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Abstract: As the demand for long-distance flights continues to increase, supersonic transport (SST) has once
again become a hot research topic. However, due to its uniqueness, there was few corresponding evaluation
methods to compare the supersonic civil aircraft with common subsonic aircraft. This paper proposed an
evaluation method for the competitiveness of supersonic civil aircraft based on the Analytic Hierarchy Process
(AHP). Key indicators were selected to form a competitiveness evaluation model from the perspective of four
criterion factors of economy, comfort, adaptability, and environment. The evaluation method proposed in this
paper could reflect characteristics of supersonic civil aircraft and other subsonic aircraft, and effectively
compare their competitiveness. This work can be used to evaluate the social acceptance of supersonic civil
aircraft and provide reliable decision-making support for airlines' design work.
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1. Introduction

At present, high-subsonic civil aircraft technology has reached a high level in terms of safety,
economy, comfort, and environment. However, with the continuous development of the world
economy and the continuous improvement of people's living standards, the limitations of the slow
flight speed of traditional subsonic civil aircraft have become increasingly prominent, especially in
long-distance transoceanic and transcontinental flights, where the flight time is too long, which
seriously affects the travel efficiency and comfort of flight passengers. In contrast, supersonic civil
aircraft can achieve supersonic cruise, and the flight speed can reach more than twice that of
traditional high-subsonic civil aircraft, which can greatly shorten the flight time in the air. Therefore,
supersonic civil aircraft has become one of the main directions for the development of the next
generation of civil aircraft.

Historically, there were only two types of supersonic civil aircraft in operation, namely
Concorde and Tu-144. However, due to problems of economy, comfort, and safety, their social
acceptance was relatively limited, which led to their eventual retirement [1]. Therefore, it is very
important to establish a method for evaluating the competitiveness of supersonic civil aircraft, which
will help design supersonic civil aircraft with higher social acceptance and higher competitiveness.
A series of competitiveness evaluation methods for civil aircraft have been proposed. Existing studies
start from different perspectives and use comprehensive evaluation models with large differences.

After decades of development, subsonic civil aircraft have formed a mature market, and the
corresponding evaluation methods for subsonic passenger aircraft are relatively complete. Han [2]
assessed the competitiveness of civil aircraft based on economics, incorporating route transportation
cost and revenue models, as well as life cycle (including revenue, cost, and profit analysis) into the
assessment model. Ren et al. [3] analyzed the economic adaptability and competitiveness of different
seat classes of an aircraft from an economic point of view based on operating costs and market
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demand. Based on the gray hierarchical analysis method, Yan et al. [4] systematically analyzed factors
such as route adaptability, airport adaptability, direct operation cost, indirect operation cost, etc., and
established a set of quantitative comprehensive assessment models of aircraft type. By analyzing the
routes and aircraft types of Pudong Airport, it is argued that the model they established is feasible
and practical. Wei et al. [5] conducted a refinement study on the performance indicators of civil
aircraft, established 20 secondary indicators from four dimensions, namely airport adaptability, route
adaptability, economy, and engine matching, and proposed the size ranking of indicator weights
based on the Analytic Hierarchy Process. From the perspective of alternative aircraft types, Xu [6]
proposed four major analysis elements for aircraft selection and conducted a detailed decomposition
study based on the actual operation situation, which is a strong practical guidance for airlines to carry
out a refined analysis of the return on investment of aircraft types.

Sun et al. [7] concluded that fuel accounts for the largest proportion of the many factors affecting
aircraft competitiveness. Ozdemir et al. [8] used the Analytic Network Process (ANP) to provide a
set of evaluation methods for aircraft selection for Turkish Airlines by taking into account safety,
aircraft's service life, purchase price, operating cost, maintenance cost, service quality, and delivery
time. Gomes et al. [9] included aircraft range, flexibility, cruise speed, replacement parts versatility,
and takeoff and landing distances in the consideration of aircraft leasing operations in the Brazilian
region. Economic factors and comfort aspects were also included in the evaluation to determine the
final solution using uncertainty assessment and decision-making methods. Bruno et al. [10]
established a system of evaluation indicators containing criteria such as aircraft speed, the degree of
aircraft automation, the price of the aircraft, the operating cost of the aircraft, the number of seats,
cabin baggage capacity, and noise pollution.

Due to its uniqueness and rarity, supersonic civil aircraft still lacks a set of corresponding
evaluation methods. Considering the potential of the passenger market of supersonic civil aircraft,
this paper selects the key indicator elements and constructs the technical indicator system of
supersonic civil aircraft. Based on the Analytic Hierarchy Process, the competitiveness evaluation
model of supersonic civil aircraft is formed from the four aspects of economy comfort, adaptability,
and environment. Finally, the expected future supersonic civil aircraft was proposed and compared
with typical subsonic civil aircrafts to verify the competitiveness superiority of supersonic civil
aircraft based on the evaluation method proposed.

2. Supersonic Civil Aircraft Indicator System

The potential market for supersonic civil aircraft is mainly focused on high-class passengers on
long-distance flights, who might be willing to spend more money to save travel time. These
customers have high demands for flight time, comfort, and convenience. As shown in Figure 1, the
flight profile of supersonic civil aircraft is different from that of subsonic civil aircraft. It will have
different climb phase, a high flight speed and high fuel consumption. So, it is necessary to construct
a new indicator system and evaluation method.

Supersonic
cruise
phase
Subsonic Subsonic
cruise cruise
phase phase
tike-off Climb Descent Landing
phase phase phase phase

Figure 1. Flight profile of supersonic civil aircraft.
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Considering the technical requirements of supersonic civil aircraft, all indicators of supersonic
flight has been summarized into two categories, restrictive indicators and competitive indicators.

Restrictive indicators are those that are limited by conditions, design requirements, regulations,
etc. They include technical standards and regulatory requirements that need to be met during the
design, manufacture, and operation process to ensure its safety and reliability, such as wingspan,
climb rate, emissions, and maintainability. Only aircraft that meet the requirements of the restrictive
indicators can be authorized and put into operation to ensure the safety of passengers and crew.
Therefore, when discussing competitiveness, these restrictive indicators could be considered as the
basic conditions that have been achieved, which do not need to be compared.

While, competitive indicators can reflect the priority of target passengers and target airlines in
choosing this civil aircraft and assess the performance of civil aircraft. We analyze competitive
indicators from four aspects: economy, comfort, adaptability and environment.

2.1. Economy Indicator

The economy of civil aircraft relates to the operating costs, fuel efficiency, and maintenance costs
of the aircraft. The three main indicators considered for economy are DOC, passenger capacity, and
procurement costs.

The total operation cost of an aircraft can be divided into direct operation cost and indirect
operation cost [11], where the indirect operation cost depends on the airline's level of operation,
therefore the direct operation cost is mainly considered. Subsonic, business, and supersonic aircraft
cater to different user groups, and their seat numbers and classes vary accordingly. Therefore, the
DOC of using only a certain type of aircraft cannot fully measure the competitiveness of supersonic
civil aircraft. In the future, supersonic civil aircraft will mainly compete for the market with business
jets and the business class market of conventional civil aircraft, and the DOC for conventional civil
aircraft are corrected to take into account the business class fare factor for each model. The DOC
correction process is as follows:

TllDocl + nzDOCZ = (Tll + nz)DOC (1)

where n, is the number of seats in business class, n, is the number of seats in other classes, DOC,
is the direct operation cost of business class and DOC, is the direct operation cost of other classes.
The ratio of DOC; to DOC, is determined by the ratio of the average business class fare C; to the
average other class fare C,.

DOC,/DOC, = C,/C, )
Based on equations (1) and (2), the corrected DOC,; expression for business class can be derived
as:
DOC(n, + ny,)C;
DOCi =—F—+— 3
! n,C; +nyC, ©)

Substituting the data for business class and other classes for each typical model, the corrected
DOC; was calculated and summarized as shown in Table 1.

Table 1. Comparison of corrected DOC; for different models.

Models DOC; (CNY/km/seat)
747-400 0.536
A340-300 0.789
A380-800 0.700
Gulfstream G700 2.728

Concorde 2.129
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The economy of supersonic civil aircraft cannot compete with conventional subsonic civil
aircraft in the short term, so it was estimated conservatively on the economy indicator of supersonic
civil aircraft. The corrected DOC; of civil aircraft was estimated to range from 0.5 to 2.8 CNY/km/seat.

Historically, supersonic civil aircraft that have been put into service were generally designed to
be large airliners with a basic passenger capacity of around 100. Most of the current supersonic civil
aircraft concepts are focused on business travel, and therefore carry fewer passengers, and are small
business jets with dozens of seats. The price per seat of a business jet is roughly RMB 15 million, and
if it is assumed that the procurement cost of a supersonic civil aircraft is expected to be close to the
cost per seat of a business jet, the procurement cost of the next-generation supersonic civil aircraft
can be roughly extrapolated accordingly.

2.2. Comfort Indicator

The comfort indicator of civil aircraft focused on comfort and experience of passengers during
the flight, which includes aspects such as seat comfort, noise level, cabin pressure, and travel time,
and etc. Appropriate seating arrangement can not only provide as many seats as possible in the cabin,
but also provide enough leg space, which is very useful for improving passenger comfort. Currently,
the vast majority of airlines have seat width between 400mm and 550mm and seat pitch between
750mm and 1100mm.Cabin altitude affects passenger comfort to some extent, with lower cabin
altitude corresponding to pressures in the cabin closer to sea level, let passengers receive enough
oxygen and feel comfortable during the flight. Civil aircraft cabin altitude is typically between 1100m
and 3500m.The cabin noise environment is one of the main factors determining the comfort of an
aircraft cabin, and sound quality is an important feature of the acoustic environment [12] ,s0 modern
civil aircraft cabin design usually focuses on reducing the impact of noise on passengers. One of the
biggest challenges facing the development of supersonic aircraft remains reducing the noise
generated by shock waves (also known as sonic booms) around the aircraft [13]. Subsonic civil aircraft
cabin noise levels are usually between 70dB and 85dB, while the Concorde cabin noise is as high as
95dB [14], seriously affecting the comfort indicator. With the advancement of technology, the new
generation of supersonic civil aircraft would make significant improvements in cabin noise with more
advanced materials and soundproofing technologies.

In addition to the above three factors, travel time is the most critical factor affecting passenger
comfort. For long-distance flights such as intercontinental flights, current subsonic aircraft generally
take several hours or even a dozen hours. The long flight time will cause serious fatigue of passengers
physiologically and psychologically [15]. The gear time t was used to measure flight time [16], and
t is defined as

L
t=2+ 0.42(h) 4)

where L is the range and V is the cruise speed.

Existing survey results show that the fatigue of continuous riding of transportation begins to
gradually strengthen after about 3 h of riding [17]. In this paper, a dimensionless fatigue indicator F
is introduced to assess the relationship between passengers' travel fatigue and travelling time,
defined as

F = Fy[1+ a - max(t — 3,0)] (5)

where «a is the fatigue correction coefficient, taken as 0.4(h™*). F, is a dimensionless initial fatigue
indicator, the value of which is affected by the cabin comfort experience of each model. Considering
the effect of cabin noise on the cabin experience, F, is defined as:

F(J:N_ (6)

where N and N,, are the average noise values of the model and the average noise value of the
model with the highest cabin noise among the comparison models, respectively.
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Supersonic civil aircraft offer a notable advantage over conventional civil aircrafts in terms of
passenger fatigue reduction, primarily due to their elevated cruise Mach numbers. This benefit is
anticipated to increase as advancements in cabin comfort are integrated into future supersonic
aircraft designs. To quantitatively assess and compare the fatigue indicators across various aircraft
types, the Beijing-London route has been selected for analysis, with a range of 8160km. Combined
with the cabin noise expectation value N is taken as 75dB, the fatigue indicator F is calculated as
1.054. The results of fatigue indicator calculation for different models are shown in Table 2.

Table 2. Comparison of fatigue indicators of different models.

Models Cruise flight speed V (km/h) Fatigue indicator F
Boeing 777-300ER 895 2.892
Boeing 787-900 903 2.866
Airbus A350-900 919 2.723
Airbus A380-800 875 2.764
Gulfstream G650 1041 1.535
Concorde 2100 1.522

2.3. Adaptability Indicator

The adaptability of civil aircraft refers to its ability to adapt to different operating environments
and market demands, including both route adaptability and airport adaptability. Adaptability
requires that the aircraft meet the needs of the market and the customer while taking into account the
current state of the art and cost constraints, as well as complying with the relevant. Route adaptability
refers to the ability of an aircraft to operate on a specific route, which determines its applicability and
operational efficiency on the route, including flight performance indicators such as range and
practical ceiling.

For civil aircraft, longer range aircraft can provide more direct flight options, reducing the need
for passengers to make intermediate transfers. Most civil aircraft designs require a range of around
6000km to 15000km. The practical ceiling is the altitude at which an aircraft climbs at equal speed in
the vertical plane for a given weight and engine operating condition, with a maximum rate of climb
of 0.5 m/s for subsonic flights and 5 m/s for supersonic flights [18]. Conventional civil aircrafts have
a practical ceiling of between 10,000m and 15,000m.

Airport adaptability refers to the adaptability of an aircraft to an airport runway, including
indicators such as take-off and landing distance. At present, the take-off distance of most subsonic
civil aircraft ranges from 2,500m to 3,500m, and the landing distance ranges from 1,500m to 2,000m.
While focusing on supersonic performance, supersonic airliners should also focus on low-speed
performance, using advanced aerodynamic designs to reduce the take-off and landing distance.

2.4. Environment Indicator

The environmental friendliness of civil aircraft is the extent of their impact on the environment,
including emission reduction and noise pollution reduction. With the development of the air
transportation industry, more and more attention is being paid to the impact of the aviation industry
on the environment, mainly in terms of noise. Noise is subject to the airworthiness requirements of
each country and region, mainly considering the two indicators of take-off and landing noise and
transit noise indicators. At present, most civil aircraft take-off and landing noise and transit noise are
between 80dB and 90dB.

2.5. Summary of the Indicator System

In response to the research question on the competitiveness of civil aircraft, representative
Competitive indicators that are easy to compare quantitatively are selected and analyzed to derive
their approximate ranges and reference expectations. The categories of indicators, their approximate
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ranges, and their expected values in the established system of Competitive indicators for
competitiveness evaluation are summarized as shown in Table 3.

Table 3. Summary of Competitive indicators.

Indicator category =~ Competitive indicator =~ Approximate range Expected value
Economy DOC 0.50-2.80 CNY/km/seat ~ 1.19 CNY/km/seat
Seat width 400-550 mm 500 mm
Seat pitch 750-1100 mm 1000 mm
Comport Cabin altitude 1100-3500 m 1500 m
Cabin noise 70-95 dB 75 dB
Fatigue indicator 1.5-3 1.202
Range 6000-15000 km 12000 km
Adaptability Take-off distance 1000-3500 m 2000 m
Landing distance 500-2500 m 1000 m
‘ Landing ar'1d take-off 80-120 dB 90 dB
Environment noise
Transit noise 75-120 dB 85 dB

3. Competitiveness Evaluation Method for Supersonic Civil Aircraft

Analytic Hierarchy Process (AHP) is a widely used multi-objective decision-making method
based on hierarchical modeling [19]. The method decomposes the relevant elements of the decision-
making problem into a hierarchy of objective, criteria, and indicators, based on which quantitative
and qualitative analyses can be performed. The basic steps of the AHP are as follows:

1. Hierarchical modeling

The application of the AHP method needs to clarify the objective of decision-making. Evaluation
criteria are established according to the characteristics of the objective, and then decomposed into
each indicator factor. The relationships and hierarchies between the factors aggregate to form a multi-
layer hierarchy.

2. Construction of judgment matrices
After forming the hierarchy, it is necessary to calculate the weights of the factors at each layer. By
constructing a judgment matrix, the weights of the indicators in this layer can be obtained, while
avoiding the difficulty of comparing various factors.

3. Hierarchical single sorting and consistency test

Ideally, the judgement matrix should be a consistency matrix. When the matrix is large, the

consistency of the indicators needs to be tested. After obtaining a judgement matrix that meets the
consistency requirements, the factor weights for each layer can be derived.

4. Hierarchical total sorting

Hierarchical total sorting refers to the calculation of the relative importance weights of each factor in
each layer for the indicators in the uppermost layer, based on the results of hierarchical single sorting.

3.1. Hierarchy of the Indicator System

With the competitiveness of civil aircraft as the general evaluation objective, economy, comfort,
adaptability, and environment form the criterion layer. Each criterion contains several specific
evaluation indicators, which form the indicator layer. A hierarchy of "objective layer/ criterion
layer/indicator layer" is formed. The hierarchy of the comprehensive evaluation indicator system for
supersonic civil aircraft is shown in Figure 2.
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Figure 2. Hierarchy diagram of evaluation indicators for civil aircraft.

3.2. Hierarchy Weight Calculation and Sorting

The experts constructed judgment matrices based on the degree of importance among the factors
in each layer. After the consistency test to ensure the consistency of the judgment matrix, the weights
of the criterion layer on the objective layer and the indicator layer on the criterion layer are
determined.

The calculation of the structural weights of the civil aircraft competitiveness criterion layer on
the objective layer is taken as an example. The judgment matrix of civil aircraft competitiveness
proposed by experts is shown in Table 4.

Table 4. Civil aircraft competitiveness judgment matrix.

Judgment matrix Economy Comfort Adaptability Environment
Economy 1 1 1/2 2
Comfort 1 1 1 3
Adaptability 2 1 1 2
Environment 1/2 1/3 1/2 1

a;; is the importance of the ith indicator relative to the jth indicator in this judgment matrix, as
an integer from 1-5 or a value taken from a fraction of 1/5-1. The judgment matrix is a positive inverse
matrix:

ajj = — @)
The scaling method for a;; in the judgment matrix is shown in Table 5.

Table 5. Importance Scale.

Scale Meaning
1 Both factors are of equal importance
3 Factor i is slightly more important than factor j
5 Factor i is significantly more important than factor j
2,4 The median of two neighboring judgments

The civil aircraft competitiveness judgment matrix is a consistency matrix that satisfies the
following judgement conditions:
_n

aij = G ®)

The maximum eigenvalue of the judgment matrix A4, is 4.0813 and the corresponding
weight vector is
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W = (Wy, Wy, W3, W)™ = (0.235,0.306,0.333,0.126)" )
Its consistency test indicator is:
Amax —n 40813 — 4
Cl="2—— = =0.0271 (10)

n-1  4-1
When CI tends to 0, the judgment matrix can be considered to have satisfactory consistency.

However, as the matrix order n gets larger, the CI actually increases, so the correction factor RI is
introduced [19], and the value of RI is shown in Table 6.

Table 6. The value of RI.

n 1 2 3 4 5 6 7 8 9
RI 0 0 0.52 0.89 1.12 1.26 1.36 1.41 1.46

The weights and rankings of the indicator system obtained by applying the above method are
shown in Table 7. The sum of the weights of the criterion layer relative to the objective layer is 1, and
the sum of the weights of the indicators under the criterion layer is also 1. In the evaluation criterion
layer, adaptability has the highest weight, comfort has the second highest weight, and economy has
the third highest weight. In the evaluation indicator layer, DOC and range have a greater impact on
competitiveness, and seat width, seat pitch, and cabin altitude have a lesser impact.

Table 7. Weighting and ranking of supersonic civil aircraft competitiveness indicator system.

Criterion  Primary Secondary Absolute Absolute

Objective layer A layer B weights indicator layer C weights weights  sorting
Economy Bl  0.235 DOC C11 1 0.235 1
Seat width C21 0.108 0.033 10
Seat pitch C22 0.167 0.051 9
Cabin altitude C23 0.077 0.024 11
Comfort B2 0306 innoiseC24  0.204 0.063 4
Fatigue indicator 0.444 0.136
3
. C25
Civil aircraft
.. Range C31 0.666 0.222 2
competitiveness )
Adaptabilit Take-off distance 0.167 0.056 7
apBg Y 0333 C32
Landing distance 0.167 0.056 7
C33
Environment Take-off and 0.5 0.062 5
B4 0.106  landing noise C41
Transit noise C42 0.5 0.062 5

3.3. Normalization of Parameters at the Indicator Layer

As the indicator layer in the hierarchy contains a variety of indicators with different scales, the
values of the indicators need to be normalized before the comprehensive evaluation of
competitiveness is carried out. Converting indicators with different scopes and units to a uniform
scale eliminates the differences in scale between indicators and prevents certain indicators from
having too much influence on the model.

As shown in Table 8, the indicator types were first categorized into very large indicators and
Minimizing indicators. Separately, these indicators were pre-processed with data and then
normalized.
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Table 8. Results of the classification of indicators.

Indicator name Indicator type Indicator name Indicator type
DOC Minimizing indicator Range Maximizing indicator
Seat width Maximizing indicator Take-off distance Minimizing indicator
Seat pitch Maximizing indicator Landing distance Minimizing indicator
Cabin altitude Minimizing indicator =~ Take-off ar.1d landing Minimizing indicator
noise
Cabin noise Minimizing indicator Transit noise Minimizing indicator

Fatigue indicator Minimizing indicator

Maximizing indicator is a type of indicator where the larger the parameter value, the better. Its
positive transformation formula is:

Vi - Vimin

x; = (11)

Vimax = Vimin
Minimizing indicator is a type of indicator where the smaller the parameter value, the better. Its
positive transformation formula is:

Vimax - Vl

X = (12)

Vimax = Vimin
where V; is the parameter value before transformation; Vi, and Vi, are the maximum and
minimum values of the parameter, respectively; and x; is the parameter value after the positive
transformation.

The normalization method of a non-linear S-shaped differentiable function is used to quantify
the parameters of the positive transformation indicators, which can map the input values to a finite
range while maintaining the smoothness and differentiability of the function [20]. The normalization
formula is:

_ 1
v, =
l 14T+ e_ﬁu*(x"_%)

(13)

where V; is the normalized value; T and U are curve adjustment parameters.

Take the indicator "seat width" for example, the width of a seat in a civil aircraft is generally
between 400mm and 550mm. Within this range, the comfort of passengers increases with the increase
of width, and its sensitivity decreases when it exceeds this range. After normalizing the S-shaped
function for this indicator, the parameter values are shown in Figure 3.

Seat width normalization

normalized value

350 400 450 500 550 60
seat width/mm

Figure 3. Seat width normalization.

3.4. Competitiveness Calculation for Civil Aircraft

To calculate the competitiveness of the civil aircraft, the normalized values of the indicator
parameters of the civil aircraft program are first determined, and then accumulated step by step from
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the indicator layer to the objective layer using weighted summation. The values of the criterion layer
are

pi =ZVU*WU (14)

where V;; is the normalized value of the jth indicator under the ith criterionand W;; is its weight.
The ultimate civil aircraft competitiveness is:

Vinat = ) Vs W (15)

where W' is the weight of the criterion layer for the objective layer.

4. Analysis of the Results of the Evaluation of the Competitiveness of Civil Aircraft

The proposed civil aircraft competitiveness evaluation method based on AHP is utilized to
calculate the evaluation results of competitiveness, economy, comfort, adaptability, and environment.
Based on the evaluation results, the competitiveness of existing models can be analyzed and the key
to the future development of supersonic civil aircraft is summarized.

4.1. Competitive Analysis of Expected Program

Table 9 lists the expected and normalized standard values for each of its competitive indicators.
Except for DOC, the standard values of the other competitive indicators of the desired program have
higher values, indicating that the expected program is more feasible.

Table 9. Expected programmatic competitive indicator standard values.

Expected program parameter

Competitive indicator

expected value Standard value
DOC 1.3 CNY/km/seat 0.71
Seat width 500 mm 0.73
Seat pitch 1000 mm 0.78
Cabin altitude 1500 m 0.88
Cabin noise 75 dB 0.86
Fatigue indicator 1.202 0.99
Range 12000 km 0.73
Take-off distance 2000 m 0.65
Landing distance 1000 m 0.82
Take-off and landing noise 90 dB 0.82
Transit noise 85 dB 0.84

The evaluation results of the expected program are shown in Figure 4. The expected program
scores high on comfort, adaptability, and environment and low on economy, with good results in the
overall competitiveness assessment. The evaluation results show that supersonic civil aircraft have
significant advantages, especially in long-distance and long-endurance routes. However, supersonic
flights also face some challenges, and in the short term, supersonic civil aircraft have high operating
costs and negative impacts on the environment. However, with the continuous development and
improvement of technology, supersonic civil aircraft will become an important transportation tool in
the future.
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Figure 4. Expected program evaluation results.
4.2. Competitive Analysis of Typical Civil Aircraft

4.2.1. Concorde

Concorde first flew in 1969 and entered service in 1976. It takes only about 3 hours and 20
minutes to fly from Paris to New York, which is more than half of the time of a conventional civil
aircraft, making it a popular choice for business travelers despite its high fares. As one of the few
supersonic civil aircraft that have been put into commercial operation, the parameters of Concorde
are important references for the development of future supersonic airliners, and its competitive
indicators and standard values are shown in Table 10.

Table 10. Expected programmatic competitive indicator parameters.

program parameter

Competitive indicator

value Standard value
DOC 2.129 CNY/km/seat 0.22
Seat width 500 mm 0.73
Seat pitch 860 mm 0.25
Cabin altitude /* 0.88
Cabin noise 95 dB 0.05
Fatigue indicator 1.522 0.95
Range 7250 km 0.10
Take-off distance 3410 m 0.06
Landing distance 2220 m 0.10
Take-off and landing noise 120 dB 0.05
Transit noise 117 dB 0.07

* The label "/" means that the data was not queried and its standard value uses the standard value of the desired
program.

Concorde was extremely costly to use directly, with high cabin noise, take-off and landing noise,
and transit noise. These shortcomings restricted Concorde to flights over the continent, and it
ultimately did not remain on the historical stage.

Figure 5 compares the competitiveness of the Concorde with the expected program and the
evaluation results of each criterion layer, and the expected program has a considerable improvement
in all aspects. With the substantial improvement in economy, environment, and adaptability, the
expected program has higher competitiveness compared with the Concorde and can perform better
than the former Concorde in future market competition.
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Figure 5. Concorde evaluation results.

4.2.2. Airbus A350-900

Airbus A350-900 is a new generation of medium and large medium to ultra-long-haul wide-
body airliners from Airbus Europe. the Airbus A350-900 competitive indicators and standard values
are shown in Table 11.

Table 11. Expected programmatic competitive indicator parameters.

program parameter

Competitive indicator

value Standard value
DOC 0.750 CNY/km/seat 0.91
Seat width 508 mm 0.79
Seat pitch 965 mm 0.67
Cabin altitude 1829 m 0.76
Cabin noise 57 dB 0.99
Fatigue indicator 2.723 0.36
Range 15000 km 0.95
Take-off distance 3000 m 0.14
Landing distance 1800 m 0.29
Take-off and landing noise 91.5dB 0.78
Transit noise 87.5 dB 0.79

The Airbus A350-900 offers lower DOC, lower cabin noise, and greater range, but its higher
travel fatigue indicator and longer take-off and landing distance are not advantageous in the future
aviation market, which seeks to reach destinations quickly.

Figure 6 compares the evaluation results of the expected program and the Airbus A350. The
expected program is superior in comfort, the Airbus A350 is superior in economy, and environmental
protection and adaptability are basically equal. The higher evaluation result of the competitiveness
of the expected program indicates that although in the short term, the economy of supersonic civil
aircraft cannot compete with conventional subsonic civil aircraft. However, for business travelers or
customers who need to travel urgently, its comfort advantage makes the expected program more
competitive than the existing civil aircraft.
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Figure 6. Airbus A350-900 Evaluation Results.

4.2.3. Gulfstream G650 Business Jet

The Gulfstream G650, a product of Gulfstream Aerospace, was launched in May 2014 and
received Federal Aviation Administration (FAA) certification in October. it is the luxury business jet
with the longest range, best performance, most spacious cabin, and best comfort. It is the fastest civil
aircraft after Concorde, with speeds approaching the speed of sound. The Gulfstream G650
competitive indicators and standard values are shown in Table 12.

Table 12. Expected programmatic competitive indicator parameters.

program parameter

Competitive indicator

value Standard value
DOC 2.320 CNY/km/seat 0.15
Seat width / 0.73
Seat pitch / 0.78
Cabin altitude 1100 m 0.95
Cabin noise 45 dB 0.99
Fatigue indicator 1.535 0.95
Range 12964 km 0.84
Take-off distance 1786 m 0.75
Landing distance 914 m 0.85
Take-off and landing noise / 0.82
Transit noise / 0.84

* The label "/" means that the data was not queried and its standard value uses the standard value of the desired
program.

Figure 7 compares the evaluation results of the expected program with the Gulfstream G650.
There is little difference between the two in terms of adaptability and environment, and the
Gulfstream G650 is more adaptable, but the expected program has high economic evaluation results
and final competitive evaluation results. This shows that the expected program supersonic airliner
reduces the DOC based on similar adaptability and environment with the existing business aircraft,
and the expected program has certain advantages and feasibility.
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Figure 7. Gulfstream G650 business jet evaluation results.

4. Conclusion

The development of supersonic civil aircraft has been dormant for many years, and with the
breakthrough and development of related bottleneck technologies, it is particularly critical to carry
out performance selection work at present. This paper studies the indicator system and
competitiveness evaluation method of supersonic civil aircraft and achieves the following results:

1. Starting from the application scenario of supersonic civil airplanes, corresponding competitive
indicators are designed and selected from four aspects: economy, comfort, adaptability and
environment. This paper introduces a fatigue indicator for assessing passenger comfort
experience during the journey, which contributes to the design and operation of supersonic civil
aircraft. On this basis, the expected program of future supersonic civil aircraft is proposed, and
a scientific and reliable indicator system is established.

2. Based on the research on the indicator system of supersonic civil aircraft, this paper constructs
the competitiveness evaluation method of supersonic civil aircraft based on the Analytic
Hierarchy Process, which contains four criterion factors of economy, comfort, adaptability, and
environment, and several second-layer indicators. The application of the AHP not only helps to
clarify the interrelationships among the factors of supersonic civil aircraft, but also enables the
problem of competitiveness analysis to be transformed into the determination of the weights of
the basic indicators and the calculation of the values of the relevant parameters. This method
makes the analysis process and results more intuitive and easier to understand.

3. The competitiveness evaluation method proposed in this paper is applicable to both supersonic
and subsonic aircraft, providing a unified reference framework for the design and evaluation of
civil aircraft. By comparing with other models, it is easy to see that the expected program is
reasonable and feasible. At the same time, the proposed evaluation method can well reflect the
characteristics of different models and identify the models with higher competitiveness and each
criterion layer, providing a reliable decision-making support model for airlines' selection work.
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