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7.5  SUMMARY OF IMPORTANT RESULTS

Table 7.5-1 Summary of Range and Endurance Equations
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Flight schedules:

1. Flight at constant altitude and constant lift coefficient
2. Flight at constant airspeed and constant [ift coefficient

3. Flight at constant altitude and constant airspeed

Notation:

m is initial (start of cruise / endurance) mass and m; is the final mass

Y, is the TAS at the start of the cruise / endurance
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B.2 DETERMINATION OF STILL AIR RANGE EQUATIONS FOR ALTERNATIVE
FLIGHTS PROGRAMS

The range equation may be evaluated for alternative flight programs. The following
programs are considered for turbo-jet and piston aircraft.

1. Cruise at constant altitude and constant lift coefficient
2. Cruise at constant airspeed and constant lift coefficient
3. Cruise at constant altitude and constant airspeed

Note that flight at constant C; implies constant lift-to-drag ratio, E. In all of the

derivations the SFC is assumed constant. The parabolic drag polar is used in determining
the range equation for flight program three.

B.2.1 Determination of the Range Equation for a Turbo-jet flying at Constant Altitude
and Constant Lift Coefficient (first flight program)

From equation [7.1-7] of chapter 7, the still air range, R for a turbo- jet is given by:

My
R = —J VE dm

m, CM&

—'E Hia V
R = — -~ dm (Note E is constant as Cy is constant.)
€8 Jp M
: mg 2mg
Now for level flight: C; = Therefore: V = j—%
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_ My
R = —EJ. 2mg 1 dm
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-E { 2 e .
= — § J m™ dm (Note p is constant as A is constant.)
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B.2.2

_ T2E [2gmy \['7‘2—_1]
cg \jPSCL | Jmy

Finally: R = 2EW 1- -—] - [B-2]
cg m

where V] is the start-of-cruise TAS.

Determination of the Still Air Range Equation for a Turbo-jet flying at Constant
TAS and Constant Lift Coefficient (second flight program)

The second flight program is usually called the cruise-climb, as altitude 1s not constant.

my
R = —j Edm
m, CM8
ma
= -.-‘f-f?- ia’m (Both Vand E are constant.)
cg - m
VE
= — [loge m, — log, ml]
cg
R = E loge(ﬂ) R [B_S]
cg m,

This equation is known as the Breguet Range Equation.

B.2.3 Determination of the Still Air Range Equation for a Turbo-jet flying at Constant

Altitude and Constant TAS (third flight program)

The still air range for a turbo- jet i1s given by:

ny
VE
R = —J dm
w CME
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For this application, it is easier to start with the equivalent expression:

m, cD
Now: L = ZV
cD Cp,pSV 2mg?
C +
2 TAepSV?:
TAepSV?
Vv 2g2c
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2 3 + m
4g
3 Cp p*S*VinAe
Put: A, = ‘n:Aep;S’V and: B; = D.P 5
: 2g°c 4g
m,
Hence: R = —j %dm
B, +m

i’
Put tano = where: & = arctan .JB+
1

where: f = arctan i
VB

and: tanf3

I
FEE

tanot — tanf3
1 + tanotanfB

Now: tan{a-f) =

(o—-B) = arctan[lt

+ tancctan 3

ang — tanB]



FLIGHT MECHANICS
ME4726/97_B Page 6

Finally: R = 2BV arctan(

where: B, =

B.2.4 Determination of the Still Air Range Equation for a Piston-prop flying at Constant
Altitude and Constant Lift Coefficient or Constant TAS and Constant Lift
Coefficient (first and second flight programs)

From equation [7.2-1] of chapter 7, the still air range for a piston-prop is given by:

fﬂz E
R = —j T dm

c'mg

m,

E o
- M J. -I—dm (E is constant)

'
'8 Sy M

R = anloge[ﬂ} -~ [B-5]

c'g ny

This equation is the Breguet range equation {or piston-propeller aircraft.



FLIGHT MECHANICS
Appendix B Page 7

B.2.5 Determination of the Still Air Range Equation for a Piston-prop flying at Constant
Altitude and Constant TAS (third flight program)

From equation [7.2-1] of chapter 7, the still air range for a piston-prop is given by:

"y E
R = —j T‘]p dm
m, € M8

For this application, it is easier to start with an equivalent expression.

",
R = —J tl—pdm
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Put: A = ————" and: B, =

",
Hence: R = HJ. -———A—"—dm

TAepSV 2 2
Now: A, _ ep N, fgz - - _@i n_P' = 2E,. T]_;;‘
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In appendix B.2.3 it was shown that:

m, JBs(m _”h)j

iy
arctan—— — arctan——=— = arctan
v B, ) v B; [ By + mm,

2E JB -
Finally: R = L.nparctan sy — ) - [B-6]
8¢ By +mym,
Cp p*S*VinAe
where: By = D,P 5
4z

B.3 DETERMINATION OF ENDURANCE EQUATIONS FOR ALTERNATIVE
FLIGHTS PROGRAMS

The flight time {endurance) may be evaluated for alternative flight programs. The
following programs are considered for turbo-jet and piston aircraft.

L. Flight at constant altitude and constant lift coefficient
2. Flight at constant airspeed and constant lift coefficient
3. Flight at constant altifude and constant airspeed

Note that flight at constant C; implies constant lift-to-drag ratio, E. In all of the

derivations the SFC is assumed constant. The parabolic drag polar is used in determining
the endurance equation for flight program three.

B.3.1 Determination of the Endurance for a Turbo-jet flying at Constant Altitude and
Constant Lift Coefficient or Constant TAS and Constant Lift Coefficient (first and
second flight programs)

From equation {7.3-2] of chapter 7, the endurance (flight time}) for a turbo- jet is given

by:
i,
E
I = —-J edm
m, Mg
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E (™1
t = - — — dm (Constant C; implies constant E)
cg m
m
Hence: t = — log, (-—m—‘) -—--  [B-7]
cg m,

B.3.2 Determination of the Endurance Equation for a Turbo-jet flying at Constant
Altitude and Constant TAS

The endurance (loiter time) for a turbo- jet is given by:

m,
t = —I idm
cmg

m
For this application, it is easier to start with the equivalent expression:

n, i
o= —j —dm
m, cD

1 I
Now: — = 5
cD Cp,pSV 2m*g’
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Put Ay = ———— and: B, = £ 3
2g°c 4g
m,
Hence: t = ﬁj mdem
m, B, + m
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. _A.;_[mm_m_n_man_&]
Now: As mAepSV 4g* _ (mMe 1 _ Z2E,.
) 2¢°c {Cp,p’S*VinAe Cp, &¢ gc

In appendix B.2.3 it was shown that:

B -
arctan—=— — arctan—2- = arctan[ 3 mZ)]
v Bs VB B; + mm,
,B _—
Finally: ¢ = ZEmer yron s (my = ) - [B-8]
gc B, +mim,
Cp p*S*V'nde
where: B, = D,P 5
4g

B.3.3 Determination of the Endurance Equation for a Piston-prop flying at Constant
Altitude and Constant Lift Coefficient (first flight program)

The endurance time, for a piston-prop, may be determined using equation [7.4-2] of

chapter 7:
n,
E
t = - j '”ﬂp dm
m € gmV
-npE (™ 1
t = Ip J —— dm (Note E is constant as C; is constant.)
€8 Jy M
Now for level flight: C; = e Therefore: V = fﬂé’,
gnt L %psz : DSCL

-n.E ™
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c'g my 2mg m
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-n.E my
t = rfp !p SCL J m 2 dm (Note p is constant as k is constant.)
g N 28 Jy

—MpE (pSC,

c'g ¥ 2gm ﬁ('ié)[\/% ) w/%]
Fln

2N, E i
Finally: ;= P8 [ fﬂ 1 ——  [BY]
c' gV ny ]

where Vj is the TAS at the start of the endurance.

1

B.3.4 Determination of the Endurance Equation for a Piston-prop flying at Constant TAS
and Constant Lift Coefficient (second flight program)

The endurance time, for a piston-prop is given by:

n, .
t=—j NpE dm
c gmV

my

E ™1
f = — —TLJ. — dm (Constant airspeed and constant Cy )
¢ gV m, M
E
e loge[ﬂ] — [B-10]
cgV my

As height is not constant this means that the aircraft flies a cruise climb.
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B.3.5 Determination of the Endurance Equation for a Piston-prop flying at Constant
Altitude and Constant TAS (third flight program)

From equation [7.4-2] of chapter 7, the endurance (loiter time) for a piston-prop is given
by:

t = —J‘ e dm

m, ' mgV

For this application, it is easier to start with the equivalent expression:

nt,
t = —j Ty dm

m, ¢ DV
Row: A C SV?P o
c
Ry D,P . 2m*g i
2 rAepSV
nAepSim,
_ 2g°c
Cp,p*S*V'nAe )
4g2 + m
rAepSV Cp p*S*Vinde
Put: A, = —pzl‘-’- and: B; = DoP 2
2g°c 4g
m,
Hence: t o= —J v-Aﬁ—zdm
By + m

A M1 !
= -8 {arctan L gretan—2

N

Now:

l

A{, _ mepsvnp 432 TAe np
JB, 2g%" | Cp, p*S*VinAe Cp gc'V " g’V
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In appendix B.2.3 it was shown that:

B -
arctan—m — arctan—2- = arctan[ o m?')}

Finally: t = ————— arctan

2Em;xnp (JE(mq - mz)] [B;II]

where: By, =
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