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o 1-a Recall from thermo class, that a system is defined as a volume of mass of fixed identity.  

o Conservation of mass states that the mass of a system is constant.  

This can be written as the following equation: 

 

Conservation of linear momentum  

which is a restatement of  Newton's Second Law.  

Newton’s Second Law 

o In equation form this is written as:  

Where mV = the linear momentum of the system.  

Conservation of Energy  

o For this, use the First Law of Thermodynamics in rate form to obtain the following 

equation: 

 

o Where E = the total energy of the system. In the above equation 

 

is the rate of change of system energy. 
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o is the rate of heat added to the system  

o is the rate of work done by the system .  

Because work is done by the system, the negative sign is in the equation for the first law of 

thermodynamics.  

o Now, these conservation laws must always hold for a system. 

Conservation of Angular Momentum  
We will have time to study this 

1-b 
The velocity profile is linear with radius. Additionally, later a discussion on relationship between velocity at interface to 

solid also referred as the (no) slip condition will be provided. This assumption is good for most cases with very few 

exceptions. It will be assumed that the velocity at the interface is zero. Thus, the boundary condition is 

U(r = R) = 0 and U(r = 0) = Umax Therefore the velocity profile is 

                                  (i) 
Where R is radius and r is the working radius (for the integration). The magical averaged velocity is obtained using the 

equation  

. For which 
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Calculating the momentum flux correction factor  
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2-a) 
The chosen control volume is shown in Figure1. First, the velocity has to be found. This situation is a steady state for 

constant density. Then 

2211 AUAU   

and after rearrangement, the exit velocity is 
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The momentum equation is applicable but should be transformed into the z direction which is 

 
The control volume does not cross any solid body (or surface) there is no external forces. Hence, 

 
All the forces that act on the nozzle are combined as 

 
The second term or the body force which acts through the center of the nozzle is 

 
Notice that in the results the gravity is not bold since only the magnitude is used. The part of the pressure which act on 

the nozzle in the z direction is 

 
The last term in the equation is  

 
Which results in 

 
Combining all transform equation into 

 

)0005.00001.025(25100005.01030001.0100015.0100081.9 355 zF  

NFz 715.1045015010715.14   

 

 

 

2-b) For continuity, Q3 Q1 – Q2 120 m3/hr. Establish the velocities at each port: 

 
With gravity and heat transfer and internal energy neglected, the energy equation becomes 
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Solve for the shaft work: sW  998(6.99 20.56 12.00) 15500 W Ans. 

(negative denotes work done on the fluid) 

 

3-a) 

For a CV surrounding the tank, with unsteady flow, the energy equation is 

  
where and T are the instantaneous conditions inside the tank. The CV mass flow gives 

 

 
Combine these two to eliminate (d/dt) and use the given data for air: 

 
3-b  

i) This region, where there is a velocity profile in the flow due to the shear stress at the wall, we 

call the boundary layer. 

Boundary layer is the region near a solid where the fluid motion is affected by the solid boundary. 

ii) Once the boundary layer has reached the centre of the pipe the flow is said to be fully 

developed. (Note that at this point the whole of the fluid is now affected by the boundary 

friction.) 

At a finite distance from the entrance, the boundary layers merge and the inviscid core disappears. 

The flow is then entirely viscous, and the axial velocity adjusts slightly further until at x = Le it 

no longer changes with x and is said to be fully developed, v = v(r) only. 

iii) The length of pipe before fully developed flow is achieved is different for the two types of 

flow. The length is known as the entry length. 

The entrance length Le is estimated for laminar flow to be :  

       Le/D = 0.06 ReD for laminar  
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       Le/D = 4.4 ReD
1/6

  for turbulent flow  

       Where Le is the entrance length; and 

ReD is the Reynolds number based on Diameter 

 

4-a) The flow rate per unit width of the area sec/321481 3
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4-b) 

 

5-a) Apply Bernoulli to each pipe separately. For pipe 1: 
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p
A 

and p
B 

are atmospheric, and as the reservoir surface move s slowly u
A 

and u
B 

are negligible, so 

 

And flow rate is given by: 

 

For pipe 2: 

 

Again p
A 

and p
B 

are atmospheric, and as the reservoir surface move s slowly u
A 

and u
B 

are negligible, so 

 

And flow rate is given by: 
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Performance and operating points of two pumps operating singly and combined in parallel 
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Performance and operating points of two pumps operating singly and combined in series 

 

 
 

 


