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A Study of Design Method of an Axial-Type Suction Fan
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ABSTRACT

Many different types of fan have been applying to various industrial fields. Fan design methods are much different depending
on the types of fan, operating conditions, and connecting parts at the inlet or exit of the fan etc. In this study, design methods for
an axial-type suction fan are studied. This fan discharges the air in the relative static pressure of -285Pa to the atmosphere with
the flow rate of 960m*/min. For three-dimensional blade design, three different design methods were applied, such as the free vortex
method, the exponential method, and the cascade method. In the cascade method, the blade loading along the radial direction was
obtained from the lift coefficient which was necessary to obtain the pressure rise on a fan rotor. This method is different from the
free vortex and the exponential method which control the strength of the vortex. The fan performance prediction was conducted using
the CFD with three different inlet ducts. The best fan performance was obtained when the fan was designed by using the cascade
method. The designed fan using the exponential method showed better performance compared to a fan designed using the free vortex
method. However, the fan performance was changed depending on the installed inlet ducts. So, an efficient fan can be designed with
the adjustment of design variables on the basis of the flow structures within the fan as well as the fan design procedure.
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Fig. 1 Axial-type suction fan

Table 1 Aerodynamic requirement for axial fan design

Contents Specification Remarks
. 960 m’/min
Air flow
19.4kg/sec
Static pressure -285Pa suction
Fan speed 8830RPM
Casing diameter 1250mm
Hub diameter 380mm
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Fig. 2 Axial velocity profiles along the radial direction
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Fig. 14 Relative velocity vectors near a hub plane

o
=

Inlet domain (C)
ulewop 8pno

li
i
i
:—\
i

Axis of rotatiorl

Fig. 15 Inlet duct of widely opened suction area and the outlet domain

Aa"le] B8 DIFES et 4-Lof Hlste| D2 EL] AF
822 4.5%9] A& FADIYEA ol agu])7t Ay
Hhon], FoltolAlY Heele 5.7% Hast AvE At

3.3 &x HEEls HECS J¥ (CF)

A F5717F A EE 2] 712 B2 Fig. 15

oA KofFit Qik, Fig. 13} o] 717} ﬂiﬁlﬂi &8
712 Qs Ao oA 90EE Wi Eo] 3%

2 U
719] Aol Ao AdEct WdH EXE Folo] LA
9] Aul(/R)L= 0.704(CL), 0.384(C2)%} 0.224(C3)o]H, ¢
TR 437 AolA HiE el 3 582 & FASITE o
Eo] F7holl= E7} AP AA FEEls SHEGA
o] £571 YAl dist 45 2ol ALkt

Alo|Ale] Wstof w2 a-&o WIS ¢A|9 DI, D2HEo
A9 Axtel 7 Fig. 16004 HlaE AdE Hoil Qiot
AE719] AR Qs &4lTF FdHo Ao Wi o= It &
Al Tog Qlste] DIYE|X Q] a-gof H|sto] 6% Fwo| &
ST A Aol el Y fAjel wetME Adse

#ol& HolZar glizt Mg A7k $F71o1A Wold 4=
5 A|2gje] HRE HE SR slel gaThe Holn 9
o). oleet SUSE HEe] FUTOIA FUIY Fa= o
ERL )3 9188 BolEil 90w, o] 49 24k pid

B9 Ao niste] FAAP ol 12% He HaESE



Huz - 2as

X0 AN 0

) 3 —
0] \ R
o N ——o-~ total pressure 3 =
8 5] YN —-8— system efficiency S
G IR c
2 \\ b 6 &
) LN 5
3 K \\ [
§ 4 \\ \ 9 \g
% AN 2
5 R S P
2 6 N a8 S
o) e o
£ -15 3]
.g 7]
S 8 : . : 18

D1 D2 C1 C2 C3

Inlet duct shapes

Fig. 16 Variation of the efficiency of the fan duct system and the

suction pressure on the different duct

Fig. 17 Absolute velocity vectors within the C3 type duct

Sty

(a) DL (b) C3
Fig. 18 Relative velocity veciors near a tip plane

ofFa glet,

Fig. 112 SEYolAe] SeuElS Rl glizd), Fig,
13901419] DIE|Eo} DR EolA] Qofxl 4z HlEle} ATzt
Aol HolFT k. 0 HEolE FAT AololA
TE 2R AE2 olslo] Folo| g Aooln] £ws WA
obfict. S|HolAk 5719 Aol meHAN DLl el
299k ge) FYEoIAE Aol 2H 50l Wio] gt
g2 K57 FojstEA HE Rz miEe] sisiely
o, wehAl SHoINY A4 Fo] SaEgrlo] fA1E
sl elol] FaysiAl B4Eo] DIFEAN Qoldl Fum 2
ool FEFI FAsA Polzt

Fig. 188§ PR(A9 95904 ] SEMES mojzy

50

(ZEBH - 248
=t " delM e 52 C3HEAE Aol HUollA
W&ol WA {2 YRR AJUSHA =5l g
Aol ZA4 9] 5 AR XA Hol dAH ¥
A3z AolE yehiAl HAd wi2bA AAarztol AXA =
oh, wEba C3Y A= Ao 574 Wat A T
A=t HolZ=a1 Qlet

[e] Ke2Ke]
A==

=

T

4. #

A% A&l AL 25 S50 4 P A
Ask7] Sk el olol that A7E Satgick. 712l 3
A2 o] AL k5 AR FolAl a8l ool gl
L FUSEN AR OR BeHon oXrt AL A%
slsalat A4 Pale Aeston, ® e Pajoz 7
sAOIE o2 uigoR oyYoNe FeALE MEoR
AT e Atk s1Y SEANS BT A
ofZollA Aol ol 29 2 GO HAH BALE A
S ANE Bglon, ALATHOR AAR: ZAurkt A
520l o] S45t ANE W) AT oge gl

2 $FALY P4 wslel] nret FelFoll Eol 1
B9 WS Qlste] Holt FHolA Yalzte HAE YAt
Zpsc} 271517 o} 2uHel 40| Wasislch

TR~

[}

g 7

‘o] = 2008 AR (wgHs7IER) o] Yo §=t
318 (KRF-2008~-005-J01001) 2] 2| o} =35
o1

Haes

(1) Eck, B, 1973, “Fans : Design and Operation of Centrifugal,
Axial-Flow and Cross-Flow Fans,” Azad, R. S., Scott, D.
R., Translation Pergamon

(2) Wright, T., 1996, “Low Pressure Axial Fans,” Handbook
o Fluid Dynamics and Fluid Machinery, 3 Application
of Fluid Dynamics; Schetz, J. A. and Fuhs, A. E., Wiley.

(3) Wallis, R. A, 1961, “Axial Flow Fans,” Academic Press

(4) Wallis, R. A, 1983, “Axial Flow Fans and Ducts,” John
Wiley & Sons

(5) Horlock, J. H,, 1973, “Axial Flow Compressor,” Robert E.
Krieger Publish Co.

(6) Sorensen, D. N, Thompson, M. C, and Sorensen ], N.,

FHNANL:MI13A, W1E, 2010



=35 S0l
é"ﬂ'ooi = lo% |

2000, “Toward Improved Rotor-Only Axial Fans-Part II:
Design Optimization for Maximum Efficiency,” J. of Fluid
Engineering, Vol. 122, pp. 324~329.

(7) Egorov, I. N,, Shmotin, Y. N,, and Fedechkin, K. S., 2005,
“Increasing of Axial Fan Efficiency Basing on Optimization

6th World Congresses of Structural and
MDO, Rio de Janeiro, May 30-June 3, Brazil

(8) Lee, S. Y. and Kim, K. Y., 2000, “Design Optimization of
Axial Flow Compressor Blades with Three-Dimensional
Navier-Stokes Solver,” ASME Paper 2000-GT-0488.

9) M43, Asrh AFE, 2004, A3 E 53 HREF
719 AA FAZAQTAE HE3] =73, pp. 578~582.

(10) Cho, C. H,, Cho, S. Y., Ahn, K. Y. and Kim, Y. C, 2009,
“Study of an Axial-Type Fan Design Technique Using
an Optinization Method,” J. Process Mechanical Engineering,
Vol. 223, pp. 101~111.

(1) x5, #WA, 2F38, 1999, ©

Technology,”

SRS AN AE

FHIAND M3, Ai1s, 2010

9}%&344 gagol B ARA AT KANAAY,
. No. gpp 7~16.

(13) 435, 235, F25, S5 ] e g
A A 1998, FAZIATLE ‘B FdE 3 A

3} =33, pp. 43~48.

(14) Wallis, R. A. 1968, “A Rationalized Approach to Blade
Element Design, Axial Flow Fan,” Proc. 3rd Asian Conf.
Hydraulic and Fluid Mechanics, Sydney, pp. 23~29.

(15) Lieblein, S., 1965, “Experimental Flow in 2D Cascades,”
NASA SP 36

(16) Carter, A. D. 1950, “The Low Speed Performance of
Related Aerofoils in Cascades,” Gt. Britain Aero. Research
Council, ARC CP 29.

(17) KS B631L, 2001, “&5712} Alg 3 AAMPY 22k,

rLE
B

51



