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Key Operating Requirements

a Turning Performance

= |nstantaneous & Sustained Turn Rates Rate of
Climb

a Level Flight Acceleration

a Specific Excess Power

a Stalling Speed

a Take-off and Landing Distances
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urning Performance in Level Flight
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Source: Daniel P Raymer, Aircraft Design, A Conceptual Approach, AIAA Publications
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Constraint on Instantaneous Turn Rate
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d Where n = load factor = L/W

d Two types of turn rates

= Sustained
o Enough Thrust to maintain V and H in turn

olT=D
= |nstantaneous
0 Highest turn rate possible, V. or H reduce in turn

O Constraint on Instantaneous turn rate leads to

an upper limit on W/S
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Constraint on Sustained Turn Rate

A In sustained turn f =(%\/)(%)
d For maximizing n, max L/D V% =%\/7erCDO
d But this may give ridiculously low W/S !
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= Note: WIS & T/W here are at combat conditions
O Important Observation T _ Co,
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~ Load Factor v/s Bank Angle
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Master Equation for Constraint Analysis
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Energy Height Principles
a Energy Height = Specific Energy
~ P.E+K.E. mgh+¥%mV* V?

H, =h+—
W W 29
o Excess Power = Rate of change of energy
Pava“ = Prequired =V (T = D) i d(P Ed‘.::‘K E)

a Specific Excess Power = Excess Power /W

P I:)avail i I:)required _V(T— D) i d (PE-I—KE) i dHe = d (h+£j
: W TR dt dtl 2g
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AE-332M [ 714 Aircr.

Ps diagram at n=1

Altitude and Energy Haight, ft

B0DD0 -
CONFIGUEATION
70000 30% Internal Fuel
_ . 2 ATM-9 Missiles
Lines of Eq?;uat Energy .—.ez;gh: \faximum Thrust
G000 | \ \ Weight: 21737 Ibs
l'. lllll n= 1

50000 -
40000 4 Mipimum Fime to

Climb Profiles
30000 -
20000 -
10000 -

a . . | . :
0 200 400 600 BDO 1000 1200
True Arspeed, V, knots

Capsule-4



Setting Up the Master Equation

a A master equation will be used to represent the
relation between T/W & W/S

no From excess power requirements, we get

P I:)avail = I:)required _V(T_ D) i d (PE-I'KE) = dHe it} d (h+\/_2j
S W W dt\ W dt ot

1 D fdh 14V

W W Vdt g dt
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Thrust Lapse Ratio

d a = Thrust lapse Ratio, depends on o and M ( or V)

AT=alg
0 a depends on powerplant type, as follows:
Type Thrust Model
Piston Engine/Propeller Ty= 5HFs & 1
a7
TLlI'bIIIFII":'P TH=ESHP5; [ij _|-_;|-_
Fe LN
High Bypass-Fatio Turhofan 01 a
(Use 1= 01 thrust for all 1 < 0.1) =l Bl
Tutbojet and Low-Bypass-Fatio Turbofan a
Dry (Ho Afterburner) I,=1. a
Wet (With Afterburner Operating) T =T {i} (1+0.78 7
' K
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Other Factors

a Weight W = W4,

= wWhere B = the weight fraction for a given constraint

o Drag )= CDqS = (CDo + k1CE)CIS

S QS
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Building up the master equation
b d1dh 1aV

V dt g dt
D - +k,C{)9S
oW
W= fWro T=alg T ®
SUBSTITUTE

2
L. B9 % +k(@j (WTO) Lldnh 1av
Wio al|p (WTO S) : V.dt g dt

\ ) e J
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Other Constraints

d The master equation takes all constraints except
‘ake-off & Landing

d Take Off Constraint
= Usually specified on take off distance S

= Assuming V,, = 1.2*V Bl 1'44WT02
L psC gl

max

d Landing Constraint
= Usually specified at Landing Distance S, .4
= Assuming Vg = 1.3* Vi
g = Rolling Friction Coeff.
::lroll o g . B 1-69'(18'WT0 )2
* L =LiftatlLanding S

Land
1 pSC| dg[Dan +:Llro (ﬁW _Lan ]
= D\, = Drag at Landing L ILPtand F Hron P VWWro — Liang
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Sample Constraint Diagram

TSL/ WTO

Solution Space

Woo/S

Design Point = Lowest T/W and Highest W/S that meets all constraints
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