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Comparison of Downstream Turbulent Flow Field Characteristics at
the Design Operating Point of a Tube Axial Fan according to

Changes in Blade Sweep and Rake Angle
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Abstract : In this study, the sweep and rake angles of a three-dimensional tube axial fan were changed to
four ways and the flow was analyzed using large eddy simulation in an incompressible state. As a result,
the distribution characteristics of the downstream turbulent flow field at the design operating point are as
follows. A tube axial fan with a sweep and rake angle of 20° has the best performance in terms of static
pressure, static pressure efficiency and total pressure efficiency. Additionally, as the sweep and rake angles
increase, the area of reverse flow and recirculation flow existing in the internal flow field of the tube axial
fan becomes smaller, leading the flow further in the axial direction. In addition, as the sweep and rake
angles increase, the size difference in rotational speed, which is a secondary flow that exists in the external
flow field as well as the internal flow field, is significantly reduced, and the peak value of the turbulent
kinetic energy relocated to the inner area of the tube axial fan gradually decreases.
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(a) Original (sweep & rake angle =

(c) Sweep & rake angle = 20°

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

Table 1 Design specification of a tube axial fan

Item Specification
Flowrate, @ [m’*/min] 1.35
Number of revolution, N [rpm] 2400
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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Table 2 Mesh characteristics of a fan tester

Total element|Total node| Max. | Min.
number number | size | size

3,361,021

Sweep &
rake angle

0° 18,214,618
10° 19,228,461
20° 20,902920
30° 24,883,990

3,546,265 | 43 78| 0.684
3,859,729 | mm | mm

4,575,893
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Downstream distance = 20 mm
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Fig. 9 Turbulent kinetic energy profiles of a tube
axial fan according to the angle variation of

sweep and rake
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