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Description

BACKGROUND OF THE INVENTION

Technical Field

[0001] The presentinvention relates generally to com-
mercial heat exchange systems, and more particularly
to a scraped surface heat exchanger for continuous or
batch heating or cooling of liquids or slurries by heat ex-
change across surfaces.

Background Art

[0002] Atpresentthere are numerous kinds of scraped
surface heat exchangers commercially available and in
use, particularly in the food, biotechnology, chemical, and
pharmaceutical industries. They share many limiting de-
sign features. Generally, a scraped surface heat ex-
changer consists of heated or cooled surface surround-
ing a pipe or body having a rotating pipe/agitator inside.
Commonly, high viscosity slurry products are pumped
through the vessel either to heat or to cool the product,
and the amount of time that the material remains within
the heat exchanger is dependent upon the flow rate gen-
erated by the pump. Within the interior space, where a
slurry is pumped, a shaft with rigid or flexible scrapers is
rotated. The action of the scrapers pulls heated or cooled
product away from the vessel heat exchange surfaces.

[0003] Batch Single Surface Scraped Heat Exchang-
ers: In batch systems, materials, including slurries and
products in other forms, are loaded into metal vessels,
such as stainless steel vessels, for heating or cooling. A
jacketed surface encloses an interior trough. With the
product loaded, the device can be used to heat or cool
the product by circulating a heat transfer medium through
the jacket walls. A mixer, or one or more agitator arms
with attached scrapers, is installed either longitudinally
or vertically. These devises are simple and commonly
available, but they have limitations:

[0004] First, they are designed for batch production,
which often makes high volume production prohibitive.

[0005] Second, as the size of the vessel increases, the
amount of time a heating or cooling process takes in-
creases significantly. This is because the amount of heat
transfer area relative to the product volume decreases
as a vessel size increases.

[0006] Third, the kinds of scrapers generally used are
pushed against the heat transfer surfaces by the force
applied by the product as the agitator is turning. Although
uncommon, scraper designs have been devised to apply
augmented force to the scrapers against the walls by
using metal springs. This can have the advantage of the
applying a more uniform and higher spring force. Addi-
tionally, it allows the scrapers to float along inconsisten-
cies within a trough. However, the addition of a spring at
least potentially compromises sanitation. This is of par-
ticular concern for food, pharmaceutical and biotechnol-
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ogy applications. Coil springs can be used, but they are
extremely difficult to clean; and as such, they commonly
require complete disassembly after processing is com-
pleted. Leaf springs by contrast, require a rigid fixation,
which is often achieved by the use of bolts. Similar to coil
springs, leaf springs create a potentially unsanitary sur-
face in the product area.

[0007] Single Surface Heat Exchanger: Continuing
with the consideration of prior art devices, the most sim-
ple and common form of continuous scraped surface heat
exchangers are single surface heat exchangers. They
consist of a jacketed pipe section with an agitator arm
installed axially within the pipe. Either water, steam, or
another kind of heat transfer medium flows through the
jacketed section while product is continuously pumped
through the pipe. The agitator arm has plastic or metal
scrapers installed that scrape product off of the heat
transfer surface. As compared to un-scraped surfaces,
this scraping action increases the rate of heat transfer
from the product to the heat transfer medium. The ad-
vantage is more evident for products with high viscosity
or non-Newtonian characteristics. This is nearly always
the case with foods, and is frequently the case with cos-
metics.

[0008] These devices, however, have several disad-
vantages. First, they have a low ratio of heat transfer
surface area to product, such that to achieve large
amounts of heat transfer, the process usually requires
ganging multiple, very large, identical machines. This ap-
proach, while functional, requires an owner/operator to
maintain many machines. Considered in very concrete
terms: single surface heat exchangers include a motor
bearing and seal at each end, which can wear very rap-
idly. Maintenance is constant. For commercial produc-
tion, the cost of ownership can therefore be very high.
[0009] A second disadvantage is that the scrapers are
forced against the machine end wall by the combination
of the product viscosity and centrifugal force from mixer
rotation. This means that the force of scraping varies ac-
cording to the product being processed and can only be
adjusted slightly by increasing agitator speed. Unfortu-
nately, increasing agitator speed to increase scraping
force also increases the amount of shear applied to the
product. Thus, increasing the scraping force has the det-
rimental, unintended consequence of damaging particu-
lates and breaking down product viscosity. This is a no-
table disadvantage for food and pharmaceutical produc-
tion.

[0010] Third, single surface continuous scraped heat
exchanger machines are designed to pump completely
through the vessel. While they can be adapted for vac-
uum operation, it is extremely difficult to maintain a head
space critical to a controlled vacuum cooling or cooking
processes. Furthermore, product pumped into the ma-
chine is intermixed with product throughout the chamber.
This makes it impossible to maintain first-in/first-out flow
control, a feature vital to vacuum cooking and cooling
processes. The inability to effectively work with a vacuum
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is a significant limiting feature in the existing art.

[0011] A fourth disadvantage of the presently known
single surface scraped heat exchanger designs is that
long, relatively small diameter pipes are used for product
introduction and discharge. While this reduces manufac-
turing costs, it also means that high pressure drops are
required to induce flow for high viscosity products. For
shear thickening products, this problem is prohibitive. To
obtain flow with high pressure drops, large and numerous
pumps must be employed, and this damages many prod-
ucts through excessive pump shear. Compounded, high
energy inputs are required to perform the same process,
driving up the cost of operation considerably.

[0012] Two surfaces scraped surface heat exchang-
ers: Another design of scraped surface heat exchanger
has been recently introduced to the market: the two sur-
faces scraped surface heat exchanger. This device con-
sists of a two concentric pipes with an agitator arm turning
in the cylindrical space. The device can be mounted in
either a generally horizontal or generally vertical orien-
tation. The two surfaces design has several advantages
over the single surface scraped surface heat exchanger.
First, it generally includes a large diameter pipe with a
concentric inner pipe also used for heat exchange. This
means that there is a larger ratio of heat transfer surface
to product volume. The pipes, typically having diameters
of one inch and above, can be used to process products
with large particulates and they require lower pressure
drops to induce flow. Fewer pumps are thus required for
flow, providing a benefit for food production. Another no-
table advantage, when compared with a single surface
heat exchanger, is that the agitator is often installed
through only a single side. This reduces the number of
bearings and seals involved in the machinery. When
comparing a single surface heat exchanger with a two
surface exchanger, based on the ratio of heat transfer
surface to product volume, the number of bearings and
seals is generally reduced by a factor of five or more.
[0013] However, extant two surfaces scraped surface
heat exchanger designs are not without disadvantages.
First, both surfaces make contact with the same product
flow. Therefore, although the temperatures of the differ-
ent surfaces could be independently controlled, at least
in theory, operation at different temperatures for each
surface is not advantageous because of the fundamental
design of the exchanger, causing intermixture of newly
introduced and earlier introduced product.

[0014] Second, the jacket sections are generally weld-
ed permanently into the body. Because the machines
experience significant thermal stress and cycling, dam-
age to the heat exchange surfaces is common. Such
damage can be repaired, but even the most skilled weld-
ers cannot return the surfaces to their original fabricated
state because concentricity and smoothness is lost. For
food applications, this can make the difference between
a sanitary machine acceptable for use and a machine
that requires wholesale body replacement. Furthermore,
after repairs, scraping efficiency is diminished by the
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changed surface conditions, thereby lowering the overall
effectiveness of the machine. As with the single surface
heat exchanger, this can mean that the machine can no
longer be used, even if it has only a small crack. Again,
this problem is particularly true for food, pharmaceutical,
or biotechnology concerns, where hygiene is the most
critical factor. The problem of cracks or jacket failures is
perhaps the most notable, unresolved problem in the two
surfaces heat exchangers, because they are inherently
exposed to a high degree of thermal stress and cycling;
failures are certain within a given span of time.

[0015] Further, existing designs do not control the
movement of product in the headspace of the vessel.
When product enters the vessel it will often intermix with
product that has been in the vessel for some time, and
the flow out will therefore consist of a mixture of product
that recently entered the machine and product that en-
tered long before. In short, any product pumped into the
vessel will readily mix throughout. The lack of portioning
is a disadvantage for continuous vacuum cooking or cool-
ing operations. Because the productis completely mixed,
lower rates of concentration or cooling are achieved. Two
surface designs must be significantly modified if head-
space control is to be achieved.

[0016] The two surfaces designs also suffer from the
same scraper disadvantage as the single surface de-
signs. The scrapers are mounted in such a way that they
are urged against the vessel wall via the force applied
by the product. This is not an easily controllable force.
Springs could, in theory, be added to these scrapers, but
they would suffer from the same sanitary problems as
the scrapers on batch scraped surface heat exchangers.
And because sanitary design is a critical feature for food,
pharmaceutical, and biotechnology applications, any im-
provement to this element would be a valuable achieve-
ment.

[0017] Lastly, although these simple scrapers can
sweep product back from the heat transfer surface, they
do not effectively blend products, particularly those that
have high yield stress. This is because the scrapers do
not incite turbulence and folding action and are unidirec-
tional. A scraper that could control the force against the
heat transfer wall and mix products with high viscosity
and or high yield stresses would be also be a valuable
improvement. By designing scrapers that can operate in
either direction, the agitation device can then bereversed
to break up laminar flow currents that easily form for high
viscosity products.

[0018] Other Multi-Surface Heat Exchangers: The in-
ventors know of one commercially available three-sur-
face heat exchanger. This heat exchanger includes three
concentric pipes, each having a heat transfer jacket. An
agitator turns between the jacket sections, driven from a
single end. The device operates in a horizontal orienta-
tion, and it offers advantages over two- and single-sur-
face designs; notably, it has a much higher heat transfer
surface to product volume ratio, resulting in production
increases using a single machine. However, the design
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suffers from some of the same design shortcomings as
the two- and one-surface machines. First, when operated
in a horizontal orientation, the product level and flow can-
not be sufficiently controlled and contained. This makes
vacuum cooking and cooling processes unachievable.
Product flow entering the outer chambers cascades un-
predictably to the lower sections. The units also include
the kinds of scrapers urged to the heat exchange surfac-
es by product, thus they do not apply an even force nor
do they allow for the independent adjustment of scraping
force and agitator RPM. Lastly, such units manufactured
as a single body suffer from thermal fatigue, and require
frequent, costly repair or replacement. When a failure
occurs, complete body replacement is required.

[0019] The foregoing patents reflect the current state
of the art of which the present inventor is aware. Refer-
ence to, and discussion of, these patents is intended to
aid in discharging Applicant’s acknowledged duty of can-
dor in disclosing information that may be relevant to the
examination of claims to the present invention. However,
it is respectfully submitted that none of the above-indi-
cated patents disclose, teach, suggest, show, or other-
wise render obvious, either singly or when considered in
combination, the invention described and claimed herein.
[0020] In United States Patent 4,105,066 there is de-
scribed a heat exchanger with a scraping cooling ar-
rangement for fluid matter which tends to adhere to the
heat exchanging surface.

[0021] In United States Patent 3,354,136 there is de-
scribed a material-treatment apparatus comprising a
container with a head through which a drive shaft passes
and an opening at the bottom for entry or exit of process
materials. The containerincludes a jacket and an annular
space for heating or cooling fluid.

[0022] In United States Patent 3,770,252, there is de-
scribed an apparatus for subjecting viscous material to
a mixing and heat exchange treatment.

Disclosure of Invention

[0023] In accordance with the present invention, there
is provided a multi-surface heat exchangerfor processing
food in accordance with the appended claims.

[0024] The present invention solves the above-de-
scribed shortcomings of the single-and two-surface heat
exchangers by providing an improved continuous flow or
batch multi- surface scraped surface heat exchanger for
heating or cooling of liquids or slurries that includes a
unique geometry. The inventive heat exchanger includes
as a series of three or more concentric tubes operated
in a vertical orientation, offering more heat transfer sur-
face than the surfaces traditionally presented with only
one or two heat exchange surfaces.

[0025] The present invention includes four or more
heat transfer surfaces, three of which are independently
temperature and flow controllable. The vesselis mounted
vertically so that product flow and product level can be
controlled. Slurry products are cooled or heated across
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all of the surfaces in line or in parallel. The unique geom-
etry and design permits simultaneous vacuum process-
ing for vacuum cooking or cooling.

[0026] In addition to increased heat transfer surfaces,
the inventive apparatus incorporates magnetically or
spring-tensioned scrapers for high viscosity products, re-
movable and interchangeable jacket sections allowing
for ease of maintenance and repair, and vacuum con-
struction for combination vacuum cooling or cooking.
This combination is not possible with the existing tech-
nology.

[0027] The foregoing summary broadly sets out only
the more important features of the present invention so
that the detailed description that follows may be better
understood, and so that the present contributions to the
art may be better appreciated. However, there are addi-
tional features of the invention that will be described in
the detailed description of the preferred embodiments of
the invention which will form the subject matter of the
claims appended hereto.

Brief Description of the Drawings

[0028] The invention will be better understood and ob-
jects other than those set forth above will become appar-
ent when consideration is given to the following detailed
description thereof. Such description makes reference
to the annexed drawings wherein:

FIG. 1A is an upper right front perspective view of
the continuous multi-surface heat exchange with
vacuum capability and magnetically-tensioned
scrapers of the present invention;

FIG. 1B is a lower left rear perspective view thereof;
FIG. 2 is a an upper left view showing the heat ex-
change vessel and portions of the rotor assembly in
cross-section;

FIG. 3is a cross-sectional right side view in elevation
showing the heat exchange vessel geometry and
construction, as well as product flow path (the rotor
assembly other than the drive axle has been re-
moved for clarity);

FIG. 4 is an upper perspective view of the rotor and
scraper assembly of the present invention;

FIG. 5is a perspective view of a rotor arm with scrap-
ers deployed along its length;

FIG. 5A is a detailed perspective view taken along
section line 5A of FIG. 5, showing placement of a
scraper magnet in relation to a pivotally attached
scraper blade;

FIG. 6 is a top plan view showing the rotor assembly
position within the heat exchange vessel;

FIG. 7 is a bottom view of the inventive apparatus
showing the motor mounted below the vessel plat-
form and coupled to the rotor assembly drive shaft;
FIG. 8 is a bottom view of the vessel showing a pos-
sible configuration for a product inlet and outlet as
well as heat exchange fluid inlets and outlets for each
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jacket section;

FIG. 9A is an upper front perspective view showing
an alternative embodiment of the magnetically-ten-
sioned scraper of the present invention mounted on
a scraper bar;

FIG. 9B is an upper rear perspective view thereof;
FIG. 10A is a front view in elevation thereof;

FIG. 10B is a side view in elevation thereof;

FIG. 10C is an end view in elevation thereof;

FIG. 11is afrontviewin elevation showing two scrap-
er assemblies in a side-by-side relationship with the
scraper blades positioned with a staggered geome-
try so that the swept area is continuous from top to
bottom of the heat exchanger surfaces;

FIG. 12A is an upper front perspective view of a sin-
gle scraper blade;

FIG. 12B is an upper rear perspective view thereof;
FIG. 13A is a side view in elevation thereof;

FIG. 13B is a bottom view thereof as seen along view
lines 13B-13B of FIG. 13A;

FIG. 13C is a rear view thereof as seen along view
lines 13C-13C of FIG. 13A; and

FIG. 13D top plan view thereof as seen along view
lines 13D-13D of FIG. 13A.

Best Mode for Carrying Out the Invention

[0029] Referringto FIGS. 1A through 13D, wherein like
reference numerals refer to like components in the vari-
ous views, there is illustrated therein a new and improved
continuous multi-surface heat exchange with vacuum ca-
pability and a magnetic scraper assembly, generally de-
nominated 10 herein.

[0030] Referring first to FIGS. 1-8, it is seen that in a
preferred embodiment, the apparatus comprises a verti-
cally oriented heat exchange vessel 12 mounted atop a
platform 14 in a generally vertical orientation. A right an-
gle motor 16 or standard motor with a gear box and gear-
ing to deliver rotation in a vertical axis is mounted on the
underside of the platform.

[0031] The vesselincludes a series of three cylindrical
jacket sections, including an outer jacket section 18, a
middle jacket section 20, and an inner jacket section 22.
As will be appreciated, the outer jacket section functions
as the vessel’s outer shell, the middle jacket section is
coaxially disposed within the outer jacket section, and
the inner jacket section is coaxially disposed within both
the outer and middle jacket sections.

[0032] The outer jacket section includes an upper rim
24 with an annular sealing ring 26 on which to seat a lid
28, which is pivotally attached to the vessel shell on or
below the upper rim and preferably driven by pneumatic
or hydraulic actuators 30 or other mechanical means.
The lid may include one or more openings 32 for any of
a number of functional elements, including a product dis-
charge port, a viewing port, a vacuum hose connection,
and so forth. The lid is a preferably sealable with clamps
for vessel operation under pressure.
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[0033] The vessel base 34 includes outer, middle, and
inner concentric channels, 36, 38, 40, respectively, which
accepttheloweredges 42, 44, 46, of the respective outer,
middle, and inner jacket sections 18, 20, 22. Each jacket
section - outer, middle, and inner - is divided into inner
portions and outer portions 48/50, 52/54, 56/58, respec-
tively, by a partition 60, 62, 64 sealed at its lower edge
66, 68, 70 to its respective jacket section floor 72, 74, 76.
The outer, middle, and inner jacket sections each include
at least two couplings 78/80, 82/84, 86/88 disposed in its
floor, each of said couplings having a fluid inlet and fluid
outlet for the introduction of heating and/or cooling fluid.
Connection of the jacket sections to the vessel base is
preferably, though not necessarily accomplished using
bolts. The bolts can be passed through the vessel base
into threaded apertures in the jacket section floor. The
outer jacket fluid inlets 90, 92, middle jacket fluid inlets
94, 96, and inner jacket fluid inlets 98, 100, are disposed
under the inner portion of their respective jacket section;
while the outer jacket fluid outlets 102, 104, middle jacket
fluid outlets 106, 108, and inner jacket fluid outlets 110,
112, are each disposed under the outer portion of their
respective jacket section.

[0034] The outer jacket section is capped with the up-
per rim 24, and the upper edge 110 of its partition 60
terminates slightly below the inner and outer upper edges
112, 114 of this jacket section. Likewise, the inner and
outer upper edges 116/118, 120/122, of each of the mid-
dle and inner jacket sections 20, 22, are each capped
with aring 124, 126, in such a way that several openings
or gaps are created over a substantial portion of the upper
edge of their respective partitions. The upper edge of the
partitions in each jacket section is gapped or spaced
apart from the cap so that it functions as a weir for fluid
flowing from the inner to the outer portion. As known in
the art, barreling is preferably disposed on each side of
each partition induces turbulent and swirling fluid flow to
maximize heat transfer (not shown).

[0035] As will be appreciated from the foregoing, the
vessel construction provides four distinct heat exchange
surfaces 128, 130, 132, 134, considered in order of the
inner surface of the outer jacket section, the outer and
inner surfaces of the middle jacket section, and the outer
surface of the inner jacket section, respectively.

[0036] Operatively coupled to motor 16 is a reversibly
rotatable rotor assembly drive shaft 136 coaxially cen-
tered in the cylindrical space 138 defined by the inner
jacket section 22. The drive shaft includes a collar 140
at its upper end with a dome-shaped cap 144 threadably
inserted into the collar, or otherwise removably connect-
ed to the collar. The collar includes an expanded ring
portion 146 that is stabilized and centered on and within
one or more bearing sets 148, 150 disposed in a cup 152
atop the inner jacket section. A dynamic seal (not shown
but well known in the art) prevents product infiltration into
the inner jacket section interior.

[0037] A spider bracket 154 is captured between the
dome-shaped cap 144 and the expanded ring portion



9 EP 2 684 004 B1 10

146. [See esp. FIGS. 4 and 6.] The spider bracket in-
cludes at least two radially extending long arms 156 and
at least two radially extending short arms 158, each of
which have an elongate scraper bar mounting column
attached and cantilevered downwardly. Attachment of
the scraper bar mounting column can be accomplished
through integral manufacture, welding, or affixation using
fastening apparatus, all as well known in the art. Accord-
ingly, the system includes first and second outer scraper
bar mounting columns 160, 162, and first and second
inner scraper bar mounting columns 164, 166, When
magnetically-tensioned scrapers are employed, each
scraper bar mounting column may be hollow so that mag-
nets can be inserted in the scraper bar mounting column
in various places along the length of the column. Each
scraper bar mounting column preferably includes an in-
ner edge inserted into a longitudinally disposed slot 168
cut along the length of a generally cylindrical scraper bar.
Thus, the system also includes first and second outer
scraper bars 170, 172, and first and second inner scraper
bars 174, 176. All or a substantial portion of the length
of each scraper bar is cylindrical in cross section.
[0038] Scrapers 178 are disposed in a stacked rela-
tionship along the length of each scraper bar. The scrap-
ers include a blade portion 180 with a beveled edge 182
and a stem 184 that includes some curvature along its
length or on an undersurface portion 186 that wraps par-
tially around the scraper bar. Opposing curved fingers
188 integral with the stem grip the bar and allow pivotal
movement of the scraper about the cylindrically shaped
portions of the scraper bar. Scrapers are removed from
the scraper bar simply by sliding them upwardly and off
the upper end of the scraper bar. A retaining clip may be
provided at the end of the bar to prevent upward move-
ment of the scrapers during use. The vessel lid also func-
tions in this manner.

[0039] In a preferred embodiment, powerful rare earth
magnets 190 (such as neodymium or samarium-cobalt
magnets) are positioned in the scraper bar mounting col-
umn and in the scraper stem with their adjacent sides of
the same polarity so as to repel each other strongly. [See
FIGS. 5and 5A.] Thus, the scraper stem is urged to rotate
so as to force the scraper blade edge to engage the sur-
face of the thermal exchange surface with which is it as-
sociated. As will be appreciated, the magnets may be
embedded in the scraper and mounting column struc-
tures or mounted on the structures without affecting the
essential function or operability of the magnets, and both
configurations are thus contemplated. The magnetic
fields provided by magnets in the inventive system are
preferably arranged in such a way to provide an axial
retaining force on the shaft.

[0040] Referring now particularly to FIGS. 2, 3, and 8,
it will be seen that the vessel base 34 includes fluid inlet
ports and pipes for both heating/cooling fluids and prod-
uct. Specifically, product is introduced into the vessel
through product inlet pipe 192 and is discharged from
the vessel through product outlet pipe 194. Heat ex-
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change fluid is pumped into the outer jacket section
through outer jacket inlet pipes 196 and is discharged
through outer jacket outlet pipes 198. It is pumped into
the middle jacket section through middle jacketinlet pipes
200 and is discharged through middle jacket outlet pipes
202. Anditis pumpedintothe innerjacket section through
innerjacketinlet pipe 204 and is discharged through inner
jacket outlet pipe 206. The flow from middle jacket outlet
pipes 202 and inner jacket outlet pipe 206 may be com-
bined in an outlet manifold 208 and discharged through
a single pipe 210. Because each jacket section is sup-
plied with heat exchange fluid through separate sources,
the temperature of the fluid provided to each jacket sec-
tion can be varied, slightly or even dramatically. Further,
the temperature of the heat exchange fluid supplied to
any one or more of the jacket sections can be changed
quickly or slowly during processing. This ensures that
each of the heat exchange surfaces can be finely tailored
to produce the optimal product output. As will be appre-
ciated by those with skill in the art, any of a number of
suitable heat transfer fluids can be employed in the jacket
sections, including water, glycol, thermal oil, ammonia,
carbon dioxide, and the like.

[0041] From the foregoing and by reference to the
drawings, it will be appreciated that the products to be
processed are pumped from below and through the ves-
sel base and are also discharged through the vessel
base. However, the design does not prohibit operation
in a horizontal orientation or flow from bottom to top or
top to bottom. Several different configurations for flow
profiles are possible. The product inlet and outlet posi-
tions can be varied in any of a number of ways with top
and bottom, central and outer relative positions in essen-
tially any combination. Additionally, pumps can be pro-
vided at both the product inlet and product outlet, and
the product level over the weir can be finely controlled
by varying the speed of the two pumps.

[0042] In still another alternative embodiment, fluid
material from spray manifolds may be applied to the prod-
uct in the presence of a vacuum. This adaptation allows
the machine to operate as a vacuum concentration or
vacuum cooling system. It can also be used as a scraped
surface ice accumulator in large freeze drying systems,
which would vastly reduce the time needed to maintain
and clean the traditional pipe ice accumulators.

[0043] Advantageously, the vessel lid may be opened
or entirely removed to allow easy cleaning and inspection
of the heat transfer surfaces as well as the removal and
inspection of the scrapers. The force applied by the mag-
netically tensioned scrapers ensure even and effective
scraping regardless of agitator RPM. Furthermore, the
scrapers may be configured such that adjacent scrapers
on the scraper bars are stacked in an opposing orienta-
tion, and the scrapers on the companion bar in the vessel
section at the same level are also oriented in an opposing
relationship. Thus, as the rotor assembly turns, product
along the entire heat exchange surface is scraped at least
once every rotation of the assembly, and the rotor as-
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sembly direction of rotation may be reversed without af-
fecting the amount of blade edge engaging the heat ex-
change surfaces. The opposing (bidirectional) scrapers
boost folding and mixing, which greatly increases the rate
of heat transfer over traditional scraping. The scraper
edges are also subjected to a constant sharpening proc-
ess as it engages the stainless steel surfaces of the heat
exchange jacket section.

[0044] When magnets are employed for scraper ten-
sioning, the magnets are arranged to apply an opposing
force toward one another. When burn or product build-
up occurs, the countering scraper lifts, amplifying the
scraping force on the leading scraper. With a simple al-
teration in geometry, the scrapers can be modified so
that the magnets are positioned to attract as well, and
the assembly achieves the same goal. The scrapers can
also be arranged for unidirectional scraper by attaching
the attracting or repulsing magnet to a fixed bar.

[0045] In alternative embodiments, magnets may be
placed in the scraper stem and put into a repulsion rela-
tionship with magnets disposed in the scraper bar mount-
ing column, within the jacket section itself, or even on the
rotor assembly.

[0046] In yet another embodiment, an electromagnet
may be employed within the scraper box or shell with
complementary magnets in the jacket system. In such a
case, the magnetic force applied to the scraper would be
an attractive rather than repelling force, with the electro-
magnet pulling the scraper blade edge into a tighter re-
lationship to the heat exchange surface. Such a config-
uration has the advantage that the scraping force can be
adjusted by varying the strength of the electromagnet.
This allows the operator to vary the degree of scraping
without the need to alter the mixer RPM. Separation of
these variables means highly sensitive products can be
operated with maximum scraping but minimum shear.
[0047] Referring next to FIGS. 9A through 13D, there
is shown an alternative preferred embodiment of the in-
ventive scrapers, in this instance a contoured scraper
300. These are configured to dramatically enhance prod-
uct folding and mixing in a system using a reversible
scraper assembly, often necessary in horizontally orient-
ed batch processors, though they are also suitable for
vertically oriented processors, as well. The scrapers im-
portantly induce cross-flow mixing currents in the product
being processed. The scrapers are mounted on a scraper
shaftassembly 302, whichis, in turn, mounted on a scrap-
er drive or rotor assembly, much as the rotor assembly
shown in FIG. 4. Either the scraper shaft assembly or the
rotor assembly includes mounting means to clamp or oth-
erwise affix the scraper shaft assembly to the scraper
drive.

[0048] Each contoured scraper includes a front side
304, aback side 306, a top flange 308, an edge 310, and
one or two offset bosses 312, through which shaft holes
314 are drilled or machined. The front side includes sur-
face features designed to facilitate mixing and folding of
the processed product. In a preferred embodiment, a pri-
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mary channel 316 and a secondary channel 318 gener-
ally parallel with the primary channel, are disposed on
the front side, each having a right- or left-hand slant ac-
cording to the processor product flow directions desired.
The top flange 308 may be drilled with one or more cy-
lindrical magnet receptacles 320 into each of which a
rare earth magnet is disposed. Alternative contour fea-
tures include plates, vanes, baffles, flow diverters, and
other surface features that would appropriately control
the movement of a product slurry over the scraper sur-
face.

[0049] The shaft assembly includes a central portion
322 and first and second coaxially disposed and longitu-
dinally extending shaft portions 324, 326, which are in-
serted through the shaft holes. Clips 328, 330 may be
provided at each end to retain the scrapers on the re-
spective shafts.

[0050] The bosses are offsetin such a way that scrap-
ers can be mounted with top flange portions in an oppos-
ing orientation, such asis showninall of FIGS. 9A through
11. When the polarity of the magnets is oriented identi-
cally in the receptacles, they repel one another and urge
the flange portions apart, thereby driving the scraper
blades downwardly and toward the processor heat ex-
change surfaces or vessel surfaces 332. As shown in
FIG. 11, the scraper assemblies can be configured with
a staggered orientation so that the surface area covered
by the scraper movement is essentially continuous and
unbroken in the longitudinal dimension 334. Some de-
gree of overlap may also be provided, as desired.
[0051] As may be appreciated from the foregoing, the
angled contours are designs to shift and fold product as
it is processed. The action replicates the scrape-and-flip
action of a spatula. This improves mixing, reduces burn
on, and increases heat transfer. Traditional scraping sys-
tems tend merely to momentarily lift product off the heat
exchange surface, and for materials with a high yield
stress, the material is quickly returned right back to the
heat exchange surface. Burn on is thus not so much pre-
vented as delayed and only slightly decreased.

[0052] Spring-tensioned scrapers may also be em-
ployed. Where repelling magnets have been described
above, springs could also be used to impart the force
urging the blade edges to the vessel walls, and when
selected for use, helical compression springs are the pre-
ferred kind. Such springs may be of a number of kinds,
including helical compression, coil, leaf, or rubber springs
integrated or vulcanized into the scraper assembly. They
may be disposed along the length of the scraper bar
mounting column under the scraper stem, as in the first
embodiment described above, orin an opposing relation-
ship in the top flange portions of scrapers mounted on
the shaft assembly.

[0053] In yetanother alternative, springs and magnets
may be used in combination to provide the tensioning
force for the scrapers.

[0054] However, a hitherto unappreciated advantage
in using magnets to tension the scrapers in food process-
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ing has to do with how rare earth magnets attract ferrous
metals. In food products, ferrous metals are considered
contaminates. Processors of slurry products are gener-
ally expected to install inline magnets or metal detectors
to remove any potential metal contaminates. The use of
magnets in the scrapers of the present invention fully or
partially eliminates the need for inline magnets elsewhere
in the process stream, because these potential contam-
inates will be attracted to the magnet surfaces without
interfering with their effectiveness.

[0055] The jacket sections are designed as individual
vessels. They are fastened and sealed in place. They
may be bolted onto the vessel base or secured with any
of anumber of fastening means. Whenin place, the jacket
section mates with a header section for distribution of the
heat transfer medium. The removable jacket section de-
sign means that if a single jacket section fails or is dam-
aged in any way, as is often the case with machines that
experience a high degree of thermal cycling, the section
can be quickly and easily removed and replaced with a
modular section. The jacket sections can be connected
to a common header or individually. When operated in-
dividually they have the advantage (not obtainable in tra-
ditional scraped surface heat exchangers) that the sur-
faces can be operated in series or at different tempera-
tures. In so doing, the differential temperature can be
maximized, improving the performance and efficiency of
the vessel. It will be appreciated that the jackets need
not be removable to achieve many of the other advan-
tages of the present invention, and a welded connection
or other permanent attachment of the jacket sections to
the vessel base is possible.

[0056] The design of the jacket internal sections is pre-
pared using either a spiral or directional flow barrier for
liquids or remains open for steam vessels. For steam
vessels, new live steam is piped directly to the top section
of the jacket, and condensate is collected and extracted
(for return to the boiler) from the base of the header. For
liquid heat transfer media, the jacket section can also be
designed with turbulence inducing flow barriers or "gun
barreling."

[0057] The design of the middle jacket section has an-
other distinct and important advantage. This device acts
a "weir." When processing for cooling or concentration,
mixing is restricted to two distinctly controllable isolated
chambers: one between the outer and middle jacket sec-
tions; and another between the middle and inner jacket
sections. The weir acts to ensure first-in, first-out flow,
which improves the performance for vacuum cooking and
cooling applications. This ensures that maximum
processing is accomplished within the chamber. The ad-
vantage is obtained when processing simply for chilling
or heating. The flow rate from one chamber to the next
can be controlled using load cells or a level sensor to
control the feed pump and the rate of flow depth over the
process weir. The agitator design assists with control of
flow between the weirs. For concentration applications,
the feed pump can also be controlled by use of an inline

10

15

20

25

30

35

40

45

50

55

refractometer or density analyzer.

[0058] With a simple modification of the vessel cover,
product can also be added or extracted from the top. This
configuration has advantages for vacuum cooking and
cooling so that the unit can be used as a combination
spray drier/scraped surface evaporator. By using the ves-
sels in this manner, the heated vapor extracted by the
vacuum can be used to string together several stage
processes to enhance energy utilization.

[0059] Because the heat exchange surfaces are sep-
arated and can be operated at different temperatures,
burn on is better controlled. For cooking applications, in-
creasing the surface temperatures of the heat transfer
surfaces closest to the outlet provides this benefit. Op-
erating with center-out product flow also means that the
area to which product is exposed is highest when the
differential temperature is reduced, further increasing
heat transfer. As an example, a protein dense product is
prone to burn on when the surface temperature is much
hotter than the product. Burn on can be reduced by slowly
increasing the differential temperature of the surface rel-
ative to the product volume as the product is heated. This
can be achieved in a batch machine by increasing the
heat transfer media temperature as the product temper-
ature increase. For inline heat exchangers this can only
be achieved by using multiple systems operating in par-
allel. In the present invention, however, the final jacket
section can be operated at a slightly higher steam pres-
sure or water temperature. This increases the overall
heat transfer slightly higher without creating burn on con-
ditions. Conversely, for product cooling, although burn
onisnotafactor, therate of heatfluxis determined largely
by the difference intemperature between the product and
the surface. Therefore, a colder surface cools more
quickly. The heat transfer surfaces closest to the outlet
can be operated at a cooler temperature, speeding the
overall process. The center surface is designed such that
the heat transfer media flows to maintain the highest av-
erage differential temperature for the process. The flow
barrier dividing this surface acts as an insulator. Those
with skill may appreciate that the benefits of "center out"
heat transfer mode may be most profound for cooling.
This is because the heat transfer slows when the differ-
ential temperature decreases closer to the product outlet
as aresult of having more heat transfer area at the outer
shell.

[0060] Under different process conditions, the ability
to control each jacket at different temperatures has ben-
efits. When chilling a product it is not possible to lower
the chilling liquid to a temperature too far below the freez-
ing point of the product without causing the product to
freeze to the heat exchange surfaces. By controlling the
temperature differential between the chilling liquid and
the product, itis possible to chill the product faster without
causing an accretion of frozen product on the heat ex-
change surfaces. To do this the temperature differential
is varied as the product progresses through the heat ex-
changer, which is only possible if the jackets can be main-
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tained at different temperatures, a feature provided in the
present invention.

[0061] Several other benefits are achieved with this
design. For instance, inlets and outlets can be located at
the same end of the heat exchangers so that pipe con-
nections between multiple chilling stages are shorter. For
food applications this decreases surfaces that must be
cleaned. Also, inthe presentinvention, added heat trans-
fer surfaces can achieved by flowing heat transfer media
through the scraper/mixer assembly.

[0062] Vacuum capability can be provided in a manner
well known in the art. A pump is connected to the vessel
through a pipe in fluid communication with the vessel
interior. A separator, in the form of a wider diameter pipe,
may be disposed in line with the pump pipe. If vacuum
cooking or cooling is employed, a heat exchanger or con-
denser would also be placed in line.

[0063] The present invention may also be employed
as a thin film evaporator. In such an application, a plurality
of spray nozzles are disposed atapproximately the height
if the inner jacket section upper edge (the weir) and are
adapted to spray compositions such as fruit juice onto
the cooking or cooling surfaces. The scrapers scrape ma-
terial off as it is evaporated or cooled, thereby creating
a thickened slurry. This is advantageous for such fruit
industry applications in which multi-effect evaporators
currently employed are not very effective, such as when
making orange juice concentrate, apple concentrate, or
tomato pasta sauce. End products include such things
as fruit fillings for snack bars. Natural fillings with this
machine where current products have to have added
sugar.

[0064] A slurry chilling system that truly solves the
problems setout in the background discussion musthave
the following characteristics: (1) Low shear with good
mixing for viscous sensitive products; (2) maximum sur-
face area with minimum floor space; (3) independently
controllable heat exchange surface temperatures; (4)
vacuum operation capability for combination vacu-
um/jacket cooling or vacuum/jacket cooking; (5) inter-
changeable/removable jacket sections for simplified
maintenance; (6) true agitation of product, i.e., the prod-
uct must be agitated or tumbled as it moves through the
chiller to ensure that no hot spots are allowed to persist
as the product is chilled; (7) effective heat exchange sur-
face scraping; (8) scrapers that induce mixing in slurry
products; (9) control of the chilled product so that different
temperatures of chilled liquid are not mixed together in
the process; (10) a large cylindrical space in each
processing zone so that large particulates (e.g., up to 2
inches or so) can be processed. The scraped surface
heat exchanger of the present invention achieves all of
these advantages.

[0065] The above disclosure is sufficientto enable one
of ordinary skill in the art to practice the invention, and
provides the best mode of practicing the invention pres-
ently contemplated by the inventor. While there is pro-
vided herein a full and complete disclosure of the pre-
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ferred embodiments of this invention, it is not desired to
limit the invention to the exact construction, dimensional
relationships, and operation shown and described. Var-
ious modifications, alternative constructions, changes
and equivalents will readily occur to those skilled in the
art and may be employed, as suitable, without departing
from the true spirit and scope of the invention. Such
changes might involve alternative materials, compo-
nents, structural arrangements, sizes, shapes, forms,
functions, operational features or the like.

[0066] Therefore, the above description and illustra-
tions should not be construed as limiting the scope of the
invention, which is defined by the appended claims.

Claims

1. A multi-surface scraped heat exchanger (10) for
processing food, comprising:

a heat exchange vessel (12) having a base (34),
a lid (28), and at least two cylindrical heat ex-
change surfaces (128, 130, 132, 134),

a rotor assembly motor (16);

a rotor assembly (136 - 188) mounted in said
heat exchange vessel and operatively coupled
to said rotor assembly motor, said rotor assem-
bly including scraper mounting apparatus (154,
160, 162, 164, 166) and a drive shaft (136) ex-
tending through the base of the heat exchange
vessel;

a plurality of scrapers (178) mounted on said
scraper mounting apparatus so as to allow piv-
otal movement of said scrapers, each of said
scrapers having a blade portion (180) that en-
gages a heat exchange surface of said heat ex-
change vessel;

tensioning apparatus (190) to urge said blade
portion of said plurality of scrapers toward said
heat exchange surface, characterized in that
the base includes an inlet and an outlet for heat
exchange fluid.

2. The heat exchanger of claim 1, wherein said heat
exchanger vessel includes a cylindrical outer jacket
section (18) having one heat exchange surface
(128), a cylindrical middle jacket section (20) coax-
ially disposed within said outer jacket section and
having two heat exchange surfaces (130, 132), and
a cylindrical inner jacket section (22) coaxially dis-
posed within said middle jacket section and having
one heat exchange surface (134), said jacket sec-
tions defining aninner processing zone between said
inner jacket section and said middle jacket section,
and an outer processing zone between said middle
jacket section and said outer jacket section.

3. The heat exchanger of claim 2, wherein each of said
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jacket sections includes a floor (72, 74, 76) disposed
on a lower end, a heat exchange fluid inlet (90, 92,
94, 96, 98, 100) and a heat exchange fluid outlet
(102,104, 106, 108, 110, 112) disposed in said floor,
a partition (60, 62, 64) dividing said jacket section
into inner and outer fluid flow sections, and a cap
disposed on an upper end, wherein said partition is
spaced apart from said cap (24, 124, 126) so as to
function as a weir (116, 118) for fluid flowing from
one of said inner or outer fluid flow sections to the
other of said fluid flow sections.

The heat exchanger of claim 2, wherein said middle
jacket section is a weir over which product flows from
said inner processing zone to said outer processing
zone.

The heat exchanger of claim 4, wherein at least one
of said outer, middle, and inner jacket sections are
removably attached to said vessel base.

The heat exchanger of any preceding claim, wherein
the tensioning apparatus comprises at least one of
a spring and a magnet to provide a tensioning force
to the at least one scraper.

The heat exchanger of claim 4, wherein at least one
of said outer jacket section, middle jacket section,
and inner jacket section, has a heat exchange fluid
supply (196, 200, 204) that is independent of a heat
exchange fluid supply for one or more of the other
of said jacket sections, such that at least one jacket
section is independently temperature controlled in
relation to the other of said jacket sections.

Patentanspriiche

Mehrflachiger Schabewarmetauscher (10) zur Ver-
arbeitung von Lebensmitteln, der Folgendes auf-
weist:

einen Warmeaustauschbehalter (12), der eine
Basis (34), einen Deckel (28) und wenigstens
zwei zylindrische Warmeaustauschflachen
(128, 130, 132, 134) aufweist;

einen Rotoranordnungsmotor (16);

eine Rotoranordnung (136 - 188), die in dem
Warmeaustauschbehalter angebracht ist und
mit dem Rotoranordnungsmotor wirkverbunden
ist, wobei die Rotoranordnung eine Schaberbe-
festigungsvorrichtung (154, 160, 162, 164, 166)
und eine Antriebswelle (136) einschlielt, die
sich durch die Basis des Warmeaustauschbe-
halters erstreckt;

eine Mehrzahl von Schabern (178), die an der
Schaberbefestigungsvorrichtung  angebracht
sind, so dass eine Drehbewegung der Schaber
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10

ermoglicht wird, wobei jeder der Schaber einen
Schaufelabschnitt (180) aufweist, der eine War-
meaustauschflache des Warmeaustauschbe-
halters in Eingriff nimmt;

eine Spannvorrichtung (190), um den Schaufel-
abschnitt der Mehrzahl von Schabern in Rich-
tung der Warmeaustauschflache zu driicken,
dadurch gekennzeichnet, dass die Basis ei-
nen Einlass und einen Auslass flir Warmeaus-
tauschfluid einschlief3t.

Warmetauscher nach Anspruch 1, wobei der War-
meaustauschbehalter einen zylindrischen duleren
Mantelabschnitt (18), der eine Warmeaustauschfla-
che (128) aufweist, einen zylindrischen mittleren
Mantelabschnitt (20), der koaxial innerhalb des &u-
Reren Mantelabschnitts angeordnet ist und zwei
Warmeaustauschflachen (130, 132) aufweist, und
einen zylindrischen inneren Mantelabschnitt (22)
einschlielt, der koaxial innerhalb des mittleren Man-
telabschnitts angeordnet ist und eine Warmeaus-
tauschflache (134) aufweist, wobei die Mantelab-
schnitte eine innere Verarbeitungszone zwischen
dem inneren Mantelabschnitt und dem mittleren
Mantelabschnitt und eine duRere Verarbeitungszo-
ne zwischen dem mittleren Mantelabschnittund dem
auReren Mantelabschnitt definieren.

Warmetauscher nach Anspruch 2, wobei jeder der
Mantelabschnitte einen Boden (72, 74, 76), der an
einem unteren Ende angeordnet ist, einen Warme-
austauschfluideinlass (90, 92, 94, 96, 98, 100) und
einen Warmeaustauschfluidauslass (102, 104, 106,
108, 110, 112), die in dem Boden angeordnet sind,
eine Trennwand (60, 62, 64), die den Mantelab-
schnittin innere und aulere Fluidflussabschnitte un-
terteilt, und eine Kappe einschliefdt, die an einem
oberen Ende angeordnet ist, wobei die Trennwand
von der Kappe (24, 124, 126) beabstandet ist, so
dass sie als Uberlauf (116, 118) fur Fluid dient, das
von entweder dem inneren oder dem auf3eren Flu-
idflussabschnitt zu dem anderen der Fluidflussab-
schnitte flief3t.

Warmetauscher nach Anspruch 2, wobei der mittlere
Mantelabschnitt ein Uberlauf ist, tiber welchen ein
Produkt von der inneren Verarbeitungszone zu der
aulleren Verarbeitungszone flief3t.

Warmetauscher nach Anspruch 4, wobei wenigs-
tens ein Mantelabschnitt des auReren, mittleren und
inneren Mantelabschnitts abnehmbar an der Behal-
terbasis befestigt ist.

Warmetauscher nach einem der vorhergehenden
Anspriiche, wobei die Spannvorrichtung wenigstens
entweder eine Feder oder einen Magneten aufweist,
um eine Spannkraft fiir den wenigstens einen Scha-
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ber bereitzustellen.

Warmetauscher nach Anspruch 4, wobei wenigs-
tens entweder der aulRere Mantelabschnitt, der mitt-
lere Mantelabschnitt oder der innere Mantelab-
schnitt eine Warmeaustauschfluidversorgung (196,
200, 204) aufweist, die unabhangig von einer War-
meaustauschfluidversorgung fir einen oder mehre-
re der anderen Mantelabschnitte ist, so dass wenigs-
tens ein Mantelabschnitt unabhéangig temperaturge-
steuertin Bezug auf die anderen der Mantelabschnit-
te ist.

Revendications

Echangeur de chaleur (10) & surfaces raclées pour
le traitement d’aliments, comprenant :

un récipient (12) d’échange de chaleur ayant
une base (34), un couvercle (28), et au moins
deux surfaces cylindriques d’échange de cha-
leur (128, 130, 132, 134),

un moteur d’ensemble rotor (16) ;

un ensemble rotor (136 - 188) monté dans ledit
récipient d’échange de chaleur et couplé de ma-
niére fonctionnelle audit moteur d’ensemble ro-
tor, ledit ensemble rotor comportant un appareil
de montage de racloir (154, 160, 162, 164, 166)
et un arbre d’entrainement (136) s’étendant a
travers la base du récipient d’échange de
chaleur ;

une pluralité de racloirs (178) montés sur ledit
appareil de montage de racloir de maniére a per-
mettre un mouvement de pivotement desdits ra-
cloirs, chacun desdits racloirs ayant une partie
de lame (180) qui s’engage avec une surface
d’échange de chaleur dudit récipient d’échange
de chaleur ;

un appareil de tension (190) destiné a solliciter
ladite partie de lame de ladite pluralité de racloirs
vers ladite surface d’échange de chaleur, ca-
ractérisé en ce que la base comporte une en-
trée et une sortie pour un fluide d’échange de
chaleur ;

Echangeur de chaleur de la revendication 1, dans
lequel ledit récipient d’échangeur de chaleur com-
porte une section de chemise extérieure cylindrique
(18) ayant une surface d’échange de chaleur (128),
un section de chemise intermédiaire cylindrique (20)
disposée de maniere coaxiale a l'intérieur de ladite
section de chemise extérieure et ayant deux surfa-
ces d’échange de chaleur (130, 132), et une section
de chemise intérieure cylindrique (22) disposée de
maniére coaxiale a l'intérieur de ladite section de
chemise intermédiaire etayant une surface d’échan-
ge de chaleur (134), lesdites sections de chemise
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délimitant une zone intérieure de traitement entre
ladite section de chemise intérieure et ladite section
de chemise intermédiaire, et une zone extérieure de
traitement entre ladite section de chemise intermé-
diaire et ladite section de chemise extérieure.

Echangeur de chaleur de la revendication 2, dans
lequel chacune desdites sections de chemise com-
porte un fond (72, 74, 76) disposé sur une extrémité
inférieure, une entrée de fluide d’échange de chaleur
(90, 92, 94, 96, 98, 100) et une sortie de fluide
d’échange de chaleur (102, 104, 106, 108, 110, 112)
disposées dans ledit fond, une cloison (60, 62, 64)
divisant ladite section de chemise en sections
d’écoulement de fluide intérieure et extérieure, et un
capuchon disposé sur une extrémité supérieure, ou
ladite cloison est espacée dudit capuchon (24, 124,
126), de maniere afonctionner en tant que déversoir
(116, 118) pour un fluide s’écoulant depuis 'une des-
dites sections d’écoulement de fluide intérieure ou
extérieure vers l'autre desdites sections d’écoule-
ment de fluide.

Echangeur de chaleur de la revendication 2, dans
lequel ladite section de chemise intermédiaire est un
déversoir sur lequel s’écoule un produit depuis ladite
zone intérieure de traitement vers ladite zone exté-
rieure de traitement.

Echangeur de chaleur de la revendication 4, dans
lequel au moins I'une desdites sections de chemise
extérieure, intermédiaire et intérieure est fixée de
maniére amovible a ladite base de récipient.

Echangeur de chaleur de I'une des revendications
précédentes, dans lequel I'appareil de tension com-
prend au moins I'un parmi un ressort et un aimant
pour fournir une force de tension pour I'au moins un
racloir.

Echangeur de chaleur de la revendication 4, dans
lequel au moins 'une desdites section de chemise
extérieure, section de chemise intermédiaire et sec-
tion de chemise intérieure, a un élément d’alimenta-
tion en fluide d’échange de chaleur (196, 200, 204)
qui est indépendant d’un élément d’alimentation en
fluide d’échange de chaleur pour I'une ou plusieurs
des autres desdites sections de chemise, de sorte
qu’au moins une section de chemise ait une tempé-
rature indépendamment régulée parrapport a l'autre
desdites sections de chemise.
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