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Abstract : This study deals with the design method of an axial fan that can make a blade by
parameterizing the blade outlet angle as a function of the hub ratio, assuming that the optimal total
pressure distribution in the span direction is a non-free vortex flow. In addition, the performance of the
designed axial fan was obtained by analyzing it with large eddy simulation (LES) in a three-dimensional,
incompressible flow. As a result, the exponent of the total pressure ratio function that satisfies the
diffusion factor 0.6 or less ranges from 0.49 to 1.0 for each radius. The static pressure, the total and
respective efficiencies of the axial fan analyzed by LES have similar sizes to those of the existing axial
fan. On the other hand, it can be designed while predicting the total pressure according to the geometric
size of the axial fan at the operating point if this design method is combined with the Cordier diagram.
It is judged that the design method of this axial fan can be very usefully used as a general axial fan or

ducted axial fan.

Key Words - Courant number, Ducted axial fan, Large eddy simulation (LES), Non-free vortex flow, Total

pressure ratio
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Table 1 Specification of calculated axial fan

Item Specification
Flowrate, @[m®/min] 1.35
Number of revolution, N [rpm ] 2,400
Tip radius, r, [mm] 55
Hub radius, 7, [mm] 22.5
Blade thickness, t [mm] 1.5
Blade number, Z [-] 4
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Fig. 5 Variation of diffusion factor with the radius
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Fig. 7 Mesh configuration for the numerical analysis

of axial fan tester

H(node) = 22+ <F 1,921%F 7Het oF 34847 7Y

7t ARE AT ol Ze AR a4 A W

He AT 435 & 4AF LESY &4

Do A ARE-3E A3 dA G o)A SRAS

°ﬂ~r4’“]' 350 EA<4 A A (discontinuous  mesh)
= 3

SQE A g3l FIng ARl
3l

3.2 FX[7|Y

Hel =g Ao Mo H &S 7HF &
HES AAZAES AHEHFg 7 =), v}
29 AW w9 HEL EF ZHZ(no-slipp=E
Aoz HASAT = YreEe FHHsE b
9T & EAE% APz = g@—a—};&o\ﬂ %ﬁl

LESe| dRRdol= T3 opAAH
subgrid-scale) 2R A& oW, AZHH] -2
22} Implicit”] ¥ <, o)/ (convection) 23+ %
A} (central difference)”|'H-& 247} &8st

% (dynamic

34 FHAAHZURA H26H M1z, 20224 2

»110
$116.6

1
(a) Type A

(b) Type B

Fig. 8 Geometry configurations between axial fan
and bellmouth

E olxtztE WAAES FHRAE BT
SIMPLEC ¥&118]5<& Agstaith &H, 271412
AL 34 2,400 pmeol] IS EFIML] YF5%

=9 HAAAIYE 183 495x10° %2 A
o, ougt AIZFHA(time interval)oll = F TS
Ll AAxs dr] s S
(Courant number)?E 12 APt o]& EQ =
A (mass flux)°] FE3] AAHES Hole= 39

3 7hA] WA S E A HEAAE ST

OF -
\—%—\:‘

v= 04090122,
) F3ked Fig. 839 o] =
W%OI *C Hélﬂ} 22 Yol AXHEE st
o714 Fig. 8@ FFH AT SMF el 4
uhe2 JFRE AAA st EF SIS
Wnlg-2 FEo] Fue o|Fd £ dFH A

XA & Aot E Fig. 8b)yE FFH A<t



27 o] BE Wukgs 7o B Y
Fol 9IN3==2 MA@ =7o|th webA Fig.
8b)7t AUE © HE ZFH =

& Qe

BESS vehd Zolth oA B3t 4 ®
Aokl Ak ALsAT
1 9, 1 2
Apy=—po, = —pl—r 8
Py ) Pup, 2 p{ 607T(’f‘2 _7‘2> } ®
t h
7
Symbol  Index 170 -
[0} 6 ® : TypeA 1 8
; a Types -60 g
g 5 Line : curve-fit 1 %
5 950 o
) 1 5
5 q40 2
@ | o
o3 {30 o
Z g
2 420 ©
g 1 &
= S
410
0 . o= o

. 1 TN 1
0.0 0.4 0.8 12 1.6 2.0 2.4
Q [mS/min], flowrate

Fig. 9 Static pressure and static pressure efficiency

profiles versus flowrate

Symbol  Index 170

6 ® : TypeA 5
g 5 o : TypeB o-a. 4160 §
] RN Line : curve-fit £ hRsl S
o 5F e =
o 450 ©
Q. e o
© 4r ST 5
° 140 @2
= o
= 3| s
O« Operating point 430 =
I £
E oL . k]
S 2 C-.‘.\\_D\_]} 420 =
o paN =

r J10 =

0 L L 0

1 1 1
0.0 0.4 0.8 1.2 1.6 2.0 2.4
Q [m3/min], flowrate

Fig. 10 Total pressure and total pressure efficiency

profiles versus flowrate

Fig. 9904 A YT AFHU 579
o) AERUTES Bel Tl YYRML Fig

82l ZH3AMI Aulex MZHNA Type BY
57} Type Adll vl %1% (operating point) ©]
A frEFdAe ozt @A JdERAE, 1A
o|F o] fFEFAE ot W A dEhdT} 8
U AYELEL Q=15 m/min7tA = A2 FASH
Ak 71 o] FRE = Type BY A%V < ¢ =
A Yebdt) E3] HHAA HALEELS ¢F30%

S5 uEhga Qivh ¥, Fig. 10014 Ak
Ao Bxe AYEES FAG AFES Holu
AUEES 2AH-HANA oF 40%E UERHLL, Q=
2 m*/min°l A= Type BollA Al oF 60 %E }Ho]

4.2 Cordier M=E E8t SF& T}

Fig. 11& Pascu*®7} ©]&3% Cordier® A=Z
Uehd T A71A SEA (0,2 ABATG,,.)
= 2 9% 4 (1022 JoHT

o = (ﬁv) v ”Q/G_O ©)
opt 60 (2gApt/p)[).75
29 Ap,/p |
o :T’ﬁ{ (@/60)? (1
Table 2= ©|H AF9 SF3Mo] EH-NA &
TH+ Cordierd =25 et AAHY 59 W
o8 et Qth AAZ LESsiXo] 28] A

2 Z42 Type B7} Type ART ¢k o] =A<
SR A T, AAALRYGE A YET
T 71 SH A YRS FolE 4 9l

=13
= T
PAEE oo me Aoldl Aow wrkddh

T HAs AAAR

SUAN2HZUYR H26@ M1z, 2022 28 35



- © Low-pressure fans
# High-pressure fans
and blowers

+Centrifugal pumps

“protjable” curve
0,3 | of maximum
efficiency for
low-pressure fans

01

0,08

0,06
06 08 1

Sopl
Fig. 11 Original Cordier diagram”

Table 2 Specifications of axial fan required at the

operating point

Specification
Item Design LES prediction
Type A Type B
Q[m?/min] 1.35 1.35 1.35
Ap, [mmH,0] | 225 1.8266 1.9312
Topt [ 1.429 - -
Sop [7] 1.6 - -
Apy [mmH,0l | 0.497 0.4954 0.4954
Ap, [mmH,0l | 1.753 13312 1.4358

2 (8)2] FURE wA o] Fojxl Wi, LESS] A
H2 ASFE Gl A (9] FATE TV #
oll, vk AAHNA SR ST RENAM A

=
Az Augze] AHEEARE, 0l EFE ol

36 FHAXHIURR] H26H M1z, 20224 2

(

30
v
f_EL
o
x
M
bt
off
]IO
o
M
2
o
)
fru
2
v
=?1=
o

h

y

>

2

)

>

bt

& of rlo o o U

2

(e}

C:&

bri

A
£
o

A B 4 Joh
AN X3 f5o] EAES Tt o
gk uF Qlo}. v o] S A= LESE
AARGRT o AA U
Wopg-2-9L {0 FAfoll A LAY
ol ¥ Atta AZtAth wehi] Pascu?oll
ZH3e] AL dukE] R
E

25 o F8&3H4 #8&2 F Ao

oy —
Do

I
4o 2
ox 1o

Aol

lo

lo

&, Fig. 119 A 2148 dHelA &
Agel AAAG= Cordierd =l A AL 7
& WEFL & F 2lov, HuE &S 80 %A
85% Alolo| A3ttt Iy LA A LESS|
Aol AYFEE oF 40%E Y glo] B
ztolE Holi Qtt oA HA] Wauke-x9k F
Ae] Al ARl vepd Aoz wAdE
53 olsh & AA WYEES| ArE B
AaE 2 FHD AHCY R AGWe)A

A% 1} ek

g}

Ju rfo

)

b X

2ol HtEn] 7MA ol o3 A" =/

el =S 3xk, HIEA dHjollA LESE &

AdE g 2

D g FLFAR(y)dl 92 Z+ v
xrE

ET450 BEXs MR FAARA Ze=
&

2) FHAF 0.6 ol3kE WSSk AdEY &
9] AFme 4 SHEEE 049~1.0& ZHeth
3) LESZ a4 d 73 Aok 3 A, 18ln

Author contributions

J. K. Kim; Conceptualization, Data curation,
Formal analysis, Funding acquisition, Investigation,

Project adminstration,  Supervision,  Validation,



ZIX}t
oo

]
to
%
og

Visualization, Writing-original draft, Writing-review
& editing. S. H. Oh; Methodology, Software, Resources.

Compact, Quiet and Efficient Ventilation Fans",

Ph. D. Thesis, Virginia Polytechnic Institute and

State University.

References 10. J. K. Kim and S. H. Oh, 2020, "Large Eddy
Simulation on the Downstream Distribution of

. T. Ikui and M. Inoue, 1988, "Turbo-Blowers Turbulent Kinetic Energy according to the
and Compressors"”, Corona Publishing Co., LTD, Operating Loads of Three-Dimensional Small-
pp. 311-504. Size Axial Fan", Journal of the Korean Society

. R. A Wallis, 1983, "Axial Flow Fans and of Power System Engineering, Vol. 24, No. 1,
Ducts", John Wiley & Sons, Inc., pp. 312-343. pp. 78-86. (DOI:10.9726/kspse.2020.24.1.078)

. H. O. Keklikoglu, 2019, "Design, Construction  11.J. K. Kim and S. H. Oh, 2016, "An
and Performance FEvaluation of Axial Flow Investigation on Turbulent Flow Characteristics
Fans", Master Thesis, Middle East Technical according to the Operating Loads of Three-
University, Turkey. Dimensional Small-Size Axial Fan by Large

. M. T. Pascu, 2009, "Modern Layout and Design Eddy Simulation", Journal of the Korean Society
Strategy for Axial Fans", Ph.D. Thesis, Institute of Power System Engineering, Vol. 20, No. 1,
of Fluid Mechanics LSTM Erlangen-Nuremberg pp. 50-56. (DOI:10.9726/kspse.2016.20.1.050)
University, Erlangen, Germany. 12. J. K. Kim and S. H. Oh, 2015, "A Study on

. M. Pascu, M. Miclea, P. Epple, A. Delgado and the  Structure of Turbulent Flow Fields
F. Durst, 2009, "Analytical and Numerical According to the Operating Loads of Three-
Investigation of the Optimum  Pressure Dimensional Small-Size Axial Fan by Large
Distribution along a Low-Pressure Axial Fan Eddy Simulation", Journal of the Korean Society
Blade", Proceedings of the Institution of of Power System Engineering, Vol. 19, No. 5,
Mechanical Engineers, Part C: Journal of pp. 80-85. (DOI:10.9726/kspse.2015.19.5.080)
Mechanical Engineering Science, Vol. 223, No. 3, 13. J. K. Kim and S. H. Oh, 2015, "Large Eddy
pp. 643-657. (DOI:10.1243/09544062JMES1023) Simulation on the Aerodynamic Performance of

. A. A. E. Saiid, M. H. Mansour and L. H. Three-Dimensional Small-Size Axial Fan with
Rabie, 2016, "Design and Performance Analysis the Different Depth of Bellmouth", Journal of
of Cooling Tower Axial Fan Using the Thin the Korean Society of Power System
Airfoil Theory and CFD", Mansoura Engineering Engineering, Vol. 19, No. 6, pp. 19-25.

Journal, Vol. 41, No. 4, pp. 39-48. (DOI:10.9726/kspse.2015.19.6.019)

. O. E. Balje, 1981, "Turbomachines - A Guide 14. J. K. Kim and S. H. Oh, 2013, "Experimental
to Design, Selection and Theory", John Wiley Study on the Aecrodynamic  Performance
& Sons, Inc., pp. 34-58. Characteristics of a Small-Size Axial Fan with

. S. Castegnaro, 2018, "Aerodynamic Design of the Different Depths of Bellmouth", Journal of
Low-Speed Axial-Flow Fans; A Historical the Korean Society of Power System
Overview", Designs, Vol. 3, No. 20, pp. 1-17. Engineering, Vol. 17, No. 6, pp. 73-78.
(DOI:10.3390/designs2030020) 15. SC/Tetra(Version 12), 2015, User's Guide, Soft-

. M. P. Hurtado, 2019, "Optimum Design of

ware Cradle Co., Ltd.

SHUA2EZUDR| H26@ H1=Z, 2022'H 2@ 37



	날개 스팬길이의 전압력비에 따른 축류홴의 설계 및 공력성능평가
	Abstract
	1. 서론
	2. 축류홴 설계
	3. 수치해석
	4. 계산결과 및 고찰
	4. 결론
	References


