Utilisation and Performance Analysis of Fine Sprays for Disinfection within

Healthcare

G.G.Nasr 1*, A.J. Yule 1
S.E.Lloyd 2 and A. Whitehead2
1Spray Research Group

Institute of Materials Research (IMR) 

School of Computing, Science and Engineering (CSE)

University of Salford, Salford

Manchester M5 4WT
United Kingdom

2Hughes Safety Showers (HSS) Ltd
Whitefield Road, Bredbury, Stockport, SK6 2SS,

   United Kingdom 
Abstract
Problems exist worldwide, including within the UK National Health Service (NHS), with Hospital Acquired Infections (HAI’s). The Spray Research Group (SRG) have been working with relevant industries in developing a product which can provide a delivery system for treatment chemicals for surfaces, including the design and testing of a novel spill-return atomizer for this purpose. This paper describes spray performance tests in developing the product. The experimental work includes: mapping the coverage area produced by the sprays, including the analysis of the effects of atomizer positions, configurations, and the required number of atomizers. Comparison is made with the efficacy of an ultrasonic gas atomizer, that is currently used for this purpose.
Introduction
Background
    It has become a well known fact that problems exist worldwide, including within the UK National Health Service (NHS), with Hospital Acquired Infections (HAI’s). Non-ideal cleanliness and hygiene practice has lead to an increase in infection rates with subsequent increases in deaths and illnesses associated with HAI’s. The acronym MRSA (Methicillin Resistant Staphylococcus Aureus) has become synonymous with the problems as the appearance of organisms resistant to antibiotics have meant that HAI’s involving MRSA, have in some instances led to patient mortality. Other infections have also begun to appear including VRSA (Vancomycin Resistant Staphylococcus Aureus) and Clostridium Difficile. Costs associated with extra treatment and extended hospital stays for patients acquiring an infection during their hospitalisation are said to be significant, not to mention the human and social effects. It is proposed that products can be developed using fine sprays (10µm<D32<25µm say)  which can help tackle problems with HAI’s within the UK NHS and elsewhere by providing a guaranteed clean environment for patients and staff. This is achieved by providing an effective and efficient delivery system for specified disinfectant agents which have been proven to be able to kill organisms which may lead to infection. These disinfectants work by coming into contact with the organisms present on a surface, and remaining in contact for a certain length of time (typically minutes) so as to kill the harmful organism present. 
Aims of project
    The Spray Research Group has been working with relevant industries, led by Hughes safety showers Ltd (HSS), in developing a product which can provide a delivery system for such a chemical, including the design and testing of a new miniature high pressure spill-return atomizer [1, 2]. 
    Currently HSS produce a successful portable surface coating disinfection system [3] that uses “Sonicore” 052H ultrasonic gas atomizers, using portable compressed air bottles. An aim is to confirm that the spill return atomizers can produce similar sprays and surface coverage. A new product incorporating the new atomizers would be complementary in that although a mains power supply connection would be required, to power the pump; neither compressed air bottles nor a pressurised liquid reservoir would be required.
     This paper introduces the problem and outlines the spray performance tests in developing the product. The experimental work includes: mapping the coverage area produced by the sprays, atomizer positions, configurations, and the required number of atomizers. The effects of obstacles on surface coverage have also been highlighted. The results were also compared to the available data obtained from the HSS disinfection equipment using an ultrasonic atomiser.
Reasons for using spill returns

    Previous experiments with the existing Hughes Ultrasonic Atomizer (HUSA) system showed that it successfully coated surfaces (walls, furniture etc.) using spray flow rates of the order 0.1 l/min and drop sizes with SMD<20 microns. Excessive flow rates or larger drop size could result in excessive local surface wetting and poor coverage. If flow rates are too low, coating times are excessive and when drops are too fine they may not penetrate to the surface. Investigation of high pressure swirl atomizers, with spill return, has shown that they can produce flow rates similar to the ultrasonic atomizer and similar drop sizes at supply pressure of the order 10MPa. Without spill return the flow rate can be excessive, whilst the addition of spill return reduces spray flow rate with little effect on drop size, and the spilled-off liquid is not wasted because it is returned to the liquid reservoir. 
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Figure 1  Schematic arrangement of the test apparatus                                                     
Experimental Apparatus and Procedures:
    Figure 1 shows the test apparatus which comprised of a spill-return atomiser [2], providing fine sprays, and attached to an aluminium pillar that was fixed to a portable trolley. An unpressurised liquid reservoir tank was mounted on the trolley together with a high pressure pump, manufactured by Interpump Group and capable of producing up to 150bar, at a flow rate of 8 l/min.  A pressure gauge, distribution block, and a high pressure hydraulic pipe were used for delivery of the liquid from the pump to the atomiser. Water was used as a simulated disinfection liquid solution since it has similar physical properties as most solutions likely to be used. 
    A more detailed description of the spill-return atomiser and its performance has been provided on a separate publication [2]. Figure 2 shows a schematic diagram of the spill-return atomiser used throughout this work. The actual geometry used was selected to give small spray angles (<40o) and thus good penetration. The apparatus also comprised of a spill-return pipe that returns the liquid from the spill orifice to the tank. The atomiser was mounted on an adjustable slider bracket attached to the pillar to allow for adjustments in atomiser height and spray angle in both horizontal and vertical planes (see Figure 1). 
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Figure 2   Schematic diagram of the spill-return 
                atomiser with two tangential inlets 
    For the “twin atomizer trials” a second identical atomizer was attached to the rig in the same manner as the first atomizer fed via the liquid distribution block. The distribution block ensures that an equal supply of the liquid was fed to both atomizers to provide even flow rates.
   All tests were conducted within a simulated hospital room, referred to here as the ‘test chamber’ (Dimensions: Length=3.7m, Width=2.5m, Height=2.6m). The test chamber was made of four different wall materials: stainless steel, clear glass, plastic (PVC) and laminated plywood. The ceiling was made of wood with a concrete floor. This enabled investigation of the rate of disinfection for different surfaces. The test chamber was maintained at constant temperature since any variation in ambient temperature is found to affect the rate of evaporation of the spray droplets before wall impact. This in turn could have reflected on the amount of droplets deposition on the surface. A high resolution digital camera (Cannon EOS 350D) was used in providing qualitative information on the disinfection process by analysing close up views of the coated surface. A Pulse Photonics image grabbing and analysis system was also used to measure drop sizes, shapes and velocities in the impact region as well as the use of a Malvern Mastersizer-X for determining the initial drop size distributions [2].

Results and Discussion
   The test results were divided into four distinct sections: distance and spray time duration, spray coverage area, obstacle trials and comparative tests using an ultrasonic atomizer system.
Distance and required spray  duration 
Tests were conducted using a range of distances, 1m<d<3.0m, from the atomiser exit perpendicular to the chosen surface, and different atomizer heights. Various spill orifice diameter, including a zero spill (‘blank’)  atomizer were also tested. Because of the fine nature of the sprays and the relatively narrow initial angles, the sprays were of the “solid cone” shape at impaction giving a relatively uniform spray patternation in the central impact zone. Test used a maximum spray flow rate of 0.55 l/min and maximum supply pressure of 120bar, with most cases using a 0.3mm diameter exit orifice.
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Figure 3  Variation of required spray duration with 

                distance, P=90bar
    Figure 3 shows the variation of spray duration for optimum coverage with distance from the atomiser exit relative to the surface. This optimum coverage was defined as the situation when a uniform coverage of drops was seen in close-up images of the surface, and just prior to the onset of “streaking”. Streaking occurred when significant numbers of adjacent drops combined on the surface to give drops that were large enough to move down the surface under the action of gravity. Figure 4 shows this situation, where the largest visible impacted drop images are approximately 70 microns and the impacting spray has SMD=20 microns. The zero-spill-return case was found to rapidly lead to streaking, the flow rate of the impacting spray being too high for controllability of spray duration. For 1m<d<2.5m with spill orifice diameters (0.4, 0.5, and 1mm) full coverage of the impaction area could be obtained without the droplets commencing streaking.
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Figure 4  Typical view of impacted fine spray 

                 droplets (D32=20µm) plywood surface
     As can be seen in Figure 3, at a distance approximately above 2m with spill diameter of 0.5mm the spray time duration shows a rapid increase which was found to be due to the slower penetration and widening of the spray, for increased spill return rates. When the system was operated with spill diameter orifice of 1mm, it found that a high proportion of the spray droplets did not penetrate to 2m and the larger drops were mostly deposited on the floor as opposed to on the wall.
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Figure 5  Variation of required spray time duration with 
                distance at different heights relative to  

                the surface with two atomisers

     Figure 5 typified the variation of required spray duration with distance with an atomizer at different heights 1.2m and 2.0m. The case with two atomisers simultaneously at these heights is also shown. In the cases shown 0.5mm spill diameters were used. At a distance of 3.0m the shortest time to get a uniform and good coverage with one of the single atomizers could range from 270 seconds to over 600 seconds. The results generally showed that as the height of the atomiser increases the required spray duration decreases. It must also be noted from Figure 4 that when two atomizers are used together at 1.2m and 2.0m heights, the time duration to get a good coverage area is a little higher, initially, than a single atomizer at either height independently. However as the distance increases to 2.0m with twin atomisers, the spray time duration, to get a good coverage area, notably, decreases. As described below the reason is partly due to the entrainment of the air into the two sprays being stronger than for one spray, giving a focusing of the central spray zones, i.e. higher liquid mass flux locally than for a single spray. In addition use of two sprays increased turbulence and convection patterns n the chamber and this led to more fine droplets being moved randomly round the chamber and deposited elsewhere rather than being directed and deposited onto the wall.

Spray coverage area 
      Figures 6 and 7 show droplet contour plots for single sprays with the atomiser perpendicular to the surface and also at an angle of 30o relative to the perpendicular. They are schematic representations of data obtained from high magnification impacted drop diameter analysis from video images of the walls. The coverage area produced by the atomizer is found to be roughly elliptical when the atomiser is set perpendicular to the surface in the horizontal plane. From the results, it is observed that as the height of the atomiser varies, the height of the ellipse moves linearly with it. With increasing atomizer-wall distance from 1.0 to 3.0m, the ellipse varied from 0.65 to 2.04m in height and from 0.48 to 1.64m in width. 
    The spray duration does not have a significant affect on the area of coverage when the atomiser is perpendicular to the surface. However when the atomiser is angled at either 30o or 45o with respect to the perpendicular, there is an increase in surface area in relation to the spraying time. As the spray duration increases, some droplets lose their momentum and thus  a spray cloud ‘rolls’ along the surface depositing very small droplets (<15μm) further along the surface. The small droplets that deposited further along the surface were low in volume and therefore it took a longer duration to provide sufficient coverage of a given area. In addition the droplet sizes of these separated drops are so small that they evaporate very rapidly at the surface (30-60secs). This could affect the efficacy of the spray disinfection as the liquid contact time may prove to be too short to be effective for some solutions.

  The spray pattern that is achieved with the atomizer set perpendicular to the surface is of a specific trend. This tends to have a larger concentration of coalesced droplets in the centre with a rapid reduction in droplet sizes as one moves away from the centre towards the edge of the spray area. It can also be observed that the centre of the dense spray zone is offset upwards from the centre of the elliptical spray coverage area    

    The skewed central zones (within the yellow contour shown in Figure 6) comprised 25 percent of the sprayed volume and  this remains in liquid form on the surface for several minutes, which is long enough to meet the chemical contact time of most treatment solutions    
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Figure 6   Droplet contours for an atomizer perpendicular 
                 to the surface
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Figure 7  Droplet contours for an atomiser at an    

                angle of 30o  to the perpendicular to a wall
    It was also found that some droplets deposited in a corner of the chamber, particularly when spraying at an angle to the wall, and even when spraying towards the centre of the wall. This deposition was additional to the expected spray pattern (Figure 7) and in the form of a narrow band of small droplets (see Figure 8) that rapidly increased in concentration and caused streaking and subsequent deposition on the floor. This phenomenon is likely to be due to the Coanda effect enhanced by the 3D air circulation patterns induced in the chamber.      
     Figure 9 shows the deposition of the two spray areas by two atomizers on the test chamber wall. The results showed the two areas produced are each individually approximately 50% smaller than the area for one atomizer. It was also noted that as the distance of the two atomizers is increased from the surface the area increases but at a declining rate. This was due to overlapping and the enhanced entrainment of air between the two sprays, particularly at further distances where the spray widths increases. 
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Figure 8  additional spray deposition in a corner with the 
               atomizer spraying at an angle to the wall

    
[image: image8]
Figure 9  Test chamber showing spray deposition
                for two atomizers

    Figure 10 shows that for a spill orifice diameter of 0.5mm the largest areas of good coverage are typically produced at a distance of nearly 2.0m from the surface.  It was also observed that at this distance when the width of the droplets reaches its maximum, they still have enough momentum to get to the wall and be deposited sufficiently. 
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Figure 10  Effect of distance on coverage area for 0.5mm
                 spill orifice, 9 MPa supply pressure, each point
                 represents the appropriate required spray  

                 duration 
Obstacles 
    As indicated in Figure 11 a spray may be deflected completely by an object or may wrap around an object according to the object shape and the width, turbulence level and the direction and momentum of the spray (assuming drop sizes are always similar for the sprays in use). Some systematic tests were carried out with objects in the chamber to represent furniture. It was found that care must be taken to position sprays in order to avoid dead-spots with no coverage behind objects.

[image: image10]
Figure 11  Spray patterns for rectangular and rounded
                  objects
    
Comparative results with HSS ultrasonic disinfection equipment
    Figure 12 shows some comparisons with results using the current HSS disinfection equipment using the ultrasonic gas atomiser. To make a distinction between the two systems here, the spill-return atomiser is called the ‘TD’ test series and the ultrasonic atomiser is called the ‘HUSA’ series.
    Both systems were made to spray onto various surfaces over a distance of 1.0 to 3.0m at the two heights of 1.2 and 2.0m for different time durations. It found that the TD series produced a larger average surface coverage area of typically 1.5m2 compared to the HUSA series average area of 1.0 m2. With the size of test chamber wall surface area 37m2, it was found that for the TD series, 0.73 litres of liquid over a period of 17 minutes was required for complete disinfection of the chamber as opposed to 0.92 litres of liquid over 20 minutes using the HUSA series. Thus if both systems were fitted with, say, a 10 litre tank of liquid then the HUSA series would be capable of covering an area of 403m2 whereas the TD series would be capable of covering an area of 503m2.

    The comparison of the two systems demonstrated that the TD series has better spray performance characteristics, is more durable during everyday use, and can cover a larger area faster than the HUSA series. 
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Figure 12   Distance, duration and coverage area for

                  0.5mm spill orifice diameter “TD” series 
                 atomizer and HSS ultrasonic atomizer (HUSA)
Conclusions and Future Work
    The investigation has found that the utilisation of fine sprays (10μm>D32>25μm) at high liquid pressure (<120bar) and low flow rates (<0.3 l/min) is suitable for surface disinfection in healthcare applications (i.e. MRSA, VRSA etc). The sprays from the new high pressure small spill return swirl atomizers are in some aspects superior to the current ultrasonic system for this application.  A stand off distance of 2.0 m with a 0.3m exit orifice and 0.5mm spill orifice diameter, give good coating conditions for supply pressures around 9.0MPa. 
     Future work will include spray coverage for ceilings and development of handheld devices using the results obtained here. Further development of the prototype system will also include trials for disinfection in actual healthcare environments (i.e. hospitals). 
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0.5mm spill, 0.245 l/min





Spray cloud depositing in the Conner of chamber and streaking
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Spray Deflected and Envelopes Round Pillars less than 200mm





Spray Deflected by Oblique Object
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