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Abstract. A simple way to increase the extinguishing water surface area is to atomize water into fine drops. The small-
er drops are developed, the better use of water properties can be implemented and less water is consumed in fire fighting.
The automatic impulse extinguishing is created. The main aim of the investigation is to develop the approach to investigate
the dynamic and hydrodynamic processes in the extinguishing device. The mathematical model of the extinguishing device
is presented, where the flow of liquid and gas and the interaction of liquid with the gas are taken into account. The flow of
fluids in a hydraulic system is described by a system of equations of a hyperbolic type, which is solved by a characteristics
method. An instance of the mathematical simulation of the activity of extinguishing device is shown.
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1. Introduction

The extinguishing systems comprise systems designed
for the supply of the extinguishing materials (extinguish-
ants) to fight fires.

Water has been the most available and the most fre-
quently used extinguishing material since times remem-
bered. Water is distinguished for its distinctive physical
and chemical qualities.

For instance, it is noted for its heat absorption char-
acteristics that the majority of the natural substances lack.

For many years people have been trying to find bet-
ter ways of delivering water to the scene of an accident
and using it in the most effective way in fire fighting. It is
not infrequent that damage resulting from inefficient ap-
plication of water exceeds that done by fire to the burned
down property and other valuables.

Water used in fire fighting tends to leak out and
pollute the environment and severely deteriorate the
ecological conditions in general. Although various up-
to-date pumps, hoses, nozzles and sprayers are used to
extinguish fires, water-based fire extinguishing technol-
ogies have not reached the top level of performance.

Even using the modern centrifugal pumps, it is not
possible to prevent water spillage on the scene of a fire
accident.

In fact, this leaking water is not involved in fire ex-
tinction but is being contaminated and wasted. This is
due to the fact that part of this water fails to absorb the

entire possible heat and tends to evaporate. This is also
explained by the high tension of the water surface, which
does not allow it to penetrate into the burning substanc-
es. It is evident that the more we will atomize the water,
the more of the surface area we will be able to obtain
from the same volume of water, which will directly con-
tact with the fire heat and thus water properties will be
used more efficiently.

For instance, if water was poured as if from the
bucket, its features would be used only at 5 % efficiency.

Thus, the increase of the surface area of the extin-
guishing water augments the efficiency of the water con-
sumption as well.

The simple way to increase the extinguishing wa-
ter surface area is to atomize water into fine drops. The
smaller drops are developed, the better use of water prop-
erties can be implemented and less water is consumed in
fire fighting. The pressure energy of the pressurized and
out-flowing water through the opening (i.e. fire nozzle)
is transformed into jet kinetic energy. If we use the en-
ergy of the compressed air or other gases to eject water
from the nozzle (instead of the compressed water ener-
gy) the jet speeds could be much faster.

The water droplet speed within the jet sprayed out
in an ordinary way reaches tens m/s, while using the
compressed air energy the water droplet speed can reach
hundreds m/s. Furthermore, because of such speeds, wa-
ter spray is atomized into fine droplets due to the air re-
sistance (even up to 2 microns in diameter).
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Consequently, the extinguishing water cover area
enlarges as well as the water efficiency. The devices with
such properties can be usable in portable version.

This is very important to extinguishing small fires.
Small fires by statistics reach more than 50 % of all fires.
When water is supplied in fine droplets, it is possible to
reach the use of all of its properties as close as 100 %. In
addition, the factor of the possible damage of the prop-
erty and other valuables by water flooding is eliminated
completely: facilities that are not within the extinguish-
ing area remain safe from being flooded.

The majority of fires could be addressed while using
portable effective extinguishing devices.

An automatic hydraulic and pneumatic nozzle con-
sists of a water chamber (1), a compressed air chamber
(2), a fast response valve (3), a fast response valve auto-
matic control mechanism (4), and compressed air and
water sources. The water chamber (1) is supplied from
water source or reservoir; the compressed air chamber (2)
is supplied from the compressed air source or reservoir.
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Fig. 1. Schematic view of automatic hydraulic and
pneumatic nozzle
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Fig. 2. Diagram of extinguishing device
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Fig. 3. Dependence of cross-section area of the second
valve on pressure
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The expanding air expels water from the water chamber
(1) due to that water jet is divided into fine droplets. Af-
ter having activated the fast response valve automatic
control mechanism (4) the process is repeated constant-
ly and water jets are ejected in series Fig. 1 (Bogdevicius
and Suslavicius 2007).

2. Mathematical model of extinguishing device

The extinguishing device consists of two chambers (air
container and water compartment) and two valves. The
first valve is the fast reaction valve. The second valve
opens when the pressure reaches a particular amount of
pressure. When the fast reaction valve begins to open,
the second chamber divides into two volumes. In the
first volume there is high pressure of air and in the sec-
ond volume there is high pressure of water. The dynamic
model of the extinguishing device is shown in Fig. 2.

Cross-section area S,; of the first valve is the func-
tion of time. Cross-section area S,, of the second valve
depends on the pressure p(t, x = L,) (Fig. 3). The second
air volume and water compartment are separated by the
surface G (Fig. 2). According to the first law of thermo-
dynamics, the whole thermal energy moved with gas is
spent for the change of the internal energy and for the
work of the expansion of gas in a volume.

The continuity and movement equations of viscous
and compressible fluid in a pressure pipe have the fol-
lowing form (Bogdevicius 1991, 1999, 2000; Bogdevicius
et al. 2004):

(s} eE(s(ehpv) =0 0

d d
—(S + —(S +pv? )+
37 (Sx)pv) - {sCo) o+ o)
l'[(x)’c + pS(x)ax + pgS(x)sin(O) -
0S(x) 0 @)
p ox
where: p, v are density and velocity of fluid, (gas and liq-
uid); T is tangential liquid stress at the inner surface of a
pipeline; S(x) is the cross-section area of a pipeline; IT(x)
is the perimeter of the cross- section of a pipeline.
An equation of one-dimensional movement of gas
and liquid can be written as the system of quasi-linear
differential equations:
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where: v,, p, and v, p are velocity and pressure of gas and
liquid, respectlvely, cp ¢ are sound velocity of the gas
and liquid, which is stored in the elastic pipeline and is
equal to:

Cq =\/YRT;

(7)

c=

[K (p) _IJ’
P
where: K(p) is the bulk modulus of elasticity of liquid;
p is the density of liquid; E is the modulus of elasticity
of a pipeline; d is internal diameter of a pipeline; e is
the thickness of a wall of a pipeline; y is the index of
adiabatic process; € is the ratio of gas volume in the
liquid and the total volume of liquid (mixture); T is the
temperature of fluid; ag,, a, are the acceleration along x
axis, respectively.

The change of pressure in the volume is determined

by the following equation:

dp YRT
vV

Yp dV

Vd()

= (Gin (P Pin) = Gt (P Pout))

where: G,,, is the input mass flow; G,,,, is the mass flow of
gas (air), determined by the formula of Sen-Venan and
Vencel (bormasudroc 1997):
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where: S, is the cross-section area of first valve; p, is the
orifice discharge coefficient; R is gas constant; T is the
temperature of gas in the air container. To take account
of the subsonic and sonic flow, the piecewise flow func-
tion ¢(o) is defined as follows:

y(—) , if 0<o<o,, (10)
Y+1

where o, is the critical pressure ratio given by:
v

( 2 ]Yl
Gcr= 7 .
Y+1

The diagram of forces acting on the extinguishing
device when out-flowing water through the opening (i.e.
fire nozzle) valve is shown in Fig. 4.

The recoil force acting along the extinguishing de-
vice axis is equal to:

Fx = _Svl (pl _p2)+(82 Sv2)plyq (xG)_Faero; (11)

C7.1

Fig. 4. Diagram of forces acting on the extinguishing
device and fireman
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Epsﬁvi if x,<L,,
aero — 5

EpgasSVZVZ, if XG > LZ’

where: p, is the density of gas; L, is the length of pipe-
line (second chamber).

The System of equations describing the movement
of the extinguishing device and fireman is as follows:

(M] [T {q} _ {F(q,q,t)}
= N g (12)
71 [o] |18 | u(@4)
where: [M], [J] are the matrices of mass and the Jacobian
matrix, respectively; {q}, {g}, {g} are vectors of displace-
ment, velocity and acceleration, respectively; {F(¢, g, v)}

is vector of external forces and moments; {(} is vector of
Lagrange multipliers; u(g, q) is vector:
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where {®} is vector of constraints.
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3. Representation of results

An example of the extinguishing device is considered.
The presented dynamic model of automatic impulse
extinguishing is solved with Maple software (Ananbes,
Borgasuuroc 2001).

The following data of the extinguishing device were
used: the length of the water compartment is 0.25 m, the
volume of the air container is equal to V; = 1.5- 107 m’
the initial pressure in the air container is 2.50 MPa, the
inner diameter of the water compartment is equal to
0.0250 m. The time integration step is equal to 2.0 - 10 s

The displacements of valves of the automatic con-
trol mechanism are shown in Fig. 5.

4. Conclusions

e A new automatic impulse extinguishing device
is created.

e The approach for simulating hydrodynamic pro-
cesses of the extinguishing device has been de-
veloped.

e The composed mathematical model of the extin-
guishing device takes into account wave motion
of a liquid.

e The differential equations, describing hydrody-
namic processes inside the extinguishing device,
help analyze the movement of liquid and gas bet-
ter and more precisely.

e The period of vibration of fast response valve
is about 1.4 s and this time can be regulated by
changing stiffness of the valves.
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Fig. 5. Dependence of displacements of valves of automatic
control mechanism upon time: a - first mass of valve 6;
b - second mass of valve 6; ¢ — fast response valve 3

e At the end of a pipeline of the extinguishing
device the maximum velocity of liquid reaches
60 m/s.
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Abstract. The main aim of the investigation is to develop an approach to investigate hydrodynamic processes in
the extinguishing device. The mathematical model of the extinguishing device is presented where the flow of
fluid and gas and the interaction of liquid with gas are taken into account. The flow of fluid in a hydraulic
system is described by a system of equations of a hyperbolic type which is solved by a characteristics method. An
instance of the mathematical simulation of the activity extinguishing device is shown. The dependence of recoil

force is obtained.
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1. Introduction

Extinguishing systems comprise systems designed
for the supply of extinguishing materials (extinguish-
ants) to fight fires. Water is the most available and the
most frequently used extinguishing material since
times remembered. Water is distinguished for its dis-
tinctive physical and chemical qualities. For instance,
it is noted for its heat absorption characteristics that
the majority of natural substances lack. For many years
people have been trying to find better ways of deliver-
ing water to the scene of an accident and to use it in
the most effective way in fire fighting. It is not infre-
quent that damages resulting from inefficient appli-
cation of water exceed those done by fire to the burned
down property and other valuables. Water used in fire
fighting tends to leak out and pollute the environment
and severely deteriorate the ecological conditions in
general. Although various up-to-date pumps, hoses,
nozzles and sprayers are used to extinguish fires, wa-
ter-based fire extinguishing technologies have not
reached the top level of performance. Even using
modern centrifugal pumps it is not possible to pre-
vent water spillage on the scene of a fire accident. In
fact, this leaking water is not involved in fire extinc-
tion, but is being contaminated and wasted. This is
due to the fact that part of this water fails to absorb
the entire possible heat and tends to evaporate. This
is also explained by the high tension of water surface
which does not allow it to penetrate into the burning
substances. It is evident that the more we atomize the

water, the more of the surface area we will be able to
obtain from the same volume of water which will di-
rectly contact with the fire heat and thus water prop-
erties will be used more efficiently. For instance, if
water were poured as if from the bucket, its features
would be used only at 5 % efficiency. Thus, the in-
crease of the surface area of the extinguishing water
augments the efficiency of the water consumption as
well. A simple way to increase the extinguishing wa-
ter surface area is to atomize water into fine drops.
The smaller the drops are developed, the better use
of the water properties can be implemented and less
water is consumed in fire fighting. The pressure en-
ergy of the pressurized and out-flowing water through
the opening (i.e. fire nozzle) is transformed into jet
kinetic energy. If we use the energy of the compressed
air or other gases to eject water through the nozzle
(instead of the compressed water energy) the jet
speeds will be much faster. The water droplet speed
within the jet sprayed out in an ordinary way reaches
tens m/s, while using the compressed air energy the
water droplet speed can reach hundreds m/s. Further-
more, because of such speeds, water spray is atom-
ized into fine droplets due to air resistance (even up
to 2 microns in diameter). Consequently, the extin-
guishing water covered area enlarges as well as the
water efficiency. The devices with such properties can
be usable in portable version. That is very important
for extinguishing small fires. Small fires by statistics
reach more than 50 % of all fires. When water is sup-
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plied in fine droplets it is possible to reach the use of
all of its properties as close as 100%. In addition, the
factor of the possible damage of the property and other
valuables by water flooding is eliminated completely:
facilities that are not within the extinguishing area
remain safe from being flooded. The majority of fires
could be addressed while using portable effective ex-
tinguishing devices.

The extinguishing device based on the use of the
compressed air energy for ejecting extinguishing wa-
ter could be expressed as follows (Fig 1):

- Compressed air compartment is filled up from
the air container;

- Water compartment is filled up from the wa-
ter tank;

- When the fast reaction valve is opened, com-
pressed air and water compartments get merged;

- Water being under air pressure is ejected
within a very short time (from several to several tens
of mili-seconds) to the focus of fire;

- Further on the process is repeated from the
beginning.

Studies of such extinguishing technologies have
not been completed yet and need to be further up-
dated and tested. The main parts of the investigation
are:

- Process of extinguishing (water) media
delivery to fire;

Recoil of the extinguishing device during opera-
tion.

Direction
—» ofspayed

> out water
to the

focus of
fire

Compressed air — Water
compartment 3 compartment

Fast reaction
valve

Fig 1. Principle scheme of the extinguishing device based on
the use of compressed air energy

2. Mathematical model of the extinguishing device

The extinguishing device consists of two cham-
bers (air container and water compartment) and two
valves. The first valve is a fast reaction valve. The sec-
ond valve opens when pressure reaches particular
pressure. When the fast reaction valve begins to open
the second chamber divides into two volumes. In the
first volume there is high pressure of air and in the
second volume there is high pressure of water.

A dynamic model of the extinguishing device is
shown in Fig 2. In the air container the pressure is
p, (¢) and the volume of air container is 7.

Cross-section area Sv, of the first valve is func-
tion of time (Fig 3). Cross-section area Sv, of the
second valve depends on pressure p(t,x=L) (Fig
4). In the second air volume 7, (t) the pressure is
P, (t). The second air volume and water compartment

Gas Liquid
v, PI(T) :t:\/z O .G A —>
p2(t) | —
Valvel ‘
—p Valve2

Vse (1)
Fig 2. Diagram of the extinguishing device
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Fig 3. Cross-section area of the first valve
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Fig 4. Cross-section area of the second valve

are separated by surface G (see Fig 2). According to
the first law of thermodynamics the whole thermal
energy moved with gas is spent for the change of in-
ternal energy and for the work of the expansion of gas
in volume.

The change of pressure of constant volume
(V] = const) of air container is determined from the
following equation:

dn ﬂGn ; (1)

dt Z

where G,, is mass charge of gas (air), determined by
the formula Sen-Venan and Vencel [1]:

p
Gy =15, p K\ (T, )(p(d =p_2J§
1
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2o
ol0)=Vo? - 7 ° )

S, s cross-section area of the first valve; u, is factor
of the charge; ¥ - ration of specific heat; p — gas
constant; 7 — temperature.

The change of pressure of the second volume is
determined from the following equation:

dpy _ YRTy . _ pp dV,
dt Vo) 2 Vs(t) dt ®)

where V,(t)=V,y +8xg; Vo is initial volume; § is
cross-section area; XG is coordinate of point G (see
Fig 2).

The liquid movement is considered as one-dimen-
sional, i.e. all local velocity is equal to average veloc-
ity and unsettled. Velocity and pressure depend on
longitude coordinate and time. Such liquid movement
is characterized by the wave of increased and reduced
pressure which spreads from the place of change in
each pressure vibration cross-section and in deforma-
tion of pipeline walls.

The movement and continuity equations of vis-
cous, compressible fluid in a pressure pipe have the
following form [1-3]:

%[S(x)p]+%[s(x)pv]=ﬂ(x), 4)

2@t s Be0), o)

where p is density of liquid.

An equation of one-dimensional movement of
fluid can be written as the system quasi-linear differ-
ential equations:

Lo+ (s 5= 113, ©)
where
[y 7} M=£if,@y=mq,a>

v, P —speed and fluid pressure; a is sound velocity
in the liquid with a certain amount of gas, which is
stored in the elastic pipeline, is equal to:

;
[K(p)—l] , (8)

where K (p) —bulk modulus of elasticity of liquid, p —
density of liquid, £ - modulus of elasticity of a
pipeline, 4 - internal diameter of a pipeline, e—
thickness of a wall of a pipeline, ¥ —index of adiabatic
process, £ —ratio of gas volume in the liquid and the
total volume of liquid (mixture).

Differential equations of liquid movement in the
cylinder are solved by a characteristic method [1, 2].
The main idea of the characteristic method is the fact
that unknown variable speed and liquid pressure at
instant moment of time ¢+ A¢ are determined ac-
cording to these parameters at the moment of time
(Fig 5).

t ]

D At

t+At

.n X

1 2 i-1 i i+l
Fig 5. Circuit of liquid parameters determination of point D

Equating the determinant of matrix (13) to zero,
we shall receive the equation:

le}-Lay| o ©

dr

which allows to determine & derivative which
determines characteristic direcc{ﬁon. If this equation
has n various real roots dx/dt=A, (i =1, 2), the
initial system of the differential equations is referred
to as hyperbolic. The inclination tangent A; to the
characteristic depends not only on coordinates, but
also on solution {u}.

Inserting expressions [A] and [B] from matrices
(7) into equation (9) and having solved it, we receive
three equations of characteristics

c* :ﬁzv+a- c~ :d_x:

dt ’ dt

Compatibility conditions of characteristics are

equal to [4-6]:

v—a. (10)

dv 1 dp f
C+:7+__p:_l+f2, (11)
t ap dt ap
_dv 1 dp 1
C '____:__1+f2 (12)

“dt ap dt ap ’
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0
U= .
X
S(x)p ; (13)
where 7 - shear stresses on the inner surface of
pipeline; a, — acceleration along x axis; S(x) and
I1(x) are cross-section area and perimeter of
pipeline.
Pressure and velocity at point ) at the moment
of time are determined from nonlinear algebraic equa-
tion system

€10, =vy =y 4 (pp = p s 10 )
2y, 13 -2y, +73p]=0, (14)
2 2
R P S N
Hlrse+ran =S e+ 1=0, (15)

ds
where rI:L; V2=—a2pv—/S;
pa dx
I_[/l(Re)vM
X 8S b

ry,=-a

T3 \hen Re<2320: (16)

——— when Re>2320,
ReO,ZS

A(Re) is coefficient of pressure losses along a pipe.
The system of equations (2) and (3) is solved by
Newton method:

]{ar} =—{o (), 17

where {v} =[p,.vp} {@} =[®, ,].

The potential energy of the gas in a high-pres-
sure volume is transformed to kinetic energy of the
liquid. For accuracy the simulation of the interaction
of the gas with liquid in the case of interaction is con-
sidered (Fig 6). At point G pressure Psc and veloc-
ity vy, are determined from the system of equations

(3) and (15). The x coordinate of point G is deter-
mined from the following expression:

AH C RB

Fig 6. Circuit of liquid parameters determination at point (7

xG(t+At)=XH(t)+AtVSG. (18)

The diagram of forces acting on the extinguish-
ing device when out-flowing water through the open-

Ky2 Cy2

@P ! F3
cxz_| - _|_| F1 F2 | ¢
c

Fig 7. Diagram of forces acting on the extinguishing device

ing (i.e. fire nozzle) valve is shown in Fig 7.
The system of equation describing the extinguish-
ing device is as follows:

Mg+ Ichal+ [Ka=F@ p V), (19)
where [M][C][K] are matrices of mass, damping,
stiffness, respectively; {gHi}{j} are vectors of
displacement, velocity and acceleration, respectively;
{F(z, p,v)} is vector of forces and moments.

3. Numerical results

An example of the extinguishing device is con-
sidered. The following data of the extinguishing de-
vice were used: the length of water compartment is
0,420 m, the volume of air container is equal to
1,5-103 m?, initial pressure in the air container is
2,50 MPa, inner diameter of water compartment is
equal to 0,060 m. Time integration step is equal to
2,0-10%s. The length of water compartment is divided
in to 84 elements [7].

The simulation results of hydrodynamic parame-
ters are given in Fig 8.

The forces acting on the extinguishing device are
shown in Fig 9 and Fig 10.

The displacement and velocity of the extinguish-
ing device are shown in Fig 11 and Fig 12.
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4. Conclusions

1. A new approach to simulating hydrodynamic
processes of the extinguishing device has been devel-
oped. The composed mathematical model of the ex-
tinguishing device takes into account wave motion of
a liquid.

2. Differential equations describing hydrody-
namic processes inside the extinguishing device help
analyze the movement of liquid and gas better and
more precisely.

3. At the end of a pipeline of the extinguishing
device the maximum velocity of the liquid when ini-
tial pressure is equal to 2.5 MPa reaches 60 m/s.
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The main aim of the investigation is to develop approach to investigate hydrodynamic processes in the
extinguishing device. The mathematical model of extinguishing device is presented, where the flow of fluid and
gas and the interaction of liquid with the gas are taken into account. The flow of fluid in a hydraulic system is
described by a system of equations of a hyperbolic type, which is solved by a characteristics method. An
instance of the mathematical simulation of the activity-extinguishing device is shown. The dependence of recoil
force is obtained.

Keywords: extinguishing device, gas, liquid, dynamics, recoil force, numerical methods

1. INTRODUCTION

Extinguishing systems comprise systems designed for the supply of the extinguishing materials
to fight fires. Water has been the most available and the most frequently used extinguishing material
since times remembered. Water is distinguished for its distinctive physical and chemical qualities. For
instance, it is noted for its heat absorption characteristics that the majority of the natural substances
lack. For many years people have been trying to find better ways of delivering water to the scene of an
accident and using it in the most effective way in fire fighting. It is not infrequent that damages
resulting from inefficient application of water exceed those done by fire to the burned down property
and other valuables. Water used in fire fighting tends to leak out and pollute the environment and
severely deteriorate the ecological conditions in general. Although various up-to-date pumps, hoses,
nozzles and sprayers are used to extinguish fires, water-based fire extinguishing technologies have not
reached the top level of performance. Even using modern centrifugal pumps, it is not possible to
prevent water spillage on the scene of a fire accident. In fact, this leaking water is not involved in fire
extinction but is being contaminated and wasted. This is due to the fact that part of this water fails to
absorb the entire possible heat and tends to evaporate. This is also explained by the high tension of the
water surface, which does not allow it to penetrate into the burning substances. It is evident that the
more we will atomise the water, the more of the surface area we will be able to obtain from the same
volume of water, which will directly contact with the fire heat and thus water properties will be used
more efficiently. For instance, if water were poured as if from the bucket, its features would be used
only at 5 % efficiency. Thus, the increase of the surface area of the extinguishing water augments the
efficiency of the water consumption as well. The simple way to increase the extinguishing water
surface area is to atomise water into fine drops. The smaller the drops are developed, the better use of
the water properties can be implemented and less water is consumed in fire fighting. The pressure
energy of the pressurized and out-flowing water through the opening (i.e. fire nozzle) is transformed
into a jet kinetic energy. If we use the energy of the compressed air or other gases to eject water
through the nozzle (instead of the compressed water energy) the jet speeds could be much faster. The
water droplet speed within the jet sprayed out in an ordinary way reaches tens m/s, while using the
compressed air energy the water droplet speed can reach hundreds m/s. Furthermore, because of such
speeds, water spray is atomised into fine droplets due to the air resistance (even up to 2 microns in
diameter). Consequently, the extinguishing water cover area enlarges as well as the water efficiency.
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The devices with such properties can be usable in portable version. That is very important in
extinguishing small fires. Small fires by statistics reach more than 50% of all fires. When water is
supplied in fine droplets, it is possible to reach the use of all of its properties as close as 100%. In
addition, the factor of the possible damage of the property and other valuables by water flooding is
eliminated completely: facilities that are not within the extinguishing area remain safe from being
flooded. The majority of fires could be addressed while using portable effective extinguishing devices.

The extinguishing device based on the use of the compressed air energy for ejecting
extinguishing water could be expressed as follows (Fig. 1):

e Compressed air compartment is filled up from the air container;

e Water compartment is filled up from the water tank;

e When the fast reaction valve is opened, compressed air and water compartments get merged,

e Water being under air pressure is ejected within a very short time (from several to several

tens of milli-seconds) to the focus of fire;

o Further on the process is repeated from the beginning.

Studies on such extinguishing technologies have not been completed yet and need to be further
updated and tested. The main parts of investigation are as follows:

e Process of extinguishing (water) media delivery to fire;

¢ Recoil of the extinguishing device during operation.

Direction
Compressed air W ater ————p ofspayed
out water
compartment compartment EE— to the
\ focus of
fire

Fast reaction
valve

Figure 1. Principal schema of the extinguishing device on the use of the compressed air energy

2. MATHEMATICAL MODEL OF EXTINGUISHING DEVICE

The extinguishing device consists of two chambers (air container and water compartment) and
two valves. The first valve is fast reaction valve. The second valve opens when pressure reaches
particular pressure. When the fast reaction valve begins to open the second chamber divides in two
volumes. In the first volume there is high pressure of air and in the second volume there is high
pressure of water.

Dynamic model of the extinguishing device is shown in the Fig. 2. In the air container the

pressure is p, (t) and the volume of air container is V] .

Gas Liquid
Vo(t) (6 g —
Vi pl(t) 1 pz(t) é/’ —>
Valvel Valve2
ng(t)

Figure 2. Diagram of extinguishing device

Cross-section area SV, of the first valve is function of time (Fig. 3). Cross-section area Sv, of the
second valve depends on pressure p(t, X = L) (Fig. 4). In the second air volume V/, (t) the pressure

1S p, (t) The second air volume and water compartment is separated the surface G (see Fig. 2).

According to the first law of thermodynamics, whole thermal energy moved with gas is spent for
change of internal energy and for work of expansion of gas in a volume.
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Figure 3. Cross-section area of the first valve Figure 4. Cross-section area of the second valve

The change of pressure of constant volume ( V; = const ) of air container is determined from

the following equation:

dp, YRT,
— = - G, 1
dt Vi 12 M

where G, is mass charge of gas (air), determined on the formula Sen-Venan and Vencel [1]:

D> / 2y
G, =S, pK |\l Jolo=—=1; K, (T)= |————:;
12 = W91 Py 1(1 ( le 1 ( ) (y—l)RTl

2 v+1

o(c)=Vo? ot , (2)

S, 1is cross-section area of first valve; i, is factor of the charge; y — ration of specific heat; R — gas

constant; 7 — temperature.
The change of pressure of the second volume V, (t) is determined from the following equation:

dp, _ YRT .  yp, dV,

a0 0 d ®

where V, (t) =V, +8xg; V, is initial volume; S is cross-section area; x is coordinate of point G
(see Fig. 2)

The liquid movement is considered as one-dimensional, i.e. all local velocity is equal to average
velocity, and unsettled. Velocity and pressure depend on longitude coordinate and time. Such liquid
movement is characterized by the wave of increased and reduced pressure that spreads from the place
of change in each pressure vibration cross-section and in deformation of pipeline walls.

The movement and continuity equations of viscous, compressible fluid in pressure pipe have the
following form [1, 2, 3]

sl [swpv]= F () @
sepvl+Z[ste)p+pv2 )= £ (pov). 5)
ot ox

where p is density of liquid.
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An equation of one-dimensional movement of fluid can be written as the system quasi-linear
differential equations:

[A]{aa—l:} . [B]{Z—Z} ~{r}; ©

where
[Al{l 0} Bl= 1| =[] 0
p

v, p —speed and fluid pressure; a — sound velocity in the liquid with a certain amount of gas, which
is stored in the elastic pipeline, is equal to:

K(p)/p
1, K(p)-d +8{K(p)_l} ’

E-e YL w

where: K ( p) — bulk modulus of elasticity of liquid, p — density of liquid, £ — modulus of elasticity
of a pipeline, d — internal diameter of a pipeline, e — thickness of a wall of a pipeline, ¥ — index of
adiabatic process, € — ratio of gas volume in the liquid and the total volume of liquid (mixture).
Differential equations of liquid movement in the cylinder are solved by characteristics method
[1,2]. The main idea of characteristics method is the fact that unknown variable speed and liquid

pressure at instant moment of time ¢ + At is determined according to these parameters at a moment of
time (Fig. 5).

t

D At

tHAt

Figure 5. Circuit of liquid parameters determination of point D
Equating the determinant of matrix (13) to zero, we shall receive the equation:

[e]-La)%] -0, o

. oodx , e . .
which allows determining j derivative that determines characteristic direction. If this equation has n
t

various real roots dx/dt =\, (i =1,2), the initial system of the differential equations is referred to as
hyperbolic. The inclination tangent A, to the characteristic depends not only on coordinates but also

on solution {u } .
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Inserting expressions [A] and [B ] from matrices (7) into equation (9) and having solved it, we
receive three equations of characteristics

C*:%=v+a; C :—“=v-a. (10)

Compatibility conditions on characteristics are equal to [4, 5, 6]:

dv Ldp /v

c":—
dt ap dt ap+f2’ ()
_dv 1 dp f
Ci———=-— 12
dt ap dt ap+f2° (12
0
{rh={ M) (13)
S

where T are shear stresses on the inner surface of pipeline; @, — acceleration along x axis; S(x) and
[T(x) are cross-section area and perimeter of pipeline.

Pressure and velocity in point D at the moment of time is determined from non-linear algebraic
equation system

1
CH:®, =v,—v; +E(pD _pL)[rlL +’”1D]_

At At

_7[’”2L +r2D]_7[V3L +r5p]=0 (14)
B 1

C D, =v,—vp _5(pD _pR)[rlR Jr”1D]+
At At

+7[F2R+FZD]_7[F3R+F3D]=O’ (15)

1
where 1, =—; 1, =—a2pvd—/S;
x

pa
E when Re <£2320;
B Hk(Re)vM . _ JRe ’ - ’
ry=-a, —T, X(Re)— 0.31464 (16)
———— when Re>2320;
Re%25

k(Re) is coefficient of pressure losses along pipe.
The system of equations (2) and (3) is solved by Newton method:

[J]i {AY}:' = _{(D(Y)}i ) (17)
where (717 =[ppvp} (0F =[0,,, ]
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The potential energy of gas in a high-pressure volume is transformed to a kinetic energy of the
liquid. For accuracy simulation of interaction of the gas with liquid case of interaction is considered

(Fig. 7). In the point G pressure pg; and velocity v, the liquid are determined from a system of

equations (3) and (15). The x coordinate of point G is determined from the following expression:

xg(t+A1)=x, (t)+ Atvg . (18)
prag L O T2
G
at /\\
AH C RB

Figure 6. Circuit of liquid parameters determination of point G

The diagram of forces acting on the extinguishing device where the out-flowing water through
the opening (i.e. fire nozzle) valve is shown (see Fig. 7).
System of equation describing the extinguishing device is as follows:

MR+ [Chaj+ (K Ra) = {F (e p.v)}. (19)

where [M ], [C ], [K ] are matrices of mass, damping, stiffness, respectively; {q}{q}, {q} are vectors of

displacement, velocity and acceleration, respectively; {F (t, D, v)} is vector of forces and moments.

r4 Kx1

ERES

Kz1 —1cz2

Ky2 Cy2
Kx2

|-

o2 [ — PR e
C

Figure 7. Diagram of forces acting on the extinguishing device

3. NUMERICAL RESULTS

An example of the extinguishing device is considered. The following data of the extinguishing
device were used: the length of water compartment is 0.420 m, the volume of air container is equal

1.5-10™ m’, initial pressure in the air container is 2.50 MPa, inner diameter of water compartment

is equal 0.060 m. Time integration step is equal 2.0-10™® s. The length of water compartment is
divided in the 84 elements.
The simulation results of hydrodynamic parameters are given in the Fig. §.
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Figure 8. The parameters of the extinguishing device: a — change pressure in the air container;
b — change air pressure in the second volume; ¢ —change liquid velocity at the point G ;
d — change liquid velocity at the end of pipeline

The forces acting on the extinguishing device are shown in the Fig. 9 and Fig. 10.
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Figure 9. Dependence of pressure and jet Figure 10. Dependence of recoil force upon time
propulsion force upon time

The displacement and velocity of the extinguishing device are shown in the Fig. 11 and Fig. 12.
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Figure 11. Displacement of extinguishing device Figure 12. Velocity of extinguishing device
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4. CONCLUSIONS

A new approach for simulating hydrodynamic processes of the extinguishing device has been

developed. The composed mathematical model of the extinguishing device takes into account wave
motion of liquid. Differential equations, describing hydrodynamic processes inside the extinguishing
device, help analyse the movement of liquid and gas better and more precisely. At the end of a
pipeline of the extinguishing device the maximum velocity of liquid when initial pressure is equal 2.5
MPa reaches 60 m/s.
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Abstract. The improvement of the technical parameters of the fire vehicle implemented in a few groups is presented.
Each parameter of these groups has a respective impact on the following features of the fire vehicle. The deficiencies of
the main fire vehicles under operation, the improvement of the fire vehicles vacuum systems and extinguishing systems

are presented.
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1. Introduction

Approximately 11-14,000 fires occur in Lithuania
annually because of weather conditions. However, over
the last eleven months in 2002 alone, 20152 fires broke
out resulting in damages worth of 25,939611 Lt, although
factual losses seem to amount to larger numbers as the
damages related to the perturbations of production and
other business activities have not been taken into account.
This substantial increase of fires and the number of dam-
ages done therewith have been preconditioned both by
inadequate human economic activities and sharp changes
of the weather.

In addition, common tendencies and experiences of
other countries testify to the fact that with the increase of
human activities fire threats grow as well. Fires pollute
the environment heavily and have a negative impact on
human health. It is evident that the quicker the fires are
put out, the less damage is done.

The goal of the fire and rescue services rests on res-
cuing human lives and property in the event of fires and
other emergencies. Fire vehicles constitute technical
means that enable fire services to ensure efficient perfor-
mance of their functions. It is evident that technical speci-
fications of the fire vehicles have a crucial impact on fire
fighters’ work efficiency. The immediacy of fire and res-
cue operations being rendered depends on the technical
parameters of the fire and rescue equipment including the
fire vehicles. The speed factor in emergencies plays the
highest importance. Analyses of fire casualties indicate
that 60 % to 70 % of people perish from the intoxication
emitted by fire gases within the first stage of fire (up to 5-
6 minutes from the beginning of the fire) [1]. Material
damages due to fires have an immediate connection to

the duration of the fire burning itself. According to re-
search studies done in Great Britain, the reduction of the
fire burning time by 1 minute can drop the number of
fatalities in fires by 5,3 %. Therefore, technical specifi-
cations of the use of the fire vehicle in terms of the time
factor have a crucial impact on putting out fires.

A case of fire fighting or elimination of an accident
can be estimated by the time factors as follows:

I'=T;+T,+T,+T, (D)

ges »

here 7 —total response time, 7,; —departure time of a fire
vehicle from the fire station upon reception of an
emergency call, 7, - driving time needed to reach the scene
of an accident, 7, — preparation time for a fire vehicle
and fire equipment to respond, 7ge — fire fighting time.

T4 depends on how quickly the fire vehicle is able
to leave the garage, i.e. on the reliability and rapidity of
its start-up and the brake system as well as on its conve-
nience for the fire fighters to quickly get into it. 7n, driv-
ing time to the scene of an accident depends on the maxi-
mum driving speed that the fire vehicle can develop, on
its dynamic specifications and mobility, off-highway driv-
ing properties and stability, as well as on its qualities of
being informative and discernable to the people round
about including distance to the accident as well as road-
way and traffic conditions.

T, time depends on what kind of equipment is in-
stalled in the fire vehicle and how fast such equipment
and its aggregates can be prepared for and put into opera-
tion.

T, time depends on technical specifications of the
fire fighting equipment, availability of the extinguishing
materials as well as approaches and intensity of supply of
the fire extinguishing materials.
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By assessing the constituent parts of the time factor
in fire fighting and technical parameters of the fire ve-
hicles, which influence fire extinguishing, three main
groups can be distinguished, such as:

- Chassis.

- Fire body construction, body, and containers of the
extinguishing materials.

- Special aggregates and equipment.

Each parameter of these groups has a respective im-
pact on the following features of the fire vehicle: ability
to arrive quickly and safely to the scene of an accident;
capacity of carrying the necessary number of the fire fight-
ers, equipment and the extinguishing materials; being able
to efficiently supply extinguishing materials or ensure
implementation of the required operations using specific
aggregates. Consequently, the improvement of the tech-
nical parameters of the fire vehicle can be implemented
in the following ways:

- By improving or changing the chassis base in the
fire vehicle;

- By advancing or changing the fire vehicle body,
equipment sections and containers designed for the ex-
tinguishing materials;

- By changing a pump, equipment, or any other spe-
cific aggregate, and by installing or using supplementary
measures, which can improve fire extinguishing.

2. Deficiencies of the Main Fire Vehicles Under Op-
eration

Manufacturers endeavor to select optimal technical
parameters for the fire vehicles being made. However,
due to the specific application of the fire vehicles the wear
of their aggregates and other components tends to be very
uneven.

While on duty the fire vehicles do not put on too
many kilometers and their mileage is quite low in com-
parison with that of the transport vehicles, however, their
operating mode is rather heavy and the operation time of
such vehicles seem to come up to 11-30 years. During
the entire duty period of the fire vehicle its worn-out ag-
gregates and components need to be replaced more than
once. Moreover, some its parameters tend to fail to meet
the new requirements over the long period of operation.

Years ago the firefighters handled only fires. Nowa-
days they have to carry out various rescue operations that
call for the need to make use of the supplementary equip-
ment, which fails to be properly placed in the old-type
vehicle bodies. New technologies require the change of
the old components. It is not unusual that after long years
of its operation manufacturers stop producing some of
the aggregates or components to be replaced, therefore, it
turns to be vital to search for the new alternative solu-
tions. All this becomes crucial in view of ensuring fur-
ther use of the old fire vehicles as in as much the acquisi-
tion of the new up-to-date equipment seems to be prob-

lematic due to the lack of financial resources.

Currently, the State Fire and Rescue Service runs
700 units of fire and rescue automobiles and special ve-
hicles. Even 80 % of the main fire vehicles have been
manufactured in the former Soviet Union, and they fail to
be noted for their reliability and endurance. The deficien-
cies of such fire vehicles may be differentiated as fol-
lows: 70 % of the total vehicle deficiencies come to spe-
cial aggregates and body constructions, out of which 24
% make up vacuum system and 18 % fire-pump break-
downs. The rest of 30 % of the deficiencies amount to
the basic chassis, out of which 12 % come to transmis-
sion aggregates and 8 % to traffic security system fail-
ures respectively.

A matter of great concern is that all the fire vehicles
mounted on GAZ or ZIL mark chassis have carburetor
engines that consume A-80 gasoline, whereas in other
countries the chassis of such fire vehicles are equipped
only with more fuel-efficient diesel engines. It would be
rational to implement economical-technical calculations
concerning the costs of replacing carburetor engines with
the diesel ones in such fire vehicles, which are envisaged
to be operated for the next several years.

As we have mentioned before, the most acute issue
to deal with lies in the centrifugal fire pumps filling
vacuum systems as well as in the failures of the fire pumps
them-selves including corrosion and rupture of both bod-
ies and tanks. The replacement of these systems with the
new ones or the improvement of the current ones would
result in both significant upgrade of their technical speci-
fications and extension of their operating time.

3. The Improvement of the Fire Vehicles Vacuum Sys-
tems

Before delivering extinguishing fluids, centrifugal
fire pumps have to be filled up within the shortest pos-
sible time. Currently, the most common vacuum systems
are used to ensure immediate fill-up of the pumps. The
performance of the vacuum systems is based on sucking
air out of the centrifugal pumps and the suction hoses
attached to it. The air suction results in rarefaction
(vacuum), whereas water being under atmospheric pres-
sure fills up both suction hoses and centrifugal pumps.

Here are the following principal characteristic pa-
rameters of the vacuum systems:

- maximum vacuum pressure is gained;

- geometric suction height;

- time-span needed for sucking air both from the
pump and connection hoses.

The maximum geometric suction height depends on
the maximum vacuum pressure being formed. The sizes
of the system gaps and seal couplings have an impact on
the formation of the maximum vacuum pressure. Regret-
tably, all vacuum systems have the same deficiency;, i.e.
the geometric suction height cannot exceed 10 meters,
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and taking into consideration losses within the system the
maximum suction height actually comes up only to 7 — 8
meters.

All fire vehicles produced in the former Soviet Union
have been equipped with the same vacuum systems with-
out any exceptions. These systems consume energy of
the exhaust gases emitted from the engines to produce
vacuum. An overall layout of such a vacuum system is
presented in Fig 1.

These vacuum systems do not require transmission
train and they are not provided with turning, scrolling and
reversible motion parts, they are easily mountable as well.
However, they have the following essential deficiencies:

- Corrosion of both the vacuum apparatus valves

and its body metal surfaces being exposed to hot ex-

haust gases emitted from the engine;

- Big noise while in operation;

- Possible increased concentration of the exhaust

gases within the working premises of the driver/op-

erator;

- Formation of the uplift of the exhaust gases up

to 0,2 Mpa;

Fig 1. Vacuum systems using energy of engine exhaust gases.

a)- Position in “off” mode, b) Water suction, ¢) Emptying of
vacuum system, 1 — Body of vacuum apparatus, 2 — Valve,
3 — Injector, 4 — Coupling of centrifugal pump with injector’s
vacuum chamber, 5 — Centrifugal pump, 6 — Spring,

7 — Valve, 8 — Eccentric, 9 — Handle, 10 — Vacuum valve,
11 — Opening, 12 — Muffler for exhaust gases

Table 1. Comparable data and parameters of vacuum systems

- System failure to function autonomously;

- Lower vacuum pressure is formed in compari-

son with other vacuum systems in use (Table 1).

The basis of the vacuum system consists of the pump
type being used. Upon analysis of the parameters and
characteristics of the pumps used in the vacuum systems,
it has been determined that it would be the most effective
way to use membrane or piston suction pumps. The trans-
mission train is required while operating these pumps. It
is common practice in western countries to use the pro-
peller-shaft of the pump gear or the shaft of the centrifu-
gal pump itself in order to operate the suction pump. This
means that the vacuum pump will function only in case
the centrifugal pump keeps turning. However, oil-seals
and seals of the centrifugal pumps equipped in GAZ and
ZIL-type fire vehicles are not designed to operate with-
out water for longer periods. Therefore, it is impossible
to use the pump transmission for revving up suction pumps
in the fire vehicles provided with PN 40UA and PN 40UV
pumps. In this case one of the solutions rests an applying
an electric engine of the direct current supplied from the
vehicle batteries to rev up the membrane or piston suc-
tion pumps. It is quite simple to mount this suction pump
on any area of the fire vehicle (Fig 2).

Fig 2. Piston suction pump driven by electromotor

suction height, m

Parameter With gas injectors With With piston pumps With rotary vane
membranepumps pumps

Vacuum pressure gained, 0.074 0,09 0,00 0.09

MPa

Maximum geometric 7 8 8 8

Energy source

Engine exhaust gas

Gear of centrifugal
pump

Gear of centrifugal
pump

Electric engine of
direct current

aggregates or operator

Operation Manual Manual or automatic | Manual or automatic Manual
Negative impact on .
& pact ¢ Impact on vehicle . . Impact
environment,vehicle - No impact No impact .
engine andoperator onenvironment
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Suction pumps to be produced in an experimental
way with 0,00021m3 operating capacity and equipped
with a 1,3 kW electric motor starter engine are shown in
Fig 2. These piston pumps are meant both to improve the
performance of the vacuum systems of the used fire ve-
hicles and to save the recourses for it is not necessary to
start up the engine in order to perform a pump leakage
test.

4. Change of Body Constructions of AC 40(130)63B
and AC 40(131)137-type Fire Vehicles

The body constructions of the fire vehicles of AC
40(130)63B and AC 40(131)137 types have been manu-
factured for several decades without any remarkable
changes. Their main deficiencies are the following:

- Insufficiency of space to place supplementary res-
cue equipment;

- highly intensive corrosion of body and tank;

- covers of body sections do not shut securely and
they become unsafe at work place when in an open posi-
tion.

Every year more construction bodies of these types
of the fire vehicles tend to become unusable due to deep
metal corrosion, although their chassis could keep oper-
ating for a much longer time. Different possibilities have
been considered to solve this problem. For example, it
has been speculated to assemble one fire vehicle out of
two, to replace the most worn-out parts of the body and
to change the entire body with all of its components in-
cluded. It is not always possible to rationally use all the
aggregates and components by mounting one fire vehicle
out of two. Replacing the most worn-out parts, we fail to
eliminate any of the deficiencies mentioned above. There-
fore, in view of improving the characteristics of the fire
vehicles being used and prolonging their operational time,
the priority has been given to the change of the entire
body construction. These are the following requirements
for the fire vehicle construction body:

- New body constructions and parts shall not reduce
active and passive safety of the fire vehicles.

- Body constructions and parts shall not exceed such
dimensions, total weight and axial load of the fire vehicle
as designed by the manufacturer.

- Configuration of the compartments of the new body
shall be fit for the necessary supplementary equipment to
place.

- Body and tank shall be produced from rustproof
materials or covered by a reliable anticorrosive coating.

- Blind-like aluminum made doors shall be used in-
stead of compartment covers.

Such body constructions that met these and other
additional requirements have been manufactured and
mounted on the fire vehicles. An overall view of the fire
vehicle equipped with a new body construction is depicted
in Fig 3.

Fig 3. Overall view of the fire vehicle AC 40(130) 63B
equipped with a new body construction

The body of the fire vehicle consists of a sub-frame;
elastic suspension of the sub-frame (after getting rid of
cramps); a frame of the body onto which aluminum plates
are fixed by gluing; a tank and foamer container both pro-
duced of polypropylene; compartments equipped with
blind-like aluminum doors; elements for the fixation of
the equipment.

New body constructions of such types improve the
following characteristics of the fire vehicles:

1. Enlargement of the body size by 0,6 m? allows
to load more equipment.

2. Body, water tank and foam container are corro-
sion proof, because they are produced of rustproof mate-
rials.

3. Blind-like aluminum doors ensure safe seal of
the equipment compartments, they have an aesthetic look
and improve working conditions around the vehicle.

4. FElastic suspension of the body sub-frame allows
avoiding undesirable tensions within the body construc-
tions.

5. Improvement of Extinguishing Systems

Extinguishing systems comprise systems designed
for the supply of the extinguishing materials (extinguish-
ants) to fight fires. Water has been the most available and
the most frequently used extinguishing material since
times remembered. Water is distinguished for its distinc-
tive physical and chemical qualities. For instance, it is
noted for its heat absorption characteristics that the ma-
jority of the natural substances lack. For many years people
have been trying to find better ways of delivering water
to the scene of an accident and using it in the most effec-
tive way in fire fighting. It is not infrequent that damages
resulting from inefficient application of water exceed those
done by fire to the burned down property and other valu-
ables. Water used in fire fighting tends to leak out and
pollute the environment and severely deteriorate the eco-
logical conditions in general. Although various up-to-date
pumps, hoses, nozzles and sprayers are used to extinguish
fires, water-based fire extinguishing technologies have
not reached the top level of performance.

The core of the modern extinguishing systems of the
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fire vehicles is made from the fire pumps or other equip-
ment designed to supply fire-extinguishing materials. The
fire pump characteristics define the application of the
equipment. Properly selected equipment enables to effec-
tively make use of the properties of the fire pumps. As
the time factor in fire fighting is essential, it is evident
that the sooner the supply of the extinguishing materials
is launched, the more efficient operation of fire fighting
will evolve.

One of the ways to accelerate the beginning of fire
fighting is to provide available systems of the fire vehicle
with a fast response hose reel. The fast response hose reel
allows the fire fighters to start the water supply as soon as
the water pump is put into operation without wasting time
for connecting hose lines. In addition, the fast response
hoses are relatively light and much easier to handle. Re-
search studies done in Great Britain have proven that the
shortest fire fighting time has been gained by using the
fast response hose reels [1]. However, as the fast response
hose reels are of smaller diameters (19-38 mm), they are
inclined to higher hydraulic losses. Furthermore, in order
to ensure the required intensity of supplying the extin-
guishing materials, higher pressure is needed to operate
fast response hose reels.

Therefore, combined (high/low pressure) pumps are
used to operate fast response hose reels as they can reach
the maximum pressure of 2-5 MPa. High-pressure
nozzles are combined with the high-pressure 1-2 /s ca-
pacity hoses. Then we wonder if it is possible to use the
fast response hoses in the old fire vehicles whose fire
pumps are capable of reaching the pressure of 1MPa only.
The answer is affirmative; it can be done. The only con-
dition is that it is vital to select hoses and nozzles of ap-
propriate parameters. More than several times we have
noticed that the incorrect selection of the equipment with
inappropriate specifications has failed to bring the results
expected. With a view of applying fast response hoses in
old fire vehicles, it is essential to have a quality nozzle-
sprayer of about 2 1/s capacity capable of operating effi-
ciently under low pressures (0,3-0,4 MPa) [2]. For the
determination of the fire hose parameters, the following
formula can be used [3]:

FL=CO’L, 2)

here: f7,— hydraulic losses within the hose, kPa; C —
hose hydraulic resistance coefficient; QO — capacity in
hundreds I/min; [ —length of hoses in hundreds m (mostly
up to 60 m).

Completed calculations indicate that the diameter of
the fast response hose should be not less than 25 mm. The
mounting of such a hose on the fire vehicle is depicted in
Fig 4.

Extinguishing possibilities of the fire vehicle can be
improved significantly by using the fire pumps with bet-
ter characteristics. However, it is the rotating engine that
defines the use of the fire pump. It is not uncommon that
even the manufacturers sometimes fail to properly tune

Fig 4. Mounting of the fast response hose on the fire vehicle
with the new body construction

up the conformity parameters of the engine and the fire
pump, such as their outputs, rotary moments, and the num-
ber of revs. Therefore, the same fire vehicles equipped
with different pumps can have different supplying fea-
tures of the extinguishing materials. After replacing exit-
ing fire pumps of type PN40 in old fire vehicles with the
new fire pumps that meet up-to-date parameters, the pos-
sibility to use the advanced extinguishing system becomes
real. Modern fire pumps are very expensive (price per
item comes up to 20—50,000 Litas). Thus, their thorough
technical and economical analysis and studies should be
done before making the selection and using them.

Even using modern centrifugal pumps, it is not pos-
sible to prevent water spillage on the scene of a fire acci-
dent. In fact, this leaking water is not involved in fire
extinction but is being contaminated and wasted. This is
due to the fact that part of this water fails to absorb the
entire possible heat and tends to evaporate. This is also
explained by the high tension of the water surface, which
does not allow it to penetrate into the burning substances.
It is evident that the more we will atomize the water, the
more of the surface area we will be able to obtain from
the same volume of water, which will directly contact with
the fire heat and thus water properties will be used more
efficiently. For instance, if water were poured as if from
the bucket, its features would be used only at 5-10 %
efficiency. Thus, the increase of the surface area of the
extinguishing water augments the efficiency of the water
consumption as well. The simple way to increase the ex-
tinguishing water surface area is to atomize water into
fine drops. The smaller the drops are developed, the bet-
ter use of the water properties can be implemented and
less water is consumed in fire fighting. The following ways
are designed in order to better atomize the water that is
being supplied for fire fighting:

1. To use special nozzles-sprayers that can atom-
ize water into small drops much better.

2. To increase the pressure of the water supplied,
which is being atomized much better while flowing
through the nozzle.

3. To reduce tension forces of the water surface.
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In the first case using modern nozzles it is possible
to obtain 0,3mm drop sizes within the water jet under the
pressure of 0,4-0,7 MPa. It is quite complicated to further
atomize the water into smaller drops without increasing
pressures. Therefore, instead of the single-stage centrifu-
gal pumps, multi-stage are used in the fire vehicles. The
pressure of the supplied water is increased from 1MPa to
4MPa. In particular cases volumetric (membrane and pis-
ton) pumps are used and the pressure is increased up to 6-
20MPa. Under higher pressure the water is atomized bet-
ter and thus less water is needed. However, under higher
pressures (up to 20 MPa) it is impossible to supply bigger
quantities of water, as the forces of the nozzles reaction
increase and the fire fighters would fail to cope with such
forces [4-5]. Furthermore, the small quantity of water,
which is well-atomized and under the high pressure, turns
into a fog. The water droplets constituting this fog are too
small and lack sufficient kinetic energy, thus they may be
easily blown away from the focus of the fire by the fire
gases.

In the third case different chemicals that reduce the
water surface tension forces are used. Such chemicals are
called foams or moisteners. Such water with less surface
tension forces not only can be atomized better, but also it
can penetrate better into the burning surfaces. However,
quality foams are quite expensive, and they are basically
used for producing the foams meant to extinguish sub-
stances that are lighter than water. Recently the newly
discovered CAFS systems have been used more broadly.
The CAFS is the Compressed Air and Foam Extinguish-
ing System. The principle of the system is based on water
and foam mixture, which aerated with compressed air,

i | I Fill tower

produces high quality and stable foam, which is being
delivered through hoses and nozzles to fire fighting. A
special foam of type “A” is used to form the mixture and
only 0,1-1 % water concentration is required, whereas
the ordinary concentration for the foam comes to 3-6 %.
The water — foam mixture is mixed with air in proportion
1:7. Therefore, hoses filled up with the foam are light, as
they contain more air than liquids. The main scheme of
the CAFS system is submitted in Fig 5.

While using the CAFS system, the extinguishing
efficiency increases by 3—5 times compared with extin-
guishing with plain water [6—7]. The efficiency is reached
due to the fact that water is being sustained within stable
foams and does not leak out of the fire place (e.g., while
using a solid water jet, up to 90 % of water leaks out from
the fire place without any extinguishing effect. In order
to ensure the functioning of the system, an air compres-
sor, a foam dosage device, a water pump and devices for
pressure regulation are required. The systems can be ei-
ther an autonomic one provided with an individual mo-
tor, a compressor and other devices, or it can be the pump
powered by the fire vehicle and transmission. As the CAFS
systems use water very economically, there is no reason
to load the fire vehicles with the large containers of the
extinguishing materials. Upon mounting the CAFS sys-
tems onto the existing fire vehicles, it would be possible
to reduce the volume of the water tanks and to increase
the number of the equipment that is taken out and is nec-
essary for various rescue operations. The new fire ve-
hicles equipped with the CAFS systems could be smaller
and of higher mobility. However, in order to define both
the efficiency of the systems and the optimal parameters
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Fig 5. The main scheme of CAFS system
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within appropriate fire vehicles, further analyses and prac-
tical tests are required, as the extinguishing costs may get
higher when the system is being used improperly.
Having analyzed the facts mentioned above, with a
view to improve the technologies of supply of the extin-
guishing materials, the search for the unconventional ways
have become important. Today the water is chiefly sup-
plied for extinguishing via volumetric and centrifugal
pumps by using its hydraulic liquid characteristics. The
pressure energy of the pressurized and out-flowing water
through the opening (i.e. fire nozzle) is transformed into
jet kinetic energy. If we use the energy of the compressed
air or other gases to eject water through the nozzle (in-
stead of the compressed water energy) the jet speed could
be much faster. The water droplet speed within the jet
sprayed out in an ordinary way reaches tens m/s, while
using the compressed air energy the water droplet speed
can reach hundreds m/s. Furthermore, because of such
speed, water spray is atomized into fine droplets due to
the air resistance (even up to 2 microns in diameter). Con-
sequently, the extinguishing water covered area enlarges
as well as the water efficiency. In Table 2 and Fig 6 you
can see droplet sizes, their number as well as the covered
area obtained when water volume is one 1 litre [8-9].
When water is supplied in fine droplets, it is pos-
sible to reach the use of all of its properties as close as
100%. In addition, the factor of the possible damage of
the property and other valuables by water flooding is elimi-
nated completely: facilities that are not within the extin-
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Fig 6. Dependence of the total covered area of 1litre water
volume droplets on their diameter size

Table 2. Diameters of water droplets, their number and the
total surface area obtained from 1 litre water volume

guishing area remain safe from being flooded. The ma-
jority of fires could be addressed while using smaller and
higher mobility fire vehicles, as large water tanks would
not be necessary. Currently, the fire services of some coun-
tries have been introducing impulsive extinguishing tech-
nologies based on the use of the compressed air energy
for ejecting extinguishing water. The general principle of
its functioning is shown in Fig 7.

Direction

Compressed air Water —_—p of tspaytecl
out water
compartment compartment —b> t the

dianl?;?eglsﬁ,:tmm Droplet number | Total surface, m?
0,3 7,1x107 20
0,2 2,4x108 30
0,03 7,1x1010 200
0,02 2,4x101 300
0,003 7,1x1013 2000
0,002 2,4x10" 3000

\ focus of
3 fire
Fast reaction

valve

Fig 7. Principle scheme of the impulsive nozzle

Impulsive nozzles function in the following order:

- Compressed air compartment is filled up from the
air container;

- Water compartment is filled up from the water tank;

- When the fast reaction valve is opened, compressed
air and water compartments get merged;

- Water being under air pressure is ejected within a
very short time (from several to several tens of mili-sec-
onds) to the focus of fire;

- Further on the process is repeated from the begin-
ning.

Studies on the impulsive extinguishing technologies
have not been completed yet and need to be further up-
dated and tested. However, even now they allow us to use
the properties of the extinguishing water more efficiently
and to reduce the response time.

6. Conclusions

1. The improvement of the technical parameters of
the fire vehicle can be implemented in the following ways:
* By improving or changing the chassis base in the

fire vehicle;

* By advancing or changing the fire vehicle body,
equipment sections and containers designed for the
extinguishing materials;

* By changing a pump, equipment, or any other spe-
cific aggregate, and by installing or using supple-
mentary measures, which can improve fire extin-
guishing.

2. The replacement of centrifugal fire pumps filling
vacuum systems with the new ones or the improvement
of the current ones would result in both the significant
upgrade of their technical specifications and the exten-
sion of their operating time.

3. Piston pumps with 0,00021 m? operating capacity
and equipped with a 1,3 kW electric motor starter engine
are meant both to improve the performance of the vacuum
systems of the used fire vehicles and the save recourses.

4. The impulsive extinguishing technologies have
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not been completed yet and need to be further updated
and tested. They allow us to use the properties of the ex-
tinguishing water more efficiently and to reduce the re-
sponse time.
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ABSTRACT

A simple way to increase the extinguishing water surface area is to atomize water into fine drops. The smaller drops are
developed, the better use of water properties can be implemented and less water is consumed in fire fighting. The
automatic impulse extinguishing is created. The main aim of the investigation is to develop the approach to investigate
the dynamic and hydrodynamic processes in the extinguishing device. The mathematical model of the extinguishing
device is presented, where the flow of liquid and gas and the interaction of liquid with the gas are taken into
account. The flow of fluid in a hydraulic system is described by a system of equations of a hyperbolic type, which is
solved by a characteristics method. An instance of the mathematical simulation of the activity extinguishing device is

shown.
KEY WORDS
Extinguishing device, gas, liquid, dynamics, numerical methods
NOMENCLATURE G, input mass flow
) ) Gou output mass flow of gas (air)
a, acceleration along  x axis [J] Tacobi i
. . acobian matrix,
g acceleration of gas along  x axis K(p) : bulk modulus of elasticity of liquid
C(Re, v) function L, length of pipeline (second chamber).
C,y C sound velocity in the gas and liquid )
g . . o [M] matrix of mass
d t  internal dlameter' O_f a plpeh.ne . m, mass of fast response valve automatic
E : modulus of elasticity of a pipeline trol
e : thickness of a wall of a pipeline contro .
mechanism
{F(t, p,v)} - vector of external forces and moments N number of drops
F aero air resistance force P P pressure of fluid; pressure of gas
Sow force Dy pressure in the chamber of fast response
S function valve automatic control mechanism

thermal quantum



{q} : vector of displacement

vector of velocity; vector of acceleration

R :  gas constant

S(x) :  cross section area of a pipeline

S :  cross-section area of the first valve

S, :  cross-section area of the second valve

T : temperature of fluid

v, v, o velocity of fluid; velocity of gas

£ ratio of gas volume in the liquid

/4 : index of adiabatic process

olo) : piecewise flow function

i : orifice discharge coefficient

P pg ¢ density of fluid; density of gas

o critical pressure ratio

T :  tangential liquid stress

I1(x) . perimeter

{‘F} : vector of Lagrange multipliers

{CD} : vector of constraints
INTRODUCTION

The Extinguishing systems comprise systems designed
for the supply of the extinguishing materials
(extinguish-ants) to fight fires. Water has been the most
available and the most frequently used extinguishing
material since times remembered. Water is distinguished
for its distinctive physical and chemical qualities. For
instance, it is noted for its heat absorption
characteristics that the majority of the natural
substances lack. For many years people have been
trying to find better ways of delivering water to the
scene of an accident and using it in the most effective
way in fire fighting. It is not infrequent that damages
resulting from inefficient application of water exceed
those done by fire to the burned down property and
other valuables. Water used in fire fighting tends to leak
out and pollute the environment and severely deteriorate
the ecological conditions in general. Although various
up-to-date pumps, hoses, nozzles and sprayers are used
to extinguish fires, water-based fire extinguishing
technologies have not reached the top level of
performance. Even using the modern centrifugal pumps,
it is not possible to prevent water spillage on the scene
of a fire accident. In fact, this leaking water is not
involved in fire extinction but is being contaminated and
wasted.

This is due to the fact that part of this water fails to
absorb the entire possible heat and tends to evaporate.
This is also explained by the high tension of the water
surface, which does not allow it to penetrate into the
burning substances. It is evident that the more we will
atomize the water, the more of the surface area we will
be able to obtain from the same volume of water, which

will directly contact with the fire heat and thus water
properties will be used more efficiently. For instance, if
water were poured as if from the bucket, its features
would be used only at 5 % efficiency. Thus, the increase
of the surface area of the extinguishing water augments
the efficiency of the water consumption as well. The
simple way to increase the extinguishing water surface
area is to atomize water into fine drops. The smaller
drops are developed, the better use of water properties
can be implemented and less water is consumed in fire
fighting. The pressure energy of the pressurized and
out-flowing water through the opening (i.e. fire nozzle)
is transformed into a jet kinetic energy. If we use the
energy of the compressed air or other gases to eject
water through the nozzle (instead of the compressed
water energy) the jet speeds could be much faster. The
water droplet speed within the jet sprayed out in an
ordinary way reaches tens m/s, while using the
compressed air energy the water droplet speed can reach
hundreds m/s. Furthermore, because of such speeds,
water spray is atomized into fine droplets due to the air
resistance (even up to 2 microns in diameter).
Consequently, the extinguishing water cover area
enlarges as well as the water efficiency. The devices
with such properties can be usable in portable version.
This is very important to extinguishing small fires.
Small fires by statistics reach more than 50% of all fires.
When water is supplied in fine droplets, it is possible to
reach the use of all of its properties as close as 100%. In
addition, the factor of the possible damage of the
property and other valuables by water flooding is
eliminated completely: facilities that are not within the
extinguishing area remain safe from being flooded. The
majority of fires could be addressed while using
portable effective extinguishing devices.

Scheme of an automatic hydraulic and pneumatic nozzle
is presented in Figure 1 [1,2].
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Figure 1 Scheme of automatic hydraulic and pneumatic



nozzle

An automatic hydraulic and pneumatic nozzle consists
of a water chamber (1), a compressed air chamber (2), a
fast response valve (3), a fast response valve automatic
control mechanism (4), and compressed air and water
sources. The water chamber (1) is supplied from water
source or reservoir; the compressed air chamber (2) is
supplied from the compressed air source or reservoir.
The expanding air expels water from the water chamber
(1) due to that water jet is divided into fine droplets.
After having activated the fast response valve automatic
control mechanism (4) process is repeated constantly
and water jets are ejected in series. The fast response
valve automatic control mechanism (4) has three valves
(6,7 and 8).

The water drops move with the velocity V; , absorb the
environment heat with temperature 7, and steam in the
same breath (Figure 2).

V1

Ta

I

/,I\

Figure 2 Scheme of drop thermal interchange

The change of thermal flow is directly proportional for
the number of drops:

i—?: C(Re,v)N*'3 (1)

The dependence surface area of one litre water drops
from the drops diameter in Figure 3 is presented.
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Figure 3 Dependence between surface area of drop and
its diameter

II. MATHEMATICAL MODEL OF
EXTINGUISHING DEVICE

The extinguishing device consists of  two chambers
(air container and water compartment) and two valves.
The first valve is the fast reaction valve. The second
valve opens when the pressure reaches particular
pressure. When the fast reaction valve begins to open,
the second chamber divides in two volumes. In the first
volume there is a high pressure of air and in the second
volume there is a high pressure of water.

The dynamic model of the extinguishing device is
shown in the Figure 4. Cross-section area S,; of the

first valve is the function of time. Cross-section area
S,, of the second valve depends on the pressure
p(t,x:Lz)(Figure 5). The second air volume and

water the compartment is separated by the surface G
(Figure 4).

(Fas Licyuid
ﬁ Joo g —
V alve | | Valvel
pet), Vb

Figure 4 Scheme of extinguishing device

According to the first law of thermodynamics, the
whole thermal energy moved with gas is spent for the
change of the internal energy and for the work of the
expansion of gas in a volume.

3,0E-04
20E-04 | /
~
£
g
(7]
1,0E-04 |
0,0E+00
00 05 1,0 15 20 25

p, MPa

Figure 5 Dependence of cross-section area of
second valve on pressure

The continuity and movement equations of viscous and

compressible fluid in pressure pipe have the following
form [3-7]:

sl [s(pr]-0 @
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a—[S(x)pv]+—[S(x)(p+pv2 )]+ H(x)z'+
t Ox
+pS(x)a, + pgS(x)sin(6)- p&;_(x) =0.
X
An equation of one-dimensional movement of gas and
liquid can be written as the system quasi-linear

differential equations:
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sound velocities c,and ¢ is equal to:
c. = J;RT: | K(p)/p

R

The change of pressure of the volume is determined
from the following equation:

d_P:ﬂ(

_ _par
dt 1% Gin(p’pin) Gout(p’pout)) ’ (6)

vV odt

Gom is determined on the formula Sen-Venan and
Vencel [1]:

Gout (p’ pout) =

p
= , (7
/ulSvl (t)Kl(T)pautgo(O-: J ifpout >p
K, (7)== . ®)
RT

To take account of the subsonic and sonic flow, the
piecewise flow function (o(a) is defined as follows:

5 2 o4
(—7J c’-c? |, if o,<0<l
y—1
vlo)= ©
pail
-1
]/L 4 , if 0<o<o,
y+1

where o, is the critical pressure ratio given by

7
2 -t

O-CV: - -
y+1

The dynamics model of the fast response valve
automatic control mechanism (4) (Figure 1) consists of
four masses and eight chambers with variable pressures..
The system of equation of fast response motion valve
automatic control mechanism have the following form:

d’q, : .
" dtq2w :fmv,i(qv’qv’pv) (lzl""’4)’ (10)
dpv' . ;
— = fmiandnp,), (=16 (D

For quality work fireman have forces acting on the
extinguishing device when out flowing water through
the fire nozzle. The main force is recoil force. The
dynamics model of fireman is created. The fireman with
the extinguishing device is considered as multi-body
system. The dynamics model consists from eleven rigid
bodies.

The recoil force acting along the extinguishing device
axis is equal:

Fo==5, (P1 _P2)+(Sz =S )plyq(xG)_Faem - (12)



lPsz"g, if xg <L
F, =12 (13)

EpgasSVZVi ifo >L2

The system of equations describing the movement of the
extinguishing device and fireman is as follows [8]:

] I B

There:

ola}" ([ olaf” 0
o*o} |, o*o}
_2{6{q}T at}{q}_ or?

[/]= {M} . (16)

III. THEORETICAL ANALYSIS

An example of the extinguishing device is considered.
The following data of the extinguishing device were
used: the length of the water compartment is 0.25 m,
the volume of the air container is equal to
V1:1.5-1O’3 m? , the initial pressure in the air container
is 2.0 MPa, the inner diameter of the water compartment
is equal to 0,025 m. The time integration step is equal
t02.0-10°s..

Dependences of displacements of fast response valve
automatic control mechanism upon time first mass is
presented in Figures 7a.

4,0B-03
3,0B-03 |
E \
& 2,0E-03 |
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0.0 1,0 2,0 3,0 40 50 6.0

Figure 7a Dependences of displacements: first mass

The displacements of valves of the automatic control
mechanism upon time fast response valve 3 are shown
in the Figure 7b.
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B 6.0E-04
o
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Figure 7b Dependences of displacements: fast response
valve 3

The pressures in the chambers of valves of the
automatic control mechanism are shown in the Figure 8.
The forces acting on the extinguishing device are shown
in the Figure 9.
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Figure 8 Dependences of pressures: a) first chamber;
b) chamber of fast response valve (3) Figure 1
¢) compressed air chamber (2) Figure 1
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Figure 9 Dependence of recoil force upon time

In the Figure 10 are shown distribution of the cloud of
water drops in the different moments of time.

Figure 10 Distribution of the cloud of drops of water

IV. CONCLUSION

A new automatic impulse extinguishing is created.
The approach for simulating hydrodynamic processes of
the extinguishing device has been developed. The
composed mathematical model of the extinguishing
device takes into account wave motion of a liquid. The
Differential equations, describing hydrodynamic
processes inside the extinguishing device, help analyze
the movement of liquid and gas better and more
precisely. The period of vibration of fast response valve
is about 1.4 s and this time can be regulated by changing
stiffness of valves. At the end of a pipeline of the
extinguishing device the maximum velocity of liquid
reaches 60 m/s.
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Investigation the dynamic process of automatic impulse extinguishing
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Abstract— A simple way to increase the extinguishing
water surface area is to atomize water into fine drops. The
smaller drops are developed, the better use of water properties
can be implemented and less water is consumed in fire fighting.
The automatic impulse extinguishing is created. The main aim
of the investigation is to develop the approach to investigate the
dynamic and hydrodynamic processes in the extinguishing
device. The mathematical model of the extinguishing device is
presented, where the flow of liquid and gas and the interaction
of liquid with the gas are taken into account. The flow of fluid in
a hydraulic system is described by a system of equations of a
hyperbolic type, which is solved by a characteristics method. An
instance of the mathematical simulation of the activity
extinguishing device is shown.

Keywords: extinguishing device, gas, liquid, dynamics,
numerical methods

1. Introduction

The Extinguishing systems comprise systems
designed for the supply of the extinguishing materials
(extinguish-ants) to fight fires. Water has been the most
available and the most frequently used extinguishing
material since times remembered. Water is distinguished
for its distinctive physical and chemical qualities. For
instance, it is noted for its heat absorption characteristics
that the majority of the natural substances lack. For many
years people have been trying to find better ways of
delivering water to the scene of an accident and using it in
the most effective way in fire fighting. It is not infrequent
that damages resulting from inefficient application of
water exceed those done by fire to the burned down
property and other valuables. Water used in fire fighting
tends to leak out and pollute the environment and severely
deteriorate the ecological conditions in general. Although
various up-to-date pumps, hoses, nozzles and sprayers are
used to extinguish fires, water-based fire extinguishing
technologies have not reached the top level of
performance. Even using the modern centrifugal pumps, it
is not possible to prevent water spillage on the scene of a
fire accident. In fact, this leaking water is not involved in
fire extinction but is being contaminated and wasted.

"E-mail: marius@ti.vtu.lt

"E-mail: v.suslavicius@vpgt.lt

V. Suslavicius”

Vilnius Gediminas Technical
University

Vilnius, Lithuania

This is due to the fact that part of this water fails to absorb
the entire possible heat and tends to evaporate. This is
also explained by the high tension of the water surface,
which does not allow it to penetrate into the burning
substances. It is evident that the more we will atomize the
water, the more of the surface area we will be able to
obtain from the same volume of water, which will directly
contact with the fire heat and thus water properties will be
used more efficiently. For instance, if water were poured
as if from the bucket, its features would be used only at 5
% efficiency. Thus, the increase of the surface area of the
extinguishing water augments the efficiency of the water
consumption as well. The simple way to increase the
extinguishing water surface area is to atomize water into
fine drops. The smaller drops are developed, the better use
of water properties can be implemented and less water is
consumed in fire fighting. The pressure energy of the
pressurized and out-flowing water through the opening
(i.e. fire nozzle) is transformed into a jet kinetic energy. If
we use the energy of the compressed air or other gases to
eject water through the nozzle (instead of the compressed
water energy) the jet speeds could be much faster. The
water droplet speed within the jet sprayed out in an
ordinary way reaches tens m/s, while using the
compressed air energy the water droplet speed can reach
hundreds m/s. Furthermore, because of such speeds, water
spray is atomized into fine droplets due to the air
resistance (even up to 2 microns in diameter).
Consequently, the extinguishing water cover area enlarges
as well as the water efficiency. The devices with such
properties can be usable in portable version. This is very
important to extinguishing small fires. Small fires by
statistics reach more than 50% of all fires. When water is
supplied in fine droplets, it is possible to reach the use of
all of its properties as close as 100%. In addition, the
factor of the possible damage of the property and other
valuables by water flooding is eliminated completely:
facilities that are not within the extinguishing area remain
safe from being flooded. The majority of fires could be
addressed while using portable effective extinguishing
devices.

An automatic hydraulic and pneumatic nozzle consists
of a water chamber (1), a compressed air chamber (2), a
fast response valve (3), a fast response valve automatic
control mechanism (4), and compressed air and water
sources. The water chamber (1) is supplied from water
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source or reservoir; the compressed air chamber (2) is
supplied from the compressed air source or reservoir. The
expanding air expels water from the water chamber (1)
due to that water jet is divided into fine droplets. After
having activated the fast response valve automatic control
mechanism (4) process is repeated constantly and water
jets are ejected in series fig. 1.

AW
i

\6

Fig.1. Schematic automatic hydraulic and pneumatic nozzle

I1. Mathematical model of extinguishing device

The extinguishing device consists of two chambers (air
container and water compartment) and two valves. The
first valve is the fast reaction valve. The second valve
opens when the pressure reaches particular pressure.
When the fast reaction valve begins to open, the second
chamber divides in two volumes. In the first volume there
is a high pressure of air and in the second volume there is
a high pressure of water.

The Dynamic model of the extinguishing device is shown
in the fig. 2.

Gas Liqud

BEONCC

Fig.2 Diagram of extinguishing device

Cross-section area S,; of the first valve is the function of

time. Cross-section area S, of the second valve depends

CK-xxx

on the pressure p(t,x=1L,) fig. 3. The second air volume

and water the compartment is separated by the surface G
(fig.2). According to the first law of thermodynamics, the
whole thermal energy moved with gas is spent for the
change of the internal energy and for the work of the
expansion of gas in a volume.
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Fig.3. Dependence of cross-section area of
second valve on pressure

The continuity and movement equations of viscous and
compressible fluid in pressure pipe have the following
form:

2 5Wel+ 2 sWl=0. )

2150+ 20 + o2 110)e + o500 +
a6)_,

pgS(x)sin(O) ox ,

2
where p,v are density and velocity of fluid, (gas and
liquid); 7 is tangential liquid stress in the inner surface
of a pipeline; S(x) is the cross section area of a pipeline;
7 (X) is the perimeter of the cross section of a pipeline.

An equation of one-dimensional movement of gas and
liquid can be written as the system quasi-linear differential
equations:

[Ag]{%g} + [Bg]{%g} = {fg}; 3)
W 2 -, @

2
e [ J F BT o
g

Pg
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Vg, Pg and v, p are velocities and pressures of gas
and liquid, respectively; ¢4, ¢ are sound velocity in the

gas and liquid, which is stored in the elastic pipeline, is
equal to:

HK(p)-I;(f)?fK(p)_l} 0

E-e Y| m

cg=,/7RT; c=

where: K(p) — the bulk modulus of elasticity of liquid,
p — the density of liquid, E — the modulus of elasticity of
a pipeline, d— internal diameter of a pipeline, e— the
thickness of a wall of a pipeline, y — the index of
adiabatic process, & — the ratio of gas volume in the
liquid and the total volume of liquid (mixture); T is the
temperature of fluid; agy, ay — the acceleration along x
axis, respectively.

The change of pressure of the volume is determined from
the following equation:

4 T dv
o A GG )2

where Gy, is the input mass flow; Gy is the mass flow

of gas (air), determined on the formula Sen-Venan and
Vencel [1]:
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G e
ﬂlsvl(t)Kl(T)pout¢[a = pp ] if poyt >Pp

out

Gout (p’pout ) =

Ki ()= g7 ©)

Sy1 is the cross-section area of first valve; gy is the

orifice discharge coefficient; R is gas constant; T is the
temperature of gas in the air container. To take account of
the subsonic and sonic flow, the piecewise flow function
(0(0') is defined as follows:

(10)

where o, is the critical pressure ratio given by

r
o = 2 -1
T ly+ '

The diagram of forces acting on the extinguishing
device when out-flowing water through the opening (i.e.
fire nozzle) valve is shown in the fig.3.

The recoil force acting along the extinguishing device
axis is equal:

Fy = _Svl(pl _p2)+ (SZ _SVZ)plyq(xG)_
Faero (11)

1 2 .
SPSavy I Yo <lh
aero — 1

2 .
EpgasSVZVZ’ lfo > L

where g, is the density of gas; L is the length of

pipeline (second chamber).
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0.0250 m .

The

t02.0-10° 5. The

volume of the air container is equal to V; =1.5- 107 m

displacements of valves
automatic control mechanism are shown in the fig.4. The
pressures in the chambers of valves of the automatic
control mechanism are shown in the fig.5.
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3

the initial pressure in the air container is 2.50 MPa , the
inner diameter of the water compartment is equal to
time integration step

equal

of the
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g
= 20803 v/ \ Y
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0,0 1,0 2,0 3,0 4,0 5,0 6,0
t,s
a)
Fig.3 Diagram of forces acting on the extinguishing device and
fireman 40E.03
The System of equations describing the movement of 3,0E-03 7
the extinguishing device and fireman is as follows: g / / \
cé“ 2,0E-03 1
M] [o] {{é}}_ {{F (q,q',t)}} 1,OE-03
= : (12)
[@] [o] Jl¥) | {Ule.q) 0,0E+00
0,0 1,0 2,0 3,0 4,0 5,0 6,0
where [M], [@] are the matrices of mass and the t.s
Jacobian matrix, respectively; {q} {q} {q} are vectors of b)
displacement, velocity and acceleration, respectively;
{F(z, p,v)} is vector of external forces and moments; {5"} 12E03
is vector of Lagrange multipliers; {U (q, q)} is vector: 1.0E-03
e 8,0E-04
. o (| o} | . ?*@} |. S 6.0E04
Ulg,q);=- -2 ———— [ig5— <
Wloah=-=2{ | 22 ot 12 22y o
2,0E-04
M 0,0E+00
at | 00 10 20 30 40 50 60

{@} is vector of constraints.

t,s

¢)

Fig.4. Dependences of displacements of valves of automatic control

II1. Theoretical analysis

An example of the extinguishing device is considered.
The following data of the extinguishing device were used:
the length of the water compartment is 0,25 m, the

mechanism upon time: a — first mass of valve 6; b — second mass of
valve 6; ¢ — fast response valve 3



12th IFToMM World Congress, Besancon (France), Junel8-21, 2007

2,0E+06

Lesros AL
ViRV VAR
S )I '] V v
= 8,0E+05

4,0E+05 /
/

0,0E+00
00 1,0 20 30 40 50 60

a)

3,0E+06

-

o0
2 1,0E+06

0,0E+00
00 10 20 30 40 50 60

b)

2,0E+06
1.6E+06 V. ail ~T1

8,0E+05 7

4,0E+05 /
0,0E+00

p9, Pa

00 10 20 30 40 50 60

t,s

<)
Fig, 5. Dependences of pressures in the chambers of valves of
automatic control mechanism upon time: a — chamber of valve 6 ;
b — chamber valve 3; ¢ — chamber 2

V. Conclusion

A new automatic impulse extinguishing is created. The
approach for simulating hydrodynamic processes of the
extinguishing device has been developed. The composed
mathematical model of the extinguishing device takes into
account wave motion of a liquid. The Differential
equations, describing hydrodynamic processes inside the
extinguishing device, help analyze the movement of liquid
and gas better and more precisely. The period of vibration
of fast response valve is about 1.4 s and this time can be
regulated by changing stiffness of valves. At the end of a
pipeline of the extinguishing device the maximum
velocity of liquid reaches 60 m/s.
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Abstract. The main aim of the investigation is to develop approach to investigate hydrodynamic
processes in the extinguishing device. The mathematical model of extinguishing device is presented,
where the flow of fluid and gas and the interaction of liquid with the gas are taken into account. The
flow of fluid in a hydraulic system is described by a system of equations of a hyperbolic type, which is
solved by a characteristics method. An instance of the mathematical simulation of the activity
extinguishing device is shown. The dependence of recoil force is obtained.

Keywords: extinguishing device, gas, liquid, dynamics, recoil force , numerical methods

1. Introduction

Extinguishing systems comprise systems designed
for the supply of the extinguishing materials (extinguish-
ants) to fight fires. Water has been the most available and
the most frequently used extinguishing material since
times remembered. Water is distinguished for its
distinctive physical and chemical qualities. For instance,
it is noted for its heat absorption characteristics that the
majority of the natural substances lack. For many years
people have been trying to find better ways of delivering
water to the scene of an accident and using it in the most
effective way in fire fighting. It is not infrequent that
damages resulting from inefficient application of water
exceed those done by fire to the burned down property
and other valuables. Water used in fire fighting tends to
leak out and pollute the environment and severely
deteriorate the ecological conditions in general. Although
various up-to-date pumps, hoses, nozzles and sprayers are
used to extinguish fires, water-based fire extinguishing
technologies have not reached the top level of
performance. Even using modern centrifugal pumps, it is
not possible to prevent water spillage on the scene of a
fire accident. In fact, this leaking water is not involved in
fire extinction but is being contaminated and wasted. This
is due to the fact that part of this water fails to absorb the
entire possible heat and tends to evaporate. This is also

explained by the high tension of the water surface, which
does not allow it to penetrate into the burning substances.
It is evident that the more we will atomize the water, the
more of the surface area we will be able to obtain from
the same volume of water, which will directly contact
with the fire heat and thus water properties will be used
more efficiently. For instance, if water were poured as if
from the bucket, its features would be used only at 5 %
efficiency. Thus, the increase of the surface area of the
extinguishing water augments the efficiency of the water
consumption as well. The simple way to increase the
extinguishing water surface area is to atomize water into
fine drops. The smaller the drops are developed, the better
use of the water properties can be implemented and less
water is consumed in fire fighting. The pressure energy of
the pressurized and out-flowing water through the
opening (i.e. fire nozzle) is transformed into a jet kinetic
energy. If we use the energy of the compressed air or
other gases to eject water through the nozzle (instead of
the compressed water energy) the jet speeds could be
much faster. The water droplet speed within the jet
sprayed out in an ordinary way reaches tens m/s, while
using the compressed air energy the water droplet speed
can reach hundreds m/s. Furthermore, because of such
speeds, water spray is atomized into fine droplets due to
the air resistance (even up to 2 microns in diameter).
Consequently, the extinguishing water cover area enlarges



as well as the water efficiency. The devices with such
properties can be usable in portable version. That is very
important to extinguishing small fires. Small fires by
statistics reach more than 50% of all fires. When water is
supplied in fine droplets, it is possible to reach the use of
all of its properties as close as 100%. In addition, the
factor of the possible damage of the property and other
valuables by water flooding is eliminated completely:
facilities that are not within the extinguishing area remain
safe from being flooded. The majority of fires could be
addressed while using portable effective extinguishing
devices.

The extinguishing device based on the use of the
compressed air energy for ejecting extinguishing water
could be expressed as follows (see figure 1):

e  Compressed air compartment is filled up from the
air container;

e  Water compartment is filled up from the water tank;

e When the fast reaction valve is opened, compressed
air and water compartments get merged;

e  Water being under air pressure is ejected within a
very short time (from several to several tens of mili-
seconds) to the focus of fire;

e Further on the process
beginning.

Studies on such extinguishing technologies have not
been completed yet and need to be further updated and
tested. The main parts of investigation are:

e Process of extinguishing (water) media delivery to
fire;

e Recoil of the extinguishing device during operation.

is repeated from the

Direction
Y of spayed
p out water

Compressed air Water
compartment compartment

to the
\ focus of
. fire
Fast reaction
valve

Fig 1. Principal schema of the extinguishing device on the use
of the compressed air energy

2. Mathematical model of extinguishing device

The extinguishing device consists of two chambers
(air container and water compartment) and two valves.
The first valve is fast reaction valve. The second valve
opens when pressure reaches particular pressure. When
the fast reaction valve begins to open the second
chamber divides in two volumes. In the first volume there
is high pressure of air and in the second volume there is
high pressure of water.

Dynamic model of the extinguishing device is
shown in the figure. 2. In the air container the pressure
is p, (t) and the volume of air container is V] .

Gas Liquid
Va(t) é
it
Vi pl)
Valvel ‘

Fig 2. Diagram of extinguishing device
Cross-section area Sv; of the first valve is
function of time (see figure 3). Cross-section diameter
dv2 of
ple,x = L) (see figure 4). In the second air volume V, (t)

the second valve depends on pressure

the pressure is p, (t) The second air volume and water
compartment is separated the surface G (see figure 2).
According to the first law of thermodynamics, whole
thermal energy moved with gas is spent for change of
internal energy and for work of expansion of gas in a
volume.
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Fig 3. Cross-section area of first valve
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Fig 4. Cross-section diameter of second valve

The change of pressure of constant volume
( V, = const ) of air container is determined from the

following equation:



— = - —Gp, (M

where G, is mass charge of gas (air), determined on the
formula Sen-Venan and Vencel [1] :

G, =18, p K, (Tl )¢(O‘ :p_z} 5

P
_ /2_7
Kl (T)f (7*1)RT] L)
2
pc)=No” - 7, )

S, 1s cross-section area of first valve; u; is factor of
the charge; y — ration of specific heat; R — gas constant;

T — temperature.
The change of pressure of second volume V), (t) is

determined from the following equation:

dp, _ Y
a W)

wy dVy
. : 3
12 Vz(t) dt ’ ( )
where 7, (t): Voo +5xg ;

cross-section area;

V5 1s initial volume; S is
X is coordinate of point G (see
figure 2)

The liquid movement is considered as one-
dimensional, i.e. all local velocity are equal to average
velocity, and unsettled. Velocity and pressure depend on
longitude coordinate and time. Such liquid movement is
characterized by the wave of increased and reduced
pressure which spreads from the place of change in each
pressure vibration cross-section and in deformation of
pipeline walls.

The movement and continuity equations of
viscous, compressible fluid in pressure pipe have the
following form [1,2,3]

9 S(x)p]+a—i[5(x)pv]: F(x). 4)

sl Lsos o) o). ©

where p is density of liquid.

An equation of one-dimensional movement of fluid
can be written as the system quasi-linear differential

equations:
[4{%’} + [B]{Z—Z} ={r}; (6)

where

azp
Al =[pv], )

v, p— speed and fluid pressure; a is sound velocity in

the liquid with a certain amount of gas, which is stored in
the elastic pipeline, is equal to:

R

where: K(p) — bulk modulus of elasticity of liquid, p —

density of liquid, £ — modulus of elasticity of a pipeline,
d — internal diameter of a pipeline, e— thickness of a
wall of a pipeline, y — index of adiabatic process, & —

ratio of gas volume in the liquid and the total volume of
liquid (mixture).

Differential equations of liquid movement in the
cylinder are solved by characteristics method [1,2]. The
main idea of characteristics method is the fact that
unknown variable speed and liquid pressure at instant
moment of time 7+ At is determined according to these
parameters at a moment of time (see figure 5).

t A
Ax
D At
t+At

Cc* C

t »
A L R |B
1 2 1-1 1 i+1 n X

Fig 5. Circuit of liquid parameters determination of point

Equating the determinant of matrix (13) to zero, we
shall receive the equation:

=0, ©

[e)- L)%

. . dx . .
which allows to determine = derivative, which
t

determines characteristic direction. If this equation has n
various real roots dx/dt =2, (i=12), the initial system

of the differential equations is referred to as hyperbolic.



The inclination tangent A; to the characteristic depends
not only on coordinates but also on solution {u} .
Inserting expressions [4] and [B] from matrices (7)
into equation (9) and having solved it, we receive three
equations of characteristics
dx dx

Ct:==v+a; C :(—=v-a.

10
dt dt 19

Compatibility conditions on characteristics are equal
to [4,5,6]:

et LD N,y (an
dt ap dt ap
_d 1 d
vLld__Sipo
dt ap dt ap
0
1= A L, (13)
S(x)p )

7 are shear stresses on the inner surface of
S(x) and
I1(x) are cross-section area and perimeter of pipeline.

where
pipeline; a, — acceleration along x axis;

Pressure and velocity in point [D at the moment of
time is determined from nonlinear algebraic equation
system

1
CHdy=v,-v, +5(PD —PL)[”lL +”10]—

At At
7[’”2L+’”2D]_7[’”3L+”3D]:O§ (14)
_ 1
C 10, =vy—vg _5(pD —PR)[’”lR +”10]+
At At
7[r2R+r2D]_7[r3R+V3D]:Oa (15)
where 7, =é; y =fa2pvcj—di/S;
TTA(Re M
ry=—ay ——————
8S
E,when Re < 2320;
e
AHR)=1 03464 (16)

,when Re>2320;
Re0-23

l(Re) is coefficient of pressure losses along pipe.

The system of equations (2) and (3) is solved by a
Newton method:

[J]i {AY}i = *{(D(Y)}f’

where {Y}T :[PD»VD]; {CD}T :[@1,c1>2],

(17)

The potential energy of a gas in a high-pressure
volume is transformed to a kinetic energy of the liquid.
For accuracy simulation of interaction of the gas with
liquid case of interaction is considered (see figure 7). In
the point G pressure pg; and velocity vy, the liquid
are determined from a system of equations (3) and (15).
The x coordinate of point G is determined from the
following expression:

x (£ + At) = xy 1)+ Atvgg . (18)
At i Gl 2
G
at
AH C RB

Fig 6. Circuit of liquid parameters determination of point G

The diagram of forces acting on the extinguishing
device when out-flowing water through the opening (i.e.
fire nozzle) valve is shown in then figure 7.

Ky2 Cy2

|

o — P e
Cc

Fig 7. Diagram of forces acting on the extinguishing device

System of equation describing the extinguishing
device is as follows

[MYgi+[chat+[Ka}={F(. p.v)}

where [M],[C],[K] are matrices of mass, damping,

la}g) G}y are

displacement, velocity and acceleration, respectively;
{F(z. p.v)} is vector of forces and moments.

(19)

stiffness, respectively; vectors of

Today’s state of research of the destruction of
concrete using hand-guided drill and chisel hammers is
well-proven concerning the unit tool-machine. An
enormous increase in the quality of these tools was



achieved during the last years and decades due to the
steady optimisation of the mechanics, electronics, control,
pneumatics etc., e.g. by the electro-pneumatic principle
(Doepper) [1].

While the optimisation of the machine (drill and
chisel hammer) including the machine-tool interface has
reached a state that can hardly be improved yet, the
optimisation of the interface tool-concrete is still in an
initial stadium. It is for this reason that this study
attempts to improve the tool-concrete interface, which
has so far not been considered or only to a small extend
[2].

Basic test were performed with the standard chisel
forms flat and pointed chisel with the aim of improving
the manual destruction of concrete. Considering the
findings about the crack and fracture characteristics of the
concrete under impact loading during the chiselling
process, possibilities of the optimisation of the chisel
cutting edge were investigated. A fundamental
precondition for the basic tests was to look at every single
impact in detail, i.e. the accurate quantitative recording of
the transmitted energy and the investigations about the
energy shares. This was achieved building a self-
developed drop-test device and a friction-force test device

(3]
3. Numerical results

As an example of the extinguishing device is
considered. The following data of the extinguishing
device were used: the length of water compartment is

0.30 m, the volume of air container is equal 1.5-107

m? , initial pressure in the air container is 2.50 MPa,

inner diameter of  water compartment is equal

0.030 m. Time integration step is equal 2.0-107° .
The length of water compartment is divided in the 62
elements.

The simulation results of hydrodynamic parameters
are given in the figure 8.
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Fig 8. The parameters of the extinguishing device:

a — change pressure in the air container; b — change air
pressure in the second volume; ¢ — change liquid velocity at
the point G

The forces acting on the extinguishing device are
shown in the figure 9.
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Fig 9. Dependence of recoil force upon time

The displacement and velocity of the extinguishing
device are shown in the figure 10 and figure 11.
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Fig 11. Velocity of extinguishing device

4. Conclusions

A new approach for simulating hydrodynamic
processes of the extinguishing device has been
developed. The composed mathematical model of the
extinguishing device takes into account wave motion of a
liquid. Differential equations, describing hydrodynamic
processes inside the extinguishing device, help analyze
the movement liquid and gas better and more precisely.
At the end of a pipeline of the extinguishing device the

maximum velocity of liquid when initial pressure is equal
2.5 MPa reaches 60 m/s.
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Abstract: The simple way to increase the extinguishing water surface area is to atomize water into fine drops. The

smaller the drops are developed, the better use of the water properties can be implemented and less water is consumed
in fire fighting. The main aim of the investigation is to develop approach to investigate hydrodynamic processes in the
extinguishing device. The mathematical model of extinguishing device is presented, where the flow of fluid and gas and
the interaction of liquid with the gas are taken into account. The flow of fluid in a hydraulic system is described by a
system of equations of a hyperbolic type, which is solved by a characteristics method. An instance of the mathematical
simulation of the activity extinguishing device is shown. The dependence of recoil force is obtained.

Keywords: extinguishing device, gas, liquid, dynamics, recoil force , numerical methods

1. INTRODUCTION

Extinguishing systems comprise systems designed
for the supply of the extinguishing materials
(extinguish-ants) to fight fires. Water has been the most
available and the most frequently used extinguishing
material since times remembered. Water s
distinguished for its distinctive physical and chemical
qualities. For instance, it is noted for its heat absorption
characteristics that the majority of the natural
substances lack. For many years people have been
trying to find better ways of delivering water to the
scene of an accident and using it in the most effective
way in fire fighting. It is not infrequent that damages
resulting from inefficient application of water exceed
those done by fire to the burned down property and
other valuables. Water used in fire fighting tends to leak
out and pollute the environment and severely deteriorate
the ecological conditions in general. Although various
up-to-date pumps, hoses, nozzles and sprayers are used
to extinguish fires, water-based fire extinguishing
technologies have not reached the top level of
performance. Even using modern centrifugal pumps, it
is not possible to prevent water spillage on the scene of
a fire accident. In fact, this leaking water is not involved
in fire extinction but is being contaminated and wasted.
This is due to the fact that part of this water fails to
absorb the entire possible heat and tends to evaporate.
This is also explained by the high tension of the water
surface, which does not allow it to penetrate into the
burning substances. It is evident that the more we will
atomize the water, the more of the surface area we will

be able to obtain from the same volume of water, which
will directly contact with the fire heat and thus water
properties will be used more efficiently. For instance, if
water were poured as if from the bucket, its features
would be used only at 5 % efficiency. Thus, the increase
of the surface area of the extinguishing water augments
the efficiency of the water consumption as well. The
simple way to increase the extinguishing water surface
area is to atomize water into fine drops. The smaller the
drops are developed, the better use of the water
properties can be implemented and less water is
consumed in fire fighting. The pressure energy of the
pressurized and out-flowing water through the opening
(i.e. fire nozzle) is transformed into a jet kinetic energy.
If we use the energy of the compressed air or other
gases to eject water through the nozzle (instead of the
compressed water energy) the jet speeds could be much
faster. The water droplet speed within the jet sprayed
out in an ordinary way reaches tens m/s, while using the
compressed air energy the water droplet speed can reach
hundreds m/s. Furthermore, because of such speeds,
water spray is atomized into fine droplets due to the air
resistance (even up to 2 microns in diameter).
Consequently, the extinguishing water cover area
enlarges as well as the water efficiency. The devices
with such properties can be usable in portable version.
That is very important to extinguishing small fires.
Small fires by statistics reach more than 50% of all
fires. When water is supplied in fine droplets, it is
possible to reach the use of all of its properties as close
as 100%. In addition, the factor of the possible damage
of the property and other valuables by water flooding is




eliminated completely: facilities that are not within the

extinguishing area remain safe from being flooded. The

majority of fires could be addressed while using
portable effective extinguishing devices.

The extinguishing device based on the use of the
compressed air energy for ejecting extinguishing water
could be expressed as follows:

- Compressed air compartment is filled up from the

air container;

- Water compartment is filled up from the water tank;

- When the fast reaction valve is opened, compressed
air and water compartments get merged;

- Water being under air pressure is ejected within a
very short time (from several to several tens of mili-
seconds) to the focus of fire;

- Further on the process is repeated from the
beginning.

Studies on such extinguishing technologies have not
been completed yet and need to be further updated and
tested. The main parts of investigation are:

- Process of extinguishing (water) media delivery to
fire;
- Recoil of the extinguishing device during operation.

The repeating process of the extinguishing device
could be obtained by using an automatic hydraulic and
pneumatic nozzle.

An automatic hydraulic and pneumatic nozzle
consists of a water chamber (1), a compressed air
chamber (2), a fast response valve (3), a fast response
valve automatic control mechanism (4), and compressed
air and water sources. The water chamber (1) is supplied
from water source or reservoir; the compressed air
chamber (2) is supplied from the compressed air source
or reservoir. Expanding air expels water from the water
chamber (1) due to that water jet is divided into fine
droplets. After having activated the fast response valve
automatic control mechanism (4) process is repeated
constantly and water jets are ejected in series Figure 1.

3 2
1 /

~

—

It
a4
7 ] \\6

Figure 1. Schematic automatic hydraulic and pneumatic
nozzle
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2. MATHEMATICAL MODEL OF EXTINGUISHING
DEVICE

The extinguishing device consists of two
chambers (air container and water compartment) and
two valves. The first valve is fast reaction valve. The
second valve opens when pressure reaches particular
pressure. When the fast reaction valve begins to open
the second chamber divides in two volumes. In the first
volume there is high pressure of air and in the second
volume there is high pressure of water.

Dynamic model of the extinguishing device is
shown in the Figure 2. In the air container the pressure
is p,(¢) and the volume of air container is V.

Gas Liquid
Vo(t) lg—— g —»
Vi pi(t) p2(t) é{{{{{ —>
Valvel ‘ Valve2
—
Vig(t)

Figure 2. Diagram of extinguishing device

Cross-section area S, of the first valve and is
function of time (Figure 3). Cross-section area S, of
the second valve depends on pressure p(t,x:Lz)
(Figure 4). In the second air volume ¥, (t) the pressure
is pz(t). The second air volume and water

compartment is separated the surface G (Figure 2).
According to the first law of thermodynamics, whole
thermal energy moved with gas is spent for change of
internal energy and for work of expansion of gas in a
volume.
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Figure 3. Dependence of cross-section area of first valve
on time
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Figure 4. Dependence of cross-section area of
second valve on pressure



The change of pressure of constant volume
( V1 = const ) of air container is determined from the

following equation:

d RT,
%=7711(G1m(171)‘612(191,172)) M

where Gy, (pl) is input mass flow; G,, is mass flow of

gas (air), determined on the formula Sen-Venan and
Vencel [1]:

Sy (1)K (7 )Pl?’(G:%J if p1=ps
1
Gy (p1.p2)=
S (), (T3 )pzcv(o = ;’—‘] if p2>p
2
1
K ()= R_Tl; (2)

S, is cross-section area of first valve; y is orifice
discharge coefficient; y is ratio of specific heats of
gaseous medium; R is gas constant; 7} is temperature
of gas in air container. To take account of the subsonic
and sonic flow, the piecewise flow function ¢(c) is
defined as follows:

2 7+1
2 P
[—yJ o’ -c 7 |if o,<0<l
y—1
olo)=
2] ®
-1
7(Lj7 if 0<o<o,,
y+1

where o, is the critical pressure ratio given by

r
o = 2 y—1
o \ye1)

The change of pressure of second volume V5(z) is
determined from the following equation:

dpy RN wy dVy  RT;
By LG (pypy ) -2 L2 TG (), (4
@) 12(p1.p2) ANARAD, 1»(p2), @)

where Gy;3 (pz)is output mass flow of gas to medium,

3 G 3(py) if xg > Ly
G23(P2)—{ 0ifxg<ly

18,2 (P2 Ky (T} )Pz(/{o' = pﬂj if P22 Pos
. P2
G 23(py)=

1S, (2 K1 (T )pooco[a = i—zJ if Do > P2

o0

v, (t): Vy +8xs;5 V, is initial volume; § is cross-

section area; x, is coordinate of point G (Figure 2).

The liquid movement is considered as one-
dimensional, i.e. all local velocity are equal to average
velocity, and unsettled. Velocity and pressure depend on
longitude coordinate and time. Such liquid movement is
characterized by the wave of increased and reduced
pressure which spreads from the place of change in each
pressure vibration cross-section and in deformation of
pipeline walls.

The movement and continuity equations of
viscous, compressible fluid in pressure pipe have the
following form [1,2,3]

25l £ [sta)ev]=Fi(x). 5)
%[S(x)pv]+§[3(X>(p+ﬂv2)]=Fz (p.v). ©)

where p is density of liquid.

An equation of one-dimensional movement of fluid
can be written as the system quasi-linear differential
equations:

[A]{%}+[B]{2—Z} ={r}; )

where

" =[p.v], (8)

Vv, p - speed and fluid pressure; a is sound velocity in

the liquid with a certain amount of gas, which is stored
in the elastic pipeline, is equal to:

K(p)/ p : ©)

- K(p)‘d+8[1<(p)_1}’

1+
E-e Y ow

where: K (p) — bulk modulus of elasticity of liquid, p

— density of liquid, E — modulus of elasticity of a
pipeline, d — internal diameter of a pipeline, e—



thickness of a wall of a pipeline, y — index of adiabatic

process, & — ratio of gas volume in the liquid and the
total volume of liquid (mixture).

Differential equations of liquid movement in the
cylinder are solved by characteristics method [1,2]. The
main idea of characteristics method is the fact that
unknown variable speed and liquid pressure at instant
moment of time ¢+ At is determined according to these
parameters at a moment of time (Figure 5).

t

D At

t+At
C A
t

Figure 5. Circuit of liquid parameters determination of
point D

Equating the determinant of matrix (8) to zero, the
equation is obtained:

‘[B]_[A]@ o (10)

dt

. . dx . .
which allows to determine d_ derivative, which
t

determines characteristic direction. If this equation has n
various real roots dx/dt=A, (i=12), the initial
system of the differential equations is referred to as
hyperbolic. The inclination tangent A; to the
characteristic depends not only on coordinates but also
on solution {u}

Inserting expressions [A] and [B] from matrices

(8) into equation (10) and having solved it, three
equations of characteristics are obtained

C*.'@=v+a; C"dx—

—=v— 11
dt dt Vo (an

Compatibility conditions on characteristics are
equal to [4,5,6]:

v, Ld_ N1,
dt apdt ap

c": f2 (12)

c - —Eo_ . p, (13)

0
{r1={ d1lx) 4 (14)
Sx)p
where 7 are shear stresses on the inner surface of

pipeline; a, - acceleration along x axis; S(x) and
I1(x) are cross-section area and perimeter of pipeline.

Pressure and velocity in point [D at the moment of
time is determined from nonlinear algebraic equation
system

1
C": @ =vp-v, +E(p1) - pr )L +7ipl-

At At
7[F2L+VZD]_7[F3L+rSD]:O7 (15)
_ 1
C .o, :vD_vR_E(pD_pR)[VIR+rlD]+
At At
7[F2R+F2D]_7[F3R+F3D]:O (16)
where 7, :L; 7, =—a2pvd—S/S;
pa dx
B Hl(Re)vM_
o 8S

E when Re<2320;

Re
ARe)= (17)
M ,when Re >2320;

0,25
Re™

/1(Re) is coefficient of pressure losses along pipe.

The system of equations (15) and (16) is solved
by a Newton method:

[7]{ar}, =—la(v)},, (18)

where {Y}T =[PD’VD]? {q)}r = [q)l’(DZ]-

The potential energy of a gas in a high-pressure
volume is transformed to a kinetic energy of the liquid.
For accuracy simulation of interaction of the gas with
liquid case of interaction is considered (Figure 6). In

the point G pressure pg. and velocity vy, the liquid
are determined from a system of equations (4) and (16).

The x coordinate of point G is determined from the
following expression:

xg(t+At)=x,, )+ Atvg, .
(19)
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Figure 6. Circuit of liquid parameters determination
of point G

The diagram of forces acting on the extinguishing
device when out-flowing water through the opening (i.e.
fire nozzle) valve is shown in then Figure 7.

Figure 7. Diagram of forces acting on the
extinguishing device and fireman

The recoil force acting along extinguishing device axis
is equal:

F = _Svl(pl —p2)+(S2 _Sv2)plyq(xG)_Faero

1 2 .
) 5PSvy ¥ xg <Ly
aero — 1

2 .
EpgasSv2v2 if XG> L2

where  pg,, is density of gas; L, is length of pipeline

(second chamber).
System of equations describing movement of the
extinguishing device and fireman is as follows:

{[M] [@]T} [l (irea )

[2] [o] Jlry [ Wla.a)

where [M ], [CD] are matrices of mass and Jacobian
matrix, respectively; {g}{¢}{G} are vectors of
displacement, velocity and acceleration, respectively;
{F(z, p,v)} is vector of external forces and moments;
{S” } is vector of Lagrange multiplier; {U(qq)} is
vector,

2]

{CD} is vector of constraints.

3. NUMERICAL RESULTS

As an example of the extinguishing device is
considered. The following data of the extinguishing
device were used: the length of water compartment is

0.410m, the volume of air container is equal 1.5-107

m?, initial pressure in the air container is 2.50 MPa ,
inner diameter of  water compartment is equal

0.0250 m . Time integration step is equal 2.0-107° 5.
The length of water compartment is divided in the 82
elements.

The simulation results of diameter of second
valve is given in the Figure 8.

0,020 o —
0,015 Y
2 \
5 0010 \\
0,005
_/ .

0,000
0,000 0,020 0,040 0,060 0,080 0,100

t,s

Figure 8. Dependence of diameter area of
second valve on time

The simulation results of hydrodynamic parameters
are given in the Figure 9.
30,0

24,0

0,00 0,02 0,04 0,06 0,08 0,10

Figure 9. The parameters of the extinguishing
device:
a — change pressure in the air container;
b — change air pressure in the second volume



The forces acting on the extinguishing device are
shown in the Figure 10.

400
200 ——
Z 0 PN A
g A\ P
:2 -200 /
-400
-600
0,00 0,02 0,04 0,06 0,08 0,10
t, s
a)
50
0
Z .50 /
g /
3 100
= L~
-150 //
-200
0,00 0,02 0,04 0,06 0,08 0,10
t,s
b)

Figure 10. Dependence of total force upon time:

The displacement, velocity and acceleration of the

a — total force; b - recoil force

extinguishing device are shown in the Figure 11.
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Figure 11. Displacement, velocity and acceleration upon
time: a — displacement; b — velocity; ¢ - acceleration

5. CONCLUSIONS

A new approach for simulating hydrodynamic
processes of the extinguishing device has been
developed. The composed mathematical model of the
extinguishing device takes into account wave motion of
a  liquid.  Differential  equations,  describing
hydrodynamic processes inside the extinguishing
device, help analyze the movement liquid and gas better
and more precisely. At the end of a pipeline of the
extinguishing device the maximum velocity of liquid
when initial pressure is equal 2.5 MPa reaches 120
m/s. The recoil forces of the extinguisher device have
been evaluated more precisely.
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Abstract

The main aim of the investigation is to develop an approach to investigate hydrodynamic processes in the extinguishing
device. The mathematical model of the extinguishing device is presented, where the flow of gas and liquid and the
interaction of gas and liquid are taken into account. The flow of fluid in a hydraulic system is described by a system of
equations of a hyperbolic type, which is solved by a characteristics method. An instance of the mathematical simulation
of the activity extinguishing device is shown.

KEY WORDS: extinguishing device, gas, liquid, dynamics, numerical methods

1. Introduction

For many years people have been trying to find better ways of delivering water to the scene of an accident and
using it in the most effective way in fire fighting. It is not infrequent that damages resulting from inefficient application
of water exceed those done by fire to the burned down property and other valuables. Water used in fire fighting tends to
leak out and pollute the environment and severely deteriorate the ecological conditions in general. Although various up-
to-date pumps, hoses, nozzles and sprayers are used to extinguish fires, water-based fire extinguishing technologies
have not reached the top level of performance. Even using modern centrifugal pumps, it is not possible to prevent water
spillage on the scene of a fire accident. The increase of the surface area of the extinguishing water augments the
efficiency of the water consumption as well. The simple way to increase the extinguishing water surface area is to
atomize water into fine drops. The smaller the drops are developed, the better use of the water properties can be
implemented and less water is consumed in fire fighting. The pressure energy of the pressurized and out-flowing water
through the opening (i.e. fire nozzle) is transformed into a jet kinetic energy. The water droplet speed within the jet
sprayed out in an ordinary way reaches tens m/s, while using the compressed air energy the water droplet speed can
reach hundreds m/s. The devices with such properties can be usable in portable version. That is very important to
extinguishing small fires. Small fires by statistics reach more than 50% of all fires. When water is supplied in fine
droplets, it is possible to reach the use of all of its properties as close as 100%.

2. Mathematical Model of Extinguishing Device evaluating Interaction between Gas and Liquid

The extinguishing device consists of two chambers (air container and water compartment) and two valves.
The first valve is fast reaction valve. The second valve opens when pressure reaches particular pressure. When the
fast reaction valve begins to open the second chamber divides in two volumes. In the first volume there is high
pressure of air and in the second volume there is high pressure of water. The simplex mathematical model of
extinguishing device is presented in the [1]. In this article the complex mathematical model of extinguishing device is
presented.

. . L . . . Gas Liquid
The dynamic model of the extinguishing device is shown in the #: Too ‘}‘ —_
Fig. 1. j ST -
The gas and liquid movement are considered as one-dimensional, Valvel L, Valve
i.e. all local velocity is equal to average velocity, and unsettled. Velocity and Ppe(t).Va(t)

pressure depend on longitude coordinate and time. Such gas and liquid  Fig. 1 Diagram of extinguishing device

movement are characterized by the wave of increased and reduced pressure

which spreads from the place of change in each pressure vibration cross-section and in deformation of pipeline walls.
The continuity and movement equations of viscous, compressible fluid in pressure pipe have the following

form:

ZIst]+ st =o. )

%[S (X)w]+% [0+ v ]+ 17 (x)e + pS (), + peS ) sin(6) - p%ix)

here p,v are density and velocity of fluid, (gas and liquid); 7 is tangential liquid stress in the inner surface of a

=0, 2)

pipeline; S(x) is cross section area of a pipeline; H(x) is perimeter of cross section of a pipeline.
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An equation of one-dimensional movement of gas and
differential equations:

;iquid can be written as the system quasi-linear

[Ag]{agf } +[5, {a;’; } ={r.): G)
L 2ed a2k - ), @
Vg C;pg
here [Ag]{(l) ﬂ [B,]=| 1 b | )
Pe
T B e R T L) R
[A]:Ll) ﬂ [B]:% Cvp ; ()
" =[p.v]:
R e N

Vg,

and liquid, which is stored in the elastic pipeline, is equal to:

pg and v, p are velocities and pressures of gas and liquid, respectively;

¢y, ¢ are sound velocity in the gas

VRT ;

K(p)/ p ; ©

C c=

g
1+

here: K (p) — bulk modulus of elasticity of liquid, p — density of
liquid, E— modulus of elasticity of a pipeline, d — internal
diameter of a pipeline, e— thickness of a wall of a pipeline, y —

index of adiabatic process, ¢ — ratio of gas volume in the liquid
and the total volume of liquid (mixture); T is temperature of fluid;
agy,ay —acceleration along x axis, respectively;

Differential equations of fluid movement in the pipeline
are solved by characteristics method [2,3]. The main idea of
characteristics method is the fact that unknown variable speed and
liquid pressure at instant moment of time #+A4¢ is determined
according to these parameters at a moment of time (Fig. 2).

Equating the determinant of matrix (13) to zero, we shall
receive the equation:

la)-Lay o

K(p)d
E-e

2[Kb)_|
ryLomw
t

AX

At

t+HAt

1 2 i-1 i it .. X
Fig. 2 Circuit of liquid parameters

determination of point D

n

(10)

. . dx . . . e . .
which allows to determine 7 derivative, which determines characteristic direction. If this equation has »
t

various real roots dx/dt =4, (i=12), the initial system of the differential equations is referred to as hyperbolic. The

inclination tangent A; to the characteristic depends not only on coordinates but also on solution {u}

Inserting expressions [Ag J, lBgJ and [A], [B] from matrices (5) and (7) and having solved it, we receive

two equations of characteristics

. dxg ~
C; - % =v, +¢,; Cg:
c*: ﬂzv—i—c; c:

dt

Compatibility conditions on characteristics are equal to [5]:

dx

d;’ =v, —¢, (11)
dx
E: - (12)
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C;: dgf +Co Py %’=fg1 +Co Py fer (13)
R N (14)
c*: %JFCP%:ﬁ +epfss (15)
¢ L ep L e (16)
bl =lrsal- —%%ff),—gsm(e)— S S e B )
0T =[f,.£,]= CSZ(S’ azix)’ —gsin(@)—i(R%Vh/—ax(t) : (18)

here 7 are shear stresses on the inner surface of pipeline; a, - acceleration along x axis; S(x) and 77(x) are cross-
section area and perimeter of pipeline.
Pressure and velocity in point [) at the moment of time is determined from the nonlinear algebraic equation

system:
X | At At
Cg ; @gl = pgD _ng +5(pgchD +ngch ngD _ng )_Y(VglL +rng )_7(rg2L +rgZD): O ; (19)
_ 1 At At
Cg N @g2 =Pep ~Pgr _E(pgchD + PorCor ngD ~Ver )_T(Fg]R +rng)+7(rg2R +rg2D):0; (20)
. 1 At At
¢ Q=py,-p; +E(pDcD +pLC; )(VD _VL)_T(FIL +”1D)_7(”2L +”2D):0; (21)
_ 1 At At
¢ o, =Pep ~Pgr _E(pDCD +pRCR)(VD _vR)_T(FIR +r1D)+7(r2R +r2D):0 > (22)
2
Cy PgVy OSIx
here Fa = [ :——gs(;') £ 8§c );
. A Re. AW v, b, as(x)
Ty =pgcg[—gsm(€)—agx— o D A +pgSg(x) P ; (23)
. c?pv 8S(x)
n=h= S(x) ox
ﬂ.(Re,A)vM p OS(x)
= —gsinl@)-a, — ; 24
o s, A ) 2
2
(%] ,when Re <2320;
A (Re)= " & (25)
[A 100)0’25
0,10 —+— ,when Re > 2320;
D Re

E,when Re <2320,
A(Re)=| Re (26)

1464
0’;—02 when Re > 2320;
X0

2 (Re, A), A(Re) are coefficients of pressure losses along pipe; A - roughness of inner surface of pipeline.

The systems of equations (18, 19) and (20, 21) are solved by a Newton method:

ngJi {AYg }1 = _{djg (Yg )}iv 27
[liiay}; =—{o(v)};. (28)
Here {Yg}T = [pgD=VgD} {@g }T = [¢g1’¢g2]; fof =[0,0,].

The potential energy of a gas in a high-pressure volume is transformed to a kinetic energy of the liquid. For
accuracy simulation of interaction of the gas with liquid case of interaction is considered (Fig.3).
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Movements of gas and liquid in pipeline, where discretization
steps are Ax; and Ax, and limits of gas and liquid interaction are

considered. Depending on the position of the limit of gas and liquid
interaction in a pipeline, there can be three cases of gas and liquid
interaction.

First case of the interaction (Fig4 a.)

Xgi SXgg SXj, and X <(qu +quat)< Xj,

Fig. 3 Circuit of gas and liquid parameters
determination of the point G

(29)

The parameters of gas and liquid flows as well as coordinate of their interaction at the moment of time ¢ + A¢ ,

i.e. parameters of gas and liquid flows of point G are determined.

The conditions of compatibility, equations of these characteristics and equations of gas and liquid charge

balance on characteristics Cg for gas and on characteristics C~ for liquid are written. Then the system of equations,

from which the parameters of gas and liquid flow can be determined at the moment of time 7 + A¢ :

Cg : @gl :¢gl(ng’VgG>:0
C™:@y) =P,(pG.,vG)=0

(30)
@3 = SgGVgG —SVG =0
ng =PG
Pressures and velocities of gas and liquid in the points i and j at the moment of time ¢+ Az are determined:
t+At t+At t+At t+At
PoG T Pgi-l VoG T Vgi-l
t+At g gl t+At . t+At g gl t+At
Poi =\ o (Xgi ~Xgi-1 )+pgi—l e (Xgi ~Xgi-1 )+Vgi_1 ;
XoG ~Xgi-l XeG ~Xgi-1
pt+At _trAt .
j+1 G j+1 G
;+At _| 1 (Xj_XG)*'pgAt; V;+At _| (XJ—XG)+VgAt 31)
Xj+1 ~XG Xj+1 —XG
Pressures, velocities and x coordinate of gas in the point F; at the moment of time t are determined:
1 [ At( . )] VeH-vgi—|
Xofg = |XoG — AtV CoF] —21gXgi_t )|} 81g =——
ghfl G gi—1 gFl1 1g2gi-1)]> 4l1g >
1+ Ata g XoH ~Xgi-1
VoL = aig(XgL ~Xgi-1 )+ Vgis PgL = a2g(XgL ~Xgi-1 )+pgi 5
PgH-pgi—1
gl .
azg:ﬁ, XgG :XgH +AthH. (32)
gH gi-1
Pressures, velocities and x coordinate of liquid in the point F, at the moment of time t are determined:
Xpy =X —Atxpy —cp); Ve = ————(vpy +dtagg(cpp +viy);
1+ Ata 1S
Vit —V Pj+1—P
. j+ H j+ H
Pra =axs(Xp —xp)+pp; ag=————; a)=———; (33)
Xj+1 —XH Xj+1 —XH
Second case of the interaction (Fig.4b.)
Xgi SXgg <Xj, and (qH +qHAt)<Xgi, (34)

The pressure and velocity of gas and liquid in the point G at the moment of time 7+ A¢ are determined using

system of equations (30).

Pressures and velocities of liquid in the points j—1 and j at the moment of time ¢+ At are determined:

t+At At
t+at _| G jtl ( ) t+At .t
P =\ T T Xj1 =Xjr1 JHPjyy 5 Vi =
G ~Xj4l
pt+At_ t+At
t+at _| © G j+l ( ) t+At . t+At _
A vl R
G~ 25+

t+At  _t+At
G j+1
— = (Xjfl —Xj+1)+Vt-+At (35)
—x: i+l
XG ~Xj+l
YAt et
G i+l ( ) At
— Xj =Xl JH Vi (36)
XG = Xj11

Pressures, velocities and x coordinate of liquid in the point F, at the moment of time t are determined by

using (33) expressions.
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Third case of the interaction (Fig.4 c.)
Xgi SXgg <Xj, and (qH +qpat)> Xgitl> 37
The pressure and velocity of gas and liquid in the point G at the moment of time 7+ A¢ are determined using
system of equations (30).
Pressures and velocities of gas in the points i and i+1 at the moment of time ¢+ Af are determined:

t+At t+At t+At t+At
t+At _ PoG “Pgi-l t+At, t+at _| &G gi-1

t+At

X oi — X o +p . V. X —X o pyitat.

i ( gi gH) Pgi1> Vg ( gi glfl) i1 °
£ XeG ~ Xgi-1 £ £ XgG ~ Xgi-1 £

pt+At _pt+At t+At  _t+At
t+At gG gi t+At . t+A gG gi ) t+At .
Pgit1 = —(x i+1_Xi)+pi > Vaiv] = —(X il " Xgi JEVg s (38)
gl v . g g g g e . g g gl
XgG Xgl XgG Xgl

Pressures, velocities and x coordinate of gas in the point F; at the moment of time t are determined:

VeH-vgi

—|
Xop =T [X —At(v-+c —a1,X -)];a =
gl T Atas, gG gi gkl Telgtei 3g XgH —Xgi

1
VgFl “ias [a3g(XgG _Xgi)+vgi _a3gCgF1At]; PgFi :a4g(XgF1 _Xgi)+pgi;
3g
PgH ~Pgi
a4 =5 (39)
XgH _Xgi

Pressures, velocities and x coordinate of liquid in the point F, at the moment of time t are determined:

1
Xp =XG —At(xm —sz); VE2 :—1+Ata [VH +AtalS(cF2 ~VE2 )]
1S

PF2 =a2s(Xp2 —Xp )+ Py - (40)

AXg DG Dy AX AX :

rd '_.

At Gas Liquid Liquid

i-1] | ? i+l -
AL F W, H F: R j*l

Liquid |

!
A+
F:

Fig. 4 Cases of gas an liquid interaction: a — first case, b — second, ¢ — third case

3. Numerical Results

As an example of the extinguishing device is considered. The following data of the extinguishing device were

used: the length of water compartment is 0.300 m, the volume of air container is equal to 1.5-10™> m?, initial pressure
in the air container is 2.50 MPa , inner diameter of water compartment is equal to 0.0250 m and . 0.030 m. Time

integration step is equal 2.0-107° s. The length of gas pipeline is divided in 200 elements and of water compartment
is divided in 62 elements. The second valve opens when pressure reaches particular pressure Fig. 5. Fig. 6 illustrates
the change pressure in the air container in the middle point. The changes pressure and velocity of liquid in the contact
point G is shown in the Fig. 7 and Fig. 8.
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Fig. 7 The parameters of the extinguishing device, diameter of pipeline
is 0.0250 m : a — change pressure; b — change liquid velocity
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Fig. 8 The parameters of the extinguishing device, diameter of pipeline is 0.030 mz:
a — change pressure; b — change liquid velocity

4. Conclusions

A new approach for simulating hydrodynamic processes of the extinguishing device has been developed. The
composed mathematical model of the extinguishing device takes into account wave motion of a liquid and interaction
between gas and kiquid.

Differential equations, describing hydrodynamic processes inside the extinguishing device, help analyze the
movement liquid and gas better and more precisely.

At the end of a pipeline of the extinguishing device the maximum velocity of liquid when initial pressure is
equal 2.5 MPa, length of pipeline is 0.300 m and diameter of pipeline are 0.025 m and 0.030 m reaches 64 and 48 m/s,
respectively.
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FOREWORD

The first international conference Transport Means was held in 1997 and then it became annual scientific
forum in which the most relevant scientific and practical problems of transport engineering were analyzed.

9™ International conference Transport Means 2005 continues nine years long tradition and takes place at
Kaunas University of Technology and Klaipéda University on 20™ — 21" October 2005.

The aims of the conference are to share the latest topical information on the issues of transport mean;
engineering and transport technologies, to develop international relations of Lithuanian professionals in the science of
transport as well as to get students interested in the transport research.

The themes of the reports presented in the plenary session and those taking place in the sections reflect the
most important moments of today's transport system development:

* Design, development, maintenance, and exploitation of automobiles;

» Specifics of traffic transportation infrastructure;

» Repairs and exploitation of railway transportation means;

* Problems of development and control of railway transportation infrastructure;

¢ Construction and manufacture of air transportation means;

* Problems of water transportation development on local and international level,

e Specifics of mechanisms of transportation means;

* Implementation of advanced transportation technologies;

¢ Development of defense technologies.

*  Ways of intellectualization of transport systems.

In the invitations to the conference, sent four months before the conference starts, the instructions how to
prepare reports and how to model the material of the reports are provided as well as the deadlines for the reports are
indicated.

Those who wish to participate in the conference should send the texts of the reports that meet the relevant
requirements under indicated deadlines. Each report must include: a short description of the idea or technique being
presented, a brief introduction orienting to the importance and uniqueness of the submission, a thorough description of
research course and comments on the results.

The submissions are matched to the expertise according to the interests and are forwarded to the selected
rewievers.

Scientific - editorial committee revises, groups the properly prepared reports according to theme and designs
the conference program.

Prof. habil.dr. V. OstaSevicius
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Abstract

The main aim of the investigation is to develop approach to investigate hydrodynamic processes in the extinguishing
device. The mathematical model of extinguishing device is presented, where the flow of fluid and gas and the
interaction of liquid with the gas are taken into account. The flow of fluid in a hydraulic system is described by a
system of equations of a hyperbolic type, which is solved by a characteristics method. An instance of the mathematical
simulation of the activity extinguishing device is shown.

KEY WORDS: Extinguishing device, gas, liquid, dynamics, numerical methods

1. Introduction

Extinguishing systems comprise systems designed for the supply of the extinguishing materials (extinguish-
ants) to fight fires. Water has been the most available and the most frequently used extinguishing material since times
remembered. Water is distinguished for its distinctive physical and chemical qualities. For instance, it is noted for its
heat absorption characteristics that the majority of the natural substances lack. For many years people have been trying
to find better ways of delivering water to the scene of an accident and using it in the most effective way in fire fighting.
It is not infrequent that damages resulting from inefficient application of water exceed those done by fire to the burned
down property and other valuables. Water used in fire fighting tends to leak out and pollute the environment and
severely deteriorate the ecological conditions in general. Although various up-to-date pumps, hoses, nozzles and
sprayers are used to extinguish fires, water-based fire extinguishing technologies have not reached the top level of
performance. Even using modern centrifugal pumps, it is not possible to prevent water spillage on the scene of a fire
accident. In fact, this leaking water is not involved in fire extinction but is being contaminated and wasted. This is due
to the fact that part of this water fails to absorb the entire possible heat and tends to evaporate. This is also explained by
the high tension of the water surface, which does not allow it to penetrate into the burning substances. It is evident that
the more we will atomize the water, the more of the surface area we will be able to obtain from the same volume of
water, which will directly contact with the fire heat and thus water properties will be used more efficiently. For
instance, if water were poured as if from the bucket, its features would be used only at 5 % efficiency. Thus, the
increase of the surface area of the extinguishing water augments the efficiency of the water consumption as well. The
simple way to increase the extinguishing water surface area is to atomize water into fine drops. The smaller the drops
are developed, the better use of the water properties can be implemented and less water is consumed in fire fighting.
The pressure energy of the pressurized and out-flowing water through the opening (i.e. fire nozzle) is transformed into a
jet kinetic energy. If we use the energy of the compressed air or other gases to eject water through the nozzle (instead of
the compressed water energy) the jet speeds could be much faster. The water droplet speed within the jet sprayed out in
an ordinary way reaches tens m/s, while using the compressed air energy the water droplet speed can reach hundreds
m/s. Furthermore, because of such speeds, water spray is atomized into fine droplets due to the air resistance (even up to
2 microns in diameter). Consequently, the extinguishing water cover area enlarges as well as the water efficiency. The
devices with such properties can be usable in portable version. That is very important to extinguishing small fires. Small
fires by statistics reach more than 50% of all fires. When water is supplied in fine droplets, it is possible to reach the use
of all of its properties as close as 100%. In addition, the factor of the possible damage of the property and other
valuables by water flooding is eliminated completely: facilities that are not within the extinguishing area remain safe
from being flooded. The majority of fires could be addressed while using portable effective extinguishing devices.

The extinguishing device based on the use of the compressed air energy for ejecting extinguishing water could
be expressed as follows (Fig. 1):

- Compressed air compartment is filled up from the air container;

- Water compartment is filled up from the water tank;

- When the fast reaction valve is opened, compressed air and water compartments get merged,;

- Water being under air pressure is ejected within a very short time (from several to several tens of mili-seconds) to
the focus of fire;

- Further on the process is repeated from the beginning.

Studies on such extinguishing technologies have not been completed yet and need to be further updated and
tested. The main parts of investigation are:
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- Process of extinguishing (water) media delivery to fire;
- Recoil of the extinguishing device during operation.

Direction
Compressed air W ater ————p ofspayed
out water
compartment compartment L to the
\ focus of
fire

Fast reaction
valve

Fig.1 Principle schema of the extinguishing device based on the use of the compressed air energy

2. Mathematical Model of extinguishing device

The extinguishing device consists of two chambers (air container and water compartment) and two valves.
The first valve is fast reaction valve. The second valve opens when pressure reaches particular pressure. When the
fast reaction valve begins to open the second chamber divides in two volumes. In the first volume there is high
pressure of air and in the second volume there is high pressure of water.

Dynamic model of the extinguishing device is shown in the Fig. 2. In the air container the pressure is p, (t)

and the volume of air container is V.

Gas Liquid
Ve AT ko

()

Fig.2 Diagram of extinguishing device

Cross-section area Sv, of the first valve is function of time (Fig.3). Cross-section area Sv, of the second
valve depends on pressure p(t, xX= L) (Fig.4). In the second air volume V, (t) the pressure is p, (t) The second air

volume and water compartment is separated the surface G (see Fig. 2). According to the first law of thermodynamics,
whole thermal energy moved with gas is spent for change of internal energy and for work of expansion of gas in a
volume.

25
4 o~
g 3 g 157
2] ]
o g0
P 51
0 ' : ' : 9% o5 1 15 2 25
1] X 40 L ms 60 30 100 p. MP2
Fig.3 Cross-section area of first valve Fig.4 Cross-section area of second valve

The change of pressure of constant volume (' ¥, = const ) of air container is determined from the following

equation:

dp, T
= - G, 1
dt " . )
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here G, is mass charge of gas (air), determined on the formula Sen-Venan and Vencel [1 ] :

p
G, :ﬂlsvllel(Tl )(”(JZP_ZJ 5
1

3 2
- |y . No? —5 7
K, (T) 1/(y_l)m, plo)=No” ~c 7, )

S, 1s cross-section area of first valve; y, is factor of the charge; y - ration of specific heat; R - gas constant; 7 -
temperature.
The change of pressure of second volume ¥, () is determined from the following equation:

dp, MRT; dav,
— = —=G,-p,—; 3
di Vz(l‘) 12 P2 di 3)

here V, (t) =V, +S8x;; V,, isinitial volume; S is cross-section area; x; is coordinate of point G (see Fig. 2)

The liquid movement is considered as one-dimensional, i.e. all local velocity are equal to average velocity, and
unsettled. Velocity and pressure depend on longitude coordinate and time. Such liquid movement is characterized by
the wave of increased and reduced pressure which spreads from the place of change in each pressure vibration cross-
section and in deformation of pipeline walls.

The movement and continuity equations of viscous, compressible fluid in pressure pipe have the following

form
2 [stlel+ < [st)ev]=i(x), “)
O stprle-Z stk 22 - 73000, ®

here p is density of liquid.
An equation of one-dimensional movement of fluid can be written as the system quasi-linear differential

equations:
ou ou )
[A]{E} +[B ]{a} ={rths (6)

a2p

=y TF = =l G

P

here v, p - speed and fluid pressure; a is sound velocity in the liquid with a certain amount of gas, which is stored in
the elastic pipeline, is equal to:

. K(p)/ p .
K(p)-dJrE{K(p)_l} ’ (8)

E-e Y ow

1+

here: K ( p) — bulk modulus of elasticity of liquid, p — density of liquid, £ — modulus of elasticity of a pipeline, d —
internal diameter of a pipeline, e — thickness of a wall of a pipeline, y — index of adiabatic process, & — ratio of gas

volume in the liquid and the total volume of liquid (mixture).

Differential equations of liquid movement in the cylinder are solved by characteristics method [1,2]. The main
idea of characteristics method is the fact that unknown variable speed and liquid pressure at instant moment of time
t+ At is determined according to these parameters at a moment of time (Fig. 5).
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Fig.5 Circuit of liquid parameters determination of point D

Equating the determinant of matrix (13) to zero, we shall receive the equation:

[el- a5 -0 o)

which allows to determine o derivative, which determines characteristic direction. If this equation has » various real
t

roots dx/dt =1, (i=12), the initial system of the differential equations is referred to as hyperbolic. The inclination
tangent A; to the characteristic depends not only on coordinates but also on solution {u}

Inserting expressions [4] and [B] from matrices (7) into equation (9) and having solved it, we receive three
equations of characteristics

c* .'ﬁ=v+a; Cc .'ﬁ=v—a (10)
dt dt
Compatibility conditions on characteristics are equal to [4]:
cr L N, (1
dt ap dt ap
_ d
oL S (12)
dt ap dt ap
0
=121t (13)
Sk

here 7 are shear stresses on the inner surface of pipeline; a, - acceleration along x axis; S(x) and /7/(x) are cross-
section area and perimeter of pipeline.
Pressure and velocity in point DD at the moment of time is determined from nonlinear algebraic equation system

N 1 At At
C D =v,-v, +5(pD_pL)[r1L+r1D]_?[r2L+r2D]_?[r3L+r3D]:Oﬂ (14)
_ 1 At At
C D, =v,—v, _E(pD_pR)[rlR+rlD]+7[r2R+FZD]_7[r3R+r3D]:0 (15)
here rlzi; rzz—azpvﬁ/S;
pa dx
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E, when Re<2320;

ITA(R
ry=—-a,— ( e)V|V| 5 A(Re)z §§1464 (]6)
85 }geT , when Re > 2320,
l(Re) is coefficient of pressure losses along pipe.
The system of equations (2) and (3) is solved by a Newton method:
[J][ {AY}i = —{@(Y)}[, (17)

here {Y}" =[pp,vp} {0} =[®),@,].

The potential energy of a gas in a high-pressure volume is transformed to a kinetic energy of the liquid. For
accuracy simulation of interaction of the gas with liquid case of interaction is considered (Fig.7). In the point G
pressure pg, and velocity v, the liquid are determined from a system of equations (3) and (15). The x coordinate of

point G is determined from the following expression:

xg(t+A4t)=x,, 1)+ Atv, . (18)

tat L G i 12

G
At \

AH C RB

Fig.6 Circuit of liquid parameters determination of point G
3. Numerical results

As an example of the extinguishing device is considered. The following data of the extinguishing device were

used: the length of water compartment is 0.420 m, the volume of air container is equal 10~ m?, initial pressure in the
air container is 2.50 MPa , inner diameter of water compartment is equal 0.060 m . Time integration step is equal

2.0-10° s. The length of water compartment is divided in 84 elements. The simulation results of hydrodynamic
parameters are given in the Fig. 6.
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Fig.7 The parameters of the extinguishing device : a — change pressure in the air container ;
b — change air pressure in the second volume; ¢ - change liquid velocity at the end of pipeline

4. Conclusions

A new approach for simulating hydrodynamic processes of the extinguishing device has been developed. The
composed mathematical model of the extinguishing device takes into account wave motion of a liquid.

Differential equations, describing hydrodynamic processes inside the extinguishing device, help analyze the
movement liquid and gas better and more precisely.

At the end of a pipeline of the extinguishing device the maximum velocity of liquid when initial pressure is
equal 2.5 MPa reaches 120 my/s.
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I§vados
Kelio nelygumus apraSius funkcijomis ir suskirs¢ius gelezinkelio kelio Gatsrinid m—;oaow___; "I ranges tobulinimss
ruozus pagal nukrypimy periodus (sanddriniame kelyje ekstreminiy reik8miy .
periodai yra kas 8,33 mir [2,5m, 0 besandiriniame kelyje - 6,25 m, ir 12,5
m), be to zinant 31y nukrypimy maksimalias reik§mes, matuojamas xm_anmc
vagonu, _Qm_.QE:m_ﬁm i¢ &iy kelio ruozy galima pakankamal Liksliai aprasyti
k _o.<:.nmm_:m ir ,_:_mSQ: nepageidaujamus grei¢ius. kuriems esant virpesiy
amplitudes, pagreicial tampa didziausi.
Palyginus skai¢iavimo rezultatus, gautus taikant dinaming modelj, su
eksperimenty metu gautais rezultatais, galima daryti tokias isvadas:
| Modelis reaguoja | tuos pacius ketio netygumus kaip ir realus vago-
nas,

Vliadimiras Suslavi€ius, VGTU, Viktor Aladjev, Noosfera

Pateiktame straipsnyje nagrinéjamos gaisrines technikos, naudojamos
prieigaisrinése gelbejimo S«S&S.m. problemos. [§nagrineti gaisriniy
automobiliy techniniy parametry jtaka ir reikSmingumas atliekant gaisry
gesinino darbus. Nuo gaisrines ir gelbejimo (echnikos, tame tarpe ir
gaisriniy automobiliy, techniniy parameiry priklauso gatsry gesinimo Ir
gelbéjimo darby atlikimo greilis. Pateikti guisriniy automobiliy bei ju
sudedamyjy daliy (ritkumai. Didziausia rupesti sudaro gaisriniy iscentriniy
siurbliy — uzpildymo vakuumines ~ sistemos,  paciy gaisriniy siurbliy
mmESE._»m@:E ir cisterny korozija. Pateikios pagrindines krvtys efektyvial
panaudoti gaisrinius automobilius ir ju [ranga Nurodvtos priemones kaip
jvairiomis gesinimo priemonémis racionaliai panaudoti gesinimul vandeni.

7 Modelis efektyviai gali biiti naudojamas modeliuojant vagono ir ke-
lio saveika. ,
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Kiekvienais metais Lietuvoje, priklausomai nuo 0ro salygu, kyla
apie 14 tikst. gaisry. Taciau vien tiktai per 2002 metus kilo 21237 gaisral,
padarg 30,8 min lity nuostoliy. Realiis nuostoliai yra zymiai didesni, nes néra
vertinami nuostoliai dél gamybos ar veiklos sutrikimo. Kilg gaisral smarkial
terdia aplinka bei daro jtaka Zmoniy sveikatai. Akivaizdu, kad kuo greitiau
uzgesinami gaisrai, tuo yra mazesni nuostoliai,

Priedgaisriniy gelbéjimo tarnyby veiklos tikslas — gelbeti zmoniy
gyvybes ir turtg gaisry bei kity ekstremaliy situaciju atvejais. Gaisriniai
automobiliai — tai techninés priemonés, kurias naudojant priesgaisrines
gelbéjimo tarnybos uztikrina savo funkcijy vykdyma. Gaisriniy automobiliy
techninés charakteristikos turi lemiamos jtakos efektyviam ugniagesiy
gelbétojy darbui. Nuo gaisrinés ir gelbejimo technikos, tame tarpe i gaisriniy
automobiliy, techniniy parametry priklauso gaisry gesinimo ir gelbéjimo
darby atlikimo greitis. Greitio faktorius ekstremaliose situacijose turt
ypatinga reikdme. Zmoniy Zziities tyrimai gaisruose rodo. kad 60-70% zmoniy
siista apsinuodije gaisro dujomis pirmingje jo stadijoje (iki 5-6 min. nuo
gaisro kilimo pradzios) [1]- Materialiniai nuostoliai del kilusiy gaisry turi
betarpiska rysi su patio gaisro degimo trukme. Gaisro degimo sutrumpinimas
1 min., pagal atliktus tyrimus Didziojoje Britanijoje, gali sumazinti 53%
suvusiyjy  skaiciy gaisruose. Taigi gaisrinio automobilio panaudojimo
laikines charakteristikos turi lemiama reikdme gaisry gesinimui.

imo instruk-

Sununary

I'ypes of railway irregulanties are overviewed and influence ol roughness on dynamics of
the q_c__ _m.m.—cc_& is discussed. Dynamical model of the passenger s\mmm: 1s created applying
>zv.<m u,.c__s::.c For evaluation of precision of the dynamical model values of roughness for
the function describing the railway are obtained trom the data band of the wagon for railway
measure. Resulls of analysis are obtained applying the created dynamical model and duning the
practical experiments and they are illustrated by the diagrams
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Gesinimas ar incidento likvidavimas gali bat jverunamas laiko
faktoriais taip:

T =Tis+Tv+Tp+Tges, (n
¢ia- T - bendras laikas, sugaistas gaisro gesinimui, Ti§ - gaisrinio

automobilio isvykimo laikas i3 gaisrines, gavus pranesima apie nelaiminga
incidento vietos laikas, Tp- gaisrinio

atsitikima, 7y - vykimo
automobilio ir {rangos parengimo gesinimui laikas, Tges - gaisro gesinimo
laikas.

7Ti§ priklauso nuo to, kaip greitai gaisrinis automobilis gali pajudeti
i§ garazo: ar patikimas ir greitas uzvedimas, kokia stabdZziy sistema, ar patogu
greitat ugniagesiams sulipti. Tv vykimo laikas { (vykio vietg priklauso nuo
to. kokiu maksimaliu vidutiniu grei¢iu gales judeti gaisrinis automobilis,
kokios jo dinamines charakteristikos, koks manevringumas, pravazumas,
siabilumas, ar jis yra informatyvus ir pastebimas aplinkiniams, koks yra
alstumas ikl gaisro vietos, kokia keliy bikle ir eismo salygos. Tp laikas
prikiauso nuo to, kokia gaisriniame automobilyje yra iranga. kaip greitai
galima ja Ir agregatus parengti bel naudoti. Tges laikas priklauso nuo
gesinimo  |rangos techniniy charakteristiky, turimy  gesinimo medziagy
kiekio, gesinanciy medziagy tiekimo bidy ir intensyvumo.

|vertinus laiko faktoriaus gaisry gesinime sudedamasias dalis,
gaisriniy automobiliy techninius parametrus, turingiy taka gesinimui, galima
suskirstyti | 3 pagrindines grupes:
- Vaziuokleés.
- Gaisrinio antstato, kebulo, gesinanciy medziagy talpy.
- Specialiyju agregaty ir jrangos.

Kiekvienas 1§ §iy grupiy parametras atitinkamai turi itakos tokioms
gaisrinio automobilio savybéms: greital ir saugiai atvykti | jvykio vieta;
igvezti reikalingg skaiCiy ugniagesiy, ({rangos Ir gesinan¢iy medziagu;
efektyvial tiekti gesinan¢ias medZiagas ar su specialiais agregatais uztikrinti
reikalingy darby atlikima. Todél gaisriniy automobiliy techniniy parametry
gerinima galima vykdyti siais bidais:

- Tobulinti arba pakeisti gaisrinio automobilio bazing vaziuokle.

. Modernizuoti ar pakeisti gaisrinio automobilio kebula, jrangos skyrius,
gesinanciy medziagy talpas.

_ Keisti siurblj, iranga ar ki specialyjl agregata, jrengti ar naudoti
papildomas pricmones, gerinangias gaisry gesinima.
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2. Eksploatuojamy pagrindiniy gaisriniy automobiliy triakumai

Gaminant gaisrinius automobilius  stengiamasi parinkti optimalius
techninius parametrus. Tatiau, deél gaisriniy automobiliy panaudojimo
specifikos, labai netolygiai devisi ju agregatai ir kitos sudedamosios dalys.
Eksploatavimo metu gaisriniy automobiliy ridos. lyginant su transportiniais.
yra nedidelés, tagiau jy darbo rezimas gana sunkus. o automobilio naudojimo
trukme sudaro 11- 30 mety. Per visa gaisrinio automobilio eksploatavimo
perioda nekarty tenka keisti susidevejusius agregatus ir mazgus. Be to, per
ilga eksploatavimo laikotarpj kai kurie parametrai pradeda netenkinti naujy
salygy. Anksciau ugniagesiai tiktai gesindavo gaisrus, 0 dabar vykdo ir
jvairius gelbéjimo darbus, kuriems atlikti reikalinga papildoma jranga. kurios
talpinimui seno tipo kébuluose néra vietos. Atsiradusios naujos technologijos
reikalauja pasenusiy sudedamuyjy daliy pakeitimo. Neretai po daugelio
eksploatavimo mety vieno ar kito agregato ar mazgo, kurj batina pakeisti.
gamyba biina nutraukta ir tenka ieskoti alternatyviy sprendimuy. Visa tai yra
ypatingai aktualu seny gaisriniy automobiliy tolimesniam naudojimui
urtikrinti, nes naujos siuolaikinés technikosisigijimas del finansiniy 1€3y
trikumo yra labai ribotas.

&uo metu valstybinéje priedgaisringje gelbejimo tarnyboje
eksploatuojama per 700 vnt. gaisriniy ir gelbejimo automobiliy bei specialios
paskirties transporto priemoniy. Tarp pagrindiniy gaisriniy automobiliy net
80% yra pagaminti buvusioje Sajungoje, kurie nepasizymi geru patikimumu
ir ilgaamziskumu. Tokiy automobiliy gedimai pasiskirsto sekanciai:

- 70% visy gedimy tenka specialiems agregatams ir kebulo konstrukcijai, i3
kuriy 24%- vakuuminei sistemai ir 18% - gaisriniam siurbliui.
- 30% tenka bazines vaziuokles gedimams, i3 kuriy 12% tenka transmisijos
agregatams, 8% - eismo sauguma uZtikrinancioms sistemoms.

Nemaza ripesti kelia ir tai, kad visi gaisriniai automobiliai, sumontuoti
ant GAZ ir ZIL vaziuokliy, turi karbiuratorinius variklius, naudojan¢ius A-80
markés benzing. Tuo tarpu kitose Salyse tokiy klasiy gaisriniy automobiliy
vazinoklés komplektuojamos tiktai zymiai ekonomiskesniais dyzeliniais
varikliais. Biity tikslinga atlikti dar ne vienerius metus numatomiems
eksploatuoti gaisriniams automobiliams karbiuratoriniy varikliy pakeitimo
dyzeliniais ekonominius-techninius skaiciavimus. _

Kaip jau buvo minéta, didziausiy ripesciy sudaro gaisriniy iscentriniy
siurbliy uzpildymo vakuumines sistemos, paciy, gaisriniy siurbliy gedimai,
kebuly ir cisterny korozija ir trikimai. Pakeitiant Sias sistemas naujomis ar
atlikus jy patobulinimus, galima biity senkliai pagerinti gaisriniy automobiliy
charakteristikas bei prailginti tarnavimo laika,
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3. Gaisriniy automobiliy vakuuminiy sistemy gerinimas

Gaisriniai idcentriniai siurbliai, pries pradedant jais tiekti gesinancius
skys€ius, turi bati kuo grei¢iau uzpildyti. Sivo metu daugiausial yra
paplitusios vakuumines sistemos, kurios uztikrina greita siurbliy uzpildyma.
vakuuminiy sistemy darbas yra pagristas oro issiurbimu 1§ iscentriniy
siurbliy ir su jais sujungty jsiurbimo zarny. I3siurbus org susidaro isretinimas
(vakuumas) ir vanduo, veikiamas atmosferinio slégio, uzpildo isiurbiamasias
yarnas it idcentrinius siurblius.

Pagrindiniai vakuumings sistemos charakterizuojantys parametrai yra:

- pasiekiamas maksimalus vakuuminis slégis:
- geometrinis {siurbimo aukstis:

- aikas, per kur issiurbiamas ovas i3 sturblio v sujungimo zarny.
Maksimalus geometrinis jsiurbimo aukstis pi klauso nuo sukuriamo
maksimalaus vakuuniinio slegio. Deja, visos vakuumines sistemos turi tq patj
wrikuma - teorinis geometrinis jsiurbimo aukstis negali bati didesnis kaip 10
metry, 0 {vertinus nuostolius sistemose, maksimalus {sturbimo aukstis prak-

tiskai tesiekia tiktai 7-8 metrus.

Visuose gaisriniuose automobiliuose, pagamintuose buvusioje Sajungo-
je, be isimties, buvo montuojamos vienodos vakuuminés sistemos, kuriose
vakuumui sudaryti naudojama varikliy idmetamy dujy energija. Tokios vaku-
umines sistemos nereikalauja transmisines pavaros, jose nera besisukanciy .
slenkancio ir griztangio judesio daliy, jas gana paprasta sumontuoti. Tatiau
jos turi ir esminiy trakumy:

_ vakuuminio aparato sklendZiy bei pacio korpuso metaliniy pavirsiy, vei-
kiamy karity variklio ismetamuju dujy, korozija;

- didelis triuk§mas darbo metu;

- galima padidéjusi iSmetamy dujy koncentracija gaisrinio automobilio
vairuotojo/operatoriaus darbo vietoje;

_ sudaromas variklio ismetamuyjy dujy priesslegis iki 0.2 MPa:

- ne{manomas sistemos autonominis darbas:

. sudaromas mazesnis vakuuminis slegis, lyginant su kitomis naudojamo-
mis vakuuminemis sistemomis (1 lentele).

llentele. Vakuuminiy sistemy palyginamieji duomenys i paramelra

Su dujy Su Su Su
Parametras I i membraniniais stamokliniais  [plokstelini
siurbliais siurbliais siurblials siurbliais

13vystomas
uuminis 0,074 0,09 0.09 0,09
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Maksimalu

siurbliy rieb

cia: T

savybes, nustatyta,
stimoklinius jsiurbimo siurblius. Taciau §
Vakary %aliy jsiurbimo siu
kardaninis velenas ar patio
vakuuminis siurblys dirbs tiktai tuo atveju, ka
Taciau GAZ ir ZIL tipo gaisriniuose autom
oksliai ir sandarinimai nepritaikyti dirbti i

T=23421g—

s
geomelrinis 7 8 8 8
jsiurbimo
aukstis, m
. . Variklio . [$centrinio .
Energijos . . 1scentrinio A . nuolatines
i$imetamosios . . siurblio i
altinis . siurblio pavara Sroves
dujos pavara e
: variklis
. Rankinis arba Rankinis arba _
nas Rankinis L L Rankinis
Valdy automatinis automatinis
Neigiamas
oveikis . -
M linkai Turi poveikj
_wo— ,m automobilio i poveiki
automo varikliui tr Neturi Neturi L
0 . aplinkai
e gatams operatoriaus
agreg darbo vietai
ar
operatoriul

Todel gaisriniuose automobiliuos
40UV siurbliai, nejmanoma naudoti siurblio pavaros
sukti. Siuo atveju vienas i§ sprendimo budy .
stimokliniam {siurbimo siurbliui sukti naudoti nu
variklj, maitinama i3 automobilio elektriniy
Zinant reikalavimus, kuriuos turi tenkinti va
galima nustatyti isiurbimo siurblio parametrus naudojantis tokia formule [2]:

Pa

u  Po

Vakuumines sistemos pagrinda sudaro na
{sanalizavus vakuuminése sistemose naudojamy i
kad geriausiai buty

rbliams  varyti naudojami
igcentrinio siurblio velenas. Tai reiskia, kad
iscentrinis siurblys.
obiliuose jrengty iscentriniy
lgesn| laika be vandens.
e, kuriuose yra sumontuoti PN 40UA ir PN
isiurbimo siurbliams
yra membraniniam ar
olatines srovés elektros
grandiniy.
kuuminé isiurbimo sistema,

naudoti

i suksis

udojamas siurblio tipas.
urbliy parametrus. ju
membraninius arba
iy siurbliy darbui butina pavara.
siurblio pavaros

_ igcentrinio siurblio uzpildymo laikas (ne ilgesnis kaip 45 s); A

_ koeficientas, nustatomas eksperimentiniu bi
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sujungimo armattros charakteristiky (nustatytas 3,54); v - i§siurbiamo oro
:..__._m, kur{ sudaro iscentrinio siurblio ir isiurbiamuyjy zarny tariai (PN40
siurblio taris - 15,8 dm kub., {siurbiamy 125 mm zarny toris iki vandens
pavirsiaus — 99 dm kub.); ¥ — vakuumines sistemos nasumas, m kub./s: Pa

atmosferinis slegis (101325 Pa); Po -
siurblyje (30000 Pa).

Atlike skaiciavimus pagal formute (2) kad (siurbimo
siurblio nasumas turi biiti ne mazesnis kaip 0,0095 m3/s. Norédami pagerinti
isiurbimo greitj 5 sekundemis gauname, kad naSumas jau turety bati ne
m3/s, o prie skai¢iuojamo 35 s isiurbimo greicio -

liekamasis slegis iscentriniame

gauname.

mazesnis kaip 0,0107
nagumas ne mazesnis kaip 0,0122 m3/s.

[verting paskai¢iuotus nasumus bei prieme, kad su
guminiais voztuvais siurbliy tarinio naudingumo koeficientas tesiekia 0,85
(3], naudingumo koeficientas dél mechaniniy nuostoliy sudaro 0.8, siurblys
dirba isvystydamas maksimalius slegius, gausime reikalingus elektros
varikliy galingumus, kurie sudarys:

- pried5s isiurbimo laiko — 1257 W;
- prie 40s jsiurbimo grei¢io - 1396 W,
- prie 35 s jsiurbimo greitio — 1591W.
- prie 40s jsiurbimo greigio - 1396 W,
- prie 35 s {siurbimo grei¢io - 1591W.
Pradeti eksperimentiniu badu gaminti jsiurbimo siurbliai su 0,00021 m3
darbiniu  tdriu  bei komplektuojami kW galingumo  elektriniu
automobiliniu starteriniu varikliu. Sie stimokliniai siurbliai pagerina seny
gaIsrniy automobiliy vakuuminiy sistemy darba, taupo lésas, nes siurblio
hermetidgkumui patikrinti nebiitina uzvedineti variklio.

membraniniais

1,3

4. Gaisriniy automobiliy AC 40(130)63B ir AC 40(131)137 antstaty
keitimas
Gaisriniy automobiliy AC 40(130)63B ir AC 40(131)137 antstatai be
didesniy pakitimy buvo gaminami ne vieng desimtmetj. Jy pagrindiniai
tritkumat:
- néra pakankamai vietos papildomai gelbejimo jrangai talpinti;
- labai intensyvi kébulo ir cisternos korozija;
. kebulo skyriy dangciai nepatikimai uzsidaro, o atidarytoje padétyje -
darbo vietoje yra nesaugs.
Kiekvienais metais vis daugiau $io tipo gaisriniy automobiliy antstaty
dél gilios metalo korozijos tampa nebetinkami naudoti, nors vaziuokles dar
valéty tarnauti zymiai ilgesnj laika. Problemai idspresti buvo svarstomi
jvairds variantai: 18 dviejy gaisriniy automobiliy surinkti vieng; keisti
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labiausiai susidéevejusias kebulo detales,;

xoan_aw:_o_.msgo_jmm dalimis. Surenkant
viena, ne visada jmanomas racionalus visy agregaty ir mazgy panaudojimas.

Kei¢iant atskiras |abiausiai susidévéjusias antstato detales.
vieno auksgiau pamineto trokumo. Todel,
gaisr
nutarta  pirmenybg
automobilio antstatui keliami reikalavimai:
- Naujos antstato konstrukcijos

. Antstato konstrukcijos

. Kebulas ir cisterna turi biiti gaminami

keisti visa kebula kartu su jo
is dviejy gaisriniy automobiliy

nepasaliname nei
siekiant pagerinti naudojamy
iniy automobiliy charakteristikas bei prailginti ju tarnavimo laika,
teikti viso antstato keitimo variantui. Gaisrinic
ir detalés neturi sumazinti gaisriniy
automobiliy aktyviosios ir pasyviosios saugos.

i detalés neturi virdyti gaisriniy automobiliy
gamykloje nustatyty gabarity, bendryjy masiy bei asiy apkrovy.

Naujo kébulo skyriy konfigiiracija turi tikti reikiamai papildomai rangai
talpinti.
i§ neradijanciy medziagy arba

bity padengtos patikima antikorozine danga.

Vietoje skyriy dangliy turi biti naudojamos aliuminines zaliuzes tipo
durelés.

&ias ir kitas papildomas salygas atitinkantys antstatai buvo pagaminti ir
pradeéti montuoti ant seny gaisriniy automobiliy. Gaisrinio automobilio su

nauju antstatu bendras vaizdas pateiktas (| pav.).

Gaisrinio automobilio antstatas susideda i§: poremio; poremio elastines
pakabos (atsisakius tvirtinimo  apkabomis); kebulo karkaso, prie kurio
tvirtinami klijavimo badu aliumininiai laktai; cisternos ir putokslio bako,
gaminamy 18 polipropileno; skyriy uzdarymo aliumininemis Zzaliuzes tipo

durelémis; {rangos tvirtinimo elementy.

1 pav. Bendras gaisrinio automo




Be to, norint uztikrinti reikiama gesinan&iy medziagy tiekimo intensyvuma,
darbui su greito reagavimo sarnomis batinas didesnis slegis. Todel darbui su
greito reagavimo sarnomis dazniausiai naudojami kombinuoti (Zemo/auksto
slegio) siurbliai, kurie gali pasiekti 2-5 MPa slegj. Kartu su auksto slegio
sarnomis naudojami auksto slegio 3virkstai | kuriy nadumas 1-2 V/s. Kyla
klausimas, ar galima naudoti greito reagavimo zarnas senuose gaisriniuose
automobiliuose, kuriy siurbliai igvysto tiktai | MPa slegi. Galima, tiktai
bittina parinkti reikiamy parametry Zarnas ir svirkstus. Nekarta teko isitikinti,
kad, parinkus neteisingy charakteristiky  {ranga, laukiamo  efekto
nepasiekiama. Siekiant panaudoti ~greito reagavimo ~Zarng Senuose
automobiliuose, bitina turéti gerg apie 2 l/s nasumo svirksta purkstuva,
galinti efektyviai dirbti prie zemy (0,3-0,4 MPa ) slégiy [4]. Gaisrinés zarnos
parametrams nustatyti galime naudoti tokia formule { 5 :

Tokio tipo  nauji antstatai  pagerina  gaisnniy automobiliy
charakteristikas:
1. Padidejes 0.6 3 kebulo tiiris leidzia talpinti daugiau [rangos.
2. Kebulas, cisterna ir putokslio bakas nebijo korozijos, nes gaminami i3
nerdijan&iy medziagy.
Aliumininés zaliuzés tipo durelés gerai sandarina rangos skyrius,
estetidkai atrodo ir pagerina darbo salygas aplink automobili.
4 Antstato porémio elastines pakabos deka nesudaromi nepageidaujami
{tempimai kebulo konstrukcijose.

(R

5. Gesinimo sistemy gerinimas

Gesinimo sistemas - tai sistemos, kuriy deka tieklamaos Mmmimsw_om
medziagos gaisro gesinimui. Taip jau yra nuo seno, kad labiausial prieinama
ir naudojama gesinimui medziaga yra vanduo. Vanduo pasizymi ypatingomis
fizinemis ir chemineniis savybemis, turi tokias &ilumos absorbavimo
charakteristikas, kuriy stinga dazniausiai gamtoje sutinkamoms medziagoms.
Dauy mety Zmoenes bande surasti geresnius badus, kaip transportuoti vandenj
gesinimui ir efektyviau ji panaudoti. Neretai neefekryvial naudojant vandenj
gesinimul, nuostoliai dél vandens poveikio virdija nuostolius del sudegusio
turto ir kity vertybiy. l5tekantis 1§ gaisravietes naudojamas gesinimul vanduo
uzterdia aplinka ir smarkiai pablogina bendrg ekologine biklg. Nors gaisry
gesinimui naudojami siuolaikiniai modernds [vairis siurbliai, gaisrines
yarnos, §virkstai ir purkstuvai, tadiau gesinimo vandeniu technologijos tikrai
dar nepasieke didziausiy aukstumy.

Siy dieny gaisriniy automobiliy gesinimo sistemy pagrinda sudaro
gaisriniai siurbliai arba kiti gesinantias medziagas tiekiantys {renginial.
Gaisrinio  siurblio charakteristikos apsprendZia {rangos panaudojima,
Teisingai parinkta ranga leidzia efektyviau i3naudoti gaistiniy siurbliu
savybes. Kadangi gaisry gesinime laiko faktorius yra ypatingai svarbus, tai
akivaizdu, kad kuo anks¢iau bus pradétos tiekti gesinantios medziagos i
gaisrg, o pats sesinimas bus efektyvesnis. Zenkliai pagreitinti gesinimo
pradzia, panaudojant esamas gaisrinio automobilio sistemas, yra jrengti
automobilyje greito reagayimo sarny rite. Greito reagavimo Zarny rités
ugniagesiams suteikia galimybe be laiko gaisimo Zzarny linijy sujungimui
pradéti tiekti vandenj twoj pat, kai tik pradeda veikt gaisrinis siurblys. Be to,
greilo reagavimo Zarnos yra santykinal lengvos iv su jomis galima greitai
manevruoti. Pagal Nidzigjoje Britanijoje atliktus tyrimus nustatyta, kad
naudojant greio reagavimo Zzarny rites pasiekiamas grei€iausias gaisry
gesinimas [1]- Taciau greito reagavimo Zzarmy rités. bidamos maZesniy
skersmeny (19-38 mm), pasizymi Zymial didesniais hidraulniais nuostolials.
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FL=CQ'L, (3)

gia: FL - hidrauliniai nuostoliai zarnoje, kPa; C - zarnos hidraulinio
pasipriedinimo koeficientas; (J - naSumas simtais [/min; L - zarny ilgis

simtais m (dazniausiai iki 60 m).
Atlikus skai€iavimus gauname, kad greito reagavimo Zarna turi bati

ne mazesnio kaip 25 mm skersmens. Tokios zarnos jrengimas gaisriniame
automobilyje parodytas (2 pav.).

2 pav. Greito reagavimo Zarnos {rengimas sename gaisriniame automobi yje su
nauju antstatu




Gaistinio automobilio gesinimo galimybes palima zenklial pagerinti
naudojant geresiiy charakteristiky gaisrinius siurblius. Taciau gaisrinio siur-
blio naudojimy apsprendzia ji sukantis variklis. Neretai net gamintojai ne
visada tinkamai suderina variklio-siurblio atitikimo parametrus: galingumus,
sukimo momentus, apsuku skai¢iy. Todel tie patys gaisriniai automaobiliai su
skirtingais siurbliais gah rureti ir skirtingas gesinanciy medziagy tiekimo
savybes. Senuose gaisriniuose automobiliuose, pakeitus gaisrinius siurblius
PN 40 siuoiaikinials atitinkamy parametry siurbliais, tampa jmanoma naudoti
pazangiausig gesinimo jranga. Modernis gaisriniai siurblial kainuoja gana
brangiai (20-50 tiikst 1t,), todel jy panaudojimui be atrankai butina kruop3ti
technine ir ehonomine analize bei tyrimai.

Taciau, net ir  naudojant giuolaikinius  iscentrinius  siurblius,
neisvengiama gesinancio vandens istekejimo i3 gaisravieles alvejy. l5tekantis
vanduo praktiskal nedalyvauja gesinime, yra uztersiamas ber cikvojamas
veltui, Tai atsitinka del to, kad dalis vandens nespeja prilmti visos galimos
silumos i pavirsti garais bel del didelio vandens pavirdiaus jtempima, kuris
neleidzia jam absorbuotis | degantias medZiagas. Akivaizdu, kad kuo labiau
susmulkinsime vandeny, o 18 to paties jo tlrio gausime didesn| pavirsiaus
plota, kuris betarpidkai galés kontaktuoti su gaisro kars¢iu ir o efektyviau
bus isnaudojamos vandens savybes. PavyzdZiui, jeigu | ugni pilti vandenj
kaip i3 kibiro, tal jo savybes gali biiti panaudotos tiktai 5-10% efektyvumu.
Taigi gesinantio vandens pavirgiaus ploto didinimas didina ir jo naudojimo
efektyvuma. Didinti vandens pavir§iaus plota galima paprasciausiai ji
susmulkinti | atskirus mazus laSelius. Kuo maZesni ladeliai, tuo geriau
isnaudojamos vandens savybeés ir tuo maziau Jo reikia gaisro gesinimui.
Geriau susmulkinti tiekiama gesinimui vanden{ galima 3iais pagrindiniais
buidais:

1. Naudoti specialius $virkStus purkStuvus, kurie zymiai geriau susmulkina
vandeni | atskirus laselus.

2 Didinti tiekiamo vandens slegy, kuris idtekedamas pro Svir
suskaidomas.

3 Mazinti vandens pavirdiaus {tempimo jegas.

Pirmu atveju, naudojant siuolaikinius svirkstus purldtuvus, prie 0.4-0,7
MPa vandens tiekimo slegiy galima pasiekti 0.3 mm skersmens lageliy
dydzius Giurksleje. Dar labiau susmulkinti vandens laselius, nedidinant
vandens tiekimo slegius, yra gana sudétinga. Todél gaisriniuose
automobilivose  vietoje  vienapakopiy iscentriniy  siurbliy naudojami
daugiapakopiai. Tiekiamo gesinimui vandens slegis padidinamas nuo | MPa
iki 4 MPa. Atskirais atvejais naudojami tiriniai siurbliai (membraniniai ir
stimokliniai) i slégis sukeliamas iki 6-20 MPa. Prie didesniy slegiy vanduo
geriau ispurslinamas ir wodel reikalingas mazesnis jo kiekis. Taciau prie
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&tus geriau

didesniy slegiy OKi 20 MPa) neimanomas didesnio vandens kiekio tiekimas,
nes zymiai dideja svirksty reakcijos jegos, su kurionus  nesusivarkyly
ugniagesial. Be 10, per mazas labai gerai i3pursiintas prie auksto slegio
vandens kiekis pavirsta { rika. Tokio riiko vandens lageliai yra gana mazi ir
neturi pakankamos kinetinés energijos dél ko jie gali bat lengvai
nublogkiami gaisro dujy nuo zidinio.
Treciu atveju naudojami jvairds chemikalai, kurie sumazina vandens
pavir§iaus itempimo  jégas. &ie chemikalai vadinami putoksliais ir
drekintojais. Vanduo su maZesnemis pavirdiaus itempimo jegomis gali biti
ne tik labiau suskaidomas, bet jis zymiai geriau isiskverbia { deganéius
pavirsius. Tatiau geri putokdliai néra pigts, todel pagrindinai naudojami
putoms sudaryti lengvesniy uz vandeni medZiagy gesinimui. Nors pastaruoju
metu vis plagiau naudojamos ir pripaZ{stamos palyginus neseniai sukurtos
CAFS sistemos. CAFS (Compressed Air Foam System) - (ai suslégto oro ir
puty gesinimo sistema. Darbo principas pagristas tuo, kad vandens tr
putokslio midin{ aeruojant suslegtu oru gaunamos labai kokybigkos ir
stabilios putos, kurios pro sarnas ir $virkatus tiekiamos gesinimui. Misiniui
sudaryti naudojamas specialus A tipo putokslis, kurio reikalinga
koncentracija vandenyje tesiekia 0,1-1% ({prasto putokslio koncentracija
siekia 3-6%) Vanens-putokslio misinys maigomas su oru santykiu 1:7. Todel
gaisrinés zarnos su putomis yra lengvos, nes jose daugiau oro nei skys¢iy.
Naudojant CAFS sistema, gesinimo efektyvumas padidéja 3-5 kartus,
lyginant su gesinimu paprastu vandeniu [ 6. Efektyvumas pasiekiamas deka
to, kad vanduo yra islaikomas stabiliose putose ir visiskai neisteka i3 gaisro
vietos (pvz., naudojant kompakting i3tising giurkgle net iki 90% vandens
jsteka i§ gesinamo sidinio neturédamas gesinantio poveikio). Sistemos
darbui bitina turéti oro kompresoriy, putokslio dozavimo jrengini, vandens
siurbli, slegiy reguliavimo prietaisus. Sistemos gali biti tiek autonomines,
turinios savo varikli, kompresorit, vandens siurblj ir kitus {ranginius, tiek ir
naudojancios esama gaisriniame automobilyje siurblj ir jo pavara. Kadang!
CAFS sistemos labai taupiai naudoja vandenj, todel gaisriniuose
automobiliuose netenka prasmes wuréti dideles talpas gesinanciy medZiagy.
Sumontavus CAFS sistemas esamuose automobiliuose galima bity mazinti
vandens cisterny tar{ ir didinti i3vezamos reikalingos jvairiems darbams
jrangos kieki. Nauji automobiliai su CAFS sistemomis galéty bati zymiai
mazesni ir manevringesni. Tagiau iy sistemy efektyvumo ir optimaliy
parametry nustatymui konkreciuose gaisriniuose automobiliuose reikalingi

tolimesni tyrimai ir praktiniai bandymai, nes neteisingai naudojant sistemas
gesinimo kastai gali net didett.
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fvertinus paminetus faktus bei siekiant toliau tobulinti gesinantiy
medziagy tiekimo technologijas, butina iegkoti netradiciniy biidy. Pag indinai
vanduo gesinimui $iuo metu tiekiamas panaudojant jo kaip hidraulinio
skysCio savybes per igcentrinius ar tdrinius siurblius. Slegiamam ir
istekanciam vandeniui pro kiaurymeg (gaisrin| 3virksta) jo slegio energija
paverciama ciurksles kinetine energija. Jeigu vandeniui ispurksti pro svirksta
naudosime suslegtojo oro ar Kity dujuy energija (vietoje pacjo vandens slegio
energijos), tai galime gauti zymiai didesnius iurksles greicius. Tradicidkai
svirksciamo vandens ladeliy greitis ¢iurksleje sudaro apie kelias desimtis m/s,
o panaudojus suslegto oro energija laseliy greitis gali siekti net §imtus m/s
greicus [ 7 ] Be to, prie tokiy grei¢iy del oro pasiprie$inimo ciurksle gali
biati susmulkinama | zymiai mazesnius laselius (net iki 2 mikrony
skersmens). Del to senkliai padidéja gesinimui  naudojamo vandens
pavirdiaus plotas bei jo panaudojimo efektyvumas. 1§ vieno litro tdrio
vandens gaunami laSeliy dydziai, jy skaiCius bei gaunamas pavirsiy plotas
pateikiamas 2 lentel¢je.

2 lentele. 18 1 1 vandens tirio gaunamy lageliy skersmenys. iy skai¢ius ir bendras
aviriaus plotas

Lase skersmenys. | Ladeliy skaitius Bendras plotas. m2

mm _
0.3 7000 20

0.2 w.f_om 30

0.03 ﬁ_x_o_o - 200
I EY YT i —
0,003 N_x_c_u 2000 -

0.002 m.f_oz 3000

Kai vanduo tiekiamas labai mazais laseliais, tai galima pasiekti artima
100% jo visy savybiy panaudojima. Be to, visiskai panaikinamas turto ir
vertybiy sugadinimas del vandens poveikio: neblty uzliejamos vandeniu
negesinamos patalpos. Daugel{ gaisry galima bty gesinti naudojant
mazesnius ir mobilesnius gaisrinius automobilius, nes nereikety tureti dideliy
vandens talpy. Siuo metu kai kuriy 3aliy prieSgaisrines gelbejimo tarnybos
diegia impulsinio gesinimo technologijas, kuriy veikimas pagristas naudojant
suslegto oro energija gesinaniam vandeniui ispurksti. Bendras veikimo
principas parodytas 3 pav.

1§purskiamo
vandens |
zidiny
krypus

Vandens kameta

Suslegto oro
kamera

Greilo suveikimo
voztuvas

cipine schema

3 pav. Impulsinio Svirksto p

Impulsinial gvirkstai dirba taip:
i3 suslégto oro rezervuaro uzpildoma suslegto oro kamera;
i§ vandens rezervuaro uzpildoma vandens kamera;
atidarius greito suveikimo voztuva, susijungia suslegto oro ir vandens
kameros; .
vanduo, veikiamas oro slegio, ispurdkiamas per labai trumpa laiko tarpa
(nuo keliy iki keliy dedim&iy milisekundziy) i gaisro ziding;
toliau procesas kartojamas i$ naujo.
Impulsinio gesinimo Ciurksle bei jos sklidimas parodytas 4 pav.

4 pav. Impulsinio gesinimo Ciurksle bei jos sklidimas




Impulsinio gesinimo technologijos dar nera pilnal istirtos ir reikalauja
tolimesnio ju tobulinimo bei bandymy atlikimo. Taciau jau siandien jos
leidzia Zymiai geriau panaudoti gesinancio vandens savybes, pagreitinti rea-
gavimo laika.
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Sunmary
The improvement of the technical parameters of the fire vehicle  are

implemented In few groups are presented. Each parameter of these groups has a re-
spective impact on the following features of the fire vehicle. The deficiencies of the
main tire vehicies under operation, the improvement of the fire vehicles vacuum sys-
tems and extinguishing systems are presented.

Skaitmeniniai kompiuteriniai techniniy sistemy
diagnostikos metodai

Vincas Valavidius, VGTU, VPU

Parengtas skaitmeninis kompiuterins techninng sisteny diagnostikos
metodas taikant paketus: Maple 8, MathCad 2001, Matlab 6. Analizuvjama
tiesiniy diagnostiniy matricy, metroliginiy kriterijy, funkciniy charukteristiky
ir dviejy klasiy gedimy klasifikavimas, kvadratiniy regresijos lygciyg Ir eko-
nomiskiausiy rezimy skai¢iavimas ir analizé

1. fvadas

Diagnozuojant transporto priemoniy technines sistemas naudojami
kompiuteriniai skait iai metodai. Simboliniy skai¢iavimy programos tokios
kaip Mathematika, Matlab, MathCad, Maple ir kt. sekmingai atlieka ne tik
apytikslius skaigiavimus, bet ir tikslius matematiniy reidkiniy pertvarkius,
diferencijavima, integravima, bet ir tikimybinius statistinius skaigiavimus ir
matematinj modeliavima. Aktualu taikyti kompiuterinius matematinius pake-
tus, nes jie nuolat yra tobulinami ir kaupiamos informacines technologijos.
Siame darbe autorius pateikia sisteming kompiuteriniy pakety taikymo anali-
ze ir svarsto galimybes taikyti parengtas technologijas transporto sistemoms
diagnozuoli. ‘

Taikant paketa Mapled galima spresti tiesinio programavimo uzdavi-
nius, analizuoti funkcijas ir polinomus, rengti grafin| vienmati, dvimat| ir
trimatj vizualizavima, radyti rezultatus { elektronines lenteles ir skai€iuoti
Kitus inzinerinius uzdavinius. Paketas Maple8 turi ir papildomy privalumy;
palengvintas darbas Internete, isplestas grafinis vaizdavimas, pagerintas grei-
¢io ir mazesnés kompiuterines atminties veiksmingumas, jvestas naujas
XMLTools paketas veiksmingesniam darbui Internete ir galimybé taikyti
standarta MathML, patobulintos diferencialiniy tyg¢iy sprendimo galimybes.

Kompiuterinis paketas Matlab6 turi daugiausia modeliavimo privalumu,
bet ismokti juo dirbti yra sunkiau negu Maple. Sis paketas turi daug inzineri-
niy pakety, kurie tinka praktidkai visiems inzineriniams uzdaviniams mode-
liuoti. Tai paketas Processing Toolboch tokioms komandoms organizuoti:
geometrines operacijos ir vaizdy analize, statistika vienmatis ir dvimatis fii-
travimas. Taikant paketa Signal Processing galima lygiagretiai pasinaudoti ir
kitais paketais. Patogu yra taikyti paketa Image Processing dvimatems funk-
cinems charakteristikoms analizuoti ir klasifikavimo uzdaviniams spresti,
panaudojant atpazinimo teorija. Klasitikavimo charakteristikoms i8skirti pa-
togu lygiagreciai taikyti Neural Network ir Fuzzy Logic paketus, o paramet-
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1-0ji sekcija: Transporte inzinerija
VGTU Transporto inZinerijos fakultetas, 2005-05-12
f

Dabartiniu metu kiekvienas Respublikos gyventojas gali rinktis bet kokig
remonto jmong, priklausomai nuo savo finansiniy galimybiy. Tadiau patikimai
atlickami remonto darbai tik didelivose ir specializuotuose automobiliy prieZidros
centruose.
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AHANU3 CTAHLUM TEXHUYECKOIO OBCNY>XUBAHUA U PEMOHTA ABTOMOBMUNENW B
NUTBE

M'wutape HAPYLWEBUYIOTE

Mazucmparnm Kagbedpbl agmomMobusibHo20 mpaHcnopma ®dakynbmema uHxeHepuu
mpaHcnopma BunbHI0CCKO20 MEXHUYECKO20 yHUsepcumema uM. ledumuraca

B cTaTbe aHanu3upyeTcsi AUHaMuKa pocTa TPaHCNOPTHBLIX CPEACTB W cTaHuui
TexHuyeckoro o6cnyxmBaHua U peMoHTa B fluTee Takke aHanU3upyeTca cneumanusaums
CTaHUMi TexHuueckoro obcnyxusaHus W peMOHTa.

NEDIDELIY GAISRO ZIDINIY GESINIMO |RANGOS PARAMETRU
TYRIMAS BEI JOS TOBULINIMAS

Vladimiras SUSLAVICIUS

Vilniaus Gedimino technikos universiteto Transporto inZinerijos fakulteto
Transporto technologiniy jrenginiy katedros doktorantas,

Priesgaisrinés apsaugos ir gelbéjimo departamento skyriaus virSininkas
Marijonas BOGDEVICIUS

Vilniaus Gedimino technikos universiteto Transporto inZinerijos fakulteto
Transporto technologiniy jrenginiy katedros vedéjas, profesorius

1. Jvadas

Kiekvienas didesnis gaisras daZniausiai prasideda nuo nedideliy zidiniy, kuriy
savalaikis pastebéjimas bei likvidavimas turi lemiamos jtakos nuostoliy nuo gaisry
f
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maZinimui. Visiskai suprantama, kad nedidelio Zidinio likvidavimui reikia Zymiai
maziau sunaudoti resursy, nei jau idsiplétusio gaisro gesinimui. Kuo greiiau
uzgesinami Zidiniai, tuo geriau apsaugoma Zmoniy gyvybe, sveikata bei turtas nuo
suniokojimo. Siuolaikinéje visuomenéje, su pakankamai i§vystytomis rySio ir
informacinéms sistemomis, atsiranda galimybés gana greitai apie pastebétus gaisro
7idinius pranesti prieSgaisrinéms gelbéjimo tarnyboms, kurios esant pakankamam jy
igsidestymui vietovéje gali operatyviai atvykti | jvykio vietas ir likviduoti gaisrus dar
pirminéje ju stadijoje. Todél pagal statistinius duomenis [1] daugiau kaip 50%visy
kilusiy gaisry gesinama tiktai vienu Svirkstu.

Pagal kitus atliktus statistinius tyrimus gaisro Zidiniy iplitimas atvykus
priesgaisrinéms tarnyboms ir jy procentas nuo bendro gaisry skai¢iaus sudaré [2]:

s iki 5 m? - 29 %,;

e nuo 5 iki 10 m? - 30 %;
e nuo 10 iki 30 m? - 20 %;
e nuo 30 iki 100 m? - 10 %;
e nuo 100 iki 600 m?2 -9 %:
o vir§ 600 m? -2 %.

I3 pateikty duomeny matosi, kad turint bei panaudojant efektyvias nedideliy
gaisro Zidiniy gesinimo priemones galima biity likviduoti net apie 80 % visy kilusiuy
gaisry [3]. Tokiy priemoniy naudojimas Zenkliai pagreitina priegaisriniy gelbéjimo
tarnyby reagavima, Zidiniai likviduojami su minimaliais resursais. Tagiau tokios
priemonés dar néra pilnai istirtos, nera nustatyti optimaliausi parametrai ir reikalauja
tolimesnio jy tobulinimo bei bandymy atlikimo.

2. Esamy $virk$ty naudojimo nedideliems Zidiniams gesinti analizé

PrieSgaisrinés gelbéjimo tarnybos gaisry gesinimui tradiciskai naudoja 1-6 /s
nasumo $virkstus — purkstuvus, kai vanduo gesinimui tiekiamas 1§ cisternos ar kito
vandens 3altinio gaisriniu i3centriniu siurbliu pro sujungtas su §virk$tais Zarnas.
Siekiant, kad biity uztikrinamas gesinimas turi bati tiekiamas atitinkamas gesinancio
vandens kiekis, adekvatus iSsiskirian¢iam $ilumos kiekiui nuo degancio pavirSiaus.
Jeigu gesinangio vandens kiekis | deganti pavirSiy bus tiekiamas nepakankamai, tai
gesinimas nevyks, nes pastoviai i3siskirs daugiau $iluminés energijos, nei jos bus
sugerta. Jeigu vandens bus tiekiama per daug — tai nedalyvaujantis gesinime jo
kiekis papraséiausiai nutekés nuo gesinamo pavirSiaus. A tipo (kiety produkty)
gaisruose issiskiriantis kar$€io intensyvumas yra nuo 95 kJ/m2s (knygos), 245
kJ/m?s (mediena) iki 630 kJ/m2s (polistirolas) [4]. [vertinant 1 1 vandens savybes,
teorinis gesinimui tiekiamo vandens intensyvumas apskai¢iuojamas taip:

é
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1-0ji sekcija: Transperte infimerija
VGTU Transporto inzinerijos fakultetas, 2005-05-12
w

I=w/k, )

&ia | - tiekiamo gesinimui vandens intensyvumas,; W - energijos i§siskyrimo
intensyvumas nuo 1 m’ deganéio pavirSiaus ploto, kJ/m’s; k — 1 litro vandens
kiekio energijos sugerimas, kai vanduo kaitinamas nuo 20°C iki 100°C ir
isgarinamas, k = 2571,2k]J.

Atlikus skaidiavimus pagal pateikta (1) formulg, gauname A tipo gaisruose
degant kai kurioms medZiagoms tokius vandens tiekimo intensyvumus:

e knygoms — 0,037 I/m’s,

e medienal — 0,095 V/m?s,

o polistirolui — 0,245 I/m’s.

Pagal $ias reik§mes A tipo gaisruose gesinané¢io vandens tiekimo intensyvumo
vidurkis sudaro 0,126 I/m’s, tai tas intensyvumas, kuris turéty biiti uztikrinamas
gesinant nedidelius gaisro Zidinius.

Siekiant jvertinti naudojamy $virkity efektyvuma bei ju galimybes priimame
vandens tiekimo intensyvumo nustatymo schema parodyta (1 pav.). Parenkami
$virksty 1 labiausiai naudojami reZimo parametrai: Ciurkslés skleidimo kampai € —
0° (kompaktiné &iurkslé), 15° ir 30°, Ciurkslés skerspjavio plotas S 5 m. atstumu nuo
§virksto.

W

1
© L

3202030

5m

1 pav. Vandens tiekimo intensyvumo pro $virkstus jvertinimo schema

[vertinimo duomenys pateikiami (1 lenteléje).

Gautus  gesinan¢io vandens tiekimo intensyvumo duomenis lyginant su
reikalingo A tipo gaisruose vandens tiekimo i degancio pavir$iaus plota vidurkiu,
galime spresti apie jvairaus nasSumo $virk§ty naudojimo efektyvuma. Jeigu
gaunamas vandens tiekimo intensyvumas vir$ija vidurki, tai sudaromos galimybés
neefektyvaus vandens panaudojimo, kai jo dalis nutekeéty nedalyvaudamas gesinime.
Jeigu priedingai — tai deganCiy objekty gesinimas biity neefektyvus arba

—____——___———#
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nejmanomas. Pagal naudingai naudojamo gesinan&io vandens kieki, iSreiksta
procentais, galime spresti apie paciu $virksty ir jo &iurksliy efektyvuma (2 lentelé).

1 lentelé. Gesinanéio vandens tiekimo intensyvumo jvertinimas naudojant skirtingo naSumo
Svirkstus bei ciurksles

Ciurksles tipas, Skerspjivio Gesinantio vandens tiekimo intensyvumas I/m’s
Siurksleés plotas S, m’ Svirkstai, kuriy na§umai, /s
skleidimo 1 2 3 4 5 6
kampas €
15° 5,64 0,17 0,35 0,53 0,71 0,89 1,06
30° 26,13 0,04 0,08 0,11 0,15 0,19 0,23
0° (kompakting)
0,11 9,09 18,18 27,27 36,36 45,45 54,54

2 lentelé. Tiekiamo pro 3virkstus gesinimui vandens kiekio naudojimo efektyvumo
duomenys, jvertinant reikalinga gesinimui tiekimo intensyvumo vidurkj

Ciurkslés tipas, Naudingai naudojamas gesinimui vandens kiekis %
giurksles skleidimo Svirkstai, kuriy na3umai, /s
kampas € 1 2 3 4 5 6
15° 74 36 24 18 14 12
30° triaksta triiksta triiksta 84 66 55
0° (kompaktiné) 1,2 0,7 0,5 0,3 0,27 0,23

Gauti duomenys parodo, kad nedideliy Zidiniy gesinimui naudojamy $virksty
efektyvumas néra pakankamas. Ypatingai neefektyvios gesinimui yra kompaktinés
&urkslés, kuriy naudojimas pateisinamas tik tais atvejais, kai reikia suardyti
degandius pavirdius arba tiekti vandeni didesniu atstumu. Nedideliy Zidiniy
likvidavimui labiausiai tinka kilnojamos gesinimo priemonés, naudojancios vandens
i¥metimui suslégtojo oro energija, ypatingai impulsiniai virkstai [5].

3. Impulsiniy $virks$ty optimaliy parametry tyrimas

Tiekiamo gesinimui vandens panaudojimo efektyvumas priklauso ne tik nuo
jo kiekio, bet ir nuo to, koks yra jo pavirSiaus plotas. Kuo labiau susmulkinamas
vanduo | atskirus laSelius, tuo gaunamas didesnis i§ to paties vandens kiekio
pavirSiaus plotas, kuris gali greifiau sugerti $iluming energija. Praktikoje daZnai
pasitaiko, kai nors ir tiekiamas vanduo reikiamu intensyvumu, ta¢iau su nedideliu
susmulkinimu, jis nespéja sugerti galimo Silumos kiekio ir dél to nuteka Salin.

Geriausia vandens Ciurkslés susmylkinjmq pasiekia impulsiniai SvirkStai (net iki
0,002 mm skersmens laeliy) [5]. Siuo metu naudojami impulsiniai $virkStai IFEX
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1-0ji sekcija: Trausports intinerija
VGTU Transporto inzinerijos fakultetas, 2005-05-12

3000 vieno impulso metu gali igstumti iki 11 vandens, kuris pavirsta i laSo formos
greitai judangio ruko debesi (2 pav.).

4\

Lmax

2 pav. Tmpulsinio §virksto Ciurksles forma ir jos pagrindiniai parametrai

5 metry atstume nuo $virksto rako debesies maksimalus skersmuo D sudaro 3
m, vidutiniskai tenkantis vandens kiekis gesinimo pavirsiaus plotui sudaro 0,142
I/m?. Tatiau pagal 3virksto technines galimybes toks vandens kiekis gali biti
tiekiamas tik 3 s intervalais, tai yra vandens tiekimo intensyvumas sudaro tik 0,047
/m%s. Toks vandens tiekimo intensyvumas yra Zenkliai per mazZas efektyviam
gesinimui, nors vandens gesinimo savybés dél labai gero susmulkinimo
isnaudojamos beveik 100 %. Taip pat gesinant nedidelius Zidinius, kai CiurkSles
skersmuo sudaro net 3 m néra efektyvus, nes vandens nepatenka ant degancio
pavirsiaus. Siekiant geriau pritaikyti impulsinj $virksta nedideliy Zidiniy gesinimui,
biitina sumaZinti jo svori, atatrankos jéga, padidinti vandens tiekimo intensyvuma,
sumazinti ¢iurksles skersmeni. Siuos tikslus galima pasiekti sumaZinus i$stumiamo
vandens kiekj pro maZesni $virksto antgali vieno impulso metu, bet padidinus ju
dazni. Siekiant surasti optimalius parametrus buvo atlikti eksperimentai, kuriy metu
buvo naudojami skirtingo skersmens ir ilgio antgaliai, fiksuojamas ¢iurksliy
formavimasis ir sklidimas 0,07 s intervalais, kai impulso metu tiekiamas 0,2 1
vandens kiekis. JFEX 3000 standartinis §virk3to antgalis yra 62 mm skersmens ir
345 mm ilgio. Eksperimento metu buvo naudojami tokie antgaliai: 20-T — 20 mm
skersmens, 320 mm ilgio; 25-T — 25 mm skersmens, 328 mm ilgio; 25-I — 25 mm
skersmens, 454 mm ilgio; 35-T — 35 mm skersmens, 326 mm ilgio; 35-1 — 35 mm
skersmens, 452 mm ilgio.
Eksperimento metu 5 m atstume nuo Svirksto nustatytos ¢iurksliy formos ir
parametrai parodyti (3 pav.) IS gauty eksperimentiniy ¢iurk$liy duomeny
surandamas &iurksliy maksimalus skersmuo D, skerspjavio plotas S, vandens kiekis

_._——————___—______——_————=_———‘————_—
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tenkantis gesinamam plotui C, nustatomas reikalingas vandens tiekimo nasumas V
(V=I/S), nustatomi reikalingi impulsy intervalai t (3 lentele).

20-T 25-T

72433

2948.8

291549

35T

1148,14

1402,43

M ° )

3132,85

291549

35-1

1394,7,

327028

3 pav. Ciurksliy formos ir parametrai

3 lentelé. Ciurksliy duomenys bei optimaliy parametry dydzZiai

Antgalio | Sklaidos Loax » Dpax » S max » ccC V t,
: 2

tipas kaglp(;as m m m2 I/m /s S
20-T 13 2,954 0,724 0,411 0,487 0,052 3,8
25-T 18 2,915 1,325 1,378 0,145 0,174 1,1
25-1 16 2,915 1,148 1,035 0,193 0,13 1,5
35-T 21 3,146 1,402 1,543 0,13 0,194 1
35-1 20 3,285 1,394 1,525 0,131 0,192 1

e
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1-0ji sekcija: Transperte inZinerija
VGTU Transporto inzinerijos fakultetas, 2005-05-12
#

4, TSvados

1. Gesinimo priemonés, skirtos nedideliems gaisro Zidiniams likviduoti, yra
ypatingai aktualios prie§gaisrinéms gelbéjimo tarnyboms, nes jomis galima Zymiai
taupiau ir grei¢iau gesinti didelj gaisry skaiiy.

2. Naudojami $iuo metu dvirkstai néra efektyvus nedideliy #idiniy gesinimui.

3. Naudojant optimaliy parametry impulsinio Svirksto antgalius bei parenkant
tinkamus darbo reZimus galima Zenkliai sumazinti svori, atatrankos jégas, uztikrinti
reikiama gesinamo vandens tiekimo intensyvuma.
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ONPEAENEHUE ¥ YNYYLWWEHUE NAPAMETPOB CPEACTB, NPEAHA3HAYEHHDbIX ANA
TYWEHURA HEBONbLLUX OMAIOB BO3rOPAHUA

Bnagumupac CYCIIABUYIOC

JlokmopaHm Kagbedpbl mexHoo2u4ecko2o obopydosaHus mpaHcnopma Qakynsmema
UHXeHepuu mpaHcrnopma BunbHIOCCKO20 MEXHUYECKO20 yHUeepcumema um. ledumuHaca,
HavansHuk omdena [enapmamMeHma noxapHol oXpaHbl U criaceHus

Mapuonac BOIrAABUYIOC

Mpogbeccop, 3asedyowuii KagpeOpol mexHONI02U4ecKkozo obopydoeaHus mpaHcnopma
®dakynbmema UHXeHepuu mpaHcnopma BulbHIOCCKO20 MexXHU4eckozo yHusepcumema uM.
ledumuraca

B paHHOW craTbe u3narailoTcs npobnembl  pauMoHanbHoro U adpexTUBHOro
UCNONMb30BaHWA OTHETYLIALMX BELLECTB ANA TyweHUs HeGonblinMx noxapos. OnpeaeneHbl
OCHOBHbIE NapaMeTpbl UCNONb30BaHNA UMEIOLLIMXCA CPEACTB ANA TyLLEHUA HeGonbLUUX o4aros
BO3rOpaHWA, BbIABNEHbI WX HepocTaTkh. OnucaHbl nonyvyeHHbie B XOAE€ 3KCNEpUMEHTa
peaynbTaThl, yCTaHOBMNEHb HanpaBneHus ynyylleHa UMNYNbCHbIX CPEACTB NOXAPOTYLIEHUA.

M
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1-0ji sekcija: Transporto iniinerija
VGTU Transporto inzinerijos fakultetas, 2004-04-29

THE ENGINE COOLANT INFLUENCE TO THE BUS TECHNICAL STATE
Evaldas PRIZGINAS

Masters’ student, Department of automobile Transport, faculty of Transpont Engineering, Vilnius Gediminas
Technical University

The influence of engine coolant quality rates to the bus technical state is being analyzed. The types of -

failures and suggestions to make their quantity less are offering sustaining research results.

NEDIDELIY GAISRO ZIDINIU GESINIMO IRANGOS TOBULINIMAS
Vladimiras SUSLAVICIUS

Vilniaus Gedimino Technikos universiteto Transporto inZinerijos fakulteto
Transporto technologiniy jrenginiy katedros doktorantas

Marijonas BOGDEVICIUS

Vilniaus Gedimino Technikos universiteto Transporto inzinerijos jakulteto
Transporto technologiniy jrenginiy katedros vedeéjas, profesorius

1. Ivadas

Gaisras — tai nekontroliuojamas degimas, kurj siekiant sumaZinti nuostolius
bitina kuo grei¢iau uZgesinti. Materialiniai nuostoliai  del kilusiy gaisry turi
betarpiska ry§j su palio gaisro degimo trukme. Gaisro degimo sutrumpinimas 1
min., pagal atliktus tyrimus DidZiojoje Britanijoje, gali sumazinti 5,3 % Zuvusiyjy
skaitiy gaisruose [1]. Siuo metu prie3gaisrinése gelbéjimo tarnybose naudojama
mo.m::_‘:o iranga pagrindinai yra skiriama didesniy gaisry gesinimui ir maZai yra
priemoniy, skirty nedideliy Zidiniy likvidavimui.

Taip jau yra nuo seno, kad labiausiai prieinama ir naudojama gesinimui
medZiaga yra vanduo. Vanduo pasiZymi ypatingomis fizinémis ir cheminémis
savybémis, turi tokias 3ilumos absorbavimo charakteristikas, kuriy stinga
daZniausiai gamtoje sutinkamoms medZiagoms. 1 litro vandens ikaitinimui
nuo 20° C iki 100° C reikia 335 kJ Siluminés energijos bei dar 2257 kJ, kad ji
paversti garais. Tagiau neefektyviai naudojant vandenj gesinimui, nuostoliai dél
<maam_~m poveikio virdija nuostolius dél sudegusio turto ir kity vertybiy. Itekantis i3
gaisravietés naudojamas gesinimui vanduo uZterSia aplinka ir smarkiai pablogina
bendra ekologing biikle, praktidkai nedalyvauja gesinime bei eikvojamas veltui. Tai
atsitinka del to, kad dalis vandens nespéja priimti visos galimos Silumos ir pavirsti
garais bei dél didelio vandens pavir§iaus jtempimo, kuris neleidZia jam absorbuotis |
degancias medZiagas. Akivaizdu, kad kuo labiau susmulkinsime vandeni, tuo i3 to
paties jo tlirio gausime didesnj pavirsiaus plota, kuris betarpilkai galés kontaktuoti
su mmm.m_.o kar¥Ciu ir tuo efektyviau bus i¥naudojamos vandens savybés. PavyzdZiui,
jeigu { ugni pilti vandeni kaip i§ kibiro (mazai susmulkinus), tai jo savybés gali biiti

panaudotos tiktai 5-10 % efektyvumu [2]. Didinti vandens pavir§iaus plota galima
paprastiausiai ji susmulkinant { atskirus maZus laSelius. Siuo metu labiausiai
susmulkintos vandens gesinimo &iurkglés gaunamos panaudojus susléegty ir
besipletian&iy dujy (oro) energija. Tradici¥kai $virk¥¢iamo vandens ladeliy greitis
tiurk¥léje sudaro apie kelias de$imtis m/s, o panaudojus suslégto oro energija ladeliy

. greitis gali siekti net Simtus m/s grei¢ius. Prie tokiy grei¢iy del oro pasiprieinimo
“&urksle gali bati susmulkinama { Zymiai maZesnius laSelius (net iki 2 mikrony
“skersmens) [3]. Suslégtojo oro (dujy) energijy panaudojimo gesinan¢iy medZiagy

tiekimo technologijos dar néra pilnai i3tirtos ir reikalauja tolimesnio jy tobulinimo
bei bandymy atlikimo. Tadiau jau $iandien jos leidZia Zymiai geriau panaudoti
gesinan&io vandens savybes, pagreitinti reagavimo laika.

2. Suslégtojo oro (dujy) panaudojimo gesinantioms medZiagoms tiekti principai

Suslegtyjy dujy energija naudojangios kilnojamos gesinimo priemonés leidZia
ugniagesiams gelbétojams vykdyti gesinima be gaisrinio automobilio siurblio
panaudojimo bei Zarny linijy pratiesimo nuo jo iki Zidinio. Del to gali biti Zzymiai
sutrumpinamas reagavimo laikas bei uztikrinamas gesinimo ekonomiskumas.

Pats paprastiausias suslégtyjy dujy energijos panaudojimas stebimas
gesintuvuose, kai inde su gesinantiomis medZiagomis palaikomas atitinkamas
slegis, kurio déka atidarius Gaupa slegiamas gesinantis skystis  $virk§¢iamas
reikiama kryptimi. Taiau tokio tipo gesintuvuose negalima i3gauti didesnio vandens

susmulkinimo nei naudojant gaisrinius tradicinius i¥centrinius siurblius.

Zymiai prana$esnis gesinantio vandens tiekimas gali biti vykdomas, kai jo
porcijos i§¥aunamos panaudojus suslégty ir besipletianéiy dujy (oro) energija. Tokio
tipo gesinimo priemonés vadinamos impulsinémis, nes gesinanéios medZiagos
tiekiamos impulsais. Principiné impulsinio gesinimo $virk3to schema parodyta.

Impulsiniai 3virk3tai dirba taip:

e % suslégto oro rezervuaro uZpildoma suslégto oro kamera,

e i% vandens rezervuaro uZpildoma vandens kamera;

o atidarius greito suveikimo voZtuva, susijungia suslégto oro ir vandens

kameros;

e vanduo, veikiamas oro slégio, i§pur§kiamas per labai trumpq laiko farpg

(nuo keliy iki keliy dedimg&iy milisekundziy) | gaisro Zidinj;

s toliau procesas kartojamas i§ naujo.

Ispurdkiamas vanduo pasiekia net 120 m/s greitj (432 km/h). Vandens porcija
skrisdama tokiu greiciu sutinka didelj oro pasipriesinima ir dél to Ciurk3lé susiskaido
i labai mazus lagelius ( net iki 2 mikrony dydzio) ir prakti$kai virsta greitai judanciu
riku. Toks ritkas pasizymi labai geromis gesinimo savybémis, nes labai gerai
apgaubia visa aplinkd, o smulkiis laseliai grei¢iau absorbuoja Siluma. Tokiu
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pagrindu veikiantys impulsiniai $virktai gaminami ne vienoje %alyje. Ta&iau $iuo
metu néra sukurtas jy veikimo matematinis modelis, leidziantis nustatyti optimalius
parametrus.

Siuo metu, atlikus bandymus su Vokietijos IFEX GmbH pagamintu impulsiniu

Svirk$tu IFEX 3001 nustatyti ie privalumai:

* Labai geras i3purslinimas, kas sudaro salygas arti 100 % vandens gesinamy
savybiy panaudojimo.

* Naudojant  susléegta ora ,§0viui“, tai yra i$naudojant  oro
tampruma/spiduma pasiekiamas labai didelis vandens daleliy greitis, kurios
gerai skverbiasi | medZiagy paviriius.

° Susidargs rikas gerai apima visg tirj ir aplenkia klidtis (patenka { visas
imanomas vietas).

* Galima atlikti pavienius ,$dvius® iki | litro vandens tirio kas 2-3 s arba
serijomis iki 0,25 litro.

e Galima purksti vandenj laistymui be , 3iiviy

* Vanden| galima naudoti su putoksliu.

o  Maksimalus , §lvio* atstumas iki 16 m.

Kilnojamy gesinamy priemoniy, naudojanéiy suslégtojo oro energija, bandymai

parodé, kad jomis galima gesinti su 9 litrais vandens net A5S klases gaisrus [4],
kurio metu degan¢io pavir§iaus plotas sudaro 61 m2. Pagal atliktus statistinius
tyrimus gaisro Zidiniy i$plitimas atvykus prieSgaisrinéms tarnyboms ir jy procentas
nuo bendro gaisry skaitiaus sudaré {5]:

3

o kiS5 m? -29%;
e nuo 5 iki 10 m? - 30 %:
o nuo 10 iki 30 m? - 20 %;
o nuo 30 iki 100 m? - 10 %;
e nuo 100 iki 600 m? -9%;
*  Vir§ 600 m? -2 %.

I3 pateikty duomeny matosi, kad net apie 80% visy kilusiy gaisry galima
uZgesinti panaudojus efektyvias kilnojamas gesinimo priemones. Dél to tokios
priemonés daugelio atvejy jtraukiamos | prie3gaisriniy gelbéjimo tarnyby greito
reagavimo ar pirmos pagalbos automobiliy privalomos {rangos sarasus [6]

3. Impulsiniy gesinimo priemoniy optimaliy parametry nustatymas

Siekiant nustatyti jau esamo impulsinio $virkito IFEX 3001 savybes, buvo
atlikti eksperimentiniai ,,$Gvio* faziy tyrimai bei praktiniai bandymai. Purskiamo
vandens faziy tyrimui buvo panaudotas fotografinis metodas su 0,07 s intervalais
tarp kadry. Fotografinio tyrimo rezultatai pateikiami (1 pav.) ir (2 pav.).
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«.  Atliekant purtkiamo vandens fotografiniy tyrimy analizg :cwﬁ.mJ\S” . o

o I3leista i§ impulsinio §virkito vandens ¢iurksle skaidosi _.m_d.:_x._cm _mmw:cw.
ir leteja. Dalies vandens ladeliy greitis tampa minimalus ir jie lieka laisvai
sklesti ore visame ¢iurksles judéjimo kelyje. -

o Greitiausieji vandens &iurk§lés lageliai 10 m atstuma pasiekia jau per 0,35 s

iko tarpa.

e Wm”_mm:&ww vandens &iurkiles masé 10 m atstuma pasiekia per 0,7 s laiko

tarpq

2 pav. Vandens &urk¥lés judgjimo ir skaidymosi fazés

[vertinus tyrimy ir praktiniy bandymy rezultatus nustatyti tokie impulsinio
$virksto pagrindiniai trokumai: R .
Gana nemazas §virk$to svoris (iki 8 kg), kuris Zenkliai apsunkina
ugniagesio gelbétojo greito manevravimo mm::d&m.m. . .

Gana didelés Svirksto reakcijos jégos vandens Ciurk3lés .Um_na_:s metu.
Netinkamai laikant 3virk3ta jo naudotojas gali net traumuotis.

Gana ilgas ¥virkdto uZpildymo laikas (2-3 s), tai yra laiko .S%mm tarp
Siurksliy paleidimy. Dél &iy priezas€iy kyla batinybé naudoti du tokius
gvirkstus vieno Zidinio gesinimui. o . -
Naudojant §virk3tus uZdarose patalpose (butuose) yra :_AEQ_.UP kad m:w.:m_
lekiantys laeliai nespés sugerti Silumos ir atsitrenks { sienas ar Kkitas

Koudepenunn: AUTEA 623 Hayky ~MuTea Gea Gypyuiero. TPAHCNOPT
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VGTU Transporto inzinerijos fakultetas, 2004-04-29

patalpas ribojanéias konstrukcijas, del ko Zymiai mazéty gesinimo
efektyvumas.

5. Svirk$to veikimas néra efektyvus atvirose vietovése didesniais atstumais,
nors ¢iurk$lés maksimalus atstumas siekia iki 16 m. Smulkiai i§purslintus
lagelius 1¥nedioja oro srautai.

[vertinus gautus rezultatus galima teigti, kad nedideliy gaisro zidiniy gesinimui,

kuriy aktualumas buvo apra$ytas §iame straipsnyje, impulsinio §virk$to parametrai
néra optimalts.

Impulsinio §virksto, pritaikyto nedideliy Zidiniy gesininiui, optimaliy parametry .

prielaidos yra sekandios:

e Nedideli Zidiniai praktiskai gesinami esant nedideliems atstumams nuo ju,
todé! optimalus ¢iurk§lés veikimas turi bati uZtikrintas 3—6 m atstume.

o Siekiant uZtikrinti gesinima vienu ¥virk§tu, gesinanéiy medZiagy tiekimo {
Zidinius nepertraukiamuma, batina i§laikyti ne maZesn| gesinanciy
medziagy tiekimo intensyvumg (tai yra 0,25-0,3 I/s) bei sumazZinti §virksto
uZpildymo laika ir padidinti iurk$lés paleidimo daznj.

o SumaZinti impulsinio 3virk§to svor{, maZinant vandens mase ciurksléje bei
didinant jos paleidimo daZnj.

¢ SumaZinti impulsinio 3virk3to reakcijos jégas maZinant vandens masg
¢iurkdléje bei jrengiant kompensacinius mechanizmus.

Impulsinio virk3to pagrindiniai parametrai gali bdti nustatomi sprendZiant

hidrauliniy ir pneumatiniy sistemy biseny lygtis. Impulsinio Svirk§to modelio
principiné schema parodyta (3 pav.).

4

[
GAS /| LIQUID ~
J

A A

3 pav. Impulsinio Svirk3to modelio principine schema

Pneumatinés kameros voZtuvo skersmens priklausomybé nuo laiko parodyta
4 pav. Dujy slégio priklausomybés pneumatinéje ir §virkito kamerose parodytos
5 pav. Skys¢io masés poslinkis, greitis ir pagreitis parodyti 6 pav.
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5 pav. Slegio priklausomybes nuo laiko: .
a - pneumatinéje kameroje; b — dvirk§to kameroje
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6 pav. Skys¢io maseés kinematiniy parametry priklausomybé nuo laiko:
a — poslinkis; b — greitis; ¢ — pagreitis
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4. I¥vados

. Gesinimo priemonés, skirtos nedideliems gaisro sidiniams likviduoti, yra
. ypatingai aktualios prie3gaisrinéms gelbéjimo tarnyboms, nes jomis galima
¥ymiai taupiau ir grei¢iau gesinti didelj gaisry skaiéiy.

. Impulsiniy gesinimy technologiju naudojimas leidzia maksimaliai i3naudoti
vandens gesinantias savybes, tuo sumaZinant jo poreikj bei nuostolius déi
vandens poveikio.

%73 Siuo metu naudojamy impulsiniy 3virk3ty technines charakteristikos néra
.. optimalios nedideliy gaisro Zidiniy gesinimui.

4, Impulsinio §virk3to' matematinio modelio nustatymas ir sprendimas leisty parinkti
optimalius techninius parametrus.

2
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YNYYEHWUE NAPAMETPOB CPELCTB, NPEAHA3HAYEHHBLIX ANA TYWEHWA HEGONbUINX O4AIOB
BO3rOPAHUA
% Bnapumnp CYCITABHHIOC
Lokmopanm Kaghedps! mexHonoauyecKozo o6opydosganus mpancnopma ®aKynemema uHxerepuu
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2. lvertinus asfaltbetonio mi%inio gamybos technologinio proceso
veiksnius (medZiagy drégnj, jy tar¥a, maiSinio mas¢, maifymo ciklo
trukmeg, asfaltbetonio maidytuvo uzduota naSuma, technologiniy siety
aku¢iy matmenis, naudojamy karstuyjy frakeijy dydj ir skaidiy, pradiniy
mineraliniy medZiagy masés santykj ir bitumo kiek{) sudaryta pradiniy
Saltyjy mineraliniy medzZiagy dozatoriy pradinio sureguliavimo seka.
Naudojant miisy sukurtas matematines formules ir skaitiavimo
algoritma, galima teisingiau negu iki %iol buvo daroma apskai&iuoti
pradiniy Saltyjy mineraliniy medZiagy dozatoriy nadumus, leidZian¢ius
gaminti tikslesnés ir stabilesnés sudéties asfaltbetonio miginius.
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GAISRINIU AUTOMOBILIU TECHNINIU PARAMETRY

GERINIMO BUDAI )
Vladimiras SUSLAVICIUS

PrieSgaisrinés apsaugos ir gelbéjimo departamento skyriaus virsininkas
1. [vadas
Prie3gaisriniy gelbéjimo tarnyby veiklos tikslas gelbéti Zmoniy

gyvybes ir turta gaisry bei kity ekstremaliy situacijy atvejais. Gaisriniai
automobiliai - tai techninés priemonés, kurias naudojant prieSgaisrinés
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gelbéjimo tarnybos uZtikrina savo funkciju vykdyma. Akivaizdu, kad
gaisriniy automobiliy techninés charakteristikos turi lemiamos itakos
efektyviam ugniagesiy gelbétojy darbui. Nuo gaisrinés ir gelbéjimo
technikos, tame tarpe ir gaisriniy automobiliy, techniniy parametry priklauso
gaisry gesinimo ir gelbéjimo darby atlikimo greitis. Greigio faktorius
ekstremaliose situacijose turi ypatinga reik§me. Zmoniy Zaties tyrimai
gaisruose rodo, kad 60 - 70% Zmoniy Zista apsinuodije gaisro dujomis
pirminéje jo stadijoje (iki 5 — 6 min. nuo gaisro kilimo pradZios) [2].
Materialiniai nuostoliai dél kilusiy gaisry turi betarpiska ry%j su patio gaisro
degimo trukme. Gaisro degimo sutrumpinimas 1 min., pagal atliktus tyrimus
Didziojoje Britanijoje, gali sumaZinti 5,3% Zuvusiujy skaitiy gaisruose. Taigi
gaisrinio automobilio panaudojimo laikinés charakteristikos turi lemiamga
reikSme gaisry gesinimui. Optimalus funkcinis gaisrinio automobilio
panaudojimas gali biiti idreik3tas tokia priklausomybe:

O = F(Ta,Ti,Tg); (n

¢ia: O -~ optimalus gaisrinio automobilio panaudojimas; Ta - atvykimo
laikas i jvykio vieta; 7i — jrangos i¥skleidimo laikas; Tg - gesinimo laikas.

Atvykimo laikas { jvykio vieta priklauso nuo to, kokiu maksimaliu
vidutiniu greitiu galés judéti gaisrinis automobilis, koks yra atstumas iki
gaisro vietos, kokia keliy bukle ir eismo salygos, kaip greitai, gavus
praneSima apie nelaime, automobilis gali i¥vaZiuoti i§ gaisrinés. frangos
iSskleidimo laikas priklauso nuo to, kokia gaisriniame automobilyje yra
iranga, kaip greitai galima ja panaudoti, koks ugniagesiy skaitius gali atvykti.
Gesinimo laikas priklauso nuo gesinimo jrangos techniniy charakteristiky,
turimy gesinimo medzZiagy kiekio.

[vertinus laiko faktoriaus gaisry gesinime sudedamasias dalis, gaisriniy
automobiliy techninius parametrus galima suskirstyti { 3 pagrindines grupes:
1. VaZiuoklés.

2. Gaisrinio antstato, kébulo, gesinan&iy medziagy talpy.
3. Specialiyjy agregaty ir jrangos.

Kiekvienas i§ $iy grupiy parametras atitinkamai turi jtakos tokioms
gaisrinio automobilio savybéms: greitai ir saugiai atvykti i ivykio vieta,
idvezti reikalinga skaitiy ugniagesiy, jrangos ir gesinangiy medZiagy;
efektyviai tiekti gesinan¢ias medZiagas ar su specialiais agregatais uZtikrinti
reikalingy darby atlikima. Todél gaisriniy automobiliy techniniy parametry
gerinima galima vykdyti $iais biidais:
¢ Tobulinti arba pakeisti gaisrinio automobilio bazing vaziuokle.
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¢ Modemizuoti ar pakeisti gaisrinio automobilio kébula, jrangos skyrius,
gesinan¢iy medZiagy talpas.

¢ Kaeisti siurblj ar kita specialyjj agregata, jrengti papildomas priemones,
gerinanéias gaisry gesinima.

2. Eksploatuojamy pagrindiniy gaisriniy automobiliy traikumai

Gaminant gaisrinius automobilius stengiamasi parinkti optimalius
techninius parametrus. Tatiau, dél gaisriniy automobiliy panaudojimo
specifikos, labai netolygiai dévisi jy agregatai ir kitos sudedamosios dalys.
Eksploatavimo metu gaisriniy automobiliy ridos, lyginant su transportiniais,
yra nedidelés, ta¢iau jy darbo reZimas gana sunkus, o automobilio naudojimo
trukmé sudaro 11 — 30 mety. Per visa gaisrinio automobilio eksploatavimo
perioda nekarta tenka keisti susidévéjusius agregatus ir mazgus. Be to, per
ilga eksploatavimo laikotarpj kai kurie parametrai pradeda netenkinti naujy
salygu. Anks¢iau ugniagesiai tiktai gesindavo gaisrus, o dabar vykdo ir
{vairius gelbéjimo darbus, kuriems atlikti reikalinga papildoma jranga, kurios
talpinimui seno tipo kébuluose néra vietos. Atsiradusios naujos technologijos
reikalauja pasenusiy sudedamyjy daliy pakeitimo. Neretai po daugelio
eksploatavimo mety vieno ar kito agregato ar mazgo, kurj bitina pakeisti,
gamyba biina nutraukta ir tenka iekoti alternatyviy sprendimy. Visa tai yra
ypatingai aktualu seny gaisriniy automobiliy tolimesniam naudojimui
uztikrinti, nes naujos iuolaikinés technikos isigijimas dél finansiniy lé3y
trikumo yra problemati3kas.

Siuo  metu valstybingje prieSgaisrinéje  gelbéjimo  tarmyboje
eksploatuojama per 700 vnt. gaisriniy ir gelbéjimo automabiliy bei specialios
paskirties transporto priemoniy. Tarp pagrindiniy gaisriniy automobiliy net
80% yra pagaminti buvusioje Sajungoje, kurie nepasizymi geru patikimumu
ir ilgaamZiskumu. Tokiy automobiliy gedimai pasiskirsto sekan&iai:
¢ 70% visy gedimy tenka specialiems agregatams ir kebulo konstrukcijai,

i8 kuriy 24%- vakuuminei sistemai ir 18% — gaisriniam siurbliui.
¢ 30% tenka bazinés vaZiuoklés gedimams, i§ kuriy 12% tenka

transmisijos agregatams, 8% - eismo sauguma uZtikrinan&ioms
sistemoms.

NemaZg riipestj kelia ir tai, kad visi gaisriniai automobiliai, sumontuoti
ant GAZ ir ZIL vaziuokliy, turi karbiuratorinius variklius, naudojancius A-80
markés benzina. Tuo tarpu kitose Salyse tokiy klasiy gaisriniy automobiliy
vaZiuoklés komplektuojamos tiktai Zymiai ekonomikesniais dyzeliniais
varikliais. Buty tikslinga atlikti dar ne vienerius metus numatomiems
eksploatuoti gaisriniams automobiliams karbiuratoriniy varikliy pakeitimo
dyzeliniais ekonominius-techninius skai&iavimus.
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. _.QE Jjau buvo mineta, didZiausiy riipeséiy sudaro gaisriniy iScentriniy
siurbliy uZpildymo vakuumines sistemos, paciy gaisriniy siurbliy gedimai,
kebuly ir cisterny korozija ir trikimai. Pakeitiant %ias sistemas naujomis ar
atlikus jy patobulinimus, galima biity Zenkliai pagerinti gaisriniy automobiliy
charakteristikas bei prailginti tarnavimo laika,

3. Gaisriniy automobiliy vakuuminiy sistemy gerinimas

ﬂmmm::m.& iScentriniai siurbliai, prie% pradedant jais tiekti gesinan&ius
skysCius, turi biti kuo greitiau uZpildyti. Sivo metu daugiausiai yra
paplitusios vakuuminés sistemos, kurios uZtikrina greita siurbliy uZpildyma.
<m_E_.§EE sistemy darbas yra pagristas oro iSsiurbimu ¥ iScentriniy
siurbliy ir su jais sujungty jsiurbimo Zarmy. I3siurbus ora susidaro iSretinimas
(vakuumas) ir vanduo, veikiamas atmosferinio slégio, uzpildo isiurbiamasias
Zamas ir iScentrinius siurblius.

Pagrindiniai vakuuminés sistemos charakterizuojantys parametrai yra:
¢ pasiekiamas maksimalus vakuuminis slégis;
¢ geometrinis {siurbimo aukstis;
¢ laikas, per kurj iSsiurbiamas oras i§ siurblio ir sujungimo Zarny.

Maksimalus geometrinis jsiurbimo aukstis priklauso nuo sukuriamo
maksimalaus vakuuminio slégio. Maksimalaus vakuuminio slégio sukiirimui
turi jtakos sistemos tarpeliy dydZiai bei sujungimy sandarumas. Deja, visos
vakuuminés sistemos turj ta patj triikuma - teorinis geometrinis jsiurbimo
aukstis negali bati didesnis kaip 10 metry, o jvertinus nuostolius sistemose,
Bmxmim_:m isiurbimo aukstis praktiskai tesiekia tiktaj 7 — 8 metrus.

. <_m.=0ma gaisriniuose  automobiliuose, pagamintuose  buvusioje
mm::_wea. be iSimties, buvo montuojamos vienodos vakuuminés sistemos,
kuriose vakuumui sudaryti naudojama varikliy iSmetamy dujy energija.
Bendra tokios vakuuminés sistemos schema pateikta (1 pav.).

Tokios vakuuminés sistemos nereikalauja transmisinés pavaros, jose
néra besisukanciy , slenkangio ir griztantio judesio daliy, Jjas gana paprasta
sumontuoti. Taciau jos turi ir esminiy trikumy:

* <mw::3_.=mo aparato sklend?iy bei pacio korpuso metaliniy pavirsiy,
veikiamy karty variklio imetamyjy dujy, korozija;

¢ didelis triuk§mas darbo metu;

. mm:Em padidéjusi iSmetamy dujy koncentracija gaisrinio automobilio
vairuotojo/operatoriaus darbo vietoje;

¢ sudaromas variklio i$metamyjy dujy priedslégis iki 0,2 MPa;

nejmanomas sistemos autonominis darbas;

¢ sudaromas maZesnis vakuuminis slégis, lyginant su kitomis
naudojamomis vakuuminémis sistemomis (1 lentele).

*
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I pav. Vakuuminés sistemos, naudojancios variklio i$metamuyjy dujy energija:

a - nedarbiné vakuuminés sistemos padétis; b - vandens jsiurbimas; ¢ — vakuumines
sistemos i3tudtinimas; 1 — vakuuminio aparato korpusas; 2 — sklendé; 3 — &iurk8linis
siurblys; 4 — iScentrinio siurblio sujungimas su &iurkilinio siurblio vakuumine
kamera; 5 — iScentrinis siurblys; 6 — spyruoklé; 7 - voXtuvas; 8 — ekscentrikas; 9 —
rankena; 10 — vakuuminis &iaupas; 11 - kiauryme; 12 — iSmetamyjy dujy duslintuvas

I lentelé. Vakuuminiy sistemy palyginamieji duomenys ir parametrai

Su dujy Su Su Su
Parametras tiurk3liniais | membraniniais’| stimokliniais | ploksteliniais
siurbliais siurbliais siurbliais
I3vystomas
vakuuminis slégis, 0,074 0,09 0,09 0,09
MPa
Maksimalus
geometrinis 7 8 8 8
jsiurbimo aukstis, m
Energijos Saliinis | ismetamosios | 1eentrinio | Iscentinio molaints
nergijos $alti S Lo
dujos siurblio pavara [siurblio pavara stoves variklis
- Rankinis arba | Rankinis arba L
Valdymas Rankinis automatinis automatinis Rankinis
Neigiamas poveikis | Turi poveikj
aplinkai, . Turi poveikj
automobilio : Neturi Neturi mw_wz_@m !
agregatams ar operatoriaus
operatoriui darbo vietai

Vakuuminés sistemos pagrinda sudaro naudojamas siurblio tipas.
[3analizavus vakuuminése sistemose naudojamy siurbliy parametrus, jy

savybes,

nustatyta,

kad geriausiai

biity naudoti

membraninius arba

1-ji sekcija
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stimoklinius isiurbimo siurblius. Tagiau iy siurbliy darbui biitina pavara.
Vakary Saliy {siurbimo siurbliams varyti naudojami siurblio pavaros
kardaninis velenas ar patio iScentrinio siurblio velenas. Tai reiskia, kad
vakuuminis siurblys dirbs tiktai tuo atveju, kai suksis i¥centrinis siurblys.
Tatiau GAZ ir ZIL tipo gaisriniuose automobiliuose jrengty i3centriniy
siurbliy rieboksliai ir sandarinimai nepritaikyti dirbti ilgesni laika be vandens.
Todél gaisriniuose automobilivose, kuriuose yra sumontuoti PN 40UA ir PN
40UV siurbliai, nejmanoma naudoti sjurblio pavaros jsiurbimo siurbliams
sukti. Siuo atveju vienas i3 sprendimo biidy yra membraniniam ar
stimokliniam jsiurbimo siurbliui sukti naudoti nuolatinés srovés elektros
variklj, maitinamg i§ automobilio elektriniy grandiniy. Tokj jsiurbimo siurblj
lengva sumontuoti, bet kurioje gaisrinio automobilio vietoje (2 pav.).

2 pav. Stimoklinis jsiurbimo siurblys, varomas elektrinio variklio

Pradéti eksperimentiniu biidu gaminti 2 pav. pavaizduoti {siurbimo
siurbliai su 0,00021 m3 darbiniu tiiriu bei komplektuojami 1,3 kW galingumo
elektriniu automobiliniu starteriniu varikliu. Sie stamokliniai siurbliai
pagerina seny gaisriniy automobiliy vakuuminiy sistemy darba, taupo lésas,
nes siurblio hermetidkumui patikrinti nebiitina uZvedinéti variklio.

4. Gaisriniy automobiliy AC 40(130)63B ir AC 40(131)137 antstaty
keitimas

Gaisriniy automobiliy AC 40(130)63B ir AC 40(131)137 antstatai be
didesniy pakitimy buvo gaminami ne vieng delimtmetj. Jy pagrindiniai
trikumai:
¢ néra pakankamai vietos papildomai gelbéjimo irangai talpinti;
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¢ labai intensyvi kébulo ir cisternos korozija; .
¢ kebulo skyriy dang&iai nepatikimai uZsidaro, o atidarytoje padétyje -
darbo vietoje yra nesaugiis.

Kiekvienais metais vis daugiau $io tipo gaisriniy automobiliy antstaty
deél gilios metalo korozijos tampa nebetinkami naudoti, nors vaZiuokles n_mq
galéty tarnauti Zymiai ilgesni laika. Problemai mwmnam.: @:é m<m§o.=.m
ivairlis variantai: i§ dvieju gaisriniy automobiliy surinkti viena; _no_m.:
labiausiai susidévéjusias kébulo detales; keisti visa kébula kartu su_jo
komplektuojantiomis dalimis. Surenkant i§ dviejy gaisriniy mEoEmU:E
viena, ne visada jmanomas racionalus visy agregaty ir mazgy g:m:aot:.mm..
Kei¢iant atskiras labiausiai susidévéjusias antstato detales, nepa%aliname nei
vieno auk3Ciau paminéto trikumo. Todé¢l, siekiant pagerinti m_m:ao_.m._:;
gaisriniy automobiliy charakteristikas bei prailginti jy tarnavimo ._m.__n.@.
nutarta pirmenybe teikti viso antstato keitimo variantui. Gaisrinio
automobilio antstatui keliami reikalavimai: o
¢ Naujos antstato konstrukcijos ir detalés neturi sumaZinti gaisriniy

automobiliy aktyviosios ir pasyviosios saugos.
¢ Antstato konstrukcijos ir detalés neturi vir$yti gaisriniy automobiliy

gamykloje nustatyty gabarity, bendryjy masiy bei asiy mv_mﬂoﬁ_. 3 .
¢ Naujo kebulo skyriy konfigiiracija turi tikti reikiamai papildomai jrangai

talpinti.
¢ Kébulas ir cisterna turi biiti gaminami i§ neriidijan¢iy medZiagy arba

biity padengtos patikima antikorozine danga. . .
¢ Vietoje skyriy dangéiy turi biti naudojamos aliumininés Zaliuzes tipo

durelés. . o

Sias ir kitas papildomas salygas atitinkantys antstatai buvo pagaminti ir
pradéti montuoti ant seny gaisriniy automobiliy. Gaisrinio automobilio su
nauju antstatu bendras vaizdas pateiktas (3 pav.).

3 pav. Bendras gaisrinio automobilio AC-40(130)63B vaizdas su naujuoju antstatu
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Gaisrinio automobilio antstatas susideda i¥: porémio; porémio elastines
pakabos (atsisakius tvirtinimo apkabomis); kébulo karkaso, prie kurio
tvirtinami klijavimo biidu aliumininiai lakitai; cisternos ir putok3lio bako,
gaminamy i§ polipropileno; skyriy uzdarymo aliumininémis Zaliuzes tipo
durelémis; jrangos tvirtinimo elementy.

Tokio tipo nauji antstatai pagerina  gaisriniy  automobiliy
charakteristikas:

L. Padidéjes 0,6 m® kébulo tiris leidzia talpinti daugiau jrangos.

2. Kebulas, cisterna ir putokglio bakas nebijo korozijos, nes gaminami is
neriidijandiy medziagy.

3. Aliumininés Zaliuzés tipo durelés gerai sandarina jrangos skyrius,
estetidkai atrodo ir pagerina darbo salygas aplink automobilj.

4. Antstato porémio elastines pakabos déka nesudaromi nepageidaujami
itempimai kébulo konstrukcijose.

5. Gesinimo sistemy gerinimas

Gesinimo sistemos — tai sistemos, kuriy déka tiekiamos gesinancios
medzZiagos gaisro gesinimui. Siy sistemy pagrinda sudaro gaisriniai siurbliai.
Gaisrinio  siurblio charakteristikos apsprendzia jrangos panaudojima.
Teisingai parinkta jranga leidZia efektyviau iSnaudoti gaisriniy siurbliy
savybes. Kadangi gaisry gesinime laiko faktorius yra ypatingai svarbus, tai
akivaizdu, kad kuo anks&iau bus pradétos tiekti gesinangios medziagos |
gaisra, tuo pats gesinimas bus efektyvesnis. Zenkliai pagreitinti gesinimo
pradZia, panaudojant esamas gaisrinio automobilio sistemas, yra jrengti
automobilyje greito reagavimo Zamy rite. Greito reagavimo Zarny rités
ugniagesiams suteikia galimybe be laiko gaiimo Zarny linijy sujungimui
pradéti tiekti vandeni tuoj pat, kai tik pradeda veikti gaisrinis siurblys. Be to,
greito reagavimo Zamnos yra santykinai lengvos ir su jomis galima greitai
manevruoti. Pagal DidZiojoje Britanijoje atliktus tyrimus nustatyta, kad
naudojant greito reagavimo Zarny rites pasiekiamas greitiausias gaisry
gesinimas [2]. Tatiau greito reagavimo Zarny rités, bidamos maZesniy
skersmeny (19 - 38 mm), pasizymi Zymiai didesniais hidrauliniais
nuostoliais. Be to, norint uZtikrinti reikiama gesinandiy medZiagy tiekimo
intensyvuma, darbui su greito reagavimo Zarnomis biitinas didesnis slégis.
Todél darbui su greito reagavimo Zamomis daZniausiai naudojami
kombinuoti (Zemo/auksto slégio) siurbliai, kurie gali pasiekti 2 — 5 MPa
slégi. Kartu su aukto slégio Zamomis naudojami auksto slégio 3virkstai,
kuriy naumas 1 - 2 I/s. Kyla klausimas, ar galima naudoti greito reagavimo
Zarnas senuose gaisriniuose automobiliuose, kuriy siurbliai i§vysto tiktai
1 MPa slégj. Galima, tiktai bitina parinkti reikiamy parametry Zarnas ir
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Svirk§tus. Nekarta teko isitikinti, kad, parinkus neteisingy charakteristiky
jranga, laukiamo efekto nepasiekiama. Siekiant panaudoti greito reagavimo
Zarna senuose automobiliuose, bltina turéti gera apie 2 I/s nafumo §virksta
purk3tuva, galinti efektyviai dirbti prie Zemy (0,3 — 0,4 MPa ) slégiy [1].
Gaisrinés Zarnos parametrams nustatyti galime naudoti tokia formulg [ 3 ]:

FL=CQL; )

¢ia: FL - hidrauliniai nuostoliai Zzarmoje, kPa;, C - Zarnos hidraulinio
pasiprie§inimo koeficientas; Q — nafumas Simtais I/min; L - Zarny ilgis
§imtais m (daZniausiai iki 60 m).

Atlikus skai¢iavimus gauname, kad greito reagavimo Zarna turi biiti ne
maZesnio kaip 25 mm skersmens. Tokios Zarnos jrengimas gaisriniame
automobilyje parodytas (4 pav.).

4 pav. Greito reagavimo Zarnos jrengimas sename gaisriniame automobilyje su nauju
antstatu

Gaisrinio automobilio gesinimo galimybes galima Zenkliai pagerinti
naudojant geresniy charakteristiky gaisrinius siurblius. Tagiau gaisrinio
siurblio naudojima apsprendZia ji sukantis variklis. Neretai net gamintojai ne
visada tinkamai suderina variklio-siurblio atitikimo parametrus: galingumus,
sukimo momentus, apsuky skai¢iy. Todeél tie patys gaisriniai automobiliai su
skirtingais siurbliais gali turéti ir skirtingas gesinan¢iy medZiagy tiekimo
savybes. Senuose gaisriniuose automobiliuose, pakeitus gaisrinius siurblius
PN 40 5iuolaikiniais atitinkamy parametry siurbliais, tampa jmanoma naudoti
paZangiausia gesinimo {ranga. Modernils gaisriniai siurbliai kainuoja gana
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brangiai (20 — 50 tikst. Lt,), todél jy panaudojimui bei atrankai biitina
kruopéti techniné ir ekonominé analizé bei tyrimai.

Visy gaisriniy automobiliy, net ir neseniai pagaminty, gesinimo savybes
padidinti galima jrengiant juose CAFS sistemas, kurios vis placiau
pripaZistamos jvairiose 3alyse. CAFS (Compressed Air Foam System) — tai
suslégto oro ir puty gesinimo sistema. Darbo principas pagristas tuo, kad
vandens ir putokslio miSini aeruojant suslégtu oru gaunamos labai
kokybikos ir stabilios putos, kurios pro Zamas ir 3virktus tiekiamos
gesinimui. Mi¥iniui sudaryti naudojamas specialus A tipo putokilis, kurio
reikalinga koncentracija vandenyje tesiekia 0,1 — 1%. Vandens-putokslio
midinys mai§omas su oru santykiu 1:7. Todé¢l gaisrinés Zarnos su putomis yra
lengvos, nes jose daugiau oro nei skys¢iy. Principiné CAFS sistemos schema
pateikta (5 pav.).

_il-- R
|

E e
[

-

li

J

5 pav. Principine CAFS sistemos veikimo schema

Naudojant CAFS sistema, gesinimo efektyvumas padidéja 3 — 5 kartus,
lyginant su gesinimu paprastu vandeniu. [4, 5]. Efektyvumas pasiekiamas
déka to, kad vanduo yra ilaikomas stabiliose putose ir visiSkai neiSteka iS
gaisro vietos (pvz., naudojant kompakting i3tising CiurkSle net iki 90%
vandens isteka i§ gesinamo Zidinio neturédamas gesinan¢io poveikio).
Sistemos darbui biitina turéti oro kompresoriy, putokslio dozavimo jrengini,
vandens siurblj, slégiy reguliavimo prietaisus. Sistemos gali bati tiek
autonominés, turincios savo varikli, kompresoriy, vandens siurblj ir kitus
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jranginius, tiek ir naudojantios esama gaisriniame automobilyje siurbli ir jo
pavara. Kadangi CAFS sistemos labai taupiai naudoja vandenj, todel
gaisriniuose automobiliuose netenka prasmes turéti dideles talpas gesinaniy
medziagy. Sumontavus CAFS sistemas esamuose automobilivose galima
biity mazinti vandens cisterny tir{ ir didinti i§vezamos reikalingos jvairiems
darbams jrangos kiekj. Nauji automobiliai su CAFS sistemomis galéty biiti
¥ymiai maZesni ir manevringesni. Tatiau iy sistemy efektyvumo ir optimaliy
parametry nustatymui konkreciuose gaisriniuose automobiliuose reikalingi
tolimesni tyrimai ir praktiniai bandymai.
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ABS TAKA EISMO SUGUMUI
Oleg VLADIMIROV
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Transporto technologiniy jrenginiy katedros doktorantas

Valerijus MAKAROVAS

Transporto inzinerijos mokslo magistras

1. [vadas

Visais laikais automobiliy pasaulyje buvo pastebimas gamintojy
ypatingas démesys saugumo klausimams. Keleiviy saugumas didinamas
dviem biidais: apsaugant juos nuo galimy suzeidimy avarijos metu arba
idiegiant priemones, kurios leidZia i&vengti patios avarijos. Viena i tokiy
technologijy — stabdZiy antiblokavimo sistemos (ABS — anglikai — anti-lock

braking system). ABS buvo i3rasta ir uZpatentuota 1936 metais Vokietijoje.,

Komercinéje rinkoje ABS pasirodé 70-yjy pradZioje, tatiau dél techninio
sudétingumo ir dideliy gamybos kaSty plagiai nepaplito. Véliau ju
naudojimas pradéjo spariai augti. 1990 ~ 1995 JAV buvo pagaminta beveik
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39 milijonai automobiliy su ABS. Jau 1997 m. 85% Europoje gaminamy
vidutinés klasés automobiliy turéjo ABS ir net 99% - didelés klases.
Gamintojai tikina, kad stabdZiy antiblokavimo sistema maZina autojvykiy
skaitiy. Zmonés vairuodami automobilius su jrengta ABS mano, kad
stabdZiy antiblokavimo sistema leis jiems stabdyti grei¢iau ir saugiau. Biitent
todél ir kyla klausimas, ar i3 tikruju stabdZiy antiblokavimo sistema maZina
autojvykiy skaitiy, ar nauja technologija viska daro uZ mus? Siame
straipsnyje atkreipimas démésis | stabdZiy antiblokavimo sistemos
panaudojimo automobiliy transporte tikslinguma ir { jos teigiamus ir
neigimus poveikius eismo saugumui.

2. ABS jtaka eismo saugumui

Automobilio raty sukibimas su kelio pavir§iumi priklauso nuo kelio ir
padangos biiklés, taip pat nuo raty santykinio slydimo [1]:

1= V— W T, . :v

&ia: v — automobilio greitis; w,, — stabdomo rato kampinis greitis; r, —rato

laisvasis spindulys.
Isilginio sukibimo koeficientas [1]:

@)

S
1}
e |£c

tia: Py, —stabdymo jéga; R, —rato normaliné reakcija.

Rato sukibimo su kelio paviriumi idilgine kryptimi (i8ilginio sukibimo)
koeficientas charakterizuoja stabdymo jéga, kuri maZina automobilio greitj, o
rato sukibimo koeficientas skersine, statmena rato plokStumai kryptimi —
pasipriesinima slydimui i 3ona.

Idealus automobilio stabdymas yra toks, kai automobilio ratai turi
geriausia sukibima su kelio pavir§iumi, tada nuolatos sekamas raty slydimas
ir pagal tai valdomas stabdymo efektyvumas [1]. Padangy sukibimo su kelio
pavirdiumi koeficiento priklausomybé nuo santykinio rato slydimo
pavaizduota 1 pav.
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