April 27, 1965 H. H. BELCHER ETAL 3,180,398
THIN FILM THERMAL PROCESSOR
Filed Oct. 5, 1961

-
2 N g k", _ INVENTOR
N ‘ Harold H.Belcher &
Dozg]as A.Rq_qers;
y o/

BY /9/,’35,44\« /z/

ATTORNEYS



United States Patent Offs

3,180,398
Patented Apr. 27, 1965

1CC

1

3,180,398
THIN FILM THERMAL PROCESSOR
Harcld H. Belcher, Orange, and Douglas A. Rogers,
Greenfield, Mass., assignors to Rodney Hunt Machine
Company, Orange, Mass.
TFiled Gct. 5, 1961, Ser. No. 143,148
6 Claims. (ClL 159—6)

This invention relates to thin film thermal processors
and more particularly to a novel spreader blade con-
siruction for such processors.

Thermal processors of the thin film type are well known
and ong such type is described in U.S. Patent No. 2,774,-
415. ‘These processors are commonly used for evapo-
ration or distillation and may be used for a variety of
other heat or mass transfer processes. In the processor,
the liquid feed material is introduced at the top of an
externally heated hollow cylinder, flows down the side
walls of the cylinder by gravity as a thin film and is acted
upon by a concentric bladed rotor.

Rotors commonly used at the present time are of two
types. One type utilizes metal blades having a small fixed
clearance from the cylinder wall and a second type utilized
employs radially movable plastic or carbon blades held
in contact with the wall by centrifugal force or spring ten-
sion or both. Both types of rotors have certain disad-
vantages.

The fixed clearance blade rotors, for effective oper-
ation, must utilize a small clearance requiring very exact
machining and set-up of both cylinder and rotor. The
plastic or carbon blades scraping the cylinder walls are
subject to wear, in some cases severe wear when crys-
talline products develop as the volatile component is re-
moved. The blade material worn away appears as a con-
tamination in the product discharge.

The present invention avoids the above-mentioned dif-
ficulties by providing an improved metal blade tip for
spreading liguid film evenly over all parts of a heated
surface to cbtain high rates of heat transfer and uniform
reatment of all material. The construction of the pres-
ent invention substantially reduces blade wear while at
the same time obtaining uniformity of action even under
conditions of moderate departure from exact circular
cross-section of the cylinder or exact concentricity of the
rotor.

1t is therefore a primary object of the present invention
to provide an improved thin film thermal processor.

Another object of the present invention is to provide an
improved spreader blade construction for thermal proc-
€SS0Ts.

Another object of the present invention is to provide a
thermal processor spreading blade system capable of
handling materials of a wide viscosity range with a
minimum danger of material “burn on.”

Still another object of the present invention is to pro-
vide an effective metallic blade tip structure which is free
of cracks, crevices or close clearances where bacterial
action may occur and which is readily removable and
cleanable to meet sanitary standards.

These and further objects and advantages of the in-
vention will be more apparent upon reference to the fol-
lowing specification, claims and appended drawings where-
in:
FIGURE 1 is an elevational view with parts in cross-
section showing the novel thermal processor of the pres-
ent invention;
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FIGURE 2 is a partial horizontal section through the
processor of FIGURE 1; and

FIGURE 3 is an elevational view taken along line 3—3
of FIGURE 2.

Both the fixed blade and radially movable type bladed
rotors presently used have certain disadvantages. The
fixed clearance blades, for effective operation, must use
a rather small clearance in the order of 0.025 to 0.050
inch requiring very exact machining and set-up of both
cylinder and rotor. Furthermore, the clearance may be
subject to much variation due to distortion cf both cylin-
der and rotor under operating temperature, ' With very
thin films, the rotor blades may not touch the film and
very high rotor speed is necessary to accomplish spread-
ing through fanning action alone. Such high speeds re-
quire a high power input and also produce undesirable
splash effects increasing the likelihood of liquid drop-
lets being carried out with the vapor stream.

With very thick films, the fixed clearance blades dip
into the film levelling the film but trapping ahead of the
blade a mass of liquid as a fillet. The liquid in this
filiet drops under the influence of gravity much faster than
does the material spread on the cylinder wall where vis-
cous drag on the wall slows the downward motion, The
final preduct discharged is therefore a mixture of over-
treated and undertreated material. Product quality suf-
fers and it is difficult to obtain uniform highly concen:
trated product,

In a given process, the effects of thin and thick films
may both be present, since removal of the volatile com-
ponent changes both the volume and the viscosity of the
remaining liquid. Fixed blade clearances and speeds
must therefore be chosen on the basis of the best com-
promise with conditions, and the choice is often very in-
effective for certain stages of the process.

The radially movable plastic or carbon blades scraping
the cylinder wall are subject to wear, in some cases se-
vere wear, when crystalline products develop as the vola-
tile component is removed. Blade material worn away
appears as contamination in the product discharge. The
blades, usually interrupted by gaps between rubbing sur-
faces, produce a nearly dry wall after passage of the rub-
bing surfaces, resulting in “burn on” of over-concentrated
product and loss of heat transfer efficiency. Such blades
do not satisfactorily treat materials of high viscosity be-
cause of failure to respread the material on the wall
scraped dry by the contact portions of the blades, with
consequent increase in the “burn on” of material.

The novel blade construction of the present invention
avoids the above difficulties by providing a radially mov-
able blade which provides a uniform spreading action.

Referring to the drawings, FIGURE 1 shows the ther-
mal processor of the present invention generally - indi-
cated at 16. The processor comprises a vertical cylinder
12 having a portion surrounded by a heating jacket 14
which may be supplied with steam or other heating fluid.

Material to be processed enters through inlet pipe 16,
flows down the inner wall of the vertical cylinder 12 un-
der the influence of gravity and discharges through coni-
cal collector 18 and discharge pipe 20. Vapors pro-
duced from the processed material discharged from out-
let conduit 22. A hollow concentric rotor 24 has its top
and bottom shafts 26 and 28, respectively, carried in suit-
able bearings 30 and 32. Lower bearing 32 is supported
by a spider 34 secured to the lower end of cylinder 12.
Rotor 24 carries a plurality of blades 36 extending out-
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wardly from the rotor toward the inner surface of cylin-
der 12.

FIGURES 2 and 3 show sectional and elevational views
respectively of the blade assembly details. Blades 36 are
welded or otherwise suitably fastened to rotor 24 and
extend radially outward as shown, terminating in angle
section 38 approximately parallel to the cylinder wall at
the blade location.. The blades are fitted with a vertical-
ly extending series of relatively short and relatively light
metallic blade tips 46. “The face of each right-angle ter-
minal section 38 is punched with. a vertical series of rec-
tangular holes 42 receiving reduced sections or ears 44 of
blade tips 49. The vertical dimension of holes 42 is con-
siderably less than the height of blade:tips 40 and the
vertical spacing between hole centers is the blade tip
height plus a small fraction of an inch. ;

The extended ear 44 along one end of each blade tip
passes through a slot 42 in blade termination 38. “The
vertical dimension of each ear is slightly less than the
vertical dimension of the holes 42, - The ears 44 are bent
with an offset 46 to interlock with the holes. With the
rotor- 24 within the cylinder 12 and the blades 36 and
blade tips 40 engaged as shown in FIGURE 2, the blade
tips are maintained in correct vertical spacing but can
swing in a horizontal plane about one vertical edge of
holes 42.
engaged from the blades 36. When the rotor is removed
from the cylinder, then the blade tips 40 may be swung
further out so that offset 46 clears holes 42 and the tips
unhooked from the blades for cleaning.

The outer surfaces or working face 48 of each blade
tip 40 is formed as shown-and this formation is neces-
sary for best performance of the processor. . With the
rotor turning in the clockwise direction of the arrow in
FIGURE -2, the blade tips 40 are drawn forward by the
rearward edge of holes 42 in-blades 36. -Centrifugal force
causes the blade tips 49 to-swing out about this edge as
a pivot until they contact the film of liquid 50 on the wall
of cylinder 12. The working face 48 trailing from its
pivot point is shaped to gradually approach the wall of

The blade tips 48, however, cannot be dis- -

thin film thermal evaporators insuring evenness of spread-
ing and substantial reduction in the likelihood of “burn
on.” The construction is readily disassembled for the

- purposes of cleaning and the blade tip structure is free
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of cracks, crevices or close clearances where bacterial
action may occur particularly when operating upon food
or medicinal products.

 The invention may be embedied in-other specific forms

without departing from the spirit or essential characteris-
tics thereof.. The present embodiment is therefore to
be considered in all respects as illustrative and not re-
strictive, the scope of the invention-being indicated by
the appended claims rather than by the foregoing descrip-
tion, and all changes -which come within the meaning
and range of equivalency of the claims are therefore
intended to be embraced therein.

What is claimed and desired to be secured by United
States Letters Patent is:

1. A spreader blade assembly for thin internal film
thermal processors comprising an elongated rotor having
a longitudinal axis,” a plurality of coplanar outwardly
extending blades carried by said rotor, a portion of said
blades being substantially parallel to said longitudinal
axis, a series of longitudinally spaced and longitudinally
aligned. apertures in the substantially parallel portion of
each of said blades, and a plurality of longitudinaily

" spaced. blade tips having portions pivotally received in
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said apertures.

2. An. assembly according to claim 1 wherein said
apertures are rectangular,

3. A spreader blade assembly for thin internal film
thermal processors, comprising an elongated rotor having
a longitudinal axis,” a plurality of outwardly extending
blades carried by said rotor, a portion of said blades be-
ing substantially parallel to said longitudinal axis, a series
of longitudinally spaced and aligned apertures in the sub-

* stantially parallel portion of each of said blades, and
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cylinder 12 but blends into an outward curved portion 52 .

close to the trailing edge of the working face 48.. The
angle of the working face with respect to the ‘adjacent
wall .surface of cylinder 12 decreases gradually to zero
at the closest .approach between blade surface and wall
‘and then increages to raise the trailing edge slightly from
the wall as indicated at 54.
- In operation with the rotation in the direction of the
arrow_in FIGURE 2, centrifugal force causes the blade
tips 40 to swing outward until a part of the working face
of each blade contacts the liquid film 5@ on the cylinder
wall. Viscous drag-between the working face and the
liquid film causes the liquid to accumulate slightly as a
thickened film 56 ahead of the point of minimum. blade
tip-to cylinder wall clearance.  The blade tip -planes or
skis on this thickened area establishing a balance between
the radially outward centrifugal.force and the radially
inward planing or lift force in combination- with the
.tangential viscous drag force. In this way, a definite
" balance position of the blade tips 4¢ is reached, deter-
mining the thickness of the liquid film 56 spread on the
wall of the cylinder 12. Since the contour of the blade
tip. working face 48 is shaped at the trailing edge with
a -curved section 52 gradually reducing the planing angle
“to zero, a balance position and consequent- spreading of

an even film is assured whether the liguid film is thick

or thin or whether the liquid viscosity is high or low. .

Since_the blade tips are free  to swing under the bal-
ance of centrifugal and hydrodynamic- forces, it .is ap-
parent that minor deviations from true circular cross-
section of the cylinder,-or minor eccentricities of the

rotor -and cylinder alignment, will hiave a negligible effect -

‘on the evenness of the spread film.
It is apparent from the above that the present inven-
tion provides a novel spreader blade construction for
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. said chamber- by ‘the -action. of centrifugal force when

a plurality of longitudinally spaced blade tips, said blade

_ tips having a reduced portion pivotally received through

said apertures, said reduced blade tip portion including

an offset locking said blade tips to said blades.

4. In a thin internal film thermal processor including
a wall forming an elongated chamber of circular section,
a spreader blade assembly comprising an elongated rotor
rotatably mounted in said chamber substantially concen-
tric” with said wall, a plurality of outwardly extending
blades carried by said rotor, said blades including an outer
portion substantially parallel to the inner surface of said
chamber wall, a series of longitudinally spaced and longi-
tudinally aligned apertures in said outer portion of each
of said blades and a plurality of longitudinally spaced
blade tips, each of said blade. tips having a reduced por-
tion pivotally received through a corresponding aperture,
said reduced blade tip portion including an offset locking
said blade tips to-said blades.

5. An assembly according to.claim 4 wherein each
said blade tip has a pair of straight edges-and said tip is
curved towards its edge remote from said aperture where-
by the convex side of-said blade tip curvature is brought
into engagement with a fluid film on the inner surface of

said rotor is rotated.
6. A spreader assembly for thin internal film thermal

~ processors comprising -a vertical elongated rotor, a plu-

rality of rigid radially extending blades carried by said
rotor, said blades. terminating in a flat angle portion sub-

-stantially parallel with the inner surface of a processor,

" a series of longitudinally spaced and longitudinally aligned

rectangular apertures in the flat angle portion of each of
said blades, and a plurality. of longitudinally spaced and
longitudinally disposed substantially flat blade tips having
vertical edges, said blade tips each having a reduced por-
tion along one vertical edge pivotally received through
a corresponding aperture, said reduced blade tip portions

‘including an offset locking said blade tips to said blades,
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said blade tips being outwardly curved toward their trail-
ing vertical edges whereby the convex side of said blade
tip curvature is brought into engagement with a fluid film
on the walls of a processor by the action of centrifugal
force when said rotor is rotated.
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