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Numerical Analysis of Turbulent Flow Around a Small Propeller Fan
Operating at the Inlet of Open Chamber
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Abstract

Performace characteristics of a small propeller fan are numerically investigated solving the

continuity and Reynolds-averaged Navier-Stokes equations. The Reynolds stresses for turbulent

transport are modelled using a £—e turbulence model. The present numerical procedure is

constructed using the Finite Volume Method with the SIMPLE algorithme. The performance

parameters obtained from the calculations are compared with the measured values for the various

flow rates. A performance test of the fan shows different characteristics between a radial type at

small flow rates and an axial type at large flow rates. Comparisons between the predictions and

the measurements show that the predicted results are in good agreement with the measured values

and reasonably reproduce the sharp variations of the power and head coefficient around a flow

coefficient @=0.3. These comparisons indicate that the present numerical method is capable of

resolving the performance characteristics with reasonable accuracy. At low flow rates, it is found

that the flow enters the fan in an axial direction and is discharged radially outward at the tip

which happens in the centrifugal fan. The centrifugal effect makes a significant difference in the

characteristics of a fan at the low and high values of flow coefficient.
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Fig. 1 Configuration of the flow model and coordi-

nate system

2. X|HHEFAI Al A Z4H| = A

21 Atz

Eodgolla Al Zlskeb mele Ay 5@
o ofa) A&x Aeg Fig 1o veht ok 7
o] AakEl AW Slrellal £¥ 2y o] 2
ok den] AL Eatel Azt s
ek AA Algel ARgEl A HM a2 o

T

o)

c% E 5
=

CRIREEFINELIE ERERE e

G w@ ARAAE B Y el 4F GEA

2 AR A7 v 370 R g4l

A4 4be) A8 S84 9T HEE Fu) FA7}
Sl dekn sbdsiglat Adbmde 3

o 2718 W7} o 18 QAN Wl o 164 2

oofol Fz A FH FA o

A4 abolsh B 299l FFol o]z

dape mel 2x @e Aoz dAnkdch =

|42 Fig 2ol ehd SAel e

Sald A4 Aed, A%

AEE Be A A AgsE

A
L g o
A

rir

SR



1588

to
o
2

: Pitch Angle

: Camber Angle
: Chord Length
: Thickness

: Skew

v 0™ R

Center Line Axis of
V4 the Root Section

Fig. 2 Definition of the blade section parameters

Table 1 Fan geometry parameters

Fan Diameter (D,) 110 mm

Hub diameter (D) 25 mm
Tip pitch angle (@) 18 deg.
Hub pitch angle () 36 deg.
Tip chord length(C/Dy) wp 0.7111
Hub chord length(C/Dy) wuw 0.1744

Tip camber angle(A.,)

Hub camber angle ( Bhus)

10 deg.

Skew at the tip blade (S/D,)

0.2793

Section form

circular arc

Blade thickness(¢/Dp)

0.015
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(b) Partial view around the fan

Fig. 3 Plane views of the grid construction at ¢{=1
plane
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Fig. 4 A plane view of the grid construction at »/D,
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