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numerous test methods - as they do not provide universal consistent information 
and strongly reflect the specifi c test conditions. Fortunately, over the years, fundamental 
research in combustion processes has led to the development of bench-scale fi re tests 
that measure the important aspects of flammability and can interpreted in terms of 
underlying theories of combustion. This further leads to a more precise definition 
of phenomena, such as ignition, flame propagation, heat release rate, closely related to 
the course of the fi re. The above parameters may be determined using the cone 
calorimeter and further used for the purpose of building the simpli fied models of 
conveyor belt fi res. 

2. A theoretical basis for oxygen consumption calor imetry 

In 1917, W.M. Thornton (1917) showed that the heat released during the complete 
combustion of the majority o fl i quid and gaseous organic materials has a constant value 
in respect of the specifi c mass of oxygen consumed. In 1980 C. Huggett (1980) proved 
that the same rule also applies to solid organic materials and gave the average value - 
which totals to 13.1 kJ· kg:". Thus the Thornton rule allows for the calculation of the 
amount of heat released during fi re, based on the measurement of the oxygen consumed 
in the process and provides the basis for a method of determining the heat release rate. 
This method is applied in the majority of fir e tests ( oxygen consumption calorimetry). 
The method based on the oxygen consumption during the fi re of the organic materials 
has been stated to be the most accurate and simple way to practicall y measure the 
dynamics of the heat released. The very basic requirement for the appli cation of the 
oxygen consumption method is to ensure the possibili ty to collect all the combustion 
products, which are usually removed through the duct extracting combustion gases - 
the combustion gas velocity is being sampled as well as the gas composition. W.J. Parker 
(1984) published equations allowing for the calculation of the amount of heat released 
during the fi re (based on the oxygen consumption method) for nu_merous practical 
applications. 

The total amount of heat released during the fir e may be calculated by means of the 
formula: 

(1) 

where: 
Q101 - total heat released rate [MW], 

X O 
- oxygen concentration in the incoming air (molar fraction), 

Oz 

V0 - volume flow of air into the combustion zone [m3 · s-1], 

X5 
- oxygen concentration in the combustion gases leaving the combustion 

02 

zone (molar fraction), 
V5 - volume flow of gases flux leaving the combustion zone [m3 · s-1 ], 
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Po, - oxygen density [kg· m-3], 

E - - heat released during the combustion of the organic materials per 
unit mass of oxygen consumed, assuming that carbon goes to carbon 
dioxide (E = 13 .l MJ/k:g). 

In order to simpli fy the implementation of formula ( 1 ), the heat released during the 
combustion can be standardised to the unit of oxygen volume at the reference conditions 
of 25°C: 

E'=Po E 
2 

(2) 

where: 
£' - heat released during the combustion of the organic materials per unit of 

consumed oxygen mass at the reference conditions of 25°C, assuming that 
carbon goes to carbon dioxide (£ = 17 .2 MJ/kg). 

Thus formula ( 1) describing the total heat released would take the form: 

Qtot =(Xg2Vo -Xg2Vs )E' (3) 

Formula (3) is ideally suited for use at test facilities in which the oxygen 
concentration is measured with a paramagnetic analyzer (high temperature cell s). This 
requires removal of moisture from the sampling stream, and then the oxygen 
concentration in the analyzer will differ from that in the exhaust duct. Because of the fact 
that the ratio of oxygen to nitrogen concentration in the analyzer is sameas in the exhaust 
gas, it was found that the implementation of the expression Z would facili tate the 
calculation of the dynamics of the heat release: 

(4) 

where: 

X5 
- nitrogen concentration in the combustion gases leaving the 

N2 

combustion zone (molar fraction), 

xA - oxygen concentration in the combustion gases determined in the 
02 

analyzer (molar fraction), 

xA - nitrogen concentration in the combustion gases determined in the 
Nz 

analyzer (molar fraction). 

The ratio of oxygen to nitrogen concentration in the air supplied to combustion zone 
is given by formula (5): 
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(5) 

where: 
X O 

- nitrogen concentration in the air supplied to combustion zone (molar fraction), 
Nz 

xAo - oxygen concentration in the air supplied to combustion zone 
Oz 

determined in the analyzer (molar fraction), 

xAo - nitrogen concentration in the air supplied to combustion zone 
Nz 

determined in the analyzer (molar fraction). 

The mass conservation rule provides that: 

o s 
XN Vo =XN Vs 

2 2 

From formula (4), (5) and (6) it follows that: 

s 
~= Xo2 Vs 

z, xg2 Xo 

Substituting formula (3) with (7): 

o : =[1- ~ )E'Xg2Vo 

(6) 

(7) 

(8) 

From formula (8) it seems that the heat released during the combustion process can 
be expressed in terms of the ratio Z/Z0. 

In the case of that the oxygen concentration being measured by means of a para­ 
magnetic analyzer Z and Zo may be calculated using the below given formulas: 

(9) 

(10) 

Thus combining formula (8), (9) and (1 O) the following may be obtained for the heat 
released during combustion: 

[ 

xA ( 1-xAo -xAo ] ] 
Q = l-~ 02 CO2 E' XO V 

tot A l A A A Oz O xoo 1 - X o - X co - X co 
2 2 2 

(11) 
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where: 
- time to ignition [s], 

- thermal inertia [kW· m-2 · °K-4 · s], 
- critical belt surface temperature [°K], 
- ambient temperature [°K], 
- external heat flux [kW · m-2], 

- minimum flux for ignition [kW· m-2]. 

Assuming, that 

(17) 

1 
-=X 
i¼ 

(18) 

the formula ( 16) may be written in the form of a linear function: 

Y = c1X + c2 

where: 

(19) 

(20) 

(21) 

Determining the time to ignition using the cone calorimeter at least for two different 
values of irradiance levels, it becomes possible to calculate the critical belt surface 
temperature, Tig, using the known values of parameters X and Y (Wachowicz 2000). The 
results of the calculations were given in table 3 (Tia is shown in °C). 

o 

The critical temperature of the conveyor belt surface, Tia, determines the surface 
o 

temperature at the ignition point. Thus, this can be considered as a parameter, detenni- 
ning the material's susceptibili ty for ignition. The correlation between the critical 
temperature of the conveyor belt surface and the length of the burned conveyor belt in 
the fire-testing gallery is shown on Fig. 8 and may be written as formula (22): 

T;g = l 292L~043 (22) 

The correlation coeffi cient was found to ber= 0.8957 with a certainty level of99%. 
The correlation described with formula (22) allows for calculation of the critical 

I surface temperature for the conveyor belts made from chloroprene, for actually corres- 
ponded criterion of conveyor belt flammability using the full -scale gallery method (the 
maximum allowable length of the belt, which may be burned in the fire-test gallery 
comes to 40 meters). The limit value of the critical temperature of the conveyor belts 
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6. Summary 

The paper presents method for a investigating the fl ammabili ty of conveyor belts, 
applying the oxygen consumption calorimetry. The investigations described in the 
paper, make it possible to present the results of conveyor belt fl ammabili ty in the 
fi re-testing gall ery as the function of the amount of heat released during the belt 
combustion in the fi re-testing gall ery. It is therefore possible to calculate the theoretical 
amount of heat released during the fir e in the gall ery, based on the characteristic 
parameters obtained using the cone calorimeter method- the total heat released (THR) 
and the average effective heat of combustion (HOCav)- The correlation between the 
amount of heat released during the belt combustion in the fi re-testing gall ery, calculated 
on the basis of the results of fl ammabili ty parameters obtained by the cone calorimeter 
method, and the length of the belt burned in the fi re-testing gall ery make it possible to 
create a new method for testing conveyor belt fl ammability. The method all ows for 
the prediction of the amount of heat, which would be released during the conveyor 
belt fl ammabili ty test in the fi re-testing gall ery. The nomographs prepared all ow for 
an immediate and direct read-out of the heat released during the belt combustion 
in the fi re-testing gall ery and also for the prediction of the length of belt which 
would be burned in the full -scale test. It is thus possible to preserve and match the 
same fl ammabili ty criteria as for the currently appli ed method (full -scale fir e gall ery 
method) and determine the belt's abili ty to extinguish itself outside the fi re area. 
Because of the relatively simple testing procedure and low costs the new method may 
find a wide implementation for the flammabili ty testing of conveyor belts. Compared to 
the fir e-testing gall ery the new method is signifi cantly quicker (2-3 hours), requires 
a signifi cantly small er sample (three samples sized 100 x 100 mm) and the results 
obtained are much more accurate and repeatable. 

The cone calorimeter gives the possibility to determine the ignition time of the 
conveyor belt samples. This parameter all ows for calculation of the critical surface 
temperature of the belt, the value which is characteristic for the materials from which the 
belt is made. The correlation between the critical temperature of the belts surface and the 
length of the belt burned in the fir e-testing gall ery all ows for the calculation of the 
limiting value of critical surface temperature (Tig,cr = 264°C). It is thus possible to 
determine, that conveyor belts, for which the critical surface temperature comes to 
a lower value than the limiting one would be totall y burned in the fir e-testing gall ery 
based on the above correlation. 
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