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Abstract. The goal of this work is to develop recommendations for the
calculating problem formulation of the medium flow centrifugal compressor
characteristics by computational fluid dynamics methods with the
assessment of the computing resources necessary costs. Calculations are
made on supercomputers of SPbPU "Polytechnic" and "DeltaCluster. The
object of the research is the centrifugal compressor stage for which the flow
investigation has been held in the whole passage. The calculations result
comparison with the practical experiment data for the whole working
characteristics are shown in this work. The leakage in the lap seals and
between the disks gaps investigation work has been made. The calculation
of the whole 2π flat pattern has been made and also the influence on the
calculation results of the between mesh interfaces has been analyzed.

1 Introduction
Centrifugal compressors (CC) are dynamic action energy machines – tools used to compress
and transport gases. The pressure increase is achieved due to the force interaction of the gas
flow with rotating and stationary vane equipment. CC are widely used in all basic industries
(metallurgy, chemical and petrochemical industry, food industry, etc.), maintenance of
pneumatic networks, as well as engaged in the natural gas production, processing,
transportation and storage, carry out the reverse injection of associated petroleum gas into
the reservoir in oil production. It is obvious that regardless of the machine purpose, the power
consumed by a CC is thousands of kilowatts, which increases the requirements for the
installation efficiency, and motivates the consumer and the manufacturer to find ways to
improve it.
The main efficiency indicator is mainly determined by the energy spent on overcoming
the gas dynamic resistance of the flow part. During the recent years, the development of
computer, cluster technologies in particular, allowed to come to the computational fluid
dynamics methods in the calculation of viscous flows in CC [1,4]. The introduction of
numerical simulation in the machine development process can reduce the cost of subsequent
experimental refinement, and ideally abandon such at all. Methods of multiparametric
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optimization are also developed, with their help dozens of CC energy-efficient flow parts
variants are automatically calculated on the computational cluster [6]. It is also possible to
use the complex forms of inlet and outlet chambers for the study, since the flow in them
significantly affects the entire flow as a whole [7]. To save the calculation time, also the timeaveraged formulation of the problem is used, so it is impossible to solve non-stationary
processes arising in the passage. In addition, there are no recommendations on the accuracy
of the computational grids sufficient to calculate a number of the same type stages; turbulence
modeling problems are not fully resolved, as well as recommendations on the internetwork
interface parameters choice [8-20].
1.1 Purpose of the work:
The purpose of the work is to develop recommendations for the stationary calculation
problem formulation of the intermediate-type centrifugal compressor stages characteristics
(Fig.1) with the help of computational gas dynamics methods with an assessment of the
necessary computational resources.
The main research method is numerical simulation based on balance equations iterative
solution in Ansys CFX 14.5 Solver. and Ansys CFX 16.2 Solver.

Fig. 1. General view of the research object - intermediate type centrifugal compressor stage

2 Methods
The object of the study is the corresponding devices blade sector of two medium-flow
centrifugal compressor stages, for which there are experimental characteristics [2]. Flow part
of the stage (Fig.2) consists of: axisymmetric inlet chamber (IC), radial impeller of closed
type (IM), vane-less diffuser (VLD), back-guide apparatus with straightening blade confuser
(BGA) and labyrinth seals (LS) with inter-disc gaps of the hub and shroud disks. Different
types of turbulence models were used: Stationary RANS - approach (averaging by Reynolds
number) to the solution of Navier-Stokes equations, turbulence model SST (Shear stress
transport) [3].
At the diagram (Fig.2) control section 2-2 corresponds to the output of the impeller at a
distance of 1.05D2, section 3-3 corresponds to the output of vane-less diffuser, section 0'-0'
corresponds to the output of the stage. For the impeller stage №1 the rotating area with the
velocity of n=9840 rpm was set, for stage №2 n=10020 rpm.
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Fig. 2. Control sections, stage intermediate elements and boundary conditions scheme

C)

a)

b)

Fig. 3. Stage elements grid view for: a) impeller, b) back-guide apparatus, C) axial labyrinth seal

3 Results and Discussion
3.1 Calculation results verification
The calculation for verification was carried out with the "stage" interface in the entire
calculation area. The graphs on Fig. 4, 5 show a good agreement with the calculation results
of the experiment in the zone of optimal mode f=0.062 for stage №1, f=0.055 for stage №2
and is in the field of engineering error, but when moving to the zone of maximum mas flow
the error increases significantly. Errors arise due to the low-energy flow separation zones
associated with the bad flow conditions of blades deterioration in these modes, therefore,
there is performance overestimation, as the calculation results shows that the flow separation
is missing, so there is no energy loss. On the graphs of Fig. 6, 7 it can be seen that the loss
coefficient for the stage elements qualitatively coincides, except for vane-less diffuser in the
zone of maximum mass flow. A large error in this zone is due to the reasons described above.
To solve this problem, the solution of different turbulence models and corresponding
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computational grids should be evaluated. The plank is installed on the experimental
dependencies, which represents the relative acceptable engineering accuracy of the
experiment ±2,5%.
Polytropic efficiency coefficient by total parameters and the pressure ratio in the control
sections were determined by the equations:
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(1)

Fig.4. The calculated and experimental stage characteristics № 1. Efficiency by total parameters and
the pressure ratio for three control cross sections
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Fig.5. The calculated and experimental stage characteristics № 2. Efficiency by total parameters and
the pressure ratio for three control cross sections

Fig.6. Characteristics the coefficient of the total pressure at the test section level 1 (upper) and stage 2
(bottom)
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Fig.7. Loss coefficient characteristics graphs in the stage 1 elements (top) and stage 2 (bottom)

3.2 Interfaces influence analyses
For fig. 8 it is shown that the application of the interface "stage" in the entire computational
domain (between the inlet chamber and the impeller, the impeller and vane-less diffuser,
vane-less diffuser and back-guide apparatus) led to a minimum error with the experiment,
the greatest error is obtained by using the interface "frozen rotor". Also, the average version
of "Mix" with the interface"stage" was calculated only at the inlet and outlet of the impeller,
the calculation of the characteristics showed that in the section 0'-0' the characteristic is
overestimated and decreases from right to left in the range from 4% to 1.7%, in the other
sections the characteristic are identical.

Fig.8. Polytropic efficiency characteristics Graph by total parameters at the control sections for
different inter-grid interfaces
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3.3 Gaps and seals influence analysis
Disconnection from the calculated area of inter-disc gaps and labyrinth seals has led to the
expected increase in the efficiency by 2.2% in the cross section 2-2 (Fig.9), and by 1.6% 1.7% in the output section 0’-0’, except for one point, which is due to poor convergence in
low-performance modes, as non-stationary processes are taking place. The calculation was
carried out with the "stage" interface in the entire calculation area.

Fig.9. Polytrophic efficiency characteristics graph by total parameters in the control sections when
seals are disconnected from the computational domain for stage 1

The mass fraction of leaks is determined by the equation:

leak 
shroud
leak


mleak
100%
m

[2]
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0.0056
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(2)
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4 Conclusions
Centrifugal compressor stages characteristics modeling qualitatively and quantitatively
coincides with the field of real experiment in the bounds of acceptable error in engineering
calculations up to ±2.5% in the zone of optimum performance. For other modes, additional
other turbulence models and methods of numerical solution formulation should be
investigated, solving low-energy loss associated with flow separation, as well as emerging
unsteady processes.
This research was supported by Compressor vacuum and refrigeration engineering department
administration. We thank our colleagues from Compressor vacuum and refrigeration engineering
department, who provided insight and expertise that greatly assisted the research.
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