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Welcome to the Webinar! The presentation will
begin shortly.

Slides and a recording of the Webinar will be made
available via email after the webinar. Please address
any other questions to Compressed Air Best
Practices through the Questions Toolbar on your
GoToWebinar control panel.

Thank you, and enjoy!
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Q&A Format

 Panelists will answer your
guestions during the Q&A session
at the end of the Webinar.

 Please post your questions in the
Questions Window in your
GoToWebinar interface.

* Direct all questions to
Compressed Air Best Practices®
Magazine
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10 Tips when installing compressed
air flow meters

d P
INSTRUMENTS

n this FA

Handouts

INSTRUMENTS

ENERGY
IVIANAGEIVIENT
SOLUTIONS =

ompressed air ¢ Industrial gases

VHINSTRUMENTS Con

(CELLIOTT

R2000 Control Panel
Retrofit Upgrade

The R2000 control panel is a highly configurable control system
focusing on energy efficiency, enhanced user accessibility,

and an easy to use, feature rich design! With a broad range of
standard and optional features, including increased analog and
digital 1/0 Points, the control panel can meet the retrofit needs
of the Polaris and PAP compressor products, while allowing
users to ensure that their system is operating at peak efficiency.
The R2000 has been designed to easlly replace or upgrade
existing S Ellitt legacy control panels. Offering the latest
techology while including FS-Elliot’s Enerqy Advisor and
Maintenance Notification System as standard features, the
R2000 can also help ensure that your compressor is operating
atits best without unnecessary downtime.

Standard Features opt

ional Features

Stondod Festures nchded Opticesi Features inchade

FS Elcts Mamenance Notiicaion System
Semolex 24 YOG Pames Sgoies
Simplex Modous Communicatons
Emrgency Siop o (rah/Pul
U3 Pt Acoess on Flont o Pl
Preumate Vaive Control
Alarm & Trp Lights
50 and Auilary Ol Pumg Running Light
ot 2 Aneon Ot
O Ot

Discharge | .,
1053 |
PSI

10500

rxa@@o

R2000 Home Screen

A S B et
Panei Purge System with 2.7

Samara 371200 o Somena $71500PLE
Hardwar

Aben Bodiey Compact o Contck Lo PLC
Hardwore

Color Touchscraen HMI 97, 12" or 15"
Remote Touchscreen HMI.

Hart Capable Transmitters
Hart Mt

Dty Cantrolfor Motce Driven Comprezsors
Turiew Control

Up 048 Analog Signats

EXPO & CONFERENCE

CABPEXPO COM
COMPRESSED AIR / VACUUM / COOLING


http://www.airbestpractices.com/

Disclaimer

All rights are reserved. The contents of this publication may not be
reproduced in whole or in part without consent of Smith Onandia
Communications LLC. Smith Onandia Communications LLC does not
assume and hereby disclaims any liability to any person for any loss or
damage caused by errors or omissions in the material contained herein,
regardless of whether such errors result from negligence, accident, or
any other cause whatsoever.

All materials presented are educational. Each system is unique and must
be evaluated on its own merits.
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About the Speaker

* President and Principal
Engineer, Compression
Engineering Corporation

« Over 32 years of experience
In the industry

20 years of independent
consulting experience
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Outline

- What Are “Key Performance Metrics™ (or KPI's)?
- ldeal and Simple Starter Measurement System for Capturing KPIs
- Compressor Efficiency KPIs
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Running KPI Example

« We use KPIs for Fithess

« Steps Measured w-Tiny Accelerometer and

Datalogger

« Miles/mo, steps/day etc. Calculated in Cloud

COMPRESSED AIR

airbestpractices.

Running
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Feb 2022 - Jan 2023

Distance Time

44
| I I

Distance Totals

11344 mi 21.8 mi

Total Distance  Avg Weekly

View Personal Records

RUNNING ACTIVITIES

January 2023

Ascent

94.5 mi

Avg Monthly

Calor

6:46 ol T .
< Summary Steps Add Data
D W M 6M Y

DAILY AVERAGE

11,01 8 steps

Feb 2022-Feb 2023

Trend Unavailable
Highlights Show All
D Steps

On average, last week's steps
were more than the week before.

Summary
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What Are KPIs?

A Few Simple Numbers to Know:
Where Am | Now? What is Optimal? Where Could | Be, Realistically?

SEST PRACTICE
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What Are KPIs?

- "KPI" = Key Performance Indicator

- KPIs are Calculated Numbers That Are Used to Answer Questions:
- How Efficient is Each Compressor?

- How Effective are Your Compressor Controls?

- Some KPIs Need Two or More Measurements To Get One Number
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Measurement System for Capturing KPIs

ldeal External Sensors:
Measurement: Power, Flow and Pressure

Power:
- 3-Phase Power is Best, Especially with Unloading Compressors

Flow:
Low Cost Thermal Mass Flow Meters After Dryers
Higher Cost Differential Pressure or Vortex Needed Before Dryers
Hot Tap is Recommended

Pressure:
Before and After Dryers
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Measurement System for Capturing KPIs

- Long Term, Permanent System:
- Need a Calculation, Trending and Display “Engine”
- Local: EMS, DCS or SCADA System; HMI System
- Remote/Cloud
- Math Functions Needed:
- Data filtering
- Averaging
- Min and Max Over Time Window

- Basic Arithmetic Functions (+, -, X, and /)
Basic Logic Functions (if / then / else)

: Trendlng
- Data visualization
- System P&ID
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Simplest Starting Point

- Simple System to Get Started.:

- Data Logger with Analog Input Channels (4-20mA) and 24V Power for
Sensors

- CTs

- Data Logger Software

- Easy Download to Phone or Laptop

- Permanent Connection Between Data Logger and Desktop if Possible
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Simplest Starting Point

Basic External Sensors:
- Motor Current, One Phase:

Low Cost Open Current Transmitter (CT), One on Each Compressor & Dryer
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Simplest Starting Point

- Basic Data Logger:

Four to Eight Channels, Preferably Not Sensor-Specific
120V to 12-24VDC Power Supply, Integrated Ideally
Easy-to-Use PC Software
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Simplest Starting Point

- Some Cool New Tools:

- Systems that Log Field Sensors & Compressor Operation and Connect
Real-time to the Cloud:
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Simplest Starting Point

- Values You Can Get From Compressor Controllers:
- Usually Available on Modbus

- Need a Datalogger Compatible with Modbus, Usually Takes Automation Skills to Set
Up.

- Load state (1 or 0)
- Electrical Current (Amps)
Inlet valve or Inlet Guide Vanes (IGV) percent, 0-100% (100% = open)
- Blow-off Valve (BOV) percent , 100-0% (100% = closed)
- Speed
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Compressor Efficiency KPI

- |ldeal Method:

- Option 1 =“compressor specific performance”, the ratio of output to
iInput:

- Flow Out / Package Power

- Scfm/kKW (or 100 m3/kWh)

- | Like flow/power Because Bigger Number = Good

- Option 2 = “compressor specific power”,

- Package Power/Flow Out

- kKW/100 scfm (kwWh/100 m3)
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Compressor Efficiency KPI

- Problems:

- Cost:

- To do Correctly and Reliably, You Need a Wet Side Flow Meter, Power
Transmitter, for Each Compressor, $5k to $10k Investment Each

- Only Worth it For Large Compressors
- Recommended for Centrifugals

Installation Difficultly:
- Need Straight Length of Pipe Between Compressor and Dryer, Often Not There

- Staff to Interpret Data?
- You Could be Trading Brains for Technology That’s Useless — Be Careful!
- “Artificial Intelligence” without a Person in the Loop = Automated Stupidity
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Simple Compressor KPI Example

- Learn How to HEAR Inefficiency Walking Through Compressor Room
- Blow-off
- VFD Hunting
- Drains
- Dryer Purge
If it Makes You Jump, it is Probably Wasteful!
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Simple Compressor KPI Example

« Example of VFD and Blow-off:
https://www.dropbox.com/s/3tb2jqc65k
k5Iw8/IMG 796(

COMPRESSED AIR
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Simple Compressor KP| Example

- Learn How to SEE Inefficiency Glancing at Compressor Room Data:
- VFD Amps constant
- VFD Amps Up/down
- Fixed Speed Amps Up/down
- Fixed Speed Amps Floating 50-80%

- You Should See All Fixed Speed Compressors Constant at Close to
Nameplate Amps, or Off

- You Should See Load-unload Compressors with Less than 5% Total Time
Unloaded if You Have a VFD, and Only One Compressor Loading and
Unloading at a Time if You Don'’t.

- You Should See VFD Compressors at 50-80% Most of the Time
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Simple Compressor KPI Example

Compressor Power

« After | used my ears, | looked
at data.

* | just measured current and
pressure.

* A simple trend shows what |

200.0

h d 150.0
eard.
g
H
&
100.0
VFD HUNTING
MIN/MAX SPEED
50.0
AC4LOADING & AC3 LOADING &
BLOWING OFF BLOWING OFF
0.0
b b o R4 P b4 bl o - b bl L4 R b B4 bl
Q. Q. [} 0 o N N o . Q. N X7 o o Q. N
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% % D @ G % % 2 % % o “ % % 7 he
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Simple Compressor KP| Example

- How Can You Calculate an Appx KPI for Your Compressor’s Specific
Power Without a Dedicated Flow Meter and Power Transducer?

- Start with the CAGI Data Sheet Full Load Efficiency and Derate it by a
KPI From Measured Data.

- If It's Load-unload, the KPI Should be % Unloaded Time/Day:

- Spot-measure unloaded and loaded power with a power meter!
- Percent Derate = Unload / Full Load Power x % Time Unloaded

- If It's VFD, the KPI Should be % Time Between and at Min / Max Speed:

- Percent Derate = [(% time at low speed) x low speed kW/100 scfm
+ (% time at high speed) x high speed kW/100 scfm] / ideal kW/100 scfm
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Summary

- Although a Permanent SCADA or EMCS System with Real-time

Calculations is Ideal for a Compressed Air KPI, You Can Use a Data-
logger and CTs to Start.

- Areal Person Looking at Data-logged Amps Alone Can Diagnose Many
Efficiency Problems and Estimate Specific Power.
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About the Speaker

* CEO, VPInstruments
« > 20 years experience

* VPInstruments offers
Industrial clients

Pascal van Putten Energy Management Sponsored by
VPInstruments . .
Solutions for compressed air,

. o~
technical gases as well as INSTRUMENTS
other utilities /A ECURmS | A\ FHLIOTT
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INSTRUMENTS

Garbage in =
Garbage out

The art of measurement







Flow sensor technologies

®
e

YAV AV W I

Turbine/
rotary
displacement

Clamp on

Coriolis :
ultrasonic

Thermal

Mass flow
Meter run
Pressure loss
Dirty air

Wet Air

Range
Accuracy
Purchase price

Maintenance

Yes

20D

Low
Fouling

Spikes

1:250
2%
S

Medium

Optional
15D
Medium/high
OK
OK, spikes

1:10
2%
S

Low

DP — DP —
Orifice plate Insertion
Optional Optional
15D 20D
high Low
Clogging Fouling/Clog
OK OK, orientation
1:10 1:10
2% 2%
S $S
Medium Medium

Yes

0D

Low
Internal fouling

Yes, but affects
reading

1:100
0.5..1%

SO5E

Low

Optional
10D
Low

Faillure

Faillure

1:100
0.5..1%

$S
High

Optional
20D
Low

OK

Spikes

1:100
1%
SSS

Low
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Accuracy and precision

What do you need?

* Trending leakages: Systematic error can be
acceptable, when comparing over long
periods of time

* Control systems: High accuracy and
precision is required

* Long term measurements: Lower precision
can be acceptable combined with high
accuracy: noise will be averaged out

* Sensor drift: “loss” of accuracy = regular
service/recalibration can solve this

Not accurate, not precise

Accurate, but not precise

Not accurate, but precise

Accurate, and precise

VP

INSTRUMENTS
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Flow range is critical

Thermal vs DP technology: 1:300 range vs 1:10 (1:5) range

Thermal:

* From leakages to high flow
* Dry air only

* Temp: ~140°F

Differential Pressure (DP):

* Medium to high flow rates
* Wet air + dry air

* Temp: ~300°F

1,2

o
7\

INSTRUMENTS

Thermal vs DP

20 30

® Differential Pressure

1,2

0,8

0,6

0,4

0,2

40 50 60

® Thermal
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Bi-directional flow: air can go both ways!

5m?

receiver

MD

140

BUILDING B

RING NETWORK

CONSUMERS

DN80

TO BUILDING C

DN100 £

QpT

Header 1

5m?

receiver

Isolation
valve

5m?

receiver

INSTRUMENTS

MD

MD

Screw compressors
Combined with Heat of
Compression Desiccant driers

MD

32



Importance of bi-directional flow measurement "™

Demand side (reverse flow)
—

m = Production line 1

@ = Production line 2
A T
r'1:-"-|
I'*-I.-*'
-—
N/

) o S

Main receiver v POU receiver

& Production line 3




CheCk alr quallty INSTRUMENTS

Before you install the flow meter...

34



Impact of inner pipe diameter

Area A=1/4 1t * D2

True diameter | Diameter error Measured Flow signal
(mch) (inch) diameter error

2.12” +12 %

4" 4.12” +6 %
+0.12”

8” 8.12” +3 %

12” 12.12” +2 %

Inner pipe
diameter

35



m 2

Importance of straight pipe run

Complex feeddn 40+ o' 10+ D! Flow profile will be
situation (header) distoried

General minimum rule:

e 20*D upstream length (even 40*D preferred)
Double ellbow, multiple an* ! 10 * D7 Distorted profile +
elbows following each swirl

ather

* 5*D downstream length (10*D preferred)
The longer the better

Diameter change from an* ! 5l Jet shaped flow
small to large {(gradual or
inastant)

It’s based on physics: All other claimed shorter
lengths are not true

Diameter change from 10+ s+p! Flattened flow profile
large to small {gradual
change, between 7 and

15 degrees)

Single elbow oo’ 10+ D Distorted flow profile

Sl 13y

! = inner diameter

36



Work with what you got....

In this case, we only have 1/; the needed length

Use either 2/ insertion point and/or at least
20” from the elbow.

40* D =40 x 150 = 6000 m
We only have a third of th:

Use either2/3 insertion p
At laactr SNMNMm from the o



Examples wrong field installations

MMM

38
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Measurements |n reallty INSTRUMENTS

] — —— 1000 SCFM

3500 SCFM ~<
3500 SCFM ‘<
3500 SCFM ‘<

3500 SCFM

Sum = 14,000 SCFM Sum = 12,500 SCFM

(8.9% missing)

—* 4500 SCFM

| ~—— — —— 4000 SCFM

?9¢
j)

| 3000 SCFM

§
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INSTRUMENTS

Flow meter selection checklist

Key to correct measurements and to prevent damage to your flow meter

Basics: Full checklist:

* Type of gas
*  Flow range
* Humidity (dry/saturated)

* Inner Diameter

* Pressure range

* Temperature range

=Y '




INSTRUMENTS

THANK YOU!

Pascal van Putten

Pascal.van.putten@vpinstruments.com

VPInstruments
info@vpinstruments.com

www.vpinstruments.com

www.facebook.com/vpinstruments/

www.linkedin.com/company/vpinstruments
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About the Speaker

« >0 years of experience in
product development and
manufacturing of rotating
equipment controls

* Lead the development of
Justin Johnson FS-Elliott’'s newest control Sponsored by
FSEllok panel, R2000
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The Importance of Updated
Technology, with Compressor
Controls

Presented by:
Justin Johnson
Controls Product Manager, FS-Elliott



Outline

e Where Does Your Technology Land?

.

e Advantages of New Technologies e55= ,,,,,,,,E,,Zg{!,gm:‘v'
e o “PROD
e FS-Elliott Upgrade Options A s *YEAR.
b
e Open Q&A T—

@ COMPRESSOR SHUTDOWN )
ICC System is ready to start. )
0 Active Compressors : 3 Available Compressors

ICC System #952| 195

Target ..; +/

543 123.0 s e

=Y [ [N

PSI X (3@

Al e P d

COMPRESSOR - 1 06/26/2015 07:44 AM User: Operator s o724
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Where Does Your Technology Land? |

ELLIOTT

OLD TECHNOLOGIES

e Electro-Pneumatic Controls
e VME Systems

e Microprocessor with 2 Line Displays

e (Qutdated PLC Hardware

m— s
NEW TECHNOLOGIES . ”;‘g

e Newer PLC Hardware Discharge | ... t |9

e Newer Microprocessor Hardware 105'531 105.00 6

e Color Touchscreen HMIs

e Web based Remote Monitoring fimiivM 22O

11/12/2020 1:15:16 PM User: Factory
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Advantages of Ensuring Updated Technology

° Ease Of Use l(— (o COMPRESSOR SHUTDOWN
ff ” G;DDF}:TQ Air Pressure Inlet Ol Tel mpIct)T®
° . . . AU
Energy Efficiencies @;\sw | | m®
* Predictive Maintenance Options @-;\ow @
e Increased Processing Speeds @Emmp
o A 1w e e 1 xﬁa@ﬁ ®)
o Modern Commun|cat|on Protocols COMPRESSOR SERIAL # 11/20/2014 08:00 AM User:
e Data Logging Capabilities l o e MNP )
] &mprmr Effi C|ency Ranges E\?’?Esy;?PE Calcu}a.tion 24 |Hours
Poor inal Good } imer
e Updated Software/Programming Applications @ m B W55 | et [0 Jvs
T |t R e
® Readily Available Replacement Hardwa re Energy Recommendation: Complete - Please Review A‘:’:::; o 5
=,
AmugiM?233@A 0

10/22/2020 12:54:19 PM User: Factory

/[é\ CELLIOTT




FS-Elliott Control Panel Offerings

R2000 Control Panel

R1000 Control Panel

PLC Based Controls
Siemens & Allen Bradley
Wide Range
Flexible & Feature Rich

Entry Level Controls
Microprocessor
9” Color Touchscreen
Feature Rich

JQ\';‘z

R400 Control Panel

PLC Based Controls
Siemens & Allen Bradley
Simplex or Redundant
Built per Specifications
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Control Panel Retrofit Kits

e Retrofits available for Centrifugal Air
Compressors

e Allinclusive packages for retrofit panel
installation, including:
e Panel Mounting Bracket
e Pressure Transmitters
e Temperature Transmitters and/or RTDs
e |nterconnecting Cables
e Junction Blocks with Homerun Cables
e Vibration Monitoring Probes
e Vibration Extension Cables

e Included as a standard with all retrofit packages

e Provides an easy and effective installation and
commissioning process
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For more information related to FS-Elliott Control Panel
offerings, please visit www.fs-elliott.com or email
marketing@fs-elliott.com

Thank you for your time.
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The Minimum 24/7 Compressed Air Performance
Metrics to Have

Q&A

Please submit any questions through the Question Window on
your GoToWebinar interface, directing them to Compressed Air

Best Practices Magazine. Our panelists will do their best to Sponsored by

address your questions and will follow up with you on anything
that goes unanswered during this session. <
Thank you for attending! INSTRAMENTS
/A\FoURmS | A\ FEILOTT
COMPRESSED AIR PECYT DD AT IER
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J ) EXPO & CONFERENCE CABPEXPO.COM
COMPRESSED AIR / VACUUM / COOLING


http://www.airbestpractices.com/

Thank you for attending!

The recording and slides of this webinar will be made
available to attendees via email tomorrow.

PDH Certificates will be e-mailed to Attendees within 2 days.
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April 2023 Webinar
Compressed Air as a Quality/Safety Manufacturing Process Variable

Sponsored by

Tom Taranto /'\
Data Power Services
Keynote Speaker K AISHAn

=2

Thursday, April 27, 2023 - 2:00 PM EST
Register for free at
www.airbestpractices.com/webinars
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