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Abstract 

The purpose of the water pump research is to design a manual water pump and pumping system that can be used by an operator to lift water five to eight feet to the chemical stock tanks using the least amount of energy. We have done research on several types of water pumps and narrowed our options down to foot- and arm-operated piston pumps and diaphragm pumps. The mechanical feasibilities, simplicity of repair, ease of access to base materials in Honduras, and possible failure modes are considered. In the future, we will analyze the discharge rate of the pump and head loss using MATHCAD. 

 Introduction

The goal of the water pump research is to design and fabricate a human-powered water pump that is capable of lifting water five to eight feet using as little effort from the operator as possible. The piston pump and diaphragm pumps are the possible pump systems we can use, due to their ease of manufacturability, upkeep, and system robustness. 
From the research on water pumping systems and rough estimation of the piston and diaphragm pump performance, we conclude that lifting water five to eight feet at a rate of 55 gallons per day is possible.   

Experimental Design
In order to determine the optimal pump design for transporting water eight feet in elevation, it was first necessary to develop the general style of delivery. When first approaching this idea we had several specific points on which we wanted to focus to create the ideal pump for the job. For this particular project, we decided to focus on the following constraints while optimizing outflow:
· Head change – 8 ft

· Self-Priming

· Human powered (ergonomic)

· Easily constructed, maintained, and repaired in Honduras 

· Process easily understood and preformed

Although the job can be completed with a variety of systems, we have concluded that due to these restrictions (mainly those imposed by plant location) the optimal systems that would best serve our needs are the lever-powered piston pump, the treadle pump, and a diaphragm pump.  Each of these bring their own advantages and disadvantages, and over the next few weeks we will be conducting experiments to further narrow down our options.

At this point we have been working to develop a system of equations to model our designs such that we can use them to optimize several parameters and ensure that we attain the desired flow rate. The variables of the system we focus on in this case are as follows:

· Reservoir Diameter

· Outflow Pipe Diameter

· Piston material and configuration (or membrane material)

· Piston range of motion

· Cycle Rate

In order to develop relationships between these variables, we are using MathCAD to relate human-generated forces and head loss to the energy equation. At the moment these calculations are in process and once completed we will have a theoretical optimal design for which to construct our pump.

The following are rough sketches of pump systems we are working on:

Lever Piston Pump
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In this pump design the operator pulls the lever down which in turn lifts the piston up. This creates a pressure difference bringing water into the PVC pipe from the inlet pipe. When the operator pushes the lever back up, the water is pushed through the outlet pipe.

Treadle Pump Design
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In this pump design the operator steps on the levers, pushing the piston up and down. The concept works similarly to the lever pump design, but is foot-operated. 

Diaphragm Pump
[image: image3.png]Lever

Outlet Pipe

w/Check Valve

Inlet Pipe
w/Check Valve





This pump is designed similarly to the Lever Piston Pump with the exception that the piston is replaced with a diaphragm membrane. Pressure difference is then created not by a moving piston but by the flexible membrane in its place. 
Future Work
Detailed Task List:
1. We will need to perform analysis of the flow within our treadle and diaphragm pumps using MathCAD in conjunction with fluid mechanics equations.  

2. After using this analysis to approximate numerous parameters including frictional head losses, required operation rate (cycles per minute), and potential flow rate, we will assess the viability of each pump option.
3. At this point, it will be necessary to determine whether we can improve on existing pump designs, balancing cost and performance.
4. After completing a design for each viable pump, we will assemble a complete materials list and obtain any missing parts.

5. Construction of the prototype will commence as our team attempts to build our design with available materials.

6. After construction of our prototype pumps we will test the pumps, identify mistakes in the design and make changes to the prototypes accordingly.

7. After prototypes have been finalized, we will test for efficiency and effectiveness and choose the optimal pump.
Team Reflections

The past three weeks have been marked by alternating periods of excitement and frustration. In the early stages of brainstorming for the basic pump type, we cycled through numerous designs before settling on a choice between a hand- or foot-operated piston pump and a diaphragm pump. At a superficial level, piston and diaphragm pumps seemed like foolproof designs, mostly free of moving parts and easily operated.
However, further analysis proved frustrating. Our team contains a mixture of students who have not taken fluid mechanics and students who took fluid mechanics over a year prior to this semester, so our grasp on fundamental equations is tenuous at best. Modeling the flow through each pump design is dependent on knowledge covering several areas of fluid mechanics and will need to be undertaken using class notes from CEE 4540 and a quality textbook.
Another source of early concern was the potential pricing of materials; advertised prices in the McMaster-Carr catalogue seemed prohibitive for some essential pieces of our pumps. However, we were able to circumvent this issue (at least for the future prototype) by finding alternate retailers in the area.

In the future, our team will need to improve in terms of engineering analysis. In our haste to adopt new theories and ideas about pump optimization, we have often ignored thorough mathematical investigation in favor of an estimation/trial-and-error approach. 
Once we refine our analysis and settle on a design, we’ll be far more comfortable with the actual mechanical analysis of our pump. This will render us able to move on to the next step: construction of a viable prototype.

