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Stirling Cycle

Reverend Dr. Robert Stirling (Patented in 1816)

Thermodynamic Processes -

= |[sothermal Expansion

= |[sochoric Displacement

= |[sothermal Compression

Pressure (Pa)

horic Displacement

Volume (m*)



Engine Characteristics & Applications

Multi Fuel Capability

Quiet Operation

Flat Part Load Characteristics
Low Pollutant Emissions

w Cycle Torque Variation

nufacturing Cost

CHP Applications

Stirling Cryocoolers
Nuclear Power
Geothermal Energy

LTD Engines



Classification

= AlphaType =BetaType = Gamma Type

a configuration B configuration



Design Criteria

Design Working Temperatures:

Ncamot 30 %

Design Heat Input: 200W

= |[nadequate Design Info.

= Material Limitations

T, 150°C T, 25°C

Power Output (Indicated): 60W

= Unavailability of Ready Made Parts

= Machining Limitations



Initial Experimentation

Experimentiation Video






Mathematical Modeling
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Mathematical Modeling (contd.)

Compression Cooler Heater Expansion
S pace S pace

Compression Expansion
Piston Piston
— —————1
Alpha Engine
uation: PV = mRT Working Fluid: air
ati )N: hone Total System Mass: Constant

Regenerator Temp: T,

M=P(V, /T, +V, /T, +V,/T,+V./T)/R

(Vi /T, +V,/T.+V, /T +V./T)



Computer Simulation
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= SIMULINK Model = Time Dependency

= Masked System = Conversionof 0tot



Computer Simulation (contd.)

cold end initial dead volume {oc}

f25
cold end temperaturs {C)

125
transfer tube volume (o)

gas constant l':d,"%{g.l‘i]

287

regenerator temperature | hot end temperature
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= Basic User Interface

= Dimensional Variables

= System Initialization



Computer Simulation (contd.)
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Fabrication Stage

Hot End:

= Cylinder with inner groove

‘Dead Volume for Heating



Fabrication Stage (contd.)

Cold End:

n Cy"nder with thread :«s:sssresrsseinnmsninnnssnsnsssnssnsssnnsnnnnnns




Fabrication Stage (contd.)

Piston & Connecting Rod:




Fabrication Stage (contd.)

Crank & Flywheel:

= Generates Sinusoidal Piston Motion = 90° Phase Angle




Result Analysis

pressure (bar)
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Plot : variation of system pressure with time (crank angle) and hot end temperature




Result Analysis (contd.)
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pressure (bar)

Hot End P-V Diagram Cold End P-V Diagram
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Plot : hot end PV diagram @ different hot end temperatures Plot : cold end PV diagram @ different hot end temperatures



pressure (bar)

Result Analysis (contd.)

Effect of SIMULINK Solver -

1.65

Plot 12.7: hot end PV diagram using fixed step solver
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Plot 12.8: hot end PV diagram using variable step solver
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Fundamental Study

Incorporating Pl and Tl -

Thermocouple Read-Out




pressure (bar)
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Case - 1: the hot piston is moved manually keeping the cold piston fixed

Case - 2: the cold piston is moved manually keeping the hot piston fixed

— theoretical = experimental
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Plot : variation of system pressure with time (crank angle) without cold end motion

Case - 1
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Plot 12.6: variation of system pressure with time (crank angle) without hot end motion

Case - 2



Conclusion




Recommendation

= |ncorporation of Quick Heating Arrangement

= Redesigning the Flywheel

Reduction in Dead Volume

ation of a Regenerator



Thank You



