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To all whom it may concerwn:

Be it known that we, FINNEY SPRAGUE, re-
siding at St. Paul, in the county of Ramsey
and State of Minnesota, and RICHARD COB-
DEN SPRAGUE, residing at Cedar Rapids, in
the county of Linn and State of Iowa, citi-
zens'of the United States, have invented a
new and useful Rotary Evaporator, of which
the following is a specification.

Our invention relates to improvements to
that class of evaporators in which the heated
evaporating-surfaces move by rotation in and
out of and thereby effect the concentration of
the fluid, solution, liquor, or substance acted
upon, and in which the substance, when de-
sired, may be kept at a suitable temperature

'othe1w1se than by the heat applied to the

evaporating -surfaces moving therein. We
use for such moving surfaces a novel con-
struction of pipes arranged in concentric eir-
cles or parts of circles in planes perpendicu-
lar to and by composite hollow arms con-
nected to a double hollow shaft, securing
thereby the use of ordinary commereial forms
of and sizes of steam pipes and fittings; the
ability to use either steam or hot water as the
medium of conveying heat to such evaporat-
ing-surfaces; the full and effectual escape of
water; the ability, when desired, to cover
separ ate]y each component part of such mov-
ing evaporating -surfaces with a protecting
enamel oritsequivalent, and to assemblesuch
parts without strains dangerous to the pro-
tecting-covering.

Our invention is particalarly adapted to
the rapid evaporation and concentration un-
der conditions of atmospheric pressure or in

the open air of various liquids and solutions

and to the preparation of jams and marma-
iades from fruits and of syrups and concen-
trated extracts from vegetable and fruit
By the use of our invention these
operations can be performed without bring-
ing the mass of the substance operated upon

0 or maintaining it at a high temperature,
-which is a desideratum in many instances
‘and is accomplished simply by using only the
“heat derived through the medium of the coils
‘rotating through the mass.

Furthermoe, it
has been found in practice that if the mass
be introduced to the apparatus at or near a

boiling temperature it will become reduced
in tempemtme it no other heat be applied,
or, in other words, if only the heat derived
thloufrh the 1otat1n° coils be used. We at-
tain these objects by the mechanism illus-
trated in the aceompanying drawi nws 1n
which—

Figure 1 is an-end view of the evaporator
from the right of Fig. 2. Fig. 2is aside view.
Fig. 81is an enlarged view of two contiguous
composite arms, showing their connection
with the concentric circles or parts of circles
of pipes and with the shaft, and a view of the
shaft in cross-section at the points of connec-
tion of four composite arms. Tig. 4isan en-
larged sectional view of the outlet end of the
shaft and the ends of two diametrically oppo-
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site composite outlet-arms and of the stopped

end of inner pipe of shaft. Fig. 5 is an en-
larged sectional view of the steam or hot-
water inlet end of the shaft, of the ends of
two diametrically opposite composite inlet-
arms, of hub of driving-pulley, and of gland-
connecting inner inlet-pipe of shaft with sta-
tionary steam or hot-water inlet pipe, Ifigs. 4
and 5 together illustrating the double hollow
shaft. Fig. 6 is a plan view,; on the scalé of
Figs. 1 and 2, of two sets of circles or parts
of circles of concentric pipes and connected
composite arms (hereinafter called ‘“coils”)
and showing two methods of abtaehment of
the arms to the shaft.

Similarlettersrefertosimilar parts thl ouo}1-
out the several views.

The posts A, ties B, rests C, and braces D
constitute the framework for support of the
semicylindrical tank E, pillow-blocks I¥, and
of the shaft therein.
necting the stationaly steam or hot-water in-
let pipe I with pipe J, which lies within and,
together with pipe G, forms the double hollow
shaftt Theinner pipe J is closed at K, a point
nearthesame extremity of outer pipe G. The
outer pipe G, which may have a protective
covering of enamel or its equivalent within
the limits of the tank, is turned and finished,
where necessary, to receive the pulley N and
collars O and for turning in the boxes of the

pillow-blocks F. It may be of either wrought ~

or cast iron and of any suitable diameter and
thickness. Suitable pipé can ordinarily be

The gland H is for con-

o

75

8o

90

95

foo



10

15

20

25

30

35

40

45

50

55

6o

65

2 583,014

obtained as a commercial article, ready for
the finishing operations thereon. One end
thereof is left open, as an outlet, and the an-
nular space L between the pipes G and J is
closed at M, a point near the gland II, but
the open and closed ends of G may be re-
versed.

N is the driving-pulley, and O the collars to
prevent endwise movement of the shaft.

P P’ are composite arms, combinations of
pieces of pipe and fittings, as shown in Fig. 3.
They extend outwardly from the inner cir-
cumference of pipeJ through pipe G to con-
nect with the concentiric pipes of the coils
R R/, and their points of connection with
pipes J and G are diametrically opposite,
and they are the inlet -arms through which
the heat-conveying medium is conducted to
the coils. Q Q' are similar, though, as may
be observed, not altogether so, composite
arms. They extend outwardly from near the
outer cireumference of pipe J through pipe G,
likewise to connect with the concentric pipes
of the coils R R'. Their points of connection
with pipe G are diametrically opposite, and
they are the outlets for the spent-heat-con-
veying medium into the annular space I,
thence through the open end of @, its return
being prevented by reason of the specified
relation of the arms Q Q’ to the pipe J.

The portions of the arms P P’ which are
connected to pipes J G also extend therefrom
radially, and then between G and the coup-
ling S° are so bent as to bring the right-hand
faces of the fittings S, 8/, §%, 83, and St (see
TFig. 8) to lie in a plane cutting the pipes J
and G diametrically and lengthwise and di-
vergent, by as small an angle as practicable,
from a similar plane in which lie the left-
hand faces of fittings U U' U? U? U* upon the
arms Q Q. The portions of arms Q @’ which
are connected to pipe G extend therefrom
also radially and are similarly bent as the
similar portions of arms P I’ so as to bring
the left-hand faces of the fittings U U’ U* U3
U to lie in a similar plane, divergent by as
smallan angle as practicable, from the plane
in which lie the fittings upon arms P 1.

If the composite arms P P’ Q Q' are con-
structed of so-called ‘‘three - quarter-inch
wrought-iron steam-pipe” and appropriate
fittings, the angle of divergeuce of the planes
described will be about twenty-five degrees
and the radial divergence of the arms P Q o
P’ Q' as they emerge from pipe G about forty
degrees.

The object in constructing the eomposite
arms P 1 Q Q' so that the faces of the par-
ticularly-mentioned fittings shall lie, respec-
tively, in the planes deseribed is that the con-
centric pipes of the coils R R' may enter the
described fittings tangentially and become
connected without such strains as would oth-
erwise endanger any protective covering of
pipes and fittings, and also to economize by
using commercial articles instead of specially-
designed fittings, which would be required

for each concentric pipe to enable it to enter
the fitting tangentially for the purpose speci-
fied. The space caused by the divergence of
the arms P Q and P’ Q' may be left open or
may be usefully {illed by short spurs of pipe
closed at their outer ends, as shown in Figs.
1, 3, and 6.

Other important features of the construe-
tion of the composite arms P P’ and Q Q' are
that the short pieces of pipe T TV T? T8 ¢V
V' V*ViVihave each on one end a right-
kanded and on the other end a left-handed
screw-thread, and the cross-fittings S’ 8% 8%,
the T-fittings §* U’ U? U? UY, and the coup-
lings S° U? also have right and left handed
serew-threads cut therein to receive the cor-
responding parts of the short pipes and that
all parts may be assembled together econom-
ically and without additional or more expen-
sive union-fittings, but we may substitute
union-fittings for couplings 8° U®and we may
have the concentric pipes cach in two parts
connected by right and left threaded coup-
lings and union-fittings.

When it is desired to increase the number
of pipes in the coils by having them closer or
as close together as is practicable, and they
may be very much closer or more numerous
than represented in the drawings, we modify
the construction of that portion of the arms
which serve to carry the fittings for connec-
tion with the concentric pipes. We can con-
struct such portion of an arm by taking a sin-
gle piece of pipe of the requisite length with
necessary openings therein where the fittings
will be located and eitherscerew or pressthere-
on accurately-fitted fittingsin close proximity
to each other.

The arms P P’ and Q Q, constructed by
either method substantially as and for the
purpose set forth, are important features of
our invention, but we donot confine ourselves
to the particular form or method of connect-
ing them to the shaft, as illustrated by P Q
in Fig. 3. Another method is illustrated in
Fig. 6 by P’ Q', and there may be still other
methods, but we prefer the method shown by
P Q in IFigs. 3and 6 as giving the greatest de-
gree of strength and rigidity to the coils.

The pipes I and J may be of the ordinary
commercial article of wrought-iron steam -
pipe of any suitable diameter, ready for the
finishing operations thereon.

In Figs. 1 and 2 we represent the tank E,
which is intended to contain the substance to
be submitted to the operation of concentra-
tion by the evaporator, as made of wooden
staves and heading, held together in a semi-
cylindrieal form by rods and semicircular
bands. Therods,which may belocated either
above or below the shaft, tie the staves and
heading together, while the bands, which
shonld each be in two pieces joined by a turn-
buckle, (notshown,) draw the staves together,
thus making a firm and tight vessel resting
within the framework heretofore deseribed.

We do not show any method or appliance

70

75

So

8s

Q0

95

100

105

110

120

125

130



583,014 , ' 3.

for charging or discharging the tank E, as the
charging may be done by any suitable means
and the discharging through suitable open-
ings and appliances either in the ends or bot-
5 tom under conditions varying with the sub-
stance that may be operated upon.
We. do not confine ourselves to a tank B
B made of wood, as- described, but when it is
preferable we substitute a metallic tank or a
metallic tank lined with a protective enamel
or its equivalent, or when it is desirable to
submit the sabstance undergoing concentra-
tion to heatother than:that which it may re-
ceive from coils rotating therein‘we substi-
tute a metallic tank or a metallic tank lined
with a protective enamel. or its equivalent
having a suitable. portion of its cylindrical
part double to admit the entrance of a heat-
conveying medium for that purpose.
The water discharging from coils R R’

10

I5

be led away from the outlet end of G by any

suitable means.

The pipe G of the double hollow shaft rests
in bearings in the pillow-blocks*F-F'. The
. axis of the shaft is beneatli and eccentric to
7 the axis of the semieylindrical tank E, so that
:::-the periphery of the coils R R’ may move
““i.close to the. bottom and at a constantly-in-

ereasing distance from the bottom point to
7the top of the sides of the tank.

-z The coils'R R’ are mounted upon the shaft
{as near to each other and as numerously as
“- desirable or practicable. In Fig. 2 we illus-

35.trate ten sets of such coils, and in Figs. 1,3,and
6 coils having five concentric pipes, which

i'we construct. of so-called ‘‘three- quarter-

-<inch wrought-iron steam-pipe,” but we do not

~-1imit ourselves to the exact number of coils,

4o :nor number of pipes in coils, nor size of pipes,

-.nor to iron ag the material of the pipe. The

. points of connection of the arms of one set
. -oof coils with the shaft in relation to those of

":iad‘]ommo’ sets may be located in continuous
45 lines or in echelon.

..-In operating upon some substances, when

e coils are constructed of iron pipes and

ttings there arise reactions injurious to the

. ¢oils or to the substance, or to both, which we
56 ‘prevent by covering the coils With a protec-

tive enamel or its equlvalent and by our

-, , method of constructing the coils any or all
““parts separately or a sem1eueular coil as a

“whole may be economically so protected, and

55 with proper instruments and care afterward

. assembled and mounted upon the shaft with-

out injury to such protective covering, and

the joints, when necessary, protected by a

suitable luting or cementing material.

The pipes J and G and coﬂs R R’ all com-
bined are, by means of a moving belt applied
to puiley N caused to rotateat sumable speed
in the direction shown by curved arrows in
Figs. 1, 3, and 6, thereby continuously ex-
posing films of the substance operated upon
to the evaporative influences of air and the
heat of steam or hot water circulating within

6o
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through arms Q Q' 1nto annulm space L may

"the coils and discharging Watel through out-

let-arms Q Q'

The vapors arising when the evaporator is
in operation should be led away to the open
air through a ventilating-hood.

We are aware of the construction shown in
patent granted to Ximball and Sawyer April
19, 1859, No. 23,689, for a grain-drier. Our
1nvent10n dlffels th erefl om in both construc-
tion and purpose, and we do not,therefore,de-
gire to claim as our invention any construc-
tion therein shown or claimed, but we do de-
sire to claim only that which we believe to be
novel and peculiar to our 1nvent10n as shown
herein.

Wearealsoaware of the constr nctlon shown
in Patent No. 364,908, granted June 14, 1887,
to Geo. A. Dandt, for acoil for heating evapo-
rating-pans, and also that shown in Patent No.
386,579, granted July 24, 1888, te G. Engsl, for
improvements in heating-coils of vacuum-
pans. In these instances the coils are sta-
tionary and arranged to be submerged be-
neath and designed to cause ebullition of the
liguid operated upon, and the mechanical
construction and arrangement of the coils are
unlike that in our invention and we do not in-
tend to claim as our invention any construe-
tion therein shown or claimed, but we do de-
sire to claim that which we-believe is novel
and pecnhm to our invention as set forth
herein.

Wearealso aware of the construetion shown
in patent granted to P. J. Badoux June 9,
1868, No. 78,639, for a rotary evaporator, and

70

75

8o

85

go

95

I00

we do not intend to claim as our invention

any construction therein shown or claimed.
In ourinvention the construction, arrange-
ment, and form of the pipes forming the evap-
orating-surfaces are essentially different and
novel. In the Badoux evaporator the spirals
arranged horizontally have anoisy, whipping,
and beating action upon the substance oper-
ated upon, causing it to become objectionably
filled with air-vesicles, and the spirals are
never completely free from water of conden-
sation, except when high-pressure steam is
used. In our invention the pipes being ar-
ranged to rotate in vertical planes are com-
pletely discharged of water of condensation

at every revolution, are adapted to the ef-

fective use of low-pressure steam or of the ex-
haust of a steam-engine, and operate smoothly
andnoisclessly. Wedesiretoclaim only that
which we believe is novel and peculiar to our

invention.

We are aware that prior to our 1nvent10n it
was not new to construct evaporators with
surfaces rotating in and out of liquids placed

110
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in open vessels, and thatsuch apparatus have - -

been proposed and used wherein such sur-
faces, non-heated, have been subjected to
currents of heated air. In other cases the
moving surfaces have been heated from with-
in. In some cases the contents of the open
vesselshave been heated by various methods;
and we are aware that pipes have been used
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for evaporating-surfaces in rotary evapora-
tors, and we do not, therefore, broadly claim
to evaporate substances by such means un-
less the apparatus be constructed and com-
bined as herein described.

What we doclaim as ourinvention, and de-
sire to secure by Letters Patent, is—

1. In a rotary evaporator, the Lorizontal

shaft consisting of -an exterior pipe which has

one end closed and is provided with any desir-
able number of diametrically opposite open-
ings, points- for attachment of and through
which pass a like number of inlet-arms, and
is provided also with a like number of dia-
metrically opposite openings, points for at-
tachment of and through which pass a like
number of outlet-arms, in combination with
an interior pipe which has one end closed
and the other end connected by a gland to a
stationary pipe and is provided with any
desirable number of diametrically opposite

openings coincident with like openingsin the:

exterior pipe, points for attachment of the
inlet-arms that have been passed through the
coincident openingsin the exteriorpipe, sub-
stantially as described and for the purpose
set- forth.

2. In arotary evaporator, the combination
of the shaft consisting of pipes G and J pro-
vided with openings as described, the dia-
metrically opposite inlet-arms and diametrie-
ally opposite outlet-arms extending from said
shaftand the concentrie pipes connecting said
inlet with said outlet arms, substantially as
described and for the purpose set forth.

3. Inarotary evaporator, the inlet-arm: ex-
tending from pipe J, through pipe G to con-
nect with a series of concentric pipes, said
arm consisting of a combination of a reversed
curved portion of pipe immediately attached
to pipes J and G and an extended portion-com-
posed of pipe and suitable pipe-fittings, hav-

ing the faces of the fittings at the points of:

connection with the concentric pipes, lying
in a plane cutting said pipes J and G dia-
metrically and lengthwise thereof substan-
tially as desecribed.

4. Inarotaryevaporator, theoutlet-arm ex-
tending from near the outer circumference of
pipe J through pipe G to connect with a series
of concentric pipes, said arm consisting of a
combination of a reversed curved portion of
pipe immediately attached to pipe G, and an
extended portion composed of pipe and suit-
able pipe-iittings, having the faces of the fit-
tings at the points of connection with the con-
centric pipes, lying in a plane cutting said

pipes J and G diametrieally and lengthwise

thereof, substantially as described.

5. In a rotary evaporator, the combination
of the inlet-arms P P’ attached to and ex-
tending radially from the inner circumfer-

ence of pipe J through pipe G, the outlet-
arms Q Q' attached to pipe G and extending
radially from near the outer circumference
of pipeJ, and the connecting concentric pipes
R R/, said concentric pipes being arranged
in a vertical plane in relation to the horizon-
tal pipes J and G and designated to rotate
in a vertical plane, substantially as described
and for the purpose set forth.

6. In arotary evaporator, the combination
of the inlet-arm P attached to and extending
radially from theinnercircumferenceof pipe
J through pipe G, and the outlet-arm Q at-

.tached to pipe G and extending radially from

near the outer circumference of pipe J, the
said arms P, Q, being caused to diverge as

.they emerge from pipe G by an angle of forty

degrees, more or less; according to thesize of

"pipe used, then bent toward each other until

they nearly touch, then bent-away from each
other until they again diverge by an angle of

. twenty-five degreesmore or less aceording to

the size of pipe used, thus causing the faces
of the fittings on arm P’ to which the concen-
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tric pipes R’ are attached, and the faces of

‘the fittings on arm Q to which the conecentric

pipes Rare attached, to lie'in planes cutting
the pipesJ and G diametrically and length-
wise thereof, substantially as deseribed and
set forth.

7. Inarotaryevaporatorprovided with con-
tiguous divergent inlet- and outlet- arms ex-
tending from-a horizontal hollow shaft and
connected to other contiguous divergent out-
let-and inlet arms by concentric pipes ar-
ranged in the same vertical plane, extending
the concentric pipes across the space between
said divergent armsby meansof suitablepipe-
fittings:and short pieces of pipe, substantially
as described and set forth.

8. In a rotary evaporator, the combination
of the double hollow horizontal shaft con-
sisting of pipes J and G, the evaporative coils
mounted thereon in vertical planes consist-
ing of inlet and outlet arms P Q' and inlet
and outlet arms P’ Q and connecting concen-
tric pipes R’ R, the semicylindrical tank with
its supporting-frame, the bearings supported
upon said frame and suitable for said shaft,
and means for causing the rotation of said
shaft and evaporative coils, whereby films of
the substance operated upon may be exposed
to the air and rapidly evaporated, substan-
tially as described.

FINNEY SPRAGUE.
RICHARD COBDEN SPRAGUE.

Witnesses as to Finney Sprague:

HERBERT M. TEMPLE,
WiLLIAM A. SOMERS.
Witnesses as to Richard Cobden Sprague:
" NATHANIEL K. BEECHLEY,
ANDREW WoODS.
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