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operating range of a small-scale combustor, the utilization of quenching-resistant fuel, such as hydrogen 
(Zarvandi et al., 2012), and catalytic materials (Li et al., 2012), such as noble metals, in a small-scale TPV 
system has been considered as a promising manner to alleviate the above mentioned shortcomings. Since 
catalytic material is an important reaction enhancer for small-scale combustor, a novel concept is proposed 
here to use platinum, a noble metal, as the catalyst and the emitter for the small-scale TPV system. Besides, 
platinum is not only a catalytic material, but also a selective material (Yang et al., 2005). The spectrum of 
illumination from platinum is prone to congregate in shorter wavelength region due to its larger emissivity in 
this region. Furthermore, it is much easier to manufacture a platinum emitter than the other selective emitters 
such as micro-machining tungsten and rare-earth oxide. For the quenching-resistant property, hydrogen is a 
promising fuel candidate for small-scale TPV power system due to its inherent large thermal diffusivity and 
high sticking coefficient to catalyst. Furthermore, hydrogen is a high-energy-density and quenching-resistant 
fuel. Therefore, hydrogen is a candidate for applying in micro-TPV power system. Platinum tubes are often 
used as a catalyst for hydrogen-fueled small-scale combustors [Volchko et al., 2006]. However, the low 
volumetric energy density of hydrogen leads to the small-scale combustor that has to be operated at high fuel 
mass flow throughout. The high mass flowrate would further reduce the residence time for flame stability 
and complete combustion. Therefore, the flame-stabilizing mechanism is a pivotal consideration in small-
scale combustor design.  

In a small-scale channel, the mechanism of flame stabilization is strongly related to combustion efficiency 
and operational range. Akram and Kumar (2011) experimentally investigated combustion behaviors of 
methane-air mixture in meso-scale diverging channels, which showed an enhancement of flame blow-off 
limit compared to the plain channel. Wan et al., (2015) implemented a wall cavity in a micro channel to 
extend the flame blow-off limit of H2-air combustion. Li et al. (2012) applied the cavity flame holder to 
micro-channels with segmented catalyst on the inner walls. Nonetheless, non-uniform illumination of the 
emitter and reduced overall efficiency of TPV system are usually related to using improper flame stabilizers 
in a micro channel. Therefore, in the present study, a novel combustion chamber design is originated from 
the concept of our previous study with regard to segmented catalyst with cavity in a channel.  In order to 
apply this concept to combustion-driven TPV system, a platinum tube with perforated-hole array is proposed 
and used as catalyst, emitter, and flame stabilizer to overcome the critical heat loss and to improve the flame 
instability. Concept, design, and demonstration of the small-scale tubular platinum combustor with 
perforated-hole array for future application in a small TPV power generation system are addressed and 
discussed in this paper.  

2. Conception of the small-scale combustor 

In our previous paper (Li et al., 2012), applying segmented catalysts with cavities in a channel can integrate 
advantages of homogeneous and heterogeneous reactions, and enhance fuel conversion. The heterogeneous 
reaction in a prior catalyst segment produces chemical radicals and catalytically induced exothermicity, and 
homogeneous reaction can be subsequently ignited and anchored in the following cavity. The presence of 
cavities appreciably extends the stable operational range of the micro-reactor for a wide range of inlet flow 
velocities. To demonstrate and verify the above mentioned concept that is feasible in a small-scale TPV 
combustor, a preliminary numerical simulation is performed prior to experiments. A commercial code, CFD-
ACE+, is modified to incorporate the detailed gas-phase and surface reaction mechanisms in CHEMKIN 
formats for the simulation. For simplicity, the small-scale combustor is modeled as a two-dimensional 
system. The platinum tube has two segments, 4.5 mm and 24.5 mm long, respectively, as shown in Fig. 1. 
The distance between segmented tubes is 1 mm. The dimension of segmented platinum tube is 5.3 mm in 
inner diameter and 6 mm in outer diameter, and the dimension of quartz tube is 8 mm in inner diameter and 
10 mm in outer diameter. Accordingly, the area of cross section for inner tube and annular tube are 
approximate. The total length of the reaction channel is 30 mm long.  The inner and outer equivalence ratios 
of the hydrogen-air mixtures are 0.3 and 0.6, respectively. The inlet temperature is 300 K. A uniform 
velocity profile is specified at the inlet and the flow velocity is fixed at 20 m/s for the platinum tube with and 
without segmentation. At the exit, pressure is specified with a constant ambient pressure of 101 kPa and an 
extrapolation scheme is used for species and temperature. 



Chem
reacti
adopt
comp
used i

Figure
conve
cataly
of Fig
compu
Howe
conve
hydro
rate o
tubes,
stabili
both s
of cat
hence
applic

Fig. 2: 
inner an

Y
(c
m
)

-0

0

Y
(c
m
)

-0

0

Y

mical reaction m
on mechanism
ed from the m
iled primarily
in previous stu

e 2 compares
entional plain 
ytically induce
g. 2. The overa
uted OH mas

ever, the anch
entional plain
ogen conversio
of the segmen
, as seen in th
ization by me
sides. Consequ
talyst surface 
e prevent heat 
cable to a sma

Comparison of th
nd outer equivale

0
0.5

0

0.5

0
0.5

0

0.5

Yueh-Heng L

Fig. 1: Schema

mechanisms a
m of hydroge
mechanism pr
y from that pro
udies and the 

s the comput
platinum tub

ed exothermic
all fuel conve
s fraction, the
horing positi

n platinum tu
on is shorter t
ted platinum 

he upper panel
ans of providi
uently, the dis
can mutually
loss to the tu

all-scale perfor

he computed cont
ence ratios are 0.3

1

1

Li / SWC 201

atic diagram of s

are used in the
en-air combus
roposed by M
oposed by Deu
comparisons w

ted H2 and O
be, H2 at the i
city to assist h
rsion rate of t
e catalytically
on of gas-ph

ube. As to th
than that in a 
tube is 95.2%
l of Fig. 2. It 
ing a low-velo
stribution of d
y assist hetero
ube wall. The 
rated-platinum

tours of H2 and O
3 and 0.6, respect

Axial d
2

Axial d
2

15/ ISES Con

segmented plati

e gas phase as
stion compos

Miller and Bow
utschmann et 
with experime

OH mass frac
inner surface 

hydrogen conv
the convention
y induced com
hase reaction 
he segmented 

conventional
%. The gas-ph

appears that t
ocity zone as 
different equiv
ogeneous and 
preliminary c

m combustor.

OH mass fractions
tively, with the in

distance (c
3

distance (c
3

nference Pro

inum tube for nu

 well as on th
es of 9 speci
wman [1989].
al. [1996]. Th

ental results a

ctions in both
is initially re

version at the 
nal plain platin

mbustion is an
is strongly 
platinum tub

l plain platinu
hase reaction i
the gap betwe
well as collec

valence ratios 
homogeneou

computation c

s for the platinum
nlet velocity fixed

cm)

cm)

oceedings (20

umerical simula

e catalyst surf
ies and 19 re
 The surface 
hese reaction 
re satisfactory

h catalyst con
acted heterog
outer surface,
num tube is 8
chored on the
related to the
be, the distan

um tube. The o
is anchored on
een two tubes 
cting heat and 

of fuel/air mi
s reactions in
onfirms that t

m tube with and w
d at 20 m/sec. 

4

4

015) 

ation.

face. The hom
eaction steps; 

reaction mec
mechanisms h

y [Chen et al.,

nfigurations. A
geneously and
, as seen in lo
3.8%. Accord

e outer catalys
he inlet condi
nce for comp
overall fuel c
n the gap bet
 can enhance 
chemical radi

ixtures along b
n a confined s
the proposed c

without segmentat

5

0

0

5

6

5

mogeneous 
these are 

chanism is 
have been 
, 2006]. 

As to the 
d provides 
wer panel 

ding to the 
st surface. 
ition in a 
pletion of 
onversion 

tween two 
the flame 

icals from 
both sides 
space, and 
concept is 

tion. The 

H2
0.017

0.001

OH
6.0E-03

5.0E-04



In ord
with p
gap b
combu
tube i
equid
is con
which
has a 
electr
filled 
premi
tubes.
be in 
platin
flow v
digita
measu
intens
efficie
mixtu
pheno
distrib
used a

F

Y

der to realize t
perforated-hol
between two 
ustion chamb
is 5.3 mm in 
istantly placed

nnected with a
h of length is 

diameter of 
onic flowmet
with steel wo

ixed fuel/air m
. The Reynold
laminar regi

num tubes, are
velocity on th

al camera is 
urement, the p
sity is measur
ency ranging 

ures are separ
omena of two 
bution and ra
and recorded v

Figure 3: Schema

Yueh-Heng L

the concept of
le array is des

platinum tub
er with perfor
ID, 6 mm in

d around the t
a stainless stee
5mm, in the 
8 mm in ID 
er (Brooks, 5

ool can provid
mixtures with
ds number ran
ime. In this s
e employed in
he performanc

used to reco
platinum com
red by the spe
from ultravio
rately deploy
platinum tube
diant intensity
via a compute

atic diagram of  th

F

Li / SWC 201

3.

f segmented p
signed in this 
bes. Figure 3
rated-hole arr
n OD, and 30
tube at 5 mm 
el tube with 1
connection se
and 10 mm 

850E) and ca
de a space to m

different equ
nges from 377
study, two dif
n the experim
ce of the sma
ord the com

mbustor has to
ectrum meter
let (200 nm) t
ed and delive
es are individu
y of two plat

er. 

he platinum comb

Figure 4: Schema

15/ ISES Con

. Experime

platinum tube 
study. The fu

3 shows the
ray and its cor
0 mm in leng
away from th

1 mm in ID an
ection. The pl

in OD. Hydr
alibrated in th
mix the fuel/a
uivalence ratio
7 to 1258 in th
fferent platinu

ments to invest
all-scale comb

mbustion phen
o place inside
(Oceanoptic,

to near-infrar
ered to outsi
ually recorded
tinum tubes, a

mbustion chamber

atic diagram of  th

nference Pro

ental appara

in a confined 
unction of per
 schematic d
rresponding p

gth with six p
he bottom of t
nd 2 mm in O
atinum tube i
rogen, utilized

he range of 0-
air, as shown i
os are separat
he experiment
um tubes, the
tigate the effe

bustor. Figure
nomenon in 
e the integrati
 USB2000+X
ed (1050 nm)
ide and insid
d via a digital 
an infrared th

with perforated h

he experimental s

oceedings (20

atus

channel, a sm
rforated-hole a
diagram of th
ipes. The dim
erforated hole
he platinum tu

OD. It makes a
s confined in 
d as fuel, and
20 standard l/
in the right ha
tely delivered 
ts. Therefore, 
e conventiona
ects of fuel/ai
 4 shows the 
the combusto
ing sphere an

XR1), which h
 wavelength r
e of the tube
camera. For m

hermal camera

hole array and the

setup.

015) 

mall-scale plati
array is to sim

the proposed 
mension of the

es (1 mm in 
tube. The plati
a backward-fa

the quartz tu
d air are met
/min. The pre

and-side of Fi
d to the inner 

the flow is as
al plain and p
ir distribution
experimental

or. For the 
nd the resultin
has a uniform
region. Variou
e, and the co
monitoring tem
a and a radio

e corresponding p

inum tube 
mulate the 

platinum 
e platinum 
diameter)
inum tube 

acing step, 
ube, which 
tered with 
e-chamber 
g. 3. Well 
and outer 
ssumed to 
perforated 

n and inlet 
l setup. A 
irradiance 
ng radiant 

m quantum 
us fuel/air 
ombustion 
mperature 

ometer are 

pipes. 



Figure
equiv
to ind
hetero
conve
mecha
on th
becom
combu
condit
conve
extens
induc
is furt
tubula
ancho
conve
surfac
surfac
conve
reacti
the pl

Figure 
combus
exposu

Figure 
ERout =

Y

e 5 shows th
alence ratios a
duce both he
ogeneous reac
entional plain
anism, as show
e tube (Fig. 

mes much brig
ustion can be
tion. It is not

entional plain 
sive hydrogen
ed exothermic
ther increased
ar combustor.
ored on the p
ersion, but als
ce temperatur
ce temperatur
entional plain 
ons occur in t
ain platinum t

5. Photograph of
stor under the con

ure time of photog

6. The measured 
= 0.6 and V=10 m

Yueh-Heng L

e photograph 
and various in
eterogeneous 
ction. When 
n platinum tu
wn in Fig. 5a.
5b). When th
ghter than the
e induced an
ted that there 
platinum tub

n reaction on 
city, which ca

d, the residual
As to the per

perforated hol
so heats up th
es along the p
es of the perf
platinum tub

the perforated
tubular combu

f combustion phen
ndition of ERin=0
graph is fixed in 1

surface temperat
m/s. 

Li / SWC 201

4.

of combustio
nlet velocities

and homoge
ERin = 0.3 a
ubular combu
. With the per
he inlet veloc
e previous cas
d stabilized i
are bright ill
e under the c
the outer sur

an sufficiently
 hydrogen can

rforated platin
es of the pla
e platinum tu
platinum tube
forated-hole p
ular combusto

d platinum tub
ustor.

nomenon for the 
0.3 and ERout=0.6
1/200 sec.) 

tures along the pl

15/ ISES Con

. Results a

on phenomen
s (V = 5 and 1
enous reactio
and ERout = 0
ustor due to 
rforated-holes
city is increas
ses (Figs. 5a 
inside the com
lumination reg
condition of E
rface of the c
y compensate 
n induce gas-p

num tubular co
atinum tube. T
ube to become
es for the cas
platinum tubu
or. This is be

bular combust

cases: a conventi
6 and various V=5

lain and perforate

nference Pro

and discuss

non for two c
10 m/s). The s
ons, while th
0.6, there is o

heat loss an
, the catalytic
sed to 10 m/s
and 5b). This
mbustion cha
gions congreg

ERin = 0.3 and
catalyst can r
the heat losse
phase reaction
ombustor, it ca
The presence
e a bright emi
e of ERin = 0

ular combustor
ecause that bo
tor, but only h

ional plain (a,c) a
5 m/s (cases of a a

ed platinum tubul

oceedings (20

ion

ombustor cas
stream of ER =
he ER = 0.3
only heteroge
nd the lack 
ally holding c
s, the radiatio
s is due to tha
amber under 
gated in the d
d ERout = 0.6 
elease large a
es. Besides, w
n in the down
an be seen fro
of flame no

itter. Figure 6
0.3, ERout = 0
r are much hi

oth heterogene
heterogeneous 

and perforated pla
and b) and 10 m/s

ar combustors for

015) 

ses under fixe
= 0.6 mixture
 stream indu

eneous reactio
of flame sta

combustion ca
on from the t
at catalyticall
the flammabl

downstream p
(Fig. 5c). In 

amount of ca
when the inlet
nstream of the
om Fig. 5d tha
ot only accele
6 displays the 
0.6 and V=10 
igher than tho
eous and hom
s reaction take

atinum (b)(d) tubu
/s (cases of c and 

r the case of ERin

ed fuel/air 
es is prone 
uces only 
on on the 
abilization 
an be seen 
two tubes 
ly holding 
le fuel/air 

part of the 
principal, 
talytically
t flow rate 
e platinum 
at flame is 
erates fuel 
measured 
m/s. The 

ose of the 
mogeneous
es place in 

ular
d). (The 

n = 0.3, 



Figure
respec
no illu
moder
identi
combu
equiv
equiv
combu
means
consu
Comp
the p
condit
stabili
combu
the pl
spectr
measu
W/m2

Figure 
( ) no 
illumin

The r
wall w
For te
of the
veloci
and h
illumi
reduc
variou
in a s

Y

es 7 shows 
ctively, with v
umination, he
rate illumina
ified by imag
ustor, conditi
alence ratios 
alence ratios
ustor primaril
s of heat rele

umption in one
parison of Fig
erforated tub
tions of large
ization. The o
ustor is remar
lain and perfo
rometer under
ured irradianc
2 for the perfor

7. Operating rang
illumination, (

nation, and ( ) he

esult of a sim
with a gap, an
estifying the c
e proposed per
ities. Results d

homogeneous 
ination of the 
e the heat loss
us flow veloci
small-scale sy

Yueh-Heng L

the operating
various fuel-a
eterogeneous r
tion, and the
ge observatio
ions for brig
(see Fig. 7a)

. The presen
ly stabilizes t
ease from cat
e side is nece

gs. 7a and 7b 
bular combust
er outer equiva
operating ran
rkably extende
orated platinum
r the fixed equ
ces are 18,052
rated platinum

ge of a (a) plain a
) heterogeneou

etero- and homog

mplified simula
nd flames anch
concept of our
rforated-platin
demonstrate t
reactions, ex
 platinum tub
s from the cha
ities. These tw
ystem and hi

Li / SWC 201

g range of t
ir distribution
reaction with 
e combined h
ons and wall 
ght incandesc
). The bright 
nce of backw
the flame ins
talytic induced
ssary to susta
indicates that
tor is much 
alence ratio. T
ge of bright 
ed, especially 
m tubular com
uivalence ratio
2 W/m2 for th
m tubular com

and (b) perforated
us reaction with 
geneous reaction w

5.

ation supports
horing on the 
r proposed mic
num combusti
hat the perfor

xtend the oper
be. Besides, de
amber wall, an
wo novel appr
igh illuminati

15/ ISES Con

the plain an
ns under V = 1

dim red illum
hetero-/homo-

temperature 
cent illuminat

incandescent
ward-facing st
side the tube, 
d exothermic

ain catalyticall
t the operating
larger than t

This is attribu
incandescent 
for lower inn

mbustors are p
os (ERin = 0.3
he convention

mbustor. 

d platinum tube u
dim red illumin

with bright illum

. Conclusi

s the concept 
wall can cont
cro-TPV com
ion chamber i
rated-platinum
rating range o
elivering fuel
nd a perforate
roaches realize
ion on the ch

nference Pro

d the perfor
10 m/s. Four d
mination, hete
-geneous reac
measuremen

tion congrega
t region is co
tep in the co
and heat los

ity on the su
ly stabilized th
g range with 
that for the 
uted to the pre

illumination 
ner equivalenc
placed inside 
3, ERout = 0.6)
nal plain plati

under the conditio
nation, ( ) com

mination.

ons 

of sustaining
tribute to effic

mbustor, an exp
is made under

m tubular comb
of the combu
l/air mixtures 
d-hole can sus
e the applicati
hamber wall. 

oceedings (20

ated platinum
distinct combu
ero- and homo
ction with br

nts. For the p
ate in the hi
ngregated in 
onventional p
s from the tu

urface. Conseq
hermal combu
bright incand
plain tubular 
esence of perf
for the perfo

ce ratios. Rega
the integratin
) and flow vel
inum tubular 

on of inlet flow v
mbined hetero-/ h

 catalytic com
ciently heat up
perimental stu
r various equiv
bustor can sus

ustor, and enh
into two side
stain flames a
ion of simulta
Therefore, th

015) 

m tubular co
ustion phenom
ogeneous reac
right illumina
plain platinum
igher inner a
larger inner 

plain platinum
ube can be re
quently, exce
ustion in the o
descent illumin
r combustor u
forated holes 

orated platinum
arding to the i
ng sphere conn
locity (V=10 
combustor an

velocity of  10 m
homo-geneous re

mbustion on a
up the wall tem
udy on the per
valence ratios
stain the heter
hance the inc
es of platinum
anchoring on t
aneously flam
he perforated

ombustors, 
mena, i.e., 
ction with 
ation, are 
m tubular 
and outer 
and outer 

m tubular 
educed by 
ssive fuel 
other side. 
nation for 
under the 
for flame 
m tubular 
rradiance, 
necting to 
m/s). The 

nd 19,858 

/s. Symbols: 
eaction with 

a platinum 
mperature. 
rformance 
s and inlet 
rogeneous 

candescent 
m tube can 
the wall in 

me stability 
d-platinum 



Yueh-Heng Li / SWC 2015/ ISES Conference Proceedings (2015) 

tubular combustor can serve as an effective emitter for the small-scale TPV power generation system as 
compared to the plain platinum tube. These facts suggest that future application of the proposed concept and 
design of the perforated-platinum combustor to a small-scale TPV power system is feasible. 
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