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Abstract. The article presents an experimental study of combustion processes in a two-
tier burner of a combustion chamber of a gas turbine installation. Gorenje The main attention is
paid to the analysis of combustion characteristics, such as temperature, concentration of
combustion products and process stability under various operating modes of the gorenje. During
the experiment, measurements were carried out at different points of the combustion chamber,
which made it possible to identify the influence of the design features of a two-tier burner on
combustion efficiency and reduction of emissions of harmful substances. The results of the study
can be used to optimize combustion processes in gas turbine plants, increase their energy
efficiency and reduce environmental impact.

Key words: micro-flame burning, nitrogen oxide, gas turbine plant, combustion
chamber, two-tier burner.

Introduction

The trend of high energy development leads to the design of new efficient energy-
intensive installations. The Energy Development Strategy of Kazakhstan 2030 provides for the
construction of combined-cycle (CC) and gas turbine plants (GTP) operating on pipeline gas.
Additionally, new power blocks must meet the increasingly stringent annual requirements for
harmful emissions [1,2]. The combustion chambers of first-generation gas turbine units
represented a fuel combustion system relying solely on a diffusion mechanism. Prior to the
introduction of strict nitrogen oxide emission regulations, combustion chambers were designed
such that the air-to-fuel ratio in the combustion zone was close to the stoichiometric value.

The objective of this work is to determine the performance characteristics of a burner in
the combustion chamber of a gas turbine unit and to investigate the formation of NOy in the two-
level burner under different combustion modes.

Materials and research methods

Existing simple centrifugal injectors in the GTU combustion chamber have high nitrogen
oxide emission rates. We propose using two-level burners in the GTU combustion chamber
[3,4]. In this two-level burner, the method of fuel combustion is microflame, i.e., the separation
of a single flame into individual microflames and separate tiered combustion. This is made
possible by the distributed supply of fuel and air, and by the radial sectioning of the fuel-air
mixture combustion organization. Microflame combustion implies a combustion process
consisting of many small flames. The burner is designed to operate with either one type of fuel


mailto:jordan.hristov@mail.ru

or for the simultaneous combustion of liquid and gaseous fuels. The burner can function under
various modes, with different zones operating at different modes: the inner and outer zones.
Special attention is paid to fuel distribution in the two-level burner. By managing the zones, the
output of toxic substances can be regulated. An isometric view of the two-level burner device is
presented in Figure 1.
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a) Front view 0) Rear view

1 — outer tier; 2 — inner tier; 3 — fuel pipe of the outer tier; 4 — fuel pipe of the inner tier
Figure 1. Isometric view of the two-level burner

In the studied burner, compressed air is supplied from a fan or compressor, passing
through stabilizing tubes. The air flow acquires almost uniform velocity across the entire section
and is fed through the measuring zone into the diffuser of the front device with the burner. Fuel
enters the burner through the supply pipeline from the gas pipeline. In the burner device, the fuel
is pre-mixed with air and fed into the combustion zone. The bulk of the air in the two-level
burner enters the combustion zone through the front device. The installation scheme for testing is
shown in Figure 2.
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Figure 2-Experimental stand



1 — fan; 2 — stabilizing tube; 3 — measuring section at air inlet; 4 — gas pipeline; 5 —
measuring section for fuel supply; 6 — fuel supply pipe; 7 — diffuser of the front device with the
burner; 8 — multi-channel meter; 9 — measuring section behind the diffuser; 10 — gas analyzer

To determine the performance characteristics of the GTU combustion chamber burner,
the air flow rate, fuel flow rate, temperature, and pressure at the inlet and outlet of the burner, as
well as the concentration of harmful emissions, are measured. Measurements were conducted
under different modes and conditions: 1) fuel supplied to the inner tier; 2) fuel supplied to the
outer tier; 3) both tiers operating simultaneously. The study also examined flame blow-off at
different air flow velocities. Liquefied propane was used as the gaseous fuel.

The overall excess air coefficient is determined by the formula:

a = 3600 - —= (1)

GrLg'

where G, — is the air flow rate in kg/s; G, — is the fuel flow rate in kg/h. L, is the
stoichiometric coefficient, kg/kg, kr/kr [5].

Research results

The results of the experiments during stable combustion and blow-off at different air
speeds under different modes are presented in the tables and figures below. In Tables 1 and 2 and
in Figures 3 and 4, the results during the operation of the inner tier are shown.

Table 1. Results of stable combustion Table 2. Results during flame blow-off

o, Vv, Gr, Gs, , Va, GrT, G,

m/s | m*%h | ka/h | kgls o mis | méh | kglh | kgls a
2 1,44 | 2,6683 | 0,032 | 1,877097 2 0,66 1,223 | 0,032 | 4,09548
3 1,56 | 2,8907 | 0,048 | 2,599057 3 09| 1,6677| 0,048 | 4,50503
4 1,8 ] 3,3354 | 0,064 | 3,003355 4 1,2 2,446 | 0,064 | 4,09543
5 2,04 | 3,7801 0,08 | 3,312524 5 15| 2,7795 0,08 | 4,50503
6 2,41 4,4472 | 0,095 | 3,343579 6 1,62 | 3,0019| 0,095 | 4,95345

a = f(w) inner tier
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Figure 3- Dependence of excess air coefficient on air flow velocity during operation of
the inner tier



Figure 4- Snapshot of the combustion process in the inner tier under different modes

In the conducted experimental studies, the excess air coefficient for the inner combustion
tier varied in the range a = 1,87 + 4,95; on average, the fuel consumption during blow-off was
63% less than that during stable combustion.

In Tables 3 and 4 and in Figures 5 and 6, the results of combustion studies during the
operation of the outer tier are presented.

Table 1. Results of stable combustion Table 2. Results during flame blow-off

, Va, Gr, Gs, o, |Vna, Gr, Gs,

m/s | m¥h | kg/h | kgls o mis | m¥h | kgh | kg/s «
2 0,96 | 1,7789 | 0,032 | 2,81565 2 0,3| 0,5559 | 0,032 | 9,01007
3 1,08 | 2,0012 | 0,048 | 3,75419 3 0,36 | 0,6671| 0,048 | 11,2626
4 12122236 | 0,064 | 4,50503 4| 042] 07783 | 0,064 | 12,8715
5 1,32 | 2,446 0,08 | 5,11936 5 06| 1,1118 0,08 | 11,2626
6 1,44 |1 2,6683 | 0,095 | 5,57263 6 0,6 1,1118| 0,095 | 13,3743

a = f(w) outer tier
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Figure 5- Dependence of excess air coefficient on air flow velocity during operation of the outer
tier
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Figure 6- Snapshot of the combustion process in the outer tier under different modes
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In the conducted experimental studies, the excess air coefficient for the outer combustion

tier varied in the range « = 2,81 + 13,37, on average, the fuel consumption during blow-off
was less than the fuel consumption during stable combustion.

simultaneous operation of both tiers are presented.

Table 1. Results of stable combustion

In Tables 5 and 6 and in Figures 7 and 8, the results of combustion studies during

Table 2. Results during flame blow-off

o, Vi, Gr, Gs, 0, Va, Grt, GB,
m/s | m%h | kg/h | kgls @ mis | m¥%h | kgh | kgls @
2 1,44 | 2,6683 | 0,032 | 1,877097 2 0,42 | 0,77826 | 0,032 | 6,435761
3 1,56 | 2,8907 | 0,048 | 2,599057 3 0,6 | 1,1118| 0,048 | 6,757549
4 1,8 | 3,3354 | 0,064 | 3,003355 4 0,66 | 1,22298 | 0,064 | 8,190969
5 2,04 13,7801 | 0,08 | 3,312524 5 0,72 | 1,33416 | 0,08 | 9,385485
6 2,4 14,4472 | 0,095 | 3,343579 6 0,78 | 1,44534 | 0,095 | 10,28794
a = f(w) 2 tier
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Figure 7- Dependence of excess air coefficient on air flow velocity during operation of both tiers
simultaneously
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Figure 8- Snapshot of the combustion process in both tiers under different modes

In the conducted experimental studies, the air excess coefficient o varied in the range of
1.87 to 13.37. Within this range of the air excess coefficient, the combustion efficiency reaches n
> 0.98. According to the experimental results, nitrogen oxide emissions in the combustion
chamber also decrease and depend on the distribution of o values across the stages, as well as the
degree of flow swirl in the upper and lower stages. The study [3] presents the results of the
investigation of a dual-stage burner when burning liquid fuel. The dependence of NOx emissions
on the air excess coefficient o when burning a lean fuel-air mixture is shown in Figure 9.
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Figure 9- Dependence of nitrogen oxide concentrations on the air excess coefficient

Conclusion

It is recommended to use multi-stage burners and the microflame combustion method in
the design and modernization of gas turbine combustion chambers to improve energy
performance and reduce environmental impact.

The efficient reduction in the NOyx emission in processes of lean premixed combustion of
liquid fuels is possible to be controlled by the adequate flow swirling by inlet and exit vortex
generators.
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I'A3 TYPBUHAJIBI KOHABIPTBIHBIH KAHY KAMEPACHI
OTTBIFBIHIATBI ) KAHY ITPOLECCTEPIH DKCIIEPUMEHTAJIIBI 3BEPTTEY

O:xukenosa YKanat dapxarosua’, Hristov Jordan Yankov 2
'Ecenos ynusepcureri, Akray, Kazakcran
X IMUSATIBIK TEXHONOTUS KoHe MeTauTyprus yausepcuteti, Codus, bonrapus

AnpaTna. Maxkanaga YCHIHBUIFAH OJKCIIEPUMEHTTIK 3€pTTey MPOLECTep IKaHy
JIBYXBAPYCHOUM WIUITEpAC XKaHYy KaMEpachIHBIH Ta3-TypOMHANBIK KOHIBIpFhUIap. Herisri Hazap
TaNgay CHIIATTaMajJapblH JKOHE JaHy CHSAKTBI, TEMIIepaTypachl, KOHIICHTPALUSICH JKaHy
OHIMJICPIHIH JKOHE TYPAKTBUIBIK YPIICTIH JKYMBICTBIH OpPTYpPJl pEeKAMIAEPl Ke3iHJe
KBI3JBIPFBIITAD. JKCIEPUMEHT OapbhIChIHAA JKaHy KaMepachIHBIH OpTYpJl HYKTelepiHmae
eJIeysiep Kyprizuiai, Oy ekl JEHIeisl OTTBHIKTBIH KYPBUIBIMIBIK EpPEKIICTIKTEPIHIH JKaHy
THIMJUIITIHE JKOHE 3USHIBI 3aTTap IIBIFAPBIHABUIAPBIHBIH TOMEHJCYIHE OCEpiH aHBIKTayFa
MYMKIHIIK Oep/ii. 3epTTey HOTHXKEICPIH ra3 TypOMHAIIBIK KOHABIPFbUIAPIAFh] XKaHy MPOIeCTepiH
OHTaMJIaH/BIPY, OJIAPJBIH DHEPTUsl THIMAUIITIH apTThIPY )KOHE KOpIIaraH OpTaFa oCepiH a3aiTy
YIIIiH maigananyra 00aibl.

Tyiiin ce3mep: MUKpodakenbIi OTBIH XXaFy, a30T OKCHII, Ta3 TYpOMHAaIbl KOHIBIPFHI,
»KaHy KaMepachl, €Ki JCHI'CiJTi OTTHIK.

IKCIIEPUMEHTAJIBHOE HCCJIEJOBAHHUE NPOUECCOB I'OPEHUS B
ABYXDBAPYCHOU I'OPEJIKE KAMEPBI CI'OPAHUA 'A3OTYPBMHHOU
YCTAHOBKH

Oxukenopa Kanar ®apxarosna’, Hristov Jordan Yankov 2
'Yuupepcurer Ecenona, Akray, Kasaxcran
2S’HI/IBepCI/ITCT XUMHUKO-TECXHOJIOTHHU U MCTAJUTYPTHUH, CO(i)I/IH, BOJ'IFapI/ISI

AHHOTanus. B craThe NpeACTaBIEHO 3KCIEPUMEHTAIBHOE HCCIEIOBAHUE IIPOLIECCOB
TOPEHHUsI B JIBYXbSIPYCHOM ropeike Kamepbl CrOpaHus ra3oTypOMHHOM ycTaHOBKH. OCHOBHOE
BHUMAaHHE YJIEJIEHO aHAIM3Y XapaKTePUCTUK TFOPEHHUs, TAKMX Kak TeMIepaTypa, KOHIIEHTpaIusl
IPOIYKTOB CrOPaHUs M CTAOMIBHOCTH Ipollecca MPHU Pa3IMUHBIX pekuMax paboThl ropenku. B
X0JI€ PKCIEPUMEHTA MPOBEICHBI 3aMEPBl B Pa3HBIX TOYKaX KaMEpPbl CrOPaHUs, YTO MO3BOJIMIIO
BBISIBUTH BJIMSIHUE KOHCTPYKTHBHBIX OCOOEHHOCTEH ABYXBAPYCHOM ropenku Ha 3((EeKTUBHOCTH
CrOpaHUsl U CHWYKEHHE BBIOPOCOB BPEIHBIX BEIIECTB. Pe3ynbTaThl MCCIEOBaHUS MOTYT OBITh



WCTOJBb30BAHBl JUIS ONTHMHU3AIMM TPOLECCOB CrOpaHUs B Ta30TYpOMHHBIX YCTaHOBKaXx,
MOBBIIICHUSI WX OJHEPreTUYecKod A(PQPEKTUBHOCTH ¥  YMEHBIICHHS BO3JCHCTBHA Ha
OKPYXKAIOLLYIO CpENY.

KiawueBble cioBa: MuUKpo]akeTbHOE CXKHIaHME, OKCHJ a30Ta, Ta30TypOWHHBIC
YCTaHOBKH, Kamepa CrOpaHMsl, IBYXbIpyCHasl FOPEIKa.



