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FLOW OF A LIQUID-GAS MIXTURE IN A CONTOURED NOZZLE WITH CON-

STANT PHASE VELOCITY DIFFERENCE

V. G. Selivanov and S. D. Frolov

Inzhenerno-Fizicheskii Zhurnal, Vol. 12, No. 5, pp. 645—649, 1967

UDC 532.529.5

A one-dimensional approximation is used to examine simultaneous
flow of a gas and of liquid drops in a shaped nozzle under conditions
of constant velocity difference between the phases, The nozzle profile
to achieve this flow is determined. The parameters of the gas-liquid
mixiure are obtained in explicit form as a function of the dimension-
less gas velocity.

In some situations the need arises to increase the
mechanical energy of an incompressible liquid with-
out using equipment invelving moving parts and com-
paratively complex and expensive construction. One
method of solving this problem is simultaneous accel-
eration of a liquid and a gas inliquid-gas nozzles. Todo
this weare requiredto calculate the flow of a two~phase
gas-liquid medium in these devices. The presence of
a considerable amount of liquid in the gas requires
calculations of the influence of the liquid phase on the
parameters of the carrier gas, a matter which con-
siderably complicates analysis of the flow. Numerical
methods [1, 2] are required to solve this problem,
even in a one-dimensional formulation, in the general
case. In some particular cases it proves possible to
find a series of functions describing the nature of the
energy transfer between the phases, in explicit form.
Such solutions were given in [1] for isobaric and iso-

choric flow processes of a gas-liquid medium, in which

the liquid was distributed in the gas in the form of
drops of uniform size.
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“Fig. 1. Schematic of the gas-liquid
nozzle.

The present paper examines simultaneous flow of
a gas and of liquid drops in a channel of variable
cross section, satisfying the condition that the veloc~
ity difference of the phases should be constant through-
out the whole period of energy transfer between gas
and liquid. This condition is of interest in the sense
that, for a proper choice of the velocity difference,
it is possible to appreciably reduce the dissipation of
mechanical energy in the carrier gas in comparison
with losses occurring in jet-type equipment of the in-
jector type.

The schematic for computation of the gas-liquid
nozzle is shown in Fig. 1.
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Fig. 2. Distribution of parameters of the
gas-liquid mixture along the active part
of the nozzle: 1) wg, m/sec; 2) wq, m/sec;
3) Tg “K; 4) pg, kg/m’; 5) Pg-107°, N/
/m?: 6) Tg, °K; x) axial coordinate, m.

At the section 0—0 the parameters of the gas and
liquid and their thermal physical properties are as-
sumed known. Dynamic interaction of the gas and
liguid begins at this section and ends at the section
1-1. Sections 0—0 and 1—1 impose a restriction on
the contoured part of the nozzle, in which acceleration
of the liquid phase is accomplished. The nozzle pro-
file is determined by the ambient parameters of the
gas-liquid mixture, describing the assumed conditions
of the flow.

The following assumptions are made in the analysis
of the motion of the gas and liquid:

1. The problem is solved in a one-~dimensional
formulation.

2. The mass transfer, chemical reactions between
the interacting phases, and the fluxes of enthalpy and
momentum through the side walls of the channel are
all zero.

3. The liquid phase is distributed in the gas in the
form of drops of uniform and identical size. The drops
do not interact with one another and with the channel
walls,

4. The thermophysical coefficients of the gas and
liquid are independent of the mixture parameters.

5. The only force changing the drop momentum is
the force of frontal resistance.
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The following equations are used to describe the
flow of the gas-liquid mixture in the nozzle:
Equations of motion for the gas and drops:

mgdwg = — fdP —m,diag, @
v ;
Mydw; = Cxpg S;dr. (2) _
’ -
3 ] ‘
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Fig. 3. Profile of the gas-liquid nozzle:
f+ 10% transverse cross section of the
nozzle, m?; x) axial coordinate, m.

The energy equation:
epdTy + wowy = — ucgdTy — uwgduy . (3)
The continuity equations for the gas and liquid:
Mg = Pglife @)
mg = pg @ fa - (5)

The heat transfer equation:

g dTg=a Eil] (Tz—T4)dr.
Mg v
The equation of state for the gas:
P =p.RT,. (7
The condition for constant dlfference of veloc1ty
between ‘the phases:
V = wg—wy = const. (8)
We shall calculate the change in resistance coef-
ficient of a liquid drop and in the coefficient of heat

transfer from the gas to the drop by means of the fol-
lowing relations [3, 4]:

C,= 51/1/}—?5—3:’ . (9)
Q= ’;—“g‘ ay Vﬁé—_ (10
d‘d\ ‘ .

A boundary condition for the system of eduations

(1)—(10) is the given parameters of the gas-liguid mix-
ture at the initial nozzle section (Py, Tgg, pgos Tdo;‘Wdo,

Wege» fgor fdo Cxes %o To = 0).

By solving the system (1)~—(10), the desired func-
tions are found in the following form:

The temperature of the liquid drops

Ty=Ag o+ Apo + Ap + Ag exp (—=Na), (11)

where

INZHENERNO-~FIZICHESKII ZHURNAL

w, [ 4+l 1+u—-uV/£l,k]
o=, [ xrr
’463= cp(ﬁ + 1) +
W, (1 + 1 UV /) t (u + 1) |
TLABFIP LW

Ay =Tao— Ags, ﬂ:u%—, N=AP+1),

P

A= 8__a,2._3"gwc_o’

Bec, Top+ucg Tao. (12
o iy V ¢, Tgo + ucg Tao (12)

Here, and in what follows, we use the dimension-
less gas velocity w = Wg/Wgy — 1 a8 the independent
variable. At the initial section w = 0.

The gas temperature is

To= Ay 0® + Ao + Agg + Ay exp (—No), (13
where Ly
Ag1= —ﬂAdl—— ;ﬁ-(u + D,

Agz == — ﬁ Adg — (1 +u—~— uV/wgo) —Cg;l,

. i
=T B Ap A= —P A (14)
: p
The gas pressure is :
B _ exp. lu4he, X
P R
" (0 + Dde v . (15)
J A+ Ao + A4, + A, exp (—N o)
0 o N

where ' .
A=Ay 2 i=1,23 4
Ugo

The integral in (15) is not expressed in terms of
elementary functions, but when heat transfer between
the phases can be neglected, a relation P = P(w) can
be obtained in the form

(ut-1)ep,
2RA

X

fO_,_.( Ao+ A0t 4
£ )
S (12
—2M0—A)etdy) TR W
e+ 24,0+ A)(e— Ay) } ’

where

£ = I/A2 144,

The geometric parameters of the nozzle (current
length and area of active cross section of the gas and
liquid phases)

x=_1; odo_
Ay ((0)
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where os
3a,pg° V'
A= gtV
d P4 W
P(w)
Pglw)= m—

m
=t (18)
s o5 (©) (14 @) wy

4 (19)

¢= ———
% (Zﬂda + wgo ('D)
The velocity of the gas and of the liguid drops

wg= Zﬂgg (! +w),
Wy = Wao Jr wg,, ., (20)

The data obtained allow calculation of the remain-
ing parameters of interest of the gas~liquid medium
(entropy of the gas phase, energy transmitted to the
liquid, ete.).

By way of example, Figure 2 gives graphs showing
the change of the parameters of the gas-liquid flow
along the active part of the nozzle for one case of flow
of an air-water mixture. The parameters of the air
and water at the initial section were assumed as fol-
lows: Py = 5.88-10° N/m’, Tgy =300° K, u =5, mg =
= 1kg/sec, V =40 m/sec, pgy = 6.84 kg/m?, wgy =0,
Tdo = 300° K, dg = 0.932-107* m. At the nozzle exit

“ the gas pressure was taken to be Py = 0.98 - 10° N/m?.

Figure 3 shows the nozzle profile obtained by cal-
culation. It should be noted that, in spite of the flow
regime of the gas being subsonic, a convergent-diver-
gent nozzle profile is obtained. It is also character-
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istic that the gas velocity at the nozzle throat is 123
m/sec, which is considerably less than the velocity
of sound in air for the appropriate temperature.

NOTATION

mg, Wy, Pg: Tg, Cp» P, g, Ag and R are the mass
flow, velocity, density, thermodynamic temperature,
specific heat at constant pressure, pressure, dynamic
viscosity, thermal conductivity, and gas constant for
the gas phase; mg, wg, Ag> Tds and cq denote the flow
rate, velocity, density, thermodynamic temperature,
and specific heat of the liquid phase; fg, fg are the
transverse flow cross sections assumed for the gas
and liquid phases, respectively; Mg, S4q, ¥4, and dg
are the mass, mid-section dimension, surface area.
and diameter of a drop; Cx is the resistance coeffi-
clent of a drop; « is the coefficient of heat trangfer
between the gas and the drop; 7 is time; x is the dis~
tance along the nozzle axis, reckoned from the initial
section; a; = 10.5 to 14, a, = 0.54 are empirical con-
stants [3,4]; u = mg/mg; Re = Pngd/Mg-
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