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Homework 4 Review:




Homework for Week 3 — Air Quality

= Afactory is located in the Southeast USA. All of piping is located
indoors and not subject to freezing temperatures. The compressed air

use in the factory is primarily in manufacturing production. What would
be the most appropriate type of dryer to use and why?

= Refrigerated Dryer

= Temperature will not drop below the Pressure Dew Point of the dryer which
should be around 40 degrees F (4.4C)
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Homework for Week 3 — Air Quality
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Homework for Week 3 — Air Quality

= What type of dryer uses a porous material that adsorbs the
moisture with compressed air or heat reactivation?

= Desiccant Dryer
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Homework for Week 3 — Air Quality

= What type of dryer uses a drying medium that absorbs the

moisture in compressed air? -
= Deliquescent Dryer ﬂ\

~—— \/essel

Brine

B.S.E. 18
Drain Valve

EEEEEEEEEEEE

Better Us.
@ Plants ENERGY



Homework for Week 3 — Air Quality

= What type of dryer uses a material that uses a material that allows

water vapor to pass through pores faster than other gases thus
reducing the water vapor?

= Membrane Dryer

Inlet Outlet
Wet ‘ e se— mpmee.  Dry
Comp[essed S pr B - p—— e l — W T .,,,, ¥ Compressed
Air e —_— =M. Ar

Sweep Air 4 @,
Water Vapor s < &9
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Homework for Week 3 — Air Quality

= \What type of dryer cools the air to remove the

condensed moisture before the air is reheated and
discharged?

= Refrigerated Dryer

Better
Plants_




Homework for Week 3 — Air Quality

= Refrigerated dryer ratings are based on standard dryer inlet
conditions. Dryer ratings must be corrected for conditions other
than these standard conditions. What are the three temperature
conditions an air-cooled refrigerated dryer is rated for?

= 100 psig inlet pressure

= 100°F inlet temperature

= 100°F ambient temperature (air cooled only)
= 37.8C
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3-100 Rule

C1 —Inlet Air Pressure Correction Factor

Pressure
(PSIG) 40 60 80 100 120 140 150 180 200
C1 .67 .83 94 1.00 1.03 1.05 1.08 1.09 1.11

C, —Inlet Air Temperature Correction Factor

™

80 90 100 | 110 120
1.50 1.21 1.00 0.84 0.69

Temp °F 60 70
c, 273 | 1.94

C; — Ambient Air Temperature Correction Factor (air cooled unit only)

80 90 100 N 110
1.15 1.07 1.00_A 0.91

Temp °F 60 70
Cs 134 | 1.24
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Homework for Week 3 — Air Quality

= \What type of filter can remove oil aerosols?
= Coalescing Filter
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Let's look back:




Session 1 Compressed Air Basics

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
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What Do | Look For?

* Produce more efficiently

= Improve Compressor Control response.
* Discharge Pressure?

» Use less compressed air
= Reduce Air Demand (Leaks, Inappropriate Uses, etc...)
= What is the Pressure at End Uses

= How does compressed air support production?

» Understanding how compressed air is used is the single most
important step to effective management.
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Compressed Air Versus Other Energy Sources

You may be surprised, in most industrial plants, only

o~ 90% of the compressed air generated supplies
N\ productive air use.

Where does the air go « The other 50% is consumed by various losses.

after it leaves the e The losses are
compressor room?

Artificial Demand Leakage Poor Applications
(10-15%) (20-30%) (5-10%)
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Session 2 we reviewed:

Compressor Types
Maintenance
Compressor Room Best Practices and Ventilation

ENERGY



Compressor Types

» Positive displacement compressors can be reciprocating or rotary.

E Reciprocating Compressor Rotary Compressor
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Presenter Notes
Presentation Notes
Positive displacement compressors are compressors in which successive volumes of air or gas are confined within a closed space, and the space is mechanically reduced, resulting in compression.  Air is ingested, trapped, and its volume reduced.  Positive displacement compressors can be reciprocating or rotating as well as oil lubricated or oil-free.



Compressor Types

= Centrifugal Compressor Oil Free Rotary Compressor

Oil-free Rotors &
Timing ing

Two Stage Compressor
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Presenter Notes
Presentation Notes
Positive displacement compressors are compressors in which successive volumes of air or gas are confined within a closed space, and the space is mechanically reduced, resulting in compression.  Air is ingested, trapped, and its volume reduced.  Positive displacement compressors can be reciprocating or rotating as well as oil lubricated or oil-free.



Ventilation

= All air-cooled air compressors need to operated in well ventilated
and clean environments with fairly constant temperatures.
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Presenter Notes
Presentation Notes
It is not uncommon for air compressors to be located in poorly ventilated areas with higher than normal room temperatures.  In these circumstances, proper ventilation should always be considered.  Most rotary air compressors are air cooled; however, water-cooled versions are also available.  The discharge temperature from an aftercooler usually can be  up to 30 degrees above ambient temperature.  The warmer the compressed air the more moisture it can hold which affects the selection and rating of any dryer, most commonly refrigerated dryers.  All cooler heat exchanger components (air/air or air/water tube & shell) must be kept clean for efficient operation, air/air are directly affected by the environment in which they are located.  Dusty environments would of course require more frequent heat exchanger cleaning maintenance. 


The Compressed Air System is the heart of the plant

» Afailed system takes down
the whole plant and stops
production

* Impending failure usually has =
warning signs

* Frequent failure is often
caused by lack of
maintenance
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Six Common Maintenance Mistakes

Not performing leak management

Not maintaining filters, end-use filters, and lubricators
Ignoring air dryer and condensate trap maintenance
Poor ventilation

Not taking temperature measurements

Not performing lubricant analysis
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Session 3 we reviewed:

Compressor Controls

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
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Flow Meters

Su Ppl'f SidE TM Meter
- Wet air r
- High velocity
[
——

=

24
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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. 


Calculating Flow on Load/Unload Compressor

Compressor Control

= 100 ft of 6”7 pipe, 80 ft of 4” pipe
100 ft of 3” pipe and 600-gallon

300 ACFM
Base receiver.
I y = #1 running base load and #2
Running| | running trim
B - = 40 seconds load @ 100 psig
300 ACFM = 25 seconds unload @ 110 psig
Trim L/NL =  What is the load supplied by the
I trim compressor?
[Running| | T
— Flow% = x100
T+t
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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
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How do | know my flow patterns to size a VSD Correctly?

Flow Histogram
Mean=658.2, Standard Deviation=124.469, Skewness=-0.238556

26%

20%

15%

Frequency

10%

5%

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000 1050
Flow in SCFM




How do | know how to size Centrifugal to my flow

Patterns?
Surge line
A i St
0 o I
a .~ Centrifugal 1 }\Centrifugal 2
100 psig A+ \\ 4
&l I R "
i I < :\
- .
30%
- .
; : l |
; ! ; >
1000 2800 4000 5000 5600 8000 CEM flow

* Plant has 8000 cfm peak demand, 5800 cfm average demand, and
3000 cfm minimum demand during weekends at operating pressure of
100 psig.

= Two 4000 cfm centrifugals with a 30% turndown to 2800 cfm
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Presenter Notes
Presentation Notes
Two 4000 cfm centrifugals with a 30% turndown to 2800 cfm


How do | know how to size Centrifugal to my flow

Patterns?
Surge line
A i St
.Eﬂ ...t* o T~ *
4 ~_Centrifugal 1 }%&ntrifugal 2
100 psig A+ \\ 4
&l I R "
i I < :\
e .
30%
- .
; : l |
; ! ; >
1000 2800 4000 5000 5600 8000 CEM flow

= During peak demand of 8000 cfm, both compressors will run at full load.

= When the flow demand is reduced to the average demand of 5800 cfm, the
two centrifugal compressors will close the inlet guide valve and run in its
turndown range without exhausting any compressed air to atmosphere.
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Presenter Notes
Presentation Notes
Two 4000 cfm centrifugals with a 30% turndown to 2800 cfm



How do | know how to size Centrifugal to my flow

Patterns?
‘Surgelh1e
a .~ Centrifugal 1 }\Centrifugal 2
100 psig o I

30%

I

-
L]
-
*
e ——————. Y

fmmmmmm=>

>
1000 2800 4000 5000 5600 8000 CFM flow

During the weekend, when the demand reaches to minimum flow of 3000 cfm, one centrifugal compressor will stop
and only one compressor will run in its turndown range.

With this combination, the centrifugal compressors will work most efficiently and save a plant significant energy.

If flow drops below min flow of the centrifugal, a rotary screw can be added to assist with keeping the plant
operating and allowing the centrifugal to stay out of blow down,
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Presenter Notes
Presentation Notes
Adding a central master controller will further provide more control over the operation of each compressor and a master controller will make sure that each compressor is running at its most efficient zone. 


()
Last Week Session 4

Air Treatment

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.  



Which Contaminants do we find in compressed air?

&

SOLID - PARTICLES WATER OIL GASEOUS CONTAMINANTS

3 3@

&

X XA

LIQUID VAPOR (HUMIDITY) LIQUID (AEROSOL) VAPOR (HYDROCARBON)
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Presenter Notes
Presentation Notes
What is compressed air purity ?
In our compressed air there are more contaminants than you can imagine!
Solid particles are dirt, dust, rust and micro – organisms
Moisture is water in several forms such as vapor, condensed liquid and aerosols, as well as acidic condensates
Oil is present in different forms as well : liquid, aerosol and vapor (or hydrocarbons)
Gaseous contaminants are carbon monoxide, nitrogen oxides, sulphur dioxide and carbon dioxide.
Microbiological contamination are viable organisms , it is Colliphage (virus) or bacillus atrophaeus (bacteria).
Virus and bacteria are in fact solid particles that differ from other solid particles in the fact that they are viable.
Virus are very small , size 0,01 micron.


Compressed Air Filters

=
il il Iz

CONTAMINATIO
‘CONTROL
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ISO 8573-1 Compressed Air Quality Classes Simple Chart

ISO 8573-1:2010 Compressed Air Quality Classes

Class Max. Particle Size Pressure dewpoint Max Oil
Content
(nm) (mg/m?>) (°C/°F) (g/m?3) (mg/m?)
0 Specified by the equipment manufacturer/supplier and greater than class 1
1 0.1 0.1 -70/-94 0.003 0.01
2 1 1 -40/-40 0.12 0.1
3 5 5 -20/-4 0.88 1
4 15 8 3/37 6 5
5 40 10 7145 7.8 25
6 -- -~ 10/50 9.4 --
7 -- - Not Specified --

Note: the Class 0O certification was created in response to industry needs for oil-free air.
Stating Class 0 without an agreed specification will mean it is not in accordance with the

standard. Class 0 air purity is best achieved at the point of use to minimize cost.
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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.
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=
Session 5 Todays Session is on the 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.



Distribution System

= The purpose of the
distribution system is to
ensure the right rate of flow of
compressed air, at the right
pressure, temperature and
quality, for each end use
application.

U.S. DEPARTMENT OF
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Presenter Notes
Presentation Notes
The purpose of the distribution system is to ensure the right rate of flow of compressed air, at the right pressure, temperature and quality, for each end use application.


Pascal’'s Law

His principle of Hydrostatics is stated as follows:

“pressure set up in a confined body of fluid acts equally in all directions
and always at right angles to the containing surfaces”

Pascal’s law _ / . \
External "

pressure

Pressure applied on one point of liquid
Blaise Pascal (1623 — 1662). His discoveries

transmits equally in all direction o Dabort fe TN ScRuabies of maders
fluid power transmission.
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Transmission of Force Through Fluids

Piston A Piston B

Pipe \ o
4 t -

——-

How large in diameter must this connecting pipe be?

If pistons A and B are used simply to transmit force with no movement of the pistons, they will
do equally well no matter how small the diameter of the connecting pipe. PASCAL's law still

applies.
If the fluid must move through the pipe for transmitting work or power, the pipe diameter
should be selected by the volume of free air that will be conveyed through it.

If the diameter is too small, frictional losses might be too high and if the diameter is
unnecessarily large, the plumbing costs might be excessive.

¥ Better
Plants
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Transmission of Force Through Fluids

Piston A Coil 5pr'ing\ Piston B

\
= VWV e

Output

* Transmitting force through compressed air is like transmitting force through a
spring.

= Force applied on piston A will produce a force output on piston B although the
spring will compress to some extent while transmitting the force.

= While compressed air is an excellent medium for transmitting power, its
greater compressibility does limit its use on certain applications where fluid
rigidity is required to get a smooth (non-erratic) movement of a piston or
similar device.

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
However, the compressibility of air makes variable-speed control difficult unless sophisticated closed-loop valve systems are used. However, air-over-oil systems can achieve precise speed control at a fraction of the cost of alternatives.


Reducing Pressure Drops Throughout the System

\falve Closed

Inlet 1 t 1 Compressed Air 1

l Compressed Air

\ Restrictions e

= Avery important point to remember about pressure loss is that it only appears when fluid starts to flow.

= As long as the fluid is static, (hon-moving) there is no pressure loss.

= Pure force without movement of compressed air can be transmitted through extremely long piping
systems.

» This is analogous to an electrical circuit where there is no loss of voltage until current starts to flow.

» |n above diagram, the air is not moving through the pipe, therefore pressure only can be transmitted
through the pipe no matter how long the pipe is.

= This represents a confined body of fluid which obeys PASCAL's law.

EEEEEEEEEEEE
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Reducing Pressure Drops Throughout the System

100 psi 90 psi 80 psi '
q")p @p @p ﬁ Valve Open
—~—> |

~—TNA —_— —_—

S mmp A
Restrictions amm——

When an operator opens the valve, the fluid (compressed air) starts to flow
The system no longer qualifies as a “confined body” under Pascal’s law
Now the pipe diameter and restrictions in the pipe become very significant

A large part of the inlet 100 psi may be used up in pushing the flow of air through the
various restrictions.

Full inlet pressure is no longer available on the outlet end of the pipe.

Since the restrictions consume a part of the inlet pressure, they also consume the
same proportion of horsepower which is being transported through the pipe

Better
4 Plants
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Reducing Pressure Drops Throughout the System

100 psi 99 psi 98 psi * Valve Open
(:) (F) (:;) LA
< 100's of feet >

* \When major restrictions are removed and the pipe is made
sufficiently large to carry the flow, a relatively small proportion of
inlet pressure will be sacrificed to flow losses.

EEEEEEEEEEEE
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Pipe Fittings

Every fitting adds its share to the overall
power loss in the system

A certain amount of energy is lost every
time the fluid changes direction

It must decelerate to zero velocity, in the
direction it was going, then accelerate
back up to speed in the new direction

The kinetic energy lost in changing
direction escapes from the system in the
form of heat

The fluid has a better chance of remaining
in laminar flow if bends are kept smooth
and gradual

IN NN N NNANN \
N
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Piping Systems
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Condensate Removal

Water s &

Water drains
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Presenter Notes
Presentation Notes
Undersized pipe creates a greater velocity which causes condensed liquated to be carried down stream without draining as it should.


Condensate Removal

Poorly drained compressed air or steam pipe

Air

Air or
Steam
flow

T OB OB

Air & '-
Water e

Eeilt PR

' Water
&, drains

Connectsto
float trap

EEEEEEEEEEEE


Presenter Notes
Presentation Notes
Undersized pipe creates a greater velocity which causes condensed liquated to be carried down stream without draining as it should.


Rubber Hose Losses Without the Fittings

Air Pressure Loss (PSI) in Standard power tool hoses

Based on 100 psi Line Pressure
Air Hose Number and Size _
Flow 1/4" x 5/16" 3/8" x 1/2" x 1/2" x 1/2" x 3/4" x 3/4" x 3/4" x 1/2" x 1/2" x 1/2" x 1/2I" 3/4" x 3/4" x
CEM 10" x8 10" 121/2 25 50" 125" 25 50° 50"+ 50'+ 50"+ x50' 50"+ 50"+
1/4" x 3/8" x 5/16" +1/2" 1/2" x 3/4" x
10' | 10" |x10' | x 25" 12.%'
12.5'
10-11 50 | 09 b9 | DT | ¥4
11-12 59 | 1.0 62 | 08 | 16
12-13 68 | 1.2 | 04 7.2 | 09 | 19
13-14 80 | 14 | 05 B4 |11 | 22
14 -15 93 | 1.3 | 06 98 | 13 | 25
16-16 11.0| 19 | 0.7 116] 16 | 29
16 -18 140 24| 08 150] 19 | 35 | 1.7
18 - 20 196 | 3.0 [ 1.0 2141 24 | 45 | 20
20 -25 43|14 | 07 ] 1D | 1.3 356|164 |26 | 13
25-30 66|21 ] 10 ] 15 | 23 52 | 98 | 38 | 1.9
30-35 95|31 | 13 ] 21 | 36 7.3 |'137 | 53 | 26
35-40 128| 42 | 1.7 | 28 | 52 96 1984 | 71 | 356
40 - 50 1923|163 | 24 | 41 | 80 140 104 | 52 | 1.8
50 -60 96 |37 | 63 | 122 218 160 | 78 | 23
60-70 1356| 53 | 90 |174 )| 09 | 14 | 1.9 228:1111 | 30
70 -80 187 | 7.1 | 124 1 025 150 | 3.7
80-90 250 | 9.0 | 16.1 4 | 22 |:32 198 | 46
80-100 11.0 1.7 | 27 | 40 58
100 -120 23 | 35 | 56 79
120 - 140 3.2.1 48 | 8.0 112
140 - 160 46 | 66 | 11.0 155
160 - 180 56 | 8.7 | 156.2 204
180 = 200 72 1 10 U.S. DEPARTMENT OF
Eﬁ't#tag  200-220 | [ [ [ [ [ [0 T — —— — ENERGY




Rubber Hose | Air Pres

F?:;v 1 "X BI16" 318" X'f"l-f x4
2 10' | x8' | 10° 121/2 4

10-11 | 50 | 09

11-12 59 | 10

12-13 68 | 1.2 04 |

13-14 80 | 14 | 05

14-15 [93 [ 13| 06 |
15-16 (110 | 19 | 07

16 - 18 140 24 | 0.8

18-20 (196 30 | 10 |

20 - 25 ¥, K 14 n7 1

Rubber hose creates large pressure resulting in working pressure that is insufficient

EEEEEEEEEEEE
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Hose Fittings

= A restriction to flow is introduced

1/4'" NPT
wherever a hose fitting is attached Hose Bar 7 ‘
to a length of hose 14
= The hose barb must fit inside the —r t
hose, and this reduces the inside Typical 1/4” Hose 5/32"

diameter for a short distance.

= To reduce the restriction at a hose 3/8" 3/8 to 174 NPT
fitting, use a larger size hose and Hose o
VA A A Rl T D . A
bush down at the porthole -

s ‘_.._. RSNy .
Ty A 4 Pl "‘1‘.‘\“‘- /;‘;"‘\‘\“ hovdal
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Pressure Drop

Air Flow Through Hose
Hose Sizes: 1/4" to 1" LD.
This chart is for approximating and

should serve only as a guide in sizing air
hose. Pressure drops are directly propor-
tional to hose lengths, i.e. if hose length

doubles, pressure drop doubles.

Example:
e 100' x 1/2" LD. hose at 40 CFM has
pressure loss of 17 1/2 psi.

e 200" x 1/2" 1.D. will lose 35 psi.

o 50"x 1/2" 1.D. will lose between 8 to
9 psi.

Hose Sizes: /4" to 1" I.D.

h

=
AN

L

ubic feet per minute

30 —
d — »
= 20 |
-
= L~
@O =1
L1
D 1 -
- 8 "
o o
6 o
g 5 —H
I 4 1
3 =
2 LA L+ LA
..-"'f .\-\i“‘"# ‘-“...-"'" ]
=1 ..-"'.— E
1 . o
A 2 3 4506 .81 2 3 456 810 20 30 40 &0 80 100

Pressure drop in pounds per sq. in.,
per 100 ft. of hose

Formula to determine pressure drops for hose lengths other than 100":

(Pressure Drop per i (Et_of Hose) _ Pressure drop for
Chart Figure) =~ 100 hoseused
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Presenter Notes
Presentation Notes
Production engineers often specify end-use equipment to operate at an average system pressure.  This results in higher system operating costs.  For applications that use a significant amount of compressed air, such as large air cylinders, it is wise to specify a brand or model that operates at lower pressures.  Necessary equipment such as hoses, pressure regulators and filters should be purchased with the goal of minimal pressure loss.  The added cost of the components should be recouped quickly from the resulting energy savings.


Hose Sizes: /4" to 1" LD.

Pressure Drop
BO0
600
500
400 —
@ 300 1
2 200 L~ L
= F >
i d
& 100 p Pl
:L - -
T .
E; g0 *1.:
o
'E 60 5 ____,flf LA
E 50 s nmmpnnns ‘i.-_-_._-_.-l 'L.,,,l‘_"l_l_u_lLlLl_l..‘r .-""# i
S 30 o v -l
..-""r L~ L
= 20 7 7 i & 1 T
= A aEr/"' P
=" L]
dy L= L L] L
E 10 | -""'f Lo all ol _____.--"""".
- 1%
E 8 A . =] r L - >
g E'_ -I"'F' |..-"'+‘r
™ 4 e " P panl
L il S E L
3 = el
=1
9 P B . =
L1
- |~ ] -.".__..-
< ]
1 P L4
A 2 3 456 .81 2 3 456 B10 20 3040 &0 B0 100
# Better Pressure drop in pounds per sq. in., ENERGY

4Plants per 100 ft. of hose


Presenter Notes
Presentation Notes
Production engineers often specify end-use equipment to operate at an average system pressure.  This results in higher system operating costs.  For applications that use a significant amount of compressed air, such as large air cylinders, it is wise to specify a brand or model that operates at lower pressures.  Necessary equipment such as hoses, pressure regulators and filters should be purchased with the goal of minimal pressure loss.  The added cost of the components should be recouped quickly from the resulting energy savings.


Restriction

= Any type of obstruction, restriction or roughness in the system will
cause resistance to air flow and cause pressure drop.

——
100 PSIG .

90 PSIG

¥ Better
QPlants
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Presenter Notes
Presentation Notes
We have learned how leaks can cause pressure drop.  What else can cause pressure drop?  Any type of obstruction, restriction or roughness in the system will cause resistance to air flow and cause pressure drop.


=
Pressure Drop

= Highest pressure drops usually are
found at the points of use including
undersized or leaking hoses,
plastic tubing, disconnects, filters,
regulators and lubricators.
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Presenter Notes
Presentation Notes
In the distribution system, the highest pressure drops usually are found at the points of use, including undersized or leaking hoses, plastic tubing, disconnects, filters, regulators and lubricators (FRLs).  


Pressure Drop

Production engineers often specify end-use equipment
to operate at an average system pressure.

This results in higher system operating costs.

For applications that use a significant amount of
compressed air, such as large air cylinders, it is wise
to specify a brand or model that operates at lower
pressures.

Necessary equipment such as hoses, pressure
regulators and filters should be purchased with the
goal of minimal pressure loss.

The added cost of the components should be
recouped quickly from the resulting energy savings.

Ll

: \\\ -
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Presenter Notes
Presentation Notes
Production engineers often specify end-use equipment to operate at an average system pressure.  This results in higher system operating costs.  For applications that use a significant amount of compressed air, such as large air cylinders, it is wise to specify a brand or model that operates at lower pressures.  Necessary equipment such as hoses, pressure regulators and filters should be purchased with the goal of minimal pressure loss.  The added cost of the components should be recouped quickly from the resulting energy savings.


Reducing Pressure Drops Throughout the System

Sometimes reducing pressure drops throughout the system can help solve problems with the
applications in the system that require the highest pressures.

Pressure drop is a term used to characterize the reduction in air pressure from the
compressor discharge to the actual point of use.

Pressure drop occurs as the compressed air travels through the treatment and distribution
system.

The velocity of compressed air in a header should not exceed 20ft/sec and in distribution
piping should not exceed 30ft/sec to minimize the pressure drop.

Pressure drop increases as the square of the rate of flow.

If a second compressor is brought online and doubles the flow rate, the pressure drop will
increase by a factor of 4.

The actual pressure at the point of use may not be increased!
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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
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Reducing Pressure Drops Throughout the System

= Let's try 500 cfm in 3-inch pipe (ID = 3.068)

v cimx P,
P B0xax(P,+P,)

a=.051311

500x14.5
\/fps =
60x.051311x114.5
prs =20.56
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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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Solve for Diameter (d)

= \What pipe size for 500 cfm at 100 psig keeping 20fps?

S 144 x cfm x P, . - 144 x500x14.5
WV, x60x(P,+P,) o 20,,x60x114.5
q_ |8%4 8y, = 7.5982
I
d=3.11
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Loss of Air Pressure Due To Friction

Cfm free air 2” ID 371D 4” ID
500 19.2 2.34 1.09
600 27.6 3.36 1.56
700 37.7 4.55 2.13

In psi per 1000 feet of pipe, 100 psig inlet pressure. Losses are proportional to length

Air pressure loss due to friction is usually expressed in psi per feet of pipe

with a given inlet pressure.

Loss of air pressure due to friction, is a function of cfm, pipe inside diameter,

pipe length, and initial pressure.
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		Cfm free air

		2’’ ID

		3’’ ID

		4’’ ID



		500

		19.2

		2.34

		1.09



		600

		27.6

		3.36

		1.56



		700

		37.7

		4.55

		2.13






Pressure Drop — Loss at 100 psig
CAGI CAGI

Campressed it & s stte ik Gas hsiute
General Reference Data ___) General Reference Data
Table 8.14 Loss of Air Pressure Due to Friction Table 8.14 Loss of Air Pressure Due to Friction
Equivalent Equivalent
Cu ft Cu ft Nominal Diameter. In. Cu ft Cnu ft Nominal Diameter, In.
Free Air Compressed Free Air Compressed
Per Min Aar ) ) Per Min Aar ) )
Per Min 34 1 1y 11y 2 3 4 6 8 10 12 Per Min Ly o 34y 1 1l 11y 2 3 4 6 8 10 12
10 1.28 650 99 028 2.000 2562 . . 374 §8 099 024
20 256 259 390 111 025 011 2,500 3164 ... . ... 584 138 157 037
30 384 585 901 251 057 026 3,000 3846 ... ... 84.1 200 226 053
40 512 ... 160 445 103 046 3.500 4478 .. .. 272 304 070 022
50 641 ... 251 996 161 071 019 4,000 5124 . . 355 401 094 028
60 768 ... 362 100 232 102 028 4,500 53765 . . 450 510 119 036
70 896 ... 493 137 316 140 037 5,000 6328 ... ... 556 63 147 044 017
80 1024 ... 645 178 414 183 049 6.000 7688 ... ... 800 91 211 064 024
90 1152 ... B828 226 523 232 062 7.000 8960 ... ... .... 122 288 087 033
100 1281 ... ... 279 647 286 077 8.000 1025 .. . ... lell 377 112 046
125 1582 ... ... 486 102 449 119 9.000 LI53 ... ... .. . . .. .. .. 204 477143 057
150 1923 ... .. 628 146 643 172 021 10,000 1280 ... ... ... 251 588 177 069
175 2240 198 872 236 028 11,000 1410 ... ... ... 304 710 214 083
200 25.62 2>9 114 306 037 12,000 1540 ... ... ... ... ... ... . .. 32 85 254 098
250 3le4 . L. .. 404 179 478 058 13,000 1.668 ... ... .. 426 98 298 115
300 /44 0 . .0 582 258 685 084 020 14,000 1795 . .. . . . .. .. ... 492 115 346 135
350 4480 ... ... o o 321 936 114 027 15,000 1923 .. . .. .. .. . .. .. 566 132 397 153
400 5124 .0 L. ... 458 121 150 035 16,000 2050 ... . ... 645 150 452 175
450 2765 .o ... .. ... 580 154 189 046 18,000 2310 ... ... .. ... . .. .. .. 815 190 572 222
500 6328 ... ... e 716 192 234 055 - = -
20,000 2.560 236 70 274
600 7688 ... ... 276 336 079 - S o e < -
700 8960 .. ... ... ... .. 377 455 109 22,000 2,820 285 85333
200 1025 490 589 14> 24000 3.080 338 100 385
900 1153 ... ... 62.3 7.6 1.80 26,000 3338 ... ... ceeeeee. 390 119 465
1.000 281 ... o o o Lo 7689 93 221 28 000 3590 ... ... .. . .. . ... ... ... 462138 540
1.500 1923 ... ... 210 49 057 ) 30 000 3850 530 159 617
In psi in 1000-ft of pipe, 100-1b gage imitial pressure. For longer or shorter lengths of pipe the friction In psiin 1000-ft of pipe. 100-1b gage initial pressure. For longer or shorter lengths of pipe the friction
loss 1s propertional to the length, 1.e.. for 500 ft. one-half of the above: for 4,000 ft, four times the loss 1s proportional to the length, 1.e., for 500 ft, one-half of the above: for 4.000 ft. four times the

above, etc. above, etc.


Presenter Notes
Presentation Notes
Production engineers often specify end-use equipment to operate at an average system pressure.  This results in higher system operating costs.  For applications that use a significant amount of compressed air, such as large air cylinders, it is wise to specify a brand or model that operates at lower pressures.  Necessary equipment such as hoses, pressure regulators and filters should be purchased with the goal of minimal pressure loss.  The added cost of the components should be recouped quickly from the resulting energy savings.


WHAT PIPE SIZE IS NEEDED
L _G e 500 feet > |

Assembly
1000 scfm

199} 005

Test
500 scfm
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Factors for calculating Loss of Air
Pressure Due to Pipe Friction,
Applicable for any Initial Pressure
Chapter 4 of the CAGI Handbook.
Table 4.9 page 16

PIPE DIAMETER IN INCHES

Pump cfm

free air 1 [11/2] 2 |21/2 3 [31/2] 4 5 6 8 10 | 12
80 139.2| 143 3.8 1.5

100 217.4| 223 6.0 2.3

120 318.0f 32.2 8.6 3.3

150 490.0, 50.3 134 5.2 1.6

200 870.0/, 89.4, 239 9.3 2.9

250 163.0/ 140.0f 37.4| 14.5 4.6

300 201.0, 53.7, 20.9 6.6 3.5

350 73.2| 285 9.0 4.2 2.2

400 94.7| 371 11.7 5.4 2.7

450 120.6| 46.9] 14.8 6.9 3.6

500 150.0/ 58.0/ 18.3 8.5 4.3

550 181.5| 70.2] 221 10.2 5.2

600 215.0, 83.5 26.3] 122 6.2

650 253.0, 98.0, 30.9 14.3 7.3 2.2

700 294.0, 113.7) 358 16.6 8.5 2.6

750 337.0, 130.5 415/ 19.0 9.7 2.9

800 382.0, 148.4| 46.7) 21.7) 111 3.3

850 433.0| 168.0( 52.8| 24.4| 125 3.8

900 468.0| 188.0( 59.1| 27.4| 14.0 4.2

950 541.0/ 209.4| 65.9| 30.5| 15.7 4.7

1000 600.0, 232.0, 73.0, 33.8 17.3 5.2 1.9

1200 850.0) 344.0, 105.2| 48.8/ 25.0 7.5 2.8

1400 66.3] 33.9/ 10.2 3.8

1600 86.6| 44.3| 134 5.1

1800 97.8/ 50.1] 16.9 6.4

2000 135.0f 69.3] 20.9 7.8 1.8
2250 173.0/ 87.6| 28.9, 10.9 2.5
2500 229.0/ 108.2| 32.6/ 12.3 2.9
2750 256.0/ 131.0/ 39.6/ 14.9 3.5
3000 305.0, 156.0, 47.0| 17.7 4.1
4000 488.0) 277.0/ 83.6| 31.4 7.3 2.2
5000 433.0f 131.0f 49.1| 115 3.4
6000 188.0/ 70.7| 16.5 5.0 1.9

Pipe Loss Calculation

The following formula is used fo calculate losses in a piping system

Correction factor x Pipelength = Pipe Loss (psig)
Compression Ratio™ 1000

*compression ratio = discharge pressure in psia/inlet pressure psia
example... 120 psig discharge = 134.70/14.7 = 9.16



Presenter Notes
Presentation Notes
Factors for calculating Loss of Air Pressure Due to Pipe Friction, Applicable for any Initial Pressure
Chapter 8 of the CAGI Handbook.  Table 8.16 page 719



Pipe friction

		PIPE DIAMETER IN INCHES

		Pump cfm free air

				1		1 1/2		2		2 1/2		3		3 1/2		4		5		6		8		10		12

		80		139.2		14.3		3.8		1.5

		100		217.4		22.3		6.0		2.3

		120		318.0		32.2		8.6		3.3

		150		490.0		50.3		13.4		5.2		1.6

		200		870.0		89.4		23.9		9.3		2.9

		250		163.0		140.0		37.4		14.5		4.6

		300				201.0		53.7		20.9		6.6		3.5

		350						73.2		28.5		9.0		4.2		2.2

		400						94.7		37.1		11.7		5.4		2.7

		450						120.6		46.9		14.8		6.9		3.6

		500						150.0		58.0		18.3		8.5		4.3

		550						181.5		70.2		22.1		10.2		5.2

		600						215.0		83.5		26.3		12.2		6.2

		650						253.0		98.0		30.9		14.3		7.3		2.2

		700						294.0		113.7		35.8		16.6		8.5		2.6

		750						337.0		130.5		41.5		19.0		9.7		2.9

		800						382.0		148.4		46.7		21.7		11.1		3.3

		850						433.0		168.0		52.8		24.4		12.5		3.8

		900						468.0		188.0		59.1		27.4		14.0		4.2

		950						541.0		209.4		65.9		30.5		15.7		4.7

		1000						600.0		232.0		73.0		33.8		17.3		5.2		1.9

		1200						850.0		344.0		105.2		48.8		25.0		7.5		2.8

		1400												66.3		33.9		10.2		3.8

		1600												86.6		44.3		13.4		5.1

		1800												97.8		50.1		16.9		6.4

		2000												135.0		69.3		20.9		7.8		1.8

		2250												173.0		87.6		28.9		10.9		2.5

		2500												229.0		108.2		32.6		12.3		2.9

		2750												256.0		131.0		39.6		14.9		3.5

		3000												305.0		156.0		47.0		17.7		4.1

		4000												488.0		277.0		83.6		31.4		7.3		2.2

		5000														433.0		131.0		49.1		11.5		3.4

		6000																188.0		70.7		16.5		5.0		1.9



Pipe Loss Calculation

The following formula is used to calculate  losses in a piping system

 Correction factor        x  Pipe Length       =  Pipe Loss (psig)
Compression Ratio*              1000

*compression ratio = discharge pressure in psia/inlet pressure psia
example... 120 psig discharge = 134.70/14.7 = 9.16




What pipe size is needed?

To determine the pressure drop in psi, the factor listed in the table for a given
capacity and pipe diameter should be divided by the ratio of compression (from
free air) at entrance of pipe, multiplied by the actual length of the pipe in feet,
and divided by 1000.

Let's try using 3-inch pipe to the assembly area:

CorrectionFactor y Pipelength

CompressionRatio 1000
73 y 700 655
7.8 1000
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Let's try using 4-inch pipe to the assembly area:

CorrectionFactor y PipelLength

CompressionRatio 1000
17.3>< 700 155
7.8 1000

This is a 5-psi difference between the two pipe sizes...Since each 1 psi
IS a .5% increase of energy,

5 psi will equate to a 2.5 % increase in energy overall == "

EEEEEEEEEEEE
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What pipe size is needed?

If this were a 200-horsepower compressor using $ 112,429 annually in
electricity... the additional pressure drop would equate to 2.5% times $ 112,429

S 2,810.73 annually !

Enough to have certainly paid for the minimal
difference between the 3” and 4” pipe !!!

3” BIP costs S 3.25/ft
4” BIP costs S 4.75/ft

EEEEEEEEEEEE
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Conclusion:

There are no cost savings
associated with reducing

material expense in air line
systems!!!
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What pipe size is needed?

= The purpose of the friction chart is to
make approximate estimations of the
pressure loss through piping.

» The estimates do not take into
account leaks and other factors
affecting the piping system.

= Atypical rule of thumb is to keep the
line loss below 5%. However, the
ultimate decision rests with the
customer based upon his system and
design requirements.

For every 90-degree pipe elbow multiply pipe diameter
by 20 to equal additional pipe length in inches.

For every globe valve multiply pipe diameter by 30 to
equal additional pipe length in inches.

For every gate valve multiply pipe diameter by 3 to

equal additional pipe length in inches.

For every angle valve multiply pipe diameter by 16 to
equal additional pipe length in inches.

For every tee multiply pipe diameter by 6 to equal
additional pipe length in inches.

Better
Plants_
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Frictional Loss in Pipe

Example:

A customer has a new installation using 1200 ACFM, at 100 psig and wants to use 4" pipe with a total
run of 2000 feet

12 elbows, 2 gate valves and 1 tee.

Assume the facility is at sea level. First cross reference 1200 CFM from the chart to find the
FACTOR, which is 25.0. Figure the Compression Ratios, 114.7psia/14.7psia = 7.8 Compression

Ratios
11 elbows @ 4" is 4 x 20 x 11 =880/ 12 = 80 feet additional =y
2 gatevalveis4x3x2=24/12 = 2 feet additional ;
T1teeis4x6x1=24/12 = 2 feet additional

2000 + 80 + 2 + 2 = 2084 total feet in inlet piping.

Now putting it altogether (25/7.8) (2084 / 1000) = 6.67 psi pressure
drop

EEEEEEEEEEEE
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Let's Not Forget Rubber Hose Losses

Air Pressure Loss (PSI) in Standard power tool hoses

Based on 100 psi Line Pressure
Air Hose Number and Size _
Flow 1/4" x 5/16" 3/8" x 1/2" x 1/2" x 1/2" x 3/4" x 3/4" x 3/4" x 1/2" x 1/2" x 1/2" x 1/2I" 3/4" x 3/4" x
CEM 10" x8 10" 121/2 25 50" 125" 25 50° 50"+ 50'+ 50"+ x50' 50"+ 50"+
1/4" x 3/8" x 5/16" +1/2" 1/2" x 3/4" x
10' | 10" |x10' | x 25" 12.%'
12.5'
10-11 50 | 09 b9 | DT | ¥4
11-12 59 | 1.0 62 | 08 | 16
12-13 68 | 1.2 | 04 7.2 | 09 | 19
13-14 80 | 14 | 05 B4 |11 | 22
14 -15 93 | 1.3 | 06 98 | 13 | 25
16-16 11.0| 19 | 0.7 116] 16 | 29
16 -18 140 24| 08 150] 19 | 35 | 1.7
18 - 20 196 | 3.0 [ 1.0 2141 24 | 45 | 20
20 -25 43|14 | 07 ] 1D | 1.3 356|164 |26 | 13
25-30 66|21 ] 10 ] 15 | 23 52 | 98 | 38 | 1.9
30-35 95|31 | 13 ] 21 | 36 7.3 |'137 | 53 | 26
35-40 128| 42 | 1.7 | 28 | 52 96 1984 | 71 | 356
40 - 50 1923|163 | 24 | 41 | 80 140 104 | 52 | 1.8
50 -60 96 |37 | 63 | 122 218 160 | 78 | 23
60-70 1356| 53 | 90 |174 )| 09 | 14 | 1.9 228:1111 | 30
70 -80 187 | 7.1 | 124 1 025 150 | 3.7
80-90 250 | 9.0 | 16.1 4 | 22 |:32 198 | 46
80-100 11.0 1.7 | 27 | 40 58
100 -120 23 | 35 | 56 79
120 - 140 3.2.1 48 | 8.0 112
140 - 160 46 | 66 | 11.0 155
160 - 180 56 | 8.7 | 156.2 204
180 = 200 72 1 10 U.S. DEPARTMENT OF
Eﬁ't#tag  200-220 | [ [ [ [ [ [0 T — —— — ENERGY




General Rules for Compressed Air Distribution System




Distribution Best Practices

= Piping systems have many variables to take into account.

* These include vibration, pulsations, temperature exposure
(internal and external), maximum air pressures, corrosion and
chemical resistance.

= |n addition, lubricated compressors will always discharge some oll
into the air stream, and the compatibility of the discharge piping
and other accessories (such as O-rings and seals) with both
petroleum and/or synthetic lubricants is critical.

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
In some plants, a centralized compressor room can have benefits of a minimum of operators and maintenance requirements, but the location should be chosen to minimize the distance or distances the compressed air has to travel to the points of use, particularly the larger volume applications.


Distribution Best Practices

It is important that compressed air flow into and
out of a wet receiver in such; a way that the air
does not stagnate.

Air flow should go into the bottom of the receiver
and come out the top whenever possible.

If the inlet and discharge are located directly
opposite each other, the tendency for the high
velocity discharge air would be to go directly from
one to the other without circulating through the
receiver and dropping out oil and moisture.

The receiver should always be installed so that the
bottom condensate drain can be checked often.

A zero-air loss drain trap is highly recommended.

Better
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Presenter Notes
Presentation Notes
In some plants, a centralized compressor room can have benefits of a minimum of operators and maintenance requirements, but the location should be chosen to minimize the distance or distances the compressed air has to travel to the points of use, particularly the larger volume applications.


Distribution Best Practices

= Condensation can take place in air S e -

piping systems even though after-
coolers, dryers, receivers and
separators are installed.

= When air lines are exposed, for
example, to low ambient temperatures,
moisture can condense.

= This is why drip legs should be installed %ﬂﬁﬂl
at all low points in the piping system. )
= Adrain or trap should be installed at the ‘)

very bottom.

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
In some plants, a centralized compressor room can have benefits of a minimum of operators and maintenance requirements, but the location should be chosen to minimize the distance or distances the compressed air has to travel to the points of use, particularly the larger volume applications.


Distribution Best Practices

= Adrop leg is a pipe coming from the top, rather
than the bottom, of the main air distribution line to
feed air to an outlet for tools or an air-operated
device.

= The drop leg is taken off the top of the main line so
that condensation does not easily flow into the
drop leg.

= |t should be designed with the tool air outlet
coming off the side of the drop leg rather than the

bottom so condensation will collect below the tool
outlet.

= Adrain or trap should be installed at the very
bottom.

_>
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Presenter Notes
Presentation Notes
In some plants, a centralized compressor room can have benefits of a minimum of operators and maintenance requirements, but the location should be chosen to minimize the distance or distances the compressed air has to travel to the points of use, particularly the larger volume applications.


Location

= In some plants, a centralized ) [ — _
4 T T )
compressor room can have .
benefits of a minimum of operators Assembly Shipping ||
. . Air Supply
and maintenance requirements. _
_ -
= The location should be chosen to | i
minimize the distance or distances g |
: o Test Room
the compressed air has to travel to é F | sand Blast |
the points of use, particularly the S - and| Paint
L =
larger volume applications. M M
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Presenter Notes
Presentation Notes
In some plants, a centralized compressor room can have benefits of a minimum of operators and maintenance requirements, but the location should be chosen to minimize the distance or distances the compressed air has to travel to the points of use, particularly the larger volume applications.


Location

There may be occasions where a separate,
dedicated compressor, booster, amplifier, dedicated
storage can be located adjacent to a high volume
and or high pressure point of use, avoiding system
problems.

For example, if a facility requires plant air at 90 psig,
but has one application that requires air at 120 psig.

Rather than providing 120 psig air to the whole plant,
it would make sense to have a compressor or group
of compressors provide plant air at 90 psig.

One dedicated compressor could provide air to that
one high pressure application at 120 psig.

Another possibility is to modify the high-pressure
requirement to run at 90 psig.

" 90 psig Operation I

@ T 1 T L A
Assembly Shipping
Air Supply
g ]
- -
o)
L & Test Room
= Sand Blast
-:Eé and Paint
E 120 psig
Operation
A i N

-

|
|

|
|
|

Air Supply

Hig\er

pressure
requirement
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Presenter Notes
Presentation Notes
There may be occasions where a separate, dedicated compressor, booster, amplifier, dedicated storage can be located adjacent to a high volume and or high pressure point of use, avoiding system problems. For example, a facility requires plant air at 90 psig, but has one application that requires air at 120 psig.  Rather than providing 150 psig air to the whole plant, it  would make sense to have a compressor or group of compressors provide plant air at 90 psig. One smaller, high pressure compressor could provide air to that one high pressure application at 120 psig.




Location

80

Using the same example as
previous, this diagram shows an
alternative of using a booster rather
than a dedicated compressor to
pressurize to 150 psig.

- f I | [
“ T T T T
90 psig Operat Shipplng
|| Air Supply
N -
o
< Test Room
.g Sand Blast Booster ——
< and Paint
[}
= i
b |
Higher/
pressure
requiremen t
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Presenter Notes
Presentation Notes
Using the same example as previous, this diagram shows an alternative of using a booster rather than a dedicated compressor to pressurize to 150 psig.


Amplifier

Drive Air Pressure

AREA A

\/ A

AREA B

Amplified
Air Pressure
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Piping Materials

= [ron

An old favorite, iron piping has been around for decades.

One benefit to iron piping is fittings for it can be found at any hardware store and
are generally inexpensive.

However, tailoring iron piping to your facilities can be challenging and often
requires a plumber.

Also, because of the condensation that is unavoidable with compressed air
systems, iron compressed air piping is prone to corrosion.

Corrosion, in turn, leads to rusty debris, blockages, and possibly even leaks that
affect the pressure of the compressed air.

¥ Better
QPlants
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Piping Materials

= Copper
= Copper piping is an excellent choice for use with air compressors.

= Any condensation that builds up in the system will not corrode copper pipes, so
the risk of debris entering the system is very low.

= |t also withstands heat well.
= However, it can be expensive because installing it requires time and skKill.

= Copper pipes require threading and soldering that can require expertise to be
properly installed.

Better EEEEEEEEEEEE
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Piping Materials

= Stainless Steel

= A great choice for compressed air piping is stainless steel because it is strong
and resists corrosion.

= |ike with copper, corrosion resistance in stainless steel piping produces a
cleaner, more consistent less friction factor stream of air.

= However, also like copper, installing stainless steel piping can be time-consuming
since the joints require welding and threading.

Better EEEEEEEEEEEE
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Piping Materials

= Aluminum

The current compressed air piping material of choice is aluminum.

Lightweight but durable and resistant to corrosion, it is easier to install and
modify than most alternatives.

Typically, aluminum piping arrives ready to install and requires few tools to set
up.

It does not require soldering or threading, and it provides much cleaner air,
leading to lower repair costs and a more efficient air stream.

The downside is that, like copper, it can be more expensive upfront.
However, the easy labor of aluminum pays for itself in the long run.

¥ Better
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Piping Layout

* Piping layout is just as important as the pipe’s diameter in optimizing
airflow and reducing potential problems.

* |[n any system design with multiple drops, equalizing pressure
throughout the entire plant is critical for stable use and measurement.

= Using a single piping run along with multiple airdrops will cause users
at the end of the line to receive a significant reduction in airflow.

= To combat these issues, users should create a layout of their piping in
a loop configuration, forcing evenly distributed airflow throughout the
entire plant.
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Piping Systems

* The dead end or grid system.
= Simplest of the piping systems.
= |east expensive to install.
= Central main with small feeder lines.

* The mains typically decrease in size away form the main header?
= Feeder lines are generally of uniform size.

= Only one flow path is available.

» Work stations near the ends of the system are subject to insufficient air supply (air starvation)
when upstream demand is heavy.

EEEEEEEEEEEE
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The dead end or grid system

= ‘—> g | T — — )
| The dead end or grid System’
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The dead end or grid system
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Piping Systems

= Decentralized system.

= May consist of two or more grids or loops.
= Sometimes connected to form one large loop.
= Each section has its own compressor.
= Compressors are closer to the system using the air.
= This allows shorter supply line.
» | ower pressure drops.
= Result is more uniform pressure throughout.

= Very versatile and can easily be changed as needed.
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Decentralized system
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Piping Systems

* Loop system.
= Highly recommend and most common.
= Allows the optimum pipe size and assures equal distribution through the plant.

= At points of heavy momentary demands for air, a receiver can be used to store
the energy.

¥ Better
QPlants
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Loop system
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Piping Systems
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DRAIN
AR DRYER (at low point &
in system)
PRESSURE e
3" MIN. ELECTRICAL s GAUGE /,/’/
0.7

SEPARATION \ DISCONNECT
<A <
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<
I PRESSOR
FUTURE
COMPRESSOR

FILTER &b
(0.011)

INTERMEDIATE
CONTROL

i
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REFRIGERATED
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OIL/WATER
SEPARATOR
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Piping Systems
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Piping Systems

= The compressed air may contain
small amounts of water having
condensed in the piping.

*= To eliminate the possibility for this
water to drain back down into the
compressor, the supply line should
always be plumbed into the top of the
header.

= This will prevent water or
contaminants from draining down into
another currently stopped
compressor.
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General Rules for Compressed Air Distribution System

* Pressure drops between the compressor and points of use are
Irrecoverable

* Pipe size should be large enough so that pressure drop does not
exceed 2-3 % between receiver and point of use

= Design the piping for smooth flow with uniform bends

= Compressor pipe size should always be larger than the discharge
connection size of the air compressor.

= Determine the correct pipe size based on system flow, length of
pipe, number of bends/valves and acceptable pressure drop.

Better U.S. DEPARTMENT OF
@ Plants_ ENERGY



General Rules for Compressed Air Distribution System

= Arrange piping to avoid the following types of strains:
= Strains due to the dead weight of the pipe itself
= Strains due to expansion or contraction of the piping with temperature change
= Strains due to internal pressure within the piping

= Plan ahead for future emergencies and plan an area for a
temporary compressor.

= Consider bypass lines on all items that may require future
maintenance.
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What's Wrong Here?
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What's Wrong Here?

EEEEEEEEEEEE

Better us.
P ENERGY



Pressure Profiles

* Pressure measurements need to be taken to:
= Give feedback for control adjustments
= Determine pressure drops across components
= Determine system operating pressures

* The following pressure measurements should be taken:
= Discharge Pressure
* Loss from filters and dryers
= Various points in the distribution system

EEEEEEEEEEEE
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System Pressure Profile

Supply Demand
110 psig —
Operating
Range of
Compressors
100 psig —
Dryer and Filter
Pressure Drop
90 psig

Distribution System * Unregulated
Pressure Drop End-Use
85 psig
FRL, Valve, Hose, Regulated

and Disconnect " End-Uses
Pressure Drop

70 psig 1—
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Developing a System Profile

{
:
:

Wet
Receiver

LopsD

Dry

Recejver (100Ps!

Compressors
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|nterval data [3 seconds] for System [Mot Assigned) and Perods (Mot Assigned)
4272021 1223616 PM to B/6/2021 9.37:52 AM

—— L Tank PSI [psi]
. . Cwet PSI [psi)
— CZR #3 [KW)
. High Pressure and Power Profile cRw b
_ _ , _ _ _ _ _ CZR #1 (kW) 1200
' : l CZR #2 [KwW)
: : : : : . 1100
120- e L ) 1 i ...... : ‘llll' EEmEm TN T
l -1000

120 psig to 111 psig
Compressor Control Band

110, I--‘ | || :

500

#1 and #2 Fully

100

200
a0 .
#3 in Standby
100
I I e I
I
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Interval data [8 seconds) for System [Nat Azsigned) and Periods [Nwwgned]
F22/2023 T-51:56 AM to 37232023 4:44:42 AM ———— 1stFilter (psig)

psig

1054 .
ol
B SN S
S FO

10198
1004+
391
Tl L
A MNL

96 ...... '

931+
32
31
] S
a3t
o O R
a7 ______ ______ _____
- ...... .....

a5

aabi

aal LR

2nd Filter [psig]

Pressure Profile 30 minute PFC Outlet (psig)

#2 Compressor

at 101 psig

Lo Downstream of o
Wet Tank Pressure|: | Mist Eliminator at S S S

99 psig

kR b LB (A .

tlme stamp

10-01 Winder [psig)
— 10-02 Winder [psig]
= Silentex [psig)

Batch Reciever [psig)
= Batch PFC Outlet [psig)
— Comp 2'Wet Tank (psig

1 Storage pressure in . ..... .......... ...... ..... ..... ...... ...... ...... ..... H- R | - . ...... ..... ..... ...... ...... ..... ..... ...... ...... -- 4 pressure FIOW

30,000 gallon
receiver

Control Qutlet

II'& .L.llu ' .

MHhmﬁlmmm

\ posmbly measured
- onregulated line
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Interval data [5 secondz] for Spstem [Mot Azsigned] and Periods [Mot Azsigned)

T15/2023 31312 PM to 12172023 11:58:34 PM R1 Hi Mill Pressure (psig)
B E}BF'EG Pm;fure N1 [[pa_:i;ij
North Side Pressure and Power Profile ——— Noth R Pac N1 [Amps) e
; : ; ; : ; : ; : : : : s South R1 Pac N2 [Amps)
' : : : : : : : : : = R1HIMillN3 [Amps)
R18 Forge (Amps)

a0d . e e e O TR T T I SRR ; e SUUTRIR e R 400

an . . . . - ; ............. e I P Ra P [ W 300

70 .............. .............. .............. .............. .............. .............. .............. .. -1 .............. .............. 200

7100

‘| (T=-T11"] L TR T TS 2]
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116
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1 Second Sample Rate
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110
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Interval data [4 seconds] for System [Mot Azsighed) and Periods (Mot Aszsigned)
14272021 111531 A b 1/27/2021 12:09:35 P

Pressure Test Car Affect on Plant Pressure
1 minute time stamp

= Bld 1 System Pressure [psig)
Bld 2 Discharge Pressure [psig)
~——  Bld 3'West Side Pressure [psig)
Bld 1 Discharge Pressure [psig) kw
—— EId1EastSidePressure [DSIQ] =]

o Ll LWl MLl s, e Bld 1 Comp 1 kKW [K'W) .
R S A Bld 2 Comp 3 KW [k\w)
b ARl L e pid2 Comp KW (kW)
|

..... ..... SDD

Bld 1 Comp #1
o) only comes up
o3y to 75% output
a 4 .

]
T B - TIEY 1 P Bldzcomp#s :’\
BT onlycomesup | W
ook ko O | B

{BId 1 Comp #1
) only comes up
to 75% output

200

Bld1rental |: : Bld2Comp #4

1 | |
103.. ..... . ..... ........ ..... .....

DT e e R e g0 stays fully [ 17 stays off
102: ..... ; : : . : ..... ..... ..... Ioaded i - -
101__,_._._._. .....

R L L L T o
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Presenter Notes
Presentation Notes
Rail Car pressure test.  Compressor room piping undersized so compressors cannot see true demand


* The objective of compressed air piping is to deliver compressed air to
the end uses without pressure loss and the introduction of
contaminants.

= Proper piping material selection and following guidelines for both
distribution and compressor discharge piping can help system
designers accomplish this goal.

= Larger diameter pipe sizes reduce air velocities (and therefore
turbulence) resulting in minimized pressure losses.

= Use a loop piping system, if possible, both around the plant and within
each area

* Create the correct size storage by using proper size receivers

EEEEEEEEEEEE
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LogTool is Designed To:

* Import data which is exported from different types of data loggers.

= Select logger data channels and modify their properties.
" e.g., name, type, units, etc.

* View data values for one or more logger channels.

= Display trend plots on one or two Y axis.

» Display scatter plots.

= Display daytype plots in the format that is needed for AIRMaster+
= The previous charts were all created from LogTool

Better s DEPARTMENT OF
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Box Plant Example:

Fully Loaded

3 inch to Plant

1020
Gallons

2180
Gallons

250 hp, Air Cooled
Rated 1269 acfm @ 100 psig

Fully Loaded

Refrigerated Dryer
Rated for 1500 SCFM @ 100 psig

Mist Eliminator
Filter

200 hp, Air Cooled
Rated 1014 acfm @ 100 psig
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B3 Import/Manage Logger Data in: IP LogTool.mdb

Logger File Type ||

Select Logger Diata Files | Fiy

Face Pocket Logger Software
HOBOware for ‘Windows

FLUKE Huydra Logger

DF 3000 Configuration Saftware

Logger D ata Files

# Better
QPlants

| Import | File Marme SULLAIR Logéi S oftware Start | End | Interval (sec) | File Status |
Ranger Pronto For Windows
Wiondenware ActiveF actor
Unknown Logger Software
Channels in Files Checked for Impart
| [rnpart | File M arne | Logger (D | Logger Mame Chi | M amne | Type | Unitz | Pericd | Suztem
Import Checked Channels Check All Channelz IIncheck All Channels
Logger Channels Imported ta thiz MODE File
Delete Hame Type | Iritz Fenod System Start End Interval [sec.]
4 [ |wet Tank Prezzure -=lpsig | Mot Assigned - | Mot Azzigned = 11208114851 1/23/2018 14:40:00 3
T D Tank Frezsure =|psig | Mot Azzigned - | Mot Azgigned = 1TA1/20811:43:14|  1/23/2018 14:36:23 3
[T |40inch pre feed FPrezsure =|psig | Mot Aszzigned - | Mot &zzigned -~ 1At/2M8121203) 142342018 150512 3
[T |40inch main heads| Pressure ~|psig | Mot Assigned - | Mot &zzigned = 1A1/20M81215:25) 1/23/2018 15:08:34 3
[T |Esit Conweyor Pushe| Pressure =|pzig = Mot Assigned - | Mot Azzigned - 1AT/20M8 1222100 14232018 1515119 3
[T |waste wWater Frezsure =|psig | Mot Aszzsigned - | Mot &zzigned - 1A1/20812:05:48) 1/23/2018 145857 3
[ |200GHw Fower ~|k%w | Mot Aszzigned - | Mot &zzigned - 1A1/20M811:35:38) 1/23/2018 14:23:59 3
T |2500Nw Fower |k | Mot Aszzighed - | Mot Azzighed = 1TA1/20811:31:58)  1/23/2018 14:24:47 3
Delete Checked Channels

U.S. DEPARTMENT OF

ENERGY



Presenter Notes
Presentation Notes
AIRMaster Main Menu�
AIRMaster has 11 modules plus and Exit button.
Seven of these are required for AIRMaster analysis.
The left side of the screen (6 modules) model the existing plant.
The top right module, Efficiency Measures marks the completion of an analysis.
The last modules aren’t necessary, but may assist in an analysis.


LogTool Main Menu

|:|.' LogTool v2

File Tools Help

Open/Create D atabasze file to store logger data

Joen an Exshnn Databaze LMOE Fiel I

Create a Mew Databasze [(MOE File) |

File |IP LagT ool mdb

Folder |D:'\WEEE 2012Mnternational Paper Company

Import Logger D ata

Trend | Scatter | DayType |
Logger Data in: P LogT ool.mdb
Trend JScatter] DapType

Wiew |7 {2 =] Y] Include M ame Type itz Period Syztem Start End Interval [zec.)

Datad ¥ | V= [T I_ et Tank Pressure  w|psig + |Motézsigned  + |MotAssignec | 1/11/2018 11:46:51| 142342018 14:40:00 K]

Datay W (T (T [ Dy Tank, Pressure = |psig = | Mot Assigned Mot Assigne: 112018 11:4314| 1/23/2018 14:36:23 3

Datay ™ (T A (] I_ d0inch pre feed  |Pressure = |psic = | Mot Assigned Mat Assignec 112018121203 1/23/2M 8150512 K]

Datad ™ ([ N - 40 inch main head | Pressure = | psig | Not Assigned Mok Assigne: 112018121525 12232018 15:08:34 3

Datay ¥ ([ A (] I_ Exit Corveyor Pusl|Pressure = | psig = | Mot Assigned Mot Assigne: 112018122210 123208151519 K]

Datad ™ | A (T I_ W aste Water Pressure  «|psigc = | Mot Assigned Mot Assignec 112018120548 1/23/2018 145857 K]

Data§ I (W (T v 200 Gy Pawer |k = | Mot Assigned Mot Assignec 1A1/201811:35:38| 1/23/2018 14:23:59 3

Data{ T |¥ T [ ¥ 200 GOMWw Pawer * | kW | Mot Aszsigned Mat Assignec 112018 11:31:38| 1/23/201814:24:47 K]
‘Better Uncheck U.S. DEPARTMENT OF
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Presenter Notes
Presentation Notes
AIRMaster Main Menu�
AIRMaster has 11 modules plus and Exit button.
Seven of these are required for AIRMaster analysis.
The left side of the screen (6 modules) model the existing plant.
The top right module, Efficiency Measures marks the completion of an analysis.
The last modules aren’t necessary, but may assist in an analysis.


Enter LogTool Data Into AIRMaster

|I DayType Analysis

System: Mot Assigned, Period: Mot Assigned

Power (kW]
400

3001

2001

1007

[+

Haur af the Day

Click a date ta highlight prafile in graph. Flat Dray Twpe ... Remave Day Type...

Right click an
data paints ba
zelect day tppe.
Left click to
highlight the
trace.

12 3 4 b5 B 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Cautior: D'ay prafiles can be similar even though

- - differant equipment, e.q., comprazzors, iz operating.
Date Day Day Type I'lr"mDa'l'IS —I I J IJze Trend Ploks ko examine the details of equipment
Jan-11-2013 | Thu | Excluded Days operation before determining whether daps should be
azzigned ko the zame daytype.
Jan-12-20018 | Fri | Production - .
i Gﬁ%ysiem ; Copy Plot to Copy Profiles to Hel
Jan-13-2018 | Sat | Production i i ClipBaard ClipBoard P
Jan-14-2018 5 Sund
n Hn | eunesy System DayT ype Prafiles
Jan-15-2015 | Mon | Monday DayTypeName | ChanneMame | He 01 [ Hr 02 [ Hi 03 [ He 04 [ Hr 05 [ H 06 [ H 07
Jan-16-2018 [ Tue | Praduction p |Maonday 200 N 000 000 000 000  B8455| 17588 17713
. M orday 250 QMW 000 000 000 000 8380 18418/ 1B35E
Jan-1 72018 | wed | Produstion Production 200 QN 176,12 178.25) 177.86] 177.11| 177.67| 178.09] 177.97
Jan-18-2018 | Thu | Production Praduction 280 Dk 166.54| 1BB.81| 1B7.49) 168.31| 168.50| 188.50( 162.40
Jan192ma i | Production Sunday 200 ks 181.76) 18051 173200 17698 15417 000 000
Sunday 280 Qs 160.66| 16373 16243 161.83) 14308 000 000
Jan-20-2018 | Sat | Production
¥ Better Jan21-2018 | Sun | Excluded Days
Pla“ts Jan-22-2018 | Mon | Excluded Daps
Jan-23-2018 | Tue | Ewxcluded Days < >

U.S. DEPARTMENT OF
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Copy Profiles to a Spreadsheet

DayTypeName ChannelName Hr 01 Hr 02 Hr_03 Hr_04 Hr_05 Hr 06 Hr 07 Hr 08 Hr 09 Hr 10 Hr_11 Hr_12 Hr 13 Hr_14 Hr_15 Hr_16 Hr_17 Hr_18 Hr_19 Hr 20 Hr_21 Hr 22 Hr 23 Hr 24

Monday 200 ONW 00 00 00 00 846 1759 177.1 181.6 182.2 180.8 177.2 177.7 177.0 178.6 178.7 178.7 176.9 177.0 178.2 177.2 178.7 179.6 180.1 179.3

Monday 250 QNW 00 00 00 0.0 838 164.2 163.6 164.5 165.0 166.7 171.6 169.9 168.1 164.9 163.3 162.5 163.6 164.8 165.6 167.1 167.1 167.0 166.2 166.9

Production 200 QNW 178.1 178.3 177.9 177.1 177.7 178.1 178.0 177.9 177.7 178.1 177.3 177.2 177.2 168.0 174.9 175.7 175.7 175.8 177.5 177.4 178.4 179.0 179.1 179.8

Production 250 QNW 166.5 166.8 167.5 168.3 168.5 168.5 168.4 168.0 168.1 167.1 166.4 166.1 165.0 167.1 165.9 164.7 164.5 165.2 165.0 165.8 165.3 164.5 164.2 164.4

Sunday 200 QNW 181.8 180.5 179.2 1770 1542 00 OO0 00 OO OO 0O OO 0O OO OO 0O OO 00O 0O O00 00 O00 00 o000

Sunday 250 ONW 165.6 163.8 162.4 161.8 1431 00 O0O0O O0O OO ©O0O OO OO OO 0O OO OO OO OO OO OO OO0 OO0 00 o0
Date Day Day Type

Jan-11-2018 Thu Excluded Days
Jan-12-2018  Fri Production
Jan-13-2018 Sat  Production
Jan-14-2018  Sun Sunday
Jan-15-2018 Mon Monday
Jan-16-2018 Tue Production
Jan-17-2018  Wed Production
Jan-18-2018 Thu Production
Jan-19-2018  Fri Production
Jan-20-2018 Sat  Production
Jan-21-2018  Sun  Excluded Days
Jan-22-2018 Mon Excluded Days
Jan-23-2018 Tue Excluded Days

“Better U.S. DEPARTMENT OF
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DayType Profiles

Power [k Production

4Ellill

300
2007

10071

|:| +—+ +— +—+ +—+ +—+ +— +— +—+ +—+ +—t +— +—+ +—+ +—t +— +—+ +—+ +—+ +— +—+ +—+ +—+ +—
1 2 3 4 &5 B 7 8 8 10 11 12 13 14 15 16 17 18 18 20 21 22 23 24
Hour of the Day

Better U.S. DEPARTMENT OF

@ Plants ENERGY



DayType Profiles

Pawer K] Sunday

4007

a00t
2007
1007
0 . L e e e e e L e e o L S e
S8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Hour of the Day
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DayType Profiles

Pawer (ki) Monday
4001

a00y

2007

1007

1 g 3 4 B B 7 8 9 10 1 12 13 14 15 18 17 19 19 20 21 22 23 24
Hour of the Day
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LogTool Trend Plot

psig

20

10

200 hp using 178 kKW
for only 100% output
About 1000 cfm

Pressure and Power Profile

a L]
1#11;’2018120225 F'M tn1;"23;"2D1883351 F'M

250 hp using 170 kW
for only 40% output
About 500 c¢fm

whet Tank [psig)
Dy Tank [pzig)
40 inch pre feed [pzig)

40 inch main header [peig)

Ewit Conveyor Puzher [peig

Wazte Water [psig)
200 QN [kw)
200 OMw [Kw)

ki

1]
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LogTool Trend Plot

Interval data (3 seconds] for System (Mot dzsigned) and Periods [Mot Assigned) ‘wet Tank [psig)

TA7/2018 71555 AM o 1/17/2018 1:41:41 PM Diy Tank [psig)

40 inch pre feed [pzig)

Pressure and Power Profile J01rch main baacr (as)
Discharge | 10 minute intervals Z0a 1)

"Waste Water [pzig) ket
Pressure 250 O (ki) o ham

AT i W

Dry Tank outlet and all demand
R 4 side header locations CRR A e T A e L

OO e i

TR TR R e L e AR W T o 0 0 T A & bl T
(ERRE | SRR 2 WS i N AT G — . W AR AR R A & " W, -
qod- - SRR TR R - < Ay 'p-'.,.' .3 :....: ..... [ f e SEEEE e e ~ LY y el TN SRR TR R Ry L Y L B B

) L D ETETREATIC ORI ||| L PRSI | N § I AT . AR : 1 OISR A VTN | 1Y CIPUIURROARE R PRI ¥ B TETETIYY T LLp2en

T-"D Point of use - ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... ..... 5240

pressure at 40 S : : :

inch Pre-Feed

1220

(%] (%] (]
@@@é@@é’@@@ @@@@@@@,@@@@ @@@@@@@@ @ ’P @ ,;., ”g’ @<> RN L GG P L
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& Compressed Air Example
= Waste Water Example
g2 Treasure Hunt Example
& Steam Example

@' Fan Example

b Pump Example

m Toy Factory
Data Exploration

All Calculators
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| CompressedAir '}
Fans

Lighting

Motors
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Process Heating
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Steam
Wastewater
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Custom Materials
User Manuals
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‘, Process Heating - Fuel E. .

MEASUR

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

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

0

View Assessments Equipment Calculators
( N
®
, ,. s ]
o — T 5 .
Pump Compressed Air Process Heating Fan Steam Treasure Wastewater Motor
Assessment Assessment Assessment Assessment Assessment Hunt Assessment Inventory

Pump Data
Inventory Exploration

U.S. DEPARTMENT OF Energy Efﬁciency &

ENERGY Renewable Energy




MEASUR Tool

Data Exploration w Day Type Analysis Visualization

n Import Data 2 Select Header Row 2 Refine Data 4 Map Date and Time

The Data Exploration module is designed to help users establish Day Types for equipment analysis incorporating multiple operating types (e.g. Compressed Air Assessments). It also provides a robust
Data Visualization component to allow users to create scatter plots and histograms of their data.

N\ Import .csv or .xIsx files from your file system.

» The Refine Data and Map Data steps will allow you to modify imported data.
« Timestamps are required for Day Type Analysis and some data visualizations. More Info

Upload Files

Import Existing Data Exploration = Load Example Data

? Timestamp Help
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MEASUR Tool

Import .csv or .xlsx files from your file system.

« The Refine Data and Map Data steps will allow you to modify imported data.
« Timestamps are required for Day Type Analysis and some data visualizations. More Info

h
A
Upload Files

Import Existing Data Exploration Load Example Data

> Timestamp Help

File Upload Preview

International_Paper_Co_inside 200hp_ Q51 .csv

International Paper Co_outside Q51 n250h.csv
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MEASUR Tool

L
Data Exploration )a Visualization

n Import Data a Select Header Row a Refine Data 4 Map Date and Time

Select a header row and advance to the next file

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1.csv International_Paper Co_outside QS| _n250h.csv

Select Header Row

O] Plot Title: International Paper Co inside 200hp QSI1

O # Date Time, GMT-07:00 200hp QSM000, KW
O 1 01/11/18 11:35:38 AM 179.256

O 2 01117118 11:35:41 AM 179.159

O 3 0111718 11:35:44 AM 179.061

O 4 0111718 11:35:47 AM 176.964

O 5 01/11/18 11:35:50 AM 179.159

O 6 0111718 11:35:53 AM 179.256

O 7 01/11/18 11:35:56 AM 179.451

O ) 01/11/18 11:35:59 AM 179.354

O 9 01/11/18 11:36:02 AM 179.451
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MEASUR Tool

n Import Data a Select Header Row

Refine Data n Map Date and Time

Visualization

Mark the columns to be used for analysis and advance to the next file

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSH .csv

Column Name

Plot Title: International Paper Co outside Q5I n250h

International_Paper_Co_outside_QSI|_n250h.csv

Use Column

Alias

Display Unit

Plot Title: International Paper Co outside QS1 n230h

+Add
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MEASUR Tool

Data Exploration

n Import Data a Select Header Row a Refine Data n Map Date and Time

- Timestambs are required for Day Type Analysis and time series data visualizations. Advance ahead if you won't be working with time data.
o Mark "Includes Date" if the column contains a date and time er a date only
o Mark "Includes Time Only" if the column contains a time only

» Timestamp Help

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1.csv International_Paper_Co_outside_QSI|_n250h.csv
Column Name Includes Date Includes Time Only @
Plat Title: International Paper Co inside 200hp QSI1

= MEASUR will try to detect your data collection interval. Please ensure the detected interval is correct.

Data Collection Interval v
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MEASUR Tool

@ Import Data n Select Header Row B Refine Data n Map Date and Time

« Timestamps are required for Day Type Analysis and time series data visualizations. Advance ahead if you won't be working with time data.
« Mark "Includes Date" if the column contains a date and time or a date only
o Mark "Includes Time Cnly" if the column contains a time only

> Timestamp Help

Apply my selections for all datasets

International_Paper_Co_inside_200hp_QSI1.csv International_Paper_Co_outside_QSI_n250n.csv
Column Name Includes Date Includes Time Only @
Plot Title: Intemational Paper Co outside Q51 n250h

« MEASUR will try to detect your data collection interval. Please ensure the detected interval is correct.

Data Collection Interval Hourly .
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Data Exploration G0 Day Type Analysis IRYEIE =110
Graph Data Table Data: Total Aggregated Equipment Data ~ Day Types Apply To Assessment

Total Aggregated Equipment Data (Hourly Data Average)
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January 2018
Select Columns for Total Aggregated Equipment Data:

Su Mo Tu We Th Fr B5a .
[ Apply my selections for all datasets

m International_Paper_Co_inside_200hp_QSI1.csv International_Paper_Co_outside_QS|_n250h.csv

14715716 717 718 719 720 Column Name Include in Aggregated Data

200hp QSI1000, kKW




() MEASUR

Data Exploration

L1 Day Type Analysis B EIE e

Graph Data Table Data: Total Aggregated Equipment Data ~

BV ETu Gl Display All Day Types Apply To Assessment

Day Type Summaries (Total Aggregated Equipment Data)

0 1 2 3 4 5 6 7 8 9 10 11 12
345233 344441 342737 34101 316626 140599 141751 141474 14122 140354 140009 208291  207.075
344656 345067 345346 345418 34618 346584 346363 345848 345827 345186 343719 343299 342132
3415 316585  143.837 62476 62479 62478 62473 6248 6248 62478 6248 6243  -62.477
62479 6248 6248 1316 136523 241439 296894 348648 349049 348693 348558 347426 345133
Day Summaries (Total Aggregated Equipment Data)

0 1 2 3 4 5 6 7 8 9 10 1 12
Jan 11,2018 346218 34507
Jan23,2018 343151 3446 34384 343205 343652 343673 345983 345427 34492 343188 342499 341135 338636
Jan14,2018 347315 344282 341634 333817 2896 6248 62481 62479 6243 6248 62482 62481 6248
Jan12,2018 350503 350457 349767 350922 349444  350.735 350126 349697  34BT26 347911 348143 348613 346.908
Jan13,2018 351026  349.585 351782  351.001 351894 35274 351297 351961 352383 352372 349311 346937  345.905
Jan16,2018 34761 34797 347122 346248 347541  347.860 347655 346948 347811 345907 343795 343826 342,966
Jan17,2018 344128 344633 344586 344258 346296 347187 34595 346432 344017 345032 342959 34333 341718
Jan18,2018 344129 344662 345205 345692 346339 346123 346506 345632 345089 344363 341707 339446 338237
Jan19,2018 337229 339573 339789 338727 339595  339.627 341793 339637 3393 338219 336391 336754  336.199
Jan20,2018  337.969 338586 33917 341079 342147 341811 341216 340627 343462 342497 343729 344185 342,992
Jan21,2018 3415 316585 143837 62476 62479 62478 62478 6248 6248 62478 6248 6248 62477
Jan15,2018 6248 62481 62479 6248 135607  340.068 340692 346157 347243 347519 348732 347609 345048
Jan22,2018 62479 6243 6248  36.16 137439 14281 253.09 351139  350.856 349867 348384 347243 345219

Reset

Day Type Average Interval

13
206.017
332419
-62.479
343.489

13

343.465
337.064
62.48

343422
345548
340637
340.763
279357
334947
342259
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343513
343.466

14
205.018
340.844
-62.481
341,857

14

342276
335.257
-62.48

343798
344381
341.396
341.098
336.221
336.405
342807

-62.481

341.95
341.363

15
1407
340385
-62.48
340832

15

343.887

-62.488

343.359
343145
342.32

341.488
335.939
335.4568
340.974

-62.48

341139
340.524

16 17 18 19 20 21 22 23
140.813 140.648 142.405 142.431 143513 143.433 143.463 14412
340169 340974 342 559 343.259 343725 34344 343333 344144
-62.481 -62.478 -62.479 -62.48 -62.476 -62.48 -62.479 -62.48
340.753 341.281 343.225 343586 344614 345199 344.928 344662

Copy Table

16 17 18 19 20 21 22 23
34411 343.776 347.291 347341 349.506 349.346 349.406 350.719
-62.483 -62.48 62.48 -62.479 62479 -62.48 -62.48 -62.48
343.994 344 688 346.835 347.03 350133 349.088 350.24 350.696
343.407 344,375 346107 344937 346.216 345.54 34522 346.343
341.424 341.937 343.92 343374 343.997 345.062 343421 344.827
341749 342.284 344.047 344131 344841 344578 344717 345682
335.253 335215 337.038 338.875 338.816 338.304 338122 337.499
334589 335592 337.082 337.984 338.112 338.727 336.751 339.25
340.766 342,729 342 885 346.484 344162 342792 34486 344.712
-62.481 62.478 -62.479 -62.48 -62.476 -62.48 -62.479 -62.48
340.554 341.815 343719 344359 34583 346.652 346.369 346.135
340952 340.747 34273 342761 343397 343.746 343.488 343.188

Copy Table




MEASUR Tool Energy Efficiency Measures

CURRENT INVENTORY

HELP

Mame Compressor Type Control Type Pressure Range
200 hp QNW Single stage lubricant-injected rotary screw Inlet modulation with unloading 110 - 120 psig s S|
> 250 hp QNW Single stage lubricant-injected rotary screw Inlet modulafion with unloading 105 - 115 psig o &

Performance Profile

Graph All Compressurs [ Graph Average Operaling Poinls

+Add New Compressor
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MEASUR Tool Energy Efficiency Measures

Fuii

System Basics Diagram Report Sankey Calculators
Last modified: Aug 3, 2022

Scenario 4
View / Add Scenarios.
Selected Scenario
PERFORMANCE PROFILE HELP NOTES

All Day Types ~

Setup Profile Profile Summary Table Profile Summary Graphs

SELECT POTENTIAL ADJUSTMENT PROJECTS MODIFICATION RESULTS

Select polential adjustment projects to explore opportunities fo increase efficiency and the effectiveness of your system.

Add New Scenario

Baseline Scenario 4
IModification Name ‘Scenario 4 |
Percent Savings (%) —_
Reduce Air Leaks oemand Off v .
Improve End Use Efficiency | pemand
Flow Reallocation Energy Savings —_ 148 744 kK\Wh
Reduce System Air Pressure | svply Peak Demand 177.9 KW 161.05 kW
) ; . Annual Energy 1,432,803 kWh 1,284,059 kWh
Adjust Cascading Set Points off
! ¢ Sueely - Annual Emission Output Rate kg CO, kg CO,
Use Automatic Sequencer  susply Off v Peak Demand Savings - 16.85 kW
Annual Energy Savings _— 148,744 kWh
Reduce Run Time  suppiy Off v Annual Emission Savings —_—— kg CO,
Flow Reallocation Savings —_—— $9,817.09
Peak Demand Cost $34,156.80 $30,920.83
Annual Energy Cost $136,689.40 $122,499.24
Annual Cost $170,846.20 $153,420.06
Peak Demand Cost Savings _— $3,235.97
Annual Energy Cost Savings _—— $14,190.16
Annual Cost Savings _— $17,426.14
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MEASUR Tool

Compressed Air Example
Last modified: Jul 29, 2022

Syslem Basics Diagram Report Calculators

Setup Profile Profile Summary Table Profile Summary Graphs

Scenario 1

View / Add Scenarios

Selected Scenario

SELECT POTENTIAL ADJUSTMENT PROJECTS MODIFICATION RESULTS PERFORMANCE PROFILE HELP NOTES
Select potential adjustment projects fo explore opportunities to increase efficiency and the effectivenass of your system. __A” Day Types o
Add New Scenario
_ Baseline Scenario 1
Modification Name [scenario 1 |
Percent Savings (%) —_—
Reduce Air Leaks | pemsnd - v
54 7%
Implementation Cost |1DOG | |
Leak Flow |2DOO | | Flow Reallocation Energy Savings —= 6,181,004 kWh
. Improve End Use Efficiency Energy Savings — — 542 044 kKWh
Leak Reduction 10 !
| | | Reduce Air Leaks Energy Savings —_ 476,610 kWh
Improve End Use Efficiency  oemsnd z Reduce System Air Pressure Energy Savings — — 300,157 kWh
Peak Demand 2,655.2 kW 1,968.64 kW
| | New Nozzels | Annual Energy 20,569,267 kWh 13,069,452 kWh
- = Annual Emission Output Rate 8,860,828 kg CO, 5,630,058 kg CO,
Implementation Cost 500 1“1 Peak Demand Savings —— 686.56 kW
Substitute Auxiliary Equipment? [No v| Annual Energy Savings —_ 7,499,815 kWh
Airflow Reduction Type ® Fixed Annual Emission Savings _—— 3,230,770 kg CO,
O Variable s
) ) Flow Reallocation Savings —— 407,946.29
Airflow Reduct )
riow Reduction |EDO | | Improve End Use Efficiency Savings —_— $35,774.92
DayType |1 2|3 |4 5|6 7|8 |9/10|1|12]13 14 1516 17 18|19 20 21|22 23|24 R Lesie SaimeE _ —— $31,456 24
Weskday E“ﬁ“; SYS‘E:CA'T'GSS“'E Savings o159 31200 :Jfﬂfﬁs
eak Demand Cos' 312, ,118..
\Weekend Annual Energy Cost $1,357,571.65 $862,583.83
+Add Efficiency Improvement Annual Cost $1,516,883.65 $980,702.09
Peak Demand Cost Savings _— $41,193.74
Reduce System Air Pressure | supply Annual Energy Cost Savings == $494,987.82
Annual Cost Savings _— $536,181.56
Implementation Cost |4DO | |
Average System Pressure Reduction |2 | |

Adjust Cascading Set Points | suppiy

etter

g
<

Reduce Run Time | suppiy
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MEASUR Tool

() MEASUR — ] X
a Compressed Air Example
Last modified: Jan 12, 2024
Scenario 1
Setup Profile  Profile Summary Table Profile Summary Graphs View / Add Scenarios
Selected Scenario
Weekday v
Baseline System Capacity Scenario 1 System Capacity
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Next Week - The Demand Side

= Typically, only 50% of the air produced in supply gets to
productive used in demand.

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

» Learn various methods of energy-saving measures and their
applicability for the industrial equipment.

= What is an inappropriate use of air?

EEEEEEEEEEEE
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Presenter Notes
Presentation Notes
The goals of this chapter are
To understand how to maintain an efficient compressed air system by managing wastes.



Homework for Week 5 — Distribution

* |n many cases, misapplication of compressed air at the end-use causes
systems to perform poorly.

= Please fill out the information below

e N e e
List any applications that require lower than typical pressure:

Application Approximate End-Use Pressure Req'd
(fmmwwﬁmwﬁﬁ“rq psig
What is the pressure going into the main header? psig
z Pressure: psig psigl
psig
é What is the end-use pressure required for typical applications in the plant?
i Pressure: p@g List any applications where users complain about low pressure:

Application Approximate End-Use Pressure Req'd
List any applications that require higher than typical pressure: .
Application Approximate End-Use Pressure Req'd psig
jEI'SJ'Q ﬂS{Q
. psig
Psig psig
psig

psig Have compressor setpoints been raised fo try and compensate for low pressure at end-use
applications? O Yes [ No

Comments:

P N L N VP T P PP T Y IRIP R T
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