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Abstract 
 
A numerical study on soot deposition in ethylene diffusion flames has been conducted to elucidate the effect of 

thermophoresis on soot particles under a microgravity environment. Time-dependent reactive-flow Navier-Stokes equ-
ations coupled with the modeling of soot formation have been solved. The model was validated by comparing the si-
mulation results with the previous experimental data for a laminar diffusion flame of ethylene (C2H4) with enriched 
oxygen (35% O2 + 65% N2) along a solid wall. In particular, the effect of surrounding air velocity as a major calcula-
tion parameter has been investigated. Especially, the soot deposition length defined as the transverse travel distance to 
the wall in the streamwise direction is introduced as a parameter to evaluate the soot deposition tendency on the wall. 
The calculation result exhibits that there existed an optimal air velocity for the early deposition of soot on the surface, 
which was in good agreement with the previous experimental results. The reason has been attributed to the balance 
between the effects of the thermophoretic force and convective motion. 
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1. Introduction 

Soot particles generated in flames play an impor-
tant role as a heat radiating medium which can be 
desirable soot radiation in improving thermal effi-
ciency in large-scale boilers of furnaces, while soot is 
a common air pollutant and soot deposition on heat 
exchangers may cause significant deterioration of 
thermal efficiency [1]. Therefore, the effective control 
of soot deposition and formation processes is an in-
teresting subject in combustion fields. The character-
istics of the soot deposition process form one of the 
key subjects in preheated air combustion for industrial 
application. However, information available on these 

processes is rather limited.  
A common example of soot deposition is the black-

ening of the glass globe of a kerosene lantern; the 
temperature gradient established between the flame 
and the globe drives the carbon particles produced in 
the combustion process towards the globe, where they 
deposit. For particle adhesion to a wall with a tem-
perature gradient, it is known that the thermophoretic 
effect is a dominating factor [2]. Deposition by ther-
mophoresis is of considerable practical importance in 
many industrial applications when hot gases contain-
ing small suspended particles flow over cold surfaces 
[3, 4].  

Previous studies on thermophoretic effect induced 
by temperature gradient have focused on the thermo-
phoretic effect on aerosols or tracer particles in gases 
or liquids [5-10]. Adomeit et al. [6] performed ex-
periments and numerical simulations on the deposi-
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tion of small particles from turbulent liquid flow and 
indicated that thermophoresis enhances the particle 
deposition on cold surfaces. Kang et al. [8, 9] con-
ducted numerical calculation on the thermophoretic 
particle deposition in the outside vapor deposition 
(OVD) process. Choi et al. [10] performed a study on 
particle deposition considering thermophoresis during 
the OVD process and indicated that as the flow rate of 
carrier gas increased, the efficiency decreased due to 
the increase in surface temperature, while the deposi-
tion rate increased. Although these studies elucidate 
the importance of thermophoretic effect, the thermo-
phoretic effect acting on soot particles in flames could 
behave differently because of particle morphology 
and chemical components of particles. Considering 
the thermophoretic effect acting on soot particles, 
Rosner et al. [11] conducted theoretical research and 
indicated that the thermophoresis effect on soot parti-
cles was insensitive to sizes and morphologies of 
aggregates. However, the studies on the thermophore-
sis effect on soot generated in actual flames are very 
limited, because they are strongly influenced by natu-
ral convection such that the identification of the ther-
mophoretic effect on soot is rather difficult. 

Recently, several experiments have been performed 
under a microgravity condition to obtain data on the 
behavior of soot particles in the field with tempera-
ture gradient [12-14]. Choi et al. [15-17] have carried 
out the in-situ observations of soot particle deposition 
process in laminar diffusion flames in microgravity 
condition. In particular, an experimental study to in-
vestigate the effect of thermophoresis on soot parti-
cles in laminar flames with various surrounding air 
velocities has been performed [17]. The results 
showed that there existed an optimal air velocity for 
the enhanced deposition of soot on the surface. 

To clarify the effect of thermophoresis and exis-
tence of an optimal air velocity on soot deposition in 
laminar flames for various surrounding air velocities, 
the present study analyzed numerically the soot be-
havior in laminar diffusion flames along a solid wall. 
Through the simulation, the importance of the ther-
mophoretic effect can be identified and the reason for 
the optimal velocity for soot deposition can be suc-
cessfully explained. In addition, the soot deposition 
length defined as the transverse travel distance to the 
wall in the streamwise direction is introduced as a 
parameter to evaluate the soot deposition tendency on 
the wall. 
 

2. Numerical simulation 

2.1 Governing equations 

The numerical simulation solved the two-dimen-
sional, time-dependent, and reactive-flow governing 
equations of the continuity, momentum, species, and 
energy [18] in axisymmetric coordinates (x, z). The 
gravitational term is excluded in the momentum equa-
tion. The governing equations include terms for con-
vection, thermal conduction, molecular diffusion, 
viscosity, chemical reaction and radiation transport. 
The energy equation includes radiative effects from 
soot, CO2, and H2O [19-21]. The radiation transport 
model adopts the optically thin assumption of  

 
4 4

r overallq 4a (T T )σ ∞−∇ ⋅ = −  (1) 
 
where qr is heat radiative flux, σ is the Stefan-
Boltzmann constant, and aoverall is the overall Planck 
mean absorption coefficient.  

The absorption coefficient for soot is based on the 
experiment data of Kent and Honnery [19] and the 
absorption coefficient for the mixture of CO2 and 
H2O is from the experiment and theoretical work of 
Magnussen and Hjertager [20]. The overall absorp-
tion coefficient for each cell for the sum of soot and 
the mixture of CO2 and H2O was calculated [21]. 

In the experimental results [17], the soot between 
flame and wall becomes concentrated at a specific 
transverse position as z increases. To demonstrate the 
phenomenon, in this study, the soot number density 
and the soot volume fraction were calculated. The 
following soot conservation equations were proposed 
by Moss et al. [22] based on their experimental results 
in ethylene-air nonpremixed flames and included 
source terms for soot nucleation, surface growth, 
coagulation, and oxidation: 

 
Soot number density 

( )
it ,x n

n n (v n)
t

ω∂ +∇ ⋅ = −∇ ⋅ +
∂

u   (2) 

 
Soot volume fraction  
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i v

v
v t ,x v f

f f (v f )
t

ω∂ + ∇ ⋅ = −∇ ⋅ +
∂
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where n is the soot number density, fv is the soot vol-
ume fraction and vt, xi is the thermophoretic velocity of 
soot. Here, ωn and ωfv indicate the source terms in 
soot number density, n, and soot volume fraction, fv, 
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respectively.  
These soot conservation equations also include 

terms for convection and thermophoresis. The ther-
mophoretic velocity was adopted from the Waldmann 
formula [23], defined as 

 

it ,x i

Tv 0.54 x x,z
T

µ
ρ

∇= − ⋅ ⋅ =   (4)  

 
where ρ is the density, µ is the dynamic viscosity, 

T∇  is the temperature gradient, and T is the tem-
perature. The effect of thermophoresis has been con-
sidered in both x and z directions. 

The source terms of ωn and ωfv , in Eqs. 2 and 3 in-
clude terms for soot nucleation, surface growth, co-
agulation, and oxidation [21]: 

 
T / T2 1/ 2 1/ 2 2

n o fuel
o

C
C N T X e T n

N
α β

αω ρ −= −   (5) 

v

T /T2 1/ 2
f fuel

soot

1/3 1/3 2/3
T / T1/ 2 ox v

fuel
soot soot

C C T X e

C (36 ) W n fT X e n

α

γ

δ
α

γ

ω ρ
ρ

πρ
ρ ρ

−

−

= +

−
 (6) 

 
where the soot particle density ρsoot is assumed to be 
1.8 g/cm3, No is Avogadro’s number, Wox is the 
Nagle-Strickland-Constable oxidation rate [24] by O2 , 
Tα  and Tγ  are the activation temperatures, X fuel is 
the mole fraction of a fuel and , , ,Cα β γ δ are prescribed 
numerical constants. And ρ and T are the local mix-
ture density and temperature, respectively. The terms 
on the RHS of Eq. (5) correspond to the nucleation 
and coagulation, while the terms on the RHS of Eq. 
(6) represent the nucleation, surface growth, and oxi-
dation. The values of , , ,Cα β γ δ and the activation tem-
peratures Tα  and Tγ  are from Refs. [21, 22] as 

8 3 2 1/ 2C 1.7 10 cm /(g K s)α = × , 15 3 1/ 2C 1 10 cm /(K s)β = × , 
11 3 1/ 2C 4.2 10 cm /(K s)γ
−= × , 3C 144 10 gδ = × , 

3T 46.1 10 Kα = × , and 3T 12.6 10 Kγ = × . 
 
2.2 Numerical method 

The calculations were based on a direct numerical 
simulation (DNS) code with a low Mach number 
approximation [25], so that the zero-order pressure 
term was constant over the computational domain and 
the first-order term was governed by the Poisson equ-
ation. A finite difference procedure on a staggered 
grid was adopted by using a second-order central 

difference scheme. The second-order predictor-
corrector scheme used was a time integration algo-
rithm [26]. A uniform grid system was applied. The 
Poisson equation could not be solved directly with the 
spectral method; instead, the multigrid method was 
used in the axial direction as a fast iterative method. 
In the radial direction, the Poisson solver adapted the 
tridiagonal matrix solver (TDMA). A simple one-step 
chemistry model was adopted by considering vari-
ables of the heat of reaction and the activation tem-
perature for laminar ethylene nonpremixed flame [27]. 
The one step model may limit detailed explanations 
of the flame structure; however, the hydrodynamic 
and thermal fields can be reasonably well described. 
Thermodynamic and transport properties were evalu-
ated with CHEMKIN-Ⅲ [28] and the Transport 
Package [29]. 

As shown in Fig. 1, an axisymmetric cylindrical 
rod-burner was used in the experiment. The detailed 
explanation was described previously [15-17]. In the 
present calculation, an axisymmetric coordinate sys- 
tem was adopted to compare the experiment with the 
calculation. Fig. 2 shows the schematic of the compu- 
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Fig. 1. Schematic of experiment and calculation model. 
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Fig. 2. Schematic of computational domain. 
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tational domain. In the radial and axial directions, the 
computational domain was 150(x)× 40 mm(z) mm 
with 512 ×128 meshes having the mesh sizes of 0.29 
and 0.31 mm, respectively. The time step was 5µs and 
the thermodynamic pressure was assumed to be con-
stant. To match the experimental conditions [17], the 
fuel velocity with 0.8 cm/s was ejected in the region 
of z = 14 - 34 mm and the profile of the fuel exit ve-
locity was modeled as a uniform flow. The air veloci-
ties were 2.5, 5, and 10 cm/s, and a uniform velocity 
profile was assumed for the inlet condition. The wall 
temperature of the burner from z = 34 mm was set at 
300 K. At the outlet, all scalar variables and velocity 
vectors were evaluated from the convective boundary 
conditions [25]. At the wall, zero fluxes of the scalar 
variables and normal velocities were applied. 
 

3. Results and discussion 

The soot deposition process in laminar diffusion 
flame along a solid wall under a microgravity condi-
tion simulated in this study has been previously inves-
tigated experimentally [17]. An ethylene (C2H4) dif-
fusion flame was formed around a cylindrical rod-
burner with the air velocities of Va = 2.5, 5, and 10 
cm/s. The experimental result showed that the region 
of the soot particle distribution moved closer to the 
burner wall as the surrounding air velocity increased. 
Because of the simultaneous effects of convection 
and the thermophoresis, soot particles finally adhered 
to the burner wall. Moreover, the soot locus for Va = 5 
cm/s was shorter than that of Va = 2.5 and 10 cm/s. It 
implied that there existed an optimal air velocity for 
the early deposition of soot on the surface due to vari-
ations in the velocity field and in the temperature field 
by the change in the air velocity. Thus, a numerical 
analysis was conducted to better understand the be-
havior of soot deposition in the laminar diffusion 
flame near a solid wall at various air velocities. 

Fig. 3 shows the distribution of temperature and the 
reaction rate at various air velocities (Va =2.5, 5 and 
10 cm/s). Here, x is the coordinate denoting the verti-
cal distance from the burner surface. For the calcula-
tion, the wall temperature and fuel jet velocity were 
fixed at Tw = 300 K and Uf = 0.8 cm/s, respectively. 
The contour of the temperature distribution in Fig. 
3(a) shows a good agreement with the observed flame 
shape in Ref. 17. As shown in Ref. 17, the flame lu-
minosity with Va = 10 cm/s was brighter than that of 
the other flames. The differences in flame luminosity 

 
Fig. 3. Distributions of temperature (a) and reaction rate (b) 
at various air velocities. 
 

suggest substantial changes in temperature. The cal-
culated maximum temperatures were 2089 K for Va = 
2.5 cm/s, 2165 K for Va = 5 cm/s, and 2237 K for Va = 
10 cm/s. The increasing temperature with increased 
air velocity is consistent with the behavior of the ob-
served flame luminosity.  

In Fig. 3(a), the solids lines are observed flame loci. 
The observed flame locus corresponding to the outer 
edge of the visible flame was located a few mm inside 
of the maximum temperature position. This can be 
explained from the fact that the visible flame is the 
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result of incandescent soot and it usually appears on 
the fuel side rather than along the reaction zone, that 
is, along the maximum temperature position. It can 
also be observed in Fig. 3(a) that the temperature 
contours for Va = 10 cm/s elongate further down-
stream as compared to the cases for Va = 2.5 and 5 
cm/s. The contour of the reaction rate in Fig. 3(b) 
further substantiates this behavior. Simultaneously, 
the contour of the reaction rate moves to the wall with 
increasing air velocity, which also agrees with the 
phenomena observed in Ref. 17. The length of the 
reaction zone increases with the air velocity, which 
agrees well with the observation in Ref. 17. These 
qualitative results compared to the experimental data 
show similar flame shapes and overall flame height 
from burner wall. 

In the experiment [17], soot particles for the three 
cases were deposited on the wall around z = 104 mm 
(90 mm from the front end of the fuel injection). Thus, 
in this study, the results are analyzed at z = 104 mm. 
Figure 4 shows the distribution of temperature at z = 
104 mm based on the results in Fig. 3. The maximum 
temperature increases with the increase in the air ve-
locity. When the air velocity is 10 cm/s, the position 
of the maximum temperature is much closer to the 
wall than those at 2.5 and 5 cm/s. The appreciable 
change in the position of the maximum temperature 
with the air velocity can be explained by the fact that 
the increased air velocity makes the fuel stream to 
approach nearer to the wall. Consequently, the stoi-
chiometric contour, an indication of the diffusion 
flame, shifts towards the burner wall. A notable fea-
ture is that the differences in the temperature by the 
change in the air velocity mitigate very near the wall. 
This implies that the difference in thermophoretic  
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Fig. 4. Temperature distribution at various air velocities (z = 
104 mm). 

velocity caused by temperature gradient very near the 
wall would also be small. 

Fig. 5 shows the distribution of the v-velocity at z = 
104 mm. The values of v-velocities increase with 
increasing air velocity. The maximum velocities at 
various air velocities appear around x = 12-15 mm. 
The maximum velocities are 33.03 and 11.03 cm/s at 
Va = 10 and 2.5 cm/s, respectively. The maximum 
velocity at Va = 10 cm/s is about 3 times higher than 
that of Va = 2.5 cm/s. The differences of the velocities 
near the wall are appreciable. This suggests that the 
effect of v-velocity in the axial direction near the 
surface of the wall is expected to be large. This also 
implies that the residence time of the soot particles 
near the wall could be influenced by the air velocity. 
It is thought that the residence time of soot particles 
becomes short and the deposition of soot particles on 
the wall is delayed as the air velocity increases. 
Therefore, when the air velocity is 10 cm/s, soot par-
ticles will move downstream fastest through the com-
bustion zone due to relatively shorter residence time 
due to high v-velocity in the axial direction, resulting 
in the position of soot deposition further away from 
the fuel injection zone. As the air velocity decreases, 
while the residence time of soot particles becomes 
relatively longer, the distance between flame and wall 
is much broader than that of other cases, as was 
shown in Fig. 3. As a consequence, soot particles 
have enough time to flow to lower position of the 
burner and the position of soot deposition is far from 
a burner exit. 
Fig. 6 shows the profiles of the thermophoretic veloc-
ity Ut, the gas velocity Ug, and the particle velocity 
Up = Ug + Ut in the transverse x-direction at z = 104 
mm, where the thermophoretic velocity was calculated 
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Fig. 6. Profiles of thermophoretic velocity Ut , transverse gas 
velocity Ug, and particle velocity Up along radial direction at 
z = 104mm : (a) Va = 2.5cm/s, (b) 5 cm/s and (c) 10 cm/s.  

 
from Eq. (4). The gas velocity Ug on the air side has 
negative values, while has positive values on the fuel 
side. In general, Ug is expected to have positive val-
ues in an open domain because of the expansion of 
gas in a flame zone. The present negative value can 
be attributed to the effect of confinement by the top 
lid of the duct.  

The gas velocities Ug at the wall vanish by the non-
permeable wall condition at z = 104 mm. The varia-
tion near the wall, for example, x < 1 mm, is very 
small for all the air velocity conditions. The particle 
velocities at x = 1 mm are − 0.25, − 0.42, and − 0.47 
cm/s at Va = 2.5, 5.0 and 10 cm/s, respectively. This 
indicates that the particle velocity is almost exclu-
sively determined by the thermophoretic velocity near 
the wall and, thus, the thermophoretic force is the 
dominant factor in soot motion. Note that the thermo-
phoretic velocity Ut , becomes nearly zero near the 
flame position, where the temperature is maximum; 
thus the temperature gradient is zero. The particle 

velocity in the flame zone is controlled by the gas 
velocity, implying that the gas expansion is the domi-
nant controlling parameter in soot motion near the 
flame zone.  

An interesting feature is that the difference in the 
thermophoretic velocity between Va = 5 cm/s and 10 
cm/s is not large. While, in Fig. 5, the streamwise v-
velocity for Va = 10 cm/s is twice larger than that for 
Va = 5 cm/s near the wall. Based on these behaviors, 
the deposition of soot on the wall for Va = 5 cm/s is 
easier than for Va = 10 cm/s. 

It is an important factor whether soot particles can 
reach the wall during the residence time of soot parti-
cles in the flow field. In this regard, the soot deposi-
tion length (Lsoot), which is defined as the transverse 
travel distance to the wall in the streamwise direction, 
is introduced as a parameter to evaluate the soot de-
position tendency on the wall: 

 
soot P sootL U τ= − ×   (7) 

f C PL Vτ = ×   (8) 
 

where Lc is the characteristic length (135mm in this 
study) , Vp is the particle velocity in z-direction and 
Up is the particle velocity in x-direction. Here, τf can 
be regarded as the residence time of soot particles 
inside flame. 

Fig. 7 shows the distribution of soot deposition 
length, Lsoot, without and with considering the ther-
mophoretic velocity at various air velocities for z = 
104 mm. Lsoot has been calculated with Eq. (7). With-
out considering the thermophoretic velocity (a), Lsoot 
near the surface of the wall at three velocities (Va = 
2.5, 5 and 10 cm/s) has negative values. Physically, 
this means that it is difficult for soot to be deposited 
on the wall. On the other hand, with considering 
thermophoretic velocity (b), all values of Lsoot near the 
wall have positive values. This implies that soot parti-
cles can be deposited on the surface of the wall. An 
interesting feature is that the relatively high soot de-
position lengths are maintained between x =1 mm and 
x =15 mm when the surrounding air velocity is Va = 5 
cm/s. This means that soot particles could be easier to 
be deposited on the wall. 

Fig. 8 shows the distributions of the soot deposition 
length of radial locations at different distances (z) 
from the point of gas injection at various air velocities. 
The result shows that Lsoot at Va = 5 cm/s is higher 
than that of Va = 2.5 and 10 cm/s at each z position.  
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Fig. 7. Soot Deposition length distribution (a) without con-
sidering thermophoretic velocity and (b) with considering 
thermophoretic velocity for various oxidizer velocities at z = 
104 mm. 

 
Especially, the values of Lsoot near the surface of the 
wall at z = 84, 104, 124 mm are high. This indicates 
that it is much easier for soot particles to be deposited 
on the wall and the amount of soot particles on the 
wall would be enhanced as soot particles move down-
stream. 

From the results in Figs. 3-8, as the air velocity in-
creases, the thermophoretic velocity increases with 
the increase in the air velocity because the fuel stream 
approaches near the wall. While, the temperature 
variations in flame according to the air velocities are 
small, as shown in Fig. 3(a). Therefore, the difference 
of thermophoretic velocity in flame is small. On the 
other hand, the volumetric velocity in flame is in-
creased considerably as air velocity increases. There-
fore, even though the thermophoretic velocity near 
the surface of the wall for Va = 10 cm/s has a slightly 
higher value, due to relatively high velocity in the z 
direction, the Lsoot for Va = 10 cm/s is expected to be 
smaller than that for Va = 5 cm/s. When the air veloc-
ity is Va = 2.5 cm/s, as shown in Fig. 3, the flame 
temperature and the distance between flame and the 
surface of wall are smaller and broader than those for 
Va = 5 cm/s. This means that soot particles have 
enough time to flow to lower position from the burner 
exit, and the temperature very near the burner wall 
would be decreased as it goes to lower position of  
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Fig. 8. Predicted soot deposition length at different distances 
(z) from the fuel inlet: (a) Va = 2.5cm/s, (b) Va = 5 cm/s and 
(c)Va = 10 cm/s. 

 
burner. Therefore, the thermophoretic velocity caused 
by the temperature gradient is also decreased. As a 
result, Lsoot for Va = 2.5 cm/s can be smaller than that 
for Va = 5 cm/s because of longer distance between 
the flame and the wall as well as relatively small 
thermophoretic velocity near the wall.  

As mentioned above, in the previous work [17], the 
values of maximum soot volume fractions at Va = 5 
cm/s were increased with increasing z; 3.83 ×10-6 at 
z = 64 mm, 4.39 ×10-6 at z = 84 mm, 5.11 ×10-6 at z 
= 104 mm and 5.86 ×10-6 at z = 124 mm. This trend 
was explained as “widely distributed soot between 
flame and wall concentrates on a certain streamwise 
position”. This trend was also showed at Va = 2.5 and 
10 cm/s. Thus, in the present study, a numerical cal-
culation was conducted to demonstrate the trend. 

Fig. 9 shows the profiles of the calculated soot vol-
ume fractions as a function of transverse coordinate 
for z = 64, 84, 104, and 124mm at various air veloci-  
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Fig. 9. Predicted soot volume fractions at different distances 
(z) from the fuel inlet: (a) Va = 2.5cm/s, (b) Va = 5 cm/s and 
(c)Va = 10 cm/s. 

 
ties. Note that the conservation equations for the soot 
number density and volume fraction include terms for 
convection, thermophoresis, and source terms. The 
thermophoresis terms in the x- and z-directions were 
considered. The source terms include terms for soot 
nucleation, surface growth, coagulation, and oxida-
tion. In Fig. 9, the values of the calculated maximum 
soot volume fraction at Va = 5 cm/s increase with 
increase in z; 2.88 ×10-6 at z = 64 mm, 3.38 ×10-6 at 
z = 84 mm, 5.12 ×10-6 at z = 104 mm and 5.54 ×10-6 
at z = 124 mm. The positions of maximum soot vol-
ume fractions for Va = 2.5cm/s are the farthest from 
the wall at various air velocities. This result implies 
that the amount of soot deposited on a solid wall can 
be decreased. In Fig. 9, although the soot region in the 
flame is narrower and the quantity of soot is consid-
erably reduced very near the wall (for x < 3 mm), the 
overall behavior of the calculated maximum soot 
locus is similar to that of the experiment results [17], 
moving close to the wall as the velocity increases. 

4. Concluding remarks  

Characteristics of soot behavior and soot deposition 
on the surface of the wall in laminar diffusion flames 
along the solid wall for various surrounding air ve-
locities under a microgravity condition have been 
analyzed numerically, accounting for the thermopho-
retic effect. Especially, the soot deposition length 
(Lsoot) defined as the relative approach distance to the 
wall per a given axial distance is introduced as a pa-
rameter to evaluate the soot deposition tendency on 
the wall. The numerical results show that the values 
of Lsoot near the surface of the wall at various air 
velocities (Va = 2.5, 5 and 10 cm/s) show negative 
values without considering thermophoretic velocity. 
On the other hand, with considering thermophoretic 
velocity, all values of Lsoot near the surface of the 
wall have positive values. The results demonstrate 
that a consideration of thermophoresis is essential to 
estimate the behavior of soot deposition on the walls. 
When the surrounding air velocity was beyond a criti-
cal velocity, Va = 10 cm/s, the soot deposition length 
was diminished due to the relatively fast v-velocity in 
the axial direction, resulting in soot deposition on the 
surface of the wall becoming difficult. The relatively 
high soot deposition length at Va = 5 cm/s is main-
tained at all positions in the x-direction at z = 104 mm, 
indicating that it is easier for soot particles to be de-
posited on the wall and the amount of soot particles 
on the wall would be enhanced.  

The numerical analysis successfully predicted that 
there existed an optimal air velocity for the early de-
position of soot on the surface of the wall, and the 
thermophoretic velocity plays an important role in the 
soot deposition on the wall. 
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