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Conversion of units is the conversion between different measurements that involves 

multiplication or division by a numerical factor for the same quantity. 

 

 

Table 1.1: The Example of some Unit Conversions  

 

Units Unit Conversions 

Mass 1 𝑘𝑔 = 1000 𝑔 = 0.001 𝑡𝑜𝑛𝑛𝑒 = 2.205 𝑙𝑏 = 35.273 𝑜𝑧  

Time 1 ℎ𝑜𝑢𝑟 = 60 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 = 3600 𝑠𝑒𝑐𝑜𝑛𝑑𝑠  

Length 1 𝑚 = 100 𝑐𝑚 = 1000 𝑚𝑚 = 3.281 𝑓𝑡 = 1.094 𝑦𝑑 =
39.37 𝑖𝑛  
1 𝑘𝑚 = 1000 𝑚 = 100 000𝑐𝑚 @ 105 𝑐𝑚 = 106 𝑚 =
0.6214 𝑚𝑖𝑙𝑒𝑠  

Area Units 1 𝑚𝑚2 = 0.01𝑐𝑚2 = 0.000001𝑚2 = 0.00155 𝑖𝑛2 =
0.000011𝑓𝑡2 = 0.000001 𝑦𝑑2 

Speed 1𝑚
/ min = 0.06 𝑘𝑚 ℎ = 0.05469 𝑓𝑡 𝑠 =⁄⁄    0.0373 𝑚𝑖𝑙𝑒𝑠 ℎ⁄  

Volume 1𝑚3 = 1000 𝑙𝑖𝑡𝑟𝑒 = 100 0000 𝑐𝑚3 = 61024 𝑖𝑛3 = 35 𝑓𝑡3 = 264 
US gal  

Pressure 1 𝑏𝑎𝑟 = 1𝑥 105 𝑁 𝑚2 =  1𝑥 102 𝐾𝑁 𝑚2⁄⁄   
1 𝑎𝑡𝑚 = 101.3 𝑘𝑃𝑎 = 1.013 𝑏𝑎𝑟 = 14.70 𝑝𝑠𝑖  

Density  1 𝑘𝑔 𝑚3 = 1 𝑔 𝑚𝑙 = ⁄ 0.0624 𝑙𝑏 𝑓𝑡3 = 0.000036 𝑙𝑏 𝑖𝑛3⁄  ⁄⁄  

Power 1 𝑊 =  𝐽 𝑠 =  𝑁𝑚 𝑠 = 𝑘𝑔. 𝑚2 𝑠2 = 0.000947 𝐵𝑡𝑢/𝑠⁄⁄⁄   
1 ℎ𝑝 = 2544 𝐵𝑡𝑢/ℎ  

Angular speed 1 𝑟𝑎𝑑 𝑠 = 9.549 𝑟𝑝𝑚 = 0.159 𝑟𝑒𝑣/𝑠⁄   

Mass Flow rate 1 𝑘𝑔 𝑠 = 2.205 𝑙𝑏𝑚 = 0.0685 𝑠𝑙𝑢𝑔 𝑠⁄⁄   

High Pressure 1 𝑏𝑎𝑟 = 14.503 𝑝𝑠𝑖 = 100𝑘𝑃𝑎 = 0.1 𝑀𝑝𝑎 =
1.0196 𝑘𝑔𝑓 𝑐𝑚2 = 750.0188 𝑚𝑚 𝐻𝑔 = 0.9872 𝑎𝑡𝑚⁄   

 

 

BASIC UNIT CONVERSION 
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Using Units Fractions to convert Metric Units 

 

 

 

 

 

 

 

International Standard (SI) Prefix 
 

SI prefixes are used to avoid very large or very small numeric values. The prefix showed 

directly to the name of a unit, and a prefix symbol directly to the symbol for a unit. 

 

Table 1.2: SI Prefix  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Decimal Exponential Prefix Symbol 

1.000,000,000,000 1012 tera T 

1,000,000,000 109 giga G 

1,000,000 106 mega M 

1,000 103 kilo k 

100 102 hecto h 

10 101 deka da 

0.1 10−1 deci d 

0.01 10−2 centi c 

0.001 10−3 milli m 

0.000001 10−6 micro µ 

0.000000001 10−9 nano n 

0.000000000001 10−12 pico p 

Procedure : Convert units of Measure in Metric Units 

Step 1 : Identify equal measures 

Step 2 : Write the original quantity as a fraction. The word per indicates a fraction bar. 

              Multiply by two units fractions. 

Step 3 : Simplify 
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Example 1.1 

Convert 4 km hr⁄  to m s⁄  

Solution: 
1 km = 1000 m 
1 hr = 3600s 
 

=
4 km

hr
x

1000 m

1 km
x

1 hr

3600 s
 

=
4000 m

3600 s
 

= 𝟏. 𝟏𝟏 𝐦/𝐬 

 

Example 1.2 

Convert 105 g mm3⁄ to kg m3⁄  

Solution: 
1 m = 1000 mm 
1 kg = 1000g 
1 m3 = 1000 x 1000 x 1000 mm3  

=
105 g

mm3
x

109 mm3

1m3
x

1 kg

1000 g
 

=
105 x 109 x 1 kg

1000 m3
 

= 𝟏𝟎𝟓 × 𝟏𝟎𝟔  𝐤𝐠 𝐦𝟑⁄  

 

Example 1.3 

Convert 28 mg liter ⁄ to kg m3⁄  

Solution: 
1 kg = 1000g = 1000 mg 
1 m3 = 1000 liter  

=
28 mg

liter
x

1000 liter

1m3
x

1 kg

106 mg
 

=
28 x 1000 x 1 kg

106 m3
 

= 𝟐𝟖 × 𝟏𝟎−𝟑  𝐤𝐠 𝐦𝟑⁄  
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TUTORIAL 1 
1) Convert 77 m s⁄  to km hr⁄  

(277.2 km/hr) 

Answer: 
 
 
 
 
 
 

2) Convert 52 N cm2⁄  to kN m2⁄  
  (520 kN m2⁄ ) 

Answer: 
 
 
 
 
 
 

3) Convert 65 kg m3 ⁄ to g mm3⁄  
 (6.5 × 10−5g mm3⁄ ) 

Answer: 
 
 
 
 
 
 
 

4) Convert 200 MN m2⁄  to N mm2⁄  
 (200 N mm2⁄ ) 

Answer: 
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Pure substances are substances that are made up of only one kind of particle and have a fixed 

or constant structure. Pure substances are further classified as elements and compounds. 

 

An element is a substance that consists of only one type or kind of atom. An element is a pure 

substance as it cannot be broken down or transformed into a new substance even by using 

some physical or chemical means. Elements are mostly metals, non-metals or metalloids. 

 

Compounds, on the other hand, are also pure substances when two or more elements are 

combined chemically in a fixed ratio. However, these substances can be broken down into 

separate elements by chemical methods. 

 

All elements are mostly pure substances. A few of them include gold, copper, oxygen, 

chlorine, diamond, etc. Compounds such as water, salt or crystals, baking soda amongst 

others are also grouped as pure substances. 

 

However, a pure substance does not have to be of a single chemical element or compound.  

A mixture of various chemical elements or compounds also qualifies as a pure substance as 

long as the chemical composition of all phases is the same (homogenous). 

 

For example, like ice and water (solid and liquid) or water and steam (liquid and gas). 

 

• A mixture of ice (solid) and water (liquid) is a pure substance because both phases have 

the same chemical composition. 

• Air is a mixture of several gases, but it is often considered to be a pure substance because 

it has a uniform chemical composition. 

 

 
            a) Water                                b) Air 

PROPERTIES OF PURE 
SUBSTANCES 

https://byjus.com/chemistry/elements-and-compounds/
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Phase – Change Processes of Pure Substances 
 

There are THREE (3) phases of pure substances:  

 

 

 

What Is Phase? 
 

A phase is identified as having a distinct molecular arrangement that is homogeneous 

throughout and separated from the others (if any) by easily identifiable boundary surfaces. 

 

Solid Phase 
 

 

Liquid Phase 
 

 

Steam Phase 
 

 

Solid Phase Liquid Phase Steam Phase

In the solid phase the molecules are closely bound, therefore 
relatively dense. The molecules are arranged in a rigid three 
dimensional pattern so that they do not easily deform. An example 
of pure solid state is ice.       
 
 
 

In the liquid phase the molecules are closely bound, therefore also 
relatively dense and unable to expand to fill a space. They are no 
longer rigidly structured so much so that they are free to move 
within a fix volume. An example is a pure liquid state.  
 

 

In the steam phase the molecules are virtually do not attract each 
other. The distance between the molecules are not as close as 
those in the solid and liquid phases. The molecules are not arranged 
in a fixed pattern. There is neither a fixed volume nor a fixed shape 
for steam. 
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Phase-Change Processes 
 

 

                    State 1 

                                                            

                                                                                                                                     

 

 

                State 2                 

                                                                            

                   

     

               

 

 

 

 

 

 

 

 

 

 

 

 

At these conditions, water exists in the liquid phase, and it is 
called a compressed liquid, or a sub cooled liquid. Which is it is 
not about to vaporize.  
 
Heat is now transferred to the water until its temperature rises. 
When the temperature rises, the liquid water expands slightly, 
and so its specific volume increases. The piston moves up slightly 
to accommodate this expansion. The pressure remains constant 
at 1 atm during this process since it depends on the outside 
barometric pressure and the weight of the piston, both of which 
are constant. 
 
Water is still a compressed liquid at this state since it has not 
started to vaporize. 

As more heat is transferred, the temperature keeps rising 
until it reaches 100°C. At this point water is still a liquid, but 
any heat addition will cause some of the liquid to vaporize.  
 
That is, a phase-change process from liquid to vapor is about 
to take place. A liquid that is about to vaporize is called a 
saturated liquid.  

At 1 atm pressure and 
100°C, water exists as a 
liquid that is ready to 
vaporize (Saturated liquid) 

At 1 atm and 20°C, water 
exists in the liquid phase 
(Compressed liquid). 
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           State 3 

                

                     

            

 

 

                      State 4 

                   

 

 

 

 

 

 

 

 

 

As more heat is transferred, part 
of the saturated liquid vaporizes 
(Saturated liquid–vapor mixture) 

At 1 atm pressure, the 
temperature remains constant 
at 100°C until the last drop of 
liquid is vaporized (Saturated 
vapor) 

Once boiling starts, the temperature stops rising until 
the liquid is completely vaporized.  
 
During a boiling process, the only change we will 
observe is a large increase in the volume and a steady 
decline in the liquid level as a result of more liquid 
turning to vapor.  
 
Midway about the vaporization line, the cylinder 
contains equal amounts of liquid and vapor. 

The vaporization process continues until the last drop of 
liquid is vaporized (state 4), as we continue transferring 
heat. At this point, the entire cylinder is filled with vapor 
that is on the borderline of the liquid phase. Any heat loss 
from this vapor will cause some of the vapor to condense 
(phase change from vapor to liquid).  
 
A vapor that is about to condense is called a saturated 
vapor.  
 
A substance at states between 2 and 4 is referred to as a 
saturated liquid–vapor mixture since the liquid and vapor 
phases coexist in equilibrium at these states. 
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                          State 5 

                               

        

    

 

 

 

 

 

                                                       

 

 

 

 

 

 

As more heat is transferred, 
the temperature of the 
vapor starts to rise  
(Superheated vapor) 

Once the phase-change process is completed, we are back 
to a single phase region again (this time vapor), and further 
transfer of heat results in an increase in both the 
temperature and the specific volume.  
 
At state 5, the temperature of the vapor is, let us say, 350°C; 
and if we transfer some heat from the vapor, the 
temperature may drop somewhat but no condensation will 
take place as long as the temperature remains above 100°C 
(for P _ 1 atm).  
 
A vapor that is not about to condense (i.e., not a saturated 
vapor) is called a superheated vapor (state 5).  
 

State 5: 
Superheated 

vapor 

State 1: 

Compressed 

liquid 

State 2: 

Saturated 

liquid 

State 3: 
Saturated 

liquid – vapor 
mixture 

State 4: 
Saturated 

vapor 
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Property Diagram for Phase – Changes Process 
 

The variations of properties during phase-change processes are best studied and understood 
with the help of property diagrams. The phase-change process of water at 1 atm was 
described in the last section and the T-v diagram was plotted.  

 

 

T-v Diagram for Heating Process at Constant Pressure 

• Compressed or sub cooled liquid (between state 1&2): 

Water exists in the liquid phase and it is called a compressed liquid or sub cooled liquid, 

meaning that it is not about to vaporize. 

 

• Saturated liquid (state 2): 

All fluid is in the liquid state. However, even the slightest addition of energy would result 

in the in the formation of some vapor. 

 

• Saturated liquid-vapor or wet steam region (between states 2 &3): 

Liquid and steam exist together in a mixture. 

 

• Saturated vapor (state 4): 

All fluid is in the steam state, but even the slightest loss of energy from the system would 

result in the formation of some liquid. 

 

• Superheated vapor (the right of state 4): 

All fluid is in the steam state and above the saturation state. The superheated steam 

temperature is greater than the saturation temperature corresponding to the pressure. 
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The variations of properties during phase‐change processes are best studied and 

understood with the help of property diagrams. There are 3 types of diagrams for pure 

substances: 

 

1. T-v Diagram 

 

 

 

 

 

 

 

 

 

 

2. P-v Diagram 
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3. P-T Diagram 

 

 

 

 

 

 

 

 

 

 

 

 

Property Tables 

 

Property table also known as thermodynamic tables, are tables that will provide information 

for temperature, pressure, specific volume, internal energy, enthalpy, and entropy at a 

certain value of temperature or pressure. 

 

Thermodynamics properties are frequently presented in the form of tables in a convenient 

format. A separate table is prepared for each region of interest. Such as the saturated liquid, 

saturated vapour, superheated vapour, compressed liquid, and saturated (mixture) regions.  

 

Two new properties: enthalpy (h) and entropy (s). Entropy is a property associated with the 

second law of thermodynamics. 
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Subscripts;  

f - refers to a property of the saturated liquid, or to a value of formation  

g - refers to a property of the saturated vapour  

fg - refers to a change of phase at constant P 

 

Source: Thermodynamics and Transport Properties of fluids Si Units arranged by G. F. C. Rogers and Y. R. 

Mayhew, Fifth Edition 

 

 

 

 

 

 

Saturation 
Pressure 

Saturation 
Temperature 

Specific 
volume of 
saturated 

vapor 

 

Specific 
internal 

energy of 
saturated 

liquid 

Specific 
entropy of 
saturated 

vapor 

 

Specific 
enthalpy of 
saturated 

vapor 

 

Specific 
internal 

energy of 
saturated 

vapor 

Specific 
entropy of 
saturated 

liquid 

 

Specific 
enthalpy of 
saturated 

liquid 
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 Saturated Water and Steam Tables 

 

The table of the saturation condition is divided into two parts: 

 

Part 1: Saturated Water - Temperature Table 

Refer to the value of temperature from 0.01 C to 100 C. 

 

Example 2.1: 

Saturated liquid and steam at temperature of 10 C. 

Solution: 
 

t Ps vg hf hfg hg sf sfg sg 

C bar m3/kg kJ/kg kJ/kg.K 

10 0.01227 106.4 42.0 2477.2 2519.2 0.151 8.749 8.900 

 

Example 2.2: 

Saturated liquid and steam at temperature of 50 C. 

Solution: 
 

t Ps vg hf hfg hg sf sfg sg 

C bar m3/kg kJ/kg kJ/kg.K 

50 0.1233 12.04 209.3 2382.1 2591.4 0.704 7.371 8.075 
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Part 2: Saturated Water – Pressure Table 

Part 2 refers to the values of pressure from 0.006112 bar to 221.2bar 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Saturation Pressure (Ps) and Saturation Temperature (Ts)  

 

The temperature at which water starts boiling depends on the pressure. Therefore, if the 

pressure is fixed, so is the boiling temperature. 

 

At a given pressure, the temperature at which a pure substance changes phase is called 

saturation temperature (Ts).  

 

At a given temperature, the pressure at which a pure substance changes phase is called 

saturation pressure (Ps).  

 

Example 2.3: 

Saturated liquid and steam at a pressure of 2.5 bar. 

Solution: 

P ts vg uf ug hf hfg hg sf sfg sg 

bar C m3/kg kJ/kg kJ/kg kJ/kg.K 

2.5 127.4 0.7186 535 2537 535 2182 2717 1.607 5.446 7.053 

 

Example 2.4: 

Saturated liquid and steam at a pressure of 40 bar. 

Solution: 

P ts vg uf ug hf hfg hg sf sfg sg 

bar C m3/kg kJ/kg kJ/kg kJ/kg.K 

40 250.3 0.04977 1082 2602 1087 1714 2801 2.797 3.273 6.070 

 



16 | P a g e  

 

Compressed Liquid 

 

Below the saturation state, a liquid state in which the fluid remains entirely within the liquid 

state. A substance is said to be a compressed liquid when the pressure is greater than the 

saturation pressure for the temperature (P > Ps). 

 
 

 

Saturated Liquid & Saturated Vapor States 

 

Saturated Liquid 

All fluid is in the liquid state. A liquid is about to vaporized or begin to boil. Which is, even the 

slightest addition of energy would result in the in the formation of some vapor. The subscript 

f is used to denote properties of a saturated liquid. 

 

Saturated Vapor 

A vapor that is about to condense or vaporization is complete. All fluid is in the vapor state, 

but even the slightest loss of energy from the system would result in the formation of some 

liquid. The subscript g is to denote the properties of saturated vapor. 

 

Another subscript commonly used is fg, which denotes the difference between the saturated 

vapor and saturated liquid values of the same property. 

Note: 
v

f
 is too small 

Assume. 

v
f
 = 0.001 m

3

/kg 

Note: v
f
 x 10 -2 
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For example for specific internal energy: 

 

uf   =   specific internal energy of saturated liquid 

ug   =   specific internal energy of saturated vapor 

ufg  =   difference between ug – uf   (that is ufg = ug – uf) 

 

   

   

 

 

 

 

Example 2.5: 

  Determine the volume, internal energy and entropy of the saturated liquid state at P =     

  20 bar. 

 Solution: 

 From saturated water and steam table: 

 At 20 bar saturated liquid state; 

                           Volume, vf = 0.001 m3/kg 

                           Internal energy, uf = 907 kJ/kg 

                           Entropy, sf = 2.447 kJ/kg.K 

 

 

Specific internal 
energy of saturated 

liquid 

Specific internal 
energy of saturated 

vapor 
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Example 2.6: 

Determine the volume and internal energy of the saturated state at P = 115 bar. 

 Solution: 

 From saturated water and steam table: 

 At 115 bar saturated liquid state; 

 

        Volume, vf = 0.001 m3/kg 

        Internal energy, uf = 1454 kJ/kg 

         

 At 115 bar saturated vapor state; 

 

        Volume, vg = 0.01508 m3/kg 

        Internal energy, ug = 2522 kJ/kg 

 

Example 2.7: 

 Determine the phase, internal energy, volume and entropy for steam at 204 bar with    

 2384 kJ/kg of enthalpy.  Plot the T-v diagram. 

 Solution: 

 

 From saturated water and steam table: 

 

 Enthalpy h = 2384 kJ/kg is hg. Therefore the phase is at saturated vapour state. 

 

 At 204 bar the; 

 

     Internal energy, ug = 2271 kJ/kg 

     Volume,            vg = 0.00552 m3/kg 

     Entropy,            sg = 4.884 kJ/kg.K 
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Example 2.8: 

 Determine the phase, internal energy, volume and enthalpy for steam at 105 bar with   

 3.395 kJ/kg.K of entropy.  Plot the T-v diagram. 

 Solution: 

 

 From saturated water and steam table: 

 

 Entrophy, s = 3.395 kJ/kg.K is sf. Therefore the phase is at saturated liquid state. 

 

 

 

 At 100 bar the; 

 

     Internal energy, uf = 1414 kJ/kg 

     Volume,               vf = 0.001 m3/kg 

     Enthalpy,             hf = 1429 kJ/kg 

 

 

 

Example 2.9: 

 Determine the phase, entropy, volume and enthalpy for steam at 65 bar with 2586 

 kJ/kg of internal energy.  

 Solution: 

 

 From saturated water and steam table: 

 

 Internal energy, u = 2586 kJ/kg is ug. Therefore the phase is at saturated vapor state. 

 

 At 100 bar the; 

 

     Entropy,          sg  = 5.851 kJ/kg.K 

     Volume,            vg    = 0.02972 m3/kg 

     Enthalpy,           hg = 2779 kJ/kg 

 

 

P=105 bar 

Sf = 3.395 kJ/kg.K 
vf = 0.001 m3/kg 
uf = 1414 kJ.kg 

hf = 1429 kJ/kg 
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1) Complete the following table for saturated water and steam. 

Answer: 
 

 
 
 

t Ps vg hf hfg hg sf sfg sg 

C bar m3/kg kJ/kg kJ/kg.K 

6  137.8       

   62.9   0.224   

 0.03166       8.557 

  13.23   2587.9    

80   334.9      

2) Complete the following table for saturated water and steam. 

Answer: 

 
 

 

Ps t vg uf ug hf hfg hg sf sfg sg 

bar C m3/kg kJ/kg kJ/kg kJ/kg.K 

0.05  28.20         

 147.9     2121     

  0.06665      2.645   

95          5.647 

  0.00479      4.131   

TUTORIAL 1 
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3)  Determine the volume, internal energy, enthalpy and entropy of the saturated vapour 

state at pressure 110 bar. 

 

Answer: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4) A steam at 12 bar with 2.216 kJ/kg.K of entropy, determine the phase, internal energy,      

     volume and enthalpy. Plot the T-v diagram. 

 

Answer: 
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Saturated Liquid-Vapor Mixture (Wet Steam) 
 

During a vaporization process, a substance exists as part liquid and part vapor. It is a mixture 

of saturated liquid and saturated vapour. To analyse this mixture properly, we need to know 

the proportions of the liquid and vapour phases in the mixture. 

 

This is done by defining a new property called the dryness fraction (x) as the ratio of the mass 

of vapor to the total mass of the mixture. 

           

                       𝑥 =  
𝑚  𝑣𝑎𝑝𝑜𝑟

𝑚  𝑡𝑜𝑡𝑎𝑙
 

where:            𝑚 𝑡𝑜𝑡𝑎𝑙 =  𝑚 𝑙𝑖𝑞𝑢𝑖𝑑 +  𝑚 𝑣𝑎𝑝𝑜𝑟 =  𝑚𝑓 +  𝑚𝑔 

 

Therefore for saturated liquid-vapor region (wet steam);    

 

   𝒗 = 𝒙 𝒗𝐠 

 𝒉 =  𝒉𝒇 + 𝒙 𝒉𝒇𝒈 

        𝒖 =  𝒖𝒇  + 𝒙 (𝒖𝒈 −  𝒖𝒇)  

 𝒔 =  𝒔𝒇 + 𝒙 𝒔𝒇𝒈  

 

Example 2.10: 

For a steam at 8 bar with dryness fraction of 0.86, calculate the: 
i. specific volume 

ii. specific internal energy 

Solution:  
 
From the steam tables: 

 
i.     Specific volume (v)                                     ii.    Specific internal energy (u) 

𝑣  = 𝑥 𝑣g                                                              𝑢  =  𝑢𝑓  +  𝑥 𝑢𝑓𝑔 

=  0.86 (0.2403)                                                 =  720 +  0.86 ( 2577 – 720 ) 
=  𝟎. 𝟐𝟎𝟕 𝐦𝟑/𝐤𝐠                                                 =  𝟐𝟑𝟏𝟕. 𝟎𝟐 𝐤𝐉/𝐤𝐠 

 

P ts vg uf ug hf hfg hg sf sfg sg 

8 170.4 0.2403 720 2577 721 2048 2769 2.046 4.617 6.663 
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Example 2.11: 

Find the dryness fraction, specific volume, specific entropy and specific enthalpy of steam 
at 42 bar and specific internal energy 2550 kJ/kg. 

Solution: 
 
An extract from the steam tables:  
 
At 42 bar, ug= 2601 kJ/kg, since the actual specific internal energy is given as 2530 kJ/kg, 
the steam must be in wet steam state (u < ug).  
 

 
Internal energy (u) 

 
 𝑢 =  𝑢𝑓  +  𝑥 (𝑢𝑔 – 𝑢𝑓) 

2530 =  1097 +  𝑥 ( 2601 –  1097 ) 
                         𝒙 =  𝟎. 𝟗𝟓𝟑 

 
Specific volume (v) 

   
𝑣 =  𝑥 𝑣𝑔  
     =  0.953 (0.04732) 
     =  𝟎. 𝟎𝟒𝟓 𝒎𝟑/𝐤𝐠 

                    
Specific entropy (s) 
 

                               𝑠   =  𝑠 𝑓 +  𝑥 𝑠𝑓𝑔 

                                     =  2.823 +  0.953 (3.226)    
                                     =  𝟓. 𝟖𝟗𝟕𝐤 𝐉/𝐤𝐠. 𝐊  

 
Specific enthalpy (h) 

    
ℎ  =  ℎ 𝑓 +  𝑥 ℎ𝑓𝑔 

                            =  1102 +  0.953 (1698)     
=  𝟐𝟕𝟐𝟎. 𝟏𝟗 𝐤 𝐉/𝐤𝐠 

 
 
 
 

P ts vg uf ug hf hfg hg sf sfg sg 

42 253.2 0.04732 1097 2601 1102 1698 2800 2.823 3.226 6.049 
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Example 2.12: 
 

Find the dryness fraction, specific volume, specific internal energy, specific entropy of 
steam at 110 bar and specific enthalpy 2450 kJ/kg. 

Solution: 
 
An extract from the steam tables:  
 
At 110 bar, hg= 2705 kJ/kg, since the actual specific enthalpy is given as 2450 kJ/kg, the 
steam must be in wet steam state (h < hg).  
 

 
Specific enthalpy (h) 

 
 2450  =  ℎ 𝑓 +  𝑥 ℎ𝑓𝑔 

                                  2450 =  1450 +  𝑥 (1255)     
               𝒙 = 𝟎. 𝟕𝟗𝟕 

 
Specific volume (v) 

   
𝑣 =  𝑥 𝑣𝑔  
     =  0.797 (0.01598) 
     =  𝟎. 𝟎𝟏𝟐𝟕 𝒎𝟑/𝐤𝐠 

                    
Internal energy (u) 

 
 𝑢 =  𝑢𝑓  +  𝑥 (𝑢𝑔 – 𝑢𝑓) 

           =  1434 +  0.797 ( 2529 –  1434 ) 
           =  𝟐𝟑𝟎𝟔. 𝟕𝟐 𝐤𝐉/𝐤𝐠 

 
Specific entropy (s) 
 

                                  𝑠  =  𝑠 𝑓 +  𝑥 𝑠𝑓𝑔 

                                        =  3.430 +  0.797 (2.123)    
                                        =   𝟓. 𝟏𝟐𝟐 𝐤 𝐉/𝐤𝐠. 𝐊  

 
 
 
 

P ts vg uf ug hf hfg hg sf sfg sg 

110 318.0 0.01598 1434 2529 1450 1255 2705 3.430 2.123 5.553 
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TUTORIAL 2 
1) The internal energy of wet steam is 2360 kJ/kg.  If the pressure is 20 bar, what is the 

value of dryness fraction?  

(Ans: x = 0.858) 

Answer: 
 
 
 
 
 
 
 
 
 
 
 

2) Determine the specific volume, specific enthalpy and specific internal energy of wet 

steam at 5.5 bar if the dryness fraction is 0.73. 

(Ans: v = 0.250 m3/kg, h = 2186.81 kJ/kg, u = 2049.3 kJ/kg) 

Answer: 
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3) Find the dryness fraction, specific volume and specific internal energy of steam at 145 

bar and specific enthalpy 2300 kJ/kg.  

(Ans: x = 0.686, v = 7.477 x 10-3 m3/kg, u = 2184.4 kJ/kg) 

Answer: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

4) Determine the dryness fraction, specific volume and specific enthalpy for wet steam 

at 140 kN/m2 and specific entropy is 5.580kJ/kg.K 

(Ans: x = 0.714, v = 0.883 m3/kg, h = 2051.65 kJ/kg) 

Answer: 
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 Superheated Vapor  

 

The second part of the table is the superheated steam tables. A steam is called superheated 

when its temperature is greater than the saturation temperature corresponding to the 

pressure (T > ts). 

 

The equation of degree of superheat is: 

 

𝑫𝒆𝒈𝒓𝒆𝒆 𝒐𝒇 𝒔𝒖𝒑𝒆𝒓𝒉𝒆𝒂𝒕 = 𝑻𝒔𝒖𝒑𝒆𝒓𝒉𝒆𝒂𝒕 −  𝒕𝒔𝒂𝒕𝒖𝒓𝒂𝒕𝒊𝒐𝒏 

 

 

For example, steam at 30 bar and 350oC is superheated since the saturation temperature at 

30 bar is 233.8 oC.   

 

The steam at this state has a degree of superheat of 350 oC – 233.8 oC = 116.2 oC.  

 

The tables of properties of superheated steam range in pressure from 0.006112 bar to the 

critical pressure of 221.2 bar. 
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For the pressure above 80 bar, the specific internal energy (u) is not tabulated.  

 

 

 

The specific internal energy is calculated using the equation:  

 

 

                                                 𝒖 = 𝒉 − 𝑷𝒗 

 

 

 

 

where: 

P = (kN/m2) 

v x 10-2 = (m3/kg) 

h = (kJ/kg) 
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Example 2.13: 

Steam at 90 bar has a specific volume of 0.02645 m3/kg at 400°C.  Find the degree of 
superheat and the specific internal energy. 

Solution: 
 
At 90 bar, vg = 0.02048 m3/kg.  This is less than the actual specific volume of 0.02645 
m3/kg {v > vg}. Hence, the steam is superheated.  
 
 

 
 
 
 
 

 
Degree of superheat = 𝑇𝑠𝑢𝑝𝑒𝑟ℎ𝑒𝑎𝑡 −  𝑡𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 

           = 400 C – 303.3 C 

                                                                  = 96.7 C 
  

So, at 90 bar and 400 oC, we have; 
 
                            𝑣 =  2.991 x 10−2  m3/kg 
                         ℎ   =  3118 kJ/kg 
 

 From equation  
       𝑢 =  ℎ –  𝑃𝑣 
               = 3118 kJ/kg – (90 x 102kN/m2)(2.991 x 10−2 m3/kg) 
                               = 𝟐𝟖𝟒𝟖. 𝟖𝟏 𝐤𝐉/𝐤𝐠 
 
 
 
 
 
 
 
 
 
 
 
 
 

P bar 

(ts C) 

  400 

 
90 

(303.3) 

vg      0.02048 v x 10 –2  2.991 

hg      2743 h 3118 

sg      5.679 s 6.286 
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Example 2.14: 

Steam at 200 bar has a specific volume of 1.815 m3/kg at 600 °C.  Find the temperature, 
degree of superheat, specific enthalpy and specific internal energy. 

Solution: 
 
At 200 bar, vg = 0.00585 m3/kg.  This is less than the actual specific volume of 1.815 x 
10-2 m3/kg {v > vg}. Hence, the steam is superheated.  The state of the steam is at point 
A in the diagram below.  
 
 
 

 
 
 

 
 Degree of superheat = 𝑇𝑠𝑢𝑝𝑒𝑟ℎ𝑒𝑎𝑡 −  𝑡𝑠𝑎𝑡𝑢𝑟𝑎𝑡𝑖𝑜𝑛 

                                                                     = 600 0𝐶 – 365.7 0𝐶      
                                                                    = 234.3 C 
  

So, at 200 bar and 600 oC, we have; 
 
                                      𝑣 =  1.815 x 10−2  m3/kg 
                                   ℎ   =  3537 kJ/kg 
 

 From equation  
       𝑢 =  ℎ –  𝑃𝑣 
               = 3537 kJ/kg – (200 x 102kN/m2)(1.815 x 10−2 m3/kg) 
                               = 𝟑𝟏𝟕𝟒  𝐤𝐉/𝐤𝐠 

 
 

P bar 

(ts C) 

  600 

 
200 

(365.7) 

vg      0.00585 v x 10 –2  1.815 

hg      2411 h 3537 

sg      4.928 s 6.505 

 

600 C 

ts = 365.7 C 

200 

v =1.185 x 10-2 vg =0.00585 
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TUTORIAL 3 
1)  Steam at 15 bar is at 300 oC. Find the degree of superheat, specific volume, specific 

enthalpy and specific internal energy.  
 

(Ans: DOS = 101.7C, v = 0.1697 m3/kg, h = 3039 kJ/kg, u = 2784 kJ/kg) 

Answer: 
 
 
 
 
 
 
 
 
 
 
 

2)  Steam at 120 bar has a specific enthalpy of 3348 kJ/kg.  Find the temperature, degree 
of superheat, specific volume and specific internal energy.  

 

(Ans: T = 500C, DOS = 175.4C, v = 2.677 x10-2 m3/kg, u = 3026.76 kJ/kg) 

Answer: 
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Interpolation 
 

There two methods to solve the problem that one or two values is not tabulated: 

a) Single Interpolation 

b) Double Interpolation  

 

 

Single Interpolation 
 

Single interpolation is used to find the values in the table when one of the values is not 

tabulated. 

 

Example 2.15: 

Determine the saturation temperature at 23 bar. 

Solution: 
 
The values of saturation temperature at a pressure of 23 bar are not tabulated in the 
Steam Tables.  So, we need to interpolate between the two nearest values that are 
tabulated in the Steam Tables. 
 
 

                                                                                               
ts −  217.2

221.8 − 217.2
=  

23 − 22

24 − 22
 

 

                                                                  𝑡𝑠 =  
1 (4.6)

2
+ 217.2 

 
                                                                    𝒕𝒔 = 𝟐𝟏𝟗. 𝟓 °𝑪 

 
 
 
 
 
 
 
 
 

 

P 

ts 

24 

23 

22 

221.8 217.2 ts 
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Example 2.16: 

Determine the specific enthalpy of dry saturated steam at 72 bar. 

Solution: 
 
The values of specific enthalpy of dry saturated steam at a pressure of 72 bar are not 
tabulated in the Steam Tables.  So, we need to interpolate between the two nearest 
values that are tabulated in the Steam Tables. 
 
 

                            
ℎg −  2772

2766 −  2772
=  

72 − 70

75 − 70
 

 

                                                              ℎ𝑔 =  
2 (−6)

5
+ 2772 

                                                              𝒉𝒈 =  𝟐𝟕𝟔𝟗. 𝟔 𝐤𝐉/𝐤𝐠 

 
 
 

 

Example 2.17: 

Determine the specific entropy of steam at 2 bar and 435 C. 

Solution: 
 
The steam pressure of 2 bar is tabulated in the steam table, but the temperature of 435 

C is not tabulated. To find the values of specific entropy, we need to interpolate 
between the two nearest values that are tabulated in the Steam Tables. 
 
  At P = 2 bar; 
 

                        
𝑠g −  8.221

8.513 −  8.221
=  

435 − 400

500 − 400
 

 
                                                              𝑠𝑔

=  
35 (0.292)

100
+ 8.221 

 
                                                      𝒔𝒈 = 𝟖. 𝟑𝟐𝟑𝟐 𝐤𝐉/𝐤𝐠. 𝐊 

 
 
 
 

 

P 

hg 

75 

72 

70 

2766 2772 hg 

T 

sg 

500 

435 

400 

8.513 8.221 sg 
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Example 2.18: 

Determine the specific internal energy of steam at 95 bar and 500 C. 

Solution: 
 
The steam pressure of 95 bar is not tabulated in the steam table, but the temperature 

of 500 C is tabulated. To find the values of specific internal energy, we need to find the 
specific internal energy at 90 bar and 100 bar. 
 
From the superheated steam table; 
 

At P = 90 bar, T = 500 C;    h = 3385 kJ/kg 
                                                        v = 3.673 x 10-2 m3/kg 
 
The specific internal energy, u1 = h – Pv 

                                                             = 3385
𝑘𝐽

𝑘𝑔
−  (90𝑥102  

𝑘𝑁

𝑚2) (3.673𝑥10−2 𝑚3

𝑘𝑔
) 

                                                        u1 = 3054.43 kJ/kg 
 
 

At P = 100 bar, T = 500 C;    h = 3373 kJ/kg 
                                                          v = 3.275 x 10-2 m3/kg 
 
 The specific internal energy, u2 = h – Pv 

                                                              = 3373
𝑘𝐽

𝑘𝑔
−  (100𝑥102  

𝑘𝑁

𝑚2) (3.275𝑥10−2 𝑚3

𝑘𝑔
) 

                                                            u2 = 3045.5 kJ/kg 
 
 
Now interpolate between u1 at 90 bar, 500 oC, and u2 at 100 bar, 500 oC in order to find 
ug at 95 bar and 500 oC. 
 

                                  
𝑢g −  3054.43

3045.5 −  3054.43
=  

95 − 90

100 − 90
 

 

                                                     𝑢𝑔 =  
5 (−8.93)

10
+ 3054.43 

 
                                                      𝒖𝒈 = 𝟑𝟎𝟒𝟗. 𝟗𝟕 𝐤𝐉/𝐤𝐠. 𝐊 

 
 
 
 

 

P 

ug 

100 

95 

90 

3045.5 3054.43 ug 
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TUTORIAL 4 
1)  Determine the saturation temperature at 77 bar. 

(Ans: ts = 292.3C) 

 
 
 
 
 
 
 
 
 
 
 

2)  Determine the specific enthalpy of steam at 117 bar and dryness fraction 0.87. 
(Ans: h = 2533.44 kJ/kg) 
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3) Determine the specific internal energy of steam at 165 bar and 700 C. 
(Ans: u = 3401.39kJ/kg) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Double Interpolation 
 

In some cases, a double interpolation is necessary and it’s usually used in the Superheated 

Steam Table. 

Double interpolation must be used when two of the properties (eg. temperature and 

pressure) are not tabulated in the Steam Tables. 
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Example 2.19: 

Determine the specific enthalpy of superheated steam at pressure of 4.5 bar and 
temperature of 320 oC. 

Solution 1:  
 
An extract from the Superheated Steam Tables: 
 
 
 
 
 
 
 
 
Find the specific enthalpy (h1) at 4 bar and 320 oC; 
 

                                     
ℎ1 −  3067

3274 −  3067
=  

320 −  300

400 −  300
 

                                                                    

                                                                 ℎ1 =  
20 (207)

100
+ 3067 

 
                                                                                      𝒉𝟏 = 𝟑𝟏𝟎𝟖. 𝟒 𝐤𝐉/𝐤𝐠 
 
Find the specific enthalpy (h2) at 5 bar and 320 oC; 
 

                                                                          
ℎ2 −  3065

3272 − 3065
=  

320 − 300

400 − 300
 

 

                                                            ℎ2 =  
20 (207)

100
+ 3065 

 
                           𝒉𝟐 = 𝟑𝟏𝟎𝟔. 4 𝐤𝐉/𝐤𝐠 

 
Now interpolate between h1 at 4 bar, 320 oC, and h2 at 5 bar, 320 oC in order to find h at 4.5 
bar and 320 oC. 
 

                             
ℎ − ℎ1

 ℎ2 − ℎ1

=  
4.5 − 4

5 − 4
 

 

                                                 
ℎ −  3108.4

3106.4 − 3108.4
  =  

4.5 − 4

5 − 4
 

 
                       𝒉 =  𝟑𝟏𝟎𝟕. 𝟒 𝐤𝐉/𝐤𝐠 

 

        T (C) 
P (bar) 

300 320 400 

4 3067 h1 3274 

4.5 h3 h h4 

5 3065 h2 3272 

T 

hg 

400 

320 

300 

3274 3067 h1 

T 

hg 

400 

320 

300 

3272 3065 h2 

P 

hg 

5 

4.5 

4 

3106.4 3108.4 h 

        
Method 1 
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Solution 2:  
 
An extract from the Superheated Steam Tables: 
 
 
 
 
 
 
 
 
 
 
Find the specific enthalpy (h3) at 4.5 bar and 300 oC; 
 

                                            
ℎ3 −  3065

3067 −  3065
=  

4.5 −  5

4 −  5
 

                                                                    

                                         ℎ3 =  
−0.5 (2)

−1
+ 3065 

 
                                                                                      𝒉𝟑 = 𝟑𝟎𝟔𝟔 𝐤𝐉/𝐤𝐠 
 
 
Find the specific enthalpy (h4) at 4.5 bar and 400 oC; 
 

                                                         
ℎ4 −  3272

3274 − 3272
=  

4.5 − 5

4 − 5
 

 

                                                           ℎ4 =  
−0.5 (2)

−1
+ 3272 

                                    𝒉𝟒 = 𝟑𝟐𝟕𝟑 𝐤𝐉/𝐤𝐠 
 
 
Now interpolate between h3 at 4.5 bar, 300 oC, and h4 at 4.5 bar, 400 oC in order to find h at 
4.5 bar and 320 oC. 
 

                                                       
ℎ − ℎ3

ℎ4 − ℎ3 
=  

320 − 400

300 − 400
 

 

              
ℎ −  3273

3066 − 3273
  =

320 − 400

300 − 400
 

 
    𝒉 =  𝟑𝟏𝟎𝟕. 𝟒 𝐤𝐉/𝐤𝐠 

 
 

        T (C) 
P (bar) 

300 320 400 

4 3067 h1 3274 

4.5 h3 h h4 

5 3065 h2 3272 

P 

hg 

4 

4.5 

5 

3067 3065 h3 

Method 2 

P 

hg 

4 

4.5 

5 

3274 3272 h4 

T 

hg 

300 

320 

400 

3066 3273 h 
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TUTORIAL 5 
1)   A superheated steam at 53 bar is at 415 C. Determine the specific volume. 

(Ans: v = 0.056216 m3/kg) 
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2)   A superheated steam at 17.5 MN/m2 is at 625 C. Determine the specific enthalpy. 
(Ans: h = 3625 kJ/kg) 
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3)   A superheated steam at 62 bar is at 375 C. Determine the specific entropy. 
(Ans: s = 6.4187 kJ/kg.K) 
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4)  A superheated steam at 15 bar and 400 C expands at constant volume until the 
pressure becomes 12 bar and the dryness fraction is 0.83.  Calculate the changes in the 
internal energy of steam.  Sketch the process in the form of a T-v diagram. 

(Ans: dU = - 668.47 kJ/kg) 
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5)  A superheated steam at 21.5 MN/m2 is at 4700C. Determine the specific internal energy. 
(Ans: u = 2841.085 kJ/kg) 
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