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Introduction

Significant deposition (> 20%) of mainstream cigarette

smoke has been measured in the mouth [1]. However,

current mathematical models underestimate cigarette

smoke deposition in oral airways.

The goal of this study was to investigate various

deposition mechanisms of inhaled cigarette smoke in an

oral airway model.

Approach

CFD Model

• A 3D computational fluid dynamics (CFD) model of

the mouth-throat region was developed from CT

scans (Fig. 1)

• Steady-state airflow was simulated for low-flow

puffing scenarios (1.05 and 2.5 L/min) (Fig. 2) [2]

• Transport and deposition of inhaled 0.1 – 0.5 µm

particles was simulated

• Lagrangian particle tracking was used to simulate

deposition by inertial impaction, sedimentation,

and diffusion

• All CFD analyses were conducted using Fluent

v14.0 (ANSYS, Inc.)

Cigarette Smoke Deposition

• Cigarette smoke particles were composed of 40%

soluble/60% insoluble material [3]

• The energy equation was solved with a cigarette

filter tip temperature of 40 oC and airway wall

temperature of 32.5 oC (Fig. 3)

• Particle growth due to water vapor uptake was

solved with cigarette smoke at 99% RH and airway

walls at 99.5% RH

• Particle size change was modeled due to

coagulation and condensation of water vapor [4]

• Thermophoretic effects were also considered

Results

• Deposition of inert 0.1 – 0.5 µm particles was <

10% (Fig. 4)

• At a concentration of 109 particles/ml, particles

increased in size by ~50% due to coagulation (Fig.

5)

• Particles increased in size by ~1.5-fold due to

hygroscopic growth (Fig. 6)

• At a smoke temperature of 40 oC, thermophoretic

effects were negligible

• Deposition of 0.1 – 0.5 µm cigarette smoke

particles was still < 10%
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Conclusions

Inclusion of the deposition mechanisms of coagulation, hygroscopicity, and

thermophoresis did not explain the elevated deposition of cigarette smoke

particles in the oral cavity. Future work will involve more realistic puffing and

inhalation scenarios (e.g., transient airflow, expanding oral cavity).
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Figure 1: Oral airway CFD model with cigarette-sized 

inlet regional anatomical information.

Figure 2: Airflow contours in the oral airway CFD 

model at an inhalation flow rate of 1.05 L/min.

Figure 3: Heat contour plot in the oral airway CFD 

model. 

Figure 4: Regional deposition of inert particles in the 

oral airway model. 

Figure 6: Simulations of particle growth due to 

hygroscopicity. 

Figure 5: Effects of coagulation on particle size 

growth. 


