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Group Responsibilities

• Build confidence in design tools
• Control System Test Rig (CSTR)

2006 CSTR



2006 CEA Goals 

• CSTR improvements
• Auxiliaries

• Electrical and electronics
• Control

• Semi-automated operation
• Validation of CSTR dynamic model



Control Systems Test Rig

2005 CSTR



Control Systems Test Rig

2006 CSTR



Auxiliaries

Jack Jensen



Personal Responsibilities

• CSTR improvements
• Bellmouth inlet

• Starter assembly
• Exhaust nozzle

• Fuel collection system
• Minor modifications



ASME Standard Bellmouth

Pro/E bellmouth for CSTR

Dimensions in mm



CSTR Bellmouth

CNC mold

Bellmouth and collar



Starter Assembly

• Linear engaging
• Robust

• Threaded design

2006

2005



Exhaust Nozzle

• 12.7 cm inlet diameter

• 6.75 cm outlet diameter
• Interchangeable nozzle



Nozzle Support Structure

Engaged Disengaged

• Variable mechanical advantage
• Threaded design
• High temperature bushings



Fuel Collection

• Threaded through cart

• Drains through pan



Minor Modifications

• RPM sensor and light
• Starter shaft
• Exhaust pipe support
• Cart space re-design

• Firewall installation



Minor Modifications

Starter shaft and RPM sensor

Cart space re-design and firewall



Future Work

• Bellmouth instrumentation
• Automatic starter disengage
• Thrust measurement hardware
• 50 kW engine auxiliary research
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Electronics 
and Instrumentation

Sebastian Wszolek



Personal Responsibilities

• Electrical and signal wiring improvements
• Data acquisition hardware
• LabVIEW 

• Data acquisition (DAQ)

• Semi-automatic operation 
• Automatic test sequence



Accomplishments

• Electrical and signal wiring
• Data acquisition system
• Semi-automatic operation

• One button start and stop

• Automatic test sequence
• Fault monitoring

• Over-heat and over-speed protection



CSTR Wiring

2005 CSTR



CSTR Wiring

2005 CSTR control panel2005 DQA and electrical wiring



CSTR Wiring

2006 CSTR



CSTR Wiring



Instrumentation Locations

CSTR schematic



2005 LabVIEW Data Acquisition



Data Acquisition Hardware

• Capabilities
• 2 analog outputs
• 8 analog inputs 
• 12 digital I/O

NI-6009 USB



2006 LabVIEW User Interface

2006 control and DAQ 



Semi-Automatic Operation
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Future Work

• LabVIEW implementation
• Air mass flow rate measurement

• Thrust measurement 
• PID control

• 50 kW engine instrumentation research



Questions?



Controls

Robert Najgebauer



Personal Responsibilities

• Build confidence in design tools
• Open-cycle gas turbine

• Closed-cycle gas turbine (50kW)

• CSTR
• Operation

• Hardware improvements



Accomplishments

• Improvements to dynamic model
• Data comparisons
• CSTR improvement

• Convergent exhaust nozzle design



MATLAB Simulink



GasTurb Software

• Open-cycle gas turbine
• Air as working fluid
• Steady-state modelling



Compressor Map

• Generic
• High pressure
• Axial
• Scaled

2005
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Compressor Map

2006

• OEM specific
• Radial
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2005 Simulink Comparison
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2006 Simulink Comparison
ExperimentalSimulink

Fuel Flow Rates
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Exhaust Nozzle

• Test future control system
• PID control system

• Load and no-load conditions

• Test dynamic response of CSTR
• Compare to dynamic model

• Allow for thrust measurement



Exhaust Nozzle
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Operational Fuel Flow Limits
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Future Work

• CSTR
• Load and no load response comparisons

• Dynamic models
• Improve turbine map

• Controls
• Fuel schedules

• PID control



Questions?



Advanced Design

Adam Coderre
Daniel Thompson



Group Responsibilities

• Technology scalability – 100 MW plant
• Existing engine – GE LMS100
• Performance modelling for air and CO2



GE LMS100



LMS100 Parameters

209 kg/sFlow

46%Effy

42OPR

700 KTexh

1653 KTIT

100 MWPower

Cooling bleed

Component h

PR split

Published Estimated



Advanced Design

Adam Coderre



Personal Responsibilities

• ASPEN Performance Cycles
• Open air 

• Open and closed CO2

• Recuperator, combined cycle investigation



ASPEN

• Chemical plant modelling software
• Used by previous years’ groups
• Component property data strengths



Open Air Cycle Model



Closed CO2 Cycle Model



Duty Study

• Recuperator vs Heat Recovery Steam 
Generator (HRSG)

• High recuperator effectiveness:
• Less fuel and O2, higher efficiency
• Less heat for combined cycle, lower output



Efficiency vs Effectiveness
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Challenges 

• ASPEN
• Learning  

• Robustness

• Engine parameters



Future Work

• Structural 
• Closed cycle is pressurized

• Combustor design
• Multistage premixer for O2

• Economics
• Fuel savings vs. capital cost



Questions?



Advanced Design

Daniel Thompson



Personal Responsibilities

• GE LMS100 performance
• Cycle calculations and analysis

• Air to CO2 cycle conversion



GE LMS100

h= 0.908

PR = 4.2

h= 0.888

PR =10

h = 0.878
h = 0.878

h = 0.935

LPC 17% Bleed Flow



Results Comparison

Parameter Hand Calcs GasTurb ASPEN
T1 [K] - LPC inlet 298            298         298         
T2 [K] - Intercooler inlet 466            463         463         
T2.5 [K] - HPC inlet 298            298         298         
T3 [K] - Combustor inlet 613            604         604         
T4 [K] - HPT inlet 1,653         1,653      1,653      
T5 [K] - IPT inlet 1,321         1,330      1,362      
T6 [K] - PT inlet 1,174         1,106      1,113      
T7 [K] - PT Outlet 700            696         688         
Thermal Efficiency (h) 0.47 0.44        0.46        
Power (MW) 109            101         100         



Conversion to CO2

• Operating characteristics
• Compressors - Roberts method

• Turbines - Roberts and First principles



Compressor Maps

• Isentropic efficiencies

• Pressure ratio

• Mass flow
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LPC Map
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HPC Map 
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Turbine CO2 Conversion
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Efficiency Comparison

• Derivations
• Advanced Design - Thermodynamics

• Roberts - Similarity 
n
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Efficiency Comparison
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Efficiency Comparison
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IPT Characteristic
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Power Turbine Characteristic
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Closed Cycle Results

• CO2 as a working fluid
• Modified parameters for ASPEN



Final Performance

• Net power = 118 MW
• Thermal efficiency = 52.7%
• CH4 flow rate = 4.5 kg/s
• O2 flow rate = 17.9 kg/s
• CO2 sequestration = 12.3 kg/s
• H2O flow rate = 10.1 kg/s



Future Work

• Verification of conversions
• Matching of compressor and turbines
• Blade throat area control



Questions?
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To Our Invitees
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To Our Financial Supporters


