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DOISITY AND AXIAL ChMtML

li@@MOL)UCTION

According to U.K. Patent No. 1,086,44,3granted to Messrs J.A.E. Bell,

J.D. Jones ar-dD.M. Laing, it in declared that, "It Is an ob.'ectof this

L-Iventionto provide a cigarette wherein the tobacco Is more tightly packed

t-,x,ai'ieietofore........thereb,,[ereatinc_a lovieridle tenperature. It is an

ob.'-ectof the Invention to provide a cigarette having ar,idle temperature

of about 5300C ard an average maxim= temperature of about 6650C......

much lower than those of a conventional cigarette. By average maximum

temperature witn the invention, we mean the average temperature of the

hottest part of the combustior, zone in the densely packed tobacco in the

inventive cigarette during a number of puffs". (Colum 4, lines 85 - 10@i)-

Cigarettes marutactured by I.T. Co. Canada with packirg densities up

to 1.5 times norml were subeiittedto Messrs Bell, Jones and Laing for

coodificatiotiaccordine to their patent. An axlal cmvunel t;azk-l-ro%iucedIn

trieseci&arettes wittim,.0.06" tungsten probe lieated to 430
0
C. Samples of

Uiese modified cigarettes, torether wittithe unmodified cor-trol,have beer.

examined at F. & D.E. Temperatures cturing the puff and during the smoulder

ir,c-iediatelybefore the beginning of the puff were determined. The results

obtair,edto date are discussed in this note; It is not anticipated that the

e.x,jerimentsstill under way will alter the conclusion, that the claim made

by Messrs Bell, Jones and I,-*in&canrot be substantiated. C=)
cz:)

EXMIMERRAL DETAILS

Eisht samples of cigarettes were received; these consisted of tivogroups
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of cigarette rods with added high and low efficiency acetate filters.

Initially it was decided to restrict measurements to the cigarettes with

the high efficiency acetate filter as it was anticipated that the filter

would I-,avelittle, if any, effect upon the temperatures of the tobacco rod.

Cigarettes were oonditioned (5'ol%R.Ii.,6801?)and selectedon the basis

of raeanweight and pret3sure drop. Temperature measurements were carried out

using three PV1)% Rh-Pt thermocouples, in tandem, with 4 m between adjacent

thermocouples. Measuremnts w*re made In duplicate with the thermocouples

placed on the central a>.lsand at radial distances of 1.5and 3.0 rwo from

the central axis. Swulder teriperatureswere measured 1 second before the

ber,'@ningof a puff, and puff temperatures1.5second after the beginning

of tl-.epuff (seeR.-& D.E. Report No:s.219-F, 287-F and 331-P)-

Visual inspectionof cigaretteswnich had been quartered showed that

for most of the ci&Lmttes txmined the channel was not on the &X13 Of the

cigarette. Lxaminationof tliibutts of cigarettesused for temperature

meac,irecientaalso showed this effect. (A photograph of "ations of a typical

cigaretteare given in the Appendix.) From this evidence It 13 concluded

that it is urllikelythat the centrally placed thermocoupleswere actually

withir.the channel for many of the determinations.

Cigaretteswere awked on a B-A.T., restricted, wicking engine at one

puff per mirmte, each puff of 35 ml and 2 seconds duration. with increased

packjngdensity the puff dLLreLtimincreased slightly. The temperatures

measured were plotted against the distanoo of the thermocouples from the

paper bum 4 seconds after the start of the puff and the graphs used to

.givevalues fori
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I - Tre ,)ean maximum temperature.

2. Tne maximum temperature recorded.

3. The distance between 700
0
C contours.

4. The distance bet,ieen 40o0C contours.

5. The position of hottest part.of the coal from paper burn edge.

6. The distance the 2000C, 4000C and 700*C contours moved betqeen

the smoulder temperature measurement and puff temperature

mea.Tarement, i.e. 1 second smoulder plus 1" second puff

(ef'@-'ectively11 second puff).'f

17 0
Vc distance between 200 C and 7000Ccontours at the butt end

for both puf@O and smoulder.

Temperat,irecontours were also plotted to give the general picture'of the

puff and s.-joiilderter-,peratureprofiles. The results are given as an

Appendix (Table1). 7.iemost significant effect is the increase in mean

maximum temperature with packing density. Plots of these temperatures

against packt@:gdensity are linear, with the exception of the swulder

temperature measured at _3.0mm from the &X13 (PiKare 1). Temperature

mea3-,irements= the urmodified cigarettes with different packing densities,

confirmed this observation (see Appendix, Table 2. Figure 2) although the

ir.creasesin puff teciperatures were not as large as those meawirementa

for the modified eige-mttes.

Only small differences -.terenoted in the "distances between like-

contours" and, allowing for the rather inexact nature of these measurements

(the paper burn is tne reference mark) these differences are probably not

significant. From the temperature profiles the voli3 of the coal at a

temperature Smater than 700
0
C is least for the unmodified oontrol cigarette,

for both puff and smo,-ilder.7ne cigarettes with the highest packing density C2)

Ul
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have a tnoreb&r.-olshape-@@profile than that of the con,--ol end tiose with

interriediatepacrirr,dzji3itleshave more pointed hot zones.

Mie te--;;@!ratarL,prof'@le for The cigarette wi4.lipackir.Li;dersit@,

1 .4 tima is Uiteresting because, tot-!ard--the butt end, the lower

temperat;-,recor-tours,e.g. 2000C, extend down the axis of the cigarette.

This is probably tie or.1)case where the thermocouples were actually ir.

the chanrel and t.-wrckueor temperatures measured are the reL-@@ltof Lhe hot

gazes streamirg do= tl-,,*channel.

From the rroulder rates of the cigarettes, and the distances between

the 200
0
C &-id '170C

0
C cortouis or.Uw axis, it may be concluded that the

retrzob@hea-%.ir@gc6'the tobacco during amulder dacreases b@, as the

pac,kb-.:O-doiisity=oreasea by 50@. Generally, tno rate of heating Is

L,@verselypropor-WI@oralto *uhepacking der.3ity.

Measureme,-xtscarried out with a puff frequency of .3;uffe per minute

atiowed"t thradl4.rrrencesbotween puff and smoulder tempamtures are not

very aveat as, ;;rewjmably,Uiere is insufficient t4-mebet-,Keenpuffs for a

steady &moulder sizateto be reachol@. (see Apdendix. TiLble3). C.-.)npared

to 1 puff per the hot region of the coal (above4000C) is longer

t@ie1-.icberpu.@ff.-equarey.

Tem@,eraturemeasurererza made with a 25 al puff, ta.-zw.once per -.in,,te,

:Lr4,dicatethat the combustlon temperaua*s at this puf.'va.',,Ameare alir@,itlylower

thar,those obtained with a 35 ml puff (seeAppendix, Table 4). Orly the

u=-od.ifiedcort@-alcigarette and the modified cigarette with the highep-t

packing density were used ard Uie temperatures measured for the latter

cigarette were righer, as found for the 35 ml puff.

Thus, it appears ttiatthe temperature changes noted in the modified

cigarettes are probably attributable to the inereaso In packing denai%,
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CICAFt-z-m4-LSiv-CIFICATIO,43

Code Ni.@mt-er FackiriE Dent3ity

RL 29-8 1

i
F-L a@@E-A )

High F.E. Acetate Filter
RL 2Ea xi.4

RL 26ac xl.5

FtL 2,,@@ xi

RL 2@5,2E x-I.3
L@owF,.E.Acetate Filter

RL 2t,2.q .4

RL Zi.5

Samples RL 268 cqd RL 2@3D had no &.xir&let-Awtol.

C'-Z&rettesselected to ma-i weight and pressure drop.

Weiaht Pressure Drop
7Wc-i-g) -(cmW.G.)

RL 268 1.12-1.16 16.3-lT.7

RL 2c:@m 1.36-1.42 14 . 16. 1

RL 2C43B 1.46-1-52

FiL 268C i.5@.-i.62 17.5-19.0

Cigarettes not exam:Lnedfor combustion tempera,,Iu".

Pean WeiEjlt Yean Pressure Droz
-tea w G

F.'jr,2@Orw 1,C,..9

RL 25tlE 1.42 14.1

RL 2:ZF 1.50 12.0

RL 268G 1.6o 14.2
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NORM

Cmas slotioia cut frot@- sam cigarette showizig tie v&riable positiori of c::)
the cliarnel. Miis cigarette had been selected for ten-poraturerrasurer,,ents
but was iiotused.
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0 TAKE I
0

CL
TEMPEMAIMIN W44WWWMS

0 1 Puffperminute," ml purr

]Puff
(D

Code No. Ihormocouple mesa Distance Distance Approximate Distance Meani NaximLm
KaiL mum

Die
T getwoon

b
tween I

gt.of Hottest Part of Kaximus I
To pT

e@C)
700 C Contours 00 C Contours Coal from flaperRum ci 1700 Cc

I (M)
I- (-)

I To ci i
ILL 2tZ 1 815 825 6 11 7 760 760

2 790 810 6.5 12 6 T10 745

3 730 730 2 7.5 4 600 62o
RL 2L;BA 1 8.30 85!s 7.5 11.5 a 775 815(D

0 2 840 865 6 11 5 7.30 755h
3 760 825 3.5 9 2 630 645

RL 268D 1 875 1060 9.5 12.5 9 800 815

2 795 815 6.5 12 6 735 740

0 3 780 810 2 7 2 56o 605
0

1 895 925 6.5 11 7 790 805

YL 26W 2 810 810 7 12 6 ,o 6o

cr
3 770 815 1.5 6.5 2

ro, . 555 590

al
Distance Contour Roves Back On

Dlatones B@tLdeen DL&tkxliiof Cigarette in 1.5 Goes _SAO* Botgo

z WC & 700'C 200 C;& 700 C

0 200 c 4ec 700*C
Contour Contour on Axi

<
(d)

(D
RL 2U8 1.6 1.7 2.2 4.4

5.0
cr
(D RL 268A 1.3 1.1 2.1 3.6 4.4"S

-L
RL 26ao 3.0 1.8 2.1 5.5 4.5

RL 2oW o.4 o.8 I-T 3.7 5.0

p

01AN of

7h@rmoamPls I - Central axis

2 - 1.5 mm from axis

09zz-qpooi 3 - 3.0 m from axis



0 TABU 2

0 "IAL TKWEKATURE KWASUREMENN CN UN140DIFIO CloARLrrEj
CL
0 1 puff per minute, " al purf

Puff Swoulde

140&n 114.ton.. Distance Aiiproximato Distouiae Mean
Next

Distance I
HaALmum

T*,,p
getween

a
tween of Hotteat Part of MaiKLia

O'eaIr
-

-8 mp.
-h I - 700 0 C.Qntoure 400 C Contours Coal trw" Paper Bum T P. )""m I .Rc Corstoure40(
0

*?Cli
(90) ?ac)

C)

"S --
RL 268 81D 825 6 11 7 76o 760 4

0 KL WbaA 83!) 860 6 11 a 790 800 5

RL 2u8B 855 855 6 11 a 815 830 5

RL 2L& 84o 850 6 11 8 790 800 5CD

0
h

:r

0
0

z
0

(D

19-@zspoo 1



0
0 TABER 3
CL
0 TEMPER*TURE MEA"EMINRS
C)

3 vuffe per minuto, 35 ml Mff

(D Puff

Code No. Thermooouplo
Mean

M4jdonn
Distance DlwtiLnoo Approxlmto distanas Mean

um
Maximum

Dlotan
MLXLNPAN Betw Tamp0 T"

C:en Between of Hottest Part of Paxlm Betwoo
It Temp. (OCP)' TOOOC ntours YIOO*CContours Coal from Paper Dim Temp ac Too*c Co

(cc) (OC)

0 RL 268 1 7UO 815 8.5 14.5 n 790 800 T

2 T60 TT5 7-5 13.5 T45 765 5.5

3 7'50 750 3.5 12.5 2 65o 650 -
(D
0 RL2268C 1 &135 10 111 n 810 825 8.5
h

2 830 845 9.5 is 9.5 Boo 820 8

3&0 650 TOO - 6 2 520 540

3b* 450 475 5 3

0 IndlvlduiLlresults - poor duplioaten
0

Distanoo Contour Moves Bsok
cod.!

Dletano
on Axle of Cigarette In 1.5 3@oa DliFtanasBetween

No
200*

Code No 2000-700*c
2000C 4000C 7000C

z RL 268 5.
0
< RL 26B 1.,3 1.5 1.8 5.5 RL 268c 4.
(D I
3

1
nL 268c 1-3

1
0.7

1
0.7

1
4.8

0 Unrealistict
state not a&

e9-2spool
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0
CL

TABLE 4
0
C) TOWERMM MEASNiDaWS

to, 25 al puff
(D

Puff
MooLn Distance Distance Approximate distance mean DistCode No. Thermocouple

Maldom
Naidmm

Between Between or ltottefftPart or MLXIMW MILKINUM
BetwTemp. TO=PTemp. 0 700*C Contours 40DOC Contours Coal from Paper Burn Temp. 7000C C(

(
Oc) c)

(0c) (0c) (Mo)0
< TtL 268 1 T90 5 6 T50 T50 3
i"
C) 2 775 80 6 9 T T" 750 3(D

3 845* 8900 4 4 600 6T5 -
0
h RL 26Bc 1 855 860 5 10 a 78!5 790 4

2 855 855 6 10 T TT5 77!5 4
3 650 665 8 2 615 620

0 Unusually high probably attributable to peripheral hot spot@
0

cr
F)'
Ul
z
0

r.r
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