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Numerical Simulation of the effect of passive control method by changing tip
geometry on the performance of the axial turbine
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Turbine tip leakage flow is one of the effective factors in reducing the efficiency and performance of
Received 19 December 2017 axial turbines, which can also destroy turbine blades. Accordingly, it is important to identify and control
Accepted 19 February 2018 the tip leakage flow. In this paper, the effect of tip clearance sizes and changes in tip shape as a passive

Available Online 15 March 2018 control method on tip structure and total turbine flow performance is investigated. For this purpose, the

flow loss in a two-stage axial turbine is performed using the CFX software. In order to ensure the

Keywords: L . .

Axial turbine accuracy of the results, the turbine performance curves were compared with the experimental results
tip leakage flow which good consistency has been observed. Considering the four cases for tip clearance size (0.5% to
passive control 3% of blade span), the turbine performance curves and pressure loss have been derived. It was found
numerical simulation that increasing the tip clearance size leads to reduced efficiency and increased losses in the axial

turbine. In the following, we examine the application of the passive control method through the change
of the tip geometry. In this regard, the shape of the blade tip is somehow considered that the tip
clearance size is variable from leading edge to trailing edge. The results show that in these cases, tip
leakage flow and the resulting vertices are weakened, which leads to a decrease in the rotor loss
coefficient. Observing the flow contours results in lower temperatures in the blade region due to the
formation of a weaker tip leakage flow, which helps cooling the turbine blades.
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Fig. 10 Turbine Efficiency variations in terms of pressure ratio in
different tip geometries
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Fig. 11 A schematic of five different modes of turbine rotor tip
geometry
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Fig. 12 Turbine Performance curve (Efficiency vs U/Cy) in different
tip geometry
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Fig. 16 Total loss coefficient vs pressure ratio in different blade tip
geometry

P oenF Slp b Ced cem g g S5 5Led Cdl coye 16 U5
S'g dwain alize glacdl>

-0.14

\ —u— Tip=54%

AN ——k-- [=549% T=528%

016 } \ seseidene [=560% I=528%
I I=5.63% =5.14%

— = [=563%I=525%

Td

018

02 L L L

25 3 35

Pressure Ratio
Fig. 17 Total temperature loss coefficient in terms of the pressure ratio
in different blade tip geometry
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Fig. 14 Stator loss coefficient vs pressure ratio in different blade tip
geometry
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Fig. 15 Rotor loss coefficient vs pressure ratio in different blade tip
geometry
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Tip Leakage Flow

Without Controller

Passive Control (L=5.63%, T=5.14%)

Fig. 20 Tip leakage flow streamlines (in Outlet static pressure 80kPa)
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Fig. 18 Temperature variation in stream wise direction in two cases
(with passive control and without passive control)
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Fig. 19 Pressure variation in stream wise direction in two cases (with
passive control and without passive control)
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