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A.  
Purpose: 
Determine the pump power when the bypass gate valve is closed. 
Drawings and Diagrams: 
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Design Considerations: 
 Constant Properties 
 Incompressible Fluids 
 Water @ 160˚F 
 Standard Elbows 
 Reducer assumed to be 50-60 degree gradual from 3in to 1in 
 Reduced assumed to be sudden with 3 m/s CV from 4in to 3in 
 Expander assumed to be 60 degree gradual from 1in to 3in 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Data & Variables: 

 γ= 61 lb/ft3 
 v= 4.38E-6 ft2/s 
 Suction diameter 0.3355 ft 
 Suction area 0.08840 ft2 
 Suction length 10 ft 
 Discharge diameter 0.2557 ft 
 Discharge area 0.05132 ft2 
 Discharge length 40 ft 
 ΔZ= 10.5 ft 
 KHE= 12 
 Left pipe diameter 0.2557 ft 
 Left pipe area 0.05132 ft2 
 Left pipe length 8 ft 
 Bypass pipe diameter 0.0874 ft 
 Bypass pipe area 0.00600 ft2 
 Bypass pipe length 30 ft 
 Kred 3-1 =0.079 
 Kred 4-3 =0.14 
 Kexp 1-3= 0.71 
 KGV= 8ft 
 KTees= 60ft 
 Kelbows= 30ft 
 KCV= 100ft 
 KEntrance= 0.5 
 e = 0.00015 
 n= 0.7 
 Q= 275 GPM 

                                                                                                                                                                                                                                                          
Materials: 

 Schedule 40 Steel pipe  
 Water 

Procedure: 

1. Rearrange Bernoulli’s to solve for pump head. 
2. Solve for the pump head in the left branch. 
3. Plug pump head into equation 13-2 from the textbook to determine pump power. 
4. Use equation 13-4 from the textbook to determine the power input to the pump. 

 

 



Calculations:  

 

 

 

 

 



Excel work: 

 



 

  



Summary: 

The pump head is 66.5 ft. Using equation 13-2 we find Pa to be 2485.8 ft-lb/s which is 4.52 HP. Using 
equation 13-4 we find Pi to be 3551.14 ft-lb/s which is 6.45 HP. 

Analysis: 

Only the losses in the suction, discharge, and heat exchanger branches are accounted for because the 
gate valve in the bypass branch is closed. Because ha is affected by energy losses, when the gate valve is 
opened, the pump head will increase if the flow rate is held constant.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



B.  
Purpose: 
Determine the flow rate if the gate valve in the bypass line is at open to at different intervals. 
Drawings and Diagrams: 
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Design Considerations: 
 Constant Properties 
 Incompressible Fluids 
 Water @ 160˚F 
 Standard Elbows 
 Reducer assumed to be 50-60 degree gradual from 3in to 1in 
 Reduced assumed to be sudden with 3 m/s CV from 4in to 3in 
 Expander assumed to be 60 degree gradual from 1in to 3in 

Data & Variables  

 γ= 61 lb/ft3 
 v= 4.38E-6 ft2/s 
 Suction diameter 0.3355 ft 
 Suction area 0.08840 ft2 
 Suction length 10 ft 
 Discharge diameter 0.2557 ft 
 Discharge area 0.05132 ft2 
 Discharge length 40 ft 
 ΔZ= 10.5 ft 
 KHE= 12 
 Left pipe diameter 0.2557 ft 
 Left pipe area 0.05132 ft2 
 Left pipe length 8 ft 
 Bypass pipe diameter 0.0874 ft 
 Bypass pipe area 0.00600 ft2 
 Bypass pipe length 30 ft 
 Kred 3-1 =0.079 
 Kred 4-3 =0.14 
 Kexp 1-3= 0.71 
 KGV= 8ft 
 KTees= 60ft 
 Kelbows= 30ft 
 KCV= 100ft 
 KEntrance= 0.5 
 e = 0.00015 
 n= 0.7 
 GV ¼ Le/D= 900 
 GV ½ Le/D= 160 
 GV 3/4 Le/D= 35 

Materials: 

 Schedule 40 Steel pipe  
 Water 



Procedure: 

1. Using the pump power from part A and use equation 13-2 to replace pump head in Bernoulli’s, 
rearrange Bernoulli’s to solve for flow rate. 

2. Calculate the energy losses for all the components 
3. Starting with the gate valve fully closed solve for flow rate to verify it comes close to 275 GPM. 
4. Next starting with the gate valve ¼ open use excel to iterate for each interval and solve for the 

flow rate in each branch 
5. Add the flow rates to determine the total flow rate at each interval.  

Calculations: 

 



 

 

 

 

 



Excel Work: 

  



 



 



 



 

Summary:  

The total flow rate is approximately 0.59 ft^3/s. As the valve opens, Q3 increases. At ¼ open Q3 is 0.037 
ft^3/s and increases to 0.066 ft^3/s when it is fully open.  

Analysis: 

Because Le/D is much larger when the valve is closest to being shut, it lowers Q3 because it is a large 
number in the denominator of the equation. When the valve is fully closed it will bring Q3 to zero as 
seen in part A.  


