
論文 / 著書情報
Article / Book Information

論題(和文) 六角形状セル構造フィルターにおけるディーゼル微粒子堆積に及ぼす
Inlet/Inlet壁内バイパス流の影響

Title(English) Effects of bypass flows through Inlet/Inlet walls on PM deposition in
hexagonal channel diesel particulate filters

著者(和文) 中川 順達, 坂間 理, 渋田 匠, 花村 克悟

Authors(English) Masamichi NAKAGAWA, Satoru SAKAMA, Takumi SHIBUTA,
Katsunori HANAMURA

出典(和文) 日本機械学会論文集, Vol. 84, No. 858,  p. 17-00412

Citation(English) Transactions of the Japan Society of Mechanical Engineers (in
Japanese), Vol. 84, No. 858,  p. 17-00412

発行日 / Pub. date 2018,  2

Powered by T2R2 (Science Tokyo Research Repository)

http://t2r2.star.titech.ac.jp/


Inlet/Inlet
*1 *2 *3 *4

*1, *2, *4 Department of Mechanical Engineering, School of Engineering, Tokyo Institute of Technology
2-12-1-NE-5 Ohokayama, Meguro-ku, Tokyo 152-8552, Japan

*3 Energy & Functional Materials Research Laboratory, Sumitomo Chemical Co., Ltd. 
5-1Sobiraki-cho, Nihama-shi, Ehime 792-8521, Japan

Abstract
Microscopic visualization experiments and simple numerical calculations using Darcy’s law have been conducted for soot (PM) 
deposition in hexagonal channel diesel particulate filters (HEX DPFs) made of aluminum titanium oxide. In the HEX DPFs, a 
flow rate of the conventional wall-through flow crossing over a wall between inlet and outlet channels (an Inlet/Outlet wall) 
changes drastically during surface pore filtration, because a part of working gas with soot is distributed to an Inlet/Inlet wall as 
a bypass flow which is introduced into a wall between inlet and inlet channels (an Inlet/Inlet wall), then turning toward the 
direction parallel to its wall surface, and finally exiting into the outlet channel. In this case, the thickness of soot deposited on 
the surface of the Inlet/Inlet wall becomes thinner for the dependence on the distance from the outlet channel. On the other 
hand, during soot cake layer filtration, since the difference between both superficial flow velocities for Inlet/Inlet and 
Inlet/Outlet walls become smaller, growth rates of soot cake layers are almost uniform on both wall surfaces. Consequently, the 
thickness of soot deposited on the Inlet/Inlet wall has a distribution from the minimum height at the center of the channel width 
to the maximum around the edge.

Keywords : Particulate Matter (PM), Hexagonal Channel Diesel Particulate Filter (HEX DPF), Inlet/Inlet walls, 
Bypass flows, Soot (PM) deposit thickness distribution 
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Fig.1 Schematic diagram of symmetrically minimum unit of the numerical calculation. The arrow lines show an
Inlet/Outlet flow and three bypass flows for calculating the distribution of the thickness of soot (PM) deposition
on both Inlet/Outlet and Inlet/Inlet walls. The dotted lines superposed on the arrow lines are approximate streamlines.
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Fig.2 Model of soot (PM) deposition process. First, the soot (PM) is trapped inside the DPF wall, i.e. surface pore filtration
(a), and then makes soot cake layer, i.e. soot cake layer filtration (b) .

Fig.3 Porosity distribution along the depth of surface pore in the DPF. The upper axis shows porosity. The left axis shows 
the depth from the DPF surface and the right shows an axis from the origin where the deposition of soot starts. 
The function of porosity distribution is obtained from the data fitting among the previous results of experiments 
(Nakamura et al., 2015b in Japanese) (Nakamura, 2015c).
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Fig.4 A view of experimental setup for the visualization of trapping diesel soot (PM) in the HEX DPF. The diesel soot
(PM) was introduced from the soot generator (PALAS, DNP-2000). The carrier gas N2 was regulated by two mass  
flow controllers (HORIBA, SEC-E40), to 24 mm/s as the superficial flow velocity, by exhausting the excess N2 gas 
by the pump. The pressure drop of the HEX DPF sample was measured by the digital pressure gage (HODAKA, 
EDEMA), as the pressure difference between both ends of the sample holder including a HEX DPF sample. 
The video-pictures of soot (PM) deposition process were taken by the all-in-focus microscope (FOTRON, Focuscope 
FV-100C) placed right over the observation window.
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Fig.5 A cross-section of a sample piece of the HEX DPF used in visualization experiments, with 8 mm in height by 12 
mm in width and 20 mm in length. The honeycomb-like channels were plugged by ceramic glue (Firegum of Holts), 
making channels of the Inlets and the Outlets. The surface of the Inlet/Outlet walls in the visualizing side was 
polished up glassy. A transparent plate of quartz glass with 0.5 mm in thickness was put on the polished surface.
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Fig.6 An observation field of the Inlet/Inlet wall in a half-cut channel. The observation field was subdivided into 3 areas
light-blued with 800μm ×800 μm. Arrows from A and B locate the areas nearest to both Outlet channel sides of the
Inlet/Inlet wall, and the center line (a dotted and dashed line) locates the area farthest from both Outlet channel sides.
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Fig.7 Changes of superficial velocities of Inlet/Outlet flow u1 and bypass flows u’21, u’22, u’23 with elapsed time during soot 
trapping process. The Inlet/Outlet flow velocity is larger than those of bypass flows. During soot trapping, those 
approach to almost the same velocity as the soot cake layer becomes thicker. 
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Fig.8 Increase in soot (PM) deposit thickness x (Inlet/Outlet wall flow), x1, x2, x3 (Inlet/Inlet wall bypass flows) with elapsed 
time. The surface pore filtration completes at the elapsed time of about 1300 s in the case of Inlet/Outlet wall flow,
while about 1600, 1700, 1800 s in the cases of Inlet/Inlet wall bypass flows. The difference of elapsed time for 
completion leads to temporarily overshooting and undershooting superficial velocities in Fig.7.  
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Fig.9 Increase in pressure drop during trapping process with elapsed time. The permeability of soot layer
was estimated from fitting of pressure drop increase in cake layer filtration. The calculated pressure drop 
increase in surface pore filtration is lower than experimental one because in experiment, transition from 
surface pore filtration to cake layer filtration in bypass flow will be faster than that of Inlet/Outlet wall flow 
since the superficial flow velocity of bypass flow is very low at the beginning of trapping process.  
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Fig. 10 Calculated distributions of soot (PM) deposit thickness on the Inlet/Inlet wall for each wall thickness. 
 Those results are for the elapsed time of 6000 s from the beginning of trapping. As the wall thickness
increases (plots: blue red green), the difference of soot (PM) deposit thickness becomes smaller.

10 Inlet/Inlet PM
6 279 μm 11mil 356 μm 14mil 432 μm 17mil

6000
PM 10 Inlet/Inlet Outlet

Inlet/Inlet

PM

11 6 Outlet
Area 1 Area 3 3 min Area 3 Area 1

Fig.11 Snapshots of the PM deposition process on the inner surface of the Inlet/Inlet wall. Each snapshot consists of five 
narrow areas; Area1, Area2, Area3, and shuttle-labeling Area2, Area1, from the top in order near the Outlet 
channel at the upper side, to the bottom in order close to the Outlet channel at the lower side. At the elapsed 
time of 3 minutes, more dark pores can be observed in the Area 1 compared with Area 2 and 3. As time passed, 
the differences of darkness and number of dark pores among Area’s are not so clear.  
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Fig.12 Changes of the normalized brightness averaging for each area on the inner surface of the Inlet/Inlet wall. The
brightness on the inner surface of the Inlet/Inlet wall without PM is defined as “1”, and the brightness on the 
cake layer over the Inlet/Inlet wall is defined as “0” after 90 minutes passed. The brightness becomes lower  
in order close to the Outlet channel (Area1, Area2, Area3). The nearer to the Outlet channel is the area, 
the faster is the completion of surface pore filtration though the difference is very small.
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