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A Study on the Characteristics of the Turbulent Flow Field at
the Design Operating Point of the Tube Axial Fan Designed
by Setting the Total Pressure Ratio of the Blade Span Length
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Abstract : In this study, the model of the tube axial flow fan designed by the assumption of the total
power ratio of the span length was analyzed by Large eddy simulation (LES) in a three-dimensional,
incompressible state. As a result, the analysis results shown at the design operating point are as follows.
Due to the operating load of a certain magnitude, the vector distribution does not proceed straight in
the axial direction, but develops more diffusely in the radial direction, resulting in a jar shape. In
addition, the reverse flow dominates the jar-shaped internal flow field of the tube axial flow fan, and
recirculation flow also occurs at the edge where the velocity is high. Also, the turbulent kinetic energy
distribution develops to the largest size around the wing surface at the beginning of the flow, gradually
decreases as the as the distance increases downstream, and almost disappears at 250 mm. On the other
hand, the size distribution of the vorticity, which developed the most in the form of twin peaks at the
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beginning of the flow centered on the blade surface, gradually decreased as the distance to the
downstream increased, and then almost disappeared at 250 mm. Also, the order of magnitude of the
absolute value of each direction vorticity component that affects the magnitude of vorticity appears in
the order of w, >w, > w,.

Key Words : Courant Number, Tube Axial Fan, Large Eddy Simulation (LES), Non-free Vortex Flow,
Total Pressure Ratio
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Table 1 Specifications for designing tube axial fan

Item Specification
Flowrate, @Q[m®/min] 1.35
Number of revolution, N [rpm ] 2400
Tip radius, r, [mm] 55
Hub radius, r;, [mm] 22.5
Blade thickness, ¢ [mm] 1.5
Blade number, Z [-] 4
Wk (axia) 22 S0 2T= MAStel] A&t

L
SWEFor F8 59 &

0°0]H, o7&

£ . QL ol A =
BolAel Agel U wEE Y48 skl
&2 4 ()7 2ol FFE APl Fu

7%

Apy, ST ’
Apm—f( )_Q(r_h) (r—r,)" +1 (1)
L3N (o2 412} @)

tanf,, Corw

ANA AF ne FEHEF Lieblein®*Po] A A
3t @7 H(cascade)®] HAYEHE Fo]7] s &
A DFE 0.6 ©l3t2 1ldte 4FEEQUTh
olo] we} ol AFoAE WAEEE n=049~
1.09] #& ARE3FATH

g, Fig. 32 REAMEE & ol F

W, o]

%%ﬁiﬁﬁﬁlﬁé?ﬁEEQ%ﬂ@EEEH
Fopol WAMR 2] FHPALY oA AynE
WAAY W 4ese YT A A Tarol

M¥oz MrE §E

B

280 M7 SMMYOIN HERSY SN 1
Axial direction
w,=u (e, =90%)
Plate type blade
~~/
/ ——» Rotating direction
'l'!
U = Wi
a,
vnl
u
Fig. 2 Velocity diagram with axial entry
y Inlet
t: =4
anf, () =
Y2
YTH.
V1
- y)?

X

Fig. 3 View of the calculated blade shape in (X, y)
coordinates®

dojxitt. I¥ ok o] HHEE o] &5t @ Aol
06,5 Tk, A SAEE Fo | 4o 4(r)
I vlwete AR AT GriA g9y, = W3t
A1 HAF AAEHE FAFE DF<0.6%1A
gl AF no e AAsS HF AN
P4 AEQ] 2, yFAERS AASY AVIA WA
HE Azl Hx @ Aol ((r)E d4dold
o2 BE&Q FEH o] 93] Fol ) A, oW
AFoNA HegH FAE SHoA o=1.059
GBS A 0=0.65Z Pasct*?7} AA T AERS
matom, Umx dtAEz dad ddne= Ay
2o = 7Hgste] wjEst A



o
2
i

H g HEx A
CATIA(VSRIS)E »ys}
=F2 MH 2=E(fan
,J_U]- 2>(bellmouth) & FE e}9]
Zﬂ% Uebd Jgolth TS Fig S&
o] FH EFFIEL LESE s|A3lr] Hall ARggt
el ~Ele] 75tskd AdY AAxRAE RHAE
agoltt o714 FHZEHE o] FE 95F Ay
(chamber)= Wn}9-~7} X9 BE 7|Eo2 o
Hell 2707F €%lem™, 1 A7l= 44 ¥ 500
, o] 1,000 mmo]th. ©]A-& A
= ‘l‘l’%‘o] Axr@ o] Z7]e %‘ ok% Lot =
5 FH SFH] HAHE oF 9
EMEll=Rel

T~

Blade

o110
»116.6

Tube axial fan

Fig. 4 Geometry configuration between tube axial

fan and bellmouth

Outlet wall
(Atmospheric

Inlet wall )
~ (Static pressure
boundary)

Chamber wall(No slip wall boundary)
Fig. 5 Geometry configuration for the numerical

analysis of tube axial fan tester

to
1z
o

Chamber wall

Bellmouth tube '
4

Discontinuous mesh
(Rotating part)

Enlarged view

Fig. 6 Mesh configuration for the numerical analysis

of tube axial fan tester

Fig. 6& FH ZFAS £33 A6 AW
o A GS 8] SC/Tetra'?9] AAT AZE
Ao E ol&3te RHER HIAE A mesh) 3
golth. o] e Zzte] ¥ S AAxA
A osH= "Octree" 71%
2 FB RIS ?:}5‘]' JARE ZATE
A2k 2717 °F 0.684 mm
]*5‘51-'3]'93‘:} I A, a4
(element) F9} WA (node) FF= 47 <F 1921
Tk Zf ek oF 3487t AW7F AYE AT o]k 22 A
2 84 A WY FEA8TY Adad
Z x5k LES-O/] gH}\—]5)oﬂ,\1 /\]__g_f‘;]_ HAl T ) X
%h:]' A71A FEH SFAES AR IJHFEA B

42 2}(discontinuous mesh) = e -
-‘4’7]' A5+ w1 (sliding) ZAe] F Yol

, A

leop

E fFA Hate 1A AAY, & FE %‘E?H*}
‘Q‘:’]' 29} FE 9 AW ¥9HEY FHd = 3
of FHEAS wol7] H8 BT J|EFHORE Fo
X]T: 2702] Z2]&EZ(prism layer)S Yt

3.2 F=X|7|Y
el W 4 rdel Fig. 59 Fig. 69l

SHAAHZ YR M27# M1z, 2023'F 28 43



(2 x
8% 00N
(57 rn
et qm

|

t —IIE

S
o

fo @ o & id

N
ol
B
)
o
fu
N

N
)

Ay
o BN o
g
S o 5
[o
totr
=
>
rlr
\.l\)
B
S J
3
=]

off
g
O
o
N
>
—1_1_4

Hgatginh. & olashE WAASY dHR
SIMPLEC =9 A8

RIEIARS s

5

Row, oqug Azt 114
k) k= EX ARE
A7) 8|4 FF5(Courant number)' V= 12 A3}
At olE EUE FHFHH(mass flux)o] FTEI|
S Hols 109 371A] A SE =2 A
o= ol EWNE thA] Y dE(ensemble) H Al
105 3] O 34ttt

(time interval)ol =

o
S

4.1 SHHs BX

Fig. 72 Ad A7eA Lozl fd st
2 AGESS] TS YE ™otk 7]
A A RS TP A=EIA Tl 39T
=3 Pus AYeZ oo dFshe FrE

] 3
Table 1914 el vle} Zo] 1.35m¥/mino|th.
S, o] FE HFAY A - FF
2 div] Aol =7] Zolrt &2 A A (surging)
o =5, HLa&e] o AA A

HET fo] O B $3o4 FARe @

!

e @Al eAMRY o2 §AY A
Fagol sFshs FFAA FHske Zol o
2ohn BoEn

ZRo| M7 SN HRREY S4 0
70 70
60 | Symbol Index 460 g
A o ps i :m
© o] i
o, 50 _ s 450
a® Line : curve-fit 5
g 40 | Virtual system resistance 7 40 %
3 1.0 @
o 30 130 5
5 1"
&
£ 20 420 £
»n { g
{10 8
10 10(0
(| - 1 0
0.0 0.4 0.8 1.2 1.6 2.0 2.4
Flowrate, Q [mS/min]

Fig. 7 Static pressure and static pressure efficiency

profiles versus flowrate

&}aL

<
o
=
2

Jo
off
El
<
a
%
&
=
9
2
U o

iy
rg Ir
M > o

T

o

+

5

o

o b
sEee
B o

b o

do do Jo o Md &= b [z x
2 oo rfo rlo AN N A

sk . 2
B

2
9

2 SR HAFEFAA Yebd
ALEEE) 12U Fig, 8(a)e] A &34
U HlE Fig. 7914 E& nle}
o] oF 14PaQl &% H3prt FEstnz ol
A EEd F F52 Al Bl WE
9 g

=

a7t
oM

By o]

LB W

o2
tlo

Lo

T
o
fr
I
bri
W
)
N
2
o
P
_(?L

N
N
fot
>
_(‘)L
El
%0
dlo
o 4o |
iies

o f
Y
e
i
ot

SR=]
717} v Zrob
WEFo g goig

™
Jo
Ol-ﬁ o{.ﬂ
o
E
o

=

2
o

Jo



(a) At operating point

(b) At maximum flowrate

Fig. 8 Vector plots of tube axial fan
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