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1. Lean Blow Out (LBO)

2. Thrust

3. Swirler

4. Lean Premixed-Prevaporized
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Figure 1- Combustion stability confine in gas turbine engines [2]
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1. Perfect-Stirred Reactor
2. After Burner
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Figure 2- Schematic of PSR model in combustion chamber [7]
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1. Swirl-Cup
2. Fuel Iterative Approximation
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Figure 3- Current research swirl-cup with two radial swirlers
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1. Optical Sensor
2. Symbolic Time Series
3. Photomultiplier Tube
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1. Mass Fraction of Air
2. Species Transport
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Figure 4- Physical concept of Lefebvre’s model [13]
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Figure 6- Geometry of validation combustion chamber
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Figure 7- Geometry of main combustion chamber
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Table 1- Present study’s combustion chambers dimensions

Parameter Symbol Validation combustion Main combustion chamber Main combustion chamber
chamber (first blade) (second blade)
Blade angle (Degree) 0, 60 64 70
Swirl number Sn 13 1.09 1.25
Blade number N 6 12 12
Effective area (mm?) A, 870 146.7 190.7
Vane height (mm) B 8 5.1 7
Outer radius of swirler (mm) Ro 11 12.5 15
Inner radius of swirler (mm) Ri 4.65 8 13.5
Vanes thickness (mm) [ 1.2 1.2 1.2
Liner Length (mm) 300 215
Liner width (mm) — 50 100
Primary linerholes | .. | = -e-eee- R 6.25x1, R 5.5x2
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Figure 8- Combustion chamber volume mesh
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Table 2- Injection characteristics

Spray half angle (Degree) 30
Fuel mass flow rate (kg/s) 0.0032
Injector up stream temperature (K) 400
Injector up stream pressure (MPa) 0.8
Break-up model TAB
Injector type Pressure swirl atomizer
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Table 3- Specification of numerical simulation for the main combustion chamber

Parameter Numerical Simulation
Boundary condition Mass flow inlet-pressure outlet
Model k — ¢ Realizable
Near wall treatment Standard wall function
Mixture Air-Kerosene
Equations Implicit
Air mass flow 0.589 (kg/s)
Fuel mass flow 0.0032 (kg/s)
Pressure inlet-outlet 321325-331325 (Pa)
Hydraulic diameter inlet-outlet 64.78-36.33 (mm)
Turbulence intensity 7%
Wall treatment Adiabatic
1. spread
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Table 4- Lean- Rich limit in combustion chamber

Lean limit Rich limit Average temperature in primary zone Outlet temperature in combustion chamber
(Mass weight) (Mass weight) (K) (K)
0.046 0.339 604.9 445.28
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Figure 9- Flame volume comparison in present study in two states: (1) Just fuel species transport,
(2) With consideration of atomization and vaporization
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Figure 11- Calculation of flame volume in CFD-POST software
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Table 5- Specification of numerical simulation for validation combustion chamber

Parameter Numerical Simulation

Boundary condition Velocity inlet-Pressure outlet
Model k — € Realizable

Near wall treatment Standard wall function

Fluid Type Ideal gas

Inlet velocity 20.14 (m/s)

Pressure outlet 0 (Pa)

Turbulence intensity 5%
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Figure 13- Comparison between test results and numerical simulation results in velocity in center lines for three different mesh
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Table 6- Parameters generate from cold flow numerical simulation in combustion chamber just with fuel species transport

Loading parameter
(kg:m*/s)

Reverse flow
(kgfs)

Flame volume (x10°)
(m°)

0.042245

0.0073

5.95
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Table 7- Parameters generate from cold flow numerical simulation in combustion chamber with fuel atomization and vaporization

Loading parameter
(kg'm®/s)

Reverse flow
(kgls)

Flame volume (x10°°)

(m’)

0.053124

0.0076

6.99
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Table 8- Loading parameters in Ref [7]

Loading parameter
(kg:m*/s)

Reverse flow
(kgfs)

Flame volume (x10°)
(m°)

0.049039

0.0089
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abaly 5 st o Sl esliinl b pol> gudod 5l il alaasee (o 5.8, odgels 0gasme (cim i a5 Sl SO LLS
A.E)“) ) solazw! 3,90 ).:OLM W) J.»ol? RSN )L.\.E.a ).3‘)4. d"j) (5,.09.0[} |5.¢b44g,g>5mgm<\5s.,\.9)§ u_:)}»o).u).».n.l

il abaly b yiol)ly 4 bgypo polio -1 Jour

Table 9- Values of Lefebvre’s formulas parameters

D v H )
A r c ) r Af
(um) (m*) (i/kg) Pz
1 50 0.0012 43.5 32.84
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Table 10- Values of Loading Parameter and fuel to air ratio in Lean blow out

Method of LBO prediction ((I?;rm;//fs)) 910
Current study ( just species transport) 0.042245 0.003206
Current study (with consideration of atomization and evaporation) 0.053124 0.003691
Ref [7] 0.049039 0.003507
Testresults | e 0.003622
Lefebvre’s semi-empirical correlation | e 0.006818
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Table 11- Error percent of different Methods for lean blow out prediction compared with test results

Method of LBO prediction Error percent (%) qLgo
_ Current study 11.48 0.003206
( just species transport)
Current study
(with consideration of atomization and evaporation) 1.86 0.003651
Ref [7] 3.18 0.003507
Lefebvre’s semi-empirical correlation 46.73 0.006818

= .

g bl o el 99 0l (o) (M V) (S0 all Sloslitnl b 38, (c29als (coniinn S ol G5 )
Al s o ol ol a5 50 0l s3rtan 5 59 52 g 3 Lol bl 39 45 (22 ol
285 18 ey 950 L 90 50 33, (ShgelS edgumme (ol Gl alaie G o oIS el

oy 08,5 a0 b pgs o gl 5 s auoys VKA g 7 pkae gus slia] JEnl comy hai o5 gl 2l 4o
5 oS3 slallas asyo 4 azgi b b sdalie 126 b b duglie 4o las ao o VAP Cogu s 5 oysaaliued
e 4 onbdilyl by, 90 45 S i e oo Uas doys FEIVY oS il o e alal, 51 ol gl b duglis
wied oY jlews CBo b (3.3, heels oogumme (sl 4 j08 ol

Febl Gy b 38, Bl edgume it 0 e iSTas [V] azpe 0 a8 S0 00 gy Slidow o
22,3 WIB (285 )13 (qw)p 9y50 3820 (nl )0 &5 Cogm n5uS g (gemlimedl Son (85 1550 9a) 6,15k
sla b RS L) lL bl by, a5 CdS Glei oyl aion | Jol it 4 az g b aS ab ovalis
(Vo) S oz sl (Vp) alads pon g (M) 3l abaiome a0 (5995 s 0lyz S5 (20 slzar (My) (2255 oLy
S ISL el g, 5o eoliitul 850 anie g Loy AT Cawl 53 LLL S s 1) ) Joe (934 Wls o
e gy 8 45 el Jr 55 il el il Jan Jin 8230 sl ] (stinn tyitest (sla s, 5] e
Febl jloslinul b 5.3, (ohgels 0dgame (cwyp gy Oler 09y ool 5l Sl (ppaides sladas 5 VL Sl pol>
dhize (Ll 4 bgrye Jolie ;0 5 Sy (o2 Glaghy) b (2254es Slaghs) @l (olie (23R 1, S

2,5 oolaiul ol 5l Gl e

&lw

1. B. Hu, Y. Huang, F. Wang and F. Xie, “Numerical Simulation of Cold Flow Field of Aero-Engine Combustors for Lean
Blow off Analysis,” ASME Turbo Expo. Power for Land, Sea and Air, GT 45467, Vancouver, British Columbia, Canada,
2011.

2. D. D. Rankin, Lean Combustion Technology and Control, Second Edition, USA, California, Elsevier, 2016.

3. B. Hu, Y. Huang and J. Xu, “A Hybrid Semi-empirical Model for Lean Blow-Out Limit Predictions of Aero-Engine
Combustors,” Journal of Engineering for Gas Turbines and Power, 137, 2015, pp. 501-510.

4, E. Zukowski and F. Marbel, “The Role of Wake Transition in the Process of Flame Stabilization on Bluff Bodies,”
AGARD Combustion, 28, 1955, pp. 167-80.

5. A. M. Mellor, Design of Modern Turbine Combustors, Academic Press, San Diego, CA, 1990.

6. J. P. Longwell, E. Frost and M. Weiss, “Flame Stability in Bluff Body Recirculation Zones,” Ind. Eng. Chem., 45, 1953,
pp. 1629-1633.

7. B. Hu, Y. Huang, F. Wang, and F. Xie, “CFD Predictions of LBO Limits for Aero-Engine Combustors using Fuel

Iterative Approximation,” Chin. J. Aeronaut, 26, 2012, pp. 74-84.

A. H. Lefebvre, Gas Turbine Combustion, Fourth Edition, Printed by CRC Press Taylor and Francis Group, 2016.

B. Hu, Y. Huang, F. Wang, “FIA Method for LBO Limit Predictions of Aero-Engine Combustors Based on FV Model,”

Aerospace Science Technology, 28, 2013, pp. 435-446.

© ©

\F


http://www.sid.ir

AR IRTA QLA.MAJL) 9 )Le; ‘J5| O)LA.:J ‘f"'ef JL.u ‘d\)ol 9 ;09.“: ‘5..&5);*‘5@.]& AJ)AAAJ

10. A. Ateshkadi, V. G. McDonell and G. S. Samuelsen, “Lean Blowout Model for a Spray-Fired Swirl-Stabilized
Combustor,” Proceedings of the Combustion Institute, 28, 2000, pp. 1281-1288.

11. H. Zheng, H. Zhang, “Feature-Parameter-Criterion for Predicting Lean Blow out Limit of Gas Turbine Combustor and
Bluff Body Burner,” Mathematical Problems in Engineering, Volume 2013, Hindawi Publishing , 2013, pp. 1-17.

12. F.Xie, Y. Huang, B. Hu and F. Wang, “Investigation of the Relation between Flame VVolume and LBO Limits for a Swirl-
Stabilized Combustor,” Materials for Renewable Energy & Environment (ICMREE) Conference, IEEE Publication,
2011, pp. 2049-2053.

13. F. Xie, B. Hu, Y. Huang and F. Wang, “Improved Semi empirical Correlation to Predict Lean Blowout Limits for Gas
Turbine Combustors,” Journal of Propulsion and Power, 28, No.1, 2011, pp. 197-203.

14. W. Xiao, Y. Huang, “Lean Blowout Limits of a Gas Turbine Combustor Operated with Aviation Fuel and Methane,”
Heat Mass Transfer, 52, 2015, pp. 1015-1024.

15. A. Mukhopadhyay, R. R. Chaudhari, T. Paul, S. Sen, and A. Ray, “Lean Blow-Out Prediction in Gas Turbine
Combustors using Symbolic Time Series Analysis,” Journal of Propulsion and Power, 29, No. 4, 2013, pp. 950-960.

16. F. Davoudzadeh and F. Liu, “Investigation of Swirling Air Flows Generated by Axial Swirlers in a Flame Tube,” ASME
Turbo Expo. Power for Land, Sea and Air, Barcelona, Spai, 8-11 May, 2006.

17. W. Dodds and D. Bahr, Combustion System Design in A. M. Mellor, Design of Modern Gas Turbine Combustors, pp.
343-476, Academic Press, San Diego, CA, 1990.

18. J. Anderson, Computational Fluid Dynamics the Basic with Applications, Michigan State University, New York, Mac-
Graw Hill Inc, 1995.

19. M. SanieNejad, Principle of Turbulent Flows and Their Modeling, Danesh-Negar, Tehran, 2009.

20. D. C. Wilcox, Turbulence Modeling for CFD, Third Edition, Dcw Industries, Incorporated, 2008.

21. “Ansys Fluent User’s Guide”, Ansys Inc, 2016.

22. M. Zabetakis, “Flammability Characteristics of Combustible Gases and Vapors”, U. S. Department of Interior, U. S.
Government Printing Office, Washington D. C, 1965.

23. “Flammability Characteristics of Combustible Gases and Vapors”, ISA Standard, ISA-TR12.13.01-1999 (R200X),
Draft Technical Report, 1999.

English Abstract

Lean Blowout Prediction in a Turbine Engine by using Loading Parameter
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Abstract

In the current paper a new approach is provided for prediction of Lean blow out, based on combining cold flow numerical
simulations with test results in a particular combustion chamber based on loading parameter. Two approaches are presented
to calculate these parameters using Ansys Fluent software. In the first method, only the species transport motif and in second
method, the evaporation and atomization of kerosene fuel have been implicated to achieve more accurate results. Finally, the
results of these two methods and also a code based on semi-empirical model were compared with experimental results. The
errors of the semi-empirical code, first and second numerical methods were obtained as 46.73, 11.48 and 1.86, respectively.

Keywords: Lean blow out prediction, Semi-empirical correlations, Numerical simulation, combustion chamber
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