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Prefaoce

This book hos been prepared by RITZ Pumpenfabrik OHG to provide

the technical information needed for the calculation, planning, construction
and operation of water pumping installaticas using Archimedian screw pumps,
The constontly increasing use that ist being made of such pumps, especially
for handling effluents, has resulted in on urgent need for a comprehensive
hondhook of this noture.

Since this book Ts issued by ¢ pump manufacturer, particular care haus been taken
to ensure that on objective approach was maintained when evaluating screw pumps
and comparing them with other types of pump, and in the discussion of the
advantoges and disudvantages of this type of pump. This objectivity is assured
because RITZ Pumpenfobrik OHG are manuvfacturers of all types of effluent pump,
and so have no Tnducement to recommend any particular fype of pump other than
on sirictly operational and economic grounds. The book thys, at the some time,
seeks to shed some light on the many different opinions and conceptions regarding
the use of screw pumps both as droinage pumps and effluent lift pumps. The technical
information is baosed on ten years experience in the construction and use of screw
pumps for pumping water. Particular attention has been paid to providing practical
explanations and hints, and theoretical derivations have been included only to an
extent necessary to ensure @n undzrsianding of the subject as a whole.

1t is our hope that this publication will act os an incentive for further improvements,
and that it will prove & source of help and advice for the planners and designers of
water pumping installations employing Archimedion screw pumps.

If this hope is fulfilled it will be due very largely to all those who have contributed
to the success of this book by their voluable suggestions. In perticulor, acknowledge-
ment is due to Herrn Masch,-Ing. Deck of the Water Supply Depariment of the MNorth
Baden Regional Government at Kerlsruhe, who readily placed his experience at our
disposal in the form of calculated examples and practical suggestions.

The Author
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Part 1 Generol

1.1 A brief bistory

The Archimedian screw pump can rightfully claim to be the oldest type of pump
tc be used for the conveyance of liquids. In the third century B.C. the Greek
mathematician and physicist Archimedes invented the "Archimedian Screw', to
which he gave his name, ond even in those days this device found practical
application os a means of pumping water.

By the next century the Archimedian screw pump had also been odopted by the
Romans, who used it in the water supply system that served ancient Rome which,
even ot that time was developed to a high standard, as well as for irrigation
and drainoge work. A multi-stage Roman pumping station of this type is shown in
Fig. 2. :

If the Archimedian screw shown in the contemporary illustration {reproduced as
Fig. 1} is compared with the Roman pumping sfotion with screw pumps (Fig. 2),
which is only about 50 years more recent, it will be seen that the iatter ins much
claser to the present-doy conception of Archimedian screw pumps. The high stage
of developmeant that had been attained in the design of water supply systems s
reflected in the multi-stoge arrangement of the Roman installation,

At a later dote the Archimedian screw pump wos frequently to be found in ore
mines in Spain.

fn relatively recent times the principle of the Archimedian screw pump as d means
of conveying is encountered only from the 14th century onwards, In particular,
historical records refer to the use of the Archimedian screw pump in connection
with artifical fountains. Because of its relatively low delivery head, little use wuos
made of the Archimedian screw pump when the main public water supply systems were
installed during the 19th century especially since, by then, the "classic” pump for
dealing with high heads in the form of the reciprocating plunger pump hod become
available.

For this reason the Archimedion screw pump was then o be found only where com-
parafively large quantities of water had to be lifted small distances. One obvious
application of the Archimedian screw pump weas a drainage pump in low-lying areas,
such as the reclaimed lund oreas of the North Sea and Baltic, and as a drainage pump.
A number of these installations, in some cases of wooden construction, ore still
preserved and in operational condition.

The methods adopted for driving these pumps was another factor that led to them
being used primerily for drainage purposes. The stare.of technical progress at the
time of both Archimedes and the Romans was such that they only had humen or
anima! power ovailuble, but in the meanwhile the use of wind force had been found
to be an idecl ond also inexpensive means of driving screw pumps in windy, low-
bying cocstal areas. Around 1930, there were about 300 Archimedian screw.
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pumps in use in Holland alone for drairing low-lying ground, end in flood-tide pumping
installations, by far the majority of which were driven by wind power.

In Germany, however, conditions were less favourable and the use of Archimedian screw
pumps become less and less commen uniil the turn of the last century, with a few excep-
tions an the Baltic coast. As a result, the manufacture of Archimedian screw pumps came
to a complate halt in Germany, the few installations required being obtained from Dutch
manufacturers, These circumstances led to the erronesous assumption that the Archimedian

screw pump was a typically Dutch device.

The economic resurgence of Germany after the lost war, accompanied as it was by a
general increase in living stondards, led fo the construction of many main sewage systems
ond central treatment plants. The assumption made at that time, that fhe centrifugal
pump {which hod heen invented ot the turn of the century} would also prove a satisfactory
means of pumping effluent under all conditions, proved to be falsa. In particular, the
trends that had been followed in the construction of centrifugal pumps for handling fresh
water, of reducing weight so far as possible, and of operating at higher specific speesds,
led to considerable difficulties where effluent was being pumped. :

3 18th century Archimedian 4 Archimedian water pump
screw pump wsed for driven by wind power.
pumping water
{Cruquius pump mussum,

Huar!ernﬁrme_erpoiger}l




Although considerable doubts were expressed, the shart effective life that was often
experienced where cenirifugal pumps were used for pumping effluents, and the high
rate of repairs that was involved, led to the decision in 1255 to acguire two Archi-
medion screw pumps from o Dutch manufacturer and to instal them for experimental
purposes in the pumping station of the Weinheim—Nord/Bergstralle freatment plant
where, in the past, o number of centrifugal pumps hud given unsatisfactory service,

The measurements of perfurmance and efficiency that were made on these Archimedian
screw pumps after they had been installed provided a pleasant surprise. Since the sub-
sequent experiments, in which the pumps were subjected to additional loading in the
form of abrasive matertals and substances thar would readily twist round o rotating part
yielded equally good results, the authorities concemned decided to instal further Archi-~
medion screw pumps for handling effluents and for drainege. Plonts of this type were
soon installed at Forchheim near Kerlsruhe, at the Ketsch-Brihl cooperctive drainage
scheme, at Oftersheim, and subsequently at many other places in the South of Germa-
ny, with German firms once ogain toking up the manufocture of these pumps.

The satisfactory results that were obtained in service, the robustness of the equipment,
and the small amount of meintenance required led to an incressing demond for Archi-
medicn screw pumps, RITZ PUMPENFABRIK KG, of Schwiibisch Gmiind, who are
specialist manufacturers of pumps for drainage purposes, also played their part in this
development, and after extensive theoretical investigations started, n 1962, io
constryct Archimedian screw pumps for drainage pumposes.

The decision fo enter this field has been fully justified by the results obtoined with the
RITZ Archimedian screw pumps which hove since been installed in many plants, and by
the demond that has developed for these pumps. in view of this, these manufacturers
have continued to make exiensive investigations inte methods of improving and further
developing the Archimadian screw pump so as to be sble to offer their customers pumps
that incorporate all the latest technical developments, :

1.2 Comparison with centrifugal pumps

The various centrifugal pumps, such as radial-flow, axial-flow, mixad-flow, guide-
possage, and screw impeller pumps that were used for draingge duties and for handling
“effluents prior to the introduction of the 4rchimedian screw pump are illustrated, for

comparisen, in Fig. 5,

Becouse of the high pumping speeds necessary to produce the required rate of flow,
and the consequent high speed of the pumped material s it posses through the pump,
such pumps are subject to heovy wear, especially where there is on abrupt chonge of

13 -
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flow. Both the abrasive action of solid particies that are flung eut by the centrifugal
action, and stoppages of the centrifugal action in the rotar, due to the presence of
substances in the water having a different specific weight, are the main cause of
lynkdowns. I is therefore almast essential to fit suitable screens at the input fo those
centrifugal pumps thot are used In drainage and sewage pumping plants, if.reliabie
eperation is to be assured, since there is always the possibility of bulky or other
easily-transporiable objects being carried along with the effivent. This praves of
perticular disudvantage in the cose of pumping sub-stations, especiully where these
are located in buili-up areas. In addition fo the cdditional cost of the screens and
the need for extra maintanance ond attention, the reliability and efficiency of the
pumping operation is often endangered. The fact that an Archimedian screw pump

is considerably more silent in operotion than a cenirifugal pump can also often prove
an argument for the use of the former pump if there is any danger of the pumping sta-
tion cousing undue public ennoyance,

To enoble an objective comparison to be made it is necessapy to study the delivery
characterisiics of the two types of pump, both of which are shown in Fig. 6.

- A comparison of the delivery choracteristics of the two fypes of pump shows that a

‘drainage pump that operates on the centrifugal principle can work effectively at

the designed delivery-head, ond when supplied with the appropriate quantity of

Radial-flow pump Guide-passage pump



Screw~impeller pump

Axial-flow pump

5 Diagramatic sketches of various Iypes of centrifugal
pump used for drainage duties
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fluid that it is designed fo handle. Even if damage caused by the pump running partially
empty (or even completely dry) is ignored, a centrifugal pump will run at high efficiency
only within a very limited range of conditions.

An Archimedion screw pump, on the other hand, can be used for all rates of flow from
zerc delivery to its maximum capacity without any danger of undue wear or even of da-
mage occurring. A remarkable feature of the latter pump is the very wide range of ope-
rating conditions under which it will attain o high efficiency, this extending from about
one-third of the roted delivery to the full delivery of which the pump is capable_ It is
impossible for the prime mover that drives the screw to become overloaded, since the
power consumption reduces if the screw runs overfull and floods, or if it is filled below
its capacity. Dry running has as little adverse effect on the Archimedian screw pump as
does the presence of abrasives, twisted materials, or solid substances, so that one of the
major advantages of this class of pump is that it does not require any screens to be fitted.

In.addition, the use of centrifugal pumps makes it essential to provide storoge reservoirs,
or af least to make provision for damming the pipe systems to ottuin acceptable duty cye-
les without constant starting and stopping of the pump. In dry weather the effluent will
therafore require to be stored for o lengthy period. To prevent the effluent deteriorating,
it is, however, desirable that it be passad to the treatment plant as guickly as possible,

The extent to which the use of intermediate storoge reservoirs causes an increase in the
defivery head of centrifuga]l pumps, with a consequent drop in efficiency, is indicated
inFig. 7.

As is shown in this il[ustration, the need for the centrifugal pump to lower the level of
fluid in the intermediate storage reservoir, during the periods that it is running, repre-
senis an additional head that has to be overcome. In addition, friction losses in the
suction and delivery pipes must be allowed for; such losses do not occur in the case of

an Archimedian screw pump or, rather, they are replaced by the internal fluid friction
losses in the pump itself, and so are included in the figures quoted for the everali pump
efficiency. The increase in delivery head for the centrifugal pump will depend on various
factors, but it often forms an appreciable proportion of the tetal delivery head {where
this Is fow) so that the power required to lift o m~ of water attains a vaiue which alone
would, in most cases, justify the adoption of an Archimedian screw pump.

To ensure that the comparison is truly objective it 7s, of course, necessary also to men-
tion the disodvantages of the Archimedian screw pump, ond the limits within which it
can be used, The costs of the engineering equipment of pumping stations equipped with
Archimedian screw pumps are, in general, considerably higher than if centrifugcl pumps
were employed and, in addition, there must be sufficient space for the instailation of @
lengthy structure. The starting current for the efectric drive mofor of a screw pump is
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higher than that for a centrifugal pump, and, also, the current drawn when the pump

is running is less uniform due to the immersion and emergence of the blades of the screw
ot the suction end, and the impact of the blades on the water in the delivery tank. The
necessary reduction of the motor speed fo the speed of the screw also represents an addi-

tional expense.

The main disadvantage in the use of an Archimedian screw pump is, however, the {imi-

ted delivery head thet can be attained. For o single screw-pump unit this will be [imi-

ted by the length of screw thot can be nchieved, taking into account the deflection due hoth
to its own weight and to the weight of the medium that it has to pump. Even if the wail
thickness of the shaft tube is increosed, and if the screw pump is instelled at a steep angle
the small diameter of the shaft tube will limit the attainable delivery head, for a low-
capacity scTew pump, to 4 to 5 metres, while the single-stage delivery heads of the

fargest vnits built to date amount to 8 metres. Further information on this point will be
found in the Chaopter "Determinotion of screw length”, and in Diggrom 1,

If o two-stage Archimedian screw pump os shown in Fig. B is regarded as the maximum
that could be contemplated, in view of the extensive structural work involved, the
figures quoted above can be doubled. Even with the fower capacity units it is then
possible to attain delivery heads, which, in most cases, will meet the requirements

for the pumping of effiuents and for drainage purposes.

Zulauf = Inlet
Schnecke = Screw
Ablauf = Discherge .

h.'.‘.,.;;.. Vaalt. o
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In this general discussion on drainage and effluent pumping it should finally be pointed
out that the use of an Archimedian screw pump is possible only where the liquid that has
been raised can drain under gravity from the upper dischorge basin, Possibilities of im-
proving the economics of Archimedian screw pumps, where the level of the liquid in the
upper discharge hasin varies, will be discussed in greater detail in Port 2, although jr
must be pointed out that, wherever possible, this type ¢f measure shovld be avoided

- especially when dealing with effluents and drainage.
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PART 2 BASIS OF CALCULATIONS

2.1 Symbels and Dimensions

Even though it is not the primary aim of this bodk to pravide the designer of Archimedion
SCrEw pumges with the necessary design informetion, some thearetical discussion is unavei-
_dable if the various refationships are to he undersicod sufficiently for practical application,

_ The fact that no relevant literature exists in the German languege emphasises the desira-
bility of this opproach, since technical terms relating specifically to the Archimedian

screw pump cannot be assumed to be generally familiar,

The follawing discussions are based on publications by Muysken (1), Horch (2), Bekke~
ring (3}, and Delprar (4], which are alt listed in the bibliography af the end of the book
(Part 6). The publications on this subject, some of which are mere than 50 years cold,
heve had 1o be thoroughly revised, especially us they are concerned solely with the use
of Archimedian screw pumps for land reclamation purposes, where the delivery heads
involved are usually low, ond since no allowonce s made for the feutures peculiar fo
the handling of effluents. The latest work to be published which, like ali the others is
in Dutch, is thet by Muysken {1); this dates from 1932 and covers the defermination of
efficiency in some detgil, The first article to deal with the subject in any depth in the
German language was that by Nogel {5) in 1259; this discussed the use of Archimedian
screw pumps for draingge and sewage pumping duties on the basis of the latest develop-
ments in this field, but was couched in very general ferms.

The following symbols and dimensions have been used in the discussion of the basic
theory or Archimedian serew pumps, their geometric forms, and their dimensions :

D = External diomter of screw {m)
R = Radius corresponding to D {m)
d = Diomter of screw shaft tube { m}
r = Radius corresponding to d { m}
L = Length of screw equipped with blades { m}
§ = Pitch of one screw thread a0
¢ = —g = ratic { non-dimensional }
5 = % = rotio { non-dimensional )

B8 = Angle of inclination of screw to horizontal { deg }
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Gap width = Clearance between external diamter of screw

and through
Wall thickness of shaft twhe

Mo, of starts of screw

5 i
= Flank clearance beiween two adjacent screw threads

Effective useful delivery head

Volume of body of water between two
adjecent sc.ew thesads

Nominal delivery = theoretical delivery

Effective dalivery

Leakoge loss

Effective uvseful work perforn{ed by screw

Power required to drive screw shaft

Power required at gearbox flange

Mechanical power losses

Hydraulic power [osses

Leakage power losses

Discharge lasses

Losses due to water friclion

Overall efficiency of screw ond gearing

Screw efficiency

Mechanicol efficiency

Speed of rotation of screw

Velocities of motion and of flow Q

Ratio of laakage ta nominal delivery =5

Delivery increcse rotio = & 4
n

Leakage loss factors

Delivery foctar

Frictional loss factar

Resolution factor for graphical method

Coeflficient of friction

Switching frquency
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2.2 Design Terminology

A knowledge of the following major features is required, when planning @ water pumping
installotion, if o plont is to be installed that is capable of meeting certain basix require-
menis os regards delivery rate and delivery heed, ;

The angle to the horizontal at which the screw Ts installed

The external diameter of the seraw

The trough dimensieons

The diameter of the screw shaft or tube

The number of threads or starts on the screw

The pitch of the screw

The speed of rotation of the screw

The length of screw that is Fitted with blades

The inflow conditions or the design of the bottom end of the screw
The discharge conditions or the position of the spill poinr

A oo e o0 OTo
ot T ot St N b et ot

To enable these values to be determined with sufficient cccuracy for constructional pur-
poses it is necessary to make a thoraugh investigation in any particular case both of the
major features listed cbove and also of the side-effects which are influenced by them;
the procedure for this is briefly described below.

It is also necessary to introduce the terms contact point, filling point, spill peint, ond

non-return discharge basin level, all of which are exploined in the text and the illu-
stations,

2.3 Determination of Delivery

The basis for determining the capacity is the colcvlaticn of the unit volume of water.
This is that volume contained between iwo adjacent blodes on the screw ond the riser
tube. During every revolution of the screw each blade picks up this volume of water
from the supply basin and moves it upwards. The delivery of the pump will' then be the
product of this unit of water, the number of starts of the screw, and the speed of rota-
tion of the screw. ~ :

The volume of this unit of water, and henceé th'é cupacity of the screw, con be varied
for @ given external diamder by varying the speed or by varying the following factors
{which may involve a change in the form of the screw :

a} the ratio of the pitch to the external diomter = ED =g



= 73 -

5] The ratio of the diamter of the screw shaft fube to the external diamter = %*—" &

b} The inclination of the scre'v to the horizental =4

It is not possible to derive o simple refationship which will show, in a purely arithme-
tical monner, the way in which the unit of water, and hance the delivery of the pump,
varies withs 8 , and 8 . The volume of a unit of water for a series of screw forms was
therefore determined by the graphical process {1} as shown in Fig. 9, and the values
obtained have been listed as the g-values in Table 3 (in Part 5 - Tobles) fo enable the
delivery to be detarmined, These values were ohtained with & varied between 0.4 and
0.65,8 between 22% and 40°, and the number of starts between 1 ond 3, while a fixed
value of 1.0, based on experience, was uvsed foré = 5 - Intermediate values of ¢ can

be interpolated with sufficient accuracy for practical use from the q-values given in
the Table on p. 123{p.110 | }.

The graphical methed for the determination of the delivery is also employed for deter-
mining other fuctors, e.g. ihe leckoge loss and the efficiency.

To. enable the gquantity of water between successive blades to be determined grophicaolly,
a vertical projection & a unit volume of water onto a plane parallel to the screw axis
is shown in Fig. 2. Here C-D is the screw axis and A-B the water surface corresponding
tc the angle of inclinotion & , while E-F and G-H are sections through the upper screw
blade and I-J and K-L are sections through the lower screw blade, and represent the
wafer surface ot the points of intersection.

By dividing the diamter of the screi: into a number of shells, it is possible to calculate
the quantity of water between two adjacent blades by measuring the angles of the arcs
to the vpper and lower water surfaces; for each shell then the upproximate quantity.

Vi
il D
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is calculated. The unit volume of water is then
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and the nominal delivery for a screw is

65 o= %S e

B a Sl TanNE

> F(a.; +a‘.2]|.

Substi ruting
w4 -
S S Zf“"l*"‘zy '

the principal formula for the determination of the thearetical delivery becomes

s 3
Qn—q.n.[}.

A number of values of g for the normal screw forms and pitches of three-start screws Is
given in Toble 3 of Part 5 « Tables. Using the data given in Section 2.8 it is also
pessible to use these values for determining the deliveries of Archimedian screw pumps
having a different number of starts,

Although Tt might be expected that leckage losses would cause the actual delivery to

be less than that calculoted by the above method the delivay will, in fact, be higher
if the installation is correctly designed and manufactured. In his investigations Muys-
ken (1) arived ot a figure of 10 to 12 % greater delivery, and Horch {2) recorded an
increase of as much as 30 %, while several measurements that have been made by the
author {(5) have yielded results that are between 11 % and 18 % higher than the calcu- |
[uted defivery. The conditions that must be fulfilled if this lorge increase in capacity

is to be achieved are :

1. The theoretical water level in the supply basin correspending fo the height of the
filling point must be atteined as o minimum value.

2. The calculated value of Hie gop must not be exceeded.

3. The leve! of water in the discharge basin must not exceed the level above the
spifl point corresponding to non-return conditions,

4, The speed must be so high that flooding is just avoided.
If these conditions are met it caon safly be assumed that the nominal delivery determined

by the combined caleulation and graphical method will ba exceeded by 15 %. The actual
delivery then becomes 2

K]

G =1,15 Q =1,15q. n.D
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2,4 Leakoge Losses

Leakage losses have an adverse effect on the delivery and the efficiency, and should
therefore be accurately determined, Their influence is, however, usually greatly
overestimated by the uninitiated observer.

Owver the are E-H shown on the vertical projection of the unit body of water, in Fig.10,
the water will leak inte the chamber below under the action of the constant differential
pressure h = ==_, sing, while over the arcs A-E and D-H the pressure differencs will
vary betweenuh and O. :

The omount of water that leaks through also depends on the flow coefficient.« and the
size of the gap s. Experience shows that it is safe to assume « = 1, ond if the velacity
coefficient is given the same value, so that the average velocity s v = /2 gh, the
leakage loss becomes

Q1=2,5,S$P.D.\fﬁ'

and the leakage ratio is

%= S
Q

n

In practice, when pumping efffuents the leckage losses ore often reduced by deposiis
on the trough which decrease the gap. This to some extent compensates for the almast
invevitable variations that occur when the gap is constructed, aspecially where con-
crete-lined pipes are concerned. Meusurements of the time taken for @ screw fo empty
after it has been stopped and prevented from rotating in the reverse direction confirm
this, even fhough the leakage conditions are slightly more adverse when the screw is
stationary than when it is running {owing fo the absence of the "entraining” effect of
the flowing water). Mevertheless, if the time thot an Archimedian screw pump firted
with a reverse-rotation interlock takes to empty after it is stopped is measured, it is
possible to draw useful conclusions regarding the size of the gap, and hence of the letkage
losses that ore likely to accur. This therefore forms a simple means of checking that the
gap mension is as specified.

The assumption that, owing to leakege losses, the amount of water in the chambers will
reduce towards the discharge end of the pump is not borne out in practice. The amount
of water that flows into each chomber £ .n the one abeve is precisely the some as the
amount that the chamber in turn Ioseijfl by leckaga, to the next below. The leckage
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losses in the uppermost chamber are compensated from the discharge basin, so that there
is no reason for any variation in the water level between the uppermost and the lowermost
chambers. [nstead, there is merely a consfant flow of water back clong the serew from
the discharge basin to the supply basin. The only essumption is that the size of the gap

is virtually constant over the entire length of the screw. There is therefore no relation-
ship between the leakoge losses of a screw and its length or delivery head.

It should also be bame in mind that the velocity with which the leakage water tlows
along the screw is usually much less than that which would ke calculated on a basis of
the pressure drop between two adjacent chambers, since the water being pumped ond

the leakage water are moving in opposite directions where they are in contact. Efffuents
having a particular degree of contomination are iikely to exhibit exceptionally satisfac-
tory conditions in this respect.

The size of the gap between the screw and the trough will depend on the screw diame-
ter and should not exceed

5 = 0,0045
p L

if the leakage losses are to be maintained within the limifs predicted by the leakage
loss caleulation. It is assumed that both the screw and the trough cre welll made, ond

" this can undoubtedly be achieved in practice. The leakage losses will then vary D

and A, and will 1ie between 3 and 12 % of the delivery, the higher values relating fo
o scraw of small diameter installed of o steep angle. If the leckoge gap is increased fo
allow for the deflection of the screw where fong screws are concerned, or due to poor
workmanship, the leakage losses will vary within certain limits in propartion to the

changed gop widﬂﬁsp.

A manufacturer whe supplies o screw alone con therefore never guaranfee a certain de-
livery or efficiency without af the same fime specifying an upper limit for the gap width.
The accuracy with which the trough is made will thus have o considerable effect in
determining the capacity and efficiency of an Archimedion screw pump.

2.5 External diemeter of Screw : .

If, for similar screw forms, the screw plane in a radial direction is perpendicular to the
axis, the voiume of a unit body of water, and hence the delivery of the screw, will be
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proportional to the cube of the external diomter of the screw. This is shown b§ the for-
mula for the delivery of a scfew that was given above, namely @ =¢q.a . D, :
n

Re-arranging this in ferms of the dicmeter, which is the required factor, we obtain :

The variable is initiolly only g, which varies with the angle of installation B , the num-
ber of starts @ , and the ratic of the external diameter of the screw to its shaft diameter
if the rghg 6 of the pitch § to the external diameter D is assumed constant (5=D}. The
ratio~& =1 has proved to be the correct choice - in particular for three-start screws
and values up to 35°, If the screw is instalied at @ steeper angle it seems desirable to
reduce the pitch ratio so as to obtain a fuller chamber. This is especially true for screw
pumps having a lesser number of starts than a = 3.

In the RITZ Performonce Table, which is reproduced as Teble 5{ pp. 111 to 119 }., the
screw diometers have values which are roungdd to the nearest 100 mm, less twice the
gap widih SS , 50 that the nominal size recorded in fact represents the internal diometer

of the trough or pipe. [n the Type Number the figure 11 indicates, in general, that the
item concerned is on Archimedian screw pump, and the figures that follow the 11 are the
rounded-off nominal diameter in decimetres. A total of seventeen different diameters,
ranging between 400 mm and 4500 mm, were selected when establishing this range of
fypes. The standard range thus covers delwen es extending at the optimum speed from
13.5 litres/s { two-start screw of diameter 394 mm at an installation c:ngi;eﬁ 40°)

to 7640 [Ttres/s ( ihree-start screw of externol diameter 4481 mm at & = 30% 3, No dif-
ferences were mode in the values of the diameters D and d for a given type in order to
encble the main components, such os the screw blodes and the shaft tube, and also the
trough, 16 be standardised as far as possible. This simplification has a beneficial effect
on the manufacturing costs of sctews. The possible reduction in delivery that can be
achieved by reducing the speed of rotation is discussed in detail in Section 2.10. Speed
variations of this type are ollowed for in Table 5. It is, however, not possible to in-
crease the deliveries chove the optimum values for n quoted in the Table, since the
resultant flooding will reduce the unit body of water held between the screw blades,
and hence the delivery.



2.6 Dimeansions of Shaft Tubse

The shaft tube is an important compenent of on Archimedian screw pump, since it has 1o
perform both static and machanical functions and also serves a hydraulic purpose.

From the mechanical point of view it is the element to which the bledes are aitached,
while its static properties, which depend on its diemeter and wall thickness, govern the
deflection and, with this limited to an acceptable value the length of the screw is de-
termined and, hence, the head that a single-stoge unit can cover. From the hydraulic
point of view the shaft tube s one of the factors that determines the unit volume of wa-
ter that can be trapped between adjacent blades. Finally, at the point where the lower
blade is attached, the head of the shaft tube prevenis the water flowing back along the
shaft tube to the chamber below. On the other hand the shaft tube cceupies some of the
volume of the chamber enclosed between two adjacent blades. It is therefore necessory
to determine the ratio of the shaft tube diameter to the external diameter of the screw
which will require the teast amount of material ond which will produce an opitimum
filling of the chamber and, hence, an optimum delivery.

The ratio of the shaft fube diameter d to the external diameter of the screw D ( which
is derived from theoretical investigations into the filling of the chamber between ad-

10 Vertical projection of the serew and
representation of the water surfaces
in a chamber enclosed by screw blades



jecent threads ) leads to a much larger shaft tube diameter than was odopted in practice
in earlier plants,

Theoretical investigations using the graphical methed ( see Fig. 9} and practical measy-
rements on fuli-size plants and during the course of model tests have shown that maximum
filling and, hence, optifmum deliveries are obtained anly if the ratio of the shaft tube
diameter to the external diameter of the screw

5= g = (.45 tc 0,55

These rotios olso produce the anost economic results from the point of view of the opti-
mum utilisation of material. In any event, the value of the ratio & should be main-
tained between 0.4 and 0.4 so as to arrive at satisfactory results for the filling, which
is one of the factors that determines the efficiency of a screw. Oanly in the case of
screw pumps having a [ow cutput may thera be some jusiification for increasing the
diameter of the shaft tube, to reduce the permissible deflection, or to achieve the
maximum possible shaft length. This will be the case, in particular, where the desired
improvement in the static properties cannot be achieved by increasing the well thicl-
ness of the shaft tube, although it must be emphasised that, in general, the well thick-
ness of the shaft tubes { of the smaller screws in particular } s usually increcsed to reduce
the deflection, Welded steel pipes ta DIN 2458 ( June 1966 Edition } are normal ly se-
lected for the shaft tube. This Stondord is in complete agreement with SO Recommen-
dotions R 334, port from a few exceptions os regards supplemantary sizes. The material
is steel to DIN 1624, Sheets 1 io 4, and consists of Grade St 37.2 steel. A selection
of steel pipes for use in the manufacture of shaft tukes is fisted in Jable 4 on p. 110,

2.7 Ratio of the Pitch to the External Diameter of the Screw

Unfortinately it is not possible to arrive at any simple arithmetical relationships which
enable the filling of the chamber between adjecent blades to be determined as a function
of the tratio of the pitch to the externci diameier of the screw, or which can be diffe-
rentiated to give @ maximura. If further variables such as number of starts, inclinktios,
and the ratio of the shaft tube to the external diometer of the screw, which was dis-
cussed above are inciuded, this becomes an impossibility.

The only solution then is to use the combined graphical-and arithmefical method, which
has aiready been recommended in connection with the determination of the degree of



EA S

filling and the cateulotion of the delivery, and to apply this to a range of screw forms,
finding the eptimum values on a trial and error basis.,

This enables the g-values to be derived, These are essential for calculating the delive-
ry data and, at the same tims, make it possible to determine at a glence the value that

is an optimum from the purely hydravlic viewpoint.

The values For the rutio

6»‘5

olw

that have previously been used in practice have ranged between S=0.8 D and 5=

1.2 D, The values that are obtained will then largely depend on the inclination of the
screw and the number of starts. A screw that is instatled at a steep angle will achieve
optimum filling of the chembers if the ratio of pitch to external diometer is reduced;
for examplie, if 2 exceeds 30°, to $=0.8 D and less. Since this applies where the
number of starts is a = 3 then, for valuvesofa=2ara=1, it would { in practice } be
desircble to selact a still smaller pitch relative to the external diameter, as shown in
the following 3 examples { Fig. 11 ) of an Archimedian screw pump for which é = 0,45,
A = 30Q, and ¢ =1, for the numbers of startsa=3, 2, and 1.

From these examples it can be seen that, with a two-start screw { even ot #= 30° 1
there is little wetting of the upper screw blades dve to the filling of the chomber, and
that the shaft tube does not dip into the water in the chamber at all at this point.
Matters become even worse for o single-start screw under the same conditions, More
information on the volumes that remain in the chambers is given in Section 2.8
Number of Starts.

These discussions on the effect of the pitch-ratio lead te the suggestion that It may be
desirable ro empioy a range of values, such as for

B <= 30°5=1,2D
B = 3°s= D
g > 30°5=0,8D

This would enable the best values from the hydraulic point of view to be obtained.
In practice this would, however, lead fo a very large number of screw forms being



11 Filling of chumbers for the some screw form
with different numbers of starts
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reguired, with the resultant manufacturing difficulties, The decision was therefore made
not to vary the pitch but, instead, to: ect the optimum value for the angles of incling-
tion likely to oceur in practice, namely

5
=_=]4B
g D

This decision cun be justified in that if s possible to compensate for the reduced deli-
very by slightly increasing the diameter of the screw, which carries with it enly ¢
minor penalty as regards the amount of material required. In addition, the lurger pitch
reduces the chance of o blockage occurring if solid substances are passed through the
pump, ond the stronger shaft enables the length of the shaft to be increased.

2.8 HNumber of Starts of a Pump Screw

In the past Archimedian screw pumps hove been made with numbers of starts o varying
from 1 ta 3, the -ee-start screw probably being that most frequently used, If ofl
other factors remain unchaonged, Ihe delivery of a given screw for various numbers of
starts varies opproximately as follows

£

d o8 . 0. c0e 0 L0

= Gl

This means that if the conditions are otherwise unchanged the delivery of a single-start
screw will be about é4 % that cof o three-stort screw, and of a fwa-start sorew about
80 % that of a three—start serew. [ See also note fo Table 3 on p. 110 ).

As an aporuximation it cor be concluded that the capacity of an Archimedian screw
pump is reduced by abuul %0 %% for each unit reduction in the number of starts, [f the
weights per meterun, given in Tabld & are compared it will bex . that the propore
tions are much the some, so that there is no inducement to depart from the well-known
ihree-start <zrew From the pain: of view of savings in mioterials, Apuart form the smaller
amount of spoane requized, due to the smaller externol diometer ¢f the screw, the ad-
vantage of the thice~starl serew is thet it is largely unaffected by varictions in the wa-
ter Jevels in the supply and discharge basins, Blade impact, vibration, and heavy me-
chanical loading of the k=arings, gearing, and the power unif can be the results under
adverse conditions of 1educing the number of starts, The dunger of blade impact,
especially on rhe water in the discharge basin, is particularly likely when the screw



- 33 -

is installed at o steep angle. It is therefore neceswary, to a farge extent fo dispense with -
the non-return effect at the discharge basin when using a screw with a small number of
starts. The increase in diometer that accompanies @ reduction in the number of starts may
prove of advantoge when the deflection of the screwv would otherwise cause the size of
gap fo be increased to the point where it is no longer possible to cope with a given de-
livery head. This applies, in particular, where small deliveries and large heads are
involved, as shown in the following example. Water is to be raised over a height of
4.0 metres ot o rate of 45 litres/s. While it would be passible to achieve this delivery
using @ Type 11.05 at 3 = 30° and a = 3, the fotal length between the hearings, which
is limited to 7.3 melres to keep the deflection te an acceptable value, is insufficient.
Instead it is possible to use the Type 11,06, withf3= 30° but a = 2, running at d slight-
"ty lower speed; for this angle of inclination it is possible to achieve a total length ofwp
. . 9.0 metres with this screw, and this will easily produce the desired head. I it is
possible to change the angie of inclinatien, i is also possible to use the Type 11,06
withﬁ = 35% and « = 2, in which case the length of the screw can be increased to 2.3
metres so that, with the steeper inclination, it is possible to provide a delivery head

of about 5,0 metres. The lorger spacing betwaen adjacent blades that results from the
reduction in the number of starts makes it less {ikely for a blockage te occur if solid
substances are carried aleng in the water. :

2.9 Angle of Inclination fo the Horizontal

4

The Duteh literature (1}, {2}, and (3) deals with angles of inclination ranging from 22
to 30°. Since these publications are concerned solely with the use of the Archimedian
screw pump for water drainoge in landreclamation schemes where the delivery heads are
low, there is no inducement fo consider any steeper inclingtions. In fact, Muysken (1)
states that the opiimum efficiency is achieved with a low delivery head when/2 = 267,

\When an Archimedian screw pump is used for hondling effluants the delivery head is
often raquired to be higher than for . reclomation schemes. For this regson if.soon
becarme necessary o consider values of {3 higher than 30°. The cpproximate delivery
head that can be achieved per metre run of screw equipped with blading is shown in
Figure 12. In this diagrom the reduction in the non-return effect at the discharge
basin and the changes in the inflow conditiens at the supply basin when the angle of
inclinetion is increased have been assumed: "-apf secondary importance and have been

ignored.

Purely from the standpoirit of the amount of material employed it is not economical fo
tncrease the angle of inclination /3 above 3Q 7. As the
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angle of inclination to the horizoatal becomes steeper, the capacity of a given

screw will drop approximately in accordance with o given low, as is the case when the
number of starts is changed. 1f, for example, the capacity of a screw is taken

as 100 % at <2 = 307, the capacity will decrease or increase as the angle of
inclination to the horizontal is made more or less steep Tn the manner shown in

Figure 13,

From this diagram it is possible to deduce that over the range of . = 22 - 40°
that if practicable there will be a reduction in capacity of abeut 3 % for every
degree increase in the angle of inclination. The change in capucity is
approximately the spme for eny number of starts of the serew. Variations inom—
over the rﬂngec"ﬁﬁ: (.4 to 0.6 also have very little effect on the change in
capacity .

As indicoted, when discussing the determination of the delivery rate and the
effects of the pitch ratie, when the angle of installation is made steeper the
ratio of the pitch to the external diameter of the screw and alzo the rotioc of the
shaft diameter to the external diameter of the screw should be changed in order
to ensure thot the extent to which the chamber is filled, and hence the delivery
rate, remain about the same, The shaft digmeter d should be increased, while the
pifch ratio should be reduced, In the interests of standardisation of the screws,
and in order to simplify production these variations have nof been mode, and it
appears that this will couse no undue econemic penalty in eny cose arising in
practice.

2.10 3Speed Selection

Formulae for the determination of the optimum speed of an Archimedian screw
pump have been published by Muysken (1}, Horch (2), and Bekkering {3 ) and
in Hutte (), The decision fa use the formula derived by MMuysken:

o 50
é?ni

is justitied, since the values oblained from this produce the mast satisfuctory
results in practice.

The speed given by this formula is the [argest numbar of revelutions per minute for
which, with the chambers between blades filled to an optimum extent, an

averflow of water by way of the screw shaft back into the supply basin is just avoided,
That the speed increases slightly for the larger diameters is of no importance, since
with the smaller screws



even a slight overflow represents u higher proporticn of the total quantity baing
delivered than it does with the larger screws where the delivery rate is higher.

The assumption that there is a fixed relationship between the speed n .and the
external diameter of the screw D 7s derived from the insertion of the above value
for n In the delivery rate formula. @ =q “n " D% or Q=1.13" g " n”’ D3
so that the actuel delivery rote for aScrew can be expressed as

3

Giss o D2 L P

It is thus possible to determine the delivery rate of a screw pump mevely from
the external diameter of the screw and the delivery factor g, which is dependent
ont:, @, & anda {os given in Table 3).

The optimum speed corresponding to @ fiven external diameter of the screw which
is derived from fhis can be taken from Fig. 14.

Finally, on the question of speed it should be pointed out that an increase in the
speed obove the value given by the Muysken formulo appears highly undesireble.
The angleof Inclination does pot affect the optimum speed. The same appliss to
the other varichle & , @ and a within the limits3'= 0.8 fo 1.2,

$=0.41t0 0.6, and a =1 to 3. :

To enable o particular delivery rate to be obtzined it may, of course, be necessary
to accept variations from the figures for the speed given above, but the speesd

should never be gllowed to exceed
50 SR

in any given case the formula for determining the spesd then becomes:
n” = =
s s
& q D
The values for q that are given in the Table, for use with a full chamber can be
employed in this formula provided that the speed given by the formula, rounded off
to the newrest half r,p.m., is not more than 30 % less than the speed recommended
by Muysken. Since the value of q end the nominal speed are directly aroportional
to the delivery rate, the delivery rate of a given screw can be reduced below the

nominal delivery rate within cerfain limits bychanging the speed provided that the
correction supplied by the delivery increase ratio £ for full delivery {£& = 1.15}

|5 applied with no undue reduction in efficiency. The limiting value for the speed
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reduction of 40 % should, however, not be exceaded if possible.

As can be seen from the limiting facters that affect the variation of the speed,

it is probably not economical to reduce the speed by more than the quotea figure
of 40 %, In order to have reserve capacity in hand to allow for future extensions
of the plant, etc.; Variations in the speed should be limited to the changes that
can be achieved by changing the beit pulleys. In view of the exceptionaily good
performance of Archimedian screw pumps under part-load conditions it s not worth-
while fo go too far with changes.of speed, although their use for handling effluent
often encourages such measures.

2.11 Fffect of Depth of Immersion of Baftom End of Pump

To enchle complete filling of the chambers to be achieved, and hence also the
optimum delivery rate, it is necessary for the immersion of the screw at the bottom
end of the blading to reach at least the filling peint G shown on the sketch.

This is the highest level the water level can attain without flowing buck along the
shaft. I, as shown in Fig. 13, E-F is the bottom end of the screw, o water level
A - G would suffice to fill the chambers completely. To achieve the full delivery
rate the cenfre point H of the bottom of the blade-carrying part of the screw mwst
therefore be immersed to a depth of H - |. The distance H-1 can be regarded with
sufficient accurcey for practical purposes as being equal to

Hw+= | = ., cos ﬂ
although distance G - H is slightly smaller than r = . Even with large screws,
however, the differance between the value obtained by “using this formula ond the
value caclulated by accurate methods is only @ few centimetres, so that it is quife
satisfactory to use this formule for detarming the water level in .the bottom basin.

Although greater immersion will not enable the delivery rate to be increased, ¢
consideroble drop in delivery is experienced if the water level in the bottom basin
falls below the value.

An example of the variations in delivery rate that result from changes én the depth
of immersion for a particular screw (D = 0.6 m, d = 0,26 m, /2= 30", H-F 0,112m
are shown in Fig. 16. -

e
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The relationship between depth of immersion and delivery rate that can be derived

" from this diagram is approximately true for all other sizes of screw. In the case of

effluent handling plants, which are very often operated under part-|oad conditions,
this point is of particular importance. An attempt will therefore be made to find an
approximate relationship between the depth for full immersion ;

H—1+%.cosﬁ={—r}cosﬁ

end the delivery rote corresponding to the water level concerned.

When the water level reaches the initial mmersion or contact point T, the delivery
rate will be zero, since the very slight immersion of the culer edges of the blades
witl do no more than make up the leakage losses. If the depth for full immersion
and the maximum delivery rate are both taken as 100 %, the diagram shown in
Fig. 17 will be obtained, which shows appreximately the relationship between im-
mersion and delivery for any screw.

As a rule of thumb iton be assumed that ever the upper 30 % of the depth for Full
immersion {corresponding to full delivery} each 10 % drop in the depth of immersion

(2_5_{! } cos 8 cbove the cantact point is associated with a 20 % chx drop in de-

livery. If the depth of immersion is 50 % the delivery will only be about 25 % of the
maximom valuve, ond the delivery then drops r pidly to the point where the leckage
losses only are covered, and so there will be zero netr delivery. These approximate
figures can be used for deciding on the economical fluctuation range for the water
level, the supply basin dimensions, and the frequency of cycling of the pump wa-
ter. These factors will than enable the water levels in the supply basin at which

the pump should be started and stopped to be determined.

202 Discharge of Water at the Top of the Pump

At the top ead of the pump, both the trough and the screw blades are usually cut-off
¢long a plane ot right-angles to the screw axis.« There is no point in centinuing the
blading on the screw beyond the end of the trough, with the intention of haldiag
back the water in the discharge basin, since g ssuling effect will be achieved only
where the blades and trough are in contact, allowance being made for the necessary
gaop between these two componeats.

The position of the discarge of spill point S relative to the maximum water level in
the discharge basin should be selected so that it is impossible for the water in the
discharge bosin to flow back down the screw. Looking af Fig. 18, the screw is
"drawn in a position where the level in the chamber between blades a and b corres-
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ponds with the level A-B in the discharge basin, A short time before this position was
reached the blade a was assisting in holding back the water in the discharge basin,

Af that moment the level of the water in the chamber between blades o and b was lower
than the level in the discharge basin, If the two had been in connection, the water
would have been 1ble to flow away down the shaft of the screw at point G. When the
shaft has turned into the position illusirated, however, blade b is able to ceal the re-
verse flow, and the water can flow past blade a, along the straight line E-F.

Starm, Buyzing (7), Horch, and Muysken hove carried out experiments which have
enabled them ta determine, for a numhber of screw forms, the length of K-S (in Fig.
18} as @ function d the external diamter D of the screw needed for the water level ta
be such that it just does not flow back, When the pump is working the water level in
the chombers wiil, however, be higher than the nominal level. In addition, the dy-
namic action of the ends of the blades makes it possible fo work against a higher water
level. At the same time, if the dynamic effect is utilised too extensively there will be
o considerable drop in efficiency together with very uneven rumning of the screw, since
the water in the discharge basin hes then to be forced back by the impact of each blade.
This is particularly true where screws instalied af a steep angle are concerned, since
the end of the biade then impacts the water in the besin at a very flat angle.

While it may be justifiable to take the fullest possible advantage of the level of water
in_the discharge bosin in the case of land-drainage pumps, where the delivery heads
are comparatively low, in sewage pumping plonts, where the heads are in general
higher, it is possible o allow a little more freedem in this respect. It is also advisable
to work a little bwlow the limiting values with sewage pumping plants, since the screws
are usually Installed at a steeper angle. Under these circumstances it s recommended
that the values quoted below are adopted as the minimem values for K-5 a5 ¢ function

of the angle of inclination :

A 22° 26° 30° 33° 35° 37° 40°
K-5 0,450 0,38D 0,300 0,25 D 0,22 D 0,19 D 0,150

k-values for determining permissibile height of water above the spill point

The valyes quoted apply to three-start screws and will prove odequate in all coses en-
countered in practice. It is only  f several serews are working in parallel and are dis-
charging into @ common basin that it will be necessary to make specific calculations.
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In general, and especially in the case of screws where the number of starts @ is less
thon 3, it is advisable to adopt the value K-5 =0,15 D. This limiting value should
alse not be exceeded if the screws run at a lower speed, since as the speed is reduced
the ability of the screw biodes to retain water alse drops.

2.13 Lift of un Archimedian screw pump

Reference is made to Fig, & on p.17, under the heading"Comparison with Centritugal
Pumps" in Part | of the book. According to this the ferm "effective deliveryhead” for
an Archimedion screw pumpr  fes to the Yphysical differences in heights of the sur-
foces of the water in the supply basin and the water in the dischargs basin” when the
pump is running af full copacity, From the discussions under the headings "water level
in supply basin® and "Water level in discharge basin", a relationship is sought bet-
ween the woter level in the supply basin, which is located at H-1 =rcos 8, above
he centre of the bottom end of the screw where the blading commences, and the wafer
level in the discharge basin which is located ot o height K-5=0.15D above the spil
point.

Details of this should be studied in the section on the length of the bladed portion of
the Archimedian screw, which follows, since there is a direct relafionship beftween
the delivery head and the length of o screw. I the calculations for the determination
of the efficiency and the power requirements this geodetic difference in the heights of
the water-levels in supply and discharge basins should be inserted as the actual delivery
head. For a compurison of the delivery heads of centrifugal pumps and Archimedian
screws, particular reference is made to Fig. 7 {on p.17} in the introductory section,

2.14 Determination of bluded length of screw

Fig. 19, which is also relevant to the preceding section on Lift, is intended to illu~-
strate once more the relationships between the water levels in the supply and discharge
basing and the delivery head, on the one hend, and the length of serew that is equip-
ped with blading on the other hond.

The bladed iength of an Archimedian screw pump can be determined simply from the
information given in Fig. 19, while the necessary length of the shaft tube will de-
pend on the design and constructional fectures of the pumping instal lation,

5o far os the water level in the supply basin is concernad, it has olready been stated
that, to obtain eptimum filling of the chomber formed between the blades, the follo-
wing opproximote relationship (which is, however, sufficiently accyrate for all prac-
tical purposes) should be fulfilied, namely, that the water level should be a distance

H-I=r.cnsf6



above the centre of that surface limiting the bottem end of the screw, while, to
preveat the water in the discharge basin flowing back down the screw, and to
avoid heavy impact of the screw blades on the water surface, the level in the
‘discharge basing should be K - 5 = k., D abave the spill point. The values for

k= _ﬁ__.hﬂs for various angles of installation are shown in the Table on page 42,

The effect of &* = < should also be taken inte account when deciding the
design of the screw since, as & increases, the valuve of k can also be increased
slightly. The effect of any variations in the pitch ratio & = S have not been
considered, since the entire discussion is based ong = 1. D

With a smaoller number of siarts, i.e., a fess than 3, the value of K-$ should
not exceed 0,15 D, i.e. k = 0,15, The lenglh of the screw to be equipped with
blades then becomes:

el oo KK o
sin 2 T? tg{? sirg® 2

19 Diagram for defermiﬁing the length of screw

fo ba eguisped with blades from the deltvery
heod

D o b e s TR ————Ter
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The formula Q= g.n. Ds and the method of calculating L given obove now enable us

to calculate the diamter and length of an Archimedian screw pump for a given delivery
rate and heod at its maximum sermissible speed n, the only limiting condition being that
the gap should be o= 0.0045 ¥ D. Mention should be made of the possibility of the

fength of an Archimedian screw varying, due to changes in temperature {sunshine or low
temperatures). Further information on this paint will be found in Chapters 3/3.2 and
3/3.14,

2.5 Determination of EHiciency

Until quite recenty only Muysken (1) ond the author {3} {the latter in the paper “Basis
of Calculation for Archimedian Screw Pumps”, have presented complete data for the
calculation of the efficiency, taking the various factors that affect this Tnto account.
‘The matter will not be discussed in detail here, hut for complefeness and to ossist in
an understending of the problem the factors that influence the efficiency, will be
fisted : :

a) Mechanicel losses in the bearings and the blade linings due fo friction, in power
fransraission, and speed control,

b} Hydraulic losses due to friction on the blades, due to friction on the shaft
due to friction on the rider fube,
due to impact at the start and end of the screw.

c) Leakoge losses due fo water that flows back ond the pewer needed to raise
this water oguin.

d) Discharge losses Kinetic energy in the water that is dischorged.

Eriction in the bearings and of the blade linings can be kept to a relatively low level
by careful selection of the components and the manufocturing methods, and by goed
lubrication. The most important factor is to prevent dirt penetrating info the bottom
bearing ond to exclude any materials that may get cought up and twisted around it.

The losses in the power transmissien, which basically consists only of o few sets of
spur gearing for reducing the speed, and passibly a pair of bevel geors to change the
direction of the drive, are also not of major importance, even though their uneaoi-
dable presence is a dissdvantage compared with centrifugal pumps. The usua! method
of connecting the power unit to the gearing by means of VW~belts has a beneficial effect
both on the transmission elements and the prame mover since it tends to absorb any
shocks that moy orise during sfarting. The overall mechanical efficiency 7 for a



—de

screw of modern design can, in practice, be token as

W .9t 9.9

depending on the nature of the bearings and the reduction gearing.

The effects of the friction of the fluid over the trough, the blades, and the shoft tube of
a screw for, in other words, the hydraulic losses) are of decisive importance in accoun-
ting for the differences in the power supplied and the useful power cutput {or, the effe-
ciency of the unit), The Archimedian screw pump differs form the centrifugal pump in
that there is no transformation of kinetic energy into pressure energy. In the case of
fhe screw the water moves in a very regular ranner, and follows complete paths with
no reversa!l of motion. The fluid resistance that cccurs when the wetted surfocds dip in-
to and emerge from the fluid represents a frictional loss which can be calculated with
accuracy. Tt increases with the square of the speed, ond is proportional fo the wetted
aren. The frictional coefficiant to be employed is o function of the Reynolds number.
" The contact between the water and the components of the screw and the resultant fric-
tion causes water to be carried over with the blades, especially at high speeds, and
this is one of the reasons why the delivery rate can exceed the theoretical value,
Approximately half the total resistance is accounted for by actual friction, and half
by volume of water within the screw blades. The effect of the screw shaft on the hy-
draulic losses is comparatively small, especially since this acts as .o helix and with «
relatively small lever orm.

Also, part of these hydraulic losses are those losses due to the shock that occurs when
one of the lower ends of the screw blades dips into the water, and the corresponding
effect at the top end of the screw, If the water levels are correct these losses are smail,
since the immersion at the lower end and the emergence at the upper end can bg practi-
cally shock-free. Unfortunately, under practicol service conditions, it is possible to
arrange for the cerrect values to obtain only in the rarest cases or for brief periods,
especially insofar as the water level in the supply basin is concerned.

At the upper end of the screw heavy impacis, associated with high hydraulic losses,
will occur if the woter level in the discharge basin is such that it is frying fo Fow
back and has to be repulsed by the upper ends of each blade. |t is not possible o cal-
culate the megnitude of this loss occurately. [t is, however, comparatively easy to
avoid it, or ct least to keep it within reasonoble limits by exercising care in main-
faining the water in the discharge basin at the correct level relative to the spill
point. Oaly if this is done will the maximum efficiency oftainable be ochieved.
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The hydraulic efficiency inus includes all the loss factors in the power term M

.

A h

which represents the power required to avercome the hydraulic resistances. The ratjo
of this power term to the useful work performed by the sciew, N = 1000 . O  H
T e
75
can be expressed in shortened form as ;

= eonn b

L
N : A

where e is o friction loss factor

3_4,5 Fio 1,94..53 }
&0 . q = 8
E 10
and, in this expres;}on, e can be determined as follows (if the wetted portion of the
screw is assumed to be u 7, d . i , and v is token opproximately os » = & 4 S
a —— H
z . Fo

r{..‘a"nz.d?+52 2

3

={ e L=
e i 3600 St
The work thot is required to agoin roise the water thet harrum bodt can 6ol be

“determined ;
Ql . H

H e D

Vi 7o

]

Since, when comparing N the delivery head vulue vy aprneary ¢ e densminator,

n
this cancels out so that, as has already been stated when discusang e teakoge losses,
the delivery head has no effect on the leokoge loss,

All types of pumping machinery are subject to o discharge los:, since the rieaive being
pumped has a cdrtain velocity when it leoves the pump. while the roc itude -0 this |
loss can be reduced by suitable design of the autlet {in rie cose o o coairitug .l pump)
the woter that is discharged from the screw pump is in o highly tusbolert condivion, so
that thera is no possibility of recovering kinetic energy. On the arther hand, the rela-
tioshlp
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shows that the discharge losses decrease relatively as the delivery bead increases,
Looking at this point in isolation, o screw pump will exhibit a higher efficiency
as the delivery head increases,

IF all these various losses are added arithmetically, the power required on the
screw shaff becomes;

N e me N =Rl AR + N H

5 A o ¥ n ¥

h ! a
and
Nn Nn ges
MA = ges ang NS = m
so thot
m Ns th ; Hn | Ya
= =]+ + + 5
ges Nu Nn M-‘.': T\Ern

With this formula we ore in a position to determine the efficiency of ascrew
from the anticipated loss foctors, by inseriing the individual values of these
foss factors into the efficiency formular as follows:

i.ﬂ'~-"i+e..n2.|:l'li. 2
ges H - an 0

Using this formulor the efficiency can then be colculated by inserting the dimen-
sions of the screw and the appropricte valued of e { = friction loss factor} and ]2
(= leakage loss factor).

One must realise, however, that the result of this calculation is bosed on a number
of assumptions which may nof be correct for an individual case in practice. Mention
may be made in particular of the idenlised inflow conditions. If the immersion of
the bottom end of the screw is too low, the chambers will not fill to the optimum
extent while, if the specified value for H ~ [ is exceeded, eddying and impact
losses wifl occur, and energy will be dissipated. Similar conditions prevail at

the top end of the screw, exepting that there s easy to maintain satisfactory
conditions ot the expense of reducing the effective delivery heod by keeping the
immersion of the spif! point, K-5, to a low value.
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The gap which has been assumed to have the velue A = U.Dﬁniﬁ‘[ D. If the actual

gop width differs from.this value, a svitable correction will have to be made and
this can be done relatively simply. Even o comparatively small increase in the gap

width 5sp will, however, exert ¢ major influence on the efficiency of o screw pump.

The efficiency that is calculated on the bosis of the equation given should usually be

regarded os the highest efficiency of which an Archimedian screw pump is copoble.
There are @ number of reasons why the efficiency may drop below this value, while a
figher efficiency is unlikely.! The formula can never be differentiated to yield an ex-
pression which will indicate the circumstences-under which the efficiency will beco-
me @ maximum. This is because of the many coefficients that have been Tncorporcted
and which have only a specific refationship to the shape of the screw. In eny parti-
cular case it is, however, possible to determine the relative efficiency for various
forms of serew with very little effort by carrying out check colculations, and so to
arrive ot @ maximum value. :

Despite the limitations on the equation for determining the efficiency of those Archi-
median screw pumps which have been mentioned, the results obtained in a number of
practical tests have shown that the formula provides efficiency figures to a perfectly
acceptable accuracy. If seems highly likefy that it can predict the efficiency to
within the accuracy of the tolerance formula normally used in regulations governing

centrifuga! pumps, namely A;‘zu 1 :}15{ 1 - ??gm . This is frue, however, only

for the circumstances under which, as indicated above, the efficiency is likely to be
O maximum.

If the delivery rate is to be reguloted by varying the speed, so asto enable o prede-
termined delivery to be obtained, it is possible enly to reduce the spead below the
meximum value given by the above formula. For the chonge in delivery rate the new

quu;nﬁry oi' the reduced speed will be given by the satio % . = % , cofrected by
the delivery increase ratief {=1,15)or £, where
B g ? . Then '

R G

& @uE s
/3

and, from the formula for the delivery rate, the corresponding speed is given by

.29
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So far os the efficiency is concerned the effect of the new speed is that the two factors
for friction and discharge losses are reduced, but the lec’cage loss increases in propor-
tion. IF these modifications are inserted in the efficiency formula we obmin :

Z2 n?

2m 2 L ne 2 e
;-?Zé—és-§+e.n.|}.-ﬁa(;] - =14 . ;

For speed variations of up to 30 % below the spead correspending to optimum condi-
tions the drop in efficiency that results will be within acceptable fimits.

Summarising this discussion of the efficiency of Archimedian screw pumps it may be
concluded that, for a small screw, the increase in leakoge loss in largely compen-
sated for by the reduction in the discharge losses. This finding may be regarded as

& worning agoinst running large screws at foo high « speed, For o low delivery head,
the friction losses and the discharge losses have the largest adverse effect on the effi-
ciency of a screw, this effect being particulorly marked for large-d® m ‘er screws.

There is & considerable scatter in the values of the individual loss facters for various
scraw forms, but these differences largely cancel each other out, so thot the total
foss remains sensibly constant, and the efficiencies obtoined with verious screw forms
differ by only a few percent,

There is clso no reason why any appree. ably higher efficiency should be expected
from a large screw including its gearing than for a ccrew of smualler dimensions. The
use of the value 77 =0,9 includes o certoin ollowance for constructional toleran-
ces, and appears fuffy justified for practical use,

It moy furiher be concluded, therefore, that there is no significant difference in the
efficiencies of lorge ond of small screws.

To enable a comparison to be made with the efficiencies of centrifugal pumps, the
normal pump efficiency Hg Must be compared with the overcll efficiency 579&5 =
7w s’ Here, 97 tokes account of oll the mechanical losses in the reduction

gearing dand the belt™ drive.

Both velues are inserted in the same woy into the formula for determining the power
required. In other words, the power required af the shaft of o centrifugal pump must
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be compared with the power required at the input flange of the gearbox since the speed
reduction, which is essential for the Archimedian screw pump, is not required with a

centrifugal pump, to the advantage of the latter.

2.16 Colculation of the Power required to Drive the Pump

If the actual delivery rate required of an Archimedian screw pump and the delivery
height are known, the power required at the input flange fo the georbox will be given by

NA'_' 1.1. Q. 1060 . H
75.-:?
ges

{h.p.)

In view of the fact that relatively large masses have to be brought into motion when

- the motor js started it seams advisable to include the factor 1.1; this will provide for

o 10 % reserve of power, which should be adequate. Starting is eased by the fact
that the screw is initially empty, and the full power required fo raise the water is

not needed until © relatively long time after the start. In the majority of cases 1t is
not possible to keep the current consumption absolutely steady when driving an Ar-
chimedian screw pump, This can be dus both to the cyclic immersion of the bottom
ends of the blades into the woter in the supply basin, and alse the impact of the top
ends of the blades on the water surface in the discharge basin, especially when the
blade form is such that these two coincide. This becomes of porticular importance

in the case of screws with o small number of starts and a low delivery height. In many
cases, however, a fluctuating ammeter reading can clso indicate that the screw is not
aligned correctly or that the sag is too much {due to the excessive length of the screw).
The investigations reported in Chapter 2.17 have therefore been made into the accep=
table length & shaft tube between the bearings.

2.17 Strengih Calculations for the Pump Screw

Because of its simplicity and rcbustness the Archimedian screw pump is becoming in-
creasingly popular For pumping efftuents. In view of the delivery heads that are in-
volved when pumping effluents there is, however, a natural tendency to usedcrews
of undue length.

If the length of the screw is increased to the extent where the sog caused by the weight
of the screw itself, acting in the verfical direction fogether with the weight of the
woter ia the chambers between the blades becomes larger than the gap width, the
tips of the blades will scrape against the trough. Even though the current methods of
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construction, for the most part, result in the trough being made of concrete with the
cement=-lining moulded to shope by the screw itself (so that some allowanze is made for
the sag) the sag f must not exceed the gap widih 559 'f the stresses on the material are

not to reack undue values. The tendency to make the troughs of prefabricated concrete
sections, which are simple to instal, mokes it necessary o restrict the «ag of the scraw,
as does the use of steel troughs.

The shoft tube is far all practical purposes the only load-carrying element in an Archi-
median screw. [ts load-carrying cross=section i shown in Fig. 20.

The factors to be employed in the sirength calculations are defined by the dimensions
d. and Du' where d. is the internol diometer of the shaft tube and Cﬂ is its externol
1 1

diameter. The static strength caleulation can be simplitied by regording the shaft tube
as beam freely supported on two suppoifs, assoming thar e locd ' caiformly distribu=
ted over the full length between the supports which are located dirance b opart {Fig.
21). The deflection then becomes :

13
384

B
e

Eg-
And, for the condition thot f is not greater than 55?, we olbtain

p =f.E,J.384

zu]_ 13'5

where F is the permissible load. The weights of the screws {in kg/mefre un} and their
water contents {in litres or kg/metre run of screw} can be obtained for this caleula-
tion from Table 6 {pp. 12 128}, and the weigths per metre run of the readily available
steel tubes of various wall-thicknesses and diameters, together with their Section Modu-
us and Moment of Inertio are given in Table 4 {p. 110). The values given ore taken
by courtesy of the Deutschear MNormenausschuld, ‘Berlin, form DIN Standard 2458.

Te simplify matters the permissible [oadings of steel tubes (os 6 function of the support
spacing) cre given in the loading disgram (Diogram 1} in the collection of Diagrams
storting on p. 130, for the particularly crifical region up fo 509.0 mm external dia-
meter of the shoft fube and for woll thicknesses of 7.1 and 12.5 mm, it being assumed
that the permissible sag f=s_. i the <haft tube diameter exceeds 500 mm it will be
possible to achieve . screws P f length up to 10 metres between the bearings without
any difficulty. Tt is, however, strongly advised that the sog be calculated for any par-
ticular case where even longer screws are required for this diometer. The screw wetghts
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and the water contents per mefre run can then be taken from Table 4, as indicated
abave. The bouyancy of those parts of the screw that are immersed in the water is
neglected in order to provide a factor of safety.

When estimeting the deflection of the shaft tube it is most impartant not to assume that
the blading witl act as o stiffener. In oddition the calculation of the static strength,
in the manner shown above, assumes that the shaft tube consists of a single length, and
thot the welding and the material properties also conform to DIN 2458. If it proves
essential to join several lengths of tube together, avoid locating ¢ welded seam at

L i : i : St o ;
or near = which is the statically critical point, Special in. istigations will have to

be made into the welded seams in such o case.

To eliminate the stresses produced in the screw shaft tube as a result of the welding it
may be necessary to ennecl the finished screw in erder fo avoid the donger of brittle
fracture. This process is advisable particular] - where extremely long screws of small
diameter and with fabricated shaft fubes ore concerned.

Einze!lagerlast = Lead on each support
Gesemtlagerlost Total load on supports
achsialer Schub Axial thrust

1]

20 Cross-section through shoft tube 21 Loading assumptions for shaft
and data for colculations deflection




CONSTRUCTION AND OPERATION

3.1 Conditions for the Use of Archimedian Screw Pumps

Some of the points concerned have already been discussed in Chapter 1.2, where a
comparison was made between the operational and delivery characieristics of screw
pumps and centrifugal pumps. Here, we shall consider the basic condifians which
must be met if screw pumps are to be used.

1. It must be possible to accommedate the structure required to house the screw
pump, which is usuglly of considerable length,

2. It must be possible to provide the required delivery head in at most two stages,

3. It must be possible for the water to flow away freely from the discharge basin,

The size of the structure required is discussed further below in the section on "Gene-
ral Layout of Pumping Plants". As an approximation if may be assumed that the overall
length of the structure, including supply bosin and machinery recesses, will be about
2,5 times the delivery head for a single-stage pump arranged completely underground.
In the case of & two-stage pumping installation the length of the structure will increase
to 3 or 3,5 times the delivery head. An approximote figure for the total width of the
structure is 1,5 times the sum of the exfernal diom ers of the screws employed.

If shortage of space makes it necessary to construct an intermediate pumping station
under the roadway ifself, it is e ential that the necessity to moke provision for
access for occasional inspection and m  afenance is not overlooked.

One of the main factors that determines whether o screw pump can be employed is the
delivery head that is required. Even if the screw is installed af an inclination greater
thon = 30°,the Qweruﬂ length of the screw will still in proctice be about twice the
head. Beccuse, with small copacity screws in particular, the small shaft diameter
causes the length of the screw to be limited to abour 8 metres (for reasons of static
strength), the delivery head for single-stage instaljations using smali screws of up fo
D = 700 mm will have to be restricted fo 4,0 mefres, while for larger diameters it can
rise to obout &, or a maximum f 8 metres.

Another requirement is that the water that has been raised by the pump should flow
away under gravity from the discharge basin, since it is gquite impossible to produce

a higher pressuie af the outlet of on Archimedion screw pump than that carrespon-

ding to a discharge height of about 0,15 D above the spill point. In the mojority

of cases it is therefore not possible to use o screw pump in conjunction with an effluent
siphon system, unless communicaling pipes ore adopted and some other means of flushing
is available. The screw pump is also not suitable ~ the discharge pipe requires a higher



= a5

head thon that produced by gravity, due to the height of the discharge point, i.e. if
the discharge pipe has to be pressurised. :

3.2 General Layout of Pumping Plants

There are many possible solutions for the structural and architectural arrangements of
Archimedian screw pumping installations so far os the construction of the head gear is
concemed, Asregard s external oppearance, many pumping stafions have been built
which make ¢ pleasing addition to the londscope awing to the detoiled design of the
structure and the colour schemes that have been adopted for the visible ports of the
steucture. This enables sewoge planis, which in the past have been rather neglected
in this respect, to have an oppedrance commensurate with their social and economic
jmportance and, indeed, fo form an object of interest to the observer.

A aumber of such pumping planis equipped with screw pumps are illustrated in the

i llustrations section of this book. The skiil that their designers have exhibited in the
use of form and colour becomes particularly opparent if they are compared with the
older generation of sewage plants. The Archimedian screw pump is also becoming
increcsingly popular for use in intermediate pumping stations, since the structure can
be located completely underground without any spe fic operational disadvantages
arising. The principal odvantage in these installtllations is the absence of ony screens,
and hence of the difficulties encountered in cleaning the screens and removing the de-
bris. The silent operation of a screw pump alse often makes it possible for an interme-
diate pumping station to be located in direct proximity fo a residential area, where
there could bz no guestion of instolling centeifugal pumps owing to their high noise
level and the resultont nuisance that they would cause to the inhabitants. The hydrau~
lic noises produced by centrifigal pumps, which are often transmiited over consi rable
distonces by the delivery pipes, and which prove particularty disturbing at night, are
especically unpleasant.

The basic parts of a structure for housing an Archimedian screw pumping station are
the supply basin, the screw troughs, and the main discharge basin and channel, above
which the head gear, which contains the motors and reduction gearing for driving the
pumps, is located. The term heod gear is used, even where the entire installation is
located underground.

The supply basin is constructed se as to give the correct immersion of the bottom end of
the screw, as discussed in Part 2/2.11, atteniion being paid to the correct water fevel
and to the arrengements necessary to ensure that the rate at which ine pump cycles on
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22 Section and plan of a supply busin
showing spot heights
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on and off is sotisfactory. if it is possible fo accumulate effluent in the supply pipe,
the supply basin con usually be made very smail and shallaw. The bottom of the basia
should slope toward the contack peints of the screws to prevent any stagnanf arsas for-
ming in the basin with the resultant unpleasant accumulation of slurry and silt. Before
starting to plan the installation it is therefore necessary to make a thorough Tnvestige-
tion of the feed system 1o the screw pump, paying particulor attention to the permissible
levels in the supply pipe, if the optimum economic design of the pumping installation
i< to be achieved. The majority of design faults can be tra ced to errors in the deter-
mination of the water levels in the supply ond discharge basins.

 The way in which the total capacity is divided among several pumps, and the number
of pumps o be installed, also has a major effect on the level of the bottom of the
supply bosin, if one bears in mind that, to achieve the optimum delivery rate, the
depth of immersion of the screws must be af least {r + D} cosﬁ above the contact point
*f the full delivery of which the pumps are copable is fo be achieved. Where several
Archimedian screw pumps are working in paraliel, the control system should be such
that they are switched-on and off at differencas in the water level of at least 0,10 m
between the individual switching points, ualess other factars (such s the diometer
rabios and immersion depth} impose different conditions.

1]

Wasserstandelektroden Woter-level electrodes
Zulauf Supply
Abiauf = Discharge

23 Exemple of an intermediate pumping
station located below ground




All the points to be considered when designing a supply basin are summarised in Fig.
22, which is on exemple of a properly designed supply bosin.

The width of the structure is usually determined by the diometers of the screws that are
to be installed, the approximate value of 1,5 times the sum of the screw diameters ha-
ving been quoted above. This applies unless other consideratians, such as a convenient
arrangement of access stairs, or the dimensions of the storoge bosin, impose different
reguirements. If additional space is required for the supply bosin it is preferable fo
increase the length of the structure, since the width of the sump basin exerts o major

* influence on the overal!l loyout and the construction costs of the pumping station, I

is also usually easier to solve any problems that mey arise in the location of ¢ pumping
stotion, especially on intermediate pumping station, on a plet or on the line of ¢ road
if a long, narrow structure is invalved.

The question of the screw troughs, which form part of the structure and which help
determine its size, is discussed separately in Section 3.3. The bosic length of the
structure can be determined without difficulty from the delivery head required which,
in turn, controls the length of the screw, as described in Part 2/2.14. More detailed
information on the requirements for the discharge pipe from the discharge basin has
atso been given in Part 2/2.12. The circumstances in which several screw pumps
con discharge into a common channel, without any denger of return flow {as com~
pored with the circumstancus under which separate discharge channels with non-
return vetves to prevent return flow will be required} is discussed separately in
Section 3/3.8 “Individual and Parallel Operation of Archimedion Screw Pumps".

The arrangement of o pumping station in which the entire structure is located under-
ground is shown in Fig. 23 {p. 57}, while several of the illustrations in the picture
section, Part 8, show installations which have proved successful from the construe-
tional and the erchitectural points of view. Examples of the two main types, the
underground and the open pumping station, ore shown in the plans and sectional
drawings of Fig. 23 {p. 57) and Fig. 24 (p. &0}. Hybrid arrangements con also

be adopted. An enclosed installation, located above ground, (covered screw
troughs) will be preferred where the pumping station is to be located in a rural areo
and where the ground-woter tcble s near the surface, or where, to preserve the
appearance of the fandscape, the pumping station is fo Le as inconspicuous as pos-
sible, yel undue expense is to be avaided, This solution has the adventage of being
quite inconspicuous and also that, in the majority of cases, no special fencing s
required, since the installotion is well protected ogainst unauthorised interference,
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Fig. 33 shows the simple method of installing the switch-gear and controls and fuses,
and the coble end connections and the wiring. One of the illustrations shows an
example where the machinery and the electricel equipment are all installed together
in o sheet~metal casing. The use of Archimedion screw pumps often enables o sewage
pumping station to be made very attractive in appecrance, and to meke @ pleasant
oddition to the lan -, so that there is no disadvantage at all in ignoring the for-
mer rule that o sewage plant should be as unobtrusive as possible. If the serew pump
is located in the open it is necessary to bear in mind the variations in the length of
the screw that can arise due to the effects of fempera’rure If, as on extreme case,

it is assumed that the temperature can vary by ¥ 50° C about the mean temperature
of + 20°C that prevailed af the time of monufocture, due to mrenswe sunshine {up
to + 70°C), or extremely—cold winter temperatures {down to - 30 °Cy. the change in
length per metre run of the screw will omount to * 0.575 mm, The change in length
over the whole length of the screw will then have to be accommodated by the adop-
tion of a suitable design for the bearings. The diamster of the serew will also vary
by the same value of 0.575 mm per metre, but only half this change in diometer
affects the gap width. It must be pointed ou! that, if the changes in length or dio-
meter that can arise due to temperature variafions are ignored, considerable diffi-
cultiesand.  ~  kdowns can result from the consequent misalignment of the
bearings, additional deflection of the screw, and rubbing of the screw ogoinst the
trough. Whether these factors justify covering the screw in will not be discussed
here. Wherever possible enclosure is to be avoided due to the dangers of corrosion
that it brings in its frain.

3.3 Construction of the Pump Trough

The pump trough is the semi-cylindrical channel in which the screw rotates and so
pushes the water from the supply basin to the discharge basin by means of the lower
flanks of the screw blades. Until some ten years ago this pump trough almost always
consisfed of a steel structure. The current stage of building technology, however,
ensures that there is nowadays no difficulty in makirg this trough of concrete with
the result that, at the present time, the use of the steel trough is restricted to very
small sizes or to special cases, such as portuble troughs.

The wsual practice at present is for the foundation of the trough, which forms is
main structural element,to be built in unfinishe |form with the rest of the structure,
and to be in the shape of the lower half of an octahedral figure, a femplate being
used to maintain the section to the correct shape, and the vertical sides being
carried up to their full finished height. The screw is then fitted, and a sirip of
steel bor, having the sume thickness as the desired gap between the screw and the
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trough, is clomped to the outside of the blades over the full length of the screw. The
screw is then rotated slowly, and high~grode cement mortar is fed in at the bottom
end, so that the comers of the concrate octahedral, which is dampened, are filled
out, while the suwlus material is moved along by the rotating screw blades. in this
way the screw forms its own bed. A diagrammatic representation of the two main sta-
ges of this process, showing the concrefe foundations and the finished pumping trough

is given in Fig. 23,

This method of moking the trough offers the advantage that it avtomatically ollows for
the deflections of the screw due to its awn weight. [t can thersfore be used for screws
that are longer than the limits given by the strength calculation described in Part
2/2.17. Nevertheless, since other factors such as blockoges between the screw and
the trough, torsional and vibration effects, ond eccentricity of the shaft tube all ha -
to be tcken inte account, it is not advisable to exceed the values for L, given in
Diogram 1, to any appreciable extent, i

The construction of prefabricated concrete components hos not advanced to the stage

where there is every inducement to moke pumping troughs from prefabricated sections.
The considerable exient ta which the externc| diometers of the screws have been stan-
dardised is another point in favour of the use of prefabricated compenents. Apart from

Umfassungsgewande = Surrounds

Rohzustand = Semi-finished
condition
Fertigzustand = Finished condition
Varbeton = Inibial concrete
Fullbeton (...} = Cement liner
{Placed by scraw)
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the high standord of manufacture to close dimensional tolerances, the main advantage
is probably the smooth surface finish that can be achieved, and the simplicity with
which the components can be assembled. The defiection plates which extend above
the centreline of the screw cun take the form of box-section prefabricated elements,
placed on top of the side of the trough and secured by means of foundation bolfs let
info the trough components. This ensables them to be removed without difficulty if
the screw has to be dismantled. A perspective view of this method of constructing the
trough s shown in Fig. 26.

From the design point of view there is no difficulty in varying the delivery head of
an Archimedian screw pump by moking one of the upper sections of the frough ad-
justeble, or by fitting an extendable apron. In lond reclamation work such measu-
res are indeed often adopted due to the importance of the delivery head. For an
effluent pump, however, where changes in delivery haad ore less common, compli-
cations of this type are best aveided unless special conditions obtain, owing to the
possibility that they may become Faulty.

3.4 Influence of Screw Design on Pumgping Tnstallation

The planning of a pumping station using an Archimedian screw pump should always
be preceded by a comprehensive investigation to determine which of the possible
solutions will be the most economical from the point of view of the initial and the

running costs.

So for os the initial costs are concerned it Ts wrong to teke only the costs of the ma-
chinery andequipment, or only the building costs, imto account.

To enabie these economic caleulations to be mude it is necessary for the supply and
discharge conditions to be fixed, and for the quantities of water that will have to
be handled at various times to be known with as much aecuracy os possible. The
mean quantfity of water to be handied during the course of @ year shouid lso be
token into account. If ¢n Archimedian screw pump is to be used os an intermediate
pump, it is in most coses necessary to make provision for the delivery rate to vary
from the minimum dry weather flow to the maximum flow under storm conditions,
since it is rare for main drains to be ovailable for carrying off rainwater from the
‘intermediate pumping stotions, and it is pot practicable to specify that o separcte
ruinwaler drainage system be provided, Some information on the economic distri-
bution of the load among the vorious screws to meet the requirements of the diffe-
ring amounts of water that have o be handled under the different conditions are
given in section 3/3.9, so that further discussion of this paint can be emitred
here, sincz the distribuiion of capacity is one of the main factors affecting the
overall costs of the plont. Here, we will first consider the question of the in-
clination of the screw to the horizentol, and the number of starts of the screw



for practical coses. Seme information on the number of starts has been given in Part
2/2.8, and on the choice of the angle of installation in Part 2/2.9, and this should
be borne in mind when sfudying these points.

I is not possible to lay down any general rule for the correct cholice of the angle of
Installation, since this is offected by a large number of factors peculior to the plant
concernad.

It is true that an increase in the angle of installation will cause o reduction in the
length of the structure required, and also of the screw. As the angle of installation
is increcsed, with all other foctors held constant, there is o decrease in the capa-
city of the screw so that, to achieve ¢ given delivery rate, the diameter of the
screw will have to be increased. The reduction in the length of the structure will
thus be accompenied by an increase in width, and it will be necessory to compare
the advantages and disadvantoges of this arrangement when attempting to find the
most economical solution,

If the possibility of changing the number of starts is being considerad, this will not
affect the length of the structure. The reduction in the capacity of the screw that
results from a reduction in the number of starts will, however, again make it
necessary fo increose the screw diameter, and hence the width of the structure, if
a given delivery rate is to be mdintained. In this case ony savings that may accrue
in the cost of the machinery will have fo be weighed cgainst the increased cost of
the structure. lo estimate the costs of the various types aof screw it is possible to
make use of the total weight given in Table 6, as shown in the following sexample:

For a dry-weather flow of 20 to 100 {1tres/s and a storm Flow of DY litres/s maximum,
fhe capacities of the screws to be instal{ed-in an intemediote pumping station were
chosen o be 2 x 60 litres/s {for pumping the effluent} and 2 x 600 {Ttres/s (for pumping
the rainwater). The delivery heod involved is 4.0 metres from the highest permissible
smmession depth ct the bottom of the screws to the highest discharge basin level.

For pumping the effluent at a rate of 60 litres/s maximum per screw, ond a head of

4,0 metres it would be possible to use the Type 11.06 installed at an angle 8= 30°
and with @ = 3; at the maximum permistible spedd of /0 rev/min this screw caon de-
iver 68.5 metres/s. A speed reduction in the ralio '

E equal to =, would give

Q
}
%F?ﬂ : ‘mﬁﬁ_ = &} rev/min.

68,3

an = n.
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The screw concerned is a three-start one having an external diameter of 593 mm,ard
its shaft tube dismeter of 355,6 mm would enable the length of the screw to have a
maximum valuve of 8,7 metres, for a wall thickness of 12,5 mm, if the deflection f

— (A

at the centre of the screw is not to exceed tha gap width 5, of 3,5 mm. A shaft rybs

having a wall thickness of 7,1 mm would not be suitable since with this, the length
between the bearings would be restricted to 7,45 metres.

The angle of inclination [3 has been fixed at 30°.

The actual length of the screw for the two effluent screws would be

_H a4 k _ 4.0
L"sing ”2@{3 “ﬁ;ﬁfg}'n’a,s"*(z.o,w? 0.5

0,593=8,72m

and this would just enable the deflection to be kept within the required value.

?

ges

in this cose would become 1, 1464, which gives o value of ’?? aoi = 78,4 % {if we

Ossume 7? Ty 20 % as previously recommended).

For the same un%le of inclination the screws for the rainwater flaw should be of Type
11.36 ot =307, these cgain being three-start screws which have o diametfer of 2 =
1588, &6 mm and a shaft tube diameter of d = 711 «2 mm for a 10-mm wall thickness.
This screw can have a length of vp to 10,1 metres for f = 5,0, B 3,7 mm. The

rated speed of 37 rev/min, when the delivery would be BQS itres/s, should be re-
duced to

n' =37, % = 31 rev/min

to enable the desired delivery of 600 litres/s ta be achieved. Then"? = il o
ges
a value of 1,1288, comresponding to ?ges = 79,7 %. The length of the screw ta be

equiprerith bloding would then be :

O e G o _
L_G:_‘j e {2‘U’f§-?_ ———‘*ﬁ:—s—‘——} ‘},58?'— ?,sz.

if we ignore, for the moment, the fact that the rainwater screws con be designed to
suit the maximum immersion conditions, only the effluent screws needing fo have the
ability to empty the supply basin completely during the operating period,




8,0 . 6,40

For the same size of supply basin the length of the structure "IE to accommodate the

screw troughs is obtoined from the horizontal projection of the maximum length of
screw equipped with blades :

]B =L .cos =9,22.0,866 =800m
While, from the information given in section 3/3.2, the width of the structure
bB hecomes :

bB= D.1,5=(2.0,6+2.1,6)1,5=¢6,60m.

The encompassed space for the struclure to accommadate the screw frough then be-
comes

= 26.4 m3 A

The basic weight of the four screws to be installed in this pumping station, without
that portion of the shoft tube that is not equipped with blades, the bearings, trough,
or aprons s then, from the Tables :

G=7.872.149,8+ 2.9,22 , 367,4 = approx. 9410 kg.

If we now compare this arrangement with one in which the screws are installed at an
angle of 37°, for example, ond in which the number of starts o = 2. we would use
for the effluent pumping scraws Type 11,07, for which m =1,1720 {corresponding

ges

to Hes = 76,7 %), ond which can still just be run ot their rated speed of &3 rev/
min { Q= 62,3 litres/s}. The length of the screw that is equpped with blades then

becomes :

4,0 1#0.51 0,15.0,692, ¢ 4990-7 29m,

L®s iy © \Emaaen - w0 60

Dealing now with the reinwater screws Tt is found that, under the same conditions ¢nd
for the same values of and @, the Type 11,20 with a rated delivery of 714 litres/s
is suitable, so that the speed can be reduced to :

n = 382 . -g-?% = J7 rev/min.
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Stnce n= 27 rev/min is better than 70 % of o {which would be 01,7 . 32 = approx.

in} th for
£l rev/min} the value T M on be taken os 1, 1429, corresponding to the full

A ges
value of ?ges = 78,7 % given in the Table. The corresponding length of the rain=

water screw then becoames @
4,0

L= 5502 % 4

Tious w10
3 0753 0,605 ~}1,987 =7, 58 m,

The length for the structure to accommodute the screw trough then becomes -
IB =7,58.0,8=6,06m

_and the width of the skructure will be

by=(2.0,7+2.20)1,5=810m.

The encompassed space for the struciure to accommadate the screw troughs is then
6,06 2 B 10 24,5 m3
.again be taken from fhe Tables. Since the |esser length of the efiluent screws enables
~ the smaller wall thickness of 7,1 mm to be employed, the liguie becomes :

. The basic weights of the installed screws per metre run can

5G=2.7,22.10F,8 + 7,58 . 423 = 7918 kg.

Summarising the results of this comparisen Tt will be seen that, lor a reduction in the
screw efficiency of the effluent screws of 1,7 %, and of the raine iter screws of 1,0
{(due to an increase in the angle of inclination 3 From 307 to 377 agd o reduction in
the number of staris from 3 to 2} there will be o reduction of 1,% m in lhe encom-
possed space of the structure, ond a reduction of 1492 kg in the weight of the screws.

To enable cos: figares to be ingerted in the economic comparison it may be assuomed
thot o figure of 300, -~ DM/m” can he odopted for the cost of the structure, and that
the finished cost of a screw amounts to 2, - kg; these figuces will be suffictently occu- |
sate for a rough preliminary calculation, : :

There should now be no difficulty in comparing the savings in the initial costs with
the effects af the reduction in the efficiency of the effluent screws, which are the
ones that are most frequently in use. If the cost of power for running the screw pumps
is taken as 0,10 DM kWh, the foliowing figures w'll be obtained in this example ;



Reduced cost of structure T2 m3 x 300, -- DWm3 = 570,-- DM
Sqving n weight 1492 kg = 2, DM/kg = opprex. 2.980,-- DM
Totel saving = 3.550,-- DM

[§ the overall efficiency drops from ’7935 =0,784 to f.? s = 0,767, as aresult of

the increased inclination of the screw and the reduction in the number of starts, :-A-r-t:i‘3
if the mean rate of inflow is 40 litres/s so that, during the course of o day, 3450 m
of effluent have to be raised through 4 metres, the daily increase in the cost of 'elec-
trical power becomes :

& K ‘T
: i T - 3450; 4 3450 . 4
t - 387,2.7 2 36?,2.7( T T Ry S
ges2 ges,i
= 7,20 kWh/day
or 0,12 DN/ day

A

In round figures the reduction in efficiency would thus result in @ negligible annual
increase in the electricity cost omounting to only 34,80 DM. The cost of the annuc!
depreciation of the reduced building costs, colculated for the expecied life of the
installation, far exceeds the additional cost of the power in this particular cose. 1t
has thus been shown that in this example the choice of steeper screws having a redu-
ced number of starts would be the more economical solution, despite the reduction
in fhe efficiency. It would, however, be quite wrong lo assume that this conclusion
is of general velidity; similar caleulations should be mode for each particular case.

3.5 Possibilities for pMadifying Performance

The guestion of the choice of the speed of rotation of Archimedian screw pumps was
discussed in some detail in Chopter 2/2.10. ¥t was established that the speed that is
given by the farmula :

o

- A48 -

is the optimum speed of the screw af which water witl just fail fo flow from ane ¢ham-
ber down to the next below along the screw chaft. |f the speed is kept below this value,

the elivery will, within certain limits, be reduced in propaortion to the screw speed,
i.e. ;

n=Q

g
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It would be a reasonable proposition, thersfore, to ctioose a screw for an Archimedian
screw pump which has the correct geometrical dimensions to give the delivery required,
when the pumping plent is fully completed and sunning of maximum copacity, and to
allow for the smaller quantities of water that have to be handled {in the initial stoges
of operation of the plant} by, at first, running the screw at a lower speed than that
appropriate to the optimum delivery rate.

In practice this could be achieved by first fitting a gourbox giving a higher reduction
ratio, and then chonging the gearbox when the stage is reached where full delivery
is required. This would, however be o very expensive procedure, and should ke
avoided if possible.

However, there is another, much easier method of changing the capacity of the pump
at o later date. This consists of changing the belt pulleys of the V-belt drive transmit-
ting power from the motor to the gearbox, which in any case will be fitted to avoid
shack ioads on starting, in which case the change in speed is proport’ - "!to the mean
belt pulley diometer dR

o,

ke o
e e

R

It is possible to successfully change the speed in this way, and without undue expense,
down to o speed of n=0,6 n without any major drep in efficiency oceurring. The pos-
sibility of Fitting o two-start screw initially and replacing it with a three-start screw

at o later date is also often considered. The change in pumping capaecity that can be
achieved in this way has been discussed in section 2/2,8, and it was shown that it

is reduced approximately in the proportion 0.8 : 1. If, then, the speed is alwo re-
duced to 0.6 n, an overoll reduction in pumping copecity in the proportion 0.48 :
1.0 will be echieved or, in other words: the delivery rate of the pump s approx-
imately halved.

In proctice such o procadure can hardly be recommeanded. since the motor will, in
any event, have o be capable of producing the power required when the planf is
operated at full copacity, if continued use is to be made of ony major parts of the
mechanical and electrical equipment of the pumping station when its capacity is
increased, If now an electric moter, rated at the power required to operate the

“pump at full capacity, is operated under part-load canditions, its efficiency will
drop, and an increased reactive current will be required. Such an installation
will not normally be economic to operate.

Nevertheless, there are a very few occosions ihat arise (in practice) where it is
necessary to odopt such @ selution since, as mentioned obove, the Archimedian
screw pump will work without any unacceptable reductions in efficiency down to
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a delivery rate of cbout 30 % of Tts ruted capacity. The screw pump oppears therefore
to be particularly suitable for use where a subsequent increwsse in delivery rate is enyi-
saged. Changes in delivery head, on the other hand. are difficult and expensive to
effect at a later date. The complicctions invelved in the use of adjustable scfews can
be seen in the illustrations section., Nevertheless, the construction of adjustable
troughs has proved justifiable for certain specific cases.

3.& Storage Volume on the Inflow rote

Pumping copacity, and pump cycling frequency is estabiished, and is then differen~
tiated to give the maximum storage volume, the maximum storage chomber will be
obtcined when the inflow rute is sne-half the pumping copacity. The calculations
should be based on the pumping capacity of the largest effluent pump. Since, as
mentioned previously, an Archimedion screw pump will still work with a compa-
ratively high efficiency if the delivery rofe drops fo abour 30 % of the design ca-
pacity Q, only 65 % of the rated capacity of the effluent pump should be taken as
the average delivery rate over an operating €pcle, os given by

B =aor gl E,
[= h*d 2

The cycling frequency i {cycles/h) is discussed Tn Chapter 3/3.7. The minimum
storage volume will then be given by

= 0,65. Q. 3600
storoge 7

If a value of 12 cycles/h is chosen for i, the volume can be expressed directly in
terms of the delivery rate of the largest effluent pump, i.e.

~ 3
Jsfaruge = approx. 100 . Qi (m")

whese fhe delivery rote is expressed in ma/s, as specified in the list of symbols and
diwmensions. This formula thus irdicates that the inflow storage velume for screw pump
should be about 100 times the delivery rate (per second} of the largest effluent pump
to be installed. Experience shows that the maximum cycling frequency of 12 cycles/h,
~ under the most adverse inflow candifions {which has been assumed in fthis cese) can,
in fact, be withstood by all the components concemed without any difficulties
arising.
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In many coses it is possible to hold back o certain amount of water in the supply pipes,
and the size of the basin can then be reduced by this amount. This possibility should
not, however, be exaggerated, owing fo the danger of sludge being deposited, expe-
cially in pipes that have only a slight slope,

Since the delivery rate of an Archimedian screw pump immersed to below the centre
of the screw shaft will, ingeneral, exceed the figure of 30 % of the maximum deli-
. very rate which is sti'l econamically justifiable, the depth fo which the water level
in the supply basin cnn foll will be at least equal to H-1 = r. cos . lgnoring the
possibility of using the supply pipes as a back-up storage v alume, the surfoce areo
of the basin required will then be given by :

Foasin = Jsloruge

[ cosﬁ

where r is the radius of the shaft tubs of the largest efffuent pump that is instaliad.
The widih of the basin will be governed by the diameters of the screw that are in-

stalied. so that it is now possible to calculu 2 the lengih of the basin without dif-
fFiculty. If the surface area given by the formula is too large, some limifed use can
be made of the back-up starage capacity of the piping.

Since the pipes run full, to some extent, when the rainwoier pumps are in operofion,
the volume that results can be regarded as a storege volume, and it will usually not
prove necessary to increose the dimensions of the basin. A check should be made in
each case, however, fo moke sure that the back storage volume of the pipes, o~
gether with the storoge volume that is provided in any event amounts to at least 60
times the delivery rate of the largest rainwater pump. This fiugure presupposes that

the cycling frequency under the most adverse conditions wiil amount to 18 cycles/h;
in view of the ratity with which such conditions will accur, this figure is quite
acceptoble.

3.7 Determination of Cycling Frequency

The various types of cycle under which equipment can be operated are arranged in @
system of nominal cycle classes in the fules for Elecirical Machinery and Apparatus
(VDE 0530). For example, a distinction is made between continuous and intermittent
operation; whereas continuous operation means that the machine is running more or
less continuously, under the conditions of intermittent operation the running time or
foll-load time is soshort that the motor is unlikely, in prociice, to attain its normal
operating temperature. and will wsually cool to the ombient femperature while it

is stopped. ;

Under the most adverse conditions the motors driving Archimedian screw pumps can be
described as operating under intermitfently stopped conditions rather than intermif-
tently running; the periods during which the motors are running at, or near, full loed
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slternating with those pariods during which they are stopped - perfods of such
short duration thot the motors and the switchgear cannot cool te the ambient
temperature. The determining factor Ts the duiy cycle.

Since the largest number of starts occurs when the rale of inflow corresponds

to half the pump delivery rate, the duty cycle will then cmount to 50 % of
the total service time.

Very similar conditions prevail in the hydraulic engineering industry, where surge
tanks are employed, although the starting conditions are rothermore severe for
screw pumps than for centrifugal pumps because of the larger moving masses.
Under those conditions, cycling the plant at the rate of 8 - 15 cyeles/h has
proved quite satisfactory and has not led to complications, so that the assump-
tion of 1 = 12 cycles/h oppears quite occeptable, espscially since the large
piping system associated with o sewage plant ensures that the conditions under
which the maximum number of cycles is necessary are not often attained, and
then only for brief periods.

To prevent the storage basins required for the rainwater pumps beca{ming too
large, a cycling rate of 18 cycles/h can be assumed; this is adequate to deal
with the comparatively rere case when the inflow of water is at o rate precisely
equol 1o half the pump delivery rafe. If the size of the storoge bosin, cakuloted
on the bosis of effiuent flow, is less than &0 times the delivery rate/s of roin-
water pump, the dimensions should be vbased on the lotter figure. Foriunately,
however, it is possible to use the capacity of the pipes up to the highest per—
missible static head when the roinwater pumps are in use, and it wiil therefore
probably prove possible to avaid any increase in the storage volume.

The cycling rates mentiognad can be dealt with without difficulty by fhe electri-
cal switchgear and controls, if these points are borne in mind when selecting

and installing the switchgear. Switchgear testvoltoges should comply with ¥DE 0111,
and the minimum clearances with VDE 0101. VDE 0640 specifies a life of one
million ope ations for simple air-break and oil-immersed contactors, and this can
be increased fo up to ten million operations in the case of heovy-duty eguipment
designed for intermittent use. :

3.8 Individua! and Paralle! Operation of Screw Pumps

If several Archimedian screw pumps are installed side by side in @ pumping station,
the structurol. orrangements, both on the inflow side ond also, maore particularly

on the outflow side, must accommodate all possible circumstances " ithat can orise
in service.
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SWP = Eftluent pump

RWP = Roinwater pump

A oder 8 = AorB

A oder B mit C = AorBwithC

Ein = On

paroflei = Parallel

Aus = Off

Grundpumpe = Base-load pump
Zusatzpumpe = Supplementory pump

27 Excmple showing the locations of the ends
of the trews and the water levels ar which
switching operations occur for five Archi-
median screw pumps operating in paraliel
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Al the lower end, the screws should extend enly sufficiently to enable them to operate
at their full rated capacities when the water level in the basin is at the cppropriate
maximum level. This opplies more particularly fo the roinwater screws, while the
effluent screws {and, in particular, the unit with the lowest capacity} must be copable
of emptying the supply pipes and the basin completely. This requirement arises from the
fact that, as stoted earlier, deposits of all types are to be avo’ded in the supply basin
and also in the pipes where these are used as o back~up storage medium. The aim must
therefore be to empty the basin completely during each operoting peried of the base-
load pump,

Apart from any limitations imposed by the cycling frequency, the supply basin must

be designed in such o way that the differences in levels between the points at which
the different pumps are started and stopped musi be at least 10 em. A diagramatic view
of the arrangement of the bottom ends of the screws in the supply basin for the example
chosen fo illustrote the method of dividing the total load emong a number of screws is
shown in Fig.27.

Any errors that may be made in the design of the top end of o pumping plant hove o
greater effect than errors at the bottom end of the plant, and can be rectified later
only at considerable expense. If Archimedian screw pumps, working in paoraliel, are
to discharge into a common discharge basin or channel, spe ial care must be taken

HHY im AnfluBkanal = Sturzpunkt = Max. water level in
discharge channel = spill point

28 Arrangement of spill points where
several pumps discharge into common
channel
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to ensure that the spill points of ¢ll the screw troughs are higher than, or at least [eval
with, the highest water level that can sccur in the discharge channel under the most
adverse conditions. If this point is neglected, the water will run back over the spill
peint i a screw is stopped. Quite apart from the loss of water that this involves, dirt
can be depesited between the blades of the screw and the trough, causing o blockage
which might make it d'fficult, or even impossible, to start o screw that has been stop-
ped for a considercble fime.

If screws are to work in porellef and discharge inte @ common channe! without any
non-return devices befng provided, there is the additional requirement thot it is ezgzen-
tial that the spill point of the smallest screw to be instailed s ot q higher leve! than
the maximum waifer level in the discharge channel. The only relioble solution where
the screws discharge info o common multiple-flow discharge channel is to raise the
level of the spill point az shown in Fig. 28,

It is usvally worth while to carry cut an economic investigation to determine whether
it might not be preferable to carry the discharge from the screws along separate chan-
nels provided with non-return valves which then, in turn, discharge into the common
discharge channel, rather thon to raise the spill points with the comsequent permanent
increase in the delivery head. With high delivery rates and major variations in the
water level in the discharge basin economic reasons will cause His solution o be
adopted,

28 Use of non-refurn flaps in discharge
channels where there is possibblity
of spill point being suhmerged




If, for example, o pumping station having a screw wiih a diameter of 1 is considered,
the spill point will hove to be raised by at least 0.20 if, as o safety measure, 17 7s
decided that it should be located at least 5 em above the discharge head of 0.15 D
which is sufficient to prevent return flow. F the average delivery head aof such g
plant omounts to 4.0 m, the delivery hecd, and hence the pumping costs, will be
increased by 3 % of the total pumping costs, If the cost of this, colculated over @
period of ten years, amounts to more than the cost of constructing separate discharge
channels with non=return valves, the latior solution should be adopted. The
appearance of such an instellation is shown in Fig., 29.

Finally it must be poinied out that unsafisfuctery design of the supply and discharge
channels con cause blockages and eddying. Careful ottention should be paid te this
paint, particularly where high-capacity screw pumps are concerned, |t is advisable

to have model tests carried out if difficult conditions are encountered In o large plant,

8.9 Economical Capacity Distributiens

In general, the delivery rates of screw pumps should be choten so that one pump, or
preferably two - - more pomps working simultaneously, can handle the maximum in-
fiow. In the case of pumping plants where no alternotive provision is made for deo-
ling with rainwater, end no suitable storoge area is provided, the distribution of the
capacity is one of the basic requirements, If the build-up of water is not a disadvan-
tage, the drainage sysiem can be used for the temporary storage of rainwoter during
periods of heavy reinfall. In such cases the maximum permissible water level in the
system should be defermined with the utmost care for each individual installotions.

In the majorily of coses separate pumps, should be provided to deal with the dry-
weather flow and with the storm flow. If it is impossible to provide on emergency
outlet near the pumping installotion, the largest rainwater pump should alse have
a reserve copacity. The following example of o combined draincge system shows
a svitable methof of selecting the capacities for the various screw pumps installed
in a pumping station. i

Basic dato : Number of inhobitants served = 6000 .
Specific sewage flow = 200 litres/person per day
Total built-up area : = 85 ha
Max. rainfall run-off = 125 litres/s per ha
Assumed mean impermenbility
factor = 0.4

Requirement :

The effluent, in quantifies up to five times the dry-weoiher flow averaged over a
14 h period, is to be passed fo the treotment plant, while the rainwater is to be
passed direct to o mein drain.
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Sewernge flows

a) Effluent : 4000 x 0,200 = 1200 mg,fdt:}f

GM = %ﬂ = 86 ms,fh = 24 litres/s (max. effluent flow)

whence 5 x dry-weather flow = 5x 24 =120 litres/s
{max. effluent pumping copacity}

G}B = -1% = &7 ma/’h = 18, 5 litres/s (mean effluent flow)
Q3? = ___.‘ggn = 37 mz,fh = 9 Ii’rres/s

{minimum effluent flow = night flow)

b} Ra’nwater

= 85 .125.0,4 = 250 litres/s

Q
R {with no storage capacity in supply pipes)

Selection of screw pump copacities
pump cap

for effiuent 1+ two screws, each 30 litres/s (screw A + B)
one screws, &0 littes {screw C)
{used together, con deal with five x dry westher flow)

for rainwater: two scraws, each 2200 litres/s (screws D + E}
{used together, con deal with QR}

VWith this selection of pump copacities, one of the smaller effluent pumps A or B,
which can be used alternately or in parallel, cen handle both QM and Q37. Since
QS?’ with a Flow of 9 litres/s, corresponds te about the minirmum economical pum-
ping capacity, there are unlikely to be any breokdowns of the pump selected to

handle the baze load.

With this selection of capacities the vurious operating modes hecome ;

it on

0 to 30 litres/s: small screw A or B
30 to 60 litres/s: small screws A+ B
or lorge effluent screw C
&0to 90 litres/s: effluent screws A or B and €
90 to 120%itres/s: effluent screws A + B4 C
120 to 2200 litres/s: rainwater screw D or E
2200 to 4250 litres/s: rainwater screws D + E

The water leveis ore shown in the supply bosia at which the verious pumps are
started are shown in Fig. 27.

Houu
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Because of the high standing charge that is made for electricity drawn £ -m the public
moins supply {approx 12,-- DM kW per month] it is often desirable o operate the two
rafnwater pumps solely from the emergency generaters, which have to be provided ia
any eveni. The additional costs that arise are usuvally compensated for in a period of
five to fen years.

The selection of pump sizes for the pumping station that has been described enables all
operational requirements to be met. The storage volume in the supply basin required
for this installation is ¢coleulated from 100 times the capacity of the tergest effluent
pump {&0 litres/s} to be 6,0 m . To prevent on excessive cycling ré:fe in the event of
heavy rainfall there must be a storage volume of 40 x 2,2 = 132 m™ available in the
droinage system and the basin combined, and a check will have to be made from the
maps and plens of the drainage system to handle o flow rafe of this magnitude and the
permissible depths of water in the pipes mcke it probable that there will in fact be
sufficient volume available. -

As regards the engineering design of Archimedion screw pumping plants, it should fi-
nally be fpointed out that it is advisable for e civil engineer planning the plont not
to specify the angle of installation, number of starts, or speed of the pump too closely.
A specification that is too detailed cun prove very restrictive {o the manufacturers
when they are preparing their quotations for the machinery, ond maokes it impssible

to compare the advantages and disadvontages af the vaorious possible sofutions. It
appears advisable, therefore, fo establish contect with the manufacturers as soon as
the water levels on the supply and discharge sides and the rote ot which water will
have to be handied are known.

3.10 Reduction Gearing

As ha s already been mentioned, when comporing the disadvantages of Archimedion
screw pumps compared withgentrifugal pumps, addirienal devices are required to re-
duce the speed af which normal electric motars run to a speed suitable for the ope-
ration of the pump, In addition 1o the actual reduction gearing, which is essential,
the use of @ V-belt drive between the electric motor and the gear-box has proved
very successful . With this arrangement i is possible to vory the reduction ratio of
the helt drive by a suitoble choice of belt pulleys, and this enables the overail re-
ductien ratio to be selected to give the required speed of the screw while using stan-
dard gearboxes with a fixed sefection of ratics. Anather advantage of this arrange~
ment is the smooth starting of the eiectric motor that results from the elasticity of

the belt drive, and as a result geared electric motors arenow seldom used, especially
for the higher powers, even though they cccupy less space and require smaller Foun-
dations. As stated, when a V-belt is usgd, tie reduction of the speed of the motor
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to the speed of the screw shaft always involves standard reductian ratios which con be
achived by using two gear-reduction stoges, one comprising a pa‘r of spur gears and
the other a pair of bevel gedrs, or a worm and pinion, to change the direction of

the drive; with this arrangement there will be no operational difficulties nor any undue
maintenance reguired. The only work involved is an opcesional check on the oi] level
ond an oil change g the intervals recommended in the manufacturer s instructions,
Since the frequency ot which the ¢il requires to be changed depends on the fype of
gearing and the dize of the gearbox, no general recommendations as to this con be
made,

If the screw pump is used only infrequantly, as may be the cose with stand-by uniis
or rainwalier pumps, the gearbex oil chenges must not be reguloted solely by the num-
ber of hours that the unit has run, since there is then the donger thot the lubricating
properties of the cil siight deteriorate due to ageing. Further information on this
point will alse be found in the monufecturers instructions. The selection of the de-
sign loads for the gearing depends on the operating conditions, and this point is dis-
cussed in more detail in Chapter 3.11, where reference is mode to extensive in-
vestigafions that have been carried out into the storting loads on the transmission
elements. It was found that, provided the correct method of starting was adapted,
no undue stresses were imposed on the reduction georing during the starting of Archi-
median screw pumps, ond that when normal running conditions had been attained the
load on the gearing became very uniform, reaching @ moximum value when the pump
was running at the ideal design point. No higher stresses were imposed on the motor
or gearing either if the screw immersion was less than the ideal value or if flooding
took plage.

3.1!  Propulsion Motors and the'r working Conditions

The motors used for driving Archimedian screw pumps are almost exclusively of the
three~phase asynchranous fype with squirrel-coge rotors { Standard motors to DN
42 673) or, where higher powers are invelved, bar conductor or double squirrel-
cage motors are used; these motors will adapt themselves to any loading up to the
limifing forgue during acceleration. Wheen these three-phase motors are used for
driving Archimedian screw pumps, and the normal star-delta sfarters are employec,
experience shows that the load torque orising, based on the fotal current consumed,
lies below the stariing torque with on adequate factor of safety, oliowance being
made for ihe occeleration of the motor and gearing. The motors should be of Type
B 3 and Enclosure Class P 22, or P 33 if required to work undgr particularly damp
conditions, e.g. in an underground plent. When running af their service speed



these motars achieve o stoble condifion in which the torque ond bock tarque ean .
be in bolance even under the most adverse conditions. On the conclusion of the
stortingphase the motor will always strive 1o return to its service speed if the
cpeed varies from this value. During the star storting phass the low value of the
starting voltage ensures that the sterting torque that can be achieved is less than
ihe serviced torque, so that there can be no overlocding of the power transmission
‘and speed reduction equipment. The Archimedien screw pump also imposes no
difficult conditions o5 regords starting times ond storfing behaviour on the driving
motor, [n generol, the torque charoeteristiics of noimal three-phase motors will
meet the starting ond operating requirements, since the screw pump can be re-
garded a3 @ machine that is storted under no-lcad conditions, due fo the fact that
it doms not commence delivery until some time after i1 has been storted, The rela-
tively lorge maosses of the serew shaft which have to be sel in motion, require to
be accelerated only to o low speed so that, in this respect, the siarting torque

is also held ot alow level. Experience shows thot a star runaing time of 3 ta 5
seconds is sufficient io encble the appropriale service speed to be ottgined ond

to enable the starting curren! peak te drop tc an acceptable level,

To investigote the loading condiiions obtaining during the sterting of screw pumps,
extensive tests have been made on o number of plonts of different copocities, The
storting-curreni record; which were loken by mean: of electron ray osxcillographs,
had the values shown in Fig. 30 a - ¢, The wmeosurements were made on motors
equipped with star-delfa starters, since this type of storter is used almost exclusive-
ly for driving screw pumps owing to the low back lorque, and hos proved very
successfully.

In generl, it will meet the requirements of the power supply authority, ond it
produces the smooth starting that is required from the poinl of view of the loads
imposed on the gearing and traisnission elements,

When o star-delto siarter is wsed, the starfing current and storting torque are only
about 30 % of the values eticined when direci-or-line siarfing s employed, Taking
inte account the torgue required far accelerating the molor itself and the gearing,
the starting load is cericin not tc chligin the valve of the normal service lood
provided the ratio of the storiing corrent 1o the rated service current does not exceed
4 : 1, The folowing current-time diogrems, in which the envelope curves of the
frequency-related ins‘cnitanesu: current valves represent the actual current values,

are characterictic examples of the current contumption. of Archimedian screw pumps
during stariing and when operating. See Fig. 30 d for details of the various features
shown on these diagroms,
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30 ¢ Starting-current curve for the 50 kW
940 rev/min drive of an Archimedian
screw pump, 480 V, 9% A, 50 Hz, with
star-delto starting

30 b No-load starting current of a 7,5 kW
1440 rev/min theee-phase motor. 380 V,
15,4 A, 50 Hz, with star-delta starting
{with belt pulley)
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Star starting

Stern-Anlauf
Delta operation

il

Schaltung

Current envelope curve

I

Stromhul lkurve

Star-delia changeover

Umschaltung

Service current

Betrighsstromaufn.

30 ¢ Starting-currant c;.:we for the 90 LW

30 d

1480 rev/min drive of an Archimedian
screw pump, 380V, 167 A, 50 Hz,
with star-delia starting

Description of the oscillogroph traces
showing the results obtained during
measurements on a 5.5 kW three-phase
motor, service current 8,0 A
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The results of these starting tests show that the starting current obtaining during the
star phase amounts to 2.5 to 3.3 times the service curent, Sinee, with this

type of starting the starting torque is only about half the rated torque, these
measurements lead to the conclusion that, when starting an Archimedian screw
pump in the empty condition, the loading will still be occeptable if the motar and
gearing are designed only for the calculoted neminel load on the screw shaft.

It is therefore not necessary to add any margins to the dimemions of these parts for
safety reasons beyond the addition of 10 % recommended in Chepter 2.16

" Calculation of Power required to Drive Pump., * If the selected moter is more
powerful than is needed to cope with the screw capacity, this will have no
adverse effect on the reduction gearing., As investigations carried out on an
installation provided wilh too powerful a motor have shown (Fig. 30c), witha
rated motor current of ?9A and a service current of 57A, the ratio of starting
current to rated motor current drops to the value 2 : 1.

A comparison of Fig. 30a with 30c [eads 1o the conclusion that, whilst for motors
with higher service speeds the starting curren! is maintoined for a slightly longer
tme than with slower speed motors, there iz no change in the ratio of starking
current to service current. There is no difference, ar ot least no significant
difference, inithe starting conditions of small and lorge plants. With properly
maintained switchgear and the correct adjustment of the storting time delay on the
changeover relay there are alse no lood peaks when changing over from star to
delta operation. The changeover peak, which usuolly lasts for only a few cycles,
is mainly praduced by the switchgear, os shown by the no-load starting
measuremants on a motor that are given in Fig. 30b. Re-storting a screw pump,
even if it is equipped with o non-reversing lock, shortly ofter it has been stopped,
and while it is still full of water, must in all circumstances be avoided, since in
this case it will be started under load., Screw pumps: that are not equipped with @
non-reversing [ock could suffer damage if they are re-started shorily after being
switched off, since in thot case the screw, and hence the drive, could be rotating
in the reverse direction while droining tokes ploce. The motor and gearing would
be particularly susceptible to damage under those conditions.

't will be unusual for the current ohserved on the ammeter of a screw drive circuit
to maintoin o steady value. This moy be due to the blades striking the water
surface in the supply or the discharge troughs, or both, Oul-af-balance forces

or excessive deflection of the serew shaft can, howaver, also be the cause of such
current fluctuations which occur while the pump is running steadily. As the
delivery head increases the ammeter readings will be smoothed out unless the
fluctuctions are due to out-of-balance forces or excessive shaft deflection.



3.12 Switchgear and Control Equipment for Screw-Pump Pumping Stations

In VDE 0650 switchgeaor is dcfined us equipment which connects, interrupts, or
isolates curreat potis. I these appliances are provided with auxiliary devices
either built in or built on they can also undertake protective duiies, and will then
switch-off all phases in the event of a fault by means of a thermal or magnetic
excess-current trip, Switches are vsed for switching current paths on or off, or
for changeover purposes, and can be operated either under human coenfro| or
aufomatically; wusually they form part of an item of switch-gear.

Starters bring electrical oppliances, and In particular motors, into the running
condition, while controllers can vary the running condition.

Another item included in the electrical equipment of pumping stations is the fuse
which will open a circuit automatically in the event of an overload or o short
circuit due to the melting of the fusible link throutth which the current passes,

In addition to this electrical eguipment there are the measuring instruments. Even
the smaller plants should be provided with a volt-meter, a phase selector, a
frequency meter and ammeters measuring the currents in all phases. It is essential
that an electrical elopsed-time counter be fitted to each screw pump that is
installed, since the records these instruments provide can be extremely useful .

The elapsed-time records give an indication of the quantities of water pumped, and
enable the approximate efficiency of an installation to be caleulated; this is

dene by calculating the quantity of water pumped during the time the pump hes
been running, and dividing this by the recorded power cqnowmption in kWh ond

so obteining very simply the power required fo pump 1 m” of water.

When the correct choice of switchgear and! megsuring instruments has been mode,
depending on the purpose of the plant, the amount of work it is to perform and the
mains supply, these are mounted in suitable switch cobinets or, where very damp
conditions prevail, in cast-Tron boxes, and then are wired neatly ond clearly.

A circuit diagram will prove of grect assistance when tracing faults, and should

be provided for every instollation as a matter of course. Fig. 31 shows an example
of such a circuit diagram in the form of a schematic diogram for o pumping station
confaining five Archimedian screw pumps which is, in foct, the station fo
illustrate the atlocation of the pump capacities. Water~level switches of various
types are used almost exclusively for the qutomatic storting and stepping of
Archimedian screw pumps. Reference is therefore made to woter-level regulation
by means of water-level controllers even though these ect, not in a leop, but in
an open chain so that, sirictly speaking, it is a straight, woter-level control sysiem.



Prinzipschaltplan = Schermatic circuit diagram -
Schmutzwasserpumpen = Effivent pumps
Regenwosssrpumpen = Rainwater pumps
Wahlschlater {doppelpol) 2= Selector switch (two-pele}
SWP = Et B
RWP = Rw. P.
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31 Schemotic circuit diegram of o pumping
station with five pump units.



Suitable switches for starting and stopping screw pumps with variance in the water
level incluce floct-operated switches, immersed-contactk switches, electrode
switches, {lout-operated tilling switches and, more 1ecently, an air-pressure
system employing diaphragm type pressure pick-ups {nanufacturers: Rittmaier/Schwyz
and Huber/Bad Tolz). With a small number of pump units the electrode switch can
conveniently be accommodated in the supply basin in the form of rigid elements
whilst, where a large number of pump units are involved, the air-pressure method
mentioned obove has proved satisfactory. Where elcctrodes are used it is most
strongly recommended that they be protected against ony clogging moterial that
could interfere with their operation, since this could shori-circuit the electrodes
and so keep the pumps running dentinuausly. If the tevel of water in the supply
basin is alse to be indicoted or recorded, it is advizzble to use o float-operated
switbh uzing o resistonce, cument, or voltage balancing method. The floaf is
most conveniently arranged in ¢ protective tube witk a screen ot the bottom.

in general, the control unit chould be bocked-up with an amplifier to amnlify
the signal from the control unit to o level suitabls for operating the actuator
concerned.

One of the methods of arranging elecirode~type woter [evel indicators is shown
in Fig, 32.

It is not possible to make any genercl recommendations regarding the

[

32 Water-level control of Archimedian 33 Open-air distribution cabinet for
screw pumps by means of an electrode housing the controls and instruments
system for an underground intermediate

pumping sfation,
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housing of the electrical equipment for Archimedian screw pumps. ft will be
necessary te decide, in each individual case whether a medern distribution cabinet,
a weathcr=proof hut {which can also be used to accommadate the metors and
gearing) or a simple open~air distribution system as shown in Fig. 33 should be
used.

3. 13 Emergency Power Supply in the Event of Power Failure

If there is a power failure Tn the mains supply such that the pumping siations cannot
operate, considerable difficulties can be caused in the droinoge system due to the
resultan. build-up of water and flooding. The fact that heavy rain and power
Failures due to lightaing strikes often coincide it makes 1t essential to provide on
emergency power supply for drainiuge pumping stations. Industry hos develéped
fully~outomnatic emergency generator sets for ihis fype of work; these require

ne supervision or manua! infervention, and are capable of supplying current to
drive the pumps within o few seconds of the failure of the mains supply, and to
keep the pumps working until the mains supply is restored in olt phases, when they
will cutomotically switch themselves off. Since it is undesirable for the pumps ko
be started whilst the emergency generator is starting and running up te speed, a
delay timer is fitted,

The acutomatic contral gear will start the emergency generator even if there is o
failure in only one phase of the mains supply, and will keep it running until the
mains supply ts fully restored. [n the case of the larger units, a Diesel engine is
almost invariably used to drive the direct-coupled generator, this type of engine
having proved reliable, economic, wnd capable of maintaining the frequency constant
under @ wide range of con ditions. Engines roted at up to about 250 h.p, are

started by a battery, whilst larger engines are started by mecans of compressed air.

Air-cooling is normally preferred becouse of the absence of maintenance., it is only
when the power ratings exceed ubout 200 h.p. that air cooling proves inadequate,
and then liguid-cooled e~gines are employed. Fig. 34 shows the appearance of @
modern fully—qutomaric emergency generator unit for o pumping station.

The supply of Diesel fuel stored on site should be encugh to keep the plant running
for at leust three days in an emzrgency.

Since the fusl consumption of a Diesel engine is about 180-200 g /h.p.-h, this means
that the doily fuel consumption will amount to about § litres/h.p. of installed

power, or 15 ilfifesﬂ'i.p. to provide a 3-day emergency supply os recommended
obove. For o medium—sized emergency



generator set of 100 h.p., which is o size frequently Tnstalled in pumping stations,
a total bunker capacity of 1500 iitres of Diesel fuel would therefore be required.

To ensure that the emergency genearator set is maintained in good working order it
should be storted every two weeks nnd run for at least 15 minutes under no-load
conditions, ond subjected fo @ trial run on lood once every two months. U is then
advisoble to start the sel by simulating a power failure, e.g. by removing a fuse
from the main power supply, ete, This will then, at the sume fime oct as a check
on the gutomatic starting mechaonism. Although the valiage, curtent, and frequency
can be measured using the same instruments os when the pumps are driven from

mains supply, the emergency generator should be equipped with a separate elapsed-
time counter, This can then be used to check that the trigl starts hove been
performed correctly.

It will beknecessary o investigate separately, in each porticulor cose, the extent
to which the emergency genergtors con be vsed econagizplly to cover peak power
demands on the plont, thereby reducing the standing charge roised by the power
compgany. It will, in any event, prove nezessary to negotiote with the power
company since their approval Is needed if an emergency generator or private power
supply is to be installed.

(Klischee)

34 Fully-automatic emergency Diasel~
generalor sef for a pumping stafion,
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3.14 Measures for Obtaining Satisfactory Gap Velues

The various methods of producing the screw frough have already been discussed in
Chapter 3.3. This also included details as to the way in which the correct gop can

be obtained.

As 15 well know, it is almost inevitable that o structure will underge a certain amount
of settlement ofter it has been completed, and in the cose of Archimedian screw
pumping stalions this may make 7t necessary to modify the screw frough, This can
alse be the cese if t..e surface produced is too rough or irregular.  In this connection
it should be pointed out that the gap width and the roughness of the trough surface,
and in particulor lack of vniformity between the outer edges of the screw blades and
the trough can have a major influence on the efficiency that is attained.

There are nowdays many plasiics products aveilable which appear suitable for

lining the trough. Many of these, however, must be rejected because of the
hardness which they develep after processing, ond the cansequent brittleness and
lack of resistance to impact loads, In eddition to good adherence to the base
material, e.g. concrete, a material for lining the troughs must have o degree of
stretch and flexibility, and must alse be resistant o wear and to damoge by dilute
acids, alkalis, and biological attack ete,, since any of these may be encountered in the effic
Even though there is no evidence to show that it is desirable fo line screw troughs
completely, it appears advisable to find o suitable material that can be used for
repairing rough and domoged sections of troughs. One possibility would be the
opplication of self-vulconising onti-corrosive coatings based on neoprene or hypalon.
These moterials are resistant to wear and to mechanical impact, they adhere well

to concrete, wood, or metal sufoces, and are not attacked by mildew, acids,
olkalis, salts, or chemicals of varicus fypes and are alsa resistant to weathering.

If epplied in large areas the film, which can be buili up to any desired thickness,
will also show no ageing cracks even after a lenghty pericd. Another advantage

of these preparotions is the eose with which they can be handled on site. Their
relatively high price will, however, make them unsuitable for general use for
{ining troughs as a malter of routine, The exient to which the lining of troughs
would prove to be an econamical process, because of the increase in useful life that
results cannot be derermined with certainiy until considerabie service experiencs
has been gained. The effects ef temperature on the diameter and the gap |..ve ko
mentioned in Chapter 3/3.2.
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3.15 Lubricetion of Screw Bearings

Even though the lower hearing of the screw, which is the most heavily loaded is
nowadays almost invariably of enclosed water-tight design, it will still require
special care and attention. This lower bearing is constantly immersed in
contaminated liguid, which would damage the bearing surfaces if it could
penetrate to them. The enclosure of the bearing, which is adopted primarily with
this end in view, serves the additional purpose of keeping clogging materials
away from the short length of screw shaft between the erew and the bearing.

In the case of the smaller screws, any moterial that becomes wound around the
shaft can considerably restrict the inflow of woter to the screw, and its removal is
o task which not-only takes considerchie time and effort on the part of the staff,
but one which alse has to be repeated at frequent infecvals.

If grease is supplied to the lower screw bearing, by means of an automatic grease
gun secured to the gearhox whilst the pump is operating, the enclosed space will

fill with grease and this will provide adequate protection against contaminaled water
and other materials penetrating to the bearing, .

A grease line carries the fubricant from the grease gun to the lower bearing
{which is [ess highly ioaded and less liable to suffer damage)

35 Tlustration of an enclosed lower
screw bearing.
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is not connactad to the grease gun as o matter of policy, but instead is lubricated
at regular intervals by turning the hand lubricater during normal inspection. This
prevents the greater part of the grease being supplied to the upper bearing, which
is closer to the greose gun, fo the deftiment of the lower and more heavily lsaded
bearing. This arrangement hos proved successful in recent years, so that there is
no reason t» moke any change. Fig. 35 shows a sketch of an enclosed lower screw
bearing.

Details of the type and size of the bearings will not be discussed here. k should be
pointed out, however, that the values given in the tables enable the leads fo which
the bearings will be subjected to be predicted without difficulty. Since these tables
also give the maximum spesds of rotation of the screws, it should be possible to de-
termine the sizes and types of bearings required from this information.

3.16 Corrosion and lts Prevention

One of the subjects that arises most frequently, when the advantages and disadvan-
tages of Archidedian screw pumps are discussed, is the gquestion whether the me~
tatlic purts of the pumps require special protection against carrosion. The fact thot
domestic wastes vsually have a foirly high fat content suggests that no special anti-
COrrosion measures are necessary. 1he practice of galvanising the whale of the
surface of the screw, which has been derived from the experiences goined in pumping
waters from lond reciamation schemes, which have a high humic acid cantent, and
salt seawater, has not been found cbsolutely essential when handling normal effluents.
The non~porous zinc layer, which is applied by means of a special process, would

of course act s o sacrificial metal and hence protect the underlying steel surfoce,
just as the galvanised pipe has proved effective in household water systems. However,
once the zine couting has suffered daomage, an electro-element is formed, and the
resultant electrolysis will cause the screw components to be damaged. Experience
shows that it is hopeless to attempt 1o repoit demage of this type, since the corrosion
immediately spreods under the adjacent zinc layer and it continves its destruction
vnchecked, In view of this one can conclude that it is, in general, not worth while
to underga the comparatively heavy expense of zinc—coating the metallic parts of

an Archimedian screw pump if this is ta be used for handling normal municipal
effluents.

The opplication of an anti-corrasive coating to the metallic parts of the screw puin,.

is adopted more for the sake of improving the oppearance than for increasing the
durability and life. It does, however, have the major advantage thot any damage

to the douting can be repaired without difficulty by the normal maintenance personnel,
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so that a reasenakle life con be achieved if the paint is correcty selected. In this
connection special attention must be paid to achieving good adherence to the

metal surface, and also to ensuring that the paint retains its toughness after curing.
Resistance to sunlight and to damage by impact is also of impartance. It will not

be possible to make ary final recommendations on this matter until further experience
has been gained over the course of a number of years, Further extensive investigations
are also needed as to whether coating the serew surface with rubber will prove
effective both in reducing corrosion and also improving the operoting characteristics,
If the screws are painted, light colours should be chosen, since these reduce the
therma! effects of the sun shining on the screw.

3.17 Abrasive Action ond Damage due to Solig Matter

Whereas, in the caseof centrifugal pumps, sand ard other solid moterials often cause
breakdowns and rapid wear these difficulties are unknown with Archimedian screw
pumps, as is cavitation. As a result of their low weight when submerged in water,
sand and stones are largely held in suspension in the flow and so will damoge neither
the screw blades nor the trough.

¥ pisces of wood or other bulky items, which are larger than the space between the
screw blodes, enter the supply basin, the low speed of the screw causes this
flotsam to be pushed back by the leading edges of the blades, and this is unlikely
to cause any apprecioble damage. It is important, however, to ensure that the
bottom edges of the blades are flusk with the end of the trough, to prevent any
danger of any moferial becoming jammed beiween the two,

If the level of water in the supply basin is high, however, so that the screw is
deeply immersed, there is a danger thaf Floating objects, and especially long pieces
of wood such as roofing laths, etc., can become jammed between the outer edges
of the rotating screw blades and the trough. This difficulty fs usually avoidad

by fitiing deflection plates. An example of such plates is shown in Fig. 36. The
extensions to the sides of the troughs seen on the left-hand side of the screw pumps
increase the emount of water drawn inte the chambers formed between the screw
blades, while the deflection plates ore visibie on the right.

Experience in recent years with a large number of pumping stations has shown ther
if Archimedion screw pumps are carefully designed and correctly installed, taking
the various points mentioned into account, they will give reliable and economical
service for many years,
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3.18 Maintenance of Screw Pump Instaliations and Auxiliaries

The fact that Archimedian screw pumps require very little maintenance has been
mentioned on several occosions, Where it proves necessary o undertake frequent
maintenance the cause is almost alweys found to be o design or g constructional
error, such as the need fo remove material which has become wound around the
exposad screw shaft between the ends of the blades and the bearings, ond which

can easily be avoided. [f major sludge deposits form in the supply basin, the bottam
of the basin is not correctly shaped. Another fraquent cause of trouble, which
could be eliminated at small expznse, cecurs whan materials wind themselves round
ihe contral electrodes, as ¢ result of which the pumpe are kept running permanently,

If repairs are needad, the bearings can be removed without it being necessary to
remove the heavy screw itself, provided they are designed and fitted in gccordonce
with the latest proposals. It is then merely necessary fo raise the screw slightly and
to support it

The supply of lubricant to the screw shaft baarings makes no particular demands on
the frequency at which maintenance is performad. Weekly inspection and
servicing of intermediate pumping stations is regarded as adequate. Mention has
¢lready been made of the need to ensure Hiat the emergency generating plant is
at ofl times ready for use.

The main factor governing the serviceability and reliobility of the pumping plant

is undoubtedly the electrical installation. [t is most unlikely that the plant
atfendants will be skilled electricians, and so it is advisable to arrange a
mointenance contract with a fimm of electrical contractors who have had experience
in this field. This should provide for a careful check being made on the correct
operation of the switchgear, controls, and instruments, as well as the eleciric
motors, the generator, ond the automatic storting equipment for the emergency
generator af intervals of not more than a yeai.

If the attendant enters all the operational data {running times, electricity meter
readings) and miscellaneous matter (frici-, foults, couses of breakdowns, etc] ini.
his log ar least once a week, when he makes his tour of inspeciton, one can be
sure that the plant will run satisfactorily for long periods.

3. 19 Cost Estimates, Forecast of Working Life, and Depreciation Dafa

The following assumptions can be made when estimating the costs of Archimedian
screw pumps of medium size;
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3
Cost of structure, including trough = 300, ~ DM/m~ of encompassed space
Screw pump with bearings 2.- DM/ kg weight

Drive motor = B80.- DM/h.p.
Gearing and fransmission = &0.- DM/h.p.
Switchgear and controls = 100.- DM/h.p.
Emergency generator and fuel

storage = 500.- DM/h.p. output.

These standard prices are based on 1945 price levels, and should be modified where
necessary by the currant building cost index. For high-copacity plants the standard
costs quoted will be seduced by up to sbout 30 %, whilst for small units it will be
necessary to calculote the costs in each particular case, and the cost levels are
likely fo be appreciobly higher.

The prices quoted will alse very cecording te focal conditions and so can be regarded
as only very approximate. They should be used only for producing an initial

astimate of the probable cost of erecting @ pumping plant equipped with Archimedian
SCrEwW pumps.

if the average service lives for water supply equipment as faid down by the Magdeburg
Rutes are applied to Archimedian screw pumping installations, making allowance

for the speciol features of sewoge pumping service, the following assumed lives and
depreciatian rates will be obtained.

Life in Depreciation
yeats rate in %
Buildings and structural
part of pumping installetion 40 - 50 : 2.0~2.5
Connections fo drotnage system,
supply basin, and discharge
connacrisns 30 - 40 2.6-23.3
Screw pump and mechanical
components including georing 15 - 25 4.0-56.6
Motors and switchgear 15~ 25 4.0-6.6
Emergency generator and
OCCessories 25-30 3.3-4.0
Other equipment, fools, and
ouxiliaries 10 - 20 5.0-10.0

Maintenance costs wilt depend lorgely on the frequency with which repairs



ore required. In view of the comparatively robust machinery parts, and the use of
well-tried auxiliary equipment it may be assumed thet o yearly sum of 0.8 % of the
initiol cost of the machinery and elecirical equipment will be more than adequate
to cover the maointenancd costs,

The actual running costs, which are not identical with the commercial definition
of "running expenses", but cover merely the actual outlays on items such as
electric power and consumable stores con be based, for a rough estimate, on the

figure of G.005 Ic‘-"u"hfnn3 + m, per m3 of water pumped and per m delivery head.
I, for example in the cose considered earlier, the town of 8000 inhabitants
requires 36 000 m" of effluant to be pumped per month over a height of 5.0 m, the
electrical power consumed in this period will be: s

36000 m> . 5.0 m . 005 kWh/m° ¥ m = 900 k'Wh,

In addition, there will be the standing charge {which varies from district to
district), reactive power costs and meter rents, a figure of 15.- DM per kW of
installed power representing o reasonable average for the total of ail these items.

Lubricants, cleoning maferials, and other consumable stores will be covered by «
figure of 2.~ DM per m” of effluent that is pumped.

By summing the relevant individual figures for the varicus items refferred fo ubove
it is possible to calculate the direct costs of a pumping station, to which o
sufficient margin will have to be added to caver the user's own costs.
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PART 4 MEASUREMENTS on ARCHIMEDIAN SCREW-PUMP INSTALLATIONS

4.1 The significance of Measurements on Archimedinn Yerew Pumps

The operational economy of a pumping plant depends ypon the initial caost,
maintenance and repair costs, reliability ond, in serncular, upon the efficiency
of the pump itself. '

r
When acquiring a pumping installation the user will expect the manufacturer to
“provide him not enly with an estimate of the costs, but also with the efficiency
that the plant is expected to attain. The efficiency of o pump 7s the ratio of the
power delivered to the pump to the work performed in raising the water, which is
the product of the delivery rate and the head.

The overall efficiency 1 for an Archimedian screw pump, given in Chapler
2.15 " Determination oFE?Hciency " allows for ull losses that occur after the
drive shoft coupling, and thus also takes inte account those losses due to the
essential reduction in speed by means of the V-belt transmission and the reduction
gearing. IF thus corresponds to the pump efficiency ?P‘ normally queted for ether

types of pump. =

- Any guarantee of performance is valueless untess the latter can be checked.
Unfortunately it is not practicable for the monufacturer of on Archimedian screw
pump to moke the necessary measurements onca test bed and so, with such pumps
{unlike centrifugal pumps) it is necessary to rely solely on measurements made when
the plant is finally installed. It is only if such measurements are made that it is
possible to produce an adequate counfer to the claims for excessively high
efficiencies that sometimes form the basis of unfeir competition.

To indicate the economic importance of efficiency claims, and the necessity of
- ¢hecking them by making the appropriate measuremenis it moy be pointed out that,
for the efficiency range of 70 to 80 %, which is normal for Achimedian screw pumps.
a change in efficiency of } % will gn averoge, require ab~ - .75 kW, - incragse or
decrecse - for @ delivery of 1000 m” of water and an effective delivery head of 1 m.

Reverting to the example in Chopter 3/3.4, deciing with ecanaﬂéic calculaotions,
the additicna! power required per day for the delivery of 3450 m /doy at o head
- of 4.0 metres would amount, for @ reduction in efficiency of 1.7 %, fo:

3450l 4.6 505
1000

. 1.7 = 1.20 kWh /day.

This comesponds with the increase in power quoted in the example which was
however, determined in a different way.



4.2 Determingtion of Delivery

Whereas the installation of reliable flow meters such ©s woter mefers or venturi
meters is token as a matter of course, when fresh water is being handled, there
are still various difficulties encountered in the measurement of effiuent flows.
Because of the danger of contamination and blockage it is not practicable to use
venturi tubes, inserts, or orifice plotes, ot least with untreated effluent, unless
the measuring section is to be flushed out continuously with water under pressure,
to prevent the settlement of foreign bodies. Since it is forbidden, for hygienic
reasons, o connect a water mains to the effluent ~measuring instruments, the
flushing arrangments involve ¢ considercble outlay. Where it is necessary to
measure the flow of effluents delivered by an Archimedian screw pump, o mea-
suring instrument of this fype is therefore not o practical propesition, especiclly
since there are other reasons why it is possible to dispense not only with the need
to clean the effluent being measured, but even with computing devices.

For o permanent flow-measuring instrument used in municipal effluent systems the
only suitable type is therefore the venturi flume, or the PARSHAL flow metering
channel, which works enthe same principle. This method of mecsuring the flow of
liquids in open channels (free-surfoce channels) depexds, in all cuthe known variants,
on introducing a construction into the channel ot a given point, and thereby in-
creasing fhe flow velocity at the point. This chenge in velocity fs, in turn, accom~
ponied by o change in the level of the flyid. The measuring section comprises the
approach section, the inflow, the constriction, and the discharge section. If a re~
liable measurement is to be obtained it is essential that the depth of water on the
inflow side depends only on the quantity of weter flowing through the instrument,
and not on how high or low the water level is behind the consiriction, this latter
depending on the discharge conditions, and not on the measurement itself. The re-
lotionship between the depth of water upstresm of the flume, H, and the flow, @,
Is then o porcbole, the equation for whick is Q = C . H 2/' , where C is a coeffi~
cient that depends on the form and size of the channel concerned., The value of thils
coefficient is allowed for when the instruments are being calibroted.

One of the main odvantages of*this method of measurment is that any impurities

in the flow, including any solid bodies, will have no odverse effect on the reliabi-
ty of the measurements. *Also, apart from @ relatively short cpproach section, the
fluid con be led to, and sdischarged from, the measuring section via o ciosed pipe.
An arrangement for a channel flow measuring installation is hown in Fig. 37.

The PARSHAL flow metering channel can be regarded os a geometrically improved
form of the conventional venturi flume. # offers a number of advantages. For example,
it is of particularly short length, is very simple install, and ifs range of measurement
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(together with the ease with which this cun be varied and the high accuracy of the
results obtained) are of advantage in comperisen with o chonnel flow-measuring
instaflation. The bottom stopes downward at the constriction, and this ensures that
the flow velocity is supercritical even at very low rates of flow. As a result, this is
the only known instrument of this type which enables linear flow measurements to

be made down to flow rates of less than 1 % of the maximum flow.

Standardisation has now progressed to the stoge where prefabricated measuring sections
made of gloss~fibre reinforced polyaster are available for certain channel sizes.

Recent water-conservation regulations make i, in meony cases, necessary fo measure
the effluent flows as a basis for further calculations. At presenf the regulatory require=
ments are uvsuelly restrictred to knowledge of the quantities discharged to the main
drain, and the meosurement of the quantifies passing through treotment plants. In
general, it is therefore extremely unlikely that a flowmeter will be permantently
installed either immediately before or immediately affer an Archimedicn screw effivent
pump, it will then be necessary to attempt te measure the delivery rate for the screw
pump in a different way.

Very often the supply channel will be of suffieient length to make it possible to
build ¢ temporary dam in which either a rectangular or friangulior welt can be fitted,
depending on the rate of flow. Provision should be made for this, during the con-
struction of the supply channel, in the form of grooves provided in the walls into
which the dam section can leter be slid. If this is not done, it is possible te secure
the dam by means of angle iron.

Since it is necessary to smooth ony excessive turbulence between the supply pipe
and the weir, this method of measurement is suitable for Flows of up to about

50 litres/s where o friangulor weir is used, or up fo about BOO litres/s where n
rectangular welr is used. For thigher flow rates it would be necessary to adopt the
bottom discharge method of measurement. Reference should be made fo the appro-
pricte DIN Standards for the shopes of the weirs and the design of the edges.

Part 5 Tobles and Disgrams includes flow rate dicgrams for both types of weir.
{Diagroms 2 and 3)

If the provision of even o temporary measuring device such as this is not possible,

or is too expensive, it is at least possible to obtain opproximate results from the
depths of water or the flow rates in the channels, provided that the depth of water
and the slope are known, or that it is possible to measure the woter velocity between
fwo peints either by timing the passage of loats, or by injecting a dye into the
water, For preference, both metheds should be used and the results compared.

For both methods of measurements: G = B
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the velocity v being either the measured velocity or the calculated value
= F?\"P."__m ALY ﬁ._]l (m/s) -

_ cross=section of water {mz‘,i
weited circumference {m)

Here R =

i Difference in height of water level {m}
Length of measuring section (m)

== C|=

and ) =
“whila, occording fo Kutter, the roughness coefficient is b = D352

It is also often possible to determine the quantity of water flowing to the pump
by measuring the rise in the water level in the supply basing over a given time,
“during which the pump is not -unning, provided a valve is Fitted neor the inlet,
and the supply pipe hos sufficient capacity to keep the pressure constant over
the time that the measuremenis are taken.

Another possible method for obtainig ot least an approximate method for the
efficiency cf the pump installation is to shut the inlet valves to a pipe, which
is full and whose capacity is accurately known, ond to measure the time
required to pump csway this fluid and the electrical energy consumed. An
examplie of this method is shown in Section 4.6.

4.3 Establishing the Effective Delivery Head

To enable the value H of the delivery heod of an Archimedian screw pump
to be determinad for the delivery caclolation, 1the water level at the bottom
of the screw should be compered with the water level gbove the spill poiat.
* If the heights of these two levels are known, it is merely necessary to sub-
tract the former from the latter as to obtain the effective delivery ‘haod .
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s, = 2,5 1to 3,5 mm (measured values), and with the screws rofating at 70 rey/min,
the blading extending over o length L = 8,60 metres. The driving moter is a squirrel-
coge, three-phase type with an output of 3,5 kW at 1440 rev/min. Speed reduction
is effected by a V-belt transmission of ratio 540/240 = 2,25 : 1, and o reduction
gear hoving o ratio of 640/70 = 9,1 s 1. The screw is fitted with ¢ non-reversing
lock, ond the trough is made of concrete,

In the absence of a permanently installed flowmetfer, o dam was installed in the
supply basin_, and this wos equipped with a rrienguiar wett (Thompson weir). Since
o leng supply pipe could be used as ¢ preliminary storage area, and ¢ valve which
could be used both as o stop vdve and throttling valve was installed in the pipe
immediately befors 7t emptied into the basin, there was no difficulty in regulating
the inflow to any value required within the capacity range of the pumps.

It was first necessary fo establish the reference heights for the delivery head. The
walls surrounding the underground pumping stotion are located ot 105,32 m above
datum, while ihe centre of the screw at fhe bottom end of the blading was found

to be at 100,18 m cbove datum, and the spill point at 104,11 m cbove datum.

The intersection of the water level in the supply basin with the reference line wos
measured by a light beam, while the height of the water level in the discharge basin,

Table 1 Measured results and calculated values from investigations
on Archimedion screw pumps for effluents,

Unterwasserspiegel = Supply basin level {cbove datum)
Oberwasserspiegel = Discharge basin level (above datum)
U/ min =  rev/min
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obove the sptlllrpo?nt, was determined by means of o measuring rod. The wottmeter
was connected fo oli three phases, and a multiple instrument used for mecsuring the
currents and voltages was connectedlo one phase when used as an ammeter, Fthe
‘voltages being measured between phases. As a check on the power consumption,

the armature revolutions of the meter instailed by the power company were measured,
- The results obtained are listed in Toble 1. l

To check the measured values and the values of the efficiency that hod been calcu-
lated from them, o further experiment was performed in which the supply pipe,
which had @ length of 3428 metres, was filled with woter. Since thispipe was of
circular section with an internal diameter of 1100 mm, the volume of water in-
“volved wos 3257 mo. §

Using the valve fo control the flow, on attempt was then made to regulate the in-
flow so that the immersion of the bottom end of the screw swos kept ot ifs optimum
value; because of the reduction in pressure in the pipe this was, however, not
possible for the whole of the period that the pump was operating. It moy be assu-
med, however, [that the conditions approximated fo those obtained in pructice,
although the pump s run continuously rather than cycled. The screws were
sometimes too deeply immersedf ;

¥

1f the meon delivery head is taken {from the resulis obtained in the eorlier tests)
os 3,95 metres, the resulrs of this test becaome:

Meter reoding after pumping basin empty =1 791,93 kwh
Meter reading when pumping commenced =1 739,52 kWwh
Electric power consumed = 62,41 kWh
or 62,41 *367,2 mt/kWh = 22910 mt

Effective work performed in ruIsingA water from volume and delivery heod:.

= 3257 . 3,95 = 12 865 mt.

Moking allowance for motor efficiency it is possible fo coloulate on average”
efficiency for ¢ screw pump from these figures, as follows:

: _Work performed in roising wafer_ 12865 X 2
ges Fo-ctric power consumed . ST [ T L Qeebte et &
B . 'fMoter :

_The following conclusions can be drawn from the measurements and observations
performed on this plant:
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Even if it is run dry for several hours, the scfew pump suffers ne damege from
idling .

The power consumption of the whole plant, when idling, amounts to the very
low figure of Q,%2 kW and, even after an experimental dry run of 4 hours dy-~
ration this did not increase. There was no femperature rise in the bearings.

The lubricant consumption was cheeked over a lengthy period of operation.
it amounted to 2% grams over a period of 210 huurs of running, or 1,4 g/h_

Leakage losses were checked by detarmining fhe time for the pump to empty
after it wos stopped, The theoretica! capocity of the chomber formed by two
adjacent blodes s 20,62 litres. Over the bladed leagth of the screw of 8,42
metres there are forty-three such chambers, so that the total capacity amounts
to about 888 litres. After the screw was stopped the time taken for it to empty
completeley amounted to 212,4 5. From this the leckage flow can be cdleu—
lated as

888 | = 4,19 litres/s ( = & % of delivary rate .

The theoretical value for the ideal gap width of 3,0 mm is 3,79 |itres/s
{=5,4 % ). The measured volue con therefore be considered satisfactory .

S

The time taken to empty the entire contents of the supply vipe using both pumps
amounted to 7 h 3 min 20 s. From this the delivery rate of the individual serews
is colculoted to be 64,2 litres/s, compared with the design value of 70 litres/s.

The results obtained during the course of the performance tests justify the
assumption that the efficiency of an Archimedian screw pump remains high
over a wide performance range.

At the time the tests were made she plant had been in operation for more than
twa years. There were no indicefions of dbrasive wear or corrosion.

Since the pumps are frequently operated only ot parf load, the motors draw a
high reactive current. The mean | awer factor (cos phi}, mewsured over a lengthy
period of service amounted fo 0,68. It is recommended that power factor correc-
tors be fitted, since there is more than one reactive kWh for every active kWh.
|f reactive pawer costs are to be avoided, efforts should be made to correct the
power factor to cos phi = 0, 9.

The medium being pumped consists of medivm to heovily contaminated effluents
taken from a separate sewerage system. No screens or sand trops are fifred. Des~
pite this, however, no difficulties have been encountered to date, Difficulties
due to materials becoming wound round the screw have been avoided by fitting
suitable casings. The design of the supply basin has proved to be such that there
is a free flow from the supply pipe to the screws, o that there are only minor
sludge deposits in the stognant corners,



-108-

A pumping station designed for handling rainwater or effluent diltuted with five
times its volume is equippedwith three similar screw pumps having the following
dimensions:

3960 m/h = 1100 litres/s over 4,9 m = 35°, D = 2,00 m, d = 0,95 m,
three=-start

L =10 356 mm, S =D, n =33 rev/min,

Q

These are driven by 90 kW, three—phase motors running at 1465 rev/min, via a
Vebelt transmission with a 355/505 mm diamefer reduction ond a reduction gearing
- reducing from 1045 to 33 rev/min. The froughs are made of concrete and have
gaps which range from 6 to 10 mm and which, on average, exceed the theoretical

design value of 6,5 mm.

The centre of the lower end of the screw, at the end of the blading, Is located
at o height of + 2,21 m relative fo o reference point on the structure; the spill
point is at a height of + 7,12 m, and the contact point is at + 1,37 m, The
- optimum immersion is at r cos . above the centre of the lower end of the screw,
{.e., with @ water level in the supply basin of + 2,61 m.

For determining the delivery rate use is made of a rainwgter storage basin having
a surface area of 47,10 x 18,00 m = 852.75 mZ. Egch rainwater pump has g
seporate discharge with o non-return flap, The results of measurements made on
one of the three pumps are given in Table 2,

Table 2 Measured results and calculated volues from investigetions on
an Archimedian screw rainwater pump.

Versuch Nr. = Test No.
Unterwasserspiegel = Supply basin ievel
Oberwasserspiegel = Discharge basio level
U/mia = rev/min

el 3= Talworte Ung Alswerting von Dniersimingen 8n einer Aagenwas: BRrTOC0ars

-
3) O
; :
it .
2 2 i
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As a general conclusion it may be stated that the effic’encies ochieved at
part load and at full delivery are not entirely satisfaciory for this rainwater
pump. Nevertheless, they are not very much below the theoretical value
of 80.2 % - if the full eircumstances of the pump tested are token into
account.

Apart from the exessive gap widths, @ factor that tends to reduce fhe
efficiency is the heavy turbulence where the medium enters the pump,
which results in the water flooding over the lower portions of the screws.
This, together with the excessive gap widths, causes the cfficiency to
drop 4.5 % below the maximum value anticipated at full load.

Photographs of the three Archimedian screw rainwater pumps will be found
in the illustrations section. Careful inspection of these will reveal the
heavy turbulence where the water flows into the pump screw.



PART 5 TABLES AND DIAGRAMS

Toble 3 g-Values for Determination of If}eliver}r of three~-Start
Archimedian Screw Pumps

For screws having different number of starts, see data and conversion

factors in Part 2/2.8

Table 4 Table for Selection of Stee| Pipe far Use in Screw Pump
Shafts from DIN 2458

AuBen-GF = Ext. dia.

Wanddicke = Wall thickness
Gewicht (kg/lIfdm) = Weight (kg/metre run)
Widcstandsmoment = Section Modulus
Tridgheitsmoment = Moment of Inertia

+ These excerpts are reproduced by permission of the
Deutscher Normencussehull



Sopeh I Frne e

3‘5.’?";.: 5

g der Toraermenge dreiga nggerse

g il ﬁ=33° & g 350 *; 8=

r

* Die suszugewsaise Wicdergabe eriolgt mi Genghmiquag des Deulschen Mormenalseshusses

- AR~



Table 5

Typ

Aufstel lwinkel

Gangzahl
a {U/min}

i
.__/"—'-’t 19= 3‘\

N

Performance Data for RITZ Archimedian Screw Pumps of the
Series 11 for various angles of Inclination and numbers of sfarts
and at different speeds,

(MNote; The figures following the Type No. 11 are the rounded-up
valyas of the external digmeter in decimetres,)

= TYPE

Angle of inclination

= No, of starts

n {rev/min)




= kg -
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Table 8 Dimensions with Weight and Water Content Dato for
Archimedian Screw Pumps

Type v. Nr. = Type and No.
Nenndurchmesser = Nominal dia.
; :
wod o
furTyp 1104 .... = For Type 1104, G is reduced by 30,3 kg/m
and L to 6,5 - 7,3mifs =7,1 mm;
ma w
f taken equal tos
5p
fur Typ 1105 .,.. = For Type 1105, G is reduced by 34,2 kg/m

and L to &,7-7,6mifs =71 mm;
max w

f taken equal to s
sp

Gangzahl .... = No. of s’rnrr;.; a (for a = 3}

- 120 -



Feste Werte .... = Fixed volues: 5/D=1,0; n= -

o 0,0045-16;5 = %, J = water content/metre;

L at f -§ ESP;

max 3
Q=1,15.n.qg.D"; nominy! dia, = D+2$sp.

For Type 1106, 2 G is reduced by 44, 8 kg/m and

Fur Typ 106 ...
L to B,0-2,1m, ifs = 7,1 mm; f taken
max w

equal tos .,
P

Fur Typ 1107 .... = For Type 1107, 3 G is reduced by 43, 8 kg/m and
ermx to 7,6 -7,8m, if 5 7.1 mm; f taken

; equal to ssp

- 121 -
- 123 -
- 125 -
= 127 =
- 128 -



Feste Werte: 'ET =10 n= :s'ﬂ ;B 7 ODMS VDL S - %: ] = Wassennhaltfm; Lyggy bei f < sg
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O =115'n-q° 3. Nenndurchmesser = 0r + 2 5.0
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=
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&

1
St Bl o e
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106 - 40/ - ;3h000 Ao plf s gz 1t 35 60 b
_ JEesswies sy 35 iee 3
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nanzs s Ao =k
FoH2EAF s 10
y A tei b enas i 38 (10 b
107 - 7173 b iAot gl ass 6/425 7. 38 <170
107 37/2 A E TR A 26125 U7 38
e :

fur Typ 1106 vermindert sich bai &x = 7.1 mm
Z'G um 44 8 kgim und Lppy auf 8.0—81m;
F = & angessizt.

or Typ 1107 vermindert sich £ G bai 8z = 7.1
mm um 438 kg'm ond Loy auf 2,687 m
f = Bgp angesetzt,
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Fur Typ 1108

Fur Typ 1109

1

For Type 1108, 2 G is reduced by 43,8 kg/m and
L to 7,2 -~ 8,4m, ifs =71 mm; { token
max w

equal to ssp'
For Type 1109, = G is reduced by 31,0 kg/m and
me to 9,8-11,2m, if S = 10,0 mm; f token

aqual to ssp 5

‘-"n-
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= szp angeEet.
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Table 7 Water Consumption and Effivent Figures (8}

Type of consumer

Water consumption and effluent

Drinking, cocking, cleoning

25 - 40 litres/person/day

Washing

10 - 15 litres/person/day

Teilets 10 - 20 Iitres/flush
Sath 200 - 250 litres/bath

Shower bath

50 = 80 litres/bath

Car wash

80 - 100 litres

Lorry wash

200 - 300 litres

Market gardener +)

2,5-3,5 Iifres/day/mz cultivated area

Garden spray, lawn +) {private)

2-3 1/m2 + rainfall

Garden spray, vegetables +) {private}

5-10 I,fm2 + rainfall

Catfle

30 - 40 litres

Sheep, etc.

8 - 10 litres

Schools 3 - 5 litres/stholar/school /day
Bamracks 100 - 159 ltres/person/day
Hospitals 400 - 400 liices/bed/day

Boarding houses, hotets

100 - 130 litres/guest/day

Restaurants

20 - 30 litres/meal

Swimming pools

500 Hires/day/ma pool capacilty

Slavghterhouses 300 - 400 litres/animat
Laundries 40 - &0 litres/kg {aundry
Bakers 140 litres/dav/emplayee
Hairdressers 170 litres/day/empioyee
Photographers 300 litres/day/employee
Dairies 4 = 5 litres/litre mildt
Breweries 14 - 20 litres/litre beer

Paper mills

1500 - 3000 litres/kg paper

Cellulose factories

80 - 90 litres/kg cellulose

Sugar refineries

1800 litres/100 kg beet

Mining

- itres/ton produce
' - 3000 litres/ton produced

Steelworks

7000 - 12000 litres/tan pig iron

+} Deduct when calculating effluent flow



Table 8 Rainwater precipitation rates and imparmeability factors for
15-minute rainfall periods together with water flows for land

drainage {%)

Rainwater precipitation ;

North-West Germany

85 litres/s/hectare

~North~East and Central Germany

@5 lfires/afheci;‘.:[re

West Germany

24 litres/s/hectare

Saxcny and Sifesia

106 litres/s/hectare

South-West Germany

119 litres/s/hectare

Comresponding impermeability factors :

vesry heavily bullt-up areas 0,7 -0,%
Heovily built-up areas e,5-0,7
Continuously built-up areas o,3~56,5
Dispersed buildings 0,2-0,3
Open country o,1 -0,2
Sporfs grounds and parks 0,05 -0,1

Land droinage:

Smali polders

o, 9 litres/s/hectare

Large polders

o,7 litres/s/hectare

With heavy addition of drainage water

1,7 - 2,0 litres/s/hectars

B R
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Abstand .... Distance 1 between bearings (m)

Belastbarksit ..., = Load-carrying capecity P for f = s‘sp

Diagrem 1

Load-carrying capacity of shaft tubes
as a function of bearing spacing
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Crest height h in cm

Okerfall hthe

Wossermenge »ee... = Water flow in msfh
v : v . 5/2

where M= €,3¢5 + 0,0087 ;.ﬁ/?‘!

{hin m{fi‘ies) :

Dicgrem 2

Rate of flow over o right-angle
triengular weir for small flows (10)



" h inecm = h incm
e e

Wassermenge , ... = Water flow G in maf%

3
Q= 2/3/.4:1:{"’ 29 h':?

where he = h, + 0,001L m = Equivalent crest hei‘ght

/.c = 0,46035 + 0,0813 he/p

& will be directly proportinal to weir length.

s

Applicable within limits p #0,30; h/p L 1; *° 3

2% 00255 hg 0,80 "%, T4
g2 : \3- g g ‘3;? 'kij'
i 1 E ™ i
2%
‘;’
=
é":', pe
i.’)iugmm 3 ' A
v y '-1‘
Rate of flow over a sharp-edged = 25

rectanguiar weir for
b= 1,0 m without end contraction (10}

-.-
o kg

- 133



Abfluimenge =  Flow rate
Gefilie =  Gradient
Fulltiefe =  Depth of wafer

- 134 -

1-2=3 read across horizontelly to chosen breadih B to give H. H inem

Beispiei = Exomple

given
Q@ = 500 litres/s
i =1 ¢ 600
BE=10m
find H.
He= 43,5 cm

Briagram 4 2

Rate of flow through a rectangular -
chonnel from the depth of water (10)

VB

=
-
~ [
B
Y %"—5-7-»
[o 7. e e
Brsae B, H b M Pl e i
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Slope

Gefalle

iagram 5

D

rg speeds

t

ipes (%)

Rates of flow and correspond

in circular-section droin p



lLei §_ngsdiugmmm Sewt

Diagrom &

Performance diagram for Archimedian
screw pumps of Series 11
{wi thout speed correcticns)

Performance diagram for Archimedian screw

pumps of Series 11 at B
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Immersion above the filling point

of a Type 1120 rainwater screw pump,
three—start, 2000 mm dia.,

length offblade 10 350 mm,
installed in an Archimedian screw
pumping station ot Ludwigshofen a. Rh.;
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Manufacture of screws
-welding blade onto shaft tube.
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Combined effluent and rainwater pumping station
. Ludwigshafgn «. Rh., equipped with

two effldent screw pumps,

Types 1105 and 1106,

delivery rates 40 and 80 litres/s,

delivery head 4.9 and 4.75 m,

and with three rajnwater pumps,

delivery rate 1100 litres/s each,

delivery head 4.9 m.
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Portable screw pumps mounted on
self-contained steel frames with
drive unit.

Defivery rate variable from 1.5 ta
8 litres/sec,

delivery head variable Fom .25 to
1.28 m.

Instatled in research treatment plams
of the Stuttgart Technical University
at Stuttgart-Bisnauy.

Archimedion screw pumping station
Hirschau with two effluent pumps,
Types 1104 and 1105,

delivery rates 35 and 65 litres/s,
delivery hoed 3.85 and 3.50 m,
and with three roinwater pumps,
Types 1112, 1114, and 1120,
delivery rates 350, 780, and
1270 litres/s,

delivery head 3.61, 3,20 and 2.83 m.

Sl TSI R b
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Pressure boosting station For the water supply
system at langen with four muylti-stage,

high pressure centrifugal pumps. =
Total delivery rate about 800 m3sh, e
delivery head about 50 meters head

of water,

New waterworks for the municipality of
Freising/Obb. ,

. Pump group "Hechzal[-Weihenstephan™,
Delivery rafe tatal 1300 msfh approx. ,

delivery head 45 or 4% metres head

of water,

it -
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Pressyre boosting station with

six vertical, high pressure centrifugal pumps,
Type ©, 10-stage, for the central

water supply of a high-rise office block

at Bordeoux/France.

=153

Air—conditioning plant with
high pressure ond low pressure
centrifugal pumps in a large paper mill.
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Manufacture of ¢ batch of RITZ high=voltage
submersible motors, each rated ar 1380 h.p.;

Installation of a RITZ pump with high-voltage
submersible motor for lowering water table in
the Rhineland kignitp field.

Motor rating 1130 h.p,, 3000 volts.

B 115, e EE
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Horizontel weli for the Munich municipal
water system with three double—volute
RITZ submersible motor pumps,

Total motor rating 1170 h.p,, 3000 volts.

-158-
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THE “RITZ"™ PROGRAMME

For cilean water

NCORMA Renge -
Sirgle-stage volute~casing pumps

to DIN 24 255 with bearing brackets,
pedestal bearings, and in moncbloc fom.

Multi-stoge high-pressure centrifugal pumps
of horizontal ond vertical type

Mutti-stage high-pressure centrifugal pumps:
of compact, upright type with flangedzon
molors

Volute-casing pumps for large delivery rates,
single and double~valute form,
with horizantally or verticaily split casing

Submersible motor pumps,
single and dajble-volute

e

For contaminoted water and effluents.

Screw pumps of horizantal, vertical,
and upright type with flanged-an motor

- e

Tubular screw pumps

Enclesed-impeller purﬁps with single and
double impeilers, of horizontal,. vertical,
ond upright type with flanged-on mator

Contractors submersible pumps
Fleodable ceflar drainage pumps

Archimedian screw effluent pumps

~1&0=
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