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AERODYNAMIC DESIGN AND PERFORMANCE PREDICTION OF ROTOR BLADES
IN A SINGLE-STAGE AXIAL FAN USING CFD METHODS

ES. Kim' and HT. Chung”

'Graduate School, Seoul National University
2School of Mechanical Engineering, Gyeongsang National University

In the present study, CFD methods are applied in the design procedure of rotor blades in a axial-flow fan
and the aerodynamic performances are predicted. The blade profiles initially determined by the free vortex method
and empirical formula are modified to match the target value of the rotor work load through the analysis of 3D
Navier-Stokes solver. The corrected shapes of the rotor blade showed the increase of the efficiency and the pressure
simultaneously.
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Table 1 Design requirements and specifications for axial-flow fan

descriptions units values
design flow rate m’/min 170
total pressure rise Pa 540

rotating speed pm 2000

tip diameter mm 285

hub-tip ratio - 0.551
number of rotor blades ea. 8
rotor chord length mm 93

// e,
T

/ / Rotational
direction

Fig. 1 Design variables of rotor blades
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Fig. 3 CFD results from the initial design
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Fig. 4 Velocity triangles for design correction at the mid span
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Table 2 List of variables from initial design

descriptions units values
rotor work load Pa 540
axial velocity nvs 15.94

inlet flow angles

at the hub/mean/tip deg[°] 64.14/71.0/75.05

exit flow angles

at the hub/mean/tip degl®] | 50.73/66.57/73.05

blade angles on the

leading edge deg[°] 65.33/70.6/74.07
at the hub/mean/tip
blade angles on the

trailing edge deg[°] 40.53/60.87/69.55

at the hub/mean/tip
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Fig. 5 Determination of exit blade angles at the mid span
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Fig. 6 Loss coefficient vs. incidence angles
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Table 3 Comparison of blade angles

descriptions units (;gstizln c%‘::g;d
e e | | 531 | G500
at the hubmeantip | 1) | 7407 | 7436 (+0.49)
blade angles on the 40.53/ 35.40 (-5.13)/

trailing edge ‘ES:% 6087/ | 3550 (:5.87)
at thehub/mean/tip 69.55 | 66,06 (-3.49)
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Fig. 7 Comparison of blade profiles
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(a) Initial design (b) Corrected design

Fig. 9 Flow characteristics at the mid span on the design

condition
=90
-85
b~ T 1
~ —80
~ ]
w A E
8 N =75 -
= — & — Efficiency by initial blade N R by
2 —F— Efficiency by comected blade N E =
2 470 =~
[ ]
5 600 - des =
n 5]
w0 <
g 8
[ B
= 400 =
.g w
-
200 |-
L — A — Total pressure rise by initial blade ™
- ——— Total pressure rise by corrected blade
[ N T R S

925 140 160 180 200 220
Flow rate, O [m” /min]

Fig. 10 Comparison of the performance curves
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Table 4 Comparison of fan performances at design point

descriptions units init.ial cone?ted
design design
rotor efficiency % 81.3 84.43
total pressure rise Pa 321 483
input power kW 1.119 1.621
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