1ok

29 £381212], Vol.18, No.3, pp.54-60(2013)

FFTE& 7IAEHN A4 7| E A 22O Y
Part1- QA7) 37] 24

*F * %
294" 559

i

o I b

Preliminary Design Program Development for Aircraft Gas
Turbine Combustors : Part 1 - Combustor Sizing

Daesik Kim, Gyong Won Ryu, Ki Young Hwang and Seong Ki Min

ABSTRACT

This paper shows a general development process for aircraft gas turbine combustors. As a first step for develo-
ping the preliminary combustor design program, several combustor sizing methodologies using reference area
concepts are reviewed. There are three ways to determine the reference area; 1) combustion efficiency approach,
2) pressure loss approach, 3) velocity assumption approach. The current study shows the comparisons of the
calculated results of combustor reference values from the pressure loss and velocity assumption approaches.
Further works are required to add iterative steps in the program using more reasonable values of pressure loss
and velocities, and to evaluate the sizing results using data for actual combustor performance and sizes.

Key Words : Gas turbine combustor(7}2~E] Rl 14:71), Preliminary design(”7]+%4 7l), Combustor sizing(< 2~

7] 3Z7] AA), Reference area(7]+ W)

T aEP
Alphabets n : Efficiency
A . Area ¢  : Equivalence ratio
CLP : Combustor loading parameter Subseri
H  : Height ubscripts )
K . Constant 3 : Combustor inlet
L . Length 4 : Combustor outlet
. a . Air
m . Mass flow rate
A : Annulus
P . Pressure .
. ¢, comb : Combustion or combustor
q : Dynamic pressure
d : Dome
T : Temperature
. f : Fuel
t : Time .
v : Volume or veloci L Liner
+ Volume or velocity ref . Reference
Greeks res . Residence
p . Density tot : Total
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Cycle Analysis
-Design Requirement
-Operating Condition

Detail Design
-Material Selection
-Detail Drawings

Preliminary Design v
-Injector/Swirler Selection
-Combustor Sizing Cold Flow Test

-Nozzle Spray Test

-Air Flow Distribution o R
-Swirler Aerodynamics
-Ignition Unit Test

Thermal Design v
-Cooling method Selection -
-Temperature Distribution Hot Rig Test
-Ignition Performance
v -Low Pressure Performance
-High Pressure Performance
-Evaluation & Modification

v

| Final Drawings |

CFD Analysis
-Reactive Flow Analysis

v

Structure/Life Analysis
-Stress Analysis
-Life Estimation

Fig. 1. Combustor design process([4].
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5. Dome and liner A #|
|~ Dome Liner 212 24l
1. Cycle analysis data BCETZE ]

-7 57 EY YT size

@5, £0) 3
- 9l47] YEROMS| @F £
(25 %% /Y S) 6. Primary zone M|
- Swirler &4 2
- PZ Yo A%
2. Combustor sizing ‘
- Reference area/velocity  or
- Total combustor volume
7. Secondary zone 7|

-SZ g37|, =+ #o| § 2
-Jet Zt& 9 penetration A4k

3. Air distribution <
- Dome flow (primary zone flow)
- Annulus flow (SZ, DZ, cooling)

®

Dilution zone M|
-DZ £37|, W%, 4ol 5 2H
‘ -Jet b= 9 penetration A4

4. Diffuser 44| ‘

- Diffuser AbA| 37|
- ad A g

9. Performance evaluation
- Pattern factor, comb. eff.
- Combustor loading
- Combustion intensity

Fig. 2. Preliminary design process[4].
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Fig. 3. Combustor loading parameter as a function of
equivalence ratio (modified from Ref. [8])
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where, Vs : reference velocity,

Arr : reference area,
p : air density

'4— Lcomb —ﬂ
Aref

Fig. 4. Schematics for reference velocity and area.
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Fig. 5. Combustion efficiency as a function of theta pa-
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Table 1. Pressure losses in combustors [7] 10 I T
= A mb ™ A ol A o
Type of combustor | AP,y 5 4/ Py | APy s 4Gy e il ;:z-faafir: ‘TCo b= APc o + APhot
Tubular 0.07 37 a8 PR - 30 | ADéumb
b Neomp = 85% 1
Turboannular 0.06 28 2 6| 7IT=1650 K ;
= Keolg = 23 ‘
Annular 0.06 20 § Kyor = 2.3 ‘
° A ‘
7
131‘% Table 194 9] gr&2 3hgdo] §le W7t ! ]
5(cold flow) AJefoll A& Fha=A, Aol High
] = SKe) T AR S ]
U sjol o 271H2) AAEAL el 4 ! g = n A
o7 I3 4 Qlth Combustion zone inlet velocity/[m/s]
Fig. 6. Pressure loss factor as a function of inlet velo-
city[12].
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Table 2. Pressure losses in combustors [12]

0.04-0.07 for aircraft engines
0.02 for industrial engines

Aj:)lotj -1/ tot,3

35 for tubular
25 for tuboannular
18 for annular

APtot.,3—4/‘1mf

area, Ar) /\“(dome AT} o =5 /\(annulus
A)Z BIR) TR T, 2 Aol 27] G 7]
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my my

A= , Ay= 13

‘ PsVy psVy (13)

Combustor length*
— —,‘

- !

V. L+ Annulus velocity
A

Inlet
velocity
head (g;)

Cross-section

Reference area (A)

Fig. 7. Definition of dome and annulus area[6].
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Table 3. Typical dome and annulus velocities [6]

Velocity [m/s] Nominal value Range
Dome (V) 9 7-12
Annulus (V) 50 35-60

o714, FALAZ FUFE B9 FHm) S A
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0

0
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Table 494 o] lo]el 22 e A z19] 7]
™ Z(reference area)™} 7| <1 (reference velocity)S
B . 5HH Table 59} 2T}, Lefebvre®} Sarabanamuttoo
W o A= 4t ?]_]7394 FHAFel 314 (annular) G4
719] Fr& A&k, &= 7Pl i A
o HEg S 8 **74] Lg2 7143}o] Table 39]
A AAE E HYoNA =2 HEZRD V, =11 mss,
v,=55 mise] e ARgsHch

Table 4. Examples of cycle analysis for sample engine

design
A7l gt AL7] &
(station 3) (station 4)
1, [K] 468 1,286
b, [Pa] 409,396 400,145
A [m’] 0.019 0.218
[kg/s] 5.696 -
my [kg/s] 0.125 -

Table 5. Comparisons of reference values

Velocity
Pressure loss approach approach
1) Lefebvre | 2) Saravanamuttoo | 3) Mellor
Aref
5 0.071 0.074 0.074
[m]
I/T{‘f
k 28.933 27.841 27.691
[m/s]
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