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DISCLAIMER

This material is based upon work supported by the Department of Energy, NETL, under Award Number DE-
FEOO031617. This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness of any information, apparatus, product, or process disclosed, or represents that
its use would not infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise does not necessarily constitute or
Imply its endorsement, recommendation, or favoring by the United States Government or any agency

thereof. The views and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.
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BACKGROUND

APPLICATION AND MOTIVATION

* Natural Gas Compressor Stations

» Utilize waste heat | sCO, Brayton power cycle

* 1lptsEff. 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 CO, bearings
* Hermetic casing; free of CO, emissions

* Immersed generator in high density CO,

TECH RISKS

* Rotor-bearing system dynamics

* Radial bearing damping and load capability

* Thrust bearing load capacity

* Thermal stability/design of hermetic machine

OTHER POTENTIAL APPLICATIONS
» Concentrated solar power cycles
* Nuclear power cycles

NG COMPRESSOR STATION

GAS TURBINE (GT)

Conventional /
o
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- Stiffness/damping req.
Dynamic bearing loads

PHASE 2 SCOPE AND OBJECTIVI

- Stage configurations/RPM
- Space envelope/inertias
- Thrust vs. speed

- Develop design practices and methods

Geometry, inertia,
stiffness

- Bearing spans/locations
- Expander sections

- Benchmark mechanical systems & electric machine design

-Gydefficiency Bkt b
Operating S |

(1) drivetrain rotordynamics

(2) thrust bearing load capacity

(3) thermal system design CENTRIF = ERNER

TURBOMACHINE 5
PHASE 1 ,' L
Oil-Free Hermetic A '

- Stage config.
- Flow path

igh- speed
riveline Y

TEST RIG

|

Cycle Analysis| | Aero-Design | g mmm— y

1 MW PM STARTER-
| GENERATOR
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TEST RIG DESIGN TURBO- GENERATOR PEDESTAL

COMPRESSOR CASING CAP GENERATOR-END
CASING ACCESS MIDSPAN BEARING
oTO PEDESTAL HATCH LMW PM
KEY- ROTOR CAP RADIAL ELECTRIC ROTOR
viB BEARING VIB
PHASOR THRUST MACHINE
END RADIAL
BEARING \
I - i 1 \

\
S —————————————
L_rororvie
—
» l —— l
O
) Fl_ Lﬂ;l'—_
. -
] S il | ‘
SIMULATES |
COMPRESSOR
C(_/ ACCESS Max Speed = 27 KRPM
HATCH

Max Rotor Thrust = 1,500 Ibs
Max Casing Pressure = 500 PSIG
Working Fluid = CO2
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KEY ENABLING TECHNOLOGY: CO, GAS BEARINGS

RADIAL BEARING SYSTEM

« Compliant tilting externally pressurized pads
* Hermetic squeeze film dampers

» Additively Manufactured

* Damping & misalignment capability
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D/ o g M T
12 SUPPORT
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1 2 3 4 5 6 7 8 9
Ka/Kb
THRUST BEARING SYSTEM

» Compliant externally pressurized tilting pads
» Additively Manufactured
* Load capacity & misalignment capability

S B
£;%Individual Thrust Padsg

Y
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( GE Year 1| Year 2 | Year 3 | Year 4)

Schedule and Tasks Program Actiitis Gl 14 e Y
Task 1: Project management X
BEARING DESIGN Coordination, schedule & risk management, reports & publications, conf. travel

seunen _Undamped el

- CAD Deliverable: Quarterly progress reports
- load capacity/dynamics Task 2: Bearing design & fabrication
. Bearing design
- structu res/stress{ life Bearing fabrication
- damper and gas film Milestone: Bearing design completed
TEST LOOP AND RIG ' pERES A £ £ Milestone: Bearing fabrication completed

Task 3: Test rig design, pressure vessel & flow loop procurement
Rig & flow loop design
Rig procurement
Milestone: Rig design completed
Milestone: Detailed drawings released

- loop layout and design
- casing design
- rotor design

1000

- rotordynamics e ,
ELECTRIC MACHINE DESIGN ) Milestone: Pressure vessel & flow loop procured

Task 4: Electric machine design & procurement
EM design & consult
EM procurement X
Milestone: EM design completed

- mechanical design Q
- assembly/installation methods
- electromechanical design rotor/armature "¢

£
i
i
T
fllfllzll
- 3 3

- VFD and control Milestone: Detailed drawings released
Milestone: EM d

SYSTEM THERMALS/2" FLOW TN =P
- rotor/bearing windage TaskSt ;fgs;;:fsf:nzrc';iar::’g" Gassambly :
- runner C:Iesign & bearing cooling scheme & Loop & rig assembly X
- EM cooling scheme/design DAQ & rig commissioning X
- final thermomechanical analysis Milestone: Test rig & flow loop assembled; shake-out completed

‘ Task 6: Full-scale rotor testing X
,_A DDITIVE COMPONENT BUILDS Testing X
\- design for additive manufacturing ! Milestone: Testing completed
i - coupon builds-comps i Task 7: Modular heat engine costing X
- f J|'|'Eé'ﬁ%ao'ﬁé'ﬁ'f'gdﬁag """""""""" Roll-up of latest cost data and information

L Milestone: Costing completed

- quality inspections |\ prROGRESS
’ Denotes Milestone §/ Denotes Deliverable




THERMAL SYSTEM DESIGN

1D THERMAL CIRCUIT: FEA BCs

1500 Ibs no cocling (Case 1)

R
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e

CASING &
SUPPORTS RADIAL &
THRUST BRGS

THRUST RUNNER SHAFT JOINT EM MAGNET STACK
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ROTOR MODEL

Shaft Radius, in
(4]

Undamped Critical Speed map
* Varying bearing stiffness 0

 Select appropriate K based on e allcnm ¢ s
° Operating Speed range 0 1000005 10 15 20 25 30 35 40 45 350
 Critical speed margins e
* 1-G deflections ] g

UNDAMPED CRITICAL ¥ f ey
SPEEDMAP |
Damped Eigenvalues |
e Bearing support damping study ’ ‘

10000. 100000. 1000000. 10000000

* Reuvisit bearing support K and refine

. . . 5.0
» Establish bearing requirements [K] and [C] e
&35 £ [ IstMode —+ 2nd Mode
DAM PE D ROTOR é 3.0 £ 3rd Mode 4th Mode
c 25
£20f Min Req. / 5
EIGENVALU ES s15 £/ A Rotor Speed = 27 kipm Tei Mode 7nd Wode Srd Mode
.§ 10 £-2 Damping Value [IbFsfin]|  Log Dec | Freq [kupm] TogDec | Freq [kupm] Log Dec Freq [kipm]
S T it = & &
SVnCh ronous Res ponse 0.0 o 1o 20 20 40 50 60 70 B0 %0 100 1 o i o b by b b
Bearing Damping [Ibf*s/in]

* Rotorvibration magnitudes Comressor Impele

oo . 09 £ [—250bfs/in]
* Amplification factors Tos | e
= 100 [Ibf*s/in]

 Dynamic bearing loads SYNCHRONOUS RESPONSE TO :: |
» Deflected rotor shapes Foa i

ey PR
0 5 10 15 20 25 30 35 40
Rotor Speed [krpm]
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ROTOR DESIGN

THRUST RUNNER

COMPRESSOR THRUST
BEARING BEARING I

MIDSPAN GENERATOR
BEARING BEARING

SHAFT JOINT

411 Case 1
1,500 LBS &
/

3.91 !

—_ No Cooling /
/
/

£371

BEARING SURFACES e

= v
w3l | &

e Radial deflections % 201 V3
SHAFTING DESIGN : g2 | |

* Out of plane warping £osn | | 0
* Shaft stresses e . - 0ds

MAGNET STACK * Used for bearing analysis 2=

* Assembly/disassembly hydraulic loads
* Thermal/mechanical deflections
* Rotordynamic deflected shapes

ROTOR ROTORCORE Meshed Mod

SHAFT RUNNER|SEALING SURFACES LABY
SEALS
ROTATING COMPONENTS —
« Component stresses
C x - Contact pressures SEALS AND CLR CLOSURES
0L S . oos ¢ * Establish component fits * Thrust runner deflections
;‘: Z R R P o 0.05 Q * Spline Design « Combine with laby seal
o 015 % deflections
15 ot AN R Yt s * Cold clearances vs. operating
0 10 20 30 40 50 )
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BearingPad DAMPER —
Pressure . SYSTEM

BEARING SYSTEM ANALYSIS AT FLUID DOMAIN

Radial Bearing Pad
Pressures

pad Mesh Ctrcumhren(lal pirection [

180
80 100 120 140 160
% 20 40

GAS FILM & BEARING [K] [C] DAMPER ANALYSIS

* Assembly tolerance stacks
* Supply pressure

* Gas film pressure

* Rotor- housing deflections

* FSI: Unsteady CFD + 3D

* Filmclrs (cold vs. operating) . i
Transient FEA |

 Supply pressure
' » Pad orifice layout | |

* Reduced order model

* Bearing supportK values * Plunger design

 Bearing dynamic load: force | i
'+ Supportdamping (HSFD) « Damper clearances

* Bearing dynamic load: moments

== e st .+ Padorificelayout ¢ Fludtype
____________ Rotor surface
Radial Growth Static Misalignment Speed | Kxx | Kxy | Kyx | Kyy | Cxx | Cxy | Cyx | Cyy

—_————— -—-—-—-—-—-§ ------- — rpm Ibfin Ib/in Ibfin Ibfin Ibsfin | Ibsfin | Ibsfin | Ibsfin e ECEEELEEEEEE TR TR R R TR Py
3600 1007905 474061] 682.86] 9940737 48871 14| 088 4745 . - .
. Bearingsurface 5000| 1007238 751107 92653| 99445.39] 4825  247|  148| 4709 | Dynamic pressures '
T - Rotor surface £pl 8000 1.01E405| 984831 -1495.021.00E+05| 4757  3.46] . 18| 4665 . » Component stresses !
Out-of-Plane 15000 1.05E+05| 1665043 2854.011.04E+05|  44.28] 469 137 4.5 e D ) | |
_____________________ Warping 27000 1.04E+05| 30669.99] 224334 1.01E+05| _ 40.02] 941 102 418 , ¢ Dampingvalues
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NEXT STEPS

 Finalize Detailed Drawings
* Procure Equipment

* Preparation of test platform

* Piping and Electrical
* Instrumentation

* DAQ systems

e Control systems

* Gas supply skid

TTTTTTTT

vvvvv

T-SLOTTED
BED PLATE

=

TO CONTROI
ROOM
[
(Existing [r———
Infrastructure)
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