
3,459,133 FFLER Aug. 5, 1969 

Filed Jan, 23, 1967 

ØZIZZZZZZZZZZZZZZZZZZZZZZZZZZT-ºº? ~© <r. 

  

  

  

  

  



P. H. SCHEFFER 

CONTROLLABLE FLOW PUMP 

Aug. 5, 1969 3,459,133 

2. Sheets-Sheet 2 Filed Jan. 23, 1967 

rõ C2 u 

  



United States Patent Office 3,459,133 
Patented Aug. 5, 1969 

1. 

3,459,133 
CONTROLLABLE FLOW PUMP 

Paul H. Scheffler, Lima, Ohio, assignor to Westinghouse 
Electric Corporation, Pittsburgh, Pa., a corporation of 
Pennsylvania 

Filed Jan. 23, 1967, Ser. No. 610,935 
nt. C. F04d 3/00 

U.S. C. 103-88 8 Claims 

ABSTRACT OF THE DISCLosURE 
A ceramic pump for pumping molten metal comprising 

a first or flow control stage, a second or discharge stage 
and a diffusing section. The pump includes further an 
elongated ceramic rotor in the first (flow control) stage 
with an impeller portion extending into the second (dis 
charge) stage. The input to the first stage is arranged to be 
disposed in fluid communication with a source of molten 
metal, such as a melting furnace. With rotation of the 
pump, the molten metal is directed through the first stage 
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the effective head by producing a forced vortex of liquid 
mathematically described by the classical formula express 
ing the parabolic surface of revolution for solid body ro 
tation about a vertical axis. The first stage rotor extends 
into the second or discharge stage (as an impeller) which 
includes a volute collector housing having an outlet port 
connected to an entrance portion of the diffuser. In the 
Second stage, the impeller is essentially a flanged portion 
of the rotor having a surface for radially and tangentially 
directing the liquid received from the first stage against 
the volute collector. The volute collector redirects the 
tangential flow of liquid to a linear flow for introduction 
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and into the second stage where the molten metal is 
linearly directed to the diffusing section by a volute col 
lector for return to the furnace or to another vessel. 
Precise control of the flow rate is obtained by control 
of the length and the rotational speed of the first stage 
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rotor in accordance with the classical expression describing 
the parabolic surface of revolution for solid body rotation 
about a vertical axis. 
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The present invention relates generally to a pump for 
pumping liquids, and particularly to ceramic pumps or 
pumps with ceramic sub structures for pumping liquid 
molten metal in an economical manner yet affording pre 
cise control of the liquid flow rate. 

In processes involving high temperature and/or cor 
rosive fluids, it is frequently desirable to circulate the 
fluids through a process vessel in order to obtain more 
uniform temperature distribution, for example, or to effect 
more uniform mixing of additives, and generally to effect 
a more proficient processing operation. It is further often 
desirable to pump the fluids to another process site or 
location in order to reduce the manual labor required, 
and to speed the transfer operation. Such processes in 
clude the melting of aluminum bars or copper stock for 
preparation of aluminum alloys and copper products. 
Because of the high temperature and corrosive character 
istics of such fluids, it is imperative that no leakage oc 
cur in the circulating and transferring apparatus. In ad 
dition, these characteristics usually require that ceramics or 
other chemically inert materials be used to contain the 
fluids. This in turn requires that the flow path be rela 
tively simple to avoid costly tooling and/or final grinding 
of the very hard ceramic. A further concern with trans 
ferring the molten metal from say a furnace to molds 
or cooling containers is the control of the rate of fluid flow; 
it is desirable to precisely control the transfer flow rate. 

In accordance with the broad principles of the inven 
tion, a pump especially adapted for handling high tem 
perature, corrosive metal liquids, comprises a ceramic 
rotor having two principal stages or sections and a diffuser, 
made of a ceramic material, connected in fluid com 
munication with the second stage of the rotor. The first 
stage or flow control section includes an inlet opening 
located in a bottom portion of a housing with the ceramic 
rotor extending into the first stage housing and disposed 
over the housing opening for drawing liquid to be pumped 
into the rotor. The rate of flow of the liquid is controlled 
by the effective head of liquid producing inlet flow to the 
flow control section in which the rotor is rotated to modify 
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into the diffuser which provides the proper discharge pres 
Sure. The second stage impeller and the volute collector 
are dimensioned to provide a droplet flow of liquid into 
the diffuser to prevent an increase in pressure in the area 
of the drive shaft thereby eliminating the need for a shaft 
Seal to prevent pump leakage. 

Accordingly, an object of the invention is to provide an 
economical and versatile pump capable of handling a 
variety of types of liquids in a leakage free manner with 
out the need of finished component surfaces, close toler 
ances and costly seals between fixed and moving parts. 
A more particular object of the invention is to provide 

an economical pump made of ceramic components includ 
ing a ceramic housing, diffuser, drive shaft, rotor and im 
peller designed and dimensioned to transfer or circulate 
molten metal in a leakage free manner without the use 
of a seal or seals disposed between the drive shaft and 
the pump housing. 

Another object of the invention is to provide an eco 
nomical pump capable of transferring or circulating high 
temperature, corrosive liquids in a controlled manner de 
pendent upon the speed of a rotating impeller and the 
relationship of the impeller speed of rotation to the depth 
of the liquid being pumped. 

These and other objects and advantages of the inven 
tion will become more apparent from the following de 
tailed description taken in connection with the accompany 
ing drawings in which: 
FIGURE 1 is a cross sectional view of a pump con 

structed in accordance with the principles of the present 
invention; 

FIG. 2 is another cross sectional view of the pump 
taken along line II-II in FIG. 1 which shows the im 
peller thereof in top plan view and the wall structure 
of a diffuser in cross section, and 

FIG. 3 is a perspective view of a rotor employed in 
the pump of FIGS. 1 and 2. 

Specifically, there is shown in FIGURE 1, a pump 10 
having a lower housing portion 12, an upper housing 
portion 13, a first stage rotor 16 coaxially disposed with 
in the housing portions, and an elongated drive shaft 
structure 18 coaxially disposed within the first stage 
rotor 16 and extending vertically through a central open 
ing 13 provided in the upper housing portion. The hous 
ing portions, rotor and drive shaft are made from a 
hard ceramic material, such as silicon carbide or other 
Suitable materials that are heat and corrosion resistant. 
The housing portions 12 and 13 are provided with 

flanged mating extension 14 and 15 respectively for join 
ing and sealing the portion together to form an over 
all housing unit. The flange structure of FIG. 1 is shown 
only for purposes of illustration and other suitable con 
figurations may be employed in place thereof or in con 
junction therewith. A gasket 17 may be disposed between 
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the flanges to seal the housing and to provide a cushion 
ing effect between the flanges which are somewhat brittle 
because of the nature of the ceramic material. To se 
cure the housing portions together, and to further assure 
against breaking the flanges, annular shaped rings (not 
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shown) may be disposed over the flanges and bolted 
or otherwise secured together. In this manner the me 
chanical pressure and stress needed to secure the hous 
ing portions together are exerted on and evenly dis 
tributed about the flanges. 
The lower housing portion 12 forms generally a first 

or flow control stage or section 20, and the upper hous 
ing portion 13 forms generally a second or discharge 
stage 21 in the form of a volute collector. The bot 
tom wall portion of the lower housing is provided with 
an inlet port 23 for admitting the liquid to be pumped 
into the first stage rotor 16. The upper housing por 
tion or volute collecter is provided with an outlet port 
25 which places the volute collector in fluid communi 
cation with the entrance portion 26 of a ceramic dif 
fusing structure 27. The volute collector 3 may be 
further provided with a standpipe portion 28 for pre 
venting possible splashing of the liquid through the volute 
collector opening 13 during transient conditions. No seal 
however is needed in the opening 13' for reasons to be ex 
plained hereinafter. 
The elongated drive shaft 18 is preferably a hollow tube 

structure having a cylindrically shaped wall 30 extending 
axially between the inlet port 23 and the uppermost por 
tion of the pump housing. The drive shaft may, how 
ever, be a solid structure, and it may be suitably at 
tached to other portions of the rotor than those de 
scribed above, or the first stage rotor may be designed 
and driven so as to eliminate the need of the elongated 
drive shaft. In the present showing (FIG. 1), the lower 
hollow portion of the shaft wall 30 is provided with 
openings 31 which place the inner portions of the first 
stage rotor 16 in fluid communication with the inlet 
port 23. Immediately above the openings 31 in the shaft 
18 is disposed a plug means 32 and a projection 33 
for respectively preventing the flow of liquid up the in 
terior of the shaft and directing the liquid through the 
openings 31. The elongated portion of the drive shaft 
disposed within the first stage rotor 16 is further pro 
vided with a reduced outside diameter so that an inner, 
narrow space 34 is provided between the shaft and the 
first stage rotor wall presently to be described. The lower 
most portion of the drive shaft is provided with a rotor 
engaging end portion 35 attached to the rotor. 

The first stage rotor 16, as shown in FIG. 2, is pro 
vided with four inwardly extending ribs or projections 
36 (shown in elevation in the figures which extend the 
length of the first stage rotor and define the inner space 
34 with the drive shaft as seen in FIG. 1. The ribs 36 
further form longitudinally extending open areas 37 
forming inner passageways adjacent the drive shaft 18 
as best seen in FIGS. 2 and 3. 
The upper portion of the ribs 36 contact the periphery 

of the drive shaft 18 at locations 38 so that the shaft 
and rotor may be suitably cemented or otherwise at 
tached together at said locations. A bore 39A (FIG. 3) 
is provided in a bottom wall portion 39 of the first 
stage rotor for receiving the end 35 of the drive shaft 
as shown in FIG. 2. The first stage rotor and drive 
shaft are thoroughly secured together, for example, by 
cementing the end 35 to the end wall 39 with a suit 
able cement. 
The upper portion of the first stage rotor 16 is pro 

vided with an outwardly projecting impeller portion 40 
housed within the second stage 21 by the volute col 
lector 13. The upper surfaces of the impeller 40 is provided 
with a plurality of raised vanes 41 extending in radial di 
rections from the center of the impeller, as best seen 
in FIG. 2, for directing the liquid to be pumped against 
the voluted surface of the volute collector with rota 
tion of the impeller. 
The pump 10 may be placed in a pool (not shown) 

of molten metal for operation as an immersible unit 
or it can be operated outside a process vessel or a fur 
nace (not shown) containing the liquid or molten metal. 
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4. 
In the latter case, a conduit would be connected be 
tween the inlet port 23 of the pump and an outlet port 
provided in the vessel containing the liquid. 

In operation, the liquid to be pumped by the pump 
10 enters the port 23 and travels through the opening 
39A (FIG 3) provided in the rotor and through the 
openings 31 provided in the shaft 18. With rotation of 
the rotor 16, the liquid is conducted and forced up 
through the open areas or inner passageways 37 between 
the ribs 36 to the impeller 40 in the second stage 21 
as indicated by appropriate arrows. The rate of liquid 
flow into the first of flow control section 20 of the pump 
10 is first governed by the head or height of the liquid 
in the process vessel above the level of the pump inlet 
port 23. If the axial length of the first section 20 is 
made equal to the depth of the liquid in the process 
vessel, and a column of liquid is contained within the 
first section equal to the liquid depth in the process 
vessel, the inlet flow through the port 23 is of course 
zero. With an empty pump, i.e., no liquid column in 
the pump above the port 23, the inlet flow rate is maxi 
mum, or at least the maximum permitted by the inlet 
23 diameter, piping length (if any), surface roughness 
and similar factors. Any flow rate between maximum 
and zero can therefore be provided by adjusting the depth 
or head of liquid above the inlet port as indicated by 
the formula: 

Flow := K(D-D) 
where: 
K is the flow coefficient for the particular inlet conduit 

configuration, inlet 23 diameter, fluid properties, etc. 
D is the liquid depth in say the process vessel, and 
D is the liquid depth in the first stage 20 above the inlet 

port 23 
From the equation, it is seen that if only a small range of 
flow control is required for a particular application, a 
range of nine tenths (0.9) between maximum and mini 
mum flow, for example, the D2 depth, and consequently 
the axial length of the first stage 20, need only be 0.81 of 
the D depth. If, however, very precise control is required 
over a large range with very low flow rates involved, or if 
it is desired to completely empty the process vessel, it is 
advisable to make the length of stage 20 larger than the 
head or depth of the liquid in the process vessel. 
The effective head for producing the inlet flow 

(D-D) can be varied by rotating the rotor 16 in the 
first stage 20 to effect a forced vortex in the liquid such 
that: 

D-D= 2g 

where R, is the inside radius of the first stage rotor 16 
at its discharge end in the first stage 20 as shown in FIG. 
1, 
w is the angular velocity of the impeller in the first stage 

in radians per second, and 
g is the gravitational constant, 32.2 feet per second 
This equation is a direct derivation of the classical ex 
pression describing the parabolic surface of revolution 
for solid body rotation about a vertical axis, usually 
known as: 

As seen from the first and second equations, the liquid 
flow rate varies directly with the rotating speed of the 
rotor 16 in the first stage. Thus, in order to control the 
rate of flow from zero to maximum, a range of first stage 
rotor speeds from zero to maximum is required. If for 
some reason, the rotor drive has a minimum speed greater 
than zero, zero flow rate can still be obtained by making 
the axial length of the first stage impeller portion greater 
than D?. 
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Since the impeller portion in the second stage or dis 
charge section 21 is merely an extension of the rotor por 
tion in the first stage 20, both portions will rotate at the 
Same speed when driven by the shaft 18. The discharge 
(angular) velocity required to provide the discharge pres 
Sure must thus be attained by adjusting the radius or 
diameter of the impeller in the second stage. For very 
low discharge pressures, the second stage impeller can 
approach the diameter (2R) of the rotor in the first 
stage. For higher discharge pressures, the second stage 
impeller diameter must be larger than the first stage, since 

??R ?=VD 
Where: 

VD is the discharge velocity in feet per second, 
R2 is the second stage impeller radius in feet as shown in 

FIG. 1, and 
cy is the impeller angular velocity in radians per second 
The discharge velocity and liquid flow on the impeller 

40, are tangential in direction in the second stage 21. The 
voluted inside surface of the collector 13 (see FIG. 2) 
collects the tangential liquid flow and redirects it into a 
linear flow for discharge through the outlet port 25 to and 
through the entrance portion 26 of the diffuser 27 and 
into the main diffusing section of the diffuser where the 
liquid pressure is reduced to a required value. From the 
diffuser, the liquid can be returned to the process vessel 
or directed to another vessel by use of a simple plug 
valve (not shown) connected in fluid communication with 
Suitable conduit means and providing a simple flow path 
for the liquid. 

In the diffuser 27, the liquid flow undergoes an ex 
change of energy that can be expressed by the following 
formulas: 

V2 (Vy) n= ?PE 
O 

PE = ? (VD-Vt.) 
where: 

PE is the exit static pressure of the diffuser in pounds per 
Square feet, 

p is the weight density of the liquid being pumped in 
pounds per cubic feet, 

g is the gravitational constant 32.2 feet per second 
V is the discharge velocity from the second stage 21 in 

feet per second, 
VE is the exit velocity from the diffuser in feet per second, 

and 
no is the diffuser efficiency 
The discharge velocity of the second stage 21 to provide 
the required exit pressure and velocity can thus be deter 
minded by these last two equations, and the diameter of 
the impeller portion within the second stage required to 
provide this discharge velocity can be determined by the 
equation given immediately before these last two. 
The volute collector 13 and the entrance portion 26 of 

the diffuser 27 are dimensioned to provide a droplet or 
"slug' flow of liquid from the second stage rather than a 
full or sheet flow in order to prevent the generation of 
pressure in the area of the volute collector opening 13. 
This eliminates the necessity of closing the space between 
the shaft 18 and the collector 13 or standpipe 28 with a 
seal even though the space may be of a relatively large 
dimension, and the fluid being pumped is a non-viscous 
liquid such as water. 

It will be noted from FIGURE 1 (and from the second 
equation) that the configuration of the first stage rotor 
between its inlet port and its discharge diameter is un 
important so far as flow control is concerned. Thus, the 
diameter of the first stage rotor can be increased beyond 
that of its discharge diameter to provide an annular space 

6 
in which the flow will be zero. Any foreign material with 
a density greater than that of the liquid being pumped 
will be "centrifuged' into this annular space and held 
there until removed by mechanical scraping. Thus an ef 
fective centrifugal filter can easily be incorporated into 
the first stage rotor. 

In FIG. 1, a ceramic cover 50 is provided for mounting 
and securing suitable rotor driving means to the pump 
housing. The cover 50 may be secured to the volute 
housing 13 in the manner described above in connection 
with the housing flanges 15 and 16. 

It should now be apparent from the foregoing descrip 
tion that a novel pump has been disclosed which is par 
ticularly suitable for pumping high temperature and cor 
rosive molten metals in an economical manner. This is 
accomplished by use of a ceramic housing and impeller 
having generally unfinished surfaces and substantially no 
close tolerances. The pump is further leak-proof without 
the use of seals disposed between a rotating drive shaft 
and a fixed housing. The flow rate of the liquid through 
the novel pump is effectively controlled by the effective 
head of liquid producing inlet flow to a first flow control 
section in which the rotor can be rotated to modify the 
effective head by producing a forced vortex of liquid 
mathematically described by the classical formula ex 
pressing the parabolic surfaces of revolution for solid 
body rotation. A volute collector forms the housing of 
a second, discharge stage in which a portion of the im 
peller is designed and dimensioned to produce a desired 
discharge pressure to a diffuser input, the diffuser pro 
viding the desired discharge pressure to a receiving vessel 
or conduit. 

While the invention has been described in connection 
with a preferred embodiment, it will be understood that 
it is not intended to be limited to the particular embodi 
ment illustrated but is intended to cover all alternative 
and equivalent constructions falling within the spirit and 
scope of the appended claims. 
What is claimed is: 
1. A pump for pumping and transferring liquids, said 

pump comprising: 
a housing including an elongated flow control section 
and a relatively short discharge section, said flow 
control section having an inlet opening for admitting 
liquid into the pump, 
rotor means having an elongated portion disposed 
within the flow control section and an impeller por 
tion disposed within the discharge section, the elon 
gated portion having axially extending passageways 
for conducting a flow of liquid therethrough and 
means defining a restricted inlet opening for admit 
ting liquid into said rotor and passageways, 

said rotor means further having a discharge radius and 
length dimension in the flow control section adapted 
to produce a forced vortex of liquid when rotated 
which varies an effective head of liquid producing a 
flow of liquid into the flow control section, and 

a drive shaft extending into said rotor along the axis 
thereof, 

said shaft being secured in the lower end of said rotor 
for rotating same. 

2. The pump recited in claim 1 in which the vortex 
of liquid produced by the rotor means when rotated is 
expressed by the formula 
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Ro? (D - D) = 2g 
where: 

D is the depth or head of liquid in a vessel containing 
the liquid to be pumped, 

D is the depth of liquid in the flow control section 
above an inlet port provided therein and in fluid com 
munication with the vessel, 

R1 is the inside discharge radius of the impeller in feet, 
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w is the impeller angular velocity in the first stage in 
radians per second, and 

g is the gravitational constant 32.2 feet per second per 
second. 

3. The pump recited in claim 1 in which an inlet port 
is provided in a bottom wall portion of the flow control 
section. 

4. The pump recited in claim 1 in which the discharge 
section includes a volute collector provided with an outlet 
port. 

5. The pump recited in claim 1 in which the discharge 
section includes a volute collector having an outlet port, 
a diffuser having an entrance portion connected in fluid 
communication with the outlet port, 

the volute collector and diffuser entrance portion being 
dimensioned to provide a droplet flow type of liquid 
discharge from the discharge section when the im 
peller means is rotated therein. 

6. The pump recited in claim 1 in which the impeller 
portion within the discharge section of the pump is 
adapted to produce a desired discharge velocity and pres 
sure therein in accordance with the formula 

7-Rg? 
where: 
VD is the discharge velocity of the impeller portion in 

feet per second, 
R2 is the radius of the impeller portion in feet, and 
cos is the angular velocity of the impeller in radius per 

Second. 

7. The pump recited in claim 1 in which the impeller 
portion disposed within the discharge section has an upper 
surface provided with radially extending vane portions. 

8. A pump for pumping and transferring liquids, said 
pump comprising: 

a housing structure, 
an inlet port provided in the bottom of said housing 
and an outlet port provided adjacent the top of said 
housing 
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a rotor disposed in said housing, said rotor having 

an elongated portion vertically disposed above said 
inlet port, 

axially extending vanes provided in said rotor, said 
Vanes forming elongated, axially extending passage 
ways for conducting a flow of liquid therethrough, 

an impeller portion provided at the top of said rotor 
adjacent said outlet port and in fluid communication 
with said passageways, and 

a drive shaft extending into said housing and along the 
axial center of said rotor, said shaft being secured to 
said rotor for rotating same, 

said rotor being capable of producing a forced vortex 
of liquid within said rotor when said rotor is rotated, 
said vortex being capable of producing a flow of 
liquid into said housing through said inlet port, 

the drive shaft having at least a hollow, tubular end 
portion extending into said rotor inlet port and se 
cured therein, and 

openings provided in the walls of said tubular end por 
tion for admitting the liquid into the rotor from the 
inlet ports. 
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