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imize costs, that many waste
water systems are designed

right along the borderline of
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Operating Reliability and Life

technical and economic feasi- - Cy/cle Costs of Waste Water Pumps

bility. That, of course, harbours

the danger of crossing over that line. Hence, the criteria to be met by pumps

handling raw waste water have changed considerably in recent years.

SAVING ENERGY

The desire to save energy while imple-
menting effluent treatment plants char-
acterized by processes that are as uni-
form as possible has led to the in-
creasingly frequent use of speed control
via frequency inverters. However, such
pumps‘ impellers and even their vertical
piping can plug up if the pumps them-
selves are running too slowly, i.e., if the
permissible speed of rotation or the per-
missible flow velocity is not maintained
and if the defined minimum flow rate is
not reached.

LONG-DISTANCE
WasTe WATER
TRANSPORT

Any further increase in access levels,
particularly in Germany, will entail the
transfer of waste water over long dis-
tances, e.g., from small villages or farms
to the next main pumping station or
effluent treatment plant. Such pumped
drainage systems must be designed for
pumping small capacities at high heads,
and that calls for tailored solutions to
ensure non-clogging operation of waste
water pumps with small nominal diam-
eters. Meanwhile, the need to further re-
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duce maintenance costs is boosting the
preference for screenless operation, and
that places very high demands on the
waste water pumps with regard to clog-
ging avoidance. Last but not least, the
measures taken to meet all these re-
quirements are having the effect of pro-
moting water conservation, while modi-
fied conditions of hygiene in highly de-
veloped and industrialized countries are
substantially increasing the solids and
fibres content of waste water, which in
turn further intensifies the need for non-
clogging pumps.

THe CHANGING NATURE OF
WasTe WATER

Due to major reductions in specific wa-
ter consumption, the character of waste
water in Germany has changed. While
water consumption was running at 186
| per day and person in 1991, that rate
had dropped to 128 I per day and per-
son by 1998. Consequently, the share
of water as transport medium has de-
creased sharply, while the relative fibre
and solids contents have increased. This
becomes very problematic during sum-
mer dry spells, when no rain has fallen
for some time. Fibres and other solids
tend to collect in the sewers, forming
clods of crud that get dislodged by the
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next heavy rain and can in extreme cas-
es cause disruption of pump station op-
eration by plugging up the waste water
pumps if the wrong impeller geometry
has been chosen.

CLoGGING OF WASTE
WATER Pumps

A distinction is drawn between clogging
with solids and clogging with fibrous
material:

Clogging with solids

Scraps of wood, toys and sundry house-
hold waste are frequently found in
pumps. Comparable solids-induced clog-
ging can result from conglomeration.

Clogging with fibres
Fibres, particularly in the form of house-
hold refuse, hygiene articles and diverse

Access level: Percentage share of

“introducers” with sewer system con-
nections, as compared to the total
number of waste water producers.

Conglomeration: A mixed, coherent
mass of small solids.
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industrial wastes, are the other major
problem. They tend to collect either in
the gap between the impeller and the
casing, along the leading edge or at
the impeller eye. The cross-section of a
typical waste water pump hydraulic is
shown in Illustration 1.

Considerable abrasion of the casing
wear ring causes gradually increasing
leakage flow from the discharge side to-
ward the suction side, and fibrous mate-
rial can get into the clearance between
impeller and casing (= side gap). In ex-
treme cases, so much fibrous material
can collect in the side gap that it blocks
the impeller. Often, fibres collect for a
short time along the leading edge of
the impeller, but if the impeller has an
optimally shaped leading edge, the fi-
bres soon fall off and exit the impeller
through the flow path. If, however, the
leading edge has not been geometrically
optimized, so much fibrous material can
collect there that the entire impeller eye
stops up. So, though modern waste wa-
ter pumps are very reliable, their avail-
ability can be impaired by an impeller
geometry that was not chosen to fit the
specific application and composition of
the waste water. On the other hand, it
is often impossible to predict the exact

Illlustration 1: Critical points where fibres tend to
collect in a waste water pump hydraulic with closed

impeller

composition of municipal waste water,
and new “introducers” can alter it with-
out warning.

WHAT KinDs oF WAsTE WATER
ARE THERE?

DIN 4045 categorizes different kinds of
waste water. It differentiates between
storm water, or surface runoff, waste
water and sludge. In most modern efflu-

Illlustration 2: Classification of the various types of waste water
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ent treatment plants,
positive displacement
pumps such as pro-
gressive cavity pumps
are used for handling
sludge with a solids
content > 5 percent.

By contrast, centrifugal
pumps are mostly used
for conveying waste
water in the form of
sewage as well as mu-
nicipal, industrial and
- agricultural waste wa-
ter. However, no pre-
cisely gaugeable pa-
rameters are defined
for those types of waste
water, which differ both according to
their gaseous, fibrous, solids and sand
contents and in terms of particle size (Il-
lustration 2).

Consequently, each and every waste wa-
ter handling task requires its own special
analysis, and there is only limited lee-
way for generalization and broad-brush
recommendations.

Storm and surface water
Waste water
— Municipal waste water
e Sewage
¢ Industrial waste water
- Industrial waste water
— Agricultural waste water
Water containing sand
- Activated sludge
— Primary sludge
- Secondary sludge
— Thickened sludge
— Stabilized sludge
— Dewatered sludge
— Dried sludge

Gas content  Fibrous content Particle Solids content  Sand content
% size (%) (g/l)
- low small - 0-3
0-2 medium medium - 0-3
0-2 high large - 0-3

- low small - 0-3
0-2 high large 0-5 0-3

- - - - 8-10
2-4 low small 1-2 -
2-4 low small 2-6 -
2-4 low small 2-35 -
3-6 low small 2-5 0-2

- low small 5-10 -

- low small 20 - 30 -

- low small 30-50 -
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GeoMEeTRIES OF WASTE WATER
Pump IMPELLERS

Illustrations 3 and 4 survey the various
design concepts for open and closed im-
pellers.

Single-channel impeller

Two-channel impeller
i Tl

Cutter

7
g_@

Hllustration 3: Overview of closed
impeller designs for handling waste
water and sludge

lllustration 4: Overview of open im-
peller designs for handling waste
water and sludge
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ErricieENcy COMPARISON

Illustration 5 presents an efficiency com-
parison of various impeller types for a
typical design point. Obviously, there is
no difference between the open single-
channel impeller and the closed single-
channel impeller or between the open
two-channel impeller and the closed
two-channel impeller. The use of two-
channel impellers yields an efficiency
gain of about two percentage points.

With a view to ascertaining the maxi-
mum achievable efficiency, comprehen-
sive analyses were conducted for all
the market‘s better-known waste water
pump hydraulics. The best achievable
efficiency levels for pumps of the nom-
inal size DN 80 (grey), DN 100 (light
blue) and DN 150 (dark blue), i.e., for
the most frequently employed pump siz-
es, are shown in Illustration 6. The max-
imum efficiency that can be achieved
with free flow impellers amounts to a
mere 55 % for all sizes.

Illlustration 7: Comparison of efficiency curves of various impeller geometries
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The efficiencies of open and closed sin-
gle-channel and two-channel impellers
range from 75 % to 85 %. Three ad-
ditional percentage points can be ex-
tracted from an open single-channel im-
peller, but only at relatively high spe-
cific speeds and large capacities (which
roughly corresponds to DN 150). Sys-
tematic hydraulic optimization has made
it possible to achieve very high efficiency
levels of more than 80 % with a closed
two-channel impeller.

Hence, the efficiencies that can be
achieved with closed two-channel impel-
lers occupy the same high level as those
of multi-channel impellers, while those
of open two-channel impellers, such as
the “N impeller” of a Swedish manufac-
turer, are about five percentage points
lower than those of the closed version.
Apparently, losses occurring in the gap
between the casing and the impeller
vanes and in a special fibre-repellent
groove are substantially higher than
the impeller-shroud and internal leakage
losses of closed impellers.

Low-FLow
EFFICIENCY

What the efficiency curves look like in
the low-flow range is just as important
as the best efficiency point. Here, the
impeller geometry is seen to have a great
impact in general.

To facilitate a detailed analysis, Illustra-
tion 7 shows typical efficiency curves
of various impeller geometries as func-
tions of pump capacity. All of the curves
are normalized for the best efficiency
point Q/Q_ = 1.0. Free flow impellers
maintain constant, though low, efficien-
cy over a broad range of pumping ca-
pacity. Their poor efficiency is attrib-
utable to their underlying fluid dynam-
ic principle and is only amenable to
marginal improvement. Multi-channel
impellers, with their higher number of
vanes, are the most efficient at con-
verting energy over the entire operating
range, but they are only suitable for
handling pre-treated waste water.
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Illlustration 5: Comparison of average efficiencies of various impeller
geometries (design data: Q =80 I/s, H = 13 m, n = 1450 1/min, nq= 60

1/min)
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Illlustration 6: Comparison of the best achievable efficiency levels of vari-

ous impeller geometries

Closed impellers have flatter efficiency
curves than do open impellers, and there-
fore offer better low-flow efficiency. For
example, the difference between a closed
single-channel impeller and an open sin-
gle-channel impeller can amount to as
much as 10 percentage points in the
low-flow range, even though one is just
as efficient as the other at the best effi-
ciency point. The same is true of two-
channel impellers. Thus, the concept of
efficiency should not always be consid-

ered a question of “best” efficiency, but
also and in particular as one of low-
flow efficiency, because the latter is of-
ten what counts most for waste water
pumps in their actual service environ-
ments.
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Illlustration 8: Effects of wear-induced sealing gap enlargement on the characteristic curves and the duty point

of an open single-channel impeller

WEAR REDUCES
EFFiciENCY

In the course of time, both the efficien-
cy and the performance characteristics
are subject to gradual change, and that
must be given due consideration in the
planning of waste water pumping sta-
tions. Illustration 8 shows the effects of
wear-induced gap enlargement on the
characteristic curves of an open single-
channel impeller. The best-achievable ef-
ficiency is seen to deteriorate by up to
10 percentage points.

Progressive wear also alters the head
curve. In our example, the flow rate
eventually declines by about 8 % in con-
nection with the system curve. However,
no one working at a waste water pump
station is ever likely to notice such a
thing, because most such stations have
no flow measuring equipment and the
power input remains practically con-
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stant due to the decrease in the flow
rate.

Illustration 9 shows the continuous loss
of efficiency as a function of gap en-
largement. It is plain to see that with

open impellers like the “N impeller” ef-
ficiency deteriorates much faster than
with closed impellers.

Illustration 9: Wear-induced loss of efficiency as a function of sealing gap

enlargement
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COMPARISON OF
CLOGGING
PRONENESS LEVELS

Free passage, which is defined as the di-
ameter of the largest ball that can pass
through the impeller, is an important cri-
terion for evaluating the ability of waste
water impellers to keep from clogging
up. Illustration 10 delineates an analy-
sis of the maximum free passage of vari-
ous commercially available impeller ge-
ometries. Free passage depends on the
size of the pump and on how many
vanes it has.

Few impeller geometries can provide the
minimum free passage of 80 mm (or
even 100 mm) that many users stipulate
for handling raw waste water. Both free
flow impellers and single-channel impel-
lers provide relatively wide free passage
for all sizes, and both have served re-
liably for many years in the pumping
of raw waste water containing solids of
large particle size. The free passage of-
fered by open single-channel impellers
is somewhat smaller, but still above 75
mm for all sizes. In fact, DN 150 has
a free passage of 100 mm. Closed two-
channel impellers have free-passage di-
mensions comparable to those of open
single-channel impellers.

Open two-channel impellers and mul-
ti-channel impellers, however, have nar-
rower, design-dependent free passages
and therefore cannot guarantee non-
clogging operation in the presence of
sizeable solids. Two-channel impellers
have limited free passage, which is also
true of the “N impeller”.

Only specially designed types referred to
as “canned impellers® are able to offer
free passages in excess of 75 mm for DN
80 and DN 100 (and > 100 mm for DN
150 and above) with closed two-channel
impellers. To ensure reliable pumpage
of raw waste water and equally reliable
operation of waste water pumps, the
free passage should amount to at least
100 mm. The latest edition of Germa-
ny‘s waste water pump selection direc-

ks b.
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Illlustration 10: Comparison of the maximum free passages of various im-

peller geometries

tives, ATV-Druck-134, dated June 2000
and issued by Deutsche Vereinigung fiir
Abwasser, confirms that criterion. On
the basis of discussions held with pump
station operators, ATV decided not to
change this time-tested dictate for free
passages > 100 mm and has document-
ed that decision in the latest version.
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SeLECTION CRITERIA
FOR OPTIMAL IMPELLER
GEOMETRY

One other selection criterion that is be-
coming increasingly important are the
life cycle costs of waste water pumps.
In the intermittent operation
mode, which is very frequent-
ly the case at waste water
pump stations, the cost of en-
ergy only accounts for about
50 % of the overall life cycle
costs.In the continuous oper-
ation mode, energy expendi-
tures can account for more
than 80 % of the overall
costs, with that mode being
encountered quite frequently
in the intake structures of ef-
fluent treatment plants. Of
course, these illustrations are
only valid for non-clogging,
trouble-free
pumps. If clogging does oc-
cur, the cost of remedying the

waste water

problem, including the con-
sequential costs of pump fail-
ure, is the sole decisive cost
factor and can easily add up
to more than the acquisition
value of the pump. Hence, waste water
pump station operators attach maxi-
mum importance to operating reliabili-
ty, and efficiency is only their second de-
cision-making criterion. Choosing a par-
ticular impeller for a particular waste
water pump in a particular service situ-
ation always entails a compromise be-

tween freedom from clogging, overall
operational efficiency, and wear behav-
iour. Naturally, the geometry of the im-
peller can only be decided with due al-
lowance for the specific composition of
the waste water, so there is no such thing
as a universal impeller, even though one
major Swedish producer is trying to pro-

mote one.

SpecirFic MERITS AND
DRAWBACKS

Illustration 11 lists some recommenda-
tions on how to choose an optimal im-
peller geometry. Free flow impellers are

FLuib DyNAMICS

still the best choice for water containing
lots of gas, and good results are obtained
with open single-channel and two-chan-
nel impellers for high fibre contents. In
the case of medium fibre contents like
those customarily encountered in mu-
nicipal waste water, closed single-chan-
nel and two-channel impellers are pre-
ferred for their high operating reliability
levels. If the water is extreme-
ly emburdened with indus-
trial process waste or large
amounts of household refuse,
the good old free flow im-
peller makes the best choice,
despite its somewhat inferior
energy efficiency. This ap-
plies in particular to small-
size pumps (DN 80 and DN
100).

These assertions have been
confirmed by extensive exper-
iments involving fibres of di-
verse type and concentration
conducted at the KSB model
waste water test bay.

SUMMARY

Efficient waste water trans-
port will always require well-trained
specialists with long-standing experience
to select just the impeller geometry need-
ed to cope with the pumped medium
on hand. In the near future, there will
be no such thing as a universal impeller
that can handle any and all waste water
transfer tasks.

Illlustration 11: Application limits for different impeller types as a function of the characteristic waste water

parameters
Gas content  Fibrous content Particle size  Solids content Sand content
% (%) (9/1)
Cutters - medium - 2 -
Free flow impellers 8 high large 6 6-10
Closed single-channel impeller 2 medium large 6 4
Open single-channel impeller 4 high large 6 6
Closed two-channel impeller - low medium 4 4
Open two-channel impeller 4 high medium 6 6
Multi-channel impeller - none small 4 4
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