
ENGINEERING THERMODYNAMICS 

1. Properties of Working Fluids (pure substances) 

a- Water 

b- Ideal Gases (perfect gases) 

  

2. First Law of Thermodynamics 

a- Closed Systems and Non flow Processes 

b- Open Systems (control volume) and Flow processes 

 

3. Second Law of Thermodynamics 

a- Entropy 

b- Carnot Cycle and Heat Engines 

c- Heat Pumps and Refrigerators 

 

Basic Concepts 

Unit = SI units  

F (force) = m*a = kg*m/s2 = N (Newton) 

P (pressure) = Force/Area = F/A = N/m2 = Pascal = Pa Pressure = Pa, kPa, Mpa 

W (work) = Force*Distance = F*d = N*m = Joule = J  Work = J, kJ, MJ 

W = (F/A)*d*A F/A = P  d*A = Volume = V W = P*V 

a process between initial and final states  W = P*(V2 – V1) = P*ΔV = Wboundary 

-during an expansion process volume of the working fluid and system increases 

ΔV = + value  Wboundary = +  work done by the system or working fluid 

-during a compression process volume of the working fluid and system decreases 

ΔV = - value  Wboundary = -  work done on the system or working fluid 

-constant volume process 

ΔV = 0   Wboundary = 0 

 

Q = Heat = J, kJ, MJ 

During a process, heat transfer from system to surroundings (heat rejection) Q = - value 

During a process, heat transfer from surroundings to system (heat addition) Q = + value 

 



1. Properties of Working Fluids 

In all problems in thermodynamics we are concerned with energy transfers to or from a 

system. In practice the matter contained within the boundaries of the system can be liquid, 

vapor or gas, and is known as the working fluid. At any instant the state of the working fluid 

may be defined by certain characteristics called its properties. 

The thermodynamic properties are pressure, temperature, specific volume, internal energy, 

enthalpy and entropy. It has been found that, for any pure working fluid, only two 

independent properties are necessary to define completely the state of the working fluid. 

 

 

 

a- Ideal or Perfect Gases 

***State before and after processes : Gas State*** 

***State does not change during a process*** 

(i). Monoatomic gases (Ar, He) γ = 1.6 

(ii). Diatomic gases (air, O2, N2, H2) γ = 1.4 

(iii). Triatomic gases (CO2, SO2) γ = 1.3 

They obey the equation of state or ideal gas equation 

P*V = n*Ro*T 

P = pressure; V = volume; Ro = universal gas constant; T = temperature in Kelvin 

n = mass/Mol Weight = m/MW 

P*V = (m/MW)*Ro*T  using R (gas constant) = Ro/MW and rearranging euation 

P*V = m*R*T  or v (specific volume) = V/m specific volume 

P*v = R*T 

P = pressure in kPa; V = volume in m3 ; R= gas constant; T = temperature in Kelvin 

v = specific volume in m3/kg 

Example 

R for O2 gas R = Ro/MW R = 8.314/32 = 0.260 kJ/kg.K 

R for Air R = Ro/MW R = 8.314/29 = 0.287 kJ/kg.K 

R for H2 R = Ro/MW R = 8.314/2 = 4.157 kJ/kg.K 

1. Monoatomic gases (Ar, He) γ = 1.6 

2. Diatomic gases (air, O2, N2, H2) γ = 1.4 



3. Triatomic gases (CO2, SO2) γ = 1.3 

γ = cp/cv cv = R/( γ – 1)  cp – cv = R 

Joules Law 

u = cv*T  u = internal energy in kJ/kg 

cv = specific heat kJ/kg.K (constant volume) 

Δu = u2 –u1 = cv*(T2-T1) 

h = cp*T h = enthalpy in kJ/kg 

cp = specific heat kJ/kg.K (constant pressure) 

Δh = h2 –h1 = cp*(T2-T1) 

h = u + P*v 

Properties: P, T, V, v, u, h ***use equations*** 

 

Water 

***State changes during a process*** 

 

Figure 1. T-v diagram of water 



 

Figure 2. P-v diagram of water 

Consider a p-v diagram for water. The solid phase is not important in engineering 

thermodynamics. 

When a liquid is heated at any one constant pressure there is one fixed temperature at 

which bubbles of vapor form in the liquid; this phenomenon is known as boiling. 

The higher the pressure of the liquid then the higher the temperature at which boiling 

occurs. 

 

1. Liquid Water 

2. Saturated Liquid Water (at boiling point) 

3. Mixture (saturated liquid and saturated vapor) 

4. Saturated Water Vapor 

Table: saturated water table (pressure or temperature table) 

 

5. Superheated Water Vapor  Table: superheated water vapor table 

 

Liquid or saturated liquid : subscript –f 

Saturated vapor: subscript –g 

 

Properties: P, T, v, u, h ***use tables*** 



 

Dryness fraction (x) in mixture region 

x = fraction of vapor present in mixture = kg vapor/kg mixture 

in mixture region 

v : specific volume in m3/kg 

v = vf + x*vfg or sometimes vf is negligible use v = x*vg 

u = uf + x*ufg 

h = hf + x*hfg 

h = u + P*v 

 

Steam Tables 

 

 

 

 



 

At 100oC vapor pressure of water is 101.3 kPa. Now, atmospheric pressure or external 

pressure = vapor pressure of water. Then water boils at 100oC (also saturation temperature, 

Ts) if the pressure above the liquid water is 101.3 kPa. 

If pressure is constant then saturation temperature remains constant from saturated liquid 

to saturated vapor 

 

 

The pressure above liquid water is not atmospheric pressure, it is piston pressure. 

We are expecting that at high pressure boiling point of water is high, if you compare with 

the boiling temperature at 101.3 kPa which is 100oC. 

Under 200 kPa pressure water boils at 120oC (saturation temperature). 

 



 

The pressure above liquid water is not atmospheric pressure, it is piston pressure. 

We are expecting that at high pressure boiling point of water is high, if you compare with 

the boiling temperature at 101.3 kPa which is 100oC. 

Under 500 kPa pressure water boils at 151.8oC. 

 

The state of water on Pv diagram 

We need at least two properties to locate state of water. 

On saturated liquid line we need a property and a statement 

Example: saturated liquid water at 100 kPa 

From saturated water table; vf, uf, hf and Ts can be written 

 

Example: saturated water vapor at 200 kPa 

From saturated water table; vg, ug, hg and Ts can be written 

 

Example: liquid water at 60oC and 200 kPa 

State liquid water: from saturated water table at 60oC, the pressure of water is 20 kPa 

200 kPa given must be the piston or external pressure, not water pressure. 

Water is cold liquid water. State can be located left side of the saturated liquid water and 

these properties show the compressed liquid water. 

 

 

 



Between saturated liquid and saturated vapor line we need to know two properties 

P and T values show infinite points between saturated liquid and saturated vapor 

Example: water at 101.3 kPa and 100oC 

Saturated liquid has these properties, mixture and saturated vapor also. 

 

These properties may be; 

P or T and v 

P or T and u 

P or T and h 

P or T and s 

P or T and dryness fraction 

P or T and amount of saturated liquid-saturated vapor to find dryness fraction 

Example: 

Water at 200 kPa with a specific volume of 0.50 m3/kg. 

First of all, values given should be compared with the values on saturated water table 

From saturated water table-pressure table, find 200 kPa 

 

vf : 0.001061 m3/kg vg : 0.88578 m3/kg, specific volume in problem is smaller than vg 

(saturated vapor) and bigger than vf (saturated liquid). It must be mixture. 

Now we know the state of water but still we need dryness fraction to locate exact point on 

P-v diagram. We have specific volume of the mixture, 0.50 m3/kg 

Equation: v = vf + x*vfg or v = x*vg since vf is very small and negligible 

 0.50 = x*0.88578 x = 0.5645 

 

 



Example: water at 250 kPa with an internal energy of 2300 kJ/kg. 

using saturated steam table, uf = 535 kJ/kg  and  ug = 2537 kJ/kg 

internal energy in the problem lies between sat liquid and sat vapor, it is mixture. 

Equation: u = uf + x*ufg 2300 = 535 + x*2002  x = 0.88 

 

Example: water at 200 kPa and 200oC 

Using saturated water table: at 200 kPa saturation temperature is 120oC. Temperature value 

in the problem is higher than the saturation temperature. State of water must be 

superheated water vapor. Using superheated water vapor table: 200 kPa = 0.2 MPa 

Under 0.2 MPa pressure, find 200oC 

 

Now v, u, h and s values can be read. 

 

Example: water at 200 kPa with a specific volume of 1.2 m3/kg 

Using saturated water table: at 200 kPa vg value is 0.88578 m3/kg. Specific volume in the 

problem is bigger than the vg value. State of water must be superheated water vapor. Using 

superheated water vapor table: 200 kPa = 0.2 MPa 

Under 0.2 MPa pressure, try to find 1.2 m3/kg (250oC) and read u, h and s 

Similar procedure can be applied for internal energy and enthalpy. 


