AE 429 - Aircraft Performance and
Flight Mechanics

Level Turn, Pull Up
and Pull Down

Turning Performance

e Whatis a turn?

® Center of curvature

- aturnis a change in flight path direction
- turn rate is the time rate of change in heading
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Turning Performance

e More definitions

- Turn radius, R, is the distance between the flight
path and the instantaneous center of curvature

e Load factor and turn radius
- Load factor nis defined as

L <
n=—
w
- In alevel, un-accelerated turn R
W = Lcos¢
L 1
ns—-=
W cos¢
- Nis a function of ¢ (bank angle)
only in a steady, level turn
cosp=W/L=1/(L/W)=1/n ¢ =arccos(l/n)
for level turn,
Lcosgp=W constant altitude
Perpendicular to flight path in the
v horizontal plflne r, = R
2
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Performance parameters:
) i Turn radius R
- Turnrate @ =dy / dt
i -5 }’//@3 W local angular velocity along the curved
< flight path
Y ~ Larger the magnitude of F, :
v tighter and faster will be the turn

Figure 6.1 An cirplane in a level fun.

Note: L and ¢ are not independent in level turn




Turn Radius
(v.)
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Figure 6.1 An dirplane in a level turn. = low Velocity
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high ® = high n (large L/W)
= low Velocity
High Performance: smallest R and largest o for largest n ; lowers speed V

what is the higher possible n ?
R and o are functionof nand V. = Do not depend on W/S, T/W, k, Cyq, p
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Minimum Turn Radius

e Minimum turn radius
- Stall speed in straight and level flight (L = W) is

V, - 2w
pmSCLmax
- In alevel turn, stall speed becomes (L=nW)
2nW
Vsrum - pooSCLmaX Vsturn = VS JE

- Which suggests that

- Replacing Vg with Vg _in the turn radius equation gives
the aerodynamic limit on minimum turn radius

2
Rmin — Vsturn — Vf n — Vf
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Pull-Up

e Consider a turn in the vertical plane: wing-
level Pull-Up (instantaneous turn)

- Different from level turn (constant flight properties)
- The radial forces are:

att=0;6=0
F,=L-W=W(n-1)
v wV?
—_— \
R g R \
- Solving for R:

V2
g(n-1)
- And for turn rate:
v, _g(n-1)

R V.

oo

Pull-Down

Now, look at another instantaneous turning maneuver in the
vertical plane -- a “split s”

- Using the same approach as
for a Pull-Up

att=0;6=0

- The rate is improved

and the radius is enlarged N
over pull-ups




Limiting cases: n large

e Effect of W/S (wing loading) and C,max

- When nis large, V2 o

n+1i=n-1=n = R=—, o=
2L

— [ 2 P
Recalling that 75 5_5C,

- Substituting, we obtain radius and rate of turn

2L R 2 W

- —) = —
PSCLg(L/ W) PCrg S

gn
= — meLn
V#5.sc, ME (74

e For minimum turn radius and maximum turn rate
- Maximize both C, and load factor

2 w PooCL a 'max

Rmin = ———o—— ®
" 0GCL S max 9w

- Practical constraints on load factor

Nmay IS @ function of C, .,

- atlow speeds it will be limited by the aerodynamic lifting capability
(stall) of the lifting surfaces

7 V2 Lmax

Nmax =75 PesVes =7
Vs
- at high speeds, structural loads on the airframe may also limit n.

- for many airplanes, the other force balance (T = D) governs the
minimum turn radius and the maximum turn rate -- turn
performance is limited by available thrust




e constraints on V
- Vas small as possible for R, and @,,,,

L=nW=1%pV2SC,

2 2nW
Voo = nW = CL = CLmax = VStall = -
pooSCL pooSCLmax

- R,,;, does not necessarily correspond to n,,,,
I<sn<n_,
pe_ Vi 3R,
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V-n diagram
e the V-ndiagram illustrates 2 of these constraints
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e Aerodynamic and structural limits on turn
performance

EFFECT OF AERODYNAMIC AND
STRUCTURAL LIMIT ON TURNING
PERFORMANCE
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e Aerodynamic and thrust limits on turn
performance
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