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	Objectives:

Ability to introduce controlled Nanoparticle distributions into an airflow has a number of useful applications in the field of bioengineering. Examples of this include the study of particle interactions within the respiratory system and pharmaceutical device development. The main objective for this project is to design and manufacture a system capable of producing an oscillating air flow which contains a dispersion of fluorescent Nanoparticles. This system can then be used to study particle motion in a variety of experiments within future projects.


	Deliverables:

1. Literature into breath profiles, flow control and particle transport.
2. Design of mechatronic system for controlled breath profile simulation.
3. Design of particle aerosolization system within the oscillating airflow.
4. Manufacture of system prototype.
5. System testing with demonstration of required profiles.

6. A report detailing the design and operation of the system.


	Proposed programme of work (not a detailed work plan)

1. Determine breathing function of human lung.

2. Calculate design parameters.

3. Develop air injection system.

4. Develop Nanoparticle injection system.

5. CAD design and assembly.

6. Build prototype.

7. Electrically connect timers/switches.

8. Test protype.

9. Critical report of design and operation.
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	Student
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Introduction

The proposal is based on the introduction of Nanoparticles to a closed air system. The need for a Nanoparticle Injector System (NIS) is beneficial to the study of viruses and carcinogens that effect people’s lungs. In theory, the NIS will mimic human breathing by pumping air and fluorescent Nanoparticles into replica lungs. Once a suitable system has been investigated, designed and implemented, the research of Nanoparticle dispersion can begin.
Initial Literature Review

The following literature will be used to research the NIS project, the study of lungs, Nanoparticle drug delivery and testing of pistons is relevant. These subjects of interest will be combined together to give an understanding, helping to generate ideas of how to design and build the NIS including material selection, whilst avoiding problems.
1. (Human respiratory system - The mechanics of breathing, 2021)

https://www.britannica.com/science/human-respiratory-system/The-mechanics-of-breathing [Accessed 19 February 2021].

2. (Characterization of Nanoparticles Intended for Drug Delivery, 2021)

https://link.springer.com/book/10.1007%2F978-1-60327-198-1
[Accessed 20 February 2021].
3. (Pistons and Engine Testing, 2021) https://ebookcentral.proquest.com/lib/lboro/reader.action?docID=1156852 

[Accessed 21 February 2021].

Aims and Objectives

The ability to introduce controlled Nanoparticle distributions into an airflow has a number of useful applications in the field of bioengineering. Examples of this include the study of particle interactions within the respiratory system and pharmaceutical device development. The main objective for this project is to design and manufacture a system capable of producing an oscillating air flow which contains a dispersion of fluorescent Nanoparticles. This system can then be used to study particle motion in a variety of experiments within future projects.

· Deliver the airflow at a controlled volumetric flow rate and frequency.

· Entrain Nanoparticles which are to be held in separate container into. 

the airflow with the facility to control particle number density.

· Ease of disassembly for cleaning purposes.

· Operate in a controlled highly repeatable manner.

· Ensure no Nanoparticles are released into the environment.

Piston and Crank Methodology

The crank will operate the piston stroke by means of an electrical 20 RPM motor with electronic timer. Gears or voltage control will regulate angular velocity of the crank. To mimic a human a lung, 6 litres of air is required to completely fill the lungs, the average breath is 1.5 seconds of breath in,1.5 seconds of breath out. The crank is to complete a single revolution in exactly 3 seconds. The average Tidal Volume (TV) per breath is 0.5 litres. Therefore, 12 piston strokes are required to deliver 6 litres of air over 36 seconds to which the timer will cut the motor out.
Injection of Air Methodology

Using a compressed air cannister with a regulator valve, an electrically operated pump will deliver 6 litres of air over 12 piston strokes. At each piston stroke air is moved forwards and backwards, however, at each stroke 0.5 litres of air is added pushing the air deeper into the lungs. Air will be directly injected into the pistons chamber via a containment pipe once the piston returns to bottom dead centre. The switching method is yet to be determined but could be either electronic, magnetic or mechanical. Piston housing and displacement parameters are determined by TV.
Injection of Nanoparticles Methodology

Nanoparticles will also be situated inside a second container with a regulator and delivered alongside the injection of air. Nanoparticles will flow through a containment pipe that is joint with the air pipe. Mixing air and Nanoparticles together at a required ratio is yet to be discussed with Dr Edward Long. Nanoparticles positioning is hard to control, Van der Waals forces (short range electrostatic forces) arise. Nanoparticles naturally attract each other forming clusters which is undesirable for lung intake. Nanoparticles also tend to stick to side walls of surfaces, a sonication technique may be utilised before the Nanoparticles leave their container to help prevent clustering.
Cleansing Process Methodology

Once the NIS has completed the required test/cycle the Nanoparticles and air will need to be removed from both the NIS and replica lungs for future use. This has to be done to stop contamination giving false results on future tests. A vacuum methodology will be utilised with the same working principle of the injection of air and Nanoparticles but in reverse. After the vacuum process is complete, all surfaces will be cleaned and therefore the device needs to be designed in such a way that components are easily removable. This method also allows degraded ingress protective components such as rubber seals to be easily replaced.
Deliverables
7. Literature into breath profiles, flow control and particle transport.

8. Design of mechatronic system for controlled breath profile simulation.

9. Design of particle aerosolization system within the oscillating airflow.

10. Manufacture of system prototype.

11. System testing with demonstration of required profiles.

12. A report detailing the design and operation of the system.

Outline Work Plan
1. Determine breathing function of human lung.

2. Calculate piston, crank and injection parameters.

3. Develop air injection system.

4. Develop Nanoparticle injection system.

5. CAD design and assembly.

6. Build prototype shielding components for safety.

7. Electrically/Mechanically connect wiring, timers, valves.

8. Test protype.

9. Critical report of design and safe operation.
Risk Assessment Electric Shock
Prevention methods includes the use of double insulating equipment/wiring, emergency stop button, correct fuses and appropriate containment. RCD protection and initial test of wiring, plus additional PAT test per year. As an electrician the above will be completed by me.
Risk Assessment Mechanical Moving Parts

Will be housed correctly to protect users. Rounding of sharp edges will be implemented at the design stage. The NIS is to be constructed for stability using correct design and material selection. Only competent/trained people using the correct PPE are permitted to use the NIS.
Risk Assessment Nanoparticle
Ensure Nanoparticles do not escape from the NIS which may cause harm to operators by using regulated containers/cannisters to safely store particle on delivery and return.
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