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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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* 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




Q

:

XX

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
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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-

050 60X |75 750 Slngle Pump Operatlng
‘ Point

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

| 1,070 rpm
1070 P 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
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Two Pumps Doing What One Could Do
Each Pump Moves Half the Flow at the Design Head

HEAD {Feet) rsion 3.3.1

T5-

s s || ‘ - 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

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

HEAD {Feet) rsion 3.3.1

T5-

s s || ‘ - 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 (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
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The Motor Efficiency Changed

U.S. ELECTRICAL MOTORS

EFFICIENCY

POWER FACTOR

|
"
S yvmmmwan Y

T
-3

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
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The Drive Efficiency Changed

Variable Frequency Drive Efficiency vs. Load
Safetronics Data as Published in DOE Motor Tip Sheet 11, June 2008

100% 1

—
ol

90% A

80% A

70% o

60% 1
—&-5 hp - 2008 Data

50 hp - 2008 Data
100 hp - 2008 Data
&=5hp - 2003 Data
50 hp - 2003 Data
100 hp - 2003 Data

50%

Drive Efficiency

40% 1

30% 1

20% 4

10% A

0%
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Percent of Rated Load
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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

=1 The combined curve for Abserbetion Chiler v
120 - . . Bell and Gossett Series VSX/VSH

_ ' different pumps in parallel can
10 - 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, ft.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 +—r—1—/—r—mrT"TT"—TTr—TT7TT—TTT 7T 77T

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



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 centrifugal 6x8x10-1/2, 1,780 RPM, 10.375" impeller
(13 » 7 i
110 - pumps can dead head the Centrifugal Chiller Pump
1 . . Bell and Gossett Series VSX/VSH
100 + modular chiller pump In some 6x8x13-1/2, 1,180 RPM, 13.375" Impeller
o /I operating modes Multistack Chiller Pump
Bell and Gossett Series 1510
80 " | o 2-1/2BB, 1,750 RPM, 8.875" Impeller
’ . —— Absorber Pump Flow, gpm
-g 60 A Centrifugal Pump Flow, gpm
T o

—— Multistack Pump Flow, gpm

Combined Flow - Absorber Pump Only

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

20 1 Absorber Design Flow, gpm

10 - Centrifugal Design Flow, gpm

Multistack Design Flow, gpm

o +—r——/—m—rFT"T"T""TTr"r7TTTTTT7TTTT1

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
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Zbhp/ MI% k] Z?hhplﬂ

|} CWPL1 start/stop command ! 1 start/stap command
e WP-1 proaf of aperution ] un,.ag" WP-2 proaf of operutian

-p"

Multi Pump Constant Volume

" oy ¥1 - Madutar chiller

& €T- gpeed command
TR feadbock D., rr-lﬁtﬂndhn:h D..
€T-2 VO frequency C€T-1 VFD frequency
cT2 €T
T2 fault €Tl faut
Eot call Went Cell
Coaling Tuwer 2 Cooling Tower t
Marley NC 8309 i Harley NC 8309
‘Tnduced Draft Induced Draft
600 tane 500 tone
WF-mnmmwn mmwmbub
1,820 gom from 55°F 0 1,520 gom from 95°F tu
60 hp with VD (sneh el) 60 hp with YFD {ench enl}
12,7 ft. open It 12,7 ft. open [t
High level alam. High level alarm
600 t Low lovel alaren Low |evel alars.
= - -y
sorption =3
»
Chiller (Heat =
or
Sink for
CW Return. Temperature. =}
514- T 1
;,.4- llndmt- V2 - Coollng Tower
1 = Floor hain h::--vml-
Sl
Cosling tower blowdosn meter
-t el . Boder chier £
Automatic biow [ ] 5!/1‘ .
=Th downaystem 1] B0 |Fiaw
Phodulor(
Aba ch Chiller
[ 2T e
> ¢ i
o Qbsarber Chller CW m -
arparTie ol
Modulor
20 mesh header
trainer hypical) il
or Dr
b Modular chillsr CW
Fi S =
or
™
Gt
-5
> e
. ¥
cwe-3 owe+ 5
Bell o Gommet Bell avd Gomset b=
= VSXH 6x8x20.5 - VSXH xBxi05
Z}?Ogmu'mfﬂ.wt EBZngmm'ﬂ)ﬁ;-,c o
780 rpem, 3 ph, 460v, 8a 780 rpe, 3 ph, 460y, 86a
6annp/m-u asnnp/ﬁiu.
CWP-3 start/stop extmmand CWP-4 start/atop command
B CWP-3 proof of cperatien LW prosf of operatien
- - U ond Ball and Gasset
1540 / 2508 0 [y 1E0/256B
200 gpin ot 73 200 gpin ot 78 Frak,
unpl:mm,sph,mvuu 'rsnp,l:mrmsn,m.uu
Bl bhp / 51 % Bdbhp /Sl
[ CWP-3 atart/etap command A m—enmlmmmm
) - 'Drng"m-ﬂprwf-fup-uﬁm ,,ng"m-am opertion

Perps CWRZ andd 6 andl e
| Byposs (broy) kst oA e 2 level 1
W Rstun Temperature. [)
i At 5:.4' '}

oa-12t




600 ton
_ Centrifugal
Chiller (Runs
when no Heat
Sink Needed |

g
Ga Th
am
CH-2
600T
FlSw
s a1}
or
CwP-1
Bell and Gonegt Bell and Gomeet
- VS b3 s - VSXH 6xBxt33
uen;mmnf« 1120 gom ot 78 frm e,
40 rpr 1100 rpm. 3 ph 480v, 500 40 hg, 1,190 rpem, 3 ph, 480, %00
27 b / P41 27 b/ S41%
CWP-1 start/stop command MEﬂMIﬂupm
e CWP-1 procf of oparaiion e CWP-2 proaf uf eperciion
g

Multi Pump Constant Volume

TR feadbock D.,
CT-2 VFD Frequency
€T

€T-F mpeed command
T E‘ feedbock D..
€T-L VFD frequency

&2 YD Fault CT-L VD fault
Eot call Went Cell
Coaling Tuwer 2 Cooling Tower t
Marky NC 809 i Marley NC 8309
Tndhcad Broft Enduoed Dreft
600 tans 400 tone
TO°F whteting wet bulb mmwmbub
1,820 gom from 55°F u 1,820 gom from 95°F fa
60 hp with VFD (ench eall] 60 hp with VD {ench call}
12,7 ft. open It 12,7 ft. open [t
High level alam High level darm
Law level alore Low lovel alarm
- -1
-
“or
or
:wmmrmmnq
Eu- " 1
‘;,.4- Bl down o V2 - Eacling Tower
1 = Floor hain h::--vml-
It
Coaling tower &lawdown meter
-t el . Boder chier £
Automatic biow || 5!/1‘ .
£a) =T downsystom || <O T
i Wiadulort
Abxth, Chiller
el 2T -
2 : :
" Absarber Chiller W [Hiectir
| Chller
Cpa]  Temperrre E L
30 mesh header
straiur (hypica) || S
or br
— "1 Medular chiler CW
i 5w =
I or
Gt [=Th
et
-
P
-y L
cwe-3 w4 =
Bl o omer Bell ot Gomer L=
VSXH SxButL3 VSXH bt
!m’nmﬂﬂ,‘;, !m’nnwﬂ,’;, o
¥ ph, 460, 86 3 ph, 460v. 864
. nsbnp/m asbnp/m
1 CWP-3 sturtistop command CWP_4 sturtistop command
e OWP-3 proof of cperatien be OWP-4 proef ef cperation
U and Ball and Sazset
1540 / 2508 0 [y 1E0/256B
200 gpin ot 73

-1

un,u,mm,smm sz
B by / 51

[ CWP-3 atart/etap command
“br DD CWP.E prosf of eparation

" oy ¥1 - Madutar chiller

200 gin of 73 frat,
T!llp,l,‘iﬂrpll,!ﬁl,%.lﬁl
Bl bhp / 51

; 3 m—enmlmmmm
l,ng"m-am operatioh

Perps CWRZ andd 6 andl e
| Byposs (broy) kst oA e 2 level 1
W Rstun Temperature. [)
i At 5:.4' '}

oa-12t




Roaf Leval
Level 21
Bell and Goamsr
- VSHH b2 d
1, %mlt e,
40 bp, 1,150 rpm 3 ph, 460v, %00
7 bip / 1%
I CWPL1 start/stop command
B CWP-1 proaf of operation
g

Multi Pump Constant Volume

-—p -
£a) =T
Abs £h|
cH-1
- ™ mrﬂh—rhvﬂﬂbm
Gl = [n 3 “Tmp-vmn
ot ch
-2
or or
Flgw; L ~[
i 5w
G =T I or
e Gy =
CWP-5
Bell ond Sonset
VSXH SxButL3
Zm?mnsam-ﬁ.
T5hp, 1750 rpm, 3 ph, 460v, 86a

€B bhp 7 96A%

o CWPZ st/ stup commond 1 CWP-3 sturtistop command
‘.um,ag- EWP-2 proaf of speratian E ‘,,,BQ'* OWP-3 proaf af apenatien

-1

Maka up f
back flow

w4
Ball on Gomser

VSXH bt

2320 gmet S0ftonz,

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

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

TR feadbock D.,
CT-2 VFD Frequency
€T

€T-F mpeed command
T E‘ feedbock D..
€T-L VFD frequency

Chiller Runs
Year Round

€T
T2 fault €Tl faut
Eot call Went Cell
Coaling Tower 2 Gooling Tower 1
Marley NC 8309 o Marley NC 8309
‘Tnduced Draft Induced Draft
600 tans 500 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gom from 55°F 4o BO°F 1,820 gom from $5°F f
60 hp with VD (sneh el) 60 hp with YFD {ench enl}
[ 12.7 ft. cpen it | 12,7 ft. open it
——— 5 High level alorm
i Low |evel alarm.
d I
— [ =
e = | fom
=107
R —— Y B el -y
14—
“br
o

W Return. Temperature =}

el

Sl Wadiar chiller W
temperatur

Autematic blow 5!/?‘
dout systen FlSw
Woduor
Chiller
207
Modular
Chiller
20T
Woddor
30 mesh hender
straer (typical) ﬁz:‘:
br
Modular chilar OW

CWR5
Ball and Gasset
b 4 150/ 2588
200 gpn ot 75 frae,
7.5 bp, 1,760 rpm, 3 ph, 480v, .20
B bhp /1%

CWP-5 start/stop cammand
CWPB prost of operation

Coaling tower blowdomn meter Sids % -t

oa-12t

cwrs
Ball and Garser
2 1510 / 2588
200 gpin ot 78 fras,
7.5 b, 1,760 rpm, 3 ph, 480v, 520
B bhp / 51%

CWP-6 m1art/atop commend
CWP-6 proaf of aperstion

MOEAP SAGOP AN 2t lavel I




Roaf Leval

Lrvel 21

I CWPL1 start/stop command
B CWP-1 proaf of operation

-p"

-—p

'y 4 CWP-Z stert/stup command
‘ .,mag-‘ EWP-2 proaf of speratian

Multi Pump Constant Volume

Maka up f
back flow

Abx 0|
[Ty

&00T
Absarber Chiller CW
Tamperoure

=l

or

i 5w

CT-2 start/atap command €T rhart/atep command
-2 spmed commond €71 peed command
TR feadbock D., T EAMMH D..
CT-2 VFO frequency CT-1 UFD frequency
€T €T
T2 fault €Tl faut
Eot call Went Cell
Coaling Tower 2 Gooling Tower 1
Marley NC 8309 o Marley NC 8309
‘Tnduced Draft Induced 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
0 hp with VFD (ench eall) 60 hp with YFD (anch call)
[ 12.7 ft. cpen it | 12,7 ft. open it
——— 5 High level alorm
i Low |iore! larm.
n I
— =
e = | fom
Maka-up meter O | =
=107
h____ = e —— -1
14—

Chiller Runs o
Year Round

W Return. Temperature =}

i

I or
Gy =T
cwe.s cowrt
Bl and Somset Bell and Somet
s Grantd. s voxXH Gk 3
ZM1F'I='9¢IW;-A. !minnsam-ﬁ.
75 hp, 1750 rpm, 3 ph, 460y, 860 75 hp, 1760 rpm, 3 ph, 460y, 860
[\ 6B bhp/ EA% 8 Ghp £ 90A%
T CWP-3 sturtistop command CWP_4 sturtistop command
L hﬂgm—amﬂm B,.BQ"WFM#M
P v

T L :
| = i Ml e — Casling tomwer Glowdomm meter LS -t
% [ = remperature
Autematicliew | sw
PRy e Fidw
u otz :
Chem
chiler |
T [Foewi
ok | |
| Chller ot
EOT . »
oo [ Mission
ciraner (nllcal) || B
or
157 Modulr: chllar CW ngn
— critical load
o
- -
i gl
s
o4
cWR5 cwrs
Bal and Gosset Bal and Garset
- 1580 7/ 2588 = 2 1560 / 2588
200 gpmn ot 78 frave, 200 gpin ot 78 fraz,
7.5 hp, 1,760 rpm, 3 ph, 480v, 5.20 7.5 kp, 1,760 rpm, 3 ph, 480v, 920
BI bhp £ 91X BT bhp / 91%
CWP-5 start/stop cammend CWP-4 atart/atop command
or CWP-B provf of operation or CWP-6 prouf of operation
- -
| Byposs (Broy) Mackstar cASP ane o avel 1
. W Retum Tempecatrs [
Cr-an




Multi Pump Constant Volume

CT-2 start/atap command CT-L rtart/atop command
& €T- gpeed command
TR feadbock LT-I.EJMM:I:
CT-2 VFO frequency CT-1 UFD frequency
cT2 €T
T2 fault €Tl faut
Eot call Went Cell
P Coaling Tuwer 2 Cozling Tower 1
A k| Marky NC 20D T Markey NC 8309
. Induced Droft Induced Draft
600 tans 500 tone
TO°F whteting wet bulb TUPF efftuting wet bulb
1,820 gpm from 95°F o BOF 1,820 gom from 35°F 1g BOF
60 hp with VD (sneh el) 60 hp with YFD {ench enl}
12,7 ft. open It 1 1 12,7 f+. open [t
High level alam. High level alarm
Low level alarm [ Low |evel alarm.
[ =
- At
All Pum o
umps in =
. - e -y

Through -
Their Loads

1 Sids 5, |
. e Coaling tower blowdomn meter Py
o -t “Sar) Cred fremperarure
H Autematiclien | sw S
! ™ cowhsyiim [ SO0 FiSw
G Medien | otz '
Abs Ch L chiler | Cram
prin Trimet
§00T - .
o -+ Qbsarber Chller CW L otler ap
amperatu | 2or . »
g sl (L Mission
6oaT [§ SO R
o or -r
157 Modular ehilar OW g
= s e critical load
s a1} or
or ™ 2]
G
- -
i gl
cwe-t cwp2 cwe-3 cwe4 "
Bell and Goeng1 Bell and Gommet Bell ond Gosmet Bell ond Gomser et
VS b3 s - VSXH 6xBxt33 = VSXH 6x8x20.5 VSXH xBxi05
1120 gom ot 78 fravs, 1120 gom ot 78 f1me, 2,520 gpm ot 90 Fr v, 2,320 gpm at 90 Frawe, o
40 hp, 1,150 rpm. 3 ph, 480, 500 40 hg, 1,190 rpem, 3 ph, 480, %00 75 hp, 780 rpem, 3 ph, 460, Béa 75 hp, £.780 rpn, 3 ph, 460, B6a
27 b / P41 27bhp / MAI% &8 bhp / AL &8 bhp / SEAX
CWP-1 start/stop cxmmand CWP-Z start/stup command CWP-3 start/stop extmmand CWP-4 start/atop command
e CWP-1 procf of oparaiion e CWP-2 proaf uf eperciion e CWP-3 proof of operatien WP proef of cperation CWRE cwns
- = - - Bal and Goset Ball and Garset
[ - 1580/ 2588 ., 4 15¢0 / 2588
200 gpmn ot 78 frave, 200 gpin ot 78 fraz,
7.5 hp, 1.760 rpm, 3 ph, 480v, 920 7.5 bp, 1.760 rpm, 3 ph, 480v, 520
B bhp / 91% B bhp / 51%
g CWP-5 start/stop cammand CWP-6 i1art/atop commend
or CWPB prost of operation CWP-6 proaf of aperstion
o1 3 A
Bypasi (Broy) mostsar chir are 20 iavel 1




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 Eé%ﬁ’ﬁﬁ""
Centrifugal plus Modular Chiller 1320 o [T
All Chillers -
Test Mode To’ral Flow Target % of Target |Centrifugal %| Absorber % | Modular % *T S EER
(V2 at 100% = Full Cooling Tower Bypass) Design Flow | Design Flow | Design Flow | = @%ﬁfﬁf_ﬁ
Testing Mode: M.S. Stand-Alone (V-2 0%) 205 200 103% 103% f iy
Testing Mode: M.S. (V-2 100%) 235 200 118% 118% 12 .
Testing Mode: M.S. & Abs (V-2 0%) 2,510 2,520 100% 101% 80% =0 [}
A . L A 2240 2 Ron 109% 1129 o
Testing Mode: M.S. & Cent (V-2 0%) 1475 | 1320 112% 116% | e |
Testing Mode: M.S. & Cent (V-2 100%) 1625 1,320 123% 132%
esting Mode. , ADS & Cent (V-2 U%) T 3520 8/ % 927% 937% 0%
Testing Mode: M.S, Abs & Cent (V-2 100%) 4,045 3,640 111% 118% 110% 85% m—
Level21 CW Retum Temperatire Byt
o (o o 7 ,,.
LT e
Coaling tower & lowdown meter -1

Mission
critical load

cowrt
Bell and Gomest Bell and Gomser el ot Comr
e VS bxad s - VEXH 6x8x133 = VSXH GxBut0.d
1120 gpm o1 78 1120 gomat 78 frms, Frag, !mapmnsam-;
40 hp, 1150 rpm, 3 ph, 480y, 500 43 hp, 1,150 rpm, 3 ph, 480y, 300 1 ph, 4é0v, 862 I 9 ph, 460v, 860
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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 Bt et
Centrifugal plus Modular Chiller 1320 §j§:"" [
All Chillers wert Gl et
Test Mode To’ral Flow Target % of Target | Centrifugal %| Absorber % | Modular % *T L4 g%m“
(V2 at 100% = Full Cooling Tower Bypass) Design Flow | Design Flow | Design Flow | I @%&:ﬁ:;w
Testing Mode: M.S. Stand-Alone (V-2 0%) 205 200 103% 103% |__Jp wimien
Testing Mode: M.S. (V-2 100%) 235 " 200 118% 18% ———F" .
Testing Mode: M.S. & Abs (V-2 0%) 2,510 2,520 100% 101% 80% e s — - [}
 Testing Mode: M.S. & Abs (V-2 100%) 2,740 2,520 109% 112% 70% 1
Testing Mode: M.S. & Cent (V-2 0%) 1,475 1,320 112% 88% _::;;____
S > s . o
Testing Mode: M.S, Abs & Cent (V-2 0%) 3,183 i 3,640 87% 92% 93% 0%
Testing Mode: M.S, Abs & Cent (V-2 100%) 4,045 3,640 111% 118% 110% 85% e
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e Dg" ,Qmm.fwm
=
& : Bypasi (Bray) acksar Shiar are n Sevel 1
& W Rehum Tamporatire. [
I TIThp 1Q 2 Ponan InrTenacTisfiic ano o Arcniresl AAS Rk - el ’)5
T | TV v T UIVIT TINTLT\WVYNVUTIYVINO AN TTTL 7Y\ TIINT T T /Y 8 0 —




