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he Issue

« The pump affinity laws say that horse power varies
as the cube of the flow rate.

HP\ow = HP oy X (Flowy,,/Flowg,4)®

* Does this mean that if | have two pumps in parallel,
each capable of moving the design flow, then if | run
both of the pumps moving half of the required flow
rate each, will the power required be 1/8" (1/2 x 1/2 x
1/2) of what was required when | ran one pump alone
to provide the required flow rate?

-555; E:E ilectric (','fm.'j';m.'_]'
2 TH 10/31/2019 Eﬁ NEGYRLI JI r“




System 1:

Two Independent Fully Redundant Circuits

6"
6"
10 ft. Elevation Change

Pump P1

800 gpm at 62 ftw.c.

15.5 bhp, 20 hp motor

83% pump efficiency
a
\r
6"

Pump P2

800 gpm at 62 ftw.c.

15.5 bhp, 20 hp motor

83% pump efficiency
6"

1,000 ft. \
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System 2:
Shared Circuit, Redundant Pumps

£ 2
6"
10 ft. Elevation Change
Pump P1
800 gpm at 65 ftw.c.
16.5 bhp, 20 hp motor
I_LG:D 83.2% pump efficiency
Cf‘?
6"
(Typical) o 2
\(
Pump P1 6"
800 gpm at 65 ftw.c.
G165 bhp, 20 hp motor

83.2% pump efficiency

1,000 ft.

acific Gas and Electric Company
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System 1: Head Loss Calculation

One Pump Provides All Flow

a—P o

Item

Pipe

Elbows

Globe style check valve
Lift

Inlet loss

Exit loss

Total

800
800
800
800
800

Quantity

1,010

_ o s = N

1,010.00

17.40
208.80
N/A
N/A
N/A

One circuit has loss as

calculated

One circuit is inactive

Equivalent feet Friction Rate,
ft.w.c./100 ft.

4.03

4.03
4.03
N/A
N/A
N/A

Loss, ft.w.c.

41

Comment
System sizer for friction rate

ASHRAE Fundamentals
ASHRAE Fundamentals
Eleveation change
Estimate

Estimate

Pacific Gas and Electric Company
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Option 1:
Operating Mode A — One pump runs full speed

HEAD (Feet) . .
- — P Series 0 « Two redundant piping
T 50°fu_66'565:ﬁi1°°=!='—?5=,-', = CirCUitS

- | S0%gpe 1750 RPM . - .
- Loare T f F! 7 “’“?c@\ — Significant first cost

5 . ™~

N 5 SIS enalt
60- ! ng ]J f\ !if / C '\‘ % e p y
8 L~ - Ry —_
TRIEIS; PN Mpst Immune to
e 7 9 I B failure of any
P component
,/ F - HPSHr(ft)
20- E 1.5HP 50
= HPSHr /,/’ }
0; 200 400 600 800 1,000 1,200 ’
Capacity (GPM)
Suction Size =5" Min Imp Dia=T7.25" Design Capacity =800.0 GPM
Discharge Size =4™ Max Imp Dia=9.5" Design Head =62.0 Feet
Cut Dia=9.375" Motor Size =20 HP

Bell & Gossett
OITI‘ Industries

:”x‘f’{"{'ﬁr‘ Gas and Electric Gompany
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Summary

Pump Selection, Number of Flow, gpm Head, Efficiency Motor Brake Horse Power
Bell and - Pumps Total Per Pump UEDHE L Per Pump Total
Gossett Basis Running Power
One pump at full speed the 4B, 1,750 rpm, 1 800 800 62 83.0% 20 155 155
other off Q375" impeller

acific Gas and Eleciric Company
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System 1: Head Loss Calculation
Each Pump Provides 50% of Flow

‘  Both circuits have losses as
|“ calculated

« Both circuits are active
« Losses follow square law

 Lift (elevation change) does
not vary with flow rate

Item Flow, gpm Quantity Equivalent feet Friction Rate, Loss, ft.w.c. Comment
ft+.w.c./100 ft.
Pipe 400 1,010 1,010.00 1.08 1 System sizer for friction rate
Elbows 400 2 17.40 1.08 0 ASHRAE Fundamentals
Globe style check valve 400 1 208.80 1.08 2 ASHRAE Fundamentals Was 8 ft.w.c. at 800 gpm
Lift 400 1 N/A N/A 10 Eleveation change
Inlet loss 400 1 N/A N/A 0 Estimate
Exit loss 400 1 N/A N/A 0 Estimate
Total 24

Pacific Gas and Electric Company
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Option 1:
Operating Mode B — Two pumps run at 50% speed

HEAD (Feet)

o — P Series 0 « Two redundant piping
I Wq"‘"—“&ﬁ"‘s:"‘““*'l‘"—?s":; = CIrCUItS
ym——— | S0%gy 1750 RPM . - .
- faars T M "“’“?nlﬁ::\: — Significant first cost
S enalt
S AN Most
h L~ A B —_
AN N /\\\{\ Mpst Immune to
i 7 9 I B failure of any
~ P component
P P = HPSHr(ft)
e 0 — Approaches the
= L+ } “cube rule” but not
v — 0 quite due to the
0 200 400 600 800 1,000 1,200
Capacity (GPM) ConStant head
Discharge ize = 4" Maxlmp Dia- 56~ Dosign Head -020 Foet associated with lift
Cut Dia=9.375 " Motor Size =20 HP

Bell & Gossett
O»ITI‘ Industries

:”x‘f’{"{'ﬁf‘ Gas and Electric Gompany
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Option 1:
Operating Mode B — Two pumps run at reduced speed

HEAD (Feet)

P Series 0 « Two redundant piping
Gl T T el = circuits
1 ol 1750 RPM L ]
- s N W ) — Significant first cost
\‘*\ penalty
' / — Most immune to
N = failure of any
st ot - component
< "“[:zm — Approaches the
= “cube rule” but not
v quite due to the
0 200 400 600 800 1,000 1,200
Capacity (GPM) constant head
Discharge Sizo - 4" Max i Dia 65~ Dosion Hesd 020 Foot associated with lift
Cut Dia=9.375 " Motor Size =20 HP

The Power and Eff. curves shown are for the cut dia. impeller.

Bell & Gossett
0I1‘I‘ Industries

:”x‘f’{"{'ﬁf‘ Gas and Electric Gompany
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Summary

Pump Selection, Number of Flow, gpm Efficiency Motor Brake Horse Power
SN . Pumps Total Per Pump e AR Per Pump Total
Gossett Basis Running Power
One pump at full speed the 4B, 1,750 rpm, 1 800 800 62 83.0% 20 155 155
other off Q375" impeller
Both pumps run at reduced ABC, 1,000 rpm, 2 200 400 24 22.0% 20 29 58
spesd Q375" impeller

Cube rule predicts 1.9 bhp per pump or 3.8 bhp total
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Option 2:
Shared Circuit, Redundant Pumps

£ 2
6"
10 ft. Elevation Change
Pump P1
800 gpm at 65 ftw.c.
16.5 bhp, 20 hp motor
I_LG:D 83.2% pump efficiency
Cf‘?
6"
(Typical) o 2
\(
Pump P1 6"
800 gpm at 65 ftw.c.
G165 bhp, 20 hp motor

83.2% pump efficiency

1,000 ft.

acific Gas and Electric Company
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Option 2 versus Option 1
Shared Circuit versus Independent Circuit

>

\( e
6"

Shaded piping is the piping that sees
400 gpm with two pumps running at
400 gpm and thus sees a reduction in
head that is proportional to the square
of the reduction in flow

10 ft. Elevation Change

6" (Typical)

o —I° o —I2

10 ft. Elevation Change

[
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Option 2:
Operating Mode A — One pump runs at full speed

HEAD (Feet) . . .
pum Series: 1510 « One common circuit
—9.5|" o L ! ! 4BC e .
iu_fo#ﬁs“mo'&_?s“"“ 80%gpe. | 1750 RPM - Mlnlmlzes fl rSt COSt
80- | 95" 1 [ 1 h""j‘;“\ “\ $3.5% penalty
NN [ : .
A A et — Immune to failure of
60- A TS : T75%
T HAARNGK a pump
Gt . P4 |57 < ‘ﬁne.-L;mp .
W T NN EE 1IN — Not immune to a
LA el I N piping failure
20- — i 1.5HP 50
= il HPSHr /,/’ }
0; 200 400 600 800 1,000 1,200 ’
Capacity (GPM)
Suction Size =5 " Min Imp Dia = 7.25 " Design Capacity =800.0 GPM
Discharge Size =4™ Max Imp Dia=9.5" Design Head =65.0 Feet
CutDia=95" Motor Size =20 HP

Bell & Gossett
OITI‘ Industries

:”x‘f’{"{'ﬁr‘ Gas and Electric Gompany
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Summary

Pump Selection, Number of Flow, gpm Efficiency Brake Horse Power
Bell and - Pumps Total Per Pump Per Pump Total
Gossett Basis Running

One pump at full speed the 4B, 1,750 rpm, 1 800 800 62 83.0% 20 155 155
other off Q375" impeller

Both pumps run at reduced ABC, 1,000 rpm, 2 200 400 24 22.0% 20 29 58
spesd Q375" impeller

One pump at full speed the 4B, 1,750 rpm, 9.5" 1 800 800 65 83.1% 20 16 5 165
other off impeller

15
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Option 2:
Operating Mode B — Two pumps run at 50% speed

HEAD (Feet)

- — pum Series: 1510 « One common circuit
-9.5" A—t—t—1 48 . . .
Tt il T 0 RF — Minimizes first cost
a s =l S233%
80 | 95 J\f [ 1 "]‘;“-; S $3.5% penalty
iy o — Immune to failure of
= 1 > )/ < i 5%
THH RN a pump
= **i‘x\g;/ﬂ o A > — Not immune to a
PRt N piping failure
- 0 — Some, but not all of
= st T } the piping circuit
0; 200 400 600 800 1,000 1,200 ’ Sees a 50%
o o R reduction in flow
Diecharge size <4~ Max Imp Dia - .5~ Dosion Hoad 650 Foet
CutDia=95" Motor Size =20 HP

Bell & Gossett
OITI‘ Industries

:”x‘f’{"{'ﬁr‘ Gas and Electric Gompany
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Option 2:

Operating Mode B — Two pumps run at reduced speed

HEAD (Feet)

T Pump Seriest 1510 « One common circuit
50% | 60x%5%70% 4Bc . . . .
el o RPN — Minimizes first cost
80- | 9.5" - e p en alty
o] o] L . — Immune to failure of
J - = =i . 82% Ny /, \‘ ==

= “l /I;:x \\\\ 65% a pump

I Bl L P 4 SN ™~ — Notimmune to a
TN piping failure

5% 1435 RPM

N/

- B — Some, but not all of
the piping circuit

0; 200 400 600 800 1,000 1,200 Sees a 50%

Capacity (oM reduction in flow

Suction Size =5" Min Imp Dia=T7.25" Design Capacity =800.0 GPM
Discharge Size =4™ Max Imp Dia=9.5" Design Head =65.0 Feet
CutDia=95" Motor Size =20 HP

The Power and Eff. curves shown are for the cut dia. impeller.

Bell & Gossett
O»ITI‘ Industries

:”x‘f’{"{'ﬁf‘ Gas and Electric Gompany
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Option 2:

Operating Mode B — Two pumps run at reduced speed

HEAD (Feet)

T Pump Seriest 1510 * One common circuit
50% | 60x%5%70% 4Bc . . . .
e o RPN — Minimizes first cost
80- | 9.5" Y o p en alty
o] o] L . — Immune to failure of
n *LE...__ 823 ] 71 i
= “lx /I;:y ?\\ssz a pump
I e Bl L P N 2~ G % ™~ — Notimmune to a
SSo SR N piping failure
e s 1435 RPM
/, - — Some, but not all of
the piping circuit

0 200 400 600 800 1,000 1,200 S e e S a 5 O %
e reduction in flow

Suction Size =5" Min Imp Dia=T7.25" Design Capacity =800.0 GPM
Discharge Size =4™ Max Imp Dia=9.5" Design Head =65.0 Feet
CutDia=95" Motor Size =20 HP

The Power and Eff. curves shown are for the cut dia. impeller.

Bell & Gossett
O»ITI‘ Industries

:”x‘f’{"{'ﬁf‘ Gas and Electric Gompany
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Summary

Pump Selection, Number of Flow, gpm Efficiency Motor Brake Horse Power
Bell and - Pumps Total Per Pump L Per Pump Total
Gossett Basis Running Power

One pump at full speed the 4B, 1,750 rpm, 1 800 800 62 83.0% 20 155 155
other off Q375" impeller

Both pumps run at reduced ABC, 1,000 rpm, 2 200 400 24 22.0% 20 29 58
spesd Q375" impeller

One pump at full speed the 4B, 1,750 rpm, 9.5" 1 800 800 65 83.1% 20 16 5 165
other off impeller

Both pumps run at reduced 4B, 1435 rpm, 9.5" 2 200 400 S6 T75% 20 T3 14 6
speed impeller

’x‘f’{"{'ﬁr‘ Gas and Electric Gompany
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Option 3:

Shared Circuit, Non-redundant pumps

HEAD (Feet)
Pump Series: 1510
100- .
9.5" | _l ) ‘ l 3BC
el o JE
I IS T Tl [o%e 1750 RPM
80- I {7 o e
.f 1'i J? \Z :‘/ a/ / f\"‘\.._ 79.5% J
ANAVAVA'SE VAR D Y
|r Jf\ : et ~/ /\:8 o
60. | 8.25" e 5 b . = 4%
\. 1\ I| < >\‘ 70%
AN AN e YO N S -
—— . !
- = I N e N Pl AN
— Each pump Lo 50°/<1;\th -
NPSHr(ft)
.| required flow at the %mured head —|
I J
HNPSHr »
b 0

0 200 400 600 800
Capacity (GPM)

Suction Size = 4"
Discharge Size=3"

MinlmpDia=T7T"
Max Imp Dia=95"
Cut Dia=8.25"

Design Capacity =800.0 GPM (Single Pump =400.0)
Design Head =56.0 Feet
Motor Size =10 HP

One common circuit

— Lowest first cost
penalty

e Smaller pump
e Smaller motor

« Smaller
electrical
service

— Not immune to
pump or piping
failure

— Better than 50%
redundant

Pacific Gas rmn’:‘fu!m Company
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Option 3:

Shared Circuit, Non-redundant pumps

HEAD (Feet)

rmpseresise o OQpne common circuit

= o — Lowest first cost
TS —|» penalty

/ N\ -
) // \\ \\ L q L P « Smaller pump
/ Nk N 1 « Smaller motor
P A o « Smaller
e electrical
o ;,’57 - service
0_ NPSHr =1 o — Not immune to

0 250 500 750 1,000 1,250 1,500 p um p or pl pl ] g
copaey e failure

Suction Size = 4" MinlmpDia=T7T" Design Capacity =800.0 GPM
Discharge Size=3" Max Imp Dia=95" Design Head =56.0 Feet

Cut Dia = 8.25 " Motor Size =10 HP _ Better than 50%
redundant

The Power and Eff. curves shown are for the cut dia. impeller.

:”x‘f’{"{'ﬁr‘ Gas and Electric Gompany
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Summary

Pump Selection, Number of Flow, gpm Head, Efficiency Motor Brake Horse Power
Bell and - Pumps Total Per Pump UEDHE L Per Pump Total
Gossett Basis Running Power

One pump at full speed the 4B, 1,750 rpm, 1 800 800 62 83.0% 20 155 155
other off Q375" impeller

Both pumps run at reduced ABC, 1,000 rpm, 2 200 400 24 22.0% 20 29 58
spesd Q375" impeller

One pump at full speed the 4B, 1,750 rpm, 9.5" 1 800 800 65 83.1% 20 16 5 165
other off impeller

Both pumps run at reduced 4B, 1435 rpm, 9.5" 2 200 400 S6 T75% 20 T3 14 6
speed impeller

Both pumps run at full speed, 2BC, 1,750 rpm, 2 200 400 o6 78.3% 10 72 144
less than 100% redundancy 2.25" impeller

22
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