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The results of the first year% flyin 6 in szarch of natural YLCU& 
conditions using a Vlku-g awcraft are grven in this report. SpecGll mcteor- 
olog$cal forecasts of icing condxtlons have proved to be reasombly reliable. 
Good photographs of droplets thqt have been sampled frcm a c10u17 cnri nciiv be 
dwtained at ~~11 and they &.ve dxcct measurement of droplet sues altho~ghi, 
when frozen paxtides and supercooled droplets are present together,thc intcr- 
pretatxo,l of the photograph IS six11 sfibbject to doubt. The rotator;: dlso :ce 
accr*tim meter, especially when coupled to a Eussenot reoorilar, has ;xo-~~l, 
withm certain lm.itatlonsj to be a valuaiilc w+strument for measurug both 
the Lxquid wter content of the cloud and the rate at mhlch ice is bulld~n;, 

. The best wing condltlons III layer type cloud were found in3eccu&r 1551 :,zd 
%lUn~ 1952. 
a1s0ussid.' 

The irmnedlate ,irogramme is outlined and the fuc.uc prok,raume 
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ICC fomat~on on engine air mta!cL:, rzer~als~ kst 
strut and propeller spmners. 

Cloud droplet sample. Wdian armtc:r 8 mc~ons 

Clm4. droplet smplc. Xed2a.n dimictx 16 mcrom 

Cloud d.rop1ct sample. ,.k?dl.ail d.G4netcr 21 iru crcm 

Cloucl droplet smple. hkdx3.n dvuet,.r j2 ~wx0r.11 assumiry 
no froeer1 pmi1cles present. 

Cloucl arop1ct sample. ?ledmn dmmetcr 20 microns excluding 
drops over 35 Liiorons assmea to l-avc been frozen patiloles. 

Cloud droplet samplr: shwmg frozen p~rt;1clcs most of whloh 
have melted. 
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1. Intr"ducti"n 

StartlflE, ;n June, 1951, fllshts have been xade in search of natural lclni: 
conditrons with the obJect of measurin.~ the ijarailcttirs on which such c"nd?tl"ns 
depend, and of develo~ar~ suitable instruments for measurinlj these Ixawters. 
These tllghts formed the A.& A.Z.E. part oi' the combined pr"@aw~t: xith t:hc 
R.A.E. and the Meteorological Off&e which, apart frm work on the or"ductL"il 
of artlfm~al ~cmg, had three man items in VICW. These werz:- 

(1) TO contmuo the study of the correlation of forecasts of 
~cmg and its occurrence. 

(11) To fm2 out more about ice fonnatxon on axcraft. 
* 

(111) To develop suitable instruments for mcas~rin~ the parameters 
on which nrrtural xlng depends. 

2. Descraption of test aircraft and its inst.m.~~cd~itlcn 

2.1 Aircraft. The az?xaEt used on the flr:ghts I-X a 'liitlm, a twin 
engmed passenpx carrying: alrcmft x.th an all up nei%ht o? jq,C)OO lb. The 
safe duration was over rave nours at a cruising speed of 150 knots I.A.S., 
hilt. the azrcraft was ?qulppcd nlth "xysen to all~rji rl;&ts up to 20,WO fezt 
lf necessary. A photograph of the aarcraft 1s ~;vcn in f:.&re I. 

2.2 Instruventation. The rnstrumentntion was provided almost entirely 
by the R.A.A. and was f-it&d as it became avarlable. The instruments usud vere 
as follo%s:- 

2.2.1 K"tatinj< cylinders. Those consist of severs.1 cylxxlers of 
different dmmcters which arc exposed Co icing condrtlons. The amount of' we 
that i'orns on the cylinders durzn., the time they are exposed depends, ainory 
"thor things, on th" dlancter of the cylx-icl;r, the amount of supercooled laquid 
:jo,ter per u%t volume of axr present in the cloud and th" size of the droplets 
forms the cloud. Aftsr brln.giC; the ICC coated cylrndor;: ozck into the 
nuxraft each one IS removed from the sampling pole and placed an a container 
whach as tightly corked. On landrng the cylrnd~rs, the containers and the now 
melted ~..ce are wcaghed, after whxh the .;ater is gc,x"d array and, after drying, 
the cyllndsrs and containers arc ncrghcd aga,aln. The r33ff'emnce beixecn 
weighings givz the weight of the vaCer ywksd ul? by each cylinlur ,ihich in turn, 
after ccmparasonwith some standard curves, elves an 3md~cat~ori of the mcdlnn 
droplet dlo.vet"r and the iiquid water content of the cloud. A pho~ogaph of 
the ora&nal set of rotatang cylinders usang threti cyiiniers only IS given rn 
figure 2, whale a later set using four cylindtrs 1s shown in fi&re 3 this tme 
with ace on the oyllndsrs. 

2.2.2 r'~xed Cylinder. This consists of a cylinder 32' in draaleter 
round the surface of xhxch blue "rlnt paper could bc fastened. The c~lrndcr 
nlth Its blue print oaper covering is exposed to the icxng cloud for from 5-10 
seconds md thcnwlthdrwn. The water in the cloud ch?.nLes the colour of the 
paper over the part of the cy1ind.r rihioh rt strikes rind the mldth of this aroa, 
nhxh is a band along the lcad~r~ edge, IS a me?.surc of the diameter of the 
largest water droplet present In aprJro"iablu quantity. A photograph of' the 
fixed cylinder equapmcnt 1s given in i"xgura 4 vhils a typical record is shown 
in f~.yrc 5. 

2.2.3 Heated C,ylindcrs. These cons1stea of four cylm.lcrs of 
different ;iiamcters -&.ch could bc heated by nichrcme ribbon hcatcrs ,i"u,ld 
round each cylinder. On the leading c&c of each "yliniier <tore th,rawcouples, 
the readiw,s from which could be taken anside th" aircraft. The tarrp;r:Lture of 
the lcadini: edge of each cylinder was observed when flying through xx.;, condi- 
tacns and from this the drop In tcmpcrature duo to the a%ap"rat.tlon of the <rater 
droplets could be ohtained by comparison with the tcmpcraturz found when flylnz 
through dry aar under cormspondax flight ccnbtlons. Thxs temperature drop 
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gave a measure of the amount of water strl!.in;: each cylinder and, from this, the 
droplet diameter and liquid water content could be calculatzd in a s~,ulsr manner 
to the rotatix cylinder method of calculation. A photojr;igh of the heated 
cylmders appears as f1gl.m 6. 

23.4 Oiled sixle sampler and micro c3incra. l%ese pleszs of cqu1p- 
merit enabled a photo%raph of cloud droplets to be obtained. A s~s.11 glass siidc 
2&" by &‘I ,r’3s coated vnth a film of oil and placed in a sampli:~ pole. Phc 
sampling end of the pole was then held out throltzh a hole in the side of the 
aucraf t and the slide exposed for a fraction of a second. The pole would then 
be bro&t in and the slide transferred to the micro camera which would then 
take a photograph of the exposed snml;le dtar~,ed approxuntely 50 times. The 
origmal micro comera, although zt took Sood photo~.raphs, was awkward to fogs 
and had the slide mounted in a vertical plane so tri?t the oil tended to flop; to 
the bottom. An improved camera was introduced in &y, 1952, which overo3ine these 
problems and had several other advantages as ~11. The original sa~npling jlole, 
although effective in obtaini% samples, was comparatively ~10;~ in operation, 
and, because cf its size, may well have disturbed the dropiat distll_bution around 
it so that it caught samples that contained fe$er small drops than -were actually 
present. Thz was not senoue as a larp chao~e 1.n the numb-r of small drops 
present makes little difference to the median dianletcr of most samples. A modi- 
fled pole is, nowever, being introduced to Set over these dif’ficultieo. The 011 
used on the slide was Shell Spirax 250 and had been specially chose-1 to catch the 
water droplets without breaking them ~9, al-d to retard tlne1r evqJoratl0~ SufPL- 
olently to allow adequate time for a photograph to bc taken. Pnotographs of the 
orl~rm.1 sampling pole, the original and the improved camera are given in ?i,~re-s 
7, a and 9. 

2.2.5 R.A.E. thermal ice d&actor. This was a protot,ype ins tru;nent 
working on th,: princrple described in reference 1 where the liquid water content 
is measured by record&S the difference in tcmpcrature between two hcatud elements 
one of which is exposed to icing conditions while thi: other is shlcldcd. 

as a 
tube 

2.2.6 R.A.iC.-Srmths icirg indicator. This instrument has been used 
standard ice datoctor on several aircraft. The head consists of a ~~a.11 
mounted outside the aircraft with hol2.s in the front and the back. When 

no ice 1s present, the pressure an the tube is greater than static as the area 
of the forward facinS holes is greater than that of the rear holes. ;:hen ice 
starts to form the forward holes beccme blocked and pressure in the tube beccl;res 
less than statio, due to the suction from the rear holes. This charge of pressure 
operates a micro slvxtch \$,lch switches on a heater clement in the head to de-ice 
it and lights a varrnng lamp inside the aircraft. iihcn the heater has d2-lced 
the front holes, pressure aSsin bccones greater than static and the heater and 
imp are sviitched off. This cyclp continues so long as the aircraft 3.s in is~ng 
conditions. 

2.2.7 Rotatim: disk zce accretion metar. This mstrumcnt was not 
fitted until the end of Xovember. It consists ol’ a disc ‘/32nd of an inch thick 
at the edSe,mounted outside the aircraft with its ed&e facing forward. The disc 
is rotated at about 2& revolutions per ,ninute and ice can build up on the for,mrd 
facing edge, The thickness of ice is measured by a feeler that presses on the 
rear half of the disc and the ice is later r~movcd by a scraper which givts a 
clean surface for a furthar build up of ice. The movement of the fcolerGnch is 
only a few thousandths of an inch 1.8 transmitted through a shaft to a transduoLr 
umt which gives an output of roughly 1 rmlliamp for a deflectlon of .015”. A 
photograph of the disc is S~~V~II in figure IO. 

2.2.8 Observation Strut. ~i-us was not originally intended as a 
quantitative instrument but was merely a Sri11 Strut placed outside one of the 
windmvs to show when ice was actually forannE. rater a CUE camera ‘&as rnstallcd 
to photograph the ice as it bulli: up, partly with the intontLon of rccord~~g hock 
solid ice particles bcccmo frozen on to the aircraft surface along; vilth the ICC 
formed from supercooled vfatsr droplets, and partly to record other similar pnenonena, 
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It was then decided to use the Lnstrwscnt to mca.su~"~ the rate of ice build up 
in addition to Its ongrnal purpose. The strut can now oe dc-&c-r1 by an elcctrlcal 
heater of pyrotenax that has booi1 built into the lea?in;: e$;u. An llluctretron of 
the ice formed on the leading edz2 1s sve:n -in Eizure 11. 

r.2.y H913.nCe i 
measured by a standard mete 
a modlflcd radiation shield. To prwmt ICC f’om,q< on the oul?, oi’ thi tllermo- 
meter the forwa.rd end of the standard radration shield has bczn closed in. Phis 
1s shown in figure I?. 

2.2.10 Vortex tube thcnnomctcr. 'This consists of J tnonl:-lan-tar bulb 
mounted in the centrti of a s~~rnl tube. rhc an u&t fu;s I"or,rxrl and is 
mounted at one side of the tube causing the mr to ,mlrl row15 insid< tlrti tube 
until It reaches the outlet at ow end. It has bcon foucd that, by Ci~JU;t:Clr: 
the ratlo of the areas of the air inl-t and outlet, a tht;rmors~tzr bulb can be 
made to g;lve a rcadrng that is ~nde~cndent of air speed. Thl.e tlicrmQi.ter ~WaS 
fitted to see rfhether the results y;ould be consistent i.hon Tmrkilg xh clouds 
and with roe building up on the air inlet. A photoLraph 1s yiven xn f'~~;we 13. 

2.2.11 Eiussmot A 20 rxxordcr. Thus rccordcr k,ts fltti)d toiivrds the 
end of l\$aroh. 1952. It records a time base. to!.eth.‘r with air sso,d. height, 
the reading &x&the rotatLnt disc, the cyolos of the ,Smrths i&g I&IICQ~O~; 
au- temperature, the operntlon of the autom?t~o observer and has a spare chanii~l 
reserved for the new R.A.E. Cianp$no ,!oston thermal lx? aetestor. 'Chc Illm spwil 
used is 1 m m. par second rind the duration at thy speed 1s aL~prorox~~;itcly I+ 
hours. A typiwl record from the A 20 w shcvn in fxgure 14. 

2.2.12 Automatic obsorvcr. The mllliaiwzter which sboi~s the output 
frcm the rot?ting dLsc is mounted on the nsncl of the autanntrc obJzvc:T 
togethtr with an air spczd indrcxtor, an ;ltwet,r, the vortex tube nlr thanno- 
met-r ratromcter, a clock and a counter. Thc,sc instruments LL~ 'or: obsorvcd or 
photographed Then required and spwe L s ava~lalli: for future ~nstriliuiorits to be 
mounted on tho panel. 

3. Nethod of test 

3.1 Frellminary tests 

v#:,as inv&ti$ted. A pitot-static hoad was mcxnt& ut the end. of a pal; Tfhach 
slid through a hole in the sl8.o of the aircraft at the ;~osrtion to ‘UC; ahockc,d. 
The oitot head could thus be pointtd into the dlrstrcam ot any &stance .CPCHT 
the side of the nircnft. The a>rcmft v~as flovn at a constant spzed and the 
pltot head pushed out from the side of the nrrcmlt until tI?z air speed indiwtor 
on the in'ooard end of the pole read the swe 2~ 31~3 the ~rcr&ft ?ir speed system. 
Tlus xas repeated for drffcrencc speeds and the distancu GW obs,.rved for each 
position tested. This distance was t&cn into account when moimtlzy:I, the wstru- 
merits and when operating th c rotating cylinders or when takin: ollcd s&de samples. 

3.1.2 Air temocr&ture thcrnwn;ttir c?librxtions. T1.o outride e.~r 
temperature thcrmomotors iiov calibrated over a r~l;e of !~)2cds to dLti:lmm3no the 
correction to be applied for the hc?t rise du,: to spaod. 

3.2 ~0mi tests. 'The loc:?l Motwrolof,iczl Officer vas consulted each 
mornwg as to tbo prospect of findIng ic3.ng ooqditlons. 7hen a suLtiblo forecast 
ws forthcormiy; the slrcraft vas flo;i to the area and a soarch madi:. Tne nearoh 
was normally stnrtcd at a herght to give a tcmpsrzture only ~1 fw de~mos bclw 
freezing as this should produce glaze ice which L 3 non~lnlly coilsidcrca to be the 
more damerous of the two ma~.n types. If zce could not bc Pound at this hor,n;ht 
the search was carned to pr0gi-L ~sslvuly (,re.ntcr hL,ights and lwor t,,mpzatur,'s 
w&l tither satisfactory icing conditions ,;ere fuund, or the aren 'xw abanaondd 
as unproductive. Yhen lcine conditions mm r'ound, moasure~iients w:5 t3kcn on 
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far as the first 26 flights are concorned. On all the rcmalrnny 11 flizhts 
smm ~.ce was found brirxinz the total nwber of successful fli&hts u;~ Lo 34. On 
these 11 f1l.ght.s the icing conditions were found approximately where f'orccast, 
so altamative arces mwe not mvestlgated. It is intercstin_ to note that 5 
of these 34 encounters took place in December and b were in January, IX spite of 
the awxxaft being unserviceable for o'rcr a wock on inspection. The rcmlin~n~, 
flights were fairly evenly distributed elther 3 or 4 par month. This gives an 
uhcatlon that mntcr LS the bost ncrioci of the year for thus type of work. 

5.2 Duration of ici.ng conditions. In tablo 1 both the time ;n mc:%surable 
xe and tne number of successful rotating cylinder ,neasuroments made are quoted 
for each flight. The time in measurable ICC is the time durm;: which obswva- 
tlons :~ere being taken of the ice building up on the aircraft. In wxe casts 
It 1s the summation of a numbcr of short pUriods that co&d only bc measured on 
the instantaneous readlx instnrmcnts. The n%umber ,>f successful rotating 
cylinder measurements nmdc LS, for layor type clouds, a bettor guide to the 
contmulty of the iciw; oonditlons. Smples tvcrc not nornally taken on the 
rotatmg cylmaurs unless 1ce was fom1l3g fairly stLxLdl1y, but if rt obviously 
stopped forming the saiiple was discontinued, ard, if insufficient xo to give a 
goofi readrry: had been collcctcd, IC was scrapped. A scrapped SW$L :io~&d 
prevent the Wang of rotatmg cylznder measuremenuu +- rn nor0 contur~ms conditions 
soon after the abibortlve attempt as several mnnuixs arc nzded for ri:.Lo~dmg, 
but, though this is one of the reasons for ap>aar-nt discreLpancics bet~recn 'f&no 
m xe and the number of samples taken, it drd not happen very aften. 

Over the whole 34 flights only 2 or less than 2 satisfactory rotatxng 
cylwder mcasurcinents rierc taken on each of 18 fl;ghts, whle 3 or more than 3 
measure~ncnts were taken on 12 flights. On the remnmin& 4 Plxthts the icmn, 
conditions r,ere sufficiently :Tood to allw 3 or more moasurwnents to have been 
taken but due to some unavol&blc rLlxon thus could not bo dono. Theso Plights 
are fairly evenly divided betmc,n cumulus tylns cloud and layer tyna cloud. The 
lack of succtiss in the 3 flights in xrxitus type cloud is mainly L%LK to the 
short time during -&nch such conditions last, Thtise 9 we all amon, the cnriler 
f'li,?hts and 1aL.r a satisfactory tichniquc to ovcrcme this ;IrffxultJ i'liis 
worked out, where the cylinders were exposed. before entering cloud and txlsd 
from the start of ice faming until leaving the cloud. The 9 relatively unsuccess- 
ful types in layer type cloud wzre mainly made in l,dmmlttent co:dltrons when 
periods of 5 minutes at a time were rart. On the roma~~.n~ fli[hts two had to 
be afiandoned despzti. good win& conditions as ice burlt up on tnz spray mast 
used for producing artificial ice and caused serious vrbmtlon. In on: caso the 
mast was thcmnally de-xed but the system proved to be inalequntc to ?eal with 
the severe uxng that was encountered, On ta0 furthLr fli,,hts no rotating 
cylinder measurements were taken due to lack of observers. 

Of the 12 more successful flights 5 were m-de In layer tyge ciouiig 6 in 
cumulus ol~ud and 1 partly in each type. Durin:: 3 m layer type clods? over 1" 
of ice built up on the wings and tar1 plane, vhdc on the rcma~~ni: flights in 
this type of cloud the build up was of the order of $' and $J' respcctivcly. 
The arrcraft de-icing system was purposely not used so as to allow the ICC to 
build up. Normally less than j" of ice built I+ durug tlic f&hts thrmgh 
cun~ulus type clouds, but thus couill usually have bo,un incrxsed with ease by 
merely flying more often &rough tne clmds. The duration in this typ3 of 
cloud 1s very short as ~~11 be win frown thti times over which the avoraye liquid 
water content w.8 muasurcd m table 2. The shortest quoted IS 11 seconds, 
while the longest is only 2; minutes, 

5.3 Severity of iclnt: conditions. The definitions In tab12 1 for the 
ici,ng condLtiollS found on the Cl&t mcrc based on the observtirs' opinions 
rather than on quantitative ~,mxwurements, althou& 11,~ the last part of the 
table such quantitntlve mcasurzments have been given. It will bo seen from 
table 5 that meteoralog;lcal forecasts of severity ',eri: wry eood z.n that 26 of 
the 34 made and invcstigntcd were correct, while,apart from the two failures to 
find any appreciable amount of lce,thc main dlsagrcements -wxo in the 6 oases 
where only 11.&t lee l'las found, although moderato or moderato to severe hi3 been 
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forccast. The fact that the severity forecast ,PS riot f'o~d do-s not necoss- 
arily mean that the forecast was mory, as it my havve hem that th2 aircraft 
failed to find the area which contamed tha mrc: svem conditl.ons. 

To try to lrnk up the severity of the icim conditions as ~ud~;ed by the 
aircrew with the droplct size and rater oontont measuredl, thz V?~IK. of Bg, the 
rate of we accretion on a "standard" ~CJ collector, has been caloul~wci fo-: 
each of the rotating cylmder r-suits. 'The "standard 1ce collector has '!~.crl 
taken as that used in reference 5, (I 3 inch dza&or cylmdcr Plying at 2'93 mph 
at a height of 3 kilometers (nearly 10,000 feet) in the international standard 
atmosphere. These values are given in table 4 toydhs Trith tht tine of aloud 
and the icing severity mcounlerod. 

It will be seen that, Qthoug,h tw V?~LL.S of R&i nhen the ncvmLty 
is quoted as in odzrate are over 6, all nut t-do of the others arc: betwm 4 and 
2. Simlarly all but two of the: mlues of RJ for light acing are j or less, 
while the values for light to modcr~tc and am&rate to severe iO1l.l~ coxc w1th.m 
these lir,~i'cs with only om exoept-Lon. From this it nay be arcued that the values 
of Rg, calculated frm rotating cylinder mzasurments, that ore above scswA;re 
b&men 4 and 6, represent wvere icing while the. division betzeen the li&!rt and 
moderate icing would appear to ocms bct;ves.n valuts of R& of 2 ::Si 3. This 1:; 
not in exact agremmt mth thu values suc,,,cstcd m refmcnces 5 and 6 vheru thd 
divlslons between liE,ht and moderate and modonto and severe imi: ~rvcr. as 1 and 
4 In reference 5 and 1 an d 6 in refzencc 6 but the Ilisa~romsnt is not serious. 
In vim of the doubts of the accuracy of the rotatin; cyllnlcr me-mxuwnts 
taken from the old sampliw~ position, lt would be bettor to vart for ccnfY.nnation 
of these valum frun! mom reliable results it is hopcd t> obtain in the future 
fram the ww sampling -position before placmq too much rcl~~~e on WI&C vamos 
of R.&h 

5.4 Ice fomt1on. The phsto,raplm In f+urcs 16 - 18 i:lustrate thrc; 
.min points. The fzst is the vay in +ihich thz wxa of the airorcft 31 which 
ice forms is affected bjr the dm&ttir of ths drops. All three figdrcs slm; 
clearly the lar,ser area on -&woh ice forms .?:hen lar,;e drops are present. This 
=, of course, a well knmn and gw'ict?blc occurrence but the photo::n,?hs 
illustrate it very clearly. The second point IL. also i~ell lmatn 11d 13 'd~rtictly 
related to the first. It 1s that the build UL, of ICC on ~~a11 objects such as 
aerials or the small test strut is relatively grcrt~r than on lzrgor objects such 
as the wags and tail plane. This can be seen by cmp-za.n, the comespondw:: 
photographs in figures 17 and 18. The mason for the greater build up on small 
objects is that their mfluonc~ on the airflm ahdad of thw IS not vary k,rtiat. 
Only the smallest drops are dof'lected along o strwzltile and :iacs the juJe:ct. 
Large objects affect the nirflm dell in advance of th~melvcs mJ the mean 
curvature of the streaailines is less so the larger drops arc accel~rat~&i si.dm~r~ys 
and pass the object without striking it. nun a lar~cr pr3~0rt10iL of ttu3 tol;a 
number of drops per unit are2 arc caught by the mailer object than by the la~<er 
object. This IS of course, the prmoiplt upon xhich the rotating oylmdtirs 
operate. The tr&d pomt is ilore complicat&i and concL,r!s the tyge or 1cc 
f ormat1on. The t>To main taes of XC, MIoly g;l?m ice and ri,va ICC, arc dcscribJ 
in reference 4 togethos with the main riosons for thc;lr diff'erencc. 

Briefly, &ms ice f3ms .:rhtm the vater concentration is sufficiently Hugh 
and the tomptraturo is sufficiently close to frmzw% to alloy. the su,crcooled 
zater droplets to flov a li.tle afttr mpact bzforc they frieze. Ths @VW ;L 
well krit layer of ice vhichp depcndi~, on its thic!-ncss and stage of davclo~~mt, 
may be clear and smooth as on flights 20 an.. A 21 in figure 16, or rou:.h and uneven 
as on flight 23 in tho s3mc figure. It may also be inrlky in al,~tanncc due to 
the inclusion of -ir bubbles, 30 nt the edF,is of th< lee fmmtion on ?lJ.chts 
20 and 21 in flguro 16. 

Rime me forms when the water ccmantr?tJon an; tmpm.ture arc sufficim-dly 
1~ to allow each droplet to freeze on Lmpact without fls%ilL: n~preciably. This 
gives a whte porous structure with a mtt surfac-, .?s shwn on f'll',ht 26 In c 
figure 16, 17 and 18. Vith small drops and partj.w&arly when frozen particles 

/w2.... . 



5.5.1 Rotating cylindzrs. The fif,uros in table 3 show that the 
distrib~tlon of iiquid voter Srronlrts at the sxnal~n~ riositlon thst ho.s b<:Ln 
WCJ 2.5 not Ulllf31~!1. Scmc of this sczttcr may b; b%mu distribution thrmgh- 
out the cloud is univeng but the fsct thst the inbox3 cylm3.m coliectzd the 
lodest might of xc on mci? occmicm gives s clear Indication that the sirf'lw 
rourd the fuselngc 1s l.t lcnst pzrtly raspons~blc for the error. ThYLs 1s .n 
s>ltcz of the fact that all th; cylindxs i?cri outside the bmmlmy l%yycr as 
r~ensurtd by the travelling pltot he-ad. It LS obvious that the pr.sencc of the 
nircrsft distur'os the dxtribution of droplets, to the &cent thnt such Crops 3s 
do not strike the aircraft arc deflected. side-6+rs so that there LB R region 
outsldc the l'usclage where there arc more water lroplzts, pzr'm.cularLy smil ants, 
than there mould h-rve btien in the undisturbed sir, Thxs re~~sn ~~11 pxswisbly 
be .m.der and further from the fustilagc nL.?r the tail thizn hmr the front of the 
fustl3~,c, so apart fnm any boundary lr~yer -,roblem, tht, ideal si4:ipli~: position 
~111 bL s.s far fsrwm3 s.s ;,osslble. The results of this test ml1 cast doubt 
on a.11 rotltlw, cylmdir rcndin~s tLkeni"rnn this position. 

On scveral occssions thwi: a&s less xc on the 2" dmmet~r cylir=lcr than 
on the 1" di&;leter cyl~~Icr of thu same length. .Uthou,ueh this is thcnr;trca;ly 
posslblc If the cloud consists of very smll droplets, it is belicvtd that it 
is more likely to have been duo to the unevendroplet distribution at the 
smpll~ px.LtmL The cffLct of the rduced mad of xe on the lnrger cylinder 
muld be to sive CI droplet see th?t IS too mall and a liquid. mter content 
that is too l.ar~,e. 

Applrt from any errors duiue to the incorrect distribution, it is known t&t 
rotating cylinders suffcr from the phuncmcnons knmm as blo-M off. iJndcr certcrin 
cundltions som of the supercoclsd drops that strike the cylinder me blown off 
q"~n ad'or~ they have tmc to freeze, so the mount of ICC thst,foms on each 
cylinJ.cr under these conditions ~9 not a tme masurc of tnc amount of i;ater 
that should have be-n collect&. 

Yit n further point ths.t casts doubt on sane mtatliig cyl1n&r results 
is illustr3tad in fi,gurz 3. It ~~11 be seen that, in adrlition to normal ice 
on the cylinders, s number of pnrt~cles that were nlrexly frown before they 
roxhed the cyl,ndcrs hnve buen froecn into the ice. As these psrtwlcs xsre 

/not....... 
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Table 4 continued 
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0.34 

0.07 

0.2 
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9 

7 

9 

10 

10 

7 

7 

8 

8 

0.23 9 
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0.64 24 

0.17 18 

0.48 12 
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Rg 
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0.6 

0.1 
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1.5 

1 
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11 
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If 

E These measurements mere obviously not taken in the part of the 
cloud where the ~cxng seventy corresponded to"severe." 



Moderate-severe 

I Totals 26 6 2 
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FIGS. 6.8.9 









FIGS. I6 

MEDf”M DROP DIAMETER. 2oMlCRONS. 
!xx,D WA* CONTENT 0.7 GWC”. METRE 
OUTSDE AIR TEMPERATURE -1Pc. 

MEDIAN DROP DlAt”ETER. : 10 MICRONS 
UW,D w* CONTENT 0: o-3 cMS,C”. METRE 
OUTmE *P, TEMPERmmE -7 TO -15oc. 
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