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SUMMARY

A\s part �f a s.ri.s e.ntitledi "Sthidi's of1 114. Arim : ! aiatioqi (V/S'I'()I.) lisiro•,i-

met,'t" this' repo rt desc rilbes the Ii atme .i•ni l1t4' worlidwide tot curr'ii tce to' ive iti tlie

fo'irmn of glaze, rime.' •aid hoarf'r.st from the( s•irt'•lae to 20.0(i Ieete in a'ct,,rdati•i' with
.oi,tract re(uiiireti'crits. Iee'llec " - of the nailtre id a•,ilahlh' -itir.es and1 .- arcity .f dlata

Ifr tlhiese plihi'.mm'na ini mlos)st |parts of It le wiro. this shihd% i, mi re dlscriptik' Ih .a
q(IwitIIati% v.

It was fulnllil that glaz.e., rime,. and hoarfrt•st form within a very sfpcilic anid rather

InarTirw ra.,i' iII: mnheteirolo.givl e ondiitiiis where air anld ill~''ete'l surf|ace' lemp'i r frahI res

are- slightly abi•ve, at. or bie'loiw 0" C (32o Fi) and moisture. iisia.lly supe'rcooIed. is
present. kcing may thus Ih' proiduc4'ed at t-e grmidn Iivill by glraze storms, fog. hiumid
air, or thaw-freeze actioni. and in Iflit- atnosiliere livy clotids or moist air. (;G'voq'phii'

(listrialttioti of these, iitilg pli'imtiniia is depnt'dent on a variety of physical f'aetors.
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FORE~WORD1

Thisk report is atiother in a meries of, studie's cnl~iIictt-d b.(i-Graj iphic i4144'
L~aburat orv. U. S. A rmy Etigirjn44r ropo graphic LaI b14 ra toiv14-. (Ii pro% idv itiforin4 In it II41 tool
4'lt-me its 4(if f lit- tatitiral iirvirotii 11'nI Ita vitig 4 pera t 411al signiii14'atie 1 4) Ar iin A~ ia it 11
( VIST() 1) a ircraftt duri, gftitnies (II 114ver. laiindi, tt.an ti4 a keoiT. Th e in 14 ir ntati 1411)r4'-

s4i-ited will guide fit(e r44ju'Aiting ag4'icv. the hvldis IDirecto4rale. U1. S. Arniv '%ir. NI. dilitv-
R4'-searcl anid Do-ta-Ilopitiett Labo4 ratoiry. iii 4141cr flhtilg, (ft-e 4rilcria Ito lot- adolde i it (-It-11
virotin mental staoidartis in the 4Ies.igi atti tusttit of'4) Army Aviafitil ( VIS'I'( )L) aircral't
sy*ste.ms.

This report pre-se1til itl4nforation~ on [lit, ialt ire atid occutrretic44o ivim i iiig (it- 11' ormn
of glaze, rime, anid ho arfrost un~der the lim~itationIs Ill m~ailabule soiirces and4 4-eirowrat r4'-

(jnirt-m4'nts. It is ideiktitied as Re4port No,. 5 ('it- 1114' ries "Stmie4s of ft(e A-rmyv A~iatiini
(V/STOL) Enviroinern4t." and was prodi4ued twider Proj'ect Ia~k IF I 62203 A 119'06 rI
the Reliability and Mamititaiiablity IDit isioll, U. S. Army Air Mobihlity i esarelt wid4 Dv4-

velomentLah-rairyF~or EusisVirgnia
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OCCURRENCE OF ICE IN THE FORM OF GLAZE,
RIME, AND HOARFROST WITH RESPECT TO THE

OPERATION ',ND STORAGE OF V/STOL AIRCRAFT

1. INTRODUCTIO0N

'lite hazaird- ol'airuýrafit iciin a~e spe,:ý ;.! [I: 'mi onsfor rotar%~itrVS')~ar
craft. The fotllowintg statementts frorin tLe 5th %vt eihbir %N iug F'orecaster's Sentina~r No.

36oil Weathter anti Helic-opter 0operatioit front the( tDepartine it ill [tite Air Force aindicate
the signii fica,,ve of ivi t g to rot tary--witig airiraft operationl:

Duie to the reiatiwlv high speed of flit, rotor. ice actttnittlatts at
a rapid rate (oit tlit- leadinig edges of the bliad es. the poinitt fmin a
ninim liftt 1W k destrt)%titg total lift inl a % erv shtirt vI t of
tinie... Btt flthe first anid mostit (latitgvros icing' will occ-ur inl th
rotor heiad...If aliowed Ito lmitidl ttj) I therel I fr v~vit a feu mnit-

ides. it will prot'i liitt conit ro lt n wive rittt. anti flth- hel icoipte r wil Ii l
ctýniv tnortla . Frost (lt in t r.,ttr bladets will probably

prohibhit takeoff. ... IIf a takeotff should lit- poss~ible with frost tin
flth- blades. fivh frost myeirgera te tie It los of. lift %theit leahig
the grt nit d t clishioi i and( ta.'et, alltta lnil ittl fiolna tot t hith wit...
Takeoff frtmt a trozeti surfact alsto pose~s at untitpit, prtiblie. II the
tires are frtzetn to the sitrfaee and( art- not freed prior Ito atterltpt.
itig takeoiff. flth%- nay break lootse unt% rntnitrival I' anid c-aueti~'lt-
helicopter to tilt. .... I anid f ippinig mnay vtase thtrni the b ladesI
Ito strike thle surface...

It is generally a-kitiowledptd that ivingt at flit !ýitrfact andt il tlid atmtinsphere takes
thtree basic formis lis ti iigttisha [lit flv aprR-arative anid gentesis. Terrntinoltigv for the( three
ftorms dotes not wcrri to, he. universally standtarditzed. butt "dlaze."-rmntue. a itt! -tt bar fri -t

* are, ttintntit ld used wheni tistintti-w categroriest for icinir- are- needed. All tircet desctribie a
coating" of it.(.toi a itoltd stirt'ace e~ptsed stoinclttw to) the atrttiosphere tuitter i% eathur i-oti-
ditionls providinig moisture andi Ierperattare.,slightly aimn~e, at. or belotiw 0"i C (32'" F).
As oboserved. stit-It ittcaitittg of ive prohtibits Ilm- in-fliglt oijira lion of' V/ST( L~ ait rail
aid It-mporarily i ntmidilizes field-stored V/STOL aircrafL t. lttrmatititi ttiitttrniitg tlm

----- geographuii distribuoitio, lre(tinety (of occurreicne. probability tif ocecurrence, antI thick-
ness of Stich jet( is feetlded to tletermine regrions of htazardoi~ts ttptratitiit ft or dtsigii anti

qiaalifitvttituti ret jtairemt-ritt -tritsiderations.



!U. TIE NATURE AND O(CCURRENCEOF ICING

Glahze is the ice deposit that is trai.-parcnt, smooth, and den•e- (as high as 0.8 or

0.9 .,nt/,.rn3 )1 in comiparison to rime and hoarfrost. Sulpercooled moisture 2 Cttitactilig
an exposed snrfa-e with its own temperature at or below 0W C when air temperatures
are betweeln 0" C and -3.9" C (250 F) 3 will freeze after dhe drops hav spread immd c.-
ales-ied to fo{rmn a teniacious coating otf clear ice. A relativcy "slow rate 4f freezing, large

drip size. rapid rate (if impingement. and slight suipercooling favor glaze tfrniation."
Ihlet'c. glaze is iimallyIl tih prodti't of freezing rain or drizzl".

Rime appears opaqpii ail grainy in comparison to glaze and is le•- dens- (as h,1A as
0.2 to 6.3 goit/'lni 3 

)5 .(:ioditiois 0ond1ucive tli its formation are similar to tho,- for
glaze, except that the tempteratures (4 the exposed surface and/or the air are colder. In
this. ease. the drops f i mnoislure freeze more quickly and inhibit spreading and coalesc'ing.
Air pockets .separate the froze'n drops auid create the gainy effect. [ ime. too. i.L tasaaallv

tormcid rom fret'rtzin raini or drizzle.

IIHMorfrost is Iklioi'.v 4'r% slalline in appearance, with air spaces definted by delicate

lacings (of olpquIv i'v. It is tlh least dense of tihe three types, it forms under tempera-
ture coiiditiogns similar to those foir glaze and rime formatim but the- tnvisary moisture
is supplied by humid air or water %apor. Usually. then, hoarfrit resolts fronm the subli-

natiomi of mnloistuire in the ambitli t air. ()n sonie occasitPs. huoarfro-At catt also tornm on a
cold surl'face that is initrodi•.ved lito warm, moist air-a eriiutmstance not utconmon to
an aircraft in I'liglit.

tjg•'lrstajrilablk. tlere are a nuimfitr of weather types that fan prod• •e icil.g in
these and miixid forris. In l.'eral. warm fr,,umt6 with mxaitine tropical air overrunning
vontimiemtal p.olar air hast lte highest proliabilil. of producing- glaze. but.cld fromts and

polar front wa~vs ar:" also cmmnsidered to4 be freiquent producers of icing from freezing
raitn or drizzle. In adhdition. i11ing ,'ai oCCur along stationary frmuts or in weather types
w hic'h ha~v no tfrontal activity.

I Ralph E. I luýchk,' rd.. Glossary oa'MIeteooloory. American met u Sueitl, Btron. Mare,.. p. 254, 1939.

2 Water that renains liluid beklw the "freezing" point, 0t) C.
3

lven Bennett, Ciaze. 111 .1leteor. ".y ar.4 Chioatolwoy. G•grmaphircal Not eatim. .nd I *gosajc Effects. Technical
Report EP- 1)5. Quartermasitr Rem "rh .,nd Egiuneerin: (C.rnle-. Natick. M1aw.. p.; U11959.

"4Ibi"'.

5
|Ralph E. iluF.clke. ed., Glory of.1lettov -,E,, American MNeteroiuKy , ociety, Baowunt Ma.. p. 48.3. 1959.

/



For Ipnrlpo.-'. of this ,li.-wu-s-iv.'. ivii, i. i 4- o', idv'rt-Ii,' fit- h' iphih, midcr 1%-., 04,-41

dili oiI. which po se soiewh,4at dit'I'rfeit prohlhtlnv fo r V/ST01( ii, irraft: (I) iii At

ground l-vel. 4and (2) iitig in thl, attn•ci 1)ere.

1. Icing at G(Jtrnd Level.6

a. Icing from Glaze Storms. ()i( 41f thl' "tre i,,l•iow. produceir, tI fdallz'
and othe'r forms of icing at grount!d level i,- the olaze storrn. r r;vi., aiiieimio- itlliv

preciitpittes. is distribuled by the storn unhder ojltlidifio. thai All 4 l;t/m ' 44aod rii' Iii
form on ground leve.l ,,irfaces. Such .tornis c'at, Ih relali.ilv .,i-all mil .aii afle'ft all
area of only a few square miles; or theyv ,an lie very large and •.o•r at %ide 4ir,'a i,,s itiimi
as 600 miles in length. :Attwnts oIf ice produced %arv with dif'ifriI -iornir . •,id 'Ni-i1
withini one storm. (dite larg4'lv to !oeal tricroc.limates a4id tihe d(1% ic1it 4 Itiir4 r of t lli'
storm itasIf. Pure glaze deposits us.ually riaige in lhiik-. froin , Itrai'' II 2.5 iiiihwc or
more, thought unusutal thickiiesse-s (of as muc.h a.s IS i.'5ies- alre recoirrdled. "'a ii.i-
expo•sd to strong winls an41 in which ttnipteratirs's are apltt4 ' I)#- a lirii.n !-Irii arl
most likely to receive lheavy d4exi,.os.'"" Snim antd other prt-cr'.ilpitatI•c f 4lhie l•,rm niag-

nify- the depth and (lamaging effects of" the glaze. Thei duration of 1h1 4. ifnay II,. a mat -
ter of se v.eral houirs. several days. or more.

There is no universal synopli" meteorology oft gla'ze .litirnls. 1"f'hl is. a
glaze storm may not alway,, Ih assciatell with only one' mInele•rfohigic4al :ilzatloI e'rv-
where. However. these storms are usually (lthe re.unlt of mnoist, mild maritimne air o%,er-

running dry. cold continetntal air in snic frontal siluatiim. 1l1ower. frietziu-i raiiii or
drizzle can be produced in a nonfrontal situation at ti-mnt'ratures ,nlidrerabhly Ielow
free7ing (- 3 0 "' C (-22" F)). hI this case, lthe producing agent is uisulally sutiprcol.,d
stratus clouds (see section 2a).

Glaze storms occur most often a4cro1ss the middle latitudes e,•it of the
western mountains of North America, the higher middlhe latitudes of Europe 4414 aIuro-
pean USSR, and along the easth,.oast of Japan. In t1he Soithern ilHemisphere. thest.
storms are rare lieeautis there are no continental landinasses ii the "middle latitides and.
therefore, no mixing of cold continental air with mildl maritime air.

6The information in this mertion ix harWIly summarized from Iwn Itcnnetn's Gla:e. It, Ifuteorologvy and 'imatinkY.
Gaqrapoical Ditribution, and Eronomr E'ffirct. the mont exten.-iOw coiletIhn of .urface glaze and iring itnfori-
tion available to date.

7 G. A. McKay and II. A. Thompson, "Estiniating the llaztard of Inr Aceerr.n in Cian•d. from Clinmatokgira l tsa."
Journa.lofApplied Met.orohoiy, Vol. 8, No. 5, p. 927. i')09.

ylven Rennelt. Glaze. Its MIeqteorology and C/imatoklw, Geogr•ohicai Distributiom, and Eronomic Effects. Techni.

cal Report EP-IOS, Quartermaster Remearrh and Etineerinit (:enter. Natick, Mas... p. 21, 1959.
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fr\ TIia' ociilir Iim aot ri-tu'iclity va-t of* Olc Hock% x olluIthinv.. ''in a lirusall lockt v\Iel~lll.

iiu*1 troin'tii lrill citirIi- Tvvi, to',otuullicrii Ncvi Fwilgaildi'" &. ilk~t~rated ili Fig.; I .j'jh.
-reathr piart fti~t' th i lct call v\pvt4tI al least tmic t' oirmg dlipt.itiii- fromu (0.25 It 01.501 uah
tit' ive eterso :1 ear 4'ii- tiig.... et-.I ill Fig-. 2 md41 31. ligliri' 41 -,iw ail inldiiatitlir ilt Ilit'

rang'' iii'l ii glaze 4~- its frl'4pi4'lic . md14 ik 4i.IriIliti4,iot.1

uldil Ao~rmI iiilii the Iin4ll Slatv'- io4 ciir ill the winter itioidlih1 ~%, heltl Ism1

luIvmprafItirv.ý p~ct'\ail. 14t iour.ev. inulandl arveaý mdli are'as at higher laiiittuic- v\jueriilve'

tihe retillliredI'144% tentl~wralttres for at more 4'\14'114e41 Iuittht (1t tittle. Alt %.ill" the glaze

lit ( '.andl . f1lit-e gri-valt'"t numbeiir 411' plazl' Aotir s vi-ttir ill flit- siiutt1leri

potiriu 44 ill' 4'4lltltr\ frran fit-e ri'al L~akes lit lite Maritimte h'rt.~ines~. IBecamvti't'4.
hiighr latitides4.~ the4 glaze wast'aii is lting4r ill (Xtl,..-a fliat inl tilt- United States. i '!iz4*
Aom ir n may v l it, u tell~v from11 Sej hut Iler Ill .11 l14e ill flthe Iran'w- Pri 4ialies.

r~tirot.1 t 4'v~lh~tl \perienctes glaze ýfo~rins ltiorhlbo tit( the ail tdf inuiit-
taiiis Itorniel li, f lie- N' r4'liv' atid~ ithe AIlps tltrowti i Y1tgipIsl~ini 4314 thle Balkant MI4omi-

tailts ill Ihl1lgilia. \1i-tria. S%itzt'rlaulul. altld Slctitliltu a replort al. least mici glaze .Aorltil

per % ear oc4etirrlllg moz-l1 fr4'41it4lttl jia II deposIits greater thatu. 01.5 inch~ thickl
art- imulls't~ia.

lit I%4-sturti USSR . grlazet -t urlin artc 4' ~eritiv4et ttiortit(o iti. lin-vt' llllet--

ing, f lit- tiqirtlitern sho4re.; of 11' (lt-1fa4k. (Xispiati. artid \And Se'as uandt stmilt of [lt- 601th Ilarsl-
lel %tes il'- fl it' U)rals as i~luistra tu't ill Fi.j4 5. 'I'lit' mos! t're'tlnet ( 1.0 hIt 5.9 stolrnis/year)

aili( ino.t sew4r4' At r~tis inl Wtems 4of thuitkiivt's (m-v' Fig. 6) tittair tin thir Lkraitiv auir([1)Dim
rt*;rioiis north of' flit' Black Sea. Theiii aze sto rmu s'1ls44lt is tpipwallv Novt'mibl to Marchl.

The ('asterui ca(1 t (01t lujapitat mei teot'tro~logicatl similaritiesto lie vi'tastu'rn
t'tlast of1 till Unlite'd States. Sti it traN 114' a."tll'ltitnd tha glaze sttjrtis ocecur ill this part of'

91rr Untilted Stlates, am' ust-d in this rn'port, rt'efrr oniv it, the U11 ctialajzigoul stillt. .

I0vnltuncvti, (,Iuze, Iti.lie'teow1rulty nd Chsitt~uiaolto. Cf;cigrphical DIxtributioto. and KEoiinomie Effec'ts.

Teefihnit'aI IRt'ort Et'.tll5. V(&rtrtnasr~nm r IRt'n'irih andi I~tiitinci'ri,,g Centeilr, Natirk. %.tamm.. p 79.

I hemiali meritis to reve,4al art-as. of1 high glazt' -4orrm ovt)C4T'i1ec4 arid iv' lhickiwum In the Calif'ornia iflounIta ins

outsaide tof thr glazt' belht. Hent'nnil ObSATre', thati t:14)4' C~n (Tort rat iol irisoftice arte not the rem.I~~ilpo Itru gina.' sornis
hill1 rathrr tht- tvitsolidation of othter rints' arid wrt snow de4po.4l'. .after thawing aid wrfrctzing.
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- ~~~~~MEAN ANNUAL FREQUJENCY OF GLAZE STORMS IMEOPTSS

/1923/24-1932133 Ctme OFWOM
-. I 0

* as+

Fig. 5. Mean amnnal frequi-ncy of 'glaze storms-USSR. (F uropea .,cion or tthe USSR for the Ifi-Vaar
period from 1923-24 to 1932-33. Blatsed on data obtijned from N. T. Ziktev.) Source: 1. Rennett,
op. c'it.
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""Source: . Bennett, op. cit.
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b. Icing from Fog and Sublimation. Water droplets .- iepvndhd in a heavy
fog with a temperature near but above 0) C may foirm glaze upon t'oIiacling a st'ifi-
ciently cold, expostd surlace. If the fog is suipercooled, there is a greater chaince that
ice as rime will form; and the colder the surface, the greater is Ihe chance that rime
will form instead of glaze. in mountain regions, ice developing f.om fog will generally
bit rime rather than glaze.

Figures 7 through I0 illustrate the worldwide dist.ribition of the fre.
qucncy of occurrencet of supercooletd fog. The isolines (lines of equal 'ruquency of'
occurrence) are aligned latitudinally and shift siasoinally.

-In the Northern llemisphere, supercooled fog is most often present in
winter affecting most of North America, Europe, Asia, and, especially, the USSR
(Fig. 7). By summer, the supercooled fog has retreated ln)leward affecting only the
Arctic Ocean and its land marg'ils.

In the Southern Hemisphere, land areas north of the Antarctic art- rela-
tively unaffected by supercooled fog exý-ept possibly in the winter months represented
by July in Fig. 9. Latitudinal shift of the fog is minimal comparcd to that of the North-
"er Ilcmisphere.

The variations in the configuration of isolines retfhe nutmerous ph1sical

influences such as the landmass-maritime relationships, surface morphology, and cleva-
ti(.n. The significance of su ch influences, especially that of elhvation, is apparent along
the western coast of South America where isolines encompass the And,.s Mountains.

Very humid air with a dewpoint from slightly above to below 0' C can
b aLso produce glaze, rime, or hoarfrost if it should come in contact with an exposed sur-

face at a temperature below 00 C inducing sublimation. Rime, or sometimes glaze, will

usually develop under these conditions when the dewpoint is slightly above 0" C; while
hoarfrost will develop when the dewpoint is below 00 C. Greater amounts of ice will
develop when surface temperatures are low and specific humidity of the air is high.
"Ice resulting from such a situation is encountered most commonly along s.e coasts and
the margins of such large inland bodies of water as the Great Lakes. hut it also is some-
times observed on roads near small lakes and ponds."' 2

Moist air or heavy fog in mountain regions under properly cold condi-
tions will often meet the above requirements for ice formation but especially those for
rime formation. Therefore, rime can be expected to occur relatively frequently in the

1 2t1 n Bennett, GCix, Its Meteorology and Ciia-,atoloa, Geographical Diuribution, and Economic Effects, Techni-
cal Report EP-105, Qua'termaderResearch and Engineering Center, Natick, Mas&. p. 134.
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mtinoiitajivs of Nestern Fi aropv. fthe (aticasts iii flit, USSR. flt- e itern cc atal tnoilaii-
taiais ofC North America (thi. -ascadvs. Sivrra Nv~ adas. flthe Coastal Rate'.,) flt-e northi-
vasterti voa--tal nuatiitatits (it' N orthi XAmerica (northerni Appalachaiasa). the AtLis \h 'ain-
tains of North :Xfrica. flt, mouintatins ini souathern Chile. mid flth- Hao'sti-i Militha-
westerna New Zealand ." Ad ditiotially. flthe nioikaitain if~ Easa* tern Slixeria. sotailth centtral
USSR. and flit, northern Urals experiencev ri me lreavientikl.1

1Fre(tjietiicv. thiickiie... anda dliarattioi of these rimne (itposits %.ar% in ac.
vordance uith flt-e many liiii(ijle phvsival tactors assoviated w ithi t-achI l.pcifii plave aind
the phvx* scal iiatture oft the aflecttal stirface. Ge~aeraiizatimis art- diffictilt Fri-citin it's
cati ratnge tromt a few dail) occurre *iees per % . ar to nitore thiati 410: t hivktiess catt %ar%
tromt a trace to more than a fool ini diameter: and duration of the ice call range fralin
a few haaouirs. to several (lays.

Since areas with temiperaitures slightly alitne. at. or below 0" C located
uaear moisture sources are- art-as oif potential icing" occurreitce. Figs. I I 1througli 14ar
inicluded to indicate those are-as ol fthe world seas(,nall% affected lay Ii C tenilw-ratuires
at flthe suirface lewl anid to indicate fthe greater are:it ex~tent tat treenaoIvinptemjratures

with increzasiig ele~ationu or altiftude.

C. I cing from Thawing and Refreezing. ,\notlwer natural con~tribmutomr to
the fr-a~ri~t jil of' icing. glaze int partictilar. is the acti aofi thawinig and sub-4-itcjneit rv-
freezing (of deposited rime. fallen snol w. aor similar pre~vipitates. Sauch actiit% .depju-n

on so manyv factoars that predictimius as to its tine anail plave af ,wr-urrvia'. art- %irttualk%
impoass'ible to make.

2. Icing in the Atmosphere.

a. Icing in Clouds. Icing is probably maore oftteni encotuntered in tlie at-
mosphere thana at the surface simply becauise fret -ziniý temperaturtes. as a funuatiaaua of
altitude, and cold moisture derived from clouds, are- Inaare often avjiaiadek. G;laze and
rime icing are encwountered at all latitudes when stratitorm clouds. whiult extend aba,'
the freieziuig lew l (see Figs. I I through 14). and wliiajh contain supt-rcimletf moisture,
exist. Glaze or r-ixed forms af ice usuially de~elop ft~oa cumuliftirm vlaitiAL. anti rime
or mixed forms develop from stratitairm clouids. WI~ ithfese clouds are- associated %ith

.1 31ven Bela'aiiw (;laze. Its Vetrorolopy witt ClinuAU~ay. GetWmvpheuarn Daatrbabowm. a.mEconomic Effects. Trchni.
cat Report EP-tOS. Quartefimaat~tr Rceseach and Engineering Center. N.Atiaktk. um,. p. t M2

1
4 Librarý of Congress, Was.hington. D. C. Arroupace Trehnolog) Diviwi.o CI.FEd Frommi.d kec Foawirmaon an Cables

wcithin the Territory of thce tSSR ý oimditcd transe. of GololeI i abtardervnivc preaowtoo a& territaani SSSK. by A. V.
Iludneva. 1% 1.) Report No. ATD.U-4u47, 1964,.p. 242.260.
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fronltal systems. the probabilities of 4icili are- jnereased. FlightI through liqujid 11rvciji-

prodiuce jicjitig.

Figures 15 through 18 Show lthe seas-inial distribuitioti of* (lit- pereen (agre
frequency of oectirrelee (if Supercoo~ledl stratuis and low cltittitltis (lotidls h r most (of
the worldi. The Soutlwhrn Hemisphere exhibuits aI latitudinal 4irivii Ia ioni of' isolities thiat
shifts lit tle throigliout the yecar. Supercooled stratits and low teumuitlti cloinis applear
le-, thatt 5 percent of the time over the latid are-as except for (the soul herti tip of Soumth
America lin wititer (J uie. July, Atigust) and springa (Septemlit-r. October. No% ember)

whel thy apearhetw~n perentand 25 percentI of [lie- time ( Figs. 17, and III).
The lhightest percentage of frequency of ceirrf (more thani 2.5 evt)exs.oer

tlie waters stirroUtitiing the Anitarctic~ throughotit the year.

lit contrast. the isolintes for the Northern Hemisphere ereate 4elltilar
patterns ref leeting the dlifferentI landmass-niari tine relationiship. W.intler (D ecember.
Januiary. February) is generally the season (of higgest- trequencvies anid grea test cotiti-

nental extent of the phetonoenia (Fig. 15). Occurrenices of Inire (hani 25 lwrt'eiil Ire.-
* (juency are associated with the Canadian Maritimes. Itcelatidl. the Ba~ltic Se-a area of

atirope and (the USSR, the northeast Asiaii coast, anid the western coast of Alaska.
The greatest frequenicies of occurrence (more than 50 pi-r~eni) for either hemisphere
occeur in vells over tlie North Pacific in winter (lk~ernilr. jatimary. February) and
springa (March, April. Mlay) as illustrate-d in Figs. 15 anld 16. llowevt -. (lit- AretIic re-
gionls experience greater frequencies int sumtmer (June. July. Auguist. Fig. 1 7). and~ (lit-
northern continiental are-as, especially northern North America anld iitrtliern Siberia.
experience greatest frequencies of occutfencte of these clouds in autumni (Septembe-r.
October, November, Fig. I18).

- h. kcing from Combined Factor&. AS a genteral rule, icing (glaze. rinie. or
hoarfrost) c-an be expected to occur withini the first 3I)009) feet of the troposphere
when temperatures fall be~tweeu. freezing and -40"( C (-40"' F) and when (lie (lewpoinlt

*spread's is usually less than 6 C"' (10.8 F"),I a6S illustrated in Fig. 19. USA FETAC
devised a method for determininig tfie probability of encouinteringo it-iiag at four pre-ssulre
surfaces for specific stations in the. Northern Hemisphere from which isolinte antalyses
were. made. Selected maps represeniting (lie midscason months (Figs. 20 through 35)
were based on several assumptionis of which the following are particularly sign ificant:

I S.. ewpoinim spread" is dr-f id as the differnence between the dewpoint and air temperature.

16 UJS Air For,., Weather Forecuuato sGuide on Amircrft Ici*q Air Weather Service Manmual 105-39, 1*969. p. 4-1,
and p. AI-.4
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TEMP. O" -30 • -3 -18- -230 -28o
RANGE TO TO TO TO TO TO TO

9 C -20 -7e -12 -17 -21 -27' -32-

NUMBER OF
ICING CASES 49 600 450 252 141 43 15

50. 40i-

0

(I:

09

85%

00
"0" 5e -06 - -20 -25' -300 -35o

AIR TEMPERATURE,*C

`N....CUMULATIVE FREQUENCY (PERCENT) OF ICING OCCURRENCES IN
EACH TEMPERATURE RANGE WITH INCREASING DEW-POINT SPREAD

"'-Td) -. 2T "-THE "APPLEMAN LINE"

,-.' I

F *ill.9 Gra ph of ill n hlatjve fret1Imancy~ of ivilig hIcrism-m,*s as functions~ of tint jerattilre alt]d
(Iewp)ift spread. Souree: kortnxgte'rs Guide' o A irernff Iring. Air Wi.ath~er Servicc ~anual.AWSM O5-39. 7 a I )9. Attatliztent 1.
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(1) Icing will usually occur between -3" C (26.6"s F) and -30" C
(-22" F) due to "the heat of friction across the uii-frame,' 1 7 anid thr tact that
"supercooled water rarely exists at temperatures colder than -30o C."'8 in nature.

(2) Icing rarely occurs at altitudes higher than 20,000 feet ;Isbo%( Nleaui

Sea Level, except when cumuliform clouds occasionally ibuild uip to greater hm'ighla.

to further define the icing limits, studies revealed that the majority of icing cases occur
between -30 C (26.60 F) and -12o' C (10.4o F) inclusive with a (lew point spread near
2 C' (3.6 F0 ) or less (see Fig. 19)."

Accordingly, it would be expected that the prtobability of encountering
icing conditions is greatest in win~ter and least in summer, both in terms~ of valum' and
areal extent. For the lower pressure surfaces, 1000 millibars (mb). 850 twit, amid 700 nib
(see Table for linear equivalents), this conclusion is substantiated by FigS. 20 through 22
and 28 through 30. IHowever, by the time the 500-mi) surface is reachied. tile pat tern, is
reversed. At that level, icing is limited to low percent probabilities in a narrow mnidilti-
tude band in the winter (Fig. 23) which develops by summer into a complex p~attern
encompassing sections of equatorial latitudes and combining tihe highest perenmt jiroba-
bilities with their greatest areal extent for the year (Fig. 31).

Increasing icing probabilities and extensi on of their incidence southward
would seem to be dfirectly related to increasing altitude. This a.ssumptioni is verified
through the 850-mb level, but this level yields the highest percent probability for the
year at any level (25 percent over Japan in winter, Fig. 2 1). At the 700-nib level, the
ischne gradients become more gentle and the probability of icing rarely exceedis 10 per-
cent. The southerly extension of icing continues, however. These tendencies, continue
at the 500-mb level. At the higher levels, thenm, the temperatures drop below the opti-
mum range for icing conditions, and available moisture become-s less because of the dis-
tance' from surface sources and becuse of low temperatures.

For similar reasons, the area over the Arctic Ocean behaves differently
from the other areas of the hemisphere. The winter sealson at any pressure level is usual-
ly too cold to produce as much icing as the summer season; though icing is still a hazard
all year.

- - -- '~7 Edwad D. Heath anid Luther M. CantrelL, Aa'rncrt IcinW Cheuo&,kiy for the Northern Hemism~phere. Air Weather

Smriee, USAF Technicai Report 220, 197Z, V. 2.

"Ibid., p. 14.
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Fig. 22. hobability of encountering icing conditiona -700 tub anuary -Northern Ilemniriqhere.

Source: E. Di. Iheath at al., op. cill
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1A,

Fiv,. 2. V Irto jibjh.I (if viwomite riig ivitig cnai [it imoý II INN) ovosl A jwd N tartlaiem I l..nai.jalwre.

Soamrc-: [1 ). livalh vt ~al., op. cit.
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Fig. 25. P~robability of eixncuuid ri w, ici ng VcIlitijbi~s- 1150) tiin I Apri I Noatlrth,- t- i, JI "
.Auurc: F. 1). 1 Iratlt et al., op. cit.
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Fig. 26. Probability of encounttiving icing conditiones-700 .6 April-Northein he phe.
Source: E. D). I eath et i.., op. cit.
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Fig. 27. Probability of encountering icing conditions-500 mb April-Nortbem Hemisphere.
-Source.: E. D). Ilrath, et al., op. cit.
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Fig. 28. Pro)bability of enc-ountering icing E%)n(litiotii- 10(X) nb juIl-Nurthern illrnispitere-.

Source: E. D). Ileatb et al., op. cit.
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Fig.31. Probabli 'y of encountering icing conditions-500 mb July-Northern Hemisphere.
Source: E.D. lien h et al., op. cit.
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IT

Fig. *12. Prr~bability of encounittrimg icing x~iditionw-IOOO inbOcttulr-No~rtli. rn illeiiii;iolwtrc.-

Source: E. 1). Heath et al., op. cit.

40



~j4L

Fig. 33. Pftobi.Iuili1% of cfroUntdcikig icing vonditions-Mj( nih October-Northeru liveniiplitr.
S()urcr: E. 1). licath rt al.. (op. cit.
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Fig. 34. Prhobability of e.ncountering icing conditions- -AW mb Octobcr-Northern Hemisphere.
Source: E. D. Ileath et al., op. cit.
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41. kinig iw- Ito Ito mtore! cmaintm4,4 iu the Niprlthrit 114-miisphere. uic hre it
oviieirs mo stl fr~ nom the ni idi a iiifi le. 11 tir l to~ t he P' 'l..

f. Thei. probability of1 4'I 1444iterillg jinitg candifimus in smme piarts of the

mintno.plivre may hie hiagher l-catise tcmpý .atiare gf-ieral. dlevreaw.s with vleva lioii amml

thedodsinthe atlnmsplivre provaide a niore vonta-4-toratad supply of moisture.

g. kcing vatt Ie st-Nere tor light ini terms 4of IretpemacN ty f oi-44ei rreoua.. lb ok.
miess. or dIiaratnin depentding on1 lovalI fahttirs. liiLt ayvae 4ii54. 1411mg ia lee 41i'ihlillg to)
VISTOI. airtcraft.

46



AI)I)ITIONAL BIBILIOGRAPHiY

Armsor4mg. 1'cret-mr. Briani Ito m-ris. and Charles Switlhinaink. Illustrated G;lossary oJ
.ou', aind Ice, The votl I•olar Rc.iarch Institiute. Caniridte. (;re'at Irilaim. 1966.

uI~dhm, I)David M.. Wet•,4'lhr Reord Ilmok United Sitates and Canada. U% eathlmr ise. hI'..
Prinl-v('1i4li. N. J.. 1971, p. 18-20.

U. S. Air Force. IIWeather and.lhelicopler Operntions. 51h W'rather W\ing Forecastcr's
Seminiar No. :16. I1466.

U. S. ArmyIV Air Force. Instrument Flying Techniqut .s in Uleulher. Air Srtvice Comalnld.
TeI-hithical Ordl(r No. 30-10- )- I, 1943.

47


