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Project Description

● The client is Dr. Dou of the NAU Mechanical Engineering Department.

● The goal is to create an array of high powered LEDs that cover the spectrum of visible 
light to aid in flow visualization.

● The project is meant to aid our client in setting up his laboratory. 

Figure 1: Dr. Dou
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Background
● Light source for use in flow cytometry. 

● LEDs represent a cost effective alternative to lasers

● A spectrum of color helps with analysis of different fluids 
and particles
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Figure 2: LED Lens Figure 3: LED Chip Figure 4: Combined LED



Benchmarking
● Examples of LED arrays already exist on the market, however they lack 

the ability to have multiple wavelengths of light.

● Single LED emitters are also used for cytometry to create a single plane 
of light.

● Traditionally lasers are used, however their cost is prohibitive.
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Figure 5: Blue LED Array

Figure 6: Single LED Emitter
Figure 7: Lasers



Literature Review (Gavynn Breed)
1. J. Menser, F. Schneider, T. Dreier, and S. A. Kaiser, “Multi-pulse 

SHADOWGRAPHIC rgb illumination and detection for flow 
tracking,”[1]

● This article has many explanations about LED usage with flow, 
including the size of the LED’s for collating particles.

2. B. Stasicki, A. Schröder, F. Boden, and K. Ludwikowski, 
“High-power led light sources for optical measurement systems 
operated in continuous and overdriven pulsed modes,” [2]

● This second article describes high power LEDs and the amount of 
power can be driven to them without causing damage to the 
system

3. D. Carreres-Prieto, J. T. García, F. Cerdán-Cartagena, and J. 
Suardiaz-Muro, “Performing calibration of Transmittance by single 
RGB-LED within the visible spectrum,” [3]

● This article also describes many different aspects of LEDs such as 
operating power and lengths that the light is visible at.
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Figure 8: Wavelength Vs. Visibility



Literature Review (Ryan Schuster)

“Electric Circuits” by Nelson, Riedel.[4]

● Textbook on electrical circuits to help understanding with 
their design

“Pulsed operation of high-power light emitting diodes for imaging 
flow velocimetry”  by willert et al. [5]

“Characterization and Evaluation of PIV Illumination System Using 
High Power Light Emitting Diodes for Water Tank Applications” by 
Chuin et al. [6]

● Example circuits
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Figure 9: hpLED circuit [5]



Literature Review (Yixiang Zhang)

‘’What is Transistor Transistor Logic (TTL) & Its Working’’[7]

● the transistor performs two functions like logic as well as amplifying

‘’TTL (Transistor-Transistor Logic) Applications, Advantages’’[8]

● Used for switch(ON/OFF)
● Used for trigger delay 
● Used for energy control

‘’Designing with TTL Integrated Circuits’’[9]

● Example circuit
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Figure 10: TTL Chip

Figure 11: TTL circuit example [9]



Literature Review (Hengling Zhu) 
“Thermal Analysis of LED Arrays for Automotive Headlamp With a Novel Cooling System” [10]

“A Microjet Array Cooling System for Thermal Management of High-Brightness LEDs” [11]

“Structural optimization of a microjet based cooling system for high power LEDs” [12]
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Customer and Engineering 
Requirements

● Most of the Engineering Requirements were given by our client, Dr Dou.

● Customer Requirements were derived from these requirements.

● Temperature, and lifespan are a result of adding a focus on reliability and 
durability.
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Requirements



Customer Requirement (QFD) 
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Figure 14: House of Quality



Schedule
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Schedule
Phase 1: Phase 2:
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Figure 16: Gantt Chart Phase 1 Figure 17: Gantt Chart Phase 2



Schedule
Phase 3: Phase 4:
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Figure 18: Gantt Chart Phase 3 Figure 19: Gantt Chart Phase 4



Budget
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Figure 20: Budget Pie Chart
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