
General Energy Equation

47

 One of the most fundamental laws in nature is the 1st law of 
thermodynamics, which is also known as the conservation of 
energy principle.

 It states that energy can be neither created nor destroyed during a process; it 
can only change forms

Falling rock, picks up speed 
as PE is converted to KE.

If air resistance is neglected, 
PE + KE = constant

General Energy Equation

 The energy content of a closed system can be 
changed by two mechanisms: heat transfer Q
and work transfer W.

 Conservation of energy for a closed system 
can be expressed in rate form as

 Net rate of heat transfer to the system: 

 Net power input to the system:
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 For simple compressible systems, total energy consists of internal, kinetic, and 
potential energies.
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Thermal energy tends to move naturally in the direction 
of decreasing temperature, and the transfer of thermal 
energy from one system to another as a result of a 
temperature difference is called heat transfer.

Energy Transfer by Heat, Q

General Energy Equation
A process during which there is no heat transfer is called an adiabatic
process. 

There are two ways a process can be adiabatic: 

1) Either the system is well insulated so that only a negligible amount of heat 
can pass through the system boundary, 

2) or both the system and the surroundings are at the same temperature and 
therefore there is no driving force (temperature difference) for heat transfer. 

An adiabatic process should not be confused with an isothermal process. 

Even though there is no heat transfer during an adiabatic process, the energy 
content and thus the temperature of a system can still be changed by other 
means such as work transfer.



Energy Transfer by Work, W
An energy interaction is work if it is associated with a force acting 
through a distance.

The time rate of doing work is called power and is denoted by

Car engines and hydraulic, steam, and gas turbines produce work;

Compressors, pumps, fans, and mixers consume work.

W

PUMP HYDRAULIC TURBINE

Work-consuming devices transfer energy to the fluid, and thus increase the 
energy of the fluid. 

A fan in a room, for example, mobilizes the air and increases its kinetic energy.

Energy Transfer by Work, W

Work-producing devices extract energy of the fluid, and thus decrease the 
energy of the fluid. 

A hydraulic turbine in a hydraulic power plant, extracts the mechanical energy of 
the water in the river and decreases its kinetic energy.

HYDRAULIC TURBINEFAN



A system may involve numerous forms of work, and the total work can be
expressed as

Energy Transfer by Work, W
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Wshaft is the work transmitted by a rotating shaft. (e.g. PUMP)

Wpressure is the work done by the pressure forces on the control surface.
(e.g. piston in a car engine cylinder)

Wviscous is the work done by the normal and shear components of viscous 
forces on the control surface (e.g. blades in turbomachines)

Wother is the work done by other forces such as electric, magnetic, and surface 
tension

Shaft work
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Work Done by Pressure Forces

 Where does expression for pressure work come 
from?

 When piston moves down ds under the influence of 
F=PA, the work done on the system is Wboundary=PAds.

 If we divide both sides by dt, we have

 For generalized control volumes:

 Note sign conventions:  
 is outward pointing normal
 Negative sign ensures that work done is positive when is 

done on the system.
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The total rate of work done by pressure forces is obtained by integrating 
Wpressure over the entire surface A.

Work Done by Pressure Forces
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The net power transfer can be expressed as

Energy Transfer to the system by 
Work and Heat
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Then the rate form of the conservation of energy relation for a closed system
becomes

dt
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To obtain a relation for the conservation of energy for a control volume, we apply 
the Reynolds transport theorem
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The general form of the energy equation that applies to fixed, moving, or deforming 
control volumes becomes

General Energy Equation
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The term P/ = wflow is the flow work, which is the work associated with 
pushing a fluid into or out of a control volume per unit mass.

The pressure work along the portions of the control surface that coincide with 
nonmoving solid surfaces is zero. 

Pressure work for fixed control volumes can exist only along the imaginary 
part of the control surface where the fluid enters and leaves the control volume, 
i.e., inlets and outlets.
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General energy equation for fixed volume :



General Energy Equation

If P/+e is nearly uniform across an inlet or outlet, we can simply take it outside 
the integral.
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Above equations are fairly general expressions of conservation of energy

But their use is still limited to fixed control volumes, uniform flow at inlets and
outlets, and negligible work due to viscous forces and other effects.

Enthalpy : 



Energy Analysis of Steady Flows
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 For steady flow, time rate of change of the energy content of 
the CV is zero.

 This equation states: the net rate of energy transfer to a CV by 
heat and work transfers during steady flow is equal to the difference 
between the rates of outgoing and incoming energy flows with 
mass.
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Energy Analysis of Steady Flows
 For single-stream devices, 

mass flow rate is constant.

 

 

2 2
2 1

, , , 2 1 2 1

2 2
1 1 2 2

, , 1 2 2 1 ,
1 2

2

2 2

net in shaft net in

shaft net in net in

V V
q w h h g z z

P V P V
w gz gz u u q

 


     

        

 











 12

2
1

2
2

12

.

,

..

2
zzg

VV
hhmWQ innetshaftinnet

These relations are valid for both compressible 
and incompressible flows.



Energy Analysis of Steady Flows
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If the flow is ideal with no irreversibilities such as friction, the total mechanical 
energy must be conserved, and the term in parentheses (u2 - u1 - qnet in) must 
equal zero.

innetlossmech quue ,12, Mechanical energy loss:

For single-phase fluids (a gas or a liquid) :

u2 - u1 = cv(T2 - T1)

cv : the constant-volume specific heat.

The steady-flow energy equation on a unit-mass basis can be written conveniently
as a mechanical energy balance as
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The mechanical energy balance can be written more explicitly as

is the total mechanical power loss per unit mass, which consists of 
pump and turbine losses as well as the frictional losses in the piping network.

,mech losse



By convention, irreversible pump and turbine losses are treated separately from 
irreversible losses due to other components of the piping system.

Energy Analysis of Steady Flows
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In terms of heads: (m)

hpump,u : useful head delivered to the fluid by the pump

hturbine,e : extracted head removed from the fluid by the turbine

hL : irreversible head loss between 1 and 2 due to all components of the piping 
system other than the pump or turbine
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 Divide by g to get each term in units of length

Magnitude of each term is now expressed as an equivalent column 
height of fluid, i.e., Head
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Special Case: Incompressible Flow with 
No Mechanical Work Devices and 
Negligible Friction
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Bernoulli
Equation

Kinetic Energy Correction Factor, 
for fully developed laminar pipe flow,   = 2

for fully developed turbulent pipe flow,   = 1.04-1.11

When the kinetic energy correction factors are included, the energy equations for 
steady incompressible flow become
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