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Names in the Metric System

To Convert

VALUE EXPONENT SYMBOL PREFIX
1 000 000 000 000 10" T tera
1000 000 000 10° G giga
1000000 10° M mega
1000 10° k kilo
100 10° h hecto
10 10’ da deca
0.1 107 d deci
0.01 10% c centi
0.001 107 m milli
0.000 001 10° m micro
0.000 000 001 10 n nano
0.000 000 000 001 10" p pico
Conversion Chart for Metric Units
To
To To To Metre, | To To To
Milli- Centi- | Deci- Gram, | Deca- | Hecto- | Kilo-
Litre
Kilo- |x10° |x10° |x10* |[x10® |x10® |x10'
Hecto- | x 10° | x10* |x10° |x10° |x10' x 10"
Deca- | x10* | x10° | x10* | x 10’ x 10" | x 107
Metre,
Gram, | x10° | x10* |x 10’ x10" | x10? |x10°
Litre
Deci- | x10® | x10' x10" | x10% |x10° [x10*
Centi- | x 10’ x10" | x10? | x10® | x10* |x10°
Milli- x107 [ x10? | x10° |[x10* |x10® |x10®
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BASIC UNITS

SI IMPERIAL
Distance
1 metre (1 m) = 100 centimetres (100 cm) 12in. = 1ft
= 1000 millimetres (1000 mm) 3ft = 1yd
5280 ft = 1mile
1760yd = 1 mile
1 kilometre (1 km) = 1000 m
Conversions:
lin. = 254 mm
1ft = 30.48cm
1mile = 1.61km
1yd = 0914m
I1m = 3.28ft
Area
1 sq metre (1 m?) = 10000 cm? 1ft> = 144in?
= 1000 000 mm? 1yd* = 9ft’
1sqgmile = 640acre = 1 section

10 000 m?

I

1 hectare (1 ha)

1sq km (1km?) = 1000000 m?

Conversions:

lin? =
1m? =
lacre =
1sgmile =

6.45cm’ = 645 mm®
10.8 ft?

0.405 ha

2.59 km?
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SI IMPERIAL
Volume
1m® = 1000000 cm’ 1f* = 1728in?
= 1x10° mm? 1yd® = 27
1dm® = 1litre 1(liquid) U.S. gallon = 231in.?
1litre = 1000 cm? = 4 (liquid) quarts
1mL = 1cm’ 1 U.S. barrel (bbl) = 42 U.S. gal.
1m® = 1000 litres 1imperial gallon = 1.2 U.S. gal.
Conversions:
1in.? 16.4 cm’
1m’ = 35.3ft
1litre = 61in.?
1 U.S.gal 3.78 litres
1 U.S. bbl 159 litres
1 litre/s 15.9 U.S. gal/min
Mass and Weight
1 kilogram (1 kg) = 1000 grams 2000 1b = 1ton (short)
1000 kg = 1tonne llongton = 22401b
Conversions:
1 kg (on Earth) results in a weight of 2.2 |b
Density
. mass ; : weight
mass density = weight density = ————
volume volume
y . [10) = [
v \m’ £ v o\t

Conversions:

k Ib
(on Earth) a mass of l—g; results in a weight density of 0.0(523ft—3
m

Kc>
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SI IMPERIAL
Relative Density
In SI R.D. is a comparison of mass density In Imperial the corresponding quantity is
to a standard. For solids and liquids the specific gravity; for solids and liquids a
standard is fresh water. comparison of weight density to that of water.
Conversions:

In both systems the same numbers
hold for R.D. as for S.G., since
these are equivalent ratios.

RELATIVE DENSITY (SPECIFIC GRAVITY) OF VARIOUS SUBSTANCES

Water (fresh) ..............1.00 1V [Tor- RSP 2.9
Water (sea average) ...1.03 Nickel :ciiiains 8.6
Aluminm cmnin 2556 Qil (linseed).................0.94
Antimony ......coveeenenne. 6.70 Qil (olive).....c.ceereenn... 0.92
Bismuth: . convaanioss 9.80 Qil (petroleum)........... 0.76-0.86
BrasE e insinannnas 88D Oil (turpentine)........... 0.87
Brick..ocoooveeeieeeeiinnenn 2.1 Paraffin ....ccoeveeeinennn. 0.86
Calcium .....cccoeveveeneeee.. 1.58 Platinum.....ccccceeenennnes 21.5
Carbon (diamond)....... 3.4 Sand (dry).....aumini 1.42
Carbon (graphite) .......2.3 Y1157 OO 2.6
Carbon (charcoal) .......1.8 DINAT csocieiiisisiniineisboine 10.57
CRromium vsmisiswisss 6.5 SIate .. 2.1-2.8
Clay oo 1.9 Sodium..ccovveeeeicrereennes 0.97
COALsocmisssinissnissmininns 130514 Steel (Mild)....c.covren.nn. 7.87
Eobalti.unnnnnnnaBib SOlPHUP. comnasmimes 2.07
e oo AR 8.77 Y s s bomssenmemmsmensysimtons 7.3
] 0.24 Tungsten .....cccueveernnes 19.1
Glass (crown).............. 2.5 Wood (ash) wcveeieieinnns 0.75
Glass (flint)..c.cccevrvreneen. 3.5 Wood (beech)............. 0.7-0.8
Gall cuciamanamamn 19.3 Woad (ebony)............. 1.1-1.2
{01 ¢Hl [~ o SA—— 7.21 Wood (elm)...ccccccuennnee 0.66
Iron (wrought) ............7.78 Wood (lignum-vitae)...1.3

B o R T 11.4 Waod (0al) e 0.7-1.0
Magnesium .........oeeeee. 1.74 Wood (pine)................0.56
Manganese ................. 8.0 Wood (teak)................ 0.8
Mercury .....cooiniiiiinn 13.6 ZiNCoimnmnmnmsmivmin oD
Page 4
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Greek Alphabet

Alpha o lota 1 Rho p
Beta B Kappa K Sigma 2,0
Gamma Y Lambda A Tau T
Delta A Mu n Upsilon v
Epsilon € Nu % Phi D, ¢
Zeta 4 Xi £ Kai %
Eta n Omicron O Psi W
Theta 0 Pi b8 Omega Qo
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MATHEMATICAL FORMULAE
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Logarithms

P=V* or x=logP/logV

Algebra

1. Quadratic Equation

fax*+bx+c = 0,

-b+ +b* —4ac

Then X =
2a
Trigonometry
1. Basic Ratios
opposite
sinA = —PPOSTE
hypotenuse
adjacent Opposite
COSA = ————
hypotenuse
opposite
tan A = L
adjacent Adjacent

2. Pythagoras' Theorem (applies to right angle triangles)

(hypotenuse)® = (opposite)® + (adjacent)’

3. Trigonometric Function Values
Sin is positive from 0° to 90° and positive from 90° to 180°
Cos is positive from 0° to 90° and negative from 90° to 180°

Tan is positive from 0° to 90° and negative from 90° to 180°
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4, Solution of Triangles

a. Sine Law A
a b c c b
SinA SinB SinC
B a
b. Cosine Law
¢ = a’+b%-2abCosC
a’ = b*+c’-2bcCosA
b = a’+c?-2acCosB
Geometry
1. Areas of Triangles B
a. All Triangles I
b dicular heigh 7
Hron = ase x perpendicular height |
2 I
A I
bcSinA abSinC acSin B
Area = - =
2 2
and,
Area =/ 5(s-a) (s-b) (s-¢)
. ) a+b+c
where, s is half the sum of the sides, or s = f

b. Equilateral Triangles
Area = 0.433 x side’
2. Circumference of a Circle
C=nd
3. Area of a Circle

P circumference x r _ %dl - 0.7854d?

>
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4. Area of a Sector of a Circle

_arcxr
2

A

2

(6 = angle in degrees)

(8 = angle in radians)

h=3
I I
[as] w
NS g D
X
A
-
) .‘

>)2>DDD2)02D0 D)) ) ))

arc

5. Area of a Segment of a Circle

A = area of sector — area of triangle

@

Triangle
3 4 , [d
Also approximate area = —3—h -}; - 0.608
Segment
6. Ellipse
T
1
A=—Dd
4 i
_ (D + d)
Approx. circumference = nt
7. Area of Trapezoid fe—— 3 —|
l
e [a - b] h h
? r
[e—— b ——|

8. Area of Hexagon

-— S —»

A =2.6s* where s is the length of one side
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10.

11.

12,

Area of Octagon X

A =4.83 s> where s is the length of one side

Sphere
Total surface area, A = 4nr?

Surface area of segment, A, =ndh

4
Volume, V = gnr3

Volume of segment

rnth’
Vii= —3—-(3r—h)

nth
Vs =?(h2 +3a’) where a = radius of segment base

Volume of a Cylinder
% =%d2L where L is cylinder length

Pyramid

Volume

1
V = — base area x perpendicular height Frustum

Volume of frustum

h
Vi = 5 (A + a + VAa) where his the perpendicular height, A and a are areas as shown

;e Page 9



13. Cone
Area of curved surface of cone:

n DL
A= ——

Area of curved surface of frustum

B n(D + d)L
2

Volume of cone:

V= base area x perpendicular height
3

Volume of frustum:

_ perpendicular height x nt (R* +r* + Rr)

v
- 3
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APPLIED MECHANICS

’ displacement
Velocity - vector property equal to _t—
ime

m O i
In Sl the basic unitis —; in Imperial it is —
S s

Other common units are k_m‘ LA
h h
Conversions: lr-n~ = 3.23E
s 5
150 _ agpy™
h h

Speed of sound in dry air = 331 i at 0°C; it increases by 0.61 L for each 1°Crise
S S

m
Speed of light in a vacuum = 3 x 10® —
s

change in velocity

Acceleration - vector property equal to -
time

. .. m
In Sl the basic unit is —

: |
, in Imperial it is —
52 52

m ft

Conversion: 1

wv

m ft
Acceleration due to gravity, symbol "g", is 9.81 — or 32.2 —
S s

Linear Velocity and Acceleration

Where: u = initial velocity v=u+at
v = final velocity V+u
t = elapsed time i t

s = displacement 1
a = acceleration s=ut+ Eat2

vi=u? +2as

;@ Page 11




Angular Velocity and Acceleration

8 = angular displacement (radians)

u
w = angular velocity (radians/s); w; = initial, w, = final
A S o = angular acceleration (radians/s’)
W = W + at
\__m \"

1
0 = wit + —at’
2

2 2
w;” = w;” +2ab

ro
rw

linear displacement, s
linear velocity, v

2n
radians/sec= — x rpm
60 P

Tangential, Centripetal and Total Acceleration
Tangential acceleration, ar, is due to angular acceleration, a
ar =ra
Centripetal (centrifugal) acceleration, a., is due to change in direction only
2

aa=Vir=rw

Total acceleration, a, of a rotating point with angular acceleration is the vector sum
of ar and a.

a=ar+a

Page 12 @
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Force

kgm
In Sl the unit of force is the newton, N, defined as a gz

3
In Imperial the unit of force is the pound |b

Conversion: 9.81N=2.21b

Weight
In the SI system, weight can be calculated from
Weight = F =mg, whereg=9.81m/s’

In Imperial, the mass of an object (rarely used), in slugs, can be calculated from the known
weight in pounds

m:Welght g=32.2f—:
E S
Belt Drives

F
F=FEe® or ln{—'] =pub
)

Where: u = coefficient of friction
0 = angle of wrap
e=2.718
F1 = force in tight side
F, = force in slack side

@ Page 13



Newton’s Second Law of Motion

An unbalanced force, F, will cause an object of mass, m, to accelerate, a, according to:

F=ma (In Imperial, F =£a, where w is weight)

Torque Equation

Torque = force x radius

T=la where T is the acceleration torque in Nm, | is the moment of inertia, in kg

m?, and a is the angular acceleration, in radians/s’
Momentum

Vector quantity, symbol p

W
p=mv (In Imperial, p = — v, where w is weight)
g

k
in Sl, the unit is =
s

Work
W=Fs
In SI, the unit of work is the joule, J, or kilojoule, kJ
and 1J=1Nm

In Imperial, the unit of work is the ft-lb

Kinetic Energy

Energy due to motion

Ex =—mv’
2

. ). w . .
In Imperial, this is usually expressed as E =2—v2 where w is weight
g

Page 14
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Kinetic Energy of Rotation

1
Er :Em k’w® where k is radius of gyration; w is angular velocity in rad/s

or

1
Ex . |w? where | = mk? is the moment of inertia
Angular Momentum = |lw = mk’w

Radius of Gyration, K

For a solid disc or cylinder: K= For a thin rimmed disc: K=r

-

For a sphere: K? = (%) r

Centripetal (Centrifugal) Force

2

my ) _
Fc= where ris the radius

v

or
Fc=muw’r wherewis angular velocity, in rad/s
Potential Energy
Energy due to position in a force field, such as gravity
Ec=mgh
In Imperial, this is usually expressed E, = w h, where w is weight, and h is height above some

specified datum

Thermal Energy

In SI, the common units of thermal energy are J, and kJ, (and ki/kg for specific quantities)
In Imperial, the units of thermal energy are British Thermal Units (Btu)

Conversions: 1 Btu=1055)
1Btu= 778ft—1b

@ Page 15




Electrical Energy

In SI, the units of electrical energy are J, ki and kilowatt hours, kWh. In Imperial, the unit of

electrical energy is the kWh

Conversions: 1 kWh = 3600 kJ
1 kWh = 3412 Btu = 2.66 x 10° ft-Ib

Power

In SI, the unit is the Watt, W, or kilowatt, kW

1W=1i
s

In Imperial, the units are:

Mechanical Power: - it , horsepower h.p.
S
Thermal Power: - Fty
s
Electrical Power:- W, kW, or h.p.
Conversions: 746 W =1 h.p.
ft—1b
1 h.p.=550 l
s
1 kW =0.948 Ecﬂ
5

Pressure

A vector quantity, force per unit area

In SI, the basic units of pressure are pascals, Pa, and kilopascals, kPa

N
1Pa=1—
m

In Imperial, the basic unit is the pound per square inch, psi

Atmospheric Pressure

At sea level, atmospheric pressure equals 101.3 kPa or 14.7 psi

Page 16
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Pressure Conversions
1 psi = 6.895 kPa

Pressure may be expressed in standard units, or in units of static fluid head, in both Sl and
Imperial systems

Common equivalencies are:

1 kPa=0.294 in. mercury = 7.5 mm mercury
1 kPa =4.02 in. water = 102 mm water

1 psi =2.03 in. mercury = 51.7 mm mercury
1 psi =27.7 in. water = 703 mm water

1 mH,0 = 9.81kPa

Other pressure unit canversions:
1 bar = 14.5 psi = 100 kPa

1 kg/cm® = 98.1 kPa = 14.2 psi = 0.981 bar
1 atmosphere (atm) = 101.3 kPa = 14.7 psi

Simple Harmonic Motion v~

Velocity of P = w \/R* = x* m/s &

Acceleration of P = w? x m/s’

, ; o 2n
The period or time for a complete oscillation = — seconds
w

General formula for the period of S.H.M.
T=9m /dlsplacem.ent
acceleration

Simple Pendulum

T=2n J-E T = period or time in seconds for a double swing
g

L = length in metres

@ Page 17



The Conical Pendulum

(elevation)
w
2

H W g ®*
Lifting Machines
W = |oad lifted, F = force applied
MA. = load : E

effort F

effort distance
load distance

V.R. (velocity ratio) =
M.A.

= efficiency = ——
N YTUR

1. Lifting Blocks
V.R. = number of rope strands supporting the load block
2. Wheel & Differential Axle

2nR
2n(r-r)

Velocity ratio

Or, using diameters instead of radii,

Velocity ratio =

Py |
l/_
\

T

force diagram

Snatch block

Effort

Load

Page 18
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3. Inclined Plane

R = length
. hEIght Effort

4, Screw Jack

circumference of lever
pitch of thread

V.R.=

Gearing i

Indicated Power

I.LP.=PnALN where I.P. is the power (in W), P, is the mean or "average" effective
pressure (in Pa), A is the piston area (in m?), L is the length of stroke
(in m), and N is the number of power strokes per second

Brake Power

B.P.=Tw where B.P. is brake power (in W), T is torque (in Nm) and w is angular
velocity (in radian/second)

Stress, Strain and Modulus of Elasticity

. load P
Direct stress = =—
area A

extension Al

Direct strain= — = —
original length &

Modulus of elasticity, E:

E= directstress P/A  PL
direct strain  Af/L  AA/

force

Shear stress, 1=

area under shear Force

Shear strain = %
Modulus of rigidity, G:

_ shear stress
shear strain

@ Page 19




General Torsion Equation (Shafts of circular cross-section)

T t GO
i ¢ L
1. For Solid Shaft: T = torgue or twisting moment, in newton metres
1t rd® J = polar second moment of area of cross-section
4 .
} = = Re— about shaft axis.
2 32 ; :
Tt = shear stress at outer fibres, in pascals
r = radius of shaft, in metres
2. For Hollow Shaft: G = modulus of rigidity, in pascals
T (r* - ) B8 = angle of twist, in radians
i N T2 L = length of shaft, in metres
' . d = diameter of shaft, in metres
— Ei(dl =idy)

e M = external bending moment, in newton metres
_y | = second moment of area, in m"
ol - S ¥ B o = bending stress at outer fibres, in pascals
y = distance from centroid to outer fibres, in metres
- E = modulus of elasticity, in pascals
R = radius of curvature, in metres
= BD?
12
2. For Solid Shaft:
- nd*
64
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THERMODYNAMICS

The Fundamental Energy Equation

Heat Supplied = Increase in Internal Energy + Work Done

Q=AU + WD

Temperature Scales

¢ = 2 °F-32) °F==
9 5

°Rankine, R = °F + 460

Sensible Heat Equation
Q = mcAT
m is mass

c s specific heat
AT is temperature change

Latent Heat
Latent heat of fusion of ice

Latent heat of steam from and at 100°C
1 tonne of refrigeration

Gas Laws

1. Boyle’s Law:

C + 32

Kelvin, K=°C+ 273

335 k/kg
2257 ki/kg
335 000 kJ/day
233 kJ/min

When gas temperature is constant, PV = constant or

PiVi = P2V,

where P is absolute pressure and V is volume

;5
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2. Charles’ Law:

; Vv
When gas pressure is constant, T = constant, or

L S
Tl T2

where V is volume and T is absolute temperature

3. Gay-Lussac's Law:

, P
When gas volume is constant, ? =constant, or

= l,_."U
i |.J=

where P is absolute pressure and T is absolute temperature

4, General Gas Law:

Pl Vl = P2 vZ
Tl

= =constant
T}‘_

PV=mRT where P = absolute pressure (kPa)

V = volume (m’)

T = absolute temp (K)

m = mass (kg)

R = characteristic constant (kJ/kgK) = Cp - Cv

Also

PV =nR,T where P = absolute pressure (kPa)
V = volume (m?)
T = absolute temperature, K
n = the number of kmoles of gas
R, = the universal gas constant, 8.314 kJ/kmol/K

Page 22
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where T; and T are the absolute temperatures of the heat source and heat sink

1

Air Standard Efficiencies

Specific Heats of Gases
Specific Heat at Specific Heat at | Ratio of Specific
Constant Pressure | Constant Volume Heats
kJ/kgK kJ/ikgK y=clc,
GAS or or
kd/kg °C kJ/kg °C
Air 1.005 0.718 1.40
Ammonia 2.060 1.561 1.32
Carbon Dioxide 0.825 0.630 1.31
Carbon Monoxide 1.051 0.751 1.40
Helium 5.234 3.153 1.66
Hydrogen 14.235 10.096 1.41
Hydrogen Sulphide 1.105 0.85 1.30
Methane 2177 1.675 1.30
Nitrogen 1.043 0.745 1.40
Oxygen 0.913 0.652 1.40
Sulphur Dioxide 0.632 0.451 1.40
Efficiency of Heat Engines
Carnot Cycle: n= LT—T’

1. Spark Ignition Gas and Oil Engines (Constant Volume Cycle or Otto Cycle)

1
T}=1—W—_”,Where rv

v

2. Diesel Cycle

(R" -1)

7 yR-1)

compression ratio =

cylinder volume

clearance volume

specific heat (constant pressure)

specific heat (constant volume)

where r = ratio of compression

R = ratio of cut-off volume to clearance volume
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3. High Speed Diesel (Dual-Combustion) Cycle

" kB’ -1
T (k-1 + 7k(B-1)]

cylinder volume

where r, =
clearance volume
_ absolute pressure at end of constant V heating (combustion)
absolute pressure at beginning of constant V combustion
B = volume at end of constant P heating (combustion)

clearance volume

4. Gas Turbines (Constant Pressure or Brayton Cycle)

1 . compressor discharge pressure
where r, = pressure ratio =

n=1-(

T_l] compressor intake pressure
r'\ /
[+]
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Heat Transfer by Conduction

AATAT

d
where Q = heat transferred, in joules

Q:

Jxm

W

A = thermal conductivity or coefficient of heat transfer, in —

A =area,inm’
t = time, in seconds

AT = temperature difference between surfaces, in °C
d = thickness of layer, inm

Heat transfer by conduction through a cylindrical wall:

_ 2TMATL

)

where D = outside diameter
d =inside diameter
L = length in meters
A = thermal conductivity
t = time (seconds)

AT = temperature difference (degrees C)

Heat Transfer by Radiation

Heat transferred = k (’I‘l‘fl —T;) kJ/h/m*

or
B A,

m x °C
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Coefficients of Thermal Conductivity

Material

Air

Aluminum

Brass

Brick
Concrete
Copper
Cork
Felt

Glass

Glass, fibre
Iron, cast
Plastic, cellular

Steel

Wood
Wallboard, paper

Thermal Expansion of Solids

Increase in length
where L
o

(T2—Ty)

Increase in volume
Where vV

B
(T2—T1)

coefficient of volumetric expansion =

1

1

La(T;—T;)
original length

Coefficient of
Thermal Conductivity
W/m °C

0.025
206
104
0.6
0.85
380
0.043
0.038
1.0
0.04
70
0.04
60
0.15
0.076

coefficient of linear expansion
rise in temperature

VB(T—T1)
original volume

coefficient of volumetric expansion

rise in temperature

B

coefficient of linear expansion x 3

3a
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Specific Heat and Linear Expansion of Solids

Mean Coefficient Mean Coefficient
Specific Heat of Linear Specific Heat of Linear
Solid between 0°C Expansion Solid between 0°C Expansion
and 100°C between 0°C and 100°C between 0°C
kJ/kgK or and 100°C kJ/kgK or and 100°C
kJ/kg °C Multiply by 10°® kJ/kg °C Multiply by 10
Aluminum 0.909 23.8 Iron (cast) 0.544 10.4
Antimony 0.209 17.5 Iron (wrought) 0.465 12.0
Bismuth 0.125 12.4 Lead 0.131 29.0
Brass 0.383 18.4 Nickel 0.452 13.0
Carbon 0.795 7.9 Platinum 0.134 8.6
Cobalt 0.402 12.3 Silicon 0.741 7.8
Copper 0.388 16.5 Silver 0.235 19.5
Glass 0.896 9.0 Steel (mild) 0.494 12.0
Gold 0.130 14.2 Tin 0.230 26.7
lce 2.135 50.4 Zinc 0.389 16.5
{between -
20°C & 0°C)
Specific Heat and Volume Expansion for Liquids
Specific Heat Coefficient Specific Heat Coefficient
. (at 20°C) of Volume (at 20°C) of Volume
Liquid kJ/kgK Expansion Liquid kJ/kgK Expansion
or kdlkg °C | Multiply by 10* or kJ/kg °C Multiply by 10*
Alcohol 1.88 11.0 Qlive Oil 1.633
Ammonia 2.19 Petroleum 2.135
Benzine 1.09 12.4 Gasaline 2.093 12.0
Carbon Dioxide 0.84 1.82 Turpentine 1.800 9.4
Mercury 0.139 1.80 Water 4,183 3.7

Chemical Heating Value of a Fuel

Chemical Heating Value MJ per kg of fuel = 33.7 C+ 144 [HZ - 983—] +938

C is the mass of carbon per kg of fuel
H, is the mass of hydrogen per kg of fuel
0O, is the mass of oxygen per kg of fuel

S is the mass of sulphur per kg of fuel
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Theoretical (Stoichiometric) Air Required to Burn Fuel

OZ

Air (kg per kg of fuel) = [%(H 8 (H2 . —S—J # S} o

23

Air Supplied from Analysis of Flue Gases

NZ
33(co, + CO)

%.C

Air in kg per kg of fuel =

C is the percentage of carbon in fuel by mass
N, is the percentage of nitrogen in flue gas by volume
CO; is the percentage of carbon dioxide in flue gas by volume
CO is the percentage of carbon monoxide in flue gas by volume

Boiler Formulae

Equivalent evaporation = M
2257 ki/kg
Factor of evaporation = _(hy-h)
2257 ki/kg
rhs (hl N hz)

Boiler efficiency = — —
m, x calorific value of fuel

where m, = mass flow rate of steam
h: = enthalpy of steam produced in boiler
h, = enthalpy of feedwater to boiler

m; = mass flow rate of fuel

Page 29

B



FLUID MECHANICS

Discharge from an Orifice

let A = cross-sectional area of the orifice = (r/4)d’
and A. = cross-sectional area of the jet at the vena contracta = (1 /4) df
then A.= CA

A (dY
or C. = ‘=(—‘J
A d

Vena contracta

At the vena contracta, the volumetric flow rate Q of the fluid is given by
Q = area of the jet at the vena contracta x actual velocity
=AYV
orQ=CAC,,/2gh

The coefficients of contraction and velocity are combined to give the coefficient of
discharge, Cy4

ie. C,=C.C,
and Q =C,A,/2gh
Typically, values for C4 vary between 0.6 and 0.65
Circular Orifice: Q = 0.62A ./ 2gh
where: Q=flow (m’/s); A=area(m?®); h=head(m)
Rectangular Notch: Q = 0.62 (B x H) %JZg_H

where: B =breadth (m); H =head (m above sill)
5

Triangular Notch: Q = 2.635 tang H2

where: H =head (m above sill); 8=notch angle
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PX D322 DX 22220000

Bernoulli’s Theory

2
H= h+ 3+V—
w 2g
H = total head (metres) W
h = height above datum level (metres) v
second)
P = pressure (N/m’ or Pa)

Loss of Head in Pipes Due to Friction

2

Loss of head in metres = fL ;—
g

I

L = length in metres Vv
D = diameterin metres f

Pump Calculations

If efficiency of pump 1 = efficiency of pump 2, then:
Q,=q,x2x22
D

1 1

2 D 2
h,=h,x| -2 | x| =2
nl Dl
3 D 3
KW, = kW, x| 2 | x| =2
nl Dl

where kW= pump power required
h=head developed by pump,m
D=impeller diameter,mm
n=pump speed inrpm
Q= quantity pumped in L/min

Center of Pressure on a Submerged Surface

“P A Hc,& sinf

sin 0

1

force of gravityon 1 m? of fluid (N)

velocity of water (metres per

velocity of flow in metres per second
constant value of 0.01 in large pipes to 0.02 in small pipes

%
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Table of Pipe Dimensions (in metric units)

l;l'?;;. Equl}r. Schedule
Size Metric | O.D. Double
in.) DN# mm 10 20 30 Wall 40 60 Strong 80 100 120 140 160 Stron_g
(XS) (XXS)
12 15 21.34 277 277 373 373 4.78 T.47
1.26 1.26 1.61 161 1.92 253
34 20 26.67 2.87 2.87 391 g 5.56 7.82
1.67 1.67 217 217 420 541
1 25 33.40 3.38 3.38 455 455 6.35 9.09
248 248 321 321 4.20 541
1-1/4 32 42,16 3.56 3.56 4.85 485 6.35 9.70
3.36 338 4.43 443 5.57 7.70
1-1/2 40 48.26 3.68 3.68 5.08 508 7.14 10.15
4.02 4,02 531 537 7.18 9.47
2 50 60.33 in 39 554 5.54 8.74 11.07
5.39 5.39 742 742 11.00 13.35
2-112 65 73.03 5.16 5.16 70 7.01 9.53 14.02
8.56 B.56 11.32 11.32 14.79 20.25
3 80 88.90 5.49 549 762 7.62 11.13 15.24
11.20 11.20 15.15 15.15 2116 2T AT
312 a0 101.60 5.74 5.74 8.08 8.08
13.46 13.46 18.49 18.49
4 100 114.30 6.02 6.02 8.56 8.56 11.13 13.49 1712
15.95 15.95 22,14 22.14 28.10 3327 40.70
5 125 141.30 6.55 6.55 9.53 9.53 12.70 15.88 19.05
21.61 2161 307 30.71 39.97 48,71 56.98
6 150 168.28 VAR 7.11 1097 10,97 14.27 18.26 2195
28.04 28.04 4223 4223 53.78 66.95 78.57
8 200 219.08 6.35 7.04 8.18 8.18 10.31 12,70 1270 15.09 168.26 20.62 23.01 2223
33.05 36.51 42.20 4220 52.66 64.13 64.13 75.18 89.61 100.15 | 110,39 11147
10 250 273,05 6.35 7.80 927 9.27 12.70 12,70 15.09 18.26 2144 2540 28.58 2540
4144 50.61 50.83 59.83 80.91 80.91 95.08 11317 | 131.84 153.90 | 170.93 153.90
12 300 323.85 6.35 8.38 9.53 0.1 14.27 12.70 17.48 21.44 2540 28.58 3332 2540
49.34 64.69 73.25 79.16 108.13 96.69 130.82 | 15844 | 18547 | 20645 | 236.88 18547
14 350 355.60 6.35 7.92 953 953 11.13 15.09 1270 19.05 23.83 27.79 .75 KL |
5426 67.52 80.65 80.65 93.66 125.50 106.55 156.86 | 19322 | 22269 | 25159 | 27952
16 400 406.40 6.35 792 953 9.63 12.70 16.66 12.70 2144 26.19 30.96 36.53 40.49
62.15 77.39 92.49 9249 | 12233 | 158.89 122.33 201,69 | 24362 | 28420 | 330.33 | 36227
18 450 457.20 6.35 792 11.13 853 14.27 19.05 12.70 23.83 29.36 34.93 3967 45.24
70.04 87.25 121.28 | 10433 | 154.82 | 204.22 138.12 25237 | 307.36 | 36084 | 40531 | 45598
20 500 508.00 6.35 953 1270 9.53 15.09 2062 12.70 2619 3254 38.10 4445 50.01
77.93 116.17 | 15390 | 116.17 | 181.66 | 24594 153.90 308.71 | 37852 | 438.03 | 504.15 | 560.18
24 600 619.60 6.35 953 14.27 953 17.48 2461 12.70 30.96 38.89 46.02 52.37 5954
93,72 139.85 | 208.10 | 139.65 | 25299 | 341.33 185.74 438.02 | 543.02 | 63464 | 71407 | 800.9%
30 750 762.00 7.92 1270 15.88 9.53 12.70
11740 | 23283 | 289.81 | 175.36 232.83 .

Note: The upper figure in each square denotes nominal wall thickness (in mm) and the
lower figure denotes mass per metre (in kilograms).
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ELECTRICITY

Ohm's Law
| =
or E =
where | =
E =
R =

&
R
IR
current (amperes)

electromotive force (volts)
resistance (ohms)

Conductor Resistivity

where p

SV
Ll

I
p —
a
specific resistance (or resistivity) (ohm metres, Q-m)
length (metres)
area of cross-section (square metres)

Temperature correction

Rt = Ro(1+at)
where R, = resistance at 0°C (Q)
Rt = resistance at t°C (Q)
a = temperature coefficient which has an average value for copper of 0.004
28 (Q/Q°C)
R = Ry _____(1+at2) where: R; = resistance at t; (Q)
(1+at)
R; =resistance at t; (Q)
a Values Q/Q°C
copper 0.00428
platinum 0.00385
nickel 0.00672
tungsten 0.0045
aluminum 0.0040
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Dynamo Formulae

P
Averageem.f. = $ZNP
b60

where N = rotational speed of armature in r/min
¢ = flux per pole in webers
P = total number of field poles
Z = total number of armature conductors
b = number of armature paths,
for wave winding b =2
for lap windingb =P

Generator Terminal volts = Eg — IR,

Motor Terminal volts = Eg + IR,

where Eg = generated e.m.f.
Eg = generated back e.m.f.
l. = armature current
Ra = armature resistance

Alternating Current

R.M.S. value of sine curve = 0.707 maximum value
Mean value of sine curve = 0.637 maximum value

R.M.S.value  0.707
Mean value 0.637

Form factor of sinusoidal = =191

N
Frequency of alternator = 2—0 cycles per second

Where p
N

number of pairs of poles
rotational speed in r/min

Instantaneous value = Maximum value x Sin (2ntft)

Note: calculator must be in radian mode
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Slip of Induction Motor

speed of field - speed of rotor

slip% =
Speed of field

x 100%

Inductive Reactance

Reactance of AC circuit (X) = 2nfL ohms

where L = inductance of circuit (henries)
. 1.256T* .
Inductance of an iron cored solenoid = —Bﬁhenrles
L x 10

where T = turnson coil

n = magnetic permeablility of core

A = area of core (square centimetres)

L = length (centimetres)

Capacitance Reactance

1
Capacitance reactance of AC circuit = —— ohms
2nfC

(>}
1l

where capacitance (farads)

Total reactance

(21’th »L)ohms
2nfC

\f (resistance)’ +(reactance)’

Impedence (Z)

i)2 ohms
fC

JRZ + (2refL-
210
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Current in AC Circuit

impressed volts

Current = —
impedance

Force on conductors:
The force produced = BIL
Where B = the flux density in teslas (webers / m?)

| = current
L = the total effective length of conductors

Power Factor

of. = true watts
o volts x amperes
also p.f. = cos®, where @ is the angle of lag or lead

Three Phase Alternators

Star connected

J3x phase voltage
phase current

Line voltage
Line current

Delta connected

Line voltage = phase voltage
Line current = \/§ x phase current
Three phase power
p.= \,@:ELIL cos @
E. = line voltage
L = line current
cos @ = power factor
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ION NAMES AND FORMULAE

Monatomic Polyatomic
Ag’ silver ion BO;” borate ion
APt aluminum ion C,Hi0,  acetate ion
Au' and Au® gold ion Clo hypochlorite ion
Be** beryllium ion cloy chlorite ion
Ca* calcium ion ClOos chlorate ion
Co** and Co™ cobalt ion ClOs perchlorate ion
cr** and cr** chromium ion CN cyanide ion
Cu”and Cu** copper ion COs* carbonate ion
Fe’* and Fe** iron ion GO oxalate ion
K* potassium ion CrO,* chromate ion
Li* lithium ion Cr,0,°  dichromate ion
Mg®* magnesium ion HCO5 hydrogen carbonate or bicarbonate ion
Na* sodium ion H30" hydronium ion
Zn** zinc ion HPO,”  hydrogen phosphate ion
H,PO4 dihydrogen phosphate ion
HSO3 hydrogen sulphite or bisulphite ion
HSO, hydrogen sulphate or bisulphate ion
MnO4 permanganate ion
N3 azide ion
NH," ammonium ion
NO,; nitrite ion
NOsy nitrate ion
05" peroxide ion
OCN cyanate ion
OH hydroxide ion
POs* phosphite ion
PO, phosphate ion
SCN’ thiocyanate ion
5032' sulphite ion
Yo sulphate ion
52032' thiosulphate ion
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USEFUL DATA

1 atmosphere (atmos. press.

1 mm mercury

1 litre fresh water

1 m® fresh water
1m?

100 kPa

1 m head of water

1 mm head of water
Work done in joules

or
Power in watts
or
Power (W)
1 kg steam:

Latent heat of steam,
from and at 100°C

Latent heat of fusion of ice

1 tonne of refrigeration

1 tonne of refrigeration / 24 h

Temperature Scales

Freezing point of water

Boiling point of water

One degree Celsius

atsealevel) =10.33 m water
or =760 mm mercury
or =101.325 kPa

= 0.133 kPa

= 1kg

= 1000 kg = 1 tonne (t)

= 1000 litre

= 10.19 m head of water

= 9.81 kPa

= 9.81Pa

= force in Newtons x distance in metres

= Nm
= work in joules done per second

= J/s=Nm/s
= force (N) x velocity (m/s)

£ 2257k
= 335 kl/kg
= 335 x 1000
= 335000 kJ
_ 335000
24
= 13958kl / h
= 233kl / min
0’c
273K
100°C
373 K
one Kelvin

<>
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Velocities and Acceleration

9.80665 m/s’ ( round to 9.81 m/s%)
0.514 m/s

1l

Acceleration due to gravity (g)
1 knot

Velocity of sound in air about 335 m/s or 1206 km/h
Velocity of light = 299757 km/s

Angular Measure

1 revolution = 360 degrees = 4 right-angles
1 degree = 60 minutes

1 minute = 60 seconds

1 radian = 57°17" 45” or approx. 57.3°

Base of Napierian Logarithms = 2.7183
Log. (In) = 2.3 xlogio

INTEREST FORMULAS AND TABLES

Y 2202020000000 )H)

i = interest rate per period.

n = number of interest periods.

P = a present sum of money or the principal.

F = a sum of money at the end of n periods equivalent to P with ir

A = an end of period payment for the next n periods equivalent to
(often called annual or monthly payment)

1. F=P(1+i)
2 p=—~F
(1+i)"
3 A=F—
(1+4i)"-1
" F:A(1+i.]”-1
|
: A=Pi(1+i)”
’ (1+i)"-1
6. P:Ami)n'1
i(1+i)"
7. A=(p-L) EH)
' (1+i)-1
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Where P is purchase cost and L is salvage value.

1% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor
n F/P P/F A/F  Factor A/P F/A P/A n
1 1.0100 0.9901 1.00000 1.01000 1.000 0.990 1
2 1.0201 0.9803 049751  0.507 51 2.010 1.970 2
3 1.0303 0.9706 033002 0.340 02 3.030 2.941 3
4 1.0406 0.9610 024628  0.25628 4.060 3.902 4
5 1.0510 0.9515 0.196 04  0.206 04 5101 4.853 5
6 1.0615 0.9420 0.16255 0.17255 6.152 5.795 6
7 1.0721 0.9327 0.13863  0.14863 7.214 6.728 7
8 1.0829 0.9235 0.12069  0.130 69 8.286 7.652 8
9 1.0937 0.9143 0.106 74 0.116874 9.369 8.566 9
10 1.1046 0.9053 0.09558  0.10558 10.462 9.471 10
11 1.1157 0.8963 0.08645 0,096 45 11.567 10.368 1
12 1.1268 0.8874 0.07885  0.088 85 12,683 11.255 12
13 1.1381 0.8787 0.07241  0.08241 13.809 12,134 13
14 1.1495 0.8700 0.066 90  0.076 90 14.947 13.004 14
15 1.1610 0.8613 006212  0.07212 16.097 13.865 15
16 1.1726 0.8528 0.05794  0.067 84 17.258 14.718 16
17 1.1843 0.8444 0.05426  0.064 26 18.430 15.562 17
18 1.1961 0.8360 0.050 98  0.060 98 19.615 16.398 18
19 1.2081 0.8277 0.04805  0.058 05 20.811 17.226 19
20 1.2202 0.8195 0.04542  0.05542 22.019 18.046 20
21 1.2324 0.8114 0.04303  0.05303 23.239 18.857 21
22 1.2447 0.8034 0.04086  0.050 86 24.472 19.660 22
23 1.2572 0.7954 0.03889  0.048 89 25716 20.456 23
24 1.2697 0.7876 0.03707  0.047 07 26.973 21.243 24
25 1.2824 0.7798 0.03541  0.04541 28.243 22.023 25
26 1.2953 0.7720 0.03387  0.04387 29.526 22795 26
27 1.3082 0.7644 0.03245  0.04245 30.821 23.560 27
28 1.3213 0.7568 0.03112  0.04112 32.129 24316 28
29 1.3345 0.7493 0.02990  0.039 90 33.450 25.066 29
30 1.3478 0.7419 002875 0.03875 34.785 25.808 30
31 1.3613 0.7346 0.02768  0.037 68 36.133 26.542 3
32 1.3749 0.7273 0.026 67  0.036 67 37.494 27.270 32
33 1.3887 0.7201 0.02573 0.03573 38.869 27.990 33
34 1.4026 0.7130 0.02484  0.034 84 40.258 28.703 34
35 1.4166 0.7059 0.024 00  0.034 00 41.660 29.409 35
40 1.4889 0.6717 0.02046  0.03046 48.886 32.835 40
45 1.5648 0.6391 0.01771  0.027 71 56.481 36.095 45
50 1.6446 0.6080 0.01551  0.025 51 64.463 39.196 50
55 1.7285 0.5785 0.01373  0.02373 72.852 42.147 55
60 1.8167 0.5504 0.01224 0.02224 81670 44.955 60
65 1.9094 0.5237 0.01100  0.02100 90.937 47.627 65
70 2.0068 0.4983 0.00993  0.01993 100.676 50.169 70
75 2.1091 0.4741 0.00902 0.01902 110.913 52.587 75
80 2.2167 0.4511 0.00822 0.01822 121.672 54.6888 80
85 2.3298 0.4292 0.00752  0.017 52 132.979 57.078 85
90 2.4486 0.4084 0.006 90  0.016 90 144,863 59.161 a0
95 25735 0.3886 0.006 36  0.016 36 157.354 61.143 95
100 2.7048 0.3697 0.00587  0.01587 170.481 63.029 100
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2% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor

n F/P P/F A/F  Factor A/P F/A P/A n
1 1.0200 0.9804 1.000 00 1.020 00 1.000 0.980 1
2 1.0404 0.9612 0.495 05 0.515 05 2.020 1.942 2
3 1.0612 0.9423 0.326 75 0.346 75 3.060 2.884 3
4 1.0824 0.9238 0.242 62 0.262 62 4122 3.808 -

5 1.1041 0.9057 0.192 16 0.212 16 5.204 4713 5

6 1.1262 0.8880 0.158 53 0.178 53 6.308 5.601 6
7 1.1487 0.8706 0.134 51 0.154 51 7.434 6.472 T

8 11717 0.8535 0.116 51 0.136 51 8.583 7.325 8

9 1.1951 0.8368 0.102 52 0.122 52 9.755 8.162 9
10 1.2190 0.8203 0.091 33 0.111 33 10.850 8.983 10
11 1.2434 0.8043 0.082 18 0.102 18 12.169 9.787 1
42 1.2682 0.7885 0.074 56 0.094 56 13.412 10.575 12
13 1.2936 0.7730 0.068 12 0.088 12 14.680 11.348 13
14 1.3185 0.7579 0.062 60 0.082 60 15.974 12.106 14
15 1.3459 0.7430 0.057 83 0.077 83 17.293 12.849 15
16 1.3728 0.7284 0.053 65 0.073 65 18.639 13.578 16
17 1.4002 0.7142 0.049 97 0.069 97 20.012 14.292 17
18 1.4282 0.7002 0.046 70 0.066 70 21412 14.992 18
19 1.4568 0.6864 0.043 78 0.063 78 22.841 15.678 19
20 1.4859 0.6730 0.041 16 0.061 16 24,297 16.351 20
21 1.5157 0.6598 0.038 78 0.058 78 25.783 17.011 21
22 1.5460 0.6468 0.036 63 0.056 63 27.299 17.658 22
23 1.5769 0.6342 0.034 67 0.054 67 28.845 18.292 23
24 1.6084 0.6217 0.032 87 0.052 87 30.422 18.914 24
25 1.6406 0.6095 0.031 22 0.051 22 32.030 19.523 25
26 1.6734 0.5976 0.029 70 0.049 70 33.671 20.121 26
27 1.7069 0.5859 0.028 29 0.048 29 35.344 20.707 27
28 1.7410 0.5744 0.026 99 0.046 99 37.051 21.281 28
29 1.7758 0.5631 0.025 78 0.04578 38.792 21.844 29
30 1.8114 0.5521 0.024 65 0.044 65 40.568 22.396 30
Ed 1.8476 0.5412 0.023 60 0.043 60 42.379 22,938 31
32 1.8845 0.5306 0.022 61 0.042 61 44.227 23.468 32
33 1.9222 0.5202 0.021 69 0.041 69 46.112 23.989 33
34 1.9607 0.5100 0.020 82 0.040 82 48.034 24.499 34
35 1.9999 0.5000 0.020 00 0.040 00 49.994 24,999 35
40 2.2080 0.4529 0.016 56 0.036 56 60.402 27.355 40
45 2.4379 0.4102 0.013 91 0.033 91 71.893 29.490 45
50 2.6916 0.3715 0.011 82 0.031 82 84.579 31.424 50
55 29717 0.3365 0.010 14 0.030 14 98.587 33.175 55
60 3.2810 0.3048 0.00877  0.02877 114.052 34.761 60
65 3.6225 0.27861 0.007 63 0.027 63 131.126 36.197 65
70 3.9996 0.2500 0.006 67 0.026 67 149.978 37.499 70
75 4.4158 0.2265 0.005 86 0.025 86 170.792 38.677 75
80 4.8754 0.2051 0.005 16 0.025 16 193.772 39.745 80
85 5.3829 0.1858 0.004 56 0.024 56 219.144 40.711 85
20 5.9431 0.1683 0.004 05 0.024 05 247.157 41.587 90
95 6.5617 0.1524 0.003 60 0.023 60 278.085 42.380 95
100 7.2446 0.1380 0.003 20 0.023 20 312.232 43.098 100
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2.5% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor

n F/P P/F A/F  Factor A/P F/A P/A n
1 1.0250 0.9756 1.000 00 1.025 00 1.000 0.976 1
2 1.05086 0.9518 0.493 83 0.518 83 2.025 1.927 2
3 1.0769 0.9286 0.325 14 0.350 14 3.076 2856 3
4 1.1038 0.8060 0.240 82 0.265 82 4153 3.762 )
5 1.1314 0.8839 019025  0.21525 5.256 4.646 5
6 1.1597 0.8623 0.156 55 0.181 55 6.388 5.508 6
7 1.1887 0.8413 0.132 50 0.157 80 7.547 6.349 7
8 1.2184 0.8207 0.114 47 0.139 47 8.736 7.170 8
9 1.2489 0.8007 0.100 46 0.125 46 9.955 7.971 9
10 1.2801 0.7812 0.089 26 0.114 26 11.203 8.752 10
11 1.3121 0.7621 0.080 1 0.105 11 12.483 9.514 11
12 1.3449 07436 0.072 49 0.097 49 13.796 10.258 12
13 1.3785 0.7254 0.066 05 0.091 05 15.140 10.983 13
14 1.4130 0.7077 0.060 54 0.085 54 16.519 11.691 14
15 1.4483 0.6905 0.055 77 0.080 77 17.932 12.381 15
16 1.4845 0.6736 0.051 60 0.076 60 19.380 13.055 16
17 1.5216 0.6572 0.047 93 0.072 93 20.865 13.712 17
18 1.5597 0.6412 0.044 87 0.069 67 22.386 14.353 18
19 1.5087 0.6255 0.04176 0.066 76 23.946 14.979 19
20 1.6386 0.6103 0.039 15 0.064 15 25.545 15.589 20
21 1.6796 0.5954 0.036 79 0.061 79 27.183 16.185 21
22 1.7216 0.5809 0.034 65 0.059 65 28.863 16.765 22
23 1.7646 0.5667 003270  0.057 70 30.584 17.332 23
24 1.8087 0.5529 0.030 91 0.055 91 32.349 17.885 24
25 1.8538 0.5394 0.029 28 0.054 28 34.158 18.424 25
26 1.8003 0.5262 0.027 77 0.052 77 36.012 18.951 26
27 1.9478 0.5134 0.026 38 0.051 38 37.912 19.464 27
28 1.9965 0.5009 0.025 09 0.050 09 39.860 19.965 28
29 2.0464 0.4887 0.023 89 0.048 89 41.856 20.454 29
30 2.0976 0.4767 0.02278 0.047 78 43.903 20.930 30
3 2.1500 0.4651 0.021 74 0.046 74 46.000 21.395 3
32 2.2038 0.4538 0.020 77 0.045 77 48.150 21.849 32
33 2.2589 0.4427 0.019 86 0.044 86 50.354 22.292 33
34 2.3153 0.4319 0.01901  0.044 01 52.613 22.724 34
35 2.3732 0.4214 0.018 21 0.043 21 54,928 23.145 35
40 2.6851 0.3724 0.014 84 0.039 84 67.403 25.103 40
45 3.0379 0.3292 0.01z227 0.037 27 81.516 26.833 45
50 3.4371 0.2909 0.010 26 0.035 26 97.484 28.362 50
55 3.8888 0.2572 0.008 65 0.033 65 115.551 29.714 55
60 4.3998 0.2273 0.007 35 0.032 35 135.992 30.909 60
65 4.9780 0.2009 0.006 28 0.031 28 159.118 31.965 65
70 5.6321 0.1776 0.005 40 0.030 40 185.284 32.898 70
75 6.3722 0.1569 0.004 65 0.029 65 214.888 33.723 75
80 7.2096 0.1387 0.004 03 0.029 03 248.383 34.452 80
85 8.1570 0.1226 0.003 49 0.028 49 286.279 35.096 85
90 9.2289 0.1084 0.003 04 0.028 04 329.154 35.666 90
95 10.4416 0.0958 0.002 65 0.027 65 377.664 36.169 95
100 11.8137 0.0846 0.00231  0.027 31 432549 36.614 100
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5% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor
n F/P P/F A/F _ Factor A/P F/A P/A n
1 1.0500 0.9524 1.000 00 1.050 00 1.000 0.952 1
2 1.1025 0.9070 0.487 80 0.537 80 2.050 1.8594 2
3 1.1576 0.8638 0.317 21 0.367 21 3.153 27232 3
4 1.2155 0.8227 0.232 01 0.282 01 4.310 3.5460 4
5 1.2763 0.7835 0.180 97 0.230 97 5.526 4.3295 5
6 1.3401 0.7462 0.147 02 0.197 02 6.802 5.0757 6
7 1.4071 0.7107 0.122 82 0.172 82 8.142 57864 T
8 1.4775 0.6768 0.104 72 0.154 72 9.549 6.4632 8
9 1.5513 0.6446 0.090 69 0.140 69 11.027 7.1078 9
10 1.6289 0.6139 0.07950 0.128 50 12578 7.7217 10
1 1.7103 0.5847 0.070 39 0.120 39 14.207 8.3064 1"
12 1.7959 0.5568 0.062 83 0.112 83 15.917 8.8633 12
13 1.8856 0.5303 0.056 46 0.106 46 17.713 9.3936 13
14 1.9799 0.5051 0.051 02 0.101 02 19.599 9.8986 14
15 2.0789 0.4810 0.046 34 0.096 34 21.579 10.3797 15
16 2.1829 0.4581 0.042 27 0.092 27 23.857 10.8378 16
17 2.2920 0.4363 0.03870 0.088 70 25.840 11.2741 17
18 2.40686 0.4155 0.035 55 0.085 55 28,132 11.6896 18
19 2.5270 0.3857 0.03275 0.082 75 30.539 12.0853 19
20 2.6533 0.3769 0.03024 0.08024 33.066 12.4622 20
21 2.7860 0.3589 0.028 00 0.078 00 35.719 12.8212 21
22 29253 0.3418 0.025 97 0.07597 38.505 13.1630 22
23 3.0715 0.3256 0.024 14 0.074 14 41.430 13.4886 23
24 3.2251 0.3101 0.022 47 0.072 47 44.502 13.7986 24
25 3.3864 0.2953 0.020 95 0.070 95 47.727 14.0839 25
26 35557 0.2812 0.019 56 0.069 56 51.113 14.3752 26
27 3.7335 0.2678 0.018 29 0.068 29 54,669 14.6430 27
28 3.9201 0.2551 0.017 12 0.067 12 58.403 14.8981 28
29 4.1161 0.2429 0.016 05 0.066 05 62.323 15.1411 29
30 4.3219 0.2314 0.01505  0.06505 66.439 15.3725 30
31 4.5380 0.2204 0.014 13 0.064 13 70.761 15.5828 3
32 4.7649 0.2099 0.013 28 0.063 28 75.299 15.8027 32
33 5.0032 0.1999 0.012 49 0.062 49 80.064 16.0025 33
34 5.2533 0.1904 0.01176 0.061 76 85.067 16.1929 34
35 5.5160 0.1813 0.011 07 0.061 07 90.320 16.3742 35
40 7.0400 0.1420 0.008 28 0.058 28 120.800 17.1591 40
45 8.9850 0.1113 0.006 26 0.056 26 158.700 17.7741 45
50 11.4674 0.0872 0.004 78 0.054 78 209.348 18.2559 50
55 14.6356 0.0683 0.003 67 0.053 67 272.713 18.6335 55
60 18.6792 0.0535 0.002 83 0.052 83 353.584 18.9293 60
65 23.8399 0.0419 0.002 19 0.052 19 456,798 19.1611 65
70 30.4264 0.0329 0.001 70 0.051 70 588.529 19.3427 70
75 38.8327 0.0258 0.001 32 0.051 32 756.654 19.4850 75
80 49.5614 0.0202 0.001 03 0.051 03 971.229 19.5965 80
85 63.2544 0.0158 0.000 80 0.050 80 1245087 19.6838 85
90 80.7304 0.0124 0.000 63 0.050 63 1 594.607 19.7523 90
95 103.0347 0.0097 0.000 49 0.050 49 2 040.694 19.8059 95
100 131.5013 0.0076 0.000 38 0.050 38 2610.025 19.8479 100
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12% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound  Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor
n F/P P/F A/F __ Factor A/P F/A P/A n
1 1.1200 0.8929 1.000 00 1.120 00 1.000 0.893 1
2 1.2544 0.7972 0.47170 0.591 70 2120 1.690 2
3 1.4049 0.7118 029635  0.41635 3.374 2.402 3
4 1.5735 0.6355 0.209 23 0.329 23 4,779 3.037 4
5 1.7623 0.5674 0.157 41 0.277 41 6.353 3.605 5
6 1.9738 0.5066 0.12323 0.243 23 8.115 4111 6
7 2.2107 0.4523 0.089 12 0.21912 10.089 4.564 7
8 24760 0.4039 0.081 30 0.201 30 12.300 4.968 8
9 27731 0.3606 0.067 68 0.187 68 14.776 5.328 9
10 3.1058 0.3220 0.056 98 0.176 98 17.549 5.650 10
11 3.4785 0.2875 0.048 42 0.168 42 20.655 5.938 11
12 3.8960 0.2567 0.041 44 0.161 44 24133 6.194 12
13 4.3635 0.2292 0.035 68 0.155 68 28.029 6.424 13
14 4.8871 0.2046 0.030 87 0.150 87 32.393 6.628 14
15 54736 0.1827 0.026 82 0.146 82 37.280 6.811 15
16 6.1304 0.1631 0.023 39 0.143 39 42753 6.974 16
17 6.8660 0.1456 0.020 46 0.140 46 48.884 7.120 17
18 7.6900 0.1300 0.017 94 0.137 94 55.750 7.250 18
19 B8.6128 0.1161 0.01576 0.13576 63.440 7.366 19
20 9.6463 0.1037 0.013 88 0.133 88 72.052 7.469 20
21 10.8038 0.0926 0.012 24 0.132 24 81.699 7.562 21
22 12.1003 0.0826 0.010 81 0.130 81 92.503 7.645 22
23 13.5523 0.0738 0.009 56 0.129 56 104.603 7.718 23
24 15.1786 0.0659 0.008 46 0.128 46 118.155 7.784 24
25 17.0001 0.0588 0.007 50 0.127 50 133.334 7.843 25
26 19.0401 0.0525 0.006 65 0.126 65 150.334 7.896 26
27 21.3249 0.0469 0.005 80 0.12590 169.374 7.943 27
28 23.8839 0.0419 0.005 24 012524 190.699 7.984 28
29 26.7499 0.0374 0.00466  0.124 66 214.583 8.022 29
30 29.9599 0.0334 0.00414  0.124 14 241.333 8.055 30
31 33.5551 0.0298 0.003 69 0.123 69 271.293 8.085 31
32 37.5817 0.0266 0.003 28 0.123 28 304.848 8.112 32
33 42.0915 0.0238 0.002 92 0.122 92 342.429 8.135 33
34 47.1425 0.0212 0.00260  0.12260 384.521 8.157 34
35 52.7996 0.0189 0.002 32 0.122 32 431.663 8.176 35
40 93.0510 0.0107 0.001 30 0.121 30 767.091 8.244 40
45 163.9876 0.0061 0.00074  0.12074 1 358.230 8.283 45
50 289.0022 0.0035 0.000 42 0.120 42 2400.018 8.304 50
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15% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor

n F/P P/F A/F  Factor A/P F/A P/A n
1 1.1500 0.8696 1.000 00 1.150 00 1.000 0.870 1

2 1.3225 0.7561 0.465 12 0.615 12 2.150 1.626 2

3 1.5209 0.6575 0.287 98 0.437 98 3.473 2.283 3

4 1.7490 0.5718 0.200 27 0.350 27 4.993 2.855 E
5 2.0114 0.4972 0.148 32 0.298 32 6.742 3.352 5
6 2.313 0.4323 0.114 24 0.264 24 8.754 3.784 6
7 2.6600 0.3759 0.090 36 0.240 36 11.067 4.160 il
8 3.0590 0.3269 0.072 85 0.222 85 13.727 4.487 8
9 3.5179 0.2843 0.059 57 0.209 57 16.786 4772 9
10 4.0456 0.2472 0.049 25 0.199 25 20.304 5.019 10
11 4.6524 0.2149 0.041 07 0.191 07 24.349 5.234 1
12 5.3503 0.1869 0.034 48 0.184 48 29.002 5.421 12
13 6.1628 0.1625 0.029 11 0.179 1 34 352 5.583 13
14 7.0757 0.1413 0.024 69 0.174 69 40.505 5.724 14
15 8.1371 0.1229 0.02102 017102 47.580 5.847 15
16 9.3576 0.1069 0.017 95 0.167 95 56.717 5.954 16
17 10.7613 0.0929 0.015 37 0.165 37 65.075 6.047 17
18 12.3755 0.0808 0.01319 0.163 19 75.836 6.128 18
19 14.2318 0.0703 0.011 34 0.161 34 88.212 6.198 19
20 16.3665 0.0611 0.009 76 0.159 76 102.444 6.259 20
21 18.8215 0.0531 0.008 42 0.158 42 118.810 6.312 21
22 21.6447 0.0462 0.007 27 0.157 27 137.632 6.359 22
23 24.8915 0.0402 0.006 28 0.156 28 159.276 6.399 23
24 28.6252 0.0349 0.005 43 0.155 43 184.168 6.434 24
25 32.9190 0.0304 0.004 70 0.154 70 212793 6.464 25
26 37.8568 0.0264 0.004 07 0.154 07 245712 6.491 26
27 43.5353 0.0230 0.003 53 0.153 53 283.569 6.514 27
28 50.0656 0.0200 0.003 06 0.153 06 327.104 6.534 28
29 57.5755 0.0174 0.00265  0.15265 377470 6.551 29
30 66.2118 0.0151 0.002 30 0.152 30 434,745 6.566 30
3 76.1435 0.0131 0.002 00 0.152 00 500.957 6.579 31
32 87.5651 0.0114 0.00173 0.15173 577.100 6.591 32
33 100.6998 0.0099 0.001 50 0.151 80 6564.666 6.600 33
34 115.8048 0.0086 0.00131  0.151 31 765.365 6.609 34
35 133.1755 0.0075 0.001 13 0.151 13 881.170 6.617 35
40 267.8635 0.0037 0.000 56 0.150 56 1 779.090 6.642 40
45 538.7693 0.0019 0.000 28 0.150 28 3585.128 6.654 45
50 1083.6574 0.0009 0.000 14 0.150 14 7217.716 6.661 50
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20% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor
n F/P P/F A/F  Factor A/P F/A P/A n
1 1.2000 0.8333 1.000 00 1.200 00 1.000 0.833 1
2 1.4400 0.6944 0.454 55 0.654 55 2.200 1.528 7
3 1.7280 0.5787 0.27473 047473 3.640 2.106 3
4 2.0736 0.4823 0.186 29 0.386 29 5.368 2.589 4
5 2.4883 0.4019 0.134 38 0.334 38 7.442 2.991 5
6 2.9860 0.3349 0.100 71 0.300 71 9.930 3.326 6
7 3.5832 0.2791 0.077 42 0.277 42 12.916 3.605 7
8 4.2998 0.2326 0.060 61 0.260 61 16.499 3.837 8
9 5.1598 0.1938 0.048 08 0.248 08 20.799 4.031 9
10 6.1917 0.1615 0.038 52 0.238 52 25.959 4192 10
1" 7.4301 0.1346 0.031 10 0.23110 32,150 4.327 1
12 8.9161 0.1122 0.025 26 0.225 26 39.581 4.439 12
13 10.6993 0.0935 0.020 62 0.220 62 48.497 4.533 13
14 12.8392 0.0779 0.016 89 0.216 89 59.196 4.611 14
15 15.4070 0.0649 0.013 88 0.213 88 72.035 4.675 15
16 18.4884 0.0541 0.011 44 0.211 44 87.442 4.730 16
17 22.1861 0.0451 0.009 44 0.209 44 105.931 4775 17
18 26.6233 0.0378 0.007 81 0.207 81 128.117 4.812 18
19 31.9480 0.0313 0.006 46 0.206 46 154.740 4,843 19
20 38.3376 0.0261 0.005 36 0.205 36 186.688 4.870 20
21 46.0051 0.0217 0.004 44 0.204 44 225.026 4,891 21
22 55.2061 0.0181 0.003 69 0.203 69 271.031 4.509 22
23 66.2474 0.0151 0.003 07 0.203 07 326.237 4.925 23
24 79.4968 0.0126 0.002 55 0.202 55 392.484 4937 24
25 95.3962 0.0105 0.002 12 0.20212 471.981 4948 23
26 114.4755 0.0087 0.001 76 0.20176 567.377 4.956 26
27 137.3706 0.0073 0.001 47 0.201 47 681.853 4.964 27
28 164.8447 0.0061 0.001 22 0.201 22 819.223 4970 28
29 197.8136 0.0051 0.001 02 0.201 02 984.068 4975 29
30 237.3763 0.0042 0.000 85 0.200 85 1181.882 4.979 30
N 284.8516 0.0035 0.000 70 0.200 70 1419.258 4.982 31
3z 341.8219 0.0029 0.000 &9 0.200 59 1704.109 4.985 32
33 410.1863 0.0024 0.00049  0.200 49 2 045.931 4.088 33
34 4922235 0.0020 0.000 41 0.200 41 2 456.118 4.990 34
35 590.6682 0.0017 0.000 34 0.200 34 2 948.341 4.992 35
40 1469.7716 0.0007 0.000 14 0.200 14 7 343.858 4.997 40
45 3 657.2620 0.0003 0.000 05 0.200 05 18 281.310 4.999 45
50 9 100.4382 0.0001 0.000 02 0.200 02 45 497.191 4.999 50
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25% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor
n F/P P/F A/F __ Factor A/P F/A P/A n
1 1.2500 0.8000 1.00000  1.250 00 1.000 0.800 1
2 1.5625 0.6400 0.44444  0.694 44 2.250 1.440 2
3 1.9531 0.5120 0.26230 0.51230 3.813 1.952 3
4 24414 0.4096 0.17344 042344 5.766 2.362 4
5 3.0518 0.3277 0.12185  0.37185 8.207 2.689 5
6 3.8147 0.2621 0.08882  0.33882 11.259 2.951 6
7 4.7684 0.2097 0.06634  0.316 34 15.073 3.161 7
8 5.9605 0.1678 0.05040  0.30040 19.842 3.329 8
9 7.4506 0.1342 0.03876  0.28876 25.802 3.463 9
10 9.3132 0.1074 0.03007  0.28007 33.253 3.571 10
1 11.6415 0.0859 0.02349  0.27349 42.566 3.656 1
12 14.5519 0.0687 0.01845  0.26845 54.208 3.725 12
13 18.1899 0.0550 0.01454  0.264 54 68.760 3.780 13
14 22,7374 0.0440 0.01150  0.26150 86.949 3.824 14
15 28.4217 0.0352 0.00912  0.259 12 109.687 3.859 15
16 35.5271 0.0281 0.007 24  0.257 24 138.109 3.887 16
17 44.4089 0.0225 0.00576  0.25576 173.636 3.910 17
18 55.5112 0.0180 0.00459  0.254 59 218.045 3.928 18
19 69.3889 0.0144 0.00366  0.25366 273.556 3.942 19
20 86.7362 0.0115 0.00292 0.25292 342.945 3.954 20
2 108.4202 0.0092 0.00233  0.25233 429,681 3.963 21
22 135.5253 0.0074 0.00186  0.25186 638,101 3.970 22
23 169.4066 0.0059 0.00148  0.25148 673.626 3.976 23
24 211.7582 0.0047 0.00119  0.25119 843.033 3.981 24
25 264.6978 0.0038 0.00095  0.250 95 1054.791 3.985 25
26 330.8722 0.0030 0.00076  0.25076 1319.489 3.988 26
27 413.5903 0.0024 0.00061  0.250 61 1650.361 3.990 27
28 516.9879 0.0019 0.00048  0.25048 2 063.952 3.992 28
29 646.2349 0.0015 0.00039  0.25039 2580.939 3.994 29
30 807.7936 0.0012 0.00031  0.250 31 3227.174 3.995 30
K] 1009.7420 0.0010 0.00025  0.25025 4 034.968 3.996 31
32 1262.1774 0.0008 0.00020  0.250 20 5044.710 3.997 32
33 1577.7218 0.0006 0.00016  0.250 16 6 306.887 3.997 33
34 1972.1523 0.0005 0.00013  0.250 13 7 884,609 3.998 34
35 2 465.1903 0.0004 0.00010  0.250 10 9 856.761 3.998 35
40 7 523.1638 0.0001 0.00003  0.250 03 30 088.655 3.999 40
45 22 958.8740 0.0000 0.00001  0.250 01 91 831.496 4.000 45
50 70 064.9232 0.0000 0.00000 025000  280255.693  4.000 50
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30% Compound Interest Factors
Single Payment Uniform Series
Compound Percent Sinking Compound Percent
Amount Worth Fund Capital Amount Worth
Factor Factor Factor Recovery Factor Factor

n F/P P/F A/F  Factor A/P F/A P/A n
1 1.3000 0.769 2 1.000 00 1.300 00 1.000 0.769 1

2 1.6900 0.5917 043478 0.734 78 2.300 1.361 2

3 21970 0.455 2 0.250 63 0.550 63 3.990 1.816 3

4 2.8561 0.350 1 0.16163  0.46163 6.187 2.166 4
5 3.7129 0.269 3 0.110 58 0.410 58 9.043 2.436 5
6 4.8268 0.207 2 0.078 39 0.378 39 12.756 2.643 6

7 6.2749 0.159 4 0.056 87 0.356 87 17.583 2.802 T

8 8.1573 0.122 6 0.041 92 0.341 92 23.858 2.925 8

9 10.6045 0.094 3 0.031 24 0.331 24 32.015 3.018 9

10 13.7858 0.0725 0.023 46 0.323 46 42.619 3.092 10
11 17.9216 0.055 8 0.017 73 0.31773 56.405 3.147 11
12 23.2981 0.042 9 0.01345 0.313 45 74.327 3.190 12
13 30.2875 0.0330 0.010 24 0.310 24 97.625 3.223 13
14 39,3738 0.025 4 0.007 82 0.307 82 127.913 3.249 14
15 51.1859 0.0195 0.00598  0.30598 167.286 3.268 15
16 66.5417 0.0150 0.004 58 0.304 58 218.472 3.283 16
17 86.5042 0.0116 0.003 51 0.303 51 285.014 3.295 17
18 112.4554 0.008 9 0.002 69 0.302 69 371.518 3.304 18
19 146.1920 0.006 8 0.002 07 0.302 07 483.973 331 19
20 190.0496 0.005 3 0.001 59 0.301 59 630.165 3.316 20
21 247.0645 0.004 0 0.001 22 0.301 22 820.215 3.320 21
22 321.1839 0.003 1 0.00094  0.300 94 1 067.280 3.323 22
23 417.5391 0.002 4 0.000 72 0.300 72 1 388.464 3.325 23
24 5428008 0.0018 0.000 55 0.300 55 1 806.003 3.327 24
25 705.6410 0.001 4 0.000 43 0.300 43 2 348.803 3.329 25
26 917.3333 0.0011 0.000 33 0.300 33 3 054.444 3.330 26
27 1192.5333 0.000 8 0.000 25 0.300 25 3971.778 3.3 27
28 1550.2933 0.000 6 0.000 19 0.300 19 5164.311 3.331 28
29 2015.3813 0.000 5 0.000 15 0.300 15 6 714.604 3.332 29
30 2 619.9956 0.000 4 0.000 11 0.300 11 8 729.985 3.332 30
31 3 405.9943 0.000 3 0.000 09 0.300 09 11 349.981 3.332 31
32 4 427.7926 0.000 2 0.000 07 0.300 07 14 755.975 3.333 32
33 5756.1304 0.000 2 0.000 05 0.300 05 19 183.768 3.333 33
34 7 482.9696 0.000 1 0.000 04  0.300 04 24 939.899 3.333 34
35 9727.8604 0.000 1 0.00003  0.30003 32 422,868 3.333 35
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Symbols Used in Tables 1 and 2

S £ " »wD >

o

fg

specific enthalpy, kilojoules per kilogram

absolute pressure, kilopascals

specific entropy, kilojoules per kilogram degree kelvin
thermodynamic temperature, degrees Celsius

specific internal energy, kilojoules per kilogram

specific volume, cm?® per gram (or x 10° m3/kg or litres/kg)

Subscripts
refers to a property of liquid in equilibrium with vapour

refers to a property of vapour in equilibrium with liquid
refers to a change by evaporation
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Properties of Saturated Steam - Pressure Table

Table 1
Specific Volume
Press Temp Sat. Sat.
k Pa %€ Liquid Vapor
P t Vi Vo
1.0 6.98 1.0002 129,208
1.5 13.03 1.0007 87,980
2.0 17.50 1.0013 67,004
25 21.08 1.0020 54,254
3.0 24.08 1.0027 45,665
4.0 28.96 1.0040 34,800
5.0 32.88 1.0053 28,192
7.5 40.29 1.0079 19,238
10 4581 1.0102 14,674
15 53.97 1.0141 10,022
20 60.06 1.0172 7,649
25 64.97 1.0199 6,204
30 69.10 1.0223 5,229
40 75.87 1.0265 3,993
50 81.33 1.0300 3,240
75 91.78 1.0373 2,217
100 99.63 1.0432 1,694
125 105.99 1.0483 1,374.9
150 111.37 1.0528 1,159.3
175 116.06 1.0568 1,003.6
200 120.23 1.0605 885.7
225 124.00 1.0640 793.3
250 127.44 1.0672 718.7
275 130.60 1.0703 657.3
300 133.55 1.0732 605.8
325 136.30 1.0759 562.0
350 138.88 1.0786 524.3
375 141.32 1.0811 491.4
400 143,63 1.0836 462.5
450 147.93 1.0882 414.0
500 151.86 1.0926 374.9
550 155.48 1.0967 3427
600 158.85 1.1006 315.7
650 162.01 1.1044 292.7
700 164.97 1.10B0 2729
750 167.78 1.1115 255.6
800 170.43 1.1148 240.4
850 172.96 1.1181 227.0
900 175.38 1.1212 215.0
950 177.69 1.1243 204.2
1,000 179.91 1.1273 194.44
1,100 184.09 1.1330 177.53
1,200 187.99 1.1385 163.33
1,300 191.64  1.1438 151.25
1,400 195.07 1.1489 140.84
1,500 1598.32 1.1538 131.77
1,750 205.76 1.1656 113.49

Note: 100k Pa = 1 Bar = 100,000N/m’

Sat.
Liguid
Uy

29.30
57.71
73.48
88.48
101.04
121.45
137.81
168.78
191.82
225.92
251.38
271.90
289.20
317.53
340.44
384.31
417.36
444.19
466.94
486.80
504.49
520.47
535.10
548.59
561.15
572.90
583.95
584.40
604.31
622.77
639.68
655.32
669.90
683.56
696.44
708.64
720.22
731.27
741.83
751.95
761.68
780.09
797.29
813.44
828.70
843.16
876.46

Internal Energy
Evap.

u fa

2,355.7
2,3386
2,326.0
2,315.9
2,3075
2,293.7
2,2827
2,261.7
2,246.1
2,2228
2,205.4
2,191.2
2,179.2
2,159.5
2,1434
2,112.4
2,088.7
2,069.3
2,052.7
2,038.1
2,025.0
2,013.1
2,002.1
1,991.9
1,982.4
1,9735
1,965.0
1,956.9
1,949.3
1,9349
1,9216
1,909.2
1,897.5
1,886.5
1,876.1
1,866.1
1,856.6
1,847.4
1,868.5
1,830.2
1,822.0
1,806.3
1,7915
1,777.5
1,764.1
1,751.3
1,721.4

Sat.
Vapor

Uy

2,385.0
2,393.3
2,399.5
2,404.4
2,408.5
2,415.2
2,420.5
2,430.5
2,437.9
2,448.7
2,456.7
2,463.1
2,468.4
2,477.0
2,483.9
2,496.7
2,506.1
2,513.5
2,519.7
2,524.9
2,529.5
2,533.6
2,537.2
2,540.5
2,543.6
2,546.4
2,548.9
2,551.3
2,553.6
2,557.6
2,561.2
2,564.5
2,567.4
2,570.1
2,5725
2,574.7
2,576.8
2,578.7
2,580.5
2,582.1
2,583.6
2,586.4
2,588.8
2,591.0
2,592.8
2,594.5
2,597.8

Enthalpy
Sat.
Liquid

Hy

29.30
57.71
73.48
88.49
101.05
121.46
137.82
168.79
191.83
225.94
251.40
271.93
289.23
317.58
340.49
384.39
417.46
444.32
467.11
486.99
504.70
520.72
535.37
548.89
561.47
573.25
584.33
594.81
604.74
623.25
640.23
655.93
670.56
684.28
697.22
709.47
721.11
732.22
742.83
753.02
762.81
781.34
798.65
814.93
830.30
844.89
878.50

Evap.
Hp

2,484.9
2,470.6
2,460.0
2,451.6
2,444.5

2,4329

2,423.7
2,406.0
2,392.8
2,373.1
2,358.3
2,346.3
2,336.1
2,319.2
2,305.4
2,278.6
2,258.0
2,241.0
2,226.5
2,213.6
2,201.9
2,191.3
2,1815
2,172.4
2,163.8
2,155.8
2,148.1
2,140.8
2,133.8
2,120.7
2,108.5
2,097.0
2,086.3
2,076.0
2,066.3
2,057.0
2,048.0
2,039.4
2,031.1
2,023.1
2,015.3
2,000.4
1,986.2
1,972.7
1,959.7
1,047.3
1,917.9

Sat.
Vapor

Hg

2514.2
2,525.3
2,533.5
2,540.0
2,545.5
2,554.4
2,561.5
2,574.8
2,584.7
2,599.1
2,609.7
2,618.2
2,625.3
2,636.8
2,6459
2,663.0
2,675.5
2,685.4
2,693.6
2,700.6
2,706.7
2,712.1
2,716.9
2,721.3
2,725.3
2,729.0
2,732.4
2,735.6
2,738.6
2,743.9
2,748.7
2,753.0
2,756.8
2,760.3
2,7635
2,766.4
2,769.1
2,771.6
2,773.9
2,776.1
2,778.1
2,781.7
2,784.8
2,787.6
2,790.0
2,792.2
2,796.4

Entropy
Sat.

Liquid
Sy

0.1059
0.1957
0.2607
0.3120
0.3545
0.4226
0.4764
0.5764
06493
0.7549
0.8320
0.8931
0.9439
1.0259
1.0910
1.2130
1.3026
13740
1.4336
14849
1.5301
15706
1.6072
1.6408
1.6718
1.7006
1.7275
1.7528
1.7766
1.8207
1.8607
1.8973
1.9312
1.9627
1.9922
2.0200
2.0462
2.0710
2.0946
21172
2.1387
2.1792
2.2166
2.2515
2.2842
2.3150
2.3851

Evap.

8.8697
8.6322
8.4629
83311
8.2231
8.0520
7.9187
7.6750
7.5009
7.2536
7.0766
6.9383
6.8247
6.6441
6.5029
6.2434
6.0568
5.9104
5.7897
5.6868
5.5870
5.5173
5.4455
5.3801
5.3201
5.2646
5.2130
5.1647
5.1193
5.0358
4.9606
4.8920
4.8288
4.7703
4.7158
4.6647
4.6166
4.5711
4.5280
4.4869
4.4478
4.3744
4.3067
4.2438
4,1850
4.1298
4.0044

Sat.
Wapor

8.9756
8.8279
87237
8.6432
8.5776
84746
8.3951
8.2515
8.1502
8.0085
7.9085
7.8314
7.7686
7.6700
7.5939
7.4564
7.3594
7.2844
7.2233
71717
7.1271
7.0878
7.0527
7.0209
6.9919
6.9652
6.9405
69175
6.8959
6.8565
6.8213
6.7893
6.7600
6.7331
6.7080
6.6847
66628
66421
6.6226
6.6041
6.5865
65536
65233
6.4953
64693
6.4448
6.3896
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Properties of Saturated Steam - Pressure Table

Table 1 (continued...)

Press
k Pa

p

2,000
2,250
2,500
3,000
3,500
4,000
5,000
6,000
7,000
8,000
9,000
10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
19,000

20,000
21,000

22,000

22,090

Note: 100k Pa = 1 Bar = 100,000N,/m’

Temp
o

212.42
218.45
223.99
233.90
242.60
250.40
263.99
275.64
285.88
295.06
303.40
311.06
318.15
324.75
330.93
336.75
342.24
347.44
352.37
357.06
361.54
365.81
369.89
373.80
374.14

Specific Volume
Sat. Sat.
Liguid Vapor
Vs v,
1.1767 99.63
1.1872 B8.75
1.1973 79.98
1.2165 66.68
1.2347 57.07
1.2522 49.78
1.2859 39.44
1.3187 32.44
1.3513 27.37
1.3842 23.52
1.4178 20.48
1.4524 18.026
1.4886 15.987
1.5267 14.263
1.5671 12.780
1.6107 11.485
1.6581 10.337
1.7107 9.306
1.7702 8.364
1.8397 7.489
1.9243 6.657
2.036 5.834
2.207 4.952
2.742 3.568
3.155 3.155

Internal Energy

Sat.
Liquid
Uy

906.44
933.83
959.11
1,004.78
1,045.43
1,082.31
1,147.81
1,205.44
1,257.55
1,305.57
1,350.51
1,393.04
1,433.7
1,473.0
1,511.1
1,548.6
1,585.6
1,622.7
1,660.2
1,698.9
1,739.9
1,785.6
1,842.1
1,961.3
2,028.6

Evap.
Ug

1,693.8
1,668.2
1,644.0
1,599.3
1,558.3
1,520.0
1,449.3
1,3843
1,323.0
1,264.2
1,207.3
1,151.4
1,096.0
1,040.7
985.0
928.2
869.8
809.0
744.8
675.4
598.1
507.5
3885
125.2
0

Sat.
Vapor

Ug

2,600.3
2,602.0
2,603.1
2,604.1
2,603.7
2,602.3
2,597.1
2,589.7
2,580.5
2,569.8
2,557.8
2,544.4
2,529.8
2,513.7
2,496.1
2,476.8
2,455.5
2,431.7
2,405.0
2,374.3
2,338.1
2,293.0
2,230.6
2,087.1
2,029.6

Enthalpy
Sat.
Liquid

Hy

908.79
936.49
962.11
1,008.42
1,049.75
1,087.31
1,154.23
1,213.35
1,267.00
1,316.64
1,363.26
1,407.56
1,450.1
1,491.3
1,531.5
1,571.1
1,610.5
1,650.1
1,690.3
1,732.0
1,776.5
1,826.3
1,888.4
2,022.2
2,099.3

Evap.
Hyg

1,890.7
1,865.2
1,841.0
1,795.7
1,753.7
1,714.1
1,640.1
1,571.0
1,505.1
1,441.3
1,378.9
1,317.1
1,255.5
1,193.6
1,130.7
1,066.5
1,000.0
930.6
856.9
777.1
688.0
5834
446.2
143.4
0

Sat,
Vapor

Hg

2,799.5
2,801.7
2,803.1
2,804.2
2,803.4
2,801.4
2,794.3
2,784.3
2,772
2,758.0
2,742.1
2.724.7
2,705.6
2,684.9
2,662.2
2,637.6
2,610.5
2,580.6
2,547.2
2,509.1
2,464.5
2,409.7
2,334.6
2,165.6
2,099.3

Entropy
Sat.

Liguid
St

2.4474
2.5035
2.5547
2.6457
2.7253
2.7964
2.9202
3.0267
3.1211
3.2068
3.2858
3.3596
3.4295
3.4862
3.5606
3.6232
3.6848
3.7461
3.8078
3.8715
3.9388
4.039
4.1075
4.3110
4.4298

Evap.
S fa

3.8935
3.7937
3.7028
3.5412
3.4000
3.2737
3.0532
2.8625
2.6922
2.5364
2.3915
2.2544
2.1233
1.9962
1.8718
1.7485
1.6249
1.4994
1.3698
1.2329
1.0839
0.9130
0.6938
0.2216

© John Wiley and Sons, Inc., Keenan, Keyes, Hill, and Moore. This material has been copied under license from CANCOPY. Resale or further
copying of this material is strictly prohibited.

Sat.
Vapor

Sg

6.3409
6.2972
6.2575
6.1869
6.1253
6.0701
5.9734
5.8892
5.8133
5.7432
5.6772
5.6141
5.5527
5.4924
5.4323
5.3717
5.3098
5.2455
5.1777
5.1044
5.0228
4,9269
4.8013
4.5327
4.4298
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Properties of Saturated Steam - Temperature Table

Table 2
Specific Volume
Temp Press, Sat. Sat, Sat.
= kPa Liquid Vapor Liquid
0 0.6109  1.0002 206,278 D.000
5 0.8721 1.0001 147,120 20.97
10 12276 1.0004 106,379 42.00
15 1.7051 1.0009 77,926 62.99
20 2.339 1.0018 57,791 83.95
25 3.169 1.0029 43,360 104.88
30 4.246 1.0043 32,894 125.78
35 5.628 1.0060 25,216 146.67
40 7.384 1.0078 19,523 167.56
45 9.593 1.0099 15,258 188.44
50 12349 1.0121 12,032 209.32
60 19.940 1.0172 7,671 251.11
70 31.19 1.0228 5,042 292.95
B0 47.39 1.0291 3,407 334.86
90 70.14 1.0360 2,361 376.85

100 101.35  1.0435 1,672.9 418.94
110 143.27 1.0516  1,210.2 461.14
120 198.53  1.0603 8919 503.50
130 270.1 1.0697 668.5 546.02

140 3613  1.0797 508.9 588.74
150 4758  1.0905 392.8 631.68
160 617.8  1.1020 307.1 674.87
170 791.7  1.1143 2428 718.33

180 1002.1  1.1274 194.05 762.09
150 1254.4 1.1414 156.54 806.19
200 1553.8 11565 127.36 850.65

210 1906.2 11726 104.41 89553
220 2318 1.1900 86.19 940.87
230 2795 1.2088 71.58 986.74
240 3344 1.2291 59.76 1,033.21
250 3973 1.2512 50.13 1,080.39
260 4688 1.2755 4221 1,128.39
270 5499 1.3023 35.64 1,177.36
280 6412 13321 3017 1,227.46
290 7436 1.3656 2557 1,278.92
300 8581 1.4036 21.67 1,332.0
310 9856 1.4474 18.350 1,387.1
320 11274  1.4988 15.488 1,444.6
330 12845  1.5607 12.996 1,505.3
340 14586  1.6379 10.797 1,5703
350 16513  1.7403 8.813 1,641.9
360 18651 1.8925 6.945 1,725.2

370 21030 2.213 4.925 1,844.0
374.136 22090 3.155 3.155 2,029.6

Note: 100k Pa = 1 Bar = 100,000N/m’

© John Wiley and Sons, Inc., Keenan, Keyes, Hill, and Moore. This material has been copied under license from CANCOPY. Resale or further

copying of this material is strictly prohibited.

Evap.

U!c

2,375.4
2,361.3
2,347.2
2,333.1
2,319.0
2,304.9
2,290.8
2,276.7
2,262.6
2,248.4
2,234.2
2,205.5
2,176.6
2,147.4
2,117.7
2,087.6
2,057.0
2,025.8
1,993.9
1,961.3
1,927.9
1,893.5
1,858.1
1,8216
1,783.8
1,744.7
1,703.9
1,661.5
1,617.2
1,570.8
1,522.0
1,470.6
1,4163
1,358.7
1,297.1
1,231.0
1,159.4
1,080.9
993.7
894.3
776.6
626.3
384.5
0

Internal Energy

Sat.
Vapor

Ug

2,375.3
2,382.3
2,389.2
2,396.1
2,402.9
2,409.8
2,416.6
2,423.4
2,430.1
2,436.8
2,443.5
2,456.6
2,469.6
2,482.2
2,494.5
2,506.5
2,518.1
2,529.3
2,539.9
2,550.0
2,559.5
2,568.4
2,576.5
2,583.7
2,590.0
2,595.3
2,599.5
2,602.4
2,603.9
2,604.0
2,602.4
2,599.0
2,593.7
2,586.1
2,576.0
2,563.0
2,546.4
2,525.5
2,498.9
2,464.6
2,418.4
2,351.5
2,22855
2,029.6

Enthalpy

Sat.
Liquid

Hy

0.000
20,98
4201
62.99
83.96
104,89
125.79
146.68
167.57
188.45
209.33
25113
292.98
334.91
376.92
419.04
461.30
503.71
546.31
589.13
632.20
675.55
719.21
763.22
807.62
852.45
897.76
943.62
990.12
1,037.32
1,085.36
1,134.37
1,184.51
1,235.99
1,289.07
1,344.0
1,401.3
1,461.5
1,525.3
1,594.2
1,670.6
1,760.5
1,890.5
2,099.3

Evap.

H fa

2,501.4
2,489.6
2,477.7
2,465.9
2,454.1
2,442.3
2,430.5
2,418.6
2,406.7
2,394.8
2,382.7
2,358.5
2,3338
2,308.8
2,283.2
2,257.0
2,230.2
2,202.6
2,174.2
2,144.7
2,114.3
2,082.6
2,049.5
2,015.0
1,978.8
1,940.7
1,900.7
1,858.5
1,813.8
1,766.5
1,716.2
1,662.5
1,605.2
1,543.6
1,477.1
1,404.9
1,326.0
1,238.6
1,140.6
1,027.9
893.4
7205
4416
0

Sat.
Vapor

Hg

2,501.3
2,510.6
2,519.8
2,528.9
2,538.1
2,547.2
2,556.3
2,565.3
2,574.3
2,583.2
2,592.1
2,609.6
2,626.8
2,643.7
2,660.1
2,676.1
2,691.5
2,706.3
2,720.5
2,7339
2,746.5
2,758.1
2,768.7
2,778.2
2,786.4
2,793.2
2,798.5
2,802.1
2,804.0
2,803.8
2,801.5
2,796.9
2,789.7
2,779.6
2,766.2
2,749.0
2,727.3
2,700.1
2,665.9
2,622.0
2,563.9
2,481.0
2,3321
2,099.3

Entropy

Sat.
Liquid

Sy

0.000
0.0761
0.1510
0.2245
0.2966
03674
0.4369
0.5053
0.5725
0.6387
0.7038
0.8312
09549
1.0753
1.1925
1.3069
1.4185
1.5276
1.6344
1.7391
1.8418
1.9427
2.0419
21396
2.2359
2.3309
2.4248
25178
2.6099
2.7015
2.7927
2.8838
2.9751
3.0668
3.1594
3.2534
3.3493
3.4480
3.5507
3.6594
3.7777
3.9147
4.1106
4.4298

Evap.

Sf

9.1566
8.949%6
8.7498
8.5569
8.3706
8.1905
8.0164
7.8478
7.6845
7.5261
7.3725
7.0784
6.8004
6.5369
6.2866
6.0480
5.8202
5.6020
5.3925
5.1908
4.9960
4.8075
4.6244
4.4461
4.2720
4.1014
3.9337
3.7683
3.6047
3.4422
3.2802
3.1181
29551
2.7903
2.6227
24511
2.2737
2.0882
1.8909
1.6763
1.4335
1.1379
0.6865
0

Sat.
Vapor

Sg

9.1565
9.0257
8.9008
8.7814
8.6672
8.5580
8.4533
8.3531
8.2570
8.1648
8.0763
7.9096
7.7553
7.6122
7.4791
7.3543
7.2387
7.1296
7.0268
6.9299
6.8379
6.7502
6.6662
6.5857
6.5079
6.4323
6.3585
6.2861
6.2146
6.1437
6.0730
6.0019
59301
5.8571
5.7821
5.7045
5.6230
5.5362
5.4417
5.3357
5.2112
5.0526
4.7971
4.4298
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Table 3
Abs Press.
kPa
(5at. Temp)

v
10 h
(45.81) s

v
30 h
(69.10) s

v
50 h
(81.33)

v
100 h
(99.63)

v
200 h
(120.23)

v
300 h
(133.55)

v
500 h
(151.86)

v
1,000 h
(179.91)

v
2,000 h
(212.43)

v
3,000 h
(233.90) s

%
4,000 h
(250.40) s

v
5,000 h
(263.99) s

v
6,000 h
(275.64) s

100
17,196
2,687.5
8.4479

5,715
2,685.0
7.9357

3,418
2,682.5
7.6947

1,695.8
2,676.2
7.3614

150
19,512
2,783.0
8.6882

6,493
2,781.5
8.1785

3,889
2,780.1
7.9401

1,936.4
2,776.4
7.6134

959.6
2,768.8
7.2795

63319
2761.0
7.0778

200
21,825
2,879.5
8.9038

7,267
2,878.6
8.3952

4,356
2,877.7
8.1580

2,172
2,875.3
7.8343

1,080.3
2,870.5
7.5066

716.3
2,865.6
7.3115

424.9
2,855.4
7.0592

206.0
2,827.9
6.6940

Note: 100k Pa = 1 Bar = 100,000N/m’

Temperature Degrees Celsius

250
24,136
2,977.3
9.1002

8,040
2,976.7
8.5923

4,820
2,976.0
8.3556

2,406
2,9743
8.0333

1,198.8
2,971.0
7.7086

796.4
2,967.6
7.5166

474.4
2,960.7
7.2709

232.7
2,942.6
6.9247

111.44
2,902.5
6.5453

70.58
2,855.8
6.2872

300
26,445
3,076.5
9.2813

8,811
3,076.0
8.7736

5,284
3,075.5
8.5373

2,638
3,074.3
8.2158

1,316.2
3,071.8
7.8926

875.3
3,069.3
7.7022

522.6
3,064.2
7.4599

257.9
3,051.2
7.1229

125.47
3,023.5
6.7664

81.14
2,9935
6.5390

58.84
2,960.7
6.3615

4532
29245
6.2084

36.16
2,884.2
6.0674

400
31,063
3,279.6
9.6077

10,351
32792
9.1003

6,209
3,278.9
8.8642

3,103
3,278.2
8.5435

1,549.3
3,276.6
8.2218

1,031.5
3,275.0
8.0330

617.3
3,271.8
7.7938

306.6
3,263.9
7.4651

151.20
3,247.6
7.1271

99.36
3,230.9
6.9212

73.41
3,2136
6.7690

57.81
3,195.7
6.6459

47.39
3,177.2
6.5408

500
35,679

3,489.1

9.8978

1,1891
3,488.9
9.3906

7,134
3,488.7
9.1546

3,565
3,488.1
8.8342

1,781.4
3,487.1
8.5133

1,186.7
3,486.0
8.3251

7109
3,4839
8.0873

354.1
3,478.5
7.7622

175.68
3,467.6
7.4317

116.19
3,456.5
7.2338

86.43
3,445.3
7.0901

68.57
34338
6,9759

56.65
3,422.2
6.8803

600
40,295

3,705.4
10.1608

13,430
3,705.3
9.6537

8,057
3,705.1
9.4178

4,028
3,704.7
9.0976

2,013
3,704.0
8.7770

1,341.4
3,703.2
8.5892

804.1
3,701.7
8.3522

401.1
3,697.9
8.0290

199.60
3,690.1
7.7024

132.43
3,682.3
7.5085

98.95
3,674.4
7.3688

78.69
3,666.5
7.2589

65.25
3,658.4
7.1677

700
44911
3,928.7
10.4028

14,969
3,928.6
9.8957

8,981
3,928.5
9.6599

4,450
3,928.2
9.3398

2,244
3,927.6
9.0194

1,495.7
3,927.1
8.8319

896.9
3,9259
8.5952

447.8
3,923.1
8.2731

2232
3,9174
7.9487

148.38
3,911.7
7.7571

110.95
3,905.9
7.6198

88.49
3,900.1
7.5122

73.52
3,894.2
7.4234

Table of Properties for Superheated Steam

800
49,526
4159.0

10.6281

16,508
4,158.9
10.1210

9,904
4,158.9
9.8852

4,952
4,158.6
9.5652

2,475
4,158.2
9.2449

1,649.9
4,157.8
9.0576

989.6
4,156.9
8.8211

494.3
4,154.7
8.4966

246.7
4,150.3
8.1765

164.14
4,145.9
7.9862

122.87
4,1415
7.8502

98.11
4,137.1
7.7440

81.60
4,132.7
7.6566

900
54,141
4,396.4
10.8396

18,047
4,396.4
10.3325

10,828
4,396.3
10.0967

5414
4,396.1
5.7767

2,706
4,395.8
9.4566

1,804.1
4,395.4
9.2692

1,082.2
4,394.7
9.0323

540.7
4,392.9
B.7118

270.0
4,389.4
B.3895

197.80
4,385.9
8.1999

134.69
4,382.3
8.0647

107.62
4,378.8
7.9593

89,58
4,375.3
7.8727

1,000
58,757
4,640.6
11.0393

19,585
4,640.5
10.5322

11,751
4,640.5
10.2964

5,875
4,640.3
9.9764

2,937
4,640.0
9.6563

1,958.1
4,639.7
9.4690

1,174.7
4,638.1
9.2328

587.1
4,637.6
8.9119

2933
4,634.6
8.5901

195.41
4,631.6
8.4009

146.45
4,628.7
8.2662

117.07
4,625.7
8.1612

97.49
4,622.7
8.0751
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Table of Properties for Superheated Steam

Table 3 (continued...)

Abs Press. Temperature Degrees Celsius
kPa
(Sat. Temp) 100 150 200 250 300 400 500
v 2947 38.93 48.14
7,000 h 2,8384 3,158.1 3,4103
(285.88) s 5.9305 6.4478 6.7975
v 24.26 34.32 41.75
8,000 h 2,785.0 3,1383 3,38813
(295.06) s 5.7906 6.3634 6.7240
29.93 36.77
9,000 3,117.8 3,386.1
(303.40) s 6.2854 6.6576
v 26.41 32.79
10,000 h 3,096.5 3,373.7
(311.06) s 6.2120  6.5966
v 23.51 29.52
11,000 h 3,0743 3,361.0
(318.15) s 6.1420  6.5400
v 21.08 26.80
12,000 h 3,051.3 3,348.2
(324.75) s 6.0747  6.4871
v 19.007 24.50
13,000 h 3,027.2 3,335.2
(330.93) s 6.0091 6.4371
v 17.216 22.52
14,000 h 3,001.8 33220
(336.75) s 5.9448  6.3897
v 15.649 20.80
15,000 h 2,9755 3,308.6
(342.24) s 5.8811 6.3443
v 14.262 19.296
16,000 h 29476 3,2949
(347.44) s 5.8175 63007
v 13.021 17.967
17,000 h 2,918.2 3,281.1
(352.37) s 5.7536 6.2587
v 11.901 16.784
18,000 h 2,887.0 3,267.0
(357.06) s 5.6887 6.2181
v 10.881 15.724
19,000 h 2,853.8 32527
(361.54) s 5.6224 6.1786

Note: 100k Pa = 1 Bar = 100,000N/m’

600
55.65
3,650.3
7.0894

48.45
3,642.0
7.0206

42.85

3,633.7
£.9589

38.37
3,625.3
6.5028

34.70
3,616.9
6.8514

31.64
3,608.3
6.8037

29.05
3,509.7
6.7591

26.83
3,591.1
6.7172

2491
3,5823
6.6776

23.23
3,573.5
6.6399

21.74
3,564.6
6.6040

20.42
3,555.6
6.5696

15.241
3,546.6
6.5366

700
62.83
3,888.3
7.3476

54.81
3,882.4
7.2812

48.57

3,876.5
7.2221

43.58
3,8705
7.1687

39,50
3,864.5
7.1199

36.10
3,858.4
7.0745

33.22
3,852.3
7.0331

30.75
3,846.2
6.9939

28.61
3,840.1
6.9572

26.74
3,833.9
6.9224

25.09
3,827.7
£.8894

23.62
3,8215
6.8580

22.31
3,815.3
6.8281

800
69.81
4,128.2
7.5822

60.97
4,123.8
7.5173

54.09

4,119.3
7.4596

48.59
4,114.8
7.4077

44.09
4,110.4
7.3605

40.34
4,105.9
7.32170

37.17
4,101.4
7.2767

34.45
4,096.9
7.2392

32.10
4,092.4
7.2040

30.03
4,087.8
7.1708

28.22
4,083.3
7.1395

26.60
4,078.8
7.1098

25.15
4,074.3
7.0814

900
76.69
4,371.8
7.7991

67.02
4,368.3
7.7351

59.50

4,364.8
7.6783

53.49
4,361.2
7.6262

48.57
4,357.7
7.5808

44.47
4,354.2
7.5382

41.00
4,350.7
7.4988

38.03
4,347.2
7.4622

35.46
4,343.8
7.4279

33.20
4,340.3
7.3957

31.22
4,336.8
7.3653

29.45
4,3333
7.3365

27.87
4,329.8
7.3091

1,000
83.50
4,615.8
8.0020

73.01
4,616.9
7.9384

64.85

4,614.0
7.8821

58.32
4,611.0
7.8315

5298
4,608.1
7.7856

48553
4,605.3
4,7435

44.77
4,602.4
7.7047

41.54
4,599.5
7.6685

3875
4,596.6
7.6348

36.30
4,593.8
7.6031

34.14
4,530.9
7.5732

32.23
4,588.1
7.5779

3051
4,585.3
75181
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Table of Properties for Superheated Steam

Table 3 (continued...)

Abs Press. Temperature Degrees Celsius
kPa
(Sat. Temp) 100 150 200 250 300 400 500 600 700 800 900 1,000
v 9,942 14768  18.178 21.13 23.85 26.45 28.97
20,000 h 2,818.1 3,238.2 35376 3,809.0 4,069.7 43264 4,582.5
(365.81) s 5.5540 6.1401 6.5048 6.7993 7.0544 7.2830 7.4925
v 9.071 13.903 17.216 20.06 22.68 25.16 27.57
21,000 h 2,779.6  3,223.5 3,5284 3,802.8 40652 43229 4,579.6
(369.89) s 54826 6.1026  6.4741 67717  7.0285 7.2581  7.4681
v B8.253 13.115 16.341 19.092 21.61 23.99 26.30
22,000 h 2,737.6 302086 35192 37965 40606 4,319.5 4,576.8
(373.80) s 5.4074 6.0658  6.4444 67451  7.0036  7.2342 7.4448
v 7.478 12.394 15543 18.206 20.63 2292 25.14
23,000 h 2,691.2 3,1934 35100 3,790.2 4,056.2 4,316.0 4,574.0
5 5.3269 6.0257 6.4155 6.7195 6.9798 7.2113 7.4224
v 6.732 11.733 14.811 17.393 19.735 21.944 24,08
24,000 h 2,639.4 13,1780 3,500.7 3,783.8 40516 43125 45713
s 5.2393 59942  6.3875 6.6947 69567  7.1892 7.4009
v 6.004 11.123 14.137 16.646 18.912 21.045 23.10
25,000 h 2,580.2 3,162.4 34914 3,7775 40471 43091 4,568.5
5 5.1418 5.9592 6.3602 6.6707 6.9345 7.1680 7.3802
v 5.280 10.560 13.516 15.957 18.153 20.214 22.20
26,000 h 2,510.9 3,1466 3,482.0 3,777.1 4,042.5 4,305.7 4,565.7
s 5.0306 5.9248 6.3336 6.6475 6.9130 7.1475 7.3602
v 4.550 10.038 12,941 15.319 17.450 19.446 2137
27,000 h 24282 31305 34725 37648 40380 43022  4,562.9
5 4.9003 5.8907 6.3077 6.6248 6.8922 7.1276 7.3409

3.831 9.553 12.407 14.727 16.797 18.732 20.59

=

28,000 h 2,330.7  3,1143 3,463.0 3,7584 40334 42988 4,560.2
s 4.7494 58570  6.2823 6.6029 6.8720  7.1084 7.3223
v 3.214 9.101 11.910 14.175 16.190  18.068 19.869
29,000 A 2,231.1  3,097.8 3,4535 3,7520 40288 4,295.4 4,557.4
s 4.5962 58236  6.2574 6.5814 6.8523  7.0898 7.3042
v 2.790 8.678 11.446 13.661 15.623 17.448 19.196
30,000 h 2,151.1  3,081.1 3,4438 3,7456 40242 42919 4,554.7
s 44728 57905 6.2331 6.5606 6.8332 7.0718 7.2867

2.527 8.283 11.012 13.180 15.093 16.868 18.567
31,000 h 2,095.0 3,064.1 3,4343 3,739.2 4,019.7 4,2885 4,551.9
s 43856 57576  6.2092 6.5402 6.8147  7.0542 7.2697

=

2.361 7.912 10.606 12.729 14597 16.325 17.977
32,000 h 2,055.9 3,047.0 34246 3,732.8 4,015.1  4,285.1 4,549.2
s 43239 57250  6.18B58 6.5203 6.7966  7.0372 7.2533

=

Note: 100k Pa = 1 Bar = 100,000N/m’
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Table of Properties for Superheated Steam

Table 3 (continued...)

Abs Press. Temperature Degrees Celsius
kPa

(Sat. Temp) 100 150 200 250 300 400 500
v 2.247 7.564
33,000 A 2,027.3 13,0296
s 42781  5.6925
v 2.164 7.236
34,000 & 2,005.3 3,012.1
s 42421  5.6603
v 2.100 6.927
35000 h 1,987.6 2,994.4
s 42126  5.6282
v 2.048 6.636
36,000 h 1,972.8 2976.4
s 41875  5.5962
v 2.005 6.361
37,000 h 1,960.2 2958.4
4.1658 55644
v 19679  6.101
38,000 h 1,949.2  2,940.1
s 41466  5.5328

Note; 100k Pa = 1 Bar = 100,000N/m’

@© John Wiley and Sons, Inc., Keenan, Keyes, Hill, and Moore. This material has been copied under license from CANCOPY. Resale or further

copying of this material is strictly prohibited.

600
10.224
3,415.0
6.1628

9.865
3,405.2
6.1401

9.527
3,395.5
6.1179

9.208
3,385.7
6.0960

8.907
3,375.9
6.0744

8.621
3,366.1
6.0531

700
12.306
3,726.4
6.5008

11.908
3,719.9
6.4818

11,533
3,713.5
6.4631

11.179
3,707.0
6.4448

10.844
3,700.6
6.4269

10.527
3,694.1
6.4093

800
14.130
4,010.6
6.7790

13.691
4,006.0
6.7618

13.278
4001.5
6.7450

12.887
4,996.9
6.7285

12,518
3,992.4
6.7125

12,169
3,987.8
6.6967

900
15.815
4,281.7
7.0206

15.335
4,278.3
7.0044

14.833
4,274.9
6.9886

14.456
4,271.5
6.9732

14.052
4,268.1
6.9582

13.670
4,264.7
6.9435

1,000
17.423
4,546.5
7.2372

16.901
4,543.8
7.2216

16.410
4,541.1
7.7.2064

15.946
4,538.4
7.1916

15.507
4,535.7
7.1771

15.092
4,533.0
7.1630

Page 8
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-
~ Table 1 — Refrigerant 717 (Ammonia) Properties of Liquid and Saturated Vapour
- ek Density Enthalg Enthalpy Ritoows Entropy
Tempernture Absolute Vapor Liquid Liquid Vapor Liquid Vapor
—_— rc Pressure vy /vy Iy k, sy 5y
kPa m/kg kg/m kiikg kiikg Kl /kgK ki /kgK
_—
-76 6.92 13.8216 732.076 -158.867 1326.71 -0.740229 | 6.797464
-~ =73 7.4a 12.8414 730.922 -154.447 1326.62 | -0.717620 | 6.768826
=74 8.09 11.9481 129.7869 ~150.051 1330,50 -0,625388 6. 740565
=73 8.74 11.1247 728.816 -145.655 1332.20 -0.663778 | 6.712639
_~ =72 9.42 10.3658 727.575 -141,259 133404 -0,64799% 6.685048
=11 10.14 9.6653 726.277 -136.862 1335.92 -0.629781 | 6.658043
- -70 10.96 9.00836 725.316 -132.383 1337.69 -0.607926 | 6.631080
-69 11.76 B.41841 724,163 -125,884 1339.57 -0, 586447 6.604703
-68 12,62 7.86842 723.009 -123,279 1341.46 -0.564969 §.578661
- -67 13.59 7.36275 721.856 -119.39% 1343.34 o %u401 | 6.552954
~66 14,58 6.89080 720.703 =114,998 1345.08 -0.522263 6.519292
-85 15,64 6.44881 719.549 -110.486 1347.92 -0.501162 | 6.488728
-
=64 16.76 6.04821 718.396 -106.089 1348.76 -0.480060 6.463858
-63 17.53 5.67508 717.243 -101.693 1349. 50 -0.458959 | 6.450377
- -62 19.15 5.32854 716.089 -97.297 1351.25 -0.438150 6.428940
bl 20.48 5.00622 714.936 -92,901 1353.69 -0.417426 | 6.405076
-60 21.91 4.70270 713.783 -68.388 1355.83 | -0.396492 | 6.368567
~ T 23.40 4.42514 712.629 -83.992 1357.711 -0.375767 | 6.356885
-58 24.94 4.16607 711.476 ~79.596 1359.41 -0.355377 | 6.335156
- 757 26.59 3.924560 710.323 -75.200 1361.25 -0.335029 | 6.312463
-56 28,35 3.70660 709.169 ~70.804 136299 0 314681 | &.289854
=35 30.18 3.49503 707.936 -66.408 1364.67 -D.794333 | 6.267664
-~ =54 32.09 3.29245 706.702 -62.011 1366.44 -0.269631 | 6.245432
=33 34.12 3.10741 705.549 -57.615 1368.25 | -0.246269 | 6.223870
- s 36.28 2.93705 704,396 -53.173 1369.93 | -0.234211 | 6.202392
=51 38.53 2.77692 703,242 =48.,707 1371.60 =0.214198 6.1811635
=3 40.86 2.62510 702.089 44,427 1373.28 -0.194268 | 6.160063
- =49 43.34 2.48519 700.792 =40.031 1374.95 -0.174674 | 6.139338
-48 45.93 2.35378 599.622 ~35.448 1376.81 -0.155080 6.118949
- ~47 48,68 2.23086 B9, 469 -31.006 1378.53 -0.135192 6.098894
46 51.55 2,11531 §97.220 -26.610 1380, 21 —0.115724 | 6.078671
=45 54.50 2.00519 696.002 -22.330 1381.65 -0.096297 | 6.058742
-~ =44 57.66 1.50349 594.849 =17.724 1183.53 -0.0771079 £.039148
-43 60.94 1.80779 £93.567 -13.305 1385.05 -0.057527 | 6.019888
- =42 64.37 1.71764 692.382 -8.909 1386.67 _0.038226 | 5.000671
=41 67.96 1.63262 691.229 -4.512 1388.35 -0,019008 5.981705
=40 71.73 1.55196 690,075 0.000 1390.02 0.000000 | 5.962864
-~ =39 75.63 1.47723 688.778 4.396 1391.49 0.019217 5.944400
-38 79.78 1.40600 687 .4B0 8.978 1393.14 0.038100 5.925936
- =37 84.06 1.33914 686.295 13.421 1394.81 . D.056841 | 5.907765
=38 88.52 1.27603 685.046 17.817 1396.35 0.075781 | 5.889578
=3 93.15 1.21610 683.828 22.330 1397.93 0.094622 | 5.872010
Py -34 97.99 1.15991 682,675 26.726 1399.40 0.113086 | 5.854300
-33 103.05 1.10672 681.650 31.308 1401.05 0.131885 | 5.336925
-32 108.33 1.05653 680.304 35,751 1402.56 0.150432 | 5.819591
~ =31 113.82 1.008%6 £78.959 40.147 1404.03 0.168896 | 5.802258
-30 119,47 0.963264 §77.741 44,659 1405.61 0.187569 | 5.785343
-~ -29 125.43 0.921125 676.444 49.265 1407.07 0.206033 | 5.768763
-28 131.60 0.880983 §75.146 53.684 1408 .54 0.224162 | 5.751848
-27 137.99 0.842403 673,849 58,080 1410.00 0.242542 | 5.735478
~ -26 144,65 0.806070 672,647 62.616 1411.47 0.260755 | 5.719275
-25 151.51 0.771610 671.334 67.222 1413.05 0.278842 | 5.702663
-~ -24 158.71 0.739022 670.036 71.618 1614.31 0.296829 | 5.687037
-23 166.12 0.707933 668,867 76.200 1415.75 0.315016 | 5.671210
=22 173.85 0.678342 667.601 80.806 1417.21 0.332810 5.655384
-~ -21 181.87 0.650524 666.304 85.272 1418.54 0.350771 | 5.539809
-20 190.10 0.623718 665.087 89.784 1420.03 0.368640 | 5-626151
-~ -18 198.72 0.598435 663.789 94,180 1421.28 0.386527 | 5-609078
-18 207.61 0.576400 £62.492 98.762 1422.73 0.404279 | 5-593671
-17 216.83 0.551526 661,194 103.368 1424.03 0.421989 | 5.578514
- -16 226.34 0.529726 §59.897 107.834 1425.29 0.439699 | 5.563693
-15 236.19 0.508788 658,519 114.905 1426.54 0.457200 5-5*":;32
- -14 246.35 0.489011 657.077 117.208 1427.80 0.474536 | 3:53 ‘—’1
-13 256.92 0.470133 655.892 121.557 1429.24 0.492202 | 3.31973
-12 267.81 0.452153 554.626 126.163 1430.54 0.509619 | 2-305119
-~ -1 279.08 0.434361 653.329 130.768 1431.80 | 0.326953 | 3-490673
-10 290.62 0.418455 652,112 135.374 1433.05 0.544286 S'Azfijg
-~ -9 302.65 0.402835 50,670 139.770 1434.10 0.561620 | 3-3526
-8 315.07 0.387915 649.356 164,352 1435.33 0.578953 e
=5 327.87 0.373650 648.059 168,958 1436.59 0.595993 | $.434330
- -6 341.06 0.359997 646.761 153.563 1437.71 D.613201 | 3.420839
-5 354.67 0.346850 645,384 158.169 1438.87 0.630116 | 3-407273
-~ -4 368,72 0.334377 644,086 162.774 1439.92 0.647549 ;-333123
-3 383,14 0.322453 642,661 167.380 1441.15 0.664448 -380143
-2 398.07 0.314094 641.331 171.985 1442.24 0.681404 | 3.36687L
— = 413.41 0.301827 639,938 176.591 1443.29 0.698361 | 3.333682
0 429,22 0.289478 638.456 181.196 1446.45 0.714690 | 2340284
1 445.50 0.279478 637.198 185.802 1445.50 0.732023 | 3.327473
~ 2 462.20 0.269876 635.773 190.407 1446.55 0.748687 | 3.314326
3 479.4B 0.260631 634.443 195.176 1447.59 0.765266 | 3.30163L
- 4 497,22 0.251772 633.146 199.851 1448.64 0.781846 | 3.28861%
5 515.48 0.243282 §31.768 204.456 1449.57 0.798845 | 5.276226
P 6 534.16 0.235135 630.326 209.062 1450.62 0.815424 | 3.263414
7 553.51 0.227338 628,885 213,667 1451.48 0.832004 | 5-250938
8 573.35 0.219803 627.443 218.436 1452.48 0.848584 | 3-238503
-~ B 593.69 0.212592 626.088 223,111 1453.38 0.864913 | 5-226068
i0 614.53 0.205638 624.720 227.716 1454.22 0.881325 | 5.213843
1 £36.04 0.199008 §23.278 232,531 1455.27 0.897905 | 3-213089
-~ 12 658.11 0.192628 621.837 237.160 1456.13 0.614.50 | 5-192239
13 680.78 0.186454 620.395 241.928 1456.97 0.930646 5.177668 .
-
-
-
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Table 1 Cont'd

Volume Density Enthalpy Enthalpy Entropy Entropy
Absolute Vapor Liquid Liquid Vapar Liquid Vapor
Tempernture Pressure ¥y 1wy Ay h, 5 1y

ec iPa kg g/m? ufn K3/ kJ/kgK ki/kgk

14 T04.03 0. 180554 618.553 266,604 1457.80 0.946974 5.165610
15 717.59 0.174798 617.512 251.442 1458. 64 0.963386 5.153971
16 752.40 0.165348 616.070 256.047 1459,48 0.979589 5.167942
17 77.20 0.164098 614,628 260.839 1460.32 0.9557592 5.131530
18 802.97 0.159004 613.187 265.491 1460.99 1.011995 5.118509
19 829.43 0.154135 611.745 270.236 1461.78 1.028198 5.107079
20 B56. 44 0.14%390 610.303 275.167 1462.59 1.044192 5.095356
21 B84 34 0.144839 608.862 279.773 1463.22 1.060395 5.084051
22 900.12 0.140488 607 .420 284,564 1463.85 1.076263 5.072747
23 937.05 0.136293 605.666 285,379 1464 .64 1.092382 5.061442
246 971.78 0.132210 604,377 294,194 1465.34 1.108334 5.050138
25 1001.82 0.128289 602.935 298,892 1465.85 1.124160 5.038834
26 1033.44 0.124525 B01.349 303.707 146648 1.140363 5.027906
27 1065.07 0.120861 595.891 308.522 1467.11 1.155896 5.016643
28 1098.1¢ 0.117340 598,338 313.3% 1467.74 1.171932 5.005632
9 1131.863 0.113931 596.752 318.291 1l468.36 1.187884 &, 994705
kel ] 1155.80 0.110622 595.246 323.083 1468.87 1.203710 4,983986
1 1200.53 0.107476 593.660 327.898 1469.50 1.219536 4.973059
32 1236.36 0.104380 562,203 332.7113 1469.94 1.235027 4.961131
33 1273.29 0.101420 590.649 337.527 1470.36 1.250770 4.951497
35 1310.51 0.0%8574 589,063 347.482 1470.92 1.266345 4.960695
35 1349,08 0.095765 587.397 347.506 1471.43 1.282003 4.929976
6 1388.15 0.093124 585.811 352.321 1471.85 1.297829 4.919426
37 1428.31 0.090533 584.225 357.136 1472.08 1.313321 4.908875
38 1459.10 0.088036 582.639 362.111 1472.46 1.329063 4.898324
39 1510.856 0.085601 581.054 266.998 1472.88 1.344638 4,BBTT73
40 1553.03 0.083279 575.548 371.929 1473.29 1.359878 4.877222
4l 1597.05 0.080975 577.818 376.953 1473.50 1.375327 4.866672
42 1641.63 0.078772 576.216 381.791 1473.71 1.3%0777 4.856121
43 1686.76 0.076668 574,630 386.769 1473.92 1.406519 4,845863
b 1732.85 0.074589 572.948 391.793 1474.13 1.422094 4.835438
45 1780.05 0.072804 571.379 396.817 147446 1.437354 4.824887
1] 1B28.63 0.070637 569.649 401.842 147446 1.452783 4.814713
47 1B77.69 0.068771 567.919 406.566 147464 1.468233 4.804204
48 1928.12 0.066960 566.301 411,890 1474.69 1.483682 &.793654
49 1979.38 0,065200 564.619 416.914 147469 1.499132 4,783354
50 2031.54 0.063489 562.B889 421.%38 1474.69 1.514790 L.772971
51 2084.53 0.061804 561,159 427.172 1474.69 1.530240 4.762420

Table 2 — Refrigerant 717 (Ammeonia) Properties of Superheated Vapor

Aba, Pressure 40 kPa (Sat. Temp. —50,403°C)

Abs. Pressure 50 kPs (Sat. Temp. ~46.562°C)

T v L T 1 v h ]
*c m kg kg kJ/kgK *C m/kg kg kJ/kgK
Sac 2.672040 1380.83 6.1687 Sat 1.181672 1374.16 6.08901
-30 2.697371 1373.56 6.1726 =50
=43 2.763310 1384,33 6.2214 =45 2.198192 1382.61 6.1051
=40 2.827906 1385.37 6. 2684 =40 1.251063 1393.68 6.1534
=35 2.891601 1406.05 6.3140 =35 1.302462 1404, 62 6.1996
=30 2.955197 1L16.89 6.3581 =10 2.353735 1415.38 6.2443
=15 3.01B694 1427.32 6.4013 =25 1.404BB] 1426.06 6.2880
=20 3.081866 1437.84 64434 -20 2.455718 1436.74 6.3306
=15 3.144888 1448.41 6.4846 ~15 2.506335 1647.42 6.3721
~10 3.207661 1458.97 6.5249 =10 1.556702 1458.02 6.4127
=5 3.270158 1469.43 6.5644 ~5 2.606836 1468.58 6.4527

] 3.332705 1479.90 6.6032 0 2.856969 1479.18 6.4917
] 3.395152 1490.37 6.6415 5 2.707103 1489.65 6.5301

10 3.457501 1500.88 6.6791 10 2.757236 1500.16 6.5678

15 3.519511 1511.51 6.7160 15 2.807225 1510. B84 6.6048

0 3.581822 1522.00 6.7523 20 2.856847 1521.51 6.6411

25 3.657917 1532.63 6.7861 5 2.906746 1532.07 6.6770

30 3.713848 1543.28 6.8234 E L] 2.956458 1542.69 6.7126

35 3.767991 1553.94 6.8582 35 3.00602% 1553.37 B.T4&T6
&0 3.830139 1564.61 6.8926 40 31.035601 1564.04 6.7819
45 3.892037 1575.29 6.9264 45 3.105173 1574.77 6.8159

50 3.953935 1585.97 6.9398 30 3.154713 1585.58 6.8495

33 4.015834 1595.71 6.9929 55 3.204159 1596.33 6.8827

60 4.077732 1607.55 7.0257 60 3.253731 1607.21 6.9154

65 4,139180 1618.44 7.0381 65 3.303303 15618.10 6.9479

70 4.201028 1629.32 7.0901 70 3.352375 1628.99 6.9797

Abs. Pressure 60 kPa (Sat. Temp, ~43.138°C) Abs. Pressure 70 kP (Sat. Temp. ~40.473°C)
Sat 1.839472 1384.77 6.0259 Sac 1.5%030 1389.50 5.9720
=50 =35 1.63169 1401.83 6.0244
-45 =30 1.66940 1412.98 6.0706
=40 1.869261 1392.21 6.0582 =15 1.70628 1423.92 6.1152
-35 1.912511 1403.31 6.1052 -0 1.74288 1434.80 6.1586
=30 1.008998 1414.35 6.1508 =15 1.77945 1445.39 6.2010
=25 1.643585 1425.10 6.1948 =10 1.81601 1456.30 6.2423
-20 2.061217 1435.88 6.2379 ] 1.85239 1467.00 6.2827
=13 2.083643 1446.62 6.2799 o 1.88842 1477.68 6.3235
=10 2.125998 1457.30 6.3209 5 1.92450 1488.36 6.3672

=5 2.168220 1467.86 6.3609 10 1.96051 1498.04 6.39590

(1} 2.210179 1476.29 6.4002 15 1.99604 1509.71 6.4363

5 2.252138 1489.10 6.4068 10 2.03191 1520.39 6.4729
10 2.254097 1499.71 6. 4640 15 2.06753 1531.10 6.5092
15 2.335494 1510.39 6.4798 0 2.10306 1541.78 6.5448
20 2.377141 1521.07 6.5528 35 2.13880 1552.56 6.5799
25 2.418726 1531.75 6.5864 40 2.17451 1563.35 6.6144
30 2.460123 154242 6.6219 &5 2.209%% 1574.11 6.6486
35 2.501520 1553.10 6.6569 50 2.24550 1584.93 6.6824
Ll 2.543093 1563.84 6.6914 35 2.28089 1585.66 6.7158
45 2.584621 1574.862 6.7155 60 2.31586 1606.55 6.7486
50 2.625674 1585.34 6.7592 85 2.35130 1617.44 6.7810
55 2.6665922 1596.22 6.7923 70 2.38674 1628.48 6.8131
&0 2.708219 1606.96 6.8251 75 2.42219 1639.43 6.B448
65 2.749716 1617.84 6.8575
70 2.790965 1628:86 6.8896
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Table 2 Cont'd
Abs. Pressure 80 kPs (Sat. Temp. -37.968°C) Abs. Pressure %0 kPa (Sat. Temp. -35.683°C)
] ¥ ] 5 [3 v k 5
°C m*/kg k/kg kJ/kgK °C m/kg kl/kg kJ/kgK
Sat 1.40466 1385.09 5.9254 Sat 1.25654 1397.09 5.8840
-35 1.42482 1398.94 5.9540 -35 | —— | | —_—.—
=30 1.45745 1411.59 6.0008 =30 1.29051 1409.99 5.9381
=25 1.49053 1422.67 6.0462 =25 1.31980 1421.31 5.9841
=20 1.52296 1433.59 6.0800 =20 1.34891 1432.48 6.0285
-15 1.55516 1444 ,48 6.1326 =13 1.37771 1443.47 6.0716
=10 1.58737 1455.04 6.1743 =10 1.40627 1454.36 6.1135
=5 1.619831 1465.61 6.2149 -5 1.43483 1465.24 6.1543
0 1.65108 1476.89 6.2548 0 1.46324 1476.09 6.1944
5 1.68273 1487.68 6.2936 5 1.49125 1486.80 6.2335
10 1.71419 1498.36 6.3320 10 1.51925 1497.89 6.2720
15 1.74564 1509.04 6.3695 15 1.54778 1508.36 6.3096
20 1.776%0 1519.83 6.4062 20 1.57535 1519.23 6.3466
25 1.80830 1530.60 6.4425 25 1.60320 1529.95 6.3830
30 1.83976 1541.31 6.4783 30 1.63119 1540.77 6.4187
35 1.87109 1552.05 6.5135 35 1.65918 1551.55 6.4541
40 1.5%0217 1562.84 6.5482 40 1.68691 1562.32 6.4890
45 1.93325 1573.61 6.5825 45 1.71453 1573.20 6.5233
50 1.96458 1584.44 6.6163 50 1.754239 1584.09 6.5573
55 1.99551 1595.32 6.6497 55 1.76983 1594.98 6.5905
60 2.02675 1606.21 6.6825 60 1.79727 1605.86 6.6237
65 2.05764 1617.10 6.7149 65 1.82524 1616.76 6.6561
70 2.08853 1627.99 6.7472 70 1.85271 1627.65 6.6885
75 2.11943 1639.04 6.7790 43 1.88015 1638.70 6.7203
Abs. Pressure 100 kPa (Sat. Temp. -33.620°C) Abs. Pressure 110 kPa (Sat. Temp. -31.698°C)
Sat 1.13966 1400.25 5.8476 Sat 1.04175 1403.18 5.8144
=30 1.15922 1408.60 5.8822 =30 1.05026 1507.19 5.8307
=25 1.18597 1420.04 5.9258 =25 1.07468 1418.77 5.8777
=20 1.21228 1431.31 5.9720 =20 1.09890 1430.14 5.9231
=15 1.23840 1442.40 6.0172 =15 1.12281 1441.33 5.9671
=10 1.26452 1453.39 6.0595 -10 1.14649 1452.43 6.0098
-5 1.29045 1464.35 6.1007 -5 1.16%97 1463.45 6.0512
0 1.31601 1475.24 6.1407 [+] 1.19321 1474.38 6.0917
5 1.34157 1486.12 6.1802 5 1.21680 1485.45 6.1311
10 1.36712 1497.01 6.2190 10 1.23991 1496.34 6.1700
15 1.39268 1507.69 6.2566 15 1.26302 1507.01 6.2080
20 1.41774 1518.55 6.2938 20 1.28611 1517.88 6.2454
25 1.44274 1529.36 6.3305 25 1.30920 1528.77 6.2821
30 1.46811 1512.23 6.3664 30 1.33195 1539.65 6.3181
35 1.49335 1527.72 6.4017 35 1.35481 1550.53 6.3535
40 1.51835 1561.82 6.4366 40 1.37766 1561.42 6.3884
45 1.54334 1572.64 6.4710 45 1.40039 1572.31 6.4229
50 1.56834 1583.53 6.4965 50 1.42336 1583.19 6.4570
35 1.59334 1594.42 6.5009 55 1.44591 1594.08 6.4905
60 1.61833 1605.30 6.5715 60 1.46846 1604.97 6.5237
65 1.64333 1616.40 6.6043 65 1.49155 1615.86 6.5565
70 1.66783 1627.31 6.6364 70 1.51413 1626.93 6.5886
75 - 1.69270 1638.36 6.6681 75 1.53668 1638.02 6.6206
B8O 1.55923 1649.12 6.6521
85 1.58177 1660.22 6.6834
90 1.60430 1671.32 6.7143
Abs. Pressure 120 kPa (Sat. Temp. -29.929°C) Abs. Pressure 130 kPa (Sat. Temp, -28.264°C)
Sat 0.96066 1405.88 5.7843 Sat 0.89122 1408.38 5.7563
=30 =25 0.90504 1416.01 5.7875
-25 0.98303 1417.37 5.8309 -20 0.95771 1427.71 5.8340
=20 1.00550 1428.94 5.8769 =15 0.97277 1439.19 5.8789
=15 1.02767 1440.27 5.9214 =10 0.96647 1450.48 5.9223
=10 1.04969 1451.41 5.9644 -5 0.98683 1461.70 5.9643
-5 1.07152 1462.51 6.0062 ] 1.00704 1472.79 6.0053
0 1.09298 1473.58 6.0470 5 1.026886 1483.87 6.0454
5 1.11443 1484. 54 6.0888 10 1.04669 1494.75 6.0846
10 1.13589 1495.43 6.1238 15 1.06652 1505.64 6.1230
15 1.15735 1506.32 6.1641 20 1.08627 1516.69 6.1604
20 1.17831 1517.20 6.2015 25 1.10571 1527.64 6.1974
25 1.19964 1528.16 6.2382 30 1.12532 1538.54 6.2338
30 1.22072 1539.07 6.2743 35 1.14480 1549.42 6.2695
35 1.24162 1549.96 6.3100 40 1.16407 1560.31 6.3046
40 1.26252 1560.85 6.3451 45 1.18334 1571.26 6.3391
45 1.28341 1571.74 6.3795 50 1.20260 1582.29 6.3733
50 1.30431 1582.62 6.4135 55 1,22187 1593.18 6.4071
55 1.32520 1593.53 6.4472 60 1,24113 1604.09 6.4403
60 1.34610 1604.63 6.4806 65 1.26040 1615.16 6.4731
65 1.36699 1615.52 6.5133 70 1.27959 1626.25 6.5055
70 1.38769 1626.59 6.5455 75 1.29884 1637.35 6.5376
75 1.40853 1637.69 6.5775 80 1.31811 1648.45 6.5692
80 1.42943 1648.78 6.6090 85 1.33733 1659.54 6.6004
85 1.45001 1659.88 6.6403 90 1.35634 1670.64 6.6314
90 1.47060 1670.98 6.6713
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Table 2 Cont'd
Abs. Pressure 140 kPa (Sat. Temp. —16.707°C) Abs. Pressure 150 kPa (Sat. Temp, -25.233°C)
t v k £ t v h ]
°c m’/kg ki/kg ki/kgK b m/kg k/kg kd/kgK
Sat 0.83134 1410.67 5.7307 Sat 0.779375 1411.30 5.7068
=25 0.83815 1414.78 5.7470 =25 0.780254 1412.16 5.7090
=20 0.85780 1426.52 5.7939 =20 0.798702 1426.16 5.7564
=15 0.87719 1438.06 5.8393 =15 0.816880 1437.75 5.8021
=10 0.89634 1449.48 5.8830 -10 0.834807 1449,17 5.8462
=5 0.91509 1460.74 5.9253 =35 0.852454 1460.46 5.8890
0 0.93354 1471.89 5.9666 0 0.870008 1471.68 5.9305
5 0.95226 1482.91 6.0072 5 0.887516 1482.77 5.9711
10 0.97063 1493.37 6.0465 10 0.904646 1493,87 6.0107
15 0.98939 1506.96 6.0849 15 D.922201 1504.76 6.0497
20 1.02290 1516.04 6.1227 20 0.939256 1515.83 6.0872
25 1.03170 1526.97 6.1598 i3 0.956356 1526.77 6.1243
30 1.04398 1537.90 6.1962 30 0.973394 1537.76 6.1609
35 1.06200 1548.90 6.2320 35 0.990387 1548.74 6.1968
40 1.08020 1559.87 6.2672 40 1.007191 1559.66 6.2321
45 1.09827 1570.78 6.3017 45 1.023901 1570.60 6.2669
50 1.11616 1581.75 6.3360 50 1.040894 1581.62 6.3014
55 1.13432 1592,77 6.3699 55 1.057839 1592.57 6.3353
60 1.15212 1603.72 6.4033 60 1.074408 1603.62 6.3684
65 1.16993 1614.82 6.4361 65 1.091400 1614.72 6.4015
70 1.18759 1625.86 6.4685 70 1.107894 1625.67 6.4340
75 1.20566 1636.94 6.5004 75 1.124432 1636.73 6.4660
80 1.22360 1648.98 6.5321 &0 1.141283 1647.93 6.4976
85 1.26131 1659.21 6.5636 85 1.157964 1659.10 6.5290
90 1.25902 1670.30 6.5945 a0 1.174456 1670.20 6.5601
a5 1.27680 1681.47 6.6250 a5 1.191001 16B1.36 6.5907
100 1,29452 1692.78 6.6553 100 1.207501 1692.67 6.6210
Abs. Pressure 160 kPa (Sat. Temp. -23.837°C) Abs. Pressure 170 kPa (Sat. Temp. -22.509°C)
Sat 0.733855 1414.69 5.6844 Sat 0.693434 1416.37 5.6634
=25 ~25
=20 0.747120 1423.84 5.7209 -20 0.701617 1422.51 5.6873
=15 0.764104 1435.56 5.7672 =15 0.717712 1434.46 5.7340
=10 0.780844 1447 .10 5.8116 =10 0.725057 1446.15 5.779%0
=5 0.797583 1458.56 5.8546 =5 0.734547 1457.71 5.8224
0 0.814288 1469.90 5.8965 0 0.765362 1469.07 5.864L
5 0.830885 14B1.18 5.9372 5 0.780746 1480.36 5.9056
10 0.847179 1492.27 5.9771 10 0.796302 1491.60 5.9435
15 0.863357 1503.37 6.0159 15 0.B11665 1502.69 5.9846
20 0.879432 1514.46 6.0541 20 0.826857 1513.79 6.0227
25 0.895584 1525.56 5.0913 25 0.841890 1524,88 6.0602
30 0.911464 1536.54 6.1280 30 0.B57130 1535.98 6.0970
35 0.927380 1547 .54 6.1640 35 0.872181 1547.03 6.1331
40 0.943244 1558.54 6.1993 40 0.B87LLE 1558.09 6.1686
45 0.959047 1569.52 6.2342 45 0.902257 1569.14 6.2035
50 0.975100 1580.61 6.2687 50 0.917209 1580.11 6.2380
35 0.990716 1591.64 6.3026 55 0.932010 1591.14 6.2719
60 1.006332 1602.57 6.3361 60 0.946811 1602.24 6.3054
6S 1.022419 1613.67 6.3689 65 0.961612 1613.33 6.3385
70 1.0380€0 1824.76 6.4013 70 0.976414 1624,43 6.3709
75 1.053676 1635.86 6.4335 75 0.991215 1635.73 6.4033
80 1.069292 1647.09 6.4653 80 1.006016 1646, 88 6.4332
85 1.084908 1658.28 6.4967 85 1.020817 1657.94 6.4666
a0 1.100524 1669.47 6.5278 a0 1.033454 1665.13 6.4976
95 l.116121 16B0.75 6.5585 95 1.049977 1680.44 6.5284
100 1.131679 1691.97 6.5888 100 1.064682 1691.74 6.5587
Abs, Pressure 180 kPa (Sat. Temp. -21.238°C) Abs. Pressure 190 kPa (Sat, Temp. ~20.028°C)
Sat 0.656829 1418,29 5.6433 Sat 0.624696 1£19.98 5.6247
=25 -20 0.624780 1520.05 5.6250
=20 0.660740 1421.29 5.6552 =15 0.639466 1432,14 5.6724
~15 0.676137 1433.32 5.7023 =10 0.653900 l444.08 5.7182
=10 0.691247 1445.17 5.7476 =35 0.668195 1455.81 5.7623
-3 0.706357 1456.82 5.7915 Q 0.682490 1467.32 5.8050
0 0.721356 1468.29 5.8339 5 0.696723 1478.81 5.B465
5 0.736013 1479.62 5.8752 10 0.710456 1490.12 5.8872
10 0.751063 1490.92 5.9155 15 0.724503 1501.33 5.9264
15 0.765611 1502.02 5.59547 20 0.738271 1512.52 5.9648
20 0.779713 1513.13 5.9929 25 0.752004 1523.73 6.0026
23 0.794150 1524.23 6.0307 30 0.765363 1534.86 6.0397
30 0.808658 1535.33 6.0676 35 0.778846 1545.96 6.0760
35 0.822901 1546.42 6.1038 40 0.792469 1557.05 6.1117
40 0.836920 1557.52 6.1394 45 0.805849 1568.15 6.1469
45 0.851074 1568.61 6.1746 50 0.819145 1578.24 6.1814
50 0.865464 1579.71 6.2091 55 0.832816 1590.34 6.2155
55 0.879503 1590.80 6.2430 60 0.845987 1601.43 6.2450
60 0.893490 1601.90 6.2765 65 0.859159 1612.53 6.2822
&5 0.907476 1612.95 6.3097 70 0.872508 1623.72 6.3150
70 0.921462 1624.0% 6.3422 75 0.885849 1634.85 6.3474
75 0.935449 1635.18 6.3746 B0 0.899021 1646.08 6.3793
80 0.949435 1646.42 6.4065 B5 0.912192 1657.27 6.4108
as 0.963421 1657.61 6.4379 90 0.925363 1668. 46 6.4420
30 0.977184 1668.79 6.4690 95 0.938535 1679.76 6.4727
95 0.950836 1680.10 6.4998 100 0.9351706 1691.07 6.5031
100 1.004822 1681.40 6.5301 105 0.964878 1702.38 6.5335
105 1.018781 1702.72 6.5604 110 0.978049 1713.79 6.5633
110 1.032516 1714.13 6.5901 115 0.991220 1725.20 6.5930
115 1.046252 1725.54 6.6199
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Table 2 Cont'd
Abs. Pressure 200 kP (Sat. Temp. ~18.866°C) Abs. Pressure 210 kPa (Sat. Temp. =17,748°C)

v v ] ] (] T v ] 5
= m/ kg ki/kg kd/kgK °C m/kg kg kJ/kgK
Sac 0.595188 1421.82 5.60690 Sat 0.568552 1423.01 5.58989
=20 =20
=15 0.506094 1430.90 5.64341 =15 0.575960 1429.76 5.61988
=10 0.620060 143,01 5.68974 =10 0.589335% 1441.93 5.66738
-5 0.633760 1454, 87 8.73346 -5 0.602508 1453.83 5.70773

] 0.647253 1466.55 5.77501 (4] 0.615508 1465.55 5.75108

5 0.660783 1478.04 5.81904 5 0.628401 1477.15 5.79314
10 0.674222 1485, 38 5.85973 10 0.861118 L1488.67 5.83400
15 0.687148 1500.65 5.89930 15 0.653479 1499.97 5.87377
20 0.700067 1511.95 5.93819 20 0.666110 1511.27 5.91251
25 0.713427 1323.08 5.97613 25 0.678539 1522.49 5.95053
30 0.726537 1534.19 6.01306 30 0.691103 1533.69 5.98777
35 0.739459 1545.47 6.04540 a5 0.703456 1544.84 6.0243¢8
40 0.767614 1556.61 6.08524 40 0.715559 1555.98 6.06042
45 0.771774 1567.71 6,12057 45 0.727748 1567.14 6.09570
50 0.777603 1578.80 6.15551 50 0.740052 1578.26 6.1302%
35 0.790463 1365.25 6,18962 35 0.752155 1589.46 6.16454
60 0.802824 1536.92 §.22315 60 0.76425% | 1600.65 6.19845
65 0.815746 1607.44 6.25631 65 0.776362 | 1611.75 6.23161
70 0.828169 1623.37 6.28914 70 0.788466 | 1621.84 6.26443
75 0.840367 1632.88 6.32134 75 0.800532 | 1634.10 6.29676
BO 0.853515 1644.81 §.35336 BO 0.812620 | 1645.41 6.32885
a5 0.866188 1656.93 £.38437 B5 0.B24581 | 1656.59 6.36046
90 0.878610 1668.12 6.41608 90 0.836406 | 1667.78 6.39166
a5 0.891222 1679.43 6.44686 93 0.848235 1678.10 6.42254
100 0.903582 1690.73 6.47738 100 0.850207 1690,45 6.45296
105 0.9159874 1702.06 6.50782 105 0.872158 1701.81 6.48330
110 0.928616 1713.57 6.53758 110 0.884109 1713.22 6.51307
115 0.941258 175.08 6.54735 115 0.896060 1724.63 6.54284

120 0.907837 1736.09 6.57210
125 0.918719 1747.56 6. 60131

Abs. Pressure 220 kPa (Sat. Temp. ~16.673°C) Abs. Pressure 230 kPa (Sat, Temp. —15.638°C)
Sat 0.544186 1426.36 5.57365 Sac 0.521965 142571 5.58431
=15 0.548513 1428.53 5.58978 =15 0.523553 1426.94 5.56453
=10 0.561332 1440.84 5.63682 =10 0.535510 1439.24 5.61186

=5 0.573852 1452.84 5.68191 -5 0.536070 1451.45 5.6575%

0 0.586418 1464.57 5.72565 0 0.528054 1463.34 5.70147

5 0.598741 1476,27 5.76803 5 0.571947 1475.06 5.74403
10 0.610859 1487.78 5.80911 10 0.5836635 1486.79 5.78535
15 0.623064 1499.27 3.84501 15 0.595287 1498. 30 5.82543
20 0.634852 1510.60 5.88795 20 0.606809 1509.63 5.86471
25 0.647077 1521.90 5.92617 25 0.618162 1520.93 5.90302
30 0.659097 1533.07 5.96371 30 0.628650 1532.24 5.94042
35 0.670636 1544.27 6.00027 35 0.641050 1543.54 5.97719
40 0.682151 1555.48 6.03622 40 0.652208 1554.73 £.01341
45 0.693567 1566.65 6.07153 45 0.663311 1565.92 6.04896
50 0.705806 1577.89 6. 10645 50 0,674303 1577.03 6.08386
35 0.717548 1588.99 6.14097 55 0.685561 1587.66 6.11823
60 0.728837 1600.10 5.17454 60 0.696798 1599.60 6.15214
63 0.740636 1611.39 6.20804 685 0.707834 1610.69 6.15827
70 0.751981 1622.51 6.24090 70 0.718869 1€21.97 6.21234
7 0.763707 1633.76 6.27339 75 0.730061 1633.28 6.25070
80 0.775182 1645.07 6.30532 80 0.739723 1644.58 6.28277
85 0.786442 1656.26 6.33697 85 0.750758 1655.77 6.31458
90 0.797702 1667 .44 6.36827 a0 0.762835 1667.03 6.36591
95 0.809076 1678.73 6.39904 93 0.773810 1678.49 6.37671
100 0.820620 1690.19 6.42956 100 G. 784666 1689.80 6.40730
105 0.832135 1701.50 6.46000 105 0.795541 1701.12 6.43781
110 0.843423 1713.01 6.48977 110 0.B06576 1712.52 6.46770
115 0.854712 1724.42 6.51954 115 0.817612 1723.93 6.49759
120 0.866204 1735.91 6.54880 120 0.721007 1735.44 6.52686
125 0.877722 1747.42 6.57801 125 0.610947 1746.95 £.55607

Abs. Pressure 240 kPa (Sat. Temp. -14.636° C) Abs. Pressure 250 kPa (Sat Temp. —13.668°C)
Sac 0.501484 1427.08 5.543589 Sat 0.482608 1428.35 5.530783
=15 =10 0.490997 1437.55 5.564870
-10 0.512477 1438.81 5.587397 -5 0.505771 1449.89 5.610828

=35 0.524256 1450.89 5.833818 Q 0.522640 1461.87 5.655409

Q 0.535834 1462.81 5.678184 5 0.524575 1473.78 5.698576

3 0.547226 1474 .87 5.720965 10 0.535458 1485.50 3.740402
10 0.558527 1486.22 5.762343 15 0.548244 1497.02 5.780819
15 0.569705 1497.73 5.802603 20 0.556916 1508.53 5.820479
20 0.580784 1509.21 5.8415976 25 0.567531 1520.04 5.858948
3 0.591806 1520.55 5.B880522 30 0.578068 1531.42 5.896722
30 0.602748 1531.856 5.918180 35 0.588533 1562.72 5.933788
35 0.613643 1543.18 5.555066 40 0.598949 1553.96 5.970057
40 0.624454 155&,45 5.991282 45 0.609331 1565.16 6.005728
45 0.635196 1565.67 6.026828 50 0.619722 1576.45 6.040919
50 0.645954 1576.84 65.061788 55 0.630174 1587.69 6.075285
55 0.656641 1588.10 6.096371 60 0.640346 1598.84 6.109478
60 0.667424 1599.41 6.130284 65 0.630314 1610.14 6.142735
65 0.678099 1610.50 6.163748 70 0.660411 1621.45 6.175905
70 0.688370 1621.78 6.196607 75 0.670848 1632.75 6.208478
75 0.699028 1633.09 6.207756 80 0.681100 |° 1644.06 6.240634
a0 0.708739 1644.39 6.249057 85 0.691132 1656.99 6.272653
85 0.720161 1655.68 6.293071 0 0.701164 1666.66 6.303538
90 0.730584 1666.96 6.326388 95 0.711253 1677.98 6.334983
95 0.741183 1678.31 6.355224 100 0.721294 1689.31 6.365484
100 0.751631 1689.61 6.385935 105 0.731334 1700.566 6.395944
105 0.762079 1700.94 6.416540 110 0.741375 1712.15 6.425900
110 0.772527 1712.43 6.446309% 115 0.751415 1723.83 6.455857
115 0.782975 1723.92 6.476077 120 0.761456 1735.14 6.485144
120 0.793423 1735.44 6.507782 125 0.771496 1746, 66 6.514347
125 0.803871 1746.95 6.539728 130 0.781537 1758.24 6.543173

135 0.791577 1769.86 6.571811
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Table 2 Cont'd
Abs. Pressure 160 kPs (Sat. Temp. -11.730°C) Abs. Pressure 170 kPa (Sat. Temp. -11.518°C)
r ¥ h s r v h ¥
] m kg hl/kg kl/kgk *c m? kg il /kg &/ kgkK
Sat 0.485123 1429.53 5.515873 Sat 0.448843 1430.64 5.502580
=10 0.47215% 1437.49 5.546001 =10 0.452762 1435.23 5.519980
=5 0.482170 1468.32 5.588542 -5 0.463401 1447.76 5.567102
0 0.452377 1461.03 5.633608 a 0.473880 1460.06 5.512408
- ] 0.503611 1472.95 5.877042 5 0.482290 1472.16 5.656293
10 0.514167 1484.83 5.719135 10 0.475493 1483,92 5.698556
15 0.526547 1496.34 3.759831 15 0.502557 1493.64 3.739312
20 0.534847 1507.85 5.799522 20 0.516422 1507.18 5.779291
i35 0.540529 1519.37 5.838208 25 0.526299 1518.69 3.818095
30 0.532657 1530.74 5.876068 30 0.534115 1530.21 5.856047
35 0.565364 1562.05 5.913282 35 0.543880 1541.60 3.893310
46 0.575412 1553.35 5.949707 40 0.553591 1552.91 5.929903
45 0.585514 1564.688 5.985379 45 0.563235 1564.21 5.965826
50 0.595368 1575.85 6.020632 50 0.572824 1575.52 6.001092
55 0.605320 1587.20 6.055191 55 0.582431 1586.82 6.035764
60 0.615260 1598.50 6.0B8E85 60 0.591947 1568.13 6.0869994
&5 0.624971 1609.81 6.122641 65 0.601462 1609.43 6.103590
70 0.634685 1621.11 6.155866 70 0.610928 1620.58 6.136464
75 0.644709 1632.30 6.188440 75 0.620424 1631.84 6.169246
80 0.654557 1643.55 6.220773 BO 0.629924 1643.15 §.201527
85 0.665181 1654.34 6.252563 85 0.639149 1654.57 6.233347
90 0.673805 1666.33 6.283899 - 11] 0.648399 1665.99 6.264831
93 0.683559 1677.67 6.314963 95 0.657920 1677.33 6.295919
100 0.693391 1689.08 6.345624 100 0.667382 1688.74 6.326629
105 0.703201 1700.48 6.376202 105 0.676822 1700.13 6.357255
110 0.712834 1711.89 6.406158 110 0.6B6093 1711.58 6.387212
115 0.722467 1723.30 6.436115 115 0.695363 1723.00 6.417169
120 0.732100 1734.81 6.465402 120 0.704594 1734.58 B.446482
125 0.741733 1746.32 6.494605 125 0.713819 1746.18 6.475716
130 0.751366 1757.90 6.523431 130 0.7230435 1757.80 6.504552
135 0.760999 1768.52 6.552069 135 0.732270 1769.42 $.533190
Abs. Pressure 285 kPa (Sat. Temp. -10.502°C) Abs. Pressure 300 kPa (Sat. Temp. -9.236°C)
Sat 0.426754 1432.36 5.466954 Sac 0.406569 1433.88 5.466008
=10 0.427784 1433.64 5.474011 =10
-5 0.437975 1446.29 5.536249 =5 0.414787 1444.66 5.506199
Q 0.448005 1458.70 5.582054 1] 0.424435 1457.30 5.553035
5 0.457860 1470.82 5.626225 5 0.433883 1469.55 5.597585
10 0.467598 1482.75 5.669057 10 0.443193 1481.49 5.640542
15 0.477187 1454.81 5.71012% 15 0.452371 1493.42 5.681899
0 0.4B6675 1506.17 5.750086 20 0.461462 1505.12. 5.722251
25 0.496093 1517.79 5.789317 25 0.470457 1516.83 5.761671
30 0.505457 1529.26 5.827627 30 0.479365 1528.38 5.800296
35 0.514749 1540.67 5.865001 35 0.486224 liJD-B? 5.837852
a0 0.523967 1552.05 5.901584 40 0.497028 1551.29 5.874572
45 0.533164 1563.40 5.937601 43 0.506201 1562.67 5.910810
30 0.542300 1574.82 3.973077 50 0.515642 1574.13 5.946419
33 0.551380 1586.12 6.007800 55 0.523184 1585.44 3.981297
60 0, 560444 1597.42 6.061964 60 0.531820 1596.74 6.015587
65 0.569471 1608.73 6.075878 63 0.540400 1608.21 6.043501
70 0.578481 1620.03 6.109010 0 0.5485980 1619.53 6.082744
73 0.587459 1631.34 6.141848 75 0.557516 1630.83 6.115610
80 0.596417 1642.64 6.174128 80 0.566040 1642.14 6.147891
85 0.605327 1654.06 6.205946 a5 0.574556 1653.56 6.179869
a0 0.614271 1665.48 5.237433 80 0.583048 1664.98 5.211512
95 0.623222 1676.82 6.268521 95 0.591504 1676.34 6.242599
loo 0.632024 1688.23 6.2599231 100 0.599936 1687.83 6.273309
105 0.640836 1699.65 6.329871 105 0.608367 1699.32 6.303957
110 0.649732 1711.17 6.359954 110 0.616778 1710.84 6.334102
115 0.658627 1722.68 6.390036 115 0.625190 1722.35 6.364247
120 0.667439 1734.26 6.4193593 120 0-633620 1733.89 6.393555
123 0.6762461 1745.84 6.448658 125 0.642053 1745.43 6.422758
130 0.683799 1757.45 6.47758% 130 0.650387 1757.02 6.451710
135 0.690735 1765.07 6.506353 135 0.658671 1768.64 6.480536
140 0.699247 1780.73 6.534810 140 0.667019 1780.30 6.509027
145 0.709727 1792.45 6.562882 145 0.675446 1792.02 6.537100
Abe. Pressure 315 kPs (Sat. Temp. -3.023°C) Abs. Pressure 330 kPa (Sat, Temp. -6.851°C)
Sac 0.388208 1435.39 5.449055 Sat 0.371491 1436.70 3.432594
-10 -5 0.374805 1461.48 5.450363
=5 0.393844 1443.11 5.477789 o 0.383708 1454.31 5.497893
0 0.403116 1455.79 5.524858 § 0.392427 l466.84 5.54358%
5 0.412196 1468,13 5.570089 10 0.401042 1479.19 5.587273
10 0.621126 | 1480.42 5.613364 15 0.409489 1491.12 5.629450
15 0.42989% 1492.35 5.655131 20 0.417840 1503.04 5.670311
20 0.438608 1504.10 5.69585¢4 25 0.426051 1514.81 5.710107
5 0.447226 1515.82 5.735404 30 0.434280 1526.53 5.748910
30 0.455776 1396.43 5.774090 35 0.442417 1538.14 5.786912
a5 0.464251 1429.87 5.811865 40 0.450502 1549.64 5.824077
40 0.472655 1550.53 5.848801 45 0.458521 1561.15 5.860493
45 0.481024 1562.20 5.885101 50 0.4664568 1572.68 5.896396
50 0.489369 1574.16 5.920731 55 0. 474604 1584.14 5.931398
35 0.457632 1584.70 5.955726 60 0.482293 1585.46 5.966065
60 0.505888 1596.18 3.950334 65 0.490178 1606.96 5.999978
65 0.514088 1607.52 6.024247 0 0.458017 1608.94 6.033533
70 0.522288 1618.98 6.057490 75 0.505806 1626.25 6. 0664TE
75 0.530443 1630.33 6.050357 80 0.513583 1641.12 6.099009
80 0.538587 1641.63 6.122849 85 0.521357 1652.55 65.131206
85 0.546704 1653.05 5.155020 90 0.529107 1664.035 6.162500
90 0.554796 1664.47 6.186714 95 0.536818 1675.52 6.194046
895 0.562874 1675.85 6.217801 100 0.544511 1686.94 6.224931
100 0.570933 1687.36 6.248511 108 0.552200 1698.37 6.255735
105 0.578987 1698.87 G.279159 110 0.559862 1709.88 6.285880
110 0.586594 1710.38 6.309304 115 0.567525 1721.40 6.316025
115 0.5%5001 1721.%0 6.339445 120 0.575164 1733.00 6., 345500
120 0.603013 1743.82 6.368898 125 0.582800 1744.62 6.376892
125 0.611024 1767.04 6.398260 130 0.590432 1756.30 6.403906
130 0.618968 1776.78 6.427265 135 0.558063 1768.02 6.432733
135 0.626878 1774.78 6.456091 140 0.605670 1779.74 6.461224
140 0.634B08 1779.99 6.4B4582 145 0.613248 1791.46 6.489296
145 D.642762 1791.71 6.512655
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Table 2 Cont'd

Abs. Pressure 345 kPa (Sst. Temp. ~5.720°C)

Abs. Pressure 360 kPa (Sat. Temp. -4.629° C)

i v ] 5 t v k s
5 m kg kJ/kg kJ/kgK °C m’/kg kJ/kg kJ/kgK
Sat 0.356217 1437.96 5.417059 Sat 0.342192 1439.23 5.402119
=5 0.357459 1439,84 5.424028 =3
0 0.366042 1452.85 5.471983 0 0.349791 1451.31 5.446071
5 0.374446 1465.57 5.51B081 5 0.357976 1464.,29 5.493248
10 0.382701 1477.92 5.562182 10 0.365980 1476.66 5.538089
15 0.390843 1490,07 5.604762 15 0.373822 1489,01 5.580709
20 0.398884 1502.03 5.646009 20 0.381564 1501.01 5.622325
25 0.406827 1513.96 5.685916 25 0.389245 1512.95 5.662642
30 0.414707 1525.75 5.724982 30 0.396842 1524.75 5.701844
35 0.422536 1537.36 5.763170 35 0,404368 1536.49 5.740256
40 0.430291 1548,88 5.800520 a0 0.411842 1548.12 5.777833
45 0.437983 1560.39 5.837073 45 0.419251 1559.64 5.814514
50 0.445650 1571.90 5.872792 50 0.426591 1571.17 5.850521
35 0.453230 1583.42 5.908129 33 0.433915 1582.68 5.885862
60 0.460810 1594.93 5.942796 60 0.4641195 1594.20 5.920569
65 0.468334 1606.24 5.977731 65 0.448419 1605.71 5.985151
70 0.475857 1617.73 6,010521 70 0.455638 1617.20 5.995211
15 0.483338 1629.24 6.043533 75 0.462856 1628.57 £.021461
80 0.490805 1640.62 6.076193 B0 0.470036 1640.02 6.054230
85 0.498241 1652.04 6.108392 85 0.477170 1651.53 6.0B6576
90 0.505652 1663.55 6.140087 90 0.484282 1663.05 6£.118288
95 0.513064 1675.07 6.171362 95 0.491391 1674.56 6.149591
100 0.520462 1686.53 6.202472 100 0.498485 1686.07 6.180783
105 0.527927 1697.89 6.232958 105 0.505541 1697.59 6.211598
110 0.536274 1709.61 6.263103 110 0.512596 1709.13 6.241743
115 0.542637 172112 6.293248 115 0.519645 1720.64 6.271888
120 0.549833 1731.91 6.323052 120 0.526695 1732.34 6.301399
Abs. Pressure 375 kPa (Sat. Temp. -1.576°C) Abs. Pressure 390 kPa (Sat. Temp. -2.552°C)
Sac 0.329244 144049 5.388001 Sat. 0.317249 1441.69 5.374119
0 0.334932 1449.83 5.422184 0 0.321191 1448.41 5.398719
5 0.342858 1462.83 5.469655 5 0.328885 1461.51 5.4646592
10 0.350568 1475.39 5.514569 10 0.336350 1474.13 5.497708
15 0.358165 1487.79 5.557600 15 0.343703 1486.69 5.524102
20 0.365663 1499.96 5.599560 20 0.350956 1498.93 5.583035
25 0.373060 1511.93 5.640271 25 0.358122 1510.97 5.623982
30 0.380388 1523.87 5.679658 30 0.365180 1522,92 5.663673
35 0.387638 1535.68 5.718084 35 0.372174 1534.74 5.702234
40 0.394817 1547.33 5.755402 40 0.379117 1546.46 5.734638
45 0.401965 1558,94 5.792051 45 0.386016 1558.12 5.771691
50 0.409063 1570.62 5.828839 50 0.392885 1569.70 5.808075
55 0.416013 1582.13 5.864275 33 0.399684 1581.38 5.843758
60 0.423147 1593.65 5.899245 60 0.406419 1592.95 5.878532
65 0.430126 1605.16 5.933535 65 0.413154 1604 .47 5.912822
70 0.437056 1616.52 5.967220 70 0,4198:3 1615.98 5.946777
75 0.443979 1628.00 6.000480 75 0.426523 1627.49 5.980104
80 0.450865 1639.51 6.033137 80 0.433170 1639.01 6.012832
85 0,457732 1651.03 6.065375 85 0.439799 1650.52 6.045226
90 0.664599 1662.54 6.097277 90 0.446415 1662.03 6.077285
95 0.471447 1674.05 6.128804 95 0.453008 1673.55 6.108383
100 0.578256 1685.57 6.159995 100 0.459566 1685.08 6.140075
105 0.485057 1697.11 6.190810 105 0.466096 1696.66 6.170890
110 0.491868 1708.83 6.220956 110 0.472663 1708.39 6.201035
115 0,498622 1720.34 6.251101 115 0.479173 1719.90 6.231180
L 120 0.505377 1732.04 6.280911 120 0.485683 1731.60 6.260990
Abs. Pressure 405 kPa (Sat. Temp. -1.561°C) Abs. Pressure 420 kP (Sat. Temp. ~0.595°C)
Sat 0.306140 1442.70 5,361066 Sat 0.295764 1443.71 5.348314
0 0.308473 1446.85 5.376152 0 0.296627 1645,32 5.354113
5 0.315918 1460.09 5.424176 5 0.303853 1458.73 5.403006
10 0,323160 1472.86 5.469910 10 0.310911 1471.60 5.453235
15 0.330268 1485.50 5.513997 15 0.317801 1484,37 5.493410
20 0.337295 1497.88 5.556322 20 0.324641 1496.77 5.535722
25 0.344253 1510.07 5.597331 25 0.331367 1509.03 5.577105
10 0.351094 1522,08 5.638474 30 0.338005 1521.06 5.617299
35 0.357875 1533.93 5.677289 35 0.344568 1533.00 5.656423
40 0.364596 1545.70 5.714360 40 0.351068 1544 .88 5.694619
45 0.371243 1557.42 5.751507 45 0.357517 1556.66 5.731981
50 0.377862 1569.35 5.7878%0 50 0.363919 1568.39 5.768498
55 0.384455 1581.77 5.823604 35 0.370274 1580.10 5.804231
60 0.390966 1592.36 5.858647 60 0.376602 1591.71 5.839447
65 0.397457 1603.87 5.893077 65 0.382874 1603.22 5.874114
70 0.403947 1615.46 5.927047 70 0.389145 1614.84 5.908111
75 0.410367 1626.99 5.960375 13 0.,395352 1626.45 5.941438
80 0.416789 1638,30 5.993283 80 0.401560 1638.00 5.974346
85 0.423192 1650.01 65.025724 85 0.407745 1649.51 6.006920
90 0.429554 1661.53 6.057769 90 0.413893 1661.02 6.039067
95 0.435897 1673.07 6.089454 93 0.420026 1672.61 6,070709
100 0.542235 1684.67 6.120646 100 0.426153 1684.28 6.101901
105 0.448557 1696.32 6.151476 105 0.432256 1695.81 6.132758
110 0.454879 1707.96 6.181761 110 0.438360 1707.42 6.163280
115 0.461145 1719.55 6.211906 115 0.444407 1719.04 6.193425
120 0.467244 1731.26 6.241760 120 0.450210 1730.76 6.223235
125 0.456793 1742 .48 6.252844
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Table 2 Cont'd
Abs. Pressure 435 kPa (Sat. Temp, 0.342° C) Abs. Pressure 450 kPa (Sat. Temp. 1.256°C)
t v k 5 1 v h E]
€ m/kg kl/kg kJ/kgK °c m'/kg kl/kg ki/kgK
Sat 0.286054 1444.73 5.338019 Sat 0.276971 1445,74 5.324177
o 0
5 0.292525 1457.08 5.380370 5 0.282035 1455.73 5.359961
10 0.299470 1470.33 5.427974 10 0.288797 146%.07 5.407745
i5 0.308207 1483.10 5.4726544 15 .295378 1481.97 5.452825
20 0.312840 1495.60 5.515639 20 0.301805 1494.57 5.496229
25 0.319352 1507.98 3.557385 25 0.308128 1506.97 5.538067
30 0.325796 1520,13 5.597716 30 0.314289 1519.18 5.578671
i5 0.332159 1532.11 5.636954 35 0.320589 1531.28 53.618224
40 0.338459 1544.04 5.675355 &0 0.326713 1543.28 5.656833
&5 0.344724 1555.91 5.712922 45 0.332775 1555.15 3.694514
0 0.346960 1567.63 5.749644 50 0.338796 1566.87 5.731275
55 0.339185 1579.35 5.785582 55 0.344755 1578.59 5.767391
&0 0.363192 1591.07 5.821003 60 0.350696 1590.32 5.803051
83 0.3659280 1802.70 5.855670 65 0.356601 1602.04 5.837717
70 0.373341 1614.23 5.889667 70 0.362456 1613.69 3.871714
75 0.381359 1625.82 5.923154 75 0.368305 1625.24 5.805335
80 0.387362 1637.44 5.956130 80 0.37&116 1636.89 5.238528
85 0.393350 1649.00 5.988704 B5 0.379909 1648.50 5.971207
90 0.399301 1660.57 6.020851 a0 0.385676 1660.10 6.003278
95 0.405221 1672.19 6.052560 95 0.391413 1671.76 6.034931
100 0.411140 1683.80 6.083912 1c0 0.397149 1683.32 6.066415
105 0.416955 1685.43 6.114769 105 0.402884 1695.03 £.097299%
110 0.421925 1707.04 6.145291 110 0.408599 1706.68 6.128059
115 0.428708 1718.66 6.175642 115 0.414280 1718.27 5.158343
120 0.4364673 1730.38 6.205475 120 0.419960 1729,98 6.188168
125 0.440537 1742.10 6.235083 125 0.425613 1741.70 6.217829
Abs. Pressure 500 kPa (Sat. Temp. 4.127°C) Abs. Pressure 550 kPa (Sat. Temp. 6.805°C)
Sat +250836 1448.65 5.287228 Sat 0.228838 1451.34 5.253398
5 0.251920 1451,05 5.295747 5
10 0.258130 1464.79 5.344521 10 0.232505 1460.19 5.285186
15 0.264196 1477.98 5.390685 15 0.238132 1473.98 5.332630
20 0.270113 1490.89 5.435172 2 0.243618 1487.23 5.37B8384
23 0.275924 1503.52 5.47B131 25 0.249036 1500.08 5.422195
k1] 0.281654 1516.01 5.519582 30 0.254331 1512.84 5.464495
35 0.287308 1528.35 5.559736 35 0.259539 1525.38 5.505459
40 0.292901 1540.51 5.596885 40 0.264698 1537.72 5.545259
45 0.29B8443 1552.51 5.637133 45 0.269803 1550.00 5.584053
50 0.303935 1564 .44 5.674418 50 0.274860 1562.11 5.621843
55 0.309378 1576.37 5.710885 55 0.279867 1574.02 5.658312
60 0.314770 1588.19 5.746685 &0 0.284824 1585.95 5.691250
&5 0.320163 1599.92 5.781729% 85 0.288800 1597.87 5.729689
70 0,3254B1 1611.64 5.816103 70 0.294423 1609.79 5.764982
75 0.33078% 1623.36 5.849954 75 0.299488 1621.56 5.799059
80 0.336078 1635.09 5.883303 80 0.304295 1633.28 5.832709
85 0.341327 1646.75 5.916149 85 0.309085 1645.01 5.865819
90 0.346551 1638,42 5.948577 90 0.313874 1656.73 5.898435
95 0.351766 1670.14 5.980607 95 0.31B644 1668.52 5.930589
100 0.356962 1681.84 6.012176 100 0.323379 1680.40 5.962238
105 0.362154 1693.47 6.043389 105 0.328111 1692.12 5.993791
110 0.367322 1705.18 6.074101 110 0.332844 1703.84 6.024690
115 D.372482 1716.92 6.104433 115 0.337522 1715.57 6.055194
120 0.377601 1728.64 6.134264 120 0.342247 1727.47 6.085364
125 0.382719 1740.45 6.104179 125 0.346935 1739.24 6.115228
130 0.387821 1752.27 6.193572 130 0.351593 1751.04 L6.146623
135 0.39291% 1764.10 6.222681 135 0.356243 1762.87 6.173828
Abs, Pressure 600 kPs (Sat. Temp, 9.278°C) Abs. Pressure 650 kPa (Sat. Temp, 11.615°C)
Sat 0.210693 1453.60 5.222709 Sat 0.195084 1455.85 5.194028
5 15 0.19B466 1465.39 5.228276
10 0.211458 1459.32 5.229804 20 0.203295 1479.40 5.276289
15 0.216761 1470.04 5.278975 25 0.208053 1492,92 5.322013
20 0.221914 1483.33 5.325772 30 0.212722 1506.15 5.366135
25 0.226961 1496,58 5.370633 k5] 0.217296 1519.20 5.408720
30 0.231908 1509.53 5.413769 40 0.221785 1531.98 5.449822
35 0.236787 1522.27 5.455584 45 0.226226 1544.53 5.493773
40 0.241590 1534.88 5.496020 50 0.230589 1557.01 5.53942¢
45 0.246320 1547.20 5.535211 55 0,234928 1569.32 5.586470
50 0,251017 1559.20 5.573547 60 0.239175 1581.48 5.603343
55 0.255670 1571.68 5.610904 65 0.243421 1583.60 5.639462
60 0.260242 1583.82 5.647454 70 0.2476860 1605.71 5.674674
65 0.264814 1595.84 5.683210 75 0.251818 1617.69 3.709394
70 0.269337 1607.78 5.718315 B0 0.255984 1629.62 5.743504
75 0.273810 1619.61 5.752757 85 0.260108 1641.53 5.777153
80 0.278270 1631.50 5.786544 a0 0.264207 1653.45 5.810181
85 0.282717 1643.32 5.819871 95 0.268317 1665,38 5.842605
90 0.287140 1655.14 5.8527684 100 0.272383 1677.31 5.874801
95 0.291332 1667.03 5.885146 105 0.276405 1685.21 5.506406
100 0.295905 1678.82 5.917041 110 0.280428 1701.15 5.837626
105 0.300283 1690.56 5.948435 115 0.285448 1712.87 5.568525
110 0.304630 1702.49 5.979558 120 0.288463 1724.78 5.998754
115 0.308978 1714.22 6.010233 125 0.292476 1736.71 5.028899
1i0 0.313276 1726.13 6.040437 130 0.296458 1748.63 65.058542
125 0.317567 1737.96 6.070407 135 0.300423 1760.55 6.087933
130 0.321859 1749.83 6.099975
135 0.326150 1761.72 6.129367
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Table 2 Cont'd
Abs. Pressure 700 kPa (Sai. Temp. 13.805°C) Abs. Pressure 750 kPa (Sat. Temp. 15.883°C)
t v k 5 f v k 5
°C m/kg kJ/kg kl/kgK °C m/kg kJ/kg k3/kgK
sat 0.181714 | 1457.60 | 5.167862 Sat 0.170010 | 1459.29 5.143307
15 0.182818 | 1461.03 | 5.179700 15
20 0.187435 | 1475.37 | 5.229251 20 0.173617 | 1471.40 5.184540
25 0.191960 | 1489.31 | 5.276287 25 0.177933 | 1485.67 5.232746
30 0.196359 | 1502.89 | 5.321270 30 0.182127 | 1499.45 5.278910
35 0.200666 | 1516.12 | 5.364686 5 0.186208 | 1512.91 5.323115
40 0.204916 | 1529.07 | 5.406544 40 0.190213 | 1523.89 5.365646
45 0.209097 | 1541.83 | 5.446978 45 0.194164 | 1535.20 5.406722
50 0.213195 | 1554.44 | 5.486382 50 0.198059 | 1551.94 5.446455
55 0.217258 | 1566.98 | 5.524704 55 0.201913 | 1564.62 5.485313
60 0.221291 | 1579.33 | 5.562123 60 0.205705 | 1576.97 5.522994
65 0.225285 | 1591.53 | 5.598413 65 0.209454 | 1589.32 5.559830
70 0.229229 | 1603.68 | 5.634032 70 0.213153 | 1601.62 5.595914
75 0,233123 | 1615.82 | 5.669185 75 0.216836 | 1613.80 5.631239
80 0.237004 | 1627.87 | 5.703551 80 0.220437 | 1625.94 5.666001
85 0.240864 | 1639.83 | 5.737306 85 0.224124 | 1638.06 5.699999
30 0.244699 | 1651.79 | 5.770559 50 0.227736 | 1650.17 5.733368
95 0.248519 | 1663.77 | 5.803293 95 0.231313 | 1662.24 5.766371
100 0.252322 | 1675.70 | 5.835557 100 . 0.234883 | 1674.21 5.798%15
105 0.256106 | 1687.83 | 5.867299 105 0.238457 | 1686.28 5.830892
110 0.259876 | 1699.56 | 5.898816 110 0.241982 | 1698.21 5.862452
115 0.263628 | 1711.50 | 5.929850 115 0.265493 | 1710.15 5.893443
120 0.267360 | 1723.49 | 5.960426 120 0.249016 | 1722.26 5.924017
125 0.271077 | 1735.43 | 5.990452 125 0.252497 | 1734.24 5.954467
130 0.274790 | 1747.36 | 6.020238 130 0.255066 | 1746.18 5.984456
135 0.278503 | 1759.38 | 6.049817 135 0.259434 | 1758.20 6.014015
140 0.282208 | 1771.42 | 6.079041 140 0.2628%6 | 1770.31 6.043239
Abs. Pressure 800 kPa (Sat. Temp. 17.855°C) Abs. Pressure 850 kPa (Sat. Temp. 19.735°C)
sat 0.159726 | 1460.93 | 5.103825 Sat 0.150638 | 1462.27 5.098716
20 0.161540 | 1467.32 | 5.136583 20 0.150852 | 1463.07 5.101428
25 0.165651 1481.89 | 5.191243 25 0.154797 | 1478.04 5.151583
30 0.169654 1495,96 | 5.238348 30 0.158637 | 1492.45 5.199681
35 0.173558 | 1508.71 | 5,283352 35 0.162378 | 1506.50 5.245645
40 0.177386 | 1523.17 | 5.326513 49 0.166043 | 1520.21 5.289656
45 0.181146 1536.32 | 5.368291 45 0.169640 | 1533.56 5.331981
50 2.184819 1549.26 5.408814 50 0.173150 1546.75 5.373050
55 0.188446 1562.07 | 5.448289 55 0.176610 | 1559.71 5.413072
60 0.192064 1574.84 | 5.486425 60 0.180019 1572.48 5.451754
65 0.195592 | 1587.23 | 5.523730 65 0.183429 1585. 04 5.489306
70 0.199099 1599.59 | 5.560096 70 0.186739 1597.53 5.525968
75 0.202604 1611.94 | 5.595704 75 0.190036 | 1609.92 5.561833
80 0.206050 | 1624.18 | 5.830673 80 0.193334 | 1622.27 5.597084
85 0.209484 | 1636.34 | 5.664956 85 0.196600 | 1634.58 5.631637
90 0.212888 1648.48 | 5.698569 90 0.199816 | 1646.80 5.665520
95 0.216255 | 1660.62 | 5.731674 a5 0.203007 | 1658.98 5.698806
100 0.219644 1672.73 | 5.784340 100 0.206203 | 1671.23 5.731505
105 0.222981 1684.58 | 5.796343 105 0.209367 | 1683.37 5.763854
110 0.226329 | 1695.43 | 5.827996 110 0.212515 | 1695.52 5.795754
115 0.229621 | 1708.65 | 5.859271 115 0.215644 | 1707.45 5.827030
120 0.232913 | 1720.92 | 5,890212 120 0.218773 | 1719.57 5.857970
125 0.236205 | 1732.93 | 5.920585% 125 0.221901 | 1731.71 5.888576
130 0.239489 | 1744.99 | 5.950704 130 0.224993 | 1743.80 5.918750
135 0.262744 | 1757.11 | 5.980439 135 0.228065 | 1755.91 5.948638
140 0.245999 | 1769.18 | 6.009741 140 0.231138 | 1768.05 5.978239
Abs. Pressure 900 kPr (Sat. Temp, 21.534°C) Abs. Pressure 950 kPa (Sat. Temp. 23.255°C)
‘ i s sat 0.135225 | 1464.84 5.058583
s;; 0.142476 | 1463.62 | 5.078015 o St | erase 2'222223
1485.27 3
25 0.145102 | 1474.05 5.113330 30 0.140090 $t08 55 5 174468
30 0.148829 | 1488.85 5.162518 35 0.143547
35 0.152431 | 1503.18 | 5.209365 40 0.146918 | 1514.01 5.220141
40 0.155934 1517.13 5.254185 45 0.150229 | 1527.87 5.263950
45 0.159370 1530.81 5.297307 50 0.153469 | 1541.48 5.306112
50 0.162723 | 1544,14 5.338848 55 0.156656 | 1554.66 5.347185
55 0.166030 | 1557.14 | 5.379113 60 0.159771 | 1567.75 5.386584
80 0.169327 | 1570.11 | 5.418301 65 0.162855 | 1580.64 5.425019
65 0.172524 | 1582.88 | 5.456400 70 0.165888 | 1593.42 5.462487
70 0.172807 1595.49 5.493458 75 0.168897 1606.03 5.499052
75 0.177771 1608.05 | 5.529569 80 0.171878 | 1618.59 5.534808
80 0.181963 | 1620.49 | 5.565115 85 0.174836 | 1631.10 5.569829
85 0.185043 | 1632.85 | 5.599912 30 0.177769 | 164351 5.604161
90 0.188122 1645.20 | 5.634057 95 0.180665 | 1655.84 5.637893
95 0.191181 | 1657.48 | 5.667719 100 0.183531 | 1668.09 5.671132
100 0.194203 | 1668.63 | 5.700720 105 0.186418 | 1680.33 5.703831
105 0.197220 | 1681.79 | 5.733120 110 0.189277 | 1692.58 5.735860
110 0.200191 1693.93 | 5.765149 115 0.192080 1704.73 5.767513
115 0.203157 1706.07 | 5.796465 120 0.194910 | 1717.05 5.798830
120 0.206123 1718.24 | 5.827745 125 0.197720 | 1728.24 5.829683
125 0.209089 1730.38 | 5.858434 130 0.200544 | 1741.38 5.860023
130 0.212021 | 1742.53 | 5.888705 135 0.203329 | 1753.59 5.890076
135 0.214933 | 1754.67 | 5.918640 140 0.206076 | 1765.80 5.919867
140 0.217843 1766.81 | 5.948259
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Table 2 Cont’d

Abs. Pressure 1000 kPs (Sat. Temp. 24.905°C)

Abs, Pressure 1050 kPa (Sat. Temp. 26.493° C)

v h ] ] v h F]

°C m'/kg kd/kg kJ/kgK °C m’/kg kJ/kg kl/kgK

Sat 0.128664 1465.85 5.040090 Sat 0.122738 1466.87 5.0224B4
25 0.176701 1466.15 5.041078 25
30 0.132135 1481,62 5.092174 30 0.125079 1477.77 5.058565
35 0.135500 1496.55 5,140992 35 0.128328 1492,99 5.108365
40 0.138765 1510.93 5.187466 40 0.131480 1507.77 5.155722
45 0.141949 1524.89 5.232055 45 0.134563 1522.10 5.200976
50 0.145083 1538.66 5.274133 50 0.137556 1535.95 5.244505
55 0.148160 1552.22 5.316252 55 0.140495 1549.58 5.286604
60 0.151138 1565.40 5.356194 60 0.143434 1563.03 5.327182
65 0.154116 1578.38 5.395006 65 0.146274 1576.22 5.366457
70 0.157044 1591.36 5.432813 70 0.149064 1589.26 5.404469
75 0.159922 1604.02 5.469615 75 0.151837 1602.13 5.441670
80 0.162750 1616.72 5.505664 80 0.154570 1614.81 5.477930
85 0.165559 1629.25 5.541042 85 0.157285 1627.41 5.513556
90 0.168368 1641.70 5.575751 90 0.159980 1640.00 5.548513
95 0.171159 1654.19 5.609790 95 0.162647 1652.51 5.582667

100 0.173912 1666.54 5.643159 100 0.165296 1664.91 5.616253

105 0.176659 1678.89 5.675900 105 0.167909 1677.30 5.649339

110 0.179356 1691.24 5.708306 110 0.170511 1689.65 5.681831

115 0.182052 1703.38 5.739958 115 0.173113 1702.00 5.713860

120 0.184749 1715.71 5.771275 120 0.175677 1714.35 5.745296

125 0.187446 1727.90 5.802258 125 0.178236 1726.71 5.776298

130 0.190106 1740.18 5.832905 130 0.180786 1738.95 5.806945

135 0.192746 1752.42 5.863008 135 0.183332 1751.23 5.837306

140 0.195387 1764.65 5.8927177 140 0.185859 1763.51 5.867202

145 0.198028 1776.93 5.922294 145 0.187856 1775.75 5.896651

F Abs, Pressure 1100 kPa (Sat. Temp. 28.036°C) Abs. Pressure 1150 kPa (Sat. Temp. 29.511°C)

Sat 0.117214 1467.88 5.005177 Sat 0.112285 1468.73 4.989293
30 0.118478 1474.02 5.025852 30 0.112590 1470.27 4.994455
35 0.121628 1489.45 5.076637 i5 0.115648 1485.91 5.0465%04
40 0.124698 1504.53 5.124935 40 0.118637 1501.23 5.095172
45 0.127700 1519.16 5.171100 45 0.121557 1516.07 5.142162
50 0.130602 1533.29 5.215115 50 0.124386 1530.46 5.186975
55 0.133419 1547.07 5.257548 55 0.127149 1544.40 5.230141
60 0.136236 1560.67 5.298945 60 0.129843 1558.15 5.271B46
65 0.138994 1573.86 5.338494 65 0.132482 1571.62 5.311668
70 0.141702 1587.04 5.377021 70 0.135105 1584.97 5.350712
75 0.144363 1600.05 5.414556 75 0.137681 1598.03 5.388580
80 0.146974 1612.88 5.451090 BO 0.140208 1610,96 5.425558
BS 0.149566 1625.64 5.486837 B5 0.142717 1623.79 5.461683
90 0.152157 1638.31 5.521915 50 0.145208 1636.53 5.497024
95 0.154729 1650,87 5.556434 95 0.147672 1649.24 5.531651

100 0.157264 1663.42 5.590445 100 0.150124 1661.91 5.565548

105 0.159752 1675.95 5.623561 105 0.152569 1674.44 5.598921

110 0.162272 1688.30 5.656327 110 0.154965 1686.80 5.631960

115 0.164752 1700.65 5.688356 115 0.157361 1699.29 5.664245

120 0.167229 1713.00 5.720035 120 0.159723 1711.66 5.695968

125 0.169707 1725.36 5.751097 125 0.162081 | 1724.12 5.727233

130 0.172148 1737.70 5.781745 130 0.164426 1735.66 5.758137

135 0.,174572 1750.05 5.812257 135 0.166766 1748.16 5.788630

140 0.176994 1762.39 5.842427 140 0.169106 1761.22 5.818789

145 0.179416 1774.74 5.872058 145 0.171432 1773.57 5.848602

Abs. Pressure 1200 kPx (Sat, Temp. 30.945°C) Abs. Pressare 1250 kPa (Sat. Temp. 32.341°C)

Sat 0.107673 1469.48 4.973843 Sat 0.103371 1470.16 4£.958771
30 35 0.104914 1478.78 4,986650
35 0.110078 1482.36 5.015782 40 0.107768 1494 .69 5.037805
40 0.113004 1497.96 5.066155 45 0.110528 1510.02 5.086451
45 0.115842 1513.03 5.113965 50 0.113203 1524.82 5.132710
50 0.118594 1527.65 5.159530 55 0.115817 1539.27 5.176814
55 0.121289 1541.81 5.203201 60 0.118339 1553.32 5.219492
60 0.123884 1555.71 5.245332 65 0.120852 1567.17 5,260613
65 0.126446 1569.41 5.285731 70 0.123316 1580.64 5.300395
70 0.128988 1582.84 5.325180 75 0.125730 1593.90 5.338875
75 0.131483 1595.97 5.363359 B0 0.128099 1607.11 5.376496
80 0.133928 1609.04 5.400690 B5 0.130443 1620.20 5.4613221
85 0.136355 1621.98 5.437142 90 0.132763 1633.10 5.449109
90 0.138757 1634.80 5.472757 95 0.135056 1645.89 5.484202
95 0.141127 1647.57 5.507576 100 0.137335 1658.68 5.51B8446

100 0.143493 1660.31 5.541558 103 0.139574 1671.43 5.552281

105 0.145837 1672.94 5.575188 110 0.141807 1683.99 5.585490

110 0.148151 1685.37 5.608348 115 0.144040 1696.58 5.617944

115 0.150465 1697.93 5.640754 120 0.146222 1709.14 5.650021

120 0.152730 1710.38 5.672625 125 0.148443 1721.56 5.681757

125 0.155006 1722.85 3.704137

130 0.157271 1735.30 5.735212

135 0.159517 1747.69 5.765777

140 0.161762 1760.07 5.795939

145 0.184002 1772.48 5.825782
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Table 2 Cont'd

Aba. Pressure 1300 kPs (Sat. Temp. 33.691°C)

Abs. Pressure 1350 kPa (Sat. Temp. 34.99%6°C)

t v h 5 t W h 3

*C m’ kg kJ/kg kJ/kgK e m?/kg kJ/kg kJ/kgK

Sat 0.099478 1470.83 4.944197 Sat 0.095838 1471.37 4.930109
35 0.100213 1475.13 5.112334 35 0.095840 1471.39 4.930156
40 0.102978 1491.28 5.259020 40 0.098565 1487.74 4.982934
45 0.105670 1506.86 3.059611 45 0.101200 1503.65 5.033402
50 0.108296 1521.85 5.106537 50 0.103757 1518.99 | ' 5.081239
55 0.110833 1536.59 5.151674 55 0.106243 1533.90 5.127020
60 0.113313 1550.78 5.194898 60 0.108650 1548.26 5.170791
65 0.115746 1564.79 5.236293 685 0.111034 1562.41 5.212677
70 0.118128 1659.41 5.276348 70 0.113338 1097.93 5.253224
75 0.120460 1622.20 5.315314 75 0.115614 1410.43 5.292554
80 0.122775 1605.19 5.35323%9 80 0.117864 1603.19 5.330831
85 0.125033 1618.34 5.390298 83 0.120058 1616.49 5.368103
90 0.127267 1631.31 5.426459 90 0.122227 1629.60 5.4D4440
95 0.129506 1644.26 5.461825 95 0.124390 1642.58 5.440006

100 0.131712 1657.17 5.496282 100 0.126516 1655.54 5.474894

105 0.133906 1669.91 5.530147 105 0.128640 1668.41 5.508960

110 0.136057 1682.47 5.563629 110 v.130742 1681.09 5.542496

115 0.138209 1695.21 '5.596357 115 0.132812 1693.74 5.575279

120 0.140310 1707.79 5.628464 120 0.134861 1706.42 5.607586

125 0.142449 1720,33 3,660200 125 N.136926 1719.00° 5.639541

Abs. Pressure 1400 kPa (Sat. Temp. 36.268°C) Abs. Pressure 1450 kPs (Sat. Temp. 37.512°C)

Sat 0.092414 1471.88 4.916525 Sat 0.089213 1472.38 4.903482
40 0.094396 1484.20 4.955995 40 0.090507 1480.76 4,930107
45 0.097004 1500.45 5.007657 45 0.093065 1497.30 4.982491
50 0.099498 1516.08 5.056416 50 0.095511 1513.08 5.031972
55 0.101928 1531.16 5.102743 55 n.097870 1528.33 5.078857
60 0.104287 1545.73 5.147060 60 0.100226 1543.20 5.123732
65 0.106613 1560.03 5.189493 65 0.102472 1557.65 5.166689
70 0.108854 1573.96 5.230587 70 N.104666 1571.73 5.208336
75 0.111071 1587.67 5.270251 75 n.106812 1585.60 5.248346
80 0.113246 1601.21 5.308877 80 0.108909 1599.28 5.287417
85 0.115382 1614.63 5.346474 85 N.110986 1612.78 5.325397
90 0.117499 1627.87 5.383014 a0 0.113061 1626.08 5.362211
95 0.119599 1640.92 5.418762 95 n.115118 1639.28 5.398145

100 0.121656 1653.93 5.453957 100 0.117127 1652.37 5.433410

105 0.123701 1666.84 5.488279 105 0.119092 1665.17 5.468003

110 0.125746 1679.67 5.521930 110 0.121056 1678.15 5.501916

115 0.127751 1692.2¢ 5.554828 115 0,123019 1690.93 5.535087

120 0.129741 1705.05 5.587288 120 0.124934 1703.70 5.567589

125 0.131743 1717.70 5.619401 125 0.126885 1716.47 5.599704

I Im———— s
Abs. Pressure 1500 kPa (Sat. Temp. 38.716°C) Abs. Pressure 1600 kPa (Sat. Temp. 41.041°C)

Sat 0.086315 1472.72 4.,890730 Sat 0.080899 1473.39 4,866322
40 0.086956 1477.04 4.,904672 45 0.082792 1486.96 4.908852
45 0.089429 1493,91 5.032567 50 0.085151 1503.89 4,961656
50 0.091843 1510.11 5.207366 55 0.087391 1519.96 5.010958
55 0.094194 1525.65 5.055872 60 0.08957L 1535.33 5.057916
60 0.096469 1540.67 5.101567 65 0.091682 1550.45 5.102535
65 0.098351 1555.27 5.144524 70 0.093755 1565.00 5.145145
70 0.100719 1569.50 5.186900 75 0.095744 1579.33 5.186564
75 0.102887 1583.33 5.227517 80 0.097702 1593.33 3.226310
80 0.104970 1597.36 5.266770 85 0.099651 1607.07 5.265349
85 0.107002 1610,92 5.304903 90 0.101574 1620.70 5.303183
90 0.108996 1624,30 5.341990 95 0.103454 1634.18 5.339963
95 0.110985 1637.59 5,378197 100 0.105297 1647.41 5.375%03
100 0.112953 1630.72 5.413735 105 0.10713¢2 1660, 64 5.410940

105 0.114877 1663.65 5.448571 110 0.108982 1673.83 5.445308
110 0.116801 1676.63 5.482484 1s 0.110768 1686.81 5.478922
115 0.118682 1689.56 5.515929 120 0.112555 1699.64 3.212132
120 0.120552 1702.35 5.548703 125 0.114297 1712.58 5.544766
125 0.122430 1715.12 5.580879

Abs. Pressure 1700 kPs (Sat. Temp. 43.260°C)

Abs. Pressure 1800 kPa (Sal. Temp. 45.382°C)

Sat
45
50
535
60
65
70
75
80
85
90
95
100
105
110
115
120
125
130

0.076132
0.076938
0.079224
0.081393
0.083528
0.085551
0.087508
0.089442
0.091334
0.0931596
0.095034
0.096833
0.098594
0.100351
0.102075
0.103780
0.105485
0.1071486
0.108819

1474.06
1480.14
1497 .45
1514.09
1529.93
1545.35
1560.33
1574.89
1589,14
1503.19
1617.05
1630.73
1644.23
1657.61
1670.79
1683.91
1696.90

©1710.00

1722.88

4.843189
4.862303
4.916419
4.967334
5.015684
5.061396
5.105318
5.147480
5.188317
5.227719
5.266017
5.303360
5.339807
5.375363
5.410030
5.444191
5.477462
5.510328
5.542522

130

0.071828 1474.47 4.820833
0.073858 1490.70 4,.871057
0.076043 1508.14 4.924940
0.078119 1524.51 4,974800
0.080079 1540.25 4.998062
0.081992 1555.61 5.061522
0.083856 1570.59 5.109905
0.085668 1585.19 5.151541
0.087430 1599.42 5.191627
0.089169 1613.38 5.230523
0.090905 1627.20 5.268489
0.092627 1640, 94 5.305301
0.094303 1654.35 5.341372
0.095930 1667.76 5.376456
0.097553 1680.97 3.410766
0.099176 1694.16 5.444406
0.100800 1707.35 5.477670
0.102388 1720.40 5.510096
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Table 2 Cont’d
Abs. Pressure 1900 kPa (Sat. Temp. 47.409°C) Abs. Pressure 2000 kPa (Sat. Temp. 49.360°C)
1 ¥ & 5 I3 v k F
°c m kg k) /kg kd/kgK °C m* kg kl/kg kd/kgK
Sat 0. 068070 1474.64 4,.799883 Sat. 0.064627 1474.69 4.779565
50 0.069171 1483.94 4.828691 50. 0.0648390 1477.06 4.786825
55 0.D071285 1501.79 4.88382¢9 55. 0.066935 1495.33 4.B43161
60 0.073320 1518.77 4.935329 60. 0.068330 1512.92 4.896490
65 0.075199 1521.22 7.034928 65. 0.070784 1529.78 4,946238
70 0.077067 1547.73 5.485645 70. 0.072613 1545.89 4.993639
75 0.078890 1566.10 5.073804 75, 0.074373 1561.50 5.038695
80 0.080633 1580.90 5.116260 80. 0.076077 1576.64 5.082033
85 0.082337 1595.46 5.157166 85. 0.077731 1591 .43 5.123759
90 0.084035 1609.73 5.196639 90. 0.079360 1605.95 5.163893
95 0.085704 1623.71 5.235060 95. 0.080570 1620.22 5.202834
100 0.087321 1637.60 5,272570 100, 0.082544 1634,26 5.240937
105 0.088957 1651.16 5.308945 105. 0.084110 1647.97 5.277762
110 (0.090542 1664.72 5.344575 110. 0.085627 1661.689 5.313749
115 0.092084 1678,24 5.370159 115. C.087115 1675.29 5.348796
120 0.093626 1691.46 5.413072 120, C.0B8604 1688.71 5.383004
125 0.095168 1704.65 5. 446609 125. C.090071 1702.03 5.416814
130 0.096702 1717.8% 5.479308 130. 0.091531 1715.26 5.4487B6
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Table 3 — Refrigerant 12 (Dichlorodifluoromethane) Properties of Liquid and Saturated Vapour

Volume Deensity Enthalpy Enthalpy Entropy Entropy
Absolute Vapor Liquid Liguid Vapor Liquid Vapor
Temperature Pressure ¥y 1w hy ﬁ' 5 5

eC kP m/kg kg/m? kJ/kg kJ/kg kd/kgK K /kgK
-90 2.842295 4.415530 1645.256 -43.285 146,464 -0.208629 0.827315
-85 4.267400 3.067704 1633. 146 ~39.006 148.733 -0.185617 0.812205
-80 6.237356 2.170608 1620.908 -34.721 151.019 -0.163174 0.798568
-75 8.899077 1.563690 1608. 430 -30.428 153.324 -0, 161260 0.786230
-70 12.422559 1. 146065 1595.830 -26.125 155.638 -0,119836 0.775063
-65 17.001092 0.853827 1583.973 -21.811 157.962 ~0.098870 0.764952
-60 22.852396 0.645960 1570,117 -17.483 160.290 -0.078334 0.755812
-55 30.218479 0.495789 1556.969 -13.139 162.620 -0.058201 0.747573
-50 39, 364650 0.385603 1543.629 -8.778 164.950 -0.038445 0.740137
-45 50.579110 0.303667 1530.091 -4.398 167.277 -0,019052 0.733279
~40 64,173640 1.241908 1516.324 0.000 169.596 1.700000 n.727376
-39 67.250839 0.231638 1513.556 n.882 170.059 0.003768 n.726245
-38 70441664 0.221886 1510, 762 1.765 170.520 0.007520 0.725115
-37 73.750458 0.212624 1507.965 2.648 170.982 7.911263 n.724043
-36 77.175773 0.203824 1505.159 3.534 171.164 0.014239 0.722988
=35 80.710025 0.185400 1502.339 4.420 171.901 0.1718711 0.721933
~34 84.389757 0.187477 14899.514 5.307 172.364 0.022415 0.720915
-33 8R.201868 0.179935 1496.675 6.194 172.823 0.026106 0.719898
-32 92.141533 0.172759 1493, %24 7.083 173.281 0.029786 0.718939
-31 96.220471 0.165929 1490.970 7.972 173.740 0.033454 0.717997
=30 100, 415241 0.159172 1468.099 8.862 174.197 0.037112 0.717034
-29 104, 777554 0.153192 1485.216 9.753 174.656 0.040756 0.716130
-28 109.283277 0.147301 1482.332 10.645 175.112 0.044389 0.715225
-27 113.942065 0.141683 1479.438 11.538 175.567 0.048010 0.714350
-26 118.747021 0.136319 1476.531 12.432 176.021 0.051620 0.713484
-25 123.685046 0.131167 1473.618 13.327 176.477 0.055224 0.712638
-24 128. 817608 0.126296 1470.677 14.223 176.929 0.058811 0.711809
-23 134, 101645 0.121640 1467.865 15.120 177.383 0.062389 0.711014
-22 139.553329 0.117194 1464.832 16.017 177.835 0.065956 0.710222
-21 145, 173245 0.112642 1461.829 16.916 178.286 0.069510 0.708456
-20 150.933125 0.108849 1458.865 17.816 178.735 0.073056 0.708702
-19 156.908811 0.104967 1455, 881 18.717 179.185 0.076594 0.707949
-18 163.061003 0.101259 1452.884 19.619 179.633 0.080119 0.707229
-17 169.399353 0.097705 1449874 20.522 181.081 1.083433 0.706513
-16 175.916967 0.094300 1445.852 21.426 180.528 0.087138 0. 705822
-15 182.593850 0.091020 1443.824 22.331 180.975 0.080632 0.705144
-14 189,506533 0.087902 1440, 782 23.236 181.419 0.094118 0. 704465
-13 196.617785 0.084913 1437.727 24,144 181.863 0.097593 0.703821
-12 203.922780 0.082050 1434.660 25.053 182,305 0.101058 0.703180
-11 211.433239 0.079301 1431.580 25.963 182.747 0.104514 0. 702565
-10 219.115377 0.076649 1428.494 26.875 183.190 0.107961 0.701920
-9 227.058138 0.074121 1425.380 27.785 183.627 0.111402 0.701355
-8 235.210498 0.071697 1422.266 28,700 184.066 0.114828 0.700756
-7 243.582 0.069971 1419.141 29.615 184.504 0.118248 0.700182
-6 252.178 0.067153 1415.994 30.529 184.941 0.121661 0.699617
-5 260.960 0.064963 1412. 844 31.448 185.376 0.125064 0.698780
-4 270.026 0.062891 1409.673 32.365 185. 809 0.128459 0.698516
-3 279.323 n.060915 1406 .488 33,285 186.243 0.131845 0.698922
-2 288.857 0.059006 1403.280 34,206 186.673 0.13s222 0.697829
-1 298.628 0.057169 1400.065 35.129 186.866 0.138594 0.696988
0 308.609 0.055389 1396.842 36.053 187.532 0.141954 0.696477
1 318.891 0.053691 1393,598 36.978 187.959 0.145311 0.696364
2 329.427 7.052054 1390.342 37.904 188.384 0.148655 0.695614
3 340.222 0.050477 1387.072 38.832 188.809 0.151995 0.695079
4 . 351.275 0.0468958 1383.790 39.763 189.233 0.155328 0.694626
5 362,308 0.047485 1380.487 40.694 189.656 0.158651 0.694174
6 374.133 0.046977 1377.171 61.627 190.076 0.161971 0.693722
7 386.032 0.044718 1373.843 42.561 190.493 0.165280 0.693303
& 398.186 0.0463407 1370.490 43,498 199.919 0.168586 0.692889
9 410.621 0.042142 1367.131 44,438 191.325 0.171883 0.692474
10 423,297 0.040913 1363.748 45.373 191.740 0.175172 0.692081
11 436.328 0.039737 1369.345 46,315 192,152 0.178458 0.691566
12 449.646 0.038601 1356.930 47.259 192.563 0.181737 N.691285
13 463.265 0.037584 1353.502 48,204 192.972 0.185010 0.690908
14 477.188 0.036444 1359.052 49,150 193.378 0.188278 0.690532
15 491. 369 0.035414 1346.592 50.100 193.784 0.191538 0.690155
16 505.926 0.034425 1343.103 51.050 194.189 0.194794 0.689778
17 520.798 0.033469 1339.602 52.003 194.589 0.198046 0.689435
18 535.989 0.032545 1336.076 52.958 194.999 0.201293 0.689096
15 551.501 9.031650 1332.534 53.915 195.387 0.204532 0.688756
20 567,294 0.030780 1328.972 54.873 195.783 0.207767 0.688396
21 583.483 0.029945 1325.396 55.834 196.176 0.211000 0.688095
22 600.015 0.029135 1321.795 56.798 196 .568 0.214226 0.687760
23 616.888 0.028352 1318.169 57.765 196.958 0.217449 0.687450
24 634.104 0.027593 1316.526 58,732 197. 344 0.220668 0.687124
25 651.617 0.026854 1310.871 59.702 197.729 0.223882 0.686805
26 669.556 0.026143 1307.180 60.675 198.112 0.227096 0.686504
27 687.876 0.025455 1303.477 61.650 198.494 0.230303 0.686202
28 76.533 0.024787 1299.749 62.628 198.871 0.233507 0.685901
29 725.149 0.924139 1295.996 63.608 199.247 0.236710 0. 685600
30 744.910 0.042237 1292.225 64,591 199.620 0.239909 0.685298
al 764.704 0.024773 1288.419 £5.579 199.991 0.243104 0.684997
32 784.885 0.022311 1284.601 66.567 200. 360 0.245300 0.684729
33 805.452 0.021738 1280.746 67.558 200.725 0.269492 0.684436
34 826.406 0.021183 1276.873 68.554 201.088 0.252681 0.684159
s 847.710 0.020641 1272.987 £9.550 201.446 0.255869 0.683875
36 859.491 0.020118 1269.066 70.553 201.824 0.259057 0.683573
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Table 3 Cont'd
Volume Deensity Enthalpy E P Entropy Entropy
Absolute Vapor Liquid Vapor Liquid Viapor
Temperafure Pressure Vg 1wy L hy 5 5"

cC kP o /kg kg/m? kJ/kg kg /g ki /kgk

37 891.658 0.019610 1265.106 71.555 202.157 0.262241 0.683305
a8 914.259 0.019118 1261.130 72.563 2p2.508 0.265425 0.683041
39 937.301 0.018838 1157.122 73,574 202. 856 0.268:09 0.682753
40 960.646 0.018170 1253.092 74.588 203,200 0.271791 0.682493
41 984.537 0.017719 1249.027 75.608 203.541 0.274975 0.682191
a2 1008. 868 0.017280 1344.936 76.627 203.879 0.278160 0.681924
&3 1033.593 0.016853 1240.819 77.651 204.214 0.281344 0.681660
G 1058, 745 0.016448 1236.667 78.680 204.545 0.284528 0.681371
45 084,338 0.018032 1232.476 79.712 204.873 0.287714 0.681111
46 1110.401 0.01563% 1228.267 80,749 205.195 0,290898 0.680810
47 1136.959 0.015257 1224.006 81.790 205.329 0.294085 0.6B0542
48 1163.966 0.014885 1219.727 B2.835 205.761 0.297276 0.680249
49 1191.455 0.014524 1215.407 B3.883 206. 142 0.300458 0.679947
50 1219.338 0.014170 1211.060 84,937 206,450 4.303561 0.679688
51 1247.758 0.013828 1206.663 85.994 206.753 0.306847 0.679386
52 1276.675 0.013494 1202.227 B7.056 207.051 0.310056 0.679085
53 1306.088 0.013169 1197.753 88.125 207,345 0,313258 0.678783
54 1335.997 0.012852 1193.250 89.197 207.634 Q.316466 0.678482
55 1366.368 0.012543 1188. 706 90.273 207.918 0.319676 0.678181
56 1397.23 0.012242 1184.110 91,358 208.198 0.322890 0.677862
57 1428.635 0.011949 1179.473 92.446 208.473 0.326110 0.677536
38 1460, 544 0.011663 1174.804 93.416 208,754 0.329337 0.677226
59 1492.998 D.011383 1170.083 24,073 209.007 0.332567 0.676887
60 1525.948 g.011112 1165.311 95.743 209.264 0.335804 0.576548
65 1699.633 0.009856 1140.615 121.370 210.451 0.352105 0.674701
mn 1987.219 0.008737 1114.472 107.174% 211.461 0.368640 0.672587
75 2089, 429 0.007736 1086.588 113.18¢6 212.256 n.385483 0.670116
B0 2306.988 0.006834 1056.558 119,438 212.784 n.402732 0.667127
85 2540.649 0.006015 1023.820 125.989 212.972 0.420522 0.663464
a0 2791.163 .005265 987.493 132,914 212,708 0.439030 0.658846
95 3059, 335 0.004567 946.098 140,349 211.811 0.458410 0.652792
100 3346.039 0.003902 896.822 148,495 209.931 0.479231 0.645443
105 3754.613 0.003205 §22.692 158.401 205.358 0.505102 0.629461

Table 4 — Refrigerant 12 (Dichlorodifluoromethane) Properties of Superheated Vapor

10 kPa Absolute Pressure (Sat. Temp. = ~7T30303°C)

20 kPs Absoliite Pressure (Ssi. Temp. = ~11912°C)

Absolute Pressure (Sat. Temp. = —$50734°C)

i v h T 1 v L] I
e m/kg W/ke /g e mi/kg kd/kg kI/kgK
Sae 1.515439 153,868 0.783973 Sat 0.724855 158.862 0.757726
-70 1.553700 155.747 0.793349 =70
=65 1.597749 158,234 0.805506 -£5
=60 1.637041 160.763 0.817515 =60 0.733177 159.986 0.762994
-55 1.676277 163.322 0.829380 =55 0.751836 162.561 0.774948
=50 1.715477 l65.912 0.841137 -50 0.769841 165.166 0.786758
-45 1. 754606 168,532 0.852763 =45 0.787797 167.799 0.798457
-40 1.793713 171.183 0.B&L273 =40 0.805702 170.461 0.809952
=35 1.832763 173.867 0.875632 -35 0.823402 173,155 0.821410
=30 1.871787 176.579 0.886505 -30 0.841457 175.376 n.832702
=25 1.910788 179.320 0.B98054 =23 0.859263 178.624 0.843884
=20 1.9459743 182.0%0 0.909092 -20 0.877019 181,400 0.854967
=15 1.988664 184,888 0.920031 =15 0.894784 184.203 0.865929
=10 2.027585 187.712 0.930878 =10 0.912527 187.032 0876777
=5 2.066505 190,564 0.941621 =5 0.930228 189.887 0.887525
0 2.105380 193,442 0.952248 0 0.947948 192.768 0.898172
5 2.144228 196.347 0.962801 5 0.965623 195.675 0.908724
10 2.183054 199.276 0.973239 19 0.983247 198.605 0.919203
15 2.221998 202,235 0.983601 15 1.000931 201.565 0.929539
20 2.260754 205.218 0.993845 20 1.018559 204.547 0.939805
25 2.299516 200.226 1.004015 25 1.03617 207.555 0.949977
30 2.338302 211.258 1.014106 3n 1.053768 210.587 0.960050
kL) 2.376661 214,314 1.024104 35 1.071367 213,640 0.970023
&0 2.415846 217.392 1.034010 40 1.088964 216.717 0.979927
&5 2.454622 220.494 1.043838 45 1.106532 219.815 0.989758
2.493385 223.618 1,053592 50 1.124101 222,936 0.995485

40 kPa Absotute Pressure (Sat. Temp. = ~49.125°C)

0.495684 162,174 0.745737
0.502245 164,850 0.757770
0.520590 167.491 0.769502
0.532661 170.173 0.781230
0.544688 172.883 0.792720
0.556679 175.620 0.804098
0.568638 178,414 0.815326
0.580570 181. 190 0.826447
0.592473 183.988 1.837459
0.604353 1B6.829 0.848359
0.616213 189.695 0.85%155
0.628043 192.585 0.869845
0.639867 195.501 0.880440
0.651685 198.442 0.890902
0.663487 201.408 0.901276
0.675271 £.399 0.911561
0.687038 207.413 0.921766
0.698775 210.450 0.931861
0.710518 213.510 0.941880
0.722260 215.592 0.951787
0.73397% 219.696 0.961634
0.745673 222.822 0.971388

Sat
=45
=40
=35

=25

0.377294
0.385841
0.395081
0.404163
0.413207
0.422222
0.431206
0.440165
0.449101
0.450013
0.4656908
0.475786
0.484645
0.493487
0.502318
0.511136
0.519939
0.528733
0.537521
1.546298
0.555062
0.563825
0.572587

165.127
167.619
170.313
173.049
175.808
178.595
181,405
184.239
187.100
189.985
192.893
195.826
198,782
201.764
204,771
207.800
210.896
213.962
217.021
220.138
223.277
226.337
229.613

0.739577
0.750499
0.762307
0.773906
0.785370
0.796701
0.807897
0.818980
0.829950
0.840810
0.851579
0.862229
0.872773
0.883203
0.893539
0.903776
0.913913
0.923965
0.933935
0.943817
0.953620
0.963330
0.972938
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Table 4 Cont’d
50 kPa Absolute Pressure (Sat. Temp. = —45.2045°C) 60 kP Absolute Pressure (Sat. Temp. = ~41.4439°C)
] v h 5 t v h 5
°C m/kg kJ/kg kJ/kgK °c m?/kg kJ/kg kl/kgK
Sat 0. 306069 167.183 0.733670 Sat 0.258203 168.926 0.729044
-45 0.306375 167.295 0.734154 =45
-40 0.313850 170.01%9 0.745970 =40 0.260077 169.720 0.732493
-35 0.321195 172.771 0.757649 -35 0.266272 172.433 0. 744227
=30 0.328504 175.548 0.769179 =30 0.272436 175.272 0.755814
=25 0.335314 178,349 0.780567 =25 0.278562 178.102 0.767277
-20 0.342780 181.174 0.791818 =20 0.284660 180.941 0.778591
=15 0.350247 184.023 0.802956 -15 0,290732 183.802 0.789784
~10 0.357444 186.894 0.813977 -10 0.296778 186.686 0.800859
-5 0.364618 189,789 0.824876 =5 0.302802 189.592 0.811805
1] 0.3717172 192.708 0.835547 o] 0.308803 192.522 0.822629
5 0.1378907 195.651 0.845785 5 0.314789 195.472 0.833345
10 0.386027 198.615 0.856824 10 0.320759 198.447 0.843959
15 0.393128 201.606 0.867385 15 0.326711 201.447 0.854435
20 0.400220 204.620 0.877744 20 0.332649 204.468 0.864833
25 0.407295 207.656 0.888012 25 0.338574 207.511 D.875114
30 n.414360 210.713 0.898186 30 0.344487 210.575 0.885305
35 0.421416 213.793 1.908265 35 0.3503%0 213.661 0.895411
40 0.42B463 216.895 0.918247 40 0.356283 216,769 0.905422
45 0.435500 220.019 0.928139 45 0.362168 219,899 0.915332
50 0.442516 223.163 0.827955 50 0.368046 223.048 0.925148
55 0.449494 226.327 0.947681 55 0.373914 226.218 0.934885
60 0.456563 229,512 0.957214 &0 0.379773 229.407 0.944531
80 kPa Absolute Pressure (Sat. Temp. = -35.218°C) Standard Atmospheric Pressure (Sat. Temp. = -29.7888°C)
Sat 0.197941 171.792 0.722194 Sat 0.158036 174.295 0.716825
=35 0.198174 171.929 0.722762 =-35
-30 0.202998 174,754 0.734502 -30
=25 0.207729 177.600 0. 746096 =25 0.166118 175,334 0.728037
-20 0.212507 180.469 0.757524 -20 0.165417 179.029 0.739626
-15 0.217056 183.357 0.768826 =15 0.169145 182.878 0.751052
=10 D.221682 186.267 0.779997 =10 0.172849 185.814 0.762310
=5 0.226285 189.197 0.791028 =5 0.176531 188.769 0.773426
0 0.230868 192,147 0.801945 0 0.180190 191.744 0.784434
5 0.235429 195.118 0.812729 5 0.183828 194.736 0.795307
10 0.239972 198.110 0.823393 10 0. 187446 197.748 0.806046
15 0.244501 201.127 0.833936 15 0.191048 200.783 0.816672
20 0.249016 204. 164 0.844379 20 0.194639 203.837 0.827164
25 0.253516 207.222 0.854721 25 0.198216 206.910 0.837552
30 0.258006 210.300 0.864963 30 0.201778 210.003 0.847839
35 0.262485 213.399 0.874652 35 0.205332 213.116 0.858025
49 0.266954 216.518 0.884602 40 0.208875 216.249 0.868111
45 0.271413 219.658 0.895169 45 0.212407 219.400 0.878097
50 0.275864 222.818 0.905157 50 0.215933 222.570 0.887982
55 0.280308 225.997 0.914720 ] 2.219450 225.761 0.897771
&n 0.284743 229.196 0.924405 60 0.222961 228.970 0.907492
65 0.289172 232.417 0.933976 65 0.226462 232.196 0.917101
70 0.293593 235.656 0.943473 70 0.229957 235.446 0.926643
75 0.298010 238.591 0.352908 75 0.233448 23B.714 0.936088
80 0.302425 242.008 0.962248 80 n.236933 241,998 0.945459
L 85 0,306833 245 .4B8 0.971511 B5 0.240416 | & 245,301 0.954741
120 kPa Absolute Pressure (Sat. Temp. = -25.7669° C) 140 kPa Absolute Pressure (Sat. Temp. = -21.9427°C)
Sat 0.135281 176.127 0.713290 Sat 0.116924 177.867 0.710173
-35 =20 0.118016 179.011 0.714689
=30 -15 0.120827 181.988 0.726315
=25 0.135782 176.580 0.715081 -10 0.123607 184.976 0.737776
=-20 0.139048 179.532 0.726761 =5 0.126362 187.979 0.749081
=15 0.142279 182,467 0.738304 0 0.129093 190.997 0.760245
-10 0. 145467 185.411 0.749658 5 0.131803 194.031 0.771271
=5 0.148631 188.389 D.760868 10 0. 134494 197.081 0.782135
0 0.151773 191.384 0.771951 15 . 0.137168 200,150 0.792880
5 0.154895 194.397 0.782888 20 0.139819 203.235 0.803491
10 0.157998 197.428 0.793692 25 0.142470 206.339 0.813968
15 0.161085 200.478 0.8043464 30 0.145103 209.459 0.B24336
20 0.164155 203,548 0.814897 35 0.147725 212.598 0.834604
25 0.167215 206.602 0.825348 40 0.150337 215.754 0.844768
30 0.170261 209.722 0.835674 45 0.152940 218.927 0.854831
35 0. 164000 212.866 0.845883 50 0.155532 222.119 0.864796
40 0.165164 216.010 0.856012 55 0.158116 225.327 0.B874656
45 0.179332 219.173 0.866037 60 0.160693 228.554 0.B884422
50 0.182337 222.353 0.875978 65 0.163260 231.800 0.894074
55 0.185338 225.552 0.885790 0 0.165827 235.064 0.903654
60 0.188329 228.769 0.895512 75 0.168385 238. 345 0.913137
65 0.191313 232.007 0.905158 80 0.170937 241.645 0.922549
70 0.194289 235.262 0.914728 85 0.173484 244.960 0.931871
3 0.197260 238.536 0.924199 90 0.176026 248.292 0.941107
80 0.200228 241,828 0.933578 95 0.178565 251.642 0.950276
85 0.203190° 245.136 0.942882
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Table 4 Cont’d
160 kPa Absolute Pressure (Sat. Temp. = ~18.5087°C) 180 kPs Absolute Pressure (Sat. Temp. = ~15.4944°C)
t v h f t v ] s
°C m’/kg kl/kg kJ/kgK °C m’/kg kd/kg kl/kgK
Sat 0.1032202 179.405 0.707592 Sat 0.092611 180.294 0.703684
-20 -20
=15 0. 1049805 181.517 0.715786 =15 0.092834 196.756 0.704839
-10 0.1074688 184.534 0.727373 -10 0.095076 183.633 0.716454
-5 0.1099233 187.563 0.738783 -5 0.097299 186.681 0.727931
0 0.1123536 190.605 0.750024 0 0.098500 189.739 0.739240
5 0.1147590 193.661 0.761129 5 0.101665 192.808 0.750385
10 0.1171474 196.731 0.772079 10 0.103755 195.890 0.761398
15 0.1195190 199.819 0.782879 15 0.105963 198.989 0.772223
20 0.1218756 202.921 0.793544 20 0.108091 202.100 0.782914
25 0.1242146 206.0640 0.804094 25 0.110201 205.227 0.793471
30 0.1265438 209.175 0.814509 30 0.112296 208.268 0.803920
35 0.1288611 212.327 0.824821 35 0.114380 211.525 0.814248
40 0.1311669 215.495 0.835026 40 0.116451 214.698 0.824458
45 0.1334632 218.681 0.B45115 45 0.118512 217.887 0.B34569
30 0.1357497 221.883 0.855110 50 0.120567 221.091 0.B44579
55 0.1380321 225.102 0.864994 55 0.122616 224,311 0.B544B5
60 0. 1403026 228,338 0.874791 60 0.124649 227.550 0.864257
65 0.1425640 231.593 0.B84498 65 0.126683 230. 805 0.873954
70 0.1448235 234,865 0.894084 70 0.128707 234.075 0.883551
75 0.1470757 238.154 0.903585 75 0.130726 237.364 0.893077
80 0.1493221 241.460 0.913025 80 0.132739 240.669 0.902486
85 0. 1515655 245,048 0.922375 85 0.134747 243.990 0.911824
90 0.1538038 24B.440 0.931623 90 0.1368751 247,326 0.921078
95 0.1560364 251.477 0.940792 95 0.138749 250.677 0.930236
200 kPa Absolute Pressure (Sat. Temp. = -12.5429°C) 220 kPa Absolute Pressure (Sat. Temp. = -9.8055°C)
Sat 0.083630 181.601 0.701737 Sat 0.076150 182.807 0.700050
=10 0.084674 183.164 0.707667 =10 e s—
-5 0.086712 186.239 0.719254 =5 0.077941 185,795 0.711199
0 0.088716 189.324 0.730658 0 0.079795 188.906 0.722744
5 0.090701 192,417 0.741894 5 0.081619 192,024 0.734074
10 0.092665 195.521 0.752963 10 0.083422 195. 150 0.745237
15 0.094611 198.638 0.763863 15 0.085209 198.288 0.756212
20 0.096537 201.768 0.774613 20 0.086976 201.436 0.767013
25 0.098452 204.913 0.785256 25 0.088727 204.596 0.777690
30 0.100352 208.070 0.795749 30 0.090467 207.769 0.788251
35 0.102239 211.241 0.806116 35 0.092194 210.955 0.798691
40 0.104117 214,427 0.816375 40 0.093908 214.156 0.808998
45 0.105984 217.628 0.826517 45 0.095052 217.370 0.819171
50 0.107840 220.844 0.836550 50 0.095814 220.598 0.829228
55 0.109690 224.075 0.B46496 55 0.098998 223,840 0.839209
60 0.111535 227.323 0.856324 60 0.100678 227.098 0.B49058
65 0.113369 230.588 0. 866040 65 0.102352 230.372 0.858791
70 0.115198 233.868 0.875673 70 0.104016 233.661 0.868458
75 0.117018 237.165 0.885192 75 0.105679 236.964 0.878001
B0 0.118835 240.476 0.894633 80 0.107335 240.284 0.887460
85 0.120646 243,804 0.903985 83 0.108984 243.620 0.B896852
90 0. 122452 247.148 0.913254 90 0.110627 246.970 0.906144
95 0. 124256 250.506 0.922450 95 0.112266 250.336 0.915340
100 0. 126055 253.881 0.931558 100 0.113901 253,716 0.924488
240 kPa Absolute Pressure (Sat. Temp. = =7.4315°C) 260 kPa Absolute Pressure (Sat. Temp. = —5.1114°C)
Sat 0.070378 183.847 0.698635 Sat 0.065213 184,854 0.697338
=10 == : =3 0.065249 184,925 0.697599
-5 0.071224 185.371 0.704309 0 0.066871 188.122 0.709280
0 0.072956 188.507 0.715922 3 0.06B468 191.395 0.720784
5 0.074643 191.649 0.727322 10 0.070046 194.428 0.732091
10 0.076345 194.797 0.738576 15 0.071596 197.606 0.743206
15 0.078342 197.954 0. 749603 20 0.073136 200.792 0.754158
20 0.073726 201.121 0.760478 25 0.074057 203.987 0.764973
25 0.0B81282 204.298 0.771233 30 0.076165 111.985 0.775629
30 0.082898 207.486 0.781835 35 0.077661 131.067 0.786139
35 0.084502 210.686 0.792303 40 0.079144 213.633 0.796518
40 0.086095 213.899 0.BO2644 45 0.080617 216.871 0.806777
45 0.087677 217.125 0.812863 50 n.082080 219.724 0.816925
50 0.089251 220.364 0.822981 55 0.083534 221.600 0.826948
55 0.090816 223.616 0.832979 60 0.084977 226.663 0.836865
60 0.092369 226.885 0.842864 65 0.086415 229.955 0.846669
65 0.093919 230.168 0.B52637 70 0.087848 233.262 0.856378
70 0.095461 233,466 0.862302 75 0.089275 236.526 0.856983
75 0.096997 236.778 D.871872 80 0.090694 239.885 0.875490
80 0.098528 240.105 0.881369 85 0.092109 243.266 0.884899
85 0.100054 243.446 0.890765 30 0.083519 246.629 0.894222
90 0.101573 246.801 0.900062 95 0.094923 250.006 0.903471
95 0.103088 250.172 0.909283 100 0.096326 253.398 0.912635
100 0. 104601 253.558 0.918428
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Table 4 Cont'd
280 kPa Absolute Pressure (Sat. Temp. = ~2.9295°C) 300 kPs Absolute Pressure (Sat. Temp. = —0.8643°C)
t v h [ t v h ]
°C m? kg kl/kg kJ/kgkK °C mY/kg ki/jkg kJ/kgK
Sat 0.060790 185.798 0.6961B8 Sat 0.056923 186.452 0.695354
-5 =5
0 0.061679 187.669 0.703016 0 0.057171 187.046 0.697342
5 0.063193 190.862 0. 714644 5 0.058603 190.460 0.708843
10 0.064680 194.057 0. 726055 10 0.060010 193.680 0.720335
15 0.066141 197,258 0.737230 15 0.061394 196.901 0.731592
20 0.067587 200.461 0.748270 20 0.062760 200.126 0.742691
25 0.069016 203.674 0.759119 15 0.064109 203.357 0.753616
30 0.070431 206.894 0.769825 30 0.065446 206.598 0.764384
35 D.071834 210.124 0.780395 35 D.066767 209.843 0.774992
&0 0.073224 213,364 0.790820 40 0.068075 213.094 0.785457
45 0.074603 216.615 0.801123 45 0.0653375 216.358 0.795806
50 N.075974 219.878 0.811321 50 D.070662 219.633 0.806032
55 0.077333 223.153 0.821379 55 0.071943 222.919 0.816120
60 0.078687 226.433 0.831313 60 0.073215 226.217 0.826109
65 D.080033 229.741 0.841160 65 .| 0.0744B1 229.528 0.835956
70 0.081371 233.058 0.850890 70 0.075737 232.852 0.845704
15 D.0B2703 236.386 0.B60507 75 0.076987 236.190 0.855373
80 0.084030 239.728 0.870035 80 0.078233 235.540 0.864923
85 0.085351 243.084 0.879462 85 0.079473 242.902 0.874365
90 0.086667 246,454 0.888799 ED] 0.080706 246.279 0.883728
95 0.087978 249,837 0.B898065 95 n.081933 249.670 0.893012
100 0.089286 253.1235 0.907249 100 D.083160 253.073 0.902201
105 0.090591 256.646 0.913432 105 0.0B4385 256.490 0.911314
110 0.091891 260.071 0.925328 110 D.085601 259.920 0.920334
115 0.093186 263.513 0.934235 115 0.086816 263.366 0.929242
———— =S
320 kPa Absolute Pressure (Sat. Temp, = 1.1035°C) 340 kPa Absolute Pressure (Sat. Temp. = 2.9795°C)
Sat 0.053522 188.003 0.695971 Sat 0.050514 188.801 0.695087
5 0.054572 190.539 0.705055 5 0.051033 190.126 0.699823
10 0.055921 193.793 0.716711 10 0.052319 193.405 0.711544
15 0.057236 197.045 0.728099 15 0.053575 196.680 0.723011
20 0.058533 200.298 0.739285 20 0.054812 199.955 0.734255
25 0.059813 203.555 0.750300 25 0.056031 203.232 0.745324
30 0.061079 206.818 0.761147 30 0.057236 206.512 0.756243
35 0.062330 210.087 0.771848 5 0.058426 209.797 n.766995
40 0.063569 213.365 0.782398 40 0.059604 213.089 0.777587
45 0.064798 216.651 0.792806 45 0.060771 216.389 0.78B041
50 0.066017 219.946 0.803138 50 0.061927 219.697 0.798367
55 0.067226 223.252 0.813417 55 0.063074 223,014 | n.898553
60 0.068430 226.568 0.823293 60 0.064213 226.342 0.818639
65 0.069619 229,898 0.833203 65 0.065344 229.581 0.828573
70 0.070806 233.240 0.842993 70 0.066466 233.033 0.838397
75 0.071984 236.594 0.852697 75 0.067582 236.394 0.848129
80 0.073157 239.960 0.862306 80 0.068694 239.769 0.857746
85 0.074325 243,339 0.871814 85 0.065801 243.156 0.867268
90 0.075490 246.731 0.881222 90 0.070%02 246.555 0.876700
95 0.076650 250.137 0.890532 95 0.071998 249.966 0.886037
100 0.077803 253.555 0.899753 100 0.073090 253.391 . 0.895281
105 0.078952 256.986 0.908897 105 0.074177 256.828 0.904428
110 0.080099 260.431 0.917941 110 0.075258 260.278 0.913496
115 0.08124% 263.890 0.926916 115 0.076341 263.743 0.922477
|— 120 0.077418 267.221 0.931368
————————
360 kP Absolute Pressure (Sat. Temp. = 4.7725°C) 380 kPa Absolute Pressure (Sat. Temp. = 6.4944°C)
Sat 0.047814 189.561 0.694246 Sat 0.045405 190.281 0.693517
5 0.047870 189.711 0.694783 10 0.046233 192.617 0.701798
10 0.049097 193.013 0.706586 15 0.047388 195.941 0.713446
15 0.050300 196.312 0.718125 20 0.048526 199.259 0.724841
20 0.051483 199.609 0.729459 5 0.049644 202.575 0.735058
25 0.052649 202.906 0.740595 30 0.050746 205.892 0.747081
30 0.053799 206.203 0.751777 35 0.051833 209.210 0.757946
35 0.054935 209.505 0.764785 40 0.052908 212,532 0.76B644
40 0.056058 212.812 D.775702 45 0.053972 215.860 0.779178
45 0.057170 216.126 0.783511 50 0.035024 219,194 0.789595
50 0.058271 219.447 0.793855 35 0.056039 222.536 0.799850
55 0.059357 222.776 0.B040DBS 60 0.056824 225.884 0.809986
60 0.060380 226.113 0.814190 65 0.058098 229.244 0.819993
65 0.061334 229.463 0.824176 70 0.059144 232.614 0.829880
70 0.062595 232.823 0.834031 75 0.060156 235.993 0.839652
75 0.063668 236.195 0.843779 -] 0.061161 239.384 0.849330
B0 0.064706 239.577 0.853428 85 0.062162 242.786 0.858893
85 0.065755 242.971 0.862976 90 0.063157 246,199 0.B6g348
90 0.066800 246.376 0.872421 95 0.064147 249.623 0.877719
95 0.067839 249.794 0.881768 100 0.065131 253.061 0.887002
100 0.068873 253,225 0.891024 105 0.066112 256.509 0.8951856
105 0.069903 256.668 0.900205 110 0.067094 259.970 0.905288
110 0.070934 260.125 0.909286 115 0.068067 263,445 0.914294
115 0.071958 263.594 0.918259 120 0.069037 266,932 0.923199
120 0.072977 267.076 n.927160
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Table 4 Cont'd
400 kPa Absolute Pressure (Sat. Temp. = 8.1444°C) 420 kPa Absolute Pressure (Sat. Temp. = 9.7399°C)
« ¥ & 5 t v h 5

*C m*/kg kl/kg kJ/kgK b + m’/kg kl/kg kd/kgK

Sat 0.043218 190.970 0.692834 Sat 0.041234 191.632 0.692182
10 0.043639 192.217 0.697231 10 0.041290 191.808 0.692800
15 0.044754 195.566 0.708949 15 0.042370 195.183 0.704585
20 0.045848 198.908 0.720434 20 0.043426 198.547 0.716160
25 0.046923 202.244 0.731713 25 0.044464 201.907 0.727516
30 0.047983 205.579 0.742817 30 0.045484 205.261 0.738680
35 0.049027 208.915 0.753732 35 0.046490 208.615 0.749650
40 0.050058 212.253 0.764462 40 0.047482 211,968 0.760435
45 0.051077 215,594 0.775051 45 0.048462 215,324 0.771066
50 0.052086 218.941 0.785514 50 0.049430 218.685 0.781559
55 0.053084 222.296 0.795788 55 0.050389 222.049 0.791903
60 0.054074 225.555 0.805962 60 0.051339 225.421 0.802094
65 0.055055 229.026 0.816023 65 0.052280 228.802 0.812172
70 0.056028 232.404 0.825917 70 0.053213 232,191 0.822101
75 0.056995 235,792 0.835730 75 0.054140 235.588 0.831923
80 0.057956 239,190 0.844523 80 0.055060 238.995 0.841645
85 0.058911 242.600 0.854257 85 0.055875 242,412 0.851255
90 0.059862 246,022 0.864494 90 0.056884 2645.840 0.860755
95 0.060807 249,453 0.873877 95 0.057789 249.279 0.870162

100 0.061747 252.895 0.885185 100 1.058690 252.728 0.879482

105 0.062682 256,351 0.892345 105 0.059586 256.189 0.888701

110 0.063620 259,818 0.901463 110 0.060478 259.662 0.897820

115 0.064547 263,297 0.910507 115 0.061367 263. 146 0.906843

120 0.065474 266.789 0.919417 120 0.062254 266,643 0.915784

125 0.066397 270.293 0.928280 125 0.063136 2. 152 0.924656

P
440 kPa Absolute Pressure (Sat. Temp. = 11.2759°C) 450 kPa Absolute Pressure (Sat. Temp. = 12.7607°C)

Sat 0.039416 192.268 0.691575 Sat 0.037761 192.875 0.690983
15 0.040192 194.799 0.700403 15 0.038213 194,456 0.696335
20 0.041214 198.188 0.712034 20 0.035205 197,912 0.708058
25 0.042217 201.567 0. 723460 25 0.040177 201.308 0.719558
30 0.043203 204.941 0.734686 30 0.041131 204.698 0.730843
35 0.044173 208.312 0.745710 5 0.042070 208.082 0.741930
40 0.045129 211,683 0.756551 40 0.042994 211,465 0.752832
45 0.046073 215.053 0.767236 45 0.043906 214. 848 0.763568
50 0.047006 218.428 0.777779 50 0.044806 218,232 0.774147
55 0.047928 221.804 0.788159 55 0.045696 221.620 0.784546
60 0.048842 225,189 0.798405 60 0.046576 225.011 0.794833
65 0.049746 228,579 0.808504 65 0.047447 228.411 0.804946
70 0.050643 231.978 0.818485 70 0.048311 231.816 0.814956
75 0.051533 2135.385 0.828322 75 0.049167 235.230 0.824829
80 0.052416 238,800 0.838055 80 0.050018 238.652 0.834597
85 0.053294 242,225 0.847676 85 0.050862 242.083 0.844262
90 0.054167 245,660 0.857197 90 0.051702 245,524 0.853804
95 0.055035 249,106 0.866617 95 0.052536 248.974 0.863237

100 0.055898 252,562 0.875945 100 0.053366 252.434 0.872589

105 0.056757 256.028 0.885195 105 0.054192 255,906 0.8B81824

110 0.057613 259.506 0.854313 110 0.055014 259,387 0.890981

115 0.058464 262.996 0.903357 115 0.055832 262.1383 0.900038

120 0.059303 266.498 0.912330 120 0.056646 266.389 0.909016

125 0.060154 270,012 0.921210 125 0.057458 269.905 0.917896

430 kPa Absolute Pressure (Sat. Temp. = 14.2011°C) 500 kPa Absolute Pressure (Sat. Temp. = 15.595°C)

Sat 0.036232 193.538 0.690436 Sat 0.034823 193.926 0.689942
15 0.036389 194.013 0.692355 20 0.035649 197.110 0.700416
20 0.037352 197.402 0.704160 25 0.036568 200.588 0.712070
25 0.038296 200. 830 0.715740 30 0.037468 204.021 0.723501
30 0.039222 204,248 0.727108 35 0.038351 207.445 0.734711
a5 0.040131 207.659 0.738260 40 0.039219 210.863 0. 745605
40 0.041026 211.065 0.749213 45 0.040048 214,277 0.756352
45 0.041908 214,469 0.759995 50 0.040847 217.692 0.767217
50 0.042779 217.873 0.770610 55 0.041749 221.106 0.777719
55 0.043639 221,277 0.781062 60 0.042572 224.523 0.788053
60 0.044489 224,686 0.791379 65 0.043385 227.943 0.798265
85 0.045330 228,100 0.801546 70 0.044190 231.371 0.808318
0 0.046163 231.520 0.811585 75 0.044989 234,804 0.818255
75 0.046989 234.947 0.821486 80 0.045781 238.244 0.828065
30 0.047809 238.380 0.831280 85 0.046567 241.691 0.837761
85 0.068623 241.822 0.840956 90 0.047347 245.146 0.847345
90 0.049432 245.274 0.850511 95 0.048122 248.612 0.856822
95 0.050235 248,734 0.859965 100 0.048893 252,085 0.866211

100 0.051034 252.203 0.869329 105 0.049560 255.570 0.875481

105 0.051829 255.681 0.878613 110 0.050422 259.064 0.884675

110 0.052620 259,173 0.887770 115 0.051181 262.570 0.893757

115 0.053407 262.673 0.896851 120 0.051936 266.086 0.902746

120 0.054191 266.187 0.905832 125 0.052689 269.613 0.911658

125 0.054971 269,710 0.914735 130 0.053438 273.151 0.920500

130 0.055749 273.245 0.923550
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Table 4 Cont'd
520 kPa Absolute Pressure (Sat. Temp. = 16,949°C) 540 kPa Absolute Pressure (Sat, Temp. = 18.2637°C)
t v h 5 t v ] F

*C m/kg kJ/kg k1 /g °c m? kg ki kg kJ/kgK

Sat 0.033518 194.675 0.689457 Sat 0.032304 195.038 0.689013
20 0.034075 196.670 0.696755 20 0.032613 196.318 0.693174
25 0.034970 200.100 0.708490 25 0.033486 199,852 0.704990
30 0.035846 203.562 0.719984 30 0.034340 203.330 0.716554
35 0.035705 207.012 0.731265 as 0.035177 206.794 0.727889
&0 0.037549 210.455 0.742350 40 0.035998 210.248 0.739024
45 0.038379 213.891 0.753215 45 0.036806 213.897 0.745960
50 0.039197 217.326 0.763919 50 0.037601 217,142 0.760712
55 0.040004 220.759 0.774472 55 0.038385 220.584 0.771314
60 0.040802 224.192 0. 784835 60 0.039159 224.027 0.781720
65 0.041589 227.630 0.795073 65 0.039923 227.471 0.791975
70 0.0£2366 231.071 0.805154 0 0.040679 230.920 0.802091
75 0.043140 234.517 0.815118 75 0.041427 234.373 0.812078
20 0.043907 237.969 0.824955 80 0.042169 237.832 0.821952
85 0.044667 241.428 0.834678 85 0.042905 241.296 0.831703
90 0.0+5422 244,894 0.B44289 90 0.043636 244,767 0.841323
95 0.045171 248.369 0.853785 95 0.044361 248.247 0.B850835

100 0.04B316 251.852 0.863180 100 0.045082 251.738 0.860261

105 0.047657 255.345 0.872478 105 0.045798 255,232 0.869565

110 0.048393 258.348 0.881699 110 0.066511 258.738 0.878797

115 0.049125 262.360 0.890780 115 0.047219 262 .255 0.887916

120 0.049854 265.882 0.893794 120 0.047924 265.781 0.896935

125 0.050581 269.417 0.908712 125 0.048553 269,313 0.905882

130 0.051304 272.960 0.917555 130 0.049283 272,866 0.914737

135 0.050020 276.423 0.923485
140 0.050754 279.991 0.%32183
560 kPa Absolute Pressure (Sat. Temp. = 19.5381°C) 580 kPa Absolute Pressure (Sat. Temp. = 20.7333°C)

Sat 0.031177 195.736 0.688552 Sat 0.030161 196.073 0.688187
20 0.031257 195.992 0.689665 20
5 0.032110 199,350 0.701561 25 0.030872 199.096 0.698363
30 0.032945 202.860 0.713205 30 0.031689 202.622 0.710076
35 0.033761 206.353 0.724618 35 0.032488 206.131 0.721556
40 0.034562 209.834 0.735820 40 0.033270 209.625 0.732818
45 0.035348 213.306 0.746813 &5 0.034038 213.107 0. 743859
50 0.036122 216.771 0.757620 50 0.034793 216.584 0, 754699
55 0.036885 220.232 0.768246 55 0.035537 220.056 0. 765346
60 0.037638 223.692 0.77B684 &0 0.036270 223,525 0.775859
65 0.038380 227.153 0.788994 685 0.036993 226.994 0.786184
70 0.039114 230.617 0.799136 70 0,037707 230.464 0.796374
75 0.039840 234.083 0.809152 75 0.038414 234.992 0. 806402
80 0.040560 237.554 0.819037 80 0.039114 238.017 0.816312
B5 0.041274 241.030 0.828801 85 0.039808 240.897 0.826101
90 0.041983 244.512 0.838558 90 0.040497 244,385 0.835772
95 0.042684 248.001 0.848007 95 0.041180 247,880 0.845343

100 0.043384 251.499 0.857440 100 0.041859 251.382 0.854806

105 0.044078 255.005 0.866772 105 0.042532 254.891 0.864142

110 0.044768 258.520 0.876004 110 0.043202 258.410 0.873412

115 0.045454 262,043 0.885146 115 0.043868 261,938 0.882531

120 0.046136 265.577 0.894167 120 0.044530 265.474 0.891583

125 0.046815 269.121 0.903114 125 0.045189 269.022 0.900538

130 0.047492 272.674 0.911985 130 0.045845 272.596 0.909418

135 0.048166 276.238 0.920770 135 0.046499 276. 160 0.918692

140 0.048837 279.812 0.929462 150 0.047150 279.722 0.927497

600 kPa Absolute Pressure (Sat. Temp. = 22.001°C) 650 kPa Absolute Pressure (Sat. Temp. = 24.9°C)

Sat 0,029135 196.569 0.687765 Sat 0.026922 187.655 0.686855
20 25 0.026936 187.727 0.690851
25 0.029624 198. 709 0.694950 30 0.027697 201.408 0.699041
30 0.030424 202.261 0.706756 35 0.028441 204.994 0.710774
35 0.031204 205.791 0.718319 &0 0.029167 208.556 0.722266
40 0.031968 209.305 0.729638 45 0.029876 " 212.103 0.733511
45 0.032718 212.807 0.740736 50 0.030573 215.634 0.744519
50 0.033454 216.300 0.751632 35 0.031256 219.156 0.755354
55 0.034178 219.787 0.762334 60 0.031929 222.671 0.766018
60 0.034892 223,268 0.772885 65 0.032591 226,182 0.776461
65 0.035585 226.750 0.783229 70 0.033244 229.691 0.786766
70 0.036290 230.232 0.793455 75 0.033889 233.199 0.796910
75 0.036977 233.715 0.803535 80 0.034527 236.709 0.806913
80 0.037658 237.202 0.813477 85 0.035159 240.222 0.816780
85 0.038332 240.693 0.823296 99 0.035784 243.739 0.926529
90 0.039000 244,189 0.832988 95 0.036404 247.259 0.836166
95 0.039663 247.692 0.842559 100 0.037019 250,785 0.845A83

100 0.040322 251.202 0.852030 105 0.037630 254,319 0.855121

105 0.040976 254.718 0.861401 110 0.038237 257.857 0.864395

110 0.041625 258.243 0.870670 115 0,038839 261.405 0.873590

115 0.042270 261.778 0.879827 120 0.039437 264.961 0.882683

120 0.042912 265.321 0.888883 135 0.040032 268.524 0.891706

125 0.043551 268.873 0.897868 130 0.040624 272.097 0.900636

130 0.044187 272.434 0.906761 135 0.041214 275.680 0.909466

135 0. 044820 276.004 0.915553 140 0.041801 279.270 0.918198

140 0.045450 279.585 0.924270
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Table 4 Cont'd
. 700 kPa Absolute Pressure (Sat. Temp. = 27.6469°C) 750 kPa Absolute Pressure (Sat. Temp. = 30.251669°C)
r v ] I3 t ¥ & ]

°C m/kg klkg kJ/kgK °C m*/kg kd/kg kJ/kgK

Sat 0.024936 198.527 0.686011 Sat 0.023357 199,876 0.685222
25 25
30 0.025369 200.457 0.691701 30
5 0.026124 206.291 0.703611 a3 0.024008 203.197 0.696658
40 0.026774 207.900 0.715254 40 0.024677 206.770 0.708540
45 0.027452 211.485 0.726651 45 0.025328 210.427 0.720113
50 0.027854 215.053 0.737816 50 0.025963 214.058 0.731408
55 0.027594 218.606 0.748776 55 0.026584 217.670 0.742481
60 0.029403 221.150 0.759512 50 0.027183 221.266 0.753352
85 0.030030 225.688 0.770074 65 0.027790 224.848 0.763997
70 0.030648 229,220 0. 780446 70 0.028377 228.422 0.774475
75 0.031257 232,752 0.790676 75 0.033865 231.991 0.784793
80 0.031860 236.282 0.800765 80 0.032332 235.557 0. 794945
85 0.032455 239.813 0.810709 85 0.030092 239.121 0.804946
80 0.033045 243.346 0.820520 90 0.030650 242,684 0.814812
a5 0.033629 246,883 0.830207 95 0.031202 246,248 0.824533

100 0.034207 250.425 0.839773 100 9.031749 249.816 0.834172

105 0.034781 253.971 0.849229 105 0.032292 253.385 0.843680

110 0.035351 257,522 0.858574 110 0.032829 256.959 0.853053

115 0.035916 261.083 0.867817 115 0.033362 260,541 0.862323

120 0.036478 264.649 0.876350 120 0.033892 264,126 0.871509

125 0.037036 268.224 0.885990 125 0.034418 267.719 0.880582

130 0.037585 271.806 0.894932 130 0.034941 261.319 0.889550

135 0.038133 275.397 0.903788 135 0.035461 274.925 0. 898434

140 0.038693 278.997 0.912560 140 0.035978 276.930 0.907233

145 0.039240 282.606 0.921247 145 0.036493 279.346 0.915947

150 0.039785 286.223 0.920854 150 0.037006 285.791 2.924582

800 kPa Absolute Pressure (Sat. Temp. = 32.7385°C) 820 kPa Absolute Pressure (Sat. Temp, = 35.1003°C)

Sat 0.021890 200.504 0.684525 Sat 0.020552 201.679 0.683851
is 0.022188 202.318 0.690046 35
40 0.022835 206.190 0.702074 40 0.021203 205.158 0.695734
45 0.023463 209. 886 0.7137%6 45 0.021817 208.773 0.707712
50 0.024075 213.551 0.725252 50 0.022408 212.509 0.719325
55 0.024671 217.191 0.736468 s5 0.022984 216.214 0.730676
60 0.025255 220.815 0.747457 60 0.023546 219.894 0.741804
€5 0.025827 224,422 0.758212 65 0.024096 223.550 0.752668
70 0.026388 228.018 0. 768765 70 0.024635 227.193 0.763331
75 0.026940 231,607 0.779171 75 0.025164 230.824 0.773803
80 0.027485 235,191 0.789390 80 0.025685 234,445 0. 784094
85 0.028022 238.771 0. 799455 85 0.026199 238.060 0.794240
%0 0.028553 242,349 0.B809385 90 0.026706 241.671 0.804242
95 0.029078 245.928 0.819188 95 0.027207 245.280 0.814098

100 0.029597 248,507 0.828871 100 0.027703 248.887 0.823833

105 0.030112 253.089 0.838407 105 0.028193 252,494 D.833428

110 0.030622 256.675 0.847835 110 0.028579 256.103 0.842910

115 0.031127 260.267 0.857142 115 0.029160 259.714 0.852242

120 0.031629 263,863 0.866297 120 0.029636 263.331 0.861485

125 0.032127 267.465 0.875442 125 0.030110 266.951 0.870619

130 0.032651 271.072 0.BBILTS 130 0.030580 270.577 0.879658

135 0.033138 274.687 0.893388 135 0.031047 274.209 0.888615

140 0.033602 278.309 0.902214 140 0.031512 277.846 0.897472

145 0.034089 281.938 0.910956 145 0.031973 281.489 0.906222

150 0.034573 285.391 0.919606 150 0.032433 285.139 0.914897

155 155 0.032847 288.798 0.923502

1€0 160 0.032015 292.465 0.932018

= — ——
900 kPa Absolute Pressure (Sat. Temp. = 37.3725°C) 950 kPa Absolute Pressure (Sat. Temp. = 39.5425°C)

Sat 0.019426 202.230 0.683202 Sat 0.018386 203.268 0.682595
5 40 0.018439 204.084 0.683730
40 0.019743 204.305 0.689656 45 0.019019 211.304 0.696022
45 0.020338 208.200 0.701804 50 0.019581 215.111 0. 708009
50 0.020914 211,975 0.713603 55 0.020124 216.579 0.719679
55 0.021472 215.715 0.725082 60 0.020653 218,466 0.731064
60 0.022016 219.424 D.736323 65 0.021166 222.205 0.742148
65 0.022545 223.108 0.747297 70 0.021568 225.921 0.753028
70 0.023065 226.774 0.758069 75 0.022160 229.618 0.763679
75 0.023574 230,426 0.768637 80 0.022643 233.300 0.774146
80 0.024075 234.068 0.779029 85 0.023118 236.970 0. 784455
8s 0.024568 237.701 0.789255 90 0.023586 240.632 0.794587
30 0.024934 241.328 0.799314 as 0.024047 244.287 0.8045356
95 0.025323 244,951 0.809217 100 0.024502 247.937 0.814408
100 0.026008 248.571 0.818995 105 0.024952 251.584 0.824096

105 0.026474 252.193 0.B28659 110 0.025397 255.228 0.833651

110 0.026912 255,812 0.838158 115 0.025837 258.875 0.843082

115 0.027397 259.436 0.847579 120 0.026273 262.522 0.852414

120 0.027855 263.063 0.856839 125 0.026705 266.172 0.861621

125 0.028307 266,693 0.866014 130 0.02713 269.824 0.870723

130 0.028755 270,327 0.875095 135 0.027560 273.481 0.879734

138 0.029290 273.967 7. BBL40TE 140 0.027982 277.142 0. BE86LL

140 0.029642 277.612 0.892960 145 0.028402 280.808 0.897451

145 0.030082 281.263 0.901742 159 0.028820 284.481 0.906172

150 0.030519 284.920 0.910432 155 0.029235 288.158 0.914812

155 0.030954 288.581 0.919049 160 0.029648 291,844 0.923365

160 0.031387 292,203 0.927569
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Table 4 Cont'd
1000 kPa Absolute Pressure (Sat. Temp. = 41.6278°C) 1100 kPa Absolute Pressure (Sat. Temp. = 45.6008° C)

t v h 3 ] v h ]

*c kg ki/kg kJ/kgk *C m kg kd/kg kd/kgK

Sac 0.017440 203.756 0.682032 Sat 0.015794 205.107 0.680937
40 40
&5 0.017817 206.405 0.690355 45 »

50 0.018370 210.316 0.702590 50 0.016254 208.587 0.691846
55 0.018%01 214,167 0.714422 55 0.016773 212.537 0.704180
60 0.019416 217.975 0.725952 60 0.017267 216,456 0.716005
65 0.019915 221.745 0.737181 65 0.017743 220,323 0.727522
7 0.020402 225.488 0.748142 70 0.018206 224,150 0.738743
75 0.020879 229.208 0.758894 5 0.018657 227.947 0.749723
80 0.021346 232,912 0.769470 80 0.019098 231.719 0. 760470
as 0.021805 236.602 0.779836 85 0.019530 235.470 0.771003
90 0.0222556 240.280 0.790019 90 0.019954 239.204 0.781351
95 0.022701 243,950 0.800067 95 0.020370 242.926 0.791534

100 0,023139 247.615 0.809973 100 0.020780 246.636 0.801550

105 0.023572 251.276 0.819716 105 0.021184 250. 340 0.811402

110 0.024000 254,933 0.829325 110 0.021583 254.037 0.821121

115 0.024423 258.590 0.838820 115 0.021976 257.7%0 0.830688

120 0.024841 262.249 0.848182 120 0.022365 261.421 0.840122

125 0.025256 265.908 0.857410 125 0.022750 265.112 0.849451

130 0.025667 269.571 0.B66554 130 0.023131 268.802 0.858656

135 0.026076 273.23% 0.875589 135 0.023509 272.494 0.867750

140 0.026481 276.906 0.884524 140 0.023384 276.189 0.876742

145 0.026883 280.580 0.893379 145 0.024256 279.887 0.885644

150 0.027283 2B4.259 0.902133 150 0.024625 283.589 0.894463

155 0.027680 287.944 0.909280 155 0.024992 287.295 0.903158

160 0.028075 291.635 0.904269 160 0.025357 291.005 0.911784

165 0.028468 295,334 0.926350 165 0.025719 294,723 0.920300

170 0.028859 299.039 0.936239 170 0.02607¢ 258,444 0.928749

1200 kPa Absolute Pressure (Sat. Temp, = 49.2978°C) 1300 kP Absolute Pressure (Sat. Temp. = 52.7810° C)

Sat 0.014424 205.505 0.679860 Sat 0.013238 207.385 0.678828
50 0.014495 206.249 0.681641 50
33 0.014997 211.400 0,694273 55 0.01344% 209.159 0.684470
60 0.015477 215.402 0.706513 60 0.013926 213.172 0.697233
65 0.015937 219.338 0.718323 &5 0.014376 217.27 0.709371
70 0.016382 223.229 0.729819 70 0.014807 221.303 0.721174
75 0.016814 2217.080 0.741028 75 0.015224 225.277 0.732647
80 0.017235 230.901 0.751967 80 0.015629 229.206 0.743815
85 0.017645 234,695 0.762691 85 0.016023 233.098 0.754746
90 0.018047 238.470 0.783181 90 0.016407 236.958 0. 765444
95 0.018441 242,228 0. 800968 95 0.016783 240,794 0. 775905

100 0.018828 245.970 0.793661 100 0.017151 264,607 0.786177

105 0.019209 249. 704 0.803656 105 0.017512 248.403 0.796282

110 0.019585 253,428 0.813484 110 0.017867 252.186 0.806218

115 0.019954 257.148 0.823123 115 0.018216 255.958 0.815999

120 0.020315% 260.862 0.832662 120 0.018561 259.721 0.825622

125 0.020679 264.573 0.842059 125 0.018901 263.478 0.835104

130 0.021036 268.254 0.851344 130 0.019237 267.231 0.8564454

135 0.021390 271.995 0.860507 135 0.019569 270.980 0.853690

140 0.021740 275.707 0. 869560 140 0.019898 274,727 0.862811

145 0.022087 279.420 0.B878516 145 0.020225 27B.475 0.871815

150 0.022431 283.137 0.887366 150 0.020548 282.224 0.880715

155 0.022773 286.857 0.896133 155 0.020868 285.974 0.889519

160 0.023112 290.581 0.904792 160 0.021186 289.725 0.898256

165 0.023449 294.310 0.913346 165 0.021501 293.481 0.906841

170 0.023784 298,046 0.921846 170 0.021815 297.238 0.915365

175 0.022127 301.001 0.923814
1400 kPa Absolute Pressure (Sat. Temp. = 56.07°C) 1500 kPa Absolute Pressure (Sat. Temp. = 59.2°C)

Sat 0.012229 208.036 0.677838 Sat 0.011336 209.194 0.676805
50 60 0.011410 209,441 0.678925
35 65 0.011854 213.864 0.691993
60 0.012597 211.985 0.688064 Fil 0.012274 218.165 0.704541
65 0.013040 216.181 0. 700640 75 0.012674 222,367 0.716651
70 0.013465 220.292 0.712793 80 0.013059 226.492 0.728361
75 0.013873 224.336 0. 724563 85 0.013429 230.555 0.739737
B0 0.014265 228.326 0. 736000 90 0.013788 234.566 0.750833
85 0.014646 232.271 0.747130 95 0.014124 238,534 0.761667
80 0.015017 236.178 0.758004 100 0.014441 242,468 0.772246
95 0.015378 240.055 0.768656 105 0.014810 246,372 0.782606

100 0.015730 243,906 0.773084 110 0.015135 250.253 0.792795

105 0.016076 247,737 0.789332 115 0.015454 254.111 0.802795

110 0.016415 251.551 0.799384 120 0.015768 257.954 0.812603

115 0.016748 255.350 0.809247 125 0.016076 261.784 0.822265

120 0.017076 259.139 0.818967 130 0.016380 265.606 0.831774

125 0.017398 262.919 0.828526 135 0.016680 269.418 0.8B41157

130 0.017717 266.694 0.837962 140 0.016976 273.224 0.850423

135 0.018033 270.464 0.847275 145 0.017269 277.026 0.859558

140 0.018344 274,231 0.856472 150 0.017559 280.823 0.868575

145 0.018653 277.996 0.B65552 155 0.017846 284.620 0.877513

150 0.018958 281,761 0.874508 150 0.018131 288,416 0.886321

155 0.019260 285.527 0.883367 165 0.018412 292.211 0.895021

160 0.019561 289.293 0.892120 170 0.018692 296.008 0.903616

165 0.019858 293.061 0.900793 175 0.018969 299.807 D.912114

170 0.020153 296.831 0.909336

175 0.020446 300,606 0.917801
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Table 4 Cont'd
1600 kPa Absolute Pressure (Sai. Temp. = 61.15°C) 1760 kPa Absolute Pressure (Sat. Temp. = 65.0065°C)
f v h 5 1 v k f]

°C m*/kg kl/kg kJ/kgK =C m' kg kd/kg kJ/kgk

Sat 0.010559 209.789 0.675748 Sat 0.009855 210.452 0.674685
60 60
65 0.010810 211.570 0.683341 65
70 0.011231 216.590 0.696344 70 0.010263 214.964 0.687818
75 0.011629 221.095 n.708849 75 0.010672 219.482 0.700968
80 0.012009 225.319 0.724893 80 0.011055 223.862 0.713497
85 0.012373 229,462 0.735878 85 0.011415 228.116 0.725457
90 0.012724 233,544 0.743873 90 0.011760 232.290 0.737039
95 0.013064 237.577 0.754912 95 0.012032 236.401 0.748292

100 0.013394 241,566 0.765671 100 0.012414 240.461 0.759248

105 0.013715 245.520 0.776184 105 0.012727 244.476 0.769933

110 0.014030 248,444 0. 786509 110 0.013032 248.455 0.780395

115 0.014337 253.341 0. 796624 115 0.013329 252.402 0.790631

- 120 0.014638 257.220 0.806537 120 0.013619 256.325 0.800666

125 0.014934 261.082 0.816290 125 0.013905 260.228 0.810519

130 0.015226 264.933 0.825894 130 0.014185 264.115 0.82170&

135 0.015513 268.772 0.835367 135 0.014461 267.988 0.831011

140 0.015796 272.604 0.844T084 140 0.014733 271.851 0.839179

145 D.016076 276.429 0.853901 145 0.015002 275.705 0.848448

150 0.016353 280.248 0.862985 150 0.015267 279.551 0.857606

155 0.016627 284,066 0.871962 155 0.015529 283.393 0.866624

160 0.016898 287.880 0. 880825 160 0.015788 287.230 0.875541

165 0.017166 291.693 0.889575 165 0.016057 291,065 0.884346

170 0.017433 295.506 0.898224 170 0.016301 293.648 0.893039

175 0.017696 299.320 0.906773 175 0.016550 298.262 0.901640

1800 kPa Absolute Pressure (Sat. Temp. = §7.5555°C) 2000 kPa Absolute Pressure (Sat. Temp. = 72.8572°C)

Sat 0.009257 211.006 0.673701 Sat 0.008145 211.957 0.671245
70 0.009456 213.287 0.680306 70
75 0.009862 217.951 0.693816 5 0.008322 214.093 0.677384
80 0.010244 222.4861 0. 706684 80 0.008712 218.961 0.691267
85 0.010602 226.827 0.718960 85 0.009076 223.657 0. 704479
90 0.010942 231.094 0. 730800 90 0.009417 228.192 0.717054
95 0.011270 235.284 0.742256 95 0.009740 232.604 0.729126

100 0.011586 239.413 0.753409 100 0.010049 236.920 0.740784

105 0.011891 243,488 0.764266 105 0.010344 241,156 0,752054

110 0.012188 247.522 0. 774854 110 0.010630 245.329 0.763039

115 0.012477 251.516 0.777680 115 0.010906 249.446 0.773704

120 0.012760 255,483 0.793703 120 0.011174 253,521 0.784117

125 0.013036 259.426 0.805338 12% 0.011436 257.560 0.794323

130 0.013307 263,348 0.815123 130 0.011692 261.571 0.804341

135 0.013574 267.254 0.824740 135 0.011942 265.557 0.814164

140 0.013837 271.146 0.834206 140 0.012188 269.522 0.823819

145 0.014095 275.027 0.843551 145 0.012430 273,470 0.833321

150 0.014351 278.899 0.852779 150 0.012668 277.403 0.B842660

155 0.014603 282,764 0.861848 155 0.012902 | 281.324 0.851893

160 0.014852 286.622 0.870816 160 0.013134 285.236 0.860974

165 0.015098 290.479 0.879671 165 0.013362 289.138 0.869942

170 0.015342 294,331 0.888392 170 0.013588 293.036 0.878777

175 0.015583 298.181 0.897038 175 ' 0.013811 296.929 0.887507

180 0.015823 302.031 0.905592 180 0.014032 300.819 0.896123

185 0.016061 305,882 0,914045 185 0.014251 304. 705 0.908352

190 0.016296 309.734 0.922398 190 0.014467 308.591 0.917539

195 0.016530 313.586 0.930662 195 0.014683 312.477 0.921448

1200 kPs Absolute Pressure (Sat. Temp. = 77.7833°C) 2400 kPa Absolute Pressure (Sat. Temp, = 82.07°C)

Sat 0.007210 212.627 0.668593 Sat 0.006477 212,949 0.665803
70 85 0.006711 216.209 0.674509
75 90 0.007089 204.978 0.689855
BO 0.007390 214,989 0.675283 95 0.007431 197.587 0.703736
85 0.007773 220,135 0.689757 100 0.007745 231.511 0.716805
%0 0.008124 225.025 0.703318 105 0.008038 236,174 0.729223
95 0.008451 229,718 0.716142 110 0.008316 240.703 0.741125

100 0.008758 234.262 0,728414 115 0.008579 245.118 0.752574

105 0.009049 238.691 0. 740200 120 0.008832 249.452 0.763668

110 0.009328 243.028 0.751617 125 0.009077 253.720 0.776547

115 0.009595 247,282 0.762809 130 0.009313 257.934 0.784959

120 0.009853 251.480 0.773431 135 0.009543 262.603 0.795232

125 0.010104 255.629 0.783864 140 0.00%767 266.706 0.805292

130 0.010349 259.738 0.794113 145 0.009986 270.780 0.815150

135 0.010587 263.811 0.804162 150 0.010200 274,827 0.824817

140 0.010820 267,855 0.814009 155 0.010411 278. 852 0.834324

145 0.011048 271,875 0.823681 160 2.0106817 282.859 0.843677

150 0.011272 275.875 0.833210 165 0.010820 286.851 0.852864

155 0.011493 279.857 0.842572 1m0 0.011020 290.828 0.861917

160 0.011710 283.824 0.851766 175 0.011217 294.797 0.870865

165 0.011924 287.17% 0.860847 180 0.011412 298.757 0.879678

170 0.012134 291.724 0.869794 185 0.011604 302.710 0.888368

175 0.012343 295.660 0.878637 190 0.011794 306.658 0.896958

180 0.012549 299.590 0.887354 195 n.011982 310.601 0.905452

185 0.012752 303.516 0.895958

190 0.012954 307.438 0.904478

195 0.013154 311.359 0.908334

2322000000000 0002000000000
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Table 4 Cont’d

2600 kPa Absolute Pressure (Sat. Temp, = 86.265°C)

2800 kP Absolute Pressure (Sat. Temp. = 89.405°C)

t v h i f v h s

°C m'/kg kd/kg kl/kgK *C o kg ki/kg kJ/kgK
Sat 0.005812 213.020 0.662527 Sat 0.005343 212,860 0.659633

85 85

90 0.006109 217.433 0.674704 90 0.005394 213,636 0.661768
95 0.006488 223,145 0.690376 95 0.005803 219.930 0.678993
100 0.006818 228.957 0.704547 100 0.006157 225.644 0.694409
105 0.007120 228.889 0.717783 105 0.006472 230.939 0.708535
110 0.007401 237.874 0,730361 110 0.006760 235.957 0.721723
115 0.007664 242.507 0.742269 115 0.007025 240.755 0.734158
120 0.007915 2647.024 0.753776 120 0.007276 245.510 0.746057
125 0.008155 251,449 0.764933 125 0.007514 249.949 0.757508
130 0.008386 255.798 0.775765 130 0.007743 254,397 0.768624
135 0.008609 260,085 0.786292 135 0.007964 258.769 0.779397
140 0.008826 264.319 0.796570 140 0.008176 263.077 0.789885
145 0.009037 268,508 0.806646 145 0.008383 267.332 0.800147
150 0.009244 272.662 0.816515 150 0.008584 271.543 0.810157
155 0.009446 276.783 0.826166 155 0.008780 275.718 0.819967
160 0.009643 280.877 0.835683 160 0.008972 279.861 0.829576
165 0.009837 284.947 0.844979 165 0.009159 283.972 0.839034
170 0.010027 288.998 0.854267 170 0.009343 288.063 0.848291
175 0.010214 293.033 0.862396 175 0.009524 292,134 0.857435
180 0.010399 207,056 0.871642 180 0.009703 296,189 0.B664L2EB
185 0.010582 301.067 0.880926 185 0.009878 300.231 0.875296
190 0 010762 305.069 0.889596 190 0.010052 304,260 0. BBL0LE
195 0.010940 309.063 0.898155 195 0.010223 308.280 0.892675
200 0.011115 313.050 0.906635 200 0.010382 312,292 0.901204
205 0.011280 317,033 0.915011 205 0.01055¢ 316,298 0.909632
210 0.011463 321.010 0.923264 210 0.010725 320.398 0.917960

3000 kP Absolute Pressure (Sat. Temp. 93.73°C) 3500 kPa Absolute Pressure (Sat. Temp. 101.72°C)
Satur 0.004758 211,562 0.653194 0 0.003678 209.164 0.641295

95 0.004857 213,149 0.657479 95 0.000000 0.000 0.000000
100 0.005243 219,397 D.674354 100 0.000000 0.000 0.000000
105 0.005624 225.619 0.691110 105 0.00399% 214.892 0.656431
110 0.005959 231.629 0.706905 110 0.004481 223.629 0.679520
115 0.006247 237.002 0.720821 115 0.004808 230.067 0.696175
120 0.006500 262.072 0.733790 120 0.005095 235.903 0.711122
125 0.006751 246.925 0. 746054 125 0.005351 241.345 0.724889
130 0.006936 251.627 0.757792 130 0.005587 246.510 0.737776
135 0.007207 256.206 0.769077 135 0.005807 251.472 0.750005
140 0.007415 260.689 0.7799%4 140 0.006013 256.276 0.761716
145 0.007621 265.093 0.790608 145 0.006213 260.956 0.772983
150 0.007818 269,434 0.800925 150 0.006402 265.536 0.783864
155 0.008009 273.722 0.810998 155 0.006584 270.035 0.794423
160 0.0081%6 277.965 0.820858 160 0.006760 274.462 0.804748
165 0.008377 282,166 0.830501 165 0.006931 278.829 0.814734
170 0.008554 286.337 0.839955 170 0.007096 283.147 0.824552
175 0.008729 290.481 0.849257 175 0.007258 287.427 0.834144
180 0.008900 294,603 0.858395 180 0.007416 291.673 0.843551
185 0.009068 298,706 0.867401 185 0.007572 295.888 0.852813
190 0.009234 302.792 0.876278 190 0.007724 300.078 0.861923
195 0.009398 306.864 0.885022 195 0.007873 304.247 0.870690
200 0.009559 310.924 0.893653 200 0.008020 308.396 0.879198
205 0.00971% 314,975 0.902173 205 0.008165 312.529 0.888388
210 0.009876 319.017 0.910579 210 0.008308 316.649 0.896942
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Table § — Refrigerant 22 (Monochlorodifluoromethane) Properties of Liquid and Saturated Vapour

Volume Density Eathalpy Enthalpy Entropy Entropy
Absolute Vapor Liquid Liquid Vapor Liquid Vapor
Temperature Pressure vy 1w hy ke 3 i

FfC kPa w/kg ky/m kJ/kg kJ/kg kJ/kgK ki/kgK
-100 2.115 8.158736 1570.793 -59.370 204,114 -0.293245 1.228688
=95 3.263 5,332247 1558. 191 -54.658 206.544 -0.266382 1.199891
-390 4.899 3.580619 1545.461 -49.923 208.987 -0.240156 1.173439
-85 7.287 2.508830 1532.587 -45,154 211,441 ~0.214495 1.149361
-80 10.566 1.788536 1519.585 -40.346 213,902 -0.189336 1.127158
-75 14.971 1,296985 1506. 443 =35.496 216.362 =0. 164363 1.106714
-4 15.910 1.209235 1503.808 -34.524 216.854 -0.159627 1.102712
-73 16.911 1,128055 1501. 162 -33.550 217.346 -0.154715 1.098776
-712 18.053 1.061176 1498.498 -32.572 217.837 -0. 149855 1.094986
-71 19.256 0.998897 1495,842 -31.590 218.327 -0. 144994 1.091264
-70 20.524 0.940914 1493.161 -30.606 218.819 =0. 140133 1.087609
-69 21.868 0.887314 1490.494 -29.622 219.309 ~0.135310 1.083992
-68 23.284 0.837259 1487.801 -28.634 219,801 -0.130486 1.080441
-67 24,772 0, 790488 1485.116 =27.644 220.290 -0.125663 1.076958
-66 26.336 0.746776 1482.416 ~26.651 220.779 -0.120865 1.073516
-85 27.379 0.705873 1479.713 -25.657 221,267 -0.116079 1.070129
-64 29.704 0.667592 1477.005 -24,661 221,756 -0.111311 1.066809
-63 31.514 0.631763 1476.285 -23.662 222.245 -0.106563 1.063543
-62 33.411 0.598181 1471.568 =22.660 222.731 =0, 101815 1.060311
-61 35.399 0.566691 1468.829 -21.657 223.218 -0.097071 1.057117
-60 37.482 0.537149 1466.090 -20.650 223,704 -0.092361 1.053989
-59 39.674 0.509629 1463.351 -19.643 224.188 -0.087651 1.050899
-58 41.969 0.483768 1460.599 -18.633 224.671 =0.082941 1.047876
-57 44.367 0.459447 1457.834 -17.618 225.155 ~0.078260 1.044862
-56 46.874 0.436563 1455.066 -16.153 225.637 ~0.073587 1.041923
-55 49.493 0.415021 1452.298 -15.190 226.118 -0.068915 1.039021
=54 52,227 0.394733 1449.517 ~14.564 226.599 -0.064243 1.036153
-53 55.080 0.375617 1446.720 -13.540 227,078 -0.059583 1.033340
-52 58.056 0.357597 1443.923 -12.515 227.557 -0.034948 1.030560
-51 61.158 0.340598 1441,125 -11.485 228.034 -0.050317 1.027813
-50 64.389 0.324557 1438.314 -10.455 228.509 =0.045720 1.025100
-49 67.771 0.309516 1435.488 -9.421 228.985 -0.041085 1.022462
-48 71.292 0.295294 1432.662 -8.383 229.458 -0.036484 1.019858
-47 74.959 0.281848 1429.825 -7.345 229,931 -0.031887 1.017258
-46 78.771 0.269129 1426.976 -6, 304 230.401 -0.027315 1.014708
-45 82.730 0.257091 1424.121 -5.260 230.872 ' =0.022755 1.012205
-44 86.846 0.245689 1421.260 -4.214 231,341 -0.018179 1.009735
-43 91.124 0.234888 1418, 387 -3.164 231.807 -0.013607 1.007298
-42 95.560 0.224656 1415.503 -2.112 232.272 -0.009077 1.004895
-41 100.168 0.214953 1412.618 -1.057 232,736 -0.004522 1.002521
-40 104.952 0.205744 1409, 721 —— 233.199 —_— 1.000147
-39 109.929 0.197063 1406.823 1.059 233,659 0.004522 0.997848
-38 115.087 . 0.188817 1403.900 2,122 234,118 0.009044 0.995583
-37 120.433 0.180984 1400.973 3.189 234.575 0.013536 0.993322
=36 125.974 0.173537 1398.037 4.258 235.031 0.018045 0.991112
-35 131.711 0. 197669 1395.096 5.329 235.485 0.022546 0.988926
-34 137.643 0.197174 1392.142 6.403 235.937 0.027013 0.986757
-33 143,780 0.153304 1389.172 7.479 236,388 0.031472 0.984622
-32 150.131 0.147198 1386.199 8.558 236.836 0.035948 0.982520
-31 156.693 0.141383 1383.215 9.641 237.284 0.040399 0.980452
-30 163.482 0.135843 1380.231 10.725 237.727 0,044883 0.978417
=29 170.518 0. 130596 1377.218 11.814 238.169 0.049291 0.976382
-28 177.781 0.125588 1374.205 12.904 238.611 0.053734 0.974381
-27 185.285 0.120806 1371.180 13.998 239,049 0.058180 0.972413
-26 193,027 0.116246 1368. 143 15.094 239,485 0.062601 0.970479
-25 201.017 0.111890 1365.093 16.193 239.920 0.067010 0.968557
-24 209.257 0.107728 1362.031 17.293 240.351 0.071419 0.966652
-23 217.752 0.103754 1358.960 18.398 240, 780 0.075815 0.964768
-22 226.511 0.099953 1355.883 19.506 241,209 0.080194 0.962901
-21 235,530 0.096323 1352.783 20.616 241,633 0.084599 0.961092
=20 244,826 0.092862 1349.684 21.727 242,056 0.088970 0.959283
-19 254,432 0.089535 1346.570 22.843 242,477 0.093341 0.957475
-18 264,324 0.086369 1343.443 23.963 242,894 0.097712 0.955699
-17 274,504 0.083336 1340.292 25.084 243,309 0.102054 0.953958
~16 284.974 0.080430 1337.135 26.209 243,722 0.106387 0.952224
-15 292.689 0.077645 1333.969 27.33 244.133 0.110741 0.950512
-14 298,149 0.074975 1330.791 28.466 244,542 0.115096 0.948833
-13 309,448 0.072413 1327.600 29.598 244.946 0.119416 0.947175
-12 329.917 0.069956 1324.397 30.733 245.348 0.123720 0.945517
-11 341.946 0.067601 1321.179 31.872 245.748 0.128050 0.943863
-10 354.301 0.065337 1317.935 33,013 246,145 0.132345 0.942243
-9 367.028 0.063180 1316.691 34.156 246.539 0.136641 0.940660
-8 380.097 0.061104 1324.249 35.305 247.275 0.140937 0.939078
-7 393.513 0.059110 1312.960 36.454 247.746 0.145232 0.937495
-6 407.280 0.057193 1304.857 37.607 248.127 0.149528 0.935938
-5 421,404 0.055350 1301.548 38.764 248.506 0.153803 0.934393
-4 . 435,892 0.053578 1298.226 39.923 ° 248,716 0.158077 0.932865
-3 450 750 0.051874 1296.891 41.084 248. 840 0.162373 0.931357
-2 465,979 0.050234 1291.540 42.248 249,214 0. 166652 0.929858
-1 481.591 0.048655 1288. 166 43.415 249.584 0.170872 0.528389
0 497.588 0.047135 1284.793 44,587 249.951 0.175093 0.926919
1 514.026 0.045679 1281.390 45.760 250,313 0.179351 0.925450
2 530.866 0.044275 1277.962 46,937 250.673 0.183575 0.924014
3 548.114 0.042923 1274.531 48.118 251.030 0.187825 0.922582
4 565.770 0.041620 1271.081 49,301 251.383 0.192058 0.921150
5 583.845 0.040363 1267.605 50.487 251.732 0.196278 0.919739
6 602. 344 0.039151 1264.110 51.676 252.078 0.200482 0.918345
7 621.272 0.037981 1260.602 52.869 252.420 0.204677 0.916963
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Table § Cont'd
Volume Denalty Enthalpy Enthalpy Entropy Entropy
Absatute Vapor Liquid Liquid Vapor Liquid Vapor
Temperature Pressure Ve ”"f k; . .. 5 5

rc kPa m kg kg/m? kijkg kl/kg kJ/kgK kJ/kgK
8 640.637 0.036853 1257.078 54.064 252.831 0.212648 0.915598
9 660,445 0.035764 1253.530 55.262 253.419 0.213113 0.914208
10 680.699 0.034714 1249.969 56.464 253.426 0.217296 0.912852
11 701.443 0.033703 1246.379 57.670 253.752 0.221478 0.911533
12 722.667 0.032727 1242,776 58.879 254,075 0.225661 0.910180
13 T44.386 0.031784 1239.150 60.091 254.453 0.229844 0.908853
14 766.559 0.030873 1235.498 61.306 254.742 0.234026 0.507534
15 789.208 0.029992 1231.828 62.524 255.019 0.238209 0.906215
16 812.354 0.029140 1228.132 63.747 255.326 0.242375 0.904897
17 835.996 0.028317 1224.413 64.973 255.628 0.246532 0.503590
18 860,107 0.027520 1220.68% 66.202 255,926 0.250707 0.902309
19 BBL.ELE 0.026768 1216.918 67.434 256.219 0.254852 0.501028
20 909,901 0.026190 1213.126 68.671 256.508 0.258996 0.899747
21 935.653 0.025471 1209.320 69,912 256,792 0.263141 0. 898466
22 961.956 0.024625 1205.476 71.155 257.071 0.267286 0.897185
23 988.763 0.023914 1201.615 72.404 257,345 0.271431 0.895903
24 1016.108 0.023260 1197.732 73.656 257.614 0.275576 0.894547
25 1044.004 0.022627 1193.816 74,911 257.879 0.279721 0.893383
26 1072.452 0.022014 1189.867 76.170 258.138 0.283866 0.892118
27 1101.451 0.021420 1185.893 77.434 258,391 0.288011 0.890875
28 1131.016 0.020843 1181.893 78.702 258.639 0.292148 0.889632
29 1161.181 0.020284 1177.866 79.975 258.883 0.296259 0.888384
0 1191.897 0.019742 1173.801 81.250 259,120 0. 300404 0.887103
i 1223.295 0.019217 1169.706 82.531 259,352 0.304549 0.885859
a2 1255.246 0.018708 1165.587 83.818 259.577 0. 308660 0.884616
33 1287.844 0.01821¢ 1161.430 85.107 259,796 0.312797 0.883372
k13 1321.063 0.017736 1157.235 86.402 260,010 0.316917 0.882129
35 1354.889 0.017271 1153.009 87.702 260.216 0.321045 0.880885
36 1389.321 0.016818 1148.751 89,006 260.417 0.325173 0.879625
37 1424,381 0.016380 1144.455 90.315 260.611 0.329293 0.878356
38 1460, 103 0.015953 1140.120 91.628 260.798 0.333438 0.877113
39 1496.486 0.015538 1135.746 92.948 260.979 0.337579 0.875865
40 1533.532 0.015135 1131.320 94.273 261.150 0.341686 0.874584
41 1571.260 0.014745 1126.865 95.605 261.316 0.345831 0.873303
42 1626.253 0.014365 1122.372 96.940 261.472 0.349976 0.872022
43 1655.024 0.013995 1117.829 58.282 261.622 0.354121 0.870741
44 1688.636 0.013636 1113.235 99.630 261.763 0.358266 0.869459
45 1729.136 0.013286 1108.598 100.984 261.897 0.362411 0.868157
46 1770.325 0.012945 1103.915 102.344 262.021 0.366556 0. 866855
47 1812.232 0.012613 1095.182 103.711 262.136 0.370713 0.865562
48 1854.855 0.012291 1094.401 105.084 262.245 0.374888 0.864234
49 1898.202 0.011976 1089.576 106. 464 262.342 0.379037 0.862882
50 1942,322 0.011669 1084.674 107.852 262.430 0.383219 0.861563
51 1987.248 0.011372 1079.729 109,247 262.505 0.387402 0.860207
52 2032.947 0.011082 1074.720 110.650 262,571 0.391585 0.858817
53 2079.369 0.010798 1069.647 112.061 262.628 0.395797 0.857422
54 2126.591 0.010522 1064.510 113.480 262.672 0.399992 0.856028
55 2174.572 0.010253 1059.309 114.907 262.705 0.404216 0.854613
56 2223.325 0.009990 1054.044 116.344 262.726 0.408457 0.853164
57 2272.905 0.009734 1048.709 117.789 262,734 0,4126%0 0.851695
58 2323.312 0.009484 1043.295 119.242 262,729 0.416948 0.850216
59 2374.561 0.009240 1037.794 120.707 262.712 0.421210 0.848710
60 2426.541 0.009001 1032.230 122.181 262.679 0.425506 0.847202
61 2479.534 0.008768 1026.564 123.667 262.630 0.429802 0.845657
62 2533.354 0.008541 1020.808 125.241 262.567 0.434098 0.844112
63 25B88.050 0.008318 1014.963 126,703 262,486 0.438452 0.84£2480
64 2643.629 0.008101 1009.019 128.197 262.389 0.442798 0.840822
65 2606.%42 0.007888 1002.972 129,732 262,275 0.447173 0, 839143
66 2645.629 0.007680 996,816 131.281 262. 141 0.451582 0.837430
67 2815.612 0.007476 990.545 132.844 261.987 0.456003 0.835672
68 2874.783 0.007277 984,158 134,421 261.812 0.460458 0.833853
69 2934.850 0.007081 977.652 136.015 261.617 0.464946 0.832046
70 2995.910 0.006889 970.991 137.625 261,399 0.469468 0.830162
71 3058.025 0.006701 964.186 139,258 261.152 0.474027 0.828203
72 3121.077 0.006517 957.215 140,908 260.879 0.478620 0.826210
73 3185.116 0.006336 950.089 142,579 260.578 0.483276 0.824154
74 3250.147 0.006159 942.779 144,273 260.247 0.487973 0.822031
75 3316.206 0.005984 935.286 145.991 259.884 0.492705 0.819841
76 3383.312 0.005812 927.587 147,735 259,486 0,497486 0,817568
77 3451.467 0.005643 919,658 149.506 259.051 0.502334 0.815184
78 3520.670 0.005478 911.495 151.307 258,575 0.507258 0.812728
79 3590.927 0.005311 903.082 153.143 258,054 0.512274 0.810187
80 3662.288 0.005149 894,375 155.012 257.487 0.517323 0.807511
81 3734.890 0.004988 885.307 156.928 256.861 0.522523 0.804585
82 3808.650 0.004829 875.893 158.890 256.174 0.527824 0.801725
83 3883.568 D.004671 866.077 160,901 255.420 0.533225 0.798631
84 3859.687 0.004515 855.802 162.970 254,591 0.538776 0.795328
a5 4037.018 0.004358 845,022 165,105 253.677 0.54L4495 0.791811
86 4115.563 0.004202 833.652 167.314 252,665 0.550399 0.788059
87 4195, 342 0.004045 821.590 169.609 251.540 0.556516 0.784015
88 4276.404 0.003887 808,727 172.009 250.280 0.562884 0.779619
89 4358.790 0.003727 794.895 174.531 248,859 0.569566 0.774812
90 4662,499 0.003564 779.859 177.205 247,243 0.576650 0.769537
91 4527.821 0.003217 763,035 180,102 245,330 0.584337 0.763432
92 4633.633 0.003178 761.165 183.278 243,050 0.592728 0.756424
93 4702.748 0.003027 746.140 186.858 240,226 0.602173 0.7467954
94 4792.477 0.002809 724.256 191,111 236,470 0.613427 0.736989
95 4883.763 0.002526 697.180 196.942 230,426 0.628923 0.719902
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Table 6 — Refrigerant 22 (Monochlorodifluoromethane) Properties of Superheated Vapor

10 kP Absolute Pressure (Sat. Temp. = ~81.282°C)

20 kPs Absolute Pressure (Sat. Temp. = —65.888°C)

i v ] 5 t v L 5
°C m¥kg kJ/kg kJ/kgK 'c m? kg ki kg kJ/kgK
Sat 2.043852 213.252 1. 133510 Sat 0.934172 218.880 1.087149
=80 2.060638 212.160 1.136981 -80
=75 2.126083 216.204 1.150511 =75
=70 2.184356 219,328 1.163611 =70
-65 2.239007 222.013 1.176891 =65 0.959252 221.536 1.099964
-60 2.293609 224,727 1.189796 60 0.98289: 224.271 1.112990
=33 2,348164 227.471 1.202542 =55 1.00483¢4 227.039 1,125852
-50 2.402674 230.246 1.215162 =50 1.028775 229.837 1.138546
=45 2.457158 233.051 1.227631 ~45 1.052479 232.662 1.151077
=40 2.511619 235.885 1.239932 =40 1.076133 235.518 1. 163474
=35 2.566024 238.753 1.252120 =35 1.099787 238,405 1.175683
=30 2.620401 241.651 1.264174 =30 1.123391 241.319 1.187791
=25 2.674776 244.578 1.276094 =15 1.146989 244,264 1.199770
=20 2.729112 247,536 1.287894 -20 1.170549 247.235 1.211614
=15 2.783416 250.522 1.299586 =15 1.194091 250.236 1,223346
-10 2.837720 253.537 1.311177 -10 1.217608 253.265 1.234977
=5 2.891196 256,583 1.322657 -3 1.241093 256.322 1.246495
0 2.944079 259,657 1.334015 0 1.264578 259,409 1.257896
5 3.000512 262,759 1.345289 5 1.288058 262.523 1.269212
10 3.054748 265.891 1.356480 10 1.311487 265.665 1.280328
15 3. 108984 269.054 1.367538 15 1.334972 268.839 1.291520
20 3.163193 272.247 1.378528 20 1.358408 272.040 1.302544
25 3.217399 275.468 1. 389428 15 1.381793 275.270 1. 313459
30 3.271588 278.717 1. 400246 30 1.405204 278.527 1.324273
35 3.325768 281,994 1.410967 kL 1.428539 281.B11 1.335008
40 1.451900 285,122 1. 345676
45 1.475366 288.461 1.336265
50 1.498771 291.828 1.366761
30 kPs Absolute Pressure (Sat. Temp. = —63.895°C) 40 kPa Absolute Pressure (Sat. Temp. = -58.861°C)
Sat 0.667614 221.153 1.066567 Sat 0.508011 224,262 1.050600
-80 =55 0.517902 226.404 1.060615
=75 =50 0.530653 229.216 1.073521
=70 =45 0.543205 232.075 1.086191
=65 -40 0.555712 234,959 1.098694
=60 0.681028 223.743 1.076731 =35 0.568200 237.876 1.111046
=55 0.£98073 226.871 1.089690 =30 0.580648 240.818 1.123264
=50 0.714778 229.630 1. 102484 -25 0.593082 243,786 1.135324
-45 0.731469 232.468 1.115057 =20 0.605483 246.782 1. 147264
=40 0.748093 235.332 1.127481 =15 0.617866 249,804 1.159080
=15 0.764700 238.229 1.139778 =10 0.630232 252.4853 1.170779
=30 0.795985 241.152 1.151941 -5 0.642581 255.931 1.182368
-25 0.B16187 244.105 1.163871 0 0.654320 259.0356 1.193834
-20 0.832687 247.085 1.175866 5 0.667237 262, 168 1.205194
=15 0.843095 250.093 1.187641 0 0.679504 265.323 1.216461
-10 0.858346 253.128 1.19929% 15 0.691806 268.514 1.227607
=5 0.882087 256.192 1.210843 20 0.704077 271.728 1.238660
o 0.894873 259.284 1.222283 25 0. 718335 274.970 1.249612
5 0.896697 262,405 1.233614 30 0.728591 278.240 1.260485
10 0.,913116 265,551 1.244856 35 0.740822 281.537 1.271267
15 0.929516 268.731 1.255972 40 0.753034 284.859 1.281955
20 0.945932 271,937 1.266999 45 0.765260 288B.208 1.292558
25 0.962308 275,171 1.277947 50 0.777503 291.583 1.303086
30 0.978671 278,431 1.288783
35 0.995033 281,719 1.299537
4“0 1.011396 285.035 1.310225
45 1.027739 288.377 1.320822
50 1.044109 291,747 1.331321
50 kPa Absolute Pressure (Sat. Temp. = —54.8147°C) 60 kPa Absolute Pressure (Sat. Temp. = —51.348°C)
Sat 0.412014 225.900 1.038547 Sat 0.347523 227,420 1.028900
=55 =55
=50 0.421853 228.840 1.050929 =50 0.349853 228.287 1.032376
-45 0.432057 231.876 1.063755 =45 0.358493 231.478 1.045269
=40 0.642143 234,773 1.076321 -40 0.366967 234,394 1.057919
=35 0.452192 237.698 1.088728 =35 0.37540% 237.340 1.070406
=30 0.462213 240,648 1.101001 =30 0.382770 240,309 1.082713
=25 0.472207 263.625 1.113110 -25 ©.391813 243,303 1.094892
=20 0.482178 246.629 1.125096 =20 0. 400565 246.323 1. 106922
~15 0.492128 249,660 1.136963 =15 0.408907 249.368 1.118816
-10 0.503926 252.717 1. 148699 =10 0.417225 252.439 1.130593
=5 0.515237 255.800 1.160312 =5 0.425525 255,536 1.142251
0 0.521860 258,909 1.171819 o] 0.433810 258,658 1.153785
5 0.531738 262.046 1.183229 5 0.442079 261.808 1.165223
10 0.541604 265.209 1.194505 10 0.450330 264.981 1.176528
15 0.551450 268. 404 1.205687 15 0.458568 268. 184 1.187734
20 0.561292 271.624 1.216752 20 0.466796 271.415 1.198827
25 0.574390 274.871 1.227736 25 0.475011 274,671 1,209817
30 0.582020 278,145 1.238632 30 0.483213 277.953 1.220732
35 0.596180 281.465 1.249426 35 0.491409 281,261 1.231553
40 0.600529 284.771 1.260136 L0 0.499595 284.594 1.242279
45 0.510317 28B.123 1.270768 45 0.5077171 287.954 1.252921
50 0.620102 291.502 1.281302 50 0.515340 291,341 1.263481
55 0.629858 294.907 1.291769 55 0.524106 294,752 1.273972
60 0.639650 298.339 1.302170 &0 0.532259 298.190 1.284372
65 0.649398 301.799 1.312466 65 0.540407 301.656 1.294697
70 0.659144 305.285 1.322687 70 0.548461 305. 147 1.304921
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Table 6 Cont'd

B0 kPa Absolute Pressure (Sat. Temp. = ~45.72°C)

100 kPa Absolute Pressure (Sat. Temp, = ~41.89°C)

h

v ] v h 5
°c m/kg kJ/kg kI/kgK °C m!/kg kJ/kg kJ/kgK
Sat 0.265519 230.545 1.013941 Sat 0.215474 233.052 1.002625
45 0.266461 230.962 1.015795 =45
=40 0.272933 233,822 1.028531 =40 0.216595 233,243 1.005290
=35 0.279366 236.739 1.041102 -35 0.221827 236.249 1.018008
=30 0.285769 239.796 1.053539 =30 0.227029 239.276 1.030558
-25 0.292143 242.817 1.065812 ~25 0.232204 242.324 1.042940
=20 0.298492 245,861 1.077943 =20 0,237351 245.384 1.055168
=15 0.304819 248.928 1.089940 -15 0.252589 248,485 1.067256
-10 0.311126 252.021 1.101793 =10 0.247714 251.600 1.079201
-5 0.317415 255.138 1.113507 =5 0.252658 254,737 1.0890995
0 0.323688 258.278 1.125110 0 0.257724 257.896 1.102655
5 0.329943 261.445 1.136609 5 0.262775 261.081 1.114224
10 0.336204 264.637 1.147974 10 0.267811 264,288 1.125641
15 0.342406 267.855 1.159218 15 0.272829 267.522 1.136927
20 0.348616 271.033 1.170368 20 0.277833 270.783 1.148129
25 0.354817 274,050 1.181419 25 0.282829 274.066 1.159218
30 0.361007 277.496 1.192379 30 0.287813 277,373 1.170214
35 0.357185 280.984 1.203236 35 0.292788 280.705 1.182171
40 0.373356 284.329 1.213992 40 0.297753 284,062 1.193193
45 0.379518 287.699 1.225668 45 0.302708 287.444 1.202641
50 0.385673 291,098 1.235269 50 0.307657 290.850 1.213251
55 0.391820 294.516 1.245772 55 0.312597 294,280 1.223791
60 0.397961 297.964 1.256195 60 0.317531 297.736 1.234248
65 0.404094 301.437 1.266535 65 0.322457 301.220 1.244610
70 0.410224 304,936 1.276794 70 0.327381 304.727 1.254906
75 0.332294 308.259 1.265105
20 0.337203 311.815 1.275241
120 kPa Absolute Pressure (Sat. Temp. = =37.11°C) 140 kPa Absolute Pressure (Sat. Temp. = -33.6137°C)
Sat 0.181885 234.883 0.993360 Sat 0.157281 235.960 0.985356
=45 =30 0.160064 238.345 0.995189
=40 =25 0.163876 241,480 1.007770
~35 0.183877 235,791 0.998954 =20 0.167658 244,603 1.020203
=30 0.188308 238.750 1.011608 =15 0.171415 247.735 1,032470
-25 0.192693 241,825 1.024100 =10 0.175149 250.888 1.045583
=20 0.197021 244,821 1.036425 =5 0.178864 254,060 1.056546
=15 0.201384 248.037 1.048588 0 0.182559 257.254 1.068349
-10 0.205695 251,174 1.060605 3 0.186238 260.468 1.080015
=5 0.209987 254,332 1.072485 10 0.1898%9 263. 704 1.091563
o] 0.214257 257.512 1.084226 15 0.193548 . 266.966 1.102986
5 0.218513 260.713 1.095842 20 0.197182 270.250 1.116278
10 0.222759 263.939 1,107323 25 0.200801 273.556 1. 125460
15 0.226980 267.190 1.118692 30 0.204412 276.886 1,136540
20 0.231193 270.333 1,12991¢ a5 0.208011 280.239 1.147521
25 0.235391 273.612 1. 141052 40 0.211602 283.5615 1.158388
30 0.239582 277.081 1.152111 45 0.215185 287.015 1.189156
35 0.243762 280.426 1.163056 50 0.218865 290.438 1.1798€3
40 0.247932 283.795 1.173890 35 0.222804 293.886 1.190448
45 0.252095 287.187 1.184629 60 0.225887 297.357 1.200961
50 D.256248 290.603 1.195274 65 0.229L40 300.853 1.211367
55 0,26039%& 294,044 1.205839 70 0.232988 304,375 1.221701
60 0.264532 207,508 1.216315 75 0.236527 30N7.920 1.231942
65 0.268665 301.000 1.226704 80 0.240063 311.488 1.242130
70 0.272788 304,516 1.237025 as 0.24359% 315.081 1.252241
75 0.276909 308.056 1.247260 90 0.247121 318.897 1.262422
80 0.281028 311.619 l.257414
—— $
160 kPa Absolute Pressure (Sat. Temp. = -30.4377°C) 180 kPa Absolute Pressure (Sat. Temp. = -27.778°C)
Sat 0.138841 237.253 0.979483 Sat 0.124569 238.711 0.974025
-30 0.139163 237.568 0.980672 -30
=5 0.142607 260,812 0.993518 =25 0.126274 240.474 0.981143
=20 0. 145966 243,962 1.006061 =20 0.129312 243,648 0.993805
=15 0.149299 247.127 1.018424 -15 0.132319 246.831 1.006265
=10 0.152608 250.310 1.030619 =10 0.135304 250.031 1.018542
-5 0.1558%7 253.511 1. 042660 -5 0.143220 252,997 1.030650
o 0.159169 256.732 1.054540 0 0.154418 255.812 1.042600
5 0.162418 259.973 1.066280 5 0.144139 259.735 1.054416
10 0.165656 263.232 1.077894 10 0.147048 263.007 1.066098
15 0.168876 266.515 1.089372 15 0.149943 266. 300 1.077591
20 0.172084 269.819 1.100716 20 0.152821 260.61% 1.D88984
25 0.175279 273.145 1.111937 23 0.155689 272.952 1.100276
30 0.178462 276.492 1.123058 30 0.158547 276.309 1.111443
35 0.181636 279.862 1.134077 35 0.161385 279,687 1.122497
40 0.18:801 283.254 1. 144986 &0 0.164233 283.087 1.133450
45 0.187956 286.669 1.155790 &3 0.167061 286.510 1.144290
50 0.191106 290.107 1. 166509 50 0.179879 289.955 1.155013
55 0.194242 293.567 1.177143 55 0.172688 293.421 1.165669
80 0.187375 297.050 1.187656 &0 0.175498 296.910 1.176258
83 0.200501 300,559 1.198117 63 0.178280 300.425 1.186696
70 0.203620 305.091 1.208457 70 0.181082 303.965 1.197101
75 0.206735 307.598 1.218740 75 0.183870 307.525 1.207384
89 0.209843 311.158 1.229114 B2 0.186650 308.317 1,217835
85 0.212945 314.828 1.238197 85 0.189425 312.388 1.227947
30 0.216045 318.452 1.249096 20 0.192196 318,344 1.237824
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Table 6 Cont'd
200 kPa Absolute Pressure (Sat. Temp. = ~25.1323°C) 250 kPa Absolute Pressure (Sat. Temp. = ~19.4687°C)
4 v h 5 t v & 3
°C m’ ke ki/kg kd/kgK °C m’/kg kd/kg kJ/kgK
Sat 0.112496 239.851 0.968817 Sat 0.091305 241,898 0.958392
=25 0.112585 239.588 0.969155 =23
-20 0.115344 242,980 0.981872 =20
=15 0.118081 246,199 0.994435 =15 0.093352 245.183 0.969798
=10 0.120794 249,431 1.006797 =10 0.095617 248.685 0.9B82440
-5 0.123486 252.679 1.018987 == 0.097839 251.971 0.994856
0 0.126158 255.940 1.031026 0 0.100039 255.271 1.007096
5 0.128810 259.219 1.042915 5 0.102222 258.582 1.019162
10 0.131447 262.516 1.054653 10 0.104390 261.911 1.031060
15 0.135070 265.832 1.066165 15 0.106538 265.256 1.042772
20 0.136676 269. 158 1.077676 20 0.108669 268.618 1.054371
25 0.139269 272.523 1.089012 25 0.110789 271.999 1.065819
30 0.141853 275.899 1.100210 30 0.112899 275.398 1.077139
35 0.144426 279,294 1.111301 35 0.115202 278.815 1.088337
40 0. 146387 282.711 1.122291 40 0.117330 282.252 1.099421
45 0.149539 286.148 1.133175 45 0.119163 285.709 1.110393
50 0.152086 289.607 1.143950 50 0.121234 289.186 1.121245
55 0. 154621 293.087 1.154639 55 0.123295 292.684 1.132016
&0 0.157152 296.589 1.165227 60 0.125351 296.201 1.142661
65 0.159674 300,115 1.175722 &5 0.127395 299,743 1.153221
0 0.162194 303.654 1.186116 70 0.129435 303.307 1.163681
75 0.164891 307.235 1.196425 75 0.131470 306.891 1.174070
80 0.167315 310.829 1.206674 80 0.133462 310.487 1.184366
85 0. 169709 314,445 1.216841 85 0.135492 314,125 1.194578
90 0.172206 318.083 1.226925 90 0.137544 317.775 1.204706
95 0.174698 321.743 1.236936 95 0.139561 321,447 1.214751
300 kPa Absolute Pressure (Sat. Temp. = ~14.626°C) 350 kPa Absolute Pressure (Sat. Temp. = —10.3611°C)
Sat 0.076772 244,666 0.949934 Sat 0.066178 245,841 0.942833
~25 -10 0.066300 246.115 0.943764
-20 -5 0.067988 249.782 0.956602
-15 0 0.069652 253.200 0.969266
=10 0.078567 247.417 0.961767 5 0.071291 256.621 0.981708
-5 0.080492 250.524 0.974453 10 0.072917 260.048 0.993972
a 0.082380 253.901 0.986885 15 0.074516 263.487 1.006009
5 0.084247 257.285 0.999138 20 0.076106 266.936 1.017874
10 0.086096 260.678 1.011200 25 0.077681 270.396 1.029576
15 0.087925 264.065 1.022835 30 0.079240 273.868 1.041132
20 0.089740 267.499 1.034760 35 0.080403 277.354 1.052553
25 0.091542 -270.935 1.046398 40 0.081864 280.856 1.063840
30 0.093331 274,383 1.057836 45 0.083854 284.373 1.074992
35 0.095109 277.846 1.069142 50 0.085373 287.906 1.086019
40 0.096878 281,126 1.080325 55 0.08&6888 291.457 1.0960845
45 0.098528 284.822 1.091388 60 0.088388 295.026 1.107765
30 0.100100 288.337 1.102338 65 0.089882 298.614 1.118435
55 0.102129 291.869 1.113166 70 0.091389 302.221 1.129038
60 0.103862 285.419 1.123894 75 0.092852 305,846 1.139544
65 0.105587 208,993 1.134509 80 0.094329 309.492 1.149928
70 0.107304 302.585 1.145047 as 0.095801 313.156 1.160237
75 0.109019 306.197 1.155475 90 0.097376 316.841 1. 170460
B0 0.110726 309.829 1.165818 95 0.098920 320.545 1.180588
BS 0.112429 313.481 1.176083 100 0.100188 323.918 1.190662
90 0.114529 317.154 1.186265 105 0.101845 326.431 1.200641
95 0.116523 320, 846 1.196356 110 0.103093 331.777 1.210519
115 0.104539 335.566 1.220354
400 kPu Absolute Pressure (Sat. Temp. = —6.554°C) 450 kPx Absolute Pressure (Sat. Temp. = -1.166°C)
Sat 0.058268 247.680 0.936770 Sat 0.052149 248.778 0.931609
-10 -10
=5 0.058737 248.764 0.940769 =5
0 0.060245 251. 764 0.953644 [s] 0.053011 251.025 0.939813
5 0.061724 255.266 0.966308 5 0.054370 2564.573 0.952731
10 0.063180 258.766 0.978759 10 0.55702 258.113 0.965354
15 0.064616 262.271 0.990960 15 0.057013 261.653 0.977751
20 0.066036 265.781 1.002981 20 0.058307 265.1%4 0.989914
25 0.067445 269.298 1.014827 25 0.059586 268,740 1.001901
30 0.068839 272.824 1.026519 30 0.060851 272.293 1.013720
35 0.070219 276.359 1.038046 35 0.062104 275.854 1.025372
&0 0.071587 279.505 1.049429 40 0.063346 279.425 1.036B873
45 0.072945 283,465 1.060691 45 0.0684576 283.007 1.048228
50 0.074294 287.038 1.071823 50 0.065794 286,600 1.059432
55 0.075637 290.626 1.082832 55 0.067006 290.207 1.070531
60 0.076972 294.229 1.093706 60 0.068209 293.826 1.081497
65 0.078298 297.850 1.104453 65 0.069406 297.484 1.082311
70 0.079617 301.487 1.115113 70 0.070597 301.116 1. 103025
75 0.080930 305.141 1.125674 75 0.071780 304,785 1.113639
80 0.082235 308.813 1.136135 80 0.072956 308.470 1.124152
85 0.083536 312.503 1.146495 85 0.074127 312.173 1.134564
a0 0.084833 316.211 1.156754 90 0.075293 315.893 1. 144877
95 0.086125 319.938 1.166886 95 0.076454 319.632 1.155101
100 0.087414 323.685 1.176919 100 0.077610 323.388 1. 165250
105 0.088697 327.448 1.187039 105 0.078762 327.163 1.175298
110 0.089975 331.231 1.196971 110 0.079914 330.956 1.185246
115 0.091252 335.036 1.206829 115 0.081055 334,770 1.195156
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Table 6 Cont'd
500 kPa Absolute Pressure (Sat. Temp. = 0.119°C) 550 kPs Absolute Pressure (Sat. Temp. = 3.1666°C)
¢ ¥ I 'S ] v ] 5
°C m' kg kJ/kg kJ/kgK °C m*/kg kl/kg kJ/kgK
Sat 0.047367 250.381 0.926740 Sat 0.004265 251.102 0.922314
5 0.048381 253.539 0.939356 5 0.014983 252.440 0.927088
10 0.049420 256.775 0.952281 10 0.044213 256.089 0.940108
15 0.050627 260.388 0.964867 15 0.045335 259.742 0.952882
20 0.051816 263.998 0.977202 20 0.046439 263.388 0.965421
25 0.052989 267.605 0.989358 25 0.047526 267.029 0.977726
£l 0.054148 271.215 1.001310 30 0.048598 270.668 0.989847
35 0.055294 274,830 1.013088 35 0.0L9656 274,309 1.001759
40 0.056428 278.449 1.024702 40 0.050702 277.954 1.013486
45 0.057550 282.075 1.036158 45 0.051736 281.605 1.025067
30 0.058663 285.711 1.047467 50 0.052760 285.262 1.036480
55 D.059767 289.357 1.058641 55 0.053775 288.927 1.047730
&0 0.060862 293.014 1.069682 60 0.054781 292.603 1.058846
ES 0.061948 296.684 1.080591 65 0.055778 296.291 1.069849
70 0.062870 300.369 1.091366 0 0.056768 299.991 1.080684
75 0.064043 306,067 1.102038 75 0.057752 303.705 1.091440
B0 0.065169 307.780 1.112100 80 0.058729 307.433 1.102079
85 0.066231 311.510 1.122654 85 0.059701 311.176 1.112584
90 0.067288 315.255 1.133444 90 0.060668 314.934 1.122988
95 0.068341 319.017 1.143719 95 0.061629 318.706 1.133313
100 0.069390 322.795 1.153910 100 0.062587 322.495 1.141284
105 0.070434 326.591 1.164015 105 0.063539 326.301 1.143528
110 D.071473 330.403 1.174019 110 0.064488 330.126 1.163726
115 0.072507 334.236 1.183948 115 0.065432 333.967 1.173711
120 0.066376 338.827 1.183596
125 0.067315 341.706 1.193381
600 kPa Absolute Pressure (Sat. Temp. = 5.8527°C) 650 kPa Absolute Pressure (Sat. Temp. = 8.4642°C)
Sat 0.039311 251.777 0.918559 Sat 0.036033 253.005 0.914962
5 10 0.036311 253.970 0.912133
10 0.040216 255.391 0.929507 15 0.037311 257.749 0.931548
15 0.041275 259.088 0.942470 20 0.038379 261.509 0.945141
20 0.042315 262,770 0.955990 25 0.039283 265.255 0.957776
25 0.043337 266. 444 0.967960 30 0.040192 268.989 0.970195
30 0.044343 270.114 0.979302 35 0.041120 272.718 0.982391
5 0.041262 273.784 0.991437 40 0.042284 276.442 0.994372
40 0.041426 277.455 1.003789 45 0.043374 280.165 1.006158
45 0.047281 281.129 1.015476 50 0.043828 283.890 1.017760
50 0.048238 284.808 1.026992 55 0.044709 287.619 1.029216
55 0.049184 288.494 1.938322 60 0.045582 291.354 1.040515
60 0.050123 292.189 1.049437 65 0.046444 295.097 1.051626
63 0.051051 295,896 1.060577 70 0.047300 298.847 1.062631
70 0.051873 299.613 1.071508 15 0.048148 302.608 1.073510
75 0.052888 303,342 1.082326 80 0.048990 306.379 1.084256
80 0.053725 307.084 1.083017 85 0.049827 310.163 1.094890
85 0.054640 310. 840 1.103596 90 0.050657 313.960 1.105406
90 0.055598 315,610 1.114057 95 0.051483 317.76% 1.115813
95 0.056491 318.396 1.124410 100 0.052304 321.593 1.124922
100 0.057279 322.196 1.134687 105 0.053120 325.430 1.130873
105 0.058263 326.015 1.144856 110 0.053933 329.284 1.146471
110 0.059143 329.847 1.154965 115 0.054742 333.157 1. 156494
115 0.060019 333.699 1.164965 120 0.055545 337.042 1. 166445
120 0.060891 338,405 1.174866 125 0.056348 340.946 1. 176300
125 0.061720 341.768 1.184683
700 kPs Absolute Pressure (Sai. Temp. = 10.3888°C) 800 kPa Absolute Pressure (Sat. Temp. = 15.376°C)
Sat 0.034278 253.565 0.912307 Sac 0.029732 255.51% 0.907609
10 10
15 0.035164 257.067 0.926768 15
20 0.036109 260,865 0.9380%0 20 0.030546 258.385 0.920270
v 0.037036 264.648 0.950391 25 0.031397 262,136 0.931290
30 0.037945 268.416 0.962926 30 0.032224 266.053 0.944207
a5 0.038839 272,176 0.975214 35 0.033034 269.945 0.956841
40 0.039719 275,928 0.987285 49 0.033830 273.818 0.969231
43 0.040587 279.677 0.999167 45 0.034611 277.677 0.981395
50 0.041443 283,425 1.010873 50 0.035380 281.527 0.993343
55 0.042289 287.177 1.022387 55 0.036138 285.370 1.005095
&0 0.043128 290.930 1.033767 60 0.036888 289.209 1.016686
65 0.043948 294,692 1.044958 65 0.037624 293.048 1.028059
70 0.044772 298,460 1.056016 70 0.038354 296.888 1.039297
75 0.045538 302.237 1.066939 75 0.039076 300.732 1.050378
80 0.046365 306.024 1.077728 80 0.035791 304.582 1.061319
85 0.047192 309.821 1.0BB405 85 0.040501 308.438 1.072129
20 0.047987 313.631 1.099567 90 0.041204 312.303 1.082809
95 0.048776 317.454 1.110469 95 0.041903 +316.178 1.093370
100 0.049562 321.288 1.119781 100 0.042596 320.061 1.103827
105 0.050346 325.138 1.130022 105 0.043300 323.954 1.114159
110 0.051118 329.002 1.140196 110 0.044117 327.860 1.124424
115 0.051890 332.884 1.150257 115 0.0464664 331.781 1.134575
120 0.052658 336.780 1.160217 120 0.045290 335.715 1.144599
125 0.053424 340.692 1.170106 125 0.045986 339 664 1.154572
130 0.054186 344,622 1.179503 130 0.046665 343.626 1. 164440
135 0.054946 348.566 1.189621 135 0.047336 347.603 1.174218
140 0.055702 352.528 1.199272 140 0.048001 351.597 1.183929
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Table 6 Cont'd
1000 kPa Absolute Pressure (Sat. Temp. = 23.3565°C) 1200 kPa Absolute Pressure (Sat. Temp. = 30.2157°C)
i v k 5 t ¥ 1] f

°C m’ kg kd/kg kd/kgK °C m* kg kd/kg kl/kgK

Sat 0.237130 257.105 0.895454 Sat 0.019660 259.478 0.886847
25 0.023935 258.636 0.899947 25
30 0.024688 263,295 0.913617 30
35 0.025403 267.602 0.927014 35 0.020283 262,935 0.900318
40 0.026093 271.611 0.940048 40 0.020920 266.854 0.914166
45 0.026767 275.593 0.952781 45 0.021531 271,134 0.927581
50 0.027426 279.554 0.965254 50 0.022124 275.360 0.940632
55 0.028073 283.498 0.977455 55 0.022703 279.542 0.953370
&0 0.028708 287.432 0.989438 60 0.023268 283.689 0.965817
65 0.029332 291.355 1.001188 65 0.023819 287,805 0.977974
70 0.029946 295,274 1.012733 70 0.024361 291.500 0.989906
75 0.030553 299,130 1.024122 75 0.024893 295.978 1.001634
80 0.031152 303.106 1.035349 80 0.025417 300,042 1.013151
a5 0.031744 307.025 1.046407 85 0.025934 304.008 1.024498
D] 0.032329 310.948 1.057328 90 0.026443 308. 147 1.035682
95 0.03290% 314,875 1.068118 95 0.026946 312,191 1.046691

100 0.033484 318. 4809 1.078757 100 0.027443 316.235 1.057548

105 0.034053 322.752 1.089294 105 0.027936 320.278 1.068298

110 0.034619 326,702 1.099723 110 0.028423 324.325 1.078891

115 0.035179 330,665 1.110000 115 0.028905 328.376 1.089359

120 0.035736 334.637 1.120203 120 0.029383 332,432 1.099703

125 0.036289 338.622 1.130293 125 0.029858 336.495 1.109932

130 0.036839 342,619 1.140292 130 0.030329 340,566 1.120067

135 0.037386 346.630 1.150196 135 0.030797 344,645 1.130093

140 0.037930 350.654 1. 160016 140 0.031261 348,733 1.140022

1400 kPa Absolute Pressure (Sat. Temp, = 35.667°C) 1600 kP Absolute Pressure {Sat. Temp. = 41.6996°C)

Sat 0.016949 260.360 0.879985 Sat 0.014484 262.405 0.872376
25+ 45 0.014844 264.536 0.882009
30 50 0.015383 269.234 0.896744
35 55 0.015895 273.825 0.911011
40 0.017459 264.259 0.892456 80 0.016386 278.249 0.924668
45 0.01803¢9 268.727 0.906647 65 0.016 860 282.771 0.937881
50 0.018596 273.115 0.520338 70 0.017319 287.159 0.950718
55 0.019134 277.440 0.933631 75 0.017767 291,492 0.963256
&0 0.019657 281.712 0.946555 B0 0.018204 295.788 0.975508
635 0.020164 285.897 0.959141 a5 0.018631 300.053 0.987488
70 0.020660 290.123 0.971459 90 0.019050 304,294 0.999243
75 0.021146 294,300 0.983508 95 0.019461 308.5186 1.010794
80 0.021622 208.447 0.995340 100 0.019865 312.722 1.022144
85 0.022090 302.579 1.006950 105 0.020263 316.915 1.032317
90 0.022550 306.697 1.018359 110 0.020656 321.101 1.064335
95 0.023004 310.807 1.029601 115 0.021042 325.279 1.055165

100 0.023451 314,910 1.043070 120 0.021424 329,456 1.065841

105 0.023893 319.009 1.051511 125 0.021802 333.630 1.076381

110 0.024330 323.106 1.062363 130 0.022176 337.805 1.086796

115 0.024762 327.203 1.072989 135 0.022546 341,983 1.097095

120 0.025189 331.303 1.083481 140 0.022913 346. 164 1.107277

125 0.025612 335.407 1.093869 145 0.023277 350.1350 1.117346

130 0.026031 339.517 1.104130 150 0.023638 354.541 1.127314

135 0.026547 343.632 1.114258 155 0.023937 358,740 1.137181

140 0.026860 3L7.757 1.124286 160 0.026352 362,946 L. 146949

145 0.027270 351.888 1,134234

150 0.027677 356.029 1. 144081

155 0.028B082 360.179 1.153832

160 0.028484 364.339 1.163516

1500 kPa Absolute Pressure (Sat. Temp. = 46.6°C) 2000 kPs Absolute Pressure (Sat. Temp. = 51.2335°C)

Sat 0.012765 262,085 0.866 169 Sat 0.011303 262.893 0.85981
45 - 45
50 0.013121 265.541 0.876848 50
55 0.013627 270.458 0.892010 55 0.011668 266.392 0.871614
&0 0.014104 275.223 0.906404 &0 0.012152 271.544 0.887285
65 0.014559 279.868 0.920233 65 0.012599 276.479 0.901983
0 0.014997 284.433 0.933627 70 0.013025 281.288 0.916095
75 0.015421 288.930 0.946643 75 0.013434 285.997 0.929722
80 0.015833 293.372 0.959317 80 0.013829 290.623 0.942906
B85 0.016235 297.769 0.971676 85 0.014211 295.183 0.955727
90 0.016626 302.127 0.983768 80 0.014582 299.686 0.968230
95 0.01700% 306.456 0.595612 95 0.014944 304,145 0.980427

100 0.017385 310.760 1.007214 100 0.015297 30B.565 0.992352

105 0.017754 315.044 1.018644 105 0.015643 312.955 1.004043

110 0.018117 319,310 1.029873 110 0.015982 317.320 1.015498

115 0.018473 323.564 1.040876 115 0.016314 321.683 1.026766

120 0.018825 327.810 1.051745 120 0.016641 325.989 1.037832

125 0.019172 332,049 1.062451 125 0.016%63 330.303 1.048741

130 0.019515 336.285 1.073014 130 0.017281 334.608 1.059487

135 0.019854 340.518 1.083443 135 0.017595 338.906 1.070086

140 0.020190 344,752 1.093736 140 0.017904 343.200 1.080543

145 0.020522 348.988 1.103955 145 0.018211 347.492 1.090862

150 0.020852 353.226 1.114028 150 0.018514 351.783 1.101064

155 0.021178 357.468 1.124001 155 0.018814 356.075 1.111150

160 0.021502 361.715 1.133874 160 0.019112 360. 369 1.121136

Page 32

)220 0000000009000 9909090009)09909099099999I929I92%)2))



3D YBYIDIYPDPDIFRYIIIIIIIIIDIIIPIDDIIDIII)D DD

Table 6 Cont'd

2200 kPa Absolute Pressure (Sat. Temp. = 55.6111°C)

2500 kPa Absolute Pressure (Sat. Temp. = 61.0855°C)

t v h 5 1 ¥ h s
“C m'/kg kd/kg kl/kgk *C m? kg kl/kg kl/kgK
Sac 0.010079 262.720 0.853650 Sat 0.008756 262.627 0.845569
60 0.010499 267.547 0.868262 60
65 0.010947 272,843 0.884013 65 0.009128 267.341 0.859589
70 0.011371 277.950 0.898993 70 0.009562 272.994 0.876167
75 0.011772 282.907 0.913321 75 0.009965 278.391 0.891775
80 0.012155 287.746 0.927137 80 0.011094 283,592 0.906596
85 0.012524 292.491 0.940485 85 0.011330 288.640 0.920786
50 0.012881 297.157 0.953413 80 0.011051 293.567 0.934456
95 0.013226 301.759 0.965999 95 0.011383 298.394 0.947669
100 0.013562 306.309 0.978283 100 0.011703 303.142 0.950472
105 0.01389%0 310.814 0.990274 105 0.0120135 307.824 0.972945
110 0.014210 315.284 1.002031 110 0.012316 312.450 0.985116
115 0.014523 319.719 1.013524 115 0.012611 317.029 0.996986
120 0.014830 324.133 1.024815 120 0.012898 321.568 1.008587
125 0.015133 328.528 1.035936 125 0.013180 326.080 1.019980
130 0.015430 332.906 1.046863 130 0.013456 330.565 1.031171
135 0.015722 33r.zn 1.057611 135 0.013728 335.029 1.042182
140 0.016012 341.629 1.068224 140 0.013995 339.477 1.053026
145 0.016297 345.980 1.078712 145 0.014258 343.913 1.063703
150 0.016579 350.327 1.089041 150 D.014518 348.336 1.074220
155 0.016857 354 .669 1.099240 155 0.014774 352,753 1.084603
160 0.017133 359.013 1.109339 160 0.015027 357.163 1.094853
165 0.017406 363.356 1.119287 165 0.015277 361.570 1.104951
170 0.017676 3I67.702 1,129134 170 0.015525 365.975 1.114949
175 N.017945 372.051 1.138910 175 0.015770 370.381 1.124847

3000 kPs Absolute Pressure (Sat. Temp. = 70.0477°C)

80
65
70
75

85

90

95
100
105
110
115
120
125
130
135
140
145
150
153
160
165
170
175

0.006884 261.361 0.830018
0.007334 268.071 0.849371
0.007750 274.428 0.867515
0.008126 280.358 0.884203
0.008473 285.990 n.899830
0.008799 291.399 0.914635
0.009108 296.638 0.928781
0.009402 nl. 742 0.942360
0.009686 306.736 0.955503
0.009958 311.633 0.968194
0.010222 316.460 0.980549
0.010479 321.227 0.992599
0.010729 325.945 1.004356
0.010856 330.622 1.015877
0.011071 335.265 1.027182
D.011447 339.877 1.038281
0.011678 JLb . 464 1.049204
0.011904 349.032 1.059937
0.012127 353.584 1.070507
0.012347 358.120 1.080922
0.012564 362.646 1.091178
0.012778 367.166 1.101318
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Table 7: Properties of Saturated Refrigerant R-134a - Pressure Table (SI)

Specific Ignte;nal Enthalpy, Entropy,

s T | Vo oy kg g
kPa °C Vi Vg Us Ug h¢ hfg hg Sf Sg

0 -37.07 0.7097 0.3100 3a 206.12 3486 221.27 22472 0.0147 0.8520
80 -31.21 0.7184 0.2366 10.41 209.46 10.47 217.92 228.39 0.0440 0.9447
100 -26.43 0.7258 01917 16.22 212.18 16.29 215.06 23135 0.0678 0.8395
120 -22.36 0.7323 0.1614 21.23 214.50 21.32 21254 233.86 0.0878 0.8354
140 -18.80 0.7381 0.1395 25.66 216.52 2577 21027 236.04 0.1055 0.9322
160 -15.62 0.7435 0.1229 29.66 218.32 29.78 208.19 237.97 0.1211 0.8295
180 -12.73 0.7485 0.1098 33.31 219.94 3345 206.26 239.71 0.1352 0.8273
200 -10.09 0.7532 0.0993 36.69 221 .43 36.84 204.46 241.30 0.1481 0.9253
240 -5.37 0.7618 0.0834 42.77 224 07 4295 201.14 244,09 0.1710 0.9222
280 -1.23 0.7697 0.0719 48.18 226.38 48.39 198.13 246.52 0.1911 0.9197
320 248 0.7770 0.0632 53.06 228.43 53.31 195.35 24866 0.2089 09177
360 5.84 0.7839 0.0564 57.54 230.28 57.82 192.76 250.58 0.2251 0.9160
400 8.93 0.7904 0.0509 61.69 231.97 62.00 190.32 25232 0.2399 0.8145
500 15.74 0.8056 0.0409 70.93 235.64 71.33 184.74 256.07 0.2723 0.8117
600 21.58 0.8196 0.0341 78.99 238.74 79.48 179.71 25918 0.2999 0.9087
700 26.72 0.8328 0.0292 86.19 241.42 86.78 175.07 261.85 0.3242 0.8080
800 31.33 0.8454 0.0255 89275 24378 93.42 170.73 26415 0.3459 0.8066
S00 3553 0.8576 0.0226 98.79 245.88 9956 166.62 266.18 0.3656 0.8054
1000 3939 0.8695 0.0202 104.42 24777 105.29 162.68 28797 0.3838 0.9043
1200 46.32 0.8928 0.0166 114.69 251.03 115.76 155.23 27089 0.4164 0.9023
1400 52.43 0.9158 0.0140 123.98 253.74 125.26 148.14 273.40 0.4453 0.9003
1600 57.92 0.9392 0.0121 132.52 256.00 134.02 141.31 27533 0.4714 0.8982
1800 62.91 0.9631 0.0105 140.49 257.88 142.22 134.60 276.83 0.4954 0.8959
2000 67.49 0.9878 0.0093 148.02 259.41 149.99 127.95 27794 0.5178 0.8934
2500 77.59 1.0562 0.0069 165.48 261.84 168.12 111.06 27917 0.5687 0.8854
3000 86.22 1.1416 0.0053 181.88 262.16 185.30 92.71 278.01 06156 0.8735

Page 35



Table 8: Properties of Saturated Refrigerant R-134a - Temperature Table (Sl)

32?::; Iglirr’;:ll En:‘l;ﬁl(lpi"u Entropy,
Tat Puat m/kg kJfkg , kJi(kg'K)
°C  kPa 7 Vg U Ug h¢ htg hg S¢ Sg
40 5164 07055 0.3569 004 20445 000 22288 22288 00000 09560
36 6332 07113 0.2947 468 20673 473 22067 22540 00201 08506
32 7704 07172 0.2451 947 20801 952 21837 22790 00401 09456
28 9305 07233 0.2052 1431 21129 1437 21601 23038 00600  0.9411
26 10199 07265 0.1882 1675 21243 1682 21480 23162 00699  0.9390
24 11160 07296 0.1728 1921 21357 1929 21357 23285 00798  0.9370
22 12192 07328 0.1590 2168 21470 2177 21232 23408 00897 09351
20 13299 07361 0.1464 2417 21584 2426 21105 23531 00996 09332
48 14483 07395 0.1350 2667 21697 2677 20976 23653 01094 09315
16 15748 07428 0.1247 2018 21810 2930 20845 23774 01192 09298
412 18540 07498 0.1068 3425 22036 3439 20577 24015 01388  0.8267
8 21704 07569 0.0919 3938 22260 3954 20300 24254 04583 09239
4 25274 07644 0.0794 4456 22484 4475 20015 24490 01777 09213
0 20282 07721 0.0689 4979 22706 5002 19721 24723 01970 09190
4 33765 07801 0.0600 5508 22927 5535 19419 24953 02162  0.9169
8 38756 07884 0.0525 6043 23146 6073 19107 25180 02354 09150
12 44294 07971 0.0460 6583 23363 66.18 18785 25403 02545 09132
16 50416 08062 0.0405 7129 23578 7169 18452 25622 02735 09116
20 57160 08157 0.0358 7680 23791 7726 18109 25836 02924 09102
24 645866 08257 0.0317 8237 24001 8290 17755 26045 03113  0.9089
26 68530 08309 0.0298 8518 24105 8575 17573 26148 03208  0.9082
28 72675 08362 0.0281 8800 24208 8861 17389 26250 03302 09076
30 77006 08417 0.0265 9084 24310 9149 17200 26350 03396  0.9070
32 81528 08473 0.0250 9370 24412 9439 17009 26448 03490  0.9064
34 86247 08530 0.0236 9658 24512 97.31 16814 26545 03584 09058
36 91168 08590 0.0223 9947 24611 10025 18615 26640 03678 09053
38 96298 08651 0.0210 10238 24709 10321 16412 26733 03772  0.9047
40 10164 08714 0.0199 10530 24806 10619 16205 26824 03866  0.9041
42 10720 08780 0.0188 10825 24902 109.19 15994 26914 03960 09035
44 11299  0.8847 0.0177 11122 24996 11222 15779 27001 04054  0.9030
48 12526 08989 0.0159 11722 25179 11835 15333 27168 04243 08017
52 13851 09142 0.0142 12331 25355 12456 14866 27324 04432 09004
56 15278 09308 00127 12951 25523 13093 14375 27468 04622 08990
60 16813 09488 0.0114 13582 25681 13742 13857 27599 04814 08973
70 21162  1.0027 0.0086 15222 26015 15434 12408 27843 05302 08918
80 26324 10766 0.0064 169.88 26214 17271 10641 27942 05814 08827
9 32435 11949 0.0046 189.82 26134 19369 8263 27632 06380 08655
100 39742 15443 0.0027 21860 24849 22474 3440 25913 07196 08117
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