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Section 2 – Project Information
	Project Title

	Systems Biology of Airway Mucus Clearance: An Integrated Experimental and Computational Approach

	Project Summary
Phlegm lines our airways, traps dust and germs and is essential to keep our lungs healthy. Coughing creates airflow that pushes phlegm out. However, phlegm is a complex gel-like fluid that naturally changes its physical properties as we age. 

This project investigates the physics of how phlegm stretches, breaks apart, and moves through the airways, and how age-related changes influence how effectively it is cleared.

Aim: To create and test a computer simulation of phlegm clearance in healthy lungs, uncovering how age affects airway cleaning.

Objectives:

1.	Test how phlegm stretches and tears when hit with bursts of air mimicking a cough.

2.	Use this lab data to calibrate an advanced computer simulation technique called Smoothed Particle Hydrodynamics (SPH).

3.	Apply this simulation to airway models of different sizes to see how lung growth and phlegm changes interact.

Methodology: The team will combine laboratory tests with computer simulations:

•	Lab Testing: Synthetic phlegm matched to different life stages will be placed inside models of airways of varying sizes. Using high-speed cameras and laser sheets, researchers will record exactly how phlegm deforms, tears, and shifts under cough-like air pulses.

•	Computer Simulations: Traditional models often oversimplify phlegm as a plain, uniform liquid. In contrast, the SPH approach models its true sticky, stretchy nature alongside real air currents. Running these simulations across different age profiles will reveal how physical lung dimensions and phlegm consistency combine to alter clearance efficiency.

Impact: This study will provide a clear, physics-based explanation of a vital respiratory function. It will also deliver a validated simulation tool that researchers can use in the future to analyse other complex bodily fluids. The project is led by specialists in respiratory health, airway physiology, and biomedical engineering.

	Techniques that will be undertaken during the project
• Analysis of airway and mucus biophysical data
• Computational and mathematical modelling
• Computational Fluid Dynamics with Smoothed-particle hydrodynamics (SPH)
• Numerical simulation of mucus transport
• Optical measurement and flow-visualisation techniques
• High-speed imaging and image processing
• Model parameterisation, calibration and validation
• Sensitivity and uncertainty analysis
• Scientific programming and data visualisation
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