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The blockage of the cooling jet hole is one of the problems that
arises in the film cooling of gas turbines. It reduces the film cooling
effectiveness and creates hot spots. In this research, by following
the pattern of blockages created in the used turbine blades of G17-
79 engines and after constructing its nearly cylindrical hole model,
the required tests were conducted using a wind tunnel to investigate
the effects of blockage. The desired tests were performed at four
blowing ratios of 0.4, 0.5, 0.7, and 0.8 at the free stream Reynolds
number of 10000, based on the jet hole diameter(Rejet). Thermal
data acquisition was performed using infrared camera and the
obtained results show that the cooling effectiveness decreases, in
comparison to the holes which have no blockages. This reduction, is
due to higher interaction of the jet flow with the cross flow which is
due to increase of jet velocity at the jet exit. Also, by increasing the
blowing ratio, the film cooling effectiveness decreases. However, at
the blow ratio of 0.4, the highest effectiveness all over the

investigate domain was observed.
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Introduction

Improving the thermal efficiency of gas turbines, achieved by increasing the inlet temperature and
using film cooling methods and thermal barrier coatings, leads to a reduction in pollutant emissions.
The structure of the flow field, especially kidney vortices, has a significant impact on the film cooling
efficiency. Reducing these vortices through novel hole designs (antivortex, auxiliary, and pea-shaped)
improves the thermal performance[1-21] . However, hole blockage reduces the cooling effectiveness
by disrupting the flow structure and enhancing unwanted vortices, and its exact mechanism under
blockage conditions requires further research[22-25].

In the present study, a jet hole with a circular cross-section and a cylindrical channel is considered
as the base geometry and the second geometry is considered based on the field studies conducted on
existing used blades, with 15% blockage compared to the base case. In this way, the film cooling
effectiveness of the blockage cylindrical hole is compared with the base geometry. Film cooling
effectiveness measurements are carried out for blowing ratios of 0.4, 0.5, 0.7 and 0.8.

Methodology

The film cooling experiments were carried out in a wind tunnel test section at a speed of 27 m/s and a

Reynolds number of 10,000. Due to the thermal limitations of the tunnel, the compressed air was
injected onto the test plate through cooling holes at a 30° angle after passing through a 2 kW tubular
heater. The main stream and jet temperatures were measured by PT100 sensors and the plate surface
temperature was measured by an infrared camera. In Fig. 1, a view of the test plate used to investigate
a row of seven jets injected into a cross flow using a constriction in a cylindrical channel is shown. In
addition, the details of the simple cylindrical geometry are given in [Y4].

[N

Figure 1. Laboratory model overview.

Result and Discussion

To verify the experimental data, the results of the film cooling experiments on different days were
compared. The main dimensionless groups were kept constant in all experiments and a temperature
difference of 20.3°C was set between the jet stream and the main stream. The inlet air temperature was
increased by an electric heater and, as can be seen in Figure 2, in all experiments, a slight difference
was observed between the laterally averaged film cooling efficiency at the same blowing ratio, which
shows a similar trend on different days.
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Figure 2. The laterally averaged film cooling effectiveness of blocked cylindrical holes at a blowing
ratio of 0.5.

Figure 3 shows the compares the blocked and simple simple at a blow ratio of 0.4, that the simple
holes have the lowest cooling efficiency and it decrease sharply at the flow upstream, while the
blocked holes have the highest efficiency at this blowing ratio. As the blowing ratio increases, the
efficiency increases in the simple holes up to 0.7, but in the blocked holes, the efficiency decreases
with increasing blow ratio.
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Figure 2. Comparison of the the laterally averaged film cooling efficiency of a blocked and

unblocked cylindrical hole.
Figure 4 shows that at most of the blow ratios (except 0.4), simple holes have higher average total
area cooling efficiency than blocked holes. At the blowing ratio of 0.4, blocked holes are more
efficient, but this trend reverses as the blow ratio increases. The highest efficiency is achieved for
simple holes at the blowing ratio of 0.7 and for blocked holes at blow ratio of 0.4. The largest
difference in efficiency between the two cases is observed at blow ratio of 0.4 and the smallest at
blow ratio of 0.5.
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Figure 2. Area averaged cooling effectiveness at different blowing ratios.

Conclusions

This study experimentally investigated the effect blockage of simple cylindrical hole on the of film
cooling effectiveness using infrared thermography. Experiments were conducted on a flat plate at four
blowing ratios (0.4, 0.5, 0.7, 0.8) and the results were compared with the unblockaged case. The main
results obtained are:

e The results of infrared measurements clearly show that blockage in the jet cooling holes reduces
the film cooling effectiveness.

¢ In blockaged holes, the film cooling effectiveness decreases with increasing the blowing ratio.

¢ At low blowing ratios, the effectiveness in blockaged holes increases compared to unblockaged
holes. However, with increasing blowing ratios, the effectiveness decreases.
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