Designing Piping Systems for Low Pressure
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Q&A Format
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- at the end of the Webinar.
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12" Sustainabllity is “Part of Who'
We Are” at Eastman

875 1,000 1,125 1,250 18" Avoiding Control Gap with
‘csnmmgal Alr Compressors

H © 2005 Data P« Services, LLC
Airflow Rate (SCFM) e Rahes Reserved <26 L'“*“"%ﬂ"""": Embrace
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Disclaimer

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

All materials presented are educational. Each system is unique and must
be evaluated on its own merits.
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ON-SITE UTILITIES

Powering Automation

Maintenance, Reliability and Uptime

What can you do to avoid production downtime, improve
quality and increase the reliability of your on-site utilities?
Attend Best Practices EXPO & Conference and learn how
to set up aleak detection and repair program, inspect cooling
water, eliminate pressure drops, implement a lubrication
strategy, assure compressed air quality and more.

Register today for FREE EXPO admission
and conference savings! cabpexpo.com
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Introducing the Thursday Webinar Series: March & April 2020

When: Thursday, March 26, 2 pm EST and every week through April 2020
Next Up: Best Practices Shared by Subscribers -
Advanced Trends in Compressed Air & Vacuum Systems Levels 1 & 2

Speaker Bio: Roderick Munoz Smith

2006-Present: Publisher, Best Practices Magazines & Expo
1992-2006: Former VP Sales & Marketing,

Quincy Compressor and SPX Hankison

Phase 1 (late 1990’s) Phase 2 (2002-today)
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* 5 x 1000 hp, 450 hp trim

» Compressor Room kW and
pressure data logging

* Plant Pressure 135 psig

 Car production: 240,000 autos

« Had one $ and kWh metric for
compressed air for whole plant

* 2 x 1000 hp, 450 hp trim

* Monthly compressed air kWh
budgets for each of 4 major
production areas — flow meters
measure each area like a utility

» Master Compressed Air System
Measurement and Management

* Plant Pressure 105 psig

* Car production: 240,000 autos
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Designing Piping Systems for Low Pressure Drop

Introduction
Rod Smith, Publisher

Compressed Air Best Practices® Magazine
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About the Speaker

 Owner, Data Power Services

« Conducts compressed air system
assessments, equipment testing and
compressed air system training throughout the
world with over 40 years of industry experience

« U.S. DOE Energy Expert, Compressed Air
Challenge technical committee member,
Compressed Air Challenge qualified instructor
and instructor for Qualified AIRMaster+
Specialist Training

Tom Taranto
Data Power Services
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Compressed Air Piping
Designing Piping Systems for Low Pressure Drop

March 19, 2020
Tom Taranto / Data Power Services, LLC
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Agenda

Cost of Pressure Loss

Design Parameters

Piping System Design & Layout

|dentifying & Correcting Pipeline Pressure Loss
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Cost of Pressure Loss

Compressed air system piping
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Cost of Pressure Loss

- Energy Cost

- Increasing compressor discharge
pressure is a common solution to
overcome excessive pressure
loss.

- For positive displacement
compressors, Compressor power
increases by 1% for each 2 psig
increase in compressor discharge
pressure

COMPRESSED AIR

airbestpractices.

- Performance Impact

- Pressure required by pneumatic
equipment for proper operation.

- |Inadequate or unstable pressure

can cause

- production interruption

- product quality issues

. reduced production output
. increased scrap rate

. added cost for rework
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Fuel System Machinery Plant — Dept of Energy Case Study

‘A
BestPractices
BestPractices Teghnicdt CaselStudy

PN

June 2001

OFFICE OF INDUSTRIAL TECHNOLOGIES

ENERGY EFFICIENCY AND RENEWABLE ENERGY, U.S. DEPARTMENT OF ENERGY

BeNgTs CoMPRESSED AIR SYSTEM REDESIGN RESULTS
®  Saves $226,000 annually
e Reduces energy use IN INCREASED PRODUCTION AT A FUEL SYSTEM PLANT

®  40% reduction in
compressed air energy costs
per unit of production

® Increases reliability

Summary

In 1999, Caterpillar Fuel Systems performed a compressed air system
improvement project at its fuel injector plant in Pontiac, Illinois. The

*  Reduces CO, emissions project’s implementation greatly improved the compressed air system’s
reliability and efficiency. As a result, the plant achieved important
APPLICATIONS energy savings through reduced energy consumption, was able to
Compressed air systems are found increase production by 18% without purchasing additional compressors,
throughout industry and consume and solved an air supply problem to a critical production area. Had the
2 «igp*~rart nortign pf - plant not increaseA its producticn. it would “ave been able tn take
) 1—' (25
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Fuel System Machinery Plant — Dept of Energy Case Study

Phase 1—The first phase of the evaluation discovered several issues that contributed to
the plant’s inability to adequately supply the HIP assembly area. The first problem was the
high pressure drop in the air treatment and distribution systems. The pressure drop was
due to undersized and poorly functioning filters, dryers, and aftercoolers and ranged from
7 to 18 psig. This led to a fluctuating pressure in the main header of 96 to 108 psig.
Pressure loss/drop is a function of a compressed air system’s dynamics—the interaction
of airflow rate with the inherent resistance of the pipeline and air system components. The
pressure drop was exacerbated by the configuration of the distribution system. The
evaluators determined that the dimensions of the main header (6 inches) were undersized
for the system’s alrflow. This led to a high degree of resistance to airflow within the piping
that exceeded the optimal design parameters. In addition, three 4-inch pipelines that were
served by the main header were found unconnected to the piping loop, causing an
unbalanced alrﬂow across the system. Together, these factors combined to create
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Design Parameters
Fluid Velocity

Pipe Length

Roughness of Pipe Material

BEST PRACTIGE
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Pressure Loss —vs— Fluid Velocity

Compressed Air Piping Pressure Drop -vs- Flow & Pipeline Velocity

Calculated for 1000 feet of 2 inch Schdule 40 Clean Commercial Steel Pipe @ 100 psig
Flow (acfm)

- Compressor Air Pipeline Velocity 0 110 221 331 442 552 663 773 884 994 1104
100 ‘ ‘ [ ' ' ' ' 1 ‘

Pressure Drop - psig / 1000 feet of pipe

100
- 45 to 55 fps - Traditional Design g w0 90
Velocity 5 80 - 80
[}
. 20 to 30 fps — Current Best S 70 70
Practice = 607 r 60
2 50 | - 50
o +15% flow A +15% flow A
é 40 | 221-254 acfm 552 - 635 acfm - 40
. . = 1.2 psig A . i
- High velocity leads to 8 30 Pie L OEER
5 | 254 acfm , 4.9 psig acim, 9.6 psig |
- Increased pressure loss § 2 e srom, 552 acfm, 233 psig 20
. o 10 - Z - 10
- Pressure fluctuations . e .
0 10 20 30 40 50 60 70 80 90 100
Velocity - feet / second (fpS) © 2002 Data Power Services, LLC
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Pressure Loss —vs— Pipe Length General Reference Data A

Table 8.14 Loss of Air Pressure Due to Friction

Equivalent
Cu ft Cu ft Nominal Diameter, In.
Free Ar Compressed

Per Min Air
Per Min U, 3 1 1Y, 11, 2 3 4 6 8 10 12

Pressure Loss is directly 12 6% 9% 0%

[ ]
20 256 259 390 111 025 011
: : 30 384 585 901 251 057 026
proportional to the pipe length. © S 160 185 103 0%
50 641 ... 251 996 161 071 019
60 768 ... 362 100 232 102 028
70 896 ... 493 137 316 140 037
80 1024 ... 645 178 414 183 049
%0 1152 ... 828 226 523 232 062
. g 100 1281 ... ... 279 647 286 077
What about pipe fittings & s e oo #6 lo2 449 L9
150 1923 ... ... 628 146 643 172 021
175 2240 ... ... ... 198 872 236 028
ValveS? 200 2562 ... ... ... 259 114 306 037
" 250 3164 ... ... ... 404 179 478 038
300 3844 ... ... ... 582 258 685 084 020
350 4480 ... ... ... ... 31 936 114 027
400 5124 .0 ... ... ... 458 121 150 035
450 5765 ... ... ... ... 580 154 189 046
500 6328 ... ... ... ... 716 192 234 055
600 7688 ... ... ... ... ... 216 336 079
700 8060 ... ... ... ... ... 377 455 109
800 1025 ... ... ... ... ... 490 589 142
900 1153 ... ... ... ... ... 623 76 180
1.000 1281 ... ... ... ... ... 769 93 221
1.500 1923 ... ... ... ... .. ... 210 49 057

In psi in 1000-ft of pipe, 100-1b gage initial pressure. For longer or shorter lengths of pipe the friction
loss is proportional to the length, ie., for 500 ft, one-half of the above; for 4,000 ft, four times the
above, etc.
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Pressure Loss —vs— Pipe Length

STANDARD ELBOWS

- Pressure Loss is directly
proportional to the pipe length. ‘
K =30 fr K =16 fr

- What about pipe fittings &
valves? STANDARD TEES

- Equivalent Length L/D method* |
- 909 elbow L/D = 30
. 900 long radius elbow L/D = 16 ,
. 2" Sched 40 I.D. = 2.067” = 0.172 ft. o
- 900 elbow = 5.16 ft. Crane Technical Paper No. 410
. 900 |Ong radiUS elbOW — 344 ft Metric Version also available SI Units

*Baumeister — Mark’s Standard Handbook for Mechanical Engineers, 8™ ed. Table 11; p 3-58. BEa— DR
e ) -CEN JJ d 172U 8§ 3 58aN
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Pressure Loss —vs— Pipe Length

valves?

- Equivalent Length L/D method*
909 elbow L/D = 30

90° long radius elbow L/D = 16

2” Sched 40 |1.D. = 2.067” = 0.172 ft.
90° elbow = 5.16 ft.

90° long radius elbow = 3.44 ft.

L]

L]

L]

L]

COMPRESSED AIR

W J

Pressure Loss is directly
proportional to the pipe length.

What about pipe fittings &

airbestpractices.com

DEMING

www.cranepumps.com

Engineering Data

Bulletin 90

Engineering Data

Table 3 - Friction Losses Through Pipe Fittings in Terms of Equivalent Lengths of Standard Pipe
p—— e rY
— 1 i\ ) ‘ l
&} @ l
Size of Pipe Standard Macham Long Radius Return Gate Valve | Globe Valve | Angle Valve
P Radius 9 45° Elbow Tee 9
(Small Dia.) Elbow Elbow Elbow Bend Open Open Open
Length of Straight Pipe Giving Equivalent Resistance Flow
" 1.5 1.4 1.1 77 3.4 3.8 .35 16 8.4
¥ 2.2 1.8 14 1.0 4.5 5.0 A7 22 12
1" 2.7 2.3 1.7 1.3 5.8 6.1 .60 27 15
194" 3.7 3.0 24 1.6 7.8 8.5 .80 37 18
1" 4.3 3.6 2.8 2.0 9.0 10 .95 44 22
2" 5.5 4.6 b 2.5 11 13 1.2 57 28
25" 6.5 5.4 4.2 3.0 14 15 1.4 66 33
3" 8.1 6.8 5.1 3.8 17 18 1.7 85 42
3" 9.5 8.0 6.0 4.4 19 21 2.0 99 50
4" 11.0 9.1 7.0 5.0 22 24 2.3 110 58
A "o 10 7c 5F 24 27 ~n 130 M

*Baumeister — Mark’s Standard Handbook for Mechanical Engineers, 8™ ed. Table 11; p 3-58.

,—’ Ta= ‘\ = ( =5
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Pressure Loss: clean —vs— rusted steel = 5.1 —vs— 6.7 psid per 1000 ft.

0.1 ' I ' ' MOOdy Dlagram . o ' Vo Pressure LOSS 1000 ft

0.09f-H\: 1 of 2” pipe @ 300 acfm
Steel Rusted

0.08[
0.07- D E '
¢ 05 arcy quat120n

N ’I\‘ansltlon Reglon

o 'R ' ' o
L D PP gipipigyaghahybppifuyiyd = ihdp R S, T Fel"9 ra precesceqeees Feer=a= R
' ' H ' ' [ A ' ' I

0.06} -
0.05 11

d  525mm AP = pKv
=9.55x1073 144(2g)

Steel

£ 0.025 . ..
— = Resistance Coefficient

d 525mm
K =145.3

——5x1074 2 = —4 :
R 2:10_40% 4.76x10 AP = 6.68 psi
et 107

51075

=+ 0.015

o
o
'S8

e
o
&*

HER R ' oo
U o V L ‘e o ' o ' [ R R
SR ' v e [ I ) ' [ A A ' Vo
SRR ' ooy IR EREE ' Vo ' [
! b . o "t 0005
bl aane LEL LI IS L2 D1t v - v - - V= ' v .
' o ' Vo e I ' Vo ' [
' Vo ' D Vo e Vo ' Voo ' [ R R

Laminar Flow £ 111 PGS ST 0.002

Y adid datye[ey

e R SR A R SN W R e 0.001
: Material € (mm) R RERE ; — e —

0.015¢ -:L Concrete, coarse 0.25

5 Concrete, new smooth 0.025
| Drawn tubing 0.0025
i | Glass, Plastic Perspex 0.0025
0.01 | .| Iron, cast 0.15

Friction Factor

souy|

:k Sewers, old 3.0 o ulm . . .

1 Steel, mortar lined 0.1 L] s Resistance Coefficient
1 Steel, rusted 0.5 v ro - 6

!| Steel, structural or forged | 0.025 : : oo hx10™ —

7| Water mains, old 1.0 '?""s“" FI’ICthIl Fa Smooth Plpe S 10-6 K 1 1 O '5

10° 104 105 106 107 108 P

Reynolds Number, Re = %d

Author:S Beck and R Collins, University of Sheffield 2008, Moody diagram. Lines created using Swami and Jaine formula.
Plot created on Matlab. (Wikipedia User: Donebythesecondlaw at English Wikipedia) Conversion to SVG: Marc.derumaux

https://commons.wikimedia.org/w/index.php?curid=52681200
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Piping System Design & Layout
Pipe Velocity Calculation

Pipeline Header Design
Point of Use Connection
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Calculating Pipeline Velocity

. Which air is flowing in the pipe? Qacfm (ftg) p
- 8 cu. ft. of atmospheric (free) air * V= 60(5“) xa (ft2) X (PL+ Pg)

—OR-

1 cu. ft. of compressed air
- ratio=(100 +14.5)/145=7.9

E % (_\ _)_
= COI\I:PREJSSED?lg . = i= h f:] ? s
:I'J j ‘_L DJ ] @ES 2020 EXPO SEPTEMBER 20 23 CHICAGO, IL
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Calculating Pipeline Velocity

. . . . . ) ft3

Which air is flowing in the pipe~ Qacsm (mm) P,

.8 cu.ft.of atmospheric {free)-air * UV =—T50 X

o 60 ( ) xa (ft2) (PL+ Pg)
- 1 cu. ft. of compressed air (Zflgizei; OZO) X d? (in?)  3.14x2.067> 0.0233 12
. ratio = (100 +14.5)/145=7.9 pipe 4 %144 (}rzz) 576
fe3
300 (mm) 145

| _
| v =
60 (255) x0.0233 (ft2) ~ (100+14:5)

v =272 fps
BEST PRACTIGE

COMPRESSED AIR
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Pipeline Header Design

Expansion - Thermal Expansion Loops
Loop

- Allow expansion and contraction
for long pipeline lengths.

- Commonly used for steam, water,

natural gas, and many types of
piping.
COMPRESSED AIR ,P ST DDALET Ein [iia
: ~ =g iy d § 110U § e
} 2020 EXPO SEPTEMBER 20-23 CHICAGO, IL
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Pipeline Header Design

- Compressed Air Pipeline

- Drip Leg & Thermal Expansion
Loops are Combined.

- Header pipe pitch 17 per 10" in the
direction of air flow

Air Receiver

=1

= el = e T o )
COMPRESSED AIR ) ECT DOATTI [i:
r r ‘ B2 d j;[’; L H d o=
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Compressed Air Piping — 200 cfm @ 90 psig Header System

Compressed Air Pipeline Velocity
Size 1 1/2" to 8" Dia. (Schd 40 Pipe); Calculated for 1,000 (scfm) @ 90 (psig) Line Pressure

60 / /
55 / |
50 /
O 45
: .
~ 40 / 7
g VA,
; 35 /
[
.G 30 | / 5 /
q, /
2 20 e
/ /
ST = e
0 _/
0 125 250 375 500 625 750 875 1,000 1,125 1,250
Airflow Rate (SCFM) O e eeerved
w1 1/2" Dia. (40 mm) e 2" Di@. (50 mm) 2 1/2" Dia. (65 mm) 3" Dia. (80 mm)

==4" Dia. (100 mm) 5" Dia. (125 mm) 6" Dia. (150 mm) 8" Dia. (225 mm)

COMPRESSED AIR
B S = = - e |
RECT DD ACTINE
== J 4o d 95t
airbestpractices.com
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Compressed Air Piping — Loop Header System

200 cfm - 90 psig 1-1/2” Loop Header System

59
y B
9009 &% ,\\'L 5;:?\ 6’@ g
(&N £
eo /b*gqu A 000 '1’6’(9
RN . Ds Q© <
\?of AD
Dg
o
) 60‘(\636\96
A ’\gé & ) %0
A <
Air Receiver D r p
Leg

*ﬂ EST PRACGTICES
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Compressed Air Piping — Loop -vs- Branch Header System

200 cfm - 90 psig 2” Branch Header System

200 cfm - 90 psig 1-1/2” Loop Header System

Air Receiver

Drip
Leg Drip
¥—| . ?_5‘ Leg

¥—|

Air Receiver

: ’_] (= “\ J_ r] I "ZA
COMPRESSED AIR : ‘J_/ 3
i 1T I AAGIILE
- 3 2020 EXPO SEPTEMBER 20-23 CHICAGO, IL
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Original Branch System for 450 cfm adding Loop #1

200 cfm - 90 psig 2" Branch Header System
Expansion #1 to 450 cfm adding Loop #1

)

Air Receiver

COMPRESSED AIR

=
irbestpractices.com

PEST D AT NeEe
BrES] PRALTILES
il 1100 8 §a=
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Original Branch System for 450 cfm adding Loop #1

Air Receiver

-

COMPRESSED AIR

4

ractices.com

200 cfm - 90 psig 2” Branch Header System

Expansion #2 to 675 cfm adding Loop #2

900? I)S'%
22 C)'/‘b @Olq
S "2 ,0
N B
s’e 6
%os
eh
20, S
2 2or,, 9y
25 07* 2 10
Cf 0,‘
. Ls
?e 6
Tos
Drip
Leg

= : 1o 2 do 5
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Pressure ( PSIG )

ldentifying & Correcting Pipeline Pressure Loss

Air System Assessment

Compressor Room Performance & Gradient to Bldg 14 - Test 3D
98 5500
96 W 5250
94 #w- \ 5000
92 = A D SE— A *;j\fi\w 4750
90 1— )QY‘\”;OA"’K;\ mﬂ\;@#‘t\/ "/\Av-f’\v! : ,.,‘/\/—\74 4500
88 7 = \\\ O 4250
86 4000
84 3750
82 +—A N 3500
80 WM@JW AR 3250
78 ! W 3000
76 2750
e AV/\W\”
72 / ¥ 2250
70 2000
68 1750
14:30 14:35 14:40 14:45 14:50 14:55 15:00

Time of Day on 09/27/95
e Sullair Discharge e TUrbo Receiver Orifice Upstream

———Bldg 14 — —_—

COMPRESSED AIR

‘ » =Y
/ 3
r = J =
= 7 J 4 1y
airbestpractices.com

Flow to System (SCFM)

© 1995 Tom Taranto

Orifice Downstream

e [lOwW to System

- Pipeline pressure gradient
measurement Dp/Dx

- Correct pipeline velocity results in:
- Low pressure gradient - low velocity

- 2 psig pressure loss at the greatest
flow rate 3,600 cfm

- 1 psig pressure loss at the lowest
flow rate 2,250 cfm

- Distribution piping is tracking with
supply pressure
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Pressure ( PSIG )

ldentifying & Correcting Pipeline Pressure Loss

Air System Assessment

Piping Pressure Loss to Receiver Tank in Building 1 - Test 2C
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Orifice Upstream

e Flow to System

Orifice Downstream

- Pipeline pressure gradient
measurement Dp/Dx

- High pipeline velocity results In:

High pressure gradient - high velocity

18 psig pressure loss at the greatest
flow rate 3,800 cfm

11 psig pressure loss at the lowest
flow rate 2,250 cfm
Distribution piping is not tracking with
supply pressure

Inverse mirror image of air flow rate
and distribution piping pressure
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Lessons Learned

Design piping for 20 fps velocity reduces energy use & cost and also stabilizes pressure.

Traditional design velocity of 50 fps is inefficient and leads to pressure instability.

Compressed air distribution system pipeline performance depends primarily on pipeline velocity, it doesn’t
matter if the distribution system is a loop or branch design.

Pipe friction loss is normally a relatively small component of total pressure loss.

For new compressed air distribution piping:
Starting with a branch system and building out to loop / grid system can supply future increased air demands.
Don’t abandon your original investment in the branch system piping, when building out the distribution loop.

Measure pipeline pressure gradients to identify opportunities to reduce distribution piping pressure loss.
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Designing Piping Systems for Low Pressure Drop Part 2

Grayson Atkinson, System Design Supervisor, Kaeser Compressors, Inc.



Excessive Pressure Drop in Plants

Increases Energy Use

Increasing
pressure at the
compressor to
overcome
pressure drop
consumes power
unnecessarily

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1

Reduces Productivity

Equipment under
performing

Shutdowns on low
pressure alarms-
downtime

Increased scrap of
raw materials

Oversizing Systems

Adding an
additional
compressors for
more flow cannot
overcome all
restrictions such
as clogged pipes
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Piping Materials Overview

m Advantages Disadvantages

Black Iron * Moderate material costs « Labor intensive installation
* Available in multiple sizes * May rust and leak
* Rough inside promotes contaminants build up and creates pressure drop
Galvanized Iron + Moderate material costs » Often exterior is coated
« Available in multiple sizes « Labor intensive installation
» Some rust protection * Rough inside promotes contaminants build up and creates pressure drop
* May rust at joints and leak
Copper * No rust, good air quality * Requires quality brazing to prevent leaks
*  Smooth interior—low pressure drop »  Susceptible to thermal cycling
» Installation requires open flame
Stainless Steel * No rust, good air quality * Labor intensive installation
« Smooth interior—low pressure drop * Expensive materials
PVC + Lightweight * Lower safety
* Inexpensive * In certain areas, not compliant with certain codes

» Carries static charge
* Adhesives not compatible with compressor oils

Aluminum « Corrosion resistant * Limited pressure ratings
* Lightweight * Material costs
« Easy toinstall
* Lower cost of ownership

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1 38



Why Piping Materials Matter

®* Rough interior surfaces increase
turbulence (increase pressure drop)

® Rough surfaces accumulate
contaminants (more pressure drop)

® Rust and corrosion add to contamination

* Types of fitting affect leakage

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1 39



Pipe Sizing - Loss of Pressure Due to Friction

. ) Cu. Ft. N inal Di ter in Inch
Plpe diameter has Free Air ominat Siameterin inches
SigniﬁCant effect on Per Min. 1/2 11/4 11/2
pressure drop 10 6.50 0.99 0.28
20 25.9 3.90 1.11 0.25 0.11
Note: Based on 1,000 ft. of 28 58.5 ?60(1) i-i; ?g; 8'4212
straight pipe @ 100 psi - - - .
ght pipe @ PSIg 50 25.1 6.96 1.61 0.71 0.19
60 36.2 10.0 2.32 1.02 0.28
70 49.3 13.7 3.16 14 0.37
80 64.5 17.8 414 1.83 0.49 0.19
90 82.8 22.6 5.23 2.32 0.62 0.24
100 27.9 6.47 2.86 0.77 0.30
125 48.6 10.2 4.49 1.19 0.46
150 62.8 14.6 6.43 1.72 0.66 0.21
175 19.8 8.72 2.36 0.91 0.28
200 25.9 1.4 3.06 1.19 0.37 0.17

Courtesy of the Compressed Air and Gas Handbook, Fifth Edition, Copyright 1989

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1 40



Pipe Sizing - Loss of Pressure Due to Friction

Pipe diameter has
significant effect on
pressure drop

Note: Based on 1,000 ft. of
straight pipe @ 100 psig

Even a 7z inch
increase/decrease
can make all the
difference

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA

Cu. Ft.' Nominal Diameter in Inches
Free Air
Per Min.
1/2 11/4 11/2
10 6.50 0.99 0.28
20 25.9 3.90 1.11 0.25 0.11
30 58.5 9.01 2.51 0.57 0.26
40 16.0 4.45 1.03 0.46
50 251 6.96 1.61 0.71 0.19
60 36.2 10.0 2.32 1.02 0.28
70 49.3 13.7 3.16 14 0.37
80 64.5 17.8 414 1.83 0.49 0.19
90 82.8 22.6 5.23 2.32 0.62 0.24
100 27.9 6.47 2.86 0.77 0.30
125 48.6 10.2 4.49 1.19 0.46
150 62.8 14.6 6.43 1.72 0.66 0.21
175 19.8 8.72 2.36 0.91 0.28
200 25.9 11.4 3.06 1.19 0.37 0.17

Courtesy of the Compressed Air and Gas Handbook, Fifth Edition, Copyright 1989
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Piping Layout

Branch or Line Piping System
o Minimum expense but maximum pressure drop potential

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1 43



Distribution Piping Layout

Loop or Ring Piping System
o Potential to significantly reduced pressure drop

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1 44



Distribution Piping Layout

Loop or Ring System Branch or Line System

 Advantages - Advantages
» Lower pressure drop * Lower cost
* Piping provides additional storage « Easy to isolate
» Feeds the plant from two directions » Less complex
« Future sizing - Disadvantages
- Disadvantages « Higher pressure drop possible
 Higher cost * Feeds from only one direction

« Slightly more complex

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1 45



Piping Layout: Get the Facts

us.kaeser.com | © 2020 Kaeser Compressors, Inc., USA | V1.1

Pipe type matters

Pipe diameter makes all the difference

» Target flows to 15 fps, 30 fps, 45 fps
 Compressor Room, Distribution, and Point of Use

Make your runs as straight as possible
All pipe must be properly supported
Consider Y connections versus T's

Use 45 Degree Elbows Fittings versus 90 Degree
F|tt|ngs If possible

v ¢
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Pipe Size Case Study
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Pipe Size Case Study
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Pipe Size Case Study
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Pipe Size Case Study
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Pipe Size Case Study
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Conclusion

v’ Use smooth pipe such as alu inut‘f’{v stainless stee"
copper piping to avoid rust build-up and other
interferences with flow

v Make sure you are using the correct piping size for the
pressure and length of pipe

v’ Check your piﬁpg layout for the number of branches,
bends, and T’s — If possible, go with a looped system

v Future proof your piping installation
-
g v Elm‘uqate re mctlons at point of use

us.kaeser.com | ©2020



Designing Piping Systems for Low Pressure Drop

Q&A

Please submit any questions through the Question Window on

your GoToWebinar interface, directing them to Compressed Air

Best Practices Magazine. Our panelists will do their best to Sponsored by
address your questions and will follow up with you on anything

that goes unanswered during this session. %EE%SEORRS
Thank you for attending! PP ———
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Best Practices EXPO Contest

Play for a chance to win a FREE Full Conference Pass to the 2020 Best Practices EXPO &
Conference!! This is a $675 value! This contest is open to factory personnel, compressed air
distributors, utility incentive programs and engineering firms. Exhibiting and sponsor
companies are not qualified. A winner will be randomly selected from those who submitted at
least 1 correct answer and notified tomorrow via email and phone.

The next slide will show a statement related to today’s topic that needs to be filled in. You will
be provided the first letter of the words as a clue. Please submit your answers in your

questions box.

Example

When | think of a beach vacation, | think of
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Best Practices EXPO Contest

Play for a chance to win a FREE Full Conference Pass to the 2020 Best Practices EXPO &
Conference!! This is a $675 value! This contest is open to factory personnel, compressed air
distributors, utility incentive programs and engineering firms. Exhibiting and sponsor
companies are not qualified. A winner will be randomly selected from those who submitted at
least 1 correct answer and notified tomorrow via email and phone.

The next slide will show a statement related to today’s topic that needs to be filled in. You will
be provided the first letter of the words as a clue. Please submit your answers in your
questions box.

Example

When | think of a beach vacation, | think of

TOWEL TIKI BAR
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Best Practices EXPO Contest

Play for a chance to win a FREE Full Conference Pass to the 2020 Best Practices
EXPO & Conference!! This is a $675 value! This contest is open to factory personnel,
compressed air distributors, utility incentive programs and engineering firms.
Exhibiting and sponsor companies are not qualified. A winner will be randomly
selected from those who submitted at least 1 correct answer and notified tomorrow
via email and phone.

Based on the clues below, please submit your answers in the questions box.

When | think of piping system design parameters, |

think of
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Best Practices EXPO Contest

Play for a chance to win a FREE Full Conference Pass to the 2020 Best Practices
EXPO & Conference!! This is a $675 value! This contest is open to factory personnel,
compressed air distributors, utility incentive programs and engineering firms.
Exhibiting and sponsor companies are not qualified. A winner will be randomly
selected from those who submitted at least 1 correct answer and notified tomorrow
via email and phone.

Based on the clues below, please submit your answers in the questions box.

When | think of piping system design parameters, |

think of

FLUID VELOCITY PIPE LENGTH
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Thank you for attending!

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

PDH Certificates will be e-mailed to Attendees within two days.
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