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1.1. General equation of conservation of energy

! Word statement:

Rate of energy 
transfer to the system

Rate of energy change 
(increase) in the system=

• Intrinsic energy:

- Kinetic energy
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- Kinetic energy
- Potential energy
- Internal energy
- Chemical energy
- Nuclear energy

• Energy transfer:

- Heat
- Work

Signs agreement



! Formulation:

• Intrinsic energy:

dt
dE

dt
dW

dt
dQ sys=−

∫∫∫ ++ρ=
2

dV)gzUu~(EgzUu~eb
2

++==
- Kinetic energy
- Potential energy

1.1. General equation of conservation of energy
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∫∫∫ ++ρ=
sysVsys dV)gz

2
Uu~(Egz

2
Uu~eb ++==- Potential energy

- Internal energy

• Transport theorem:

AdU)gz
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Uu~(dV)gz
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Uu~(
dt
dWQ r

2

cAcV

2 rr
++ρ+++ρ=− ∫∫∫∫∫

••

∫∫∫∫∫ ρ+ρ=
AcVc

sys AdUbbdV
dt
d

dt
dB rr



! Analysis of the types of heat (Course: Thermal technology in the 3rd year)

! Analysis of the types of work

• Conduction

• Convection

• Radiation

1.1. General equation of conservation of energy
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! Analysis of the types of work

• Shaft work

• Work done by shear-stresses at the control surface

• Work done by pressure at the control surface:

- Flux work

- Deformation work



! Analysis of the types of works

• Shaft work:

Wp : pump (-)

τ
(shear stress by the 
surroundings on the system)

• Work done by shear stresses:

ω⋅=
•

MWshaft

1.1. General equation of conservation of energy
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- Flux work:

Wshaft
Wp : pump (-)

Wt : turbine (+)

Figure 4.1 Analysis of the 
types of mechanical work

• Work done by pressure:

∫∫ τ−=
•

cA
shear )dA(UW rr

∫∫=
•

cA
rflux ApdUW

rr

- Deformation work: ∫∫==
•

cA
CD

D ApdUW
dt

dW rr



! Energy equation

AdU)gz
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Uu~(dV)gz
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dt
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1.1. General equation of conservation of energy
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“Integral approach of the General Equation of Energy”



! Energy equation

AdU)gz
2

Upu~(dV)gz
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dt
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! Steady-state regime and rigid and fixed control volume: 

Up~
2 rr•••

1.1. General equation of conservation of energy
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AdU)gz
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! Finite number of inlet and outlet, uniform flow: 

∑∑ ++
ρ

+−++
ρ

+=+−
•••
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1.3. Average velocity – Coriolis’ coefficient

! Average velocities and properties 

! Kinetic energy correction coefficient or Coriolis’ coefficient α 

A
2

UdA
2

UE
3

av
A

3
k ρ≠ρ= ∫∫

•
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(1)

Figure 4.2 Jet injection inside a pipe
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! Finite number of inlets and outlets:
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1.4. Application to a streamline

! Energy equation in a streamline

(1)

(2)

dA

dA2

Figure 4.3 Streamline and differential streamtube
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2. The mechanical energy equation. Definition of
energy loss and headloss

! The mechanical energy equation
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Work by 
pressure 
forces

Mechanical 
energy loss

Change of specific mechanical 
energy of the fluid












−+−= ∫ qpdv)u~u~()gh(
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12L

Mechanical energy loss

Mechanical energy equation 
for a steady-state flow along 
a streamline 
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Work to machinery 
or shear stresses



! Mechanical energy equation. Incompressible flow 

L2

2
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2. The mechanical energy equation. Definition of
energy loss and headloss
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[ ]q)u~u~()gh( 12L −−=

Heat given to the 
surroundings

Gain of internal 
energy +



3. Bernoulli equation

! Bernoulli equation in steady-state regime 
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! Flow without any friction (inviscid fluid)
! Flow without any heat transfer (neither addition nor extraction)
! Flow without shaft work between (1) and (2)
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0)zz(g)UU(
2
1dp

12
2

1
2

2

2

1

=−+−+
ρ∫ “Bernoulli equation in a 

compressible fluid” (steady-state 
regime) valid for a streamline.

• Incompressible fluid

Cte
2

Upgz
2

=+
ρ

+



! Alternative forms of Bernoulli equation

Cte
2

Upgz
2

=+
ρ

+ T
2 pCteU

2
1pz ==ρ++γ

! Energy heads diagram 

Energy Grade Line (EGL)

3. Bernoulli equation

T

2

hCte
g2

Upz ==+
γ

+

Elevation 
head

Pressure 
head

Velocity 
head

Total 
head
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U1
2/2g

U2
2/2g

p2/γ

p1/γ

z1
z2

Reference plane ( z = 0 )

Energy Grade Line (EGL)

Piezometric line or
Hydraulic grade line (HGL)

Streamline

hT

Figure 4.4 Energy heads diagram



3. Piezometric head constancy

! Piezometric head constancy

Ctezpzpzp
3

3
2

2
1

1 =+
γ

=+
γ

=+
γ

z1

z2

z3

Streamtube

Across

Gustavo A. Esteban - 2016

ПREF

Figure 4.5 Piezometric head constancy

(1)

(2)

(3)

ПREF ( z = 0 )

z1

p1/γ p2/γ

z2

z3

p3/γ

Figure 4.6 Manometers connected to a pipe



! Generalization to a streamtube of:

• Bernoulli equation

tionsec,T

2
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2
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1
1

1 h
g2

Upz
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Upz =α+
γ

+=α+
γ

+

3. Bernoulli equation
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• Steady-state mechanical energy equation 

Lt

2
2

2
2

2p

2
1

1
1

1 hH
g2

UpzH
g2

Upz ++α+
γ

+=+α+
γ

+

Net head of 
the pump

Net head of 
the turbine Headloss



! Power of a finite stream

4. Definition of power terms

Streamtube

A

U
r p

dA

g2
Upzh

2

T +
γ

+=
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ПREF

z

Figure 4.8 Streamtube
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! Dissipated power

Llost QhE γ=
•

! Power of a pump

QHW γ=
•

4. Definition of power terms
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pp QHW γ=

tt QHW γ=
•

! Power of a turbine



! Efficiencies

• Pump

motor
Power absorbed 

from the electrical 
net

Shaft power 
(Pshaft)

ηmotor ηpump

pump
Power given to 

fluid
shaft

p

shaft

p
pump P

QH
P

 W γ
==η

&

electric

shaft
motor P

 P
=η

4. Definition of power terms
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• Turbine

ηmotor-pump

alternator Generated electric 
power

Shaft power 
(Pshaft)

ηalternatorηturbine

turbine
Power extracted from 

the fluid

ηturbine-generator

electricP

shaft

electric
alternator P

 P
=η

t

shaft

t

shaft
turbine QH

P

W

 P
γ

==η •


