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NG COMPRESSOR STATION

BACKGROUND

TECH RISKS

• Rotor-bearing system dynamics

• Radial bearing damping and load capability

• Thrust bearing load capacity

• Thermal stability/design of hermetic machine

APPLICATION AND MOTIVATION
• Natural Gas Compressor Stations

• Utilize waste heat sCO2 Brayton power cycle

• 11pts Eff. Increase 41% to 52% cycle eff.

• Objective: conceptual design of cycle and turbomachinery

TECHNICAL APPROACH

• 2 Drivetrain config. Dual spool approach

• Elimination of gearbox and use of CO2 bearings

• Hermetic casing; free of CO2 emissions

• Immersed generator in high density CO2
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OTHER POTENTIAL APPLICATIONS

• Concentrated solar power cycles

• Nuclear power cycles
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(1) drivetrain rotordynamics

(2) thrust bearing load capacity

(3) thermal system design

- Develop design practices and methods 

- Benchmark mechanical systems & electric machine design

high- speed

driveline
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TEST RIG

TURBOMACHINE

PHASE 1

3.8 MW

CENTRIF
4.8 MW

EXPANDER

1 MW PM STARTER-

GENERATOR

PHASE 2 SCOPE AND OBJECTIVES

Figure 7.  Techni cal Execut i on Ma p for Concept ual Ma chi ne De si gn.
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TEST RIG DESIGN
PEDESTAL 

CAP

PEDESTAL 

CAP

ROTOR

VIB
KEY-

PHASOR

COMPRESSOR-

END RADIAL 

BEARING

ROTOR VIB

TURBO-

COMPRESSOR

CASING

GENERATOR

CASING

1MW PM

ELECTRIC

MACHINE

MIDSPAN

RADIAL 

BEARING
THRUST 

BEARING

ROTOR

VIB

SIMULATES TURBINE

SIMULATES 

COMPRESSOR

GENERATOR-END

BEARINGACCESS 

HATCH

ACCESS 

HATCH
Max Speed = 27 KRPM

Max Rotor Thrust = 1,500 lbs

Max Casing Pressure = 500 PSIG

Working Fluid = CO2
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KEY ENABLING TECHNOLOGY: CO2 GAS BEARINGS
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RADIAL BEARING SYSTEM
• Compliant tilting externally pressurized pads 

• Hermetic squeeze film dampers

• Additively Manufactured

• Damping & misalignment capability

THRUST BEARING SYSTEM
• Compliant externally pressurized tilting pads 

• Additively Manufactured

• Load capacity & misalignment capability

DE-FE00031617

DE-EE0008738

3” SHAFT

9” SHAFT



BEARING DESIGN 

- CAD

- load capacity/dynamics

- structures/stress/life

- damper and gas film

TEST LOOP AND RIG

- loop layout and design

- casing design

- rotor design

- rotordynamics

Schedule and Tasks

ADDITIVE COMPONENT BUILDS

- design for additive manufacturing

- coupon builds-comps

- full component builds

- quality inspections

ELECTRIC MACHINE DESIGN

- mechanical design

- assembly/installation methods

- electromechanical design rotor/armature

- VFD and control

SYSTEM THERMALS/2nd FLOW

- rotor/bearing windage

- runner design & bearing cooling scheme

- EM cooling scheme/design

- final thermomechanical analysis

IN PROGRESS
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THERMAL SYSTEM DESIGN
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+

1D THERMAL CIRCUIT: FEA BCs THERMAL FEA MODEL

THRUST RUNNER SHAFT JOINT EM MAGNET STACK

CASING &
SUPPORTS

RADIAL & 
THRUST BRGS

LABY
SEALS

THERMAL MODELS

TEMPERATURE MAP

ROTOR SYSTEM
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ROTORDYNAMICS ANALYSIS
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ROTOR MODEL

UNDAMPED CRITICAL
SPEED MAP

DAMPED ROTOR
EIGENVALUES

SYNCHRONOUS RESPONSE TO 
ROTOR UNBAALNCE

Undamped Critical Speed map
• Varying bearing stiffness

• Select appropriate K based on

• Operating speed range

• Critical speed margins

• 1-G deflections

Damped Eigenvalues
• Bearing support damping study 

• Revisit bearing support K and refine

• Establish bearing requirements [K] and [C]

Synchronous Response
• Rotor vibration magnitudes

• Amplification factors

• Dynamic bearing loads

• Deflected rotor shapes
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ROTOR DESIGN
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Deflected Rotor Shape

ROTATING COMPONENTS

SHAFTING DESIGN

BEARING SURFACES

THRUST RUNNER

SHAFT JOINT

• Shaft stresses

• Assembly/disassembly hydraulic loads

• Thermal/mechanical deflections

• Rotordynamic deflected shapes

• Component stresses

• Contact pressures

• Establish component fits

• Spline Design

COMPRESSOR
BEARING

MIDSPAN
BEARING

GENERATOR
BEARING

THRUST
BEARING

SEALS AND CLR CLOSURES

RUNNER SEALING SURFACES LABY
SEALS

MAGNET STACK

• Radial deflections 

• Out of plane warping

• Used for bearing analysis

• Thrust runner deflections

• Combine with laby seal 

deflections

• Cold clearances vs. operating
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BEARING SYSTEM ANALYSIS
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GAS FILM & BEARING [K] [C]STRUCTURAL ANALYSIS

• Assembly tolerance stacks

• Supply pressure

• Gas film pressure

• Rotor- housing deflections

• Film clrs (cold vs. operating)

• Supply pressure

• Pad orifice layout 

• Plunger design

• Damper clearances

• Fluid type

Radial Growth Static Misalignment

Out-of-Plane 
Warping

• Bearing dynamic load: force

• Bearing dynamic load: moments

MEAN STRESS

ALT. STRESS

Radial Bearing Pad 
Pressures

Thrust
Bearing Pad 

Pressure

• Bearing support K values

• Support damping (HSFD)

• Pad orifice layout 

GAS FILM

BEARING SYSTEM

• Dynamic pressures

• Component stresses

• Damping values

PARAMETERS

OUTPUT

• FSI: Unsteady CFD + 3D 

Transient FEA

• Reduced order model

TOOLS

DAMPER ANALYSIS

CFD MODEL:
FLUID DOMAIN

STRUCTURE

DISP. PRESSURE

DAMPER 
SYSTEM
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NEXT STEPS
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GAS SUPPLY 
SKID

OVER HEAD LAYOUT

• Finalize Detailed Drawings

• Procure Equipment

• Preparation of test platform

• Piping and Electrical

• Instrumentation

• DAQ systems

• Control systems

• Gas supply skid


