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ABSTRACT
Construction of a water table was conducted to provide a device for the Mechanical Engineering Department at
Rochester Institute of Technology (RIT) to display fluid dynamics concepts such as streamlines, vortex shedding,
and flow separation over a large variety of objects. The water table utilizes open channel laminar flow. Typical
water tables manufactured in industry cost $10,000-$20,0000. The team designed the water table described in this
paper for ~$2,000. This paper explores the design of the water table, methods of construction of the device, and the
testing of the device to ensure its performance. The construction of the water table was successful and will be used
in the future by the Mechanical Engineering Department at RIT to display fluid dynamic principles.

INTRODUCTION
The Mechanical Engineering Department at Rochester Institute (RIT) of Technology generated a mission
statement in May 2008. Part of this mission statement promises to demonstrate revolutionary advances in the field of
engineering and become a Mechanical Engineering department to be emulated. This idea, along with the need for
students to have a better physical understanding of fluid flow, contributed to the idea of creating a water table for
academic use.
RIT currently has a wind tunnel that is used for qualitative and quantitative studies related to aerodynamic
effect. This wind tunnel is mainly used to measure drag, lift, and simulate wind flow over objects for study such as
scale models of wind turbines. In 2012, a Multidisciplinary Design Team (MSD) at RIT developed a “tow tank”
used to drag an object through water at a desired rate to study the fluid dynamic effects on a hydrofoil. This project
was successful, but was purpose built and is not easily adaptable to purposes. With the need to be able to
experimentally teach fluid flow, a water table was chosen as a cost effective way for instructors to communicate
fluid dynamics concepts. The success of the tow tank and benchmarks of other water tables led the RIT Mechanical
Engineering department to invest money into this project.
Water tables are used to demonstrate fluid concepts such as streamlines, vortex shedding, and flow separation
through flow visualization. An example of streamlines is
displayed in Figure 1 (to the right). The ability to produce a
device that would show flow visualization through straight
uniform flow over an object would help enhance the instruction
of students enrolled in the engineering programs at Rochester
Institute of Technology in courses pertaining to fluid dynamics.
A water table can provide laminar, straight, uniform flow over an
object to teach fluid flow both qualitatively and quantitatively. A
device that effectively displays fluid flow over an object has
Figure 1. Streamlines over an airfoil
many applications related to aerospace, automotive, the rapidly
expanding field medical devices, and many more. This concept for visualization lays the groundwork for the main
design objective of the project and motivation for developing.
In addition to developing a device that would demonstrate fluid dynamic concepts through flow visualization of
uniform, laminar flow over an object (top-down view); several other design objects were desired for the project. One
of the design objectives was to develop a product that offered modularity so that it could be interfaced with other
systems if desired. Another need was for the design to offer adaptability in being able to vary parameters such as
object geometry, flow speed, and channel size. The product also needed to be transportable, fit through classroom
doors, easily setup, and easily broken down for storage.
This paper gives a brief overview the steps the MSD team took to develop the water table prototype and
discoveries associated with the design. The first phase of the project dealt with the development of customer needs
and engineering specifications, brainstorming system design concepts and evaluation of them, development of a
systems model, a feasibility assessment involving theoretical calculations and design of experiments, and a detailed
design. The second phase of the project entailed the manufacturing of the project, debugging the system design, and
testing of the design to validate that customer needs and engineering specifications were met.
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PROCESS (OR METHODOLOGY)
The main objective of the project was to develop a product to show open channel, uniform, laminar flow over
an object. The first step in the project was to develop customer needs and specifications. Customer needs define
objectives of the project and specifications define how the needs will be met (usually numerically). These were
accomplished through several meetings and discussions with the customers. These customer needs are summarized
in Table 1 shown below and are ranked accordingly with importance.
Customer Need #
CN1
CN2
CN3
CN4
CN5
CN6
CN7
CN8
CN9
CN10
CN11
CN12
CN13
CN14
CN15
CN16
CN17
CN18
CN19
CN20
CN21

Importance
3
3
3
3
3
3
3
3
2
2
2
2
2
2
2
2
2
2
2
2
2

Description
Simulates fluid flow over a body horizontally
Allows user to see flow around geometry
Can be run for many demonstrations (multiple lab sessions)
Has repeatability to allow for future quantitative experiments
Adaptable for different geometries
Adaptable for different angles of attack
Equipment safe for human interaction
Modular pump/reservoir system
Requires minimal maintenance to replace parts
Interchangeable components
Easy to break down parts
Easily transportable
Has variable speed flow
Has measurable speed
Easy to use controls interface
Has uniform flow region known
Easy to set up
Easy to clean
Easily stored
Needs to retain liquid
Noise cannot be prohibitive to teaching

*1 = Least Important, 2 = Important, 3 = Very Important
After customer needs and specifications were defined and accepted by the customer, brainstorming of ideas and
designs to meet customer needs and engineering specifications were generated. Following the concept generation
phase of the project, a systems model was developed and feasibility analyses were conducted to verify the validity of
the design. The intended design schematic that was developed is shown in the CAD model pictured in Figure 2
below.
The design consists of two main systems; a cart which supports the water reservoir for the system and the water
table. The two systems are interfaced with a piping infrastructure. The systems works by opening and closing valves
which allow water to be pumped in the system, but not to be drained out back into the reservoir. When the system
reaches a desired height level in the water table, the pump is stopped and the valves are changed to allow closed
loop operation of the table. This means the water pumped into the water table system remains and is recirculated
throughout the system and water cannot enter or leave from the water reservoir. When the water is pumped into the
water table it first enters a baffle. The baffle dampens and manipulates the direction of flow coming from the piping.
After exiting the baffle, the flow goes through honeycomb flow straighteners and a nozzle section. These work to
straighten and concentrate the flow to get uniform laminar flow through the test section. After the flow exits the
rectangular test section it exits through two drains and is recirculated throughout the system via the power provided
by the pump. Flow throughout the test section and system is modulated by the use of the gate valves. Closing the
valves corresponds to lower flow velocity and vice versa.
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Figure 2. CAD model of intended design schematic

A variety of assumptions, calculations, and designs of experiment and analysis was performed to verify the
validity of the design. One of the experiments used in validating the design was to build a mock tank (small scale
version). An experiment was designed to test if the MSD team would be able to create a tank out of polycarbonate to
provide the channel for the water to flow over objects. A small tank was created out of polycarbonate and WELDON 16, a solvent weld epoxy. Results of the tank yielded a tank that had a small leak and lacked in aesthetics.
Because of this the team opted to have a local company create a tank made of high density polyethylene which
provided a rigid structure and no leaks.
Another analysis performed was that of electrolysis. The use of a flow visualizer is needed to enhance the visual
effects of the flow. The MSD team decided to use electrolysis as the main source of flow visualization. Electrolysis
utilizes the movement of electrons from the anode to the
cathode create bubbles at the cathode. These bubbles are
used as the flow visualizer. To test electrolysis several
experiments were conducted which varied parameters
such as anode and cathode material, use of electrolytes,
and voltage input in a water channel provided by the
Mechanical Engineering Technology (MET) Department
at RIT. Results yielded a high generation of bubbles when
2 mil platinum wire was used in combination with baking
soda as an electrolyte at 36V power. A picture showing
the experiment results of the electrolysis bubbles over an
object can be viewed in Figure 3. Note that in Figure 3
turbulent flow is experienced as the MET water channel
Figure 3. Electrolysis experiment results
because the table was not designed for straight flow.
For the intended design displayed in Figure 2, a pump needed to be sized for the system to provide the desired
flow. Pump calculations were performed under the assumption the pump needed to overcome the head loss
associated with 120 in of piping (overestimation). A pump efficiency also needed to be accounted for and was
assumed to be 40%. This is a conservative estimate as the efficiency of the pump is expected to be greater.
Theoretical calculations were utilized and yielded that the pump should be sized to at least 1 horsepower. A 1.5HP
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pump was chosen for the design due to the small increment in cost from the 1HP pump and the adaptability and
modularity a larger pump brings to the system design.
Magnets were intended to be used in the original design to hold the nozzle panels in place and the test
specimens. The use of magnets in the design gives way toward greater adaptability. A relatively low, conservative
estimate of the coefficient of static friction was used and was assumed to be 0.1. Dynamic pressure created by the
water channel flow was used to estimate the forces and moments on the objects. From this, magnetic pull force
calculations were determined. Results yielded that it would be possible to use magnets to hold the test specimens
and nozzle panel sections.
A finite element analysis of the cart was performed to ensure safety factors were met. It was assumed the cart
would contain 55 gallons of water at a maximum. Finite element analysis of the cart yielded a safety factor larger
than 4. Thus, the cart was structurally safe.
Froude number for open channel was also examined. This is important to examine because supersonic flow
analogy could be obtained if the Froude number is greater than one. The Froude number is the ratio between channel
velocity and the wave speed of the free surface, which is a function of water height. Theoretical analysis yielded that
supersonic flow will not be obtained given the limits of the intended design.
Another concern in the cart design was that adequate water needed to be able to be supplied to the water table to
obtain at least three inches of height of water. Theoretical analysis showed that the water reservoir would be able to
provide at least 4 inches of water to the table. Thus, the design requirement was met.
The design of the baffle was another concern in the design process. Research yielded little information in baffle
design and equations for developing water table baffle. Because of this, the MSD team opted to use benchmarking to
design the baffle. Several alternatives to design the baffle were brainstormed if the main baffle design were to fail.
RESULTS AND DISCUSSION
The construction of the water table followed the detailed design phase of the project. The cart for the system
and internal components of the water table were made first. After those were developed, the reservoir, pump, and
mounting posts were added to the cart system. Following this, the two systems (the cart system and the water table)
were interfaced with one another via the use of a pipe infrastructure. The final developed prototype is shown in
Figures 4 and 5 below.

Figure 4. Side view of final construction of water table
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Figure 5. Top view of final construction of water table

One study used to verify the validity of quantitative was flow separation over a cylinder. Based on the flow
regime of the table, the angle of separation should have occurred approximately 80 degrees from the tail end of the
cylinder. This was shown via the use of two different flow visualizers. In Figure 6 this is shown using electrolysis as
a flow visualizer and in Figure 7 this is displayed using food dye.

Figure 6. Flow separation using electrolysis

Figure 7. Flow separation using food dye

In order to prove the speed range of the system, beads were tracked as the system was running at the maximum
and minimum speeds. These speeds were recorded on the “low” mode of operation on the pump. While running the
pump on the “high” mode, the table would have surging of the pump and never reach a steady state flow. This was
because the drain ended up sucking in air into the system, which causes the pump to move the air and not water.
The amount of air pulled into the system is a function of the height of the water and the flow rate of the system. In
the “low” mode at a faster setting, the transient surging effects can be seen just like the “high” pump mode.
The beads in the system were placed and then the pump was turned on. Using the ruler and a video, it was
possible to back out the flow velocity of the beads. A similar technique using multiple beads and dye injections was
used to quantify the straightness of the flow. The photo below shows the multiple particles flowing down the
channel. Because the particles stayed in the same relative position, it’s possible to show how much faster/slower
areas of the flow were in comparison to others.
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Figure 8. Particle Tracking

Electrolysis under specialized LED lighting is also used as a flow visualizer. The electrolysis produces
hydrogen bubbles that allows for pulsed and controlled flow visualization. The bubbles are best seen in a dark
environment with side lighting to illuminate the bubbles. Using the electrolysis, dye, and particles, many
possibilities exist for future academic and experimental use.
One method used to show streamlines in the water table was demonstrated using long exposure photography
with exposures of 4-6 seconds. Beads were used as particles and their motion was tracked as they flowed across
different test specimen geometries. Figure 9 shows an example of long exposure photography used with a cylinder.
Note the straightness of the streamlines denoted in Figure 9.

Separation
Angle (~80O)

Stagnation point

Figure 9. Streamlines over a cylinder

CONCLUSIONS AND RECOMMENDATIONS
This project was extremely successful in producing a quality product that meets customer needs on a budget.
Throughout the design phase, constant contact and communication with the customers narrowed down the design
intent and resulted in a better product.
Looking back on the original customer needs and the final product, there are different ways that could have
been pursued to solve problems and still meet the customer specifications. One example is to make the table, tank,
and pump all on one cart. The reason for picking a separate system was to allow for modularity of the system for
other uses. It would have still been possible to have the modularity desired if the table was mounted on top of the
cart. Routing the hoses would be much easier as well as setup and teardown.
Other improvements that could be made to the design and construction include making the table longer for more
settling before the test section and developing a more robust baffle/flow straightening system. The flow is uniform,
but there is still some turbulence in the system. This is most evident when sticking in the dye or using electrolysis.
Another improvement would be a ferrous plate used to secure the magnets to rather than the magnet sheet. The
magnets used to secure the polycarbonate sheets are extremely strong and have risk of pinching fingers when putting
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them away. A ferrous sheet would have similar pull forces to the magnet sheet without necessarily being as difficult
to work with/put away because the magnets would not need to be as strong.
Electrolysis proved to work well as a flow visualizer, but required some trial to get right. The lighting under
electrolysis is a critical factor for its functionality. Future work could include using a higher voltage (100+V) if done
so safely. In literature searches, this was a typical voltage used, however, it was not used because of safety concerns
that inexperienced students would use this water table. The risk and severity for injury with high voltages dictated
that this solution not be presented as a solution.
Using deeper water could allow the table to obtain higher speeds. The reason that it is not possible to use the
high mode is because of pump surging, which was remedied by increasing the water height. This is because of the
relationship between the drain vortices and water height/drain diameter.
Successes of the project include the on time production of the major systems, including the table, cart, and
piping systems. By completing all of these systems on time, plenty of time was available for testing the table.
Another success was making the system leak proof. This took a week to find the proper formable gasket and also a
drain plug, but everything else was leak free when tested. The team also was able to save money by using a pump
that is designed for spa use and by diligently searching for a cost effective solution. The pump picked was roughly
half the cost of similar pool pumps. The 2-speed motor proved valuable because the low speed ended up being more
useful than the high speed of the pump. Other places where money was saved was in getting a leak proof table by
smartly contracting it out and by shopping at multiple sources for PVC fittings. The system is also robust and able
to withstand repeated setup and teardown. The ease required in setup and teardown can be best quantified by the
time it takes to setup. Both setup and teardown both could be achieved in less than 10 minutes.
Lessons learned from the design and construction of the water table can be used to develop a better budget
water table in the future. The project was successful in meeting customer specifications and satisfying customer
needs. The ability of the table to flow water uniformly as well as use beads, dye, and electrolysis as a flow visualizer
allow for flexible use for instruction in Thermal Fluids Lab and for experimentation.
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