5. Essential science for engineering and manufacturing
Worksheet 11: Bernoulli’s principle (tutor)
1. Water is flowing in a fire hose with a velocity of 1.0 m s−1 and a pressure of 200 000 Pa. At the nozzle, the pressure decreases to atmospheric pressure (101 300 Pa), and there is no change in height. 

Use the Bernoulli equation to calculate the velocity of the water exiting the nozzle. (The density of water is 1000 kg m−3 and the acceleration due to gravity g is 9.8 m s−2)

Answer: 

 𝜌𝑣12 + 𝜌𝑔ℎ1 +   =  + 𝜌𝑔ℎ2 +  
 
Since the height does not change (), the height term can be subtracted from both sides. 
  𝜌𝑣12 +   =   +  

Algebraically rearrange the equation to solve for , and insert the numbers

   
     =

                 = 14 m s−1

2. Through a refinery, ethanol fuel is flowing in a pipe at a velocity of 1 m s−1 and a pressure of 101 300 Pa. The refinery needs the ethanol to be at a pressure of 2 Atm (202 600 Pa) on a lower level.

How far must the pipe drop in height in order to achieve this pressure? 

Assume that the velocity does not change. 

(The density of ethanol is 789 kg m−3 and the acceleration due to gravity g is 9.8 m s−2)

Answer: 

 𝜌𝑣12 + 𝜌𝑔ℎ1 +  =  + 𝜌𝑔ℎ2 + 

Since the velocity does not change (), the velocity term can be subtracted from both sides: 

𝜌𝑔ℎ1+   = 𝜌𝑔ℎ2 +  

Rearrange to solve for the change in height: 

	 

 	           = −13.1 metres
So, the pipe needs to be 13.1 metres lower.

3. A hose with an internal cross section of 1.24 cm² is connected to a water tap. The hose leads to a height of 6 metres above ground, where the water flows out of a nozzle and is collected in a pool. The pool fills up at a rate of 30 litres per minute. 

[bookmark: _Hlk121915771]One metre above the ground, a pressure gauge is attached to the hose to measure the static pressure. The gauge indicates a pressure of 2 bar. The ambient air pressure is 
1 bar. The flow is incompressible and inviscid (has zero viscosity). At what speed does the water come out of the nozzle?

Answer:

	
	State 1 (pressure gauge)
	State 2 (nozzle opening)

	Height
	 = 1 m
	   = 6 m

	Velocity
	   = ?
	   = unknown

	Static pressure
	   = 2 bar 
	   = ?



= 
 m3 s−1
 =   
                = 4.03 m s−1
	 = 1 bar 

 𝜌𝑣12 + 𝜌𝑔ℎ1 +  =  + 𝜌𝑔ℎ2 + 





     

         	     = 10.69 m s−1 (to 2 d.p.)
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4. 
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5. A fluid of density 900 kg m−3 flows through a circular orifice of diameter 40 mm at a velocity of 1.2 m s−1. Calculate the mass flow rate.

Answer:	
Mass flow rate = ρvA = 900 × 1.2 ×  = 1.357 kg s−1

6. An incompressible fluid flows with a constant mass flow rate through a tapered pipe. There is no change in height. The entry to the pipe has an area of 150 mm2 and the exit has an area of 225 mm2. The density of the fluid is 880 kg m−3. At the entry, the pressure is 120 bar and the flow velocity is 0.3 m s−1. Calculate the pressure at the exit of the pipe.

Answer:	
Rearranging   gives   
  
     = 0.2 m s−1
Rearranging  gives


      = 142 bar
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