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ABSTRACT: On the basis of a computer simulation circulation zones are formed in a
rotational streamline in a chamber, the inlet of which suddenly becomes wider. The geometry
of the chamber imitates a device, working with gas fuel and with central gas feed. As a result
angular and axial circulation zones were formed and it is also presented how the gas feeding
pipe sizes and the degree of swirl influence their dimensions.

Introduction

Circulation zones are very important for combustion practice. They make a flow of
combustion products with high temperature at the beginning of the flame and they are used to
stabilize the combustion process. Under stationary conditicns and combustion in the field of
the flow well formed angular and axial opposite streamlines [1], [2], [3] appear.

The combustion process greatly influences the size and location of the circulation
zones [4]. Some other factors also influence the streamline structure, the most important of
which are:

- Degree of swirl of the air stream in the combustion chamber;

- Centrally located object and its absolute dimensions;

- Type and construction of the device, used for starting the rotation;

- Relationship between the diameters of the main chamber and the air register D/D.

In order to study the origin and progress of circulation zones in combustion devices,
their activity under isothermal conditions is also of great interest.

Fig. 1 presents a combustion chamber with central gas fuel feed, studied in this survey.
Air, necessary for the combustion, comes through a ring channel with inner diameter D; and
outer diameter Dy and average flow rate u,. Gas with velocity us enters the combustion zone

through the central pipe. Air velocity and gas speed correspond to mass flows in a ratio the
same as the stoichiometric of natural gas.
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Mathematical model

For the research of circulation zones in a cylindrical combustion chamber a
mathematical model, including equations of saving energy, quantity of motion and keeping
mass, was used. They were supplemented by the combustion equation.
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It is typical that entering the vortex of speed € =rotV changes the basic combined
differential equations.

The speed vortex is defined as:
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where z is a co-ordinate, coinciding the chamber axis of symmetry and y is a streamline
function.

The basic differential equations are written down like a characteristic equation of
elliptic type:
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where @ is a natural dependent variable and the values of a;, by, ¢; and d are tabulated
depending on the missing variable.
Numerical experiment.

Numerical experiments have been carried out for a combustion chamber with a diameter
D=750 mm and length L= 1000 mm. The diameter of the air orifice D;= 460mm.

Gas flows from a centrally located pipe with outer diameter D,= 100mm and inner
diameter D= 90mm.

These experiments were conducted with three different geometrical configurations of
the central pipe. The degree of swirl (swirl number) S is also varied from 0 to S=2. It is the
ratio between average integral values of the tangential and axial components of velocity [5].

Fig. 2 presents the results from Alternative one. The gas pipe wall thickness is
D,-D,

2
air, coming through the ring channel. Some specific regular characteristics are noticed when
comparing the curves. Angular and axial circulation zones exist simultaneously when the
degree of swirl is S= 0,5; S= 1 and S= 2. The axial zone has maximum stretching when $=2.
Reducing the degree of swirl increases the angular and decreases the axial zone.

Dimensions, used in the computational scheme, are taken from the pipe burner modified
furnace steam furnace type (PK).

The wall where gas fuel comes in, on the border between the two streams — air and gas,
originates streamlined shadow, which may influence the circulation zones development, In
order to prove this assumption an additional experiment was made — all initial data was kept
the same and a minimum thickness of 0,1 mm was defined for the “gas” pipe wall. Diameter
D, was left unchanged. Fig. 3 graphically shows the result. -

It is clearly noticeable that the central circulation zone has grown considerably and the
angular is missing. This unexpected result, with only wall thickness changed, proves how
important construction dimensions are in combustion practice.

=5mm. “Fuel” has flown through the central pipe in equal quantity and mixed with
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Fig. 2¢) S=2
Fig. 4 shows the results of a numerical experiment in which the central gas pipe has
been “removed”, without giving the flow, which comes through the pipe in a real
combustion apparatus.
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Fig.4
This experiment actually presents a simulation of rotated stream, passing in a chamber
with a sudden widening. The angular circulation zone decreases with rising the degree of
swirl. There is also a tendency of moving the zone to the entry of the chamber. Fig. 5 shows
the position of the angular circulation zone center (y = 0,34) from the chamber entry as a
degree of swirl function.
The results obtained show that the degree of swirl influences in great extent the stream
structure under conditions of rotated stream, passing in a chamber with a sudden widening.
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Conclusion

Results obtained for the distribution of rotational isothermal streamline in a chamber
with a sudden widening can be used to draw the following conclusions:

1. The numerical model used herewith, gives results referring to circulation zones with
axial and angular location. It is of great practical value, considering the fact that under
conditions of limited stream their experimental research is actually impossible.

2. The dimensions of a centrally located gas pipe greatly influence the location of
circulation zones. The influence of wall thickness is remarkable.

3. The results obtained here refer to particular geometrical characteristics, but they allow
as well to conclude that, when there is a centrally located gas pipe, a stabilizing effect can be
expected and reached.

MO HINH SO NHUNG DONG HOI LUU
TRONG PIEU KIEN PANG NHIET

Petar Kostov, Koycho Atanasov*, Nguyen Thanh Nam**
*Pai hoc k¥ thuat Sliven, **Trudng Dai hgc Bach Khoa - PHQG-HCM

TOM TAT: Trén co so cia viéc mé phong $6 khu vue hoi heu dwge hinh thénh do
chuyén dong xody dcciia dong phun trong budng dot véi thiét dién ddu vao dicoe moé rong mot
cdch dot ngdt. Hinh ddng hinh hoc cua budng dot diege mé phong theo thiét bi ddu dit véi
nhién liéu khi dot dioe cung cdp ti thiét bi trung tam. Két qua la nhitng chuyén dgng géc tao
thanh cdc vimh héi heu doc truc va cde tinh todn ciing cho thdy cdc dnh hwéng ciia kich thudc
dng cung cdp nhién liéu va hé s6 xody Ién kich thuéc ciia buong dot.
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