
Test 2 
segunda-feira, 28 de outubro de 2024  19:43 
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Part A 
 
Purpose: the purpose of this part is to find the correct diameter of the pipe that allowed the
system to have a specific velocity, with that diameter calculate the pump power in the system,
calculate the pressure coming in and out of the pump. And make sure all the calculation made
are correct when putting in the excel and plotting the information calculated. 
 
Drawing : 
 

 
 
Source: Robert Mott & Joseph Untener. Applied Fluid Mechanics, 8th edition. Person  
 
Design Considerations: 

• Normal atmospheric conditions  
• Incompressible fluids  
• Isothermal conditions 

 
Materials: 

• Water @60F 
• Air @ 60F  
• Steel pipe  

 
Data and Variables: 

• Mass flow = 3.387 ft3/s  
• L suction pipe= 11in 
• L discharge pipe = 2500 feet 
• Velocity of flow = 3 m/s 
• Gama Water= 62.4 lb/ft3  
• Efficiency of pump = 60% 

 
 
Procedures: 
Calculate the required diameter, based on the flow and velocity provided; 
Find the correct diameter of pipe in the F1 table on the back of the book; 
Calculate the values of hA and hL, so then we are able to get the pump power; 
With the value of the power of the pump calculate the pressure in and out of the pump; 
 
Calculations:  
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Using the following points, calculate the value of hA  and hL: 

Now with the values of hA and hL, and using the efficiency provided in the problem, 60%. We

01/11/2024, 11:00 OneNote

https://onedrive.live.com/edit.aspx?resid=291DD9961E502F9B!663&migratedtospo=true&wd=target%28MET 330.one%7C52e9aa65-b6c5-5f49-9099-a2fb2b2a19f… 4/14



calculate the pump power as following. 

With the points showed in the picture above, and the pump power calculated, we are able to
calculate this pressures in and out of the pump in the system 
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Calculating, tabulating And plotting the results in excel, with different pipes diameter. we have
the following table and graph below.  

Pump
Diameter
(ft) 

Pump
Power  

P in  P out   Re  f  Hl  Ha 

0.01792  179986.54  1712337.76  1659197.36  13683.43  0.11  460.97  510.97 

0.02517  113541.48  1080648.60  1047125.88  19219.41  0.09  272.33  322.33 

0.0455  57377.23  546698.55  529758.12  34743.07  0.07  112.89  162.89 

0.07975  35463.30  338364.21  327893.79  60895.82  0.05  50.68  100.68 

0.125  27189.96  259710.11  251682.37  95448.00  0.05  27.19  77.19 

0.1936  22906.62  218988.62  212225.52  147829.86  0.04  15.03  65.03 

0.2803  20847.19  199409.77  193254.71  214032.60  0.03  9.18  59.18 

0.4011  19633.55  187871.77  182075.03  306273.54  0.03  5.74  55.74 

0.6354  18727.03  179253.53  173724.44  485181.27  0.03  3.16  53.16 

0.948  18281.33  175016.24  169618.74  723877.63  0.02  1.90  51.90 

1.193  18112.58  173411.98  168064.31  910955.71  0.02  1.42  51.42 

1.495  17989.06  172237.69  166926.48  1141558.08  0.02  1.07  51.07 

1.797  17911.66  171501.80  166213.45  1372160.45  0.02  0.85  50.85 
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Analysis: 
After tabulating and running the calculations through excel, the results make sense. The
difference of pressure in the system is all cases have been higher in the pump then when
exiting the pump, that is due to the energy losses. And the power in the pump increased due to
smaller diameter of pipes, that happen since we need to keep the flow even with the smaller
diameter, the velocity that the water is moving needs to be higher. 

Part B 
 
Purpose: the purpose of this part is to calculate the pressure drop in a possible nozzle inserted
in the system, with the nozzle, calculate the pressure difference in the system and what this
pressure difference does to the pump power, calculating the percentage the power increases.
Afterwards, plug all the calculations in excel to confurme them, again tabulating and ploting the
results with different diameters of pipes and nozzles  
 
Drawing : 
 
 
 
 
 
 
 
 
 
 
Source: Robert Mott & Joseph Untener. Applied Fluid Mechanics, 8th edition. Person  
 
Design Considerations: 

• Normal atmospheric conditions  
• Incompressible fluids  
• Isothermal conditions 

 
Materials: 

• Water @60F 
• Air @ 60F  
• Steel pipe  

 
Data and Variables: 

• Mass flow = 3.387 ft3/s  
• Diameter pipe = 0.6651 ft 
• Velocity of flow = 3 m/s 
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The problem stated that the ratio for the nozzle and its diameter is 0.5. 
 
So in this case, D2 is 0.33255 
 
The equation for flowmeter of the nozzle is given by: 

For this case, we are using the values provided at part a of the exam. So the diameter of the
pipe being used is 0.6651 feet. 
 

The ratio is stated and the problem: 0.5 and the value of Reynolds number was calculated on
part one. We just have two put those values into the equation to find the discharge coefficient 

With the value of the discharge coefficient calculated, now we calculate the area of both pipe
and nozzle, so we are able to solve the equation. 

Plugging those values in the formula above: 

• Gama Water= 62.4 lb/ft3  
• Diameter ratio = 0.5 

 
Procedure: 
Calculate the value of teh discharge coefficient; 
Calculate the area of both pipe and nozzle; 
Calculate the pressure difference on the nozzle; 
Calculate the pressure difference losse; 
With the pressure difference, calcualte the hL, reynolds number, flow and hA of the system; 
Calculate the power after the addition of the nozzle, and the % difference in the system  
 
Calculations: 
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Now calculating the change of the pump power in the system with the addition of this nozzle first
we calculate the delta p loss for the system  

Finding now the hL for the losses due to the new nozzle, that’s are due to a half of diameter
nozzle in the system  
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Now with the power of the system after putting the nozzle, we can calculate the difference in the
power that is applied by the pump  

After calculating those by hand, we input the same calculations in excel to make sure they are
correct. Then tableling different pipe diameters and nozzles, and how each on of them affects
the power of the system and their respective % difference compared ot the system without the
nozzle. The table and graphs are shown below: 

Diameter   Nozzle diameter (ft)  Pressure Drop (psi)  Re  C  A1  A2 

0.01792  0.009  19850683.45  13683.43  0.9580  0.000  0.000 

0.02517  0.013  5035256.66  19219.41  0.9642  0.000  0.000 

0.0455  0.023  463291.85  34743.07  0.9727  0.002  0.000 

0.07975  0.040  48482.20  60895.82  0.9788  0.005  0.001 

0.125  0.063  7971.31  95448.00  0.9826  0.012  0.003 

0.1936  0.097  1377.07  147829.86  0.9855  0.029  0.007 

0.2803  0.140  312.10  214032.60  0.9875  0.062  0.015 

0.4011  0.201  74.19  306273.54  0.9892  0.126  0.032 

0.6355  0.318  11.73  485257.63  0.9909  0.317  0.079 

0.948  0.474  2.36  723877.63  0.9921  0.706  0.176 

1.193  0.597  0.94  910955.71  0.9927  1.118  0.279 

1.495  0.748  0.38  1141558.08  0.9932  1.755  0.439 

1.797  0.899  0.18  1372160.45  0.9936  2.536  0.634 
 

 
Analysis: The results make sense, as explained in the analysis part of part A, the additong of a
nozzle makes the area of flow smaller, making then the power of the pump higher than the
system without the nozzle. And the biggle the diameter the nozzle the smaller the pressure drop
through that nozzle is  

Part C 
 
Purpose: the purpose of this part is to compute the flow in a open channel, and calculate what is
the percentage of this flow that is pumped in the system. After calculatin those, tableling, and
ploting the same calculations in excel.  
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Drawing : 

 
 
 
Source: Robert Mott & Joseph Untener. Applied Fluid Mechanics, 8th edition. Person  
 
Design Considerations: 

• Normal atmospheric conditions  
• Incompressible fluids  
• Isothermal conditions 
• Open channel with light brush  

 
Materials: 

• Water @60F 
• Air @ 60F  
• Light brush open channel 

 
Data and Variables: 

• Mass flow of upper system = 3.387 ft3/s  
• Gama Water= 62.4 lb/ft3  
• Slope = 0.00015  
• n = 0.050 

 
Procedure: 
Basend on the picture porvided and it's dimensions, calculate the Area of the open channel, and
it's wetter perimeter; 
Calculate the hydrolical radius of the channel; 
Calculate the water flow of the open channel; 
Calcualte the percentage differenc of the open channel flow to the flow pumped in the system; 
 
Calculations: 
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After calculating the Hydraulic radius of the open channel, we can calculate the flow event with
the values already provided and calculated.  

Now to compute the % of pumped water with respect to the lower open channel flow we use the
value of Q provided in part A of the exam.  
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Now plotting the calculations and putting different water elevations, and how those would affect
the flow and the percentage difference of system flow and the open channel flow: 
 

Water Elevation (ft)  Water Flow  % diff  Area  WP  R 

4  50.66  1396%  68  23.31  2.92 

4.5  50.43  1389%  88  44.73  1.97 

5  69.49  1952%  108  46.14  2.34 

5.5  90.39  2569%  128  47.56  2.69 

6  112.91  3234%  148  48.97  3.02 

6.5  136.85  3940%  168  50.38  3.33 

7  162.05  4684%  188  51.80  3.63 

7.5  188.37  5462%  208  53.21  3.91 

8  215.71  6269%  228  54.63  4.17 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Analysis: 
So we can see that the flow rate running through the open channel is way higher than the pump
flow rate, which means that the pump flow rate is negligible compared to the total flow rate
running through the lower open channel. It's also clear that the higher the water elevation the
higher the water flow was, which also makes sense since that is more water going through the
natural channel.  
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