
CIGARETTE COMBUSTION PARAMETERS AND 
THEIR EFFECTS ON THE DELIVERIES OF 

SELECTED MAINSTREAM SMOKE CONSTITUENTS

Abstract
In order to investigate potential dependencies between cigarette combustion parameters, such as 

temperature, pressure drop, etc, and the deliveries of selected constituents in mainstream smoke in 
real time, a set of on-line analytical systems were developed. The systems can simultaneously 
determine the gas flow distribution, pressure drop and combustion temperature in a cigarette during 
smoking. Cigarette samples having different air permeability were used to conduct our studies with the 
real time on-line analytical systems. The correlations between the gas flow distribution, pressure drop 
and combustion temperature were studied. Furthermore, the effects of the combustion parameters on 
the puff-by-puff deliveries of selected constituents, such as tar, nicotine, water and TPM, in mainstream 
smoke were examined.

The results showed that: (1) There were very significant correlations among the gas flow through the 
burning cone, the gas flow through the tipping paper, the pressure drop and the combustion intensity. 
(2) Combustion parameters, especially the gas flow through the burning cone, are very significantly 
correlated to the deliveries of selected constituents in mainstream smoke. (3) The combustion intensity, 
that was defined as the product of the average combustion temperature and the number of 
corresponding data points, were very significantly correlated to the gas flow through the burning cone, 
the deliveries of selected constituents in mainstream smoke and the pressure drop below 800C, this 
correlation became less pronounced when the temperature in the burning cone was above 800C. (4) 
Significant correlations between the ventilation rate of filter and combustion parameters were found.
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Results and Discussion
➢Regularities of gas flow distribution  during cigarette smoking

Figure 1 The gas flow distribution of the burning cigarettes with different air permeability through 
tipping paper (A), cigarette paper (B) and burning cone (C) under different puff

Table 2 The correlation analysis of gas flow distribution through different parts

➢The relationship between gas flow and pressure drop during cigarette smoking

Table 3 The correlation analysis of gas flow distribution and pressure drop

➢The relationship between gas flow and combustion intensity during cigarette 
smoking

Table 4 The correlation analysis between the gas flow distribution and the combustion intensity of 
the burning cone

Note: * YT= total combustion intensity

✓The total combustion intensity (YT) mentioned in this thesis was defined as the product of the 
average temperature of combustion and the number of corresponding data points.
✓Yc3: the combustion intensity in the range from 200 C to 300 C; Yc4: the combustion 
intensity in the range from 300 C to 400 C, and so on.
✓The gas flow through the burning cone had a significant correlation with the combustion 
intensity in the range from 200 C to 800 C, but had no significant correlation when the 
temperature was higher than 800 C.

➢The influence of gas flow through the burning cone, pressure drop and 
combustion intensity on the selected constituents in mainstream smoke

Table 5 The correlation analysis of combustion coal gas flow distribution, pressure drop, 
combustion intensity and the deliveries in the mainstream smoke of puff-by-puff

Note: * YLM= Combustion intensity of low and medium temperature region; ** YH= Combustion intensity of high temperature region.

➢The correlation analysis among cigarette filter ventilation, gas flow distribution, 
system pressure drop and combustion intensity
Table 6 The correlation analysis of the gas flow distribution, pressure drop, combustion intensity with 
the filter ventilation

Conclusion
✓There was a significant correlation among combustion parameters during cigarette combustion.
✓Cigarette combustion parameters directly affected the release amount of the constituents in 
mainstream smoke.
✓There was a very significant negative correlation between pressure drop, gas flow through the tipping 
paper and the release amount of the constituents in mainstream smoke puff by puff.
✓The gas flow through the burning cone and combustion intensity had a very significant positive 
correlation with the constituents in mainstream smoke puff by puff.
✓The filter ventilation had a very significant positive correlation with the gas flow through the tipping 
paper, and had a very significant negative correlation with the gas flow through the combustion cone, 
pressure drop and total combustion intensity.
✓The release amount of the selected constituents in mainstream smoke would be influenced by changing 
the filter ventilation.
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Variable Items Tipping paper Cigarette paper Burning cone

Tipping paper

P 1 -0.071 -0.882

S 0.735 0.000

N 25 25 25

Cigarette paper

P 1 -0.408

S 0.043

N 25 25

Burning cone

P 1

S

N 25

Note:  P= Pearson correlation coefficient; S=Significance (bilateral)

Variable Items Pressure drop
Gas flow through

tipping paper

Gas flow through

cigarette paper

Gas flow through

burning cone

Pressure 

drop

P 1 0.904 0.097 -0.873

S 0.000 0.645 0.000

N 25 25 25 25

Variable Items Burning 
cone YC3 YC4 YC5 YC6 YC7 YC8 YC9 YC10 YT*

Burning 
cone

P 1 0.682 0.663 0.499 0.549 0.468 0.490 0.359 0.311 0.793

S 0.000 0.000 0.011 0.005 0.018 0.013 0.078 0.131 0.000

N 25 25 25 25 25 25 25 25 25 25

Variable Items TPM Tar Nicotine Water
Gas flow 
through 

burning cone

Pressure 
drop YLM

* YH
** YT

TPM
P 1 0.952 0.949 0.879 0.865 -0.754 0.713 0.385 0.768

S 0.000 0.000 0.000 0.000 0.000 0.000 0.057 0.000
N 25 25 25 25 25 25 25 25 25

Tar

P 1 0.985 0.845 0.954 -0.800 0.790 0.398 0.840

S 0.000 0.000 0.000 0.000 0.000 0.049 0.000

N 25 25 25 25 25 25 25 25

Nicotine

P 1 0.842 0.931 -0.781 0.793 0.418 0.851

S 0.000 0.000 0.000 0.000 0.037 0.000

N 25 25 25 25 25 25 25

Water

P 1 0.723 -0.471 0.650 0.327 0.691

S 0.000 0.017 0.000 0.110 0.000

N 25 25 25 25 25 25

Gas flow 
through 

burning cone

P 1 -0.873 0.737 0.395 0.793

S 0.000 0.000 0.051 0.000

N 25 25 25 25 25

Pressure drop
P 1 -0.638 -0.362 -0.694

S 0.001 0.075 0.000
N 25 25 25 25

YLM

P 1 0.143 0.928

S 0.496 0.000

N 25 25 25

YH

P 1 0.502

S 0.011
N 25 25

YT

P 1

S
N 25

Materials and Experimental Methods
➢Samples: five kinds of cigarette samples with different tipping-paper permeability were provided by 
China Tobacco Jiangsu Industrial Co., Ltd. The length of all cigarettes was 84 mm, and the filter length was 
24 mm. All the cigarette samples were made of the same formulation group, filter rod, and cigarette paper. 

Table 1 Physical parameters of the cigarette samples

➢The detection of the gas flow distribution through the parts of the cigarette
The gas flow distribution detection device which was developed independently could measure the gas 

flow through tipping paper and cigarette paper in real time. And the gas flow through the burning cone 
was calculated by total puff flow subtracted the gas flow through tipping paper and cigarette paper.
➢The detection of system pressure drop during cigarette smoking

During the process of cigarette puffing, the pressure signals were recorded continuously by a pressure 
sensor connected with the end of the cigarette. And the record frequency was 100 Hz. A digital analog 
converter was used to convert the measured pressure signals into digital signals for real-time output, and 
the average pressure drop of each puff was recorded by software.
➢The detection of cigarette combustion temperature

An infrared thermograph was used to detect the cigarette combustion temperature synchronously. The 
distance between the infrared thermograph and the cigarette was 30 cm. And the temperature               
range was selected from 200 C to 1200 C with the emissivity at 0.88. 

Variable Items Ventilation 
of filter

Gas flow through 
tipping paper

Gas flow through 
cigarette paper

Gas flow through 
burning cone Pressure drop YT

Ventilation 
of filter

P 1 0.992 -0.810 -0.969 -0.970 -0.959

S 0.001 0.096 0.006 0.006 0.010

N 5 5 5 5 5 5

No.

Tipping-paper 

permeability 

（CU）

Draw resistance

（Pa）
Filter ventilation 

（%）
Paper ventilation 

（%）

1# 100 965 12.8 8.7

2# 200 896 25.2 7.7

3# 300 866 33.4 7.2

4# 400 818 37.7 6.2

5# 500 771 41.6 5.1

✓The trends of gas flow through tipping paper, cigarette paper and burning cone were different.
✓With the increase of the cigarette puff sequence, the gas flow through tipping paper decreased.
✓The gas flow through cigarette paper also presented a decreasing trend.

✓The gas flow through the burning cone had a very significant correlation with the amount of TPM, tar, 
nicotine and water released puff-by-puff. 
✓The system pressure drop had a significant negative correlation with the release amount of TPM, tar, 
nicotine and water puff-by-puff.

✓ Among the low and medium temperature region (200 C-800 C), the combustion intensity had a 
very significant correlation with the release amount of the selected constituents in mainstream smoke.

✓The gas flow through 
tipping paper had very 
significant correlation with 
pressure drop.
✓ There was significant 
negative correlation 
between the gas flow 
through burning cone and 
pressure drop.

✓The gas flow through 
tipping paper had very 
significant negative 
correlation with the gas 
flow through burning 
cone, while had no 
significant correlation 
with the gas flow 
through cigarette paper.

✓The filter ventilation had a very significant correlation with the gas flow through tipping paper.
✓The filter ventilation had a very significant negative correlation with the gas flow through the burning 
cone, pressure and total combustion intensity.
✓There was no significant correlation between the filter ventilation and the gas flow through cigarette 
paper.
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