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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
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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-

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

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-

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

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-

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

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS



The Motor Efficiency Changed

U.S. ELECTRICAL MOTORS

EFFICIENCY

POWER FACTOR
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INPUT POWER

DISCLAIMER

40.00 Hp

460 Volts 60 Hz

400 C
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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

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

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS
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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 |
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1.00 1
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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 }‘ 746 kw

3,960 x Mpump * Mmotor > Tprive 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

Mpump = PUMp efficiency

Nuotor = Motor efficiency

Mo = Drive efficiency

746 kw

o =kW to hp conversion constant

TAB 19-3 - PUMP INTERACTIONS AND THE AFFINITY LAWS




-

-
ke

e
(O
(0p)
C
(©
LL
4 k. E
5
e
S
_I
(@))
"Nem
Wies
| 'O
Y
e
>
O
O
§ <
L
L ©
=




L &

Q
.




Same Question for These Towers?

Series 1500

Construction Details .o
£ 5 ¥




