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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 
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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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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  
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