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The United State s Army Aviation Engineering Flight Activity conducted an
evaluation of the icing characteristics of a U-2 1A airplane painted with low reflective
paint. - The flight tests wcze conducted in natural icing conditions at the Seattle,
Washington area from 24 February through 10 March 1977? Test flights were made
in trace, light, and moderate icing conditions. During these tests four shortcomings
were noted. The shortcomings were ineffectiveness of the deice boots with rime
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INTRODUCTION

II A CK ; ItO! \ I)

I .  Based UIUIfl ill t (iiiil)uiit ’ u l l  l u l i $ l i i l v l II, Iu I  I tt ’ p t i t u l  f l i R t  srih iu , itt ei .l i i i

Fehr-ii,ur~- I 977 ( ref I. ~ipp A ) , i Iie 1) 1 11 ,11 l i i u t u i l i i i  lit.’ A ii i~s ha s  express ed conceru l
,It) (tLi t Ihe capab i l i ty  of ( 1 — 2 1  I t i l  t a l l  pau uu l t ’ ( l  w i t h  h iss u ’ l l t ’ct ivi ’ ([ Ri 1) 11111 to
safe R operate in an icing e n v u u t i u u u u u l ili lii rI ’ \ pt ’ i IS I ’ Ii) 1t iii’ I I R . t h e  Unite , ! S ta tes
Ar m y Av i a t ion  Fngineeriiig I light A,  I iv i t s  t I  SA A I’ IA )  w ,is rt.’i luieste ,l  by the
United States  Arn i~ Aviat io n S~ st inis (‘ tuiuiuui ; iu i t h (AVS ( ’OM I to cui i ,f t icb
s;i tcl v—ol—l1 ,g h t evaluatio n of flit ’ icing char ; icferist l I S  of a I —2 I A airplane paint lI
wit h LR paint (ref 2) .

‘rE ST ~~ J~~CTiVI

2. ihe ithtet. i ive of the e v a l , u a t i o n  scas Ill cuuurparc  ice ,i( - cu et i u ln  an d slietid ii it.’
cha rac te r i st i c s  of a 1 1 — 2 1  airp lane painted wi th  I R paint  Is t.om np ;uretl w i th  a 1 — 2 1
airplane paint ed wiih high gloss paint.  ih is ss as a preiinuinarv test to tit .’i erilui!li ’
it a compre fuenswe icing eval ua t i o r r  Was rn ’cccsa rs

I)ESCR II1’ION

I The t est 13—2 IA aircraft , SN (1(1— I 800k (photos I and 2 , app 13) . was ps in l i ’ it
with LR paint I \I IL—I —4( 159t it  Shia ipt ’ A nt i s  Depot . ( ‘a hilornia , in Punt.’ I-l he aircraft use d for comparison w a s i II 1— 2 II) a i rcraf t . SN (~~~~

— I ~ 107 ( ph otos 3
and 4 ) ‘The comparison aircraft  ss.us pa inted wi th high gloss haLI 3 ue r  ( M l l — (  ~I 7 73
With t he except ion of the p ; uuiu t . bo th air i r i f t  ex terna l  t.-ontig ur at i u r i - 1 tc .’rt.
essentia lly the same. A detailed t l es tu ipt io n of liii’ 1 3 — 2 1  a i r c raf t  is contained in
t he operator ’s manual ( ref I ipp A )

~

TEST SCOPE

4 The i t . u u i e  t e s t ’, Ill flit.’ 1 1 — 2 1  a i i c m ilt were conducted in i , u t t i i ; i I  icing t.’I lnditiu.tns
at the Seat t l e .  Washington , are a from 24 1-etl rlia rs thro u gh 10 March I~~77 . ‘t w e n ty
test  flights cons ist irig of 8. I produ ctive h igh t lit iii rs were coiiduictt’d during the
evaluation. P ext f l ights were ti lat i~ iii trac t. ’ , light . .uiid unodt.’ rat t.’ iciiie c rtuith it i ons
I )u ’fi n it ions i t t  icing seven lv leve ls a it.’ coui t~uiuied in appendix (

2



‘ l ’ I’S’ l ’ ~1 I ’ l l  l( ) I )()I~()(

S h u t . ’ tss (I lit I i i  f t  S t i l t  f t ~ st ii u t  lii~ s l i l l’ ’ i t  Il l I I I ’  .iii, I . Iuus l ~ce ( h i i i  .1 ii I i

t i l l  iii,, t ion cc t b a w ilt ’ sc’~iii;i t u ’ ni h u l l  t ill i i i l1c ’ f Ski ll i i i  c i i i t i i i  t’ns iire \ p
~ ’of hot hu , u u i t . - i , l t t  t i  lii,,’ ‘. i O i l ’ 1 1 1 1 3 ’  l,I~~h i l I li I is 1 111 ’ ~— i i uu h c ’ st.’ pa r i t io i i  sc is

acco nup hishie d with fl i t.’ is s is t ul i t .  i’ ol ,u r i i t a i  t.’on t mo hlt ’i ‘ i i i lilt.’ groniltf intl the
installed TA (’AN n;ivigat ioui iI r u t t i t i  ( A N / A R N —  103) iii ‘ uc hi airc r a f t .

6. Photographic doc-t i men l l f i l l l i  of i t t .’ ii cu i u iu t i h ; i f iuu i i  itid list.’ of uir cra t I f e i c i n ’
eqtiipmt ’nt w i ts  coonh inat t.’d ?‘i~i t i u lu t i  Fhig hil t t . s f  da t a  Wt ’ u i ’ I’ l o rded  n~~ a in ign ’ t i
tape coice rec o r der tiid ott !i i ,nh_ h l ’hd da l i  lor uius A dt.’t~uik’d dt.’st.’riptioii i i t  ‘ st

inst rLi rnentat ion and special l’ ( h tuup i u l t . ’ u i t  is c~u u i t uu netI  iii appendix I). Phu ifos
and 6, appen dix B, sh ow the Rose inot iutl ice acc ret ion indicators and sl’ilslt Ice

ou tside l i i  tempc’raf tu rc indicators Else of t i l t . ’  anf i — ic ing equipmt.’uit was iii
accord ance Wi lii t hit.’ opera tot s manual -

3
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RESULTS AND DISCUSSION

(; I, \l/13 \ I .

\ I i u i i i t t . ’ l  ct in~ , i i . i t i cc ’ s ’\ I t i I II lil t i f  t c k I I .~ I i l I h i l llles in 1 1 , 1 1 1 1 1  3
t.’,tlitil t I l ls cv ,is , ltj i d i i c l s ’ II Iii ’ i l i l i l il i l i f i o t i  t.’ I i i r,i i, lt.’ii”.li ’ k’,~ ’ i . ’ s ’s i hi. it i ’ tl I
t It.’ lerinint.’ i i t h eme 55 )5 a si~’ i i l i t .’ :iiil ll i t t i ’ rt.’llct.’ ill c s ’ , i t . c I i t i I i l T , l t i l h l l  I l ’ l s s s ’ ’ I  ii,
iir,, i . i t  I p i n  ted w it hi I R piii i l  i toh t i n t .’ painted sv it hi h igh gloss I, It. i_ h i i er )ps i I

of th is ’ i n t u — i c s ’ t he ns s ’ (~ l l i p u Ii1 ’ l l t  on l ilt , u i rc r,il I was ihso i’ v i t i i , i l - iI

8 ‘1 lie icing f t.’ s fs  rs ’ve ilt.’,h l u l l  ,Iisc ’ u i i i I t h~’ d i f f e r c ’ i i cs ’ iii i t s ’ I I I  i i u u i i i h ; it i o, i  ii III
t.’ f  t I l t s  i t  i i i  i t. ( I i i I I I i h i l u i i i i  tll ’ l k%i ’I’ i l lit.’ f ss’,i i i it .’t i f t .  I hii I J — ,~ I h i r lt l , i l l  I l l  I’ ’
s i t s ’ h ~ t l i l k k l l  iii i l l s  ligh t , i i i i t  i i i i l i f I a t s ’ lt.’ u i lg t.’i u i t l i t uoui s A t  t. iil s t , i u i t  r - l ’. t .s ’l II

airspee d loss of 21) to  31 )  kn ots  sh i i ’ i ih , l  be t.’xpt.’c - tei h s t i l l ,  l ight iii utio d s ’ t i t  nine
t.oiidit ions rt.’g l rdlt.’ss ~ ~~~~ so u l  ig it r i  t io li - I - ciii r s hicirteouui lii’s c c c i

ide uilt f i t .’d: iiit.’ lf i ,’c t iv t .’ ui s ’ss i t  liii ’ ,hen’e hoofs w i t h  u nit.’ ice Ic ’ t . u i u i l i i h i t l m  i;i ihiIit ~
it f  f l i t .’ t.’tli!IIII l i i  iiilt.’t i n t l — I l  s\ s t , ’t ui lo pt i ’vi ’Il t f i i ru i i a h uo i i  if i t t . ’ tin lIlt. hip I ll t i l ls
lack it t  ,i pref lig h t  ts ’ st fo i h i t . ’ t.’ngIilc ’ in let , i l i l i — i c t . ’ s\ s tt.’lil ,tl ltl ha c k i t t  in t l — i c - s (f I ll’ ’
capa bility t i  th i s ’ v~ i l ig ill s ,’ ciui t hciii,I of h i t . ’ pl i t.’u ii i at ic boots This’ ( t ps ’ r m t l l l 5

nianii~iI sttuukl ftc ; ir t i t . ’r r tbc ’ tl so t h u  f ) i I~~~ f s  ar t.’ ilt ili ’ of Slit.’ c - h i r is Is ’ i ,sf i t ’ .i1T57)c ’i’tt

h iss i r i d f l i t .’ l i u C s ’ i t .’ I s t . l i t i i i i h u t i l l i i  ui t h i t.’ w iuig t i 1ts  Fu t u re tes t s  should es i h i i , i t t . ’
c’ i i gi u ie pt.’ r t i t r m i i a n c c’ st-i t lu in let  I i i ’ i t . ,  i u i i i u i h i t j , i i i  iuit . t list.’ ti l fl it. ’ I iiìding lui ’ I i t s  i i ’

~i n t u — i c t . ’ de it.’e t he stI ng 1 1 1 , 1  o u i l h t ,ir,h oh lilt.’ pnt.’ i iul iat it.’ dt.’iei ig hunts

URSPW)/I’ ()%%Fj1_)‘~‘ I’ I’ .( i~_

9 ‘!‘ht.’ tcc o ( — 2 1  h i s  I i l l  s s I ’ i c  I I I s s I l iii l t , i c i ’ light , intl u l l oder ite  Icing t.’i l l l s h i h i l l l l s

at  en t ry  airspeeds ill 14 1) i t i s i  I ‘It  k iu i i i s  t . ; , h i l t r i led  i i is ps ’ i’ t h t K ( A S)  At  14 1) K ( ’ \ ” t
power was iricreasc’ d Iii present  iirspt.’ s ’d f runi dec rt.’ , is uii g fu r t her intl f l i t .’ p i l t .’n ii i i t n

dt.’icung hoots . i c f i s  , i t t ’d to t h e i r  t i lt .’ i t .’ t.’ oh flit.’ ht.’n hiiig t.’dgt.’s itt t lit.’ cc j i gs I I t ’
t e s t s  ,it 1 71) K( ’AS S t I l t .  pe rf i i imu it .’ t~h t usu i i g  tsc,I uiit.’t hiods , In i t ia l ly ,  power cc ,is ,tt l deth
It lil~iiiitaiti 170 K( A S (iii ,i S t t  1 1 1 1 , 1  test , ~iirspt.’t.’d Sk is a llowed hit t hec mt.’ ; is ’ ’ St t i l l s
h olding p~sst.’r t. ou is t . i n f

10. With c o n s t a n t  pt t w e i  f o r  I ‘ f )  K(’AS in level fligh t , in ict.’ acc nniu ihati oui (it
0.5 to I iiit.’ li on the leading edges cit the deicing hoots resulted in a 20— to 30—kn ot
loss iii airspeed. At  this saint.’ it ’s’ aceuinu lat inui level . I 70 K(’AS could he
ma intained wi th  ful l  power apphit.d to both engines Photos 7 and 8, appendix B -

shiciw afl i t t .’ ,lt.’UliiTliikltj OIl u I  a ppm ux i inate lv I inch on t h e  lt.’a ding edges of the
pneumatic deicing hoots A 11c r ac t iva t ion ut tht.’ hucits . t he power required fo r
level h igh I wa s reduced, ‘I’hit.’ e f f e c t  iV s ’ i it.’ss of t h e  dt.’icing hoots is further discu uss t.’d
in paragraph I 3 1( 1 rt rt.’ven I iiniit.’et.’ssa r~ eont.’c’ril on t lit.’ part cit h u t . ’ flight c rew
the following N( )TI’ should be incorporated in h i t .’ operator s manua l

4
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~ t s l l I i ’ , l , h i l l  lI St 1 t I  i h i s h l i ’ ,l loss ci t )() I i ’  ‘1t ) L i i i

ui bi t.’ cx  l i , l i t  I cc i i  hi II i ’ ’ t i  I iii i l l  t h u  i t ’ ’ ii i l i C  t i  ifill i t  h I l l s

\ \ I ’ I  I( 1’ ’ l ) I.I( i ’ . l ’(~I lP’\l l’ ’\ ’l’

I I ic t — 2  I i h l s l l r f i l l i t i - s I I I  t i l i t t t , l I I I , I l  s \ s l i fl i~ t i t t  i t i l i — i t . u i t ~’ iu ih I t: ) luis? i l r ’
c 1 1 1 1 1  s t I l t ’ ItI , I~l t i l t  l i i i ’  , s h i l l  55 1 1 1 1 1 1 1 ’ - i r i s ’ - 1ti  t t ; t s ’ I hi ’ i I t h u  It.’s _ ii i i ’ iii i i i  lilt 1 1 1 1 1 1
intl i i r t . ’l c s l i t s  I~ I h l i I I l i , i i l l  l l l i i t f \  I i  I i h I i t p t i i , i l t .’ll t u i r  uht. ’I i it p  t hi s ii’,Iltl l l c’ ~ lL’ ’ ’.

u t t  f lit.’ ut t i lt ’ l s s i i i g  I i i h i t h l l l , i i l h  u i l  t hu  s ’ h i g u t i ’ ’ ui~ t. t. llt.’ Itt 3 () iii hit ’s ‘,l l t t t t  it t h e  ‘S t i l l ’

t i l~
s) , ,,iith t h u  5 1 1 1 1 1  it i i , !  h i i l i u / i ’ i l l ; l h  sf il~ihiit.’ i” ,

12 l) iiring t h i t.’ lu st ”,, h its ’ h t l t i t . s I t l i u s  iist. ’ ( h l u r  i u i t i — u s  i ti g i ns t dt.’ u - i i t g  s c i ~ ii’ l i t
ill t.’lt.’ c’t r i t .- i i  , i i i t l — i c t . ’ and h t t i i i t e l l s ’r t h s ’ lc e s s v i t s l i s ’ s ,t l i ( l r  hi t.’ t i t t .’ m i i i e  t i l l s ’

t.(tl id it i i im is I:it r I _ s t  pi~r~iut ~t.’s f l i t ’ It lll ’ iu r i l : it ic  boots wi re u sed ii thuf  li - t i ll  st iC ’-
u I  let.’ ,ic ’ct iuiiii l i t i, t , i , Iii l i l t.’ tes l lIlt.’ t o o t s  s v ete  i c t i s i l s ’il s~’ lic ’ui let . ’ ,ict.’ ( u l l i i l l i t lil’

hi tch rt.’ i c i ie f ippr ’ x i n i i t c ’ t s  (1 ,5 iiit ’h i , int l in int i t hie r lest flit.’ touts \ V s ’ it.’ ti lt ( ls ’ i t

unt i l iirspct.’t h ( 14 0  K( ’A S)  could ml be Iilaiiilainc’t.h w i f h i  i l i \ h i f l h i i i i  i t h i t ss , th ih i
power trou t both t.’ng ines ( ; ipp r utsuna tc ’ lv 2 inches of ice ,,eciiiiii,I;itioiu cIT Ii
leading edge of t i ut .’ w iuig I

13 Flit.’ e l le c t , c e u is ’ss (It tIn’ ptis ’ i iu i iah it .’ hiiitls d i f le rs ’ h sv i f h i  hhc’ type Ill i l l ’ th a t
acc nnii ilatt.’d cii i tIlt.’ w ing ~V u l li u it i i t . ’  ic ing fl it.’ hoots dof not adeqn i Iel~ c i i  t hut.’
ice l’lioto ~) ipp t.’u l d ix 13 , depic ’ ls r ime ice ic ’et iniu h i t i u tn  prior lii i e t i~~,i t ion it )
h lie hoots i ’h lot ut II) shows fl i t .’ wing abler  t Ilt.’ hoots wc’rt.’ act ivated ,  Rt.’pt.’ i t e t l iiss

ot the hoots ( s ix  a t f t .’nip t s )  did t iui l  s igi i i f i t .- ir i t ly t ’lear unore ict.’ Wi th  c lear or mixed
icin g the b i i u t t s  were t.’ f f e c t i v e  and ice was chc’aret h b~ one app l ication oh the hocits
The landing lights were used in one i l f t .’inpt ( ipproxi rnate ls I m inu i t t . ’ )  to t. lt.,a r
h u t . ’ large ice build—tip on the wing t ip In the short period the landing higlil 55 is

ilsed the ct . ’ did nol sited tro iii the w ing  t ip. Iui any f i i t t i r t . ’  t ’ — 2  I icing tests , f lit.’
possibilu lv of an t i— ic m n~~deicing tile wing are a o u t  hoard of the hoots I1\ TIsi,’ oh
the landing light Is should be invt.’sti g~ited , The inct ’Iecl ivenc ’ss oh t h e  deict.’ boots
wit h rimiit. ’ ice accumu lation is a shortcoming

14 , Photos II and I 2 , appendix B, sho w  ict.’ iccuiiiu l~ition at t he engine air inlt.’t
lip hoots , Although this are a incorporates electrothermal deicing and was in list.’
at t he time this photograph was taken , ice still formed on t h e  lip hoots. The air
in let hoots were checked by m a u i tenance personnel and hound to he operation ~tl
Ice lormatioui oil the engine air inlet lip boots was t y pical for both ~iircraf ’t . ‘Ihe
i n a bility of the engine air inlet anti—ice system to prevent formation of ice oil
t he inlet lip hoots is a shortcoming,
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I~ li l t.’ h , i t.k t i f  , i h i m 1 t h i ’ h i t  l s ’ i  t i l , b h l l t i t l , i i  i l l  11 111 ii iiil l l l b~ 
bti t i i l  1111 u- i

s S s It.’ni u,’ u i t i t i h  i,’s i i t l Ii t l l ’ h i l  ilil t i t  i l l ’ i l i h I l l i I i I , i l _  t . I t l h u i l h l  i r f i  l i l t ’  it  I i ’
l i 1t I his l i t .  k i if ,iui s ’ ui gi iis ’ f~1i I ,  ‘ t  ill I i  i - ‘ .~~‘,i Ill 11 11 ’ t III~II I l u _ I  I .  ~i .h i 1 1 1 1 ,  I’ll

16 I t . t . ’ t c t . I i h i I u : I i t i l ’ i l  , iui , h ; t i l l u h i l ~ i i i  I l l i t i i l i i l I t h l t i l  c c i -  Ii s l I l i t .’ l iii 1 1 1 1 1 1  i i i  i i i

t.’ xc’t.’p t t (ii 1 s t . ’ Ii t u t l l , i I i  1~i t i l l  l i t . ’ c c i i i  1 t 3 1 1 5 1 1 1 ’ , I Ii I h~ — 1iii  i l l  ,i t h u  i Ii  iii iii 1)1  ‘ l i i  3
ssii i f s hu e ht h elt.’ e t l l t i h t s ’ r t l l , i l  i n t l - h u t ’ s\ s lt .’ t i i  I hu e II i _ 2 t  I) sti l l , h i l r ’ I i  ght tss  ;~~I i t l t  l i i i

iii nri hu s ’. i t t ’ l cvti it. lsl nt.’ t f  nit I et t i ih i l  I l l i l k  l I s s ’ ihi ’ Il t ’’ , l ru It t  It rs ’vs ’ l t c t I t l i l ’sIul l l t  it. lilt.!

~~ut hi t i ’~e t t t h e  t.’l t.’ c l l l l l h I t . ’ r tul,l h 55 s t t . ’ i l I  iin l~ TI sii u , i l I  u l i l i t h i l i t  l i t  i s ’ l i i i  it 1 1 1 1

st i uitlshi it.’lsl I ~~~~~ I 3 a id I t , I~~I 1 t It I ,u t i l flu sh i t t  th is ic - c’ st- i III (tie he - i u t

tilt. ’ \s ni(Ishil t.’l(l sc i 1 1 ’rs _ ,\h fhi i t np h i i_ i ‘il s ii h s ’t a bt i c l i l t  I I ’  ic ’s’ t ornis’ih I’ ll I l Ie n uhi i I
cc nidshiit.’hd , (lit.~ tIc ’f u i t s t  a ur ihid l t l , n t i l I I i i  li i  l i i i l i t  t h i c ’ cs i r i i h sh i is ’ h i t  I i ’ l l  t h i i t  ‘.‘

s u i f h ic ’it.’nt t t t r  h inuh i l i c ’  tilt. ’ ,iurt.’ r a l t  One hs ’st sc is 5 i t l l ( l ( I t .’ ( c ’(i it t t .’i I I ) ht l l s , l l i i l t l  I

ic’t.’— p hiuthit. mi ial eru il lit the ss ’ h i l ( Ish b i t .’ f i l  I bc p u l p  ni if t h is l e t  sc is to i l l  :1 f i l l et .

it it. t.’_ It I i i t hti t. i u , i t t . ’ t m i b cc t t ih , I  pic ’s t .’ f l f  i s s ’ h r t i i i i  h i i r u t i i i i s ’  i i i i  t h is ’ t~ l l ldst l Is ’ht l it

t t , i t i i r , i i Shit.’ i l thh l  1’ ~it hu i t i t g hi h t . I i i C  I l It id i I i( i i l s  sss ’rt.’ 111 1 1 s ’l l i - i t l u t l f c ’rt.’,l t il l  thu s t lmghu l .
t u i r l hier l ist ’ i t t  t I l t .’ s t . ’ h t hh i i h t i s  l l i ; h t s ’ii,il sk is ,llst ’ i lhl l i l i i u t .’ I  \tIlu ’ ll f lit.’ ; lIlll s - i t h l t l l h i t l I s ’,f
i t t  rt.’t.Iut. u_ ’d c t s i h ut i  I ~ iiiu h ~I xl i  i rl t i l l

I ~ \~ h us t u  i l l  i i i  i i l l t l i h i i l i t i l  ls - ; I t I i t . ’ll Ill T h i ) h t r i l x h i l l l t e  (11 1 1111 I l l 2 I l l s  l i t . ’ ’, tilt. ’ . 1 1 1 -  I i t t

t.’Oti ItI t~~t l i i i i i t u l . i l l t  lesc ’i blight it h-I t t K( \S St i l h i  i l i , i \ i h l l l i i l i  p l t S t t. ’ i  Pliii t l t  I~
~ippt.’t i t i i \  ii , (113) 1( 15 h i t ’ : l i r i1u!t 1 1 1 1 3 1  iii i i i ’ I l i i i l i i l iJ i l hI l i i  iii 2 n i t .  Ic ’ s ‘ci  c t  lit.-
I tllc ’ l u l l i I l e  1 1 1 1 1 1 ’ ,  5Ss ’ t s  . 1c I IV i lc ’t ! ~ ci~S i t  l : i l l l i i 5 t h i , t i h~

, S t I l e  t ’ l e , I t I \  rt.’ I t l l c s ’ il , h h i i s t s ’ s s t
t t .’c tui se cit t hic ’ l i t .’ h u u u l i f — t i ;  u t ti s i I l t i t . s ’s l h l i l  tIn n u u l hi is i ’ I ll , i i i t i - i t . i _ ’ IIt.’ ic t .’ t . i ht ,i b ) i l i t k  -
t Ilt.’ 

~~~~~ 
rt.’ Ihull rc ’d u t l c i  it. I i c , u h i i i u l  i t t  t i lt. ’ i ) Il t.’ th i i i i t l c  I~ i i t t ’ , 55 :15 sh I l l  u l i s r e ls~’ Ih i ’ S !

t hat f t t r  Ilut.’ t i i t i i l c’ i i t u ~ t . t i t O h i t l l l l i s

lcI’.~~~(:cI \1 I I. -\T lO\ ( :11 \I3 \( : ‘ I ’ h ,B lS’l’I ( :~
1% I he ,unr ,if I s i i r l , ic t .- s t h i , i t  t . l i h h eu : t s’ ll i t . t . - dot in g tIn’ ls ’s ls cc s i t . ’ gt.’ t l t .’ r l h l\ le it.Iilig
edges , u , headi t ig t.’dgc’ cii wuigs, pr it ps ’ Iht.’r s pi ilil t.’rs , r I tlul i u t .’, it i t l radio :u t i f e u l r i , us
Photos I 6 t h i rt r ig l i  2 1  append ix it . dep ic t  f l i t .’ l i c i s  l i t  f l i t .’ Ili llili i t s  , tt  ic -I’
accuninlati oui ‘I’hu’rt.’ St Is 5(ltilt .’ icc’ ac’c t i i i l ( u l lt l i i t i  it lsiul t.’ t h e  engit i t.’ inl et ( p 111 1 t h .24 )
This pliotuigr ip hi w ,is takt . ’t i  ~i h t s ’ u f lit.’ iirt.- r : i hh Ilad i i t i t .h t .’d hIlt ! sli tit ditv, ii ,
ap l)rox imatt.’ lv 2(1 iiiui iuilu’s T I t t er s i t i n g lrt.’t.’/ i hig lt.’ t l i h t t .’ r i f l h r t .’ unm ic hi t i o t is ~ et. iusc ’
cit t he t inie tIs ’ I i~ , ui uiii kni iw n qu iar i l i t ~ of ice had ntt.’ht t . ’d heto re h i t . ’ phi it t og r ip h
was taken Since tee s ,iui t.’s arc’ iiicorpuirii ted f i t  prt.’vc uit uct. ’ t riiuii cli tt.’ rmui g t he t.’ngiuit.’,
t he pru)blemli iii ict.’ formation t i u s be i~nt.’ oh reduced airflow , rat hit.’r t horn es ’
ingestion. Fur ti ic ’ r test in g sho u ld he ~iccu ni ip Iis i ied to dt.’lt.’ rmm nt.’ hit ’ cf t c t . t s  it t  ice
accu m ulation ,ns idt.’ tIn’ engimit.’ iuik’ t and ho dt.’tt.’ruiiine f lit.’ et t i ’ t.’ t i t t .’ iic ’ss u i t  fl it.’ let’
v l t i t .’s in prevent ing foreign oh jt. ’ t.’ t darii ~i gt.’ .
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I S  \ s u i h t s l , i i t t u . i h  , h l i l u i h u l l l  l i i  i s  I ’ l , I l u l t l i5 I I I I~I I u I\ (i l l i t I i t .’’, t I ll F h u t  (i t i l l  hi s
i i i  i l l n u f , i t l ’t l l u l l l h ’ l t , I i u h  Il l  i i i -  I 1 1 n h u , 1 1 1 1  t i l l  - liii l;ii~_ii I l i h i t i l _ l u l t  I i i  c i  i -  s h l ’ S c l l

1t l tu i l t i ’ , 25 111,1 2(, I i l I l i l i t l \  It I h i h u l t i l ’ I I l t u h f  t h i s ’ I s - i s  f l i t s  h i i r ’ ~’ 1)1,1,
c’I h f ri uini I hi , i i i  u l : u l I  f i l l  ii lii I i~i tliiig ~‘~lii i i i  It I Sl i t .  hi r I i i  

~~~~~~~~~ ‘ i f i s s ’ I : th l  i l l

$t i  ‘~ ii I~i lt.’ h  Ii ‘ .1 - Ili~ 1 5 5 1 1 1 1 I i l l  Iii lit ’ ulT iu li igc ’ lit ;~m~ t~ t s - I Is  ii s1 - it  lii u I  Is ii I l l s

f lit.’ l, it.k u I  a t i t u  u s ’ uhs ’ ic ’ t.’ I , i h t : hh i ih lk i i i f lit.’ s~~l I i g  :trt ’ i itii lhi i l ,ii,i it l Ih ic ’ ~iii h i l l

l’~ i iu fs 5 .1 shu t u It. I ll l l l l l j ’

2 t l  On ( t i lt .’ 1 1 , 5 . I , l u  I l l  .1 s hI ll , l I t I , l l i l l I  of Ill h t i mu n eu l  iii st re ak s  l’s ’ h u uuu l  t h i t.’ stint. ’
piic’ii1ii~ili t. 1 1 1 1 1 1 15 I l l s  x ii i. if l ~ Il l~ t i s t  ,i rs ’s iill ill i ’ l h l i h tT lck  cT l i i s t . ’ lh ht ~ Ih ~ ung i i i

Irs - s/ i ng rain ltt.~ 1 l l ’ ,l’ i t t  Il ls - s i i i , i th il .1 h u h  , i i i i u i u l t l h  oh ’ r , i t i ht; uc ’k , the c h c ’at  Ii ’ ~t t -  ik
1ure t. ui ui sit. lt.’resf l i l s ign uh ic , l l l i  Rs lh l , i F is ,i t- l i au~ic - t e r i s tu e  I l l  Irs’s /j u g t ; r i i ;

geult.’ rTihI ~ ilut’s 1101 t.’ \ i s h  f I l l  l u l l 5’ II i u t u t l s , is iisu i;i llv c c i t i h in t .’t.h ho sm~i hh gc’i g r I~ i l l u

:i rt ’ ; is , and is i,ttrmii ,iIl~ prc ’ i tiu t iNt.’ (rt.’f 4 app A L thc’refo re , no h ui r t h i t .’r s t u dy Il l

muinh ~i t . k  c t _ i s  ti i~ide
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

CONCLUSIONS

( ; F \ l l t  \I

21 , [‘lie F — 2  I A  ~uirp I~init.’ w i t h I R p,ilhif s T i l i  I)c ’ 5Tl f i ’ IV 111155 n Ill Ilgilt lii I l l ’  tb- : ! i t - -

icing c i t t l ih i t  ions .

22. Hut.’ I R I t a i l u t  t h l l l ’S t i i ) t  s l g l u i t h t . . i i b l l \  i t l c ’c h  f l i t . ’ i cc ’ , l c c l l l l l l i la t i i i l l  cha i r s t s h l s ( i t . s

i i i  lIlt.’ l I 2  I .i l rp lTi nc ’ -

2 3  In iiii ’ulc ’ n , i l s ’ Il l l l )~ s l t l l u l i h i u i i l s  il c i l l is l ; i i I l  b I l kS  s i  _ i i u s p s ’ s’d st i l l It , ’ iu ’thi is i t  It -

~~ l u  30 k no t s

2- 1 h - t i u i r  ‘~h l I l t I t . l I i l l l l l g 5  S k c t l ’ lIii ’ h l l l l l i i l

SlloItTCo\1l\ ;
~

25 Ihie hi tIll 1St lii sl it 1 1 1 1 1  i iiu iu lg’~ 5ti ’t  - - i t t c t u III is ’s!

: 1.  I h l c ’ I t c ’ c I i k c ’t ls ’ss t t t  t h i s ’ sls ’ i s s ’ bu l l  II, ~ h i  n Ine lee Tic ’c’li t l t l i I T l t i I t t i  t 1 1 1 1 , 1  I

i~ hii,i l iIiI~ III h i t . ’ c’uiI~l l ls ’ Ti l l  i u i f t . ’t  : i l i t i — i ce s\~~ts ’ itl In ~rese i i l  t u i t t r i t i s - s  I I!

it.’t.’ till Ilit.’ s’l lgt uI c ’ inlet ( ( t i l l I - b )

c. I ,ick of Ti l l  t.’ng i !us  llllt.’t lip t t t ) 5 l l . i i i f i — i c e  svs t c ’t ii  p re f l ig ht lc ’ st ( p 1 ,1 I S i

tI I i c k u I  : i t l l l — i s s ’ lIt. ts e c ip,i I ) lhl tv titr t h it.’ SV I!lL’ , i r t . ’ : i  lt l l f h ) ( i T i t s h  I I t  th I s ’
It l It .’Ilii lTl i Is hlt t l tts ( pit :u Ill
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RECOM MENDATI ONS

2it I lie sIll ti lc ’u t I l l  I h l i ! ’~ sl i t  i l l if I’’ ’ I I  i l l  (‘ u h i t 1  -

27 Fuitt ire I 1~2 I us ing ls ’ xIs s lt it ii l,I inv~’st ig~iIt ’ flit.’ l is t . ’ (if I~iu t ding lights for : i t l h i - l c i n g

cur deic -i ng tI l t .’ st itig i n ca  u i i i t h u t i ~i~ if il Ills ’ ptieii m atic hotlts (piirii 8)

28 (‘ondu ic t f u i r t hu i ’t i’s t i i i i ’  hut ulu ’ Is ’ uu i i~tic ’ 11w s’ll’c’l’ t s ut f it s ’ at.’t.’iimi i lahiutn inside
engine in lels and di’hc ’ r uui i t is ’ t Ilt’ t.’f h t. ’u I  i v s ’ t l I ’ss oh this ’ engine c c ’ vanes in prever i t i i tg
f hi rt.’ig nl ohjet.’t d;hm i t lge ( ~ n’a I 81

2~
) inc’t trpt uu ; i I t . ’  f lit.’ d l i  uwil ig  N( ) II i i i  f lue operahor s ;iiaiiii~t l (pin a I (1)

At s - i t t i s t a n t  posven Till ;i i is~~- ’ c’tI l t is ~ of 20 to 3(1 krutts
c T i u l  he t.’xpc’c’te d w i t h  t liglif iii ti i itdt.’ ra te icing conditions ,
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APPENDIX B. PHOTOGRAPHS
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Pliohu, I. I .21 \ Test Aircraft ‘~T~ 1 (,6-18008.

r~’ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘
~~~~~ :
“

~~~~~~~~~~~~~~~~~~~~~~~~~~~~

“

~~~

I

I ~~~~~~~

Phoho 2, H ight-Sidu’ Hear Quarter View , I - 
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‘ I -‘ TeMt Aircraft.
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Photo 3. Leff ’S i de F ro nt Quarter View , .1 1 .2 11 ) Aircraft.
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Photo 4, Left-Side Rear Quarter View, .1 1-2 11 ) Aircraft .

12



‘~1’~

, .iL ~I~ iI~
)iI ’

~ ~~~~
‘ ~

, 
!~ -

“ I

:1’

if
Photo 5. he I)eteet o r and (S -\‘ I’ Pro iw ~1oiiiihed on osu’ of Test A ir c raft.

Photo 6. Itotwrn o ii nt lee fle tecto r and OAT Probe.
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Photo 8, A ppro~ iniate I~ One Inch o( lie Accu mu lated on l eading I’~dge
cii Vu ing If Standard ~ircral I,
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Photo 9. Apprux imate lv Two Inches of Rime lee Accumu lation

on Leading Fdge of Test Aircra ft.

I’;

Photo 10, Rime Ice Afte r Activation of Wj n~ fle icer Roots .
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I’IIOtO 12 , ( ;Ii,ne l ie \u ’ u ’ i inuu il at j un o~i I ,iu~ltn ’ \ir luulu ’ f l i p Boot ,
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Photo 13. Wind shield and Windshield Wi per Ic ing on Test Aircraft.
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Photo 14. Windshield and Windshield Wi per Icing ‘on Test Aircraft.
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P1m b I 5. ‘\ ppro~ nnateIv Two Inches oh (; lj m~ lee kc i ’u innuul ahi on
on Lead ing Edge of Sta ndard Airc raft.

Photo 16. Right .Side Front Qu arter View of Test Aircraft
w it h Rime Ice Aceutmulahion.

18



Photo 17. Right-Side View of Test Aircraft
with Glime Ice Accum ulatio n.

N

Photo 18. Ri,ht.Side Nose-Section View of Teat Aircraft
with CLime Ice Accum ulation.
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Miuuto I 9. RiEhh-Wing Leading Edge of Test Aircraft

~- ih hi ;Iiiiui ’ lu -u ’ -\u’ ’uinulat j ut-ui .

:~~~~;
“ ‘ .‘t’- ’~’,?*”

N

Phobo 20. Right-Wing and Kumpennage of Test Aircraft
wit h Glin uu’ lee Aee,mnuulatj on,
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Photo 21, Leading Edge of It ight llo rizon ta l Stabil izer of Test
Aircraft wit h Clim ’ Ice Aeeun nulat ioru .

Photo 22. Left -Win g Center Section of Test Aircraft
wit h (;Iinie I(’e Accumulation.
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I’hici f ci 23, I ru~ iru q uumu u’ uiIaI ( oru tr uil Baum A ir luihu ’ h
ci t I ..t \ i u ’ ra f t  wit h lie \u’cui nuuulat ionu.
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-~~~~~~ _

Photo 24. Engine A i r  Inlet I )uir t o f’ ’I’ u’ sI Air c raft with Ice Accumulation.
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Photo 25, Vu ingtip of ‘I’esb A irc raft ‘.~ ibh It imv h’.’ \ ‘ ‘ , i n , i uula t iu , ,u ,

Photo 26. Win gti p of Test Aircraft with H ime lee Accuumuilat ion.
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Photo 27. Rosernount Ice Rate Indicator.
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A PPENDIX C. ICING SEVER ITY DEFINITION

I I t , i c s ’ l , u i ie  I lit.’ h l I ’ ,t.’i i t s  u t  i t s ’ t. ’ j lu lu~’ s i ’ , I iTil IS t f c ’ t s ’s I s ’tI c i i i  , u i n l u , i i i i
I’r u t~s ’ s I it lu iS s~ i t  Ii I li e u , u  l~ i i i is s 1 1 1 1 1 11 u s _ u  Is Ii,i l l i t  5 1 1  It-s i l ls u _ i l  iii s t i  It - l i  i i i  I i ’ ’
“. u t t  t . uu i i s i t lc ’tt.’ u l I lTu , , iuufuu u is  i i u i l s ss t. ’ i i t . u u u u i i l s t c ’ t f  liii i i  ‘~~t s ’ t i uhs ’ ut Iit.’ u i u t d ui f  huli l t .’ . I lit.’
i i s t ’ il ,u i i f i - i s  s ’ c ’( lu i i l t iu l t .’ii I is i It ’ ( l s ” . i i \  111 ( 1 f lit.’ i is s ’ u I  tI~’i~ iii~’ c’qiiipti is ’iil us

l i i i  ui t . ’ t. s ’ ssTi  IS

2 I iglit Icing Ih i s  u , u tc ’ u I  i t s ’ s t .  i s t I l l i t  is s u i l l i s  ic’ u i f  i t t  ‘ I s . i I  1 h i T i / T u i ( t  ii
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APPENDIX D. INSTRUMENTATION AND
SPECIAL EQUIPMENT
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