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for a landing, rolls and then racks it back to make
an impressively tight turn, the sir flow over the wings
changes abruptly from chord-wise flow tospan-wise
flow on the underside and “burble” or flow separa-
tion on the top side. UNLESS CAREFUL WING DE-

S1GN PREVAILS tip stall will ogour which ]J.'I‘Ddim

& forward shift inthe serodynamic uuntﬂrnf e HE
(CP). This in turmn produces an e ; ERTETE
stulllng moment (pitch-up), With a fast ptk:hingrata
produted firat by the pilot, plus the forward shift n
CP, the angle of attnck ensily exceeds normal limits.

The suddeness of the initlal maneuver will usually |
mask or shadow any normal or artificial stall b
= Hewever, no ont wis sure what the birdwould end op

warming.

I incipient stall opours, the aireraft may roll

right or laft. Roll application by the pilot may help
trigger this condition, which cmn inducs sdverss }*!t'#
followed by AU‘I‘OROTATI v

tions one might expectasiffi=Toll g in

On the other hand, the lofig Body (fast
tall surfaces play an Impoftantpa i
stalla at the root it will nfflie thnlrﬂnw along
aft fusaluge, which slso rediices the nircraft’sdir,
tional stability. The vo 1 fin, now engulfed
region of turbulence, oan be partially stalled,
ducing the directions] stability still more.

Now, the forward bordy of the fuselzge comes into
play. It‘nthnutnnlﬂ;rthmﬂnm* some in-
oldentil equipment, and nsually sticks way out in
front, it makes most aircraft look real racy. Right
now it would be better to have ashort, forward body,
The long, forward body wants to bend back. It may
tend to pitch the nose still higher if the wings are
l#vel, or rﬂlﬂm to excessive angles If the
alrplanes has rolled toward & vartioal bank attitude,
The sir flow produced by high angies of the fusolage
bedy will tend to aggravate the flow of alr soross the
aft fuselage and tafl surfaces.

The sequence [have denoribed takes plags inabout
on# and o holf seconds &t spproach spesds. PSG s
pow in effect. You are going for one heok of a ride,
‘like it or not. The speed ofthe nircrafi drops so fast
by virtue of the tremendous induoed drag, that you
will fee! like you've been kicked in the face. There
is, in my oplnlen, about & 50/50 chanoe for recovery
under 10,000 feet above ground level in most super-
sonle fighter sircraft - and that's cutting it mighty
olose, These gyrations may even [lamaout the englne,
which certalnly compounds your problem. At traffic

pattern aititeds, vyou had better punch out pronmtol

Let me tell youwhat happens with an F-104 in s
high-speed pitch-up. The actions of the Starfightar
oan be ¢comparéc to the nneuveras 1 went through
when the turbine wheel let go on an early P-B0 test
ﬂ.ighr. and oot the whole damn tail offf You cen
dmegine-ihe resultant gyrations.

T 'wis selocted to be the project test pliot for the
ﬂmt flight of the XF-104 and subseguent Phase 1
fievelopmant, During the wind tunns] tasts, the phe-
nomenon of negetive statie Jompituding] stability at

gh angles of attack, given the name ‘‘piich-up,"
Sas discoversd. I was informed ofthe characteristic,

v 1, obwicnsly, approached all stalls with great

18t K= hi¥ed the stick agalr
mmhnmﬁﬂnwm‘h
had found the neatral point and then exceedas
3 small margin 8o that'the aircrsft was
srgently unstable. T was an the verge of
!I & pilot were to make & rapld pull or
fid easily go through the neutral stability
d get into an wncontrollable pitch-up
L o
$in't lose complete control during those one G
b= just mimost. The thing I did notice, though,
int mg ] pulled back on the stick greduaily to
o spesd and resched a falrly high angle of at-

stickiforee, of course, was high ! af artificlsl
fmlﬂ)mnpﬂnp “This impressicn
that shadows the mmmnsﬂnmemlqlw
tudinal atatic margin at the oritical angle of attack.
At the time, wo did not have an autematic pitch con-

trol (APC) systar.

Later on, we sterted doing what we called V-G

tests" .. how many Gs the bird would produce st &
given indicated airspesd (Vi) This particulsr test
called for 30,000 fest, Mach = 0.9; not to exceed 825
knota Vi (for safety considerstions).

mkﬂu mmwmwumm The

Test 1: Trim for one G flight, then pull » Stead”

one and a half ‘G in & turn to study stability
JUNE 1968
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N 968 *T" 1967 wee - 1967
9 AF 8.0 10.9 12 AF 6.9 7.6
4 TFW u.r L] 3 TFW 13 5.6
15 TFW 1.0 a0 123 TRW L] "
13 TEW 114 "y T TFY L] 165
113 TEW a4k 0 140 TFW ] 50
354 TFW L o 479 TFW 0.8 2
4531 TFW mat [ 4 TFW 482 0
363 TRW o 152 &7 TRW | 0
&4 TAW L] L] 75 TRW 0 154
314 TAW e e N3 TAW o 0
317 TAW [ 516 TAW (] o
Abd TAW L] o 4453 CCTW 1.7 L
4442 CCTW [ 04 4510 CCTW o L 5 ]
THC T 4530 CCTW L] 0
SPECIAL UNITS
| ACW [ ] 4500 ABW [ 0
4410 CCTW na 43 4440 ADG 0 ]
4525 FWW 123 Fhd
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