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Aircraft Performance

Steady Level Flight

po

z', Weight

Where,
a — is angle of attack
art — is angle of inclination b/w flight path direction and thrust vector.
y - is climb angle (angle-between flight path and horizontal)
B — is pitch angle (angle between chord line and horizontal)
p=aty
(1.e).Pitch angle = AOA + Climb angle
Four physical forces:-
L — Lift perpendicular to flight path direction (relative wind)
D — Drag parallel to relative wind.

T — Thrust (at an angle a7 w.r.t to flight path)
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W — Weight perpendicular to horizontal.

According to Newton’s second law (for curvilinear motion)
dv mv,
Fo=m— Fi,=—*
3 = LI

Where, rc — is radius of curvature.

Resolving forces ||f'and L" to flight path we get,

> Fa =T cosa; =W sin 7—D=m%

SF, =L-Wcosy+Tsin o = mrvz

c

Un-accelerated flight performance:-

For un-accelerated flight,

2
Then,
Tcoso, ~Wsin y—D =0
L—Wcosy+Tsina; =0
In case of straight steady and level flight,
o =0,y=0
T-D=0 ; L-W=0
Consider for straight and level flight

T=D ; L=W
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). Condition of minimum drag:-

L=W,T=D
L_,.b
D T

Where,
Cob=a+h CL2
a= CD,o
b= L
PAR

For minimum drag, (%) should be - maximum

T.=D=C, %pwvwzs L=W=C, %PwVDOZS
~(a+bCA) 2 p,v,%s Co=g
2 Epoovwzs

1 2 w? |1
=(a§/3w5ij +b 1 —
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k
TR = klvoo2 +V—22 (1A)

0

Tr = profile drag + induced drag

Where,
1
k, = aE .S
bw 2
k, = T :
2,000
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A % (18)

Sub (1B) in (1A) we get

Dmin = 2W +ab (1C)
Minimum drag is independent of attitude from equ (1)

TR=W:W

5) (&)

For Tr minimum drag is minimum.

(i.e) (&Jis maximum.(i.e) (&J should be minimum.
Co C

L

2
(i.€) C, ~0 Co _ a+bC,
C. C.
4o
C. _(a+bCi%).14C, (2bC,) _
dC, c’

0

a=hC’ (i.e). Cpo = Chi
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CDmd = 2a

G 1

Co), 2Jab
It is the condition for max endurance of jet engine aircraft and condition for ma range of piston
engine aircraft.

(2). Minimum power required:-

P =Tgv,,  fromequ (1A)

- {klvm2 + Vk—zz}vw

o0

Pr =kVv,” +— (2A)

vmp=4\/E 2% (oB)
3a\ p.s
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1
Vmp = % Vind

V,, =0.7598v,, (2C)

1
(pR)m'nan/—z
L
[ CD JITBX

3/2

C
For minimum power required [ é J should be maximum (i.e) (C 2 ]should be minimum

D

for min p,

(a+bc,2)3r2c,2)-c, *?(20C, )
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3/2
L

Cp _a+hC’
C|_ CL3/2
=0

c’
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On simplification we get

3a=hC,? (ie) Cp, = %Cm
Cp = %a Crmp = V3C g
Cpup =-732C g
Comp =42 Comp = 2(23)
=2(Crg)
Comp=2C g

[Lj ZELZO_S%(L)
D mp 2 2\/% D md

It is the condition for max endurance for piston engine aircratft.
(3). Minimum drag to velocity ratio
k

w.k.t T, = D=kyv,* +V—22

L kv, + L3 (3A)

o 3
\'
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k-3 _o
V, =4 %
k1
V., = 41\/@ 2w
m[VE] a\p,Ss
vm[D] =4/3v,,
Vm(Bj =1.316V,,
VOO
D_ w1
v, & v,
Co
1 w
C, 2W
CD pooSCL
b1 wp, S
v, CL1/2 2
CD

1/2
For (Bj then (CL
v min CD

J should be maximum (i.e) {CCD
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(3B)

(3C)

1/2

J iS minimum.
L
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C
L

=0
dC,
a+bC, "’
d(c 1/'2- J (a_i_bCLz(;CL—1/2j_CL1/2(2bCL)
L
= = O
dC, C,
On simplification we get
2bC * =a (i.e) Cp, =3Cy,
a
C ==
Lm(—w] 3b
1
C =—C,, ,=0577C 4

CDm(BJ =0.667C,,,,

\'

0



