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ABTRACT

The research work was to study the cross-flow heat exchanger under particulate
conditions specifically the air side performance of two different types of tubes (plain
tube and crimped spiral finned tube) in two different arrangements (inline and
staggered).

The effects of pitch ratio (S./St), transverse pitch, tube layout angle, tube
arrangement, fin spacing and fin height were investigated. The pressure drop across
heat exchanger increases as the Reynolds number increases. In the same way,
pressure drop increases as the pitch ratio increases. Increasing fin height also
increases pressure drop but reduces convection coefficient. When the cross-flow heat
exchanger was operated under particulate conditions at low Reynolds number the
accumulation of particles at the air duct tends to increase, the velocity increases and
pressure drop also increases but there was a decrease in convective heat transfer
coefficient. The tube layout angle that gives the highest maximum velocity will also
result in the maximum pressure drop but the convection coefficient was at its least.
The fin height affects the cross-flow heat exchanger by increasing the pressure drop
but decreasing the convective heat transfer coefficient. Increasing fin spacing will
increase the convective heat transfer coefficient but reduce pressure drop. For the
larger transverse pitch the convection coefficient is greater but the pressure drop was
less. The correlations of the plain tubes and crimped spiral finned tubes in both
staggered and inline arrangement under particulate conditions were developed. The
proposed correlations give a fairly accurate predictive ability against the present test
data.

In addition, the performance of cross-flow heat exchanger, known as the primary
air heater in a 300MW lignite-fired power plant under particulate, no leakage and
leakage conditions. Normally, this equipment exchanges heat between the hot flue gas
and the inlet combustion air which operates under a high content of fly ash. Testing
was executed with the full American Society of Mechanical Engineers, performance
test code field test (ASME PTC) to provide final verification of performance. The
leakage values of selected primary air heater were 7.65, 7.37 and 6.31% when the
power plant was run at the generator capacity of 180, 240 and 300MW respectively.



Under these conditions, the effectiveness of the selected primary air heater was found
0.760, 0.731 and 0.716 respectively. The air heater leakage and particulate matter
have an effect on the performance of primary air heaters and would tend to poor
efficiency. The particulate matter has an effect on the gas side convection coefficient
of primary air heaters in lignite-fired power plant and tends to reduce its performance.
Furthermore, the particulate matter and leakage affect the gas side convection
coefficient and performance more than that of the particulate conditions alone. The
plain circular tubes in staggered arrangement are the best for cross-flow heat
exchanger when operated under high particulate conditions, due to their low cost and
ease of cleaning, operating and maintaining.

If the tubes arrangement of primary air heater was changed from inline type to
staggered type the effectiveness and pressure drop can be increased around 2.68% and
6.2% respectively.
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