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The present invention relates to a chilling roli for
paper coating machines and particularly to a chilling
roll for use in a paper coating machine such as that
described in Patent No. 2,647,842, issued August 4, 1953
to R. N. Griesheimer and Robert C. Hydell.

Heretofore; the design of rolls for heat transfer (heat-
ing or cooling) has centered mainly around drier drums
and calender rolls. In the case of drier drums, there
is little or no nip loading, while calender rolls carry
nip loads in the range of 1000-1500 Ib. per inch of roll
face. On the other hand, nip loading on the chilling
roll of this invention amounts to 150-200 1b. per inch of
face. This difference in loading is an important distinc-
tion because it affects the structure of the roll. The
heavier structure required by the higher nip loadings
makes it difficult to accomplish good heat transfer be-
cause of the thick sections. The intermediate to low
loading imposed on the roll of this invention is carried
by an inner core, thus allowing the outer shell to be rela-
tively thin.

Another requirement imposed by the process of Patent
No. 2,647,842 is that the inter-nip distance between the
coating . application press and the press of which the
present roll is a part must be held to a minimum. To
meet this requirement, a roll of relatively small diam-
eter is necessary; in fact, the smaller, the better, as long
as its design is consistent with load and heat transfer re-
quirements. For this reason, the advances in drier design
have limited application, as it is almost impossible to
provide the internal connections of the substantially
large diameter driers in a roll of relatively small diameter.

Roll surface temperature is also of importance. Since

- it costs much more to transfer heat at low temperature
(of the order of —50° F.) as compared to more con-
ventional drier temperatures (of the order of 250-300°
F.), it is desirable to so improve heat transfer conditions
as to minimize the temperature difference between the
roll surface and the cooling medium, still meeting the
structural requirements of the shell which calls for a
thickness of the order of 3 inch.

In the mathematical expression for rate of heat trans-
fer,

Q/6=HAAT

/6 is the rate of heat transfer in heat units per unit
time, such as B. t. u./hr.,

H is the overall heat transfer coefficient,

A is the area of roll surface through which the heat
is transferred, and .

AT is the temperature difference between the outer
surface of the roll and the cooling medium within the
roll.

The numerical value of heat transfer rate, Q/6 that
is required is set by the production requirements im-
posed on the coating machine. Thus, for a given coatcr,
operating at its rated capacity, the value of Q/¢ is fixed,
and the chill roll must be so designed to yield this rate
-of heat transfer.
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The area available for heat transfer is related, among
other factors, to the diameter of the chill roll, a factor
limited by the space requirements of the coating process,
as discussed above.

The cost of transferring heat at temperatures of the
order of —50° F. is high, and dictates a design giving
a minimum difference between roll surface and cooling
medium. Hence, desirably, AT in the above equation is
small.

This leaves the factor H, overall heat transfer co-
efficient, as the ounly means of attaining the desired rate,
@/9, and H must be made as large as possible. To in-
sure a high value of H, a relatively high velocity of the
cooling medium, over the inside surface of the roll shell
is required.

This requirement, as well as the others set forth above,
is met by the chill roll of this invention.

Generally, in accordance with the present invention,
there is provided a chilling roll consisting of an elon-
gated inner cylinder of substantial thickness in the outer
face of which is provided a plurality of spaced helical
grooves. Sweated over the inner cylinder is a relatively
thin shell which acts to close the outer portions of the
grooves to thereby form passages between the inner cyl-
inder and its shell. Alternate grooves at one end of
the device communicate with radially drilled holes which,
in turn, communicate with an annular space defined by
a cover plate set within a recess and by flanges extend-
ing outwardly from an inner pipe. There is also provided
an oufer pipe and the remaining grooves communicate
with the space between the inner and outer pipes and
the aforesaid flange by means of milled openings in in-
ternal flanges of the inner roll. The device is such that
brine such as, for example, methylene chloride brine at
very low temperatures may be introduced simultaneously
through both of the inner pipes whereupon the same may
pass through the radial openings, thence through the com-
municating grooves to the milled passages at the op-
posite side of the device and thence through the space
between the inner and outer pipes. Such action makes
for a minimum heat transfer film coefficient for the
brine as it passes through the grooves, it being under-
stood that the flow of brine through the grooves is at
high velocity and is in opposite directions in alternate
grooves. Thus, also, the chilling surface, namely the
outer surface of the shell, will have a more uniform
temperature at all times than would otherwise be possible.
The device contains many novel features which will be
brought out in the appended specification.

It is accordingly an object of the invention to provide
a novel chilling roll especially adapted for use with paper
coating machines.

Another object of the invention is to provide, in a
device of the character set forth, a novel arrangement "
of grooves whereby the “nip” between the instant de-
vice and a roll with which it may be utilized may not
“ride” a particular groove.

Another object of the invention is to provide a.de-
vice of the character set forth which is simple in con-
struction, inexpensive to manufacture and yet effective
and efficient in use.

Still another object of the invention is to provide, in a
device of the character set forth, a plurality of brine-
conducting grooves arranged in a roll in other than cir-
cumferential relationship therein in spaced relation to
one another and with novel means whereby brine is di-
rected in opposite directions therethrough in successive
grooves.

Other and further objects of the invention will become

- apparent from a reading of the following specification

taken in conjunction with the drawings, in which:
Figure 1 is an elevational view of an embodiment of
the invention,
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Figure 2 is an end clevational view thereof,

Figure 3 is an enlarged fragmentary sectional view,
partly broken away, taken along line 3—3 of Figure 1,

Figure 4 is a sectional view taken along line 4—4 of
Figure 3, and

Figure 5 is a view similar to Figure 3 but illustrating
diagrammatically the direction of flow of fluid through
the device embodying the present invention.

“t

Referring more particularly to the drawings, there is

shown therein a relatively thick inmer roll 10 preferably
formed of steel and having at each end thereof an in-
wardly extending flange 11. The flanges 11 are each
recessed in their outer faces, as indicated at 12, to re-
ceive the outwardly extending flange 13 of an inner pipe
14, the flange 13 being affixed to the roll 10, in each
case by means of bolts 15. .

A fitting 16 is provided at either end of the device
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and has at its inner end an integrally formed outwardly .

extending flange 17 which is affixed to, in each case, to
one end of the roll 10 by means of bolts 18.

The flange 11 is further recessed at each of its ends,
as indicated at 19 and a cover plate is affixed in each of
the recesses by means of bolts 21. The cover plate is
indicated at 20. An outer pipe 22 is affixed within each
of- the fittings 16.

In the outer face of the roll 10 is cut a plurality of
spirally extending shallow grooves 23 which lie in spaced
parallel relation to one another. Adjacent one end of
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the roll 10 each alternate groove 23 has communicating

therewith a radially extending drilled hole 24. In the
opposite end of the roll those grooves having the drilled
hole in one end communicate with a radially extending
milled groove 25.

Shrunk or sweated over the roll 10 is a shell 26, pref-
erably of steel and in the form of a seamless pipe. The
outer surface of the shell 26 is preferably chromium
plated and polished.

In the operation of the present form of the invention,
brine, such as methylene chloride brine at a very low
temperature, is introduced into the device through both
inner pipes 14 from whence it passes radially outwardly
between the flanges 13 and plates 20, thence through the
drilled holes 24 into the grooves 23 and thence across
the entire surface of the roll to the opposite end thercef
where it passes through the milled openings 25 into the
space between the flanges 13 and 17 and thence out-
wardly between the inner pipe 14 and outer pipe 22. Tt
will be apparent that alternate grooves 23 thus receive
the chilled brine for passage therethrough in opposite
directions and that the shell 26 will thereupon be chilled
substantially uniformly due to the fact that the alternate
grooves 23 are acquiring heat from the shell 26 as they
pass therebeneath. In a given example, it was found
that there was an increase of approximately 8° Fahren-

heit in the brine temperature when it passed from one -

end of the roll to the other in an optimum design. Since
alternate grooves are carrying such brine in opposite
directions, it will be readily apparent that the acquisition
of heat from the shell 26 into the brine will thus be
more evenly distributed in the device as a whole. Tt will
also be seen that since the grooves 23 extend at an angle
other than perpendicular to the axis of the roll, and
since the shell 26 is relatively quite thin, that the “nip”
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or line of contact between the roll of the instant inven-
tion and a pressure roll or the like with. which it may be
used, may not “ride” a particular groove which would
be the case if the grooves extended axially. That this is
of importance will be apparent from the fact that in the
case of a device of the present invention wherein the roll
is one hundred inches in length, such “nip” load is-ordi-
narily twenty thousand pounds. It will also be apparent
that the angular relation of the grooves 23 as aforesaid,
permits greater length of such grooves in a given roll
thus permitting greater distribution of the heat-acquiring
properties of the brine passing therethrough.

While but one form of the invention has been shown
and described herein, it will be readily apparent to those
skilled in the art that many minor modifications may be
made without departing from the spirit of the invention
or the scope of the appended claim.

What is claimed is: v

A device of the character described comprising a
drum having a first series of spaced helically extending
erooves formed in the outer face thereof, said drum hav-
ing a second series of like grooves each positioned be-
tween a pair of adjacent grooves of said first series of
grooves, a shell affixed upon said drum, means for mov-
ing fluids through one series of grooves in one direction
and through the other series of grooves in the opposite
direction, means forming an inner chamber adjacent each
end of said drum, means forming an outer chamber ad-
jacent each end of said drum, a supply pipe connected
to each of said inner chambers, a discharge pipe con-
nected to each of said outer chambers, said drum having a
radial hole extending from each alternate groove adja-
cent one end thereof to communicate with one of said
inner chambers, said drum having a like radial hole ad-
jacent the opposite end of each remaining groove to com-
municate with the other inner chamber, said drum having
a plurality of passageways each formed in that end there-
of remote from said radial holes and each interconnect-
ing a groove with an adjacent outer chamber, said means
forming said outer chambers comprising a relatively large
circular recess in cach end of said drum, and an annular
flange affixed to said drum in each of said relatively large
recesses, and said means forming said inner chambers
comprising a relatively small recess formed in each end
of said drum inwardly of and communicating with the

- relatively large recess of that end of the drum, and a
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cover plate affixed in each of said relatively small re-
cesses, said supply pipes each being affixed at its inner
end to the inner periphery of its associated flange; said

o recesses, flanges, cover plates and supply pipes being

mutually concentric,
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