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Abstract: The attempt to improve aircraft engines efficiency resulted in the evolution from turbojets to the first
generation low bypass ratio turbofans. Today, high bypass
ratio turbofans are the most traditional type of engine in
commercial aviation. Following many years of technological developments and improvements, this type of engine
has proved to be the most reliable facing the commercial
aviation requirements. In search of more efficiency, the engine manufacturers tend to increase the bypass ratio leading to ultra-high bypass ratio (UHB) engines. Increased bypass ratio has clear benefits in terms of propulsion system
like reducing the specific fuel consumption.
This study is aimed at a parametric analysis of a UHB turbofan engine focused on short haul flights. Two cycle configurations (conventional and regenerated) were studied,
and estimated values of their specific fuel consumption
(TSFC) and specific thrust (Fs) were determined. Results
demonstrate that the regenerated cycle may contribute towards a more economic and friendly aero engines in a
higher range of bypass ratio.
Keywords: UHB: turbofan; bypass ratio; regeneration

1 Introduction
Negative manifestations to planet’s environment should
not constrain the development of industrial and technological areas, but have to be used as the main path to
bring them to the next technological level. The propulsion area should be one of the leading areas to give the
example and show proofed results of this shifting. The
aeronautical world has its footprint in the planet’s envi-
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ronment. The aircrafts are major fuel consumers and contribute to global warming due to their activity. Designing
new engines, where the consumption is significantly reduced while the performance values are not compromised,
are the goals of all engine manufacturers from the past to
the future. It is necessary to study future possibilities that
put the bets even higher, always with the intention of contributing to a more eco-friendly and powerful engines that
will take the planet into consideration.
Many works have been developed in the last 30 years
related to possible ways to improve the performance of
Turbofan engines. Optimizing these kinds of engines has
always been present after they proved their fantastic capabilities in commercial aviation early years of service. Goals
like reducing fuel consumption and recently cutting pollutant emissions, relaunches a successfully applied concept in ground systems for many years: regeneration. Considering the recent announcement of the introduction of
UHB Turbofan engines for single aisle aircraft in the market alongside with new the airframes in the near future,
it is important to review the past and recent work investigations related with this type of engine. In this section it
will summarize the previous path taken until the present
days that will support this work. According to the report
(Flight Global Special Report, Commercial Engines 2013),
that translates the trend of aero engines market in the year
of 2012 and predicts the behavior of the market for the next
years, the delivered powerplants to the majority of the airliners are from the CFM International and Pratt & Whitney. In view of the new A320neo and 737 Max arrivals in
a few months choosing the right engine never have been
more important or harder. For the airliners, the decision
between the CFM Leap-1A and P& W PurePower1100G will
be no easy task. For the A320neo, despite the minor airframe changes, the commitment and strategies of the engine makers to achieve the 15% rise in fuel efficiency imposed by Airbus, translates this not in a simple race to see
who provides the engine but can be the choosing factor
from the airliners for the technology that dictates the future of gas turbine technologies. From one side, the debate of the reliance on new and exotic materials by the
Leap-1A and on the other side the introduction of a reduc-
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tion gear box inside the PW1100G. On the engine parameters, we can find several studies where the objective is
to study the thermodynamic cycles. According to the authors [1], pollutant emissions in commercial aviation, have
been a concern since the 1960s. Changes in the current airline flight profiles would benefit the reduction of NOx but
would involve a major economic penalty. It is reminded
that the total exhaust emissions are a result of the overall
efficiency of the aircraft. This includes the thermodynamic
cycle of the engine as well as the aerodynamic drag of the
airframe. Alternative cycles applied to the direct drive turbofan could be the answer to ensure more efficient and environmental friendly engines and also increase the maximum payload. This is achieved by improving the global
efficiency of the engine which results from the propulsive
and thermal propulsive efficiency. The authors [2] stated
that the trend in actual propulsion systems is to use very
high values for cycle maximum temperature, with an increasing discharge temperature due to operative modalities of the discharge nozzle, often working in off design
conditions. This makes the heat discharged a strong influence in the system performance and heat recovery appears
to be a way that needs further improvements and investigations. However there are limitations in this concept like
the engine configuration, weight, overall dimensions and
reliability. According to the authors [2] the concept of regeneration in a turbofan is particularly interesting at high
by-pass ratio. Results show that the recovery not only influences the process positively but also amplifies the influence of other operative parameters, being the conventional heat transfer method it’s the one that reveals the
minimum level of fuel consumption compared to the others. However, the thermal efficiency is always better when
the heat transfer is processed during the expansion. As
conclusions, the authors proposed the regeneration as the
possible way of improving the engine characteristics. Another study [3] stated that at high bypass ratio, turbofans
with regeneration show higher thermal efficiency than the
conventional ones. However, these results are valid only
for low pressure ratios. The propulsion efficiency is also
superior to the conventional situation but once more at
lower pressure ratios, due to the reduced gas kinetic energy in the exhaust, since the heat extracted has been subtracted in the heat exchanger. The authors also identified
the problems of size, weight and integration with the engine and the aircraft in both concepts (regeneration and
intercooling). Another study focused on the introduction
of heat exchangers on engines with two spools [4]. The
conclusions of this work revealed that the engine with only
intercooler has the worst SFC results and lower thermal efficiency. The engine with intercooler and regenerator has

better SFC and thermal efficiency compared to the conventional engine used in this study. It is concluded that the
engine with only regeneration achieves the lowest values
of specific fuel consumption and the highest for thermal
efficiency. The IR also has lower values of performance
compared to the engine with only regenerator. The engine
with regenerator is pointed to be the best in SFC and thermal efficiency. According to the study [5], increasing the
overall pressure ratio (OPR) and the turbine entry temperature (TET) will improve the thermal efficiency. The geared
turbofan concept is the answer suggested by the author
for aiming those kinds of bypass ratios and OPRs. This
concept is focused in [6], and represents the next step in
performance, emissions (due to low fuel burn) and noise
and does not impose unreasonable risk to the customer, as
a more revolutionary step like the counter-rotating turbo
machinery concept. The open rotor concepts can provide
higher TSFC and fuel burn benefits. However, to achieve
noise requirements the technology improvement is still
one decade away. An optimization study of the GTF [7],
concluded that all the concept combined with other structural innovations can potentially deliver fuel benefits for
GTF engine. The weight reduction and the lower stage
loading with higher component efficiencies prove to be the
next step of the turbofan market. The two future engine
concepts (Geared Turbofan and Open Rotor) are often compared in similar conditions. In [8], conclusions from this
comparison stated that despite the weight penalty of 28%
of the CROR compared to the GTF, its propulsive efficiency
outweighed the issue with a 12–13% fuel burn cut over
the GTF. However engine installation effects of the study
need to be more developed to assure the described benefits, like mentioned before. Nevertheless, the authors point
the open rotor as the next answer over the near term new
engines (PW1000G and LEAP-X) with the potential to offer
even more benefits for the 2025 engine generation. Similar results were achieved in [9], with a geared open rotor
and an ultra-high bypass ratio geared turbofan. Although
heavier in weight, the reduced SFC and nacelle drag can
compensate the drawbacks.
Raising the BPR seems to be the trend for turbofan engines in commercial aircraft for the next years. This shift
alongside with new architectures like the GTF represents
the best answer in current technology to cut down pollutant emissions. From all the developed and presented
studies in this article and taking the market evolution of
the turbofan into consideration, the author’s intentions
are to explore the thermodynamic and performance behavior of an UHB turbofan. At the same time the application
of alternative cycles in this new set of BPR brings back the
well-known concept of regeneration and creates the ques-
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Table 1: Fixed Engine and Flight Characteristics

Cruise Altitude:
Cruise Temperature:
Cruise Pressure:
Cruise Speed:
Cruise Thrust:

tion if the goals can be pushed further in the upcoming
turbofans in the A320neo and 737 Max.
It will be taken into consideration a combination of
engine parameters to achieve the objective of maximizing
the SFC with the lowest TSFC possible. A parameterization
of several engine parameters will make possible to map
the behavior of a hypothetical engine with two distinct cycles and assess if it can deliver even less fuel consumption
without compromising too much its performance.

2 Engine Parameters
Being based on the new trends of the aircraft and engine
market for the next coming years, the new airframes from
Airbus and Boeing (the A320neo and the Boeing 737 Max),
will be equipped with a new generation of engines that will
have a BPR superior to its predecessors. Although these
aircraft manufacturers bring new airframes to the market,
the propulsion requirements of these airframes are similar
to the old ones.
For the purpose of this study, some engine characteristics will be imposed based on the propulsion requirements of the old airframes and engines. However, at the
same time, it will be changed and also explore the already
known characteristics from the engines makers [10], (CFM
LEAP report – The Power for the Future 2013), (Airbus Report – New “Sharklets” and A320NEO, 2012), like higher
BPR, higher TET, new fan and compressor ratios and an
increase in efficiency of the components.
Therefore, the engine in study will be based on a two
shaft engine with a high bypass ratio destined to power
the new narrow bodies from Airbus and Boeing (A320neo
and 737 Max respectively). The new engines will have BPRs
superior or equal to 10.
This project creates several setups of engines by taking
into account some specific imposed requirements which
will be tried to match each analysis. The flight point in
study will be the cruise phase. The following Table 1 shows
the fixed characteristics of the engine as well as the flight
phase.

36 000 [ft.]
216.8 [K]
22 700 [Pa]
230 [m/s]
32 785.839 [N]

3 Method
Assumptions
To perform the calculations needed to obtain the engine
values, it is necessary to define some conditions and assumptions that will influence the calculation process [11].
Therefore the assumptions are:
– One dimensional flow;
– Steady flow;
– The fluid detains perfect gas behaviour at constant
molecular weight;
– Bleed air is not considered;
– The compression and expansion processes are polytropic;
– Before the combustion phase, the values of C p and
Υ for the air are: C pc = 1005 J/Kg·K and 𝛾c = 1.4;
– After the combustion phase, the values of C p and Υ
for the air are: C pg = 1148 J/Kg·K and 𝛾g = 1.333;
– The specific gas constant is R = 287 J/Kg·K;
– The temperature at the exit of the LPT must always
be superior to the temperature at the exit of the HPC
in order to assure the integrity of the cycle;
– The low heating value of the fuel is Qnet = 43.1 MJ/Kg;

Component Eflciencies
Table 2 presents the component efficiencies that were assumed and kept constant during all the calculation process:

Mathematical Model
The following equations presented were used in the mathematical model and applied on the Matlab code. The equations are for a forward fan unmixed two-spool engines.
These equations are based on [11] and are adapted to this
study. As a final result, the parameters obtained are the
specific thrust and specific fuel consumption. These parameters will be used to compare several setups of engines

𝑃09 = 𝑃07 ∙ Π𝑟𝑒𝑔

Finally, after some calculations the specific thrust and thrust352 | F. Oliveira and F. Brójo
specific
fuel consumption are obtained for the considered

BPR.

Since there is a pressure drop in the regen
necessary to calculate a new fuel air ratio for the

Table 2: Assumed Component Eflciencies [12]

Component
Admission Eflciency
Fan Eflciency
LPC Polytropic Eflciency
HPC Polytropic Eflciency
Burner Eflciency
The specific thrust will be:
Burner Pressure Ratio
LPT Polytropic Eflciency
𝐹 HPT Polytropic Eflciency
𝐹𝑠 =
𝑚̇𝑎 Regenerator Eflciency
Regenerator Pressure Ratio
Nozzle Eflciency
Where m ̇a is the total mass of air intake
to the
engine.
Mechanical
Eflciency

(f'reg) Value
and new temperatures and pressures for th
Symbol
ηi
0.98
LPT.
η fan
0.90
𝐶𝑝𝑎 . 𝑇08 − 𝐶𝑝𝑔 . 𝑇𝐸𝑇
η LPC
0.90
𝑓′𝑟𝑒𝑔 =
𝐶𝑝𝑔 . 𝑇𝐸𝑇 − 𝑄𝑛𝑒𝑡 . 𝜂𝑏
η LPC
0.90
ηb
0.995
Πb
0.96
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η LPT
0.89
η HPT
0.91
To perform
an analysis, assumptions and cons
η reg
0.80
defined
Π reg
0.95according to the mathematical model
η nexpected
0.90 that the results do not reveal exact va
ηm
0.995

some parameters that are assumed as constant.

approximation is obtained; however, the credi

For the combustion chamber, f represents the fuel air
ratio.
results is assured.
C pa · T04 − C pg · TET
f =
The mathematical
is applied to the conven
C pg · TET − Qmodel
net · η b

and
it is adapted
to the
cycl
To calculate
the temperatures
at the outlet
of theregenerative
HPT and
LPT, an energy balance between the HPC and the HPT and
introduction of the regenerator.
from the fan plus the LPC and the LPT is expressed by the
relations: For the parameterization, independent varia
(︀
)︀
and
tweaked
in order to evaluate all t
TET − T low
(1 + f ) C pgselected
pressure
turbine entry
(︀
)︀
C pa T combustion
T high pressure
compressure entry
setups, chamber
so an− initial
performance
map of the en
=
ηm
(︀
Figure
Layout
of a two-spool
turbofan
engine with
obtained.
The
independent
variables in)︀ this study
Figure 1:1:
Layout
of a two-spool
turbofan engine
with regenerator
(1 + f ) C pg T low pressure turbine entry − T low pressure turbine exit
regenerator (Adapted from [11])

(Adapted from [11])

as function of the BPR. The layout of the engine and stations
numbering is presented
in Figure 1. is given by:
And the
thrust-specific
fuel consumption
The determination of the stagnation temperatures at
the admission was made using:

36002 ∙ 𝑚̇𝑓
Ca
𝑇𝑆𝐹𝐶
T01 ==T a + 𝐹
2c p

=

C pa (T03
− T02and
+ B) CTET
− T01 ) mentioned in the Re
BPR
(already
) + (1 the
pa ( T 02
ηm

subsection),

the

fan

pressure

ratio

(rpfan

compressor pressure ratio (rpc). These engin

For the pressure calculation, it is applied the relation bewere parameterized
the following values:
tween temperatures
in a polytropic with
expansion:
(︂
)︂ n−1
TET
p05 n
=
T06
p06

BPR: from 10 to 20;
WhereWhere
m ̇f isCthe
mass
fuel and
added
toambient
the combustion.
flightofspeed
T a the
tempera- For the turbine and fan nozzle it is assumed that there are
a is the
TET:
1500K/1800K
andtotal
2100K;
ture. For the stagnation pressure:
no changes
in the
total pressure and
temperature in
The equations presented [︂next are for]︂ the
regenerative
cycle.
𝛾
the jet pipe
between the Pressure
turbine andRatio:
the nozzle.
Next,
a 20;
Compressor
10/15
and
𝛾 −1
C2
= p a 1 +at
η i thea exit of the LPT allowing
The regenerator isp01
adapted
check for nozzle choking is performed. The critical pres2c p T a
Fan Pressure
Ratio: 1.2/1.5 and 1.8;
sure is calculated
from the relation:
the heat
from
the exhaust gases to the
Where exchange
p a is the ambient
pressure.

P07
1
= [︂
In
the
fan
and
compressor
section
was
applied
a
poly(︁ )︁
]︂ 𝛾g
P
pressurized gases leaving the HPC, before entering in the
c
1
𝛾g −1) 𝛾g −1
(
η
n
tropic compression. Example for the LPC:
To execute1 −the 𝛾parameterization,
the mathema
g +1
combustion chamber. The equations
are adapted from the
(︂
)︂ n−1
T0a
p0a n
was developed in a Matlab code in order to
=
If P c ≥ P a then the nozzle is choked. The temperature of the
ones for the conventional
T02cycle.
p02
gases leaving
the nozzle isThe
obtained
from
the relation:
calculations.
base
code
consists of the imp
𝛾 −1
n−1
Wherebalance
, η∞c
the efficiency
of the respective
An energy
theis efficiency
equation
are applied to
n = 𝛾 ηand
∞c
T07 𝛾g + 1
of the mentioned
equations (conventional and
=
component.
T
2

11
the regenerator in order to obtain the temperatures 𝑇08 and
cases) and is able to calculate simultan
𝑇09 .
thermodynamic and propulsive values for both
(𝑚̇ℎ + 𝑚̇𝑓 )𝐶𝑝𝑔 (𝑇07 − 𝑇09 ) = 𝑚̇ℎ 𝐶𝑝𝑎 (𝑇08 − 𝑇04 )
contains all the constant variables and also e

each independent variable according to an established step. plotted. The following diagram, Figure 2 depicts all the
All the calculated results are filtered and selections of processes that were taken in the parameterization study.
Parameterization of UHB Turbofan | 353
acceptable results are condensed in a major matrix to be
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Therefore the gases leave the nozzle at a velocity equal to
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Results
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C pa (T08 − T04 )
C pg (T07 − T09 )

Figure 3: Fs vsη reg
BPR
= with and without regeneration (TET
1800K and rpfan 1.2)

The pressures, P08 and P04 are calculated considering

This section will present the results of the parameterization
the regenerator pressure ratio.
It is possible to state that the values of Fs increase as TET
study
regarding
the
Fs
and
the
TSFC.
It
was
possible
Otherwise, if the nozzle is unchoked (P11 = P a ), then the to rises. However, the Fs decreases along with the BPR
P08 = P04 · Π reg
obtain
each
rpfan the
andnozzle
rpc, ais set
threeby:graphics
velocity
of thefor
gases
leaving
nowofgiven
increase. For this TET,
theP rpc· 20
shows the highest value of
P09 =
07 Π reg
corresponding to √︁
each value of TET. However, in some
Fs and the lowest belongs to rpc 15. Regarding the
pg (T 07 −
11 = not2C
11 )
situations itVwas
possible
toTobtain
values for reduced
Since
there is a pressure
drop
in the
it is
regeneration
results, the
trend
of regenerator,
the Fs curves
forneceach
temperatures
(1500K)
due
to
the
imposed
fan
pressure
ratio.
essary
to
calculate
a
new
fuel
air
ratio
for
the
combustion
Finally, after some calculations the specific thrust and
′ rpcreg along all the BPR is equal to the situation without
At Figurefuel
3 are
presented the
results for
fixed
rpfan (f
of reg ) and new temperatures and pressures for the HPT
thrust-specific
consumption
areFsobtained
fora the
conregeneration. However for each rpcreg, there are distinctive
and LPT.
varying the BPR from 10 to 20 with TET from 1500K and
sidered1.2,
BPR.
values of Fs, contrary to the situation without regeneration.
C pa · T08 − C pg · TET
The
thespecific
rpc fromthrust
10 to will
20. be:
′
The values fofregFs= with regeneration are lower than the Fs

Fs =

F
ṁ a

Where ṁ a is the total mass of air intake to the engine.
And the thrust-specific fuel consumption is given by:
3600 · ṁ f
TSFC =
F
Where ṁ f is the mass of fuel added to the combustion.
The equations presented next are for the regenerative
cycle. The regenerator is adapted at the exit of the LPT allowing the heat exchange from the exhaust gases to the
pressurized gases leaving the HPC, before entering in the
combustion chamber. The equations are adapted from the
ones for the conventional cycle.
An energy balance and the efficiency equation are applied to the regenerator in order to obtain the temperatures
T08 and T09 .
(︀

)︀
ṁ h + ṁ f C pg (T07 − T09 ) = ṁ h C pa (T08 − T04 )

C pg · TET − Q net · η b

values with no regeneration. In the case where a rpcreg of
10 is registered the lowest values of Fs and for a rpcreg of
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20 the highest.
To perform an analysis, assumptions and constrains were
Figure 4 shows the Fs results for a fixed rpfan of 1.8, varying
defined according to the mathematical model used. It is
the BPR from 10 to 20 with TET 1800K and the rpc from 10
expected
that the results do not reveal exact values due to
to 20.
some
parameters that are assumed as constant. Instead,
an approximation is obtained; however, the credibility of
the results is assured.
The mathematical model is applied to the conventional cycle and it is adapted to the regenerative cycle with
the introduction of the regenerator.
For the parameterization, independent variables were
selected and tweaked in order to evaluate all the possible
setups, so an initial performance map of the engine can be
obtained. The independent variables in this study will be:
the BPR and the TET (already mentioned in the Requirements subsection), the fan pressure ratio (rpfan) and the

At Figure 3 are presented the Fs results for a fixed rpfan of
1.2, varying the BPR from 10 to 20 with TET from 1500K and
the rpc
from 10 to 20.
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regeneration. However for each rpcreg, there are distin

values of Fs, contrary to the situation without regenera

The values of Fs with regeneration are lower than the

values with no regeneration. In the case where a rpcre

cases) and is able to calculate simultaneously the thermo10 is registered the lowest values of Fs and for a rpcre
dynamic and propulsive values for both cycles. It contains
all the20
constant
variables and also evaluates de choking
the highest.
status of the propulsive nozzle. This code will be applied
to several engine configurations simply by varying each inFigure
4 shows
the Fstoresults
for a fixed
rpfan
dependent
variable
according
an established
step.
All of 1.8, var
the calculated
results
of acceptthe BPR
fromare
10filtered
to 20 and
withselections
TET 1800K
and the rpc from
able results are condensed in a major matrix to be plotted.
to 20.
The following diagram, Figure 2 depicts all the processes
that were taken in the parameterization study.

4 Results and Discussion

This section will present the results of the parameterization study regarding the Fs and the TSFC. It was possible
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1.2
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1.8.
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registered in this configuration
for both cases (with and without regeneration). Also, the The sameParameterization

TET. comparatively to the previous graphic. Still, it is possible to
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conditions,
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conclusions.
more
accurate results,
The rpfanreg 1.8 scores the lowest value in the BPR 12 and the continuation of this study should be developed, where
it is possible until BPR 13.
the addition of more variable parameters will be required.
The parameterization study was managed by fixating
one of the independent variables (rpfan or rpc) and extracting results of the TSFC and Fs for three different sets of
5 Engine Instalation
TET along the BPR window from 10 to 20. This evaluation,
When selecting an engine to an aircraft, a very dedicated helped mapping the behaviour of the engine and studied
process is required. The flight mission and the airframe the viability of a regenerated cycle regarding the considcan dictate the type and the characteristics of the engine ered outputs. The introduction of a regenerated cycle was
selected. In the commercial aviation the turbofan engines to assess if it was possible to reduce the consumption in
have been leading the market for many years for their the new BPR range values.
From the results of the parameterization we can conreliability and maintenance costs. However, architectural
changes need to be assesed to not compromise the total clude that higher Fs values can be achieved by increasing
aircraft and its mission. The raising of the BPR can in- the fan pressure ratio and the TET. The general behaviour
volve a wider fan, thus the engine is closer to the ground. with or without regeneration is the increase of TSFC with
Also it represents an influence in the aircraft’s aerody- the increase of Fs. However, as the values of the rpfan innamic and weight, specially when the regenerator is in- crease, despite of higher Fs, the range of possible BPR is
troduced. However, changes in the wing’s diehdral and a reduced. It is important to notice that for high values of
higher landing gear can overcome the ground clearance is- rpfan, reduced TET lead to an impossible configuration of
sue for a bigger engine. The introduction of the regenera- the engine, since the energy extracted at the turbine is not
tor at the available space in the engine is an obstacle to enough to supply the low pressure spool. Also, higher valovercome. On the other hand, modern combustion cham- ues of rpc produce higher specific thrust output; however,
bers are smaller and more effective reducing the diameter the values of Fs are similar for the majority of the rpc conneeded for a higher BPR. This creates the possibility to de- figurations in the conventional cycle. The same is not verivelop studies for alternative architectures for a regenerator fied in the regenerated cycle, where the difference is more
aplication. All these modifications must be evaluated and noticed for each rpc value. It is observed that the Fs values
compromised with the regular engine maintenance, not of the conventional cycle are superior when compared to
only for the reliabiliy and cycles of the regenerator com- the ones obtained from the regenerated cycle, as it would
be expected.
ponents but also from an economicial point of view.
Regarding the TSFC results, it is necessary to separate
both cycles to perform a conclusion. For the conventional
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cycle it can be concluded that higher values of rpfan and
lower TET produce a reduced consumption. Also, higher
values of rpc record lower TSFC values. On the other hand,
for the regenerated cycle it can be concluded that the lower
values of TSFC can be achieved with lower values of rpc
at higher fan pressure ratios. The turbine entry temperature develops an important role in the regeneration process since the higher the temperature, more effective the
regeneration process will be.
The trend of increasing the bypass ratio is certainly
one of the chosen paths of engine manufacturers to reduce
the TSFC. However, the components of the engine must
keep up to meet the imposed objectives. One of the examples is the trend of using higher TET that is provided by
more resistant materials. Values for other components are
suggested in this study.
The introduction of a gearbox, gives the possibility for
the low pressure spool to run at optimum velocities and
also reducing the turbine stages. This concept is not new,
however only now it was brought to a commercial level due
to all the technological development that permitted to add
an extra system to the engine, keeping or even increasing
the performance compared to the DDTF. However, it is also
important to notice that in some situations a geared configuration may not result in an increase of performance.
Thus, it is necessary to evaluate the mission objective of
the engine, in order to decide the best engine parameter
values which can dictate whether to use a geared or a conventional configuration setup, as indicated by [13].

Nomenclature
𝛾
𝛾c
𝛾g

BPR
C pc
C pg
Cp
CROR
Fs
ft.
GTF
HPC
IR
K
LPT
m/s
N

adiabatic index
adiabatic index before combustion
adiabatic index after combustion
bypass ratio
specific heat of the cold air
specific heat of the hot gases
specific heat
counter rotating open rotor
specific thrust
flight altitude
geared turbofan
high pressure compressor
intercooler and regenerator
temperature
low pressure turbine
velocity
force

NOx
OPR
Pa
Qnet
R
rpc
rpcreg
rpfan
rpfanreg
SFC
ST
TET
TSFC
UHB

nitrogen oxides
overall pressure ratio
pressure
average calorific power of the fuel
specific gas constant
compressor ratio
compressor ratio with regeneration
fan pressure ratio
fan pressure ratio with regeneration
specific fuel consumption
specific thrust
turbine entry temperature
traction specific fuel consumption
ultra-high bypass ratio
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