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[NTRODUCT TON

Recently a couple of high performance
sallplanes crashed in Australia. The cause
of these crashes is suspected to be the deer
: I, the malaise of cvery high "I tail jet
aircraft and a nightmare for every jet pilot,
especially when [lying an aircraft with an
J[t C.G. position. In the 1960's the e
was the cause of fatal crashes in the
. when the B.A.C. one eleven and the Tri-=
dent prototypes crashed, killing large test
crews. lowever, following various aerodyna-
mic and elcutromeuhanical "fixes" such as
stick shakers and automatic stick pushers ,
the problem was supposedly "put to hed" and
conveniently forgpotten. It was finully but-
toned up by an excellent article by Peter
Langford in 1965, the then assistant dircctor
general of D.C.A. Personally, [ may not he
able to explain the deep sral phenomenon as
well as Mr., Langford, for the lack of time
and space allotted to me with this article.

Any reader wanting a decper insipght into this
complex problem should refer to HMr. Langford's
article in (Ref. 1.

Al rora;
CAUSES OF THE DLEEP STALL

2lage Vortices

‘There are two principal causes of the
eep stall In "T" tailed aircraft, and a few
more contributory ones. MN.B. Low tailed air-

craft seldom suffer from a deep stall (except

This article appeared in the October-November-
December 1975 issue of Airflow, published by
the Gliding Club of V]ctorla, Australia,

at the XV 0STIV Congress
Finland, 1976

is the rea-
aliding

in @ flat spin) and probably this
son the problem never bothered the
community until now.

The first cause is the fuselage 1ift at
high angles of incidence, when it exceeds
about 20 degrees. This Jllt causes any fuse
lage to behave as an : 2l Jow aspect

ratio wing, shedding tip LOT‘ICO trom its
sides leong after the main wing has stalled
(Fig. 1).
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Fig1 FUSELAGE LIFT & YCRTICES  (Frem Ref. 4}

From the diagram we can sce two lines of
vortices develop on the top side of a fuse-
lage, entraining the outer airflow above the
fuselage, and sweeping the top surface clean
of any broken away flow. Thus, these two
vortices entrain a high velocity, and 4 liigh
dynamic pressure just above the fuselage, and
in addition they create a strong downwash in
the same region - about five to cight degrees
local incidence. These two effects combined
{a high velocity and a large angle of down-
wash] cause a strong, localized, down tail
load in the center of any tatlplanc placed in
that region. llowever, a tailplane placed low
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recelve a
the wing

on the fin does, at the same time,
fresh blast of airflow Trom below

wake, on the outer parts of its span.  The
latter eflfect, counteracting the first once
(downwash) causes an overall welosd on the

Cpitehing
aireraft will not
forced into

tailplane, creating a
moment. Thus, a ?

proceed in to e

tailed
P unless

Lt by {E“Ill]‘lillj_‘.!l forces, i.c. in o flat spin,
or by an cxtraordinarily powcrful clevator,
or by o nose strake.

On the other hand, a "T" tail, on a gli-
der, placed high upon a fin, becomes enveloped
by the wing main wake of very low velocily,
about half of the free airflow. At the same
time, the local tallplane angles of attack in

the vuter parts of
the order of twenty

Span arc vVery (of

Flve to thirty degrees),
thus causing the majority of the tatl and
elevator area to be fully stalled and inef-
feetive. Thus, the overall ellecct of fuse-
vortices on the high "I tail
o , causing a » , unstable chuange
ol trim, which can he complorvl\ uncontrol-
lable if the clevator is not powertul enough,
and applied soon enough, to overcome this
nosc up tendency.

lhe resultant tailplane spanwise distri-

bution shown on Figure showing the re-
sultunt download in its center.
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Fig. 2 \E'T' TAILPLANE LIFT D'STRIBUTION

The Poor T

As was nentioned beﬁno

ailplane Lfficiency

the secondary

cause of the deep siall is the poor C[FlLIDnL}
of the high "T" tailplane in its ¢ ;

parts, which arc placed outside the fuselage
vortex (low, The main reason is the wing
wake, the region of very turbulent airflow of

very low, oscillatory velocity. As we well
know, when any high aspect ratio wing becomes
stalled, its downwash becomes lost, the wing
wake widens and 1ifts up suddenly, its bottom
cedge becoming almoest parallel with the outer
airflow. Any tailplane immersed in the wide
wake of a stalled wing, loses its stabilizing
efficicncy and may rvender the wheole airecraft
unstable. 'This is especially so if the given
geroplane or glider is already marginally
stable with the € G in its aft lTimit.

15 o strong

The different tailplane angles of inci-
dence (outboard and inboard) resulting from
the fusclapge vortices and the wing wake are
shown on  Fipuire 3.
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Fipure d4a. Vortex at wing root. No tailplane.
This is a model of a Cirrus sail-

plane in the RMIT wind tunnel.

fing-fuselage vortex hitting tail-

Figure 4b.

plane.
Effect of iWing Flaps
A third effect, contributing to a &

may be the wing Tlap angle. Sailplanc
with their high aspect ratio, large
and low Reynold'™s numbers, stall at

wtng,
camber,
comparatively low Cps and low angles of at-

tack, especially with flaps down (I'ig. 5}.
We can sec w sharp stall at some eight

deprees incidence, with flaps deown + ten de-

grecs. We can sce a very mild stall with a
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Figure 4c. Vortex at dive-brake.

behind dive-brake.

Vortex

Figure 4d.
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Fig.5  LIETe COEFFICIENT_VARIATION
WITH ANGLE OF INCIDENCE

FOR_THREE FLAP ANGLES

negative flap angle — the 1ift lingers on
from 15 - 20 degreces. When such a high angle
of incidence is reached heflore the stall, the
whole "T'" tail becomes immerscd in a very
wide wake, where the dvnamic pressure can
drop to as little as one twelfth as the one
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tor free air.

Poor Lilevator Efliciency

Hence, the tal Iplane and clevator can

become stalled and incffective. They can be
stalled because of their very laree local
angle of incidence, resulting From wing up-

he ineffective because of
a very low dynamic pressure in the wake,

It does not matter then if our sailplane
has an all flyving tallplane or just an e¢leva-
tor. At thirty desrees angle of incidence any
aerafoid or Flop attached to it are cqually
this situation 1s al lowed to de-
may become unuble to do any-

Lven though he may apply full
elevator after the stall, he too
as the dotted line on Figure 6 shows.

LF no external help is given to produce

g sudden nose down pitching moment a larger
and larger angle of incidence will develop,

[t will lead trom peoint B, to point , to
point U, along the curves of the pitching
moment coefficient versus the anpgle of
dence as shown on Fioure 6.

As the sailplane &IJilS decper, it is a
similar situation to an aircraft entraining
and lecking into a flat spin. As the nose of
the sailplane rises and its angle of incidence
increases, the tailplane suddenly encrges from
the wing wake, and gets a blast of undisturbed
air. Suddenly the alrveraft becomes o
again, in pitch. The stable slope of p11Lh1nn
morient will continue from point € to point D,
as on pPigure 6, and the sailplane will he-
come o out and ciadle, thus ced in a
deep stall at an estimated glide angle of 35
degrees, with a constant rate of descent ol
about 2000 feet per minute (10 m/s).

Needless to say, such a rate of descent
1s quite terminal to the human hody, encloscd
in the cockpit capsule, unless hitting very
solt ground or water

wash, and they can

uscless,  IF
velop the pilot
thing about it.
down
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Dive Lrakes ffect

“Tanother contributory cause towards the
development of the deap atall, could be a
pair of vortices shed from the inboard end
of the dive-brakes and the wing junction
(Fig. 7).

In Figure 7, an end-on-view of a
sailplane is shown, with a pair of fully de-
veloped vortices, and o pair of dive bhrake
vortices. [Both pairs ol vortices create «
toad on the tailplane root and tips respec-
tively, whilst its midsemispan is immersed in
wing wake, and thercfore useless. This
! become a contributory cause of the
on sailplanes whose dive-brake roots
close to the tallplanc tips, such as on
Kestrel, and on the 1529,

e

Fig 7

Verlices from tne dive brakes could create dowrnwosh
an tal and nose up changs of tnim, when wsed near
the stall,. DON'T !

Possible De ]
T T VPossible design improvements to preovent
the deep stall from developing would be: an
enlarged tailplane sweephash or dihedral or
unhedral, to be distinctly dilferent from the
wing angles — in order to prevent the sudden
and totai loss of tailplane effcctiveness as
it enters the wing wake. If the tail or ele-
vatoT deose retain some of its effectivencss,
then the pilot has the means at its disposal
of preventing the deep stall from developing
to its full conclusion.

Another very successful and simply way
of providing an additional nose down pitching
moment would be the addition of some lead in
the nose of the sailplane, or 4 restriction
on the aftmost CG position, A most success-
ful method of control is the deployment of a
tail parachute. None the less all the above
changes would be quite unpopular if required
to be introduced.

ign Means ol Improvement

Means of Recovery — And Various Don'ts

’ O sowe T tail aircraft there would

he no means of recovery from a fully deve-
loped deep stall except the deployment ol the
tail parachute, or the ejection of the cock-
pit canopy. When flying sailplanes known to
have difficulties in recovery from a deep
stall the pilots should obscrve the following

I, Fodocn s
dovt "te

1. D not attempt to stall with a far
position, especially don't attempt
namic stall.

2. Do not stall with [laps sel at
angleo.

3. Do not use dive brakes at the stall, ¥ola

Senc, the recovery from a deep stall hy

attempting to roll out by means of cither

the full rudder and/or full alleron is
impossible for rather complex aeradynamic

reasons, given clearly in Reference 1.

att CG
a dy-

4 negative

Suggc

1ons to lsers
It is hereby suugested that cvery
tail sailplanc should be tested and testified
to have been tested to estahlish the safe
limits of the aft position of the center of
gravity, at which the deep stall would he im-
possible, with various combinations of usable
flap and divebrake positions.

This could become quite a severe and un-
popular limitation on some existing high per-
formance sailplanes, which rely considerably
on their aft CC positions for their high
speed performance achievements,

The tailplanc induced drag, or the so0-
~alled trim drag due to the download, is
quite a large percentage of the total profile
drag at high speed (Relf. 5). Strangely
enough, for the very same reason the aft CG
positions are used on high performance jet
aircraft (such as DC-9, B727, O awde] to
avoid high trim drag a high cruising Mach
numbers, be it subsonic or supersonilc.

||'l'||

REFERENCES

1. The Stall and Deep Stull of Modern Trans-
port Aircralt, by P.5. Langford, Aire
April, 1965.

2. The Aerodynamic Development of the DC-9,
by Shevell, 5.A.FE. papers.

3. Profillen Katalog, by Wortmann and Althaus,
Universitat Stuttgart, L973.

4. Sidewash and Stability, by iI. Millicer,
hi, 27th July, 1850.

5. Aerodynamics for (Glider Pilots by I1.
Millicer, 1976, published by the Gliding
Club of Victoria,




