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Rezumat. Lucrarea constituie un mod de abordare modern privind felul în care se realizează o sinteză
bibliografică bazată pe cuvinte cheie aferente unei anumite teme. Tema la care face referire această lucrare este
axată pe jeturi libere în medii polifazice. Autorii au sintetizat elementele caracteristice a peste 250 de lucrări pe
baza cuvintelor cheie, specifice subiectului studiat, împărţite în trei mari gupe: aspecte fenomenologice,
standuri experimentale şi aparatură de măsură, vizualizare şi achiziţie de date. În lucrare este prezentat un
program dinamic, cu legături şi interconexiuni la referinţele bibliografice studiate, care pemite cercetătorului un
acces rapid şi chiar simultan la acestea. Cercetătorul poate astfel face o comparaţie rapidă a elementelor legate
de un anumit cuvânt cheie al domeniului de cercetare specific, de exemplu sisteme de vizualizare a
fenomenelor. Considerăm această lucrare utilă din punct de vedere didactic şi metodologic pentru masteranzi,
doctoranzi şi cercetători, ceea ce va permite elaborarea unor lucrări de calitate conform exigenţelor practicii
internaţionale din domeniu.
Cuvinte cheie: sinteză bibliografică, jet polifazic, stand experimental, vizualizare fenomene.
Abstract. The present work offers a modern approach concerning the bibliographical synthesis based on a
certain theme with the explicit keywords. The theme developed in this paper is focused on free jets in
multiphase flow and on their implementation in fire extinguish using water mist. The authors made a synthesis
on over 250 works, based on the clear keywords divided in three groups: phenomenological aspects,
experimental stands and adequate measurement equipment, process visualization and data acquisition. The
paper presents a dynamic programme built in Microsoft Excel, with interconnections to the bibliographic
references, which allow a quick and simultaneous access to these. Consequently, the research using a certain
keyword might contain a comparison of the concerned references, e. g. systems of phenomena visualisation.
This paper is useful to master and PhD students, and researchers too, for their highly structured scientific papers
and reports.
Keywords: bibliographic synthesis, multiphase jet, experimental stand, phenomena visualization.

1. INTRODUCTION
The word “bibliography” derived from the
Greek word bibliographia (2nd century AD) which
meant the academic study of books as cultural
objects or even the writing of books [1]. The
meaning of a list of books or source materials used
or consulted in the preparation of a work, arranged
according to some criteria was first used in the 16th
century. The first bibliographies were lists of
books compiled by writers who guided the readers
to their other books. Later, in the 20th century, the
field acquired a special importance because of the
need to access easier all the published works. So,
the function of bibliography is to provide the
needed information to the researchers.
Some states, such as U.S.A. and Netherlands,
have
national
bibliographies
published
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commercially, and the U.K. has the British
National Bibliography published by a council,
council which represents the publishers, the
libraries and the booksellers. These bibliographies
are published periodically and they are
alphabetically arranged by authors, titles and
subjects.
Bibliographies differ by size and method,
according to their purpose. The bibliographies of
publications, and not only, on a particular subject
are the most complete and they cover many
derived branches of interest because they also
include the latest articles and actually web-sites.
The objectives of compiling a bibliography, in our
case and according to Britannica 2005, were to
find out books and papers on a certain subject, to
describe those using keywords and to collect the
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entries into a data-base useful for the focused study.
Depending on the purposes, the author of the
compiled bibliography should arrange the
materials by criteria that make the research easier
and that bring out all the important features he is
looking for. For example, we used a chronological
order. The advent of the computer and the databases we can easily access using it were really
important in this field. In our case, there can be
accessed also sub-lists with the references, using
the keyword feature [2].
2. BIBLIOGRAPHY RESEARCH METHOD

Steps to library research
- the first step and the most important one is to
choose the topic, that subject that you want to
find out more about it. In this case, it is
represented by water mist as a fire fighting
agent. After doing this, keywords identification
is required;
- second step is using the keywords to collect
articles, books, websites, names, dates, people
and other sources associated to the topic;
- the thing that requires a lot of time is evaluating
all the resources, critically analyzing them and
keeping the ones that are truly helpful regarding
the subject.
- after accomplishing the stages above, the paper
will be written. The bibliography is part of it,
it’s a list of source materials that are used,
consulted or referred to in the work.
The bibliography should highlight the
subject’s trace in history if its origins are known. It
also should present a horizontal research. The main
subject should be linked to additional elements
which make it possible. For example, using direct
spray, the mist is created. This is possible when the
water leaves the nozzles. There are different types
of nozzles which have been studied such as simple
nozzles, multi-nozzles, magnetic nozzles, spray
nozzles, shaping nozzles [3-10]. In the last 60
years, there were developed studies and researches
so that the efficiency of using water for fire
suppression could be maximized. In 1955,
Braidech et al. studied and described the
fundamental principles of extinguishment of liquid
and solid fuel fires using finely divided water
sprays [3, 4]. From 1959 to 1961, the relationship
between drop size distribution and spray velocity
for extinguishment of hydrocarbon pool fires was
explored by Rasbash et al. During the 1960's and
1970's, studies occurred in a variety of settings,
from university laboratories to industry and
government research facilities. Work done by the
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US Navy in the late 1970's culminated in a
working design for what today would be called a
fixed water mist fire suppression system for
machinery space fires. But this didn’t stop with
that, because in 1987, when the Montreal Protocol
was signed, the interest in using fine water sprays
for fixed fire suppression systems was renewed. In
1995, the National Research Council in Canada
(NRCC) used a questionnaire for finding out what
interests in water mist research are [11, 12]. In this
research work were involved a lot of institutes,
universities, departments, colleges and of course, a
lot of people.
Water mist systems have started to be used
instead of traditional sprinklers. Usually, the
primary fire risk in engine rooms and in gas
turbine enclosures consists of leaks of fuel;
lubricating or hydraulic oil coming into contact
with hot surfaces [13]. The investigations came to
the conclusion that this method’s performance in
extinguishing fire is really high. But industry isn’t
the only environment were water mist systems are
used, so they can be found also in offices, hotels,
passenger ships, computer rooms, etc [11, 12].
Used for fire extinguishments, water is indicated
for many reasons such as: it is non-toxic, it is free
and it is a clean agent for the environment [8, 1319].
3.

RESEARCH
OF
THE
SPECIFIC
REFERENCES IN WATER MIST USE

The bibliographic research for this topic has
been realized on four connected ways that are:
theoretical
aspects,
experimental
aspects,
phenomena visualization (principles, methods,
systems and equipments), numerical modelling of
coupled transfer processes of a jet. For all of these,
there has been done a bibliographic research based
on international and national magazines from the
Polytechnic University of Bucharest’s library, on
virtual university’s library, manuals, requested
articles, proceedings of national and international
conferences and also on team members’ libraries.
There were over 250 bibliographic references.
3.1. Theoretical aspects
These aspects found in a lot of publications are
divided in:
- macroscopic phenomena based on conservation
equations of the entire moving system and
developed using mass and heat transfer. There are
equations for each phase and for each component.
The most studied subjects were the two phase jets
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and the effects of varying confinement levels on
them. After the water jet leaves the nozzle, the
properties of the environment are different such as
temperature and concentration. There is a mass and
heat transfer during the evaporation process and as
a reaction to this, the evaporation velocity will
decrease and the environment structure change.
These studies were based especially on the models
presented by Mills, Petit, Quintiere et al. [3, 2023];
- microscopic phenomena were focused on direct
observation of a droplet in a vapour-liquid system
considering its distribution and velocity. There
were used several theoretical models found in
bibliographical resources, regarding evaporation,
dynamics and thermal behaviour of droplets. An
element which is highlighted in most of the papers
is the behaviour of a duo - droplet-environment –
used to find other characteristics of concentration
and not only. There are several works of Anderson,
Myung on these topics [24-27]. Metastable
phenomena, studied by Zheng, Sergeev et al [2831], make the vaporisation process slower and also
the changing in phase. The last one is influenced
by droplet composition, by its temperature and by
the environment where all these take place.
Because the evaporation process is slower, the
droplet’s lifetime increases. About these themes
there are paper of Thompson, Varghese et al and
Adler [32-34].
3.2. Experimental aspects
In the researches developed in this area, there
were designed experimental stands and there were
analyzed the values and observations obtained
during the experiments at real scale. These
experiments could be used not only for studies, but
also in industry, in civil and military domains [7, 8,
15, 34-36].
The experimental stands were made for jets in
open spaces, with exposure to hot and cold
environments. Hot environments are made up of
hot air, gas combustion flames and they can be
vertically or horizontally limited. Experimental
modelling stands are provided with classical
measuring devices for pressure, temperature,
concentration, with data acquisition systems and
also with equipment for process visualization and
which ensure the characteristic properties
measurement.
On the other hand, the stands are fitted with
systems for generating jets, flames and other
components that participate to environmental
changes. There are also used analyzers and as a
TERMOTEHNICA 1/2011

well-known technique, there should be mentioned
chromatography. The devices have a raised
sensitivity for obtaining the needed parameters and
for decreasing the errors in measurement. For
example, Thus, K. Varghese [33] and F. Barreras
et al. [36] are analyzing the evolution of pure water
droplets and salt water droplets during a fire
extinguishing. D. Adler, [34] and V. A. Iyer and J.
Abraham [37] refer to the injection of liquid spray
into a hot gas atmosphere with application in diesel
engine technology, gas turbines, air conditioners,
fire fighting etc. Many papers contain the useful
information concerning the test techniques and
measurement equipment [2].
3.3. Phenomena
visualization
(principles,
methods, systems and equipments)
Flow visualization methods can be classified
in three classes such as:
- flow view by the addition of foreign substances
in the gaseous or liquid flows;
- flow view using optical methods;
- flow view after marking the field with energy and
heat addition.
The first class includes all the techniques by
which a foreign material must be visible. If the
material particles are small enough, it can be
assumed that the movement of these particles is
similar to the fluid in terms of direction and speed.
So it is an indirect method, since it observes the
movement of foreign material and not the
movement of the fluid itself. The difference
between fluid movement and foreign particles can
be minimized but not entirely avoided, by
assuming that the density of foreign particles
almost coincides with the density of the fluid (M.
George et al. and W. Merzkirch [38, 39]). Such
methods give excellent results in the stationary
flows.
Changes in fluid density are the key of the
second class of visualization methods. Since the
fluid density is a function of the refractive index of
medium flow, the compressible flows can be made
visible by optical methods sensitive to changes of
the refractive index in the investigated field.
Variable-density flow field is, in optical terms, a
phase object. A beam of light transmitted through
the object is optically affected, but its intensity
remains the same after it leaves the object. An
optical device located after the object provides a
uniform lighting plan. After analyzing the plan
changes, conclusions were drawn, conclusions
regarding the density variations in the flow field
[35, 36, 40-44].
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The two methods described above, the
addition of foreign materials and the optical
methods, are recommended for incompressible and
compressible flows. But there is this third class of
flow visualizing techniques which combines the
two first methods. In this case, the added substance
is energy (heat or electricity) 39]). So, the marked
elements sometimes require a viewing optical
method for distinguishing them, but there are cases
when the energy release is so large that the marked
elements can be directly observed. These methods
are often applied for flows with an average density
of low value. [38, 45-47]. Density changes that
occur in this type of flows might be too weak to be
detected by an optical method. For this reason, this
third group of visualization techniques is applied to
a third class of flows - the rarefied one or the ones
with low density gases.
3.4. Numerical modelling of coupled transfer
processes in two-phase jet
Mathematical models used in thermo-fluidic
processes of jets and flames were approached in
two distinct ways: a non-deterministic approach
and a deterministic one. Non-deterministic
approach uses statistics to determine the frequency
of events and their development time. Different
models are embedded in order to make a
connection with the probabilistic described in
literature and with random phenomena [25, 40, 48,
and 49].
The deterministic approach is based on the
chemical and physical relationships of the
combustion phenomenon and it is the most used
method. A specific scenario is considered as a
subject and output data are provided as numerical
values. The mathematical models used today, such
as simple calculation models and calculation based
on computer are based on this method. CFD
(Computational Fluid Dynamics) models can be
divided into two categories based on solving
equations: RANS (Reynolds-averaged NavierStokes) and LES (Large Eddy Simulation). In the
RANS case, the Navier-Stokes equations are
averaged in time before they can be derived to
solve.
In the other case (LES), the time mediation is
not affected and the solution can be considered
accurate reported to time. Hostikka presents the
differences using both approaches. While RANS
approach looks like a laminar flame, LES approach
clearly shows what currents appeared. LES model
is preferred because it can explain better the
buoyancy of hot gases and also the air
90

incorporation in flame and in smoke pillow.
Examples of CFD models using the RANS
approach: Jasmine, Kameleon, SMARTFIRE,
Sofia and ISIS. Examples of LES models: SDS,
SMAFS [27, 50-52].
For example, in a computer modelling of a fire
in an enclosure could be mentioned two principles:
zone modelling and domain modelling. Zone
modelling describes the influence of fire using a
limited number of zones or of control volumes.
The most common pattern is called "the two zones
model" that divides the space into two distinct
control volumes: one volume under the ceiling
called the "up volume" which is characterized by
hot combustion gases and the other one is the
“down volume” and it is characterized by fresh air.
Semi-empirical mass equations, momentum and
energy are solved separately for upper and lower
layer. The mass and energy transition between the
areas are treated as a "smoke plume."
Domain modelling assumes from the
beginning defining a space area. It will be the
simulation and its proportions are given by the size
of the object will be the subject of modelling. The
domain is divided into several down volume
controls that will be defined later as walls,
obstacles or simply as a fluid. In this way the
simulation geometry will be built in the previously
defined domain and boundary conditions can be
determined by imposing certain restrictions. CFD
modelling is also used to solve sets of differential
equations derived from natural laws.
Because there are different types of flows, the
modelling should include various models to make
the simulation possible. In order to obtain reliable
results, every model of the three mentioned above
has its own sub-models, for every situation [5355].
3.5. Modelling jets
Water jets and barriers are generally used to
extinguish fires, to disperse the dense gas
accumulated in various areas and to control the
spread of smoke. CFD models for fine jets can be
divided into two main categories: the Euler model
and the Lagrange model.
The first model is generally solved faster than
the second one, but it requires starting from the
premise that water droplets act like a continuous
fluid. The Lagrange model is based on the
formation of water droplets phenomenon, it is
more accurate than Euler model, but it requires too
much time. [56-60].
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4. THE ACCESS TECHNIQUE AND THE
SORTING
OF
BIBLIOGRAPHIC
ELEMENTS
The bibliographic resources have been
classified in:
- journal papers
- proceedings of conferences
- reports available on-line
- PhD thesis
- reports
- books
- Web-sites.
They have been studied and selected
considering the next 22 keywords:
- water sprays
- water mist
- spray cooling
- drop evaporation
- numerical investigation
- jet free flow
- fire extinguishment by water
- experimental investigations
- fire sprinklers/ nozzles
- temperature measurement
- transfer processes in two phases
- droplet transfer phenomena
- atomization
- turbulence analysis

- industrial applications
- drop size distribution
- non water droplet investigations
- droplet flow measurement
- phase Doppler interferometry/ methods
- radiative field
- scattering calculation
- non isothermal jet.
After that, the bibliographic elements have
been introduced in Microsoft Excel (figure 1) were
they can be sorted depending on:
- type of paper
- year of publication
- number of pages
- title.
Every single bibliographic element is based
on one or more keywords. At the intersection of
these two fields you can find a sign „*”.
The database can be used as it is or it can be
sorted in sub-lists according to some criteria.
Example: In aim to verify all the references which
contain the keyword “Numerical investigation”, in
the program, click the arrow from the bottom of
the keyword and mark the “*”. After doing it, the
database offers all the bibliographic elements
which have this keyword assigned.

Fig. 1. The bibliographic database using Microsoft Excel

-

There are 16 references of which:
16 articles
1 book
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-

4 proceedings of conferences
3 reports available on-line
4 reports
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-

2 web-sites
1 PhD thesis.

In the next two examples, we searched
references using other keywords such as drop
evaporation, figure 2, and Industrial
application, figure 3. There were found 4

references for drop evaporation, of which 2
proceedings of international conferences and 2
on-line reports, and 9 for industrial
application, of which 7 journal papers and 2
on-line reports.

Fig. 2. The bibliographic database for the keyword drop evaporation

Fig. 3. The bibliographic database for the keyword industrial application

The references can be sorted using more than
one keyword. Clicking the title of the article will
open its first page, in a pdf file. The articles from
the library were photocopied, scanned and
converted in pdf files.
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5. CONCLUSIONS
The above considerations guide us in a full of
meaning understanding of the analysed topic. The
expanded area of research for a certain narrow area
will give us the chronological information
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concerning the state of knowledge about it. Also,
the interconnections with the other fields linked to
the main topic were displayed.
The analysis of the focussed subject was
developed on the chain containing: the
phenomenology, physical model, numerical model,
experimental investigation and the data exploration.
On this way a complete investigation of the theme
may be apprehended.
The examples regarding the bibliography use
for the proposed approach show us the dynamic
display of the needed details of the specific
elements which enlighten the concerned keyword.
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