
Name/Purpose/Assumptions

The Bernoulli equation (BE).
a.k.a Bernoulli’s equation (we don’t use this label because Euler develop this equation)

Purpose
relate pressure, velocity, and elevation at two points in a flowing fluid

Assumptions
steady flow
flow has constant density from point-to-point
points 1 and 2  are on the same streamline (if the flow inviscid, the points can be anywhere in the flow).

Note. There are multiple forms of the BE in the literature, each derived with differing assumptions. For example, 
there is a form that applies to unsteady flow. We don’t introduce these varied forms because this is too much detail 
for a 1st course. Also, the form given below is used for > 90% of applications. 
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(head form)

p =  static pressure (Pa)
! =  specific weight (N/m3 )
V =  speed (m/s)
g = graviational constant = 9.81 m/s2

z =  elevation or elevation head (m)
p ! =  pressure head (m)
V 2 2g  = velocity head (m)
h = p ! + z =  piezometric head (m)
pz = p + ! z =  piezometric pressure (Pa)
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(pressure form)

p =  static pressure (Pa)
! =  specific weight (N/m3 )
V =  speed (m/s)
g = graviational constant = 9.81 m/s2

z =  elevation or elevation head (m)
p ! =  pressure head (m)
V 2 2g  = velocity head (m)
h = p ! + z =  piezometric head (m)
pz = p + ! z =  piezometric pressure (Pa)

Meaning
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speed low
pressure high

speed high
pressure low
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Application Notes

How to apply the Bernoulli Equation (BE) (process)

Step 1. Select the BE by understanding the physics or by recognizing common patterns (see below). Check assump-
tions. 
Step 2. Select points 1 and 2 where you know information or where you want to find information. Sketch points 1 
and 2. As needed, label the datum and sketch the streamline. 
Step 3. Write the general form of the BE
Step 4. Do a “term-by-term analysis.”

Tips
For gases, it is common practice to neglect the elevation terms because they are negligible compared to other 
terms
Either the head or pressure of the BE can be selected. However, it is convention to select

the pressure form for gas flows
the head form for liquid flows 

Pressure can be either gage pressure or absolute pressure; avoid using vacuum pressure

When to select the BE (the physics)
If particle acceleration is large, select the BE. Examples: flow to stagnation point, flow in a nozzle, flow out a 
draining tank, flow on the suction side of a pump or fan. Look for converging streamlines to identify this type of 
flow.
If you have free liquid jet in a gas, select the BE because there are no walls to cause viscous effects.
If the flow is assumed inviscid, this means that viscous effects are assumed to be negligible. thus, Euler’s eqn 
applies and also the BE applies
Avoid

flows in which the fluid is heated or cooled (density variations)
wakes and separated flow regions
flow in straight runs of pipes (viscous effects are significant)
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Examples of problems when the BE applies

Description Sketch

Liquid draining out a tank.
The nozzle needs to be smooth and 
tapered (not abrupt) so that viscous 
effects can be ignored. 

notes: 
V1 ! 0, p1 = 0 gage, p2 = 0 gage

Flow to stagnation point.
Examples: Pitot-stagnation tube; 
flow impacting a car or window.

notes: 
V2 = 0 (stagnation point)

Flow out a nozzle.

notes: 
p2 = 0 gage, V1A1 = V2A2  (continuity)

A jet of liquid in a gas. Example: a 
water jet in air 

notes: 
p1 = 0 gage, p2 = 0 gage
pressure in liquid jet = patm( )
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Description Sketch

Flow on the suction side of a pump, 
fan, or HAWT. A HAWT is a hori-
zontal axis wind turbine. 

External flow around a body 
(avoid wakes or separated flow 
regions). 

Derivation

Integrate Euler’s equation from point 1 to point 2 on a streamline. 
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