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Chapter 9 – Power Systems

· Vapor Power Cycle: The Rankine Cycle
· Closed cycle: working fluid is recycled

· Water is usually the working fluid
· Evaporator and condenser used for isobaric heat transfer steps

· Minimizes cavitation in the pump and provides for the possibility of superheating the turbine feed to increase turbine effluent quality.

· Ideal Rankine Cycle

· Pump and turbine are isentropic

· Condenser effluent is a saturated liquid

· Turbine feed is a saturated vapor

· Improvements

· Superheat: improves turbine effluent quality and increases (th
· Supercritical: increases (th, high T & P requires expensive materials

· Reheat: decreases (th unless used with regeneration, but increases turbine effluent quality

· Regeneration: Preheat boiler feed using HP turbine effluent

· Increases (th
· Great in combination with reheat

· Open and closed feedwater heaters are used

· Binary: Two Rankine Cycles with different working fluids

· Big increase in (th
· Can reach high temperatures and efficiencies without using high pressures
· Cogeneration

· Use some or al of the HP turbine effluent in another process.

· Saturated liquid is returned from the other process.
· Gas Power Cycles: The Brayton Cycle
· Air-Standard Assumptions

· Air is the working fluid and it behaves as an ideal gas

· Modeled as a closed cycle

· A 2nd HEX is used to restore the working fluid to its initial state and close the system

· Internal combustion replaced by external combustion and a HEX

· Both HEX’s are isobaric

· Ideal Cycle: compressor and turbine are internally reversible

· Cold Air-Standard Assumption
· Heat capacities are constant and hallways have the value at 25oC.

· GREATLY simplifies analysis, but preserves trends

· Compression ratio is the key parameter

· Improvements

· Regeneration

· Hot turbine effluent is used to preheat the feed to the combustor

· Improves efficiency at low compression ratios

· Regenerator Effectiveness: ( = fraction of maximum possible heat transfer that is actually achieved in the regenerator
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· Reheat

· Reheat HP turbine effluent

· Avoids extremely high temperatures, but decreases (th unless used in combination with regeneration

· Multi-Stage Compression with Intercooling

· Reduces work requirement for the compression, but decreases (th unless used in combination with regeneration.

Chapter 10 – Refrigeration and Heat Pump Systems

· Vapor Compression Refrigeration  (VCR)
· Ideal VCR Cycle

· Isobaric condenser and evaporator

· Isentropic compressor

· Isenthalpic expansion valve

· Condenser effluent is a saturated liquid

· Evaporator effluent is a saturated vapor

· Refrigerant Selection Criteria

· Cost, chemical stability, corrosiveness, toxicity, flammability

· Large (Hvap is desirable to minimize mass flow rate

· Vapro pressure or saturation pressure is the most important criterion

· Cascade  VCR

· Two separate refrigeration cycles usually using different refrigerants.

· Advantages: High COPR and can reach low temperatures

· Disadvantages: expensive

· Multi-Stage VCR

· Two cycles using the same refrigerant

· Flash drum is used to separate and recycle saturated vapor
· Instead of HEX, streams are mixed

· Advantages: Higher COPR than cascade

· Disadvantages: expensive, cannot reach temperatures as low as cascade can

· Vapor Compression Heat Pumps

· Same reservoir temperatures and therefore same working fluid as VCR

· Only difference is the objective: QH
· Reversing valve makes it easy for a home heat pump to also function as a home air-conditioner

· Gas Refrigeration Cycles

· Less efficient than VCR, but much lighter weight
· Can easily reach cryogenic temperatures (T < 150 K)

· Reverse the Air-Standard Brayton Cycle

· Regeneration

· The key to reaching cryogenic temperatures

· Pre-cool the turbine feed using working fluid after it has absorbed QC from the cold reservoir

· This reduces the temperature of the turbine effluent, which is the lowest temperature that the cycle reaches.

· Regenerator Effectiveness: ( = fraction of maximum possible heat transfer that is actually achieved in the regenerator
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