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Numerical Analysis of Flows in a Gas

Turbine Combustor
By
Shuichi AOKI

Abstract

The correspondence to the present demand for high powered density gas turbine engines
results in establishing the design method of the combustion system to operate at high
pressure levels, higher fuel/air velocities at inlet, and increased outlet temperature levels.

One of the flow patterns often employed in modern combustors is that of coaxial jet
flow. In this pattern, the central toroidal recirculation zone (CTRZ) is formed in addition
to the corner recirculation zone (CRZ). These two regions are the most important flow
regions in any combustor flow field. Most of the combustion occurs in and near the CTRZ.

In this report, a numerical study of turbulent, isothermal, confined inert co- and counter-
swirling axial flows in an axisymmetric model combustor is presented. Closure of the
Reynolds equations is achieved by using a conventional k-& turbulence model.

The results include recirculation zone characterization, predicted streamline pattern,
axial and swirl velocity profiles.

The numerical method which models the coaxial jet flow predicts these flow regions
reasonably.

Results show that the strength of the outer swirl affects dominantly the size of CTRZ
and for co-swirling the outer flow increases both length and width of the CTRZ. However,
counter-swirling inner flow decreases the length of CTRZ and its width; therefore, it
creates a more compact recirculation zone with a larger recirculating mass and higher
turbulence intensities in the immediate upsteam zone.
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Fig.3 Model of gas turbine combustor for com-
putation
1 : fuel injector with swirl vanes
2 . swirler 3 ignition plug 4 : liner
5: casing 6 . baffle
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Fig. 4 Flow patterns in primary-zone?
(a) Opposite jet type
(b) Swirl-stabilized type
(¢) Combined swirl and opposite jet type
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Table 1 The form of the source term in
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Table 4 Optimum underrelaxation factor @
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Table 5 Sweep times for each variable ¢
to improve the convergence rate
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Fig.15 Change of the lengths of CTRZ
and CRZ against the swirl num-
bers of swirling annular jet flow at
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Fig.26 +, uand w in the model combustor (CS
type a1 =30°, a, =45°)
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Fig.27 +,uand w in the model combustor (CS
type a, =45, a,=45)
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Fig.30 The CTRZ and CRZ contours in the
model combustor
(a)Cases of SBR type a;=0,30,45°,
a, =0 (constant)
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Fig.31 The CTRZ and CRZ contours in the
model combustor
(a)Cases of SBR type a;, =45°(constant),
a,=-45,0,30,45°
(b)Cases of CS type a, =45°(constant),
a,=-45,0,45°
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Fig. 32 Comparison of u profiles with measured
and computed swirling flow in the
straight pipe!?

The computed turbulence models :
a) Reynolds stress equations model
b) k-¢ model
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Fig, 33 Comparison of w profiles with measured
and computed swirling flow in the
straight pipe'?

The computed turbulence models :
a) Reynolds stress equations model
b)k-& model
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