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1. Saturated Pressure of Water

Table A.1 Saturated Pressure of Water

a

P,=a ——*

U A +T
Ps  bar
T °C
Ti<T<T,
Tt =0.01°C
Te =374.14 °C
a1 =1.19 101
a =3.95 10°

a; =23210°

Antoine equation

Saturated pressure of water
Temperature

Range of application
Triple point temperature

Critical temperature
Antoine constants
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2. Latent Heat of Vaporization of Water

Table A.2 Latent Heat of VVaporization of Water

Equation 1

AH = AH, —(Cp,, —Cp, JT

0-150°C

AH Mg
T °C

AH,  =2.50 MJ/kg
Cpw = 4.20 ki/kgK
Cp, = 1.87 ki/kgK

Equation 2

T _T 1/3
AH =AHO( CT_ J

c

Ti<T<T;

AH Mg

T °C

AH, = 2.50 MJ/kg
T, =001°C

T. =374.14°C

Range of application

Latent heat of vaporization
Temperature

Latent heat of vaporization at 0°C
Average specific heat of water
Average specific heat of water vapor

Range of application

Latent heat of vaporization
Temperature

Latent heat of vaporization at 0°C
Triple point temperature
Critical temperature




Latent heat of vaporization of water

(MJ/kg)
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hH = ﬂH‘,[ .
i

BE = 45, - (Cpy - OB, )T

]1."3
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3. Density of Water

Table A.3 Density of Water

2
p=ay+al +a,T

p  kg/m? Density

T °C Temperature

a0 =9.97 10° Constants in the range 0-150°C
ag =3.1410°

a, =-3.7610°

a  =9.9510° Constants in the range 0-350°C
di =291 10_2

a, =-3.4010°




1250

@« 1000
£
N
=)
<
|
S
g 750 -
Y
o
£
<
8 500 -
Critical point @
250 . . . . . . .
0 50 100 150 200 250 300 350 400

Temperature (°C)



4. Density of Saturated Steam
Table A.4 Density of Saturated Steam

M P, :

= Ideal gas equation
P RT, gas €q
where P, =a; - % Antoine equation

ag + T

and Ta=T+273.15 Absolute temperature
0-250°C Range of application
o kg/md Density
Ps  Dbar Saturated pressure of water
T °C Temperature
Ta K Absolute temperature
R = 0.083143 m3bar/kmol K Ideal gas constant
M =18.015 kg/kmol Molecular weight
ai =1.1910! Antoine constants

a, =3.9510°
a; =23210°




Density of saturated steam
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Table A.5 Clapeyron Equation for Ice Fusion

AH
P_Pp + f I 273.15+T
AV 273.15+T,
where
P bar Pressure
T °C Temperature
Po =1bar Normal pressure
T, =0° Normal melting temperature
and
Hy

— —2.71516 x10° bar

AV,




Pressure (bar)

1000

Critical point
| 221 bar, 374°C
100 - Clapeyron Equation
10 - Antoine Equation
WATER
Normal
14 melting point @ Normal
1 bar, 0°C boiling point
1 bar, 100°C
0.1 A
ICE VAPOR
0.01 - Triple point
6 mbar, 0.01°C
0.001 — . . .
-100 0 100 200 300

Temperature (°C)
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6. Density of Air

Table A.6 Density of Air

_MP Ideal gas equation
PTRT,
where T, =T + 273.15 Absolute temperature
p  kg/m? Density
P bar Pressure
T °C Temperature
Ta K Absolute temperature
R = 0.083143 m®bar/kmol K ldeal gas constant
M =28.965 kg/kmol Molecular weight




Density of air (kg/m?)

10

0.1

0.5 bar

1 bar

5 bar

-100

100

200

300

Temperature (°C)

400

500

600



7. Specific Heat of Water, Steam and Air

Table A.7 Specific Heat of Water, Steam and Air

Cp kJkgK Specific heat

T °C Temperature

a =4.21 Constants for water
a3 =-13510°

a, =13810"°

ap =1.87 Constants for steam
a1 =3.0710*

a =5.6610"7

aa =101 Constants for air

a, =31610"°

a, =32810"7




Specific heat (kJ/kg)
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8. Viscosity of Water, Steam and Air

Table A.8 Viscosity of Water, Steam and Air

n=ay+aTl +a,T%+a,T°

7
T

do
ai
az
as

do
ai
az
as

do
a1
az
as

do
di
az
as

mPa s
°C

=7.59103
=4.4910°
=6.1310°8
=144 1071

=8.0710°
=4.0410°
=1.24107°
=-1.21 1012

=1.6910°
=4.9810°
=-3.1910°8
=13210"

Specific heat
Temperature

Constants for saturated vapor in the range 0-300°C

Constants for superheated vapor in the range 100-700°C

Constants for air in the range 0-1000°C

=-1.07 10!
=1.97 107
=-1.4710°
=1.82103

Constants for saturated water in the range 0—-350°C




Viscosity (mPa s)
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9. Thermal Conductivity of Water, Steam and Air

Table A.9 Thermal Conductivity of Water, Steam and Air

A
T

do
di
a
as

ao
a1
az
as

do
a1
a
as

ao
di
a
as

W/m K
°C

=570 10"
=1.7810°
=6.9410°
=2.2010°°

=1.76 102
=1.0510*
=6.71 10"
=3.0710°

=1.77 102
=6.0110°
=9.5110°8
=-3.9910""

=2.4310°
=7.8910°
=-1.7910°8
=8.571012

Specific heat
Temperature

Constants for saturated water in the range 0—-350°C

Constants for saturated vapor in the range 0-300°C

Constants for superheated vapor in the range 100—700°C

Constants for air in the range 0-1000°C




Thermal Conductivity (W/mK)
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10. Mass Diffusivity of Water Vapor in Air

Table A.10 Mass Diffusivity of Water VVapor in Air

&
D aO(T + 273) ne,

273
D ms Mass diffusivity
T °C Temperature
P bar Pressure

a =216107 Constants for saturated vapor in the range 0-1200°C
di =1.80
d2 =-1.00




Mass Diffusivity (m2/s)
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Pressure (bar)
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