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7 Claims.

‘This invention relates to improvements in elec-
tric oll heating apparatus and method of heai-
ing motor crank case oils in a purification opera-
ticm. '

Inthe use of naval patrol vessels equipped with
internal combustion motors, it has been common
practice to changs oil, and clean the mctors after
very short pericds of use. Thig disadvantage has
been overcome by purifying the crank case oil
while the motors are in operation. The oil is
conducted in a closed rcircuit from the motor,
through purifying apperatus, into an oil storage
tank, and back to the motor. Some naval Ppatrol
vessels of course are provided with two or more
motors, and the invention inecludes the separate
or combined handling of the crank case oil from
all.of the internal combustion engines of a vessel.
Furthermore, the invention contemplates the
handling of the crank case oil from Diesel motors
or -gasoline motors,

In the purification of crank case oils in g cycle
of the type referred to above, it has been found
tizat the purification can be made much more
effective by heating the crank case oil to a sub-
stantially higher temperature than the tempera-
ture at which it is withdrawn from the motor
crank case. Heating also prevents stoppage of
screens and filters by the oil hecoming cold and
viscous. However, naval patrol vessels powered
by internal combustion engines have noe -con-
veniently effective heating means available ex-
cept electricity.

Therefore, the primary object of the Present
invention is to provide a compact and convenient
heater for the heating of crank case lubricating
oils in a purification cycle.

A further cbject of the invention is to provide
a compact and effective electric heating ap-
paratus for heating crank case oils to be purified.

Another object of the invention is to provide
improved method for refining crank case 0ils.

The improved electric heating apparatus of
the bresent invention comprises an oil heating
chamber divided into two heating sections in each
of which is mounted a bank of electric heating
units arranged so that the oil to be heated passes
over the heating units in one compatrtment of
the chamber and then over the heating units in
the other compartment of the chamber. The ap-
paratus includes other important features such
as means for providing a pressure drop through
the heating chamber as well as between the com-
partments in the chamber, a compact arrange-
ment for the electric hesting units and specinl
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means for mounting the heating units in the
ends -of the heating chamber.

Other objects, features and advantages of the
process :and apparatus of the present. invention
will be apparent to those skilled in the art from
the following detailed .description thereof taken
in cennection with the accompanying drawings
in which:

Fig. 1 is a front view, partly in broken section,
of an welectric heating apparatus constructed in
accordance with the invention.

Fig. 2 is an end view of the heater shown in
Fig. 1, with certain parts removed or broken away,
taken on the line 2—2 of Fig. 1.

Fig. 3 is a breken longitudinal eross sectional
view, taken on the line 8—3 of Fig. 2, 6f the heat-
ing chamber and other portions of the apparatus
shown in Fig. 1 with the banks of heating units
removed.

Fig. 4 is a longitudinal cross sectional view of
one of the heating units employed in the heat-
ing -apparatus of the present invention.

Fig. 5 is a view, partly in section, showing the
arrangement of the heating units and the meth-
od of mounting the same.

Referring to Fig. 1 of the drawings, the elec-
tric heating apparatus of the present invention
comprises in its preferred form a horizontal cy-
lindrical oil heatihg chamber 18 provided with
end flanges 12 to each of which is secured by
bolts, as shown, a header 14, the latter of which
includes an integral header box 16 provided with
a cover plate 18, The headers I4 in the illus-
trated embodiment of the present invention are
used as mountings for banks of electric heating
units 20, five of such units being shown as mount-
ed in each header (4 and extending almost to
the center of the .cylindrical chamber 10. Each
of the electric heating units 20 includes a shoul-
der 22 which bears against the inside of the
header {4 and which is held there in fluid-tight
manner by a ring nut #4 which is drawn up on
the opposite side of the header on a threaded
section of the heating unit which extends through
the header into the header box 6. The ends of
the heating units which extend into the cham-
ber 18, are supported, in spaced relation to each
other by a metal spider 26 fastened to the end
of each unit 20 by means of screws, as shown.
All metal parts of the apparatus are preferably
made of brass.

Each of the electric heating units 20 includes
a channeled outer shell or casing adapted to uni-
formly and rapidly heat the oil conducted through
the heater. ‘The heater itself which is provided
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with mounting brackets 27 on each of the flanges
{2, is installed in accordance with the preferred
form of the invention, in a cycle provided for
purifying the crank case oil from patrol vessel
motors. The used crank case oil is withdrawn
from the motor and conducted by means of a
pump (not shown) to the heating chamber 10
through an inlet mive 28. the oil being supplied
through the line 28 at a moderate pressure of
for example about 10 lbs. per square inch. The
oil supplied to the chamber (0 through the line
28 passes through relatively small holeg 32 in a
metal angle distributor 34 mounted over the inlet
28, under the right heater bank and fastened to
the partition 30 and to the shell of the chamber
§6; to the latter by means of a bolt 36 (Fig. 3).
Tne oil passes through the small holes 3% with
a substantial pressure drop and is distributed over
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the heaters 20, over which it flows upwardly to .

the top of the chamber and then through a V-
shaped opening in the partition 38 into the end
of a second perforated metal angle distributor
38 exactly like the distributor 34 and mounted in
substantially the same manner as shown in Fig. 1,
except that it is above the bank of heating units
to the left in the chamber 8. The oil flows
through the holes 32 in the distributor 38 with
a further substantial pressure drop, and basses
downwardly over the heating units 20 to the left
of the partition 388. The oil is finally discharged
from the chamber 10 through a line 40.

One important function of the angle members
34 and 38 is to provide bressure reducing means
to cause a pressure drop in the oil entering the
first bank and between the banks of heaters.
They also act to distribute the cil substantially
uniformly over the heating units of each bank
because the oil is forced through the small holes
in the members 34 and 28 with a pressure drop.
The oil taken from the motor or motors usually
has a temperature of only about 140° F. and
sometimes only about 130° ¥., and the heating
apparatus of the present invention is provided
to bring the temperature up to about 200° F., at
which temperature the oil is conducted through
a centrifuge for the removal of sludge, small metal
particles, and other impurities. The oil dis-
charged from the centrifuge is conducted through
g filter and then to the motor oil storage tank for
the motor or motors. From the storage tank the
oil usually flows by gravity back to the motor or
motors to keep them supplied with clean purified
oil. The filter used may bhe a simple felt-type
filter or one containing an adsorbent clay such as
fuller’s earth or cother refining clay.

Electricity for the heating units 20 is supplied
to the heating apparatus through lead wires 42
which terminate in a water-tight conduit junc-
tion box 44. The lead wires 42 are attached re-
spectively to metal connector plates 46 mounted
on an insulation block or base 48 set in the box
44, The junction box 44 is mounted to the back
and mostly above the heater shell {0 and con-
nected up with fluid-tight connections to the
header boxes 16 by means of two conduit nipples
50 which terminate respectively in suitably pre-
pared lateral openings in integral projections 52
on the rim of each of the flanges {2.. The nipples
58 may be welded, brazed or otherwise secured
in the positions shown in Figs. 1 and 3. Current
is distributed from the plates 46 to connectors in
the header hoxes {6 through wires 54 and 58, re-
spectively, which terminate in soldering lugs on
the end of stud connectors 58, each of which
are insulated from the metal of the projection
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52 by means of substantially cylindrical insulator
bushings 66 and 62. The assembly of the lugged .
studs 58 and the bushings 60 and 62 is illus-
trated in Fig.3, in which suitable nuts and
washers are used. The insulator bushings 62 at
each end of the heater, extend substantially
beyond the face of the flange {2 and into a hous-
ing 64 which comprises an integral part of the
header box {6 into which it opens as shown in
Figs. 2 and 5. The cover plates 18 also have
integral projections which cover the housings 64.

Electric current is distributed to the heating
units 28 from connector studs 58 through dis-
tributor lead wires 88 in each of the header boxes
{5. The five heaters 28, the heads of which ex-

-tend into each header box {6, are supplied with

current in parallel from the wires 68 by means of
connector bars as shown which are attached to
connector studs 68 extending from the head of
each heating unit. The connector bars are fas-
tened to the studs 68 by means of nuts, as shown.
The heating units 28 are mounted in the headers
{4 with the nuts 24 in such a manner that they
are fluid-tight and the cover plate I8 is fluid-
tight with respect to the housing 16, so that it is
impossible for any oil or water or other fluid to
get into the housing 16. The bushings 60 and 62
also preferably form a fluid-tight joint between
the respective conduit nipples 5¢ and the housings
64 and header boxes 16. :
Each of the heating units 28 preferably com-

prises a solid metal casing 78, in this instance

preferably brass (Fig. 4). This metal case or shell -
is preferably made from a solid piece of stock
by boring out the cavity for the electric resist-
ance heating element and machining the outside
by means of & suitable chasing tool to produce
a number of narrow annular channels 12 sepa-

rated by relatively thick walls or fins 74. By using

a suitable tool, any number of the channels may
be made in a single operation, and either before
or after the boring step. The walls 74 which
separate the narrow annular channels are prefer-
ably much thicker than that of the usual fins
found in heat exchange apparatus. In a specific
instance, the heater case for a 1000 watt heater
was made from rolled brass stock of 134 inch di-
ameter, the overall length of the case being 7%
inches. It had the full diametfer of 134 inches for
the fins and a cavity % of an inch in diameter.
The finned section included 50 fins occupying &
distance of about 6% inches. The channels be-
tween the fins were about 0.062 inch wide, and
rounded at the base, and gbout 0.10 inch wide
at the periphery, so that the fins themselves were
substantially thicker at the base than at their
periphery, for effective heat transfer. The fins
were about 35 of an inch wide, and spaced at
approximately 0.125 inch, The heating apparatus
shown in the drawings, and containing ten of
these 1000 watt heating units, was found to be
suitable for heating about {60 gallons of lubricat-
ing oil per hour from a temperature of about
130° F. to a temperature of 200° F,

The casing of the heating unit 20 includes an
end section 76 which is threaded both internally
and externally, the opposite end being cut and
tapped for mounting on the spider 28. The elec-
tric resistance heating element in each of the
units 20 includes-a hollow cylindrical zircon core
18 and a resistance wire 89 wrapped therearound
in spaced convolutions throughout the length of
the finned section of the heater. The terminals
of the resistance wire extend from the end of the -
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core and into a hard plastic insulation head 82
in which they are attached to the studs 68. “The
resistance wire 88 may be chomium, ‘nickel-
chromium alloy or aluminum-cobalt-iron alloy.

In making up the heating unit 20, the resist-
ance wire €0 and the core 18 are coated with a
zircon wash made of 50% milled grain zircon and
50% of natural grain zircon bonded with a mix-
ture of 6% P05 and 2% chromic acid. This
coating is hardened .onto the wire and the core
by heating the element to a temperature of about
600° F. in an oven. The core and resistance wire
unit is meounted in the casing 10 by packing it in
the cavity therein in spaced relation from the
shell, the space being filled with fine zircon sand
84 which is a good ‘dielectric and has a high heat
conductivity. The layer of sand 84 completely
surrounds the core and resistance wire and may
be very densely packed by vibrating the casing
as the sand is introduced around -the core. ‘The
packed-in sand is held in place under the head
82 by means of ‘a gasket member 88.

While the heating units 20 have been shown
as cylindrical, they may have any other desired
cross-section such as elliptical, tear-drop, tri-
angular, rectangular,-etc. In any of these shapes,
however, the chanunels and dividing ‘walls are
preferably arranged so that relatively narrow
deep channels are provided in planes at ap~
proximately right angles to the longitudinal
axes of the units so that the oil passed thereover
will be heated rapidly and uniformly. In the
case of the heating wunits of circular cross-sec-
tion as illustrated, the oil flows through chan-
nels on each side of «ach heater unit. Tn the
arrangement as shown more particularly in Fig.
1, the banks of heaters are mounted so that the
heating units extend substantially horizontslly
while the cil on both sides flows across the bank
or in the same direction as the channels in the
heater unit casing walls.

Regardless of the cross-sectional shape of the
electric heating units mounted in each bank, they
are preferably arranged so that the oil passed
over each bank hag little .or no ehance of avoid-
ing the influence of the narrow .¢hannels or fins,
Note for example that the five heating units
meunted in the right compartment of the par-
ticular heater described, are arranged so that the
two lower heating units 20 in conjunction with
the middle unit 20, substantially sereen the whale
area over the distributor 34 (Pig.2), and 'that the
two upper heating units in conjunction with the
middle unit substantially screen the distributor
38 in the left hand section of the heater. ‘The
size of the heating units 29, that is, the outside
dimension of the fins, is such that three heaters
substantially equal the internal diameter of the
cylindrical chamber 18. Note that Fig. 5 shows
the close mounting of the three heating units 20
which are in line with the housing 64. If desired,
end plates substantially fitting the inside of the
chamber 10 and the distributors 34 and 38, may
replace the spiders 26. Other arrangements may
be made withh a larger number of heating units
to accomplish substantially the same results, so
that the oll introduced below or above the banks
of heaters is substantially screened through the
channels of the heating units. In fact, the ar-
rangement, with the five heaters as illustrated,
has two screens for each hank of heaters, one in
the upper portion of the chamber and the other
in the lower portion of the chamber 108. The fins
of the outside heaters 20 may touch or almost
touch the wall of the chamber 10 and the fins of
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the middle heating unit 28 with which they are
aligned.

While the oil heating apparatus of the present
invention has been illustrated as being mounted
in a horizontal position, and this pesition has
certain advaniages as indicated sabove, ‘the
chamber {0 may nevertheless be mounted in any
other desired and necessary position since the
angle of mounting has no appreciable influence
oh the operation of the heating apparatus, as long
as ‘@ pressure drop is provided at the inlet and
between the compartments of chamber 9,

The heating apparatus of the present invention
is easy to keep clean and easy tc keeo in running
order, since the bank of heating units on .either
side can be removed and cleansd as a bank or
each individual heating unit 26 can he removed
and cleaned separately or replaced if necessary.
Purthermore, all of the electrical connections
are readily asccessible and ezsily replaced ar re-
paired.. The header boxes !5 are always clesn
and free from oil or water, and the housing %4
is placed at the upper part of the heater so that
it is free from any contamination, even when one
of the headers {4 is removed from.the hester.

The relatively thick closzly spaced fins or chan-
nel walls of the electric heating units are of
considerable importanca becauss the metal of
which they are composed is zn integral part of
the tubular shell of the heater itself and there-
fore .conducts heaat rapidiy to relatively narrow
bodies of oil in the channels. While it is preferved
that the fins be of the shapes dascribed and
shown, somewhat similar results may be accom-
plished by cutting a continucus spiral channel
in the metal stock of the casing 73 so as to leave
a continuous thick tapered spiral fin. This ar-
rangement would of course have stubstantially the
same type of channels as shown in the drawings.
While in the present case the clectric heating
Units as well as the whole hesting apparatus is
preferably made of brass for its particular use
in the process cycle described in connection with
naval patrol vessels, the apparatus msy he made
of other metals. For example, where its use s
required for air craft, the relatively lizht metals:
aluminum, aluminum alloys, magnesivm and
magnesium alloys may be used. The electric
ranly made
from metals of high heat conductivity such as
brass, aluminum, 'copper or silver.

In describing the method of using the heater
of the present invention in the refining of used
crank-case cils while in service, it was mentioned
that a pump was used to force the il into the
heater through the lne £8. However, a suitable
pressure drop through the sections of the heater
may be secured by attaching the pump to the
outlet 46 and drawing the oil through the heater.
Various other modifications may be made in the
procedure and in the structure of the heating
apparatus of the present inveniion without de-
parting from the invention itself. Such modi-
fications and changes are to be understood as
coming within the scope of the invention as de-
fined by the appended claims.

Having described the invention in its preferred
form and illustrated the same in connection with
certain specific examples, what is claimed as
new is:

1. An electric oil heating apparatus, comprising
a cylindrical chamber of substantially greater
length than diameter having a header at each
end and a partition wall dividing the chamber
into two substantially equal compartments. a
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bank of electric heating units mounied in each
of said headers and extending into and substan-
tially filling each compartment, a header box at
each end of the chamber into which each of the
electric heating units also extends, means for
supplying electric current to said header boxes
and to the electric heating units extending there-
into, means for supplying oil to one of said com-
partments, for conducting the oil through an
opening in the partition in said chamber into the
other compartment and for discharging the heat-
ed o0il from the last-mentioned compartment, and
a pressure reducing distributor mounted in each
compartment and adapted to cause a pressure
‘drop in the oil flowing from one compartment to
the other and in the oil flowing into the inlet
compartment of the chamber.

2. An electric oil heating apparatus, compris-
ing a cylindrical chamber of substantially greater
length than diameter having a header at eaqh
end and a partition wall dividing the chamber
into two substantially equal compartments, a
bank of electric heating units mounted in each
of said headers and extending into and substan-
tially filling each compartment, a header box at
each end of the chamber into which each of the
electric heating units also extends, each of said
units having a metal casing the outer surface of
which "is composed of deep narrow channels,
means for supplying electric current to said
header boxes and to the electric heating units ex-
tending thereinto, means for supplying oil to one
of said compartments, for conducting the oil
through an opening in the partition in said cham-
ber into the other compartment and for dis-
charging the heated oil from. the last-mentioned
compartment, and a pressure reducing distributor
mounted in each compartment and adapted to
cause a pressure drop in the oil flowing from one
compartment to the other and in the oil flowing
into the inlet compartment of the chamber.

3. An electric heating apparatus, comprising
a tubular chamber of substantially greater length
than width having a header at each end and a
partition wall dividing the chamber into two sub-
stantially equal compartments, a bank of rela-
tively long narrow electric heating units mounted
in each of said headers and extending into and
substantially filling each compartment, a header
box at each end of the chamber into which the
connector head of each of the electric heating
units extends, means for supplying electric cur-
rent to said header boxes and to the connector
heads of the electric heating units extending
thereinto, means for supplying a fluid to be heat-
ed to one of said compartments, for conducting
it therefrom into the other compartment and
for discharging the heated fluid from the last-
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mentioned compartment, and a distributor
mounted in each compartment and adapted to
cause substantially uniform -distribution of the
fluid over the bank of electric heating units
therein. )

4. An electric heating apparatus as defined by
claim 3 in which said means for supplying electric
current to said header boxes comprises a fluid-
tight junection box from which electric lead lines
extend through conduit nipples to connectors
mounted in said header boxes.

5. An electric oil heating apparatus, compris-
ing a tubular chamber of greater length than
width, having a bank of relatively long narrow
electric heating units mounted in and substan-
tially filling said chamber, each .of said units
being provided with a metal shell having a thick
tublar wall containing a large number of closely
spaced deep channels which exfend at substan-
tially right angles to the longitudinal axis of the
shell, means for supplying and discharging oil
from said chamber arranged to cause the oil to
flow transversely through said bank of heating
units and thereby flow through and be heated
in said channels. )

6. An electric heating apparatus, comprising a
tubular .chamber of greater length than width,
having a bank of cylinder-shaped electric heating -
units extending into said chamber, each of said
units including a metal shell having a thick cy-
lindrical wall conttaining a large number. of
closely spaced deep annular channels separated
by thick metal walls and which extend at sub-
stantially right angles to the longitudinal axis
of the shell, means for supplying and discharging
a fluid from said chamber arranged to cause the
fluid to flow through said bank of heating units
transversely to the axis of said shell and thereby
flow through and be heated in said channels.

7. An -electric oil heating apparatus compris-

" ing an oil heating chamber in which the oil is
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heated by a bank of relatively long narrow elec-
triec heating units mounted in the chamber and
through which the oil to be heated is conducted,
each of said units having a thick metal wall sur-
rounding an electric resistance heating element,
said wall containing externally closely spaced .
deep annular channels along substantially its en-
tire external surface, said channels running sub-
stantially transversely to the length of the heat-
ing unit, an oil inlet for the chamber, and a plu-
rality of said electric heating units mounted over
said inlet in closely spaced arrangement in such
a manner that the oil entering the chamber is
forced through the channels of said plurality of
heating units.

JOHN D. MORGAN.

PERCY B. LEVITT.



