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2 Claims;

This invention relates to heat exchange appa-
ratus-and has for its object the production of an
improved apparatus of this class. :

This invention relates -further to evaporators

5 and has for its object the production of a new
and improved evaporator.

Evaporators now in general use have either a
plurality of an inclined coils or a plurality of non-
inclined coils. Any plane which is at right angles
to the axis of the imaginary cylinder around
which the coils are wound will cut the axis of each
of the said coils in a certain point. However, the
temperature of the heating element in the said
coils will be different at each of the points so cut.
This results - in many serious  disadvantages
among which are unequal evaporation, unbal-
anced convection currents, improper circulation
and uneven velocity in the substance being evapo-
rated. If is an object of this invention to pro-
duce an evaporator ‘having a plurality of coils
and so constructed that equal temperature con-
ditions wiil exist at all points cut by the coils in
any plane at right angles to the axis of the imagi-
nary cylinder around which the coils are wound
and that all such peoints will be equally spaced
around the circumierence of the said imaginary
cylinder, thus eliminating the above enumerated
as well as other objections due to unequal tem-
perature conditions at equivalent points in the
same plane, This is effected by the use of multi-
ple thread coils, that is a plurality of equal slant~
ing coils having a common imaginary cylinder
at their base, having all of the inlets in a com-
moh plane and equally spaced around a given
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in a common plane and also edually spaced
around & given periphery.

Another object of this invention is to produce
an evaporator wherein the maximum heating
efficiency will be secured for the space occupiéd.

Another object of this invention is to produce
an evaporator having an improved condenser ele-
ment whereby the efficiency of the entire device
will be increased.

Another object of this invention is to produce
an evaporator with coils or fluid chambers hav-
ing an appreciably greater pitch than that now
in use without in any way lowering the eﬁimency
of the unit.

These as well as other objects and advantages
which result from my novel construction will
become more apparent from the:following de-
seription and the drawings thch form a part
thereof,

In the drawings Figure 1 is a front view show=
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periphery and further having all of their outlets

(CL 257—229)

ing the invention embodied in 2 milk evaporater.
Parts of the shell are broken away Lo better show
the ncve! features and portions of these are
shown in perspsctive. In this par ticular embodi-

ment each unit is composed of two coils and eacn 60
coil in the unit is made up of an cutel and inner
coil meniber.
Figure 2 ig a section taken aleng the line 2—2
of Figure 1.
Figure 3 is an enlarged front view with the €5
shell broken away and shoewing a coil unit.
Figure 4 is a section taken along the line 4—4
of Figure 3. )
Figure 5 is a section taken along the line 5-—5
of Figure 4. 70
Figure 6 is a section taken similarly to Figure 2
of & unit having three independent coils.
Wigure 7 is a front view of the disclosure shown
in Figure 6.
Referring more particularly to the drawings 78

wherein Similat reference numerals denote simi~
lai parts, reference numeral 1 denotes the evap-
orator as a unit ¢composed of a heating section 2
and a condenser gection 3, cofitained in a shell
having a bottomn portion 18, a cylindrical body ©
portion 11 and a top portion 12. The evaporator
is provided with a manhele 13 and the usual
gage (hot shown), neither of which constitutes
a part of this invention and for that reason will
not be here further discussed.

The heating section 2 is composed of the usual
portioh or pan 4 adapted to hold the milk to be
treated and a plurality of equal, cooperating,
equally slanting and oppositely dispesed pairs of
coils 5—5’. It is to be noted that the two coils
form a multiple thread. The coils which appear
on the same half section of the imaginary eylin-
der around which they are wound slant in the
salte direction. Those which ‘appear on oppo-
site faces only slant in opposite directions.

Each of the coils' 5 is composed of an outer
coil 6 and a substantially parallel innher coil 7
having a common inlet 8 and common dutlet 9,
while each of the coils 5" is composed of an outer
coil 6’ and a substantially parallel inner coil 7’
having a tommon inlet 8 and 4 common ouvle*
9", The inlets 8 and 8’ and the outlets 9 ang 9’
are connected to steam manifolds ini the manner
well known in the art and for that reason will
not be further described here. - The inlets 8 and
8’ are in the same plane, are oppositely disposed
and are substantially at the same distance from
the source of steam supply. The outlets 9 and
9’ aré in the same plane and oppositely disposed.
(Since there are only two ¢oils in the unit and
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since they are equally spaced around the periph-
ery of a given circle the inlets or the outlets must
be 180 degrees apart or oppositely disposed.)
Because of this particular structure, the cooper-
ating, equal, equally slanting, and oppositely dis-
posed pairs of coils have the following character-
istics:—

(@) Two coils fit together to form a cooperating
pair, see particularly Figures 1 and 3, thus re-
sulting in the maximum heating efficiency for
the space occupied. ’

- (b) The coils have equal gradients so that th
following results are obtained: :

(1) The grade in the coils permits the steam
which condenses in thea coils to drain away. Thus
there is always exposed to the milk which is being
evaporated coils which are always full of steam
and which are the same temperature at all points
of any given cross sectional area of the coil, thus
causing an even and rapid circulation of the
milk around the coils. Caking of the milk on
the coils is thus prevented.

(2) The coils being full of steant the entire
coil surface at any point takes part in the heat
exchange at the heat exchange value of steam,
no wet areas being present to change the heat
exchange value at any point of the coil on g
given circumference with respect to the other
points.

(¢) The particular structure of the coils fur-
ther results in the fact that all points which the
coils cut on any horizontal plane (that is the
plane at right angles to the axis of the imagi-
nary cylinder around which the coils are wound)
are equidistant from the inlets of the said coils
and are equally spaced around the periphery of
the circumference of the said cylinder, thus as-
suring equal - temperatures for all equivalent
points in the same plane, since two such points
of any two cooperating coils are at the same dis-
tance from the entrance into the coil of steam
coming from a common source and therefore
have the same potential heat exchange eapacity.

This feature can be seen by inspecting any

5 figure of the drawings and has been particulaily

illustrated in Figures 2, 3, 4 and 5.

An inspection of Figures 1, 8 and 5 discloses
that any horizontal plane will cuf only a pair of
cooperating coils and at diametrically opposite
boints both the inner and outer coils will be cut.

An examination of Figures 2 and 4 discloses any
two diametrically opposite points P and P’ on the
outside coil members 6 and 6’ of g cooperating
pair of coils 5 and 5’ have equivalent = and ¥ co-
ordinates. That is the points may lie in differ-
ent quadrants causing the coordinates to have
different algebraic signs but they are numerically
equal. The same holds true for any two dia-
metrically disposed points P—1 and P—1’ on the
inner coils 7 and 7’ respectively.

An examination of Figures 3 and 5 discloses
that the same is true for points having z—2 or
y—= coordinates.

In Figure 3 compare points P—3 with P—3’ on
the outer coils 6 and 6’: Also points P—4 with
P—4’ on the inner coils 7 and 7’ respectively.

In Figure 5 compare points P—5 with P--5’,
P—T7 with P—7’, P—9 with P—9’, all on the other
coils 5 and 5’ respectively. Also compare points

.P—6 with P—6’, P8 with P8’ P—10 with

P-—10" all on the inner coils respectively. If is
seen that the coordinates, which have been de-
noted by letter as to nuumericsl value, are equal
for similar points. (It is to be noted thaf instead

“of taking the true y—y axis for Mgure 5 it has
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been shifted somewhat and a modified ¥ axis used.
This has been done for the double purpose of
picking a point off the conventicnal right angu-
lar axes and also for the purpose of more clearly
illustrating the relative positions of the entrance
and exit points of a cooperating pair of tubes 5
and 5’.)

(d) As a direct result of the fact that the
temperature conditions at any two diametrically

disposed points on-any cooperating pair of coils "

are equal, the following advantages are cbtained:

(1) Balanced and symmetrical convection cur-
rents.

(2) Even circulation of the contents being
evaporated.

(3) Even velocity in the contents being evap-
orated.

(4) Equal rate of evaporation of all points in
the evaporator having equivalent z, ¥, 2 coordi-
nates. )

From the above it is seen that the novel struc-
ture here disclosed gives all of the benefits which
are obtained from a constant, steady heat.

The condznser portion 3 is composed of cocl-
ing element inlet means 14, a bafile 15, a plate 16
having & plurality of perforations 17 therein, a
plate 18 formed in an inverted frustrum of a
cone and having its lower edge 19 terminating be-
low the top edge 21 of the funnel or outlet 20. A
plurality of the usual cleaning plugs or manhole
22 are provided in a manner well known in the
art.

Although the operation of the device iz be-
lieved to be obvious from the ahove disclosure yet
to obviate any possibility of misunderstanding
the following detailed description is here given.

The milk which is to be evaporated is intro-
duced into the evaporator in the usual manner
well known in the art in the amount desired.
Steam is introduced into the coils in the usual
manner. Asthe liquid evaporates it proceeds up-
ward in a vapor through the mouth 22, striking
the bottom plate 23 of the baflle 15 and is deflected
towards the space 24 and where it is condensed
and drawn oub through the opening 25 by a vacu-
um pump, not shown, in the manner well known
in the art.

The condensing fluld (water in this particu-
lar case) enters through the pipe 14, accumulates
in the cup shaped portion 26 of the hafiie 15 and
trickles over the sides 27 of the bafie 15 onto the
plate 16, through the perforations 17, from where
it- drops into the opening 28, meeting the vapors
which are being deflected and drawn into the
space 24 by the plate 23 of the hafile 15 and by
the pump, not shown. It is to he noted that the
ends 29 of the deflector plate 23 extend beyond
the edges 21 of the funnel 20 and also beyond the
edge 30 of the sides 27.

The condensing fluid takes up the heat of the
vapors and helps to condense them so that they

may be drawn off through the outlet 25 hy the

pump, not shown. Because of the peculiar con-
struction of the plate 18 the vapors rising from
the evaporator and the condensing liguid are Loth
constricted into a smaller space in their passage
from the space 28 to the space 24. This results in
a better intermingling of the condensing ligquids
with the vapors rising from the evaporator, thus
making for better condensation.

"~ 'When the evaporation process has heen car-
ried to the point desired, the supply of steam is
cut off and the steps well known in the art are
followed. The solid substance remaining in the
kettle is withdrawn in the manner well known
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in the art. These steps do not constitute a part
of this invention, are well known in the art, and
for these reasons will not be deseribed in any de-
tail here.

During the evaporation process steam contin-
ually enters through the inlets 8 and 8’ of each
coil and leaves by the outlets 9 and 9’ of the said
coils. It is to be noted that the steam for any
pair of cooperating coils 5 and 5’ comes from a
common source and enters the coil at practically
Bince the z, y, 2 coordi-
nates of any two diametrically opposite points of
cooperating coils-are always equivaient, it is ob-
vious that the steam in its course through the
coils 5 and 5’ mests the same temperature condi-
tions at all poinis having equivalent z, ¥, 2 co-
ordinates and, therefore, the reaction caused-and
the heat exchanged at these poinis by either coil
will always be equal to that of the other. !

+ is to be distinetly understood that altheugh
the invention has been deseribed in detall by ref-
erence to a single pair of coopetating coils B and
5’, each of the said coils b'and 5’ being composed
of ‘an outer and inner coil réspectively, it is nct
to be limited to such a structure. Any number of
coils may be used whether odd or even. In Fig-
ures 6 and 7 a meodification employing three or
ah odd number of coils is shown. -

Referring more particularly to Figures 6 and 7
it is seen that the evaporator is provided with
three egual coils A, B and C having inlets 31, 32
and. 33 respectively in‘the same plane and equally
spaced around the periphery of a circle which
could ‘be circumscribed or inscribed around the
coils. ~In this particular illustration the inleis
must be spaced 120 degrees apart since there are
three inlets, 'The coils A, B and C are arranged
at an equal gradient in multiple thread forma-
tion. It 'is to be noted that coils on the same
half section of the imaginary cylinder around

which they are wound slant in the same direc-.

tion, while those around on the opposite side
glant in the opposite direction. The numerical
value of the tangent or gradient is equal however
for the coils on either half-ssction. The inlets
31, 32 and 33 are connected to a common source
of steam so that the steam entering any. one coil
is of equal quality to that entering any of the
other coils, '

The coils A, B and C have comumion ouilets 34,
35 and 36 respectively in the same plane and
equally spaced around the periphery of a circle
which could be circumseribed around or inscribed
within the coils. In this particular case the out-
lets, since there are three, must be spaced one
hundred and twenty (120) degrees apart.

It is to be noted that the coils are equal, equally
slanting, have inlets in a common plane and
equally spaced arcund the periphery of a circle
circumscribed about or inscribed within the coils
or around the circumfersence of the cylinder
around which the coils are wound, have outlets in
a common plane and equally spaced around the
periphery of a circle which may be eircumseribed
about or inscribed within the coils or-arcund the
cirecumference of the cylinder arcund which the
coils are wound and that this sfructure results in
the fact that any horizontal plane (that is the
plane at right angles to the axis of the imaginary
cylinder around which the coils are wound) will
cut points on each of the three cecils that are
equally distant from their respective inlets and
equally spaced around the periphery of the cir-
cumference of the said cylinder, thus resulting in
equal temperatures for all equivalent points in

3

the said plane and the advantages outlined here-
inabove. - : -
This becomes evident from an examination of
Figures 6 and 7. In this particular case refer-
ence must be had by the use of polar coordinates
since Cartesian coordinates used in connection
with Figures 1 to-5 cannot be used. (Cartesian
coordinates were used in connection with Figures
1 to-5 sines the use of only two. colls resulted

in the coils being spaced 180 degrees apart as {o.

inlets and outlets.)

" It is to be noted that since the inlets 31, 32 and
23 are equally spaced around the periphery of a
circle angle a=angle «=angle «=120 degrees.

In any. horizontzal plane any point: (P—13)
chosen on-any coil (coil A) at a vector distance
r and -angle r from a base line determined by
the diameter passing through center of the inlet
31 of the said coil will have equivalent points

P13 and P--13’’ respectively on the remaining

coils B and C, at a vector distance r and at the
angles « which is constant at 120 degrees) plus
rand 2 o plus 7 respectively, from the said base
line, The coordinates «, 7 and 2 «, r fall on a

line passing through the center of the inlets 32 ~
“and 33.

The points having coordinates (ae+7)T
and (2a4-7)7 are, therefore, at an angle r dis-
tant from the inlet hase lines of their respective
coils. ” The points P--13, P—13" and P—13'" are
therefore equally spaced arcund the periphery
of the circumference of the said imaginary cyl-
inder. '

Compare further points P—11, P—11" and

P—11"" on coils A,'B and C respectively in Fig- |

ure 7 which were cut by the horizontal plane
Q—Q at a distance h from the horizontal plane
passing through the center lines of the inlets 31,
32 and 33 respectively. These points are equally
spaced around the periphery of the said imag-
inary cylinder.
measured along the coil A from the inlet 31 to
P_11 is equal-toc that from the inlets 32 and 33
to points P—11" and P—11’’ respectively.
. Compare further points P—12, P—12’ and
P--12"" on cecils A, B and C respectively cut by
the horizorital plane O—O at a distance & from
the horizontal plane passing through the center
line of the inlets. As has been previously proved
the points are equally spaced around the pe-
riphery of the imaginary cylinder. The distance
I measured along the coil A from the points P—11
to P—12 is equal to that from thez points P—11’
and P—11"" to P—12’ and P—12"’ respectively.
It is to be distinetly understood that the above
disclosure is by the way of illustration only and

It is seen that the distance “L”
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not by the way of limitation since many changes

may be made in the constiruction here shown
without departing in any way from the spirit of
my invention.

For instance, the number of pairs of coils may 135

be varied: Or instead of using a plurality of
pairs of double coils, an ihner and outer coil
for each unit in a pair of coils, coils having only
one coil in each coil unit may he used: Or, in-
stead of using two or three coils in ‘each unit
any other number may be used. If is understood
from the above disclosure that if four coils are
used the inlets are spaced

360
4

or 90 degrees apart, if five coils are used, the
inlets are spaced

360
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4

or T2 degrees, etc. The outlets of course are
similarly spaced. All the inlets, however, are
in one plane, all the outlets are in one plane
and-the gradient is equal for all coils no' mat-
ter how many are used: Or the gradient and/or
size' of the coils may be varied: Or, instead of
evaporating milk, used in the specific embodi-

ment herein disclosed, any other substance of
the same nature or requiring equivalent treat-
ment may be used: Or, instead of using steam
as the heat exchange medium in the coils, any
medium may be used: Or, instead of using the
coils herein disclosed in the evaporator, it may
be used in any heat exchange device, including
refrigerators and refrigerating plants: Or the ma-
terial and shape of any particular unit here dis-
closed may be varied.

It is, therefore, my desire that the claims Whlch
are hereto appended and which define my in-
vention should be limited only by the prior art.

It is obvious from an examination of Figures
1 to 5 inclusive that the pitch of coils 5 and 5’
is double that of the coils now in use. In the
disclosure herein the coil 5 is stretched so that the
distance from inlet to outlet occupies the space
occupied in previous art disclosures by two coils
one on top of the other. By placing coil 5’ with~
in coil 5 in the manner herein disclosed the po-
tential heat exchange value present in the pre-
viously known art is not lost. In fact greater
eficiency is obtained since the heat exchange
medium passes through a greater portion of the
portion to be heated. From Figures 6 and 7 it
is seen that where three coils are used in a unit
the pitch is increased threefold. Likewise where
four coils would be used the pitch is increased
fourfold, ete.

Having described my mventwn what I claim as
new and useful is:—

1. An evaporator consisting of a shell, a pan
member for holding a substance to be treated,
the said pan member terminating in a funnel
outlet for the vapor, a chamber formed between
the outer walls of the said funnel outlet of the
said pan member and the said shell; one or more
units of plural, equal, cooperating and equal
slantmg coils mounted in the said pan member
for delivering :a heat exchange fluid to the mat-
ter to be treated at an equal temperature for all
points in the same horizontal plane, the said
coils in any one unit having their inlets in the
same plane, theéir outlets in the same plane and

1,922,844

their inlets and outlets equally spaced around
the circumference of the imaginary cylinder
around which the coils are wound; and a con-
denser for condensing the fluids distilled from
the substance being treated, the said condenser
congisting of a baffle member placed above the
mouth of the said funnel having a concave hot-
tom plate the edges of the said plate terminating
beyond the edges of the said pan outlet, means
for ‘supplying a cooling fluid to the said baffle
member, a perforated plate mounted ahove the
edges of the said concave bottom bafile member,
the said concave member, the said perforated
plate and the said funnel outlet combining to
form & condensation chamber and means within
the said chamber and below the top of the said
clutlet for constricting the area of the said con-
densation chamber; and a pump outlet formed
in the said shell for permitting the condensed lig-
uid to be drawn off.

2. An evaporator consisting of a shell, a pan
member for holding a substance to be treated,
the said pan member terminating in a funnel out-
let for the vapor, a chamber formed between the
outer wails of the said funnel outlet of the said
pan member and the said shell; one or more pairs
of equal, cooperating and equal slanting coils
mounted in the said pan member for delivering
a heat exchange finid to the matter to be treated
at an equal temperature for all diametrically
opposite points in the same horizontal plane; and
a condenser for condensing the fluids distilled
from the substance being treated, the said con-
denger consisting of a baffie member placed above
the mouth of the said funnel having a concave bot-
tom plate the edges of the said plate terminating
beyond the edges of the said pan outlet, means
for supplying a cooling fluid to the said bafile
member, a perforated plate mounted above the
edges of the said concave bottom bafile member,
the said concave member, the said perforated
plate and the said funnel outlet combining to
form a condensation chamber and means with-
in the said chamber and below the top of the
said outlet for constricting the area of the said 19
condensation chamber, the said means consisting
of a plate in the form of an inverted frustrum
of a cone; and a pump outlet formed in the said
shell for permitting the condensed liquid to be
drawn off. i
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