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Numerical Analysis on Particle Deposition Phenomena in Rectangular Duct Flow
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In high thermal gradient environment, nano particles often adhere on wall surfaces of fluid machinery due to

thermophoresis effects, which results in energy loss. In this study, we performed numerical simulations of a rectangular

duct flow with a flat plate to investigate nano-particle motion and its deposition phenomenon. The results show that

the thermophoresis dominates nano-particle motion and the deposition layer forms around the flat plate on the low

temperature wall of the duct. Due to the adiabatic deposition layer, however, the thermophoresis effect decreases.
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Table. 1-1 Physical quantity
Cc  Cunningham factor u Velocity [m/s] p Density [kg/ms]
Cih - Thermophoresis coefficient x Thermal conductivity [W/(m*K)]
d  Diameter [m] u Viscosity [Pa*s] f: sziticle
T Temperature [K] v Kinematic viscosity [m7s)
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Flat plate

Fig2-1 Inside rectangular duct.
Table 2-1 Calculation Condition

Gas(Air)
Reynolds number?% 1700
Inflow Velocity [m/s] 30.0
Inflow temperature [°C] 300
Wall surface temperature[°C] 100
Outflow pressure [kPa] 98
Thermal conductivity [W/(mK)] 0.02

Solid (Soot)
Stokes number?% 0.002
Soot concentration[mg/m?] 100
Particle density [g/cm?] 2.26
Deposition layer density [g/cm?) 0.20
Particle diameter [nm] 200
Thermal conductivity [W/(mK)] 0.01
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Fig. 3-1 Streamline in the duct flow without particle deposition. The
streamline is colored by the local velocity magnitude || normalized by inlet
velocity u;.
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Fig. 3-2 Distribution of static temperature 7"at channel center

(0/W=0.3, t=0 [sec.]) without particle deposition. The temperature is

normalized by wall temperature 7.
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Fig. 3-3 Distribution of deposition thickness, #, on the bottom wall of the
rectangular duct (top view); (a) £ =30 [sec.], (b) t= 100 [sec.].
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X Fig. 3-4 Distribution of static temperature 7'

0/W=0.3, t=290 [sec.]). The temperature is normalized by wall
temperature 7.
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