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Pump selection basics

Calculating Total Dynamic Head
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Learning Outcomes X

After this course you should be able to:

« Understand the difference, and importance of sizing and selection in the Pump selection process

Calculate Total Dynamic Head in order to Size a Centrifugal pump

Overview of Centrifugal pump Curves

Determine how to select the correct pump based on operating point

Analyze Various Selection Criteria



Sizing vs Selecting
a Pump

* In order to Size the pump we must know or

determine the Head and the Flow required to

meet the system demands.

* Once we have properly sized the pump we can

then begin the “Selection” process to
determine which pump would be the best
pump for our application.

* We select which pump is best based on a
number of different criteria such as:

Pump Efficiency
Power required for the Pump

NPSHr or the Net Positive Suction Head
required by the pump

Piping configuration

and other considerations.

When we say “Head” for this
exercise we are talking about the
TDH or Total Dynamic Head in the
system.



Calculating Total Dynamic Head (TDH) X

» Depending on the type of system all of these
components may not need to be calculated.

« However, in other systems we may have to calculate
additional factors. We will not have to worry about
those for the examples in this module because we are
only dealing with cool water for this introductory
course.

Total
Dynamic

Friction loss

Elevation Pressure
Head Head

(Hf)
Usually rated Head
in feet (TDH)

(He) (Hp)
Rated in feet Rated in feet

For the examples in this training module we will only be doing calculations using approximately 60° F water.

Centrifugal pump curves are not rated in psi but in feet of head.



Determining
Elevation Head (He)

* Elevation head is calculated
from the surface of the

water’s original location to '
the upper surface of the
water’s destination.

200 ft

* If we wanted to begin to
pump the water from the
lower tank to the upper tank Y
what would be the starting
elevation?

* Yes, the elevation head is
200ft.




Determining Elevation Head (He)

* If the tank eventually drew down
to this level, what is the total
elevation of the system now?

* The elevation head t
is still 200ft.

300 ft




Determining Elevation Head (He)

* Notice, that we have changed
the pipe running into the
upper tank!

* What is the elevation head i
now?

* It’s still 200 ft. Changingthe 200 ft
piping did not change the
elevation head

r




Determining Pressure Head (Hp)

The second component that we
need to account for in our total
dynamic head (TDH) calculation
Is pressure.

This may be either pressure
that we want to add to the
system or pressure that our
pump needs to overcome .

Here we have 100 feet of
elevation head but we are also
pumping into a tank that is pre-
charged with 20psi of pressure.

Because the centrifugal pump
curves will be rated in feet of
head instead of pressure, we
must convert any pressure
change into feet.

100 ft

Pressure in tank = 20 psi =20 x 2.31 = 46 ft
Elevation head =100 ft
Total dynamic head =100 + 46 =146 ft




Converting Between
Head and Pressure

* To better understand pressure and head, we
will start with the properties of water.

* One cubic foot of water contains 7.48 gallons
and weighs 62.4 pounds.

1 Cubic Foot
7.48 Gallons

62.4 Pounds




Converting Between 1 foot of head
Head and Pressure

« If we're looking to convert one foot of head to 6 2 .4 | bS
psi, we're looking for the force per unit area in
144 in?

one square inch.

* In one square foot there are 144 square inches
(12x12) so if we divide 62.4 by 144 we will
determine how many pounds per square inch

are in one foot of water. .
= 0.433 psi

* There are 0.433 pounds per square inch per
foot of head or 1foot of water =0.4333 psi
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Converting Between
Head and Pressure

* Let’s to convert pressure or psi to head or feet.

* We can do that by simple division.

* This gives us the very important number that
states that 1 psi equals 2.31 feet.

1 psi

1 psi

0.433 psi/ft

2.31 ft
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Head and Pressure Examples Based on Water

Now if each of these tubes were filled
with water, what would be the
corresponding pressure or PSI?

The first tube is filled with water up to
100 feet. Using the formula, what would
the gauge read?

Now on this middle column is 80 feet of
head. What would this gauge read?

And on this short one, at 23 feet of head.
What would the gauge read?

So if you know the head in a system, you
can convert to PSI.

And if you can read the gauge pressure in

a system, you can convert to feet of head.

TW

100 ft

t—0

43.29 psi

80 ft

(O

34.6 psi

P

23 ft

L

9.956709957 psi
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Determining Friction Head (Hf)

* Friction head is the third and final part of
calculating TDH.

* Friction is the drag the piping puts on the water
as it flows. That friction amounts to lost energy,
or reduced pressure, and we can measure or
calculate the effect. We use a chart like this. VELOCITY CHART.& FRICTION OF WATER

{new stdlll pipe) at 60° F

. . . STANDARD WEIGHT STEEL - SCH. EXTRA STROMG STEEL - SCH. 80
* This chart is for new steel pipe. There are other T e S En o e
charts for copper, plastic, etc. usSPm | “Fusee) eanfty | '(Femoore) | “@riSec). Wisas i) | ‘(Fesioorey
2 0.74 009 .385 89 o1 .599
- =il e = = e il
 Hereis the column with the flow rate. H i 877 R X s et
8 297 137 4.50 3.57 .20 T.11
- 10 3.71 214 6.81 4 A6 .31 10.80
L. . 12 on AN T i = e
e Here’s the column for friction head loss. Notice 16 564 545 16.50 774 75 26.30
o o e L= e e = S
that it is expressed as loss PER 100 FEET OF PIPE!!! 32 517 7036 5050 553 50 45 40
24 891 1.23 35.80 10.70 1.80 57.20
26 9.865 1.45 41.70 11.60 210 1 66.80 |
= e e — i S el
3 . 3 111 1. c 13.4 d =
 So if we have 100 feet of pipe, and we are flowing 35 13 00 262 74.10 1550 3 80 11900
40 1480 3.43 96.10 17.90 5.00 154.00
45 16.70 4.33 121.00 2010 5.30 194.00

at 10 gpm, what is the head loss?

* Right. 6.81 feet.



Determining Friction Head (Hf)

* That’s almost 7 extra feet of head the pump has
to work against.

* What if we had 300 feet of this pipe, at 10 gpm?
What would be the friction head loss?

* Yes, it would be almost 21 feet.

VELOCITY CHAR

FRICTION OF WATER

4

(new st

STANDARD WEIGHT STEEL - SCH.

pipe) at 60° F

EXTRA STROMG STEEL - SCH. 80

1.049" Inside Diameter

957" InsideDiameter

l

FLOW WELOCITY VELOCITY HEAD LOSS WELOCITY YWELOCITY HEAD LOSS
U.S. GPM (FL/Sec.) (Head Ft.) (Ft./100 Ft.) Sec.) {Head Ft.) {Ft./100 Ft.)
2 0.74 009 .385 .89 01 .599
3 1.1 019 787 1.34 03 1.19
4 1.48 034 1.270 1.79 05 1.99
5 1.66 054 1.90 2.23 oa 2.99
6 223 077 2.65 268 A1 417
8 2.97 137 4.50 3.57 .20 7.11
10 371 214 6.81 446 31 10.80
12 4.45 308 9.58 5.36 a5 15.20
14 520 420 12.80 6. 25 JB1 20.40
16 504 548 16.50 74 79 26.30
18 6.68 694 20.60 8.03 1.00 32.90
20 7. 42 B57 25.20 8.92 1.24 40.30
22 817 1.036 30.30 082 .60 48.40
24 8.91 1.23 35.80 10.70 1.80 57.20
26 9.65 1.45 41.70 11.60 210 ) 66.80 |
286 10.39 1.68 48.10 12 50 240 77.10
30 11.10 1.93 55.00 13.40 2.80 88.20
35 13.00 2.62 74.10 15.60 3.80 119.00
a0 14.80 343 96.10 17.90 5.00 154.00
45 16.70 4.33 121.00 20.10 6.30 194.00




Calculating Friction Head

« We are pumping 10 gpm through 250 feet of pipe.
What is the friction loss?

* Our Total Length of pipe is 250 feet.

« We have to divide that by 100 (because our friction loss
charts are per 100 feet of pipe)

« Then that amount is multiplied by our friction factor for
10 gallons per minute through 17 steel pipe. If we
remember from our previous example it is 6.81 feet of
head loss per 100 feet.

 This will give us a total of 17 feet.

* And in this picture, what is the pressure the pump is
working against? Yes. O psi.

 And the elevation head is O feet.

* So the TDH in this system is 17 feet.

] e [T

250 ft

250/100 x 6.81 =17 ft

Pressure = 0 ft

TDH=17+0=17 ft



Determining Fitting Friction
* There is one more piece to the
friction pie.

« The water actually has pretty

smooth sailing through pipe.

But valves and fittings create a
lot of turbulence, which can add @ga _
up to a good bit of friction. % ‘.ﬁ. i : ‘.ﬁi
ANGLE CHECK |ORDINARY MEDIUM | LONG
SIZE VALVE- VAIME.  |[ENTRAMCE| STD SWEEP | SWEEP
. . OFPIPE | WIDE 144 12 3 WIDE WIDE TO PIPE a0° a0° aqr
e YOU use a Chart ||ke thlS to (imches) | OPEN |cLosen | cLosep | cLoseD OPEN OPEN LINES ELBOW | ELBOW | ELBOW
culate fricti | th h STRAIGHT PIPE IN FEET (EQUIVALENT LENGTH)
18" 14 85 5.00 19.00 0.00 5.00 2.00 46 T4 65 50
Calculate Triction 10Sses roug 1/4" 21 1.25 7.00 26.00 12.00 .00 3.00 &0 1.00 86 70
ey 38" 27 1.80 9.00 36.00 16.00 £.00 4.00 75 1.40 1.15 a0
valves and ﬂttlngs' 172 41 210 12.00 44 00 17.60 7 78 518 a0 1.60 1.55 1.10
344" 55 2.90 14.00 59.00 2330 10.30 656 1.40 2.30 2.06 1.50
1" 70 3.40 18.00 70.00 2970 13.10 874 1.60 270 2 62 2.00
. 1-1/4" o2 4.80 24 .00 06.00 30.10 17 80 11.50 2.50 3.60 3 45 2.50
° Take a moment tO StUdythIS 1-1/2" 1.07 5 G0 28.00 | 116.00 45 B0 20.10 13.40 3.00 4 50 4 .03 2.90
o 1.38 7.00 36.00 | 146.00 sg.60 | 25.80 17.20 3.50 5.40 517 3.60
chart. 2142 1.65 8.40 4100 | 172.00 70.00 | 30.90 20.60 4.00 6.50 6.17 4.40
3~ 2.04 10.00 5200 | 213.00 g6 00 | 38.40 25 50 5.00 8.50 7.67 5.50
31,2 210 1250 6000 | 24600 | 10000 | 5200 24.00 5.50 10.0 8.50 6.30
4" 240 14.00 7000 | 28500 | 116.00 | 57.00 27.00 6.50 12.0 9.50 7.20

* Areality in the field is that most
people disregard valve and
fitting friction in many systems,
and will often use some type of
“Rule of Thumb”.
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Determining Fitting Friction

* Areality in the field is that most
people disregard valve and
fitting friction in many systems,
and will often use some type of

“Rule of Thumb”. FRICTION LOSSES THROUGH PIPE FITTINGS & VALVES

* In some cases it may only @ _
amount to a few feet of head % ‘.@ i a
. AMNGLE CHECK ORDINARY MEDILM LOMNG
|OSS, however in other Systems SIZE WALVE- VAIVE-  [ENTRANCE| STD SWEEP | SWEEP
. OF PIPE | WIDE 144 12 3 WIDE WIDE | TOPIPE 90° a0° o
|t may be a |arge IOSS (Imches) OPEN CLOSED CLOSED CLOSED OPEN OPEN LINES BELBOAW ELBOAY ELBOW
: STRAIGHT PIFPE IM FEET (EQUIVALENT LENGTH)
1/8" 14 85 500 | 19.00 9.00 500 200 46 74 65 50
1/4" 21 1.25 7.00 | 2600 | 12.00 6.00 3.00 60 1.00 86 70
o 11 308" 27 1.80 000 | 3600 | 16.00 8.00 4.00 75 1.40 1.15 00
BUt be Carefu""' |fyou Come 12 41 210 12 .00 44 00 17.60 F.re 5.18 Qo 1.60 1.55 1.10
. 34" 55 290 | 1400 | se00 | 2330 | 1030 6.86 1.40 2.30 2.06 1.50
dCross a system that is not 1= 70 3.40 18.00 | FO.00 | 20.70 [ 13.10 8.74 1.60 2.70 2.62 2.00
roviding enough flow, it might TAE=EE T e E B e e R
=1/ 5 5 : 5
p g 8 ’ 8 o~ 1.38 7.00 | 3600 | 14600 | 5860 | 2580 17.20 3.50 5.40 517 3.60
2=1S2" 1.65 8.4 41 .00 172.00 F0.00 30.90 20.60 4 00 6.50 G617 440
be because there are so many 3" 204 1000 | 5200 | 21300 | B690 | 3840 2550 5.00 8.50 7 67 550
I d ftt th t t 3-1/2 2.10 1250 &0.00 246 .00 100,00 52.00 24 00 5.50 10.0 8.50 6.30
valves and Tittngs that were no 4" 2.40 1400 | 7000 | 28500 | 116.00 | 57.00 27.00 6.50 12.0 9.50 7.20

considered that the head is
higher than calculated. And the
higher the head, the less flow a
pump can provide to the
system.

4
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Determining Fitting Friction

 we must understand that these
numbers are not friction values

in feet
® These numbers are eqUivalent FRICTION LOSSES THROUGH PIPE FITTINGE % VALVES
lengths of pipe
« Forinstance, the friction loss @ 1= S
through one 1% inch Standard size WAVE | VAVE [ENTRANCE| s | ‘Sweep | Sweep
OFPIPE | WIDE 144 12 3 WIDE WIDE TO PIPE a0° a0° aqr
90 degree EIbOW (imches) | OPEN |cLosen | cLosep | cLoseD OPEN OPEN LINES ELBOW | ELBOW | ELBOW
STRAIGHT PIPE IN FEET (EQUIVALENT LENGTH)
18" 14 85 5.00 19.00 0.00 5.00 2.00 46 74 65 50
i ag | 37 | 1% | 600 | 3500 | 1600 | 800 | 400 75 | 140 | % 50
s equal to the loss in 3.6 feet of 12" a 210 12.00 24.00 17.60 7 78 518 @0 160 1 55 110
1% inch pipe. | %6 | 3% | 1800 | 7000 | 2870 | 1310 | 874 Nl 270 | 262 | 200
‘ 1-1/4" o2 4.80 24 00 06.00 ag 10 | 17.80 11.50 2.50 3.60 3 45 2.50
112" 1.07 5.60 2800 11600 | ase0 | 20010 13.40 3.00 4.50 4.03 >0
Lo o 1.38 7.00 36.00 | 146.00 sg.60 | 25.80 17.20 3.50 5.40 5.17 3.60
* The real large friction loss 3| 285 | 1038 | 5289 |28 | 8% 2% | B8 | 8| Th NOT
1y 312 210 12 50 60.00 | 246.00 | 100.00 | 52.00 2400 5.50 ese are
through valves and ﬂttlngs can 4" 2.40 14.00 70.00 | 28500 | 116.00 | 57.00 27.00 5.50

be seen when there are valves in friction values!!!
a system that are partially
closed.



Putting It All Together

* Now we will do a complete total Dynamic Head
calculation with 100 gpm of water through 100 ft
of 27" schedule 40 steel pipe.

 Our system also has two standard 90° elbows
and one wide open globe valve.

* We are pumping from a open storage tank with
zero psi 75 feet up into a storage tank where we
want 60 psi.

* One quick point for this example. We are
selecting this pump based on the current water
level in the tank.

 Asthe water goes down in the tank, it will affect
pump performance.

« We will look at how this change will affect our
pump later in this training module.

The u=er is trying to flow 100 gpm through 2 %7 sch. 40 steel pipe (1007

j G0
| L opsi )
75t e
Y L Wide Open
o _._-\.1—
S Globe Valve
Fitting typea Ciwantity ELvalusa Eguiv Langth
- =
- =
EL. Fittings Actual Fipe Length Total EL
I | + 1 I I I
Total EL Friction Factor Total Friction Loss

I | = |

1. 'What is the friction head (HT)?
2. ‘What is the prassure haad [Hp)?
3. What is the elevation head [(He]?

4. wwhat is the total head (TDH}?

4=1+Z43 |
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1) Determine Fitting Friction

* First we look up thefriction loss
through a 27" inch standard 90
degree elbow

* This equal to the friction loss FRICTION LOSSES THR UGH PIPE FITTINGS & VALV S

through 6.5 feet of straight 2-1/2
e =RSY NN

inch pipe

. s g ANGLE CHECK |ORDINARY MEDIUM | LONG
 Then we find the friction loss SIZE VALVE- WVAIVE- |[ENTRAMCE| STD SWEEP | SWEEP
1 . OFPIPE | WIDE 14 12 34 WIDE WIDE TO PIPE oo° a0® 2g°
through al2Y% |nCh Wlde Open GlObe (inches) | OPEN |cLosep | cLosep | cLosen OPEN OPEN LINES ELBOW | ELBOW | ELBOW
STRAIGHT PIPE IN FEET (EQUIVALENT LENGTH)
Valve 1/8" 14 85 5.00 19.00 .00 5.00 2.00 46 T4 50
174" 21 1.25 7.00 26.00 12.00 6.00 3.00 &0 1.00 70
g" 27 1.80 900 36.00 16.00 £.00 4.00 75 1.40 a0
12" 41 210 12.00 | 44.00 17 .60 518 oo 1.60 1.10
. <y /4" 55 2.a0 14.00 59.00 23.30 666 1.40 2.30 1.50
* This is equal to the friction loss & 70 | 340 | 1800 | 7000 | 2370 874 | 1e0 | 270 2.00
. . 1-1/4" 032 4.80 24.00 06.00 30.10 11.50 2.50 3.60 2.50
through 70 feet Of Stralght 2-1/2 InCh 1-172" 1.07 5. G0 28.00 | 116.00 45 60 13.40 3.00 450 2.90
. 2 1.38 7.00 36.00 | 146.00 58.60 17.20 3.50 5.40 3,60
pipe - 2-1/2 1.65 8.40 41.00 | 172.00 70.00 20.60 4.00 6.50 4.40
3" 2.04 10.00 5200 | 21300 B6.00 25 50 5.00 8.50 5.50
3-1/2 210 12 50 60.00 | 246.00 | 100.00 24.00 550 10.0 €.30
4" 2.40 14.00 70.00 | 285.00 | 116.00 27.00 6.50 12.0 7.20




3) Calculating Friction Head DX

Now we will calculate total friction loss
through our pipe and fittings.

* We have 100 feet of actual pipe

For types of fittings we have 2 x 90 degree elbows

* This gives us a total length of all pipe and fittings of 183 feet
 Equivalent length value of each is 6.5 feet as we

previously looked up in the table * Then we divide our 183 feet of pipe by 100 because the charts

* This adds up to a length of 13 feet for our 2 elbows are friction loss per 100 feet of pipe

« We multiply that by the friction factor of 7.09 that we found
in the previous slide

The new have for types of fittings 1 x Globe Valve

 Equivalent length value of 70 feet as we also
saw in the table * Which gives us a total friction loss of 13 feet

This makes our total equivalent length
of our fittings 13 + 70 = 83 feet



2) Determine Friction Head

Now we will determine our friction
loss factor through the 2" pipe at
100 gallons per minute

So, we need to determine where
the flow of 100 GPM intersects
with the HEAD LOSS Column in
order to determine our head loss.

We can see that the two columns
intersect at 7.09 feet of head loss
per 100 feet of pipe.

VELO@TY CHART

and Friction of Wat

(new steel pipe) at 60° F

4

STANDARD WEIGHT STEEL - SCH. EXTRHRA STRONG STEEL - SCH. 80
2.469" Inside Diameter 2.323" Inside Diameter
FLOW VELOCITY VELOCITY HEAD LOSS VELOCITY VELOCITY HEAD LOSS
.3 GPM (Ft./Sec.) (Head Ft.) (Ft/100 Ft) (Ft./Sec.) {Head Ft.) (Ft./100 Ft.)
8 536 005 .072 .61 .01 .097
10 670 007 107 76 .01 .144
12 804 010 .148 .91 .01 .199
14 938 014 . 195 1.06 0z .261
16 1.07 018 .247 1.21 .02 .332
18 121 023 .305 1.36 03 411
20 1.34 028 .369 1.51 .04 .497
22 1.47 034 .438 1.67 .04 .590
24 1.61 040 .513 1.82 .05 .691
26 1.74 047 .593 1.97 06 .800
28 1.88 055 .679 . 07 .915
30 2.01 063 770 .08 1.00
35 2.35 086 .99 A1 1.33
40 2.68 112 1.26 14 1.71
45 3.02 141 1.57 .18 213
50 3.35 174 1.91 22 2.59
55 3.69 211 2.28 27 3.10
B0 4.02 251 2.69 32 3.65
65 4 .36 295 3.13 38 4.25
70 4 69 342 3.60 44 4.89
75 5.03 .393 4.10 50 5.58
80 5.36 447 4.64 57 6.31
85 570 504 5.20 64 7.08
90 6.03 BB5 5.80 T2 7.89
6.37 B30 6.43 0.80 8.76
6.70 698 7.09 0.89 9.66
7.37 .844 8.51 1.08 11.60




4) Calculating Total
Dynamic Head

* Now we key in our 13 feet of friction loss in
our total Dynamic Head Calculation.

* Then we multiply our required pressure of 60
psi times 2.31 which equals 138.6 feet of head

« Add in our 75 feet of elevation head
* Total the 3 measurements to equal 226.6 ft.

* This tells us that we want to select a pump for
100 gallons per minute at 226.6 feet of head

 We will use this head and flow later to select
a centrifugal pump.

13 ft
60 psi x 2.31=138.6 ft
elevation head= 75 ft

TDH = 226.6 ft
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