| BLOWER & VACUUM | .
DEST 10 TR

ng e/ _j/_: AUl 8 8 J__r:,

blowervacuumbestpractlices. com

Blowers and Variable Level Processes

Sponsored by

APG

Tom Jenkins, P.E., JenTech Inc.
Keynote Speaker

Omar Hammoud, APG-Neuros
Sponsor Speaker

For your free subscription, please visit
www.blowervacuumbestpractices.com/magazine/subscription.



http://www.blowervacuumbestpractices.com/magazine/subscription
http://apg-neuros.com/

BLOWER & VACUUM

= "‘\- i -l - ,_ﬂ
‘fr») ‘ i /, ' / " o ____! ‘x -~
B Sy i & ASTaSY | o e
blowervacuumbestpraclices con
e Vew b o * Panelists will answer your
j 52| OTelechone questions during the Q&A session at
!@ ® Mic & Speakers (test) .
ol £ > the end of the Webinar.
&)
e & * Please post your questions in the
Hard 3 . . .
al Questions Window in your
H GoToWebinar interface. s db
2 onsore
[Enter a question for staff] a ’ p y
- * Direct all questions to Blower & a4 o)
- Vacuum Best Practices Magazine Ld1reures
Webinar ID: =
GoTloVWebinar

For your free subscription, please visit
www.blowervacuumbestpractices.com/magazine/subscription.



http://www.blowervacuumbestpractices.com/magazine/subscription
http://apg-neuros.com/

oh :5 THE INAUGURAL 3- DAV GONFERENCE & EXPO'

swie ez MPROVING PLANT PROFTABIL 1L

iy el & el
PrTRe—— et A,
1 reduce K aad water sty - e amk of prdscion.  S54705 o by g wwcsmuplariareco e e BT
RACTIESEIFO 4 e Croep Coe ‘ST s e sock B
DT —— g
o ocrese b g e i, Vi FEST
TS 2088 e e Wi -
Conkence s i, vt e o by
A 3 Regte s v cabperp o
e e
The NEST CTIES 291 e s dd s
-
) s v 2330 © Sopmber 17 W, Lanh, Opie Sk,
Naraprs, By Monages, Mt g, & Syt 1119 Wi, v Conbrcs
Matact e ) w0 cores e dt Kiy Peroemance A o0 8 A ey e
o
0 comanpin o 8t of et prcucnd o R "
et
Pt . T

. 130T
© Sepue 11

a1 bt b O et s

THANKS T0 OUR SPONSORS
) Pt

E - EiGi hertz
QonpSroe  Pnalech

—
B e
STz,

BLOWER & VACUUM

..‘
——-y

/“

Q .

Nowmacuumbestpuc!ices com

Handouts

High Efficiency Air Bearing
Turbo Blower

Clean

Energy-efficlent

Affordable Techrology

THOMAS E. JENKINS

WILEY




BLOWER & VACUUM

-

blowervacuumbestpractices

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.



BLOWER & VACUUM

. . 5\ s o T g
e 4 .1 ™m0
BEYESY & 4 4 Ar-dyy d 8%

blowervacuumbestpractlices com

Blowers and Variable Level Processes

Introduction by Rod Smith, Publisher

Blower & Vacuum Best Practices Magazine

Sponsored by

“r.':‘ | )

_."/.l/_v.':.' il //’ g 4
(o7 ‘ \4{_435
Weures

APG

For your free subscription, please visit
www.blowervacuumbestpractices.com/magazine/subscription.



http://www.blowervacuumbestpractices.com/magazine/subscription
http://apg-neuros.com/

BLOWER & VACUUM

= ,—l =) = | &F | ( ?
g‘) - | ,/ e 3 S\ i |
MRS 8 & J4aYY 8 8 J_:.u

blowervacuumbestpractlices com

About the Speaker

* President of JenTech Inc.

* Over 30 years of experience with
aeration blowers and blower Sponsored by
controls

APG

Tom Jenkins, P.E.
JenTech Inc.

For your free subscription, please visit
www.blowervacuumbestpractices.com/magazine/subscription.



http://www.blowervacuumbestpractices.com/magazine/subscription
http://apg-neuros.com/

le Level
Processes

April 12th, 2018
1:00 PM CDT

Thomas E. Jenkins
President, JenTech Inc.
414-352-573
S .




Topics

Types of Processes

Determining Variable Pressure Reguirements

Impact on Blower Performance
— Positive Displacement
— Centrifugal

Control System Responses
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Many wastewater processes have frequent
level changes, often more than 2:1 range

» Equalization basins

« Sequencing Batch Reactors (SBRS)
» Sludge storage tanks

» Aerobic digesters

fppt.com



Types of Pro

* The depth may affect required air flow rate
— Mixing energy
— Oxygen requirements

* The depth will always affect the system
pressure

* The blower discharge pressure Is dictated
by the system pressure
— Static pressure varies with depth of diffusers

— Friction losses in diffusers, pipes and fittings
varies with air flow rate

fppt.com



Pressure Requl

 Static pressure can be calculated from
depth of submergence:
Pstatic =Y+ d
Pstatic — Static pressure
Y = p - g = specific weight
Ywater = 62.4 Ibf/ft3
d = depth of submergence

For Water:  p....=0433-d
d = feet

Pstatic = PS1

fppt.com



Pressure Requl

* Friction loss for design air flow in piping:

Q% T L

Apg=0.07- . -

o d5 - p,, 528 100
Ap; = pressure drop due to friction, psi
Qs = air flow rate, SCFM
d = actual pipe inside diameter, inches
P, = mean system pressure, psia
T = air temperature, °R
L, = equivalent length of pipe and fittings, feet

Apg Apg

Pm = Pinitial— 7 = Pfinal T T

fppt.com



Pressure Requl

* Once pressure drop for one flow rate is
determined it can be calculated for other
flow rates:

Pfriction= Kf * Qz
:(pdes _ pstatic)
chies
k= constant of proportionality for friction losses, psi/SCFM?
P.atic= Static pressure, psig

P4es= total system pressure at design flow, psig
Q4.s= design system air flow rate, SCFM

k¢
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* The total system pressure can be
calculated for any flow and submergence:

ptotal =O433 . d + kf . QZ

* The result is a family of system curves
showing the pressure required at the
blower discharge vs. flow rate and depth

fppt.com



« Example system curves:

psig
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« Example system curves:

Typical Variable Depth System Curves
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* PD (Positive Displacement) blowers move
a fixed volume of air for every revolution

— Lobe (Roots) type
— Screw type

* The delivery volume Is essentially
unaffected by discharge pressure

* Discharge pressure increases and
decreases to match system restriction

11
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With PD blowers the efficiency changes
with speed because friction is constant

With all PDs efficiency changes with
pressure because of internal leakage

With screw blowers the efficiency also
changes with discharge pressure because
they have a fixed internal pressure ratio

Historically only PD blowers were used for
variable level applications

12
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PD Blower Per

* On rising water level:

— The discharge pressure will naturally rise to
meet system needs without control system
Intervention

— The blower power draw will increase because
of system pressure increases

* The blower speed must change to change
flow rate
— Typically with VFD

13
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* On rising water level:

PD Blower Power Without Controls
4,000 SCFM =——6,000 SCFM = 8,000 SCFM
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Centrifugal Blower

Centrifugal (dynamic) blowers are variable
volume and variable pressure

— Multistage Centrifugal

— Geared Single Stage Centrifugal

— High Speed “Turbo” Centrifugal

The delivery volume changes with
discharge pressure changes

Flow rate increases and decreases until
the performance curve intersects the
system curve

15
fppt.com



Centrifugal Blower

* On rising water level:

— The discharge pressure will rise and the flow
rate will decrease without control system
Intervention

— The blower power draw will decrease because
of lower flow rate
* The blower speed or throttling must be used
to change the flow rate

— Without controls, changing water level could
create damaging surge or overload conditions

fppt.com



* On rising water level:
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* On rising water level:
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Control System P

* The control system should monitor flow
rate and use It for blower control

* The controlled process variable is flow rate

* The manipulated variable (controller
output) Is:

— Valve
— Speec

position for throttled centrifugals
Is preferred for centrifugals

— Speec

IS required for PDs

19
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Control System F‘

For PD blowers no control response Is
required If flow rate is constant

Flow changes must use speed changes

Speed may be limited to clamp power
draw

Note that at constant pressure PD blowers
are constant torgue and constant amps

Blower protection should include air
temperature

20
fppt.com



Control System P

» Centrifugal blowers should be used on
variable level applications only when
combined with automatic control

— Surge, overload, and air temperature
protection at minimum

— Automatic control to maintain set flow rate as
the water level changes is the most practical
system

21
fppt.com



Control System P

» Centrifugal operation iIs more complicated,
but may have advantages
— Possible lower power consumption
— Compatible with other plant equipment
— Noise
— Maintenance

22
fppt.com



Control System ‘

» Centrifugal operation iIs more complicated,
but may have advantages
— Possible lower power consumption
— Compatible with other plant equipment
— Noise
— Maintenance

 Every application is different and
should be analyzed for the optimum
configuration!

23
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Control System F‘

* For centrifugal blowers the control system
must modulate the blower to maintain the
desired flow rate

* Modulation may use an inlet throttling
valve or a variable speed (typically VFD)
— Cost vs. power tradeoff

* If using inlet throttling the discharge
temperature must be considered

24
fppt.com



Control System F‘

« With throttled centrifugal blowers the Ap
across the blower doesn’t change

* Discharge pressure changes because
some of the pressure rise through the
blower Is taken at the inlet valve

* Power demand changes primarily with flow
rate changes

25
fppt.com



 Throttled:
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 Throttled:

Throttled Centrifugal Power
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Control System F‘

For variable speed centrifugal blowers the
Ap across a blower changes with speed?

Discharge pressure changes because the
pressure rise changes

~low rate changes directly with speed

Power draw changes with flow rate and
pressure as a function of speed?

28
fppt.com



Control System I‘

* The new blower performance curves are
calculated from the affinity laws
N
Qach'N_a

C

X =XC.<E_2)2 X:(%>(T> »

3
N
P, =P.- (N—a)
C

* The performance curves and the system
curves establish the new operating point 2

fppt.com



* Variable Speed.:

12.00

Variable Speed Performance
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* Variable Speed.:

bhp
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Variable Speed Centrifugal Power
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——
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summan/

Variable level processes create challenges
for blower systems

The impact of level changes depends on
the type of blower

Control systems can make the application
of any type of blower in variable level
applications practical

The type of control is a function of the type
of blower

32
fppt.com
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High Speed Turbo Blowers

In Varying Water Depths

Omar Hammoud, President & CEO of APG-Neuros
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APG-Neuros — Blowers & Complete Aeration Systems
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Customer Benefits - Overview

We offer the widest range of products
= 30 HP to 1600 HP Single and Multiple Core models
= Air Bearing all models 30 to 1600 HP models
= Magnetic Bearings 150 to 1450 HP models

Higher efficiency over other technologies
= Up to 35% over traditional blowers
»= Up to 11% over other turbo blowers

Low maintenance = ‘,
= Condition based maintenance — no scheduled periods \__:gé
= Filter Changes is only routine maintenance action

Environmentally friendly
= No Oils to change or dispose
= Quiet Operation below 80 dBa
= No Heat Rejection into Blower Room

Easy insta"ation Woodland, California
. 2 x NX300-C070, 2 x NX200-CO70
= Plug and Play, small footprint
» Indoor and outdoor installation

= Smart connect for remote monitoring

i} eures Proprietary Information



APG-Neuros Blower Installation Growth Over 10 years

1200
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No.of Operated Blowers

400

200

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

M Total Operated Blowers
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APG-Neuros Turbo Blower Reliability Over 10 Years

Percentage of Unscheduled Maintenance Incident Rate per 100,000 Operating Hrs

For APG-Neuros Turbo Blowers
12.00% - - 50,000,000

- 45,000,000
43,023,762

10.00% -
- 40,000,000
34,725,852
- 35,000,000
8.00% | 7-27%
- 30,000,000

(7]
X 26,560,950 <
8 g
S 6.00% - - 25,000,006
T ©
3 5
= o
19,064,616 - 20,000,000o
4.00% -
- 15,000,000
12,311,130
- 10,000,000
2.00% -
- 5,000,000
0.22%
1375,392 0.15% 0.10% 0.0\5% 0.02%
0-00% T T T T T T T 0
2010 2011 2012 2013 2014 2015 2016 2017
Unscheduled Maintenance Ratio per 100,000 hrs == Cumulative Operating Hrs
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Operating Variable Pressure — Ballenger-McKinney, MD

1o PERFORMANCE CHARACTERISTICS OF NX300-C050 Conditions : 100deg.F, 14.3PSIA, 90%RH
BERN RN EEN Normal Blower
] I I O Operatmg
10.0 80%ihp
) ' 100%Nc 70% bp [/ 9p% hp Envelope
] W
o e /
E B57N¢ /| s ’,/
“ £0% hp ] ,
2 1 6,900.0 SCFM @ 6.4 PSIG |
o 8.0 T~ /
) ' g0%Nc: - AN
2 50¥6 Hp N - 100%}hp
8 = !
0% fip & N \\2\\
60 80%Nc QO Turnddwin N
:__ 1
30% hp «é" . \
Fufndown - 7,000 scrv @ 2 PsiG
70%Nc N A :
i Rl \
20% hg e \
= \
160%Nc = i/ N |
e ~ N \
20 50%Ng - | T N
] ﬂj,\ N |
=] ——
/ ' [~ ] \._— }T___}Q..lq-
}{ [ by -
/ / | 4,150.0 SCFM @ 5.0 PSIG
/
0.0 ¥
0 1.000 2,000 3,000 4,000 5.000 6.000 7.000 8.000 9.000

Suction Airflow (SCFM) Air Flow Tolerance : + 5%



Varying Water Depth Blower Installations

Varying Water Depth Installations — MBR, SBR, Sludge Holding Tank (2007-2017)

250

228
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200 190
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150 141
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- m B
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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SBR Turbo Blower Installations — N. America

49 units in SBR Installations — Over 9 years of experience
Turbo Blower Installations in SBR Application (2009 - 2017)

60

50

49 49
40
31 31 31
30
Jacksonville Beach, FL 21

20
10 7

3 3 I

0 0

. H B

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Sludge Holding Tank/Digester Installations — N. America

68 units in SHT/Digester Installations — Over 10 years of experience

Turbo Blower Installations in Sludge Holding Tank/Digester Applications
(2007 - 2017)

80

70

68 68
65 65 65
60
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50
40
33
Lynden, WA

30
20
10 v 6 8

———=—n—18
. - -

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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MBR Turbo Blower Installations — N. America

111 units in MBR Installations — Over 10 years of experience

Turbo Blower Installation Growth in MBR Application

120
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101 101
100 94
80
68 68
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60

Hollister, CA

41
40
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20 14
5 I
, 1

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
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Ballenger-McKinney, MD — Sludge Holding Tanks - 2011

= Blower # 2 trends: Dec-21 to Dec-29, 2017
= Pressure variation from 10 psig down to below 4.5 psig

Status 2 = Blower is Running

Code
[ 8]
=
=
(]
o
1sd

BLW2_MCP_Integer_Data_0_5Status: 2.0 I

mim‘z MCP_Float_Data_1_Pd: ﬁ.mrtsal

21-Dec-2017
9:36:00 AW 29
Dec 21 Dec 22 Dec 23 Dec 24 Dec 25 Dec 268 Dec 27 Dec 28

=R 21712117 - 2812017 a|»

T e e e ey e
3 Mo 1 Dec 6 Dec 11 Dec 16 Dec 21 Dec 26 Dec 31 Dec 5 Jan 10 Jan 15 Jan 20 Jan 25 Jan 30 Jan



Ballenger-McKinney, MD — Sludge Holding Tanks - 2011

= Blower #1: Jan-6 to Jan-8, 2018
= Pressure ranges from 7 psig to 3.8 psig

3.1 23
3 _ g
. BLW2_MCP_Float_Data_1_Pd: 8.7979 2]

a5
28 525
27 8
28 778
25 758
Mﬂj’[wv_w 725
2.4 T
2 675
22 8.5
21 8.25
2 [}
[BLW2_MCP_Integer_Data_0_Status: 2.0] 575
18 I as
L 525
17 5
=18 475 =
L= w
O .5 45
14 425
4
1.3 S
1.2 a5
1.1 3325
q a
0o 2
B 25
235
o7 5
0.6 1.75
0.5 1.5
0.4 1.25
03 L . B 1
.- Status 2 = Blower is Running o7
0.1 lm‘ B
1:45:35 PM 0

o
12ZPM BPM 12AM BAM 12ZPM BPM 12AM BAM 12PM GPM 12AM BAM 2P M BPM 124M BAM 12FM BPM 12AM BAM 12ZPM BPM 124M GAM
[Dec 30-5,2018]

= 30712717 11 AM - 05/M01/18 7 AM &
—— P
i : . ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; ; . . . , : .
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SBR Application - Frequent Start/Stops

Blower 4 - SBR & Aeration tanks
N 150 -C 70

g
&

Status

City of Dryden, ON

M1 Feedback

S

B

P MM S e Dy nathic

Operating since September 2011 — 7 years o
Total Run Hours to date: 2,020 hrs
Total Start/Stop cycles to date: 14,802 Warring code

Fault code
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a
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m
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=
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=
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a
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a
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T
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G 2

WFD Temp

Number of Start/Stops Pt Mo.af Starts
Current Run h

Total operating Hours =P Totzl Fun h

PLC verzion; P-L23-3.41-C05

IP Address: 101054 4 _
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Freqguent Start/Stops — City of Dryden, ON

Blower #4: Apr-4 to Apr-6, 2018 - start/stop cycles over 2 days
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[Status_BLW4: 2.0]
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Freqguent Start/Stops — City of Dryden, ON

Blower #5: start/stop cycles over the course of 5 days

| i

4= IS 1AM - D048 1 0

[Mar 30-6, 2018 ]




Easy Control & Monitoring for Varying Water Depth Applications

= High monitoring and control capabilities

| NX300-CO70  OPERATION: Remote  Mode : Const. Speed

= Different blower control modes

= Control and protection
= DO, Pressure, Flow, Speed, Time
= Dynamic Adjustment to Ambient Conditions

= Dynamic Speed adjustment to prevent Surge ‘ —
. . . . o 9 Discharge Ro‘tnlr -|(
= Remote communication for monitoring and diagnostics Temp. Temp. |Pressure |Vibration IR

NX150-C060 OP:Local 4-Mar-2014 Mode:DO Control

Suction Flow 4238 Fault

ﬁ eures Proprietary Information



Master Control Panel — Complete Aeration Control

Fox Metro — North Plant —4 NX700-C070

DO on Tanks 1 to 8

DO Trending (8h time span)

Thursday, February 22, 2018

DO T2
DO on Tanks 9 to 15

6:37:32 AM

6:37:23 AM
DO TAC

Flow, Power, Pressure, Cores

DOTI4 DOTI5

6:37:23 AM

eur

Next Pen

>

Zones in Flow: 30
MOV is on AZ: 21

{ e
| 3.89(me)
4 300
—

237.32PM

Blower System Master Control Aeration Screen
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High Speed Air Bearing Turbo Blowers comfortably operate in high varying pressure
operations such as SBR, MBR and Sludge Holding Tank/Digester.

Our high-speed turbo blowers have been proven to operate adequately in
frequent start/stop operations for over ten years with the rate of 7 starts/stops per hour.

Lessons learned in more than 10 years of operation have resulted in product
Improvements such as preventing surge.

Our lessons learned also helped us design better for the various environmental
conditions in wastewater treatment plants.
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Blowers and Variable Level Processes

Q&A

Please submit any questions through the Question

Window on your GoToWebinar interface, directing them

to Blower & Vacuum Best Practices Magazine. Our

panelists will do their best to address your questions, and

will follow up with you on anything that goes unanswered

during this session. Thank you for attending! APG

Sponsored by

eures

For your free subscription, please visit
www.blowervacuumbestpractices.com/magazine/subscription.
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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.
Sponsored by
APG

S V%eures

For your free subscription, please visit
www.blowervacuumbestpractices.com/magazine/subscription.
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BEST PRAGTIGES

2018 EXPO SEPTEIVIBER 17-19 CHICAGO O’HARE, IL

COMPRESSED AIR / VACUUM / COOLING
CABPEXPO.COM

THE INAUGURAL 3-DAY CONFERENCE & EXPO!
IMPROVING PLANT PROFITABILITY THROUGH INDUSTRIAL UTILITY OPTIMIZATION

Industry self-provides the key industrial utilities of compressed air, vacuum, blower and cooling.
BEST PRACTICES 2018 EXPO focuses on the significant opportunities presented by these inter-
related utilities, to reduce kW and water intensity — per unit of production.

For more information and registration, please visit www.cabpexpo.com.

Date
September 17-19, 2018

Location
Chicago O’Hare Crowne Plaza Hotel


http://www.cabpexpo.com/

COMPRESSED AIR

BEST PRAGTICE

airbestpractices.com

May 2018 Webinar
Heat of Compression Desiccant Dryers: Clearing up the

Confusion

Sponsored by

Hank van Ormer s el o e
Air Power USA
Keynote Speaker

Thursday, May 17, 2018 — 2:00 PM EST
Register for free at
WWW.airbestpractices.com/magazine/webinars
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