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Parallel Pumps
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Increasing Flow

If both pumps are operating at the same speed and one fails, the operating
point shifts down the system curve to the point where the single pump

curve crosses it; typically more than 50% of the original flow but at less
head

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS
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* Assume the pumps are 100% redundant

What should the logic be, specifically, to operate the
pumps on a lead/lag basis?

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS
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4\3 Pump 15 Pump AHU AHU
P1 P2 1 2
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* Assume the pumps are 100% redundant

Is there any problem with running one pump and starting
the other pump If a failure is detected?

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS
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4\3 Pump 15 Pump AHU AHU
P1 P2 1 2

* Assume the pumps are 100% redundant

Will running two pumps at reduced speed save energy
relative to running one pump at full speed?

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS



One Pump Operating Point

HEAD {Feet) Version 3.3.1
Pump Series: 1510

80-

e | |_ Single Pump Operating
o Point
2,000 gpm
55 ft.w.c.
12.5 inch impeller

1,150 rpm
84% efficiency
33.1 bhp

|

2,000 4,000

Capacity (GPM)
Suction Size = 10" Min Imp Dia= 95" Design Capacity =2000.0 GPM
Discharge Size =3 " Max Imp Dia=13" Design Head =55.0 Feet
Cut Dia =12.5" Maotor Size =40 HP

Bell & Gossett
P ITT Industries
Lo

HPSHr

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS




Two Pumps Doing What One Could Do
Each Pump Moves Half the Flow at the Design Head

HEAD {Feet) rsion 3.3.1
Pump Series: 1510

T5-

40250260 |5, ‘ S|ng|e Pump Operatlng
Point

1,000 gpm
55 ft.w.c.
12.5 inch impeller

1,070 rpm
1070 RPM 70% efficiency
19.8 bhp

1,004 2,000 3,004
Capacity (GPM)

Min Imp Dia= 95" Design Capacity =1054.0 GPM
Max Imp Dia=13" Design Head =64.0 Feet
Cut Dia =12.5" Maotor Size =40 HP

urves shown are for the ot dia. impeller.

Bell & Gossett
P ITT Industries
Lo

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS



Two Pumps Doing What One Could Do
Each Pump Moves Half the Flow at the Design Head

HEAD {Feet) rsion 3.3.1
Pump Series: 1510

T5-

|
e T | ‘ Both Pumps Operating

2t \\\i Together

2,000 gpm
55 ft.w.c.
12.5 inch impeller
1,070 rpm

1070 P 70% efficiency
39.6 bhp

1,000 2,000 3,000

Capacity (GPM)

Min Imp Dia= 95" Design Capacity =1054.0 GPM
Max Imp Dia=13" Design Head =64.0 Feet
Cut Dia =12.5" Maotor Size =40 HP

urves shown are for the ot dia. impeller.

Bell & Gossett
P ITT Industries
Lo

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS



Two Pumps Doing What One Could Do
Each Pump Moves Half the Flow at the Design Head

HEAD {Feet) rsion 3.3.1

T5-

403 50560 |55

™ e | Both Pumps Operating
T ‘\\\i Together
N 2,000 gpm

55 ft.w.c.

12.5 inch impeller

1,070 rpm
1070 ReM 70% efficiency

39.6 bhp (vs. 33.1)

2,000 3,000

Capacity (GPM)
Design Capacity =1054.0 GPM

Design Head =64.0 Feet
Maotor Size =40 HP

Bell & Gossett
P ITT Industries
Lo

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS



The Motor Efficiency Changed

U.S. ELECTRICAL MOTORS

EFFICIENCY

POWER FACTOR
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S yvmmmwan Y

T
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INPUT POWER

DISCLAIMER

40.00 Hp

460 Volts 60 Hz

400 C

S o e e s f e ) s s e o e e b e o ] e e e
8

30.00
HORSEPOWER

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS



The Drive Efficiency Changed

Variable Frequency Drive Efficiency vs. Load
Safetronics Data as Published in DOE Motor Tip Sheet 11, June 2008
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—&-5 hp - 2008 Data
50 hp - 2008 Data
#-100 hp - 2008 Data
&=5hp - 2003 Data
50 hp - 2003 Data
2100 hp - 2003 Data
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10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percent of Rated Load

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS




100.00 - : . y . .

Pressure Drop Through Tees
2009 ASHRAE Handookof Fundamentals |
Chapter 22, Figure 7 |

The Fluid Mechanics
Changed

One Pump

1000 [€ [N — | . ", . i S CHUNS SRS T LT o g

1.00 1

Number of Equivalent Elbows

[y

0.10 w Ll o L] - l' - L - Ll x l w L] . Ll o ' . l
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of Water Flowing Through Circled Branch

Notes:

1. Chart is based on straight tees (i.e., branches A, B, and C are the
same size).

2. Pressure loss in desired circuit is obtained by selecting the proper
curve according to illustrations, determining the flow at the circled
branch, and multiplying the pressure loss for the same size elbow at
the flow rate in the circled branch by the equivalent elbows indicated.
3. When the size of an outlet is reduced, the equivalent elbows shown
in the chart do not apply. Therefore, the maximum loss for

any circuit for any flow will not exceed 2 elbow equivalents at the
maximum flow occurring in any branch of the tee.

4. Top curve is average of 4 curves, one for each circuit shown.
TAB 19-3 - PUMP INTERACTIONS AN MRl s e e N N - P e T R ke R PR 7




The Fluid
Mechanics Changed
One Pump

TAB 19-3 - PUMP INTERACTIONS ANI]

Number of Equivalent Elbows

100.00 - : . y . .

Pressure Drop Through Tees
2009 ASHRAE Handookof Fundamentals |
Chapter 22, Figure 7 |

1000 [€ [N — | . ", . i S CHUNS SRS T LT o g

1.00 1

2
A
I

0.10 w Ll o L] - l' - L - ! x l w L] . Ll o ' . l
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

% of Water Flowing Through Circled Branch

Notes:

1. Chart is based on straight tees (i.e., branches A, B, and C are the
same size).

2. Pressure loss in desired circuit is obtained by selecting the proper
curve according to illustrations, determining the flow at the circled
branch, and multiplying the pressure loss for the same size elbow at
the flow rate in the circled branch by the equivalent elbows indicated.
3. When the size of an outlet is reduced, the equivalent elbows shown
in the chart do not apply. Therefore, the maximum loss for

any circuit for any flow will not exceed 2 elbow equivalents at the
maximum flow occurring in any branch of the tee.

4. Top curve is average of 4 curves, one for each circuit shown.
5/\Data' from-Gic'secke and Badgett 1931, 1932.



The Bottom Line
You're Still Doing the Same Amount of Work

But probably not as efficiently

kW — { Flow x Head JX TJ46 kw

3,960 x Mpump * Mmotor > Mprive hp
Where :

kW =Powerinto the motor andits drive system
Flow =Flow rate in gallons per minute

Head =Pumpheadin feet water column

3,960 = A units conversion constant

Npump = PUMp efficiency

Nuotor = Motor efficiency

N = Drive efficiency

746 kw

o =kW to hp conversion constant

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS
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Same Question for These Towers?

Series 1500

Construction Details .o
£ 5 ¥




Different Size Parallel Pumps

System Dynamics can be Complex as Pumps Interact

= | The combined curve for Absorbption Chiller Pump
120 4 . . Bell and Gossett Series VSX/VSH

! ' different pumps in parallel can
110 - have an odd shape Centrifugal Chiller Pump

Bell and Gossett Series VSX/VSH
6x8x13-1/2, 1,180 RPM, 13.375" Impeller
Multistack Chiller Pump

Bell and Gossett Series 1510

2-1/2BB, 1,750 RPM, 8.875" Impeller

100 ! |

—— Absorber Pump Flow, gpm

—— Centrifugal Pump Flow, gpm
‘ —— Multistack Pump Flow, gpm

Combined Flow - Absorber Pump Only

Head, f+.w.c.

Combined Flow - Absorber plus Centrifugal Only
Combined Flow - All Pumps

Absorber Design Flow, gpm

Centrifugal Design Flow, gpm

Multistack Design Flow, gpm

o+t Trr-r-—rr-r-r-r-r-r-r-r—T——7Trr—r—r

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000
Flow, gpm

Absorber + Centrifugal + Multistack Design Flow, gpm



Different Size Parallel Pumps

System Dynamics can be Complex as Pumps Interact
Odd shapes can lead to odd

130 - : :
Absorbption Chiller Pump
. events
120 4 ] Bell and Gossett Series VSX/VSH
* The absorber and Centrlfugal 6x8x10-1/2, 1,780 RPM, 10.375" impeller
13 ” 3 H
110 4 b pumps can dead head the Centrifugal Chiller Pump
1 . . Bell and Gossett Series VSX/VSH
100 1 modular chiller pump In some 6x8x13-1/2, 1,180 RPM, 13.375" Impeller
o | Operatmg modes Multistack Chiller Pump
Bell and Gossett Series 1510
80 PR S 2-1/2BB, 1,750 RPM, 8.875" Impeller
’ . —— Absorber Pump Flow, gpm
-g 60 _ —— Centrifugal Pump Flow, gpm
X

—— Multistack Pump Flow, gpm

Combined Flow - Absorber Pump Only

Combined Flow - Absorber plus Centrifugal Only
30 -
Combined Flow - All Pumps

20 1 Absorber Design Flow, gpm

10 Centrifugal Design Flow, gpm

Multistack Design Flow, gpm

o+t Trr-r-—rr-r-r-r-r-r-r-r—T——7Trr—r—r

0 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000

Absorber + Centrifugal + Multistack Design Flow, gpm
Flow, gpm



Multi Pump Constant Volume

CT-2 start/atep command CT-L rhart/atep command
€T-2 spued commond €71 peed command
TR feadbock D., LT-I.EJMM:I: D..
CT-2 VFD Frequency C€T-1 VFD frequency
cT-2 €T
€T-2 YFb fault CT-L VD fault
Eot call Went Cell
Cooling Tuwer 2 — | Godling Tower 1
Marky NC 809 I Harley NC 8309
Tndhcad Broft Enduoed Dreft
600 tans 400 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gom from 95°F o BOF 1,820 gom from 95°F fa
60 hp with VFD (ench eall] 60 hp with VD {ench call}
12,7 ft. open It 1| 1 | 127 fropenlift
3 High level alavm = High level alarm
Law level alore o Low lovel alarm
b : = .
ow  —31 =] - e
proventar L ir =%
Make-up metur e [E-
m=-10" =107
— - e -1 ¢
-
Roaf Leval |
“or
o
Lavel 21 W Retm Temperctire. [ H
5w " 1
i ) ,,_4 ' ) Blow down to ﬂ-ca;llmTllnr
! i =5 - floor drain Gypoan - Pypass ¥
| | i i Conling tower Siawdown meter ae » -t
= A e
Automatic blow sw -y
! & doan system =B=—1 |Fise
p— Wiodidar] otz :
A th ol | | Lot
i ar | | & [T
sl Windulart I .
—Th = o Chllar e o=t
20T
Piadukri
30 mesh header [
ey | Chller ‘
b J
"1 Medular chiler CW
Cpem) Raten
o
CWP1 sturt/rtop command 1, CWP.2 start/stup commond
, EWP-2 proaf of operaiien 15 EWP-2 proaf af operaiiun Yy
4 U and Ball and Gazeey
1520/ 2508 o, 150/ 2568
200 gpin ot T Facs, 200 gpin ot 78 Frak,
75 hp, 1.760 rpn, 3 ph, 480v, 9.2 75 hp, 1760 rpm, 3 ph, 480v, 9.2
Bl bhp £ 91% Elbhg/91%
B [ CWP-5 dtarrt/etap cammand A CWP-6 iart/ sty command
) - 'Drng"m-ﬂprwf-fup-uﬁm ,,ng'vm-amnfm«m
, 1. Modulor chilier Pars CWRTand & and the
 Brpo Bray) Mockitar chiier ane 2n iavel
s W Rstun Temperature. [)
e P 5:.4- i
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Multi Pump Constant Volume

Abx 0|
[Ty
T
08T phsurver Chller W
“Tlnpvnn-

cr-

or
o
I or
G | =Th

CWP-5
Bell ond Sonset

€B bhp 7 96A%

' CWP-3 sturtistop command
L ‘,,BQ'* OWP-3 proaf af apenatien

-p"

-1

VSXH SxButL3
2320 g ot S0 fran,
T5hp, 1750 rpm, 3 ph, 460v, 86a

CT-2 start/atep command CT-L rhart/atep command
& CT-t mpeed compand
CT-2 speed feedbock D., rr-xgamnh D.,
CT-2 VFD Frequency €T-L VFD frequency
€T €T
€T-2 YFO fault CT-L VD fault
Eont cell Went Gl
Coaling Tuwer 2 Cooling Tower t
Marky NC 809 i Mariey NC 8309
Tndhcad Broft Enduoed Dreft
600 tans 400 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gom from 95°F o BOF 1,820 gom from 95°F fa
60 hp with VFD (ench eall] 60 hp with VD {ench call}
12,7 ft. open It 1| 1 12,7 f+. open [t
3 High level alavm = High level alarm
..-_._......‘.El.ntln-llhm =.--_..-"._-imlnﬂm
Maka up from ¥ 1] I
back flow  —z]. —f y e
Make-up metur -
=107
a e e -1
-
“or
e
CW Return. Temperature. q
Eu- " 1
j 87 Bowdnmty V- Caoling Tower
i = Floor drain fyposa - Bypas T
o | i i Conling tower Siawdown meter ae » -t
= A e
Automatic blow ]
doun | Figw ;
ot Cram
| Treimnt
ot
wr-4
Ball on Gomser
VS SxBxi0.S
2320 gt 0 Hme, o
7% hp, 1780 rpm, 3 ph, 460y, 860
48 bhp / 9BAK
CWP4 sturt/stop command
e OWP-4 proef ef cperation Yy
U and Ball and Sazset
1520/ 2508 o, 150/ 2568
200 gpin ot T Facs, 200 gpin ot 75 frams,
75 hp, 1.760 rpn, 3 ph, 480v, 9.2 75 hp, 1760 rpm, 3 ph, 480v, 9.2
Bl bhp £ 91% Elbhg/91%
[ CWP-3 atart/etap command A CWP-6 iart/ sty command
’,,,ng'-m-ummpnﬁm ; ,,ng'vm-amnfm«m
, 1. Modulor chilier Pars CWRTand & and the
 Brpo Bray) kst oA e 2 level 1
F.s W Rehum Tamporatire. [
r P 5:.4' '}




Roaf Leval

Lrvel 21

-—p

CWP1 sturt/rtop command
P EWP-2 proaf of operaiien

-p"

cr-

Multi Pump Constant Volume

Abx 0|

[Ty
Tl

08T phsurver Chller W
lenpvnnI

cwe-s

Ball ond Semser

VSXH SxButL3
2320 g ot S0 fran,

75 hp, 1,750 rpm, 3 ph, 460v, 86
€B bhp 7 96A%

' CWP-3 sturtistop command
L 'MBQ.‘ OWP-3 proaf af apenatien

-1

CT-2 start/atap command CT-L rtart/atop command
-2 spmed commond €71 peed command
TR feadbock D., T Edlndhn:h D..
CT-2 VFO frequency CT-1 UFD frequency
cT2 €T
T2 fault €Tl faut
Eot call Went Cell
Coaling Tower 2 ing Tower 1
Marley NC 8309 il Marley NC 8309
‘Tnduced Draft Induced Draft
600 tane 500 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gom from 55°F 0 1,820 gom from $5°F f
60 hp with VD (sneh el) 60 hp with YFD {ench enl}
12,7 ft. open It 1| 1 | 127 fropenlift
= High level alarm
e Low level clare.
=
i
=107
e —— -y
14—
“or
o

W Return. Temperature =}

IIIITUE

Slde

el Madyhr chiller EW

ot

W4
Bell ond Somet

VSXH bt

2320 gmet S0ftonz,

T5hp, 1,780 rpm, 3 ph, 460v, 860
B bhp 7 90A%

CWP 4 starttop eemmand
B,BQ" WP proaf af spenation




Multi Pump Constant Volume

CT-2 start/atap command CT-L rtart/atop command
-2 spmed commond €71 peed command
TR feadbock rr-lﬁtﬂndhn:h
CT-2 VFO frequency CT-1 UFD frequency
cT2 €T
T2 fault €Tl faut
Eot call Went Cell
P Coaling Tower 2 - | Gocling Towert
lemal Ll Mariey NCEND ¥y . Marley NC 8309
. Induced Droft Induced Draft
600 tane | 400 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gom from 55°F 0 1,820 gom from $5°F f
60 hp with VD (sneh el) 60 hp with YFD {ench enl}

12.7 ft. cpen it 1 i 12,7 ft. open it

z I3 High level dlarm
i Low lorel tar.

Roaf Leval

Lrvel 21 CW Return Tamperature q

et -t
H & i
- | ot
Abs 0| T Chem
G| i
o o Ahsarier Ciller EW i

e
Fer [EEEEEEee - TEREEE
3 | | g

] WP

Bell ond Gowser Bell ond Somer

VSXH SxButL3 VSXH bt

2520 1!“:'90“’;‘ 2320 an-'sam-ﬁ.

75 hp, 1,750 rpm, 3 ph, 460v, 86 75 hp, 1,780 rpm, 3 ph, 460v, 860
&8 bhp / 90A% 48 bhp / 90A%

CWP1 sturt/rtop command
P EWP-2 proaf of operaiien

CWP-3 starttop ecmmand CWP 4 starttop eemmand
L 'MBQ.‘ OWP-3 proaf af apenatien ,,,.BD'* WP proaf af spenation

-p"




Multi Pump Constant Volume

CT-2 start/atap command CT-L rtart/atop command
T e otk
r s [T
€T
€Tl Fadt
Wt Gal
Coaling Tower 2 s ing Tower 1
Marley NC 8309 A Marley NC 8309
‘Tnduced Draft
600 tans 500 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gom from 55°F 0 1,820 gom from $5°F f
60 hp with VD (sneh el) 60 hp with YFD {ench enl}
12,7 ft. open It | 127 fropenlift
High level alam. High level alarm
Low lovel alaren Low |evel alars.
=
T ¥
=107
—— — -l — e =W _
) PR
| i
or

Slde .

Cosling tower blswdeen mater
~— -t
a1t o
| Trtmnt|
Cars fe=n ot
()1
[ s ||| ||
Pl
By T
Fhe
£ ]
= Beil ard Sosmer o 0 Eslax Gomey —
- VSHH ougad3a R vsHHeedIE =
1120 gpin et 78 e, . 110 gpmw TE far,
43 b, 1,150 rpm. 3 ph, $80, W0 40 g, 1,10 rpim. 3 ph, 460y, 200
27 bip / 9 I% €7 bhp / PRI%
CWPL sturtfrton sommand 1 CWP-2 atortistap command
e | 7 EWPL praof uf speritin o | [ EWPR procf of speration
"y aplaget
g

-1

e
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Test Data Summary

Design Targets Total Flow,

gpm
Centrifugal Chiller 1120
Absorption Chiller 2320

Modular Chiller 200
Absorber plus Centrifugal Chiller 3440
Absorber plus Modular Chiller 2520 P el
: . vyl
Centrifugal plus Modular Chiller 1320 o
All Chillers et
Test Mode To'ral Flow Target % of Target |Centrifugal %| Absorber % | Modular % *'_*E_ S EER
(V2 at 100% = Full Cooling Tower Bypass) Design Flow | Design Flow | Design Flow I s e
' 12, 7 f+. open [Ht
Testing Mode: M.S. Stand-Alone (V-2 0%) 205 200 103% 103% f ity
Testing Mode: M.S. (V-2 100%) 235 200 118% 118% 12, v
Testing Mode: M.S. & Abs (V-2 0%) 2510 2520 100% 101% 14 [}
g . o 2,240 > Ron 109% 1129
r br
'—':r———
esting : \ ent (V-2 U/) 3,183 —<000 8/ % G2 7% 3% 0%
Testing Mode: M.S, Abs & Cent (V-2 100%) 4,045 3,640 111% 118% 110% 85%
Lewel 21 CW Return Tamperature q
o éu- 1 14
ik ol
- Cosling tower blowdosn meter Sids LT -
,12 Em.ﬂ
CWP-5 CWP-4
Mlﬁm _c‘ Nluﬂm -
:;‘::3:‘“;"”;‘:{% i K :::::::‘”';ﬁw 840 [
b [T 53 ot o e | B e e 1
Bg NBD-‘ e mn/asnn
?‘S’m}"m’i.i’ﬁim_ 92 75hp, l:ru rpu,:ph,uoe 920
B bhp / 51% B b/ S1%
T* i oo anncd CRT S soneund
e ; Mocksiar shier ane 20 iavel] . .
£ TAB 19-3 - PUMP INTERACTI®ENS AND THE AFFINITY LAWS 5 - 5" 25




Test Data Summary

Total Flow,

gpm
1120

Design Targets

Centrifugal Chiller

Absorption Chiller 2320
Modular Chiller 200
Absorber plus Centrifugal Chiller 3440
Absorber plus Modular Chiller 2520
Centrifugal plus Modular Chiller 1320

All Chillers 3640

Test Mode Total Flow, Target % of Target | Centrifugal %| Absorber % | Modular %

(V2 at 100% = Full Cooling Tower Bypass) gpm Design Flow | Design Flow | Design Flow

Testing Mode: M.S. Stand-Alone (V-2 0%) 205 200 103% 103%

Testing Mode: M.S. (V-2 100%) 235 200 118% 118%

Testing Mode: M.S. & Abs (V-2 0%) 2,510 2,520 100% 101% 80%

1 Testing Mode: M.S. & Abs (V-2 100%) 2,740 2520 109% 112% 70%
1475 | 1320 112% 88%

Testing Mode: M.S. & Cent (V-2 0%)

T, O Yo 1\;\;”:

Tecting Ahnde: AR S
1 esting Mode: M,

T

oo

CT-L rhart/atep command
€T-F mpeed command
T E‘ feedbock
€T-L VFD frequency
€T
-4 VB

Went Gl

iy

Cozling Tower 1
Harley NC 8309
Induced Drf+
i 400 tone
TUPF efftuting wet bulb
! 1,820 gom from 35°F fa BOF
60 hp with YFD {ench enl}
' 12,7 ft. open it
D High level alarm

14"

W Return. Temperature =}

Lrvel 21

1 G i
J 4" lhlvdmn' to V2 - Cooling )
Floor drain fyposa - byl

“r Modular chiller CW
) Raturn temperature

Coaling fower S lowdown meter Sids

) 1507250

2560

200 gpinof 7B P, o TH
7.5 hp, 1760 rpm, 3 ph, 480v, 5.2 7.5 hp, 1760 rpm, 3 ph, 480v, 9:20
B by £ 51% Bl bhy /1%
o—p CWP-5 ert/eTap commond CWP-6 it/ aTup command
CHPD et ot sperion WP ot of spmiion
P v
I By (Bray) Iocisar chiar ane on ievel 1
F. W Retun Tamporatre. ]
I TIThpn 1Q 2 Ponan InTrnacTiEiic an Toe Arcnirfs T anc Rk - il 2R
b2 T | TV 'J ] JIVIT TINTL T\ AU TITYOINO AN TTTIT 7T IrNTT I VYV ;3 > LJ




