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: Induced drag coefficient
: Total drag coefficient

: Drag coefficient due to flap deflection

: Drag coefficient due to landing gear

: Drag coefficient at zero lift

: Drag coefficient corresponding to maximum lift.
: Lift coefficient

: Ratio of the lift coefficients

: Ratio of beginning lift coefficient to maximum lift coefficient
: Ratio of ending lift coefficient to maximum lift coefficient
: Approach lift coefficient

: Lift coefficient for (L/D)mpax

: Fuselage diameter, ft

: Drag, Ib

: Oswald’s airplane efficiency factor
: Average value of (L/D)

: Value of (L/D) at the beginning
: Value of (L/D) at the cruise end

: Acceleration due to gravity, ft/sec?

: Constant value

: Ratio of F, to the maximum value of (L/D)

: Ratio of F,, to maximum (L/D)

: Fuselage length, ft

: Lift, Ib

: Scale parameter

: The distance required to accelerate to the lift-off speed

: Mach number

: Constant value

: Atmospheric pressure, Ib/ft*
: Dynamic pressure, Ib/ft>

: Atmospheric density

: Range, nmi.

: Wing area, ft®

iv



TOP

X< F NN

BN

<

NAaRpv I E IR S

: Wetted area, ft?
: Sum of vertical and horizontal tail area, ft*

: Nacelle wetted area, ft?
: Engine specific fuel consumption (liber of fuel per liber of thrust per

hour)

: Take-off parameter
: Maximum sea-level static thrust, 1b

: Cruise thrust, Ib

: Span loading parameter
: Useful load fractions

: Speed, knots
: Approach speed, knots

: The aircraft starts from zero and reaches the take-off speed
: Weight, Ib

: Empty weight, Ib

: Maximum take-off gross weight, 1b

: Landing weight, 1b

: Maximum landing weight, 1b

: Payload weight, 1b

: Fuel weight, 1b

: Atmospheric density, slugs/ft’

: Atmospheric density at sea level

: Density ratio, p/p,

: Ratio of specific heats or flight-path angle



Universitesi : istanbul Teknik Universitesi

Enstitiisii : Fen Bilimleri

Anabilim Dali : Ugak Miihendisligi

Program : Ucak Miihendisligi

Tez Danismani : Dog. Dr. Y. Kemal YILLIKCI

Tez Tiirii ve Tarihi : Yiiksek Lisans — Subat 2000
OZET

LOFTIN METODU KULLANILARAK JET MOTORLU BiR UCAGIN
KONSEPT DIZAYNI VE BOYUTLANDIRILMASI

Sevil SUSLU OZMENEKSE

Birinci ve ikinci kisimlarda 6n bilgi verme amaciyla aciklama yapilmstir.
Ugiincii kissimda yontemin ana hatlan agiklanmustir. Yontemin uygulanisina
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SUMMARY

CONCEPTUAL DESIGN AND SIZING OF JET POWERED AIRCRAFT
USING LOFTIN METHOD

Sevil SUSLU OZMENEKSE

Brief information was given in the first and second chapters. The third chapter
includes the main principles of the method. Some other criteria could be
included in the method. The final figure was formed in order to clearify the
zones satisfying the mission requirements. For instance, there is no matching
point satisfying the mission requirements under take-off field length curve. For
the other two curves, there are no matching points either. If a wing loading
value has been defined, there will be no matching point at the left-hand side of
the left vertical line. For the three curves, four or five wing loading-thrust
loading couples were formed instead of making assumption for the wing
loading. Comments have been presented in chapters 4 and 5. Also a sample
performed in MS Excel has been presented in this study.
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1. INTRODUCTION

The aim of this project is to adapt Loftin Jet Aircraft Conceptual design method to an
MS Excel database. During the project, previous studies on Loftin Method were
investigated. In this project, Loftin Method was studied and developing an Excel

database, a sample design has been made.

Conceptual design means determining the major dimensions of an aircraft starting
from the selected or given performance and mission criteria of the aircraft. The
mission of an aircraft is to transport a certain amount of payload to the highest
possible range, in the shortest time, in a safe and cost effective way. Maximum range,
load, speed and safety are the key criteria for design. Design, development, test,
manufacturing and maintenance of an aircraft are subjected to some rules set by

regulations and specifications.

Issues like airport specifications, engine noise limits, mission characteristics are all
standardized in those international regulations. ICAO is an international regulation.
FAR is national regulation of the U.S. The U.K. uses BCAR regulation that is quite
similar to FAR.

The first step to design an aircraft is to determine the demand considering the amount
of the total budget of the project. At the end of the demand analysis a tangible target
(such as “ an inter-city taxi jet aircraft will be designed with 6 people capacity and
800 aircraft will be sold within 15 years time period and spare parts and maintenance

will be provided”) should be set.

If the demand is sufficient to design a new aircraft, conceptual design phase starts. In
this phase Loftin or some other methods like Roskam, Raymer etc. can be used. The
general features and dimensions of the required aircraft is determined with the

conceptual design.



Performance means flight characteristics. Range, speed, altitude, maximum payload,
cost efficiency are the key criteria in defining the performance. Conceptual design
methods provide only some performance and mission criteria. In order to determine
the cost of development manufacturing and operation of the aircraft, different
methods should be used. In this study, related equations to design an aircraft using
Loftin Method are created in Macintosh Excel environment. A conceptual design has

been presented made by the developed database software.

When Loftin Method is used, the input data used in the beginning phase of the

method must be logical to provide correct output data.

For instance, if landing field length is used as 3.300 ft. during the simulation and in
order to satisfy other mission characteristics we found that landing distance must be
3.800 ft. It means that the aircraft will need 15 % longer landing distance.
Application steps of design have been shown in the study. Statistical data and
graphics of modern business jet aircraft were added to the study. As an example, a
design was added to the study as well. Flow charts were also provided and the charts

used for performance calculations were taken from reference [1].



2. CONCEPTUAL DESIGN

2.1 Introduction of the Method

‘The mission will be defined first and then using the method major dimensions and
characteristics of the aircraft will be calculated such as gross weight, empty weight,
fuel weight, engine thrust, wing area, length and fuselage maximum diameter. If
output data is not as expected, mission requirements are changed and calculations are
repeated. Using interpolation methods, some data such as maximum cruising altitude,
non-dimensional lift coefficients, wing loading and thrust-loading ratio can be

calculated.

The characteristics of the aircraft utilized in developing the various correlation
includes various versions of a given design and encompasses long medium and short-
range commercial transport aircraft as well as the smaller business jet aircraft. Using
the method, conceptual design of aircraft gross weights extended from 10.500 Ib. to

800.000 Ib. can be done with a sufficient precision.

If the velocity of the reference aircraft (in knot) is multiplied by the root chord (in
feet), we get 16.300. We will use 16.300 as Reynolds coefficient. The O zero lift drag
coefficient of this aircraft is 0.0131. We will make an assumption using the both

values. If we name it RFC (Reynolds Factor); RFC will be taken as 0.451 using

RFC = (VELC,,)/16,300

equation for the given velocity and root chord. If a smaller and modern turbofan
aircraft is accepted as reference, RFC can be taken as 0.33 and assumed as constant.

It is the same for root chord C

root *

Another assumption is made by taking Oswald

coefficient which shows wing efficiency as 0.7 and constant. In reality the wing



efficiency of these aircraft is 0.8 but for safety reasons it will be used as 0.7 in this

study.



3. LOFTIN METHOD

3.1 Performance Objectives

Modern jet-powered cruising aircraft are designed to meet, as a minimum, the
following performance criteria:

1. Airport Performance

FAR landing field length; missed approach requirement

FAR balanced take-off field length; second-segment climb gradient requirement
2. Cruise Performance

Cruising speed usually expressed in terms of Mach number.

Range

Payload

Considering these criteria following parameters are determined:

Gross weight

Fuel weight

Empty weight

Wing area and wing loading

Engine thrust and thrust loading.

The cruising altitude is given by the analysis. For simplicity, noise constraints are not

considered in the conceptual design phase.



3.2 Sizing Procedure

The landing field length and approach lift coefficients are utilized to calculate wing
loading. The approach lift coefficient depends upon the type of high-lift system and
is chosen on the basis of statistical data for current aircraft. Using take-off field
length and lift coefficient, thrust-to-weight ratio is calculated as a function of wing
loading. The lift coefficient is again determined on the basis of statistical data for

current aircraft.

The difficulty in satisfying missed approach and take-off climbing gradient
requirements is a result of the necessity for providing the same performance with loss
of an engine in these situations . In the cruise matching analysis thrust-to-weight ratio
is determined as a function of wing loading. The defined thrust loading is sufficient
for each wing loading to permit steady flight at the specified cruise Mach number and
at the design lift coefficient which are usually near that for maximum lift-drag ratio.
The altitude for cruise also comes from this analysis. The inputs to the cruise
matching analysis are aircraft lift-drag ratio L/D, engine performance, cruise Mach

number M, and characteristics of the atmosphere.

Rapid methods are presented for estimating the lift-drag ratio in terms of certain
geometric characteristics of the aircraft. The appropriate characteristics of the
atmosphere are presented in a form which relates wing loading and altitude to Mach
number and lift coefficient. The characteristics of four representative turbofan
engines are presented in a convenient non dimensional form that allows easy scaling

of pertinent parameters to different engine thrust levels.

The outputs of the analysis will be utilized to determine other flight characteristics
such as wing loading and thrust loading. The output values of wing loading and
thrust loading are utilized in the weight analysis. The specific value of the ratio of
payload weight to aircraft gross weight is calculated. The fuel fraction is determined
from the Brequet range equation for the specified range and cruise Mach number.

The payload weight is a specified value. Using the formulas, first empty weight, then



fuel weight and finally gross weight is calculated. Such quantities as wing area, total

thrust, fuel load, and operating weight empty may then be calculated.

Figure 3.1 Main Screen

3.2.1 Landing Field Length

The landing field length is defined by ICAO and by the Federal Air Regulations for
transport category aircraft. These regulations define landing field length and landing

distance.

The landing distance is measured horizontally from the point at which the aircraft 50
ft above the surface, to the point at which the aircraft is brought to a complete stop on

a hard, dry, smooth runway surface.

The landing field length is obtained by dividing the measured landing distance by 0.6
in order to account for the possibility of variations in approach speed, touchdown
point, and other deviations from standard procedures. The procedure for estimating
the FAR landing field length is divided into two steps. The first step relates the
approach speed to the wing loading and the lifting capability of the wing and flap
system; the second step expresses the actual FAR landing field length as a function of

the approach speed. During the landing, the angle from the point at which the aircraft



50 ft above the surface, to the point at which the aircraft comes to touchdown point
can be considered as zero. So in the equation wing loading can be considered as

equal to gravity and thrust is equal to drag. But in reality W,

mxi

is greater than lift

Land drag force D is greater than thrust T. The equation for lift in metric system is;
L=W,, =C,pV;SI2 (3.1)

But the equation will not be used in metric system. We can take L as equal to

maximum landing weight, W,,; is maximum landing weight, C,, is approach lift

coefficient, V, is approach speed. If we substitude the value of p,

L=W,, =C,oV’5/294 (3.2)

and

v, =1715 |22 33
y o C,o (3.3)

In this equation, L and W are in lb, S is wing area in square feet, s is non-dimensional
atmosphere density ratio, V is speed in knots. The last equation shows that approach
speed is a function of wing loading and lift coefficient. The lift coefficient is related
to high-lift system and there is a linear relation between landing field length and

approach speed.

Figure 3.2 Landing Performance Table



At the missed approach and one engine inoperative conditions, the equation for climb

gradient becomes

N 1
TIW =——(

= N_1p" (3.4)

In this equation N is the number of engines. The specified climb gradients are 2.7
percent for four-engine aircraft, 2.4 percent for three-engine aircraft, and 2.1 percent
for two-engine aircraft. The change of the landing thrust loading with aspect ratio and

lift coefficient is presented in fig. 3.4.

L/D is given

L/ID=C/C, = © __ G > (3.5)
T C,+Cy, C;
Cyp+ Ao
¢

- 3.6
di 7&46 ( )
C, =C, +AC, +AC,, 3.7)

In this equation, C, is induced drag coefficient, C,, is total drag coefficient except
Cy» C,is drag coefficient due to flap deflection, C,, is drag coefficient due to

landing gear, A is aspect ratio and “e” is Oswald’s airplane efficiency factor. Figure
3.2 presents the relation between the landing parameter in and the approach speed.

Minimum operating weight is calculated using the formulas.



034

03

028

028

022

02

032 £

Wy's

Formulas

75

Figure 3.4 Landing Performance 2 Graphical Display
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3.2.1.1 Take-Off and Landing Weight Relationships

In order to relate the thrust requirements for these two manuveaur, the maximum
landing weight must be known in terms of the maximum take-off weight. Maximum
landing weight varies in accordance with the range of the aircraft. The relation
between the landing weight and range is determined based on the data of the current

aircraft. There are 3 range categories:

Short Range : 1000-1500 nm = 1850-2780 km
Mid Range : 2000-3000 nm = 3700-5550 km
Long Range : 3000-4000 nm = 5550-7400 km

The approximate value of the ratio of W, /W, for short, mid and long-range aircraft

is 0.91, 0.82, 0.73. The thrust loading for these situations is:

(T, /W X(T, I W,)=1/ (W, /W,)=1/091=1099 (Short Range)

(T, / W)(T, | W,) = 1/ (W, /W,) = 1/082 = 1.22 (Mid Range)

(T, / W)(T; /W,) = 1/ (W, /W,) = 1/0.78 = 137 (Long Range)

The ratio of landing weight take-off weight is shown in Fig. 3.4

3.2.2. Take-Off Field Length

During the take-off, the speed of the aircraft starts from zero and reaches the take-off

speed V.. The equation for this state is:

L=W, = C,0V.S /2% (3.8)

The FAR take-off field length contains certain inherent safety features to account for
engine failure situations. If an engine should fail during the take-off roll at a critical

speed, called the decision speed, the pilot is offered two action options. He may elect

11



to continue the take-off on the remaining engines. In this case the take-off distance is
defined as the distance from the point where the take-off run is initiated to the point
where the aircraft has reached an altitude of 35 ft. In the second alternative, the pilot
may elect to shut down all engines and apply full braking. The decision speed is
chosen in such a way that the sum of the distance required to accelerate to decision
speed and then decelerate to a stop is the same as the total distance for the case in
which the take-off is continued following engine failure. If we get the same take-off

field length for the both situations, it is called FAR balanced field length.

Vi
Yk =Z (3.9)
7;/Wg=a/g (3.10)
2w
V= pC[:S (3.11)

In these equations; [, shows the distance required to accelerate to the lift-off speed,

a shows average acceleration of aircraft along ground, r shows atmospheric density, g

shows acceleration due to gravity, 7, shows sea level static thrust, W, shows

maximum take-off weight.

12



K=—01o (3.12)
ol
o= (3.13)
o
K WIS
~ (3.14)

] = &
* o Cuo (I 1W,)

l,=KTOP (3.15)

In these equations; p, is the atmospheric density for standard sea level conditions, K
is a constant value, TOP is the take-off parameter. There is a linear relation between

[i}

the TOP and take-off field length. The relation is given with fig. 3.6.

N 1
T<>/V‘§=7VT1(L/—D+7) (3.16)

equation will be used. This equation is the same as landing field length equation, but

here take-off values are used. The variation of thrust loading in accordance with

aspect ratio and lift coefficient is shown in fig. 3.7.

Figure 3.6 Take-off Performance 1 Input Screen

13
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3.2.3 Cruising Analysis %

A cruise analysis will be done considering the g1

performance. The cruising criterion to be used here ist

airframe characteristics will be matched in such a way §
specified design range at a given cruising Mach numb{
fuel. The quantitative relationship between the ranget
engine characteristics, and the fuel used during cruisingﬁ

range equation: i

|

5 V(LID) |

SFC ;

W IW =1— 5
y g eR/B

where B is the Breguet factor, R is range (nm), V is spe:

weight (Ib), SEC is engine specific fuel consumption (lit

per hour).

14
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it tfe pertinent engine and
to p£rmit achievement of a
for a minimum amount of
he significant aircraft and
ghtis given by the Breguet

!

(3.17)

(3.18)
|
Kknots), W, is aircraft fuel

of fuel per liber of thrust




Figure 3.8 Cruise Performance 1 Input Screen
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Figure 3.10 Cruise Performance Table
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3.2.3.1 Aircraft L/D Characteristics

Highly sophisticated and accurate methods are available for estimating the lift and
drag characteristics of aircraft. There are several methods for estimating drag polar.
One of the methods is Roskam Method that permits a rapid estimation of the aircraft

lift-drag characteristics.

If the drag polar is assumed to be symmetrical about zero lift, the drag coefficient at

any lift coefficient below the stall may be may be expressed as follows:

2

C
C,=C, +ﬁ (3.19)
C C
L/ID=C/C,= L= L 3.20
: ! CdO + Cdi C + (:l2 ( )
40 " rAe
where

C, induced drag coefficient
C, total drag coefficient

A wing aspect ratio
e Oswald Factor

C, lift coefficient

The value of the lift coefficient for the maximum value of L/D, and the value of

(L/ D),,, may be deduced by taking the derivative of equation (3.16) with respect to

max

C, and equating this derivative to zero. Thus,

— Clz

Cdi = CdO = ;4—(3

(3.21)

16



Equation 3.21 indicates the very important result that the induced drag coefficient is
equal to the zero-lift drag coefficient at the maximum value of the lift-drag ratio. The

total drag coefficient at (L/ D),_,, is then equal to twice the zero-lift drag coefficient

max

or twice the induced drag coefficient.

c=20,=2
‘ “  rAe (3.22)

From equation 3.22 the lift coefficient corresponding to (L/ D)., is given by

C,=+ meC, (3.23)

Since the total drag coefficient at (L/ D)_,, is twice the zero-lift drag coefficient

max

/C, = NG,

(L/D), =C

" 2C, (3.24)
or, more conveniently,
(L/D), =05 ”—é“f
o (3.25)

Equations 3.23 and 3.25 are extremely useful and will be utilized in subsequent

analysis.

17



Figure 3.11 Aerodynamic Variables Table

3.2.3.2 Estimation of Maximum Lift Drag Ratio

(L/D),,, can be calculated in two ways: Utilizing wetted area of the aircraft and

using Reynolds number. Both methods need Reynolds ratio (L). Regardless of which
method you use, the value of the zero-lift drag coefficient is estimated by
extrapolating a known value for a current, reference aircraft. The methods give

following results:

L/ D=05 %f
do (3.27)
C./C,, :(SS% (3.28)

The subscript r refers to reference aircraft which is a modern, four engine, long-range

transport aircraft with 0.0131 zero-lift drag coefficient, with §,/S ratio of 5.0

(wetted area/wing area), with an optimum cruising altitude of 35.000 ft, and with the

multiplication of the velocity in knot and root chord in ft is 16.300.

md” 1
Sls /S = T(E - 1) + 2(1 + Sky /S) + Smh N (3'29)

18



where
d fuselage diameter
1 fuselage length

S,, sum of vertical and horizontal tail area

S, nacelle wetted area

An examination of the characteristics of current aircraft yielded average values of

0.44 and 0.47 for S, /S and S, /S respectively.

313 _4md® 4 1 3.30

S./8§=3.38 7S ( d) (3.30)
_ _R—IIG

C@/Cdnr_( R) (3.31)

If cruising at the same altitude is considered, the equation takes the form
Vo), \,
ColC= (Y ey (3.32)

where v cruising speed, ¢ root chord.

L ratio is given below:

__Ve 3.33
L=16300 (3.33)

3.2.3.3 Variation of Lift Drag Ratio with Lift Coefficient

The value of the lift coefficient at (L/ D), was calculated in previous sections. The

max

value of the lift-drag ratio at lift coefficients different from that for (L/ D), is

frequently needed.
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C,+——
_ e rAg (3.34)

CI / Cdm - C 2

Czlo+—7;£;
C.>=rnAeC, (3.35)
¢=C/C, (3.36)
c,/cd,,=(1+TQ2) (3.37)
L/D _ 2¢ (3.38)

@7D),. T+C7

where C, the ratio of the lift coefficients, C,, drag coefficient corresponding to

maximum lift.

The last equation is shown in fig. 3.12.

Figure 3.12 Aerodynamic Coefficients Input Screen
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3.2.3.4 Airplane Efficiency Factor: Oswald Factor

Induced drag coefficient is directly proportional with the square of lift coefficient and
inversely proportional with aspect ratio and efficiency factor. The efficiency factor
can be for the entire airplane or for the wing alone. Induced drag coefficient is
generated in two ways: First, a wing operating in an inviscid flow generates a drag

due to lift. Second the drag due to viscosity. The expression for Oswald Factor;

—-_u_ 3.26
¢=T+KrAu (3-26)

where u span loading parameter.

According to the equation; the airplane efficiency factor increases with decreasing
aspect ratio for a given value of K. The variation in viscous drag coefficient with lift
coefficient becomes a larger proportion of the total drag coefficient increment due to
lift as the aspect ratio increases, and, hence, is responsible for the effect of aspect

ratio on the airplane efficiency factor indicated by equation.

The value of the airplane efficiency factor for clean aircraft (flaps and landing gear
retracted) is usually between 0.70 and 0.85. In our calculations, considering safety it

will be taken as 0.70.

3.2.3.5 Engine Characteristics

The engines must provide sufficient thrust to balance the aircraft drag in cruising
flight at the desired combination of altitude and Mach number at which the aircraft is
to be operated. The thrust that the engine is capable of producing is primarily a

function of the altitude and Mach number.

Two different thrust ratings are given for a particular engine. These ratings are
defined as the maximum take-off thrust, which can be used for only short periods of
time, and the maximum continuous thrust. The maximum continuous thrust is almost
always less than the maximum take-off thrust. A relationship between the maximum

continuous thrust and maximum take-off thrust is needed for use in matching the
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engine to the aircraft so that sufficient thrust is available for cruising flight at the

desired conditions.

The ratio of maximum continuous thrust to maximum sea level thrust is presented as
a function of Mach number for different altitudes for four different turbofan engines.
Engines A and B are modern high compression ratio engines with bypass ratios of 4.5
and 6.0, respectively, whereas engines C and D are older engines with bypass ratios
of 1.4 and 1.1, respectively. The amount of fuel that the engine consumes in order to
produce a given amount of thrust is another important performance parameter. The
specific fuel consumption, expressed in pounds of fuel per pound of thrust per hour,

is a function of Mach number and altitudes.

3.2.3.6 Cruise Matching

The relationship between the wing loading and thrust loading for the cruise condition
must be chosen in such a way that the aircraft can fly with sufficient thrust to balance
the drag at the desired Mach number and at an altitude which permits operation at
some specified design lift coefficient. Typically, for the purpose of matching the
engine to airframe, the specified lift coefficient is chosen to be that for maximum lift-
drag ratio, and the wing loading and thrust loading are based on maximum take-off

gross weight.

TC:DZ% (339)

TC/T0=-(EV;—I/)7):— (3.40)
_ 1

T,/W,= T ITYLID). (341

where T is the cruise thrust.

4
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In order to obtain the maximum range, lift-drag ratio must be the maximum. 7; is the

thrust of the installed engine. The installed engine thrust is somewhat less than the
uninstalled value quoted for the engine by the manufacturer. Thrust ratio varies with
altitude and Mach number. The variation of wing loading as a function of altitude

and cruising parameters is shown in fig. 3.13.

W/S=C,q:C,M2—A‘14—2 (3.42)

_CLFB_?_ (3.43)
MV
aZ

a’ =DpyP ana X";— =p% (3.44)

.y 3.45

h=r§ (3.45)

where p is the static pressure, g is the ratio of specific heats, a is the speed of sound

and q is the dynamic pressure.

: Resutt ; i g2 ; .
» e Formulast ! . }

086 R : : : | A B o
2 (e Formulas2 l .

08 : : =

Torlg

Wais

o

Figure 3.13 Performance Evaluation Graphical Display
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3.2.4 Aircraft Sizing

The matching procedure gives values of the wing loading and thrust loading needed

to meet cruise and airport performance objectives. In this section aircraft gross

weight will be calculated.

Engng Type.
ABCD
Shepe4.24/4.27

Figure 3.15 Parameters Table
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3.2.4.1 Fuel Fraction

The Breguet equation for calculating the fuel fraction is;

1
W, IW, =1~ — (3.47)

where B is Breguet range factor, R is range (nm), V is speed (knots), W, is aircraft

fuel weight (Ib), ¢ is specific fuel consumption (liber of fuel per liber of thrust per

hour), L/D is average cruise lift-drag ratio and Wg is aircraft gross weight (Ib).

Breguet factor is given by the expression;

-V L 3.48
B=<srcD (348)

In this equation L/D must be an average value during the flight. In order to calculate

the average value of (L/D), we should define new parameters:

F, =fut by (3.49)
T2

K,,= ? (3.50)

K, = i;m (3.51)

F,= FK”—“2L—1<— (3.52)

C= g (3.53)

C, :_L_va (3.54)
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F, is average value of (L/D), F, is the value of (L/D) at the beginning, F,, is the
value of (L/D) at the cruise end, K,  is the ratio of F, to the maximum value of
(L/D), K,, is the ratio of F,, to maximum (L/D), C, is the ratio of beginning lift
coefficient to maximum lift coefficient, *Cﬁ is the ratio of ending lift coefficient to
maximum lift coefficient, W, /W, is the ratio of landing weight to take-off weight.
Using the value of C,, corresponding to K, then C,, is calculated by multiplying

Cus by W /W,. Using C,, again, K, is found. Using the value in equation 3.52,

F_ is calculated.

or

3.2.4.2 The Calculation of Other Characteristics

In order to calculate the gross weight, we need W,, W, /W,, U useful load fractions.

U useful load fractions can be found as a function of thrust loading.

W=t _ (3.55)
g U _E]_‘;
p— Wg

U= _WIVJ[;_W (3.56)

For the empty weight W,,, fuel weight W, wing area S, engine thrust T;, fuselage

diameter d and fuselage length I; the following expressions will be used:

W,=W (1-U) (3.57)
/

W =W W, (3.58
¥ RWx )
_ Wg 3.59

§= W /S (559
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_w L, (3.60
]:)_Wg Wg )
_ 45,5, 3.61
d=\42(2) (3.61)
I=d(/d) (3.62)

The altitude of the aircraft will be calculated by interpolating the wing loading. By
multiplying the sound velocity by given Mach number for the mission, cruising speed

is determined.

Formulasi

Figure 3.16 Sizing Input 2 Screen
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3.2.5 Findings

In this section, the variations of fundamental parameters according to each other will

be summarized.

The increase in Mach number means increased altitude and wing loading. Since the
velocity of the sound decreases with the increase in altitude, Mach number must be

greater at high altitudes than at lJower ones.

With the increase of useful load fraction gross weight decreases. Gross weight again
decreases if Fuel/Weight ratio decreases. Engine thrust should be proportional with

gross weight.

If the range of the aircraft increases, fuel/weight ratio decreases. With the increase of

the Brequet Factor, W, /W, increases that means that more fuel is needed per unit

airplane weight. Consequently, less payload can be considered. In order to decrease
the Brequet Factor, either specific fuel consumption can be increased (ie. cruising
altitude can be decreased) or aircraft speed can be decreased (ie. cruising altitude can
be increased). To find an optimization, a comparison must be done between the
variation gradient of specific fuel consumption as a function of altitude for the
chosen engine type and the variation gradient of sound velocity at design altitudes.
Thrust-to-weight ratio has no effect on the range. Useful load fraction varies with the

range. Brequet factor is also independent from the range. W, /W, depends on the

range. Since the payload does not vary with the range, gross weight varies with the
range. The most important parameter on gross weight is payload. This is a very

important result.

Thrust-to-weight ratio is inversely proportional with (L/D) ratio. But wing loading
can be proportional with (L/D). (L/D) ratio varies with zero-lift drag coefficient and
aspect ratio. If zero-lift drag coefficient remains constant while aspect ratio is

increasing, the cruising parameter increases and so wing loading increases. The most
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important parameters effecting the wing loading are Mach number, take-off and
landing field lengths. If the cruise performance curve does not match the take-off and
landing performance curves, either Mach number can be decreased or take-off and
landing field lengths can be increased. Thrust-to-weight ratio has no effect on the
range. But generally, if requirements for the take-off are met, requirements for the
landing are also satisfied. The range has got an effect on thrust-to-weight ratio during

landing performance. The effect of range decreases for mid-range and long-range.

Without increasing take-off and landing field lengths, take-off and landing curves can
not be matched cruising curves (only speed can be decreased but this way is not
generally preferred). For the values of the lift coefficient until 2.0 extrapolation

methods can be used and in this way corresponding values of 7, /W, and W, /S can

be calculated. The aircraft having the same aspect ratio will have the same take-off
and landing curves. Independent from the mission of the aircraft, different wing
loading will be obtained for constant thrust. The thrust loading is independent from
the mission of the aircraft, different wing loading will be obtained for constant thrust.
The thrust loading for an aircraft is generally about 0.2. With the increase of aspect
ratio, a decrease in thrust loading is obtained for the same wing loading. This is an
expected situation because the greater the aspect ratio is, the less the additional drag
due to three-dimensional body and the higher the efficiency is. Zero-lift drag
coefficient, maximum lift coefficient, Mach number, and maximum lift/drag ratio are
not considered in take-off and landing performance calculations. These effect only
cruising performance. It means that, surface area, aspect ratio, (L/D) ratio effect only

cruising conditions as well.
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4. SAMPLE DESIGN

The range of the aircraft will be 3,150 nm. The distance for flight to an alternative
airport due to an unplanned situation will be 500 nm. Total range is 3,650 nm. There
will be 7 people totally on the aircraft and their baggage will be totally 1,510 Ib.
Take-off field length is 5,875 ft and landing field length is 3,300 ft. The cruising
speed will be 0.8 Mach and the aircraft will have two C type turbofan engines with
low bypass ratio. The fuselage length will be 68 ft, fuselage diameter will be 8.9 ft So
1/d ratio is 7.64, the ratio of fuselage section to wing area (SGS) is 0.119, reference
wing area is 520 square ft The aspect ratio will be taken as 6. The targeted airplane
has got an aspect ratio of 8.5. In order to match the cruising curve with ground
conditions curve, the aspect ratio is assumed as 6. The target aircraft is actually an
existing one. At the end of this method, the characteristics and major dimensions of

the final aircraft will be determined.

4.1 The Steps of the Design

1. VAP: LNL= The square root of square of approach speed at 3,300 ft.
2. CLC Approach lift coefficient. It is a value between 1.2-2.2 for current aircraft.

3. WSR: Square root of wing loading parameter. It is found considering VAP and
CLC.

4. WSL: Landing wing loading parameter. It is calculated by taking the square power
of WSR for s=1.

5. TWL: Landing thrust-weight parameter. It is found according to CLC lift
coefficients for ASR= 6 and ENN= 2.

6. WLW: Landing and take-off weight ratio. It is found for RAN= 3,650 nm. as
0.760.
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7. WLC: Landing wing loading. (WSL/WLW)
8. TLC: Landing thrust-to-weight ratio. (TWLWLW)
9. TOL: Take-off field length according to FAR. (given as a design condition).

10. CLC: Second segment climb gradient lift coefficient. It is between 1.2-2.0 for

current aircraft.

11. CLT: Aircraft lift-off lift coefficient. It is a value between 1.73 and 2.88.
(1.44CLC)

12. TWT: The thrust loading needed to satisfy minimum climb gradient requirement
during second segment climbing. It is found for CLC and ASR=6.

13. TOP: Take-off parameter. It is found according to TOL.

14. WST: Take-off wing loading. It is calculated by the expression CLTTWTTOP

assuming s=1 (ie. at sea lev:el and ISA conditions).

15. ENT: Engine type. (A, B, C or D)

16. MAC: Cruise Mach number. It is a given value as 0.8.

17. FIM: Cruise maximum (L/D) ratio. It was previously calculated.

18. CLM: Cruise maximum lift coefficient according to FIM.

19. CUP: Cruise parameter. It is calculated by the expression CLM MAC”
20. WCS: Cruise wing loading. It is obtained from current -aircraft data.

21. ALT: Altitude. It is found according to CUP and WCS. (It is not the altitude

given in the beginning.)

22. TCT: The ratio of THC (engine altitude thrust) required for steady state cruise at
cruise altitude to THR (thrust at ALT=0 and ISA conditions). It is found for engine
type C according to MAC and ALT (found from CUP and WCS).
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23. TWC: Cruise thrust to weight ratio. It is the ratio of THR to WGR. 1t is
calculated by the expression 1/(FIMTCT).

24. FIB: Initial cruise (L/D) ratio and taken as 1 and 0,97.

25. FOR: Average cruise (L/D) ratio. It was calculated by using the values of ASR= 6
and FIM= 12,96.

26. ENT: Engine type C.
27. WSF: Matching wing loading values.
28. TWF: Matching thrust loading values.

29. ALF: Matching altitude values. It is calculated by interpolation using WCS and

ALT (cruise) values used during the cruise performance.

30. VES: Sound velocity in knot at altitude ALF. It is found from standard

atmosphere tables.

31. MAC: Design Mach number. It is given in the beginnig.

32. VEF: Cruise speed. It is calculated by the expression VESMAC.

33. SFC: It is found for engine type C for ALF and MAC=0,8.

34. BRQ: Brequet range factor. It is calculated by the expression VEFFOR/SFC.
35. RAN: Design range. It is given as 3650 nm.

36. WFEF: Fuel gross weight ratio. It is calculated by the expression 1—-1/ (eR '8 )

37. WPY: Payload weight (staff, passengers and baggage). It is given in the

beginning as a design condition.
38. UPF: Useful load fraction. It is found for different values of TWF.
39. WGR: Gross weight. It is calculated by the formula WPY/(UPF-WFF).

40. WEM: Empty weight. It is calculated by the formula WGR (1-UPF).
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41. WFU: Fuel weight. It is calculated by the formula WFFWGR.
42. SUR: Wing area. It is calculated by the formula WGR/WSF

43. THR: Take-off maximum static engine thrust. It is calculated by the formula
TWFWGR.

44. SGS: The ratio of fuselage cross section to wing area. It is chosen according to

the reference aircraft.
45. DIA: Fuselage diameter. It is calculated by the formula 4SURSGS/3,14.

46. LEN: Fuselage length. It is calculated by the formula THNDIA.

2 ki :
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Figure 4.1 Help Screen 1
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Figure 4.4 Canadian Challenger Business



4.1.1 Mission Characteristics

A/C COMMERCIAL NAME

A/C MODEL

ENGINE TYPE

A/CTYPE

MAXIMUM TAKE-OFF WEIGHT

MAXIMUM FUEL WEIGHT

EMPTY WEIGHT

ENGINE THRUST

WING LOADING

THRUST LOADING

TOTAL WING AREA

WING ASPECT RATIO

TOTAL LENGTH

FUSELAGE DIAMETER

CRUISE SPEED

MAXIMUM CRUISE ALTITUDE

TAKE-OFF FIELD LENGTH

LANDING FIELD LENGTH

RANGE
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Canadian Challenger
601-3A/ER
GENERAL ELECTRIC CF 34-3A

Business A/C with two turbofan

engines.

20230 Kg (44600 Ib)

8119 Kg (17900 Ib)

11310 Kg (24935 Ib)

EA 40.66 kN (9140 Ibst)
418.8 Kg/(m?) (87.7 Ib/ft?)
262.86 Kg/kN (2.58 Ib/lbst)
48.31 (m?) (520 ft?)

8.5

20.85 m (68 ft)

2.69 m (8.9 ft)

851 Km/h (459 Knt)
12500 m (41000 ft)

1791 M (875 ft)

1006 m (3300 ft)

6764 Km (3650 nm) (2 crews and

5 passengers)



4.2 Program Parameters

RAN: Range (nm)

WPY: Payload (Ib)

TOL: Take-off field length. (ft)

LNL: Landing field length (ft)

MAC: Cruise Mach number

ASR: Wing Aspect Ratio

THN: (L/D) ratio

OSW: Oswald factor

ENN: Number of engines

ENT: Engine type (A,B,C or D according to by-pass ratio)
RFC: Reynolds coefficient

DIA: Fuselage maximum diameter (ft)
LEN: Airplane length (ft)

SUR: Wing gross area (ft%)

VEL: Cruise speed (knot)

ALT: Cruise altitude (ft)

WGR: Gross weight (Ib)

WFU: Fuel weight (Ib)

WEM: Empty weight (Ib)

THR: Total engine thrust (Ib)
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CDR: Drag coefficients ratio

CDO: Drag coefficient at zero-lift

CLM: Maximum lift coefficient

CLA: Alternative lift coefficient

CLC: A lift coefficient between 1.2-2.0

CLR: Lift coefficients ratio

CLT: Lift-off lift ratio

FIM: Maximum (L/D) ratio

FIA: Alternative (L/D) ratio

FIR: The ratio of (/D) ratios

KBS: The ratio of (L/D) ratios at the beginning of the cruise
CBS: Lift coefficients ratio at the beginning of the cruise
CFN: Lift coefficient at the end of the cruise

KFN: The ratio of (/D) ratios at the end of the cruise
FOR: Average cruise (L/D) ratio (FIM)

VAS: Square of approach speed

VAP: Approach speed

WSR: Root of wing loading parameter

WSL: Wing loading parameter

WLC: Landing wing loading

TWL: Landing thrust to weight parameter
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TLC: Landing thrust to weight ratio

TWT: Take-off thrust to weight ratio

TOP: Take-off parameter

WST: Take-off wing loading

CUP: Cruise parameter

WCS: Cruise wing loading

TCT: Engine thrust ratio according to altitude
TWC: Cruise thrust to weight ratio

WSF: Matching point wing loading

TWF: Matching point thrust to weight ratio
ALF: Matching point altitude

VSF: Sound speed at matching point altitude
VEF: Matching point airplane speed

UPF: Useful weight ratio

SFC: Specific fuel consumption

BRQ: The Brequet factor

WEFF: Fuel gross weight ratio

THM: Matching point engine thrust
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5. CONCLUSION

Using the Loftin method, the effects of the variables to each other are determined
precisely and tabulated. The relationships between these variables are formulated.
Additional data can be collected for small-size aircraft and figures are modified. In
this way, the variation of fundamental characteristics for small-size aircraft is found.
In order to make the calculation, the output data of Loftin method for current aircraft
models are used. The output data of Loftin method are gross weight, thrust and major
dimensions. Using the known values of current aircraft flight characteristics can be
calculated using the known formulas and relationships. In this way, a more realistic
design procedure based on the database is obtained. But there may be difficulties in
finding the data of current aircraft or the data we found can not be in the format we
need. Some sources can contain different definitions such as the speed at average

cruise weight etc.

935
0,30392] 88 1125619,2117567,
2% § 3% 4 2% § 2%

8,7861867,1303
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Figure 5.1 Size Comparison Output Screen
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