CFD ANALYSIS OF AN INDUSTRIAL AXIAL FAN
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Summary: In this study, performance of an axial flow fan is numerically examined by using LES and k-¢ turbulence models. After creation of solid model out of point cloud,
computational flow field is discretized using unstructured grids for both rotating and stationary domains by a commercial CFD code. Rotation is defined between two domains
by sliding mesh model. In order to observe effect of different pressure rises on flow rate, simulations are carried out for five pressure values: 80 Pa, 90 Pa, 100 Pa, 110 Pa and
120 Pa. Using flow rates corresponding to these pressure rises, performance curve of the fan is created. Computations are done for two rotational speeds, 720 rpm and 1080
rpm, by using a commercial code, FLUENT. Thus, effect of rotational speed on flow rate is investigated for each pressure rise. Finally, structural analysis is performed to
examine the mechanical endurance of the fan. Static analysis is carried out on one blade under operating conditions 100 Pa and 720 rpm.

1. INTRODUCTION To conduct numerical analysis, the rotor is surrounded by a round duct with CFD Analysis
the dimensions given in table below. All the velocity and pressure distributions are calculated on the axial fan for

Axial flow fans have wide spread usage from heavy industry applications to the given boundary conditions. Simulations are carried out for five pressure
computer cooling systems. Hence design of axial fans became more Inket Diameter 152 mm values: 80 Pa, 90 Pa, 100 Pa, 110 Pa and 120 Pa at two rotational speeds:
important in recent years due to performance and noise issues. In general, Outlet Diameter 103 mm 720 rpm and 1080 rpm. Output figures are exported for 100 Pa.
:Igr} pressure rises or r_ugh _flow rates are desired depending on th_e Congth 5000 T : | Total pressure distribution. can
pplication. Therefore while high pressure with a reasonable flow rate is 1 L be seen on left and it is
provid_ed, noise Ieyel must be considered. Main source of noise generated_in After CAD object is imported in “igs” file format, a topology check is : observed that streamlines are
an axial flqw fan is mainly on aerodynamic Ioad_s on fan blgqes. Fans with performed to check gaps in the geometry. This operation is necessary in i . moving through -z
improper intake geometry suffer from poor inflow conditions such as order to have solid geometry fully enclosed so that the flow domain can S Furthermore, below, it is seen
asymmetric velocity profiles and fluctuatlc_)ns leading increase in unstea_dy be properly meshed separate from solid geometry. Once topology check - that flow vectors are uniform in
forces acting on blades. In other words, with proper blade profile, low-noise is accomplished, geometry is then partitioned into related families. Since | the radial direction.
conditions can be obtained without giving up high aerodynamic sliding mesh technique is used in this study, stationary and rotating :
performance. domains are meshed separately. While AIR_ROT, ROTOR and REF_ROT
In this study, point cloud created by Ozdemir [1] is converted into solid families are defined for rotating domain, INLET, OUTLET, REF_STA, T
model in CAD format and then flow field is defined by computational grids. WALL and AIR_STA families are defined for stationary domain.
Using k-€ and LES are used as turbulence models, simulations are carried -
out for different rotational speeds and pressure rises in order to determine
fan performance. I_. Total pressure distribution on XY
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As mentioned below, velocity
magnitude is maximum at the tip.
After leaving the blade, velocity of
the flow decreases.

As a result, since T | R s | 1 .
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The cloud points of blade Edges curve of the blade deformation is oo
noted, it can be Performance curve of
The point cloud of a single blade Then the surface of the area said that Etal171 is i the fan at 720 rpm
given by Ozdemir [1] is imported between the curves is generated. suitable for fan's . -
into a commercial software endurance. -

which is used to create 3D
geometry.
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