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Abstract - The objective of this study is to introduce different
methodologies and analysis techniques to develop a model that
integrates all subroutine analysis required for the conceptual
design stage of a commercial jet-airliner. A full Boeing 747
development process takes approximately 15,000 hours of wind
tunnel testing, 75,000 technical drawings and 1,500 hours of test
flights [1]. Conceptual design on its own may take from as little as
a week to several years for completion depending on the
aircraft’s size and complexity. However, a proper design plan
requires at least six months studying all aspects associated with
the aircraft design. The purpose of this program is to combine all
design variables into one single package in order to reduce the
number of unknown parameters into a manageable number. This
serves for significant time and budget cuts, and promotes a user
friendly experience to perform analysis design. To complete this
study, a suite of approximations, methods of estimation, process
of iteration, and statistical information of pre-existing models
based on historical data trends were collected and performed in a
large spreadsheet database and in MATLAB. Our hypothesis is
initially supported by the introduction of certain aircraft
requirements and specifications set by the user. In addition, the
introduction of method of iteration generates optimized outputs
between several aircraft characteristics. The program runs on
loop and subroutine analysis that is represented by as specific
discipline of the aircraft. The disciplines for analysis includes
aircraft initial Sizing, undercarriage design, fuselage design,
power plant selection & wing geometry, aerodynamics, stability,
and performance outputs. The program’s accuracy was validated
by comparing specifications of the resultant aircraft with already
successful jet airliners similar in size and performance criteria.
Keywords—Conceptual design, iteration; optimization; Subroutine
Analysis

I. INTRODUCTION
Instead of performing large analysis on a variety of aeronautical
disciplines, aircraft designers spend more time to “design”, an
analytical process that involves the creation of geometric description
of what is being built. Aircraft design is, in itself, a very complex
process, with major room for improvements. The most crucial stage
for any aircraft manufacturer during the design process is to satisfy the
requirements set by the customer. Designers are usually confused
about where or how to start the design method. However, it makes
sense that a colossal number of requirements that given to a designer
is a prolonging task that requires years of testing and developing.
The objective here is to develop and investigate a program
architecture that can apply and complete the full process of conceptual
aircraft design by minimizing time and efforts for user’s design
experience The structure and operation of this program is described in
this paper. The program constitutes of ‘User Input’, ‘Design
variables’, and ‘Design output’ commands. User input is a reflection
on customer and user specifications are. Design variables are a
database of combined assumed design variables, empirical formulas
and historical data that are specifically customized specifically to jetairliners. These are obtained from a number of different sources all
that must satisfy certain requirements and in compliances set by air
traffic airworthiness and the FAA. The program provides design

output parameters that determine the aircraft’s geometric
configuration, performance, stability and aerodynamic characteristics.
As designers, we begin by setting up a set of requirements (usually
set by the customer to the designer). We assumed:



Maximum flight range of 7,500 nm.
Cruise Altitude of 36,000 ft.




260 passengers, 10 crew members
Flight Cruise Mach Number of 0.85



Aircraft Mission profile is next defined must, which also must
comply with air traffic airworthiness requirements. Mission profile in
this case must meet the following requirements initially user as shown
in Figure 1below.

Figure 1 - Jet Airliner's mission profile

II. METHODOLOGY & PROGRAM ARCHITECTURE
A. Data Collection
Methods of estimation require a basis of data collections. We
gathered some common features for commercial jet airliners from
Raymer [2] and Jane [3] and summarized them in Table 1.
Table 1 - Initial Data selection for conceptual design
Data collection for commercial jet airliners include
Aircraft Parameter
Wing design

Description
Quarter sweep chord ≥ 25 degrees
Horizontal tail to wing ratio = 0.30 – 0.35
Vertical tail to wing ratio = 0.2 -0.25

Airfoil Section
Maximum Take-off
Weight (MTOW)
Wing Loading (W/S)
Thrust Loading (T/W)

t/c = 0.10 – 0.15; lift at zero camber
> 400,000 lb.
130 – 150 lb./ft2
0.25 – 0.40

We concluded that the choice of engine will be a wing mounted
high by-pass Turbofans. Wing design can be either Cranked or
trapezoidal, with Kruger flaps or slats, and flaps for leading and
trailing edge high lift devices. Landing gears will have 6 or 8 wheels
per main strut, and 2 wheels per nose strut

SCIENTIFIC COOPERATIONS WORKSHOPS ON ENGINEERING BRANCHES
239

SCIENTIFIC COOPERATIONS WORKSHOPS ON ENGINEERING BRANCHES 12-13 September 2015, Istanbul - TURKEY

B. Program Architecutre
The goal of this process is to design what in some sense, the ‘best’
airplane. A compromise in some sense is always the case with aircraft
design. For example, the best aerodynamic design does not mean it
has the best structural aspects. Some design stages requires analysis to
be carried out several times until convergence or ‘optimization’ is
converged. Figure 2 describes the process begins with design
requirements and objectives needed to proceed with analysis. Each
block represents a loop of empirical relationships and analytical
equations. The above flowchart can be described as having a series of
inter-connected loops and subroutines.

unique for different aircraft types. As for our model, jet transports was
our model of focus and should satisfy the requirements set initially by
our mission profile. From Raymer [2], the empty weight ratio for jet
transports is:

We Wo  AWoC K vs

(3)

Equation (3) is a proven derivation based on historic evaluation and
experiences. Here,

A

and

K vs

are constant values and corresponds

to values of 54 and 579 for jet transports. During flight operation, all
weight lost throughout the mission corresponds to the weight of the
fuel consumed. The mission fuel fraction therefore is

 W 
 1  9 
Wo  W0 

Wf

(4)

Here, W9 is the weight of the aircraft at landing. According to the
mission profile in Figure 1, each flight segment has a corresponding
weight fraction: Wi Wi 1 for i  1...9
Finding

Wi Wi 1 for each flight segment in the mission profile

depends on a few historical values and past experience. For take-off,
climb and landing, weight fractions can be approximates depending on
type of vehicle. For Jet transports, the corresponding weight fractions
are W1 W0 , W 2 W1 and, W9 W8 and correspond to 0.03, 0.08, and
0.04 respectively. The only two major weight fractions that requires
thorough
analysis
are
during
cruise
flight
segments,
W3 W2 and W6 W5 , and during Loiter, with weigh fraction
of W8

W7 . These are analyzed using Breguet and Loiter Equation (5)

and (6):

VL
ln Wi Wi 1 
CD
L
E
ln Wi Wi 1 
CD
R

III.INITIAL SIZING
The starting point of any new aircraft requires an Initial sizing
method. This method is used to determine the overall gross weight of
the aircraft. Using the set of requirements and specifications given, an
initial guess was introduced prior to an iteration analysis. The overall
gross weight is the total weight of the aircraft is expressed as

Here,
and

Wo is

the gross weight,

(6)

Where R denotes flight range and E denotes flight endurance. This
expression is built as a function of glide ratio L/D which also becomes
a parameter dependent on iterative calculations. Here V is cruise
velocity and C is the fuel consumption at cruise and loiter respectively
W9  W1  W2  W3  W4 

.....



Wo  W0  W1  W2  W3 

Figure 2 - Flowchart representing the program's architecture

Wo  Wp  Wf  We

(5)

 W  W
  5  6
 W4  W5
 0.5548

 W7

 W6

 W8

 W7

 W9

 W8





(1)

Wp is payload, W f is

fuel weight

We is the aircraft’s empty weight. Terminologies can differ from

one designer to another. However, general definition terms will be
applied since we’re in a conceptual design phase. Maximum payload
for 262 passengers and 10 crew members along with cargo is
approximately. WP  62,964 lb (Assuming the total weight of carry

on and luggage per passenger is 110 lb. ). Rearrange (1) and express

Wo

in terms of weight fractions.

W
Wo  Wp   f
 Wo


W
Wo   e

 Wo


Wo


Figure 3- Iteration & convergence of aircraft’s gross weight

This simplifies to,

Wo 

Wp

1  Wf Wo   We Wo 

(2)

Equation (2) expresses all weights as ratios of Wo . Weight fractions
are a function of aircraft’s performance, and each aircraft has it’s

An initial guess was 800,000 lb. uses equation (2) to iterate between
guessed value and final converged value for gross weight Wo . Figure
3 shows that convergence results in an initial gross weight as

644,558 lb.
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IV. THRUST & WING LOADING – FLIGHT CONSTRAINTS
The user needs to identify appropriate power plant selection and
appropriate wing geometry needed to satisfy requirement for all flight
constraints the aircraft is supposed to manoeuvre.
Table 2 - Flight constraints for flight performances

Stall speed
limit
Take-off

Landing

Cruise

Climb
Loiter

Wing Loading

Thrust Loading

W  1
2
   VS C L max
S  2
W 
T 
   TOP  CLTO 
 S T O
W 

S  S a C L max
W 
   L
80
 S L
W 
   q AeC Do / 3
 S C

C
max

C
T 
   G  2 Do

W
Ae
 
T 
 T   W  T 
      C  T O 
 W T O  W C  WT O  TC 

C
T 
   G  2 Do
Ae
W 

---

W 
 q AeC Do
 
 S  Loiter

The conceptual process for wing design involves the evaluation of
several parameters. These include Airfoil selection, aspect ratio A ,

---

Table 2 above indicates all formulas used to investigate thrust
loading T/W and weight loading W/S of the aircraft. Here A is the
aspect ratio; e is the efficiency factor due to the drag polar
coefficient, C Do . In addition, S L and S a are runways’ landing
distance and length respectively, and q is the dynamic pressure at
different altitudes. Finally, G is a constant defined by airworthiness
and withholds different constant values for different flight settings
(flap settings, full gear extension and one engine operative).
Constants a and c are roughly assumed by Raymer to equal to 0.267
and 0.363 respectively for jet transports, and M max is the maximum
Mach number achieved by the aircraft.

iw

and angle of twist  w . With a wing loading W/S of 136.7 lb./ft 2 and
gross weight

---

T W0  aM

A. Wing Geometry

taper ratio  , sweep angle  , dihedral angle  , wing incidence

Wing & Thrust loading for different flight performances
Constraint

Aerospace Vehicle Design. Stages include wing geometry, fuselage
design, tail configuration and propulsion

Wo of 644,558 lb. , the initial wing reference area

2
S ref is 4,715 ft .

According to data collection, we chose the initial characteristics for
our wing design. The shape was set as a trapezoidal shape and the
choice of air foil was a NASA Supercritical Airfoil SC (2) 0614 with
an average thickness to chord ratio t/c of 13.5 %, and a generated 2D
lift coefficient of 1.80. The reason for this choice is accompanied by
the fact that it increases and delaying drag divergence Mach number,
the speed at which the formation of shock waves due to
compressibility are in effects. Wing root chord

cr

and tip chord

are calculated using the following expressions.

cr 

2 S ref
b(1   )

ct  cr

(7a);

Where b is the wing span and is equal to

ct
(7b)

b  AS ref and  is the

wing taper ratio, a user input variable that ranges between 0.2 – 0.3.
Referring to features and trends of current swept wing airplanes for
aircrafts of similar gross weight range, the taper ratio  = 0.27 is
chosen. Taper ratio has significant effects on induced drag and tip
stalling.
Additionally, a very important user input is the wing’s aspect ratio,
defined as A . A good guess will fall between 7 and 10 and as part of
the iteration method, an initial guess for A is 7. However our method
of iteration generated an iterative value to optimize between wing size
(and predominantly weight) against favored aero dynamical
characteristics generated by the wing. The final value of Aspect ratio
for this design was iterated to be A  8.1 .

Figure 5 - Geometry of trapezoidal wing
Figure 4 - Flight requirements for Wing & Thrust loading

Selecting the lowest W/S and the highest T/W will be the ideal
choice for thrust required T and wing reference area Sref to proceed
with propulsion selection and wing geometry. The highest T/W = 0.27
and occurs during flight approach, and the lowest W/S occurs near the
stall speed limit at 136.7 lb./ft 2 , both at sea level altitudes.

V. AIRCRAFT CONFIGURATION
Subroutine analysis for aircraft configuration uses empirical
formulas and raw estimation based on historic data and experience in

Two other important geometric characteristics to determine are the
wing’s Mean Aerodynamic chord c and quarter chord wing
sweep  c / 4 . The expressions for both variables are:

c





2 1    2
cr
3 (1   )


(1   ) 
 c / 4  tan 1  tan  L.E 
A(1   ) 
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Here,

 L.E

is the wing’s leading edge sweep angle and is a design

parameter set by the designer. Based on trends of current swept
planes, a reasonable assumption for jet transports is  L.E  34.5 .
Equations (8) and (9) calculates

c as 26.83 ft and  c / 4 as 31.62 .

The location Y of the mean aerodynamic chord
centerline of the root chord is expressed as:

Y 

c from

b 1  2 
 39.26 ft.
6 (1   )

the

Finally, based on similar trends, according to Raymer[2] and Wood
the wing’s dihedral angle, wing incidence and angle of twist

[4]

,

 w for

the conceptual phase are 7 , 3 and 1 respectively. A summary of
wing configuration can be viewed in Figure 5.

There are two types: Before proceeding to calculations, few inner
cabin designs must be considered first.
Nose : 3% of fuselage
Cockpit: 4 – 5 % of fuselage
Cabin length
Aft body : 20% of fuselage

the horizontal wing’s area and

wings area. Substituting 4,715 ft. for S ref will give 1,462 ft. 2 and

1,037 ft. 2 for S h and S V respectively.
D. Engine and Propulsion
Engine dimension and power plant were determined using Raymer’s
annotations. This method proposed uses existing empirical data of
equivalent Aircraft’s and are used to scale and size the engine for this
aircraft.
It is important to remember that T/W varies for different flight
conditions but to initially consider the highest T/W, will allow us to
calculate the total thrust required
With a wing loading T/W = 0.27 and gross weight of 644,558 lb. ,
the thrust that must be available to power the aircraft for all flight
constraints is 178,300 lb. For a twin jet, the installed thrust per

Tinstalled = 89,158 lb. However we

Tunistalled  Tinstalled  1.0759

(11)

 95,920 lb.

The previous engine specifications comply with a few power plant
provided by some aircraft manufacturers. Our closest pick was the
Rolls-Royce Trent 800s.

VI. CENTRE OF GRAVITY
The aircraft’s Centre of gravity location is obtained by:

X cg 

Here,

BW is the product of ‘number of Seats a breast’ x ‘seat width’
FL are the product of ‘Seat pitch’ and the ratio of ‘total number.

and
of seats and number of seats a breast’. Total cabin length and width
were approximately 21.2 ft and 156.4 ft respectively.
Table 3 - Seat arrangement selection for fuselage design

Seat pitch (in)
Seat width (in)
Aisle width (in)
Seats a breast
No. Rows a class
Total no. of seats
Emergency exits

must account for certain

thrust losses during flight performance. An estimate of thrust losses is
estimates losses due to engine pressure recovery as 5.4 %, engine air
bleeding loss as 0.66%, nozzle losses as 0.5 % and 1 % power
extraction. The total thrust losses is roughly equivalent to
The uninstalled thrust is equal to

l c  1.538 FL  10.499

Business
50
20
21
8
5
40
2

the vertical

5.4%  0.66%  0.5%  1%  7.59%

To determine cabin length and volume, we established the following
relationships as a function of seat pitch, seat width, number of rows,
column and aisle width, according to Serghides[5]. Each section of the
cabin follows the following relationships that were derived from
discrete points.
(10)
bc  0.761BW  3.083

First
78
21.5
23
4
6
18
2

S V denotes

2

engine is

B. Fuselage Design






S h denotes

Economy
34
17.5
19
9
22
198
4

W X
W
c

cg

(12)

c

Here

X cg is

the total center of gravity of the aircraft.

weight of each component, and

X cg

Wc Is

the

is the center of gravity for each

component the location of each component’s C.G must be estimated.
components include Payload, fuel tank, installed engines, fuselage,
main wing, horizontal and vertical wings, nose gear and main gear.
Such estimates were based on data and estimates collected from
Roskam[6] and Tulapurkara[7]. The C.G of the aircraft lies at 90.15 ft
from the nose.

A typical 3 class arrangement is used, First, business and economy
class. Seat widths and seat arrangements chosen follow trends of
current aircrafts. Based on standards for similar aircrafts, the chosen
parameters are in table 7.1. The seat pitch chosen for this aircraft was
chosen to be slightly more spacious than typical airliner seats. This is
to provide better passenger comfort and good competition in the
aircraft industry.
The total length of the fuselage can finally be estimated. The total
length of the fuselage was found to be

l f  l nose  l cockpit  l cabin  l aft

 0.03l f  8.33  156 .42  0.2l f
 212 .59ft.

Figure 6 - C.G shift locations for different flight cases

C. Tail Configuration
As part of data collection, the horizontal and vertical tail areas can
be estimated using S h S ref  0.31 and S V S ref  0.22 . Here

C.G. must remain within a certain allowable limit to avoid any
difficulties in handling and control. Critical cases occur when C.G
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shifts  15%. The C.G. shifts analyzed fall in that range therefore it’s
safe to say the aircraft will be in balance and won’t topple off.
The location of the wing is determined by taking moments from
the aircraft’s nose. The wing has a leading edge X LE from the nose
and engine location of X LE  6 ft . Applying moments of equilibrium

 M  0 about the nose of the airplane using all the weights and

distances, this yields an equilibrium equation in terms of X LE . The
resultant moment was resolved and solved for X LE . The location of
the wing leading edge at the root was found to be X L.E  45.21 ft .
The centre of aerodynamics of the wing according to many textbooks
locates this point at about 25% of the MAC. Assuming that X a.c is at
the quarter length of MAC, a relationship of X a.c is derived as

Here, C l max is the air foil’s coefficient of lift. For an average t/c of
13.5 %, and from NASA’s database [8], this value is 1.80. Substituting

c/ 4

Cl max and 31.62 for

in 1.80 for

into (15) yields a

CL max value of 1.379.
Raymer has specified a range for

C Lmax to fall between 1.2 and

1.5. The angle of attack for maximum lift is determined using the
following expression.

C
Where

0

L

L max



C Lmax
  0L   CL max
C L

(16)

is the airfoil zero lift angle and for NASA SC 0614

airfoil, this value is  3.9 . The first two terms in equation (16)
represent linearity and with

X a.c  X L.E  0.25c

CLα and CLmax

already determined, the

slope becomes linear up to an angle of 8.236 . This corresponds to

 81.82 ft

a

VII. AERODYNAMIC ANALYSIS
At this stage of design, general estimates are used to determine
aerodynamic characteristics of the aircraft. Now that we’ve built the
skeleton of our aircraft, we can now proceed to aerodynamic
calculations.

C Lmax value of 0.936.

The non-linear term in equation (16) is  C

L max

a correction

factor and using graphical methods from Raymer, this was selected to
be 3.89 . The angle at maximum lift coefficient after substituting
all values in (16) is  C
 12.13
L max

A. Lift Curve Slope
The lift curve slope dC L

d , or in short CL , has valuable

importance in conceptual design mainly for calculating drag due to
lift, and longitudinal stability analysis. Note that our supercritical
airfoil is cambered hence produces lift even at zero angle of attack.
The maximum lift is obtained before the stall angle of attack. Beyond
that, lift reduces dramatically and the wing is considered to be stalled.
The slope consists of a linear and non-linear terms. The non-linear
term is expressed as

CL non linear  CL max

(13)

Lift curve slope can be estimated using a semi-empirical formula
defined in (9.4). Although this is for subsonic flight, however it’s
reasonably accurate to almost Mach 1.

CL 

 Sexposed 

 F
2
2 2
S


ref


tan

A
max t

2  4  2 1 
2
 


2A

(14)

 max t is the sweep wing at the location of the chord where
airfoil is thickest and is taken as  27.5 ,  is airfoil efficiency

Here,

and is assumed 0.95. F is the fuselage lift factor and is defined
2

as F  1.07(1  d / b) , where, d and b are fuselage’s diameter
and wing span respectively. The expression in equation (14)

 2  1 M 2

is defined as the Prandtl Meyer Function, a function
of Mach number for subsonic flows. Raymer[2] suggested that the
term S exposed S ref F can be regarded as 0.98 if calculations



 

show that it exceeds a value of 1 which was exactly the case here.
Substituting in the variables into (14) we find that the lift curve
slope is CL

 6.51 rad 1 .

Figure 7 - Lift curve slope for landing & cruise

The lift curve slope was also examined for preferably M=0.2.
Following up the same methods used above, the lift slope, and
maximum stall angle are 4.945 rad 1 and 15.97O respectively.
Linearity dismantles at

C. High lift devices
The types of high lift devices we consider are leading edge double
slotted flaps and slats and to estimate the increase in coefficient of
lift, we use the relationship

 S flapped 
 cos  H.L
C L max  0.9cl max 
 S ref 

Lift and drag can be displayed in non-dimensional form; Coefficient
of lift and coefficient of drag L  qSC L and D  qSC D . We are
interested in the lift generated during three flight phases, Cruise,
Take-off and Landing. We estimate the wing’s 3D Coefficient of Lift
using the following relationship:
(15)
CL max  0.9Cl max cos  c 4

(17)

Here, S flapped  2,941 ft 2 is design variable and is the surface area
of high lift device in proportion to Wing reference area. The value of

Sflapped

B. Wing Lift Coefficient of a clean wing

  12.08 O as shown in Figure 7.

equal to 2,941 ft 2 and cover about 70% of wing’s semi-

 H.L , the sweep angle at
as 15 . Finally, cl max is lift

span and 25% of the chord. In addition,
the flap’s hinge line is assumed

contribution of the high lift device and approximate values provided
by Raymer[2] in multiples of the ratio c' c are used. c' is the chord
length after total deflection and c' c is assumed to be 1.15. The lift
increments for a double slotted flap and slats respectively are:
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 2,921ft 2
C L max  0.9 1.84 
2
 4651ft


cos15   1.048


 2,921ft 2
C L max  0.9 0.46 
2
 4651ft


cos15   0.262


Therefore, the total lift increment is C L max

 1.310

restore the forces back to its original state, a process called ‘trimming’
of an aircraft.
 Horizontal tail should ensure that dCmg dCL is a negative
slope for all positions of center of gravity.
 For all values of C L , the pilot should be able to trim the
aircraft and maintain a pitching moment of zero.
This is achieved using the elevators or by varying tail incidence.
Following a disturbance, the pilot must adjust his aircraft such that
Forces and moments cancel each other out.
By definition, equilibrium of flight requires the sum of all moments
about C.G to equal zero equilibrium:

M cg 

1
V 2 C M .cg ( ) Sc  0
2

(22)

The pilot wishes to vary lift on both wing and tail and is done so by
varying



and ih such that the resultant forces would resolve an
overall moment of zero. An aircraft without tail would yield a
dCmg dCL > 0 thus, considered longitudinally unstable.

Figure 8 - Lift curve slope for high lift devices

D. Drag Polar
Drag polar is the standard presentation format for aerodynamic data
that are used in performance calculation. It’s a measure of the total
drag of the aircraft

C D  C Do  kC L
Where

k  1 Ae Here, C Do is

2

(18)

the parasite drag and is mainly

contributed by the skin friction and pressure drag. Parasite drag can
be broken down into

C Do  C Do c  C Dmisc  C DL&P

(19)

Where suffices c, ‘misc’ and L&P denote drag forces associated with
aircraft’s components, miscellaneous, and Leakage & protuberance
respectively. The drag polar equation is expressed as

C D  0.01528  0.0428CL

2

Figure 10 - Trim plot for various Angle of attack and Tail incidence

(20)

Drag Polar shows the drag coefficient induced by lift as demonstrated
in figure 9.

Using the following equation (22) for

Cmg

we can find the angle of

attack and the lift coefficient at which the aircraft will trim. Other
effects such as thrust from power-plant were taken into consideration.
S
T  ZT
(23)
Cmcg  CL X cg  X acw   Cmw  Cmf  h h CLh X ach  X cg  
Sw
qSwc
Here,

Cmw is wing the pitching moment and is expressed as:


Cmw  1.3Cmoairfoil

Where C mo

airfoil


 A cos2  c/4 
  0.01 
 

 A  2 cos  c/4 


(24)

, is the air-foil pitching moment at zero angle of attack

and from airfoil data, this is about -0.1085 rad. The downwash
angle  is roughly between 10 – 14 degrees.
Figure 9 - Drag polar at various Mach Numbers

Maximum L/D can be obtained by drawing a line tangent to the drag
polar. This is found to be equal to 19.55. This shows that our initial
estimate of 19 was accurate enough.

L / Dmax  1 2 C D0 k

(21)

The program iterates between this relationship and the initial
L/D Guess used for the initial sizing stage of the aircraft. The value of
L/D must satisfy both equations in order for the program to run
successfully.

VIII.



d 

C Lh  C Lh   i w 1 
  i h  i w    0 h 
 d 



C L  C L   iw 

Here,

(26)

 0 h is angle of attack at zero lift for horizontal tail at maximum

deflection (30 degrees) and is approximated using the following
relationship:



1 C 

L 
 0 h   
  0.031 6 rad
 f
C


L

f 


STABILITY & CONTROL

Trim analysis and plot is the most important subroutine analysis for
conceptual design. The following aspects need to be considered for
longitudinal stability: This ideally means that the moment should

(25)

Where,

 f is the elevator’s deflection, and where C Lh and C L are

functions of angle of attack, wing incidence i w and tail incidence ih .
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Additionally, the downwash derivative d d is another variable
that is a function of wing’s aspect ratio and taper ratio, provided by a
graphical method in Raymer’s chapter 7. For A=8.1 and taper ratio 
= 0.27, the downwash derivative is approximated to be 0.29.
All analysis requires all angles to be in radians. Wing incidence as
previously estimated is iw

 1 . Subroutine analysis for the aircraft’s

this would be eight times which why the plots figure 15 behave that
way. Maximum velocity

Vmax

is around 856 ft. /s, corresponding to a

Mach speed of 0.89. Furthermore, figure 14 provides data at which
flight speed can the aircraft fly to utilize minimum power. The least
power requirement occurs at high speeds at 36,000 ft.

stability and control focuses on a few parameters that will bring the
aircraft to longitudinal stability during cruise. To satisfy this condition
theoretically the coefficient pitching moment must satisfy two
boundary values of lift coefficient CL that will bring this coefficient to
zero ih
In case of any turbulence, the aircraft’s avionics is automated to return
the aircraft to a tail angle of incidence of -1.655 degrees. The point
indicated at which Cmcg  0 in the trim plot Figure 10 is the trim
state and corresponds to an angle of attack



of 1.664 degrees and

tail incidence ih of -1.655 degrees. In case of any change in flight
speed, these parameters must be recalculated to keep the aircraft
trimmed and bring it back to equilibrium. All three criteria are met
and our analysis validates that the aircraft is considered to be
longitudinally stable.

Figure 13 - Climb rates for different altitudes

IX. PERFORMANCE PLOTS
The designer needs to estimate the performance of his aircraft to
ensure it meets all the requirements and certifications. Various types
of performance analysis are shown in this section. Figure 11 proves
that high lift devices play an effect on stall speed. Flying at low
altitudes is limited by stall speed V S , and by achieving the lowest VS
it’s possible for the aircraft to fly at lower altitudes.

Figure 14 – Power required for steady level flight

Figure 11 – Effects of flaps on stall speed limit

Figure 15 - Power required PReq vs Power available PAv at cruise altitude

Figure 12 – Thrust & drag curves for steady level flight at 36,000 ft.

Figure 13 provides climb angle contours, representing the best rate of
climbs at each altitude. The aircraft should choose those climb rates to
achieve maximum vertical velocity. Figure 12 shows that parasite
drag predominates at high speed, whereas induced drag predominates
at low speed. Drag is also a function of velocity so if the aircraft was
to accelerate up to twice its speed, the parasite drag would become
four times as great. However the power would require to overcome

Figure 16 - Flight endurance at different cruise speeds
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XI. CONCLUSION

Figure 17 - Flight range in (nm) for various cruise speeds

The program developed has presented several methods to estimate the
overall performance of the aircraft. It’s capable of handling a variety
of jet transports. If the design requires slightly different configuration,
the program will enable the user to only provide the necessary inputs.
The points above are of major consideration for any future work
performed. Passengers’ safety and comfort are two primary motives
behind flight specifications therefore environmental constraints such
as noise and emissions can be more considered for further design
projects. Future work can also enhance the program to estimate the
constraints of dynamic stability and handling qualities and structural
limits.
This study has successfully used the methods mentioned here and
provided very good agreements with already successfully designed
airliners. Overall, the design of a twin jet airliner met all specifications
and certifications and can successfully proceed to the next phase of
design. Our conceptual design program is a work in progress, and will
not only holds an array of design alternatives and trade studies, but
also will take into consideration evolutionary changes in aircraft
concepts. It is necessary that interactions among all distinct
components be included; improvements and new innovations should
be readily incorporated to the design. Changes must also be integrated
easily into every aspect of the design proposal, and alternative designs
should be studied prior to the appropriate design selection.
Consequently, the overall product must do favor to the buyer, given
that the last thing a designer would want is no consumer to purchase
the aircraft.

ACKNOWLEDGMENT
Figure 18 - Instantaneous rate of turn  at various altitudes

Figure 16 and figure 17 show that the maximum flight endurance
and range are achieved around speed 825 ft./s. ft. Finally, figure 18
determines the flight envelope for this jet airliner showing stall and
structural limits for all altitudes of flight. The velocity at which the
maximum instantaneous turn occurs is called the corner velocity

X. PROGRAM VALIDATION
Our Model was compared favourably with the Boeing 777-200ER,
Airbus 350 and Boeing 787-8. The complete design program was
validated with the Boeing 777-200ER since it showed almost identical
features. Validation showed strong agreements with the available
weight, geometry and performance data as shown in tables 4 and 5.

I would firstly like to thank Dr Varnavas Serghides, for his support
and supervision for the duration of this project. His experience and
knowledge were greatly appreciated and I wish him a healthy life.
From the University of Manchester Institute of Science and
technology, I would like to send my regards to Claire Nedwell my
Director of Education for inspiring me to pursue my education and
career in this field, I also wish to acknowledge Professor Richard
Hillier and Professor Sergei Chernyshenko from Imperial College
London in addition to Dr. Ehab Hani, Dr. Mohamed Gaith and the rest
of the Mechanical Engineering department at the Australian College
of Kuwait for sharing their knowledge and advice throughout this
endeavor. Finally, I also owe a ton of debt of appreciation to the
parents, family members and friends who were nothing short of
encouraging and supportive.

REFERENCES

Table 4 – Geometry & performance comparisons for validation

[1]

Program’s

Boeing 777-

Aircraft

200ER

A350 -900

Engine thrust (lbf).

95,922

95,000

84,000

Aircraft Length (ft.)

212.82

209.1

219.5

[3]

195.42

199.8

213

[4]

Wing Ref Area, Sref (ft )

4,715

4,604.8

4,770

Total Height h (ft.)

57.79

60.76

55.9

Fuselage width (ft.)

21.21

20.34

19.62

Wing Loading lb./ft2 (W/S)

136.72

142.46

124.9

Thrust Loading (T/W)

0.277

0.289

0.284

Max Range (nm)

8,101

7,725

8,100

Cruise Mach

0.85

0.84

0.85

MTOW (lb.)

644,000

656,000

591,000

CLmax

2.67

2.5

2.66

L/Dmax

18.6

_

21.43

CDo

0.01528

_

0.01277

Wing Span, b (ft.)
2

[2]

[5]
[6]
[7]
[8]

Boeing 747-8. 2010. Boeing 747-8 Freighter. [ONLINE] Available at:
http://www.boeing.com/commercial/747family/pf/pf_facts.html.
[Accessed 3 June 15].
Raymer, D.P (2006) Aircraft Design: A conceptual Approach, fourth
Edition. AAIA, Playa del Rey, California
Jackson, Paul. (2010-2011) Jane’s all the world’s Aircraft. Coulsdon,
IHS Jane’s.
Wood K.D. (1963) Aerospace vehicle design, vol. 1, Johnson publishing
company, Boulder, Colorado
Dr. Serghides, V. Lecture notes Aerospace Vehicle design,
Department of Aeronautics, Imperial College London.
Dr Roskam, J. (1989) Airplane Design Part II: Preliminary
configuration of design and integration of Propulsion system. Ottawa,
Kansas, Roskam Aviation and Eng. Corporation
Tulapurkara, E.G. (2007) Lecture notes on Aircraft Design, [chapter 8]
.Department of Aerospace Engineering I.I.T, Madras
Charles Harris (Mar 1990) Supercritical Airfoils NASA Technical Paper
2969,
Langley
Research
Centre,
Hampton,
Virginia.

SCIENTIFIC COOPERATIONS WORKSHOPS ON ENGINEERING BRANCHES
246

