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Design & Performance Analysis of Approximate Symmetric Airfoil with
Double Circular Arc Camber Used in Reversible Axial Flow Fan
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ABSTRACT

Reversible axial fans are used for air ventilation in subway and road tunnels by supplying fresh air into tunnels and exhausting
polluted air and heat to the outside. The objective of this study was to analyze the performance and design of an approximately
symmetrical airfoil with a double circular arc camber. The shape of the blade sections was designed as an approximate symmetric
airfoil, with a bi-directional configuration. To optimize the reversible axial flow fan, it was designed based on the analysis of
3-dimensional inviscid flows using ANSYS, and the performance of the reversible axial flow fan was tested in a certified
laboratory. According to the results from the laboratory testing, the axial flow fan with the newly designed airfoil blade exhibited
better performance compared to those currently-used in industrial applications. This fan’s performance was confirmed up to 300

C, and a total exit pressure over 1500 Pa, while the reversed flow-rate reached 94% of the forward flow-rate.
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Table 1 Basic design data of reversible axial flow fan

Table 2 Design data of reference axial flow fan

Description Unit D(ePSri(‘(i[:)t;]j:)]e
Inlet temperature K () 294 (21)
Inlet pressure MPa 0.101325
Volume flow rate Forward m*/min 6000
Reverse % 98
Exit total pressure Pa 1500
Rotating speed min-1 1180
Outer diameter mm 2100
Inner diameter-hub mm 692
(D: FanTl}E)os:r?;a?lizer dia.) % 03 of D
Total to total efficiency % 75
Rotor blade ea 12
Outlet guide vane ea 15

e

g & 9 HFWY A (anti-stal)E 3l AE
A G(ring)olyf 2EFA] FH (chamber)of] thsl| ¢1-sf
9lth. Sheard? et al. & JH7} 27091 ¢ 2800 YZLLE
T= ==3l(double ended motor fan)¥} EjG-E ol I Q
g W= 300 C, %9k 3500 Pa AM¥e] ZFa-e A2t
slof EN12101-3 3E52of O3k I571A] vigith, 1ot =
AFEo 7 Agshrlole 77 U Al A Aol
ol 7]&2Ql HERE kit
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O 7 A& (prototype) 2] AHA] AAAIFES Table 19} Zt}
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Fol %
Al %
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Ao HAQA Hojx] AurEF E HsF tjv] 98 %= o
719} vi71E=F vl 119 7HHA] A= OIS, 7IE 7t
o ZFM| AFESHs E7(blade)= BY FF HE
60~80 % Y| 2lo|t},

B o TLof A 229 U7l NACA 65 AL 7|&
ASFAIL Q7 Y 1500 Pa, AR} tjn] ) &
98 %E R sto] I7ie] HH(Eel AT F4)-2
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¢ 3550 7}x] A2k
A1 )% (mapping) 2HlS AaskaL 9lrt.
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Description Unit Value
Volume flow rate Forward m*/min 6000
Reverse % 60
Exit total pressure Pa 1500
Rotating speed min-1 1160
Rotor blade ea 12
Outlet guide vane ea 15
Total to total efficiency % 80.1
Power consumption kW 186.8
Blade profile (section angle ) NACA-65 Series
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+ Solver: Turbogrid 11.0, CFX 11.0
+ Turbulence model: k-w SST model
+ Interface condition: Mixing plane method

Rotor

outlet guide vane

Fig. 1 Grid system (uni—direction axial flow fan)

400 7] 800
r — Total Pressure by Experiment ]
350 £ B Total Pressure by CFD 1 700
— Power by Experiment
F ® Power by CFD ]
o 300 - 600
(=N = §
-] ]
< 4 s00
@ ]
& :
- 400
3
@
g 3300 ©
[=8
= ]
2 -1 200
- 100
0 :H..l;.ul.;HI...;I”..l‘.“l...ll..“: Gs
o 1 2 3 4 5 6 7 8X1°

Flow Rate Q (m3min)

Fig. 2 Comparison of CFD results and experiment data
(NACA-65 blade)
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(a) Blade camberline

K : Inlet blade angle
y : Staggerangle

(b) Max camberlocation

/ﬁ?‘\

Maximum camber location — Original
- Case 1: 36 % of chord length —_— Casel
- Case 2 : 42 % of chord length —_— Case 2

- Case 3 : 28 % of chord length Case 3

Fig. 3 Camber line of new design blade
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Case 2

Case 3

Case 1

Fig. 4 Blade profile of radial line through center of gravity

Table 3 Design results

Radius (mm) Cambg;1 Sj\a:;,le/(deg) Setﬁ?fegn e
346.075 5 46
519.125 4 56
692.150 3 61
865.200 2 64
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Fig. 5 Structural features of outlet guide vane for stage analysis
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Fig. 6 Structural features of bi—directional airfoil blade
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Uni-directional
Flow 1 = 85% max

Fwd: Rev = 100 : 60%

A: original camber line
(MACA B5)

Bi-directional
Flow

fy = 7O % max
Fwd: Rev = 100 : 64%~80%

Sampiehl
B: Symmetrical airfoil C: modified camber
blade line
Bi-directional
7, = 75 % max

Flow
Fwd: Rev = 100 : 94%

Sampy e 2

D : modified camber Line

(@pproximate
symmetric airfoil)
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Fig. 10 Test results of accredited testing laboratory
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Fig. 11 Comparison of CFD results and experiment data
(Reversible axial fan with sample—2 blade)
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Tabel 4 Comparison of CFD results and experiment data
(Reversible axial fan)

Comparison data
Description Unit
CFD experiment
Volume Forward m’/min | 6000 5991
flow rate Reverse % 98 94.1
Total efficiency % 75 74.5
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Fig. 12 Reversible axial fan performance (stability and stall)
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