
25th ICDERS August 2 – 7, 2015 Leeds, UK 

Correspondence to: bimsh@dlut.edu.cn  1 

The suppression effect of ultra-fine water mist on 
methane/air explosion in the closed Vessel 

Ren Jing-jie1, Zhang Peng-peng2, Zhou Yi-hui1, Bi Ming-shu1* 
1 DaLian University of Technology,   2 Luoyang Petrochemical Engineering Corporation Ltd 

1 DaLian, LiaoNing, China,  2 LuoYang, HeNan, China 

Abstract 
   Expeimental investigation of the suppression effect of ultra-fine water mist on methane/air explosion 
was carried out in a cloesed vessel. The effects of water mist on the overpressure and the flame 
propagation show that the the suppression effect would improve with the increase of the mist amount 
and it can be attributed to the combined action of physical mechanism and chemical mechanism.  

1 Introduction  

  Fine water mist has got the concern of more and more researchers for its applications on suppressing 
combustions and explosions of  gas, dust, and explosives such as trinitrotoluene(TNT) and Destex    
[1-3]. The fine water mist may have two opposite effects on the explosions, namely  enhancement or 
inhibition, due to the droplet diameter, velocity and concentration, which are related to the atomizing 
method. There are mainly three methods for generating water mist, which are the pressure atomization, 
the ultrasonic atomization and explosion induced atomization. 

  Among the atomizing methods, the mist generated through pressure atomization has a droplet size 
over 20μm and a relatively high velocity. Wingerden and researchers[4-6] conducted expmerimental 
investigations in confined spaces of 1.5m3 and 50 m3 on the two kinds effects of enhancement and 
suppression of water mist on gas explosion. They pointed out that the turbulence caused by the mist 
will enhance explosion, and it is possible to realize the suppression of gas explosion only when the 
force was large enough to make the droplet decomposition. And the conclusion was that when the 
droplet diameter was less than 20 μm, the explosion suppression effect was better. Similaily, 
Hargrave[7] and Gieras[8] also proposed that the turbulence, which would be accelerated by the 
disturbance of the droplet, can increase the flame area and promote the combustion. 

  The explosion induced atomization is a passive water mist generating method. The interaction 
between the induction effect of the explosion shock on the water atomization and the suppression 
effect of the water mist on the flame propagation, was experimentally studied on a 5.1m long open 
pipe (Edwan[9] and Catlin[10]) and theoretically analyzed (Adiga[11])  by researchers. The results 
indicated that the droplets generating process largely depended on the early explosion, and then the so-
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produced mist would conversely affect the followed explosion, which made the suppression 
mechanism of the explosion more complex and uncertain. 

  In recent years, the ultrasonic atomization technology has attracted a lot of attention, due to its 
characteristic of low momentum and that similar to gases. Ingram of South Bank University 
investigated the effect of ultra-fine water mist generated by ultrasonic technology on the burning rate 
of hydrogen flame[12] and the overpressure of hydrogen explosion[13]. Their results show that 
ultrasonic water mist can make hydrogen explosion strength decrease, in decreasing the maximum 
explosion overpressure and the rate of pressure rising. At the same time, some researchers[14, 15] also 
carried out numerical simulations of the inhibitory effect of mist on the explosion process. Compared 
to other mathods, the disturbance caused by ultrasonic atomization to the flow field inside the 
container is much smaller. The research of the suppresion mechanism of it on gas explosions would 
provide a basis for understand the action mechanisms of other suppression method by water mists. 

  In our previous works, the atomizing methods of pressure atomization and ultrasonic atomization 
were both investigated[16-18]. And the methane/air explosion was found enhanced and suppressed 
respectively by the two kind of atomizing methods. In this paper, we focus on analyzing the 
suppression process of ultra-fine water mist on the methane/air explosion. The effects of water mist 
amount on the overpressure and the flame propagation were presented and discussed. 

2 The overpressure of the explosions  
  The experimental research of the suppression effect of ultra-fine water mist on methane/air explosion 
were conducted on the apparatus shown in Figure 1, which mainly consists of a closed vessel, a gas 
preparation system, a ultrasonic atomization system, an ignition system, a high speed camera, and a 
data acquisition and control system [16].  
  Figure 2 presents the pressure histories under four different spraying conditions, namely no spraying, 
spraying 3.75ml, 7.50ml, and 11.25ml. The results show that with the increasing of the mist amount, 
the maximal overpressure decreased and the time for the pressure running up to the maximum was 
delayed, which indicated that the increase of the mist amount can promote the suppression effect.  At 
the same time, it also can be seen from Figure 2 that the decreasing of the maximal overpressure  with 
the increase of the mist amount reduced gradually. That is to say, the suppression effect can’t be 
improved endless by spraying more ultrafine water mist, which may results from the saturation in 
humidity of the mixed gases. 

Figure 1. The experimental apparatus Figure 2. Pressure histories under different spraying conditions 
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3 The flame propagation of the explosions 
  Figure 3 shows the flame propagation process of the explosions under the four spraying conditions. It 
presents the developing traces of the flame from the ignition point at the bottum of the vessel to the top of 
the vessel. From the pictures we can obtain the following informations: (i) the time for the flame front reaching 
the top of the vessel was prolonged for the explosions under no spraying, spraying 3.75ml, 7.5ml and 11.25ml in 
turn; (ii) the tulip flame became less and less obvious until almost disappear in the atmosphere of 11.25ml 
ultrafine water mist. These informations indicated that: (i) the flame speed was cut down from the adding of the 
ultrafine water mist; (ii) the compression wave caused by the slowed forward moving flame front, weakening 
with the increase of the mist amount till having little reverse drag effect on the center of the flame front. 

            

(a)  No Spraying                                             (b)  Spraying 3.75ml 

   

(c)  Spraying 7.5ml                                           (d)  Spraying 11.25ml 

Figure 3. Flame propagating process from the ignition point at the bottum of the vessel to the top of the vessel 

4 Discussion and conclusions 

The decrease of the flame speed shown in the flame propogation pictures indicated that the energy transfered 
from the burning gas to the unburned gas for ignition was reduced. And it can be attributed to the cooling effect 
during the vaporization of the micro droplets and the blocking of the radiative heat transfer by the generated 
vapour. Seen from the results of the pressure history, the decrease of the delayed maximal overpressure reflected 
that the adding of the ultrafine water mist not only slowed down the spread of the explosion reaction, but also 
weakened the chain reaction strength. This may be due to the participation of the micro droplet and the vapor 
generated from it in the chain reaction of the explosion by affecting the propogation of the chain and causing the 
inhibition and termination of the reaction.  

In summary, the suppression of the gas explosions by the ultrafine water mist can be attributed to the physical 
mechanism of cooling and blocking the radiative heat transfer, as well as the chemical mechanism of inhibiting 
and terminating the chain reaction. Under this mechanism, the suppression effect would improve with the 
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increase of the mist amount. But affected by the saturation effect, it would improve no more when the mist 
amount increased to a certain extent. 
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