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The present invention relates to improvements 
in multi-stage centrifugal liquid pumps. 

It is an object of the invention to provide a 
form of construction which will have the ad 
Vantage over present-day conventional construc 
tions of improved efficiency, lightness of weight, 
and compactness of structure. 
The conventional form of multi-stage centrifu 

gal pump comprises a single shaft on which the 
required number of impellers are mounted, and 
a suitable containing structure to convey liquid 
from the pump inlet through the several stages, 
thence to the discharge connection. The num 
ber of stages, the size of the impellers and the 
like obviously depends on the required pressure, 
capacity and rotative speed available for the 
pump. Such a structure involves many undesir 
able features, particularly so when many stages 
are needed. The shaft is very long and the 
distance between supporting bearings is often 
quite great. This in turn necessitates a large 
diameter shaft in order that its deflection will 
not be Such as to require excessive clearance at 
the Sealing ring, as such extra clearance causes 
increased hydraulic leakage with attendant low 
ered efficiency. Furthermore, the large diameter 
shaft which is required because of the length 
between bearings and because of the power to be 
transmitted results in impeller diameters that 
are larger than would be necessary in a single 
Stage pump operating at the same pressure per 
stage and at the same speed. 
The containing structure on all of these typical 

present-day multi-stage pumps has another 
Serious and inherent fault, namely, that the liquid 
discharged from the lower pressure stage has to 
pass completely over the outer diameter of the 
volute of that stage, and thence take a sharply 
reversed inward path in order to arrive at the 
suction of the next impeller. Use of diffusing or 
directional vanes on the periphery or the inlet 
of the impellers of such pumps is well known, 
but does not overcome the basic disadvantage 
in this type of pump, that is, the reversal of flow 
back down toward the inlet of the next succeed 
ing Stage. 
The present invention is specifically directed 

to eliminate the aforementioned disadvantages, 
and it results in a Smaller, lighter and more eff 
cient unit, particularly adapted for aircraft ap 
plication. The use of two or more parallel shafts 
within the containing structure, as indicated, 
achieves a short, compact construction having 
Small diameter shafts which, in turn, result in 
Smaller diameter impellers for a given duty, and 
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also allow for closer clearances between stages, 
with resultant lowered hydraulic leakage and Cora 
responding increased efficiency. The shafts are 
smaller in diameter for two basic reasons, (1) 

5 because of using multiple shafts the power is 
divided between these shafts and, therefore, less 
per shaft, (2) by the use of step up gear ratios, 
I am not limited to the available rotational speed 
on the drive of the pump, as is the case with con 
ventional pumps. I may make a wide selection 
of any desired speed on the multiple impeller 
shafts by proper choice of gear ratios. Hence, 
I may operate my impeller at a considerably 
higher speed than that available for the drive, 
this higher speed resulting in less torque on the 
shaft, and hence a smaller shaft for each of the 
multiple shafts. 
The present application discloses a form of 

pump which eliminates the beforementioned 
stage-to-stage loss due to the tortuous passages 
in the conventional unit. By the structure of 
the present invention I am able to deliver liquid 
discharged from a lower pressure stage to the 
next pressure stage along a clean direct path with 
no reversal of flow, and without the use of guid 
ing vanes to the inlet of the next higher stage. 
In other words, the discharge of the lower stage 
from the volute of that lower stage goes directly 
over to the adjacent impeller on an adjacent 

30 shaft directly feeding and directing this flow 
into the inlet of the other impeller. This con 
struction permits me to take full advantage of 
gain in pressure head by proper proportioning of 
the passages to recover kinetic velocity as it is 

35 delivered at the inlet to the next stage impeller 
at the required velocity for that inlet. This is 
much easier and more efficiently accomplished in , 
my construction than can be done when reversal 
of flow, diffusing vanes and other such devices 

40 have to be employed in order to get the liquid 
back into the inlet of the next stage. 
Another feature of the present invention is as 

follows. While it is true that a gear drive can be 
used with a Conventional multi-stage pump to 

45 step up the speed required for a given head con 
dition, the fact remains that on such drive the 
thrust due to the torque on the drive gear is 
unbalanced. By dividing the load amongst mull 
tiple shafts, as is done on my construction, the 

50 thrust. On the individual gear for each shaft is 
reduced because of the divided load and, even 
more important, the thrust on the main drive 
gear is balanced by the positioning of the thrusts 
from the multiple pump shaft taking off from the 

55 main drive gear. This further contributes to 
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liquid being pumped (gasoline or kerosine in 
the illustrated case) from leaking into the inter 
mediate chamber 59. Such leakage, however, as 
might occur into chamber 50 from the suction 
chamber 3 is drained of through drain con 
nection 3G. It will be understood, of course, that 
this drain also discharges any leakage of oil from 
the gear casing 5 through the seals 5 and 58 
into this chamber 60. It will thus be seen that 
by the device of this intermediate chamber be 
tween the oil casing and the pumping chambers 
and by the provision of labyrinth sealing means 

eliminate the possibility of admixture of the 
fluid being pumped and the oil used for lubrica 
tion. 

The sealing means 42. to prevent leakage of 
fluid from the pump casing á into the interme 
diate chamber 30 must necessarily be more effec 
tive than the sealing means between the gear 
casing and this chamber because of the greater 
differential in pressure that is likely to exist be 
tween the pump intake and this chamber. In 
the present case the pressure at the inlet of the 
pump may be in the order of 10 to 25 pounds' 
gauge pressure, and the liquid is likely to be 
gasoline, so that very effective sealing means 
must be employed to keep flow along the shaft 
to a minimum, For this sealing means prefer 
ably employ the following construction. The 
stationary member of this seal assembly is a 
carbon sleeve 42 which is pressed and cemented 
into the hole 42d around the shaft piercing the 
wall 8. This carbon sleeve is provided with a 
smooth surface SA which engages the correspond 
ing smooth and polished surface of the rotating 
member 43, preferably of hardened stainless 
steel. The rotating member 43 is attached in 
eakproof engagement to a flexible metallic bel 
lows 88 and the bellows is likewise attached on 
its opposite end in leakproof engagement with 
the rotating seal holder member 45. This mem 
ber 85 is preferably of stainless steel and is 
pressed on the shaft 2 so as to insure the ro 
tation of member 85, bellows 44 and the mem 
ber 63 with the shaft. The bellows assembly is 
positioned on the shaft by the split ring 46, 
which is located on the shaft by groove 4 in 
said shaft. The bellows 46 is of spring-like, 
metallic material such as brass or bronze with 
sufficient pressure to maintain the rotating steel 
member 33 in close engagement with the star 
tionary seal face St. The engagement of these 
two members at the face 6 forms a leakproof 
joint separating the liquid side of the pump from 
the chamber 5. In addition to the Spring action 
of the bellows to maintain this seal at this point, 
there is an additional hydraulic effect causing 
increased pressure at these faces 6 with in 
creased pressure on the pump side of the as 
sembly. The hydraulic pressure built up in the 
pump is transmitted to the interior of the bellows 
by following along the shaft. The effective area, 
of the interior of the bellows is slightly greater 
than the effective area of the Seal face (? #. 
There is, therefore, an overbalance between the 
static hydraulic pressure built up within the in 
terior of the bellows and the exterior atmospheric 
pressure, effective to increase the pressure be 
tween the sealing members to maintain a tight 
joint at 6A. in addition to this static hydraulic 
pressure obtained from the Suction side of the 
pump, there is additional pressure built up with 
in the interior of the bellows when the pump is 
in operation. This pressure is caused by the 
Certifugal section of the rotation of the liquid 
Witiai, he jellows which causes 3 built up of ad 
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6 
ditional static pressure to still further maintain 
this seal joint tight under rotating conditions. 
The heat due to friction generated at surface 3 
is dissipated by the continual flow of liquid 
being pumped past the high heat conducting 
member or sleeve 2. 
The hydraulic liquid pumps employed in the 

present embodiment of my invention are essen 
tially of standard construction common in this 
????* the following features thereof should be 
not 
Each impeller 5, 8, , , is provided with an 

nular projections 70 and 4 which rotate with 
the impeller in close clearance with correspond 
ing annular grooves and 5, respectively, lo 
cated in the stationary seal ring members if a 
and 5a. These seal ring members prevent leak 
age of the fluid being pumped from the hign 
pressure side of the pump to the suction side. 
Such leakage as does come through on the closed 
end of the impeller escapes into the chamber 2; 
from this chamber the liquid is drawn back to 
the Suction side through the hole 3 in the im 
peller. 
the impeller as just indicated takes care of un 
even hydraulic pressures that might be exerted 
on either side of the impeller which would cause 
a thrust on the shaft in an axial direction, The 
impellers are driven by their shafts by keys 76a, 
The impellers are furnished with collar projec 
tions 7 on their outboard end to facilitate with 
drawal from the shaft. These collars provide for 
easy removal without danger of distorting the 
impeller when pulling of the shaft. 
The general construction of the pump includes 

a continuous cast envelope open only at the 
ends, this construction being used because of its 
inherent strength and pressure tightness as com 
pared with a horizontal split casing requiring a 
larger diameter and increased weight because of 
the flange gaskets and bolts necessary for mak 
ing up a tight joint at the junction of the two 
halves. In my construction, I only have one cas 
ing joint, which is at the end formed by the 
steel plate 78, which is held in leak-tight contact 
with the casing by means of the numerous studs 
80 and nuts 80a. It should be noted that renew 
able hardened sleeves 82 are provided for rota 
tion in the carbon bearing 30, each such sleeve 
being held against rotation respective to the 
shaft by a notch 82a in its end, in which notch 
is engaged the tip of driving key 76a. 
In order to prevent the imposing of high dif 

ferential pressures on the sealing means, such 
as 42-45, from shafts which serve impellers op 
erating on stages above the first or inlet stage, 
I provide an equalizing chamber sa, which is an 
extension of the lateral inlet chamber 8. This 
equalizing chamber a surrounds the shaft at 
the entrance to the sealing means 42-45, thus 
imposing only the inlet pressure of the pump on 
this sealing means. The higher pressure of the 
intermediate stages is prevented from being 
transmitted to this chamber by the restricting 
bushing 99 surrounding shaft 2 with close clear 
ance and placed in the wall or diaphragm 9 
separating the inlet chamber 9 of the interme 
diate stage from the equalizing chamber fa. 

I haWe described What i believe to be the best 
embodiment of my invention. I do not wish, 
however, to be confined to the embodiments 
shown, but what desire to cover by setters Pat 
ent is set forth in the appended claims, 
What I cai S: 
3. À centrifugal 230mp comprising & plurality 

This releasing of the pressure back of . 
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of stages, each stage comprising an impeller and 
a volute therefor, a plurality of shafts, one of 
said impellers being on each of said shafts, means 
whereby the volute of one of said stages dis 
charges directly into the inlet of the impeller of 
another stage, a casing enclosing said stages, and 
including an inlet chamber means, means con 
stituting a chamber in said casing separate from 
the inlet chamber means through which cham 
ber at least one of said shafts passes, a bearing 
for said shaft on the side of said separate chan 
ber removed from the inlet chamber means, 
means for lubricating the bearing, Sealing means 
in the separate chamber to impede leakage of 
fluid from said bearing into said chamber and 
from said inlet chamber means into said separate 
chamber, and means for drawing such leakage 
fluid as may pass said Sealing means from the 
separate chamber, 

2. A centrifugal pump comprising a plurality 
of stages, each stage comprising an impeller and 
a volute therefor, a plurality of shafts, one of 
said impellers being om each of said shafts, means 
whereby the volute of One of said stages dis 
charges directly into the inlet of the impeller 
of another stage, a casing enclosing said stages 
and including an inlet chamber means, means 
constituting a separate chamber in said casing 
through which chamber at least One of said shafts 
passes, a bearing for said shaft on the side of 
said Separate chamber, removed from the inlet 
chamber means, means for lubricating the bear 
ing, Sealing means to impede leakage of fluid 
from said bearing into said separate chamber 
and from Said inlet chamber means into said 
separate chamber, said Sealing means comprising 
a carbon sleeve surrounding said shaft and in 
sealing engagement with a wall of said chamber, 
Said sleeve having a smooth bearing surface, a 
rotating member mounted on said shaft and hav 
ing a like Smooth surface for engaging said car 
bon sleeve, and means for mounting said rotating 
member on said shaft, comprising a bellows af 
fixed to said shaft, and means for draining such 
leakage fluids as may pass said sealing means 
from the separate chamber. 

3. A centrifugal pump comprising a plurality of 
stages, each stage comprising an impeller and a 
volute therefor, a plurality of shafts, a gear on 
each of said shafts, a plurality of said impellers 
being on each of said shafts, means whereby 
the volute of one stage discharges directly into 
the inlet of the impeller of another stage on an 
other of said shafts, a casing enclosing said stages 
including an inlet chamber means, separate. 
chamber means for the gears of the shafts, means 
constituting an intermediate chamber in said cas 
ing Separate from Said other chamber means 
through which at least one of said shafts passes, 
a bearing for said shaft on One side of said inter 
mediate chamber and in said gear chamber 
means, means for distributing lubricating fluid 
Over the gears and bearing in said gear housing, 
Sealing means to impede leakage of fluid from said 
intermediate bearing into said chamber and from 
said inlet chamber means into said intermediate 
chamber, said Sealing means comprising a carbon 
sleeve Surrounding Said shaft and in sealing en 
gagement with a wall of Said intermediate cham 
ber, said sleeve having a smooth bearing surface, 

8 
a rotating member mounted on said shaft and 
having a like smooth surface for engaging said 
carbon sleeve, and means for mounting said ro 
tating member on said shaft, including a bellows 
afixed to said shaft and means for draining from 
the intermediate chamber such leakage fluids as 
may pass said sealing means. 

4. A centrifugal pump having a plurality of 
stages, each stage comprising an impeller and a 

O 
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volute therefor, a casing enclosing said stages 
and including an inlet chamber means, a plurality 
of shafts and at least one impeller on each shaft, 
means whereby the volute of one stage discharges 
directly into the inlet of the impeller of another 
stage on another of said shafts, gears on said 
shafts, separate chamber means for said gears, 
driving gear means entering said gear chamber 
means and operatively connected with said shaft 
gears, means constituting an intermediate cham 
ber in said casing separate from the inlet and gear 
chamber means, a bearing for each of said shafts 
in said gear chamber means, means for distribut 
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ing lubricating fluid over the gears and bearing 
in said gear chamber means, said shafts extend 
ing into all of said chamber means, Sealing means 
to impede the leakage of fluid from said gear 
chamber means into said intermediate chamber 
and from said inlet chamber means into said in 
termediate chamber and extending within the 
intermediate chamber means, and means for 
draining from the intermediate chamber such 
leakage fluids as may pass Said Sealing means, 

5. A centrifugal pump having a plurality of 
stages, each stage comprising an impeller and 
a volute therefor, a casing enclosing said stages 
and including an inlet chamber means, means 
whereby the volute of one stage discharges di 
rectly into the inlet of the impeller of another 

40 

65 

stage om another of Said shafts, sald casing hav 
ing a part containing two separate chambers, a 
plurality of shafts extending in the casing and 
in the chambers of the casing part, a driving 
gear means in one of said casing part chambers, 
bearings in the gear chamber for supporting the 
driving gear means, gears on said shafts coop 
erating with said driving gear, a bearing on each 
of said shafts in said gear chamber, means for 
distributing lubricating fluid Over the gears and 
the bearing. within said gear chamber, sealing 
means to impede leakage of fluid from the gear 
chamber and the inlet chamber means toward the 
other of said chambers, and means for draining 
from said other chamber such leakage fluids as 
may pass said Sealing means. 

BAROLL.D. E. A.DAMS. 
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