2
7
0

1
.
2
3
8
6

6
.
1
8
9
5

7
.
4
2
8
2

9
5
.
0

8
4
.
5
3
3

9
6
1
.
8
9
5

5
.
0
4
3
e
-
0
1

3
9
7
.
9
9
4

2
2
6
9
.
8
8
6

2
6
6
7
.
8
7
9

1
.
2
5
0
1

6
.
1
6
5
7

7
.
4
1
5
7

9
6
.
0

8
7
.
6
9
2

9
6
1
.
1
9
8

5
.
2
1
9
e
-
0
1

4
0
2
.
2
0
6

2
2
6
7
.
2
7
7

2
6
6
9
.
4
8
3

1
.
2
6
1
5

6
.
1
4
1
9

7
.
4
0
3
4

9
7
.
0

9
0
.
9
4
8

9
6
0
.
4
9
7

5
.
4
0
0
e
-
0
1

4
0
6
.
4
1
9

2
2
6
4
.
6
6
3

2
6
7
1
.
0
8
1

1
.
2
7
2
9

6
.
1
1
8
2

7
.
3
9
1
1

9
8
.
0

9
4
.
3
0
5

9
5
9
.
7
9
1

5
.
5
8
7
e
-
0
1

4
1
0
.
6
3
3

2
2
6
2
.
0
4
1

2
6
7
2
.
6
7
5

1
.
2
8
4
3

6
.
0
9
4
7

7
.
3
7
8
9

9
9
.
0

9
7
.
7
6
3

9
5
9
.
0
8
1

5
.
7
7
8
e
-
0
1

4
1
4
.
8
4
9

2
2
5
9
.
4
1
3

2
6
7
4
.
2
6
2

1
.
2
9
5
6

6
.
0
7
1
2

7
.
3
6
6
8

1
0
0
.
0

1
0
1
.
3
2
5

9
5
8
.
3
6
6

5
.
9
7
5
e
-
0
1

4
1
9
.
0
6
5

2
2
5
6
.
7
7
9

2
6
7
5
.
8
4
4

1
.
3
0
6
9

6
.
0
4
7
9

7
.
3
5
4
8

1
0
1
.
0

1
0
4
.
9
9
5

9
5
7
.
6
4
7

6
.
1
7
7
e
-
0
1

4
2
3
.
2
8
3

2
2
5
4
.
1
3
7

2
6
7
7
.
4
2
0

1
.
3
1
8
2

6
.
0
2
4
7

7
.
3
4
2
9

1
0
2
.
0

1
0
8
.
7
7
4

9
5
6
.
9
2
3

6
.
3
8
4
e
-
0
1

4
2
7
.
5
0
2

2
2
5
1
.
4
8
8

2
6
7
8
.
9
9
1

1
.
3
2
9
4

6
.
0
0
1
6

7
.
3
3
1
0

1
0
3
.
0

1
1
2
.
6
6
4

9
5
6
.
1
9
4

6
.
5
9
8
e
-
0
1

4
3
1
.
7
2
3

2
2
4
8
.
8
3
3

2
6
8
0
.
5
5
5

1
.
3
4
0
7

5
.
9
7
8
6

7
.
3
1
9
2

1
0
4
.
0

1
1
6
.
6
6
9

9
5
5
.
4
6
1

6
.
8
1
7
e
-
0
1

4
3
5
.
9
4
5

2
2
4
6
.
1
7
0

2
6
8
2
.
1
1
4

1
.
3
5
1
9

5
.
9
5
5
6

7
.
3
0
7
5



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 2

1 
/ 2

3

1
0
5
.
0

1
2
0
.
7
9
1

9
5
4
.
7
2
4

7
.
0
4
2
e
-
0
1

4
4
0
.
1
6
8

2
2
4
3
.
4
9
9

2
6
8
3
.
6
6
7

1
.
3
6
3
0

5
.
9
3
2
8

7
.
2
9
5
8

1
0
6
.
0

1
2
5
.
0
3
2

9
5
3
.
9
8
2

7
.
2
7
3
e
-
0
1

4
4
4
.
3
9
2

2
2
4
0
.
8
2
2

2
6
8
5
.
2
1
4

1
.
3
7
4
2

5
.
9
1
0
1

7
.
2
8
4
3

1
0
7
.
0

1
2
9
.
3
9
5

9
5
3
.
2
3
6

7
.
5
1
0
e
-
0
1

4
4
8
.
6
1
8

2
2
3
8
.
1
3
6

2
6
8
6
.
7
5
4

1
.
3
8
5
3

5
.
8
8
7
5

7
.
2
7
2
8

1
0
8
.
0

1
3
3
.
8
8
3

9
5
2
.
4
8
5

7
.
7
5
3
e
-
0
1

4
5
2
.
8
4
5

2
2
3
5
.
4
4
4

2
6
8
8
.
2
8
8

1
.
3
9
6
4

5
.
8
6
5
0

7
.
2
6
1
4

1
0
9
.
0

1
3
8
.
4
9
8

9
5
1
.
7
3
0

8
.
0
0
3
e
-
0
1

4
5
7
.
0
7
3

2
2
3
2
.
7
4
3

2
6
8
9
.
8
1
6

1
.
4
0
7
4

5
.
8
4
2
6

7
.
2
5
0
0

1
1
0
.
0

1
4
3
.
2
4
3

9
5
0
.
9
7
0

8
.
2
5
9
e
-
0
1

4
6
1
.
3
0
3

2
2
3
0
.
0
3
5

2
6
9
1
.
3
3
8

1
.
4
1
8
5

5
.
8
2
0
3

7
.
2
3
8
8

1
1
1
.
0

1
4
8
.
1
2
2

9
5
0
.
2
0
6

8
.
5
2
2
e
-
0
1

4
6
5
.
5
3
5

2
2
2
7
.
3
1
8

2
6
9
2
.
8
5
3

1
.
4
2
9
5

5
.
7
9
8
0

7
.
2
2
7
5

1
1
2
.
0

1
5
3
.
1
3
6

9
4
9
.
4
3
7

8
.
7
9
2
e
-
0
1

4
6
9
.
7
6
8

2
2
2
4
.
5
9
4

2
6
9
4
.
3
6
1

1
.
4
4
0
5

5
.
7
7
5
9

7
.
2
1
6
4

1
1
3
.
0

1
5
8
.
2
8
8

9
4
8
.
6
6
5

9
.
0
6
8
e
-
0
1

4
7
4
.
0
0
2

2
2
2
1
.
8
6
1

2
6
9
5
.
8
6
3

1
.
4
5
1
5

5
.
7
5
3
9

7
.
2
0
5
3

1
1
4
.
0

1
6
3
.
5
8
2

9
4
7
.
8
8
7

9
.
3
5
2
e
-
0
1

4
7
8
.
2
3
8

2
2
1
9
.
1
2
1

2
6
9
7
.
3
5
9

1
.
4
6
2
4

5
.
7
3
1
9

7
.
1
9
4
3

1
1
5
.
0

1
6
9
.
0
2
1

9
4
7
.
1
0
6

9
.
6
4
3
e
-
0
1

4
8
2
.
4
7
6

2
2
1
6
.
3
7
1

2
6
9
8
.
8
4
7

1
.
4
7
3
3

5
.
7
1
0
1

7
.
1
8
3
4

1
1
6
.
0

1
7
4
.
6
0
7

9
4
6
.
3
2
0

9
.
9
4
1
e
-
0
1

4
8
6
.
7
1
5

2
2
1
3
.
6
1
4

2
7
0
0
.
3
2
8

1
.
4
8
4
2

5
.
6
8
8
3

7
.
1
7
2
5

1
1
7
.
0

1
8
0
.
3
4
3

9
4
5
.
5
3
0

1
.
0
2
5
e
+
0
0

4
9
0
.
9
5
5

2
2
1
0
.
8
4
8

2
7
0
1
.
8
0
3

1
.
4
9
5
1

5
.
6
6
6
7

7
.
1
6
1
7

1
1
8
.
0

1
8
6
.
2
3
2

9
4
4
.
7
3
5

1
.
0
5
6
e
+
0
0

4
9
5
.
1
9
8

2
2
0
8
.
0
7
3

2
7
0
3
.
2
7
1

1
.
5
0
5
9

5
.
6
4
5
1

7
.
1
5
1
0

1
1
9
.
0

1
9
2
.
2
7
8

9
4
3
.
9
3
6

1
.
0
8
8
e
+
0
0

4
9
9
.
4
4
2

2
2
0
5
.
2
8
9

2
7
0
4
.
7
3
1

1
.
5
1
6
7

5
.
6
2
3
6

7
.
1
4
0
3

1
2
0
.
0

1
9
8
.
4
8
3

9
4
3
.
1
3
3

1
.
1
2
1
e
+
0
0

5
0
3
.
6
8
8

2
2
0
2
.
4
9
7

2
7
0
6
.
1
8
4

1
.
5
2
7
5

5
.
6
0
2
2

7
.
1
2
9
7

1
2
1
.
0

2
0
4
.
8
5
1

9
4
2
.
3
2
5

1
.
1
5
4
e
+
0
0

5
0
7
.
9
3
5

2
1
9
9
.
6
9
5

2
7
0
7
.
6
3
0

1
.
5
3
8
3

5
.
5
8
0
9

7
.
1
1
9
2

1
2
2
.
0

2
1
1
.
3
8
5

9
4
1
.
5
1
4

1
.
1
8
9
e
+
0
0

5
1
2
.
1
8
5

2
1
9
6
.
8
8
4

2
7
0
9
.
0
6
9

1
.
5
4
9
1

5
.
5
5
9
6

7
.
1
0
8
7

1
2
3
.
0

2
1
8
.
0
8
8

9
4
0
.
6
9
7

1
.
2
2
4
e
+
0
0

5
1
6
.
4
3
6

2
1
9
4
.
0
6
4

2
7
1
0
.
5
0
0

1
.
5
5
9
8

5
.
5
3
8
5

7
.
0
9
8
3

1
2
4
.
0

2
2
4
.
9
6
3

9
3
9
.
8
7
7

1
.
2
6
0
e
+
0
0

5
2
0
.
6
8
9

2
1
9
1
.
2
3
5

2
7
1
1
.
9
2
4

1
.
5
7
0
5

5
.
5
1
7
4

7
.
0
8
7
9

1
2
5
.
0

2
3
2
.
0
1
4

9
3
9
.
0
5
2

1
.
2
9
7
e
+
0
0

5
2
4
.
9
4
3

2
1
8
8
.
3
9
6

2
7
1
3
.
3
4
0

1
.
5
8
1
2

5
.
4
9
6
4

7
.
0
7
7
6

1
2
6
.
0

2
3
9
.
2
4
4

9
3
8
.
2
2
3

1
.
3
3
5
e
+
0
0

5
2
9
.
2
0
0

2
1
8
5
.
5
4
8

2
7
1
4
.
7
4
8

1
.
5
9
1
8

5
.
4
7
5
5

7
.
0
6
7
3

1
2
7
.
0

2
4
6
.
6
5
5

9
3
7
.
3
9
0

1
.
3
7
4
e
+
0
0

5
3
3
.
4
5
9

2
1
8
2
.
6
9
0

2
7
1
6
.
1
4
9

1
.
6
0
2
5

5
.
4
5
4
7

7
.
0
5
7
1

1
2
8
.
0

2
5
4
.
2
5
3

9
3
6
.
5
5
2

1
.
4
1
3
e
+
0
0

5
3
7
.
7
1
9

2
1
7
9
.
8
2
3

2
7
1
7
.
5
4
2

1
.
6
1
3
1

5
.
4
3
3
9

7
.
0
4
7
0

1
2
9
.
0

2
6
2
.
0
4
0

9
3
5
.
7
1
0

1
.
4
5
4
e
+
0
0

5
4
1
.
9
8
2

2
1
7
6
.
9
4
5

2
7
1
8
.
9
2
7

1
.
6
2
3
7

5
.
4
1
3
3

7
.
0
3
6
9

1
3
0
.
0

2
7
0
.
0
1
9

9
3
4
.
8
6
4

1
.
4
9
5
e
+
0
0

5
4
6
.
2
4
6

2
1
7
4
.
0
5
7

2
7
2
0
.
3
0
4

1
.
6
3
4
2

5
.
3
9
2
7

7
.
0
2
6
9

1
3
1
.
0

2
7
8
.
1
9
4

9
3
4
.
0
1
4

1
.
5
3
8
e
+
0
0

5
5
0
.
5
1
3

2
1
7
1
.
1
6
0

2
7
2
1
.
6
7
3

1
.
6
4
4
8

5
.
3
7
2
2

7
.
0
1
7
0

1
3
2
.
0

2
8
6
.
5
6
9

9
3
3
.
1
5
9

1
.
5
8
1
e
+
0
0

5
5
4
.
7
8
1

2
1
6
8
.
2
5
2

2
7
2
3
.
0
3
3

1
.
6
5
5
3

5
.
3
5
1
7

7
.
0
0
7
0

1
3
3
.
0

2
9
5
.
1
4
7

9
3
2
.
3
0
0

1
.
6
2
5
e
+
0
0

5
5
9
.
0
5
2

2
1
6
5
.
3
3
4

2
7
2
4
.
3
8
6

1
.
6
6
5
8

5
.
3
3
1
4

6
.
9
9
7
2

1
3
4
.
0

3
0
3
.
9
3
2

9
3
1
.
4
3
7

1
.
6
7
1
e
+
0
0

5
6
3
.
3
2
5

2
1
6
2
.
4
0
5

2
7
2
5
.
7
3
0

1
.
6
7
6
3

5
.
3
1
1
1

6
.
9
8
7
4

1
3
5
.
0

3
1
2
.
9
2
7

9
3
0
.
5
6
9

1
.
7
1
7
e
+
0
0

5
6
7
.
6
0
0

2
1
5
9
.
4
6
6

2
7
2
7
.
0
6
6

1
.
6
8
6
8

5
.
2
9
0
9

6
.
9
7
7
6

1
3
6
.
0

3
2
2
.
1
3
6

9
2
9
.
6
9
8

1
.
7
6
4
e
+
0
0

5
7
1
.
8
7
7

2
1
5
6
.
5
1
6

2
7
2
8
.
3
9
3

1
.
6
9
7
2

5
.
2
7
0
7

6
.
9
6
7
9

1
3
7
.
0

3
3
1
.
5
6
4

9
2
8
.
8
2
1

1
.
8
1
3
e
+
0
0

5
7
6
.
1
5
7

2
1
5
3
.
5
5
5

2
7
2
9
.
7
1
2

1
.
7
0
7
6

5
.
2
5
0
7

6
.
9
5
8
3



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 2

2 
/ 2

3

1
3
8
.
0

3
4
1
.
2
1
3

9
2
7
.
9
4
1

1
.
8
6
2
e
+
0
0

5
8
0
.
4
3
9

2
1
5
0
.
5
8
4

2
7
3
1
.
0
2
3

1
.
7
1
8
0

5
.
2
3
0
7

6
.
9
4
8
7

1
3
9
.
0

3
5
1
.
0
8
7

9
2
7
.
0
5
7

1
.
9
1
3
e
+
0
0

5
8
4
.
7
2
3

2
1
4
7
.
6
0
1

2
7
3
2
.
3
2
4

1
.
7
2
8
4

5
.
2
1
0
7

6
.
9
3
9
1

1
4
0
.
0

3
6
1
.
1
9
1

9
2
6
.
1
6
8

1
.
9
6
5
e
+
0
0

5
8
9
.
0
0
9

2
1
4
4
.
6
0
8

2
7
3
3
.
6
1
7

1
.
7
3
8
8

5
.
1
9
0
9

6
.
9
2
9
6

1
4
1
.
0

3
7
1
.
5
2
8

9
2
5
.
2
7
5

2
.
0
1
7
e
+
0
0

5
9
3
.
2
9
8

2
1
4
1
.
6
0
3

2
7
3
4
.
9
0
1

1
.
7
4
9
1

5
.
1
7
1
1

6
.
9
2
0
2

1
4
2
.
0

3
8
2
.
1
0
2

9
2
4
.
3
7
7

2
.
0
7
1
e
+
0
0

5
9
7
.
5
8
9

2
1
3
8
.
5
8
6

2
7
3
6
.
1
7
6

1
.
7
5
9
4

5
.
1
5
1
4

6
.
9
1
0
8

1
4
3
.
0

3
9
2
.
9
1
8

9
2
3
.
4
7
6

2
.
1
2
6
e
+
0
0

6
0
1
.
8
8
3

2
1
3
5
.
5
5
9

2
7
3
7
.
4
4
2

1
.
7
6
9
7

5
.
1
3
1
7

6
.
9
0
1
4

1
4
4
.
0

4
0
3
.
9
7
8

9
2
2
.
5
7
0

2
.
1
8
3
e
+
0
0

6
0
6
.
1
7
9

2
1
3
2
.
5
1
9

2
7
3
8
.
6
9
9

1
.
7
8
0
0

5
.
1
1
2
1

6
.
8
9
2
1

1
4
5
.
0

4
1
5
.
2
8
7

9
2
1
.
6
5
9

2
.
2
4
0
e
+
0
0

6
1
0
.
4
7
8

2
1
2
9
.
4
6
8

2
7
3
9
.
9
4
6

1
.
7
9
0
3

5
.
0
9
2
6

6
.
8
8
2
9

1
4
6
.
0

4
2
6
.
8
4
9

9
2
0
.
7
4
5

2
.
2
9
9
e
+
0
0

6
1
4
.
7
7
9

2
1
2
6
.
4
0
6

2
7
4
1
.
1
8
5

1
.
8
0
0
5

5
.
0
7
3
1

6
.
8
7
3
7

1
4
7
.
0

4
3
8
.
6
6
9

9
1
9
.
8
2
6

2
.
3
5
8
e
+
0
0

6
1
9
.
0
8
3

2
1
2
3
.
3
3
1

2
7
4
2
.
4
1
4

1
.
8
1
0
8

5
.
0
5
3
7

6
.
8
6
4
5

1
4
8
.
0

4
5
0
.
7
5
0

9
1
8
.
9
0
3

2
.
4
2
0
e
+
0
0

6
2
3
.
3
8
9

2
1
2
0
.
2
4
4

2
7
4
3
.
6
3
4

1
.
8
2
1
0

5
.
0
3
4
4

6
.
8
5
5
4

1
4
9
.
0

4
6
3
.
0
9
6

9
1
7
.
9
7
6

2
.
4
8
2
e
+
0
0

6
2
7
.
6
9
9

2
1
1
7
.
1
4
5

2
7
4
4
.
8
4
4

1
.
8
3
1
2

5
.
0
1
5
1

6
.
8
4
6
3

1
5
0
.
0

4
7
5
.
7
1
2

9
1
7
.
0
4
4

2
.
5
4
5
e
+
0
0

6
3
2
.
0
1
0

2
1
1
4
.
0
3
4

2
7
4
6
.
0
4
4

1
.
8
4
1
3

4
.
9
9
5
9

6
.
8
3
7
3

1
5
1
.
0

4
8
8
.
6
0
3

9
1
6
.
1
0
8

2
.
6
1
0
e
+
0
0

6
3
6
.
3
2
5

2
1
1
0
.
9
1
0

2
7
4
7
.
2
3
5

1
.
8
5
1
5

4
.
9
7
6
8

6
.
8
2
8
3

1
5
2
.
0

5
0
1
.
7
7
1

9
1
5
.
1
6
7

2
.
6
7
7
e
+
0
0

6
4
0
.
6
4
2

2
1
0
7
.
7
7
4

2
7
4
8
.
4
1
7

1
.
8
6
1
6

4
.
9
5
7
7

6
.
8
1
9
3

1
5
3
.
0

5
1
5
.
2
2
2

9
1
4
.
2
2
3

2
.
7
4
4
e
+
0
0

6
4
4
.
9
6
3

2
1
0
4
.
6
2
5

2
7
4
9
.
5
8
8

1
.
8
7
1
7

4
.
9
3
8
7

6
.
8
1
0
4

1
5
4
.
0

5
2
8
.
9
6
0

9
1
3
.
2
7
4

2
.
8
1
3
e
+
0
0

6
4
9
.
2
8
6

2
1
0
1
.
4
6
4

2
7
5
0
.
7
4
9

1
.
8
8
1
8

4
.
9
1
9
7

6
.
8
0
1
5

1
5
5
.
0

5
4
2
.
9
8
9

9
1
2
.
3
2
0

2
.
8
8
3
e
+
0
0

6
5
3
.
6
1
2

2
0
9
8
.
2
8
9

2
7
5
1
.
9
0
1

1
.
8
9
1
9

4
.
9
0
0
8

6
.
7
9
2
7

1
5
6
.
0

5
5
7
.
3
1
4

9
1
1
.
3
6
3

2
.
9
5
5
e
+
0
0

6
5
7
.
9
4
0

2
0
9
5
.
1
0
2

2
7
5
3
.
0
4
2

1
.
9
0
2
0

4
.
8
8
2
0

6
.
7
8
3
9

1
5
7
.
0

5
7
1
.
9
3
8

9
1
0
.
4
0
1

3
.
0
2
8
e
+
0
0

6
6
2
.
2
7
2

2
0
9
1
.
9
0
1

2
7
5
4
.
1
7
3

1
.
9
1
2
0

4
.
8
6
3
2

6
.
7
7
5
2

1
5
8
.
0

5
8
6
.
8
6
8

9
0
9
.
4
3
4

3
.
1
0
3
e
+
0
0

6
6
6
.
6
0
7

2
0
8
8
.
6
8
7

2
7
5
5
.
2
9
4

1
.
9
2
2
0

4
.
8
4
4
5

6
.
7
6
6
5

1
5
9
.
0

6
0
2
.
1
0
7

9
0
8
.
4
6
3

3
.
1
7
9
e
+
0
0

6
7
0
.
9
4
5

2
0
8
5
.
4
6
0

2
7
5
6
.
4
0
5

1
.
9
3
2
0

4
.
8
2
5
8

6
.
7
5
7
8

1
6
0
.
0

6
1
7
.
6
5
9

9
0
7
.
4
8
8

3
.
2
5
7
e
+
0
0

6
7
5
.
2
8
6

2
0
8
2
.
2
1
9

2
7
5
7
.
5
0
5

1
.
9
4
2
0

4
.
8
0
7
2

6
.
7
4
9
2

1
6
1
.
0

6
3
3
.
5
3
0

9
0
6
.
5
0
9

3
.
3
3
6
e
+
0
0

6
7
9
.
6
3
0

2
0
7
8
.
9
6
5

2
7
5
8
.
5
9
5

1
.
9
5
2
0

4
.
7
8
8
6

6
.
7
4
0
6

1
6
2
.
0

6
4
9
.
7
2
4

9
0
5
.
5
2
5

3
.
4
1
6
e
+
0
0

6
8
3
.
9
7
8

2
0
7
5
.
6
9
6

2
7
5
9
.
6
7
4

1
.
9
6
2
0

4
.
7
7
0
1

6
.
7
3
2
0

1
6
3
.
0

6
6
6
.
2
4
5

9
0
4
.
5
3
6

3
.
4
9
8
e
+
0
0

6
8
8
.
3
2
9

2
0
7
2
.
4
1
4

2
7
6
0
.
7
4
3

1
.
9
7
1
9

4
.
7
5
1
6

6
.
7
2
3
5

1
6
4
.
0

6
8
3
.
0
9
9

9
0
3
.
5
4
3

3
.
5
8
2
e
+
0
0

6
9
2
.
6
8
2

2
0
6
9
.
1
1
8

2
7
6
1
.
8
0
0

1
.
9
8
1
8

4
.
7
3
3
2

6
.
7
1
5
0

1
6
5
.
0

7
0
0
.
2
9
0

9
0
2
.
5
4
6

3
.
6
6
7
e
+
0
0

6
9
7
.
0
4
0

2
0
6
5
.
8
0
8

2
7
6
2
.
8
4
7

1
.
9
9
1
8

4
.
7
1
4
8

6
.
7
0
6
6

1
6
6
.
0

7
1
7
.
8
2
3

9
0
1
.
5
4
4

3
.
7
5
4
e
+
0
0

7
0
1
.
4
0
0

2
0
6
2
.
4
8
3

2
7
6
3
.
8
8
3

2
.
0
0
1
7

4
.
6
9
6
5

6
.
6
9
8
2

1
6
7
.
0

7
3
5
.
7
0
2

9
0
0
.
5
3
8

3
.
8
4
3
e
+
0
0

7
0
5
.
7
6
4

2
0
5
9
.
1
4
4

2
7
6
4
.
9
0
8

2
.
0
1
1
5

4
.
6
7
8
3

6
.
6
8
9
8

1
6
8
.
0

7
5
3
.
9
3
3

8
9
9
.
5
2
7

3
.
9
3
3
e
+
0
0

7
1
0
.
1
3
2

2
0
5
5
.
7
9
0

2
7
6
5
.
9
2
2

2
.
0
2
1
4

4
.
6
6
0
1

6
.
6
8
1
5

1
6
9
.
0

7
7
2
.
5
2
0

8
9
8
.
5
1
2

4
.
0
2
5
e
+
0
0

7
1
4
.
5
0
3

2
0
5
2
.
4
2
2

2
7
6
6
.
9
2
5

2
.
0
3
1
3

4
.
6
4
1
9

6
.
6
7
3
2

1
7
0
.
0

7
9
1
.
4
6
8

8
9
7
.
4
9
3

4
.
1
1
8
e
+
0
0

7
1
8
.
8
7
7

2
0
4
9
.
0
3
9

2
7
6
7
.
9
1
6

2
.
0
4
1
1

4
.
6
2
3
8

6
.
6
6
4
9



t  
   

  
[�

C
]  

  
Ps

at
[k

Pa
]

ρ L
[k

g 
m

-3
]

ρ V
[k

g 
m

-3
]

h L
[k

J k
g-1

]
h f

g

[k
J k

g-1
]

h V
[k

J k
g-1

]
s L

[k
J k

g-1
 K

-1
]

s fg
[k

J k
g-1

 K
-1
]

s V
[k

J k
g-1

 K
-1
]

M
. C

O
N

D
E 

EN
G

IN
EE

R
IN

G
, 2

00
2

Th
er

m
od

yn
am

ic
 P

ro
pe

rti
es

 o
f N

or
m

al
 W

at
er

 a
t S

at
ur

at
io

n
Pa

ge
 2

3 
/ 2

3

1
7
1
.
0

8
1
0
.
7
8
3

8
9
6
.
4
6
8

4
.
2
1
4
e
+
0
0

7
2
3
.
2
5
5

2
0
4
5
.
6
4
1

2
7
6
8
.
8
9
6

2
.
0
5
0
9

4
.
6
0
5
7

6
.
6
5
6
7

1
7
2
.
0

8
3
0
.
4
6
9

8
9
5
.
4
4
0

4
.
3
1
1
e
+
0
0

7
2
7
.
6
3
7

2
0
4
2
.
2
2
8

2
7
6
9
.
8
6
5

2
.
0
6
0
7

4
.
5
8
7
7

6
.
6
4
8
4

1
7
3
.
0

8
5
0
.
5
3
1

8
9
4
.
4
0
6

4
.
4
1
0
e
+
0
0

7
3
2
.
0
2
3

2
0
3
8
.
7
9
9

2
7
7
0
.
8
2
2

2
.
0
7
0
5

4
.
5
6
9
8

6
.
6
4
0
3

1
7
4
.
0

8
7
0
.
9
7
4

8
9
3
.
3
6
9

4
.
5
1
1
e
+
0
0

7
3
6
.
4
1
2

2
0
3
5
.
3
5
6

2
7
7
1
.
7
6
7

2
.
0
8
0
3

4
.
5
5
1
8

6
.
6
3
2
1

1
7
5
.
0

8
9
1
.
8
0
4

8
9
2
.
3
2
6

4
.
6
1
3
e
+
0
0

7
4
0
.
8
0
5

2
0
3
1
.
8
9
6

2
7
7
2
.
7
0
1

2
.
0
9
0
0

4
.
5
3
4
0

6
.
6
2
4
0

1
7
6
.
0

9
1
3
.
0
2
5

8
9
1
.
2
7
9

4
.
7
1
8
e
+
0
0

7
4
5
.
2
0
1

2
0
2
8
.
4
2
1

2
7
7
3
.
6
2
3

2
.
0
9
9
8

4
.
5
1
6
1

6
.
6
1
5
9

1
7
7
.
0

9
3
4
.
6
4
3

8
9
0
.
2
2
8

4
.
8
2
4
e
+
0
0

7
4
9
.
6
0
2

2
0
2
4
.
9
3
0

2
7
7
4
.
5
3
2

2
.
1
0
9
5

4
.
4
9
8
3

6
.
6
0
7
9

1
7
8
.
0

9
5
6
.
6
6
2

8
8
9
.
1
7
1

4
.
9
3
2
e
+
0
0

7
5
4
.
0
0
7

2
0
2
1
.
4
2
4

2
7
7
5
.
4
3
0

2
.
1
1
9
2

4
.
4
8
0
6

6
.
5
9
9
8

1
7
9
.
0

9
7
9
.
0
8
9

8
8
8
.
1
1
0

5
.
0
4
2
e
+
0
0

7
5
8
.
4
1
5

2
0
1
7
.
9
0
1

2
7
7
6
.
3
1
6

2
.
1
2
8
9

4
.
4
6
2
9

6
.
5
9
1
8

1
8
0
.
0

1
0
0
1
.
9
2
8

8
8
7
.
0
4
5

5
.
1
5
4
e
+
0
0

7
6
2
.
8
2
8

2
0
1
4
.
3
6
2

2
7
7
7
.
1
9
0

2
.
1
3
8
6

4
.
4
4
5
2

6
.
5
8
3
9

1
8
1
.
0

1
0
2
5
.
1
8
4

8
8
5
.
9
7
5

5
.
2
6
9
e
+
0
0

7
6
7
.
2
4
4

2
0
1
0
.
8
0
6

2
7
7
8
.
0
5
1

2
.
1
4
8
3

4
.
4
2
7
6

6
.
5
7
5
9

1
8
2
.
0

1
0
4
8
.
8
6
3

8
8
4
.
9
0
0

5
.
3
8
5
e
+
0
0

7
7
1
.
6
6
5

2
0
0
7
.
2
3
5

2
7
7
8
.
9
0
0

2
.
1
5
8
0

4
.
4
1
0
1

6
.
5
6
8
0

1
8
3
.
0

1
0
7
2
.
9
7
0

8
8
3
.
8
2
0

5
.
5
0
3
e
+
0
0

7
7
6
.
0
9
0

2
0
0
3
.
6
4
6

2
7
7
9
.
7
3
6

2
.
1
6
7
6

4
.
3
9
2
5

6
.
5
6
0
1

1
8
4
.
0

1
0
9
7
.
5
1
1

8
8
2
.
7
3
5

5
.
6
2
3
e
+
0
0

7
8
0
.
5
1
9

2
0
0
0
.
0
4
0

2
7
8
0
.
5
6
0

2
.
1
7
7
3

4
.
3
7
5
0

6
.
5
5
2
3

1
8
5
.
0

1
1
2
2
.
4
9
1

8
8
1
.
6
4
6

5
.
7
4
6
e
+
0
0

7
8
4
.
9
5
3

1
9
9
6
.
4
1
8

2
7
8
1
.
3
7
1

2
.
1
8
6
9

4
.
3
5
7
6

6
.
5
4
4
5

1
8
6
.
0

1
1
4
7
.
9
1
5

8
8
0
.
5
5
2

5
.
8
7
0
e
+
0
0

7
8
9
.
3
9
0

1
9
9
2
.
7
7
8

2
7
8
2
.
1
6
9

2
.
1
9
6
5

4
.
3
4
0
1

6
.
5
3
6
7

1
8
7
.
0

1
1
7
3
.
7
9
0

8
7
9
.
4
5
3

5
.
9
9
7
e
+
0
0

7
9
3
.
8
3
3

1
9
8
9
.
1
2
1

2
7
8
2
.
9
5
4

2
.
2
0
6
1

4
.
3
2
2
8

6
.
5
2
8
9

1
8
8
.
0

1
2
0
0
.
1
1
9

8
7
8
.
3
4
9

6
.
1
2
6
e
+
0
0

7
9
8
.
2
7
9

1
9
8
5
.
4
4
7

2
7
8
3
.
7
2
6

2
.
2
1
5
7

4
.
3
0
5
4

6
.
5
2
1
1

1
8
9
.
0

1
2
2
6
.
9
1
0

8
7
7
.
2
4
1

6
.
2
5
7
e
+
0
0

8
0
2
.
7
3
0

1
9
8
1
.
7
5
5

2
7
8
4
.
4
8
5

2
.
2
2
5
3

4
.
2
8
8
1

6
.
5
1
3
4

1
9
0
.
0

1
2
5
4
.
1
6
7

8
7
6
.
1
2
7

6
.
3
9
0
e
+
0
0

8
0
7
.
1
8
6

1
9
7
8
.
0
4
5

2
7
8
5
.
2
3
1

2
.
2
3
4
8

4
.
2
7
0
9

6
.
5
0
5
7

1
9
1
.
0

1
2
8
1
.
8
9
7

8
7
5
.
0
0
9

6
.
5
2
6
e
+
0
0

8
1
1
.
6
4
6

1
9
7
4
.
3
1
7

2
7
8
5
.
9
6
4

2
.
2
4
4
4

4
.
2
5
3
6

6
.
4
9
8
0

1
9
2
.
0

1
3
1
0
.
1
0
4

8
7
3
.
8
8
6

6
.
6
6
4
e
+
0
0

8
1
6
.
1
1
1

1
9
7
0
.
5
7
2

2
7
8
6
.
6
8
3

2
.
2
5
3
9

4
.
2
3
6
4

6
.
4
9
0
3

1
9
3
.
0

1
3
3
8
.
7
9
4

8
7
2
.
7
5
7

6
.
8
0
4
e
+
0
0

8
2
0
.
5
8
1

1
9
6
6
.
8
0
8

2
7
8
7
.
3
8
9

2
.
2
6
3
5

4
.
2
1
9
3

6
.
4
8
2
7

1
9
4
.
0

1
3
6
7
.
9
7
4

8
7
1
.
6
2
4

6
.
9
4
7
e
+
0
0

8
2
5
.
0
5
5

1
9
6
3
.
0
2
5

2
7
8
8
.
0
8
0

2
.
2
7
3
0

4
.
2
0
2
1

6
.
4
7
5
1

1
9
5
.
0

1
3
9
7
.
6
4
9

8
7
0
.
4
8
6

7
.
0
9
2
e
+
0
0

8
2
9
.
5
3
5

1
9
5
9
.
2
2
4

2
7
8
8
.
7
5
9

2
.
2
8
2
5

4
.
1
8
5
0

6
.
4
6
7
5

1
9
6
.
0

1
4
2
7
.
8
2
5

8
6
9
.
3
4
3

7
.
2
4
0
e
+
0
0

8
3
4
.
0
1
9

1
9
5
5
.
4
0
4

2
7
8
9
.
4
2
3

2
.
2
9
2
0

4
.
1
6
8
0

6
.
4
5
9
9

1
9
7
.
0

1
4
5
8
.
5
0
7

8
6
8
.
1
9
4

7
.
3
9
0
e
+
0
0

8
3
8
.
5
0
8

1
9
5
1
.
5
6
5

2
7
9
0
.
0
7
3

2
.
3
0
1
5

4
.
1
5
0
9

6
.
4
5
2
4

1
9
8
.
0

1
4
8
9
.
7
0
1

8
6
7
.
0
4
1

7
.
5
4
2
e
+
0
0

8
4
3
.
0
0
2

1
9
4
7
.
7
0
7

2
7
9
0
.
7
0
9

2
.
3
1
0
9

4
.
1
3
3
9

6
.
4
4
4
9

1
9
9
.
0

1
5
2
1
.
4
1
4

8
6
5
.
8
8
2

7
.
6
9
7
e
+
0
0

8
4
7
.
5
0
2

1
9
4
3
.
8
3
0

2
7
9
1
.
3
3
1

2
.
3
2
0
4

4
.
1
1
7
0

6
.
4
3
7
4

2
0
0
.
0

1
5
5
3
.
6
5
0

8
6
4
.
7
1
8

7
.
8
5
5
e
+
0
0

8
5
2
.
0
0
6

1
9
3
9
.
9
3
3

2
7
9
1
.
9
3
9

2
.
3
2
9
8

4
.
1
0
0
0

6
.
4
2
9
9


