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Fluid Dynamics and Heat Transfer of a Fluid Confined in a Rotating Cylinder
Project Description
(use additional pages if necessary)


We were not funded last year we have included the reviewers’ summary in appendix A.  We hope to respond to the reviewers’ comments in the body of the proposal.

This project is a continuation of a project Andrea Rubio and I began 3 ½ years ago.  The rotation of cylindrical vessels partially filled with a fluid about its axis of symmetry.  The axis of symmetry may be oriented either parallel or perpendicular to the earth’s gravitational field.  The situation is shown below.
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Case 1 is an old problem that Sir Horace Lamb addressed a number of years ago (1).  He discusses the qualitative properties of rotating a fluid in a right circular cylinder about a vertical axis.  He goes on to discuss the onset of solid body rotation.  He continues to discuss the fluid behavior as the cylinder is brought to rest allowing the solid body rotation state to collapse.  Greenspan (2) has written an extensive discussion abut the theory of rotating fluids in general, however, Case 2 has not received the attention of its counterpart Case 1, although that is beginning to change.

We have examined case 1 experimentally for angular velocities from as low as 60 degrees per second to as high as 4- rotations per second.  At the higher angular velocities the fluid achieves a notably distorted shape from the static configuration.

[image: image2.jpg]



Figure 3.  Acrylic cylinder roughly half full of water rotating almost 4-rotations per second.  Assumes a paraboloid form.  The distortion is proportional to the square of the angular velocity.
The shape shown in the figure is predicted as a surface of constant pressure for a fluid obeying Newton’s Laws of motion under this type of rotation (3).


The situation shown in figure  3 is a well known solid body rotation shape we plan to use well known rotating fluid velocity fields as ways to test flow visualization techniques(4).  We need flow visualization techniques that give experimental information about the fluid motion and fluid behavior and velocity fields in known situations in order to acquire information about the fluid motion associated with rotation of a cylinder partially filled with fluid about a horizontal axis.  We have postponed our efforts with flow visualization for the time being, although we still believe the colored droplet idea has merit and warrants further investigation it was time for us to move on to other parts of the project.  One such item is the design and construction of a horizontal framework to support a motor and cell assembly to rotate a fluid about a horizontal axis.

We have designed and built a framework and drive apparatus to rotate a fluid about a horizontal axis.  We gratefully appreciate Dr. Rao granting Andrea Rubio a ¾ time Research Assistantship to work on this project.  We consider our efforts in this area an unparalleled success.  Employing our apparatus (Andrea’s Cage) or (Cage) we have carried out rotations of acrylic cylinders partially filled with water about a horizontal axis of rotation.  We will discuss the construction of Cage and fluid spin up in the progress report.  One area that we need to address is the issue of speed control.  Our current situation exists by the grace of borrowed equipment that is sometimes taxed beyond its design limits.  We have a few speed control options one is an AC motor with speed control with a variable output transformer.  Given a choice between these two options we would prefer the AC motor with the variable speed control. 

Other groups have done work in the area of studying the behavior of a fluid rotating about the axis of symmetry of a right circular cylinder.  We shall give a brief description of some of these works.  

One area of study is the formation and breakdown of a separation bubble in a right circular cylinder with differentially rotating endwalls (10).  A theoretical study whose results may prove useful in flow visualization issues has been done for small non-neutrally buoyant particles suspended in a fluid filled cylinder rotating about a vertical axis (11).  One of the interesting features of this study is the particles acquire asymptotically stable equilibrium positions.  A work that combines the fluid dynamics aspects of the study with heat transfer is one that studies the effect of heating from below of a cylinder rotating about a vertical axis that is heated from below (12).  One of the areas this study focused on was the temperature distribution along the axis of symmetry of the cylinder as a function of the cylinder rotation rate.  A theoretical study related to the previous one studies convection occurring in a rotating cylinder that is heated from below and its effect on the velocity flow field (18).  The study is carried out for a variety of aspect ratios (the ratio of the cylinder height to its radius). A study that theoretically deduced the velocity field of spin-up from rest of fluid confined to a vertical cylinder with differentially rotating ends (13).  This study acquired the velocity field as a function of the ration of the ratio of the angular velocities of the top of the cylinder and the bottom of the cylinder.  A theoretical study that deals with a rotating vertical cylinder with a differentially rotating endwall that may prove as useful models for rotating machinery and wind driven ocean circulation (14).  The study carried out a solution of the Navier-Stokes equation for the model of the fluid confined in the cylinder.  An experimental study of the transient behavior of the fluid as it spins up from rest was done employing laser Doppler interferometry to map the transient velocity profile (15).
A joint theoretical and experimental study was carried out to examine the flow in a  completely rotating vertical cylinder with an endwall that rotated counter to the cylinder this study was carried out for height to radius ratio of 1/2 (16).

A great number of publications involving experimental extraction of the velocity flow field typically involve sophisticated techniques laser Doppler interferometry or hot-wire anemometry.  The emphasis we wish to place on flow visualization is to extract the velocity field photographically with either digital cameras or some sort of video capture technique.  A pair of investigators has recently carried out a very impressive 3 dimensional mapping of the path lines associated with the flow in a wind tunnel with a pair of CCD cameras in a stereo arrangement (17).  A study such as this shows a great deal of promise in extracting the information of the flows occurring in the fluids confined to rotating cylinders.

We would certainly be remiss if we did not mention the very massive research effort by the Department of Physics at Oklahoma State University.  The group is lead by Dr. Tong(look up on web-site) and is involved in research in a range of topics from non-equilibrium dynamics in flow systems, they are interested the statistical properties of fully developed turbulence, high Raleigh number thermal convection, transport phenomena in turbulent flows pattern formation in rotating suspensions of non-Brownian particles and fiber optic techniques for measurement of velocity gradients and flow vorticity ( 19).

We consider our work closely related to that of Thoroddsen and Mahadevan (20 )   The authors were able to utilize a previously existing drive system designed by Johnson(21) and used by Zhang (22) both of these individuals studied coating flows on the interior of cylinders.

Thoroddsen and Mahadevan limited their study to a fill volume to empty cylinder volume of 1-30% and a variety of aspect ratios defined earlier, another variable that they included was the fluid viscosity by using different mixtures of glycerin and water.  They were primarily interested in observing the features of the motion of the fluid in the cylinder as a function of volume fill ratio, viscosity and angular velocity.  They did not discern any pronounced effect on the features of the motion as they changed the aspect ratio.  Hosoi and Mahadevan have studied the partially fluid filled horizontally rotating cylinder theoretically and were able to establish the dependence of the onset of instability in terns of the surface tension of the fluid (23).  Thoroddsen and Mahadevan mention a variety of motions associated with the motion of the fluid.  We have observed a number of fluid motions in our own studies of horizontally rotating fluids.  We have observed a variety of motions in the behavior of the fluid as the cylinder speed is increased.  At low speeds the fluid just begins to circulate in the bulk fluid in the bottom of the cylinder.  As the cylinder speed is increased the motion of the fluid varies from the circulation described previously into a wall climbing mode on the upward moving side of the cylinder.  As the rotational rate is increased the fluid drops away from the cylinder wall and falls back into the pool at the bottom.  Ultimately the fluid goes into solid body rotation or rimming mode as Thoroddsen and Mahadevan describe it.  They mentioned observing air entrainment we have observed bubble formation and have shown it in the last photograph in the progress report.  Our system is still in the shake-down stage so we were not able to do a very comprehensive study of the flow behavior.  Our work has been done with water only.  The authors noted that the angular velocity at which the fluid goes into the rimming mode for us this is solid body rotation increases with volume fraction.  Melo (24) studied the process of accelerating the fluid rapidly into solid body rotation and then slowing the cylinder until the fluid dropped out of the rimming mode or out of solid body rotation.  Our experience is somewhat limited in this area; however we have observed the same phenomena.  The solid body rotation persists at velocities much lower than those required to achieve solid body rotation in the first place.

One of the great problems facing us in the future is acquiring energy to meet the demands of the population.  In addition to that is the inescapable fact that the energy consumption per capita is increasing along with an increasing population.  One other problem along with acquiring energy is once you have it what is the best way to transfer it efficiently, or once you have it how do you store it or keep it in one place.  Certainly no single project can propose to answer all of these worthwhile questions.  However, work of this type may be an important area of research in the future.

The ultimate goal of our work is to elucidate the relationship between the fluid state of motion and heat transfer.  Thus far our observation of the driven fluid motion confined to the rotating cylinder has lead us to formulate a number of propositions as to what fluid motions would facilitate efficient heat transfer and what types of motion would serve to trap the energy within  the cylinder.  Our proposal is to initiate a thorough investigation of the fluid dynamics of fluids confined to a horizontally rotating right circular cylinder.  The data for this type of work will either be photographic or video it may be only the dyed fluid itself or perhaps some seed material that may be utilized as a flow visualization aid as it has been for other workers in this area (20), (21), (22).

Our proposal is to study the motion of a driven fluid confined to a rotating cylinder as a function of fill level, angular velocity and aspect ratio A.  The aspect ratio of the cylinder is the ration of the length of the cylinder to its radius A = l/R, where l is the cylinder length and R is the cylinder radius.  Thoroddsen and Mahadevan studied the behavior of driven fluids in their work (20) as a function of aspect ratio they observed no effect on the fluid motion as a function of aspect ratio.  However, they concede the point that their observations were restricted to the cylinders at hand.  The aspect ratios they employed were:  16.0, 15.4, 8.2 and 5.9.  One may consider these cylinders long by some standards, for instance the aspect ratio of 5.9 may be interpreted as the cylinder is roughly 6 radii long or 3 diameters.  One of the quantities we wish to study the effect of the endwalls on the fluid motion.  It may be that a cylinder 3-diameters in length is too long make good observations of this.  The rest of the cylinders they used were considerably longer.  We have studied the rotating fluid with an aspect ratio of 2.15.  It may be with small aspect ratios the endwalls may influence the behavior of the fluid.  We propose to study the fluid motion as a function of aspect ratio with A = 1, 2, 3,∙∙∙.  Starting with an aspect ratio of 1 gives a short cylinder that should emphasize the effect of the endwalls if any exists that should diminish as one increases the aspect ratio.  We feel that this should be relatively easy to do since we are using somewhat large diameter cylinders.  This type of study should answer the question of the dependence of fluid motion on aspect ratio and whether it should be a variable of consideration in the additional phases of the project.  The remainder of this work would be primarily observation of the fluid motion with either photography or video recordings.  The latter with flow visualization techniques may be capable of providing information of the flow field.

Another observation made by Thoroddsen and Mahadevan mentioned previously is air entrainment.  We have made similar observations, since we have proposed a comprehensive study already a study of air entrainment as a function of angular velocity, fill volume and aspect ratio would be in order.

The Thermal Box

Once a comprehensive study of the fluid motion has been done we intend to address the primary issue of this project the rate of heat transfer as a function of fluid motion or more importantly as a function of the drive speed of the cylinder.  The portion of the proposal above is a comprehensive study of the fluid motion as a function of the drive speed, fraction of cylinder volume filled and aspect ratio.


The heat transfer issue may be addressed in the following manner.  The fluid filled cylinder must be raised to some chosen elevated temperature with appropriate design features this temperature may be maintained for as long as necessary.  An insulating box is designed out of ¼ inch Plexiglas this container will be double walled with the walls held in place by Plexiglas spacers so the box has an air gap for insulating properties.  The box will be designed to be filled with water and will need to have holes placed so the drive shafts of the cell may enter the thermal box.  The seals fo the thermal box must be designed not to leak as the shaft is driven and the cell rotates in the fluid in the interior of the box.  The initial design of the box entails a lid as well to trap all energy liberated by the spinning cylinder in the box.  As energy is transferred from the cell to the thermal box a plot of temperature versus time of the water in the box should give a good indicator of the rate of heat transfer.  At this time this procedure seems somewhat primitive, however if done with care such as care with box design and placement of recording thermometers in the vicinity of the rotating cylinder we hope it would be possible to differentiate the rates of heat transfer as a function of cylinder drive speed.  We will also need to reconsider the cell design, while Plexiglas and acrylic make a very good cell for viewing fluid motion they are very poor conductors of heat.

We should redesign the cell to to conduct heat as rapidly as possible; this should remove any heat transfer issues that would be related to the physical properties of the confining vessel.  We propose to fabricate or have a cell designed out of a highly conductive metal.  It should be as thin walled as possible without sacrificing structural integrity.  It is possible we may need to move to a larger motor if we are to continue to work with our large cells.  A considerable amount of torque will be required to bring the large cells up to a particular rotational speed while immersed in water.


We believe that the work described in this project description is more than can be accomplished by as many as three people two of which are students and one being a full-time faculty can accomplish in a one year period.  The study of the fluid dynamics alone is a considerable amount of work.  We do hope to begin design strategies on the heat transfer portion of the work as soon as possible.  However the initial focus of this work will be the fluid dynamics associated with the rotating cylinder.

Time Line (Action Plan)

1) Month 1 acquire variable speed AC motor capable of dealing with large current demands.

2) Month 1-3 Mount variable speed AC motor and cylinder to support framework for horizontal rotation of a fluid filled cylinder (Cage).  Check drive, cylinder connections and alignment.  Do several shake down tests at different drive speeds with horizontal cylinder empty and full.
3) Month 1-3 Begin construction and static leak testing of clear cylinder that will undergo horizontal rotation.  The current versions could be improved.  Several of these should be built.  The cylinder should be clear and should be able to have its contents photographed with either mounted or static equipment.  The cylinder may have to be constructed by a commercial vendor.

4) Month 4-6 incorporate some sort of tachometer device to acquire the cell rotational speed.

5) Month 4-6 Repeat 4 with different fill levels and drive speeds for horizontal cylinder configuration.  Investigate building different length cylinders to study the effect on the fluid motion of the diameter to length ration of the cylinder.
6) Month 6-8 Examine general features of the fluid motion photographically and with video techniques to deduce at what speeds and fill-levels transitions occur in the fluid motion.

7)  Month 6-8 Choose most appropriate photographic technique for best-suited method of flow visualization method.  Photographic techniques will be chosen from digital camera, video and variable shutter speed techniques used in conjunction with film cameras.

8) Month 8-10 Provided item 7 is achieved we anticipate fluid flow lines from standard cameral techniques, still photographs from digital camera shots of flow visualization aid particles or dynamic videos of the flow visualization material.

9) Month 10-12 Investigate cell mounted photography, this should illustrate the differential motion with respect to the cylinder.

10) Month 10-12 after completing 7 we will employ the flow visualization video or photography to extract information about the velocity field of the fluid, or at least transitions in the fluid behavior, this will give insight about how the various heat transfer processes change during various types of fluid behavior.
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Equipment
	Item
	Vendor
	Item Price
	Total-Cost

	Analog to digital video capture device – Dazzle Multimedia Dazzle Digital Video Creator DM 4000 Video Input
	
	$417.00
	$417.00

	Farm Duty, Capacitor Start, 2 HP AC motor – Dayton 5K044 
	Grainger Industrial
	$248.00
	$248.00

	Single Pole High Current Rotary Switch – 30 amp@ 125/250 VAC
	McMaster–Carr
	$34.84
	$34.84

	Variable Output Transformer – Load Rating 3.03 kVA – Max Current 22 A
	McMaster-Carr
	$603.65
	$603.65

	Hand Held Digital Tachometer AMETEK Speed Range Contact 6 – 25000 RPM Non-contact 6 – 99999 RPM
	Grainger Industrial
	$322.00
	$322.00

	
	
	
	

	
	
	
	

	
	
	
	

	Equipment
	
	Total
	$1,625.49


Budget Justification
Supplies

	Item
	Vendor
	Item Price
	Total Cost

	4’ X 8’ sheet Plexiglas ¼ in thick
	Regal Plastic
	$79.92/sheet
	$399.60

	Acrylic Pipe cut to 7” length, 6.5 “ ID, ¼ “ thick
	Regal Plastic
	$17.63/piece
	$88.15

	6.5” ID, ¼ “ thick, 8’ long Acrylic Pipe
	Regal Plastic
	$70.00/8’
	$150.00

	2” X 2” X ¼” T cross section Aluminum  - 16’ length
	Special Metals
	$40.00/16’
	$40.00

	2” X 2” X ¼” L cross section Aluminum – 25’ length
	Special Metals
	$60.00/25’
	$180.00

	2” X 1/8 “ flat Aluminum – 12’ length
	Special Metals
	$18.00
	$72.00

	2” X 1” X 1/8” – Channel Aluminum – 16’ length
	Special Metals
	$20.25/16’
	$40.50

	Bimetal Band Saw Blade – 12’ 6” long x ½ “ wide, 0.25” thick
	McMaster Carr
	$36.34
	$36.34

	Supplies
	
	Total
	$1006.59


Unit Price Quotes from Vendors for materials
Regal Plastic – 4 X 8 ft sheet of Plexiglas ¼ inch thick - $79.92

Acrylic Pipe 6 ½ inch ID ¼ inch wall thickness, 7 inches long - $17.63

8 ft. 6.5 inch ID ¼ inch wall thickness Acrylic pipe - $70.00

Special Metals

2 in X 2 in X ¼ in 6063 T shaped Aluminum at 16 ft length per piece - $40.00

2 in X 1/8 inch Flat Aluminum @ 12 ft length - $18.00 per piece

2 in X 2 in X ¼ in 6061 L shaped Aluminum @ 25 ft length - $60.00 per piece

2 in X 1 in X 1/8 in 6063 Aluminum Channel @ 16 ft length - $20.25 per piece
McMaster-Carr Supply – Bimetal Band Saw Blade – 12 ft 6 in Long, ½ in wide and 0.25 in thick - $36.34

Explanation of use of Purchased Equipment
The research work employs a great deal of photography and video effort.  The photography is usually done with the department’s digital camera or whatever other digital camera we can borrow.  The digital photos and 5-second movies we are able to make with the digital camera are stored on a computer with an 80-Gig hard drive.  A lot of the events we take movies of require longer than 5 seconds.  We have recorded them with a video camera, these remain on VHS tape.  The Dazzle Digital video Creator DM converts the analog VHS recording to digital and one may store it on a computer through the USB port.
The heavy duty AC motor will be employed to drive the cell.  The motor we borrowed out of the physics shop is ½ HP and sometimes overheats over long rotation times involving large current demands.  The heavier motor should have no difficulty with this issue.  It may be a very important purchase as we study larger aspect ratios the motor will be required to bring larger masses of water and more massive cells up to the proper rotational speed.

The variable output transformer is the speed control item for the AC motor.  Our experience with the AC motor on loan is that large current demands are often the order of the day, which should only have the demand increase as the aspect ratio is increased.  We felt the transformer we chose will give us flexibility to deal with our experimental demands.

The rotary switch with a 30 amp high current capacity is purchased to give a speed control on the 12-V DC motor.  We intend to use the AC motor as the primary motor on the fluids experiments.  However, we very interested in a number of aspects of speed control.  We would like to experiment with a cone shaped drive wheel off the motor and have the cell shaft be connected to a cone shape drive with a considerable length.  The motor drive could drive the cone along any of its altitudes giving a number of drive speeds that could be continuously varied along the length of the cone.
The last item of the equipment budget is the hand held digital tachometer.  We have no easy way to obtain the cell rotational speed.  A device such as this should help us in obtaining the cell rotation speed.

Explanation of use Purchased Supplies
The Plexiglas mentioned in the supplies budget is to be used to construct the thermal box mentioned in the project description.  We also feel the need to construct a safety shield around Cage in some circumstances.  We employed some extreme rotation speeds.  It would be good to have something to catch the parts in the event things decide to come apart.
The Acrylic pipe is to be used to construct our cells along with the Plexiglas.  We require some that are pre-cut to the cell length that we are using now to continue detailed fluid behavior investigations.  We also require the long pieces to construct to the aspect ratio study.  The short lengths may be difficult to make.

Cage has undergone a considerable number of modifications to accommodate different motors and drive lines.  We would like to leave it as intact as possible to carry out the rotation study with the new system.  The problem associated with the aspect ratio will require a support framework capable of working with cells of varying length.  The structural Aluminum is for fabrication of such a platform.  It will serve to test out design details for the cone driven drive system mentioned earlier.
The bimetal band saw blade is for fabrication work.  We did enough Aluminum cutting that we literally wore one out and purchased another.  Given the amount of fabrication required for the work described in the proposal we consider it an important purchase. 
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Internally funded for the 2002-03 academic year- Fluid Dynamics of a Rotating Partially Filled Cylinder
Andrea Rubio, Student Research, Creative and Scholarly Activities Grant Proposal – FLOW VISUALIZATION – 2001-02, David L. Martin – Faculty Sponsor

Progress Report (on project from previous year)

If the previous year’s project was not completed and continuing funding is sought, provide a thorough explanation.
We did not receive funding for the 2003-04 academic year, however, Dr. Rao graciously provided Andrea Rubio with a ¾ time Research Assistantship.  At this time last year we were still doing studies of fluids rotating about a vertical axis of rotation and searching desperately for some sort of design to build a framework to hold a drive and fluid in order to rotate a fluid about a horizontal axis.
Our efforts early in the year from our studies in flow visualization of fluids rotating about a vertical axis showed some promise.  We employed food coloring and stains and almost all showed a common trait.
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Figure 4.  Food coloring employed as a flow visualization aid.  The food coloring trace emulates the fluid motion to an extent.
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Figure 5.  Crystal Violet employed as a flow visualization aid.  Stain shows some departure from actual fluid motion
Casual observation of the figures shows the food coloring agent or methyl violet, whatever flow visualization aid is being used begins to spiral downward after just a few rotations.  It has been documented (9) that all of these materials are slightly denser than water and should be diluted to some extent before using as a flow visualization aid.  A good portion of our efforts in this area are discussed in the Proceedings of the Oklahoma Academy of Science (8).

We have not abandoned our efforts at flow visualization in closed vessels even the colored immiscible droplet idea warrants additional investigation.  We only investigated one system (6).  We turned our efforts to other matters that needed attention the rotation of a partially filled cylinder about a horizontal axis.  As mentioned earlier we had made some fledgling efforts to come up with designs for the framework for horizontal rotation.  We had limited success.  Finally we talked to someone who had some knowledge of design.
Horizontal Rotation
We consulted with Dr. Evan Lemley and he recommended the structure from Hibbeler (5), which we show below.  The work described up to the point of completed constructed on the support framework and mounting of the DC motor as a cylinder drive is described in the 2003 Research Day for Regional Universities at the University of Central Oklahoma (7).
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Figure 6.  Single Truss element for bearing large loads.
Dr. Lemley suggested that such a truss replicated an integral number of times should make a good support framework for our assembly.  We took his suggestion and came up with the structure shown below   Andrea has experience in design from her engineering classes.  Her criteria for the overall dimensions were to be large enough to work on all areas easily in situations where more than one person might be involved and to fit on a laboratory bench top.  The dimension of the truss to be developed for the support framework (Andrea’s Cage) or (Cage) was 60 cm per truss element giving an overall length of 180 cm for Cage along the side and 60 cm across each end.  The 60 cm is actually between the support points so the actual structure is slightly larger than 180 cm. 
All of this began to come about last spring.  We discussed building materials some of which we had already purchased.  The support material for the top bottom and ends was to be 2X2X1/4 inch


Figure 7.  Long side of assembly with dimensions and angles to be employed as support framework for drive motor and cylinder for rotation of partially filled cylinder about a horizontal axis.  Bottom figure is the end view.
angled aluminum.  All other support framework and cross members are made of 2 x 1/8 inch fla

The assembly was put together with 5/16 inch X 1 inch fine thread bolts.  Figure 9 shows assembly of the top and bottom elements The assembly at this stage began to develop significant 3-dimensional rigidity.  The assembly sequence is given in the next series  of figures.  Figure 8 shows the initial stages of the structure.  The bottom and top were put together independently and then connected at the corners.  The structure was developing considerable rigidity at this stage if set on the floor hard at this stage it literally bounced.  The next stages of assembly are shown in figures 10 and 11.
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Figure 8.  Beginning assembly of support framework.  This piece is the bottom with two uprights bolted into place.  The structure was made out of 2 X 2 X ¼ inch aluminum.  The corners were thicker than the edges so the edges of the pieces had to be cut out so the assembly would fit together square.

aluminum.  The assembly sequence is given in the next series  of figures.  Figure 8 shows the initial stages of the structure.  The bottom and top were pput together independently and then connected at the corners  The structure was developing considerable rigidity at this stage if set on the floor hard at this stage it literally bounced.  The next stages of assembly are shown in figures 10 and 11.
Figures 10 and 11 show the framework in intermediate stages of construction.  Figure 12 shows the complete structure we had devised from the design shown in Figures 6 and 7.  The Cage is now ready for attachment of a 12 volt DC motor as the drive unit, three mounts and their corresponding bearings.  The 12 volt motor is capable of 30 rotations a second at high currents.  We required a brake of sorts to run it slower in the early stages of testing, this was achieved by mounting 
the shaft that drove the cell in bearings on both ends.  Our arrangement with the cell and the bearings allowed the driven shaft to turn at full speed, but the cell was driven only by the frictional torque of the bearing.  Figure 13 shows Cage in an intermediate stage of motor and shaft mounting and alignment.  Andrea is in the process of aligning the drive-cell assembly.  The origin of blue paint is still a mystery.  
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Figure 9.  Top and bottom of support structure bolted together.  It is not quite complete one corner is still clamped.
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Figure 10.  Addition of the vertical flat members that divide the individual truss elements.
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Figure 11.  45 degree angled truss members bolted into place.  Cage consisted of a total of eight individual truss elements.
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Figure 12.  Cage fully assembled and structurally complete.  Ready for attachment of 12 volt DC motor as drive unit shaft mounts drive and slave shafts and cell assembly for rotation of a fluid about a horizontal axis.
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Figure 13.  The cell is blocked up for support and the entire drive assembly is in the process of alignment.

Figure 14.  shows the everything fully assembled and ready to spin fluids.  The shafts turn in bearings mounted on the cell so that the cell will rotate more slowly than the motor driven shaft as described previously.  Figure 15 constitutes a test spin with the cell empty to check and hope nothing came apart.  The test spin was considered a success everything looked good and we all decided very soon we would be ready to spin partially filled fluid filled cylinders.  One of the outcoomes As we mentioned earlier our initial drive was a 12-volt DC motor as the drive and the shaft drive speed was a difficult variable to control.  We initially used bearings mounted in the cell, which allowed the cell to spin at a slower rate than the motor drive – 30 rotations per second.

Our first spin with the cell ¼ full of water are shown in Figure 16.  We all got a little wet on this spin.  As the cell spins one notices the turbulence in the bulk fluid at the bottom of the cylinder.  A banded structure develops as water has greater success making the complete vertical circle around
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Figure 14.  Horizontal Fluid Rotation Assembly supports have been removed and initial alignment has been completed.
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Figure 15.  Test spin of empty cell.  This constitutes a shakedown for the entire apparatus.
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Figure 16.  First spin with water.  Cylinder is ¼ full.  It leaked some.  Rotation speed probably somewhere between 10-20 rotations per second.
the cylinder at different positions down the length of the cylinder.  We could probably say that convection would be an important mode of heat transfer for a fluid in this state if a conductive wall was used rather than acrylic.

We eventually found that with the bearings we would always be limited in the rotational speed range.  Ultimately we removed the bearings and inserted a low resistance variable resistor in series with the motor to employ as the speed control.  The results of some of our efforts are shown in the following series of figures.
We attempted a spin with the cylinder ¾  full of water. The spin up behaved as before, however it became apparent we had inadequate speed to achieve solid body rotation.  Our solution to acquire more rotational speed was to take the low resistance resistor completely out of the circuit.  We were able to achieve solid body rotation as the next few figures show.  Figure 21 shows the cell ¾ full of crystal violet in water to show the fluid more vividly in photographs and short video clips with the digital camera.  Figure 22 shows the fluid in the ¾ full cylinder moving away from the central
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Figure 17.  Initial state of cylinder.  It is ½ full and stationary.
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Figure 18.  Spin-up of the situation shown in figure 17.  Note the initially turbulent state of the fluid.  Speed estimates are on the order of 10 – 20 rotations per second.  We are passing through a number of mechanical fluid states  as the fluid increases in angular momentum about the spin axis.
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Figure 19.  The fluid is moving away from the center of the vessel forming into a cylindrical shell with an air core.  The cylindrical shell is clearing; all bubbles and forms of turbulence are dissipating.  We believe the end dynamic state will be a fluid cylindrical shell undergoing solid body rotation.
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Figure 20.  The fluid in solid body rotation or at least very close to it. All portions of the fluid have lost nearly all attributes of any kind of wave motion or any angular velocity different from any other portion. 
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Figure 21.  Cell ¾ full of water with Crystal-Violet to enhance fluid visibility
portion of the cylinder and toward the walls and forming the cylindrical shell of fluid against the wall of the cylinder.  At this stage the fluid still has a considerable number of bubbles mixed in and a turbulent type of motion would be the best overall classification of the fluid behavior.  Figure 23 shows the clearing of the fluid and the smoothing of the inner surface of the fluid cylindrical shell that we have begun to consider a good indicator of solid body rotation; we do not have any experimental evidence that all portions of the fluid have the same angular velocity, our statements are our best estimates of the type of fluid motion at the instances of observation.

It soon became apparent that we were spinning through fluid states that we needed to observe over a considerable length of time in order to classify the fluid motion at each fill level and angular velocity.  We considered a strategy to continue using our DC motor and to set it up in a circuit with a number of parallel resistors that had resistance very similar to that of the DC motor.  A circuit such as this could be arranged with a switch in series with each resistor starting the motor with each switch closed would give the motor the minimum amount of current since the current would be distributed 
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Figure 22.  Spin up of ¾ full cell.  Rotation speed is estimated to be close to 30 rotations per second
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Figure 23.  Solid body rotation of ¾ full cell at an estimated speed of 30 rotations per second. between each resistor and the motor, this would give a particular shaft speed associated with the amount current the motor received.  The switches to one resistor could be opened and increase the
current to the motor and give an additional shaft speed.  The process could be continued for each resistor and give a number of discrete shaft speeds that would be limited by the number of resistors at our disposal.  The upper bound of the shaft speed would be close to 30 rotations per second with all switches open and the motor receiving all of the current from the source.  It was decided this strategy would be cumbersome at best.  We were much more interested in a continuous variation of shaft speed solution if such a thing was available.

An AC motor used as a belt sander drive was in the physics shop.  As far as anyone knew it had never been used one drive pulley and a brush was connected to shafts that came out of both ends fo the motor, however no belts were connected to the pulley.  We tried it out and it still worked.  It was hooked up to a variiac, which gave us control of the shaft speed.  The upper limit of the motor was 1725 RPM, which for all intents and purposes was the same upper limit as the DC motor.  The AC motor had a different shaft height than the DC motor, which meant the motor shaft and the shafts connected to the cell were now at different heights.  We elected to refit the motor mount since that would amount to fewer overall changes to Cage’s construction.  The DC motor mount was removed and a new mount was constructed for the AC motor.  The mount consisted of 4-upright ¼ inch angled aluminum pieces and two ¼ T-shaped pieces mounted horizontally to form the base of a table.  Finally two 1/8 inch U-shaped aluminum pieces were mounted on the T-shaped aluminum to form the motor mounts for the AC motor.  The table arrangement was built so that the motor shaft were in alignment with the driven shafts for the cell.  The AC motor had a threaded shaft, which made our keyed shafts inappropriate.  We managed to liberate a 5/8 inch steel laboratory pole.  We cut it to the appropriate length and threaded both ends to match the motor drive shaft.  A collar was fabricated out of 1 ¼ inch steel rod that was bored to the appropriate diameter and threaded to match the 5/8 inch shafts from the motor and our fabricated shaft for the cell.

Unfortunately there are no plans for any of this it was all done in a great hurry in a few afternoons of furious building and refitting since we were running out of semester.  The variac was hooked up to the electric motor we blew a couple of 3-amp fuses at the outset.  We finally acquired a 10-amp fuse and the motor was able to turn the shaft and cell assembly.  We may still have some alignment problems, however things were working.  As we said before we have no tachometer to get shaft speeds from, but we have set the shaft speed with the variiac control and have photographs of fluids with the shaft rotating at various fixed speeds that we selected.  The only problem with our current arrangement is the motor gets hot with prolonged use say 5-10 minutes.  We really need the prolonged observation times if we  are to photograph, video and make other types of measurements.  It seems we have exceeded the current limits for the motor wiring and it is unable to dissipate the heat properly.
The motor coupled with the variiac does appear to be a good working solution for speed control, which we estimate could range from 0-30 rotations per second.

The figures below illustrate some of the rotations at selected fixed speeds to bring the fluid to various states using the AC motor arrangement.  Figure 24 shows the fluid circulating moderately
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Figure 24.  Motor running at sufficiently slow speed that fluid circulates, but does not climb the wall a great deal and circulates back into the bulk fluid.
as the cell rotates at a low speed the bulk of the fluid remains at the bottom of the vessel at this speed.   The state of the fluid at a higher rotational speed is shown in Figure 25.  The fluid begins to attempt to rotate around the cylinder in bands at preferred orientations as some of the fluid begins to orbit in a complete vertical circle.  The fluid in this state with all of the mixing would be very efficient in
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Figure 25.  Fluid rotation about a horizontal axis at a higher angular velocity than Figure 24.  Note some of the fluid is starting to rotate completely around the cylinder in bands. 

convective heat transfer.  The experimental set-up we have managed to assemble allows us to view or take data on the particular fluid dynamic states as long as necessary apart from the fact that the borrowed motor was overheating from the large current draw.  The flow about the walls of the cylinder is not as dramatic as it seems in the side view.  A shot of the same rotational situation is shown in Figure 26 as an end view.  The different views are somewhat misleading in showing the amount of fluid that rotates completely around the cylinder.  The rotation shown in Figure 26 implies that a thin layer of fluid makes the trip completely around the cylinder at most.  As the rotational velocity  of the cell is increased an even greater amount the fluid takes on the characteristics shown in Figure 27.  The fluid in the cell with the increased angular velocity finally achieves a state of solid body rotation.  The cylinder speed may be diminished while the fluid is in solid body rotation.  The solid body rotation of the fluid will persist even if  the
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Figure 26.  A shot from the end fo the situation in Figure 25.  The fluid is climbing the wall on the side where the cylinder rotates upward.    However the fluid decreases in thickness of the layer as it progresses up the wall of the cylinder.  The fluid orbiting completely around the cylinder is not quite as dramatic as it appears in Figure 25.
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Figure 27.  The cell is rotating at a sufficient angular velocity for the fluid to acquire solid body rotation.

cell rotates at considerably less angular velocity than was required to bring the fluid to solid body rotation in the first place.  It should be noted that in this state the fluids dominant behavior would be as if it was a solid and the primary heat transfer mechanism would be conduction, which is inefficient for a fluid.


The last figure shows the effect camera orientation has on the view of the fluid behavior.  Figure 28 shows a shot with the camera placed at the bottom of the cell as it rotates at an intermediate rotational speed where the fluid was undergoing considerable mixing.  The overhead light provides illumination which reveals a 
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Figure 28.  Picture of cell rotation from beneath the cell the overhead light provides illumination which reveals the circulation patterns occurring in the fluid as the cell rotates.
very clear picture of circulation patterns.  Bubbles appear at the bottom edge of the picture bringing about a two phase mixing event.


Our most dramatic needs for continuing this research are a variable speed AC motor with sufficiently heavy wiring to prevent overheating with the large current demands and long operation times necessary with associated photography and videoing the fluid state and perhaps one day taking experimental data by some means hopefully flow visualization to extract velocity field information.  We spend a good deal of our time trying to find the departmental digital camera.  A digital camera would be heavily used in this experimental work.  We would like one day to attach the camera to the cell and look at differential rotation between the cell and the fluid.  The second web-site listed below may be viewed to see 5-second movies of fluid behavior.  At one time we were trying to video a fluid collapse from solid body rotation to the rest state.  The event took considerably longer than the video capability of the digital camera.  Video camera capability would be a definite addition to our research effort.  Most of our data and information storage is done on a computer the most efficient video capability for us would be a video camera capable of storing digital images on a computer.

Photographs and 5-second movies of rotating fluids events may be viewed at the following web-sites: 
http://www.physics.ucok.edu/~dmartin/files/index.htm              movies
http://www.physics.ucok.edu/~dmartin/files/spinningfluidpics/Spinning%20Fluids%20Pictures.htm 
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How is this research impacting the body of knowledge in the field of fluid dynamics? The PI has received funding from UCO for almost a dozen years, yet nothing has been published in that time. Based on this lack of dissemination, this research is of value only to the PI and a handful of student assistants.
The reviewers also noted that the literature review was dated with little reference to current scholarship.
Score: 75
**********
Response to Reviewer’s Comments
We have taken the reviewer’s advice on our literature review the literature review for this project is in our opinion current.  The reviewer may see this by consulting the literature cited section of the proposal.

As for publication rate the PI has changed areas and our early work.  Our early work (6) showed negative results and we were unsure about its publication quality.  We have been working on this project for about 4-years.  We have some limited publications to date and anticipate submission and publication of two papers this year.

Appendix B.  Comment on Section Numbers
We have used section numbers from this semester for the section numbers in the Release Time Request Form.  According to Sue Ryan, Director of Academic Publications of the Academic Support Administration section numbers are not known more than a semester in advance.

Evaluation Criteria

All Grant Proposals will be reviewed by ACUO, Inc. and given a numerical score. Reviewers will be professionals in the disciplines being reviewed, and will provide comments after review of the proposals. The external reviewers have provided the evaluation criteria (below). All proposals should answer the following questions.

1. Does the proposal describe a project that centers on a specific problem to be solved or questions to be addressed (if applicable)?

2. Does the proposal reference current literature in the field to demonstrate the Principal Investigators’ (PI) understanding of the problem and awareness of the current scholarship?

3. Does the proposal contain a description of methodology? Does it include a work plan that clearly outlines activities that will take place during the grant period?

4. Have the investigators disseminated the results of previous grants from UCO or other organizations? Did previous support have any discernable impact?

5. Are the budget requests logical for the project? Is the need for expenditure described and explained in the narrative? Does the budget justification provide a formula for how the dollar amount was determined?

Hints on Writing Grant Proposals
IDEA–The most critical aspect of the entire proposal is a unique idea with potential for successful development within the limits of time, facilities, and assistance. Selection of a project is the most critical step in the development of a successful proposal. Predict or describe the contribution possible if the project is successful.

PROPOSAL TITLE–all who review the document will read the title of the proposal. Therefore, make the title concise and make sure it conveys a message. The use of phrases such as “studies on” or “investigation of” should be avoided. 

PROJECT DESCRIPTION–give the reviewer an overview of the proposal. A well‑written description can arouse interest in the proposal. Do not let the reviewers guess where you are going. Tell them.
1. State reasonable goals. If investigative results are predictable, why bother?

2. State a rationale for the work to be done.

3. Indicate anticipated problems and the means by which they will be addressed. Knowledgeable reviewers will pick out difficulties. If applicant has not mentioned them, overall ratings will suffer.

4. Be reasonable about the work proposed and the period you have allocated for the project.

5. Be precise in describing methods.

6. State priorities for the completion of the project. If you do not have time to do it all, what will you leave for next time?

7. If a collaborator is involved, what will be his/her contribution?

8. Tell the reviewer about the project in a long‑term context, i.e., where is this idea going after the expiration of the grant? For instance, reviewers commonly ask, “if this is done as proposed, where does it go from here and what will it mean to the field as a whole?”

PUBLISHED WORKS–A complete proposal will include:

1. Publications, if you are a scholar or writer. Give exact titles, names of publishers, dates and places of publication. If titles of joumals are abbreviated, please provide an explanation of the abbreviations. Playwrights should also include a list of productions.

2. Exhibitions, if you are an artist. Include a chronological list of shows, citing dates and places, and a list of collections in which your work is represented. Include photographs of your work.

3. Compositions, if you are a composer. Include a chronological list of your compositions, citing titles and dates; a list of your published compositions, citing the names of publishers and the dates of publication; and a list of recordings. Public performances should also be listed, giving names of performers and dates. Provide a sample of your work.

4. Films, Videotapes, or CDs, if you make films, videos, or compact disks. Include a chronological list of your works, citing titles and dates of completion, and dates and places of public showings if applicable. Provide a sample.

PROGRESS REPORT–At what stage is the project? If applicant has previous grants, it is important to mention progress made with funds provided. Cite publications and presentations by faculty and students, with summary statements.

LITERATURE REVIEW OF THE FIELD–The Literature Review includes:

1. Review of contributions to the field.

2. Citation of literature. 
GENERAL HINTS ON PROPOSAL PREPARATION

1. Adhere to the page limitations. If the proposal is substantially under the page limit, applicant is probably not providing enough detail.

2. Use department colleagues or others as pre‑reviewers.

3. Define acronyms and avoid jargon.
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