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Since this report was printed 1t hrs been discovered by Waplers that
the fizures they had supplied for tirz calabration of the rotating disc were
in error, This weans that 21l the ligquad water contents quoted in the
report as nensured by the rotating disc are some 20% higher than they should
ce, The parts affected rre colums 9 -~ 12 in table 2 and all the liguad
water contents in table 4 and figures6 and 9, In figure 8 both scales are
1n crror by the same anount, The slope of the line viall therefore be the
sauie but the intercept on the 4, axis nust be reduced by 206, Thais wall
wean that the forrwla in para. 5.4.5 will becoue _— ___ACO . 1In

v(r + 228
{ 5 )

the body of the report the liguaid water contents quoted i1n para, 5.1 should
be reduced by 20,

No gencral discussion or conclusion 18 affected but the liguid water
contents quoted in conciusion 6,1 and 1n the su..nry should be reduced to
0.3 = 0.4 grus/cubic metre and 1.1 grms/cubic netre respectively.
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ATROPLANE AND ARMA ZNT RACRT LNTAT BITABLIOHI T

Revort of the second year's [lying on the developuent
of Might testing techriques for finding and measuring
natural icang conditlions

Yy

G, C. Abel, B,%c.. D.I.C,

Supagazy:

The results of the second year's fly:ng tn search of patural icing
conditions are given in this revpert., Icing conditions cxbending over 100 miles
nave becn found in strato cumulus clouds over arcag from JSest Angl.a to the
English Chamnel, Average liquid water contents were 0.4 - 0.5 gms./cubic acire
but an exceptional value of 1.4 gms/cubic metre 13 reported, ruosographs of 1os
cryatals and liquid vwater droplets togsether have been obtarned., Thas advancc 1in
sampling Sechaique 1s being extended to try to measure liquid imter coatent and
total water conteut by timng the exposures. The RLAE, thermal zoc detectors
have 10t yet rcached their f.xal form but have buen mnproved comsiderably, The
Smaths ice detecbor has been calibruted to gave liqurd water coctent and, togethsr
with the rotating dise has contonued to be very valusble. lletcorologieal 0ff:ce
foreccasts of 1cing coadaitrions have conbinued to be reliable,
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1. Tnwroduction

Reference 1 deseraibes the fuirst yoor's work by the A& LB L. in scarchung
for nacural 1cing conditions and trying to moeasurce the parawstors on vhich sush
conditicas depend. The work was undertalcen as part of a cadbincd prograrc . th
tha R.AWG, and the Dicteorologreal Officc, Tre alis of tuc prograwus.s w.ie

(i) To corbirme the study of the corrclation of forcensts of
1ce arnd 14s occurroace.

(11) To faind out .ora zbout ace Moo 2t on on arreralt.

{111) To develop sumitable 1anstruments for aeasuring the parcactors
on which naturel rcing depends,

(2v) To develop artaficial methods of 1ce formation in flight,

The present report describas the sccond year's worle by the A.& A DS, on ~buis
(1)~(i11) of this programae, covering the poriod from Juac 1952 to fay 1953,

2. Detnils of test airoraft and 1ts 1nstiuneatition

2.1 lareraft., As deseribed in refcrcace 1 the arrer:ft uscd for tro
work was a Vikang twin engined civil narlarer with an all up weazht of 346,000 1b,

2.2 Instruaentation. The wngerity of the instrumentttion -rps the a0 98
wag used during the previcus year, The fixed eylindor, the R.o,d,=Buaths weing
infacator, the balanced bridge thermoretcr, the vortex tube thoracmeter, the
Hussenot A.20 rocorder and the automatie observer wore virtually uwnchinged.

The rotating disc ice accretion weter was chonged for a productnon el of vorr
sirmilar design and for a short period two instruments serc fittes., The Jolloany
alterations were made to the otner i1astirumenta,

2.2.1 Robating eylainders, After o fon flighés the noapling position
wzs moved to the front end of the cabin and t.e nuaber of gylanders incrcas.d fo
s1x ranzing from 2" to g in dineter but a2 3" disnetor eylinder was soon
introduced znstead of one of the intorcdizte sizos, This azde the stzeo ol tihwe
cylinders 3", 2", 1", " % and &' disncter, The acthod of cxbeudang the
cylanders was improved so that the pole on tinich the ¢rlinders were mcuntad
pasged through o ball bearing, races rounbed on v wnell carrage which ran on
rails faxed to the front bulkhead of the formard cabin., This can be gecn .n
the first photograph i1a fagure 1. Do extond the eylirnders the cirriage -8
pushed to the top of the rails aand the pole pushed catwnrds through the burrings
until the eylinders srere fully cxtended as shown in the sceond phobopraph of
frgure 1.

2,2,2 0nled alide saupler cnd (ero erdera, The mlero caucra vose
modified to enable the .ilcroscope staze to oe kert ab a teapcrature bolow
freezang., This was done by boxmng the stage in wath wood and lending v sunaply
of cold aar from the atiuosphers inte the coupartusal so formed, 7he lens and
sl.de mounting vore carefully shiclded and the eold air cxmt vas positioncd o
prevent vater drops fras the cold avr susnly landing on the slade or lens 'on
the aareraft was flying through cleud. A heater was i1nstalled nenr the nicro-
scope strge to enable the local tempsrature to be brought above Tfreczing when
regquired,

A slide storage bhox was made up consisting of an inner otnl contoiner i
which the slides icere stored and an ocubcr ansulating box, Beb cern the tvo boxes
cold air from the atmosphere was alloved to (low to mointrin the temperature ol
the slides belowr freszing.

2.2,3 R,A.B. thermal icc lekector, Several vorianbs of tmis iece
detector as mamafacturcd by Szngaco Woston Lhd and bty Teddinzton Coutrols 75
have bocn Titted to the Vaking for shert perieds, vesurlly ror £10ghE6 trials
the development of the instrunents, Ne fonal product:on model has yot booca
received,

a
in

/2::2»’:‘}-90--901



...5..

2.2.4 Observation strut. Due fto o nodafication to the water spray
apparnbus for artificial 1ciag 1t was found necessary to reancve the cine cancra
that hnd be-n used for measuring rate of ice aceretion by photographing the 1cc
as it burlt up on the cbscrvation strut. No sericus attempt was made to roploce
1t 1n any other position as ths robating disc i1ce accretron meter had beeome
avairlable to give the sanme information with reascnnble reliability.

3, othod of tost

3.1 Bwccial tests, As on the previous rotating cylinder ainstallation,
tests sure ande in aecing conditions using three cylinders of the souae size
uounted on the new rotating cylinder position. This was to check the consistoncy
of tEc droplet distribution an the ares sampled from the naw rotating eylinder
pos1tict,

3.2 DPeriod of tests. Throughout the year the aireraft was uaserviceable
for severnl spells during which no flights could be made, During the whole
month of August the azreraft was on inspect.on and modifications “rere being nade
to the instrumentation, On 10th October an engine farled and there was considor-
ablc delay in cbtaining a new onc., The C, of A, wnspection and sone modilications
Yo the —ter spray systor for producing artificial iee wore nnde during this
period and the aareraft did nob fly on test vork until carly in January, Other-
wise apart fral a weck an [iarch for an insgpection and three days in April for
waber soray modifications the alreraflt vms available for searchang for 1sc
trroughout the res’ of the year up to 15th iay when further inspection becrae
duc vhich was not campleted until aftor the bezinmng of June,

3.3 TFomnl tests, The gensral uethod of test was the same as in the
proevioas year, Each norning the local nweboorological efficer wag consulted as
to the prossects of fandang 1cing conditions, If a suaxtable forecnst was forth-
coaing the aarreralt -rould be flovn to the ares and o seszrch made, Vhen acaing
conditions -rere found weasurements would te taken usaing all the available instru-
ments.  Wormally the search would only be discontinued when no further worthwhile
1cing conditions could be found, bubt saiwe tests werc stopped becousc the recorier
rila or scets of 1mstruicats wore canpletely consumed.

3. Socerzal oiled slaide smipling tests. In last year's results the
prosence of .welted 1ce crystils in & nuuber of samples wade the ansvcers anrcliable,
alber the wicro canera had boen wodified to keep the toaperature at the .ncroscopc
staze below freczing, several flights were made with®the cabin heating smitched
of [ to obtaia a cabain tampernturc low froeczing. This enablzd the slides to be
Lraansferred fr-u the sanpler to the microcamera without the 1cc crystals coliang,
Czled slide samples 1rore taken under these conduitions and, after an anitial
phaotograph of the sliie hnd beon taken of these samples that contained ace
crystaig, bthe heater in the wicrocamera was switehed on and the 1ce cryastals
nelted, A serics of photographs was taken of the sawple duraing the molting

ProCesSs,

I, Results

4.1 Sueccss an findang ice. Duraing January and again during late February
and eariy tiarch, a large high pressurc system developed over the British Isles
which provented any 1ecing conditions conng within reascnable range of the country.
This, coabinced with the fact that the aireraft had been uaserviceable during the
lnat part of 1952, .mcant that the vnber scason was not as succsssful as 1t :ipght
bnve been, In spate of thas threc good flights wvere made in February two of sihech
wore in the 1ost conbinuous i1caing conditions found so far, The rest of toc [flyving
s virtually cutside the wanter scason so the majority of the flaghts vere in

cuswlug type clouds,

The rcelationship betvecn the nmetcorologicrl forecasts and the conditions
found are gaven in teele 1. Altogother there were 25 encounters -ath zce 1n 20
fligrss ~rd thers <ere two {lights on which no icc was found, The farlure an
tho first of these unsuccessful flaghts wes enbirely duc to ground control

/Eorb1dding. .o,
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forbadding the aircraft to entor a clouwd laycr in which there were scveral
cther aircraft some of whach were actually reporting icing conditicns, In the
second case of failure alto curmlus was forecast to build up 1n unstable awr
but when the area was investaipatsd 1t wos found that the clouds had not built
up above freczing level,

These 22 flights rcpresent the only forecasts of vorthshile 1cing ivhen the
areraft was serviccable apart from four occasions vhen no pilots werc ava:lable,
two cccasions when the Establishment was closed for flying and one occasion vhen
the ~7eabher al boase was too bad to allaw the arrcraft to return. In none of the
seven cozes vas the Jorecast of sufficiently severe icing to jJuntiry the cffort
that wsould have been requared to overcome tne difficulty that prevented the
flight or to risk not being able to return to basc.

Figure 2 shows the areas where 1ce was encouatered both this year and last
yvear, Dafferent syavols have been chosen so that, as well as showing the icing
sgverity of the enco.nter, both the type of cloud and the syncptic coadition
responsible cre shown,

On l1ive oceosions during the year reports of .oderate or severe iciag wore
receerved when no worthwhile i1cing condition was forecnst,

.2 ZTcang conditions massed due to unserviceability., £ log was kept of
the 1cing forceasls made throughout the periods when the aireraft was urserviceable
and of reports of i1cing conditicns encountered by obther ~arcraft, 2k foreeasts
weve mnde which would have been investagated, 18 of ther between the widdle of
Octeober and the first week 1a Jamuary. Only 16 reports of aireraft icing coaditions
rere received from service sources during this period but of course aireraft tend
to aveord icing conditions and alnost certainly did not fly through all are~s ~here
1cing conditions had been forecast,

4.3 Type of ice formation, Fhotographs of i1ce fo.mation in figure 3 give
further 21lustrations of the type of 1ce found, The effect of run back caused
by {lying at a tenperature very closc to frecezing is shown an the first set of
photographs, The seccnd set shows the type of i1ce formation caused by 2 long
exposure to a lor water concentration of f2arly small drops while the last set
g1ves a further coaparison belween some of the effects of rime ice and glaze icc,

bl Instroeeont readings. The results fron the vorious instruaents are
given ain table 2, There 1s a direct conparison between the liquid mter content
28 measurcd by the rotating disc and by the robating cvlindcer for alnmost every
rotating cylinder .aeasurewent, whiie in adlition, the average liqurd water coatoent
as neasured by the rotating dise 1s given for the vhole perioed during vhich values
of over 0.1 mi1s. per cubic metre were obtained, Higher average licquid water contento
of shortcr duracion within these poriods are also given.

iy Py

L,5 0iled slide results, The droplet sizes as obtained fram the ciled slades
are inciuded in table 2, TFigures 4 and 5 show some of the swiples taken at tapera-
tures bclow freezing together with the melting presess when the sauple was wohrned
up. Higure L4 shows a clwwp of 1ce crystals when no suparccolcd liquid water drop-
lets were present and follows the melting process through untal only a muaber of
drops renain, Figure 5 shows a nmixture of supcrcooled droplets and ice crystais
together wnth the melting sequence, The presence or absencce of supercocled laguad
~iater droplets vas cenfrmmel by whether or not ice wms forming on the rotating
dasec ot the fuae the sample was token,

4,6 Rotating cylindcr special test results., The amounts of ice found on
the threc cylindcrs of the saue si1ze exposed togethor at the new sanpling position
arc given Ln tabls 3,

5. Discussion of results

5.1 dost suateble types of weatner for finding 1ce. In faigure 2 the
various encountoers with 1ce are classified as to the type of cloud ard synoplic
conditions, In table 4 the two types of cncounter with acc on which the greatest

Jamount.. ..o
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amcunt of information is avalloble are ttasizoed to give She duretion of verious
scverities found., The corresponiing dats for encounters 1a cbher synoptic
corditions werce felt to ne too scanty to jgustnfy their iacluzion, Unfortunately
the panber of cpeounters is still f2ar too small to allow .iwore than o fow generali-
sations to be drawn from then, The iost profitaslie synceptic condition for the
Vizing flights has undoubtedly biaen arn unstable azrstrema, 1n the winter when
the freczing level was very low therce have been four or five oceasions when in

2 North Eosterly air strema either with instebility or cossidorable turbuience

a layer of strato cumwlus eloud soac 34,000 fcet thick has extended for over
100 izxles in the aren from Bast Anglia to the Dnplish Channcl, The preatest
Guration found 1n thas condibtion was on flight 46 when an average of 0.4 grma,
per cubic metre ~as moasured over 115 uales, Lven then the flight was abandonsed
becnuse the recorder film had run out ard wet becruse the ond of the cloud had
been reached., Fhrovghout the 35 oanutes tocen to fly this distance the lzquad
water conteat varicd between 0.2 and 0,6 gras. per cubtic metre, the first thard
averaging ebout 0,25 whaile the inst third averaged about 0.5. On flight 45 the
cloud wes less consistent but a stooteh of 30-40 miles length gove an average
ligquid weter content of over 0.2 gras, poer cubie metre. 0On one of the enrlier
Flights, flaght 20, befcre the recorlder s installed, ovor 60 miles of ¢loud
were flown through before turniag oock dus to the proxumty of an air lanc, The
robating cylinder mcasurensnts 1adiented that the liguid woetcr conteat throughout
tre cloud at thnt level was of the crder of 0.5 grus per >ibic mobre wiile several
of the peak rondings fron the roteting dise suggeated that 1t was higher still,
Tce built up continuously throughout ths porisd but nevor sulficiently rapidly
to bo called wmore than light icing. In a cloud of this type that wns knovm to
extend “or over 100 miles the letecrolog.cal Ressarch Flight wetsured coasistent
liguid vater contents of the order of 1.4 grus, per cubic uebre over two three
minote runs ot Afferent altitudes and 1.0 gras, per cubie ametre ot L Lower
height, There 18 no reason to supposc that water concontrations of this order
may not hove oxbonded throughout the whole eloud, This 1s the highest lrquad
wiater content che author has henrd of as easured 1n o strets cuuwlus cloud and
the rate of zce cecretion on the aircrcft 13 undcrstood to have becn correspond
ingly severe,

Thig type of cloud, though rarc, 1s the most suitable for testing arrcrft
do-1eing systeas but 1t suffers fras the geographical disadvantage that if not
found ecarly an 1ts existance it will be in an arca so full of the air lancs
radiating fra: the London control zone that dafficulty will be experienced in
miking use of at.

The wore comion type of cloud Tound in an unstable arir strean .s the cumilus,
This ecan be found &ll Ghu year round but ia swuacr when the freczing level is
higher the clouvd droplets have tu.e to grow to a larger size before they ascend
through the freeszing level anl becoase supercooled, On the average about three
or four tiacs o .aonth muabers of cwamlus clouds hare been found to extend well
above fresaing level and, 2f florn through while they arc sti11l building, uoder-
ate and of'ton severe lcing coin be found 2lthough alvmys of short duration,
Intercepts of from halfl o mle to six or soven miles have becn found in individual
clouds althcough the greater distanccs weore usually made up of centres 2bout threc
m1les in extent so closc togsther in the saiw cleoud that the rotatiay dise did
not return o zoro between then. Poak values of over 2 gims, per cuble motre have
been wucasured with avernges of 1.7 grms. per cubic metre or zo cver half a minutbe,
A conziderable burld up of nce ay be obtained by flying through such clouds a
nueber of tra.s 1P 1t 1 desired to test the behaviour of the aireraft with ice
en 1t, Swrere turbulonce moy he aveirded by selecting clouds at a2 stoge vhen thoir
growkh 1s not too vigorous if the strongth foctors of the fareraft arc not hagh,

Although 1adavidusl cuwlus olouds seldom extond for much mere than =ix or
goven les 1t 13 pozsidle to find “streets® of cwmilus olouds, lhuch wore
contimicus icing conditions con bo found in these clouds and, although so far an
the Vilnng the water concenbrations found heve been nearer those found in layer
type ciouds, there is no reison to suppose thot hagh walter contents should not
be found at frequent intervals when progressing nlong such a “street®., Hormlly
these Ystreete® of cumulus clouds are easily scen before entoring them but under

/Cel‘tain-...-cv
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certain conditions 1t would be possible for the "strect! to be aubedded 1n a
layer of strato cumius type cleuds so thrt vaisual warming of 1ts rroximty might
not be cbtained, This maight be the case, for instance, in a ccld {ront that had
been subject to orographic 1aft frow & ranse of halls.

There arce still too few successful iecing cnecunters in other symoptic
conditions to draw any farther conclusions 2s to the relotive suitability of
thesc other types of veathcr for finding ice,

5.2 Soverity of i1cing condit.ong, Table 5 shows that apnin the wctecro-
logical feorecasts of icuing severrby were very good, The overvstiuated severity
when no ice vms found weuld probably hoave becn correct af the cualus clouds had
built vp sufficiently nigh in the aren while an the obther cascs 2t 1s »ossible
that the severitics wore present in sonc prrt of the nrea that the aireraft did
not fand,

The actual scverities quoted in dable 1 were based purely on obscrvers!
cpimionsg, The valucs of rate of 1ce aceration cucted in the rame table nay be
canpared directly with then as way the values of ligwad woter countont measured
by the rotating dise quoted zn tables 2 and 4. The rotating cylinder results
have been conparcd with the severities by a different method s used in the past
ty ealeuloting the rote of nce buzld up {Rg) on a standerd ree ccllector unier
standard conditions, The valucs of Ry caleulated from the liguad wator content
and droplet size of the robta.ing cylindcr results are given ain +2ble 6 together
—1th the obscrver's severatics fraom table 1, Previous results had suggested
that the divading line betscen moderate and scevere lay sonewhere bebveocn values
of Rg of 4 nd 6 whale betveen light and motcrate the velue of Rg lay bobwecn
2 and 3, It 11ll be sesn that 40 of the 49 rosults fall watlon these liaits,
There are five cases where valucs of over 6 were obtnined when the severity was
quoted as medecratc but four of these are under 7, while there are o valucs of
Rg over 3 when the soverity was queted as laghb, The only othor discrepancics
were two unferestimates wnich wore obviously due to the measurements having been
wade vhen only light i1eing conditicns were present altheagh moderate zecing vas
found during saie part of the flights., Ao the dbscrvers had hal cunsaderable
experience of Tlying 1a zcoung corditions they -rere 2ot o underestimnte scverity
rather than to overcstumote i1t so 1t seems probable that the divisions behrecn
severe and aoderate and noderate and Jight paven above would bhe quite ronsonable
for norual usc,

5.3 Tecc formntron, Trc first photographs in fagure 3 taken on flight
nuaber 40 show an uvnusual 1cc forwmbion an that the aren covered i1s very imich
larger than noracl, Ice sras found 2% a height of about 2,500 foot wwnece the
static cutside air Leuncriturc was -5 to -6YC bub, due to thne kinetie hest rise,
the teaperature on the aircralt wns only about =-2°C, The rireraft, climbing
slowly up to this heaght and descendaing below it, jcemsronally flow at a height
vhere the taiperaturs on the wings vas vory close to freezaing, thersby allowmng
saic of the water, wnich me prescent in fairly large drcplets, to run back
before 1t fandly froze, This can be seen clenrly by coaparing the arcas over
which the 1ce forued on corresponding parts of the aircraft on flights 40 and
46, both of which are shown on the same figure, One most unusual feature of
the ace formation 1s the way in which 1t burlsc up inside the cngine cowling and,
in fact, had such an offsct on the flow of cooling 2ir that, cven vith the zills
fully open, it was rot possiolce to kecn the cylinder head tomporatures wathin
limtetions, Under norwnl erursing flaght, dincluding almost 2”1 flaghts in
1cing condations, the gills would have been fully closed so the magmtude of
this cffect can be appreciated, Taxs flicht —was the only one on ~‘hich such an
effect wms obtained,

The four photogranins of flight 46, apart fras giving 2 uscful coptrison
with thoge of flizht 40, 1n thomsclves shor an intercsting build up of icec.
Moat of the droplet sizes measurcd vere of the order of 15 racroas and tne
aircraft had flown Tox aliost an hour through an average eater concentimbion
of nearly 0.3 gras. per cubic .etre. The ace has brokes off the cngine cowling
and froa part of the loading cdge of the tailplanc., On the centre of the
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leading edge of the taziplane 1t 1s still an inch thick vhile con the Jips of
the engane air irtoake the build un hos reached alwost four inshes,

The Isst tve photographs of 1ee on the test strut show how forthfully
rue 1cc can follor the conteur of the cbject on +hmach at fome as on flaipht 53,
while glaze ice, as 1t becaws thicker, Goes not retain the shape of the sttt
so exactly as scoum on flight 55, The forwatbicn on flipht 58 was wade by Jlying
throush a mwrber of cawlus clouds and 1t 2s possiple to see thht the 1cc 1s
wade up of at least three layers,

5.4 Readines of srdivaidanl instrai.ats

5.4.1 Rottins cylaplers., The figurcs in $able 3 show that the nes
rotating cyliader position 1s very wwch boetter than the old one but they also
indicate that 1t 1s still not possible to gt caspletcdly ccasistent reculis
gvery tmae, Rotating oylindor ncasure.ents (rde in icing condrtiors bore tang
cut as, on sevoral occasicas, the pownts did not all lic on a asocth carve,

From sowme such results 1t was possible to oestinmote liquad water contonbs Jaffer-
ing froa cech other by os wuch as 40%, This possible error .iay vell account

for saue of the scatter showm in firure & vhere the liquid water contants aa
veasursd by the rotating cylanders are camared wath thosc chibained frun bthe
rotating dase. 4 _ore important rooason for Lmch of the scatter is believed to
have been blow-off frea the larger cylinders, This phenonenon 1o lue to thers
being o linditang liquad water conteat for any sot of conditions beyond -hacu =221
the nter present will not freceze but a fraction of it «mill be blowm off, Th.s
why farst shosmn by Ludlan® and further work on the subject 13 reported in
rference j, In fipure 7 aporommate exbrenc ILudlam limts for the s.allest nnd
tnc larpgest cylandcrs uscd are plotted togebher with the licuzd wator conteonts
erleulated fran the rotating eylinicr measurancrts, It will Le scen thod with
the oxaeption of the values of liguid waber content loss than about 0.25 rwus,
per cubic wctre "licst all the points lic beteoen the cxtrene Ludlam linitas.

The points lying nenr the upper lumt —ould ten to be underestirates of the
truc liquid -mter contont and so would ire above the mean line in fizure 6, TFor
the pornts nearer the lower lunt only the larser cylioders would be in orccr

so the truc valuc of liguad vater content ru ht be overestiasted or undorcstioted
dependang cn the curvaturc of the plet and the droplet Zistribution asswied. The
lizats 1n farpure 7 do however show thot the wayority of the rotatinz cylinder
neasurouents are subgject to soac doubt,

o

5...2 Fixed cylindor, Thas ingoroment has conbtinued to pive a uscful
iden of the muaxnmu: size of vaber droplet present ain a preciable guantity. It
is, havever, of more value as o check to show Lf The results fran the othoer
instruients arce waldly cut than ns a guantitative instruacnt itself, As cother
ucthods of measuring droplet size boecoue .awre coliable the use of the faixed
cylinder will eveantually be dascontinued.,

5.4.3 (Qiled slide sammlor and micro cancra, Tigures 4 and b prove
conclusively that the ciled slide sawpling tcenmique as 1t has buen used 1a the
past is coapletely unrelinble 1f icc erystale arc prescnt 1a the rcing cleovd,

To ernable Iiquid droplets to be apensured correctly by thos technious in all

types of iecang cleud, samples wust Le tekon and photographed at o teuporatare
below freezing. This has becn achicoved to a Limited extent when taking the
photographs 1n fipurca 4 and 5 ond ovher siuilar samples that have bocn cbruued
but the technzque used iavoelved reducing the temperaturc in thle aireraft czbin
1o bolot freezang ond thais rogquaved o low outonde ~ar tepernfore of

the order of -15°%C, Efforss arc being .izde to produce 2 simnple ard satisfactowy
toechnigue that will keep the slide belowr freoezing tuanperature and so caable
reliable samples to be ftaken in any type of icang cloul,

5.4 R.AE, thergsl icce detector, Althousgh no results fron this
instruont cre guoted in this repert there has becn a coensiderable wmprovouwant
durras the yery and desipgns owde by both Sanramo Teston Ltd and Teddingbon
Controls Litd have shown reasonmable pranise of beewuning successful ice detocturs,

/5 Beeroins
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5.4.5 R.A.E. Saiths iecing indientor. This iadieator hns centinued
to gave reliable 1adicrtions o0 the prescnee of leing cealutiens, and, thonics
to vork in the MN,A4,E, 1cing tunnel in Ganxda4, 1t 13 now possibls to commere 1ts
results with those from the rotating dise, Tarure 8 is o erlabration of the ofC
truac of the Smiths indicntor azainst liquad .ater content we”sured by thc
rotrting dise made by plotoing ts the “oquivalent sensitivity", shicn 1s vartunlly
the thickness of ice reguared to block the holes and 1s defancd ns 1.2 x 107

£

EQVT , agoanst Ry , where O as the efficiency of cibeh tukea ~s 1, w15 the laquad
Q

—

a
water content 1n gris, poer cubic retre, Voas the true nar swecd an feet per s.cond,
T is the of f time between Smaths indic tor signals in sccunds, & is the soecific
density of ice token as 0.3, and 1.2 x 1072 15 A cunvirsiea £hebor to bring g
to inches, Rg 1s the rte of 1ce acerction in zrms, »or ci.® P r hour cbiained
fraa the rototing dase readings and 8 18 tre n1r teaperibure in degrecs S, It
sheuld be noted that thesc velues of Ry do not correspend -math trnose used for
the rotating cylander caleculntions in para, 5.2 and table 6 as the 1ec collcctor
1g daffercent, Fras fapure 8 the ligquid water content has been deduced by tha
nethod described in refercnce 4. Por the type of Snaths indaentor used on the
Viking, thas fornauda becomes

510
V(7 + 228
( e)

where V is the true air speed in knots nnd o, T and 8 arce as dcfined abeve,

Using this fonaula the laiguid ~ater cortent s calculatad fron the Jaths
detector results and comparcd with the valucs obtained froa the rotiting dise,
About 854 of the results agrced to within 0,2 grus, per cubic metre while 600
were within 0.1 gr.s. por cubic iwtrc., On the other hand nenrly 5% of the 90
cdd points gave unrceiscnably hzgh velues of liquad woter cintent s the valuo
of 228/6 emproiched the valuc of T, This iwcasure of asrecwcnt, althouzh not yeb
satisfactory for umversal use, 15 eaccuraging ~rd corfimas the Canadinn
suggestion that this type of instruwaent s fundasentally sound foxr usc both for
statistical work and for comtrolliing de-i1cing systoas.

5.4.6 Rotating disc, This 1astru.ent hhs coatinuld to be the vain
nethod of obteimng lioguid watcr eonbent, Its records have gaven 2 «ond irsi b
into the variation of the liquad water contont throughout the clouds flown throuah
and 2t has beon suuple to coapare their volucs with those of any other instreacat
for measuring liguid vater contoent. s the edge of the dize 1s h121f the thisknoos
of the Canadian rotating dasc edpe, the Ludlza, liat 1s soucahat hosber and 2% -nll
be scen fron figure 9 thet there are only 6 results Troa the 141 .aensurcd tows yeor
that are sufficieatly cluse to the luut to oe 1a doubt, The slope of the Ludlaw
luait does houever show that this versisn of the rotating dise wi1ll not wensure
the higher valucs of Jligquid veder content ot tempecratures just below freczing.
Too few results have been obtained vith two rotating dises cporating 2% the snue
tine to make any useful coaparison but such rccords 2s have bewn cbtained do ncot
give any reason to doubt their rcliability.

5.4.7 Observation strut. Now that the caine cawera has be n reiwoved
the observation sbrut has lost rmch of its valuc but 2t 1s sHill useful for
agsessang the severity of roing coandations that have been Flom through, by
de-icang after each icing encounter a gonsbtont datuwl 18 available foo chock.ag
the 1ce buarld up with time,

5.4.8 Vortex tube theragacter, The roadins Craa the vortex tube
thermameter has noraally been within 2 -r 3 degrees of the corrected reading
fron the balarnced bridge thormaaaeter, 45 the verbex tube themamseter reading
15 taken from rationeter this .iny well be as pood agrecment 2s con normnlly be
cxpected Trom thig parbticular installetion, It 1s not thuaght thot the present
design of vortex tube jJustifics a moaually balanced braidge instrunent parbicu-
1nrly in view of the obther comituents of the cbscrvors.

5.4.9 Hussenot A.20 recorder, The continuous record of the various
instruments has been invaluable throughout the yeor., Aport from gaving o clenr

/oicture.. ...
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picture of the varmtion of liguid wmt.r eonbont bhroushout a clo-d, 1t hns
been possibl. L2 cospire the robatns, eylinler Mlues of liguid witer contunt
waith the averigeo over the same tine from the rotiting dise, Lo hos also bein
possible te campare the retidings fros the Juaths i1ce detector with those froa
the roetnting dasc,

5.4.10 lutowatic chserver., Tarow hout the year verious themaal rec
detector .ndicators have been fitted in the sutom~tic obscrver as they evwe for
trial, Dairect camparison -vith the rciating disc 1ndicators has thus besn
pessible and, as o conbinuous trece of the rotating disc recurd -wao olso avarlable,
a reascnable proture of the functioming of tho thernl ice ditoctor cmld e
obtained, In adlation the autonctic cbserver has combinucd o be used {70
synchronmizing the verious somples and reeords that <iere trlen,

&, Conelusions

£.1 Lcre infonwtion 1s being amnssed on the best type of synoptic conda-
taons for firling natural reing condlations over this country. The greatest
Jurntions bave Leen Found over the area from Znst unglia o the English Charnel
vhere 1n o north easterly airstican strato cunulus cloud sheets 3-4,000 food
thick have paiven continuous icing conditiors for over 100 miles wath Iiguad
wrter contents of the orler of G4 - Q.5 grna/cublc metre but up to 1.4 gﬂis/
cubic metre 1a one cxeopbional easc,

£.2 Bucecssfal phctographs have been cbtiined of lce crystels and supcr-
cocled wmter droplets topether on cosled oilced slaides, Tnis has Ied to a betcer
understandang of previous failurcs using the oiled slide Hechnique.

6.3 The signals Pron the Snths ice detecter ray now be used to gave liquid
vater content and they canpare reasunably well with the corrvesponding resulbs fran
the rotatang dasc, The acasure of agrecaent obtained cenfimes the Canadinn
suggestion that this type of instrusent 18 fundamertally sound for usc for statis-
tical measurcments and for controllaing de-i1can systems,

6. Althoush not yet completely developed tne desisns cf R,AL5,
ice detector have advanced considerably during the yenr "nd should soon be reach—
ing their finnl form,

6.5 The uwcteorsicgenl office Torecosts bve contimed to be very roliable
in darecting the aireraft o 1cing conditionz., The greatest difficulty appe rs
to be 1n Torecasting the cxteat to which cunadius eclouds vall buald on soie
occaslons dae to lack of current ~ir aocundings.

The only farlure this yeor was due to there being no ewmlas cloud tops
abvove freezang level at the time vhen the aareraft scarched tae area,

6.6 Im the Tuture more dafficulty is likely to be experienced in scarchung
for recing conditions welow about 12,000 feet due to the inereasing onuober of air
lanes and the 1ncrense in ground conbrol heing exercized over the country,

7. Further developments

7.1 The oiled slide sampling technigue has st1ll o be Advoanced and
expogures tuned to guive a .casure of liguad vater conbent, It may then be able
to weasurc droplet diameter in any tyse of cloud, liguad vobter conmbent, and -there
1ce crystals are present, tobal -rater content, iogether "rith an indication of the
shape and s12e of any 1ce crystals in bhe cloud,

7.2 Further measurcients of the extont and scveraty of 1cin; condations
are reguired, In particular, strects of cuwaulus clouds should be investirated
from this aspect,

7.3 Imoroved designs of the thermal ice detectors and the rotating disc
meker rust be tried out in flight to enable guitoble r1eing scoverity .eters to
be chosen bosh for rescarch purnoscs and [or use snth airceraft protoctzon systons
poriticularly on et engines,
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d Conditions Encountered

Fligh Meteoroloplical Forccast ng time hrs-min, Time in Mo. of rote- Rate of 1ige
Ho.| Date |Type of |Symoptic |Icing  |Freezing Type of} Icing Helght at whicn iAir Lem L rotal on vhicH measmalle ice ting cylinder bu:ld up
Cloud Condition | Severity| Level [iCleoud ;Severity |1ze vas found % lignt fice was found | plight Totel jmeasurements madd Ias,ner ninitg Remarks
L e, 0 ft. | Peck  lvarsgd
|1 2 3 b 5 6 7 8 1 9 10 i ] 12 i3 ik : i5 16 17 18
38 [18,6.53 Cumilus |Unstable |Mederate (4,000 { Cumaiusittoderate 12,000 -7 1,20 95,05 0.05 9,30 1 0oL 0,18 | only orc cumilus cloud fourd
alr with and above freezing level,
mhnor severe
rougks.
3% | 1,7.52 curnlus Ppnundery | hoderate {13,000 fCumulus Moderate 17,006 =10 2,30 97.35 0,10 | 5.0 L 0,15 | 0,14 Net many cumulus eostullotus
Cast€i~ llow Castel- clouds found,
1ntus latus
Lo [i6.7.59 streto  {Lepression Morderate | 6,000 < Strato Llght 9,500 -5 2,40 100,15 0,15 9,85 3 06 .05 Tip of Depression wont mica
Cumilus 10,000 { cumilus furtner nortn than forceasc,
Ice found o: war front,
very intercsting build up
due to runback, (see Fire, 3)
ui | @ 9.52 cumilus | Unsteble | Moderats| 5,000 [ cumlus{Moderate 11,000 -5 1,35 101,50 0,10 {10.05 A - - Had to fly at 11,000 fr, to
Northerly clear air lanes, Few cumlus
alpstroan tops ot this helght,
he 17.9.5§ Alto Tee cold Moderate }10,000 4 Alto  |Light 14,000 =12 2,25 104,15 0,10 110,15 o 07 .06 | only short periods of light
cumilus | fronts. 1 5,000 §Cuwulus icing found,
L3 {26.9,5d curmlas |Unsteble | lioderatey L = Currtlns Moderated 8,000 -5 2.00 106,15 0,25 110,45 LT 14 .09 ; Good numbar of curulus clouds
W.H M, fevere 5,000 Bevere foung.1 Inch of lc¢e bullt up
Alratronn ] { on taiiplane,
H
kL 125.9.5d cumius | dastabie Moderate=| 5,000 | strato [Light 9,500 -8 ! 0,15 o - - | Threc arcas tried. Only one
HWrly, |Levere Cunmlus without some sSuecess,
MMratrean,
Cumulas | Depression 5,000 Hil - - -
Cumtlus | Unsteble 5,000 [furulus |Moderate 10,000 ~3 5.00 111,15 0,10 11,05 o= - - l
S.H1y,. ‘ x Durdng thesc flights sets
Alrstrean of wiree cylinders of the
! sane diameter .ere tried,
i So 4 fs the noxirum number
; :  that eould be taken, Condi~
; : ciorig xered .Euch that mﬂ-e
: : ' Eﬁ 'gz 1 Eyﬁggurgeﬁa&aﬁ%{én Y

futs SN
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45 | 2,2.53 istrato | Cold *mISthuerrcc
Cummlus ; omstobla
N.M E'ly,
Alrstrean
s 3.2.83|8treto Cold Modarete
comlus | unstable
N.JF 1y
Alrstresmj
y | 10,2,53{5tr1to beep :J‘!aderct.e
cunuius + Depressior
Alto
[im s hTTE
LE 1 13,2.53|Strato Cola Molsqp-toierut.e
Cumlus | HE 1y
i
Alrstresn,
i
HAD
45 { 20,3.53|ALTHOUGY SEVERE TCING /BEEN RDPORTED
1
50 ¢ 23.,3.55(A00 nidge of Rioderete
cumlus | high presd
Castel- | sure. Mr
latus unstable
aloft,
51 | 24,3.55 |Alto Aldge of Lodmte
Cuulus | Lizh pres-{
sure. fMr)
unstable In
~edina
levels,
52 | 26,3.53Mediun | Cold Moderate
front.

]

I JUA

1,560

500 -
1,000

2 -
3,000

1,000
1,500

|

t

7,000

6,000

5,000

[>17 4N ]
{mmlua;

strato
Cuailus

Styrato
curmlns|

strato
Cumilus

Alto
cumlug
Castel—
latus

Nil

Mediun

Lififlt Wiedl
a littie
noderate,

Light with
patches of
nodercte,

Light with
mtches of
noderate,

Light

Light
and
Moderate

Nil

Light

md
noderate

6,

b.500

7,000

3,000

7,000

L)

AND AIRCRAFT WERE STILL REPORTING
DCSCEND INTO THE CLOUD TO T

11,500

9,000

-0 2,35
=0 aks
-6 3.05
- 1.30

ICING COMDITIONS
-1 1.30
- 1.30
-6 3.20

i2

15

14

15

16

17

18

113.50

116,35

119,40

121,10

WHEN THE TEST

fKE MEASUREMENTS,

12210

122,40

126

0.35

1.00

0-15

0.25

1,40

12,40

13,05

13.15

1

13.30

13.55

—rremen mwod

2.

Hil

0,19

0.09

0.17

0.07

0.02

0,03

0.05

*Loss of taper pin carly in
flizit prevented nore
cylinders belng taken,
Conditions were suitabls for
several more sets,

over an inch of {ce milt up
on wings and tall, B8pead
reduced by about 20 knots,
(See Flz. 3}

4 Inch of fce on tailplane,

The 1ce 183 in an area with
seversl bnsy alr leones
among which an adeguate
search could not be nade,

AIRCRAFT WAS OVERHFAD, GROUND CONTROL WOULD NOT PERMIT THE VIKING TO

Not pany fcing clouds found.
% inch of fca on teilplane,

ifo clouds above freezing
level in area forscast,

P e
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2 3 L 5 N
27.3.53 Alvo Warm Light ~
Cuzmlus | Front Moderate
30,3.5% atrato jo0ld “Moderal;e
Cumallus, | Froat locally
Sumiiius, | » severe
3 .3.535Curmlug | Unstable [Moderate
HM.'ly llocally
Alrstrean| sovere
B.4.53 [Alto tcld fronglight o
Cumuius lUnstable [Moderate
N1y
Alrstream,
Curmmlus {Behind
¢old
front,
18,553 Ccomlus  Cold Moderate
Unstable {to
N, 'y [isevere,
Alrstrecn)
14.4.53 Cumdus  {cold Moderate
Unstable [Locally
NN J 1Y (Severe,
Alrstrean
18,5,53 llto Thundery Rloderate
cumiius | low

3,000

5,000

3,000

2,500

5,500

3,000

3,500

8 -
9,000

Stratc
Cumelus

gorato
cumulus

cumlus|

3trato
curmlus
Cumlus

Strato
Cumlus
Cumlus

Cunrlus

Curmlus

AlLO
Curmlus

Light

Light
Light with
a little
noderate,

Light

Light and
Moderate

Light

Moderate

Moderate
and severe

Light

Very light

7,000

9,500

6,500

8,000

5,000

6,000

g =
9,000

8 —
10,000

10,000

=7

=11

~7

-13

-] =
-6

2.00

5.15

2,00

1.5

2,05

12 13 14 15 16 17 i8
13 0,30  1h.25 2 0,07 | 0,02 Front less active than
anticipaced,
133 0.2 i, h5 1 Onty very scattered petches of
icing found,
0.1 0,06
135,30 0,30 15,15 3 0,261 0.3 Main Cuimilus developient
less then expectod,
140,45 o0 N5.55 over an inch of lce on wings
and tailplane, (See Flg, 3)
6 0,10 0,06
1ha s 0.20 6,45 g 0.3 0,19 Samples of lce crystals
on oiled slide photographed
144,30 0,25 16.40 L 0,16 0,04 | Further samples of leca
crysta’s photographed,
146.35 0,10 116,50 Hil - - Only very light patches

of ice found, Too much
wooly cloud In front to see
best arsas to search.
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e in lecing conditons

| i \Med. Drop Max. Drop
ime Static 0.4.T.°C Liquid Water Content (Greams/Cubic Metre) i Daa, Dia,
Flt. (Dete | of |Deurht|T.A.S, | { Port Rot. |Stbd. Rot.| rime over which ave. taken (Microns) _ (Microns) Remarks
No. Day|(feet}| {imcts)| Balance Vortex [Rot. Disc. Disc. {Secs. ) Rot. |Oried; FixedDiled
Bridge | Tube [Cylsd Peak -Ave. |Peak | Ave. [Rot.Cyls. [Port Disc. Btbd. Disc.|[Cyls,{S8lide;Cyl. Blide
7 z 5L 5 4 7 ) § 110 |41 |12 13 1, 15 16 {17 1 18 | 19 20
[
33 18.6,521227|44,650| 116 -5 = H.e | 1.75 Masi1.35] 1.0 17 20 20 22 | - |- - | *on max. stop
for 12 secoads.
228 112,000 145 - - - 1,05 {0.95{1.0 10.9 - 11 11 - - - - -
228411 ,700F 14k - - - 0.80 {0,651(0,80 | 0.6 - 15 15 - - - - -
» N N
H23), 11,830{ 123 -6.5 - - 51,77 1.30M 2% 0.8;r - 3 { g2 - 40 25 65 || +On max.stop for
' 20 seconds
| x0n max,stop for
z l ; w 32 seconds. ‘
1235 1M1 ,200f 130 - - - 1.3 [0.95 - 20 N - - - - Some ice orystals
pppear to have
melted on the
olled sliide. !
39 1.7.52 12,007,2301 105 -10 - - 1.4 |0.5 [1.1511.,0 - 39 39 - - 20 | -
205 17,750 12k =-1C - - 0.35 0.3 {0,251 0.2 - 12 20 - - - -
1206 117,500) 130 =10 - i- 0.4 10.35[0.65 | 0.35 - 38 80 - - - -
1208 117,000| 129 - - = [ OL5 [0k 04 (025 - 43 90 - |- 1-1-
1
h216 [15,400] 1,0 | -6 - 30.5 P 38 - - 12 | - |15 -
1219 13,700 | 140 N - - [1.05}0.5500.95 0.8 ] - 55 65 - |- -] -
H303 14,9001 122 -5.5 - !0-55' - - - - 65 - - 9 23 17 L5 § Some 1ce crystals
! on oiled slide.
131 115,350 135 | b - - - - - - - - |- 18 | 18 | 50
| ! i ]
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X

L2

L3

16.7.52

8.9.52

17.9.52

26.9.52

1824
1824
1824
1328
1329
1830
1831
18314
32
1834
1835
1852
1444
1449
1459
1221
1223
1234
1235
14
1442

9,760
9,800
9,800
9,750
9,750
9,740
9,750
9,720
9,750
9,800
9,720
10,950
1¢,850
10,000
15,200
14,400
12,100
14,180
7,710
7,640

14431 7,500

150
120
127
120
12k
120
135
140
139
139
165
166

1.5

-6
-6
-6
=2.5
~5.5
5.5
-5.5
~5.5
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Takle 3 ,

Commarascen of ice formed on three rotatine cylirders
of the same diameter expossd ot the nsw sampline position

| Cylinder , . ] :
Lposition Teight of dte - omo, !
l__Inner f 11,11 07 __42.57 i
i{ Maiddls i 12.76 f 5. Gl 11 10, 81 l
! Cuter l 13,36 ‘ 5.07 99902?

x A small quootity of lce woz lost on removins
the oy lindexr



Teble L

Duration of various average liquid water contents
ir. different tynes ¢f cloud in an unstoble airstream

STRATO CUMULUS TYPE CLOUDS

Liquid water coatent Duration
mms/Cubic metre milcs Remarks
1.4 ~fs 7 Meteorologiral resesrch flight tests,

Only short runs measured, Cloud
extended for over 100 miles so the
1.1 =7 water concentration mey well have
extended over 100 miles also

available, ZJee was formang for over

60 miles, probobly with similar water
0.5 T 2,9 {concentrations, and mey have continued

{in the cloud which extended further

(Flight HNo.20)

0.6 >+ 4.3, 2145 §Only'rotating cylinder measurereats

0.1y 115, 5
Oe3 24, 7, 6, 6
0.2 3%, 10

CUMUTUS TYPE, CIOUDS

Liguid water content Duration
gms/cubic metre miles Remarks
145 1.7
101" 2‘5’ 1614-
13 1.8
1.2 3.8
1.1 1.7, 1.6
1.0 1.5, 0.5
0.9 1.5, 1.5, 1.0
Q.8 1.9
0.7 6.6%y by 1.9, 1.9, 0.3 % Triple peaks without coming
down to zZero
Oq6 2.4, 1‘8
0.5 6% # Doublc peck without returning
to zero
Oe b 1hoit, 14T, 61T, 1;..1’5,
3.7% 1.8, 1.1, 1.0, + Measurements in a strcet of
Oe7y Q.74 0.7 cumilus without values
coming down to zero
0.3 Le8%s b3y 8.7, 1.7
009, 006

0.2 11.8%, 6.8% 1.6, 1.2, 0.7



Table 5

Comparison of severity of icing forcecast
with severity of icing observed

. _Ubscrved Overestimated forescasts deg_:é*ces
T~ Correct forecasts i : .
Forcoast . | Light loderste | Severs Wil | Laght | WL
- it

Light-modecrate 1 -

e—— //'
- \/’
/ <t“"-__

NE
i
N, z’i i, i
Moderate N/ 12 / \ // 6% 1
N \\/

'
:
i
]
|
I
i

\ ,/\
Moderate-severe . - 2 | / \ - -

1
!

Totals 1 12 2 ; 6 1

! |

% In ocne case the search for ice had to be discontinued as the area Was in air
lenes, Further search in the area might have found the severily forscast.

In a second case the tip of the depresaion went further north than forecast

and so the area where thc moderate icing was probably present was not
investigated.



Table 6

Values of Rg calculated from the robating cylinder
measurements compared with observed ieing severity

[ i Liquid Wedizn ;
CFlight | water droplet | Rg2 ' Observed ; Type of
No. © gombent dirmetor ‘ gms / an / hours : icing { cloud
) (gms/mo‘bro;‘ ) {m1icrons) | . severity ; i
l . i i!
? 38 ! 1.8 i 22 | 30,0 . Moderate Cummlus
! ' i { & severe
: !
| 39 . 0.6 1| 5.5 | Moderate | Cumulus
o , .5 12 3 { cagtellatus
1 1] { O‘o 55 i 9 ! 1 - 8 !
i ' |
40 | 0.3 1 14 1,65 | Light Strato cumilus
| |
o | 101 | 11 0.625 | loderatc Cunnlus |
! i '
4l 0.65 ‘ 14 1 6.2 | Light & | Strato curmlus
’; ﬁ g | moderate b oond cwmulus
' i ! N
£ 45 i 0.2 I 18 ! 2.4 § Tdght with ! Strato cumulus !
i " 0.25 E 18 1 2.9 I a little i
i : : : moderate |
P i [ i I
U6 |05 12 0.9 | Light with ' Strato cumulus
" | 0.35 i 15 3.3 i patches of |
" i 0.3 17 | 3.5 | moderate
po" , 0.2 11 g 1.0 | :
" ' 0,15 15 i 145 I
" | C.15 12 2,0 !
" C.h5 | 20 6.7 f
" ; 0,6 * 18 8.0 i
E {
i I o.25 9 0.85 | Light with | Strato cumulus
Lo ! Ceib 9 | O 45 ! patches of
P : Ol 15 3e8 i moderate
f : ;
50 0.1 ' 16 : 0.9 Lighkt =and Alto-cumulus
" 0.15 16 ) 1.6 ‘ moderate casvellatus
" | 0.2 ! 1% 1.75 |
t n i O. 1 ' 1 5 1 . O )
I i
52 ! 0.15 15 I 1.3 Light ang Medium !
t | 0.6 13 E 0.5 moderate |
53 I 0.3 20 | 3.8 Light Strato~owndus |
! n 001 1 9 E 1 - 2 ]
é | |
" 5l 0.5 | 17 ’ 6425 Loght | Strato~cumulus |
' {
55 C.25 17 | 3e1 Light and Strato curmlus
;o 0.5 19 6.5 Light and and cumulus |
;" 0. 45 20 6.5 moderate |
i
; 56 0.6 10 3e3 | Light and Strato-curnilus
e " 0.2 13 1.5 i mederate and curulus !
)" Ouls 15 e 3 .
o 0.25 13 | 1.75
P 0,35 17 4.5 :
! . |
; 1 ~ |

/eontd,
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FIG.A,

Botating cylinders retracted showing rails & carriage.

" Rotating cylinders extendud,

Improved rotativg eylinder Installation.



.‘ KEY FIG 2.

SYNOPTIC CONDITION ICSING SEVERITY

A UNSTABLE AIR STRREAM LIGHT (SINGLE SYMBOL)

0 coLD FRONT MODERATE (DOUBLE SYMBOL)
{ WARM FRONT SEVERE (TRIPLE SYMBOL)

[ occLusion. TYPE OF CLOUD
V DEPRESSION CONVECTION-PLAIN SYMBOL
O MISCELLANEOUS LAYER -INDICATED THUS 44/
=

AREAS WHERE NATURAL ICING CONDITIONS HAVE
BEEN FOUND DURING 195]-53.



Fig.3. _

Flight Ho 40

Medizn drop diamerer 25-30 microns
Liquid water content 02-8-3.gms/cu. metrs
Qutside air tcemporature - 5°¢

- Flight Ho 46 _
Average median drop didmeter 15 micrens
Average liguid water content 03 Ems/cu metre
Outside air temaperature -8 ¢

... FlightNeS6 =
Median drop dizmeter 15-20 Microns
Liguid water content 0204 gms/cu. metre:
Qutside air temperature - 4o - 8%

o Flightiissg
Median drop diameter [§microne
‘tiquid water content %1-8-3 grivs/cu. metre
Dutside air temperature - 5%
' wire bound test strut ~—se g

%

ieé forination on partsof thé arcrafe,



Fig.4.

pstudy of the melting process of 4 number of ice crystals:



FIGS.

The meléing process of ice ¢rystals when wibied with:supercooled water droplels



FIG.6.
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ROTATING CYUINDER LWC gm/m®

COMPARISON OF THE VALUES OF LIQUID WATER CONTENT MEASURED
BY THE ROTATING CYLINDERS & THE ROTATING DISC.



FIG.7
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PLOT OF LIQUID WATER CONTENT MEASURED BY ROTATING CYLINDERS
AGAINST STATIC AIR TEMPERATURE SHOWING APPROXIMATE LUDLAM LIMITS.



FIG. 8.
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CALIBRATION OF SMITHS ICE DETECTOR AGAINST
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FIG.9.
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