17,993 '
A.R.C. T{eChHICd)I Report A.R C. Technical Report

T PR
4 A Hm 1
‘r% la“'v---‘g SN :ﬁ'if

* - ‘;r"j
- o Reda

MINISTRY OF SUPPLY

AERONAUTICAL RESEARCH COUNCIL
CURRENT PAPERS

Report of the Third Year’s Flying on the Development
of Flight Testing Techniques for Finding and Measuring
Natural Icing Conditions

By

G C. Abel, B.Sc., D.IC.

LONDON HER MAJESTY'S STATIONERY OFFICE

1956

THREE SHILLINGS NET






C.P. No. 223
Report No. [LEE/Res/285

LEROFLSNE AND AXOWIENT FXTERTI HNTAL BSTABLISEMINT

18th January, 1955
Report of the third yesr's flying on the develooment
of flight testing techniguss for finding ard measuring
natural 1eing condibions

By
G". C' .E,j,bﬁ;‘l, B.SCI 3 IJ. Il Cl

Qummary

Thie renort covers the third ysar's search for natural icing condations
together with some results for the whole three year period, Varrous forms
of unserviceablility limited this ycar's flying to approximately four months,
Lor the thres yecar perzod only half the icing forscasts for layer type cloud
over U,X, yirelded icing conditions sufficiently contrinuous to allow an snti-~
icing system to be teated. 4 number of these wers too liuunted to allar more
than one fest . By limtang testing to the best synoptic conditions yet
Tound, forccasts will probably be completely corrceet albthough vory limit=d
in nuwaber, 4 sood cozting of zce was obtained from almost all forecasts for
cumulus clouds. Occasions on which 1ecing severzity was overastinated during
tne past two years are double those in the farst year, presuwsnbly due to the
smaller number o upper air soundings avallebie. The technique of photograph-
ing the leading edge of the tailplane has produced scveral intcrosting studies
of 1cc formation. Duc partly toc the lamabed flyinz time no great advencce in
Lestruventation hasg beon achieved thin ycar.
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ERRATA

Poge 5, Last word "Included" should be"Including".

Poge 6. Line L. M"larger" should bs "layer".
Para. 5.2, line 9. the "i" from dying has been omitted,

Page 11. Ref, 4, line 2. M"ellipsord" should be "ellipsoid",

Table I, Columns 13, 14, 16 and 17 should contain the following
additional figurss.

Flight No, Columns Nos.
a2 B ¥

60 16,53 - -

61 0.02 16.55 - -

62 16,55 - -

63 16,58  0.19  0.17 The date should bs 8.7.53.
Wot 3.7.53. *

6l 17.08 0.17 0.11

65 17.63 0.21  0.06

66 17.43 - -

67 17.43 - -

63 17.54. 0,06 0.0

69 18.21 0.1k 0,09 The date should be 2.2.54.
Not 2.2.59.

70 18.36 0.09 0,06

71 18,48 0.1 0.04L

72 19.13 0.22 0,10

73 19.31 0.15 0.06

h 19,61 O.14 0,07

75 19,59 0. 30 0,12

76 20,08 0.27 0.16

77 20,13 - - "Depression® should be
anserted in Col. (4.).

78 20,28 - -

79 20,33 Q.26 0.23

In Table 2 flight 72, line 3, colwmn (6) "=775" should be ¥-7.5",






1. Introduction

Work has nov been proceeding at the L, & L.5.0. for three ysars on a
Joint programme with the R.4. L. and the Metcorologicel 0ffice designed to
discover nmore about aircraft i1cing,

The aspects of the problem on which work has been concentrated have
been:

(1) Correlating the ccowrrence of icing conditions with the Met.
Off1ce forecasts,

(2) Developing instrurents to measure the paraicters on whch icing
condlitions depend.

23% Studying 1ce formation on sareralt and 1ts effecha.

4} Developing weter sprays to produce ice in #light in clear air.

The farst two years work has been ceported 1a references 1 and 2,
The present report deals wath items 1 = 3 for the pariod from June 1953 to
May 1954,

2. Detalls of tezt alroraft and 1ts instrumentation.

2.7, larcra®.,  is deseribed in reference 1 the aireraft used was a
Viking, a twin engined aircroft desipned to carry 24 nassengers,

2.2, Ingtrumentaticn. The majority of the instrumentstion vas tre
same as described in reference 2 but the micro camera had been redesigned
and repositioned to bring all the magor irnstruaents, with the excentaon
of the rotating cylinders, under the control of one operator, yhis
cperator controlled the auto observer, the two cotating discs, the fixed
cylander which was scldom used r.einly due to lack of tive becavse of cther
comrntiments when in icing conditions, the balenced bridge thermoneter, the
Hussenot .20 recordcr and the redsgigned micro camera and the olled slade
sampling equipuent, Details of the changos made to the instruaentation are
given below:-

2.2,1. 0iled slvide som~lin, cogmpment and ricro camera. To
enable samples to be photographed at a tamperature below freezing the wicro
camicre had becn medificd to allow the viled zlide to be brought straight
into the position 1n vhich vt wes vhotographed, 1macdiately after sampling.
The rmeroscope stage was koot cold as before by sair from outside the sircraft.
L drepgrammatic sketch of how this was achieved 1s guven in Figure 4. L& tube
was fitted through the micro camera waith a gap at the microscove stage for
photozraphy and a slide carvier was mounted on the end ot = flexaible cable
running throuzh thig tube. 0On the inboard side of the micro camera there
was a gao in the tube to allow a frerh slide to be fitted to the slide carrier,
while beyond the gap the tube was slotted to control the augle at which the
glide was held, On the outboard side of the riero cansra vnc tudbe ran inside
an outer tube which in turn was inside a strcamlined outer cover. This outer
cover with tne two tubes an 3t passed through the skin of the alreraft and
projected some tro feet into the airstrean, J[n alr inteke on top of this
outer cover directed an air flow ianto the racero camera to maintain the
temperature at the microscope stase below freesing. As before the lens and
the stage were smelded from the dirccet blast of the oir to prevent waber
droplets from contaminating the sample when flying through cloud., The inner
tube was faxed so that 1ts outhboard end coincided with the wnd of the outer
cover but the sceond tube could be pusned out into the air strcam and wathdrawm
again by reans of a rod whaich also passed through the micro camera to the
inboard side,

The method of sampling was to inzert an oiled slade into the slide
carrier on the inbeoard side of the wicro cmscira and then to vush it outboard
by means of the handle Hrojocetins throuzh the glot in the inboard tube. The
slide passed through the uxcro canera stage and through the alrcreaft skin
until it was nesr the ocuthoard end of ats puidang tube, LfSer a short inter-
val 10 make sure that the onl was below freezing tomr craturce, the ouber tube
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would be pushcd beyond the end of the oubter cover, the zlide would be turned
from horizontal to vertical by passing the controlling handle through the
appropriate part of the slot in the inbosrd tube and then would be pushed out
to the end of its travel. The slide would then be beyond the end of the outer
cover but was still shielded from the anrrstresr by the outer tube. To meke the
exposure the outer tube was retracited into the outer cover and then pushed out
to cover the slide again, The slide was imiediately withdravm into the photo=
graphing position and photozraphed as quickly as possible while the outer

tube wag retracted into the outer cover to prevent ice from bhuilding up on 1t.
After photography was complete the zlade was brought to the inboard side of
the micro camera and removed, The whole scquence could then be repeated,

2.2.,2, Taxrl camers, in ¥73 35 rm camera wazs mounted at the rear
window for photographing the ice forrwmtion on the leading edoe of the tailplene.
A thin 2" graduated rod was mounted from the leading edge to show the thickness
of the 1ce formation, the outer half of the rod was marked i1n " but the inner
half was marked in ", The cemera was opcratsd by a T35 control which could
be set to taks photograshs at intervels of frow 2 ~ 55 saconds.

2.2.3. Blectrolytic windscreen, A smell test electrically
heated windscreen approximately 8" squerc was mounted in front of the flight
engineer, Heat was produced.by passing an albernating curreat through an
electrolyte whils the tenperature was neagured by thermocouples mounted
between the two pairs of glsss laminations that made up the front and rear
faces of the screen.

2,2,0.. Thermal ice detcctors. Several forng of thormal ice
detectors were fitted for various perzods throughout the ycar but no final
production model was wade available for test.

2,2,5. Roteting dises. Two rotating discs were fitted, one half
way back in the original position on the starboard side while the other was
well forward on the port side.

3. Method of tegt

3.1« Period of tests. The aireraft wes grounded for seversl long
periods so that the time available for test flying was only about four months
in the whole year. The firat two pcriods of unserviceability which were
separated by a week were in June and esrly July anc were due to modifications
to the rmain spars thet wvere general to all Vilangs. Ia July the sircraft
was unserviceable for one week but was then availeble till the 10th August
when some modifications were made to the instrumentation. Very shortly
af'terwards it wes decided that the fin and tailplane sust be investigated
by the Contractur for possible corrosion. Althovgh a replacement fin was
not available the fin and tailplane were senb to the fim and the arrcraft
dad not 1y again till the 11th Decenber after the original fin had been
returned, Various radio snags, bad weather and the Xmas break provented any
teat flying until the 31st December, FProm then t1ll the beginning of April
there was an accumulation of only about one week's unserviceabhility and
four days when the sirfield was ungervicesble because of snow, so the
majority of the years' flying was concentrated in this periocd, On the 5th
Lpril one engine failed and couldd not be replaced before a major inspection
fell due, A C. of A, inspceotion was pcerfomaed conourrently with the rmajer
1ngpection and sone modifircations were algc made, The inspections and
modifications were not completsd bofore the bepglnning of June,

3.2, Normal tests. The normal rethod of test was in zeneral the
same as in previous years. The Meb. forecast was obtained each merning and
vhen lcing conditions were forecast a search was madc in the area, Affer
3 ce was found measurements werc made with all the available instruments and
photographs were taken of the i1ce formation, Measurcments -rere ncrmally
continued until nec further worthwhile rcing conditicn ecould be found, or
tests had to be gbandoned due to the accunwlation of 1ce on the avrcraft,
Cwing to the very luimlicd perzod over vhich the aireraft vwieg aveilable some
fiipghts were made when the forecast wae less promsing then the forecasts
uged 1n previous years,

Slhases



L Results

L.1. Buccess in finding 1ce. Table 1 shows the conditiong undsr which
ice was found compared to the conditions that wore forecsst by the Mct, 0ffice.
There were 19 cncounters with ice in 17 flights while on 3 flights no icec or
only very slicht i1eing was found., One of' the successful cneounters was
obtained by using ialormation fron other aircraft that were cxperaicncing i1cing
conditions while 211 the others were obdained by following the Met. forcecosh.
Of the 3 failurcs onc wees dus to cwmlus aloud not having buili ebove freczmng
lovel by the time the azrcraft wes searching the aren. Lt is possiblc that
it may have buwilt up later cn in the doy. The chances of fanding iec forcenot
for the flight on which the second fallure occurred wore not very ~ood but
seaned to Justify a filight to test o modifiecation _to g now ice debuctor. Tne
front in which the icing was oxpectea was ac““ually?%lo 2 lying along an ~ir
lane where a senrch could not be made, The third failure wos only partial but
enly very slight ice was found e3 the mein body of cloud was below freczing
icvel with only smell peaks above. In this casc there was a breken layer of
cloud, sbove, in which it was just possable icing conditions mighf have been
found but, oring to the incxpericnce of the obaerver in chorge,/woes not tried.

he2. Icing conds tions missed Juc o unserviccability.  During the
cight menths of unscrvicoability therﬂ —are b0 odd forcensts of lcing that
would have been investipgnbed i€ the avrerart hod been aveilable, Thiy were
fairly evonly divided bebween layer type clouds and ewmlus type elouds, tho
layer type being rore nuncrous during the winter perisd, They dil nd,
however, contain any with an extronely low frouezing loevel.

a3, Type of iece formabion. With the addition of the b1l cancra more
information cn 1ce Torantior is becordng avallable. Fipures 1 = 3 show
interesting scquences teken by this camora. Figurs 3 shows the ice formation
on the tealplone after the circraft had londed. A picec has beon brolen off
to pive a better viewe It is interesting to catiinte the thickness at the
breck. (sce discussion in nara. 5. 3.). Plgure 3 also illuatrates soc
different icc formations on other parts of the avlrecraft.

bolto  Insdrunent readings. The results fron the instruments src given
in table 2, Thoy iaclude all cases when the value of liquid wator content
cxcecded Q.1 prems per cuble metro for any appreciable tiie, For both the
rotating discs the averase laguid weter content is given for cach poricd
where the readong vas greater than 0,1 grans per cubie metre together with the
ponk reading achioved during the pericd., Where the readings are not gpven the
ddse was unsorviccoble or its results werc unreliable for one of tne reascns
gilven in poragraph 5.4.2. Only o comparatively small number of olled slide
regults arc given due nainly to trcubles axperienced from the cooling systaz.

4.5, Bleetrolytic windscrecn. The results obtaincd fron the clectrolybic
windscreon arc outside Bhe scope of the general prograrvie and will be reported
separately.

5 Discussion of results

5¢1¢ Condations suiteble for testing aireraft de-icang or onti-icing
systaas. O the 20 lights nade 3 were made pranerily to toest

instrunente and L others wore not sucecessful in finding a really useful ieing
condition. Of the ronainming 13 £flishis 8 achiovel their success mainly from
cirmlus clouds althouzh these wore embedided in a layer of streto cwiulus in
two cases. Thia loavos 5 flights in loyer type cloud which micht well have
been satlsfoctory had an icing systen been under test. Against these 5 rlights
e further 4 werc attawpted on forceasts froa which 1t was hoped that an edequate
quantity of lee would be found. Two of these 4 were rather inconclusive as
conditicons werc such thet 1% im possablc that a more cxpericnced obscrver might
have been eble to scniove greeter success but at least 2 of the 9 forecasls did
not lead to suntable comdations for testing an icing systen.
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Inclulding the fli:his ade in the previous yoars there is s total of 20
flights on which a test on an 1cing systen nizht well have been nede, against
a further 18 forscasts from which it wes hoped to obtain good test conditions.
This shows that, over the British Isles, the duration cf lcec in larger tyne
cloud throughout the year is unlikely to be sufficirent to allow even one
satisfactory test on an icinz systan in nearly 50 per cent of the condztions
forecast, The conditions suitable lor several test runs on a systen represcent
a still snaller percenteoge and are almoat invartably confined to the winter
season. The plcture is not, however, quite so bLlask as 1t eprears as 1t
represents 1ayer type cloud from all types of synoptic conditions throughout
the whole year and then only when the alrcraft was serviceable., If testing
is confined to thg winter period and to the nosgt nrodsing conditions vhich
so for seen to bg/ungable airstrean with a very lov freezin; level, 1t seeus
probable that slnost all forecasts will be correct even though therr total
number will not be very great, possibly as low as 5 per year. PFurther
experience may also allow flights in other synoptic conditions that should
be nearly es sultable thereby increasing the nmunber of possible forecasts
that are almost certain to lead an arcraft toc the reguired conditions.

The picture on cwmlus cleoud flyins s very ruch better., For this year
8 out of 9 forecasts were successful while the fipgure cver 3 years 1s 30 cut
cf 34. The duration of 1ecing conditions in cunwlus clouds is too shert to be
of much value for festing anti~icing systens. 4 good coating of 1ce can,
however, be bullt up and this night be used for testing some types of de-icing
systems, particularly mecharical ones, In addation the behoviour of an alre-
craft with a coat of ice on is in itself iLportant to allow for the case of
the profection system failing., /Lt the same tame, unprotected itens such as
tank vents, for insbance, cay be checkeld for possible failure in ice,

5.2s  Severity of icirp conditions, Table 3 shows that the forecasts
of the severity of icing conditions were not sc sood as in previcus years.
In only 12 out of 20 foreccasts were the corvect icing severitics found. This
is partly due to searches being made on forecasts that gave a smaller chance
of finding ice than in previcus years, In one such case a search could not
be made in the condition associated with the forecast as the only active cloud
wags confined to an sir lane. In anchher case the aircraft did not take off
till so late that §+ 1@ %ouatful if the forecast severity atill applied., In
yet ancther case © ac 1V1ty was "y’ ag out nore rapidly than hald been expected
s0 that by the time the aireraft reached the condition only light icing could
be found, On one ocea.ion the search hal to he curtarled afier a late start
due to lack of daylizht although 1t is believed that the full forecast severity
was present in the condition, while once the search may have heen nade a little
t00 esarly, On ilhe remaining three forecaste on at least two ovccasions there
did not appear to be any cloud above freezing level capeble of sustaining
nore severe conditions than these found, It seems probable thatwth more recent
upper gir data, cloud conditions covld have heen forecast nore accurately.
This theory is horne out by the fact that over the past tiro years the mumber of
cccasions on which icing severity wes underestimated is double that of tne first
year when rore soundings were avallable,

A3 in previous years thewlues of Rg, the rate of build up on a standaxd
ice collector, have been calculated fram the rotating cylinder resuits and
compared with the severities nhserved on the flight., This comparison made in
table L fi%s in exactly with previous years resulis that the values of Rg
above between 4 and 6 were obtained for severe icing wille values of Rg below
about 2 - 3 indicated light icin~.

5.3, Ice formaticn. The cauera photograpuing i1ce formation on the tail~
plane has produced several interesting sets of results, incluuing some unusual
formations caused by runback, The fivrst photograph in faigure 1 shows the
formation on the leading edge of the tailplane on flight 69 when the temperature
and liquad water content were both fairly low and the droplet size was small
(about 10 = 12 racrons). The photogrash was taken after the last reading for
this flight gaven in Table 2. It will be seen that the nain ice ¢ormatlon is
confined to between the two T.X.3. strips, a digtance of no more than iz &0 while
there is subsidiary bulld up from *he upper T.X.3, strip. The 1nterest1ns
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feature is the way 1n which the 1ce has bualt up in snell, alwost unconnected,
colurms cach pointinz 1n a directron that clearly shows the trajcctory of the
super cooled water droplets that frome to form them. The trajectories must

have been alamost parallel to the winz surface, except close bo the gstagnation
point, showiug that the water droplets were very small., Indirect conformation
of how snall the droolets were, can be obtained from the shepe of the ice that
has grown from the end of the 2% measuring rod progecting from the leading edge.
Thas is very narrow Ly comparison with the corresponding formation shown on the
o*her photographs in the sawus figure. This norrow type of formetion 1s dus to
cach droplet freezing on impact before the next drcplet is caupht and withovi
havang tare to flow any appreciable distance. This only heppens with low
temperature, 1a this casc =12°C; and with low water contents which are normelly
assocrated with snall droplets. The larger wide formation on the other photow
grazhg was caused by more and larger droplets caught at & hichcer tomperature so
that drops took an appreciable tare to freeze after irpact and durrn;, thet #ine
they flowed and amalgemated with adjacent drops. In addition subsequent drops
arrived beforethe initial drop had campletely frozen so that a well knit ice
filin wag formed., This is the classic difference between the method »f formetion
of rime and glaze 1ce, The last four photosraphs in the figure werec taken on
filizht 75 at intervals of 6%, 10 and 5 minutes respectively, The first photo-
orach was takea {3 rinutes JEfOTG the stert of the results ziven for this flight
in table 2, The lasgt photo oph was izken at 16,01 at the end of the pericd of
icing startiag at 15.56. The air tenperature was from =7°C to =93°C during the
sequence while the droplet size resched 20 wmcrens or over., Thare were two pesk
values of liquid water content of over 1 gm. per cublec mebtre but the averages
over periods of apmmoximately 2, 2 and 5 minufes respecitively werz of the order
of 0.4 z18. per cublc retre. Earlﬂﬂr 1n the flight the aircraft had flown throuzh
an 1cing cloud at approximately freezina level in which it had picked up a small
quantity of 1ce, rmuch of which had heen forred after rumnang back » few inches
behind the leading edgs, This formed the foundation for the scatiered nodules
that can be scen in the First pnoﬁo sraph an inch or sc shove the upper T.K.S.
strm» and also below the lower T.X.d3. strip. Rivulets of -vater that froze while
runming back to these areas also formed a foundation for soss of the 1ce formae
tion that can be seen on and above the upper T.K.3. strzp. The ice thus built
up on the earlicr deposit over a wider area than 1t would have af this Jdeposit
had not been present. The nodules further bLock on the upoer and lower surfaces
grew on the foundation of the carlier deposit te such o size that, as can lLe
seen from the last photozranh, they started to break off agaan. In the meantime
the single lump of zce on the top ~f the messuring rod bualt up ®ill, on the last
photograph, it had almost reached ibs maximom 8346 before breaking off iven
though the thickness o. tho 1ece on the leading ed~e ¢f the tailplane did not
exceed T its rouck, wide character affected the olevator contrels althoush not
guite far enough to cause overbalance, and increased the dray of the sircraft,
fnother undesirable feature of this tvpe of ice formation was thet it affected
the enmine cocling to such an extent that even with the gills fully omen the
alreraflt had to incrcase speed by descending to srevent the engine temperatures
fram reaching lamitations.

L similar effect was produced on flaght 78 hy the ice formation shown in
fizure 2. Here 2ll the ice Tomed very close to freeziny level., The distsnce
to wnach the water ran back before freczing wsg consaderable, In the first
rhotograph it can be seen freezing as far back as the third black linc on the
upper surface. As the lines are an inch wade this rmeans at least six inches,
Later on the 1ce was cbserved to have formed as far back as 12" fron the leading
edge. It can be seen that during the first 6 photographs ice is gradually [rcez-
ing on the upper surface although not much has forued on the T.E.S. strips. On
the seventh photograph a 2% deep area hes practircally cleared 1tself althcugh
the emount of ice on the leading edge hag increased. In the last two photographs
the clearance has progressed considerably. The de-~icing system was not overated
during this tiie so clearsnce was caused by flying farst just helow then just
above frezzing level and finally desconding a 1little below it curin~ the last
port of the sequence. Readings from a thermocouple near the measuring rod on
the leading edge show thab for the flrst three photographs sad the last two the
tenperature on the leadains cdze vas +2°C, Themocouple readings were not taken
at Himes correspending to the remaining photocranhu but over this period the zir
temperature reduced frowm about =1,5°C to ~4°C, As the terperature was so closs
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to freezing the 1ce accrstion instruments gave unreliable results so the true
values of droplet size and liquid water content are unknown., The physical
effects of the ice formation were similar to those experienced during flight 75.

Figure 3 shows several different points about ice formation., The first
two photographs which were taken on flight 76 at an interval of 4 minutes show
that the ice formation of an asircraft is not alwsys confined to 1ce formed from
supercooled droplets., In the first photographs & number of frozen particles
have been caught in the film of ice formed from the supercooled droplets with
vhich they vere mixed in the cloud, In the second photogrsph the same particles
can be idenbtified well covered with a layer of glaze ice and s.ith further
particles added. This type of formation is not uncommon in cumulus clouds,
particularly if they are well developed, and it clearly demonstrates how ice
accretion instruments for measuring liguid water content may gave inaccurite
results. The second pair of photographs show two views of the ice formation
on the leading edge of the tailploms obtained on flight 65, taken after the
aircraft had landed., Part of the ice had been broken off to measure the
thickness and to meke it sasier to ses the formetion. As in flight 75 later
ice formation grew on this foundation to almost the same extent as that on the
leading edge. One further point of interest is the ihickness of the ice at the
leading edge. Various estimates made from the photograph by casual observers
were all considerably haigher than the truth which was that the ice was only 3"
thick. This shows how casily inexperienced observsrs may be in error so that
normal pilot's reports of the thickness of ice formation on an aircraft must
be treated with reserve, The remaining two pairs of photographs arc of the ice
formation on flights 73 and 75 on parts other than the tailplans., The first
in each set shows the ice formation round the engine cowling and on the azir
intake. In cach case the formation was enough to upset the flow of cooling
air so that even wath the gills fully open the engine temperature was still
rising tovards its limitation. This was more the case on €light 75 where it
can be seen from the spinner that thsre was considerable runvack as the ice
formed, Cn flight 73 the ice formation on ths spinner, although not visible
from ths photogrsph, covered only the tip and the area of the first dark ring
s3en on the flight 75 photograph, showing that althougn, there may have been a
little run bock, there was not much. The smaller photographs show the ice on
Rebecca aerials and the rov hness of the formation on flight 73 shows up well
against the much smoother mushroom shape on flight 75. The drag caused by the
roughniess of the ice on flight 73 was such that even using climbing pover it
was only possible to maintain level flight at an indicated speed of 125 knots,
which is of the order of 50 knots lower then would be expeected for the clean
ailreraft. It was found necessary to descond below freezing level to shed the
ice. A record from this flight 1s given in figwre 5. It shows how the speed
Cropped off, sven though powsr was increased, until it had fallen almost 50
knots. Unfortunstely the heater on the rotating disec strut did not prevent
ice buzrlding up until it covered the front of the disc and stopped it from
recording after 6 minutes, The Smiths ice detector continued to operate and
the times between its pulses show the continuing severity of the conditions.

5., Readings of individual instrunents

5.4.1. Rotating cylinders. Readings from the rotating cylinders
follow the same general tendsncy as last year in that all the values of liquid
wuater content over 0.3. grams per cubic metre coms above the theoreticel Ludlam
limit from the largest cylinder and so must be subject to some doubt. The
amount of error is rather indsterminate but can be quite large at larger values
of liquid water content with high sub freezing temperatures, For lower values
of 1liguid water content snd lower temperaturss the error should not be sxcessive
so the rotating cylinders still give a fair indication of the true liquid water
content in this region,.
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B. 4.2, Rotating discs, The rotating discs were both of a produc-
tion pattern which had net been in use far long., During the year several smnll
faults were found, most of which were finallyeiminated. Apart from the
inadeguacy of the heater under severe lcing conditions mentioned above, the
twe main faults arose from the adjustment of the feeler and the scraper. The
Teeler tensionming spring had to be reduced in size to give more adjustmenl at
low tension and the friction of the feeler bearings had to be improved, The
scroaper was found to be ineffective on some types of ice and the tension of
15s Spring had to be increased. Lastly the feesler and the dise heing & the
same metal, a groove was worn in the feeler which was not noticed ab farst but
which made calibration difficult. The feelers are being replaced by new feelers
of a hardev steel, The other failures that were expericnced were of a minor
form such as broken electrical comnections and were not attributable to the
design of the dise. Now that the teething troubles have been overcome the
discs are giving wery useful measurcments of liquid weter content, Typical
records of both discs are given in figure 6, for a smll part of fligat 71,
This illustrates one of the early failings in that the feeler on the port disc
pushed off the first piece of ice formation and so &id not start to measure
until some six seconds after the starboard dise., The starboard disc gives a
lower liquid water content than the port of the order of 0.1 grams per cubie
metre.  This happened fairly generally as can be seen from figure 7 where the
values of liquid water content obtained from each disc are plotted against one
enother, The port disc was sited much further forwerd than the starboard disc
and it is to be expected that it would give a higher reading due to the effect
of the fuselage on the droplet trajectories, This point is clearly illustrated
in reference 4 where the liquidd wator coneentrations round an ellipsoid are
compared with the condaitions in uwndisbturbed air.

Debe3, O2led slide sampling equinment and micro camera. Troubles
were experienced with the cooling system of the micro camcra due to drops of
water depesiting on to the slide both before and after sampling, The various
apertures through vhich these drops penetrated were gradually traced and
eliminated but, although under certain flight conditions this contamination
was cured after a few flaghts, it was not until the end of the period that the
difficulty was completely overcome, This accounts for the very limited number
of successful measwrements made by this method this yoar.

5.lalis Pued, 8. =~ Smiths 1cing indicatar, Figure 8 shows a calibro-
tzon of the Smiths indicator results against the amount of ice as measured by
the port rotating dise, It will be seen that the points do not agree with the
line from last years! results. This wes aot discovered until after the noints
had been plotted when, on investigation, it was found that the indicator head
had been knocked and hent back through an angle of 4°., This brought the intornal
heater mich closer to the inside of the four pressurc holes, particilarly the
lowest one, so that the head was partially converted to a baffled type suniloar
to the Canadian type described in reference L, while the effective area of the
holes was reduced, The new 6:rmula. for liquid water content with the heaii A

T Y = T eI 3 =
bent back became m (T ) gms per oublic metre as oppeosseld fo m GV
befare the head was damaged. This :'LB closer ta the correspondire formla for
the Canadian type which was m = 22 Vv i3 the true air spelc in knots

. , VIT+ (T is the off time between indicator |
signals in seconds and @ i3 the air tempéerature in 9C), The mein difference in

these formulae is that with the damaged head the constant that is divided by ©
is swrller so that the time between signals can be shorbter before the denominator
of the fraction becomes so small that it makes the value of m ridiculously large.
This allows more reasonable results to be cobtained at temperatures only a few
deprees below freezing.

6. Conclusiong

6.1. Over the past 3 years the duration of consistent icing conditions
found 1n layer type clouds over the British Isles has been too sheort for even
one satisfactory test on an aircraft protection system on nearly 50 per coent of
the layer type icing conditions forecast. The leing encounters fournd to be
sultzble for several tests represent a still smaller percentage and were almost

/invariably....
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invariably confined tothe winter months, Although some ice was usually found
as a result of the other fomcasts 1t was too scattored to he of value far tests
on the aircraft systems. The most suitable type of synoptic condition for ice
can be forecagt with considerable accuragy but it occurs only very seldom,
possibly of the crder of five times per year. Good testing conditions can be
cbtained in other synoptic conditions but experience is still too limited to
give any special guidance on them.

Foreeasts of dcing conditions in cumilus clouds have been very good and,
although too short for testing most systems, a good coating of ice can be built
uwp by flying repeatedly through such clouds,

6,2. Occasions on which icing severity was overestimated during the past
two years are double those in the first year, presumably due to the smaller
rumber of upper air scundings available,

6.3. The technigue of photographing the leading edge of the tailplane
has produced several interesting studies of ice formation including examples
of "run back" ice. The danger of 1cing conditions at temperatures near to the
freezing point has been emphasised dus to the greater area over which the ice
may form thus giving a foundation to subsequent formations,

6,4, Comparison of the records of the two rotating discs shows that,
allowing for positioning on the aircraft, this instrument gives a clear and
reliable indication of the veriation of liquid water cantent throughout the
icing conditions, The existing heater on the supporting strut is inadequate
for prolongsd severe icang.

6.5 The modified oiled slide sampling equipment has now reached a
stage where samples can be photographed almost ummediately after being taken
but its full possibilaties have not yet been tested.

T Further Developments

7+1e Purther experience must be gained in the synoptic conditions giving
the most continuous deing., These are mare complicated than most of the =itua~-
tions mentioned in reference 2 and the most suitable cambinations will be
watched for during the coming winter,

7«2 The photographs of various types of ice farmation will be used
for comperison with the artifieial ice obtained in £light by means of water
Sprays.

7+3. The ociled slide sampling technique needs further testing while the
rotating disc requires an improved heater,

7ehs TImproved thermal ice detectars and rotating dlscs are still needed
while an improved version of the Smiths type of indicator should alsoc be
inveatigated,
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Rete of lce bulld"

I i Found in Flight hrs, nins, ice hrs,.unsuRotating up ins.peér ninute!
Flig,htl-' bate . Type l { Type Helsht ap ! 'Total on . cylinder ; i Remarks
Ho. | of ' smoptie | lelno ‘Freezing: of Icing 1ch 1ce Alr | ! Flight lwhich lceFlight ETotal,measm-emems{ Peak ' Average
Cloud Condition [Severity leyel } Cloud Severity mas found Temp. C.| was found| ) :made
1) | (2) (3) ) (5 6) 1 (7) (8) (9) (o) () | t12) |03 () (s) (é) | (7 (18)
L
&0 |16.6.53 ' Curmtlus [Unstable | 11¥ Hoderate 7,060 " curmlus [oderate 10,000 | =5 i i40 1h5,.15 E 0,03 ! 6 Yery short durasion of 1ce
; : Alrstrean | Severe with soie 5 f. . ! in each of 8 clouds,
‘ severe ! \ !
i . ' t :
61 517.6.53 ,CtmlusFUnstablc Moderate l 6,500 Alto Light { 12,000 -G i.00 149,15 ' 0 ) Most cumulus clouds had
: SWtly , Cumilus ! ‘. | . ! subsided by the time of the
. Lirstreom I ’ ’ ! ; x flignt.
t 4 ' ' ;
62 f1c‘3.6.53 Cumlual Unstable ' Moderate i 6,500 None above NII po- - - b= po= - : Flizht moy hove been too
5 Sniy ' , freeging [ [ ! ! y ' early,
[ | Arrstroan | ; clevel ; { ; ‘ * ; | i
' ‘ t E ' ‘ | : ’ , ! z
63 |3.7.5j Curmlus! tnstoble ! severe . 06,000 ' curmlus Severe ' ! 1 1,40 ° 150,55 ' 0,03 | . j Mainly test of Sangaro Weston
' : | ‘ | ‘ \ ; : ’ I ice detector, 6 clouds flown
* ' lwirstreen | ‘ i : : , ; ;[ ‘ f | i through,
' i ‘ ; . r } ! i [
64 S.7.53  Cumlus' Unstable Scvere ' 65,500 ! curmlus  Moderate | 9,000 ~k +1,30 152,25 | 0,10 I 2 !
! HIMTY 1y, 1 1 pitha ! ' (| !
l ‘ A1 strean | glitcle ! : ? I |
! sevire 1 | . ' | !’ :
. | | | :
65 16.1.514 :Alto gcclusion ' Moderate | 1,500 lﬂlto Light vith | 6,500 = =5 = =g '{ 5 ' 54,10 10,35 2 ‘ over 4 inch build up on tall-
‘ Curmius . ; Cuwilus |1 little §,000 ' . i { ! plane, But cloud not all
E ' f jpod crate ' } | f } ; ! continious.
66 |21,1.54 .dto |ucrlusion 1 Lisht 8,500 = Ho felng | mil - b= b e - - - % E Forecast was not ¢ oed but
| cw nlus 1’ 7,000 ! Clouds ; | ‘ . ! } i ! a check on instrunent nodi=
. i 1 | ! ‘ I ; ; ‘ : fication was needed, fFhe
; , : E [ l ! search wes hindared by the
i i [ ; | ! f { ] presence of aip lanes,
1 | ; ] : ! ‘
&7 ;22.1 <5l ESbrato-! Ouclusion * Licht = f 7,000 ’Stx‘:lt.o" nly very F 8,000 -5 - bo- : - ij o] i Only a 1i1ttlc of the nain
[cwmlis "Moderate | 6,000 |Cwulus Islizht felng i ; i : f eloud layer above {reesing
; | ' : 1 i level,

H
w

L

| |

]
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]
(313 [2) (3) (i) ! {£) (6) i (7 {8) )] (10} (11) {12} {13) %(1h) {15} (1% o {18)
< | i
63 1 25.1.5h |3trato- Complex noderate= | 7,000 = gtrato- | Light 6,000 -7 2.0 1156,20 | 0.1 | 2 i Tine of search lirited by
curulusiFrontal Locelly 1,500 ‘Cumulus i[ i ; late take=ofl, Beverc lcing
Troush , Severe ! | ! j was later found in this
i i l system U¥ o Washington which
’ i was forced down,
1
69 ,2.2.59 Strato={0cclusion tight- 500 strato- | Light 4,000 =| =12 = =13) 3,05 159,25 | 0.2 2 ‘ q
! Sorac” e sume” | 5,000 } .27 ) Cloud not CONLIUSUS except
: i s L5, | i , in cae small aren,
I
| : 1 =
- o -t - , - 1 i
70 ‘11.2.5& gtrato %OCCIUQIGH Hodarate ?,OOO fotrato Lipht ! 7,000 7 3,00 }162.25 . 0,15 ; 2 ! Main cloud tops bolow
l Curzz:.llv.bE L, 000 gcu wuins E E | ; R ! freszing lovel, Air drying
E l : ) i i ' ; ! out above.
| : ,
i i ] H ' ! H
162,50 gtrato-{Warn Front | Hoderate 5,000 = st-ato= | Light 8,500 |-g,5~ =it | 1,50 164,15 ‘ c.1z2 [ ! Main ¢loud layor was below
] i i s
% a.Il. Curmlus ] 7,900 ;Cuﬂulus 10,000 1 i \ ? ; freezin, lovel,
; { : i
; . [ b | I ' i !
72 *iS.i.Sh igfraza- Warn ront %lent 4,500 %Struno Light I 8,000 mi=7, 8 ~ =7 { 2,20 165,35 { 0.25 | 1 3 i i ' Gloud not contimous But
E Dall, i Cumu uqF icunulus | 7,500 | | ; } ; _ reasonably thick, .
i i | | | i ! )
72 119.2,54 | Alto- ‘Oecluyion PMortcrate 1 L,500 - Alto- ' ; | : : ‘ '
Carulus 3,000 iCu"lulu.; I_:i,.int 10,000 11 3,30 170.05 |i 0.13 i1 i [ [ pevere lelng found fror,
; ]Cunulus severe 1,500 -5 ! i ! i ! i aireraft reports. Heavy
. i ] i ! , l ! : } . tuild up very rouh iee
1 il 1 1 ; % ! i Bpecd reduced by 50 knots.
| | | !
I < Uns . ] ! |
7h 126,2.54L |Cunuluu Unstabla Hoderate 2,000 |curmlus | Light with] 7,000 -G 1,00 !1?1,05 i .10 | i ' | | Main object of flignt to
; Wit Ly ! a little | ; ' ; ! | obtain samples of 1ce crystals
; Airsirean . I aoderate , ' ; ' ’ : } sp clouds were past thelr
i | f | { i ! i i prive for norrel icin,
( ! ! H t ' 3 !
i i 1 | i N
! !
75 11.3.50 |szrm-mronwl Moderate | 1,000 =jcurulus | Light wath] 4,000 -3 2,20 1173.25 {0.18 | V1 Considerable run back althougk
‘CUIﬂlﬂs‘Depressian 1,500 :Strata~ aarc ‘ i ; 1ce not thick, Loss of
f and ! }Cunulus raderate } ‘ i ! 5 i speed and engines tended to
|cunu1us§ ! ! l \ ! ! overheat,
H { { ; !
| & | : ’
1 i i i :
76 14.3.54 icwnlas unstable Moder-te 2,500 cuwmivns | Moderate §,000 -1 1.45 5175.10 10,06 i T leing coraitions of short
| | =it Ly I I ! duration only,
1
| | Llpstrean, | s |
. ; 1 ! L :
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Ml 2 3y Lo B 8 | @ (8) (9) (18) (1 | 12) (3) gk 05 (a6 (1) (15)
_ i

77 | 23.3.54 | gtrato~ Lizht L,600 | strate- | Lipht 8,500 -6 2,20 177.30 0.05 3 Cloud not continuoug and only
Curmius Cuimlus the tops were hich snoura to

find ice,

78 126.3,54 | Alto~ |Warm Front Moderate 6,000 | Lito- L1 ht 8,500 = -4 3,00 180,30 0,15 3 Extensive runback, 12 ins,

Curulns Curulus 9,500 of Lpper surfsge of tailplane
_ _ﬂ covered vith ice.

79 131.3.5h | Cumlus |{Unstoule Severe 3,000 !curmlus | Severe 9,000 - =iz~ |1.35 182,05 0,05 _ 5 T clouds flowm throucn
[ W'ly ) ! 190,000 =13 _
i Lirstroan “ | w
_ i ﬂ
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[ E , } Ligu:d Water Content (Grens/Cubic lietre) Med, drop dia,
Flig,ht' pate Tine of day (Halght ;I . .8. gtatiec G.AT, | R0t, _Port rot, dise, |Stbd. Rot, Dige, |Tine over vhich ave, taken (secs) {(Microns) Remarks
Ko, | 1(reet) ! (knots) % Cyls, | Ppeak ive. Peak | sve. |Rot.Cyls.| Port Dise, Stbd, Disc, {Ret.Cyls, j0iled slide.
(1) (2 {3} (L) _;_(5) (5) {7) {i {8} {7 {10y | {11) (12) {13) {14} {15} (16) {17
€  (16.6.53 .48 0,600 | by -5 1.00 17 17
14.57 (10,600 | 129 -5 0.7 15 9
15,07 10,700 | 130 -5 0.15 X 20
i5.22 11,400 ‘ 150 -5 1.20 13 "8
i
63 8,753 | 1417 110,000 £ 150 -5 | 1.00 [ C.55 C.85 | 0.40 18 18
‘ 14,51 {5,600 1 151 It L 0,55 10.30 c.45 | 0.25 16 16
14,55 | £,600 1 150 -y o.45 |0.20 0.35 | 0,25 |18 18
6l 9.7.53 11.45 }0,303 i 133 =3.5 - b= c.ho | 0.30 - ol
[ 11.56 L 9,990 1 12 -5 - = 1 0,80 050 - 29
| 11,59 110,100 . 135 -5 - ~ ] 0.9 ! 0,55 - 57
{ 12,00 10,100 ' 138 =l 1,05 - - 0,70 0,70 32 - %0 11
, 12.07 Lo,e0n a3 ' - - 0.7t | 0,k - L7
i 12,14 9,00 b 136 3.5 - - 045 | 0,25 - 176
: 12,20 , 7,400 : 130 ~h ! - - 0,50 0.h0 - 13
, 12,25 9,500 | 138 -l 0.3 | - - - 1. 100 - - 7
i ] ' X
&5 !6.1.51; 12,07 ' E,000 1157 -10,5 - - 0.45 ! 0,15 - 185
; 2l | 7,000 | 14 -8 o5 | - | - 5 %0 - 16
‘ 12,15 [ 7,30 | 153 -8 - - 040 | 0,15 Po- 348
1 12,21 {6,600 | 133 -7 - - 0.0 | 015 Lo~ 29
t ! t
68 %2501 .5h 14,50 i 7,800 i 181 ~8 - - 0,20 6.15 P 8 |
| 1h.51 D 7,600 180 ~8 0.05 - - 0.25 | 6,15 1w - 08 17 }
' 15,17 | 6,000 | 1L =7 - - £.20 | 0,10 - 67 |
; 15,23 | 6,000 | 165 =7 - - 1.00 | 0,30 - 56
; 14,2k 6,00 f153 -7 - - ¢,25 ! 0.10 bow 78
i ! '
& b.2.5 14,52 L0000 | 426 -12 % - - 0.5 | ¢, - €5 11
14,55 | B,hoe | 135 ~11 .- - 6,35 | 0.25 Lo 32
15,01 h,eco | 120 -12.5 "o - 0.30 | 0.20 - L3
; 15.02 | 1,200 | L0 ~12,5 L= - 0.0 | 0,20 Po- 330
f 15,09 | L3¢ {135 -2 b= - 0,30 1 0,20 L= 63
15.12 | L3506 | 130 -12 - - 0,25 | 0,15 } - I 35
15.14 | B,200 1 130 -i3 - - 0.5 | 0.4 i I ¥
15.17 L,ECO 1 130 -13 0.3 - - 0.5 | 0.35 300 - 300 {12
15,22 Poeoo |oi7o -2 - - 0,75 | 0.55 - b 300 i
1t28 TR 0 1 -11.5 ; L= - | 0D | G5 L - T :
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w2 G) ., Uy 48 ) i{m ) i oyt (o) (12) (L) ! (15) _(16) (17
! t i !
N [} ' H
T htesh 1.7 7,70 170 -8 ] 020 hoa0 | - - | L5 - ]
. . 19,99 i7,700 i 163 :’ =5 l 0.15 | 1.10 - - : i 15 - |
IETIC IR I AR T < 045 10.25 |oda | 025 | 529 555 | ,
\ C 11,3 : 7,700+ 160 -8 i 0.30 0.5 | 0.20 040 | 0.20 250 L2l 27 ln
i 11.46 P 7,000 . 163 -7 0.35 [ 0.25 0,30 | 0,10 . 157 158
' fi1,5 7,200 159 -8 | 0.05 - o - 0 i‘lSO | ! 8
* , | 5 :
7T 1825 10.2% 9,300 | 163 =5 l 0.55 {015 - - ! o ‘ - !
' 1€,25 €,30n ; 160 -G ! 0,25 . 0.,10 - - I o - '
’ Y 11,07 10,000 143 105 | 10,15 0,10 - 1. ! {139 P~
' 14.14 10,500 | 150 -11 Lo.35 fo.zo - - | Al | - i
11,16 n500 b o1s6 i ~11.5 0.50 ;0.15 - - i 100 Po- }
' ‘17 jios e, -1 ads loso Loz - - & | & P 1h !
. 11,21 ot ! 169 | =9.5 0.35 10,15 N ' 65 -
\ j | l }
72 18.2.54 ' 15,00 { 8,000 | 16 P7 0.75 fO.Lﬁ L i - i L3 P
: 15.0i | €,000 155 ¢ =1.5 | 0,60 1045 yo- - % 67 - ;
T15.02 g0 g T 0,55  [1.10 [0.55 1,05 | 0,35 120 120 127 17 ‘
CA50L P00 g 185 <75 1.15 [0.55 1,05 | 0.35 91 %
. L1545 17,500 . 155 Lo 0,20 0,10 0,10 | 0,10 13 1
: | 15,20 7,900 | 160 . =7.5 - - 0,10 0,05 - 57
, 15.26 l?,BOC | 160 f =6,5 - L= c,20 To 10 - Lo
' | 15.27 '7,800 | 163 L =7 6.20  ©.15 0.15 | 0,10 30 oLk [
; ! 15,23 7,70C 160 . =7 0.20 |o.10 045 0.0 39 45 ’
, ' 15,31 }7,900 s 17 0.5 lo.25 | 0.35 fo.w 75 75
. ] 15,32 [ 7,800 . 155 ~7 - - 0,25 ’ €,05 - ]
L 15,33 ' 7,500 1B | =7 - - 0,20 10,15 - 136 :
: bisa7 bysee 1ol =7 - - 0.35 ‘0,25 - 154 {
| b 15,51 1 7,900 % 15 [ ~7 - - 0,20 , 0,15 - 78 i
j ! 15,54 tz‘,mo L3 : -7 0.05 - ! - 0,10 }0,05 100 - 100 19
! 1 \ :
7 n9.2.5h | 15.06 |00 |16 i = f 015 lodo  |oas +o0.05 1 I
T 15,05 ! 5,LC0 | 165 [ =5.5 ! 0,10 0 ) 0 262 ‘20
L 15,13 £,500 15 ‘ -9 0,35 |0.20 0.25 0,15 3 3 !
{1607 | 500 163 -5.5 ] e |00 o5 |oas 561 361
, ' 16,37 g5,aoo R [ 6 | p- 0 0,60 20.25 | - 32
' : 1 t i |

.
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i () £3) ) (7 @[ (e) (o) ) (g 02) ¢ ab) (i5) {15) (17)
26.2.54 1516 | 7,00 | 125 -9 o5 | - | - S -0 - 10
15.18 7,00 140 -5 - - 0.0 {015 E {198
15,22 7,50 5 0 -8 0,55 [6.25 i 102
15.25 7,300 133 ] =% 1 0.35 1025 | ;12
15.3C 7,700 131 . -io 0,55 10,35 \ I
15,37 7,600 136 =9 G50 0,25 o4 lo.o ! 6h LBl
15.40 7,200 1h0 ¢ ™85 0.55 |0,30 0,50 10,25 69 | 59
15.12 GE0 (13 | 0.80 {040 |07 050 | 2 oz
. |
11.3.50 15,441 shoc |2 P 1.35 ! 0,45 LYo 127 | 123
15,42 3,400 142 195 0.25 | - 0.25 - \ g g 24
13,46 5,100 15 <G .05 leso  |oss oo 120 13y
15,17 6,000 {154 | =B 0,40 teawo | 0.0 | ok 54 Lo 20 1
[15.50 HyB5CC 144 I 8] - ! - b 0,10 0,05 ! - i LS
15,56 5,30 (139 =8 0,80 10.35 0.0 10,35 317 317
i i16.2? 5,500 146 L 8.5 ! 0.40 io.zﬂ 0,20 0,15 136 136
| , !
3.5 130 650 |173 -5 0,20 - o - 0 35 8
' 14,43 7,400 146 . -1e 0,30 - L0 C o 5 15 3
1 .47 7,600 | 148 =10 : l : ol
| 15,06 w50 |13 ] -2 0.9 lo.Ls - - Lo -
! 15.07 | 8,500 131 ; -12 ¢35 lo.10 - b I 1 - ‘
! 115,08 | 3,500 | 138 ;-2 i 0.60 | 0.30 - [ - ! 16 -
: 15,09 | 8,500 | 140 | -2 1,55 le.o - - | @ -
| 15.11 ! 7,50 1o -0 0,50 1,50 10,85 - - |79 79 - 13
1541 7,0 |13, -0 1,55 | 0,70 ! 99 -
¥
31.3.50 (1457 10,000 ! 137 | -12,5 0.20 - - - - P50 - - 11
15,06 10,000 ! 170 ¢ =12,5 1.7 10,50 - - i 26 -
115,10 5,900 | 133 -12.5 G.55 1,40 (0,75 1,35 |0.55 36 27 35 16
115,19 110,000 | 131 =13 .70 1,15 10,60 - - 34 3 - 18
115,23 RSN I T SRR P 0.35 1,05 10,55 - - |13 36 - 1
115,25 9,750 1 143 . =12 0.85 ]0.60 0,95 10,50 i 114 16
‘ (15,36 1,200 bata -13,5 1.0 1.9 [1.30 - - | 30 29 - 17
3 515.3 11,50 ; 139 -13.5 1,80 i1.15 - - ‘ 39 -
H L i ! j : i

frablo 3o, e



Table

Gonparison of severity of icing forscast with

severlity of icaing ohserved

. Observed

\

Gorrect forecasts

L
I

Overestimeted forecasts

v
|

Dopree of averestinmation

\ 1 i 2
[ 1] H }
Foreccast 3 light | ¥Moderate : Severe Wil Tight Hil
S~y P /
Light 2 N 1%
Iight-moderate 2 / e \
/=
Moderate / 5@ ’ 4
t
Moderate-severs 1 i -
| ‘_‘\ — r‘f"
Severe /
i \\ __-//>\‘-~M
Totals 4 L. by 1 6 l 1
|
7 } 1
12 :
8

very promising.

have contained the severity forecast.

This flight was made primarily to test insirumcnts so the forecast was not
The main cloud formation lay in @ airlane and may well

@ A very late start was made on one of these flights and it is doubtful that
the forecast severity applied,




lzble 5

comarison of severity of icing forecast with

severiby of lcing observed

. Observed % . __Overestimated forecasts
\ l Correct forecasts ' Dogree of overestination
1 | 2
~ | ‘
Forecast ! Iight | Moderate Severe Nil Lipght Wil
Light 2 1% /
Idight-noderate 2 / ) /,// )<\
: 7 o
Moderate | / / 5@ { 1
Noderate-severs b ! -
'1 N
f“\\ /‘_/’
Severe / e
/ \J —"// \\\
Totals L L. ; L b1 ] 5 l 1
¢ \ i
| |
| L !
12 =
8
{

# This flight wes made primarily to test instruments so the forecast was not
very promsing. The main cloud formation lay in sn airlane and may well
have contained the severity forecast.

@ A very late start was made on one of there flights and it is doubtful that

the forecast severity applied,



Table X

Valueg of RgEE galculated fraax the rotatiny ovlinder
measurenments conpared vith observed icing severity

Iagquid i Median
Flight water droplet Rg* Observed Type of
No. content diameter | (grns/am?/hours) wing Cloud
{gns. /metred) ! (microns) severlty
60 1.0 17 12 Moderate Cumulus
and severe
" 0.7 9 2.3
" 1.2 18 15
n Oude5 20 6.5
6y 0.3 7 0.35 Moderate Cummulus
and severs
68 0.05 17 0.5 Light Strato
Cumalus
9 0.3 12 2.0 Iight Strato
Gumalus
70 0.3 11 1.7 Lipht Strato
Curmlus
" 0,05 3 1.0
7 0.15 1 1.6 Iaght Strato
Curmilus
72 0.35 17 L.0O 1aght Strato
. Cunulus
" 0.05 19 0.3
73 0.1 20 1.4 Light Strato
Cumalug
T 0425 10 2.0 Tight with |Gurulus
a 1ittle
moderate
75 Ok 20 5.0 Light with |Cumilus
sane roderate
76 0,2 8 Oudy Moderate Cumulus
i 0.3 16 3.0
" 0.9 13 7.0
79 0.2 1 0.8 Sevsre Cumulus
u 0.55 16 0.5
n 0.7 18 9.0
" 0.35 1 2.0
" 1.0 i 17 12

# Rg is the rate of ice acecretion on a 3" diameter oylinder flying at 200 m.p.h.

at a height of 3 kilometers {nearly 10,000 feet) in the international standard
atmosphere.






FIG.I.

FLIGHT 69,

FEIGHT 75

ICE. FORMATION ON LEADING EDGE OF TAILPLANE:



Fie 2

FLIGHT 78

ICE FORMATION ON LEADING EDGE ‘OF TAILPLANE.



FiG. 3.

FLIGHT 75

FLIGHT 65

FLIGHT 73 - . © FLIGHT 75

ICE FORMATION ON THE TAILPLANE AND OTHER PARTS OP THE AIRCRAFT,
PARTS OF THE AIRCRAFT,
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FIG. 5.
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