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Research on the deposition efficiency of nanoparticles in human airways

ZHANG Kai, YU Ming-zhou, LIN Jian-zhong

(College of Metrological and Measurement Engineering, China Jiliang University, Hangzhou 310018, China)

Abstract; The Eulerian and Lagrangian methods were used to numerical simulate the transport and deposition
of nanoparticles in human airways. The finite volume method and the k4w turbulence model were used to get
the flow field, and then the one-way coupling Lagrangian method was used to track the trajectory of nanoparticles
with stokes and the Brownian and thermophoretic forces considered. It was found that deposition in the
tracheobronchial (TB) airway was high, up to 50 % for very small nanoparticles (1 nm). The range in the deposition
dropped was from 20% to 14% when particle diameter was between 5~ 10 nm. However, from 10 nm to 50 nm
there was only a small change in the deposition efficiency of 13%. These results are helpful in developping the

medicine and equipment for the treatment of diseases of human airways.
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Figure 1 Reconstructed geometries of (a)90° bend pipe;

(b)human airway
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Table 1  Dimensions and details of the two geometries

considered
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Near wall interpolation scheme applied

Figure 2

to all wall adjacent cells
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Figure 3 Deposition efficiency validation of the User

Defined Function-BM model in 90° bend pipe
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Figure 4 Deposition efficiency of 1~150 nm particles
in a human upper lung airway at a steady

inhalation rate of 10 L/min
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Table 2 Particle flow distribution, total and local deposi-

tion comparisons in the TB airway
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Figure 5

Regional deposition patterns of 1 nm particles
under a flow rate of 10 L./min in a human up-

per lung airway

3 & iE

AR SCHAE AU T 40 K ORLAE N 2R 1Y S
TR TR T A BRAR B LU K ko i 3 455 284
SR AU Bl L 38 ok ORI 3 O B E SR T K
3l 3 UL KA W 0 256 AR TR (8 40 K JB0RL 1) 12 2
B WF5E S B4 oK JOURE 1 T Ik 23 Bl A5 A A8 7 4
T ARG s AR H /NG KRE (A~ 1 nm) 7 324 0L
FUEH &, rT LLKE] 50 %6 k148 5~10 nm 94

KR IR 14 % ~20% s ki 42 10~50 nm
TE) A 20 K R A TRt £ A8 fR IR /N, AT 13 %
it BRI XS TR S K 2 A R
R EBAL B TR — € A B s 1 nm R 7E LR
P DT 2R IA B 50 Y0 . 1 B AR B /N 5 R A fiE
TEW I8 rh R A7 KR B s A BRI 94 oK
LA B T — 2L 25 W 1 .

(2 % x W]

[1] GUPTA A K, GUPTA M. Synthesis and surface engineer-
ing of iron oxide nanoparticles forbiomedical applications
[J]. Biomaterials, 2005,26(18):3995.

[2] MCCARTHY J R, KELLY K A, SUNE Y, et al. Targe-
ted delivery of multifunctional magnetic nanoparticles[ J].
Nanomed, 2007,2(2) :153-67.

[3] OBERDORSTER G, OBERDORSTER E, OBERDORSTER J.
Nanotoxicology: An emerging discipline evolving from stud-
ies of ultrafine particles[]J]. Environmental health perspec-
tives, 2005,113(7) .823-839.

[4] YU G, ZHANG Z, LESSMAN R. Fluid flow and particle
deposition in the human upper respiratory system [ ]J].
Aerosol Sci Technol, 1998,28.:146-158.

[5] ZHANG Z,KLEINSTREUER C. DONOHUE ] F, et al.
Comparison of micro-and nano-size particle depositions in a
human upper airway model[ J]. J Aerosol Science, 2005,
36:211-233.

[6] HOFMANN W, GOLSER R, BALASHAZY 1. Inspirato-
ry deposition efficiency of ultrafine particles in a human air-
way bifurcation model[ J]. Aerosol Sci Technol, 2003, 37
(12):988-994.

[7] ZAMANKHAN P, AHMADI G, WANG Z, et al. Airflow
and deposition of nanoparticles in a human nasal cavity[]].
Aecrosol Sci Technol, 2006,40:463-476.

[8] WANG J. RICHARD C F, JOHN H S. Diffusional losses
in particle sampling systems containing bends and elbows
[J]. Journal of Aerosol Science, 2002,33(6) :843-857.

[9] OUNIS H, AHMADI G, MCLAUGHLIN ] B. Brownian dif-
fusion of submicrometer particles in the viscous sublayer[ J]. ]
Colloid and Interface Science, 1991,143(1):266-277.

[10] SAFFMAN P G. The lift on a small sphere in a slow shear

flow[J]. J Fluid Mech, 1965.22;385-400.
[11] TALBOT L., CHENG R K, SCHEFER R W, et al.
Thermophoresis of particles in a heated boundary layer
[J]. J Fluid Mech, 1980,101(4) :737-758.

[12] WORTH L P, XI J X. Computational investigation of
particle inertia effects on submicron aerosol deposition in
the respiratory tract [ J]. Journal of Aerosol Science,

2007,38(1):111-130.



