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AERODYNAMIC FLOWS INSIDE GAS TURBINE
COMBUSTION CHAMBER MODULE

The article contains the results of experiments on the research of
aerodynamic parameters in the cylindrical module of the combustion
chamber in a gas turbine. The intensity of turbulence and flow velocity
are considered in the article as the main factors affecting the efficiency of
the formation of the fuel-air mixture and, as a consequence, the efficiency
of its subsequent combustion. The air flow is studied under isothermal
conditions inside two cylindrical channels of different diameters with swirl
blades at the inlet. Turbulence intensity and flow velocity are obtained
for various points inside the channel. The graphical format for the result
presenting was chosen as the most convenient for understanding. The
factors influencing the value of intensity and speed are given on the basis
of the analysis of experimental data. The study of the structure of the air
flow in the channels gives us the opportunity to determine the fuel injection
zones. The article may be of interest to researchers and specialists in the
field of power and aerodynamics.

Keywords: fuel-air mixture, turbulence intensity, gas turbine engine,
swirler blades, combustion chamber.

Introduction

The environmental friendliness and efficiency of modern gas turbine engines
and units are determined mainly by the operation of their combustion chambers.
The main toxic compounds during fuel combustion are nitrogen oxides NOx.
Their generation proceeds according to the Zel’dovich mechanism [1] under the
conditions of a combustion chamber.

Analysis of works [2, 3] shows that the values of various parameters affect
the formation of NOx: such as temperature — T, pressure — P, time — t of the stay of
reaction products in the combustion zone, concentration of reactants — Z and their
fluctuation. Many methods of suppressing nitrogen oxides are aimed at reducing

the temperature level of the flame. Some of them are not effective enough, since
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the products of incomplete combustion of CO, CnHm, etc. increase (for example,
increasing o in the combustion zone). It affects not only the environmental aspects
of the combustion chamber, but also the economic. Other methods have reached
the limit of their perfection and cannot meet modern requirements for the emission
of harmful emissions. A combination of known methods is microflaring and
«lean» combustion. The combination will give good efficient and environmental
parameters in new devices. The formation of a «lean» fuel-air mixture depends
on the flow structure [7] in such devices.

Physical and chemical processes take place in the combustion chambers
of gas turbine engines and have the following difficulties: the need to take into
account the specifics of turbulent flows, the multi-phase and multi-component
nature of the medium, heat and mass transfer, radiation transfer, etc. All this does
not allow building rigorous models of the flow structure in fuel-burning devices
and requires experimental studies under isothermal flow conditions.

Turbulence intensity and flow velocity are among the main parameters
characterizing the flow. The flow has a speed u=u+u’ at any fixed point of the
turbulent flow. The speed consists of two components: & — average, constant in
time, and ©’ — deviation from the average speed i, which is called pulsation. The
ratio of the RMS pulsation velocity to the average flow velocity is called the
turbulence intensity:

u'?

L

£ = * 100% €))

Turbulence intensity is usually expressed in %.

Materials and methods

This article describes the results of the experimental study of the parameters
of an isothermal air flow inside two cylindrical channels with different diameters
and swirl blades at the inlet. Considered flow parameters: turbulence intensity and
velocity. The general design of the investigated cylindrical channels (thickness
d =2 mm) is shown in Figure 1, which consists of a cylindrical body with an
inner diameter D=46 mm and a length L=150 mm the first, and the second — D=71
mm and a length L=250 mm. Cylindrical channels at the inlet have a swirler with
eight blades with the same rotation angles f=30°. The blades are surrounded by
an annular rim with a width (height) h=3 mm.

Such a channel is used as an air nozzle for the preparation of fuel-air mixtures
in the front devices of the combustion chamber, so the flow structure in them is
of practical value in the design of similar devices.
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Figure 1 — Channel with inlet swirler

The experiment was carried out on a stand. The scheme of the stand is shown
in Figure 2. The stand consists of a fan for air supply; a wind tunnel, at the outlet
of which the test samples with a calibration tube (Witoszinski nozzle) and a hot-
wire anemometer of constant temperature are installed. The sensitive element of
the hot-wire anemometer is a tungsten filament sensor.

The hot-wire anemometer was calibrated [6] at the beginning of the
experiment at different flow rates at the exit from the Witoszinski nozzle in
front of the samples under study. The Pitot tube was placed in the center of the
measurement nozzle. Dependence E=f(u) was determined by the value of the Pitot
tube at different fan performance.
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Figure 2 — Scheme of the experimental stand

Hot-wire anemometer readings at the points under study make it possible to
calculate the intensity of turbulence from the following equation [4, 5]

4E(é—e,)
£ = ——— ¥ 100% (2)
E-— E;

where Eo — bridge voltage in the absence of flow in the pipe, V;

E — constant component of the bridge voltage with flow in the pipe, V;

€ — ripple component of the bridge voltage with flow in the pipe, V;

€0 — system error, V.

The average flow velocity G of selected points inside the channel was
determined based on the function E=f(u) by the following equation

= (557

where A, B — coefficients of calibration dependence, which are determined from
the graph E=f(u) [4,5].
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Figure 3 — Flow velocity inside the channel Dins=46 mm

Figure 4 — Turbulence intensity inside the channel Dins=46 mm
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Figure 5 — Flow rate inside the channel Dins =71 mm

Figure 6 — Turbulence intensity inside the channel Dins =71 mm

Results and Discussion
Processing of the experimental data shows that the flow velocity has a similar
cross-sectional gradient in both channels, i.e. the air flow velocity inside the

channel increases from the center to the periphery (toward the wall). This form of
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change in the velocity graph is due to the fact that the inlet swirl swirls the air flow,
increasing the tangential component of the velocity, which is concentrated on the
periphery of the channel due to the centrifugal forces of the flow, thereby creating
a zone of low pressure and low velocity in the center of the cylindrical channel.

We see in Figure 3 that the flow velocity is 0.3 m/s on average inside the
channel with D=46 mm in the center at a distance of up to the caliber 2, and the
velocity reaches 13 m/s at the periphery. The speed is 1 m/s at calibers 2.5 and
2.82 in the center, and near the walls — 9 m/s, i.e. the flow velocity towards the
channel outlet tends to balance over the cross section. A similar picture is observed
at D=71 mm (Fig. 5.), but due to the fact that the diameter of the channel is larger,
the swirler blades create less aecrodynamic resistance, so the flow velocity is higher
than at D=46 mm. Figure 5 shows that the velocity in the center increases from 0.3
to 1.3 m/s along the calibers, and closer to the wall it decreases from 18 to 13 m/s.

The study of the turbulence intensity (g) shows that its maximum value takes
place in the center of the channel at D=46 mm and close to the wall at D=71 mm.
The achievement of such values at these points is due to various reasons. A large
value in the center of the channel (near the axis) is achieved by the fact that a
zone with a reduced average velocity is formed in the center of the channel due
to the peripheral movement of the swirling flow. As we see from equation (1), the
intensity is characterized by a pulsation of the average velocity, and therefore the
oncoming flows from the center to the wall and vice versa create high pulsations
in the center. In addition, the dependence of the intensity of turbulence is inversely
proportional to the average speed. As a result, the layer that has a high average
velocity at the periphery has a lower turbulence intensity compared to the center.

However, a high value of ¢ is noticed at D=71 mm, on the periphery closer
to the wall. The boundary layer appears when a flow flows on the surface of a
solid wall, in which small eddies and flow velocity pulsations are formed due to
friction, which leads to an increase in the intensity of turbulence. This phenomenon
is called «wall» turbulence.

The chart of € in Figure 4 shows that the intensity of turbulence increases from
the inlet to the outlet of the channel, along the axis from 30 to 36 %, and along the
periphery from 5 to 17 %. The large value of € 15-16 % in caliber 0 near the wall
is due to the fact that the rim circled around the blades creates a velocity pulsation.

The measurement results of € in the channel D=71 mm (Fig. 6) show that
the intensity of turbulence from the center to the walls of the channel decreases
to a distance from the axis r=10 mm, then increases from r=15 mm to the wall.
Here, also the influence of the annular rim on ¢ is observed in the zero caliber.
The value of ¢ varies in all calibers: from 29 to 36 % on the axis, from 9 to 20 %
at a distance r=10-20 mm, from 23 to 60 % at the wall. More developed «wall»
turbulence is observed at D=71 mm compared to D=46 mm, which is associated
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with the following factors: larger diameter, larger surface area of contact with the
flow; channel length, long path acting on the flow; high speed, which creates a
significant flow disturbance along the wall.

Conclusion

The following conclusions were drawn from the work done:

1) As the length and diameter of the channel affects the intensity of the flow
turbulence inside the channel, so does the inlet swirler. But the selection of the
optimal channel dimensions should be carried out taking into account the flow
velocity, since the «wall» turbulence also depends on the flow velocity.

2) Channels with an inlet swirler are used in the front devices of the
combustion chamber to create a fuel-air mixture. Therefore, it is necessary to
focus on experimental data on the study of the flow structure to ensure effective
mixing when designing such devices, i.e. take into account the velocity field and
the intensity of turbulence inside the channel.

3) The study of the structure of the air flow in the channels gives us the
opportunity to determine the fuel injection zones.

4) The results of this work can be a scientific basis for research in the design
or creation of efficient micromodular injectors.
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H. P. Kapmoacanos', *M. I'. JKymazynoé’, C. b. Caovikosa’
123]1. H. T'ymune aTbiHAarsl Eypasus YITTHIK YHUBEPCUTET],
Kazakcran Pecmyomukacel, Hyp-Cyniras K.

Marepuan 28.11.21 6acnara TycTi.

I'A3 TYPEUHAJIAPBIHBIH )KAHY KAMEPACBI MOAYJITHIH
IIHNTHAET'T ADPOANHAMUKAJIBIK AFBIH/IAP

Maxkanaoa 2az mypouHacvlnbly dHcamy KAMepacblHbly YUIUHOPIIK
MOOYNiHOe2l aA3POO0UHAMUKANBIK napamempirepoi 3epmmey
IKCnepumMenmmepiniy Homuoicesepi Kexmipineetn. Typoyrenmminikmiy
KapKbIHObLIbIZbl MEH A2bIHHBIY JHCHLIOAMObI2bl MAKANA0d OMbIH-AYd
KOCRACLIHbIY MY31Y MUIMOLTIZIHE JICOHE KEUIHHEH JHCAHY ObLH MUIMOLNIciHe
acep ememin Heeizel pakmopnap peminoe Kapacmoipbliaobl. A3ponomox
op mypai ouamempoeei, Kipe bepicme Oypaimanvl KaiaKuaoap
bap exi YuruHOpIiK KAHaniovly [winde2l U30MmepMusiiblK icaz0anuod
sepmmenedi. TypOyrenmminikmiy KaApKblHObLIbIZbI MEeH A2blHHbIH
AHCHLIOAMObL2bl APHA [WIHOe2l opmypai HyKmeaep YWiH alblHAOvl.
Homuoicenepdi ycvinyowiy epaguranvly popmamel mycinyee biH2aiibl
bonvin mayoanaovl. KapkblHObLIbIK NeH HCeblI0amMObIKMblY MOHIHE acep
ememin gpakmopaap IKCnepumMeHmmix 0epekmepoi manoay He2iziHoe
kenmipinedi. Kananoapoasel aya azbiHblHbIY KYDbLILIMbIH 3epHMey
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Oizee Jcanapmail Ky aimasbli aHblKmayea MymMKiHOIK 6epedi. Makana
IHEP2eMUKA JHCOHe AdIPOOUHAMUKA CANACLIHOA2bl 3epmmeyuliiep MeH
MAMAHOAp YUin Kbi3blKnbl O01Ybl MYMKIH.

Kinmmi co30ep: omvin-aya Kocnacel, mypoyeHmmix KapKblHObLIbI2bL,
203 mypOUHAbl KO32AIMKbIL, KYUBIHOGMKbIW KATAKUATAD, HCAHY KAMEPACHL.

H. P. Kapmoacanos', *M. I'. JKymazynoé’, C. b. Caovixosa’
123Eppasuiickuii HAIIMOHANBHBIH YHIBepcuTeT umenu JI. H. I'ymunesa,
Pecnyonmka Kasaxcran, r. Hyp-Cynran.

Martepuan noctynui B pepakuuto 28.11.21.

A3POJJUHAMMNYECKHUE NOTOKU BHYTPU MOAYJIA
KAMEPBI CTOPAHUSA I'A3OBBIX TYPEUH

Cmamusi codeparcum pe3yibmantvl 3KCHEPUMEHNOE RO UCCTROOBAHUIO
AIPOOUHAMUYECKUX NAPAMEMPO8 8 YULUHOPUUECKOM MOOYe KaMepbl
ceopanus 2az3060u mypouHvl. HHmencueHocms mypoOyieHmHoCmuy u
CKOPOCb HOMOKA PACCMAMPUSAIOMCS 6 CIMAINbe KAK OCHOGHbIE (haKmopbl,
sausowue Ha IPdexmuenocms 06pPA306aHUsL MONIUBHO-8030VULHOU
cMecu U Kak cieocmeue Ha 3QhekmugHocms nocieoyoue2o 20peHusl.
Asponomok uzyuaemcs 6 U30MEPMUUecKuUx YCi0Gusax 6Hympu 08yx
YUTUHOPUHECKUX KAHANL08 PA3IUYHO20 OUAMEMPA C 3A6UXPUMENbHBIMU
aonamrkamu Ha éxode. UHmeHcusHoOCms mypOyIeHMHOCMU U CKOPOCMb
NOMOKA NONYHeHbl OJis PA3IUYHBIX MoueK eHympu kanana. I paguueckuil
dopmam npedocmasieHus pe3yibmamos 8blOPar Kax Haubosee yOooHbill
0151 noHumarnust. akmopwl, GIUAIOWUE HA 3HAYEHUE UHMEHCUGBHOCU U
CKOPOCU, NPUBOOAMCSL HA OCHOBE AHANU3A IKCNEPUMEHMATbHBIX OAHHDBIX.
Hccreoosanue cmpykmypsl meueHus 6030yxa 6 KaHaiax odem HaMm
603MOJICHOCHIb ONpedenums 30HblL npbicka monauga. Cmamvs Modicem
npeocmasisimos unmepec OJisi Ucciedosamereil U CHeYuaiucmos 6 ooiacmu
IHEePeeMUKU U A3POOUHAMUKU.

Kniouegvie crosa: moniusHo-6030yWHAs CMECH, UHMEHCUBHOCTb
mypoOyieRmHocmu, 2a30mypOuHHblil 0gueamenb, 3A6UXPUMETbHbBLE
JIONAMKY, KAMEPA CCOPAHUSL.
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