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Name:

Bryce Slbert

Is compressed air at your plant being used for any of the applications on this list? If so, explain how:

Open blowing- Used to clean machines off

Sparking (agitating, stirring, mixing)- Used to mix paint and keep It agitated.
Aspirating

Atomizing- Used In paint spray booth.

Padding

Dilute phase transport

Dense phase transport

Vacuum generation

Personnel cooling

Open handheld blowguns or lances- Used to clean machines and equipment.
Cabinet cooling

Vacuum venturis

Diaphragm pumps- Used to pump paint —

Timer drains/open drains

Air Motors
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Name: Tyler Smith

Is compressed air at your plant being used for any of the applications on this list? If so, explain how:

® Open blowing - clean off stations are equipped with blow off nozzles to clean micro holes In parts.

® Sparging (agitating, stirring, mixing) - Used for slurry room agitation of a additive, If not agitated
material turns to a cement like substance. — |

® Aspirating

*  Atomizing

* Padding

¢ Dilute phase transport
® Dense phase transport
® Vacuum generation

® Personnel cooling

® Open handheld blowguns or lances - Used regularly for cleaning off and dry product/parts after

parts go through cleaning cycles, prior to Inspection stations.
e Cabinet cooling

® Vacuum venturis

e Diaphragm pumps - used to transfer wastewater/liquids Into bulk waste tanks.

Condensate Handler*

® Timer drains/open drains - condensate drains on compressor system.

Bettel' U.S. DEPARTMENT OF
P|al1tS e Air Motors ENERGY
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Name: E/L"L M/L LITAPS

Is compressed air at your plant being used for any of the applications on this list? If so, explain how:

Session 6

e Open blowing

e Sparking (agitating, stirring, mixing)
e Aspirating

e Atomizing

e Padding

e Dilute phase transport

e Dense phase transport

¢ Vacuum generation

e Personnel cooling

e Open handheld blowguns or lances - § A ng@,u,g: UsSEd 75 (LEA~ oFF MeETH L
CHIPS AFTEL ZWiwlivg or

e Vacuum venturis

e Diaphragm pumps

e Timer drains/open drains~ EVERY 30 M i CPENV S Fa |DSec
' Ed s/ 4
HEF 1209SU FiL7er  Housin G we e
e Air Motors

Parr of CAMC MACHIVG To Hotd PARTs « GQuares
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Name: Kathy Nunez

Is compressed air at your plant being used for any of the applications on this list? If so, explain how:

® Open blowing

Sparking (agitating, stirring, mixing)
® Aspirating

® Atomizing

e Padding

e Dilute phase transport

® Dense phase transport

® Vacuum generation

® Personnel cooling

e Open handheld blowguns or lances
e (Cabinet cooling

® Vacuum venturis

e Diaphragm pumps

Timer drains/open drains

Better Air Motors U.S. DEPARTMENT OF

Plants ENERGY




1B
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i’- PI an ts 1. we have open blowing at several locations

Name: Hans Berkman e.g.

Company: Owens Corning Apeldoorn 1.1we use CA for our camera systems , each camera uses CA for cooling and creating overpressure Inside

housing for preventing Inside contamination .

Is compressed air at your plant being used for any of the applications on this list? If so, explain how:

1. Open blowing mms Yes

2. Sparking (agitating, stirring, mixing) == no
3. Aspirating == yes

4. Atomizing ==$ no

5. Padding == no

6. Dilute phase transport == yes

7. Dense phase transport ™= no 1.2 at some positions we use CA for keeping sensors clean.

8. Vacuum generation ™= yes 1.3 at the wet end we use some nozzles for sheet stabilizing.
9. Personnel cooling == no

10. Open handheld blowguns or lances == yes
11. Cabinet cooling == sporadic

12. Vacuum venturis == Yeg

13. Diaphragm pumps ==$ yes

14. Timer drains/open drains ==$ yes

15. Air Motors ==$ ng

2.0 no CA used for sparkling.

Pt ENERGY



3.0 we use several vacuum cleaners powered with CA 9.0 no personal cooling , we use adiabat coolers If needed , also cooling vests are available.

In the past It was needed because of atex , we are looking for E powered vacuum cleaners now.

10.0 blowguns and lances are In use

10.1 blowguns are In use for cleaning hard to acces areas , we try to minimize this as much as possible

4.0 no atomizing equipment
5.0 no CA used for padding.

6.0 Yes , we use a pigged line for transport of coating badges.

R ettt

e.g. for slitter winder knife cleaning = e

10.2 lances are used for cleaning duzen In the driers ( we have no other options )

7.0 no dense phase transport

8.0 we use CA for creating vacuum , e.g. at the roll wrapping , robots need vacuum for picking outer

headers , they have small venturis to create the vacuum.
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11.0 cabinet cooling with CA only when regular cooling Is failing. filter cleaning.

12.0seeno 8

13.0 we have several Diaphragm pumps in use , continuously and for batch transport

Dedicated storage with
metered recovery?

(we are preparing for a test with a 3" quantum pump )

14.0 we have a "timer drain”, It’s an air knife , this knife Is In use during startups of a production line and

stops after x minutes ( 4 mtr width )

15.0 no CA driven motors
we also have.

air chocs at silos

TMENT OF

enerqy.qov/betterplants ENERGY RGI

Learn more at www.eere.enerqy.qov/betterplants



Open Blowing and Air Cooled Oil injected compressor
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Air Cooled Qill injected compressor

Air Knife System Components

Air Knife System Blowers Air Knives & Air Devices Interconnecting Pipework

Better U.S. DEPARTMENT OF
QPlans ENERGY



Air Cooled Oil injected compressor

} Air inlet filter
= Energy recovery from lubricant 2

Aftercooler

Oilcooler

Screw element

Better U.S. DEPARTMENT OF
Plants ENERGY




How is Compressed Air Used?

Cleaning

Better U.S. DEPARTMENT OF
& Plants ENERGY



Choose Nozzles wisely

Technical data

Replace open pipe @ (inch) 1/4
Blowing force 1.7 Ibs
Air consumption (scfm) 22.1
Sound level (dB(A)) 83
Nozzle technology Slot

Benefits when replacing an open pipe

Replace open pipe @ (inch) 1/4
Noise reduction 19 [dB(A)] 73%
Energy savings 17.1 [scfm] 43%

Blowing properties at different pressures

N
e

Pressure (psi) 40

Blowing force (0z) 13.7
Air consumption (scfm) 11.1
Sound level (dB(A)) 75.0

Better
Plants

60

20.6

16.7

79.0

80

27.5

22.3

82.0

100

34.4

27.8

84.0

120

41.2

33.4

85.0
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Inappropriate uses?
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Inappropriate uses?

Simple Electric Agitator Electric “In Barrel” Agitator System

Better U.S. DEPARTMENT OF
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A Simple Example

A paint area in a body shop has a 5 HP compressor
mounted on an 80-gallon air receiver.

This receiver is pumped up to 175 psig.

The air flow to the buffer which uses 18 SCFM at 90
PSIG, is regulated to 90 PSIG outflow from the
regulator.

The compressor delivers 12-13 SCFM at 90 psig but
yet it runs the 18 SCFM sander OK.

How can this work???

The buffer uses more volume(scfm) than the
compressor can deliver !

12-13 SCFM &

Buffer... 18 scfm @
90 psig or 23.4 scfm
@ 120 psig

18 SCFM @

Better
z Plants
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A Simple Example

= With no recelver, the painter
must install a second 5 hp
compressor and therefore
use twice the energy as
before

Buffer... 18 scfm @
90 psig or 23.4 scfm
@ 120 psig

18 SCFM

Better U.S. DEPARTMENT OF
QPlans ENERGY



Where Does it Go?

* There are wet air receivers and dry air receivers

= Wet Receivers: Wet receivers are located at the discharge of the
compressors and provide additional storage capacity and reduce
moisture.

= The large surface area of the air receiver acts as a free cooler, which is
what removes the moisture.

= Because the moisture is being reduced at this point in the system, the
load on filters and dryers will be reduced.

= Wet receivers also act as “Control Storage” which can maximize the
effective operation of the compressor control.

Better U DEPARTMENT OF

QPlans ENERGY



Wet Receiver before the Dryer

= A Wet Receiver creates radiant cooling and drops out some of the
condensate and entrained oil, thus benefiting the dryer.

= However, the receiver will be filled with saturated air, and if there is a sudden
demand that exceeds the capacity rating of the compressor and matching
dryer, the dryer can be overloaded, resulting in a higher pressure dew point.

Better U.S. DEPARTMENT OF
QPlans ENERGY



Where Does it Go?

= Dry Receivers: Dry receivers are located immediately
downstream of dryers and filters.

= WWhen sudden large air demands occur, dry air receivers should
have adequate capacity to minimize a drop in system air
pressure.

EEEEEEEEEEEE
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Dry Receiver after the Dryer

= The receiver is filled with compressed air which has been cleaned and
dried.

= A sudden demand in excess of the compressor and dryer capacity
rating will be met with dried air.

Better U.S. DEPARTMENT OF
QPlans ENERGY



Best Practice

= Abest practice is often to have two receivers at the supply side.

= One “wet” air receiver before the dryer to provide control storage and condensate drop out.
= And a second “dry” air receiver to meet sudden demands.

= Typical size ratio is 25% -30% wet and 70% - 75% dry.

Better U.S. DEPARTMENT OF
QPlans ENERGY
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Effect of Storage on Rate of Change

= Control storage has a tremendous influence upon rate of change

= |Larger control storage means slower rate of change.

= Slower rate of change allows the system to handle more demand events
without adding on-line HP.

= Consider the following example:

EEEEEEEEEEEE

ePiants ENERGY



Effect of Storage on Rate of Change

* The minimum allowable
pressure, critical pressure,
for a system is 90 psig. 96 cfm event

= The one operating oo
compressor in the system
is fully loaded and
maintaining the system at I D N N . minimurn
a discharge pressure of o 1060gal  2120gal  3180gal pressure
100 psig.

Event Ends

120 se C

PSIG

1. 80 S

Time

FMBetter s e o

‘Plants ENERGY



Effect of Storage on Rate of Change

= Someone operates a tool in the

plant that consumes an additional
96 cfm.

= Since the compressor is fully
loaded and cannot deliver the
additional 96 cfm, there is a
negative rate of change of 96 cfm
and system pressure falls because N

demand |S greaterthan Supply 90 psig X X X N N N N N N U N W N N ---:b------------ allowable
1060 gal 2120 gal 3180 gal pressure

60 sec D

96 cfm event

100 psig

Event Ends

PSIG

Time

FMBetter s e o
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Effect of Storage on Rate of Change

= |f the control storage is 1060
gallons, it will take 60 seconds,
one minute, for the plant pressure
to fall from 100 psig to 90 psig.

= |f the control storage is doubled to
2120 gallons, it will take double
the time, 2 minutes, for the plant
pressure to fall from 100 psig to

96 cfm event

100 psig

Event Ends

90 pSIg Seo minimum
= |f the control storage is tripled to O S o iven  atsom T TTTTs e

3180 gallons, it will take triple the 60 seC m—

time, 3 minutes, for the plant 2 ] 120 soc mmm——

pressure to fall from 100 psig to 180 seC m—

90 psig.

Time

FMBetter s e o
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Effect of Storage on Rate of Change

= As this example shows, the
time to reach the critical
pressure during any event is
directly proportional to the total 96 cfm event
amount of control storage in 100 psig
the system.

= By slowing the rate of change,
control storage allows time for
the system dynamics to VR [ WP N e e e e e e ceea minimm
change to the point that the e 1060gal  2120gal  3180gal pressure
demand becomes less than
supply and pressure recovers
without having to start an
additional compressor.

Event Ends

120 sec

PSIG

1. 80 S (1

Time

FMBetter s e o
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Local Storage to Stabilize Pressure Fluctuations

System Volume

System volume is very important to compressor control.

Think of the real-world comparison of a bicycle tire to a heavy
truck tire.

Both run at the same 100psi, but when you tap the valve stem
of the bicycle tire, it goes flat, the bike is un-rideable. Tap the
valve stem of the heavy truck tire and it doesn’t care. It's
probably still at 100psi.

This is the difference that system volume makes in a
compressed air system. Larger volume makes the system
more stable, making controls more effective.

Better
& Plants
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What Size for Control Storage?

In the past, mainly with reciprocating compressors, rules of thumb
for sizing a primary air receiver, have been from 1 gallon per cfm
to 3 gallons per cfm of compressor capacity.

This is no longer regarded as good practice and the
recommended primary receiver size will vary with the type of
compressor capacity control used.

You should be at 5 gal/cfm of the trim compressor.

Rule of thumb is 3-5 but a system analysis will show you the
proper control storage to be using.

Better
z Plants
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What Size for Control Storage?

Some oil injected rotary screw compressors are sold with

load/unload capacity control, which is claimed to be the most
efficient.

This also can be misleading, since an adequate receiver volume
IS essential to obtain any real savings in energy.

Some rules of thumb established many years ago for
reciprocating air compressors, are not adequate for an oil injected
rotary screw compressor.

Better
z Plants
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Capacity Control by Load/No-Load

|
|
|

100 % Power _\ \
20 % Power \ \ ——»

Ll Ll

= During un-load, the compressor is still running against significant
back pressure and consuming power

» Bigger sump vessels lead to longer blow-off times and more
energy consumption

EEEEEEEEEEEE
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Capacity Control by Load/No-Load

Active Power consumption evolution from L to NL

40 +

30 +

kW

20 T

10 +

seconds

EEEEEEEEEEEE
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Pressure Band 10 psi

Blow Down Time 0.5 min % Power vs % Loaded
No Load Power  24%
120
110
100
NV +—— — L

80

— 1 usgal/cfm

r/
7 0 // / =3 usgal/cfm
60 / / 5 usgal/cfm
v

10 usgal/cfm

% Power

50 /
40 / /
w
20

10
0

!

0 10 20 30 40 50 60 70 80 90 100
% Loaded

Better U.S. DEPARTMENT OF
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What Size For Variable Speed Compressors?

For variable speed compressors the receiver size should still be 3
-5 gallons/cfm

Variable speed compressors don't tend to run unloaded so don't
have this period of wasted energy

They can also vary their speed to meet demand, so the receiver
doesn’'t need to be so big.

However, variable speed compressors do still need air receivers
to smooth out downstream demand so they can adjust their speed
efficiently.

z Plants
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What Size For Oil Free Compressors?

100 % Power = -‘\ \

= Since there is no sump blowdown to ride out, the concern would
be cycle time.

= Consult with the manufacturer

* Most do not want less than one cycle per 30 seconds. Desirable
to have one cycle per minute.

20 % Power

FMBetter s e o
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How do you determine “Effective” Volume?

= Using one of the calculators from

Airmaste r+ SOftwa re : Measured Test Conditions
= During a period of constant air Eevaton.t [ D
. Atmospheric pressure, psia I 14.50
demand, the cycle time can be used R
to determine the effective volume Fulloze o cut pressue, poig | 1000
nload or cut-out pressure, psi 110.0
= A 100 hp 500 acfm compressor s e ,—|55
operating at 80% load with a 55 Drsindowntne, sec. | 14
. Results
second I_oad time and 14 seconq e s capcty (e [
unload time equates to an effective e
volume of 134.8 cubic feet s |
= 134 cuft = 1000 gal rr———

Energy Efficiency and Renewable Energy

24 235928 Ay wane s wey 8 v el ol el aloddeidy

EEEEEEEEEEEE
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How do you determine cycle time?

= Using one of the calculators from
Airmaster+ software :
Elevation, ft.

- A 100 hp 500 aCfm Compressor Atmospheric pressure, psia
operating at 80% load (400/500) with Conpesrcapecycn | ¥

System airflow requirement, acfm

Actual Conditions

il

o

. I 0
V0|ume at 2 gal per Cfm WIII have a 69 System volume, cubic feetlm
. Full load or cut-in pressure, psig lm
S e CO n d CyCI e tl m e Unload or cut-out pressure, psig ITUU
= 134 cuft = 1000 gal Results '
Pump-up time, sec. 55.0
Drain-down time, sec. I 14.0

Total cycle time, sec. 69.0

d

Close

4

EEEEEEEEEEEE
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Receiver Sizing for Demand Events

= A system operates with 100 scfm demand deficit for 30 seconds of time. If the
system pressure must be no lower than 90 psig and at the beginning of the
event the pressure is 100 psig, what size receiver is necessary?

= Use the MEASUR Tool for “Receiver Tank Sizing”

EEEEEEEEEEEE
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Receiver Sizing for Demand Events

= Answer -
'l RECEIVER TANK SIZING
V _ T min A (C B R) X })a Calc(3ation Method | Dedicated Storage v‘
o P o P
1 2 Length of Demand 5 \
Air Flow Requirement 100
5 X (1 OO) X 147 Atmospheric Pressure 14.7
I/cf — Initial Tank Pressure 100
10 Final Tank Pressure 90)
Receiver Volume 549.78 gal
V., =735

Better U DEPARTMENT OF

QPlans ENERGY



Effectiveness of Storage

Compressor has a 10 psig Control Band

Compressor
Filter 5 psid
Dryer
5 psid
Filter
5 psid
Storage
(5 gal/cfm)

Compressor
Filter 1 psid
Dryer
Y 2 psid
Filter
1 psid
Storage (5 gal/cfm)

M Better
@ Plants
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Some Best Practice Recommendations:

» | ocate the receiver as close to the compressors as practical in the
coolest location with the fewest possible elbows.

= \When manifolding compressor connections, ensure that the pipe

to the receiver is at least equal in cross sectional area to the sum
of the areas of the compressor discharge connections

= Do not connect a reciprocating compressor into the same
manifold as a rotary or centrifugal compressor

FMBetter s e o
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Some Best Practice Recommendations:

= Air should enter the air receiver at the
largest port in the lower section, and
discharge from the largest appropriate
port in the upper section.

= Adequate automatic zero air loss drain
traps should be installed for removal of
accumulated condensate in lieu of timer
or manual drains.

= Each air receiver should be equipped
with a PRV valve and a pressure gauge
with a valve to facilitate replacement
when necessary.

EEEEEEEEEEEE
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Some Best Practice Recommendations:

= When used with lubricant free
compressors, it is advisable to
specify an air receiver having a
galvanized interior or special
epoxy coating to prevent
corrosion.

= Safety valve capacity shall be
sized to prevent receiver pressure
from exceeding 110 percent or 3
psi (which ever is greater) of the
maximum allowable working
pressure.

FMBetter s e o

QPiants ENERGY



U.S. DEPARTMENT OF

ENERGY



Secondary Storage

= Secondary Storage Receivers can be used to:
= Supplement the primary receivers to stabilize system pressure and thus keep
unneeded compressors from operating

= Supply adequate compressed air for a single intermittent event of a known
duration.

EEEEEEEEEEEE
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Calculating the size of the Recelver

v I'(C—-S8)Pa
-5

= \/ = Volume of the receiver in cubic feet

= T =Time interval in minutes during which the receiver can supply air to
the specific event

= C = Total air required by the event in cubic feet per minute

= S = Spare air for restoring the pressure from P2 back to P1
= Pa = Absolute atmospheric pressure (psia)

= P1 = Initial receiver pressure

= P2 = Final receiver pressure required to support the event

Better U DEPARTMENT OF
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Assume a back wash filter requires 100 cfm every hour for a duration of 3
minutes at 70 psig. Normal system pressure is maintained at a nominal 95 psig.
For this calculation assume S to be zero.

_T(C-S)Pa v 3(100-0)14.7
B —F, 95 —70

%

=176.4 Cubic Feet

176.4 x 7.48 gal/cu.ft. = 1319.5 gallons

Select the next largest standard air receiver size which would be
1548 gallons

1548 gallons + 7.48 gal/cu.ft. =207 cu.ft.

EEEEEEEEEEEE
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Example Using MEASUR

() MEASUR

@ Manufacturing Energy Assessment Software for Utility Reduction

.

RECEIVER TANK SIZING
™~

Calculation Method Dedicated Storage "‘

Length of Demand 3 ] ‘

Air Flow Requirement 100 ’ ‘

Atmospheric Pressure 4.7

Initial Tank Pressure 95 \ ‘

Final Tank Pressure i

Receiver Volume 1,319.47 gal

Better U.S. DEPARTMENT OF
QPlans ENERGY




The next part of the calculation is to calculate the metered refill rate.
Restating the formula, “S” required to restore the pressure to 95 psig within
the 57 minutes until the next backwash.

(B =P) ¢ 207X _ 5 oy

Solving For § =
oS e T x14.7 57 %x14.7

EEEEEEEEEEEE
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Example

6.2 scfm refill

Main Service Header

Throttled at 95 psig
Refill valve

Check

Valve Service \/

Valve

~ To Back Wash
Filter at 70 psig

The 6.2 cfm required is
S insignificant compared to
the 100 cfm for 3 minutes
or 300 cubic feet total

Better U.S. DEPARTMENT OF
QPlans ENERGY
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Example of Local Storage for Critical End Use
Pressure

EEEEEEEEEEEE
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Example of Local Storage




pacitance

U.S. DEPARTMENT OF
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Storage or Volume

* Pneumatic capacitance is the stored air within a compressed air
system —

= Capacitance is expressed as the ratio of stored air volume (scf) to
the storage pressure differential

= |n order for there to be any stored energy, there has to be a
pressure differential across the storage device.

Better U.S. DEPARTMENT OF
QPlans ENERGY



Useful Storage

» Useful Storage = Capacity to Store x
Allowable Pressure Drop

%4 Out at 80 psig
S % AP I—*—I
P 5000 -

a
gallons

Given a 5000 gallon tank with pressure in at 100 and
pressure out at 80 ‘

What is the usable (useful) storage? In at 100 psig
5000 gallons / 7.48 gal/cuft =668.5 cubic feet

668.5 cuft / 14.5 psia = 46.1 cuft /psia

46.1 cuft /psia x 20 psia =

= 922 cuft of usable storage

L

EEEEEEEEEEEE

e Piants ENERGY



Pressure/Flow Controllers — Do | Need One??

Compressor #1
Baseload - L/NL
125 Hp - 94 kW pkg
500 cfm @ 100 psig
MFFP 110 psig

Supply
Header

Compressor #1
Trim - L/NL
125 Hp - 94 kW pkg Receiver
200 cin € 100 pei) (wet) Refrigerated
MFFP 110 psig Dryer

500 gallon

Pressure
/ Flow
Control

Compressor #1

Stand-By - L/NL
125 Hp - 94 kKW pkg 1,000 gallon
500 cfm @ 100 psig Receiver

MFFP 110 psig (dry)

L il

= Atypical block diagram of a pressure/flow controller in a
compressed air system with one point of entry (single
compressor room)

U.S. DEPARTMENT OF
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Pressure/Flow Controllers

Better U.S. DEPARTMENT OF
QPlans ENERGY



Pressure/Flow Controllers

= Make sure
regulators are
made for full flow
with superior
response time

# Better
4@ Plants



Best Practice with Pressure Flow Controller

Demand

EEEEEEEEEEEE
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Best Practice with Pressure Flow Controller

Demand
Side

Supply
Side

i
|

9

¢

l

Compressor with
built in dryer

Better U.S. DEPARTMENT OF
QPlans ENERGY



System Drawdown Without a Pressure Flow Control Valve

300 cfm

300 cfm

300 cfm
Takes 25 seconds to
make air

Supply

200 cuft
Demand
Side
including
receivers

# Better
@ Plants
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System Drawdown

Three different methods could be used to calculate:

#1 Capacitance:

Volume in cuft + 14.7 = capacitance in cu. ft./psi

DebitFlow

cuftsec

x Time

S€C

DrawDownRate =
Capacit

cuftpsi

Example: a 200-cu ft system is operating at 100 psig with a total demand of 600 acfm
using two 300 acfm compressors online. If one compressor fails, what will the drawdown

of pressure be in 25 seconds?

300 acfm = 5 cfs DrawDownRate = —<5€ 25

13 6 S€C
Capacitance = 200.,4/14.75sia = 13.6 cuft /psi cufipsi

DrawDownRate = .367 x25 . =9psig

psi/sec

Better
z Plants
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System Drawdown

Three different methods could be used to calculate:

- y L x(C=R)xF,
AP ! P-P,
fof
AP — Tmin X (DebltFlow) X ])a V
Ve

Example: a 200-cuft system is operating at 100 psig with a total demand of 600 acfm
using two 300 acfm compressors online. If one compressor fails, what will the drawdown
of pressure be in 25 seconds?

(Z%O)x@oocfm)xmj
200

AP = =9 psig

of

EEEEEEEEEEEE
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System Drawdown

Three different methods could be used to calculate:
#3 Supply = Demand:

AP
V . x— = DebitFlowxT .. = 25
cf })a min 200 X 14 7 300)(( /O)

Example: a 200 cu ft system is operating at 100 psig with a total demand of 600
acfm using two 300 acfm compressors online. If one compressor fails, what will
the drawdown of pressure be in 25 seconds?

APx13.6 =125
AP =9

EEEEEEEEEEEE
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System Drawdown With Pressure Flow Control Valve

90 psig Demand
setpoint Side

Better U.S. DEPARTMENT OF
QPlans ENERGY



System Drawdown

Sizing a receiver for storage using PFC valve
Tmin X(C_R)X})a
R-P

Receiver calc: Vc =

(27 )x (300)x14.7
_ 60
VC =
10
Example: a 200-cu ft system is operating at 100 psig with a total demand of 600 acfm
using two 300 acfm compressors online. If one compressor fails, what size receiver will

prevent pressure drawdown while waiting 25 seconds for the backup compressor to make
air? System pressure cannot fall below 90 psig

V., =183.75 V., =183.75x7.48 ,  =1,374

gal galcuft

A 1374-gallon receiver will deliver 200 cubic feet of air for 25 seconds. The pressure in
the vessel will start at 100 psig and end up at 90 psig
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System Drawdown With Pressure Flow Control Valve

90 psig Demand
setpoint Side

L 1,374 gallons
Standby takes 25 seconds

to start delivering air

EEEEEEEEEEEE
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Stored Energy — Boyles Law - P,V,=P,V,

Simpler and more straight forward
= Minimizes time factor

Remember P1V1 = P2 V2
Well, it works for storage also.

Remember what we are trying to do

= Take the existing pressure fluctuation from the existing system and put it into
controlled storage — and keep the plant stable

Better
z Plants
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Stored Energy — Boyles Law - P,V,=P,V,

= Find your biggest total pressure drop experienced over any time
period or duration

= P1 becomes 10 psig
= Max 100 psig
= Min 90 psig

= Next estimate total storage volume
= Add pipes plus receivers

= V, becomes 200 cubic feet

= P, becomes 10 psig
= Qur allowable pressure drop

Better U DEPARTMENT OF
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Boyles Law Applied

" PVi=Py V,

= Move the event in the existing plant volume into a drawdown from
your new storage volume

= Or solving for your desired storage V,

" V= (P4Vy) = Py

= V,=(10x 200) = 10 = 200 cu.ft.

= 200 x 7.48 gal/cu.ft. = 1,496 gal
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Example: System Drawdown

» A demand event results in a 200 scfm airflow rate being supplied from
the system’s air storage volume which is 133.7 cf ft (1,000 gallons).
What is the pressure drawdown rate in psi/sec that will result?

* This drawdown can take place in a storage tank behind a pressure flow control
valve or will take place in the distribution volume.

= Your choice
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System Drawdown

= Answer

DebitFlow, ;.. . 1090gal_ _ 133.7¢f

DrawDownRate = : x Time___ 7.48gal / ¢f
Capacit,,, .
_ 133.7,,

3 333 Capacitance = =9.09,
DrawDownRate = P x1. 14.7 e

9.09 ;.

200dfm _ 3 33304

DrawDownRate = .37 psi / sec
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Storage Examples

High-volume intermittent events create the appearance of inadequate
supply because they can cause the pressure to fall in the system
before the compressors can react.
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Dedicated Storage to Shield the system from a high

flow end use application

Either Location

-

Alr > ok N

feeder / /

Needle Check
Valve Valve

\i " e &g 1 ()
- - 5 800

Collector
Bag House

Pressure
Gauge

Receiver
Tank

Differential
pressure switch
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Critical Pressure End Use

. In from Plant Air
‘ B : Header
Reguator set
el .,

) at 75 psig
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General Storage

Main Service Header

One way
restrictor
valve

Zero Air
loss Drain

Better U.S. DEPARTMENT OF
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High Pressure Offline Storage

Set to
High Pressure from header
dedicated pressure
compressor

To Plant Air Header

ized for Even

Zero Air Y
loss Drain

Better U.S. DEPARTMENT OF
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Example High Pressure Offline Storage

Assume a back wash filter requires 100 cfm every hour for a duration of 3
minutes at 70 psig. A high-pressure compressor is available for 200 psig
operation. For this calculation assume S to be zero.

_T(C-S)Pa 3(100—0)14.7
= V =
R-P, 200 —70

V =33.92 Cubic Feet

33.92 x 7.48 gal/cu.ft. = 253.7 gallons

That’s a lot smaller receiver than the 1319 gallons using the 95-70
differential.
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Dedicated Storage with Metered Recovery

Throttled
Refill valve

To Intermittent
End Use

Valve

Sized for
the Event
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Dedicated Storage with Metered Recovery

Receiver, 3-30
gallons typical
Located above to
prevent lubricant
from accumulating

Check Manually Activated
Direction Control Valve
Valve FPalm Button
\
— Reftract
Throttled Muffler —~—— Extend
Refill valve
Speed Adjustment Screw Speed Adjustment Screw
(Retract) (Extend)

Speed Control Valve

© B

Cylinder
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Peak Flow vs Average Flow

= The single acting spring return air cylinder picture below requires 1
cubic foot of compressed air and actuates to full stroke in 3 seconds. If
the cylinder actuates 2 x per minute, what is the peak and average

flow?

Extending

L
=
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Peak Flow vs Average Flow

= Answers:

= Average flow = 2 cfm
* Peak flow — 20 cfm

lcf y 60sec
3sec Imin

= 20cfm

Extending

% = 20cfm

| AN Y
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Offline High Pressure Storage

175 psig from
dedicated
compressor

To Plant Air Header

Sized for Event

Zero Air
loss Drain

EEEEEEEEEEEE
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Conclusion

By applying the basic storage principles involved in a compressed air
system, you can immediately improve the performance of production
equipment in terms of productivity and quality and make major
reductions in the operating costs of your compressed air system.

The alternative to applying these basic storage principles in the system
Is to operate too much pressure and power all of the time to
compensate for the lack of storage.

The next time someone complains about insufficient air pressure,
remember there are alternatives to raising the pressure and buying or
operating another compressor.

Better
z Plants
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Airmaster+ and LogTool Reveiw

AIR(msimr

ARk aster+ iz but one tool in a large portfolio of Compreszed Air Challenge
offerings designed to azsist the end uzer in improving the performance of

compressed air spetems. AlRMaster+ allows for objective and repeatable
zzment resultz and can be uzed to improve the
performance and efficiency of operation. Howewer, AlRM aster+ iz not
meant to replace an expenenced auditor in the evaluation of a compressed
air spztem. AlRMazter+ iz intended to model airflow and azsociated

electical demands az zeen by the supply zide of the system. AR Master+

does not model the dynamic effects af the diztibution and end uzesz. Such
izzes should be addreszed through consultation with an expenenced

auditor befare implementing efficiency recommendations.

Developed for the .5, Department af Energy
by the “azhington State University Energy Program
copyright 2000 %S
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MEASUR: Compressed Air Assessment!

MEASUR

Welcome to the most efficient way to manage and optimize your facilities' sys

pportunities for efficiency or run calculations frc

Create an assessment to model your ?j,.‘l'l":ﬂ and find of

equipment c: ators

Get started with one of the following options

Create Assessment Properties & Eq

i General

Create Pump Asses

O"ﬂe" DOE Pu mp

g System i Compressed Air i Proc

Assessment Tool (PSAT)

i Fans i Pumy
i Lighting i Stear

i Motors i Wast

formerty DOE AiMaster+

$s Heating

Assessment
formerly DOE Process Healting

§
b

Assessment and Survey Tool

(PHAST)

U.S. DEPARTMENT OF
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Create Your Compressor Inventory

COMPRESSOR INVENTORY CURRENT INVENTORY HELP
Compressor Name 'Compressor 1 l Name Compressor Type Control Type Pressure Range
Description p > Compressor 1 Single stage lubricant-injected rotary screw Load/unload 100 - 110 psig o @

Set Data From Existing Compressor Compressor 2 Single stage lubricant-injected rotary screw  Start/Stop 100 - 110 psig o @
NAMEPLATE DATA +Add New Compressor
Compressor Type Single stage lubricant-injected rotary screw v‘
Motor Power 5 . —
: ‘ ‘ Compressor Profile (Compressor 1) () Graph All Compressors
Full Load Operating Pressure 100 { w
Rated Capacity at Full Load Pressure [18 woowl ey ]
Full Load Amps 75 ‘ ‘ _______
Total Package Input Power 46 ’ ‘ """
80%
> CONTROLS — .
®
> INLET CONDITIONS 3
= 60%
> DESIGN DETAILS u?
ey
v PERFORMANCE POINTS oy
o 40%
Discharge Pressure Airflow Power %
o
Full Load (cut-in) 100 ‘ ‘ ‘18 ’ ’4.6 ’ ‘
20%

Max Full Flow (cut- 110 ‘ ‘ ’18 ’ ’4_9 ’ ‘
out)

00'6’0' 20% 40% 60% 80% 100%

No Load (unloaded)  [15 ‘ ‘ ’O ‘ ’23 ‘ ‘ * " ° ° ° °

Airflow (% Capacity)

Better U.S. DEPARTMENT OF
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Enter Your Operation Profile

n Assessment Basics a System Information n Inventory n Day Types a System Profile

Setup Profile Profile Summary Graphs Annual Summary

Select Day Type \ Standard Day Type v‘ Data Interval 1hr v

Profile Data Type \ Airflow, % Capacity v‘ Pressure Control Range 100 - 110 psig

Compressor Ordering (No Sequencer)

(JFill right on change ~ Turn All Off ~ Turn All On

FLP 1 2 3 4 5 6 7 8 9 0 | 1| 12| 13 14 | 15 | 6 | 17
compressor 1100 KT KN (NI (I I O NN DD N N I O D B B e m
sl 2 I 2 | 2 Jf 2 f 2 § 2 2§ 2§ 2§ 2424242424 2)4242]]

L~ Il

Profile Data

(J Fill right on change
1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17

Compressor 1/% Capacity|[20 20 |20 [[[20 /20 |20 |20 /20 [0 J20 |20 /20 [0 J20 |20 /20 " ]|[20

Compressor2|% Capacity 20 [|20 [|l20 [|l20 [l20 20 |20 Jll20 [0 20 20 20 20 20 20 20 20

Better U.S. DEPARTMENT OF
QPlans ENERGY



Find Energy Savings!

S io1
Setup Profile Profile Summary Table Profile Summary Graphs cenario

Selected Scenario

SELECT POTENTIAL ADJUSTMENT PROJECTS MODIFICATION COMPRESSOR

RESULTS PROFILE HELP NOTES

Select potential adjustment projects to explore opportunities to increase efficiency and the effectiveness of

your system.
|All Day Types v
Add New Scenario
Baseline Scenario 1
Modification Name ]Scenario 1
Percent Savings (%) —_
Reduce Air Leaks .
. 18.0%
Implementation Cost ’0 ‘ Flow Reallocation Savings —— $201.99
Leak Flow [2 \ } Reduce Air Leaks Savings —_— $150.57
Leak Reduction 100] j Peak Demand 3.87 kW 3.17 kW
- Peak Demand Savings —— 0.7 kW
Improve End Use Efficiency BB Peak Demand Cost $232.19 $190.38
] Peak Demand Cost Savings — — $41.81
Reduce System Air Pressure off v Annual Energy (kWh) 29,662 24,321
Adjust Cascading Set Points Ooff v :(r;c:)al DI SRS — 5,342
Use Automatic Sequencer Annual Cost $1,957.72 $1,605.16
Annual Savings — $352.56
Reduce Run Time off v
Add Primary Receiver Volume Ooff v
M Better U.S. DEPARTMENT OF

@ Plants ENERGY



Example Presentation
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Block Diagram of the Compressed Air System
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Savings Opportunities in Compressor Controls
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Savings Opportunities in Pressure Setpoints
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Savings Opportunities in Compressed Air Distribution Systems

Better U.S. DEPARTMENT OF
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Savings Opportunities in Compressed Air Users
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Tips Learned from this Training
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Next Steps or Action ltems after the Compressed Air VINPLT

= \WWhat are your next steps to implement opportunities?
= What are you planning to do after the VINPLT?
= | essons learned?

Better U DEPARTMENT OF

QPlans ENERGY



Questions and Answers




Next Week Session 8 — Final Report Out

= The goal of this session:

* To understand how to maintain an efficient compressed air system by managing
wastes.

* To take advantage of the heat emitted from a compressed air system.
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Last Online Training
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Company Name: FLEXCO FLOORS
Facility Name: FLEXCO MAIN PLANT
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Block Diagram of the Compressed Air System

COMPRESSOR#1

INGERSO RAND
RS250NE 335 HP 250KW
660-1800CFM

AIR COOLED

(e

COMPRESSOR#2

QUINCY

QS| 1250 250HF 186KW
1250 CFM

AIR COOLED

T\

COMPRESSOR#3

QUINCY

QS! 1000 250HF 186KW
1000 CFM

WATER COOLED

COMPRESSOR#4

QUINCY
QS| 500 100HP 7T5KEW
500 CFM

AR COOLED

COMPRESSOR#5

QUINCY
QS| 500 100HP 7T5KEW
500 CFM

AIR COOLED

6"

COMPRESSOR#6

QUINCY
QS| 400AC 100HP TSKW
400 CFM

AIR COOLED

IN TUFLEX

USE

- USE
END

RECEIVER
1100 Gals. END END
USE USE
6" 4"
6"
////f %H\\\ AIR
DRYER "
WET
' RECEIVER 1 6" 4 END
1100 Gals_/ USE
RERIG.DRYER
END END
! USE USE
@_ESCING END
) USE .
END 2" 4 END
USE
END END
USE USE
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Savings Opportunities in Compressor Controls

Present Control system and problems

Our Air Compressor Control System was suppose to cycle on and off
compressors as demand required. The system was purchased from Ingersoll
Rand and their guy could never figure out how to tie in all the other
compressors that were Quincy’s.

System never worked correctly so Boiler Operator is in charge of manually
turning on and off the compressor with demand requirements.

This works good for turning compressors on as required because he gets an
alarm signal for low pressure. We use time of day experience to turn off the
compressor that are not required for demand.
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Savings Opportunities in Compressor Controls

We need to install an Automatic demand control system.

We need a system that can be setup and adjusted by our in-house
technicians.

System that | believe would work best is to have the newest Ingersoll
Variable Frequency Drive be the lead compressor. Once it reaches
100% Load for a given time and can not hold 90 psi. Other
compressors need to be added. Turning on one of our 3 Quincy
100HP (4) valve stage compressor one at a time as compacity
requires. The other Compressors in our system are only required for
maintenance and emergency use.

Better
z Plants
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Savings Opportunities in Pressure Setpoints

We currently run the compressors at what we have

determined presently to be our lowest PSI possible for
the majority of the Plant Operations. 90 PSI.

We do have (2) Machines that require higher pressure
one for cutting hard rubber with a Air guillotine and one
that lifts heavy rolls with a pneumatic manipulator.
(Both of these operations have a small air amplifier that
increases PSI. They are low usage and CFM
requirement machines .)

Better
z Plants
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Savings Opportunities in Compressed Air Distribution Systems

Our current Compressed Air Distribution system is Bad.
70 year old plant with lots of new systems without much
distribution system up-grading.

Larger Main Distribution Line should be installed
New Main Line should be something other than Carbon Steel

and be looped (feed from both ends) as possible.

Additional Dryer capacity would help for large demand times
and for maintenance of current Dryer.
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Savings Opportunities in Compressed Air Users

* Minimize all compressed air usage.

 Use Cordless Leaf Blowers for areas that currently use
compressed air for cleaning.

» Convert air Knife/nozzles systems to LP Air Blowers

« Convert some of our high cycling guillotine cutoff systems to
servo motor electric driven units.
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Tips Learned from this Training

Use of Aluminum Pipe for compressed air. (had not
thought of this as an option.)

The importance of going large with main distribution
neader.

 How bad air motors are in efficiency vs. Electric Motors
* Leaks detection program importance.
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Next Steps or Action ltems after the Compressed Air VINPLT

= \WWhat are your next steps to implement opportunities?
* |ncorporate alternative methods other than compressed air in all projects.

= \What are you planning to do after the VINPLT?
» Update systems as funding is available.
= Track and communicate compressed air usage/cost with the tools provided.

»= Lessons learned?
= Having all employees involved in compressed air conservation.
= Proper system flow to accommodate the most efficient usage at reduced cost.
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