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Source: Aircraft Design by Daniel P. Raymer1
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ME4932 Aircraft Performance & Design
Design

• Design is a separate discipline

• Design is an iterative process

• The mind of the layout designer should work such that the layout will undergo a minimum of 
significant changes.

• However, changes should be considered, as the design should satisfy the requirements!

• Sometimes, the requirements should be studied to offer alternate configurations that satisfy a reduced 
set of requirements! 

• Many times, the requirements are defined this way!

• Even when designing and A/C for a simple purpose/requirement you can find important trade-offs to 
consider...
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ME4932 Aircraft Performance & Design
Requirements

• They change!

• Civilian world

• By an A/C company using customer (airlines) input, market analysis.... 

• FAR's

• Military world

• Initially set by customer (Air Force, Navy, Marines...)

• Performance

• Cost

• Equipment/technology to be included

• Dimension limits
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Requirements

5 Source: Aircraft Design by Daniel P. Raymer
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Requirements

6 Source: Aircraft Design by Daniel P. Raymer
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Requirements

7 Source: Aircraft Design by Daniel P. Raymer
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Phases of Design

Source: Aircraft Design by Daniel P. Raymer
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ME4932 Aircraft Performance & Design
Phases of Design

• Conceptual (6 months?)

• Can any A/C be built that is affordable and meets the requirements?

• Can we come up with relaxed requirements to permit an affordable A/C?

• It is a fluid process; the layout is constantly affected by analysis.

• Several alternative layouts (e.g. canard v. tail v. tailless, etc.)

• Relatively low detail.
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ME4932 Aircraft Performance & Design
Phases of Design

• Preliminary (2 years?)

• Begins when major changes are over.

• Freeze of concept

• Increased detail of analysis

• Wind tunnel, CFD, structures and landing gear, FCS, stability and control...

• Lofting (mathematical modeling of outside surfaces to ensure perfect fit that will perdure)
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ME4932 Aircraft Performance & Design
Phases of Design

• Detail design

• Begins when the actual pieces to be fabricated are designed (holes, racks, ribs, rivets,....)

• Most expensive part of design (most engineers)

• All systems

• Production design

• Ends with fabrication
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer12



ME4932 Aircraft Performance & Design
A/C Conceptual Design Process

• Begins with the requirements 

• What technology level will be used (when will it fly?, TRL's)

• Initial sizing and concept sketch (Dash-1)

• Basic aerodynamics, weight fractions, fit of major components

• Lay-out is put through more detailed aerodynamics, weights,... analyses.

• Performance calculated

• Optimized to find the lightest(cheapest) A/C that satisfies requirements

• New layout? Dash i+1?

• Ends with design that will go into preliminary design
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A/C Conceptual Design Process
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A/C Conceptual Design Process

Initial Sketch

Source: Aircraft Design by Daniel P. Raymer15
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer16



ME4932 Aircraft Performance & Design
A/C Conceptual Design Process

• Sizing from a conceptual sketch:

• Determine the initial size (weight, Wo) of the A/C in order to meet the 
mission (range):

(known) (known) (unknown) (unknown)
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ME4932 Aircraft Performance & Design
A/C Conceptual Design Process

• Empty weight fraction (We/Wo)

• 0.3 < We/Wo < 0.8

• We/Wo decreases with Wo

• We/Wo depends on the type of A/C

• Fuel weight fraction (Wf/Wo)

• Depends on the mission

• Depends on fuel consumption

• Depends on aerodynamics
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer19
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer20
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer21
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer22
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A/C Conceptual Design Process I

Source: Aircraft Design by Daniel P. Raymer23
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A/C Conceptual Design Process II

24

Design Objectives & Sizing Mission

Selection of Aspect Ratios, Tapers,  Sweeps, Airfoils, Type of Propulsion (SFC), General Arrangement of Required Items, etc.

Design Sketch

Τ𝑆𝑤𝑒𝑡 𝑆𝑟𝑒𝑓 , Τ𝐿 𝐷𝑚𝑎𝑥

Τ𝑊0 𝑆𝑟𝑒𝑓, Τ𝑇𝑠𝑙 𝑊0

𝑊𝑓𝑊𝑒𝑚𝑝𝑡𝑦 𝑊0𝑠𝑖𝑧𝑒𝑑

Guess 𝑊0

𝑊0𝑠𝑖𝑧𝑒𝑑 = 𝑊0𝑔𝑢𝑒𝑠𝑠

𝑊0

Yes!

No…

?
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A/C Conceptual Design Process

Historical Mission Segment Weight Fractions:

Cruise/Loiter Mission Segment Weight Fractions:

Source: Aircraft Design by Daniel P. Raymer25

For I.C.:  C = 
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A/C Conceptual Design Process

Typical specific fuel consumptions:

Source: Aircraft Design by Daniel P. Raymer26



ME4932 Aircraft Performance & Design
A/C Conceptual Design Process

• L/D Estimation:

• L/D is a measure of a design's overall aerodynamic efficiency.

• For subsonic flight, it depends on span and wetted area:

• Induced drag = f(span) = f(A=b^2/S)

• Zero lift drag = f(wetted area)

• Does aspect ratio predict drag???
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A/C Conceptual Design Process

Source: Aircraft Design by Daniel P. Raymer28



ME4932 Aircraft Performance & Design
A/C Conceptual Design Process

• We define a "wetted aspect ratio" that better 
reflects aerodynamic efficiency by using span 
and wetted area to calculate it. 

Source: Aircraft Design by Daniel P. Raymer29
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A/C Conceptual Design Process

30 Source: Aircraft Design by Daniel P. Raymer



ME4932 Aircraft Performance & Design
A/C Conceptual Design Process

• But at this point, we do not know 𝑆𝑤𝑒𝑡 or 𝑆𝑟𝑒𝑓!

• Since we have a sketch, we have
𝑆𝑤𝑒𝑡

𝑆𝑟𝑒𝑓
.

Source: Aircraft Design by Daniel P. Raymer31
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A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

Source: Aircraft Design by Daniel P. Raymer32



ME4932 Aircraft Performance & Design
A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

Source: Aircraft Design by Daniel P. Raymer

• Like S-3A

• Tail tradeoff: structural weight vs 
exhaust stream

• Little debris hits engine

• More lift on wing (exhaust)

• Difficult to maintain engines

• Interference (wing/engine) drag

• Reduced trim drag?

• Wider c.g. range

• Must oversize wing ( small HLD)

• L.G. In wing root

• Reduced trim drag?

• Wider c.g. range

• Must oversize wing ( small HLD)

• Better engine access
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A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

Source: Aircraft Design by Daniel P. Raymer

• Strake added to put fuel closer to c.g, at the 
cost of wetted area!

• All other concepts should be studied!

• All required volumes shown
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A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

• Wing aspect ratio (concept sketch)chosen = 10

• Canards are usually bigger than tails and lift with the wing, so including the canard area equivalent 
aspect ratio = 7

• Looks like 𝑆𝑤𝑒𝑡/𝑆𝑟𝑒𝑓 = 5.5

• So wetted aspect ratio = 1.27

• Therefore, maximum 𝐿/𝐷 is about 16
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A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

36 Source: Aircraft Design by Daniel P. Raymer
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A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

Source: Aircraft Design by Daniel P. Raymer37
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A/C Conceptual Design Example:

ASW (Antisubmarine Warfare Aircraft) 

Source: Aircraft Design by Daniel P. Raymer38
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A/C Conceptual Design Example:

Range Trade

Source: Aircraft Design by Daniel P. Raymer39
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A/C Conceptual Design Example:

Range Trade

Source: Aircraft Design by Daniel P. Raymer40
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A/C Conceptual Design Example:

Range Trade

Source: Aircraft Design by Daniel P. Raymer41
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A/C Conceptual Design Example:

Payload Trade

Source: Aircraft Design by Daniel P. Raymer42
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A/C Conceptual Design Example:

Use of Composites:

• Empty weight equation used was for aluminum construction military cargo and bomber aircraft.

• Reduces Wo from 56,702 to 51,585, a 9% savings by reducing We only 5%!

Source: Aircraft Design by Daniel P. Raymer

• The effect the use of composites can be estimated by assuming 95% of empty weight fraction.

• Unwanted Wo growth implications!
43
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