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Purpose

We were tasked with designing a full pipeline system for a 
manufacturing plant named Continental Ag. in Dayton, Ohio. 

This involved developing several main sub-systems: one to supply 
the plant’s machines with coolant, one to transfer coolant to a 
storage facility, and one transfer the coolant to a truck for 
transporting and processing. 

This was a semester-long project that demonstrates the concepts 
learned in class and in our assignments. 

The full pipeline system was designed from scratch based on set 
constraints provided by the instructor.

Note: Slides 4 through 14 demonstrate some of the hand calculations I 
completed for this project.



Project Tasks

There were 21 required tasks that we had to complete that 

pertained to the following:

▪Storage tanks (size, location, thickness, wind load, and weight)

▪Energy losses in systems

▪Valves, elbows, fittings in systems and piping

▪Pumps and their requirements (Mechanical/Electrical)

▪Instrumentation for measuring flow

▪A Bill of Materials

▪Formatting and following a writing rubric for final report



Storage Tanks
Dimensions & Capacities

Our team decided to use Norwesco brand tanks that are 

made of High-Density Polyethylene (HDPE). The 

information for three tanks that were used can be seen in 

the tables to the right.

This type of tank was chosen for the following reasons:

▪ Cost effective

▪ Longevity

▪ Corrosion resistance, no rust will form within

▪ Lightweight yet strong

The tanks come in a multitude of shapes and sizes and 

are all vented to atmospheric pressure.



Storage Tanks
Wind Load and Weight

We were required to state the wind load and weight of our 
tanks.

For the wind load, I used the density of air at -20F (Coldest 
temp. in Dayton, Ohio), and a wind velocity of 12mph (which 
was found on Accuweather for the day I did the calculation).

For the weight, I considered all tanks to be at maximum 
capacity. I decided to do this because my weight calculation is 
for the civil engineers’ use foundations and supports. Under 
normal operating load, the tanks will not be at max capacity, 
however, if one were to be overfilled, I would want the 
structure to be able to support the load of a max-filled tank.



Storage Tanks
Wind Load Calculation

For the wind load calculations, I used the formula for drag 

force. But before I could do this, I had to determine the 

drag coefficient for the shape of the tank, the projected 

area of the tank, and the density of the air at -20F which 

required interpolation because it wasn’t in the Appendices 

of the textbook.

An example of my work on calculating the wind load on the 

storage tanks can be found to the right, where I found the 

wind load on the 15,500-gal storage tank to be 116.221 

lbs. for a 12mph wind at a temperature of -20F.



Storage Tanks
Weight Calculation

For the weight calculations, I used the dry weight of the 

tanks provided by the manufacturer and added this to the 

weight of the coolant if it were at maximum capacity.

To find the weight of the coolant, I simply used the formula 

for volume of a cylinder, found the density of the coolant, 

and solved for the weight of the coolant using the mass 

equation (Mass = Density x Volume).

To the right is an example of my weight calculations. This 

one is for the 5000-gal dirty coolant storage tank.



Instrumentation
Flow Nozzle & Mercury Manometer

For one task, the requirement was to pick an instrument to 

measure the flow of the pressure differential type then specify 

its dimensions, type of pressure gauge, and the range of 

pressures to measure.

For this, I chose a flow nozzle with a monometer and placed it 

in System 2, that way flow rate could be measured in the 

piping that supplies the 1100 gal. coolant storage tank above 

the machines. For all of out systems, the pipe chosen was 3” 

Schedule 40 Steel piping.



Instrumentation
Flow Nozzle & Mercury Manometer

I first solved for the pressure drop across the flow nozzle by 

finding Reynold’s number and then manipulating the equation 

for a flow meter. Then, I plugged in my known values and 

determined the pressure drop to be 0.7342psi. 

To determine the length of the manometer and deflection of 

gage fluid, I applied the manometric equation to Figure VI-39 

and determined that the LHS of the manometer should be 

minimum if 0.3131 ft in length for the calculated pressure 

drop. The RHS of the manometer would have to be 6.3131 ft. 



Piping Supports
System 1: Forces & Deflection

For this task, we were required to provide the types of supports, 

distance between supports, and the forces on the supports for 

one of our systems.

To do this, I separated the system into sections, solved for the 

sum of the relevant reaction forces (vertical & horizontal), and the 

weight of the piping itself, then determined deflection in the 

piping using the formula for deflection of a simply supported 

beam under a uniform distributed load. The goal was to ensure 

the maximum deflection during normal operating conditions 

would be less than 1% of the overall pipe diameter (3.5”).



Piping Supports
System 1: Forces

The main reason for splitting the system into 

sections was to make my calculation simpler 

because I was getting confused by the number 

of forces and was making mistakes. 

Also, there is a pump in the system which is 

mounted to a foundation on the ground. 

Therefore, the system must be treated as 

independent sections for hanger supports.

The forces in Section 4 were the greatest due to 

the length of the piping being much greater than 

the others.



Piping Supports
System 1: Forces

Here is an example of how the forces were 

calculated for one of the sections.



Piping Supports
System 1: Deflection

To calculate deflection, the section forces were 

totaled and added to the total weight of the 

section piping (3” SCH 40 Steel).

Then, the Deflection formula was applied to 

each section based on weight per length, total 

length, Young’s modulus of material, and the 

Moment of Inertia.

The maximum deflection at 12ft between 

hangers was less 



Piping Supports
System 1: Deflection

For all pipe sections, support hangers will be 

installed within 1 ft of flanged connections and 

pipe elbows, as well as every 12 ft between these 

sections where applicable by mounting to the 

exterior walls of the building. This will limit pipe 

deflection between support hangers to <1% 

under normal system operating conditions.



Pump Selection
hhhhhhhh

Calculations from other tasks were 
used to determine the required 
pumps for the system. Our system 
is designed so that the same pump 
type can be used for each sub-
system.

Based on the charts from the Sulzer 
pump manual and our 
predetermined system 
requirements, we decided on three 
2x3x7.5 pumps with a 6-inch 
impeller.

The motor required to power the 
selected pumps was determined 
using the manual, a 2-HP Motor 
with a NEMA Frame Size of 324T-
405T.



This presentation does not capture the design project in its 

entirety, or all calculations performed. For more information 

regarding the design, important figures and sketches, system 

energy losses, the emergency tank drainage system, materials 

used, and much more, please see the full report below.
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