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Numerical Investigation of Thermo-Fluid Flow
for Improvement of Micro-Dilution Chamber on Particulate Deposition

Sung-Hoon Kim? - Dong-Ryul Leex

Abstract : The main purpose of this study lies on the improvement of micro dilution
tunnel based on the typical porous tube type chamber. The characteristics of flow and
temperature fields for steady state has been obtained by numerical analysis using

FLUENT. Three different geometrical variations of the porous tube:

a) increase of

thickness at center, b) step increase of thickness at center and downstream, c) tapered

increase of thickness,

have been proposed. Accordingly results are obtained and

compared in terms of penetration velocity and velocity ratio to therrmophoretic velocity
for improvement against particulate deposition inside the tube. The penetration velocity
and velocity ratio distributions in the upstream portion and portion of impinging of
dilution air are apparently shown to be improved for the case of the step and tapered
change of porous tube. The tapered change of tube thickness addition are shown to be

the most effective

among three geometrical changes. In addition, the considerable

improvement against deposition are shown that its thickness should be at least 2mm.

Key words : Micro-Dilution chamber(vo]Z=2 &23H), Particulate matter deposition(m<d
E4 F3), Porous tube(thgF2), Dilution air(3437])
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Table 1 Detailed specifications on dilution tunnel

<
A= |
2
™ =
g1, |52
SEINEE
Lo
| M 1
—
Sl
2| |83
D_b |
e
| 3
n/.me«m
Bz .|,
. S 3|8 e
ElZE|E|%| 5
E|E5|E| a2
2|5 &=
W %Nuﬂa
) %) "
G <
DS ™Mool
B ool oy
Yo o < —
~ X HE7
Mmoo aK T o
o o T
W m
W% )
ﬁ %o I oy
S T
nznpldu_hootﬂ
@ﬂm;%nuu
~ I
CRR G
—~— N ~— B
; o
StLeT L
B AL K|
= o 5
Amﬂwﬁ%ue o+
) ™wwN M
T S W X T o
ROR X WO R
Nr BT T W

l
b
=
ol
(]
c
e
5
T
c
O
=
)
ol
Y
W
T T
H@_
M
_H
o n
NP RE
ohy g
3
= 0
B —

X
WO
U
ﬂuu.,H\mVpo
T ®
mor
o] 3
o
T X
ﬁmﬁ
o -

12

itk Fig. 12 ©

k)
<r

oF

4 g ANE Rel

[13

&

A9 FEE P4 9

[e}

o 7

el TERE)e] A3l a4

o=z A7

o

oj

iz

o|J

EEERD

u}o]ii

9/]

= EH ol o]2 3477 g

S

sampling

%

o
o|J

sampling probes %3l FXELE FI+E &

HI(V/Vy) 9l

A FAAA JAHE A o

S

FHete F71k Ao AXHEY E7E

474

3]

=iy

£ 7tsd

A golth. Fig. 2 747}

o

=
s

3

STEFEL FAS s

771 B (b)

dl ol e

A A] g

=
=

=
[S)

glo] ¥ 2

=
=

o] F7
tSith. Table 2

S

7]

tRom

=
=
3|

7IA7E RS Y

ol T2k

Feho] Wyl w2 7 WsE A

e 7t

S/ A

=
=

1, 2mm?®] F7

£ 2, dmm=

bR £

mj

o]

W

mjy
~
Klo
il

50

Njo
o

S
o|J
®0
Mo

B

Shof] o

Fig. 1 Schematics of micro dilution chamber

17 A|33E A5Z, 2009. 7



Table 2 Design modification in porous annulus

geometry thickness(At)
case _—
variation (mm)
standard Table 1 -
center Fig.2(a) At 1,2
At~ Aty
Fig.2 1 2
step ig.2(b) 1-9 9-4
At - Aty
t Fig.2 1=
aper ig.2(c) 1-9 94
.;QL!
| | = | [ 1
N |

(a) Add thickness at tube center

12

t1

(b) Step variation of thickness

l.t2

(¢) Tapered variation of thickness
Fig. 2 Thickness variation in porous tube
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(b) Tapered porous tube

(@) Dilution chamber
Fig. 3 Typical grid of tube and chamber

Table 3. Thermophysical properties of materials
p Cp k u

Kg/m?®

J kg - K

W/ m- K

kgl m - s

air

0.6297

1.04066

0.04408

289.444

porous
tube

2640

820

5.345

Table 4. Input values for numerical analysis
6:1 14:1

gas

ratio of dilution air and
exhausted gas

air gas air

flowrate

(liter/min) 15.3

92 6.6

velocity (m/s) 4.92 | 4.02 | 492 | 1.73
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