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A Study on the Modeling of Pt-Catalyzed Reaction and the Characteristics
of Mass Transfer in a Micro-Scale Combustor
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Abstract

Numerical analysis is applied to model Pt-catalyzed reaction in a micro-scale combustor fueled by butane.
The reaction constants of catalytic oxidation are determined from plug flow model with the experimental data.
Orders of magnitude between the chemical reaction rate and the mass transfer rate are carefully compared to
reveal which mechanism plays a dominant role in the total fuel conversion rate. For various conditions of fuel
flow rate and surface temperature, the profiles of Sherwood number are investigated to study the
characteristics of the mass transport phenomena in the micro-tube combustor.

7lsMY
A . Pre-exponential factor
D PR Eabd 1 s v G S
Cpp @ 7TE9 ETHHET & 5=
Cpe + Fol TR RE & 5=
Cp ;v <
Dy 1 5ERe] 2 AE A" 2 A
d o dxrle £9 47
E, 243} YA

Gz, : =72 Graetz

e i 38 Fe] Qg

Jeo i Fel v g 4G f5 AR
Joo i B e H U0 A% §5 AR
k. . Specific reaction rate

knpy - HEE 2H AG AlF

L s Ao Aol

P D9

Re : dHolEm=

R, HUWA 7hs A5

T AQAA, 89, AAstm 7 ARE e
E-mail : combggy@kiu.ac.kr
TEL :(053)850-7125

R e A b e

FAX : (053)850-7601

Scy  : H-¥e] Schmidt =

Sh : Sherwood <

S, ¢ Eel W RkE £

T 2k

wo D27 WY A EERT SE
u,, u: r 8N 2 WF H

mEIESSYN
n : Zull g@A) 9] effectiveness factor
A A HEE
p A5
Z-zz’z-rrl’z-rz: lﬁ‘E\: %iﬂ‘(zl %j_%e‘ji Eﬂ/\ﬂ /KB].E_
1. M E
A= FaUEe] 24% qJUALS 8T

e
Fg AR} AFold &A% 2Ho] w27
| gF ol HAAZ %



nlo] A2 ~AY <

835} o] 10 % as
A FAE 7H gt
Aol 2FH A1) 4 wfol] o2& 1
Lo YA LS grs 5 ok Ad Ao |zt
v ekx o 7 w3 MEMS (Micro-electro-mechanical
system) 7] o]&ste] AF AR A
Ao et Atrp gt AeEa gl

sHA ARE o]&ste] Foi& ArlduyA LA
FAE A WY thsit vlejaz 7@,
nlo]lg 2 AT HA @ thermoelectric module,®
thermo- photo-voltalc cell® 7)% 54 o] &3a)=
ArHa Atk AF ARdA 2
A 1@ AsAA Ve
oA mpola R ALT|=
Lol H vlola® A
T7F e a9l

npo] A2 AAYA A= Axr]e] AWA o] §3] 1]
7} ulg- =7] wjiZol] ¥He] H<=43 radical extinction
Qo] AlZbsliA A% (quenching) A7t AlZsiet wf
o]A% AA47]E A% Zol(quenching distance) .t} =
S A777F ST EHER ALE PGAIZIY] fI% Sk

HE 28 A7)euA
o].@

R

ks
1], ¢

[e]

ol-3|

pul

2
ol
= A~

2

=) ﬂll
>
e
~

<

it DY

o] & Q 3)t}. Excess enthalpy combustionsS- 4|31
A3 9 A<= O radical extinctionS -FrkEl= o]
=23} xS grain boundaryE A|ASH] 918 A A
2 W0 o) A A|AE Fo] ALgEH I %‘\ﬂr 53]
| Ai Ve mpolaR AU &A% FAZE

WA o} Be FRe

A2, AE o] g esw
sts} wkgo] EAshe vhol
AL AE o7 ﬁLUﬂo]_
ul ol CFD7} &34 A
A A A sg e %i-%
T Lo 2 WgEy A T
S| oﬂ:rL7]_ Eﬂg:ﬂ 9}1\1—4_.(12&7)
Aol wolaz AA LA HAH A
7F Thed 2AY Sl AT dfr
aZetazl gk vpolaw Hvf A
5+ MEMS 7)o wel o) Fo] A
2 o] Wstgtth, wreba ol S A, porosity,
tortuosity S5o] W3lsla, old] wat ke AFE
o] Waleitl awnE ulolmgE Zu Ax7ES

B

N ol

=]
fLN

of
S~

2

¢

¢

o

ol " ol rr
L= ox o
01

L ooft
FE oo o X

87/

i
ol
B
il
i)
2
g
J|m
oX,

2

i
rlr
(L
o

05 o
L
)
2
o
ol
e

ol
il

ol
o
Do g
O
ol
Ir

22 o

o
o
ol
ol
&
Jpe

ol % oX
e

ih)

= ox
-z

-

B T

N

o
ok
g
o

i

S Ol xo o
iy

o
>
i
1%
ol
o
=
D)

Ao A
&3} o] vea
o 1 M)

ot 10, 2
oz rar(f)j()

aT)'Z
Oz
1 a(r‘]i,r )

r

(
(&

L0 )J @3)

ror

J+w,.m @

or
oJ,.
Oz

pur 8}"

6T
" or

or

“)

10
ror

j [ © 0z 6r
+8(/16Tj+ (
oz\ Oz

8T
_chl i, Ir
_zhiWiVVi

ap 6p

rA Zj (5)

oT

=)

PRT
w
@ @A 7, 7,, 7.
HIA Aotk 4 4)9 J,
a7} ubA ukeko] Aol o]t .511 az
A @ 59w, stet T
(homogeneous reaction) 3O = I AGte A a1
A2719) Eol7t & Aot Homw UA]EL =
At} Fluent skl 4 (1)-(6)9] = st

Atk
_/,:—/J\_(lS)q_ uﬂ%(l?,lg)j,/} %O]

p
Al
=

=S|
=

A .
- 1

R

Q)
=

FAEE o g

wARFe] 22 A&

of tighk Al E¥ WHE-7] - (reaction mechanism)t
B1E v 9o Feky) o] Bxlgko] & dn
of tigh Al ®W w7 dE A A &g
71E FRoAM = Al RETHe BA e AL
de] Hegk Az Fo] FAFOE lete] A
o] & Az®mat ol W EOz} o] AFA



o7 ol H T HAklE

Gas analyzer

:—)

Fig. 1 Schematic diagram of experimental setup

W kST AR Az M E Eu) &
W58 1 &} M7} WS o7 J}AE Al v}
g R wea E AFE A g7
T7F dE A A e K =

1 ¥)7ke] B Rkg o=

g R

Falol waw Ansh Futgt 49
she] Aeh g SE A el Wl
M FEelE 4 A

TR H2 qlell maw pd Sfs A
2 Fu) a7lola] ] 1 =3 =
Ag el diste] FEke] W NS SR Aks
TRk A jle
Pte] 542 thax|

(2ol
o

il

fT

ki

_Hl

32

=
=

f

E
Sg =k -Cy =n-Aexp ——= )CB'S (8)

A Aol Ak, Cyz,, 1, A, E; = Zt7Z} specific reaction
rate, vl EWANAY FE Fx Fu FAH
effectiveness factor, pre-exponential factor, ~12] 31 &

REIC IEENTIES

22 Ofo|3 &2 Hof AT

2 AT agE S AV 4EFd &
FrlE FHe UHE ¢=4ksk(anodic oxidation)
Agste] vy AL dFru Ale "$HAE T
33kl P(NO)(NHz), &9 ZolA pPtE 33
(impregnation)A] 71 5~ 350 °CollA 1 A3+ Bk &
A(calcination)ale] A ZE AT Y= A
(nanopore)e] A& Al Atele] A 74z}
20~30 nm¢} 90 nm F=o]th® AR wpe] T =
F=Akste]l dFdEe AfteR x2d T7hsshH,
oo s AFEE 50 AmPERoA 12 A7t
& ASAI A dFEvte] FA 7 ¢F 35 umeo|t.
ol Axv)e] WA 974 7+t 0.6 mmet 1.0
mmo] il A27]9] Zo]= 50 mmo]t}.

of F

Inert wall Catalyst (P;)‘ coated wall Inert wall

U in 7y
Tin rA 7
Yin A A 4

A Symmetric axis A A
z=-10 mm z=0 mm z=50 mm z=60 mm

0.3 mm

Fig. 2 Schematic diagram of computational volume

Fig. 1 & mlo]a= FHuf Ax7v]e] A3 x| e
Zolth® g 1 2 fXshEA wd Feke] f
ZHOp) > 25, 5.0, 15 scem .2 W3A7H dv] =
TollA Ak FEE 7k BAVIR A A5
W55 Attt davle] ¥H x5 dA4s)
Al FA3F7] 95te] el 8-Z(solder bath) wH-o] =
ul AAv)E AAsha, " gxo] LEE 200
°C~400°C *Hejoll A =43k A stk

2.3 A&t AXet AA=A

CFD 3I4S 3 ALTFIL d47]e] oA
715 A Ahk BEo 2 Fig 2 9F 2tk 914719
FToll= 7k gl Sef A4 5

Hu 2

ﬁd
als
e

Tn

fu
=5
(L
o
&
=
olo
flo
e
2
)
2
§2
rir
o,
A 1:01‘
[o X

3
3
Lo,
2
18
o
N
=
2
£
=
)
ol
ol
2
au)
1%
e

2§

1o rlo i

I
(m
gﬂ
2 :
aw
z
i oy

R
) o nH

O 40 7| ool AAE ARgsh W
o] T ol Ael WslelA oS el
ol A= 50(radial)x1400(axial) 7§l A} A]
AHE-aF3ITh

A27] AT E=-10 mm)dllA 2] FA 2312
3 2

U, = constant,

T, =300 K,

Yi,m =Y (¢=1)

[}
ol
i)
32
to riz it o Okt B kI 0 & &

>~
o -

1

o

—~
O
—~

A AA A Folf A7) - Skell 90
A ER Pl A S x
£ 2AEY B3 Jow ditdn
ARE Qpn=2.5, 5.0 sccm ZHANAM= HE &
ol Fujryt ZIEE A YFHH fF
b HadeR &£ Q9 A xxoly
o ¢ W off7F 19 3ter whgEo]

,

l‘}L
i rr o2 Jo O 3L b rlo bob

)
ol 4T
N
s
rt

p
.
=z}

o

A
7] Aolo] T3k o] Fel frEe] ¢ e

I



U B el og 2 A
17 o] (entry length)7} o =¥t}
= 0pn=15 sccm Z7iolA wAye 4=
T AASe 9FS a1y A ;U

Z (=60 mm)oﬂfﬂ-‘ﬂ BA 272 outflow 77

30, rfr offf fL
i, &
ofN
N
o
> fr
~
)
o ffl

271 A838la, Fal WH(E=d/2=03 mm, d &
A7 1—‘.7:‘)01]*14 BAZAL T Zrh
u, =u, =0 for all z
T'=T, =constant forallz (10)
J. =sW for 0 mm<z<50 mm

= o
4 @9 we 35E AR

plug flow - SR ol%—zs}am Zo) darle] A
ol 29 Aolurt fomz 7o WS F& FA
3 & s, A% s Mw wee] B
g WA oS 2.
A 4upCay Wik (C.,.—C,)=0

c dZ + )4 m,B( Bb B,S)_ (11)
g el E f5 FARRRE Fo) wwo
2 FasE el Zu xwleH RE wgat
A Hes ey 2o AA7 AAgse. @)

E
k,5(Cy,—Cy)=m1" AeXp(_ R QTJ Gy, (12)

HH o A o] H-gh
&+ 7 (bulk mean)
T F ATh

A ek 4 (12 =Fad
EE(Cp)E AATL Heke] &
BT (Cpp)ll HE 7EEA S

A dubCB,b kam,BnA exp(_Ea /RuT)
=T B.b

¢ dz k, 5 +nAexp(=E, I R,T)

(13)
S A F B WS 47 %E u§ fon
2 % ko) gt £i(y,) WIS s
2] (13)2 1 A AvEwgAew FHokHt), o
Aesta AAR s AEstd vhg 2
o] - EQJ__ubA,n( B,,(L)] ) ln[c“m]

RT W,L |\ Cy,(0) Wk, 5L\ Cp,(0)

(14)
4 a)elN L Zvir} = =
A9k el Folvh. Hgke] =3 7@%} | km,B)—E u}%ﬂ
o] Sherwood +(Sh)E ©]-&3te] A o+ AT},

DB

by = S (15)
A7) A D= FERE] Aot =2 AA
Zol AAa7] A g ag

873

td
i
ol
=)
il
i)
2
g
J|m
oX,
=2
=
rok
e
4

Experimental Data

-~ .
f_: Curve Fit
(4

ur

k=t \

3

<

S = °

= k.= - 11321/T +16.367

£ 6|

T R=0.965 N

AN

9 I I IR I
0.0014 0.0016 0.0018 0.002 0.0022

UT, (KY)

In(k,)

Fig. 3 Temperature dependence of the specific reaction
rate (Q0p,,=2.5 sccm)

0.07 I

R
R
0\

Qg,,=2.5 sccm

\
\* 8

0
450 500 550 600 650 700
Ts (K)

Fig. 4 Mass fraction of butane at the combustor exit
(symbol: experiment,® solid line: CFD)

Sh=4 = 7}H& 4 vk Pk {F%F Qp,=2.55ccm
ZANA =AHE ALV &9 _t} El =1 glo]
BE 24 (14)9] A3, Fig. 3 7 Zo] 93 o]

B S UTel e 1 A JHAow ZAE

Stk olEiE  Fu) wke s Adtstd

E,=9.413x10" J/kmolo] 3L 4'=1.283x10" m/s®]t}. ©]
W AE gt olestel 4 @) EW W

=5 ALFskar CFD & 4ol #8383l

N

I} gl JE

=

3.

31 FEte| M 28 & AT

CFDZ A4te wlolaAz2 dAxv] &9 Fe
Aeg F-S(mass fraction)S 2d ZAxtel vlushd
Fig. 4 o} Zt} Fu) 39 22(T)% 7%
e & 24 et Febe A% 282 A

HE w5 A5 ¢ A

r



o ol F 7 - A

3.0E-04
1 2 3 4 5 6 7 8 9 10 1 12

2.5E-04 0.0E+00 5.5E-03 11E-02 17E-02 22E-02 2.8E-02 3.3E-02 39E-02 44E-02 50E-02 55E-02 6.1E-02

2.0E-04

E 15604

\é)
10E-04 \,
5.0E-05 \

0.0E+00

0.01 0.02 0.03 0.04 0.05

z(m)

() 0p.,=2.5 sccm and 7,=473 K

S 5,
2004 f %A . \9 3 \ ’ \
E 1504 \ \ \ ) \
v % . \ R
LY VO W R
0.01 L 03 0.0 0.05

(b) 03,,=2.5 sccm and 7,=571 K

1.0E-04 | v
5.0E-05

| 7

0.0E+00 0 0

3.0E-04

2.5E-04 § - ‘
2.0E-04 {X\\a

§ 1.56-04 ?\2’\9 N\ 5\7\ <
L0E-04 frs
5.0E-05 \ “))\@\\\

0.0E+00 0

0.01 0.02 0.03 0.04 0.05

z(m)

(c) O:,=2.5 sccm and 7,=666 K

o \\\\\\ T
N

0.0E+00

0 0.01 0.02 2 (m)

(d) Qz:,=5.0 sccm and T,=667 K

3.0E-04

5
2.5€-04 6 4 S
—
2.0E-04 Ms
6 \
\

_ b 10- 7
<
Eisean \ \\
1,004 0 8
11 1 7
5.0E-05 22 \ 0
0,01 0.02

0.08+00 ; 0.03 0.04 0.05
z(m)

(e) Op:,=15 sccm and 7,=672 K

Fig. 5 Contours of butane mass fraction (Y) in the
longitudinal plane

A7) o] Huk A= 89 5342 Fig. 5

ek & Fig. 5 ¢ (8)-(0)= Qi =25

=rie] W e Wt uhE A 28] do

oh vk A= sy Nbg SR7) top W 7
A

p

d

Aol A HFeke] Xk Fujrt A e, oiFEe
A=7F WHEEHA] 22 FHE ALV|E WA Uzt
o} owbd o Zu] g Lo ghakst 3
g0 =2 Qlate] Wb wheke] Rek Hx it F
7}gkek Fig. 59 (o)-(e)= Fle] EH 2=7F A9
e UM FF Wshdd e FE dAYg &
Loty Ee FHul ¥W RERE 3] mlo]a=
A7 A HHdgA F &S FAEH] o
ol frFo]l F7herE Aav] dA doolA Wt
A WEF = vt SUketh frEel Mg & %
A2l @9 49(0pn =15 sccm) LH HEre Zuj
xHoE hkE A|gto] FtelA] ghol ddA] U
ol Al wk3-atA] & 3k A E= wjEETh

10°
1-D Plug Flow Model
10° k —
©
w10t
£
4
10°
ot I IR
450 500 550 600 650 700
T, (K)
(@) Opi,=2.5 sccm
10° ‘
1-D Plug Flow Model
R z=5mm
- = = - z=10mm
10° ‘-:\ ------- = z=20 mm ]
-,‘;‘-:\ - z=30 mm
S | |- z=40 mm
wwwww "“-\‘ - - = - 7z=50mm
X R,
T 10'
£
4
10°
[T R EE—— I I
450 500 550 600 650 700
T, (K)
(b) Qp:,=5.0 sccm
ol 1
1-D Plug Flow Model
107 —
w10
£
l: \
ot b
450 500 550 600 650 700
Ts (K)

(c) Op:,=15 sccm

Fig. 6 The ratio of the mass transfer rate to the
specific reaction rate

32 =8 MY £&ket =
= AT A o=
Re=215~1330 ©. % ZF J ool &3t} wpebd dAze
= 291 (i)f-gto] Fvj o]

Wb ok B A" £Ek,)% (iF0 E
Hol| A o] glet whg S (k)olth &8 F2 vlo]A=
Z1] A AEE] s od x4



nfol A& AAY Ax7)e] WG Zu) o

of e} oj®l @9lo] 7o W HrE AR
olafigt A}tk 2 8)F (12225 H F 2
S Yk, slk)E Tt 2ol FE S Stk

km,B — CB,S (16)

tanl

a
®

a
o

o

I
I
o

F @
HorE

=
==

¥ 5
ﬁr rlo flo
R
W_}LQ
o
oy~
Et_@g
o =
g 1o
Qi—ag:i
19 b o
o
2
0
Kl
010;23:
[-'_,_u_!}%gil-

=)
4

e el
rlo

o my kU OHT I 2
o .
o R
o
o
PN
(o E i
T
rlr
Ho
ot
(0]

B
N
=
-z
=2
__>|“‘_’.‘
4 =
ol
o

@ 1% e
29
i)
it
>
N
o
ofj
He e
_0|L
B
52
N

L

r2 B oW

e >,
oX il B O

o2 ™
odl 2
2
1o
o Jo :%
b
% o
)
rlo N
o,
o
e
il
N
3]
a8
o
3
e
b
N

X
r

plug flow =23} 2 AX]3HS Fig. 6 (a)ol Al
T At AN fFo]l FrheH A CFD
7} 1-D plug flow 223} @& 2o]= Wt}
wel 71ge] A wjE o % Raja soll o3t
-D plug flowe] & 78 tfSap 20N

QUM 4
i)

— << Re 8¢, << 4£ )
L d

2 A7)NA Scpi= F-8Fe] Schmidt 2 1 = 7} 3}
W, 2 AT A7) Agdd e 2d fa 1
2 0.012<<Re<<333 ©|t}. F-eke] fr5F =71 04,225,
5.0, 15 sccmel] thgh =33+t #Hols= = 47
215, 430, 1330 ©.& (y,=5.0, 15 sccm Z=z1olA] <]
CFD A¥= A 2= 1-D plug flow =23} x}o]
£ Wol BY o wyoll glrh o] o]-f= 2.4 %o
A 1-D plug flow B2S o]-§3te] W WbE A&
A7st w 0y,=25sccm Z71S o] 831 th

33 ZAHSe 22 Mg 54

AAS o B4 A 54& Fetstr] 9ls)
o] Sherwood 49 X & 1128} t}. Sherwood
o E2YAA oul= HH F2oA B Fk:
o Fxakd Fwjolth. A (15)¢F  (16)S.EF-H
Sherwood =5 &3t o3
Cy, k
CB,b - CB,.

Sherwood 4=¢] & W& ¥ = Fig.7 3% Zu =
) 227 w2 4 27}

R

Sh = (18)

P
g
J|m
oX
2
)
rot
re
-

Sh

— — — T=473K
e TE493K
o T513K |
- - - - T=534K

e T571K
———— T=5% K | |
- === T=619K

T=552 K

T.=666 K

=

10

10 20

30
z (mm)
(@) O,=2.5 sccm

Sh

— — — T=4T5K
—mem TE495 K

- - - - T=53:K

— — — T574K
JCP— Ts:598 K L}

- - == T=649K

T=514K ||

T.=553 K

T.=625 K

T.=667 K

10

z (mm)
(b) Op.,=5.0 sccm

10 20 30 40 50

— — — T=485K
—memem T.E506 K

- - - - T=548K

—_—— T=592K

T=527K |

T=570K

z (mm)
(¢) Op.,=15 sccm

875

Fig. 7 Profiles of the Sherwood number along the
axial direction

27 RESSHA wby wreke] F= Fhulrt
wjitoll A7) dF-oll Al Sherwood <] #ktol wj
$- A wbd Ev) v W AFg- = bk
L2 Q8] v wEkel wx Fulvh 24 %
22 Sherwood = 2 7S 7hxith

Tl A A5-(Fig. 7(a) Opx=2.5 sccm),

Ag BA%l

[e)
Sherwood <

7]

[o ofo

=2

A7) UiFelA bd o]
7} A Fk(asymptotic valug) o2 -



8% ol H T HAklE

Sl AL o4 ¢ vk B AT Yehd At
& 4 = Fu xddA 4 vbeE A =4
3 AdA B AA F=7de) elFst= Sherwood ¢

7
Agate old AT Avsh HE

o]l He WA= 24 A
ol gkd wad 4 gtk ole F  wWEke
Sherwood & &30 # wredEo] 9l

= lol dis] #std 22 Ag &
A& v}otalaral Sherwood 529t Graetz 49 A
= Fig. 8 ol &3t} Graetz 4=+ v ok
-1 Z/d
" Re- Sc,
Sherwood =} &2 Graetz =2 #7|7} Fig. 8 3} 7+
o] dAS FH FeE 2A] & ol & ATl

1y
N

Gz (19)

A aegh whol AR dAxv]|e] FHuj v A x3
S 2 (8)9} #ol AN 2o d4E XY
Hie veEZ 7PE7] etk 3 dF 3
o M= thekst sjA F7d A Sherwood G292} =2

-

Graetz==2] TA7} A2 dA3 S Bo|7|x= 3t
t}082) gxqut o]]3t Ap= B AdS 9 A

i)

}e] ARAL A (analogy) ZH-E] d1A1E1 7] wiE-o]t}
ol ¥ 2% e 94 dFE5S UM i
A wFo] Ax whgo] e FHS I s E
L dA ¥eE AR VAT Ay =) A
A ZFu AAx7NAE 9 sEY EA HEE X
7o) ol7] Tl Fig. 8 7 o] A3 z7lof wet
Sherwood ¢ &2 Graetz4>7} WslstA Aot
4. & =

20F
15F Qg ,=2.5 scem, T,=666 K
i - — = = Qg,=5.0sccm, T,=667 K
[ ———— Qg =15 scem, T =672 K
10F :
I N
| \'\_
< 5F
wn
A | R | R | R | el
10° 10" 10° 10? 10" 10°
Gz}
m
Fig. 8 Sherwood number versus species Graetz

number for different flow rates

ax
rlo
BN
Y
S

5,=2.5 sccm)ol A = =F

dste] =
i+ Sherwood 7} A<+ #<l
2 5% M 242 F
Zo)7} Zolx Sherwood F7F A
FEHA WEgEO|Y FE7}
= Sherwood ¢} =% Graetz
sk BAZE EA5HA] Z=Th

il g,
o
N
=
dr
2
>
e
-

o
o N, rdoox T
[

o,
o

o
=)
(o

hines

g::l_{
=2
4
QL
)
N
<
i)

S
2
b
~
L

B
2

(1) Spadaccini, C. M., Zhang, X., Cadou, C. P., Miki, N.
and Waitz, 1. A., 2003, “Preliminary Development of
a Hydrocarbon-fueled Catalytic Micro-Combustor,”
Sensors and Actuators A, Vol. 103, pp. 219~224.

(2) Fernandez-Pello, A. C., Pisano, A. P., Fu, K,
Walther, D., Knobloch, A., Martinez, F., Senesky, M.,
Jones, D., Stoldt, C. and Heppner, J., 2002, “MEMS
Rotary Engine Power System,” Proceedings of
International Workshop on Power MEMS 2002,
Tsukuba, Japan, pp. 28~31.

(3) Tanaka, S., Chang, K., Min, K., Satoh, D., Yoshida, K.



o7 2 AHAY d4v|e WF Zu) d

1T=e T

and Esashi, M., 2004, “MEMS-Based Components of a
Miniature Fuel Cell/Fuel Reformer System,” Chemical
Engineering Journal, Vol. 101, pp. 143~149.

(4) Schaevitz, S., Franz, A. J., Jensen, K. F. and
Schmidt, M. A., 2001, “A Combustion-Based MEMS
Thermoelectric Power Generator,” Proceedings of the
11™ International Conference on Solid-State Sensor
and Actuators, Munich, Germany, pp. 30~33.

(5) Yang, W. M., Chou, S. K., Shu, C,, Li, Z. W. and
Xue, H., 2002, “Development of Microthermo-
photovoltaic System,” Applied Physics Letters, Vol.
81, pp. 5255~5257.

(6) Vican, J., Gajdeczko, B. F., Dryer, F. L., Milius, D.
L., Aksay, I. A. and Yetter, R. A, 2002,
“Development of a Microreactor as a Thermal Source
for  Microelectromechanical ~ Systems  Power
Generation,” Proceedings of the Combustion Institute,
Vol. 29, pp. 909~916.

(7) Miesse, C., Masel, R. I., Short, M. and Shannon, M.
A., 2005, “Diffusion Flame Instabilities in a 0.75 mm
Non-Premixed Microburner,” Proceedings of the
Combustion Institute, Vol. 30, pp 2499~2507.

(8) Wang, X., Zhu, J., Bau, H. and Gorte, R. J., 2001,
“Fabrication of Micro-Reactors Using Tape-Casting
Methods,” Catalysis Letters, Vol. 77, pp. 173~177.

(9) Suzuki, Y., Saito, J. and Kasagi, N., 2004,
“Development of Micro Catalytic Combustor with
Pt/Al, O35 Thin Films,” JSME International Journal B,
Vol. 47, pp. 522~527.

(10) Okamasa, T., LEE, G. G., Suzuki, Y., Kasagi, N.
and Matsuda, S., 2006, “Micro Catalytic Combustor
Using High-Precision Ceramic Tape Casting,”
Journal of Micromechanics and Microengineering,
\ol. 16, No. 9, pp. S198~S205.

(11) Boyarko, G. A, Sung, C. J. and Schneider, S. J.,
2005, “Catalyzed Combustion of Hydrogen—Oxygen
in  Platinum  Tubes for  Micro-Propulsion
Applications,”  Proceedings of the Combustion
Institute, Vol. 30, pp. 2481~2488.

(12) Norton, D. G. and Vlachos, D. G., 2003,
“Combustion Characteristics and Flame Stability at
the Microscale: a CFD Study of Premixed
Methane/Air  Mixtures,” Chemical Engineering
Science, Vol. 58, pp. 4871~4882.

(13) Chen, M. and Buckmaster, J., 2004, “Modeling of
Combustion and Heat Transfer in ‘Swiss Roll’ Micro

olo

velgs 2 A9 54 d@ AT @
Scale Combustors,” Combustion Theory and

Modelling, Vol. 8, pp. 701~720.

(14) Li, Z. W, Chou, S. K., Shu, C., Yang, W. M. and
Xue, H., 2004, “Predicting the Temperature of a
Premixed Flame in a Microcombustor,” Journal of
Applied Physics, Vol. 96, pp. 3524~3530.

(15) Deutschmann, O. and Schmidt, L. D., 1998,
“Modeling of Partial Oxidation of Methane in a
Short-Contact-Time Reactor,” AIChE Journal, Vol.
44, pp. 2465~2477.

(16) Hayes, R. E. and Kolaczkowski, S. T., 1999, “A
Study of Nusselt and Sherwood Numbers in a
Monolith Reactor,” Catalysis Today, Vol. 47, pp.
295~303.

(17) Raja, L. L., Kee, R. J., Deutschmann, O., Warnatz,
J. and Schmidt, L. D., 2000, “A Critical Evaluation of
Navier-Stokes, Boundary-Layer, and Plug-Flow
Models of the Flow and Chemistry in a Catalytic-
Combustion Monolith,” Catalysis Today, Vol. 59 pp.
47~60.

(18) Seyed-Reihani, S. A. and Jackson, G. S., 2004,
“Effectiveness in Catalytic Washcoats with Multi-
Step Mechanisms for Catalytic Combustion of
Hydrogen,” Chemical Engineering Science, Vol. 59,
pp. 5937~5948.

(19) Deutschmann, O., Maier, L. 1., Reidel, U.,
Stroemman, A. H. and Dibble, R. W., 2000,
“Hydrogen Assisted Catalytic Combustion of

Methane on Platinum,” Catalysis Today, Vol. 59, pp.
141~150.

(20) Hays, R. E., Lui, B., Moxom, R. and Votsmeier,
M., 2004, “The Effect of Washcoat Geometry on
Mass Transfer in Monolith Reactors,” Chemical
Engineering Science, Vol. 59, pp. 3169~3181.

(21) Hays, R. E., Lui, B. and Votsmeier, M., 2005,
“Calculating Effectiveness Factors in Non-Uniform
Washcoat Shapes,” Chemical Engineering Science,
Vol. 60, pp. 2037~2050.

(22) Prasad, R., Kennedy, L. A. and Ruckenstein, E.,
1984, “Catalytic Combustion,” Catalysis Reviews-
Science and Engineering, Vol. 26, pp. 1~58.

(23) Male, P., Croon, M. H. J. M., Triggelaar, R. M.,
Berg, A. and Schouten, J. C., 2004, “Heat and Mass
Transfer in a Square Microchannel with Asymmetric
Heating,” International Journal of Heat & Mass
Transfer, Vol. 47, pp. 87~99.



