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-1- ' METHOD AND APPARATUS
FOR EXPANDI NG TOBACCO FI ELD OF | NVENTI ON 5
The presentwOong/esm2zon rel ates to the expansi on of t obacc @eCTASYS/N0B0E
partlcul arly to nethods and apparatus for heati ng tobacco that has been
| npregnated with an expansi on agent. " BACKGROUND OF
THE | NVENTI ON 10 Expansion is a known way to inprove the filling
power. per unit weight of tobacco (usually nmeasured in units of
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METHOD AND APPARATUS
FOR EXPANDING TOBACCO

FIELD OF INVENTION

5 The present invention relates to the exparisicn of
‘tobacco, and more particularly to methods and apparatus "
for heating tobacco that has been impregnated with an
expansion agent.

BACKGROUND OF THE INVENTION _

10 Expansion is a known way to improve the f£illing power
per unit weight of tobacco (usually meésured in units of
volume per gram of tobacco). One of the more practiced
methods of expanding tobacco includes the steps of

_ impregnating a charge of cut filler tobacco with an

15 expansion agent (or "impregnant") and then rapidly heating -
the impregnated tobacco to volatilize the expansion agent,
thereby causing an expansion of the tobacco tissue. The
heating can be effected conveniently by entraining the
tobacco in a stream of hot gas (or "tower gas") and

20 directing the stream through a pneumatic conveying column
("tower"). In many expansion systems, a cyclonic
separator located downstream of the tower separates the
tobacco from the tower gas. ' '

U.S. Pat. No. 3,771,533 discloses a process in which

25 tobacco filler is impregnated with ammonia and carbon
dioxide. The impregnated tobacco material is subjected to
rapid heating, for example with a stream of hot air or air
mixed with superheated steam, whereby the tobacco is
puffed as the impregnant is converted to a gas.
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convert ed t(equggtlng a. powtnga/gs7zge 1mpregnant to solid form and
PCT/ US95/ 108G en rapidly heatlng the 1mpregnated tobadeo to volatilize
5 the carbon dioxide and’ puff the tobacco.
U.S. Pat. Nos. 4,235,250 and 4,258,729 each disclose
impregnation of tobacco with gaseous carbon dioxide under
. pressure and then subjectlnq the tobacco to rapld heating
| after a release of pressure. ' S ) ‘
10 ' U.S. Pat. No. 4,366,825 discloses a method of '
expanding tobacco in a flow of heated tower gas, with
separation of the expanded tobacco from the gas stream
being achieved in a tangential separator. The patent
discloses a typical'pridr constfuction of a tower, wherein
15 the pneumatic conveylng ‘column includes a vertically
directed, cylindrical plpe. '
u.s. Pat. No. 4,697,604 discloses another pneumatic
'conveylng column comprlslng an upwardly inclined duct of
‘rectangular cross-section. Inclined ducts of the type
20 disclosed in this patent are generally disfavored, because
' their incline occupies extra floor space at manufacturing
facilities, and because the inclined ducts allow gravity
to urge tobacco particles toward the lowermost wall of the
duct. The rectangular'shape also presents corners, where
25 localized eddies tend to entrap tobacco and toast
(overheat) same. The corner regions exacerbate the risk
of sparking (ignition) of the tobacco within the tower.
The more traditional, cylindrical,'pneumatic columns
are not without their own problems. Most troublesome has
30 Dbeen the tendency of entrained tobacco to travel along one
' side of a conventional tower, instead.of dispersing more
uniformly amOngst the tower gas. This flow phenomenon is
inimical to achieving full and efficient expansion of the
tobacco and is referred to in the art as "roping". The



U.'S. Patent No. 4,336,814 (PM 745) discloses nethods for inpregnatin
tobacco with Iiquid carbon dioxide, converting a portion of the
| ppregnant to sol.id form and then rapidly heating the inpregnated

tobacco t oW®960S743 ze 5 the.carbon dioxide and puff the toBEEE§IS10801
U S Pat. Nos.
t obacco with gaseous carbon di oxi de under pressure and then subjecti
t he tobacco to rapid heating after a rel ease of pressure. 10

Pat . No. 4,366,825 discloses a nethod of ~ expandi ng tobacco
a flow of heated tower gas, with sepaLglion of the expanded tobacco
fromthe gas stream bei ng achieved in a tangential separator. The
di scl oses a typical prior construction of a tower, wherein 15
t he pneumatic

U. S.

pat ent

cylind

pneumati c

rect angul ar
this patent
extra fl oor

i cal pipe. U S Pat. No. 4,697, 60
o P PEAneePHEAEeR AR ToRBR LF RL4M THARFTRY 5939 fedeans Phase
cr osegioent i oWhen roplingedcdurss af substantdallpotitionosEd the

oty oot i ECHH"R, quoddl chdL LA eI

spate

4, 235, 250  and 4, 258, 729 each di scl ose’ | mpregnati on of

TORYEBANré@ioN aldtid Udhe &oWek! i yAbL¥ the didcBdSd is
4 discl oses gnot her

acrli and ause thne 1 nclin

g

ng

in

ed

ducts al | owBgr avery littie tebaccobhand the concentmated tobadcondimectlyal |

of the

| ocal i zed

sane.

one

eddies ten

entrap tobacco ver heat

duct in-trE’EaF:th t%'gﬂ:'l'ﬂ Yn13)RC1 #hiLel gﬁg‘&tit%gggf‘eéﬁe, OEr %t%‘éa?:

The cor nBRSgdpgokRraughcbhnattover, rsQthat the heaking@f the bud

of the tobacco yftHiHe tH6paGYST stream is Kbe HY erhpadi dronéffective as
cylindrical, pneunﬁglé colunng re not wt ogt t heir Qwn probl ens.

troubl esome has®38RtHRELC¥RECEEAdenty PEF ROPRIRLE £EBRRSION, 18, AFDieYe
side owhencaobagicoornis umigormliydested§adi sapidipgasopessible,

15

20

25

30

beginning immediately at the lower portions of the column.

‘The problem of tobacco concentrating along the wall
of 'a conventional tower seems to become more and more
problematic as tower systems are made ever larger and/or
as gas velocities in the conventional towers are reduced.
A strong preference otherwise exists for the lower gas
velocities, because they minimize pneumatic breakage of
tobacco strands.

Production scale expansion towers can suffer a roping
effect along their entire lengths, unless some corrective
action is undertaken. We now believe that roping becomes
especially problematic with the larger towers because of
a perceived relationship between the diameter of a

- ecylindrical tower and the endurance of a dense phase flow

regime. The pipe diameter seems to be proportional with
the length of pipe necessary for the dense phase flow to

. dissipate and for the mixing of tower gas and tobacco to

reoccur. A'cylindrical tower of a large diameter may
therefore suffer roping along a greater portion of its

length than a slimmer tower.

In the past, operators of large conventional
expansion towers have attempted to 1limit roping by

-'resorting to elevated gas velocities, which approach

exacerbates breakage of tobacco and reduces dwell time of

st
g.



uni formy anongst the tower gas. This flow phenonenon is inimcal to
achieving full and efficient expansion of the tobacco and is referred
toin the art as "roping". The WO 96/ 05742 _ _
PCT/ US93VQ 8605742 - 3- PCT/US9S/10881 1 egi on *
al ong the tower where the tobacco is concentrated or roped is al so
referred to as a dense phase regi on. \Wen roping occurs, a substanti al
portion of the pneumatic columm remains as a gaseous region containing
5 very little tobacco, and the concentrated tobacco directly i nteracts
with only a limted portion of the gas syLeam passing through the
tower, so that the heating of the bulk of the tobacco streamis not as
rapid or effective as m ght be expected. A nore conplete expansion is

achieved 10 thaertslmpasowithin f ar Givirwatedess ' anily e RRINP! 62
ey TBEEEPURLY ylriE SASL B LR (ESClat et vt v
seens to becha® rakso abeemorattemppedbssmiai cwap ttwedistaiptnsrapengade
ever larger gg@éPér, such baffling also may exacerbate breakage and
5 its effectiveness in- diérupting roped flow has proven
limited. A better solution has been sought and is herein
disclosed, which does not exacerbate breakage and provides
other advantages as will become apparent in the

description which follows. o _ ) (
10 _ . - BRIEF SUMMARY OF THE INVENTION

Accordingly; it is an object of the present invention
to provide a tower unit and method of processing tobacco
which minimizes or wholly avoids the occurrence. of roping

- within the tower so as to improve expansion and faéilitate

15 operation at 1lower gas - velocities with -less tobacco

breakage and higher cylinder volumes (CV’s) at production
level throughputs.

Still another object of the present invention is to
provide an expansion.tower unit wherein the tobacco is

20 more completely dispersed within a gas flow throughout a
greater portion of the tower column such that a more rapid
and thorough heating of the tobacco is effected,
particularly at the lower portion of the tower column.

_ It is another object of the present invention to

25 avoid entrapment of tobacco in corners and the like as it
passes through a tower unit. _

It is still another object of the present invention
to provide an expansion tower and method of processing
tobacco wherein the cylinder volume (CV) of ‘expanded

30 tobacco upon exiting a commercial sized tower unit is
improved. : _ _ |

. Yet another object of the present invention is to
provide an expansion tower and method of processing
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PCT/ USSE/ 10601 8efii QHSEﬁeg“%EHéHE“%f)the pge%@h@ {9dfifion is to
S5 provide an expansion tower and method which can operate at
a lower gas-to-tobacco mass flow ratio without suffering

cognizable loss in tobacco cylinder volume (cv) .

RIEF DESCRIPTION OF THE DRAWING
A further understanding of the nature and objects of
10 the present invention will be had from the following
description taken in conjunction with the accompanying
drawing, in which:

Fig. 1 is a perspective view of a tower unit
constructed in accordance with a preferred embodiment of
15 the present invention;
Fig. 2 is a cross-sectional view taken at line II -
II in Fig. 1; '
Fig. 3 is a perspective view of the obloid transport
duct constructed in accordance with the preferred
20 embodiment shown in Fig. 1, together with the indication
of stations along the obloid transport duct where thermal
couples were positioned to provide the readings presented
in gfaphical form in Figs. 7, 8 and 9;
Figs. 4a and 4b are sectional views of cylindrical
25 transport ducts of the ‘prior art, showing an ‘8 inch
diameter and a 24 inch diameter duct, respectivély,
including a representation of how tobacco particles and
strands flow therethrough; , _
Fig. 5 is a graphical representation of variations in
30 thermal couple readings at each of various locations along
‘the transport duct shown in Fig. 4a;
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Still anoth oql the resent invention is to. - provide
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tobacco in ggers, and the like as it passes through a tower unit.
It is still anot her ﬁgect of the present invention to provide an
expansi on tower H§dacsrapbical representation ofevariatiens \in nder

vol une (Clotheﬁha@qwamﬁmé readings at each of various locations along (
' 10 . the transport duct of the prior art tower of Fig. 4a and '
those of the ob101d transport duct of the present
invention of Fig. 3, for different values of mass flow
rate of tobacco, | “ . |
~ Pig. 9 is a graph1ca1 representat:.on of cylinder
15 _volume of tobacco from the prlor art tower of Fig. 4a in
comparison to that of the present invention of Fig. 3, as
a function of tobacco throughput; amd
Fig. 10 shows a geometrical relationship and formula
useful in practicing a preferred method that is an aspect
.20 of the present invention.

ETAT ESC ON OF THE PREF) EMBODIMENTS
- The  present: 1nventzon dlscloses._a _method and
apparatus for the rapid heating of 1mpregnated tobacco to
thereby expand same. _ f

25 The term "cylinder volume" (CV) is a measure ‘of the
' relatlve filling power of tobacco for maklng smoking
.products. As used throughout th;s appllcatlon, the values
employed in connection with CV is determined as follows:

_ tobacco filler welghlng 10.000 gram is placed in
30 a 3 358 centimeter diameter cylinder and compressed by a
1875 gram piston 3.335 centimeter in d;ameter_for five
minutes. The resulting volume of filler is recorded as

its cylinder volume. This test 1is conventionally



30 tobacco upon exiting a commercial sized tower unit is I mproved.

Yet anot her object of the present invention is to provi de an expansi on
tower and net hod of processing WD 96/ 05742 _

PCT/ US95/ WiB96105742 | - 5- PEHEE¥WAg801
wherein high cylinder volunes (CV's). are consi stently achi eved
over a broader range of throughput rates of tobacco. Still
anot her object of the present inventionis to 5 provide an expansion
tower and nethod which can operate at a |l ower gas-to-tobacco nass flow
ratio wi thout suffering cogni zabl e | osg n tobacco cylinder vol une
(o). BRI EF DESCRI PTI ON OF THE DRAW NG A

further understandlng of the nature and objects of 10 the present
invention will pbefbated at sBandartoghvironmental ccomdivionsienh 1SPF and

conj unction wi§ %%tgglg g%gpﬁuxlagty, and the sample is precondltloned in
that environment for 48 hours.
' The term '"obloid" as used ' throughout this
5 specification herein includes generally those shapes shown
"in the drawing and further including such other forms
considered to fall within the general understandings of
any of the following terms: "oblong" (deviating from a
circular form through elongation); "oblate" (flattened or
10 depressed at the poles); "ellipsoidal" (the cross-section
of a surface, all plane sections of which are ellipses);
woval" (a rectangular form having rounded corners or
rounded ends) or “elllptlcal" (relating to or shaped llke
an ellipse).
15 Referring to Figs. 4a and 4b and to U.S. Patent No.
' 4,366,825, the prior art included tower units having
cylindrical transport ducts 34. The cylindrical ducts
34 and 341 shown in Figs. 4a and 4b are 8-inch diameter
and 24-inch diameter, respectively. |
20 Reférring now particularly to Fig. 4a, analysis was
undertaken to attempt an understanding of what flow
conditions arise at various locations A through K within
the cylindrical transport duct 34 of 8 inch diameter.
Each lettered station was corresponded with a cross-
25 sectional plane across the duct 34.
Although the locations A-K may vary from figure to
figure amongst the drawings, in the 8-inch transport duct
34 of Fig. 4a, the location A was located along a
horizontal portion of the duct 34 prior to the lower bend
30 - 4la in the duct 34. Locations B-J were equally spaced and
began above the terminus of the lower bend 4l1la, with the
last location J 1lying just below the beginning of the
upper bend 41b in the duct 34 and location K was situated
beyond the upper bend 41b. Analysis included placement of



drawi ng, in which: Fig. 1 is a perspective view of a tower unit
constructed in accordance with a preferred enbodi nent of 15 the present

i nvention; Fig. 2 is a cross-sectional viewtaken at line Il -

Il in Fivo9g0s742 Fig. 3 is a perspective view of tRET/HRISH0O1
transport duct constructed in accordance with the preferred 20
enbodi nent shown in Fig. 1, together with the indication of stations
al ong the obloid transport duct where thernal coupl es were positioned
to provide the readi ngs presented in graphical formin Figs. 7, 8 and
9; Figs. 4a and 4b are sectiongl views of cylindrical 25
transport ducts of the prior art, showing an 8 inch di aneter and a 24
i nch diameter duct, respectlvely, i ncluding a representation of how

~ tobacco partsetssaﬂnfour thérnodaubﬂ@ut§E¥eBh;0udnand 39, atSESch5 is a
grani oa) ¢ PRBERELLAL AR O Aol Yikllhy I UL LER RS L
WO 96/ 05742 the thermocouples 36-39 were equallDCTéﬂziﬁSédlmht the
- 6- : cyllndrlcal duct 34 such that the position of thermocouple
5 36 is on the side 41c of the duct 34 distal from_the inlet
35. This . arrangement of  thermocouples in Fig. 4a is
 repeated4in similar fashion at all the other locations.

Similar arrangements were made for the prior art duct
34’ of Fig. 4b, as well as for the preferred embodiment of ‘

10 . the present invention shown in Fig. 3. However, the cross-
sectional locations of the thermocouple groups for the
duct of Fig. 4a differ from those of duct 34, but are
correlated in the presentations of data preeented in Figs.
5-9,. The placement of thermocouples in the preferred

15 = embodiment of the present invention also differed somewhat

. as will be explained below in connection with dlscu551on
of Fig. 3. _

Referring back to Fig. 4a, at each cross—sectional
location A-K, each group of thermocouples would be used to

20 deduce how evenly tobacco might be distributed across a
plane defined at each location during operation of the
particular tower. Because the gas introduced into the
tower is at an extreme temperature in comparison to the
relatively cool tobacco, a well mixed tobacco/gas system

25 at a particular cross-sectional 1location would render
approximately equal readings amongst the thermocouples 36-
39 at that location. - If one or more thermocouples
differed in temperature readings from the others, then
poor mixing and roping could be deduced at or about the

30 respective cross-sectional location. _

Referring again specifically to Fig. 4a, tobacco is
fed through the inlet 35 into the 8 inch cylindrical
transport duct 34 at a tobacco throughput rate ranging
from about 180 to 700 pounds per hour, a gas streanm
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rate of tobacco; Fig. 9 is a graphical representation of cylinder

15 volume of tobacco fromthe prior art tower of Fig. 4ain
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which tended to continue along the backside 41c until
about 1location G. Just beyond location G the tobacco

10 particles 40 tended to disperse throughout the gas flow

| within the duct 34 to form what is referred to as a
"dispersed phase flow" 44, which remains established

'substantially throughout the remainder of the duct 34
leading to the upper bend 41b.

15 The initiation of the dlspersed flow phase 44 at or
about the location G as shown in Fig. 4a is ev1denced by
the graphical presentation in Fig. 5. The thermocouple
'readings at locations B-F rendered substantial values for
standard deviation, indicatihg a roped condition

20 therealong. The readings at locations G-J approached
levels indicating a dispersed gas flow phase. ' -

As previously discussed, the tobacco within the dense
flow phase 42 mixes only with an adjacent portion of the
_ hot gas strean, inh:r.b:.tmg the rate of heat transfer to

25 the tobacco. The 'pre'se'nce of a dense flow phase 42 in the
lower portions of the cylindrical duct 34 is inimical to
a rapid, uniform heating of the tobacco as it enters the
tower.

Referring now also to Fig. 4b and Fig. 6, in a

30 production-sized, conventional cylindrical duct 34’ of 24
inches pipe diameter, the dense phase flow along the wall
'of the duct 34’ can extend, in certain circumstances,
along the entire length of the duct 347, unless corrective

" measures are undertaken. The roping 42 along the entire



t obacco filler weighing 10.000 gramis placed in 30 a 3.358 centineter

di anet er cylinder and conpressed by a 1875 gram pi ston 3. 335
centine |n dlaneter for five m nutes. The resulting vol une of.
filler W2ded as its cylinder -volune. Thi SPCH¥$95/10804
conventlonally WO 96/ 05742 .

PCT/ US95/ 10801 ' o -T- per formed at
standard envi ronnental conditions of 75F and 60% relative humdity, and
the sanple is preconditioned in t hat environnent for 48 hours.: _
The term "obloid" as used throughouwt this 5 specification herein
I ncl udes general ly those shapes shown I.n the drawi ng and further

i ncl udi ng such other forns considered to fall within the general
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5 diameter - towers may be related in prinCiple to the

recognized relationship in fluid mechanics wherein the

pipe length required to establish a given flow regime is
_proportional to the diameter of pipe under conSideration.

. Traditionally,:attempts to control this extenSive roping (

10 in large, conventional cylindrical expans1on towers have

resorted to increasing_the input velocities of the tower

gas. Tower operators wodld prefer to operate production-

sized expansion towers at gas velocities of approximately

85 feet per second, but in'order to'combat_the roping

15 effect, they have hadcto'elevate gas velocities to 150

feet per second or'more.' These higher'velocities are

physically abusive to the tobacco and exacerbate breakage

of the tobacco strands. Even at the _elevated gas

.:.veloc1ties, production_ scale ducts 34/ still suffer

20 substantial roping 427 even in the upper portions of the

‘transport duct 34’. _

Referring to Fig. 1 of the draWings, a preferred

embodiment of the present invention prov1des a tower unit

10, which includes an inlet pipe section 12 for receiving

25 a'stream of hot gases, a venturi 16 downstream of the

inlet 12 which cooperates With a rotary, inlet valve 18

and an obloid transport duct 2Q downstream of the venturi

16. Preferably, the width of the venturi 16 is kept the

same as that of the obloid duct 20. The rotary valve 18

30 evenly introduces a supply of tobacco at the venturi 16

uniformly across the tower width as the gas stream passes
through the venturi 16 into the obloid transport duct 20.

The rotary valve 18 is itself preferably fed tobacco from

. a vibratory conveyor 19 to provide_conSistent_feeding of
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15 Referring to Figs. 4a and 4b and to U. S. Patent No.
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Referring now particularly to Fig. 4a, analysis was undertaken to
attenpt an understandi ng of what flow conditions arise at various

| ocations A through K within the cylindrical transport duct 34 of 8
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sectional plane across the duct 34. Al t hough the | ocations A-K
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' separator unit 22 from which gas is exhausted through a
duct 24. Tobacco in an expanded condition is discharged
through an outlet valve 26 of the separator unit 22.
Preferably, the obloid transport duct 20 comprises a
10  straight portion 28 disposed vertically, which may extend
20 to 25 feet or more in height.

At the inlet 12,_towef gases are introduced at a
téemperature of 500° to'750°F, preferably to 650° to 700°F
and comprise 75% to 85% guality steam with minor air and

15 carbon dioxide content, with the remainder of the gas
comprising nitrogen, approximately 10% to 15%. However,
it will be readily apparent to those of ordinary skill in
the art upon a reading of this disclosure that the present
invention is operable with various types and variations of

20 tower gases and at various gas temperatures.

Referring now to Figs. 1 and 2, preferably the obloid
transport duct 20 is constructed to have an obloid shape
(as previously defined) throughout its entire length, but
at least throughout a substantial portion of its vertical

25 section 28. The cross-sectional shape of the obloid
transport duct 20 at any location therealong is preferably
in the form of an oval configuration, and most preferably
comprising, in cross-section, a pair of opposing semi-
circular endpieces 30 and 30/, which are interposed by

30 spacer plates or planer portions 32 and 32’. The planar

' portions 32 and 32’ are preferably arranged parallel to
one-another and separated by a distance D, which is to
signify the "depth" of the duct. The width of the duct is
to be characterized by the distance W in Fig. 2 measured



- 8- sets of four thernocouples 36, 37, 38 and 39, at each ¥
| ocation A-K. At nobst |ocations, such as at |ocation B, t he '

t her nocoupl es 36-39 were equal |y spaced about the C #hﬁ ri duct 34
such t Y¥@?%¥4%0sition of thernocouple 5 36 is on the é t he ’
duct 34 distal fromthe inlet 35. This arrangenent of thernocoupl es
‘in Fig. 4ais repeated in simlar fashion at all -the other |ocations.
Sinmilar arrangenents were made for the prior art duct 34" of Fig. 4b,
as well as for the preferred enbodi ment of 10 the present invention shown
in Fig. 3. However, the cross- seq2-onal | ocations of the thernocouple
groups for the duct of Fig. 4a differ fromthose of duct 34, but are
correlated in the presentations of data presented in Figs. 5-9. The

pl acenent  ofromethecdapersli extiremer ofconed clikcudawdEmbpiede t3@ boesent

.invention %hﬁ?tdbfféﬁédoéﬁafmhat . as mAII be :expl ai ned bel ow in
connection wth discussion ' Referring back to Fig.

4a, at each crosReS@E¥ings¥o Figsid%é?“bﬁvA#R@rEQGﬁuBiGEpWQFGtEé@ﬂﬁ@ouples

woul d be usgel teack) oﬂeehw Bpacedenocdiass 0 ArHO 1 d't?ie“éﬁiéﬂdacr 0SS
a ane, def i ned a Splocatlon durlﬁgaoperatl gtlcular

Cover. S BoctTARSPREE ot e mamner  Fat Brogides readfngs 4ha
t enper at ur ecanm cbepain'eerrpretéae the rsamei vway casl thosecofor Wehé ni xed

| Ohaceo! S MG AR, SrlnBBbt o UhAEE! °3E SER, 08| o kPRI
39 at that pa)l:m-tb'éharlYl tooﬁé-gor Mr@ttmhnoﬁuphes locatdionserAedH | of
t enper at ur etﬁé%é@érf-é@@ﬁﬁ@dﬁé}% Sa thetmocouple was placed on one -
10 of the end po:tions 30, 30’ and at. least two thermocouples
were placed on each of the planar portions 32 and 32°’.
Referring particularly to Fig. 3, in the preferred
embodiment, the 1ocation-A was upstream of the lower bend
41d of the obloid transport duct 20 and the location H was -
15 downstream of the upper bend 4le of the obloid transport
duct 20. _ , :

Referring now to Figs. 2, 3 and 7, an obloid
transport duct 20 was constructed in accordance with the
preferred _embodiment of the present invention and

20 configured to handle the same range of tobacco throughput
. as the 8 inch cylindrical pilot duct 34 of Fig. 4a.
Experimental information indicates that the obloid
transport duct 20 initiates a fairly well dispersed flow
‘phase as early as location A of the obloid duct in Fig. 3

25 prior to the lower bend 41d. After the lower bend 414, a
dispersed flow phaSe was reestablished, and the tobacco
remained in a dispersed phase 44 throughout the
substantial length of the obloid duct 20, as evidenced by

_ the thermocouple readings-graphically set forth in Fig. 7
30 for the obloid duct 20. The data indicated that even at
the lower, vertical portions of the obloid duct 20 and

. even at the lower, horizdntal portion 41f of obloid duct
20, the tobacco particles had mixed with the gas flow of
the tower so as to achieve early and rapid heating of the .




poor mixing and roping could be deduced at or about the 30 respective
cross-sectional |ocation. Referring again specifically to Fig. 4a,
tobacco is fed through the inlet 35 into the 8 inch cylindrical
transport sumde/dd4mt a tobacco throughput rate ranging f PERHUSH¥AI8011 30
to 700 pounds per hour, a gas stream WO 96/ 05742

PCT/ US95/ 10601 -9- vel ocity of

approximately 85 feet per second, and a gas stream t enperat ure of about
625 F to 725[err]F. After fl ow ng through the | ower bend 4la and
tendi ng generally toward the backside;ﬁ?;cﬁ the cylindrical duct 34,
the 5 tobacco particles 40 usually coll ected al ong the backsi de 41c  at
or about the | ocation Bto formwhat is referred to as a "dense phase

flow 42 or ro@&ﬂﬂccﬁond*xflﬂé)'}é Q@éatln %Eﬁbe&eﬁdﬁﬂaﬁ@ conpleve ahang
t he backsi de 41c_unt ﬁEﬁ Just beyond | ocation G the

ti :
t obacco 10 par?tg}ﬁieﬁﬁ ?EﬁﬁﬁﬂlPB % Ps °PﬁF88Qhout the gas fl ow
within the duct 34 typhéoabidity o6f théepredent imvention to establish an

earlier and more consistent dispersed flow phase is
5 further evidenced in Fig. 8 wherein thermocouple readings'
| ~ in an 8 inch diameter cylindrical duct 34 are provided in
‘comparison to those of an obloid transport duct 20 over a
range of tobacco throughput rates from 3 to 10.5 pounds

per minute. At all of these throthput rates, the present

10 invention consistently achieved a dispersed flow phase at
or about location C thereof, whereas the 8 inch
cylindrical duct 34 of Fig. 4a suffered roping well beyond

its location €. The information depicted in Fig. 8 also

- reveals that the obloid transport duct 20 of the present

15 invention provides early initiation of a dispersed flow
phase over a broad range of tobacco mass flow rates,
whereas the cylindrical transport duct 34 registered
readings indicating that as tobacco throughput was
increased, roping became more pronounced. To its

20 significant advantage, the obloid transport duct 20 is

effective over a broader range of throughput..

In Fig. 9, the CV value of tobacco treated in an
obloid tower 20 constructed in accordance with the
preferred embodiment shown in Figs. 1 and 2 is compared to

25 the CV of tobacco processed through a pilot plant scale,
cylindrical tower 34 of an 8 inch pipe diameter which was
constructed in accordance with the prior art in Fig. 4a.
The information set forth in Fig. 9 shows that as
throughput of tobacco in pounds per minute is .increased in

30 a conventional cylindrical tower, the CV values of the
discharged tobacco decreases significantly. In contrast,
the obloid duct 20 of the preferred embodiment achieves a
higher CV value at all values of throughput and the CV
value remains fairly constant throughout the range of



"di spersed phase flow' 44, which remains established substantial ly

t hroughout the remmi nder of the duct 34 | eading to the upper bend 41b.
15 The initiation of the dispersed flow phase 44 at or about the
| ocat i oWQPMEhown in Fig. 4a is evidenced by t he grRGRMUS95/10801
presentation in Fig. 5. The thernocoupl e readings at locations B-F

- rendered substantial val ues for standard devi ati on, indicating a
roped condition 20 thereal ong. The readings at |ocations GJ approached
| evel s indicating a dispersed gas fl ow phase. As previously _
di scussed, the tobacco wthin the densejgq- flow phase 42 m xes only with
an adj acent portion of the hot gas stream inhibiting the rate of heat

transfer to 25 the tobacco. The presence of a dense flow phase 42 in the
| ower porti dibrapighphet cyl Notr idesimding €4 be ibouliac by t €heory, 2 itapigl,

i f heaty h bageQ. as 4l rs, the., : t.ower.
%2:‘ e?; imngeﬁ(yvél glés?;oeci OEE%S. qﬁ’#angdt%aggﬁ,g i aego c NSh- VeEd 2
convent i onalbraad Mﬂ%loﬁitﬁtﬁ?lghmt 2% due tiondites abidd tit aktabilodde Ca :
d h ' : e 7 ' .C ingLcertain
Gense phase lanbonanite 101 5o prodd<ciigSlne el 800y

ength
correct Pve 9ispepsed, Rhasg L1low At aR%n.agQH‘E Ebei Agwezr docadiome 2emifi re
WD 96/ 05742 the obloid duct 20, just before thePAUWé®5HdR804ia and

- regain dispersed phase flow by location C, just after the
lower bend 41d. _ . _ 
It is to be understood that these benefits .of the (
10 ~present invention can be achieved with the imposition of
even relatively narrow plates between semi-circular halves
of a cylindrical duct. ‘Aécordingly, improved CV and
earlier initiation of dispersed flow phase can be achieved
even with production size ducts of 24 inches diameter or
15 more by the expedient of changing their design_to include
flat plates between semi-circular portions as taught
herein. These flat plates could be as short as 3 inches
in length up to 50 inches or more; however, plates beyond
50 inches create practical problems with respect to how
20 tobacco is fed at the tower inlet. ' '
However, we now disclose a preferred method of

.. determining a depth D and a width W in retrofitting an
existing cylindrical tower or designing a new tower unit,
so as to practice and enjoy the benefits of the present

25  invention. o
If one assumes that a selected. conventional,
cylindrical tower operates or is contemplated to operate
at an inlet gas velocity V;, and a desired;_design tobacco
throughput rate. (M), the first step of our method
30 preferably includes operating the _sele¢ted_ tower at
successively lower rates of tobacco throughput until an
acceptable CV is obtained in the tobacco processed
therethrough.  In most conventional towers, cv will
improve as throughput is decreased. The throughput rate



- 10- | ength of the duct 34' is evidenced by the thernocouple

readi ngs graphically represented at the positions al ong duct 34' in
Fig. 66 Wile not wishing to be bound by t heory, the increased

per si st encWOA6MSH2 ng i n larger 5 dianeter towers nmay be rRCHUIAS1080}
principle to the recogni zed relationship in fluid nmechani cs wherein
the - pi pe length required to establish a given flowregine is
proportional to the dianeter of pipe under consideration.

Traditionally, attenpts to control this extensive roping 10 in |large,

conventional cylindrical expansion towers_Rauwe resorted to increasing
the input velocities of the tower gas. Tower operators would prefer
to operate production- si zed expansion towers at gas velocities of

approxi mately at witich e #ccepeannd. chisléb'eamédtmrpnbatréf@rfe@Iﬂa 15
effect, they have had tﬂPel ate g@ﬁ velocitie

to
second or nore.2% Wyese TR THRE, the ﬁ?gﬁEmH%/ $5%b}%
t he t obacco ancb;mhe@atex:lmnﬁmg&ally andi/ot hmal;abheablystaﬁmiederat&ven

A the elevaloth §agerocte(ROoht Y +87 AU E80: 363l oot 3 modb!!!

subs ntla even T n e uppeéer
transport duct mzpferably at Rabenti ngot ko §0 1fe¢tt Irexir secoyd, aWhICh

preferred W%i@{@s Yrd fﬁé&‘!‘é‘r’ieéﬁ Hé@é@iﬁé hey ﬁ‘ikﬁﬁﬁz@ bPéRkads! Bf

10, which includes an inlet pipe section 12 for, reCelving 25 a stréam of

hot gases, a verRRAGCAG mﬁqseamtéflq h@alntaining 1adgapakecbpangPeLEt
with a rotary, ¢hdeict@ristiSs. AaditioaRldy( thSpehpeddtird0 of the

gommstream(ﬁ t*“%é?“téﬁé (t,))’ is adjusted so that the tobacco is
10 discharged at essentially the same target exit OV or'
moisture level for all these experimental runs.
once the reduced throughput rate M, is resolved, its
value, together with the tower length L,, the residence
time of the tobacco passing through length of the tower L.
i5 at the throughput M,, and the approximated or
experimentally determined density of the tobacco in a
roped condition are used to calculate the total volume
that the tobacco would occupy if it were roped along the
length I; of the tower. This volume is hereafter referred
20 to as Volunme,. In undertaking this step, it ‘is
mathematically expedient and preferable to measure L, as
the distance between the lower bend 41d and the upper bend
4le, exclusively. ' .
From the value of Volume, a calculation is undertaken
25 to resolve a height h of a circle segment along the length
of the tower LT which provides a volume equal to Volume,.
Because the diameter and ;ength of the selected tower are
known, calculation of the height h of such a circle
_ segment is discernable by iterative calculations using the
30 geometric relationships_set forth in Fig. 10, wherein the
ratio of Volume, to the total volume of the tower along the
‘length L;, a known value, equals the ratio of the cross-
sectlonal area of the rope volume to the cross-sectional

area of the pipe. (see also, Handbock of Mathematical



16. Preferably, the wdth of the venturi 16 is kept the

sane as that of s

the obloid duct 20. The rotary valve 18 30 evenly introduces a supply of
t obacco_at the venturi 16 uniformy across the tower width as the gas
stream PW2MOS742 - { hrough the venturi 16 into the obl oi d RGTAIREN8OL duct 20.

The rotary valve 18 is itself preferably fed tobacco from

a vibratory

conveyor 19 to provide conS|stent f eedi ng of WO 960/ 05742

PCT/ US95/ 10801 -11- t obacco _
uniformy across the venturi 16. The di scharge outlet of the feeder is
rectangul ar, with the |onger sides . ~p§~-the rectangle extending across a
substantial portion of the width of the venturi 16. The obloid

transport duct 20 5 discharges the stream of gas and entrai ned tobacco

into a - sammmamﬁommmh Gy imgytot)auPhB(l Mwewhmu duct

24. Tob I SC thr
valveozgcg? Fﬁeaggggaﬁggeqﬁ%ft Z. %p f?fefe?@% glPﬁef85I

tl et
g%ort

duct 20 conbrF§e§h§slgeS9ﬂN&ﬂght portion 28 dlsposed vertlcally, whi ch may

ext end
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20 1 @néonbRe! stepECtb"uhBePake another calculation to
resolve the value for a desired width'W.of the obloid
transport duct 20. Fundamentally, the calculation
resolves for what value of width w in:a rectangular duct
having a height equal to the value of height h, provides
a Volume,, where Volume, equals Volume, multiplied by the
ratio of the desired design tobacco throughput Mi to the
other throughput-rate M.,. - This. step resolves a value for
the width W of the obloid transfer duct 20 in accordance
with the following equations:

(W) (h) (Lr)"'V°1ume| (M./Mw) ;

and

W=Volume, (Mi/Mw) /(h) (L’r) .
In effect, the above step widens the duct from a
circular cross-section to. an obloid cross section by a

. factor of M;/Mcy. This relationship establishes a minimum

valve for W.
- It is to be appreclated that the above step of

- resolving W could be performed by  resolution of what

hypothetical obloid duct (instead of a rectangular
hypothetical duct), having a height equal to the value of
h, provides a Volunme,, where Volume, equals Volume,
multiplied by the factor of_MJHg"_ However, the resolution
of the width W with reference to a rectangulaf_duct is a
mathematical expedient that does nqt seem to significantly

.change the ultimate result.

The last step is to resolve the depth D of the ob101d
transport duct 20, preferably by settlng_D_such_that D,

- together with the already determined W, provide a total

area approximating that of the total area of the original
cylindrical duct, or some desired percent redgctioh or



At the inlet 12, tower gases are introduced at a tenperature of 500 to
750{err]F preferably to 650[err] to 700[err]F and conprise 75%to 85%
gquality steamwith mnor air and 15 carbon di oxi de content

r émai nder WO %8743 55 conprising nitrogen, approximatel }%@?F’E&&@B%
However , it will be readily apparent to those of ordinary skill -in

the art upon .a reading of this disclosure that the present I nvention
is operable with various types and variations of 20 tower gases and at
various gas tenperatures. Referring nowto Figs. 1 and 2,
preferably the obloid transport duct-29-is constructed to have an
obl oi d shape (as previously defined) throughout its entire |ength, but

at | east throughout a substantial portion of its vertical 25 section 28.
The cross-sect iincaieaseapin dtotak abéai d Beforer faxjngt thecdexign afhythe

l'ocation thereg) lﬁ?r‘rinsﬁ&gre ea@% t valubok"B,’ Q&M;Qf fA3ple for the

configuration, conmpri'sing, 10 cross-section,_a
pair of opp05|ﬂ98%§ﬁer o bElF@EP&WQQNﬁhﬂixﬁh%OcaﬁGeEBQatﬁﬁiGﬁlﬂﬁa for

i nterposed by 3ge P&.—ehabsplsiiﬁm:i@ﬁﬁ gpaciepdtd2admitha a@ar
portions 32 and 32

erably arranged parallel to. one-a
and separ ated Bt di?f-' Rce®RPUghi &P & eve’ %anq SixeR ed‘é%t 89of % he
duct. The wi dt Ima]']‘sﬁthte dlevels in the otbbacber £orera zsdlé;ateﬁe tahwera ngas \W

LgTrng5flgggi%E%¥eratur QQﬁPSZéZto be realized, however, that the
present invention will enable one to operate at lower gas-
to-tobacco mass flow ratios without adversely affecting

10 tobacco exit CV because of the improved, more efficient
mixing and heating of the tobacco with the tower gas.
Also, experience has indicated that if a calculated
value for the depth D is approximately equal to a standard
material size, one may set the value for depth D
15 accordingly so that manufacture of the end portions 30 and
30’ may be facilitated by the use of readily obtainable
materials. ' :
Summarizing, for a selected cylindrical tower having
a design tobacco throughput, the above method first
20 resolves a throughput rate that yields an acceptable CV.
Once that is resolved, it is assumed conservatively that
roping still exists along the entire length of the tower,
and a height of a circle segment approximating the cross-
sectional shape of such roping is calculated. The method
25 then resolves how wide that roped tobacco would be on a
planar surface, at no more than that same height, but for
the original, greater tobacco throughput rate. That width
is then used to resolve the width W of the obloid
transport duct 20. The depth D is then resolved by
30 approximating the area of the original cylindrical duct,
' with adjustment for assuring admission of sufficient tower
gas flow. The technique, in effect, resolves a width
which is sufficient for the tobacco to spread out
laterally as it progresses through the tower to such an

Py



-12- fromthe |lateral extrenme of one circular end piece 30 to
that of the other. Referring to Figs. 2 and 3, thernpcouples were

. aced ch of the spaced |ocations A-H along the obloid 5
: o %ﬁ&cst’;’go in a manner that provides readings thatPCT/USYSQASOEc

transpo

|nterBreted the same way as those for the cylindrical transport ducts:
34 and 34'. Referring particularly to Fig. 2, at each of the

| ocations A-H of the preferred enbodi nment, a thernocouple was placed on
one 10 of the end portions 30, 30" and at |east two thernocouples wer e
pl aced on each of the planar portions 238and 32'. Referring _
particularly to Fig. 3, in the preferred enbodi nent, the | ocation
A was upstream of the | ower bend 41d of the obloid transport duct 20

and the | oc@¥tAntthat tobagemroping & thinnedeoubeami /e disrdptead! oi d

transport andluHe afbbacco cv 15e{ﬁ§qugd now te. Figs. 2, 3 and 7,
an .- obloid tranﬁﬁort duct Was construct ed in accordance with the

preferred . enbodi exbfmaqrp%r FFR1Ving drhe #izeanderopmtiions ed to
handl e the mhangmsg-sm@nalhsnapbput an mdlae tfi-a!rrggﬁfwldm | cal
ndi

Phe’ ol o0 Oipl idhetftance WRY | FRE. Shcettr 4T sufbatnpnssotscca [ ow

phase as eaxlesclye (mut[]rmohlify tdre de:tplarxinei'ttallylsﬁngnag. E%Oldél"osh;q;oert \ara ; he

Irg\ggr aglelnghed andbteﬁe @gbda{gaé\ﬁﬁlaeﬂr ev?fla:jonfedan og:la ﬁg 3‘5’ ﬁedyophm 44

t hr oughout ‘thexeupon experimentally resolving CV values for tobacco
processed .. over a range of tobacco throughputs at the same ‘

10 tower gas temperature and gas velocity, preferably at or
about 70 to 90 feet per second. If the experimental data
indicates thai; the CV values are too low at a tobacco

- throughput rate R, less than the desired specified

_ throughput rate R,, then the width W of the obloid duct is

15  increased, approximately in proportional relationship to
the ratio of the rates R, to R,. The experiment is then
repeated with the new values for the dépth D and the width
W to resolve that the advantages of the present 1nvent10n
in CcV value is obtained.

20 _ Another, approximating method of resolving the
dimensions of an obloid tower 20 in accordance with the
present invention is to set a ratio of the obloid tower
width W to the obloid tower depth D at a value in the
range of approximately 3 to 8, more preferably at a value

25 between about 4.5 to 6.5, while satisfying the
requirements for maintaining adequate cross-sectional area
for tower gas flow. This technique is particularly suited
for designing towers wherein the cross-sectional area is
~from about 50 to 300 square inches. As previously noted,

30 benefits are obtained even with the inclusion of planar
portions 32, 32/ that are narrower than is provided by the
above method, and one may prefer to construct an obloid
transport duct well outside the range of 3 to 8.



substantial length of the obloid duct 20, as evidenced by t he
t hernocoupl e readi ngs graphically set forth in Fig. 7 30 for the obloid

duct 20. The data. indicated that even at the lower, vertical portions
of the obl waloehsea2 20 and  even at the |ower, hori zont al POT/USISM080Lf  Of
obl oi d duct 20, the tobacco particles had m xed with the gas flow of
the tower so as to achieve early and rapid heating of the WO

96/ 05742 : PCT/ US95/ 10801

- 13- ~ tobacco. The rapld heati ng assures a nore conpl ete and
efficient expansion of the tobacco. -19-1he ability of the present

I nvention to establish an earlier and ndre consistent dispersed flow

phase is 5 further evidenced in Fig. 8 wherein thernmocouple readings

in an 8 inch di am?t PrédudEibn Cacsiie! @%1%&9&91(' dﬁéwéfs teﬁé)”pﬁéoug

t hose of an Obgf transport duct ,h 20 over e o t,obacco

rates from3 t %%nﬂgpr°a°BéPgm°FFutatP°% %fl 1 Fhegedd (G
rates, the_pre&mﬁdw flowentates msﬂgntlrmadson/eﬂoasdnapqmﬁfaélp&

phase at hour. The preferred.embodlment of the present invention

5 can be scaled from a pilot plant size as described above

to handle similar flow rates of a 24 inch diameter

conventional tower by further increasing the width of the

planar portion 32 and 32’ and increasing the radius of the

semi-circular portions 30 and 30’. Preferably the depth

10 D, defined by the present invention, would be kept within

a range of 4 to 20 inches, or more preferably between 6

and 14 inches. In retrofitting cylindrical towers, any of

the above design methods could be used to arrive at

appropriate values for widths W and depths D of an obloid

15 transport duct 20 in accordance with the present

invention, but more preferably, one would avoid equipment
modifications by applying the first method above.

The above-described preferred embodiments relate to

processes and apparatus for the expansion of tobacco that

20 has been impregnated with an expansion-inducing agent such

as carbon dioxide, freon or other agent. The present

invention is readily adaptable to other tobacco processing

operations, such as flash drying of moisture-laden tobacco

to a predetermined final moisture level, such as described

25 U.S. Patent No. 3,357,436 to Wright and EPO 528 227 Al of

Kérber AG. In Wright, tobacco is dried by introducing

tobacco at a location along a path of heated air which

carries the tobacco through a cylindrical, vertically

put

oriented duct to effect an exchange of moisture between
30 the tobacco and the stream of heated air. The Koérber
system entrains tobacco into a stream of heated air and/or
heated steam or superheated steam, which is then directed
through a cylindrical duct. These drying systems, like
expansion towers, are brone to roping effects within their



or about |ocation C thereof, whereas the 8 inch cylindrical duct 34 of =

Fig. 4a suffered roping well beyond its location C. The information
depicted in Fig. 8 also - reveals that the obloid transport duct 20 of

the pred¥QP6M@42 | nvention provides early initiation of a BCHESISN80Y | ow ;
phase over a broad range of tobacco.mss flow rates, wher eas the
cylindrical transport duct 34 registered readi ngs indicating that as

t obacco t hroughput was i ncreased, roping becane nore pronounced.

To its 20 significant advantage, the obloid transport duct 20 is '
effective over a broader range of througgut. In Fig. 9, the CV
val ue of tobacco treated in an “obloid tower 20 constructed in
accordance with the preferred enbodi nent shown in Figs. 1 and 2 is

colnr_pa(r]I ed .tlo dacts hgwﬁ?ilcnf problens ma@cwgnlévﬁ@um_ ra:,;pi;ﬂ, Ohppl 284t seal e, |
cylindrica QL pe dl_gmeter wal c copstructe

in accor dan‘cepﬁﬁ éﬁggﬁ?@orﬁn}i’r@ﬁgﬁ%ﬁ!i &?xa 5 18r tO ﬁ%sm? nBPFERALIREE forth
in Fig. 9 shtokacaatand heatedhgasgous medinghdumough paninolbleid ductite is

i ncreased | e jéggg | 4GAl . €30 he
di schar g.,(e)d %%g%%?gggge%es S|E&na|/ ?%g{]%%.a,ﬁ‘éﬁ)erﬁaﬁéaég % %u&t §£ {c:)% oid
duct 20 df tHPOYRcFeAFRENGEhodi nent achieves a  higher CV value at all’

val ues of throughphé fshvéideddribed orbotPimeits brd ¥0 be £egatash as
t hr oughout ggﬁlragge gf WD 96/ 05742, ., ., .
PCT/ US95/ 10 ustrative rather than.restrlctlve, and_lt should be
appreciated?that variations, changes and eguivalents may
. be made by others without'depa:ting from the scope of the ‘
10 present invention as defined by the following claims.
Practices in accordance with the present invention provide
significant economic advantages in the operation of
- tobacco expansion plants. . In particular, the present
- invention _p:ovides higher CV’s at higher . tobacco
15  throughput rates with less tobacco breakage, resulting in
higher filling power and higher tobacco yield.



-14- t hroughput. Not desiring to be bound by theory, it is
believed that this advantage in CV consi EEN broad range of

throughput“; to the ability of obl oildHis SHEEtT u ofyp0duce
Gt ocfcTsefofn

consi st ent i on of 5 dispersed phhse fﬁ
| ocatTonm#A—of -the—obl oi d duct 20, juSt—tETOre the | ower bend 41d and

regain flow by |ocation C, just after

41d.- m)m’lj uj Di be understood that these benefi sgﬂeeElli'asB Replaced

present *I nvent e achieved with the inposition of I' ien ace
RO i

rel atively narrow pl ates between seni-cire@lar hal ves

duct . Accordingly, inproved CV and earlier initi

fl ow phase can be achi eved even with production size ducts of 24

i nches di amet e'What 155 ¢baimed idt expedi ent of changing their design to

nerein. These f1al Bl at b oaetupe EOF [COeatinl LobABCSS Lk N gaseons
nche e

to 50 inches orMef}WR ﬁBRBVéFlnEI & JTINRRAKE " ct5§o; H’iﬂ‘é‘g‘ cfrte%\tz bacdo P

practical problaid vehd rmediwmh tardovEed, tcharactésifed aint hthatwethe

o i o LM B B oSk Ep e aRBRERREBRL 00 O

i cal
sed

cylindrical tower or de5| gning a new tower unit, so as to practice and
enj oy the benefits %S‘%gfﬁﬁﬁ 25acé6‘i‘§fﬁé°“to claim 1 fwh@P@in2SEHEES

that a selected convent
: obloid transfer duct is substantlally oval in cross-

section.

3. Apparatus according to claim 1 wherein the

10 obloid transfer duct has a cross-section defined by spaced

apart parallel planar portions connected by opposing semi-
circular end portions. '

4. Apparatus according to claim 1, 2 or 3 further
comprising: '

15 a first duct upstream of the obloid transport
duct in communication with a source of heated gaseous
medium; _ |

a feeder for introducing tobacco into the first
duct, the obloid transport duct being arranged to receive

20 the output of the feeder and the first duct; and

a separator downstream of the transport duct.

- 5. Apparatus according to claim 4 wherein the
obloid transfer duct has a first bend at a location
adjacent the feeder, a second bend at a location adjacent

25 the separator and a straight, vertical section between the
" first and second bends.

6. Apparatus according to claim 4 or 5, wherein the
first duct includes a venturi and the feeder is adapted to
introduce tobacco across the venturi.



cylindrical
gas velocit

tower operates or is contenplated to operate at an inlet

y V, and a desired, design tobacco t hroughput rate

¥

(Merr] first step of- eur method 30 preferabl lng) S
operaii?ﬂ?gqﬁﬁ?z'selecLed “tower: at - successi vely Iomé%npgggyﬂﬁf t obacco*

t hr oughput

until. an acceptable . CV is obtained in the tobacco

processed .

U © e v e ot gite g o

CV i"% Obtdined will be refer22d to as Merr]. In making
“the tower is preferably operated, experinentally and/or
y, at _noderate ~gas velocgities of 60 to 100 feet per second,

accept &bl &
t hese runs,
anal yti cal
or nore 5

vel oci ties seaturdf andethbesblsid tteanshon-vidsct 'k ¥Fe s@bstantigahagco

strands, wh
Addi t i onal

that the tobacco is

5

10

15

20

~ therethrough. I n nost conventional towers, CV wll

pref drabl PPRATATRG 26CPFAINI cbe Rlaimcdhd wheredn the

' nt ai.ni,ng adequate transport - characteristics.
oS, HEg. Rl

8. Apparatus according to claim 4, 5.ar 6 further
comprising a vibrating conveyor arranged to deliver
tobacco to the feeder. '

9. Apparatus according to any  preceding claim in
which the transport duct has a width to depth ratio in the
range of approximately 3 to 8.

10. Apparatus .according to claim 9 wherein the
transport duct has a width to depth ratio in the range of
approximately 4.5 to 6.5

11. A tobacco drier tower accbrding to any preceding
claim.

12. A tobacco expansion tower according to any of
claims 1 to 10.

13. An expansion tower according to claimllz having
a transport duct, said transport duct in a cylindrical
form having a design throughput rate of tobacco that

‘yields a first tobacco CV, said transport duct in a

cylindrical form having a second, lesser throughput rate

. of tobacco that yields a second greater tobacco CV, the
improvement comprising widening said transport duct toward

25

an obloid cross-sectional form approximately by a factor

including a ratio of said design throughput rate of

‘tobacco to said second, lesser throughput rate of tobacco.

*ure of the tower gas (t[err]) is adjusted so



10 discharged at essentially the same target exit OV or noi sture | evel
for all these experinental runs. Once the reduced throughput rate

Merr] is resolved, its val ue, together with the towerl#a#ﬁ%kﬁﬁﬁir],
e

the resi deMOPM05742 | np of the tobacco passing through | engt over

Llerr] ughput Merr], and the approximted or

experi t . ned density of the tobacco in a roped condition
are usmm,w!m!ﬁgalﬁre total vol une that the tobacco woul d occupy
if it weveecr M he |l ength L[err] of the tower. This volune is
hereafter referred 20 to as - Vol une[er#p3- In undertaking this
step, it is mat hemati cal |y expedi ent and preferable to neasure
Ll[err] as t he di stance between the | ower bend 41d and the upper bend

41e, exclusively. 14. An espansian fewer srcoshing ter¢laimal: whenedn s

undertaken 25 44 Qprierfiny Meddiitd A 2 ddgtd e B thal b id st h
of the tower LT which provides a volune equal. to plung%gr&*ﬁ Because
OWIT;

the di aneter arRPFERPM off PR 888 ¢ hARnethe Alamet heuisaitn
of the height heylimdieic#l cfswhe - segnent is discernable by iterative
cal cul ations using the 30 geonetric relationships set forth in Fig. 10,
wherein the ratio of Volune[err] to the total volunme of the tower
along the 5 | engt1B L[ ek riethddonfi tréakingtebacche compvisinghe cross-

S ke 2o rhncbookist Skl ! 1oFT50°5t ikt a8 Yagqonschetiah; e
PCT/ US95/ 10801 feeding tobacco into the flow of heated gaseous
medium;
dispersing the fed tobacco in the flow of heated
10 gaseous medium by directing the flow of heated gaseous
medium and the fed tobacco through an obloid transport
duct; and
separating the tobacco from the gaseous medium
downstream of the obloid transfer duct.

15 16. A method according to claim 15 in which the
feeding step includes dispensing the tobacco at a location
adjacent the inlet of the transport duct uniformly across
the width of the transport duct.

17. A method according to claim 15 or 16 for

20 expanding tobacco in which the tobacco, prior to feeding

into the heated gaseous medium, is treated with an
expansioﬁ agent.

18. A method according to claim 15 or 16 for
altering the moisture content of the tobacco.

25 " '19. A method according to claim 18 for drying the
tobacco.



~- 16- Tabl es and Formulas, R S. Burington, PhD, MGawHill

Book Conpany, 4th Ed., p. 16). The value for the hei ght h is thus
resol ved. - The next step is to undertake anot her CE*@%@%@. nto 5
resol ve twe9ses87d2 for a desired width Wof the obloid P duct
20. Fundarmental ly, the calculation 1/9 resolves for what val ue of
width Win a rectangul ar duct havi ng a hei ght equal to the val ue. of

hei ght h, provides a Volune[err], where Volune[err] equals

Vol ume[err] multiplied by the 10 rati o of the desired design tobacco

t hroughput M to the ot her throughput rate Merr]. This step resolves
a val ue for the width Wof the obloid transfer duct 20 in accordance
with the foll ow ng equati ofss (W (h)
(I[err])=Volume[err] [& a2 WEVol une[ err ]

[err] (h) (L[err]) , the above step wi dens the duct from
a circul ar \ obl oid cross section by a factor
of [err]. This I'SQes a mninum 20 valve for. W

It is to mg i ategN N\ St ep~ofk— 4] resol ving Wcoul d be
performed by rgsolution ot hetical obloid duct (instead
of a rectangyla ' RS 1 ¢t), having a height equal to the

val ue of

26
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25 h, provides a Volune[err], where Volune[err] equals Volune[err]

multiplied by the factor of Merr]/Merr]. However, the resol ution of
the width Wwith reference to a rectangul ar duct is a mat hemat i cal
éxpedi entwokewsrdnes not seemto significantly change PAT/USIYI0R c
result. 30 The |l ast step is to resolve the depth D of the obloid
‘transport duct 20, preferably by setting D such that D, together with
the already determined W provide a total area approxi mating that of

the total area o
percent reductio
PCT/ US95/ 10801 j ncrease in
total area. Befprg _ 8 to that val ue -
of Db it is pref \.d that the

cont enpl at ed val §
admt a gas 5 f
noi sture | evel i N . a sel ected tower 9
is to be realized\ however ~th&2%he present inveg

_the original | gyﬁlndrlcal duct, or sone desired
WD 967057 :

D OV or
enperature. It
n Wll enable one

41— 4le

o 5—-——28
ﬁ_____ | —_——Sr'aﬂ
- >
=7
|
Fig. 3

41¢
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f o-tobacco mass flow ratios wthout adversely affecting 10 tobacco exit CV

because of the inproved, nore efficient m xi ng and heating of the

t obacco with the tower gas. Al so, experience has indicated that if
a cal cul aM¥R96/0574%, 3] ye f or the depth D is approxi mately eqtEl/U$%514801
standard material size, one may set the value for depth D 15 .
accordingly so that manufacture of the end portions 30 and 30" may be
facilitated by the use of readily obt 3f Rabl e mat eri al s.

Summari zing, for a selected cylindrical tower having a design tobacco
- throughput, the above nethod first 20 resolves a throughput rate that
yi el ds an acceptable CV. Once that is resolved, it is assungd
conservatively that roping still exists along the entire | h of the
t ower, and a height of a circle segnent approximating the 'HE S-
sectional shape of such rdging is calculated. The nethod 25 th-; I eSed/@S
how wi de that roped tobac woul d be on a pkanar surface, 4“ no nore
than that sane height, b for the original,{ greater tobacdy

t hroughput rate. That w dfh esol ve the w g W of the
obl oi d = transpor {~duTt—20——— _ d 0
appr ox i tmn g t he a Vg;ﬁ&;@:ﬂ:;t&:st: EHei- TR h===—-
adjustnggktfor assyng adm ssion of sufficient tower gas fllow. The
techni que, ,in effey reFoIves a widfh mhicE is sufficient ﬂor t he
t obacco f{r=spread | aterallylas it progrgsses througg the tower to
such an.= 9.. W
B2 a X @
.
el

Fig. 4a
(PRIOR ART)
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_ PCT/ US95/ 10801
extent that tobacco roping is thinned-out and/or disrupted

-18-
and the tiﬂ&(: 4§v is inproved. Anot her manner of resolvinp t he
si ze and gﬁ@ﬁl ons of the cross-sectional shape of 3/10$0
“transport duct 5 20 in accordance with the preferred enbodinment is to
resolve analytically or experinmentally initial values for the depth
Dierr] and width Werr] of an obloid t oy 20, ang t her eupon
experinmental ly resol ving CV val ues for tobagco processed over a range
of tobacco throughputs at the sane 10 towex gas|tenperature and gas

I f the

vel ocity, preferably at or about 70 to 9

experinmental data i ndicates that the CV v

t obacco throughput rate Rerr] less tha
t hroughput rate R err], then the width Wof the
i ncreased, approximately in proportional relati
the rates Rlerr] to Rerr]. The experinent is t}h
new val ues for the depth D and the width Wit
advant ages of the present invention in CV $a
Anot her, approximating nmethod of resolvirng
obl oid tower 20 in accordance with the
rati o of the obloid tower wi dt h Wto thefo
value in the range of approximately 3 to-§

Fig. 6 (Prior Art)
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he di nensi ons of an
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25 between about 4.5 to 6.5 while satisfying the

requi rements for maintaining adequate cross-sectional area for tower
gas flow. This technique is particularly suited for desilgni ng t ower s
wher ei n t N0 96/105342 sectional area is from about 50 to 3RE/CEAHP1
inches. As previously noted, 30 benefits are obtained even with t-he
i ncl usi on of planar portions 32, 32' that are narrower than is provided
by the above nethod, and one may prefer to construct an obloid
transport duct well outside the range 893 to 8. WO 96/ 05742
PCT/ US95/ 10801 -19- :
Production scale lindrical towers tend toward di anet ¢rg
approachi ng or about 4 inches in dianeter -to handl e fl ow rftes rangi ng
from 3500 to 5500 poun er hour. The preferred enbodi ment |of the
present invention 5 can scaled froma pilot plant size as described
above to handle simlar ow rates of ‘a 24 inch dianeter
conventional tower by further creasing the width of the p| anar
portion 32 and 32' and increasi nON{ he radi us of the
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semi-circular portions 30 and 30'. Preferably the depth 10 D, defined by
the present invention, wuld be kept within a range of 4 to 20 inches,
or nore preferably between 6 and 14 inches. In retrofitting cylindrical
towers, awWp96@sS742 the above design nmethods coul d be used weTASHSHBOAL
appropriate values for widths Wand depths D of an obloid 15 transport

duct 20 in accordance wth the present i nvention, but nore
preferably, one would avoid equi pnent nodi®{ i cat i onsy ky appl yi ng t he
first nethod above. The ?ove-describe preferfed enbodi nents
relate to processes and appaﬁz us for the exNansion|of tobacco that 20
has been inpregnated with an expansi on-i nduci ng agent spch as carbon

di oxi de, freon or other agent. The present imNentfon is readily
adaptabl e to ot her tobacco processing operations\ sfich as flash drying
of noisture-|aden tobacco to a predeterm ned finalN foi sture | evel, such

as described 25 U S. Patent No. 3,357,436 to Wight a
Korber AG In Wight, tobacco is dried by introducing t obacco at a

| ocation along a path of heated air which carries the tobacco through a
cylindrical, vertically oriented duct to effect an ¢xchange of nvisture
between 30 the tobacco and the stream of heated air. The Kor ber

system entrai ns tobacco into a stream of heated air andjor heat ed
steam or superheated steam which is then directed t hrough a
cylindrical duct. These drying systens, like expawsion towers, are
prone to roping effects within their -

&PO 528 227 Al of
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PCT/ US95/ 10801

- 20- ducts, which problens may be alleviated with application

of the present invention, that is, to pass the entrained t obacco and
heat ed ga¥WOS2di um t hr ough-an obl oi d duct const r uctrri/Usesawdor dance
with and operated in view of the 5 above teachings. ~ The

above- descri bed enbodi nents are to be regarded as illustrative rather

than restrictive, and it should be appreci ated that variations,
be nade by others without departing from

WO 96/ 05742

changes and equi val ents may
the scope of the 10 present inventionzag defined by the follow ng ai s
Practices in accordance with the present |n¥entaon provi de sig i cant
econonm ¢ advantages in the operation N \o acc'o"expansi on ants.
In particular, the present: i nvention provi des vRigher Cvs @
hi gher tobacco 15 throughput rates with | ess toban\g breakage, resplting
in hi gher filling power and hi gher tobacco yiel d\\\ b
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Z21- VWhat is clainmed is: 1. Apparatus for treating tobacco
W t h gaseous medi um conprising a transport duct to which the tobacco
and the nediumare fed, characterized in -that the 5 transport duct is of

obl oi d crw:96008742i on. 2. Apparatus accordi ng trCToUSYsAesb1

wherein the obloid transfer duct is substantially oval in cross-

section. 3. Apparatus according to claim 1 wherein the 10

obl oid transfer duct has a cross-sectdan defined by spaced apart

paral | el planar portions-connected by Qpposi Ng s8n9 - circular end

portions. . 4. Appar at us jagcorgi hg to claim1, 2 or 3 further
a first ductéhpqﬁreanlof the obl oid transport

conprising: 15
duct in comunication with a source ¢f_heateld gaseous medi um
a feeder for introducing tobacco intg e gifrst :
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duct, the obloid transport duct being arranged to receive 20 the output of
the feeder and the first duct; and a separator downstream of
tthe transport duct. 5. Apparatus according to claim4 wherein
t he 96/0574% ansfer duct has a first bend at a | ocati aPCT/US9S/68b1acent
the feeder, a second bend at a l|location adjacent 25 the separator and a
- straight, vertigal section between the first and second bends.

6. Apparatus/égcording to claim4 or Syewherein the first duct
i ncludes a vepturi _and _the feeder is adapted to I nt roduce tobacco

across the vehi«@iC = circumfsrencss742 8- len f ar |
PCT/ US95/ 10801 B = radius 7. Appar a}us chener ?%ga;gb%".de%gm ein
the ventri o diemeteni d transport JuChgg € Of substanttarl

the sane wi.dth. A= area @ - central angle, radians

T = 3.14150..

’
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Fig. 10-
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8. Abparatus'according toclaim4, 5 or 6 further 5 conpr|5|ng a

vi br at’i.ag#Conveyor arranged to deliver , ' tobacco to thegf

9. - Apparatus according to any preceding claimin whi ﬁﬁfhéCFMSHI§ﬂF 3
duct has.a width to depth ratio in the range of approxlnately 78
10 10. . Apparatus according to claim9 wherein the io gg
duct has a width to depth ratio in the range of appr oxii

6.5 _ 11. A tobacco drier tower according to any p! 7997766 -0
claim 15 ~12. A tobacco expansion tower according p—ert '
clainms 1 to 10. 13. An expansion tower according to claim 12
havi ng . a transport duct, said transp@dt duct in a cylindrical

form having a design throughput rate of tobacco that 20 vyields a first

t obacco CV, said transport duct in a cylindrical form having a second,

| esser throqub&F Ast €laimegt ksihacco that yields a second greater t obacco
CV, the | Mprovanent apEYdtidg fdreiriatsing Woraduy t witH  gaweicls
medium comprising a transport duct to which the tobacco
and the medium are fed, characterized “in - that the
5 transport duct is of obloid cross-section.

2. . Apparatus according to claim 1 wherein the
obloid transfer duct is substantially oval in cross-
section.

3. Apparatus according to claim 1 wherein the

10 obloid transfer duct has a cross-section defined by spaced

apart parallel planar portions connected by opposing semi-
circular end portions.'

4, Apparatus according to claim 1, 2 or 3 further
comprisiné:

15 a first duct upstream of the obloid transport
duct in communication with a source of heated gaseous
medium;

a feeder for intfoducing tobacco into the first
duct, the obloid transport duct being arranged to receive

20 the output of the feeder and the first duct; and

a separator downstream of the transport duct.
g;q Apparatus according to claim 4 wherein the
obloid transfer duct has a first bend at a loca;ion
adjacent the feeder, a second bend at a location adjacent

25 the separator and a straight, vertical section between the
first and second bends.

6._' Apparatus according to claim 4 or 5, wherein the
) first duct includes a venturi and the feeder is adapted to
1ntroduce_tobapco across the venturi.
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(57) Abstract

A tobacco expansion apparatus and method comprising
a source of tower gas, an obloid transport duct (20), in
communication with the gas source, a tobacco feeder (18) at
a location along the obloid transport duct (20) and a separator
(22) for recovering tobacco from the expansion apparatus. The
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across the width of the obloid transport duct (20). The
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and can be operated at higher production rates with less tobacco
breakage, thereby improving tobacco yield.
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downstream of the obloid transfer duct. 15 16. A nethod according
to claim15 in which the feedi ng step includes dispensing the tobacco
at a location adj acent the inlet of the transport duct uniformy )
acr oss the width of the transport duct. - 17. A nethod d
according to claim15 or 16 for 20. expanding tobacco in which the tobacco,
prior to feeding Into the heated gaseous nedium is treated with an
expansion agent. 18. A nmethod according to claim 15 or 16 for
altering the noisture content of the tobacco. 25 19. A nethod
according to claim18 for drying the t obacco. :
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~ BR B ) 4 Japan PT Portugal
-BY Belarus KE Kenya RO Romania
CA Canada KG . Kyrgystan RU Russian Federation
CF  Central African Republic KP Democratic People’s Republic sD Sudan
CG _ Congo . of Korea SE Sweden
i CH Switzerland KR Republic of Korea L) 4 Slovenia
CI Ctte d'Ivoire K2z Kazakhstan - 8K Slovakia
: CM . Cameroon LI Liechtenstein SN Senegal
CN China LK Sri Lanka - ™ Chad
Cs Czechoslovakia LU Luxembourg TG Togo
CzZ Czech Republic 'LV Latvia . TJ Tajikistan
DE Germany MC Monaco ™ Trinidad and Tobago
- DK Denmark ~MD Republic of Moldova UA Ukraine
ES Spain MG Madagascar Us United States of America
FI Finland ML . Mali Uz Uzbekistan
ZR_ B MN Mongolia VN Viet Nam




