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Radar vs Ultrasonic Level
Calibration Points

Calibration Point Ultrasonic ‘ Radar
0% or 4mA
Reference from the top down
100% or 20 mA
Reference from bottom up Reference from top down.
Radar sensor Ultrasonic
T refefence
Distance J point !
"""" - High Cal. Point | 100%
Space {process full
‘ level)
Level
Low Cal. Point
(process empty level) ¥ -
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Potable Water Pump Station
Storm Pumping Station
Sewage Pumping Station

« CHARACTERISTICS OF PUMPING STATIONS o fall Clhaa pailad
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* CONFIGURATION o L)
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Storm Pumping Station e
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Potable Water Pump Station \‘
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sewage pumping stations
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O Inflow / Outflow

0 pumping basin / without basin

0 Wet Chamber / Dry Chamber

O Civil works according to water quality

O There are other concepts that we will see later
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 DESIGN OF THE PUMPING STATIONS

+ Minimum cost ofM-

Maximum pumping flow
Volume of the basin or pumping chamber
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e DESIGN OF THE PUMPING STATIONS
\

1- RELIABILITY:
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* DESIGN OF THE PUMPING STATIONS

*\

2.- ECONOMY:
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e DESIGN OF THE PUMPING STATIONS
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 DESIGN OF THE PUMPING STATIONS

\

4.- SECURITY:
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CONFIGURATION OF PUMP STATION
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CONFIGURATION OF PUMP STATION
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ADDITIONAL CONDITION

- A reduction in the performance of the pump below the test
values provided by the manufacturers, a fall in the head-flow
characteristic curve and an increase in the power consumed by
the pump;

- Cavitation, even if the pump is operating nominally within the
limit for a given application;

- An increase in noise and vibration inside the station with
possible damage to the pump components.
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Process Systerns Engineering

Sumps and Intokes

Pracess Systemns Engineering

Adequate volume for control of pumps
Adequate NPSH

No or little pre-swirl of the flow into pumps
No vortices present around the pump intakes
» No air carried through to the pumps

+ In sewage/ drainage stations —

+ sediment deposition is minimised and the
material is carried through and into the pumps

 no build up of floating solids or potential for
ragging
+ potential for grease build up is minimised

-

Surnps and Infakes




Cfanﬁeld

DNIVERSITY

Process Systerms Engineering

« Reduction of discharge, head,

Large quantities Trapped nir
T drawn in carried mlong
efficiency intermitently depending on

= Vibration, damage
- ~7-10% air leading to air lock

— == Well defined
H surface dimple
== ——  Airdrawm
T = atermttontly Air care extends
into in take (fully
? mmm:’:n developed entraining vortex)
Sumps and intakes was craniehd ook
Cranfield
UNIVERSITY
Process Systermns Engineering

Type 2: surface dimple;
coherent swirl

Type 1: surface swirl

Type 3: dye core to intake; coherent Ao )
swirl throughout water column Type 4: vortex pulling in floating

trash but not air
_.\('_
Q
I\
o]

Type 5: vortex pulling air bubbles to
intake Type 6: full air core to intake

Sumps and Iniakes ok sronheld o uk




Cmnﬁeid
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Process Systerns Engineering

~ One way of reducing swirl and possibly vorticity is to increase
the depth of submergence above the intake:-

D D,

b

feslc

ANSI recommendation is that S/D, 21+ 2.3F, where D,is the
bellmouth diameter and F,, = V,/(g.D,)*°. V, = Q/(ND%4).

BUT this criterion applies to a well designed sump. It won't solve the
problems of a poor one!

Sumps and Intakes il anhald ooy

Cranfield

| UNIVERSITY

Process Systermns Engineering

Avoid plunging flow onto or near to pumps:-

Remember: Compared to model tests, more
airis entrained in full size installation and is
less easily released.

= If flow dropping into sump then possibly use drop pipe or baffle
wall and encourage air movement to surface before reaching pump:-

ible deflector to encourage
upward movement of bubbles

Sumps and Intakes v erenheld oo uk




Surmps ond Intakes

¥ I
Cranfield

VE

RETTY

Process Systems Engineering

Range of
operating levels

+ Swirl leads to flow breakdown
and thus loss performance

+ Bulk swirl intensifies
approaching the intake

* Sdeg (?) at pump inlet

Sumps and Infakes

Process Systerns Engineering
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Process Systerns Engineering

Swirl or ‘pre-swirl' refers to the mass rotation of the flow as it
approaches the pump.

Most pumps are designed for flow to approach the impellor at
right angles. '

Pre-swirl opposing the impellor rotation increases the head, the
absorbed power and reduces the efficiency. Extra loads on the
pun‘;g imp?tller and bearings. In extreme cases motor overload
could result.

Pre-swirl in the direction of the pump impeller then there is likely
to be a reduction of flow, efficiency and power. Cavitation and
excessive bearing wear may result

Most manufacturers accept a value of no more than 5 degrees
in line with the ANSI recommendations.

Surnps and Intakes st cranhicled ek

Cranfield

fl UNIVERSITY

Process Systems Fngineering

Second pump draws water
from turbulent region

+ Large scale turbulence
+ High velocity jet

i /

—

[ Wa ke caused

by first pump
ELEVATION SECTION "AA’
4
\ AN £ ‘
Penstock = LR Not recommended
For @ > 20°
| (8 =60° as shown)
F=t— O 5

Sumps and Intakes waLaLeranteld ook
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Process Systerns Engineering

= Air, cavitation
 Fluctuating load

Surmps and intakes ! s cronivkdocuk

Cranfield

F UNIVERSITY

Process Systems Engineernng

Air—cored surface
vortex

Vortex attached to
side wall of sump

Sumps and Intakes wiw cronfield.ac uk
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Frocess Systems Engineering

Vortex attached
to floor of sump

Vortex attached
to side wall of
sump

Sumps ond Intokes : u

vk cranhield ook

Cmnﬁe[d

{ UNIVERSITY
Process Systerns Engineering

Vortices must be differentiated from swirl. They are local tight
swirling flow with high rotation. They may be originated from the
water surface in the sump or be attached to the walls or floor.

If they enter the pump intake they can put high uneven loads on the
pump impeller and not only reduce the pump efficiency but damage
the pump bearings.

Strong surface vortices may even entrain a core of air and carry that
down into the pump.

Weak vortices may be tolerable but string vortices must be
eliminated.

Sumps and Intakes ., ceoniiekd oo ok
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Process Systems Engineering

- Sediments, floats, grease,

septicity gt__ R

ELEVATION

:..

Sumps and Intakes g anhield oo

P umMIvERSITY

Precese Systems Enginearing

Maximum sump inlet velocity (1-1.2m/s) else baffle plate
+ Energy dissipated before final approach to pump

» Average velocity in sump low (0.3m/s for clean water, 0.7m/s
for sewage)

* No obstruction or streamlined

+ Divergence < 20 deg

+ Slope < 10deg for clean water
45-60 deg for sewage

Sumps and Intakes [T RIS

Cranfield
| UNIVERSITY
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Process Systems Enginieering

« Adequate submergence and
clearance

Clegrance fromsumpfioor  C=05D
Preedrrity to reer wall X=028D
Wicth between pumpbay  We2-3D

Divergence < 20ceg
Downslope < 10 deg (dean sump only)

Sumps ond Intokes

Cra nﬁggéﬂ'!“:‘

Process Systems Engineering

+ Corners filled in to minimise : R
stagnant region + - I,
« Suction not too small | Sl
. ; R
compared with the size of e
sump or partition
ey
'—"“-ii_—rs Il"ﬂl_-! ,3 t;e- -ﬁ-mr
) -1 '__._ ! -1
et _Ii ! :_iﬁﬁ—_ i' W
o R
B = Pump spacing ’
sy
E = Leagth of splitiers
Surmnps and Intakes tesled o L
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Process Systems Engineering

10 x Dg

Bellmouth
dia, Dg

O
-

Sumps and Infakes

Cranﬁeld

UNIVERSITY

Pracess Systerms Engineering

3

P G Downslope<10°
s E—

o

Not exceeding 20°;
optimum 15° (ANSI)

was.erantield.ce uk

Surmps and Intakes
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Sumps and Intakes

Cranfield

{ UNTVERSITY

Process Systerns Engineering

SECTION

PLAN

Stage reduction of turbulence

using:
- Energy dissipation blocks

+ Curtain wall (watch out for scum)

Benching (to reduce discontinuity)

Sumps ond Intakes

Cranfield

| UNIVERSITY

Process Systerns Engineering

Wi cronnekloc.uk
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and vortex

Sumps and Intakes

* Flow splitter to reduce swirl

Cones

= Short splitters

Or cross

Long splitter;
splitter behind

© pump casing

Cran ﬁeld

UNIVERSITY

Process Systerms Engineering

Sumps and Intckes

Cmnﬁgeld

INIVERSITY

Process Systems Engineering

Vortices generally can be
eliminated by careful design of
benching and flow straighteners
around intake but likely to need
physical model tests to identify and
for benching design.

Look out for RAGS!
Maost pump manufacturers have

developed their own details which
will work in a well designed sump.

L cranticld o ul
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Process Systems Engineering

A lot of time and effort is expended on designing

and model testing pump sumps.

Why?

What are we concerned about?

Sumos and Intakes

wara. cranbelid.oc .l

Cranﬁ eld

UNIVERSITY
Process Systemns Engineering

Needs to ensure

Sumps and Intakes

Efficient operation of the pumps
No air carried into the pumps
NPSH requirements met

In sewage and drainage stations, good
screening conditions

Sediment carried through to the pumps

i, crantield ao.uk
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Sumps ond Intakes i cronfield acuk
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Process Systems Engineering

Computational Fluid Dynamics is used in many high technology
industries such as aero-space, turbine and jet engine design,
combustion thermodynamics and Formula 1 racing car design.

Flow space is divided up into small elements and then salves the
energy and mass conservation equation.

Itis used in the water industry, particularly in the design of process
units within a treatment works where it is important to ensure good
hydraulic performance.

Itis beginning to be used for pumping station design but cannot
yet model the fine structures of vortices.

Sumps and Intakes wikk cranficld acuk
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water level below minimum submergence
riteria.

@ Potential for vortex formation:
large unrestricted space in back area (>>0.75D)
and side clearance greater than (>0.5D)

vortex {7/ (

Surmps and Intakes waLs cronfield ook

LUNIVERSITY

Process Systerns Engineering

Cran ﬁ eld

= With the right boundary conditions CFD can model the general
flow patterns in the sump and can predict the swirl into the pumps
with reasonable accuracy.

« For critical major stations physical modelling is still the best
approach. For smaller stations, particularly if of fairly standard
design, then CFD offers a much cheaper and quicker analysis
though with greater risk of vortices being present at full scale.

Surnps and Intakes Lt sranticld oo uk
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= Tim

Surmps and Initakes

» Cost?

ing?

Cran ﬁ eld

UMNIVERSITY

Process Systems Engineering

1

* When beyond present
knowledge (cannot copy
previous design)

« Worth while when cost of
model test comparable with
cost of the sump

+ Consulting engineer - before
pump selected

« Contractor - too late

vanL.cronfield.ocok

Cmnﬁ eld

UNIVERSITY

Process Systemns Engineering

ta

Pump inlets

Sumps and Iniokes

PLAN SECTION A-A

L. coanhckd ac ok
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Nivel muy Bajo

Descarga superior
con introduccidn
de Aire.
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Entrada Exéntrice
causando ratacion

Defectos mas
Comunes.

Soluciones
Posibles
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HI Pump Intake Design — 1998

at the inlet. Some common types of such devices are
shown in Figure A.12.

As an alternative, a cage type vortex suppressor may
be used, as illustrated in Figure A.12, example 6. The
cubic cage may be made of standard 38 mm
(1.5inches) deep (or deeper) floor grating (or its
equivalent). The length, width and height of the cubic
cage, each with a characteristic length termed Lv

should be about 3 inlet pipe diameters, and the top of
the cage should be submerged about 150 mm
(6 inches) below the minimum liquid level. Non-cubic
cage shapes are also effective if the upper (horizontal)
grating is at least 3 inlet pipe diameters on each side
and is also submerged 150 mm (6 inches) below the
minimum liquid level. A single horizontal grating meet-
ing these guidelines may also be effective. Tests on
such cage type vortex suppressors have demonstrated

Liquid level Liquid level
Ex. 1
D/2* Ex. 2
* Flat-bottom Baffle plate
tanks only D
To pump
Liquid level
Ex. 4
Minimum

150 mm _Ll_/—— Clear

Standard floor - liquid
i grating =™  _~ level

Min
Vertical downwards, straight,'/U
a protruding tank outlet is

illustrated Cage-type vortex suppresser
Ex. 6
Figure A.12 — Anti-vortex devices
52 Hydraulic Institute Standards, Copyright © 1997-2009, All Rights Reserved
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