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MATHEMATICAL MODELING OF TEMPERATURE REGIMES OF BURNERS
OF STABILIZING TYPE WITH THERMO-BARRIER COATINGS

The results of CFD simulation of temperature regimes of flat flame stabilizers of microjet burners are pre-
sented when thermo-barrier coatings are applied to their outer surface. A comparative analysis of the heat
state of the flame stabilizer walls is performed in the presence and absence of these coatings in a wide range
of variations of the boiler load (20...100%). It is shown, that at low boiler load the temperature of flame sta-
bilizers with end niches can significantly exceed the permissible level both during the application of protec-
tive coatings and in the absence thereof. It is noted that the formation of an unfavorable heat state of stabi-
lizers with coatings is due to the effect of surface development associated with the presence of an end pro-
trusion. The possibility of providing the required temperature regime of the flame stabilizers walls by chan-
ging their configuration due to the removal of the end protrusion is considered. It is shown, that this change
in the shape of the flame stabilizer allows, under conditions of the presence of a thermo-barrier coating to
lower its temperature level to acceptable values. |dx.doi.org/10.29010,/083.4]
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Introduction

Burner devices of the stabilizing type have a num-
ber of well-known advantages and are widely used in
energy practice. The reliability and durability of these
devices is largely determined by their heat state during
operation. A number of requirements are presented to

this state, the main one of which is the requirement to
ensure that the elements of the burner devices have
temperature levels that do not exceed the prescribed
permissible values [1-6].

Among the various ways to organize favourable
temperature regimes of stabilizer burners, special
attention should be paid to the use of thermo-barrier
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coatings on the outer surfaces of flame stabilizers
[7-9]. This circumstance determines the actuality of
the study of the heat state of the burner devices of sta-
bilizing type with such coatings.

The work also carried out studies on the establish-
ment of regularities in the effect on the heat state of
the stabilizers of the end protrusion, which serves as
the formation of a niche cavity on the end of the stabi-
lizer.

Formulation of the Article Purpose

The purpose of the study is to justify the possibili-
ty of using thermo-barrier coatings on the outer sur-
faces of flame stabilizers to provide the required tem-
perature regimes for burner devices.

Problem Formulation
and Methodology of Research

The heat state of the stabilizer burner device,
whose scheme is shown in Fig. 1, was investigated. The
device is equipped with a special system of so-called
self-cooling, in which the role of the coolant plays nat-
ural gas, which is subject to further combustion. The
burner was integrated into the gas-fired boiler plant.
Thermo-barrier coatings were applied to a section of
the outer surface of the flame stabilizer; covering the
niche cavity proper, the end face of the stabilizer and
part of its lateral surface located between them.

Mathematical modeling was used as a method of
research. The increasing use of this method as a tool for
investigating transport processes in burners of diffe-
rent types is associated with next advantages: the pos-
sibility of obtaining information about the local cha-
racteristics of the processes under study, the relative
simplicity of carrying out wide parametric studies, the
relatively low cost, etc. [10-19].

The step-by-step simulation technique was used
when implementing the solution of the problem under
consideration [20]. The solution is based on the
URANS approach using the FLUENT software. Based
on the results of the verification of turbulent transfer
models, the use of the RNG k-¢ turbulence model is
justified.

In the course of the research, a comparative analy-
sis of the temperature regimes of flame stabilizers was
carried out in the presence and absence of thermo-bar-
rier coatings. This analysis was carried out over a wide
range of boiler load changes (20...100%). The necessity
to study the regularities of the influence of the boiler
load on the temperature levels of the flame stabilizers
is because the efficiency of their cooling systems
depends significantly on the given load. Indeed, in the
cooling system in question, the coolant charge varies in
accordance with the boiler load. Consequently, the
cooling conditions of the flame stabilizer deteriorate
with decreasing the given load. In this regard, when
assessing the effectiveness of the use of thermo-barrier
coatings and cooling systems of flame stabilizers, spe-

Fig. 1. Scheme of the stabilizer burner device (a) and its cooling system (b): 1 — flat channel; 2 — flame stabilizers;
3 — gas supply holes; 4 — gas supply manifold; 5 — channel for cooling gas; 6 — niche cavity; 7 — coating
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cial attention should be given to the operating condi-
tions of microjet burners with the minimum permis-
sible loads of the boiler.

Exposition of the main research material

The typical results of mathematical modeling are
shown in Fig. 2—4. The data given correspond to the fol-
lowing initial parameters: natural gas rate G =200 m?/h,
which corresponds to 100% of the boiler load; the
excess air coefficient was 1.1; the gas temperature at
the inlet to the cooling system ¢£ = 15°C; air tempera-
ture at the inlet to the burner device ¢, = 20°C; the
wall material of the flame stabilizer is stainless steel;
blockage coefficient of the channel cross-section
k; = 0.3; diameter of gas supply holes d = 0,004 m; the
relative step of the arrangement of the holes S/d =
= 3.33; length of the stabilizer L, = 0.225 m; width of
the stabilizer B, = 0.030 m; L, = 0.016 m; L = 0.024 m;
L,=0.033m;A, =0.0015m; A, = 0,001 m; A, = 0,002 m;
8, = 0,003 m; §, = 0.006 m; & = 0.003 m; coefficient of heat
conductivity of the coating material A, = 0.8 W /(m-K);
the thickness of the coating is A, = 0.0013 m.

flame stabilizer, the dashed line correspond to the posi-
tion of the point C' at the end of the stabilizer). The
application of the thermo-barrier coating under con-
sideration somewhat reduces the wall temperature of
the flame stabilizer. However, its maximum value ¢,
remains above this permissible temperature, see line 2
in Fig. 3. (The dashed-dot lines in this figure and in
Figure 4 correspond to the boundaries of the zones
I-V on the outer surface of the coating, the dashed
lines correspond to the position of the points C and C'
at the stabilizer end).

The maximum values of the temperature on the
outer surface of the flame stabilizer wall, as seen from
Fig. 3, are observed at the location of the end protru-
sion. As for the outer surface of the coating, two peak
temperatures occur in the region of the protrusion (see
lines 1 and 3 in Figure 3). The presence of these peaks
is determined by the development of the surface of the
coating in this region, which is associated with the end
protrusion. Obviously, this circumstance reduces the
efficiency of the coating action relative to the decrease
in the temperature of the outer surface of the stabilizer
wall. In view of the foregoing, it seems advisable to
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Fig. 2. Temperature distribution along the fragment of the outer surface of the stabilizer wall in the presence (1, 3)
and absence (2, 4) of the end protrusion for the relative load of the boiler of 20% (1, 2) and 100% (3, 4)

As evidenced by the data obtained in the absence of
thermo-barrier coatings, the temperature of the outer
surface of the wall of the flame stabilizer with the end
niche at a relative load of the boiler unit of 20% may
exceed the permissible level of 550°C, see line 1 in
Fig. 2. (Here and below & is the coordinate counted
from the leading edge of the niche cavity along the
outer surface of the flame stabilizer or thermo-barrier
coating; the vertical bold lines correspond to the
boundaries of the zones I-V on the outer surface of the

change the configuration of the flame stabilizer, elimi-
nating the end protrusion.

As can be seen from Fig. 2, in the absence of a ther-
mo-barrier coating, the temperature of the outer sur-
face of the flame stabilizer wall without the end protru-
sion on the end surface and near it is significantly
lower than in the case of a stabilizer with a given pro-
trusion. In this case, the location of the maximum
value of the wall temperature is shifted somewhat from
the end of the stabilizer to its lateral surface. However,
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Fig. 3. Temperature distribution along the fragment of the outer (1, 3) and internal (2, 4) surfaces of the thermo-barrier coating
of the stabilizer in the presence of the end protrusion for the relative load of the boiler unit of 20% (1, 2) and 100% (3, 4)

the level of this maximum temperature in the absence
of end protrusion with a relative load of the boiler 20%
remains unacceptably high.

Another picture is observed in the presence of
a thermo-barrier coating (Fig. 4). In this case, removal
of the end protrusion makes it possible to ensure that
the maximum temperature of the outer wall of the
flame stabilizer is below the permissible value of 550°C.

Attention is also drawn to the fact that the nature
of the change in the temperature of the outer surface

of the coating in the presence and absence of the end
protrusion is significantly different. (Compare the
data in Figures 3 and 4.). Namely, if in the case of
a flame stabilizer with an end protrusion in the zone of
its location a bimodal peak of temperature is observed,
then, in the absence of a protrusion, there is a uni-
modal temperature peak whose position corresponds
to the blunted trailing edge of the stabilizer. The tem-
perature level of this unimodal peak is significantly
lower.
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Fig. 4. Temperature distribution along the fragment of the outer (1, 3) and inner (2, 4) surface of the thermo-barrier coating
of the stabilizer in the absence of the end protrusion for the relative load of the boiler unit of 20% (1, 2) and 100% (3, 4)
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Thus, the elimination of the end protrusion of the
flame stabilizer allows to reduce both the maximum
temperature of its outer surface, ensuring its accep-
table value, and the temperature of the outer surface of
the coating. This is explained by the fact that this pro-
trusion, as a factor of development of the surface of the
flame stabilizer, significantly reduces the effectiveness
of the action of the thermo-barrier coating, not allo-
wing to ensure the required reduction of the wall tem-
perature of the stabilizer.

Conclusion

On the basis of CFD modeling the heat state of the
flame stabilizers of microjet burners has been studied
in the presence and absence of thermo-barrier coatings
in a wide range of the boiler load. Wherein:

1. Tt is shown that in the absence of thermo-barrier
coatings, the temperature of the wall of the flame sta-
bilizers with and without the end niche can significant-
ly exceed the permissible level with a boiler load of
20%.

2.1t has been established that the application of
a thermo-barrier coating on the outer surface of stabi-
lizers with an end niche does not provide them with
the required temperature regime, which is due to
a greater extent to the effect of surface development in
view of the presence of the end protrusion.

3. Data that indicate that the change in the confi-
guration of the flame stabilizer by removing the end
protrusion allows, in the presence of a thermo-barrier
coating, to lower the wall temperature of the stabilizer
to acceptable values have been obtained.
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Hucruryr texunveckoii remrodpusuku HAH Yikpaunbl. Ykpauna, r. Kues

MATEMATHUYECKOE MOJEJIMPOBAHUE TEMIIEPATYPHbBIX PE;KIMOB
TOPEJIOYHBIX YCTPOMCTB CTABUJIU3ATOPHOTI'O TUIIA
C TEPMOBAPBEPHBIMU ITOKPbBITUAMMN

IIpeocmasnensvt pesyromamot CFD moodeauposanus memnepamypnvix pejicumos niockux cmaduiusa-
mopoe naamenu MuKpopaxKeivivlx 20pesloUHbLX YCMPOLUCME NPU HAHECEHUN HA UX HAPYICHYIO NOGEPX-
HOCMb mepMmobapvepHbLx nokpvimuil. Botnoanen cpasnumenvuvlil anaius menio6ozo COCMOAHUSL CMEHOK
cmaduau3amopos naamenu npu HAAUMUU U OMCYMCMEUU OAHHLIX NOKPLIMUL 6 WUPOKOM duanasoie
usmenenus nazpysxu xomaoazpezama (20...100%). Iloxazano, wmo npu HU3KUX HAZPY3KAX KOMoAzpe2a-
ma memnepamypa cmaduaIU3aAmMopPos naamMenu ¢ NPUMOPUEELLMU HUULAMU MOICEM 3AMEMHO NPESLLULAMD
donycmumolii. ypoensv KAK NPpuU HAHECEHUU 3AUWUMHBIX NOKPLUMUL, MAK U NPU UX OMCYMCMEUU.
Ommenaemcsa, umo Gopmuposanue HeOIAZONPUAMIL020 MENL06020 COCMOAHUL CMAOUAUIAMOPOE C
noxpoLmuAMuU 00YC06aeH0 3P PeKmom pazeumus no6epxXHoCmu, C6A3ANNBIM C HAAUMUEM NPUMOPUEEO20
evicmyna. Paccmompena 603morcnocmo obecneuenus mpedyemozo memnepamyprozo pelcuma cmerox
cmaduauzamopoe naamenu nymem usmMeHeHus ux xonuaypavuu 3a cuem ycmpamenus npumopuesozo
evicmyna. Iloxaszano, wmo yxazannoe usmenenue Gopmvl cmaduauzamopa niamenu no360Jaiem 6 Ycio-
BUAX HANUMUSL MEPMOOAPLEPI020 NOKPLIMUL CHUSUMD YPOBEHD €20 memnepamypovl 00 00NYCMUMBLY 6€JIU-
yun. [dx.doi.org/10.29010,/083.4]

Kurwuesvie crosa: saugumnovie mepmobapveprvie nokpoimust; meniogoe cocmosihue; CED moderuposanue; 2opeioy-
Hble YCmpolicmea Cmabuiu3amopHozo muna.
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