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The purpose of this paper is demonstration the current state of knowledge, 

principle of operation explosion suppression systems and effects a ccompanying 
the high rate discharge HRD. 

The explosion pressure, which is a consequence of the ignition of the mix-
ture of dust and air in closed volume reaches maximum (Pmax) value of approxi-
mately 30  100 ms. With such rapid increments of pressure protection is re-
quired to allow the safe operation of the pipeline or elevator. To protect closed 
tanks in a very favorable light puts out active suppression sys tmes HRD (High 
Rate Discharge). The basic idea of operation of the suppressing explosions is 
relatively simple. The system detects dynamically increasing the pressure inside 
the protected volume and immediately activates the mechanism of suppression 
[1]. The main task of active suppression system is to protect of the tank, pipeline 
or elevator involving the immediate suppression of pressure before it reaches the 
value of the design pressure. An important advantage of active suppression sy s-
tems is the possibility of applying for tanks, elevators etc. of different sizes (0,25 
m3 up to 1000 m3) [2,3,4]. The general principle of operation active suppression 
systems is shown below (Fig 1.). 

In unprotected tanks, the pressure associated with the explosion increase s 
according to the diagram (curve A), visible in the figure below (Fig. 1.). It should 
be noted that the pressure for a typical explosion of the mixture of dust and air 
can reach even value 10 bar [1]. It is much more than can withstand typical in-
dustrial design such as silos. If the suppres sing system will be activated at the 
right time  increasing pressure will be prevented in accordance with curve B 
(Fig 1). 
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Fig. 1. The curves of the pressure in closed volume  

(A  suppressing, B  without supressing) [1]. 
 

The pressure produced in the early stage of the explosion, in an enclosed 
space, propagates faster than flame front. The pressure wave velocity is close to 
the speed of sound propagation [1]. The basic device detection is a sensor 
mounted within the tank. Its task is very fast (within milliseconds) detection 
overpressure, before it reaches too high values or the rate of pressure rise e x-
ceeds a predetermined value. Then, the sensor transmits a signal of increasing 
pressure to control system. The most common type of sensor is a membrane 
detector. It produces a signal transmitted to control system, caused by defo r-
mation of membrane sensor after explosion. Another type of detectors are se n-
sor which record the occurrence of flame  optical probe IR.  

To ensure proper cooperation between the sensors and HRD cylinders, 
these components should be connected to control system. This will allow inter 
alia dividing the area of industrial infrastructure and each of them is protected 
in an individual way. As a result, it is also made possible determination of log i-
cal zones and launching active suppression systems only in the zone. 

HRD cylinders are usually mounted outside the protected space. De-
pending to the manufacturer HRD cylinders have different capacities (3 up to 
60 dm3). The extinguish agent contained in the cylinder is pressurized (20 up to 
120 bar) [1]. The following figure shows the structure of the HRD cylinder.  
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Fig. 2. An exemplary explosion suppression system  
 

 
Fig. 3. Construction HRD cylinder [5]  



-  
  

 

6 

Heat transfer between the molecules is essential for the propag ation rate of 
explosion and therefore the basis of extinguishing explosion is the suppression of 
combustion wave. Direct injection (extinguish powder or liquid) in the growing 
embryo fire cause following effects: 

- suppression  removal of heat from the combustion zone through the 
transfer of energy, 

- the acquisition of free radicals  active components extinguish mix-
ture interrupt the chain reactions, 

- wetting  fuel particles absorb moisture from the extinguis hing agent 
contained in the HRD cylinder, 

- neutralization  reducing the concentration of the fuel mixture. 
 

 
Fig. 4 The general principle of operation active suppression systems [1]  
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THE IMPACT OF EXTERNAL PARAMETERS ON THE PROPANE 
EMISSION DURING A FIRE JET 

 
 

 
The Main School of Fire Service,  

Warsaw, Poland 
 

The article analyzes the thermodynamical parameters describing propane -
tank-environment system during an emergency release of jet gaseous phase.The 
model used for the investigation focuses on parameters such the te mperature of 
the tank at the heights of gaseous phase and liquid phase, the temperature of liq-
uid phase and the loss of mass. The model was validated based on the  measure-
ments carried out during jet emission from a standard liquid propane gas with 

27 dm3 volume, which can take up to 10 kilo-
grams of propane. Due to the method of the 
storage of the propane gas in the tank, the object 
of the investigation is a mixture of gaseous and 
liquid phases. 

There are numerous situation where 
there is a possibility of a jet fire.. Recent events 
confirmed the severity of the risk. 

- During a gas pipeline fire, jet emis-
sions caused severe damage to 
property. The fire was brought un-
der control only after the liquid 
phase present in the pipeline was 
burnt out.  

- Gas cistern damaged the safety re-
lease valve while passing under a 
bridge. The threat of explosion was 
present for numerous hours. 

- Standard liquid propane gas tank 
from gas heater exploded after a few 
minutes of uncontrolled jet fire. 

 
The size of the gas tank is not as important, as the fragments present 

during explosions carry the kinetic energy equivalent to a rifle bullet. However, if 
there is no explosive event, the jet fire can be sustained for numerous hours, until 
the fuel is exhausted, as long as the system receives sufficient amount of energy 
to sustain the jet emission.  

Fig.1. Infrared image of the 
test stand and a gas tank  
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The tank under ingestion has similar parameters as a standard gas kitchen 
hob tank. A thermocouple was used to measure the temperature of the surface of the 
tank. Additional two thermocouples were used to measure the temperature of the 
phase mixture inside the tank at the heights of the gaseous and liquid pha ses. The 
mass change was measured using calibrated balance. The results of the measurements 
were compared with the theoretical model based on a set of time differential equ a-
tions describing changes in relevant system parameters. The key factor for considera-
tion during a jet fire is the heat transfer between the elements of the system. 

- The most significant heat transfer occurs due to the jet fire 
stream( p). The maximum of the heat transfer will occur when the 
jet fire is directed onto the surface of the tank. Alternatively, the 
minimum of the heat transfer ( p) will occur when the jet fire is di-
rected perpendicularly away from the system. 

- Heat from the surface underneath the tank as well as the heat transfer 
from the environment. ( 24, 1a, 2a). 

- The heat transfer between the different zones of the tank( 1,2) is also 
important, particularly from the top of the tank, where the gaseous 
phase with lower heat capacity is unable to accept the heat from the 
surface of the tank, and thus  leading to the heat transfer to the bottom 
of the tank where the higher heat capacity of the liquid phase allows 
for the absorption of the heat from the surface of the tank. 

It is important to note that a jet fire does not need to be such a significant 
threat. If the source of the jet emission is at a large distance from the flammable 
materials, the only risk remaining is an explosion, should a jet fire occur. Ho w-
ever, if, during the jet fire, the stream of fire is directed upwards, in such way that 
it does not affect the tank, the probability of an explosion is significantly re-
duced. The heat accepted during the boiling process leads to gradual d ecrease of 
the tank temperature, leading to a situation where the intensity of the boiling pro-
cess is not sufficient to sustain the jet emission. As a result, the jet emission will 
stop and the fire will continue as a weak swinging flame. In such a scenario, after 
sufficient time jet fire self-destructs. 

Fig.2. Schematic diagram of the propane-tank-environment system 
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EVALUATION OF HEAT RELEAS E RATE  
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Modelling of fire phenomena has become common in the fire safet y do-

main. Computer simulations allow to predict development of ha zardous events 
a-

tional Fluid Dynamics(CFD) models. It is a branch of fluid mechanics  that uses 
numerical analysis  and mathematical algorithms  to solve and analyze problems 
that involve fluid flows, heat and mass transfer.A characteristic feature of the 
CFD science is the approach that it takes toward description of physical process-
es. Computers are used to perform the calculations required to simulate the inte r-
action of liquids and gases with surfaces defined byboundary conditions[1].  

Researchers and engineers commonly use CFD modelling to develop-
installations of fire detection and suppression, segmentation of the spaces (fire 
zones) and ventilation (smoke zones). It is very helpful toolto design new modern 
buildings.Moreover, CFD models help to predict piece of reality without full-
scale tests, i.e. smoke and temperature spreading or radiation from fire. Results of 
the analysis may indicate the necessary protection measures.However,to make 
correct model designer must define appropriate input parameters like geometry of 
modeled space and many fire parameters i.e. soot yield, heat of combustion, heat 
release rate (HRR).There are different methods of evaluating HRR. Most of the 

t-
which make them infeasibleto use during Fire&Rescue actions, i.e. cone calorim-
eter method. We assumed that during the F&R action the evaluation of the HRR 

i-
ture, TV, curtains) and its future dynamic. 
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In this paper wewant to present other approach of calculating HRR combined 
with computer simulations andmachine learning approach [2], which may be used in 
poor sensor infrastructure.The method is based on capturing of the unique tempera-
ture imprint formed on the ceiling under fire conditions and comparing it to the set 
of simulations stored in database.We assumed that for the approximation purposes 
duringthe F&R action the physical interpretation of the parametersof our model are 
not important. It allows us for the usage ofthe approaches from artificial intelligence 
domain.In our analysis we focused mainly on the measurementof the temperature 
distribution on the structural elementsof the compartment using IR ca mera. This 
method allowsto obtain large number of individual measurement points and co m-
pare it to set of CFD simulations. We conducted the experiment in order to reco g-
nize, whether there are possibilities of using the machinelearning algorithms to re-
solve the problem. We generated, forthis purpose, a representative number of simu-
lations of various fire scenarios in a single compartment.Next step of our analysis 
was the extraction of the data fromthe simulations  temperature from the ceiling. 
The results wascollected for each cell on all boundaries in the compartment.The data 
was used as a training set forclassifiers. We constructed our information system by 
defining the object as an averaged values of attributes within definedtime window of 
the given fire test. The object in ourinformation system was represented by follo w-
ing attributes:time from ignition, maximum temperature, average temperature form 
selected area and standard deviation. As a decisionclass the HRR was used. Then we 
compared the results from the classifiers against the real experiments. Three surveys 
of three differentHRRs were made within the compartment with dimen-
sions5.25mlength, 2.54mwidth and 2.55mheight.The results prove that there is a 
potential in thedescribed approach. We reached a high value of Balanced Classific a-
tion Accuracy (BCA) of the real experiments with the IR camera. These experi-
mentsresulted in BCA equal 0.92. The separability of the (especially lower) HRR in 
the analyzed data were observed. The main goal of the research was to assess 
whether theproposed approach may be used on the fire ground. The resultsfrom the 
real experiments showed that this method may beused to characte rizing HRR. The 
BCA ratio for full scaleexperiments could be higher, however there were problems-
with selecting correct values of the attributes from IR camerapictures.In our further 
works we will focus on finding principalfactors determining the results of the simu-
lations. For this purpose we will consider the application of Principal Compone n-
tAnalysis (PCA), Non-negative matrix factorization (NMF)methods or rough set 
approach. All these approaches will beused in order to determine the most important 
features whichaffect the temperature imprint on the ceiling. 
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