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Deltabar S PMD75, with measuring uncertainty of
0,05 %.

2 MEASUREMENTS AND ANALYSIS OF
DEFORMATIONS WITH COMPUTER AIDED

VISUALIZATION
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1 - axial fan
2 - camera Dragonfly Express IEEE-1934
3 - wind tunnel
4 - axial fan grid
5 - measuring port
6 - extra light
7 - inductive sensor
8 - M6 screw
9 - system power supply Agilent
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4 NUMERICAL SIMULATION OF THE FLOW
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!

0
~

 is the turbulence source, due to of
velocity gradient, Gω is the source of ω. Γ

k 
and Γω

are the effective diffusivity  k and ω. Y
k
 and Yω are

dissipations of k and ω, due to of turbulence, Dω is
the  diffusive term.
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Meshes of original and deformed blade were
topologically equivalent. Computational domain
was discretized with structural mesh. To reduce the
calculating time, only one interblade area (1/5 total
area) was calculated, on borders a periodic
boundary condition was regulated. Influence of the
mesh was examined only at optimum flow and for
the case of original – not deformed blade. Finally,
the mesh with approximately 400.000 nodes was
used, which was on the channel walls and along

the fan blade refined - y+ was between 30 and 80.
With this kind of mesh density we evaluated the
error of discretization to 0,5 %. Geometry, as well
as deformed blade mesh, was equivalent for all
working points - it was adopted, that for every
single working point of the axial flow fan,
deformation does not change significantly.

4.2 Convergence Criterion

Convergence criterion was set, regarding the
pressure development on the inlet and velocity on
the outlet from the computational domain.
Parameters were always converging, when the
residuals sum of transport equation in the entire
computational domain was less then 1×10-3. Finally,
for convergence criterion, the situation was used,
when the residuals decreased below 1×10-4, for
which approximately 350 iterations were needed.
Iteration error was estimated to 0,05 %.
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Pressure distribution on blade is similar for
both, the original and deformed blade. At lower flow

(Q = 1.31 m3/s) it can be noticed, that pressure on
suction side of the deformed blade is slightly lower,
which effects the intensive separation of flow at this
location. The reason for this is a larger blade angle
of attack, because of deformation. Near the optimum
(Q = 2.76 m3/s) changes are less distinctive, pressure
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on suction side of deformed blade is slightly lower
that in the case of original blade. In working point
4.22 m3/s, pressure conditions on blade are not
distinctive. Pressure on the trailing edge on the
section side of the deformed blade is slightly higher
in comparison to the pressure on the same place of
the original blade. The difference is the result of
better flow conditions for the deformed blade,
because the angle of attack is larger (optimum moves
to the higher volume flow).

Despite the deformations, conditions on the
blade pressure side remain mostly the same, and
changes are negligible.

'"*�(�����������)���������+��	�����	������
����

1�����
""
��E
��������
�������0
������
��

/�����
��3
������
�3�
��
��������
��3
3����6�3

*��3�
��
���F
�����
3��������
E��	���
/����
�B
L

"( "!
�(=$!
�(��
6 M�(

4�
 ���
 *�
 ������3!
 ����
 ��
 ���
 ��
 6�����

����6�
 ���E
 �B
 L
 "( "
6 M�!
 ���
 ���E
 ��
 ���

3����6�3
*��3�
�
��
�����3(
C�
���
*��3�
��/
��

������
�3�!
�
�����
�����G
���
*�
���!
E����
�

6�����
 ��
 ���
 ��
 ��������
 *��3�(
A��
 ����
 ���

3��������
��
 ���E
��
 ���
 �3�
 ��3
 ���
E��	���

/����
�
�
������
�����
��
�����	
��
���
*��3�!
E����

�
����
������!
*�����
��
3����6�����(
D�
���
���

��
�
������
3���3��
��
���E
��
���
/�����
�3�

��
���
3����6�3
*��3�(
4�
��6
����
������
/����

���6
 ���
6�33��
 �3�
 ��
 ���
 *��3�
 ��
 3��������

��E��3
���
��/
��3
����
��
���
*��3�(
A��
�����
�

����
���E
������
�����E
�������3
���������
��
*��3�

��3
���
����
��!
�����3
��
���E���
�����3
��(

@���
���
�/��6�6
/����
�B
L
�(=$
6 M�
���

3���������
��
���E
����3
���
��
3���������(
C�
���

������
�3�
��
���
3����6�3
*��3�!
��
���
��/!
����

���
��������
�3��!
�
����3
��
��E��
�������0
�
���!

E����
���
*�
�����3
��
�/�������
��
���E
��
���

/����
����
�����
�����
*����
������
*��3�
�����
��

�����	�(
��6����
�*��
��
�*�����
�
��
���
���
��
�

6�����
����6�
���E!
�������
��
���
���E
������
���

/�����
�3�
��
���
3����6�3
*��3�
���
*�
���(

:�
 ������
 ����6�
 ����
 �B
 L
 �(��
6 M�

3���������
���
���
���*��(

5.3 Velocity on Blade Tip

In 1����� 12 relative velocity vectors are
shown on the section 15 mm from the tip of the

O rig in a l b la d e D e fo rm e d  b la d e

Q  =   m /���� �3

Q  =   m /���� �3

Q  =   m /���� �3

Fig. 12. Relative velocity vector on the section 15 mm from the tip of the original and deformed blade in
fan’s three working points

Q = 1.31 m3/s

Q = 2.76 m3/s

Q = 4.22 m3/s
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original and deformed blade in fan’s three working
points (Q = "( "!
�(=$!
�(��
6 M).

Images show velocity conditions at the most
critical place (at the tip of the blade). Separating of
flow on this place causes the efficiency and power
drop and generation of aerodynamic noise.

At the lower and optimal flow (Q = 2.76
m3/s) the separating of flow is obviously larger in
case of deformed blade, which is the result of
inappropriate (larger) blade angle of attack. In case
of higher volume flow (Q = 4.22 m3/s) the
aggressiveness of separating between the blades is
comparable, which is the result of shifting the
optimum towards higher volume flow, because of
blade deformation.

5.4 Predictions and Measurements of Integral
Characteristics

Figure 13 shows measured and numerical
(for original and deformed geometry) integral
characteristic of standardized efficiency and
pressure increase in dependence of volume flow.
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Fig. 13. Comparison between the experimental results and numerical model for cases of original and
deformed geometry
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