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Preliminary research analysis shows a distinct lack of experimental
investigations into this, but in related simulations, it appears to be promising. If
results are successful, future studies can explore and compare different active
flow control methods for this purpose in more detail, and then go on to
conduct the tests on an actual compressor blade airfoils under different loading
conditions as a potential PhD.

Online delivery:
Outline how the
JRA research and
supervision will be
undertaken
virtually, either as
the expected
mode or the fall-
back if Covid rules
change and online
research and
supervision is
required. Max.
100 words

While it is naturally a hands-on project, if covid restrictions prevent this | will
use this time to build an extensive background about work done by other
researchers in this area and use the knowledge from this literature survey to
setup a typical case study based on published data and perform numerical
evaluation of it. Supervision and progress checks can then occur by regular
Zoom/Teams meetings.

Motivation: What
is your motivation
for undertaking a
JRA research
project? How will it
benefit you / your
future plans?

Max. 200 words

| have always been really fascinated by research, reading papers and
journals in a multitude of fields. | just love learning about new discoveries
and how we are advancing our knowledge. I'm currently trying to decide what
to do after my degree, whether to go into industry or pursue a research
career, by undertaking an MSc and PhD, | really want to be working at the
cutting edge of engineering, exploring new ideas and furthering the field.
This JRA scheme will give me the perfect opportunity to really explore what
research is like and whether it is suited for me, in a topic which | have
specifically given a lot of consideration and really enjoy. Additionally, most
year 3 engineering projects are more industry based intended to improve
employability but not necessarily research focused, so | won't get the
necessary experience from that. | strongly believe | have the ability to go into
research; I’'m very independent but also collaborate well with others, and |
excel academically, receiving the top year 1 student award in my
department.

Even if | undertake the JRA and decide research isn’t the path for me, it will
give me many useful skills and opportunities for networking. Hence the JRA
is an amazing opportunity for me and my career, | would be so grateful for
the opportunity.

Full Research
Proposal/Stateme
nt:

Max. 1,500 words

Experimental Investigation into using Targeted Surface Microjets for
Flow Separation Control over Compressor Blades

Introduction

Flow separation is a major problem for many aerodynamic applications, it
results from an adverse pressure gradient opposing the flow. As flow in the
boundary layer close to the surface has low momentum, particularly in the
laminar regime, it is vulnerable to being reversed in direction causing it to
separate from the airfoil. This causes large losses in efficiency, reducing the
lift and causing a low-pressure region behind the airfoil (1, subjecting it to
axial drag forces.

Due to the nature of how turbomachinery operates, many parts are
susceptible to flow separation. In particular, the compressor stages are
subject to large adverse pressure gradients due to flow being progressively
compressed. In addition, when at high altitude the Reynolds number is low
and hence flow disturbances are damped by viscosity, so laminar boundary




layers dominate which are more likely to separate. Flow separation from
these compressor blade surfaces has detrimental effects on engine
performance, potentially leading to stall. This causes a massive reduction in
lift of the compressor blade and hence the pressure increase from the
compressor section is reduced, in turn lowering engine efficiency. The
difference in pressure between the two surfaces of the compressor blade
due to separation also causes axial drag forces, which will increase the
power wasted in turning the compressor and increase the forces
experienced by the blades. This will lead to earlier failure, increased fuel
consumption and more environmental impact.

By controlling flow separation over the airfoil, we can delay it to reduce some
of the negative impacts of separation as previously mentioned. This is done
by controlling flow transition. A turbulent boundary layer is much better at
mixing flow and hence higher velocity air is transferred down close to the
surface, thus increasing momentum. This higher momentum flow will be less
affected by adverse pressure gradients and hence be less susceptible to
separation. However, turbulent boundary layers incur increased frictional
losses. Therefore, one should aim to suppress separation and delay
transition at the same time to achieve improved results. There are multiple
ways to control the state of the boundary layer, both passive (such as vortex
generators) and active methods. Active flow control uses an external source
of energy and a controller [21to alter flow characteristics, it is ideal compared
to passive, as when they are not in use, they produce little to no parasitic
drag. Active methods can then be split into further subcategories based on
their functioning: Plasma, synthetic jet, active vortex generators etc. (1. Each
has its own advantages and disadvantages regarding power requirements
and effectiveness.

| would like to continue some of the work which Dr XXXXXX undertaking this
year which will look at using targeted surface micro jets to modify and
control flow separation on compressor blade surfaces, and some ways this
can be implemented.

Problem statement

It is well-known that with current battery technology, electric aircrafts are
unfeasible in most situations [3! due to the increase in weight and decrease
in cabin space from the battery requirements. Hence in order to meet
sustainability targets and reduce the impact on the environment, the
efficiency of current turbofan engines and aircraft external aerodynamics
must be improved.

Over recent decades there has been many advances in altering flow
characteristics in gas turbines for optimum performance and efficiency,
some passive and some active. However, there is a distinct lack of research
into active methods applied to the compressor stages specifically for
separation control, especially using experimental methods. Considering the
effect that the compressor stage has on overall engine performance;
“Improved compressor efficiency has a two-fold effect on overall engine
efficiency” 14, it is clear that optimising the compressor stage is a key
component in improving performance and reducing environmental impact
through lowering fuel consumption and increasing part life.

With active flow control showing promising results in simulated studies and
other applications I8! it is necessary to experimentally verify its effectiveness
and to test its feasibility in a part so important to overall efficiency.




Objectives

The goal of this research will be to investigate the effectiveness of using
active flow control methods, such as dielectric barrier discharge (DBD)
plasma jets, to control flow separation over a compressor blade like
pressure gradient on a flat plate. If results are promising, future studies can
explore and compare different active flow control methods for this purpose,
and then go on to conduct tests on realistic compressor airfoils under
different loading conditions at more advanced facilities.

Dielectric barrier discharge actuators use AC electricity to supply the flow
with momentum, this can either be steady or unsteady. They function by
creating a high voltage between the electrodes creates weakly ionised gas
plasma discharge on the surface, this creates momentum via the
electrohydrodynamic effect [6l. The basic structure of a DBD plasma actuator
consists of an exposed and embedded electrode as seen in figure 1.

Figure 1 - Schematic of DBD Plasma Actuator (7]
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Preliminary Literature Review

There has been a lot of research into the area of active flow control focusing
on simulation and numerical modelling of flow separation control, much of
which has proven successful; a study by Ekaterinaris showed that for mildly
separated flow, effective control was achieved 8land even for massively
separated flows, the airfoil was enhanced [8l. Specifically for separation
control, a numerical simulation study by Hua Shan [°] comparing passive and
active flow control over a NACA airfoil, showed that active flow control was
more effective than passive vortex generators and worked so well that the
separation zone previously observed was not visible in the averaged results.
While there are numerous numerical simulation studies, there is less
experimental work, however there is a relevant experimental study by G.
Zoppini [101 which specifically investigated using DBD on a NACA airfoil for
separation control; the results showed it was very effective at delaying and
reducing separation over the airfoil. A turbomachinery flow control literature
review by Tiainen showed the clear benefits of using DBD actuators,
referencing their “low power requirement, light and simple configuration (no
moving parts, cavities or holes), no mechanical vibrations and fast dynamic
response” [21. Suggesting DBD actuators are a good starting point for our
investigation. Amongst all this, there is a lack of research applying it to
compressor sections of turbomachinery in general, but there are almost
none into flow separation in these sections specifically. There was one study
which investigated the ability of active flow control to reduce rotating stall,
which is a result of a different type of separation caused by a high angle of
attack. This showed a 23% reduction in rotating stall mass [11! indicating it
must have delayed this separation, further hinting at the ability of AFC for
this purpose.

Methodology




This study will be highly experimental, hence in order to learn the
instrumentation, an initial experiment on a standard NACA aerofoil in a small
wind tunnel will be carried out. This will involve making measurements for
separation control. The next stage will be to simulate a compressor blade
pressure gradient on a flat plate using specifically modified contoured walls
in the wind tunnel, Dr XXXXX has previously shown this method to accurately
‘capture the separation bubble formation and flow diffusion’ (121, active flow
control methods such as DBD can then be implemented and investigated to
attempt to control separation over the flat plate. A flat plate replicating the
pressure gradient is used here rather than the actual compressor blade
airfoil as it is much easier to make accurate measurements with. This can
then be further developed in future studies (during a potential PhD research)
to test the actual compressor blade airfoils under different loading
conditions at more advanced facilities.

Figure2 - TFRC Wind Tunnel and Test Section 113
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