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The aim of this paper was to study the thermophoresis effect on the deposition of nano-particles from 
diesel engine exhaust after the dilution tunnel using a computational modeling approach. Dilution tunnel 
was used in order to dilute the exhaust gas to the extent that it was suitable for the measurement 
systems. The Lagrangian particle tracking method was used to model the dispersion and deposition of 
nano-particles. For the range of studied particle diameters (from 5 to 500 nm), the Brownian, 
thermophoresis, gravity and Saffman Lift forces are considered. After verifying the code, the 
importance of different forces was evaluated.  Due to the temperature gradient between the exhaust gas 
and the pipe walls, particular attention was given to include the thermophoresis force in addition to the 
other forces acting on nano-particles.  The results showed that for the range of nano-particle diameters 
studied, the Brownian force was the dominant force for particle deposition. Furthermore, the 
thermophoresis force was important even for relatively low temperature gradient and cannot be ignored,  
especially for larger particles. The maximum thermophoresis effect occurred for 100 nm particles. The 
gravity had negligible effects on nano-particle deposition and can be ignored  for particles with diameter 
less than 500 nm. The Saffman lift also had negligible effects and its effect was noticeable only for the 
deposition of 500 nm particles. The results of this paper could provide an understanding of two-phase 
flow emission from diesel engines, especially after the dilution tunnel. 
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Fig. 1 A schematic of studied geometry in this paper 
1    

 
 

  
 

Fig. 2 A view of computational mesh at the a) pipe cross 
section b) pipe length 
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1 10   
Table 1 Mesh independency analysis for 10 nm particles 

      (%)  
1  780615 1.88  
2  2013165  1.97  
3  3812405  1.98 

  

 

Fig.  3 Particle deposition efficiency for different particle 
diameters for the fully developed pipe flow in compare 
with the Ingham equation 
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Fig. 4 A schematic design of particle deposition measurement 
after the dilution tunnel 

4   
   

  . 
  

613.0 ) 5.6  15 
  (30   

  
  .  

 

15   .
   

  
5 

 ( )   . 
  

  .
 

  
2.23     .
3.18    .

   
 . 

  
  

  
  

Fig. 5 The profiles of a) velocity and b) Temperature at three 
different line cross section of the pipe 
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Fig.  6 Particle deposition efficiency by considering the 
Brownian force alone and all applied forces for different 
particle diameters 
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Table  2 Particle deposition efficiency for different particle 
diameters by considering various applied forces 

 / 
  500   300  200  100 40  20 10  5 

Br 0.0198  0.031  0.0462  0.0997  0.3072  0.7788  1.9935 4.6168  

Br+Th 0.27790.2969  0.3066 0.3302 0.4968  0.9574  2.1195  4.8799 

Br+Th+Gr 0.2940  0.2995 0.3069  0.3302 - - - - 

Br+Th+Gr+Li 0.2944  0.2995  - - - - - - 
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Fig.  7 Temperature profiles at three different line cross 
section of the pipe with the maximum temperature of 18.3 C 
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3.18    

  
Fig.  8 Particle deposition efficiency by considering the 
Brownian force alone and all applied forces for different 
particle diameters for the maximum inlet temperature of 
18.3C 
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Fig.  9 Particle deposition efficiency by considering all 
applied forces for different particle diameters for different 
maximum inlet temperature of 18.3 C and 23.2 C  

9   
3.18 2.23     

 .   

   

6 -  
  

 
 

7 -  
[1] P. Talebizadeh, M. Babaie, R. Brown, H. Rahimzadeh, Z. 

Ristovski, M. Arai, The role of non-thermal plasma technique in 
NOx treatment: a review, Renewable and Sustainable Energy 
Reviews, Vol. 40, No. 10, pp. 886-901, 2014. 

[2] J. C. Guibet, E. Faure-Birchem, Fuels and Engines: Technology, 
Energy and Environment, pp. 160-170, Michigan: Editions 
Technip, 1999. 

[3] B. A. A. L. van Setten, M. Makkee, J. A. Moulijn, Science and 
technology of catalytic diesel particulate filters, Catalysis Reviews, 
Vol. 43, No. 4, pp. 489-564, 2001. 

[4] J .W. Thomas, Particle loss in sampling conduits,  Proceedings of a 
Symposium on Instruments and Techniques for the Assessment of 
Airborne Radioactivity in Nuclear Operations,Vienna, Austria, 
July 3-7, 1967. 

[5] D. B. Ingham, Diffusion of aerosols from a stream flowing through 
a cylindrical tube, Journal of Aerosol Science, Vol. 6, No. 2, pp. 
125-132, 1975. 

[6] D. B. Ingham, Simultaneous diffusion and sedimentation of aerosol 
particles in rectangular tubes, Journal of Aerosol Science, Vol.  7,  
No. 5, pp. 373-380, 1976. 

[7] D. B. Ingham, Diffusion of aerosols in the entrance region of a 
smooth cylindrical pipe, Journal of Aerosol Science, Vol. 22, No. 
3, pp. 253-257, 1991. 

[8] H. C. Yeh, G. M. Schum, Models of human lung airways and their 
application to inhaled particle deposition, Bull Math Biol, Vol. 42, 
No. 3, pp. 461-480, 1980. 

[9] B. S. Cohen ,B. Asgharian, Deposition of ultrafine particles in the 
upper airways: An empirical analysis, Journal of Aerosol Science, 
Vol. 21, No. 6, pp. 789-797, 1990. 

[10] A. Li, G. Ahmadi, Dispersion and deposition of spherical particles 
from point sources in a turbulent channel flow, Aerosol Science 
Technology, Vol. 16, No. 4, pp. 209-226, 1992. 

[11] A. Li, G. Ahmadi, Computer simulation of deposition of aerosols 
in a turbulent channel flow with rough wall, Aerosol Science 
Technology, Vol. 18, No. 1, pp. 11-24, 1993. 

[12] H .Ounis, G. Ahmadi, J. B. McLaughlin, Brownian particles 
deposition in a directly simulated turbulent channel flow, Physics 
of Fluids A, Vol. 5, No. 6, pp. 1427-1432, 1993. 

[13] P. Zamankhan, G. Ahmadi, Z. Wang, P. K. Hopke, Y.-S. Cheng, 
W. C. Su, D. Leonard, Airflow and deposition of nano-particles in 
a human nasal cavity, Aerosol Science and Technology, Vol. 40, 
No. 6, pp. 463-476, 2006. 

[14] T. Martonen, Z. Zhang, Y. Yang, Particle diffusion with entrance 
effects in a smooth-walled cylinder, Journal of Aerosol Science, 
Vol. 27, No. 1, pp. 139-150, 1996. 

[15] K. Inthavong, K. Zhang, J. Tu, Modeling submicron and micron 
particle deposition in a human nasal cavity, Proceedings of the 7th 
International Conference on CFD in the Minerals and Process 
Industries, Melbourne, Australia, December 9-11, 2009. 

[16] P. W. Longest, S. Vinchurkar, Effects of mesh style and grid 
convergence on particle deposition in bifurcating airway models 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

4-
03

 ]
 

                               7 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.3.2
https://mme.modares.ac.ir/article-15-792-fa.html


    

       

  

390  1395164  

with comparisons to experimental Data, Medical Engineering & 
Physics, Vol. 29, No. 3, pp. 350-366, 2007. 

[17] H. Shi, C. Kleinstreuer, Z. Zhang, C. S. Kim, Nanoparticle 
transport and deposition in bifurcating tubes with different inlet 
conditions, Physics of Fluids, Vol. 16, No. 7, pp. 2199-2213, 2004. 

[18] Z. Zhang, C. Kleinstreuer, C. Kim, Airflow and nanoparticle 
deposition in a 16-generation tracheobronchial airway model, 
Annals of Biomedical Engineering, Vol. 36, No. 12, pp. 2095-2110, 
2008. 

[19] A. Guha, Transport and deposition of particles in turbulent and 
laminar flow, Annual Review of Fluid Mechanics, Vol. 40, No. 1, 
pp. 311-341, 2008. 

[20] Q. Ge, K. Inthavong, J. Tu, Local deposition fractions of ultrafine 
particles in a human nasal-sinus cavity CFD model, Inhalation 
Toxicology, Vol. 24, No. 8, pp. 492-505, 2012. 

[21] M. Yousefi, K. Inthavong, J. Tu, Microparticle transport and 
deposition in the human oral airway: toward the smart spacer, 
Aerosol Science and Technology, Vol. 49, No. 11, pp. 1109-1120, 
2015. 

[22] Y. Shang, J. Dong, K. Inthavong, J. Tu, Comparative numerical 
modeling of inhaled micron-sized particle deposition in human and 
rat nasal cavities, Inhalation Toxicology, Vol. 27, No. 13, pp. 694-
705, 2015. 

[23]  L.  Talbot,  R.  K.  Cheng,  R.  W.  Schefer,  D.  R.  Willis,  
Thermophoresis of particles in a heated boundary layer, Journal of 
Fluid Mechanics, Vol. 101, No. 4, pp. 737-758, 1980. 

[24] C. He, G. Ahmadi, Particle deposition with thermophoresis in 
laminar and turbulent duct flows, Aerosol science and technology, 
Vol. 29, No. 6, pp. 525-546, 1998. 

[25] J. S. Lin, C.-J. Tsai, Thermophoretic deposition efficiency in a 
cylindrical tube taking into account developing flow at the entrance 
region, Journal of Aerosol Science, Vol. 34, No. 5, pp. 569-583, 
2003. 

[26] C. J. Tsai, J.-S. Lin, S. G. Aggarwal, D.-R. Chen, Thermophoretic 
deposition of particles in laminar and turbulent tube flows, Aerosol 
Science and Technology, Vol. 38, No. 2, pp. 131-139, 2004. 

[27] I. Zahmatkesh, On the importance of thermophoresis and 
Brownian diffusion for the deposition of micro and nanoparticles, 
International Communications in Heat and Mass Transfer, Vol. 35, 
No. 3, pp. 369-375, 2008. 

[28] A. Guha, S. Samanta, Effect of thermophoresis and its 
mathematical models on the transport and deposition of aerosol 
particles in natural convective flow on vertical and horizontal 
plates, Journal of Aerosol Science, Vol. 77, No. 7, pp. 85-101, 
2014. 

[29] W. C. Hinds, Aerosol Technology: Properties, Behavior, and 
Measurement of Airborne Particles, pp. 100-400, Michigan: Wiley, 
2012. 

[30] C. He, G. Ahmadi, Particle deposition in a nearly developed 
turbulent duct flow with electrophoresis, Journal of Aerosol 
Science, Vol. 30, No. 6, pp. 739-758, 1999. 

[31]  R.  C.  Flagan,  J.  H.  Seinfeld,  Fundamentals of Air Pollution 
Engineering, pp. 215-240, Massachusetts: Courier Corporation, 
2012. 

[32] P. W. Longest, J. Xi, Computational investigation of particle 
inertia effects on submicron aerosol deposition in the respiratory 
tract, Journal of Aerosol Science, Vol. 38, No. 1, pp. 111-130, 
2007. 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
3.

2 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

25
-0

4-
03

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               8 / 8

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.3.2
https://mme.modares.ac.ir/article-15-792-fa.html
http://www.tcpdf.org

