
Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

Dr. Hui  HU

Department of Aerospace Engineering

 Iowa State University, 2251 Howe Hall, Ames, IA 50011-2271

Tel: 515-294-0094 / Email: huhui@iastate.edu

Lecture # 14: BERNOULLI EQUATION

AerE310 - Lecture Notes



Copyright © by Dr. Hui Hu @ Iowa State University. All Rights Reserved!

❑ IDEAL FLOW

Ideal flow:
• Non-heat conducting, inviscid, incompressible, 

homogeneous fluid is defined as ideal fluid.
• Assumptions used are:

• Non-heat conductive
• Homogeneous
• Incompressible 
• Inviscid flow
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❑ GOVERNING EQUATIONS FOR IDEAL FLUID FLOWS
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is also called Euler equation 
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• Let us only consider body forces that are conservative only.  A necessary and sufficient condition for  
the body force can be represented as the gradient of a scalar field U, i.e., 

• Therefore:

❑ GOVERNING EQUATIONS FOR IDEAL FLUID FLOWS

• For the Euler equation, it can also be re-written as:
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❑ Integral of Euler Equation in Irrotational Flows
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• By the definition of directional directive along any arbitrary path :

• Therefore:
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• Integrating the above equation leads to the unsteady 
Bernoulli equation:
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❑ Integral of Euler Equation along a Streamline
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• For the steady flow: 0
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• Then:

• Multiple (dot product) both sides of the above equation by, 
which is an element length alone a streamline.

• Therefore:

• Therefore:  

• Bernoulli equation along a streamline:
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❑ Integral of Euler Equation in Irrotational Flows

• If we choose a Cartesian coordinate system with the Z-axial to be positive when pointing 
upward and normal to the surface of the earth,. The force on a body of mass “m” is given by 
(0,0,-mg). Thus, the body force vector per unit mass becomes:  ),0,0(),,( gffff zyx −==
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• Therefore, Bernoulli equation for irrotational flow becomes:
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• Stagnation point: 
• the point on a streamline with the flow velocity 

becoming zero.

• Total pressure:
• The pressure measured at the stagnation point. 
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• We can drive Bernoulli’s equation for an irrotational flow 
without having to limit the equation to a streamline. 

• If flow is irrotational and steady (above case), Bernoulli’s 
equation applies, and the constant is the same 
everywhere in the flow.

• If flow is rotational but steady, Bernoulli’s equation holds 
along a streamline. The value of constant is different for 
each streamline.

• If flow is irrotational and unsteady, a modified version of 
Bernoulli’s equation applies, and the constant is the same 
throughout the flow (We don’t cover this in AERE 310).

• If flow is rotational and unsteady, Bernoulli’s equation is 
no longer valid (Full Euler’s equation must be solved). 

❑ BERNOULLI EQUATION
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• Bernoulli equation:

 Sd


• Along the streamline 
in rotational flows  

• Applicable everywhere 
in irrotational flows  
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW

• Stagnation point: the point with the 
flow velocity becoming zero.

• Total pressure 
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW

(a).

(b).
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW

• Understanding Bernoulli's Equation

https://www.youtube.com/watch?v=DW4rItB20h4

https://www.youtube.com/watch?v=DW4rItB20h4
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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❑ BERNOULLI EQUATION FOR IRROTATIONAL FLOW
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