Ce o e e e

- HOCT URIATL - LOW+TEVEL TURBULENCE “TiEAR, CANBRIDGE AERODROLE.,

~5e

[P R R

e S f by U. Radok, -
"?rw,fMeteorological;Department, University of tielbourne
o (Manuscript received 10th-August, 1953)
Summary,

Two iueidonts inm the carly night hours are
outlined wkich involved aircrafs immediately after
- take-off from the aecrodrome at Cambridge, Tasmania,
Certain. features in bothrincidents suggest that
horizontal rather than vertieal currents were
responsible, R

g The complete meteotological information availe
able for ono ~Ff the iIncidents suggests the presence
of -Lee waves; these appear however to have been re-
stricted to higher levels, Evidence for horizontal
curreuts is Tound in the surface wind records, which
in both cases show marked long-period surges. These
‘are attribused in one ‘case to quasi-stationary eddies
behind the hills west of the aerodrome, and in the
other to stagnation of cold surface air, favoured by
the topography of the region. The latter process .
seems Lo be accompanied at tinmes by the formation of
large eddies with vertical axes,’ ' -

Both incidents (as well as at least one earlier
_crash}”occurredvduring tenporary lulls in the wind,
It is suggesteld vhat the difficulties were caused
essentially by the large wind gradients in the zone
of transiticn above and around the stagnant or
slewer-moving surface air,
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INTRODUCTION,

This paper Jdesls with two incidents which occurred during. .
the winter cf 1951 ot Cmuibridge aerodrome, Tasmania, ' In each

‘case the pilot of an aircraft taking off from the 096° runway

in a westerliy direction towards the chain of hills between
Cambridge and Hobarht {cf, fig. 1) found the aircraft suddenly
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in a highly precarious state of flighﬁtand oﬁly*WithigrEaﬁ'
difficulty avoided a crash, _

- . The first incident occurred at 2055 K approximately on
July 25th, 1951, The weather at the time was fine and cloudless,
Cembridge being in the Southwest stream behind a series of :
fronts which had passed over Tasmania during the preceding two
days., The pilot's report quotes the surface wind at the time
of take-off as North, 2 knots, and mentions westerly winds in-
creasing with altitude to 40 knots at 8000 ft. The description .

of the. incident itself follows : -

. " ..the aircraft became airborne normally, the wheels were
retkracted and about the end of the runway the initial climb was . -
commenced, Whilst reducing from take-off to initial elimb i
power I became aware of a feeling that the aircraft was sinking “°°
and.from the general feeling and sloppy action of the controls =
particularly the ailerons - gained the impression that it was
in a condition very closely-approaching a stall.- The airspeed
indicator showed 85 - 90 knots and the altimeter 100 feet., The -
rate .of climb indicator showed an appreciable rate:of sink, buf:
I did not note any appreciable descent shown by the altimeter,

e+ voSimultaneously with this check (i.e, of undercarriage
retraction, flaps, etc.) I advanced power back to the take-off - :
rating and endeavoured to lower the nose of the aircrarft with~ -

- out losing height, to obtain greater airspeed,

This condition lasted for an appreciable time, the air-"
craft neither climbing nor gaining airspeed, and I carried out
& more comprehensive check ... again everything was normal, .
During ‘this time I flew partly by "feel", partly by instruments .
and partly by ground gontact as the ground was still visible in
theolanding-lights;,and very slowly turned on to a course of
140%, : , o . Ce

Although I held the speed at 85 - 90 knots, I still.had the. .
impression that a stall was iminent but after a time, still
holding the same speed, the aircraft felt more' stable, event-
ually commencing to climb slowly,.. until at 500 f&t., I was able ? °.’
to reduce power and the aircraft behaved quite normslly ... oo
The remainder of the flight was completed,.,with no indication, .
of malfunctioning of the aircraft or engines or any indicationm;
of over or incorrect loading... L AR o

Unfortunately owing to-the routine nature. of the commence~
ment of the take-off I cannot recall the exact speéds prior to
the incident, but I feel sure that if the speed at the time of
passing the end -of the runway had been. less than 100 knots, I



would have noted the fact,,..",

The second incident occurred at about 2150 K on August
26th, 1951, - The synoptic chart.for 2100 K shows a large ‘depress-
ion south of Tasmania; a cold front had passed Cambridge at R
1800 X, bringing light rain, The pilot's report in this cese
was much less detailed, but the following passages give some
idea of what happened: . : - : 5 A

e, Whilst awaiting loading of aircraft to be completed I
received information from Cambridge: Control that the velocity of
component for take-off of 320 runway exceeded that permissible
and to await a decrease in wind velocity, - After waiting approx,
twenty minutes I was notified by Cambridge Control that the wind -
was from 290° at from 12 to 15 knots., On taxying out I was
warned by the Control Officer 4o exercise all caution against :
dowp currents as the wind from 290° could be rather treacherous,..

"es,0n take-off the aircraft performed normally and after . :
gaining 110 knots the wheels were retracted, full power for. o
take~-off left on, At this juncture, at approximately 50/110 ft, :
whilst switching off landing lights, I encountered a severe
down-draft, the air speed fell from 110 knots to 80 knots, The
alrcraft remained at this speed without climbing for some conw
siderable time then gradually gathered safe climbing speed,

This gsevere turbulence lasted until the aircraft eventually
climbed to 500 ft.,, After reaching 500 ft, no further turbul-
ence was encountered and we proceeded to Launceston without
further incident," : ~ : '

‘The two incidents evidently had a good deal in common,
but there remain certain differences hetween the two accounts,
It will be advisable to attempt, in the next sectiom, their re-
conciliation and intcerpretation from the aeromautical point of .
view, before looking for meteorological explanations. 5

AEROVAUT ICAL INTERPRETATIOH.

Two possible causes suggest themselves for the incidents, =
viz, vertical or horizontal currents, In order to decide which
of the two would fit the facts it will be necessary to examine . :
briefly their effects, This could be done with considerable .
accuracy if the aircraft characteristics were known, The com- .
putations are however involved and seem hardly called for in . - -
this case, Instead use will be made of the numerical discuss-
ion of longitude stability given by B. M. Jones in veol, V. of. -
Durand's Aérodynamic Theory (espegially: pp. 165 -167),:. g

Alphoughfﬁhai diséussion:déalsfwithxgliding flight and a



different aircraft itézqualantiVe relevdnﬁe.oan»beiassﬁmed;'its
initial conditions include those of ‘interest here, viz, velocity
increments applied at time =0 in either the vertical or horiz-

ontal directions (strictly s eaking perpendicular to or along the

wing chord), . Tne_reactioné of the aircraftware shpwn'in fig._ar
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.- .« Fig, 2 suggests that a downdraft would make itself felt
mostly by an acceleration, In the case of. this particular air-
craft and state of flight the pitching moment due to the vertic-
al acceleration happened to counterbalance that due to the
changed vertical ve1001ty, so that & ® 0O throughout, The air

*.Mhspeod shows a slight increase which arises solely from that in
’the velocity perpendicular to the wing chord, . While a gust

acting not strictly in that direction (os was assumed here)
might change the 51gn.of that ve1001ty vurlation its magnltude
would remaln small R

With a horizontal gust acting as a tailwind events are
very different, The acceleration has the sign of that- caused
by a downﬁraft but is much smaller in pagnitude, The most
striking featurc in this case is the variation in air speed,
which after an initial drop performs a slow oscillation around
the undisturbed wvalue, The amplitude of this oscillation still
amounts to 3 ft/sec after 35 seconds and 1 ft/sac after 69
seconds,

The' 6 curve: should also be noted, With a horlzontal

gust the nose of. the aireraft tends to drop, This effect- beco-
mes most noticeable when the air speed has recovered or even
eXceeds the undisturbed value, The pllot might then be inclined
to pull back the stick, thereby suppr6831ng part ‘of the velocity
oscillation but aggravatlng the next swing to the negative side,
Thus the actual effect of a horizontal gust on the air speed
seems likely to be even more drastlc than is suggested by fig. 2.

It must he stressed agaln that. flg. 2 has at the best
only qualitative relevance to the present discussion, Clearly
there exists a good deal of resemblance between the events de-
scribed by the pilots and those following a prolonged horizontal
current (e.g. a tailwind component rapidly increasing with
altitude); nevertheless it will be necessary, when examining

- the meteorolo ical ev1dence, to keep in mind also the possibil-

ity of vartlcal currents, "As shown by the second report,
vertical currents seemed in fact more plausible at flrst, and
the ev1dence for them_w1ll thercfore be con31dered next.

TIE EVIDENCE FOR DOWIDRAFTS

. »The nature of the country surrounding the aerodrome
suggests IJLCdlahuly that vertical currents west of the derod-
rome might-arise as part of a system of lee waves, . such as are
known to occur at other points of the Tasmanian air route, . In .
order to test this hypothesis the writer .undertook a study of
vertical currents in the vicinity of the aerodfome, results of
which have ‘been ‘given in a separate report, While vertical
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" in pargicular the decrease in

.' -

currents of large intensity. .seemto occur at- tlmes ‘ot far from
the Western.end of the aerodrome it appeared thats owing to pec- .
'ullarltles in the local wind conditions this would rarely or '
:never be the case during the night hours, ; K

N The" flrst of the incidents here under d1scus31on prov1des
furthbr support £Qor the same view, The available meteorological
‘data have been summérized.in-fig, 3. Thé pilot: balloon winds
-for 1406’K and 2000 K both show a thin layer &f fairly- strong,-
wind§ near the surface, topped by a calm4layer extending to y;
15000 ft, and then a very sharp increase in velocity to 45 knogs,
at 8000.ft, The temperatures of the 1700 K radiosonde 'show as
wrlnCLpal feature a strong 1nver81on near the 5000 ft, level.

"The latter may however not bc genuine, The balloon rate
ol asccnt (dash-dotted line) appears to have fluctuated in a
regular manner which -could be attributed to wave motion, A4S
shown the upper wind structure is in fact one which_would favour
lee wayes, Table 1 gives the values of Scorer's jﬁl parameter
~(Q.T.R,Met,Soc, 75 (1949) p. 41), which support this view (note
2 above 1000 m), The sideways
drift OP the- radlosondc balloon.through.these waves could easily
create a‘spurioius inversion record, as was demonstrated by means
- of two:other Hobart TaleSOﬂde fllghts by Reid (Aust, “liet. lag,.
" 1o, . 2(1952) Pe 27) R
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R VALUES Oﬁ THE SCORER PARA;EI‘J_J.\. ,g FPOR THE CAuB‘{IDGE
REGIOu, JULY 25%th, 1951, 1700 K.~ 2000 K,

\ . ,‘,I'(‘.v-él - U -U"/U éUa [ 2
| (m) . (m/sec) (m-*) ~2Y (m=8) -

5 S S ¢ 6.24x10-6 6.24x107° ¥
gt 900, e Lo ’ , ) L
' : 8 . o 2.54}(10"6 ‘ 4;.78)(10"'7 2,02 .
L 1200 L o : ; :

! 16 ©o1.27 5,74 . 1,84

o 1500 : 2 .

! 20 1, Ola 0,88 . 1,09

.f 1800 o NN i o ey g e

| 22 0. 92-;'. 6.24 ©.1,54

'210@3 . 3 LS
22 0,02 . 2,71 1,19 7.
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