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Abstract—Catalytic combustion is thought to be a considerable improvement on the traditional one under specific
conditions. Due to its special features, catalytic combustion has two strong points compared to flamennisdio
and high reaction efficiency. However, the preheating process of catalytic combustion is an obstacle that deteriorates
profitability in operation. So the HTHE (High Temperature Heat Exchanger) is adapted to the system to reinforce the
preheating process, and we show that the catalytic combustion is maintained steadily without exceptional heat injection.
As a result, the stability on the catalytic surface is the most important operational factor. To achieve it, both mixture
gas property and temperature distribution should be controlled.
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INTRODUCTION amori, 1996].
In the present work, a catalytic heat exchanger was designed which

A catalytic combustor with a heat exchanger has been employedmploys the regenerative preheating system of combustion air. The
in various manufacturing processes that require a compact desigratalytic heat exchanger is composed of a catalytic combustor and
[Klein and Eigenberger, 2001]. Fin tubes have been widely used ta heat exchanger. The sensitivity of operating parameters such as
augment the surface area, which is a determinant factor for increagquivalence ratio, velocity and preheating temperature of the mix-
ing the heat transfer rate. Wang [2000] extensively reviewed thdure of air-fuel was investigated to analyze the combustion charac-
recent progress and performance of the fin-tube heat exchanger. teristics in the catalytic combustor. One of the objectives in this work

Wang et al. [2001] investigated catalytic combustion involving a is to find optimal operating conditions for stable catalytic combus-
strongly exothermic reaction such as LNG combustion in a tubulation in the catalytic heat exchanger.
reactor with a fixed catalyst bed inside the tube and a cooling fluid
outside. They found that a large number of tubes caused a severe EXPERIMENTAL
pressure drop due to catalyst bed, non-uniform distribution of heat
transfer across the radial direction, a multiplicity of hydrodynamic  The regenerative heat exchanger is composed of two parts: a cat-
regimes, etc. Seo et al. [2000] designed a catalytic heat exchangalytic combustor and a heat exchanger. The catalytic combustor con-
using catalytic fin tubes catalyzed with Pd catalyst and found thasists of a preheating burner and catalyzed honeycombs. The heat
the arrangement of the fin tubes had a significant influence in achievexchanger is composed of one for the preheating of the mixture and
ing best catalytic combustion performance. When the heat exchangée other for working fluid. Fig. 1 shows the concept of the cata-
was enlarged to a size corresponding to 100,000 kcal/hr, the catalytigtic heat exchanger used in this study. The system was designed
fin-tubes showed unsatisfactory performance in catalytic combus
tion and heat exchange rate. Thus, they replaced the catalytic fi
tubes with catalyzed honeycombs to increase the heat exchange « T T
pacity.

A catalytic combustor with a catalyzed honeycomb can be effec
tively combined with a heat exchanger. The catalytic combustior
of the mixture of air-fuel also can be improved by employing a regen:
erative preheating system. Catalytic combustion also has the uniqt
feature of stably burning a very lean mixture that cannot be com
busted with conventional flame combustion. Thus, the appropriate
use of catalytic combustion would control the combustion temper-
ature below 1,00, which prevents the production of thermal,NO
[Seo et al., 1999; Schlegel et al., 1996]. Catalytic combustion as a
environmentally friendly technology has been applied to various
facilities such as gas turbines, industrial boilers, radiant heaters, VOI
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abatement etc. [Trimm, 1995; Saint-Just and Kinderen, 1997; Sac Air Air
"To whom correspondence should be addressed. Fig. 1. Schematic diagram of the test rig for catalytic heat ex-
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to utilize the heat generated by catalytic combustion as a heatingurner was controlled by remote control depending on the operat-
source of the mixture fed to the catalytic combustor and to recoveing situation of the catalytic heat exchanger. The mixing nozzle was
the remaining heat via a heat exchanger. To initiate the catalytic condesigned to have the mixture of LNG-air mixed as homogeneously
bustion upon the startup of operation, a pre-burner was installed as possible because the mixing degree of the mixture has a critical
the place before the catalytic combustor. It is only used upon theffect on the catalytic combustion. The catalytic combustor was fab-
startup of the system and tumed off when the catalytic combustiomicated with catalytic honeycombs and installed downstream of the
is ignited completely. pre-burner. A sight glass was installed just behind the catalytic com-
The casing of the heat exchanger was made of SUS 304 to wittbustor to observe the situation of the catalytic honeycomb during
stand high temperatures up to 1,800Ceramic fiber was used to the operation of the system.
insulate the system. The fin tubes of the heat exchanger were fab- The experiment was conducted according to the following pro-
ricated to the triangular-staggered type. The heat exchangers faedure. The combustion air is fed to the inlet of the system through
the preheating of the mixture and the heat recovery have a surfadbe preheating heat exchanger. LNG is supplied to the pre-burner
area of 20 rhand 40 rh, respectively. To prepare the catalytic hon- whereas the mixing nozzle is closed. The pre-burner is ignited so
eycombs, the ceramic honeycomb (150 cellsfiras first wash-  that the combustion air is heated to a level that can initiate the cat-
coated with TiQ of high surface area. Then Pd catalysts were de-alytic reaction in the catalytic combustor. When the temperature of
posited to the washcoated honeycombs by impregnation with aquéhe combustion air reaches the ignition level,"85Q.NG is sup-
ous palladium nitrate (Pd(NJp) (19.96% Pd, Engelhard). The cat- plied to the mixing nozzle and is mixed with the on-going com-
alytic honeycombs were dried at P@0for 12 h and calcined at  bustion air. In the catalytic combustor, the mixture is heated by the
550°C for 6 h. The catalyst loading on the catalytic honeycombscatalytic reaction onto the catalytic surface. The combustion gas
was about 1.0 wt%. exiting from the catalytic combustor flows to the preheating heat
LNG (CH, 90.22%, GH; 6.45%, GH, 2.34%, CH,, 0.99%) was exchanger, where the heat is transferred from the combustion gas
used as a fuel and its flow rate was measured with a dry typed flowto the combustion air flowing inside the fin tube. The combustion
meter. The LNG was supplied to the preheat burner and the mixgas flows further to the downstream, where another heat exchanger
ture nozzle. Air was supplied to two places-the inlet of the systemis placed. The remaining heat in the combustion gas is recovered
and the heat exchanger recovering the generated heat- by turbaia this heat exchanger of which the working fluid is the air and
blowers of which each flowrate is 600 fiin A diffusion type burn-  the combustion gas is exhausted to the atmosphere.
er was used as a preheating burner. The fuel feed to the preheatingThe temperatures of the combustion gas and the surface of the
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Fig. 2. Design of the regenerative catalytic heat exchanger.
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catalyst honeycomb were measured with K-type thermocouples

The combustion gas was sampled at the exit of the system and a__
alyzed with an on-line gas analyzer. The concentration &G0 =2 440 4
CO was measured with the NDIR analyzer (Horiba, VIA 510). THC o e ———————
concentration was measured with FID analyzer (Horiba, FIA 510).&

. . .. Fuel Equivalent Ratio
Water in sampling gases was removed by a sample conditioner bic

: o —m— 0.19
fore the analysis was performed. ® —e— 0.195
: o,

RESULTS AND DISCUSSION 5% e 023

—+— 0.26

—x— 0.27

1. Effects of the Preheating Heating Temperature r r r : . )
The temperatures within the catalytic heat exchanger and the con ~ 0:50 055 060  0.65 070 ~ 075  0.80
positions of the combustion gas were measured. The conversion c. Mixture Velocity (m/sec)

combustion gas was calculated by the following equation: Fig. 4. The effects of the mixture velocity on the conversion rate.
: ___[co)
Conversion( %=————"—-—=x100 1
" Hcr+co) @ N,
. . . 7 =N

The preheating temperature of the mixture was changed in th A
range of 300-420C at a flow rate of 408.2%h and an equiva- % T
lence ratio of 0.19-0.27 (see Fig. 3). The preheating temperature% il
of the mixture were measured at the upstream of the catalytic hor © 0.23 0

eycomb. The results show that the preheating temperature signif%
cantly affects the conversion of the mixture. The conversion rate:2
in general, increases with the increase of the preheating temper
ture. Especially, the conversion rate is abruptly changed at a preg
heating temperature of 380 for all ranges of equivalence ratio. It 2 9-1°
reaches over 98% when the preheating temperature increases to o 4 4
380°C. The results suggest that the preheating temperature shou

be kept over 38t to obtain nearly complete conversion of the 340 360 380 400
mixture. T(0)

2. Effects of the Mllxture ,VeIOC'ty ) . Fig. 5. The contour diagram of the conversion of the mixture as a
Seo et al. [2000] investigated the catalytic combustor using cat- function of equivalence ratio and preheating temperature.

alytic fin tubes and found that the mixture velocity was a critical The number in the contour refers to the conversion rate of
factor in the design of the catalytic heat exchanger. The conversion the mixture.
rate seems to be very sensitive to the contact time of the mixture
on the catalyst surface. The effects of the mixture velocity on the
conversion rate were investigated as shown in Fig. 4. The mixturexperimental conditions. Specifically the conversion rate is a little
velocity was changed in the range of 0.52 to 0.77 m/s at a preheatlecreased from 99% to 98% when the mixture velocity is raised
ing temperature of 38C and an equivalence ratio of 0.19-0.27. from 0.52 m/s to 0.77 m/s. These results verify that the mixture ve-
As a result, the conversion rate appears to be over 98% in all thiecity of 0.52-0.77 m/s is the appropriate operating condition for
the manufactured catalytic combustor.
3. Effects of the Equivalence Ratio of the Mixture

100 - . . . The influence of the equivalence ratio on the conversion was in-
~ 95 vestigated in the range of an equivalence ratio of 0.16-0.3 at a flow
= . . rate of 408.2 . Fig. 5 represents the conversion rate as a func-
£ 907 Fuel Equivalent Ratio tion of both the equivalence ratio and the preheating temperature.
o 851 o ::: 3'125 In the flame combustion of CHhe lean flammability limit is an
S 80 / ;7‘% e 02 equivalence ratio of 0.5. But the results show that a catalytic reac-
S 5] x / v%t —v— 0.22 tion is possible even at a very low equivalence ratio of 0.2, which
z % —e— 0.23 is very lean compared to the lean limit of the conventional flame
8 1 A/ —+— 0.26 combustion.

654 = —x— 0.27 As a result of the experiment, the conversion rate reaches over
60 ; . . . . . . 98% at a high preheating temperature of overG&ihd an equiv-
300 320 340 360 380 400 420 alence ratio of 0.19-0.27. But, unstable operation was observed when
Preheat T (C) the equivalence ratio exceeded the range of 0.19-0.27. The most
Fig. 3. The effects of the preheating temperature of the mixture  Stable catalytic combustion was achieved at an equivalence ratio of
gas on the conversion rate. around 0.25. This implies that stable catalytic combustion is possi-
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E ﬁg% ﬂﬁgf:fer erative preheating system of combustion air. The results show that
1000+ E E%SPM- . the mixture velocity does not significantly affect the performance
own rig . .
B TC @ down center of the catalytic combustor, whereas the preheating temperature of
800+ TC @ down left 1100 . S .
combustion air significantly affected the conversion rate. Complete
—~ 6004 conversion was achieved in the catalyzed honeycomb at a preheat-
©

ing temperature of 370-390, a mixture velocity of 0.53-0.75 m/s

and an equivalence ratio of 0.19-0.27. The heat exchange effi-
ciency of the catalytic heat exchanger appeared to be about 75%
when the air at room temperature was used as a working fluid. The
results show that both the temperature distribution on the catalytic
surface and the mixture conditions determine its stable catalytic com-
bustion.
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CONCLUSIONS

A catalytic heat exchanger was designed that employs the regen-
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