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1. Executive Summary 
SIMCO is a company that specializes in creating air cleaning equipment for use in 

animal agriculture. Their product is called an Electrostatic Space Charging system, a device that 
runs electricity with high voltage but low current through a set of metal charging spikes or rods 
to charge up a space through a phenomenon called corona discharge. It additionally creates a 
electric field that attracts the charged particles out of the air and onto a grounded surface. 
Although SIMCO has developed a working product that is sold commercially, in depth scientific 
research into the exact efficacy and mechanism of action for their product have not been 
entirely explored.  

Throughout the course of the last two semesters our team has utilized Dr. Saleh’s lab 
equipment as well as the university’s generous resources in order to better characterize the 
behavior of these space charging systems. By using the Scanning Mobility Particle Sizer 
(SMPS) and the Condensation Particle Counter (CPC) we were able to gather experimental 
data that mapped out the overall particle reduction in a controlled and enclosed environment. 
Data was collected in a control experiment to show the total reduction of particles over time via 
natural/ambient dissipation. A separate experiment was design to test and document the same 
effects as per the charging systems removal. Additional data was collected to determine the 
efficacy of our charging system with respect to its ability to remove specific size ranges of 
particles. These results have been tabulated and analyzed for the deliverable portion of the 
project.  

We were able to generate a MATLAB simulation model for our charging system as our 
deliverable. Our MATLAB model takes inputs such as space size and voltage utilized and 
subsequently generates a plot demonstrating how long it would take to clear the room of 
particles down to a desired percentage of the original concentration of particles, all sorted by 
particle size. The goal was to create a model that could be used to accurately predict the time 
needed to clear a closed space, as determined by referencing our experimental data. The 
deliverable simulation program can be used in tandem with the SIMCO product to pick out the 
strength and size of a charging system required to clean a specific volume given by a user 
within a desired time frame. We hope to save time, money, and energy, and create a better way 
for SIMCO to predict what size system will be required given a customer’s request. 

 
2. Introduction & Background 

This project was proposed as a continuation of an electrostatic space charging system 
that is already in production. SIMCO, a company that specializes in the manufacturing of this 
equipment, has implemented their system for use in animal agriculture. By using a design that 
utilizes spiked electrodes that are supported and descend down from the ceiling, SIMCO has 
created a space charging system that is capable of using high voltage, low current, electric 
cylinders to generate an electric field inside of an animal farmhouse. This subsequently creates 
an electric field that draws all charged particles either to or from the cylinders. The end goal is to 
remove as much particulate from the air within the animal house as possible, thus creating a 
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healthier atmosphere for the livestock, and thereby increasing livestock lifespan and overall 
health. Dust and particulate builds up on all surface of the interior of the room, and needs to be 
wiped down regularly. 

Our team was tasked to explore and characterize the existing system. There are several 
major drawbacks in the current design of the system, such as the continuous buildup of dust, 
the raising and lowering of the charging system, and the high voltages associated with the 
space charging system, that inhibit the use of the technology in other applications. We wanted 
to take experimental data and generate a working model to better understand these types of 
systems and perhaps theorize improvements that could be made. Upon first glance it is very 
evident that this system offers a high performance to cost ratio. We wanted to determine just 
how good this performance was. We first decided to develop an experiment to test and 
document the efficacy of a space charging system. 

 
3. Objectives & Experiment Design 
Our objectives were as follows: 

● Develop a working experiment to accurately measure particle sizes and particle 
concentration over time in a controlled volume. 

● Create a salt contaminant control experiment, an experiment using the ESPCS 
(electrostatic space charging system), and an experiment using both the ESPCS and 
vaporized detergent. 

● Gather accurate data and generate visual aids to map the results of these experiments 
and determine the efficacy of each of our room clearing systems. 

● Develop an in depth knowledge of the complex physical phenomenon occurring during 
these experiments to better understand what is fundamentally going on and predict 
results. 

● Create an accurate model that can be used to predict the time it would take to clear 
particles from our space based off of initial concentration and system design constraints 
such as voltage, current, and size of space to be cleared. 

 
We designed an experiment in order to accurately measure how fast a given charging 

system could clean a space. For our design we were able to borrow equipment from Dr. Mitchell 
as well as utilize Dr. Saleh’s laboratory equipment to create an accurate test bench for measure 
particle concentration over time in a contained space. We were also able to map out the size 
range of the particles over time as well. We set up a medium sized (roughly two feet by three 
feet) acrylic test chamber, pictured below in Figure 3A. The chamber had pre-drilled holes for 
insertion of wiring and air plumbing. A set of charging spikes, pictured below in Figure 3B, were 
placed within the upper portion of our test chamber and hooked up to a voltage generator. The 
voltage generator is capable of generating up to 25,000 Volts with currents falling in the mA 
range. The lab allowed us to hook up various plumbing to create an experiment that took 
pressurized air and blew it through a saline solution in an atomizer to aerosolize the salt and 
then inject it into our test chamber. This aerosolized salt was our simulated “contaminant”. 
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Copper tubing was used because it does not hold a static charge and promotes the aerosol to 
flow through the tubing as opposed to sticking to the walls of the plumbing. This was especially 
important considering we are dealing we a system that creates static charge. A second tube 
was then routed from the test chamber to our particle counters, the SMPS and the CPC, 
pictured below in Figure 3C. Additionally we set up a system to heat up detergent and inject it 
into our test chamber. An insulated metal wire was heated and wrapped around a beaker 
containing our detergent, pictured below in Figure 3D. The vaporized detergent particles were 
directed into the testing chamber by allowing them to freely travel up the copper tubing and into 
the tank; a valve was placed on this tubing to ensure that detergent injection could take place 
exactly when desired. When using the detergent, to verify a beneficial contribution, we wanted 
to see the average particle diameter increase, and the clearing time decrease. 

 

 

Figure 3A. Acrylic testing chamber Figure 3B. Spikes used for corona charging 

 

  

Figure 3C. Scanning Mobility Particle Sizer 
(left), Condensation Particle Counter (right) 

Figure 3D. Detergent vaporization system 

 
4. Customer/Stakeholder Requirements 
Customer Description: 

● The project sponsor is Electrostatic Space Charge Systems, LLC. 
● Bailey Mitchell, PhD, has developed this system during his investigation into its use for 

animal agriculture. The project team has been tasked with exploring and improving upon 
the existing designs. 
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● Formal customer and engineering specifications were not provided by the client. 
Instead, the project have been tasked with an open ended investigation into electrostatic 
space charging systems coupled with a detergent releasing mechanism. 

 

5. Engineering Specifications 
Our engineering specifications included: 

● Generate a portable all-in-one test machine that charges a space, releases detergent, 
and is capable of providing linkage to our advanced particle counter equipment 

● Generate experimental data and visual aids to map out actual particles over time and 
particle sizing 

● Create working MATLAB model to simulate our test chamber and varying voltages and 
effects on clearing time. 

 
6.  Benchmarking 

We are developing an entirely new model for this system. Existing designs for our 
prototype simulation are not available, but similar simulations have been run before. Our most 
important prerequisites were a fundamental understanding of the physical characteristics of this 
system, which have been described extensively in the following section. 

 
7. Design Concepts and Theory. 
Mathematical Theory Used in Modelling: 

To better understand the motion of airborne particulate in a space charging system, a 
simulation was used to graphically represent the motion of the particulate over time. The 
simulation in MATLAB uses the electric field strength, saturation charge, terminal electrostatic 
velocity, and the concentration over time to model the particulate in a charged environment. The 
electric field strength in the charged space is represented by the equation below. Where ∆V is 
the voltage difference between two flat plates on opposite walls, and L is the distance between 
the two flat plates in meters.  

 
After calculating the electric field strength, the saturation charge can be determined. The 

simulation simplifies the model assuming that the particles reach saturation charge by the 
corona discharge mechanism located between the plates in the space. The saturation charge of 
the particle is represented below, where E is the electric field strength defined above, and dp is 
the particle diameter.  
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EL = 9 x 108  [V/m] 

KE = 9 x 109  [N/m2c2] 
e = charge of an electron 

 

After obtaining the particle charge and the electric field strength the terminal electrostatic 
velocity can be derived by equating electrostatic force to the Stokes drag equation. The 
following equations shows the Stokes drag equation on the right and the electrostatic force on 
the left. The Cunningham Correction factor is used to equate the proportionality. By reworking 
the first equation by solving for velocity, the second equation, terminal electrostatic velocity, can 
be derived.  
 

 

 
n = concentration of particles 

e = charge of an electron 

E = electric field strength 

Cc = Cunningham Correction Factor 

η = viscosity of air 

dp = Particle diameter 

 

Once the terminal electrostatic velocity is found the concentration at time t can be 
determined by the following equation. The equation shows the exponential decay of the 
concentration over time when the system is active. By using the initial concentrations, the 
terminal velocity derived above, and the distance between the plates in the room, the 
concentration at any given time can be found. 
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N0 = initial concentration 

VTE = terminal electrostatic velocity 

t = time 

L = distance between the plates 
 

8. New Knowledge Development 
Electrostatic space charging is a very narrow area of study; therefore it took large 

amounts of research to get caught up on the basics of electrostatics. We had to research the 
different charging methods and determine why corona charging is typically used for this 
application. Also, we had to look into the movements and interactions of airborne particles since 
we wanted the detergent to interact with the contaminants already in the air. It took 
approximately an entire semester for us to understand the technology and its limitations to a 
degree that would allow us to make design changes. Dr. Saleh’s generous insight with some of 
the more advanced topics in this field were extremely helpful, and his efforts provided us the 
understanding required to be successful throughout the project. 

 
9. Design and Results of MATLAB Model 

The purpose for the matlab model is to better understand how the particle concentrations 
degrade over time when the space charging system is in use. The results from the MATLAB 
model should predict, with relative accuracy, the time it takes the concentration to degrade to a 
specified maximum allowable particulate count, and then should be cross validated with the 
results from the experiments in the lab. 

The Matlab model created uses initial concentrations and particle diameters to determine 
how the concentration degrades over time, and how the particles move throughout the space 
over time. The input arrays for the concentration and diameter must match in order for the 
program to function properly. Table 1, in Appendix B, shows the concentrations and diameters 
used to test the Matlab model. 

An initial concentration is needed to estimate the time it takes for the concentration to 
reach the minimum concentration for any given diameter. The first three figures, Figure 1-3 in 
Appendix A, Matlab returns displays the same results in a few different ways. The first figure 
shows the exponential decay over time with the particle concentration on the z-axis, time on the 
x-axis, and particle diameter on the y-axis. The results from Figure 1 shows that the smaller 
particle diameters take longer to clear than larger ones. Figure 2 shows the same results where 
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the z-axis is the logarithm of the concentrations. This figure more clearly defines the difference 
in the exponential decay over time between the larger and smaller particle sizes. The third 
figure, Figure 3, shows the same data as Figure 2, but this data is represented in two 
dimensional space. Each line on the graph shows an even time increment. This figure defines 
the difference between the time it takes to clear the smaller particles versus the larger ones. It 
also shows that the concentration degradation is exponential due to the equal time spacing on 
the logarithmic scale. 

Figure 4 represents how the particles in the space between the charged plates move 
over time where the z-axis is the total concentration, the y-axis is time, and the x-axis is distance 
from one of the charged plates. This figure clearly shows how the particle concentration 
decreases over time, but varies distance L from the plate. From this model, the relationship 
between particle size and velocity can be seen because of the uneven concentration clearing of 
the particles. Lastly, the exponential decay of the concentration, from the first three figures, can 
be seen at distance 10 meters from the initial plate.  

The Initial model estimations greatly underestimated the time it would take to clear 
particulate out of the test chamber, so a revised model was created to better reflect the results 
achieved during testing. The SMPS requires a minimum of 60 seconds to scan and determine 
particulate concentrations. The long scan time made the results inaccurate at -20kV because 
the particulate concentrations degraded faster than the SMPS could determine particulate 
counts. A voltage of -8kV was used to make each sample relatively time discrete to better 
represent how the particles were degrading over time. Once the matlab model matched these 
results, the voltage could be increased in the model generating an accurate representation of 
how the particle concentrations degraded over time at -20kV. 

The final MATLAB model developed accurately represents the conditions in the testing 
environment. Due to the difficulty of modeling the electric field strength of the irregular geometry 
of the charging spikes, a curve fit equation was used. This equation uses a variable voltage 
input to determine the electric field strength, but it does not take into account a changing 
separation of the charging spikes and the grounding plate. Further testing would be required to 
determine how the separation distance effects the model. The model shows a more uniform and 
exaggerated result of how the diameter affects the motion and clearing time of the particulate. 
This is because the model does not account for particle collision an only particle velocity due to 
its max charge and the electric field strength inside of the chamber. The model does however 
make calculations based off of the mean free path.  

Figure 9A shows the SMPS data for the concentration degradation of the salt solution 
over time, and figure 9B shows the Matlab simulation with the same starting data. The two 
figures show the same trends in the concentration over time and produce similar results. The 
SMPS data showed that using -8kV clears the test chamber in 21 minutes, and the matlab 
simulation predicted that it would take 23 minutes to clear the test chamber with the same 
starting data used in the actual test. Furthermore, CPC data was collected at -15kV which is 
shown in Figure 9C. The same data was used in the matlab model and the results are shown in 
Figure 9D. Figure 9E shows a prediction of what the SMPS data would look like at -15kV if it 
could be time discrete.  
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               Figure 9A: SMPS Data at -8kV 
 

 
   Figure 9B: Matlab Simulation -8kV 
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Figure 9C: CPC Data at -15kV 

 

  
Figure 9D: Matlab simulation -15kV 
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         Figure 9E: SMPS Matlab Model -15kV 
 
The results from the test shows that the particles will clear total concentrations of the salt 

solution starting at 17960 #/cm^3 in 186 seconds, and the MATLAB model predicts that it will 
clear in 199 seconds. The same model was applied to the operating voltage of -20kV and the 
model predicted a clearing time of 85 seconds for the same dataset. This model can then be 
used to determine the voltage needed in a given application. Using an operating voltage of 
-40kV, the MATLAB model predicts a clearing time of 12 seconds. 

 

10. Evaluation & Experimental Results 
Testing the detergent proved to be more difficult than initially intended because a 

resilient method for vaporizing the detergent needed to be found. In addition to this, it was 
necessary to ensure that the lab equipment would not be compromised in the process, since 
ideally the detergent would release large, sticky particles. Instead, what was discovered was 
that vaporizing the detergent produced very high concentrations of particles with an average 
diameter of 26 nanometers, which can be seen in Figure 10A. When the movement of these 
small particles is compared to that of the larger particles, the smaller particles move at 
approximately 42% of the speed of the larger particles when subject to a field charging with 
8,000 volts. Figures 10B and 10C show the plots obtained using data from the SMPS for a small 
particle and a large particle. Both plots begin at similar particle concentrations of approximately 
8000 particles/cm3, and comparing the two shows that it only takes 16 minutes to clear the 
larger particles, while it takes closer to 28 minutes to clear the smaller particles. 
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To see the interaction between the salt-contaminant and the detergent, both were 
injected into the testing chamber and a plot of the particle size distribution can be seen in Figure 
10D. What is observed is that there are still very high concentrations of these small particles, 
and not a mixing and combining of particles that was desired. This could be due to the fact that 
detergent had already coated the inner piping of the return line, thus trapping the large particles 
before they reached the SMPS. If this was the case, then another experiment would have to be 
designed such that the detergent does not condense on the testing equipment. However, the 
small particle sizes are probably due to a lack of mixing of the airborne particles since the 
detergent control tests did not show any evidence of large particles. This is somewhat expected 
due to the low probability of airborne particle collisions. Unfortunately, this means that we 
cannot state with certainty that the detergent is beneficial to an electrostatic space charge 
system. 
 

 
Figure 10A. Control for distribution of detergent particle concentrations using SMPS 
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Figure 10B. Timeline of the progression of small-diameter, 26nm, particle with 8000 volts 

 
Figure 10C. Timeline of the progression of a larger-diameter, 110nm, particle with 8000 volts 
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Figure 10D. Results when aerosolized salt was mixed with detergent-filled chamber 

 
11. Creativity & Innovation 

Our design provides a novel new way to predict the size and strength of electrostatic 
space charging system that would be needed for a particular environment. We imagine that a 
technician would be able to meet with the customer and preemptively sample the ambient 
particle concentration where this the system is designed to be implemented in and approximate 
the volume of the space. These measurements can then be put into the MATLAB simulation. 
The voltage can be adjusted or even the geometry of the charging plates can be adjusted in the 
simulation to custom tailor the model to represent the strength and size parameters that would 
best meet the criterion for how fast the customer desires the space to be cleaned and to what 
extent. We believe this to be an innovative solution to sizing their equipment as opposed to 
using the same system design in different applications, because this allows the customer to 
save resources. 

 
12. Contribution of each group member 

Throughout the course of the project, each group member has participated heavily in the 
setting up of the lab equipment and the evaluation and oversight of our lab experiments. In 
every instance we completed experiments, we had to build and break down our laboratory set 
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up. During the course of the semester, each group member had to learn the correct 
experimental configuration and how to operate the CPC and SMPS devices.  
 
Individual Responsibilities & Specializations: 
Drew Garland - MATLab technician, report outliner, and experimental design coordinator 
Danielle Stalcup - Report outliner and experimental design technician 
Ryan Devine - Professional representative, report outliner, and experimental design technician 
Justin Morrisey - Report outliner and experimental design technician  
Robert Neal - Background theory, report outliner, and experiment technician 
 
13. Summary & Recommendations 

Electrostatic space charge systems are used to clear airborne contaminants, primarily in 
animal agriculture applications. Several analyses were designed and performed to obtain a 
quantified understanding of the system, which leads to the ability to make informed decisions on 
what parameters need to be adjusted to improve upon the efficiency of the system. Throughout 
the course of this project we aimed to characterize the system using both experimental and 
theoretical analyses. 

The MATLab simulation that was developed aims predict a system’s size before it is 
installed so that minimal equipment can be used in the given application. The volume of the 
space that needs to be cleared is input to the program, along with an initial and approximate 
voltage and the ambient particle concentration. The returned results allow you to gage whether 
or not these parameters are satisfactory. For instance, when trying to prevent disease in porcine 
housings, the smallest particles need to be removed quickly before they reach the porcine’s 
airways. The smallest airborne particles are the most difficult to move, thus a higher voltage 
must be utilized with more time spent with the system turned on. This was the primary issue with 
utilizing a detergent solution. The customer first suggested blowing air through the detergent to 
aersoslize it, but this resulted in inconsistent detergent particle size distribution and no change 
in clearing time. It was hypothesized that heating the detergent would cause the aerosolized 
particles to thermodynamically condense on the salt particles, thus achieving a larger particle 
size and faster clearing time. When observed, the vaporization of the detergent produced high 
concentrations of particles below the size of 40nm. This size particle moves more slowly than 
the larger salt particles because it is unable to hold large amounts of charge. In addition to this, 
when vaporizing the detergent, water vapor is also being introduced into the system, diminishing 
the strength of the electric field. It is because of these drawbacks that we recommend that a 
detergent not be used in conjunction with an electrostatic space charge system. 

If we were able to continue this experiment on, we would recommend to investigate 
other aerosolized solutions as a means to increase clearing time. We believe that there may be 
some promise in using an additional aerosolized solution to clump particles together into a size 
range that is affected more strongly by our charging system. This would involve research into an 
ideal “clumping” aerosol that’s biologically inert but reactive under electrical conditions. More 
research can also be done into developing a spike strip that best maximizes electrical field 
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strength. We also would recommend repeating our experiments with more advanced systems 
for generating our mock “contaminant”, as we used aerosolized saline solution to create 
particulate within the 20nm-600nm range. It could be imagined that an even more diverse 
particle range may impact the ability of the system to clear particulate from the air. Thus it is 
worth exploring further to even better understand how these spache charging systems 
fundamentally function. 

 
14. Project Plan & Schedule 
27-Aug Formed group and Selected a project topic 

1-Sep Met with mentor Dr. Saleh for project introduction and background 

15-Sep Met with clients Dr. Mitchell and Dr. Stone for project specifications 

25-Sep Met with Dr. Saleh to gather design requirements 

7-Oct Acquired prototyping hardware from Dr. Mitchell 

9-Oct Met with Dr. Saleh for background information regarding research 

30-Oct Met with Dr. Saleh for development of concepts to being researching into 
a matlab modeling program 

3-Nov First meeting to start modeling program 

6-Nov Met with Dr. Saleh to refine program 

10-Nov Met with Dr. Saleh to continue to refine program 

13-Nov Met with Dr. Saleh for design concepts evaluation & communication 

27-Jan First meeting of spring semester due to scheduling conflicts 

10-Feb Began setting up experimental configuration 

22-Feb Ran Control experiments with NaCl  

20,22,24-
Mar 

Ran experiments involving different applied voltages in the tank with 
NaCl to determine optimal voltage for experimental model  

27-Mar Met with Client to make verify if any additional testing was requested 

28,30,31-
Mar 

Ran additional experiments upon client request 

3-Apr Met to finalize results for showcase and design poster  

1-Mar Met to finalize detergent results  
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Appendix 
Appendix A: Charts and Figures 
 

 
Figure 1: 3D Surface of Concentrations Over Time 
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Figure 2: Logarithmic 3D Surface  
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Figure 3: 2D Logarithmic Line Plot  
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Figure 4: Concentration Distribution Over Time 
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Appendix B: Tables 
 

Table 1: Initial Matlab Input to test program 

Distribution by particle size of the quantity [geometric mean of RNA 
copies/m3 (geometric standard deviation)] of influenza (IAV) 

Particle Size range (μm) IAV [geometric mean of RNA 
copies/m^3] 

.4 - .7 8x102 

.7 - 1.1 6.1x102 

1.1 - 2.1 5.5x102 

2.1 - 3.3 1.4x103 

3.3 - 4.7 7.8x103 

4.7 - 5.8 2.3x104 

5.8 - 9.0 1.5x104 

 
 

Table 2: Decision Matrix to determine desired application 

Name/Description Cost Plausibility Safety Durability Effectiveness Aesthetics Total 

Airplane germ 
eliminator 

1 1 2 2 3 1 10 

Hospital Sanitizer 2 3 3 3 2 2 15 

Biological Lab 
Emergency 
Containment 

4 5 5 4 5 4 27 

Smoke Eliminator 3 2 1 1 1 3 11 

Animal/Agriculture 5 4 4 5 4 5 27 

The decision matrix above demonstrates advantages of each possible device application.  
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