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Fabrication and Assessment of a Flexible Graphene Thin film for Lightning strike protection 
CRSP Program- New York City College of Technology, CUNY- Department of Mechanical Engineering Technology 

Student: Aaryan Nair Mentor: Prof. Akm Rahman 

Abstract 
Lightning strike protection (LSP) have recently been a newly developing field particularly with the emergence of graphene thin film integration into carbon fiber composite structures. This technology has a widespread application in 

airplanes, wind turbines, and other instruments susceptible to frequent lightning strikes. This study will look at different methods for incorporating GTF (graphene thin film) into Carbon Fiber Reinforced Plastic and assess the electrical 

conductivity. through methods such as fabrication of a highly conductive functionalized nanosized GTFs, and combined use of carbon nanotubes (CNTs) and graphene nanoplatelets (GNPs). In the current study we will develop GTF using 

GNP impregnated polymer. Successful development of highly conductive blends could result in increased safety standards of aircrafts, reduced maintenance costs for wind turbines, and increased usage of wind energy. 

Methods Adopted and Data 

Collection 

Figure 6 (Left) Demonstrates delamination without 3-D Stitching, while Figure 8 (Right) shows 
the synergistic GNP/CNT integration by Li et al. (2019 

Introduction  

Lightning strike protection (LSP’s) have recently been a 

newly developing field particularly with the emergence 

of graphene thin film integration into carbon fiber 

composite structures, particularly in airplanes, wind 

turbines, and other instruments susceptible to frequent 

lightning strikes. This study will look at different 

methods for incorporating GTF (graphene thin film) into 

Carbon Fiber Reinforced Plastic, and assess the 

electrical conductivity, through methods such as 

fabrication of a highly conductive functionalized 

nanosized GTFs, and combined use of carbon 

nanotubes (CNTs) and graphene nanoplatelets (GNPs). 

The following presentation compared three viable 

methods for graphene lamination- pristine graphene 

rolling, 3-D stitching, and carbon nanotubes (CNTs) and 

graphene nanoplatelets (GNPs) integration. 

The Hybrid CNT/GNP were compared with 
reference CNT to measure surface 
resistivity with reference to depth. 

electrical 
From the data, we can clearly see that graphene in any form reduces the 
resistivity of the medium. Likewise, a larger depth of graphene also showed 

Figure 2- Displays the region-wise current 
test applied by Li et al. (2019). 

reduced resistivity, though, there was an optimum region. Readings higher 
than that resulted in higher resistivity meaning that the conductive 
pathways seemed to be hindered in some form. Another evaluation which 
could be drawn was that pristine graphene clearly created conductive 
pathways and reduced the volumetric damage to the material underneath 
the film. These properties examined would mean vital progress could be 
made to the aviation industry, and in large-scale wind turbines. 

Evaluation and Adaptation 

Test Data & Results 

Three different methods were analyzed during the study. 
According to Zhang et al. (2017), flexible GTF’s made of 
pristine Graphene were made using a process involving 
sonication. An input power of 50 W was applied on the 
test side and the energy was measured using open hole 
measurement of the reception side with a test panel. 
The difference between the open hole reference and the 
test-panel was considered as the shielding effectiveness 
of the material. On the other hand, the GTF fabricated 
by M Rahman et al. (2019) devised a method involving 3-
D stitching of carbon fiber and GTF for the composite 
layups. The samples were neutralized and filtered. The 
third paper, Li et al. (2017) attempted to create 
synergistic effects by spray coating hybrid carbon 
nanoparticles on CFRP Laminates. Nanoparticles were 
sprayed using an airbrush system, and encapsulated with 
resin film, allowing much lower resistivity and increased 
electrical pathways. 

Figure 3- Demonstrates relative damage to the panel after impulse strike. The second diagram shows 

the area damaged by the impulse strikes. Zhang et al. (2017) 

Figure 4- Displays Surface electrical resistivity of 

different nanocarbon modified CFRPs in relation to 

surface depth by Li et al. (2019). 

Figure 5- Illustrates how the 3-D stitched samples 

of varying thicknesses displayed with it’s 
electrical conductivity. M Rahman et al. (2019) 

A future extension of this would be understanding the synergistic relations 
between the CNT/GNP’s, and its conductivity with relation to temperature. 
In reality, there are a lot of factors which determine materials for 
aircrafts/turbines. Thus, more intensive testing could be done on the 
temperature bearing ability, flexural strength testing, and others. Another 
aspect is the risk of delamination of the panel after repeated strikes. We 
would also need to study whether the conductive pathways created lead to 
safe discharge. It is vitally important, that the pathways generated do not 
risk the safety of passengers in the case of flights. A future extension could 
be an enhanced understanding of the large area shear crack and warpage of 
the film. 

Conclusion: 

The purpose of the study and the subsequent experiment was to understand 
the impact of Graphene nanoparticles on CFRPs. This assessment should help 
us reduce the risks of Lightning Risks. In the case of wind turbines, this would 
hopefully encourage more people to take up wind-energy, since now there 
would be a reduced risk of lightning strikes. 

Figure 1- Displays the impulse test 
applied by Zhang et al. (2017). High 
current was applied over very short 
periods of time 

Figure 6- Demonstrate the Area and Volume 
Damaged by the GTF in comparison to the 
control. Zhang et al. (2017) 
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Development of dry sanitation systems with biodigester as a cleaner alternative to modern 

flush based plumbing system 

CRSP Program- New York City College of Technology, CUNY- Department of Mechanical Engineering Technology 

Student: Aaryan Nair Mentor: Prof. Masato Nakamura 

In a modern society, access to restrooms is a key indicator of human health and sanitation- yet 40% of the World’s population has limited access to it. Furthermore, over 800,000 deaths worldwide are attributed to inadequate sanitation. In developed 

countries, where flush based sanitation systems are a standard, there are fundamental questions being asked about the restrooms being connected to both the water supply system and the wastewater infrastructure. The purpose of this paper is to 

evaluate the downfalls of the flush based sanitation system, and to develop decentralized dry restroom systems which potentially use a significantly lesser amount of water and could potentially provide a value-added product in the form of either 

energy or fertilizers. Restrooms in remote regions are often expensive to connect to the twin-circulation system, and environmentally unsustainable. We plan to design systems using a biodigester with anaerobic bacteria to decompose the fecal matter 

into treated water, and methane, which could then be potentially used as a fuel source. This would be  expected to provide approximately 240KWh of energy for every metric tone of waste released in the restroom. 

Design Specifications 
Introduction  

The flush toilet invented by modern civilization provides 

us a hygienic and comfortable life. However, the pollution 

problem brought about with the conventional waterborne 

sewage system has lately attracted drawn considerable 

attention. The untreated sewage is polluting groundwater, 

rivers, lakes and coastal areas. Globally, the energies 

consumed in water utilization including the construction of 

water resource development facilities, the arrangement of 

water service and sewage, and the use of water service and 

sewage are 10900 trillion kcal. The electric power 

consumed in water service and sewage in 1997 is 137 

hundred millions. Therefore, we are undertaking a double 

task of trying to improve the imperfections in sanitary 

condition of conventional toilet systems on one hand and 

protecting the environment against the waterborne sewage 

pollution on the other. 

This has potential applications even in the US, where there 

is a shortfall of funding in maintaining public restrooms in 

remote areas, with 20 million $ being allocated for the 

development and maintenance of restrooms in remote 

regions. Therefore, functionality, and portability of the 

system was also considered to ensure minimal parts and 

assembly was required for the system. 

Biological Principle 

The principle and the structure of the bio decomposition 

toilet are the same as that of family garbage processing 

machine. Human waste is decomposed directly along with 

the slow rotation of the wood tips or sawdust in a box. This 

is further enhanced by adding anaerobic bacteria, to 

catalyze the breakdown of the waste. The anaerobic 

bacteria, in an ideal temperature of 80-90 degrees F should 

break down the domestic waste completely down to 

processed water and methane within a period of 48 hours. 

The anaerobic bacterium used (Planococcus matriensis and 

Clostridium schirmacherense) should be self replicating, 

and therefore the need for supervision and maintenance is 

avoided. The decomposition of the human waste is further 

catalyzed about by the microbe (mainly the soil bacteria) 

settled in the wood tips and the sawdust. A motor can be 

further used to stir the wood tips and the sawdust. It can 

further be designed to various sizes from a large toilet such 

as public toilets to a portable size for the use of nursing. 

Figure 3 (Top)- Annotated design 
of the compartments in bio-

digestor. 
Figure 4 (Top-Right) Steps for 

processing of fecal waste in bio-
digestor 

Figure 2 (Right)- Portable nature 
of bio-digestor and lack of 

connectivity means that this can 
be used in remote locations 

Figure 1 (Top)- Design of Bio-
digestor. The green area 

illustrates a wrinkled membrane 
for maximum interaction with 

the anaerobic bacteria. 

Figure 2 (Left)- The plumbing 
system connecting the restroom 
to the underground biodigester 

- The surface area to volume ratio has been minimized to improve the contact area for the 

anaerobic bacteria. This has been done by using surface wrinkling patterns. This will 

work optimally between 70-100 degrees F. 

6 compartments have been created with 10 mm filters to allow the passage of processed 

water. 

- Piping has been provided for the release of methane. With the use of a combustor, this 

could be converted to potential energy. 

The water released in the study was found to be gray water. This means that this is not 

drinkable. Ideally, this can be used for other miscellaneous purposes which do not require 

contact with the skin, such as irrigation. Alternatively, the water could be further 

processed to form higher quality of water. 

- The size has been adjusted to meet the requirements of a single two-member household. 

The size could be adjusted with the same volume-surface area for a larger household. 

- Mobility has been a key concern while designing this system. The design is set at 540 

mm by 1140 mm. The idea that this can be reassembled easily, and that this design is 

portable means that this can be used in remote areas, and hiking sites. The design is 

mobile, so it can further be used for specific events, or for short-term housing projects. 

- The design is not connected to the grid which allows for increased flexibility in usage. 

- The wood chips don’t need to be restocked, since they only act as a catalyst, so once 

this system is placed underground, it can stay without supervision for at least 3 years. 

- The strain of anaerobic bacteria being used Planococcus matriensis and Clostridium 

schirmacherense is immune to most types of hard cleaning solvents, and detergents used 

in the restroom. Furthermore, the bacterial nature means that if the restroom is not used 

for a period of time, the bacteria is simply deactivated. 

Environmental Impact 

The environmental viability aspect was one of the primary focal points. The system 

would need to be decentralized and consume a significantly lower volume of water 

than existing systems. The treated water would also have to be safe to use for 

farming. Modelling and simulations have also been conducted to study the 

efficiency, carbon deposition and carbon embodiment of the system to ensure 

minimal environmental impact. The project is expected to release 20-50% carbon 

embodiment compared to a conventional flush based system, across its entire 

system life cycle. 

Conclusion 

The purpose of this design is to examine how bio-digestors can be designed as an 
part of an integrated sanitation unit, or as a sanitation unit. The study examines 
design pitfalls and creates a design parameter that can be re-adjusted (depending 
on occupancy or usage), while retaining the original research on the microbes, and 
the surface area to volume ratio. This line of designs would provide us with an 
important innovation towards more environmental conscious designs. 
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Comparative Analysis of 3D Printed Denture Resins with Traditional Denture 

INTRODUCTION

RESULTS

The aim of this experiment was to evaluate and identify compression 
strength between traditionally manufactured acrylic dentures and additive 
manufacturing resin dentures. Specifically, the dentures produced by 
Uhler Dental, its Reveal line were compared against samples produced 
on the Formlabs Form 2 SLA, Stereolithography, 3D printer using their 
Denture Teeth A2 resin to test compression strength to assure they are 
compatible with the occlusal forces in the oral cavity. Using the 
ZwickRoell tensile testing machine, it appeared that the acrylic dentures 
were half as strong as the resin dentures. Then we went ahead to and did 
a comparative analysis under a microscope to see the micro-properties 
such as the isotropic uniformity in the resin, layer adhesion, and the 
microstructure of the two different materials; in general, these two 
materials appear that resin denture teeth have lesser mean percent
porosity values than the acrylic denture teeth. After doing both the 
compression test and a micro level analysis under the microscope we 
have determined that the resin denture has the proper strengths and 
properties to handle the occlusal forces in a human oral cavity. 

● Chimento, Jairo, et al. “3D Printed Tooling for Thermoforming of 
Medical Devices.” Rapid Prototyping Journal, vol. 17, no. 5, 
2011, pp. 387–392., https://doi.org/10.1108/13552541111156513. 

● Gibson, I., et al. “The Use of Rapid Prototyping to Assist Medical 
Applications.” Rapid Prototyping Journal, vol. 12, no. 1, 2006, 
pp. 53–58., https://doi.org/10.1108/13552540610637273. 

● Hagedorn, Thomas J., et al. “An Information Model to Support 
User-Centered Design of Medical Devices.” Journal of 
Biomedical Informatics, vol. 62, 2016, pp. 181–194., 
https://doi.org/10.1016/j.jbi.2016.07.010. 

● Lapcevic, Ana R., et al. “Comparative Analysis of Structure and 
Hardness of Cast and Direct Metal Laser Sintering Produced 
Co-Cr Alloys Used for Dental Devices.” Rapid Prototyping 
Journal, vol. 22, no. 1, 2016, pp. 144–151., 
https://doi.org/10.1108/rpj-04-2014-0051. 

● Meng, T. R., & Latta, M. A. (2005). Physical properties of four
acrylic denture base resins. J Contemp Dent Pract, 6(4), 93-100.

● “The Future of Custom Manufacturing.” Strategic Direction, vol. 
21, no. 2, 2005, pp. 32–34., 
https://doi.org/10.1108/02580540510576723. 

This work was able to demonstrate that overall 3d printed 
resin regardless of orientation outperforms the original acrylic. 
however these results do not accurately show the effectiveness 
of the acrylic due to a number of limiting factors, such as the 
quantity of samples for both material types, as well as limiting 
the scope of acrylic samples tested to just molars, as opposed 
to canine teeth which deflect force differently. 

Further study will see the sample quantity for all datasets 
increased to gather a clearer picture of the performance of 
both; as well as using a more modern tensile testing machine 
to gather more accurate data digitally. 

The ideal denture base material should possess several key physical 
attributes. Some of these properties include biocompatibility, good 
esthetics, high bond strength with available denture teeth, radiopacity, 
ease of repair, and should possess adequate physical and mechanical 
properties. The denture base must be strong enough to allow the 
prosthesis to withstand functional and parafunctional masticatory forces. 
In addition, because these prostheses are removable, shock induced 
fracture resistance, possibly due to patient abuse, is desirable. Many 
different materials have been used for denture bases. Historically 
materials such as bone, wood, ivory, and vulcanized rubber were utilized; 
now many new materials are in the market whether they are traditionally 
manufactured acrylic dentures or additive manufactured resin dentures.

However, there are significant differences in the mechanical properties 
among denture materials based on their molecular structures. Usually, it 
is known that the causes of denture fractures are more often related to 
design errors of the resins rather than problems with their mechanical 
properties.

It is determined that denture failures can occur in excessively thin areas 
or weakened flanges around frenal notches. Midline fractures of denture 
base resins are especially troublesome, leading some to recommend 
selectively increasing the bulk of material in regions subject to 
deformation and fractures. Regardless of how the failure occurred, due to 
excessive thickness or thinness of the denture it is important to keep in 
mind of their mechanical strength that decreases the potential for fracture 
making the use of a stronger acrylic resin very important. Hence, these 
factors have led manufacturers to develop higher strength denture base 
materials is why we were determined to test the strengths of the 
traditionally manufactured acrylic dentures or additive manufactured 
resin dentures.

Figure 2. vertical test specimens Figure 3. Acrylic test specimens

Figure 4. 45 degree Test specimens Figure 5. Horizontally printed specimens

This experiment used the tinius olsen tensile tester which is an analog testing machine that provinces either 
compressive or tensile forces on an object until the point of failure. for this experiment each sample was crushed 
under a compressive load to the point of failure, while paying attention to the forces equal to the maximum 
experienced by the human  jaw under normal circumstances.

The results of the tensile testing experiment show that the the horizontally printed samples scored roughly 1000 
lbf each trial. the 45o samples were showed to have similar strength with one sample scoring lower than average by 
a wide margin. the vertical samples were shown to have similar results to the 450 samples having one outlier and the 
rest hovering just below 1000 lbf. the acrylic scored consistently around the 500 lbs mark with was roughly half the 
average of the 3d printed samples. 

The average bite force of an adult human is roughly 170 lbf which each of the samples was able to suppress to 
some degree. The first test from the 45 degree samples was unable to meet this minimum.

● In this experiment it was shown how the 3d printed 
samples were able to outperform the acrylic samples. the 
first trial of the horizontal samples was surprising it 
successfully surpassed the amount of force produced by the 
human mouth. the following tests yielded the same results 
was promising.

● Then the 450 samples started with a very low result which 
is unknown in origin, however the remaining tests provided 
comparable results to the horizontal specimens. 

● The vertical specimens showed results slightly lower than 
the 450 specimens, and as well reproduces a similar error to 
the 450 samples. 

● The last test group of the acrylic samples consistently 
produced half of the same force amount as the 3d printed 
samples. 

 

 
 

 

 

 
  

 
 

 



 
 

 
 

 

  
 

 

 

 

 

  

 

 

 
 

 

 
 

 

 
 

 

 

 

  

   
  

 

 

 
  

  

Computational Characterization Of Calpains In T. thermophila 

Anjalee Rabbani, Mentor: Professor Ralph Alcendor 

Department Of Biological Science 

New York City College Of Technology 

Results Abstract Discussion 
Calpains are a set of calcium-dependent cysteine proteases that are found in almost 
every type of living organism, except archaebacteria. Calpains share a set of 
common domains that help with their function as proteases. These domains are also 
used to classify the various Calpains. For example, in animals there are two classes 
of Calpains, classical and nonclassical calpain. Classical calpains contain C2L, PEF 
and CysPc domains while the non-classical calpains do not have C2L and or PEF 
domains. Calpains have been shown to play important roles in cell death, diabetes 
and neurological diseases such as Alzheimer's disease. Although calpains are being 
studied extensively, one are or cell model that has yet to be studied is in 
Tetrahymena thermophila. 

T. thermophila is a ciliated protozoa which lives in lakes, ponds, and streams. 
These eukaryotic cells have two nuclei, a macronucleus and a micronucleus. The 
macronucleus is involved in vegetative growth while the micronucleus contains 
germline information. As a eukaryotic model, T. thermophila has been used to study 
many cellular structures and functions, including histones, cell cycle and cell 
motility. Although these cells have been studied extensively, they are yet to be 
exploited to examine the role of calpains. The genome of T. thermophila has been 
sequenced, but information on the thousands of genes in these cells is yet to be 
assigned. Therefore, the goal of this project was to use computational tools to begin 
examining the structure and function of TTHERM_00898290 , one of T. thermophila 
family members. This protein was selected from about 27 different calpain family 
members. Multiple alignment was done using MUSCLE, T-Coffee and MAFFT. 
Phylogenetic analysis was done using Phylogeny.Fr and MEGA. Protein structure 
was modeled using SWISS-MODEL and PHYRE2. Preliminary results suggest that 
TTHERM_00898290 may be similar to human calpain 7 and 15. However, more 
analysis is needed to confirm which of these two human Calpains is 
TTHERM_00898290 more related to. 

Objective & Hypothesis 

The purpose of this research was to characterize human calpains of choice from 
Tetrahymna thempophila using bioinformatics tools. It can be predicted that 
TTHERM_00898290 is more similar to one or more of human calpains. 

Methodology 

➢Using TGD to get the Gene of interest Protein Sequence 
TGD stands for Tetrahymena Genome Database Wiki. It was utilized to 
obtain the TTHERM_00898290 protein sequence in order to run various 
alignment. 
➢ Multiple Sequence Alignments Tools 
A multiple sequence alignment is a tool use to analyze closely related genes or 
proteins in order to determine their evolutionary relationships. Alignment 
tools like MAFFT, T-COFFEE, and MUSCLE were employed. 
➢Phylogenic Trees 
In order to see which human calpain is closely related 
to TTHERM_00898290 MEGA, MAFFT, and Phylogeny.fr were used. 
They were employed to create phylogenetic trees in order to 
gather evolutionary data. 
➢Protein Structure Modeling 
The three-dimensional structure of TTHERM_00898290 was predicted using 
SWISS-MODEL software. 

Genome Browser (Macronucleus) 

Genome Browser (Micronucleus) 

Figure 1: Shows TTHERM_00898290 gene structure. Macronucleus and Micronucleus both have 8 exons. 

Figure 2: Graphic summary from BLASTp shows amino acid sequence of TTHERM_00898290. It 
shows that CysPc conserve domain that is common to all calpains. 

Figure 3: The alignment shown above is from Muscle, and it indicates that the nucleotides P, W, K, D, and L in the 
column are identical in all sequences in that alignment. "." indicates conservation between weakly similar property 
groups, ";" shows conservation between highly similar property groups, and "*" indicates positions with a single, 
totally conserved property. 

Figure 5: Proteins structure and alignment of calpain 7 (red) 
Figure 4: Phylogeny tree of human calpains and and TTHERM_00898290 (yellow) using SWISS-MODEL. Many 
TTHERM_00898290 from MEGA. Result shows similar regions (blend of red and yellow) and dissimilar regions 
TTHERM 00287920 more closely related to Calpain-7. (separate red and light regions) are seen. 
Tree was draw using Maximum Likely method. 

➢ TTHERM_00898290 is one of the calpain family of T. 
thermophila. 

➢Both the macrocnucleus and the micronucleus genes are 
composed of 8 exons. 

➢Like other calpains, it has a cysteine protease domain. 
➢Different areas of the protein are conserved in both human 

calpains and TTHERM_00898290. 
➢Based on phylogenetic and multiple sequence alignments, 

TTHERM_00898290 seems to be more closely related to 
human calpain-7 

➢ In addition to calpain 7, TTHERM_00898290 is also more 
similar to Calpain-7 and Calpain-15 compared to the other 
calpains. 

Conclusion 

TTHERM_00898290 seems to be more closely related to 
human calpain 7, suggesting these two proteins may have 
some cellular functions in common. 

Future Directions 

This is an ongoing research, and more illustrations can be 
done to explain why human Calpain-7 and Calpain-15 are 
so similar to TTHERM_00898290 . 
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Abstract 

Infiltration through entrance doors and vestibules 
have had a major effect on calculating a building’s 
heating and cooling loads; as natural airflow 
impacts climate. The purpose of this research is 
to: 1. Better understand air movement, heat 
dissipation, and energy consumption in building 
entrances; and 2. Find the main factors directly 
related to unwanted airflow through various 
types of entrance door; differential pressure, door 
usage frequency, airtightness, and wind profile 
around buildings. Some methods that were used 
in estimating door infiltration rates are qualitative 
analysis, a pre-experimental design survey, 
computer simulation, and tracer gas 
measurements. Future research is needed to 
design efficient high performing buildings, to 
reduce air infiltration, energy costs, maintaining 
indoor occupant comfort, and essentially lower its 
carbon footprint by decreasing greenhouse gas 
emissions responsible for climate change. 

Figure 1. Two diagrams depicting a typical revolving 
door used today. 
(Adapted from 2) 

Figure 2. Revolving doors at MIT Campus with hidden 
swing doors. 

(Adapted from 2) 

Methods 

Empirical Analysis 

▪ First, ASHRAE RP-1596 studied infiltration rates 
of automatic doors in retail and supermarket 
stores were established using tracer gas 
measurements in intervals of 4 hours; sensors 
were connected to analyze pressure 
differentials across internal and external doors. 

▪

▪

▪ Second, a pre-experimental design survey was 
conducted at MIT to determine if occupants 
preferred revolving or swinging door types 
when entering a university building. A 
controlled and uncontrolled Qualitative 
Analysis experiment using signage was piloted 
to observe occupant door movement and 
habits in buildings 9, 34, 39, 46, 54, 66, E15, 
E51, NE48, and NE49. 

▪

▪ Third, we examined indoor and outdoor 
vestibule, curtain type of doors, and a 
combination of both within different climate 

▪

zones with all 4 seasons in commercial, 
residential, and government buildings. 

Results 

Door Type 

▪ MIT occupants subconsciously used swing ▪

doors out of habit and efficiency, until 
revolving door signage educated energy 
conservation: revolver use rates of 77 +/-7% 

▪

(Bldg. 54) and 84 +/- (E15). This compares to 
a control (unconstrained doors) average 23+/-
2%. Recall, the self-revolving reported use 
rate was 33%”. 

▪ ASHRAE 1236-RP computer simulation heat 
loss for uninsulated, 3-wing revolving door, 
and aircraft hanger commercial doors using ▪

the total U factor equation: uninsulated-

0.77 𝐵𝑡𝑢 ∙ ℎ−1 ∙ 𝑓𝑡−2 ∙ °𝐹−1 3-wing revolving 
door-.80 𝐵𝑡𝑢 ∙ ℎ−1 ∙ 𝑓𝑡−2 ∙ °𝐹−1 and aircraft 
hanger door-0.58 𝐵𝑡𝑢 ∙ ℎ−1 ∙ 𝑓𝑡−2 ∙ °𝐹−1 . 

Numerical Analysis 

First, a computer simulation program and 
approximation equations were used to 
estimate values for Highrise office building 
entrance door areas airflow rates in relation to 
time of day and quantity of occupant usage. 

Second, we studied ASHRAE Standard 90.1's 
Modeling Strategy by measuring door use 
frequency, in peak and non peak hours, and 
simulating any savings to be gained with 
vestibules. 

Third, reviewed ASHRAE Standard 1236-RP 
which used NFRC 100” (NRRC, 200a) to 
examine heat loss using the U factor and 
THERM computer simulation on diverse types 
of commercial door entrances to understand 
their heat loss and find energy savings. 

Fourth, the Whole Building Simulation Method 
was used in calculating air infiltration rates 
simulation per hour, and pressure factor for 
retail stores with and without vestibule. 

Vestibule 

Combine together the vestibule and the 
curtain door work the best in keeping either 
the cold or the hot weather away. 

ASHRAE energy modeling strategy found: 
Building floors with smaller areas are greater 
impacted by air infiltration than those with a 
larger square footage; Vestibules 
climates have greater energy. 

in colder 

Airtightness 

Findings 
differential 

for stationary 
range from 

door 
20-250 

pressure 
Pa was 

measured is: 1. When the door with the worn 
seal is in a closed, the air leakage measured at 
75-Pa pressure change, was equal to 95 L/s. 
When the 4 wings point changed the air 
leakage was about 75 L/s at 75 Pa. 

Discussion 

Continuous research and qualitative analysis is 
needed in finding new ways to calculate and 
simulate the effects of air filtration rate 
through different entrance door types and 
vestibules in regards to width, differential 
pressure, airtightness, and energy conservation 
to reduce the carbon footprint. 

Figure 3. Rate of door traffic for each hour. 
(Adapted from 1) 
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Polydimethylsiloxane (PDMS) Degradation Rate Studies 

Introduction: 

Methods 

In recent years, Tissue Engineering is utilized as an alternative approach for the organ transplantation. Success rate of tissue regeneration influenced 
by the biomaterials, cell sources, growth factors and scaffold fabrication. Design and precise fabrication of scaffolds are required to support cells to expand 
and migrate to 3D environment. At the SET Research Laboratory at City Tech, photolithography is used to fabricate the scaffolds. Main components of 
the photolithography are “photo-curable material” and an “elevator system”. In current scaffold fabrication set-up at SET, only 2D scaffolds are generated due 
to the lack of an elevator stage. In this research, to carry the scaffold fabrication from 2D to 3D, elevator stage is designed and fabricated. Our preliminary 

research showcased that scaffolds can be successfully fabricated with the use of elevator system. 

-Tissue Engineering also known as Regenerative Medicine is biomedical engineering that creates 

human tissues within a laboratory, and it is meant to be a cure rather than a treatment. Being able 

to repair/replace tissues in organs that fail due to disease, genetic errors, congenital abnormalities, 

or traumatic injury. 

-Tissue engineering researched start in 1980s by an American bioengineering & scientist named 

Yuan-Cheng Fang. She submitted her proposal to the NSF(National Science Foundation) 

-There are 4 important factors: 

-The right cells to do the job. 

-The right environment such as scaffold to support the cells. 

-The right biomolecules for the growth factors to make those cells healthy and 

productive. 

-The physical and mechanical forces to influence the development of the cells. 

-To limit any rejections within the growth of the cells. Cells are harvested from the target organ 

ideally from the patient. 

PDMS: 
PDMS also known as Polydimethylsiloxane is widely used in 

biomedical research and technology. Mixing ratio of base polymer 

to curing agent or additives enables its mechanical properties to be 

manipulated and fit to mechanical properties of biological tissues. 

In this research, 5 test tubes of 40ml capacity are filled with 5 

PDMS mixture and then it is laid out in a think layer that was 

prepared by the mixing curing agent. 

In the next step, PDMS were mixed with nanoparticles. Then 

they were baked in different temperatures. 

In this work, our experiment results show that both single layer and multi-
layer 3D structures can be design and can be fabricated with micro-molding. The 
core advantage of this process compared to other laser-based fabrication 
techniques is that the entire layers can be obtained simultaneously in a short 
period of temperature exposure. 

Any biocompatible and photolithography biomaterials can be used for this 
fabrication technique. In our work, PEGDA was chosen to form the hydrogels. 
This system is also capable of fabricating complex shape structures. 

Tissue Engineering has achieved remarkable success and it has helped many 

people in repairing tissues for patients that need without having to rely on organ 

donors. However, precise fabrication of tissue scaffolds always has been a 

challenge. Our research showed that 100% PEGDA scaffolds has the lowest 

yield strength whereas 20% PEGDA has the highest yield strength. This is still 

expanding and still in progress on improving tissue engineering for more 

complicated body parts and organs.   

Conclusion 
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Literature Review 

Abstract 

Today in the research world many successful research institutes are 

working in this promising field Tissue Engineering. MIT, North Carolina 

University, Texas A&M, Drexel and many more universities are using 

different biocompatible materials for scaffold fabrication. 

The authors acknowledge the research support from Dean’s Office, 

Research Scholars’ funds and SET-CUNY 

Results 

Fully solidified PDMS samples will be studied to investigate the 

toxicity rates. Then, INSTRON Machine will be used to do the 

compressive tests for PDMS mechanical characterizations. 

Fig 1. Tissue Engineering Fig 2. Progress in Tissue Engineering 

Fig 3. PDMS Substrates 
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ABSTRACT
Biotechnology and Assistive Technology (AT) are active and important areas of research. There is an increasing overlap between Computer Hardware and 
Software Technology and Assistive Biotechnology in creating Bio-Sensors and Biotechnology Devices. The main goal of this research project is to explore the 
use of readily available and affordable Bio-Sensors, combined with low-cost and open-source computer hardware and software in creating useful 
Biotechnology Devices. Another goal of the research project is to create a low-cost Bio-Sensors based device for the prevention of COVID-19 virus infection.

INTRODUCTION
The assistive devices design library provided by 
the non-profit volunteer organization 
MakersMakingChange.com, is an open source 
collection of assistive and bio-technology 
solutions which one can build or request to have 
built by a network of volunteer makers. Many of 
these volunteer makers are actually students in 
Computer Engineering Technology and other 
technology based college programs, who use 
their knowledge of electrical circuits, computer 
hardware and software to modify, enhance and 
customize the open source designs for use by a 
particular person with a physical disability or for 
use in a particular situation or environment, such 
as during COVID-19 pandemic. Construction and 
modification of one such device called Light 
Proximity Switch is presented as part of this 
research project.
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FUTURE WORK
In the next phase of this research project, the 
light level comparator circuit will be replaced with 
an eXtreme Low Power (XLP) micro-controller 
which will allow the light sensitivity of the switch 
to be adjusted automatically, depending on the 
ambient light level in the room.

DEVICE OPERATION
The proximity switch is an access switch that 
senses the motion of a hand, finger, or foot 
waved over a light sensor. This switch is suitable 
for users with some finger or hand movement, 
but limited strength, or for triggering assistive 
technology at a distance. The unit works by 
detecting a shadow over its main sensor. The 
sensitivity adjustments allow users to change the 
sensing range up to 15cm. It allows the user to 
control another appliance or device without 
touching it, thereby preventing the spread of 
COVID-19 virus.

ELECTRICAL CIRCUIT

CIRCUIT DESCRIPTION
The operation of the circuit is based on the basic 
principle of a comparator integrated circuit (IC) 
chip. Two photodiode sensors are used to 
measure the light level of the environment. The 
Reference photodiode measures the ambient 
light level and the Main Sensor photodiode 
measures the change in the ambient light level by 
detecting the presence of the shadow of a user’s 
hand or finger. The comparator IC compares the 
voltage levels of the two photodiodes and 
triggers the solid state relay consisting of two 
MOSFETs (Metal Oxide Semiconductor Field 
Effect Transistors). Since the MOSFETs are voltage 
controlled current switches, they can be used to 
turn ON or OFF a large current in the appliance or 
device being controlled by the Light Proximity 
Switch. 

3D PRINTED CASE & PCB



 

 

    

 

  

  

   

   

  

  

  

   

 

 

 

  

 

    

 

 

  

 

 

 

 

 

 

Downscaling Methodology for Satellite Land Surface Temperatures over Urban Environments 
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ABSTRACT 

MOTIVATION 

The urban heat island (UHI) is a major environmental and public 

health issue in big cities. In order to study and better understand 

the phenomenon, high spatio-temporal land surface temperatures 

are required. However, there is no satellite that provides LST data 

with both high spatial and high temporal resolution. In this study, 

we use a linear regression model to downscale the Geostationary 

Operational Environmental Satellites – R series (GOES-R) LST 

data to the spatial resolution of Landsat observations (30 m) over 

New York City. The GOES-16 delivers land surface temperatures 

at a spatial resolution of 2 km but at a high frequency of every 5 

minutes. On the other hand, Landsat 8 Thermal Infrared Sensor 

(TIRS) delivers land surface temperatures at higher spatial 

resolution of 30 m but at a lower frequency of 16 days. The 

downscaled LST data has spatial resolution of 30 m with a 

frequency of every 5 min. The downscaled estimates showed a , 
reasonable agreement (-0.09 to 3.30 K) when they were validated 

against independent Landsat images. The results of this study 

could be applicable in any urban area in the world. 

• Available Satellite LST data are either a low spatial resolution 

and high temporal resolution or a high spatial resolution and low 

temporal resolution. 

• Urban areas have a complex heterogeneous surface texture that 

can be lost in coarse resolution. 
Figure 5. Distribution of Temperature Figure 2. Flowchart for Downscaling Process 

for GOES-R and Landsat Readings 

Figure 4. Measurement versus prediction scatter plot 

STUDY AREA 

RESULTS 

GOES-R Reading Landsat Reading 

Figure 1. Study Area 

METHODOLOGY 

• Dataset: daily land surface temperature over NYC from July 

2017 to July 2020 

• Obtain from Landsat 8 and GOES-R 

• Time: 11:30pm EST 

• Spatial resolution: 2 km to 30 m 

Downscaled GOES-R LST/Predicted Landsat LST Downscaling Errors 

Figure 3. Downscaling GOES-R: October 2017 

CONCLUSION AND NEXT STEPS: 

The differences between the Landsat LST measurements 

and predicted LSTs were between -0.09 to 3.30 K. 

The RMSE  is less than 1.7 K. 

60 – 80% of the variation are explained by the model. 

ECOSTRESS data and ground-based measurements 

from infrared cameras and drones will be used to 

validate the model. 
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