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FETROOBRA:

« PETROBRAS => Main Brazilian user of
turbomachinery

* Knowledge in specification, tests, maintenance,
performance behavior

* New lines of research and get knowledge in other
areas to support the Company activities

* R&D activities in CFD simulation: cut down costs
® CFD is a strong tool in turbomachinery project

CFD shall support maintenance and operation
activities
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Many Brazilian Universities have projects Iin
application of CFD in turbomachinery
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BR OBJECTIVES

e

+ Choosing a turbulence model in a simulation of a
centrifugal compressor impeller

+ Evaluation the impeller performance to be used in a
centrifugal compressor of a gas turbine with 600
KW power

+ Check the performance impact due to changing of
some geometric parameters

* Check the performance impact due to changing of
the number of blades

- ® Check the performance impact due to using the
same impeller with splitters
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RANS MODELS: TWO EQUATIONS MODELS

The main turbulence models:

k- € => to be applied far away of the wall
k- w => better results close to the wall
SST => Use both models (k- € & k- w )

RNG k- € => good results with rotative flow and
flow in curve surfaces

® Constant numbers and functions of the RNG k- ¢
has been developed theoretically
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TURBULENCE MODEL VALIDATION

- RANS Models selected for validation : k- ¢ , SST, RNG
k- ¢ and SSG

* There are experimental datas available in the literature

- ECKARDT published a paper with an impeller geometry
and experimental performance data:

~Impeller A: 130
— 20 blades, -

— outlet angle of 300 ./
— Rotation: 14.000 rpm
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TURBULENCE MODEL VALIDATION

* QOperational conditions:

® Total suction pressure: 101,3 kPa

® Total suction temperature: 288,1 K

* Mass flow: 4,54 kg/s

® Working fluid: air

* Choi & Kang (1999) e Oh et al (1997) published some
papers based on the impeller of ECKARDT

The experimental performance data showed by Choi &
Kang is in the point R/R, = 1,075

The turbulence model validation were based on the
Choi & Kang (1999) work
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CFD RESULTS

Pressure Ratio - 14000 RPM

® Comparison of modeled data with the
experimental data:

Flow (mp=4,54 ka/s) | Choi & Kang SST SSG K-e RNG K-e
0,8 . mp 2,01 1, 1,89 2 1,98
1. mp 1,96 1, 1,89 1,96 1,94
1,2 . mp 1,89 1,8 1,86 1,89 1,88

Isoentropic Efficiency (%) - 14000 RPM
Flow (mp=4.,54 ka/s) | Choi & Kang SST SSG K-e RNG K-e
0,8. mp 92,5 89,23 90,36 93,56 93,45
1. mp 93 93 91,65 93,78 93,34
1,2 . mp 90,5 91,8 91,42 91,56 91,36

® Bestresults: RNG k- € and k- ¢



m RESULTS of RNG k- £ MODEL

PETROBRAS

P at Trailing Edge



RESULTS of RNG k- e MODEL
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Velocity at 80% Span




IMPELLER NEWMARC
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Nascimento et al (2007 & 2008) have been
developing a gas turbine project

* One dimension project results:
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IMPELLER NEWMARC

= 12.000 rpm
*R.=4,0
*Pe T -ISO conditions
= 12 blades

* Mass flow: 4,3 kg/s
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STUDY CHANGING BOUNDARY CONDITIONS -
Case 1
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_ ® Case 1: Total pressure and Total temperature at
inlet and mass flow at outside

® Small domain
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« Poor Result: Efficiency and Flow
Coefficient




STUDY CHANGING BOUNDARY CONDITIONS -

® Case 2: Static pressure and Total temperature
at inlet and mass flow at outside

« Small domain
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« Some figures generated by CFX were
iInconsistent

Case 2




ﬂ FIGURES CFX CASE 2

PETROBRAS

Relative Mach at Leading Edge

e Spanwise Plot of Relative Mach Number at LE




STUDY CHANGING BOUNDARY CONDITIONS -
Case 3
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_ ® Case 3: Total pressure and Total temperature at
inlet and mass flow at outside

® Long domain
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& Results according to the theory




FIGURES GENERATED BY CFX CASE 3

PETROBRAS

P at Trailing Edge

at Leading Edge




PETROBRAS

FIGURES GENERATED BY CFX CASE 3

Velocity at 80% Span




GEOMETRY CHANGING: X + 10 mm
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Expected result:
* Incresing in friction loss
» Reduction of turbulence loss

Result of changing the dimension X: Lower Py



GEOMETRY CHANGING: X - 10 mm
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Expected result:
* Reduction of friction loss
* Incresing of turbulence loss

Result of changing the dimension X: Lower Pg



IMPELLER WITH 18 BLADES
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Expected results:

* Incresing in friction loss

* Reduction of turbulence loss
* Increasing in incidence loss
» Reduction of loss due to slip

*Best results of all simuations
*According to Xu (2007), P = 4=> N° Blades >18




IMISELLER WITH SPLITTER
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Expected results:

* Incresing in friction loss

* Reduction of turbulence loss
« Same incidence loss

* Reduction of loss due to slip

Performance is a little bit better that the original
*Pressure ratio is a little bit lower than the original
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BR CONCLUSIONS
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PETROBRAS
© |t was possible to evaluate the impact of geometry
changing without any experimental data

- Saved time and cost
CFD allowed evaluate the one dimension project

* To get better results the grid must be well refined
and choose the proper boundary conditions

* The model RNG k- € gave good results

« CFD is a very power tool to be used in new projects
and developments

& CFD shall be used complementing the one
dimension project

. ® Changing the dimension X => it is necessary to
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