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Dieter Scholz 
  

Aircraft Design in a Nutshell 
  

Based on the Aircraft Design Lecture Notes 

 

 

1 Introduction 
 

The task of aircraft design in the practical sense is to supply the 

"geometrical description of a new flight vehicle". 

To do this, the new aircraft is described by 

• a three-view drawing, 

• a fuselage cross-section, 

• a cabin layout and 

• a list of aircraft parameters. 

 

The following requirements should be known when aircraft design begins: 

Cruise performance: 

• Payload mPL  

• Range R  

• Mach number MCR 

Airport performance: 

• Take-off field length sTO 

• Landing field length sL 

• Climb gradient γCLB (2nd segment) 

• Missed approach climb gradient γMA . 

 

The key design parameters are: 

• Take-off mass mTO 

• Fuel mass mF 

• Operating empty mass mOE 

• Wing area SW 

• Take-off thrust TTO . 

 

The task of aircraft design in an abstract sense is to determine the design parameters so as 

to ensure that 

1. the requirements and constraints are met (then we have a permissible design including 

certification) and, furthermore, 

2. the design objectives are optimally met (then we have an optimum design). 
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2 Aircraft Design Sequence 
 

The sequence of activities during the project phase can be divided into: 

1. preliminary sizing (step 1 to 5) 

2. conceptual design (step 6 to 16) 
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3 Requirements and Certification 
  

The seat-range diagram shows the aircraft of one manufacturer based on their number of 

seats versus their range. A big aircraft manufacturer should fill all viable areas of the diagram 

with aircraft on offer. Filling a seat-range diagram is possible with a limited number of 

aircraft families. 

 

Aircraft should always be designed as an aircraft family. An aircraft family consists of 

several aircraft based on a standard model and additional aircraft with shortened fuselage 

(shrink) and aircraft with lengthend fuselage (stretch). 

 

 
 

 

 
 

A typical average load factor is   80 %. 

A typical average range flexibility is:  4  for short medium range aircraft, 

      2  for long range aircraft. 

 

The dependencies of payload and range for one aircraft are depicted in the payload-range-

diagram. It is based on 

 

mTO = mOE + mF + mPL 

 

mTO take-off mass 

mOE operating empty mass 

mF fuel mass 

mPL payload. 
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The payload-range-diagram: 

 

 

Certification requirements are important for aircraft design because an aircraft may only be 

operated if it is certified (i.e. has a type certificate). 
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4 Aircraft Configurations 
 

A three-view-drawing is used to communicate the ideas about an aircraft configuration. 

 

Boeing B737-300 

 

Conventional aircraft configurations all have one fuselage, one wing, and an empennage at 

their rear end. This configuration is also called tail aft aircraft. 

 

Unconventional aircraft configurations differ in at least one attribute from the definition of 

a conventional configuration. 
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5 Preliminary Sizing 
 

 
 

 
 
The aim of optimization is to achieve the following: 

• Priority 1: to achieve the smallest possible thrust-to-weight ratio; 

• Priority 2: to achieve the highest possible wing loading. 

“First law of aircraft design”: Estimation of maximum take-off mass, MTOW 
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Estimation of operating empty mass, OEW 

 
 

Estimation of fuel mass, mF 

 
Mission fuel fraction: 

 

 
  

   SFCT = 16 mg/(Ns) 

    

 

  
For the full set of calculations for preliminary sizing an Excel table is provided! 
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6 Fuselage Design 
 

Number of seats in one row (number of seats abreast) in economy class: 

 
 

Cabin cross section: 

 
 

Internal fuselage diameter (internal cabin width), dF,I : 

 

dF,I  = width of all seats + width of all aisles + 2 
.
 (gap between seat and side wall) 

 

Width of seats (economy class): 

Single seat  21 in 

Bench with 2 seats 40 in 

Bench with 3 seats 60 in 

 

Width of aisles: 

Minimum according to certification rules 15 in 

Typical short medium range   19 in 

 

Number of aisles, CS-25.817 requires: 

nSA ≤ 6 :  one aisle 

6 < nSA ≤ 12 : two aisles 

 

Gap between seat and side wall: 1 in 

 

Conversion to SI units:  1 in = 0,0254 m 
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Fuselage wall thickness (left and right), ∆d: 

 
 

Outer fuselage diameter (internal cabin width), dF  = dF,O  : 
  

  dF  = dF,I  + ∆d 
 

Number of rows: 
  

  nR = nPAX / nSA 
 

Cabin length: 

  lcabin = nR 
.
 1 m 

 

 

Fuselage shape of a passenger aircraft: 

 
Bug (German) = bow 

Heck (German) = stern 

 

Tail angle and length of stern are related: 

 

ϕtail = arctan (dF / lstern)  ϕtail = arctan (1/ 3.5) = 15.9° 

 

lstern = dF / tan ϕtail  

 

ϕtail is also the maximum angle for rotation at take-off. 

ϕtail is also the aircraft’s angle of attack, α at take-off. 

 

 

  



10 

 

Fuselage length: 

 

 
 

 

Checking for sufficient size of cargo compartment: 

 

 
 

  

  
 

 
 

 
 

 
 

Density of baggage, ρB and cargo, ρC : 
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  Single aisle: 

 
  Twin aisle: 

 
  SOS given in m². ρB is the maximum allowed baggage density in the bin. 
  

Table 3.3 from: NIŢĂ, Mihaela Florentina: Contributions to Aircraft Preliminary Design and Optimization. München : Verlag Dr. Hut, 2013. 

- ISBN 978-3-8439-1163-4, Dissertation, Download: http://OPerA.ProfScholz.de 

 

 

Cabin layout: 

 

Cabin layout of the Fokker 50: 

Baggage and cargo are also accommodated in the cabin of this aircraft. 

A: attendant seat 

B: baggage, C: cargo 

G: galley 

S: stowage, wardrobe 

T: toilet. 
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7 Wing Design 

 

Sweep angle of the wing: 

 

 ϕ25 = 39,3° (MCR)
2
 

 

 

Relative thickness of the wing, t/c from cruise Mach number only: 

 

 
 

 
 

 

Relative thickness of the wing, t/c from cruise Mach and wing sweep: 

 

 
 

 
 

Aero
Textfeld
Note: The arctan function delivers an angle in rad in this equation.

Aero
Textfeld
This second method accounts for more parameters, but is only valid for subsonic aircraft cruising above their critical Mach number. These aircraft will typically show a cruise Mach number of more than 0.7 and less that 0.9. The aircraft will typically have a wing sweep of more than 20°.

Aero
Textfeld
This first method can be used for a wide range of cruise Mach numbers (see chart). It is a simple method just based on statistics and considers only one input parameter.
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(t/c)r / (t/c)t  = r  ≈  1.3  

(t/c)t  = 4/(3+r) t/c 

(t/c)r  = r (t/c)t  

 

Optimum taper ratio, λopt : 

  
   ϕ25 in degree 
  

  λ should not be smaller than 0.2 otherwise aileron integration will be too difficult and the 

wing  

  tips will have a tendency to stall. 

 

 

Wing twist: 
 

 
  

 
 

  

Aero
Hervorheben
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Incident angle of the wing (at the wing root): 
  

 

 
 

Dihedral angle of the wing: 

 

 
  

 
 

 
 

NIŢĂ, Mihaela Florentina: Contributions to Aircraft Preliminary Design and Optimization. München : Verlag Dr. Hut, 2013. - ISBN 978-3-

8439-1163-4, Dissertation, Download: http://OPerA.ProfScholz.de 

 

Tank volume within the wing (without center tank): 
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8 Design of Highlift Systems  
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9 Tail Sizing  
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10 Mass and Center of Gravity 
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12 Landing Gear Integration 
 

Nose gear loads need to be sufficiently high (5% to 10 % of total aircraft weight) and 

determine the position of the main landing gear: 

 
 

These clearance angles determine the length of the landing gear: 

 
 

A kinked wing trailing edge provides space for the 

integration of a wing mounted landing gear in case of an 

aft swept wing. The main landing gear is positioned aft of 

the center of gravity. Also the wing is positioned with 

respect of the center of gravity. 
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Number of main landing gear wheels: 

 

nMLG = mMTO / 30 t  for large long range aircraft 

 

nMLG = mMTO / 20 t  for smaller aircraft operating from smaller airports 

 

 

Tire pressure: 

Aircraft tires are filled with nitrogen gas at pressure up to 15bar. 

 

 

Tire sizing for width and diameter: 

Aircraft tires have a ratio between width, w and diameter, d of about w/d = 0.35 … 0.40. 

 

 

 

The equivalent ground pressure P* a tire can 

carry depends on it’s with and diameter and is 

between 32 t/m² and 42 t/m2 

 

 p* = mMTO / (nW d w) 

 

 d 
.
 w = mMTO / (nW p*) 
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21 

 

13 Drag Prediction 
 

 
 

 
 

 
 

 e 0.85 or 

 e more precisely calculated from 

 Appendix A of Aircraft Design Lecture Notes 

 

 
 

 

V / Vs = 1.2 for take-off and initial climb 

V / Vs = 1.3 for approach and landing 

 

 
 

Estimating CD0 from Emax 
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kE  calculated: 

 
 

kE  given: 
  

 kE 14.9 when calculated for standard parameters (e = 0.85, Cf = 

0.003) 

 kE 15.8 according to data in Raymer’s book 

 kE 15.15 short range aircraft 

 kE 16.19 medium range aircraft 

 kE 17.25 long range aircraft 

 

 

Estimating CD0 from wetted area 

 

 
 

 
 

Estimating CD0 from drag built up  

=> see: Aircraft Design Lecture Notes, Section 13 
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Calculating the glide ratio, E 
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14 Design Evaluation / DOC 
 

 
 

 
 

  For details see Aircraft Design Lecture Notes, Section 14. 
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