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THERMODYNAMIC CONCEPTS ON
EFFICIENCY OF AIRCRAFT ENGINES

ABSTRACT

Along with the development of engine technology to be able to produce maximum
efficiency in aircraft jet engines, various modifications were made to the machine
tools. Modifications are made by taking into account four main factors, namely:
maximum power output, reduced engine weight, low fuel consumption and
maximum aircraft payload. This research uses a meta-analysis method, namely the
analysis of several research results in line with what has been done previously
regarding the efficiency of aircraft jet engines. The thermodynamic concept related
to the heat engine which implements the Brayton cycle that maximum efficiency can
be done by reducing wasted heat energy and maximizing the work produced. From
this concept, several attempts to maximize aircraft efficiency, such as modification
of design ehanges-_that have a significant impact on weight reduction, fuel barrier
design with low fan pressure, high bypass design ratio are also carried out in an
effort to reduce aircraft noise levels. Aircraft noise levels can also be minimized by
modifying the nozzle and ejector on the engine.

Key words: thermodynamics, jet engines, aircraft

INTRODUCTION

News of the Sriwijaya Air SJ-182 airplane crash on January 9, 2021, which has caused quite
a lot of speculation. Some of them stated that the wrong cause of the accident occurred
because the plane was 26 years old. based-Based on the Decree of the Ministry of




Transportation Number 115 of 2020 which states that "the age limit for aircraft that is
registered and operated for the first time in Indonesia is provided that aircraft in the
transportation category for passenger transportation are at most 20 years old" [1]. Some
aviation experts say that the age of an airplane is not a major factor in the occurrence of
airplane accidents. One of the factors that can cause an aircraft to be unfit for flight apart
from weather and crew performance is a technical factor. The technical factor referred to
here is aircraft maintenance [2]. Aircraft engine maintenance includes the structure of the
frame and engine to—and the electrical system, radio installations and instrumentation.
Machine maintenance is carried out regularly and non-routine [3].

The importance of maintenance on aircraft engines because several machine tools that are
related to each other have quite sensitive characteristics THIS SENCENTE IS NOT CLEAR
HAS TO BE CHANGED. There are several machine tools which, if not carried-eut used in
routine maintenance, can resultinbe subjected to prolonged humidity which in turn can

cause corrosion on the machine.-Machines-that-are-not-used-within-2-3-days,-it-is-possible
that-the-egquipmentin-the-machine-has-corroded. If one of the machine tools has a problem

or cannot function optimally, it will have a direct impact on the function of the other
equipment which results in the machine not working properly [4].

Based on thermodynamic principles regarding optimal work on an engine depending on
engine performance“. The lower the heat output produced,
the more work a machine can produce. A jet engine is a machine that can power an airplane
that applies the Brayton thermodynamic cycle. This jet engine, known as a gas turbine
engine, requires high speed. Various modifications to the jet engine used in aircraft such as
turbojet and turbofan engines, rocket engines, ramjets and pump jets.

A turbojet engine is a fairly simple type of jet engine. Not only used in aircraft, but this
turbojet engine is used on ships. This machine is powerful 28000 hp with operations that
require high speed [5]. Another type of jet engine that is commonly used is a turbofan
engine. Turbofan engines are usually used in commercial aircraft and fighter aircraft. In this
engine, some of the air is flowed into the combustion chamber, some of it is flowed outside
the combustion chamber. In this engine, the air also simultaneously functions as a coolant
(lowers the temperature) in the combustion chamber [6]. The next type of jet engine is a
turboprop engine. This machine is a turbojet engine equipped with an additional turbine.
Apart from being fuel efficient, this machine also has a low noise level. In contrast to a
turboprop engine, a turboshaft engine is a type of jet engine, in contrast to a turboprop
engine. In this machine is a turboprop engine without using additional turbines. Usually this
machine is used on a helicopter [7].

In general, a jet engine is a power-producing engine on an airplane. The components of this
machine are the inlet, propulsion turbine, compressor, burner and nozzle. Jet engines have
the basic principle of a combustion process that produces heat with high temperatures. As a
result of this high temperature, it produces a very fast speed, in other words, from this
process the jet engine provides/produces a large amount of energy/power. The advantages
of a jet engine are that it produces enormous energy, can travel long distances and
produces low vibrations. Of the advantages that a jet engine has, of course, there are
drawbacks including high fuel consumption, maintenance that requires high costs and also a
high level of noise [8].

In a jet engine work system in an airplane can be explained simply by simple thermodynamic
concepts. Whereas in general the maximum efficiency in a heat engine can be generated by
reducing the heat input and maximizing the incoming heat is converted into work with the
smallest possible waste.
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1.INTRODUCTION

Mews of the Sniwijaya Air SJ-182 airplane crash
on January Qih, 2021, which has caused quite a
lot of speculaton. Some of tham slated that the

the accident occurred because
on the Decree
of the Ministry of Transpor Mumber 115 of

20200 which states that "the age limit for aircraft
that is registered and operated for the first time in
Indonesia is provided that aircraft in the
transportation category for passenger
transportation are at most 20 years old” [1].

The Boeing 737-500 aircraft used on this flight
were known to have flown for the first time on
Mayv 13" 1994, with a maximum capacity of 112
passengers, according to various sources. This
type of aircraft is included in the Boeing 737
Classic family produced by Boeing Commercial
Airplanes and is the second generation of the
Boeing 737-100/200.The Boeing 737-500 is the
smallest variant and was first flown in 1989 and
then began serving passengers in 1990.
Although smaler than the 300 and 400 series,
the Boeing 737 saries 500 engines are more fuel
efficient than 737-200 by up to 25 percent The
aircraft relies on two CFM56-3C1 engines made
by CFMI, a joint-owned company of France's
Safran Aircraft Engine and GE Aviation of United
Stales. With a2 load of around 1,000 kilograms,
the B737-500 can fly up to 4,444 kilometzrs with

can cause cormsinn an the machina. If one of
the machine tonls has a problem or cannot
function optimally, it wil have a direct impact on
the function of the other equipment which resulls
in the machine notworking properly [4].

Based on thermcdynamic principles regarding
optimal work on the engine depending on engine
performance. The incoming heat energy is
optimally converted into work, and the remaining
heat from the exhaust is smal. The lower the
heat output produced, the more work a machine
can produce. A jel engine is a machine that can
power an airplane that applies the brayton
thermodynamic cycle. This jet engine, known as
a gas turbine engne, requires high speed.
Varicus modifications to jet engire used in
aircraft such as turbojet and turbofan engines,
rocket engines, ramjets and pump |ets.

A turbojet engine i1s a fairly simple type of jet
engine. Not only used in aircraft, but this turbojet
engine is used on ships. This machine is
powerful 28,000 hp with operations that require
high speced [§]. Another type of jel engine that is
commonly used is a turbofan engina. Turbofan
engines are usually used in commercial aircraft
and fighter aircraft. In this engine, some ofthe air
is flowed into the combustion chamber, soma of
it is flowed outside the combustion chamber. In
this engine, the air also simultaneously functions
as a coolant (lowers the temperalure) in the
combustion chamber [fl. The next e of jet
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