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Abstract : In this study, a 3D tube axial fan model designed based on the assumption of the total pressure
ratio of blade span length was analyzed using large eddy simulation in an incompressible state by
changing the sweep and rake angles. As a result, the maximum flowrate increases as the sweep and rake
angles increase; however, the maximum static pressure decreases. In addition, the slope of the static
pressure performance curve of the tube axial fan, which reflects the sweep and rake around the design
flow rate of 1.35m’/min, is not more curved than otherwise, expanding the limit of stall. In addition,
after the flow rate is 0.7 m*/min, the static pressure and the static pressure efficiency are greatly improved
with application of sweep and rake are applied. The highest static pressure efficiency appears at a further
increased flowrate as the sweep and rake angles increase. In conclusion, considering the performance of
static pressure and static pressure efficiency, it is judged that the tube axial fan with a sweep and rake
angle of 20° is the best.

Key Words : Courant Number, Large Eddy Simulation (LES), Rake, Sweep, Tube Axial Fan

*t 72 (http://orcid.org/0000-0003-0412-023X) : L7, *t Jang-Kweon Kim(http://orcid.org/0000-0003-0412-023X) :
FAEn 7 BEE AE Professor, Major of Marine Engineering, Kunsan National
University.
E-mail : flowk k kr, Tel : 063-469-1848
mail : flowkim@kunsan.ac.kr, Te E-mail : flowkim@kunsan.ackr, Tel : 063-469-1848
** 2.4} 9 (http://orcid.org/0000-0002-2012-5084) : L, ##Seok-Hyung Oh(http://orcid.org/0000-0002-2012-5084) : Professor,
T Eta 7 A SR/ 2R F R School of Mechanical Convergence System Engineering, Kunsan

National University.

SA|AHIDOY|X| H27H 5%, 20234 102 67

=


https://crossmark.crossref.org/dialog/?doi=10.9726/kspse.2023.27.5.067&domain=http://kspse.org/&uri_scheme=http:&cm_version=v1.5

ool Aglut gloj=zte] Hatol ME 7

R
L : &3 (power) [W]

Q . % [m*/min]

N 3|44 [rpm]

Pt 78SF [Pa]

T =73 ¥4 [mm]

P, 1 =R 3B (hub) E Et(tip) W3 [mm]
T : EZ(torque) [N'm]

t : 270 57 [mm]

Z D

n, o BYEE (%], {0, =p,Q/(2nNT)}

v : S EH, {v=r,/r}

1. M 2

(backward) 2=
= ek AR Fo
o) ozt
Vad", Neise”, Khiabani >3 M
A L£=oA F71Y9EE 4S5 A9
o o]

9
Ol
on

A

T8 25d9 F JUE TSt
e R AW A9 AAZF
#He AYE oSt 2 ¥
EHH "a&S FUAIL, d(stall) FF
g FA3IT. E Masi 50
FRAA AL =gl =
(circulation) THIZ7F =2 BIAHF  2F(non-free
vortex) SH3MA 4Hy F8A4ES 25 MAE

H
= 595 RolH, 53] A 2 (free vortex) =

=
=
=
=
=
R=N

FRAME AL FAE FHsI] ARFF A5
AT YD = vad®E 29o] Bl ¥

|T

WA FHI B9 wEEAS gaAta W

Atk E Seo TV Yol FHA FH A
‘.g._Q_

™

=
ox
Lo
2
5

of
of
s
2
>
ox

do R

3
g
&

o T
fru
M
e
e
>
N
H &
e
=
mit
(HUN/Y
o

= e
HAANNCEZHN 3| o3 G WFe] 23k
(secondary flow)oll &< w|x
27 FY9E SHHE ZAHAAY fE wEe)
EG FHAA FAH SFE st H &

oft
K
[
oo
:Jd
e

9
o

=

s
o}
s

Z

=
E
o)
PA

N
-

I TSR

ATV A= Pascu''P7t Ak A
283t Gl 23 (span) WIFO
73} (total pressure)ol] T wHHHE
< Y9 gFRFFLE MG T
WER 3kE b 34 (function)S
9N ETAEE Tt 917d0] 110 mm,
7 Bul p7h 040981 FH

2ty o
=)
=

e =T b1 A TP
X gt = & 1o do XN

»

o
i
i
8
E
Qi

Naje] 29w dolAzte] Fr FFHAe

7
B 2o o e MAEAE HESLA
= 7
Lo

(LES, Large Eddy Simulation)E 342
%3 AR ATEY0Q SC/Tetra!”

STk

il
offt
:<>l1=v
>
>

al

2. TR

2.1 siMzg

o
aa

o
IS
XN
X
ofy
Ju
lo
[
A
i)
=,
o
1
K
flo
z

@ 33 Fu ERY IYELS 48
& 3] 3]

o
K
rlo
ot
5
ol
o
o
g



(a) Original (sweep & rake angle = 0°)

I
(c) Sweep & rake angle = 20°

i
(b) Sweep & rake angle = 10°

[
(d) Sweep & rake angle = 30°

Fig. 1 Configurations of tube axial fan according to the variation of sweep and rake angle
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Table 1 Mesh characteristics of a fan tester

Sweep & |Total element|Total node| Max. | Min.
rake angle number number | size | size
0° 18,214,618 |3,361,021
10 19,228,461 | 3,546,265 4378 0.634
20° 20,902920 |3,859,729 | M | T
30° 24,883,990 | 4,575,893

Bellmouth yype Chamber wall
7

Discontinuous mesh
(Rotating part)

Tube axial fan

Enlarged view

Fig. 3 Mesh configuration of a fan tester for the

numerical analysis of tube axial fan
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Fig. 4 Calculated blade camber shape of tube axial fan
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according to the change of sweep and rake angle

SHAARHSUYX| H27# H5%2, 2023FH 108 71



=ohel Agnt 3ojz2te

3l7] YA FAE Fig 1(2)2] FH /AL
n}-g-2=of] “x} & 20& YERA ol o
UmzA 5H EFIE Fig 59 e A=z
skt ohek %ﬂ}%éoﬂ ke E

EF7F FE Yol AXHES st
Fig. 6= 223 #ola7te] Wl
ZF3AS LESE 4338 4% vl A

Uebd I3tk o7|A g3 #ol 27

ghol wet Ao f3e FUekARE HAUAS

. % @=0.4m*min

3 213 o=zl

7397t 7HE B e B9 Y, 7% @=0.

k)
o

Az

Z}o

U o2

s
rlo

1,215
11 Tube

Tube axial fan

I Bellmouth
n

N2 K oge X &

L] G A

i<t
Y =

Z

SEE

LR

Halo M2 2 20| BN

o |z

N
—-~

~

=

15

Fig. 5 Geometry configurations of tube axial fan

[unit : mm]

o
=]

Symbol Sweep & rake angle
=] 0

o
=]
T

e} 10°
A 20°
v 30°

N
o
T

Line : Curve-fit

w
o
T

20

Static pressure, p[Pa]

0.0 0.5 1.0 1.5 2.0 25

Flowrate, Q [m*min]

Fig. 6 Static pressure profiles versus flowrate

72 FHAAHZUYX] M273# M52, 2023'H 10&

3.0

)7

7t

olr

Table 3 Performance data at design flowrate

Angle of sweep and rake
Item
0° 10° 20° 30°
p, [Pa] 14.04 16.28 18.2 17.47
L [W] 1.058 1.138 1.222 1.284
n, [%] 29.83 32.15 33.47 30.58
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