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1. Introduction

Radiant pipes or industrial heat pipes have several
models and geometries. The simplest model and
design is the I-shaped geometry with a burner on
one side and the combustion gases on the other
side. This type of radiation tube has been found
only in Europe in last years. The reason for low use
of this type of radiant tube is lack of preheating of
combustion air problems related to sealing the
moving part of the radiant tube due to thermal
stress, insufficient  uniform  temperature
distribution on the radiant tube surface and high
flue gas temperature at the tube outlet. For a large
surface, I-shaped radiation tubes can be expanded
by creating additional bends and arms to create U-
shaped and W-shaped radiation tubes. The radiant
surfaces of the tubes can be enlarged. For I-shaped,
U-shaped and W-shaped radiant tubes, the burner
is located at one end and the flue gas outlet at the
other end. In a one-way irradiated tube without a
return, an internal tube of I-shaped is placed and
the opposite side of the burner is closed. The
burner is placed inside the inner tube and the flue
gases first move inside the inner tube and return
through the annular space between the inner tube
and the radiant tube. Non-return irradiated tubes
such as U-shaped and W-shaped tubes are more
commonly used in the US market.

In industrial heat exchangers, uniform
temperature distribution is important for achieving
uniform heat transfer to products or the
environment, maximum heat transfer, and long life
of radiant tubes.

2. Validation
In this section, all the steps of numerical
simulation  including  solution  validation,

comparison of combustion modeling results with
experimental data, network independence and
comparison of three main types of direct radiation
tube, U-shaped and W-shaped will be presented.
Before discussing the results, the present

modeling firstly validated by comparing the
simulation results for a W-shaped radiation tube
with the experimental data of Wang et al. Figure
1(a) shows the measured temperatures obtained
from numerical simulations. The temperature
measurement points are shown in Figure 1(b). As
observed, the numerical results are reasonably
consistent with the experimental data and the
maximum error is less than 10%, which is an
acceptable error for simulating combustion.
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Figure 1. a) Validation of current study and
experimental data, b) Points whose temperature is
measured in validation

3. Results and discussion

Figure 2 shows the temperature distribution on the
surface of the radiant tube in all three types of
radiant tubes. The maximum temperature on the
W-shaped wall is about 1099 K and is higher than
the other two types. Another important factor that
can be considered is the temperature uniformity.
Temperature uniformity is an important issue
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because it leads to longer life of the tube. However,
the higher difference in temperatures of the radiant
tube surface causes thermal stresses in the tube
wall and reduces its life. According to Figure 2, the
U-shaped tube has the highest uniformity among
the other tubes.

DS .

K] e

Figure 2. Surface temperature distribution of three
direct, U-shaped and W-shaped hotplates

Table 1 lists the important performance
parameters in the three types of studied ones. As
can be seen, the amount of nitrogen oxide
pollutants in the output of the U-shaped tube is
higher than that of the direct and W-shaped radiant
tube due to the higher maximum temperature of the
gases. The outlet temperature of the gases in the
W-shaped radiant tube is lower than the other two
types of radiant tubes (K 1403). Furthermore, the
outlet temperature of the combustion gases in the
direct radiant tube is the highest (1546 K). Thus,
the efficiency of W-shaped radiation tube has the
highest value of 55.3%, followed by U-shaped, and
finally direct radiation tube has the lowest
efficiency. The ratio of radiant heat transfer to total
heat transfer in all three types of radiant tubes is
high and more than 90%, and only in the W-shaped
type, this ratio is slightly higher than the two other
types of them.

Table 1. The values of some parameters for the
three direct radiation tubes, U-shaped and W-

shaped
Qradlaunn (%) noomle( nRad\aanube Tmax‘w Tuul Tmax
Qua (PPM) | %) | (K) | (K) | (K)
92.6 312 52,5 1076|1546 | 2352 | I-shaped
926 336 | 532 |1098 |1493 | 2360 | y-shaped
|
92.8 288 55.3 | 1099 | 1403 | 2344 | \W-shaped
|
4. Conclusion
The most important results obtained from

comparing three types of radiation tubes are as

follows:

* The amount of nitrogen oxide emission in the U-
shaped radiant tube is the highest and the lowest
in the W-shaped tube compared to other ones;

* The efficiency of W-shaped radiation tube is
higher than the two other types of radiation tube.
The next one is U-shaped radiation tube which
has higher efficiency than direct tube.

* The ratio of radiant heat transfer from the wall
surface to the total heat transfer in all three types
of radiant tubes is high and more than 90%.
Moreover, the W-shaped one has the highest
value.
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