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Homework Answers:

Homework Answers from Week 7 Volume

ENERGY



Homework from Week 7 — Volume

* 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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Homework from Week 7 — Volume

= Answers:
= Average flow = 2 cfm
= Peak flow — 20 cfm

lef y 60sec
3sec Imin

= 20cfm

Extending

% = 20cfm

( \ (W
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Homework from Week 7 — Volume

The operator for the end use tool pictured below has complained of lower torque and
has opened the regulator to full header pressure, yet the problem still exists. The
regulator is holding pressure on its gauge when he pulls the trigger on the tool.
Which two yellow flag locations would be the correct measurement points to identify
the problem?

|
Supply Side | Demand Side
|

End Use Tool
L

Dryer

=
I_I:l: Wet \.j

Receiver
Dry

Receiver
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Homework from Week 7 — Volume

= Answer: D and E

|
Supply Side | Demand Side
|

2 0 [

- TR

End Use Tool

. Dryer
- Filter

Receiver

|
|
|
I [ ]

P | QZU‘P-
|
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Receiver |
C Dry
OmMpPressors |
|
|
|
|
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Homework from Week 7 — Volume

= A demand event results in a 200 scfm airflow rate being supplied
from the system’s air storage volume which is 1,000 gallons. What
Is the pressure drawdown rate in psi/sec that will result?
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4 Plants_ ENERGY



Homework from Week 7 — Volume

= Answer method one

200cfm 3333cfs
DrawDownRate = debitfloweusisec x Time 60s/ m
capaciteysepsi sec
: 133.7,
Capacitance = ” =9.09 4
° ' psia
3.333,,
DrawDownRate = 909 x1
o 1000gal_ _ 133 7¢f
7.48gal / cf

DrawDownRate = .37 psi / sec
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Presenter Notes
Presentation Notes
200/60=3.333


Homework from Week 7 — Volume

1 .

= Answer method 2 Ton = X 0.0166666min

= Rewrite the equation to solve for AP secmin
T xcfmxP, AP — T xcfmxP, A p _ 0166666666666667 x 200x14.7
Vi = — = ” 133.7
AP of
AP = 366_
DrawDownRate = .37ps i/sec
1000gal _1337¢f

7.48gal / cf
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Presenter Notes
Presentation Notes
200/60=3.333


Homework from Week 7 — Volume

= Asystem 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”
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Homework from Week 7 — Volume

= Answer -
e
oJ < | RECEIVER TANK SIZING
=
V _ T min X (C - R) X })a Calct@tiﬂn Method Dedicated Storage o
7 e
E - })2 Length of Demand 5
Air Flow Requirement 100
5 X (1 OO) X 147 Atmaospheric Pressure 14.7
I/Cf — 10 Initial Tank Pressure 100
Final Tank Pressure o)
Receiver Volume 549.78 gal
vV, =735
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Homework from Week 7 — Volume

= What is the pneumatic capacitance of a 2000-gallon receiver at
sea-level 14.7 psia

= Answer should be in cubic feet/psi
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Homework from Week 7 — Volume

2000gal

Tasgallof N
= Answer: 08
__ cuft
Cap ==+
__ 267.38 __
Cap _ 267.38 Cap 147 18°189cﬁysi
14.7
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Homework from Week 7 — Volume

= Use the MEASUR Tool for this one:

= A 55-gallon bag is placed over a leak and takes 10 minutes to fill up. What
size leak is it in scfm?

EEEEEEEEEEEE
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Homework from Week 7 — Volume

» Use the MEASUR Tool for this one: Common Trash bag Sizes:

" An Swer Bag Dimension Bag Size
40°W x 46"H 40-45 Gallon

40"W x 50°H 55 Gallon

LEAK LOSS ESTIMATOR - BAG METHOD 50"W x 48'H 65 Gallon

Annual Operating Hours mE (8760

Total Flow Rate 4.55 SCFM

Total Annual Compressed Air Leakage 2,391,480 SCF
Leak 1

Bag Fill Time 6500

Height of Bag 40

Diameter of Bag 50

Flow Rate 4.55 SCFM

Annual Consumption 2,391,480 SCF
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Review

Quick Review of all 7 Sessions

ENERGY



Week 1 we discussed:

Compressed Air Systems Basics

ENERGY



It’s a Treasure Hunt

What am | looking for?

The prime consideration for any
compressed air system is the
ability to generate air with the
least amount of energy.

L

Having done this, the next
consideration is to transmit
energy from the point of
generation to the point of use

with the least loss. Su pply
The final consideration is to S i d e

eliminate waste and use the
least amount of air for the
production process.

Demand
Side

wajsAg
paziundo

vuoissiuusuel
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Presenter Notes
Presentation Notes
The prime consideration for any compressed air system is the ability to generate air with the least amount of energy. 

Having done this, the next consideration is to transmit energy from the point of generation to the point of use with the least loss. 

The final consideration is to eliminate waste and use the least amount of air for the production process.



Compressed Air Systems Approach
plant efficiency: energy -- product

There are two basic ways to reduce the energy consumption of a compressed air system: produce
compressed air more efficiently; and consume less compressed air.

Energy “ Compressed

Product
Powerhouse / Compressor Station Manufacturing Plant
Producers of Compressed Air Consumers of Compressed Air
Produce Air More Efficiently Use Less Compressed Air
Total Energy < ‘
Savings

Better U.S. DEPARTMENT OF
Plants ENERGY




What Are My Goals?

Use less compressed air

» Reduce Air Demand (Leaks,

. . Inappropriate Uses, etc...)
Produce more efficiently

* Improve Compressor

Control

 What is the Pressure at End Uses

* How does compressed air support
production?

. Di ?
Discharge Pressure? Understanding how compressed air

is used is the single most important
step to effective management.

U.S. DEPARTMENT OF
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Where does the air go?

Poor
Practices

Artificial 5-10%
Demand
10-15%

Production

Leaks 50%

25-
30%

m Production =Leaks = Artificial Demand Poor Practices
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L eakage Losses

Leaks can account for 20% - 30% of the total
amount of air being compressed.

The acoustic camera uses microphones and sophisticated signal
processing and software to identify the loudest source of noise
when many sources are present.

It allows the user to pinpoint sound
leaks in walls, doors, and floors and
target the leak

Be“er U.S. DEPARTMENT OF
P ENERGY



Not very efficient!

Leaks
Artificial Demand
Compressed
Air delivered by

Inappropriate uses

compressors
Electricity
consumed by the Heat loss 85%
compressors
Delivered compressed air is I
only 15%

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
Compressed Air’s Inefficiency:
85% of the power of the prime mover is converted into an unusable form of energy (HEAT)
And to a lesser extent, into friction, misuse and noise


Compressed Air Versus Other Energy Sources

8
= 1 hp air motor = 7-8 hp of electrical
power 6L
. . . P
= 30 scfm @ 90 psig is required by the | Losees on
air motor hp Supply and
4 - Demand
= 6 -7 bhp at compressor shaft ' Sildgs
. ! Inciudin
required for 30 scfm - of_g
= 7 -8 hp electrical power required for 21 O losses) |
this _
= Annual energy cost for a 1 hp air motor 0 - m
. nput Fower a ower ower
versus a 1 hp electric motor, 5'day per tg Electric Required by Losses and
week, 2 shift operation, $0.05/k\Wh Motor Compressor  Useful Work

= $1,164 vs. $194
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Week 2 we discussed:

Compressor Types
Maintenance
Compressor Room Best Practices and Ventilation

ENERGY



Ventilation
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Presenter Notes
Presentation Notes
It is important not to block the air flow to the compressor inlet filter.  If you have a multiple compressor installation, it is important, especially with air cooled units, that the heat discharge of one compressor does not go directly into the inlet of another compressor.  This will cause shutdowns due to high temperature.


Exhaust Size Fan Ventilation Simplified Equation

* The following formula can be used to determine the fan size
needed to vent a compressor room given a certain horsepower
online and venting into the room:

Heatload(BTU / Hr)
1.08 x Temp Rise (deg F)

Fan cfm=

= 1HP =2,545BTU / hr
* The heat load is sensible duty only.

= Temp rise is above make-up air temp.
= A 10-degree rise is all you really need.

U.S. DEPARTMENT OF
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Ventilation Example 100 HP Compressor

Heatload(BTU / Hr)
Fan cfm= : R
1.08 x Temp Rise (deg F) Ventilation =] 3
airout | X 3
(100 x 2,545 BTU / Hr) > X\
Fan cfm= = | tt oy
1.08>10 Fan cfm=23,564 \ %
Ventilation
Fan cfm=23,564 Air In
7
7 o]
Y =
VA A
2Y - E——
Ay
Better s oeearTMENT OF
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Presenter Notes
Presentation Notes
One of the leading complaints by plant workers and causes of unscheduled shutdowns is heat.  Because compressed air systems generate such large amounts of heat, extensive ventilation is required.  This is true particularly with air cooled compressor packages with integral radiator coolers.  Increased air temperature at the compressor inlet also reduces the mass flow of the air entering the compressor and being supplied to the system.  Consideration should be given to having the air to the compressor inlet drawn from outside the compressor room.  The location of this inlet must be chosen carefully to avoid possible contaminants.


()
Session 3 — Week 3, we discussed:

Compressor Controls
Intro to LogTool
Intro to MEASUR

ENERGY


Presenter Notes
Presentation Notes
discuss different types of compressor capacity controls and how to efficiently match supply to demand.  Positive Displacement and Dynamic controls. Review the pros and cons of pressure flow control valves.  Demonstrate the CAS assessment module within DOE compressed air software tool.



Performance Curves

Various Compressor Control Performance Curves

100

90

80 /
70—

60 /
50 o
/ / =+=SUCTION THROTTLING NO
40 5 BLOWDOWN % FULL LOAD kW
~8=SUCTION THROTTLING SUMP
0 BLOWDOWN % FULL LOAD kW
/ i ~#=SPIRAL/TURN VALVE % FULL LOAD
KW
2

Per cent kW Input Power

7 =0==\/ARIABLE SPEED COMPRESSOR %
FULL LOAD kW

10 /J ~0=IDEAL COMPRESSOR % FULL LOAD
kW
| | |

10 20 30 40 50 60 70 80 90 100

o
o}

Per cent Capacity (Flow Out) U.S. DEPARTMENT OF
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Cascade Compressor Control

= Base load as many
compressors as possible.

Compressor "
41 = Traditional cascade control
110 — T Compressor can be inefficient.
#2
105 | Compressor
_ #3
%’3 100 — T Compressor
= #4
2
E 00 T Backup Compressor. Takes
30 seconds to make air
85 ————————————————————————————————————————————————— = — = e e e e e ——— —
Production minimum requirement
80 |
169
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Master Controls

- Basic single set point control scheme

110 —T—
105 Unload pressure ----------—————————————————————
g
o 95 Load pressure —-—3--——--—--—=-———-——-——-———-——-
=
S 90 -
-y
85 ——--| Production minimum requirement |------—-Y-——————
80 —T1—
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DP Insertion Flow Meters

= |nsertion style Differential
Pressure meter for saturated
compressed air flow
measurements.

= Adifferential pressure flow
sensor measures bi-
directional flow, pressure,
temperature and total flow
simultaneously.

= They are intended for use in
high velocity applications
where there is a continuous
flow over a minimum value,
such as compressor
efficiency monitoring.

33

Supply side

- Wet air
- High velocity

=

DP Meter

r

[1

TM Meter

r

——

Better
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Presenter Notes
Presentation Notes
In some cases, there is just not enough pipe to accommodate the minimum straight pipe requirement. In this case, you should use the 2/3 rule. Install the flowmeter with 2/3 of the pipe upstream of the meter and 1/3 of the pipe downstream of the meter. 


Variable Speed Compressors

* In order to provide efficient VSD regulation over the complete range
of the customer’s air profile, the range of the VSD from min to max
needs to be sized greater than the load/no load machine

Demand

Time

EEEEEEEEEEEE
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How do | know my flow patterns to size a VSD Correctly?

Total Cold Mill Flow

Mean=11019, Standard Deviation=2290.25, Skewness=-0.158592

40%

35%

30%

25%

20%

Frequency

15%

10%

5%

U.S. DEPARTMENT OF
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Centrifugal Performance

Pressure Line Naturial Surge Line == Requested Flow Pressure Rise to Surge
160
| 67.54
1401--}----------- e  ECRGRRREE! [EERTPYe . _
_ : )/ : Design Point Flow
m i i
g 'l ' |
2 Ll | |
4 3 T N Stonewall (choke)
a 1 : :
2, ! 5 5
= ;| ' |
ﬁ . I- ----------------------------------------------------
@ r Turn Down
= 'l
1
I
40 -. '
2000 2500 3000

Delivered flow, scfm
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MEASUR Tool

<]

U.S. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

MEASUR

Welcome to the most efficient way to manage and optimize your facilities' systems and equipment.

Add New ~

_ Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment calculators.
Get started with one of the following options.

Home If you need help at any point along the way, click on a & User Manual icon.

& All Assessments
& Coca Cola v2

& Coca Cola v2 e
Coca Cola v2

Coca Cola View Assessments Equipment Calculators

& o b

Cleveland Cliffs Burns Harbor
Lockheed Martin

New Assessment

Lockheed Martin

International Paper
International Paper

New Assessment
International Paper

P

Lennox

UTLX Ville Platte LA 2
Owens Corning Amarillo
Fuji Jan 2023

Fuji New Pump Data

:temat‘ona’ Fesgior Inventory Exploration
on

Fujifilm
Fuji U.S. DEPARTMENT OF Energy Efﬁciency &
Coming Inc

Corning Inc ENERGY Renewable Energy
SRP

Better U.S. DEPARTMENT OF
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& =

Pump Compressed Air Process Heating Fan Steam Treasure Wastewater Motor
Assessment Assessment Assessment Assessment Assessment Hunt Assessment Inventory

A SN EERENNEEREERNERNENBERE-&BNIN®N.!




Find Energy Savings!

Scenario 1
Setup Profile Profile Summary Table Profile Summary Graphs

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

IModification Name |Scenaric 1

Percent Savings (%) S

L

Reduce Air Leaks

e

Implementation Cost |D | | Flow Reallocation Savings = — — $201.99
Leak Flow |2 | | Reduce Air Leaks Savings _— $15057
Leak Reduction 100| :l Peak Demand 3.87 kW 317 KW
Peak Demand Savings _ 0.7 kW
Improve End Use Efficiency Peak Demand Cost $232.19 $190.38
_ Peak Demand Cost Savings — — $41.81
Reduce System Air Pressure M Annual Energy (kWh) 29,662 24.321
Adjust Cascading Set Points Off v ‘:{:::?I Energy Savings —_ 5,342
Use Automatic Sequencer Off v Annual Cost $1,957.72 $1,605.16
Annual Savings — $352.56
Reduce Run Time
Add Primary Receiver Volume Off v

U.S. DEPARTMENT OF

ENERGY




LogTool Trend Plot

Inter+al data |4 seconds] tor System [Mot Sgsgned) and Penods [Mot Sgsigned)
1A1/200812:02:25 P bo 1/23/2018 B:33:51 PM ——— ‘wet Tank [psig)

Dip Tank [paig)

40 inch pre feed [psig)

40 inch main header [psig)

Exit Conveyor Pusher (psig KW

— WasteWater [psig)

Pressure and Power Profile

psig

200 GNW (ki)
250 GNW (ki)

200 hp using 178 kW 250 hp using 170 kW

b 1D I

for only 100% output | 1 for only 40% output
: : About 1000 cfm : About 500 cfm
‘ID ...... ................ ............. .-
01~ r" n_, ,? n ‘a q; '\ .b U.S. DEPARTMENT OF
W L= &S o " " .S.
Better & & & & & & "~

ENERGY
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()
Session 4 we discussed:

Air Treatment
Dryers

Filters

Condensate Removal

ENERGY


Presenter Notes
Presentation Notes
VINPLT attendees will learn how misconceptions about air quality levels can affect compressed air system performance.  Dryer types and Dew Point are discussed. VINPLT attendees finalize their assessments within the DOE compressed air software tool.  



Specifying the Right Dryer

versus

= Do not dry compressed air more than is required by the application.

» Consider initial drying with a refrigerant type dryer then drying further
only to meet the requirement at a specific point of use.

= Leaks in the piping can degrade the Pressure-Dewpoint.

EEEEEEEEEEEE
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EFFECTS OF WATER CONTAMINATION

U.S. DEPARTMENT OF
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So How Do | Measure My Dewpoint?

= Maintaining the dew point of your air
or gas system will prolong the
lifetime of your equipment and
reduce maintenance costs.

= For dew points related to production
processes, guarding the dew point is
critical for the end-product and key in
preventing costly production losses.

» Permanent monitoring enables you
to detect and prevent problems
quickly and may provide visibility that
a change in dew point is capacity or

maintenance related.

EEEEEEEEEEEE
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Reduce System
Pressure Drop Losses

Drain

Better
4 Plants




=
Session 5 we discussed: Distribution System



Presenter Notes
Presentation Notes
Training experts and VINPLT attendees review the correct method of pipe sizing and layout options.  Discussions of velocity and how a pressure profile can be constructed from measurement data.



Reducing Pressure Drops Throughout the System

* The following equation is for calculating Velocity:
B cfmx P,

V. =
P 60xax(P,+P,)

= Where:

= V = Velocity in feet per second,
= P_ = local barometric pressure 5
cfm = air flow, free air in ft>/min 7 xd

3 : : . a=
a = cross sectional area of pipe bore inches ft2 4 %144
d = pipe bore diameter in inches
P, = gauge pressure in header or pipe

U.S. DEPARTMENT OF
Better
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Using the MEASUR Tool Calculator for Velocity

w VELOCITY IN THE PIPING

Air Flow 1500 | |
Fipe Pressure |1DD | |
Atmospheric Pressure 14 5] :I
Compressed Air Velocity in the Piping
Pipe Size (in) Pipe Size (in)
1y 506.55 ft/s 5 7.6 ftis
¥ a 286.73 ftis 6 5.26 ftis
1 176.7 ftis 8 3.04 ftis
1Y, 101.31 ft/s 10 1.93 ftis
1Y, 74.49 ftis 12 1.36 ftis
2 45.23 ftis 14 1.12 ftis
21, 31.73 ftis 16 0.86 ftis
3 20.56 ft/s 18 0.68 ftis
< 15.37 ftis 20 0.55 ftis
4 11.94 ft/s 24 0.38 ftis
Better U.S. DEPARTMENT OF
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Developing a System Profile

{
:
:

Wet
Receiver

LopsD

Dry

Recejver (100Ps!

Compressors
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Session 6 we discussed:

Demand Side

ENERGY


Presenter Notes
Presentation Notes
Training experts and VINPLT attendees review the correct method of pipe sizing and layout options.  Discussions of velocity and how a pressure profile can be constructed from measurement data.



Over-Pressurization Examples

Equipment operators rarely
understand the relationship between
flow and pressure.

What leads to excessive
pressurization of pneumatic systems?
Misdiagnosis of equipment
malfunction

Flow rate increases force a “droop” in
downstream pressure

Mismanaged point-of-use filtration

In each case, equipment operators
respond by increasing the pressure at
the regulator.

U.S. DEPARTMENT OF

ENERGY



Presenter Notes
Presentation Notes
The regulated pressure may be acceptable, but the pressure drops significantly when the work is being done and the air flow goes up.  Any resultant pressure drops become apparent, but only during this high flow period.  The pressure drop may not have been noted if it occurred over a short period of time.  How is it dealt with?........raise the pressure


We looked at the waste

Poor
Practices

Artificial 5-10%
Demand
10-15%

Production

Leaks 50%

25-
30%

m Production =leak = Artificial Demand Poor Practices

EEEEEEEEEEEE

Better Us.
Plants_ ENERGY




How Acoustic Camera Leak Detection Works

* The acoustic camera uses
microphones and
sophisticated signal
processing and software to
identify the loudest source of
noise when many sources
are present.

= |t allows the user to pinpoint
sound leaks in walls, doors,
and floors and target the leak

EEEEEEEEEEEE
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Potentially Inappropriate Applications

- Many applications can be served more efficiently by low pressure air from a fan,
a blower; or by a vacuum pump, rather than by compressed air. Examples:

= Open blowing = Personnel cooling

= Sparging (agitating, aerating = QOpen hand-held blow guns or
stirring, mixing) lances

= Aspirating = Cabinet cooling

=  Atomizing = Vacuum venturi

= Padding = Diaphragm pumps

= Dilute phase transport = Timer drains/open drains

= Dense phase transport = Air motors

= Vacuum generation

EEEEEEEEEEEE
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()
Session 7 we discussed:

System Volume vs Storage

ENERGY


Presenter Notes
Presentation Notes
Training experts and VINPLT attendees review the correct method of pipe sizing and layout options.  Discussions of velocity and how a pressure profile can be constructed from measurement data.



Best Practice

/’ﬂ-\ Tank

= 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
P ENERGY



Best Practice with Pressure Flow Controller

Demand

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
Some facilities have primary storage before and after the dryer. There should be a receiver located after the dryer if a pressure/flow controller is used in the system.
Storage should be sized so that the large demand events do not require additional compressors to be turned on.




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-5)Pa 3(100 - 0)14.7
= V =
H-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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6.2 scfm refill

Check

Valve Throttled at 95 psig
Refill valve
i
1548
gallon
207 cu.ft.

Main Service Header

Valve
To Back Wash

Filter at 70 psig

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

Better
Plants_
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Dedicated Storage to Shield the system from a high
flow end use application

Alr > ok AN

feeder / /

Needle Check
Valve Valve

Collector
Bag House

Pressure
Gauge

Receiver
Tank

Differential
pressure switch

EEEEEEEEEEEE
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Example of Local Storage for Critical End Use
Pressure

EEEEEEEEEEEE
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= You need to be able to understand what is happening with your
compressed air system - things are not always as they seem.

= Controls will help you to align supply with demand.
= Heat recovery can lead to substantial energy savings.

* Properly addressing air quality issues can greatly affect system
performance (and economics).

= High pressure requirements should not drive your system.
= System profiles can help you understand what is happening.

= There are ways to effectively deal with high volume/intermittent
needs.

Better U.S. DEPARTMENT OF
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Now let’s look at some of the close out
presentations from our attendee’s

EEEEEEEEEEEE
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