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2. Abstract 
 

 

 

 

 

 

 

 

 

 

Continental AG is planning for a new manufacturing facility. As part of the new plant, there will be an 
automated machining line in which five machines will be supplied with coolant from the same reservoir. 
TRDoubleD Engineering has put together the following plan to supply the system with coolant. The system 
includes a 47,000 gallon main reservoir for storing the coolant, a 1,057 gallon feed tank to supply the 
machining area, and a 4,362 gallon tank to contain the fluid after use. The system is partially gravity feed 
and only requires three pumps and electric motors.  
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5. Report Body 
 a. Job site location 
 Dayton, Ohio, United States 

 b. Specifications and design philosophy 
● New coolant is delivered to the plant by railroad tank cars carrying 15,000 gal each. It 

has been decided that 3 tanker cars will be requester per delivery, totaling 45,000 gals.   
● A holding tank for new coolant must be specified. 
● The reservoir for the automated machining system must have a capacity of 1000 gal. 
● The 1000-gal tank is normally emptied once per week. Emergency dumps are possible if 

the coolant becomes overly contaminated prior to the scheduled emptying. 
● The dirty fluid is picked up by truck only once per month. 
● A holding tank for the dirty fluid must be specified. 
● The plant is being designed to operate two shifts per day, 7 days a week. 
● Maintenance is normally performed during the third shift. 
● The building is one-story high with a concrete floor. 
● The floor level is at the same elevation as the railroad track. 
● No storage tank can be inside the plant or under the floor except the 1000-gal reservoir 

that supplies the machining system. 
● The roof top is 32 ft from the floor level and the roof can be designed to support a 

storage 
● tank. 
● The building is to be located in Dayton, Ohio, where the outside temperature may range 

from -20˚F to +105 ˚F. 
● The frost line is 30 in below the surface. 
● You are not asked to design the system to supply the machines. 
● The basic coolant storage and delivery system is to have the functional design sketched 

in the block diagram in Figure 2. 
● If pumps are required, only SULZER pumps have to be selected. 
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C. Sources  
● Endmemo. EndMemo. (n.d.). Retrieved November 22, 2021, from 

http://www.endmemo.com/sconvert/galus_minft3_s.php.  

● https://www.engineeringtoolbox.com/wrought-steel-pipe-bursting-pressure-
d_1123.html 

● https://www.gbrx.com/media/1466/tank29000.pdf 
● Hanger support spacing - rod sizes horizontal pipes. Engineering ToolBox. (n.d.). 

Retrieved November 29, 2021, from https://www.engineeringtoolbox.com/piping-
support-d_362.html.  

● https://www.journal-news.com/news/local/wind-gusts-mph-gust-recorded-high-winds-
move-through-area/6WwUMeWK2GmirlzqRcCULJ/ 

● Maus, P. (2021, February 2). Wind load calculator. How Much Force Does the Wind 
Produce? Retrieved November 21, 2021, from 
https://www.omnicalculator.com/physics/wind-load.  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● https://www.omnicalculator.com/physics/wind-load 

● Pipe Flange: Carbon Steel, blind flange, 5 in pipe size, raised face blind flange. Grainger. 
(n.d.). Retrieved November 21, 2021, from 
https://www.grainger.com/product/GRAINGER-APPROVED-Pipe-Flange-Carbon-Steel-
30WH03.  

● Project Document 

● Sulzer Catalog 

● Wrought steel pipe - bursting pressures. Engineering ToolBox. (n.d.). Retrieved 
November 21, 2021, from https://www.engineeringtoolbox.com/wrought-steel-pipe-
bursting-pressure-d_1123.html.  
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 d. Materials and Specifications 
  i. Establish the pipe and tank material use 

● Schedule 40 carbon steel pipes will be used (ASTM A106).  
● Tanks will also be carbon steel (ASTM A106).  
● Seams are electric resistance welded.  

  ii. Fluid characteristics 
● The coolant is a solution of water and soluble oil with a specific gravity of 

0.94 and a freezing point of 0 ˚F. Its corrosiveness is approximately the 
same as that of water. 

● Viscosity and vapor pressure of the coolant are 1.50 times that of water at 
any temperature. 
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 e. Preliminary drawings and sketches 
  i. Plot Plan 

 

Figure 1: Plot Plan View of System Layout 
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  ii. Elevations 

 

Figure 2: Elevations View of System Layout 
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f. Design Calculations 
  i. Tank Specifications 

1. Specify the size and location of all storage tanks.  

Purpose:  

Layout the piping system and determine the tank sizes. 

Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 

Design Considerations: 

1. New coolant is delivered to the plant by railroad tank cars carrying 15,000 gal each. A holding 
tank for new coolant must be specified. 

2. The reservoir for the automated machining system must have a capacity of 1000 gal. 
3. The 1000-gal tank is normally emptied once per week. Emergency dumps are possible if the 

coolant becomes overly contaminated prior to the scheduled emptying. 
4. The dirty fluid is picked up by truck only once per month. 
5. A holding tank for the dirty fluid must be specified. 
6. The plant is being designed to operate two shifts per day, 7 days a week. 
7. Maintenance is normally performed during the third shift. 
8. The building is one-story high with a concrete floor. 
9. The floor level is at the same elevation as the railroad track. 
10. No storage tank can be inside the plant or under the floor except the 1000-gal reservoir that 

supplies the machining system. 
11. The roof top is 32 ft from the floor level and the roof can be designed to support a storage tank. 
12. The building is to be located in Dayton, Ohio, where the outside temperature may range from -

20˚F to +105˚F. 
13. The frost line is 30 in below the surface. 
14. You are not asked to design the system to supply the machines. 
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Drawings and Diagrams 
 

 
 

Figure 3: System Diagram 
 

 

4.362 
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Materials: 
● Coolant  
● 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded 

o 47000 Gal 
o 2115 Gal 
o 1057 Gal 

Data and Variables: 
● Distances in figure 
● γ = 58.656 lb/ft3 

Procedure:  
1. An initial delivery of 45000 gallons of coolant was decided on. 
2. A diameter of 20 ft was chosen for the large holding tank and the height was calculated based 

on the volume and diameter.  
3. The same process to determine the size of the tanks was used for the two smaller tanks, with 

the addition of a 45˚ cone bottom to aid with emptying.  
4. The tanks were laid out in a way to take advantage of gravity and minimize pump usage. 
5. Dimensions were added based on given dimensions, tank diameters, and approximate location  
 
Calculations: 
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Dirty Tank: 

 
 
 
Summary:  
The large tank must be 20 ft in diameter with a height of 20 ft. Rounding from the calculated height 
of 19.148 ft to 20 ft allows the piping to fill the tank from above the surface of the fluid when 
nearing the full 45000 gallons.  
 
The dirty tank must be 9 ft in diameter with a height of 12 ft. Rounding from the calculated height of 
11.74 ft to 12 ft allows the piping to fill the tank from above the surface of the fluid when nearing 
the full 4000 gallons.  
 
The coolant reservoir tank must be 6 ft in diameter with a height of 7 ft. Rounding from the 
calculated height of 6.73 ft to 7 ft allows the piping to fill the tank from above the surface of the 
fluid when nearing the full 1000 gallons.  
 
Analysis: 
Rounding the tank heights to allow for room above the fluid results in tank volumes of 47000 
gallons, 4362 gallons, and 1057 gallons. Due to the arrangement of the tanks, only 3 pumps will be 
required in the entire system.  
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2. Select tank material and specify wall thickness of storage tanks.  
Purpose:  
Chose the material the tanks will be made of and determine the required thickness of the tanks. 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 

Design Considerations: 

● The reservoir for the automated machining system must have a capacity of 1000 gal. 
● Constant Properties 
● Incompressible Fluids 
● Assuming pressure is highest at the bottom of the tank 

 
Drawings and Diagrams: 

 
Figure 4: Determining Pressure at Bottom of a Tank 

Data and Variables: 
● Distances in figure 
● γ = 58.656 lb/ft3 
● S= 20000 psi 
● E = 0.85 
● Y= 0.4 

 
Materials: 

● Coolant  
● 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded 

o 47000 Gal 
o 2115 Gal 
o 1057 Gal 
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Procedure: 
1. Gamma height equation was used to determine the pressure at the bottom of each tank. 
2. The pressure was then plugged into equation 11.9 from the textbook to determine the wall 

thickness of the tank.  
 
Calculations: 

 
 
Summary: 
The nominal thickness for the large tank is 0.154 in 
The nominal thickness for the dirty tank is 0.103 in 
The nominal thickness for the large tank is 0.098 in 
 
Analysis: 
Applying a 2.5 factor of safety, the large tank thickness becomes 0.385 in. The dirty tank thickness 
becomes 0.258 in. The reservoir becomes 0.245 in. 
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3. Provide a future additional connection to drain ONE OF THE TANKS. Design the blind flange required 
to hold the pressure for such connection (size, thickness, etc.). This should include the number of 
bolts and nuts and the size of them.  
 
Purpose: Design a tank to allow for a future connection by designing a blind flange, include bolt 
calculations. 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Pipe Flange: Carbon Steel, blind flange, 5 in pipe size, raised face blind flange. Grainger. 
(n.d.). Retrieved November 21, 2021, from 
https://www.grainger.com/product/GRAINGER-APPROVED-Pipe-Flange-Carbon-Steel-
30WH03.  

● Project Document 

● Wrought steel pipe - bursting pressures. Engineering ToolBox. (n.d.). Retrieved 
November 21, 2021, from https://www.engineeringtoolbox.com/wrought-steel-pipe-
bursting-pressure-d_1123.html.  

Design Considerations: 

● Pressure is equal to pressure at bottom of the tank 
● Bolt holes designed for ¾”  

Drawings and Diagrams: 

 
Figure 5: Future Connection 
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Data and Variables: 
● Distances in figure 
● γ = 58.656 lb/ft3 
● S= 20000 psi 
● E = 0.85 
● Y= 0.4 

Materials: 
● Coolant  
● 1 Tank: Carbon Steel ASTM A106, Electric Resistance Welded 

o 4362 Gal 
Procedure: 

1. Use pressure determined in task 2 to find the thickness of the blind flange using 
equation 11.9 from the textbook. 

2. Calculate amount of bolts and their sizes. 
Calculations: 
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Summary: 
The thickness of the blind flange is calculated as 0.092 in. 
 
Analysis: 
Applying the 2.5 factor of safety, the thickness becomes 0.25 in. 
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4. Specify wind load and weight of storage tanks for our civil engineer colleagues. 
 

Purpose: Find the wind load and weight of the tanks to help design the required supports 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● https://www.journal-news.com/news/local/wind-gusts-mph-gust-recorded-high-winds-
move-through-area/6WwUMeWK2GmirlzqRcCULJ/ 

● https://www.omnicalculator.com/physics/wind-load 

● Project Document 

Design Considerations: 

● Wind load pressure using max wind recorded for each tank 
● Weight pressure for each tank, assuming full liquid volume 

 
Drawings and Diagrams: 

 

 
Figure 3: System Diagram 

 
 
 
 
 

4.362 
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Data and Variables: 
● Max recorded wind speed in location: Approx. 70 mph = 102.7 ft/s 
● Average Air Pressure = 14.18 psi = 2041.92psf 
● large tank, v= 45.000 gal 
● medium tank, v= 4,000 gal 
● small tank, v= 1,000 gal 
● sg = 0.94 
● density of steel = 480.709 lb/ft^3 
● density of water = 1.94 slug/ft^3 
● kinematic velocity of air @ 60 F v= 1.58E-4 ft^2/s 

 
Materials: 

● Coolant  
● Tank: Carbon Steel ASTM A106, Electric Resistance Welded 

o 45000 Gal 
o 4000 Gal 
o 1000  Gal 

Procedure: 
1. Find area of tank 
2. Multiply area of tank by thickness of steel for tank wall to find total surface area of tank 
3. Use surface area and density to find weight of empty tank 
4. Find mass of fluid 
5. Find interior volume of tank 
6. Use data from 4 and 5 to find weight of fluid 
7. Combine weight of tank with weight of fluid for total weight 
8. Find area of tank 
9. Multiply area of tank by thickness of steel for tank wall to find total surface area of tank 
10. Use surface area and density to find weight of empty tank 
11. Find mass of fluid 
12. Find interior volume of tank 
13. Use data from 11 and 12 to find weight of fluid 
14. Combine weight of tank with weight of fluid for total weight 
15. Find area of tank 
16. Multiply area of tank by thickness of steel for tank wall to find total surface area of tank 
17. Use surface area and density to find weight of empty tank 
18. Find mass of fluid 
19. Find interior volume of tank 
20. Use data from 18 and 19 to find weight of fluid 
21. Combine weight of tank with weight of fluid for total weight 
22. Find Reynold’s Number for local air at maximum recorded wind speed 
23. Find Coefficient of Drag from table in figure 17.6 in textbook 
24. Calculate wind load for tank 
25. Find Reynold’s Number for local air at maximum recorded wind speed 
26. Find Coefficient of Drag from table in figure 17.6 in textbook 
27. Calculate wind load for tank 
28. Find Reynold’s Number for local air at maximum recorded wind speed 
29. Find Coefficient of Drag from table in figure 17.6 in textbook 
30. Calculate wind load for tank 
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Calculations: 
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lbf 
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lbf 
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lbf 
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Summary: 
The weight of the 45,000 gal tank is 385,966 lb 
The wind load on said tank is 3,181,780 lbf 
The weight of the 4,000 gal tank is 46,077.68 lb 
The wind load on said tank is 859,000 lbf 
The weight of the 1,000 gal tank is 11,563 lb 
The wind load on said tank is 334,084 lbf 
 
Analysis: 
The data for wind load and weight for each tank is listed above for proper support computation by 
the civil engineers on this project. 
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5. Consider that one of your storage tanks could fail. To repair it the company decided to drain it using 
a pumped system with same flow rate you estimated but this time the fluid will go into an open 
channel that will take the fluid to a location far from the plant (you have to select such location). 
You are now also in charge of the design of such open channel system to dump the fluid to that 
location. The design should include the path of the channel and its cross section.  

 
Purpose:  
To design an open channel that can take the fluid to a storage area should the holding tank fail 
 

Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 

Design Considerations: 

● Shape of channel 
● Depth of channel 
● Length of channel 
● Width of channel 
● Slope of channel 

 
 

Drawings and Diagrams: 

 
Figure 6: Open Channel 
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Data and Variables: 

● Rectangular Channel 
● 1% Slope 
● Hydraulic Radius = 1.5 
● Wetted Perimeter = 12 
● roughness, n = 0.017 
● Flow Rate = 9.6 ft/s 
● Depth, y = 3 ft 
● Width, b = 6 ft 
● Area, A = 18 ft^2 

 
Materials: 

● Coolant  
● Cement 
● Concrete 

 
Procedure: 

1. Choose location for storage tank 
2. Choose shape for channel 
3. Choose slope for channel flow 
4. Design channel based on fluid characteristics and required flow 
5. Choose depth and width 
6. Calculate flow rate and velocity to verify that it meets needs 

 
Calculations: 
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Summary: 
The channel is rectangular, with a flow velocity of 36 ft per second. 
 
Analysis: 
The channel is more than capable of handling the flow rate of 9.6 ft/s that the pipe design calls for. 
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  ii. Flow rate 
4. Estimate the time required to fill and empty all tanks (you are supposed to fix them). 
Specify the desired flow rate to fill and empty all tanks.  

Purpose: Use the chosen fill times to determine the flow rates and the time to fill and empty each tank.  

Sources:  

● Endmemo. EndMemo. (n.d.). Retrieved November 22, 2021, from 
http://www.endmemo.com/sconvert/galus_minft3_s.php.  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● 8-hour work shifts 
● Critical velocity of 9.6 ft/s 

Drawings and Diagrams: 
N/A 
Materials: 

● Coolant  
● 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded 

o 47000 Gal 
o 4362 Gal 
o 1057 Gal 

Data and Variables: 

● Large tank is 47 Kgal 
● Reservoir is 1.057 Kgal 
● Dirty tank is 4.362 Kgal 

Procedure: 

1. Use the chosen fill times and the tank volumes to determine the flow rate for each tank. 
2. Use the flow rate and desired times to calculate time to empty and fill the tanks. 
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Calculations: 

 

 

 

Summary: 

 

 

 

 

 

It will take 180 mins to fill the large tank with 45000 gallons of coolant and 52.85 minutes to empty 1000 
gallons into the reservoir tank. 

It will take 124 minutes to fill the dirty tank with 4000 gallons of coolant. It will take 52.85 mins to empty 
it.  

It will take 60 minutes to drain the reservoir of 1000 gallons of coolant. 

Analysis 

All the tanks are equipped with gate valves so their flow rates can be altered depending on need. The 
flow rates are assumed the gate valve is 100% open.   

Table 1: Fill Times 

Tank Sizes Desired Fill 
Times 

Calculated Fill 
Flow Rate 

Desired 
Empty Times 

Calculated 
Empty Flow Rate 

47 Kgal 180 Mins 261.11 GPM 20 Mins 52.85 GPM 
1.057 Kgal 60 Mins 17.61 GPM 20 Mins 52.85 GPM 
4.362 Kgal 124 Mins 35.17 GPM 31 Mins 141 GPM 
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  iii. Piping Size 
5.  Specify the layout of the piping system, the material type and sizes of all pipes, and the lengths 
required. Please note that if choosing to have a system driven by gravity, the pipe calculations are 
different to the case of pumped systems. Please also remember that for a pumped system, the pipe size 
is chosen with the critical velocity criteria and the desired flow rate.  
Purpose:  

Determine pipe length, size, and types for the system. 

Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Critical velocity of 9.6 ft/s 

Drawings and Diagrams: 

 

Figure 3:    System Diagram

4.362 



32 
 

Data and Variables: 

● Large tank: 261.11 GPM to fill 52.85 GPM to empty 
● Dirty tank: 35.17 GPM to fill and 141 GPM to empty 
● Feed tank: 17.61 GPM to fill and 52.85 GPM to empty 

Materials: 
● Coolant  
● 3 Tanks: Carbon Steel ASTM A106, Electric Resistance Welded 

o 47000 Gal 
o 4362 Gal 
o 1057 Gal  

Procedure: 
1.  Use chosen flow rate and critical velocity to determine the flow area of the pipes in each 
section using the Q= AV equation. 
2. Find nearest pipe flow area on Appendix F of textbook (round up). 
 
Calculations: 
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Summary: 
 

Table 2: Pipe Size 

System Flow rate  Velocity Pipe Area Nominal Pipe 
Size from App. F 

Train to Large Tank (Discharge) 261.11 GPM 9.6 ft/s 0.0606 ft^2 3.5 in 
Large tank to Feed Tank 

(Discharge) 52.85 GPM 9.6 ft/s 0.012266 ft^2 1.5 in 

Feed tank to Machine Area 
(Suction) 52.85 GPM 9.6 ft/s 0.012266 ft^2 1.5 in 

Machine Pump to Dirty Tank 
(Discharge) 105.70 GPM 9.6 ft/s 0.024531 ft^2 2 in 

Feed tank to Dirty Tank 
(Discharge) 52.85 GPM 9.6 ft/s 0.012266 ft^2 1.5 in 

Dirty Tank to Trucks 
(Discharge) 141 GPM 9.6 ft/s 0.032724 ft^2 2.5 in 

 

● The length of pipe from the railroad up to the large tank will be a horizontal length of 10 ft 
and vertical length of 52 feet. The pipe will be 3 ½ in nominal diameter. 

● The length of pipe from the large tank to the reservoir will be 524 ft horizontally with no 
vertical distance. This pipe will have a 1.5 in nominal diameter. 

● The pipe length from the reservoir to the machining area will be 4 ft vertically. This pipe will 
have a 1.5 in nominal diameter. 

● The pipe length from the reservoir to the emergency dirty tank dump will be 6 ft. This pipe 
will have a 1.5 in nominal diameter. 

● The pipe from the machining area pump to the dirty reservoir will have a height of 16 ft and 
a horizontal length of 469 ft. This pipe will have a 2 in nominal diameter. 

● The pipe from the dirty tank to the pump that feeds the trucks will be 3 ft long and have a 
2.5 in nominal diameter. 

 
Analysis: 
These dimensions assume an industry standard critical velocity of 9.6 ft/s. Carbon Steel ASTM 
A106 will be used for the pipe to aid in welding of similar metals.  
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6. Specify the number, types, material, and size of all valves, elbows, and fittings. Please note that 
if choosing to have a system driven by gravity, the pipe calculations are different to the case of 
pumped systems. Please also remember that for a pumped system, the pipe size is chosen with 
the critical velocity criteria and the desired flow rate. (to final report section 5.f.iii) 
 
Purpose: Create a parts list of required valves, elbows, and fittings. 
 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Critical velocity of 9.6 ft/s 

Drawings and Diagrams: 

 

Figure 3:    System Diagram

4.362 
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Data and Variables: 
● N/A 

 
Materials: 
● Coolant  
● Carbon Steel ASTM A106 
 
Procedure: 
1.  Use piping layout from diagram to list required parts. 
 
Calculations: 
Sizes are based on pipe sizes calculated in task 5. 
 
Summary: 

● Train car to large tank 
o 2 Gate valves for 3.5 in pipe 
o 1 check vale for 3.5 in pipe 
o 4 Short Radius Elbows for 3 ½ in pipe 
o 20 ft hose 3.5 in 

● Large tank to feed tank 
o 1 Gate valve for 1.5 in pipe 

● Feed tank to machine area 
o 1 Standard Tee for 1.5 in pipe 
o 2 Short Radius Elbows for 1.5 in pipe 
o 1 Gate valve for 1.5 in pipe 

● Feed tank to dirty tank 
o 1 Standard Tee for 1.5 in pipe (same tee used in previous system) 
o 1 Short Radius Elbow for 1.5 in pipe 
o 2 Gate valve for 1.5 in pipe 
o 1 Expander (1.5 in to 2 in) 
o 1 standard tee for 2 in pipe 

● Machine pump to dirty tank 
o 4 Short Radius Elbows for 2 in pipe 
o 2 Gate valves for 2 in pipe 
o 1 check valve for 2 in pipe 
o 1 standard tee for 2 in pipe (same tee used in previous system) 

● Dirty tank to Trucks 
o 1 Standard Tee for 2.5 in pipe 
o 2 Gate valves for 2.5 in pipe 
o 1 check valve for 2.5 in pipe 
o 20 ft hose 2.5 in  

 
Analysis: 
All material will match material of piping indicated in task 5.  
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9. Specify pipe wall thickness (schedule). You need for this the maximum operating pressure 
of the system. In a pumped system this pressure is typically at the exit of the pump.  
 
Purpose:  
Determine pumps required to run the system 
 
Sources:  

● https://www.gbrx.com/media/1466/tank29000.pdf 
● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

 

Design Considerations: 

● Refer to task 1 design considerations.  
● Velocity in the pipes is 9.6 ft/s (industry standard for flow rate of 100 GPM) 
● Tanks are at atmospheric pressure 
 
Drawings and Diagrams: 
 

 

Figure 7: Pump from machinery area to dirty tank 
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Figure 8: Pressure for pump in train to large tank exit 

 
Data and Variables: 
● γ=58.656 lb/ft3  

● ρ= 1.8236 slug/ft3 
● Length of 3 ½ in pipe= 84 ft 
● Length of 2 in pipe= 485 ft 
● S= 20000 psi 
● E = 0.85 
● Y= 0.4 

 
Materials: 
● Coolant  
● Carbon Steel ASTM A106 

 
Procedure: 

1. Determine maximum operating pressure. 
2. Plug pressure in to equation 11.9 from the textbook to solve for thickness, minimum thickness, 

and nominal thickness 
3. Use the tables in the appendix for steel pipe dimensions to determine which schedule lines up 

with the nominal wall thickness 
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Calculations: 
 
Pressure in machinery area pump exit: 
 
 

 
 
 
 
Pressure for pump in train to large tank exit: 

𝑃௔ =
58.656 

𝑙𝑏
𝑓𝑡ଷ (42𝑓𝑡 + 6.77𝑓𝑡 + 58.31 𝑓𝑡)

144
= 43.619 𝑝𝑠𝑖 

Pipe thickness example calculation: 
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Thickness of pipes in each system: 
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Summary: 
The maximum operating pressure in the piping from the train to the large tank is 43.62 psi. 
The maximum operating pressure in the piping from the large tank to the feed tank is 4.65 psi. 
The maximum operating pressure in the piping from the feed tank to the machine area is 2.74 psi. 
The maximum operating pressure in the piping from the machine area to the dirty tank is 145.54 psi. 
The maximum operating pressure in the piping from the feed tank to the dirty tank is 2.74 psi. 
The maximum operating pressure in the piping from the dirty tanks to the trucks is 4.67 psi. 
The nominal wall thickness for the piping from the train to the large tank is 0.0973 in. 
The nominal wall thickness for the piping from the large tank to the feed tank is 0.0917 in. 
The nominal wall thickness for the piping from the feed tank to the machine area 0.0916 in. 
The nominal wall thickness for the piping from the machine area to the dirty tank is 0.103 in. 
The nominal wall thickness for the piping from the feed tank to the dirty tank is 0.0916 in. 
The nominal wall thickness for the piping from the dirty tanks to the trucks is 0.0918 in.  
 
Analysis:  
Because all wall thicknesses are well below the listed wall thicknesses for the respective pipe sizes in the 
schedule 40 table, schedule 40 pipe will be used for the entire system.  
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10. Check your design for water hammer problems. Check if the pipe you selected can hold such over-
pressure, if not, propose the use of a water-hammer arrestor by specifying the pressure that it will 
handle.  

Purpose:  

To find if the pipes in the design can withstand the effects of water hammer 

Sources:  

● https://www.engineeringtoolbox.com/wrought-steel-pipe-bursting-pressure-d_1123.html 
● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

 
Design Considerations: 

● Refer to step 9 pipe design information 

Data and Variables: 

● Longest pipe: 524 ft 
● Schedule 40 steel pipe 

Materials: 

● 2 in steel pipe 
● 3 ½ in steel pipe 

Procedure: 

1. Determine a speed for valve closing 
2. Find pressure caused by said valve closing speed in longest pipe 

Calculations: 

Find pressure change in pipe due to sudden valve closure 
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Summary: 

The maximum pressure in the pipes from the water hammer phenomenon is 3521 psi. 

The burst pressure in the smaller 2 in pipe is 5185 psi, while the burst pressure in the larger 3 ½ in pipe 
is 5610 psi. 

Analysis: 

Using a sudden closure speed of 0.1 seconds, the water hammer phenomenon reached a value of 3521 
psi, well below the bursting pressures of either pipe being used for this design, therefore, no arrestor is 
required. 
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  iv. Provide pipeline support info 
13.   For one particular pipe system, decide the type of supports and determine the force acting 

upon each support. Your work here includes the distance between supports so the pipe does 
bend much. Our civil engineer colleagues need this. 

Purpose:  

Determine the amount of hanger required to support one stretch of pipe. Also determine the 
type of hanger and distance the hangers are apart.  

Sources:  

● Hanger support spacing - rod sizes horizontal pipes. Engineering ToolBox. (n.d.). 
Retrieved November 29, 2021, from https://www.engineeringtoolbox.com/piping-
support-d_362.html.  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 
Design Considerations: 

● Refer to task 1 design considerations.  
● Velocity in the pipes is 9.6 ft/s  
● Tanks are at atmospheric pressure 

 
Drawings and Diagrams: 

 

Figure 9: Piping Support FBD 

 

Figure 10: Piping Simply Supported Reaction Forces FBD 
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Data & Variables: 

● ρ= 1.8236 slug/ft3 
● Length of 1 ½ in pipe= 564 ft 
● V =9.6 ft/s 
● Q= 52.85 GPM 
● Pa= 1122.66 psf 
● A= 0.012266 ft2 
● γ=58.656 lb/ft3 

 
Materials: 

● Coolant 
● Carbon Steel ASTM A106 piping 

Procedure: 

1. Determine reaction forces in the X and Y directions 
2. Use pressure in bottom of large tank found in task 9 
3. Use Bernoulli’s to solve for pressure at inlet of the feed tank. 
4. Use chart found in sources to determine the spacing for 1.5 in schedule 40 steel pipe 
5. Divide Ry by number of hangers 

Calculations: 
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Summary: 

Per the hanger support spacing chart noted in the sources, the pipe needs a support every 9 
feet. With this distance there is not a whole number of hangers. The calculated 62.67 hangers 
were rounded up to 63 hangers. This number of hangers required the hangers to be placed 
about 8.95 ft apart from each other. Each hanger has 6.44 lbf acting on it from the pipe.  

Analysis: 

Rounding up to 63 hangers is safer than rounding down to 62 hangers because it provides extra 
support. The chart in the sources recommends 3/8” steel rods to be used to support the pipe.  
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  v. Energy Losses 
7. Develop the hydraulic analysis of all parts of the system; this includes energy losses due to 

friction and minor losses. You should list the energy losses per section(s) of each of the coolant 
sub-systems. For this task, you are allowed to use software but one of the coolant sub-systems 
MUST be calculated by hand and compare against the software results.  
 
Purpose:  
Calculate all the minor losses in system. 
 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc 
(2015) 

● Project Document 
 
Drawings and Diagrams: 

 

Figure 3: System Diagram 
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Figure 11: Large Tank to Reservoir Tank 

 

 
Figure 12: Reservoir Tank to Equipment 
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Figure 13: Reservoir Tank to Dirty Tank 

 

Data and Variables: 

 γ=58.656 lb/ft3 
 V1=V2=0 ft/s 
 Vp= 9.6 ft/s 
 g= 32.2 ft/s2 
 Di of 2 in pipe= 0.1723 ft  
 ρ= 1.8236 slug/ft3 
 Length of 3 ½ in pipe= 84 ft 
 Length of 2 in pipe= 485 ft 

Materials: 

 Coolant  
 Carbon Steel ASTM A106 
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Procedure: 

Large Tank to Reservoir Tank: 

1. Set points at the surface of each tank to assume zero velocity. 
2. Solve Bernoulli’s for pump head 
3. Solve for entrance loss, exit loss, elbow loss, and pipe loss. 
4. Add together total losses  
 

Reservoir Tank to Equipment: 

1. Set points at the surface of each tank to assume zero velocity. 
2. Solve Bernoulli’s for pump head 
3. Solve for entrance loss, exit loss, elbow loss, and pipe loss. 
4. Add together total losses  
 

Reservoir Tank to Dirty Tank: 

1. Set points at the surface of each tank to assume zero velocity. 
2. Solve Bernoulli’s for pump head 
3. Solve for entrance loss, exit loss, elbow loss, and pipe loss. 
4. Add together total losses  
 

Total loss minus losses in pump sections (8): 

1. Add together total losses 
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Calculations:
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Table 3: Energy Losses 

System Nr D/e f ft hl_elb hl_gv hl_exp hl_tees 
(branch flow) 

hl_pipes hl_exit hl_ent hl_cv hl_t 
Pump 
Head 
(ft) 

Pressure 
(psi) 

Train to 
Large Tank 
(Discharge) 

1185185 23333.33 0.0123 0.0103 1.17 0.12 0 0.00 4.17 1.43 0.00 1.47 8.36 52.86 42.05 

Train to 
Large Tank 
(suction) 

1185185 23333.33 0.0123 0.0103 1.17 0.12 0 0.00 1.21 0.00 0.00 0.00 2.50   

Large tank to 
Feed Tank 
(Discharge) 

507936.5 10000.00 0.0144 0.0120 0.00 0.14 0 0.00 93.74 1.43 0.72 0.00 96.03   

Feed tank to 
Machine 

Area 
(Suction) 

507936.5 10000.00 0.0144 0.0120 0.69 0.14 0 1.03 0.66 0.00 0.00 0.00 2.51   

Machine 
Pump to 

Dirty Tank 
(Suction) 

677248.7 13333.33 0.0137 0.0114 0.32 0.13 0 0.00 0.35 0.00 0.00 0.00 0.81   

Machine 
Pump to 

Dirty Tank 
(Discharge) 

677248.7 13333.33 0.0137 0.0114 0.97 0.39 0 0.32 56.89 1.43 0.00 1.62 61.63 79.87 64.15 

Feed tank to 
Dirty Tank 
(Discharge) 

507936.5 10000.00 0.0144 0.0120 0.34 0.27 0.544 2.06 30.59 1.43 0.00 0.00 35.24   

Dirty Tank to 
Trucks 

(Discharge) 
846560.8 16666.67 0.0131 0.0109 0.00 0.12 0 0.00 1.80 0.00 0.00 1.56 3.48 14.81 13.97 

Dirty Tank to 
Trucks 

(Suction) 
846560.8 16666.67 0.0131 0.0109 0.00 0.12 0 0.94 0.27 0.00 0.00 0.00 1.33   

  

Summary:  

The system loses the most energy in sections with long stretches of pipe. Due to this the system losses 
96,026 ft between the large tank and the feed tank, 59.75 ft between the machine pump and the dirty 
tank, and 35.24 ft between the feed tank and the dirty tank. The other losses are very minimal.  

Analysis:  
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Most losses are from Friction in the pipes but that also being said with complexity of this system these 
losses are negatable. 

  vi. Pump Selection  
8. How many pumps do you need? What are the requirements (this is, you have to provide pump head 
and flow rate) of each pump? For this task, you are allowed to use software but one of the coolant sub-
systems MUST be calculated by hand and compare against the software results.  
 
Purpose: 
Determine pumps required to run the system 
 
Sources:  

● https://www.gbrx.com/media/1466/tank29000.pdf 
● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Standard tanker car is 8 ft in diameter and will be approximately 2 feet above the ground. 
● Standard tanker cars are vented to atmosphere during unloading 
● Assume atmospheric pressure at machinery outlet 
● Standard critical velocity of 9.6 ft/s assumed at machinery outlet 

 

Drawings and Diagrams: 

 

Figure 14: Pump from Train to Large Tank 
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Figure 15: Pump from Machinery Area to Dirty Tank 

 

Figure 16: Pump from Dirty Tank to Trucks 
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Data and Variables: 
● γ=58.656 lb/ft3 

● V1=V2=0 ft/s 

● Vp= 9.6 ft/s 

● g= 32.2 ft/s2 

● Di of 3 ½ in pipe= 0.2975 ft  

● Di of 2 in pipe= 0.1723 ft  

● ρ= 1.8236 slug/ft3 
● Length of 3 ½ in pipe= 84 ft 
● Length of 2 in pipe= 485 ft 

 
Materials: 
● Coolant  
● Carbon Steel ASTM A106 
Procedure: 

Pump from train to large tank: 
1. Set points at the surface of each tank to assume zero velocity. 
2. Solve Bernoulli’s for pump head 
3. Solve for entrance loss, exit loss, elbow loss, and pipe loss. 
4. Add together total losses and plug in to Bernoulli’s to solve for pump head. 
Pump from machining area to dirty tank: 

1. Set points at the outlet of machining area and surface of dirty tank  
2. Solve Bernoulli’s for pump head 
3. Solve for exit loss, elbow loss, tee loss, and pipe loss. 
4. Add together total losses and plug in to Bernoulli’s to solve for pump head. 
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Calculations: 
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Summary:  

Flow rate for the pump from train to large tank was determined to be 261.11 GPM and a pump head of 
52.86 ft was calculated. Flow rate for the pump from the machinery area to the dirty tank was 
determined to be 105.7 GPM and a pump head of 79.87 ft was calculated. Flow rate from the dirty tank 
to the trucks was determined to be 141 GPM and a pump head of 14.81ft was calculated.  

Analysis:  

The pump from the machining area to the dirty tank requires more power because it has a significantly 
longer distance for the fluid to travel. 
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15. Specify the number of pumps, their types, flow capacities, head requirements, and power required. 
Why did you choose the pump you chose? Argue why you need a kinetic pump (instead of a positive 
displacement) and prove that the radial-pump is the type of kinetic pump you need. 

Purpose:  Outline the number of pumps and their types, flow capacity, head requirement, and power 
required. Include an explanation for the specified pumps. 

Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

● Sulzer catalog 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Standard tanker car is 8 ft in diameter and will be approximately 2 feet above the ground. 
● Standard tanker cars are vented to atmosphere during unloading 
● Assume atmospheric pressure at machinery outlet 
● Standard critical velocity of 9.6 ft/s assumed at machinery outlet 

Drawings & Diagrams: 

 

Figure 17: Pump Selection for Pump 1 
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Figure 18: Pump Selection for Pump 2 

 

Data & Variables: 

● Q (pump 1): 261.11 GPM 
● Q (pump 2): 105.70 GPM 
● Q (pump 3): 141 GPM 
● Head (pump 1): 52.86 ft 
● Head (pump 2): 79.87 ft 
● Head (pump 3):14.81 ft 

Materials: 
● Coolant  
● Carbon Steel ASTM A106 
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Procedure: 

1. Use pump head and flow rate to find the desired pump in the Sulzer catalog 
2. The smallest pump that included the flow rate needed was chosen for the 3rd pump because it 

did not align with any pumps in the pump selection graph in the catalog. 
3. Use affinity laws to read charts made for higher speed pumps.  
4. Use the name of the pump to determine the other specifications of the pump listed in the 

catalog 

5. Use the pump speed from the Sulzer catalog in combination with the flow rate and pump head 
to determine the specific speed. 

6. Use chart provided in lecture notes to verify specific speed is under 4000 rpm. 

Calculations: 

𝑄ଵ =  
𝑄ଶ

2
 

ℎ௔ଵ =  
ℎ௔ଶ

4
 

 

The pump head was calculated in task 8 and the flow rate was calculated in step 5. No further 
calculations.  
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Summary: 

The table below outlines the pump head, flow, type, and number of pumps. The kinetic pump is chosen 
because it is cheaper and smaller than the positive displacement pumps and allows for better control 
over the flow rate. Additionally, the viscosity of the fluid is close to that of water, so the positive 
displacement pump is not necessary. The pumps were chosen from the provided Sulzer catalog based 
on the calculated flow rates and pump heads from tasks 5 and 8. The pumps are radial because their 
specific speed is under 4000 rpm, this was verified on the specific speed chart in Appendix B. 

Table 4: Pumps 

Pump I.D Pump Location  Pump Type Flow (GPM) Pump Head (ft) Pump Power (HP) 

1 
Train to Large 
Tank 

Kinetric Pump, Double 
Impreller, Radial 

261.11 52.86 47 

2 
Machine Pump to 
Dirty Tank 

Kinetric Pump, Single 
Impreller, Radial 

105.7 79.06 55 

3 
Dirty Tank to 
Trucks 

Kinetric Pump, Single 
Impreller, Radial 

141 14.54 18 

 

Analysis: 

Pump 3 is the smallest pump because it has the shortest distance to travel and encounters few losses.  
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16. Specify the characteristics of the chosen pumps, point of operation, and actual pump size and 
weight. Some of the information is for our civil engineer colleagues. VERY IMPORTANT: Include pump 
curves with the system curve, and point of operation. For this task, please print out the pages in the 
catalog where you got the information. 

Purpose: 

Outline the pump characteristics, point of operation, and actual pump size and weight.  

Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

● Sulzer catalog 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Standard tanker car is 8 ft in diameter and will be approximately 2 feet above the ground. 
● Standard tanker cars are vented to atmosphere during unloading 
● Assume atmospheric pressure at machinery outlet 
● Standard critical velocity of 9.6 ft/s assumed at machinery outlet 
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Drawings & Diagrams: 

 

Figure 19: Pump 1 Performance Curve  
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Figure 20: Pump 2 Performance Curve  



68 
 

 

Figure 21: Pump 3 Performance Curve  
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Calculations: 

𝑄ଵ =  
𝑄ଶ

2
 

ℎ௔ଵ =  
ℎ௔ଶ

4
 

Summary: 

Table 5: Pump Characteristics 

Pump I.D Pump Location  Pump Size Impeller size (in) Weight (lbs) Speed (RPM) Efficiency 

1 
Train to Large 
Tank  

3X4X8B 7.81 370 1775 74% 

2 
Machine Pump 
to Dirty Tank 

1.5X3X11.5-1 10.31 522 1775 51% 

3 
Dirty Tank to 
Trucks 

2X3X7.5B-1 6.75 331 1775 51% 

 

The point of operation for each pump is indicated in blue in its respective figure. 

Analysis: 

The pump 1 is the most efficient pump because it has the highest flow rate. Additionally, each pump will 
was chosen to use the larger impeller and use a valve to throttle down to the previously calculated flow 
rates. 
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17. Specify electrical motor requirement for our pump for our electrical engineering colleagues. Recall 
that we specify the power of the electrical motor as about 1.10 times the power required by the pump. 

Purpose: Determine electrical power needed for each pump 

Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

● Sulzer catalog 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Electrical power is 1.10 times the pump power. 

Drawings & Diagrams: 

N/A 

Data & Variables: 

● Pump 1 power = 47 HP 
● Pump 2 power = 55 HP 
● Pump 3 power = 18 HP 

Materials: 
● Coolant  
● Carbon Steel ASTM A106 
● Sulzer Pumps: 3X4X8B, 1.5X3X11.5-1, 2X3X7.5B-1 

Procedure: 
Multiply each pump power from task 15 by 1.10 
Calculations:  

𝑃𝑢𝑚𝑝 𝑃𝑜𝑤𝑒𝑟 𝑋 1.10 =  𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙 𝑃𝑜𝑤𝑒𝑟 𝑅𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡 
Pump 1 power 

47 𝐻𝑃 𝑋 1.10 =  51.7 𝐻𝑃 
Pump 2 power 

55 𝐻𝑃 𝑋 1.10 =  60.5 𝐻𝑃 
Pump 3 power 

18 𝐻𝑃 𝑋 1.10 =  19.8 𝐻𝑃 
Summary: 
The motor for pump 1 will need to be a minimum of 51.7 HP. The motor for pump 2 will need to be a 
minimum of 60.5 HP.  The motor for pump 3 will need to be a minimum of 19.8 HP.   
Analysis:  
The electrical motor size varies proportionally to the pump size. The electrical motor powers will more 
than likely not be sold to the exact calculations, the numbers presented in the calculations are the 
minimum requirements to power the pumps.  
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18. Evaluate the NPSH available for your design, and demonstrate that your pump has an acceptable 
NPSH required. Specify the installation requirements for the pumps, including the complete suction line 
system.  
 
Purpose: 
Determine NPSH required to ensure the available NPSH is higher 
 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

Design Considerations: 

● Pump Head 

● Pipe and valve losses 

Drawings & Diagrams: 

N/A 

Data & Variables: 

● h suction pump 
● h s 
● h f 
● h vacuum pump 

 

Procedure: 

1. Solve for NPSH available 
2. Compare to NPSH required 
3. If available is greater than required, the pumps are valid 
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Calculations: 
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Summary: 

The data calculated shows that for each pump, the NPSH available is greater than the NPSH required ( 
found in the above pump data sheets) for each pump.  Each pump would require valves both before and 
after in order to isolate the pump for repair.   All three pumps would also require swing gate check 
valves to stop reverse flow of the fluid.  Pump one would have to be mounted above the tank car top 
height, thus putting it above the reservoir it is pumping from, with a flexible suction line in order to 
pump the fluid from the tanker cars up to the storage tank.  Pump two and pump three would both be 
under the reservoir tank, with gravity fed suction lines in order to pump the fluid to the next reservoir in 
the system as required. 

Analysis: 

Since all three pumps have a NPSH available greater than the required value, all three pumps are 
tenable for this project. 
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  vii. Instrumentation Selection 
14. Just for one of your pipeline systems, select the required instruments. This is, pick an instrument to 
measure the flow of the pressure differential type (specify its dimensions) and pressure gauges (specify 
range of pressures to measure).  

Purpose: 
Determine measuring device for one part of system 
 
Sources:  

● Mott, R., Untener, J.A, “Applied Fluid Mechanics”, 7th edition, Pearson Education, Inc (2015) 
● Project Document 

Design Considerations: 

● Constant Properties 
● Incompressible Fluids 
● Pressure Variations 

● Flow Rate 

Drawings & Diagrams: 

 

Figure 22: Flow Nozzle 

Data & Variables: 

● Diameter of main pipe: Schedule 40 1.5 in steel pipe, ID = 1.610 in 
● Low Pressure value: 0 psi 
● High Pressure value (at Water Hammer): 5610 psi 

Materials: 
● Coolant  
● Carbon Steel ASTM A106 
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Procedure: 

4. Use D diameter to find distance from flow nozzle entrance to manometer pipe exits 
5. Use the formula for 𝜷 to calculate d diameter 

Calculations: 

 

 

Summary: 

The data calculated shows that a flow nozzle placed in the long pipe from the large tank to the medium 
tank would need to have an inner diameter (d) of 0.805 in, with the manometer pipes being 1.61 inches 
in front of the nozzle entrance, and 0.805 inches beyond the nozzle entrance.  This would allow the 
manometer to give pressure readings on the flow in the pipe.  This pressure difference is 0-3600 psi, 
allowing for zero flow at the low value, and water hammer phenomena at the high value. 

Analysis: 

A manometer connected to a flow nozzle would provide the required data on flow rate through the pipe 
running from the large tank to the medium tank. 
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6.  Final Drawings 
 a. Plot Plan 

 

Figure 1: Plot Plan View of System Layout 
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 b. Elevations View 

 

Figure 2: Elevations View of System Layout 
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 c. Isometrics 

 

Figure 3: Isometric View of System Layout 
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7. Bill of Materials and Equipment List 
 

Bill of Materials 

Item  Item Description Qty. 

1 Pump 3X4X8B Kinetic Pump, Double Impeller, Radial 1 

2 Pump 1.5X3X11.5-1 Kinetic Pump, Single Impeller, Radial 1 

3 Pump 2X3X7.5B-1 Kinetic Pump, Single Impeller, Radial 1 

4 Electric Motor Minimum power requirement of 51.7 HP  1 

5 Electric Motor Minimum power requirement of 37.4 HP  1 

6 Electric Motor Minimum power requirement of 19.8 HP  1 

7 Revisor Tank 20 ft X 20ft hemi dome tank Carbon Steel ASTM A106, Electric Resistance Welded 1 

8 Feed Tank 6 ft X 7 ft hemi dome tank w/ 45-degree cone bottom Carbon Steel ASTM A106, Electric Resistance Welded 1 

9 Dirty tank 6 ft X 12 ft hemi dome tank w/ 45-degree cone bottom Carbon Steel ASTM A106, Electric Resistance Welded 1 

10 Gate Valve Gate valve for 3.5 in pipe 2 

11 Gate Valve Gate valve for 2.5 in pipe 2 

12 Gate Valve Gate valve for 2 in pipe 3 

13 Gate Valve Gate valve for 1.5 in pipe 4 

14 Check Valve Check valve for 3.5 in pipe 1 

15 Check Valve Check valve for 2.5 in pipe 1 

16 Check Valve Check valve for 2 in pipe 1 

17 Steel Pipe Schedule 40 3.5 in 69 ft 

18 Steel Pipe Schedule 40 2.5 in 3 ft 

19 Steel Pipe Schedule 40 2 in 488 ft 

20 Steel Pipe Schedule 40 1.5 in 756 ft 

21 Hose 3.5 in  20 ft 

22 Hose 2.5 in  20 ft 

23 Elbow 90-degree elbow Schedule 40 3.5 in 8 

24 Elbow 90-degree elbow Schedule 40 2 in 4 

25 Elbow 90-degree elbow Schedule 40 1.5 in 3 

26 Tee Schedule 40 1.5 in 2 

27 Tee Schedule 40 2.5 in 1 

28 Blind Flange 0.25 in thick Carbon Steel ASTM A106 1 

29 Bolts 3/4 in Carbon Steel ASTM A106 4 

30 Nuts 3/4 in Carbon Steel ASTM A107 4 

31 Flow Nozzle  0.805 in ID 1 

32 Manometer Pipe N/A 2 
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8. Final Remarks 
 

The system is designed to hold 45,000 gallons of coolant in the main reservoir which is enough to supply 
the machine area for 11 months.  The main reservoir then feeds the feed tank which directly distributes 
the coolant to the machine area. Once the fluid is used, it is pumped out of the machine area into a holding 
tank for dirty fluid that is positioned next to the driveway. The positioning of the dirty fluid holding tank 
allows for quick pickup when the fluid is carried off in tanker trucks. The feed tank also has an emergency 
dump line that flows directly to the dirty holding tank in case the fluid in the feed tank gets contaminated. 
The dirty hold tank has a blind flange which can be used for future expansion if needed. The system is cost 
effective because it uses very direct paths for the pipelines and is partially gravity fed. With the help of 
gravity, the system only requires three pumps and electric motors. Additionally, because the main 
reservoir is so large, it will save money on shipping fees because the fluid will not have to be delivered at 
such a high frequency.   
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9. Appendix  

Appendix A Sulzer Catalog Charts 
Pump 1: 
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Pump 2: 

 



85 
 

 



86 
 

 



87 
 

Pump 3: 
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Appendix B Specific Speed Graph 

 


