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i:TIlm- TUlJ1:l:6 L I HV3So:i:IGAT IOfT or Cl.RBURE TOR - AIR I LETS 

By W. J. Nelson and K. R . Cz a rnec k i 

IlTTRODVCT I 0: 

An i nvest i gntio~ of the int e rnal and external a ir ­
flow c~ar a ct er istic s of carburetor-air i n lets fo r li qu id­
cooled onG in e inst al l at io ns, has been conductsd i n the 
LTA CA full - 's,c .::. l e ':rind tunnel . , Incre .::. s ed air p l !'Lne speeds, 
and h i gh~ r op e r ation", l a l t i tudes have !.ugroent o d the diffi ­
cul t i es ~n the d os i 5n of ~ir inle ts that are eff ~cie nt ' 
over the en~ ire fligh ~ r anee . _ Efficie nt inl ~ ts provide a 
uniform ve locity d istribut ion at the car bur e t or me t e ri ng 
venturi wit h high ramm ing p re ssure and a low exte' n a l d r ag . 

Full-scale models of two re presentative purs~it a ir~ 
p l anes ~~re used in the inve sti gation Qf ni~~ carb~retor~ 
a ir inl ets d iffering in, shape , s ize , an d locat ion . The 
inlet 9 0sitions were confined to t h e fo r ward sectio~ o~ 
the', fU,sela g e . The ef fect s of p rop ol l e r o,pc ra t ion on the 
inlet c harac te ris t ics were dcter ~ i ned for mos t of ~he in~ 
stalla~ions . Moasurements of v el oc it y d istribution, ram, 
and ,dra g \'f{}l'C 'mac..e at a ir C},uant i t ics ' and an Glos of attack 
correspond~n& to a wide range of f li gh t conditio n s for . 
oach of t hese i nl e ts . 

~PP~R~TU S ~ND TSSTS 

A 'de s 'cri pt i on o f t he nfl-CJ.. full - scale idnd t.unn'el an d 
balance used for these tests is G~~en in refer~nce 1. The 
m:odels' 1:[e re mbun'ted in the test section as Sll'O'1:in in fig ... 
u r e' 1. ,1' 11 e p r inc i pa l d i me n s i on S 0 f the ffi 0 del s a:r e g i yen ­
t'n :figures 2 and 3. J,. l 'O-foot - dia'r.1e'ter ' pro'pel.le'r, fitted 
wi t} cuf fs (f i g .' 4),. and. driven ,by an electric mot,or" ''las 
used on 'moelel A to ,dete r mi ne the , effect ' of t:le s lips,tre,am• 

The duct syste m a head of t he nominal c a rburetor' laca­
tion was made in two sections; one se ction fo r med the in­
l et end the d i f fus e r and the other contained the bend and 
the con ne c t ion with the carbureior f lanGe . Ch anges in the 
i nstallat ion during the tests we re confin ed to the inl e t 
and the d. iff use r: • (- S ee' fig s< 5 t o ' ,1,5 • ) 1.11 t 11 e . s C' a 0 p s 
were o f conventiona l des i g n except scoop 5 , wh ich t wi ste d 
s~ that th e ' inl c~ was'ali ned wit h t he dtroc t -i ,on of ' the 
sl i pstream i n the 1 i b~l ... spoed cond itio n . 

" ' 
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Since no engine was provided in these models , it was 
necessary" to aeld a .duct :r-epl.a c ing the carb.uretor to pro­
vid~ an adjustab l e outlet with which to control the air 
flow thr ough the installation . The duct installation in 
model A is shown by an isometric drawing in figure 16 ; 
in fi bures 17 Bnd 18 the details of the bends ahead of the 
carburetor are given for both models. 

Th e increment of drag added by each duct instal lati~n 
was determin e d from the difference between force measure ­
ments on the bare nodel and on the model with the uarbur~tor­
air .system installed. These tests were made over a range 
of lift coefficients from - 0.2 to 0.5 at tunnel speeds of 
63 and 100 ~il~ s per hour . 

The velocity distribution and the ramming pressure at 
the carburetor were obtained from measurements of t o tal 
a nd static press~re at the flange location shown in figure 
16. ~ e rid of 29 total- and static-pressure tubes of 1/16-
inch diameter was placed in the outlet to provide data for 

.tho c~lculBtions of internal drag and air quantity. The 
~tatic-p ressure measurements required for the deter~ina­
tion of tho critical Bach number on the upper lip (table 
I) of dach of the inlets and at the scoop - f~selagc fillets y 

of scoop 5 were obtainQd by means of 1/32-inch-diamo ter 
_p~ificos inst a lle d flush with tho surfaces. 

Power-on tests wero made unde~ ~onditions simulating 
hi g h-spoed a nd climbing flight to determine the effect of 
t h e slipstream on tho available ramm ing pressure , the inlet 
velocity, and the surf a ce pr9ssures . At t h e high-sp e ed 
lift coefficient of 0.1, estimated for the airplane 
equipped with a 160 0-horsepower e ngine, tho propeller blade 
anglo and V/nD were calcul~ted to be 60 0 and 2 . 9 G ~ re­
spectivoly. In the cli mb ' condition, for G\ . lift cooff~cicnt 
of 0.5, tho calculato cl blado anglo a ncl V!nI) Viere 40 and 
1;32. Th o test airsp e od~ corresPQnding .to . tho high~sp 0 Cd 
C:. l1Ll clL. bco'1.ditions ''lore 63 ancl 45 ,mil o s per .hour, respec-

• !. 

SYI!30LS 

49D' i ncr eT!1O nt of 'drag c oerf'l ci e'n t clue to. ,8 c·Oop 

ealcu.lG,tocl incromont· of" cl:cag cobffici.ont due to ex-
'. . t .o rnal cl..rag 

calCUlated increment of drag ' coefficient~duo · to ~n­
. t e rnal . clrag 
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0L lift co efficient 

S vling area 

total pressure at carburet~ position 

free-strean total pressure 

p surface pressure 

~ local dynanie pressure 

~o free-strean dynanic pr e ssure 

Vi inlet velocity 

Vo free-stre an velocity 

~ air quantity 

Me critical Mach nunber 

a . angle of attack 

a propeller bla~e setting at 0.75 ra d ius 

D propeller dianeter 

n speed of propeller rotation 

T propeller thrust 

thrust coefficient 

RESULTS A~j) DIS CUSSIOH 

A typ ical set of tuft observations ua~e at the entrance 
of scoop 3 an~ presented in figure 19 illustrates the in­
portance of the inl et - velocity ratio Vi/Vo as a fundanen­
tal para~eter in the i n l et de sign. The tuft observations 
at the low value of Vi/V o = 0 .21 show that the boundary 

layer at the cent e r of the scoop separates fron the fuse . 
lage, resulting in the for c ation of a thick layer of eddy­
ing flow a t t~c botto n of the inlet which upsets the na1n 
flow into the duct, Boun dary-lay e r separation at the inlet 
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occurs when the inlet static pressure qo [1 - (Vi/Vo)2] 
oxcoeQs ~hc total pressure of the fluid i~ the boun~ary 
layer approaching t~e inlet . ~hc pressuro at the inlet 
varies from stagnation pressure at an inlet - velocity ratio 
of zero to stream static ~ressure at an inlet - velocity 
ratio of 1 . 00. The ~epGndency of boundary-layer separa­
tion on the inlet-velocity ratio is sho1trn in figuros 19(b) 
anrl 19(0) in \lIllich , for Vi/V o = 0.36 , . tho :pressu.re rise 
at the inlet was insufficient to cause large - scale separa­
tion and , for Vi/ 0 = 0.53 , the boun~ary layer entered 
the scoop with no indication of unstable flow . 

Althoug~ the inlet - velocity ratio is one of the most 
fundamental inlot parameters , rrirect comparison of the 
various scoops cannot be nade on this basis alone . ht a 
givon Vi/Va a larger air quantity enters the larger in- · 
lets an e:' , consequently, the c1.uct losses, "lhieh are primari­
ly a function of internal dynamic pressure , are higher . 
The parameter Q/V o ' in which Q is the air-flow volume , 
provides a basis for comparison of the ~uct instaliations 
as a function of tho air - flow quantity~ 

~ir Flow and Ram 

Contours of total pressure (figs . 20 to 26) at the . 
flange location are given for all the installations test ­
ed to facilitate the visualization of the air flow at the · 
carburetor . The average value of the total pressure at 
the carburetor is the ramcing pressure, which is given as 
a percentage of the free - stream dynamic pressure . Since 
the static pressure was uniform in most of the tests , the 
contours also approximately indicate the velocity distri ­
bution at the netering venturi . The ram obtained with the 
better scoops on airplane £ was consistently lower than 
that obtained with similar scoops on airplane ] , as a 
result of the higher be~d losses that occurred at the ab ­
rupt duct bend on airplane ~ , as compared with those 
caused by the larger radius band on airplane ] .(figs . 

. 17 and 18) . 

The total- pressure distribution , which was essential ­
ly uniform for all the protruding scoops at low inlet ­
vdlocity ratios , became increasingly irregftlar at higher 
values of Vi/V o . The unifarmity of flow at · very low-
flow ratios is due to mixing in tho diffuser as a result 

~-----~-----~ -----~ 
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of a turbulent condition at the inlet and to the low losses 
at the duct bend . At inlet - v e locity ratios below about 
0.30, t Ie desirable flow unifor mi ty is acco mpan i ed by an 
undesirable loss of ram owin g to the flow bre akdo wn at tho 
duct inlet . For larger values of the inlet-velocity ra t io 
from app roximately 0 . 30 to 0 . 50 , optimum ov e r - a ll perform­
ance of the scoop is attained with a uniform velocity d is­
tribution at the carburetor and maxi mu m ramm in g pressure. 

As the flow through the c a rburetor syste m is increased 
with g reater values of Vi /Va and Q/V o , the d~ct bend 
lo sses beco me l~r ge r , tending to decrease both the flow 
uniformity and the available r am . At the bend the g r eater 
part of the ene r gy losses occur on the inner side of t h e 
turn because of sena ration of flow around the Rmall inner 
r ad ius . This effe~t is shown for scoop 1 (fi g . 20) at a 
Vi/V o value of 1 . 13 and a Q/Vo va lue of 0.16 . The p res ­
sure available b eh i nd the insid e of the turn was about 20 
per c ent less than at the outsi de of the t urn, and the av­
erage ram was 78.5 percent go as co mpared wi th 91 . 5 per -
c en t qo for a flo w r at io of 0 .05 . The same effe cts are 
cl ee rl y shown in f i gures 21 to 24. 

An anal ys is of the sourc e of the loss of ram is made 
i n figure 27, in whi c h the pressure in the c a rburetor has 
been p lo tted against Vi/Va for inlets 1 , 3, 4, and 5. 
Be c ause of d i fferen ce i n i n l et a rea , the flow quantities 
at the s ame inl et - ve locity r at ios fo r the sevoral scoops 
are c_iffcrent . 

Those data a ll show the characte r istic de cre a se i n 
r am wi th increasi ng inlet - volocity ratio with the effect 
accentuated f or the l a r ge - a r ea inl e t scoops . In the ana l y ­
sis of t he data it was assumed tha t the lossos in the bend 
were pr oportiona l t o tho local dynamic p res sure and, based 
on studies of bends , it was estimatod that tho loss i n the 
case of the abrupt beni in mode l A would b e 40 percont q . 

The bend lo sses , c n lculated on the foregoing assump­
tion , Qr o shown i n figure 27 . It wil l bo noted that , fo r 
the h i gh-flow quantity , the bend loss a ccoun ts for a large 
part of the tota l loss i n ram with a smaller, mor e nearly 
co nstant am ount c aused by the boun~ary - l ayer and du ct lo s s es . 
At very low inlet-velocity r nt ios the bend lo ssos a re small 
and , as p r evious l y mentioned , tho low ra~ is due to separa­
tion at the inlet. The extent of the d issymmet ry occurring 
at the c arbureto r fo r the h i gh flow ratios will lar ge ly de -
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pend on the efficiency of the oend . The results indicate 
that in high- altitude flight , for ~hich case the d~ct v~ ­
locities may become high, extreme care must oe exercised 
in the design of the duct to avoid large losses in ram 
and loss in flow unifornity . 

The data oot~ined on scoops 6 , 7, and 8 , teste~ on 
moCel B , are ' of ~articular interest in Cemonstrating the 
effect of t~e inlet position 1ith reference to the fuse­
lage sarface . Scoop 6 was so located that the inlet area 
was entirely aoove thG surface with a narrow gutter pro­
vic1..ecl for by?assi'1:g tho oounc.lary la,yer; scoop 7 was so 
mounted that t~e local surface of the i~let was tangent to 
tho surface of the fusolage ; and inlet 8 was flush with 
the upper contour of the fusela g e with no 'pr6truding 
scoop . The rams ootained with scoops 6 and 7 were Doth 
hieh and aoout t~e same (fi~ . 25) . For the flus~ inlet 8 , 
only 73 . 5 pe~cent qo was recovered as ram an~ the veloc­
ity distribution at the car~uretor was very irregular . 
The pressare at the inside of tho turn was only aoout half 
the stream pressure , indicating a oreakaway flow a cad of 
tho luct inlet. In effect tho external strOBe overruns 
the i~let , that is, it fails to nake ~n efficient turn 
without the guiding action of the protruding scoop. ' On 
the oasis of ram and velocity distrioution, scoo~s 6 and 7 
are of equal merit; as will De noted later, however , the 
drag of the scoop with the gutter is higher . 

The effect of decreasing the hei ght of the duct in­
let while ~aintaining a comparaole inlet area is shown in 
figure 27 . At low values of Vi/Va the flat scoop has 
aoout the same effectivene~s as the scoops that protruded 
farther above the su~face; at high values of Vi/Vo , how­
ever , t~e ram is largely decreasc~ . mhis result is attrio­
uted to the greater length of fusela g e surface from which 
the boun~ary layer is t~ken , re3ulti~g in a larger percent ­
age of the air entcrine thu duct at a reduced total pres­
sure . Additional factors contriouting to the low rams at 
high-flow quantities are the less favorablo expan~i'ons' in 
tho duct diffusor and t~e ~ ~~11 hydraulic radius caused 
oy the flat shape with resultant inc~eased skin friction . 

The r~Gults ootained with the unconventional annular 
inlet 9 are shown in fi~ure 26 . kt aneles of attack corre ­
spondi nG to the high- s~eed condition, this inlet has char ­
acteristics com~arable vith the oest protruding scoops . 
At hiGh ~nGles of attack , however, owinG to the slielded 
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pos i tio~ of the inlet above the propeller spinner and to 
the tendency of t~e flow to spill out of the top of the 
cowl i ng , the press re i ~ the s c o op is Great l ~ reduced . It 
~ill be noted that , at angl e of attack of 1 2 , the ram has 
dropped to approxiJ.1ately 30 percent of the strean pres ­
sure . In the Case of the protruding scoop 5 (fig . 28) , a 
decrease of only about 5 nercent in ram occu~red over an 
angle - of - attack ran~e of i l o . Si n ilar results were ob ­
tained with other protruding scoops . 

T~e effect of t~ s l ipstream on the raQu i ng pressure 
available at the carburetor is shown for scoops 1 to 5 i n 
figure 29 . At a si uulated ~iGh - speed operating condi ­
tion, the slipstrean i ncreased the c arburetor ra~ approx ­
inately 5 percent go for the five inlets tested . In the 
cli~b condition , a slightly 5raate r incraeent was DGasured. 
Tho failure to recover a larger percentage of raD pressure 
in the c l ieb condition Da7 bo accolntod for by inefficient 
action of t~e 10ler section of the propoller cuff . 

Tho icprOvoDo~t in power - on ram made by twisting the 
inlet into the slipstream i s shown i n figure 30 . In the 
h i eh- speed cond i tion at an inlet - velocity ratio of 0 . 40 
an increase of approximate l y 3 per c ent go was measured . 

A sucmary of the drag data for the var i ous carburetor ­
ai~ ~uct installations is given in table I I . The incre -
ments 6C D L. the table are the di:ferences between meas -
ured drag coe:i.'f i c:ior.ts of the L odel ", i th 2nd fithout the 
carbure~or -air systens and includ e the drag due to flow 
through the outlet duct a nd t~e out l et losses . The values 
of the drag increments g iven are t~erefore useful only for 
com~aring different scoop arrang e ~ents on the same model ; 
hence the values of 6 Cn for installations on ~odel B 
cannot be com~ red with those on model A because of 
differences in the outlet ~uct system . The outlet for 
model A was relatively efficient at low air - flow quanti ­
ties ; at lar g e values of Q/V o ' h01ever , the carburetor 
air was ejected fro m tho fuselage at a large an g le to the 
stream direc t ion prod~cing a turbulent rO Eion be~ind the 
outlet ~i t h hi bh dra~ . On mode l 3 , tho outlot duct was 
unavoidab l y tart lOUS an~ a large pqrt of t he kinetic en­
erg~~ of .L·:_e air flo", "as l ost , resulting in a 11igh outlet 
drag . I 

I 
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The evaluation of the internal and external components 
of the Qrag has been accomplished by calculating the ener ­
gy lost in tile duct end deducting this quantity from the 
measured AC D. The internal drag coefficient CD. ' corre -

~ 

sponding to the losses in the duc~ system up to the ~arbu­
ret 0 r f 1 C'. n g e , i s g i ve n by the e xp res s ion 

= ~ r, '1I 1 e DiS VOL - - JI H: ...; 

In a similar way the drag coefficient corresponding to the 
tot I lose between the inlet and the outlet can be calcu­
lated by replacing the term Ec in the foregoing e quation 
by the value of the total ~ressure at the duct outlot. 
The values of eDi for the diffe~ent carburetor installa-

tions ar c g iven in tnble II , in which it ~ill bc noted 
that tho dra; due to loss ah6ad of the carburetor is small . 

The values of the drag co e fficients corresponding to 
the total intarnal ducrt lossos are not tabulated . They 
were oalculated , ho~ovcr, and the ext o rnal drag coeffi ­
cient increment CDc was obtainod by d o ducting the total 

internal drag coef~icient from th e drag coefficient incre ­
ment measure1 in the force test. As previously mentioned , 
the exter"_al drag coefficients include the losses occur ­
ring at , the outlet and are therefore larger than for nor ­
mal installations tith engines. The results indicate , 
with respect to measure ments at 101 airspeeds , that the 
drags of the ~ifferent scoops tested are somewhat similar 
and that en efficient installation of a carburetor scoop 
on a conventional pursuit airplane should not increase 
the [rag coelficient by more than 1 percent. 

Compressibility 

As a result of numorous fundamental aerodynamic inves ­
tigations , a ' technique has boon evolved in which pressure 
measurements at low airspeeds are used to estimate th~ 
speed at which compressibility effects become critical . 
This critical speod has been defined as the forward speed 
at which the local velocity at any point on a body reaches 
the speed of sound; at speeds below the critical a well ­
defined variation of pressure distribution with speed oc­
curs that is accom~anied by significant drag changes . 
Tho drags of tho scoops as measured in this investigation 

-- -- --- -- -- ------ -- -- --- ---
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a,t 1 00 TI il es ~oe r h o\er may be increased considerably at 
h i gher a ir p l ane speeds , if tho local speed of sound is ap­
pr oacheC at any p oi nt on the scoop • 

• '..0 
~ The meth od of estimating the cr i tical snoed from 
7 moo.surements of tho p re ssures a t ' 10Vl speeci.s "is g i ven i ~ 
~ r oferen c e 2 . T he valuo of the uC\.ximu m negative pr essure 

i s determi ned by means of surfac o pressure neRsuremen t s a t 
lo w speeds and this value is ext r apo l ated to h i gh Ma c h 
nunbers as in f i gu r e 31. The critical speed is determined 
by the i nte r se c tion of the extrapolated pressur e c u rv e 
1ith the c u r Ve of the local s peed of sound . 

EXQRi~ation of figure 31 shows that the highest crit ­
ic a l s~eeds wi l l be obtained wit h sc oops hav i ng the low­
est rna~ i Eum negat i ve ~ressures , The p roblen of des i gn i ng 
a s c oop ~ i t~ 0. h i gh cri t ica l s peeQ is ana lo gous to tha t of 
des i gning nn a ir fO il 1i tb t he same char a ct e ristic s be ­
cause , ns in the c ase o f ~n a irfoil, the pressures a re de ­
t e rmin ed by the camber of t~e li p , it s thickness , and its 
angle 0: attack . The angle of atta c k at tho scoop i nlet 
i s dete r mi ned by tho amount of flow that passes through and 
around the inlet w~ ic h is expressed by th o ratio Vi/Vo . 
~ tIl ~ V' / ~T .L h 1 ~. t 1 • h . , ~ .t>. OU vo. ues or i 'v 0 v . 0 ang-,-e OT a~ aCK J.s J. gr.. a:'lc" 
the co nverse a l so holds (fig . 3 2) . Ni n i mum negat ive pres ­
sure s woul d be ob ta i ned for a t h i ~-li p scoop adjusted 
throaG~out the flight range so as a l ways to operate at its 
ideal angl e of attack . In the usual case , however , ad ­
justable i nlet scoops ure undesirable and the optimum 
scoop becomes a compromise fo r best ave r age operation ove r 
the fli ght range , ~ i th the s~e ci fi c re ~u ire Dent that a 
cri tical s~0ed on the scoop lip must exceed that of the 
1'e st of tLe 8,i r :;:> l ane . The compr o mi se involv ed i n the c1e ­
s i bn of fixed- area i n l et scoops requires discarding th i n 
scoop lips be c ause of t~e ir knOin undes ir able sensit i vity 
to c hange s in angle of ~t tack . In tho p r esent i nvest i ga ­
tion , suff i cient th ic kness was p rovide{ at the scoop lips 
to minin i ze the va ri at i on i n pressure d is t ri but i on wi th 
the i~l ot -vclo ci t~ r atio . 

~ ~c pressure ~ istributions measured on tho scoops 
t esteJ in this i nvestigat i on for a r anbu of scoo~ lip 
shapes arL~l ::'nlot - vcl oci -:;" ratios are S~:OW:l in fi .;u1'es 33 
to 4 1. I n '.;110 a:la1ys is of t~::e results for the different 
scoop ~oCifinatio~s , the min i mum negative pressuro poaks 
occur o~ t~o contonrs that ~rovidc tho ~ ost : nifo rm pres­
sure Jistr ibution . This un i fo r m nressure dictribut i on i s 
associated with s~apes that arc c orrect l y c anbered for 

I 
I 

_J 
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the aagle of attack at which they arc op e rating . In' ge n ­
eral , the peak pressuros a r c Qe cr eased b y incro as i ng the 
r a~ius of curvat~re in ~he re g ion of negat ive p re ssure . 

T~lC lOiTor peak pro'ssures a cconpanying the increased 
values of inl et -vel oci ty ratio aro show~ . i n f i gur os 36 to 
40 . I n the easo of scoop'l \·,ith the ori g i lln. l cont our , the 
peak negat ive pressure is docreased fron 0 . 97 . qo to 
- 0 . 4 1 qo for a variation in the inlet-velocity ratio from 
0 . 34 to 1 . 1 3 . This r esul t corresponds to a chanGe in crit ­
ical :Iach a1.lUb el' £ror.1 0 . 59 to 0 . 74 , \",1 ic h is e quivalo n t to 
an i ncrease i n the cri t ica l sp oed froD 4 11 to 510 nil es 
per hour a t 25 , 000 foet altitudo . A sie i lar varia t ion of 
critic a l ' s:?ced vlith i n let-velocity ratio occurs for tl1:e 
other scoo~s . T~c critical vari at i on 0: the p r essur e d is ­
t ribution on the inlot with the i nlet - vc l oc it J ratio eay 
l ead to the use of adjustable scoops for efficient oper a ­
tion over Wi de ranees of s:?eed anQ altitude . 

The effects of p rope l ler op e ratio n on the p resslre 
(listribution on t\·Tis~ec"'.. scoop 5 n. re s;:O\I[n i n f i gur es 39 
an~ 40 . Al ong th e lef~ fil le t , the si~e f rri c which the 
p ro peller approac}:es tile s coo p , a sLlall de creas e i n the 
naxinun negat iv e pressure was c aused b y the slipstream a t 
th o sinulatod h i ~h- s~eed condition (fig . 39). The pres­
sures a lo ng the top of the s coo p ani in the right fillet 
were not Great l y affected . With the increased slipstream 
velocity si nulat i ng the cli cb co~dition (fi C . 40) , a fur ­
ther re~uction o f the negat ive p re ssure s i n the left fil ­
l et occurred acconpaniod b y slisht r eductions in t he poak 
pressures on the top and on tho right fillet . For the 
tests wit~ the i nlet - velocity ra t io o f about 1 . 00 , tho 
peak neGative p~essures occurred on tho i ns i de lip o f the 
scoop due to the negative anGlo at wh ich t~e lip was op ­
er:: .. ting . 

Fron the results obtained for e i gh t scoops tested iri 
the full -sca l e tunne l , it ha s boen conclude~ : 

1 . ~he i npo r tant ~es i gn paraneto rs that dQto rni ne 
t he oDerational c ha r a ct erist ics of carburotar - air scoops 
are t~c i nlet - velocity ratio Vi/Vo and the air - flow 
quantity ·0,/1[0 -

-----~-.-------------- ---
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2 . Flow sO~3ration occurs in tho boun~ary l ay er 
ahea~ o f the c a rbur ot or inlet i f t~e inlet - velo cit y r at io 
i s ~e cre ased below about 0 . 30 . 

3 . Highest 07er - all i n let e ff icienc i es occur for 
values of Vi / - o be tween 0 . 40 and 0 . 50 . 

4 . One of t~e Dos t i ~p or tant sour ces of loss of ran 
and nonunifor~ity of flow at the carburetor is the du ct 
bena . The velo cit y at the du ct bent s hou l d be re duced t o 
as Iowa nagn itude as fea sible . 

5 . Raised c a r bure t or scoo p s with ~utte rs for by~ass­
i ng the b oundnry l aye r sho' .... no impo r tan t increases in ram 
over well - des i gned scoops tha t a re tangent t o the fuselage . 
T ~e drag of the r ai se d scoop i s h i gce r . 

6 . Lower r am and less uniform veloci ty distributi on 
were obt a ined 1it h wi de flat scoops at h i gh inlet-velocity 
raJcios . 

7 . The d r ag of a well - des i gned c a r buret or a ir scoop 
s hou l d not exceed 1 pe rce nt o f the airp l ane d r ag . 

8 . Th e mini mum negative p r essur e peak s and highest 
critic ~ speed a re obtained o n scoop co n tours that p ro­
vide a unif orm pre ssu~e dis tri but ion . ~ i ghest critica l 
speeds are r eac hed a t h i gh inlet - v el oci ty r at ios . 

9 . Tho crit ical var iat ion of the p re ssure distribu­
tion on the in l et with Ti/7 0 ~ay lead to t~e use of ad~ 
justable scoops fo~ efficient ope r a tion over wide r ange s 
o f speed and alt i tude . 

Langley Memori a l ~ e ro nau ti cal Laborat ory , 
~~tional Advi s or y Co om i tteo fo r A or ona~t ics t 

Lnngley ~ic ld , Va . . 
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"TUbe- 1 

TABLE I. 

SCOOP LIP 

SECTI(!lNS 

All dimensions 
are in inches 

J!---+-~x 

(parallel 
to ship 
center 
line) 

L-1S6 

Station Upper surface, y 

Scoo~ 4 
I 

X Scoop 1 Scoop 3 Scoop 5 

Orig. A 13 C Orig_ A :B Orig. A vJest C. L · IEast 

0 0·72 0·74 0.62 0.64 0·77 0.69 0.59 0.57 0.54 1.00 0.33 1.32 
. 25 ·92 ·97 ·92 .89 · 99 ·97 ·95 ·76 .so ---- 1.00 - ---
·50 1.09 1.15 1.15 1.25 1.15 1. 20 1.20 .93 1.00 1.29 1.15 2. 22 
·75 1. 24 11. 31 1.34 1.45 1.32 1.39 1.40 1.10 1.17 ---- 1.27 ----

1.00 1. 38 1.44 1.48 1.52 1.46 1. 54 1.57 1.24 1.31 /1.48 1.37 2. 56 
1.25 1.50 1.53 1.63 1.67 1.58 1.69 1.73 1.37 1.44 - --- 1.49 ----
1.50 1. 62 1.70 1.74 1.30 1. 70 1.81 1.89 1.52 1.59 :~~: i:~~I:~~~ 1·75 1·72 1.81 1.86 1.92 1. 30 1.91 1.99 1.62 1.69 
2. 00 1.34 1.91 1.96 2.00 1.89 2.02 2.10 1.73 1.30 1.69 1.7513.15 
2.50 2.00 2.09 2.15 2.20 2. 05 2.17 2.25 1.91 1.98 1. 73 1.39 3. 43 
3.00 2:"1~ 2.23 2· 30 2.44 2.17 2.~1 2·39 2.04 2.11 1·76 2.00 3.72 
3.50 2.27 2·37 2. 43 2. 49 2. 27 2.41 2. 49 2.17 2. 24 1. 73 2.11 3. 95 
4. 00 2. 40 2·50 2· 55 2.61 2-35 2·50 2.53 2.23 2· 35 1.30 2.19 4.22 
4. 50 2·50 ,2.42 2.57 2.65 2·33 2. 45 1.30 "2.26 4. 46 
5.00 2·58 2. 47 2. 63 2.71 2.47 2. 54 1.77 2.33 4.70 
5.50 2. 65 12•52 2.67 2·75 2.55 2. 62 1.75 2. 38 ----
6.00 2·74 2. 56 2· 71 2·79 2.63 2. 61 1.73 2.43 5.13 
7·00 2.87 1 2. 63 2·79 2.87 2·75 2. 82 2 ~ 52 
8. 00 2.93 2.60 
9.00 3.06 2. 66 
R .45 .40 · 32 .22 . 45 ·32 . 23 .38 . 30 . 68 · 57 1.06 
x· a .09 .15 .22 .14 .22" .07 I 
~ I y.a .05 .08 .07 .09 r--o.-~ 2[; 30 28 29 25 24 30 7 8 61 5 0 e ,deg. 

ax and Yl 1 
= ordinates of center of leading-edge radius of modified 

inlets with respect to center of original lip . 

I-' 
l.\) 
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Inlet -
Scoop area 

( S d. in . ) 

1 19 . 8 

2 3 0 .3 

3 47 . 3 

4 32.7 

5 26 . 3 

6 37 . 1 

I 
I 

7 I 26 . 9 

8 27 .8 

___ .......L. __ 

13 

TA31E II 

SUHHARY OF DRAG DATA 
~-----

V i!V 0 Q,!V o 

--
0 . 49 0 . 067 

. 32 . 067 

. 21 . 069 

. 31 . 102 

. 33 .108 

. 30 . 118 

. 4 3 . 1 4: 1 

. 50 . 164 

. 53 . 174 

. 27 . 061 

. 37 . 068 

. 54 . 099 

. 26 . 067 

.34 . 088 

. 45 . 116 

--- ----
. 37 . 068 
. 55 . 103 
. 66 . 123 

. 42 . 08 1 

. 52 . 100 

-

.-. ------:-----~-- ---------
.6° D a t 01=0 . 1 
.. _-

Test speed. 
mph) ( 

---
63 

I---. 

-~---i 

100 
--l--

CD at 01=0 . 1 
e 

Test speecl 
(mph) J----=-- ,-----

63 100 
---_.1-------1------1 

0 . 000 4 0.0002 0 . 00004 0 . 0004 0.0002 

. 000 

. 000 

. 000 

. 000 

. 000 

. 000 

. 000 

. 001 

----

. 000 

. 000 

----
_. ---

----

----

----
- ---

----

----

-- - - -

1 

3 

;1 
31 
31 
7 
0 

3 
3 

. 0002 

--- - -
- ----
. 0006 
- ----
--- - _. 
-----

--- ---

. 0003\ 

. 0003 

. 0003 

. 0008 
. 0007 I' 

. 0008 

I 
~ ;OO~ ! 
. 0003 , 
. 0005 

. 0002 
-I . 0005 

I 

. 00004 . 0001 . 0002 

. 00007 . 0002 - ----

. 00008 . 0003 - - - --
----- - . 0004 .0005 
. 00008 . 0002 - ----
. 00011 . 0001 -----
. 00016 . 0004 ---- -
. 00019 . 0006 - - ---

. 00005 --- ._- . 0003 

. 00003 . 0003 . 0003 

. 00005 . 0003 .0002 

. 00001 ----.- -----

. 00001 --- -- - -----
, 00003 --- -- ---- -

----- - - - --- - - - -.-

. 00001 ----- - ----

. 00001 ----- - - -- -

. 00002 - --- - - -- - -

. 00014 ----- --- --

. 00019 - ---- - - ---



Figure 1.- Model A with carburetor air scoop 1, as tested in the full-scale wind tunnel. 
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F1gnre 2 0 - General arrangement of model A. 



...---------~-~----

l'ig. 3 

~--------Z7.4'----~---,----'~~ 

........ >------ : c.", --....... -,. , I 

c:t:21 
t ' \ 
I I \ 
: I. ~ 
, I :, 
I' ~ . I i _______ 

~----;_f-..,..~: ~T+ ~,9S~__ , 

' ~I-k.- , 5 ', ' ~I I ~ I- I II, ___ I 
_-- ,11 --_ . ....., 

;,- - I'· i' --rt I ' 

' " - - I - ' . ; 1 ---- -~ ,~-.-
~ Y i :A·Z -;!3 'J - \ -:1, 
N I '- , ;j 

, I ./ 

- ! 
!0-

tt) 
I 

____ I --_._'-
, I 

~~~----------3~.61---------~-~' 

',I = /~ = I 
CD~ I 
_~HEORAL 

Figure 3 .... General Arr&n8ement of model B __ 



Section A 

x Yu Yt. 
000 
0.116 0.280 0. 250 

.232 .390 .315 

.463.535. 405 

.694 .645 .465 

.925 .745 .510 
1.487 . 890 .565 
1.850 . 99 0 .5.95 
2.315 1.065 .500 
2.775 1.110 .595 
3.700 1.135 0575 
4.625 1. 095 .540 
5.560 1.000 .465 
5.475 .840 0385 
7.410 .625 .280 
8.330 0360 .165 
9.250 0 0 

RL. Eo = 0 0 J35 
~T.E. = '0.058 

Sect10n B 

X Ytt=YL 
0 '"' 0 
C,1 9!.t ( .430 

.388 .625 
• 775 1..167; 

.930 
1.150 

1.550 1. 340 
2.330 :)..5~5 
3.100 loS 5 
~. 3S0 2.000 

.650 2.110 
6.200 2.19 0 
7.750 2.100 
9.300 1.340 

10. 850 1.465 
12.1WO 1.025 
13.950 .535 
15.500 0 

RL. E.= 0.520 

RT.E.= 0 

/ 
/ 

B 
I 
! --

, -. 
! 

Figure 4.- Dimensions of propeller curf. 
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Figure 7.- Carburetor air sooop 1. tested on model A. 
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Figure 8.- Carburetor air sooop 2, tested on model A. 
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Figure 9.- Carburetor air sooop 3, tested on model A. 
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F1gure 10.- Carburetor a1r scoop 4, tested on model A. ., 
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I 

L-166 

= ~ 

... , . 
r::: 



r-- A 

I~-~ 
---

END OF .sPI NNER 

.. A 

,o(i .3" -- -64"--- - -~ 

--~ 

I 
A::::37.11 

- ._----------------

»)))~\~~ 

SECTION A-A 

r 3 

\ ( 

\ 
I 
I ----------t;; 

A =: 42.$ 

SECTION B-B 

F1gure 12.- Carburetor a1r scoop 6, tested on model B. 
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r1gure 13.- Oarburetor air scoop 7, tested on model B. 
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Figure 14.- Carburetor air scoop 8, teated on model B. 
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FIGURE 16-TYPICAL CARBURETOR AIR-SCOOP INSTALLATION 
ON MODEL A. 
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Figure 17.- Dimensions of duct turn ahead of carburetor location 
on model .A.. 
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. ..!i Q Ram qo • Inside of duct bend ~ 

~qo Vo Va mm 
alcohol 

2 .0 
+52.. $" 

)~7 S4.0 

~ 
+!J3 .S 0.34 0.05 91.5 57.8 

+ 5'3.5 
+5'.3.0 + ·s 

.47 .06 90.7 57.8 

yJl 

.75 .10 88.5 57.8 

---.c,a'--_________ --.::::: 
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--------~Q'------------------~ 
_----4~,O_--________ -----__.... 

-----~~.~~~--------------~~ 1-4-9.0 

C~·9 
+~.s 

1.13 .16 78.5 57.8 

Figure 20.- Effect of Vi/Va on ram with scoop 1; propeller off. ~ : 10. 
Values indicate total pressure. He. in millimeters of alcohol. 



Inside of duct bend 

V/Vo = 0.32 

Glvo = 0.07 

. 
= 0.45 

= 0.09 

.0 

+55.0 

q = 59.4 mm alcohol o 

+ 55.5 

51.0 

qo = 60.4 ~ alcohol 

Figure 21.- Effect of Vi/VO on ram with scoop 2, propeller off, 
~ = 1°. Values indicate total pressure, Hc' in mil­

limeters of alcohol. 
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+$C.S' 

Vi/VO = 0.43 Ram = 87.~qo 

Q/Vo = 0.14 qo = 58.4 mID alcohol. 

--_. 
+ .5.3.0 c_ 

Vi/Vo = 0.50 Ram = 84.~qo 

Q/Vo = 0.17 qo = 57.8 mm alcohol 

Vi/Vo = 0.53 Bam: 82.~qo 

Q/Vo = 0.17 qo : 57.8 mm alcohol 

Figure 22.- Effect of Vi/Vo on ram with scoop 3, propeller off. ~ • 1°. Values indicate total 
pressure, Hc' in millimeters of alcohol. 
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Figure 23.- Effect of Vi/Vo on ram with scoop 4; propeller off. ~ = 10. 
Values indicate total pressure. He' in millimeters of alcohol. 
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Inside of duct bend 

+55.0 't 5S.O 

-------56-----------
+ 51 . 0 

O.~7 0.07 91.3 60.0 

.54 .10 91.0 60.5 

.61 .11 91.0 60.5 

-'----
.87 .16 83.0 59.9 
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Figure 24.- Effect of Vi/Vo on ram with scoop 5, propeller off, ~ = lU. 
Values indicate total pressure, He, in millimeters of alcohol. 
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Vi/Vo = 0.40 Bam = 96.O%qo 

B 

GlVO = 0.10 qo = 49.0 mm alcohol 

(a) Scoop 6. 

A 

+ 4a. O--'"' -~ 
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+ ......... 
Glvo = 0.08 qo = 48.6 mm alcohol 

B 

(b) Scoop 7. 

A 

Vi/Vo c 0.40 Ram = ?3.5%qo 

Q/Vo • 0.08 qo = 49.0 mm alcohol 

(c) Scoop 8. 

Figure 25.- Effect of inlet position on ram. Contour values ~ndlcate ~otal 

pressure, He' in millimeters of alcohol; propeller off, ~ = 10. 
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Figure 26.- Distribution of total pressure, He. with scoop 9, propeller off. Values of He are 
in millimeters of alcohol. 
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NACA Fig. 28 
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Figure 30.- Effect of slipstr~ on total pressure, He, with straight and twisted scoops. 
Values on contours are in millimeters of alcohol. 
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