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APPROXIMATE METHODS FOR ESTIMATION OF CRUISE RANGE AND
ENDURANCE: AEROPLANES WITH TURBO-JET AND TURBO-FAN ENGINES

1. NOTATION AND UNITS "
SI British
A temperature gradient (Item No. 77022 gives values folK/m K/ft
ISA conditions)
a speed of sound km/h, kn kn
: . prLrV_rf
2 Cp drag coefficientD/ 508 600l S
vl : . prLrV_rf
§ CL lift coefficient, L/ 508 6000 S
s
It c specific fuel consumption, U weight flow basis  N/N h Ibf/Ibf h
% Q/Fy (see AppendiB) E mass flow basis  kg/N h slug/Ibf h
42 Cqs Gy constants defined in Secti@m3 kg/ N h Ibf/Ibf h
(O]
3 D drag N Ibf
'E. Dy intake momentum drag (ram drag) N Ibf
&
% Fo engine gross thrust N Ibf
S
= Fn net thrust (see Item No. 69006 for thrust definitions) N Ibf
.90
Y g acceleration due to gravity (see Appendix A of Item  m/s? ft/s
3 No. 73018 for values)
o)
g H geopotential height m ft
Hp pressure height m ft
Ky Ky coefficients in drag equation (Equati(th10)
L lift N Ibf
M Mach numbery/a
m aeroplane mass kg slug

When using Sl units it is usual to work in terms of aeroplane mass and fuel mass flow. This practice can of course hetfefiawsety

British units but the customary practice has been to work in terms of aeroplane weight and fuel weight flow. |2 tBediasic equations

are presented in terms of both weight and mass. Subsequent Sections, Tables, Figures and Appendices are, howevenmsrifen in te
aeroplane weight and fuel weight flow only, but the results given are equally applicable if aeroplane mass and fuel mass flow are used
provided the substitutio/ = mgis made. The Sl units have not necessarily received universal acceptance for the particular applications,
i.e. other multiples and sub-multiples may be used. Note also that although the knot is given as an alternative unit fonspédie so
equations only apply if time units are not mixed.
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N engine speed rev/s rev/min
n constant (see Appendi, SectionB3.2)

p pressure N/m? Ibf/ft2
Q total engine fuel consumption E Vﬁgg:;lgsvwbgﬁés Ilzlg/?h IS?IJ/S n
R gas constant for air, see page 3 for values Nm/kg K Ibf ft/slug K
R, air range km, n.mile n.mile
Rref reference air range (see Equat{dri)) km, n.mile n.mile
r conversion factor (values given at end of Notation) m/km, m/n.mile  ft/n.mile
S wing area m? ft2

T ambient temperature K K

t time, endurance h h

tes reference endurance (see Equafmi)) h h

\/ true airspeed km/h, kn kn

Ve equivalent airspeed(crl/2 km/h, kn kn
Viean mean cruise speed km/h, kn kn

w aeroplane weightng N | bf

We weight of fuel N Ibf

X guantity defined in Appendi®, SectionD3

y ratio of airspeed to minimum drag spe®dy, 4

o} angle of attack degree degree
% ratio of specific heat capacities of air

Ya angle of climb in still air (air-path angle of climb) degree degree
A denotes a change in the affixed parameter due to effects

of flight path gradient and acceleration in cruise-climb
(see AppendiD, SectionD2.)

0 relative pressurep/py

0 relative temperaturel/T,
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P density of air kg/m slug/ft
0] relative densityp/p
T angle between projection of gross-thrust vector on to degree degree

aeroplane plane of symmetry and longitudinal body
axis; positive wherkF;  contributes to lift

Subscripts
b denotes value at base of layer in International Standard Atmosphere
F denotes fuel
f denotes final condition
[ denotes initial condition
max denotes maximum
md denotes minimum drag condition irglevel flight
std denotes value in International Standard Atmosphere,
ISA
0 denotes value at sea level in ISA, numerical values given below

Constant and Standard Sea Level Values of Atmospheric Properties

ESDU Copyright material. For current status contact ESDU.

3 1 225.06 km/h, 340.29 m/s 661.479 kn, 1 116.45 ft/s
do 9.806 65 m/& 32.174 0 ft/$
Po 101 325.0 N/ 2 116.22 Ibf/it
R 287.052 87 N m/kg K 3089.811 4 Ibf ft/slug K
r 1 000 m/km, 1 852 m/n. mile 6 076.12 ft/n. mile
To 288.15 K 288.15 K
Po 1.225 0 kg/m 2.376 896 x 10° slug/ft
Y 1.4 1.4
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2. INTRODUCTION

Approximate methods are given for estimating the cruise range and endurance performance of aeroplane
powered by turbo-jet and turbo-fan engines. The methods are particularly suited to project-type calculations
and provide results applicable in still air. A separate Item, No. 73018, introduces the subject of range and
endurance estimation, discusses the factors that govern these aspects of performance and derives the ba
equations. The present Item, by making several simplifying assumptions, develops approximate versions
of those equations that have analytical solutions for cases of cruising flight in which at least one of the
parameters; airspeed, Mach number, pressure height and engine control setting is held constant. The
conditions in which specific air range and specific endurance may be maximised are examined and
expressions for air range and endurance presented for each cruise case. Curves are presented which pert
range and endurance in several cruise cases to be derived once the range or endurance in one referer
cruise case has been calculated. AppeAdixesents relationships derived from a parabolic drag law that

are used elsewhere in the Item. Apperi8lideals with the representation of fuel consumption data with
particular reference to range calculations. Apper@lidiscusses the implications for engine thrust at
“constant control setting” — one of the cruise cases considered in the Item. Appegides additional
information on cruise-climb performance including simple expressions for the flight path followed and the
correction to range due to flight path gradient and acceleration. An Example is included in Afpendix
demonstrate the use of these expressions for several types of aeroplane and in particular, to illustrate th
order of magnitude of the range correction. The effects of wind on the airspeed for maximum specific range
are considered in Appendix B of Item No. 73018.

An approximate method for adjusting estimations of cruise range, fuel and time to allow for climb and
descent is given in Item No. 74018 and an example of the combined use of that Item and the present Iten
is given in Item No. 74041. The range performance of propeller-driven aeroplanes is considered in Item
Nos 75018 and 77015.

2.1 Simplifying Assumptions

Except where otherwise stated, the following assumptions are used in this Item to simplify the performance
equations and, in particular, to derive the equations given in S@cfion

0] The aeroplane is a rigid body, has a plane of symmetry and has its mass located at its centre of
gravity.

(i) Changes in aeroplane mass or weight, other than those due to fuel consumption, areiignored,
in Equations (4.1) to (4.5) of Item No. 73018 the quaritity O

ESDU Copyright material. For current status contact ESDU.

(i) The effect of buoyancy is neglected.

(iv)  The aeroplane is in symmetric flight. no sideslip, and the inclination of the thrust vector to the
flight path is small and can be neglected (some effects of thrust vector inclination are considered
in AppendixB).

(v) The climb angle is smalko that, to a satisfactory approximaticosy, =1 siny, =0

(vi) There is no acceleration along the flight p*ath

In Appendix DO SectionD2., correction terms are developed which allow for finite values of both climb rate and acceleration along the
flight path for the case of cruise-climb at constait.
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(vii)  Variations in the value of with latitude and height are ignored

(vii)  The centripetal acceleration due to the aeroplane’s motion about the Earth is ignored
2.2 Basic Equations

The aeroplane performance equations, such as those in Section 3.2.1 of ltem No. 73018, are simplified by
applying the above assumptions and combined with the definition of engine specific fuel consumption in
Equation(B2.1) of AppendixB to give an expression for fuel flow, see Equati{i2.2) and (B2.3).
Equation(B2.3) is combined with Equations (4.1), (4.3), (4.4) and (4.9) of Item No. 73018 to give the
following two sets of expressions for specific air range, air range, specific endurance and endurance.

If aeroplane weight and fuel weight flow are used:

= R v _ v o _1vlL @1
7 dw Q cFn WcD
5 My M1viL
= R, = = dW = = — —dw, 2.2
§ a J’WfQ waWCD (2.2)
3 dt _ 1
+— _—_— = - 2
= aw ~ Q° (2.3)
= W, W,
o b dw 1 L
E t = — = — = dW . 2.4
8 wa Q wa cWD ( )
S
i If aeroplane mass and fuel mass flow are used:
10
(O]
5 Ra v v o_1ve _1ve 25)
E dm Q cFy Wc D mgc D’ ’
e
oo
B My ™1 vL
& R, = ~ dm = — = = dm, 2.6
§' a Ime Imf mg c D (2.6)
= dt 1
A -0 = = 2.7
vl dm =~ Q’ (2.7)
m. m
' dm 1 L
t = — = —— = dm. (2.8)
.rmf Q Imfcng

In this Item analytical methodlare used to derive from Equatiq@sl)to(2.4)(i.e. those based on aircraft
weight and fuel weight flow) the conditions necessary to obtain maximum specific air range and endurance
and expressions for cruise air range and endurance. To do this, substitutions are required for the variable
¢, L/D andV and, consequently, further assumptions are required in addition to those made in2Skction

If required, the combined effects of the variation in acceleration due to gravity with latitude and height and of thetaotéperation
due to motion about the Earth can be taken into accognsifeplaced by an “apparent acceleration due to grag/éte{p ". Values of
gapp are given in Appendix A of Item No. 73018.

T With one exception, see Sectiér2.2
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2.3

Additional Characteristics of the Aeroplane, Engine and Flight Path
Additional assumptions made and used to derive the results presented in this Item are as follows.
(@ The relationship between lift and drag during cruise is expressed either by

L/D = constant (2.9)

or by the parabolic drag law
- 2
Cp = K;+K, Cf. (2.10):

(i) The engine fuel flow characteristics are expressed in terms of specific fuel consumgtea,
AppendixB). Two cases are considered:

c=c, (2.11)
which is the simplest fuel flow law of practical use, or
c = c,/6M" (2.12)

which is fairly easy to apply and, within the limited range of engine speed and flight Mach number
appropriate to cruise, gives a reasonable approximation to the specific fuel consumption of current turbo-jet
and turbo-fan engines. Appendixpresents several types of fuel flow law; those defined by Equations
(2.11)and(2.12)are considered in SectioB8.1and B3.2

(i)  The cruise is flown with one or more of the following parameters held constant: true airspeed,
Mach number, pressure height, engine setting (see App€hdix

(iv) Ambient conditions are as defined for the International Standard Atmosphere, see Item No. 77022.
Still-air conditions are assumed throughout this Ttem

SPECIFIC AIR RANGE

This section is principally concerned with determining the flight conditions necessary to maximise cruise
specific air rangeand thereby to maximise the range itself.

Sketch3.1shows a typical example of specific air range performance data for a current subsonic transport
aeroplane plotted as curves-edR_/dW agaMsdfor fixed values oW at a given value oH_ . Item

No. 70022 describes alternative, more compact methods of presenting such data in “non-dimensional” form
and Figure of that Item presents the complete specific air range performance of another transport aeroplane
as curves oWWVQ (i.e. -W dR,/dW) plotted againsM for fixed values ofWd WWVQ is sometimes
referred to as the “range factor”).

" The effect of winds on the airspeed for maximum specific rargyeglative to the ground, is considered in Appendix B of Item No. 73018.
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0-08

H, =25 000 ft

0-07 } wWx1031bf

100

006
-0R,
W ™ mile/ Ibf

0-05 Optimum cruise M

at 25000 ft
004 . ‘ '
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M
Sketch 3.1

Since, for any aeroplane or flight, the valu&\dis only controllable to the extent that take-off and landing
weights may be selected, most interest is centred in finding the conditions necessary for maximum specific
air range to be obtained at any valué\bf

For example, in SketcB.2 curves of-dR,/dW are plotted againdtfor fixed values oH  at one value

of W. Two additional curves are shown in Ske3chand each of these has a maximum value at point “A”.

The broken line joins the points of maximum specific air range for each v of while the chain dotted
line is an envelope curve which shows the maximum specific air range at any vslluSladtch3.2thus
demonstrates that, for a turbo-jet or turbo-fan powered aircraft, the range performance generally increases
with increase in cruise height and Mach number and the limit to such increase in performance is "reached
in this case at point “A”. Such a limit may, for example, be due to ‘

ESDU Copyright material. For current status contact ESDU.

(@ the rise in engine specific fuel consumption associated with incredsésee AppendiB) or
(i) the increase in aircraft drag associated with operation at higher vallves of

In some cases it may not be possible to attain the flight conditions associated with point “A”, for example
due to

(1) there being insufficient cruise thrust available,

(i) the point being outside the permitted flight envelope.
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Sketch 3.2

From Equation2.1) the necessary condition for obtaining the maximum specific air range at any given
value ofW is that {//c)(L/D) (i.e. WMQ) be a maximum. Sectio®sl and3.2 consider the conditions for
maximum specific air range for particular cruise cases.

General Lift and Drag Conditions for Maximum Specific Air Range

Table7.1presents expressions fedR /dW  and the conditions in terms of lift and drag that are necessary
if, at any instant{dRa/dV\qmax is to be obtained while flying at some given valu&/air M or H, or

engine setting. The expressions are presented for each of the fuel flow laws given in Sgetiahit

should be noted that they anelependent of the way in which drag varies with lift

Specific Air Range Using a Parabolic Drag Law

Further deductions may be made regarding the flight conditions necessary to achieve the maximum specific
air range if the relationship between the cruise lift and drag coefficients is assumed to be that given in
Equation (2.10) Appendix A summarises a number of standard results that may be derived from
Equation(2.10)and are required here. In particular, EqQua(®h.8) defines the relationship between the

L/D ratio and speed, see FigureTable7.2 presents the conditions for maximum specific air range at any
givenWwhen cruise lift and drag are related as in EqudfatD)

If Equations(2.1) and(A1.8) are combined then the specific air range is given by

dR § E
_a _ _2 Lo y
- = =v —— 3.1
dw ~ oW M2 15 (3.1)
%’ y2D

SketctB.3presents specific air range data derived from Equgiapas curves ofL/D (= —cW dR,/dW)

for an aeroplane for which it is assumed tkat=0.02 K,,= 0.05 W/S= 100 Ibf/f andc = constant

(the numerical values chosen are broadly representative of subsonic transport aeroplanes). In addition tc
the specific air range information the Sketch illustrates the conclusions derived i7 Pablgarding the

speeds necessary pra/demaX . A similar set of data could be constructed for any other fuel flow law
and drag constants.
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Sketch 3.3 Typical variations of \% for subsonic transport aeroplane in cruise
c is constant,
Cp = 0.02+ 0.05CZ,
w
= =100 Ibf/it
S
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4. AIR RANGE

The methods of estimating range presented in this Item are, with one exception (seedS2tiknased

on the analytical integration of Equati¢®.2). For each of the cruise cases considered the appropriate
assumptions regarding the aircraft, engine and flight path characteristics are selected from those given ir
Section2.3. The cruise cases may be subdivided into two groups depending upon the relationship assumed
between cruise lift and drag (see Sec#dhitem (i)) and are considered in this way in Sectibfignd4.2

Expressions foR, are presented for each cruise case in Tabtewl7.4for the two fuel flow laws given
in Section2.3, item (ii). These Tables also present expressions for the rangeRatR,¢ X Ruhere is
a reference range obtained by integrating Equd#d?) with ¢, L/D andV held constant,e.

- VLo L (4.1)

R O )
ref Oc DEE Je WF
1

and having initial cruise conditions identical with those assumefor . To assist in calculating values of
¢ the log function in Equatiof#.1)is plotted againstV./W, in Flguﬂa IngeneralR, /R # 1.0 and

values are plotted againg{/W, in Figugew 7; the approprlate Figure for each crwse case may be

selected by reference to Tab?esand7.4. By using these Figures, valuesRf  may be deduced as follows

for any given set of initial conditions.€. y, , [(V/c)(L/D)];) once the corresponding value Rf; has

been calculated.

Calculation sequence fdr,

(@ By reference to Table3.3 and 7.4, locate the appropriate Figure for the cruise case under
consideration.

(i) Calculate[(V/c)(L/D)]; andy; (if the latter is required as a parameter to enter the Figure located
in (i) above).

(iii) CaICl_JIate Ries using[(V/c)(L/D)]; from (ii) andlog_e[ll(l—WF/\_Ni)] from Fig_ure2 for the _
required value o\ /W,  (see Item No. 73018, Section 3.1, for guidance regarding the fuel available
for cruise).

ESDU Copyright material. For current status contact ESDU.

(iv) Using the Figure located at (i), re8d/R.o;  for the required valusaiv, and, if appropriate,
y; andn.

(V) Cruise range is the product Bf/R, s  aRfl;
4.1 Cruise Air Range in ConstantL/D Flight

Cruise at constarit/D provides a relatively simple case for analysis since the aircraft is flown at a fixed

angle of attack and hence constant Gpd . From the expressions
W= mg= L= 9_- DLDZS = L SD_____DZ S[EQ__ (4.2)
g 2 P8 6000 =2 P05t 6003 058 6000 ° '

Equation 4.1)is the form taken by the classical Breguet range equation when applied to turbo-jet and turbo-fan engined aircraft cruising
at constant/D (i.e. constant angle of attack) and speed and assuming constant specific fuel consumption.
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it can be seen that cruise at constd@btcan be attained in several ways of which the following are amenable
to analysis (and are considered further in Secdohd.and4.1.2.

() Cruise at constant with height varying such th&/o  is constant (“cruise-climb at congtqunt
(i) Cruise at constaril with height varying such th&/d is constant (“cruise-climb at constgnt
(i)  Cruise at constant height with/V2 ~ &/M2  constant.

4.1.1 Cruise-climb at constan¥ or M

Although now of limited operational use (see Iltem No. 73018, Section 3.3.3), these cruise techniques
provide methods of operating at or near the maximum range capability of the aeroplane. In addition, the
cruise range so obtained is often used as a standard of comparison between aeroplanesRyaR)gs of

are plotted againatf- /W,  in Figur8sand 4(for those cases whé® /R #1.0 ).

AppendixD considers the flight paths and engine settings that correspond to cruise-climb. In addition, since
the level-flight assumptions;, = D L, = W (see Sectior2.1) are not strictly correct in cruise-climb,
AppendixD also presents correction terms for thrust, fuel flow and air range due to flight path gradient and
aeroplane acceleration.

4.1.2 Cruise at constant./D, constanth

Case (iii) of Sectiord.1 permitsL/D to be held constant while flying at constéfy . During this type of
cruise,V orM must be reduced to maintaVv2  \WfM2  constant. Valués R, ¢ for this cruise case
are plotted against- /W,  in Figubefor each of the two fuel flow laws.

4.2 Cruise Air Range at Constame Assuming a Parabolic Drag Law

In this section, in contrast to Sectiéri, cruiseC, is assumed to vary in such a manner as to keep cruise
height constant as fuel is used g is assumed to vary in the manner defined by Etjail)ion

4.2.1 Cruise at constaanp and constari¥l or V

For this cruise technique, Equati@h2) shows that the angle of attack must be steadily reduced during the
flight so thatW/C,  remains constant. The corresponding reducti@yin means that the engine thrust
must be reduced in order to maintain constaat M. Cruise at constart amd is, nominally at least,

the commonest method of cruising for turbo-jet and turbo-fan powered aeroplanes (see als@d Reztion

and Item No. 73018, Section 3.3.3). ValueRgiR ;  forthis cruise case are plotted Wgdinst  y, and

in Figure6; note that in this case the one set of curves applies to each of the fuel flow laws.

ESDU Copyright material. For current status contact ESDU.

4.2.2 Cruise at constaan and constarl%N

In the cases considered so far it is assumed that either engine thrust or cruise height is adjusted throughot
the flight so as to maintain the specified cruise condition. To avoid frequent adjustments to the engine
controls, it is more customary to fly with the engines at a fixed control setting and to accept, within certain
limits, the variations it andV that occur a8y, C;, andC decrease (see Item No. 73018, Section 3.3.3).
The term “constant engine setting” refers here to the controls operated by the pilot; the consequences, ir
terms of engine performance, depend on the type of control system used and are discussed in@ppendix

Equation(C2.2)suggests that for cruise at constblrat , providetbes not vary to any great extent, an
adequate approximation to constant engine setting is to assume constant thrust. V(R of for this
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cruise case are plotted agaik'gt /W, and  in Figarfer c = ¢, (or, ifn=0, forc = czjéM“ ) and
in Figuresrbto7dforn=0.2, 0.4 and 0.6 in the second of these fuel flow laws (see also BljuFégures
8a and8b present curves oV ... {V; plotted against /W, and  dor c; (on # 0, for

¢ = ¢,,/6M" and for n= 0.6 inc = ¢,,/6M", respectively. Only two values ofare considered because
of the very small effect on mean speed. Note that the curves in Frdpiocedd and in8b are obtained from
a numerical integration of the form of Equati@?2) presented for the constant thrust case in Taldle

In AppendixC it is shown that, for flight in the stratosphere, a constant engine setting corresponds almost
exactly to the engine setting required for a cruise-climb at condiamind constarif. Thus, Sectiod.1.1
may be considered to deal with a constant engine setting case for flight at cbfi3tarthe stratosphere.

5. ENDURANCE
5.1 Specific Endurance

The purpose of considering specific endurance here is to determine the conditions necessary for maximun
endurance. From Equatid®.3), the main requirement is that the fuel flow be minimised and thus, at any
instant, the maximum specific endurarioe, |dt/dW ., is obtained by operating at the minimum thrust
necessary to maintain flight. The general lift and drag conditions necessary tddibdaify, are given
in Table7.1and in Tabl&’.2the conditions are further examined for the case when a parabolic drag law is
assumed (see Equati@h10)and Appendid).

5.2 Endurance
Tables7.3 and7.4 present expressions for endurance and for the endurancet/rc%ifo, , for each of the

cruise cases considered previously in Sectichhe reference endurandg,; , is obtained by integrating
Equation(2.4) with candL/D held constant,e.

(5.1)

ESDU Copyright material. For current status contact ESDU.

and has initial conditions identical with those assumed in calculating the endurartee,log term in
Equation(5.1) is the same as that in Equati@nl) and values may be obtained from FigRite assist in
calculatingt,; . By using the Figures of this Item as directed in TabBkand7.4 and following a
calculation sequence similar to that described for range in Sécti@ues ot may be deduced fany
given set of initial conditiongi.e. y,, [(1/c)(L/D)];) once the corresponding value tpfi has been
calculated. The principal endurance cases of practical significance are described briefly in S€ctions
t05.2.3

5.2.1 Military patrol, etc
Such operations are usually flown at a nom{hvg} 4+ AV) while maintaining a constant cruise height (the
AV isincluded as a safety margin and its magnitude would depend, in part, on the handling qualities of the

aeroplane at the minimum drag condition). The relevant cruise case is flight at cbfi3tand Hp .

During this type of flight, sincés?/mdmvvl/2 (see Equati@l.7)), engine thrust must be reduced not only

to prevent the usual build up of speed but also to follow the gradual reductfgyin as fuel is used.
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5.2.2 Holding operations

These are generally flown at constant height and nominally constant speed or Mach number.
5.2.3 Flight at constant engine setting

In practice, the pilot technique used in the methods of Sed&ia@rkand5.2.2is to adjust the engine setting

at intervals to maintain flight reasonably near the nominal speed or Mach number. Consequently, the
constant engine setting case is usually applicable over segments of the flight. Note, however, that for some
military missions frequent throttle adjustments may well be applied in order to obtain the best performance
from the aeroplane.

6. REFERENCES
1. BORE, C.L. A range formula for jet aircraft having variable specific fuel
consumption. Hawker Siddeley Aviation Ltd, Kingston. Project Office
Note No. 1276, June 1968.
2. PECKHAM, D.H. Range performance in cruising flight. RAE tech. Rep. 73164, 1973.
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7. TABLES
TABLE 7.1
General Lift and Drag Conditions for Maximum Specific Air Range and Endurance
Cruise at Specific Air SpeCiﬁC Fllght Conditions for
a Given Range Endurance Maximum Specific Air Range with Maximum Specific Endurance with
Value of dr, dt
Tdw aw c=¢ c = c,0”M" c=¢ c=c8%Mm"
In troposphere, In troposphere,
C C
c c c maximum —=g("~ /2 , c maximum —=g(" ~1)/2 ,
iV ' 11= , Maximum == | D Maximum —= |, D
WcCp WcCp Cop . . L (n-1)/2 . Cp : ; L, (n-1)/2
\Y ie. maX|mum50 ; ie. maX|mum56 ;
iel\—/k iell'L ie kO ie kO
€ WeD € WeD © D, 0 In stratosphere, © DO, In stratosphere,
C L C
. . 0 ; L o CEO
maximum—=—j.e maximum—,.e.
Cp " [DHhax Cp " [DHhax
In troposphere,
C In troposphere,
maximum —=6"2 , posP
Cp . C.
maximum—6
1 M%ﬁ C. . . L1 | . C, Co
= —_L i.e.maximum=672 ;| Maximum — ,
W ¢ Cp D Cp ) ] LY
M as above In stratosphere, as above i.e. maX|mum59 ;
e. EML C. ie. %aﬂ In stratosphere,
W ¢ D maximum—,i.e. ax
CD . C|_ . Lo
maximum == j.e. 55
o0 Co Uhax
(D ax
1/2C 1 C Y5 C(1 +n)/2 C
H n2 g as above i - i as above Maximum == V-n
P chws] o Maximum N Maximum > S
Engine setting:
i) fixedH, andFy ,
Eg Y2 C C C
or 1 FN[J L . L : L : L
— — Maximum —, Maximum ————; Maximum
ii) in stratosphere, | cWlpSD 372 as above =E -2 as above L2
fixed Fy/p - P
(See Appendif).
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TABLE 7.2
Conditions for Maximum Specific Air Range Assuming a Parabolic Drag Law
. Conditions for Maximum Specific Air Range
Cruise at
a Given
Value of: c=g¢ c= czel/ZM”
c e _ ko ~ i ., In troposphere,
L (I D EDDmax Vg co=c Ffl+n+290/ARD1/2 _ F9-512—nﬁ/zc
see Appendid. L "lmalB—n+2gy/ARD — [7.512+n0 “Lma
From EquationA1.7), for anyW , Lo [(1+n+2gJAR)(3—n+ ZQO/AR)]l/Z
V072 = congant= V, ] D [0, 2+ 29y/AR
V m
) . drR . . _ (9.512-n)"X(7.512+ n) 2L ]
If V is required speed,—2 is obtained at
g P #d max 8.512 (D ax’
H, where y= i B-n+ ZgOIARﬂ% [7.512+ nf¥a.
- T M+n+2gy/ARD T [B.512-n0
%=V, IV. "% :
md In stratosphere, as for case= ¢;
In troposphere, c.=C_ ,
md
_ |:ggolAR+1D1/z _
CL = CLabpggar—10 ~ 090%L = OO
~ (Dlax
ZE':D M
L: I:anax 095% y_M——l.
M D s g/AR-1# Oray '
EﬂgolAR+1D
M _ ?9o/AR- D/A .
V=W T Gy Ar+1d - 049
In stratosphere, as for case with
c= (:291/2Mn
— Y _
C. = CLmd/3 = 0.577CLmd, c, _(@a+ n)l/
y (3-n)¥2 "tmd
L _3”p 0
N = 0.86 : L _ [(1+n)(3-n)]*
H D 2D % L _[A+m@E=n]"rn
p Dmax Elnax D 2 I:anaxl
y= L =3%=123186 B-nth
de y=-— .
Eil.+ nO
Engine setting: CL, CL,
i fixedH_ and | CL = —, = 0.70%C . C =
) P 21/2 m (2-n)*
Fyoor 1,
D 3 ' ' -n
stratosphere, Shax Hnax ax ( )
fixed Fy/p . |y = Vi = 2% = 1.180. y = v_ = (2-n)*
(See md md
Appendix C)

NOTE: Using the value of lapse rate appropriate to the troposphere in the International Standard Atmosphere,

9%
h — = -5.2559.
the parameter ==
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TABLE 7.3
Conditions for Maximum Specific Endurance Assuming a Parabolic Drag Law

. Conditions for Maximum Specific Endurance
Cruise at
a Given
Value of: c=0 c= czel/ZMn
L _ Lo v In troposphere,
C =C , = = Y= = 1 1
L Lma’ D~ Dy ay Vg c -c L+ n+29)/AR% _ E9,512—n|j/zCL ,
see Appendix A. md [(B—n + 2g9,/ARJ ¥.512+n0 md
From EquationA1.7), for anyW , Lo [(1+n+2gJAR)(3—n+ ZQO/AR)]l/Z
V072 = constant= V, . D [0, 2+ 29y/AR
V m
; . : . 9.512—n)"4(7.512+ n) 2L
If V is required spee({,d_vtv‘ is = (
2
dWimax 8.512 (DLhax
()]
it obtained aH, where _ V. _ B-n+29)/ARG4 7512+ nits,
e Hrey N Y=V, O+n+29/AR] ~ [9512-n0 °
=V, .
% md In stratosphere, as for case= c;
(S)
(%]
> L _ o M D}—AR/Zg()Dl/z
= = - = = — = = =
g CL B CLmd’ D EDDmax, y Mmd L. CL CLmd[ﬂ.+AR/ZQOD J"10({:Lmd’
b= If M is the required Mach number, height to fly_
o : L _ o q_ 7 Yo _ %D
g M is given by EquationgD1.2) and(D1.3) D - [anax(l ARI2g,) "%(1 + AR/2g,) "% = 0.99 0.
>
© + AR/2g, Y-
: y=M _ Dlﬂl-—————R/ Jo0™ - 0,954,
e Mmd —AR/2g,
2 CL= CLmd’ C =cC 2+ nrj2
3 L L™ “lnalp—nO
©
£ D~ EDD ’ Y
H D Hhax L _ [2-n@+n]”Lp
-~ - =
sl P v o_, D 2 DHyax’
o= y=-—= .
2 Yo Y pongh
o y Vg 2+n0 7
O
2
9_’ Engine setting: | C = CLmd’ _ CLmd
ek i) fixed H,, and CL= '
E L_do (n+1)”
N Or D [DbU,ax L Lo n+1)72
i) in ¥ = =2 (_)_,
2F 2 D b n+2
stratosphere, | y = Vi =1V, 4= d S N O ) Hnax ( )
fixed Fy/p md PG, [ y = Vi = (n+1)%.
(See md
Appendix C)

NOTE: Using the value of lapse rate appropriate to the troposphere in the International Standard Atmosphere,

9%
— = -5.2559,
the parameter AR 5.2559
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