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NUMERICAL SIMULATION ON A VOLUTE OF
STRAIGHT CONICAL DUCT TYPE BY MULTI-BLOCK GRID

H. Bae", H.G. Kang', I.S. Yoor’, K.C. Park’ and K.S. Chang’

Numerical investigation of a centrifugal compressor volute having a modified straight conical duct has been
made. Three-dimensional Reynolds-Averaged Navier-Stokes equations with k-& turbulence equation are solved To
avoid coordinate singularity at the central axis of the duct, multi-block H-type grid is generated on the circular
cross-sections of the volute and stretched toward the solid wall boundary. We obtained numerical results with three
different mass flow rates at the volute inlet, namely, with the inlet conditions that give small, medium and large
mass flow rates at the outlet of the conical duct. Agreement with the experimental results is observed.
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Nomenclature
L, : inlet length of straight volute
L, : volute length with constant outer diameter
L; : a half length of 1.2

d; : diameter of straight volute tongue
d; : diameter of straight volute outlet
hy : inlet height of straight volute

h, : length from inlet to center of volute
Vg : radial or swirl velocity

Vr : tangential or throughflow velocity

Ps : static pressure

Vi : radial or swirl velocity of inlet

Pyr : reference static pressure (Pref= pU02/2)
Up : reference velocity (Uy=20mvs)

O : inlet velocity setting angle [degree]
p : density
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Table. 1 Geometry of Volute[m]

L1 1.25
’L2 | 0.25
L3 0.125
dl 0.012
a2 0.145
hl 0.1

h2 0.006
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Fig. 2 Multi-block grid for a straight volute of conical shape
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Table .2 comparison of inlet condition with the experiment of
Braembussche et.al

condition of }

mass flow inlet velocity setting Braembussche et. a "

angle ofthis study (9) |vane setting | ,\ |

angle(d) | Dlockage |
small 39 21 yes
optimal 50 40 no
large 60 0 o
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Fig. 3 (a) Multi-block grid for pipe flow of circular cross-section, (b) Three-dimensional velocity contour, (c) Three-dimensional turbulence

kinetic energy contour
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Fig. 4 Measured (solid symbol) and calculated (blank symbol)
for a small mass flow rate: swirl (a), throughflow (b),
velocity and static pressure (c)
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Fig. 5 Measured (solid symbol) and calculated (blank symbol)
for an optimal mass flow rate: swirl (a), throughflow (b),
velocity and static pressure (c)
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Fig. 6 Measured (solid symbol) and calculated (blank symbol)
for a large mass flow rate: swirl (a), throughflow (b),
velocity and static pressure (c)
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