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Laboratory system for artificial fog generation with controlled number and size
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In this article a system for generation of fogs is presented, which can be used in testing equipment and experiments
that require control of the amount and size distribution of aerosol particles. The main goal of the system development is
to eliminate the human error and to improve the results on producing artificial fog with predictable parameters.
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INTRODUCTION

Fog is an aggregation of microscopic water
droplets, spread in the air. The average size of
natural fog droplets is of about 10-15 um, but can
vary between 1 and 100 pm. According to the
droplet size distribution, fogs could be divided in
two main groups: composed of relatively small
droplets — few microns in diameter (typical for
radiation fogs) and composed of bigger droplets —
above 45 um in many cases (typical for advection
fog). Fog is widely used as a cleaning agent for
contaminated areas in a number of applications:

industrial ~ processing,  defense,  aerospace,
automotive; (e.g. corrosion test chambers and salt
fog cabinets), power generation,

telecommunications, for medical purposes (e.g.
nebulizers), etc. These applications require precise
control on the amount and properties of the used
fog. Further research for gaining the required
insight into fog formation and dynamics is needed
in order to develop different devices such as fog
sensing elements (sensors), etc.

For the development, testing and calibration of
fog sensors based on the SPCE (surface photo-
charge effect) [1] a specialized installation for
producing artificial fog under laboratory conditions
is needed. The process of natural fog formation
involves a number of physical processes (thermo-
dynamic and microphysical ones) which cannot be
completely reproduced in a laboratory environment.
The main problem in the case of artificial fog
generation is to produce droplets of desired amount
and size distribution to simulate fogs with
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parameters close to those of the natural ones. Such
setups have been developed in the industry, in cases
when different features of spray nozzles had to be
investigated [2]. For example, numerous scientific
papers exist, in which the variation in the size
distribution of droplets was experimentally
determined [3-5]. In these studies, the fluid pressure
of nozzles and the proportion of fluids were varied
[4, 5]. Various methods for fog generation have
been reported - vibro-acoustic and acoustic
generators for aerosols [6], vortex sprayers [7],
pneumatic nozzles [8], electro-sprayers [9], and
others. In a number of studies the relationship
between the geometrical features of nozzles and the
amount and size of the droplets they produce, is
analyzed [9-11]. Since the size distribution and the
droplets number density are the most important
parameters of fog, they play a crucial role in the
investigation and the development of fog sensors.
Therefore, for the purpose of fog sensors
development, a flexible system is needed, which
allows to precisely control the number density and
the size distribution of the droplets, as well as to be
capable of generating droplets with predefined
parameters. During our literature and market
survey, we could not find any existing system
satisfying all our experimental requirements. The
main requirements to fog simulator for our sensor
tests include: (i) producing fogs with controllable
number density and size distribution of droplets and
(if) producing fogs with variable and controllable
chemical composition. The second one will be a
subject of a separate paper.
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EXPERIMENTAL SETUP OF THE
AUTOMATED SYSTEM FOR FOG
GENERATION

Since controlling the number density and the
diameter distribution of the droplets is the main
requirement to a system for producing artificial fog,
the first part of the setup designed by us and
described here is intended to provide control on
these parameters. The main parts of our setup are
the fog generation unit (Fig. 1A) and the control
unit (Fig.1B).

Fig. 1. Main parts of the system for fog generation:
A. System unit for fog generation working with tap
water: (1) hose fluid inlet; (2) bleeding valve; (3) inlet
shut-off valve; (4) electromagnetic valve; (5) outlet shut-
off valve; (6) nozzle; B. Control unit: (1) power button;
(2) pulse initiation button; (3) knob for setting the timer
(seconds); (4) switch for selection of time multiplier; (5)
LED indicator for operation

Fig. 1A shows the water dispensing system of
the fog generation unit. The system is fed with tap
water through hose (1) and is bled via valve (2)
when filling. After fixation of the device, taps (3)
and (5) are successively opened. The fog generation
is accomplished by the valve (6) and by passing a
pulse with a specific duration, which comes from
the control unit to the electromagnetic valve (4).

The fog generating unit is put in action by the
control unit through an electromagnetic valve. The
control unit generates uniform pulses with duration
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varying from 0.2 to 0.5 seconds, selected by the
switch (4) and multiplied by the multiplier (3).
When the desired values for the pulse duration are
set, button (2) is used to initiate fog generation.

Fig. 2 depicts the block diagram of the
experimental setup for measuring the diameters of
droplets produced by the system. It is set to the
desired position, so that the generated fog falls in
the working area of the measuring equipment - a
laser particle size analyzer (1). The system uses the
pressure from the water dispensing system (5) and -
via the nozzle (3) - fog with desired characteristics
is produced. The control unit (2) sends regular
pulses to the electromagnetic valve (4), so that the
same amount of water is fed each time.
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Fig. 2. Block diagram of the experimental setup for
measuring the size of droplets generated by the system
working with tap water: (1) laser particle size analyzer;
(2) control unit; (3) nozzle; (4) electromagnetic valve;
(5) source of water at a pressure of 6 bar.

A laser particle size analyzer (JNWINNER,
model 319A) was used to analyze the droplet
distribution and their microphysical characteristics
in order to clarify how the nozzle orifice diameter
influences the parameters of fog. The nozzle (4) is
positioned at a certain distance from the measuring
equipment (1).

A manometer and valves were mounted on the
pressurized gas tank, which allow to control
precisely the feeding pressure of nitrogen, so that
fogs with variable characteristics, such as number
density and size distribution of the generated fog
droplets, to be produced.

EXPERIMENTAL RESULTS ON THE
OPERATION OF THE AUTOMATED
SYSTEM FOR FOG GENERATION

Since fog depends on the mass flow of
pulverized water which is determined by the type of
nozzle used, we conducted experiments to examine
the effect of nozzles with different orifice diameters
on fog formation at a constant gas pressure of 6 bar
and by using tap water. The device has a set of
eight nozzles [12] and each of them creates fog
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with specific parameters (number of droplets,
diameter distribution, etc.), so that it is possible
different types of fog to be investigated. Three of
these nozzles (Fig. 3) were chosen to be studied in
this experiment: PJ6 with orifice diameter of 0.152
mm (1); PJ10 with orifice diameter of 0.254 mm
(2), and P54 with orifice diameter of 1.37 mm (3).
One hundred measurements were taken for each
nozzle. The spraying distance was kept constant for
all experiments — 65 cm. Fig. 4 represents the
amount and diameter distribution of droplets
sprayed by nozzles PJ6, PJ10 and P54.

The summarized results from the measurements
of the droplets produced by the three nozzles of the
system operating with tap water are shown in Table
1 and graphically represented in Fig. 5.

Fig. 3. Three of the tested BETE nozzles

(http://www.bete.com/pdfs/BETE_PJ.pdf): PJ6  with
orifice diameter of 0.152 mm (1); PJ10 with orifice
diameter of 0.254 mm (2), P54 with orifice diameter of
1.37 mm (3).
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Fig.4. Diameter distribution and amount of droplets
produced by a nozzle: a) PJ6; b) PJ10; c) P54

Table 1. Summarized results from measurements of droplets produced by the automated spraying system, and

nozzles with varying orifice diameters.

Nozzle PJ6 PJ10 P54
Modality of the distribution Bimodal  Multimodal = Monomodal
36 12
Peak(s) [um] 110 36 120
100
Averaged diameter by surface area [pum] 55.164 44.899 83.298
Averaged diameter by volume [pum] 77.179 64.434 139.791
Surface area-to-volume ratio [cm?/cmq] 1087.674  1336.332 720.305
Fit error x 100 [%] 0.006 0.005 0.028
Min. diameter [pm] 16 9 16
Max. diameter [um] 230 230 500

The experimental results show that the
investigated nozzles generate droplets with
different size distributions and within different size
ranges. 55% of the droplets, produced by nozzle
PJ6, have diameters between 60 and 230 pm, and
45% of them are in the range 16-230 pm. Nozzle

PJ10 generates droplets, which are predominantly
within the same size interval as those produced by
PJ6, but also a small amount of tiny droplets
between 9 and 20 um are present.

The other difference is that about 55% of the
droplets from nozzle PJ10 are between 20 and 60
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pm, and only 42% of all generated droplets have
diameters between 60 and 230 um. Nozzle P54, on
the other hand, produces significantly larger
droplets than the other two nozzles — 55% of them
are in the range 100-500 pum, and only 45% are
between 16 and 100 um.

The other difference is that about 55% of the
droplets from nozzle PJ10 are between 20 and 60
um, and only 42% of all generated droplets have
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diameters between 60 and 230 um. Nozzle P54, on
the other hand, produces significantly larger
droplets than the other two nozzles — 55% of them
are in the range 100-500 um, and only 45% are
between 16 and 100 pum.

These results show that the system working with
tap water has the capability of generating different
kinds of fogs with specific predefined parameters.
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Fig. 5. Summarized results for the diameter distribution and the amount of droplets, generated by the system working
with tap water and nozzles PJ6, PJ10 and P54

CONCLUSIONS

A simple, innovative laboratory system for
producing artificial fog is designed and described.
It allows improved control of water spraying,
control of droplet amount and size distribution,
stable parameters of the fog. The droplet diameters
vary in the range of the real fog ones.

The system was developed for the purpose of
eliminating the human factor, when conducting
experiments, and also to increase the efficiency of
our investigations by achieving high functionality.
Our system is able to generate fog with predefined
parameters, and it also gives the freedom to
precisely control these parameters (amount and
diameter distribution of droplets), thus producing
fogs with great predictability and repeatability. The
established setup can be used in research projects to
study different aerosol generators and could also
find application in other testing equipments and
experiments which require control of the number,
density and size distribution of aerosol particles.
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JIABOPATOPHA CUCTEMA 3A TEHEPPAHE HA U3KYCTBEHA MBIJIA C
KOHTPOJIMPAHU BPOU N1 JTUAMETBP HA KAIIKUTE
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[IpencraBena e cucrema 3a reHepUpaHe Ha MbIJIa B JaOOPATOPHU YCIIOBHS, KOSTO MOXE Ja Ce M3IOJ3Ba IpH
€KCIIEPUMEHTH, U3HCKBAaIlld KOHTPOJ BBPXY KOJMYECTBOTO U Pa3Npe/eICHHETO 10 rOJIeMUHA Ha acpO30JIHH YaCTHIIH.
OcHOBHaTa IieJ1 Ha cUcTeMara € eJIMMHHUPAHEeTO Ha Bb3MOJYKHA YOBEIKA IPEIlKa U MoJo0psBaHe Ha pe3yjTaTHTe NpU
NoJyyaBaHe Ha M3KYCTBEHA MbIJIA C TIPEIBAPUTEIIHO 3aaJCHU MapaMeTpH.
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