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Statement of purpose:   

The purpose of this project is to design and build two lab components (The 

Flexible Triple Falling-Ball Viscometer and Small-Scale Pipeline) used in the fluid 

mechanics classes at Miami University. These components are being designed, 

built, and tested so they can be reproduced for both Miami campuses and regional 

locations. With this in mind we developed the following goals:  

● To design and build lab components for Miami University’s fluid mechanics 

classes. 

● Provide components which will give the student an opportunity to learn and 

apply concepts and principles learned within the class. 

This project will enhance our experience and understanding in our field of study, 

as well as provide others with components to enhance theirs also.  

 

 

 

 

 

 

 

 

 

 

 



3 

 

Contents 

Statement of Purpose (Executive Summary) 2 

Table of Contents 3 

Scope and Methodology 4 

Pipeline Analysis 7 

Expected Findings (Results) 10 

Completed Components 18 

Experimental Results 20 

Cost of Production 27 

Conclusions 29 

Recommendations 30 

References 31 

Appendix A: Weekly Journals 32 

Appendix B: PipeFlo Specifications and Results 45 

Appendix C: CAD drawings 52 

Appendix D: Budget 54 

 

 

 

 

 

 

 

 

 



4 

 

Scope and Methodology:  

The scope and methodology used for this project had a dual aspect to it with the 

development and design of two separate lab components.  

The first of the two lab components considered was that of the falling ball 

viscometer.  The initial falling ball viscometer consisted of a single tube with three 

separate balls. This design limits the function and an improvement was sought. The 

design we settled on was a viscometer with three tubes, which could be operated a 

single tube at a time or all three together, with the ability to quickly change the 

fluid inside the tubes. The team developed the following set up which is shown in 

Figure 1 below.  
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Figure 1: CAD Model of Flexible Triple Falling-Ball Viscometer 

 

This set up allows for different fluids at the same time which serves to expand the 

opportunities for students to learn and experiment with the concepts taught in 

ENT310 and the textbook used in that course (The 7th edition Applied Fluid 

Mechanics chapter two). 
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The second of the Lab components designed was that of the Small Scale Pipe-Line. 

The team started out with a very basic design of a series pipe-line. After reviewing 

the textbook for ENT310 mentioned above, we added to the design in order to 

enhance the component. The addition would make it possible to carry out lab 

experiments on both series pipe-lines and parallel pipe-lines, as well as the 

pressure changes which can be caused by multiple elbows in a system. The design 

we settled on is shown in Figure 2 below.  

 

Figure 2: CAD Model of Small Scale Pipeline System  

Once we decided on the design for both components we divided the tasks. Kyle 

pursued the CAD drawings, Ted developed the budget and pursued the costs of 

materials, and Thuc went to work on the pipeline simulation using PipeFlo 

software available on Miami University Regionals WebApp and to do some 

theoretical calculations using methods learned in the ENT-310 Fluid Mechanics.  
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Pipeline Analysis:  

Our pipeline problem is considered a Class I series pipeline since the system is 

very much defined.  Our goals were to compute the input power required by the 

pump and calculate the energy loss and pressure different between inlet and outlet 

points for all pipeline sections. Figure 3 below shows the PIPE-FLO model of the 

Small Scale Pipeline System.  

 

 

Figure 3: PIPE-FLO Model of Small Scale Pipeline System 

For PIPE-FLO simulation, our group determined the following: 

● Transparent cylindrical tube  

● Height and diameter of the tank: 24” H and 15” D 

● Pipe specs: PVC Plastic pipe, Sch 40, ¾- in diameter, 118 in (9.83 Ft) total 

length 

● Design flow rate: 15 gal/min 

● A number of Valves & Fittings that will be installed on the system 
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After working with PIPE-FLO calculations, the following simulation results were 

generated by the program (see Figure 4): 

● It shows pressure drop between inlet and outlet points for all pipeline 

sections 

● It also displays the powered required by the pump to deliver 15 gallon per 

minute as a designed value for this system 

● 2.09 psi is the highest pressure fluid from the pump based on the flow rate of 

15 gpm 

 

 

 

Figure 4: Simulation Results of Small Scale Pipeline System 
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Theoretical calculations and Excel calculations were completed in order to validate 

and compare with the simulation results.   

Hand calculations for Suction line shown below were based on ¾ in pipe and 

design pipe length. These calculations also were based on the design flow rate of 

15 gpm. First, we calculated pressure at the inlet point of the suction line based on 

our design values and water properties using a pressure-elevation equation. We 

need to know the pressure at this point in order to analyze the pressure difference 

between inlet and outlet points of this suction line. Next, we calculated the friction 

loss and minor losses for all valves and fittings that will be installed on this suction 

line. Finally, we applied an energy equation to find the pressure difference in this 

suction line. The results are the same as simulation results. 
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Expected Findings: 

 

Figure 5: Tank Volume, Liquid volume, and Pressures calculations 
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Figure 6: Reynolds Number and Friction Factor for Suction Line Calculations 

 

 



12 

 

 

Figure 7: Fiction Loss, Minor Loss, and Pressure different for Suction Line                                

Calculations 
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We also used Excel calculations to compare the simulation results for other 

pipeline sections. Dr. Murat Dinc provided our team some Excel spreadsheets that 

were based on some pipeline problems from the ENT 310 textbook; we modified 

them to fit our pipeline design and used the results to compare with PIPE-FLO 

results. 

Excel calculations for the discharge line using Excel spreadsheet for Class I series 

is shown below (Figure 8). These calculations also were based on the design flow 

rate of 15 gpm, ¾ in. pipe diameter, and design pipe length.  
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Figure 8: Pressure Drop Calculations of Discharge Line Using Excel 
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Similarly, the table below (Figure 9) shows the comparisons between Excel 

Calculation and Simulation results for Energy Loss and Pressure drop. They both 

show the same results 

 

 

 

Figure 9: Pressure Drop Calculations of the Remaining Pipeline Sections            

Using Excel 
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To validate the pump power, we also used Excel calculations to find the power 

required by the pump with the flow rate of 15 gallons per minute. The results are 

the same as the simulation results (see Figure 10).  

 

 

Figure 10: Pump Power Calculations Using Excel 
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Figure 11: Pump Curve for 15gpm Flow Rate Generated from PIPE-FLO 
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Completed Components: 

 

Figure 12: Completed Flexible Triple Falling-Ball Viscometer
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Figure 13: Completed Small Scale Pipeline System 
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Experimental Results:  

We performed experiments 7 times for 3 series tests and 4 parallel tests with the 

following conditions: 

● Filled the tank with 15” of water at 70 deg Fahrenheit 

● Adjusted the last valve at ½” closed 

 

Series 1 test: 
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Series 2 test: 
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Series 3 test: 
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Parallel 1 test: 
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Parallel 2 test: 
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Parallel 3 test: 
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Parallel 4 test: 
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Cost of Production: 

Estimated Cost: 

With the CAD drawings complete and the simulation results/report from PipeFlo, 

as well as design values determined, the budget and cost of material estimate 

equaled the following: 

 

Figure 14: Lab Component Estimated Cost 
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Final Cost: 

As we progressed in the project some prices changed from the original estimate 

these are included below and compared to the estimated cost: 

 

Figure 15: Lab Component Final Cost 
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Conclusion/recommendations for further study:  

In conclusion, with the lab components built, operational, and tested we are able to 

make recommendations for future units. One area we were aiming for was to make 

these two components affordable, so they could be reproduced for the various 

campuses, this has been challenging and we have been pursuing different avenues 

in an attempt to reduce the cost. During the construction of the components we 

were able to reduce the overall cost, and completed both units under budget. 

Further reductions in the cost of construction can be realized by several other 

tweaks to both components. These recommendations can be found in the section 

Recommendations. 
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Recommendations: 

 

1)  Flexible Triple Falling-Ball Viscometer 

● Smaller tubes- we used tubes with 3” ID, reducing the size of the 

tubes would make construction easier, and cut a small amount of 

the cost. 

● The style of bearings, or a system which does not require bearings 

could possibly further lower the cost.  

 

2) Small-Scale Pipeline System 

● The first stage pressure gauge needs to be changed out with a 

gauge with a smaller scale. 

● The first stage flow meter either should be replaced with an 

alternative style, and possibly replaced at the discharge side of the 

pump.  

● The pipe size from the discharge side of the pump and to the tank 

could be reduced to ⅝” ID or ½” ID. 

● The ball valves could be exchanged for gate valves; this would 

reduce the cost and allow for greater freedom for the size of the 

piping structure.  
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Appendix A: Weekly Journals 
 

Weekly Journals 

Thursday, 4/22/21 

Topics discussed: 

● Talked about finishing up the project poster and project video 

● Discussed performance experiment for the Flexible Triple Falling-Ball 

Viscometer and the pipeline system 

● Talked about running leak test for the supply tank, as well as the pipeline 

system  

● Talked about comparing the test results with simulation and hand calculation 

results for the pipeline system 

● Discussed components used and expected findings (results) of the pipeline 

system for the final report 

● Discussed project overview presentation on senior design day 

 

Thursday, 4/15/21 

Topics discussed: 

● Discussed constructions progress for pipeline system as well as testing 

procedures for the completed Flexible Triple Falling-Ball Viscometer. 

● Talked about the completed pipeline sections, valves, and fittings. 

● Talked about testing the pipeline system and comparing the test results with 

simulation/ hand calculation results, especially for the pump input and 

output power. 

● Our group will be focusing on finishing up the pipeline system as well as the 

oral presentation and project video this week.  
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Thursday, 4/8/21 

Topics discussed: 

● Reviewed and tested the new Flexible Triple Falling-Ball Viscometer 

● Captured photos of the new Flexible Triple Falling-Ball Viscometer 

●  Talked about valves and fittings as well as reviewing a number of 

measuring devices that need to be installed on the pipeline system.  

● Discussed the oral presentation, project video, and poster design progress.  

● Assigned oral presentation as well as project video section for each team 

member 

● Our group will be focusing on finishing up the pipeline system.  

● Talked about testing the pipeline system and comparing the test results with 

simulation/ hand calculation results 

● Our group will be also working on oral presentation and project video this 

week.  

 

Thursday, 3/25/21 

Topics discussed: 

● Discussed the completed builds of the Flexible Triple Falling-Ball 

Viscometer 

● Talked about painting option for the completed Flexible Triple Falling-Ball 

Viscometer 

● Talked about taking equipment photos and construction progress photos 

● Tracked the remaining parts deliveries for the pipeline system 

● Talked about the project poster design and its contents as well as the final 

report 
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● Discussed date(s) and time(s) as well as the possible locations where our 

team will meet to finish the construction for the pipeline system once all 

parts have arrived.  

● Our team is still planning for date and time to meet to assemble the pipeline 

system as well as run test sometime during the first week of April 

 

Thursday, 3/18/21 

Topics discussed: 

● Talked about finishing up the support frame for the Flexible Triple Falling-

Ball Viscometer 

● Reviewed the completion of some pipeline sections, especially the 3-branch 

pipeline network 

● Reviewed all arrived items and tracked the remaining parts deliveries 

● Talked about the project poster design and its contents 

● Discussed date(s) and time(s) as well as the possible locations where our 

team will meet to build the pipeline system 

 

Action Items:  

● Our team keeps working on the Flexible Triple Falling-Ball Viscometer. 

● Once all items for the Pipeline system arrived (scheduled for delivery this 

week), we will meet to assemble and run tests sometime during the first 

week of April as planned.  

● Our team will also start working on final report and poster design 
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Thursday, 3/4/21 

Topics discussed: 

● Talked about what sections of pipeline we can put together first 

● Discussed how to connect the pipeline network to the pump and supply tank  

● Discussed how to build the support frame for the Flexible Triple Falling-Ball 

Viscometer 

● Reviewed the arrived items and talked about the plans to pick up the 

remaining items  

Action Items:  

● Ted will be meeting Frank, Technical Service Spec, at Hamilton Campus to 

pick up some supplies for our project.  

● Ted and Kyle will be working on connecting  partial pipeline sections 

together and building the support frame for the Flexible Triple Falling-Ball 

Viscometer  

● Thuc will be reviewing and comparing the new pump specifications with 

PipeFlo simulation results. 

 

Sunday, 2/28/21 

Topics discussed: 

● Talked about our group and project photos showing team members working 

on project.  

● Discussed our project descriptions and prepared to show equipment and 

group photos as well as project descriptions  

● Talked about building some pipeline sections and working on the supply 

tank for the pipeline system while we are waiting for the pump to arrives 

● Discussed and reviewed the new pump ordered from Northern Tool.  
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Action Items:  

● Ted and Thuc will be sending Kyle the working on the project photos, so 

Kyle can put all project photos together along with his working on the 

project photos.  

● Our group will be also focusing on parts delivery and pickup dates.  

 

Thursday, 2/25/21 

Topics discussed: 

● Talked about the replacement pump that is available and fits our pipeline 

system. 

● Talked about our project descriptions and how to put our project photos as 

well as the group photos together. 

● Reviewed all ordered items, tracked items deliveries, and talked about 

construction plans.  

● Reviewed the overall dimensions of our pipeline system to see how to 

transport after the pipeline system is completed.   

● Reviewed our step-by-step plan listed in the proposal  

 

Action Items:  

● Our group will be focusing on project descriptions, group photos, and 

tracking items deliveries.  

● Our group will be making sure the delivered items meet our design 

specifications.  

● All team members are also preparing for our project’s construction and test 

plans.  
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Thursday, 2/11/21 

Topics discussed: 

● Reviewed the new simulation results from PipeFlo for our pipeline system 

● Discussed new pump power and specifications after decreasing the design 

flow rate to 10 gpm 

● Talked about selecting the supply tank material and shape for our pipeline 

system 

● Discussed construction plans and reviewed all ordered forms and parts  

● Reviewed our step-by-step plan listed in the proposal  

● Talked about taking project photos and group photos  

 

Action Items:  

● Our group will be focusing on taking project photos that include our 

equipment and all team members 

● Our group will be also making sure ordered materials arrive on time and 

meet our design specifications.  

 

 

Thursday, 2/4/21 

Topics discussed: 

● Discussed our project’s progress and construction plans  

● Talked about changing the design flow rate for our pipeline system, so we 

can use economical pump in order to reduce the overall cost of our pipeline 

system.  

● Reviewed the Bill of Materials and timeline of our project 

● Talked about ordering parts and supplies for our design project.  
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Action Items:  

 

● Ted will be filling out and submitting the parts and supplies order forms.   

● Thuc will be updating the design flow rate to 10 gpm in PipeFlo simulation.    

● Kyle will be working on drawings and construction plans. 

 

Sunday, 11/08/20 

Topics discussed: 

● Talked about comparing and validating hand calculations results with the 

simulation results for pipeline analysis and design 

● Reviewed progress of our design projects: Triple Falling-Ball Viscometer 

and the pipeline system 

● Talked about creating the PowerPoint Slides for our group oral 

presentation 

● Talked about gathering all input data and calculations results for the 

midterm report 

● Discussed construction plans and reviewed the Bill of Materials and 

timeline of our project 

Action Items: 

● Ted will be gathering the final design dimensions and models for the oral 

presentation 

● Thuc will be gathering hand calculations, Excel data, and simulations 

results of the pipeline system for the oral presentation 

●  Kyle will be reviewing and gathering the bill of materials, construction 

plans, and timeline for our oral presentation. 
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Sunday, 11/01/20 

Topics discussed: 

●   Talked about selecting a case from the National Society of Professional 

Engineers’ ethics resources web page for Ethics team assignment 

●   Discussed the credit for engineering work subject for Ethics team 

assignment 

●   Discussed test simulations of the pipeline system with and without 

measurement devices 

●   Discussed the design project’s oral presentation and midterm report 

  

Action Items: 

  

●   Our group will discuss more ethical cases on the National Society of 

Professional Engineers’ website and prepare a summary of the case. 

●   Our group will also review all data values, calculation results, 

dimensions, and details of our design project. 

  

Sunday, 10/25/20 

Topics discussed: 

● Discussed new PipeFlo results after increasing pipe lengths and fluid tank 

height. 

● Discussed pipe material and specification for pipeline system 

● Talked about adding new pipe lengths to the Bill of Materials 

● Reviewed the Bill of Materials for both lab components 

● Discussed clearance of all devices on the pipeline system and constructing 

method 

● Talked about filling out and submitting the Fleck Scholarship application 
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Action Items 

● Our group will review all input data, PipeFlo results, CAD drawings 

dimensions, and Bill of Materials for both lab components. 

● Our group will also be working on the Fleck Scholarship application form, 

as well as submitting it for approval. 

  

Sunday, 10/18/20 

Topics discussed: 

● Discussed actual footprint of pipeline system’s devices 

● Discussed existing CAD drawings dimensions of both lab components 

● Reviewed the Bill of Materials for both lab components 

● Talked about increasing the height of fluid tank and the pipe lengths in 

some discharge line sections 

● Reviewed  cost and budget of both lab components 

  

Action Items 

●  Our group will be discussing more about new dimensions that work best 

for the pipeline system. 

●  Ted and Kyle will review the new pipe lengths that provide more 

clearance for pressure gages and valves.   

●  Thuc will update pipe lengths in PipeFlo to reflect the new pipe lengths. 

   

 

 

 



41 

 
 

Sunday, 10/11/20 

Topics discussed: 

●   Talked about finishing up the proposal and reviewed the project’s 

timeline 

●   Discussed what models, drawings, and tables will be included in the 

proposal 

●   Discussed preliminary results from PipeFlo simulations software 

●   Discussed cost and budget of both lab components’ materials 

 Action Items: 

  

●   Kyle will be finishing up all details for the CAD drawings 

●   Ted will be working on cost/budget for both ENT 310 lab 

components.  

●   Thuc will review examples in the ENT 310 textbook regarding 

parallel pipeline system calculations in order to compare with PipeFlo 

results.  

   

Sunday, 10/4/20 

Topics discussed: 

● Discussed dimensions of CAD drawings for both ENT 310 lab 

components 

● Discussed initial assumed pipe lengths and volume flow rate for the 

pipeline systems 

● Talked about the Bill of Materials for both ENT 310 lab component 

projects 

● Discussed what spreadsheets and calculations will be needed in 

order to compare with PipeFlo results. 

● Talked about the remaining items of the proposal that need to be 

completed. 
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Action Items: 

  

● Kyle keeps working on CAD drawings and will compare CAD 

drawings dimensions with PipeFlo simulation. 

● Ted will be working on the Bill of Materials for both ENT 310 lab 

components.  

● Thuc will reach out to Dr. Dinc for assistance on how to get some 

spreadsheet example problems for pipeline systems from the ENT 310 

textbook. 

  

Sunday, 9/27/20 

Topics discussed: 

●   Talked about selecting pipe lengths and pump power for the pipeline 

system 

●   Discussed CAD drawings for both lab components 

●   Discussed selecting volume flow rate for our pipeline systems 

●   Discussed what calculations will be needed for pipeline and pump 

selection. 

●   Talked about reviewing tutorial demonstrations videos for PipeFlo 

●   Talked about cost, parts list, and timeline 

  

Action Items: 

  

●  Our team will be reviewing general suggestions about pipe design and 

pump selection that Dr. Dinc sent out to our group. 

●   Kyle keeps working on CAD drawings 

●   Ted will be focusing on cost and creating Bill of Materials 

●   Thuc keeps working on data spreadsheets and PipeFlo simulation. 
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Sunday, 9/20/20 

Topics discussed: 

●   Talked about selecting pipe and pump sizes for the pipeline system 

●   Discussed CAD drawings for both lab components 

●   Discussed support frame and quick disconnect fitting for pipline 

system 

●   Started using PipeFlo simulation software to calculate pump size 

●   Discussed step by step plan, cost, and timeline 

  

Action Items: 

●   Our team will be focusing on selecting pipe lengths in order to enter 

them into PipeFlo simulation software, as well as start creating CAD 

drawings. 

●   We also keep working on the proposal and creating parts lists for 

manufacturing. 

   

Sunday, 9/13/20 

Topics discussed: 

●   Created a Jira account for our group and added all members to Jira in 

order to assign tasks and monitor our project progress. 

●   All team members will be working on the proposal; each member will 

be responsible for particular sections. 

●   Talked about the applicability of these two lap components. 

●   Talked about acquiring more data and specifications for the project. 

●   Discussed step by step plan for both lab components projects: Triple 

Falling-Ball Viscometer and Small-Scale pipeline 

●   Discussed Gantt Chart/Timeline and Cost estimations 
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Action Items: 

●   Ted is working on sketches and will reach out to Dr. Dinc to acquire 

more data and specifications required for these lab components. 

●   Thuc will be working on step by step plan and gathering data for 

theoretical calculations 

●   Kyle will be working on Gannet Chart and Cost for these lap 

components projects. 

  

Tuesday, 9/8/20 

Topics discussed: 

●   Started using WebEx meetings tool for our weekly group meeting  

●   Reviewed information and sketches of two lab components that Dr. 

Murat Dinc sent out to our team. 

●   Discussed dimensions and materials’ requirements for both systems 

●   Team was wondering if the pipeline system will be used for different 

kinds of fluid.  

●   Talked about the proposal and simulation software for pipeline system 

●   Talked about sharing projects’ information via google docs and 

creating timeline on Jira software 

 

Action Items: 

●   Ted will start working on sketches for the Triple Falling – Ball 

Viscometer and pipeline system. 

●   Thuc will start looking to see if there is any simulation software 

available that can be used to analyze pipeline system. 

●   Kyle will start working on research for hardware and components that 

fits our small-scale design. 
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Appendix B:  PIPE-FLO Specifications and results  

 

Pipe Specifications: 
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Simulation Results: 
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Pump Data:  
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Test Simulation Result: 

 

 

System Summary Report: 
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Appendix C: Computer Aided Drawings 

 

CAD Drawings 

 

Flexible Triple Falling-Ball Viscometer 
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Small-Scale Pipeline System 
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Appendix D: Budget: 
 

 

Estimated Cost: 
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Side by Side Comparison: 

 

 


