
Homework 

Redesign - Lockheed L-1011 TriStar 

​

​


Adrian Eusebiu Cojocaru Gall 

Prof. Dr.-Ing. Dieter Scholz, MSME 
2025-07-11 

Aircraft Design SS2025 

Faculty of Engineering and Computer Science  
Department of Automotive and Aerospace Engineering 



Abstract 

Objective – As part of the “Aircraft Design” course at Hamburg University of 

Applied Sciences (HAW) during the summer semester 2025, and under the 

supervision of Prof. Dr.-Ing. Dieter Scholz, this project presents the redesign of an 

old commercial aircraft. The aircraft is the “Lockheed L-1011 TriStar”, a three 

engine wide-body airliner dimensioned to fulfill FAR-25 certification requirements 

and is optimized for medium to long-haul missions. 

Approach – The design process followed a structured methodology using 

Excel-based tools developed by Prof. Scholz and previous student cohorts. Starting 

from a set of top-level aircraft requirements (TLARs), the aircraft configuration 

includes the fuselage, cabin, wing, empennage, landing gear, and high-lift devices 

which were developed using analytical methods introduced in the course. 

Performance characteristics such as aerodynamic coefficients, mass estimations, and 

center of gravity locations were iteratively refined. A cost analysis was also 

performed, including an estimation of Direct Operating Costs (DOC). The resulting 

aircraft geometry was modeled in 3D using OpenVSP. 

Results – The proposed aircraft meets the predefined mission requirements with a 

strong base compared with other similar and existing airplanes. The results show 

good alignment with comparable aircraft in its class, confirming that the applied 

methods lead to a coherent and realistic conceptual design. 
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1​ Introduction and initial data 

 
The task consists of the redesigning of an aircraft analyzing all the parameters and 

data given for the specific airplane selected. A three-view drawing combined with 

requirements and calculations of the fuselage as well as cabin layouts are necessary to 

ensure that the aircraft accomplish all restrictions and objectives for an optimal 

redesign. 

 

This work is entirely based on Prof. Scholz's lecture materials. This comprises all 

lecture notes and projects. The design methodologies outlined in the lecture notes are 

listed in the bibliography, however the following draft is based only on Scholz's 

teaching materials. All chapters of the current lecture notes are freely accessible at: 

 

http://LectureNotes.AircraftDesign.org 

 

The selected aircraft is the Lockheed L-1011 TriStar. The initial parameters 

needed are a key step to start iterating and selecting the exact configuration to make 

the final results more precise. 

 

 
Figure 1.1: Image of the Lockheed L-1011 TriStar 
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1.1​ Planned initial requirements 

As explained before, there is some preparatory work needed before based on the 

collection of data which is found within the research of the planned designs of the 

aircraft as these parameters are not going to be modified, creating the base for our 

task. 

 

The aircraft is certified according to FAR 25 and therefore, the initial parameters are 

the following: 

 

○​ Range at maximum payload  𝑅
○​ Number of passengers  𝑛

𝑝𝑎𝑥

○​ Take-off field length  𝑠
𝑇𝑂

○​ Landing field length  𝑠
𝐿

 

The different parameters have been collected in the next table, showing the different 

sources that helped on the development of the task. 

 

Table 1.1: Initial requirements for the Lockheed L-1011 TriStar 

 

 

Parameters 
Airlines 

inform 

 

Elsevier 

 

Blog 
Selected value 

for design 

 𝑅 7000 km  4685 km 8932 km  8676 km 

 𝑛
𝑝𝑎𝑥

400 400 384 195 pax 

 𝑠
𝑇𝑂

3300 m 3292 m  2834 m 3292 m 

 𝑠
𝐿

1 800 m 1768 m 1850 m 1768 m 

 

The data provided by the different sources was taken within the maximum limits of 

the aircraft, selecting the L-1011-100 type configuration with maximum payload and 

fuel capacity, maximum passengers and take-off/landing distances. Therefore, in 

order to have better configurations and after careful consideration, the selected 

values are taken into account disregarding on some parameters the maximum 

capacities of the aircraft. 

 

Another important factor is the antiquity of the aircraft, the L-1011-100 TriStar was 

mainly used in the decades of 1970-1980, and information as the density of fuel, 

engines analysis and mass per passenger has changed and improved to be more 
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detailed and flexible to all type of flights,  explaining the different values selected and 

the difference between each source. 

Another important data is collected in the next table, summarizing all the parameters 

needed for the next step. 

○ Maximum take-off weight ( )𝑚
𝑇𝑂

○ Maximum landing weight ( )𝑚
𝐿

○ Operating empty weight ( )𝑚
𝑂𝐸

○ Maximum payload ( )𝑚
𝑃𝐿

○ Maximum zero fuel weight ( )𝑚
𝑍𝐹

○ Mach number ( )𝑀
𝐶𝑅

○ Fuel weight ( ) for maximum take-off weight𝑚
𝐹

○ Wing area ( )𝑆
𝑊

Table 1.2: Other requirements for the Lockheed L-1011 TriStar 

Parameters 
Airlines 

inform 
Elsevier Blog 

Selected value 

for design 

𝑚
𝑇𝑂

211380 kg 211374 kg 211375 kg 211375 kg 

𝑚
𝐿

166920 kg 166922 kg 166920 kg 166920 kg 

𝑚
𝑂𝐸

111670 kg 111795 kg 110723 kg 111795 kg 

𝑚
𝑃𝐿

41600 kg 33355 kg 34427 kg 33355 kg 

𝑚
𝑍𝐹

153310 kg 145150 kg 145150 kg 145150 kg 

𝑚
𝐹

80080 kg 80000 kg 79360 kg 80080 kg 

𝑆
𝑊 320 𝑚2

321.5 𝑚2
321.1 𝑚2

320 𝑚2

𝑠
𝐿𝐹𝐿

1800 m 1768 m 1850 m 1768 m 

𝑠
𝑇𝑂

3300 m 3292 m 2834 m 3292 m 
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Taking all the information collected and consulting different sources, the 

payload-range diagram can be created to have a simple view on how the aircraft 

perform.  

 

Different points are selected taking into account the maximum take-off weight ( ), 𝑚
𝑇𝑂

payload ( ), operational empty mass ( ) and fuel mass ( ) on the different 𝑚
𝑃𝐿

𝑚
𝑂𝐸

𝑚
𝐹

points: 

 

  𝑚
𝐹

= 𝑚
𝑇𝑂

−  𝑚
𝑂𝐸

− 𝑚
𝑃𝐿

                                        (1.1) 

   

For points 1 and 2: 

 

 𝑚
𝐹

= 211375 − 111795 − 33355 = 66225 𝑘𝑔

 

From Aircraft Investigation blog [3] the range with maximum payload is: 

 

 𝑅 = 4106 𝑁𝑀 (7605 𝑘𝑚)
 

 𝑚
𝐹

= 211375 − 111795 − 33355 = 66225 𝑘𝑔

 

For point 3, an intermediate selection of fuel and payload is determined taking a 

range for maximum fuel from Elsevier [4] : 

 

 (8676 km) 𝑅 = 4685 𝑁𝑀
 

 𝑚
𝐹

= 211375 − 111795 − 19138 = 80442 𝑘𝑔

 

For point 4: 

 

According to Aircraft Investigation blog [3] the tank limit is: 

 

 𝑚
𝐹

= 80080 𝑘𝑔
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Table 1.3: Data collected for the payload-range diagram 

 

Point Payload  Fuel Range 

1 33355 kg 66225 kg 0 NM 

2 33355 kg 66225 kg 4106 NM 

3 19138 kg 80442 kg 4685 NM 

4 0 kg 80080 kg 5370 NM 

 

 

 

Figure 1.2: Graphic of the Payload-Range Diagram of the aircraft 
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2​ Preliminary sizing 

 

To optimize the design, the presizing of the aircraft is carried out step-by-step using 

“PreSTo-Classic” (PreSTo - Aircraft Preliminary Sizing Tool) tool with the 

information collected in the preparatory work determined. 

 

https://www.fzt.haw-hamburg.de/pers/Scholz/PreSTo.html 

 

 The results obtained with the tool will be compared with the ones given by the 

different sources, with the objective of obtaining a difference of less than 1% between 

each value. 

 

2.1​ Lift coefficients and wing loading  

According to the method of Loftin found on the lecture notes of Scholz [1] , for a given 

aircraft with jet engines the approach speed is: 

 

 

 
 𝑉

𝐴𝑃𝑃
= 𝑘

𝐴𝑃𝑃
· 𝑠

𝐿𝐹𝐿
                                       (2.1) 

  Approach speed 𝑉
𝐴𝑃𝑃

:

 

 Safety factor constant, with a settled value of  𝑘
𝐴𝑃𝑃

: 1. 70 𝑚/𝑠2

 

: Landing distance taken from [Table 1.2] 𝑠
𝐿𝐹𝐿

 

 𝑉
𝐴𝑃𝑃

= 71, 6 𝑚/𝑠 = 139, 1 𝑘𝑡

 

Following Roskam I, the maximum lift coefficients for the aircraft are determined: 

 

 

Figure 2.1: ​ Maximum lift coefficients based on Roskam I, as cited in Scholz [3] 
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The L-1011-100 TriStar is a jet transport aircraft, and the maximum landing 

coefficient selected is verifying the best value .​  𝐶𝐿
𝐿,𝑚𝑎𝑥,𝐿

= 2, 75

 

The coefficient for take-off: 

 

 

  𝐶𝐿
𝐿,𝑚𝑎𝑥,𝑇𝑂

= 0, 8 · 𝐶𝐿
𝐿,𝑚𝑎𝑥,𝐿

                                       (2.2) 

 

 

  𝐶𝐿
𝐿,𝑚𝑎𝑥,𝑇𝑂

= 2, 2

 

The wing loading at maximum landing weight results on the following relationship 

taking constants and expressions at ground with standard atmosphere:  

 

 

 𝑚
𝐿

𝑆
𝑊

= 𝑘
𝐿

· σ · 𝐶𝐿
𝐿,𝑚𝑎𝑥,𝐿

· 𝑠
𝐿𝐹𝐿

                                       (2.3) 

 

(landing constant) 𝑘
𝐿

= 0, 107 𝑘𝑔/𝑚3

 

 (relation between the actual density and density at sea level) σ = 1
 

The wing loading given by the maximum landing mass is, following Equation 2.3: 

 

 
𝑚

𝐿

𝑆
𝑊

= 520 𝑘𝑔/𝑚2

 

In order to meet the requirements, the aircraft shall not exceed the wing loading 

given by the maximum take-off mass. 

 

 
 

𝑚
𝑇𝑂

𝑆
𝑊

=
𝑚

𝑙
/𝑆

𝑊

𝑚
𝐿
/𝑚

𝑇𝑂

                                       (2.4) 

 

Which, taken the information of [Table 1.2] and regarding the Equation 2.3: 

 
𝑚

𝑇𝑂

𝑆
𝑊

= 659 𝑘𝑔/𝑚2
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Finally, to check if the data chosen is correct, the ratios between maximum landing 

and take-off masses ( ) can be calculated and compared with Roskam I: 
𝑚

𝐿

𝑚
𝑇𝑂

 

 

Figure 2.2: Ratios between masses based on Roskam I, cited in Scholz [3] 

 

For this case, the ratio is =0,79 which taking into account that the average is 
𝑚

𝐿

𝑚
𝑇𝑂

being considered explains that the aircraft is a medium-long range jet, capable of 

surpassing 5500 km with the proper configuration according to Loftin. 

 

 

Figure 2.3: Classification of ranges given by Loftin 1980, cited in Scholz [3] 

 
2.2​ Thrust-to-weight ratio   

Another important factor considered designing an aircraft is the thrust-to-weight 

ratio which cannot be higher than the limit value: 

 

 

𝑇
𝑇𝑂

/(𝑚
𝑇𝑂

·𝑔)

𝑚
𝑇𝑂

/𝑆
𝑊

=
𝑘

𝑇𝑂

𝑠
𝐿𝐹𝐿

·σ·𝐶𝐿
𝐿,𝑚𝑎𝑥,𝑇𝑂

                                       (2.5) 

 

(take-off constant following Loftin 1980)  𝑘
𝑇𝑂

= 2, 34 𝑚3/𝑘𝑔 

 

 (wing loading from Equation 2.4) 𝑚
𝑇𝑂

/𝑆
𝑊

 

 (Earth acceleration) 𝑔 =  9, 81 𝑚/𝑠2
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Knowing all the values, the thrust-to-weight ratio is . 𝑇
𝑇𝑂

/(𝑚
𝑇𝑂

· 𝑔) = 0, 222

 

2.3​ Glide ratio in second segment, missed approach and 

cruise flight 

Stated by JAR 25.121 it is required that twin-engine aircraft still achieve a climb 

gradient of at least 2.4% in the second segment with one engine inoperative. 

 

 

Figure 2.4: Take-off path by Brüning 1993, cited in Scholz [1] 

 

The climb angle together with the efficiency factor are key to balance the drag and 

weight effects in order to improve the manoeuvrability of the aircraft. 

 

  𝑠𝑖𝑛γ = ( 𝑐𝑙𝑖𝑚𝑏 𝑔𝑟𝑎𝑑𝑖𝑒𝑛𝑡
100 )                                        (2.6) 

 

  𝐸 = 𝐿
𝐷 = 𝐶𝐿

𝐶𝐷
                                       (2.7) 

 

  
𝐶𝐿
𝐶𝐷 = 𝐶𝐿

𝐶𝐷
𝑃𝑂𝐿𝐴𝑅

+ 𝐶𝐿2

π·𝐴·𝑒

                                                    (2.8) 

 

 

  𝐶𝐷
𝑃𝑂𝐿𝐴𝑅

= 𝐶𝐷
0

+ ∆𝐶𝐷
𝑓𝑙𝑎𝑝

+ ∆𝐶𝐷
𝑓𝑙𝑎𝑡

+ ∆𝐶𝐷
𝑔𝑒𝑎𝑟

                               (2.9) 

   

: Climb angle γ
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: Lift to drag ratio 𝐸
 

: Aspect ratio 𝐴
 

: Oswald efficiency factor 𝑒
 

Regarding the formulas and taking into account that the aircraft has three engines, 

 = 0,027 rad, confirming it with Figure 2.5. 𝑠𝑖𝑛γ
 

 

Figure 2.5: Climb gradient regarding JAR 25.121 by Scholz [1] 

 

 

Figure 2.6: Data provided by Loftin 1980 of passenger aircraft, cited in Scholz [3] 

 

 
 𝐴 = 𝑏2

𝑆
𝑊

                                     (2.10) 

 Aircraft span. 𝑏:
 

For this airplane, the aspect ratio is . 𝐴 = 6, 97
 

 
 𝐶𝐿 =

𝐶𝐿
𝐿,𝑚𝑎𝑥,𝑇𝑂

1,44
                                     (2.11) 

According to Equation 2.11: 

 

1,53. 𝐶𝐿 =
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2.3.1​Glide ratio for second segment and take-off: 

 

Following Figure 2.6, Equation 2.8 is given as follows. 

 

Second segment: 

 

. 𝐸 = 𝐿
𝐷 = 7, 94

 

. 𝑒 = 0, 7
 

. 𝐶𝐷
0

= 0, 02

 

. ∆𝐶𝐷
𝑓𝑙𝑎𝑝

= 0, 02

 

 (in second segment). ∆𝐶𝐷
𝑠𝑙𝑎𝑡

= ∆𝐶𝐷
𝑔𝑒𝑎𝑟

= 0

 

Take-off: 

 

. 𝐸 = 𝐿
𝐷 = 7, 37

 

. ∆𝐶𝐷
𝑔𝑒𝑎𝑟

= 0, 015

 

The thrust-to-weight ratio can also be calculated in the different configurations: 

 

 𝑇
𝑇𝑂

𝑚
𝑇𝑂

·𝑔 = (
𝑛

𝐸

𝑛
𝐸

−1 ) · ( 1
𝐸

𝑇𝑂
+ 𝑠𝑖𝑛γ)

 

                                   (2.12) 

 number of engines. 𝑛
𝐸

:

 

For the take-off configuration, =0,239 
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔

 

The thrust in take-off will be  𝑇
𝑇𝑂

= 499725, 91 𝑁
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2.3.2​Glide ratio for missed approach segment 

 

 
 𝐶𝐿 =

𝐶𝐿
𝐿,𝑚𝑎𝑥,𝐿

1,69
                                   (2.13) 

. 𝐶𝐿 = 1, 63
 

Resulting from Figure 2.6: 

 

. 𝐸 = 𝐿
𝐷 = 7, 64

 

. 𝑒 = 0, 7
 

. 𝐶𝐷
0

= 0, 02

 

. ∆𝐶𝐷
𝑓𝑙𝑎𝑝

= 0, 02

 

. ∆𝐶𝐷
𝑓𝑙𝑎𝑡

= 0

 

 (landing gear extended regarding FAR Part 25). ∆𝐶𝐷
𝑔𝑒𝑎𝑟

= 0, 015

 

Thrust-to-weight ratio: 

 

 𝑇
𝑇𝑂

𝑚
𝑇𝑂

·𝑔 = (
𝑛

𝐸

𝑛
𝐸

−1 ) · ( 1
𝐸 + 𝑠𝑖𝑛γ) ·

𝑚
𝐿

𝑚
𝑇𝑂

 

                      

(2.14) 

 

=0,184 
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔

 

According to FAR Part 25: 

 

 

Figure 2.7: Climb gradient regarding FAR 25 by Scholz [1] 
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 = 0,024 rad 𝑠𝑖𝑛γ
 

2.3.3​Glide ratio for cruise flight: 

 

The thrust-to-weight ratio at take-off is determined by the following relation: 

 

 
 

𝑇
𝑇𝑂

𝑚
𝑇𝑂

·𝑔 = 1
𝑇

𝐶𝑅

𝑇
𝑇𝑂

·(𝐿/𝐷)

  

(2.15) 

: Ratio of cruise thrust. 
𝑇

𝐶𝑅

𝑇
𝑇𝑂

For the ratio of cruise thrust to take-off thrust, Equation 2.16 is used for normal 

Mach number ( ): 𝑀 ≈ 0, 8

 
 

𝑇
𝑇𝑂

𝑇
𝐶𝑅

​​ = (0. 0013⋅μ − 0. 0397)⋅ 1
𝑘𝑚 ​⋅ℎ

𝐶𝑅
​ − 0. 0248⋅μ + 0. 7125   

(2.16) 

: bypass ratio. μ
 

: cruise altitude. ℎ
𝐶𝑅

 

The engine by-pass ratio and the specific fuel consumptions (SFC) are the following 

ones according to DataHammami [5], as the L-1011-100 TriStar uses three Rolls 

Royce jet motors (RB211-524B4-02). 

 

. μ = 5: 1
 

. 𝑆𝐹𝐶 = 1, 7 · 10−5 𝑘𝑔/𝑁/𝑠
 

The maximum lift to drag ratio in cruise flight, according to Raymer 1899, can be 

approximated by: 

                            ( 𝐿
𝐷 )

𝑚𝑎𝑥
= 𝑘

𝑒
· 𝐴

𝑆
𝑊𝐸𝑇

/𝑆
𝑊

  

(2.17) 

 

: Empirical factor imposed by Raymer 1899. 𝑘
𝑒

 

: relation of a small wetted area of the aircraft relative to the wing area. 𝑆
𝑊𝐸𝑇

/𝑆
𝑊

 

According to Raymer 1899, the relation is the following one: 
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 Figure 2.8: Relation of  according to Raymer 1899, cited in Scholz [1] 𝑆
𝑊𝐸𝑇

/𝑆
𝑊

Which, for this aircraft, a value of  and  is settled. 𝑆
𝑊𝐸𝑇

/𝑆
𝑊

= 5, 7 𝑘
𝑒

= 15

( 𝐿
𝐷 )

𝑚𝑎𝑥
= 16, 59

The corresponding lift coefficient is: 

𝐶𝐿
𝑚𝑑

= π·𝐴·𝑒
2·(𝐿/𝐷)

𝑚𝑎𝑥 (2.18) 

=0,56 𝐶𝐿
𝑚𝑑

𝐶𝐿 =
π·𝐴·𝑒

2·(𝐿/𝐷)
𝑚𝑎𝑥

(𝑉/𝑉
𝑚𝑑

)2 (2.19) 

V/ : Ratio between velocity of the aircraft and the velocity for minimum drag, 𝑉
𝑚𝑑

which regarding Scholz [1] can be settled to a value of 1,12 taking into account the 

cruise flight condition and that usually varies from 1 to 1,316.  
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Also a value of  is considered according to Loftin 80 for steel-engined 𝑒 = 0, 85
aircrafts. 

  

 (in cruise flight) 𝐶𝐿 = 0, 447
 

The final lift to drag ratio: 

 

 
 𝐸 =

2·(𝐿/𝐷)
𝑚𝑎𝑥

1
( 𝐶𝐿

𝐶𝐿𝑚𝑑
)

+( 𝐶𝐿
𝐶𝐿

𝑚𝑑
)

                      

(2.20) 

 𝐸 = 16, 17
 

2.4​ Matching chart 

 
A matching chart is a design tool used in aircraft design to study the feasibility of a 

proposed aircraft configuration by comparing critical performance constraints: 

take-off, missed approach, second segment, landing and cruise. 

The chart plots the thrust-to-weight ratio ( ) on the vertical axis versus the wing 
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔

loading ( ) on the horizontal axis. Each curve on the chart represents a performance 
𝑚

𝑇𝑂

𝑆
𝑊

requirement derived from regulations (e.g., FAR/CS-25). 

The aim of this project is to optimize the design point where the smallest 

thrust-to-weight ratio and the maximum wing loading are achieved as all the 

parameters declared before have a crucial effect on the performance of the aircraft. 

 

According to PreST0 Classic, Table 1.3 will give the last information needed for the 

matching chart, as it also helps verifying the numbers calculated on the preliminary 

sizing of the L-1011-100 TriSTar. 
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Table 2.1: Data collected according to PreST0 Classic 

 

 

Altitude 

 

Cruise 

 

Cruise 

 

Cruise 

 

Cruise 
2nd 

Segment 

Missed 

appr. 

 

Cruise 

 ℎ [𝑘𝑚]
 

𝑇
𝑇𝑂

𝑇
𝐶𝑅

 
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔
 𝑝(ℎ) [𝑃𝑎] 𝑚

𝑇𝑂

𝑆
𝑊

 [𝑘𝑔/𝑚2
 

𝑇
𝑇𝑂

𝑚
𝑇𝑂

·𝑔  
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔  
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔

0 0.589 0.105 101325 2282 0.222 0.199 0.11 

1 0.555 0.111 89873 2024 0.222 0.199 0.12 

2 0.522 0.118 79493 1790 0.222 0.199 0.12 

3 0.489 0.126 70105 1579 0.222 0.199 0.13 

4 0.456 0.135 61636 1388 0.222 0.199 0.14 

5 0.423 0.146 54015 1216 0.222 0.199 0.15 

6 0.389 0.159 47176 1062 0.222 0.199 0.16 

7 0.356 0.174 41036 925 0.222 0.199 0.17 

8 0.323 0.192 35595 802 0.222 0.199 0.19 

9 0.291 0.213 30737 692 0.222 0.199 0.21 

10 0.260 0.238 26431 595 0.222 0.199 0.23 

11 0.223 0.277 22627 510 0.222 0.199 0.28 

12 0.190 0.325 19316 435 0.222 0.199 0.34 

13 0.152 0.394 16498 372 0.222 0.199 0.44 

14 0.124 0.500 14091 317 0.222 0.199 0.58 

15 0.091 0.683 12035 271 0.222 0.199 0.68 

 

The final matching chart has been created, aiming to determine the thrust-to-weight 

ratio on cruise configuration. 
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Figure 2.9: Matching chart of the L-1011-100 TriStar  

 

Extracting the data from the graphic: 

 

 
𝑇

𝑇𝑂

𝑚
𝑇𝑂

·𝑔 = 0, 223

 

 
𝑚

𝑇𝑂

𝑆
𝑊

= 659 𝑘𝑔/𝑚2

 

Using the Equation 2.15 the ratio of cruise thrust is determined. 

 

 
𝑇

𝐶𝑅

𝑇
𝑇𝑂

= 0, 277

 

Accordingly with Equation 2.16: 

 

 ℎ
𝐶𝑅

= 9369 𝑚

 

Using Table 1.3 the data calculated can be confirmed as correct, with values such as 

thrust-to-weight ratio and wing loading (for the different segments of the flight) 

appearing between 9 and 10 km of flying cruise altitude. 
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Finally in order to verify the results, a table comparing the data of the different 

phases of the flight calculated and computed on PreST0 Classic and the ones selected 

with different sources on Table 1.2 has been created in order to clarify if the 

difference between each is less than 1%, giving accuracy to the work created. 

 

Table 2.2: Comparison of key data between PreST0 Classic and sources 

 

Data extracted PreST0 Classic Sources selection Difference ∆% 

 𝑚
𝑇𝑂

213140 kg 211375 kg 1% 

 𝑚
𝐿

168381 kg 166920 kg 1% 

 𝑚
𝑂𝐸

112751 kg 111795 kg 1% 

 𝑚
𝐹

80889 kg 80080 kg 1% 

 𝑆
𝑊 324   𝑚2

320  𝑚2 1% 

 𝑇
𝑇𝑂

 N 499725, 91 495585,37 N 1% 

 
𝑚

𝐿

𝑚
𝑇𝑂

0,79 0,79 0% 

 

As it can be seen, the usage of a program like PreST0 Classic is pretty useful to define 

the main important factors to size the aircraft, such as the maximum weights, take-off 

thrust or maximum loading. Aswell as in this step, the program can also be useful to 

size the fuselage of the aircraft, to know how the payloads are distributed. 
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3​ Fuselage design 

 

As mentioned before, in this section the fuselage of the aircraft will be defined and 

modified in order to meet the cabin layout requirements while ensuring balance with 

aerostructural and operational constraints. The sizing and repositioning of cabin 

elements such as lavatories, galleys, and seating rows have been performed using the 

Excel-based “PreSTo-Cabin” design tool. 

 

https://www.fzt.haw-hamburg.de/pers/Scholz/PreSTo.html 

 

This tool facilitates the precise recalculation of fuselage length, station positions, and 

cargo hold adaptation by accounting for all relevant cabin dimensions and regulatory 

constraints, including those defined by FAR-25. The goal is to define the fuselage 

explaining how the payload, including pax and their carry-on luggage are distributed 

and ensure compliance with certification standards during the modified 

configuration. 

 

3.1​ Configuration of classes 

 

Regarding the previous work, the important data collected for this part is: 

 

 𝑛
𝑃𝐴𝑋

= 200;

 

 𝑅 = 8676620 𝑚;
 

 𝑚
𝑇𝑂

= 213140 𝑘𝑔;

 

Based on the technical profile manual for the L-1011 TriStar [6], airlines that used the 

aircraft usually added two different classes, first class and economy class, being the 

last one settled to 9. 

However, in order to maintain balance on the payload distribution and to keep the 

possibility of having a high density class sitting, the number of seats per row in 

economy class is reduced to , and in case of first class seatings the 𝑛
𝑆𝐴,𝑌𝐶,𝑅𝑂𝑊

= 8

number can be calculated with a formula using average finesses ratio. 

 

 
 𝑛

𝑆𝐴
= 0, 45 · 𝑛

𝑃𝐴𝑋
                                       (3.1) 

 

: number of seats per row  𝑛
𝑆𝐴,𝐹𝐶,𝑅𝑂𝑊

= 6, 36 ≈ 6
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The next figure shows how the seats are distributed per row, distributing them on 

left, middle and right seats. 

 

 
Figure 3.1: Seat distribution per row according to PreST0 Cabin 

 

3.2​ Seat and aisle dimensions 

 

According to RAYMER 89 the sizes inside the cabin are defined in the next figure. 

 

      Figure 3.2: Cabin and seat dimensions by RAYMER 89, cited in Scholz [1] 
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Figure 3.3: Typical cabin and seat dimensions by RAYMER 89, cited in Scholz [1] 

 

A table is created with all the information about the seat sizes on first and economy 

class. 

Table 3.1: Seat dimensions 

Data Economy class (YC) First class (FC) 

 𝑛
𝑆𝐴 𝐼𝑁 𝑇𝑂𝑇𝐴𝐿

176 24 

Cushion width  𝑤
𝑐𝑢𝑠ℎ𝑖𝑜𝑛

0,56 m 0,71 m 

Cushion height position 

 ∆𝑦
𝑐𝑢𝑠ℎ𝑖𝑜𝑛

0,42 m 0,42 m 

Cushion thickness  𝑡
𝑐𝑢𝑠ℎ𝑖𝑜𝑛

0,14 m 0,14 m 

Armrest width  𝑤
𝑎𝑟𝑚𝑟𝑒𝑠𝑡

0,05 m 0,08 m 

Armrest height position, 

top  ℎ
𝑎𝑟𝑚𝑟𝑒𝑠𝑡, 𝑡𝑜𝑝

0,56 m 0,56 m 

Armrest height position, 

bottom  ℎ
𝑎𝑟𝑚𝑟𝑒𝑠𝑡, 𝑏𝑜𝑡𝑡𝑜𝑚

0,18 m 0,18 m 

Backrest height  ℎ
𝑏𝑎𝑐𝑘𝑟𝑒𝑠𝑡

0,59 m 0,59 m 

Seat length  𝐼
𝑠𝑒𝑎𝑡

0,61 m 0,71 m 

Seat pitch  𝑝 0,91 m 0,97 m 
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The values computed are equal or bigger than in typical cabin configurations of 

different airlines and similar aircrafts as the McDonnell Douglas DC-10, Airbus 300 

or Boeing B767, where the width is usually  for first class seats and a 𝑤
𝑐𝑢𝑠ℎ𝑖𝑜𝑛

= 0, 53 𝑚

pitch of  according to SeatGuru [7], as the main plan is to fit all seats in 𝑝 = 0, 94 𝑚
the cabin. 

 

Finally according to Figure 3.2, the aircraft will have two aisles (according to JAR 

25.817) with a width of  as it has to be bigger) and 𝑤
𝑎𝑖𝑠𝑙𝑒

= 0, 53 𝑚 (𝑤
𝑎𝑖𝑠𝑙𝑒,𝐹𝐶

= 0, 62 𝑚

a height of , being the minimum sizes   and ℎ
𝑎𝑖𝑠𝑙𝑒

= 2, 41 𝑚 𝑤
𝑎𝑖𝑠𝑙𝑒

= 0, 51 𝑚

 according to JAR 25.185. ℎ
𝑎𝑖𝑠𝑙𝑒

= 2, 41 𝑚

 

 

Figure 3.4: Width of the aisle according to JAR 25.81, cited in Scholz [1] 

 
3.3​ Cross sections 

 

According to ROSKAM III the fuselage of the L-1011 has a cabin height 

 and a cabin width , with a ratio of ℎ
𝑓,𝑖

= 177 𝑖𝑛𝑐ℎ = 4, 49 𝑚 𝑤
𝑓,𝑖

=  223 𝑖𝑛 =  5, 66 𝑚

. (ℎ/𝑤)
𝑐𝑎𝑏𝑖𝑛

= 0, 79
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                    Figure 3.5: Fuselage cross section according to ROSKAM III,, cited in Scholz [1] 
 
Using the PreST0 Cabin simulator, the next data is computed for the cabin. 

 

 

Figure 3.6: Fuselage cross section according to PreSTo Cabin 
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Figure 3.7: Fuselage cross section of economic class of PreST0 Cabin 

 
Figure 3.8: Fuselage cross section of first class of PreST0 Cabin 
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Based on the simulations, the number of rails and their size is computed as it stands. 

 

 
Figure 3.9: Seat rails distribution and dimensions of PreST0 Cabin 

 

3.3​ Cabin floor plan 

 

Inside the typical airline's cabin configurations the design of basic equipment for the 

crew and passengers is essential, as it’s the last part needed to fill the aircraft. 

Therefore, the galleys and lavatories are going to be defined as well as the number of 

emergency exits. 

 

3.3.1​Galley definition 

 

Using the formula provided by MARCKWARDT 98A, cited in Scholz [1]: 
 

 
    𝑠

𝐺𝐴𝐿𝐿𝐸𝑌
= 𝑘

𝐺𝐴𝐿𝐿𝐸𝑌
·

𝑛
𝑃𝐴𝑋

1000 + 1
2 (𝑚2 )

  

(3.2) 
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: factor to estimate floor space for galleys, for typical flights of the L-1011 𝑘
𝐺𝐴𝐿𝐿𝐸𝑌

TriStar the number selected is 41. 

 

 

Figure 3.10: Factor galley estimation depending in on the route, cited in Scholz [1]  

 

 𝑠
𝐺𝐴𝐿𝐿𝐸𝑌

= 8, 7 𝑚2

 

Following L-1011’s technical profile document [6], the number of galleys used was 

splitted on 1 for first class and 2 for economy class. In the case of this project, the 

same number will be used, adding one galley on the front and two on the back. 

 

Table 3.2: Galley dimensions for different classes selected 

 

Data provided to PreSTo 

Cabin 

First class Economy class 

 𝑛
𝑔𝑎𝑙𝑙𝑒𝑦

1 2 

 (length) 𝑙
𝑔𝑎𝑙𝑙𝑒𝑦 1,4  𝑚2

2,3  𝑚2

(width) 𝑤
𝑔𝑎𝑙𝑙𝑒𝑦

 
1,4  𝑚2

1,5  𝑚2

 

Checking the size of the galleys selected, the surface must not be lower than the one 

calculated with Equation 3.2 as it’s the minimum size needed. 

 

 

  𝑠
𝐺𝐴𝐿𝐿𝐸𝑌

=𝑙
𝑔𝑎𝑙𝑙𝑒𝑦

· 𝑤
𝑔𝑎𝑙𝑙𝑒𝑦

· 𝑛
𝑔𝑎𝑙𝑙𝑒𝑦

  

(3.3) 

Accordingly, the surface is surpassing the limit: 

 

 𝑠
𝐺𝐴𝐿𝐿𝐸𝑌

= 8, 86 𝑚2
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3.3.2​Lavatories definition 

Using the same methodology as before, the number of lavatories typically used by the 

airlines was 8, but as the number of pax taken has been reduced, the following data 

will be used according to SCHMITT 89. 

 

 

Figure 3.11: Cabin equipment used based according to SCHMITT 89, cited in Scholz [1] 

 
Knowing that the aircraft can carry up to 24 first class and 176 economy class 

passengers, the number of lavatories for an aircraft of 4685 NM of range is found. 

  

  𝑛
𝑙𝑎𝑣

= 𝑛
𝑝𝑎𝑥,𝐹𝐶

/14                                   (3.4) 

 

 𝑛
𝑙𝑎𝑣

≈ 1

 

  𝑛
𝑙𝑎𝑣

= 𝑛
𝑝𝑎𝑥,𝑌𝐶

/45                                   (3.5) 

 

 𝑛
𝑙𝑎𝑣

≈ 4
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Figure 3.12: Number and sizes of lavatories computed on PreSTo Cabin 

According to MARCKWARDT 98a, the usual area of a lavatory is 1,20 , value that 𝑚2

coincides with the one computed.  

 

 

  𝑆
𝑙𝑎𝑣𝑎𝑡𝑜𝑟𝑦

= 𝐼
𝑙𝑎𝑣𝑎𝑡𝑜𝑟𝑦

·𝑤
𝑙𝑎𝑣𝑎𝑡𝑜𝑟𝑦

                                  (3.4) 

 

 

3.3.3​Exits definition 

The number of emergency exits placed on the aircraft depends on the number of 

passengers the aircraft carry as the size will change to fit the number of people exiting 

through these doors. 

 

 

Figure 3.13: Exit types and sizes computed on PreSTo Cabin 

 

Using Figure 3.13, 2 Type A (floor-level) exits have been selected with an additional 

Type III (for aircraft configurations greater than 179 seats an extra emergency exit 

needs to be installed in both parts of the fuselage), allowing the exit for 255 

passengers. 
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3.4​ Aircraft dimensions 

In this section the aircraft dimensions will be specified in order to fit all the 

requirements and equipment added taking into account the proper sizes of the 

aircraft. In order to achieve accurate results and as proof of more reliable data, the 

sizes chosen have been compared with similar aircraft fuselages, such as the 

McDonnell Douglas DC-10 and McDonnell Douglas MD-11. 

 

 

Figure 3.14: L-1011 TriStar fuselage dimensions following Airline reporter [8]   

 

After careful analysis of the different dimensions and comparatives, the total length 

of the fuselage computed on PreSTo Cabin has followed the formulas provided by 

Scholz [1] 

 

 
                        𝑙

𝑐𝑎𝑏𝑖𝑛
= 𝑘

𝑐𝑎𝑏𝑖𝑛
·

𝑛
𝑃𝐴𝑋

𝑛
𝑆𝐴

                                  (3.6) 

 

: statistical constant provided by Scholz [1], with a value selected of  𝑘
𝑐𝑎𝑏𝑖𝑛

1, 1 𝑚

 

 𝑙
𝑐𝑎𝑏𝑖𝑛

= 34, 60 𝑚

 

The total fuselage following Schmitt 98, cited in Scholz [1]: 
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                        𝑙
𝑓

= 𝑙
𝑐𝑎𝑏𝑖𝑛

+ 1, 6 · 𝑑
𝑓,𝐸

+ 4𝑚                                   (3.7) 

 

: External diameter of the fuselage, following Figure 3.5 using PreSTo Cabin the 𝑑
𝑓,𝐸

value has been settled to 5,92 , which verifying the technical profile it’s inside the  𝑚
correct range as the number used was 6,0   𝑚
 

 𝑙
𝑓

= 48, 1 𝑚

 

 

Figure 3.15: Examples nose and tail sizes by SCHMITT 98, cited in Scholz [1] 

 

 
Figure 3.16: Bug and heck calculations by Scholz [1] 

 
As explained before, similar models of aircrafts have been chosen to determine the 

dimensions of the aircraft.  

 

The bug and heck have also been calculated using this method, as Figure 3.16 is 

showing, the bug and heck length results are provided with the Equation 3.8 and 

Equation 3.9. 
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                         𝑙
𝑏𝑢𝑔

= 𝑑
𝑒𝑓𝑓

·1, 7                                   (3.8) 

 

 

                         𝑙
ℎ𝑒𝑐𝑘

= 𝑑
𝑒𝑓𝑓

 ·3, 5                                   (3.9) 

 

 Effective external diameter, with a value of 5,04  following Figure 3.15. 𝑑
𝑒𝑓𝑓

:  𝑚

. 𝑙
𝑏𝑢𝑔

= 8, 568 𝑚

 

. 𝑙
ℎ𝑒𝑐𝑘

= 17, 64 𝑚

 

In order to compute these values on the PreSTo Cabin, different relations have been 

computed, such as the nose/tail length to diameter ratio or the bug offset, among 

others.  

 

 

 

Figure 3.17: PreSTo Cabin fuselage dimensioning. 

 

As it can be seen, the model presented is very similar to other aircrafts presented 

before, which have similar structure and were created for similar purposes as for the 

L-1011 TriStar. 

 

The required cabin space is the sum of all the areas of the equipment and 

installations together. 

 

 

                         𝑆
𝑎𝑖𝑠𝑙𝑒

= 2·(𝑤
𝑎𝑖𝑠𝑙𝑒

·𝑙
𝑐𝑎𝑏𝑖𝑛

)   

(3.10) 

 

 

 𝑆
𝑎𝑖𝑠𝑙𝑒,𝐹𝐶

= 42, 904 𝑚2

 𝑆
𝑎𝑖𝑠𝑙𝑒,𝑌𝐶

= 50, 986 𝑚2
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 𝑆
𝑠𝑒𝑎𝑡

= 𝑤
𝑐𝑢𝑠ℎ𝑖𝑜𝑛

·ℎ
𝑏𝑎𝑐𝑘𝑟𝑒𝑠𝑡

+ 𝑤
𝑐𝑢𝑠ℎ𝑖𝑜𝑛

·𝐼
𝑠𝑒𝑎𝑡

  

(3.11) 

 

 

 

 

 𝑆
𝑠𝑒𝑎𝑡,𝐹𝐶

= 0, 923 𝑚2

 

 𝑆
𝑠𝑒𝑎𝑡,𝑌𝐶

= 0, 672 𝑚2

 

                         𝑆
𝑇𝑂𝑇𝐴𝐿 𝑆𝐸𝐴𝑇

= 𝑆
𝑠𝑒𝑎𝑡,𝐹𝐶

+ 𝑆
𝑠𝑒𝑎𝑡,𝑌𝐶

  

(3.12) 

 

 

 

 

 𝑆
𝑇𝑂𝑇𝐴𝐿 𝑆𝐸𝐴𝑇

= 140, 424 𝑚2

 

                        

 𝑆
𝑟𝑒𝑞

= 𝑆
𝑔𝑎𝑙𝑙𝑒𝑦

+ 5·𝑆
𝑙𝑎𝑣𝑎𝑡𝑜𝑟𝑦

+ 𝑆
𝑇𝑂𝑇𝐴𝐿 𝑆𝐸𝐴𝑇

+ 𝑆
𝑎𝑖𝑠𝑙𝑒,𝐹𝐶

+ 𝑆
𝑎𝑖𝑠𝑙𝑒,𝑌𝐶

  

(3.13) 

 

 𝑆
𝑟𝑒𝑞

= 249, 174 𝑚2

 

From Figure 3.5: 

 

 

                         𝑆
𝑐𝑎𝑏𝑖𝑛

= 𝑙
𝑐𝑎𝑏𝑖𝑛

·𝑑
𝑓,𝐼

                                (3.14) 

 

 

: Internal diameter of the fuselage 𝑑
𝑓,𝐼

 

 𝑆
𝑐𝑎𝑏𝑖𝑛

= 193, 068 𝑚2
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 𝑆
𝑐𝑎𝑏𝑖𝑛

≥ 𝑆
𝑟𝑒𝑞

 

The cabin area is bigger than the space of the elements that the airlines can configure, 

explaining that there is sufficient space to meet cabin requirements. 

 

The rear cone angle is calculated using the external diameter and the length of the 

heck (tail). 

 

 

 
                        ψ

ℎ𝑒𝑐𝑘
= 𝑡𝑎𝑛−1(

𝑑
𝑓,𝐸

𝑙
ℎ𝑒𝑐𝑘

)                                 (3.15) 

 

 

. ψ
ℎ𝑒𝑐𝑘

= 18, 55 º

 

3.5​ Cargo volume 

In this final section regarding the fuselage design, the cargo section will be defined, 

completing the final layouting. 

The mass of passengers, carry on bags and cargo is calculated first, regarding Table 

1.3: 

 
 

 
                        𝑚

𝑝𝑎𝑥
=

𝑚
𝑝𝑎𝑥

𝑛
𝑝𝑎𝑥

·𝑛
𝑝𝑎𝑥

                                (3.16) 

 

 

 
                        𝑚

𝑏𝑎𝑔𝑔𝑎𝑔𝑒
=

𝑚
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

𝑛
𝑝𝑎𝑥

·𝑛
𝑝𝑎𝑥

                                (3.17) 

 

 

                       

  𝑚
𝑐𝑎𝑟𝑔𝑜

= 𝑚
𝑝𝑙

− 𝑚
𝑝𝑎𝑥

− 𝑚
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

                                (3.18) 

 

 

: ratio of mass per number of passengers, according to Roskam I  is  kg. 
𝑚

𝑝𝑎𝑥

𝑛
𝑝𝑎𝑥

79, 4

 

: ratio of baggage per number of passengers,  kg according to Roskam I. 
𝑚

𝑏𝑎𝑔𝑔𝑎𝑔𝑒

𝑛
𝑝𝑎𝑥

13, 6

 

. 𝑚
𝑝𝑎𝑥

= 15880 𝑘𝑔
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. 𝑚
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

= 2720 𝑘𝑔

 

. 𝑚
𝑐𝑎𝑟𝑔𝑜

= 538 𝑘𝑔

 

For the cargo density, values of and are ρ
𝑐𝑎𝑟𝑔𝑜

= 160 𝑘𝑔/𝑚3 ρ
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

= 170 𝑘𝑔/𝑚3

used by Torenbeek 88, cited in Scholz [1]. 

 

Then, the cargo volume is: 

 

 

 
                        𝑉

𝑐𝑎𝑟𝑔𝑜
=

𝑚
𝑐𝑎𝑟𝑔𝑜

ρ
𝑐𝑎𝑟𝑔𝑜

                                (3.19) 

 

. 𝑉
𝑐𝑎𝑟𝑔𝑜

= 3, 3625 𝑚3

 

 
                        𝑉

𝑏𝑎𝑔𝑔𝑎𝑔𝑒
=

𝑚
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

ρ
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

                                (3.20) 

 

. 𝑉
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

= 16 𝑚3

 

The available cargo volume is also calculated: 

 

 

                        𝑉
𝑐𝑎𝑟𝑔𝑜 𝑐𝑜𝑚𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡

= 𝑙
𝑓
·𝑆

𝑐𝑐
·𝑘

𝑐𝑐

 

                                (3.21) 

 

: Cross section of the cargo compartment. 𝑆
𝐶𝐶

 

: Proportion of fuselage length used for cargo, 0,40 according to PreSTo Cabin. 𝑘
𝐶𝐶

 

                       

  𝑆
𝑐𝑐

= 𝑤
𝑙𝑑,𝑡𝑜𝑝

·ℎ
𝑙𝑑

− (
𝑤

𝑙𝑑,𝑡𝑜𝑝
−𝑤

𝑙𝑑,𝑏𝑜𝑡𝑡𝑜𝑚

2 )2

  

(3.22) 

 

 

: width of the top lower deck. 𝑤
𝑙𝑑,𝑡𝑜𝑝
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: width of the bottom lower deck. 𝑤
𝑙𝑑,𝑏𝑜𝑡𝑡𝑜𝑚

 

: height of the lower deck. ℎ
𝑙𝑑

 

According to PreSTo Cabin, . 𝑆
𝐶𝐶

= 6, 69 𝑚2

 

. 𝑉
𝑐𝑎𝑟𝑔𝑜 𝑐𝑜𝑚𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡

= 128, 72 𝑚3

 

                       

  𝑉
𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑠𝑡𝑜𝑤𝑎𝑔𝑒

=
𝑉

𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑠𝑡𝑜𝑤𝑎𝑔𝑒

𝑛
𝑝𝑎𝑥

·𝑛
𝑝𝑎𝑥

                                (3.23) 

 

 

: ratio of baggage store overhead the passengers per number of pax. 
𝑉

𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑠𝑡𝑜𝑤𝑎𝑔𝑒

𝑛
𝑝𝑎𝑥

Usually a value of is used as passengers take their baggage into the cabin 0, 05 𝑚3

with them. 

. 𝑉
𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑠𝑡𝑜𝑤𝑎𝑔𝑒

=  10 𝑚3

 

In order to check the volume used, Equation 3.24 is used as the cargo compartment 

volume has to be equal or bigger to the sum of baggage and cargo taking apart the 

overhead baggage. 

                       

 𝑉
𝑐𝑎𝑟𝑔𝑜 𝑐𝑜𝑚𝑝𝑎𝑟𝑡𝑚𝑒𝑛𝑡

≥ (𝑉
𝑏𝑎𝑔𝑔𝑎𝑔𝑒

+ 𝑉
𝑐𝑎𝑟𝑔𝑜

) − 𝑉
𝑜𝑣𝑒𝑟ℎ𝑒𝑎𝑑 𝑠𝑡𝑜𝑤𝑎𝑔𝑒

 

  

(3.24) 

 

. 128, 72 𝑚2 ≥ 9, 3625 𝑚3

 

The cargo volume is more than enough. 

 

Following the technical profile[6], LD3 containers are installed on the aircraft as the 

airlines use this configuration. 

 

3.6​ Waterline 

Following JAR 25.807 cited in Scholz [1],  during an emergency ditching the door sills 

must remain above the waterline. Cto be established. If an emergency ditching occurs 

right after takeoff, the aircraft will likely still be near its maximum takeoff weight. 
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The maximal mass for water ditching can be split sequentially, the elevation of the 

waterline needs ed in three parts, the bug, heck and fuselage. 

 

Following the data calculated in the last segments applied to PreSTo Cabin: 

                        𝑚
𝑤𝑑−𝑛𝑜𝑠𝑒

= 𝐼
𝑛𝑜𝑠𝑒

·𝑤
𝑓𝑜

·
ℎ

𝑓𝑜

4 ·( π
2 + 𝑎𝑟𝑐𝑠𝑒𝑛(∆) + (∆)·𝑐𝑜𝑠(∆

1
))·333, 3

 

(3.25)  

 

The maximal mass for water ditching on the nose is , where  and 𝑚
𝑤𝑑−𝑛𝑜𝑠𝑒

∆ =
−∆𝑧

𝑓𝑙𝑜𝑜𝑟

ℎ
𝑓𝑜

·2

. ∆
1

= 𝑎𝑟𝑐𝑠𝑒𝑛(∆)

                      𝑚
𝑤𝑑−𝑡𝑎𝑖𝑙

= 𝐼
𝑡𝑎𝑖𝑙

·𝑤
𝑓𝑜

·
ℎ

𝑓𝑜

4 ·( π
2 + 𝑎𝑟𝑐𝑠𝑒𝑛(∆) + (∆)·𝑐𝑜𝑠(∆

1
))·333, 3 (3.26)  

 

: Maximal mass for water ditching on the tail. 𝑚
𝑤𝑑−𝑡𝑎𝑖𝑙

           )       𝑚
𝑤𝑓

= 𝑤
𝑓𝑜

·
ℎ

𝑓𝑜

4 ·( π
2 + 𝑎𝑟𝑐𝑠𝑒𝑛(∆) + (∆)·𝑐𝑜𝑠(∆

1
))·103 ·(𝑙

𝑐𝑎𝑏𝑖𝑛
− ∆𝑥

𝑛𝑜𝑠𝑒
− ∆𝑥

𝑡𝑎𝑖𝑙
  (3.27)       

 

: Maximal mass for water ditching on the fuselage 𝑚
𝑤𝑑−𝑓

 

. 𝑚
𝑤𝑑−𝑛𝑜𝑠𝑒

= 28132 𝑘𝑔

 

. 𝑚
𝑤𝑑−𝑡𝑎𝑖𝑙

= 57930 𝑘𝑔

 

. 𝑚
𝑤𝑓

= 241667 𝑘𝑔

 

The total sum of the mass calculations gives a value of 327729 kg, bigger than the 

maximum take-off mass ( ) indicating that the door steps are above the water line 𝑚
𝑇𝑂

in case of an emergency case. 

 

The sizes are defined below: 
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                        𝑑

𝑓𝑢𝑠𝑒𝑙𝑎𝑔𝑒
=

𝑑
𝑓,𝐸

−𝑑
𝑓,𝐼

2
  

(3.28) 

 

: fuselage diameter. 𝑑
𝑓𝑢𝑠𝑒𝑙𝑎𝑔𝑒

=  0, 17 𝑚

 

                         ℎ
𝑑
​ = 𝑑

𝑓,𝐸
​ − 𝑑

𝑓𝑢𝑠𝑒𝑙𝑎𝑔𝑒
​ − ℎ

𝑎𝑖𝑠𝑙𝑒
​   

(3.29) 

 

: door height. ℎ
𝑑

= 3, 34 𝑚

 

: aisle height according to PreSTo Cabin. ℎ
𝑎𝑖𝑠𝑙𝑒

=  2, 41 𝑚

 
        φ = 2⋅𝑎𝑟𝑐𝑐𝑜𝑠(1 −

ℎ
𝑑

𝑟 )   

(3.30) 

 

: opening angle. φ = 194, 75 º
 

: radius of the external cabin. 𝑟 = 2, 96 𝑚
 

                                  𝑠 = 2⋅𝑟⋅𝑠𝑖𝑛(2φ​)   

(3.31) 

 

 circular arc section length. 𝑠 = 2, 915 𝑚2 :
 

 

 

                   𝑆
𝑠𝑒𝑐𝑡𝑖𝑜𝑛

=
ℎ

𝑑

2·𝑠 ·(3·ℎ
𝑑

2 + 4·𝑠2)
  

(3.32) 

 

 

: circular arc section surface. 𝑆
𝑠𝑒𝑐𝑡𝑖𝑜𝑛

= 38, 65 𝑚2

 

3.7​ Cabin layout 

To finish this section, the scale drawing of the cabin layout is computed using PreSTo 

Cabin, the green and blue small squares in the middle are the seats for first and 

economy class, respectively. The cockpit is marked on the left side of the image, and 
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the galleys (green) and lavatories (white) are placed on the front and rear part of the 

aircraft (corners). 

 

 

Figure 3.18: PreSTo Cabin 2D modelling layouting. 

 

Using the information provided on Figure 3.10, the number of cabin crew personnel 

has been settled to 3 for first class and 5 for economy class in order to fulfill all 

passenger requirements. 

 

3.8​ Summary 

Table 3.3 resumes all the important information clarified in this section. 

 

Table 3.3: Important data calculated for the fuselage design 

 

Data demanded Data computed 

Number of seats per row   ( ) 𝑛
𝑆𝐴,𝑅𝑂𝑊

6 for FC, 8 for YC 

Number of aisles ( ) 𝑛
𝑎𝑖𝑠𝑙𝑒

2 

Number of cabin crew members ( ) 𝑛
𝑐𝑟𝑒𝑤

8 

Fuselage diameter ( ) 𝑑
𝑓,𝐸 5,92  𝑚2

Fuselage length ( ) 𝑙
𝑓

50,7  𝑚

Length of the cabin ( ) 𝑙
𝑐𝑎𝑏𝑖𝑛

 31,61  𝑚

Length of the bow section ( ) 𝑙
𝑏𝑢𝑔

8,568  𝑚

Length of the stern section ( ) 𝑙
ℎ𝑒𝑐𝑘

17,64  𝑚

Rear cone angle ( ) ψ
ℎ𝑒𝑐𝑘

18,55 º 

52 



4 Wing definition 
 

After the fuselage analysis the wing and its high lift incorporations can be defined and 

organised, using from now on  the “PreSTo” version 3.4.2 tool in order to create plots 

and compute key data in order to accomplish all the demands of the double 

trapezoidal type wing that the aircraft carry. 

 

https://www.fzt.haw-hamburg.de/pers/Scholz/PreSTo.html 

 

 

Figure 4.1: PreST0 data collected from previous sections. 

 

 

4.1​ Quarter chord sweep angle and relative thickness 

 

After contrasting with different sources, such as Elsevier [4] or the technical profile 

manual [6] the quarter chord sweep angle (angle between the aircraft's lateral axis 

and the line connecting the 25% chord points along the span of the wing) has been 

settled to 35 º which is a reasonable value as long range jets are used to have values of 

minimum 30-33º. 

This number is important as it usually is where the aerodynamic center is located in 

order to study the stability of the design. 

 

A plot is created with the PreSTo tool, showing location of the designed sweep angle 

on the Mach number that Figure 4.1 shows together with a line showing Raymer 

suggestions for the selection of the angle.  
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Figure 4.2: Plot comparing the quarter chord angle and the Mach number for cruise. 

 

As it can be seen, the number selected is close to the line, but bigger as the aircraft 

has different dimensions than the usual Airbus and Boeing models, as an example. 

 

In order to calculate the relative thickness of the aircraft (thickness of the aircraft 

divided it’s chord), the value chosen has been selected using the information of 

Elsevier [4], providing a number of .  0, 107
 

According to Figure 4.3 the value chosen is very close to one computed using 

non-linear regression at the sweep angle determined before. 

 

 

Figure 4.3: Plot comparing the thickness ratio and quarter chord sweep angle. 
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It will be assumed that the aircraft has a double trapezoidal area, separating the root 

to kink area (inner surface) and kink to tip (outer surface). 

 

Using the formulas provided by Scholz [1] it is possible to calculate the root, tip and 

kink thickness ratios assuming that the inner and outer relative thickness are 0,975 

and 1, respectively. 

 

 

     τ = 𝑡
𝑖
·𝑡

𝑜
                           (4.1) 

 

: inner relative thickness. 𝑡
𝑖

 

: outer relative thickness. 𝑡
𝑜

 

The relative thickness ratio is . τ = 0, 975
 

     ( 𝑡
𝑐 )

𝑟
= 4

3·τ+1 · 𝑡
𝑐

                           (4.2) 

 

 

 

     ( 𝑡
𝑐 )

𝑡
= ( 𝑡

𝑐 )
𝑟
· 𝑡

𝑐
                           (4.3) 

 

 

 

     ( 𝑡
𝑐 )

𝑘
= ( 𝑡

𝑐 )
𝑟
·𝑡

𝑖
                           (4.3) 

 

 

 

: relative thickness . 
𝑡
𝑐

 

The values calculated are , . ( 𝑡
𝑐 )

𝑟
= 0, 109 ( 𝑡

𝑐 )
𝑡

= ( 𝑡
𝑐 )

𝑘
= 0, 106

 

4.2​ Surface area 

 

The surface is defined in this section, defining both of the different parts of the wing. 
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Figure 4.4: Geometry of the wing provided by Scholz [1]. 

 

Stating different kink ratios for different aircrafts, a value of 0,368 has been selected 

using as an example aircrafts as the MD-11 or the B767 which have similar values of 

wing area. 

 

Using the data provided by Elsevier [4], the wing taper ratio has been settled to 0,259 

which will be computed on PreSTo to define the tapering and dimensions of the 

L-1011 wing.  

 

Kink semi-span: 

 

     𝑌
𝑘

= η
𝑘
· 𝑏

2
                           (4.4) 

 

 

: kink taper ratio. η
𝑘

 

b: wing span. 

 

Inner taper ratio: 

 

 
    λ

𝑖
=

𝑐
𝑡

𝑐
𝑟

                           (4.5) 

 

 

: tip chord. 𝑐
𝑡
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: root chord. 𝑐
𝑟

 

 

 
    λ

𝑜
=

λ

λ
𝑖

                           (4.6) 

 

 

: wing taper ratio. λ
 

Inside fuselage area: 

 

 

     𝑆
𝑓

= 𝑑
𝑓,𝐸

·𝑐
𝑟

                           (4.7) 

 

 

Inner wing area: 

 

     𝑆
𝑖

= (𝑐
𝑘

+ 𝑐
𝑟
)·(𝑌

𝑘
− 𝑏

2 )                            (4.8) 

 

 

Outer wing area: 

     𝑆
𝑓

= (𝑐
𝑘

+ 𝑐
𝑡
)·( 𝑏

2 − 𝑌
𝑘
)                            (4.9) 

Knowing how the different data is related, and knowing that the wing is defined by 

two trapezoids, Equation 4.10 can help define the inner taper ratio, a crucial value 

that is used to calculate the formulas determined before. 

 

     𝑐
𝑘
​ = 𝑐

𝑟
​ − (𝑐

𝑟
​ − 𝑐

𝑡
​)⋅η

𝑘
​                           (4.10) 

 

     𝑐
𝑡
​ = λ·𝑐

𝑟
​                            (4.11) 

Being , resulting on a relation substituting the equation 4.7 and the 𝑐
𝑡

= 0, 259·𝑐
𝑟

kink taper ratio to the equation 4.6: 
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     𝑐
𝑘
​ = 𝑐

𝑟
​ − (𝑐

𝑟
​ − λ·𝑐

𝑟
​)⋅η

𝑘
​                           (4.12) 

Finally,  which, with Equation 4.5, explains the 𝑐
𝑘

= 𝑐
𝑟
·(0, 632 + 0, 095) = 0, 727·𝑐

𝑟

relation between the kink and root resulting on the inner taper ratio, with a value of 

. λ
𝑖

= 0, 727

 

 
    𝑐

𝑘
​ =

𝑆
𝑊

𝑌
𝑘
·( 1

λ
𝑖
−λ

𝑜
)+

𝑑
𝑓,𝐸

2 ·( 1
λ

𝑖
−1)+

𝑑
𝑓,𝐸

2 ·(1+λ
𝑜
)

                          (4.13) 

 

 

     𝑐
𝑟
​ = 𝑐

𝑘
/λ

𝑖
​                          (4.14) 

Aspect ratio inner trapezoid: 

 

 

    𝐴
𝑖
​ =

(2·𝑌
𝑘
−𝑑

𝑓,𝐸
)2

𝑆
𝑖

​
                         (4.15) 

Aspect ratio outer trapezoid: 

 

 

    𝐴
𝑜

=
(𝑏−2·𝑌

𝑘
)2

𝑆
𝑜

​
                          (4.16) 

All the formulas provided by Scholz [1] and PreSTo have been computed to draw the 

wing, as Figure 4.5 and Figure 4.6 show. 

 

Figure 4.5: Wing geometry results calculated on PreSTo 
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Figure 4.6: Wing draw created with PreSTo 

 

4.3​ Airfoil profile 

Knowing the aircraft’s thickness, an airfoil can be chosen as it sets other important 

data such as the maximum lift coefficient, the pitching moment coefficient, maximum 

camber and the distribution of thickness from root to tip of the wing.  

The L-1011 is an old model and most of the airfoils dated on PreSTo were created 

after the aircraft’s design. In order to find a similar airfoil the NACA 6-series is used 

as it’s the one closest to meet the requirements choosing the different profiles from 

the Abbott catalog found on the tool. 

The next figure shows the airfoil chosen, the NACA 63-210 which has a thickness 

similar to the one created in this project. The maximum lift coefficient has been 

settled to 1,6 according to Howe 2000 cited by Scholz [1], for subsonic flights and an 

angle for zero-lift of -3º according to airfoil tools. 

 

 
Figure 4.7: Airfoil data on PreSTo 
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Figure 4.8: Cl vs angle of attack plot of NACA 63-210 according to Airfoil Tools [9] 

 
4.4​ Dihedral and incidence angle 

A moment is caused around the longitudinal axis of the aircraft as the fuselage carries 

most of the weight, making the wing tips to level upwards with an angle called 

dihedral leading to positive stability. 

 

Figure 4.9: Front view of an airplane showing the dihedral angle by Scholz [1] 𝑣
𝑤

 

 

From definition, the incidence angle is chosen to reduce drag during flight, being the 

relation of the chord line and the axis along the fuselage. 
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Figure 4.10: Side view of an airplane showing the incidence angle  by Scholz [1] 𝑖
𝑤

 
       𝑖

𝑤
=

𝐶
𝐿,𝐶𝑅

𝐶
𝐿

α

+ α
0

+ 0, 4·ε
𝑡
​                        (4.17) 

: lift coefficient on cruise flight, defined in the preliminary sizing as 0,447. 𝐶
𝐿,𝐶𝑅

 

: curve slope of the lift coefficient, with a value of 0,0999 1/º according to figure 𝐶
𝐿

α

4.7. 

 

: angle of attack for zero-lift, -3 º according to figure 4.7. α
0

 

: twist angle, helps reduce incidence angle when it’s negative, -3 º according to ε
𝑡

Raymer 2006 []. 

 

Finally, . 𝑖
𝑤

=  2, 67º

Figure 4.11: Data used on PreSTo 

 

4.5​ Volume of the tank and MAC calculation 

The volume of the tank is calculated according to Torenbeek 1998, cited by Scholz [1]: 
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    𝑉
𝑇𝑎𝑛𝑘

= 0, 54·𝑆
𝑊

1,5·( 𝑡
𝑐 )

𝑟
· 1

𝐴
· 1+λ· τ+λ2·τ

(1+τ)2
​

                          (4.18) 

The volume of fuel will be installed on the outer and inner wing as well as on the 

inboard tank, the total volume is splitted as it is shown in Figure 𝑉
𝑇𝑎𝑛𝑘

= 108, 37 𝑚3

4.12. 

 

Figure 4.12: Volume of the tank used on PreSTo 

 

The available volume is more than the required volume computed on preliminary 

sizing. 

 

The MAC (Mean Aerodynamic Chord) is defined as an average chord length of the 

wing, which will help represent the center of gravity. The different MAC values are 

stated. 

 

Table 4.1: MAC calculated on PreSTo 

 

Areas calculated Data computed 

Fuselage MAC ( )  𝑐
𝑀𝐴𝐶,𝑓

10,549 m 

Fuselage MAC span ( ) 𝑌
𝑀𝐴𝐶,𝑓

1,479 m 

Inner wing MAC ( ) 𝑐
𝑀𝐴𝐶,𝑖

9,185 m 

Inner wing MAC semi-span ( ) 𝑌
𝑀𝐴𝐶,𝑓

5,698 m 

Outer wing MAC ( ) 𝑐
𝑀𝐴𝐶,𝑜

5,591 m 

Outer wing MAC semi-span ( ) 𝑌
𝑀𝐴𝐶,𝑜

15,064 m 
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Wing MAC ( ) 𝑐
𝑀𝐴𝐶

7,716 m 

Wing MAC semi-span ( ) 𝑌
𝑀𝐴𝐶

9,4 m 

 

4.6​ Geometry of ailerons  

 
Ailerons are defined as simple flaps that are mounted close to the wing tips 

permitting the pilot to roll around the longitudinal axis of the aircraft. Looking at 

images of the L-1011 wing, an approximation of the sizes has been created on PreST0, 

knowing that usually the chord of the ailerons is between 20-40% of the wing chord. 

 

The L-1011-100 wing has ailerons located on the tip wings very close to the edges, 

defined on the next figures below. 

 

 
Figure 4.13: Wing view created on PreSTo  

 
Figure 4.14: Aileron sizes on PreSTo 
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As Figure 4.14 shows the chord of the aileron is 20% of the total chord of the wing 

and the aileron outer span is close to 0,5 m, meaning that the aileron is almost on the 

tip of the wing, just as the models of the L-1011 aircraft. 

The spoilers manage to slow the aircraft causing a yawing movement in the direction 

of the turn. In this case PreST0 couldn’t define the geometry of the spoilers which are 

situated above the middle flaps defined in the next chapter. 

 

The geometry of the L-1011 spoilers are defined for this project. 

 

Figure 4.15: Spoilers geometry according to Roskam II, cited by Scholz [1] 

 
Table 4.2 defines the relative sizes of Figure 4.15 being the inboard spoiler the one closest to 
the fuselage and the outboard closest to wing tip, all in terms of fraction of semi-span (  𝑏/2)
and of mean wing chord . 𝑐

𝑊

 
Table 4.2: Relative sizes of spoilers for L-1011 

 

Spoiler data Values 

Inboard spoiler span (%  𝑏/2) 0,39 

Inboard spoiler chord (% ) 𝑐
𝑊

0,08 

Inboard Spoiler Hinge Location (% ) 𝑐
𝑊

0,12 

64 

https://www.zotero.org/google-docs/?aKY7M3


Outboard Spoiler Span (%  𝑏/2) 0,5 

Outboard Spoiler Chord (% ) 𝑐
𝑊

0,14 

Outboard Spoiler Hinge Location (% ) 𝑐
𝑊

0,14 
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5​ Wing high-lift systems 

 

In order to perform the analysis of the high-lift devices installed on the wing, 

different graphs computed by PreSTo are used as it helps to understand why the data 

was chosen. 

 

5.1​ Maximum lift coefficient 

 

First, the leading sharpness parameter ( ) needs to be studied as the maximum lift ∆𝑦
coefficient depends on this parameter and it also follows Equation 5.1 according to 

DATCOM 1978 []. 

 

     𝑐
𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛

= (𝑐
𝐿,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

+ ∆
1
𝑐

𝐿,𝑚𝑎𝑥
+ ∆

2
𝑐

𝐿,𝑚𝑎𝑥
+ ∆

3
𝑐

𝐿,𝑚𝑎𝑥
​                          (5.1) 

 

: maximum lift coefficient for non cambered airfoil. (𝑐
𝐿,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

 

: term that corrects taking into account the airfoil camber and the position of ∆
1
𝑐

𝐿,𝑚𝑎𝑥

maximum camber at 0,3. 

 

: correction term for taking into account a position of maximum thickness ∆
2
𝑐

𝐿,𝑚𝑎𝑥

different to 0,3. 

 

: term that corrects including Reynolds number different to   ∆
3
𝑐

𝐿,𝑚𝑎𝑥
9·106 .

 

Table 5.1: Leading sharpness parameter according to DATCOM 1978, cited on Scholz [1] 

 

Profile type  ∆𝑦

NACA 4 digit 26·  ( 𝑡
𝑐 )

NACA 63 series 22·  ( 𝑡
𝑐 )

NACA 64 series 21,3·  ( 𝑡
𝑐 )

NACA 65 series 19,3·  ( 𝑡
𝑐 )

NACA 66 series 18,3·  ( 𝑡
𝑐 )
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     ∆𝑦 = 22·( 𝑡
𝑐 )​                           (5.2) 

The final value for a NACA 63 series profile airfoil selected is =2,2%. ∆𝑦
 

Using data provided on Figure 4.7 the position for maximum thickness of the airfoil 

is . 
𝑥

𝑡

𝑐 = 0, 35

 

Figure 5.1: First correction for non cambered airfoils according to DATCOM  

 

. (𝑐
𝐿,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

= 1, 295

The maximum camber and it’s position is also found on Figure 4.7, being 

 and  respectively. 

(𝑦
𝑐
)

𝑚𝑎𝑥

𝑐 = 0, 01 𝑥
(𝑦𝑐)𝑚𝑎𝑥

= 0, 5
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Figure 5.2: First airfoil maximum lift coefficient correction according to DATCOM 

 

. ∆
1
𝑐

𝐿,𝑚𝑎𝑥
= 0, 041

 

 

Figure 5.3: Second airfoil maximum lift coefficient correction according to DATCOM 

 

. ∆
2
𝑐

𝐿,𝑚𝑎𝑥
= 0, 1546

 

The Reynolds number: 

 
    𝑅𝑒 =

ρ
0
·𝑐

𝑀𝐴𝐶
·𝑉

𝐴𝑃𝑃

µ
                          (5.3) 

: density at ground level with a value of . ρ
0

1, 255 𝑘𝑔/𝑚3

 

: dynamic viscosity of . µ 17, 89·10−6 𝑘𝑔/𝑚·𝑠
 

. 𝑅𝑒 = 38, 82·106
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Figure 5.4: Third airfoil maximum lift coefficient correction according to DATCOM  

 

. ∆
3
𝑐

𝐿,𝑚𝑎𝑥
= 0, 067

 

Being . 𝑐
𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛

= 1, 633

 

An extra correction can be made for the Mach number, using Equation 5.4 with the 

maximum lift coefficient calculated ( ) on 5.1: 𝑐
𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛

 

 
    𝐶

𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛
= (

𝐶
𝐿,𝑚𝑎𝑥

𝑐
𝑙,𝑚𝑎𝑥

)·𝑐
𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛

+ ∆𝑐
𝐿,𝑚𝑎𝑥

                          (5.4) 

 

:  relation between maximum lift coefficient of the wing and a section of the 
𝐶

𝐿,𝑚𝑎𝑥

𝑐
𝑙,𝑚𝑎𝑥

wing. 

 

: Mach number correction. ∆𝑐
𝐿,𝑚𝑎𝑥

 

From the next figures the data is extracted. 
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Figure 5.5: Relation between airfoil maximum lift coefficients according to DATCOM  

 

 

Figure 5.6: Mach number correction for the airfoil maximum lift coefficient by DATCOM  
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In Figure 5.5 the leading edge sweep angle used on the X-axis is calculated with 

PreSTo. 

 

 

Figure 5.7: Sweep angles calculated with PreSTo 

 

Being  the selected value to find . φ
𝐿𝐸

= 38, 04 º
𝐶

𝐿,𝑚𝑎𝑥

𝑐
𝑙,𝑚𝑎𝑥

= 0, 823

 

From Figure 5.6 the approach Mach number used was calculated with Equation 

5.5: 

 

 
    𝑀

𝐴𝑃𝑃
=

𝑉
𝐴𝑃𝑃

𝑎
                          (5.5) 

 

 : speed of sound. 𝑎 = 340, 29 𝑚/𝑠
 

. 𝑀
𝐴𝑃𝑃

= 0, 21

 

. ∆𝑐
𝐿,𝑚𝑎𝑥

=− 0, 004

 

With all the variables calculated, the clean maximum lift coefficient of the wing is 

 which gives an accurate approximation of the real value. 𝐶
𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛

= 1, 341

 

By using this method it is confirmed that  according to DATCOM 1978, 𝐴 > 8
3·𝑐𝑜𝑠φ

25

cited in Scholz [1] as . 6, 97 > 3, 3
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5.2​ Flaps and slats system 

According to Elsevier [4] the L-1011 used fowler type flaps which have a slot between 

the wing and the device. When extended, the wing area is increased and with that also 

the lift becomes greater being very useful for take-off procedures. 

 

Figure 5.8: Trailing edge flaps provided by DATCOM 1978, cited in Scholz [1] 

 

The configuration of the leading edge flaps (SLATS) of the wing stands as it follows, 

providing as well as the flaps an increase on camber and wing area : 

 

 

Figure 5.9: SLAT configuration on PreSTo. 
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Figure 5.10: Wing view with SLATS installed on PreSTo 

 

The geometry of the flaps has been sized to maximize the lift coefficient in order to 

meet the requirements. 

 

 

Figure 5.11: Configuration of the wing flaps determined on PreSTo 

 

According to images of the L-1011, the dimensions of the slats and flaps are very 

similar in terms of span and chord distribution to the real ones. 
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Figure 5.12: Wing flaps geometry computed on PreSTo 

 

The increase on the available lift due to high-lift devices is concreted in order to know 

if it’s bigger than the required lift coefficient. 

 

 

     ∆𝐶
𝐿,𝑚𝑎𝑥,𝐻𝑖𝑔ℎ−𝑙𝑖𝑓𝑡

= 0, 95·∆𝐶
𝐿,𝑚𝑎𝑥,𝑓

+ ∆𝐶
𝐿,𝑚𝑎𝑥,𝑠

                          (5.6) 

: increase on lift coefficient due to flaps devices ∆𝐶
𝐿,𝑚𝑎𝑥,𝑓

 

     ∆𝑐
𝐿,𝑚𝑎𝑥,𝑓

= 𝑘
1
·𝑘

2
·𝑘

3
·(∆𝑐

𝑙,𝑚𝑎𝑥
)

𝑏𝑎𝑠𝑒
                          (5.7) 

: flap chord correction factor. 𝑘
1

 

: flap angle correction factor. 𝑘
2

 

: flap-motion correction factor. 𝑘
3

 

: increase of airfoil section maximum lift coefficient due to a trailing edge (∆𝑐
𝑙,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

device with 25 % of chord and reference deflection. 

 

: increase in lift coefficient due to slats devices. ∆𝐶
𝐿,𝑚𝑎𝑥,𝑠
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     ∆𝑐
𝐿,𝑚𝑎𝑥,𝑠

= 𝑐
𝑙,δ,𝑚𝑎𝑥

·η
𝑚𝑎𝑥

·η
δ
·δ

𝑓,𝐿𝐸𝐷
· 𝑐'

𝑐
                          (5.8) 

: theoretical maximum lifting effectiveness of LED (Leading Edge Device). 𝑐
𝑙,δ,𝑚𝑎𝑥

 

: empirical factor regarding leading edge radius divided by thickness ratio (r/t). η
𝑚𝑎𝑥

 

: empirical factor regarding deflection angle. η
δ

 

:  deflection angle between chord line and half of the extended chord due to δ
𝑓,𝐿𝐸𝐷

LED. 

 

: ratio of area enlargement due to slats extension. 
𝑐'
𝑐

 

Usually, the chord of the flap extends till the 30% of the wing’s chord, and for this 

project the same methodology was established, giving the flap chord correction. 

 

 

Figure 5.13: K1 correction computed on PreSTo 

 

. 𝑘
1

= 1, 201

 

. 
𝑐

𝑓𝑙𝑎𝑝

𝑐 = 0, 3

 

In order to find  and , the maximum possible deflection angle has been chosen 𝐾
2

𝑘
3

with fowler flaps selected. 
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Figure 5.14: K2 correction computed on PreSTo 

 

 

 

Figure 5.15: K3 correction computed on PreSTo 
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. 𝑘
2

= 1, 0

. δ
𝑓

= 40 º

. 𝑘
3

= 1, 0

Actual flap angle /Reference flap angle . (δ
𝑓
) (δ

𝑟𝑒𝑓
) = 1, 0

Extracting the data form the airfoil on Figure 4.7, the thickness was stated to a value 

of 10% which helps to extract . (∆𝑐
𝑙,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

Figure 5.16:  calculation computed on PreSTo (∆𝑐
𝑙,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

.(∆𝑐
𝑙,𝑚𝑎𝑥

)
𝑏𝑎𝑠𝑒

= 1, 224

Another factor is taking into account according to Raymer 1992, cited in Scholz [1]: 

∆𝐶
𝐿,𝑚𝑎𝑥,𝑠

=∆𝑐
𝑙,𝑚𝑎𝑥,𝑠

·
𝑆

𝑊,𝑠,𝑖

𝑆
𝑊,𝑠,𝑜

·𝑐𝑜𝑠(φ
𝐻.𝐿

) (5.9) 

: relation between affected areas of the wing from Figure 5.9 with value of 0,56. 
𝑆

𝑊,𝑠,𝑖

𝑆
𝑊,𝑠,𝑜

: Hingeline sweep angle, from Figure 5.9. φ
𝐻.𝐿

In case of the high-lift increase for the slats regarding  Equation 5.8: 
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To find the maximum lift effectiveness ( , LED chord to wing chord ratio was 𝑐
𝑙,δ,𝑚𝑎𝑥

)

computed on Figure 5.9 following the geometry of real L-1011 wings. 

 

 

 

Figure 5.17:  computation on PreSTo 𝑐
𝑙,δ,𝑚𝑎𝑥

 

. 𝑐𝑙
δ, 𝑚𝑎𝑥

= 1, 736 1/𝑟𝑎𝑑

 

. 𝑐
𝑓
/𝑐 = 0, 25

 

The empirical factors  are found knowing the leading edge radius over (η
𝑚𝑎𝑥

,  η
δ
)

thickness ratio (r/t) and the deflection angle  (accordingly a value of 20º leads δ
𝑓,𝐿𝐸𝐷

to a high increase in lift coefficient respect to other values). 
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Figure 5.18:  computation on PreSTo η
𝑚𝑎𝑥

 

 

Figure 5.19:  computation on PreSTo η
δ

 

 with an r/t  according to the data of the airfoil. η
𝑚𝑎𝑥

=  1, 708 = 0, 077
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 with  . η
δ

= 0, 848 δ
𝑓,𝐿𝐸𝐷

= 22º

The final enlargement do to the usage of slats is computed using PreSTo [] following 

the data of the airfoil, with a value of  extending the chord. 
𝑐'
𝑐 = 1, 1

 

As well as for the slats, the Equation 5.10 is used to have a more detailed approach 

of the flaps increasing on the lift coefficient: 

 

 
                 ∆𝐶

𝐿,𝑚𝑎𝑥,𝑓
=∆𝑐

𝑙,𝑚𝑎𝑥,𝑓
·

𝑆
𝑊,𝑓

𝑆
𝑊

·𝐾
Λ

                          (5.10) 

 

: From Figure 5.11 the affected area is divided in the inner and outer parts, with 
𝑆

𝑊,𝑓

𝑆
𝑊

a summed value of 0,6257. 

 

: Sweep angle correction computed on PreSTo[] with values of 0,825 for the inner 𝐾
Λ

part and 0,815 for the outer part using the sweep angles at 25% of the chord. 

 

 

Figure 5.20:  determination computed on PreSTo 𝐾
Λ

 

Finally, the increase due to high-lift devices is: 

 

. ∆𝑐
𝑙,𝑚𝑎𝑥,𝑠

= 1, 065

 

. ∆𝑐
𝑙,𝑚𝑎𝑥,𝑓

= 1, 47
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After corrections from DATCOM 1978 and Raymer: 

 

. ∆𝐶
𝐿,𝑚𝑎𝑥,𝑓

= 0, 933

 

. ∆𝐶
𝐿,𝑚𝑎𝑥,𝑠

= 0, 8013

 

Being , and the required increase of lift coefficient is ∆𝐶
𝐿,𝑚𝑎𝑥,𝐻𝑖𝑔ℎ−𝑙𝑖𝑓𝑡

= 1, 688

calculated using an increase of maximum coefficient in landing knowing it’s the 

biggest demand for the aircraft and taking out the clean maximum lift coefficient as is 

the lift only provoked by the wing with flaps retracted. 

 

     ∆𝐶
𝐿,𝑚𝑎𝑥,𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

= 1, 1·𝐶
𝐿,𝑚𝑎𝑥,𝐿

− 𝐶
𝐿,𝑚𝑎𝑥,𝑐𝑙𝑒𝑎𝑛

                          (5.11) 

Computing all the values,  as ∆𝐶
𝐿,𝑚𝑎𝑥,𝐻𝑖𝑔ℎ−𝑙𝑖𝑓𝑡

 >  ∆𝐶
𝐿,𝑚𝑎𝑥,𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑑

1, 688 > 1, 684 

meeting the requirements. 

 

The final view of the wing computed and the one drawn on the technical profile is 

compared on the next figure, knowing that the program extends the slats to the chord 

line, so with more detailed measures the slats could be of the same size on the inner 

board and on the outer. 

 

 

Figure 5.21: Final wing comparison. 
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6​ Tail design I 

There are two components to the tail assembly design (Tail Design I & II). The 

so-called tail assembly volume is used to estimate the tail assembly dimensions. The 

aircraft's mass and center of gravity can be determined using this initial tail assembly 

size estimate. Following the determination of the mass and center of gravity of the 

separate aircraft parts the possible relative eros can be estimated in order to detail 

the design. 

Since tail assembly essentially works similarly to (small) wings, many of the 

relationships that govern wing design also apply to tail assembly. The aircraft's 

stability, controllability, and trim are all aided and an extended center of gravity 

range is achievable with the use of a THS (trimmable horizontal stabilizer) computed 

on PreST0 . 

 
The L-1011 had a particularity different from the aircrafts of that age, the tail is 

all-moving meaning that the incidence angle can be changed during flight being more 

effective but also heavier. The main function is to create a moment around the lateral 

axis, different from the wing ailerons which create a roll moment around the 

longitudinal axis. 

 

6.1​ Horizontal tail geometry 

The tailplane has a conventional configuration with a lever arm ( ) of meters 𝐼
𝐻

17, 7 

according to Elsevier [4] which is the distance between the aerodynamic center of the 

wing and horizontal tailplane.  

 

 
Figure 6.1: Typical values for aspect and taper ratios according to Raymer 1989, cited in 

Scholz [1] 

 

 
Figure 6.2: Typical values according to Roskam II, cited in Scholz [1] 

 

82 

https://www.zotero.org/google-docs/?fKNFXd
https://www.zotero.org/google-docs/?3PGeL1
https://www.zotero.org/google-docs/?C47UNG


The surface of the horizontal tail can be computed according to Scholz [1]: 

 

 
    𝐶

𝐻
=

𝑆
𝐻

·𝐼
𝐻

𝑆
𝑊

·𝑐
𝑀𝐴𝐶

                          (6.1) 

 
: Horizontal tail surface 𝑆

𝐻

 

From PreSTo tool, the value for the horizontal tail volume coefficient ( ) is settled to 𝐶
𝐻

0,875 which is a normal value for general transport jets. 

 

 𝑆
𝐻

= 123, 58 𝑚2

 

From Elsevier [4] the aspect ratio chosen ( ) is 4,03 and the sweep angle at 25% of 𝐴
𝐻

the chord is  as the wing angle. The taper ratio ( ) is set to 0,31 with a φ
25

= 35 º λ
𝐻

dihedral and incidence angles of  and  respectively, according to Figure 6.1 8 º − 2 º
and Figure 6.2 the values are inside the range for transport jets. 

 

Following PreSTo 4.3.2 simulations the relative thickness of the horizontal tail is 

. ( 𝑡
𝑐 )

𝐻
= 0, 095

 

The span of the horizontal tail: 

 

 
    𝑏

𝐻
= 𝐴

𝐻
·𝑆

𝐻
                          (6.2) 

 𝑏
𝐻

= 23, 11 𝑚

 

Following the same methodology as for the wing, the same airfoil has been chosen 

(NACA 63-210 series) knowing that its relative thickness is  being very similar to 0, 1
the one calculated with simulations. 

 

6.2​ Elevator 

One of the most important control surfaces on an aircraft's horizontal tail, or 

horizontal stabilizer, is the elevator. It permits the nose to move up or down by 

regulating the aircraft's pitch. The elevator deflects upward when the pilot pulls back 

on the stick or control yoke, which causes the tail to experience a downward 

aerodynamic force. The airplane climbs as a result of this force raising the nose. 
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During flight, the elevator is essential for preserving and modifying the aircraft's 

altitude. 

 

Looking at examples of L-1011 tails and knowing that typically the elevator covers till 

the tip  with a chord of 25%-40% of the tail, with deflections of maximum 25  º
downwards and 35  upwards. The sketch of the tailplane shows the elevator installed º
on the horizontal tail (red area) together with the 25 % chord line (yellow) and the 

MAC span point (red dot). 

 

Figure 6.3: Horizontal tail and elevator by PreSTo 

 
6.3​ Vertical tail 

The upright surface at the back of an airplane (located just in the middle of the rear 

engine) that stabilizes the yaw axis, which governs side-to-side motion, is known as 

the vertical tail or vertical stabilizer. Maintaining the aircraft's alignment with its 

flight path and avoiding unintended side sliding are its primary duties. The vertical 

tail helps the aircraft retain directional stability which helps for controlled flying, 

particularly during turns. 
 

Following the horizontal stabilizer analysis, the vertical tail surface and important 

data has been selected taking data from Elsevier [4] with an elevator arm of 20,6 

meters. 
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    𝐶

𝑉
=

𝑆
𝑉

·𝐼
𝑉

𝑆
𝑊

·𝑏
                          (6.3) 

 contrasted with data from PreSTo and typical values. 𝐶
𝑉

= 0, 079

 

with a span of  using 6.2 for vertical tail 𝑆
𝑉

= 59, 04 𝑚2 𝑏
𝑉

= 10, 65 𝑚

 

The aspect ratio  and sweep angle ( ) are 1,92 and 35 . (𝐴
𝑉

) φ
25,𝑉

º

 

Taper ratio is , while dihedral angle is 90  and incidence angle is null, according 0, 29 º
to Figure 6.4. 

 

 

Figure 6.4: Vertical tail data from Roskam II, cited in Scholz [1] 

 

After checking that all data is inside the range, the airfoil selected again is NACA 

63-210 following the same results as for the horizontal tail. 

 

 

Figure 6.5: Airfoil for vertical tail computed on PreSTo 

 

6.4​ Rudder 

A movable control surface that is fastened to an aircraft's vertical tail is called a 

rudder. It regulates the aircraft's nose's side-to-side movement, or yaw motion. The 

nose turns when the rudder deflects to the left or right, producing a horizontal 

aerodynamic force that pulls the tail in the opposite direction. The rudder is used by 
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pilots to coordinate turns, adjust for adverse yaw, and maintain directional control, 

particularly when taking off and landing in crosswinds or when aircraft are 

experiencing asymmetric thrust. 

Typically the rudder covers 90 % of the total vertical tail with a maximum deflection 

of 35  and a chord of 30 % respect to the chord of tail. The modelage and resulting º
geometry was used with this data. 

 

 
Figure 6.6: Geometry of rudder for vertical tail computed on PreSTo 
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Figure 6.7: Rudder for vertical tail drawn on PreSTo 

 
In order to prevent an event of stalling or spinning, the tail is crucial to make the 

aircraft recover from such situations where there pilots lose control and limits are 

surpassed. A simulation has been created on PreSTo showing the distances from root 

chords to tail positions showing that the vertical position is at a considerable distance 

from the fuselage as the diameter of the engine is considered. 

 
Figure 6.8: Stall and spin recovery calculated and drawn on PreSTo 
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7​ Mass and center of gravity 

 
In this section a further analysis of the masses and the definition of the CG (center of 

gravity) is realized using three different methods, being the first one the less accurate 

and the last one a Class II measurement which will be used for the last sections 

making this a top-priority configuration in the aeronautic industry.  

 

7.1​ Class I: Roskam V 

This method provides a forecast of the mass breakdown according to Roskam V, cited 

by Scholz [1], the required input is the operating empty mass ( ) computed on the 𝑚
𝑂𝐸

preliminary sizing and a model of an aircraft that is similar to the L-1011 in terms of 

dimensions and certifications. 

 

The aircraft with more similar characteristics is as mentioned in previous sections the 

McDonnell Douglas DC-10, which is used by PreSTo 4.3.2 to compute the relative 

mass breakdowns that compound the operating empty mass in order to find the 

different masses of the aircraft. 
 

Table 7.1 shows the relative mass breakdown from each component of the aircraft 

used from Appendix A of Roskam V used to calculate the masses in Figure 7.1. 

 

The final operating empty mass ( ) has been calculated summing all the masses 𝑚
𝑂𝐸

which are multiplied by the relative mass breakdowns ( ) of the model aircraft 𝑟
𝑔𝑟𝑜𝑢𝑝

used as an example with the operating empty mass of the preliminary sizing of the 

L-1011. 

 

Table 7.1: Class I calculations of mass groups 

Relative mass groups Values Final weights ( ) 𝑟
𝑔𝑟𝑜𝑢𝑝

·𝑚
𝑂𝐸

Wing ( ) 𝑟
𝑊

0,18459 20812 kg 

Fuselage ( ) 𝑟
𝐹

0,21864 24652 kg 

Tail ( ) 𝑟
𝑇

0,05197 5860 kg 

Landing gear ( ) 𝑟
𝐿𝐺

0,07168 8083 kg 

Nacelle ( ) 𝑟
𝑁

0,02688 3031 kg 
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Structure ( ) 𝑟
𝑆

0,55556 62639 kg 

Power plant ( ) 𝑟
𝑃𝑃

0,15233 17175 kg 

Fixed equipment ( ) 𝑟
𝐹𝐸

0,29391 33138 kg 

 

 

Figure 7.1: Mass breakdown Class I used on PreSTo 

 
Summing all values the maximum operating empty mass is . 𝑚

𝑂𝐸
= 175390 𝑘𝑔

 

The final maximum take-off mass calculated with this method, using the payload and 

fuel mass calculated in the preliminary sizing: 

 

     𝑚
𝑇𝑂

= 𝑚
𝑂𝐸

+ 𝑚
𝑃𝐿

+ 𝑚
𝐹

                          (7.1) 

. 𝑚
𝑇𝑂

= 275417 𝑘𝑔

 

As the method is not precise, another Class I analysis is performed to analyze the 

data. 

 

7.2​ Class I: RAYMER 89 

 

This method is also based on the usage of different factors to calculate mass groups, 

but in this case data is provided directly from RAYMER 89, cited by Scholz [1].. 

 

The wetted and exposed surfaces of the aircraft will be calculated as they are the ones 

in contact with the airflow and will be multiplied by the factors to find the weights of 

the aircraft. 
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Figure 7.2: Factors used on Class I computed for PreSTo 

 

The exposed area of the wing is simply calculated extracting the fuselage from the 

total wing area: 

     𝑆
𝑒𝑥𝑝,𝑊

= 𝑆
𝑊

− 𝑆
𝐹

                          (7.2) 

. 𝑆
𝑒𝑥𝑝,𝑊

= 261, 59 𝑚2

 

According to Scholz [1] the following wetted areas are calculated: 

 

     𝑆
𝑤𝑒𝑡,𝑊

= 2·𝑆
𝑒𝑥𝑝,𝑊

·(1 + 0, 25·( 𝑡
𝑐 )

𝑟
· 1+τ·λ

1+λ )                           (7.3) 

. 𝑆
𝑤𝑒𝑡,𝑊

= 537, 36 𝑚2

 

    𝑆
𝑤𝑒𝑡,𝐹

= π·𝑑
𝑓
·𝑙

𝑓
·(1 − 2

λ
𝑓

)
2/3

·(1 + 1

λ
𝑓

2
)

                          (7.3) 

: fuselage fineness ratio, dividing the length and diameter of the fuselage. λ
𝑓

= 8, 125

 

. 𝑆
𝑤𝑒𝑡,𝐹

= 751, 77 𝑚2

 

Accordingly, and . 𝑆
𝑒𝑥𝑝,𝐻

= 0, 8·𝑆
𝐻

= 98, 86 𝑚2 𝑆
𝑒𝑥𝑝,𝑉

= 𝑆
𝑉

= 59, 04 𝑚2

 

Following DataHammami [5], the weight of the engines is set to  each 4449, 74 𝑘𝑔
one, corresponding to a mass of . 𝑚

𝐸
= 3·4449, 74 = 13349, 22 𝑘𝑔
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As for the previous phase, Figure 7.3 shows the final mass of the groups calculated 

showing the operating empty mas ( ) calculated with this method multiplying the 𝑚
𝑂𝐸

factor with the preliminar maximum take-off mass ( ) computed on preliminary 𝑚
𝑇𝑂

sizing. 

 

 

Figure 7.3: Final weights of Class I (Raymer) computed for PreSTo 

 

Using Equation 7.1,  being a value more exact than the one 𝑚
𝑇𝑂

= 217228 𝑘𝑔

computed on the first method comparing weights with preliminary sizing. 

 

7.3​ Class II: Torenbeek 88 

 

This method is the most precise, as an iteration will be carried at the end in order to 

have a relative error for the maximum take-off mass of less than 0,5 %. First, the 

weights of the mass groups such as wing, fuselage, horizontal stabilizer, vertical 

stabilizer, landing gear, engine nacelle, installed engines, and systems are estimated 

using experimental formulas and the input value for the maximum takeoff mass from 

the preliminary sizing.  

 

Following the equations provided by Scholz [1], every mass will be calculated 

precisely till the maximum operating empty mass is calculated summing all weights 

and therefore, the maximum take-off mass. 

 

The structural span: 

     𝑏
𝑠

= 𝑏
𝑐𝑜𝑠φ

50,𝑜

                          (7.4) 
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: outer wing sweep angle at 50 % chord according to PreSTo 4.3.2. φ
50,0

= 31, 72 º

 

Figure 7.4: Sweep angles computed on PreSTo 

 

. 𝑏
𝑠

= 55, 86 𝑚

 

The ultimate load factor: 

 

     𝑛
𝑢𝑙𝑡

= 1, 5·𝑛
𝑙𝑖𝑚

                          (7.5) 

: limit load factor, according to Scholz [1] is set to . 𝑛
𝑙𝑖𝑚

2, 5

 

. 𝑛
𝑢𝑙𝑡

= 3, 75

 

The wing mass for aircraft with : 𝑚
𝑇𝑂

≥ 5700 𝑘𝑔

    

𝑚
𝑤

𝑚
𝑍𝐹

= 6, 67·10−3·𝑏
𝑆

0,75·(1 +
𝑏

𝑟𝑒𝑓

𝑏
𝑠

)·𝑛
𝑢𝑙𝑡

0,55·(
𝑏

𝑠
/𝑡

𝑟

𝑚
𝑍𝐹

/𝑆
𝑊

)
0,3

  

 

(7.6) 

 

 

: reference value set to  𝑏
𝑟𝑒𝑓

1, 905 𝑚.

 

: cantilever ratio set to 40. 𝑏
𝑠
/𝑡

𝑟
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The wing mass divided by maximum take-off mass is then . 
𝑚

𝑊

𝑚
𝑍𝐹

= 0, 156

 

Therefore multiplying by   the wing mass is found, . 𝑚
𝑍𝐹

𝑚
𝑊

= 22789, 42 𝑘𝑔

 

The fuselage mass: 

 

 

    𝑚
𝐹

= 0, 23· 𝑉
𝐷

·
𝐼

𝐻

𝑤
𝐹
+ℎ

𝐹
·𝑆

𝑤𝑒𝑡,𝐹
1,2

                          (7.7) 

 

: Dive speed calculated multiplying speed of sound and dive Mach (0,05 higher than ) 𝑉
𝐷

𝑀
𝐶𝑅

being the final value 268,78 m/s. 

 

 width of fuselage, . 𝑤
𝐹
: 6, 0 𝑚

 

 height of the fuselage,  ℎ
𝐹
: 4, 83 𝑚.

 

. 𝑚
𝑓

= 13627, 01 𝑘𝑔

 

For the case of the tail: 

 

 

    𝑚
𝐻

= 𝑘
𝐻

·𝑆
𝐻

·(62·
𝑆

𝐻
0,2·𝑉

𝐷

1000· 𝑐𝑜𝑠φ
𝐻,50

− 2, 5)
                          (7.8) 

 

 

 𝑚
𝐻

= 𝑘
𝑉

·𝑆
𝑉

·(62·
𝑆

𝑉
0,2·𝑉

𝐷

1000· 𝑐𝑜𝑠φ
𝑉,50

− 2, 5)
                          (7.9) 

 

 horizontal tail constant set to 1,1 for trimmable tails. 𝑘
𝐻

:

 

: horizontal tail sweep angle for 50 % chord.  φ
𝐻,50

 

vertical tail sweep angle for 50 % chord. φ
𝐻,50

:

 

According to PreST0 3.4.2: 
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Figure 7.5: PreST0 3.4.2 calculation of sweep angles for the tail at 50 % chord 

 

 
 𝑘

𝑉
= 1 + 0, 15·

𝑆
𝐻

·𝑧
𝐻

𝑆
𝑉

·𝑏
𝑉

                          (7.9) 

 distance from root of vertical airplane to where horizontal and vertical tails are 𝑧
𝐻

:

attached with a null value. 

 

. 𝑘
𝑉

= 1

 

. 𝑚
𝐻

= 5194  𝑘𝑔

 

. 𝑚
𝑉

= 1911 𝑘𝑔

 

The nose and main retractable landing gears: 

 

 

 𝑚
𝐿𝐺

= 𝑘
𝐿𝐺

·(𝐴
𝐿𝐺

+ 𝐵
𝐿𝐺

·𝑚
𝑇𝑂

3/4 + 𝐶
𝐿𝐺

·𝑚
𝑇𝑂

+ 𝐷
𝐿𝐺

·𝑚
𝑇𝑂

3/2 )
                          (7.10) 

 

 constant, for low wing aircrafts is set to 1. 𝑘
𝐿𝐺

:

 

 

Figure 7.6: Constants for landing gear provided by Torenbeek 88, cited by Scholz [1] 

 

The constants chosen are for other types of aircrafts and with retractable gear, being 

𝐴
𝐿𝐺,𝑁

= 9, 1,  𝐵
𝐿𝐺,𝑁

= 0, 082,  𝐷
𝐿𝐺,𝑁

= 2, 97·10−6,  𝐴
𝐿𝐺,𝑀

= 18, 1,  𝐵
𝐿𝐺,𝑀

= 0, 131,  𝐶
𝐿𝐺,𝑀

= 0, 019 

and . 𝐷
𝐿𝐺,𝑀

= 2, 23·10−5
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. 𝑚
𝐿𝐺,𝑁

= 1115 𝑘𝑔

 

. 𝑚
𝐿𝐺,𝑀

= 7562 𝑘𝑔

 

Summing both the landing gear mass is . 𝑚
𝐿𝐺

= 8676 𝑘𝑔

 

For turbo fans, the mass of the nacelle: 

 

 
 𝑚

𝑁
=

0,065·𝑇
𝑇𝑂

𝑔
                          (7.11) 

 

. 𝑚
𝑁

= 3311 𝑘𝑔

 

The mass of the engines: 

 

  𝑚
𝐸,𝑖𝑛𝑠𝑡

= 𝑘
𝐸

·𝑘
𝑡ℎ𝑟

·𝑛
𝐸

·𝑚
𝐸

                          (7.12) 

: constant set to 1,15 for passenger aircrafts with nacelles. 𝑘
𝐸

 

: 1,18 for reverse thrust engines. 𝑘
𝑡ℎ𝑟

 

: number of engines seto to 3 for the L-1011. 𝑛
𝐸

 

: mass for one engine set to . 𝑚
𝐸

4449, 74 𝑘𝑔

 

. 𝑚
𝐸,𝑖𝑛𝑠𝑡

= 18114, 89 𝑘𝑔

 

Mass of the systems: 

 

 
 𝑚

𝑆𝑌𝑆
= 𝑘

𝐸𝑄𝑈𝐼𝑃
·𝑚

𝑇𝑂
+ 0, 768·𝑘

𝐹/𝐶
·𝑚

𝑇𝑂
2/3                           (7.13) 

 

: 0,11 for transport aircraft. 𝑘
𝐸𝑄𝑈𝐼𝑃

 

: for transport aircraft with primary surface controls is set to . 𝑘
𝐹/𝐶

0, 88
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. 𝑚
𝑆𝑌𝑆

= 25856, 9 𝑘𝑔

The operating empty mass is calculated summing all values stated before: 

𝑚
𝑂𝐸

= 𝑚
𝑊

+ 𝑚
𝐹

+ 𝑚
𝐻

+ 𝑚
𝑉

+ 𝑚
𝐿𝐺

+ 𝑚
𝑁

+ 𝑚
𝐸,𝑖𝑛𝑠𝑡

(7.14) 

. 𝑚
𝑂𝐸

= 99480, 22 𝑘𝑔

And with that, the  and if the relative error is calculated, that 𝑚
𝑇𝑂

= 199507, 22 𝑘𝑔

gives a difference of . Therefore, an iteration must be carried out, changing 10, 48 %
the values of the maximum take-off mass at the very start to compute all mass groups 

again. 

Table 7.2 shows the iterations and the relative error at the end. 

Table 7.2: Class II iterations for calculating maximum take-off mass 

Iteration number 𝑚
𝑇𝑂

relative error ) (∆%

0 213140 kg 0 % 

1 199507,22 kg 6,4 % 

2 194920,94 kg 2,3 % 

3  193616,12 kg  0,66 % 

4 193246,75 kg 0,19 % 

The maximum take-off mass selected is  giving a deviation of 𝑚
𝑇𝑂

= 193246, 75 𝑘𝑔

less than  together with an operating empty mass of  and a zero 0, 5% 𝑚
𝑂𝐸

= 93220 𝑘𝑔

fuel mass of .  𝑚
𝑍𝐹

= 112358 𝑘𝑔

7.4​ Center of gravity 

The center of gravity (CG) of an aircraft is the place at which its complete weight is 

assumed to act, independent of orientation. It indicates the aircraft's balance point, 

which is critical for stability and control. If the CG is set too far front or aft, the 

aircraft may become unstable or uncontrolled. Designers ensure that the CG remains 
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within precise limitations throughout the flight, particularly when fuel burns and 

payload fluctuates. 

 

The calculations are made dividing the fuselage from the wing to two different 

groups. 

  

The center of gravity of the fuselage has been determined using PreSTo[] suggestion 

using a mean value between the minimum and maximum, which is between 20,2 and 

21,65 meters respectively, at . For the systems of the aircraft the 𝑋
𝐶𝐺,𝑓

= 20, 92 𝑚

center is usually located at 40 %-50 % of the fuselage’s length and for this case it will 

be located at 45 %, at . 𝑋
𝐶𝐺,𝑆𝑌𝑆

= 21, 65 𝑚

The landing gear located on the nose has been calculated using sizes provided on 

Figure 3.13 and adapted for the longitudinal length of this model, being 

 Therefore, taking the wheelbase (distance from nose to main 𝑋
𝐶𝐺,𝐿𝐺,𝑁

= 8, 01 𝑚.

landing gears) provided by Elsevier [4] adapted to this aircraft (  meters) and 21, 33
adding the distance from nose to landing gear already calculated before, 

. 𝑋
𝐶𝐺,𝐿𝐺,𝑀

= 29, 34 𝑚

 

The installed engines on the wing were computed with distance settled to

 according to Scholz [1], using a  distance of the total  𝑋
𝐶𝐺,𝐸,𝐼𝑁𝑆𝑇

= 20, 20 𝑚 42 %

fuselage, as the distance from nose to edge of nacelle is . ∆𝐿𝐸
𝐸

= 18, 124 𝑚

The center of gravity for the nacelle has been determined as it’s located at 40 % of the 

length of the engine (5,19 meters according to Wikipedia [10]), and knowing the 

spanwise location (43,6 % of fuselage length) according to Elsevier [4], 

. 𝑋
𝐶𝐺,𝑁

= 19, 24 𝑚

 

To find the center of gravity for the wing and tail, the LEMAC (Leading Edge of MAC) 

has to be defined in order to compute the values on PreSTo. 

 

Firstly, an initial LEMAC is set to  as it will help find the distance to 𝑋
𝐿𝐸𝑀𝐴𝐶

= 23, 7 𝑚

the wing with PreSTo. 

 

 

Figure 7.7: Wing distances compute on PreSTo  
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Therefore the center of gravity of the wing is: 

 

  𝑋
𝑊𝐺

= 𝑋
𝐿𝐸𝑀𝐴𝐶

− 𝑋
𝑊𝐺,𝐿𝐸𝑀𝐴𝐶

                          (7.15) 

. 𝑋
𝑊𝐺

= 20, 74 𝑚

 

From the requirements, the distance from the center of gravity to LEMAC is found at 

25 % of the MAC chord. 

 

  ∆𝑥
𝐶𝐺,𝐿𝐸𝑀𝐴𝐶

= 0, 25·𝑐
𝑀𝐴𝐶

                          (7.16) 

. 𝑋
𝐶𝐺,𝐿𝐸𝑀𝐴𝐶

= 1, 9289 𝑚

 

Knowing this, the calculation of the LEMAC is performed. 

 
 𝑋

𝐿𝐸𝑀𝐴𝐶
= 𝑋

𝐹𝐺
− 𝑋

𝐶𝐺,𝐿𝐸𝑀𝐴𝐶
+

𝑚
𝑊𝐺

𝑚
𝐹𝐺

·(𝑋
𝑊𝐺𝐺,𝐿𝐸𝑀𝐴𝐶

− 𝑋
𝐶𝐺,𝐿𝐸𝑀𝐴𝐶

)                           (7.17) 

 

: center of gravity of the total fuselage group set to . 𝑋
𝐹𝐺

24, 55 𝑚

  

: distance from center of gravity of wing group to LEMAC, set to . 𝑋
𝑊𝐺𝐺,𝐿𝐸𝑀𝐴𝐶

2, 71 𝑚

 

. 𝑋
𝐿𝐸𝑀𝐴𝐶

= 24, 25 𝑚

 

Accordingly, the center of gravity of the wing is  and the distance to 𝑋
𝑊𝐺

= 27, 21 𝑚

the tail is calculated on PreSTo. 

 

Figure 7.8: Tail distances compute on PreSTo 

 

Two tables have been created showing the values of the different mass groups of 4th 

iteration calculated before (used from now on for the next steps), the center of gravity 

of the different sections, splitting the fuselage and wing group. 
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Table 7.3: Fuselage group masses and center of gravity 

 

Fuselage group  𝑚  𝑋
𝐶𝐺

 𝑚·𝑋
𝐶𝐺

 𝑚
𝑓

13627,01 kg 20,9235 m 
285124,74  𝑘𝑔·𝑚2

 𝑚
𝑆𝑌𝑆

23560 kg 21,645 m 
509956,2  𝑘𝑔·𝑚2

 𝑚
𝐻

5194 kg 43,14 m 
224069,16  𝑘𝑔·𝑚2

 𝑚
𝑉

1911 kg 44,44 m 
84924,84  𝑘𝑔·𝑚2

 𝑚
𝐿𝐺,𝑁

1019 kg 8,01 m 
8162,19  𝑘𝑔·𝑚2

 𝑚
𝐹𝐺

45311,01 kg 24,55 m 
1112251  𝑘𝑔·𝑚2

 

Table 7.4: Wing group masses and center of gravity 

Wing group  𝑚   𝑋
𝐶𝐺

 𝑚·𝑋
𝐶𝐺

 𝑚
𝑊

36803,60 kg 26,71 m 
983024,16  𝑘𝑔·𝑚2

 𝑚
𝐿𝐺,𝑀

8080 kg 29,34 m 
237067,2  𝑘𝑔·𝑚2

  𝑚
𝑁

3311 kg 19,24 m 
63703,64  𝑘𝑔·𝑚2

 𝑚
𝐸,𝑖𝑛𝑠𝑡

20753,96 kg 20,202 m 
419271,5  𝑘𝑔·𝑚2

 𝑚
𝑊𝐺

68948,56 kg 24,32 m 
1703066,5  𝑘𝑔·𝑚2

 

The final  is computed: 𝑋
𝐶𝐺,𝑃𝐿𝐴𝑁𝐸

 

 

Figure 7.9: Results on PreSTo  
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Figure 7.10: Sketch of the aircraft on PreSTo  
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8​ Tail design II 

 
After the analysis of masses and the preliminar empennage designing a new detailed 

examination of the tails is done calculating again the surface areas of both horizontal 

and vertical tail using the PreSTo tool. 

 

8.1​ Horizontal tail 

 

In order to maintain the stability of the aircraft, the next values are computed using 

the tool. 

 

 

Figure 8.1: HT data computed on PreSTo  

 

The control of the aircraft also depends on the horizontal tail, and using the 

V-diagram performance will help to give a value for the horizontal tail surface. The 

permissible center of gravity ranges are located between the straight lines 

representing the controllability (red) and stability requirements, with the minimum 

stability also included (pink). 

 

 

Figure 8.2: V diagram computed on PreSTo  
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As it can be extracted from the graph, the ratio between the horizontal tailplane area 

and the wing area is 0,35 which gives Equation 8.1. 

 

 
 

𝑆
𝐻

𝑆
𝑊

=
𝐶

𝐿

𝐶
𝐿,𝐻

·η
𝐻

·
𝐼

𝐻

𝑐
𝑀𝐴𝐶

·𝑥
𝐶𝐺−𝐴𝐶

+
𝐶

𝑀,𝑊
+𝐶

𝑀,𝐸

𝐶
𝐿,𝐻

·η
𝐻

·
𝐼

𝐻

𝑐
𝑀𝐴𝐶

                          (8.1) 

 

The data left to define is found on 8.1 is computed on PreSTo[], with  being the 𝑥
𝐶𝐺−𝐴𝐶

slope of the V diagram. 

 

 

Figure 8.3: HTP data computed on PreSTo  

The final horizontal surface is and comparing with the first 𝑆
𝐻

= 113, 74 𝑚2

the deviation is less than  meeting the requirements. 𝑆
𝐻

= 123, 58 𝑚2 10% (7, 96 %)

 

The sizes and geometry computed on the first tail design is again calculated with the 

new surface area. 

 

. 𝐼
𝐻

= 19, 23 𝑚

 

. 𝑏
𝐻

= 21, 41 𝑚

 

Figure 8.4: HTP sweep angles and drag computed on PreSTo  
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8.2​ Vertical tail 

 

In the case of the vertical tail, the same methodology is used and also applying some 

different corrections in order to select between two different new vertical tails, 

meeting the requirements.  

 

 

Figure 8.5: VTP area for control requirements computed on PreSTo  

 

 

Figure 8.6: VTP area for stability requirements with corrections computed on PreSTo  

 

The new area has an error of  which is acceptable, with a new lever arm of 2, 24 %
 and span of . 𝐼

𝑉
= 20, 15 𝑚 𝑏

𝑉
= 10, 77 𝑚

The final elevator and rudder are updated with the new sizes. 

 

Figure 8.7: New elevator and rudder drawn on PreSTo  
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9​ Landing gear 

 
The aircraft will have a nose and main landing gear, with two legs under the wings. 

The position and length of the landing gear legs must be determined using a variety 

of parameters. Using the reference aircraft, all landing gear legs' number, length, and 

position are calculated with the PreST0 3.4.2 tool. 

 

9.1​ Landing gear position 

 
The position of the nose and main landing gears is computed first respecting the 

wheelbase distance and knowing that the distance from nose to nose gear is  as 8, 01 𝑚
calculated in previous sections. Dividing this value with the external diameter of the 

fuselage gives a value of  which is bigger as expected than other smaller aircrafts 1, 35
as the A330 or A320. 

 

The position of the main landing gear according to MAC has a relation of , bigger 66 %
than usual statistics ( ) which makes sense as the longitudinal lengths 52 % −  58 %
are considerably bigger than typical aircrafts. 

 

 

 Figure 9.1: Landing gear position on PreSTo 

 

9.2​ Longitudinal and lateral tip stability 

 

In order to maintain stability the tip-over angles are needed, firstly calculating the aft 

and forward distances from the center of gravity (jet transport according to ROSKAM 

II (cited by Scholz [1]) and selecting a mean value) as well as the distance from 

ground to fuselage. 

  𝑋
𝐶𝐺,𝑓𝑤𝑑

= 𝑋
𝐶𝐺

− 0, 5·0, 22·𝑐
𝑀𝐴𝐶

                          (9.1) 

 

  𝑋
𝐶𝐺,𝑎𝑓𝑡

= 𝑋
𝐶𝐺

+ 0, 5·0, 22·𝑐
𝑀𝐴𝐶

                          (9.2) 
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 Figure 9.2: Center of gravity range of ROSKAM II, cited by Scholz [1] 

 

 𝑋
𝐶𝐺,𝑓𝑤𝑑

= 25, 33 𝑚

 

 𝑋
𝐶𝐺,𝑎𝑓𝑡

= 27, 02 𝑚

 

According to the technical profile [6] adjusted for the sizes of this model, the height 

from ground to fuselage bottom is  which is similar to other aircrafts with 𝐻 = 1, 64 𝑚
the same size. 

 
 ψ

𝐿
= 𝑎𝑟𝑐𝑡𝑎𝑛(

𝑋
𝐹𝑚

−𝑋
𝐶𝐺,𝑎𝑓𝑡

∆𝑧
𝑐𝑔

+𝐻 )                           (9.3) 

 

The longitudinal tip stability angle should be at least  to prevent the aircraft from 15 º
tipping over during turns on ground. Figure 9.3 shows that the angle is bigger than 

the minimum. 

 

 Figure 9.3: Longitudinal stability on PreSTo 
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. ϕ
𝑡𝑖𝑝−𝑜𝑣𝑒𝑟,𝐿

= 29, 14 º

 

In case of the lateral stability: 

 

 
 ψ

𝑄
= 𝑎𝑟𝑐𝑡𝑎𝑛(

∆𝑧
𝑐𝑔

+𝐻
𝑦

𝑡𝑟𝑎𝑐𝑘
·(𝑋

𝐶𝐺,𝑎𝑓𝑡
−𝑋

𝐶𝐺,𝐿𝐺,𝑁
)

2·𝑋
𝐶𝐺,𝐿𝐺,𝑁−𝐿𝐺,𝑀

)                           (9.4) 

: wheelbase distance. 𝑋
𝐶𝐺,𝐿𝐺,𝑁−𝐿𝐺,𝑀

 

: lateral distance of the main gears set to  using Figure 3.13 adapted to 𝑦
𝑡𝑟𝑎𝑐𝑘

10, 9 𝑚

this aircraft. 

 

The lateral tip-over angle should be maximum , and according to the data the 55 º
requirement is met, . ψ

𝑄
= 38, 29 º

 

 Figure 9.4: Lateral stability on PreSTo 4.3.2 

 

9.3​ Longitudinal and lateral clearance, retraction check 

 

The track width and length of the main landing gear legs must be chosen so that the 

wings or engines do not come into contact with the ground while rotating. 

 

 Figure 9.5: Longitudinal clearance on PreSTo 
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For the lateral clearance the engine and wing dimensions are taken into account 

being the bank angle bigger than  as a requirement. The engine diameter is 7, 5 º
 according to Wikipedia [10] and the symmetry to pylon (distance from center 2, 19 𝑚

of fuselage to the engine) has been taken using Figure 3.13 and adapting the 

distances to the width of this aircraft. 

 

 

 Figure 9.6: Lateral clearance of the engine on PreSTo 

 

 

 Figure 9.7: Longitudinal clearance of the wing on PreSTo 

 

The retraction of the wheels is also checked as the retracting clearance is bigger than 

zero. 

  

Figure 9.8: Retract clearance of the landing gears on PreSTo 

 

9.4​ Load classification number (LCN) and ACR 

 

Firstly, the number of tires and how they are distributed is computed together with 

their loads according to the model of the aircraft. 
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 Figure 9.9: Landing gear configuration on PreSTo 

 

 

 Figure 9.10: Landing gear loads on PreSTo 

 

Torenbeek, cited by Scholz [1] states that the tire pressure and the equivalent single 

wheel load (ESWL) are used to determine the Load Classification Number. The ESWL 

is a load that has the same impact on the runway as the real landing gear when 

viewed as a single tire.  
 

  𝐸𝑆𝑊𝐿 = 𝑙𝑜𝑎𝑑 𝑜𝑛 𝑜𝑛𝑒 𝑎𝑠𝑠𝑒𝑚𝑏𝑙𝑦
𝑟𝑒𝑑𝑢𝑐𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟

                          (9.5) 

The maximum load on one undercarriage assembly (main gear) is found: 

 

 
 𝐿

𝐿𝐺,𝑀,𝑀𝑎𝑥
=

𝑚
𝑇𝑂

·(𝑋
𝐶𝐺,𝑎𝑓𝑡

−𝑋
𝐶𝐺,𝐿𝐺,𝑁

)

2·𝑋
𝐶𝐺,𝐿𝐺,𝑀−𝐿𝐺,𝑁

                          (9.6) 

, with  using  𝐿
𝐿𝐺,𝑀,𝑀𝑎𝑥

= 86073, 7 𝑘𝑔 = 189760, 06 𝑙𝑏 𝑋
𝐶𝐺,𝐿𝐺,𝑀−𝐿𝐺,𝑁

= 21, 33 𝑚 𝑚
𝑇𝑂

computed on the mass analysis. 
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To determine the reduction factor, the area where tires make contact needs to be 

computed. 

 

 
 𝐴

𝐶
=

𝐿
𝐿𝐺,𝑀,𝑀𝑎𝑥

𝑇𝑖𝑟𝑒 𝑝𝑟𝑒𝑠𝑠𝑢𝑟𝑒
                          (9.7) 

Using the PreSTo tool the tire pressure is selected from a catalogue. 

 

 

 

Figure 9.11: Tire data selected on PreSTo 

 

 𝐴
𝐶

= 973, 16 𝑖𝑛2

 

The distance between the wheels on a main landing gear legs is set to  𝑠
𝑇

= 59, 06 𝑖𝑛

while the condition of the subsoil is  making the ratios  and 𝐿 = 45 𝑖𝑛 𝑠
𝑇
/𝐿 = 1, 3124

, by using Figure 9.12 and Figure 9.13 the ESWL is found. 𝐴
𝐶
/𝐿2 = 0, 48
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Figure 9.12: Wheel spacing by Scholz [1] 

 

 

Figure 9.13: ESWL by Scholz [1] 
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The reduction factor is 1,51, giving an ESWL  with a tire pressure of = 125668, 91 𝑙𝑏

giving this a LCN of . 194, 3 𝑙𝑏/𝑖𝑛2 100

In addition, The ACR (Aircraft Classification Rating) system was created by the 

International Civil Aviation Organization (ICAO). It captures the effects of better 

qualities of new pavement materials and advanced landing gear arrangements, 

resulting in more accurate findings. It is a classification of the aircraft and its flight 

surfaces that determines whether damage will occur to the flight surfaces or the 

aircraft's landing gear during landing. 

The ACR number is calculated with the ICAO-ACR  [11] program. The L-1011 is 1. 4
already included in the ICAO-ACR software database, thus only the aircraft type 

needs to be selected. Next figures show the ACR numbers and required covering 

thicknesses for the various subfloor categories of rigid and flexible airport floor 

coverings. 

Figure 9.14: Data extracted from ICAO-ACR program for flexible pavement 

Figure 9.15: Data extracted from ICAO-ACR program for rigid pavement 
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10​ Drag analysis 

At the completion of the design phase, the final design's flight performance must be 

verified. 

The drag calculation is performed by two phases with the zero-lift part and the 

codependent to lift drag.  

The aircraft's weight determines the needed lift during cruise flight calculated in 

previous sections. 

𝐶
𝐷

= 𝐶
𝐷0

+ ∆𝐶
𝐷

𝑊𝐴𝑉𝐸

+
𝐶

𝐿
2

Π·𝐴·𝑒

(10.1) 

The zero drag coefficient is described summing all the components of the aircraft that 

influence directly to this value, according to Scholz[1]: 

𝐶
𝐷0

=
𝑐=1

𝑛

∑ 𝐶
𝑓,𝑐

·𝐹𝐹
𝑐
·𝑄

𝑐
·

𝑆
𝑤𝑒𝑡

𝑆
𝑟𝑒𝑓

(10.2) 

: coefficient of frictional drag. 𝐶
𝑓,𝑐

: factor for form drag. 𝐹𝐹
𝑐

: interference drag relative to the fuselage. 𝑄
𝑐

: ratio of area affected by flow and actual reference area for every section. 
𝑆

𝑤𝑒𝑡

𝑆
𝑟𝑒𝑓

A distinction has to be made between laminar and turbulent flow for further detailed 

analysis of the drag including also the Reynolds number (ratio of inertial forces to 

viscous forces) in a fluid flow which is compared to its limit ( ) . 𝑅𝑒
𝑐𝑢𝑡−𝑜𝑓𝑓

𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 1, 328/ 𝑅𝑒 (10.3) 

𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

= 0,455

(𝑙𝑜𝑔 𝑅𝑒)2,58·(1+0,144·𝑀2)0,65

(10.4) 

𝑅𝑒 =
𝑉

𝐶𝑅
·𝑙

𝑣
(10.5) 

: kinematic viscosity. 𝑣
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 𝑅𝑒

𝑐𝑢𝑡−𝑜𝑓𝑓
= 38, 21·( 𝑙

𝑘 )1,053                           (10.6) 

 

: ratio of length of the section studied divided by roughness, being this last one 
𝑙
𝑘

according to DATCOM, cited by Scholz [1]. 𝑘 = 6, 35·10−6 𝑚 
 

The analysis will be performed following this requirement: 

 

Figure 10.1: Requirement for analysis of drag coefficients 

 

The flow along the aircraft is assumed to be 20% laminar ( ). The 𝑘
𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 20 %

average frictional drag can be estimated as follows. 

 

  𝐶
𝑓

= 𝑘
𝑙𝑎𝑚𝑖𝑛𝑎𝑟

·𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

+ (1 − 𝑘
𝑙𝑎𝑚𝑖𝑛𝑎𝑟

)·𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

                          (10.7) 

 

10.1​ Fuselage drag 

 

The fuselage has length of  and diameter of , yet the form 𝑙
𝑓

= 48, 1 𝑚 𝑑
𝑓,𝐸

= 5, 92 𝑚

drag factor: 

 

 
 𝐹𝐹

𝐹
= 1 + 60

(𝑙
𝑓
/𝑑

𝑓,𝐸
)3

+
(𝑙

𝑓
/𝑑

𝑓,𝐸
)

400
                          (10.8) 

 

. 𝐹𝐹
𝐹

= 1, 132

 

The Reynolds number is set with a cruise velocity  and a kinematic 𝑉
𝐶𝑅

= 254 𝑚/𝑠

viscosity with a value of being minor to the 𝑣 = 5, 4603·10−5 𝑚2/𝑠 𝑅𝑒 = 2, 237·108

one for cut-off ( ). 𝑅𝑒
𝑐𝑢𝑡−𝑜𝑓𝑓

= 6, 7·108

 

The friction drag component is as , 𝐶
𝑓,𝐹𝑢𝑠𝑒𝑙𝑎𝑔𝑒

= 1, 44·10−3 𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 8, 88·10−5

. 𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

= 1, 78·10−3
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The interference drag  according to Scholz [1]. 𝑄
𝐹 

= 1, 0

 

 

Figure 10.2: Interference factor  by Scholz [1] 𝑄
 

The zero-lift coefficient drag of the fuselage according to Equation 10.2: 

. 𝐶
𝐷0,𝐹

= 3, 67·10
−3

 

10.2​ Wing drag 

 
The wing has a length of  and the form drag factor: 𝑐

𝑀𝐴𝐶
= 7, 716 𝑚

 

 

𝐹𝐹
𝑊

= 1 + 0,6
𝑥

𝑡
·( 𝑡

𝑐 ) + 100·( 𝑡
𝑐 )

4⎡⎢⎢⎣

⎤⎥⎥⎦
· 1, 34·𝑀

𝐶𝑅
0,18 ·(𝑐𝑜𝑠φ

𝑚
)0,2⎡

⎢
⎣

  

(10.8) 

 

 with a position of maximum thickness  and arrow angle 𝐹𝐹
𝑊

= 1, 56 𝑥
𝑡

= 0, 35

. φ
𝑚

= φ
35

= 33, 68 º

 

  𝑡𝑎𝑛φ
35

= 𝑡𝑎𝑛φ
𝑊,25

− 4
𝐴 ·( 10

100 · 1−λ
1+λ )   

(10.9) 
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The Reynolds number is set with a value of being minor to the one for 𝑅𝑒 = 3, 59·107

cut-off ( ). 𝑅𝑒
𝑐𝑢𝑡−𝑜𝑓𝑓

= 9, 76·107

The friction drag component is as , 𝐶
𝑓,𝐹𝑢𝑠𝑒𝑙𝑎𝑔𝑒

= 1, 89·10−3 𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 2, 22·10−4

. 𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

= 2, 307·10−3

 

The interference drag  according to Figure 10.2 and the relation of wetted 𝑄
𝐹 

= 1, 0

area and reference area is  and finally,  
𝑆

𝑤𝑒𝑡,𝑊

𝑆
𝑟𝑒𝑓

= 1, 659 𝐶𝐷
0,𝑊

= 3, 40·10−3 .

 

10.3​ Horizontal tail drag 

 

The horizontal tailplane has a length of  and the form drag factor: 𝑐
𝑀𝐴𝐶,𝐻

= 5, 8 𝑚

 

 

 𝐹𝐹
𝑊

= 1 + 0,6
𝑥

𝑡−𝐻
·( 𝑡

𝑐 )
𝐻

+ 100·( 𝑡
𝑐 )

𝐻

4⎡⎢⎢⎣

⎤⎥⎥⎦
· 1, 34·𝑀

𝐶𝑅
0,18 ·(𝑐𝑜𝑠φ

𝑚
)0,28⎡

⎢
⎣

⎤
⎥
⎦

  

(10.10) 

 

 with a position of maximum thickness  and arrow angle 𝐹𝐹
𝐻

= 1, 3 𝑥
𝑡

= 0, 35

. φ
𝑚,𝐻

= φ
35,𝐻

= 33, 98 º

 

 
 𝑡𝑎𝑛φ

35,ℎ
= 𝑡𝑎𝑛φ

𝐻,25
− 4

𝐴
𝐻

·( 10
100 ·

1−λ
𝐻

1+λ
𝐻

)                          (10.11) 

 

 

The Reynolds number is set with a value of being minor to the one for 𝑅𝑒 = 2, 69·107

cut-off ( ). 𝑅𝑒
𝑐𝑢𝑡−𝑜𝑓𝑓

= 7, 21·107

The friction drag component is as , 𝐶
𝑓,𝐹𝑢𝑠𝑒𝑙𝑎𝑔𝑒

= 1, 98·10−3 𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 2, 56·10−4

. 𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

= 2, 82·10−3

 

The wetted area for the horizontal tailplane is calculated with Equation 7.3 adapted 

to the tail,  𝑆
𝑤𝑒𝑡,𝐻

= 231, 35 𝑚2 .
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The interference drag is  according to Figure 10.2 and the relation of 𝑄
𝐻

= 1, 04

wetted area and reference area is  and finally, ​
𝑆

𝑤𝑒𝑡,𝐻

𝑆
𝑟𝑒𝑓

= 2, 03 𝐶𝐷
0,𝐻

= 7, 74·10−3 .

 

10.4​ Vertical tail drag 

 

The vertical tailplane has a length of  and the form drag factor: 𝑐
𝑀𝐴𝐶,𝑉

= 6, 17 𝑚

 

 

 𝐹𝐹
𝑉

= 1 + 0,6
𝑥

𝑡𝑉
·( 𝑡

𝑐 )
𝑉

+ 100·( 𝑡
𝑐 )

𝑉

4⎡⎢⎢⎣

⎤⎥⎥⎦
· 1, 34·𝑀

𝐶𝑅
0,18 ·(𝑐𝑜𝑠φ

𝑚
)0,28⎡

⎢
⎣

⎤
⎥
⎦

  

(10.12) 

 

 with a position of maximum thickness  and arrow angle 𝐹𝐹
𝑉

= 1, 31 𝑥
𝑡

= 0, 35

. φ
𝑚,𝑉

= φ
35,𝑉

= 32, 74 º

 

 
 𝑡𝑎𝑛φ

35,𝑉
= 𝑡𝑎𝑛φ

𝑉,25
− 4

𝐴
𝑉

·( 10
100 ·

1−λ
𝑉

1+λ
𝑉

)                          (10.13) 

 

 

The Reynolds number is set with a value of being minor to the one for 𝑅𝑒 = 2, 74·107

cut-off ( ). 𝑅𝑒
𝑐𝑢𝑡−𝑜𝑓𝑓

= 7, 33·107

The friction drag component is as , 𝐶
𝑓,𝐹𝑢𝑠𝑒𝑙𝑎𝑔𝑒

= 1, 48·10−3 𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 2, 67·10−4

. 𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

= 1, 78·10−3

 

The wetted area for the horizontal tailplane is calculated with Equation 7.3 adapted 

to the tail,  𝑆
𝑤𝑒𝑡,𝑉

= 112, 25 𝑚2 .

 

The interference drag is  according to Figure 10.2 and the relation of 𝑄
𝐻

= 1, 04

wetted area and reference area is  and finally,  
𝑆

𝑤𝑒𝑡,𝑉

𝑆𝑟𝑒𝑓 = 1, 86 𝐶𝐷
0,𝑉

= 3, 75·10−3 .
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10.5​ Nacelle drag 

 

The nacelle has a length of  according to Wikipedia[] and the form drag 𝑙
𝑛

= 5, 19  𝑚

factor: 

 

  𝐹𝐹
𝑁

= 1 + 0,35
(𝑙

𝑛
/𝑑

𝑛
)

                 (10.14) 

 

.  𝐹𝐹
𝑉

= 1, 15

The Reynolds number is set with a value of being minor to the one for 𝑅𝑒 = 2, 41·107

cut-off ( ). 𝑅𝑒
𝑐𝑢𝑡−𝑜𝑓𝑓

= 6, 4·107

The friction drag component is as , 𝐶
𝑓,𝐹𝑢𝑠𝑒𝑙𝑎𝑔𝑒

= 2, 01·10−3 𝐶
𝑓,𝑙𝑎𝑚𝑖𝑛𝑎𝑟

= 2, 7·10−4

. 𝐶
𝑓,𝑡𝑢𝑟𝑏𝑢𝑙𝑒𝑛𝑡

= 2, 45·10−3

 

The wetted area for the horizontal tailplane is calculated. 

 

 𝑆
𝑤𝑒𝑡,𝑁

= 𝑆
𝑤𝑒𝑡,𝑓𝑎𝑛 𝑐𝑜𝑤𝑙.

+ 𝑆
𝑤𝑒𝑡,𝑔𝑎𝑠 𝑔𝑒𝑛.

+ 𝑆
𝑤𝑒𝑡,𝑝𝑙𝑢𝑔

                    (10.15) 

 

 𝑆
𝑤𝑒𝑡,𝑓𝑎𝑛 𝑐𝑜𝑤𝑙.

= 𝑙
𝑛
·𝑑

𝑛
· 2 + 0, 35·

𝑙
1

𝑙
𝑛

+ 0, 8·
𝑙

1
·𝑑

ℎ𝑙

𝑙
𝑛
·𝑑

𝑛
+ 1, 15·(1 −

𝑙
1

𝑙
𝑛

)·
𝑑

𝑒𝑓

𝑑
𝑛

⎡⎢⎣
⎤⎥⎦

  

(10.16) 

 

 

 𝑆
𝑤𝑒𝑡,𝑔𝑎𝑠 𝑔𝑒𝑛.

= π·𝑙
𝑔
·𝑑

𝑔
· 1 − 1

3 ·(1 −
𝑑

𝑒𝑔

𝑑
𝑔

)·(1 − 0, 18·(
𝑑

𝑔

𝑙
𝑔

)5/3⎡
⎢
⎣

⎤
⎥
⎦

  

(10.17) 

 

 

 𝑆
𝑤𝑒𝑡,𝑝𝑙𝑢𝑔

= 0, 7·π·𝑙
𝑝
·𝑑

𝑝
                  (10.18) 
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Figure 10.3: Engine sizes by Scholz [1] 

 

The values used are sized, using values of similar engines if no information is 

available for the ones installed on the L-1011. 

 

Table 10.1: Dimensions of the engine 

 

Sizes of the engine Values 

 𝑑
ℎ

 2, 19 𝑚

 𝑑
ℎ𝑙

 1, 8 𝑚

 𝑙
1

 1, 7 𝑚

 𝑙
𝑛

 0, 8 𝑚

 𝑙
𝑔

 1, 5 𝑚

 𝑙
𝑝

 1 𝑚

 𝑑
𝑝

 0, 5 𝑚

 𝑑
𝑒𝑔

 0, 7 𝑚

 𝑑
𝑔

 1, 6 𝑚

 𝑑
𝑒𝑓

 2, 15 𝑚

 

 𝑆
𝑤𝑒𝑡,𝑓𝑎𝑛 𝑐𝑜𝑤𝑙.

=  20, 57 𝑚2
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 𝑆
𝑤𝑒𝑡,𝑔𝑎𝑠 𝑔𝑒𝑛.

=  7, 41 𝑚2

 

 𝑆
𝑤𝑒𝑡,𝑝𝑙𝑢𝑔

= 1, 32 𝑚2

 

 𝑆
𝑤𝑒𝑡,𝑁

= 29, 3 𝑚2

 

The interference drag is  according to Figure 10.2 and the relation of 𝑄
𝐻

= 1, 3

wetted area and reference area is  being according to 
𝑆

𝑤𝑒𝑡,𝑁

𝑆
𝑟𝑒𝑓

= 0, 812 𝑆
𝑟𝑒𝑓

= 31, 6 𝑚2

typical values for nacelles and, for two engines on 𝐶𝐷
0,𝑁

= 3·2, 44·10−3 = 7, 32·10−3

the wing plus one on the back. 

 

10.6​ Total drag coefficient, wave drag and Oswald factor 

correction 

Summing all values, the total zero-lift drag coefficient is  𝐶
𝐷𝑂

= 2, 588·10−2 .

 

The wave drag is also considered affecting in case of shock waves. Using the plot 

provided by Scholz [1] the wave drag is calculated. 

 

 

Figure 10.4: Wave drag plot by Scholz [1] 
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 with . 
𝑀

𝐶𝑅

𝑀
𝑐𝑟𝑖𝑡

= 0, 98 𝑀
𝑐𝑟𝑖𝑡

= 0, 88

From Figure 10.4,  and  ∆𝐶
𝐷,𝑤𝑎𝑣𝑒

/𝑐𝑜𝑠(φ
25

) = 0, 001 ∆𝐶
𝐷,𝑤𝑎𝑣𝑒

 = 8, 19·10−4

 

The resulting total drag coefficient is found as the following expression from 

Equation 10.1 being and for cruise level, 𝐶
𝐷

= 2, 67·10−2 + 5, 37·10−2·𝐶
𝐿

2

. 𝐶
𝐷

= 3, 37·10−2

  

The Oswald factor is corrected with Equation 10.19 from Scholz [1]: 

                    𝑒 = 1

(1+0,12·𝑀
𝐶𝑅

6 )·(1+ 0,142+𝑓(λ)·𝐴·(10𝑡/𝑐)0,33

(𝑐𝑜𝑠φ
25

)2
+

0,1·(3·𝑁
𝑒
+1)

(4+𝐴)0,8
)

                   (10.19) 

: equation used for the Oswald factor, by Scholz 𝑓(λ) = 0, 005·(1 + 1, 5·(λ − 0, 6)2 )
[1] 

 

The Oswald factor , and with that the new drag coefficient for cruise level is 𝑒 = 0, 693

 𝐶
𝐷

= 3, 987·10−2 .
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11​ Direct Operating Costs (DOC) 

 

The DOC for long-haul aircraft is computed using the Association of European 

Airlines' (AEA) 1989b approach. PreST0 4.3.2 calculates the overall direct running 

costs of an airplane by adding various cost items such as depreciation, interest, 

insurance, fuel, maintenance, crew, and fees calculating everything using half of the 

range assigned for the L-1011 model. 

 

  𝐶
𝐷𝑂𝐶

= 𝐶
𝐷𝐸𝑃

+ 𝐶
𝐼𝑁𝑇

+ 𝐶
𝐼𝑁𝑆

+ 𝐶
𝐹

+ 𝐶
𝑀

+ 𝐶
𝐶

+ 𝐶
𝐹𝐸𝐸

                 (11.1) 

 

11.1​ Depreciation costs 

 

Depreciation  measures the decline in value of an item over its useful service life. 𝐶
𝐷𝐸𝑃

 

 
 𝐶

𝐷𝐸𝑃
=

𝑃
𝑇𝑂𝑇𝐴𝐿

−𝑃
𝑅𝐸𝑆𝐼𝐷𝑈𝐴𝐿

𝑛
𝐷𝐸𝑃

=
𝑃

𝑇𝑂𝑇𝐴𝐿
·(1−𝑃

𝑇𝑂𝑇𝐴𝐿
/𝑃

𝑅𝐸𝑆𝐼𝐷𝑈𝐴𝐿
)

𝑛
𝐷𝐸𝑃

                 (11.2) 

 

 

: purchase price of the aircraft taking out its residual value. 𝑃
𝑇𝑂𝑇𝐴𝐿

− 𝑃
𝑅𝐸𝑆𝐼𝐷𝑈𝐴𝐿

 

: useful service life, chosen according to the PreSTo tool. 𝑛
𝐷𝐸𝑃

 

Figure 11.1: AEA 1989b data by PreSTo  

 

The total price of the aircraft is known by summing the price of spares which depends 

on the delivery price, the contribution to engine and airframe and their prices 

together with the delivery. 
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Figure 11.2: Delivery and spares price by PreSTo 

 

Therefore . 𝑃
𝑇𝑂𝑇𝐴𝐿

= 89, 713 𝑀 𝑈𝑆$

 

 

Figure 11.3: Depreciation cost by PreSTo 

 

By knowing all the data, the depreciation cost is calculated with a value of 

 𝐶
𝐷𝐸𝑃

= 5, 046 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟.

 

11.2​ Interest costs 

 

The full price of the aircraft is invested and the interest paid to the investor is 

calculated. 

  𝐶
𝐼𝑁𝑇

= 𝑝
𝑎𝑣

·𝑃
𝑇𝑂𝑇𝐴𝐿

= 𝑝
𝑎𝑣

·𝑘
0

                 (11.3) 

 

: average interest rate. 𝑝
𝑎𝑣

 

Figure 11.4: Interest cost by PreSTo  
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. 𝐶
𝐼𝑁𝑇

= 4, 793 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟

11.3​ Insurance cost 

To make the calculation more robust an insurance payment must be carried on in 

case of damage to the fuselage. 

𝐶
𝐼𝑁𝑇

= 𝑘
𝐼𝑁𝑆

·𝑃
𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦

(11.4) 

: parameter for insurance costs. 𝑘
𝐼𝑁𝑆

Figure 11.5: Insurance cost by PreSTo 

𝐶
𝐼𝑁𝑆

= 0, 376 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟

11.4​ Fuel costs 

The fuel costs are calculated: 

𝐶
𝐹

= 𝑛
𝑡,𝑎

·𝑃
𝐹
·𝑚

𝐹
(11.5) 

In this equation  is the number of flights made per year,  is the fuel price and 𝑛
𝑡,𝑎

𝑃
𝐹

𝑚
𝐹

is the mass of the fuel consumed calculated in previous sections. 

Figure 11.6: Fuel cost by PreSTo 

The number of flights has been calculated using the time from Figure 11.2 with half 

of the range for the aircraft and some constants in order to improve the accuracy. 

. 𝐶
𝐹

= 16, 55 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟
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11.5​ Maintenance costs 

 
Initially, maintenance expenses are computed per flight hour and then multiplied by 

the annual amount of flights. 

 

  𝐶
𝑀

= ((𝑡
𝑀,𝐴𝐹,𝑓

+ 𝑡
𝑀,𝐸,𝑓

)·𝐿
𝑀

+ 𝐶
𝑀,𝑀,𝐴𝐹,𝑓

+ 𝐶
𝑀,𝑀,𝐸,𝑓

)·𝑡
𝑓
·𝑛

𝑡,𝑎
                 (11.6) 

 

Where  is the airframe and engine maintenance hours and 𝑡
𝑀,𝐴𝐹,𝑓

+ 𝑡
𝑀,𝐸,𝑓

 is the airframe and engine maintenance costs, all per flight hour. 𝐶
𝑀,𝑀,𝐴𝐹,𝑓

+ 𝐶
𝑀,𝑀,𝐸,𝑓

 

In addition, the Bypass ratio and the overall pressure ratio are computed together 

with the number of compressor stages and shafts extracted from the engine data.  

 

Figure 11.7: Maintenance cost data by PreSTo  

 

The labor rate  is computed multiplying the inflation rate calculated for 2025 in 𝐿
𝑀

Figure 11.2 by 69 US $/h according to Scholz [1] 

 

 

Figure 11.8: Maintenance cost by PreSTo  

 

. 𝐶
𝑀

= 13, 02 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟

 

11.6​ Staff costs 

 

The usage of cabin and cockpit crew is also included in the final formula. 

  𝐶
𝐶

= (𝑛
𝐶𝑂

·𝐿
𝐶𝑂

+ 𝑛
𝐶𝐴

·𝐿
𝐶𝐴

)·𝑡
𝑏
·𝑛

𝑡,𝑎
                 (11.7) 
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Where  is the number of cabin and cockpit members already stated and 𝑛
𝐶𝑂

,  𝑛
𝐶𝐴

 is the cost rate of cockpit and cabin crew per hour together with the block 𝐿
𝐶𝑂

,  𝐿
𝐶𝐴

time  stated with the AEA 1989b information. 𝑡
𝑏

 

 

Figure 11.9: Staff cost by PreSTo 

 

. 𝐶
𝐶

= 6, 868 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟

 

11.7​ Fees and charges costs 

 

Landing, navigation and ground charges are included in the equation. 

 

  𝐶
𝐹𝐸𝐸

= 𝐶
𝐹𝐸𝐸,𝐿𝐷

+ 𝐶
𝐹𝐸𝐸,𝑁𝐴𝑉

+ 𝐶
𝐹𝐸𝐸,𝐺𝑁𝐷

                 (11.8) 

 

The charges of landing: 

 

  𝐶
𝐹𝐸𝐸,𝐿𝐷

= 𝑘
𝐿𝐷

·𝑚
𝑇𝑂

·𝑛
𝑡,𝑎

·𝑘
𝐼𝑁𝐹

                 (11.9) 

 

 

Air Traffic Control (ATC) and navigation: 

 

 
 𝐶

𝐹𝐸𝐸,𝑁𝐴𝑉
= 𝑘

𝑁𝐴𝑉
·𝑅· 𝑚

𝑇𝑂
·𝑛

𝑡,𝑎
·𝑘

𝐼𝑁𝐹
                 (11.10) 

 

The fees of ground handling: 

 

  𝐶
𝐹𝐸𝐸,𝐺𝑁𝐷

= 𝑘
𝐺𝑁𝐷

·𝑚
𝑃𝐿

·𝑛
𝑡,𝑎

·𝑘
𝐼𝑁𝐹

                 (11.11) 
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Figure 11.10: Fees and charges cost by PreSTo 

 

. 𝐶
𝐹𝐸𝐸

= 46, 50 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟

 

11.8​ Total DOC costs and pie chart 

 

Finally, the total cost using Equation 11.1 is . 𝐶
𝐷𝑂𝐶

= 93, 157 𝑀 𝑈𝑆$/𝑦𝑒𝑎𝑟

 

 

Figure 11.11: Total DOC cost by PreST0 3.4.2 

 

The distribution of the L-1011's operating costs is clearly shown in this pie chart of 

direct operating costs. Since the L-1011 is a huge tri-jet widebody aircraft with a 

reputation for using a lot more fuel than contemporary twin-engine jets, it is not 

surprising that fuel accounts for 40% of the total cost and that in in line with older 

aircraft needing greater maintenance the percentage is 11%, as insurance and charges 

are almost negligible. 
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12​ 3D MODELS 

 
The Open VSP [2] 3D depiction of the redesign can be found in the next section. A 

double-trapezoidal wing was utilized to create the 3D model by computing general 

data of the different sections explained and determined in this project. These findings 

are displayed in Figures 12.1–12.5. 

 

In order to have a better understanding and approach of the L-1011 geometry and 

dimensions a 3D movable is also included apart from the screenshots taken of the 

OpenVSP program. 

 

Top: 

 

Figure 12.1: L-1011 top view on OpenVSP [2] 
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Front: 

Figure 12.2: L-1011 front view on OpenVSP [2] 

Side: 

Figure 12.3: L-1011 side view on OpenVSP [2] 

Iso-perspective: 
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Figure 12.4: L-1011 iso-perspective view on OpenVSP [2] 

Rear: 

Figure 12.5: L-1011 rear view on OpenVSP [2] 
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