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ABSTRACT 

This paper will focus on the behaviour of mist spray using the internal mixing twin fluid atomizer (Delavan 
AL75) with a different pressure of fluids. The cleaner nozzle selection should be emphasized intended to provide a healthy 
environment in an indoor cooking area that reduce the pollution and wastage. The kitchen exhaust ventilation system is the 
process of neutralizing the contaminated air in the cooking space through the cleaning process. The pressure of fluids in 
this study is 1bar, 2bar and 3bar at room temperature of 25  to 30  with humidity of 65% to 70%. The direct image 
analysis technique applied in analysing each picture of spray taken using the camera 550D/T2i then the image transfer to 
Solidworks for measure spray angle and penetrations. From the analysis, there was a mist spray formation in the form of 
cone angle with elongation penetration is low and spray angle increased wider than the existing nozzle. The behaviour of 
mist spray can be summarized when the air pressure increases, flow decreases and increases atomiser formation. The type 
of internal mixture nozzle can be applied for kitchen hood cleaning process. Therefore, the water consumptions can be 
reduced in kitchen ventilation hoods water wash (KVE-WW). 
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INTRODUCTION 

The technology of Kitchen hood was introduced 
a new system and their ability enhanced from various 
areas. These developments are included the performed for 
improving the quality of food service and environment. It 
will start from initial concept through the solution of 
development, manufacturing, and installation on site, 
phase commissioning and maintenance. Every research 
and development need to have a classification and 
objective distinctive for example in terms of energy 
efficiency, indoor environment quality (IEQ), food or fire 
safety and air purification. The focus is for entirely on a 
dirty airborne in kitchen ventilation exhaust during the 
cooking process and especially in the cleaning process 
[1]. 
         The water wash technology in the kitchen hood 
system is the combination of water mist and the water 
wash system. The purpose of this concept is as a cleaning 
system in the inner surface kitchen hood. This system is 
for maintain the high levels of hygiene, facilitates 
cleaning of the filters, increasing the productivity, reduce 
water consumption and maintenance cost. The nozzle 
development has seen related to exhaust hood design. 
Most researchers were studied in nozzle design with 
analyse the sprayed behaviour and spray characteristic. 
Each measurement techniques have used the microscopic 
and macroscopic spray characterisation with various 
methods includes the optical method, electrical or 
mechanical techniques. Optical techniques are most 
commonly method because it was easy to analyse but 
very expensive. The spray characteristics can be obtained 
with an experimental technique based on the analysis such 
as direct photographic imaging [2]. 

LITERATURE REVIEW 
Generally, mist spray is related to water. Water 

mist spray is defined as 99% of the volume is droplets 
with a diameter below 1000 μm (Dvorjetski and 
Greenberg, 2004; Heskestad, 2003; NFPA 750, 2003), the 
mean diameter is 80–200μm and 99% of the volume are 
below 500μm diameter (Grant et al., 2000) or the median 
droplet size is below 100μm (Lentati and Chelliah, 
1998)[3]. There are a few categories for flat fan spray 
nozzle types and it separated with code. According to a 
review from nozzle manufacturer that practicing in spray 
system; flat-shaped spray pattern has four types of 
dispersion categories. There are flat spray tapered with 
spray angle range from 15o to 110o, Flat even with spray 
angle range from 25o to 65o, Flat spray deflected type with 
spray angle range from 15o to 150o, and air atomizing flat 
spray deflected. The deflected-type flat spray nozzles are 
chosen because it produces a relatively even flat spray 
pattern of medium-sized drops. The spray pattern is 
formed by liquid flowing over the deflector surface from 
around orifice. The flat spray nozzle with a 0° spray angle 
produces a solid stream. These nozzles typically will 
produce the highest impact per unit area. The previous 
study by Robert Grisso (2009) had identified, the pressure 
is the most important parameters for create the spray 
pattern and it will generate the finer atomization which 
high pressure of fluids give consequence in the droplet 
size [4]. Flow patterns and nozzle design can provide the 
strong effects of the spray characteristics and behaviour 
[5][6].  
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METHODOLOGY 
 
Direct image 

 The image processing technique is a method of 
determining spray decline sizes in the process of spray 
studies. The image spray was captured by using one 
simple camera and analysed by using a technique digital 
of image processing. This technique presents a good 
decision in decide water size decline distribution flow 
spray from the nozzle. According K. Sudheer (2000), 
through one of investigation is carried out in finding out 
this method there are limits to an acceptance that may be 
eliminated correction through further research. This 
technique possibility useful for the researcher to 
determine a quantitative relationship between size 
distribution declines, sprinkler operating pressure and 
diameter nozzle [7]. 
 
Nozzle selection 

The Flat Nozzle AL-75 series was selected for 
this experimental and produces by Delevan Spray 
Technologies as shown as in Figure-1.a. This type was 
selected based on the existing nozzle as shown as in 
Figure-3(a), where tip geometry used in kitchen 
ventilation hoods water wash (KHV-WW). The nozzle 
name is flat spray nozzle which only the water is used in 
KHV system. The filtering concept used still a same idea, 
but the addition of air in the nozzle type is called twin-
fluids internal mixing. This Spray nozzle pattern has 
thinner than the standard straight versions and it can be 
directed to a more concentrated pattern. Nozzle AL75 was 
assembled with seven main components. Seven 
components in the nozzle which is function of producing 
twin fluid mixing in spray where it has body plug, plug 
gasket, nozzle body, nozzle gasket, cap locknut, liquid tip 
and air cap as shown in Figure-1.b. The final discharge 
orifice was 2.8 mm in diameter with length 2 mm and it 
was located at the air cap. In mixing chamber, water and 
air will mix and water from the liquid tip with outlet 
orifice diameter 0.6 mm to air cap. 
 

 
 

Figure-1. (a) Nozzle AL75 (b) Schematic diagram of 
nozzle AL75. 

 
Experimental technique 

The experiment technique is used determine the 
sprayed behaviour  through the visual video image 
captured by  digital single–lens reflex (DSLR) camera 

model 550D/T2i under direct light. The spray was 
developed by fluids pressures with certain ratio and then 
the spray video will convert to image file to the special 
software (Sony Vegas Pro 11) for  the image analysis as 
shown in Figure-4 [2].  

 
Test rig 

The test rig was used in this experiment as shown 
as in Figure-2. The experiments are executed by using two 
different experimental setups. Two types of flat nozzles 
have been used in this experiment, there is flat nozzle AL 
75 as shown as in Figure-1 as first setup and flat jet nozzle 
as shown as in Figure.3 for second setup. The liquid 
(water) pressures is start from 100kPa (1.0 bar) until 
300kPa (3.0 bar) at the ambient temperature between 25° 
C to 28° C and the angle of nozzle for front view and side 
view is 45 degree base on the nozzle position in KHV-
WW system. For nozzle AL, 75 essentially use air-liquid 
ratio (ALR) to develop mist spray. In this study, ALR is 
the ratio between air pressure with liquid pressure base the 
parameter such as start from 0, 0.2, 0.4, and 0.6 until 2.0. 
For example, ALR 2.0 is means 2.0 bar of liquid pressure 
equal to 4.0 bar of Air pressure. In Figure-3.b shows that a 
schematic diagram for experimental apparatus using 
nozzle AL75. For flat jet nozzle model: MAXX 1/8 
BKSJB.50 use liquid (water) only has been observed in 
this research. 

Experiment setup for nozzle AL75, it can be seen 
that pressured air will generate from air compressor. The 
compressed air will flow through the valve, pressure 
gauge, air flow meter, and non-return valve go forward to 
the nozzle. The valve (5) will control the air pressure. The 
water sources that produce the mist spray is initially 
retained in a water reservoir. Water supply to the nozzle 
start from a water pump, through the valve, water flow 
meter, pressure gauge and non-return valve.  

Spray formation will start from at the air cap nozzle 
was recorded using the camera and the video image 
captured are stored in files and the analysed by using 
direct image analysis (DIA) technique. 
 

 
 

Figure-2. Test circuit for nozzle AL75. 
 
Direct image analysis  

Direct image analysis (DIA) is one of the 
methods to study mist spray behaviour include spray angle 
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and penetration. Therefore, the DIA has three main 
components to use in this study and there are included a 
lighting, digital camera and rig. Figure-3 is shown as the 
flow process for DIA. The first step is to take the video 
image for spray experiment around few second, then the 
second step is to transfer the video to Sony Vegas Pro 11 
software. This software can show that the video start run 
from 0.00 to 0.04 sec and it can study the spray 
development. The camera position and focusing are 
important thing because the suitable distance needs to get 
best video image. The camera distance for this study is 
approximately in 1200mm. Last step, the spray image 
from Sony Vegas pro11 will transfer to Solid works for 
measure spray angle and spray penetration using the 
distance ratio from the background on the test rig. In 
Figure-5, the initial condition picture has the white line 
behind the nozzle position. Each distance is 50 mm. The 
function of this line is to use as the reference for measure 
the spray penetration using the smart dimension in 
Solidworks. Smart dimension also can use directly for 
measure spray angle from the spray image. The several 
result of this study as shown as in Figure-6 using smart 
dimension in Solidworks. 
 

 
 

Figure-3. (a) Flat jet nozzle model: MAXX 1/8 BKSJB.50 
(b) Schematic diagram of flat jet nozzle. 

 

 
 

Figure-4. Process flow for direct image analysis (DIA). 
 

RESULT AND DISCUSSION 
 
Spray formation 

There are three categories in this study for the flat 
spray nozzle AL 75 as shown as in Figure-5. The 
categories are liquid pressure in 1.0 bar, 2.0 bar, 3.0 bars 
with variable air pressure depend on the air-liquid ratio 
(ALR). The study of mist spray flow characteristic was 
started from ALR 0, 0.2, 0.4, until ALR 2.0. In this case, 
before full developments of mist spray have three stages 
includes dribble stage, distorted pencil and tulip stage.  
For liquid pressure in 1.0 bar, the dribble stage formation 
is started from air pressure 0, 0.2.0.4 and 0.6 bars. 
Distorted pencil stage is at 0.8 bar air pressure. When 
ALR 1, the tulip stage appear. The full development of 
mist spray for 1 bar liquid pressure is 1.2 bar air pressure 
or 1.2 ALR. It is the different case for study 2.0 bar liquid 
pressure. Dribble stage is from 0 until 0.6 bar or ALR 0 
until 0.3. Distorted pencil spray development started in 
ALR 0.4 (0.8 bar) until 0.5 (1 bar) and tulip stage at 1.2 
bar air pressure. Fully mist spray is started in 1.6 bar. 
Liquid pressure for 3.0 bar also has different ALR for mist 
spray development. It was started at 2.4 bar air pressure or 
ALR 0.8. It means the increasing of air pressure is 
important for mist spray characteristic or mist spray 
behaviour. The mist spray pattern produced by nozzle AL 
75 is an inverted “triangle” shape pattern. 
 

 
 

Figure-5. Mist sprays image for nozzle AL75 at various 
air pressure. 

 
Figure-6 is shown as the differential of the spray 

depending on the type of nozzle with the fluid pressure 3.0 
bar. Figure-7 is shown as the water spray image for flat jet 
nozzle model MAXX 1/8 BKSJB.50. The images have 
two side view categories which side view and front view 
include the initial condition. This study was observed start 
from 1.0 bar, 2.0 bar, and 3.0 bar of liquid pressure. When 
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the liquid pressure was increased the image of water spray 
clearer if compare with the decrease of liquid pressure. 
That mean the liquid pressure increase the water 
consumption also increase. 
 

 
 

Figure-6. Fluid pressure at 3.0 bar for nozzle model (a) 
AL75 with air liquid ratio (ALR) 1.0 (b) MAXX 1/8 

BKSJB.50. 
 

 
 

Figure-7. Water sprays image for flat jet nozzle model 
MAXX, BKS.JB.50. 

 
Spray penetration 

In Table-1 is shown as the results for nozzle 
AL75 at liquid pressure 3.0 bar with ALR start from 0 
until 1.6. Mist spray development is started from 2.4 bar 
(ALR 0.8) air pressure with 124o spray angle and 175 mm 
spray penetration. While the water pressure is same, the 
differential of water flow rate such as in ALR 0.8 is 
0.00022 m3/min and ALR 1.0 is 0.00020 m3/min. Lower 
ALR than 0.8 have three spray developments such as 
dribble stage, distorted pencil and tulip stage because the 
air was injected in small flow rate. Figure-5 is shown as 
the effects of pressurized air supply on the spray angle and 
spray penetration for nozzle AL75. Additionally, the graph 
shows that the mist sprays development in liquid pressure 
1.0, 2.0 and 3.0 bar. For 1.0 bar, mist spray start from 
ALR 1.4, ALR 1.0 is for 2.0 bar liquid pressure and ALR 
0.8 is for 3.0 liquid bar.  For nozzle AL 75 spray 
penetration, the maximum elongation can reach until 214 
mm at 3.0 bar liquid pressure. 

The water spray pattern can be specified in the 
differential liquid pressure on the flat jet nozzle. Table-2 is 
shown as the result of flat jet nozzle spray penetration and 
spray angle at 1.0 bar, 2.0 bar and 3.0 bar. Furthermore, 
the comparison of both the type of nozzle is flat jet nozzle 
has maximum spray elongation is greater than nozzle AL 
75. The maximum spray elongation is reached 366 mm 
from the exit of the nozzle. The water spray pattern can be 
specified in the differential liquid pressure on the flat jet 
nozzle. Table-2 is shown as the result of flat jet nozzle 
spray penetration and spray angle at 1.0 bar, 2.0 bar and 
3.0 bar. Furthermore, the comparison of both the type of 
nozzle is flat jet nozzle has maximum spray elongation is 
greater than nozzle AL 75. The maximum spray 
elongation is reached 366 mm from the exit of the nozzle. 
Figure 8 and Figure 9 are shows that graph for spray angle 
and penetration for both type of nozzles (Nozzle AL75 
and Flat jet MAXX 1/8 BKSJB.50). 

 
Spray angle 

The spray angle for spray nozzle AL75 is wider 
than spray angle flat jet nozzle. In reference Table-1 and 
Table 2, It found that the maximum spray angle for AL75 
is 165o and 105o for flat jet nozzle at liquid pressure 3.0 
bar. That mean atomized air was provided more spray 
angle than pressurized liquid. Therefore, the spray angle is 
relative to pressurized air. According from Table-1, the 
minimum value of spray angle for nozzle AL75 is around 
96° while the maximum value of spray angle is 165°. In 
comparison in the flat jet nozzle, the minimum spray angle 
is 75o for 1 bar and the maximum value is 105o for 3 bar. 
Thus, the liquid pressure was increased, spray angle also 
increase.    

 
Table-1. Result for nozzle AL 75 at liquid pressure 3 bar. 

 

 
 
Table-2.Flat jet nozzle spray penetration and spray angle 

at 1bar, 2bar, 3bar. 
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Figure-8. Effect of air supply pressure on the spray angle 
and spray penetration for nozzle AL75. 

 

 
 

Figure-9. Influence of liquid pressure on water spray 
performance. 

 
CONCLUSION 

Spray behaviour or characteristic of a differential 
pressure of fluid have been assessed by DIA. There have 
two type of nozzle in this study. Nozzle AL75 will 
develop mist spray at twin fluids low pressure and Nozzle 
flat spray will develop water spray. Mist spray can reduce 
water consumption compared with water spray. For 
example, the water flow rate for nozzle AL75 of ALR 1.6 
at water pressure 3.0 bar is 0.0007 m3/min but 0.00029 
m3/min for flat jet nozzle at 3.0 bar water pressure. The 
differential of the flow rate is 0.00022 m3/min. Assume 
that, operation hour in the kitchen hood system is eight 
hour (1 day). So the total reduction of water consumption 
is 0.0132 m3/hour or 13.2 l/hour or 105.6 l/day. But the 
spray effectiveness will study in further research.          

The result of nozzle AL75 shows that the water and 
air pressure increase; the spray angle and penetration also 
increase. Air pressure at 0 bar, the cavitation phenomena 
at exit orifice. According A.H. Lefebvre (1989) claims 
that the low static pressure, gas or vapour may be released 
from the liquid to form bubbles at exit nozzle. It can 
recognise that at Figure-5 in dribble stage. Nozzle AL 75 
type of internal mixing type where the spray cone angle is 
a minimum for maximum air pressure or air flow. This 
study has shown that a good atomization can be obtained 
very low liquid flow rates and high air flow rates. It can 
see that at Figure-5. It can be proved by the mist spray 
formation related to an increase in air pressure and 
decrease liquid pressure for flat nozzle AL 75. This 

research has thrown up many questions in need of further 
investigation. 
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