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ABSTRACT : The solution of a swirling two-phase turbulent jet is done on the basic
equations of quantity, moment of quantity, particle content and turbulent energy. A so
called “two-fluid” scheme of the stream is used, where the second phase (liquid or solid) is
treated as a continuous environment with no tensor of inner stresses attributed. That’s how a
mathematical model at most close to the physical nature of the flow is made and its'
numerical results become applicable in designing system of combustion, engineering
practices, etc.

SYMBOLS

Ui (i=p,g.0,m) - AXial components of Velocity Di (i=00,min) = PrEssures

Wi (i=p.g.om) - 1angential components of Velocity 1,,M,- Quantity&Moment of
quantity of motion

G, - Initial specific weight R; (i=up)- Boumdary layer (dynamic &
diffusion)

Xito.m) - Concentrates x, r, & Coordinates of Cylindrical Coor. System.

li (i=up) - Mixing length (dynamic & diffusion) D, - Massiveness of fraction

Re, Sc - Reynold & Schmidth numbers S, - Initial swirling degree

p. 2 o, max - Symbols of admixture; gas; in the initial section; max. values

INTRODUCTION

The swirling two-phase turbulent jets find application in the modern technologies
and technological devices as dust-suction, agricultural technigue, in the food processing
industry and chemical industry machinery in fire-extinguishing, etc. Particularly in
combustible technique the swirling two-phase turbulent jet is widely used as contro!
facility for the size of a flame, its’ form, effective and clean combustion because it
allows to reduce length of a flame (respectively size of combustible chambers) at
expense of increasing speed injection air from environment and increasing intensity of
the process mixing; to increase stability of a flame thanking to the good prepared
products for combustion; to increase the life of equipment, to reduce the fuel
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consumpiion and cavironmental pulil.‘-,u,-u as the stabilisation comes true.
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In systems of combustion the ejecting devices are requested to ensure the main
requirements of combustion as high efficiency; easily ignition; steady work; low issue of
pollution substance; small consumption of fuel; acceptable size of the chamber of
combustion..., and the fuels (especially liquids) have to be very good fractionalised and
mixed with the air in the suitable ration of burning. The above mentioned requirements
of the combustible system should be satisfied by ejection a swirling two-phase (fuel-air)
turbulent jet.

Regarding methods applied for designing systems of combustion, beside a long and
very expensive experimental models, the mathematical & numerical models are
recognised and become standard method for investigation. The computer programmes
are successfully applied in engineering practice because they need minimum preliminary
input information.

In conformity with [1], such streams arise both in the case of out-flowing of an
advance prepared two-phase mixture and also when spraying a liquid jet in a gas
environment. In this work an integral method for investigation is suggested, basing on
the basic integral equations, which characterise the distribution of a swirling two-phase
turbulent jet. When working out the mathematical model a two-fluid scheme of a stream
is used [2]. the second, the transported phase (solid fractions or liquid drops) is treated as
a continuum by analogy with the transporting gas. Anagogic equations for motion,
respectively integral conditions are valid for it. In actual fact this means that it’s possible
to write for the second phase the integral conditions for the quantity and moment of
quantity of motion, for the turbulent energy, etc.

A characteristic feature of the swirling turbulent jets is the presence of a condition
for holding the moment of quantity of motion too. It reveals the nature of the process of
swirling - a product of the mass flow in a fixed point (purdr) multiplied by the swirling
(tangential) velocity w and the radius r.

SYSTEM INTEGRAL EQUATIONS

When working out the integral conditions of a swirling two-phase turbulent jet, the
authors, by contrast with [3], [4], proceeded from the circumstance that the stream of the
two phases is united, and has a total quantity of motion and a moment of quantity of
motion for the two phases. The so adopted model is suitable for solving whole spectrum
of problems for liquid spraying in gas environment until out flowing of the advanced
prepared two phase mixture. In that case later on the initial moment and quantity of
motion redistribute between the two phase along the stream and part of them is gone for
ejecting, accelerating and swirling of the gas fraction transported in motion.

The forces of in phase interaction nullify (one another) when uniting the moment
and quantity of motion but this does not lead to reduction of the solution correctness,
because they are given in the equations of turbulent gas energy and particles. The
differential equation of cross pressure distribution is added to the integral conditions, and
it gives the relation p on w, and the relation between quantity and the moment of
quantity of motion is carried out by p.

The system of integral equations, describing a swirling two-phase turbulent jet is:
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o0 o0
f(pgu82r+pr) dr+fppuprdr=10 (1)
0 0
o0 o0
Speugwy Pdr + [p,uyw, P dr = M, (2)
0 0
a0 2
f(pgxup r)dr =G, (3)
0
g o ©o & e Ay o0
— f(pgug"r)dr+ f2u3-—rdr=-f2pgr Vig (— dr - /2 ug Fyrdr(4)
& 0 0 & 0 o 0
g o e Ay 0
— f(ppupjr)dr=-f2ppr Vio (— dr + f2uprrdr (5)
& 0 0 a 0
g o 0 Vo O
e f(upfr)dr=-f2pgr — (—)dr (6)
& 0 0 Se &
P sz
we— e o] — ] | (7)
o r

Equations (1) and (2) describe holding the quantity and moment of quantity of

‘motion and equation (3) the particle content in the stream. The turbulent energy of the
gas environment and particles (the drops) are expressed in equation (4) and (5).
Equation (6) is an integral condition of a higher rank without a clearly stated physical
interpretation. The relation between p and w is given in the differential equation (7).

Boundary Conditions:
- In the axis of the flow (r = 0):
i A = g
=—=0; —=0; (8)
o o a
Wp=w,=0;
- On the boundary layer (u; = 0):
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we=w,=0; up=ug=0;p==0 (9)
Initial Values:
Uijp = um. x(} = pp/pg-. Wo = ouo; (10)

Where S, is initial swirling factor: S, = MA1Lro)

. The values of initial integral paramete

rs are given in table 1.

Table 1
Parameter common case fluid running in gas gas running in fluid
M, el 1+ Zo)uowors B PeottoWors By PyttoWor s i
L pel 1+ Ko’ 1o P2 PeXotia o o PelioWol o 2
A Go PoTo Ps Pedoro P

B B B - are analogical to the Businex coefficient giving correspondingly the
initial irregularity of velocity and particle distribution. The concentration is written as a
local ratio y=p0,/p, ; respectively initial %= p0po/Pg0 Schmidth’s turbulent number as per
[1]is:

Se=Se(1+ VI+ &)

¢, is an adjusted initial particle concentration which is expressed by the following
ratio:

b= 2/(1+ )

It is considered that S, = 0,75 in the investigation [1].

The turbulent energy equations (4) + (6) require using a suitable turbulence model
for completing the system of equations.

In our previous equations an analogue to Shetz’s model is suggested (6] and after it:

Vig = kR, Ugmax
Vip = k R, Upmax

The coefficient k, by contrast with [2] is not constant. It is admitted, that the
influence of the second phase of turbulent stresses is analogous to the influence over the
coefficient of resistance of the moving particle [5]:

k=B(1+b R, +bRp)

Where B = 0.01 +0.03; Rep = upDy/v; by = 0.179; by = 0.013.

The following prerequisites are necessary when solving the integrals in equations
(1=7):

it is assumed that the cross dimensionless distribution of the velocity of the two
phase is described by an universal relation and in the functions of 1 = r/x as follows:

- For the axial velocity components u, and ug:
il ttimax = exp(-kutf’); o (11)

. For the swirling (tangenrtial) velocily components w, and wy :

WiWimax = C1 + D1 + E17’; (12)
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- For the pressure:

(P - P (Priin - Po) = exp(‘kuﬂz):'

- For the concentration of pariicies:
X Xmax = exp(—kzﬂz),'

(13)

(14)

The relations, describing the dimensionless cross distribution are after (7] and their

constants are given in table 2:

Table 2
ky k., ky So 0.066< | 0.066+0.134 | 0.134+0.234 | >0.234
92.0 150.0 ¢| Sk, M, 7.7 10.7 18.1 157
1+65, | 1+8S, I, R, 1.5 20.0 -98.8 67.2
-342.0 -326.0 138.0 75.4
Since  S'=WgmarUgmax=S, /Ri=wgo/(UgoR,) the following relation between

dirnentionless values of Ugma. and Wgmay is written:

Wemax = Ry Ugmax

Their ratio is determined on the base of Schmidth’s turbulent number S

(15)
As we know the dynamic and diffusion boundary layers are not identical i.e . R,, #R),

It is assumed,

that the ratio of the dynamic /,, and diffusion [, mixing-length of the boundary layer,

remains constant :
/Ry = /R, =idem or
R/R, =L/, = S, and therefore :
R, = SR,

(16)

SYSTEM ALGEBRICAL EQUATIONS & NUMWRICAL RESULTS
Having solved the integrals and done the revision and dimentionlessness we come to
the following system of equations that describes swirling diffusion outflowing jet in the

system of equatlons

Alu gmaxx B}Pmmx + A3u pmamezx = I (17)
Azugmaxwgmaxx + A4upnmxlmatwpmaxx =M, (18)
A3upmemaxx2 =G (19)
- Dmin = A66W gmax + BGGInmwzpnmx (20)

a A7upmaxﬂ7 maxX )/ k= — B?“pmaxzz maxRu (21)

7 A8u gmaxX )/ o — BS“gmatd pifnm-;2 Wk = - CSu gmaxR D{a’mxug—max( Ugmax — uﬁmx)zxz
(22) : S

A Agipmas )/ B == Co’ pmaxnaxRu + D masthpmas Ugmas — Upmaz) % (23)
Ugmax ;Ruwgmax (24)

R,=R/S, (25)

The coefficients in the system of equation (11-19) are given in table 3-a and 3-b.

Dimentioniessness is done like this:

x=xlro; Ry= Ry/ry; Rp = R;ro; Ugmax = ugmaﬁo ; Upmax = Upmar/Uo ;
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Wpmax = Wpmax/Wo ; Wemax = Wemad'Wo i Pmin = (Pmin = Peo )/ Pomin = Peo)

The system equations can be solved numerically using a computer programme. On
the basis of the numerical investigation we get information for the change in the basic
parameters of a swirling two phase turbulent jet. The input data are the initial swirling
degree S, , initial particle concentration y,, massiveness of the fractions (drops) Dj,
initial stream velocities u,w, The coefficient B may vary in the limits, mentioned
above. As we notice, the so described mathematical model of stream and its numerical
realisation require very little input information which makes it applicable in engineering
calculations.

Table 3-a
Coeffici - Values
ent
oo
Y J(ug/tgma)’ ndn = 1/(4k)
0
o0
B, J1(p - pM(Prin - p) I 7 = 1K)
0
[z 2]
Az f(Z/Zmax)(up/upmax) ndﬂ = 1/(kl + 2k,)
0
o0
A S (U tgmax)(W /W gmar) AT = CAk)* + 1.33 D/ (k)*’ + 2 E/ (k)
2
0
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Table 3-b
Coefficient Values
oo
A, g (2 Xoma) (U bpmax) W/ Wpmax) 11 dT= CA kit k) +1.33D/ kit k) + 2EA kot k)’
[2e}
Ay / (Z/ ),’max) (up/ upmax) Udn = I/ (kz + ku)
0
a0
D; /kI(I/Zmax)(up/upnmx) ndn = k/(kx + 2k,)
0
2 e}
A, S tmae) (/o) iy = 1N(H, + 2K)
0
oo
As f(ug/ugnmxfﬂdn = ]/(6ku)
0
co
B, (kefSe) J1 A amax)/En]dny = (k/So)
0
2o}
By Of (ug/itgnas)’[(P - Pl(Prin - Pr)]1dN) = Uk + ki)
(22} ’
cs J[Aug/ugnae)/On] nd1 = ky
0
22
Ds ky J (0 domax) (u/tgmax)” ndny = key Ny + 3kes)
0
[ce)
Ao f(Z/Zmax)(up/upmxfﬂd?? = ]/(k.l’ + 3k,) :
0
(22}
G J LA UsStomax/ ONF (1 smax) 1T = (e Wy + 2)?
0
a0
Age 2(wo/uto)” [ (We/Wgmax) [(Peo - PI(Peo = Pruin) 1T/ 7
0
(=2}
o 2(wo/to)” | (Wegma) [ (Do - PY(Peo = Prin)] (/2oma) 10/
0
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For the purpose of demonstration applicability of swirling two phase turbulent jet, a
comparison with own experimental results is done after [8],[9]. Unfortunately, because
of the undoubted difficulty when measuring and lack of the necessary Laser-Doppler
device a comparison is possible only in the parameter of the diffusion beundary layer
growing i.e. an expansion in the particles jet R,. On figure 1 there is a parallel between
R, and experimental data for two values of swirtling S, = 0.5 and S, = 0.66, water
spraying in air environment using swirling mechanism for axial and tangential liquid out-
flowing jet. The mean massiveness of the drops is about 150um. A good conformity
between the numerical Tesults ahd the experimental data presents on the figure. For the
rest parameters there are not any own data to make the parallel. The comparison of
numerical result for upmar, Upmax (Xo=1.0; Dp=45um; ugo=up,,=35m/s; poo=1.16kg/m3;
p,,,,=3950kg/m3) with experimental data [1] is made for S,=0 on fig. 2. The good
conformity between the values proves practical application of the numerical results.

xm / 1.2
Q
o
] 210
1.0 R—4 &
/ y 3 08
Qo
0.6 =
0.5 1 ',/" E voeea UDMax
< weeea | Jomax
A \\ g0-4 oo e Ugmax experiment data[l]' °
S s o » Upmax experiment data [1
/%,//" 1% = 800; Dp = 150 pm;&}% R (1
Z= .2 % = 800; Dp = 150 pm; So =0.66 0.2 e ——
100 = 200 300 X R 20 30 X 40
. | i 2
1| s,=0.416 | By na
| 1
| |
| 1
1 |
—— !
1
\ L\
2 Al
\“EE\ \\},_
200 -“3-00 X 300

200 400 X 600

52




Tap Chi Phit trién Khoa hoc & Céng nghé Tap 2, S6°2+3 - 1999

] ; J
Xy __
0.4
\\ 1-%, =800 ; Dp = 150 pm ;S = 0.5
o 2%, =100

T T -
1-X, =800, Dp=150m:S,-05
?-Inulw;np—rsom:sovu.s A
3%a=10 ;Dp= 150um;Se=05 ~

Qoma\e
Ugmex

ETr

oe

0.6

ere =150 pm Sy = 0.5 \

\\ 3Ap=10 ;j-:ﬁom;so=o.s

100 200 300 X 300
Fig. 7

-R- G T F~ L5
X max | 1,-800;Dp~ T2um; s(.—oes/ ﬁ" GW""“"' o |
2-1,= 800; UP= 32um;Se = 0.66 P \ Uan! 2 |
08 1200 o 7 Lt = rated

Im‘\% I / / . /_ 7 7

) 06 h— Ugmacf- /— ";J:h?__ﬁ
06 /'_2% 7 ',/ 900
0.4l R, / 3 1 i 04

S
- / L.
Ry~ / = — .
a8 —E‘X / 02 ‘h‘“—-‘:"’i:“w-____j

e

9 > 300 I-%,=800:Dp= 72umiS, =056 | .
g irpesiryh AtrSpeiy jod |
&= 200 400 600 800 ¥
200 400 600 X
Fig. 9 Fig. 10
ANALYSIS

Results of the numerical investigation of a two phase stream with Jow initial
concentration of the particles x, = / and massiveness of the fractions D, are shown on
figures 3+6. The change in the swirling degree in the limits of S, = 0till §, = 0.6 shows
the following : while increasing S, the velocity components for the two phases and the
concentration of particles decay faster and the jet boundary layer's expand intensively (in
the combustible chamber it means decreasing lengths of a flame at expense of increasing
speed injection air from environment and increasing intensity of the process mixing ). An
important feature of the swirling turbulent jets becomes visible on these figures - the
opportunity to control the jet front (the extent of ifs vertical section) and the decaying of
velocity components. The velocities of gas phase decay faster in comparison with the
ones of particles u, < u, , respectively w, to w,. This means a presence of skid velocity
between particles and gas. The decay of min pressure pn, in function of S, and x is
shown on figure 6.

The influence of initial concentration is illustrated on fig. 7 and 8 where we see that
decrease of 7y, leads to a faster decaying of max values of velocity components for the
two phases and concentration and to a faster expansion of the boundary 'ayer of gas
phase and to a narrow diffusion layer.

Increase on fraction massiveness (fig. 9, 10) leads to a slower decaying of particle
velocity, accelerates decaying of gas velocity. While increasing D, the diffusion
boundary layer contracts, and the one of gas phase extends.
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CONCLUSION
This summary of a part of the results of numerical investigation reveals a great

opportunity to the suggested method for modelling of swirling two phase turbulent jets.
Because of the extreme complexity of physical nature, the usage of described approach
for investigating such streams is not only warrantable but imperative. The necessary
information about stream obtained from the solution is enough to project and determine

the dimensions of combustible devices, chamber of combustion and other engineering
devices, equipment, technologies.
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LUONG ROI XOAY HAI PHA TRONG CAC HE THONG BUONG POT
(PHUONG PHAP TICH PHAN SO CHO MO HINH SO CUA BAI TOAN)
Nguyen Thanh Nam — Hoang Duc Lien

TOM TAT : Bai todin ludng r6i xody hai pha dugc md hinh hod trén cd s& ciia céc phudng
trinh dong lugng, mémen ddng lugng, bao toan khdi lugng va ning lugng rdi. Sd dd ludng
hai pha dc 1dp dudc sit dung trong d6 pha thif hai (céc hat chit rdn hay chit 16ng) dugc coi
nhu 12 m6i trudng lién tuc khdng ¢ cdc thanh phan ndi Wng sudt riéng. Pigu d6 dd lam cho
md hinh todn hoc ctia ludng c6 thé phin 4nh mdt ¢dch chinh xdc ban chét vét Iy cla ddng
chdy, dong thdi tao cho mo hinh s§ mot gid tri thyc t€ trong thi&t k& céc hé théng budng dét
ciing nhu trong thuc t& ctia cdc thi€t bi cong nghé khéc si dung kiéu ludng r8i xo4y hai pha
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