
© D.J.Dunn   freestudy.co.uk 1 

UNIT 61: ENGINEERING THERMODYNAMICS 

Unit code: D/601/1410 

QCF level: 5 

Credit value: 15 

 
Students studying this unit should be sure that they can determine the various 

properties of fluids. If you are already able to do this you should skip this 

tutorial. 

 

 

TUTORIAL No. 1 – PRE-REQUISITE STUDIES 

 

FLUID PROPERTIES 

 

INTRODUCTION 

 

Before you study the four outcomes that make up the module, you should 

be competent in finding the properties of liquids, gases and vapours. If 

you are already competent in this, you should skip this tutorial. 

 

This tutorial is designed to teach you the basic concepts of 

thermodynamics and the properties of fluids. On completion of this 

tutorial you should be able to the following. 

 

 

 Use the correct thermodynamic symbols. 

 

 Determine the properties of a gas. 

 

 Determine the properties of vapours. 

 

 Determine the properties of liquids. 

 

 
 

We will start by examining the symbols used. 
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1. SYMBOLS 

The symbols used throughout in these tutorials are S.I. (International System). These 

are not always the ones used by the examiner. These are the main S.I. Symbols. The 

S.I. also recommends the use of / to mean divide rather than the use of negative 

indices favoured by examiners. For example ms-1 becomes m/s. 

 

Quantity   units  Derived Unit  S.I. symbol  

 

Length    m     various 

Mass    kg     m 

Time    s     t 

Volume    m3     V or Q 

Specific Volume   m3/kg     v  

Volume Flow Rate  m3/s 

Density    kg/m3      

Force    kg m/s2 N   F 

Weight    kg m/s2 N   W 

Pressure Head   m     h 

Altitude    m     z 

Area    m2     A  

Speed of Sound   m/s     a 

Specific Heat Cap.  N m/kg K Joule/kg K  c 

Energy    N m  Joule 

Enthalpy    N m  Joule   H 

Internal Energy   N m  Joule   U 

Specific Enthalpy  N m/kg J/kg   h 

Specific Int. Energy  N m/kg J/kg   u 

Mass flow rate   kg/s  

Polytropic Index        n 

Adiabatic Index         

Pressure    N/m2  Pascal   p 

Heat Transfer   N m  Joule   Q 

Work    N m  Joule   W 

Heat Transfer Rate  N m/s  Watt    

Work Rate (power)  N m/s  Watt   P 

Char. Gas Const   N m/kg K J/kg K   R 

Universal Gas Constant J/kmol K    Ro 
Entropy    J/K     S 

Specific Entropy   J/kg K     s 

Absolute Temperature  K     T 

Celsius Temperature  oC      

Velocity    m/s2     v or u 

Dynamic Viscosity  N s/m2 Pa s    or  

Kinematic Viscosity  m2/s      

 

Now we will examine the basic concepts required to do this tutorial successfully. 
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2. BASIC CONCEPTS 

 

Throughout these tutorials you will use properties which are either EXTENSIVE or 

INTENSIVE. 

 

An extensive property is one which is divisible. For example Volume when divided 

by a number becomes smaller. Other examples are mass and energy. 

 

An intensive property is a property of a mass which remains the same value when the 

mass is divided into smaller parts. For example the temperature and density of a 

substance is unchanged if it is divided into smaller masses. 

 

Throughout the tutorials you will use TOTAL and SPECIFIC quantities which relate 

only to extensive properties. A total quantity is always denoted by a higher case letter 

such as V for volume (m3) and H for enthalpy (J). A specific quantity represents the 

quantity per kg and is obtained by dividing the property by the mass. Such properties 

are always designated by lower case letters such as v for specific volume (m3/kg) and 

h for specific enthalpy (J/kg). 

 

Specific volume is mainly used for gas and vapours. The inverse of specific volume is 

density () (kg/m3) and this is mainly used for liquids and solids but also for gases. 

Note =1/v. 

 

Because the same letters are used to designate more than one property, often 

alternative letters are used. For example v for specific volume may occur in the same 

work as v for velocity so often u or c is used for velocity.  h is used for height, head 

and specific enthalpy so z is often used for height instead. 

 

The unit of Force and Weight is the kg m/s2. This comes from Newton's Second Law 

of Motion  (Force = mass x acceleration). The derived name for the unit is the 

Newton. In the case of Weight, the acceleration is that of gravity and in order to 

convert mass in kg into weight in Newtons, you must use  W = mg  where g is 

normally 9.81 m/s2. 

 

 

Now we will examine forms of energy a fluid may have.  
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3. ENERGY FORMS 

 

A fluid may possess several forms of energy. All fluids possess energy due to their 

temperature and this is called INTERNAL ENERGY. All possess GRAVITATIONAL 

or POTENTIAL ENERGY due to their elevation relative to some datum level. If the 

fluid is moving it will possess KINETIC ENERGY  due to its velocity. If it has 

pressure then it will possess FLOW ENERGY. Often pressure and temperature are the 

main two governing factors and we add internal energy to flow energy in order to 

produce a single entity called ENTHALPY. Let us look at each in more detail. 

 

3.1. GRAVITATIONAL or POTENTIAL ENERGY 

 

In order to raise a mass m kg a height z metres, a 

lifting force is required which must be at least 

equal to the weight mg. 

 

The work done raising the mass is as always, force 

x distance moved so   

   Work = mgz 

Since energy has been used to do this work and 

energy cannot be destroyed, it follows that the 

energy must be stored in the mass and we call this gravitational energy or potential 

energy P.E. There are many examples showing how this energy may be got back, e.g. 

a hydro-electric power station. 

   P.E. = mgz 

 

3.2 KINETIC ENERGY 

 

When a mass m kg is 

accelerated from rest to a 

velocity of v m/s, a force is 

needed to accelerate it. This 

is given by Newton's 2nd 

Law of Motion F= ma. 

 

After time t seconds the 

mass travels x metres and 

reaches a velocity v m/s. 

The laws relating these 

quantities are  

a = v/t   and x = vt/2 

The work done is   W = Fx = max = mv2/2 

 

Energy has been used to do this work and this must be stored in the mass and carried 

along with it. This is KINETIC ENERGY. 

     K.E. = mv2/2 
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3.3  FLOW ENERGY 

 

When fluid is pumped along a pipe, energy is used to do the pumping. This energy is 

carried along in the fluid and may be recovered (as for example with an air tool or a 

hydraulic motor). Consider a piston pushing fluid into a cylinder. 

 
 

The fluid pressure is   p N/m2. The force needed on the piston is 

   F= pA 

The piston moves a distance x metres. The work done is 

   W = Fx = pAx 

Since Ax =V and is the volume pumped into the cylinder the work done is  

    W = pV 

Since energy has been used doing this work, it must now be stored in the fluid and 

carried along with it as FLOW ENERGY. 

     F.E. = pV 

 

3.4 INTERNAL ENERGY 

 

This is covered in more detail later. The molecules of a fluid possess kinetic energy 

and potential energy relative to some internal datum. Usually this is regarded simply 

as the energy due to the temperature and very often the change in internal energy in a 

fluid which undergoes a change in temperature is given by 

 

  U = mcT 

 

The symbol for internal energy is U kJ or u kJ/kg. Note that a change in temperature 

is the same in degrees Celsius or Kelvin. The law which states internal energy is a 

function of temperature only is known as JOULE'S LAW. 

 

3.5 ENTHALPY 

 

When a fluid has pressure and temperature, it must possess both flow and internal 

energy. It is often convenient to add them together and the result is ENTHALPY. The 

symbol is H kJ or h kJ/kg. 

H = F.E. + U 

 

Next you need to study the properties of fluids and the laws relating them. 
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4  GAS LAWS 

 

In this section you will do the following. 

 

 Derive basic gas laws. 

 Examine the characteristic gas law. 

 Examine the universal gas law. 

 Define the mol. 

 Solve gas law problems. 

 

4.1 THEORY 

 

A gas is made of molecules which move around with random motion. In a perfect gas, 

the molecules may collide but they have no tendency at all to stick together or repel 

each other. In other words, a perfect gas in completely inviscid. In reality there is a 

slight force of attraction between gas molecules but this is so small that gas laws 

formulated for an ideal gas work quite well for real gas. 

 

Each molecule in the gas has an instantaneous velocity and hence has kinetic energy. 

The sum of this energy is the internal energy U. The velocity of the molecules 

depends upon the temperature. When the temperature changes, so does the internal 

energy.  The internal energy is for all intents and purposes zero at - 273o C. This is 

the absolute zero of temperature. Remember that to convert from Celsius to absolute, 

add on 273. For example 

 40oC is   40 + 273= 313 Kelvins. 

 

4.2 PRESSURE 

 

If a gas is compressed it obtains pressure. 

This is best explained by considering a gas 

inside a vessel as shown. 

 

The molecules bombard the inside of the 

container. Each produces a momentum force 

when it bounces.  The force per unit area is 

the pressure of the gas.  Remember that 

pressure = Force/area   

 

 p = F/A N/m2   or Pascals 

 

Note that 103 Pa = 1 kPa  106 Pa = 1 MPa 105 Pa = 1 bar 
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4.3 CONSTANT VOLUME LAW 

 

If the gas is heated the velocity of the molecules increases. If the container is rigid, 

then the molecules will hit the surface more often and with greater force so we expect 

the pressure to rise proportional to temperature.   

     p = c T  when V is constant. 

 

 

 WORKED EXAMPLE No.1 

 

 A mass of gas has a pressure of 500 kPa and temperature of 150oC. The pressure 

is changed to 900 kPa but the volume is unchanged. Determine the new 

temperature. 

 

 SOLUTION 

 

 Using constant volume law find  p1/T1 =c =  p2/T2 where 

 

 T1 =150 + 273 = 423 K 

 p1 = 500 000 p2 =900 000 

 T2 =p2T1/p1 = 900 000 x 423/500 000         T2  = 761.4 K 

 

 

4.4 CHARLE'S LAW  

 

If we kept the pressure constant and increased the temperature, then we would have to 

make the volume bigger in order to stop the pressure rising. This gives us Charle's 

Law: 

  V = c T  when p is constant 

 

 

 WORKED EXAMPLE No.2 

 

 A mass of gas has a temperature of 150oC and volume of 0.2 m3. The 

temperature is changed to 50oC but the pressure is unchanged. Determine the 

new volume. 

 

 SOLUTION 

 

 Using Charles’s law we find V1/T1=c = V2/T2 where 

 

 T1 =150 + 273 = 423 K 

 V1 = 0.2 

 T2 = 50 + 273 = 323 K 

  V2 = T2V1/T1 = 323 x 0.2/523  

  V2  =  0.123 m3 
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4.5 BOYLE'S LAW 

 

If we keep the temperature constant and increase the volume, then the molecules will 

hit the surface less often so the pressure goes down. This gives Boyle's Law: 

 

  p = c/V   when T is constant. 

 

 

 WORKED EXAMPLE No.3 

 

 A mass of gas has a pressure of 800 kPa and volume of 0.3 m3. The pressure is 

changed to 100 kPa but the temperature is unchanged. Determine the new 

volume. 

 

 SOLUTION 

 

 Using Boyle's law we find p1V1= c = p2 V2 where 

 

 p1 = 800 x103 V1 = 0.3 p2 = 100 x103 

 V2 = p1V1/p2 =  800 x103 x 0.3/100 x103 

 V2 = 2.4m3. 

 

 

4.6 GENERAL GAS LAW 

 

Consider a gas which undergoes a 

change in pV and T from point (1) to 

point (2) as shown. It could have gone 

from (1) to (A) and then from (A)to (2) 

as shown. 

 

Process (1) to (A) is constant volume 

 pA/TA = p1/T1 
 

Process (A) to (2) is constant 

temperature 

 T2 = TA 
 

Hence pA/T2 = p1/T1 and pA = p1T2/T1  ........................(1) 

 

For the process (A) to (2) Boyle's Law  applies so pAVA =p2V2 
 

Since VA = V1 then we can write  pAV1 =p2V2 
 

So  pA =p2V2/V1............(2)  

 

Equating (1) and (2) we get    p1V1/T1 =p2V2/T2 = constant 
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This is the GENERAL GAS LAW  to be used to calculate one unknown when a gas 

changes from one condition to another. 

 

 

 WORKED EXAMPLE No.4 

  

 A mass of gas has a pressure of 1.2 MPa, volume of 0.03 m3 and temperature of 

100oC. 

  The pressure   is changed to 400 kPa and the volume is changed to 0.06 m3. 

Determine the new temperature. 

 

 SOLUTION 

  

 Using the general gas law we find p1V1/T1 =p2V2/T2    where 

 p1 =1.2 x106 

 V1 = 0.03 

 p2 = 400 x103 

 

 T1 = 100 + 273 = 373 K 

 T2 = p2V2 T1/p1V1 =  400 x103 x 0.06 x 373/(1.2 x106 x 0.03) 

 

 T2 = 248.7 K 

 

 

4. 7 CHARACTERISTIC GAS LAW 

 

The general gas law tells us that when a gas changes from one pressure, volume and 

temperature to another, then 

    pV/T = constant 

 

Thinking of the gas in the rigid vessel again, if the number of molecules was doubled, 

keeping the volume and temperature the same, then there would be twice as many 

impacts with the surface and hence twice the pressure. To keep the pressure the same, 

the volume would have to be doubled or the temperature halved. It follows that the 

constant must contain the mass of the gas in order to reflect the number of molecules. 

The gas law can then be written as  pV/T = mR 

where m is the mass in kg and R is the remaining constant which must be unique for 

each gas and is called the CHARACTERISTIC GAS CONSTANT. If we examine the 

units of R they are J/kg K. 

 

The equation is usually written as    pV = mRT 

 

Since m/V is the density , it follows that       =p/RT 

 

Since V/m is the specific volume ,v, then     v=RT/p 
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 WORKED EXAMPLE No.5 

 

 A mass of gas has a pressure of 1.2 MPa, volume of 0.03 m3 and temperature of 

100oC. Given the characteristic gas constant is 300 J/kg K find the mass. 

 

 SOLUTION 

 

 From the characteristic gas law we have pV = mRT where 

 p = 1.2 x 106 N/m
2
 V = 0.03 m3  T = 100 + 273 = 373 K 

 m = pV/RT = 1.2 x 106 x 0.03/300 x 373 = 0.322 kg 

 

 

 

 SELF ASSESSMENT EXERCISE No.1 

 

 All pressures are absolute. 

 

1. Calculate the density of air at 1.013 bar and 15 oC if R = 287 J/kg K.  

 (1.226 kg/m3) 

 

2. Air in a vessel has a pressure of 25 bar, volume 0.2 m3 and temperature 20oC. It 

is connected to another empty vessel so that the volume increases to 0.5 m3 but 

the temperature stays the same. Taking R = 287 J/kg K. Calculate  

 

    i. the final pressure. (10 bar) 

    ii. the final density. (11.892 kg/m3) 

 

3. 1 dm3 of air at 20oC  is heated at constant pressure of 300 kPa until the volume 

is doubled. Calculate  

    i. the final temperature. (586 K) 

    ii. the mass. (3.56 g) 

 

4.  Air is heated from 20oC and 400 kPa in a fixed volume of 1 m3. The final 

pressure is 900 kPa. Calculate 

    i. the final temperature.(659 K) 

    ii. the mass. (4.747 kg) 

 

5. 1.2 dm3 of gas is compressed from 1 bar and 20oC  to 7 bar and 90oC.  

 Taking R = 287 J/kg K calculate 

    i. the new volume. (212 cm3) 

   ii. the mass. (1.427 g) 
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4.8 THE  UNIVERSAL GAS LAW 

 

The Characteristic Gas Law states pV = mRT 

where R is the characteristic constant for the gas. 

This law can be made universal for any gas because        R = Ro/Mm. 

where Mm is the mean molecular mass of the gas (numerically equal to the relative 

molecular mass). 

 

The formula becomes pV = mRoT/Mm. 

 

Ro is a universal constant with value 8314.3 J/kmol K. It is worth noting that in the 

exam, this value along with other useful data may be found in the back of your fluids 

tables. 

 

The kmol is defined as the number of kg of substance numerically equal to the mean 

molecular mass. Typical values are  

 

 GAS   Symbol  Mm. 

 Hydrogen  H2   2 

 Oxygen   O2   32 

 Carbon Dioxide CO2   44 

 Methane  CH4   16 

 Nitrogen  N2   28 

 Dry Air      28.96 

 

Hence  1 kmol of  hydrogen (H2) is 2 kg 

              1 kmol of oxygen (O2) is 32 kg 

               1 kmol of Nitrogen is 28 kg and so on. 

 

For example if you had 3 kmol of nitrogen (N2) you would have 

  3 x 28 = 84 kg 

 

It follows that the Mm must have units of kg/kmol 

 

In order to calculate the characteristic gas constant we use 

  R = Ro/Mm 
 

For example the characteristic gas constant for air is  

 

  R = 8314.3/28.96 = 287 

 

Examine the units 

 

  R = Ro/Mm = (J/kmol K)/(kg/kmol)=J/kg K 
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 WORKED EXAMPLE No.6 

 

 A vessel contains 0.2 m3 of methane at 60oC and 500 kPa pressure. Calculate the 

mass of Methane. 

 

 SOLUTION 

 

 pV = mRoT/Mm.    Mm = 16 

 

 500 000 x 0.2 = m x 8314.3 x (273 + 60)/16 m = 0.578 kg 

 

 

 

 

 

 SELF ASSESSMENT EXERCISE No. 2 

 

1.  A gas compressor draws in 0.5 m3/min of Nitrogen at 10oC and 100 kPa 

pressure. Calculate the mass flow rate.  

 (0.595 kg/min) 

 

 

2. A vessel contains 0.5 m3 of Oxygen at 40oC and 10 bar pressure. 

 Calculate the mass.  

 (6.148 kg) 

 

 

 

 

 

Next we will examine the meaning of specific heat capacities. 
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5.  SPECIFIC HEAT CAPACITIES 

 

In this section you will do the following. 

 

 Learn how to calculate the change in internal energy of gases and 

liquids. 

 Learn how to calculate the change in enthalpy of gases and liquids. 

 Define the specific heats of fluids. 

 Relate specific heat capacities to the characteristic gas constant. 

 

5.1 SPECIFIC HEAT CAPACITIES 

 

The specific heat capacity of a fluid is defined in two principal ways as follows: 

 

1. Constant Volume 

 

The specific heat which relates change in specific internal energy 'u' and change in 

temperature 'T' is defined as :  

    cv = du/dT 

If the value of the specific heat capacity cv is constant over a temperature range T 

then we may go from the differential form to the finite form 

 

  cv=u/T    J/kg 

Hence  u=cvT     J/kg 

For a mass m kg the change is  U=mcvT  Joules 

 

This law indicates that the internal energy of a gas is dependant only on its 

temperature. This was first stated by Joule and is called JOULE'S LAW. 

 

2. Constant Pressure. 

 

The specific heat which relates change in specific enthalpy 'h' and change in 

temperature 'T' is defined as : 

  cp = dh/dT 

If the value of the specific heat capacity cp is constant over a temperature  range T 

then we may go from the differential form to the finite form 

 

  cp=h/T    J/kg 

Hence  h=cpT     J/kg 

 

 

For a mass m kg the change is  H=mcpT  Joules 

 

The reasons why the two specific heats are given the symbols cv and cp will be 

explained next. They are called the PRINCIPAL SPECIFIC HEATS. 
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5.2 CONSTANT VOLUME HEATING 

 

When a fluid is heated at constant 

volume, the heat transfer 'Q' must be 

the same as the increase in internal 

energy of the fluid U since no other 

energy is involved. It follows that : 

 Q = U = mcvT  Joules 

The change in internal energy is the 

same as the heat transfer at constant 

volume so the symbol cv should be remembered as applying to constant volume 

processes as well as internal energy. 

 

5.3 CONSTANT PRESSURE HEATING 

 
When a fluid is heated at constant pressure, the volume must increase against a 

surrounding pressure equal and opposite to the fluid pressure p. 

 

The force exerted on the surroundings must be    F = pA   Newtons 

The work done is force x distance moved hence : 

Work Done = F x = pAx = p V  where V is the volume change. 

 

The heat transfer Q must be equal to the increase in internal energy plus the work 

done against the external pressure. The work done has the same formula as flow 

 

Enthalpy was defined as  H= U + pV 

 

The heat transfer at constant pressure is also:   Q = U + pV 

Since specific heats are used to calculate heat transfers, then in this case the heat 

transfer is by definition :    Q = mcpT  

 

It follows that     H = Q = mcpT  

 

For the same temperature change T it follows that the heat transfer at constant 

pressure must be larger than that at constant volume. The specific heat capacity cp is 

remembered as linked to constant pressure. 
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5.4 LINK BETWEEN cv, cp AND R. 

 

From the above work it is apparent that  H  = mcpT = U + pV 

We have already defined   U= mcvT  

Furthermore for a gas only,  pV=mRT 

Hence  mcpT = mcvT + mRT 

Hence  cp = cv + R 

 

5.5 LIQUIDS 

 

Since the volume of a liquid does not change much when heated or cooled, very little 

work is done against the surrounding pressure so it follows that cv and cp are for all 

intents and purposes the same and usually the heat transfer to a liquid is given as : 

  Q = mc T 

  Where c is the specific heat capacity. 

 

5.6 VAPOURS 

 

Vapour is defined as a gaseous substance close to the temperature at which it will 

condense back into a liquid. In this state it cannot be considered as a perfect gas and 

great care should be taken applying specific heats to them. We should use tables and 

charts to determine the properties of vapours and this is covered in the next section. 

 

 

 WORKED EXAMPLE No.7 

  

 Calculate the change in enthalpy and internal energy when 3 kg of gas is heated 

from 20oC to 200oC. The specific heat at constant pressure is 1.2 kJ/kg K and at 

constant volume is 0.8 kJ/kg K. Also determine the change in flow energy. 

 

 SOLUTION 

 

 i. Change in enthalpy. 

 

 H=mcpT = 3 x 1.2 x 180 =  648 kJ 

 

 ii. Change in internal energy. 

 

 H=mcvT = 3 x 0.8 x 180 =  432 kJ 

 

 iii. Change in flow energy 

 

 FE= H -   = 216 kJ 
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 WORKED EXAMPLE No.8 

   

 A vertical cylinder contains 2 dm3 of air at 50oC. One end of the cylinder is 

closed and the other end has a frictionless piston which may move under the 

action of weights placed on it. The weight of the piston and load is 300 N. The 

cylinder has a cross sectional area of 0.015 m2. The outside is at atmospheric 

conditions.  

 

 Determine 

 

 i. the gas pressure. 

 

 ii. the gas mass. 

 

 iii. the distance moved by the piston when the gas is heated to 150oC. 

 

 For air take cp= 1005 J/kg K and cv= 718 J/kg K. Atmospheric pressure = 100 

kPa 

 

 SOLUTION 

  

 The pressure of the gas is constant and always just sufficient to support the piston 

so   

 p = Weight/Area + atmospheric pressure 

 

 p = 300/0.015  + 100 kPa = 20 kPa + 100 kPa = 120 kPa 

 

 T1 = 50 + 273 = 323 K 

 

 V1 = 0.002 m3 

 

 R = cp - cv = 1005 - 718 = 213 J/kg K 

 

 m = pV/RT   = 120 000 x 0.002/(213 x 323) =  0.00348 kg 

 

 T2 = 150 + 273 = 423 K 

 

 V2= p1V1T2/p2T1  but p1 = p2 
 

 V2= V1T2/T1  = 0.02 x 423/323 = 0.0262 m3 

 

 Distance moved = Volume change/Area = (0.0262 - 0.02)/0.015 = 0.412 m 
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 WORKED EXAMPLE No.9 

  

 Convert the principal specific heats and characteristic gas constant for dry air into 

molar form. 

 

 SOLUTION 

 

 The normal values for dry air are found in the back of your fluids tables and are: 

 cp= 1.005 kJ/kg K   cv= 0.718 kJ/kg K   R = 0.287 kJ/kg K 

 

 In order to convert these into molar form we must multiply them by the molar 

mass. The molar mass for dry air is a mean value for a gas mixture and is found 

on the back page of your fluids tables and is 28.96 kg/kmol. 

 

 In molar form 

 cp= 1.005 [kJ/kg K] x  28.96 [kg/kmol] = 29.1 kJ/kmol K 

 

 cv= 0.718 [kJ/kg K] x 28.96  [kg/kmol] = 20.8 kJ/kmol K 

 

 R = 0.287 [kJ/kg K] x 28.96  [kg/kmol] = 8.31 kJ/kmol K 

 

 Note that the last value is the universal gas constant Ro. 

 

 

 

 SELF ASSESSMENT EXERCISE No. 3 

  

 For air take cp= 1005 J/kg K and cv= 718 J/kg K unless otherwise stated. 

 

1.  0.2 kg of air is heated at constant volume from 40oC to 120oC. Calculate the heat 

transfer and change in internal energy. (11.49 kJ for both) 

 

 

2.  0.5 kg of air is cooled from 200oC to 80oC at a constant pressure of 5 bar. 

Calculate the change in internal energy, the change in enthalpy, the heat transfer 

and change in flow energy. (-43 kJ), (-60.3 kJ), (-17.3 kJ) 

 

3. 32 kg/s of water is heated from 15oC to 80oC. 

 Calculate the heat transfer given c = 4186J/kg K. 

 (8.7 MW) 

 

4. Air is heated from 20oC to 50oC at constant pressure. Using your fluid tables 

(pages 16 and 17) determine the average value of cp and calculate the heat 

transfer per kg of air. (30.15 kJ) 
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5. The diagram shows a cylinder fitted with a frictionless piston. The air inside is 

heated to 200oC at constant pressure causing the piston to rise. Atmospheric 

pressure outside is 100 kPa. Determine : 

 

 i. the mass of air. (11.9 g) 

 

 ii. the change in internal energy. (1.537 kJ) 

 

 iii. the change in enthalpy. (2.1553 kJ) 

 

 iv. the pressure throughout. (500 kPa) 

 

 v. the change in volume. (1.22 dm3) 

 

 
6. Define the meaning of a mole as a means of measuring the amount of a 

substance. 

 

 Calculate the volume occupied at a temperature of 25oC and a pressure  of  3 bar, 

by 60 kg of (i) Oxygen gas, O2, (ii)atomic oxygen gas,O, and (iii) Helium gas, 

He. The respective molar masses ,M, and the molar heats at constant volume, Cv, 

of the three gases, and the molar (universal) gas constant, RM, are as follows: 

 

  M (kg/kmol) cv(kJ/kmol K) RM(kJ/kmol K) 

 

 O2 32  20.786  8.3144 

 O 16  12.4716  8.3144 

 He 4  12.4716  8.3144 

 

 Go on to calculate the values of the specific heats Cp and Cv. Using these values, 

calculate the specific gas constant R for all three gases. Show not only numerical 

work, but also the manipulation of units in arriving at your results. 

 

 You should now be able to determine the properties of gases. Next we will 

examine the properties of liquids and vapours. 



19 

  D.J.Dunn www.freestudy.co.uk  

 



20 

  D.J.Dunn www.freestudy.co.uk  

6. PROPERTIES OF LIQUIDS AND VAPOURS 

 

In this section you will do the following. 

 

 Learn about the properties and definitions concerning vapours. 

 

 Learn how to find the properties of vapours and liquids from 

your    tables and charts. 

 

You should ensure that you have a copy of 'Thermodynamic and Transport Properties 

of Fluids' by Mayhew and Rogers. 

 

6.1 GENERAL THEORY 

 

When a liquid changes into a vapour by the process of evaporation, it undergoes a 

change of state or phase. The reverse process is called liquefaction or condensing. 

The following work should lead you to an understanding of this process and by the 

end of it you should be able to find the same quantities and do the same type of 

problems as you have already done for gas. 

 

When a liquid is heated, the temperature rises directly proportional to the heat 

transferred, 'Q'. Q is given by Q = mcT 

The specific heat c is reasonably constant but changes significantly if the pressure  or 

temperature change is very large. 

 

When discussing heat transfer and energy of a fluid, we may wish to consider the 

internal energy U or the enthalpy H. In the following, the energy of the fluid may be 

construed as either. In tables this is tabulated as specific  internal energy or enthalpy  

u and h. 

 

When the liquid receives enough heat to bring it to the boiling point , the energy it 

contains is called SENSIBLE ENERGY. In tables this is denoted  as uf or hf. 

 

A liquid starts to evaporate because it becomes saturated with heat and can absorb no 

more without changing state (into a vapour and hence gas). For this reason the boiling 

point is more correctly described as the SATURATION TEMPERATURE and the 

liquid in this state is called SATURATED LIQUID. The saturation temperature is 

denoted as ts in tables. 

 

If a boiling liquid is supplied with more heat, it will evaporate and vapour is driven 

off. The vapour, still at the saturation temperature is called DRY SATURATED 

VAPOUR. 

 

A vapour is a gas near to the temperature at which it will condense. In order to 

convert liquid into vapour, extra heat must be transferred into it. The amount of 

enthalpy and internal energy required to evaporate 1 kg is denoted hfg and ufg in 
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tables and this is called the LATENT ENTHALPY and LATENT INTERNAL 

ENERGY respectively. 

 

The energy contained in 1 kg of dry saturated vapour must be the sum of the sensible 

and latent energy and this is denoted hg and ug. It follows that : 

 

 hg    = hf  + hfg 

 ug    = uf  + ufg 
 

TABLE FOR THE ENTHALPY OF HIGH PRESSURE WATER 

 

 

Temp oC Pressure in bar 

0 25 50 75 100 125 150 175 200 221 250 

0 0 2.5 5 7.5 10 12.6 15 17.5 20 22 25 

20 84 86 87 91 93 96 98 100 103 105 107 

40 168 170 172 174 176 179 181 183 185 187 190 

60 251 253 255 257 259 262 264 266 268 270 272 

80 335 337 339 341 343 345 347 349 351 352 355 

100 419 421 423 425 427 428 430 432 434 436 439 

120 504 505 507 509 511 512 514 516 518 519 521 

140 589 591 592 594 595 597 599 600 602 603 605 

160 675 677 678 680 681 683 684 686 687 688 690 

180 763 764 765 767 767 769 790 772 773 774 776 

200 852 853 854 855 856 857 858 859 861 862 863 

 

 

All enthalpy values are given in kJ/kg 
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The temperature at which evaporation occurs 'ts' depends upon the pressure at which it takes place. 

For example we all know that water boils at 100oC at atmospheric pressure (1.013 bar). At 

pressure below this, the boiling point is less. At higher pressures the boiling point is higher. If we 

look up the values of ts and p for water in the tables and plot them we get the graph below. It 

should also be noted that if the temperature of a liquid is kept constant, it may be made to boil by 

changing the pressure. The pressure at which it boils is called the SATURATION PRESSURE and 

is denoted as ps in the tables. 

 

The graph below also shows the freezing point of water plotted against pressure 

(pressure has little effect on it). 

 
The two graphs cross at 0.01oC and 0.006112 bar. This point is called the TRIPLE 

POINT. The graph shows the three phases of ice, water and steam. At the triple point, 

all three can occur together. Below the triple point, ice can change into steam without 

a liquid stage (and vice versa).  All substances have a triple point. 

 

If you did the exercise of plotting the graph of ts against p for water/steam you would 

find that the tables stop at 221.2 bar and 374.15oC. Above this pressure and 

temperature, the phenomenon of evaporation does not occur and no latent energy 

stage exists. This point is called the CRITICAL POINT and every substance has one. 

 

If vapour is heated, it becomes hotter than the boiling point and the more it is heated, 

the more it becomes a gas. Such vapour is referred to as SUPERHEATED VAPOUR, 

except when it is a substance at pressures and temperatures above the critical point 

when it is called SUPERCRITICAL VAPOUR. 
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6.2 CONTINUOUS EVAPORATION 

 

A simple boiler or evaporator as shown is needed to 

continuously produce vapour from liquid. The liquid is 

pumped in at the same rate at which the vapour is 

driven off. The heat transfer rate needed to do this must 

supply the internal energy to the process and the flow 

energy. In other words, the heat transfer is equal to the 

increase in the enthalpy from liquid to vapour. This is 

why enthalpy is such an important property. 

 

   

6.3 WET VAPOUR 

 

Wet vapour is a mixture of dry saturated vapour and liquid droplets. It may also be 

thought of as a partially evaporated substance. In order to understand its properties, 

consider the evaporation of 1 kg of water illustrated with a temperature - enthalpy 

graph. Starting with water at atmospheric pressure and 0.01oC, the enthalpy is 

arbitrarily taken as zero. Keeping the pressure constant and raising the temperature, 

the enthalpy of the water rises to 419.1 kJ/kg at 100oC. At this point it is saturated 

water and the sensible enthalpy is hf=419.1 kJ/kg. The addition of further heat will 

cause the water to evaporate. During evaporation, the temperature remains at 100oC. 

When the latent enthalpy hfg (2256.7 kJ/kg) has been added, the substance is dry 

saturated vapour and its specific enthalpy hg is 2675.8 kJ/kg. Further addition of heat 

will cause the temperature to rise and the substance becomes superheated vapour. 
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This graph may be drawn for any pressure and the same basic shape will be obtained 

but of course with different values. At the critical pressure it will be found that hfg is 

zero.  

 

The point of interest is the enthalpy value at some point along the evaporation line. 

Any point on this line represents wet steam. Suppose only fraction x kg has been 

evaporated. The latent enthalpy added will only be xhfg and not hfg. The enthalpy of 

the water/steam mixture is then  h = hf + xhfg  

 

The fraction x is called the DRYNESS FRACTION  but it is rarely given as a fraction 

but rather as a decimal. If no evaporation has started, then x = 0. If all the liquid is 

evaporated then x = 1. x cannot be larger than 1 as this would mean the vapour is 

superheated. 

 

The same logic applies to internal energy and it follows that   u = uf + xufg  

 

6.4 VOLUMES 

 

The specific volume of saturated water is denoted vf. The specific volume of dry 

saturated steam is denoted vg. The change in volume from water to steam is vfg. It 

follows that the specific volume of wet steam is  v = vf + xvfg  

 

Since the value of vf is very small and the specific volume of dry steam is very large 

(in all but the extreme cases), then vfg is practically the same as vg and vf is 

negligible. The specific volume of steam is then usually calculated from the formula 

 v = xvg 
 

6.5 TOTAL VALUES 

 

All the formula above represent the values for 1 kg (specific values). When the mass 

is m kg, the values are simply multiplied by m . For example the volume of m kg of 

wet steam becomes V =mxvg 
 

6.6 SATURATION CURVE 

 

If we plot a graph of hf and hg against either temperature or pressure, we get a 

property chart. The graph itself is the SATURATION CURVE. Taking the p-h graph 

as an example, temperatures and dryness fractions may be drawn on it and with the 

resulting graph, the enthalpy of water, wet, dry or superheated steam may be found. 

The pressure - enthalpy chart is popular for refrigerants but not for steam. A p-h chart 

is enclosed for arcton 12. 
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6.7 USE OF TABLES 

 

It is vitally important for you to be able to use the fluid tables in order to find the 

properties of steam. The tables are supplied in the exam but you must have a copy and 

become completely proficient in their use. Regarding water/steam, the tables contain 

a section on saturated water/steam and a section on superheated/supercritical steam. 

 

The saturated water/steam tables are laid out as follows with an example of values. 

Check this out for yourself on page 4. 

 

p ts vg  uf ug hf hfg hg sf sfg sg 

10 179.9 0.1944 762 2584 763 2015 2778  

 

Don't worry about the columns headed s at this stage. This is the property called 

entropy which is dealt with later. 

 

The latent internal energy ufg is not listed because of lack of room. However you do 

need to remember that it is the difference between uf and ug. Note that in all cases the 

value of hfg is the difference between the values on either side of it. 

 

The superheat tables are laid out differently. In this case the property value depends 

upon the pressure and temperature since the steam can exist at any pressure and 

temperature above the saturation values. This by necessity makes the tables very 

concise. More detailed tables are published. Interpolation is required to find values 

between those tabulated. 

 

In the superheat tables (e.g. page 6), you must locate the temperature along the top 

and the pressure down the side. This results in set of values at these co-ordinates 

giving v, u, h and s. 
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 WORKED EXAMPLE No.10 

 

 Find the specific enthalpy, internal energy and volume of steam at 3 bar and 

200oC . 

 

 SOLUTION 

 

 On page 6 of your tables locate the column with 200oC at the top and come down 

the page to the row with 3 bar at the left side. At this point you have a block of 4 

figures. The enthalpy value is the third figure down and is   2866 kJ/kg. The 

second figure down is the internal energy and is 2651 kJ/kg. The first figure is the 

volume and is 0.7166 m3/kg. You don't need the fourth figure at this stage. 

 

 p/bar  t 50 100  150 200 250 

 

 3       0.7166.......volume 

 (133.5)      2651...........int. energy 

        2866...........enthalpy 

        7.312..........entropy 
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 WORKED EXAMPLE No.11 

 

 Find the enthalpy, internal energy and volume of 3 kg of steam at 11 bar and 

dryness 0.75. 

 

 SOLUTION 

 

 From page 4 of the steam tables determine the row corresponding to 11 bar and 

look up the following values. 

 

 hf = 781 kJ/kg 

 hfg=2000 kJ/kg 

 hg=2781 kJ/kg 

 

 uf=780 kJ/kg 

 ug=2586 kJ/kg 

 

 vg=0.1774 m3/kg 

 

 Next deduce ufg = 2586 - 780 = 1806 kJ/kg 

 

 Now find the enthalpy. 

 H = m(hf + xhfg) = 3(781 + 0.75 x 2000) = 6843 kJ 

 

 Next find the internal energy in the same way. 

 U = m(uf + xufg) = 3(780 + 0.75 x 1806) = 6403.5 kJ 

 

 Finally the volume. 

 V = mxvg = 3 x 0.75 x 0.1774 = 0.399 m3 
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 SELF ASSESSMENT EXERCISE NO. 4 

 

1.  Using your steam tables, plot a graph of hf and hg against pressure horizontally 

and mark on the graph the following: 

 

  i. the superheat region 

  ii. the wet steam region. 

  iii. the liquid region. 

  iv. the critical point. 

 

 Also label the saturation curve with dry saturated steam and saturated water. 

 

2.  Using your steam tables, plot a graph of vg horizontally against pressure 

vertically. Also plot vf 
 

 Show on the graph: 

 

  i. the superheated steam region. 

  ii. the wet vapour region. 

  iii. the liquid region. 

  iv. the critical point. 

 

 Also label the saturation curve with dry saturated steam and saturated water. 
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 SELF ASSESSMENT EXERCISE No. 5 

 

 Use tables and charts to do the following. 

 

1.  What is the saturation temperature at 32 bars ?   

 

2.  What is the specific enthalpy and internal energy of saturated water at 16 bars? 

 

3.  What is the specific enthalpy and internal energy of dry saturated steam at 16 

bars? 

 

4.  Subtract the enthalpy in 2 from that in 3 and check that it is the latent enthalpy 

hfg at 16 bars in the tables. 

 

5.  What is the specific enthalpy and internal energy of superheated steam at 10 bar 

and 400oC ? 

 

6.  What is the specific volume of dry saturated steam at 20 bars ? 

 

7.  What is the volume of 1 kg of wet steam at 20 bars with dryness fraction x=0.7? 

 

8.  What is the specific enthalpy and internal energy of wet steam at 20 bars with a 

dryness fraction of 0.7 ? 

 

9.  What is the specific volume of  superheated steam at 15 bars and 500oC. 

 

10.  What is the volume and enthalpy of 3 kg of wet steam at 5 bar with dryness 

fraction 0.9. 

 

11.  Using the p-h chart for arcton 12 (freon 12) determine 

a.  the specific enthalpy at 2 bar and 70% dry. (x = 0.7). 

b.  the specific enthalpy at 5 bar and 330 K 

c.  the specific enthalpy of the liquid at 8 bars and 300 K. 

 

12.  What is the enthalpy of 1.5 kg of superheated steam at 8 bar and 350oC ? 

 

13.  What is the internal energy of 2.2 kg of dry saturated steam at 11 bars ? 

 

14.  What is the volume of 0.5 kg of superheated steam at 15 bar and 400oC ? 
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Answers to Assignment 5. 

 

Compare your answers with those below. If you find your answers are different, go 

back and try again referring to the appropriate section of your notes. 

 

 

1. 237.4oC. 

2. 859 and 857 kJ/kg. 

3. 2794 and  2596kJ/kg. 

3. 1935 kJ/kg and 1739 kJ/kg. 

5. 3264 and 2957 kJ/kg. 

6. 0.09957 m3/kg. 

7. 0.0697 m3/kg. 

8. 2232 and 2092.1 kJ/kg. 

9. 0.2351 m3 

 

10. 1.012 m3, 7.61 MJ, 7.11 MJ. 

11 a. 190 kJ/kg. b.286 kJ/kg. c. 130 kJ/kg  

12. 4.74 MJ. 

13. 5.69 MJ. 

14. 0.101m3. 


