


























































































































































































Figure 2. It is likely hard to make out using these images but further entries will likely make the problem clear. The above images show 30mBar, 40

mBar, 100 mBar, and 1000 mBar pressure simulations. At some point for the 100um snake, between 50 mBar and 100mBar, the stream splits into two

distinct streams, much more concentrated and streamlined than the first stream, but, unfortunately, this means that there is an upper limit for the single

file focusing at a certain amount of input pressure.

Conclusions/action items:

The parametric study introduced us to two new concepts. The first also has a form of conclusion in that we observe velocity changes between channel

widths (smaller widths show better linear increase and slower end particle velocities than with much bigger channels), but also that this pattern needs

to be observed further to understand how and why this velocity change occurs as pressure increases. The second is that there is an upper limit, also

much higher for the smaller channel than the larger channels, at which central focusing diminishes and then splits into two streams, which would be

useless for particle tracking using the method that Skala currently has employed. Two things need to be accomplished besides the currently set goals

of measuring centering and velocity: we need to find an explanation for velocity changes, and we need to find the upper limit at which too much

pressure splits the particle stream into two.
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 03/15/2021 - How the Parametric Studies were Run

Title: Parametric Studies

Date: 03/15/2021

Content by: Hunter Hefti

Present: N/A

Goals: Explain how to run parametric simulations

Content:

Background: Due to the fact that my laptop decided to crash and I had to buy a new one, I needed to instruct the other two on how to run parametric simulations. Caleb had not gotten around t

process yet. So the following are the instructions I gave them while I was redownloading everything back onto my computer to run the expanded set of pressures:

 

Running the Study

When starting a parametric study, you’ll want a few parameters in place ahead of time. Both static pressures should be placed at either side (one set at atmospheric pressure and another set at a 1 mBar to in

Rate should be set at the surface that has atmospheric pressure. With these in place, it helps to run a quick test to get the particle study set up ahead of time, so that everything is properly in place prior to the

don’t forget). 

 

After right clicking the name of the study (highlighted in blue above), you will click “New Parametric Study” and a table will load in at the bottom of the screen which says “What if Analysis”. 

From here, click the first button  just under “Input Variables” which prompts you to “Add Simulation Parameters”. This opens the following tab in the lower right hand corner of the screen:

Once open, check the box for static pressure (for me, the input static pressure was set as “Static Pressure 2”) so that the input is officially selected and press the check mark. This should reflect in the table:

Next, right click on the “Discrete Values” and select “Edit Variation”. This should pull up a new menu similar to the last. By clicking on the 3rd icon within the table, you should see a screen that allows you to in
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By clicking on the checkmark, the screen should be updated like this:

Next, you’ll maneuver to output parameters and click on the checkered flag icon.

This pulls up yet another menu that lists all of the goals that you selected from the initial setup stage: in our case, only the Surface Goal will appear. Selecting this ensures that there is actually something to ru

Once this has been selected, the Scenario tab will update to show the following: 

And a Goals tab will have appeared which displays the selected result (in this case, the surface goal. The surface goal for volume flow rate will appear inverted and can be used to calculate, manually, the ave

simulations can run):

When all of this is displayed, you can return to the Scenario tab and click Run. This will launch the simulations to begin the calculation process which, when running correctly, will begin to look like this:

The speed at which iterations run is dependent on the amount of cores that are being used. My computer from last week was running with only 4, and the process of computing 12 Design Points took roughly 

total Design Points, and it only took 2.5 hours running on 8 cores. Either way, I left it alone both times and the process carries out automatically without the need to clone or manually reset the Static Pressure.

the What if Analysis.

 

Loading the Results

Once the simulations complete, each result is preserved in a file folder saved to whatever your Solidworks has been told to save things to. So you can left click on the results tab and click “Load from File”

Upon hitting load from file, it should take you directly to the folder containing the information from that particular simulation automatically. If you ran a test run, a .cpt and .fld file will appear below the folders (no

parametric study listed was for the original 12 data points while the recent Parametric Study 2 is today’s 21 data point study.
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Also of note: the particle study. I usually set this up ahead of time, but it should not matter. In either case, once you set up a study, it will remain the same between file loads. So you should be able to casually 

 

Upon clicking the new Parametric Study folder, numbered folders will appear in accordance with the number of data points. If you don’t want to rename all of the folders, it is helpful to have the What if Analysi

folder.

Opening any one of these folders will allow you to access another familiar looking folder setup (this whole thing is very Russian Nesting Doll, feels so unnecessary but what can you do). The important file that

the respective simulation with that particular pressure, easy peasy. Any alterations can easily be observed if you look at surface speeds or just load in the particle simulation and load between the various folde

You should be able to switch between files even when the particle simulation is loaded in. That way the framing can stay consistent between shots when the particle simulation is paused. Additionally, (at least

speed of the particle by comparing the color and the average/max/min velocities to see what physically makes sense. In this case, the pressure far exceeds the cutoff for single file focusing, so two streams ap

velocity seems a better approximation, but, since these particles are very green, it’s probably about 0.351m/s which is probably more accurate than just going with 0.307 from the legend).
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Conclusions/action items:

It is likely that many of the images do not end up loading in the final notebook. I didn't want to have to reformat them so I jsut coppied and pasted all of it. This was done prior to our refocusing 

the final particle velocity. A further alteration came when Josh learned how to extract data onto Excell spreadsheets directly. This allows us to find particle trajectory information and parse throu

workarounds. That being said, velocity info was mostly drawn from this method.
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 03/17/2021 - 100um Expanded Parametric Study

Title: The Expanded Study

Date: 03/17/2021

Content by: Hunter Hefti

Present: N/A

Goals: A shorter account of my experience with the expanded study and the 100um channel

Content:

Once I had my new computer (simulations ran 5x as fast now that I had more processing cores to work with at a given time), I began running more

simulations using the SolidWork parametric study method I outlined in the previous entry. We settled on increments of at least 50 mBar (Caleb ran

twice as many simulations with an increment of 25 mBar, an exercise that certainly proved fruitless given the results), so my 50 mBar entry was

again repeated. The purpose of this study was to better generate an understanding of how velocity functioned at higher pressure inputs. Ultimately

it appeared to be rather useful with regards to Josh's 50um design but for a rather unintended purposes. Observing velocity changes, we can refer

to the images below.

Figure 1. The table and graph associated with the 100um extended parametric study. Each data point represents a pressure increase of 50 mBar.

Without the original study, it would have been impossible to tell that there was a sharper linear slope from 0-20mBar than exists here.

On my end, the 100um velocity study displays one crucial detail: there is still linearity involved in the velocity increase, the slope just changes after

a certain pressure has been achieved. While this result could likley be analyzed further, the problem with looking at this graph is that, by the 3rd

data point, the stream is no longer focused. And this is precisely what ended up being important about this study for the 50um channel. We learned

that the particle stream fully split by about 200 mBar of input pressure.

Conclusions/action items:

While there is something interesting to note about the change in linear slope of pressure increase with velocity, all channels were no longer

focusing their particles by the 200 mbar mark (ironically, this is where the change in slope happened on my velocity graph as well). This meant that

the original data would be more important in identifying velocity as was relevant to the task at hand. All is not for nothing though, as this discovery

of particle splitting meant that yet another task was presented in which I needed to identify the pressure at which my own 100um channel was no

longer focusing into a single stream.

Hunter Hefti - Apr 21, 2021, 1:03 PM CDT
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 03/22/2021 - Finding the Split Point

Title: Finding the Split Point

Date: 03/22/2021

Content by: Hunter Hefti

Present: N/A

Goals: Describe the final round of parametric studies which were used to identify the 10 mBar range in which the particle beam split into two

Content:

By this point in the project, Sara's role as designer of the Outreach activity had been passed to me as I had established strong communication with

my middle school. So I was planning for our outreach activity in the first week of April while maintaining my observations of particle focusing (having

nearly lost interest in the role of velocity which was observed to follow a farily straighforward pattern that easily met hypothesized expectations).

This left me with two projects, the first of which to be described in this entry.

With my new computer, it was much easier to run simulations at a faster speed. So I set up a quick parametric study for the space in between 50

mBar and 100 mBar to identify where the split was for sure being observed. While I could show an image to illustrate this, the results were much

more useful and are shown easily in particle trajectory data instead (for future puposes, I resorted to only using 1-100 mBar with the occassional

inclusion of 1000 mBar to illustrate the nearly stagnant nature of the split particle phenomena). To boil it down, there is a core flow velocity which

was observed in my second project. At low pressures, the particle stream flows around this core, almost forming a parabola shape around the

circumference. However, there is a sweet spot in which the inertial ordering is doing exactly as intended, for the 100um design this was found to be

between 20-40 mBar. It is also at this point where the velocity of the particle can be approximated best by the maximum velocity of the flow through

the channel. However, when the pressure is increased, the core velocity begins to interfere with the particle stream until, eventually, the stream

splits into two. It is at this point that the particles appear to be most centered, but only because they are now at opposing sides of the core velocity,

which typically remains centered for the duration (moving up and down depending on channel length). At this point, the velocity begins to drift

towards being approximated by the average velocity.

The true and total split point of the particle stream appeared to occur at about just under 70 mBar, with completely single file lines of particles

paired together. It was also at this point where the simulation showed its limitations, losing particles somewhere along the line to the point where

the 4 center most particles had to be excluded as they merely disappeared somewhere within the channel.

Conclusions/action items:

The notion of a stream split point was an interesting find. Early research indicated that two streams would form if the snake's curves were

symmetrically designed and assured that single file focusing could be achieved in asymmetric designs. So to learn that a dual stream can be

achieved by increasing the pressure above a certain point was a striking revelations. For the 100um design, it implies that relevant data should be

confined to a space below 70 mBar because, above this measurement, we are no longer focusing the particles in the intended way. More details of

these revelations can be found from the cross-sectional observations.

Hunter Hefti - Apr 21, 2021, 1:38 PM CDT
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 03/22/2021 - Cross Sectional Image J analysis

Title: Cross Sectional Analysis

Date: 03/22/2021

Content by: Hunter Hefti

Present: N/A

Goals: State secondary accomplishments when analyzing the the causes of the split

Content:

Prior to the discovery of particle tracing techniques (or rather, tangentially to Josh's discovery that you can export SolidWorks data files), the main

method for identifying how well the particles were centering was through ImageJ analysis of the raw Solidworks images. As was mentioned in the

previous entry, this methods was greatly helpful in identifying how the particle streams were behaving and why...especially when the location of the

particles was analyzed simulatenously with flow velocity surface maps at the end of the snake channel. Viewing the end of the channel head on

(with the Z axis on the bottom and the Y axis on the right) one can view both the fate map and the velocity map side by side as can be seen in the

comparisons below.

Figure 1. The input velocity for this set of images is 1 mBar. Already, it is clear from the image on the right, that a higher velocity is present nearing

the center of the channel. At low pressure, the particles are essentially riding the bottom of the core flow velocty stream and possess a velocity that

is slower than the max but not quite average (closely approximated by the green color).

Figure 2. By 5 mBar, the particle stream has begun to merge with the core. This allows us to more closely approximate the particle velocity as the

reported maximum velocity. 

Hunter Hefti - Apr 21, 2021, 6:40 PM CDT
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Figure 3. At 15 mBar, the particle stream is at approximately the center of the channel and subsequently the particle stream is equivallent ot the

maximum velocity of the flow at the core (i.e. approximately 20 mm/s.

Figure 4. The transition from 20-40 mBar (30 shown) marks the streams gradual pass through the top of the core. The velocity can no longer be

approximated by the maximum velocity and must be directly measured using the exported data. It is worth noting that this is also the location of the

inital slope change in the velocity graph from the original parametric study, a much slower climb in velocity speed as the particle stream moves out

of the core.

Figure 5. At 50, there is much more distance from the center and the centering is much more clearly ceasing to have the intended effect.

Approximating the velocity shows a much clearer transition to the average flow velocity as the particles near an optimal route to deal with the

increasing pressure.

Figure 6. The above image is from the maximum velocity that was tested. Starting at approximately 70 mBar, the stream splits off into two distinct

single file lines which is a result that remains mostly stagnant until 1000 mBar.
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It can also be seen that the surface velocity map has changed drastically, with the core distorting and moving towards the left (bottom of the

channel). While this is a clear impression of what increase pressure has as an effect on the velocity (its much higher but the particle speed can be

reliably predicted by the average flow speed in the chamber now), the gradual movement of the particle stream upwards while the maximal core

velocity moves downwards is likely indicative of an eventual collapse of the stream onto one of the walls (an estimation later confirmed by Caleb's

Long Boy experiment demonstrating the flows increased distance down a linear channel and the creeping effect/tendency for the particles to slowly

move towards one wall or another on the Z axis).

Conclusions/action items:

 It is likely then that lower pressures still allow for the greatest amount of control and, from this emprical data alone, a recommendation of 15-30

mBars ought to suffice for maximum efficiency. But as this was not sufficient numerical data and the subject was merely to establish correlations

between pressure and velocity, more numerical data needed to be collected to ensure that any emprical observations about the suggested

simulation particle trajectory was accurate.
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 04/05/2021 - Particle Trajectory Graphs

Title: Particle Trajectory Graphs

Date: 04/05/2021

Content by: Hunter Hefti

Present: N/A

Goals: Relay information gained from initial attempts to graphically represent the particle trajectory.

Content:

In trying to find the best method to graphically represent the trajectory, Josh discovered how to extract data directly from the SolidWorks simulation

file. This was incredibly helpful, but ended up generating excel spreadsheet files that were so large that, even with the increased processing power

of my new laptop, having more than one spreadsheet open at a given time caused the entire system to crash and reboot. So playing around with

this data seemed to be an insurmountable task. Luckily, the exported file does include preconstructed graphs regarding the trajectory of Y and Z.

So while this does not entirely represent what the path of the particle looks like, it does give an interesting insight into the splitting pathway from a

numerical point of view. To reduce the amount of pictures that need to get pasted, I will show the graphs regarding 1 mBar, 30 mBar, 60 mBar 70

mBar, and 90 mBar to illustrate the look of this information. 

Figure 1. The 1 mBar shows a baseline of the smallest amount of pressure that was tested for. You can easily see on the Y graph (on the Right)

that 4 particles from 5 distinct Y positions are merging towards a central focusing point.

Figure 2. For the most centralized particle stream, the Z axis remains quite tight while the Y axis shows evidence of clear

centering.

Hunter Hefti - Apr 21, 2021, 7:44 PM CDT
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Figure 3. The 60 mBar of pressure that is now present demonstrates how the particles have become decentralized and begin to

form separate streams.

Figure 4. It is here, at 70 mBar of pressure, that we finall begin to see the two distinct streams being formed. It is also here that we

are able to visualize our last great problem with the simulations: the middle four particles are not reaching the end of the channel

and are not merging into either of the two particle streams.

Figure 5. At 90 mBar, we have a clear visualization of the two streams as well as the failed four particles from the central position.

This trend continues for the remainder of the pressures that were simulated.

At all points it is important to notice that only the Y axis provided any useful information. The graph of the Z axis remained fairly

consistant throughout, only relaying a gradual merge of the points towards the same Z axis as pressure increased from 0.

Unfortunately, while this information is certainly interesting, there is no way to methodically analyze it through statistical means.

Conclusions/action items:

The final round of analysis would have to consist of parsing through multiple rounds of injections to find which particles, near the end of the

channel, would accurately represent the position of the particles at a cross-section of the focused stream.
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 04/18/2021 - Particle Tracing

Title: Particle Tracking

Date: 04/18/2021

Content by: Hunter Hefti

Present: N/A

Goals: Analyze the methods used to obtain the data regarding a final cross-section of the particle streams

Content:

Over the past week, much time has been spent preparing and finalizing the Outreach deliverables from the previous week. That being said, Josh

attempted to put together some Matlab code (which he will likely detail in his own notes if that proved useful) that would easily parse through the

10000 or so rows of data points that resulted from the 20 injection particles. Unfortuantely, due the contraint of no longer having Matlab

downloaded to my computer, I had to go through manually and sort through the particle data to get that data by hand. This process was

significantly reduced by having the ability to control+f for the injection number and then take the final data point from the previous

injection (Injection 1_3 would take me close enough to find the necessary point from Injection 1_2).

By doing this for every relevant simulation from 1-100 mBar and 1000 mBar, I was able to compile the starting and ending trajectory positional

points for each of the 20 particles that were simulated between each reiteration. From this data, a particle tracking graph could be generated that

would essentially accomplish the same goal for visualizing the location of the particles in space as the cross sectional images from a few weeks

back. On top of this, histograms of the particle distributions over the Y and Z axis could be compiled and viewed side by side to demonstrate more

clearly how the particles were being focused with the different pressures. Examples of 1 mBar, 30 mBar, and 70 mBar are shown below in Figure 2.

Figure 1. The initial position of all of the points. The horizontal axis represents the Y axis while the vertical axis is the Z axis. Due to the way that

the channel was designed and resized, the center of the face is located at approximately (3E-05, 5.34E-05). Since these plots were created using

the raw data, all of the numbers have not been converted to um yet and thus this is presented in terms of meters.

Hunter Hefti - Apr 21, 2021, 9:15 PM CDT
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Figure 2. A graphical representation of the resulting data with histograms depicted in um and particle tracking depicted in meters. These graphs

show essentially the same information as the cross sectional images, but, this time, there is an opportunity to actually analyze the information.

Conclusions/action items:

With the numerical data readily available, there is now the opportunity to test for the actual properties including standard deviations and the

distance from the center that each of these particle streams is achieving. There may even be room for tests of statistical significance.
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 04/19/2021 - Analysis of Particle Tracing

Title: Analysis of the Data

Date: 04/19/2021

Content by: Hunter Hefti

Present: N/A

Goals: Analyze numerical data from before to get start noting what the various pressures are actually managing to achieve for particle focusing

Content:

Despite an initially incorrect assumption that the Z axis channel was centered at 50um (now informed by the initial particle positioning that this is

approximately 53.4um instead), a few statistical data points were extracted from the individual sets of particle position data. The average center

point of each axis was determined using the initial particle locations (which were found to be consistant across all simulations). Below are the

detailed tables displaying standard deviations, averaged centers, range of particles on a given acess, and the distance from the channel center.

Figure 1. The above displays the collected averages, standard deviations, and calulcated distance from the center for each of the provided input

pressures, with the table on the right having converted those values to um. From these tables, we can observe where the closest particles are to

the center as well as how compact they are via standard deviations with 15 and 30 mBar winning in each of these respective categories.

Hunter Hefti - Apr 21, 2021, 10:01 PM CDT
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Figure 2. The above figure displays the ranges of data points that are present on the Z and Y axis where 30 mBar once again proves that it is the

most condensed.

Figure 3. These graphs represent the standard deviations and the ranges of the Y and Z axis positions. They both demonstrate similar shapes

which demonstrates the simulations accuracy with portraying particle centering.

Conclusions/action items:
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While it would be nice to run a more enhanced statistical analysis of this data, the use of simulations implies that centering data is limited to a

single replicate with no chance for error. Even when comparing two data sets, it is nearly impossible to qualify whether statistical significance is

actually present (just running stats on simulations alone seems obtuse and bound for failure). While I will continue developing ways of showing the

normalacy of the data at early stages and may run a significance test against varying data sets, it is my firm opinion that our inability to access the

prototype that Skala lab developed back in Februrary has been a detriment as collecting multiple data replicates would be useful in determining

whether such statistical tests were reliable determinants or not.
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 10/04/2020 - Biosafety Training

Title: Biosafety Training Documentation

Date: 10/04/2020

Content by: Hunter Hefti

Present: N/A

Goals: Establish existing biosafety training documentation that will allow me to work in general bio labs

Content:

Conclusions/action items:

Expires after five years or upon Wiscard Expiration, neither of which take place during the current semester.

Hunter Hefti - Oct 04, 2020, 12:59 PM CDT
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 03/01/2021 - Bloodbourne Pathogen

Title: Bloodborne Pathogen Training

Date: 03/01/2021

Content by: Hunter Hefti

Present: N/A

Goals: Establish current training for bloodborne pathogens, granting permission to work with blood in designated lab spaces

Content:

Conclusions/action items:

The training has been renewed as of 03/01/2021.

Hunter Hefti - Mar 02, 2021, 9:04 AM CST
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 10/04/2020 - Green Pass

Title: Green Pass - Team Lab Certification

Date: 10/04/2020

Content by: Hunter Hefti

Present: N/A

Goals: Establish current training allotments with the Team Lab in the basement of ECB (which is no longer in existance)

Content:

Conclusions/action items:

This also has no set expiration date, but I am limited to the use of only a few machines in the team lab. If welding or some advanced form of

machine is needed, more training must be acquired.

Hunter Hefti - Oct 04, 2020, 1:02 PM CDT
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 2014/11/03-Entry guidelines

Use this as a guide for every entry

Every text entry of your notebook should have the bold titles below.
Every page/entry should be named starting with the date of the entry's first creation/activity, subsequent material from future dates
can be added later.

You can create a copy of the blank template by first opening the desired folder, clicking on "New", selecting "Copy Existing Page...", and then select

"2014/11/03-Template")

Title: Descriptive title (i.e. Client Meeting)

Date: 9/5/2016

Content by: The one person who wrote the content 

Present: Names of those present if more than just you (not necessary for individual work)

Goals: Establish clear goals for all text entries (meetings, individual work, etc.).

Content:

Contains clear and organized notes (also includes any references used)

Conclusions/action items:

Recap only the most significant findings and/or action items resulting from the entry.

John Puccinelli - Sep 05, 2016, 1:18 PM CDT
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 2014/11/03-Template

Title: 

Date: 

Content by: 

Present: 

Goals: 

Content:

 

Conclusions/action items:
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 BME Design 2020 Fall notebook

 '
 MicroFluidic_Final_Notebook_Fa ll2020.pdf(12 MB) - download 
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