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Abstract
177211
This research combines a cyclic flow reversal combustion (CFRC) technique equipped with flame
trap and a surface combustor heater (SCH) embedded with staggered arrangement of tube ba;nk
within a porous matrix in which a gas combustion is taking place for energy saving. In conventional
SCH of one-way flow combustion (OWFC), combustion and heat transfer take place simultaneously
around the tube bank, resulting in multimode heat transfer to the tube bank because of thermal
radiation from solid porous medium with higher emissivity and absorption coefficient as compare
with the combustion gas. The SCH gives high performance with relatively low NO, emission
meanwhile CO emission can be controlled by controlling the position of combustion region with
respect to the tube bank. This could be done by operating the SCH with state-of-the-art technology
of cyclic flow reversal combustion (CFRC) instead of a conventional one-way flow combustion
(OWEC). Further enhancement in thermal performance of the SCH could be possible by this means.
With recent results of SCH operating with CFRC at the Combustion and Engine Reseafch
Laboratory (CERL), Department of Mechanical Engineering, KMUTT, an interesting phenomena
was accidentally discovered with flame stabilized within the tube bank though a strong quenching
effect. This yields a favorable temperature profile with a high temperatufe zone exactly co-inside
with location of the tube bank. This phenofnenon is of special important for combustion and heat
transfer since heat is immediately transferred to the tube bank, yielding high thermal efficiency but
low emissions of CO and NOy, (as low as 30 ppm at 0% excess O,). However, it is very difficult to

maintain such the favorable temperature profile to be occurred at any time and at any operating
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range. Attempt has been made to obtain the way in creating such the favorable temperature profiles.
Several dominating parameters, i.e. sequence of supplying the cooling water to the tube of the
tube bank, half-period (t, ), flow rate of the cooling water and equivalence ratio, which can allow
for the favorable temperature profiles to be occurred were studied. Results show that temperature
profile was insignificantly affected by sequence supplying of the cooling water because quenching
effect is too strong to remove. Half-period (t,)) was varied from t,_ = 30-390 s so as to push the
flame moving into tube bank but this was impossible. However, total thermal efficiency and CO
emission were strongly affected by t, , whereas NO, emission is almost unchanged. t,, = 180 s was
found to be an optimum valve with maximum total thermal efficiency (1) tot) of 85% and minimum
CO emission (co_,) of 200 ppm and NO, emission of 20 ppm. If t, of smaller or larger than this
value decrease in total thermal efficiency (1], ) was observed. Reducing in mass flow rate of the
cooling water can reduce quenching effect, leading to an occurrence of the favorable temperature
profiles. But this is sacrificed to a decrease in total thermal efficiency. Equivalence ratio (®) was
greatly decreased from 0.76 to 0.3 so as to change the flame structure from a 2-peak flame to a
single one, which can allow for the favorable temperature profile to be occurred. But this was
impossible, the 2-peak flame still exist. In spite of an unfavorable temperature profiles obtained
within the operating range, the equivalence ratio as low as 0.3 was achieved, implying an advantage
of the SCH with CFRC to be applied for combustion of lean combustion for efficient utilization of

energy.





