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Sumary

The results of the first yeart flying in search of natural icing
conditions using a Viking aircraft are given in thas report. Special meteor=
ological forecasts of leing conditions have proved to be reasonably reliable,
Good photographs of droplets th~t have been sampled from a cioul ean nuw be
obtained at wi1ll and they give direct measurement of droplet sizes although,
when frozen paiticles and supercooled droplets are present together,the inilcr-
pretatron of the photograoh 1s st1ll subject Lo doubli., The rotating disc 1ce
aceretion meter, especially when coupled to a Hussenot recorder, has proved,
within certain liumitations, to be a valwallc instrument for measuriog both
the liquid water content of the oloud and the rate at which ice is bualdang
up. The best wicing conditrons 1n layer type cloud were found in Deccuiver 1951 ond
January, 1952, The immediate programme is ocutlined and the fucurc prograume

discussced,
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1. Introduction

Starting in June, 1951, flights have becn made in search of natural icing
conditions with the obgject of measuring the paramcters on which such condziions
depend, aad of developing sultable instruments for measuring these parameters,
These flights formed the A& 4,8,8, part ol the combined prograrme -vith thc
R.A.E, and the Meteorclogical Office which, apart from work on the productroa
of artificial icing, had throe main i1tems in view., These wergi-

(1) To continue the study of the correlation of forecasts of
1cing and rts cccurrence,

(11) To find out more about 1ce formation on aircraft,

(111) To develop surtable instruments for mcasuring the parametcrs
on whach natural icing depends.

2. Description of test arrcraft and 1ts instrusentation

2.1 Alreraft, The sarcralt used on the flights was a Viang, a twin
engined passenger carrying airceraft with an all up weisht of 34,300 1L, The
safe duraticn was over Tive nours at 2 cruising specd of 150 knots I.A.S.,
while the aireraft was cquapped with oxyyen to allow Tlignts up to 20,000 feot
1 nceessary. A photograph of the arreraft is gaiven 1o figzure 1,

2.2 Instruventation. The instrumentation was provided almost entirely
by the R.A.., and was fitted as 1t become avazlable., The instruments uscd were
as follows:i-

2.2.1 Rotabting cylinders. These consist of several cylinders of
different dzamcters which are cxpoced to icing cenditions, The amount of 1ce
that Cforms on the cylinders durin, the time they are exposed dopends, muaong
obher things, on the diameter of the cylindcr, the amount of supercoolcd ligquid
vater per umt volume of air present in the cloud and the saze of the Jdroplets
formng the cloyd, Aftcr brainging the 1ce coated cylinders onck into the
aarcraft cach one 1s removed from the sampling poie 2ad placed in a container
which 18 tightly corked, On landing the cylinders, the containecrs end the now
melted 1ce are weiyhed, after which the water 1s poured away and, alter drying,
the cylinders and coantainers are weiched again, The difference betueen
welghings giv.s the weizht of the water picked up by each cylanler shach in bturm,
after comparison with sune standard curves, pives an andication of the median
dreoplet diameter and the liquid water content of the cloud, A phocograph of
the orig.nal set of rotating cylinders usaing threo cyilinders only 1s given in
figure 2, whnle a later set using four cylinders 1s shown i1n figure 3 this tine
with 1ce on the cylindeors,

2,2,2 Mxed Cylinder, This consists of a cylinder 35" an diameter
round the surface of which blue nrint paper could be fastened, The cylainder
wath 1ts blue print oaper covering 1s exposed to the i1cing cloud for fram 5-10
gseconds and then withdraym, The water in the eloud changes the colour of the
paper over the part of the cylind.r wrhaich 2t strikes and the waidth of this arce,
which is a band along the leading edge, 1s a measurc of the diamoter of the
largest water droplct present in appreciable quantity., A photograph of the
fixed cylinder equipment 18 given in figure 4 vhilz a typical record i1s shown
in figure 5,

2.2,3 Heatced Cylindcrs. These consisted of four cylinders of
different diamcters which could be heated by nichrome ribbon heaters souad
round each cylinder. OCn the leading cdpe of cach cylinder were thormocouples,
the readinss from which could be taken anside the aireraft, The temporaturce of
the leading edspe of each cylinder was obscrved when flying through rcing condie
ticns and from this the drop in bomperature due to the svaporation of the water
droplets could be chiained by comparison with the temperature found when flying
through dry sir under corresponding flight conditions, This temperature drop
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gave 2 measure of the amount of water striling each cylinder and, fram this, the
droplet dismeter end ligquid water content could be calcoulated in a suailer manned
to the rotating cylinder method of calculation. A pholopraph of the heated
cylinders appears as figure 6,

2.8.4 Caled slide samplcr and micro cancra, These pieces of equipw
ment caabled a photograph of cloud dropicits Lo be obbained, 4 suall glass slade
24" by " was coated vwath a film of o1l and placed an a sampling pole, The
sampling end of the pole was then held out throwh a hole in the side of the
airrcraf't and the slide exposed for a fraction of a second, The pole would then
be brouwght in and the glide transferred to the macro camera which would then
take a photograph of the exposed sumple enlarced approxumtely DO times, The
original micre camera, although 2t took good photo: raphs, was awkward to forus
and hed the slide mounted in a vertical plape so that the o2l tended to flow to
the bottom., An improved camera was introduced in day, 1952, which overcane these
problems and had several cther advantages as well., The original sanpling pole,
although effective in obtarning szanples, was comparatively glov in operation,
and, because cf its size, may well have disturbed the droplel distribubion around
it so that 1t caught samples that contained fewer small drops than were actually
present, This was not serious as a larce cheage 1n the rnumb.r of small drops
present makes litile difference to the median diameter of most samples, A wmodi-
fied pole 1s, nowever, being introduced to get over these diffaculties. The ol
used on the slide was Shell Spirax 250 and had been specaially chosen to cateh the
water droplets without breaking them wp, and to retard thexr cvavoration suffi-
clently to allow adequate taime for a photograph to bc taken., Pnotographs of the
orlglnal sampling pole, the original and the improved camera ave given in {igures
7, 8 and 9,

2.2,5 R.A.E, themal ice detector, Thas was a prototype instrument
working on the principle described in reference 1 where the liqu:id water content
18 measured by rocording the dxrfference in temperature between two heated elemeuts
one of which 1s cxposed to 1cing conditions while tho obther 1s shiclded,

2.2.6 R.A.B.~8miths icing indicator., This instrument hos been used
as a standard 2ce detactor on several aircraft, The head congists of a suall
tube mounted outside the aircraft wath holos in the front and the back, When
no ice 1s present, the pressure an the tube is greater thaa static as the area
of the forward facing holes is greater than that of the rear holes, ihen ice
starts to form the forword holes become blocked and pressure in the tube bocones
lessg than statie, due to the suction from the rear holes, This change of pressure
operates a miero switch whiich switches on a heater clemcnt in the head to de-ice
1t and lights a varnming lamp insidc the aireyaft$, #Fhen the heater hes de-rced
the front heoles, pressure again beeomes greater than static and the heaber and
lamp are switched off. This cyele contimues so long as the aireraft s in 1oing
conditions,

2.,2,7 Rotating disc 1ce ocereftron meter, This instrument was not
fitted until the cnd of November, It consists or a disc 1/32nd of an anch thick
at the edge,mounted outside the aireraft with its edge facing forward, The dasc
18 rotated at about 2% revolutions per winute and ice can Luild up on the Corward
facing cdge. The thickness of icu 13 measurcd by a feeler that presses on the
rear half of the disc and the ice 13 later removed by a seraper which gives a
clean surface for a further build up of 1ce. The movement of the feelervnch is
oenly a few thousandths of an inch 1s iransmitted through a shaft to a transduccr
umt which gaves an output of roughly 1 millramp for o deflection of 015", A
photograph of the disc is shown in fipure 10,

2.2.8 OQObssrvaticn Strut, Thas was nobt originally intended as a
quantitative instrument but was merely 2 small strut placed cutside one of the
windows to show when 1ce was actually forming, Tater a cinc camera was installed
to photograph the 1ce as 1% built up, partly with the intention of recordiag how
solid ice particles beccane frozem on to the airrcraft surface along with the ice
formed from supcrcocled water droplets, and partly to rccord other similar phencusna,

/]:tl!.I.“
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Tt was then dscaded to use the instrumcent te weasuso the rate of i1ce build up

in additicn to 1ts original pursose., The strut can now no do-.ood hy an electrical
heater of pyrotenax that Las besza built into the leading edse, An 1llustration of
the ice formed on the leading edac 1s saven n fizure 11,

2.2.9 Palance Pridse Thermoncber, Oubsude air temperature 1o
measured by a standard metcorologieal office balance bridge arr btnoouncter with
g modafied radiation shield, To prevent ice forming on the oulh of the thermo=
meter the forward end of the standard radiation shield hag been closed an, [his
1s shown i1n fagure 12,

2,2,10 Vortex tube themmoncter., This consists of o thermonster bulb
mounted 1a the centre of a special tube, TIhe air inlet facoes lorvird and 1s
mounted at onc side of the tube causing the air o swirl round insids bhe tube
until 1t reaches the outlet 2t one end. It has beon found that, Ly adgustyng
the ratio of the arcas of the air inlot and outlet, a thermamcter bulb can be
made to gove a reading that i1s indepeandent of ocir speed., This thermometler was
fitted to see whether the results would be consistent when workiang in clouds
and with 1ce buildinzg up on the azr ainlet, A photorraph 25 ¢aven in faipure 13,

2,241 Busegench & 20 rocorder, This recordor was fitted tomrds the
end of March, 1952. Tt records o time base, touether with air spoed, heaght,
the reading from the rotatung dise, the cyeles of the Smaiths icing indicator,
a1r temperature, the operation of the automatic observer and has a sparc chanucl
reserved for the new R.AE, Bangano Weston themmal zce detector, The film specd
used iz 1 m m, per sccond and the duration at lhis speed is approximalely 15
hours, A typiecal record from the A 20 18 showm in fipure 1k,

2.2.12 Aubomritic cbhscrver., The milliagmcter which shows the oubtpus
from the rotating disc 13 mounted on the pancl of the autosatic obs.rver
together wath an air spced indicator, an altimetor, the vortex tube air thermo-
metbey ratiometer, a clock and a counter, Thesc instruments uay be obscerved or
photographed vhen required and space i avarlable for future instrumenss to be
mounted on the panocl.

3. Method of tost

3.1 Preluminary tests

3.1.1 Boundary laver a.y flov omogtisation,  The thicknesas of the
boundary layer at various positicas whore it was iatonded to nsount instrucents
was investigated, A pltot stabtic head was wountod at the erd of 2 pole whoch
clid through a2 hole in the side of the arreralt at the position to be checkad,

The pitot head could thus be pointed into the airstrcom st any distance from

the side of the aireraft. The arrcraft vas Mloun at a coastant spoced and the
pirtot head pushed out from the side of the arrerart until the air speed i1ndicator
on the inboard ¢nd of bhe pole read the same as dad the arreraft ~air speed system,
This was repeated Tor differcnce specds and the distance was obs.rved Tor cach
position tested., This distance was talen into account when moanting the instru-
ments and whon operating the rotating cylinders or when takin~ coiled slide sanples,

3.1.2 Alr temporoture thermomoter eslabentions, The outedde awr
temperature thermometers were calibrated cver a ranze of spocds to dotemmine the
corrcetion to be applicd for the hent rise duc to specd,

3.2 WNormal ftests, The local Mobeorclopienl Officer was consulted each
morning as to the prospeet of Tinding icwng conditiona, “Then a surtible forccast
wons fortheomng the aireraft was floan to the area and a scearch made, The search
was normally startcd at a height to gave a tomperature only a Tov degroes below
freezing as this should produce glaze ice which 1z noraally considured to be the
more dangerous of the two main types, If ice could net be found at this hoisht
the search was carried to progressively sreator heights and lower towmperatures
untrl cither satisfactory icing conditions were found, or the area was abandoned
as unproduckive, “Yhen teing condivions were found, measurcasnts wooo boken on
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all avairlable i1astruments and later vhobo-raphs vore baken of the oo foraation
on geveral parts of the aireruft structurc. Ocecaszionlly photosranhs - sro
taken of the clouds {lovm toroush erth.or before or after flyin. throvsh thoa,
but this was normally only possible for cunulus type oloudn. Records w.d
measurcments were normally taken for as long as satisfactory 1ciad coalidtious
lasted but on one or two oceasions tests ,ore abanioncd aft.r vouw, vn all Hho
gets of rotating cylindeors, or all the frawes 1n & camera mogrfine, 70X ALa03
all the flights the aireraft was sasced at Boscombe Down althouch flirhbs 23 ind
29 both started from raris.

3.3 Spcezal toests, Beenuse of seatber of ne rosults froa the rodntons
cylindcr measurcments, tosts -woce made 1n 1cing condrtions us.ns thr-e oylinders
of the samc diamcter to check the coasistoncy of Jroolet distriontica at the
aormal sampling position ~ihaich was that desceibed 1n reference 2,

b Roesults

4.1 Buccess in faadiag ace, rhoe rolation betueen the mcteoroloTicnl
Torscagts and the conditions found has ' con deald wibh an refer.oac. 3 For tho
first 26 flights, but for complotoness bhe conditicus for these rlights arc
included 1n table 1, together with the Jetails for the romararo, 17 Clighis.

A map showing the arcvas where 1ce was found during the shole poriod s gaven

in fipure 15, As explained in refercnce 3 no flights verc mrde 1n soarch of

ice during August to November, The aireraft was urdcr inspectzon and being
fitted with 2 water shray system during August and Scptewuber vhile no suitable
Forceast of acing conditions was reecived darin~ Octobor and Novoaler, Ths 37
flights made represented almost all the forceasts of rcasomable 1cing couditions
during the year, npart Sram August and Scphosber. On throc oceasions i1c1ng
conditions were forccast when the weathor at base wes extremely bad and the
chance of finding ice vas not thought to justafy the risk of taking off . itn the
provability of not beian able to #ot back  On onc ocersior 1ce - s focoonss
whin tne station wis closed for flying but the forccast was ob sut/ictoatly
good to gustafy the trouble of er~anisias the nocesuary feilatico.  On four
further occasions the aircrsft or the instrumeniation was unsstvicesblo shen
rciag conditions werc forceast, .t least four ocoasions are rocorded vhen obhor
aireraft found ice vhen weing conditions were not forceast, bub ou only Sio of
these occasions 18 1t kmovm that a reasomable build un of icc was cbtained on the
aireraft,

4.2 Typs of rce Pormation., A number of photorranhs of the 1c. formtbion
cn various parts of the aireraft arce csiven in Tigures 16 - 18, Thoess an.
reprosentative samples of the difforent tyncs tmt have been Zovrd Juring the
year, The water droplet daometor, the liquid ster content and the arr boaapera-
turce are given in each sauple.

4.3 Instrumcnt rcadings., ror 2 varicty of rcasons thot are diccusscd in
the follownang paragraphs e number of the rusulis froo same of the instralcnts
are not regarded as reliable, For the sake of com-letencss soe of thene gesults
arc mncluded 1n tabvle 2 tovether wath the resv ts that are belicved to be more
rcliable, Examples of the phoetograrhs of cloud dyoplets caupght by the ciled
sliades arc given in fizarcs 19 to 2L, Thuy cover the range of liquid ~mtor drop
s1Zes found, whilc somc shos the presence of .wlted ice particlus, The results
of the mcasurements made using three rotating eylinders of th: san. s1ze arc
given in table 3.

The balance bridse thermomcter proved to have a co-cfficuert civing
aporoximatcly 0,6 of the nommal adiabatic heot rise while the vortex tube
thermometer readings were proctically unaflfected by 2ir spood.

5. Diseussion of results

5.1 BSuccess in finding rce. This has beun discussed i1n roforcnce 3 so

/far... .,
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far as the first 26 flights are concerned, On all the remaimng 11 flights

scme 1ce was found bringing the total muaber of successful flichts up Lo 34, On
these 11 flights the icing conditions werc found approxamately whoere forceast,
so alternative arcas were not investigated., It 1o intercstin, to note that b

of these 34 encounters took place in December and & were in January, ian spite of
the asareraft being uasexviceable for over a weck on inspeetion, The renaining
flights were fairly evenly distributed either 3 or 4 poer monbh., Thas gives an
indicaticn that winter 1s the best weried of the year for this type of work,

5.2 Duration of 1ciag condations, TIn tablce 1 both the time in soasurable
1ce and the number of successful rotating cylinder weasurcments made are quoted
for each flight., The time in measurable rcc i1s thoe time duriaz which obsurva-
tions were being taken of the ice bualding up on the aircraft. In some cascs
1t 18 the summation of a numbor of short porieds fhat could only be msasurced wn
the instantancous reading instruments, The mmber of successful rotating
cylinder measurements made i1s, for layer type clouds, a better gurde to the
acontimurty of the icing conditaocns, BSamples werc not normally taken on the
rotating cylindcers unlegs 1ce was fomung fairriy steadily, but 1f 1t obviously
stopped forming the sample was discontinued, and, 17 insuflficicnt Lee to give a
good reading had been colloctoa, 1t was &Cf&prd A secrapped saople would
prevent the taking of rotating cylinder measurcuents in more contimious conditions
goon after the abortive attempt as several minubes are needed for ruloading,
but, though this 1s one of the reasoms for apparcnt discrepancics betiecn time
in 1ce and the mmber of samples taken, it did not happea very often.

Over the whole 34 Tlights only 2 or less than 2 satisfactory rotating
eylinder measurcments were taken on each of 18 flights, whnle 3 or more than 3
measurencnts were taken on 12 Plights. On the remaining 4 fligphts the 1cing
conditions were sufficicntly soed to ailow 3 or wmore mzasurcaents to have bhecn
taken but due to some urpavoidable reason this could not be done, Thesc flights
are fairly cvenly divaided between cumulus tyne cloud and layer tyno cloud, Tho
lack of success in the 9 flaghts in curmlus type cloud is mainly Jdue to the
short time durang which such conditions last, These 9 2re all amon,, the earizer
fiights and lator a satisfactory tochaiquoe to cvorcome this Aafficulty vas
worked out, wheore the cylindcrs were cxposzd before entering cloud and tamed
fran the start of 1ce forming until leaving the clouwd. The 9 relatively unsuccess-—
ful types in layer type cloud were mainly made in 1atemmtient conditions when
pericds of 5 minutes at a time were rare., On the remeznianz Tlights two had to
be abandoned despite good 1cing conditions as 1ce vurlt up on the sproy mast
used For producing artificiasl i1ce and caused serioug vibration, 1n ou: case the
mast was thormally de-iced but the system proved to Lz rradequatc teo deal with
the severe i1cing that was encountered, On two further f£li_his no rotating
oylinder measurements were taken due to lack of chscrvers,

0f the 12 more successful flights 5 werc made in layer trpe cload, 6 1n

cumulus clcud and 1 partly in each type. During 3 an layer type ciond over 17
of 1ce built up on the wings and tail planc, whle on the remeamng fliphts in
this typce of cloud the build up was of the order of ¥ and +" respccbively.
The aircraft de-lcing system was purposcly not used qo as to allow the tece to
build up, Normelly less than 1" of 1ce built up during the flights throagh
cumulus Lype clouds, but this could usualily have boen incroased wath ease by
merely {lying more often turough the clouds., The duration in this type of
cloud 1s very short as will be secn froa the tumcs over whach the average ligquad
water content wos measurcd ain table 2, The shortest quoted is 11 meconds,
while the longest is only 27 minutes,

5.3 Scverity of iecing conditions. The definitions in table 1 for the
icing conditions found on the {flight were hased on the observers! opinions
rather than on quantitative weasurements, although in the last part of the
table such guantitative measurcments have been given, It will be secn from
table 5 that meteorological forecasts of scverity vere very good in that 26 of
the 34 made and investigated were correct, while,apart from the two farlures to
find any appreciable amount of i1ce,the main disagrcements were in the 6 cascs
where only light ice was Found, although moderate or moderatce to severe had been

/forceast, ... ..
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forccast., The fact that the severty forecast .~s not found do.s not necess-
arily mean that the forecast was wrong, as 1t w1y hove beon that the warerafs
failed %o find the area which contained tho merce suvere conditions,

To try to laink up the scverity of the zcing conditions as jJudged by the
airerew with the droplct size and water contenk measurcd, ths volue of Rg, the
rate of 1ce accretion on a "standard” ice collector, has boen caloulased for
gach of the rotating cylinder rusults, The "standard' rce collector has bLecn
token as that uvsed in reference 5, a 3 inch diamcber coylinder Fiying af 200 mph
at a height of 3 kilameters {nenrly 10,000 feot) 12 the international standaxd
atmosphore, These values are pgiven in table 4 together irith the type of cloud
and the 1cing severity <ncouncered,

It will be scen that, although twe valucs of Ry when the sevoisty
1s quoted as moderate are over 6, all put two of the others are betweon 4 and
2, S8imilarly all but two of the values of Ry for light icang ars 3 or less,
while the values for light to moderate and moderate to severs icing come withan
these limits with only oae exception., Ffrom this 1t may be arpucd that the values
of Rg, calculated from roboting cylinder mezsurcnents, that are above somevhore
botween 4 and 6, represent sovere acing whale the dauvision between the light and
moderate ilecinz would appear to come betwecn valuces of Ry of 2 and 3, This is
not 1n exact agrecseat with the valucs suc, csted 1n refercnces 5 2nd 6 vhere the
divisrong between licht and moderate and moderate and severe vore gaiven as 1 and
4 1n reference 5 and 1 and 6 in refirence 6 but the disagreoment 1s not scrious.
In view of the doubts of the accuracy of the rovating cylinder meisurcvaents
toten from the old sampling position, it would be better to wait for confimmation
of these valucs from morc reliable rcsults it 1s hoped to obtain in the future
from the new sampling nositaion before placing too much relionce on these valuos
of Rg.

5.4 Ice formation., Tre photo-raphs in fipures 16 - 13 1liustrate threc
pain points, The first 1s the way an Jhich the arca of the sarcenlt Hu which
ice forms 18 affected by the diomoter of the drops. All three {ugures show
clearly tre larger area on which 1ce foms when large drops erc present. This
15, of courae, a well knovm and precictible occurrence but the paotogyaphs
illustrate it very clesarly. The scgond poaint i 2lso well known 21l 18 darcetly
rclated to the first., It 1s that the burld wp of 1ce on swall cbjects such as
agrials or the small best strut is relatively gre: ter than ca Inrger objechts such
as the wings and $tail plane, This can be scen oy canpnrin., the corresponding
photographs in figures 17 and 18, The reason for the greater buald up oa =wmall
objects iy that their 1.fluence on the aarflow ahead of bthea i1s not very preoat,
Only the smallcst drops are defiectod along o streamline and unss the Joject,
Large objects affect the airflow well in advance of thaaselves and the mean
curvature of the streamlines i1s less so the larger drops arc accelerated sideways
and pass the object without striking 1%. Thus a larpgcr progortion of the lotal
munber of drops per umt ares are caught by the asmaller objsot than by the larser
object. This 1s, of course, the princaple unon vhich the rotating cylinders
opcrate, The tuird point is wore complicated and concerns the type of 1ce
formation. The two main types of ice, namcly jlasc ice and riae ice, are described
in reference L hogether with the wain reasons for their dafference.

Briefly, glaze icc foras when the vater conecentration is sufficlently hagh
and the temporature is sufficiently close to froeczing to allow the su.crceooled
water droplcts to flor a 1z.tle after ampecet Beforce they frcesze, Thas gives A
vwiell krit layer of icc which, dependang on its thiclmness and stage of develomiont,
may be clear and smoobth as on flighls 20 and 21 in fagure 16, or rouch and uneven
as on flight 23 1n the same figure, It may also be milky in apoearance duc to
the wnclusicn of 2ir bubbles, as at the edges of the 1ce forantion con {lights
20 and 21 in fagurc 16,

Rime 1ce forms when the water conventration and tomperature are sufficiontly
low to allow cach droplet to freoeze on impact without flowrrne appresiably,.  This
gaves a whaite porous structure with a matt surface, es ghowm on flaight 28 in
fipure 16, 17 and 18, Vath small dreops  and particularly when frozen particlos
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are prasent in the cloud ot the samc time 2s suporcooled water droplets,; the
structure 1s lcose and alaost powdery as in flight 32 in figure 7. Thais last
sample was obbarned when flyrig through 2 succession of small cumalus clouds,
When the liquid water content in such clouds 1s hagher and drop sizes arc
larger, hail stones may well be inciuded in the 1ce formotion as in figurc 3.
This phcnomencn has been found sceveral taimes but was not photozraphed success-

fully.

The way in which the 1ce has built up on the aerials in figure 18 1s guite
interesting., On flight 28 the droplet sizes were small and temperatures low
giving a conparatavely wparrow band of acce, On flight 21 on the othoer hand
droplet sizes and water concentrations were larger with a higher temperature,
and the 1ce had bualt up wath a very wuch wider arce in front than on the
acrial itself., This glaze type of i1ce 18 obviously going tec have o  reater
aerodyncmic of Jcet than ruime ice that doeg not spread i1tself guite sc widely,
This 18, of coursc, well known but the faipure gaives 2 further illustration
of the point,

The greatest amount of 1ce that has so for been colleetod on the airceralt
during; these trials caused a considerable reducticon in speed duc to the increased
dreg, but agart from this inerecase in drapg which, of course, reduced the range,
no sermous difficultics have becn found 1n flying the aircraft with 1cec on at,

& maen Ilrrcer build up of zecc might well inereasze the drag and decrcose tho
110t beyond the pelnt where the aireraft could maintain height, cven with full
povier, but such o build up has not yet been experienced,

5.5 Feadainrs fros andividyal 1nstruments

5.5.1 Rotating gylinders. The figurcs n table ¥ show that the
distrabation of liduid water droplcts at the sampline positicn that has beun
nged 18 not unifoumm, Some of this scatter may be bocrusce dastrabutzon throagh-
out the eloud 1s uncven, but tne fact thet the inbonrd cylinder colliccted the
lowest weaght of ice on cach cecasion gives o clear indication that the airflow
rcurnd the fuselage 1s nt loast partly responsible for tne error. This is .n
soate of the fact that all the ceylinders werc outside the boundary lnyer as
measured by the travelling pitot head. It is obvious that the pr. sencc of the
aircraft disturbs the distribution of droplets, to the extent that such drops as
do not strike the aircrift are deflected side.ays so that therc is a region
outside the fusclage where there arc more water lroplots, particularly smail ones,
thon there would have boen in the undisturbed air., Thrs region vill nresumably
be mder and further from the fusclage noenr the tail than necar the front of the
fuseloge, so apart fraa any boundary laycr -roblems, the ideal sampling position
will be as far forward as vossible, The results of this test will cast doubt
on all rotating cylindcr rcadings token from this pesation,

On scveral occasions those was less 1cc on the 2" diametir cylinder than
cn the 1" daameter cylinder of the same length, Although this i1s theorctically
possible 1f the cload consists of very small droplets, it 1s velicved that 1%
1s morc likely to have been duc to the uneven droplet distribution at the
sarpling position, The offuet of the reduced amount of 1ce on the larcer cylinder
would be to give o droplet size thnt is oo small and a liquid waber content
that is too larpc,

Apart from any crrors duc to the incorreet distrabution, 1t is knowm that
rotating cylinders suffcr from the phenomeneons mown as blow off. Under certain
conditions somc of the supercoclsd drops that strike the cylinder ars blown off
agfin budore they have time to freeze, so the amount of 1ce thot .forms on each
cylinder under thess conditions 13 not a true weasure of tac anount of water
that should have beon colleated,

Tct a further point that casts doubt on some rotating cylindir resuits
18 1llustrated an figure 3, It wall be secn that, 1n addition to normal 1ce
on the cylinders, o number of particles that were nlready frozen before thoy
reacnsd the cylunders have buen frozen into the i1ce, As thesc particles were
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not round this 18 geilop to upsct the theory on which the reductacn for the
rotatin eyiinder method .s based {rcfercace 7) in eases whers sclad particles
arce proged up on the cylinders, This appears to happen when frazen wordicles
are pregent in the cloud 10 appreciable guantitics as 15 pirticulsrly thne case
10 comveetive type clouds, Accordiny, to rofercnce 8 the majority of icing
clouds are a ymxbure of solad i1ce particies and supercocled liguad water drop-
lotn, o2 this trouble may 1cll be Mnirly widesgrend,

5.5.2 Txed cylinder, The fixed cylinder hos oroved to be o
reliable inatruwent withan i1%s sractieal lamitations, When the tomperature
wig not too low, 28 wzs the e2sc in the wajoraty of fluichts, wator runniny book
frue the lealing edpe of the cylinder made the record cleer and uneiastakoblo
as 1oy be seen in Tigore 5. The value of the naxamar droplet diameter could
bo Actermined very quackly. The true elme of on overexposed record was not,
howsever, always ecasy to distinguish, as many, if not all of the lires caused
by watere running back had joined together., Ab lowsr tomporntures 211 the water
frosc on dwenct and npoan the record eoptained no andividunl lincs crused by
witer running bLaek, It vos usually dufficult to dissinguish betueon thoese o
types of rwerrd so, when runback vme not proscnt, the results were ofton less
relanble than usunl,

5.5.3 Heated cyliaders, Fo worthwinle results are available fron
the heated eylinders, The readin.s took some tlwe to cbiain and so reguired a
consxderable time in comsistcnt ireinm condutions. The cylinders wers oriinally
acunted wadorne~th the fusclage and they received mochanical domege fran stoacs
throvn up by the wheels, This damoge was sufficiently serious to anbe tnem
unscrviceable and 1% was deeiwded thet the offort requared to repalr thon was
hardly justified,

5.8.4 0Oiled slide samplor and wigro camera, Good photorraphs of
cioud droplcets as shown in fidurcs 19 - 24 can be obtained rclztively casily.
Therr wntororetation pay powever be coosadorably woeres dalffacult. Fhen ot zs
known tht ondy ligud woter droms were peoesent as in figurcs 19 and 20 the
asscssment of the median drop diametcr prescents no sreoat d_fficulty but wien
2 mixture of frozen pariicles and liquid dropluts is present as wn Pmrures 23,
2h. and possibly 22, the intorurctntion of the roeosrd 1s tar [ro. simplae,
Normally by tnc fuac photographs are daken the sclad particles have relted and
the oupercooled dronlets, which preswinply froze on impack, nre also liguad
apeoin. It 18 hoped thot a tuchangue mny be wrorxed out usinz the noew crmera
whereby solid porticles moy be daifforentirated from liqued droplets, Until such
s tuchnique is available only the larger frozen pavticles can be olenrly
wentified by vartue of thear saze, and so droplet counts remein unreliable,
giving vhat as probably o much larger answer than the truth, unluss 1t 18 known
that no frozon particles were present in the atumoaphere,

5.5.5 R.A.Z, Thorsal ice detector, No reliablc results have so
o been obtined froe this instruwaent vhen wounted on the Viking, Dxperionce
Cith it s ghom up the more obvicoas rajor fnulis which have been rectified
in labcr descgns, vhich should be aveilable Tor tcat in the near futurs,

5.C.6 R.AE., Smths 1c1ag irdicator, The results from this snstrmi-
went are not directly comporsble with cry of tre other instruwcnts, althoupgh
there 13 ne doubt that o acasure of the icing severity may be obtoinced from the
reeords of thie instruacnt alone. It hus proved to be gute reliable and
sensitive and, only tho rotrfing dase gives a bebber 1ndication of when v1os as
sctually forang on the aireraft,

£,5.7 Rototing dise. Apart fros znitinl teobhing troublos the
rotating disc has rroved te be the anost satisfactory instrument so far ~wvailable
Tor both indicatin: the prescence o ice, and for weasuring reascnably guantitics
of 1%, Small guantitaics I 1ce have been found o pass uaroticed by the instru-
nend, working ot ibs prescnt especd, but thais ecald be overcans by reducing the
rmte of rotation whon the measurcement of such 22211 guanbtitics 18 required, The
rucerds fran tne instrumcnt con be intorpreted inteo both the measurcscnt of the
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rite of i1ce build up in 1nches per manutc, and the liguad water contunt of

the 1czap cloud, At farst the volucs of liquid water conteont ncasueccd were
beliwved Yo be tou haigih and the peoition of the disc on the aircraft was
enwn,,od from 2vout the middle of onc side to os far forward g possible, os
shoin 11 Tigure 1. Further records tekon an this position did not confairm the
belief thot the readiags were too high, Many of the readin.s were peog values
that scido: lasted for wore than a fow sccoads, and 1% was not until the & 20
rocorder winag installel that a clearcr understanding of the disc readings was
obtuned., In table 2, peck valucs are quoted througkout, but where thoy arc
available, average valucs are also paven, topether with the tame over vhich
the average was takea. Very Tew of these average values cxceed 1 gn, pur cobie
neter and there 1s no resson to suppose thrt they arc greatly in error., Iake
the rotating cylioders, the rotating disc 1s subject to blow of f shich lamits
1ta aceuracy, altaocuph the results ~re unlikely to be over strtascnts,

5.5.8. Observation strut, Some trouble has boon expericnced in
cbtaining satisfactory phobographs of white particles striking the whaite 1ce
on the strut, agwunst a backpround of the white cloud an shich the aircraft wns
flvain,. Fairuce 11 shors that rensomeble results can now be obbtoined.,  Sincc
suitable phobo raonie arransuncnts have been made no conditicns have been
cncounterca Jhoen 1o particles hove been obscrved strikaing the aircrift and
sticking for only a short time, or e¢lsc being frozen into the nonarl zcc build
up. It 1s intended to photosraph thesc phenomena when thoy are iaia eaccuntered,
It has, hovever, Deen possible to obtrin ueasurcments of the rte of 1ce buwld
uy partly from photozraphs of the strut taken by a hond held camera, and partly
by picturcs Iram the cine camern recerd taken every 5 or 10 scconds. This
lattor arranpeaent 18 nob ideal az the cane camera i1s sot to photorraph the
frent face of the strut rather than the side viow,

5.5.% balance bradge thermomcter, This themmomet.r hog operated
satisfactorily throughout the tesos and no reoson hne becn soon to doubt 1ts
TLALLGG S,

5.5.10 vortcx tub. tacrmometer. Boveral tecthing troubles -wore
cncountered with the themacmetor bulb, but after thesce had becn overcowe, fair
agroviient was obtazacd botwoea this instrument and the balance bradge thormo-
meter, 23 con be scon aa the Inst port of table 2, The agrooment 18 not yet
capletely zatisfactory aasd 1t 1s hoped that 1t may still bo woproved,

5.5.11 Hussenot A 20 recorder. 7The records froa the retoting dise
were of far morce usc than the spot readings that had been 2ll thet could be
csbaincd belore, whitc a ascful cuaporiscn with tne 3uiths icing indicator was
readaly available. The continuous recorddof the readings alsc proved to ve of
considerable value when campared to the provicus results that had boen obtaaned,

5.5.12 dubaotic cbserver, The autoantic cbsorver was of considerable
vnlue 1a co~urdanatbiiy records fro. the varicus 1eing instruments ith flight
condatrons as a photosraph could be vaken 2t the tame of each observition, Tven
after flicht 27 when the & 20 rocordor was faitted, the autowmtic observer was
gt11l very uscful for synchronising, rocords,

5.6 Comparaison of results from dafferent instruments

5,6.1 Liguid woter combent, Values of laguid watcr content wruce
¢htoaned from tvo dafleront sources, the rotating coylinders, and altor flaght
Tu, 10 frws the rotatin, dase. The reeords of thnese instruments in the first
part of table 2 nre not dircctly comparable as the rotatan, disc readings were
peak values ~nl tho rotating cylander rendings weore averspes. ILater in the
tavle when averages are ;i1ven for both instru ents, readings are wore comparable,
but theore are ansufficient to draw any reasontble comparisons. Betber synchroni-
sation betweoen the two rucords is now beong oblainced and futurce rosults should
Lo nore lircetly cuaparable, In additicn, records of ligquid -mater conbont from
the new Sanrane Westun instramond should be avarlable on future flaichts,
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5.6.2 Dreoplet sizc, There are thrce rethuls by vhich bthe droploet
s1zc vms obtainced, The robating cylinlers, the ciled slides, and thoe faxe
eylinder, The possible intecurncies in bhe values obbnined {ram each webhod
have boun dascussed in previous parapraphs, so the discrepancies botvecn
rendings coan morce easily be unlorstood., The larger sizes usvally cavea oy the
onled glides arc undoubtedly in many cses due bo the prosence of wmelted icc
paxrdicles in the saaple,  The wndividual disagreements betwecn the results from
the faxed ceylinder rocords Aarc comnented on in the table,

5.6.3 outside air teaper-burc. 4 mentioned in paragraon 5.5.10
the ourly reeccerds froa the vortex tube thermmomncter thot arc belzcoved to be
rcliable are conlined to the last fow flights and these do not Jallor wridoly
from the rendging from the stardard balance bridge thermormcteor. Discrepancires
of the order of 2YC arc still common, but 1t is hoped that this will be zaproved.
The vertex tulc type of thermoneter should then be of value 1n givin, readinzs
of sutsiie aar tomperature darcetly ~t luast over the speud ranc covered by the
buets on the Vakaing,

&, Concluszons

6.1 Cunsiderable advances hive been made 1n the tochmigue of meosuring
the parapetors on which natural .cinz condations depend., Several now instrumcnts
hnve boen and are beiny devoleped, and the method of using somc of the older
oo brs been wmproved,

6.2 The rotating dize ice acceretion metoer, espoceially when cabincd with
a Fussenot A 20 rccorder, has proved to he o very satisfictory instrument for
indieating the presence of ace in verthwhile cquantities, and for mcasurang the
laquad water content of the cloud. Its reeord mzy ce anterpreted to pave rate
of build up ¢f ace 1n addition to the value of the liguid water content, The
value of laquid woter conbent may howvever be in crror undecr certain conditions,
due e blow off,

6,3 Phobosraphs of ligquad water droplets saupled fron an icing clovl way
be obtained b will, From these photograpis direct measuremcnts of droslet
g15e why be made, So far, diufficulty has beer cxperaicaced an dalfforentzating
botweern the frozen part_cles thit Lave been caught in the sannle and supercooled
water droplcts, as both rere ligquid ot the tmac the photozranh was token., It
18 hoped to cvereone this difficulty in the fubire,

6.4 Spucal mebeorclogical foreeasts wmade by an exporicnced forceoster
can be relicd uron to direot an arreraft to the vieinity ol conditions that
will producc at least sonc wes.  Althouph protractod periods of severe or ovon
modorate iciny eannot be guarantocd, ther. i1s & good chance of beary able o
find conditions that will enable a reasonable build up to be obbazned on an
arroralt, Such cendibicons rere found five tinmes in layer type cloud during one
rnonth 1in the wvanter, They oeccur wnch less frequoently during the rest of the
yeor, althoush ressgonoble burld up .8y bo obtained by Flying repoatidly through
surtoble curndlug clouds, These clouds were found on the nverane 2 = 3 tiaes
por aonth throughoat wost of the rest of the year,

6.5 LA rnumber of excrples of the types of 1ce that buald un under varicus
cond:rtions we.o obtained apd hawe beon related to the vwlucs of the paracters
weasured 5t the time. They wall be uscful in the stuldy of the formrtion of
artifaieial ice ugir- the same aircraflt.

7 Forthicr devolomonts

7.1 Tuimedinle sroprangae

7.1.1 No instrument yeot tested on the Vikin: hos riven an abscolutcly
reliably answver of cithor droplet dinnoter or liquad -mber content, The oiled

slide sampling and phoeto rapning technique must be developed to o stare where,

4

vhen moasurang liguad ~nter droplet diamctor, b as pozsible to vxelule fron the
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drepa that ars counted, drops that arc formwed from particles that were not in
the supercooled liquad state wamediately before reaching the slide.

7.1.2 Although it 1s very satisfactory within i1ts limitations, the
rotabing disc 1ce accretion nicter 1s subject to crrors due to blow of £, and
nay alsc be unreliable under conditions when frozon particles would be tropoed
in the icc tlhrt forms on rotating eylinders. An rnstrwicnt tht 1s not subjoct
to thesc Juactnbions 13 needed to measure liquid watcr content. The now RLALE,
Sangamo Westen themmal icc dotector way mect these requirencnts, but this has
to be tested,

7.1.3 Only a rolatively saall mumber of rcing conditioas have so
Par beon found dorang the proscent tests, Considerably norc must be found and
the parameters reasured to give a greater knowledge of 1ecing condations fron

whieh 1mprovedcnts may be made an the present i1cing standards,

7.2 Prture proqrammce,  Measurements nust be wade and ainstruments must
be tested ab hisher speeds, greater heights and lower femperaturcs thon can
be attained by the: Viking., In addition information of icing conditicms as
required in other parts of the world besides Burcoe, which i1s 2ll that is
Loy covered by the wwmcdi~te programme.,

The next problem thot has not yot becn seriously anvestigated as the
buald wp of 1ce coused by water running brck from inadequately hoated leading
odees and freczan, furtner back on the wanos, Its effect on aircraft performr nce
must be studicd, The rate of sublimotion of rce from unprotected aircrald
surfaces at varn.oug specds and various temperaturcs below froczine 1s another
important problem that should be investigated,
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Table 1

Hetouralogical Forecasts and Conditions Dneountered

fET , FOMECAST

i FLYIIG TIME

FOURD 017 FLIGHET TIE 1N No. of
f*1ignt! Date Type of Clxad oyneptic Condivion| leing Freeziny Type of Cloud Icing Height atipir Toenp, iindividual| Total of |MEASUABLE ICE roteting Renorks
HOe Severity | Level Severity wrieh Ice % flipght isucerssful Pllghr.‘ Total jeyl. measura=
e s found lcing fliches I vients mado
1 8,.6.51 |stratocwanius  {Oculusion ?fodt,mte ?—9,003 l1l - - - 1 Front had petered out.
Stratocwmulus | Ceclusian liodurats | 6=9,060 | Strato~curnlusg Light 11,500 -6 3.15 3.5 5 am,gi S, Alternative point on
Occlusion,
2 19.6.51 |Curmtus Cwwlo=jinstable 5.W,1y Moderate=! 5,000 { Gurulus Light- 9,000 -5 1.15 L350 5N, 10 1, o
ninbus. i streenm, SevVerc, noderag e,
3 |20.6.51 |Cumvlis " u u Moderate [6~7,000 1 Mil - - - 2,140 L.30 - {10 . - Wo clouds aboie
frecaing lovel,
Cold pool had moved East,
h 22,6,51 [Cumulo-ninbas  {Thundery low Hoderate~j 6,000 | Cuwlus, Modorate= 12,000 -5 2,08 6.35 15w, | 25 n, 2 Very short period of
Alto Mumulus Severe, Cumulo nirdus | severe, severe leing,
Gastellatus,
5 26,.6,51 | » Coli troagh Maderate 5,000 | Thin Alto- Light 10,000 -5 4,08 10,40 150, [ Lo =, 1 Long seapch for
eurnulas 1ittle 1ce,
& 2,7.51 |[4Alto stratus Yeak cold front Moderate | 14,000 | Thin mediun Ligkt 12,500 =i L.ic 14,50 20 o, 1,00 - Vory thin cloud,
. «=3001 taick
7 La7.51 {Alto stratns wavse depression Lignt= 10,000 1 ;1to stratus | Light with smalli0,500 -3 3.35 18,25 15, | 1,15 2 Raalc massage d.rected
roderete, period of aircraft to icing orea,
nodernta,
8 11.7,51 | Alto stratus Cold trough Moderate 9,000 | Thick nedium { Practlcally nil = - 1,50 18,25 - 1,15 - Clond mainly iced up.
PR —— 011 pressure failed S0
returned on ore englne.
9 |23,7,50 |camulo—nimbus |Oeclusior Light= 9,000 | camins Light witn 12,900 =5 4,20 22,15 15 1.30 2 Lerge proportion of
moderdal e small per!~d of] elouds iced ub.
nodorate,
' : - - ! - 1,30 - Lack on informaticn.
ug  jThuadary Tow Modarate | 12,500 1 Adnest nil Almost ml \ 3.55 22.45 .
10 51,7.5) | Cmutoninbt unaery ' b | vot teleprinter
! ki ! bt gakdown, _
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MHET , TORECART

e s , POUHD Q7 FLICHT FLYING TLiD TIVE IN M, i
1
Flight Date lType of ¢iovd §gynoptic Conortiont Ielng  (Freezing{Type of Cload | Icing Hoight atliir Temp,|Individual, MEASURABLE ICF 1 Totating nemarks (1ncluding rate of ice
No. Severity| Lavel ceverity fwhich 1ce| ¢ flight Fiight cyl. measure- ouils up
ws Tound neing flights ments *ade {118/ in}
) 3,12,51] strave-curalus|Weak worm front Light= 3,500 jThick mecaum | Light 12,000 -3 .20 10m 1 Clond fced up below 12,000 ft,
Alto—stratus modarane
12 7,12.51 inlmbo stratus {Warm {ront Moderate=5,5-600C| Alto stratus | Moderatest 7,000 -5 .20 100 - Had to discngage as spray most
severe savere iezd up and vitrated seriously,
13 }1B,12,51 i nlto stratas {1fave on cold toderated 6,500 jThin alto— Lizht 11,000 =5 2 Modernte conditions for short
frong severo. stratus., time in front,
Thick 1lto~ Light= 12,000 -7 3.0 20
stratus, moderate
ik {28.12,51cumulo=ninbus |Unst°ble W!ly Mademte‘i 2,500 {curulus Moderate 6,000 -3 ) 1 puration of flight in eloud
alr strecn, i very short but rmederate
15 28,12, 51 |Cumiius ¢ " Moderat e " " Mogerate 6,500 -0 ) 4,30 25 m 2 icing found,
severe |
16 2,1,52 1alto stratus  |Wave on celd Foderate | 2,500 |[Thick aito- Light 6,500 -6 2.,i5 15 m - Cloud moanly iced up, Srall
Tont, stratuas, cumilus gave good roadings
cnell ewmilus,| Light " " an instantenecus instrunents,
otherwise too small,
17 [15.1.52 {camlo—i.ous ['nstable I,W.11y Moderate= 3,000 {Curwmlus Modepate~ 6,000 -0 2,05 25 " - Short duratin in Cu, 37 biilu up.
air stromm, severe, severe,
48 116,1.52 {Cuaslus 1t n " " n Hoderate 4,000 -5 1.15 i0on -~ Short curation in Cu, 2@ther
late in nay.
o4
19 (18,1.52 jcumulus Jnstatle H.HW,'ly Moderate {1 ,5~2000|Cumalus tModerate 6,000 -10 3,05 Hn 6 mmerous large Ci, fo.1)
clr strear, | F (6,071
20 |21.1.52 istret) Cold !, E.'1y Light~ 1,000 |strato tContinuous 4,000 -6 2.0 L5 m 5 1 in. burld up on wings, (n.(;h)
cutglug air strean moderate, curulins ’ light r M
21 t22.1.52 |Strato Warm Sectar & Moderate 233,000 | Strato iNoriePa & 5,000 ~12 [ h in, bueild up in depresaion
erylus acelusion, cuwnlus, \ { |frming beyond occlasion.
\1to- P Lignt- 5,500 | = © 5,10 25 1 | scllcr build up in
e 1
¢ ¢ gt atus, 'nodersted ! | occlusion, ~




Taple 1 eontinded

MET . FORTCAST FOMT O FLIGWT FLYTWG TINME TIME ™1 Ha, of
Flight Date Type of Cloud Syrapiae Condatlion| Ieine Froczingd Type of Cloud| Ieing  (Helght at]iir Tenp,iIndivi=! Total of MEASURLE rotating Rate of ice Femarss
MO ~r ) IEL - N = !
MO, Sev~~i{ty | Level fevurityiwhich ice; Aual suceessful  {FI1 AL, Total jeyl.measure=| build up
was foun fiisht licing flights ments iwade ihs/nin,
22 (23.1,52 1 8trato Quesasion Lirht= 2,5=30C0} Strato Lignt
«la ] e gt 65030 -LF 2-"40 E5.15 10 m 15,15 2 g h e 1
- e s, 5 Shart ial;c..us of lirhg
ice only,
2% 131,52 tstrote Cald front, Lizht= 2,500 strato Lisht 7,000 -7 245 2 00 20 n 5,35 3 0,05 D14 not reac, front cut
. . » - 1 Sellyy L
cunulas, slodurate, carazlus, four.d ice behird it,
2, {11.2.52 jstrato Cn1d frent Hoderate~|2,5~3000 strato Lipot 7,500 =13 2,59 61,50 15 5,50 3 Front Lad Lwoves morc
cumius, Severe X camlus, =7 rap\ildlyuthan ex;ectkﬂd
25 hh.2.52 |straso Wera front Lignt= (2,000 IStrato Lizht 4,500 -6 2.55 &h.45 0 6,00 2 Mich of the clud ws
CLILIUS moderate. cwxlus 1ced up
26 1L.2,52 [Cumtus Jeclasion Moderate |2,000 Cwmius lioderate] §,500 =13 0,45 £5.30 15 5.15 - Several short period
o+f mcderate jcing I puils
up mn port of the sircraft.)

= Tnis {orecast was mnde by @ reiicf forccastor vhen tne regulor forceaster was on loave,

Bofore Mareh 1952 the rate of ice build up was ~htained fron photorranhs of the test strut, Afver then
tne rate of ice bnuild up was shtained from the record »f tho rotating ise,




Teble 1 continued

Time In No, of nese of Ice
LETEORJLOCIC/L, FORECAST FOUND W FLIGHT FLYING TIIE Measurable | jlotating Bulld up
Fitpht i Ice Cyl.ader | Ins, per rinute nemarks
No. pDate Ty>e of |Synontie | Tcin: Freezing Type of § Icing Heyght at | Alr Tenp.!Individual | Total of Measure= -
Cloue iCconditlon)Severity; Level Cloud { Severity |which ice % Flirnt Suceessiul Flizht|Total ments made | Peak  Averaze
was found Icing Flights
Thin -
27 25.3,52 | strate §Occlusion)Light= %,500-5,500 | strato | Light 6,000 =h 2,00 €7,50 0,10 | 6.25 Nil Partly transit f1ipht to Paris as
cumilus Moderate cumilus good 1¢eing conditions were
expected near Parls naxt day,
20 26.3.52 stratc pLrato Mii - - Foreocast obtained from French
crmlug curulus Met, OfTice,
Sumilus Cuinlus | Light- 8,500 =g 3420 71.00 0.25 | 5,50 L Whip acrial broken by vibration
HModerate due to ice build up,
2%  [27.3.52 Ino lelingifrecast glven Jery Light 5,000 =S 1,25 72.25 0.05 ; 6.55 1 Mainly return flight from Paris,
thin
stratn
cumlus
30 {t.h.52 [strato {DerressionModerate| O-1,000 Stratn | Light 6,500 =10 5,20 T7.45 1.00 | 7.55 5
cumlus ; cunmuius
i
31 Tl.52 strate  {wavint  iLicht- £,000-6,500 |strato |Light 7,500 -5
curulus jcold frontiMocerate cumiiusg
Curmlus Cumualus | Light= 7,000 ~6 3.5 81,35 0.15 | 8,10 5 0,1 0,05 Sevoral patches of short duration
Modarate
32 22,452 Pmwrulus jJnstable (Moderate 3,500 Cutnius | Moderate 7,500 -G 1,30 03,05 .10 | 8,20 i 0,11 0,07
Curulo=~ jairstrean;Locally
plobus  lwith adner'severe in
trouths, [Cutb |
tops,
33 304,52 1alto- Unstable iModerate~ 9,000 A1ty Severc 12,500 =3 2.35 85,40 0,10 { 5,30 3
cu mlus jalr mass (seveire curnlus
Castell 1-}- Qastella=
118, i tus,
34 7.5.52 Jurnlus iUnstabla Moderate~3,500-4,000 jcurmlus | Severe 7,000 =7 2,55 38,35 0,15 1 G.h5 1 0,15 0,10 Iee built us on spray mest in
S LY | sovere spite of mti=1¢cing, Pl ht ws
;airstrean ) abandmed due to Shray vast
i ) vitrotion but was reswided ofter
J ; ' rast had heen removed, Althour
1 : ! it was only noon G.hnT. Tne
i | ! caintus were subsiding fng vy
i , ; ! : { 1isric ice vas f.ind,




Table 1 econtimed

Tirse in ilo, of Rato of Icc
MOTEOROLOCICAL, FORFC..ST FOUMD O FLIGHT FLYING TIMR Measurable | Rototaine nuild Up
Flicht - 1ce Cylinder [ins, per ninute Rerarks
No. Jate Type of § Synoptic Icing Froealne Tyoe of Icing Hewrht ot | alr Torp, | Individuall Totael of lleasure=
Cloud |} Coniiticn | Scverity | Level Cloua Severity j wnich ice % Flipnt Successful Flight|Total ments moda | Peak |rverace
was foand Teing Flirhcs
35 9,5.52 § curmius | unstarle | loderate-{6,000~6,570f Cumulus | Scvere 9,000 -7 2.05 90,40 0.15 | 9.00 4 0,131 0,09
S50y severe,
alrstrean
26 15,5,52 { cuw? 13 | Unstable | Madoratow)10,000 Cumles | Severe 13,C000= -5 1,15 91,55 0,10 | 9,10} Not in 0,2 Adreraft caught In up current
humic severe Cong eSTUS; 15,000 usc and forced up 2,000 ft,
21r Hass
37 15,6,52 | cuwlns | Corplex | Ligute 9,000 curmlus |Ucderate | 12,000 -5 1,50 93.45 0,15 | 9,25 4
frontal Moderate
trurh




Table 2

Suuiary of Measdareoacnts nade 1n Iclng Corditlons

{

static outsfle

Liguid water

content

Tine over which

viedian Crop

Maxirum Drop

Fligot Kop Date Twez of pawn Heipht | gpeed (144.5,) jair tenperaturo GMS/Cuble Metre average wis Diarn,jicrons D133a,KMicrons Renarks
LM.T. feet knots balance bridoe taken {sccs) Rotating | Olled | Fixed Q1led
S Aotasing Cylinder [Poteting Dise!(Rotatane Cylinder) |Sylinder | 8lide [cylindery( slide

1 £.5.51 1430 11,300 157 -5 - - - - - g _

2 | 19.6.51 1437 9,300 127 ~C 0,72 - 99 9 - o0 25

4 22,6,51 1203 12,100 48 -l - - - - - 21 -

tas2 12,000 126 -5 .01 - &1 9 - ~ -
1216 13,100 143 -5 - - - - - 22 -

5 26,6.51 127 10,400 13k =5 - = - - 35 19 50 The large drop size from the
oiled siide is probably due
to welved 1ce perticles,

6 | 2751 | 25 12,300 136 -1 - - = - ~ ha - | Photographs in flgs. 164 18

142 12,700 143 -l - - - - -~ al, ~ | show that larsc drops were
prosect dquring sore of tae
flight,

7 4.7.51 1a1e 10,500 153 -3 0,22 - 30 9 - - - Photographs of ice formstion

1225 10,750 153 =3 - - - - h 50 70 on airercft show that large
JINOPS Wore proseni,
9 23,7.51 Hue 12,100 160 -5 - - - - 20 30 -
tiia i2,100 160 =5 - - - - L& ~ - Large drop €1ze due to mclted
ice particles,
7
11 312,51 1528 12,150 150 =3 0,22 0.2 75 10 - l;Og »
1834 12,100 130 -3 G5 0,65 o0 i3 - 20 -
1537 12,090 170 -5 - 0.65 - - - - -
12 |7.12.51 1 1245 7,000 166 -5 - 0.%2 - - 26m | - 35
1330 7,000 160 -5 - - - = 5 80 one drop over 200 Ticrons
eroladed,
10,800 102 & - - - - 237 -
~ HD —
13 !18.1 2,51 ‘:032 > ;150 1:6 - N 40 - - 26 - L5 Frozen perticles are belicved
1 12 ’ 0.l - - - - - to nave becnh ca, b in all
113 10,950 168 ~7 - ] )
{ - .72 - - - - - drop samples in this rlipht,
[ 121 10,550 157 -7 - 56 35@ o
| 1132 10,950 153 -7 - 0.l - 3 5
' - 0.80 - - 22 - 35
‘ 1i32 11,000 i56 -7 . - . o -
! 1207 112,500 15k -8 0,08%* 0,50 88 3; | E >
; 1203 [iz,50 [ 156 -8 - 0.1 B - ix i oad s
! 1212 12,300 150 -8 - 0,40 2} !




Table 2 eontinued

Static ouvside Liquid woter content Time over which {edian Drop Haximum Drop
Flight No,! BDate Tima of Dav (Helight |[Speed (I .£.5.)}] afr temperature GM3/cuble Metre average wes Diam,Microns Diam.Microns Re sarks
LM.T, feat knots balance bridge taken (secs) Rotating | Olled | Fived ofled
% Rotating Cylinder [Rotating Disc | (Rotating Cylinder)| Cylinder) slide [Cylindecr ! slide
1 }28,12.51 iz 7,000 165 -8 o9 0.80 120 12 58 - 10
15 28.12,51 1301 7,L50 167 -1 - 0,7 - - 2% 25 25
1311 6,6.0 150 -9 - 0.75 - - _ _ z
12 5,700 150 =0 - 1.75 - - -
2 6,700 i52 -G 0,17 1.20 ) o8 23 - 30
16 2.1,5 1146 5,850 1158 -6 - 0,95 - - - - -
1148 5,950 i38 =6 - 0.5¢ - - - - -
1300 5,600 162 =7 - 0,80 - - - - -
17 16.1,52 il 6,100 130 =10 0.9 - 5 8 - - -
1136 5,000 120 -9 0.h9 - 16 7 - - -
18 16,1.5¢ 1525 44,100 125 -5 - 0.55 - - - - -
1526 4,100 125 “5 - 1.5 - - i3 - 15
1M1 Iy, 500 120 -5 - 0,85 - - - - -
1610 5,600 125 =9 - 1.25 - - - - -
19 18.1.52 25 6,700 150 =11 - 1.8 - - 6 - 50
1207 6,500 155 -1 0.19 2.0 220 9 27 - 50
1208 6,300 153 =11 - 0,2 - - 29 = 4o
1225 5,500 150 =9 ) 0.55 { 0.95) Ll i8 ( 34 - L5
1226 5,700 145 =9 ) (1.0} {28 - LG
1e26 5,650 155 -9 - 0,3 - - 23 - 35
1227 5,800 140 -3 - 0.k - - 2l - 35
128 5,500 L7 -9 - 2.2 - - 25 - Lo
1251 6,200 140 =9 0,73 2,0 11 14 28 27? 1 Ko
1252 &,L00 140 =10 - 1.1 - - 2k - ho
1952 5,200 1L8 «10 - 1.3 - - 28 - L5
1201 6,400 140 ~10 0.33 2.2 32 17 29 - L5
130€ 6,300 142 ~10 - 0.5 - - 3h - 50
130F 6,100 150 -10 0,13 G,5 32 21 37 - Ls
1309 5,900 145 -9 - 1,1 - - - - -
131¢ 5,900 142 -9 0.05 1.9 22 22 - - -
1311 5,800 135 =5 - 1.3 - - - - -
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Table 2 continued

sratic outside Liquid water contont Time over which Medizn prop Maximum Drop
m1ight Mog Date Time of Day , Height jSpeed (I.A.,3,) |air temperature GMS/oubie Metre average was Diam,microps biam,Microng Remarks
L.M.T. feet knots balence bridge taken (secs) Roteting | 0iled | Fixed Oilad
% Rotating Cylinder | Rotating Disce | (Rotating Cylinder) | Cylinder | slide {Cviinder | slids
o 11.2.52 1149 10,000 155 =11 - o.Le - - 26 - Lo
1156 9,050 142 -13 0.14 6.1 68 12 29 0% | Ko
1159 9,050 132 -2 - c.25 - - 37 - &
1200 5,050 131 -i3 - 1,25 - - - - -
1208 7.650 173 -8 0,32 0 167 12 38 - &0
2 7,500 159 =7 - 1.05 - - - 5@ -
1210 7,450 136 -7 - C,1h - - FIN - Lo
iz 7,550 127 =7 - o - - 2 - 30
’ 1303 6,000 i70 -7 - Oy - - 20 - 30
25 h,2,52 | 105 3,1C0 158 -3 - 0 - - 2 - 35 =
1108 L, Lc0 162 -6 0,19 c.8 159 S il 15 Lo
1108 b,Loo 159 -6 - 0.5 - - 2l - 35
1116 L,L50 163 -6 - 1.5 - - 20 - 50
1136 1,500 172 -5 0,07 0.3 304 7 - 8 35
1137 1,500 162 -6 - 0.l - - 28 - kO
1247 6,300 163 -5 - 1.5 - = - - -
26 1h.2.52 1624 8,300 17¢C -12 - 1.6 - - 36 - 50 ix
1627 9,100 148 -13 - 2.9 = - - - -
1632 8,650 16k -13 - 1.1 - - 3 13 Lo
Tolz 8,350 161 -12 - 2.9 - - %2 P
1545 8,350 160 -12 - 1.2 - - 30 15 35
1649 8,300 167 =12 - 0.9 - - 2h - 30
27 25-3.52 1607 5 G900 i 63 = - - - - 32 - L‘S
I 1812 £,802 155 . - - - - 25 - k5
28 26.3.52 1 1159 5,400 150 -9 - - - - o o=
| 1001 51400 152 -9 - - - - 20 1t 135
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Table 2 continued

T

TJee noxt page,

4 3tatie outside Ligmd wator gontont Time over which Hedzan Drop Haxinam prop
Flight | Date Time of Dav] "eight | Speed air teriperature O Glig/Clibic Metre average was Diam,Microns | Diam.Microns femarks
LM.T. fuet knots Balance i Vartex Aotating Disc token (secs) Rotating 0iled | Fixed {0fled
(I.A.8.)] Bridge tube Rotatins Cylinder| Pedk | Average [Rotatin-e Cylinder|Rotating Dise [Cylinder|siie ylindert slide
33 b300.52 | 1223 12,550 | 137 -9 -13 0,05 - - 63 - 8 - q - - ! x
1232 12,900 | 137 -9 -12 0.23 - - 54 - 9 w 1 0% 5
120L3 12,A50 | 14 =g -12 - - - - - - 3t 1 25 L5
3y | 7.5.52 1321 7,00C ol -7 ] - .3 0.21 - 16 - - - -
1326 7,207 153 =7 -9 - 0,74 ¢33 - 26 - - - ~
13h2 ¢, 800 1 -5 -6 - 0,77 0.39 - 3N - - - -
1345 6,550 | 1h2 -6 -5 - 0,65 C.54 - 18 - - - -
1343 6,500 | 147 =5 -8 - 0,371 0,¢€ - 1 - - - -
1356 6,500 | 144 ~G -9 - 0,351 0,26 - i0 - - - -
10 7,400 1 100 ~7 ~10 - 0.5 1 0,35 - 23 - - - -
103 %, 550 140 -6 -10 - 0,66 § (.29 - 26 - - - -
1107 6,750 1hh -6 =1C - 0,34 G,30 - 11 - - - -
1149 7.5¢C 13 - =i5 - 1.3 0,566 - 83 - - - = iBalopce bridge thermometbor
reading not taken,
35 19.5.52 1418 9,607 | 135 -8 -5 - 1,03 0,38 - 30 - - - -
1420 .70 127 =3 =5 - 1.62 0,69 - 19 - - - -
15421 9,750 | 1% -8 -5 - 1.88 0,7t - 23 - Lt - &0
1423 9,050 | 128 =8 -4 - 1,81 { 0,68 - LL, : - B 25 -
1425 3,10C { 140 -7 ] 1,15 0,85 1 0.29 19 a1 20 - - -
143 9,000 150 -7 -5 - 1.0 O.in - 33 - - - -
1437 G,65v 139 ] =5 - 0,9 0,11 - L - 36 - 50
1433 9,00 | 13 -6 - 0,64 0 0 ol - o - - -
1452 5,050 138 -7 =10 0,17 0,66 .29 60 16 16 Ll - &0
1530 8,50 47 =7 =7 - 0.64 0.28 - 9 - - 34 -
36 |19,5.52 | 1540 13,650 | 11k - - - - - - - - - 18 ")
1542 13,650 | 2k -9 ~9 - - - - - - S 20
1604 12,700 | 120 -5 -8 - - - - - - 26 ¢ 1k 35
1620 12,600 | 129 =5 -5 - - - = - - S B 0
57 {6652 | 1555 Jiz,30 | 119 ~5 - 0.5 - &0 - I A N %
1503 11,050 118 -5 - 0,15 - - Lo - 12 39 & 20 60
1606 11,600 | 125 -5 - - - - - - - 7 | 27 &
8)
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Notes on Teble 2

These fixed cylinder records are not £s clcar as usual mainly because there was no rupback,
The answer fAay be a slight overestimate but 1t wi1ll not be an Undorestimate,

These rotating cylindor results are not very reliable, The experimental points did not fit
vory well on to the theoretical curves,

Both droplet somples on f1izht Ho.12 ere from the svwe olled slide, They 1rclided Some Very large drops that were
cought as frozen particlcs and melted before boing phovograrhed, The larper drop diameter 1s incorreet for the
medion drop diamebar of the liguid water, as the lerpe drops have been counted, The smaller dimmeter 15 more
nearly correct as the cbvious larger drops have beun excluded from the count,

Op tie other flishts marked ® the largc drops thet could readily be idontified as probably coming from frozen particles
have, vhere possible, been discarded from the drop sarples, Many 1ess ocatstanding large drops thot hed probably becn
frozen particlzs have had to be included in the count, On several othor flights frozen particles are believed to have
becn preSent when tho oiled siide samplc was taken but 1f hes not been possible to exelude them as they could not be
icentified with absclute certainty,



Werght of 2ce (gms) caug-t on

Table %

three roteting cvlinders of the same

31728

T E
T~.__ Run Vo. 5

Cylinder \“xﬁam‘ 1 2 3 Iy 5 5

Position e

Tabhoard 1,96 5,6 1 7.25 Q.11 0,14 5,71

11ddle 2,31 16,78 | 5,87 | 0.19 0.18 6,57

Outbosrd 2,19 7. 51 8, 32 .58 17 -

True eir speed {knots)] 155 1565 165 170 | system 145
frozen ;i




Table L

Values of Rg calculated frow the Rotating Cylinder Measurements compared

with observed ieany ssverity

liquid wvater{ lL.edian Rg Observed
TMicht conten:t3 droplet o 1cing Type of
No. gns/metre diamcter | ms/ai“/hours | severity Cloud
alerons
2 0.72 g 2.4 Taght- Cumulus
moderate
L 1.01 9 3.3 ilod=zrate— | Cunulus
! severe
7 0.22 g 0.75 Light withl Alto-stratus
small amowt
of moderate
11 0.22 10 1 Inpght Thack wedium
tr 0-59 -15 5 H it
1h 0,49 12 3.3 Moderate |Cunulus
15 0.17 28 3.4 Hoderate [Cumulus
17 0.9 8 2 Moderate- |Cumulus
gevere
t 0.49 7 G.?B 1 H
19 0.19 9 0.6 Mcderate [Cuwsulus
1 0-55 18 7 1] "
n 0'73 -14 6-5 t it
it O. §5 17 L'_ " 1t
1 0.1 3 21 ) 1t i
1t 0006 22 1 i) f1
20 0.45 15 L4 Iight Strato-
cunnulus
" 0.55 8 1.3 " "
B Q. 6k i0 2.8 " "
it O.-’-j-f) 15 5. 5 1 "
" 0.16 12 1.0 " H
21 0,14 24 2.5 iloderate |Btrato-
cunralus
it 0.2? 20 L 1" "
22 ¢,10 16 1 Inght Strato-
cumulus
23 0.9 8 2 Iaght "
2l 0,14 12 0.9 Laght "
" 0,32 12 2,2 " 4




Table L continued

Liquid vater | iedaian Rg Observed
Flight content 3 droplet 5 Leing Type of
Mo, gms/metre diameter | gms/cm“/hours | severity Cloud
mierons
25 0.19 9 0.6 Iaight Strato-
cumalus
it 0,07 7 0.1 " 1
28 1.05 9 2.5 Iaght- Cumulus
moderate
" 0.35 10 1.5 n "
" 0.25 10 1 " "
29 0.3k 7 0.6 Liznt Strato-
cumulus
30 0.07 7 0.1 Laght it
32 0.2 8 0,k Light- "
! - moderate
E 33 0.05 8 0.1 Severc Alto cumulus
castesllatus
1! 0.23 9 0'753[ " tt
35 1.15 20 16 Severe Cumulus
n 3 0,65 I 11 1t 1
" 0'1?‘ 18 2-1 1t n
37 .48 12 3.3 Moderate |Cumulus

x These measurements were obviously not taken an the part of the

cloud where the 1cing severity corresponded to'severe."




Table 5

Comparison of severity of icing forecast, with severity of wcing observed

Overestimated forecasts

Observed Dorrect forecasts {degree)
Forecast 1 2

Iaght | lModerate | Scvere Nal Light 1l

‘(,.-""

Lighb-noderate & i \\\\ - _r,/f’/fl ::::;AM&
doderate 5 \\\jj// 5 2
| Moderate-severe L 7 1 -
6 13 7 - 5 2
Totals 26 6 2







FIGS. L 283

FiG. 1. THE TEST AIRCRAFT

FiG. 2. ROTATING CYLINCERS EXTENDED.

o3 ROTATING CYLINDERS RETRACTED WITH iCE ON.



FIGS, 4 &5

FiG. 4, FIXED  CYLINDER.

FiG-5 FIXED CYLINDER. RECORG  TROPLET DISMETER 23 MICRONS.



FIGS. a&7

Fic.6 HEATER CYLINDERS

CFIG 7. OWED SLIDE SAMPLING -POLE, . .



FIGS. 8.&9.

Fi. 5. IMPROVED OILED SLISE. MICRO CAMERA.



FIGS. 10.41

Fich 10 HOTATING DISC.

FIG. 11 ICE FOURMATION ON THE OBSERVATION STRUT.



FiGs, {2.13.%14

FIG 12 MODIFIED AR THERMOMETER BULEB RADIATION SHIELD.

FIG 13 VORTEX TUBE THERMOMETER.

TOP DATUM LINE

e BIR TEMPERATURE S

e AR SPEED

i

e

FINE AND. %
o FEGHT (o RECORDS,/

AQTATING DiSC.

e oMATIC OBSEAVER
A SYNCHROMSATION

T TAMING . MARKS,
Ty,

TS SMITHS
{CE DETECTOR.

FilG, 14, TYPIGAL RECORD FROM HUESENCT A20 RECORDER



FIG.I5

G T LIGHT~MODERATE IMODERATE = HIG H
GH MODERATE HIGH
®; O @

THE NUMBERS GIWEN IN EACH AREA CORRESPONDS
TO THE FLIGHT NUMBERS IN TABLE |

E:i_‘

AREAS WHERE NATURAL ICING CONDITIONS HAVE BEEN
FOUND DURING {951-52.



FIGS, 16

FLIGHT o6, ]
MEDIAN DROP DIANETER - 40 MICRONS:
OUTSIDE AIR TEMPERATURE —.39C.

FLIGHT N9 21,

MEDIM DROP DIAMETER, 20 MICRONS.
LICWD WATER CONTENT OF GMS/CU. METRE
QUTSIDE AR TEMPERATURE —i2°C.

FLIGHT W% 23,

MEDIAN DROP DIBMETER. . 20 MICRONS
LIQUID WATER CONTENT O O-2 GME/CUMETRE
OUTSIDE. AR TEMPERATURE, = 79C..

FLIGHT NP 20

MEDIAN DROP DIAMETER. | 1O BAHCRONS
LICLHD WATER CONTENT & 05 GMS!CU METRE
DUTSIDE. AR TEMPERATURE —6°C

FLIGHT N? 28

MEDIAN. DROP DIAMETER. & 10- MiCRON
LICUID WATER CONTENT O7 (-3 GMSICL’ METRE
DUTSIDE AR TEMPERATURE «7 TO~15%C.

FIG. 16. ICE FORMATION ON TAILPLANE.



FiGs.17

FLIGHT N%21 . FLIGHT N¥ 23
MEDIAN DROP DIAMETER. 30 MICAONS. MEDLAN DROP DIAMETER. 120 MICRONS
LIGUID WATER CONTENT O7 GMSCU METRE "LICIAD WATER CONTENT 07 Q-8 GMS/CU. METRE
CUTSDE AR TEMPERATURE —129C, OUTSDE AR TEMPERATURE = 79C.

FLIGHT W® 25 FLIGHT W% 32.
MEBEAN DROF DIAMETER: 10 MICRONS MEDIAN - DROE DIWMMETER. 10~=15 MICRONS
LIOUID WATER. CONTENT O-'008 GMS/CU. METRE LICUID WATER CONTENT O-0-2 GMS/CU. METRE
DUTSDE AR TEMPERATURE ~6° €. DOUTSIDE. AR TEMPERATURE = 6°C,

FLIGHT N? 2B.

MEDIAN DROP DIAMETER. (O MICRONS
LIGUID WATER CONTENT O- Q-3 ws;cu METHE
‘OUTSDE AR TEMPERATURE -7 TO-15

FIG.I7. ICE FORMATION ON MAIN PLANE.



FIGS. 18,

ARNTAKE. FLIGHT No&: ' AR MTAKE  FLicmHT K220,
MEDIAN IBMETER 4¢3 MICRONS.
ED! ouTg%g?mgpfsEMpﬁmT&?EEgggs MEBIAL DROP DIAMETER . 10 MICRONS
LIQUID WATER CONTENT O 0-5 GMS/CU. METRE
OUTSDE AR TEMPERATURE ~ 6°C.,
ICE CE
FLIGHT No2L. FLIGHT NO28.
QEBECEA. AERIAL ST
ICE (N PERSPER:-
FLIGHT N36: FLIGHT N9 328

DROP DIAMETER. 20 MICRONS,
AR TEMPERATURE — 99T,

TEST STRUT

PROPELLER SPRWER. FLIGHT N9 28,

PROPELLER SPINNER FLIGHT N°2I. FAEDIAN DROP DIAMETER, . 10 MICHONS
MEDIAN DROP DIAMETER. 20 MICACNS. . LIE}E’!D WATER C%INTENT o 0:3 GMSfCU METRE
T 07 GMS/CU. METRE 2716
LIQUID WATER CONTEN DUTSIDE AR TEMPERATURE

CUTSIDE AlR TEMPERATURE —120C.

_ TEST STRUT-
ICE

INBOARD

TEST STRUT SHOWING REDUCTION OF 1CE BULD WP
INSIDE THE BOUNDARY LAYER.

FIG.18. ICE FORMATION ON ENGINE AIR INTAKE, AERIALS,
TEST STRUT AND PROPELLER SPINNERS,



FIGS. 19.420..

FIG. 19 CLOUD DROPLET SAMPLE
MEDRI DIAMETER 8 BAICRONS.

FiG 20. CLOUD DROPLET SaMPLE

FAEDIAN DIAMETER |6 MICRONS,



FIGS. 21822,

FIts 21 CLOUD CROPLET SAMPLE:
MEDIAN DIAMETER. 22 MICRONS

FIG22 CLOUD DROPLET SAMPLE
WIEDIAN DISMETER 32 MICRONS:



FIGS. 23.% 24.

__'FiG. 23, CLOUD DROPLET SAMPLE
 MEDIAN DIAMETER 20 MICRONS EXCLUDING DROPS
OVER 35 MICRONS ASSUMED TO HAVE  BEEN FROZEN PaRTICLES.

FIG. 24, CLOUD DROPLET SAMPLE SHOWING FROZEM PARTICLES
MOST OF WHICH HAVE MELTED.
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