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Using Pi (TT) to calculate the Energy to Pump a Fluid in a
Pipe, and the Carbon Footprint of the Pumping Energy
comparing different pipe sizes.

Pump & Motor

Enerqgy to Pump Fluid in Pipe = CWRU Capstone Carbon Footprint of

Project Spring Pumping Energy
Semester 2020




Pi Day with AIChE AIChE :

The Global Home of Chemical Engineers

Pharmaceutical Production Facility: Where Pi is Applied

How Pi (IT) is used in our Energy Calculations with Fluid Hydraulic Pump Head

Needed to calculate the optimum pump size: p
*The pipe inside diameter (d) :
*The pipe length (L)

*The installed pipe cost per foot (S/ft)

*The fluid and flow rate (gpm)

*The fluid density (ro) and viscosity (cP)

*The pump cost ($) and efficiency (ep)

*The pump motor cost (S) and efficiency (em)
*The sustainable engineering Life Cycle cost of
electricity per pound of Carbon Dioxide
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How Pi (IT) is used in our Energy Calculations with Fluid Hydraulic Pump Head

Determination of Optimum Economic Pipe Diameter for Constant Mass-Throughput Rate

HOTE: Pll = Tr = 3.1416... y Tetal Cost (Operating « Inszallation)

Optimum Econtmic Pipe Diameter
"

How to calculate the Optimum
Pipe Size (Min. — Max.):

*Trial & Error Technique
*Bisection Method

*Based on Flow Rate (gpm)
*First Try Minimum Dia. (1”)
*Secondly Try Maximum Dia. (2”) %
*Select Value in between (1.5”)

Fixed Charges Based
On Capital Investment
For Installation

Cost For Operating
Purmping Power

N 15 3
Min.  piPEDIAMETER(D) — Max.
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How Pi (“IT) is used in our Energy Calculations with Fluid Hydraulic Pump Head
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How Pi (1T) is used in our Energy Calculations to generate a Carbon Footprint
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How Pi (IT) is used in our Energy Calculations to generate a Carbon Footprint
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Using Pi {IT ) we found our Energy
Calculations to generate :

1.
2.
3.

Eun£1 Runfi Runf3
TR T MaMer 1E DR

Optimum Pipe Diameter of 1.5”
Pump Motor Size of 10 Hp
Carbon Footprint of 7 Lbs of CO2
per 1,000 hours of running time.
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Using Pi (TT) to calculate the Energy to Pump a Fluid in a
Pipe, and the Carbon Footprint of the Pumping Energy
comparing different pipe sizes.

Pump & Motor

Enerqgy to Pump Fluid in Pipe = CWRU Capstone Carbon Footprint of

Project Spring Pumping Energy
Semester 2020
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Joseph Yurko, P.E. Background:

Process Consultant with JAY of Northeast Ohio, LLC
» Xellia Pharmaceuticals USA, LLC (Novo Nordisk S/A), Cleveland, Ohio
* Kraft-Heinz Company, Frozen Foods Division, Massilon, Ohio
* Ben Venue Laboratories, Inc. (Boehringer-Ingelheim GmbH), Cleveland, Ohio
* Morrison Knudsen Corporation, Cleveland, Ohio
Licensed Professional Engineer
Emeritus member and Fellow of AIChE
Member of ACS, NSPE, and ISPE
Cleveland State University, Fenn College of Engineering
 Bachelor of Chemical Engineering
« Bachelor of Engineering Science

* Distinction in Bioengineering



