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NET POSITIVE SUCTION HEAD (NPSH)

Net Positive Suction Head (NPSHg)

NPSHs is dependent upon the pump design and is determined by the pump manufacturer,
NPSHr is an important value which greatly contributes to the successful operation of a
centrifugal pump. It is the amount of positive head in metre of liquid absolute required at the pump
suction to prevent vaporization or cavitation of the fluid. NPSHr values usually vary with pump
capacity and are based on clear water with a spetific gravity of 1.0.

Net Positive Suction Head Available (NPSH.,)

NPSHe is dependent upon the system in which the pump operates. NPSHA is the amount
of head or pressure that is available to prevent vaporization or cavitation of the fluid in the
system. it is the amount of head available above the vapor pressure of the liquid at a
specified temperature and is measured in metre of liquid absoiute.

NPSHa = (P1 - Pv) X 10.20 + Z; - Hs.

Sp.Gr.
Where P1 = Absolute pressure on liquid surface in bar.
Absolute pressure is equal to gage reading pius atmospheric pressure.
P. = Vapor pressure of liquid in bar at pump temperature.
Z: = Height of liquid surface above pump suction, measured in
metre. If surface is blow pump, use minus sign.
Hrs = Friction loss in metre of liquid in suction pipe including entrance

loss from tank to pipe, and losses in all valves, elbows
and other fittings.

Sp. Gr. = Specific gravity of liquid being handled.

NPSHa vs. NPSHr Comparison

To prevent vaporization of cavitation of the liquid in the suction side of the pump and to
ensure rated pump performance, NPSHa must be greater of equal to the NPSH. We
recommend a safety margin of 0.5 metre.

That is : NPSHx >NPSH: + 0.5 meftre,
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Maximum Suction Lift

Calculation of Maximum Suction Lift

The theoretical limit of the suction lift H will be
equivalent to the barometric pressure. At sea

level this is 10.3 metres equivalent to 760 mm

mercury (Hg).In practice, this value is reduced
by the following factors.

H, : Friction loss in suction pipe and foot valve.

H,:  Vapour pressure of the pumped liguid.
Vapour formation (cavitation) should
be avoided on the suction side.

NPSH : Stands for Net Postitve Suction Head.
Pressure drop from the suction port to
the place in the impeller where the
iowest pressure occurs (decides
whether cavitation occurs in the pump).

H.:  Safety. When deciding this valus,
estimate the possible variations in Hf,
Hd and NPSH, for instance increased
friction losses due to deposits in the
suction pipe, changes in water tem
perature and variations in pump ca
pacity Q.
H can be calculated from the following formula:
H=Hb - NPSH - Hr - Ha -Hs
tm Hy
e oo
1501 45
1404

130 -

B 853

120 L 29

o415

F12
100419

8.0
6.0
40
0ap
60420
- .5

1.0
4008
0.6
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Vapour pressure

The lowest barometric pressure Hb (atmospheric
pressure} which occurs should be included in
the calculation. For each pump , an NPSH curve
is shown, from which the NPSH value at a given
capacity can be determined.

H, : Barometric pressure (atmospheric pressure)

Ho: pb  (m)
pxg

P, - Barometric pressure (Pa)

P: Density of fiquid (kg/m®

g: 9.81 m/s?
Ho: _Ap (m)
Pxg

Ap: Loss of pressure in suction pipe and foot valve
(Pa)

If His negative (most relevant for hot liquisa),

the pump must operate at a static inlet pressure

of H (m) to avoid cavitation,

Cavitation or vapour formation in the pump, as
a resuit of the local pressure of the liquid falling
below its vapour pressure, will cause noise and
may damage the pump.

Y

Hs: Safety

Hd: Vapour pressure

Ht: Pressure loss (friction loss)
in the suction pipe

Hs |

L
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Table of Head Losses

Head Losses in Ordinary Water Pipes

Quantity of Water Head Lossemin Ordinary Water Pipes
m¥h | Litres/ | Litres/ ) Nominal Pipe Diameter in inches and Internal diameter in mm
min- | ses ‘f,; Y0 1" RN 2* 2, 3" 3, ry 5 6
1s%s | 2125 | 2700 | 3575 | 41ds | saso | esdo [ e025 | v2do | 1050 | 1300 | 1555
06 | 10} 016 | 9578 (20402 | 0.784
09 | 151025 | o037 | 4862 | 1870 | oais St paes st sl of i ot
1.2 20 0.33 33%73“ 86‘%‘; 2.3568‘ 0.5‘,% 0.;245 par 100 motras of straight pipes.
15 | 25| 042 | 4998 | 1164 | 3.834 | 1.004 | 0.950
18 30 | 0.50 Er 1408 0788 [T) (¥ it
. . 69.34 | 16.50 | 5.277 | 1.379 | 0.700 | 0.223
2093 14 022 0.581 DA .269
2.1 35 | 058 | 9188 | 2117 | 6.949 | 1.811 | 0914 | 0.281
1. 1,188 0454 0400 1,308
24 40 | os7 2768 | 882 | 2260 | 1180 | 0.368
2348 1,460 0430 0.821 .383 0229
3.0 50 | 0.83 4140 | 1344 | 3402 | 1.719 | 0.544 | 0.159
2519 1.751 0,904 0.748 0482 0.275
36 60 | 1.00 57.74 | 1828 | 4.718 { 2,375 | 0.761 | 0.218
4.2 70 | 112 7635 | 2438 | 6353 | 5953 | 0.988 | 1.287 | 0.931
4 8 80 1 33 2338 1,328 0.997 0838 0387 0.263
: . 30.87 | 7.940 | 3.088 | 1.254 | 0.363 | 1.164
5 4 go 1 50 2827 1494 1912 0,633 D13 0.206
: . : 38.30 | 9.928 | 4.927 | 1.551 | 0.449 | 0.203
._6 0 100 1 67 2918 1680 1,247 Q770 G456 4,329 2248
4 80 - : 4649 | 11.90 | 5.672 | 1.875 | 0.542 | 0.244 | 0.124
7 5 125 2 08 3649 2075 1,558 0.962 O5TA 412 2310 S
: - 70.41 | 1793 | 8.967 | 2.802 | 0.809 | 0.365 { 0.185 | 0.101
9 0 150 2 50 2450 1810 X 1,154 G888 5404 Q.512 o283
: . 2641 | 1253 | 3.905 | 1.124 | 0.506 | 0.256 { 0.140
2504 2182 1.347 Q.80 0.575 42 33287
105 | 175 | 2602 3335 | 16.66 | 5170 | 1.488 | 0670 | 0.338 | 0.4
12 200 3 33 3319 2493 1,539 0,918 0.859 [.496 4.355 8251
. 4275 | 2198 | 6624 | 1,901 | 0.855 | 0431 | 0.234 | 0018
15 250 4 17 4,149 any 1524 1,147 Q.823 0.829 Ga1 0314
- 8486 | 3232 | 1030 | 2.860 | 1.282 | 0.648 | 0.350 | 0.126
18 300 5 00 §.74° 2.30% 1377 0,908 0.744 g8 05377 0.283
- 4552 | 1404 | 4009 | 1792 | 0.903 | 0.488 | 0,475 | 0,074
24 400 6 6? 4.587 20T 838 1317 489 719 H502 . 03
- 78'17 | 2404 | 6.828 | 2.053 | 1.530 | 0.829 | 0294 | 0.124
30 500 8 33 3,848 2205 1.647 1.240 R 828 Q438
: 26.71 | 1040 | 4.622 | 2.315 | 1.254 0.187
4. 2153 876 823 * 1E% 753 0,528
36 | 600 | 100 ‘ 5184 | 148> | 6505 | 3.261 | 1.787 | 0.623 | 0.260
az | 700 | 17 1925 | 8.693 | 4.356 | 2345 | 0.831 | 0.347
X 1.984 1. e 02
48 | 800 | 133 . 25350 | 1118 | 5.885 | 2.008 | 1.066 | 0.445
, 2984 22% [EETS B X
64 | 900 | 150 3153 | 1287 | 6.983 | 3762 | 1.328 | 0885
. 589 ; . F X
60 | 1000 | 187 3833 | 1706 | 8.551 | 4585 | 1476 | 0674
4, 3. ¥ A 097
75 | 1250 | 208 2646 | 1300 | 7.010 | 2458 | 1,057
90 | 1500 | 25.0 3607 | 1842 | 9.697 | 3.468 | 1444
105 | 1750 | 202 _ " 2478 | 1330 | 4665 | 1934
260 X X
120 | 2000 | 333 . 3194 | 17.16 | 5995 | 2.496
150 | 2500 | 41.7 2626 | 9.216 | 3.807
. 537
180 | 3000 | 50.0 13.05 | 5417 |
403 3.509
240 | 4000 | 667 2227 | 8938
300 | 5000 | 83.3 1445
90°* bands, slide valves 1,0 1.0 1.1 1,2 1,3 1.4 1.5 1,8 1.8 1,7 2.4 2.5
T-pieces. non-retum valves 4,0 4,0 4,0 8,0 50 5.0 6,0 6.0 5.0 70 8.0 9,0
The table is caloulated in accordance with H. Lang's new formuta The head loss in bends, slide vaives, T-pieces and non-return
a=0.02 and for a water temperature of 10°C valves is aquivalent to the metres of straight pipes stated in the

tast two lines of the table. To find the head loss in foot valves,
multiply the loss in T-pieces by two.
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Table of Head Losses

Hoad Losses in Ordinary Water Pipes

Quantity of Water Head Lossas in Ordinary Water Pipes
msfh Litres/min | Litress . = ! = Nominal::npe Dtameta:lz inches an:!aI“memai dpar:;:iar in mm = o
51 850 1417 %
54 900 15.00 9 %
57 950 15,83 e §
60 1000 16.67 %5:;’
6 1100 18.33 %’%
72 1200 20,00 o3
78 1300 2167 o
84 1400 2333 5
30 1500 25.00 o
96" 1800 26,67 Y
102 1700 2833 %_97
108 1800 30.00 fy o
114 1900 3167 o P
" 120 2000 33.33 0 o
ta2 2200 3867 oa 0721
144 2400 40.00 N o
156 2800 4333 o3 b Oig
168 2800 45.67 14 ¢ FY
180 3000 50,00 &
210 3500 58.33
240 4000 88.67
270 4500 75.00
300 5000 83,33
366 8000 100.00
420 7000 116.67 %]m
480 8000 133.33 P
540 8000 150.00 0"1“
600 16000 166,67 o2
720 12000 20000 0
- 84D 14000 23333 oad
960 16000 28667 o o R
1080 18000 300.00 ber ag
1200 20000 333.33 - (1,:20
1500 25000 . | 416,67 ‘1,:5}
1800 30000 500.00 o
2100 35000 563.33 ‘2’:2
2400 40000 666.67 g-?
2700 45000 750,00 Z
3000 50000 53333 ?;21
3300 55000 916.67 3
3600 60000 100000 3
3900 §5000 1083.33 44
4200 70000 1166.67 &
4500 75000 1250.00 3-51

1 Bar = 10.221 mH,0

The table is calculated in accordance with H. Land's new formula
a = 0.02 and for a water temperature of 10°C
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Some Useful Formulae

1. Brake Horsepower or Brake Kilowatt
To determine the horse power or kilowatt required, the following formulae can be used:

1]

d) Brake horsepower = Total Head (ft) x IGPM x Sp.GR.

efficiency % x 33

b) Brake horsepower = Total Head (ft) x USGPM x Sp.GR.

efiiciency % x 38.6

i

c) Brake horsepower = Total Head (m) x mfhr x Sp.GR.
efficiency % x 3.67

2. Affinity Law
When the pump speed is changed from n1 to n2, the following relations exist:

Q% s np Hz = fn\2 P2 =2 \?
Q4 ni H1 m 3 et
When n = Speed, Q = Flow, H= Head, P = Power

3. Hazen Willams Formula
The Hazen and williams empirical formuia is the most widely used for calculating friction losses for water
flowing under turbulent conditions. And it reads:

hf=0.002083L f 100 Y x usgpm'®
C d 48655

Where hy = Friction losses in feet.
b = Length of pipe including equivalent lengths for loss through fittings in feet.
C = A friction factor for various types of pipe.
d = internal diameter of circular pipe.
Type of pipe Av.value G for Commonly used C
(example) clean pipe for Design purpose
Cement-Asbestos 150 140
Fibre 150 140
Copper,brass, fead or tin 140 130
Wood-stave 120 . 110
Weided & seamless steel 130 100
Concrete 120 100
Corrugated steel 60 60




Flow Through Orifices And Nozzles

The approximate discharge through orifices and nozzles can be calcutated by the following formulae:

Q=19.636Cd21 /h 1 where 8! is greater than 0.3

PR Y A de
d:

where.g_f is less than 0.3
2

Q=19.636Cd21 Jh

Where @ = FlowinUSgpm
¢i = Dia. of orifice or nozzle opening in inches
h = Differential head at orifice in faet of liquid
d: = Dia. of pipe in which orifica is placed in inches
C = Discharge coefficent (fypical valies for water)
RE-ENTRANCE SHARP SQUARE RE-ENTRANCE SQUARE WELL
TUBE " EDGED EDGED TUBE EDGED ROUNDED
i
i
S a - - [
- g - = .
1
I
I
length 1/2 stream clear length fult
to 1 dia. both sides 2.5 dia. flows
Cc=.52 C=.61 C=.61 C=.73 C=.82 C=.98

*Approximate flow through venturi tube can be read as:

v/ 1
jH_ 1- fdi\*?
oz

Q=19.054d3
for any venturi tube

for venturi tube where di = 1/3 &2

Q=19.05 d% H

Where Q = FlowinUSgpm
d: = Diameter of venturi throats in inchas
d: = Diameter of main pipe in inches
M o=

Differantial head between upstream end and throat ()

The above‘formulaa are suitabla for any liquid with viscositles simitar to water.




Flow Estimation
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DISCHARGE RATE IN GALLONS PER MINUTE (GPM) FOR LARGE CAPACITY SYSTEMS

Nominal Pipe size (in inches)
Horizontal . \ ,
Distance (x) 1 1Y, 11, 2 2 3 4 § 6 8 .10 12
{in Inches) Discharge Rate in Gallons Per Minute (GPM)
4 5.7 9.8 13.3 22.0 31 48 a3
5 74 12.2 168 27.5 39 #1 104 163
6 8.5 14.7 20.0 33.0 47 73 124 195 285,
7 10.0 17.1 23.2 385 55 85 146 228 334 380
8 1.3 19.6 265 440 682 97 166 260 380 865 1060
] 12.8 220 {. 208 84.5 70 110 187 293 430 750 1180 1660 .
10 14.2 245 332 55.5 78 122 208 326 478 830 1330 | 1850
11 15.6 27.0 38.5 80.5 86 134 229 360 528 915 1480 2200
42 17.0 29.0 40.0 €6.0 94 146 250 -| - 390 570 1060 1600 2220
13 18.5 3.5 43.0 715 102 158 270 425 820 1080 1730 2400
14 200 340 | 465 77.0 109 170 292 456 870 1160 1860 2590
15 21.3 36.3 50.0 825 17 183 312 480 710 1250 2000 2780
18 227 39.0 53.0 88,0 125 198 334 520 780 1330 2120 | 2660
17 415 56.5 93.0 133 207 355 550 810 1410 2260 3140
18 60.0 | . 900 144 220 375 590 1 860 1500 2380 | 3330
19 100.0 148 23z 395 820 910 1580 2620 | 3500
20 156 244 418 850 950 1660 26860 3700
21 256 435 885 1000 1750 2800 | 3890
22 ) 460 720 1080 1830 2820 4060
23 - 750 1100 1810 3080 | 4250
24 140 | 2008 3200 | 4440

Flow from Vertical Pipes

Flow from a vertical pipe can be estimated by measuring the vertical height, H. as
shown in Figure 1.
Q = 5.68KD* H*

where
Q = discharge, gpm
D = iInside diameter of pipe, In
H = vertical height of water jet, In )
K = a constant, varying from 087 to 097 forpipes 2 to 6in dlaneter ond H equak
o 6to 24 in
Flow from Vertical Pipes. gpm
Nominal Verttical Heighy, #, of Water Jei, in
113, PIPE, IN. 3 RE] + 43 5 55 1] 1 3 19 12
1 3% 41 a7 L] 5 5 6t &5 ™ 32

a4
81 ] 9 103 09 4 126 [£34 FELS 168 1m
151 163 i 188 195 208 2 M b 99
3 349 ke 403 430 458 b 20 560 435 o
a8 -
1ts

g

387 423 T kel ] 82l 68 S 1020 150 17
10 95 s 1 1200 1289 1350 1415 1550 1640 1840 2010




