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Nomenclature

Roman Symbols

A Cross sectional area or Flow area

AR Area ratio

a sonic velocity or speed of sound

b Passage width of diffuser

C Blade tip clearance

G, Static pressure recovery coefficient,
Specific heat at constant pressure

C, Specific heat at constant volume

c Absolute velocity

D Diameter

h Static enthalpy

hy Rothalpy(rotational total enthalpy)

7 Rothalpy(rotational total enthalpy)

) Incidence angle

K Loss coefficient

l Blade chord length

Ma Mach number

M, Blade Mach number or Tip-speed Mach number

m Mass

N Rotational speed or Shaft speed

PR Total pressure ratio

D Static pressure
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Pr

Pressure based on rothalpy(rotational total pressure)

Ideal gas constant

Reynolds number

Radius

Blade pitch, Specific entropy
Static temperature

Blade thickness

Blade speed

Relative velocity

Number of blades or vanes

Greek Symbols

> b =2 ™ 9

(@)

Absolute flow angle

Relative flow angle

Ratio of specific heats, C’p/Cv
Difference

Deviation angle

Turning angle or Deflection angle
Isentropic efficiency
Polytropic efficiency

Blade camber angle

Swirl ratio

Dynamic viscosity

Kinematic viscosity

Blade stagger angle, Nondimensional radius or Span

= Xii -

po



Subscripts

Density

Slip factor, Solidity

Flow coefficient

Loading coefficient or Pressure coefficient

Work coefficient

Speed of rotation (rad/s)

Vorticity

Stagnation condition
Impeller inlet
Impeller leading edge
Impeller outlet
Diffuser leading edge
Diffuser trailing edge
Diffuser outlet
Volute outlet
Impeller blade
Diffuser choking
Design value

Exit

Hub

Impeller choking
Inlet

Meridional

Rotational speed or Shaft speed
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ref

rel

Constant pressure, peak efficiency
Radial

Reference state or station
Relative to rotating coordinates
Isentropic, Shroud, Slip, Surge
Tip

Constant volume, Diffuser vane
Axial

Circumferential or Tangential

Superscripts and Overscripts

M

Abbreviations
D.C.
1C.
P.S.
S.5.

Mass
Time rate of change
Average

Blade angle(as distinct from flow angle), Hypothetical

Diffuser choking
Impeller choking
Pressure surface of blade or vane

Suction surface of blade or vane
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Fig. 2.1 Three dimensional view of the centrifugal compressor.
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(b) Side view

Fig. 2.2 Three dimensional views of the impeller and vane diffuser.
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Table 2.1 CFD conditions.

Grid / Solver CFX TurboGrid, ICEM / CFX

% 30~200

S 120k for Single passage
Grid size (No. of Nodes)
2200k for Full passage

Turbulence model k¢ model

Simulation type Steady state

Total Temperature

Inlet B.C. Total Pressure
Flow vector
Outlet B.C. Mass flow rate
Interface Mixing plane / Frozen rotor
_ 1 4 —
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Fig. 2.4 Surface view of grid
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Fig. 2.5 Schematic diagram of the centrifugal compressor.
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B’ Is the vane angle

s is the average
relative flow angle

Fig. 2.6 Velocity diagram at the impeller exit.
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Fig. 3.2 Radial Velocity on mid-span of the impeller and diffuser.
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Fig. 4.17 Slip factor variations.
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Fig. 4.19 Polytropic efficiency variations of the impeller for various M.
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Fig. 4.22 Streamline of separation on pressure surface of the diffuser vane(M,=1.10, ¢=0.157).
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Fig. 4.23 Performance map at the diffuser exit.
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Fig. 4.24 Isentropic efficiency at the diffuser exit as: (a) Low; (b) High
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Fig. 4.26 Static pressure recovery and loss coefficient of the diffuser.
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Fig. 4.32 Deviation angle of the impeller with M, for flow coefficients
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(b) Streamline of the diffuser

Fig. 4.42 Streamline at surge (M,=0.30, ¢=0.072).
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Fig. A1 Variations of inlet Mach number as inlet flow angle of the diffuser.
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Mach Mumber

(@) Mach number contour on the diffuser midspan

SESSEESTEES

Pressure [Pa]

(b) Pressure contour on the diffuser midspan

Fig. A.2 Choking in the diffuser(M,=1.10, ¢pc=0.159).
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A Numerical Study on Aerodynamic
Performance by the Blade Mach Number

of the Centrifugal Compressor

Seoul National University
School of Mechanical and Aerospace Engineering

Wonseok Heo

Abstract

A centrifugal compressor is generally composed of a impeller by whose
rotational motion the energy is obtained, a diffuser by which static pressure
is recovered, and finally a volute serving as a receiver to transfer for other
divices. It is important requirement to properly evaluate the aerodynamic
performance and characteristics during preliminary design of a centrifugal
compressor because it is not obvious to figure out the internal flow property
of a centrifugal compressor including complicated three dimensional turbulent
flow. The prediction and design of the aerodynamic performance of a
compressor have been studied in various ways. Recently, it has not only
been empirically researched but calculated by the computer simulation.

In this study the industrial centrifugal compressor was calculated in three
dimensional compressible viscous flow through CFX 11.0 and in method of

k-¢ RANS turbulent model. It is compared as a change of the boundary
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condition between calculation domains; Mixing plane & Frozen rotor and as
a range of the calculated domain; Single passage & Full passage. And also
it is validated through a comparison with the test results.

This study shows that the centrifugal compressor is calculated for
variations of mass flow rates and blade Mach numbers in the calculated
region by the single passage in a steady state. A lot of quantitative
performance values were obtained and through the obtained values several
variables were investigated to certainly predict and correctly design the
centrifugal compressor. And the methods proposed is useful to analyze the
aerodynamic performance and characteristics of internal respective parts of
the compressor. Especially, momentum transfer and loss characteristics of the
impeller and pressure recovery and loss properties of the diffuser were
focused when the compressor is operated with several flow coefficients such
as at surge, peak efficiency, flow separation on diffuser vane, and choke.

One of the major cause of the impeller loss is the pressure drop when
the operating mass flow rate closes to choking flow coefficient. The results
were classified by blade Mach number to analyze characteristics and the
acrodynamic performance of the impeller. It shows how choke in the
impeller affects on variations of the absolute flow angle of the impeller exit.

In the view of diffuser, the interaction between the impeller and diffuser
was studied as the flow characteristics of the impeller exit. It can be found
the properties of minimum loss and onset of a separation on the vane
pressure side. One of the major cause of the diffuser loss solely is the
vortex propagated from the separation on the vane pressure surface. It is
different from the method of analysis of the impeller characteristics, the

diffuser characteristics is governed by the separation on the diffuser vane,
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not choke in the impeller. Thus the way to analyze aerodynamic
performance and characteristics of the diffuser is to categorize according to
the onset of the separation on the vane of diffuser.

Several mass flow rates being worth of analysis was investigated as
diverse blade Mach numbers. And one of them shows that surge is affected

by a stall in the diffuser vane suction side.

Keywords : Blade Mach number, Centrifugal compressor, Choke,
Peak efficiency, Separtion, Surge, Vaned diffuser,
Work coefficient

Student Number : 2013-20725
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