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ABSTRACT 

Propellants are commonly used fuel in the rocket industry, which will be in two forms such as solid and liquid. 

The solid propellants include raw materials which should be handled with care, it is a big challenge to safely 

handle propellants. In the propellant processing plant cross linking agents, metallic fuels, polymeric binder, etc... 

are the raw materials that will be processed in the different stages. The raw materials used in processing can 

create dangerous hazards such as fire, spills, toxical fumes which will cause respiratory problems. Every step in 

the processing stages can lead to disaster with respect to its degree of its own, any minor neglect of work cause 

an fire initiation. In case of any fire or explosion affects the equipment‟s that are in use and the worker in the 

facility, there is a chance of spread of fire due to the oxygen level from the surroundings. In order to reduce the 

effect of fire there should be a fire protection system used in the plant, which can save the lives of the workers in 

the plant. Fire protection systems are generally in different types which are in use with respect the quantity and 

quality and the standards, sprinkler system are the fire protection system which are used commonly in plants. 

For an propellant processing plant, the fire protection should be capable of releasing agents with an absolute 

speed and fast functionality to reduce the effect caused due to fire. Design and selection of the fire protection 

system will be done by listing the risks and hazards of the materials that are used in the plant. According to the 

hazardous class of the plant Deluge system is the required fire protection system, in this study deluge system has 

been designed by considering area of floor, water demand and the nozzles inside of the plant.    
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INTRODUCTION 
In the propellant processing plants hazardous raw materials used in different stages. Raw materials 

possess various hazardous reactions that leads to the cause of fire and it effects the workers in the plant 

and the surrounding environment. These raw materials will be used in both solid and liquid form 

according to their functionality of work, as these materials will be changing their nature while 

processing. Due to this change of reactions, there should be a fire protection system installed in the plant 

facilities where the processing of raw material is done. In this plant majorly the solid propellants are used 

with a combination of oxidizer and fuel which are to be mixed carefully with in the controlled conditions. 

In case of the liquid propellants there will be an injector used for the mixing, this process is done in a big 

bowl that will be mixing different components to produce a solution. 

        While transferring the mixer to a bowl there will be major hazards that will lead to explosions and 

burns to the workers. This raw material can expand it‟s rate and have a nature of detonation, the reaction 

of the materials can travel faster than the speed of light. These raw materials are distinguished with their 

sensitive nature, they can produce large amount of heat and they have been categorized as primary, 

secondary explosives. Safe monitoring and handling of the materials in the plant are required in 

precaution of explosion, explosion causes deep large waves which disturbs general pressure conditions 

and there will be sudden rapture as a result a large damage is done. Fire can be initiated with three 

parameters they are generally called as fire triangle. They are fuel that are used in work, oxygen present 
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in the surroundings, reactions of the chemicals that are used in the process. A propellant can be 

considered safe for handling when it gives zero fires from the maximum height of tester. Propellants 

from the range of 0-10 kg/cm are to be handled safely and these are very hazards to process. The friction 

of a uncured propellant‟s has a low sensivity for causing a ignition in the mixer due to the insufficient 

shear stress. Composite propellants are used in these plants therefore, the friction hazard increases 

because of the metal powder used in the composite propellant. Explosives are the mixtures of chemical 

compounds. These mixtures may ignite by shock, heat, friction, impact or may be the combination of 

above conditions. When an explosive got ignited, it will decompose rapidly in a detonation; when an 

explosive got exploded, it will lead to a rapid release of heat. It also releases large quantities of high-

pressure gases. The gases will expand rapidly with a force that is sufficient to overcome the confining 

forces. When an explosive undergoes detonation, the energy released by the explosives will causes 4 

basic effects: 

 Rock fragmentation;  

 Rock displacement;  

 Ground vibration 

 Air blast.   

Minimize the emissions of flammable substances: 

To exist the potential to hazardous area is due to the accumulation of vapors, gases and mists. The emissions 

of vapors produced from the processes can be reduced by: 

 By using the recovery connections for vapors and by using the transfer systems and enclosed 

containers. 

 While conducting the transfer operations, the lids should have kept open for a minimum period of 

required time.  

 By controlling the surface areas of exposure. Example, when a liquid leaked or spilled, the area used to 

spread.    

 By avoiding splash filling. 

 The temperature of the liquid which is to be processed or transferred should be minimized. 

 By installing proper ventilation system like venting of vapors from all sources by using mechanical 

extraction 

 When liquids are heated, it yields higher vapor emissions because of increase in vapor pressure of 

flammable and combustible materials. The storage of hazardous chemicals shall be planned away from 

the heat source. The risk of failure of container and deterioration of packing and sometimes product 

loss also may be resulting from the exposure of containers to heat. Hot surfaces of the tanks may lead 

to exceeding the auto ignition temperature of the substance. 

2       Theoretical literature review 

     There are different stages of a solid propellant grains, as the raw material preparations, 

characterization, propellant mixing, casting, curing and extraction of mandrels and other casting fixtures; 

propellant trimming and end inhibition; 'handling and transportation operations; non-destructive testing 

and storage. In each stage, the hazards exists and that could be triggered to generate an undesirable 

situation due to impact, friction, heat and static electricity shock. In such situations, there have to be 

accounted during the design stage of process equipment‟s and maximum precautions has to be exercised 

during processing.   

2.1     Propellant mixing 
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           From the explanations of Roberson, this operation uses oxidizers and fuels that are in physical 

contact in day-to-day life. The Common hazards, in this operation is due to the friction, impact. 

Frictional ignition is more probable than the other, the most serious hazard in mixing operation are 

caused by accidental trapping of foreign materials they are screw, nails, bolts and nuts and working tools, 

coins etc., between the mixer bowl and blades. In this operation ignition is caused not only of 

deflagration but also due to the confinement. Therefore, this operation is normally done at remote areas 

to prevent the falling of foreign material and raw materials and the other powders that are added after 

proper griddling on site.   

2.2       Curing  

            The curing temperature is maintained below its propellant auto ignition temperature. Before 

curing there will be small quantity of the paste that are subjected to accelerated test for both the 

temperature and time to check, the possibility of any undesirable reaction which may lead to ignition of 

the paste. Reliable control instruments are used for curing of propellant that makes a safe operation.   

2.3      End inhibition 

            Inhibition process, is done to restrict the burning surface as per the requirements. The main 

hazards during this process is due to the toxicity of asbestos powder, TDI is used in the inhibiting resin. 

PPE‟s such as gas masks and gloves are used during handling TDI. Dust mask for handling asbestos 

powder. 

2.4     Transportation  

            Main hazard, during handling and transportation of the propellants are from impact, shock, 

friction and heat. These may occur due to fall of propellant grain, sudden braking, collisions and 

dragging or exposure to sunlight of propellant grains. Proper packing to absorb shocks and protective 

covering to prevent direct sunlight, controlled speed of explosive vehicles and good care in handling it, 

will help to prevent accidents during this phase. . 

3       Methodology 

         To design fire protection system, inputs are required based on the nature of chemical, reactivity of 

chemicals used in the building. The parameters are class of chemicals to decide the hazardous nature. 

Once hazardous nature is known, it is easy to design firefighting systems in the facility. If building is low 

hazardous, it can planned with hydrants and water monitors. If building is medium hazardous, it can be 

planned with sprinkler alarm valve. If building is high hazardous, then it has to be planned with deluge 

system which is automated. 

3.1 Existing system 

        An effective fire loss control program is planned to prevent or minimise human loss and assets and 

also prevents an inception of fires. In case, a fire does occur, it is to be immediately detected, confined 

and extinguished. For this purpose, sprinkler systems, fire hydrants and firefighting appliances are used 

in propellant processing plants. 

3.2 Proposed method 

        Deluge valve assembly functions on differential pressure operation allowing quick opening of the 

valve and thereby rush of water to the protection system. The valve consists of top valve, bottom valve 

and pilot chamber. Inlet outlet chambers are separate in deluge valve from set chamber at the valve 

chamber and a diaphragm. In Setting, pressure is applied to the chamber through a small pipeline. 
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Pressure is set in to set chamber clapper will hold on to the seat due to differential design. In the „Setting‟ 

position, the clapper divides the inlet from the outlet by keeping the system piping as dry. If the pressure 

is release from priming chamber, the clapper move starts the supply water inlet to flow through the 

discharge outlet and to spray nozzles.The deluge valve shall be a control valve assembly which will 

operate on pressure difference in the deluge valve assembly due to QBD actuation and also by operating 

MCP switch at annunciation panel/control panel in control room. 
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4. Design calculations 

• Design density: 10.2 LPM/m2 

• Minimum pressure at remotest nozzle, P = 1.4kg/cm
2
(1.37x10

5
pa) 

• Limiting Velocity in feed lines: 5 m/s 

• Space between nozzles: 1.5 to 3 m 

• Each nozzle covers an area: 9 m2 

Design Calculation for deluge valve is 

• Dimensions of the building is 24 m(Length) x 16.5m(Breadth) 

• Area of the building = 396 m2 

• Water flow inside the building is area x design density 

Q = 396 x10.2LPM 

                                                                                         (4.1) 

= 4039.2LPM 

Hazardous materials used in plant 

Fire protection system 

Deluge system 

Hydrants 

water monitors 

Sprinkler alarm valve 
Deluge valve 
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• Nozzles inside the building is Area / area coverage by a nozzle 

N = 396/9LPM 

                                      = 396/9                    (4.2) 

    = 44nos 

• Each nozzle flow, 

                                                                 Qn = 4039.2/44 

                                     = 91.8LPM (4.3) 

• K-factor for nozzle, 

 Qn = K√P 

 

                                                                           91.8 = KX√1.4                                 (4.4) 

                                                                        K = 77.5 

* Actual K factor is 79 as per standard sizes 

• Actual Nozzle flow, 

                                                                            Qn = 79X1.4 

                                                                                           (4.5) 

                                                                           = 93.47LPM 

• Actual water demand inside the facility is no. of nozzles x nozzle flow 

         N = 44x93.47 

                                                                                           (4.6) 

                  N = 4112.68LPMor303m
3
/hr 

• For 303 m3/hr water demand, 170mm size of deluge valve shall be installed. 

(Recommended flow for 170mm deluge valve size is 190 to 650 m3/hr as per make) 

• Deluge valve = 170mm 
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     Fig 4.1: Deluge Valve 

             (Source:https://www.hdfire.com/images/product-detail/deluge-valves/img1-big.jpg) 

4.1       Layout of the facility 

            In the layout, hydrants and pump house are drawn 

 

                                                                         Figure 4.2: Layout of the Facility 

4.2        Automatic Fire Pumps 

              Fire pumps are electrical type and diesel type. When system pressure falls then fire pumps start. These 

pumps supply water to sprinkler systems which are near to process facility. Hydrant surrounded the facility also 

provides water through this pump. Pumps must be installed on common base plate Pump must have capacity 

150Noise level reduction is to be taken care during design. Pump elements during rotation must be checked for 

critical speed in bending torsion. The critical speeds shall be at least 30The head – Vs – discharge features of 

pumps are steadily going up from duty point to the shut off point without any zone of instability. The required 

duty range for a pump shall be on the stable portion of its head capacity curve close to the best efficiency point. 

The head developed at the best efficiency point shall be close to the required differential pressure so that 

throttling is not required at pump discharge. The power-Vs- discharge characteristics shall be non-overloading 

type. The shut-off head shall be minimum 20. Pumps to selected as 10The pump shall be so selected and 

installed that the available NPSH is not lower than the required NPSH even in the most adverse operating 

conditions. The pump shaft and bearing shall be adequately sized to take the imbalanced forced due to 

maloperation. The pump gland shall ensure proper sealing without excessive tightening of the packing. Proper 

cooling and flushing arrangement for the gland shall be provided wherever required. Safety guards to be 
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provided for moving parts of pumps. Mechanical seals to be provided for all pumps Isolation valves for suction 

and delivery side must be provided and NRV and pressure gauges on pipelines to be provided. For easy 

maintenance, dismantle joints must be provided. During installation, vibration must be checked and noted. After 

installation, eight hours running is to be carried out. 

4.3      Fire pumps capacity 

           Water quantity required to suppress the fire inside the facility is 303 cu. M Double hydrant of 2 nos is 

considered = 3600 LPM = 216 cu.mFrom pressure loss calculation, loss is 5.5 bar Total water demand is 519 

cu.m and that shall be pump with pressure more than 5.5 barSo, 410 cu.m and 171 cu.m pumps of head 77m are 

selected to suppress the fire during accident or explosion. 

5. Conclusion 

    The Deluge system (Automatic fire protection system) is an emergency equipment to be used in an untoward 

situation to control the consequences. The effective design of such emergency equipment‟s will ensure the 

containment of effects in case of fire. It will prevent the extent of damage that the equipment‟s in buildings 

undergo. Water demand to suppress the fire in the facility is found by dimensions of the facility and the design 

density of fire protection system 
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