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1. TITLE OF THE INVENTION
Method of Estimation of an Aeration Resistance in a Filter

Plug

° .
-

2. BACRKGROUND OF THE INVENTION

This invention relates to a method of estimation of an
aeration resistance in a cigarette filter plug.

Filters attached to cigarettes are prepared by a plurality
of bundles of fibers having an approximately Y letter form (Y
sectional area string) in a cross-sectional area made of crimped
acetate filament windingly wrapped with papers.

In cigarette manufacturing, filters having six or four
times the length of conventional filters, called "plugs", are
prepared, cut to the conventional size, and attached to cigarettes.
The method of estimation of the aeration resistance of this
invention can be used both in plug production and in cigarette
production. '

Aeration resistance is an important nature of the filter
and filter plug for cigarette production.

The aeration resistance means a pressure difference which
occurs at both ends of the filter when air having a certain
temperature humidity under normal pressure passes through the
filter in an amount of flow of 17.5 milliliters per second and
is expressed by water height (mm). Accordingly, the aeration
resistance is a value having a pressure unit (or dimension).

The aeration resistance value gives a rough'idea of how
smooth the filter is to draw. The filterability of tar and
nicotine in smoke depends greatly upon the aeration resistance,
and it is much easier to measure the aeration resistance than to
measure filterability. &accordingly, it is widely and often used
as one of the important items of filter rod properties in the
cigarette manufacturing industry.

The aeration resistance changes according to such factors
as filter size, properties of fiber and the filling state of
fibers.

-In order to manufacture filter rods and plugs having the
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This invention providés a method of estimating aeration
resistance of the filter plug, by using an aeration resistance
formula.

3. BRIEF DESCRIPTION OF THE INVENTION
The method of estimation of the aeration resistance of the
filter plug in this invention is characterized by the sum of a
- friction resistance and a fluid resistance of the plﬁg.
Further, it is characterized in that the aeration resistance
of the filter plug of the tobacco filled with tow is estimated
by the following formula: |

= 4(16/Re,) X 9 x (Di/Ls)*" x (pxu®/2gc)
x (L/DH)
+ (10.535/Re,” ™) x (pxu?/2gc)
X (4nSp/c?)
PD: aeration resistance
Re,: Reynolds number (Re) of the friction resistance formula
Re,: Reynolds number of the fluid resistance formula

Di: distance between centers of the fibers
Ls: wetted perimeter of the filter section

p: £fluid density

u: flow rate

Ls filter length _

DH: equivalent diameter of the friction resistance formula

Sp: projective area of crimped filaments to the vertical
plane with respect to the flow

C: filter circumference

gc: weight conversion coefficient-

According to this invention, the aeration resistance of the
filter plug filled with tow can be estimated by using an
aeration-resistant formula in the field of chemical engineering.

Thus, the most suitable determination of the materials,
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4. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a model view of a sectional form of a filament

denier at the tow-filling portion in an embodiment of this
invention.

Fig. 2 is a model view which shows a contact state of each
filament denier in Fig. 1.

Fig. 3 is an explanatory view of a diameter of the filament
denier in Fig. 1(a).

Fig. 4 is an explanatory view of a wide size of a mass of
the fiber in the contact state of each filament denier in Fig.
1(a).

Fig. 5 is an explanatory view of a height size of the fiber
mass in the contact state of each filament denier in Fig. 1(A).

Fig. 6 is an explanatory view which shows an arrangement
confiquration of the fiber mass.

Fig. 7 is a comparison view of a measured value and an
estimated value of the aeration resistance of the filter.

Fig. 8 is a view which shows the relation between the
aeration resistance of the filter and the filter length.

Fig. 9 is a view which shows the relation between the

" aeration resistance and the circumference of the filter.

Fig. 10 is a view which shows the relation between the
aeration resistance and the filament denier of the filter.

Fig. 11 is a view which shows the relation between the
aeration resistance and a ferearea of the filter.

Fig. 12 is a view which shows the relation between the
aeration resistance and the amount of the tow f£illing.

5. DETAILED DESCRIPTION OF THE INVENTION

An embodiment of this invention will be described with
reference to Fig. 1 to Fig. 12 as follows.

Detected is a model for obtaining an aeration resistant
formula for a method of estimation of the aeration resistance of
the filter plug of the tobacco filled with tow.
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filament denier in the tow-filling portion.

In Fig. 1, the filament 1 comprises a letter Y sectional
form. 1In order to express this relation by some values, this
relation is approximated by a shape which consists of three
semicircles having a diameter A, three rectangles (AxB) and a
regular triangle. In Fig. 1, FS shows a sectional area of the
filament 1, HI shows the longitudinal width of the filament 1
and H2 shows a transverse, respectively. In addition, as a
sectional area shape coéfficient, a ferearea (FA) is used and is
calculated by formula 1.

Formula 1

FS
FA =

H - H?

Fig. 2 is a model view which shows a contact state of each
filament 1 in Fig. 1.

In the above tow-filling portion, since some filaments
exist in a contact state, an example of a representative contact
state is shown by Fig. 2(A) to Fig. 2(D).

As a model for obtaining an aeration resistant formula of
the above filter, although the above contact state is also
considered, in the following calculation a contact state pattern
shown in Fig. 2(A) is used.

As a term which constitutes the aeration resistant formula
of the above filter, an equivalent diameter DH in the friction
resistance formula can be obtained by the formula 2.

Formula 2

D =

Wherein V: space volume of the filter
S: area contacting with fluid

The above space volume V is obtained based upon the filter
length L, a circumferential length of the filter C, the amount
of the tow filling W and a tow specific weight.
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9 x [err] xi$edefire@l ABH@a value which deducts an area S, which contacts
each filament from the sum of an inner area S, of the rolled
paper and the total fiber surface areas S,.

The above area S, can be obtained by basing upon the
surrounding length of the filament sectional area shown in Fig.
1, and the above area S, is also obtained by basing upon the
contact state of the filament (Fig.2(A)) respectively.

The portions where the filament contacts each other correspond
to the fiber mass formed by poor blooming.

In the sectional form of the filament, when the length of a
contact area in the section is B, one fiber mass is formed by
contacting N bundles of filament and the circumferential length
KL of this fiber mass is obtained by the formula 3.

Formula 3

KL = FL * N-2 (N-1) - B

Wherein: FL: length of the filament (determined by A and
B in Fig. 1)

When K pieces of the fiber masses of the above unblooming
(fibers) exist in the tow sectional area, the total circumferential
length SL in its sectional can be obtained by formula 4.

Formula 4
= (TD/FD - N*K) *FL + K * KL
Wherein: TD: total denier

FD: filament denier of the filament

Furthermore, since the length of the filament denier 1 in
the filter (tow-filling portion) is obtained by (9x10°xw/TD),
the area S to which the above fluid contacts can be calculated
by the formula 5.

Formula 5

S=C + I+9-10°- (W/TD) {(TD/FD - N*K)
(3m°A/2+6B) + K (3m*N°A/2+ (4N+2) B)}



+ [err] x [err] X  [err] PD:. aeration P T HonlHéSSHEﬂéEE EHAS N,
of the friction resistance fornula [erd]
resistance fornmula Di: distance betwee e flbers Ls: wetted =
perimeter of the filter section p: fluid denS|ty u. flowrate L: filter

length DH equi ygbant 29I At 10" FilS f1 I¢4d OBe" 83p3ha0ER AWYR! filament
denier FD and ferearea FA by solving the relations between
sectional area FS and filament denier FD, ferearea FA and
sectional area FS due to the formula 1 and between sectional
area FS and A, B shown in Fig. 1. '

Fig. 3 is an explanatory view of the diameter of the
filament 1 in Fig. 1.

In Fig. 3, the calculation of the longitudinal width H, and
the transverse breadth H, in Formula 1 are shown.

In addition, the above diameter F can be obtained by
formula 6.

Formula 6

FD
F =+ HH, - 9-10°-1.32-FA

Thus, the corresponding diameter DH of the friction resistance
formula in formula 1 can be obtained.

Fig. 4 is an explanatory view of the width size of the
fiber mass in the contact state of each filament in Fig. 1(a).

In Fig. 4, the breadth size FW, of the fiber mass in the
contact state of the filament of N bundles is obtained from Fig.
4 by using formula 7.

Formula 7

FW, = 1. 5A+ 3B + (N-1) (5A/4+ ‘/-:;B/z

Similarly, Fig. 5 is an explanatory view of a height size
of the fiber mass in a contact state of each filament in Fig.
1(a). " _

In Fig. 5, the height size FW, of the above fiber mass is

obtained from Fig. 5 by using the formula 8.
Formula 8

FW, = 2 { (24/ 3 ) A/44B) } +X
Wherein X = =V 3A/4+3/2

Fig. 6 is an explanatory view which shows an existent state
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In Fig. 6, since the existent state of the above fiber mass
in the tow-filling portion shows an indefinite shape, the
breadth of the fiber mass is shown with its mean value, whereby
its breadth is shown as a mean value FW (formula 9) when the
fiber mass consists of thé above breadth size FW, and of the
height size FW, rotate to 90°.

'Formﬁla 9

W, = FW, - cosf
W, = FW, + cos (r/2-0)

FW =

J 0648

The mean value Fd of the diameter when K pieces of the
above fiber mass exist in the filter (tow-filling portion), is
obtained by formula 10 from the relation of a diameter F shown
in formula 6.

Formula 10

Fd = {(TD/FD-N‘K) +F+K'FW/(TD/FD-(N-1) K}

The above aeration resistant formula of the filter is
obtained as the sum of the friction loss arising from the gas
flow in the tube corresponding to the filter and the f£luid
resistance when the gas flows through the material having fiber
form and size of the fiber in the tow-£filling portion which is a
constitution element in the above filter inner portion.

Fanning formula is adopted as a friction loss formula of
the inner flow of the tube. It is shown by the formula 11.

Formula 11

AP, = 4-f-(p-u,/2+gc) " (L/D)

AP : aeration resistance due to friction loss
p: fluid density

L: filter length

f: tube friction coefficient

u: flow rate

D: inner diameter of the tube

7
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DESCRI PTI ON OF THE DRAWNGS Fig. 1 is a sec =&
filament denier at - the towfijlling portion in an enbodlnent of this
invention. Fig. 2 is a nodel view whi.ch shows a contact state of each

filament denier in Fig. 1. Fig. 3 is an explanatory view of a diameter of
the fil anment In this case, the sectional area of the tube in formula 11

is a circle and in cases other than the circle sectional area,
or in this example a corresponding diameter DH obtained by
formula 2 is used in place of the above D.

On the other hand, a 'tube friction coefficient f is a
function of Reynolds number which is expressed as Re,, said Re,
being expressed by the formula 12.

Formula 12

DH'p-u
Re, = U

: fluid (air) density
: flow rate
: viscosity of fluid (air)

The above flow rate can be obtained easily by using the
specific gravity of acetate when the air flows at the flow rate
of Q through the filter having length L, circumference C, and
the tow-filling portion W. In addition, the relation between
the tube friction coefficient f and Reynolds number Re, is
determined as shown in formula 13 by comparison with measured
values.

Formula 13
f=16/Re, 9 (Di/Ls)*"

Di: distance between fiber centers
Ls: wetted parameter length of the filter section

The aeration resistance due to the fluid resistance is
shown by formula 14.

Formula 14

AP, = C, (p-u?/2-gc) - (4m-S,/C,)

AP,: aeration resistance through fluid resistance
C: circumference of the filter
S;: windingly crimped projective area to a vertical surface

with respect to the flow
8
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shows the relati0n ARG 'W¥efficient C, is obtained by formula 15 from
the relation of the resistance which a cylindrical body placed
at a right angle with respect to the flow receives from the flow
of the fluid. ‘"

Formula 15

10.535
c, = Re. 0-7672
2

Furthermore, the above windingly crimped projective area Sp
is obtained by the formula 16 from a height Y of the fiber
windingly crimped and a diameter Fd.

Formula 16
Sp = Fd'Y

Thus, the formula for the estimated aeration resistance of
the filter is obtained by the formula 17 consisting of the sum
of formula 11 which shows the friction resistance used for
formula 12 and 13 and of the formula 14 which shows the fluid
resistance used for formulas 15 and 16.

Formula 17

PD = 4+ (16/Re,)*9-(Di/Ls)®" - (pu?/2gc) - (L/Dy)
+ (10.535/Re,” %) « (p-u®/2gc) - (4m-S,/C?)

aeration resistance

Reynolds number of the friction resistant formula
Reynolds number of the fluid resistant formula
distance between centers of the fibers

wetted perimeter length of the filter section
fluid density '

flow rate

filter length

correspondent diameter of the friction resistant formula
windingly crimped projective area to the vertical
surface with respect to the flow

circumference of the filter - .

weight conversion coefficient

The formula for estimated aeration resistance shown in the
9
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Fig. 7 is a comparison view of a measured value of the
aeration resistance of the-filter with its estimated value. As
the above estimated value, a value calculated as including 15%
of unblooming fiber is used, said estimated value showing a good
coincidence with the measured value.

Further, the effect the blooming fiber exerts on the

~ aeration resistance is great and great parts of dispersions in
the measured values are caused by the degree of blooming.

Since the degrees of the unblooming (fibers) of the tow can
be quantified by the measured value of the aeration resistance,
the availability of the aeration resistant estimation formula of
the filter in this example can be increased.

Fig. 8 is a graph which shows the relation between the
aeration resistance PD and the length of the filter, and it was
confirmed that the aeration resistance PD is in the proportion
to the length L of the filter, by the estimated value and the
measured value.

Fig. 9 is a graph which shows a relation between the
aeration resistance PD and the circumference of the filter C,
said graph being shown by the estimated value and its measured
value of the aeration resistance PD when the circumference C is
changed.

Fig. 10 is a graph which shows the relation between the
aeration resistance PD and the filament denier FD of the single
fiber, said filament denier FD being related ﬁo the formulas 4,
10 and the like.

In addition, Fig. 10 shows the estimated value and the
measured value of the operation resistance PD when the filament
denier FD is changed. .

Further, although the test of the aeration resistance PD
when the tow denier TD is changed is performed, the explanation
of the description is omitted.

Fig. 11 is a graph which shows the relation between the
aeration resistance PD and the ferearea FA of the tow fiber

' 10




obtai ning an aeration resistant fornmula f est *'nqﬁ&éQEP

o _ _ B laced THI
reference to Fig. 1 to Fig. 12 as folloﬂgﬁs H” a? ﬂi ?SHEETHASBEEN

aeration resistance of .the filter plug of |IIed with tow. 4
Fig. 1 is a nodel view which shows a sectlonal forn1of t he fllanent denier

' lsg c: Ihgn;low-f I<':|t|3_|on%1p l’h 'p%n saJ.de:'eC]reare { heen.fnlgI %g]fa}:e& £5"Hid osfmullateatl.er

The above relation is confirmed by the estimated value and
the measured value.

Fig. 12 is a view which shows the relation between the
aeration resistance PD and the tow filling weight W, said
relation being confirmed by;Ehe estimated value and the measured
value. ‘

In the method of estimation of the aeration resistance of
filter plugs according to this invention, the aeration resistance
of the filter plug of cigarettes consisting of fiber having
complicated shapes can be estimated correctly by the right
dimension corresponding to the complicated element parameter by
using the aeration resistance formula consisting of the sum of
the friction resistance and the fluid resistance.

Accordingly, the most suitable values of the filter material,
form and size can be effectively determined with high reliability
by using an estimated aeration resistance of filters, thereby
being able to prepare a filter provided with an aeration
resistant characteristic suitable to smokers with ease.

11
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di aneter A, three rectangles (AxB) and E a ngl e. = _
shows a sectional area of the filanent 1, H shows the Iongltudlnal wi dt h
of the filament 1 and H2 shows a transverse respectively. I n addi tion,
as a sectional area shape coefficient, a ferearea (FA) is used and is

cal cul ated by fdimat s cladmed ist [err] Fig. 2 is a nodel view which shows
a contact state of each

1. A method of estimation of an aeration resistance of a
cigarette filter or a plug filled with tow wherein said aeration
resistance is estimated as‘the sum of a friction resistance and
a fluid resistance.

2. A method of estimation of an aeration resistance of a
filter plug wherein said aeration resistance of a tobacco filter
or a plug filled with tow is estimated as the following formula:

= 4(16/Re,) X 9 x (Di/Ls)*Y x (p.u?/2gc) x (L/DH)

+ 10.535 x p.u*! X 4n.Sp
Re, 0.7672 2.gc c?

PD: aeration resistance

Re,: Reynolds number of friction resistance formula

Re,: Reynolds number of fluid resistance formula

Di: distance between centers of the fibers

Ls: wetted perimeter of the filter section

p: fluid density

u: flow rate

L: filter length

DH: equivalent diameter of the friction resistant formula

Sp: projective area of the filaments to a vertical plane
with respect to the flow

C: filter circumference

gc: weight conversion coefficient

* [+ L L] S *



“filament 1 in Fig. 1. In the above towﬁlgéﬂeaglamkreﬁk@npedm

E—H:—

C
filaments exist in a contact state, an e res nfglt%?ﬁlzfﬁ%@?m
state i's shown by Fig. 2(A) to Fig. 2(D) Eai:ﬁi:ﬂg—a___ﬂ_*_
aeration resistant formula of the above f ough t he above contact
state is al so considered, in the follow ng cal cuI ation a contact state
- pattern shown in Fig. 2(A) is used. As a termwhich constitutes the
aeration resistant fornula of the aboABSERACL an equival ent dianmeter DH
in the friction resistance fornula can be obtained by the formula 2.
The aeration resistance of a cigarette filter plug filled
with tow is estimated as a sum of a friction resistance and a

fluid resistance by a fomwié 17.
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is defined as a val ue which deducts_a n Ltc%cli] cont _ Rk

fromthe sumof an inner area [err] paper- a

surface areas [err]. The above area bt ai-ned by basi ng upon
Ll

the surrounding length of the filane rea shown in Fig. 1, and
t he 'above area [err] is also obtained by basi ng upon the contact state of
the filanment (Fig.2(A)) respectively. The portlons where the filament
contacts each ot her #r s;énd t2t Az\/{tz mass formed by poor bl ooning.

In the sectional form of the filament en the length of a contact area in
the section is B, one fiber mass is forned by
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sectional area, the total - circunferential length SL in its sectional can be
obtained by formula 4. Formula 4 [err] : :

FIG. 3
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FS and fil anment denier FD, ferearea ar ea 0 e _
formula 1 and between sectional area hown in Fig. 1. Fig. 3 is
an,expl anatory view of the dianeter of the filament 1in Fig. 1. In Fig. 3,
the calculation of the longitudinal width [err] and the transverse breadth

[err] in Fornula 1 are shover ' G 7

REPLACEMENT SHEET 6 Then, A and B 'ﬂ. Gy R8T D XPT € e’ﬁilS\ﬁSHﬁET HAS RERN
deni er FD and ferearea FA by solvi ng‘:mﬂ @Eﬁ et we sectﬂE?r\-&PEQr £a.
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¥&laced ameter F can. be obta| ned by formjla 6. D6
[err] T ondi ng dianeter DH of the friction '
formul a i |mm m‘“ﬂan be obtained. Fig. 4 is an explanatory view of the
wi dt i SIZ mass i path tact gtate of each filament in Fig.
1(A). In Fig. 4, the breadth st ferg ée fiber mass in the contact
state of the fllarrent of N bundles is obtal ned fromFig. 4 by using fornula
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7 of the fiber mass. In Fig. 6, since the existent state gﬁﬁ?ﬁéC§M§N33ﬁﬁﬁﬁ
mass in the towfilling portion shows an indefinite shap

thegyz
the fiber nass is shown with its nmean val ue, whereby its h8

as a nean value FW(fornula 9) when t fi ber mass consists of the
breadth size FW and of the hei ght §ﬁﬁ§%’f@iﬁﬁﬁ@le to 900. Forrmula 9.

l. TITLE OF THE INVENTION
Method of Estimation of an Aeration Resistance in a Filter

Plug

2. BACKGROUND OF THE INVENTION

This invention relates to a method of estimation of an
aeration resistance in a cigarette filter plug.

Filters attached to cigarettes are prepared by a plurality
of bundles of fibers having an approximately Y letter form (Y
sectional area string) in a cross-sectional area made of crimped
acetate filament windingly wrapped with papers.

In cigarette manufacturing, filters having six or four
times the length of conventional filters, called “"plugs", are
prepared, cut to the conventional size, and attached to cigarettes.

" The method of estimation of the aeration resistance of this
invention can be used both in plug production and in cigarette
production.

Aeration resistance is an important nature of the filter
and filter plug for cigarette production.

The aeration resistance means a pressure difference which
occurs at both ends of the filter when air having a certain
temperature humidity under normal pressure passes through the
filter in an amount of flow of 17.5 milliliters per second and
is expressed by water height (mm). Accordingly, the aeration
resistance is a value having a pressure unit (or dimension).

The aeration resistance value gives a rough idea of how
smooth the filter is to draw. The filterability of tar and
nicotine in smoke depends greatly upon the aeration resistance,
and it is much easier to measure the aeration resistance than to
measure filterability. Accordingly, it is widely and often used
as one of the important items of filter rod properties in the
cigarette manufacturlng industry.

The aeration resistance changes: accordlng to such factors_

-as filter size, properties of fiber and the filling state of
fibers.

In order to manufacture filter rods and plugs having the




' REPLACEMENT SHEET
[ery] The nmean value Fd of the dianmeter when K pieces of thg above f'gﬁib
mass exist in the filter (towfilling portion), is obtained b[yatgg_r,,m_ ! m I
fromthe relation of a dianeter F shown in formula 6. Formnmul rr—Fre—
above aeration resistant fornmula of the filter is obtained as the sum of

the friction loss arising fromthe gas_2low in the tube corresponding to

the filter GRRATSR APTRYLQN|EeSieeanpen e usneredsarhr siyhkpew ﬁg@@q al

having fibefactors previously. Accordingly, the method of estimating the
aeration resistance is important and necessary for filter
manufacturers.

This invention provides a method of estimating aeration
resistance of the filter plug, by using an aeration resistance
formula.

3. BRIEF DESCRIPTION OF THE INVENTION

The method of estimation of the aeration resistance of the
filter plug in this invention is characterized by the sum of a
friction resistance and a fluid resistance of the plug.

Further, it is characterized in that the aeration resistance
of the filter plug of the tobacco filled with tow is estimated
by the following formula:

PD = 4(16/Re,) X 9 x (Di/Ls)”Y x (pxu?/2gc)
X (L/DH)

+ (10.535/Re,"*"?) x (pxu/2gc)

X (4nSp/c?)

PD: aeration resistance

Re,: Reynolds number (Re) of the friction resistance formula
Re,: Reynolds number of the fluid resistance formula

Di: distance between centers of the fibers

Ls: wetted perimeter of the filter section

p: £luid density

u: flow rate

L: filter length

DH: equivalent diameter of the friction resistance formula

Sp: projective area of crimped filaments to the vertical
plane with respect to the flow

C: filter circumference

gc: weight conversion coefficient

According to this invention, the aeration resistance of the
filter plug filled with tow can be estimated"by using an
aeration-resistant formula in the field of chemical engineering.

Thus, the most suitable determination of the materials,



formand, size of the fiber in the towfilling portion whi dhREBLACEMENT SHEET
constitution elenent in the above filter inner portion. F ningzﬁp$EBI RS
adopted as a friction loss fornula of the inner flow of theDa@be. i -850
shown by the fornmula 11. Forrmula 11 [err] [err]: aeration
friction loss p: fluid density L: filger length f: tube friction

coef fici entfarms |and rsizes can be performed effectively, and filter plugs

having smooth aeration resistance to draw can thereby be
manufactured. '

4. BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a model view of a sectional form of a filament

denier at the tow-filling portion in an embodiment of this
invention.

Fig. 2 is a model view which shows a contact state of each
filament denier in Fig. 1.

Fig. 3 is an explanatory view of a diameter of the filament
denier in Fig. 1(A).

Fig. 4 is an explanatory view of a wide size of a mass of
the fiber in the contact state of each filament denier in Fig.
1¢(a).

Fig. 5 is an explanatory view of a height size of the fiber
mass in the contact state of each filament denier in Fig. 1(A).

Fig. 6 is an explanatory view which shows an arrangement -
configuration of the fiber mass.

Fig. 7 is a comparison view of a measured value and an
‘estimated value of the aeration resistance of the filter.

Fig. 8 is a view which shows the relation between the
aeration resistance of the filter and the filter length.

. Fig. 9 is a view which shows the relation between the
aeration resistance and the circumference of the filter.

Fig. 10 is a view which shows the relation between the
aeration resistance and the filament denier of the filter.

Fig. 11 is a view which shows the relation between the,
aeration resistance and a ferearea of the filter.

Fig. 12 is a view which shows the relation between the
aeration resistance and the amount of the tow f£illing.

5. DETAILED DESCRIPTION OF THE INVENTION

An embodiment of this invention will be described with
reference to Fig. 1 to Fig. 12 as follows.

Detected is a model for obtaining an aeration resistant
formula for a method of estimation of the aeration resistance of
the filter plug of the tobacco filled with tow.




D: ; inner dianeter of the tube 8 In this case, the sect]| GREFAGEMENESHEET
the tube in formula 11 is a circle and in cases other than | he ci ﬁgg ¥¥§
sectional area, or in this exanple a corresponding di aneter Befe bzgl
formula 2 is used in place of the above D. On the other hanﬁ’ a tube

friction coefficient f is a function4of Reynol ds nunber which is expressed
as [err], said [Btg] 1 is a model view which shows a sectional form of the

filament denier in the tow-£filling portion.

In Fig. 1, the filament 1 comprises a letter ¥ sectional
form. In order to express this relation by some values, this
relation is approximated by a shape which consists of three
semicircles having a diameter A, three rectangles (AxB) and a
regular triangle. 1In Fig. 1, FS shows a sectional area of the
filament 1, HI shows the longitudinal width of the filament 1
and H2 shows a transverse, respectively. In addition, as a
sectional area shape coefficiént, a ferearea (FA) is used and is
calculated by formula 1.

Formula 1
FS
FA =
H' - H?

Fig. 2 is a model view which shows a contact state of each
filament 1 in Fig. 1.

In the above tow-filling portion, since some filaments
exist in a contact state, an example of a representative contact
state is shown by Fig. 2(A) to Fig. 2(D).

'As a model for obtaining an aeration resistant formula of
the above filter, although the above contact state is also
considered, in the following calculation a contact state pattern
shown in Fig. 2(A) is used. .

As a term which constitutes the aeration resistant formula
of the above filter, an equivalent diameter DH in the friction
resistance formula can be obtained by the formula 2.

Formula 2

4v.
D, =

Wherein V:  space volume of the filter
S: area contacting with fluid

The above space volume V is obtained based upon the filter
length L, a circumferential length of the filter C, the amount
of the tow filling W and a tow specific weight.



being expressed by the fornula 12. Formula 12 [err] p:  f1 uj|dPRRHAGEMENT SHEET

density u: flowrate [err]: viscosity of fluid (air) The vef
rate can be obtained easily by using the specific gravity of "i)ag‘?agez'mnm-

Q)

the air flows at the flow rate of Q through the filter having [ength L,
circunference C,_and the towfilling porgion W In add[tlon, t he relatlgn
bet ween t he tubelRrpd€ibhoBoecdR|atentS Wwhitth Royrtalcds mitrbethpeabbvesfluid .

is defined as a value which deducts an area S, which contacts
each filament from the sum of an inner area S, of the rolled
paper and the total fiber surface areas S,.

The above area S, can be obtained by basing upon the
surrounding length of the filament sectional area shown in Fig.
1, and the above area S, is also obtained by basing upon the
contact state of the filament (Fig.2(A)) respectively. '

The portions where the filament contacts each other correspond
to the fiber mass formed by poor blooming. .

In the sectional form of the filament, when the length of a
contact area in the section is B, one fiber mass is formed by
contacting N bundles of filament and the circumferential length
KL of this fiber mass is obtained by the formula 3.

Formula 3

KL = FL * N-2 (N-1) - B

Wherein: FL: length of the filament (determined by A and
B in Fig. 1) _

When K pieces of the fiber masses of the above unblooming
(fibers) exist in the tow sectional area, the total circumferential
length SL in its sectional can be obtained by formula 4.

Formula 4
SL = (TD/FD - N*K) *FL + K * KL
Wherein: TD: +total denier

FD: filament denier of the filament

Furthermore, since the length of the filamént denier 1 in
the filter (tow-filling portion) is obtained by (9x10°xW/TD),
the area S to which the above fluid contacts can be calculated
by the formula 5.

Formula 5

§=C - L+9-10°- (W/TD) {(TD/FD - N-K)
(3mA/2+6B) + K (3m'N-A/2+ (4N+2) B)}
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det;erm ned as shown in forrmula 13 by conparison with neasu (F ﬁ

Formula 13 [err] Di: distance between fiber centers Ls: wel t@;eazarrffam

| ength of the filter section The aeration resistance due t¢( f1od

resi stance is shown by fornula 14. Fornula 14 [err] [err]: aeration

. n * .
re§|stance throw%;thk 85§5ta ig. 1 can be expressed with filament

denier FD and ferearea FA by solving the relations between
sectional area FS and filament denier FD, ferearea FA and
sectional area FS due to the formula 1 and between sectional
area FS and A, B shown in Fig. 1.

Fig. 3 is an explanatory view of the diameter of the
filament 1 in Fig. 1.

In Fig. 3, the calculation of the longitudinal width H, and
the transverse breadth H, in Formula 1 are shown.

In addition, the above diameter F can be obtained by
formula 6. '

Formula 6

FD
F = H-H, . 9-10°-1.32-FA

Thus, the corresponding diameter DH of the friction resistance.
formula in formula 1 can be obtained.

Fig. 4 is an explanatory view of the width size of the
fiber mass in the contact state of each filament in Fig. 1(A).

In Fig. 4, the breadth size FW, of the fiber mass in the
contact state of the filament of N bundles is obtained from Fig.
4 by using formula 7.

Formula 7
FW, = 1. 5A+ 3B + (N-1) (5A/4+ ‘/-;B/Z

Similarly, Fig. 5 is an explanatory view of a height size
of the fiber mass in a contact state of each filament in Fig.
1(A) -

In Fig. 5, the height size FW, of the abovetfiber mass is

obtained from Fig. 5 by using the formula 8.
Formula 8

=2 { (2+/3 ) A/4+4B) } +X
Wherein X = -V 3A/4+3/2

Fig. 6 is an explanatory view which shows an existent state



C. s cireunference of the filter [err]: windingly crinped pf BEBEACEMENT SHEET
to a vertical surface with respect to the flow 9 CD: reg|stant %FEB m
coefficient A resistant coefficient [err] is obtained by for|e® 45 Fron ™ .

the relation of the resistance which a cylindrical body placed at a right

angle with respect to the flow receives fron1the flow
of the fiber mass.

In Fig. 6, since the existent state of the above fiber mass
in the tow-filling portion shows an indefinite shape, the
breadth of the fiber mass is shown with its mean value, whereby
its breadth is shown as a mean value FW (formula 9) when the

fiber mass consists of tht above breadth size FW, and of the
height size FW, rotate to 90°.

Formula 9

= FW, * cosf
FW, - cos (m/2-8)

W,
W,

I (W, +w,) @8
W =

J 648

The mean value Fd of the diameter when K pieces of the
above fiber mass exist in the filter (tow-filling portiom), is

obtained by formula 10 from the relation of a diameter F shown
in formula 6.

Formula 10

= {(TD/FD-N'K) +F+K:FW/(TD/FD-(N-1) K}

The above aeration resistant formula of the filter is
obtained as the sum of the friction loss arising from the gas
flow in the tube corresponding to the filter and the fluid
resistance when the gas flows through the material having fiber
form and size of the fiber in the tow-£filling portion which is a
constitution element in the above filter inner portion.

Fanning formula is adopted as a friction loss formula of
the inner flow of the tube. It is shown by the formula 11.

Formula 11

= 4-f-(p°u,/2-gc)*(L/D)
AP;: aeration resistance due to friction loss
p: fluid density
L: filter length
f: tube friction coefficient
us flow rate
D: inner diameter of the tube



of the flkuid. Formula 15 [err] Furthernore, the above w ndi glEf’—éﬂﬁMﬁudSHEET
projective area Sp is obtained by the formula 16 from a hei|ght Y E
fiber windingly crinped and a dianeter Fd. Fornula 16 Sp =] Betey:. 2?4&&. Etm
formula for the estimted aeration resistance of the filter 175 ot
the formula 17 consisting of the sumof fornmula 11 which shows the frlctlon
resi stance used for 8

—

In this case, the sectional area of the tube in formula 11
is a circle and in cases other than the circle sectional area,
or in this example a corresponding diameter DH obtained by
formula 2 is used in place of the above D.

On the other hand, a "tube friction coefficient £ is a
function of Reynolds number which is expressed as Re,, said Re,
being expressed by the formula 12.

Formula 12

DH-p-u
Re, = H

p: fluid (air) density
u: flow rate
JTE viscosity of fluid (air)

The above flow rate can be obtained easily by using the
specific gravity of acetate when the air flows at the flow rate
of Q through the filter having length L, circumference C, and
the tow-filling portion W. 1In addition, the relation between
the tube friction coefficient f and Reynolds number Re, is

determined as shown in formula 13 by comparison with measured
values.

Formula 13
f=16/Re,* 9+ (Di/Ls)%"

Di: distance between fiber centers
Ls: wetted parameter length of the filter section

The aeration resistance due to the fluid resistance is
shown by formula 14.

Formula 14
AP, = C, (p-u*/2-gc) + (4m-S,/C,)

AP,: aeration resistance through fluid resistance
C: circumference of the filter

B3 w1nd1ngly crimped projective area to a vertical surface
with respect to the flow

S



formula 12 and 13 and of the formula 14 which shows the fl ull RERISNCEMENTSHEET

used for formulas 15 and 16. Forrmula 17 [err] PD:. aeration [lesist
[err]: Reynolds nunber of the friction resistant formnula [ejjrbate R 2;23@&195

nunber of the fluid resistant fornula Di: distance between i
fibers Ls: wetted perimeter length of tle filter section [err]: f|UId
density u: fl @ r atresistant coefficient

A resistant coefficient C, is obtained by formula 15 from
the relation of the resistance which a cylindrical body placed
at a right angle with respect to the flow receives from the flow
of the fluid. -

Formula 15

10.535
C. = Re, O 7°7
D

Furthermore, the above windingly crimped projective area Sp
is obtained by the formula 16 from a height Y of the fiber
windingly crimped and a diameter Fd.

Formula 16

Sp = Fd-Y

Thus, the formula for the estimated aeration resistance of
the filter is obtained by the formula 17 consisting of the sum
of formula 11 which shows the friction resistance used for
formula 12 and 13 and of the formula 14 which shows the fluid
resistance used for formulas 15 and 16.

Formula 17

PD = 4- (16/Re;)-9*(Di/Ls)"" - (pu?/2gc) - (L/Dy)
+ (10.535/Re,’" ") -+ (p-u?/2gc) -+ (4n-S,/C?)

PD: aeration resistance
Re;: Reynolds number of the friction resistant formula
Re,: Reynolds number of the fluid resistant formula
Di: distance between centers of the fibers
Ls: wetted perimeter length of the filter section
p: fluid density
: flow rate
L: filter length
D,: correspondent diameter of the friction resistant formula
¢ windingly crimped projective area to the vertical
surface with respect to the flow
: circumference of the filter
gc: weight conversion coefficient

The formula for estimated aeration resistance shown in the



L: s filter Iéngth [err]: correspondent diameter of the fri TREﬁ#NQﬂMEﬂﬁﬁﬁEET
formula [err]: windingly crinped projective area to the verfical fpesm
with respect to the flow C circunference of the filter gnoﬂﬁﬁgg

------------------ SETYYY

conversion coefficient The fornmula for estinmated aeration resrstance SHTOWT
in the 10 10

above formula 17 was confirmed to be effective in the comparison
of a measured value by a test unit of the filter aeration
resistance, and also reviewed regardihg various kinds of effects
of the parameters. o )

Fig. 7 is a comparison view of a measured value of the
aeration resistance of the-filter with its estimated value. As
the above estimated value, a value calculated as including 15%
of unblooming fiber is used, said estimated value showing a good
coincidence with the measured value.

Further, the effect the blooming fiber exerts on the
aeration resistance is great and great parts of dispersions in
the measured values are caused by the degree of blooming.

Since the degrees of the unblooming (fibers) of the tow can
be quantified by the measured value of the aeration resistance,
the availability of the aeration resistant estimation formula of
the filter in this example can be increased.

Fig. 8 is .a graph which shows the relation between the
aeration resistance PD and the length of the filter, and it was
confirmed that the aeration resistance PD is in the proportion
to the length L of the filter, by the estimated value and the
measured value.

Fig. 9 is a graph which shows a relation between the
aeration resistance PD and the circumference of the filter C,
said graph being shown by the estimated value and its measured
value of the aeration resistance PD when the circumference C is
changed.

Fig. 10 is a graph which shows the relation between the
aeration resistance PD and the filament denier FD of the single
fiber, said filament denier FD being related to the formulas 4,
10 and the like.

In addition, Fig. 10 shows the estimated value and the
measured value of the operation resistance PD when the filament
denier FD is changed. | _

Further, although the test ‘of the aeration resistance PD
when the tow denier TD is changed is performed, the explanation
of the description is omitted.

Fig. 11 is a graph which shows the relation between the
aeration resistance PD and the ferearea FA of the tow fiber



above formula 17 was confirned to be effective in the conp I
nmeasured value by a test unit of the filter aeration resistfance, al so
reviewed regarding various kinds of effects of the paranetg @ateFl_aZ?FﬁB;m
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conpari son view of a measured value of the aeration resist the

filter with its estimated value. As thelabove estimated value, a value
cal cul at ed sestiienaldshgpes96aid uferteameanpefingerel atedeth tiw Foraiulaniied

val ue Show n9 2 (40 d e e RIBnLL M LI IRAT P N it B Sy S

effect the bloomn exerts on aera S
great part $hs “‘&P§BEF‘—‘§| batuen

Fig. 12 is a view which shows the relation between the
aeration resistance PD and the tow filling weight W, said
relation being confirmed by‘&he estimated value and the measured
value.

In the method of estimation of the aeration resistance of
filter plugs according to this invention, the aeration resistance
of the filter plug of cigarettes consisting of fiber having
complicated shapes can be estimated correctly by the right
dimension corresponding to the . complicated element parameter by
using the aeration resistance formula consisting of the sum of
the friction resistance and the fluid resistance.

| Accordingly, the most suitable values of the filter material,
form and size can be effectively determined with high reliability
by using an estimated aeration resistance of filters, thereby
being able tohprepare a filter provided with an aeration
resistant characteristic suitable to smokers with ease.



t he.nmeasured val ues are caused by the degree of bl ooning. iﬂ%@#ﬂqﬁMﬂﬁbﬁﬁggT

of the unbloonming (fibers) of the tow can be quantified byljthe r 199 j
val ue of the aeration resistance, the availability of the e@@?ggg%ﬁigg""“f"

resistant estimation formula of the filter in this exanpleTam be )
increased. Fig. 8 is a graph which shows_ the relation between the aeration
resi stance PD and the length of the fill®r, and it was confirmed that the

aeration resist 3R RR kbSak h roportion to the length L of the filter
by the estimted Vv 73 Claifel Esgsured value. Fig. 9-is a graph which
shows a rel ation between the '
1. A method of estimation of an aeration resistance of a
cigarette filter or a plug filled with tow wherein said aeration

resistance is estimated as‘the sum of a friction resistance and
a fluid resistance.

2. A method of estimation of an aeration resistance of a
filter plug wherein said aeration resistance of a tobacco filter
or a plug filled with tow is estimated as the following formula:

PD = 4(16/Re;) x 9 x (Di/Ls)>' x (p.u®’/2gc) x (L/DH)

+ 10.535 x p.u® x 4m.Sp
Re, 0.7672 2.gc c?

PD: aeration resistance

Re,: Reynolds number of friction resistance formula

Re,: Reynolds number of fluid resistance formula

Di: distance between centers of the fibers

Ls: wetted perimeter of the filter section

p: fluid density

u: flow rate

L: filter length

DH: equivalent diameter of the friction resistant formula

Sp: projective area of the filaments to a vertical plane
with respect to the flow

C: filter circumference

gc: weight conversion coefficient

G
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bei ng shown by the estimted value and its neasured val ue
resi stance PD when the circunference Cis changed. Fig. 10

shows the rel ati on between the aeration resistance PD and t

denier FD of the single fiber, said filanment denier FD being related to the
formulas 4, 10 and the like. In addition, Fig. 10 shows the estimated val ue
and the neasured val ue of the operationyresistance PD when the fil anent

denier FD is changed.
FI G. |




Further, .al though the test of the aeration resistance PD whe 1 -
denier TD i's changed is perfornmed, the explanation of the d 5&#ﬁ9§§#EﬁgSHE_T_

omtted. Fig. 11 is a graph which shows the relation betweenl|the aefatiEeny
resi stance PD and the ferearea FA of the tow fi ber REPLAQ kﬁ%T"gthEE€4Bga"

sectional shape, said ferearea being related to the fornula 1.
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The.above relation is confirmed by the esti mted val ue and | he:pTRAEMERE SHEET
value. Fig. 12 is a vi.ew which shows the relation between tjhe aerat
resi stance PD and the tow filling weight W said rel ation i
by the estinmated value and the neasured value. In the netho

of the aeration resistance of filter plugs according to this invention, the
aeration resistance of the filter plug of cigarettes consisting of fiber
havi ng conpl i cated shapes can be estimsted correctly by the right dinension

corresponding to the conpli cF\t etj eGerreanar aneter by
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of the filter material, formand size can be effectively
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12 What is clainmed is: 1. A nethod of estimation of an aerjakEpPACEMENT SHEET
o+ a cirgarette filter or a plug filled with tow wherein s
resistance is estimated as the sumof a friction resistan
resi stance. 2. A nmethod of estimation of an aeration re
filter plug wherein said aeration resistance of a tobacco filter or a plug
filled wwth towis estinated -as the f ow ng fornmula: [err] PD:. aeration

resi st ance F ' G 7
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of flutd resistance fornula Di: distance between centers t hep 2 BEBSIO86
wetted perineter of the filter section p: fluid density u: Prew-rate

filter length DH equi~val ent dianmeter of the friction resi-stant_fornula Sp:
projective area of the filanents to a vertical plane with respect to the
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METHOD OF ESTIMATION OF AN AERATION RESISTANCE
IN A FILTER PLUG

ABSTRACT
The aeration resistance of a cigarette filter plug filled

with tow is estimated as a sum of a friction resistance and a
fluid resistance by a formwla 17.
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