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Abstract. The article discusses one of the ways to increase the
effectiveness of fire-extinguishing foam at the automatic fire-
extinguishing system, in particular, the main focus is on the
change of the hydrodynamic parameter equipment (sprinkler,
nozzle). Today the workflow data sprinklers explicitly has not
been examined and not regulated current technical regulations.
In this connection it is interesting to conduct studies of the fluid
mechanics in these sprinklers and suggest the ways to improve
characteristics such as foam multiplicity and dispersion. As a
result of work theoretical studies of the mechanics of fluid motion
in the fire sprinkler with pre-aeration of extinguishing agent
carried out. The equations of motion of the gas-liquid mixturein
theinjector for aeration extinguishing agent wer e solved.
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I. INTRODUCTION

Automatic fire-extinguishing system is the mosteetive
means of fire protection of buildings and strucsuié-3].
Need for their application is the potential notyotd detect a
fire, but to eliminate it early. The use of foamtlese devices
allows you to: reduce the amount of water requif@dfire
fighting the large areas and volumes, etc. Efficienf foam
firefighting are depends of the termination of a&sxe
flammable vapors in the combustion zone and coothm
heated surface layer (the combustion of liquid).

Termination of access of flammable vapors is a miajctor
in fire-extinguishing foam and is associated wita formation
of vapor barrier on the surface of some structuc stability.
Cooling is mainly due to the cover of foam (frone tfobam
separation process fluid). In this regard, it isumsed that the
best foam would be one that has a significant tesi® and
plentiful water or low expansion foam (6 - 8) aimketmeshed,
evenly distributes the bubbles in the layer of fddnb].

The research [6, 7] conducted for the study of lihsic
characteristics of the foam affecting the extinpirg
efficiency, leads to the conclusion that one of itmportant
characteristics of the foam, which affects the rafeits
destruction on the surface of the fuel, is the elisjpn or the
average size of the bubble in the foam. Thus, fhpedsion
gives an idea of the degree of fineness of bubdrelsfoam is
determined by their size. Foam is consist of bubbdd
different sizes. With the destruction of the foaispérsion is
changing. Therefore, a change of dispersion
hydrodynamic parameters of foam. Dispersity is ingly
proportional to the size of the foam bubbles and)dly
determines its quality. The higher the dispersiba,better the

foam is, the higher its resistance, the better fhre
extinguishing efficiency can be achieved.

Il. GENERAL REGULATIONS

Joint motion of the gas and the liquid may vary
significantly. Extreme forms of joint motion is tleovement
of two continuous, simultaneous threads, intergctinly one
continuous interface or it is motion flow of foamwhich the
two phases form a complex and unstable structurgpekific
feature of this environment is the fact that everthe case
where both phases can be considered virtually ipcessible,
gas-liquid system behaves as a compressible fld. in-
depth study of the motion of two-phase fluid in thertical
injector the equations averaged over one-dimenkimgion
of gas-liquid mixture in the cone will be recordefihe
solution of these equations will allow us to detementhe
pressure loss in the injector, its geometric charatics and
hydrodynamical parameters. To solve this problemisit
necessary written the conservation of momentum éand
continuity equation for the elementary part of tthéuser
injector. In deriving the equations of motion thethods used
in [8, 9] were applied to derive the equations attion of the
gas-liquid mixture in a circular pipe.

The equations of motion for the two-phase flow in the
diffuser

Scheme of a two-phase fluid in the diffuser injeci®
shown in Figure 1. Considered injector made as Metibe.

As shown in the figure, the cone is vertical. Dentbte area
of an arbitrary section of the diffuser through S.

It is known that the gas contentgfs given by [8, 9]:

to+AL

(p(XO,to):i J- (p’(xo’to)dt' (1)
fo

where:

¢ '(Xo, 1o) — fraction of the area occupied by the gaseous state
attime t;

At >> 1/n,. (ns,. - average frequency of passage of individual
formations gaseous fraction through the sectiam)wvs shall
consider the two-phase flow in the diffuser asriation of a
compressible fluid.

vary
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Fig. 1. Scheme of a two-phase fluid in the diffusgzctor.

Define the forces acting on the elementary portibrihe
diffuser made between sections Sx and Sax+ and their
projection on the axis Ox.

Mass forces:

G=g I\'!.Ipmt_dv =g erdésjpmt.dyda )

where:
g - acceleration of gravity;
p... - density of the two-phase liquig(, = p,, (X));
V - volume of the diffuser between the sectionsa®d Sx +
AX;
& - coordinate intermediate section between sectonand Sx
+ AX.
When the vertically placed injector mass forces el

X+AX X+AX

o
G=g [ puSdi=g | mtg’ T, d5 ()
where:
agq — taper angle of diffuser.
Friction forces:
X+AX
T-[[aws- [+—=[ed, @)
Oy
Su. X COS— I
2
where:
S.. — lateral surface of the truncated cone betweetioses
Scu St ax

1 — shear stress at the wall of the diffuser;
l. — length of circumference a circle of radius & tg(ad/2);
€ — unit vector collinear witf .
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[ea :—2-n-é0-cosa?d~ tg“—zd-g (5)
I

where:
€, — unit vector collinear witlDx.
In the projection of the axi®x friction force is:

X+AX

T:_J’ z.n.tga—z‘*-ﬁ-rdé. (6)

In determining the strength of the walls of thecte&m we
have:

N = jj odS, (7
S

where:

o — normal stress on the wall of the diffuser.

In the projection on théDx the same way as with the
definition of the friction forces:

X+AX (X,
N = j Z-n-tgzﬁ-é-cdé.

X

(8)

Determine the pressure forces acting on the cressesal
area Sx and Sx Ax, limiting portionAx:

F=p(xt)-S - p(x+Axt)-S,,, =
=S| P(X+AX)= p(x.t)]

+p(X,t)-(SX—Sx+AX), 9)
F :—n-tgza—zd-

{(X+Ax)2 -fo%d§+ p-(2-x-Ax+(Ax)2)},

X

where:

p — pressure in the sections perpendicular to the@xis

We make the assumption that there are no slipphgses,
and phase velocities are equal. For the elemeptatyof the
diffuser, made between sections Sx and 2% {Ax << 1, and
replaced by Ax as dx), we write the conservation of
momentum law. For this we use the formuls (3) - ()nsider
that for a continuous function:

X+AX

[ f(g)de=f(x)dx (10)

(up to the members of the 2nd order). Neglectirmrgseof
order of smallness than unity, we can write thengeain
momentum for the mass of the two-phase fluid frdm t
section Sx and Sx X, neglecting the mass exchange
between the phases:
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g-m- tg X2 py OX— 27 tg -X-T-0X+

+2-m- tg X G- 0X—7-tg? azd -(xz~a—p~dx+ 2-x- p~dx): (11)
X

=(m+dm)~(V+dV)—rm~v,

where
m,;. — mass flow rate of the two-phase fluid;
v - velocity of the two-phase fluid.
By Reley [10] due to the transience of the prockes
through the surface of the bubbles is practicaiyweight.
To change use the following relations :

a (Pt 0
mm_:n~tgzz~[—x2~ at[ dt+&(pm‘_~v~x2)dx,

v _ (12)
d

<k
2|2
2

dm,, =0 (the constancy of the total mass flpw

Neglecting magnitudes 2 and third-order terms, togoa

(11) after the transformation we get:

To this equation add the continuity equation, whithhis

case takes the following form:
n-tgzﬁ- 2. P
2

0 (.2
e (x -pmt.-v)}:o. (14)

In the case of steady motion of (13) and (14) t#hke

following form:

21 2. dp 2p

gpmt_thi X _&_ X
5 (15)
v 1 d 2
. +V—— XV
PV TV dx(p"“' )
2 Oy 2
n-t1g°—-p,, -V- X" = const=m (16)

2

The result is a non-closed system of two equatiatts five

Since the diffuser is vertical and working pressigrenuch
greater than the hydrostatic pressure in the diffgsction, we
assume that the pressure from the same sectidre afiffuser
[11]. As a result, the normal stress at the watl ba assumed
equal to the pressure in the section. Then (15stathe
following form:

o 2t O__ dv 1.d 0 o 17
9 P PR S vai dx(pmt,x v), (17)
x-tg—<
2
or
21T d dv 2p_ -V?
9 P — _9_ vl P ()
oy dx dx X
x-tg?

The resulting equations of the time-averaged moliguid
mixture in the diffuser allow us to calculate thstdbution of
the mean pressure in the diffuser along its lengiid to
determine the pressure at the boundary at the déntheo
diffuser [12].

Equations of motion of two-phase fluid
We integrate (18):

2
TIX

t d><1
92

g P jdx— po = pm.Tv~ dv. (29)
p1 Vi

After integration and transformation we obtain an
expression that defines the pressure loss in tliisdr
injector:

21 X2 p
Ap= In==- I (V2 -y p. -l 20
pt% >(12( 2)-9 P (20)
gi
2
where:

| — the initial length of the diffuser sections befahe
cylindrical part.

Let's analyze the equation (20). The last membethaf
equation is the change in pressure caused by tlghtaaf the
two-phase fluid in the volume of the diffuser ore tburrent
site of its length. Because the weight is much kbss the
two-phase fluid pressure forces, its value is wdgke. The
density of two-phase fluigy. is the density of the fluid flow
in the initial section of the diffuser in the corapsed section
with a diameterd, and can be taken as the density of
extinguishing agent without gas saturation,pgp=p. Speed
in the initial sectionv; can be taken as the flow rate without

unknowns €, o, p, V, pmt.), describing the motion of the gas-gas saturation in the narrow section at the outguthe
liquid mixture in the diffuser injector. Next, cader the case confuser and determine its through volume flow warking
of a steady flow in the diffuser injector with sinabne angles environment.

(a <15 °).
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(21)

where:
Q — volume flow of extinguishing agent;
do — sectional diameter of the compressed.
Relationx, / x; can be written ab / dy, whereD — the
diameter of the outlet section of the diffuser.
In view of the assumptions, equation (20) becomes:

Ap=2 (22)

T Dh(z 2)_

" Ind—- (Y
tg—4 0
J 2

Perform some transformation equation (22). Flovoeity
from the equation (16) can be written as:

e M

a
ntgz ?d P, X

(23)

Coordinate the design section X with the origirhet point
of convergence of the cone can be written as:

dO

x=1+ (24)

—
2tg—9
gz

Since the mass of the liquid phase is much grélaser that
of air phase, we make the assumption that:

m,, ~m (25)
and
m,, ~p-Q (26)
then (23) becomes:
V= p-Q . 27)
ntgza—z"pmt. |+ doa
2.tg—4
g 2

Having said this, the expression (21) the last tefif22)
can be written as:

2

P (17 ) - B QP | L p
2\ 7 |dF “ )
Pra. 2><I><tg7+d0

(28)

36

After these assumptions, changes and substitutians the
following equation:

(29)

T D &n Q1 P’
(xd dO TC2 dg

Ap=2
2 Ay
2 pm_(2~l~tg > +d0j

e

When driving two-phase flow in the diffuser injecto
density liquid mixture is not constant and is achion of
pressure,

Pm. = pm.(p)' (30)
The density of the gas-liquid two-phase flow asofek. At

atmospheric pressure, the density of the foam eawiitten
as:

Pair. - n-1)+
Pmt. = ( ) P )
n

(31)

where:

pair. — density of air;

n — given the multiplicity of foam.

Due to the compressibility of air Foam in the déén will
depend on the pressure. In general, the multiplican be
written as:

V. +V \A
n=-2-— =1+-&r (32)
Vv Y
where:
V,ir. — the volume of air;
V - volume of foam solution.
The volume of air traffic at the two-phase flowtle
diffuser can be represented as:
V. = Va‘jl:r.n XPam _ Va[jl:r.n X Patm (33)
ar. ’
P (P+Pum)
where:
V™ — the volume of air in the foam at atmospheric
pressure;

P.m — atmospheric pressure;
D — absolute pressure;

p — pressure (gauge) in the design section of tifeser.
Then the multiplicity of foam at a pressure in tiesign
section will:
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V., xp
n =142 -da_ (34)
! V(p+pat)
or
p(l
n, =1+(n-1)——. (35)

(p+pal)

In view of (35) the density of the two-phase flow the
design section will;

1 +p(p+pal)
1+(n-1)4(pi’a; ) p+nxp,
at

pm. = pair. 1- (36)

Since the density of the air (in the range of degitessures
0.05-1.0 MPa) is much smaller than that of the wagKluid,
the first term of (36) can be neglected, then tkgression for
the density of two-phase flow, depending on thesguiee
becomes:

p p+p(l
Prt. = ( l)

= . (37)
p+nxp,

Fig. 2. Scheme of the transformation of shear st nonuniform motion.

Solving the equation (39) with respectigthe shear stress

at the wall of the diffuser can be written as:

1+ 2sin%e 1
r=—2-'c', (40)
. Oy
sin—%
2
or
t=k-1, (42)
where:

k — coefficient taking into account non-uniform naostiand

Thus, in equation (29), which solves the problem df€pending on the cone angle diffuser:

calculating the basic injector, determination cégaure losses

during the motion of two-phase flow in the diffuse@mains
uncertain shear stress on the wall of the cang&he shear
stress at the wall is defined as [11]:
T= pmt. 'V*’ (38)
where:

v, — friction velocity (or rate of shear stress oe thall)
[11].

We use a semi-empirical Prandtl's theory of turbtiféow,
which has the greatest fame. By this theory, treasistress
over the entire cross section of the flow is thensaand is
equal to the voltage at the wall (to be considdoedh tube of
circular cross-section). However, the non-uniforoidf flow
(flow in the diffuser) shear stress at the walltio¢ diffuser
and the cross section will be different from theess$ in
uniform motion. We make the assumption that becdhse
resistance force is proportional to the square iafirdms of
shear stresses on the channel walls at uniform reomd
uniform motion, these areas are in accordance Riigare 2,
and the shear stresses are proportional to theigaafi the
channel.

Then we can write the following equation:

ZTc-r'-r':n[r-sin%’+r'+r'jr, (39)

where:t' — shear stress in uniform motion.

1/1+ Zsin& -1
k=t 2

Oq

(42)
sin

Formula (42) can be reduced by the method of least
squares:

k=0,996" (43)
which is easy to calculate.
The shear stress at the wall in uniform motion lean
written as [11]:
= pmvf, (44)

To determine the dynamic speed we use derived from
studies I. Nikuradze [11]:

v=v, (5.75Ig§+ 8.5) (45)

whence

Vv

— (46)
(5.75IgZ+ 8.59

Ve =
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where:

A — equivalent roughness;

a — distance from the wall of the channel to thestayjoves
with an average speed11].

To determine the value and use "one seventh” thm&als
law [11]:

(47)

where:
Vmax, — Maximum velocity in the channel.
When turbulentv / .y, = 0,75-0,9 [11].

As a result, we have the basic equations of matiotwo-
phase flow, characterized by uneven movement ofgée
liquid mixture in the diffuser injector, which allo us to
calculate the distribution of the mean pressuréhendiffuser
length, and to determine the pressure loss in iffesdr,
which gives the opportunity to design the outputisa of the
hydraulic system with hydrodynamic resistance tifégrs an
injector in a given mode. Solving the inverse peobland
setting the pressure drop in the injector can ddéter the
required flow of extinguishing agent (foaming agefor
automatic fire extinguishing systems.

EXTENDED SUMMARY
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