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Contributions to the Draw Resistance of a 
Burning Cigarette* 
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INTRODUCTION 

One of the factors that determines the yield of smoke 
from a burning cigarette is its draw resistance. It is well 
known that the draw resistance of a cigarette increases 
by about 50 to 6o0/o when the cigarette is lit (1- 4). 
However, when the cigarette is extinguished, its draw 
resistance falls to a value similar to that of the unburnt 
cigarette. The increased draw resistance of the burning 
cigarette is thus associated with the combustion processes 
occurring in the coal, rather than an inherent increase in 
the impedance of the coal. This study is intended to 
assess how far the present state of knowledge can 
account for· the draw resistance of the burning coal. 

Theoretical Background 

The pressure drop across a porous body surrounded 
by a non-porous envelope, that ' is necessary to 
maintain a given flow of gas through the body, is 
given by Darcy' s Law+ : 

V= 

where 

1 

e. A 
p 

L [1] 

V is the flow of gas through the porous body (cm3 s-1), 

A is the area of cross-section of the body (cm2), 
P is the pressure drop across the body (cm water++), 
L is the length of the body (cm), and 
E is the coefficient of impedance of the body (cm water 

s cm-2). 

Darcy's Law applies to Newtonian (viscous) flow of 
the gas. When a cigarette used in the present study 
is enclosed in an impervious glass tube, a plot of 
volumetric gas flow against pressure drop is linear 
(correlation coefficient = 0.997 for flows in the range 

+ Equation 1 strictly only applies to an incompressible fluid.· For gases, 
the flow rate V depends on the pressure at which it is measured, and 
Darcy's Law for a gas is often written: 

VP = KAP/L [2] 

where P is the mean pressure inside the porous material, and the permea­

bility constant K (- Pi•, cm• s-1) is pressure dependent. However, 
in studies on cigarettes, the maximum value of P is so small compared 
to atmospheric pressure ( < 1.3 °/o) that the effect on V can safely be 
neglected, and equation 1 used. 

++ 1 cm water - 98 N m-•. 

* Received for publication: 9th April, 1975. 
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1 - 18 cm3 s-1), indicating that Darcy's Law is appli­
cable. 
In the case of a tobacco rod surrounded by a porous 
paper wrapper, the pressure drop across the rod is 
smaller than that given by equation 1, due to l~akage 
of air through the paper. It can be shown (2, 5, 6), 
by analogy to the well-documented case of an imper­
fectly insulated cable (7), and assuming that the 
radial resistance to air flow into the cigarette is due 
to the paper, that the pressure drop is given by: 

c. V 
p = ;r,r;S-

where 

Lo + --------{ 
tanh (L - Lo) V 2celr } 

V 2CE/r 

r is the radius of the tobacco rod (cm), 

[;] 

Lo is the length of rod in an impervious holder (cm), 
L is the total length of the rod (cm), and 
c is the paper porosity (cm s-1 (cm water)-1)*"'. 

Furthermore, if it is assumed that: 

(a) the impedance of the coal is entirely located there, 
and is constant during the smoking process, 

and 

(b) the paper porosity and tobacco rod impedance are 
constant along the cigarette length, and during the 
smoking process, 

then equations can be derived relating the pressure 
drop across the coal to the pressure drop across the 
whole cigarette and various physical parameters of 
the unlit cigarette {1, 2 and 6). Although these equations 
predict the behaviour of a cigarette with an imper­
vious coal (2, 4), the theoretical treatment that led 
to their derivation gives no indication of the factors 
that contribute to the draw resistance of the coal. 
However, ]arman (1) has shown that the draw resi­
stance of a tobacco rod increases with the temperature 
of the gas flowing through it. Furthermore, Lorenzen 
(4) has shown that the draw resistance of the burning 
cigarette is related to the viscosity of the hot gases 
flowing down the tobacco rOd. 

•• Paper porosity (Z) is often quoted in units of cm' min-• (10 cm•)-• 
(10 cm water)-t, Thus the relationship between Z and c is: 

z 
c-~ [4) 
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EXPERIMENTAL DETAILS 

The non-filter cigarettes contained a typical English­
type Virginia blend tobacco, and _were 69 mm long 
and 8 mm in diameter. They were wrapped in paper 
of porosity 0.03:1 cm s-1 (cm water)-1. The cigarettes 
were weight (:1.00 ± o.o:1 g) and pressure drop (3 Ofo va­
riation) selected, and conditioned at 2:1° C and 6o0fo 
relative humidity. 
The pressure drop across the cigarette during smoking 
was measured using an Ether type UP:t pressure trans­
ducer, connected via a T junction between the cigarette 
and Cambridge filter pad. The output from the trans­
ducer was monitored on a Leeds and Northrup Speed­
omax two-channel recorder during continuous draw 
smoking, and on a Honeywell type 2500 ultra-violet 
galvanometer recorder under puffing conditions. The 
transducer was calibrated against a water manometer. 

RESULTS 

A. Cigarette Smoked at a Constant Draw 

:1. Pressure Drop Variation as Cigarette is Smoked: The 
variation in the pressure drop across a lit cigarette, as 
the cigarette is smoked at a continuous draw of 
2.0 emS s-1, is shown in Figure :1. In this experiment, 
:10 mm of the cigarette was held in an impervious 
cigarette holder. Each experimental point is the mean 
of five determinations, and the deviation of the mean 
at the 95 Ofo confidence level is indicated by bars. When 
the cigarette is lit, its total pressure drop rapidly 
increases as the burning coal is formed, and the 
pressure drop attains a maximum value, 53 °/o higher 
than that of the unlit cigarette, when 7 .o mm of the 

Figure 1. Variation In pressure drop of the burning cigarette, as the cigarette la smoked at a constant draw of 2.0 cm1 a-'. 
X: Experimental values, with 95 'lo confidence limits. 0: Values calculated from the hot-gas model, with maximum estimated error limits. 

10 mm of the cigarette was held In an Impervious holder. 
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tobacco rod is burnt"'. As the cigarette is further 
smoked, its pressure drop decreases slightly, and it 
finally continuously increases as the latter 70 Ofo of the 
tobacco rod is consumed. The deviation of the mean 
experimental values is about 4-5°/o as the coal 
is being formed and stabilized, and this falls to 1 - 2 Ofo 
when the coal is stable at bum lengths of 20 - 30 mm. 
As the latter half of the tobacco rod is consumed and 
the pressure drop across the cigarette increases, the 
deviation of the mean experimental value increases 
to a value greater than 10 Ofo. This is caused by the 
somewhat unstable burning of the cigarette as the 
coal bums through a tobacco rod which has a distinctly 
wet appearance, caused by the accumulation of con­
densing material under the continuous draw smoking 
conditions. 

2. Variation of Tobacco Rod Impedance: In another 
series of experiments, the cigarette was extinguished (by 
plunging it into nitrogen) after various lengths of the 
tobacco rod had been consumed. The coal was then 
cul off the tobacco rod at the line of paper bum, and 
the pressure drop across the remaining unbumt rod 

4 In this paper, the length of rod is measured to· a point at the centro 
of the line of paper burn, the line of paper burn being a black charred 
area of about 1 mm in thickness. 

Figure 2. Variation of the pressure drop of the unburnt 
tobacco rod (coal removed) with the length of burn of 
the rod. 
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0: Pressure drop of unburnt rod. after extinguishing cigarette and 
removing the coal. 

X: Calculated pressure drop of unburnt rod. 

10 mm of the tobacco rod was held In an im_p!lrvious holder. 
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determined. The results (Figure 2) show that the 
pressure drop across the unburnt rod is larger than 
that calculated across an equivalent length of the original, 
unsmoked cigarette (using equation 3). The difference 
is caused by the deposition of smoke onto the rod, 
which increases its impedance and hence increases the 
pressure drop across it. The impedance of the unbumt 
sections of the rod has been obtained by measuring 
the pressure drops of the rods when enclosed in a 
glass tube (so that there was no leakage of air through 
the cigarette paper) in conjunction with equation 1. 

Figure 3 shows that the impedance of the unbumt 
tobacco rod increases sharply as the latter half of the 
cigarette is consumed. 

J. Variation in Pressure Drop as Cigarette is Extin­
guished: The cigarette was smoked in an enclosed box 
(1840 emS internal volume), into which air flowed 
(180 emS rl) via a solenoid valve. When 7·5 lnm of 
the rod had been consumed, the solenoid valve was 
switched so that the air supply stopped and nitrogen 
flowed into the box. The air inside the box was almost 
completely replaced by nitrogen ten seconds after 
operating the solenoid valves, and the pressure inside 
the box was always atmospheric. As the cigarette 
extinguished, the pressure drop across it was moni­
tored, and its variation is shown in Figure 4 (each 

Figure 3. Variation of the Impedance of the unburnt 
tobacco rod behind the coal, as the clgareHe la smoked 
at a constant draw of 2.0 cm1 a-'. 
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Figure 4. Fall In pressure drop as cigarette Is extin­
guished by flooding with nitrogen (flow through cigarette 
- 2.0 cm3 s-1

). 
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0: Experimental values, with 95'/o confidence limits. 
X: Values calculated from the hot-gas model. 

Figure 5. Variation In pressure drop during the third 
puff of the smoking cycle. 
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10 mm of the cigarette was held in an impervious holder. 

point being the mean of five determinations). The 
pressure drop across the cigarette gradually fell from 
a value of 2..03 ± o.o4 cm water (at a Bow of 2..0 emS s-1) 
for the cigarette burning in air, to 1.31 ± 0.05 cm water, 
for the completely extinguished cigarette. 

B. Cigarette Smoked Under Puffing Conditions 

1. Pressure Drop Variation During the Third Puff: In 
any individual puff, the pressure drop across the 
burning cigarette increases to a constant value as the 
puff progresses. This is illustrated in Figure 5 for the 
third puff of the smoking cycle, with the tobacco rod 
smoked on a Cigarette Components Ltd. C.S.M. 10 
smoking machine, taking a 35 emS puff of 2. seconds 
duration every minute, under restricted smoulder con­
ditions. Each experimental point in Figure 5 is the 
mean of twenty three determinations. 
With an unlit cigarette (also shown in Figure 5), the 
pressure drop across the cigarette reaches a constant 
value of 10 cm water, 0.45 seconds after the start 
of the puff. During the third puff of the lit cigarette, 
a constant pressure drop (17.4 cm water) is reached 
1.2. seconds after the start of the puff. 

2. Variation of Tobacco Rod Impedance: The cigarette 
was extinguished (by plunging it into nitrogen) under 
the following conditions: 

(a) just prior to the third puff being taken, 
(b) just after the third puff, 

and 

(c) just prior to the fourth puff. 

The impedance of, and weight of condensate deposited 
on, the unbumt tobacco rod behind the coal, and on 
sections of the rod, were determined. (The rod was 
cut into 4 sections with a razor blade, and the impe­
dance and weight of each section was determined.) 
The results in Table 1 show that, within the limits 
of experimental variation, the impedance of any section 
of the rod, and the whole rod behind the coal, is 
virtually independent of: 

(1) the time in the puff/smoulder cycle, in the region of 
the third puff. (The impedance of the complete unburnt 
rod is very slightly larger just after the third puff.) 

(2.) the distance of the section of the rod from the coal. 

The majority of the condensate was deposited on the 
section of the rod (7.1-11.5 mm long) just behind the 
coal. A weight decrease was always found in the 14 mm 
section of the rod nearest the mouth end of the ciga­
rette, presumably due to the evaporation of water and 
other volatiles from the tobacco rod. 

CALCULATIONS 

The coefficient of impedance (e) of a body is directly 
proportional to the coefficient of viscosity {TJ, poise, i.e. 
g cm·1s·1) of the fluid Bowing through the body {8). 



Table 1. Variation of coefficient of Impedance (i!) and amount of condensate deposited, with distance behind coal. 

e([cm water] s cm-l) 
Weight of condensate per cm 

Position in 
of unburnt rod (mg cm-') Length of 

smoking cycle Unr~~rntlsection 1*lsection 2-fectlon 3*1Section 4* U~~':[ntlsection 1*,Sectlon 2+ection 3+ection 4* 

section 1 
(mm) 

2 puffs+ 58 s 
smoulder 

0.0427 0.044 0.042 0.042 0.039 1.1 3.2 -0.3+ + 0.8 -3.6+ + 11.5 

3 puffs 0.0446 0.047 0.043 0.043 0.040 1.7 7.7 1.6 -0.1 + + -3.4+ + 10.1 

3 puffs+ 58 s 
smoulder 

0.0428 0.044 0.042 0.043 0.040 0.7 5.2 -0.2+ + 2.1 -4.2+ + 7.1 

Standard error 
(±)at 95% 0.0006 0.003 0.003 0.002 0.003 0.3 0.3 0.3 0.3 0.3 0.3 
confidence level + 

Original (unsmoked) plain cigarette: 
length - 89 mm 
weight - 1.00 ± 0.01 g 
pressure drop = 10.0 ± 0.1 cm water at 17.5 cm• s·• flow of air 

5I a coefficient of Impedance for the tobacco rod of 0.0427 ± 0.0004 (cm water) s cm-2 I Coal I 1 I 2 I 3 I 4 
• Sections 2, 3 and 4 of the unburnt tobacco rod were 14 mm long. Section 1 (nearest the coal) was of variable length. 

+ Each oUhe above results Is the mean of ten determlnatlons. 10 mm of the cigarette was held In an Impervious holder during the experiments. 

+ + Negative weights signify that the weight of this section of the rod Is less than In the original (unburnt) cigarette- I. e. that some constituents 
have been lost from the tobacco. 

Thus, according to equation ; the pressure drop across 
a given length of tobacco rod is dependent on the flow 
rate of gas through the rod (V) and e (and hence 11), 
both of which vary with the temperature of the flowing 
fluid. In the following calculation, the total pressure 
drop across a burning cigarette is obtained by summing 
the pressure drops across individual sections of the 
cigarette, each section containing flowing gas at differ­
ent temperatures. 

The Hot-Gas Model 

Consider a tobacco rod of total length L cm, of which 
Lo cm is enclosed in an impervious holder (Figure 6). 
The contribution to the total pressure drop across the 
rod, of a section of rod of length llx with boundaries 
x = Xn and x = Xn-1, is given by: 

P(xn- Xn-1) = P(xn- o)- P(Xn-1- o) [5] 

Figure 8. Calculation of pressure drop. 

L 

xn-1 

1.28 

where 

P(xn - Xn-1) is the pressure drop across the section of 
the rod of length llx, 

and 

P(xn- o) is the pressure drop across the section of the 
rod of length Xn (i.e. from x = o to x = Xn). 

\!\'hen Xn > L01 

eV { tanh (xn- Lo) ~} 
P(xn- o) = - 2- Lo+ 

1
r---;- · [6] 

Jt r V zce/r 

Whenxn < Lo, 
eVxn 

P(xn- o) = - 2-n:r 

The total pressure drop across the whole rod is given by: 

Xn =L 

P= P(xn- Xn-1) [8] 

Xn-1 = 0 

In equations 6 and 7, e is the coefficient of impedance of 
the rod as measured by flowing air at room temperature, 
and V is the flow rate out of the mouth end of the rod 
(at x = o), measured at room temperature. If the flowing 
gas in the section of the rod of length llx is T (°K), then 
the local impedance and gas flow through this section of 
the rod are respectively ETITI'llo and VT, where TIT and 'llo 
are the gas viscosities at T and room temperature, and 
V1· is the local flow rate at temperature T. Since the 



overall pressure inside the rod is near atmospheric, the 
gases will be ideal and so VT = VoT!To, where Vo is 
the flow rate of the gas at room temperature and To 
is room temperature. Consequently, the pressure drop 
across the section of the rod of length llx and at tem­
perature T (PT) is given by: 

PT= T)TT Po 
TJoTo 

where P 0 is the pressure drop across the section at room 
temperature, given by equation 5· 
Thus, using the known gas-phase temperature distri­
butions in the tobacco rod and coal as the cigarette is 
smoked (9- 11) and extinguished, and the known 
variation of the impedance of the tobacco rod as the 
cigarette is smoked (Figure ; and Table 1), the pressure 
drop across a burning cigarette can be calculated using 
equations 5 - 9, if the following assumptions are made: 

1. The coefficient of impedance of the unbumt rod 
(Figure ; for continuous draw conditions, and Table 1 

for puffing) is constant along the unbumt rod at room 
temperature, and is equal to the impedance of the coal 
at room temperature, at a given extent of consumption. 

2. The ash in front of the coal does not contribute to 
the pressure drop across the burning cigarette. 

;. The variation with temperature of the viscosity of 
the gases flowing down the tobacco rod is identical to 
the variation with temperature of the viscosity of air. 

4· In a given section of the rod, lix cm long and of 
the same radius as the rod, the mean gas temperatures 
in that section can be used to calculate the mean gas 
viscosity and flow rate in that section. 

Assumption number three is not critical, since the major 
gas-phase components in the smoke (nitrogen, water, 
carbon monoxide, carbon dioxide, and oxygen) all have 
viscosities whose variation with . temperature closely 
parallels that of air (12). 
Examination of the position of the ash in rapidly 
extinguished cigarettes, in conjunction with the known 
gas-temperature distributions in the coal of the burning 
cigarette (9 -11), indicates that the ash is completely 
formed at a distance of less than about 2 mm in front 
of the maximum mean gas temperature across a radius 
in the coal when the cigarette is smoked under continu­
ous draw conditions. During the third puff of a puff/ 
smoulder smoking regime, the ash is completely formed 
less than 2 mm in front of the maximum axial gas 
temperature. Thus, from the point of view of pressure 
drop calculations, sections of the rod and coal are 
included in the summation up to, and including, 1 mm 
beyond the mean maximum radial temperature (continu­
ous draw) or maximum axial gas temperature (puff­
ing) in the coal. These distances extend up to 7 - 8 mm 
in front of the line of paper burn under both puffing 
and continuous draw conditions, once a stable coal is 
formed. 

CalCulation of Pressure Drop During Smoking 

An example of the calculation of the pressure drop 
across the burning cigarette is given in Table 2. From 
the table, it is seen that 79 °/o of the increase in pres­
sure drop when a cigarette is lit, is due to combustion 
processes in the coal which occur in front of the line 
of paper bum. The rest of the combustion pressure 
drop is due to hot gases in the unburnt tobacco rod, 
behind the paper bum line. 

Table 2. Calculation of pressure drop across burning tobacco rod, when smoked at a continuous draw of 2.0 cm' a-' 
and 20 mm of the rod Is consumed*. 

Section Mean gas-temperature 
P (cm water) (PT- P 0) 100°Jo+ Total calculated 

(mm)** in section (°C) Po 
I 

PT ~(PT- P0 ) 
error in PT 

(unlit) (lit) (±cm water) 

0-26 22 

l Unburnt tobacco rod 0.567 0.567 0 0.040 
26-36 50 behind the line of 0.211 0.246 4.3 0.031 
36-46 75 paper burn 0.202 0.268 8.0 0.035 
46-49 195 0.0585 0.129 8.6 0.019 

49-50 382 0.0193 0.0675 5.9 0.011 
50-51 500 0.0192 0.0979 9.6 0.015 
51-52 583 Coal in front of the line 

0.0190 0.114 11.6 0.017 
52-53 616 0.0189 0.125 12.9 0.018 
53-54 633 

of paper burn 
0.0188 0.125 12.9 0.018 

54-55 642 0.0185 . 0.126 13.2 0.018 
~ 640 0.0183 0.123 12.8 0.018 

Total for all the sections: 1.17 1.99 100 0.24 

• Coefficient of Impedance of unburnt tobacco rod - 0.053 (cm water) s cm-2. 
Paper porosity - 0.031 cm s-1 (cm water)-1. 
10 mm of tobacco rod held In Impervious cigarette holder. 

•• Distances of the boundaries of the section from the mouth end of the cigarette. 

+ This Is the contribution (0/o) of this section to the total pressure drop of the burning cigarette due to combustion processes. 



An estimate of the total calculated error in the pressure 
drop of eam section of the burning cigarette is also 
given in Table 2. This is an accumulation of the errors 
in the measured parameters used to calculate the pres­
sure drop, namely errors in the coefficient of impe­
dance,., paper porosity"""', and temperature distribution. 
The latter error also produces an uncertainty in the 
viscosity of the gases. The total error in the calculated 
pressure drop of the burning cigarette is ± n OJo. 
The calculated pressure drops are shown in Figures 1, 

4 and 5· 

CONCLUSIONS 

Within the limits of experimental error, and errors in 
the calculations, the hot-gas model can predict the ob­
served variation in pressure drop across a burning 
cigarette, under the following conditions: 

(:1) when the cigarette is smoked under continuous 
draw conditions, up to a bum length of 50 mm (Fi­
gure :1), 

(2) as the cigarette is extinguished in nitrogen, and its 
pressure drop falls (Figure 4), 

md 

(3) as the 2-second puff progresses (Figure 5). 

Consequently, it is concluded that the increased pres­
sure drop of a lit cigarette, and its variations as the 
cigarette is smoked, is due entirely to the variation with 
temperature of the total flow rate and viscosity of the 
gases Inside the cigarette, together with variation of 
the impedance of the unburnt rod. 
The direction of flow of gases through the coal is not 
in an axial direction - the major gas-flow into the coal 
during a puff is initially in a radial direction, just in 
front of the line of paper bum (u). The flow direction 
becomes axial behind the coal. However, since the hot­
gas model uses mean temperatures in given sections of 
the coal and rod, the exact direction of the flow in that 
section does not appear to be critical to the model. 
Since the model only uses sections of the coal up to 
8 mm in front of the line of paper burn, the gases in 
the coal further from the paper burn line can be con­
sidered as static, and as making no contribution to the 
total flow, within experimental error. 

SUMMARY 

The draw resistance of a cigarette increases by about 
5o-fJo 0/o when the cigarette is lit, and the total draw 

• From equuiol'l 6 it cao ~ oho""" rhar a giYen percenuge error in rhe 
coef!icien< of impedo.nce {&) produce• :LII almon ide1nical percentage 
error in the preuure drop. 

•• The accuracy of the quotd paper porosi<y io ± 5 °/o. Thio inoroduceo 
"" error il'ltn the calculared pressul'<' drop P {equa<ioo 6) which io 
dependent on rhe lel'lg<h of <obacco rod uoed in the equation. However, 
eveo with the maximum length of rod in rhe <qution (6.9 cm), the 
resulting .,,.or in P iol<!$o than 0.4°/o. 

1JO 

resistance of the burning cigarette varies in a distinct 
manner as it is smoked. This effect Is not normally due 
to an inherent increase in the impedance of the coal, 
because the effect disappears when the cigarette is 
extinguished. Rather, the effect is due to the heating 
of the gases Rowing through the coal and down the 
tobacco rod, in particular 

(a) the increase in gas viscosity with temperature, 

(b) the Increase in volumetric gas flow due to thermal 
expansion, 

md 

(c) the increase in the impedance of the unbumt to­
bacco rod, due to the deposition of smoke condensate 
on the rod. 

A hot-gas model, using the above contributing factors 
together with the known gas·phase temperature distri­
bution inside the burning cigarette, can predict quanti­
tatively (within the limits of experimental error) the 
observed variations of the draw resistance of a burning 
cigarette. 

ZUSA~ENFASSUNG 

Der Zugwiderstand einer Cigarette nimmt urn etwa 
50 bis 6oOJG zu, wenn die Cigarette angeziindet wird, 
und der Gesamtzugwiderstand der brennenden Ciga­
rette variiert wlihrend des Verrauchens in einer be­
stimmten Art. Diese Wirkung ist normalerweise nicht 
auf eine inhlirente ErhOhung des Widerstandes der 
Glutzone zuriickzufiihren, denn sie verschwindet, wenn 
die Cigarette gelOscht wird. Sie beruht vielmehr auf 
der Erhitzung der Gase, die Glutzone und Tabak­
strang durchstromen, insbesondere auf 

(a) Zunahme der Viskositlit der Gase mit der Tempe­
ratur, 

(b) Anwachsen des Volumenflusses der Gase durch 
Wlirmeausdehnung, 

(c) ErhOhung des Widerstandes des nicht verbrannten 
TeUes des Tabakstranges dun.h die dortige Kon­
densatablagerung. 

Aufgrund eines HeiB·Gas-Modells, das die beteiligten 
Faktoren zusammen mit der bekannten Gasphasen­
Temperaturverteilung in der brennenden Cigarette be­
nutzt, kOnnen die beobachteten Verlinderungen des 
Zugwiderstandes einer brennenden Cigarette (inner­
halb der experimentellen Fehlergrenzen) quantitativ 
vorausgesagt werden. 

RESUME 

La dsistance au tirage d'une cigarette augmente d'en­
viron 50 a 6o OJo quand elle est allumee, et la resistance 
totale au tirage d'une cigarette brtilante varie d'une 
fa"on distincte quand elle est fumee. Cet effet n'est 



n,ormalement pas imputable a ttne augmentation in­
herente de !'impedance du cOne, puisque l'effet disparait 
quand on eteint la cigarette. Cet effet est .plutBt dtl. a 
l'edtauffement des gaz passant par le cBne et le long du 
boudiri ·de tabac, en particulier: 

(a) !'augmentation de la viscosite du gaz avec la 
temperature, 

(b) !'augmentation du flux volumetrique de gaz due a 
!'expansion thermique, et 

(c) l'accroissement de !'impedance du boudin de tabac 
non brtl.Ie, dO. au depBt de condensat de fumee. 

Un mode!e de gaz chaud, tenant- compte des facteurs 
ci-dessus et de la distribution coruiue de la temperature 
clans-la phase gazeuse clans la cigarette brtl.Iante, permet 
de predire de facon quantitative {dans les limites 
d'erreur experimentale) les variations observees clans 
la resistance au tirage d'une cigarette brftlante. 
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