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A Study of Development of an Axial-Type Fan with an Optimization
Method

Bong-Soo Cho, Chong-Hyun Cho, Yang-Beom Jung and Soo-Yong Cho

Key Words : Axial-Type Fan(F5F34F7]), Blade Design(©]3-E 7)), Shape Optimization(F5FZ3}), Aerodynamic
Design(3-8-8 7)), Performance Test(5AE)

ABSTRACT

An axial-type fan which operates at the relative total pressure of 671 Pa and static pressure of 560 Pa
with the flow rate of 4166m’min is developed with an optimization technique based on the gradient
method. Prior to the optimization of fan blade, a three-dimensional axial-type fan blade is designed based
on the free-vortex method along the radial direction. Twelve design variables are applied to the optimization
of the rotor blade, and one design variable is selected for optimizing a stator which is located behind of the
rotor and is used to support a fan driving motor. The total and static pressure are applied to the restriction
condition with the operating flowrate on the design point, and the efficiency is chosen as the response
variable to be maximized. Through these procedures, an initial axial-fan blade designed by the free vortex
method is modified to increase the efficiency with the satisfaction of the operating condition. The optimized
fan is tested to compare the aerodynamic performance with an imported same class fan. The test result
shows that the optimized fan operates with the satisfaction of restriction conditions, but the imported fan
cannot. From the experimental and numerical test, they show that this optimization method improves the
fan efficiency and operating pressures of a fan designed by the classical fan design method.
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Table 1 Aerodynamic requirement for axial fan design

Contents Specification Remarks
. 4166 m’/min
Air flow
8.3 kg/sec
Total pressure 670 Pa
Static pressure 560 Pa
Fan speed 1750 RPM
Efficiency % maximized
Casing diameter 806 mm
Hub diameter 355 mm
Number of rotor 8
Number of stator 7
Stator chord 70% chord at mean
Stator exit angle 0 degree axial direction
Stator thickness 50 mm steel plate
Rotor tip diameter 800 mm
Chord at hub 140 mm
Thickness of T.E 1.8 mm
Rotor thickness at hub 10% chord at hub
Rotor thickness at tip 6% chord at hub
oIS Wdos 28 4

Fojzl HAFOIN 2
g 4 e AL e

Dl sl e A% $F
719 141%‘—%%01]*1 w% EE@ERE 4 0%

FHIHME:-M102, M6, 2007



ELERCERIESEE S

()

THB, BIE AZFTY. Loz Fo gYETofA 9
N EZ(a;, ax& FYe FAUFA IT(0), FH|(s),
AN (0, 2HAZHHCERE 9J3zte] 7+ g3k
o GTelid g QI F E2FeM Y] WolYzis) S
st AAsch Al @ doldzte] &g 9
e A A A 29 #ANYE BL3sd
#ol 92 w7ix s}

§=mpvs/c

p=Pi) @)
l1-mvs/c

e=(p-0-¥

A (MY mE = éﬁl"ribﬂ 2EAZY] S
R el 589 AY At =AM =

Fobe $3719 APASIUE o8N A
A ARS SATAES ARSI 45T 5 Qlow,

AAHA AARGS A (9] 270) BEH}d 1
7 ollel 339 ARA ARG BA W -

A JFS HAS dstdde wbEdREy
ARl w2t fEe s A3 oJSstolop sh,

= A
Eiﬂ%Lﬁmﬁ,OESE%Lﬁmw,éﬁﬂxﬂ

0 © 001 =
#34%, BANT, DPVFY, A5 @ 94HYS
A A4S sk WEe] ot B AT
t 234s Adsked god E@How 7

FHOIANL H10A, M65, 2007

= AL I
8 &8

P 2ol T

Table 2 Rotor blade profile parameters designed by
the free vortex method

7R | G g ¢ c | Br| B
044 1.40 1.00 40.8 1400 | 611 | 363
0.51 123 0.86 50.9 1383 | 644 | 493
0.58 098 0.76 578 1386 | 672 | 573
0.65 087 0.67 62.6 1379 | 694 | 626
0.72 0.78 0.61 66.2 1372 | 7.2 | 663
0.79 0.71 0.55 689 1365 | 728 | 69.1
0.86 065 0.50 711 1368 | 741 | 71.3
093 0.60 0.46 730 1351 | B2 | 730
1.00 056 043 74.0 1344 | 762 | 745

Circumferential direction

0
Axial flow direction

Fig. 1 Initial three—dimensional blade profiles
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Fig. 2 Design variables on the rotor blade
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Table 3 List of design variables for maximizing the
fan efficiency and initial design variables

values

Design variables Values

Stagger angle at hub 0.8
- Stagger angle at mean 66.2°
Stagger angle at tip 740°
Blade angle on leading edge at hub 5L.8°
Blade angle on leading edge at mean 67.9°
Blade angle on leading edge at tip 74.1°
Blade angle on trailing edge at hub 2.7
Blade angle on trailing edge at mean 64.4°
Blade angle on trailing edge at tip a4

Droop 2%

Lean angle at mean Q°

Lean angle at tip 0°
Blade angle on leading edge of stator 18.3°
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Fig. 6 Optimized 3—dimensional rotor blade profile

Table 5 Improved fan performance by the optimized

fan blade
Contents Initial Optimized

Efficiency (%) 76.3 784

Total pressure (Pa) 560 837

Static pressure (Pa) 327 549

Noise (dBA) 94.3 N8

Power (kW) 509 748
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Fig. 7 Comparison of the total pressure
rise along the downstream of the
fan blade
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Fig. 8 Prediction of performance curves on the
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Fig. 9 Picture of experimental apparatus
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