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Finding efficiency for rpm changes

 Pump curve is for 1750 rpm operation

 Pump speed measured at 1783 rpm

 Measured flow is 442 gpm at 1783 rpm

 What is the pump efficiency at 1783 rpm?

 Pump curve is the only efficiency information you have
* Flow at 1750 rom =442 x (1750/1783) = 434 gpm

» Refer to the pump curve
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Typical Single Stage Pump Curve

Efficiency = 79.1%
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Finding efficiency for rpm changes

 Pump curve is for 1750 rpm operation

 Pump speed measured at 1220 rpm

* Measured flow is 195 gpm

* What is the pump efficiency at 1220 rpm?

* Flow at 1750 rpm = 195 x (1750/1220) = 280 gpm
* Refer to the pump curve
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Typical Single Stage Pump Curve
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Scaling Loss Coefficients

* Centrifugal pump with 8" suction and 6” discharge
pipe
* On discharge there is a 6" check valve (k = 2)

 Downstream of the check valve the pipe expands to
127 diameter

* Discharge pressure gauge is located in the 12"

diameter piping
)

* Flow rate is 2000 gpm
& L~ 12
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Scaling Loss Coefficients

* Friction loss for the check valve is = k(V?4/29)
where k = 2 and V is the average velocity in
the 6" diameter pipe

* Use the pump head calculator to calculate the
velocity head (I'm lazy!)
)
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Scaling Loss Coefficients

Type of measurement configuration
Suction and discharge line pressures v|

K, represents all suction losses from gauge P_ to the pump

Click 1o access K represents all discharge losses from the pump to gauge P,

units converter tool

Suction pipe diameter (ID) 2|  8.000| inches Discharge pipe diameter (ID)3|  6.000|inches
Suction gauge pressure (Ps) 2 5.00| psig Discharge gauge pressure (Pd)2[  75.00| psig
Suction gauge elevation (Zs) = 500 Discharge gauge elevation |[Z+d}§1 A0

Suction line loss coefficients, Ks g 0.00 Discharge line loss coefiicients, Kd i'[ 1.00
Fluid specific gravity i' 1.000 Flow rate i' 2000.00 | gpm
Don't update Accept and update Differential elevation head 0.00| ft
Click to Differential pressure head | 161.76| ft
leave the main panel Differential velocity head 5AT #
head unchanged Estimated suction friction head
e Estimated discharge friction head [ | 8.00
System of units: gpm, ft, hp Pump head [ l

2000 gpm in a 6” pipe: V4/2g = 8.00 ft
. Check valve k = 2: valve friction loss = 2 x 8.00 = 16.00 ft
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Scaling Loss Coefficients

Type of measurement configuration
Suction and discharge line pressures vl

K. represents all suction losses from gauge P, to the pump

Click to access K, represents all discharge losses from the pump to gauge P,

units converter toal

Suction pipe diameter (ID) 3|  8.000|inches Discharge pipe diameter (ID)2| 12.000|inches
Suction gauge pressure (Ps) 2 5.00| psig Discharge gauge pressure (Pd)2|  75.00| psig
Suction gauge elevation (Zs) 2 RO0|f Discharge gauge alevation {Ed]li'

Suction line loss coefficients, Ks g 0.00 Discharge line loss coefficients, Kd g[ 1.00
Fluid specific gravity g 1.000 Flow rate §i| 2000.00| gpm
Don't update Accept and update Differential elevation head 0.oolf
Click to Differential pressure head | 161.76| fit
leave the main panel Differential velocity head 203! f
head unchanged Estimated suction friction head ARiiami
L Estimated discharge friction head ﬁ
System of units: gpm, ft, hp e BIET

2000 gpm in a 12” pipe: V?4/2g = 0.50 ft
Check valve k =2 (in 6" pipe)
valve friction loss = 2 x (12/6)* x 0.50 = 16.00 ft



Scaling Loss Coefficients

Type of measurement configuration
Suction and discharge line pressures v|

Crekt K, represents all suction losses from gauge P_ to the pump
ick to access .
units comverter toal K, represents all discharge losses from the pump to gauge P,
Suction pipe diameter (ID) 2|  8.000| inches Discharge pipe diameter (ID)5| 12.000|inches
Suction gauge pressure (Ps) 2 5.00| psig Discharge gauge pressure (Pd)|  75.00| psig
Suction gauge elevation (Zs) 2 5.00|ft Discharge gauge elevation [Ed}i' 500 ft
Suction line loss coefficients, Ks g 0.00 Discharge line loss coefficients, Kd gr 32.00 |

Fluid specific gravity g 1.000 Flow rate iﬂ 2000.00| gpm

Don't update Accept and update Differential elevation head o.00| f

Click to Differential pressure head | 161.76| ft

leave the main panel Differential velocity head 203 ft
head unchanged Estimated suction friction head

Estimated discharge friction head |_ 16.01
Pump head [

2000 gpm in a 12” pipe: V4/2g = 0.50 ft
Check valve k = 2 (in 6" pipe)
Scaled loss coefficient = 2 x (12/6)* = 32

System of units: gpm, ft, hp




Net Positive Suction Head
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NPSHA:
Net Positive Suction Head Available

NPSHA = Total suction head (absolute) - fluid vapor pressure (absolute)

2
NPSHA = V: . 2.31 I(Pi + PL) +Z - 2.31P,
29 s.g. s.g.
V: 231 +P,-P) 1
=+ Lo +Z

29 s.g. ) ¢ * pf
V. = velocity in suction (ft/sec)
P. = suction gauge pressure (psig) L Pua
P, = atmospheric pressure (psia) /
P, = fiuid vapor pressure (psia) z}i i3 A
Z, = suction gauge elevation above pump datum (ft) __,_@ =
g = gravitational constant (32.174 ft/sec?) Vs nmum.:.x
s.g. = fluid specific gravity (dimensionless) suction

centerline
12 2
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Finish water pump layout

-

10.5 Hydraulically-operated full
port ball valve (14-in.)
. — Feveeneeeene 18t stage impeller eye

U.S. DEPARTMENT OF

ENERGY




NPSHR Curve for pump on previous slide

At what flow rate would NPSHR exceed NPSHA?

(Assume P, = 14.7 psia and water temperature = 60 degrees F)
80 5
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Finish water pump layout - NPSHA

Want the total head at

location 2

* Don’t know P, and V,,
typically

« Easier to start at
location 1, know P, =
atmospheric pressure
andV, =0

 Then, P, = P,+10.5

feet

.5

F )~ p - 1542
(=)

8]
oL - ‘I' ---- Water level

Hydraulically-operated full
port ball valve (14-in.)

3

-eeee----eo 15t stage impeller eye
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Calculate NPSHA

Water saturation vapor pressure at 60 F= 0.26 psia

Reference location for suction head determination is the water surface

2 31(P. + P, -P
NPSHA = Y5 . 2.31 (P, + Py -Py) + Zg
29 s.g.
2 231 (0+ 14.7 -0.26
NPSHA = 9 . ( ) . 105 {43.9 ft]
64.352 1.00
16
Better
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Answer: NPSHR would exceed NPSHA

at just over 2500 gpm
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Flow estimation from suction pressure

NEERGEINERIS

Using velocity and friction head components - two approaches

1. On-off transition
2. Comparison between running and non-running pump
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A standard wastewater lift station

R R n s a a n

Continuous |
flow ey | | Pump
entering the | “S\High level (pumpoon) starts/stops
lift station ’ | from well
| high/low leve
____________________________________________ é switches

(2 identical pumps)
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Incoming fluid spilling into the wet well

Photo by Diagnostic Solutions, LLC
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Pump 1 suction pressure measurement point

-

i

48 Pump 1 suction
pressure .
‘measurement .
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Total head (including friction) is the same at

two points

|e, H1 = H2
2.31P %
H = : 1 1
1 s.g. ' o2g
2 T2
s.g. 2g 29

Frictional losses

(1 of 2 identical pumps)
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We can relate terms and arrive at:
Two knowns, one guess, and one unknown

0 0

é*

H1:2'311+21+v

s.Q. g

0

2 2
H, = 2.31P, 2, + V53 LK V3
S.0. 29 29

Resolving, for H, = H,:
{ 2%
S.g. 29

&

®

|

Measure z, & P, and Calculate V,

- If we can measure elevation and pressure, we can estimate velocity



An alternative perspective:
If level doesn’t change instantaneously on pump start/stop......

_:_::--.--.--._:_-.--.--._:_-.-'\.--.--.--.--.--.--.--._:.:_:_-.--.--.--.--.--.--.-'.--._:_-.--.--._:_-.--.--.--.--.--.--.--.--.--.--._-_'.
L L R L R R R S T e L e R e L e R R e e R A T R LA L L R W e TR R W e TR

2.31(Papet -Paaf
S.g. a 2q )

24

- 1If we observe the step pressure change, we can estimate velocity



Pump suction pressure over two fill and

drain cycles

3.0

/l «—+— Pump starts ———+

2.5
N4 Y
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0.5 \
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——+ Pump stops ———
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Suction pressure, psig
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Pump suction pressure over two fill and

drain cycles

3.0

2.5 /I /
Q. Velocity
O 2.0 ’/ + friction
§ / head /
@ 1.5 > |
Q. Yy i
5 ., N \
-tg .
w Velocity

0.5 + friction

head
0.0
-0.5 | | | |

0 100 200 300 400 500 600 700 800 900 1000
Time, sec

Average change in pressure (combining on-off and off-on transitions) was 1.67 psig

2.31( Popes -P. 2.31(1.67
(Pape -Poait ) _ { ) — 3.86 ft

. s.g. 1.00
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Pressure depression is the combination of velocity head and
frictional head losses between the wet well and pump suction

2 2 2
3861t = -2 +K[V2] - Y2 g4k

29 29 29
For bell-mouth reducer: K =0.05
For long radius 6-in. elbow: K=0.18
Overall loss coefficient: K=0.23
2
386ft = 2 (1 + K)
29
P
— V—E = 3.14 ft
29

= V = 14.2 ft/s

., — calculated flow rate = 1209 gpm

EEEEEEEEEEEE




An effective way to measure flow rate in

parallel pumping applications: use Bernoulli

V12 2.31 P‘I V22 2.91 P2 -
23 + s.g. +/Z, = 29 + s.g. + Znt Hes
-® -® ®
G @ [
1 3 4.
@ Off
O On

28
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An alternative method: compare suction pressures for the pump that
Is on with a parallel one that is off

Suction pressures on both pumps were monitored during drawdown
(Instrument scaling: 1 mV =1 kPa)

| 489 TRUE RMS MULTIMETER

Pump 1 suction pressure Pump 2 suction pressure
(Pump on) (Pump off)

29

Differential = 11.453 kPa = 1.66 psig = 3.84 ft
(again, this is combined velocity head and friction loss)



Flow rate was calculated from differential pressure at several points
during wet well drawdown

Area, sqft 0.190
estimated K @ 0.23

1

o~ 3 G &= Lk

P1 P2 delta Vhead =

Event (kPa) (kPa) kPa dH,ft dH/{1+K)
6.69 175 1080 3.62 2.94
568 16.8 10.86 3.64 2.96
5.08 16.5 11.45 3.84 3.12
1.82 134 11.60 3.89 3.16
1.48 129 11.44 3.83 3.12
072 118 11.04 3.70 3.01
-01 11.2 1132 3.78 3.08
-0.7 106 11.26 3.77 3.07
Average 3.76 3.06

Vel,
ft/s
13.76
13.80
1417
14.26
14.16
13.91
14.09
14.05
14.02

pipe diameter 5.895 (6.02" pipe with nominal 1/16" cement-mortar liner)

gpm

1170
1174
1205
1213
1205
1183
1198
1195
1193
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Flow rate was calculated from differential pressure at several points
during wet well drawdown

Area, sqft 0.190
estimated K @ 0.23

1

o~ 3 G &= Lk

P1 P2 delta Vhead =

Event (kPa) (kPa) kPa dH,ft dH/{1+K)
6.69 175 1080 3.62 2.94
568 16.8 10.86 3.64 2.96
5.08 16.5 11.45 3.84 3.12
1.82 134 11.60 3.89 3.16
1.48 129 11.44 3.83 3.12
072 118 11.04 3.70 3.01
-01 11.2 1132 3.78 3.08
-0.7 106 11.26 3.77 3.07
Average 3.76 3.06

Vel,
ft/s
13.76
13.80
1417
14.26
14.16
13.91
14.09
14.05
14.02

pipe diameter 5.895 (6.02" pipe with nominal 1/16" cement-mortar liner)

gpm

1170
1174
1205
1213
1205
1183
1198
1195
1193
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An independent method of estimating flow

rate In level-contro

led operations

« Measure time between on anc
« (Calculate the volume between

off events
level| switches

* |ncoming flow rate with pump off = volume/time

« Assume that the incoming flow rate when the pump is
running is equal to that calculated from before and after

pump off periods

V
tc_n(“’)+ V. r v v
[ .
Q: oft — W 4 W
t t

on on

| thf

J =V [tcrff +t=::n}
W
N tcrff >'(tu::n

&

Pump run time, min

—
o
=

w
N
—
o
=+

E-f-‘-:

Well volume, gallons 11 61

Pump flow rate, gpm - E stimated flow rate at the lift
Pump off time, min  Station using this method was

gpm



Example

[ | Tan k VOI u me between Ievel e

switches: 1000 gal
= Time to fill between level
switches with incoming flow: 4 |
min (pump Off) o %T%IHigh level (pump on)

= Incoming flow: 1000 gal/4 min |

= 250 gpm
= Incoming flow is continuous e
= Time to empty volume: 1 min | @
= Total volume pumped out ﬂ

d U rl n g 1 m | n p U m p ru n 1 2 5 O e BB T e BB R bbb B et B s :;.5'::555 Eff

gal .....................................................
= Pump flow rate: 1250 gpm

Q =V, (t, +t )t xte)=1,000x (5/4) = 1250 gpm

Plants ENERGY
Pl 1
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Manometers — even the home made kind — provide
excellent accurac
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V.2 2.31P, V2 231P,

Parallel Pumps
Pump 1 — Off 2.31(P, — P,) V7 <v22>

_ - 4+ Kk|l=
Vi=0 SG 29 \2g

Pump 2 — Runnin
P ° Where: P (psig); V (ft/sec)

Elevations Z, = Z,

sz

Where: P (ft Hd); V (ft/sec)

EEEEEEEEEEEE



An exercise: estimate the flow rate for the
h | previous slide

Suction header: 18" standard (17.25-inch |D)
Individual pump suction lines: 16" standard (15.25-inch ID)
Suggested loss assumptions:

Branch tee: 0.45

18-16 reducer: 0.11

16-inch gate valve:  0.04

\3
29
gpm=2.448 V d?

Z-1 _ZE= (1+K)

Where z is elevation in feet, g is 32.174 ft/s?, V is velocity
in ft/s, and d is the pipe inside diameter in inches



An exercise: estimate the flow rate for the
previous slide

16" standard (15.25-inch D)
Branch tee: 0.45
18-16 reducer: 0.11
16-inch gate valve: 0.04
0.60
e Vo 78 Ve ey 76sis
2le 12 2x32.174

gpm= 2.448 V d? 2.448 x 7.66 x 15.25% = 4360 gpm

Where z is elevation in feet, g is 32.174 ft/s?, V is velocity
in ft/s, and d is the pipe inside diameter in inches




Reasons a pump optimization rating could be low

Optimization Rating = Actual Pump Efficiency/Optimal Pump Efficiency

1. Pump operates away from its best efficiency point.

2. Pump parts (wear rings, impeller, volute, diffuser) are worn or
have corroded/eroded.

. Installation or operating problems, particularly on suction side.
. Pump or motor simply aren’t top of the line units.
Adjustable speed, belt, gear, or other drive is used.

. Hydraulic Institute screwed up in their achievable efficiency
estimates.

o O A~ W

7. | screwed up in my measurements, or | missed a flow path
(such as a leaking check valve on a parallel pump).




Tight wear ring clearances avoid excessive

recirculation

Double suction (model 3410), courtesy of Goulds Pumps

Casing
wear rings

39
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HI 1.3 generic efficiency loss associated with

iIncreased wear ring clearances

0 :
— Clearance = 1.5 x nominal
—— (Clearance = 2.0 x nominal
..---"""'--__
2 ________,_...i
= /
G
g 4 / !
N
(@]
9
g 6-
(@]
=
LLl
-8 / /
-10 . |
0 500 1000 1500 2000 2500 3000 3500 4000
Specific speed, (U.S. units) on Gasda T
40
Better EEEEEEEEEEEE
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Specific speed is a numerical representation of the impeller shape. When appropriate units are used, it is a dimensionless
guantity. However, standard industry practice is to use common engineering units that do not resolve to a dimensionless
quantity.

The standard U.5. {metric) units used to calculate specific speed are:

Rotational speed: rpm (rpm)
Flow rate: gpm (m*3/hr)
Head: ft (m)

It is also standard practice to simply eliminate the gravitational constant term.

The specific speed equation is to be applied to only one condition, namely the best efficiency point (BEP).

Example:

BEP flow rate = 5000 gpm (1135.6 m*3/hr)

BEP head = 120 feet (36.6 m)

Rotating speed = 1780 rpm

Single stage pump

== .5 Specific speed = 3472, metric specific speed = 4033

Wio'st centrifugal pumps in common industrial applications will have specific speed values in U.S. (metric) units of between 500

(581) and 7000 (8132). Pump impellers toward the lower end of the range have a pronounced radial flow, while impellers toward
the upper end of the range approach an axial flow profile.



Sulzer estimates for efficiency improvements

from reducing wear ring clearances

1.040
= = Multistage
- = Double-suction

1.035 b l‘ ----- Sinléle-su"::tié:n i
. 1.030 .
ko \ \
= A |
5 1.025 "-_\l Curves extracted from Sulzer publication,
= ; \ Technical Data series 24.10, Pump
-~ 1.020 - Running Clearances. Applies to reducing |
5 g \ nominal wear ring (and throttle bushing,
@ or multistage) clearances by 50%.
- 1.015 0

1.010 L

1005 N\ \:'h..“ "_““\

1.000 . ' ' - | .

0 1000 2000 3000 4000 5000

Specific speed (U.S. units) pon Gesada zryzRoT
These curves are used to multiply times the nominal pump efficiency for
API or generic Sulzer clearances if the clearance is cut in half using

I approved non-galling materials such as PEEK (polyetheretherketone).
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Generic estimates, reported data on the effects of
increased wear ring clearances

o ) 52.2 X
o 0 N 3|54 x A
g — T "Calanca . &

_':} ""—_"'-\-..._____HE-E._E” _-‘"‘--.___;;: _.U :{ o] .

> | e i el L e
C 2 "“"'"w--.?."ﬂjflaf (AN "““---._.____"L” 1.3 )
(b} —] S-";'H,l 1
E -hh-‘_h'""‘-h..__‘ .3)
= 1 Era:s o e e
LL 1 . ok

4
2
Note: typical diametral clearance ranges from .015 to .030 inches
0.1 ¥ —F—— : _ — :
4 5 6 7 8 9 2 3 4 5
1000
Specific speed (U.S. units)

Curves: ANSI/HI 1.3, Hydraulic Institute (www.pumps.org)

Sources Data: Flowserve, as reported in
43 Pump Handbook, 3rd edition, Karassik et al, McGraw-Hill
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Clearances on pumps with open/semi-open
impellers can normally be adjusted

L

Adjustment in his caée iIncreased
flow rate by 10%, efficiency by 5%
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Enclmsed impeller: 0.125"; Semi-open impeller: 0.011"

| ..‘!"‘ﬁl [‘ml .mﬁi | i
. ;LLEHM NG JwithTIOM

OFF OF THE BGTTBM
(IF THIS INFORMATION IS NOT PROVIDED, CONTACT THE
FACTORY FOR IMPELLER SETTING INSTRUGTIONS.)

zpla“w ENERGY
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Axial clearance head-capacity effect: semi-open

impeller

450
400 \
g 300 \‘&H&\ 0.025
E \\\<
ﬂa" T
0.050"
200 |
Data source:
Bill Beekman,
130 Floway Pumps
14DOH, 4-stage
100 | | | | i |I

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
Flow rate, gpm
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Axial clearance efficiency effect: semi-open
impeller

*
- 60 7
2
@ 50
O
=
L 40 -
30
20 Dgta source:
Bill Beekman,
10 - . .| Floway Pumps
14DOH, 4-stage
0 I | | | | |

0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Flow rate, gpm
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Axial clearance efficiency effect: semi-open
impeller

*
- 60 7
2
@ 50
O
=
L 40 -
30
20 Dgta source:
Bill Beekman,
10 - . .| Floway Pumps
14DOH, 4-stage
0 I | | | | |

0O 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400

Flow rate, gpm
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An interesting wear ring clearance episode




A very clean, well instrumented station

Photo by Diagnostic Solutions, LLC

Motors: 500-hp, 12-pole, variable frequency drives, power meters in
switchgear, station flow meter
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However, PSAT ratings were poor
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Head capacity curves and measured data
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Power-capacity curves and estimated shaft power

from PSAT (adjusted to account for VFD losses)
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Efficiency-capacity curves and estimated pump

efficiency (adjusted to account for VFD losses)
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Original manufacturer wear ring diametral clearance = 0.030 inches
Existing clearance = 0.780 inches (nominal + 2X wear ring thickness)
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Pump the fluid up and down it falls...........
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Erosion/Corrosion Damage
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Cavitation Damage — Waste Lift Station Pump
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Bad Suction Geometry
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Bad Suction Geometry
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