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1. Gas Turbine Model Combustor
2. Double Swirl

3.PVC

4. Vortex Shedding

5. Flame Wrinkling

6. Vortex Breakdown

7. Inner Recirculation Zone

8. Outer Recirculation Zone
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. Deutschen Zentrums fur Luft- und Raumfahrt
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Liftoff

. Flashback

. Extinction

. Scale Adaptive Simulation

. Detached Eddy Simulation

. Reynolds Averaged Navier Stokes

. Eddy Dissipation Model

0. Finite Rate Chemistry
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1. Flamelet Generated Manifold
2. flamelet progress variable

3. Dissipation

4. Reynolds Stress Model

5. Mean Reaction Rate
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Figure 1- Schematic drawing of the model combustor[1]
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Table 1- Characteristics of Flame A [1,9]

Air CH, P Tglobal adiabatic
sl/min | g/min | sl/min | g/min | kW Pgioba | fglobal K
Flame A 850 1095 58.2 41.8 34.9 0.65 0.037 1750

Py, thermal power; @1, equivalence ratio for the overall mixture; fgop,1, Mixture fraction for the overall mixture;
Te1obal aa» adiabatic temperature for the overall mixture with inlet temperature T, = 295 K
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Figure 2- a) 3D computational domain of central swirler, b) 3D computational domain of annular swirler.
GILS (5192 (5393 4 bty (G dw (Flawlons (oo (01535 0 (5198 (5393 4 gty (G dus (Flawlono (oo (@Y JSCi

Sy dloads ool lis 5l ol alados 4y bgy e (650 dal il g eolatnl 0,90 4l ¢ Gl o ¥ S (o
ol ol 458,515 (o sl (65 s Siln Jee) 5 s selah sloJUIS 51 VL oo ) (Hinlons oo
Sl o bl lajlogsgs 5 oloslols (SBASS | (gosS 5 90 ety by S5 L 5 8 shisir Oy S
Joo 4 azgi @Sl Gl w50 A5 (n Pt S o0 20 ) Slewbre Gl 003 A0 5 e plejlul 25
Sod oo ez ge o)l (nl (59, )0 ASed (B (35, &S ey Sl )L Sl (639)5 o)l 9, 3 (Ol Gl
(ORZ) gy 55,5 4l b 598 o wmgo yol ol L¥ICI01S 5 5925 lam )] (55, 5l 5 dumms o100 4y 5l ,> &S
ol opl aois 0l (gilwand (28ly o3lal 5l 555 (IRZ) 3l o )5 4l ol 0% 9 d9dd S aladone g0
(LS Slew (5959 (il o)l 59, sshate ay og el ()7 laalejl b Al (500 (b 5T Gl pas
el oas osliiul T 635y sy by 5l Tsn slasdsyg 65ye byi Jlagl gly canl o0d Cule, YKL Ly o)lgan
C‘JM‘ Gcl.«...o 6‘9’“’ sl s34,9 ub)} G > )‘ «899,9 iy Sloadlie A gy e polde QL“" as AJ;QLQ.Q
T 0 .b).w )‘ oolaul lJ 9 CA.’>5.~J $°9,9 (_ngJL»lS JQL&A ol Lv )l-A-A.AJ ASJ h.w}: u.>9.~u 5999 yo ] 00
35 .‘a)‘)u.v 9 490 S yeods g w).vJ pas Ja).m )‘ oolaul L’ La:o)b.:o GALQJ (e R PR 6)L»JM S99
el 0dd Jao (29> lad b b o381 (295

1. Mass Flow Inlet
2. Pressure Outlet
3. Coanda

4. Velocity Inlet

o



S0y el g (S2ed ollJad Lo e

Annular Air Inlet Combustor Walls

Computational Domain ;
- m
2 5 Axis g
= = @
< z o
= o =4
£ g
[
(&)

Computational grid

-
2
£
™
=
£
e
[
(&)

Figure 3- computational domain and applied boundary condition
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Figure 5- Streamline plot and imposed axial velocity contours for reacting flow field simulated using SAS turbulence model[6]
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Figure 6- Streamline plot of the axial velocity for non-reacting flow simulated using RNG K — €, Realizable k — € and RSM
turbulence models
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reacting flow field at four axial sections through GTMC.
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Figurel6- Contours of mixture fraction, pressure, temperature and mass fractions of OH and CH, O resulted from simulation
using RSM turbulence model and TPDF turbulence-chemistry interaction model. Black lines in column A represent equivalence
ratio levels, lines in column B are zero axial velocity regions, and lines in column C are path lines.
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English Abstract

Numerical Investigation of Reacting Flow in a Double-swirled Gas Turbine
Model Combustor
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(Received: 2016.7.19, Received in revised form: 2016.12.16, Accepted: 2017/2.18)

In this work, numerical investigation of a double-swirled gas turbine model combustor (GTMC) was carried
out using RANS approach with three different turbulence models of RNG k-¢, Realizable k-¢ and RSM, and
two different turbulence-chemistry interaction models of EDC (Eddy Dissipation Concept) and TPDF
(Transported Probability Density Function). A detailed reduced mechanism of DRM22 (with 22 species and
104 reactions) was used to represent the chemical reactions. GTMC with a good optical access for laser
measurements provided a useful database for swirling CH,/Air diffusion flames at atmospheric pressure.
Comprehensive comparisons were done for the predictions and measurements of velocity, mixture fraction,
temperature, and chemical species concentrations of H,, O,, OH, H,0, CH,, CO, and CO,. Results showed an
acceptable accuracy of predictions. This means that the simplified 2D-axisymmetric simulation has the ability
to capture the important features and structure of combustion field in a double highly swirled chamber, like
GTMC, with much lower CPU time in comparison with the costly 3D simulations. This study illustrated that
using RSM turbulence model presents acceptable results for the flow field, while the other turbulence models
were not capable of capturing quantitively acceptable results. In terms of comparison between the turbulence-
chemistry interaction models, TPDF led to a good prediction for major species and flame structure near the
inlets, while the EDC predicted more accurately downstream of the flow field. Morever, the analysis of flame
structure showed that mixing of fuel and oxidizer under double-swirl configuration happens fast and in high
levels. In addition, using this type of mixing led to stabilization of main reaction zone in the center of
combustion chamber near the injection plane. As a result, under double-swirl injection configuration clean
and high quality combustion with reduced size of combustion chamber can be achieved simultaneously.

Keywords: Gas Turbine Combustor, double-Swirl Injector, Turbulence Model, Turbulence-Chemistry
Interaction model
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