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ABSTRACT : Mathematical model describing a swirling two-component non-isothermal
turbulent jet is bused on the concept for so called, multi-fluid, non-equilibrium flow scheme, i.e.
there are differences between velocity, density, temperature fields for both phases. This
mathematical model is closer to the physical nature of the flow. Influences of Swirl Fuctor on the
flow are evaluated and suggestions are made for designing flare tip for more complete burning of
platform associated gas, that reduces environmental pollution.

SYMBOLS
Ui (i=p.g.o.m - AXial components of Velocity P (j=cq0.min) - PrESSUTES
W; (i=p.g.o.m) - Tangential components of Velocity Chifi=p.g) - Specific heats

R; (i=up.7- Boundary layer (dynamic, diffusive & thermal)  %im - Concentrates
I, M,- Quantity & Moment of quantity of motion T =pg,0m - T€mperatures

x, r, 8- Coordinates of Cylindrical Coor. System. ¢ - Dissipative Velocity of the motion

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

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

Pr, Nu - Prandtl & Nussel numbers ' A - Thermal conductivity Coefficient
Viid=p.g) - Turbulent viscosity coefficients ki (i=p,g) - Kinetic Energy of the motion
O, Q¢ - Inter-phase thermal interaction & heat sources F, - Inter-phase Force

p. 2. 0. max - Symbols of fuel gas; air; in the initial section; max. values

INTRODUCTION

The swirling two-component non-isothermal turbulent jets find application in the modern
technologies and technological devices as dust-suction, chemical industry, etc. Particularly in
combustible technique the swirling two-component non-isothermal turbulent jet is widely used
as control facility for the size of a flame, its’ form, effective and clean combustion because it
allows to increase speed injection air from environment, i.e. 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 environmental pollution.
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On platforms, during oil production process, an associated gas is collected and time by
time the superfluous associated gas must be burned on the flare tips for environmental
sanitation. The above ejected gas for burning on the flare tip should be considered as a two-
component (fuel gas - air) non-isothermal turbulent jet. In this work, beside introduction

investigating methods we would like to do analysis on the effect of swirling factor to the flow,
i.e. burning process.

Regarding methods applied for the flow’s investigation, beside a long and very
expensive experimental models. the mathematical & numerical models are recognised and

become favourable method. The computer programmes are successfully applied in engineering
practice because they need minimum preliminary input information.

When working out the mathematical model, such streams arise both in the case of out-
flowing of an advance prepared two-component mixture and also when spraying a jet in a
environment[1]. A two-fluid scheme of a stream is used, where the second. the transported
component (air) is treated as a continuum by analogy with the transporting (fuel gas), i.e.
anagogic equations of motion are used for transported component.

SYSTEM BASIC EQUATIONS

A swirling two-component non-isothermal axi-symmetrical turbulent jet is described by
the following equations [3],[4]:
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Where: X = x/ro; Ui = Uy/Us; Vi= ViV, ; T, = Te/Teo Tp=Tp/Tpo ; P = P/(pgU,);
Wi = Wy/Wo; vi = vil(Ualo); Fx =Kypp(Ug - Up)*; Q = 6Nu A (T - T,)/Dy? + Qg
F.=Fero/(pgUs")

Boundary Conditions:
- For the axis of the flow (r = 0):
oU, au, By 6T, oT,
— e =) ——= — =
or or or or  or (11)
W,=W,=0; V,=V,=0
- On the boundary layer (U; = 0):
We=W,=0; U,=U,=0; T,=T,=T,;P=0 (12)
Initial Values:
Ui = Us; %o = Pp/Pg; Wo = Soty; (13)

Where S, is initial swirling factor (ration between momentum (M,) and product of quantity of
- motion (J,) & coordinate (r,) [7]:

So =M,/ (Jo 1o) (14)

NUMERICAL RESULTS & ANALYSIS

The kg-ky-e model is used by authors for closing system equations, describing the motion of the
swirling axis-symmetrical two-component non-isothermal turbulent jet on the basis of two-fluid
scheme and additional k-, k,- & €- equations are used as below[5]:

g+ i Bk, 1 8 vig Ok U, _
T Up + CVp=——(p 1 ) + Vig—) + Crkg "Ri “E - (15)
ax or Pe or Ok or or
ok, ok, Vi okp 1 @ vip Okp U, B
—( Up) +——F Vg——T)= — — (ppT —) +Vip(—) + Crk;""Ri +&, (16)
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T 0 W, i S
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Where: kg = ky/Uy” v ko =kyfu,’ e = ero/Uo’; ®p = CDpruszo";ﬁF = Fro/(pgUs’)

Additional boundary Conditions for kg-, ky- & €- equations are applied:
- For the axis of the flow (r = 0):

ok, ok e

—_=—= —=0

or or or

_- On the boundary layer (Ui = 0):
ky=kg= &=0

Initial Values:

kio = (0.1Uio)%; Vio = 0; & = Cpkgo /L

Numerical results of Upmaz, Upmar 2nd
compariso_li\_with experimental data []9_

he system of 13 equations with 13 unknowns (ti;; Gi; ‘q\%/’;;"i“p; :fg; ﬁ;; Eg; g 0 f’-...) is
numerically solved with finite difference method using Duifort-Frankel differential scheme[5].
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Py 4 B i e Swirling burner with axial & tangential gas supply
, X/Ry ‘ 1. Axial fuel gas supply; 2. Axial air supply; 3. Tangential air
Boundary layers R, R, R, for the case y, =1.0; & supply; 4. Directional control; 5. Cross profile 20x100mm, for
D, =45um tangential air supply.
Fig. § Fig. 6

Results of the numerical investigation of a two-component stream with low initial
concentration of the particles y, = I and massiveness of the fractions D, are shown on figures
1+5. For the purpose of demonstration applicability of swirling two component non-isothermal
turbulent jet, a comparison of numerical result for Ugmay, Upmax and Tgmax (Xo=1.0; Dp=45pm;
Ugo=Upo=33m/s; pgo=0.59kg/m3; pyo=1,16kg/m’; Tgo=T,,=600°K ) with experimental data [1]

is made for S,=0 on fig. 1&4. The good conformity between the values proves practical
application of the numerical results.

The change in the swirling degree on fig. 2 & 3 shows that: while increasing S, the
velocity and temperature components of two phases decay faster and the jet boundary layers
expand intensively (increasing speed injection air from environment and intensity of the mixing
process). So, it is clear that with application of deferent swirling degrees (S,), an associated gas

burning process on the flare tips can be controlled, improved and the environmental pollution
will be reduced.

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 component non-isothermal
turbulent jets.

- In case of forming swirling two-component non-isothermal turbulent flows on the flare

tips of the oil production platform (for example.by using swirling burner’s structure as on Fig.6)

we should increase efficiency of the process of mixing between platform associated gas and air

from environment, i.e. increasing efficiency of burning process and reduced environmental
pollution.
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MOT KIEN NGHI NHAM GIA TANG HIEU QUA QUA TRINH CHAY G cAc PAU
PUOC DUA TREN MO HINH LUONG ROI XOAY HAI THANH PHAN
KHONG PANG NHIET
Nguyé&n Thanh Nam - Hoang Duc Lien - LS.Antonov

M5 hinh todn clia ludng r6i xody hai thinh phin khéng ding nhiét dudc xay dung trén cd s&
nhén thic tinh chi't khdng ddng nh4t giita cdc pha, c6 nghia 12 tdn tai sy khdc biét cda van tdc,
mit d§ va nhiét d§ giita cdc pha. M6 hinh todn hoc loai nay cé thé phdn dnh mdt cich chinh
xdc hon ban chét vat 1y clia dong tia. Bdo cdo ddnh gi4 tdc dong clia hé s§ xody 1&n sy phin
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b6 ciia ludng va dé cap tdi khd ning ¥ng dung chiing trong tinh todn thi€t k& cdc ddu dudc tai
cdc md khai thdc ddu khi nhim dét triét d€ hdn khi ddng hanh thdi bd - téc Ia gidm 6 nhiém
moi trudng.
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