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Abstract


The objective of this project is to design a device that will create liquid medication particles that can be targeted to a specific area of the respiratory system.  This is necessary so that more conclusive research can be conducted on the larynx.  A smaller particle will penetrate further into the respiratory system, while larger particles will fall out of the air at the top of the respiratory system.  We should be able to specify a particle size ranging from 5 to 20 µm.  There are currently several available systems that do this, but are quite complex and expensive. It would also be ideal make the device adaptable as an inhaler if possible.  The desired design is to experimentally determine what pressure levels will create specific particle sizes, with actuators of different geometries.  

Background 

The larynx is an organ in the throat that vibrates when air is passed over it.  It can be tightened or relaxed at different rates so that the frequencies produced replicate those that we commonly associate with the human voice.  The larynx is also susceptible to the environment around it.  For example a highly contaminated environment will adversely affect the way it vibrates and may lead to hindered sound production.  These are typically large particles that are easily deposited in the upper region of the respiratory system.  However, there are also small particles present in the environment and these can also have positive or negative effects on the larynx.  An example of this is medication that is atomized to treat the lungs.  Although most of the particle sizes of these applications are considerably smaller than common pollutants they may still affect the larynx.  In general a smaller particle size will penetrate further into the lungs, while larger particle sizes are filtered out earlier.  Table 1 shows where different sized particles are typically deposited in the respiratory tract.
Table of particle size and typical distribution points. (Table 1)
	> 100 µm
	Does not enter respiratory tract

	5-100 µm
	Mouth, nose and upper airway

	2-5 µm
	Bronchi and bronchioles

	0.2-2 µm
	Can enter alveoli

	< .5 µm
	Usually not deposited


Size has the most influence on where particles are deposited, but there are also other factors that contribute to this.  Larger particles have more mass than smaller ones of the same material, giving the larger particles more inertia. This makes it increasingly more difficult for particles to make the tight turns necessary to reach deep into the lungs.  Kinetic energy also can cause varying amounts of particle motion, higher kinetic energy will result in a less stable particle.  The nature of the particle also has a significant effect on distribution.  Some liquids tend to be more viscous than others, and varying amounts of cohesion, adhesion, and electric charge also contribute.  


Particles, both natural and man-made, can have a significant effect on the larynx. The importance of the effect of the particles on the larynx is why it is important to complete research on it. Research would be greatly benefited if different particle sizes can be reliably created in a simple fashion.  This way the researcher can examine exactly how the larynx in affected by different ranges of particle size.  

Problem Statement



The ultimate goal of this project is to develop a device that can selectively produce liquid particles in the range of 5 to 20 µm.  This device should safely and accurately produce the particles with precision of ( 10% to the desired mean. There is a tremendous amount of literature available. So the initial goal is to research the various ways available to create mists and determine if it is feasible to obtain the ultimate goal by relying on basic fluid mechanics.
Ethical Considerations Discussion


Our group was a part of the Human Subjects Group.  We learned about and discussed issues that may arise when humans are involved in your design project.  We originally thought that since our project was mainly for research and we were not in direct contact with patients that this did not apply to us.  After our discussion we realized that it is important to consider human needs even in the beginning stages of the design process.  For our project we needed to take into account the treatment time, cost, and ease of use of our product.  
Literature Search


There are currently devices on the market that create mist.  However, most of these devices do not fit our specifications.  The most common ways of creating a mist are pressure and ultra sonic nebulizers.  There is an immense market for products that can effectively deliver medications or stimulants to the lungs.  They treat asthma and asthma like conditions brought on by heredity, seasonal allergies, or other various mechanisms.  The target zones for treatment in these patients are the lungs. The resulting consequence has diverted nearly all the energy and research in this field to focus on minimal medication loss on the way to the patient’s lungs.  Any existing device targets the lungs by producing small particles.  Small particles are much more efficient at reaching the lungs than a larger particle is.  Particles that primarily remain in the throat are typically 5 to 10 times larger than those that reach the lungs.


A metered dose inhaler works by releasing highly pressurized fluoro carbons from a canister.  They force medication though an actuator at a high velocity.   This causes the particles to break apart, and atomize as they are released into the air.  Similar devices rely on the same technology. Basic laws of fluid mechanics state that there is a proportional relation between pressure levels and particle size.  This is also true for decreased actuator opening diameter, and particle size.  If more pressure is applied to a liquid, the resulting particles will be smaller, and if the liquid travels through smaller opening they will be smaller still.  If those variables are reduced, (i.e. less pressure and larger actuator opening) the particles will have a larger size. 


Ultrasonic nebulization is a common method used for administering medication to children and babies that are unable to safely coordinate the use of an inhaler.  The primary difference between an inhaler and nebulizer is that a nebulizer does not rely on pressure.  By vibrating at a high frequency it essentially atomizes liquid particles to sizes of less than 3 µm.  Like many other devices on the market it is designed to get particles past the larynx rather than act on it. 

There is an option to use a device called a particle size selector, such as the Particle Size Selector - Model 376060 found at http://www.tsi.com/particle/products/accessories/376060.htm.  It selectively removes small particles from aerosol by diffusion.  Its operation relies on a series of small mesh screens. Small particles have high diffusion constants and rapidly diffuse to the wire screen, while large particles have low diffusion constants and are more likely to pass through.  Adding more screens increases the product’s ability to remove small particles. Just as many of the other products this one operates on a small scale.  It is designed to increase the lower cut off limit of particles from 0.001 µm to .1 µm.  It may be possible that the technology could be adopted to use with larger particles.  The primary difficulty would be manufacturing the wire screens which need to be incredibly precise to operate effectively.  

Design Constraints

Many of the restrictions on this device originate from issues such as performance, safety, accuracy, reliability, lifespan, operating environment, ergonomics, size and aesthetics.  Some of the restrictions explicitly specified by the client are as follows; the device must be able to select different particle sizes for delivery.  This can be done by creating a prototype of our own, or by modifying an existing device.  Another key point is that the device must be simple to understand and use.  This is important since there exists the potential for many people to learn about, and use the device in a short period of time.  Since this device will be used in a laboratory setting it must withstand the common “room environment.” This will be defined as ~25 (C, 55% humidity, and no wind.  Conditions may be dusty while in storage, but he operating environment will be clean.  The size of the device should be such that it is easy to transport, store, and not hinder the patient during use.  Therefore acceptable dimensions are 30cm X 30cm X 30cm, with a mass of no more than 7 kg.  Although use of the device will undoubtedly vary from day to day and week to week, it must be able to withstand use of 2 times per day, 3 days per week for a period of one year.  Implicit in these requirements is not only that the device remains operational, but it must continue to run in top working order.  Neither the safety of patients, nor the validity of research can be compromised by faulty selection of particle size.  Some specific safety issues that need to be addressed consist of the composition of the mist.  If particle sizes are too big, or are being created at too high a volume it could potentially be dangerous for the user.  An analogous example is the feeling one experiences when he or she accidentally swallows some water that goes down the bronchi. A violent reflex action caused by a situation such as that is highly undesirable, both for the patient and the research.  Another constraint that would be ideal, but not absolutely necessary, is the time in which a specific amount of medication is delivered.  It could be beneficial to research if a given amount of medication and its effects can be monitored over a 5 min. dosage period and a 10 min. dosage period.  The pattern of dispersal is also an issue that needs to be addressed.  Some devices create a mist that is in a direct spray, while other devices create a mist that is wider, or more in the shape of a cone.  This device should present a uniform spray that can be contained within a given area.  It would not be ideal for the mist to drift freely throughout the room. There are no restrictions on aesthetics or color, except there should be no sharp edges that could result in injury.  The materials that the device is made out of can vary.  However, they should be such that are durable, and easily sterilized if necessary.  

Design Alternatives
Alternative #1: Ultrasonic Nebulizer 
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which the reservoir solution is entrained info the air jet
High flow rates generally cause a decrease in aerosol
size—both by providing greawr energy for liquid
impaction and by increasing the probability of intcreep-
tion and reservoir return of larger acrosol particles

While providing the encrgy for jet nebulization, the
airstream becomies saturated with water vapour |2,3]
Given the high velocities {commonly 60 mph} of dry air
through the nebulizer jet, and the large water surf
area present during nebulization, evaporation is expected
and 3s evidenced by decreasing temperature and increas-
ing solute coneentcation within the ruscrvai solution of
the jet nebulizer (3] The oceurrence of evaporation has
important implications in the measurement of ncbulizer
output

Ulirasomc nebulizers

In conrast to jet nehulizers the energy necessary to
atwmize liquid within ultrasonic nebulizers comes from
a piczoelectric crystal vibrating under the influence of
an alternacing electric field produced by a high-frequency
oscillator. Ulteasonic vibrations arc transmitted (o the
liquid surface of the reservoir solution (figure 3} where
{at low intensities) surlace capillary waves are formed,
from the crest of which droplets may break free. Ay the
intensity increascs, a fountain of liquid forms, from the
base of which acrosols are emitted. The size of the
droplets making up the mist is related to the wavclength
of the capillary waves, and decreascs with increasing
frequency of the ultrasonic vibrations [1]
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Figure 3. Schemalic diagram of the onstiluent parts of @ model
wltrasonic nebulicer.

il ambicne air is drawn or blown through the nebulizer
during activation [#]

Measurement of acrosol output

“The primary purpose of drug nebulizers is to praduce
drug aerosols from a parent rescrvoir soluion. Acrosol
mass defines the total available dose, and its size
distribution determines potential penetration and depo-
sition within the respiratory tract. A meaningful evatu-
ation of drug nebulizer design consequently requires
accurate measurement of both acrasol mass and acrosol
size.

Measurement of aerosol mass output

Traditionally, the mass of acrosal released from drug
nebulizers is determined simply by measuring weight
Jost during a period of activarion (3,6]. Although weight
loss may be a valid measurcment of acrasol output from
some ultrasonic nebulizers, this method is inappropriate
for jet nchulizers because of concomitant loss of water
vapour during ncbulization [3,7,8]. Mcasurement of
weight loss conscquendy overestimates drug acrosol
outpuc from jet nebulizers,

Methods of measurement of acrosol which are not
confounded by evaporation have only recently been
reported [36]. One such method employs a dilute
solution of sodium fluoride (1% wiv which is added to
the nebulizer reservoir olution as a chemical tracer [3]
Emitted acrosol is collected on glass-fibre filters, and
the fluoride cesidue present on the flter s quantificd
electrochemically. This can then be related to the mass

of drug solution releasrd concomitantly as acrosol {fgure
1

The significance of direct measurcment of acrosol output
from jet nehulizers may be seen in onc: study deseribing
the aerosol and vapour composition of total weight
output from four drug nebubzers (three jet and one
ultrasonic] [3]. These were obtained simuliancously by
measuring weight Loss and acrosol aurput. There wvas
no difference between the two measurements for the
ultrasonic nebulizer studied—nor should there be, us
1o vapour was generated lrom this ultrasouic nebulizer
design. However, for the jet nebulizers witer vapour
was st during nebulization in appreciable amounts
{45-85% of toral weight loss) depending on nebulizer
design and conditions of use (figure 5 (3]

One advantage of direct measurement of acrosol output
may be seen in an investigation comparing the effect of
gas flow rate on total weight loss and acrosol output
from the Wright jet nchulizer. It had heen traditionally
accepted that gas flow rawe through this nebulizer is
related directly 1o drug acrusol output—as measured by
weight loss [5]. However, there is actually no relation
between acrosol output and air fow rare wntil a threshold
flow of about 7 lmin is reached ifigure 5). At lnwer
flow rates, virtually all weight lost is due to evapuration
only (3]
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Our first design alternative included modifications to an ultrasonic nebulizer.  Ultrasonic nebulizers use electricity to convert liquid into respirable droplets.  Particle size is a function of frequency and nebulizer baffles.  There are three components to an ultrasonic nebulizer- the power unit, the transducer, and a fan.  A diagram of the parts of an ultrasonic nebulizer is shown in Figure 1.  The power unit converts the electricity to high-frequency ultrasonic waves (~1 to 3MHz).  The frequency determines particle size, the higher the frequency, the smaller the particle.  A piezoelectric crystal transducer vibrates at the frequency of the ultrasonic waves and aerosolizes the solution at its surface.  The transducer creates an ultrasonic fountain of liquid from the base of which aerosol particles are emitted.  The particles are then delivered from the nebulizer by a fan or by the inspiratory motion of the patient.  Before the particles leave the nebulizer they pass through baffle structures which filter out particles that are too large.  The volume output is about 1 to 6 mL/min and average particle size is 1 to 6 µm.  Ultrasonic nebulizers produce a stable particle size and have a small dead volume which is medication left in the nebulizer or released into the environment.  They have a high aerosol output and have a fast drug delivery time compared with similar products.  Ultrasonic nebulizers are relatively expensive, they can range anywhere from $80 to well over $200.  They have a short cycle life of about 600 to 1000 uses.  The aerosol solution can become heated increasing the osmolality of the solution, which decreases the output.    

In order to control particle size using an ultrasonic nebulizer we would have to determine a way to adjust the frequency of the ultrasonic waves or to adjust the baffles.  Most ultrasonic nebulizers allow users to adjust the amplitude, which affects the volume output of liquid, but not the frequency.  Adjusting the frequency could be too difficult a process to undertake.  Adjusting the baffles could allow larger particles to exit the nebulizer but smaller particles would also be able to exit as well.
Alternative #2: Jet Nebulizer

Our second design alternative was to modify a jet nebulizer (Figure 2).

Jet nebulizers work by the venturi principle.  Compressed air is passed through a narrow orifice (1) creating an area of low pressure in the fluid reservoir.  The solution is then drawn up from the reservoir tank (2) and hits the baffle structure (3).  The baffle shears the liquid into small particles, creating the mist.  Jet nebulizers consist of a disposable plastic nebulizer that is inexpensive and a more expensive compressor.  The advantages of the jet nebulizer are that it a very simple device and very little patient coordination is required.  The disadvantages of the jet nebulizer are that it has a longer length of treatment time than ultrasonic nebulizers.  The equipment is also bulky because of the compressor.


Two jet nebulizers that we looked at were the Salter Labs 8900 Nebulizer and the Pari LC Plus Nebulizer.  

Salter Labs 8900-


The Salter Labs 8900 nebulizer has a large surface area provided by a convex cone shaped reservoir tank.  This provides maximum capillary action to minimize waste.  The Salter Labs 8900 nebulizer has an output of 7 L/min and treatment time is around 7 minutes.  It has a residual volume, which is left over medication of 1.7 mL.  The cost of the disposable Salter Labs 8900 nebulizer is $2.99.

Pari LC Plus-

The Pari LC Plus nebulizer operates on a two valve system that is controlled by the patient’s breathing.  This helps to maximize output and minimize waste since medication is not being constantly delivered.  The Pari LC Plus nebulizes at 20 L/min and has a treatment time of 6.5 to 8.5 minutes.  It has a residual volume of l.4 mL.  The cost of the disposable Pari LC Plus nebulizer is $14.95.
Design #3: Pressure Activated Devices

Pressure activated devices create mist using pressure.  Spray bottles utilize basic plumbing principles.  When one squeezes the trigger a small pump pulls fluid from the reservoir through a small tube.  The pump then forces the liquid out of a small hole in the nozzle which serves to focus the liquid to form a concentrated stream. During the down stroke of the pump, the piston inside pushes in which in turn shrinks the area of the cylinder forcing fluid out of the pump. The upstroke, the spring pushing the piston back out, expands the cylinder area which sucks fluid into the pump. A spray bottle has two one-way valves in the pumping system.  One of the valves is between the pump and the reservoir and one between the pump and the nozzle. The valve between the pump and the reservoir consists of a tiny rubber ball that rests inside a small seal. Depending on the design, either gravity or a small spring holds this ball against the seal so that the water passageway is blocked off while not pumping. When the trigger is released, the piston moves out causing the area of the cylinder to expand which sucks on the fluid below, pulling the ball up out of the seal. Since the ball is lifted up, fluid is free to flow from the reservoir. When the trigger is squeezed, the outward force of the moving fluid pushes the ball into the seal, blocking off the passageway to the reservoir. Pressing the trigger forces the liquid out of the small opening while releasing the trigger forces more liquid to be sucked up into the dispensing chamber. Inhalers use a similar principle to devices such as basic spray bottles.  Inhalers are hand-held devices that deliver medication directly to the lungs.  They use a pressurized canister with a chemical propellant. Squeezing the top of the canister converts the medication into a fine mist. Some inhalers are breath actuated and do not require squeezing the inhaler. Placing one’s lips on or near the inhaler's mouthpiece and inhaling causes the mist to dispense. While using an inhaler, one must coordinate two simultaneous actions:  squeezing the canister and inhaling the medication. Using a spacer with an inhaler keeps the medication from escaping into the air. Releasing the medication dispenses it into the chamber and gives one time to inhale more slowly. It decreases the amount of medicine that's deposited on the back of the throat and increases the amount that reaches the lungs. There are two main advantages and disadvantages of using pressure activated devices.  The first advantage is the product is relatively simple compared to other mist generating devices.  Since this device is simpler it is also inexpensive.  However, pressure activated devices require different nozzles for different fluid densities.  Although using these devices as a direct method of atomization is not a viable alternative, the basic technology behind them to create a new and simple device. Several different actuators of different geometry and size opening to create our own pressure actuated device.   The chamber supplying the air pressure will be a steel air tank that is connected to an air compressor, and regulated by a pressure regulator from McMaster-Carr, part# 4959K51.   By increasing the air pressure inside the tank to a high level we can maintain a steady level of air pressure diverted to the spray actuator by adjusting the pressure regulator.  The increased air pressure will cause liquid flowing through the actuator to break into smaller particles.  
Comparison of Design Alternatives:
The main drawbacks of using an ultrasonic nebulizer are the cost, the lifespan and the complexity of use.  Since a nebulizer is limited to approximately one year of life it is not an ideal candidate.  It would therefore require the client to purchase a new device and modify it to his particular usage each time.  The primary drawback of this device is the method required to change the particle size.  The only way to do this is by altering the frequency the nebulizer operates at.  This is not a simple task since the frequency is built into the circuitry of the system.   Even if it is possible to change the frequency one time it would be a complex task, and not an easy one to complete on a regular basis.  One requirement of the client was that the device must be simple, and that stipulation means that frequent alteration of the frequency, a necessity to change particle size, is not ideal.  To purchase an existing device is always an option since it would meet all of the client’s criteria minus cost.  However, prices for these devices typically start at $4,000, such as the Aerosol neutralizer found at http://www.tsi.com/particle/products/accessories/neutintr.htm.  This makes the potential for this device highly unlikely. 

The jet nebulizer and pressure actuated device are quite similar in design.  Each relies on pressure to propel a fluid through a small orifice, thereby creating a fine mist.  The main difference between the two is that a jet nebulizer creates a vacuum by means of air pressure to suck liquid through the orifice, while a pressure actuated device would use air pressure to push liquid through the orifice.  That is regulation of air pressure will not create considerably different sized particles.  Although air pressure can be a valid method to alter particle size, it typically is responsive at high pressure levels (>500 psi), which would be much too high for a medical application such as this.  
Both the pressure actuated device and the jet nebulizer seem like viable solutions to the problem since the both rely on simple aspects of fluid mechanics to work properly.  The drawbacks of a pressure actuated device when compared to a jet nebulizer are as follows.  Jet nebulizers already have a mechanism built in to control the outflow of mist from the device.  The mist can either be inhaled directly from the device itself, or easily adapted to connect to a mouthpiece that keeps all medication in a confined area.  A jet nebulizer also comes pre-constructed so only modifications would need to be made, vs. building a new device to house the actuator for a pressure actuated device.  
Table 2. Decision Design matrix
	 
	Nebulizer
	Pressure Actuated Device
	Jet Nebulizer

	Accuracy
	5
	6
	7

	Complexity

(ease of use)
	5
	5
	6

	Price
	5
	7
	8

	Life span
	6
	6
	7

	Total
	21
	24
	28


Chosen Design:  Jet Nebulizer
Using the Table 2 we evaluated our three possible design alternatives.  Taking into consideration the accuracy, ease of use, price, and life span we found that modifying a jet nebulizer would be best.  Jet nebulizers are accurate yet simply designed.  Modifying an existing jet nebulizer would be easiest to undertake while still maintaining accuracy.  Ultrasonic nebulizers produce a more stable particle size and have a higher aerosol output, but the price and difficulty of modifying an existing nebulizer outweighed the benefits.  To control particle size in an ultrasonic nebulizer it would be necessary to adjust the frequency that produces particle size.  Adjusting the frequency would be too complex to undertake and highly variable.  A pressure activated device would be relatively inexpensive and easy to modify but would be more likely to produce inconsistent results. Therefore a jet nebulizer is the chosen device to use.
Experimental Procedure
To measure particle size, we used the Malvern Laser Diffraction device shown below.
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Laser diffraction is the most commonly used method to measure particle size because of several reasons.  It can measure a wide range of materials such as sprays, dry powders, suspensions and emulsions.  Laser diffraction can measure particles in the range of 0.1 µm to 1 mm in diameter.  Also, this device can measure at a rate of up to one measurement every 0.4 ms (2.5 KHz).  Finally, no calibration is necessary with this device.  

There are several reasons why a laser is used as the source of light in this device.  First, a laser is a very intense source of light and therefore produces an intense scattering pattern which can be detected quite easily.  Also, the laser has a single wavelength and emits light with a constant illumination. Figure 4 is a diagram of a laser diffraction device. 
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The laser used is a He-Ne gas laser with wavelength equal to 0.63 µm.  This laser passes through a lens which expands the laser.  The expanded laser then passes through the particles which have been previously deposited in the measurement region.  The particles diffract the laser light.  The diffraction angle is inversely proportional to the particle size.  Therefore, smaller particles diffract the laser at larger angles and larger particles diffract the light at smaller angles.  This diffracted laser light then passes through another lens which focuses the light on a photosensitive silicon detector.  The light focused on the detector allows the particle size distribution to be calculated.  The particle size distribution can be calculated by monitoring the scattering of the laser as a function of angle.  The scattering produced by different sized particles is shown in figure 5.
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The laser diffraction device can also calculate the concentration of the particle medium because the amount of unscattered light that reaches the detector is directly proportional to the concentration
Experimental Data
The measurement of particle size was conducted using the laser diffraction device described above.   Prakash Prashanth Ravi,  a mechanical engineering grad student who researches diesel engine sprays, assisted with the measurements. The device was turned on and it started recording the interference that was in the lab. After the back ground was recorded the mist was placed in the path of the laser and the particle sizes were recorded. With advice from the lab technician the particle sizes were recorded by averaging two tests under the same pressure. The tests were performed for pressures of 10, 15, 20, and 25psi’s. The data obtained were as follows for 

Experimental Data of Jet Nebulizers  Table 3 
	Pressure
	Pari LC Plus
	Salter 8900

	10 PSI
	9.36µm
	8.89µm

	15 PSI
	8.78µm
	7.89µm

	20 PSI
	8.16µm
	7.34µm

	25 PSI
	7.25µm
	6.64µm


The results that were obtained did not indicate what we suspected earlier that by changing the pressure it would drastically change the particle size. From the above data the difference between the particle sizes was small. The only way the particle sizes could be significantly changed if the space between the orifice and the baffle is increased or the orifice enlarged.  

Conclusions

The main objective of the above tests was to determine the extent that air pressure affects the size of mist particles with a constant orifice size.  It was necessary to complete these tests so it can be seen if air pressure alone provides enough variability to solve the problem.  As the experimental results reveal, air pressure provided virtually no consistent particle size distributions.  As it turns out, air pressure regulation is not a viable method for particle size control on this scale, although it can be quite successful and consistent at higher levels.  For instance, in many industrial applications air pressure can be used to generate particles of variable size, but the differences in air pressure vary by a 1 to 2 MPa, not 0.037 MPa.  In our situation the air pressures of .07 MPa and .172 MPa can be considered equivalent.  They differences only adjust the volume of fluid atomized.  However, this was not measured since it was not the primary problem, though it will need to be addressed in the future. Although air pressure can effectively ruled out as a way to control the desired particle size, there are still other methods that rely on simple mechanics, primarily the size of the orifice.  
Future Work


There is a great deal of work that can be completed on this problem in the future.  The first step to take would be determining exactly what size opening is needed to create specific particle sizes.  It is estimated that an opening diameter of 15 µm would create particles of approximately 18 to 22 µm at the pressures, but more in depth research followed by experimentation is needed to determine more specifics.  At such a small scale, minute variations in the geometry of the actuator opening could have a profound impact on the distribution of the spray.  A valid resource for this information is Atomization and Sprays, by Lefebvre, Arthur Henry. 

The main drawback of this method is that it is nearly impossible to change the size of the opening back and forth different diameters.   This means one device could not effectively create particle sizes selected on a scale of 5 to 20 µm as preferred. A way to solve this would be to design several devices that create a different particle size.  They could then be connected in such a way that each could be turned on individually, but all direct the mist to the same location.  


After a specific particle size can be created reliably the issue of volume must be addressed.  The specific values of the amount of liquid that need to be atomized in a given time period are not known at this point, but would most likely be variable.  


If this solution proved to be invalid as well the next step would to research more complex methods of atomization.  One method that could be investigated involves creating a mist that is allowed to mix with air in a mixing chamber, and then force the mix out through a second orifice.  This would involve precise control of several variables and would be difficult to construct, so further details will not be included in this paper.
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Functions: 

For research done on the larynx it is necessary to produce a particle size greater than most existing devices produce.  Larger particles deposit on the larynx as opposed to the smaller particles produced by existing devices which mainly target the lungs.  Our device should be simple, relatively inexpensive and have the capability of producing variable sized mist particles. 

Client Requirements:

· Effectively dispense a specified sized particle of medication to a specific point of the respiratory tract.

· The device should be simple to use by the average patient. 

· Must be easy to transport by patient

· Particle size should range from 5 to 20 µm 

· Adaptable to use directly as an inhaler.

· Device should safely and accurately produce the particles with precision of ( 10% to the desired mean.  

· The device should be capable of distributing medication at a constant pressure. 
Design Requirements
a.
Performance Requirements:  The device must reliably deliver a specified particle size to the respiratory system.  The performance should remain constant from one application to another, as this will primarily be used for research. 
b. Safety:  Use of this device should not cause any discomfort to the person breathing in the medication.  The velocity of the mist must be within reason and the mixture of air and mist needs to remain as a healthy breathing ratio.
c. Accuracy and Reliability:  Mist delivery should be accurate to ±2 µm on average.  The pump should reliably deliver the same amount each time it is used. 
d.  Life in service – The pump would have to work for up to an hour a day for on an average of 3 days per week.

e.   Shelf life – Ideally the pump should last at least 2 years.

f. Operating environment – The device should be able to withstand normal temperatures, pressure, and humidity within a research lab.  The device should be free of sharp, obtrusive corners or points as to not interfere or pose a threat to the workers.  The components must be made up of materials that will not corrode or break down in any other manner due to contact with water, or medication.  The noise that the device emits should be relatively low as to not interfere or irritate the researchers, patients and other workers in the lab.  Additionally it should create little or no vibration, as this could interfere with the research. 

i. Temperature Range:  ~25 °C 

ii. Humidity:  ~50%

iii. Dirt or Dust:  Will be used in a clean environment.

iv.
User:  Should be easy to use for average person.

g.   Ergonomics – The entire device should not take up much space in the lab, as there is not much available space.  The pump should weigh less than 7 kg so it can easily be moved around when not in use.  It should be able to rest flat and safely on a table when in use and during storage. It should also be stable in order to avoid falling over and which could damage the device.

h. Size:  Needs to be able to stand closely to the patient so the medication can be delivered.  It must be a manageable shape and size for the researchers to move.  

i. Weight:  The pump should weigh less than 7 kg so researchers can easily move the pump around the lab as needed.  

j. Materials:  Plastic, stainless steel or other materials that can be easily cleaned.

k. Aesthetics, Appearance, and Finish:  The device should have a smooth surface and no sharp edges to reduce the risk of injury in the lab.  The finish does not matter, as long as it can be easily cleaned.  No restrictions on color.  

Product Characteristics
a. Quantity:  One dispensing unit.

b. Target Product Cost:  amount supplied by our client (if any).

Miscellaneous

a. Standards and Specifications:  Must pass our client’s and the University of Wisconsin-Madison’s health services specifications in order to be used by human patients.

b. Customer:  N/A

c. Competition:  There are a great number of similar devices on the market.  They range from being quite simple to extremely complicated, depending on how accurate, or complex of procedures need to be followed. 
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Malvern Laser Diffraction Device Figure 3
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Figure 2 Diagram of Jet Nebulizer  http://www.mbsollc.com





Figure 1  Diagram of Ultrasonic Nebulizer  Dennis J, Hendrick D.





Diagram of Malvern Laser Diffraction Device Figure 4
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Effects of Particles on Laser  Figure 5
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