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The following Technical Memo details the capabilities of the PDX Water Mist Cannon, including relevant comparison to and advantages over currently available water mist technology.

1 Executive Summary 

The PDX Water Mist Cannon used in experiments was a general-purpose unit operated for the sole purpose of assessing capabilities and proof of principle. It was not optimised for the purposes of producing a water mist and so can be viewed as a baseline for further experimentation.

The baseline experiment demonstrated the ease of transfer of technology of the PDX pumping configuration to an efficient water mist generator. Current capabilities illustrated by the tests included:

1. Water droplet generation in the critical sub 42 micron size range, which has been experimentally shown as more efficient than Halon systems in the combat of  Class A and B fires;

2. A fluid flow rate of  29 l/m (1740 l/hr) for the baseline unit, this is greatly extendable with minor design changes;

3. An effective range of approximately 35 m, over which significant wetting occurs;

4. The ability to entrain other fluids into the flow (chemical additives etc), or to entrain additional water;

5. Smoke and gas suppression by cooling and dissolution.

Despite the use of steam in the unit, temperature at the unit exit was 52 0C falling to 24 0C at 5m and 13 0C at 20m.

Comparisons between the PDX system and current water mist cannons are favourable in several areas;

1. The mist size falls within that deemed most efficient for flame suppression;

2. The mist projection unit is small and easily redirected manually, just requiring a hose to the steam supply, it is man portable;

3. Flow rates and mist formation are alterable ‘in process’ and require no changing of nozzles;

4. No high pressure water supply is required, just a relatively low pressure steam supply, common in many industrial processes and aboard ship. It requires no compressors, or gas cylinders;

5. The flow is continuous, not pulsed;

6. The unit is very low maintenance, with no moving parts;

7. Mist projection distance is impressive for a small unit;

8. Entrainment of other fluids is already designed into the unit and requires no retrospective modification.
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Unit Description and Principles

The PDX Water Mist Cannon consists of a small cylindrical unit (length 230mm, diameter 80mm, bore 47 mm) which inlets steam through an annular nozzle. This creates a supersonic, high shear flow and steam condensation leading to a dispersed mist of fine steam ‘droplets’(very wet steam) condensing to water very rapidly (at the exit to the device). Despite the use of steam in the unit, temperature at the unit exit was 52 0C falling to 24 0C at 5m and 13 0C at 20m. The supersonic flow also gives rise to suction through the side entrainment ports of the unit, through which further water can be entrained, which again atomises to a fine mist due to rapid velocity changes. In the series of tests performed, additional water was fed to the device by a low flow rate pump. Further entrainment of chemical additives is possible through additional entrainment ports fed into the outer casing of the unit. The basic unit is illustrated in Figure 1.1
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Figure 1.1 Basic unit 

After atomisation, the water mist is projected from the exit of the device at high velocity due to the acceleration of the steam, supplied at 4 bar, though the annular nozzle.

2 Mechanisms of Fire Retardation

Water has traditionally been the foremost way of fighting fires. As it is a liquid, the drop size, its transport and the speed of its evaporation represent critical parameters in the determination of the potential efficiency of a system to deal with the threat of fire. Water mist is normal water atomized in small droplets. These water mist droplets have a diameter from  5 to 400 µm. In comparison clouds are made of particles with an average diameter of 1 µm; in contrast a typical drop of rainwater has a diameter of between 1000 and 2000 µm.

The water mist produced by a mist system is sprayed onto the fire, where it is transformed into vapour. This process consumes energy, reducing the heat produced by the fire. This heat reduction occurs at a speed 100 times superior to that of traditional fire fighting systems that use normal sprinklers/nozzles; in addition the latter use 10-20 times more water

There are five distinct mechanisms by which water droplets may interact with a combustion effects and products: 

· The high enthalpy of vaporization of water (2450 kJ/kg) leads to heat removal from the flame front as the liquid droplets turn to steam;

· As water vaporizes its volume increases approximately 1700 times, which leads to the dilution of the oxygen and vaporized fuel required to maintain the flame, acting in a similar manner to an inert gas;

· The recombination of H-atoms and other radicals on the droplet surface;

· The retardation of surface propagation rates due to the wetting of walls and surfaces;

· Reduction of the radiative propagation of the fire by forming an optically thick barrier to infrared radiation, which prevents ignition of the unburned regions.

The capacity of a water mist system to fight a fire increases with the size of the fire. This paradoxical behaviour is due to the fact that large fires unleash large quantities of heat, which is used by the system to convert the microscopic droplets into vapour. The vapour in its turn replaces the oxygen necessary for combustion, behaving as an inert gas acting on the flames, extinguishing them.
3 Capabilities

Experimental testing has given an appreciation of the unit’s capabilities in terms of flow capacity, droplet size, effective range etc.

3.1 Droplet Size and Suspension Time

With the phase-out of halon production, two alternative technologies, water misting and low-residue particulates, have come to the forefront. These technologies use water or dry chemicals in reduced quantities to provide acceptable fire protection. According to several papers [1], [2], [3], in the laboratory water droplets of between14 and 44 micron diameter were generated piezoelectrically, and the size and velocity distributions and the number density were determined by phase-Doppler particle anemometry [1]. Droplets having initial diameters of 18 µm underwent complete vaporization in a counterflow flame at a strain rate of approximately 170 s-1, while droplets of 30 µm penetrated slightly beyond the visible flame zone. Measurements of the effect of water droplets on the extinction strain rates of propane/air counterflow flames were performed. Droplets of 14 µm and 30 µm were found to have similar suppression effectiveness, while droplets of 44 mm were substantially less effective at reducing the extinction strain rate. Both the 14 µm and 30 µm water droplets were found to be more effective, on a mass basis, than CF3Br (Halon).
Droplet sizes generated by the PDX system were measured using Interferometric Mie Imaging (IMI) and found to fall within this effective range.

The suspension duration of a water droplet depends greatly upon the local environmental conditions (temperature, prevailing air currents etc). However, it is subject to three mechanisms in still air:

· Large droplet suspension is governed by the mass of the droplet and it will fall as a particle under gravity;

· Medium sized droplets are subject to Stokes drag law;

· Small droplets may be suspended almost indefinitely since they are subject to the influence of Brownian motion.

During testing, droplets were observed to stay suspended for several minutes.
3.2 Fluid Flow Rate
In the laboratory, a water flux of 0.6 L/min-m2 effectively extinguishes Class A and Class B (heptane) fires [1]. Below this water flux level, the extinguishment times vary significantly, while water fluxes above this level do not increase extinguishment times in comparison to the amount of water used. The PDX Water Mist Cannon has the benefit of an adjustable fluid flow rate whilst in use, without necessitating a change of nozzles since the steam mass flow rate and associated water entrainment can be varied. 

The flow rate at which the droplet sizes were measured during tests of the PDX system equated to approximately 29 l/min  (18 l/min entrained water, 11 l/min water from steam), enough to cover 48m2 /min from what should be considered as a small unit. This is equivalent to 1740 l/hr. Since these figures are for a baseline unit without optimisation and further water entrainment, it is anticipated that the flow rate can be greatly increased (several hundred percent) with minor changes if require.

3.3 Projection Distance

Of obvious importance when fire fighting is the ability to remain distant from the heat source. Testing of the PDX unit has demonstrated a significant projection distance of the mist produced, approximately 35m. This is possible due to high velocity at which steam leaves the annular nozzle in the device. At this distance there is still a significant quantity of suspended water in the flow, enough to entirely wet the ground surface beneath the mist cone. The mist generated can be directed into a relatively narrow stream, but the unhindered experimental flow produced a cone with an angle of approximately 50 degrees both horizontally and vertically.

3.4 Further Entrainment

Because of its unique design, the PDX Water Mist Cannon presents the opportunity to easily entrain other fluids into the flow including more water. This is accomplished by the simple addition of further entrainment ports on the exterior of the device. Any entrained fluids will also be subject to the atomisation process, which produces the basic fine mist. 

Not only can fluids be entrained into the flow, but also if desired, solids in the form of powders could be introduced in exactly the same manner.

3.5 Smoke and Gas Suppression

A major cause of death in fires (possibly the major cause) is smoke inhalation, not only carbon monoxides, but also toxic fumes from burning and vaporising chemicals. In situations where these gases are present, water mist represents a significant advantage over other fire fighting techniques, since the dispersed droplets rapidly cool any fumes. The gas cloud therefore becomes denser and settles closer to ground level rather than building up from the top of an enclosed space downwards. This not only aids visibility, but also reduces the volume of the gas cloud, as well as reducing local temperatures. 

An extra benefit is that many gases will begin to rapidly dissolve in the mist, due to a large surface area for gas/water interaction, and small particulates will become wetted. Both of these constituents of the fire will then fall to ground with the water mist.  

4 Applications

The most obvious application for the PDX Water Mist Cannon is in the field of fire fighting since it can suppress flames, smoke and noxious fumes more rapidly than a traditional hose system. This is particularly true in contained room fires since strong air currents are absent and the mist is concentrated and less easily dispersed. This situation would lead to a rapid wetting of the flammable surfaces and materials, reduction in airborne particles and cooling of the immediate area.

However, due to its ability to entrain other fluids, the PDX unit presents the intriguing possibility of use in other areas, including the counteraction and treatment of pathogenic releases, both chemical and bacteriological. A fine mist represents a much more efficient method of distributing counter agents within a localised area since it can fill a volume (not just cover an area) and has a greater surface area for reaction. It is also possible that gases in applications such as these may go into solution in the water mist, again due to the large available water surface area.

5 Competition and PDX Advantages

Current commercially available systems rely upon high pressure water supplies and atomisation nozzles. Although some effort has been made to produce man portable mist cannon devices, the majority are vehicle mounted on rotating turrets and produce mists in the 100-micron range.

The PDX unit represents several advantages over these existing systems:

1. The mist size falls within that deemed most efficient for flame suppression;

2. The mist projection unit is small and easily redirected manually, just requiring a hose to the steam supply, it is man portable;

3. Flow rates and mist formation are alterable ‘in process’ and require no changing of nozzles;

4. No high-pressure water supply is required, just a relatively low-pressure steam supply, common in many industrial processes and aboard ship. It requires no compressors, or gas cylinders;

5. The flow is continuous, not pulsed;

6. The unit is very low maintenance, with no moving parts;

7. Mist projection distance is impressive for a small unit;

8. Entrainment of other fluids is already designed into the unit and requires no retrospective modification.

6 References

1. Patterson, R. A., Gobeli, G., Tapscott, R. E. and DiNenno, P. J., Development of Alternative, Non-Halon Fire Protection System, EPA/600/SR-97/006 April 1997
2. Dlugogorski, B. Z., Hichens, R. K., Kennedy, E. M., and Bozzelli, J. W., Trans. Inst. Chem. Eng. B 76:81-89 (1998).
3. Lentati, A. M., and Chelliah, H. K., Twenty-Seventh Symposium (International) on

Combustion, The Combustion Institute, Pittsburgh, 1998, p. 2839

Visual Reference Photographs

[image: image2.jpg]



[image: image3.jpg]



	Author: Jason Harris
	Checked:

	Position: CFD Analyst
	Position:

	Date: 
	Date:

	Signature:
	Signature:


Pursuit Dynamics plc, UNIT 1, ANGLIAN BUSINESS PARK, ORCHARD ROAD, HERTFORDSHIRE, SG8 5TW, UK

TEL: (+44) 1763 250592, FAX: (+44) 1763 250596, EMAIL: info@pursuitdynamics.com
PAGE  
10
Pursuit Dynamics plc, UNIT 1, ANGLIAN BUSINESS PARK, ORCHARD ROAD, HERTFORDSHIRE, SG8 5TW, UK

TEL: (+44) 1763 250592, FAX: (+44) 1763 250596, EMAIL: info@pursuitdynamics.com

