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The flow pattern of glass current in unit melters greatly differs from that of other tank furnaces. When two rows of bubbling are
arranged, the whole flow process is reorganized by the bubbling circulations. Hence, the flow pattern caused by bubbling was
investigated in this paper. This flow pattern was divided into inner bubbling region and outer induced flow range. The boundary
between the two parts of the flow pattern looks like the cross-section of an onion. Its forming mechanism is discussed in detail.
The pull current path goes up and down several times due to the bubbling and the geometric configuration of the melter. The glass
melting process in the tank is closely related to the flow pattern. In order to depict the process conveniently, five regions of the
flow pattern in the melter were identified, each having a particular function. This procedure may be useful for understanding the
melting process.

Strémungsbild des Glasflusses in Unit-Meltern und sein Entstehungsmechanismus

Das Stromungsbild des Glasflusses in Unit-Meltern unterscheidet sich stark von dem in anderen Wannenéfen. Bei Verwendung von
zwei Blasdiisenreihen wird der gesamte Stromungsvorgang durch die sich bildenden Stromungswalzen verdndert. Darum wird in der
vorliegenden Arbeit das durch das Lufteinblasen hervorgerufene Stromungsbild untersucht. Dieses Stromungsbild wird unterteilt in
die innere Bubblingzone und den duBeren Stromungsbereich. Die Grenzfliche zwischen den beiden Teilen des Stromungsbildes
dhnelt dem Querschnitt einer Zwiebel. Sein Entstehungsmechanismus wird im einzelnen diskutiert. Der Entnahmestromungsweg
bewegt sich infolge des Bubblings und der geometrischen Verhiltnisse der Schmelzanlage mehrmals auf und ab. Der Vorgang des
Glasschmelzens in der Wanne steht in engem Zusammenhang mit dem Stromungsbild. Um den Vorgang anschaulich darzustellen,
werden finf Bereiche des Stromungsbildes bestimmt, von denen jeder seine spezielle Aufgabe hat. Dieses Vorgehen kann zum
Verstindnis des Schmelzprozesses beitragen.

1. Introduction ner bubbling region and outer induced flow range, the
boundary between the two parts resembling the shape of
an onion. The flow process in the unit melter with two

metal recuperator as heat exchanger and a chimney [1]. WS of bub!’““g can be d'ivided into 'ﬁve regions. Each
Its volume can be very small. It uses multiple burners reglop has its own functlon._ T_he _dlscussmn of these
located in both side walls to jet oil and air into the com- functions may lead to an optimization of the flow pro-
bustion chamber at the same time, unlike the alternative cess and an improved design of the melter.

firing system in furnaces with a regenerator. Hence, the

unit melter has a stable operating mode and temperature

distribution. It is often used in the production of high- 2. Schematic flow pattern in unit melters
quality glass such as E-glass fibre and other special without bubbling

glassware. Because of the narrow tank of the unit melter
and its throat-like exit, its flow pattern is very simple if
bubbling is not applied, and in some way like that of
furnaces with a throat [2]. However, in order to organize
the flow process in a suitable way, bubbling is often used Compared with float glass furnaces [2], unit melters
in this type of furnace. do not have a large conditioning tank, the substitute of
which are the refining and forming channels (figure 1).
Little back current exists in these channels. It is so weak
that it cannot flow backward through the throat of the
melter to the melting tank. This is the main factor caus-
ing a different pattern from that in other tank furnaces.

The unit melter is a special type of glass tank furnace;
it does not have a complicated regenerator, but only a

The flow pattern in unit melters without bubbling looks
like the flow process in furnaces with a throat, whose
characteristics have been described in detail in [2].

Since the unit melter is used not so extensively, the
research work on the flow pattern in this type of furnace
has been reported rarely. The present work has made a
great effort to study the regularity in the flow process
through physical modelling. The result shows that the

flow pattern caused by bubbling can be identified as in- The temperature distribution is set in peak shape
(figure 2). The temperature gradient from hot spot to
Received December 6, 1994, revised manuscript May 22, 1997. batch area is larger for much heat is absorbed in batch
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Figure 1. Unit melter in plane view.
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Figure 2. Flow pattern in unit melter without bubbling.
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Figure 3. Sketch of flow pattern with bubbling.

melting. But the gradient from hot spot to separating
brick is small. Due to the temperature difference be-
tween hot spot and charging end, there is a circulation
in this melting region. It has some similarity to circu-
lation I in float glass furnaces [2]. There is a slight circu-
lation between hot spot and separating brick which can
be considered as a degeneration of circulation II in float
glass furnaces. The most manifest character in this flow
pattern is that part of the pull current flows along the
bottom from circulation I directly to the throat of the
melting tank. This will result in a poor melting process
in the melter. In order to improve the flow pattern, some
measure must be adopted. Bubbling is chosen as an ap-
propriate method to overcome the shortcoming of this
flow pattern.

3. Flow pattern induced by bubbling

Bubbling is a most important means to organize the
flow process in unit melters. There are many factors
which influence the bubbling process. The larger the sur-
face tension of the glass melt, the bigger the bubbles
formed. The viscosity of the melt has the same effect.
The larger the diameter of the bubbling tube, the bigger
the bubbles. It seems that the amount of gas blasted into
the melter has little effect on the size of bubbles, but
strong relation to the frequency of bubbles, i.e., the
larger the amount of gas, the higher the frequency of
bubbles. The area of the melt affected by bubbling can
be divided into two parts: the inner bubbling region and
the outer induced flow range (figure 3).

3.1 Inner bubbling region

The contour of the inner bubbling region looks like the
shape of an onion or a vase; near the surface of the bath
of glass the diameter of the region is small correspond-
ing to the neck of such objects.

With the rising of the gas bubbles the glass melt is
pushed upward to the surface. Then the bubbles burst
and the melt pushed by the bubbles sinks downward
around the gas bubbles at the surface. The sinking
velocity is related to the difference in height and density
between the molten glass pushed up and the molten
glass around the bubble range at the surface. The tem-
perature in the upper layer of the molten glass is higher
than that in the lower layer, for heat is mainly transferred
from the combustion chamber to the molten glass in
deep direction by radiation. So the temperature of the
molten glass pushed up by the bubbles is higher than
that of the melt around the bubbles at the surface. The
melt pushed up sinks quickly at first. Then it slows down
at the middle of tank depth and expands outward. Fi-
nally it is drawn to the bubbling tube and pushed up-
ward again. Thus, a fast circulation is formed and its
speed is so great that it can easily be discriminated from
the surrounding melt. This region is called the inner
bubbling region.

The factors affecting the shape of the inner bubbling
region are as follows:

a) Gas amount of bubbling. The size of a bubble
depends on the properties of the molten glass and the
diameter of the bubbling tube. These factors are gen-
erally stable in furnace operation. The most important
parameter is the gas amount of bubbling. When the gas
amount is increased, the size of the inner circulating
region is also increased. The relationship between gas
amount and the diameter of inner circulating region is
shown in figure 4. At first the diameter increases with
the increase of gas amount, but with further increase of
gas amount the diameter will reach its limit. Then the
increased gas amount will speed up the circulation of
the inner bubbling region.

b) Temperature difference of upper and lower layer of
molten glass. Because the sinking velocity is related to
the density difference between bubbling region and the
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surrounding melt at the upper layer, it will be increased
by the temperature difference between the melt pushed
up by bubbling and the melt surrounding the bubbling.
Therefore, it affects the shape of the inner bubbling
region, i.e., the greater the difference, the longer the neck
of the inner bubbling region.

3.2 QOuter induced flow range

The mass transfer occurs through the boundary of inner
bubbling region, and the surrounding molten glass will
be induced to flow by the inner bubbling region (figure
3). Compared with the circulation of the inner bubbling
region, the speed of outer flow is very slow. The flow
process is coupled to the inner bubbling region through
the boundary between them.

In the upper layer the outward x-direction com-
ponent of sinking velocity will achieve its maximum
value at the boundary of the inner bubbling region. This
will push some melt out of the inner bubbling region. In
the bottom layer the inward x-direction component of
the circulating velocity also achieves its maximum value
at the boundary of the bubbling region. It will pull some
melt into the inner bubbling region. The outward and
inward x-direction components of velocity of the bound-
ary of the bubbling region may induce the surrounding
melt flow. The affected range is called the outer induced
flow range. The velocity distribution of the outer flow
fits well the boundary shape of the inner bubbling
region.

The regularity mentioned above is very useful to
interpret the forming mechanism of the flow pattern.
Hence, it is also used to discuss the melting process of
glass in unit melters with bubbling.

4. Flow pattern in unit melters with two rows
of bubbling

When discussing the melting process in glass furnaces,
much attention should be paid to the way in which the
pull current path is organized. A favourable pull current
path will result in good melting conditions [2]. Since the
flow process in unit melters is continuous without
bubbling, its flow pattern looks like the one in furnaces
with a throat [2]. The pull current can not rise at the hot
spot and it flows along the bottom straight to the throat.
This kind of pull current path is unfavourable to the
glass melting process [2]. Bubbling is a most forceful
measure to change the path.

How to arrange the position of bubbling is a key
question in optimizing the melting process. Figure 5
shows the flow pattern in a unit melter with two rows
of bubbling.

The flow process in unit melters can be divided into
five parts according to the position of bubbling. Each
part will be discussed along the pull current path. This
is a good procedure to analyze the glass melting process.

Limit of diameter

Critical diameter
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Figure 4. Relationship between gas amount of bubbling and
size of inner bubbling region.
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Figure 5. Flow pattern in unit melter with two rows of bubbling.

a) Initial melting region. This region is located between
the charging end and the boundary of inner bubbling
region I. New melt separated from the batch enters this
region to form the pull current. It is controlled by the
flow of bubbling region I. Unlike float glass furnaces [1],
a strong circulation I could not easily be established in
unit melters. The outer flow on the left wing forms a
strong back current from bubbling spot to charging end.
The heat is transferred to the bottom of the batch to
promote the melting. The pull current flows straight to
the bottom of bubbling region I. Then it is raised to the
surface at the bubbling region; the process is in some
way like that of circulation I in float glass furnaces. The
initial pull current contains a great deal of the gases
produced in melting. The distribution of gases in melt
acts according to their buoyancy, i.e., a great amount of
the gases is located in the upper layer and the gases will
naturally move upward. When the pull current flows
downward, the gases in it will move in the opposite di=
rection. This mechanism is helpful to get the melt of
good quality into the pull current and to separate the
gases from it.

b) Bubbling region I. The pull current enters the bottom
of bubbling region I, it rotates with the circulation of
bubbling and is then expelled from the bubbling region.
This region has two functions. The first is the stirring
for the pull current, the chemical ingredients and the
temperature distribution to become more homogenous.
The second is to enable the pull current to rise to the
surface. This is a key position for it to enter the next
region. The size of this region depends on the gas
amount blasted into the bubbling tubes.
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¢) Melting and refining region. The pull current coming
from the bubbling region I flows slowly controlled by
the right wing of bubbling region I and the left wing of
bubbling region II. It flows from the surface of the melt
to the bottom of bubbling region II. When the pull cur-
rent flows downward, the gases in the melt continue to
move in the opposite direction and separate from the
pull current for the second time. The other molten glass
in this region will be induced to circulate due to the two
rows of bubbling. The speed in the bubbling region is
fast enough to promote the mixing process, while it is
slow enough to promote the gas expulsion from the
melt. The length of this region should be chosen ac-
cording to the size of the flow ranges for two rows of
bubbling. If it is too short, these two flow ranges will
overlap each other. This will weaken their function. If it
is too long, some melting space will be wasted.

d) Bubbling region II. In this region the pull current
has undergone two thirds of its path, its temperature has
increased a lot. The melting stage has been finished now.
But in order to acquire a high quality of molten glass,
the temperature must be increased and the refining
process enhanced further. When the pull current enters
this region, it rotates with the bubbling circulation in the
same way as in bubbling region I, and is expelled from
the region in the upper layer. Temperature distribution
and ingredients of the melt in the pull current are homo-
genized due to the stirring.

e) Refining region. The temperature in this region is
high and its difference gradient is smaller in deep direc-
tion than that in the other regions. Here, the pull current
will finish the refining process. Since the expulsion of
gases from the melt is the most difficult problem in glass
melting, and high homogeneity is needed for the molten
glass with excellent quality, this region should provide
good conditions for the last stage of the refining process.
When the pull current flows downward to the exit, the
separating forces for gases come into effect in the same
way as in the other regions. The right wing of bubbling
region II will help to control the pull current path in this
region. There is a slight circulation before the separating
brick which prevents the melt that still contains some
gases from entering the pull current. The length of this
region should also be considered in respect of the size
of the flow range. If it is too short, the outer flow in-
duced by bubbling will increase the attack on the front
of the end wall, the slight circulation before the separat-
ing brick will diminish and no buffer function will exist
in this region. If it is too long, the melting space will
be wasted.
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In summary, in order to make molten glass of good
quality, bubbling is used in this unit melter which thus
adopts a complicated organization for the pull current.
Through multiple separating and stirring stages, the pull
current flows up and down several times, and its refining
and homogenizing processes are fully ensured.

5. Conclusion

The unit melter is a special type of glass tank furnace;
the flow process of glass current in it differs greatly from
the cross-fired furnace for making sheet glass. But the
flow pattern without bubbling in unit melters resembles
that in furnaces with a throat in some way. Since no back
current flows to the melting tank, the pull current will
flow along the bottom to the exit of the melter. Without
bubbling, the flow pattern and its forming mechanism
are similar to the flow pattern in furnaces with a throat
[2].

With bubbling, the flow pattern in unit melters is
mainly reorganized by the bubbling region. Therefore,
bubbling is a most important factor to control the flow
pattern in unit melters.

Firstly, the paper discusses the forming process of the
inner bubbling region and its outer induced flow ranges.
The cross-section of the flow pattern in the bubbling
region around a bubbling tube looks like that of an
onion, the upper part resembling the neck of an onion.
The boundary of the bubbling region can be easily iden-
tified by the fast speed of its inner circulation. There is
a great velocity gradient at the boundary. This means
the melt in the outer range can not follow the circulation
any more. The velocity distribution in the outer induced
flow range is coupled closely to the boundary of the
inner bubbling region.

Secondly, the flow pattern in a unit melter with two
rows of bubbling is described; its division into five parts,
i.e., initial melting region, bubbling region I, melting and
refining region, bubbling region II and refining region,
may be helpful to explain the operating behaviour in
unit melters with two rows of bubbling.
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