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Abstract. The present work shows a methodology for gas turbine combustor basic design. The idea is to provide information for
producing designs that require minimum development time. As such, the methodology emphasis is on the practical rather than
theoretical aspects of combustor design. Criteria for selecting a suitable combustor configuration is examined followed by design
calculations for the dimensions of the casing, the liner, the diffuser, and the swirler. Calculations of gas temperature in the various
zones of the combustor and liner wall temperatures in the presence of film cooling are performed along with design calculations for
the dimensions of the air admission loles. A computacional program was developed based on the sequence of equations discussed in
the paper, and an example of design is also presented. The sequence of calculations presented in the present paper does not
represent the most advanced methodology possible to design a gas turbine combustion chamber; however, it is ablle to provide a
combustor design that attends gas turbine operation conditions
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1. Introduction

Gas turbines must typically operate over a wide load range. Thus, the combustion chamber should be designed to
operate stably over wide range of conditions. Some wanted aspects are: rapid and reliable ignition, operate over a wide
range of mixtures without danger of blowoff, have minimum loss in pressure, have uniform exit temperature, be small
in size and durable, and have low emission. These aspects are wanted for aircraft and industrial gas turbine combustors,
but for aircraft combustors the requirements are more rigorous. Conventional gas turbines consist of an inlet diffuser, a
fuel injector, a swirler, and three combustion zones, primary, secondary and dilution.

The aim of the present work is to provide information for conventional combustors design methodology, which
requires minimum development time. As such, the methodology emphasis is on the practical rather than theoretical
aspects of combustor design. Some equations utilized in the calculation are based on empirical works available in the
literature or in the accumulated experience of some decades of gas turbine utilization. The sequence of calculations
presented in the present paper does not represent the most advanced methodology possible to design a gas turbine
combustion chamber; there are recent articles in the specialized literature which present some new advances in this
area. However, the idea of the present work is not to show “the state of the art” of combustion chamber design, but a
methodology that does not require sophisticated computational calculations. So that, classical empirical results are used
to obtain the combustor configuration and operational parameters.

A criterion for selecting a suitable combustor configuration is examined followed by design calculations for the
dimensions of the casing, the liner, the diffuser, and the swirler. Calculations of gas temperature in the various zones of
the combustor and liner wall temperatures in the presence of film cooling are performed along with design calculations
for the dimensions of the air admission holes. A computational program was developed based on the purposed
preliminary design methodology, and a combustor chamber designed using this program is also presented here

2. Preliminary Design Procedure

The procedure purposed by Melconian and Modak (1985) to design a combustor is described in Fig.1. The steps in
dashed lines are not part the preliminary design procedure described in the present paper. In the next subsection, just
part of the equations utilized in the design procedure is presented, due the limited space. But they are sufficient to the
reader understand the design methodology idea. The cited references might help the reader to complete the cast of
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equations, but the detailed methodology can be observed in the primary reference of the present article, Conrado
(2002). This reference is graduate final work, and it can be obtained directly to the authors.

2.1. Combustor Dimensions

The reference area (A, is defined as the maximum cross sectional area of the casing in the absence of a liner; and
it is selected by considering the possibility of either chemical or pressures loss limitations. Figure 2 presents the
reference length D, for different combustor configurations.

I Design specifications (All operating conditions). |

v

Select combustor type.

Determine reference area and other reference values.|

v

Determine combustor area. |

v

| Determine Primary Zone air requirements and size. |
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,  System. | | Estimate total film cooling air. l Design Swirler.

| Estimate Dilution Zone air and size.}—hl Design wall cooling. |

| Design flare cooling. |

Design combustor holes,

Figure 1. Preliminary Design Procedure (Melconian and Modak, 1985).
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Figure 2. Reference length D, for different combustor configurations.

The dimensions of a combustor might be determined either by aerodynamic or by chemical rate control. Generally,
when the combustor is sized for a specific pressure loss, it will be sufficient to accommodate the chemical process too.
However, it is necessary verify all possibilities before the final choice. So that it is recommended attention about the
aerodynamic and chemical considerations. The A.ris calculated by the Eq.’s (1) or (2) (Fig. 2).

Ayer = TID, o /4 for multi-can combustor )

Arer=[T(2 Dyt +Dim)2]/4 - (TlDimZ)/4, for annular and can-annular combustors 2)
2.1.1. Aerodynamic Considerations

Table 1 presents representative values of pressure loss terms for different combustors, where AP; 4 is the combustor

overall pressures loss, P; is the total pressure at the combustor inlet, gy is the dynamic pressure at the maximum cross-
sectional area, mjis the total air mass flow rate and T; is total temperature at the combustor inlet. And the Eq. 3

calculates the reference area.



Tablel. Representative values of pressure-loss terms for Combustors (Melconian and Modak, 1985).
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Combustor AP;_4/P; (%) AP; 4/Qer [Ty /A Py

Multi-can 53 40 3,0x107

Can-annular 5.4 30 3,5%107

Annular 6,0 20 4,5%107
0,5
. 2 AP3—4
s /Ty q
A =| R, | —1 ref . 3)
ref a[ P3 J AP3_4
P3

where R, is 143,5 J kg K.
2.1.2. Combustion Considerations

For any operation condition (fuel/air ratio), the combustion efficiency is a function of Q, defined in Eq. 4 (Lefebvre
and Halls, 1959). The empirical relation between combustion efficiency and the parameter Q is presented in Lefebrve
(1966) and in Melconian and Modak (1985). The major part of combustors has combustion efficiency close to 100%
when Q is 73x10°° (SI units in Eq. 4).

— P31‘75ArefDref0‘7seXp(T3 /b)
my '

Q “4)

The parameter b in Eq. 4 is the temperature corrector factor, calculated by the empirical Eq.’s 5 or 6 (Herbert,
1962), depending the equivalence ratio in primary zone (defined in Eq. (7)).

b=245(1.39+ In @) 0.6<@;<1.0 %)
b=170 (2.00 —In @) 1.0<@z<14 (6)
¢g10bal
Gz == — (7
m zp /Ty

In Eq. 7, myp is the air mass flow rate in primary zone and @b is the overall combustor equivalence ratio. The

primary zone equivalence ratio must be chosen into the flammability range. For most hydrocarbon combustion in air,
examination of the determined flame limit temperatures for lean mixtures shows that they lie around 1600K (Melconian
and Modak, 1985), and pressures has little effect upon this limit. Then, the lean mixture limiting equivalence ratio will
be given by a mixture having a temperature rise of AT = 1600 — T3. The corresponding rich extinction value is obtained
in a similar way. The flammability limits might be determined by themochemistry calculations (chemical equilibrium).

Equation 4 is solved with numerical methods to find D, replacing the reference area A..; from Eq. 1 or 2 and the
temperature correction factor b from Eq. 5 or Eq. 6.

2.1.3. Combustor Area and Diameter

There will be two values of D, and A, for each operating condition, one from aerodynamic consideration and
other from combustions considerations. These values are used to calculate the combustor sectional area (Ay) by the Eq.
8.

Aﬁ =0.7 Aref (8)

This simple relationship is quite satisfactory for single can, multi-can, and can-annular; but for annular combustor a
value of about 0.65-0.67 is more appropriated (Melconian and Modak, 1985). The sectional length Dy, is obtained from
the value Ay and in agreement to the combustor geometry (see Fig. 2).

The values of D, and Dy must be chosen such as it accommodates the aerodynamic and combustion considerations
in every operating condition.
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2.2. Preliminary Estimate of Air Distribution and the Size of Combustor Zones
According to Odgers (1980), the amount of film cooling air is:
Percent film cooling air (of the total air from the compressor) = 0.1T5 — 30 )

The air on the primary and secondary zone is defined considering the richest operating condition and replacing its
equivalence ratio in Eq. 10 (Melconian and Modak, 1985), my, is the air on secondary zone.

thyy +igs _ etont ) (10)
1, 0,8

The length of the primary zone (Lp;) is considered to be % of Dy and the secondary zone is %2 of Dy (Melconian
and Modak, 1985). The length of dilution zone is a function of Temperature Traverse Quality in the combustor exit
(TQ) and Pressure Loss Factor (AP3 4/q., see Tab. 1). The TQ is defined as peak gas temperature minus mean gas
temperature divided by mean temperature rise (TQ = (T.x — T4)/(T4 — T3)), and the usual range is between 0.05 and
0.30. Typical values for Pressure Loss Factor are presented in Tab.1. Table 2 shows the dilution zone length to sectional
length ratio (Lpz/Dy) as function of TQ for different values of Pressure Loss Factor. These results are based on the
graphs presented by Melconian and Modak (1985). For values of AP;_4/q,r different of those presented in Table 2, it is
necessary an interpolation. For example, the typical value of AP;4/q.s for multi-can is 40 (as presented in Table 1),
there is not a curve for this value of pressure loss in the TQ x Lpz/Dy diagram presented by Melconian and Modak.

Table 2. Dilution zone length to combustor diameter ratio as function of TQ for different values of Pressure Loss Factor.

AP3_4/qres Lpz/Dg
15 3,78 - 6.TQ
20 3,83 - 11,83.TQ + 13,4.TQ’
30 2,96 —9,86.TQ + 13,3.TQ?
50 2,718 — 12,64.TQ + 28,51.TQ?

2.3. Diffuser

The Diffuser Geometry is represented in Fig. 3(a). The annular area, A,,, is the difference between A.r e Ay The
A; area is the compressor exit. The A, is calculated assuming the air velocity in this sectional area is equal to A,, air
velocity, then:

Ay _ my

(an

Aan man

MAGIC CIRCLE

D, Dy Ds

Lar S ——
Ldome
[

(a) (b) RZ

Figure 3. Diffuser geometry (a) and combustor front end (b)

For conventional design, about half of primary zone air mass flow rate would be admitted through the swirler
and as dome-cooling. Thus, the air admitted through A, (m) is mp,/2; andm,, =m; —m. The mass flow rate
m, corresponds to the sum of the air admitted in primary zone through the swirl and the air admitted through dome-
cooling slots.

The angle Y is obtained by Eq. 12, derived by Kretschmer (cited by Lefebvre, 1983) based upon a formula cited in
Perry (1950).
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2 2
(any)' {1 - ﬁ} (12)
A5’ A

AP, m; /T
—dif -1 75 R, [ —2
P3 P3

o

and 1.75.R, = 502.4 J.kg' K.
The typical pressure loss in the diffuser APy;¢/P3 is 1%. The area Ay is calculated using Eq. 13 (Melconian and
Modak, 1985):

As_ms 1 (13)
Ay my Cd,S

where, Cy s is the snout discharge coefficient, and for a uniform compressor delivery it should approach unit. The length
of the diffuser Ly;; comes from Eq. 14.

Lair= (Ro — R3)/ tgW (14)
where Ry and R are Dy/2 and Ds/2, respectively (as represented in Figure 3a).
2.4. Swirler

The turning angle of the air flow Bgw lies between 45 and 70° (Melconian and Modak, 1985). The swirler area Ay,
is calculated by the pressure-loss relationship purposed by Knight and Walker (1957).

2 2 2
AP, A A X
SW :KSW ( ref ] SeCZBSW _[ refJ (m.SW] , (15)
Qref Agw Ag my

The total pressure loss across the swirler is the total pressure loss across the combustor minus the total pressure loss
inside the snout and minus the total pressure loss in the diffuser. The concordance factor Kgw is 1.30 for thin straight
blades and 1.15 for thin curved blades. Experiments have shown that the combustor will perform well for amounts
ranging from 3% to 12% of the total air (myy, ), and 8 to 10 blades.

2.5. Recirculation Zone

The length of the recirculation zone approximates two swirler diameters and must be smaller than the primary
zone. Equations 16 and 17 calculate the angle and the length of the dome, respectively (see Fig. 3(b)).

2 2 2
_th(th_2DSW)_(th_4LRZ)\/Dﬁ —4DDgw+4Dgy —8DgLgy +16Lg,
2D;>-4D;Dgy +4Dgy > ~8D Ly, +16Lg,”

0 = arc cos (16)

_ Dy~ Dgw

L dome _Tn(e) (17)

2.6. Temperature Calculations
The combustor is divided into four zones: recirculation zone, primary zone, secondary zone and dilution zone. For

each zone, the local temperature will be assumed to vary linearly between the zone inlet temperature (T;,) and zone
outlet temperature (T,,,). For every zone, the outlet temperature is calculated by the equation (18).

Towe=T; + N.AT (18)
2.6.1. Recirculation Zone

In this case, Tj, is assumed equal to T;. AT is the temperature rise from T; to adiabatic flame temperature for
equivalence ratio equal one, and n is the combustion efficiency in the recirculation zone, calculated by the Eq. (19)
(Melconian and Modak, 1985).
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N =0.56 + 0.44 tanh[1.5475%10"° (T3 + 108 In p; — 1863)] (19)
2.6.2. Primary Zone (without recirculation zone)

Equation 20 gives the combustion efficiency in this zone, and Eq. 18 is utilized to calculate T, AT is the adiabatic
flame temperature for the equivalence ratio @;.

n=0,71 + 0,29 tanh[1,5475%10- 3 (T3 + 108 In p3 — 1863)] (20)
2.6.3. Secondary and Dilution Zone

The secondary zone inlet temperature is equal to the primary zone outlet temperature. To evaluate the efficiency in
the secondary zone, first it is necessary to know if mixture is weak or rich (¢z). In the case of weak mixtures, Eq. 21
calculates the combustion efficiency.

log[ log (1/n)] = 0.911 log Y3 + 8.02¢s, — 1.097 + D", (21)

where D" is a empirical constant determined by the equation (22); Yrs is the kinetic fuel loading, and for Ty = 300K is
defined as m/(Vp, .P;"), where 1, is fuel mass flow rate, Vpz is the primary zone volume, Eq. 23, and n is the
reaction order given by Odgers and Carrier (1973) as: n = 1,0 for @xz < 0.5, n = 2k, for 0.5 < @z < 1.0, n = 2/¢sz for

1.0 < sz < 2.0, and n = 1.0 for @z >2.0. If T; is different of 300K, then the correction equation (Eq. 24) is used for Qr;
(Venneman, 1959).

D* = 0,736 — 0,0173(Py/APs.,) (22)
Vpz = LD’ [(Lpz — Lrz)/4 + Lrz/12] (23)
Y _ (g XT;””Y"'Z“ ) (v =@y for @< 1 y =1 for @ > ) 24
VY300

For rich mixtures, just the Eq. 25 is utilized to determine the combustion efficiency.

n=1egs (25)

The inlet temperature at the dilution zone is equal to the outlet temperature of the secondary zone, and the
combustion efficiency in the dilution zone is also calculated by the Eq.(21).

2.7. Wall Cooling

For the heat transfer evaluation is necessary to select the slot height s, slot wall thickness t and liner wall thickness
tw, the Fyome distance from the dome slot to the injector, the number of slots Ny, and after that their positions, apart
from the selection of the casing material, steel or aluminum. With these values, the slot areas for multi-can chambers
and can-annular chambers are obtained as: Ay, = TtDyg; and for annular chambers

Aslot = T[(Dim + Dan) s+ T[(Dim + 2 Drcf' Dan) S (26)
In the section 3, the Figures 8 and 9 show clearly the differences between Ljone and Fyone, but they are represented

in Portuguese, L gpuia and Fegpyia, respectively.
The airflow rate that enters each slot in a certain operating condition is:

m =t slot (2 5)

The following step is to determine p,U,, where p, and U, are the air density and the air flow velocity in A,
respectively.



Proceedings of ENCIT 2004 -- ABCM, Rio de Janeiro, Brazil, Nov. 29 -- Dec. 03, 2004

— m slot (2 6)

U =
paaA

slot

For the dome slot, the mass flow rate, rhslot s is 0.03m, (Melconian and Modak, 1985). To evaluate the cooling,

the temperature in the point just before the next slot air inlet (x) is calculated. In the case of the last slot, the temperature
at the end of the combustion chamber is evaluated.

To evaluate the film cooling effectiveness it is necessary to calculate the p,U,, where p, and U, are the hot gas
density and the hot gas flow velocity in Ay, respectively.

ngg :mg/Aft ’ 27

m, is the hot gas mass flow rate into the combustor (into the liner region). To calculate the film cooling effectiveness,

m must be calculated as the p,U, and p,U, ratio. With m, the film cooling effectiveness 1 is given by (Ballal e
Lefebvre, 1972):

0.15

lJ-a X -0.2 t -0.2
Ne=1.10m"%| — < S for0.5<m<1.3 (28)
g

u 0.15 )02 )02
Ne= 1.28(};‘ ] (Sj (Sj for 1.3 <m<4.0 (29)
g

where |, and g are the air and the hot gas dynamic viscosities, respectively. To calculate |,, the air temperature that
goes through the slots, T,, is considered as T;. The hot gas temperature, T,, is obtained from a linear relationship from
the entrance to exit of zone. The gas temperature close to the wall is calculated by the equation and it will be utilized to
calculate the heat transferred to inner flame tube.

Tw,ad = Tg - T]c (Tg - T3) (30)

The calculation of temperatures at the flame tube wall T,,; (inner surface) and T,, (outer surface) involves the
following heat balance:

Rad, + C; = Rad, + C; = ky, (Ty1 — Tyo)/ tw = Ki_2, (3D

where Rad, is the heat transferred by radiation and C1 is the heat transferred by convection to the inner flame tube;
Rad, is the heat transferred by radiation and C, the heat transferred by convection from the outer flame tube surface;
and k,, is the wall thermal conductivity. The procedures to calculate R, C;, R, and C, can be found in Lefebvre (1983).

2.8. Holes

Firstly it necessary verifies if there is enough air to enter through every combustion chamber zone holes. It is
determined how much air enters through the primary zone, the secondary zone and the dilution zone from the difference
between the total amount of air to enter each zone and the amount of air that enters through other means (for example,
through the swirler or slots).

After the determination of the mass flow rate in each zone and the hole type, plain or plunged; then it is possible
obtain the hole area for each zone. This is an interactive process that follows the related sequence.

1 — Determination of the bleed ratio (B), which is the ratio between the hole mass flow rate (m, ) and the annulus mass
flow rate (m,,, ).

2 — The hole discharge coefficient (Cy}) in the beginning of the interactive process is esteemed as 0.5.
3 — Equation 32 estimates the holes total area (A;) for each row, and AP;,/P; is approximately 6%.

AP, 143.5m,’T
_h=—2 mzh ; (32)
P3 P3 Cd,h Ah

4 — Determination of the orifice area ratio (0 = Ay/A,,), and the bleed/orifice area ratio (4 = B/Q).
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5 — Equation 33 calculates the factor of pressures loss, K; and &, the factor of momentum loss, varies between 0.75 and
0.9 (Kaddah, 1964).

K=1+& {2 +[4p' + (1 &) (4B - B)]"*} (33)

6 — The value of the discharge coefficient (Cy}) is recovered in the Eq. 34 (Kaddah, 1964).

Con= (34)

(k-1)
spk-k(2-B)|”

If the value of Cy), calculated in the sixth step is close enough to the value estimated in the second step, then the
right value has been found. If not, a new iteration is done. This process is repeated until a certain precision in the value
of Cyyp, has been achieved or until a limit number of iterations. At the end of the process, the total area of the holes is
obtained. The number of holes (N;) of each combustion zone is a starting value in the program, which evaluates the
holes diameter

d, =2 | A (35)
T[Nh

and verifies if the holes fit in the liner, that is, if the sum of the holes diameters is smaller than the liner. In the case of
this condition is not satisfied, the program stops, because it is necessary to redefine the number of holes or to reconsider
some parameter. When the holes are well dimensioned, the results of the jet penetration angles are presented using the
recommendations of NREC Report 1082 (1964).

3. The Computational Program

Based on the methodology described before, a computational program in Delphi computational language was
developed. This language was chosen due friendly interface with the user. Is not necessary to know the equations
details to use the program, but it is necessary a basic knowledge about the operation conditions parameters and some
aspects that must be assumed to combustor design.

The starter values or the results are presented in a sequence of screens; the total is seventeen, including the first
one, which is the program presentation. Here just six screens are shown here, due the space limitation.

In the second screen, presented in Fig. 4, the user must inform the operation conditions. The program select four
operation situations, because the aircraft gas turbines have four well defined operation situations: maximum thrust,
maximum altitude, normal cruise, and idle. The program proceeds the calculation of Dy for these four situations, and
the user must choose the best value to accommodate the combustion process for both. The data pointed in Fig 2
correspond to a hypothetical case of multi-can combustor and they are presented in Malconian and Modak (1985),
which permits to compare de program calculation with their results.

#F Condigges de operagdo

.

S
o S e
fe o | forr |

=

Figure 4. Operation conditions (screen 2).

After the initial data operation, the program calculates the flammability limits, and based on these values the user
must define how much air enter in primary zone. In sequence, the program shows the results for the reference length
Dyt from the aerodynamics and combustion considerations, and for the four operation conditions (screen 5, Fig. 5).
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Then, the user must define what is the best value for D ; the higher value must be chosen because it accommodates all
combustion situations and is also convenient for the aerodynamics considerations.

Based on the considerations presented in items 2.1.3 and 2.2, the program calculates the air mass flow rate in each
zone and for film-cooling, and the zones length. The next step is the diffuser geometry, according the item 2.3. The user
must specify the pressure loss across the diffuser and the discharge coefficient at primary air entrance, typical values are
0.01 and 1, respectively. The diffuser geometry is resumed in screen 7, Fig. 6.

The sequence is to determine the swirler. The user must specify the blades angle, air mass flow rate across the
swirler (normally between 3 and 12% of total air), pressure loss factor (= 0.25), if the blades are straight or curved,
number of blades, and some geometrics aspects, as presented in screen 9, Fig 7.

In the screen 10, Fig. 8, the recirculation region is calculated. The program recommends a value to recirculation
region length, based on previous considerations; but the user can change it.

The next program step is temperature through the combustors zones, item 2.6. The program calculates the
temperature for the four operation conditions. These values will be important to the film-cooling slots position, as
commented in item 2.7. In the screen 12, Figure 9, the user must inform slot height s, slot wall thickness t and liner wall
thickness ty, the Fyone distance from the dome slot to the injector, the number of slots Ny, and after that their positions,
apart from the selection of the casing material, steel or aluminum. Then, the program calculates the temperatures at the
flame tube wall Ty, (inner surface) and Ty, (outer surface), for each operation condition. Based on these results about
surface temperature, the user must accept or not the slots position.

Finally, the last program step is to calculate de holes of primary, secondary and dilution zones by the interactive
process described in item 2.8. The user must specify the number of holes desired for each combustor zone.

The final screen presented by the program is a combustor geometry resume, Fig 11.

+f Yalores de area e diametro do liner

Figure 5. Values for Ay and Dy, (screen 5).

ref

Lair

Figure 6. Diffuser geometry (screen 7).
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Figure 7. Swirler information (screen 9).
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Figure 10. Film-cooling (screen 12).
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4. Example of Design

The program presented was utilized to design a single chamber to be coupled in a gas-generator derived of a piston
engine turbocharge. In fact, the complete system is a turbo-shaft composed of four gas-generators and one power
turbine. Table A presents the design operating condition. Just one operate condition is utilized for the project,

corresponding to 0.7 kg/h of air mass flow rate.

Table A. Design operating conditions.

P [MPa] ps [Mpa] T3 [K] 1 [kg/s] T4 [K] @yiobal TQ %
0.4 0.38 503 0.7 1100 0.347 20
Ncombustion Ii'lf [ka/s] AP3 4/ Py AP [ et V3 [m/s] * Az [mZ] * Machine *
90 0.009676 0.05 20 135 0.00229 0

* where: V3 is the velocity at the compressor exit; A; is the compressor exit area; and Mach;,., is the Mach number distant the gas-
generator entrance.

AF Resultados [ _[O] =]
Dy =02800m Nimera de combustores = 6
D =03347m
L =07146m
Wpzp =8 N pzs=8 Nhzo =8
Chzp =001323 M dyzg =001954m  dyzn =002331m
G =027694 7 e | d
/ Zona | |
Primaria | |
D, =0.1960m Dew =00714m Dye| Drer| Zona | Zonade
| Intermecdidaria | Dilui¢éo
|
| |
| |
PN y) ‘ N
Ln T
= %“ =0.2100 =0.1400 =0.3645
Lo, - 008540870 - m Las om Lm m
f T i
Fendas pasicionadas a part da iietar en:
0.02500m
00580 m
0680 m
0.2200m
03600 m
04500 m

Figure 11. Screen of results resume.

The Fig. 12 presents a combustor (liner) photo. For the present application no wall cooling was necessary due the
not so high temperature along the chamber. The Fig.’s 13 and 14 show some experimental results of gas-generator
without load.

Figure 12. Combustor (liner) photo.

The results presented in Figure 13 are included in this paper to show that simplified methodology discussed
here is able to provide a combustor configuration that attends the gas-generator operation range. At the present moment
we can not compare the efficiency of the combustor designed by the methodology present here and, for example, any
design refined by computational calculations. So that, we can say the present methodology probably do not provide the
most efficient combustor chamber, but it provides a device that attends the gas-generator necessities. To analyze the
combustion chamber performance, it is necessary an experimental set up where the fuel flow rate and the air flow rate
are decoupled. The air is provided by a compressor independent of the combustion gases discharge; so, it is possible a
better control of the combustion chamber operation. That will be next step of the present research project.
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Figure 13. Pressure at the compressor exit and turbine entrance.
5. Conclusions

The present paper shows a methodology for gas turbine combustor basic design. The methodology emphasis is on
the practical rather than theoretical aspects of combustor design. So that it has ability to design conventional
combustors, and some different combustors concepts as LPP (Lean Pre-vaporized Premixed), RQL (Rich Quench Lean)
or short combustors are not included in the present discussion.

The paper also shows the computational program developed based on the equations and methodology discussed,
and some program screens were selected to show a calculation example purposed in a gas turbine combustor handbook.
And finally, a combustor chamber designed using the computational program was presented to show the capacity to
design a practical system.

As commented before, the objective of the present work is to provide conditions for producing designs that require
minimum development time. So that it not eliminate some desired refinements in the combustor design based on
experimental tests or computation fluid dynamic calculations. The results of this methodology must be utilized as
preliminary design step, and, for an efficient final combustor configuration, some refinements are necessary. There are
some parameters that can be distant from their real behaviour, due the simplifications adopted; for examples: the
recirculation zone length and the temperature distribution. But it is easier to refine an initial configuration by a detailed
computational calculation than a complex calculation for all design steps.
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