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Abstract. The position of combustion chamber between compressor and turbine and combined
action of these elements imply that the working processes of all these elements are
interconnected. One of the main requirements of the combustion chamber is the formation of
the desirable temperature field at the turbine inlet, which can realize necessary durability of
nozzle assembly and blade wheel of the first stage of high-pressure turbine. The method of
integrated simulation of combustion chamber and neighboring nodes (compressor and turbine)
was developed. On the first stage of the study, this method was used to investigate the
influence of non-uniformity of flow distribution, occurred after compressor blades on
combustion chamber workflow. The goal of the study is to assess the impact of non-uniformity
of flow distribution after the compressor on the parameters before the turbine. The calculation
was carried out in a transient case for some operation mode of the engine. The simulation
showed that the inclusion of compressor has an effect on combustion chamber workflow and
allows us to determine temperature field at the turbine inlet and assesses its durability more
accurately. In addition, the simulation with turbine showed the changes in flow velocity
distribution and pressure in combustion chamber.

1. Introduction

The performance improvement of modern gas turbine engine and power plants involves not only the
optimization of parameters averaged over the cross section, but also the formation of the cross section
distribution. Combustion chamber is one of the main elements of gas turbine engines and power plants,
which directly produce an effect on almost all characteristics of GTE. For example, formation of the
desirable temperature field at the turbine inlet determines the necessary durability of nozzle assembly
and blade wheel of the first stage of high-pressure turbine.

Joint operation of compressor, combustion chamber and turbine implies that workflows of these
elements are linked between each other. Compressor parameters change may affect the workflow in
the combustion chamber, and then in the turbine. Thus, during the design of the combustion chamber
it is important to determine not only the temperature distribution, but also to obtain an understanding
of how it is influenced by various factors, including the change of the rotor revolutions and the
corresponding change in the compressor.

Existing studies related to integrated simulation of combustion chamber and neighboring nodes [1-
7] consider mainly the interaction of the compressor and the combustion chamber and in a less degree
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consider processes throughout the whole engine. Meanwhile computer simulation can make the engine
design processes more effective. Therefore, the aim of this study is to investigate the influence of the
compressor on the processes in the combustion chamber and through them on the parameters of the
gas prior to the turbine.

2. Models and methods

The object of the investigation is core engine of power plant. Ansys Fluent three-dimensional
simulation package was used as a calculation tool. Earlier, using this package, the method of
combustion process simulation was tested and verified with experiments [8-15]. Geometrical model
includes: the impeller and guide vanes of the last stage and guide vanes of the penultimate stage of
high-pressure compressor, combustion chamber, nozzle assembly and blade wheel of high-pressure
turbine [16-18].

Periodical sector model of engine core was used instead of full-sized model to decrease necessary
computer memory and calculation time. The sector of combustion chamber includes two burners,
because fuel rate depends on the thrust rating and for the even and odd burners it may differ. The blade
number at sectors of compressor and turbine might differ from the real, by no more than 10%, to
ensure the sector periodicity. Unstructured finite element model is presented in figure 1.
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Figure 1. Finite element model of engine core.

Number and size of finite elements on contact surfaces of the compressor, combustion chamber and
turbine should be approximately equal. Otherwise, such a discrepancy may cause an error during data
transfer from one body to another. The mesh tools Match Control was used to set the periodicity on
the lateral faces of the model. The number of finite elements is about 14 million; the skewness is less
than 0.96. Inlet and outlet boundaries were set for air and fuel, also paired "interfaces” on contiguous
faces of blade rows and the combustion chamber were set. After mesh generation, boundary conditions
were set and mathematical model was specified. Mathematical model includes computational models,
which are necessary for simulation workflow in combustion chamber [19-24]. The interaction between
certain pre-established “interfaces” was set for transferring parameter values from compressor to
combustor and from combustor to turbine. Turbine rotation was set equal to compressor rotation,
because they are on the same engine shaft [25]. The calculation was carried out in transient case for
two operation modes: nominal and 0.5 of nominal.

3. Results and discussion

Velocity field shown on figure 2 was calculated at nominal operation mode. Temperature fields at the
cross-section of recirculation mixing zone (see figures 3 and 4) and at the outlet (see figure 5 and 6)
were calculated on nominal and on 0.5 of nominal operation mode. In addition, radial diagram of
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temperature distortion at the outlet of CC was obtained by simulation (see figure 7). The radial

distortion was calculated by:

Tei—Tc 1

To-Te W
The fields and diagram are presented by the comparison with similar fields obtained by CC

simulation (without compressor and turbine) and by integrated compressor/combustor simulation.

®rad =

1.08e+02 . Lo
9.00e+01 ”

7.20e+01 4

5.40e+01

3.60e+01 !
1.80e+01 4
0.00e+00

Figure 2. Velocity field at the radial section of engine core at nominal operation mode.

(a) (b)
Figure 3. Temperature field at the cross-section of recirculation mixing zone at nominal operation
mode (a — cc with turbo compressor, b — combustor).
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(a) (b)
Figure 4. Temperature field at the cross-section of recirculation mixing zone at 0.5 of nominal
operation mode (a —cc with turbocompressor, b — combustor).
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(a) (b) (c)
Figure 5. Temperature field at the cc outlet at nominal operation mode (a — cc with turbo compressor,
b — combustor, ¢ — cc with compressor).

(a) (b) (©)
Figure 6. Temperature field at the outlet of combustion chamber at 0.5 of nominal operation mode (a —
cc with turbo compressor, b — combustor, ¢ — cc with compressor).
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Figure 7. Radial diagram of temperature distortion at the outlet of cc at nominal (a) and 0.5 (b) of
nominal operation mode (orange — combustor, blue — cc with turbo compressor).
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Mass fraction of NOx was obtained to estimate the influence of different simulation cases (CC with

or without turbo compressor) on performance characteristics at 0.5 of nominal operation modes (see
figure 8-9).

(a) (b)
Figure 8. Mass fraction of NOx at the outlet of cc (a) and at the cross-section after dilution holes (b)
for the cc simulation without turbo compressor at 0.5 of nominal operation mode.
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(a) (b)
Figure 9. Mass fraction of NOx at the outlet of cc (a) and at the cross-section after dilution holes (b)
for the cc simulation with turbo compressor at 0.5 of nominal operation mode.

Velocity and pressure fields were obtained by simulation for both operation modes. Figures 10 and
11 show the velocity changing at the CC outlet.

(a) (b)
Figure 10. Velocity field at the cc outlet for the cc simulation with turbo compressor (a) and
without turbo compressor (b) at nominal operation mode.
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Figure 11. Velocity field at the cc outlet for the cc simulation with turbo compressor (a) and without
turbo compressor (b) at 0.5 of nominal operation mode.

The comparison of simulation results show significant differences in the cases of combustion
chamber simulation, integrated compressor/combustor simulation and CC with turbo compressor.
Besides, differences occur in quantitative (see Fig. 3) and qualitative ratio (see Fig. 7). At both
operation modes in the case of CC simulation with turbo compressor the flame contour, its size and
temperature are different from similar parameters in the case of combustion chamber simulation. For
example, the temperature difference is about 300 K. Since these parameters influence on organization
of the CC workflow, it can be assumed that the received changes will affect the mixing zone. For
example, mass fraction of NOx at the outlet of combustion chamber differs by two orders of
magnitude, and velocity differs by 20 m/s. This is confirmed by the results presented in Figures 5,6—
11.

Differences in obtained results can not be explained only by compressor influence. In this case
calculation results of combustor simulation with the turbo compressor and combustor with only
compressor will be equal. As a comparison shows the differences (see Fig. 5, 6) it is evident that the
presence of turbine in the calculation affects the workflow in the combustion chamber. Thus, the
influence of such elements as the compressor, the combustor and the turbine on each other, takes place
in forward and reverse direction.

Calculation of total pressure loss for the combustion chamber with turbo compressor and without
showed that the obtained values may differ from each other by up to 30%.

4. Conclusion
Summarizing all the above it can be noted that:

o The flow distortion after the compressor influences on the processes occurring in the
combustion area of the combustion chamber.

o Changes in processes occurring in the combustion zone of the combustion chamber, lead to
gas flow parameters change at the turbine inlet.

o Calculation of NOx emission values and a total pressure loss in the simulations of combustion
chamber with and without turbo compressor gives different results.

o Operation of the turbine influences on the formation of the temperature field at the turbine

inlet, particularly making it more distorted in circumferential direction.

The research of this field is ongoing in order to inspect the chemical processes more clearly. Reactor
models are used. Course of chemical processes of the harmful substances formation after combustion
chamber in a turbine is under estimation.
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