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Technical Comments
Comment on ‘‘Effect of Thrust

Vectoring on Level-Turn
Performance’’

Karl L. Sanders*
Lomita, California 90717-3631

Nomenclature
CLmax = maximum or buffet limit lift coef� cient
D0 = zero-lift drag
iN = thrust incidence related to body reference line
K = drag caused by lift factor, dCD/ 2dC L

N lim = structural or control power-limited load factor
q = dynamic pressure, psf
S = reference wing area, ft2

W = airplane weight, lb
a = body angle of attack

A XIAL and normal force components of the engine net
thrust were used by Lee and Lan1 for the sustained turn

load factor and rate equations. A predicted performance so
obtained is slightly conservative for the lower T/W ratios. In
keeping with the de� nitions of drag and thrust lines-of-action,
the components of gross thrust (FG) must be taken, and the
ram drag (DR) should be accounted for separately.2 Then, for
zero yaw and lateral thrustline incidence, the following equa-
tions de� ne lift and drag:

L = 2F sin(a 1 i ) 1 WN (1)G N Z

D = F cos(a 1 i ) 2 D 2 WN (2)G N R X

or in coef� cient form,3 if so desired. Then, for the conditions
that NX = 0, g = 0, and D varies parabolically with L, the level
turn load factors are predicted by
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Sustained:

2
F sin(a 1 i ) F sin(a 1 i )G N G N

N = 1sus S DSÎW W

qS
1 F cos(a 1 i ) 2 D 2 DG N R 0H2KW

2K[F sin(a 1 i )]G N
2 # N (3)limJDqS

Instantaneous:

N = [C Sq 1 F sin(a 1 i )]/W # N (4)ins Lmax G N lim

Speci� c excess power for the above:

P = {F cos(a 1 i ) 2 D 2 DS G N 0 R

22 K[NW 2 F sin(a 1 i )] /qS}V /W (5)G N (fps)

Since a = f (CL, M ) and CL = NW/qS, Eq. (3) must be
evaluated for several iN, and by iterating on CL until Nsus con-
verges. A plot of CL vs a for several M is therefore indispens-
able. The work is conveniently done in a spreadsheet with
iteration option. Results for various wing planforms, loadings,
and engine cycles indicated that Eq. (3) predicts only slightly
higher (’5% for H # 36 K, M < 1, and ’0 for H > 36 K,
M > 1) than Eq. (6), in Ref. 1 for net-thrust vectoring. The
maxima of Nsus lie in the range 0 < iN # 15 deg for the previous
altitude/speed range. However, the gross thrust effect on Nins

and PS is substantially more bene� cial, as has been demon-
strated in X-31 � ight tests.4
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