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JACKETED STEAM DRIER

Paul E. Ohlson and Edward: A, Hodge,

-Wilming-

ton, Del., assignors to The Pusey. & Jones Cor-:

poration, ‘
Delgware

‘Wilmington,

Del,, a corporation . of .

Appl'ica,tion‘rMa_y 16, 1951,. Sgr‘i‘;a_l‘ No. 226,698
1 Claims. (Ol 34—124).

1.

The present invention relates to steam jacketed.
driers .of the .type used .in paper .mills,  food
brocessing plants, industrial, chemical manufac-
turing plants, and the like. Driers.of the kind
which are improved by the present invention.are
0" be distinguished from. heavy cast iron driers
in.which the entire interiors: of the cylindrieal
drums.are filled with steam, since jacketed: driers
conventionally: have.their interiors: open. to, the
atmosphere and eomprise a . pair. of concentric,
steel .eylinders, providing .a _closed. space. there-
between;. into  which relatively. high . pressure
steam is delivered, and from which condensate is
removed..

A primary .object of the present invention is
to provide means. for increasing the rate of heat
transfer from the exterior surface .of a . steel
jacketed drier.to the material being dried..

"To.this.end,.an important object.of the inven-
tion. is to . increase the -velocity..of .steam: Tlow.
through the jacket space in.the drier. . Such in-
creased velocity. of. steam flow. exérts.a scouring
action upon the inner.surface of the outer eylin-
der.angd effectively. prevenis the, formation. of a
film or layer of - condensate on..said =<surface;
which,.in conventional practice, acts as .an.in-
sulating layel and reduces the rate of heat.trans-.
fer from the steam to the cylinder. . The:scouring
action, effected by the improvements of ‘the preg-.
ent invention,. also effectively. remaves. air..and
non-condensable .gases. from:.the -jacket .space;:
thereby.. further.
rate.. '

It has been standard practice in. the’ jacketed’
drier. arf to’ space the inner. and-outer cylinders
substantially. two inches apart, -regardless of the
diameter of the drier, which ‘may vary.from 36:
inches to 144 inches: ‘This relatively: large jacket.
space. results. in numerous. disadvantages which:
have not been appreciated or understood in: the
prior art. The velocity of steam flow in: tpé
jacket space is insufficient, to effect: the desived
scouring action and the rémoval of conhdensate;’
air; and non-condensable gases.. Accordingly, at’
low. speed, the condensate puddies badly. néar

the bottom.of the drier, thereby inferfering with:

heat transfer 'and increasing. the power required
torotaté ‘the drier. At high. speed,- the' con-
densate 1ims'in a film around the entire nnér’
surface of the: outer cylinder and interfefes with
heat transfer. Air and r

remain in the jacket space becatise of Inadeqtiate’

venting and low rate of steam flow.:
No attempt in'the past has been made to con-

trol the quality of the steam within the diler fi:

'imbfovingf. the .heat:. transfer.

and non-condensable: gases’
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2.
such a manner as to effect. maximum heat frans-
fer.. No. means have. been provided .to effect
éven and uniform distribution of steam. flow over.
the entire inner surface of the. drier.

The purpose of the present invention is to. gver-.
cone all of the. foregoing defects: to -produce a,
sufficiently high velocity .of steam. fiow. to scour
air, water, and -incondensable. gages; to effect
even .and .uniform distribution of Steam.. flow.
within the jacket space; and Yo control the qual-
ity of the steam within the jacket to effect . maxi-
mum. heat. transfer.

As 3 result.of shop.experimentation and theo~
reticdl calculations, it has been determined that
2 .steam. flow. velocity, upon. the: Antroduction. of
the steam into the jacket, Space, .of 150 feet.per

minute. and a discharge. velocity of low. quality

steam .and: condensate of 7 feet per minute or
mare is necessary. to. produce the desired scouring
action and fo. effect. proper réemoval of conden-
sate, air, and hon-condensable gases..

The. objects._of: the -bresent .invention .are ac-
complished,. 45 explained in connection with the.
llustrative embodiments “describéd below,. by.de-~
creasing the radial dimension of the steam space
between the .outer and -inner cylinders. to. sub-
stantially 34 of an inch, more or. less, depending
upon'the diameter. of: the drier ;- by dividing’ the;
jacket space into.a -plurality . of longitudinally.
extending: compartments;. by - delivering = the
steam.at high'velogity to the leading ends:of. the:
compartment. at g -plurality. of _points through
openings of accurately determined areas; and by
providing means for removing low quality steam’
and condensate adjacent the trailing ends of the.
compartments through a Plurality of apertures
of -aceuratély - determited $ize,. to  control. the
quality of the steam and the velocity. of discharge
of steam and condeénsate.- Improved means for
effecting these seversl results are sHown in the
illustrative. . enibodiment . in the.. accompanying
drawings, in which. ’ ’ ’

Figure 1 is.a'verftical.longitud‘mal section of 2
drier;: ’ T T

Figure 2'is a section taken on line 2—2 .of
Figure 1, on a somewhat larger scale;”

Figure 3 is a section and end elevation taken
on line 3—3 of Figure 1; = - - oo

-Figure 4 is an’ enlarged fragmentary _section
through the inner ang ‘olter eylindérs and the’
stéam "delivery and condehsate removal instru-
mentalities; and o

‘Figure 5'is a fragmentary axial section on an
enlarged scale’ with’ceftain parts broken away. -

A'pair of Yollow journals 1¢ and {1, intercon-



2,877,809

nected by a central shaft {2 may be supported
in conventional manner by suitable bearings, rep-
resented diagrammatically at i3 and (3. The
journals carry end plates or heads 15 and {6,
which may have openings {1 therein so that the
interior of the drier is open to atmosphere. Se-
cured to the outer margins of the two heads are
a pair of inner and outer steel cylinders 18 and
19, disposed in closely spaced concentric rela-
tion and spaced apart by end rings 20 and 21, to
which they are welded, to provide a closed jacket
space 22. ‘

As indicated in Figure 5, the heads may be re-
inforced by radial webs 23, extending from the
jnner cylinder {8 to a supporting ring 24, se~
cured to the journal {1 in any appropriate mait-
ner, as by bolts 25 extending through a flange
2§ integral with or mounted upon the journal.

The space 22 between the inner and outer
cylinders is divided into a plurality of longitu-
dinally extending compartments, by a plurality
of stainless, spring steel vanes 30, having their
inner portions 31 welded to the outer surface of
the inner cylinder I8 and their outer edge por-
tions 32 bearing against the inner surface of the
outer cylinder 13 with spring pressure. As indi-
cated by the arrows in Figures 2 and 4, the vanes
are pitched forwardly and outwardly in the di-
rection of rotation of the drier. Moreover, they
extend longitudinally in angular relation to gxial
sections of the cylinder so that condensate en-
gaged by their leading faces tends to flow, under
the influence of inertia, gravity, and centrifugal
force, toward their trailing ends.

The inner cylinder 18 is provided with a plu-
rality of rows of apertures 33, one row heing dis-
posed adjacent the leading faces of each of the
vanes 30, at the trailing end of each compart-
ment in the space 22. These apertures provide
means for the discharge of condensate, low-
quality steam, air, and non-condensable gases
from the several compartments; and such flow is
facilitated by the scooping action of the vanes.

The inner cylinder (8 is also provided with &
plurality of rows of openings 35, disposed in par-
allel relation to the apertures 33 with one row
positioned behind each vane 30 and near the
jeading end of each compartment in the space
99 - As Thereinafter explained, steam flows
through these openings into the several com-
partments. In order to prevent the direct im-
pingement of the steam upon the inner surface
of the outer cylinder, at points in alignment
with the openings, and to effect a uniform dis-
persal of the steam, the openings 35 are fitted
with nipples 36, having closed, circular outer
ends, constituting bafiles 37 and laterally dirvected,
slotted openings 38 and 38, so that the steam
is directed laterally, as distinguished from ra-
dially, into the jacket space 22. :

Upon the inner surface of the inner cylinder,
in alignment with each row of apertures 38,
there is an outwardly facing trough 40, consist-
ing of a U-shaped sheet metal strip welded to the
cylinder 18 and disposed longitudinally in angu-
jar relation to axial sections of the drier, in the
same manner as the vanes and.the rows of aper-
tures. Accordingly, condensate flowing inwardly
through the apertures 33 into the troughs tends
to flow longitudinally toward the trailing ends of
the troughs or, in other words, toward the left
in Figure 1.

At the latter end, each trough is connected to
a radial pipe 41 having its inner end connected
to an axial pipe 42, extending through the jour-
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4
nal i1 and bearing 14, to a suitable condensat
collecting trap and return steam line, not shown.

Adjacent each trough 40 is a second trough 48§,
which may consist of an L-section sheet metal
strip, welded to the U-section strip 40 and to the
inner surface of the inner drum (8, as illus-
trated in Figure 4. Each trough 45 encloses the
associated row of openings 35 and nipples 36.
At the right hand or leading end, each trough
45 is in communication with a radial steam de-
livery pipe 46, extending into the interior 47 of
the right hand journal {0, to which is connected
a steam supply pipe 48.

In many cases, particularly where the length
of the drier exceeds the circumferential dimen-
sion, it has been found highly advantagecus to
divide the space 22 into a plurality of separate
compartments,” by positioning circumferential
rings in the jacket space. For instance, the en-
tire space may be divided into four compart-
ments or chambers, longitudinally of the drum
and each of these compartments again divided
by the fins or vanes 30. One circumferentially
extending ring may be positioned midway be-
tween the end rings 20 and 21, and two other
circumferential rings midway between the first
mentioned one and the end rings. Such an ar-
rangement prevents a direct longitudinal flow
from the steam inlets to the outlets; results in
a more uniform, circumferential flow of steam in
the several compartments, and provides an im-
proved and more thorough scouring action for
the removal of air and non-condensable gases.
This arrangement has been found to be of im-
portance and to produce highly advantageous re-
sults in elongated driers, such as those having a
60-inch diameter and a 938-inch length.

In the operation of the apparatus of the pres-
ent invention, high quality steam at relatively
high pressure, in the neighborhood of 125 pounds
per square inch is delivered through pipes 48 and
46 to the interior of the longitudinally extending
distributing troughs 45, from which it flows
through the nipples 36 into the several compart-
ments, into which the space 22 is divided by the
vanes 30. The high quality steam is distributed
uniformly and evenly throughout the compart-
ments and gives up its latent heat to the outer
cylinder 19, which results in a reduction in the
quality of the steam, considerable condensation
on the inner surface of the outer drum, and a
high velocity steam flow. The low quality steam
flows from the space 22, inwardly through aper-
tures 33 into the trough 40, with a relatively high
velocity flow, which results in a scouring action
within the space 22, tending to drive condensate,
air, and non-condensable gases toward the trail-
ing end of each compartment. The vanes 30
exert a scooping action on the condensate and
force it to flow through the apertures 33 into the
trough 40.

Because of the angular disposition of the
troughs 40, from end to end, the condensate,
through the influence of centrifugal force, in-
ertia, and gravity is caused to flow longitudinally
in each trough toward the trailing end thereof,
where the condensate is received by the radial
pipes 46 for flow through the interior of the jour-
nal (i, and for discharge through the pipe 42.

In order that the quality of the steam may be
reduced from substantially 100%, when it is in-
troduced, to substantially 10%, when it is dis-
charged through the apertures 33, to produce &
high velocity flow and to give up a major por-
tion of its latent heat, it has been found that.
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the total cross-sectional area. of the .apertures 33
should equal- approximately 10% of the total
cross-sectional area. of . the steam space 22.
Moreover, in order that the. veloeity of :the flow
of steam in the Space be high, the Tadial dimen-
sion thereof should: be small.

Experiments and theoretical calculations haye
demeonstrated that a.drier in accordance with. the
Dbresent invention, using steam. bressures. of. be-
tween 125 angd 180 bounds - per: square inch. re-
sults in an increase.of heat transfer of ‘between
22% and 29%, as. compared with. prior .steam
Jjacketed. driers, operating. at similar. pressure,
but not provideq with the improvements .of -the
present invention,,

It:must be understood that the.invention is.not
limited: to the .details of .construction shown in
theﬂ«accompanying,draw-i-ngs..»,and»;desc.:.ribe,d ahove,
Aas.many modifications will -oecur to those, skilled

in-the.art-from a-gconsideration. of #his.disclosyre. 2

The invention includes all;modifications .coming
within the scope of the appended claims.and their
equivalents.

We claim:

1. A drier comprising 2. Dair. of concentric,
closely spaced, inger and outer. eylinders mount-
ed-for rotation in a bredetermined direction and
having. the.interioan the.inner cylinder open to
the atmosphere, gas-tight: sealing means closing
the .ends. of the space between. the cylinders, a
plurality of vanesextending longitudinally from
end-to end of. the.cylinders and dividing the space
therebetween. into 2. plurality of. longitu»dinal
compartments, the inner.cylinder. having a row
of-openings behind .each of-said vanes. and a row
Of apertures shead.of each vane, means for de-
livering .steam through. each row..of openings to
said- compartments adjacent. the leading ends
thereof ang trough means. earried by. the inner
surface of the-inner.cylinder registering with the
Tows of apertures.for collecting cendensate and
low quality steam flowing through the apertures
in. the inner. cylinder,

2. A drier- comprising, a. pair. -of. concentrie,
closely spaced inner and- outer steel cylinders of
substantially equal wall'thiqkness mounted - for
rotation about their common axis in 2 predeter-
mined direction, gas-tight sealing: means closing
the ends of the space between' the cylinders, a

Dlurality of vanes extending longitudinally from

end to end of the cylinders; dividing the space
therebetween; into: a, plurality- of. longitudinally
extending compartments, said vanes being for-
wardly, and. outwardly. pitched from the inner to
the. outer cylinder, the inner cylinder having g
row of openings behind each of said vanes and
a row of apertures.ahead. of each vane, means for
delivering high quality, high bressure steam,
through, each, row: of openings to. the. said space
and trough means carried by the inner surface
of the inner cylinder registering with the rows
of apertures for collecting condensate and low
quality steam flowing from said space through
said apertures.

3. A drier comprising a pair of concentric,
closely spaced inner and outer steel cylinders of
substantially equal wall thickness mounted for
rotation about their common axis in a predeter-
mined direction, gas-tight sealing means closing
the ends of the Space between the cylinders, a
plurality of vanes extending longitudinally from
end to end of the cylinders, dividing the space
therebetween into g plurality of longitudinally
extending compartments, said vanes being se-
cured o the outer surface of the inner cylinder
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and. projecting. outwardly.. in, forwardly, pitched

relation. into .contact. with:.the inner. surfage, . of
the outer.cylinder, means for delivering steam. to
said -compartments -behingd : each of ;said :vanes,
said inner.eylinder haying a.row of apertures ad-
Jacent the leading face of .each vane, for the in~
ward flow .of :low. quality steam ang -condensate,
and a plurality of .troughs. on the. inner surface
of.the .inner. cylinder registering with said -rows
of . apertures. for ~collecting the inwardly, flowing
condensate and low quality steam.

4. A drier, comprising . a. pair of concentric,
closely spaced inner and outer, steel, cylinders .of
substantially. equal wall: thickness mounted. for
rotation about their. common axis in a_predeter-
mined .direction, gas-tight sealing means closing
the .ends of fthe.,,space._,b‘etween .the eylinders,. 2
plurality of.vanes extending Jlongitudinally. from
end. to.end. of ‘the .cylinders . dividing the. space
therebetween. into. g, plurality.. of , longitudinally
extending compartments, said vanes being , se~
cured.to, the outer, surface of -the inner. eylinder
and projecting outwardly in forwardly pitched re-
lation into contact with the inner surface of ;the
outer. ‘cylinder, and. dispesed . longitudinally,, in
angular relation.to axial sections of the cylinders,
whereby. longitudinal flow is imparted to.conden-
sate engaging the vanes, means. for. delivering
steam to the. compartments adjacent. the leading
ends thereof, the inner. eylinder having a.row. .of
aperiures adjacent the trailing end of each com-
partment. opposite: the leading face.of the 24550~
ciated. vane for the inward flow. of - condensate,
and:an. outwardly facing. trough secured to.the

5 inner surface of, the inner cylinder, enclosing

each row of .apertures to receive said.condensate.

5. A. drier comprising g Dair. of concentric,
closely spaced. inner. and outer steel.cylinders .of
substantially equal wall thickness mounted. for
rotation about their common axis in. a. prede-
termined direction, gas-tight, sealing means clog-
ing the.ends of :the space between. the cylinders,
a plurality of vanes: extending longitudinaily. from
end. 4o end of. the cylinders. dividing . the: space
Sherebetween. into. a blurality . of longitudinally
extending. compartments, said vanes heing. se-~
cured-to the outer surface of the inner cylinder

-and. projecting outwardly in forwardiy. pitched

relation into contact ‘with. the inner surface. of
the outer cylinder and. disposedlongitudinally, in
angular relation .to axial sections of the cylinders,
whereby longitudinal flow is-Imparted to .€onden-

Ssate. engaging the vanes, means for. delivering

steam to the compartments adjacent the leading
ends thereof; the inner cylinder having s row of
apertures adjacent the trailing end. of each com-
bartment opposite, the leading face of the asso~-
ciated vane for the inward flow of condensate,
and an outwardly facing trough secured to. the
inner.surface of the inner cylinder,
row of apertures to receive said condensate, each
of said troughs being disposed in
relation to an axial section of
whereby longitudinal flow is imparted to the con-
densate received therein, and means connected to
the trailing end of each trough for removing con-
densate therefrom.

6. A jacketed steam drier comprising a pair of
concentric, closely spaced inner and ocuter cylin-
ders, means closing the ends of the space there-
between, means extending longitudinally from
end to end of the cylinder for dividing said space
into g plurality of longitudinal compartments, g
Tow of openings in the inner cylinder adjacent
the leading end of each compartment, a row of
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apertures of reduced total cross-sectional area a8
compared to said openings extending through the
inner cylinder adjacent the trailing end of each
compartment, a plurality of pairs of adjacent
troughs extending longitudinally along the inner
surface of the inner cylinder with one trough of
each pair embracing the openings of one com-
partment and the adjacent trough of each pair
embracing the apertures of the compartment
ahead thereof in the direction of rotation of the
drier, means for delivering steam to the first
trough and means for removing condensate from
the second trough.

7. A drier in accordance with claim 6 in which
the means for dividing the space between the
cylinders into said compartments comprises a
plurality of longitudinally extending vanes se-
cured to the outer surface of the inner cylinder,
projecting outwardly in forwardly pitched rela-
tion and contacting the inner surface of the outer
cylinder.

8. A drier in accordance with claim 7 charac-
terized in that the vanes and the troughs are
disposed in angular relation to axial sections of
the cylinder, whereby longitudinal flow is im-
parted to condensate engaging the vanes and to
condensate received in the second trough, said
drier being further characterized by the inclusion
of means for removing condensate from the trail-
ing end of the second trough of each pair.

9. Tn a jacketed drier of the type having an
open interior and concentric inner and outer
cylinders defining a closed annular steam space
therebetween, @ central shaft, journal means
therefor, means for delivering steam to said space
through one journal and means for removing
condensate through the other journal, the im-
provement in the steam delivery and condensate
removal means which comprises a plurality of
forwardly and outwardly pitched vanes, secured
to the outer surface of the inner cylinder making
contact with the outer cylinder and dividing said
space into a plurality of longitudinal compart-
ments, a2 row of openings extending through the
inner cylinder behind each vane, a row of aper-
tures extending through the inner cylinder ad-
jacent the leading face of each vane, means for
delivering steam to all of the openings, a trough
on the inner surface of the inner cylinder enclos-
ing each row of apertures, and means connecting
each trough to the condensate removal means
extending through said other journal.

10. In a jacketed drier of the type having an
open interior and concentric inner and outer
cylinders defining a closed annular steam space
therebetween, & central shaft, journal means
therefor, means for delivering steam to said
space through one journal and means for re-
moving condensate through the other journal,
the improvement in the steam delivery and con-
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densate removal means which comprises 4 plu-
rality of forwardly and outwardly pitched vanes,
secured to the outer surface of the inner cyl-
inder making contact with the outer cylinder
and dividing said space into a plurality of longi~
tudinal compartments, a TowW of openings ex-
tending through the inner cylinder behind each
vane, a row of apertures extending through the
inner cylinder adjacent the leading face of each
vane, a trough on the inner surface of the inner
cylinder enclosing each row of openings, and
means connecting each trough to the means for
delivering steam through the first mentioned
journal.

11. In a jacketed drier of the type having an
open interior and concentric inner and outer
cylinders defining a closed annular steam space
therebetween, a central shaft, journal means
therefor, means for delivering steam to said
space through one journal and means for re-
moving condensate through the other journal,
the improvement in the steam delivery and con-
densate removal means which comprises a plu-
rality of forwardly and outwardly pitched vanes,
secured to the outer surface of the inner cyl-
inder making contact with the outer cylinder
and dividing said space into a plurality of longi-
tudinal compartments, a row of openings eX-
tending through the inner cylinder behind each
vane, a row of apertures extending through the
inner cylinder adjacent the leading face of each
vane, a trough on the inner surface of the inner
cylinder enclosing each row of openings, means
connecting each trough to the means for de-
livering steam through the first mentioned jour-
nal, a second frough positioned adjacent each of
the first mentioned troughs on the inner surface
of the cylinder enclosing each row of gpertures
and means connecting each of the second men-
tioned troughs to the condensate removal means
extending through the second journal.
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