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Agenda

Overview of cycle configuration
Installation

Commissioning Timeline
Performance Test data

Closing remarks
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Simple Cycle Configuration

* Only main compressor, no bypass

compressor
 Low lemp Recuperator removed
+ 2 planned inlet conditions for |§
performance data collection = w
» Compressor commissioning -

performed in full recycle

Condition Comp linlet | Comp Inlet | Comp Disch Comp Disch
Temp Press Temp Press

Simple Max 35 °C 90 Bar 57 °C 196 Bar

20700 RPM

Simple Min 34 °C 76 Bar 84 °C ieBar L]
27000 RPM
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Installation of Main Compressor

PO signed August 1, 2018

 Compressor received at SWRI on December 23, 2020
« Start of installation on January 8, 2021

* Installation completed on September 12, 2022

&
Y g | ZomeerD

T et L

Delivery to SwRI, Dec 2020 Set in B294, Jan 2021 Electrical terminations DGS installation & Warrante
completed, Apr 2021 work, Mar 2022
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Compressor Commissioning

Team
—  SWRI Personnel operated facility

—  Manufacturer Field Service Personnel controlled
compressor parameters

Major Operating Systems Online
—  Main Compressor
—  Cooling Tower
— Inventory Management System

Compressor Skid IMS Tanks
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Commissionin

Compressor

Timeline
. Nov. 2022, Start of commissioning
. Dec. 2022, Gearbox bearing failed

. Feb. 2023, IGV actuator found damaged
o May 2023, Initial operation showed discrepancy

—IGV +10°
—|GV +5°

regarding expected performance maps T Vo
% IGV -15°
Actuator - — |GV -30°
attachment g- —IGV -45°
to IGV b
> —IGV -60°
E —IGV -70°

—CQOperation
—Surge Line

==Surge Control Line

Flow

F 3
Upper, Lower,
attached to attached to
actuator IGV
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Compressor Commissioning

Timeline
o June 2023

— High vibration noted and near-surge event
occurred

—  Performed trim balance of compressor NDE

— PRV actuated at lower pressure than - | ° | — Trip level
expected 1.

ﬂr " ‘Alarm level

Vibration
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ompressor Commissioning

Timeline
. August 2023

—  Attempted to correct issues regarding
performance discrepancy

 Tuned balance piston valve

 Lowered inlet temperature

—  Performed ASME PTC-10 Type 2 similitude
test to FAT to verify no physical changes
had occurred

— Began manual surge verification exploration
— Began compressor performance mapping

."""*‘\\
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Polytropic Efficiency
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Head Coefficient

Phi
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ompressor Performance

STEP Main Compressor Mapping 20,700 RPM

For Simple Cycle Max operating point (20700 RPM, slower
speed operation) the operating profile was centered on the right
edge of the manp.

Characteristic curves are similar but do not quite match the slope O
of the predicted curves £
Efficiency data collected is suspect and more investigation is = =
needed for better understanding = -. -
> 1
-
L2200 I I N . W N N 5 AN Al NN 5
STEP Main Compressor Mapping 20,700 RPM :::
: PSR Flow

Flow
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For RCBC condition, performance was limited to the middle of the map STEP Main Compressor Mapping 27,000 RPM
— Unable to reach higher flows
— Very limited turn-down

Operation at higher IGV settings (O deg and +10 deg) was limited due to .,
predicted surge control line

Due to performance not matching predictions, STEP team had to re-explore
the surge map and make modifications

After modifying surge control mapping, we are unable to meet the
guarantee point

Polytropic Head

STEP Main Compressor Mapping 27,000 RPM
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ompressor Commissioning

Timeline e
. November 2023

— Implemented new anti-surge logic allowing
surge control line shift based on inlet pressure

Inlet Conditions

RCBIC =0

SLL SIMPLEMIN sLL RCECNOM

— Demonstrated operation at the guarantee point £ e
with the revised anti-surge control logic A
— Investigated source of 70 and 210 Hz vibration 0 *“ B
frequencies that become present while e : ;
' an 89 Pin [bar]
thrOttllng bar bar

—  Performed anti-surge verification for RCBC hot
day Inlet conditions
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Closing

Achievements:
. Main Compressor operated >150 hrs. thru Nov. 2023

. Aside from trim balances, the compressor showed good
critical speed response and rotordynamic stabllity

. Liquid start successfully achieved from sub-critical
pressurized hold

Recommended future research:

. Investigate source of discrepancy between predicted
performance vs. actual operational data

. Consider options for surge control logic improvements
that actively follow inlet conditions (press, temp, speed,
etc.) vs. a fixed predicted line

. Continue research into new sensor technology to
iIncrease accuracy of compressor inlet fluid property
conditions
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Disclaimer

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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