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1. Abstract

Background

After revamp of reformer CCR process where all three
compressors are running without stand-by, compressor valve life
decreased drastically from 1 year to a few(2~3) months.

Troubleshooting

Whole entire factors were investigated from process condition
change, piping layout, separating drum size and valve design.

Very viscous and sticky heavy hydrocarbon called "Green QOil" was
found at the valves & cylinder could cause valve late closing and
consequential excessive impact stress during valve closing.

Increased colder spill-back by-pass flow could cool down gas
after separator drum made easy formation of heavy hydrocarbon
condensate.

Moreover liquid condensate could exist as slug at low point of
suction manifold piping directly connected to compressor suction.

Valve dynamics and pulsation after revamp was acceptable but
plate type valve seemed to be not good choice under service

iIncluding sticky liquid showing bouncing at edge of plate during
late closing.




1. Abstract

Solution implementation and Result

Low point drain of compressor suction manifold piping was
added for liquid removal and spill-back flow was reduced by
running compressors at partial load to reduce condensation by
colder by-pass flow.

Valve type was changed to poppet type which is known as
relatively better for very viscous and sticky liquid service.

Detail study and investigation on suction separator showed
nothing bad. After all improvement implementation valve life
increased to over 1 year.

Lesson Learned

This is a case study for valve failure where entire relevant factors
were investigated and any failure of each parameter or its
combination can reduce valve life. Mechanical engineer should
have relevant knowledge(from mechanical even more to process)
and capability to organize the knowledge even process to find
root cause.




2. Problem faced

Reformer process was revamped where all three net gas
compressor run and process condition are changed
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2. Problem faced

1t stage discharge valve failed every 3 months after the
revamp. Sticky hydrocarbon deposit on the valve and
large amount liquid found in the cylinder

v' Heavy Hydrocarbon Deposit
. Liquid phase at running

v PEEK Plate / Spring Failed

- Typically edge of valve plate
failed with its springs




3. Root Cause failure Analysis

Cooled spill-backed gas seems to condense suction gas
because of temperature difference after revamp
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3. Root Cause failure Analysis

Condensed liquid will be collected at suction manifold
piping and can be ingressed to compressor suction as
liquid slug because of its layout

ISO Drawing (1st Suction)
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3. Root Cause failure Analysis

Liquid phase hydrocarbon is very viscous and sticky
which is composed of inherent process reaction

Green Oil NH,Cl = NH; + HCI
(Typically generated at CCR)

Condensed H/C C17~ C20 Hydrocarbon
Corroded FeCl, + H, = Fe + HCI

Catalyst Al,O,

Component found

Cl, Fe, Al, N, Si, C, H
N (0.9~3.7%)

NH,Cl, FeCl,, Al,0,




3. Root Cause failure Analysis

(w317 anjep

Valve late closing caused by sticky liquid(sticktion) seem
to cause excessive valve impact consequently during valve
closing by gas flow

Liquid slug could slam the valve and seemed cause
excessive stress on the plate & spring

Valve Dynamics Diagram (@ Late Closing)
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Normal impact only
by valve_spring

o

Excéssive impact by reverse
gas due to late closing
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4. Solution Provided and its Result

Solution to reduce formation of sticky liquid and to
remove it effectively is provided (phased as I & II)

Possible Cause Solution Imp|epmh§2£atlon

@ To decrease 15t suction temp.

to minimize carry-over of heavy
hydrocarbon(49~52 > ~47 Q)

v Heavy H/C condensed @ To reduce spill-back flow
because it is cooled by partial load operation Phase I
down by spill-backed (two compressor run at 75%)

gas ® To add continuous drain trap
at suction manifold piping and
make slope of manifold

@ To Change spill-back tie point

: ) Phase II
for preventing condensing




4. Solution Provided and its Result

@ To Decrease Suction gas temperature decreased
as low as possible to expect minimize of heavy
hydrocarbon carry-over

1o lower drifting of v To minimize drift of heavy hydrocarbon
heavy hydrocarbon through separator demister as to
lower operating temperature

v’ Separator drum size and state

As separator operating . drum size is properly designed

temperature decrease Stage Actual Allowable
Velocity Velocity
~52 247¢C |iw 1st 1.3 <23
| 2nd 0.4 <17

: Drum demister was investigated and
found not damaged

10



4. Solution Provided and its Result

@ To reduce spill-back flow by partial load operation
(two compressor run at /75%)

Stage Before Improve After Improve
Load 100 /100/100%(36,798 Nm3/Hr) 100 /75/75%
(29 % spill-backed) (15 % spill-backed)

Reducing inlet flow condensing by reduced cold spill-back flow
makes expected to give positive effect influence to compressor valve

v Spill-back By-pass(1st) Spill-back By-
pass(2nd )
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4. Solution Provided and its Result

® Drain traps were added at end point of suction manifold
to prevent accumulation of condensed liquid and
let manifold piping sloped to ease collection to trap

RECOMMENDED COMPRESSOR(S) SUCTION LINE ARRANGEMENTS
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4. Solution Provided and its Result

@ To Change spill-back tie point for preventing condensing
(Compressor inlet - Separator)

Due to high investment cost to modify piping layout and
suction drum, it was decided to apply the option as phase Il

-
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4. Solution Provided and its Result

® Solution to minimize late closing influence of valve
Is provided by changing valve type

Possible Cause

Implementation

Solution Phase

v'Excessive valve impact
stress by late closing
at a presence of sticky
hydrocarbon

Type

Shape

Remark

- Widely Used
(Economical)

- Bounced at edge area
at late closing by sticky
liquid

® To change valve type from
plate to “poppet” valve Phase I
to minimize sticktion

- Better at sticktion
(from a inherent structure)

- Wear at edge of poppet
- Recently widely used and
life proven for CCR
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4. Solution Provided and its Result(Consolidated)

After application of the solution provided, valve life

Increased more than 1 year

Phase Improvement Idea

@ Decrease suction temperature

® Add continuous drain trap
at suction manifold

I ® Change valve type to "poppet”

@ Reduce spill-back flow
(by Partial Load operation)

Clean suction piping system
during turnaround

@ Change spill-back tie point
for preventing condensing
(Compressor inlet > Separator)

II

Implementation

Yrl

O
O

O

Yr2

O O

Yr3 ~

T
(Valve Life)

@+ ®:
12 Months

@D+®+B®+@:
>16 Months

Due to high cost
(As Phase II)
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5. Lesson Learned

v' Valve life is a very complicated result caused not only
by mechanical origin but also process(all system matter).

v Negative influence of process condition on compressor
valve life is very important in this case
Changed process condition made easy formation of
sticky liquid and more influence to compressor valve

v" In addition, process piping scheme can also short
valve life by admitting liquid drain to compressor

v In case where process gas contain viscous and sticky
liquid, good engineered “poppet” type valve also can
be a good candidate for life extension over plate type
valve

16
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Appdx. Specification of Net Gas Compressor

% CCR Net Gas Compressor:

Compressor provide net hydrogen gas(> 85 %) from CCR to
downstream H2 consuming plants

< Summarized information of Net Gas Compressor
- Installed: since 1989

- Type  : 2 Stages / 4 Cylinder (2 Cylinder per each stage)
Double Opposed Horizontal Reciprocating Compressor
Lubrication Type
- Capacity: 36,798 Nm3/Hr
- Pressure: 2.7(1%t stage suction) 2 25.7 kg/cm?G(2"d stage Discharge)
- Motor : 3960 kW / 300 RPM

A-1



Appdx. Root Cause Analysis Table

Type

Possible Cause Possibility

Process

v Influence of
Liquid

v Excessive
lubricant

= Heavy H/C condensed because
of temperature difference ®
between separator and
spill-back gas

= liquid could carry over from
accumulated at low point of ®
suction manifold

= Cylinder jacket cooling water
temperature lower than X
suction gas temperature
(44C < 49~52C)

= Size of suction separator and
state of its demister

= Excessive lubricant injected
over vendor recommendation
(Just above recommendation)
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Appdx. Root Cause Analysis Table

Type Possible Cause

Possibility

= Spring material was suitable

for the gas (Co-Based Alloy)
v' Valve material
= PEEK(plate) proven for the

gas and similar service

= Valve dynamics report shows
Mechanical | v Valve Design no significant problem at
design

(impact velocity, close angle..)

= Plate type valve itself is not

valve is more apt to close
late by sticktion

v Valve Type problem. However, plate type

X

O =*

= Pulsation study satisfied

v Gas Pulsation API 618 Code requirement

X

* It is evidently NOT a root cause. However if it is improved to other type valve less apt to sticktion,

it will withstand longer service life even at presence of sticky liquid.

A-3



	T40LTCDS
	LecturesT40
	LECT1
	LECT2
	LECT3
	LECT4
	LECT5
	LECT6
	LECT7
	LECT8
	LECT9
	/

	LECT10
	LECT11
	LECT12

	Turbo40Tutorials
	TUTT1
	TUTT2
	TUTT3
	TUTT4
	TUTT5
	TUTT6
	TUTT7
	TUTT8
	CONSEQUENCES OF POOR INLET FILTRATION
	Erosion
	Fouling
	Corrosion

	FILTRATION CHARACTERISTICS
	Filtration Mechanisms
	Filter Efficiency and Classification
	Filter Pressure Loss
	Filter Loading (Surface or Depth)
	Face Velocity
	High Velocity Systems
	Low Velocity Systems

	Water and Salt Effects

	COMPONENTS OF A FILTRATION SYSTEM
	Weather Protection and Trash Screens
	Anti-icing Protection
	Inertial Separators
	Moisture Coalescers
	Prefilters
	High Efficiency Filters
	Self-Cleaning Filters
	Staged Filtration

	OPERATING ENVIRONMENT
	Coastal, Marine, or Offshore
	Land Based Environment
	Desert
	Arctic
	Tropical
	Rural
	Large City
	Industrial Area

	Temporary and Seasonal Contaminant Sources
	Site Layout
	Site Evaluation

	LIFE CYCLE COST ANALYSIS
	Life Cycle Cost Basics
	Considerations for an Inlet Filtration System
	Purchase Price/Initial Cost
	Maintenance Cost
	Availability/Reliability of Gas Turbine
	Gas Turbine Degradation and Compressor Washing
	Pressure Loss
	Failure/Event Cost


	SUMMARY

	TUTT9

	Turbo40CaseStudies
	CaseT1
	CaseT2
	CaseT3
	CaseT4
	In-house Engineering for Resolution of Chronic 4th Stage High Discharge Pressure Limitation on Carbon-dioxide Reciprocating Compressor 
	Problem Statement
	Analysis
	Slide Number 4
	Analysis
	Analysis
	Analysis
	Analysis
	Analysis
	Analysis
	Slide Number 11
	Conclusion

	CaseT5
	CaseT6
	Advanced Vibration Analysis on Gear Box Train and vibration elimination ���by ��Udayashankar P. Eng., MBA,CMRP�Suncor Energy
	Machine Train configuration��Brief History��Problem description��Analysis��Rectification��Conclusions
	Machine Train Configuration
	Slide Number 4
	Unit Details
	Brief History-7K-20 Gear box 
	Brief History ( Continued)
	Problem Description
	Slide Number 9
	Analysis
	Analysis
	Analysis
	Analysis
	Rectification- Action Plan
	Efforts Made
	Slide Number 16
	Animation- ODS of the Gear Box
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Slide Number 21
	Slide Number 22
	Slide Number 23
	Gear Box Vibration Before/ After correction
	Conclusions

	CaseT7
	CaseT8
	Investigation of Engine Vibration for Natural Gas �Gathering and Transmission
	Background
	16-Cylinder Natural Gas Engine Mounted on Foundation at Another Location
	Compare to 12-Cylinder Natural Gas Engine Mounted on Skid
	Equipment for Case History
	Engine – Compressor System
	Vibration Measurement on Damper End of Engine
	Vibration Measurement at�Middle of Engine Frame
	Summary
	Model for Operating Deflection Shape (ODS) Measurement
	ODS – Iso View
	ODS – Top View
	ODS – End View
	ODS – End View
	Recommendations
	Finite Element Analysis (FEA)
	Example of Kick Brace With �Insufficient Stiffness (Different Unit)
	Proposed Modifications – Add Gussets to Skid Under Engine
	Engine Skid Modifications
	After Modifications Performed

	CaseT9
	CaseT10
	Slide Number 1
	Objectives
	Contents
	Turbo-Expander - Application
	Turbo-Expander – Components
	The Beginning of Problems
	Failure Modes Experienced
	Failure Mode 1 – Axial Shuttling (Surge Failure Z12)
	Failure Mode 1 – Axial Shuttling (Surge Failure Z12)
	RCA Work/ CA Completed
	Failure Mode 1 - Current Status Unit #1 TEC
	Failure Mode 2 – Transfer Function Changed
	AMB/Rotor Dyn TF Measuement In Field
	Failure Mode 2 – Transfer Function Changed
	A1 - Typical Transfer Function Plots
	A2 – Unit #1 TF Change at High Frequency
	A3 – Unit #1 Controller Modified to Counter TF Change
	B1 – Unit #2 TEC Unstable Vibration following TF Change
	B2 – Unit #2 TF Changed at Low Frequency
	B3 – Unit #2 Machine Center Section Root Cause
	Summary
	Slide Number 22

	CaseT11
	Slide Number 1
	Speed Signal Deterioration at High Speeds in Electronic Governor and Trip Systems �40th Turbomachinery Symposium Case Study��
	Background
	Drawing of Bracket, Speed Gear and Probe Configuration
	Axial View of Speed Gear, Probes and Bracket
	Plan View of Bracket
	Background
	System Characteristics
	System Characteristics (cont’d)
	Problems Appear. . .
	And Disappear . . .
	Slide Number 12
	Speed Signal Issues
	Speed Signal Issues
	Bracket Deformation Due to Thermal Stress
	Speed Probe Voltage Output
	Speed Signal Issues
	Signal Voltage Reduction
	Signal Strength Reduction Summary
	Lessons Learned
	Lessons Learned (cont’d)
	Lessons Learned (cont’d)
	Lessons Learned (cont’d)
	Disclaimer
	Backup Slides
	Calculation of Approximate Signal Loss
	Probe Test Results
	Shop Test Data
	Signal Before and After Patch

	CaseT12
	Slide Number 1
	Outline
	Introduction
	Process Overview
	Process Overview
	Compressor Design & Construction
	Reverse Rotation Events
	Cause of Reverse Rotation
	Cause of Reverse Rotation 
	Cause of Reverse Rotation
	Possible Impacts of Reverse Rotation
	Mitigating Actions. Phase 1 Compressors
	Mitigating Actions. Phase 2 Compressors
	Slide Number 14
	Lessons Learned
	Conclusions
	Slide Number 17
	Slide Number 18
	Slide Number 19

	CaseT13
	“Beating” Effect Caused by Two Closely Spaced Mechanical Frequencies Observed on Two-Shaft, Gas Turbine Drive �
	Two Shaft Gas Turbine Configuration
	Cross section of a similar two-shaft gas turbine
	Photo of Gas Turbine/Compressor Enclosure
	Photo of Gas Turbine-Compressor
	Background Information
	Vibration Response Analysis
	Beating Issues
	Resulting Graphs: Set 1
	Resulting RMS Graphs: Set 2
	Investigation of System and Analysis
	Zoom Analysis Results from PT Speed Sweep
	Frequency Analysis
	Three (3) similar gas turbines at the site were running at the time of this comparative analysis.  Here is a plot showing GP vibration at various locations along the three engines analyzed.  Note: Turbine B below is the engine described in the case study.  Notice that for some unknown reason it transmits the highest level of GP vibration to the power turbine end.
	Solution
	Conclusions and Lessons Learned
	Questions?

	CaseT14
	40th Turbomachniery Symposium�Abstract 
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Hammering Test for Pedestal
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	The eigenvalue problem is solved.
	Slide Number 15
	Slide Number 16

	CaseT15 (2)
	Thermoplastic Labyrinth Seals in Centrifugal Compressors -�15 years of experiences
	Thermoplastic Labyrinth Seals
	Thermoplastic Labyrinth Seals
	Introduction
	Labyrinth Seals
	Labyrinth Seals – Compressor Seals
	Labyrinth Seals
	Labyrinth Seals
	Metallic Seal Rubs 
	Polymer Seal Rubs
	Thermoplastics
	Thermoplastics
	Thermoplastics
	Thermoplastics
	Thermoplastics
	DMA Plot for Various Thermoplastics
	Thermoplastics
	CLTE Plot
	Relative Thermal Properties
	Thermoplastics
	PEEK Chemical Resistance
	Torlon Chemical Resistance
	Engineering
	Engineering
	Engineering
	Tensile Strength vs. Temperature
	Tensile Modulus vs. Temperature
	Compressive Strength vs. Temperature
	Upgrade Payback Calculations
	Upgrade Payback Calculations
	Case Histories
	Canadian Ethylene Plant
	Canadian Ethylene Plant
	Canadian Ethylene Plant
	Canadian Ethylene Plant 1996 outage
	Canadian Ethylene Plant 1996 outage
	Canadian Ethylene Plant
	Torlon Tooth Scrapping Tool
	Shaft Seal as removed after 4 and 5 year runs – 9 year total run time – reinstalled will run another 6 years
	Eye Seal as removed after 4 and 5 year runs – 9 year total run time
	Canadian Ethylene Plant
	Canadian Ethylene Plant
	Texas Ethylene Plant
	DuPont Cracked Gas Train
	DuPont Cracked Gas Train
	Texas Ethylene Plant
	Texas Ethylene Plant
	New Polymer Seal–Newly Coated Rotor
	New Polymer Seal–Newly Coated Rotor
	Texas Ethylene Plant �Used Booster Compressor Shaft Seal
	Texas Ethylene Plant �Used Charge Gas Compressor eye Seal
	Texas Ethylene Plant
	Texas Ethylene Plant �Conclusions
	Conclusion
	Thermoplastic Seals


	TurboDG_TurboDG
	TSC_Layout 1
	Turbo40TAC
	Professional Staff_Layout 1
	Turbomachinery Laboratory




