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Of>ERATlONAl NOISE DATA fOR UH-60A
AND CH-47C ARM.,.. HE LICOPTERS

propa",ll"" fr.... SOU". ,,, '«''' '''''. ,11<1 (.11 da' . dd,..­
;"& (M hu...." and "",..mun,') 'c'f",.... '0 'h. ",cc,..d.-

No,,,, I""" ""' l" fnr ,h. Ie liZ 1""Il'"'' '" <I . , olo 'l"'d
h)' , h. f" my F".",m"",,,, .IIlH " "" AlI""" y IAHIA)
"''''g U.S A"" y enll.1r",'"'''' L" ~"",,,,, ,, ~ Il. "d,
1" " ''' I''' Y'' ICF Rl',1IO I<&IO' . d lIu"," ""'" ,....., . y m
( 1); (OSl H i, .y >1cm C<U1 p,od,,,,,, JOin, "''''''' WI>< m.1'"
It.. hla.1.."'.., .nd r...ed· ""d ,,,t.:<,y....,. ,craf, op<,a-

"""'. ...""" to"" ""p."~ p,uductd ,,.. ,Ilt l'FIl. I.-
d.....l" poe<I 8NtJl SE·J ~ <un u!<'''u.. pr<d"""h po u-
..,....u...Mh""".., "0''''' "'" p'.r< .....hoped u",,~

~ CF RL-mod ,f,e.l " " 1'",,,,, NOISL\I" P (",,,pu'.'
"'~die l , ,,,, p.~. E>cl> <>f ,,,",,,, ''''''I'u,<",0<1 p''''
die'h"n p" ..--...su .... ,~I... "" thtI'Coepar". do,. _ ,CO>
II I _,'" ,......,.. dou. ' ~ l do'. de'atlon• ...und

• __ C_poti lllo _ Iloo '-" ,L>qw_
of .... "'. y.f ~'... of ... ...-. ........ 2O .... "'I ~

.,0-.....- c>u<__. l>O(I 011<11-" ,,-..,.
_., of 11<1.... "7~I, ........._ ~_ h ,

'-n "OD '0' "• .~_ t ' • .<-S7 ,11<,.,,_ of "".......
'.1Jl

' ,_ l. ~, .... V_ 'IO l .."'~......d ,_ L
un.oo4. 61<'" ,\.- 1'<>Nk_ V...._ II " ~'Jf.'" 1.1

t:u...,.."""""'''~'_MJ1'>ur><" I.II~. TtdI-..I
~por' ""9lli ~ IlW'l9 11$ ' U.s. ""003' ,_,""""" (,,.,_ ,.
In. R.....clI ,..) I('I RLl, 19"" . " D lIo,OI\,lI'f1.
R R. ~ .o~~"".; ~ II. R~"., O .........tt , ,'l.>io<

I: . ""'. .... /I ".IM( F""" .1''''''/1 "1"""'''''' (',_"""'0>­
"".. /Jr ,mpi"", Ai, h , ,,. R'rutl ~M R t TR_n_ ' <1\I1
~1I~, ""' ~ lll lY7~ J ,

s-t....... nd

In ~n! ~~,., ~'uol ""'~M<l

..... "'.,UI}' ond , 1 tf.,1ob hocIJ

..........b (0"", ,,,,,ran,,,,,, , ,, rldd ."ll"m,To
0...11<>1 Iha ......l<>pmtn'. tht U S .~mry h.. ,.'"ul<d
tht In.ulb 'KlII COnlpI"blr W N..- 7 Prurmn
(t( U/I.' L u tII~ o"p" ' mt n, "r Ik l" ll.lOO.
C,""""'·"'''' O:lttiJi .4,.",..,. ' I'd . ~;, I"""g,,/~m«_
/W/ ,h« U~ Z,"'" p,ug."" ( -'10-'1:). ,h. ICUZ p'o,..."
d" r'n.. (;md u ' '''''P,''hl. ...,,11 ","",, _ .. ' It..is
.nd "" .hli.h ""'i<y I.. , ","'... 'ng "'I'''"' ' h ,'h
.."""''''. .. , J<o.;Ilbes 'h,.. "0' " I.".... "t.,,·.. 'es''''''
I..." 0" '1' "f}'mg " cpc,'! ,,, <1\"'" cOlllp. " hLIl1y
w"" "" I,l. ,:", op<lOlio.." Tilt !CUI. 1""1""" OI T"""
A,my ," " lqu, nc,i,c , oo,e" , ol'h '" hl;«" " ~ .. • "i ll,')' ,
'''''' '' . dCnl "l illl' '' I ,n d w' ''y,w''' ! ,,,e,.II.

1 INTRODUCTION

"

P'•• i ....... j 'r .k L '....."h hI' . dd' .....d, 'u .......
...,...." thnt "".. " j do'. f .... "".,) ...,,,, ~"",.i' and
for blo.. noDe p ,,"" III pom b •. fI RL T«h·
aoQI R<-por' Pol _1 li tht ..- ch",,,,·

"n">co I..........1)' ""'I ",.f. ope.~"., .. 'M " ''''l
~, du""C 'M ..,. l"lOl.· s..... ,lItn, .... _ lJlJ­
bO" Hod O l-4 7(· lid"""!'.. ... I,...., beaI m"....,..~d:
""'" . ........... ....~ _ m[u,..d 11)' ,hot ",m) fo' JeL l
IfICI r"'~h."""_h 'aJ _ ......h'

"'-Tbt 00j«1l." ,~ ,h" Ol.,dy .... ,. 11110 d...lup
_ ..d ••po.-.u,e 1t...1 (Sl U ••n ", d,u""". cu,..., fo,
'hc ...... " ,my ."""·1.1~) 'u '.....IOp'. ,h••a"a"""
" j St l .. ,til ..,c..f, .p<'e.l . • nd l-Il ,,, ",," hmJ ,h.

Y.lidlly <>f lho 'ne. ... " ""''', p"...e.luIn

AP\>'_h

Tn . e,om pl" h 'h... " hi«"'« , lhe h. <lc . ppw",:h
w.. '" 0" .. mueh .. ,,,,., ,10 1, tho rni, "'ph"ne lYre '
"nJ I.y""', ro,,,,dLl L~ ".. ll",d . ,,,J ",,, Iyli, pr<>ecdu,"'
e", pl" ,., d m Ap ril 1'174 .t I ",t llucker ' th.p'" :'
oo,"i l, lh. ",~lrc t i ," , uf d. ,••nd ' 1.. , ih"lIy h,""lights
ch.nl,"" f",m Ih. 1'174 p,,,,e J ,,,.<: ( 'hap l<' J olcscribc.

tho d,t• •n.1y'i "

T" help cunf",,, ,to" "ahdlly ...1 'h~ .... .',,,.mt.. '
p<....~du,.,... do.. " . '. alon ,.'h~,.d 0" ,lit U1 1_11t at

f " n C. mpbell rot comp."''''' ... 'h 'ho 1<174 mt..u,.
mt,," fot ,h" ..,c,.ll .' f'ot l Rude, S.m,lar ",,,,I••
f,om til. ' ..o.'ud.......ould """" ' ho I til. mt""""",, ..,
pro<"<'d u,......~ "''''I'"''don, "',,,'. or .hol tho oren­
h.",lIrpdot ' e.;/uuqut ... 0''''' ,"' .".. hod "0' ch...,..d
111 tho l> ).an he,",", ,"" ' "., ....' n.ptnook.
I"hapt., .. d.......-. ,hI> ,_ ond " .he

"-'~l".
_ of T_......." ,,_~

Data .....Iopcd f.... hd""P'e, s H ' e"", dis' .....
or >peed * iU to: "",.rod 111 lhe lNCS inpu' ~a" ~

and ...11 be """,ed...'.ly ....I. foIt fur ,... by " H I" and
"tbt. DUO,.....olio"""...

' IL 110_ L loU.., ..... ' So_,. R." .• ....... A "...."u,.....,_ ._ /,.,.. ,..haI<al R. por' ~J8!A [)A

o~ ,...~ ,, · t' ~ l., " U l

, ~ . 1I" _ u, , l .. ,.,,~, .nJ P ,'i.h, ,,,,,,,. N"r.,.. ,",," , I,,·

,'''11 "r."" ""'"' ,',"~ ''''', ,..I,n" ,' ~ 'I" . ' "'-\'," ..' 1>,.'
" \ 1 ~"' '' 1."1, 19' "



Holicopt.. Op.ratio n.

At For! Ru,h, . Or" le I of da ta w"' b",eU on the
,ly"" "i c up" rali(\n, Ii' teu in Table I f'urty ~ .lic op le"

took pOI' in tha ' " uJy : each aircr.n no", tb e ", rio, of

ol"',.. ;on, lwic< cl'" e with the pLI"1 ' lid ~IlC. wiln
Ill. c ()- pil,, ! . Tablo 2 Ii, !, Ih. ' ''<r3ft lyp'" and "" "di·
tiop, olllploy<J The Fnrt Ruck., ' IU"y ;"d k "ted Ih.t
le..l tlyov", J .ta ' tld la rl d i "~ 0.1••Jc4 "atel y ch" ",,·
lori/.ed ,h. "<>'« elll i" ,,,n , <If a ll ulhtr ~).",mjc "1' ,,,.
t",",. 1ho"r" " ,. tho " Hdy at For t r.mph.1I "uP", " ·
tr. lell l!Il ly ' OIl k 'o l fly "v, ,, an,l I. "ding,

2 COLLECTION OF DATA 11' ' ' flown at .100 fI AGL b gu,e I illum ,te, the level
I1YU'ler Highl p, lh. Operali on 15. a num,,1 landi n ~

IFigure 2J, be~.n " J OO 1'1 AC L OOl a ~r()I.Jn,1 track of
2~O degre.. . Tho ai'craft bnded ~OO ft w" , of 'he ta>t

elld of 'he 'Olic"'pl", ,,••my ( Fi~u re J I,

S"tie ope, a' lon, eu",i't.d ufin_grou nd . nd ou'·o f­
~,uund effecf hO'·, ,,. TI,e, e n"'",u"" lCn u were per­
funned la r~el y ove, a gr'''y , urf""ed a,.. Ih gure 4 ).
In-ground effect bove" WOre pc,fu Tmed with the air­
c,af' at • "'hilLled pc»itiun 1><1 11'00" 0 .nd S n , b"ve
Ihe gr~ u n d, The ,i, e,a(t rn,i,"''''ed Ih. ".hili"d 1'0';­
linn ny alway, la.:ing imo the wind Ou' ."f_g,oulld
h'''<r< WOn' performed " t . n al'i1udc "I I ml"r
diamete, .

1\1 FO'I Rucke,. curg" anJ utility """aft we" flown
ti~lI y 1,,"Jed '[Iei fully 1".JelL At Fon Campl>ell. this
colldn,,, ,, ''' ieJ with ",Rrafl typ• . Th. UH "lll ' oJ
0 1-47C we, . no"" 1I1;I1 11y I"" dod unly_1.1>1. J !i'l'
,h. "p<,aHon, pelfo"''''d by the.. belieop,.",. The
" ' craft beg"n by l1y lng 1,,<1 11yuvo" wilh hcadlnl!' of
oith" 100 degr. .. u, 2HO dog".. al 300 ft ahov.
!\found 1,..1(ACLI, In the midd lo "j Iho I.,t, tl" y 1"" _
foml<d 111'0 h"v" op."ali""" "nd lho" r" u,,,. ,l lov.l
Ilyo",,,, bU I thl:; limo at . [] alti tude of IDOO it A[;l_.
Two oireraf! 01 each typ, Were ""d. each with a dif·
forOll' pil,,' . T he a;,o., ft perfo,med the J!JO. ft·AGL
"pe,alion. , th. I . nd i n ~ , tile two hu' m, and .. "" "y "f
lhe l000-ft- AGI. "1"". lio'" a, they cuuld befo,o re­
tutn lng 10 ha" jo, f"e l. 1h . "p<.. li" " , and procodu""
(" 11'011a, the ",e", Ur<,,>e 1!1 "'luil'ment de",ribed~I "..'1
we,e d."gned to ",v.,lig_le tbo d"m~e in sEL with
' i...d and ,h"ance, aJ1 d to e" abli,IT oui.. emi"'lon>
data f"r Ih. ("11_47(' and II,. lJll-60A

Th. to't, wilh tho IIH-60A wor< differ<" t I" lhal
th e ai""ft wa' 11 0wn horh ILghlly I,,'ded o" d "w [e
fully I,,, ded, Tn I",d tbe UH-60A, It, ,lltIg 11'", u"d
tn carry' 1'<,11 5OO-g, 1 water buffalo, Two l;!l-60A
, i,e,,,n perfo,meJ ~n l y oi"' ,a' ion, I 'hrou"h 17 fIn'"
Table Jon"" hgh,ly InaJed and '~ Leo heavily luadod,
Tho Ull_60A a"cran wore not null''' ., 1000 ft A [~L

Th. level fly""" at F"rt C,mpbe ll wore 110wn sim·
ilarly lU tho,",.1 1'",1 Rucke' . The pil,," w<re ;",1 ruet·
ed ", ",a i,,'. ;" , tr"g1,t. level, , tea,ly fli~l f", at l.a"
1.5 ",ulleal "" 1,,, befme . nd af.., e>eb dyn. "'ie "pe,,­
lion. All 'ea'd'op ' u.m , olher ancillary m. neuve", and
preparati ,"" f," the ""lual dynaH'ic 0i"'ra 'iun Were
pe,fo rmed bey"nd 1.5 Houlical mib _ nl' i n ~ Ihi> dis­
tance allowed Ihe pilul 10 ,t ,bilii.e tl... ai[craft .nd 1" 0­
vid. d en"ugh tm,. for 10 dU dowH- <ound-l..d puint<
to be ttcarded on m,~neti, l,pe whe" Ihe "l'". titln

The pilo", ",e"rd,d in I,,!l' infon nation about eafb
ope,..",,, tl "wn. Typit'al <ntTi., f,om , p,1<,I', log ,re
>!lown io Append" A,

Micropnono Plocomon'
1\ "a>ie .rr 'y of , I, mic,op hones 11'", u""d at Fom

Rucker and Co",pb<ll t Figure J)_ lf "ur ' ddihonal , ide­
Ii". mierophu"e, wore located .t Fort Compbell for ,
fuw re .nalyti",fhd icopt., ",und "'po, ure le. el alton·
u"i"n with di, l, nce lfi~ure 51_!

Hover Illoa,uren""m we,. perfonn,," at poinlH on
Fi~ure ~ The bn.", me" u,eme,,' p,, 'ilion, fottll/!d •
4 ()(~(t ' radi u, co rve aroulld the hover position , Mea, u,,·
menU Wero ",.de at eigb l e' ln. ll}' , p" ed pOUlt>"" ,h.
bover ei,d , . Th ree p"i" t, Were part "I' Ihe <i' -Jl1i,,()­
pi,,,,,. arr.y , "lTd r,,, puint , wor< ' pecial ma" ned , t,·
ti"n , used only durir,g ,h. h..,,,, uperali"" .

Mo..uromon, In.,rumon to';on

A, al F" rt Rucker, II,. mam " """ ," i"mu",en'a liolT
at F", I r , n' l>bell cnn, ,, ' od uf tix 1:1&1-: 4149 IO-in,
' luart1' c""ed rni,,,,ph,,n.., ~ewer B& K ~q 2 1 outdoor
"'temph""e ,y,IOl'l> with , ilk wind,",..", 11" re u",d m
place of the " Ider B&K I ~ ' l1el,1 'mpHllelS "<od at

Fort Ru"ker. The si' mieropho,,", We rt wired t" alT
eqUipment " n, A' a1 F~. l RUcker. ead , mlerupbon"
' i1-"al wa, receiw d, amplified hy. Neff 1 1 ~ DC <lnpli­
fi.,. •pht . and recorded on a 1 ~ · eh aJl nel FM "r<
,.e",dn Al FUrlCampbell. Ampo" PR 2200 reco,do'"
were u" d i" ploco "f tile ohler f R 1300 recorde'"
fl.;,l her IiT on ,p li! ,1I. ' igllal .1 707 III .. wa, do!!< .1
fort Ruek<[ f ' p,,,,,. duro which gained no mor. 'h all
b d~ in dy" "mic ,"n~. of tho hig,h f"que"d..l,;\ 11'' '
decided I" ,p hi the ,"cording Inlo a hi1,l ' g'," anJ low
go," channel to me" " e ,h. dyn.mi" "nge_



ru "" '}'n.:h,,,nu~lion , handl<d ,,~ a S~1"on

I)o.",n~, 1l..l~O "n....xk [t<"n lO. """c~ """"pll!'d Oil<
up< ,.,ord~, d.." d Tht 'n"'l do,. cha..",1 "n
'M ,'n1"'~ ~o-d., ...... U>C'd fOl ....nd opt.d IIld .. ,nd
~,,"'lt"" ",fonnol_.

f lo< .«onllnr;> fOl h"""" n' de
""" ~II.-",,.tl by '11 rh of , lo< ptnnantn'

"I<'~""'" ani. r oden,l<aI """able I)"'" ,....",....;I
by Ii ... ",d<nil.ol>. '~ of tho pooublt .l__ .......
..~ of a 1I.l( ~H~ I· , ....._, ...."ort-
I""""",d by a IId.K 2109 nd '"'" ...It, nw.. ,~..
,~.........'.,. dod fron: ,''''' " C OII'P'" of ,lo< Il<IUnd Ieo.1
mr"'. ""'0 • '>go' OJ r~II·, . ..k "", ..bit ",..n"'"
"f'< "",,,,de, .. h",h ...,.. .. , ' 0 oun .. 1.~ '.... In •
"'potl ~... from 'h. t on R~<k.. p, o<~d~,.... no mooN·
,n ' Fotl Cl mphtll ""'... mack I' ' lo< I .S ' I" "f>'<'l.
G nd f'....... S~"om

Ih~ " ..Lin! ,yum """d ., FOri C.mpll<' IIWa, ""')
" ",il. , to th., .. Fori RLJ<krr. 1·...0 ca"'or" a..d a Ih.·
nd"ln, ( Fi~u I~ ,II m.,k.d tl>< pooih"" uf . " .,,",ar',
n) "'~ 0'" Ih. M ddl< ur ,h, m;crupl,,,... a" a), ea",...
I "'.... 1,1... d ~ (I(J " ,outh ur ""c'''I>I,u,,,, ""Y. ami
,'a,,,.." 2""" pl, ,·.d at tI,. ~.. t ond ur th~ ,,, ,,,,,ay "o ~ t

,,' ''' '' '''1' 1,,,,,. ,I . M'tu' pol.. in f,ont uf [1, . """,. r.
1'''''''''''' "" oro ",.,k. d "" tl> u"if,,, m gradu.t"' '''' , Ily
.... "' '''',,~ plw tng,ap'" rr<xn bu,b "''''''''. 'mt "w i"
_ ·.tt ,," 1" "'''"" i"fo,m"i "" Ul ,h ,.., d"".n."~,, 01
the m,"""'" tho p.·t"re ' {Uf l.llt .1 00-11·" (:1. 'n'_'"
t.k.n. Fo' ,h. 1(l()O- ft·AG l "P<roho ""ly ~"'''' " 2
"' d. f ....., .Jd "ona! •.,,'" p" le, " u..d I" de·
,. ,11< the li t illi"" " I 'M arr,·,,1t In,~ 'II'~

_'hI from ,h d n,p' I,,,,, "" ' ~,n "',, " ~,.

,••"".1, by an """"'"" ....." ~""Id ... ""'. n tit< .".
uan ....or. p,ec,..ly ove, 'f>< ..., .""", .,,,Jdlo- 01 the

"'~_,~""',,' "rI~ 110e f><OC"l'''''' .11,,,,,,,,,, p .. _
,....., ,h., ,Ito .".....1, ...... , k.... ""..."" ,,, I t:u ) h
"GI. !i" ,h...' , d)

A",.. ']0" '''-' c >flD.,"ed ,I>< ."" ' lor u n
.... u.. lh<od, .L'e. "'.".". a pIc'u" w.u loom
rl,f><" ~a_ ... h.,. ""mer» _ ... fired ud ...nd ....c<;.

" "" ..10fIN'_ on !lor Arrrpn 14 " 10k u pc ..'-'Ofde,
.... 1IlIt,rup'ed m....... . 'M ' I}' . A ""'" bull"" 1C'... ,0.
. t tlo< theudoo" "".,rup,.... ';nd <pHd ,. lurntl U""
un ,h. Am '''''<>Id., and "", .ded a be-U a' the ,nt
,un"ol <~. , Ph,,,,,,,"p," .... ,. ,.un ""'en ' he ,,,,

cllf, "'•• ove' Ih. cente, of the m,"",I'''''''' ' ''0'.
ncrp' dU'in~ I. nd nil"- In , ,,.. " ... ph.,">tI,aph . ....,.
l>kon ..hen ,h~ ."".ft ,.""hed , he . a.' .nd nf ,he

1."d,,,, I.n.

Col,b•• """
A' ,10" h,~"" m ~ or ""'" ..<I "f I~ ,,, ",, k "1'" , ,he

IOIK) H, oloctr ",t , ti " ""I Ll . t " , hUlh ",t" [h. ~~~ I

"

mrctup/lont 1)'" u...d " , .. , I kn"",,, 1..,1 (JfI

,10< '...... Tho <Ioc, t'" ..-,... ,,,,, .... .. I..,rd " 'l,h
&l.K 4~m. 1~~·dB pu.t""ph"",. hol_ and I h .. 110<

•• ",~ ""'...."'...nt p'op. m. K o"b,," "" 01 the .......
I......hc ICtu.I,,,.. WI '" ,he IIItK 42!O III."... "'" '0
ntabli1h ,,"Mo>I ~.. K fICIOI 1"" lCh "'''''"01. •

n.. in.lr......n,.,_ f.... 'lor 10...., """"'''''' --.orr­
...n" .... aIlbnted -. II.L K ~2:'O pin~

n.. <::&I>bn'ioa ' Oft< _ 'e<",<lrd "" tho "' IU"
oe.:.........

3 DATA REDUCTION AND ANALYSIS

Ro...OIou
h ch ro" of " PO I,om 'he 1 ~·tr••·k ""'1'" PR-

2200 "PO .., u,dot "",,' "1 12 d ...nnek <>f ",,,,,,,,,a1
data; <""" "b. "",l ,,( ,it «>d. Ln f"tn ,.",~\ : Ol" d ..,, ·
",I O"tu ",hICh "' ''"" '1"'". WInd d",,,,,,....nd SlIllI'is
r" "" th , co''''' ,,, . nd tb, od"Jjt, wor, ,"co[d.d ; . "d
uno edge t,.,;k ""tu ",hk " ""Ie. i"fu,mation "'aI pl.cod .

Th. 12 d,."""l , of II<'>o .Il".1d." '~'1J" .. od fr"m
,I,. ,i, miClOpl",n.. '" th, dYl\l ml< ",,","hom If"~

El<:h ",;olOph ooe "lllIol "' '' ' 1, lrt "' '' r "tl recordod
linrarl~ on ooe ,-h."",,1 an d tht ot"er otnt 'hrough •
14 '024 dllomrl,rlt,..,d "",,,d.d "" a"<>IIo<. d lln,,,,,l.
Th. ,>bj<o:' "" . to i","'''' ,h. ' ...."'ded d)oa'''...· ,.n~

Tm", .--oJ< ," foo mll"" uppl,ed by a ~)'''ron

0"""", ,nodel ~ J~ " .... "" ,.....1101 LJa~ of ,h.
,.... h"",.. ""nu'n. and _OIId. _ ........""dod on

.- m... ...1of ' f>< Amp<~ ,"''''.... '" dl"tol f""".'
Tho .nna""R! doll .han_1 """,. "lIWd Ih. ""......

01" '''''' "'<lIlav-c""roIled _illo'on, f hn< ...,11 ..".
or, 'Of' '0f""" a ...,,~ fl"'fMO<' baH tOl.ach. 'The
""'~'",I"d _iIlI...... ...,. dmm by _ R. M.
Younl """" 'f'Hd alld "''''''011 no .ppan·
' uo. f h •. ' Im'ape m....... c....d be 'tid by rum
_y"'•. an d ..,1Id opeed IIIIf d,,,,,,"OII ~'-""'P"""'''

do"'mo,ned. f lo< . rlto ',ack <-on "" ned I n><II runn"'l
d.. 'Y of ...n'..

f.1Ch hehcop'er run ..u phOh'l',ph.d "'''"'' the
."".ft p....d.,... . ,h, " " 'or '" ' ''''' land,"~ I f o,
.lU ~f'·AGl. TU"" ,,, " ""mo,,,. 90 d.~I ' 1'"".
f""">cd ,'" • poinl ab.,., lb, <o nl.. uf the run"'",
",h." i, "' " .""dp,,.d tho' tho I, .h•.- up'" ""uIJ tl,­
[" 'h . fo,,!,,"'oJ uf , •.1, plw'o~r>ph "" '" , t. tU[ ro"
",.,k.d with "" if"" ,, "i"","n•. 11'100" tho h<l" o)1'c[



J'ZS",d ove r the appropriate 'pot. an ope,. tor tr iggeJed
one of the carner.. , A wire bu. ,y.tem lri!l!'ered Ihe
olhe, "a"'Cra. alld .1 d,. "'<1., til"e mom.nt." ly in·
terrupled Ihc wind direotiun .i~nai... dc'cribed in
Chapler 2. bch ph"lngraph carried informati o" aboul
lalitud e "nd ' ide_tn_utle nriahon. The time at which
Ihe photugraph. were .nnt was noted on the analug
r«u rdi"g,

In ,ddi1ion, • wfillen record w"' k.pt hy Ihe Ihe·
odo];te " I",r. tol, Sine< Ihe the"d"Ii" was thed 1n place
ti" .ach run, Ihe operalor cwld ,"curd Ihe relalive
altilude of the helicopter in the neld of viow when Ihe
e''''er.. Wefe firetl (and a Son. lert "e.r th. IheLX1ulile
•oundetll The IhC()d,,!ite wa. only u,ed lu check
r«ull. frum the came,as

Roduetion 01 Dynamic Opora" on D...
A Nova 120\) mi" icumpuler ..mpled tile 'pecHum

•naly....r every 0.5 "' c. , ummed the 'pectra into 0""·
Ihird ocl.v....nd ""'ed Ihe contenl, on disks. Sillee
e,eh microphnno . illl'aI was .p hl while recu,ding tOll.
high.gain .nd one I"w-gam channel), fou r pa..e, we",
perfurmed to, o..h of Ihe ,,;X mkropho"... (The
.pectrum iIl alY'-ef ,equi fe' a high· and low-frequency
pa.. to pruperiy c",,,tHole one-Ihird octave hm d' "ver
the tot al ,aOh"" )

Th< procedure fur the analy,;, .y"em w.... follu,",.
Wl,<n a " eHeopl., W;ul firsl dOlected. the Tape .nd , ".I·
y<i. equipment we,e " ",lCd. The nrsl Iw" p..",,, wem
m.d. on Ihe hIgh-gain chatlnel for high "" d low fr.·
qum des. Sume Llverloading of the ' pectrum "" aly<"
wo. expected, and the.. porlio n, we,e flallll"d by lI,e
mimcomputer. f or record·keepi"g purp""es. th. mini·
computer w"' u",d iHleractively ; Ih. l i, . informalion
w"' reque" ed from the operat '" bofor< . nd a[te, e.ch
pa".

After Ih< l1 elicopter b<' Lng , naly'x d w.. nO longer
Je leclohle, m .ly,i, Slopped, til< lape wa. ",wound.
and gam 10 lhe :molY/e, w.. lowe",d in preparatiun fur
, "'cnnd ..I uf p...., . 1'", th..e two low·gain p......
the .naly";. Wa. 't.,led .. the "me time on tape hy
o, ing Ihe lime eutle ch. rmel lu in, ure . ynd HUni<alion
belween ,he p...., . The two .."of p..... WOle memed
by incorpor.ting da,. from the ","und low· ~ain p..'
when.vcr lhe hil'h-glLn pa.. w"' overload.d. TIle re,uJr.
wore fill ed logelber 10 f" "n tho full 'pecl,um per 0.5
sec fOI each micruphune.

Redocliun uf dola from 'he Iwo C'mer., wa. han·
died diffe, ently, Tbe groduoted ,tato, rutl in the fo,e-

"

ground of ea"h photograph . Uowed calcul. liun of
al1itude arid Io IC,.i v.riallon ""e , d 'e cente r of the
l.nding la"e becau" Ihe c'me,. angle. di" "nce to the
" ",UI rod, ""d dt"ance b<' lween graduations ()Jl tho
, I."" rod w,,< known. C"' redi "n , were mode fo' aber­
rall"n, in Ihe len'

Ne~a t i.., of e<eh helicople, were p,ojec ted on lhe
"~orren uf " mi" "fiche ,e.der; me..uremen" were
I.k en in ",lati"n to tlle .tatm r"d . •nd dat. we", en­
coded inlo the minicompul" for furlher c.lculation and
.naly"", Gi..n Ihe inform'I"'n . upplied hy tho two
piclu,e., . lgorHlrrn. woro writte" Ih, t I"".ted the
heitcopler ill th" e di,nenSlun. , I tll. ll,ne bOlh ",no,..
we", n"'d. The . Iant di. tance to e",h of Ihe . ix mic"..
phune; in the array w." o. lt-ulaled ha. ed Oll rhe position
of the hd icupler in ' pace .nd iI, fo, wa,d ,peed .

The plOblem of diff. ,o"t lype. uf "otoe being pfC..
enl i. itll,,«n l in ""y analy, ;, p,ocedu,e. Ifow,ve, .
"oi .. froIll differenl .u urce' <m iy becom'" , i ~nifLcant

when fl app",,,h.. the 'ignal level. In lhls .tu lly. Ihr••
method. We'" u.cd to delerml"e d,. combined no;",
le..1.

Fur the first ,eading ambient noi, e- , recordin~

w.. m. de immedia", ly . ft e, the helicople r lei t lhe are.
following 0 .. t uf p...., . Thi' readin~ refleClod amhionI
,ound, (.uch " wind. ",hicl... huds, .ud otl,et <n­
vironmentaJ ,ound,) lhat occurred during the te.t,.

Electrical n"i ,, ·-t he noise of lh' 'y"em Ih. 1 "
co"U.nt at different Il"In "Uing.·- w", mo..ured by
ana ching. dummy micropho(lC to lhe input ,mpUfi.r
. t otle of the 'lOtion, and me a,uring the re,u lt' nt le.el
011 playhack from tal><

The thi rd nui", readill ~ t.pe nu,,. - w.. t. ken hy
shorting d,' it'pu l lu o" e channel and ,ecording, On
pl, yhack. the lev. l w.. [oc..ured

These Ihroe ,..di"g:< We" . ummed lu ,·ak lll. " ,
compo'i" n<>i.. lev. 1 (eNL) by o", ·lh ird <)Cl aves for
e<eh gain ..tu ng u..d. The correct CNL was compared
10 Ihe re.olt, nl one-thlf d OCllVe 'pee". for e"h 0,5
sec. and thuse OS ",c interv, l, ""''' rlaUCd if lheir
level! c. ",e wilh in 3 dB of the CNL .a1ue. For all not..
,e.drnl:' taken. gain,elting'lthroughout lhe 'y'lem we,e
beld lhe "me " Ihey ""',e when the helicop ler data
were recorded,

Dot. Analy".
In addition to the reduct;"n of dyn,nnc uperalion

da.. into one-thi' d octa.e 'pecn. fo' e""h O.S ..c "I'



~1;'nIJI" . ".. ,.... t"""" ......... Ad ' ,I¥. " ""
I" ,,1kI that ,lit .""':.1" of to_ ,,,,,,,, , dill "'" >rP)
,.. h....:""'..n ...... lhe pr.....f) _ ""., ......,

"f. f1~'b)- ... rh. 'uI", ,. Ih<, th... lho ."C'_

Th.. dul'''' n pl."u rh~ .....1" "f ,h. "P<,a"",,;d
.......~"" "". ,. p"fo.....d al Fon C. mpbell "" 1M U I·
I>OA. 0 1· 4 1('. and LH_III. SI.L •• ,.... d"'m." .1."
. ,. J is..-ussed, .'''lti"". in SU WIl li '''<Iort . peed .,•
n .",;",d. ..,d 1'"" C. ,nl''''' l1 d.,o 0" c",npo", cl ""'h
the c" I,,, .., ,,It, . 1I·OTt [< "eI,""

,>,nalr ... "I' 'h. h......' d.... wa.qu". '''''1'1< 11 1ll""ld
be ..<oIJ,d Ih", , .10-"" ..< ,,,Ju,~ ... . mule .1 45·
<It: gre< in"... ..." , . " ", nd ,I.. huo"rr', I",h,"l".' ,1 •
tli".,,"" ,,' 4lXl 1', f" ",, Ih<",,, t,, , ", II", .It<l.fl . An,J
y. ;, c" ", ;,'t' d " I d" . " " ",""""",,",,, " I ,I,,' ' 4" I>·.lo rr '
,~. wel ~h",J I " 11 .... 1 1'" "ad , " ,,, ,.1 '"1. fi ll ' I.....
,,,,,,.,,, '<""'" 1"',I"n....o1 y" ,,~ ' h" 1'1 II.l TrY"
InlrS'. "nl , ..;~ M"",'" , .n<! Si l \1 . « , (""'"d,
.'"I""y, • I ru. ,,,,,,,... Ul~ okl'" tOl'

,"", ...d.,,. 1M <,U . of nth fl¥""" WI> J" ..",y ....
... ,.d in".. fdd ...... !be nRI~"""'T_ln l<"

1"".1 , __ \I""",,,, ....J S~L loI<,." T"" 0 S ..,
~"4 ""d ,II< O¥e•.u f..lJ. ~.."j SH ,_,~ <:urn.

bil, ..... '0 p, -.I...,.., ,>,· d 'iI' L ......., d"•....,.
,. b hon,

Ih. ", .. I., ; , ~" "'.,. ,k'"I" ",d ill roo, "' 1". I "" .
th,' '~"" " rh t,' , 1 ~ I'l. I", LI,,' " '''''' It "",, 11 1' " , 0, "'" ,
<' Ll T,· ,, 'd I " '''','' ; "I I~ , ,I,,, "1,,,1,, ;,,,, "",,1.. .1 j"' ''' ' ''I',
110. 1I ,' or,.1"I 11." ,\ \"" , ~llI od I'"',,,m "1"" .0 ,. n " .eol
h)' rho "" ...,~ t"",• . [ h. ("I 11.1 . "IU" "'" 1>e ,T""".d du,
"I"",,',on " ,h.... ''''.. I)· S<,0",1, ,h. 05· , ,,....
,nl. IVo! h.""1 I.. ,nax;"..", A ... .,." N ••1 w.. d.
'.n",,,,,d. ond It. 0. '''' ...... rhl'd o, u .. . P'""""'" 1'",
lhl' 0 S.... ,,, '.rn,l .... , ''''' '''<IN. n"rd. f""" til<""""
" ..... ,,, I,,,mo bon on !be p!o<>,,,,,op... It>< d .....
"I'J' h "r .""af' ,.. ,.,'.....- for .""h -""du"
", , _ ... d",~ . , n.:h "'''''f'bon< ..., 1k",",'nN
...d ' y"" h,on rud '0 rh. ""'p ,o.. I. p' ,« ...d,,,..
f' rnIl11. ,h.,"",mum xpn:.rum ."d dis'"",. <>I <1"",.,
, pl'fO..h M ,....dlu ",n••" rh. ,. .. (,"d,,,.,,,,,,,.d
Sl'l IA''' ' ' [\I " . ,lj 'o . n <qu,..l. .., H L fOIl d. y w;rh
• ".,,01;,,01 l' mpe!JTLl '" ,,1' ~ "" F ."d ",b u•• hu,,,,dLl y
"I' 71)1", ,,·, ,,1

4 RESULTS AND OISCUSSIOl'll

1"""'1 II", fin . 1 "'1', A " ' ''1101 ..:1 SU o 0."'" d.. ·
,.,,,;< ", I.""", .. . .. «Iah hlll<d Th. d, ta u..d ....'"
Ih. \' 1 a' 'I>< microphon. ,'0,,«'«1 ,,, rh. ' '''''do' d
do1 'ond"" ..... the dl<l1/looX "I rI...., .pp,.-h 1" 0 10

..",.f, 1" ,,-o<,opbone, ...d 1'" ..-in""m U"'d
"" """ ........ ... " ,,"... ,I>< 0 S ...-.,,,, d>t u ...,,,
A.~'<d .ad~. n....""" lhfft faclOn 'v

"'1 ,n ab." ,p'''''' ' ,he ...... ,,",<4 0.:10'. 'P"'''''''' ....
u",d ,,, d,'.m;,. Ih•• ff"", " I." abwrp'ionl. ,h. II
I' "mpl,' ud. d >nll" .. I , poin' .. ....,,"' .. " ""''''. ond
Ih. ' 1'1', .."1 d..... tion'" ,loonS" of , ,,>11,« m"',n, ",.
" ...,1,t Ion• • , ""n'II,,1 tl,,:<d, Appw d'A A ul ( '1, 11 1
f ech",..I I-l 'l'" t N-J~ ..""."" . deT. ikd d, ,,, ,,I" " '"
HI' 'I", ,,,.Iy,,, I" "". clu,. , "" "e1, ,, , lru, I " ,. cl ,,,,,,I. dy
I" ,h. A" r .or". pro,:.J LJr. II", \Oi" w,i".n ," p." I"
<1<,,: ril>< 'h. ,.d,d",nullh. d,w,nc ",,,an 01 .' , " tt,.
I'n"..,~ dM""...,"" b.,,,,,,,,,,, 'h. Ai, h ll"" . nIl A"n~
d. .....I"""".. i' ",01 II.. Ai, I "'CO u",d l on.~"rr«:·

""". a"" .II..,,~ pe'co,...d ..... ... .. ,LI'Ndll l ..
"",n .. A " '"lib ''''' w.ru. lh. J",n' ~<ft ,In ''''''
;w oe"'" ""I ~ LOI)) '-'l U~ . eod t" .liminal<'
11'''0111 and ..r.... " lh A Iewek. .... l..

' U , M. """, """ "'. I ' ;d..>...,.<_"•..,_ h
__ 1<....1''''6 F~ ,~ """'I' 0_,,,,,,, ..._ni,.... _
"01,.,.. u/ ' .....1' ,.,.__ '","""""'" 0.1., ~."""

UI~L· ' 11.. ')- 1117 ,1Iv1'. 11<,..., 1 ..d "" .....n. l "!~

"

I" . nl lyl Ulj Ih. d. ,• . it ...., ILltHl d ' h" f,,' .I)'"", ,,,,
orr'"'''''' """"~"''''' 5 t"on",'~,,' ly ' u'eJ h,~he,

'h.n [h. "tI,., Ii"" P"'''''Y "'''·',,1'11 , I h.. ,~·".m

..ic b.., "" " .h,"" ~ dll ut ,no", All., ,nt.n".,
,n_ul\Ouon, ""1",,,,,,,,"1 "",If"n,u,," '" Ib'a """,y_

"non " "b" kd I> I"""blt ..... ,oon I.... "'" '11.-
I<nul", ' .

SIl<"I""', n~ ' . ..a,n f~., "n a po'<nuol

• • p~...uon /", ,h. lop, ' nl>" ' hI> """"
'i"", M,,,,,' ph,,,,c S .. .. 1" '<0.1 nu , d•• "'-',ro"" "f •
... ,h ld,•..,"tt< 01'1" "';"") . nd 'hu. "'ay h••• cxpe" ,
. ,,«d . n.... "1' 1U",,d f , "'ti' rr ' ~ , In vIii" ",.",.1,. ,mc",·
pi" "", 5 ","y h.., heOll n.., 'be cc' ''o , "r • ~,oond

,or r"". h"iJl~ • •"", h.1p.,.b" l,,' . 1" 1><. If su. wi,,'"
, h, Ii""l,t<, 11." ,,,. ' he' ~" 'Jl ,, 1 o",T,c. " ·",, Id lw'.
I<,td .. . ..t1<, I", I"t·... >in~ , It<: hd '...",.. , .,•.",01 ne.,

,h.mo."""""",

II""..." rh. h..... ' do... wh",h "",Iud< """liph.-
S. do not """'" ,he _ rophon< '0 "" on)' I",..le, TIt"
m~' h_ .....h.d I,,,,,, tho ",~, of tilt _cnf'. If
".. ,. "'.... did ..11«, nOl<O. d>t """O;C hOll ,,, be ho#l
~ '0 ,..J ..,~ Ul'" , he .. n....,,~ ..h ",h xh""ld b .
i"" d lis on I drop rh. n on 1..<1 "1"".". Ex....
,nallon or Iht dOl 01. c, .. tl)' ' hrs It.nd. ~", ...
ph"", 5 w• • h'&h b)' S .Ill 0' mo,. "" 1...1 111 ..... "



(whe" the al,n,n w"' 300 to 1000 ft AGLI.•nd loy
, h"ul .1 dH " " la"d; ,,~, (whe" ,t wa, perh,p. 50 to
100 ft ACL), On ho..rs, "'i,,"p hone 5 w.. not hi8he'
,h .., Ihe "the" .

The dala ,how th.t lh, helicop'e, is a very di,e, _
[ional ,ource which con b. I"" ,ely Ihought "r .. 0
dipole wilh re'peel I" , ideli"e "'ic,ophone, , The 'poc­
m8 or Ihe dip"Ie appe. " to he app,o~i ma 'e ly the rotor
di''''ete" Fl ~ure' 6 and 7 illu' lrote the diredl.ity offect>
of,n ideal dipole fo, level f1y uv." ,,300 fl AGL and
1000 ft AGL The ,ead.. muSinule th. t Figure>6 .nd
7 opply o"ly when Ihe .",:roft is al the poin, a f do," .,
.ppro.dt to the mic,ophon• . The rodiation di,e"".ily
pa11ern of the heh"optCf in three dim. ". ion. calf b<
more ne,r1y thought of as a po, lion "f o dOrlul lradi. ·
tion i, ,1'0 'ed,,"ed f'om the traili"g porl iun " f lire
donut) ,

Ikeause uf Ihi> direclivily, a hehcople r p""ng
direcily o,,,he. J .o unJ. Ih. luud." wh." il form, an
aI1gle of I",rhap, 45 ,legr.e , be''''''.n the ob.e "'e r and
110. heH,op'er, , ,,d hilS "01 yel reached the uhse",,,­
II} lire time Ihe hdLCopte' pas,e' uvcr ."d i. le. ' ing
Ihe area. it " alre,d} lU u"h ~ u .. ler bec, use of the dire"­
livlly effe"1>. Similar l1elicopter furw"J moli"n offec"
or' "b..""d "' the " dd ine mic'upl1 one', but th, .. a,e
al"' .. ry ,en,i"•• 10 belicopter . Itilude. as i. , hown in
Figure. 6 and 7

The dal. indk .,. Ihal ~le compik.le d pa,llal donul
direcli"'ly pane," uf Ilr. hdi eop'orproduce, the follow·
ing . ffecl>. The mi"ruphonc, dlrec,ly underneath the
aircraft (microphoncs I and 4) c"n, iSlenlly m. a.ur e
Inw.. 1.., 1, lha" th. , id. hne micruph"rles. At 300 1'1
AGL. 110. 200-ft ,id eUn. microphune, me.,ur. highe,
level, than do the 400-ft ,idchne nucrophurl«. ]lowe,cr,
hecauIC of Ihe direct lvily p.tte," (Figure 7) wh.n th<
.i,c,aft i, . t 1000 ft AGL. 11' 0 400-fl ,iJelin. micro_
phone. m' . 'Ure a, greal '" g,eater I.,d, Ulan do Ihe
200-ft mic,opho"e. undellleath the .irerof,.

To d••elop ..e"go ,,, u,,d u p""ure 10'01""liS dl,·
t.ne" ur,p«d rel.lioll ., tb. d. ta fur rmerophune 5 "",re
C" ", ll" tcd be,', o," 'hey we'" e"""'len'Iy high. In addi·
lion, til. d.t. from the ather fi.. microphono, Were
n01 'imply ..era~cd Mo'e <; OI nplklled "ok ul'''on>
We,e do". I>c, au,. micropho"" 1 and 4 co"ld ' yoto", ·
atieally bia, U'e data by 0.1 Or 0,2 dB. Sill," the,.
micropho",. alWAy' "\casu"d lowe, th.n the .ideline
Inicrophun.. hecau' e of Ihe Ji'ecli.-ily of Ihe ' OU'C',
the dal. """rc cumhined by appl)'in~ a 4/3 multiplier 10

'h . dl lO for mic,ophone. 2. .1, and 6. ;lnd ' lUulliphel
of t 10 'he do.. f" r mi<'ropllun.. I ",u 4.

Saur>d hpooo.. Lonl V.nu. DiUonco
Fi ~urc 8 illustrote' thod"eloped SEL Ve"" ' diltan ce

fot le, el fly""... .. ' ,p«d of 100 i<Il ot. poo ft AGL)
for Inc L11_WA. Figule g .hu cUlltalIl. Ih, SEL.."",
di.la" ," cu," dc,duped ror [he U11-60A I..,ding. , (Fo,
II'e hoa.ily In, ded ·-I.ndin g." [he l ;IJ...,OA .ctually
brough' Ihe , ling·loaded w,te, bufb iu in to tl,.I""ding
poinl 'nd ho,erod wLtl1 Ilr. buff. lo re.ting un IlL<
grou"d.l A. wi th th. 1974 Fo,l l{ucl" d. t• . tbe h. .._
ily 10:«led ""croft i. , boul 2 dB l"udeT th", IIr, lightiy
loadod ai,c..ft . :uJd the larrJing ",eale, ,ub' l a" tiali~

more noilC Ihan a I..el fly""",

Fi~uto 9 ~i">t rot"' the SEL ' O,"U' dJ>1.nce d,l,
d" eloped fo, Ihe CIJ_47C for 1, ..1 f1yo•• ,. at, ,p'ed
of 100 knot, . Two e""'e' are for da"galhered a1300
ft , nd 1000 ft Am.; tbe thi,d i. for d,l. on ClI-47C
l:rnding noi' e. whkh is , uh. lanlioliy g,e.ter Ihan fo,
1..01 nyo,or.

110'0' Dolo
Tahle 4 ii. t, ,h, in· and O" '-Of-8rounu . ffo,", ho'..

d" a (1"'1) 'ilk. n at 'h e eillht me••" rcm,,,t pn" tion. fu,
the , ..ion, airc"n, Raw data are in Appendrx B.

CEIH. T,cJmical It.port S _JX indud.d ~ene,"li..d
h",., ""n,oU" :rnd a tabio "f paramele" to he "sed
for individual .irc roft. Th. dalAgatb"", d >t FOll Camp­
boil h,.. been combin. d wilh Iho ",iginal dat, from
ForI Itu"kc, to form. ,o,i..d "'I of &" norali,ed hO,"1
contours alld individ ual ai,er. fl pa..mete" , T, ble 5
lim the . mounts by which Ihe.. gelle"li"d huv.. C<HI '
lou" depart from a purely omllldi,e<tio",) ",Ute• .
T,ille (, eontam, the energy a..,age hnver emi..ion
' alue produ," d hy ea"h ,,,e,,n, if Ire,ted IU on onUl i_
du""tio",1 ,ou,ee. Together, ~,.,c lablo' ~l<ld I geller·
aliLed hu,er omissio!l' pOlle", , col.d to . a"h ai,crafl .
To form Il,o,. compo.ilo,. the 400-fl d.., fo' Fott
C,rnl'bcli wcre con,"ued to 200 fl for 'he UIJ_bOA
and Ufl- Ill. •nd 10 ,IO(J ft fo, 110. (11_47C using'
fae'tor of 7 dll aUenu, tiOrl for du"bling uf di.l.nce.
(Th, di""pancy betweon the "", ,,u 'ed IJII_III d,t.
,t Fort< C.mpb<ll il11J Rucke, i. dloc",..d on p iS, )

V.,i .tlDo af Saund hpoou ro l ...1WithS~
Figu," to illu't,ate' tl10 me..ured nrialiun of SEL

with . peed ro, IJr. CH-47C al a >Ia'" di.WJ~ of SOO
ft . Tho d,ta OI . ' hown ,,"p' ''l<ly for the 300 ,ft . nd
1OOO.ft-AGL f1yo,"". Figu'e 11 1'" ",n 1< 11 .. ,ame type



01 data 10' 'he IIH-I H h¥", e 12 ,110m'le, thev.Ii.­
[;0" ur ",ultd np",ure lew! mth 'I>cod rm Iho UH­
bOA .•¥"" ,I , .1.,,1 di>l.nce of 500 ft. In lh.. "",
lhe d.ta aro pre, ..lled for Iw."ly ,n d li((h'I~ I",dod
., ,, raft " th,r lh,n f", J()(H, · ",,,I llXlO-fT·Al; L

11~"ve". TIl< d" ·.' i" I';gur<, I0 Ih""J ~h 12 are b,~" I~

Ind<i' ende,n .,f 0;r,,,ft . It;1ude, ,I,nl <It",",e, or I",d.
Tl"", ' ''''' I"", le , u'vc; , ' " oe , ,,,,' t ,., , tod, F I~'lte 1.l
HI " " fa'"' tl,e , ,,,nl'''' ito va, ,"""n uf SEL "',lh dimn,e
I'm the Ih,ce .",,,11 'tudi,d , Figut< 1J i,. generaJ i,.<d
curve mml1alJled 10 0 dB .I ",peed of 100 knuts,

[lirect ",">su -e"len! of SI:L VC"'", ,ireraf[ ,peed
" o"e w,~ "J d<term;ne lhe 'peed 'Ob lion. Anuther
'l'pro.ch i, to "1e""'0 th, v. r;atio" of the ll· ..,
maim ulll ['''1 "lith , peed. The v"ial ;on should he
equal 10 ll"l uf the \1-,ec maximun, m i"u ' 10 l~ ( , ,, ­
e"rt 'I"'ed). Fi~u ,e' 14. 15. :iJld III pro" '" d... for
Ihe \:\-,oe " 'd.<i"'UTll L"q uf lh< .i,eTOt'! 01'''' [io", .,,"
,1. ,,1 d;,l ,,,n " ,hu...n in Fi~ure' 10. II . ,nd 12. A~, in .

TI,,' d, l••nd OU",", " e la 'l'"I~ ;lJ "e l"'" denl or,;re',,11
hc i~ ll '" lu"d, Figure' 17 illu\ t ,. le, Ihe eUl11pU'lIll'
"U"e, f,,, Lhe IhI'''' . i 'O'a rl, lhne cu rw, Were devel"pcd

''''' ' ~ " ,,",, " ' " '' l ..q plu, lhe lhe" r"l ic.1 vad,li"" of
11y,' "<" d" ,;" ,,,n w,'h 'I'0"d

!" C(~np"e 'ilo v.,i'lI<>n willi ,pe<d of SFI. and
ma"nHl '" ~. "" l '<'<j ' the ' lu ,n " l ~ 10 I"g l.o l,"'lt~/
1(0 ) w"" .,hl, " Iu Ih, eu"'e, o f Figu,e, 12, 14, and 15
llJ f",m I'i ~u -o, I ~ . I ~ . W , and 21, The dat . '" F;&u,o
21 ...er< [he" "on,pared with lh"" ,n Figu, e 17 hy pl"l­
lJn~ the di lf"ell ,oI Fi~u t< 22). Tahl< 7 li, ,, th, dala IlL
Figuro. 17. 2 1. ,,,\d 22. Th. d,ff,,",,"", ' ''' ,,,,,II. , liow­
Ing Th at lhc '.11,,110" of SEL with ,pc<'d ea" be .Pl'rox·
Im' 1< d by Tb o ,·"I"tiun of l-.q willL ,pood minu. 10
lo~ 1..lodt ~ I I'IIl" , on, t, ,,,. TI,e labb ill Appe "J;'"
C li, l the dale flUm Figu,e , 8 through 22,

Comp..ilOn C'f Fo. t Campbe ll and Fort R"ok.,
R••vlto 10' tho UH- 1H A;,o ,oft

Figu," 21 P[~'<rLl> lho S ~L "o"u, di,tan "" cu"'e
"" elnrc J for 10\01tlyo,"" l lightly 1".,led) .1 ~O knn"
""d .1(~1 fl ilia.. Th< " Iue, a' Furl C""pl>ell are 3 'u
4 dH lower tl1.n ,hme . l Fort Ku<'kor. F igu,o ! 4 pro
.iJ". ,ill, ihu eO -IlI''';'o" fo! I."din~ . A~,.jn Ibe ".Iu",
. n· J To 4 dB luwer at Furt Ca,,!pbeil ,b. n ,I I oTt
Kueker. T,bl . ; p,o,enb the n",oimum Y.·••, i...oQ
fo, ", •• r"IIH;"up h,"'e,.1 Ft>rl' KLJ,k., ,n d Ca",pholl
TIle,,' dille, ))' 4 dB '" mo'o, Th. l,bl< ahu ,ompa,,·,
lhe 2lJl.Ht , " rred e" a" ,"~e l e r1"~~ ) h".er l-.q ror in­
¥r"un" .It" ou--of-gruund elTod' at Ihe Iwo fOrI>.
Tab l,>~ . 1,0 , hu"," th.llh. l '<q . alu.s for 'he m·~",unu

,' IT,,, h"" ,. a ,, ' , llULlt J t" 4 JU luw," OJ fu rt C,mphe ll

"

[b. " , I ForT Kuck,r. Huwe'"" the L,q ,.Iu", for Iho
""I-of-g, ,,,,n,1 off, ct h"." aro ~mi lar

Tho lIll_1I1 .ir",.ft m.,,'ured ,I hm, Kuek", . l1d

C'"'l'!>e ll aro o,,,,n".I1~ tho " "Ie. Thoro have 1><,>lI I1 U
1l10Ji fi"tio'1> lu blade , . t,.mrn", i"n•. or ."W"".The
,,"l~ knuwll c1 langc i, [he i",.. II. liun 01 " ~ n' ll1 ; e ill.do
b,t'Ll,'iH~ hardw",o d'lrmg 1'174. Fur lc'\'ell1~o.o "",

J~Il.", ic.l l~ h.J."c<J 1111- 111 . iru , fl ",hibih bl.d<
, I.p in th.· , peed [JUl.'" "r ll5 10 ~O ~I\u l" WIlhoul

d ~ n'H d ' b.I, ,,cillg. ll,i, r'" ~, ""~ be ,ligh ' l~ ...,""
becau"" [ II< "Ilioll ur lip/wake vort .. intoracl loll ""
ere""',. Tbu., [bo SO·knol u. la from Fort KII,h[
Cf"-JId w. U be .1 ILl 4 ,IIl I<lL,de, Iha" 'h, "",. m...'u,.,
men'" "' FOrl ("l1lph,'I!. A sltnll" . ff« t ",ay ,,"Ur
fLl,I.OIld in!,-"

Wh ~ are lhe out.ur·~",U"" d f." ,hI> , im;l., wh,le
Forl Kueker'. iJl ,~,oLlnd effeet d.la are bigher th,n
Fo,t l'a "'I'I><II".? H" e, hl,do/vo"e, inW'cTioll j , nol
, f...·" " . lIowovo" Ih. 'n ,we, m,~ h.;ll lh, mo,"u,e­
menl , urfoco. The h,,,,er .,0. u'ed .1 fort Ru,ker w"
Ih, io" , II .. ;,,,,', heli""l'le, l'arkin~, ,nd I,.,,"" w.s
.1",,,,1 ,,, I;rely I',..d; th, ,re" ,t Fon C,,,,pbell "'.,

~ ''' '''. 1 he",. t",.1 " "" I' u' ,·, ."aIHI' ,I""", tho liar"
,u,t.ce In cr" ", ' m••,u",,1 lO-t'"",,,! . ffe<t 1, ,,d , ,,~, Ial
2tlO ft ) hy , 1l" u I 4 "II. bUT "<lly i"cIe, ,,,, "ul-ul ~""1ILJ

.ffee' re,d Hl~ by ah"," 1·1I ull I'hu,<. [lie 1110",ur.·
",.n l ,,,rf,,oo m,y "onlTio,," lu ' lie " ,fforen"e, III ho.e r
1. ' 01"

0111 0' """"1> f01 Tho diff. r."e" ill levol, m'ght "' _
d"de d " "gc, i" nigln p,,",oduro, . e,,,,,, nnmen,,1 f.c·

,,, " .rf'''t i''~ tb. " " " L1 re,, "," t . ur err" " '" m•.,u [O­
m.n l , A' hoth iIlSl.II.'iolL'. I\Hll ~' pilu" n.... lhe " me
Iyp' nfa"c, .ft .lOO r, AGL ,T' ' I",. d ut' ~O ~nlJ I, . Ill.,,,,
'",n in ~ eO""a1" .hitude. I" hOll1"""" . 'h e piloa pe,­
fn'med In-ground ,,, .1 ~u l-uf-g",un d efte"I h" .." . !n
both '1lSC', ", • •"",o""'''b ""Ie "'ade during ",arm
""eo[ IICt , " ,d 'h o n~"ve" we,< I",rf~rtll<:d ;Il , g'"'"
cuvcred a, .. wlll, ""no Iree, no.rhy tltL,wC'·el. at
Fo ,t C.mpbe ll, lh, f",.·;(, , u rroondiIlg tile d oar ....
wore much lh",k<r ,1,an .1 Fon KUt·k".) In burll C"''' .
m"<penden tly 0J",,""d all" ca lil." I«1 """"u,em<n'

. yll ' " '' ""'< u><tl. The IWl) 'y " e,," " Fu, ' RL" ke r
plOd",e<l 1I 11O ," ,1I ~ c" ",i, ro ", JIle",u,e,".nt" .. dJd

th e' lwu at FUrl C. mpbe ll. WhJic """)('''' ''onl,1f.du"
m,~ h..·o .rf"ted tho tuT,] i'''''~'"te" e,p'"u,. le,,1.

' lhi' , n, I",,,,, "..",J on ~ . J I ~' ""Q. 'P"'r,~"u n of.
,{' herb l w,.. ~',,,, PI,,,, ~o" no\"y Wl1h . ( 'Qmpl" Imp<>­
"" " .'" J"'''h'' <Jt lire ,1"""",,,., Soci,',,' vi .4",,";'-,. Vol
bO, Nv, I <J uly 19161, pr J~_J9.



Til. _.,iatioo uf SEL with ,po.d i , ,.th. r ,"oJ ••t,
o. e. p' f"t , irer. fl . t . ory low or . ory hiKl' _r••d" The

SEl "B'" dubm:. """"'" , '" Iht UlI-bOA and
CH-4 7C ... '" Jt,_eloped. h u lbe UH_60A, u.. do..
. huw ' '''' ' 1 hel ..ly I....d... . i " •• ,. io lboul 2 <Ul 1""d. ,
. h. n • h~tJy load.d Ollt. !.IndLn! n.." .. with lb. VII ·
bOA . nd (" 11....n c i> wb:!,. m i. lly " ",., 'h ln for
1... lllyo•• "

IIlftn.. unlikel) mi ' lb~y <:<luid ""~ Iff« led the "..,. .
,mum Y.t'O<'C leq. ,,' lb~ h""". dolO ......... '.d "' ....­
lanoe> of 200 lo .wel r, Abo. "'" 'wo ",o.pmo.nl
nw.u~nwol '~'Ie"'" .."..lll _h u.. llI1lI'wn ' . nd 'o
rule ""I lht J"lflSIbility of "",...~mml ~""'. Th....
..... only knuwn p1IoIsIblt Up!anl"on' '''' lbe ..
....1..- ",,,,tdtd II. Iht dy"""",, bb<Jt·blllncine:

~"" Ifld u.. "'d~ hoot, ....f~ ••11' f ori
R""h.

5 CONCLUSIONS AND
RECDM \lENDATl ONS

n rill i"" of SEL wi '" "l-' dol. WI ll !If ;,oc"'l"'rlI led
in n :Rl 'l INCS .y.lerrl ..,d. lbul, ...U be- ..-w. bl.
whc1I (I) oi,c""rc .,.,.... d,ff• • "'II',;r""",'ly frgm lb.

'yplCll sp«ds, (2) lb. .. 1....11"" WI " ""' '''''' p",ciolon,
IIId (3) I'" aucrlf! opmrUOMldl'"1R 1C<:1I.11e~
10 ~lilbI)- '......,.1 craft p"""",,. alillude. IOd
.,...,., II' fu.D< IiOll of .

Tho _IOU,..",nlO II h " , Rudlu ""'-<l pOll
",'omol """;"Itn<y f r ......n 01 the ....... ty po

_lOll""" du"". lIM: loOtittt ponod II ""' ......
oil.t Ind wilh IIx ~;po.nl yiclded umilot rt'-

...1", Tho ""'''''''"011 II f or I C..npbooU obosltowtd
S"'" ",knurl comI.loncy ua-p' fut """........,.,. S.
Ho r. lh< bi.oo of rnrcr"ph"". S, I nd u.. dio<:rcp-
....1' ..en th. d... plb...d II f ",toCamp be-Uand
Rud.r. ,nd"",l. probl lb.l .,11 h... lo ... .......d
befort 1II. galb. ritI. of Ileupl., noi.. omissi"", dlla
can be 'lIl1d .,d'Ud. Ilt llu '''' l~oo. nocolll> be .....1­
orod 10 <o,mol iii .. ' . " "UI and . nv"oo,nen'oI foc'on,
ar,d ,,, ••<ounl r", th. off""" uf oorll""'" in main­
l.n"""" proc. du"" and r ~ "l 1."hmqu•• . To be~n

undorstan dln! w ch ,Ii"" op. "d••, it will b< " ..ful lu
'.plic'" th . m.. ..u"" IItnlO r", ,,, Furl. Ca", pbdl and
~ L1ck" wilh ~'" UII- I ll ;,irer. n ,

Tablt l
I)ynoIrK Oprn.... I'nf.......... 11 f,ot! A_ Of

To"" 2
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.... _ _1...._ ---
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GROUNO

ALTITUDE IS 300' AF1.-M I AND 1i14 ARE IN A SHAOOW,
11'2,11'3., 11'5 AND M6 ARE AT EOUAL POINTS ON THE
PATTERN.

M5 1016 M I M2 "13•• GI'~OU N D

AL TITUDE IS 1000' AFL - 11' 1 AND hl4 ARE IN A SHAOOW.
hl3 AND M5 ARE CLOSER TO THE PATTERN THAN
ARE M2 AND M6.

Fip u 7. Di=';.,, ~ ~1l..:lS- lUOO f. AGL
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ClI--'l7f

100 " ., 9H 9<UJ ~ J.6 "., ~U.4 )S,O 74,6 69,4 6l. U 5~ .1 51.8
Il~~' It 13.9 90. ~ "9.U ~6 .6 SJ . l 79.4 76,9 71.6 61.5 6J.J 58.0 511
.100 ft l.on~j", 106.9 10J.! 102 U 99.6 ~6.J n,4 ~~.9 S6.J ~n. l '3.1 68 1 6U.3

Tahl. C2

V.".'i"n " r S EL Wilh S1"' «I .1 500 ft (Figu.e, 10 Thruu~ I J)

,,, ." "" ". II" WJ

("II_I J[
J OO rt 94.R 92,1 RH ~H ~ ' .I ~(l. •

'00l,!. n 5 '6.• ~.. ~ ~H

un.ru
no n. ''1 ,5 ~~, 9 ... 90.9 % .J
l OO< ' ft 8J .4 81.5 ~8.R 94. 1

l 'U-f>UA
Un l<~do~ R7.1 8J .2 81. J "8A 89.J '/<U
l. " , <l<d R1. t ." ~~.H ~1. 1

( 'ump",it. (~. "n,>1i, oo
<u l"ll Kn" " 1
<"II-I J" ,, s.o ltu "' 1.4
IJI'- U '

"
- H U C." "l Jtl_6<) .~ . O. J - ij.• 1I. 5 "" U 2.J

lobi. CJ
V.".,ion of L,q Wi,h S I"'.d 'I 500 ft IFignr. , 14 Thmngh 17 1

'" so so '00 ,," I~"

n l--'l1(
.1 00 '1 . i~ .1 8l ,7 i l. ) J ~ .4 79,. ."I ()()(, ft . eo.e n l ~l.6 '""II I II
l (Kl ·l . UI 1i.7 ~O. .1 HI 8J,6
I OO( ft . 7i. 7 i O.4 82.1 87,J

l.'II-l,OA
Un lo<do<l 76,S 7i,7 J9-0 au no 84.6
L,,, ...d J6.6 11,9 18.~ SOA

f"mp'~'" (N,,,m. ',,oU
,,, Inl) K" ,, " I
("1I--'l J(" " "

,. "" 0.1 "l'1I_I II "' - 4 0 1..1 uo "lJ ll ·6Il ~ " " - 1.6 C" z ,,

"



Tahle C4
Varill tion of SEl .. 10 log (.Il 00 knoU I WithS~ .1 SOO fl (F igu",. I~ Through 21)

'" so eo roo "" I f"

ru-oc
,,., n. 90.~ 89.9 ~U ~a 8~-9 92 .4
lOO H)f! H6. 5 H~.b 87-6 8~ . ~

un.m
J l' J fl. " 6. 3 86.1 ~8.b 90.9 ~ 1-1

10lH' ft , 85,2 ~6.5 HU ~4 .9 •
UIl ,M"
Unloodod H I 85.U ~". 1 R8.4 '1<1.1 91.'
Im <kJ H I 84.9 ~H ~7. 1

(''' m~""" ,~ """.1,,«I
'0 " Ill Kno")
01 -4 7(' ,,

" "' e c U H
un.m _ ) .1 - • .U " c.c e r
UII·MA U H LI n.O a.r , "

Table C5
l>iff.ren« of l"l Wilh Sl"'ed Ve"", . SEL'" 10 In&1. /100 knol' "

lI'ilh Sjlted or 500 n (Fig" ", U l

'" '" '" "., "" ''"
U I-4 J{' u. , "' "' "" "

a t
l'II_1 11 ,., no o.n "" "UI I..60A "' u.z 11.1 o.o - c.r - 0 ,]




