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Abstract:

This study analyzes and evaluates the effect of relocating the silencers of the exhaust system of the Alstom
single-pressure, combined-cycle power plant in Yazd. The exhaust system design should minimize both
pressure drops and ensure a uniform flow at its outlet (the inlet to the recuperator boiler). Analysis of the Yazd
power plant exhaust system in the combined-cycle state indicates that vortices form in the divergent channel
preceding the silencer, while the outlet flow remains uniform. The total pressure drop is 535.71 Pa.

For the gas-turbine cycle, vortices form in the divergent channel and in the by-pass exhaust stack, with a total
pressure drop of 611.33 Pa. Relocating the silencers inside the by-pass exhaust stack reduces the pressure drop
caused by their presence in the gas inlet to the recuperator boiler; however, the flow becomes highly non-
uniform, and a large vortex region with circulating flow develops within the exhaust system. The inlet static
pressure decreases to 467.61 Pa and the total pressure drop becomes 57.5 Pa. For the gas-turbine state,
analogous to the combined-cycle, flow uniformity deteriorates and a vortex region with substantial circulating
flow forms within the diverging channel. The total pressure drop for this condition is 929.56 Pa.

Relocating the silencers yields no perceptible reduction in pressure drop in the combined-cycle and has no
substantial effect on efficiency. However, silencer life increases, and accessibility for maintenance improves.
Implementing this modification in the exhaust system should be performed by experienced personnel, and,
upon validation of its value, geometry refinements to achieve flow uniformity should be made; otherwise,
particularly in the combined-cycle, the non-uniform flow could degrade the recuperator heat exchangers and
affect recuperator performance. To achieve flow uniformity inside the exhaust, two modification schemes were
proposed and evaluated.

Modification Plan 1: The length of the divergent channel is increased, which reduces the channel divergence
angle. As a result, the flow in the combined-cycle becomes uniform, and the inlet static pressure relative to the
present exhaust system decreases by 518.6 Pa, with a total pressure drop of 16.24 Pa. This modification did
not affect the gas-turbine cycle, where the flow remains non-uniform. The inlet static pressure for the exhaust
in this state relative to the present system increases by 275.45 Pa, and the total pressure drop for this geometry
is 929.56 Pa. This plan entails a high implementation cost because a new divergent channel must be
constructed.

Modification Plan 2: A perforated plate is placed in the center of the divergent channel. With this modification,
the flow in the combined-cycle becomes uniform, and the vortices caused by silencer relocation diminish. The
inlet static pressure relative to the present system decreases by 299.62 Pa, and the total pressure drop is 235.78
Pa. This modification is effective for the gas-turbine cycle, yielding a more uniform flow. The inlet static
pressure relative to the present system increases by 360.33 Pa, and the total pressure drop for this geometry is
988.6 Pa. Although this modification reduces pressure drop in the combined-cycle compared with the previous
state, its advantage lies in lower implementation cost.
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