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Abstract
TE 1493957

This thesis presents a method of how to design an inverse turbomachinery blade for
the two and three-dimensional flow. The proposed assumptions are that the working fluid is
inviscid and incompressible, as well as the thickness of the blade is very thin when compared to
its other dimensions so that it is negligible. Firstly, the analysis of the fluid’s velocity is
conducted with taking into account the presence of the blade. The velocity divided is into two
parts; circumferential velocity and periodic velocity. Then, the blade’s surface can be
determined by employing the velocity vectors tangential to its surface. This blade's shape is
showed in the two-dimensional elliptic-type partial differential equation. The finite difference
method is utilized to solve the equation. However, due to the complexity of the blade’s shape,
the non-uniform physical grids are generated. Therefore, the “Body-Fitted” transformation is

performed to achieve the grid uniformity.

The calculation results showed that in the case of constant blade's radius equipped with
stationary or rotating ring the two-dimensional model doesn’t provide satisfying result. The
three-dimensional model, consequently, is needed for the design improvement. Furthermore, it
has been found that the solutions’ rate of convergence depends on number of the blades in the

fan and the hub to tip ratio.

In order to verify the numerical results, an axial flow fan are made. The outer fan’s
diameter is 780 mm. The hub to tip ratio is 0.58. The number of the blades is 17. The experiment
and computational flow code(Navier-Stokes ) are conducted to verify the design condition. The
velocity and flow direction measurement is done by using a Pitot tube, and also, the claw-type
probes is used to indicate the velocity direction all over the blades, in front of the rotor, behind
the rotor, behind the stator, and at a point away from the stator 160 mm. The experimental data
reveal that the flow direction around the bladcs is found to agree with the design criterion. The
air velocity and direction in front of the rotor and behind the rotor are very close to one another.
Nonetheless, when reducing the flow rate across the fan, the difference is more noticeable. This

cause of the error may be come from experimental instrument and the assumptions in the

analysis.

From this research, inverse designing method for propeller can help reducing

designing complexity, save time and make the propeller shape suitable with required flow status.



