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Executive Summary

The purpose of this product is to offer data to the scientific community concerning the  effectiveness of different surfaces in overcoming the squeeze film and inducing adherence of traveling water droplets under zero gravity conditions.  This product has met both the safety and content qualifications of NASA as well as a majority of the requirements given by Mark Weislogel.

The product is safe, within budget, was very easy to use as well as acceptably easy to manufacture and met most of its performance requirements.  Data gained from the experiment needs further analysis to give more results to the scientific community.
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Introduction and Background Information

Any child who has played outside in the rain can describe how raindrops seem to skip along the sidewalk, then become part of a puddle, or stick to the ground.  However, it would surprise most children to learn that traveling water droplets behave quite differently under zero gravity conditions, making coalescence to puddles or adhesion to surfaces more difficult to achieve.  This difference in behavior is in part due to films of gas that are established between a water droplet and a surface it approaches.  This layer, called a squeeze film, can prevent or delay contact between the water and the surface.  With enough time, this gas layer can be squeezed away or disturbed enough to allow contact between the droplet and surface.  The droplet then adheres to the surface as it seeks to reduce its surface energy.  In the absence of gravity, the droplet is not forced to remain in contact with a surface beneath it.  Without this forced contact time, the droplet may rebound from the squeeze film, preventing adhesion (Tsuyoshi et al.).    

On the Expedition 6 space shuttle, Astronaut Don Pettit documented this difference (Figure 1).  He injected an air bubble into a large sphere of water and then injected small drops of water inside the air bubble.  The droplets bounced around the air bubble, contacting each other or the surrounding water about eight times before coalescing (Pettit).  
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Figure 1: Photograph of Don Petit’s Experiment
Though the effect of the squeeze film has been observed, little quantitative analysis has been performed for low gravity systems.  For example, little quantitative data exists about the effect contact surface geometry has on the adherence of approaching water droplets under zero gravity conditions. 

Team Cohesion and Adhesion in Space of H2O (CASH2O) has proposed to the National Aeronautics and Space Administration (NASA) a product that will provide such data.  By accepting this proposal, NASA has become one of Team CASH2O’s customers.  Mark Weislogel, professor of Mechanical Engineering at Portland State University, is also very interested in obtaining such data and is another customer of Team CASH2O.

Mission Statement/Design Brief
The mission of Team CASH2O is to design and build a product that will compare the effectiveness of different surfaces in inducing adherence of traveling water droplets under zero gravity conditions.  Team CASH2O must design this product such that it meets the safety and content qualifications of NASA as well as the requirements given them by Mark Weislogel.  

Main Design Requirements
To meet the objective defined above in the Mission Statement, we designed a completely enclosed experiment consisting of a droplet containment device (or devices) with unique surface geometry, a droplet dispenser and a data collection device.  This product will be used twice on a zero-gravity simulation flight provided by NASA.  The initial functional decomposition proposed of this product is shown in Figure 2.  
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Figure 2: Functional Decomposition
From this general format, we considered several detailed designs.  These designs were evaluated in five main areas in order to establish the most effective option.  These areas were: cost, safety, performance, ease of use, and ease of manufacturing.  A more detailed description of how each of these five areas was defined, how each component of the product affected these individual areas and other selections from the Product Design Specification document can be found in Appendix I.  

In addition to these more broad requirements, very specific requirements pertaining to the product were defined by both NASA and Mark Weislogel.  NASA has several safety requirements for the product. Structural integrity must be verified for takeoff and landing configurations subjected to the loads in Table 1 using accepted practices such as free body diagrams.  Load vectors should be placed at accurate centers of gravity and design calculations need incorporate a factor of safety greater than two where ever practical.  Material yield strengths are to be used as the maximum allowable stresses.
	Direction load
	Magnitude of load (g’s)

	Forward
	9

	Aft
	3

	Down
	6

	Lateral
	2

	Up
	2


Table 1: Loading conditions for takeoff and landing configurations.

Additional requirements from NASA can be found in Appendix II.  If these requirements are met, NASA will allow the product to be used for two consecutive days aboard the C-9 jet.  This jet performs 30 parabolic maneuvers per flight that provide micro-gravity conditions. 
Mark Weislogel, professor of Mechanical Engineering at Portland State University, is another of our customers.  The requirements provided by Professor Weislogel relate to the surface geometries tested in the product described above and the drop emitted by Item B shown in Figure 1.  The requirements for individual aspects of the product are summarized in Table 2.  
	Product Aspect
	Requirement

	Number of Surface geometries tested
	3

	Number of Angles at which each surface geometry is tested 
	For 1 of the surfaces perpendicular to drop

For the remaining surface 2 angles, one perpendicular to the drop 

	Number of Times each surface is tested
	3 per angle 

	Number of  Drops emitted toward the surface per test
	10

	Drop size
	2-5 mm diameter, preferably 5 mm

	Drop velocity
	5-10 cm/s, preferably 10 cm/s

	Drop Weber Number 
	~1, between .3-3

	Rate drops emitted
	~1 per second


Table 2: Requirements Provided by Mark Weislogel
Values pertaining to droplet speed and velocity were selected by Mark Weislogel based on his requirement that emitted droplets have a Weber number value between .3 and 3.  Further explanation of the Weber number and why these criteria were selected can be found in Appendix III.  In addition, he required that one of the selected surfaces be a control or base-line surface for comparison purposes.   Also, the second day the experiment is performed the tested surfaces is to be coated with a surfactant.  
Top-level Design Decisions

The product design is broken down into four parts:  the test surfaces, the droplet emitter, the data collection device and the experiment containment frame.  Portions of the external search, internal search and top level design decision with relevance to the droplet emitter are given in the body of this report.  This is done in order to show the design process used to achieve the best final product.   Further selections documenting top-level design decisions can be found in Appendix IV. 
External Search
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A Syringe Pump was considered as a possible droplet emitter.  Two specific syringe pumps were evaluated:  the Harvard Apparatus Standard Infuse/Withdraw PHD 702002 syringe pump and the New Era NE-500 OEM Application syringe pump.  Pictures of these two pumps are shown in Figures 3 and 4, respectively.  A few pros and cons of each pump are considered in Table 3.
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     Figure 3: Harvard Apparatus Pump
     Figure 4: New Era Syringe Pump

	SYRINGE PUMP
	PROS:
	CONS:

	Harvard Apparatus
	• High Flow Rate

• Free (Donation)
	• Large

	New Era
	• Compact Design
	• Slow Flow Rate

• More Expensive


Table 3:  Pros and Cons of Syringe Pumps Considered in the External Search
Internal Search

Several methods of creating droplets were considered.  One is briefly described and evaluated here (Table 4).
Droplet Stream Generation via Jet Break Up: A stream of droplets may be generated from the break up of a jet of fluid as illustrated in Figure 5.  The jet break up will occur more rapidly if a disturbance is imparted at the dispensing outlet (Frohn).  
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Figure 5:  Droplet stream generation using a disturbance to accelerate jet break up.

	GENERATION METHOD
	PROS:
	CONS:

	Jet Break Up
	• Simple to manufacture
	• Hard to design

• Coupled parameters prohibit achieving design requirements

• Satellite drops often form


Table 4: Pros and cons of one droplet generation methods

Top Level Final Design Evaluation and Selection 

Two different syringe pumps and two methods of droplet generation were considered here.  Metrics for these items are given in Table 5 and a concept scoring matrix provided in Table 6.

	Emitter
	1 - Useless
	2 - Poor
	3 - Acceptable
	4 - Good
	5 - Excellent

	Cost
	>$1000
	$800 - $1000
	$800 - $400
	$400 - $100
	Free

	Performance
	Cannot reproduce same drop twice
	<50% Accuracy
	50%-74% Accuracy
	75% -99% Accuracy
	99%-100% Accuracy 

	Ease of Use
	Requires adjustment/input after every drop
	Requires adjustment/input after every parabola
	Some attention required in-between parabolas
	Some attention required after several parabolas
	Fully automated, push a button start and stop 

	Ease of Manufacturing
	Design and construction that includes new technology
	Design and construction that includes standard technology
	Design and construction aided by off-the-shelf components
	Only assembly required
	Buy off the shelf


Table 5: Surface metrics
	SURFACES
	Harvard Apparatus Pump
	New Era Pump
	Jet Break up Generation

	Cost
	5
	4
	4

	Performance
	5
	4
	3

	Ease of Use
	5
	5
	3

	Manufacturability
	5
	5
	2

	TOTAL
	20
	18
	12


Table 6: Surface Concept Design Matrix
The Harvard Apparatus Syringe Pump scored the highest on the concept design matrix and we chose to use it in the product.

Product Design

The apparatus consists of four different surfaces and a droplet dispenser (see Figure 6).  Included in the apparatus is a camera that will be used for data collection purposes.  
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Figure 6: Experiment Schematic
Detailed Description

The product consists of an outer frame and box made up of two layers of ¼-inch thick Lexan and 6105-T5 aluminum framing, along with the enclosed experiment consisting of a droplet emitter, four (4) test surfaces fixed to a cube on an axle, a dial fixed to the axle, a camera, and a laptop computer for data acquisition and droplet emitter control.  The total weight of the experiment is 120 pounds and its outer dimensions are 24” x 36” x 24”.  Product assembly and components are presented here with dimensions shown as length by width by height.  Drawings of the product form different angles can be found in Appendix V.
Product construction begins by preparing the 32” x 28” x ¼” thick Aluminum base.  The syringe pump is secured to this base through predrilled holes using screws and aimed the length of the box.  An acrylic box is used as a layer of containment between the test area and electronics in the apparatus.  This box has measurements of 10” x 18” x 12” and its top surface is secured by screws and can be removed.   There are four holes in the acrylic box: two that allow the syringes secured on the pump to be placed near the test surfaces and one that allows an axle to pass through the box width-wise.  The inside base of this box is lined with a water absorbent pad to help collect the water after each zero-gravity parabola.  This box is fastened to the base plate in the same manner as the syringe pump.  

Next, construction of the frame begins.  The frame is composed of extruded aluminum tubes which hold one sheet of Lexan on all sides.  The frame is assembled beginning with the base of the product.  Three members of the Aluminum frame at the corners with 1/4-20 x 1/2-in Flanged Bolt T-Nuts.  Before the fourth member is secured, a sheet of ¼-inch thick Lexan is slipped into slots in the Aluminum members.  Then, the final member of that face of the framing is added and the Lexan sheet is sealed using rubber panel gaskets.  The four vertical Aluminum members are then secured in a similar fashion.  Before the side panels of Lexan are added, the 90° joining plates are secured to the vertical frame members with ¼-20 x ½-in nuts.  These pass through holes in the joining plates, extend into grooves in the framing members and are held in place with oblong washers.

The base plate of the product is then placed inside the frame of the box and secured to the 90° joining plates with screws.  The Lexan panels are added to the sides of the frame and secured.  In addition, 3” high and 1/8” thick Aluminum siding is secured in the grooves of the framing on both the inside and outside of the box approximately 4” above the base plate.  A metal elbow is attached to one of these Aluminum sidings and a Pulnix TM-7CN camera is mounted to it with two screws and pointing the width of the box.  
The test surfaces are then prepared.   Each is 3 inches long and 3 inches wide.  Surface 1 is a flat, .25 inch thick piece of steel (see figure 7).  Surface 2 is a .25 in thick piece of PVC Plastic with holes drilled every .2” apart and pins press fit into each hole and extending .625 inches out of the surface  (see figure 8).  Surface 3 is very similar with the only difference being that the holes are drilled and pins press fit in .1 inches apart (see figure 9).  Surface 4 has the same dimensions as Surfaces 2 and 3 and will be provided by the Boys’ and Girls’ club.  
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        Figure 7: Surface 1



     Figure 8: Surface 2
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Figure 9: Surface 3

The surfaces are attached to an Aluminum cube with screws as shown below in Figure 10.  The axel is passed through holes in the Lexan, Aluminum siding and acrylic box and the cube is placed on the axel inside the acrylic box and secured with a set screw.  A dial is placed on the axle outside of the box so that the surfaces can be rotated.  The axel is then passed through the last hole in the acrylic box and a bearing is used to secure it into the Aluminum siding on the inside of the box (Figure 11). 
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Figure 10: Axle Assembly

Figure 11:  Apparatus showing dial outside of the box

Each surface is tested during three parabolas while aligned perpendicularly.  Then, surface 2 and surface 3 will be tested during three more parabolas, but this time be aligned at a 20° angle.
Next the syringe is prepared by using a piece of plastic tubing to connect the syringe exit to a plastic nozzle with an entrance diameter of 13.45 mm and an exit diameter of 2.22 mm (see figure 12).  This is secured with plastic clamps.  

Figure 12:  Syringe nozzle

Then a 140 cc syringe is filled with 70 ml of water.  This syringe is placed in the pump along with an empty syringe for stability.  The full syringe extends into the acrylic box so that the nozzle tip is 2.5” away from the test surfaces.  The syringe pump is pre-programmed to emit 15 times each time a button situated on the outside of the box and connected to the pump is pushed.  The pump is programmed to emit .2 ml of water for each of the 15 emissions at the pump’s maximum velocity of 131 ml/mn.  Under normal gravity conditions, the smallest amount of water emitted that still dislodged from the syringe nozzle exit during emission was .2 ml.  For this reason the pump was programmed to emit .2 ml of water for each of the 15 emissions, even though this is well above the required volume to form a 5mm diameter drop.  

Finally, the Aluminum frame members for the top of the box are secured and the Lexan panel set in place.  The laptop computer is attached to the top of the box using Velcro.  The laptop is powered through a power strip connected to a 115 VAC 20 Amp outlet on-board.  The camera and droplet emitter (syringe pump) are also powered through the power strip.  Electrical cords are run through strategic holes in the Lexan plates, and holes are sealed using waterproof caulking and rubber gaskets where applicable.  

A Bill of Materials can be found in Appendix VI.

Product Evaluation

The evaluation of the final product is shown here in terms of the five main criteria established in the PDS report.  The specific requirements given by NASA and Mark Weislogel are addressed under the most relevant PDS criteria.  

Safety:  Theoretical Analysis of Structural Integrity and Actual Performance
Before the product could be used on the zero-gravity simulation flight provided by NASA, it had to pass high safety requirements provided by NASA (see Appendix II).  The first step in passing these requirements was to prove theoretically that the product could withstand the applied forces given by NASA.  In addition, proof of safe water containment, a complete electrical analysis was required.  These and other proofs of the safety of the experiment were given in the Test Equipment Data Package report (TEDP).   Selected parts of this report, including a complete structural analysis of the product, are given in Appendix VII.  The product was shown to be safe and capable of withstanding all the loads specified by NASA.  

In addition to a theoretical proof of the safety of the product, NASA required a presentation of the product three days prior to the zero-gravity simulation flight where the product would be used.  This was called the Test Readiness Review and included a description of the product and a question and answer period between team members and several NASA engineers (see figure 13).  

Figure 13:  Team CASH2O during the Test Readiness Review
Performance:  Data Provided by Product
The product was used two consecutive days aboard the NASA C-9 Jet.  During the flight, the plane performed 30 parabolic maneuvers designed to produce a zero or micro-gravity environment.   The first day the product was used, the product performance was unacceptable and no data was acquired.  

As no data was obtained the first day of flight, we were unable to meet Mark Weislogel’s requirement of using a surfactant the second day of flight.  The customer was contacted before the second day of flight and informed of this.  Through several modification the second day of flight, the product was operational.  Each surface was tested at the required angles and data collected.  
Droplet size and speed during testing were measured from the video of the results using a program called NASA Spotlight.  Much data was collected from this video analysis, including a count of each drop that contacted the individual surfaces, a measurement of the diameter, velocity and angle of contact of each of these drops, whether or not the drop adhered to the surface, how many surface or water contacts the drop made before adhering, and if the drop caused a satellite drop to escape from the liquid collected on the surface.  

The number of drops that contacted each surface is summarized below in Table 7.
Key:

Surface 1: Flat

Surface 2:  Pins Spaced. 3” Apart

Surface 3: Pins Spaced .075” Apart

Surface 4:  Provided by the Boys and Girls Club

	Surface
	Number of Drops to Contact Surface

	1
	107

	2
	89

	3
	68

	4
	95

	2 at 20° angle
	29

	3 at 20° angle
	96


Table 7:  Number of drops to contact each test surface in second flight day

This table shows that the requirement given by Mark Weislogel to have at least 30 drops (10 per parabola, 3 parabolas each) was met for each surface except for the surface with pins spaced .3” apart and at a 20° angle.  We were unable to reach the requirement given for this surface as the syringe used in the syringe pump ran out of water.  This was most likely due to an inefficiency of the pump in zero-gravity.  As .2 mL of water was programmed to be emitted for a total of 18 parabolas, a total of 54 mL of water was all that was required.  However, the syringe was filled to 70 mL in case extra was needed.  Of this 70 mL, only 54 mL actually reached the surface in the form of test droplets, while the rest seeped out of the syringe and did not detach from the syringe nozzle.  In addition, due to operator error several emissions of water occurred before a point in the parabola where true zero gravity was obtained and thus much water fell to the floor of the product before it could reach the test surface.   
Another requirement of the customer was that the test drops have a diameter of 2-5 mm (preferably 5 mm) and be traveling at a speed of between 5-10 cm (preferably 10 cm).  These requirements were given in order to have traveling water droplets at a Weber Number of approximately 1 with an acceptable range being between .3-3.  Tables 8, 9 and 10 show a summary of the droplet diameters, velocities, and Weber Numbers, respectively.  

	Drop Diameter (mm)

	 
	 

	Mean
	4.72

	Standard Error
	0.07

	Median
	4.82

	Mode
	4.94

	Standard Deviation
	1.44

	Range
	8.92

	Minimum
	1.08

	Maximum
	10.00

	Total Number of Drops
	482

	Drop Velocity (cm/s)

	 
	 

	Mean
	20.47

	Standard Error
	0.39

	Median
	19.65

	Mode
	17.10

	Standard Deviation
	8.47

	Range
	72.00

	Minimum
	1.08

	Maximum
	73.08

	Total Number of Drops
	482


	Drop Weber Number

	 
	 

	Mean
	1.59

	Standard Error
	0.07

	Median
	1.16

	Mode
	0.98

	Standard Deviation
	1.46

	Range
	12.14

	Minimum
	0.0042

	Maximum
	12.14

	Total Number of Drops
	482


Table 8: Droplet Diameter

Table 9: Droplet Velocity    
   Table 10: Droplet Weber Number

These tables show that we achieved production of drops of the required size and Weber Number, yet exceeded the requested velocity.  A summary of the product requirements and the targets achieved is found in Table 11.
	Product Aspect
	Requirement
	Achieved

	Number of Surface geometries tested
	3
	3

	Number of Angles at which each surface geometry is tested 
	For 1 of the surfaces perpendicular to drop

For the remaining surface 2 angles, one perpendicular to the drop 
	For 1 of the surfaces perpendicular to drop

For the remaining surfaces one perpendicular to the drop  and one at a 20°

	Number of Times each surface is tested
	3 per angle 
	3 per angle on all but 20° of surface 2

	Number of  Drops emitted toward the surface per test
	10
	28

	Drop size
	2-5 mm diameter, preferably 5 mm
	4.72 mm

	Drop velocity
	5-10 cm/s, preferably 10 cm/s
	20.47

	Weber Number
	~1, between .3 and 3
	1.59

	Rate drops emitted
	~1 per second
	1 second pause between drops


Table 11: Summary of requirements and targets
The object of the experiment run by the product was to determine which of the tested surfaces was the most effective in forcing adhesion/cohesion of traveling water droplets without causing rebound or the formation of satellite drops.  The number of rebounded/satellite drops seen for each surface and further analysis of the data can be found in Appendix VIII.    

Cost: Budget

The final cost of the product itself was $4,840.  A detailed break down of the budget can be found in Appendix IX.
Ease of Use: Final Operation Instructions

The final product design included simple push-button operation.  This allowed us to not only collect a large amount of data, but also enjoy the experience of zero-gravity (figure 14).


Figure 14: The Zero-Gravity Experience
Ease of Manufacturability: 
As this was a one-time use product, and there were tight time requirements on completing initial assembly, it was difficult to accomplish a thorough evaluation of and comparison of different assembly methods.  However, our ability to re-assemble the product after initial design in Houston in time for the Test Readiness Review is evidence that this requirement from the PDS was met (see figure 15). 









Figure 15: Product Re-assembly
Conclusions

The product we designed met a majority of the main requirements given in the PDS and was accepted by both NASA and Mark Weislogel as a successful product.  

Though a majority of the PDS requirements were met, some of the targets were not met.  In reviewing the design process, some possible reasons for this have been identified.  For example, our inability to accurately achieve the desired velocity under micro-gravity conditions stems from the impossibility of testing product performance accurately under normal gravity conditions.   As gravity is the dominating factor on earth, any theory for the velocity or size of drop that will actually be produced in a single emission is difficult to estimate.  This is because it is unclear how the principals of surface tension, inertia, viscosity, etc. will affect the emitted droplets in the absence of gravity.  In order to formulate an idea of what type of velocity the emitted drops would be able to achieve, we discussed our goal with several professors who have experience with droplet flow through various experiments and research they have accomplished.  Each of these agreed that the velocity we were hoping to achieve of 10 cm/s was likely too high to be realistic given the droplet size we were hoping to achieve.  Because of this, we did all we could to increase velocity of the emitted drops under normal gravity conditions.  The inability to perform accurate test-runs under normal gravity conditions also explains the high range of emitted drop’s diameter, speed and Weber Number. 

Though we were unable to produce the requested velocity, the average droplet Weber Number was still within an acceptable range with a relatively small standard deviation.  As this was the main factor in the customer’s defining desired droplet diameter and speed we were still able to meet the customer’s requirements.  

The product we designed met a majority of the main requirements given in the PDS and operated successfully.  The design experience provided exposure to every aspect of engineering.  The opportunity to work with NASA allowed us to associate with professional engineers.  The detailed structure of both the PSU Capstone class as well as the NASA program gave us a sense of meeting deadlines and time constraints in real world applications.  The limited number of testing situations of the device offered a chance to solve difficult engineering problems in a short amount of time.  The unforgettable and indescribable feeling of experiencing zero gravity will stay with us, and prepare us, for a lifetime.  
Appendix I:  Selections from the PDS Document

	 Requirement
	Who
	Im
	Engineering Criteria

	
	End User
	 
	Cost
$
	Size
width, height length
	Weight
lbs
	Camera Specifications
# pixels/frame 
# frames/second
	Factor 
of Safety
number
	Able to  manufacture in machine shop
yes/no

	1) Cost
	Crew
	2
	****
	
	
	
	 
	 

	2) Safety
	All
	4
	 
	**
	***
	 
	****
	 

	3) Performance 
	All
	3
	*
	*
	 
	****
	 
	 

	4) Ease of Use
	Crew
	1
	 
	***
	***
	 
	 
	 

	5) Ease of Manufacturing
	Crew
	1
	***
	**
	**
	 
	 
	****


House of Quality:

	KEY:
	 
	 
	 

	Scale of Importance (Im):1-4
	 
	 

	4 is most important, 1 is least important
	 

	Scale of Engineering Criteria: 1-4 stars
	 

	4 stars is most significant, 1 star is least significant

	no stars is insignificant
	
	 

	 
	 
	 
	 


 PDS:

Included in this section is a listing of some of the requirements of the experiment the product will run.  These requirements are displayed in order of priority.  Several other requirements were given by NASA that related more directly to the design of the product itself as opposed to the experiment the product will run.  This information is not presented here.
HIGH PRIORITY ELEMENTS:

	Requirement:
	Performance

	Product Element:
	Surface Geometry

	Customer(s):
	Mark Weislogel

	Metrics & Targets
	Metric
	Target

	
	N/A
	Clear basis for comparison between surfaces 

	Priority:
	High


Table A1-1: Surface Geometry 

	Requirement:
	Performance

	Product Element:
	Data Collection

	Customer(s):
	Mark Weislogel

	Camera Specs-
	Metric
	Target

	.
	# Pixels/frame
	3.5E5

	Priority:
	High


Table A1-2: Camera

	Requirement:
	Ease of Use

	Product Element:
	Droplet Emission

	Customer(s):
	Mark Weislogel

	Automated-
	Metric
	Target

	
	Y/N
	Y

	Priority:
	High


Table A1-3: Droplet Emission

MEDIUM PRIORITY ELEMENTS:

	Requirement:

	Performance


	Element of Experiment:

	Droplet Emission


	Customer(s):

	Mark Weislogel


	Drop Size-

	Metric

	Target


		millimeter

	5 mm


	Priority:

	Medium



	Table A1-4: Droplet Emission (2)

	


	Requirement:
	Performance

	Element of Experiment:
	Droplet Emission

	Customer(s):
	Mark Weislogel

	Drop Speed-
	Metric
	Target

	
	centimeter/second
	10 cm/s

	Priority:
	Medium


Table A1-5: Droplet Emission (3)

LOW PRIORITY ELEMETNS:

	Requirement:
	Performance

	Element of Experiment:
	Droplet Emission

	Customer:
	Mark Weislogel

	Drops Emitted per Test:
	Metric
	Target

	 
	Number
	10

	Priority:
	Low


Table A1-6: Number of Emissions per Flight Parabola
Appendix II: Additional NASA Safety Requirements

Structural Integrity

Structural integrity should be verified for takeoff and landing configurations subjected to the loads in Table A2-1 using accepted practices such as free body diagrams.  Load vectors should be placed at accurate centers of gravity and design calculations should incorporate a factor of safety greater than two where ever practical.  Material yield strengths are to be used as the maximum allowable stresses.
	Direction load
	Magnitude of load (g’s)

	Forward
	9

	Aft
	3

	Down
	6

	Lateral
	2

	Up
	2


Table A2-1: Loading conditions for takeoff and landing configurations.

Floor Attachment and Weight Limits

Reduced Gravity Office (RGO) provides floor attachment hardware with various yield strengths show in Table A2-2.  When using cargo straps to secure the experiment the allowable floor loading is 200 lb/ft2.  The experiment must have enough handles so that when lifting it each person lifts no more than 50 lbf.

	Attachment Hardware
	Tensile Yield Strength (lbf)
	Shear Yield Strength (lbf)

	AN-6 Steel Bolts
	5000
	5000

	2.0” wide cargo strap
	5000
	N/A

	1.5” wide cargo strap
	1000
	N/A

	1.0” wide cargo strap
	400
	N/A


Table A2-2: Floor attachment hardware provided by RGO.

Electrical

Electrical components must follow National Electric Code and circuitry should be designed so that the total nominal current is less than 80% of the allowable tabulated in Table A1-3.  The experiment must incorporate its own circuit breaker or other current limiting device.  An emergency shutdown “kill switch” must be incorporated as well.

	Maximum Current (A)
	Minimum Wire Gauge (AWG)

	5
	18

	10
	16

	15
	14

	20
	12

	25
	10

	30
	8

	50
	4


Table A2-3: Max current allowed for wire gauges.

Liquid Containment

Liquids approved for flight must be contained in water tight structures verified to withstand g-loads specified for landing and take off.  Liquids in volume greater than 6 oz. should be doubly contained.  Hazardous liquids must be triply contained.

Miscellaneous

All hard and sharp edges should be padded.  Velcro may be used to temporarily mount equipment items (laptop, keyboard, etc.) during the parabolic flight phase.

Appendix III: Explanation of Mark Weislogel Requirements

Note: Information presented in this section was obtained from personal, informal interviews with the customer Mark Weislogel


In order to understand the requirements given by Mark Weislogel, a clear understanding of some of the factors affecting droplet adhesion must be obtained.

There are many forces and factors that affect whether or not a drop of water will adhere when it contacts a solid substance or coalesce when it contacts another droplet of water.  These factors include the time of contact, the geometry of the surface and the drop, as well as the drop’s viscosity, pressure, velocity and surface tension.  The equation that helps us to predict exactly how a drop of water will act in a given situation is so complex that it is not very useful.  However, certain relationships have been developed that give us a good idea of how a drop of water will behave.  

The first of these relationships is known as the Bond number.  This number looks only at the effects of gravity and pressure on a drop.  This number is defined as:
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where 
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is the density of water, g is the local acceleration due to gravity, R is the radius of the drop and 
[image: image8.wmf]s

 is the surface tension of water.  If the Bond number is much greater than 1, then gravity will dominate whether or not the drop will coalesces or adhere.  This means that time of contact against a surface/drop will be so long that the squeeze film will be pushed out and coalescence will occur.  If the Bond number is much smaller than 1, surface tension will dominate the system and coalescence/adherence will not be guaranteed.    

This is why our experiment must be tested in zero gravity or near to it…with the local acceleration due to gravity on earth being a fairly constant 9.8 m/s2 and surface tension of water being relatively small coalescence/adherence will always occur.  

This number affected the values given us by Mark Weislogel.  He had to be certain that the final targets given (with respect to size of the drop and test liquid) did not cause the .01-.1 g’s the product will be tested under to dominate the system.

Another important relationship is known as Weber number.  This number considers the effect of inertia and surface tension on coalescence/adherence of a drop.  This number is defined as:
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where u is the normal velocity of the drop.  If this number is much greater or much less than one then adherence/coalescence is almost guaranteed…according to the affects of velocity and surface tension.  However, right around one it is not certain whether or not a drop will coalesce or adhere.

It is important to remember that this value is a normal velocity…thus if a drop is traveling at u0 as shown below in Figure A3-1, u=u0sinө.  SHAPE  \* MERGEFORMAT 



Figure A3-1: Normal velocity

This relationship was a major component deciding the metrics Mark Weislogel’s gave us.  He had to give a range of drop speeds and sizes such that the Weber number was near one (between .3-3 specifically).  This way, we would be within the range that coalescence or adherence is not certain due to surface tension and inertial effects.  Thus if the droplet adheres it can be attributed to the surface geometry and disturbance of the squeeze film.   


The Weber Number also gives us a mathematical backing to our decision to use pins.  We theorize that the R value in Equation A3-3 will be replaced by the radius of the pins as this is the actual size of contact.  In effect, this forces the Weber Number to become much smaller and the likely-hood of adhesion to increase.

A final term considered is the Capillary Number, defined as:
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where u is the tangential velocity (u0cosө in the example above) of the drop and 
[image: image12.wmf]d

is the distance between the drop and the surface it is to contact. This number considers the effect of viscosity and velocity on the behavior of the drop.  However, it has been shown that in microgravity this value has more affect on the rate of adherence, not whether or not it will occur at all.  For this reason, it was not considered highly important when Mark defined the experiment requirements. 

Appendix IV: Top- Level Search and Decision-Making Procedure

The information in this appendix is only a portion of the complete Progress Report which includes additional external and internal search information.

External Search

Tested Surfaces

The product must allow the experiment to test three liquid capturing surfaces with different surface geometries.  There are a limited number of external sources from which to draw.  Therefore, the geometries of liquid capturing devices found in nature were used as an external source for brainstorming purposes.  Examples of such solutions include the pitcher plant, lamellae seen on the feet of many geckos and in the composition of fish gills, and cilia or hair cells found in the human body (see Figure A4-1). 

      Pitcher Plant
Lamellae: Isolated and on Gecko Feet 

Cilia



Figure A4-1: Liquid Capturing Devices Found in Nature
Emitter

A Syringe Pump was considered as a possible droplet emitter.  Though most syringe pumps are designed to deliver a constant stream of liquid, a programmable syringe pump could be used to deliver a single pulse (drop) of water at a specific rate.

Two Specific Syringe Pumps were evaluated:  the Harvard Apparatus Standard Infuse/Withdraw PHD 702002 Syringe Pump and the New Era NE-500 OEM Application Syringe Pump.  Pictures of these two pumps are shown in Figures A4-2 and A4-3, respectively.  A few pros and cons of each pump are considered in Table A4-2.
        Figure A4-2: Harvard Apparatus Pump
       Figure A4-3: New Era Syringe Pump

	SYRINGE PUMP
	PROS:
	CONS:

	Harvard Apparatus
	• High Flow Rate

• Free (Donation)
	• Large

	New Era
	• Compact Design
	• Slow Flow Rate

• More Expensive


Table A4-1:  Pros and Cons of Syringe Pumps Considered in the External Search
Data Collection

Cameras were evaluated as external data collection tools.  Several different cameras were considered:  the Sony DCR-DVD403 Handycam Camcorder Sony model, the Panasonic PV-GS32, and the Pulnix TM-7CN.   Pictures of these cameras can be seen in Figure 6.  A few pros and cons of these cameras are summarized in Table 5.

   Sony









Pulnix

Figure A4-4:  Cameras Considered in the External Search

	CAMERAS
	PROS:
	CONS:

	Sony
	• Self-Contained Recording
	• Expensive

	Panasonic
	• Easy to Obtain and Return
	• Lacks Necessary Functions

	Pulnix
	• Free, Designed for Experiments
	• Requires External Recording Apparatus


Table A4-2: Pros and Cons of Cameras Considered in the External Search
In addition, several faculty members of Portland State University were consulted concerning the ideas presented in the Internal Search.  Their opinions and thoughts are evident through Table 10.  

Containment

Several design constraints were given for the containment device (box) by NASA with respect to weight, size, structural soundness, and safety.   Containment devices used by past students from PSU for similar NASA projects were an important source in the external search.  Figure 7 is a picture of a past team with their project.  These previous PSU teams used aluminum framing from a company called 80/20.


  Figure A4-5: Past PSU team with product
 Three possible aluminum framing types from products found in 80/20’s were appraised: 2020 aluminum framing, 1010 extruded aluminum and 1020 combination framing.  A table of pros and cons was created to identify and visualize the benefits of each configuration (Table 6).   
	CONTAINMENT DEVICE (BOX)
	PROS:
	CONS:

	2020 Extruded Aluminum
	• Double Containment 

• High Factor of Safety
	• Heavy

• Expensive

• Excessive for Requirements

	1010 Extruded Aluminum
	• Lightweight

• Inexpensive

• Minimal Required
	• Insufficient Water-Tightness

• Sharp Edges

	1020 Extruded Aluminum
	• Lightweight 

• Allows for Plate Mounting/  Configuration Adjustments 
	• Requires Additional Material


Table A4-3: Pros and Cons of Different Containment Devices
Internal Search

Surfaces

Several different surface geometries were considered.  One such geometry is an egg-shaped device lined with fins was considered.  The egg was selected with input from our industry advisor, Dr. Weislogel.  The egg was a “rough-draft” decision to be changed or refined after being accepted by NASA (see Figure A4-6).

      




 Water Droplet Path

        ---- Air/Gas Path


    Egg-shaped Device




Fins Lining Inside of Device
Figure A4-6: Possible Surface Geometry

As a team, we brainstormed, proposed several solutions, and selected three for further evaluation.  These three were: the original idea of fins mounted in an egg-shaped device, a helical or spiral design inside an egg-shaped device (see Figure A4-7), and steel pins mounted on a flat surface (see Figure A4-8).  The material of the pins was selected based on the fact that readily available straight pins are made of steel.


Figure A4-7: Helical Design


       Figure A4-8: Pins on Flat Surface

Some pros and cons for each of these geometries are summarized in Table 7.

	SURFACE
	PROS:
	CONS:

	Egg-Shaped Device with Fins
	• Simulates Black-Hole Environment
	• Difficult to Manufacture

• Difficult to Vary and have a Basis of Comparison

	Egg Shaped Device, Helical 
	• Encourages Capillary Flow
	• Difficult to Manufacture

• Difficult to Vary and have a Basis of Comparison

	Steel Pins
	• Mimics Nature (Cilia) 

• Easy to Manufacture
	• None


Table A4-4: Pros and Cons of Different Surface Geometries
Surface mounting was another aspect of the surfaces considered in the internal search.  Mountings considered included a slide, a carousel, robotic arms, an axle, and changes by hand.  Three of these were seriously considered; a summary of pros and cons of each are found in Table 8.  

	MOUNTINGS
	PROS:
	CONS:

	Slide
	• Allows for Multiple Surfaces
	• Bulky

	Robotic Arm
	• Clever, High - Tech Solution
	• Difficult to Manufacture 

• Expensive

	Axle
	• Requires Minimal Space

• Easy to Manufacture
	• Has Exposed Parts


Table A4-5: Pros and Cons of Different Mountings
Emitter

Several Methods of creating droplets were considered.  They are briefly described and evaluated here.

Droplet Stream Generation via Jet Break Up

A stream of droplets may be generated from the break up of a jet of fluid as illustrated in Figure A4-9.  The jet break up will occur more rapidly if a disturbance is imparted at the dispensing outlet. This disturbance is often generated acoustically or with a piezoelectric crystal (Frohn).  


Figure A4-9:  Droplet stream generation using a disturbance to accelerate jet break up.

Drop on Demand Generation

Another technique is drop on demand (DOD) dispensing techniques, two prevalent techniques of which are illustrated in Figure A4-10.  Thermal actuation involves a heating element which when fired creates a vapor bubble that pushes liquid through the outlet.  Piezoelectric actuated DOD devices operate by applying a voltage to a piezoelectric crystal which causes the crystal to deform and push liquid through the outlet (Liu). 
Figure A4-10: Concepts of DOD techniques- thermal actuated (left)& piezoelectric crystal actuated (right).

Still Droplet Generation
Still droplet generation in microgravity has been demonstrated by dispensing liquid slowly from a syringe until the desired size of droplet forms.  After the desired size of droplet is formed the syringe is quickly pulled away from the droplet and can then be blown with an air stream at the desired velocity (Robinson).  

	GENERATION METHOD
	PROS:
	CONS:

	Jet Break Up
	• Simple to manufacture
	• Hard to design

• Coupled parameters prohibit achieving design requirements

• Satellite drops often form

	DOD
	• Drop on demand
	• Micro scale

• Complicated design and construction

	Still Drop
	• Has been used in microgravity

• Velocity, size and dispensing frequency controlled separately
	• Process is too slow


Table A4-6: Pros and cons of different droplet generation methods

Data Collection

Three types of quantitative data collection methods were closely considered.  These were volumetric measurement, mass measurement and measurement by surface materials with conductivity affected by water absorption.  A brief summary of pros and cons to each method is shown in Table 9.  
	MEASUREMENT  METHOD
	PROS:
	CONS:

	Volumetric Measurement
	• Volume dispensed easily calculated
	• Difficult to measure volume of liquid that adheres 
• High Inaccuracy
• Complex to construct for our product

	Mass Measurement
	• Mass Dispensed easy to calculate
	• Difficult to measure volume of liquid that adheres 
• High Inaccuracy
• Complex to construct for our product

	Capacitance Measurement
	• No mechanical parts in design, less failure

• Accurate, constant data
	• High design effort required
• Complex to construct for our product


Table A4-7:  Pros and cons of different data collection methods
Containment

Enough solutions were generated by the External Search that an Internal Search was unnecessary. 

Top Level Final Design Evaluation and Selection

Surfaces

Metrics were created for our top solutions generated by the Internal Search and tabulated below (Table A4-8).

	SURFACES (ea)
	1 - Useless
	2 - Poor
	3 - Acceptable
	4 - Good
	5 - Excellent

	Cost
	>$600
	$400 - $600
	$300 - $400
	$100 - $300
	< $100

	Safety
	< 9g
	< 9g
	< 9g
	< 9g
	> 9g

	Performance
	Cannot vary surface to give comparative data
	Very difficult to provide basis for comparison  >20 hrs additional design time
	Difficult to provide basis for comparison , 15-20 hrs additional design time
	Fairly easy to provide basis for comparison, 10-15 hrs additional design time
	Simple to provided basis for comparison 0-10 hrs additional design time 

	Ease of Use
	Requires complex mounting, professional required
	Can be mounted by team, requires         > 5hrs to mount
	Can be mounted by team, 4 - 5hrs to mount
	Easily mounted,           < 3hrs
	Easily mounted,  <1hr

	Ease of Manufacturing
	Must be machined by professional
	Must be machined by professional
	Must be machined by professional
	Can be machined in-house
	Can be machined by team members


Table A4-8: Surface metrics
A concept scoring matrix is included below (Table A4-9).  Steel pins mounted on a steel plate received the highest score of 25 out of 25.

	SURFACES
	Egg-Shaped, Fins
	Egg-Shaped, Helical Design
	Steel Pins

	Cost
	1
	1
	5

	Safety
	5
	5
	5

	Performance
	2
	1
	5

	Ease of Use
	3
	3
	5

	Manufacturability
	1
	1
	5

	TOTAL
	12
	11
	25


Table A4-9: Surface concept scoring matrix
In addition to scoring the highest in the surface concept scoring matrix, the steel pins are supported by mathematical theory to induce adhesion as discussed in Appendix 2.  We chose to use steel pins mounted on a flat surface.

The method of mounting the surfaces chosen was the axle discussed in the Internal Search.  We chose this method based on the pros and cons shown in the Internal Search and a group vote. 

Emitter

Two different syringe pumps and three methods of droplet generation were considered.  Metrics for these items are given in Table A4-10 and a concept scoring matrix provided in Table A4-11.

	Emitter
	1 - Useless
	2 - Poor
	3 - Acceptable
	4 - Good
	5 - Excellent

	Cost
	>$1000
	$800 - $1000
	$800 - $400
	$400 - $100
	Free

	Performance
	Cannot reproduce same drop twice
	<50% Accuracy
	50%-74% Accuracy
	75% -99% Accuracy
	99%-100% Accuracy 

	Ease of Use
	Requires adjustment/input after every drop
	Requires adjustment/input after every parabola
	Some attention required in-between parabolas
	Some attention required after several parabolas
	Fully automated, push a button start and stop 

	Ease of Manufacturing
	Design and construction that includes new technology
	Design and construction that includes standard technology
	Design and construction aided by off-the-shelf components
	Only assembly required
	Buy off the shelf


Table A4-10: Surface metrics
	SURFACES
	Harvard Apparatus Pump
	New Era Pump
	Jet Break up Generation
	DOD Generation
	Still Drop Generation

	Cost
	5
	4
	4
	4
	4

	Performance
	5
	4
	3
	3
	3

	Ease of Use
	5
	5
	3
	3
	3

	Manufacturability
	5
	5
	2
	1
	1

	TOTAL
	20
	18
	12
	11
	11


Table A4-11: Surface Concept Design Matrix
The Harvard Apparatus Syringe Pump scored the highest on the concept design matrix and we chose to use it in the product.
Data Collection

Based on the pros and cons discussed and information gathered from the Internal and External Searches, we decided that the optimal method of data collection is the use of a high-definition camera.  Analysis of video footage will yield both qualitative and quantitative results, providing information about how different surfaces perform under reduced gravity conditions.  Camera metrics were identified and placed into a metrics table as shown in Table A4-12.
	CAMERA
	1 - Useless
	2 – Poor
	3 - Acceptable
	4 - Good
	5 - Excellent

	Cost
	>$600
	$400 - $600
	$300 - $400
	$100 - $300
	< $100

	Safety
	< 9g
	< 9g
	< 9g
	< 9g
	> 9g

	Performance
	Blurred image
	Clear image,             focal length > 18 in
	Clear image,             12 < f < 18 in
	Clear image,          10 < f < 12 in
	Clear image,             f <10 in

	Ease of Use
	Lesson required
	> 35 minutes with manual
	25-35 minutes with manual
	15-25 minutes with manual
	< 15 minutes with manual


Table A4-12: Camera Metrics
With the assigned metrics in place, each camera brand was assessed in a concept scoring matrix.  Table A4-13 below displays the final grades received by each camera.  

	CAMERA
	Sony DCR-DVD403
	Panasonic PV-GS32
	Pulnix TM-7CN

	Cost
	1
	3
	5

	Safety
	5
	5
	5

	Performance
	3
	3
	5

	Ease of Use
	3
	3
	4

	TOTAL
	12
	14
	19


Table A4-13: Camera concept scoring matrix
We selected the Pulnix model whose final score was 19 out of a possible 20.

Containment

The final box design was chosen to both meet NASA’s strict safety guidelines and Mark Weislogel’s requirements to collect valuable data.  Metrics were assigned and tabulated below.  (Table A4-14)

	BOX
	1 - Useless
	2 - Poor
	3 - Acceptable
	4 - Good
	5 - Excellent

	Cost
	> $1200
	$1000 - $1200
	$900 - $1000
	$800 - $900
	< $800

	Safety
	< 9g
	< 9g
	< 9g
	< 9g
	> 9g

	Performance
	Structural failure
	Structurally sound, water leaks
	Sound, no leaks,        > 5hrs to assemble
	Sound, no leaks, 3 - 5hrs to assemble
	Sound, no leaks, < 3hrs to assemble

	Ease of Use
	>200 pounds
	150-200 pounds
	100-150 pounds
	75 - 100 pounds
	< 75 pounds


Table A4-14: Box Metrics
Using the metrics shown above, scores were given to each of the three solutions (Table A4-15).

	BOX
	Double-Pane, 2020 Al
	Single-Pane, 1010 Al
	Single-Pane, 1020 Al

	Cost
	2
	5
	5

	Safety
	5
	4
	5

	Performance
	5
	4
	5

	Ease of Use
	2
	5
	5

	TOTAL
	14
	18
	19


Table A4-15: Concept scoring Matrix
The solution chosen, Single-Pane 1020 Al, received a final score of 19 out of 20 possible points.  

Appendix V: Views of Product
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Front View
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Side View






  Top View
	Appendix VI: Bill of Materials

Frame Components

 

 

 

Aluminum Frame

6015-T5 Aluminum

1/4-inch thick Lexan Plates

Fifteen (15) Plates 

1/4-inch bolts

1/4-20 x 1/2-in Flanged BGSCS  (240)

Nuts

1/4-20 x 1/2-in Flanged Bolt T-Nut  (240)

Joining Plates

(24) 90-deg 12-hole Joining Plates

Handles

Four (4) Aluminum Cabinet Handles

Axle

1045 Steel Alloy, 2.1 ft

Bearings

Three (3) 1-in OD Ball Bearings

Epoxy

Non-Toxic Cement for Plastics

Rubber Gaskets

(16) Rubber Gaskets

Dial

One (1) 3-in OD Nylon Dial

Surface Components

 

 

Lexan Cube

3-x 3-x 3-inch cube 

Test Surfaces

Four (4) test surfaces, steel

Bolts

1/4-20 x 1/2-in Flanged BGSCS  (8)

Surface Surfactant

Softanol 90 to be added to surfaces

Electronic Components

 

Camera

Sony CDR-HC46

Droplet Emitter

Syringe Pump, NE 500 OEM 

Laptop Computer

Dell Inspiron 8200 Laptop Computer


	

	
	


Appendix VII: Selections from the TEDP
Structural Verification

Variables used in this section
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Free Body Diagrams for all g-load conditions
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Figure A7-1: FBDs of forward and aft g-loads.
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Figure A7-2: FBDs of up and down g-loads.
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Figure A7-3: FBD of lateral g-loads 

Floor attachment of the experiment

The experiment will be attached to the floor using 2-inch wide cargo straps having tensile yield strengths of 5000 lbf each.  The following factor of safety is calculated for a total experiment weight of 200 lbf which is greater than the actual weight.
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Figure A7-4: FBD of forward load used for floor attachment analysis.
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These equations can be arranged into matrix form and solved for T1, T2, and R. 
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With 
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Because the tensions T1 and T2 will be shared with straps on the adjacent side of the box (into the page) the factor of safety is 
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Frame member analysis

The tensions in the straps during the forward 9g loading are treated as point loads on the frame member shown below.
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Figure A7-5: Member examined for failure during forward 9g loading.
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Figure A7-6: FBD of the member during the forward 9g loading.

The resulting shear force V at the joints is equal to the applied loading from the straps in tension
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The tension T in this diagram is half of the tension T1 or T2 calculated in the attachment analysis because T1 and T2 did not account for sharing of loads along this member.  The maximum stress ( caused by the bending moment is
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where c is the distance from the neutral axis of the member to its outer most fiber. I is the moment of inertia of the cross section.
  The yield strength Sy of the 6105-T5 alloy
 is used to calculate the factor of safety
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(10)
Frame joint analysis
Assuming the joint takes the shear load V = 955 / 2 lbf from figure 14, the mean shear stress theory can be applied to determine the factor of safety guarding failure of the bolted joint.
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Figure A7-8: Joint examined for failure during forward 9g loading.

The cross sectional area of one ¼ inch bolt is
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Assuming the shear force V is divided equally among the twelve bolts composing the joint the shear stress ( in each bolt is
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The tensile yield strength Sy for SAE Grade 5 bolts is 92 kpsi
.  For ductile materials the yield strength in shear
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The factor of safety pertaining to joint failure is then
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Camera and Syringe Pump Mounting

The camera and syringe pump will be mounted using four size ¼ inch diameter bolts each.  Stability of the mounts is analyzed using the mean shear stress theory and assuming the worst loading case of 9g’s.

Weight W of the syringe pump and camera will be less than 20 lbf each.  The factor of safety will then be greater than 57 regarding bolt failure due to shear in either mounting.
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Axle mounting

Bearing stress from the 10 pound axle assembly on the Lexan plating may cause failure if the bearing stress is greater than the compressive strength of the Lexan.  A value for the ultimate compressive strength Suc of polycarbonate is given to be 17 kpsi.
  The bearing area Ab is equal to the diameter of the shaft times the thickness of Lexan over which it bears its weight.  The shaft is 0.5 inches in diameter and there are four panes of Lexan each ¼ inch thick so
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The maximum bearing stress is the weight of the axle in a 9g environment divided by the bearing area.
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The corresponding factor of safety is then
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Floor load analysis

The experiment will weigh less than 200 lbs and not exceed the maximum allowable weight per floor plate of 400 lbs/plate.  The 200 lbs will be distributed over an area of 2 ft x 3 ft.

	Analysis
	Load case
	Factor of Safety

	Floor attachment
	9g
	10.5

	Frame member
	9g
	6.72

	Frame joint
	9g
	65.5

	Camera Mounting
	9g
	57

	Syringe Pump Mounting
	9g
	57

	Axle Mounting
	9g
	18.6


Table A7-1: Factor of safety summary

Electrical Analysis

There is one main circuit used in this experiment.  The experiment will use a 115V AC 20A outlet aboard the C-9.  The circuit will power three components, a camcorder, syringe pump and a laptop.  All wires will be properly labeled.  A load table is supplied for the main circuit.  The frame and parts of some components are made of metal and are not insulated.  Therefore a grounding wire will be connected to the frame of the experiment.  The power strip has a built-in current-limiting device and kill switch.
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Figure A7-9:  Power Schematic
New Electrical Analysis:   

	Wire
	Description
	Size (gauge)
	Current (A)
	
	

	Wire A
	Power Strip
	12
	15
	
	

	Wire B
	Syringe Pump
	18
	0.5
	
	

	Wire C
	Video Camera
	18
	0.45
	
	

	Wire D
	MiniDV Recorder
	18
	1.5
	
	

	Wire E
	Light Box
	20
	1
	
	

	Wire F
	Laptop Computer
	18
	3.42
	
	

	Wire G
	USB Cable
	28
	N/A
	
	

	Wire H
	Telephone Cord
	26
	N/A
	
	

	Wire I
	Shutter Speed Control
	29
	N/A
	
	

	Wire J
	Coaxial Cable
	18
	N/A
	
	

	Table Wire Description
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	Name :  Wire A (Power Strip)
	 
	Syringe Pump - 0.5A
	

	Voltage :  125 VAC     60Hz
	 
	 
	Video camera  - 0.45A
	

	Wire Gauge :  12
	 
	MiniDV - 1.5A
	

	 
	
	 
	Light Box - 1A
	

	 
	
	 
	Laptop - 3.42 A
	

	 
	
	 
	
	 

	 
	
	 
	 
	 
	

	 
	 
	 
	 
	 
	

	Maximum Current :     15 Amps
	 
	Total Current Draw: 6.87 Amps
	


Figure A7-10 :Load Table
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Figure A7-11:  Electrical Schematic

Stored Energy

There are no devices used to build or store large electrical charges in this experiment.

Electrical Kill Switch

All power in our experiment is run through a power strip with a built in on/off switch, to be used as the kill switch for the experiment.  The power strip also has a built-in current-limiting device.  The switch is illuminated and will be easily located and identified by the flight-crew.  The switch and power strip will be secured to the outside of the containment box.

Loss of Electrical Power

An unsafe configuration will not occur in the experiment if there is a loss of electrical power.  The experiment will be halted until power is restored.  

Pressure Vessel or System

No Pressure Vessel or System is used in this experiment.

Laser Certification

No lasers are used in this experiment. 

Appendix VIII: Brief Data Analysis
	Surface
	# Drops to Contact Surface
	# of Rebounded/Satellite Drops

	1
	107
	7

	2
	89
	1

	3
	68
	0

	4
	95
	6

	2 at 20° angle
	29
	0

	3 at 20° angle
	96
	1


Table A8-1: Summary of Droplet Rebound/Satellite Drop Formation
It is important to note that every droplet that rebounded contacted water that had built up on the test surfaces during the experiment.  Though the number of rebound drops seen is much less than was hypothesized, particularly for the flat surface, the phenomenon described by Pettit’s experiment was reproduced.  Though further analysis remains to be done to statistically prove the effectiveness of one surface over another, in isolated portions of the experiment it was seen that the surfaces we designed forced adherence where it would not have otherwise taken place.  Figure 13 shows one example of this.  In these sequential frames, the rebound of a drop and its later adherence to the pins of the surface can be seen.  


Figure A8-1: Sequential frames of experiment footage showing drop rebound and adherence to a pin
Appendix IX: Budget 

Portland State University

NASA MICROGRAVITY UNIVERSITY PROJECT – Team CASH2O

Final Budget

Donations:
Monetary Donations
( Oregon Space Grant.………….……… ……………………….5000

( Tyco Electronics….……………………....……………..…......1250

( Mark Weislogel……………………………..………….….…..1000

( CECS…………………………………..……………………….1000






Monetary Donation………..$8,250
In-kind Donation
( Mark Weislogel Lab: video camera, VCR……………….…….1984

( Tap Plastic: Water tight box ……..………....……………..…......60

( Harvard Apparatus: Syringe pump ..………..………….….…..1300

        In-Kind Donation…………..$3,344
             Total.………………$11,594
Costs

Services and Supplies:   

( Raw Materials: lexan, aluminum, bolts, etc………….……..…..1226

( Parts: video equipment, droplet emitter…...……………..…......3358

( Shipping: delivery of experiment to Houston…………….….…..256



     Services and Supplies Subtotal……………..$4,840 

Travel, Lodging, Miscellaneous:

( Hotel: four team members, ten nights..…………….……...……2027

( Airfare: four team members……………………….…….…...…1030

( Rental Car: rental, gas…………………………….…………...…535

( Food: four team members, ten days……………………...…......1890

( Physicals: four team members, FAA-Class 3………………........405



          Travel and Misc. Subtotal……………….$5,887





       Total.………………$9,261
Appendix X: Basic Strengths/Weaknesses and Follow-up Flight Recommendations
Strengths and Weaknesses

A summary of some of the strengths and weaknesses of the overall product is given below:

Weaknesses:
· Key-pad of syringe pump must be by-passed in order to work in micro/double g’s

· Hole in Lexan is not well contained

· All data analysis is video/visual

· Takes significant time to replace water-absorbent  lining in “wet-zone”

· Takes significant time and effort to make significant adjustments to positioning/inner components

· Difficult to vary speed of  emission/ volume emitted

Strengths:
· Excellent visual quality of video

· Easy push-button operation
· Good containment of “wet-zone” 
· Sound/strong with mathematical/theoretical backing
· Good speed and size of emitted droplets
· Simple and easy to change test surfaces
Recommendation for Follow-up Flights

There remains much to be learned from the data gathered from this product through further analysis.  In addition, future products could be used on the NASA micro-gravity flight to provide more insight into the phenomena we were testing.  For example, much less rebound occurred than we expected.  A useful follow-up experiment could include varying the size and speed of emitted droplets at a standard surface to find in what regime of velocities and sizes the most rebound occurs.

Bibliography

Frohn, Arnold, and Norbert Roth.  Dynamics of Droplets.  1st ed. New York: Springer, 2000.  63-102, 245-258.

Liu, Huimin.  Science and Engineering of Droplets.  Noyes Publications, 2000. 19-116.

Norton, Robert L., Machine Design:  An Integrated Approach.  3rd ed., Prentice Hall  

New Jersey, 2006

Pettit, D.  Gallery of Fluid Motion (Video Entries), 57th Annual Meeting of the Division 

of Fluid Dynamics, Seattle, WA, Nov 21-23, 2004.

Robinson, David W., and An-Ti Chai.  Development of a Device to Deploy Fluid Droplets in Microgravity. NASA Technical Memorandum 107460, 1997.  

Shigley, J.E. and Mishke, C.R., Mechanical Engineering Design 5th ed., McGraw-Hill, 

Boston, 2002

Totani, Tsuyoshi et al., “Experimental Study on Convergence of Droplet Streams under Microgravity.”  Microgravity Science and Technology Volume XVII (2005): 31-38

Yaniec, John S., and Dominic Del Rosso.  Experiment Design Requirements and Guidelines NASA 932 C-9B Aircraft Operations Division 33897 Rev. B, August 2005.

“80/20:  The Industrial Erector Set.” Catalog No. 0102. 80/20 Inc, Columbia City, 


            Indiana, 2002

KEY





A:  Power Source


B:  Droplet Dispenser


C:  Escaping Air


D:  Traveling Droplets


E:   Collecting Tube


F:   Imaging Device


G:  Containment Device


H:  Housing





u0





ө











u





Laptop





A





C





B





D





E





Power Strip





Syringe Pump





Video Camera





Test Surface





Bearing





Aluminum Rod





Surface Holder





Surfaces





Dial





Aluminum Base





Acrylic Box




















Test Surfaces





Syringe Pump





Start Button





Mini DVD





Laptop





Knob





Video Camera





Aluminum Frame





Lexan Plate





Light Box








� Shigley


� 80/20 Catalog


� 80/20 Catalog


� Shigley Table 8-4


� Shigley


� Norton





PAGE  
i

_1201278457.unknown

_1201282378.unknown

_1203889608.unknown

_1203889610.unknown

_1203889611.unknown

_1203889612.unknown

_1203889609.unknown

_1201286198.unknown

_1203889607.unknown

_1201294673.xls
Load Tables

		

				Wire		Description		Size (gauge)		Current (A)
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