
𝛼𝛼 =
1
𝐴𝐴
�
𝐴𝐴

𝑉𝑉
�𝑉𝑉

3

𝑑𝑑𝑑𝑑

V

V

ENERGY EQUATION for Non-uniform Flows

Mean Velocity:

Kinetic Energy Correction Factor:

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

Modified Energy Equation (by using Reynolds Transport Theorem for energy)

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡

𝛾𝛾𝛾𝛾
=
𝑊̇𝑊𝑡𝑡

𝑚̇𝑚𝑔𝑔

�𝑉𝑉 =
𝑄𝑄
𝐴𝐴

=
1
𝐴𝐴
�
𝐴𝐴
𝑉𝑉 𝑑𝑑𝑑𝑑

V1 and V2 are the mean velocities at stations 1 and 2

CE319F, UT Austin (S.A. Kinnas, 2020) Energy Equation & Examples 1



�𝑉𝑉 =
1
𝐴𝐴
�
𝐴𝐴
𝑉𝑉 𝑑𝑑𝑑𝑑

𝛼𝛼 =
1
𝐴𝐴 �

𝐴𝐴

𝑉𝑉
�𝑉𝑉

3

𝑑𝑑𝑑𝑑

α  for Laminar or Turbulent Pipe Flows

Mean Velocity:

Kinetic Energy Correction Factor:
𝑉𝑉 = 𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚 1 −

𝑟𝑟
𝑟𝑟𝑜𝑜

2

Example 7.1
�𝑉𝑉 =

1
𝜋𝜋𝑟𝑟𝑜𝑜2

�
𝑜𝑜

𝑟𝑟𝑜𝑜
𝑉𝑉 2𝜋𝜋𝜋𝜋 𝑑𝑑𝑑𝑑 =

𝑉𝑉𝑚𝑚𝑚𝑚𝑚𝑚
2

𝛼𝛼 =
1

𝜋𝜋𝑟𝑟𝑜𝑜2
�
0

𝑟𝑟𝑜𝑜 𝑉𝑉
�𝑉𝑉

3

2𝜋𝜋𝜋𝜋 𝑑𝑑𝑑𝑑 = 2

𝛼𝛼 = 1.05 − 1.07

For uniform flows: 

For turbulent flows: 

For laminar flows: 

�𝑉𝑉
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(we often use 𝛼𝛼 = 1 for simplicity)  

𝛼𝛼 = 1



𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔

ENERGY EQUATION

(for pipes)

Example 7.2

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡

𝛾𝛾𝛾𝛾
=
𝑊̇𝑊𝑡𝑡

𝑚̇𝑚𝑔𝑔

CE319F, UT Austin (S.A. Kinnas, 2020) Energy Equation & Examples 3

Darcy-Weisbach equation
f: resistance coefficient or friction factor



Example 7.3

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ENERGY EQUATION

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡

𝛾𝛾𝛾𝛾
=
𝑊̇𝑊𝑡𝑡

𝑚̇𝑚𝑔𝑔

CE319F, UT Austin (S.A. Kinnas, 2020) Energy Equation & Examples 4

1 hp= 550 lbf ft/sec 1 hp = 0.746 kW1 W = 1 N m/sec



Example 7.4
𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ENERGY EQUATION

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡

𝛾𝛾𝛾𝛾
=
𝑊̇𝑊𝑡𝑡

𝑚̇𝑚𝑔𝑔
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𝜂𝜂𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈𝑈 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑏𝑏𝑏𝑏 𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺𝐺 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚

𝜂𝜂𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 =
𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑏𝑏𝑏𝑏 𝑡𝑡𝑡𝑡𝑡 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑡𝑡𝑡𝑡 𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚 𝑜𝑜𝑜𝑜 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝

𝜂𝜂𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝 𝑏𝑏𝑏𝑏 𝑡𝑡𝑡𝑡𝑡 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑜𝑜𝑜𝑜 𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑡𝑡𝑡𝑡𝑡 𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 𝑏𝑏𝑏𝑏 𝑡𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡

Efficiency, η, of a machine
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Photos/Images of some types of 
pumps and turbines
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Water-jet used for the propulsion 
of a high-speed boat

Direction of boat movement
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Wind turbine farm
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Ocean current (or tidal) turbine
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A ducted marine turbine tested inside CAEE’s Flume

Check:   https://twitter.com/spyroskinnas
For more info, photos, movies of the 
experiment performed by students in 
CE358 (Ocean Engineering) class 

https://twitter.com/spyroskinnas
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Steam turbine
(rotor part)
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https://en.wikipedia.org/wiki/File:Hoover_Dam_generators.jpg

Hoover Dam Power Plant (17 turbines/generators capable of 
producing 2GWs=2,000 MWs of electrical power)

A hydro-electric power plant

Francis turbine used 
to extract energy 
from the water

Side view

Top view

Fig. 14.22 of Textbook

https://en.wikipedia.org/wiki/File:Hoover_Dam_generators.jpg


Example 7.5
𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ENERGY EQUATION
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ENERGY EQUATIONEGL (Energy Grade Line) and HGL (Hydraulic Grade Line)

𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑝𝑝
𝛾𝛾

+ 𝑧𝑧 +
𝛼𝛼𝛼𝛼2

2𝑔𝑔
𝐻𝐻𝐻𝐻𝐻𝐻 =

𝑝𝑝
𝛾𝛾

+ 𝑧𝑧

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔
(for pipes)

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡
𝛾𝛾𝛾𝛾

=
𝑊̇𝑊𝑡𝑡
𝑚̇𝑚𝑔𝑔

⟺
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L

D

V2=Q/A2

1

2

𝐸𝐸𝐸𝐸𝐸𝐸1 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸2 = 𝐸𝐸𝐸𝐸𝐸𝐸1 − ℎ𝐿𝐿
EGL1=z1

EGL2

𝐻𝐻𝐻𝐻𝐻𝐻 = 𝐸𝐸𝐸𝐸𝐸𝐸 − 𝛼𝛼𝛼𝛼2

2𝑔𝑔



ENERGY EQUATIONEGL and HGL for pump

𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑝𝑝
𝛾𝛾

+ 𝑧𝑧 +
𝛼𝛼𝛼𝛼2

2𝑔𝑔
𝐻𝐻𝐻𝐻𝐻𝐻 =

𝑝𝑝
𝛾𝛾

+ 𝑧𝑧

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔
(for pipes)

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡
𝛾𝛾𝛾𝛾

=
𝑊̇𝑊𝑡𝑡
𝑚̇𝑚𝑔𝑔

⟺
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1
2

𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2



𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑝𝑝
𝛾𝛾

+ 𝑧𝑧 +
𝛼𝛼𝛼𝛼2

2𝑔𝑔
𝐻𝐻𝐻𝐻𝐻𝐻 =

𝑝𝑝
𝛾𝛾

+ 𝑧𝑧

ENERGY EQUATIONEGL and HGL for turbine
𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔
(for pipes)

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡
𝛾𝛾𝛾𝛾

=
𝑊̇𝑊𝑡𝑡
𝑚̇𝑚𝑔𝑔

⟺
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DATUM
1 2

𝐸𝐸𝐸𝐸𝐸𝐸1 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡

𝐸𝐸𝐸𝐸𝐸𝐸2 = 𝐸𝐸𝐸𝐸𝐸𝐸1 − ℎ𝑡𝑡



ENERGY EQUATIONEGL and HGL between reservoirs

𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑝𝑝
𝛾𝛾

+ 𝑧𝑧 +
𝛼𝛼𝛼𝛼2

2𝑔𝑔
𝐻𝐻𝐻𝐻𝐻𝐻 =

𝑝𝑝
𝛾𝛾

+ 𝑧𝑧

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔
(for pipes)

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡
𝛾𝛾𝛾𝛾

=
𝑊̇𝑊𝑡𝑡
𝑚̇𝑚𝑔𝑔

⟺
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DATUM

1 2

𝑝𝑝1
𝛾𝛾

+
𝑉𝑉12

2𝑔𝑔
=
𝑝𝑝2
𝛾𝛾

+ ℎ𝑒𝑒

z1=z2
V2=0
p1=p2

𝑉𝑉12

2𝑔𝑔 = ℎ𝑒𝑒



ENERGY EQUATIONEGL and HGL for nozzle

𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑝𝑝
𝛾𝛾

+ 𝑧𝑧 +
𝛼𝛼𝛼𝛼2

2𝑔𝑔
𝐻𝐻𝐻𝐻𝐻𝐻 =

𝑝𝑝
𝛾𝛾

+ 𝑧𝑧

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔
(for pipes)

ℎ𝑝𝑝 =
𝑊̇𝑊𝑝𝑝

𝛾𝛾𝛾𝛾
=

𝑊̇𝑊𝑝𝑝

𝑚̇𝑚𝑔𝑔
ℎ𝑡𝑡 =

𝑊̇𝑊𝑡𝑡
𝛾𝛾𝛾𝛾

=
𝑊̇𝑊𝑡𝑡
𝑚̇𝑚𝑔𝑔

⟺
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DATUM
z



ENERGY EQUATIONExample 7.6
𝐸𝐸𝐸𝐸𝐸𝐸1 + ℎ𝑝𝑝 = 𝐸𝐸𝐸𝐸𝐸𝐸2 + ℎ𝑡𝑡 + ℎ𝐿𝐿

𝐸𝐸𝐸𝐸𝐸𝐸 =
𝑝𝑝
𝛾𝛾

+ 𝑧𝑧 +
𝛼𝛼𝛼𝛼2

2𝑔𝑔
𝐻𝐻𝐻𝐻𝐻𝐻 =

𝑝𝑝
𝛾𝛾

+ 𝑧𝑧

𝑝𝑝1
𝛾𝛾

+ 𝑧𝑧1 +
𝛼𝛼1𝑉𝑉12

2𝑔𝑔
+ ℎ𝑝𝑝 =

𝑝𝑝2
𝛾𝛾

+ 𝑧𝑧2 +
𝛼𝛼2𝑉𝑉22

2𝑔𝑔
+ ℎ𝑡𝑡 + ℎ𝐿𝐿

ℎ𝐿𝐿 = ℎ𝑓𝑓 = 𝑓𝑓
𝐿𝐿
𝐷𝐷
𝑉𝑉2

2𝑔𝑔
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𝑊̇𝑊𝑝𝑝 =γQhp=62.4 (lbf/ft3) * 7.85 (ft3/sec)*179.19 (ft)/550=159.59 hp

1 hp= 550 lbf ft/sec 
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