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A manufacturing company, Continental AG, is designing a new facility in which five machines in an 
automated machining line will be supplied with coolant from the same reservoir. This project 
covers the design of the system to handle the coolant from the time it reaches the plant in railroad 
tank cars until the dirty coolant is removed from the premises. 
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Figure 22 

2.a. Building Location 

The new facility is to be located in Dayton, Ohio, where the outside temperature may range from -

20°F  to +105°F. The building is one story high. The floor level is at the same elevation as the 

railroad track. The roof top is 32 ft from the floor level and the roof can be designed to support a 

storage tank. 

FIGURE 1 

 
2.b. Specifications and Design Philosophy 

The following data, design requirements, and limitations are given: 

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. 

2. Project Body 
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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 -20o F to +105 o F. 

13. The frost line is 30 in below the surface 

14. The coolant is a solution of water and soluble oil with a specific gravity of 

0.94 and a freezing point of 0 o F. Its corrosiveness is approximately the 

same as that of water. 

15. Assume that the viscosity and vapor pressure of the coolant are 1.50 times 

that of water at any temperature. 

16. You are not asked to design the system to supply the machines. 

17. The basic coolant storage and delivery system is to have the functional 

design sketched in the block diagram in Figure 2. 

 

18. If pumps are required, only SULZER pumps have to be selected 
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2.c. Sources 

MET 330 “Engineering Project Description” PDF  

Applied Fluid Mechanics, Seventh edition, Robert L. Mott /Joseph A Untener 

 

“301-1/4 Hard Tempered Stainless Steel Sheet & Coil - AMS 5517.” United 

Performance Metals, https://www.upmet.com/products/stainless-

steel/301-14-

hard#:~:text=At%201%2F4%20Hard%2C%20Type,yield%20strength

%20of%2075%2C000. 

http://servicemetal.net/pdfs/150Blind.pdf  

https://www.bmssi.ca/blind-flange-fabrication/  

 

https://www.google.com/url?sa=i&url=https%3A%2F%2Fonlinemetalsupply.com%2F2

- 375-od-2-nps-schedule-40-304-304l-stainless-steel-pipe  

seamless%2F&psig=AOvVaw2E9r3zGRivPd6hKfg  

7UJj&ust=1634351539566000&source=images&cd=vfe&ved=0CAkQjhxqFwoTCJjYuom

w y_MCFQAAAAAdAAAAABAJ  

 

 

2.d. Materials and Specifications 

 2.d.i. Pipe and Tank Material 

 Stainless steel 

 2.d. 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. Assume that the viscosity and vapor pressure of 

the coolant are 1.50 times that of water at any temperature 

2.e. Preliminary Drawings and Sketches 

 2.e.i. Plot Plan 

 2.e. ii. Elevations 

https://www.upmet.com/products/stainless-steel/301-14-hard#:~:text=At%201%2F4%20Hard%2C%20Type,yield%20strength%20of%2075%2C000
https://www.upmet.com/products/stainless-steel/301-14-hard#:~:text=At%201%2F4%20Hard%2C%20Type,yield%20strength%20of%2075%2C000
https://www.upmet.com/products/stainless-steel/301-14-hard#:~:text=At%201%2F4%20Hard%2C%20Type,yield%20strength%20of%2075%2C000
https://www.upmet.com/products/stainless-steel/301-14-hard#:~:text=At%201%2F4%20Hard%2C%20Type,yield%20strength%20of%2075%2C000


5 
 

2.f. Design Calculations 

 2.f.i. Tank Specifications 

Task 1 

Purpose:   

Determine the size and location of all storage tanks  

Drawings and Diagrams:  

 
FIGURE 3 

Design Considerations:  

Temperature Range from -20° to +105° F  

15,000 gallons delivered once a week  

Machining system tank of 1000 gallons  
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Holding talk for dirty fluid is needed  

No storage tank (except 1000-gal reservoir) can be inside   

Roof can support a storage tank  

Data and Variables: 

30,000-gallon tank  

1000-gallon tank  

6000-gallon tank  

Procedure:  

We opted to choose the location of our largest tank to be on the roof, next to the railroad 

tracks. This allowed for less pipe to be used between the rail cars and the tank. By placing the 

other tanks by the highway, it made it closer for the truck picking up the waste product and 

stacking them let the machine storage tank be gravity fed into the waste tank. We calculated 

the size needed in order for the tanks to hold the necessary amount of liquid using an online 

converter.  Given that volume is length*width*height, we calculated it for all 3 tanks from the 

sizes above and then converted ft3 to gallons.  

Calculations:  

10’*10’*9’=900ft3  

900ft3*1ft3 /7.481gal (conversion) = 6732.5 gallons  

5’*5’*6’=150ft3  

150ft3*7.481=1122.1 gallons  

10’*10’*41’= 4100ft3  

4100ft3*1ft3 /7.481(conversion) =30670.1 gallons  

Summary:  

Each tank size does not give the perfect number of gallons that are needed. However, we 

tried to choose numbers so that they were very close so that you did not have to spend 

too much money for any given tank.  

Materials:  

3 stainless steel tanks  

Analysis:  

By selecting each tank to be the sizes listed above, it gives a little extra space in each for 

a “safety factor” in case the measurements were not 100% accurate.  
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Task 2 

Purpose:  

Determine storage tank material and wall thickness   

Drawings and Diagrams:  

FIGURE 4 

 

Design Considerations:  

Temperature Range from -20° to +105° F  

Has to withstand 69.4 psi  

Data and Variables:  

15000 gallons for each rail carload of coolant  

1000 gallons needed for the machine shop  

6000 gallons needed holding tank  

Procedure:  

1) Determine how much psi each tank must withstand  

2) Choose a material that will not fail at those conditions  

Calculations:  
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Summary:  

The 30,000 gallon tank requires at least 20 gauge stainless and the 1000 gallon and 

6000 gallon tanks both used 28 gauge stainless. 

Materials:  

20 and 28 gauge Stainless Steel plate  

Analysis:  

Having a slightly thicker plate to create the tanks than necessary ensures that they will not 

fail. Using stainless steel was a decision made with the thought in mind that it will not 

corrode nearly as quickly as carbon steel would have. If carbon would have been chosen, 

the tank could have rusted on the inside from the water in the coolant or outside from rain. 

Corrosion inside a tank can contaminate the product inside or create leaks.  

Task 3 

Purpose:   

Provide a future additional connection to drain one of the tanks. Design a blind 

flange.  

Drawings and Diagrams: 

 

FIGURE 5  
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FIGURE 6  

Sources:   

MET 330 project PDF  

Applied Fluid Mechanics, Seventh edition, Robert L. Mott / Joseph A 

Untener  

Design Considerations:  

The flange has to withstand 1.8psi  

Design it around 2” pipe  

Data and Variables:  

 
Procedure:  

1) Find area, gravity, and volume  

2) Find mass  

3) Find pressure by dividing mass*gravity by area  

Calculations: 
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Summary:  

The flange needed to be able to withstand 1.8 lb/in^3 of pressure without failing or 

being damaged.  

Materials:  

Stainless steel nuts, bolts, and flange  

Analysis:  

By determining the pressure in the tank, we were able to figure out that the flange had 

to be 3/4” thick if the ID is 2” and the OD is 6”. It was given a bolt circle of 4.75” and 

with 4 holes filled with 0.62” diameter bolts. This flange was designed to hold 150 

lb/in^3, so it is plenty big enough to withstand the pressure in the tank.  

Task 11 

Purpose: 

The purpose of this task was to determine the wind loading and weight of the tanks 

used in the design. 

Design Considerations: 

This task was performed under the assumption that the average wind speed of the 

windiest month in Dayton, Ohio was 16.9 
𝑓𝑡

𝑠
, the density of the stainless steel used was 

7.85
𝑙𝑏

𝑓𝑡3 
, and the density of air was .0024 

𝑠𝑙𝑢𝑔

𝑓𝑡3 
. 

Data and Variables: 
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CD = Drag Coefficient 

FD = Drag Force 

WM = Weight of Metal 

WF = Weight of Fluid 

VF = Volume of Fluid 

VM = Volume of Metal 

DM = Density of Metal  

A = Area Acted on by Wind 

Procedure: 

Once all properties were determined, the formula for drag force was used to determined 

using the appropriate formula. Then, the volume of both the metal and liquid in each 

tank were determined. These values were then combined with the densities of both to 

determine the overall weight of the full tank. This process was repeated for all three 

tanks. 

 

Calculations: 
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Summary: 

It was determined that for the 30,000-gallon tank, the wind loading was 222.67 lb while 

the weight was 248338.73 lb. For the 1,000-gallon tank, it was determined that the wind 

loading 

was 16.45 lb while the weight was 9085.67 lb. Finally, for the 6,000-gallon tank, it was 

determined that the wind loading was 49.35 lb, while the weight was 54509.5 lb. 

Materials: 

Tanks and fluid that meet the specified parameters. 
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Analysis: 

In conclusion, the wind loading is most substantial on the largest tank as was suspected 

meaning that it will require a large number of lateral supports. It will also be necessary 

to conduct additional analysis on the roof section where it will be located due to its 

significant weight. 

Task 12 
 

Purpose: 

The purpose of this task was to determine the design of an open channel to bring draining 

fluid from the main storage tank to another location. 

Drawings and Diagrams: 

 

FIGURE 7 

 

Design Considerations: 
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This task was performed under the assumption that the fluid was being carried to a storage 

location that was elevated so that the channel only has to provide for a 10 foot drop and has 

to carry the fluid 500 feet over land. It was also decided that the channel would be made of 

smooth unpainted steel. 

Data and Variables: 

A = Flow Area 

b = Width of Bottom 

y = Flow Depth 

R = Hydraulic Radius 

WP = Wetted Perimeter 

n = Manning’s n 

S = Slope of Channel 

Procedure: 

The idea that the flow depth would be half the flow base was used to develop a formula for 

area and hydraulic radius based on the width of the base. These were then plugged into the 

correct version of Manning’s equation in order to determine the base width. This value was 

then used to determine the flow depth. 

 

2.f. ii. Flow Rate 

Task 4 

Purpose:   

Estimate the time it takes to fill and empty the tanks and specify the desired flow rate 

 

Drawings and Diagrams:  
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FIGURE 8 

Design Considerations:  

 

Data and Variables:  

6-hour fill time  

2” pipe  

30000 gallons  

Procedure:  

1) Determine pipe diameter  

2) Determine volume  

3) Find flow rate 

 

Calculations:  
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(See Hydraulic Analysis Task 7) 

Summary:  

The flow rate of the 30,000-gallon tank is 0.1857 ft^3/s. This is assuming that there is 

a fill time of 6 hours and a pipe diameter of 2”.  The flow rates of the other tanks are 

0.074 ft^3/s and 0.167 ft^3/s (see Hydraulic Analysis Task 7). 

Materials:  

3 stainless steel tanks (30000, 6000, and 1000 gallons) with all previously listed 

components. (Valves, pipe, elbows, fittings)  

Analysis:  

According to the chart given, at average pressure 2” schedule 40 pipe can withstand 157 

gpm. Our system only has a flow rate of 83.3 gpm (converted from 0.1857 ft^3/s). This 

means that the size pipe that was chosen is equipped to handle the flow rate in this 

system.  

 

 2.f.iii. Pipe Sizing 

Task 5 

Purpose:   

Specify the layout of the piping system, material type and size of pipes, and 

lengths  

Drawings and Diagrams: 
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FIGURE 9 

Design Considerations:  

Cost of the project  

Material of pipe  

Flow rate   

Coolant properties  

Data and Variables:  

Q = Volumetric Flow Rate  

Procedure:  

1) Determine fill time  

2) Find flow rate  

3) Use flow rate to determine the appropriate pipe size  

Calculations: 

 



21 
 

 
Summary:  

After assigning a fill time of 6 hours, it was determined that the flow rate for 30,000 

gallons was 0.1857 ft^3/s.  

Materials:  

2 1/2” schedule 80 pipe  

Analysis:  

2 1/2” schedule 80 pipe is a very common size which will make it easier for the 

customer to find and buy. This also makes it easier to find information about it. Most 

importantly, it is equipped to handle the flow rate of the system.  

 

Task 9 

Purpose:  

Specify wall thickness  

Drawings and Diagrams: 

FIGURE 10 

 

Design Considerations:  

Strength of the pipe  

Material  

Corrosion factors  

Actual vs nominal size  
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Data and Variables:  

ID: 2.067”  

OD: 2.375”  

Procedure:  

1) Find the pressure and flow rate that the pipe needs to withstand  

2) Choose a pipe that is capable of handing the found factors  

Calculations: 

 

Summary:  

The system will require 2 ½” schedule 80 pipe which has a wall thickness of 0.276” and 

we needed at least 0.27”. 

Materials:   

2 1/2” schedule 80 stainless pipe  

Analysis:  

By selecting schedule 80 2 1/2” stainless pipe it ensured that the necessary pressure 

would not be exceeded, therefore the pipe would not fail. It also made calculations 

simpler and charts easier to find because this is a very common pipe size.  

Task 6 

Purpose:   

Specify the number, types, material, and size of all valves, elbows, and 

fittings  
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     Drawings and Diagrams:  

FIGURE 11 

 
 

 

 

 

 

Design Considerations:  

Gate valve is being used  

Standard elbow  

Pipe fittings  

Data and Variables:  

9 stainless steel gate valves  

5 stainless standard elbows for schedule 40 2 1/2” pipe  

1 stainless blind flange  

6 pipe flanges to fit 2 1/2” pipe  

Procedure:  

1) Determine the layout of the pipe in the system.  

2) Use the layout to find where and what fitting are needed  

Calculations:  
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2 1/2” pipe was already determined, so we worked around that and chose standard 

elbows, pipe flanges, and gate valves all to fit 2 1/2” pipe and stainless to go with the 

same material chosen for the tank and pipe.  

Summary:  

Choosing pipe size and doing the pipe layout ahead of time made it very simple to choose 

the appropriate fittings. They all had to match the drawing and be equipped to fit 21/2” 

schedule 80 pipe.  

Materials:  

Stainless steel valves, elbows, fittings  

Analysis:  

Based on the drawing, 3 gate valves were needed for each pump, totaling 9. 5 pipe 

elbows were used, one blind flange was required per the project assignment, and 6 pipe 

flanges were used (2 for each pump). By making all of the tanks close together and 

vertical it limited the number of fittings needed and the uniform pipe size also made it so 

that all fittings were uniform size as well.  

 

Task 10 

Purpose 

 The purpose of this task was to determine whether or not an occurrence of water hammer 

would burst the pipes used in the system. 

Drawings and Diagrams 

N/A 

Design Considerations  

 This task was completed under the assumption that the bulk modulus of the fluid was 

300,000 psi and the elastic modulus of stainless steel was 28000000 psi. The calculations were 

performed on subsection 1 as this section has both the highest velocity and the highest operating 

pressure, making it the most likely to fail in the event of water hammer. 

Data and Variables 

Eo = Bulk Modulus of Fluid 

E = Elastic Modulus of Pipe 

C = Velocity of Wave 

PMAX = Maximum Pressure Experienced During Water Hammer 

Procedure 



25 
 

 Once all properties obtained, the proper formula was used to find the wave velocity. This was 

then combined with the operating velocity of the system and the density of the fluid to determine the 

max pressure change. This was then summed with the operating pressure to find the maximum 

pressure experienced during water hammer. 

 

 2.f. iv. Pipeline Support Information 

Task 13 

Purpose:  

Determine the type of supports and the force on each support 

Drawings and Diagrams: 

FIGURE 12

 

Design Considerations: 

Pipe is being treated as though it is a solid beam with an evenly 

distributed load 

Data and Variables: 

L= 300 ft 

Sg= 0.94 

W= 7.661 lb/ft (300ft)= 2298.3 lb for 300 ft 

Procedure: 
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1) Calculate weight/ft of 21/2” Schedule 80 SS Pipe 

2) Apply load across 300 ft and calculate force on each support 

Calculation: 

 

 

Materials:  

Preformed concrete supports, 21/2” Schedule 80 Pipe, coolant 

 Summary: 

Since this pipe is on the ground, I would recommend using 

concrete supports. The supports will be placed 12 ft apart with 

emphasis on supporting the pipes at the valves. 

Analysis: 

The equations used for this particular section can be used for any 

other pipe section of the project. The weight of one foot of pipe, 

one foot of coolant, and specific gravity will remain the same for 

the entirety of the system. 

 

 

 2.f.v. Energy Losses 

Task 7 
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Purpose:   

Develop hydraulic analysis of all parts of the system, including energy 

losses.  

Drawings and Diagrams:  

FIGURE 13

 
 

Design Considerations:  
Temperature range from -20 °F to +105 °F.  

 

Age of the pipe  

 

The coolant is a solution of water and soluble oil with a specific gravity of 0.94 

 Coolant freezing point of 0° F.  

 

Coolant 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 

 

Data and Variables:  
Q = Volumetric Flow Rate of Section  

A = Internal Area of Pipes  

 

D =Inner Diameter of Pipes  

 

Re = Reynolds Number  

 

f = Friction Number  
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ϵ = Roughness of Pipe  

 

η = Viscosity of Fluid  

 

ρ = Density of Fluid  

 

γ = Specific Weight of Fluid  

 

sg = Specific Gravity of Fluid  

 

hLPIPE = Energy Losses due to Friction  

 

hLEL = Energy Losses in Elbows 

 

 hLEN = Entrance Losses  

 

hLV = Energy Losses in Valves 

 

hLT = Total Energy Losses in Section 

 

 P1 = Pressure at Pump Inlet  

 

V1 = Velocity at Pump Inlet  

 

z1 = Height of Pipe at Pump Inlet   

 

P2 = Pressure at Pump Outlet  

 

V2 = Velocity at Pump Outlet  

 

z2 = Height of Pipe at Pump Outlet  

 

 

P3 = Pressure at Fluid Surface in Tank 1  

 

V3 = Velocity at Fluid Surface in Tank 1  

 

z3 = Height of Fluid Surface in Tank 1  

 

P4 = Pressure at Fluid Surface in Tank 2  

 

V4 = Velocity at Fluid Surface in Tank 2  

 

z4 = Height of Fluid Surface in Tank 2 

 

P5 = Pressure at Fluid Surface in Tank 3  
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V5 = Velocity at Fluid Surface in Tank 3  

 

z5 = Height of Fluid Surface in Tank 3  

 

Procedure:  

1) Determine the diameter and fill time  

2) Find the flow rate and area  

3) Use those values to find V  

4) Find friction factor  

5) Find energy losses  

6) Apply to Bernoulli’s  

7) Repeat for each subsection  
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Calculations: 
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Summary:  

By applying the procedure above, we were able to find the pressure and total 

losses for each subsection.   

Materials: 

3 stainless tanks with pipe, valves, pumps, fittings, elbows  

Analysis:  

The calculations indicated that the head pressure of the lower two tanks is 

constant. It also gave the information about the psi at each subsection that 

allows us to choose the appropriate size pump so that we do not get one too 

powerful or not powerful enough. It is also important to note that the truck 

can be filled from the lowest tank without a pump because of the constant 

pressure head in the tank.  
 

 2.f.v. Pump Selection 
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Task 8 

Purpose:   

Determine the amount of pumps needed and its requirements  

Drawings and Diagrams:  

FIGURE 14

 

Design Considerations:  

Flow rate  

Pump size  

Budget   

Pump location   

Tank/pipe/pump material   

Coolant properties  

Temperature conditions  

Data and Variables:  

83.3gpm (30000-gallon tank)  

166.25ft from pump head  

Procedure:  

1) Determine how many pumps are necessary  

2) Determine the psi that the pump must be able to handle  

3) Determine flow rate  

4) Find a pump that can work under all of these conditions  
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Calculations:  

N/A 

Summary:  

The pump must be able to run at 83.3 gpm, 166.25ft, and 69.4psi. 

Materials:  

2 pumps  

Analysis:  

Sulzer pumps must be used. At this time, I am unsure of the exact appropriate pump but we 

determined that it should be a jet pump and be able to withstand 83.3 gpm and 69.4 psi 

without being so large and expensive it breaks the budget.  

Tasks 15 and 16 

Purpose: 

The purpose of this task was to specify the pumps used in the design of the system. 

Drawings and Diagrams: 

Subsection 1 Pump: 
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FIGURE 15 
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FIGURE 16 

 

 

 

FIGURE 17 
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FIGURE 18 

Subsection 4 Pump: 
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FIGURE 19 

FIGURE 20 
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Design Considerations: 

This task was performed under the assumption that Sulzer pumps will be preferred by the 

client.  

 

Data and Variables: 

N/A 

Procedure: 

The pump head and flow rate of each pump was used to determine the necessary pump from 

the provided catalog. The power curves for the specified pumps were then used to determine 

the point of operation and impeller diameter for each. For the first subsection pump the point 

of operation fell on one of the impeller curves, meaning that calculating a system curve was 

not necessary. However, the original operation point for the fourth subsection pump fell 

outside, so plotting the system curve for the pump was necessary to decide the new point of 

operation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



42 
 

 

Calculations: 
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Summary: 

 It was determined that the subsection 1 pump will be a Sulzer 1.5x3x8 operating at 3550 

RPM with a 7 in. impeller and requires about 8.8 BHP. This pump will be operating at the originally 

intended pump head of 166.25 ft. and flow rate of 1857 ft3s . The subsection 4 pump will be a Sulzer 

2x3x7.5A operating at 1775 RPM with a 7.5 in. impeller. The point of operation for this pump 

means that it will operate at a pump head of 60 ft. and a flow rate of .188  ft3s and requires about 1.6 

BHP after the application of affinity laws. 

Materials: 

 The aforementioned Sulzer pumps. 

Analysis: 

 These pumps were selected over positive displacement pumps due to their ability to produce 

a large pump head and a consistent flow rate to the system. This will allow for better operation 

throughout the lifetime of the system. 

 

Task 17 

Purpose: 

 Determine the electrical motor requirements for 2 pumps 

Drawings and Diagrams:  

 N/A 

Data and Variables: 
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Calculations: 

 

Summary: 

The first pump requires an 8.8 HP motor and the second pump requires a 2.85 HP 

motor. 

Analysis: 

As expected, the pump that is used for 166.25 ft requires a motor over 5 x bigger than 

the pump for 49.23 ft. 

Task 18 
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2.f.vii. Instrumentation Selection 

 

Task 14 
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3. Final Drawings FIGURES 21 and 22 

  



47 
 

4. Bill of Materials and Equipment List 

 

5. Final Remarks 

 The members of Group 11 have learned a lot throughout this project 

experience.  We would like to thank Dr. Ayala for all he has taught us during the 

Fall 2021 semester. 

6. Appendix 
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