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Performance of an Axial Turbo Fan by the Revision of Impeller Pitch Angle
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ABSTRACT: The aim of this paper is to suggest one efficient method for the various
requirements of performance during the process designing and producing an impeller. The
study considers that the revisions of a pitch angle of an impeller at an axial turbo fan affect
an air flow rates and a static pressure rise. The axial turbo fan specified with the 250 Pa
maximum static pressure and 1300 CMH fan air flow rates was tested and analyzed by
CFD. The Numerical results show that the air flow rates are calculated to 1,175 CMH, 1,223
CMH, 1,270 CMH, 1,340 CMH and 800 CMH in cases that the pitch angles are 44°, 49°, 54°,
59° and 64° respectively. Also the static pressure rises are shown to 108 Pa, 122Pa, 141 Pa,
188 Pa and 63 Pa at the same cases. The air flow rate is increased linearly according to the
changes of the pitch angle from 44° to 59° and the maximum air flow rate passing the im-
peller is increased to 13% over at the case of 59° pitch angle compared with the reference
case of 54° pitch angle. The static pressure rise is increased linearly according to the
changes of the pitch angle from 44° to 54° too. The static pressure rise at the 59° pitch
angle is increased to 33% over compared with the 54° pitch angle. The result shows that
the revisions of pitch angle make the static pressure rise increase widely. However the air
flow rates and the static pressure rise at the 64° pitch angle are suddenly decreased because
of over-changed pitch angle.
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Fig. 1 Schematic diagrams of the impeller in
the present study.

Table 1 Referenced impeller geometry pa-

rameters

Definition Value
D; Impeller diameter [mm] 200
Dy Hub diameter [mm] 110
T; Impeller thickness {mm] 44
X . Chord length [mm] 37
Y, Camber [mm] 18
Y, Blade thickness [mml] 46
¢ Twist angle [°] 24
8 Pitch angle [°] 54
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Fig. 2 Schematic diagram for concept of rel-
ative velocity formulation.

Table 2 Governing equations and coefficients

Continuity equation ;
—_
+(eW=0

x-momentum equation ;

=W, W==-L+ +(um W)+B,

y-momentum equation ;

. = a .

(oW, W)=—~a—f7+ (g~ W)+B,
z-momentum equation ;

. - d :

'-_(sz W)=_‘5§+ ”7(#'— W2)+B2
Turbulent kinetic energy equation ;

+(ok W)=
Dissipation rate equation of turbulent kinetic energy ;
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(a) Schematic of axial turbo fan
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Fig. 3 Axial turbo fan and solution domain of
the present investigation.
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Pressure gauge Flowmeter gauge

p P Airflow direction @
e

; > »>

Axial Turbo Fan ZStraightness vanes

Fig. 5 Schematic of experimental equipment.

]

Wol M & F7)73 AZA (periodic boundary condi-
tion)& H&3M4id.

B AT E AgRAe Folds sty
484 Z=2a% FLUENTE AH&3ign. old
AHe-E A A uAEARAZ ALgR A9
Ao = 2 129408 ol& Fig. 490 U EWY
Ak AL g wrEANA ZF FAY e Ay
2 QA BF 1x1079)31Y o $Psggn
TAAYLH FEE 93 HE RRARATE
oF 12009 01 L},

4. TR AM e BTN HE

2 @7 e sARNR2Re HFF5E 959
4 mA ] AEAANY 54°9 A g W
dd FARF R FFRIAMY AN ER
€ dF3un. o) ZFA= Fig 5ol dFHer
viEbd nhel 22 KS B 6311 £3719 A8 2

Table 3 Experimental results compared with
numerical results

Experimental — Numerical

g,
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Fig. 6 Schematic diagram of investigation plane.
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Fig. 7 Numerical results of static pressure
and absolute velocity at the 54° pitch
angle.
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Fig. 8 Distributions of static pressure at the
44° pitch angle.
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Fig. 9 Distributions of static pressure at the
49° pitch angle.
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Fig. 10 Distributions of static pressure at the
58° pitch angle.
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Fig. 11 Numerical results of static pressure
and absolute velocity at the 64° pitch
angle.
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