


2. Previous studies 

The test vessel used for gas testing should be spherical, with a volume of at least 0.005 m3 and a recommended 

volume of 0.02 m3 or greater. Because the only source of initial turbulence is the ignition source employed, it is 

important that the flame front is not unduly distorted by the ignition process (NFPA 68, 2002). Thus, the closer 

the volume of V = 1 m3 to the standard explosion chamber, the smaller the deviation and the more accurate the 

application of the cubic law. A very interesting previous study was published by Li et al. (2015a). In this study, 

the explosion parameters of 5 alcohols (ethanol, 1-butanol, 1-pentanol, 2-pentanol and 3-pentanol) are mixed 

with air at an initial temperature of up to 200 °C and an initial pressure up to 0.75 Mpa. Parameters were 

measured in a cylindrical explosion chamber with diameter D = 180 mm and length L = 210 mm (V = 5.3 dm3). 

Since the ratio L / D = 1.17 and L / D < 2 apply, Cubic law could be used to calculate KG. The same group further 

deepened research on a comparative study of the explosion characteristics of four isomers of pentanol (n-

pentanol, 3-methyl-1-butanol, 2-methyl-1-butanol, 2-methyl-2-butanol) (Li et al., 2015b). Parameters were 

measured under the same conditions as in the previous study. In the same year a study of the explosion 

parameters of methanol / air mixture was published in (Mitu et al., 2015). Parameters were measured for initial 

temperatures of 50 °C and 150 °C and supplemented by a calculation for 25 °C and 110 °C (Mitu et al., 2015). 

The initial pressures were 50 kPa, 75 kPa and 100 kPa. Two years later, Mitu et al. (2017) studied effect of 

0.005 m3 and 0.02 m3 to a mixture of ethanol/air for the same initial conditions. Based on data from the above 

literature, there are strong deviations between KG. These can be mainly attributed to differences in the ratio of 

volume and shape (ratio of length to diameter) of the explosion chamber.  

3. Experiment 

3.1 Description of the 0.02 m3 chamber set-up 

It is the stainless steel (1.4435) double wall vessel of spherical shape with an internal diameter of 336 mm. The 

vessel is provided with an opening of an inside diameter of 148 mm made by OZM Research, s.r.o. The whole 

system is schematically introduced in Figure 1.  

 

Figure 1: Schematic introduction of the 0.02 m3 chamber set-up 
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and Pe/P0, Real combustion is not under the absolute adiabatic condition. It accompanies both radiant and 

convective heat losses to the wall, leading to the lower Pmax/P0 than Pe/P0. It is noted that the difference between 

Pe/P0 and Pmax/P0 is remarkably increased at highly rich mixtures and show the reasonable agreement  with (Li 

et al., 2015a).  
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Figure 4: KG and KGe versus Φ=0.57-1.33 at elevated temperatures for 1-propanol-air mixtures various initial 

temperatures and mixture compositions, p = 100 kPa. 

Figure 4 shows the variation of KG with vessel volume for 1-propanol as measured in 0.02 m3 and 1.00 m3 

spherical test vessels. The KG value was calculated from the experimentally determined (dp/dt)max values. The 

increase in KG is related to various flame acceleration effects, as described in (NFPA 68, 2002). The 

experimental and calculated values of KG are determined in a spherical vessel for both temperatures. At both 

initial temperatures, the KG is observed at the same concentration range where Pmax is found. Deflagration 

indexes reach their peaks at Φ=1.06, and they decrease at both lean and rich mixtures. KG give an approximate 

value at varied initial temperatures, indicating that KG are insensitive to the variation of temperature and support 

Mitu et al. (2015) and Li et al. (2015a). 

The resulting values are summarized in Table 1, where the measurement uncertainties are determined by the 

test method. 

Table 1: Values of explosion characteristics for the most reactive 1-propanol/air mixtures at p0 = 100 kPa. 

 
 0.02 m3

 

(current data) 

1.00 m3
 

(current data) 

  50 °C 150 °C 50 °C 150 °C 

pmax  (kPa) 870±30 830±30 860±30 820±80 

KG  (MPa.m/s) 10±0.5 10.2±0.5 10.3±0.5 10.4±0.6 

LEL  (%) 3.5-0.2 3.0-0.2 2.1-0.2 2.1-0.2 

UEL (%) 14.0+0.2 14.5+0.2 13.0+0.2 13.5+0.2 

6. Conclusions 

The experimental study of the explosion characteristics of a mixture of 1-propanol and air in an enclosed 

spherical vessel with a central initiation of 0.02 m3 and 1 m3 was performed for different 1-propnanol/ air mixtures 

at two different initial temperatures and atmospheric pressure.  

1355



• Pmax of 1-propanol and air mixtures decrease with increasing initial temperature. Quantitative decrease 

is from 870 kPa to 830 kPa for 0.02 m3 and from 860 kPa to 820 kPa for 1 m3. 

• KG are insensitive to the variation of the initial temperature (in both explosion vessels volumes). 

• LEL values slightly decrease with increasing temperature from 3.5 % to 3.0 % for 0.02 m3 and do not 

change for 1 m3. 

• UEL values slightly increase with increasing temperature from 13.0 % to 13.5 % for 0.02 m3 and do not 

change for 1 m3. 

The results support comparative studies on the explosion characteristics of alcohols (methanol, ethanol, 1-

butanol, 1-pentanol, 2-pentanol, and 3-pentanol)/air mixtures at elevated temperatures. Present values of 

explosion characteristics can be practically used in designing explosion protection techniques, such as 

explosion-proof design and explosion-proof design, explosion relief, and explosion suppression. They can also 

be used to eliminate the risk of explosion by preventing the formation of an explosive gas mixture and as a basis 

for explosion protection by "inertisation". 
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