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:.......--_, .....J -_o_S OF All{ i]!TLET A:_D _=_m-_.mWU ,_l,_'l"

.-.'._yJohn V_, Zecker

-_ ,, 7 b!em of cow, in{ anQ.In connectio:a with tLe ge_,eza_, pro ._ "

cooling.: a_. ai_c,r_._t power pJ ...... _: located w_.thin a fuseio._e,
...... ,:.:zCA 8 hi ::'_....... -'._ed T,ini tunneltests we::-_:_ m:__de iu _.z:e .... -i'c, ot . ..,__ o:.,_

to _,etermine,. the effect oz.,., exter__%_.--n _ ar_" and on the _Tires-
sure distrLbation of aiT- :!.n!,.,t oz,,_'_-: _o°_ _cCated at _'_,_

,;-2., &ir outlet o_n _n_s
,..a,,,ed. _._T.thc %,___ _.z'.,,i,'-z-":._'_,_.::.. 2l-o.:rce.trb s.n& o,::-o:_-rc:oLn__

oo_v_.OnS r,T...... th,"-. "C'O,i_" T, ero _.Is._. invo_'tz_<_t,, c,@.o _:_ou..i3.a, r2"-
l_,p.r t_s--_-,_ t_ on "_<,<-_-.-_:_:::;er, t_:, were ,_:.zde _-" _ el__ c_....... " - .......... _ ._.:.. O. O 0 .':?I_ _

wit'_ the ferc_ and -'" _.,o,_- dat_,.t_:e p:'e.., in&ivid-aal openi:n.;_s

_:er,._ tested witk tke aid. of a, bio:ver and bl_en practic_ble
co_biz=atlon,_', of J.n_._.t a:_..."_,,o_t'tot o,oonin =-" were tes_e _

_ariom,._ modif'ics.i;_o._:ls %0 _q.e ._.;,.or._a _ o._lc% ;_hapo nos_r the
inlet cp_ .... -" "" ' -.....• ___n_ _::,ncl _.!:ze a.r:)_.ot;jnt_mi c .effect s of s. __r_,. in the

., d'_ct wer.a s, lso studied.°

rfh.e z'es'o.tt_, _" .... :_.s,t '' ' "_ c!z"a:1 (me:_ _-__. o :-'-0.7 6.'O_ _ "O.:Le e X U e l_ 11_±.:. .._...._ e C_

" d.r_g ].e_._s C0mD'_I%_& dr _,-o" d'u.e to izit_rn'_l duct !os'e ) o? the
body with _,_i+_-" <ie_,_ .......

o_en:].Df_s ovor P wids ...._.... '._ ..... ; ......... n_., of r,'.ztes of' int _ " " " "_l_iq,9,.;.&tl r i __O_?

'-_ '-_,:, !;k_s stream].i _'_ bo',!i7 m'_'e
steer- c-Dre_,_-ore di" v,,:th "_ ,..... o .... " t._o best of s_.;.ch cor:'oi-
nation< v:a_' _Imost _ -" "_ .... I t _'' >,_':, _..__c,.en_ ...._,. -'i, .,_ t::ls.% o ? %...... ooz'r_B_0__(_ -

in_ nortion of _-_ st .... ., Z.s ., n, tho_... e re,2,r0±!ne b,".c'jr,, _:l o0_lsec;1].eiqc
....... e %oun&_::'_r-lsyer fT_or cenc_i_ions .P_S on bhe

,,_tre_m_zno hod-;., were obta.ined. E':_e ioc._l "_,-_o,,_,:2""_"_ imcre-
ments at ,_ .... so )..c,,:, bhst _"_*_ ri,......e uos,_ wore _,,_: c t_cc;d, s:p_ed, of

.......... ,..... _,_ em_,oLLo_,,in._ tb.es9 _hane< ;vo_,.& do,:cn& oz,, _'_ ....
velocity_, incT, emonts_ o .............._ :-]" _- _ n_- ,:,_ s e-..;-_qere" t h,':-n on t>e.... nose.

T"'_ results c "_ tke _ -'t_ _*_o'.o'_ste_ _"-_"....... v_,_ , ......... _ , _ _'.t, 0\1_1 nt 0T;.0P_ -

ings skould be desi:_z.,d, so tkat th_ static _:ore:-_sz:rc- of the
.internal Z!OW c_.5 the o_2t!e', ..... :oe +• v,,,_,,_.±e. ,ko :3,%me 9_s +h.o stat-

e -orossu_re of _' ._c%_rn:zl "".: ._ ,_.ac o ,., zio;7 in the vicinit?r of the

0ooni_=.o _._., _.c.di _':,._.......] ch.-t:,_n_?;r_s _ -n__+:-,n,.,._.,int orio_c_].- d.\lc%, r,.rrs.n.:_ oment
near tk',e inlet openi:,':_s h:_d. littlo effect on the cxtornsol

drag or pressure distribution°
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i_J -% _i. <,._..b ' U -]-

7 t h ._ " n t ,:-',..... £ r ,%._ £'u c t o e ,-I o,_z cs.,_±7: _,_a.rate carts : .4 ...-ms...- _,_
coolin_ a:.2d duct losses, an& the exter__.a_.-<ra% i_ic-_e:-_ents

re_ _,+in% from ccejta_ oure from :._,c..o,iba<ic ae-o _,._:_;.....c s
.7. 4_ " " • " " _ (_'7 *7_ "'an,.L mrom the acLO.ltlOn of COV.rI2n<s, .....,_,re: scoocos e._:.,q

the like.

Tests of modern pu*'s_=it s,ir_p!-_r:es in +..,he£'u.i!,-,scaie
,v-_n& _ ...... _ -_--_ rns.l 7 tss for "- .... r_,nt,__ u_Lna:,_i h2_ve skoTFn -._Kr-!.'.'ec.;_,.,_ o a _ _.;.z

-m'ower-plmnt ins,_a!ia_tions_" re'n;, e=cte-,:-s_, a.z_,T.... of ;_ood

f,:_,_ cowling i=_.,os,i_a.uio2s w-]_'--n" nrot ....,.......% c .........::rso- :_lr_

f_ce • rre_r__a, ri+_ies v-as s:2o',vn _,__ rs o roe i to be cor._id-

erable. At hi#_h s<oee{s, prohi2itive increases i;', the e:c-

_r.s,,_ m,9.F.< o C ,%8 8s r _ SV.I u u Of t
......... /

...... z.:% ......... .... Ce _z_/ 0 l"

-ore t rudin,z _ co _,-o :,

The i-_=__e rnal ,-_=......._,%_'for c c :_,_'.._<c. _.,_.L__..£i u:0.-:.__-"_-_,= h_ .:'., 7.._.._.e n
found to :c,< sme.il (a%o_2t N ptrcont of tl:L<_ ,:::irolsne ,:_°s_)
in � �hi,:"_"-_-f_c,&fli<l::.b c_z_r_'i':_o:_ , ioroviS*,d +_st the _:,:r4%-

- " 4_terr.s.l dr_C w£-sminimum req_;.ire6 (ref'@re'nce ,:q;_ 2'2e low -._

a cozzsor_,_nce.._:._.._ of the low er:t_snoe-_ .:_ni d:iot ....,.... _.7ooz" ti _.... as-
soczated with -0h.e i.!s_b:% cov<±].:2.:_ ratker ,_h_£n oz .::;ooci in';er2s.,t

duct s,_si,:_n.... :i" _orin'si_sl._ conclusion of %he inve_-i%,._,, -s.%i on_
of refer,_._c,. .-: is _'.2,.:ou u-.u 21iu......c.................. 9o,! r%&f,.-

ator system '.:ill be sr.',_!! ".f th.c: d,:.cts p,.re de_i':;r_'o,i<'ith
" _ - .... -" q e !2 --due re_s,r£ for is.9 Oa, sic internal-.fiov,." pr-'.-_ciples __n

er_%i_, t_,_e._ .__,4-_ernml_fq_ ow system., offers no s,_.-r-," c<2s ,._o,_rodv-...,
_-, 4 "_lemq "i +7_ - " -'-_,¢_n... C 73r0 ........ 01An<tO i,_l'&_e iY.oroveT..qenL S [_.;-_ "_OS s:'_'ole :.-_

m_n2? o _ _ke _-',_<'_ement_ now in m.se .i cn_:si..<.rs.%,.l_: _:oq-

ume of publishe& d:_tp, o:.a duct ,iesi_z is e.":,_:.,-_i!r{_blco

T ..... _---_-_,'4-40p - 4 _ !_,_ _" _..................b-}-L' ,2-!.,_.% C,q,,S% n_f 73re,_ ......

inst:%tlations <-_c"='e_ L21e 12s _- _f in_Dz'oved_ __:_3 _ -'e ,"_'_n:Dns

of the smo_liest sz_e", or vrette _,,'..c_."-_a _]er:fJi%!e_ i-n sin.qie-

en.9;ine m<_rs_mit-t2.r_oe.. ".nsts.il.'-_ ii,_,n:_,_,_ -. t'_"_i s pro,c_-'S.. __,.,.=_ will %2su-
±±2 involve _octt_n._ the r, owe": -,,.::,is_::t nk_._:,_rthe ms_xim;:_m

section of the i'-o.sei_,._se 222 ...............,_ ..........
_de_t se_o_srate iP_l_,t _,d o'2t 7'-':...... 7_o:11"_ i;e elim"-

7 oc_ted s.t the '- .. " e ..... _" ' 'su&_ns_tion ;_oint and. s. sznqle z=z,_2ezzs ou:s-
q et o_eni:o.6; 2Dross% q_" _.iSC rdS ;<e[_,r trio +o_q i _ _-_'e main

,.. " " -_S r]" 8 _- -'-__uc_.... wo_!d, ne _irec,_:,__ to t.ne v&rious ......... _ors .9.,n.d. to ,_±_o.
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carb'aretor air int_?,!:eb;},-a nu:ober of separate internal
_.uc_s -._, c .... location of t,z._ :)ov_o o!:m:t is well

-,'_ ' in .... ,.-"i -;-'. ...._ <_i,-*._lepv,.sher :!?rope"_-a,_..)_ecl so .?ua!ia_-:ons.emp_o.,:___ s.........
] er at tb_e oa_.- or _v:i:-:z pro:oe-.!er_-{ or= '-<- n v.,,int_ ,-__ _.e:.'z
through o_-te,:s_on s.._....s.

_.,_eoutset of t-ae present i',:veoti_atio:e !4ttle in-
forms_tion was :_vaiis,ble in re_a,r_ to the characteri'_i_.....•cs of

- 0.',,o re_nie% ooenins _ near the :zose of a strew,reline _o _-- P vi-
ous ,,t,sts had usu_!i_T been m_;ode without a_r ::_ow in,to %:_.:_
one_J_._s, a cond.ition n_.ver :_c.......:._:_'z_in -oract_ce ....o
results were therefore _nconc!usive. _ittl _ 9:.e_,s'_-e

was not known _-he%_er ans." apprecisNo_e_ ismins_r bount_s.r,/ la,ver
could exist behina the inlet or;er,,:ns_ _}_:'__. . .... _-. r_resens inves-
tiqations ;'.,'ere t _'_'-, me, de -r,_'_°ri]v to ieai ""''-'_ " "
a,'_°n:_emont with a tail nro,oe.',.'.ie -_ '">e _= some _:_ti_ throu:?]%

the dist_rbance d_ze to _:, propeller st %he nose.

m, n .... _ ....... '!],_n,_ prircipa.! !:urpose of :nis i_:vessi.-v.,ation wr,_- o
determine the e_-t of caref'o.ll.y a_",,_e_o-_:eo. no _ -" ::,:i_t
openin£_s on +_ enter:el _:_....... c....._ s_nr.'.tor,.the critical compres-
si%ility s,n,eed of _¢_stres,mline ood._< of rovol<:bion £or r-_

• ]_ :._sir _ - ._wide ra, n:_e o _ rat_s of ,",_" ".n_t Presr_:._ ..... o_o.tio

i° _, • _ ° o . .o.r_ rcs_zit_; _nd to n._rmz:, _:ne e_tim'_,tion of the
erztical spe ds. Tynic:,_l s,:o,n_u:,arsnd t<_'l-outq.et op "_:._:¢_
w,,_,,:- similarly inv,::_._t_._,' _..._,in ord.er to, avoid ._.-'-:os_-ible,-
confus:'n_ i.utcr:er<.:..__ce of:f_cts, the i.,:iet s.nd +'_.-_ outi_'b
openin% _ wer', t_-4:e<.. : e.;b...:_ra%eT_, .--" _-'_ -'-',_, _-_e-_-',:........... s... .... _: , .,,:_.,.,;. u.,...e __: .... r.;_a.- _?oir flOW
bei-.:%"- s'*-<"_q.,.:._-;ed. threu__h ....,.z__-,_,dm.cts from ,s. blo:er locs, te.l
outside of the wind tuzr_:::e!, ::-£epre:i_ent,%tivecom%i;_:ations of
%,_e l_,.:.e-, . ooe.i%i:%_:_s were 1:he_ t:_s:seo. _ -"_ '_ _
u:_e of tke blcw'er. The effects o<z external d.ra_ of a ._.ro-

tr:_c].ir_:_ :_un ".n t.he inle$ open'.n@ ,s:,::£ of variol,_s i:,:$ern;3,k-
.,.1,..% %r'rs_n:_eme,",ts.. near ,,-_e no<'e_,.. -,_,re,,,.. _.._,.,o .... c±::<t_,-,._ __..-nb.......
in:'r_st'_'"°_J,on.. _ of thk:- ind.i:,m-'d.u_i i":.,:_t el?chin-':;<

of a, _':_oc_k<:,:.,,_, _i:re.:_,mli::o .....::o c<.:_ :_ _e::..<-_:.....,:......"::_,_<,%-_'.,ea._o _....<._%Io'",,
_.,,,,,K.",,r-n,_,_....... ("-,<_ r_::;.m';:?ors , when %}'-_ openin.':_ _a_,,,,_ ,: -'-'_s., .'-:..o .. ___-
!o'_"_-dr_'_" l-:_,mi " _ ." ' hi<h s_,:-<,'df: - _;ht_-_ mawr :?o\:ncu::,.rN 1%77e_ o _ %_-';_": ::':: . -" _. .........
-.:?,(]77i%0I .'_:'<:rr:lr.a_O_'_ _'_'.f%r 0 f._'_e -O0:rn'q'-_:'v'_,-.,'v_-_" +_i:_OW:__ "0@ g'..i--

::'O:;t:,:1:0:i::,'.:.%L?rb:_.l<?n_, .£!t::o'u::h::',t,v,%sirn::,'.r,'.:_:i"o:''., _,.,,to a%-
ts,in f:ziq.-osc::,].eco::.d''-"-_ " '-'_e.... zuz.,,.:=.si:::.tkJ.,:::i::,7:?:tiq:::_tlon,,..-_
bo:w:.dn:-v-i:,_-zor_io'.,,"c_'::_.d._ tio:: co?""o<',,?r,_.:'_,o""%o _i<'_h Ro:.rnold.s

• * " . .. " ..... tr.:::ns_ tion to]o_l_._]:ersWS_S tTimlii.?,t,O_,}h':_-..%l"9,1fi ,o!:s,].l st fC,rC].l.:h - .
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take -ol_n - "...... hr nos_ of th,_ me -_-_ m_q_, __=

made %oth with the na'_-0.r_l-tr_nsitioz:., and the fixed-

tr_-zsi%'.on uoLl._Gc._ry--.._c,_jer cono..-.$zons. _.P.(:, re_: ..,, $ _........
_hol'; #' e-_f ' ..,,_. ...OiiS CO ,- -_e,._-]olt_. -£'.e eo_ Of _'-e., oo "_-_ "_" _,• . ,_,_.... _s at cor.dit_ .......
ir...._ %.0 e,_ ,re..r.,_e_ O_ _m. _ _-°v_'Oi:t,S _N;.Ri_Oe _ .voon<;e

._-_:_.r-',_,,;,J .&_'3"D DS

wind. tsnzle_ , mh.e t_l'cKe! _ .......

section, sir:_;le-ret;z:."rz tzpe a,n:', is r-_-n_,b'!.,_ cf ":',iz" speeds
"-, :.!.O'-.A_?. ..... ft., e ,.,......... f o ._

the inve:_',,i_s.t'.on p::'£uciT.?.o.ll.v .:.cc:;uc.e cf i]::e low' tb".r%_a-

T_1 0 ;V O0 r_,,_4 % i { :_ , "- _ -....... ,:, ..._:..:....... o_e o.
" -" ' ..... t-._.:::'-:n_i _-'-",ce. .:"[o _t e±" + _'',__'_'_'_ &._ Z_!,.S./1 :" ;n _t.'?f_t-LT:.'_S 0 -_ "" """_

: test s were rLl_.% s_t lov s....}¢_::. : z] _.I" r_-; " _,... ....... _ - :: .; .... ,e "0 e r 'q 0 ::t l" ) .

Stree.r'..ii:_e bc.£-,r -- The _ r,_?.'" -; "e "eo,:__v f_ :_ = : ,.......
I ) i _-..a s-__igt_7........ Z, ,,__C.i:f'i..... e,a_ _.,_._,-o.'._.........n;- o:: -us,___., .-,e f::: r-u No . 1£].
of" re£ere-_,ce 5 Tb,:_ !:b;,-',r_,_.:; ,,._;sr_.r;_.%ion ........' me£ifi _-_

.... 7 .,. t o ' : i ",n t ........... '."...."" .. " "_:"%,! i e r. t< li_;,_b_ =,., ._.L= r.'_, &%e ;-,., ......_..... ,,: tab i ,_.. ]? l'_, c <...........,._ o
0 _"_"_'4 ,- ,._, - * _" _']%0 u:,'" . ....... _- .... _-_._ ...... _,,-_ e.lze.R._ c, _ ,._g .... _.i',3:._;;f.b tLL:;.I-,LOYL O_' %'.le Orl o." -_1.%'.

" _ " _'i _.u:OO'Lr_A%.'T:; 8. -r;:o ":(',,! l i f c r m, T h i s m o ..z:-L c._.t .-".o _:;. ':..;"_.s r,;.%,:_o t c ,__ .... ,"
e :zt r- .... -" ,_ _° _''; " " _ _:e 9_:!_:<-_.::-e s :-_ mo...... •v ......... ._.... -T"%.o::.t_d.%2 Z ].a.:_,,-,r.•..... rat " of

The " - 'in . d,r " " "s ,.,r.e..:_.r:,_ e be,., t1,<..s t_ou.r_,t ed. ir ;_:'.e "wiLc,£ t'u.T:::.Lel OTL
a 2_-{ r.c_q- _ _' _ :' _ ::_o _ w=-_ P , .-,--' _ s ='..,.'3-_i_n T.;.fll T,zl -0011'I_"........ 0., C,. a_;c i" O_................ ,

z

oletely s-.osmnetl tho _ct _-.._._,. o.', m_,_.... _,.,,:_ o_z+..a i ..... ._ -

lnr:_e ' d uct_' _ _ :_:n_ "- air to be. "'_[.:T _" :t_ , v0 -,3e_ . _ :; ,.__,D :--_O "$0 Oi_ C;.I_U.";711J<r:hm

the ome:_in,-.__-. _ on ;<h._..... _,e;"-_.,/orobe-,ratio of ,;:-:_.:_-"c_"rr:i u....,t_-,._,.

beo.v.o, to _;_,_.,..te_:--_,_ of the bod[r is u_z+:'i_._.,. . tl-e r_n::C,,-,:, of c.::r-

(

o.v._ v-e _o ile mg.KZlq_O.T_ C'_O_] _CCIS-.'...O'_Of', uki,L:

N.kCA. co;_%i'n____ _n/Let, o",_ou" "_o.._;S . Lie _,,a -._:._i_.s.t one--hs.!f t'L<_ :zre8.
"no_e J&, S.,11c]. ]?.C._ _ _.j, o-le.,-cv.,_./.T_-r i;-_;.e _ _'_g_ Oi" _:!." _ ....

lOrfOfl q" _ ¢'''"'C '_<' C'f' +_}:iO P_OS _<' .TO.'f('; &_,. O " " ...... _ : ' 1 C } I' _ _ " : _ In ;_t S [} [_" : _.- _S" 0 f

test_- (not _SC't__sse,& i'n & ......" " ",. ; %n w._.t:_cn -..... _.:u_l izz t -,_ _ report _ " " '

the _no _._,_ leic;_hs and _,_rofi_.cs we,_.... :_ro_rc;_sivo]._; ,..'_o_-:_ied,.._.:
•_ l r._ r _7 "r, 'Z)i c.."_."c_°,._"_

te _'-_.,-...._'t 1C_, were o _ u a!.:o_e . _. _'.,._,__l-o_ iJ_:-:s.. _ _:_._L=. 2_t_ ]_ _:'_,._ _'" "_u ;._=._. t.]O.O



profile of the _'_re,_m!ine body It will %e notice& +_

-__-_._.L .,ao;e i'_ o-" n!:_T to the o,o.ar_er-the ro_ or__,i_.,_es (+ " _. , ....e <ive'_rz o

.... ,.... _zo&tions cf '-he straight &uct
<:-,-"_° _L _.. WS._ zSo_ 7,_ rio:z_ o ff> L..qG :qo_c,-iil]_O_ _3es'oS

r,,il___}'e. &e_cribc&,: later _n the &isc_.s_io,:-_._.... off>%<,_...resvqtSo._.,

'CO C,]_" _ m �n'nn-r,'l_ ;J'_ '......._ ......... n...,..- 0_:t]_e_0 omen'-_,_-s at t:_._ _ai,,! and an-

_r_ nuia.r o_%_ets _oc_%e(i ab.ea( of and beh "-_& %-_ wii_% were

" : ffi.zs ] J- _-nd 5' Tl-e :at _ ,_ _........ , ....... ,.-o_iole_ _3r01i3 e_

co_ncid_e_ v:ith t:".e .,_-"r_'_-ml',ne,, bndy.........]_:es.. . Va.ri_-z.,.._ t_J.,1-
outlet are,£s _ve,:'e o 9:.8,1 "_-_,_ -h_._:,,.:_coessiw-e_..-.- =r'_ @.ecre_sb._,,-:_ the
len,_;th of sre bode '±'he i-o.te_=,.,,,_ d',ic'_ v._a.s o_ conver,:_=_:c_

_" __'-o'ca•l nrs.c';ioe in the -_,"i_n ofSeot::.oi! Lo _'_o,":'e£e_,, _,,;.t .- _ _......

O_.tl 6t Op "_" -__'_" o

The a.z<nu.l&r out!e% o-:,enin<s v.,,._::zed_si<:,:e ,_ _rims._"-_!w

to .sxh_.st the air a.s nee_riT.r as 7,ossi%ie in the sbrer, m
d.irection. '_he arezs v,ere se].octed from consideratior_ of

the qua.nt'.ty off air require& %)_ a, ra.,!is.i ez:•_ine ]_a_._:_e
er_ough to occ"d.py the ::aximmm section of a, -i"zse!6.<e.

"" • _ "- % S._ '> % _- " -u ...._,_.._ oo,_.n!r. 8ce i%ot

"_"_ ..... S if:a<_e ,9.r ::"::._-_ ,'_ o _ ' "iP-. alri:;" se-cise o, ;_.;:._'a_, s ell ::_e :_{_ s _,-" ex-
" _) ..... o S-oe .... e_, t _ '" c,_c b.e -" ' -_,-,_'s. _:_nev are,.... n -0b.e e o£ % _,]_es o!_e _: .... _ .....

merely tx,Dical o:? cs.zr_z-en'.:s $_esi_..<• practice°

................................. . :=ow i _ t._e ,.._. _he i'_"'v2

_ai o Der.__ _ ll<S,, _.V_S "'<.:tl© .. J.i. _-_- ..._& -oy m o, ,-_o r c e!c o wez''-" h o,__-,._:_:,__'___ z <tr:;al"
blower rno_._:,,tted ov.tsi&e t:",_ win _ tun-nel ............. o11 :.,zie floor nf" the

.... _"-"_.,_'" f the ff oat_ :'_"t-st chanter (,_; <s. 6 e, ni 7; ...... _ .......: ..... o ....

.... " Cuet " ea_' .... t ;_conuecue&..... the b_ c",e_. _ g.v,,.et to t_<e.... </in._ :,__::i_ to _._o
m _ " "- :I ('; _ f3node!o _,.;..o sir :_,.o:7 t?.rougi-, t .... .o_,_rv es.l wa _t right

_n%._es +o _ ...... ionr_it<A<:iins.! <ccra#;) a:cis 0f tize _,ri:':,_ !suin'_.<Oi
so the,-, the _r_o-...__,_had v.o momer_,tum in t:ie d.ras< direction.

Preliminar/ tcstr i _v,_re F.<-<d_thro "-'_ ............_)e o _ olower

e.ir i_l,_t, to debormine _<_e%b_er tiie _ ..... <¢rr,_ n_od fie,s: at

the m_rcu_., _ea! had a"_ _-.-'-_ecton t _',._ nr_ _ca]_ "see_di "_,-,_o.

The _low w_-'_ _etere& bu- a. "_-__- ...." instal!(il on t ".';_

be.i(. .... ce l'_ _,T g.e_wer:o _-_c, _£e'!'om-r'v seal .:,.n ._ L.rle . _ ,.... _ ............. ...... "_-.,_ '" no&e]. S_,_-

e_--n]_.._ c_!ib,_e_-ious__,,.. were --_d_._ _rith the vent':'-'- _-_..:. in its o-oer-_
ati-,_ ...._ P,_ oosi_ier_. io_.; ......... n-:_ the in t o;.u .....
rake of 25 tota!-hes,& r.,z:&seven static t,-cbes.

The flow in t_e system wa, s ,.controlled either by re{u-
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!atin_ the blc,,:er speed or b-,._.djustin_ a, butterfly valve.

The zero flow condition 'v_-s,._. o'ote_ine& b:,' closin._ :,..specie.1

aiz'ti_;ns va].vo io ......e& near bn... e_Id of the ,,TJ.:_d_c.o Ut _

_-_"_"' to _3revent len_].<_o,_ein th o sT,sterne_ost C_.2f'.3 W.OoS ,.,..,...._,--,.. ..

_.&/:e ,z-.9.!, ,- :_:=,t !_p..m'0._&..c._.ti,2A_. T!ie combinations tested.

..... - ,......_....-.,..,........:_re s:&own i:o.fi_;v.re :L

The veins-duct o:pe::L'.n@s within the bo&y w:';re fai,re& over

:ins s .... ,: ed to mrement ]e ..........._ ........... . . o_-o_e. :Plow re_;ul.n.tion w_s accom-
qD1i :,'_ o+. n_o. %.v means of oe:_for .... e& elates of 79,r.-'...ous cond::ct-
z:,_ce in,._o_q _;, .o.s sr,.own.... _ fi<ure P ota.t:c-nres-..:J.r_ ori-

fices....... were J.nst,:z_l_d,....... .'.t;':.,two sta,tlons i"__the co:qver=,'in.T:

section of the ;', " " .. The _low,.[.J.ct a::tea& of the outlet ome:o.incs,

duc.ntit_z ,_,_,'_:_<__determ:n" e.;I._:ro:t the- me,K:it::de of th,o !.,res,qure
dron bet ..... " 8�....'-" " "'n _;.,.,.c,_ ..... so _t ie ..... o, cco:._&J.n:_ to a cetit)z ....u_on ob-
ts.J.n_d d.uri,_" the te_b_ of the in&i:..-id:.:al o_.tqet o_eni:,_s

w-_th tl:o blov.,er-'¢ent'_z:<'i <_e" ' -_...... -':;-l'o The teLal [0ress::re a.ns
-khe sts.t_c -oress.zre zt, %he out.l.._ v,e_o determined _rom

this seome ce.libre,'oion, in several c*z,_e;_, as a chock on

' ..._ _"_-_ _,J_,.ed di- ctl_"_lo.e c,_oi-:%rat-'..on, ....... q_,zanti, ties were met.: ..... _:'e by
_ "'"_' ..... ,,o:.:.,_,,.,ed in the out].etme_Es o+" ::.--..... _n,:.,__ ,)i to%-cdt.%_i O i,uq]e ........

o-gen i?::_.

]:,To :o_ .....,.z o qz! _.r o "-t {:.: 'o "- ...... __: ...... u._ . _ was ............ to de"" Tr fi " 'c.... ?._.. :%ii Of 03.©_
' int "_ "' = _....... ,svst .... & :_,.................. ,_ _ l":'g_._ L,D ',7 O_ u ........

exto-_-!c!.]. _:-',.'-,,2; o_a " ,..... , _ '-" - "_ -, r,_attO........... ; ......... c 4?CCbdt:>C; _ ..e _]_G _':c"r ivL:.;.: ..{; I" _. 0 :.qhL_. _*._<...

10 o-/erc'.o:o !9.l',:_o ilq[,c::l:,:;,i .].osae:"_ :£o','¢vot', iD. "_J(;O Oc:r:"Oi- ,
nat_ o:" +outs wit}, .F:,_q &uct one_ t_.',t :i_:,, ::r_ th :"o re<,ist-
ante _ol?.tes ius-,rt.e& to i_estrict hie fi,:,-v, t:ce im.ter::e.l
z o ,:,.'.;e :; ....... , _; r _ a-- -'.:_.o - • "n i _ i -) L e o wi _ ._,_t o _ &<:.c t........................z ,sq ± t h = o w
veio _'iti ::_• <_ .o •

-,<r':-:-::<_ r,-? _-'. ....":--:._%O:11";.<]__"¢--:tF"_roT4._ _ _" 4 " Olq -o ,ml,::,:%_i-

fi_:s;& e.:::if":".<::-,qq,._ -0::" , <.£_:2.f{ Of :: 1/.t_<:.,C...l ,-4&o :.,:.:: 0{" _-:O.

q SO P_ '":;] :- -_..... " " " ....... qc.:_! ;_(;r:? a.t th.% de<ire&-_ r._r .......:, .-::r&ii).s ::(J.:ze& _,,-_ %: _
st, a.t;',cn it _v::.s :".._....,._:_ n,_c,_,ss--_-':, to fJ.:: t ............ _sitic :__,,on the

.... ._ s'? ..... '" .___ orderwi-,:l:_pz:, ";SttOq ".)--?)C :_c ,.::.]:% ,_.tlo:?.::_:"%he g,t:::o:F_:_tC:,&_n

t e ,-r_-.:,_-..¢.,,_::.. _.'::eo drc_< o-f the "::..in-.:; co::.c';a-,", '-o e.? t:r, at "_:r:.e'" e-:" __ ec-
tiv,_....(:.r.:_-g_,f t:,.?.cto'_:, coul6. ":.-_,.o::ai.:co& '?_ccur_te].:_.

::-n_o% for the :::tri_0s of c::.:'bo:':_:£:::,',,th ....' : ?oce of................... _>%,.r_,:.. , S

t:e mo&ol uez'.? r:l:.(le ::_,ero_,.,,,.::,:.:2 4 c ::,r :mo.:)t:.,, tha, t :l.s, fur-
ti_ez" co:_:&itio::'.n,_ ,,:e,.u!&::esult in ::io decree.so in dr::'_,::.

............. ..1 ..... :::ori,'-: ce_, clos _ ""

_ '............ 'o::..e vJ._i_ztzr cf the o:penin_s,
were ini_-"r,.l:e& _:_,._,.-:_the to:o ,.')i"+:_'_ bed..:" AJ.ditzc'n_l stat-

l....C .,,)r e s sor o s nn. t':.:e" 00t b ('*.3! Cg:(l _:.__Oiq _ "q -'u a,k:, g 4AO_.... Of i',_*q.e s {3 =o o :_.T3



].i-_e body. were o'-_ooau..ne' d. Ty, mee,ns o__ a small movs/oi_,J _<tatic

the :vine] to s multiple_i_v.%e sLcohol z;:-_nometer in the test
o }l,_r: % e r

£__,o)%zS.j:s:r_}z_-);_aXt£..._Fea, sx£emj£X£ _..- The neas_lrement of t ?me

o %o:ln&arv-_!aTrer ,Drof'_ies 7;.sed in &eterminin-_ _-__,:_etraP-si-
.a tion po'.p,t s/.ld __n skowxnS t_, _<_, e_t'fec% on_ skin zriu_ion of
! a_r inlet ws, s Ra.£ _ with ..... 77 -,_.:

sir±<le static s.nc_ fo-c.r to<,si-lzes.d _mt'.eSo A <22scussion of

the d.et%ils of the method of _.eterm'.n,i:ag the location of
transition 8,P-& s, ,%e_crf,.o+,ion of the ._._sT_ sur_fey o.nit are

@iven in reference 6.

_r_,-_ _-..... T...... !n o-_£er to asoert.-_i;_ whether t}-e

•force memsu..re:_er, ts we.ce s_fCec;s_@, b_< po_o_Tle v-&riatlons _n

tile wind-,t¢tnne:L pracs•!_-_e <rs, dient &T_e to air ".P_le•"s _;_t the

nose, mome?_t_am--ioss meas_Pements ,_,_,e,v_,, ms_&e in tke wake be-
hi:l& the rtodeZ with -nose 2}_ ....... '._;a__.0-_cs:L to%8 7-_es,d loss _ro-

£i.i_ _.-e _'_ obto.i-s.ed a,,_ .__: __< ........... se s_; o_: _,.... -_, _. _ • p.-- c-o_-,,,,..c "s, ti s behim,a ',he
z_'. o b e effec-

t" r.•.S th _ "_""SOO_kC:...L gec',iokl 0:_ e :v .... :$

,"< %f Q m

Tb_ _rs&; ,%kd. _!qe -ores .... _ .... e_... ?ib-_si. or: -_- _.... r :;_onts
were ma&e sti::aKits.neo;:si;;ro The trans',tion Cet,er:..:it:.&-_-" one
r -_'" " s ri ,_ f r_,,,s for =_ch cn_-"ig ............ ion

m_t_-.,-._.............o _ t:,._:. "..vin:':_ a!o]_e an£ of .'GT_,_ _-_-.,_:_ w:'+-_.... si':e'
stree, m!ine b,-',,.d'_; were carr'.ed to 4:50 nJ.!es _qer Ko-Qr. '_he

t __%_ O? %x.:(" 0. .... __ _S were gtu o_:. ,-r:: oil _ _r
miles per b.c_ro Th:'s s:ooe& v,,e.sse!ec-.ed from co:_.sidera-

tions of the azai. iabie blower }?._rfor:-nr,£:ce and of ";ice meog-
nitu& _ of ti'ke ._,:_" f,'_rcos •':_Gltired.^ .":or_ s_d ,_c._'-_+_..:._ b:o-_'eci'_q;_-o_n-

._.4-, ,,- 03 "mH _ 4-_;_tS tT_v'_ Pd '_ - ' 8,i9 "_:* '_'!' _ '_ _-_.......tC.:,__ O_ _.re-

_'erred to eke axis of the st;"e.%m?_ine be&y) with the excep-

tion o _ t':,_ -m;"_s with t _'..... :;_.n iR _h_ inlet _-e .... "'_; of zlose
which r/ere C,.%_:'-r'i_d%0 S S O



8

V free-st reDmq velo citl¢

-Po free-stre&m static o_e_-s_:- _'

Po free-st ream density

/ ! _T_

qo free--_4_re&m d.f_,__,_ c ss _,-7-re ',14 Po

v mean ve!ocit:, _ in (bJ.ct

p local ,qtatic pre_{:-:_.:.re

..... _- :,t :L.:% .£%!e

V i initio_l ve.locit'j, c +'.....%it .._:;r<sein::;thrnu¢'h.___. duct

Vw .... ., s.l " _'° _ <-'in _; t > .... _>:l.,>R)Ot.:lo-ti c fin>,l vel. o,.._-"#-_,, of _].7 r _,.........., o.-.-,._
d."dc% "o&se, q o_ %o{:&l :)resou.re ot d_.gcP.:£,.r '_'_

.... g

crosz--Sr_Ct'.'..OZ.t_!., gs!_e;?. Of _'__.7e4J:_.., O_r c'_aG__et O]:oe::.,- _'-__.,

,.,.].s.:.eter of ",n!et or c:::tlet ops,_."",,_;

ma.xz.r.:fru.;n di_:qe%e-- J_, s _,zesm.,.-r.,.e %o,fy

,,s_-'__....:,,._..m c ro s _-s.. e cti o <,s..:_:_s.r er.o o f s _-res_rr.,li_--:., . _ %od.F. "

- , ., • _,-%.,,_.;.= %C O._,r

,:__ _._ O @ _,Oe L Vge e 31! e iC Ct 0 ! ,::,.o-?w S,._ J. :':.]3.e C0 ,.L7 v.........

- T !
......... e _ey:col__s P..Lq.rr:90_5" _.

]._ -%.'- ......... '_v-- C ._ gO0 r_a ,

=' p-re ..... _- co,_f icient [(-P - Po,t '*c.

& VP]-O_'4 %:<r-.- of _:_-'071nc!. ".r_.... -:.oir

}_ ;:s. ch :i_.:mber (Y/"..)

¢_'_ "to 7_ .... of :£:=,-o_ ->*'_ ...... "_4ct ..... _'............... L_-_:- ..... . .. C 'J.b %0 : e "7:;";3 p O :,C
,..qe C 0 Y;_d.
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_ :an:';!e of c,tts_c1: referred to center line of streamline

hod:<, %e='re_s

.2.'

(_{easured drag of modei)--(drag of' _ng a}_one)-(drag dvs to ,nuerna±

CD._i cs_!o::!atod _.._N_,'_:_,:,_coefeiciont_ &::o to intern,?,! ,.o_-',rflow

U volocitz just o::tsid.e the. l,o::-=d.,-'Lr_Tlayez _

K disSance from %ke nose of the sire%reline %ody, s_l.on._

m_jor axis

:_ 8istance from c,he no<e of ti_e i_ie% openLn{<s, a!on<

mo_j or %xis

.?[ ie::_th, of nc:.s, _.. mc,..,_,:_"_-_ _"ect from L/a._ station

" ,_ q_n.py-S fZ'O:: ,"@::k%e]2 7 -_e Of Sa_ _= 6{,,.:_.L.,z_e'_"Tn7-: "_:: O:f&%!Z_+_O 1:0::,o....:_.. .......

be d:-

_T' nose-profile or&inste me,%s:_red from the inlet-opening
rsodius

Tb ,'_CTTT ._'I:_

Ybe :etho£...... _ comput_.:_ b].:,_.,velec:ty._ the L:ach :::_.mber,
....e Rev_.-olS_ number i_: t::_ o foot :_i:':-...._:': tunn_.l is.

d._scri%ed ".n refc. r_nc_ ,,o

T:_e (..Lz_.g"_ _ c:-:a_" _,:?e :?r_a:,t_d _n terms _,f'the _te-_-_ai

o.rso:_ coefficzent UD_ _._.o ...... 8 s_-," _ z<_.nc_on of the :.nter-

na!-flov. :_L:,%nti%_, coeffic::.er:t pCj'p o Z?-. The e::tern%i-

d.rs_g coefficient reore_ents, th :_.... ef'fective ext _-_'_:_:__<_:,_,-_rso_4o e

+he ? " " the .. _='_: ;-;_ t_= win%, _....0,,d..-v-:n -ore ........ce ...... _'" _%_ drag due to the
_nternal flow _o :e:""ct_.:] fro:: _z:e mes.s:zred ez-ective

"sod 7 clra_, in m]__ the tests.
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The d.ra_ d_oe 9o %he in%_rns! flow %r'ses fzom %i<e
chs.n_e i_ %he momenimm of %he flow in _'_ &ro_'* &iron'for
_"rom tls@ r,.omen%'u.m %heorz,

_ "ne _,_G _r 81! _ T w

an& i:a the _ _ "....• ,=_:_C O.ii_eotJ. o':l _.S '.,z,_e,_7_ C',%rO,%_£.

_o -__bhe -_,]._-,o_,en_n,_.._,,,_ 9es% _,,

V.- :: 7_ _v-._. V w : 0a.

.%..eos,_Lse %h.e _.._iz"wa, s 2)z'o @t:.:}.T, L.9 reg% i:_. _ho "............ '.:.::.<p.._ 0.2 PC-e'b'. 011.

The & _,..cc_T "-_" " _7r _. _ i "__ _;_ + "_ '_ ' ..... " _ _' % "_:'_ i _.... ...... O_....... o._ -_l,_C_=_._ _'&_fLt!,.% _,0 ;k'_72"]2_. t

therefore is

i-"_6 2;" / _ ,'6
'_ {" 7 '-" ............
J-_ ..27.-8 _ ) = -;......== == _ ',,.©

"}':i'. gL-'3 "£: "[ 0 2'Y/

'" .... 77 ....D ................ _;__O27 -O.CB O'U__,7_e_ op_':o-ir._._£_. _:._"'_._ u S , -?,: '_ &:_. e:kq 7._7_ S% ,_'_ +.l:: _.... '_
%_-_ ...._-'-'-" Te].oC2 _-" 7,Z: ,":" c,_r's,<".r_:;,cSi_;",

.... " _" '..... -'_ T e ]. ::2 _ ......:-, ".% o 7;_'-'.':ci n :_ .._bnau is_ _i = "_" ':--co o ,Y %u ....e @.:.'. " v.
.... - -_ 7 7........ : e @_ _' '_""-"..... ' q-'.i. s %i o p z' e s .';_'L._ _"_ -r,W,--%S rieC@'3o_, r_._.: P,e _ __,_=..:_-,L2!C _.• '.uL> ¢C._ .. (_

,_-_,._ 7-_ ,_-:ffere.nt. !'loom tL'., _:'.r_'a __ sis.[.is x,:_.'esqT;.r _-WS, S r.:eN,=_..,.__.2 -' -_ ............. _- '_*

__'ei'O _ %_-' "'_' e,,2 _+"..... :..... =n e'u.%7 ,'_t --_" -..-__ ir,__& _': .... :\i --.{. _ 4., _,__3 _.....,u,/

%%n06 %',a_-lir _ %22e mo :iei where %}2e -,:.:'ov_ _o_ro Is._d re-t_kr::;e.<!" t o

.... r,o_=_,]8 oro _.lr .:. _ ;3 c0.¢1o73_"3_ _ =,-_ i!:c T'-.

_107A] n " I "%C,q ;-"T"_.i,._ S ...... l"

_- - ]./_::
i ,2.i. :>:, -- "0 ,'' -- "7

:r _ J _.. _ .,. -........................
' v-, ,.- C 7}

and

0 r, ,:: <'!2: '- "D / i

CD_ _out _ et ) .... !l ....... , _" +
:_'.i q:-_ LV<" i::_o -_

or ,- _ _, ::./S

/ c,% " --p _ _' ' ' i " {3 : " .;:" {',' 0
x _. 0 ' _.......... _ I '., ...... _ .......................... -:.-- i

_' (o22ti_t/ : - .,__ ....:._/ _ , /
_'_J ' o .....

];o _ +_:.,...... -,,_s_s in w_""::cn° ini,.. ....,_-.oo_%_et..__cc__:-5}. .........._:.:._ioa.s "_"',_,,.c'.,..
invest'._&to_ _,



q q

C_ (combi"-_ ' : CD (inlet) + CD_ i (outlet). u_i n_,_ionj _'i ,,

( = £ ....... i- [, , j + I !"C.T:)_i -. Pq 7 _ (Pe Po / ,
" \Po 2"_/ " qo _ DL

..... _ .... _ ...... e io,_s iu the &uct,
£._,

/ o._, \ _._ .',/'al
d. (,. ,: icoms:;.na, tion_ = 2 ,-......-"--) _ - ' ]. - --_ ;

:po -: I_ qo I .._

it _:,'_iI_ "_ " -" from "hese ecuatzo,ns _.,_. ...... 0<. 0 OS',_I'VOd. _., _. L}_@

la..:,e in_eroal ,",.r-_-_._.:zn _._e inlet tests a_:_(_ _ne t_..,_+..,._,._,___n
t_ o_tlet t,_s".%s ,'._.ro !:.e.J..:::.nced in _,he. oomoi_: o_...._ion t esbs,

" .£,pl"'_ff.,sl:z'e _.osse_,', izz 'o}q.e c]._Ou OCC'C.rSo

_'he iz_[.er:n.e_,l f].o_v qu_:.ntity coe:?ficie-,:_t pQ/po_'? " is
the re,rio of t.:-e_.ass flo'_ thro_:_h the internal ducts to

t_,_e_.,me_ss f.!ow n__o_ s-0res.m'-'Telccits: thro't!.-°_n" the arem _,', the
maximum crcss_secti " _ ares. :_ "-he i)od.v _b.e " "';'-" c_n
of uhzs p_.,me,_ m_y be o:,semore clea,r if the &ensities

are assumed _r,_.,,_<_.,___,........-'-n _vh-_ch c_se pQ,/po_V = v_/V;_ t:"_:,t.:.., is,

-. '- " r._ _" t l"zethe -os.ramct_r i_:;_Io::?rozimatelT:reu_]_l to _..'.,_e rio o
mean velocito,_ ti_.roush the maxim_.m section t_, t.ne _t].....m
velocitj i_'_ n.r::h:j:_r__)een proioosed, _-,_,.<. :-,m.:-:zm".._msec'b!on

• "-_ I:.'_ e :_, de fi ;,::.it _ value:_ we_:e occu_ze.d by _ rad.:._,- en-_;ine, ..... 2. ._
4_

of v-_/V bs.-.ed ._ th a'. req.uire:::..o:,"0s the on-, ,,_ (,_ e ICD. O_Yil r ..... 0..,._

_ine can be co.,_)_..,ed_t "or the de_'i_n.... _:C__:>._...,c._of the a-_ro]-ane_.
The chs,.racteristics of the various o:!?enin._:;s teated _re

show','_-'o_ vs,].ues of pq/po},]'V ran_:_in<_from 0 to consider--

ably beyond the va!'t__er_req-,.:ired for modern rao-.:_.!en:_ines
s.t .ore_ent-_o_ _ _'_.<h e .c.o.,...... Si..oe _..S

_he pre ....... _ ,.. .... _.q_>.... _.re-c_zstz'ibubion _svlt_ ob'sa, ined in _ "

tests o_ t_'',_e in&ivz" ,_.... _ i::l-t _4_..fi.out_et, onerin-°;s s.r_ _re-
_" _ecl f,, P_,.!_ber 077 ve, Lv,_r-n 0 _ "S_>rzu nr n_. _ ...... tee ratio of mean veloc-

ity in th.:_ (:oe:.___-_._ to si. re_,m ve _ t_r '-- _ _ - ..,_oci _ v/Vo Th:'.'_s parameter
dot e ........._m_.n_.s,, the toccl cnglo of _.n_t_'ck, _s t _,_.._,.znZet r..os _,., .,._io
?.ncl :q'_,_cc..,.__over:qc the._,.,_,r_ssn.re,_ d.istrilo'_:tion over _,_ _iTor_-- ">

m_ _.:h - " bod_< shown=__e ci;_;.ract ...."" sties 0:£ o st-_eam]z _,.-', e.re
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_,. ,_ _ "I ._ • _,.. _ _ -

;_ x on t,':,pof tl',.ebo.'.i_for th,:':0 !' %_:,', "..O-_1_ -Orn 8 _"........__-r _ _,_ _ AO,_ j

% .... ;" }''',_ tKO criticr_,i _.,ro.,Ch n_._.m%or of t"; :_ cOm--IL%:jO ,--'_%u! Oi%S "_O S._O,, *_*.... -*
O;.._

• ,_-;>_ 4 _-- _-- -is . ¢ 7.._z'o.m:oor Of +_-e _rit_.c_<t! _...... scr _" co ........... ci,. ,:, ,.;.o

• q_on&ir-_ to tkc _oc2oi ,'.::.tt._.i_'_.p.:_,_t_hresslzr_z. _ co,_ff4.,. _cmor.t oorrc,.u ., .....
--_ "VQ7 " ,'.%_ S'-;qO'[7!% ".'"_ :{_i}_'Llro O T._-_,.,_ "0 __,-_,O-.-C .... _0 i_ _ is SO _.. ..._ _ ;__r _,,., I0

shows the re'_%_.Ats of bhe transitio:l .,-}.easL_.rez:er_ts, an& i_n

fi:_"z_e 7i %k.e force-tern% resR].ts fo ., z.L-_jZLO.LO.S nl]Y_r'G.l 'r_"

7¢,7 !7"K: +_, [':>r'_ 0__7 000 _:qCL %7 oo:'re ,'_ '_ G--

"._l._ ]." V'-_]._eS P,f 0 7Ci 10 0°60 _._r@ ','i-,.re2.,.

the :'n.-.:et _.'.r _>,->'_usi,:'.:c,Z t.!7._c"_:',r: tl_o ext .... -_7-hTn,ver s, __--

t3ze press-are dlstr$o':,_tionc [_._.,,,-,_ . ............. ,.-.-
' "m7 _,% ve [.7.... vs.].izes _.__ --s_r (rs_'.o of r__e_''_ J.... ,- iocitfor vo.rj .... 1_....... v/ , ..... _-

to stream velo_'t_) com",-_a:-:'od, ritl'- th.e st::'c,.'_u41:L:'zc; bo a'_ dis-
-

trib_._tion,, 0_0..-.,:.5_ ts.e :.7o:_'.:r,_:,r& . ........ :-or of 'sko >qd::" zo r_orc-
_'_C;.,'_._D0C]'"̂ .. _3%_ _ _O._,,. _ "h]:'.O. .!D2 C;f!;.S"Li:,.7:7o., .O,_r_,7'..,_ J]"7,-,_...... "r O_] _.7.'i"<_C"-'__._'i? _,_._,...
bod_r were e:_fi-ent'-_,"___.....£_x_ -_s.r_'{;n?:?ecte.2. %.F ',_'_" is:.lot o@<'nir-_,'-_o
......... ..... ,., ec, r., d.i s ..... u,_, oT:.c on. _L,.e oc&ies. ..... .h

;'.-'os_s A, B a-n,_ C .-_s_z&cn -ke _"::.'c,rx_.!ir.e %o _'_ e,_e conr;a, re&
,_.a_ co u ......... 9, f'_'.ow ;_,_u_ .;,.,,., s.. _,.low co{_,i'fi-

cient n _ 0oQ5?_ -_ 70...... -::ice_." .... :';'-'so ;'r:'r_ -"_' ....-_......... _.. ........ _..e i',._::-,. . :: ,........ ..,.... ;_<..,, _he ::,.::,.iet-
.... _ ,; fi" , .o. t _ : h i :,_ f :!.o ':" _ o e : :,_i c ". e ..... s_r e_¢@_ooi_ .Tr ...csL,!os _m:,?<'OSt)O ......... ;. b _ ' 7"_4"

a.pp-o:cimat _ 0 _r', ." _, ' ........O.L_r , ,, _ ....), zA,j , yb]%d 0,..-.'-"_"; l>O$:bO0"6: %re-_.;.':<,<. :¢ 0 r

mhe :_....... ._ _m _rc,::].si%:'.,.,,", ros]-_t.s ob%a.==.od. 9,.,:.9 ocr-Ij. ± c, _ -'%1: .... .., _, D b ...... _ "P` " "_

e.... i:, '_ O __4: s %::_.,_ r=...... --:-'r........... ._ .. ...... ± ,9. % .... , ...... c, b o,

o_.t_mined '<,- t'_ trm, r.,_it'.or a_-.,'; i -"7 ci __ _-._ -r>-:--;"_L z-e_" .;7_-, " --..... _-
" = .'-', 4:_ .... +_":_ '7 i%.-'_ C;/_s,._ Of %k ,:_..,r_o _ o s ::....._' _-.,o ,.:"_,... :....."<_,,5. ,,y_, _,.: ..._ n.. r.,,,i" ,, ...... _._-_;._;_,.,_' _,:_<*,..<--
]_i11 _ 7oodv ,-" _h _-r_, !%io _ <'-" .... "] :- co ,_ :__ _q'=:" 7..cs.%ior,__,s,_ .. . ,<-, b__ ., 71g ........ •....... _. o 7"r© ?5]4 ..,1%_..'-....., ....._ ..
The ,_.z'o_ o%tc.im_o& fro:'] tlo_,s ',:-t.k.e <f-crvo.:;s is al_so -,-_io%%od o;.:,.
77i .g,m:m.,.::,_ q

iz:. tke cor.re].s, tio-: of i.}:.o ,oress:_.::c c:_s_::':;.b-,ztio.:._ a.Zzf.:.

t;_ tro.nsition r!rt_ ".t ........ i:'o7L:_6 _:",/,.9 for vo.7._,:_.of AP

.;. 0 _C_.rrc;d..+ .::,._+_ .....:_ o.-i Oi:.. _ _, _,.,. ,., ....... y ,., ._.. 'rO:C
lower v':sl_,__eso: LP fh._i-:;-:':_r -'_'_ of i. ",_ i"_'t), ex "b-' C,, _ <D r', f!. - . .,_

sire lr, mina, r %ou:qd::'<r::-.:ka.yer<s ,,.t-_<iste& ".r. spite of tb_e r;res-
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/. .-ra\
The e__ect_ c__ ,_.... inflow ',nose ,-,_on the bcunds.rp _-

latter velocit_r profiles at two stations on the %odv is

_" shown in fi_ure i7_

In fi:i_ure 18 tho chan@es in pressure dist-cibution re-

sd].tJn_-_ from modii'ioationsof t:::-elip sheope of r, ose inlet

_-,@ (oEe of the i.__term@diate shapes tested in deveio3gin-_

nose _) are _i.ve_._, r,_._.._force-test results obtained with

these mod<f'icaoions ..... o,v_ _nas s.%,z-oes (a) and (b) caused

ver_ sli,:_kt increases in extez"nsol drew; the cut-out. (e),
had no effeot or_ the &re< _:'_'o_ chan_s _n the internal

duct empic,:{_"ed _vf..thnose C (fi;_o 19) had no meesurable ef-
fects on e_{he_ r the ezterna! nressure d.istrio_=on_ or the

external dra._ o

In ord.er to make _oss'.%l.e the gerivs.tion of optimum nose

prof-.ies for inlet-openiP_q sizo, s_ other th.e.n those investi-
eared, the three nose ,oroz':.ie_ _ested v:ere re<t_Lo_.c_ tO the

sa!ne ien@%h (measured from the L/% station of the stre._m-
line bod_r) and i-.he same ,_.(:._.)tn.m>_:_ ordi*_ .....,_ _ ........ u.,.es _%:.s obtaine&

are ,<iven in ta_..ie i! and p3. otte@ io_ fifv_.re 20° The marked

siraiiaritv of the profiles I:iotted in this wa_r su%'_ested.
t_ _ s • :_l,_tr.,a_ optimum nose s '_.:_-,,,_..,:_ .:'_..r in ._zat'_._i__ _ -openzn-_

sizes cn the streamline -eel.p- coRid be obte.ined _;ither %_

inberpoiation or b_ the use of the mean of the three pro-.

files of fi_;ure 20. The optimum nose len.:_th as a function

of the iniet-o-o_n-_.,. ...... '_"._._di_ am,...o_,-_'-_,-_,..-"._,.. <ire "_...... _,=-'--.:.:-_ure_ Pl_ . The
act_.%i nose-profile ordinates for a <i. ve:z inlet di._meter
are re_atod to th.e nongJ, mensions.i ordinates of fi_'u_ro 20

and table i!, as follows:

/X ! "\
X' = ' ---- ) X

\, X /

or

/-_ '\,(B '_
X! : ! :=-- i _ -- -- ]jkX / "-4

where $ is obtained from figure 21.

S
imi !atrlj,

/vr_ ," d\,
: kr/ \f ,',/-._ 2/

where -;.IL/4 is the or£_inate of the streamline %o_y at the
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Fig<].res 28 to 02 ' , h __' sno,: t.:..e 8. "_ =z,..,,., results obtained._ .. _or
the combinatiuns of inlets ,,vi_- Pi.,_-o,:.tkroe tail outlets,

q

ure ,.:.Scompares the dr,%g of bh.e 6Z-percent annular outlet
v:ith tha_t of t_:il outlet 0 when testei in conbination with

D Ilose ]B_
<.b

i The pressure-c!i_tri%ution results obtained _vit_ the
combina.tzons are not s,,._o_',bec::_use no consiste, nt measur-

able interference effects; occ_,__rred; that is, the outlets
had no ' -o-_..... ' _ ts . _ _ _nl,_s,:_:.:_..f.euzab!e 6__ec on the press'_res .:_ t ...... _" _"-
and _:,ice vers,%. Si.uilarly, the tr-_nsition locations on
tnt-.,combina.tiol_s were the sar_.e as in the tests of t.ke in-
let openings alone°

In _-_i_._u_'e_. _,.,4 t' _ _ _ne .... tail C combi- t_.7,_ OZ tile ::,OSO _ s,-sd. -

natiozq is conos.re:j. "" _ _, ¢ d. ",=t=l r:n os imat ,_ o{ the _a ,o' 'basec on
the tests of tke s_ _o'_,'_ oi_eni_-i.%s _he _ "-
(above the sbre_=m ..... .ue-ood.,7, ...... ,_". ¢.:._._,:_ due to .uose B ano.. tail C
were a,,J.do(:[ to the st ___.._"q"_.,._..__e-bod.y d.._-soq i,,.... _,--_'_..,._.>_.:.,,_tb_e esti-
mat e.

TI1 _........main incre.,oe, i,:- d_q......... cu__ t,, the guns' (t,%b _ e III)
occuzz,_,d __t o_.*-_les of atua, ck other than zero a.s _ result

o__ _._a,rti,c,1 _-,__-_rat:':..ono_,_:._.,_ of the _-',xternc_l =_io_ at t_...,_ top oe_
the nose P,s evidenced %::" the pres,:_uz'e-distribution plots
(f_-_ ....... ) ,. c.r ..... he r_zte of _.,,z-r, zn!et ks_d a benefi....'.... __ ) I",:_. e._ s _ ,_.q t .... -

cir_l oi'fect in reducin:_; or _reventin_1 this sep,%r_tion,
Th '_ "moot __..... ".... _0 had -'derablv less ,_.o, t.,:._,::_n._, _. b,..orl ...1 o "_O:E OOIIS,L , _........ ,,

the m_-Pochine quz_ (sketched in fig. 55)_ .Docre%:_es in the
!en:_th 0¢ t.,a_"_ __,:_e_c:,,,endin_; beT_ond tko pose _"_ultc;d
in _,.7?preciablo dra, red.uct_ons, it _as _,e_-n found tL,._t
the drag of .% smooth-bar r@t gram w_.,_s coz:_sider._,bl;,: reduced
by re_l,%cing the _ "" -_' _b..... :_,_rp e_._.:,e the m_zzz].o of tko _ur_ w_th
a rounded Edge of ,snail z's_c].ius° It is conside, red likely
that the unf_:_vorab!e egfccts of.th@ -_;uns would be some-
whn.t lens in the h-lqh Rcyrolds number (fixed transition)
condition-th,'_n shown i:q table Iii, because no drag _vculd
result from. dtsturbo_nce of the fare'.tar flow.

: PRECI S iOIT

:- ...... -'-_; 0-. _ " ions wa some-
what imps.ired by the hitch dra._ o.f the win_ v.rith fixed ,tran-

sition rel.at_ve_ to .the bo_.."_,c\rag_, ._hc effective body d.ra,_.
v_rs'ing from ah6u 9 0.5 to 0oS of the win_; @.ra_o In the
tests of the ind.ividJ.al o!oenincs, additional, sonrces of er-
ror were the leaka-<_;d o:f air in the external ducts an_ pos-
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si.ble c__-nges,.__,in the t,_",nel-lores8ure srad_ient due to the
tenor,Tel or the addition of :_,i.rto the tunnel stream. The
resul'bs obt_%ined z_ith the i_].et-outlet combio.ations, how-

ever, are beiieve_ free of these two so_rces of inaccuracy
.because no "_ir w_s added or removed from the tunnel and no

icak_,_e was likely due to the absence of all external duct-
ing. A buo:Tanc_r correction of _.bout !0 percent of the ef-

fective body drag was applied to all of the. force-test
results,

The we2...-.e.meas_.rements are more neo_rly free of these
sources of error that affect the force tests. _valuation

of the po_sib!e ma.=@r,itude of the &r_-_oE-test errors will be
made in the discussion of the re_<ults,

The precision of :t-easuremeut of t.'..:.ereote of internal
air flow is considered1.............to bc o_ _ "_:-i._n....enou_:h o'.-der so
that _:_e external d....._ d.etezm!n_:_"....._on,_ are ?practically.. un-
ag_ected___ byr t:._¢_......,o_,_iI error in obtainin{ the _nte-n_3___.o.drag,
e_:ceot oo<__sibl,< in t.he c_.'_s_;o e the in,:-iiv_dual oy0enin_; tests
at the hi ' _ " ",..c.....rates of air flow. C_liorations of the yen-
turi during the tests shov:;eu,exe_;:..±_:_0a reement

_he only si_nificsont sources of error in the pressure

data are due to the inaccuracy of flow _e ....._re_...v:.....
t_nne!-wall e_='ect____ . _he maximum _@os_ble_ chan_e_ in t_e.._
pre_sure coefficients due to the tu-.c,.nel-'_va!leffects wes
comouted to bc o'_l_ about Z -oercent Possible errors in
__lov_ _',_._'_'_._-zt could cause ......aou.ra........... _..__ _.... _ ble changes in ]pressure
coefficients orly at the !owe,_t inlet velocity r_tios,

DIS CUSS!O_7

Streamline :?o _.<I

of the winq had a prono'u.nced effect on the pressure dis-
"_ bod_,_ ___ _.o.elocal velocit_ est_'oution over t_e (+"_:, 8 _ '

over the central portion were increased and the peak-
pressure point was _<zoved forn, ard. At lotv Reynolds numbers
the disturbances due to the wing controlled the location

of transition ors the body. (See sketch aecompanyin_ fig.
i0,) 9here was a rapid forw_¢rd movement of the transition
moint with Reynolds number so that at the hi<;hest test

Reynolds number transition occurred considerably ahead
_ _,_ es.di . "o¢ t_.e i n{ ed.:_e of the v,,in{ (fig, i0) if a szmilar
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foru, ard movement of transition with Reynolds number should

occur under flight conditions, the extent of laminar i',o,_

obtainable at full-scale Reynolds number would be sliNht.

._0rit!_cal._s_eq.d.- The variation with the _![zch number

o of the oeak-Dressure coefficient on top of the body (fig.

_% 9) was found to a-sree well with the theoretical variation

(obtained from reference 8). _,xtrapolations of the low-

s-oeed,_ loea_-ne_ative" pressure coefficients to t"_n_ critical

co_ ....icient (_t,_,v',_i........cn the s_e_(i of spressure _?_" • _:. ound is at-

tained locally) were made accordinq to the theor_T. The

critical Mach number of the streamline body alone was thus

found to be 0.84 (fig. 9), which corresponds to 600 miles

per hour at 20,000 feet (-12 ° F) in standard air. The

critical speed of & win_-body combination is considerably

less th___n that of either component, owinz to the increase

in pe_k-ne_._ative pressures on the win_ d_ze to the presence

of the body. (See reference 8,)

Effective bodz_.dr,%_,-Fi_;ure II shows the larqe dif-

_erences in dra_ _:_,tlow Reynolds numbers between tn_, fixed

and the natu_l tran_it_on__ conditions. Calculations, based

on flat-plate o_,_in-_,riction coefficients shelved tn_t these

differences are _::holly accounted for bl" the ch_n_es in skin

friction on the bod,v. Th,e difference decre_zses ;vith in-

cre_sin_ Reynolds number due to the forvz_%rd r:ovement of the

transition point (fi_. I0). The rise in the dra_ coeffi-

cient at the hi_;h Mach numbers is indicative of the ap-

proachin_ critical speed of the win_-body combination (es-

timated Mcr = O 66 _, C _-_ _. ,. o_.p,.__son of the ma_nitude of the

].ov:-spee& dr:_,_ coefficients v:ith the results obtained in

reference 5 for the I,TACA III form indicated that the flow

over t_e body w'as zatisf_%ctor_r. Tuft st_rveys corroborooted

this conclusion. It w_s found, ho_,_-ever, that the soddition

of the body to the _vin_ cause& a local separs, tion of the

?low _t the trailin_ ed:_e of the ,,_,i__ The effective dra_

of the body was therefore somewha, t _.x_nor than it would

h,%ve been had a more efficient win_-body juncture been em-
._loved

Nose-Inlet Openings

in this investi_ation Y,_ere develo]2ed in ,.%series of tests

in which the nose sh_pe o_nd the ].en_th for _ qiven inlet

size \-,ere pro_ress_vel_r modified to ob_:,in the most s_ti.s

fsoctory dra_ rand pressure-distri%ution characteristics. It



18

was found that by. takin": a:r mnto ,,he.bo%_,, at sufficient-
IF :_;h velocities, t_,_ high '_eg_t_v_-_-pre_-sure :_e_- w.h_ch -.
occurred ore _o_the no<es_... a,t low _?.lows co_:i_ b,__ _'_,e,_tTy.,_,._ __=, re-
i _ _...... _l:c_e" _. _ s _._,ler ini,t sizes ..... p,_>Rce. o. in r.:'__i-' " , @'oz? 9z:e ...... :-,...... , _:le ...........

could, be _.,-,r__z:eely elimiu:_,ted Ti,is res_zlt " _ obvi-
ouS "bc'ne.ficia! effect o:f q .....re:zbiZ incre.'_s"'_ ._ the or].tic_].
compre,_:_._iioil_ty soeo& whick, s_s in the case of _AOf_ powl-
im-S .iKSt:_l!&tions (,_-,¢, ...... - _, ..... rs'_l {_e .... d "...... e_...,_,.,:ica 2) : i:_ .,e_J........... :, x ..... . 0_;
t::' e ma£?::" %:z!,o of %_",.e c ..... _.... :c _:''- : " '¢e ..:J::n_ _,:--, '_ _ " ,.,,...,:......-. __:..,,t._,__ S,_ ...... C,S c:_. _]%O _.Oi36;

-,_*'.., a.d.d i. "":_,_C,:_-_ i :.: :,,'r', ,:: f ..-,,: ,., ,: [.'_] ..-,"-o_ :_,,':......."._i n_ _,. ?o',,,.nd.s_:<_; J 7L&:¢O_S. .

a.s k'. - * on ,, _ :._,_ h ,:, o::: e p, c.... ke <;r.... , ..... '..... o £:' £;R12... DO ]!OSO •

o.b:t:%ine&., .t!h.e d.e'.:::!..'3n ob_::c:o::,::..vc:s bi:c.n :7,i-:od. :'.s in &evol-
op.in_: n:)se.,:._ _ :'nd C, w,:2.re :; to e!i-qin?.:,o, tho press::ro .pe_ok
_t £LZ _._'J"7, ,}-.n inlet-- veloc, lt:_ rn,%io :zs-o,:s<_i%i,__ ..... a,no._ t, 0 o'b_

_],:_D_ P_ t.l.,_=.fO ...... _','-:%tOi_C,,D.L O -'.pro 8 ,._l..... .,..... 0"_1% 8i_:!i 1,-%22 +] O u ..':1<,%

o_ the st .... , 3" _i '_::re..s t2(b) '-'_d. (,_) sho,;, that.... e,%n.... ne body _..... ._ ,...........
t .h e d e ._._}r e d. r e.s u i t ::_ w e :ee e,c k i e v e d. w,_.c n t ]: e. i n .__ e t - v e ! o _,,'z_ ,,_,

• m .L

-_es_?ect___rely-. . Extoi?.s -i_v.........inn:;:_::.r bo_c:.'?.&':__'',.o.!:tvers_ _'fi _',, 14.)
We _0 ,'?OftJOEl @\,eP _ofor ,_ %t.,_ " %v:!:< -" _ " _" "_ _ ¢ ::l.%'b_. _• ".......... L. %) 0 ,.D,.[_ [:.-'. f L1 ._ _ '_., _.'. ,_ I;. --'

;vi _-e. V,'.%!U',} _ of hP (f".:.,e;' .... n 6) _o bl,, _-, -'__.; 0 _ 9

-?e _''' _" so I'.. iYor the _ _ _ ct i:,:: % o ..... :-,:.,,..... z_e !e 'no _, w_s i_'pos-
' " ___ re! __ to _ imi '''_sidle _,-,_.i ,:, ........... .... e ".:):e pre_:sure 7)e.%k, even with

" ., " _, hi.<: ......::,_ cf ",_ :o i, _ c,+ (-_" _.' 12(a) ) , The:Lm_ra ct i call,. " .... ...............................
_D_ "_ - " " '

i:L".Sie e,d.vs£,_z3:_..qe.dszc to ler:.in::_,?. ° £1:, _ v,ro:: _?.tt,'.:.ir-o_b?_e .(fi_:4,
i 4 ).

'

- - "' ,'._ e, Lo ....... ::.s de inl_::e bo%i:. _a,it% those for t: .... ::kre "-, ..... ::_,.p. fi_-_-
_::e::, ]_:: ......%t d :'p,___o.c of t.b.,:' f'].o'.,7 cc,_':'::?icio:::%,._ ._o'_re_,-oziciin_.,._,.,

to hi o':-_"..... ? __ ._:_n,.,Con t.,_o::s02:£ ::.t_:,e::'of!c:v,

' " " -o _. .o__ _.. ...... 1 ............ T" O r o, s p o :q0.,..-

i::_l 1:o ,:_ :_::'o_'su.re:be'N: on the largesb inlet o-c.eninq,
nor:e A, -....:_ -..0reoctic::iro.te of s_ _ _let (fi'_; IS: "
0 '34: 'Jith bhe _:-,:_ .... _" : etq "" _ "o _.r..,. nose° B .,--:.no. J no nz'-,ess'o.re -:

p_"> occ::Pro(t_ "'i: %'_e .-'.'_zd-i _-0cd, loc .... '¢el.oci%2 increments.
.¢,, _.., _-. Op-i_were so ,_:mell t}.::_tt:'e cr:.tic.n.].,<:.',o e ,:;d o:.?:.:.=_:....l.....,,_e

ployin.: tb._,,:_'_ o>.... ,_ ,_ "...." ,........:,....',:'o_16.b _ .£,et:u::ineo.:?,rthe coc_:_.i%

e::_:.'._osu--eor one ,:ing-:::::._:lr::_ejz:nct_..rot t):za':.sis, trio hi-sh-
est l.o.:;:?.ivelocit7 ::o:zZ& oc:::::::':-t <-.'.ome.-::?ointother !;ban on
t h o r o g .o.

.£_:k_/_.:.::i: _-,_ _,ff-._±::.::. t:. _ ,_ -" _:;:i. _]:t]:'O ..'z ..... 0_,:, r_ "_, _"' ''_ _ "_ "[h_@ _._: {"t!}p_ d.ed. "

cre:,,ses in ,.... _e,u% 6.:'.%,:_ coo?::'i(7ion.% :_2 :.::oses 4 ,:_,'_& O _''

lOW I'<F,._";S Oi" _']_OVl ocol::.r:',:::d f%'s & 3o71soq.\\'_""OO,..... o-i:' _io,O'' ...-_'orma-
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tion o9_ extensive low-dra< lar!i_...._r "oounc_ary_ !s_.-ers. This
phenomenon did not occur _7ith nose A because, as provi-
ous!y discussed, the unf_vor ....o_e pressure dis<_z!"'ou_.ion:

i_ no_.r in_. nose Drecl_.Ced. the po sibilit_ f of apprec_b!e
=-- o _ w.,..J_!be orated, however, theft the..... <.u;_,h

I OT'_none A showed ,.,._,_enero_l d.ecreas _.._with _ncres,sin___ _,_]o,_.
-q coefficiei_t as did the drags of noses 9 az_d C c_fter the

._m...ns,r oor.nd.%r/ !:uyers _za_ b,_en formed Similar decreas-
es occurred v,.,'i%htrc_nnition fixe@_ (fizz. 15).

In or6,er to shed some li_ht on the cause of the de-

crease i_:._dr'o_;with increanin,s :},ir-i:_let v_lou._t_y, partis, l
boun6_ary-!s, yer velocity profiles were measured at two sta-
tions, O_iSL :_nd OoSSL, behind nose _ ,_vith fixed transi-
tion-, for a v¢i£e r_,_n_._oof inlet-flow ratios° The results
(fig, 17) showed m decrease in the thickness of the turbu-

lent bouuda, ry !a_:_-eras the rate of sir-i_!et velocity was
increased in spite of slight decreases in the velocity
outside of the boundary !a,_-er. T_,o conclusions m_m be
dra_'_n from this res_t].t:

(i) The losses over the forward ps_rt o- t!:e nose
<%re deerea, sed s s air i.c._.et_ s incres_sed.

(,o) The skin friction over the _;-.- .......,.n. ._;_-art of the be TMc<¢

(to t_,_......rear of the O.ISL s8,._,_ion).o-_sho_,_Id i_q-
crease sl_ -'__,:-,..... ly wi,,h ,-%irinlet.

3'tom the draZ results (fig, 15), it in evi.dent that

the decrease in los[:es at the nose mere than compensates
for the sli.e;ht 5ncrcases in skin friction_ behind the nose

because an ovor-ail decres, se in external dra_ with air in-
let occurs.

In regard to the ma_nitud.o of the externc, l dra,_ with
air inl_t, fi_ure I_ shows that the external dra{ _'_ith
noses B and C was reduced to less than th<_t of the stream-

line bod_. 9_or the fixed transition condition, the dra_ of
..... ,,_ a,ooroximat_._ .,1,,. _no same ,.._.__' ._er, the _t,. ream-

line beds,. _T[th nose A in both eases, the drs_g was consid-
erably higher, Tests of the three noses in combination
with tail outlet C (fig. Z2) showed, about the same re!a-

tire drao_ chars_cteristics as the tests of the sin,_le open-
in_s. The fact that the external dra,_ with the openin._s
decreased to that of the stroam!ine body ma_T be accounted
for by the fact that the wetted area with the openinqs is
some_.hat less than for the streamline bod.7_, in addition,
the passa-_e of _,ir throuqh the internal s_stem has am ef _-
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feet on the external! flow similar i,e o. &ccroase in the ef-
fective thic!cness of the bod;Fo

T,:_owa.ka-surv<,W" romulus (i'i._o ]-5) _cw that t _" rmto-
....... ,._- ......... coe..ficie ..... a.c-

tu%ily _,:,_.1.c.w_,'.'.t'_',,_ less th.on_. _in!.ics.te& b_. tke +_o_ce-te,.,t..._, re,-
s:(zl'bs, rlh6 exs_,%:,_re.ted effect s!_owu by the force d.c_t_m_'_

pr(..'.s,sure ,_"..'_r_%dient -_,'- air v;a.s remov@& at tke no;:e of t!:..,",

of t._e.... _.._m_..m_-",_,_'_.._.... di _ ",",_o'_cv,_........, ._.,. . ,, (7 T_,_mc e'.'_t),._ ,._ b..:,.t ,:,',,_;._._,_. fore e ,':.-n£,.
v,,,_%kedr%,_s o ,m!rri.:l< at _:_oro flow, _;.:.e oo_]-_.,).s,tio_:_ pros

_zre exi._ +ed. it. t:,,-; _ _ct .... .... o...... c,._. At e. +'].o_v coo::z_ci_r.,t _" o.bou'_

_% ]'11i ;G i '.CYU.TI, _-.:_'_q',_t _9_.... _ "Oe I '_,'!½, t.[Le 1'o :[_oo. paid. "_,'_e_... &sofa ,.,-,,._r ee,
...... " o "_;, _-,:._"flow ed " _i_Tuz'eclosely, _tb .!_ess% mnr ,_N. r ......£;e . cover :Ln _

ch_wz_:es _'n the _yuovs..zze,v ,,:Cfec':_ _n ........ .... ".... in4 th
"_ '70' edT_,,-., decrease with ":_.ir i::_.iet

TI.'!£'II.-.q:9.£"_Lj.R£.._L.j.,L..2,-E'he °'_z_ o'i:' the inTe _............................................... ,, ope:_.ing in
an rc,tua! _ns_al.l_tion s:wul! %e ';o'<erue.% %y consi&_ ....
tio_s of both the oxte.rtz_<:, an& in.be:..-r_r.! :f].o_v, I_. oo con-
side:ca, rich of i,i:e ext_r:,:_m,l &re._.;, it has ".o,:_e_. s'h.o\,rn tka, t
n o s e B , S i t P; 0 ql-_: ]! x ,,,,._ ' " q _" r ':' e O _.':t_:[.

e_"_,:o'.z]y effective, _o t!K'.t either uo _'_...... :<_m,:,nt %e en_]_oyed_
depe::_d_inl on '_]:,_e o'un.nti_ .....b,,,. of a._."r _low reo<tiro&o._ ]:_., ]t:_s

"_" _ ""_ ,)eni",,:" .n,_."t be &esi_]ned i:'o'- s,na..l S,; %e_il Cho'.:zr ,,zl..._J] tzi'._ O ' " ,, " -,

iulet-velocit,.,, ro..t:'o o _' :.it least '7o'_' _---- _ . ,_ _.:_ or&er to permit

t;_ r_.o_.e--ore_;,_re )),_,_i< t,7 be e 7 _mi- -'_ "o.u,_,e&o Hi ,_;. r, _:,alLet ve-

looi':iem ,,:'ou.!£ be 0:f _ome 7-._n_i"_$ o.xfierna 7_'"

i{i_:,_.ini_t-_,,_lon_tv _a,t_o_ are &etrimer-..t ,-'_ to 'the

e _. i:_e,.y !%e o <"s s i t _ %,_ I s, :':'q O
ex_<-nsions an& _:;s.l:o t}_o ,_rict",on a.nd _en,.\ ].os_e _' kti_'_n It

.... . .. ' .... O u _" O ± 0 C Sis su,:_esi;e& i": ref,_:_re-qceo t.:ze_t7o_-, i,,_.___ _ it;in., may
have an._ e_£&itiozlr:_.l .... "_,",,_',l5a,.zeto,,:....... the inter-zc_i f',.(:;w 4_.__%hat
C O:_l-O6_rr..b i "fc_l:r _ ....... @_-D J-j_.S @ --_.z .._.:_ ,%_:z<ions ('_..,_ co m.Ltd.c ef:t".ci_-_7% "'_"
he,mr the i_le!; e_,;i:_.._] to b>,e........_s4c_reolk ,,_",_r:_,,_&_ng;.__ of the

° _' _ 'iZobreamlznec at _n_s_ :?oi t,

The fine_l compromise _ebw,::_en.,. tb.e conftict_ '._...,._ reoT._ire_..
me::tts 0¢ the intcr:n.s.l and the e:.::te-,",".,,] flows ,,viT1 d'_end

on _z_,:-. interna! arr'¢_,_.; _men'b a:,"..d ti:e '.:;_)ace _.v.%_ia.%le f'or
d.uctir,s, In :_c;_',.er'_l_ J.fi is be]love,% thrift efficient instt_l-
Is_tions incor::9orr_,tin._nose ._ or O; should he.re _nle_,-
velocity re,ties in l;l,.e r,tr<e of 0,Z to 0.6o
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" ' " e s f o r a.rb_._:_t_r&_r_
..... _.. .... _ q7 -- rPhe _rlbti%0_ o.e-
!n!e_o'o_n_u-°j ,_,_ze s (z .7__s,,_2=0. aLd_.._e!l °
scribed '_inder RESULTS for obtaini_ _" ?- - _:_ _.,u_tablo r...ose-inle%

- .u

sh.uo_',cs_or inlet sizes other than those _este_, is obvi-

ous]:_r sorictl,v So_licmble on!_r to o-oeni _ _'_ on _ :"fled
0 iii 7ood7 form, It is possible: hqwever, ,,,-._atthe sha_oos

_ obt ...._._,_%;; this method co_.l_, be aoniie.& with :_ood results
I where ouiy the basic fore%o_y ?rofile was simils, r to the}N

ll! %ody form° In s<tch cases the va-].ue of X and Y
_- _, _.e or(!.ina.t'_s wo_.Id be some-used in o'ota_.._zn_" ' the ac_u,._.l no,, , ....

•,_*_,t arbit ....". "_,, and_ c_re __.st be ex_rcised to avoid
"stretchi _a._n, th,._ rrofi7es.__ %e',:;on& _-o_oroximete..... ,_eometric
_imi!arib_ to o.penin.'.s o -_ corresponding size on the !i1
bo,_ Of course, u,-herever _oos'_ibI.e,: it -.,vo(_Idbe prefer-
able to use the :'_.ose3 or C profiles directly from the or-
dinm":e_oo of ta,b_e i, ,_,_t!o..,_the s70eci__e@_".Orofile.___ ._ for "_
C.n:e_a_a_rto_" of %.ke fu._-_elao;olen%th be ''"_ ,_ _-"n.a .......

: _;_,t_':n _' -d'un't sk'._-'_e :'_,:_r iu7et o_enin,q,- The modifi-

ca.t_ons 0£ fi-_<_,'c 19 con -'_ rq,ted..... o-i_ a conic_'_,! exosnsion with

a 109 includ.ed an_]! ,_, s_ la_'-°'eirre_;u].c_r e xnansion:, formed

.... ,_ _ '6 _? 0 r i _;!n e o O W ]. ::_,,r th,. c<._-o'_t tkc r a::-_d a_ ,,r.,_du_i (.4 °
s. lent cone) n_ _', _",q__ ',_,x......_. men o%t_inad with t;_e inner cowl,_i.3___.A.J._..r .. S , --

'_ ._e_one o4_ those char_<es :.,:_,c.a..me%s%Irs-:ol '_ e_fec% on :_i.t_ r
the external dra_{ (:,_ the ?rc;scur_ distrib_.tion. },{od.ifJ,ca-

.n_d no f nc.ts i:iodi fi ca-tion (c) of figure !8 iike'_vJ,se _" ef ., •
tions (_),.... .:_,_r:__,_,_,(b) of fl;;uro 18__ howeve_,. .,. esA_se_ .... _._ht
• " _ r_ " O± L_ .... _ ._d-_ o" _.,_cre,,_ses ,_-_n:t u._st'urbed .th.o extorns.l ..... _osure ,_t thec:, !) ....

no_eo These ls, tter mod i 4°'_.._c_t_...... ons _..,or.ee_uiva!cnt.., to. infe-
" "7"

,_ di _tmaller ":nI.ct sizes tn_ni ''_ or zlof3e s]l_,_%es oorreo,Don _!&_ tO

the basic nose 3 inlet° It will be ob-,_erved thmt the
", _ _ncludeo bo_n _o_msfactory an({. veryinternsol-duot s._ap s .....

i-,_effi6ient clesi:_ns soz_d,th%t neitker ......t_ r_ny
recta, provide8 the size of the inlet was not altered.

T-he desirable cha,r,e_cteristics .of noses 3 and C prob-
-- __ _ " ]l_r e a,ted in_%oly could _not be r.ea,3_..zod i _ a proPe .... wer too

.front of the openin__ boos,use the presence of the hub or
spinner u,o_il)_ s,lter the pressure d,j.strib_tion aver the noses,
Location o; .% tractor propeller spree d.ist_n_e behin_ the
i:_qet or)e__n.<__ a_-,oe,'-.'orsto offer sores ,oo:_sibilities although.... _; __ -- u.7 .[ _ "

the la.min_%r flow q_oi_.s,woulc% be limited.,

An_le of attack, mhe ,,._.=octof increasn in _n_le o _
_ttack from 0 ° to 8 5 ° on t,_ ;.)ross,are distri%ution ever
the to_ of nose _ c",_ "," s-_e'n._ _r. _.::"_-.su_e ,:_':S A considera-
bl;;, hi_n,:_z air-inlet-velocity ratio is _ou_ired to reduce
the pressure p_,_]-_ _rb S,5" " ' &n_ie............ _n_ze _f attack t _'_-- at 0 °
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of attack. In f!ight, the inlet-velocity ratio would au-
tomatical!y increase _ ltn an_le-of-_ttack increaSES ow4n_
to dec_-e_es__o_ in the flight speed, if the engine po_er were
assumed constant. Force-test data oot_Ined wmt _ fix d

transition on a fusela_e model employing nose C (to be
published) showed that the external drag: at an inlet-
velocity ratio of 0.58, was practically constant over the
an_le-of-attack range of 0 ° to Z.G °. No data are _vs_il-
able on the characteristics o{ in. noses
of _ottack.

Out Iet Op .......• enli_-, s

The outlet openin,_s tested were not optimum shapes
arrived at by a series of tESta, as were the inlet ooen-
in@s. As previousI7 stated, the7 _ mere!iT represented tz_p-
i cal practice in the desiTn and the construction of out-

lets. It became apparent during the course of the tests
that the openings had several undesirable cno_racteristics,
but it was not __'easible at the tlme" to extend t_e;,inves-
tigation to include modifications. Further research em-

bracin_ _ the improvements thst suggested themselves_ in the
course of this investigation is desirable•

Pressure distribution.-- The effect on the pressure

distribution of air flow from the outlets was _enerally
unfavorable. In the case of the annular outlets (fi_. 2_)
a new,drive-pressure [)eak occurred at the hi_gher flow rates,
owin o',to an efT_ective_ thickeninp; of the body due to the
low of exhaust a__r in the rear of tn_ openings. In some

cases the oeak was sufficient _ high to fix the critical

speed of t_.e body. The pressure <_.isturbance at the 21
percent outlet precipitated boundr,_ry-l_o___ _ transition at
all outlet velocities.

The static pressure at the tail outlets (fi_. 22) be-
came more positive e_s t__.e flow wan increased. This e,°fect

was due to the fact that the streamlines of both the in-

t ern_i .... xte OpEn--t.ae e verging at thean_ rn_l flows were con
ing, resulting in cousider_b!e contr_ction o'_ the flow in
the rear of the outlet. Thus: about one-third of the to-

tal ...._ressure (measured _rom .Pc ) at t_e_.tail outlets was
in the form of static pressure which, of course, increc_sed
as the flow ratio "<_asadvanced. The static pressure in
the intern,_l, f!ou_ at the outlet tended to be con_'_,:,_der_bly._
more _0ositive th:zn that of the externml flo_'_ near the tail

outlet. The hi_,gh outlet pressures are believed to _ _!l_ "v"e

co.used ioc_=_=__ep_r_u_o_.__ _ _" _ o_._the external _{low nenr the tail
outlets.
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.....£_U_A£!..__<_t2.Z_- xternal drag ,,,_th the 5z oercent_x% ...._.....d.l...... The e ..... -
anr__u],ar o_o_tlet (_°i-_o 25) at first decre:-tsed as one flow
rate was adva,nced because of the elimim:{tiom of t=he dead

air in the _,,va.keof the opening, and then it increased

_o rapidly, prob:i_'oly because of the increasin_ skim friction
o over the _0art of the body,, in the ....,va:_e of t'_e outlet4,_ •
b(-",

t

Sim'L!ar _,-,--_"cha,rae,+eris_ics were exhibited by the

tail outlets ,.vl_ereve,r ve!oc;;t_,_ ratios v/ ,,', u:p to 0.5 or
_reater could be attai:,_e(_ -_-_in the ...... '--_"._ .... , ..... c......of <,amls D and
F bested s'n_7,,-: (fi_ pro) an_ tails _, end. E tested in

rise in dr _-°" at the _" 7' f]. at.... •-_.._, .,J._.,-.,{_er o_,vr es ,n the combination
test_ is shown cenc!usivel,_ in fi_uz'e 30 to be &ue to the
tail o_Tt]._,ts,...... 1_Then com-o_r_'d., o< the %as_s_ o:f t,_:_i_-ou_!et-
velocity ratio (fig° 2,0) i_.,_ste,,'_,dof flow coefficient (fi_,
29(a)), the dra_,.<obtained with three o_at!ets of _videl_"
dif-'erent _,:_ize t_b.o;.Ts close _.,'_.,_oment. The 8._,'a_ increa, se

at t_o_e ___i._'hc,_r,_.... _e_...l-ou.tlet-velocit,v_, ratios is "oe_._eved_-" to
be due to ].oc;ml _ne[oars,_o.,..__of the exter_bt_l flow as a re-

I " 0']_sult of tl-e .am....outlet pressures.

m_e.__'_ts__l outlets were ,._',ume_.=_Or to _-;_.._.<.an::l"_iar out.-
lets. A comn.o_riso<o,of t_%_".].C "vJth the 6.'.{-<oeroentannular

out]_et, in combination! with nose _ (fifo ZS) s!o.o_,vsth.at in
spite of a somev_h.at la,r_]er area the tail. outlet had the
lower dra#_ t' _"- _nro_z.o,_t the rsn_e, ..D_"'b_-_cu]__:_r±,ir a,t the
b-i '_ _ o=. empected, the com--_._er o',ztlet velocities, As wo'__Id '_

_ar!. son was i _ ,_.--,] ' _ _.. n.,_._endent of tn_. locat4on o:,f bound.ary-le_.ver
t r_._,sition _ _ .....°-_ eec,:o_zse _either o_eni ",-,_ __s_d.any a_oreci,o_ble
effect on the tr_,,nsii;-_on location.

_Lt_]:_e__t--o_)p:j-_!.___#_e:s_:.:_#n.-The ou.tlet velocity is not
erbibr_or::.,as is the "..nlet velocity but is fixed "oy the
internal totai-.-.pressure losses and the pre,_sure drop across
the s,vstemo _rom the st and!,',.ointof the internal d.ra_, it
is desirable to have the o_].tlet total pressure as nearly
equal to the free-stream total :pressure as ]2ossib!e so
that s_ miiiir_._ums,mount of e:__er_.-";Tf_ill be loft in the wake.
In ','_eil-desigued s_stems, the internal tota!-Dressure
losses are oml_,,"a few -oercent of the free-.<',tream total

pre::{smre at hi{h speod.,s_ Under these conditions, the ideal
outlet total pressure is a?proached e_nd.the internal drag
is smai!, The relation bet_veen internal total-_ressure
loss and the i:Ltern_m! dra-_ was sho',vn under RESULTS. The

cutlet velecit$_ at a ._iven fii_ht speed is readily calcu-
_bl.e from estimates o -_ the tot_--:,_ e_sure osses and one

pressure drop across the s_._stem. A contra.ction or an eri-
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lice coe-'ficisnt ((lepend,ent on the o_o.tlet .shape) sko_._id be

applied to t!%e ve.locity _:osco"_p_._.te<!from tho _res._u:_'e (-har-
_cteristics, With the +a,il,, o_tlets tested, ._or exr',m_o!e,_

the veiocit;7 a,t the oub].et ,,v.%s abo'ut 0,8 Of t]:le final ve-
locityo _'or the s_nnt%].sr outlets, the cocfficieilt "_,._.,oroz_.,_h-

17, 0 9, f:.av._._a'>;tk_ obt,,_:<_ed,the velocity at 0...eo -""
_'-V, e '=d. q\I,:?__!-t.ke _-4zo of the o o_-,._in.:t]_,4].! &e-r)e'.,l&on o.,_e-- ai=ir

tit_ of air flow.

The economy of !>a.ss'_n_ <._.....(.._1,.. the req'm.ired amomnt of
cool_n..:__. _-tir thro'o.<;h the L_iter.u_}_! s<-_stem a_t, a_!--,_,fl_,_'_t,._.

S_De.e_S, .iS .> ...... -...... , ..... ,................... ;,er,_ ..... lqy • e,ooreci<tea \f_24e%.io.e.. __;'i'the size Of

tke. exit opeqi_z._ ,i.s %he most efficient method of control-
lin:_] the rate of flow.

The _!_'---:.--)(,'-"of the o_:)t:_n.i,_,__ ,. > _..,:, -__ot cri%'.c_i _,_s _r'a,r _s the
interi_nol flow is concerued, ,0rovid,a:! t!'.ere :,..,re ",?.o e.:<p;_mn-

siena. ......:"c_t t __,_e..or('seno_ tests _"..=,,_._-- indicate& _n,,zt tree <-'-<-.....
t ..... " ' -'" e,_'_,_-c.te6_ it" the <:;ha.tic toros-(,_.n<:,]. :r-'].c,w :_.a.5" be _.'c,_ :_'i'CO._,r ,. _

:_.._.f:::'ere'.._t fram [,ho<',c o:,- o-rzemazr.t sb,'o,a,m _e_.'..,r the

oltt].et T_-, _ha,oc of ORe oo,,niu.._;:, therefore, shov,].d ' - ....
mit the inters.a.i _¢ir to _' "'_-+ o"" ,o OLIOJ. 0 IDI '_

stzre t_._] oxis '_ ' ' ' ' "., Z "_i! o_,?.e olc_. e ]/ _:_;.:,..]... :_.Low _- _q -_

':' "-"' ,. - " " et _ _'- } ;_k e t c lb.e o .o.s_:,,_est,,_(i opi::is'N_m ba i.L--o_.ul s ........pe .__ .i i-- _-_cTu_ro
26, .mn.d the <'low .... "......u,z.,.<_.z_,,oristio,_ o,le oomp&ro(E wJ,%7). "bko<{o

e:<i st :L".'.,] &t o)?.e oi' the...... _-.ct]ets, tented >o". 17ie ic1,.--" ,..r01eto'
Co=_c]_tioi_ o -_ '_r_a-_t_'",',_, tot,t_l Dre.-_sare n hc ' "
The d.es:.,.re<i coad:-tio'as s.t the o_ztlc, t .%re ob-c.t,:_.i_:_,iL it. t!-e
)91"or, o,_ej o".').'._ri-Q_ "o_ ,_'mi:l&bin_ b__o co):-%rs, o%iov; q_:' the, o_lt

e% f].0v, r;,_.e ie -_.....,r] o ....... ....... ".......... _-. , S._.__..... _b_O_ C0;/). FI_ t,'_ O_-,t'. C_)_:. CO %i;%t:ti-"cT.'d

_t ..... c,n%i,_< lo,.>L%t_-' "r:', "..... ' .... _:_,_ a@_z"" f' bo'_h.............. ,....... _ O:f_ .,,;, SOo].I_ ,_ ....... SI] r,e, ilO 0

...... :.... 2Lu(>_rL':.%._ IT] OW8 Z)S_I'Oo.%].@]._

..... .... -..... ]- out!at ooeni:o--:'; ".s'_he o:pti::_u.m _'-"]pe for a.n ........._,_<.,,r- ..
not a <- o!),:,iottr,' as f. zi t _,._ case of th_ l,ai] ,_e . Tt _S........... 0%,o.... %S ....
evi"e _ _ i_C;We tb'\t t.X<: ?o(t."_ qa 4 :,:':i.'_,L<im-•L _ u :!:.''UO21 _'_ :%'El_<_ _:._;t', _7(_1' ,

" _';" oi..Olt-.C, b__ .... (hr t_ + O 1" O(:',.'ULCGmad.ia, t el;?" %e)._,.i:qd the c)t_.o].ot, ,.h, ] : ,'.,,)_, o .
th.:, +kJ.c.'<:<'e_z.. or' t:'o__ _'cdT".. a:md t).us to' re.,.zeve _ _b.ick-,,
e_..i;:',-' e:£.fc-ct o:_" t':._.e o]zt!_.-'.t, f!ow, Y'ur40har re3o_:.ro%, is reo-
omL_,i(:kd.,.'-;& i;e dd;[t,c,rmtLrc; i-:l dotb_i], the sh_<0_;s roq:;d, rocl to

' _ . ' ,.. ' . _ ' "_" OS['%%7fO [ai S-*_i¢':) t]:,_ _, ":_t!'_ ] :_!t)._ d. id[:'tLrOL%itO0 "[;<' Z_%0 _L .... 0:].O--[pl'

" ' _ ,t " <,% t " _ <<)re s,,:tre 'n t:_c.'__,_:!;:-,.'_fic:mo.t% 1_ "L 0_,:J.S J. O l_.. b, i.. } .L .., , 0 5 _.'.i. ... 3 ;3 -, ,

_>.._ ,.,0 t <'] ]#res-ra,.,:_;e _ ? "e_: %'ha', _ '?S to ].00 " ,"," .o.• _ ....... !0 ...... OOZ'l_ c',]T S'_]?Cq _

s'm.':'u ... ,re,.u..:.":_.... _e of p:::'irci<_s.].._m<:ort:?..nco...... in ::ru.ck a,n :L_-,vcsti -
_ a"o i c _,.o



In regard to t.he relative merits of the a:o.nu!a,r and

the tail outlets foi" efficient imtez_nal sNstems, it is

_0_,'obabl'_...-that the opt.,i-nlzn tail ___ will be su_er'.or_ to

t.ze Lest possm cze a:,_,n_ala,r outlet because the hi,h-velocity

fTow _,ro:,_the annular coenin:_s will genera71y increase the

o skin friction of t!le portion o±" the body in the wake of
o the outlet.
;'-,_

I

_-7 !_llct-07v41 et Combinations

The combination teeth (i'i:_s 28 a:..a. ) are of prin-

ci_a].., interact_- i-n_.,shewi_zP_ th_-_t t:_.:_e_Tterr_,a! dra_ of the

bbdy with suitable in!_t amd outlet o-oe_n'_s of o_acti_a-

b_ ..... " " _+. in.Le size v:s_s _:_oh_'_her tka.n th.s,t c,.:fthe oa,s!c ....reaml e

form. This result was obtained at rates of -intern,%l air

flov,- s_;.fficient for coo!ing _:_ra&ic.,.l enqine located at the

m,%ximLlm fus,:,l:_e_e seether! at modermte to hi°'h-_'_e,_d flight
condi tiers.

The varie.tion of the r._te of 4"_,ter:,.!alflow in the

combi _ _" •'

the internal resistolceo At the oon@_ition of .T,.'.mximumflow

att&in;_b!e with _ ,"_iven c>utlot size, the intern_l losses

were very sma,il a%n.d consequently tko o_itlet cond.itlons

closely s_pproached the :L@.e;_%!. The o_.t!ct velocities over

approxima.telN the hi_;he,r 25 percent of the flow rs,n<e cov-

....... each ou%.,.et corres_)ond to '2"" "'_'_"
f!i._ht o_;.tl.,_ COn(li_ions' a,t lower zloty rat_s the internal-

resist,r._nce lozses wet -_ consi _'_ ....-7 , hi " _........ _, _._r=_D_.,_ qner .,.ns_nwould be

encountered iz-ipresent prsocticeo The actual m_,qnitude of

.... _,z_....z dra{ t}_rou_;hout the f7ov,.;rsn{e covered with

tail C is shown in fiq_ure 27,

Th@ rise in ,\z'a< _'._tthe l:_i_b_e,rflow rates hms been

skown to be due to the unf,_vorabic outlet conditions at

the high,her outlet velocities (fi£;o 30)° It is believed

t ...._ by imorovin,_ the outlet d.esi:_n ss ..,u.,_ _ted. in _

26, the rise iic d_:"s.£ co"; the }7.i_]-J_ or:tlot velocities would
b,'_;eliminated°

It will be ob,:'_'r Ted that th.o dra,_ o%tained for the

be;:_t com'oiuations _:i..,,hfixed tra,n_:_itio_rz was, in _eneral,
si_ ght" _ fo I'._,._<rearer t:..... si--- _._._,,n r t.e_e sires.n-line ody _._,ithtran

, tion fi:..'ed s,t the _ame station. The differer_.ce may be

......._re].-_ acconnt_d --,-.... " the hitcher ,]_';,_o _ the ce.rbornn-

.... ria:J.m s_ p itself wb_e;:i ocate',! __ _..... ._ne nose of the znlet
o,?enin.._s, t _ - whei_ " ' ..... _-nc,,z_ lees, ted _,n t:o.@ t_, cker bo_nc_o,r_ IL,_er

on the _t ..... _ " " -_' In.._ _,_am±zne oo_;, o a6.dition it should be remem-





27

Tke N AoA. co;vling skape emplo_Ted in the tests of ref-
,_.ro__._.... 1 v,Tms de\-elop_-d (reference 2j to _iave the hi<best

.._ _ d ."d = 0 _.3 of e._....tty-oic,%l cowlin_crit_ c._,.l 'soec _ or _- , ....
shoopes of tke sam_ over-al _ _: " _he _i ......1.. ._ _±menslor_s. cri_ _o

sp_'(!'(_of +_e body alone v__t_,_tlie _....-" the . re.

inlets, nose .&0 was I,£c_= 0,64 at a practical r_te of

D air inlet (fi _'_,.IS _,, W'th= tke smaller inlets the critical
_.': 0°84 the cr_tica! s,oeed of:_x speed wa, s sdw._nce_ to ....cr = , -' _ •

i
--1 tke basic 111 fuseia._e skape.

COI_CLU8 i ONS

I,, llo_ii-'ication of a streamline bod_r permibtin_; e.ir
i_ie% at the r_ose and or-t].et sA, the tail can be _¢ccom-
_o]__shed withe'tit in_re_in£ t>_e extc_,_,_._i,, dra._; Tn,l,__'_ floe

total drsq,_o_,_t of _:_,po:ver-_.olant invta]_l_z,bion iN .... <_,.- a
7 f_ .. " . ..body sho\_.!_ be oa!c_.iabae I_l_o-_n consi(ter:t_,zon o_ the inter-

_,r _, -k e Illfla.7.- S._ _ ,_

2_ _].t_ap.,._%ctica.ble .rate_ o:f s,ir flow ....ough sz_..ita.-
_! _ ..... _" the local ve!oeitx £i. st_io_b_zj sh,%pc;d nov, e-.in!.e%, o.,_-,'_in.:,s_. , _

%_.]._0-,on cam be ma.d.e t c ,-:rpproa_}._ clo _:;..:;_-.yt ......... of e ha c
sbres, ml_ne bo[,_" c.o:.q,seque_kt].;_ ti.,e cri,'..;ica.], oor.core'._':].%ili-
ty...... soee_t will t:)e as ...._._,z <_r. t,_,.fi, of _..he s_.,re%mJ..ine bod.:g..
a_ud t>,e same fever; ....!e g.;OllZl 5tl'_.v-"__'h,_el" _ O0
tions -__ be " "Cc_,. ]2CO..L2. Z(]t_ _

S_ __rt-_er research is -_ece_s:-_ry to 6.etcrm'_ne in de-
tail the optimv_m o_"_k_:_et openin,,_" ,am....._-_.s t:: .....t n:_ve, b _,_;- suo;--
_e.sted b,v the rerults of this inve::_ti_;a.tiono it i,,.:_pro-

t'_a_ o .. " d.es.,._n.ed :_e tht<{.: theposed. " ' 'atlet ouenJ.n.:_s shovd, d or ........
_- .,. _ _ t_ b ....

same as the static press_zre in the external f].o_ in the
vi_'niby of tke o_,,__ -_

4o The intern_l_d_ct sh_t_e near an :."r.!ct of _Jv(..n
size had no appreciable effect on the external d.rag or
p r e ,,_sure di st ri'oub'_on o

inlet o_enin:] ceR].sed no a-o_recia%le increase i.',_ dr_.°" at

low angles of attack. '_he muzzle of the £'un should %e
st_-,_htl_r rounded, _'"_ _ _, extending be-- , ..... (_ the lenf_th o e barre _

c,-_ 7yond the i:olet _hould be an ...._.........l a _"_ossible o

_,7 e-Lan_._ y Memorial Aeronautical Ls.borator.y,
National Advisory Committee for Aerona.utics,

Lan_ie,j _'icid., Vs,_
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Figure S. - Nose inlet openings compared with streamline nose.

Figure 4. Typical tail outlet opening.
Tail C.





_',_ure _..- ,Schernahc dia3r,_m of ._e/- Up for 1'_,.._t'3wi'_/_ b/ow_.



o NACA Fig.7
O
oh
!

............

Figure 7. - General _,_e}vof bio__:erset-up in the test chm_oer of the S-foot higil-
speed _lnd tunnel.



0 NACA Figs.8,26.0

!

i

.I .2 .J .4 .5 .6 .7 .8 .9 LO
x/Jt.

Figure 8.- Measured static-pressure disbribu_ion about streamline body mounted on NACA 27-212
airfoil compared with theoretical distribution on wing alone and body alone.

M, 0.18; R, 7.6 x 106.

_ Pfou/let) = O.4

_---"---'_ _/vfoutz_t_-o.8

P=O

' _ v/V=l'O
Figure 26.- Sketch of flow conditions (no internal losses) for a tail outlet opening simi-

lar to those tested and for a suggested improved type.



NACA Figs.9,13.
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Tdp of body With ._xk_- Figure 9.- Variation with-
-- - NACA 27-2/2 o/r'foi/ .- Mash number of •

-.4 I "" xk' "_"-"' peak pressure coefficient
..........-e: o----'_-'i"c__ _'_ h
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._ I -'-'_'''_ _ Comparison with theory.
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I

4 .01

0 .20 .40 .60 .80 ZOO 0 .I I .2 .3 .4 .5 [6
xT/L I

0 5 /0 /5 _OxlO 6
_(opprox/mote)

Figure 10.- Vari&tlon with Reynolds number of the
loo&tion of the transition point on Figure Ii.- The external-drag ooeffiolont of _he lt_Gmml£1e

top and bottom of streamline body. body Irlth fixed and with natural transition.



Figure 12.- The static pressure distribution over the nose inlet openings.



_ :_...._} _:s===_,-..-- --_ ----i-- _- Figure 15.-The external-
".I-.'.05 '_'-. drag coeffi-

_',"_'C]StFeOflT/ifTe body w¢h fronsif/on cient determined from both

.b.04 "'<'B _'*_'ed OZ_ some _'/L o._ on force and wake-survey---+'Ajnoses d Z_ ond C- tests with transition• ' fixed at the nose of each

0 inlet opening.
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Yil&_e 20.- Oomp_son of the t_ee Lnlet ope_ nose ]_'ofilen r_uc_l to the eame length a_l depth.



Fige. 22,23.8 '
I

Figure 22.- The static-pressure
._ _- _ distribution on the

_ __-- afterbody with a typical tail
.2 _, outlet. Tail D.

.4 V
_o z_ 0 Ico x ......... /.OO

_.8 -- 1.80 __ L
3treomline body I

8 I
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.70 .80 .90 ZOO
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k)_ ....... _ T
.072L Trons/hbn f/xed

I

_" ....,t I bid
,._..05--'3/reamhb( i y

I"_ .04
Ouflef d/D ZlL
A ----v 0.337 0.15-0 Figure 23.- Variation with flow

_.03 B ----o .313 .129 coefficient of theC --n .259 .108 external-drag coefficient obtain.D o .216 .091
<b F ....... r, .124 .053 ed with the tail outlet opening

.02 Fixed transition on nose.
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0 NACA _ , Figs.25,27,28.
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__ Figure 28a and b.- Variation
.0/ 3L coefficient of the external-

drag coefficients for nose
inlet opening A combined with
various tail outlet openings.
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Figure 29_ and b.- Variation with flow
coefficient of the

external-drag coefficients for nose
,06" inlet opening ,9 combined with various

tail outlet openings.
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Figure 30.- Variation with outlet
._.04 velocity ratio of the

<< extern_l-drag coefficients for noseQ]

_.03 B combined with various tail outlet
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NACA I Fig.35.
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Figure 35.- The effect of the presence of a .50-caliber machine gun model in
the inlet opening on static-pressure distribution on top of the

body. Nose B, natural transition.






