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This white paper considers the challenges of turbine active clearance
control and proposes a unique approach in reducing the tip clearance
control of a civil aircraft engine.
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Abstract

White Paper Specific Fuel Consumption

This white paper considers the challenges of turbine
active clearance control and proposes a unique
approach in reducing the tip clearance control of a civil
aircraft engine. The algorithm proposed in this paper can
be incorporated in the engine Digital Engine Control Unit
(DECU) so that Active Clearance Control (ACC) systems
can be more accurate and cost-effective. This new
approach can save millions of dollars on fuel costs for
the aircraft industry, which is already reeling under debt
and faces major challenges in surviving because of
economic uncertainties.

In the aerospace industry, as in many other industries,
there is a strong interest to maximize the use of existing
assets. The performance of ACC systems of a civil
turbine engine is one such area in the aerospace
industry where maximum use of current assets is
gaining prominence. Among the various parts that make
up the ACC system, tip clearance is considered an
important area for improvement. The industry already
understands that with a reduction in the tip clearance,
aircraft manufacturers can anticipate dramatic savings in
fuel, improvement in the engine’s service life, and an
overall enhancement in a turbine’s performance.

Background

These challenges present an opportunity to accelerate
innovations in improving the service life of the turbine. A
new approach and methodology to design the turbine’s
active clearance control can accelerate the process and
challenge the status quo on the tip clearance control in
the development of civil aircraft engines. Disruptive
methodologies and new computational models that
promise the advantage of significant Specific Fuel
Consumption (SFC) are needed now more than ever.

Even a small percentage of SFC reduction can result in
saving millions of dollars in fuel cost, and a marginal
decrease in Exhaust Gas Temperature (EGT) can
increase the time-on wing of the aircraft. In general, for
large turbine civil engines, tip clearance reductions of
the order of 0.010 inches can produce a 1% decrease in
SFC and 10°C decrease in EGT. Improved tip
clearances of this magnitude can produce fuel and
maintenance savings over hundreds of millions of
dollars per year.

As aircraft engine designs continue to push the
performance envelope with fewer parts, and the market
drives manufacturers to increase service life, the need
for advanced ACC systems continues to grow.

The performance of gas turbines for use in civil aircraft
has improved over the decades since its first
development in 1930s. Apart from the giant strides made
by pioneers over the last decade, design changes are
usually incremental, and most technical improvements

occur after the expenditure of considerable time and
money in research and development.

A closer collaboration between the manufacturers and
centers of excellence for the aircraft industry that have
invested in advancing the design methodologies will be
beneficial. Innovations in the SFC reduction area,
besides many other critical areas of the civil turbine
design, and development will bear fruit in the coming
decades.

New Computational Models Can Deliver New Levels of Innovation

A significant trend in all research, development and
design of civil turbines is the increasing use of
computational methods. Growth in computingpower and
improvements in modeling, particularly on thermal and
mechanical loads of the rotating and stationary
structures has quickened the pace. However, the more

©

sophisticated the computational code, the greater the
need to validate its output using reliable data. Turbine
research is increasingly directed towards code validation
using data obtained from engine tests or flight
performance data models of engine components.
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Challenges in Developing Optimum Tip Clearance

Turbine blades enclosure and sealing enclosures are
segmented to accommodate thermal expansion in a
turbine. In a typical turbine, the deterioration of
components is caused mainly by increased EGT margin,

which in the long term affects the performance of the
engine. When the tip clearance increases, the hot
section component degrades and therefore contributes
to lower-performance of the engine.

Casing Enclosure Expansion and its Effects on Thermal and Mechanical Loads

Blade tip clearance and inter-stage sealing in the
interiors of the casing has been a challenge since the
development of turbine engines for civil aircraft. Today, in
engine development, more focus is given to gaining
control over the clearance because it is one of major
factors in the wear and tear of the rotating and stationary
structures of the engine.

A tiny variation in the diameter of tip clearance, caused
by thermal and mechanical loads, can considerably

change the functioning and performance of the turbine
blades during flight transient operations. Blade tips and
shrouds wear over a period of time because of friction
when clearances are too tight. As the engine
deteriorates, EGT increases, and this accelerates the
gas path deterioration process. This may result in the
blade tip touching the casing, a condition known as a
rub, which decreases engine performance and reduces
the lifespan of the blades as well as casing enclosures.

Deterioration of EGT Margin and Effective Clearance Management

As rotating and stationary components degrade, and
clearance between the blade tips and the seal on the
interior of the casing increase, the engine has to work
harder to develop the same thrust. Once an engine
reaches its EGT limit, which is an indication that the
high-pressure turbine disk is reaching its upper
temperature limit, the engine must be sent for
maintenance.

Maintenance costs for major overhauls of today's large
commercial turbine engines can easily exceed
thousands of dollars. Deterioration of the EGT margin is
the primary reason for removing an aircraft engine from
service. (EGT is used to indicate the performance of the
turbine.)

Tip clearances change during the operation of the
engine and vary depending on rotor speeds,
temperatures, and mechanical deterioration. An
improved clearance management promises to
dramatically improve engine service life and reduce the
maintenance cost over the long haul of the aircraft.

The problem in minimizing the tip clearance is that the
blade tip length from rotor tip center or engine axis grows
at a different rate than the casing, which may not be able
to accommodate the change in blade length, especially
during engine transient operations. The clearances
should therefore be minimized while avoiding rubs
between the turbine blade tips and shrouds. SFC
reduction is possible by reducing the tip clearance to an
acceptable level.

Industry Standard Approaches and their Limitations

The aerospace industry is currently considering the
following three approaches to improve the ACC system
and to reduce SFC:

<

a) Increasing the bypass ratios by over 10
b) Implementing un-ducted fan configurations

c) Increasing the engine’s overall pressure ratio
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However, these have mechanical and aerodynamic
limitations and challenges in moving cost-effectively
from the design to the implementation phases. In
addition, since all aero engines today employ DECU, it
will be easier to incorporate a proven algorithm than to
attempt the three approaches that have longer
time-to-market and may include considerable costs for
developing the technologies.

The following sections consider the factors that affect the
performance of the blade tip clearance, and propose
building a unique algorithm that combines actual flight
performance deck with a computational model.

ACC Systems and Measuring the Tip Clearance

As part of the engine-life enhancing technologies in use,
ACC systems have become an integral part of modern
commercial turbine engines. They are used to improve
performance and lower specific fuel consumption,
thereby lowering turbine operating temperatures and
extending engine life. ACC is an attempt to improve
engine efficiency by manipulating the transient and
steady state clearances during operation. Some of the
preferred sensors for turbine clearance measurement
that are in use today are the traverse probe and
capacitive type.

CAPACITANCE PICK-UP OUTPUT
SIGNAL WITHOUT MODULATION

TV
B ARSI U

CAPACITANCE PICK-UP OUTPUT
SIGNAL WITH MODULATION

Algorithm Development Methodology for Turbine Tip ACC

Formulation of the Problem

The objective of the problem is to obtain certain
pressures, temperatures, and the mass flow data that
correspond to a combination that offers the best SFC,
best thrust, and reduced emissions within a particular
range. To develop the algorithm, the values are
computed for turbine tip ACC. To compute the values,
the performance deck (computer software) of the engine
is used to design the algorithm to develop the lowest
SFC possible for a typical transient operating state of a
civil turbine.

Algorithm

Fitness parameters and constraints for the problem are
finalized after the solution representation is developed
using the values from the performance deck and
combining it with the algorithm. The following steps are
then defined to form the base of the algorithm:

&

Evaluation

The process of evaluating the parameters and
constraints consists of the following steps:

Step 1: Firstly, flight conditions are selected and the
typical pressures, temperatures, and mass flow required
for ACC are computed using the detailed performance
deck of the engine.

Step 2: The values derived from Step 1 are correlated
with respect to standard entry conditions and plotted
against the engine RPM (corrected to standard
conditions). The plots or functional relationships
represent the simplified algorithm representing the
non-dimensional performance of the engine.

Step 3: Evaluating the constraints with respect to
performance deck. Now both the detailed engine
performance deck and the simplified algorithm are
computed.
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Constraints

The values computed using Step 1 and 2 should match
within 5% (approximately) and this is used as the
validation criteria of the algorithm.

Termination Criterion

The algorithm formulated and developed must meet the
5% criteria limit and then is incorporated in the DECU of
the engine.

Limitations of the Algorithm

Acceptance of this approach has little implications on the
existing turbine engine development. However, the
challenge is effective implementation and efficient
functioning of the algorithm embedded in the DECU of
the aircraft engine. This challenge can be addressed
during the algorithm design stage for a particular ACC
system.

Validating the Output - Results

It can be seen from the plots that the values of pressure,
temperature, and mass flow obtained from the simplified
algorithm match with those obtained using the detailed
engine performance deck within 3%, which is sufficient
for the DECU purposes.

Conclusion
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The implementation of the algorithm leads to significant
savings in costs for the aerospace industry in the
maintenance of the turbine as well as from the massive
reduction in SFC. Other industries can also benefit from
this fresh approach of reducing SFC by modifying the
algorithm to suit several other turbine application areas.

The other major impact this algorithm can have is on the
reduction of emissions due to lesser fuel burn. An

o

improved blade tip sealing in the rotating and stationary
parts can also improve the engine’s service life and
compressor’s stall margin as well as an increase
payload and range capabilites. To develop the
algorithm, an engine performance deck and data on
mass flow, pressures, and temperatures are the only
required parameters for reducing the SFC.

© 2012, QUEST Global Services



White Paper Specific Fuel Consumption

With this new approach — reducing SFC and improving
the overall performance of the ACC system — DECU
performance will dramatically increase and the overall
impact on the airline operator's bottom line can be
quickly realized through savings on the maintenance
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