Fg

A major ancillary item‘.

Considerations

l.

Type of fluid: chemical and physical characteristics of
the fluid to be pumped.

. System-head curve: may be obtained from the

manufacturer.

3. Potential system modifications

. Operational mode: degree of flow, head fluctuation, and

mode of operation (continuous or intermittent)

. Required margins: 15~20% over the design points




Pumping System -

6. Pump selection: based on the fluid characteristics,
turn-down ratio, discharge pressure and system
requirements, availability of space, lay-out, energy
and pump costs, code requirements, and the materials
used in the construction.

Reciprocating pumps (plunger or diaphragm type) for
liquid chemical metering and injection applications
(small capacity)

Centrifugal pumps - for wide variety of hydraulic
head and over a wide range of capacity requirements,
for low to medium capacity with medium to high
pressure.




Pumping System -

» Axial flow pumps: for low hdraulic head and high
flow conditions

Vertical turbine pumps: require much less space and
self-priming but more head room.

. Drive selection: electric motor, internal combustion

engine, or steam; constant or variable speed drives;
the majority of pumps are driven by squirrel-cage
induction motors due to their versatility and
availability

Synchronous: requiring large horse power

Wound rotor: requiring variable speed drives
Reduced voltage starting and low in-rush current




Pumpmg System -

8. Number of pumps m?d Smndby generators: A three
pump system employing identical electric motor
driven pumps, each having a capacity that is 50% of
the max. demand is commonly selected; for frequent
power outrages, an engine driven pump or standby
diesel generator should be incorporated; for a standby

generator, the system will require reduced voltage
starting.




Pump Specifications

Related to pump construction and performance
Selection of the appropriate type of metal

e.g., for anaerobic sludge or deep well water or
pumping out the bottom portion of deep lakes, type
301 or 304 stainless steel rather than type 316 should
be specified.

Request for bidding: technical specifications and
general information (commercial term).

Performance testing: agree on the method of testing
and whether the testing of the pump should be
witnessed.




Special Considerations

. Pump starting conditions
Centrifugal pumps: close the discharge valve during
startup to prevent hydraulic surges.

Propeller type pumps: require very high horse power
at start-up.

2. High-speed versus low-speed pumps
» a small sized impeller with a high-speed motor
* a larger impeller with a slower speed motor

3. Hydraulic surge control
During pump start-up: install a surge control valve
Water hammer: install a surge tank




Special Considerations -

. Design of the pump suction well
The pump impeller requires a particular type of flow
condition to exist.

5. Sludge pumps
Positive displacement type - plunger (seldom used)

and progressive cavity (Moyno) pumps
Centrifugal type - screw feed, bladeless

Torque flow type - the Wemco pump, effective but
very low pump efficiency

The sludge piping should be < 6 in. in diameter and
the velocity should be 5 ~ 6 ft/sec.




Types of Pressure
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Gage pressure is usually the one we mean when we talk about pump
pressure in pounds per square inch (P.S.1.)




Column of Liquid which exerts a pressure

» Head in feet = 2.31 X psi/Liquid Sp. Gr.
“ For most cases water Sp. Gr. = 1.0
 Lighter than water like oil Sp. Gr. = 0.85
“ Heavier than water like brine Sp. Gr. = 1.15

» Specific gravities for various liquids and for water
at various temperatures can be found in pump
handbooks such as:

“ Hydraulic institute engineering data book
“ Cameron hydraulic Data.
“ Hydraulic handbook (colt industries)




Head vs. Pressure

The figure are to illustrate the relationship between
head and pressure with a centrifugal pump handling
liquids of varying specific gravity




Head vs. Pressure - continued
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Three identical pump, each designed to develop 115.5 ft. of
head (water Sp. Gr. 1.0) when liquids of other Sp. Gr. are
handled, the head (in feet) will remain the same, but the
ressure will very proportional to the specific gravity




Head vs. Pressure - continued

sogre.TO

Three pumps designed for same pressure will develop heads
(ft. of liquid) inversely proportional to the specific gravity.




7 Usually expressed as gallons per minute (gpm)
“ Sometimes expressed as gallons per hour (gph)

“ Other examples

Capacity

» Quality of liquid to be pumped in a time period

Flow Equivalsnia
Exzampis; 100 U 5 gatmin = 0.0631 = 631 llers/ssc

Convert Cu Barreis Barrels
Canver " v | gaw | miion | persac | Tper: | ‘mer | “Per ‘ -t
frem min min galigay [sec-ft) hour sec min day
USgalmin............. | 1 | 08327 | 000144 | 000223 | 02271 | 00631 | 0.0238 | 3s236
Imp galmin............. | 1201 | 1 0.00173 | 0.002676 | 0.2727 | 0.0758 | 002859 | 41.17%
U S million gal/day ...... | 6844 | 578.25 1 1.547 157.7 | 438 1653 | 23m0
Cufiiaee ...cc.civancan. | «48.83 | 3737 0646 | 1 101.9 | 2832 | 100886 | 1s3es
. | 1ses2 | 13200 | 2283 | 3535 300 | 1000 | T4 | ...
Cummin..........o.... | 2842 | 220 | o280 | 0.5886 | S0.0 | 16667 | 6230 | 0S8
Cumilir ....covaineninns | 4403 | 357 | ocoe3s | ocosez | 1 | a2r7e | 01048 | 15
Litersisec ............... | 1585 | 13.20 | o022 | 00353 | 2.80 | 1 | oa3mm3 | ss3a2
Litersimin .............. | 02542 | o0.z20 | oooo3so | 0.000589 | O.060 | 0.0167 | 0.00629 | 9.058
Sarreis (42 gal/min ..... | 2 | 3457 | oosos | 00937 | 9538 | 265 | 1 | 1ea0
Barrets (42 gali/day ..... | 0.0292 | 0.0243 | 0.000042 | 0.000085 | 0.00662 | 0.00184 | 0.00088 | 1




Total Static Head

(Liquid at rest, no flow)
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Total static head = static discharge head + static
suction lift




Friction Loss or Friction Head

» Measured in feet of liquid, equivalent head to
overcome resistance to liquid flow in pipes, valves
and fittings in the piping system.

» Values can be located in most hydraulic handbooks.
(see examples on following pages)




Fluid flow
Friction loss — Water
Friction loss for water
in ft per 100 ft of pipe
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L.osses and

> Entrance and Exit losses
“ Bell mouth opening will reduce entrance losses.
Handle same way as a pipe loss. Values found
in hydraulic handbooks.

» Velocity Head

“ Energy in the fluid as a result of movement.
Usually a small value and can be neglected
except for very accurate calculations.

* Velocity Head = v?/2¢g




Defining Total Head

» Combining from previous pages on static heads and
friction losses.
= Suction lift (-)
* Dynamic suction lift = static suction lift + suction friction
losses + suction entrance losses
» Suction head (+)

* Dynamic suction head = static suction head + suction
friction losses + suction enfrance losses.
~ Discharge head (+)
* Dynamic discharge head = static discharge head +
discharge friction losses + exit losses.
» Total Head or TDH
* Total Head = Discharge Head + Suction lift or —
Suction Head.




System Head Curve
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[f Customer needs 550 G.P.M. the pump head as selected

from the system head curve will be 98 ft. T.D.H.

Example:



Selection of Pump

= Pump will operate at intersection of pump curve and system
head curve. For duty point of 550 GPM(@ 98 ft. T.D.H., select 4
x5 x 12 =340 pump with 20 H.P., 1750 R.P.M. motor
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i Higher driver H.P. will be required.
2 Possibility of cavitation (pump noise vibration and internal
damage)



For Pumping Problems for init over selected as result
of improper system head curve

» hp requirement too high
* Larger motor
* Throttle discharge valve to get more head and reduce
hp required. (temporary solution)
* Cut impeller diameter for proper head and capacity
requirements.

> Cavitation
* Throttle discharge valve to get back on pump curve.
(Temp. solution)
* Cut impeller diameter to meet correct Head-Capacity
requirement.




Break Horsepower

The BHP required to drive a pump at a specific duty
point 1s:

Head (ft)x gpm X Sp. Gv.
3,960 Pump eff.

BHP =

These values can be determined from the pump
specification and the pump curve.




> Spec. calls for 675 gpm at 95 ft. head. Performance
curve shows 86%. Pump effluent liquid is ethylene
glycol at Sp. Gr. of 1.08.

BHP — 95 ftx 675 gpmx1.08

3,960x86%
=20.3
Would select a 25 hp Driver




NPSH Definition

» Hydraulic institute defines net positive suction head
(NPSH) as follows:
The net positive suction head in feet of liquid absolute
determined at the suction nozzle and referred to datum less
the vapor pressure of the liquid in feet absolute
(This sounds pretty complicated,but let’s try to simplify it a bit
as 1t 1s very important in pump selection.)

> Also be defined as the combination of atmospheric
pressure and static suction head that causes liquid to
flow thru the suction piping and finally enter the eye of
the impeller.

~ From that it can be seen that NPSH is very important to
successful operation of a pump.




Two Kinds of

Net positive suction head.

» NPSH,. — required by pump at duty point, found on
the pump performance curve.

» NPSH,. — Available in the system and must be

determined by calculation

Important !

For the pump to perform properly, the NPSH,
(required), must be less than the NPSH, (available)




NPSH, = <31, —Vy) +(H, —H,)

Sp. Gr.
P, = atmospheric pressure or pressure in tank (psia);

P, = vapor pressure of liquid at maximum pumping
temperature;
Sp. Gr. = specific gravity at pumping temperature;
H; = elevation head (ft); and
H; = friction loss in suction line (ft).

Refer to following pages for example calculations.

Values for vapor pressure (P,,) and atmospheric pressure
(P,) found in pump handbooks. (see attached)




Properties of Saturated Steam—Temperature Table
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Approximate Atmospheric Pressures and Barometer
Readings at Different Altitudes
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NPSH, Example #1

vent Atmospheric pressure (P,) = 14.7 psia

Nater at 90°F SP.GR. =
P, = 0.69 psia NPSH, =231 (P,-P,}) + (H:-H)
e SP.GR.

' Friction loss in =231 (14.7-0.69) + (10-1.5)
* sfiction line H, =1 * ft. 0.99

=327+10-1.5
=41.2 ft NPSH,

GOOD !

Should be no problem to select a
pump to perform satisfactorily.




NPSH, Example #2

Tank not vent Deaerator system
Water at 225°F Sp.Gr. 1 ank pressure (P,) = 18.9 psia
- 0.95 P, = 18.9 psia

SP.GR.

Friction loss in suction line =2 31 (18.9-18.9) + (10-1.5)

| H=1%#
0.953

=0+10-1.5

/c‘z\ = 8.5 ft NPSH,
+

W Fair !
Select a pump that requires less than

.




NPSA, Example #3

\ter at 210°F Sp.Gr. Atmospheric pressure (P,) = 14.7 psia
6 P, = 14.1 psia

g Strainer Gate 1';?"“

Friction loss in suction pipe with strainer and gate
valve H, = 1! fi.

_231(%, -P)

NPSH, = )0 +(H, -H,)
_2.31(14.7-14.1) +(3-2.5)
0.96 '

=1.9ft NPSH,,



NPSH, Example #3 - continued

Bad !

[t will be difficult to select a pump for satisfactory
operation the NPSH, could be increased by raising the
tank (H;). If the pump requires 7 ft. NPSH,, tank
should be raised approximately 6 ft. add to give 7.9 ft
NPSH, even more if possible




NPSH, Example #4

. Gate Value
Atmospheric pressure (P,) = 14.7 psia Strain
e+
% L
15 R, Friction loss in suction pipe with strainer
and gate valve H. = 14 ft.
P EL\ NFSHA=2.31(Pﬁ _PV]*‘{HE_HF}
Water at 90°F Sp. Gr. Foot value Sp.Gr.
=0.99 P, = 0.6Y psia : i 2 8
_231047-069) | (< oo
0.99
=32.7-17.5
=152 # NPSH ,

In selection the pump it would be necessary to see that the NPSH,,

required did not exceed 13 to 14 ft at the duty point, otherwise noise
and cavitation would occur at the pump



Final Note on NPSH

Although a good working knowledge of NPSH is required
to select pumps for hot water service, an estimation chart is
often helpful to get you in the right area

The following chart shows approximate NPSH available at
various water temperatures along with various static suction
heads up to 15 feet. Note that the chart is based on water at

sea level and also that no friction losses in the suction pipe
are accounted for.

Example of chart use:

Given: Vented tank with water level at 8 feet above pump
suction and water at 204°F

NPSH available = 13.1 feet




Available NPSH table for water

Temp | Vapor | Equiv. MNPSH (fi) available at various statie suction heads, (1)

ol E‘atﬂ 0] 2 | 3 | 45 6] 7] 809 10]15
212 147 | 34.0 | 0.0 1.0 2.0 3.0 4.0 5.0 6.0 1.0 5.0 9.0 10.0 15
210 14.1 326 |14 24 34 4.4 54 6.4 T4 8.4 9.4 10.4 14 | 164
208 13.7 314 | 26 LR 4.6 5.6 .6 1.6 B0 9.6 16 1.6 12.6 17.6
206 13.0 30,0 | 4.0 a0 .0 7.0 g0 9.0 10,0 11.0 12.0 13.0 14.0 19.0
204 | 125 | 289 | 51| 6l 7.] 8.1 9.1 .0 1L o120 | 130 ) 140 | 150 | 204
202 120 | 27.7 |63 ] 73 8.3 93 103 | 113 | 123 | 133 4.3 15.3 163 | 21.3
200 | 115 | 266 | 74 B4 94 | 104 | 1014 | 124 | 134 | 144 | 154 | 164 | 174 | 224
190 0.3 21.5 | 125 135 14.5 15.5 16.5 17.5 18.5 19.5 20.5 215 | 225 | 275
160 4.7 10,9 |23.1] 24.1 25.1 26.1 27.1 28.1 29.1 | 301 il 32.1 il | 381
120 1.7 3.9 |30.1] 3] 321 231 EEN| i5.1 A6 | 371 380 390 | 40,0 | 451

50 0.5 1.5 |325| 335 | 345 | 355 | 365 | 37.5 | 385 | 395 | 405 | 415 | 425 | 475
40 0.1 0,2 |338] 348 | 358 | 368 | 378 | 388 | 398 | 40.8 | 41.8 | 428 | 438 | 488
Notes:

> This chart does not take into account head losses due to friction in the pump suction
piping which must be deducted from the available NPSH for the specific application
1+ Values given are for water at sea level. For each 1000 feet above sea level, deduct

one (1) foot from the available NPSH




Affinity

On occasion you may find'it fietessary to determine the
performance of a pump at a different operating speed
the affinity laws are used in making these calculations.

s

Q, = capacity
H, = Head (feet) at N, — rpm
Q, = capacity
H, = Head (feet) at N, — rpm




Given pump at 600 gpm, 80 ft head, 15.1 BHP at 1750 rpm,
what is comparable point at 1550 rpm?

Q=600  H,=80 BHP=15.1 N,=1750
Q=" H,=? BHP,=?  N,= 1550

Q.= Q,xN, _ 600x1,550
N, 1,750

=531gpm

H,=H, x (N,/N,)? = 80 (1550/1750)> = 62.8 ft.
BHP, = BHP,(N,/N,)* = 15.1 (1550/1750)° = 10.5 BHP




Exa mple - continued

Other points from the 1750 rpm curve can be converted
in a similar manner to plot an expected curve at the new

rpm.
There are also similar equations to determine expected

performance when changing the impeller diameter with
rpm remaining constant. These can be shown by
replacing N, and N, with D, and D, in the above
equations. The use with different diameters would be
the same as above




