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HEAT TRANSFER APPARATUS WITH POSITIVE
DRIVE ORBITAL WHIP ROD

Background of the Invention
This invention relates in general to

heat transfer apparatus for evaporating, distilling,
freezing or chilling liquids, and more specifically, to
an orbital drive for a whip rod used in conjunction
with a vertical tube type of heat transfer apparatus.

In the processing of liquids it is aften
required to evaporate the liquid, as in the production
of fresh water from seawater, in distillation
processes, and in the production of ice slurries and
other cooled or slushy liquids. Ice slurries are
useful, among other applications, for cold storage to
reduce peak load power demands in building air
conditioning systems and to provide refrigeration for
food such as fish catches stored on fishing vessels.

Traditional evaporation and distillation
apéaratus, without or without vapor compression,
require high energy inputs to heat fluids and drive
compressors. Also, since evaporation or condensation
occurs primarily at the interface between the liquid
and its vapor, heat must traverse a container wall and
a layer of the liquid to reach this interface. As a
result, there is a substantial temperature gradient per
stage in conventional evaporation apparatus. This
limits the number of stages that can be provided for a
given temperature rise, or requires a greater energy
input.

U.S. Patent Nos. 4,230,529 and 4,441,963
issued to the present applicant disclose a new approach
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Jeduce *‘peak | oad power demands in building air conditioning systens and to
provide refrigeration for food such as fish catches stored on fishing
vessels. Traditional evaporation and distillation apparatus, wthout or

Wi t hout vapor conpression, require high energy inputs to heat fluids and
drive conpressors. Al so, since evaporation or condensation occurs primarily
at the interface between the liquid and its vapor, heat nust traverse a
container wall and a layer of the liquid to geach this interface. As a
result, there is a substantial tenperature gradient per stage in
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{or tubes) which is driven in an orbital or wobbling
motion. This orbital tube motion increases the heat
transfer efficiency by reducing the thermal resistance
at the inner and outer surfaces of the tube. The
motion swirls the liquid to be evaporated into a
generally thin film over the inner surface of the tube.
This increases the evaporation surface area and
decreases the thermal resistance by decreasing the
thickness of the liquid layer. The orbital motion also
aids in heat transfer into the tube at its outer
surface produced by condensation of a heated vapor
stream. The condensation increases the thickness of
the liquid layer at the outer surface, and hence. its
thermal resistance. The orbital motion throws off the
droplets, thereby increasing the heat transfer at the
outer wall.

Both of these patents teach multiple
such tubes held in a common container and driven by
eccentrics to underdo a wobbling motion in a horizontal
plane. The liquid is driven in turn by a dynamic
coupling to revolve over the inner surface as it flows
down the tube under the influence of gravity. These
arrangements require cranks, bearings and complicated
seals inside the evaporator. The component parts are
difficult and costly to manufacture and assemble, they
must be machined to close tolerances, they are
susceptible to corrosion and contamination when used in
the chemical industry, and they wear which leads to a
deterioration in the balance of the wobbling tubes and
attendant vibrations. The ’5239 patent also discloses a
self balancing arrangement with a self adjusting
orbital radius that accommodates the balance to changes
in mass. If the base moves, the crank radius, however,
must be fixed, and even this step may not be adequate.

T




U S. Patent Nos. 4,230,529 and 4, 441,963 issued to the present applicant
di scl ose a new approach REPLACEMENT SHEET 2 to sol ving these problens.
It involves using a vertical, thin-walled, open-ended heat transfer tube
(or tubes) which is driven in an orbital or wobbling notion. This orbital
tube notion increases the heat transfer efficiency by reducing the thermnal
resi stance at the inner and outer surfaces of the tube. The notion swirls
the liquid to be evaporated into a generally thin filmover the inner
surface of the tube.

Many known heat transfer devices ranging
from ice cream makers to sophisticated evaporators use
a rigid wiper bar that i's positively driven to rotate
within the tube to spread viscous liquids into a thin,
evenly distributed film. Positively driven wipers can
handle fluids with a viscosity of 1,000,000 c.p. or
higher. (Water has a viscosity of 1 c.p.) However,
any rigid, positively driven wiper or scraper has
drawbacks. - First there is a need to introduce and seal
a rotational drive shaft. Second, because the wiper or
scraper is rigid and moving over a fixed surface at
close spacings, manufacturing and assembly become
difficult and costly. The surface must be machined to
close tolerances, as well as the wiper/scraper and its
support structures. Further, these rigid wiper - -
arrangements are susceptible to, and comparatively
intolerant of, wear.

To solve these problems for less viscous
fluids, e.g. those with a viscosity of 1 to 1,000 c.p.,
the /399 patent describes a whip rod located in the
tube which spreads the feed liquid into a highly thin
and uniform film to reduce its thermal resistance and
to enhance its evaporation. The whip rod also controls
the build up of solid residue of evaporation. The ‘399
patent discloses several arrangements for mounting the
rod, including lengths of cables, a flexible, but non-
rotating anchor connected between a base and the lower
end of the rod, and a double universal joint also
connected between the lower end of the whip rod and the
base. While the whip rod is effective as a film
distributor, the mounting arrangements have
disadvantages. They increase the overall material,
assembly and operating costs. Also, they fail.
Material fatigue of flexible cables supporting the whip
rods is a particular concern.

U.S. Patent No. 4,762,592 describes an
orbital drive that overcomes the manufacture, assembly,
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JThis irfcreases the evaporation surface area and decreases the thernmal

resi stance by decreasing the thickness of the liquid |ayer. The orbital
notion also aids in heat transfer into the tube at its outer surface
produced by condensation of a heated vapor stream The condensati on

I ncreases the thickness of the liquid |layer at the outer surface, and hence
its thermal resistance. The orbital notion throws off the droplets, thereby
i ncreasing the heat transfer at the outer wal Bot h of these patents teach
mul tiple such tubes held in a common container and driven by eccentrics to

underdo a wobbl I ngegpt LQJ bm@n&@rﬁm&s RHeaRfe dBE1ilAuldodsedidven in
turn by a dynam c cougllng to revo] ve, over the inner surface as, It flows
crank drives. This improved drive uses a rotating

counterweight or weights mounted on the evaporatocr and
a spring-loaded strut suspension for the evaporator.
The counterweights and the mass of the evaporator
revolve around one another as the counterweights
rotate. ‘

While this arrangement does overcome the
problems associated with an eccentric crank drive, it
also suffers from certain deficiencies. For example,
it requires the orbital movement of a large mass,
particularly where the unit is scaled up to a
commercial size with multiple large tubes, each
carrying a liquid stream. This mass increases the
power requirements (particularly on start up), - -
"increases the demands on the spring-strut suspension,
can lead to an early fatigue failure of the suspension,
and generally increases the construction and operation
cost of the system. It also increases the desirability
of a stable operating platform, e.g. a concrete floor,
as opposed to one that moves such as a ship at sea or
some other transport. While the ’592 patent proposes a
solution to the moving platform problem, the solution
in practice has not been adequate when the apparatus
has been scaled up to commercially useful sizes.

Another design consideration is the
requirement in certain applications to maintain the
fluid beiné processed in a totally sealed environment,
e.g. one that is aseptic. But because a heat transfer
device uses continuous processing, there are seal and
other problems in conducting the fluids flowing between
the orbital system and the fixed surrounding
environment and in introducing motive force. Conduits
must be flexible to at least a certain degree to
accommodate the orbital motion, but maintaining this
flexibility becomes increasingly problematic as the
system is scaled up in size. Ideally there are no
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down tHe tube under the influence of gravity. These arrangenents require
cranks, bearings and conplicated seals inside the evaporator. The conponent
parts are difficult and costly to manufacture and assenble, they nust be
machi ned to cl ose tol erances, they are susceptible to corrosion and

contam nati on when used in the chem cal industry, and they wear which | eads
to a deterioration in the bal ance of the wobbling tubes and attendant
vibrations. The '529 patent also discloses g self bal ancing arrangenent
with a self adjusting orbital radius that accommpdates the bal ance to

changes in mass. ghfiglihg P8E8ryONES]s tfiEndsd atey adieUad FiR@VAYEN tonUSt be

fixed
- and even LneaiRPuTBY B0 Peaafiegy

EHé%ree of reliability in the
seal, particularly as they wear.

while the orbital tube approach has .been
used for evaporation and distillation, heretofore it '
has not been applied for freezing. One reason is that
the liquid freezes to the heat transfer surface and
greatly reduces any performance advantages of the
orbital tube approach.

It is therefore a principal object of
this invention to provide an orbital drive for use with
vertical heat transfer tubes that drive a comparatively
small mass, has lower power consumption as compared to
known orbital tube systems, and which can operate
readily on a moving platform. .-

Another principal object is to provide
these results with an apparatus that can be readily
scaled up in size.

A further object is to provide the
foregoing advantages without critical machining of
parts or carefully controlled assembly.

A still further object is to provide the
foregoing advantages while being substantially
insensitive to wear of parts in the drive.

Another object is to provide the
foregoing advantages while also providing compatibility
with simple and reliable arrangements for distributing
the liquid being processed to multiple tubes.

A further object is to provide the
foregoing advantages while also sealing the fluid being
processed, including sealing without sliding rotary
seals.

Another object is to provide the
foregoing advantages for heat transfer equipment used
for evaporation, distillation, chilling and freezing.
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Many known heat transfer devices ranging fromice cream makers to

sophi sticated evaporators use a rigid wiper bar that is positively driven
to rotate within the tube to spread viscous liquids into a thin, evenly
distributed film Positively driven wi pers can handle fluids with a
viscosity of 1,000,000 c.p. or higher. (Water has a viscosity of 1 c.p.)
However, any rigid, positively driven w per or scraper has drawbacks. First
there is a need to introduce and seal a rotational drive shaft. Second,
because the wi per or scraper is rigid and noving over a fixed surface at

cl ose spaci ngs, n§ﬁhﬁéfélgfIﬁhéﬂ@%v@§§ggh|y beconme difficult and costly. The

surface nust be machined to close tolerances, as well as the w per/scraper

and its A liquid processing heat transfer
apparatus such as an evaporator or distiller feeds a
liquid into at least one generally vertical, thin-
walled, open-ended heat transfer tube at its upper,
inner surface. An outer tube or housing surrounds each
heat transfer tube or tubes to define a chamber. In
evaporation and distillation, a flow of a heated vapor
over the outer surface of the heat transfer tube
condenses at least in part. The resulting inward
radial heat flow through the heat transfer tube causes
an evaporation of the liquid on the inner tube surface.
For chilling or freezing, a refrigerant flows over the
outer surface resulting in an outward radial heat flow
that freezes the process liquid at the inner surface.

A whip rod is located inside each tube.
It is preferably free-standing on its lower end,
supported directly or indirectly on a horizontal plate
spaced below the tube or tubes. The rod is formed of a
material and configured so that it flexes to conform to
the inner surface when whipped about the inner surface.
In one form it has a low friction slider secured on its
lower end. In another form it connects through a ball
and socket joint, or an equivalent, to one end of a
link that pivots at its lower end in a socket or the
like formed in, or mounted on, the plate.

A direct, positive orbital drive propels
the whip rod or rods to move in an orbital motion. 1In
sharp contrast with prior orbital tube type heat
transfer equipment the heat transfer tube or tubes are
stationary. ' The whip rod or rods orbit within them.
Each rod distributes the liquid over the inner surface.
A preferred arrangement for the positive rod drive
includes a pair of vertically spaced, horizontal plates
that hold the rod or rods freely in aligned openings in
the plates. A set of eccentric cranks drive the plates
in an orbital motion, which is coupled to the rods via
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support structures. Further, these rigid w per arrangenents are susceptible
to; and conparatively intolerant of, wear. To solve these problens for |ess
viscous fluids, e.g. those with a viscosity of 1 to 1,000 c.p., the '399
pat ent describes a whip rod |located in the tube which spreads the feed
liquid into a highly thin and uniformfilmto reduce its thermal resistance
and to enhance its evaporation. The whip rod also controls the build up of
solid residue of evaporation. The '399 patent discloses several
arrangenents for nounting the rod, includiﬁb | engt hs of cables, a flexible,

Fod, and ra"éih'bF%h%ﬂ%@%ﬁcs%?”Pﬁgéf?d%fiégfcﬁ%ﬁécbas‘isa%taﬂ PHESERRE SEnd of

the whip rod and filpure eight shape. Two such plates can be orthogonal
to one another, each with its own drive shaft and
eccentrics set to operate 180° out of phase with one
another to achieve a self balancing. Rotary power can
be coupled to the cranks by sliding rotary seals
mounted in the housing. To avoid sliding rotary seals,
an internal shaft can be driven with a magnetic
coupling or via a conduit that couples torsionally
between an external source of motive power and drive
elements fluid sealed within a flexible hose.

Another form of orbital drive secures a
rod or an array of rods in a pair of vertically spaced,
horizontally extending networks of wires or the like
extending from a rigid ring to each of the rods.- Fo
introduce the orbital motion without rotary seals, two
pairs of radially oriented, opposed drive elements are
connected to an outer housing by bellows seals or the
like. They operate in a synchronized manner to
transform linear motion into an orbital motion that
propels the ring, and thus the rods connected to the
ring.

A fluid distribution system for multiple
tubes can include feeding a supply of the liquid to be
processed to the upper horizontal drive plate where it
simply flows over the plate, or via weirs, to the
openings that engage the upper ends of the drive rods.
This distribution system can work because the tubes are
staticnary, and therefore the feed water supply does
not need to orbit. The liquid gravity feeds through
the opening to the underlying tubes. The motion of the
rods in the openings prevents them from clogging, even
when the liquid is an ice slurry, fruit juice
concentrate, or other solid-liquid mixture.

The system can also use annular walls
mounted on the drive plate and surrounding an
associated tube with a feed hole or notch formed in the
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.base. While the whip rod is effective as a filmdistributor, the nounting
arfangenent s have di sadvantages. They increase the overall material,
assenbly and operating costs. Also, they fail. Material fatigue of flexible
cabl es supporting the whip rods is a particular concern. U S. Patent No.
4,762,592 describes an orbital drive that overcones the manufacture,

assenbl y, REPLACEMENT SHEET wear and bal ance problens of the earlier
eccentric- crank drives. This inproved drive uses a rotating counterweight
or wei ghts nounted on the evaporator and

wall. An equivalent feed system can also be formed by
mounting the heat transfer tubes sc irat their upper
ends project above a fixed horizontal plate and contain
openings to allow a feed flow at a rate in part
determined by the area of the opening. Wear in the
drive, e.g. a the drive plate holes or in bearings, has
substantially no adverse impact on the performance of
the apparatus. _

These and other features and objects
will be more fully understood from the following
detailed description which should be read in light of

the accompanying drawings.

Brief Description of the Drawings
Fig. 1 is a view in perspective of an

orbital rod heat transfer apparatus according to the
present invention where multiple heat transfer tubes
are stationary and an orbital drive is positively
coupled to the whip rods;

Fig. 2 is a simplified view in
horizontal section of a heat transfer tube and orbiting
whip rod illustrating the dynamic forces acting on the
rod and the liquid in the tube;

Fig. 2A is a force vector diagram
showing the dynamic forces acting in Fig. 2;

Fig. 3 is a simplified view in
perspective of two pairs of diametrically opposed drive
plates each drive by eccentric cranks and each adapted
to engage and drive in an orbital motion a set of whip
rods as shown in Fig. 1;

Fig. 4 is a view in perspective of an
alternative orbital rod drive according to the present
invention;

Fig. 5 is a view in horizontal section
of yet another embodiment of an orbital drive according

to the present invention;
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.a spring-loaded strut suspension for the evaporator. The counterwei ghts and
t he mass of the evaporator revolve around one another as the counterweights
rotate. Wiile this arrangenent does overcone the probl ens associated with
an eccentric crank drive, it also suffers fromcertain deficiencies. For
exanple, it requires the orbital novenent of a |arge mass, particularly
where the unit is scaled up to a commercial size with nultiple |arge tubes,
each carrying a liquid stream This nass ingcreases the power requirenents
(particularly on start up), increases the demands on the spring-strut

suspension, can lead to an earlyidaté que 4 aiilew @novetBiecausseseion, oand
generally |ncreases tggtggnégﬁgfiﬁéwkéuk Ag%f@:&%%ary power with no
rotary seal; .

Fig. 7 is a view in vertical section
corresponding to Fig. 6 showing a mechanical coupling
for the transmission of rotary power with no sliding
rotary seal;

Fig. 8 is a view in vertical section of
a fluid distributor system for use in the Fig. 1
embodiment;

Fig. 9 is a view in vertical section of
a mounting arrangement according to the present
invention for the whip rods; and

Fig. 10 is a view corresponding to Fig.
9 of an alternative rod mounting arrangement. . -

Detailed Descfigtion of the Preferred Embodiments
Fig. 1 shows a heat transfer apparatus

that uses an orbital whip rod drive according to the
present invention. A container or outer shell 1
encloses a number of heat transfer tubes 2. A top tube
sheet 3 and a lower tube sheet 3’ together with the
tubes 2 divide the inside volume of container 1 into
two compartments 4 and 5. Compartment 4 represents the
outer or shell side of the heat transfer system.
Compartment 5, the tube side, includes both an upper
chamber and a lower chamber 5’ as well as the space
inside all of the tubes 2. Each tube 2 provides inner
and outer heat transfer surfaces. It is thin-walled
and made of a material with high heat transfer
properties such as copper or steel. The tube may have
certain surface treatments such as grooving that may be
used to enhance the heat transfer properties for either
the inside or the outside surfaces of the tube. A
first process media I may be introduced into chamber 4
via nozzles or conduits 7, 7 to exchange heat through
the wall of the heat transfer tubes 2 with a second
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.cost of the system It also increases the desirability of a stable
operating platform e.g. a concrete floor, as opposed to one that noves
such as a ship at sea or sone other transport. Wile the '592 patent
proposes a solution to the noving platformproblem the solution in
practice has not been adequate when the apparatus has been scaled up to

comercially useful sizes. Another design consideration is the requirenent
in certain applications to maintain the fluyig being processed in a totally
seal ed environnent, e.g. one that is aseptic. But because a heat transfer

devijce uses ﬁon;:wg‘g%srlprws}simg, whhehﬁmayekta)éeﬁ:xtﬁéuhééilqrném ?ﬂf“ ijn
conducti ng the ul ds ow,n et ween t orpita stem a the 11 xe
surroundi ng envi r%tdh%%n% HP’FOH&EFﬁSS r’rﬁfi\:/%n%}bl’r%se.re@&"rdlﬁst é”eﬁ

a

s 9 and 10 at the lower chamber 57, For example, for
desalinization, the media II is seawater and media I is
a heated vapor such as steam. For making ice slurries,
media II is water with an additive that reduces the
adherence of ice crystals to the inner tube surface and
media I is a pressurized refrigerant that boils at the
outer surface to form a vapor/foam stream. A suitable
additive for water is ethylene glycol (automotive
antifreeze), milk, seawater, calcium magnesium acetate,
and certain inorganic salts such as sodium bicarbonate
that form anhydrous crystals. A 10% solution is
typical. Successful additives result in the formation
of very fine, powdery ice crystals. Additives that do

not work form ice crystals as large, flat flakes.

When the apparatus 100 is used in an
evaporation process, the media I in the chamber 4
having a higher temperature will be used to evaporate a
second media II inside chamber 5 having a lower
temperature. In particular, steam may be introduced
into chamber 4 via conduit 7 and upon condensing onto
the outside surface of tube 2 it will relieve the
latent heat by forming some condensate to flow out from
the outlet 7’. The heat thus released will be used to
evaporate the media I1I, a fluid introduced into the
upper chamber of 5 via conduit feeding to the top of
the tube sheet 3. In one form of feed distribution, it
will be distributed over tube sheet 3 in the form of a
liquid pool 24. This liquid will then flow down the
tube via the notches 25 to the inside surface of tube 2
as a liquid stream 41. The latent heat released by the
condensation of the steam inside chamber 4 will pass
through the wall of tube 2 to evaporate the liquid
stream 41 inside the tube to generate vapor 44 which
may flow either through the upper end of tube 2 and
exit from outlet 8, or in another arrangement to flow

|
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.nmust bé flexible to at least a certain degree to accommodate the orbital
motion, but maintaining this flexibility becomes increasingly problematic
as the systemis scaled up in size. ldeally there are no sliding rotary
seals since they are difficult to maintain with the required degree of
reliability in the seal, particularly as they wear. Wile the orbital tube
approach has been used for evaporation and distillation, heretofore it has
not been applied for freezing. One reason i3g that the liquid freezes to the
heat transfer surface and greatly reduces any performance advant ages of the
downward in tube 2 concurrent with the flow of the

liquid stream 41 to flow out from the nozzle or conduit
9 at the lower end of chamber 5.

Inside each of tube 2 there is a whip
rod 14 which is driven to revolve in an orbital manner
inside tube 2 to push the liquid stream 41. The
orbital motion is represented by curved arrows 50.

This orbital motion will generate a centrifugal force
to cause the whip rod to bear upon the inside surface
of tube 2 to spread the liquid stream 41 into a thin

and uniform liquid film to facilitate its evaporation
and thereby to increase the heat transfer coefficient.

The mass of the rod, the property of the
surface condition of the rod and that of the tube, as
well as the revolving speed of the rod should be . .
adjusted to accomplish the objectives of its various
applications.

For instance, for seawater desalination,
one desirable feature would be to let the orbital
motion of the rod to minimize the scale forming
tendency of the various ingredients dissolved in the
seawater which may precipitate out to form scale while
the water is evaporated. 1In the case of the
concentration of some food products, the rod should be
able to push the concentrated fluid against its
viscosity while at the same time not damaging delicate
material inside the concentrate. For making ice slurry
the direction of the flow of the heat will be from the
inside of the tube to its outside so that ice crystals
form as the liquid is chilled and flows downwardly.

For this application the function of the rod will be to
disrupt and/or dislodge the incipient formation of ice
crystal that may stick to the inside surface of tube 2.

In the configuration of Fig. 1, the rods
14 are preferably free-standing inside the tubes 2 with
their lower ends resting upon a plate 21 with some
suitable low friction surface for the rods to sllde

This Sheet Has Been Reli

A




_orbital® tube approach. It is therefore a principal object of this invention
to'provide an orbital drive for use with vertical heat transfer tubes that
drive a conparati-vely snmall mass, has | ower power consunption as conpared
to known orbital tube systenms, and which can operate readily on a noving

pl atform Another principal object is to provide these results with an
apparatus that can be readily scaled up in size. A further object is to
provi de the foregoi ng advantages w thout critical machining of parts or
carefully controlled assenbly. A still furfBer object is to provide the

foregoing advantages wai Le BeLN0¢RUPSLEN LA ldkion 50. 1n the
preferred form, this orbital motion of the rods 14 is
actuated by a pair of vertically spaced, horizontally
extending plates 11,12. These plates are supported on
flexible shafts 13 and 13’ which are anchored at one
end to the end covers of the shell 1 and at the other
end to the plates 11 and 12. These flexible shafts 13
and 13’ are rigid in their torsional mode, but flexible
in their bending mode. A universal joint would
function in the same manner. Suspended in this manner,
plates 11 and 12 will have freedom for translational
motion but not for torsional motion. At the center of
plates 11 and 12, there are bushings 26 and 26’ through
which a shaft 15 passes through and is driven to
revolve by cranks 16 and 16’ attached to a center shaft
17 and 17/, which in turn is driven by motor 18 through
bearings and seals, 28 and 28’ mounted on the container
1. Thus when the motor 18 operates it produces an
orbital motion of the plates 11, 12 which then drive
all the rods 14 captured in the holes 27 and 27’ in a
similar orbital motion. The radii of the cranks 16 and
16’ are adjusted so that the orbital rods 14 will orbit
freely inside tubes 2. The diameter of the holes 27
and 27’ is considerably larger than the diameter of the
rods 14 to allow each rod to make its own adjustment
while it orbits inside the tube 2.

Fig. 2 shows the principal dynamic
forces involved in the operation of the orbital rod
device. Force 60 is the centrifugal force of rod 14
driven to revolve inside tube 2 by force 61 derived
from the movement of the openings 27 of plates 11 and
12 that drive the rod. This centrifugal force is
reacted by the hydrodynamic force 63 acting upon the
surface of rod 14 when the fluid is being pushed by the
rod. Fig. 2A is a force equilibrium diagram showing
the physical nature of the balance of these force
vectors more clearly. Essentially the tangential
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_insensitive to wear of parts in the drive. Another object is to provide the
f or egoi ng advant ages while al so providing conpatibility with sinple and
reliable arrangenments for distributing the liquid being processed to

mul tiple tubes. A further object is to provide the foregoing advant ages
while al so sealing the fluid being processed, including sealing wthout
sliding rotary seals. Another object is to provide the foregoi ng advant ages
for heat transfer equi pnent used for evapor§5|on distillation, chilling
and freezing.

component of vector 63 is balanced by vector 61 which
is directly related to the drive power supplied by
motor 18. The radial component of vector 62 is
balanced by the centrifugal force which is a function
of the speed, diameter and density of the rod. Since
the speed and the diameter of the rod alsc affect the
characteristic of vector 63 only the density of the rod
is an independent control factor.

In a complete system the summation of
the centrifugal force of all of the whip rods and that
of the drive plates represents a revolving disturbing
force acting upon the total system to give it a shaking
motion. This can be minimized by the use of a pair of
counterweights 19, 19 mounted on the shafts 17 and 17’
as shown in Fig. 1. - -

Fig. 3 illustrates the use of a pair of
orthogonal drive plates 11,11’, driven by shaft 17 via
two sets of eccentric bearings 30 and 31 and their
corresponding mounting brackets 32 and 33. Shaft 17a
drives another set of these plates. Each plate is
generally hourglass or figure 8-shaped to fill two
quadrants. Plate 11 is spaced somewhat above plate
11’. Since these two eccentric bearings are oriented
180° apart and each drive plate is the same mass and
carries the same number of whip rods, they tend to
balance against each other without the need of external
counterweights.

Fig. 4 illustrates an alternative
orbital rod drive using cranks 39 - a minimum of three
cranks in a triangular pattern for smooth operation.

In this diagram all three cranks 39 have the same
radius. The drive plate 38 of the drive plate 11" is
the same as the drive plate 12". All three cranks
will rotate in unison by driving any one of them.

Fig. 5 illustrates another embodiment of
an orbital rod drive plate 11"" that emphasizes making
the plate as light as possible and with the plate
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:REPLACENENT SHEET 0 1 MAR 1997 6 Sunmmary of the Invention A liquid
processi ng heat transfer apparatus such as an evaporator or distiller feeds

aliquidinto at

| east one generally vertical, thin- walled, open-ended

heat transfer tube at its upper, inner surface. An outer tube or housing
surrounds each heat transfer tube or tubes to define a chanber. In
evaporation and distillation, a flow of a heated vapor over the outer
surface of the heat transfer tube condenses;at least in part. The resulting
i nward radial heat flow through the heat transfer tube causes an

evaporation of thefkefihg 29 1hetidn@istirikeisw haCBossible for the flow

of the media into or out from the tube. The plate 1""
is made of a structure ring 1la and webs 11b to carry
ring-like drive openings 27. This type of drive plate
is particularly suitable for the lower plate of the
heat transfer apparatus used as an ice slurry making
machine.

Fig. 5 also illustrates a linear drive
such as magnetic or electric solenoids or a pneumatic
cylinder. As shown a magnetic core 60 mounted slidably
inside a sealing sleeve 63 is actuated from the outside
by solenoid coil 61. Four of these linear drives forms
an orthogonal pair. They are coupled to the drive
plates 11"",12"" (not shown) through cables 62, and
springs (not shown), so that the drive plate 11 can. be
driven into an orbital motion when a proper oscillatory
electrical current is applied to the four coils 61.

Fig. 6 shows a conventional magnetic
coupling for a sealless drive where the shaft 17 is
coupled to a magnetic core 56 inside a sleeve 57 which
is an integral part of the top cover la of the shell 1.
A cup shaped magnet 58 over the sleeve 57 is driven by
a shaft 59.

Fig. 7 shows a mechanical non-sliding
seal with the use of bellows or an equivalent. In
essence, it is a crank covered by a flexible hose.

Here the shaft 17 is driven to turn by a crank 45 and
pushed by yoke 53 (as in Fig. 4) and supported by a
series of bearings 287,47 and 48. The seal is
provided by bellows 52 which is supported by rings 51.
At the crank a bearing sleeve 47 is provided to
transmit the cranking force. At the upper end of the
crank a conduit 54 is provided to introduce some
suitable fluid 55 to provide the lubrication of the
bearings and aid in wmaintaining the seal. This fluid
may be part of the feed. The bearing 48 is supported
by a pair of arched support members 49,49. This seal
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For ehilling or freezing, a refrigerant flows over the outer surface
resulting in an outward radial heat flow that freezes the process |iquid at
the inner surface. A whip rod is located inside each tube. It is preferably
free-standing on its | ower end, supported directly or indirectly on a

hori zontal plate-spaced bel ow the tube or tubes. The rod is fornmed of a

mat erial and configured so that it flexes to conformto the inner surface
when whi pped about the inner surface. In ong formit has a low friction
slider secured on its |ower end. In another Tormit connects t hrough a bal’

and socket ol nt 191 3Pyl A e 19000 CN9t0had LhBkabbileBby e Q1 I TS

| ower end in a socket. or i ke formed I'n, or nount
direct, positive B?ﬁ%?%ﬁecﬁ?Qﬂ?ﬂﬁQﬁﬁa@¥lve' as opposed to the magnetlc
drive of Fig. 6 which can lose engagement if its torgue

cannot move the applied load.

Fig. 8 shows the use of the top drive
plate 11* and its drive openings 27* and whip rods 14#*
to distribute the feed to flow into the heat transfer
tubes 2* evenly. In this arrangement, tubes 2* are
assembled to protrude above the surface of the top tube
sheet 3* slightly to allow the plate 27* to slide over
the upper end of tube 2* to serve as a cover. Feed
introduced into this chamber 5% will form a liquid pool
24* to submerge plate 11* with a predetermined depth or
head which determines the flow rate into each tube
through the opening 27% around the whip rod 14%.. In
this manner the feed serves as a lubricant for the rod
inside the opening and the motion of the rod helps to
prevent any clogging tendency of the openings.

Figs. 9 and 10 show two alternative
arrangements for reducing sliding friction of the whip
rod 14 on the plate 21. In Fig. 9, a connecting link
64 attaches to the lower end of the rod 14 in a ball 67
and socket 66 joint adapted to allow free orbital
movement of the rod about the tube. The link is shown
as having the ball at its upper end, but it could
contain the socket. Other arrangements such as a short
length of a flexible cable or a double universal joint
are possible also. The lower end of link 64 is loosely
engaged in a socket 65 formed in the plate 21’. The
socket restrains the lower end against any significant
lateral translation, but does not restrict movement of
the link along a conical locus as the rod orbits. The
socket 65 can also be formed as a separate, cup-like
element secured on the plate 21’. This coupling could
also be in the form of a short length of a flexible
cable or a double universal joint, but with increased
cost, fatigue or wear problems. -
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the vhip rod or rods to nove in an orbital notion. In sharp contrast with
prior orbital tube type heat transfer equi pnent the heat transfer tube or
tubes are stationary. The whip rod or rods orbit within them Each rod
distributes the Iiquid over the inner surface. A preferred arrangenent for
the positive rod drive includes a pair of vertically spaced, horizontal

pl ates that hold the rod or rods freely in aligned openings in the plates.
A set of eccentric cranks drive the plates jp an orbital notion, which is
coupled to the rods via REPLACEMENT SHEET 0 1 MAR 1997

Fig. 10 shows a simpler arrangement. A
tip 68 of a low friction materiz”, e.g. a suitable
plastic, is secured on the lower end of the rod 14. It
has a reduced coefficient of friction with respect to
the surface of the plate 21 than the material forming
the rod 14, and therefore reduces wear and the power
required to drive the rod(s).

In operation, the motor 18 drives two or
more drive plates and the rods held in the drive plates
through an orbital motion that produces a fluid
distribution in the tubes 2 and solid removal from the
inner walls of the tubes pursuant to the dynamic force
analysis of Fig. 2. The flexibility of the whip rod
conforms to the inner surface and effectively promotes
a good heat transfer without critical alignments. -
between the moving parts, without a deterioration of
this effectiveness as parts wear, without the matching
of parts to close tolerances, and without the power and
mounting requirement of prior orbiting tube devices.

In particular, the mass of the rods and associated
moving drive parts is typically less than 10% of the
mass of the moving tubes, liquid in the tubes, and
other parts rigidly secured to and moveable with the
tubes in prior art systems such as those described in
the aforementioned ’529, ‘963, and ‘592 patents. This
reduces torque requirements on start-up by a factor of
about five and reduces the power requirements for the
motor 18 by about two. As noted above, because the
rods 14 flex and whip, and because of the drive
arrangement, the shortcomings of known rigid wiper and
scraper systems are avoided. The reduced moving mass
also facilitates scaling up, e.g. by reducing the cost
and fatigue of spring mounts and vibration and balance
problems of fixed crank orbiting tube arrangements.

While the invention has been described
with respect to its preferred embodiments, it will be
understood that various modifications and alteratlons

i



7 the plates. Each plate can al so have an hourglass or figure eight shape.
Two such plates can be orthogonal to one another, each with its own drive
shaft and eccentrics set to operate 180[err] out of phase with one anot her
to achieve a self balancing. Rotary power can be coupled to the cranks by
sliding rotary seals nounted in the housing. To avoid sliding rotary seals,
an internal shaft can be driven with a magnetic coupling or via a conduit
that couples torsionally between an externa# source of notive power and
drive elements fluid sealed within a flexibl'e hose. Another form of orbital

drive secures a rQg9ro8Bull£dyeisd Aeiifeet PAtheohrCEkbfokhy Spaced.

hori zontal | y extendi ng net res ,or the
-ore301ngmge§ 1led}%escr1ptlon and the accompanying
drawings. For example, while the whip rods have bzen
described as loosely held in openings in a drive plate,
they could be mounted in bearings, albeit at an '
increased cost and a reduction in fluid feed options.
Also, while the whip rods have been described as free-
standing on their lower ends, they could be suspended
from above on a flexible cable, anchored flexibly at
both ends, or supported on one or both drive plates.
These alternatives are believed, however, to be less
desirable since they reduce operational options, have
an increased cost, or are more susceptible to fatigue
and wear. The drive plates can assume a variety of
forms consistent with the general design objectives- and
structures described herein, as can the source of
motive power and its coupling to the drive plate.
These and other modifications and variations are
intended to fall within the scope of the appended
claims.

What is claimed is:
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extending froma rigid ring to each of the rods. To introduce the orbital
notion without rotary _seals, two pairs of radially oriented, opposed drive
el enents are connected to an outer housing by bellows seals or the |ike.

They operate i Tlmmmﬁmﬁlmﬂﬂl manner to transformlinear notion into an
orbital notion ring, and thus the rods connected to the
ring. A fluid di*stfibbti'n®ysdtemfor nultiple tubes can include feeding a
supply of the liquid to be processed to thelypper hori zontal drive plate
where it sinply flows over the plate, or via weirs, to the openings that

engage the upper epdsmet the drive rods. This distribution systemcan work

because the tubes are statlonaryAn N gggeaéyuz %ﬁg ngdlgageg supply does

transfer apparatus having (i} at least one vertically
oriented heat transfer tube that receives a first fluid
to be processed at its upper end and has a second fluid
flow over its outer surface to produce a radial heat
transfer through the wall of the tubes, and (ii) a
flexible whip rod disposed in each tube and extending
generally the length of the tube, comprising,

a motive power source,

means for translating the output of said
motive power into an orbital motion,

means for mechanically and positively
coﬁpling said orbital motion to said whip rod to cause
it to orbit over the inner surface of said tube.. .

2. The orbital drive of claim 1 wherein
said mechanical coupling means comprises a drive plate.

3. The orbital drive of claim 2 wherein
said drive plate comprises a pair of vertically spaced,
horizontally extending drive plates that couple to said

rod at is upper and lower ends.

4. The orbital drive of claim 3 wherein
said plates contain openings that receive said upper
and lower rod ends in a loose engagement and said whip
rod is free-standing on its lower end.

5. The orbital drive of claim 4 wherein
there are plural whip rods and said plates each engage

all of said rods.

6. The orbital drive of claim 4 wherein
there are plural rods and plural plates at each upper
and lower end, said plates being organized in
orthogonal pairs, and wherein said translatlng means

This Sheet Has Been Re m
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not ﬂeéd to orbit. The liquid gravity feeds through the opening to the
under | yi ng tube§'“The“Wﬁr10n of ‘the rods in the openings prevents them from

cl oggi ng, even an ice slurry, fruit juice concentrate,
or other solid- I e system can al so use annul ar walls
r*ve

nount ed on the rrounding:an associated tube with a feed

hol e or notch' f orned |n the mall. An equi val ent feed system can al so be
formed by nounting the heat transfer tubes that their upper ends project
above a fixed horizontal plate and contain 6penings to allow a feed fl ow at

arate in part Q4rjves said opposed plate pairs 180° out of phase to
produce a self balancing.

7. The orbital drive of claim 4 wherein
said means for translating comprises at least one
eccentric operatively coupled between said motive power

source and each of said plates.

8. The orbital drive of claim 5 wherein
said plate comprises a rigid closed loop frame member
and means secured within said frame to engage said

rods.

9. The orbital drive of claim 5 wherein
said motive power source is a motor with a rotary shaft

output.

10. The orbital drive of claim 5 wherein
said motive power source is an orthogonal pair of

opposed linear actuators.

11. The orbital drive of claim 4 wherein
said lower rod end éarries a low friction member and
said drive includes a plate extending horizontally
under said tube and spaced there from that said low
friction member slides over during the orbiting of said

whip rod. .

12. The orbital drive of claim 4 wherein
said whip rod is connected at its lower end to a link
that is mounted to said whip rod to allow free
horizontal movement and said link is held at its lower
end in a fixed location while allowing a free movement
of said link along a conical locus.

13. The orbital drive of claim 1 wherein
there is a container surrounding said tube, sald whlp
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deter m ned by the area of the opening. Wear in the drive, e.g. a the drive
pl ate holes or_in bearings, -has—substantially no adverse inpact on the
performance of the apparatus. These and other features and objects will be

nore fully unde unollomdng detail ed description which should
be read in |i ghnm“fmllmutmpﬁ ying drawi ngs. Brief Description of the

*

Drawings Fig. 1 s & VieW in perspective of an orbital rod heat transfer
apparatus according to the present inventiofy,where nultiple heat transfer
tubes are stationary and an orbital drive is positively coupled to the whip

rods; Fig. 2 is. arédphdfd€dedsBVdadid mechanical coupling means, and
wherein said means for translating includes a non-
rotary seal at said container between said motive power
source and said mechanical coupling means.

14. The orbital drive of claim 13 for
wherein said motive power source is a magnetic drive in
a rotatable element located within said container and
said seal includes a cup-like portion of said container
that surrounds said rotatable member.

15. The orbital drive of claim 13 wherein -
said seal includes a flexible hose that surrounds an

eccentric crank and a fluid flow onto said hose.

—
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horizontal section of a heat transfer tube and orbiting whip rod
illustrating the dynam c forces acting on the rod and the liquid in the
tube; Fig. 2Ais a force vector diagram show ng the dynam c forces acting
in Fig. 2; Fig. 3is asinplified viewin perspective of tw pairs of
dianetrically opposed drive plates each drive by eccentric cranks and each
adapted to engage and drive in an orbital notion a set of whip rods as
shown in Fig. 1; Fig. 4 is a viewin perspective of an alternative orbita
rod drive according to the present inventioh Fig. 5is a viewin

hori zontal section of yet another enbodi ment of an orbital drive according

Abstract of the Disclosure

A heat transfer apparatus for processing
a liquid (II, 41) continuously has a positive
mechanical drive for a set of vertical whip rods (14)
each disposed in a vertical heat transfer tube (2).
Each whip rod (14) is free-standing on its lower end
and is sufficiently flexible to conform closely to the
inner surface of the tube as it orbits. The orbital
drive propels the whip rod directly through a pair of
horizontal, vertically spaced plates (11, 12) that
engage the rods (14)in loose openings (27, 27’) that
serve as fluid inlets from the drive plate. A motor
(18) rotates a drive shaft (17) coupled to at least one
of the drive plates (11, 12) through at least one -
eccentric crank (16, 16’). Each plate (11, 12} can be
an opposed pair of plates (11, 11’) with a separate
eccentric drives 180° out of phase with one another for
a self balancing. Another form of drive plate uses a
rigid circular ring (1la) that mounts rod-engaging
sleeves (27) via a network of wires (11b) supported by
the ring (1la). Fluid distribution can also be from a
water supply (24) held between a fixed plate (3) and
the upper drive plate (11) with gravity feed to each
tube (2) through a properly sized inlet (25) opening in
the upper tube end. To isclate the heat transfer
process, various seals (52, 57) are used to transmit
rotary power through a housing (1) without conventional

rotary seals.
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to the present invention; REPLACEMENT SHEET 01 MAR 1997 1 9 Fig. 6 is a
view in vertical section of a magnetic coupling to transmt rotary power
with no rotary seal; Fig. 7 is a viewin vertical section corresponding to
Fig. 6 showing a mechani cal coupling for the transm ssion of rotary power
with no sliding rotary seal; Fig. 8 is a viewin vertical section of
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a fluid distributor systemfor use in the Fig. 1 enbodinent; Fig. 9 is a
view in vertical section of a nounting arrangenent according to the present
i nvention for the whip rods; and Fig. 10 is a view corresponding to Fig. 9
of an alternative rod nmounting arrangenent. Detailed Description of the
Preferred Enbodiments Fig. | shows a heat transfer apparatus that uses an
orbital whip rod drive according to thezgresent I nvention. A container or
outer shell 1 encloses a nunber of heat ¥Fansfer tubes 2. A top tube sheet
3 and a | ower tube sheet 3' together with the tubes 2 divide the inside

vol une of container 1 into two conpartnents 4 and 5. Conpartnent 4
represents the
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odt.er or shell side of the heat' transfer system Conpartment 5, the tube
_side, includes both an upper chanber and a | ower chanber 5 as well as the
space inside all-of the tubes 2. Each tube 2 provides inner and outer heat
transfer surfaces. It is thin-walled and nade of a material with high heat
transfer properties such as copper or steel. The tube nmay have certain
surface treatnents such as grooving that be used to enhance the heat
transfer properties for either the inside or the outside surfaces of the
tube. A first process ne-'-iﬁg-nm be introduced into chanber 4 via nozzles
or conduits 7, 7 to dife w‘g-‘n:ﬁ, through the wall of the heat transfer
tubes 2 with a second b b
62 L _
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10 pibcess media |Il, which may be introduced into the upper chanber 5 via
nozzles or conduits 6, 8, as well as 9 and 10 at the | ower chanber 5. For

exanple, for desalinization, the nmedia Il is seawater and nedia |l is a
heat ed vapor such as steam For nmaking ice slurries, nedia Il is water with
an additive that reduces the adherence of ice crystals to the inner tube
surface and nedia | is a pressurized refrigerant that boils at the outer

surface to forma vapor/foam stream A sui%’/4ble additive for water is
et hyl ene glycol (autonotive antifreeze), mlk, seawater, cal cium nagnesium
acetate, and certain inorganic salts such as sodi um bi carbonate that form

anhydrous crystals. A 10% sol yti jyis
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typical. Successful additives result in the formation of very fine, powdery
ice crystals u ot—work formice crystals as |afges. fl at
flakes. \ n §g ar at %Eﬁt gped in an evaporatlon process, the nedia
| in the Rikg gnper at JF & WL be-tusee—t-o-evaparate a
second ng |dé"'“l grpay VI ng a | qwer tTERPAFEPUBHEENS par sigcul af
st eam na Fﬁ?? ucéﬂﬁﬁ dﬂ¢ﬁ§ﬂh 4 vi a W @ DistripfiodNG, onhconden3|ng
ont o t hel déitAbsieack ur f pagsdof. to paged22i tf wi l | iceung 5I)he lp n"g‘h ----------
P { %% A -V
orm ng $one condensate to flo out fron1th( ggg@% % heailiﬁ ----------
r el eased] wi DATBeOHRECEIPTE)V, W ........ He medi QA Iy gy f )UI 8245 troditdeged . ’%F
t he upper chanber of 5 Via conaurt r’eding the top 6P*fAe-tuBPagdioet..
stribution, it
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of t nventio

This invention relates in general to
heat transfer apparatus for evaporating, distilling,
freezing or chilling liquids, and more specifically, to
an orbital drive for a whip rod used in conjunction

- with a vertical tube type of heat transfer apparatus.

In the processing of liquids it is often
required to evaporate the liéuid, as in the production
of fresh water from seawater, in distillation
processes, and in the production of ice slurries and
other cooled or siushy liquids. Ice slurries are
useful, among other applications, for cold storage to
reduce peak load power demands in building air
conditioning systems and to provide refrigeration for
food such as fish catches stored on fishing vessels.

Traditional evaporation and distillation
apparatus, without or without vapor compression,
require high energy inputs to heat fluids and drive
compressors. Also, since evaporation or condensation
occurs primarily at the interface between the liquid
and its vapor, heat must traverse a container wall and
a layer of the liquid to reach this interface. As a
result, there is a substantial temperature gradient per
stage in conventional evaporation apparatus. This
limits the number of stages that can be provided for a
given temperature rise, or requires a greater energy
input. i

U.S. Patent Nos. 4,230,529 and 4,441,963
issued to the present applicant disclose a new approach
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will be distributed over tube sheet 3 in thg-fgrm pool 24. This
li'quid will then fl ow down the tube via the né&@ ”gﬁﬁgﬂigﬁﬁ# I nsi de

surface of tube 2 as a liquid stream 41. Theg ljatent heat reliedsed by the
condensation of the steaminside chanber 4 w || @as®MARMI9RGH tihe wal | of
tube 2 to evaporate the liquid stream 4l insjde the tube tojlgdnerate vapor
44 which may flow either through the upper ehd-of—tube~2"and gxit from
outlet 8, or in another arrangenent to flow REPLACEMENT SHEET 0 1 MAR
1997 11 to solving these problems. It involves using a

vertical, thin-walled, open-ended heat transfer tube
(or tubes) which is driven in an orbital or wobbling
motion. This orbital tube motion increases the heat
transfer efficiency by reducing the thermal resistance
at the inner and outer.surfaces of the tube. The
motion swirls the liquid to be evaporated into a
generally thin film over the inner surface of the tube.
This increases the evaporation surface area and
decreases the thermal resistance by decreasing the
thickness of the liquid layer. The orbital motion also
aids in heat transfer into the tube at its outer
surface produced by condensation of a heated vapor
stream. The condensation increases the thickness of
the liquid layer at the outer surface, and hence its
thermal resistance. The orbital motion throws off the
droplets, thereby increasing the heat transfer at the
outer wall.

Both of these patents teach multiple
such tubes held in a common container and driven by
eccentrics to underdo a wobbling motion in a horizontal
plane. The liquid is driven in turn by a dynamic
coupling to revolve over the inner surface as it flows
down the tube under the influence of gravity. These
arrangements require cranks, bearings and complicated
seals inside the evaporator. The component parts are
difficult and costly to manufacture and assemble, they
must be machined to close tolerances, they are )
susceptible to corrosion and contamination when used in
the chemical industry, and they wear which leads to a
deterioration in the balance of the wobbling tubes and
attendant vibrations. The ‘529 patent also discloses a
self balancing arrangement with a self adjusting
orbital radius that accommodates the balance to changes
in mass. If the base moves, the crank radius,'however,
must be fixed, and even this step may not he adequate.



out fromthe nozzle or conduit 9 at the | ower gn aber.
of tube 2 there is a whip rod 14 which is drivenftqQ revalve in an orbital
manner inside tube 2 to push the liquid strea . O1hMAB 897al: notion is
represented by curved arrows 50. This orbital lon will gendrcte a
centrifugal force to cause the whip rod to hear upon the insidejsurface of
tube 2 to spread the liquid stream41 into & thiw—and “nifﬂfﬂlliqUid film

to facilitate.its evaporation aggn?hghggx h@a%”%f% FlQNEUadl

coefficient. The mass, of the rod property surface con |t|oﬁ of
the rod and t hat PRt hEet GheamaBakers §§ Fﬁ@hﬂéﬁépﬁﬁﬁﬁ SYBP@ T UsEd

shoul d be a rigid wiper bar that is positively driven to rotate
within the tube to spread viscous liquids inte a thin,
evenly distributed film. Positively driven wipers can
handle fluids with a viscosity of 1,000,000 c.p. or
higher. (Water has a viscosity of 1 c.p.) However,
any rigid, positively driven wiper or scraper has

 drawbacks. First there is a need to introduce and seal

a rotational drive shaft. Second, because the wiper or
scraper is rigid and moving over a fixed surface at
close spacings, manufacturing and assembly become
difficult and costly. The surface must be machined to
close tolerances, as well as the wiper/scraper and its
support structures. Further, these rigid wiper
arrangements are susceptible to, and comparatively

downward in tube 2 concurrent with the flow of | t fvepy b E@r%pgsﬁﬁh4l to flow

intolerant of, wear.

To solve these problems for less viscous
fluids, e.g. those with a viscosity of 1 to 1,000 c.p.,
the ’'399 patent describes a whip rod located in the
tube which spreads the feed liquid into a highly thin
and uniform film to reduce its thermal resistance and
to enhance its evaporation. The whip rod also controls
the build up of solid residue of evaporation. The ‘399
patent discloses several arrangements for mounting the
rod, including lengths of cables, a flexible, but non-
rotating anchor connected between a base and the lower
end of the rod, and a double universal joint also
connected between the lower end of the whip rod and the
base. While the whip rod is effective as a film
distributor, the mounting arrangements have
disadvantages. They increase the overall material,
assembly and operating costs. Also, they fail.
Material fatigue of flexible cables supportzng the whip
rods is a particular concern.

U.S. Patent No. 4,762,592 describes an .
orbital drive that overcomes the manufacture, assembly,

| nsi de each



adjusted to acconplish the objectives of its}| \REPLACEVEIpBHERR ijons. For
i nstance, for seawater desalination, one desjrgbte-feature~wodl d be to | et

the orbital notion of the rod to mnimze the sc LﬁM%Br '?g t gndency of the
various ingredients dissolved in the seawate C jﬁh edigditate out to

formscale while the water is evaporated. Injt case..of .the doncentration

of some food products, the rod shoul d be 4abl to push the congentr at ed

fluid against_its vi whi | e at t he sane—tt+rme—mot—dameging delicate
na?;rla? |n3|38afh8“§oﬁ8éﬁ¥F§t8r°E T 3 i&FFy Fig*tion of the
flow of the heaanknﬁrlbesfroﬁhubelmpspdedoﬁruhe tusiess fa0 riotta tdumgsi de so that
ice crystals tguAtaswbignti BY delignell hbadtdRd ofl ¥4 RWRMLYY ang

a spring-loaded strut suspension for the evaporator.

The counterweights and the mass of the evaporator
revolve around one another as the counterweights
rotate.

While this arrangement does overcome the
problems associated with an eccentric crank drive, it
also suffers from certain deficiencies. For example,
it requires the orbital novement of a large mass,
particularly where the unit is scaled up to a
commercial size with multiple large tubes, each
carrying a liquid stream. This mass increases the
power requirements (particularly on start up),
increases the demands on the spring-strut suspension,
can lead to an early fatigue failure of the suspension,
and generally increases the construction and operation
cost of the system. It alsc increases the desirability
of a stable operating platform, e.g. a concrete floor,
as opposed to one that moves such as a ship at sea or
some other transport. While the ‘592 patent proposes a
solution to the moving platform problem, the solution
in practice has not been adequate when the apparatus
has been scaled up to commercially useful sizes.

Another design consideration is the
requirement in certain applications to maintain the
fluid being processed in a totally sealed environment,
e.g. one that is aseptic. But because a heat transfer
device uses continuous processing, there are seal and
other problems in conducting the fluids flowing between
the orbital system and the fixed surrounding
environment and in introducing motive force. Conduits
must be flexible to at least a certain degree to
accommodate the orbital motion, but maintaining this
flexibility becomes increasingly problematic as the
system is scaled up in size. Ideally there are no



For this application the function of the rof m t and/ or
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di sl odge the incipient formation of ice cry

k to the

t
i nside surface of tube 2. In the configurat]oph of Fig.

preferably free-standing inside the tubes 2| wtB t MARr 1993we
upon a plate 21 with sone suitable low frictipn surface for

1

t

ha rods 14 are
ends resting
ttlhe rods to

=

slide 12 upon to performthe orbital tyon 50. Tn the prgferred form
this orbital notion of the rods 14 is actuated hy a pair of Mertically

spaced, horizgpiathy gXtgBYi BgaRLALTRCl chdy HRESQN AR A1 Supported on

maintain with the required degree of reliability in the
seal, particularly as they wear.

While the orbital tube approach has been
used for evaporation and distillation, heretofore it
has not been applied for freezing. One reason is that
the liquid freezes to the heat transfer surface and
greatly reduces any performance advantages of the
orbital tube approach.

It is therefore a principal object of
this invention to provide an orbital drive for use with
vertical heat transfer tubes that drive a comparatively
small mass, has lower power consumption as compared to
known orbital tube systems, and which can operate
readily on a moving platform.

Another principal object is to provide
these results with an apparatus that can be readily
scaled up in size.

A further object is to provide the
foregoing advantages without critical machining of
parts or carefully controlled assembly.

A still further object is to provide the
foregoing advantages while being substantially
insensitive to wear of parts in the drive.

Another object is to provide the
foregoing advantages while also providing compatibility
with simple and reliable arrangements for distributing
the liquid being processed to multiple tubes.

A further object is to provide the
foregoing advantages while also sealing the fluid being
processed, including sealing without sliding rotary
seals.

Another object is to provide the
foregoing advantages for heat transfer équipment used
for evaporation, distillation, chilling and freezing.
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drive liquid into at least one generally vertical, thin-
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walled, open-ended heat transfer tube at its upper,
inner surface. An outer tube or housing surrounds each
heat transfer tube or tubes to define a chamber. 1In
evaporation and distillation, a flow of a heated vapor
over the outer surface of the heat transfer tube
condenses at least in part. The resulting inward
radial heat flow through the heat transfer tube causes
an evaporation of the liquid on the inner tube'surface.
For chilling or freezing, a refrigerant flows over the
outer surface resulting in an outward radial heat flow
that freezes the process liquid at the inner surface.

A whip rod is located inside each tube.
It is preferably free-standing on its lower end,
supported directly or indirectly on a horizontal plate
spaced below the tube or tubes. The rod‘is formed of a
material and configured so that it flexes to conform to
the inner surface when whipped about the inner surface.
In one form it has a low friction slider secured on its
lower end. In another form it connects through a ball
and socket joint, or an equivalent, to one end of a
link that pivots at its lower end in a socket or the
like formed in, or mounted on, the plate.

A direct, positive orbital drive propels
the whip rod or rods to move in an orbital motion. In
sharp contrast with prior orbital tube type heat
transfer equipment the heat transfer tube or tubes are
stationary. The whip rod or rods orbit within them.
Each rod distributes the liquid over the inner surface.
A preferred arrangement for the positive rod drive
inclndes a pair of vertically spaced, horizontal plates
that hold the rod or rods freely in aligned opéhings in
the plates. A set of eccentric cranks drive the platgs
in an orbital motion, which is coupled to the rods via
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another to achieve a self balancing. Rotary power can
be coupled to the cranks by sliding rotary seals
mounted in the housing. To avoid sliding rotary seals,
an internal shaft can be driven with a magnetic
coupling or via a conduit that couples torsionally
between an external source of motive power and drive
elements fluid sealed within a flexible hose.

Another form of orbital drive secures a
rod or an array of rods in a pair of vertically spaced,
horizontally extending networks of wires or the like
extending from a rigid ring to each of the rods. To
introduce the orbital motion without rotary seals, two
pairs of radially oriented, opposed drive elements are
connected to an outer housing by bellows seals or the
like. They operate in a synchronized manner to
transform linear motion into an orbital motion that
propels the ring, and thus the rods connected to the
ring.

A fluid distribution system for multiple
tubes can include feeding a supply of the liquid to be
processed to the upper horizontal drive plate where it
simply flows over the plate, or via weirs, to the
openings that engage the upper ends of the drive rods.
This distribution system can work because the tubes are
statiocnary, and therefore the feed water supply does
not need to orbit. The liquid gravity feeds through
the opening to the underlying tubes. The motion of the
rods in the openings prevents them from clogging, even
when the liquid is an ice slurry, fruit juice
concentrate, or other solid-liquid mixture.

, The system can also use annular walls
mounted on the drive plate and surrounding :an
associated tube with a feed hole or notch formed in the
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mounting the heat transfer tubes so that their upper

ends project above a fixed horizontal plate and contain
openings to allow a feed flow at a rate in part
determined by the area of the opening. Wear in the
drive, e.g. a the drive plate holes or in bearings, has
substantially no adverse impact on the performance of
the apparatus.

These and other features and objects
will be more fully understood from the following
detailed description which should be read in light of
the accompanying drawings.

ie es io e awj

Fig. 1 is a view in perspective of an
orbital rod heat transfer apparatus according to the
present invention where multiple heat transfer tubes
are stationary and an orbital drive is positively
coupled to the whip rods:; _

Fig. 2 is a simplified view in
horizontal section of a heat transfer tube and orbiting
whip rod illustrating the dynamic forces acting on the
rod and the liquid in the tube;

Fig. 2A is a force vector diagram
showing the dynamic forces acting in Fig. 2;

Fig. 3 is a simplified view in
perspective of two pairs of diametrically opposed drive
plates each drive by eccentric cranks and each adapted o
to engage and drive in an orbital motion a set of whip
rods as shown in Fig. 1;

Fig. 4 is a view in perspective of an
alternative orbital rod drive according to the present
invention;

Fig. 5 is a view in horizontal section
of yet another embodiment of an orbital drive according
to the present invention;



In a conplete
whi p rods and

system the summation of the ceptREFWGBMERPrSsigEDf! al | of the
- ' di st ur bi ng

that of the drive plates reprege

TtSs—a-revel-v
force acting upon the total systemto give i{ p ghakj tijonj This can be
RART

mnimzed by the use of a pair of counterweifh

shafts 17 and
of orthogonal

eccentric bearings 30 and 31 and their corresponding—reunt+nrg-brackets 32

and 33. Shaft
general ly hou
spaced sonmewh
oriented

ed on the

17" as shown in Fig. 1. Fig. 3
drive plates 11,11', ‘drivermd by} shaft 17 via two jsets of

17a drives anotfer. fetimfa thiaw jnavestid@mthsetbieniot

agmagmedi d it % hapad-4 Jié':&wggﬁ%t@tﬂﬁée 111is .

ggt%g%y%eghgte 11'.” Since these two ecC

earil ngs are

Fig. 7 is a view in vertical section
corresponding to Fig. 6 showing a mechanical coupling
for the transmission of rotary power with no sliding
rotary seal;

Fig. 8 is a view in vertical section of
a fluid distributor system for use in the Fig. 1
embodiment;

Fig. 9 is a view in vertical section of
a mounting arrangement according to the present
invention for the whip rods; and

Fig. 10 is a view corresponding to Fig.
9 of an alternative rod mounting arrangement.

Detailed Description of the Preferred Embbdimeng§

Fig. 1 shows a heat transfer apparatus
that uses an orbital whip rod drive according to the
present invention. A container or outer shell 1
encloses a number of heat transfer tubes 2. A top tube
sheet 3 and a lower tube sheet 3’ together with the
tubes 2 divide the inside volume of container 1 into

two compartments 4 and 5. Compartment 4 represents the

. outer or shell side of the heat transfer system.

Compartment S, the tube side, includes both an upper
chamber and a lower chamber 5’ as well as the space
inside all of the tubes 2. Each tube 2 provides inner
and outer heat transfer surfaces. It is thin-walled
and made of a material with high heat transfer
properties such as copper or steel. The tube may have
certain surface treatments such as grooving that may be
used to enhance the heat transfer properties for either
the inside or the outside surfaces of the tube. A
first process media I may be introduced into chamber 4
via nozzles or conduits 7, 7 to exchange heat through
the wall of the heat transfer tubes 2 with a second

Justrates thd Use of a pair
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the plate as 9 and 10 at the lower chamber 5’. For example, for

desalinization, the media II is seawater and media I is
2 heated vapor such as steam. For making ice slurries,
media II is water with an additive that reduces the
adherence of ice crystals to the inner tube surface and
media I is a pressurized refrigerant that boils at the
outer surface to form a vapor/foam stream. A suitable
additive for water is ethylene glycol (automotive
antifreeze), milk, seawater, calcium magnesium acetate,
and certain inorganic salts such as sodium bicarbonate
that form anhydrous crystals. A 10% solution is
typical. Successful additives result in the formation
of very fine, powdery ice crystals. Additives that do
not work form ice crystals as large, flat flakes.

When the apparatus 100 is used in an
evaporation process, the media I in the chamber 4
having a higher temperature will be used to evaporate a
second media II inside chamber 5 having a lower
temperature. In particular, steam may be introduced
into chamber 4 via conduit 7 and upon condensing onto
the outside surface of tube 2 it will relieve the
latent heat by forming some condensate to flow out from
the outlet 7’. The heat thus released will be used to
evaporate the media II, a fluid introduced into the
upper chamber of 5 via conduit feeding to the top of
the tube sheet 3. 1In one form of feed distribution, it
will be distributed over tube sheet 3 in the form of a
liquid pool 24. This liquid will then flow down the
tube via the notches 25 to the inside surface of tube 2
as a liquid stream 41. The latent heat released by the
condensation of the steam inside chamber 4 will pass
through the wall of tube 2 to evaporate the liquid
stream 41 inside the tube to generate vapor 44 which
may flow either through the upper end of tube 2 and
exit from outlet 8, or in another arrangement to flow
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llquld stream 41 to flow out from the nozzle or conduit
9 at the lower end of chamber 5.
Inside each of tube 2 there is a whip

rod 14 which is driven to revolve in an orbital manner
inside tube 2 to push the liquid stream 41. The
orbital motion is represented by curved arrows 50.
This orbital motion will generate a centrifugal force
to cause the whip rod to bear upon the inside surface
of tube 2 to spread the liquid stream 41 into a thin
and uniform liquid film to facilitate its evaporation
and thereby to increase the heat transfer coefficient.

The mass of the rod, the property of the
surface condition of the rod and that of the tube, as
well as the revolving speed -of the rod should be
adjusted to accomplish the objectives of its various
applications.

For instance, for seawater desalination,
one desirable feature would be to let the orbital
motion of the rod to minimize the scale forming
tendency of the various ingredients dissolved in the
seawater which may precipitate out to form scale while
the water is evaporated. In the case of the '
concentration of some food products, the rod should be
able to push the concentrated fluid against its
viscosity while at the same time not damaging delicate
material inside the concentrate. Por making ice slurry
the direction of the flow of the heat will be from the
inside of the tube to its outside so that ice crystals
form as the liquid is chilled and flows downwardly.

For this application the function of the rod will be to
disrupt and/or dislodge the incipient formation of ice
crystal that may stick to the inside surface of tube 2.

In the configquration of Fig. 1, the rods
14 are preferably free-standing inside the tubes 2 with
their lower ends resting upon a plate 21 with some
suitable low friction surface for the rods to slide
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actuated by a pair of vertically spaced, horizontally
extending plates 11,12. These plates are supported on
flexible shafts 13 and 13/ which are anchored at one
end to the end covers of the shell 1 and at the other
end to the plates 11 and 12. These flexible shafts 13
and 13’ are rigid in their torsional mode, but flexible
in their bending mode. A universal joint would
function in the same manner. Suspended in this manner,
plates 11 and 12 will have freedom for translational
motion but not for torsional motion. At the center of
plates 11 and 12, there are bushings 26 and 26’ through
which a shaft 15 passes through and is driven to
revolve by cranks 16 and 16’ attached to a center shaft
17 and 17’, which in turn is driven by motor 18 through
bearings and seals, 28 and 28’ mounted on the container
1. Thus when the motor 18 operates it produces an
orbital motion of the plates 11, 12 which then drive .
all the rods 14 captured in the holes 27 and 27’ in a
similar orbital motion. The radii of the cranks 16 and
16’ are adjusted so that the orbital rods 14 will orbit
freely inside tubes 2. The diameter of the holes 27
and 27’ is considerably larger than the diameter of the
rods 14 to allow each rod to make its own adjustment
while it orbits inside the tube 2.

Fig. 2 shows the principal dynamic
forces involved in the operation of the orbital rod
device. Force 60 is the centrifugal force of rod 14
driven to revolve inside tube 2 by force 61 derived
from the movement of the openings 27 of plates 11 and
12 that drive the rod. This centrifugal force is
reacted by the hydrodynamic force 63 acting upon the
surface of rod 14 when the fluid is being pushed by the
rod. Fig. 2A is a force equilibrium diagram showing
the physical nature of the balance of these force
vectors more clearly. Essentially the tangential
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motor 18. The radial component of vector 63 is
balanced by the centrifugal force which is a function
of the speed, diameter and density of the rod. Since
the speed and the diameter of the rod also affect the
characteristic of vector 63 only the density of the rod
is an independent control factor.

In a complete system the summatjion of
the centrifugal force of all of the whip rods and that
of the drive plates represents a revolving disturbing
force acting upon the total system to give it a shaking
motion. This can be minimized by the use of a pair of
counterweights 19, 19 mounted on the shafts 17 and 17’
as shown in Fig. 1.

Fig. 3 illustrates the use of a pair of
orthogonal drive plates 11,117, driven by shaft 17 via
two sets of eccentric bearings 30 and 31 and their
corresponding mounting brackets 32 and 33. Shaft 17a
drives another set of these plaﬁes. Each plate is
generally hourglass or figure 8-shaped to fill two
quadrants. Plate 11 is spaced somewhat above plate
11’. Since these two eccentric bearings are oriented
180° apart and each drive plate is the same mass and
carries the same number of whip rods, they tend to
balance against each other without the need of external
counterweights.

Fig. 4 illustrates an alternative
orbital rod drive using cranks 39 - a minimum of three
cranks in a triangular pattern for smooth operation.

In this diagram all three cranks 39 have the same
radius. The drive plate 38 of the drive plate 11" is
the same as the drive plate 12". All three cranks
will rotate in unison by driving any one of them.

Fig. 5 illustrates another embodiment of
an orbital rod drive plate 11"" that emphasizes making
the plate as light as possible and with the plate
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ring-like drive openings 27. This type
is particularly suitable for the lower
heat transfer apparatus used as an ice
machine.

Fig. 5 also illustrates
such as magnetic or electric solenoids
cylinder. As shown a magnetic core 60
inside a sealing sleeve 63 is actuated

a Tivee GAtaryeizrved
Jlf¥% to carry
of drive plate
plate of the
slurry making

a linear drive
or a pneumatic
mounted slidably
from the outside

by solencid coil 61. Four of these linear drives forms
an orthogonal pair. They are coupled to the drive
plates 11"",12"" (not shown) through cables 62, and

springs (not shéwn), so that the drive

plate 11 can be

driven into an orbital motion when a proper oscillatory

electrical current is applied to the four coils 61.
Fig. 6 shows a conventional magnetic

coupling for a sealless drive where the shaft 17 is

coupled to a magnetic core 56 inside a

sleeve 57 which

is an integral part of the top cover 1la of the shell 1.

A cup shaped magnet 58 over the sleeve
a shaft 59.

57 is driven by

Fig. 7 shows a mechanical non-sliding

seal with the use of bellows or an equivalent. In
essence, it is a crank covered by a flexible hose.

Here the shaft 17 is driven to turn by

a crank 45 and

pushed by yoke 53 (as in Fig. 4) and supported by a.
series of bearings 28’,47 and 48. The seal is
provided by bellows 52 which is supported by rings 51.
At the crank a bearing sleeve 47 is provided to
transmit the cranking force. At the upper end of the
crank a conduit 54 is provided to introduce some
suitable fluid 55 to provide the lubrication of the
bearings and aid in maintaining the seal. This fluid
may be part of the feed. The bearing 48 ig supported

by a pair of arched support members 49,

49.' This seal
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Fig. 8 shows the use of the top drive
plate 11* and its drive openings 27* and whip rods 14+%
to distribute the feed to flow into the heat transfer
tubes 2* evenly. In this arrangement, tubes 2+ are
assembled to protrude above the surface of the top tube
sheet 3* slightly to allow the plate 27* to slide over
the upper end of tube 2* to serve as a cover. Feed
introduced into this chamber 5% will form a liquid pool
24* to submerge plate 11* with a predetermined depth or

. head which determines the flow rate into each tube
through the opening 27*% around the whip rod 14*. 1In
this manner the feed serves as a lubricant for the rod
inside the opening and the motion of the rod helps to
prevent any clogging tendency of the openings.

-Figs. 9 and 10 show two alternative
arrangements for reducing sliding friction of the whip
rod 14 on the plate 21. 1In Fig. 9, a connecting link
64 attaches to the lower end of the rod 14 in a ball 67
and socket 66 joint adapted to allow free orbital
maovement of the rod about the tube. The link is shown
as having the ball at its upper end, but it could
contain the socket. Other arrangements such as a short
length of a flexible cable or a double universal joint _
are possible also. The lower end of link 64 is loosely
engaged in a socket 65 formed in the plate 21/, The
socket restrains the lower end against any significant
lateral translation, but does not restrict movement of
the link along a conical locus as the rod orbits. The
socket 65 can also be formed as a separate, cup-like
element secured on the plate 21’. This coupling could
also be in the form of a short length of a flexible
cable or a double universal joint, but with increased
cost, fatigue or wear problems. '
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Fig. 10 shows a simpler arrangement. A
tip 68 of a low friction material, e.g. a suitable
plastic, is secured on the lower end of the rod 14. It
has a reduced coefficient of friction with respect to
the surface of the plate 21 than the material forming
the rod 14, and therefore reduces wear and the power
required to drive the rod(s).

In operation, the motor 18 drives two or
more drive plates and the rods held in the drive plates
through an orbital motion that produces a fluid
distribution in the tubes 2 and solid removal from the
inner walls of the tubes pursuant to the dynamic force
analysis of Fig. 2. The flexibility of the whip rod
conforms to the inner surface and effectively promotes
a good heat transfer without critical alignments
between the moving parts, without a deterioration of
this effectiveness as parts wear, without the matching
of parts to close. tolerances, and without the power and
mounting requirement of prior orbiting tube devices.

In particular, the mass of the rods and associated
moving drive parts is typically less than 10% of the
mass of the moving tubes, liquid in the tubes, and
other parts rigidly secured to and moveable with the
tubes in prior art systems such as those described in
the aforementioned /529, ‘963, and ‘592 patents. This
reduces torque requirements on start-up by a factor of
about five and reduces the power requirements for the
motor 18 by about two. As noted above, because the-
rods 14 flex and whip, and because of the drive
arrangement, the shortcomings of known rigid wiper and
scraper systems are avoided. The reduced moving mass
also facilitates scaling up, e.g. by reducing the cost
and fatigue of spring mounts and vibration and balance
problems of fixed crank orbiting tube arrangements.

While the invention has been described
with respect to its preferred embodiments, /it will be
understood that various modifications and alterations
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the I ower end of the rod 14. It has a reduced go ot ENF:%&ETi tion with
respect to the surface of the plate 21 than th be Lal. forming the rod
14, and therefore reduces wear and the power rkequi éghﬁg W ve tihe rod(s).
In operation, the notor 18 drives two or nore (drk plates ang tihe rods
held in the drive plates through an orbi ti ion that produced a fluid
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a deteriorati giragings. For example, while the whip rods v geen

described as loosely held in openings in a drive plate,

they could be mounted in bearings, albeit at an
increased cost and a reduction in fluid feed options.
Also, while the whip rods have been described as free-
standing on their lower ends, they could be suspended
from above on a flexible cable, anchored flexibly at
both ends, or supported on one or both drive plates.
These alternatives are believed, however, to be less
desirable since they reduce operational options, have
an increased cost, or are more susceptible to fatigue
and wear. The drive plates can assume a variety of
forms consistent with the general design objectives and
structures described herein, as can the source of
motive power and its coupling to the drive plate.
These and other modifications and variations are
intended to fall within the scope of the appended
claims.

What is claimed is:
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rods 14 flex and mhﬁg ?and bggaéggqg?l EWQHFAég Fartf nd@nﬂnp

short coni ngs B¥2R#b PEpEatkpehaxAagsdiapeat éyss@npnar&eatmcdédy The
reduced novi ngri®@nted heat transfer tube that receives a first fluid

to be processed at its upper end and has a second fluid
flow over its outer surface to produce a radial heat-
transfer through the wall of the tubes, and (ii) a
flexible whip rod disposed in each tube and extending

generally the length of the tube, comprising,
a motive power source, .
means for translating the output of said
motive power into an orbital motion,
' means for mechanically and positively
coupling said orbital motion to said whip rod to cause
it to orbit over the inner surface of said tube.

2. The orbital drive of claim 1 wherein
said mechanical coupling means comprises a drive plate.

3. The orbital drive of claim 2 wherein
said drive plate comprises a pair of vertically spaced,
horizontally extending drive plates that couple to said
rod at is upper and lower ends.

4. The orbital drive of claim 3 wherein
said plates contain openings that receive said upper
and lower rod ends in a loose engagement and said whip
rod is free-standing on its lower end.

5. The orbital drive of claim 4 wherein
there are plural whip rods and said plates each engage
all of said rods.

6. The orbital drive of claim 4 wherein
there are plural rods and plural plates at eacﬂ'upper
and lower end, said plates being organized:in |
orthogonal pairs, and wherein said translating means

This Sheet Has Been RTlace
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al so faC|I|tates scallng up, e.g. by reducing th
spring nmounts an ““md | ance probl eny
t ube arrangenent sj tion has been

its preferred enb menvs “lt SwiTl be under st ooq

and alterations 17 will occur to those il
foregoing detail ed description and the acconpanﬂ

’\
eREQELMiETue of
f fixed crankjorbiting
dgscl AR VPN nespect to
hat various mpdiifi cations
dirntheé art TTomit he
w ngs. For |exanpl e,

Q

—t

ing draw ngs. For |ex:
whil e the whip d9ﬂ§e§a§§1@e§§p§§§§rb?@éeaéaLPQththshg bEaQRQQLngé 'na

drive plate, theg gucedabe npunted 1 n I NgS

self balancing.

7. The orbital drive

of claim 4 wherein

said means for translating comprises at least one

eccentric operatively coupled between said motive power

source and each of said plates.

8. The orbital drive

of claim 5 wherein

sald plate comprises a rigid closed loop frame member

and means secured within said frame to engage said

rods.

9. The orbital drive

of claim 5 wherein

said motive power source is a motor with a rotary shaft

output.

10. The orbital drive of claim 5 wherein
said motive power source is an orthogonal pair of

opposed linear actuators.

11. The orbital drive of claim 4 wherein

said lower rod end carries a low

friction member and

'said drive includes a plate extending horizontally

under said tube and spaced there

from that said low

friction member slides over during the orbiting of said

whip rod.

12, The orbital drive of claim 4 wherein
said whir rod is connected at its lower end to a link

that is mounted to said whip rod to allow free
horizontal movement and said link is held at its lower
end in a fixed location while allowing a free movement
of said link along a conical locus.

13. The orbital drive of claim 1 wherein
there is a container surrounding said tube, said whip

This Sheet Has Been Re[ilaced
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i ncreased cost and a reduction in fluid feed ¢pBERIASEMBNE SHERRI | e t he whip
rods have been described as free- standing on{therr Tower endg, |they could
be suspended fr |gKi bl e cable, ang¢hgye j0l y At both
ends, or supporﬁmmﬁmlmmmmF drive pl ates. Tﬁjesg#g mjﬁa i yes are
bel i eved, however’ t‘o be Mes% desirable sincejt Faj i ona
options, have an increased cost, or are RBre $usceptible to f at’| gue and
wear. The drive plates can assune a variety of torns, consistent with the
general desi gF°8bBEt AFedeAFF Sl MEFRHERY iIRPHEIRiBeans At he
source of notwheredwesaddd melansC Aqy i dtingirineclyded e ddwese and ot her
g‘sg'e;hggt ai ﬁgfeqz%ars'eéﬁ' QS A% UG Y bd@Rlded Y d A FEPSSL e
source and said mechanical coupling means.

14. The orbital drive of claim 13 for
wherein said motive power source is a magnetic drive in
a rotatable element located within said container and
said seal includes a cup-like portion of said container
that surrounds said rotatable member.

15. The orbital drive of claim 13 wherein
said seal includes a flexible hose that surrounds an
eccentric ecrank and a fluid flow onto said hose. '
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What is clained is: dains: 1. An orbital dri veREBkAﬁ%i\ﬂ'nSfﬁETe&t
transfer apparatus having (i) at |east one verticaljly orlenteu trer
transfer tube that receives a first fluid to be prqcgs A@% 12 upper
and has a second fluid flow over its outer surfacejt@ produ % r af

transfer through the wall of the tubeg,zgng (11) alf ltex-bie—whip-r0d

di sposed in
conpri si ng,

i

each tube and extending generally the length of the tube

il

a notive power source, neans for translating The UU[pUL

HEAT TRANSFER APPARATUS WITH POSITIVE

DRIVE ORBITAL WHIP ROD

Abstract of the Disclosure

A heat transfer apparatus for processing
a liquid (II, 41) continuously has a positive
mechanical drive for a set of vertical whip rods (14)
each disposed in a vertical heat transfer tube (2).
Each whip rod (14) is free-standing on its lower end
and is sufficiently flexible to conform closely to the
inner surface of the tube as it orbits. The orbital
drive propels the whip rod directly through a pair of
horizontal, vertically spaced plates (11, 12) that
engage the rods (14)in loose openings (27, 27’) that
serve as fluid inlets from the drive plate. A motor
(18) rotates a drive shaft (17) coupled to at least one
of the drive plates (11, 12) through at least one
eccentric crank (16, 16’). Each plate (11, 12) can be
an opposed pair of plates (11, 11’) with a separate
eccentric drives 180° out of phase with one another for
a self balancing. Another form of drive‘plate uses a
rigid circular ring (l1la) that mounts rod-engaging
sleeves (27) via a network of wires (11b) supported by
the ring (11a). Fluid distribution can alsc be from a
water supply (24) held between a fixed plate (3) and
the upper drive plate (11) with gravity feed to each
tube (2) through a properly sized inlet (25) opening in
the upper tube end. To isolate the heat transfer
process, various seals (52, 57) are used to transmit

rotary power through a housing (1) without conventional

rotary seals.
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notive power into an orbital notion, neans for mechanically and positively

coupling said orbital notion to said whip rod to ¢= T tOoor it pver the
i nner surface of said tube to distribute the firs ﬁ%ﬁﬁ@t%E@Tﬁ%ﬁﬁtwave
solids fromthe inner surface deposited fromthe figst fluid as ajresult of
the heat transfer. 2. The orbital drive of claim1l whenAR 195 d
mechani cal coupling neans conprises a drive plate} 3. The orbitgaljdrive
of claim2 wherein said drive plate conprises a pai r—of—verticatty gpaced,
hori zontal ly extending drive plates that couple t¢ said rod at is upper and
| ower ends. 4. The orbital drive of claim3 wherein said plates contain

openi ngs that receive said upper

]
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and lower rod ends in a | oose engagenent and said whip rod is free-standing
on its |lower end. 5. The orbital drive of claim4 wherein there are
plural whip rods and said plates each engage all of said rods. 19 6.
The orbital drive of claim4 wherein there are plural rods and pl ural
pl ates at each upper and | ower end, said plates bdi inZead .
orthogonal pairs, and wherein said tranglating neanggggﬁgﬁéﬁgélﬁﬂgbposed
plate pairs 180 out of phase to produce a self balancin%.
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7. The orbital drive of claim4 wherein said neans for translating

conprises at | east one eccentric operatively coupl ed between said notive
power source and each of said plates. 8. The orbital dri j

wherein said plate conprises a rigid closed | oop frame
secured within said frane to engage said rods. 9. The _

claim5 wherein said notive power source §s a notor withfajrergq
output. 10. The orbital drive of claim5 wherein said nofiye po
is an orthogonal pair of opessedg i near actuators. 11

claim4 wherein §J ij&'
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said ower rod end carries a low friction nmenber and said drive includes a
pl'ate extending horizontally under said tube and spaced there fromthat
said low friction nmenber slides over during the orbiting of said whip rod.
12. The orbital drive of claim4 wherein said whip rod is connected at its
|l ower end to a link that is mounted to said whip rod to allow free

hori zontal novenent and said link is held atséits | ower end in a fixed

| ocation while allowing a free novenent of said |ink eOR-0al
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13. The orbital drive of claim1l wherein there is a container surrgéﬁuﬁ'a'g'
sai d tube, i d whi d h I I d
sai ube, sai ip %"ﬁﬁ@ﬁ“ﬁﬁf S?gg §a| mechani cal coupling meanpegan

wherein said neans fo cliudes a non- rotary seal at said

contai ner between saifl hotive power goyrce and sai d REPDACEMENTCHHIBTSNISG
means. 14. The orbital HrRBeAUG 1998i h 43 for whe} q}rbgs@z; ldplha%%dsﬁl%paged -

source is a magnetic drjve in a rotatjaldl e el eneni \ qQeated W t DIk S8 dF e =
cont ai ner and said sepl Tncrudes a cup-il i ke port !& i g cBHFArnd? PRgrEr--
surrounds said rotatable menber. 15. THe orbital 8“’8’@(5 | ‘aP3EFe 3- \‘iﬁ]é?@i‘i%,
said seal includes a flexible hose that syrgpgunds rﬁ‘?éﬁré%‘ntrlﬂagéﬁlankﬁ aeagd

fluid fl ow onto sai d hose.
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ABSTRACT

A heat transfer apparatus for processing a liquid condn-
uously has a posidve mechanical drive for a set of verd-
cal whip rods each disposed in a vertdcal heat transfer
tube. Each whip rod is fres-standing on its lower end
and is sufficiently flexible to conform closely to the
inner surface of the tube as it orbits. The orbital drive
propels the whip rod directy through a pair of horizon-
tal, verdcally spaced plates that engage the rods in loose
openings that serve as fluid inlets from the drive plate.
A motor rotates a drive shaft coupled to at least one of
the drive plates through at least one eccentric crank.
Each plate can be an opposed pair of plates with a sepa-
rate eccentric drives 180° out of phase with one another
for a self balancing. Another form of drive plate uses 2
rigid circular ring that mounts rod-engaging slesves via -
a network of wires supported by the ring. Fluid distri-
bution can also be from a water supply held between a
fixed plate and the upper drive plate with gravxty feed
to each tube through a properly sized inlet opening in
the upper tube end. To isolate the heat transfer process,
various seals are used to transmit rotary power through
a housing without conventional rotary seals.

FIGURE 1.
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Claims: .
1. An orbital drive for use in a heat

transfer apparatus having (i) at least one vertically
oriented heat transfer tube that receives a first fluid
to be processed at its upper end and has a second fluid
flow over its outer surface to produce a radial heat
transfer through the wall of the tubes, and (ii) a
flexible whip rod disposed in each tube and extending
generally the length of the tube, comprising,

a motive power source, '

means for translating the output of said
motive power into an orbital motion,

means for mechanically and positively
coupling said orbital motion to said whip rod to cause
it to orbit over the inner surface of said tube to
distribute the first fluid and to remove solids from the
inner surface deposited from the first fluid as a result
of the heat transfer. '

2. The orbital drive of claim 1 wherein
said mechanical coupling means comprises a drive plate.

3. The orbital drive of claim 2 wherein
said drive plate comprises a pair of vertically spaced,
horizontally extending drive plates that couple to said
rod at is upper and lower ends.

4. The orbital drive of claim 3 wherein
said plates contain openings that receive said upper
and lower rod ends in a loose engagement and said whip
rod is free-standing on its lower end.

s. The orbital drive of claim 4 wherein
there are plural whip rods and said plates each engage
all of said rods.
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6. The orbital drive of claim 4 wherein
there are plural rods and plural plates at each upper
and lower end, said plates being organized in
orthogonal pairs, and wherein said translating means

drives said opposed plate pairs 180° out of phase to
produce a self balancing.

7. The orbital drive of claim 4 wherein
said means for translating comprises at least one
eccentric operatively coupled between said motive power
source and each of said plates.

8. The orbital drive of claim 5 wherein
said plate comprises a rigid closed loop frame member
and means secured within said frame to engage said

rods.

9. The orbital drive of claim 5 wherein
said motive power source is a motor with a rotary shaft
output.

10. The orbital drive of claim S wherein
said motive power source is an orthogonal pair of
opposed linear actuators.

11. The orbital drive of claim 4 wherein
said lower rod end carries a low friction member and

-said drive includes a plate extending horizontally

under said tube and spaced there from that said low
friction member slides over during the orbiting of said
whip rod.

12. The orbital drive of claim 4 wherein
said whip rod is connected at its lower end to a link
that is mounted to said whip rod to allow free
horizontal movement and said link is held at its lower
end in a fixed location while allowing a free movement
of said link along a conical locus.
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13. The orbital drive of claim 1 wherein
there is a container surrounding said tube, said whip

rod and at least said mechanical coupling means, and
wherein said means for translating includes a non-
rotary seal at said container between said motive power
source and said mechanical coupling means.

14. The orbital drive of claim 13 for
wherein said motive power source is a magnetic drive in
a rotatable element located within said container and
said seal includes a cup-like portion of said container
that surrounds said rotatable member.

15. The orbital drive of claim 13 wherein
said seal includes a flexible hose that surrounds an
eccentric crank and a fluid flow onto said hose.



