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Large Eddy Simulation on the Distribution Characteristics of
Downstream Turbulent Kinetic Energy and Vorticity of a Tube Axial
Fan Developed according to Operating Load
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Abstract : In this study, the three-dimensional model of a tube axial fan designed by assuming the total
pressure ratio of the span length was analyzed by large eddy simulation in an incompressible state, and the
distributions of turbulent kinetic energy and vorticity magnitude formed downstream were analyzed. As a result,
the tube axial flow fan is dominated by flow that develops mainly in the axial direction up to the design
operating point, and after the design operating point, it is influenced by flow that develops relatively in the
radial direction, but still has axial flow. In addition, regardless of the operating load, turbulent kinetic energy
develops to its maximum size mainly in the region where the velocity gradient between the hub and the tip of
the blade is the largest, and shows a relatively large size at the operating point where the influence of the flow
developing in the radial direction begins to appear. On the other hand, the maximum size of the vorticity
magnitude remains similar regardless of the operating load, and as it moves downstream, the size decreases in
the radially expanded area. Overall, tube axial fan has completely different flow characteristics than typical
propeller-type axial fan.
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Fig. 1 Geometry configurations of tube axial fan
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Table 1 Design specification of tube axial fan

Item Specification
Flowrate, ) [m’/min] 1.35
Number of revolution, N [rpm] 2400
Tip radius, r, [mm] 55
Hub radius, r;, [mm] 22.5
Blade thickness, t [mm] 1.5
Blade number, Z 4

1000 mm

1000 mm 1,

R=500+m
Outlet wall
(Atmospheric
pressure)

Inlet wall
(Static pressure
boundary)

Chamber wall(No slip wall boundary)

Fig. 2 Geometry configuration of a fan tester

including a tube axial fan
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Enlarged view

Fig. 3 Mesh configuration of a fan tester including
a tube axial fan
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Fig. 4 Aerodynamic performance of tube axial fan

Table 2 Flowrate and static pressure coefficients of

operating points selected in Fig. 4

Operating Non-dimensional coefficient
point Flowrate (¢) | Static pressure (v,)

A 0.34021 0
B 0.29454 0.07555
C 0.22908 0.11063

D (design) 0.20544 0.12186
E 0.19636 0.12122
F 0.15139 0.18699
G 0.13091 0.261
H 0.06545 0.36803
I 0.03273 0.44101
J 0.00327 0.48774
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Fig. 5 Downstream profiles of axial mean velocity component according to the operating points
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SHAARZERX| M283 M3, 2024F 6€ 9



2TSstof mat gt FE SR SIF HIRISSUXL} &= 22 S0 2 U= °F A

(b) Z,= 10mm //W‘
\
|

gpointsn w7

750

[=2]
o
o

S a

[— -]
OQ o
Deratln'“

Vorticity, o [s"]
-y
3
Vorticity, o [s"]

450
300 300
150 150 S
0 1 1 1 1 1 1 1 f 0 I 1 1 1 L 1 1 [
-200 -150 -100 -50 0 50 100 150 200 -200 -150 -100 -50 O 50 100 150 200
Radial distance, X[mm] Radial distance, X[mm]
(c) Z,= 20mm //7‘ (d) Z;=30mm
A y
e ‘ A
/// ‘ ///
y 7 'y
| A . FASIIEN} VAN e
A c j\-\/\ _./(\/\ /c
% AT VA A A
900 a [E z 900 2N | N -
~750 P& 750 AT ARGV gg’
2600 Ay /e F 2 600 N . &
2450 YA N /H = 2450 WA 5 2
£ 300 N L»\/—,V(N [( £ 300 _ah . Aa //I
> 150 f/\J\__/\J\’J\/ R /J > 150 /\Mf\‘/\/\—\/\ J
1 1 1 1 1 1 1 / 1 1 1 1 1 1 1 /
0 0
200 -150 <100 50 0 50 100 150 200 200 -150 -100 -50 0 50 100 150 200
Radial distance, X[mm] Radial distance, X[mm]
A A
(e) Z;=40mm (f) Z,= 50mm y }
/ e
A y
/ y [
// 4 ‘
y y \
y /\JI\L/\ y /\;/\M ]
y aherhoa e y ek i a g
y i~ VN /[c Y4 AN VARSI /c
y ZATAN AN A 4 TAN fo £
900 _ak N~ [ & 90 /e 2
~T750 N AVAUAY R /- Ve &
I
2600 A alk AEA & Zew A &
2450 CINA A @ 450 [2 e
o o
£ 300 //I £ 300 /,
o o
> 450 § > 150 [/J
0 1 1 1 1 1 1 1 / 0 1 1 1 1 1 1 1 [
200 -150 100 -50 0 50 100 150 200 200 -150 -100 -50 O 50 100 150 200
Radial distance, X[mm] Radial distance, X[mm]
Fig. 7 Downstream profiles of vorticity magnitude according to the operating points
35 mom wWolgel wek 1 Ak w B 4.2 =
o A aE godold Fasta ok
du oy Gefold Y o A7le K8 & am golo Agen] sy s HAE B
AR AddlA 71 37 YEhde S58e Hdd B 2230 339 mde HYEA AEolA



Al ool
o>
Hu)

o

f
o
2,
yisd
g rr

o
4 ooff & fo

of
12
=2
>
by

3) o= A7l A

Author contributions

J. K. Kim; Conceptualization, Data curation,

Formal analysis, Funding acquisition, Investigation,

Methodology, Project administration, Resources,

Software, Supervision, Validation, Visualization,

Writing-original draft, Writing-review & editing.

References

1. H. O. Keklikoglu, 2019, “Design, Construction
and Performance Evaluation of Axial Flow
Fans”, Master Thesis, Middle East Technical

University, Turkey.

2. F. P. Bleier, 1997, “Fan Handbook”, McGraw-
Hill Co., Inc., 3.1-4.71.
3. J. K. Kim and S. H. Oh, 2022, “Design and

Aerodynamic Performance Estimation of an
Axial Fan according to the Total Pressure Ratio
of Blade Span Length”,
System Engineering, 26(1), 29-37.

(DOI:10.9726/kspse.2022.26.1.029)

Journal of Power

4.

10.

M. T. Pascu, 2009, “Modern Layout and Design
Strategy for Axial Fans”, Ph.D. Thesis, Institute
of Fluid Mechanics LSTM Erlangen-Nuremberg

University, Erlangen, Germany.

. M. Pascu, M. Miclea, P. Epple, A. Delgado and

F. Durst, 2009, “Analytical

Investigation  of  the

and Numerical
Optimum  Pressure
Distribution along a Low-Pressure Axial Fan
Blade”, Proceedings of the Institution of
Mechanical Part C:
Mechanical Engineering Science, 643-657.

(DOI:10.1243/09544062JMES1023)

Engineers, Journal of

. A. A E. Saiid, M. H. Mansour and L. H.

Rabie, 2016, “Design and Performance Analysis
of Cooling Tower Axial Fan Using the Thin
Airfoil Theory and CFD”, Mansoura Engineering
Journal, 41(4), 39-48.

. J. K. Kim and S. H. Oh, 2024, “Analysis of the

Effect of Operating Load on the Turbulent Flow
Field Distribution of Tube Axial Fan through
Large Eddy Simulation”, Journal of Power
System Engineering, 28(1), 5-14.

(DOI:10.9726/kspse.2024.28.1.005)

. J. K. Kim and S. H. Oh, 2023, “Analysis of the

Effect of the Operating Load on the Static
Pressure Distribution and Drag Acting on the
Blade of a Tube Axial Fan through Large Eddy
Simulation”,
Engineering, 27(6), 79-88.

(DOI:10.9726/kspse.2023.27.6.079)

Journal of Power  System

. J. K. Kim and S. H. Oh, 2020, “Large Eddy

Simulation on the Downstream Distribution of
Turbulent Kinetic Energy according to the
Operating Loads of Three-Dimensional Small-
Size Axial Fan”, Journal of the Korean Society
for Power System Engineering, 24(1), 78-86.

(DOI:10.9726/kspse.2020.24.1.078)
J. K. Kim and S. H. Oh, 2015,

the Structure of Turbulent

“A Study on
Flow Fields
According to the Operating Loads of Three-

SYAAEIZOIO|X] H28H H3Z, 2024F 6 11



11.

12.

13.

12

2XILst0) mat st &
Dimensional Small-Size Axial Fan by Large
Eddy Simulation”, of the
Society for Power System Engineering, 19(5),
80-85. (DOI:10.9726/kspse.2015.19.5.080)

J. K. Kim and S. H. Oh, 2021, “Large Eddy
Simulation on the Downstream Distribution of
Kinetic the
Operating Loads of Three-Dimensional Small-

Journal Korean

Turbulent Energy according to
Size Helical Axial Fan”, Journal of the Korean
Society for Power System Engineering, 25(2),
5-13. (DOI:10.9726/kspse.2021.25.2.005)
SC/Tetra(Version 12), 2015, User's Guide, Soft-
ware Cradle Co., Ltd.

J. K. Kim and S. H. Oh, 2015, “Large Eddy
Simulation on the Aerodynamic Performance of

Three-Dimensional Small-Size Axial Fan with

SHAARZERIX| H283 M3%, 2024F 6¥

SoAXI et 22 Edof 28t =2 2F ZA

14.

15.

the Different Depth of Bellmouth”, Journal of
the Society
Engineering, 19(6), 19-25.
(DOI:10.9726/kspse.2015.19.6.019)

T. Adachi, M. Yamashita, K. Yasuhara and T.
Kawai, 1996, “Effects of Operating Conditions

Korean for Power System

on the Flow in the Moving Blade Passage of a
Single Stage Axial-Flow Fan”, Proceedings of
the 6th International Symposium on Transport
and of
Machinery, 2, 199-208.

S. C. Morris, J. J. Good and J. F. Foss, 1998,

“Velocity Measurements in the Wake of an

Phenomena Dynamics Rotating

Automotive Cooling Fan”, Experimental Thermal
and Fluid Science, 17, 100-106.



	운전부하에 따라 발달한 튜브 축류홴의 하류 난류운동에너지와 와도 분포 특성에 관한 대규모 와 모사
	초록
	Abstract
	1. 서론
	2. 수치해석
	3. 계산결과 및 고찰
	4. 결론
	References


