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This invention relates to a pumping system 
and has particular reference to the eficient 
Operation of centrifugal pumps, blowers and 
compressors to supply varying demands. 
When selecting pumping, compressor, or simi 

lar equipment, consideration must always be 
given to peak requirements; in other words, the 
unit or units must be large enough to take care 
of maximum demands. Under normal service 

0 conditions, therefore, operation takes place at 
reduced capacities and pressures. If the driver 
of a centrifugal pump or compressor, for ex 
ample, is of a variable speed type such as a steam 
turbine, efficient operation will be realized not 

ls only at maximum demand, but also under normal 
Operating conditions. 

However, if the speed of the driver cannot be 
- varied, such as in the case of certain kinds of 
electric motors, as those of synchronous type, 

0 reduced capacity and pressure can only be ob 
tained in either of two fashions. The first is 
by throttling the delivery, which action gen 
erally results in a considerable waste of power. 
The alternative, which makes possible more ef 

Sficient operation at partial capacities and pres 
Sures with constant speed drivers, involves the 
use of a variable speed coupling between the 
driver and the pump or compressor. Hydraulic 
couplings of the well known Fottinger type have 

80 been found particularly desirable in this use. 
However, other types of efficient variable speed 
couplings may also be used. 

It is the object of the present invention to 
provide a more effective pumping system in 
Which a constant speed driver such as a syn 
chronous motor may be used to drive a pump 
to supply a variable demand. It will be under. 
stood hereafter that where reference is made to 
a centrifugal pump the term may be considered 

pumps, blowers and colnpressors for elastic fiuids, 
the invention being applicable generally to the 
delivery of fluids to supply variable demands by 
the use of apparatus the speed of which must 
be varied to suit the demand. 
The above general object, and more specific 

objects of the invention, particularly relating to 
details, will be apparent from the following de 
Scription, read in conjunction with the accom 
panying drawing, in which: ... --------. 

Figure 1 is a diagrammatic illustration of a 
pumping system in which a plurality of pumps 
are connected in series to provide successive 

55 stages for the handling of fluid; and 

AS 
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as including not only liquid pumps, but also 
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Figure 2 is a similar diagram but showing a 
plurality of pumps arranged in parallel. 

Referring first particularly to the series ar 
rangement of Figure 1, such an arrangement is 
particularly applicable in pumping plants in 
which the pressure requirements are such that 
multistage pumps are required. Such pumps 
have been provided either with all the impellers 
Operating in series in one casing or having sepa 
rate casings with one or more impellers in each O. 
casing, the pump casings being connected in 
Series in order to obtain the required pressure. 

Heretofore, a variable speed coupling has been 
applied between the electric motor and the single 
multistage pump or all of the pumps of a series 
providing a plurality of stages. What is pro 
posed in accordance with the present invention 
is to apply the coupling in such fashion that 
part of the pumping unit Operates at constant 
speed and another part at variable speed through O 
the medium of a coupling such as a hydraulic . 
coupling having an adjustable slip. This results, 
in additional saving in power of considerable 
magnitude and also in reduced cost of coupling 
used; in other words, increased operating effi 
ciency is obtained consistent with reduction in 
the original investment, which is an unusual con 
dition, the opposite generally being true. 

In the diagram of Figure 1, there is illustrated 
at 2 an electric motor which, for purposes of 
illustration, may be considered as of a synchro 
nous, and accordingly constant Speed, type. The 
invention, however, is applicable even in the 
case of variable speed motors such as induction 
motors, which operate most efficiently at some 
optimum speed and which involve considerable 
reduction of efficiency with drop of Speed. If 
an induction motor is used, for example, it may 
be operated with a minimum of slip, even though 
the pumping requirements vary greatly. 
The motor 2 is illustrated as connected through 

a fixed coupling 4 to a centrifugal pump 6 the 
shaft of which is in turn connected to the in 
peller member 8 of a hydraulic coupling, which 
may be, for example, of the Fottinger type. The 
runner member 0 of this coupling serves to 
drive a second pump 8. 
The Fottinger coupling is well known, and 

its operation need be illustrated only diagram 
matically. Essentially, this type of coupling in 
Wolves continuous leakage of driving liquid 
through a passage such as 12 to a variable pump 
ing means indicated at 14 by which it is returned 
through a passage 6 to the coupling. By so 
controlling the recirculation of the liquid, the 55 
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coupling may be operated containing varying 
quantities of liquid, with the result that the slip 
of the two parts may be very small, or may be 
quite large. These couplings will operate stably 
even if the runner operates at only about twenty 
per cent. of the impeller speed. 
The supply of liquid to the pump 6 is indi 

cated at 20. This first stage pump 6 delivers 
through a passage indicated at 22 to the second 
stage pump 8, which in turn delivers its liquid 
as indicated at 24. 
The advantage of the arrangement illustrated 

in Figure 1 will be readily understood. The 
design of the arrangement will have to be such 
that, with the pump 8 operating at full speed 
and the pump 6 at its constant speed, the maxi 
mum demand will be met. The pump is in rela 
tionship to the pump 6 may also be such that, 
with the pump 8 operating at minimum speed 
Consistent with proper operation of the variable 
coupling the minimum demand will be supplied. 
Taking these two requirements into considera 
tion, there can be arrived at the minimum size 
of the pump 8, from which will follow the 
proper size for the pump 6. 

If this design is used, it will be obvious that 
both investment and operating advantages will 
be secured. 

First, as contrasted with an installation in 
which a multiple stage pump or a plurality of 
pumps are all driven through a variable speed 
coupling, the coupling need not be sufficient in 
size to transmit the entire pumping power, but 
need only be sufficient to supply power to the 
Small pump 8, which, as pointed out, need only 
be sufficient in size so that its variable speed 
will take care of the varying demand in efficient 
fashion. Usually, the pump 8 would not be 
required to be any larger than pump 6 and 
more generally it might be considerably smaller. 
Thus, the coupling used need only be of sufficient 
size to transmit one-half or less of the power 
delivered by the driver. Not only the coupling, 
but its auxiliaries as well, for example, the re 
circulating pump, will be reduced in size. Thus 
the investment may be cut to a fraction of that 
required in a coupling designed to transmit the 
entire required power. 

Additionally, there is involved a very substan 
tial saving in driving power. Any variable speed 
coupling of the hydraulic or any other type in 
volves some power loss. The efficiency of a 
coupling is only slightly dependent on its size, 
and the entire power loss in the coupling is, 
therefore, substantially proportional to the power 
which it is required to transmit. Suppose, for 
example, that each pump in the illustration is 
developing the same pressure. With the coupling 
between the two pumps as illustrated, the cou 
pling would only have to transmit one-half the . 
power and would be subject, therefore, to only 
about one-half the loss as compared with a 
coupling which would be used to drive both stages. 
An example will best illustrate what the coupling 
between the pumps will accomplish. Assume a 
unit designed for: a-maximum demand of 11,100 
gallons per minute against a 350 foot head. Nor 
mal requirements may call for operation at 325 
foot head and a capacity range from 5550 to 

TO 11,800 gallons per minute. At maximum de 
mand, the pumps require 1105 brake horse 
power and with the normal slip in the coupling 
its efficiency would be about ninety-six per cent., 
so that the output from the motor would have 

is to be 1150 horse power corresponding to a loss 
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in the coupling of 45 horse power if both pumps 
were driven through the coupling. 
As contrasted with the above, and considering 

the same demands, if only one of two equal size 
pumps were driven through the coupling and 
the other driven directly by the motor, the loss 
would be only 22.5 horse power and the output 

thermore, the coupling would have to transmit 
only 552.5 horse power as compared with 1105 
horse power in the former case. The cost of a 
coupling and its auxiliaries is a function of the 
power required to be delivered and thus, it will 
be seen, that in the example just indicated the 
cost of the coupling would be materially reduced. 
It will be obvious that still greater saving in power 
and cost of the coupling would be accomplished 
by designing the pump which is driven through 
the coupling for less than one-half the maxi 
mum specified load. This could be done if the 
speed variation requirements of the Smaller pump 
could be attained without great OSS of efficiency. 

It will be obvious that the invention may be 
embodied in various modifications. For example, 
the driving motor may well be between the Con 
stant speed pump and the combination of vari 
able speed coupling and another pump. The var 
iable speed pump may constitute the first rather 
than a last stage, or, if more than two stages are 
used, the variable speed pump may be any one 
of the pumps. In general, the arrangement will 
depend upon space requirements, etc., but it will 
be evident that because of the reduced size of 
the coupling reduction in the space required by 
the installation will generally result. In fact, by 
the use of a nested shafting arrangement, it is 
possible that impellers constituting different 
stages may be driven at different speeds, one con 
stant and one variable, within the same casing. 

Furthermore, either or both of a plurality of 
pumps provided in accordance with the present 
invention may of itself be a multiple stage pump. 
Saving in power under certain operating Con 

ditions may be accomplished when two or more 
pumps are connected in parallel with one of the 
pumps driven at constant speed and the other 
at variable speed through a variable Speed coul 
pling. Such an arrangement is illustrated, for 
example, in Figure 2, in which the constant Speed 
pump 6 and variable speed pump 8 are connect 
ed in parallel, as indicated by the passages 26 
and 28 delivering to a common conduit 30. 

It will be obvious that various other modifica 
tions of the invention may be adopted. In gen 
eral it may be said that the invention is related 
to having the variable speed confined to a pump 
ing unit which will be as Small as possible so that 
the power to be transmitted through a variable 
speed coupling will be a minimum. 
What I claim and desire to protect by Letters 

Patent is: 
i. In combination, a motor of substantially 

constant speed type, a plurality of pumps ar 
ranged to Supply conjointly a variable fluid de 
inand, means connecting one of said pumps to 
the motor for substantially constant speed op 
eration thereby, and means connecting another 
of said pumps to the motor to be driven thereby 
at variable speed, the last named means includ 
ing a clutch of variable slip type. 

2. In combination, a motor of substantially 
constant Speed type, a plurality of pumps con 
nected in series to supply a variable fluid demand, 
means connecting one of said pumps to the motor 

required of the motor 1127.5 horse power. Fur 
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by, and means connecting another of said pumps means connecting one of said pumps to the motor 
to the motor to be driven thereby at variable for substantially constant speed operation there 
speed, the last named means including a clutch by, and means connecting the last pump of the 
of variable slip type. Series to the motor to be driven thereby at vari 

3. In combination, a motor of substantially able speed, the last named means including a 5 
constant speed type, a plurality of pumps con- clutch of variable slip type. 
nected in series to supply a variable fluid demand, ARVD PETERSON. 


