
UNCLASSIFIED 
 

AD NUMBER: 

LIMITATION CHANGES 

TO: 

FROM: 
 

AUTHORITY 

 

 
THIS PAGE IS UNCLASSIFIED 

AD0111918

Approved for public release; distribution is unlimited.

Distribution authorized to US Government Agencies and their Contractors 
only; Administrative/Operational Use; 22 Oct 1956. Other requests shall be 
referred to National Aeronautics and Space Administration, Washington, DC 
20546.

NASA-11 ltr dtd 21 Jan 1960



ARLINGTON HALL STATION; ARLINGTON 12 VIRGINIA 

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR 
OTHER DATA ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION 
WITH A DEFINITELY RELATED GOVERNMENT PROCUREMENT OPERATION, 
THE U. S. GOVERNMENT THEREBY INCURS NO RESPONSIBILITY, NOR ANY 
OBLIGATION WHATSOEVER; AND THE FACT THAT THE GOVERNMENT MAY 
HAVE FORMULATED, FURNISHED, OR IN ANYWAY SUPPLIED THE SAID 
DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY 
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER 

/vnigp 

CLASSIFICATION CHANGED FROm°NFIDENT-I^L 

to_lTncl assIFIed) authority listed in 
1 Mar. 60. 

ASTIA TAB NO_D 60‘1 ^_DATE_ _ — 



CONFIDENTIAL Copy 28 
RM E56G13a 

RESEARCH MEMORANDUM 

DEVELOPMENT OF FLOW DISTORTIONS IN a FULL-SCALE NACELLE 

INLET AT MACH NUMBERS 0.63 AND 1.6 TO 2.0 

By Thomas G. Piercy and Bruce G. Chiccine 

Lewis Flight Propulsion Laboratory 
Cleveland, Ohio 

CLASSIFIED DOCUMENT 

This material contatos information affecting the National Defense of the United States „„w. 
of the espionage laws, T..’e 18, U.S.C., Secs. 793 and 794, the transition MmetotÄ ^ 
manner to an unauthorized person Is prohibited by law. r revelallon of which In any 

NATIONAL ADVISORY COMMITTEE 

FOR AERONAUTICS 
WASHINGTON 

October 22, 1956 

CONFIDENTIAL 

5 6 \ \ 
OCT 2 61956 

5 2 G 5 9 



/ o
o
c
 

T
—
xrr> 

NACA RM E56G13a CONFIDENTIAL 

NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS 

RESEARCH MEMORANDUM 

DEVELOPMENT OF FLOW DISTORTIONS IN A FULL-SCALE NACELLE 

INLiH AT MACH NUMBERS 0.63 AND 1.6 TO 2.0 

By Thomas G. Piercy and Bruce G. Chiccine 

SUMMARY 

, nose inlet was tested at Mach numbers 0.63 
and 1.6 to 2.0 to determine the nature of flow-distortion development 

roug ou e subsonic diffuser. Inlet design variables studied in- 

£ U 6 , il an, ^ internal cowl-lip angles, conical compression sur- 
aces with and without boundary-layer removal slots, and cone tip trans¬ 

lation. Angles of attack to -8° were investigated at Mach 2.0. 

At zero angle of attack, changes in cowl angle or compression- 

surface bleed had little effect on the distortion at the diffuser exit, 

his value being fairly well predicted by calculations of the turbulent- 

ow pro le. Operation at other angles of attack, however, consistently 

pro uced diffuser-exit distortions larger than the calculated values. 

.. .FJ-°y ^stortion in the subsonic diffuser generally decreased from 
e inlet throat to the diffuser exit. This decrease was particularly 

rue when the distortion at the throat was larger than the calculated 

pipe-flow values. When distortions less than th4 pipe-flow values oc- 

curre near the inlet throat, the distortion either remained constant or 

increased with diffuser length until a value higher than that of pipe 

flow was attained. The distortion then decreased toward the pipe-flow 
value at the diffuser exit. 

At zero angle of attack the use of centerbody bleed improved the 

over-a pressure recovery a maximum of only 2 percent over comparable 

no-bieed iniets. However, at other angles of attack, bleed generally 

reduced the pressure recovery. Maximum pressure recovery, as well as 

minimum ow istortion, was obtained when the compression-surface shocks 
were positioned ahead of the inlet lip. 

1 
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INTRODUCTION 

The performance of a turbojet engine is adversely affected by non- 
uniform air distribution at the compressor (ref. l). In order to deter¬ 
mine the characteristics of a particular air-inlet-duct combination, 
rake instrumentation is usually placed at the diffuser exit in a loca¬ 
tion simulating the compressor inlet. Such instrumentation provides a 
asis for numerically defining the flow distortion and for obtaining 

velocity or total-pressure profiles. Frequently this instrumentation is 
supplemented with flow-survey rakes near the inlet throat. Relatively 

ttle, however, is known about the character of the flow between the 
inlet throat and the diffuser exit or the influence of the physical 
characteristics of the subsonic diffuser on this flow development. 

The primary purpose of this investigation was to determine the de¬ 
velopment of flow distortion through the diffuser of a typical full- 
scale axisymmetric nose inlet. Variables studied include the effect of 
oblique-shock location relative to the cowl lip, the internal cowl-lip 
angle, and bleed from the centerbody near the inlet throat. 

.The development of the flow distortion in the diffuser duct was de¬ 
termined using total-pressure survey rakes located near the inlet throat 
the diffuser exit, and at two intermediate positions. These distortion 
data constitute the major portion of this report. Performance charts of 
the over-all diffuser pressure recovery and mass flow are presented for 

I 

completeness. 

Tests were conducted at Mach numbers 
emphasis placed on Mach 2.0 operation, in 
wind tunnel at the NACA Lewis laboratory, 
to -8° were investigated. 

0.63, 1.6, 1.8, and 2.0, with 
the 8- by 6-foot supersonic 
At Mach 2.0, angles of attack 

SYMBOLS 

A area 

C pertaining to inlet cowl 

H radial distance between centerbody and cowl, in. 

radial distance measured along H (see fig. 4) 

Mach number 

h 

M 

m mass flow 

P total pressure 
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AP 

"“o “uore a"d t0tel 

M 
o 
(d 

rO 

I 
K o. 

Z 

Z 

s 

0 

1 

2 

3 

4 

5 

14 

17 

AP/Pav total-pressure distortion parameter 

P wall static pressure 

radius, in. 

pertaining to inlet centerbody 

angle of attack, deg 

spike-tip-position parameter, deg (see table l) 

Subscripts: 

av average 

bleed centerbody 

design 

double shock 

local 

b 

d 

ds 

smooth centerbody 

free stream 

rake station 7 

rake station 19 

rake station 41 

rake station 58 

mass-flow station 122.5 

pertaining to cowl with 14° internal lip angle 

pertaining to cowl with 17° internal lip angle 
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APPARATUS, and procedure 

Basic Inlets 

(fig- 1). Externa^compression wa^"8^^ “xisyinffletric n°se inlet 
angle cone. Inlet variatinnc; • PJ0vi(ied by a translating 25° half- 

liP angles and surScef^r"18 Vith 14° °r 17° ^terSal 
region of the inlet throat iniPt ^ °r without bleed slots in the 

combination of letters CS.’ íoí exXle^T^0118 arS designated by tbe 
with a 170 internal Hr, 1 ’ 17^ rePreseats the inlet 

compression surface. £0^^0^^ f °Visions for ble^ on the 
are presented in table I. th cowls and centerbodies 

ure 2- The'double-ehoc^lnlet^onfî 0tlÎ'1filr8tlÛrlS are preBented in fig- 
150 cone onto the t¡p of ‘50 ^nf ^“““^^oOtained by fitting a 

dumpeÎâîo^rtàn^be^aMwa^rn^e tfiTb2(d)- Bleed air ”as venturi tubea. Bleed air th»„ - Vi! metered by four calibrated 

(fig- 1) to struts and then out ?! ^nior 

bleed valve „as used to te bleed-11^: " “"^d 

3 for the two coíl^inveativate^fS°niC dlffuBer are Presented in figure 
position parameter ^ “e of in^tT ^ °f tha BPibe-tipW 
considerably with the 14° cowl ChnmrPQ .al area scansion was reduced 

the bleed slots are neglected in thesf chartî distrlbutl0“ ^e to 

Instrumentation. 

and 5a, dlff"Ber statlons 7, 19, 41, 

of the tubes composing these rshes6”*’^^1'^^4 6ta‘ion- Orientation 
canposed of five spokes spaced at 450 i„t™ ? leUre 4' ïach rake „as 

Flow i„ only half the ducfws sieved ^8^°1 the annulus- 
metry, dummy rakes were installed i/thl ^er t0 flow sym- 

and 19, six total-pressure Sei „e“ wlhar dUCt balf' « atationfl 

eight tubes per spoke were 086^811^41^58 Te'“hareae 
tubes are given as percental nr ^ 1 u „ and b8, Locations of 

spaced to give approximately equal area üelghtlng. ^ tUbeS “‘re 

mounted t^fcLfartlS'Steirío ïhe SPlU’ “lth half the 
„as necessary to prevent bi„dÎ“L rakes Sen tb^66' TWS Spllt 
translated. The rake was aline? for valuS ?f 
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NACA RM E56G13a CONFIDENTIAL 5 

single-shock inlets (or = 33.8° for the double-rShock inlet). Be¬ 

cause of the change of diffuser area near the throat for the two cowls 

investigated, spacing of the tubes at station 7 was altered somewhat de¬ 
pending upon the cowl being used. 

Static-pressure orifices were spaced on both vertical and horizontal 

centerlines of the diffuser on both cowl and centerbody back to diffuser 

station 60. In addition, orifices were located at the base of each of 
the total-pressure rakes. 

The bleed plenum and venturi meters were instrumented with static- 

pressure orifices in order to determine the bleed-mass flow rate. Inlet 

mass flow was determined from the static pressure measured at diffuser 

station 122.5 assuming a choked exit, the area of which was determined 

from a calibrated exit plug. At free-stream Mach number 0.63, for which 

the exit was not choked, mass flow was determined from pressure measure¬ 
ments at station 58. 

Dynamic pressure pickups were located at diffuser stations 36.5 and 
58 to aid in determining inlet stability limits. 

Test Procedure 

Pressure recovery, mass flow, and total-pressure distortion at each 

rake station were determined for each inlet configuration at Mach num¬ 

bers 1.6, 1.8, and 2.0. At Mach number 2.0, angles of attack to -8° 

were investigated. (Negative angles of attack have been indicated inas¬ 

much as the nose of the inlet was lowered by the action of the stint 
mechanism (fig. 1)). 

Values of the spike-tip-position parameter were scheduled such 

that, for each Mach number, the oblique compression shock would fall on, 

ahead of, and inside the inlet lip. The value of 0^ for which the ob¬ 

lique shock falls on the lip is designated 0^ values of which are 

given in the following table: 

Free- 

stream 

Mach 

number, 

% 

Design spike-tip-position 
parameter, deg 

25° Cone 15°-250 Cones 

2.2 

2.0 

1.8 

1.6 

40.0 

42.6 

46.0 

51.0 

31.3 

33.8 

37.3 

42.0 
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07 were limited to Because of limits on spike-tip travel, values of o, uo 

t?39rTfo°rf S:^"51-,60 f°r the single-shock inlets and from 31.0° 

«le of^tock^18 alB° °1>talne'i f0r mcb n“ber of °-63 at zero an- 

DISCUSSION OF RESULTS 

Inlet Performance Summary 

tion reC0verJ and total-pressure distortion at sta- 
5 ?o 10 for K oonf88 ^f1“6 of Ilffeeer-Bass-flow ratio In figures 
o TO ±u ior au configurations investigated. Values of the nw 
discharge Mach number are also indicated. 

less tha^Wo8 red that the suPercritical Inlet-aass-flo» ratio »as 
less than 1 for the cases of clique "shock-on-llp" (6, = 0, ). part 

because îte'STLT ^ *0 Bllght of the spike tip and 
Mach ñ^míers S Í 8 ãíd “t-tf-roond. Occasionally at 

loved because of ¡ l^it ¿f Se díf Sh0Ck c°uld not be BTOl- 
diti„rred, î^a Ä ^ 

these^esS“1"^,™?1118 P01’4^ »ere not alvays determined in 

equipment LeÄo^f^e^t1"!8^^»?^1^8011-’184“ 
stable points that »ere determined are indicated by tailed sX^!“" 

«liar lií the inletS incorP°rating bleed, two performance curves are usu 
ally shown. These correspond to the maximum bleed rate and a thrnt+i^ 

bTe“’ 'iS r8\8i ln 8 f8W inS48“e8' data^wer^obtained^for^ero 
bleed flov. Maximum bleed varied from about 8 to 10 nercent of +hp mav 
imum capture mass flow at zero angle of attack. P h 

For each configuration, total-pressure recovery increased and d-ts 
tortion at the diffuser exit decreased as ^ waslî~ Really 

attackyreSSUre reC0Very deCreased and distortion increased with angle 0/ 

for 0f dfft0r^i0n With mass flow was somewhat irregular 
for the bleed configurations. Frequently, minimum distortion was^t- 
tained wlth some degree of supercritical operation. This is probably 
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NACA RM E56G13a CONFIDENTIAL 7 

associated with the interaction of the inlet terminal shock and the 

boundary layer in the neighborhood of the bleed slot. Flow distortion 

generaily decreased with decreased mass flows (subcritical inlet opera- 

tionj, but exceptions occurred for values of > 0Z d, for which the 

distortion at first increased with subcritical operation because of the 

formation of a vortex sheet at the inlet face (ref. l). With the no- 

ï<d i¡?ets, diBtortion increased rapidly during supercritical opera¬ 
tion. This increase was less noticeable, however, with the inlets in¬ 
corporating bleed. 

Increasing the amount of bleed for the bleed configurations in¬ 

creased the peak pressure recovery and generally reduced the distortion. 

SKln,f?fefenCe 2' however> bleed from the centerbody reduced the stable 
subcritical mass-flow range in conçarison with the no-bleed inlets. 

The oblique shocks of the C14SS;dß inlet configuration coalesced 

outside the inlet lip at Mach 2.0. When this inlet was run subcriti- 

caiiy, two vortex sheets entered the inlet. This partially accounts for 

the large distortions with subcritical inlet operation of this inlet 
(fig. 9(a)). 

Subsonic performances of three of the inlet configurations are pre¬ 

sented in figure 10. Total-pressure recovery varied considerably for 

the different configurations, although the distortion was essentially 

independent of configuration. The total-pressure recovery for the bleed 

configuration was as much as 0.05 lower than those obtained with the 
smooth-cone inlets. 

Comparison of the performances of the various inlet configurations 

is made in figure 11 for peak-pressure-recovery inlet operation. Unless 

otherwise stated, maximum bleed was used with the bleed configurations. 

In figure 11(a) for Mach number 2.0, maximum pressure recovery at zero 

angle of attack was attained with the 0-^¾ inlet. The largest in¬ 

crease in pressure recovery due to bleed was about 2 percent, occurring 

at zero angle of attaqk for Ql < 0^d. At other angles of attack, how¬ 

ever, the bleed inlets generally attained lower recoveries than the com¬ 

parable no-bleed inlets, one exception being the 0^¾ inlet at 

0Z = 40.QO. Pressure recovery at other angles of attack decreased most 

rapidly for the C17Sb inlet. 

Although the effects were small, somewhat lower distortions were 

obtained with the bleed inlets for 0Z 4 0Zjd in comparison with the 

no-bleed inlets at zero angle of attack. At other angles of attack the 

effect of bleed was inconsistent and dependent upon the cowl-lip angle 

and value of 0^. The largest effect of bleed noted was detrimental; 
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tion was ffl01 th^j Cl?Sbo ^ 6l = 40O, 22‘5 percent flow dißtor- 

for tira“ Cai7if S.°f attock ln «th 14.9 percent 

fueer^ir^te^XT^ í'"”617 and dl8tortl°n at the dir. 

Up le sunJÎL Ír?S u Í)n“ter f0r,tlle CÍ)ndItion of 8h0'*-°n- 
recovery vas less than fpercent for all^ifT peak PresslJre 
the spread in total-pressure distnrt-in + "fi6uratlons tested, whereas 
about 3 percent. Data for shnnir n 14° St j^6 diffu8er exit was usually 
and 1.6 for the double shock inl¡+n"1ÍP CO°ditions at M8011 numbers 1.8 
the data of figure however ^0 th^h-T °bt"ined' ^trapolation of 
tVl . ^ ' nowever, to the higher values of 0Z indicates 

0b12id“TeastoiiiniT» ble t0 ‘r ‘meta venid be 
those for t“ s^eÜTînÏeT ’ ^ te —‘Stably larger than 

vi th SrSKd^rií^^rnMbrr ^covery decreased 

vere obtained vith bleed throughout the'wach ^ ^e ”S 

Distortion at Critical Inlet Operation 

operai a?"iftrr,rePOrt Vere 0bta1^ f°r critical inlet 
eated at ihelnîewL S the temittal 6hock 1= 1°- 
urations this point is veil defined bi the^e! COnfiS' 

rrïi^ard^iLVriîr^ ooníig,,rationB’ c“irrrr^-ry 

^ted critical operation Po^s^^a^tll^iVírío^*' 

diffuie^rte ITlZllZl feCOTerieB “d fl<* Hatortions at the 

As vas prevlousiy discussed íol pS^r^iure.^iÍTcp^riÍSr 

the spread betveen different configuiaSio“! dlSt0rtl0n ‘“creased as did 

presenta n^fllTir“^^ 8t T rate stati0M ara 
of the flov suchas vould be ¿een bi .Í^°UrE repres?nt cross sections 
through the diffuser In orri^r + -a server looking downstream 

bered that n^r^sTa^cri^0?^0“’^ba, — 
cession, description of portions of the duct refers to the 
stalled in the tunnel. -feiers to the duct as in- 
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NACA RM E56G13a CONFIDENTIAL 9 

Contours plotted are isobars, defined by 

(M expressed in 

percent. For example, lines labeled 5 indicate an isobar 5 percent 

a ove e average pressure. Similarly, negative numbers indicate pres¬ 

sures lower than the average pressure. Wall-static-pressure ratios are 

likewise presented. At each total-pressure rake the maximum as well as 

e minmum local total-pressure ratios are shown. The total-pressure 

distortion quoted herein for each contour is then the numerical sum of 
the maximum and minimum values. 

Figure 13 presents total-pressure contours at the diffuser exit for 

ch number 2.0 and 9l = 6^d. At angle of attack the flow distortion 

increases because the absolute values of both the positive and negative 

total-pressure ratios increase. Also the shapes of the isobars shift 

from nearly concentric at zero angle of attack to a condition where the 

low-total-pressure air fills the upper portion of the duct and the high- 

pressure core is moved only slightly downward. Although highly dis¬ 

torted flows were encountered, no flow separation at the diffuser exit 
was noted. 

The total-pressure contours presented in figure 14 at diffuser sta¬ 

tion 7 were obtained simultaneously with those of figure 13 for the dif- 

iuser exit. A comparison of the distortions at the inlet throat with 

those at the diffuser exit reveals that the exit distortions are consid¬ 

erably smaller. This result is due to the mixing which occurs in the 

The large flow distortions near the inlet throat are due to nonuni¬ 

form compression and boundary-lay er effects (ref. l). In figure 14, the 

increase of distortion at angle of attack is due primarily to the ef- 

iects of low-total-pressure-ratio regions (boundary-layer effects). 

Generaily these regions occurred on the upper cowl surface, although at 

angle of attack the minimum-total-pressure region was located at the 

centerbody surface for the smooth-cone inlets. Hence, bleed from the 

inlet throat was rather ineffective, particularly at angles of attack 

other than zero, because the lower-pressure regions were located at the 
cowl rather than at the compression surface. 

Comparison of the contours for smooth-cone and bleed-cone inlets 

in most cases indicates larger distortions in the region of the inlet 

throat for the bleed-cone inlet because of lower total pressures next to 

the cow! surface. This effect is similar to results obtained with short 

diffusers employing suction on one wall, where it has been noted that 

suction can separate the boundary layer of the opposite diffuser wall 

Uef. 3). This effect was most noticeable with the 17° cowl, presumably 

because of its relatively greater area expansion and, hence, greater 

endency to separate because of the larger pressure gradient. In at 

CONFIDENTIAL 



.10 
CONFIDENTIAL 

NACA RM E56G13a 

™7«T;hrc:;r,iS a7r8eola7 rrced the di8torti“- 
oau8e the bleed slot Removed the low-totel ’ ^ 
terbody surface. ^ Pressure air next to the cen- 

sy^etliZ: iTsttTlVlliTilZir" rtms Vere ”0t ’“lte 
inlet previously menUoLd OeieSÍlv Se^f M<i °f the 
toward the bottom of the inlot ^^^^-Pressure core shifted 

at the throat st“tl ™s SL^ed °f attaCk- 

4«Äe Ädt Cre6 S°" ““ tha aaba»^ 
ted consecutively for stations ? id Ii fCOntoure plot- 
present typical data for tíe C ^ f * FigUres 15(a) and (b) aaxa I0r the C14Ss inlet at Mach number 2.0 at anele* 
of attach Oo and -S«, respectively, »hile data for the C17S LTa 
Mach number 1.8 are given in figure 15(c). 

In figures 15(a) and (c) for zero angle of attn^v +v-o + +• 
sure was nearly uniform nhm.+ 01 attackJ the static pres- 

Of low-pressure airir^s^L^Í’p^SoL^ aCC“latl°” 

betweeI„%^uens1tind\e9rÎh7d"cSrïa7dâ\8rt777rearÎSll8hUï 

nii: ">•1- 

ír âi£t£EHí“' 
tive pressure ratios increased. Behind station 19 the tT 6 nega' 
decreased with length. °n 19 the dlstortion again 

previously'discussed^bthe^'spokes ol e^h ^ a^-. As 
of the preceding rak¿ element AUhn t It ^ directly downstream 

gated total-preL^lolr^^ss^ch^L taU^ °» ^ aggre' lieved to be auite qmnn n'v,oom u u., nation, these losses are be- 

agree with previous datador th^sa^ inlefwhere llllTluT^ ^ 
T^:zVZ\it o^z: Stalt°be some - ^e^e one rake on the distortion measured at the following rake. 
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Measured at station ÍS fSJ° 8PPly m°ßt directly to the distortions 
wakes in dÍJÍ Í , 6 *** if an^ data available for 

ever8 ÍL ÍZ81^*™618 8t hlgh SUbSOnlc Speed8* ^ atte^t, how- 
Fro^th! determine the order of magnitude of these effects. 

flow îrleqUf J the Wake behind 8 flat plate ln incompressible 
flow from reference 5, a maximum error of 0.04 in total-pressure recov- 

ery was calculated for the case of zero diffusion, corresponding to a 

Sfl^r T+f10 decrement of 0-1 in the wake. With diffusion, 
two limiting solutions were considered: (l) the flow completely mixed 

s Sr fSr 7,rd 19' 0r (2) the velocity-ratio décrient O.fper- 
sisted at station 19. The first assunçtion would, of course, give zero 

interference effect. The second assumption yielded an interference cor- 

resjjonding to a 0.025 decrement in total-pressure ratio. The interfer 

ence effect is probably between these limits (i.e., about TpercS)! 

Distortion data as a function of diffuser station for all configu- 

ifS! afea8UTrÍ;Zed ln figUreS 16 t0 20- distortion at station 7 
is presented only for the value of el at which the two sections of the 

survey rake were alined. For the bleed configurations, data are shown 

the maxiZISed ^ ^ & bleed °f approxülately ^-half 

out +SCSrd diSt£ti0n at ail®le of attack is seen to persist through- 

station 7 inUßer'.M ^1116 pr0cess reduce8 the larSe distortions at 
tation 7 to considerably lower values; nevertheless, the mixing is in- 

withUtÎ! Tr,Came COmpletely the initially higher throat distortions 
with the fixed mixing length between the throat and the diffuser exit. 

ofnattack y’ 6 dÍSt0rtl0ns at the diffuser exit increase with angle 

The increase of distortions with larger values of is again 

noted. An example of this effect is shown in figure 21 for the C17Ss 

inlet at zero angle of attack. Here distortion is plotted as a function ,, j , „ - WA VJ.WA1 Leu ab a i une L 
. the dec^emen't of the shock angle from the shock-on-lip value. The 

increase of distortion with larger values of 0Z for the present data 

is due to two effects: (l) The larger values of distortion may be 

Wilíp di8t°rti°as at the inlet throat; and (2) as indicated 
gu , increasing the value of increases the value of the 

discharge Mach masher to maintain critical inlet operation. (As indi¬ 

en ? “lat" section °f this report, Increasing the discharge Mach 
number tends to increase the distortion.) 

An example of (l) is illustrated in figure 22. In figure 22(a) 

total-pressure profiles obtained at station 7 are presented as functions 

of el for the C^Sb inlet. At el = 40° (oblique shock ahead of lip) 

the flow was fairly uniform acx’oss the inlet except for a rather thick 

f 

; 
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boundary layer next to the cowl surface. At 9y 4? ko 
creased because of a thickening nf . 01 = 42'6 ’ distortion in- 
nally at 0, = 46°, with thp ? ! centerbody boundary layer. Fi- 

profiles indicated a sizeable discoíti^V^ liP, the total-Pressure 
way between the cowl and centertodv sírf1^ ^ r^tal pressure about mid- 
to the vortex sheet originating at the ^ÍS disconti^ity is due 
normal shocks. g the lntersection of the oblique and 

in fi^elaíírfo^íhe's^condnionÍ thJ ddffuser exit are presented 
show not only the change in distorts examPle was chosen to 
also to indicate the change in Îh^P nZ+î obli(ïue-shoc* position but 
the high-pressure core shifted toward proflles- In ibis example, 

^ while the total pressureleased at' Se ValUeS °f 
vestigation the shape of the profiles Is depended Up“„ 1 ^ 
ence of bleed, angle of , . P^naenx upon the pres- 

Mach number and cwl angle. ' 8 leSSer eXtent on free-stream 

have been^primarilyHfor C°ní\ÍgUrations UP to this point 
creasing the bleed rate consistent! ^ reduced bleed rate- While in- 
the effects on distortion were seen^n^^860 the pressure recovery, 

cal effects of a continuous variatioí o^bieer ine0nSiSterlt, Typi~ 
maximum value on pressure re™ /5 bl d ratl° from zero to the 

are presented in figures 23(a) and (b), respectively^ ^ 

imum value increased thf recove^ ^ ^ t0 ^ mX~ 

thoTe1 of tt ™ ne 

bleed inlet never equalled those of the^smoXcone^Iu 

ered. At Sation^?^the^on^surfaLsT Stati0nS 7 and 58 are consid- 
creased the distortion above the J-nc°rporating bleed slots in¬ 

creasing the bleed flow Jate ÍeducTtí'0011:.ValUeS at Zer° bleed- Ia- 
-8° angle of attack With • beSe dlst°rtions, especially at 

at station 7 was reduced abÍÍt °f bleed' the diatortion 
cone inlet with 14° cowl For th= 17°^ ^ c°mparison to the smooth- 

even with the optlsum «t of hleed ver iuTr"’ ‘“f fSt°rtl0n 
for the smooth-cone inlet ere ! ^ 1 7 percent higher than 

ency for separation at th¿ eovl surface Sh thflt*0 ^ 8reater tend- 
ously noted. Wltn the 17° cowl, as was previ- 

level at ze^“^ of^k/mÂïsÎort^on'X^ÎÏ0'’^'1 
let was obtained with about 75 percent of the • ^ ^ 

percent of the maximum bleed rate, but 

CONFIDENTIAL 

5
0
0
7
 



5
0
0
7

 

NACA RM E56G13a CONFIDENTIAL 13 

this value vas only slightly better than that of the smooth-cone 
In spue of rather large differencee la distortion at "SloaT íhe 

rate aad“o»Î aíl“"“6" ^ ‘“»^“ive to both ¿leed 

cate aiff"Ber- - ^ta “f figures 16 to 20 indl- 
dlffuser^ sLe d ? “ 8^™Uy decreased as it passed through the 
pvMmT* Somejdata' Particularly at Mach numbers 1.8 and 1.6, however 

Te tóla COnSlderable lncrease distortion between statics 7 and 19 
The total-pressure contours, such as figures 15(a) and (c) reveal that* 

Tinsiti1101'60!6 18 caused by increases in the absolute values of both the 

c T\7rf„a7:^ral-prsure ratios 
h ? evidence of separation unless it occurred between the 

measuring stations and became reattached before station 19. 

in figure 24(a), the variation of distortion through the diffuser 

Î 6 PAedíL í°rtíhe drle-sh“k i^t for Mach nuMbers1.“ l e.^d 
start uAtK d t0 these data, hovever^ are the values of distortion associ lilt nS 8 °ne_seventh P°wer velocity profile in a pipe (ref. 6). The 

sÍer¡ge“l» »chl'ereu<ietemined 88 ^11°^ At each sta«°u 
th!t l1 Mach number was computed from the measured pressures at 
hat station and the diffuser mass flow. The variation of total ures 

across^he^uct^t^th thettheoretlcal velocity profile was then computed 
across the duct to the outennost tube at each rake station (these radius 

before.8 ^ ^ 4 ‘ The distortion number was then computed as 

flow ^iSr T diSt0rbi0a at station 7 higher than the pipe- 
thsn f i i’ change in distortion due to mixing in the diffuser was 
then fairly well predicted by the variation of the pipe-flow curve At 

?weIV-8 “V;6 th8 dlstortl“ a‘ station ? was less ïta the 
streñm^nr Vfï?S’ ““ the£e ca5es the distortion Increased down- 

occurred^ the dîstôrïf hl8her than the PfP6-"“» values 

the Srtîon exU ^ ^ PlPe'fl°'' ï8lUe 8t 

*« 

« 

Similar data are presented in figure 24(b) for the C14Ss inlet 

at Mach 2.0. At angles of attack other than zero, the entering distor- 
lon was larger than pipe-flow values, and the change in distortion due 

to mixing was again fairly well predicted by the shape of the pipe-flow 
curve. (Pipe-flow values in this example are shown as a narrow band be¬ 
cause of small changes in flow Mach number over the angle-of-attack 

Tgí¿ s ti Zer: an?íe °f attack- ^ at Itîon 7 
, than Pipe flow, and the distortion again increased slightly 
downstream until the distortion was larger than pipe-flow values. 
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T™0* thr0^ the 
distortion at any station in the diffusPT. fe^tlng flow mixlng. The 
distortion entering the inlet and unon th epends upon the ^ount of 

in the diffuser ahead of Se particular st u u mÍXlng that 0ccurs 

dependent upon the distortion L^eî tL ^ in tUrn> ls 
the average flov Mach numher, and só forth ^ available for mixing, 

these, a highly distorted flw wíll mix^t ^688^ t0 the fir8t of 
flow. In the region of the iniPt mlx faster than a less distorted 

the rather high flow Mach nmSra Tf'f becauM 
(such as at angles of attack oth^r th the.flow is highly distorted 

tortiou entering the i^let throat is ACtUa11^ When the 
growth may increase the distortion w î 6 n0mal b0UQ(iary-layer 
reduce it. An example of this is the dp rapidly than mixing can 

a smooth constant-area pipe in fÍ^re sShfr °f turbulent flow in 
velopment are shown: (l) the delín +24;b^ tW° eXamPles °f this de- 
at flow Mach number 0 32 which Í P ° distortion in a smooth pipe 

number, and (2) a poriion « t0 the diff^er-exit Ma^h 

0.588, vhich corresponds to tS i^ h1?61111 °r fl°W 1%ch number 

vere derived frÆïta „freften^" ^ 7' These 

noimal^rate oíTo^^r ^ ^ 
approach (asymtotically) the turbulent nin dlstortions vhich would 

aide. At the higher fï„ SeeÍ“ the" ¡UcfT' ^ ^ l0"er 
is much larger, and the distortion « e rate of increase of distortion 

the data curve’te zero a^nfetteS? ^ '‘W™1**61!' Parallel to °” 

îïe 8CtUal data a“ä “a devel- 
tenninal shoot. PIt would appear tLt “‘l0“.0' the 
than the development value but lesp th distorti°n level greater 

tortion will increase^o^stíel to vnían ' pipe -flow value, the dis- 
value and then approach the pine flov greater than the Pipe-flow 
fuser exit. Likewise, for anî dilÎ0^7 i aSymtotically at the dif- 
the development value, the distortiofsho ^ considerably less than 

less than pipe-flov values and sílld ideally at least, 
ymtotically from the lower sïde 8PPr0a the pipe-f1^ value as- 

torted because^ofashockf-^oundarv-la ^ .inJreasing and the flow is dis- 
flow development should not be carried^ nberactionsi the analogy of 

24(a) for Mach number {.6 indicate that ^ ¿ °f fÍgU"e 
tortion (less than the development th ,°f l0W entering dis- 
above pipe-flow values. This is nrohnhi distortion increases to 

pressure gradient of the diffuser It sho -m result of the adverse 
distortion development in an actual ?0t be exPected that the 

«n ever ,ield disiortiohrdrírdfcS^s^hff4“"8 
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td~ profile. One such special 

and then rapidly converged at the diffused^68-^86 

exit coJdSberaIhieved 8t the diffuser 
(ref. 4). The foregoing briS anfi7 diS,t°rtion entering the inlet 
distortion reduction, that beine thp 7 ?"ndlCates a limit fo available 
inlet throat. Any reduction 0^77777^6^ Pr°file Value neai- ^he 
pipe-flov value would still yield n7 í°Vear the throat belov the 
diffuser exit. 1 yield near-turbulent profile values at the 

Fl0W ^s^ortion at daveIoPed turbulent flow, 
figure 25(a) as a fimo-f- .c C17Ss inlet is plotted in 

points again represent critical inletfUSer’!Xlt number- Nata 
tortions computed for fully turbulent ^ration. Also indicated are dis- 
channel flow (two-dimensioLi) n7t ^ fl°W (thrae-dimen8ional) and 

than pipe-flow valueTwere ^^^77777 8t the diffuSer exit ^ 
(N)) and in reference 6 for a oír -t 6 n 866 ^80 Üg8* 24(a) and 
as might be expected, the two dconfRation. However, 

provide a more^ealistic lowe7 St 7 S77i0n ValU6S a^ear to 
terbody inlet. The variation 777+ af.least for the case of the cen- 
previously noted is again observed Z n Wlth shock location 
tion of distortion wi?h increasl iñ 77776 re5UltS indicated a reduc- 
11(b)). When the inlets ara ^ j stream Mach number (see fig. 

Mach number, however, distortion^™ &t the+Same difi,a8er-discharge 
This result is probably due to lara 77! &t the higher numbers, 
ahock - boundary-layer interaction^ 

tentadle" ^ SU 
profile represents a better disto777î77 tv°-dimen8ional turbulent 

dimensional values for c«íert^rSétsímlt reference thM do tlle ^ree- 

SUMMARY OF RESULTS 

the subsonic diffuser Tas testedTtT^h1116 7Ur total"Pressure rakes in 
determine the nature o^low-dítoítion 7U7erS °-63 and ^ 2’0 to 
fuser. Inlet parameters included 14° and ivoTT^ Í? the subsonic dif- 
conical compression surfaces with pnH lnternal cowl-lip angles, 
Slots, and cone tip tSati™ TZ*?o ~ 
mi»srStlgated- 1,15 -“»s ‘Ms invêsti^tion Íel^e^s 

peak total-preseure^recovery^maximum of6/“16* lmproved ‘he vex y a maximum of 2 percent at zero angle of 
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attack but generally reduced the recovery at other angles of attack. 

Bleed was generally ineffective because low-pressure regions were lo¬ 
cated near the cowl surface rather than the cone surface. 

2. Pressure recovery was improved and total-pressure distortion was 
decreased for oblique shocks positioned ahead of the inlet lip. This 

oblique-ahock location is beneficial because of reduced duct Mach num¬ 
bers and absence of vortex sheets into the inlet. 

3. At zero angle of attack,'changing the cowl from a 14° to a 17° 

interna! lip angle, or changes in the centerbody bleed configuration 

ar the inlet, had little effect on the distortion at the diffuser exit. 

This value may be predicted fairly closely by calculation of the 
turbulent-profile value at the diffuser exit. 

„ ®ngle of attack increased, the distortion increased throupdi- 

°™híheidÍffUS!¡;’ and the distortions at ike diffuser exit were consid- 
ly larger than those associated with turbulent-profile values. 

5. Decreasing the distortion at the inlet throat reduced the dis- 

tortion at the diffuser exit until the throat distortion was reduced to 

abet the pipe-flow velue. For this conditloa, flow distortion throu*. 

out the length of the diffuser was predicted by turbulent-profile cal- 

cuiations. When the throat distortion was less than the pipe-flow value 

the distortion at the exit remained at the turbulent-profile value. ’ 

6. For inlets incorporating centerbodies, two-dimensional, or chan- 

íí1' ?rovlded a better lower distortion limit at the diffuser exit 
than did pipe, or three-dimensional, flow. 

Lewis Flight Propulsion Laboratory 

National Advisory Committee for Aeronautics 

Cleveland, Ohio, August 2, 1956 
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TABLE I. - COWL AND CENTERBODY COORDINATES (RADII) 

Station, 
in. 

-12.880 
-9.380 

-4.710 
0 

1.000 
1.290 
2.0 
4.0 
6.0 
8.0 

10.0 
12.0 
14.0 
16.0 
18.0 
20.0 
22.0 
24.0 
26.0 
28.0 
30.0 
32.0 
34.0 
36.0 
38.0 
40.0 
42.0 
44.0 
46.0 
48.0 
50.0 
52.0 
54.0 
56.0 
58.0 
60.0 

Centerbody radius, in. 

250 Splke 

n 
25° Conical 

2.190 
4.375 
4.845 
4.980 
5.300 
6.145 
6.865 
7.480 
8.000 
8.370 
8.650 
8.845 
8.960 
9.000 
9.000 
8.900 
8.900 
8.850 
8.675 
8.400 
8.080 
7.700 
7.250 
6.775 
6.280 
5.800 
5.330 
4.910 
4.550 
4.270 
4.075 
3.950 
3.875 
3.830 

15°-25° Spl’-e 

I 
15° Conical 

2.190- 
4.375 25° 
4.845 Conical 
4.980_I 
5.300 
6.145 
6.865 
7.480 
8.000 
8.370 
8.650 
8.845 
8.960 
9.000 
9.000 

Same as 
25° spike 

Cowl radius, in. 

17° Cowl 

(Lip radius, 0.03") 

8.625 
8.930 

9.230 
9.780 

10.290 
10.720 
11.080 
11.400 
11.675 
11.900 
12.075 
12.200 
12.275 
12.300 
12.300 
12.275 
12.210 
12.120 
12.000 
11.830 
11.650 
11.460 
11.290 
11.125 
10.960 
10.820 
10.700 
10.600 
10.530 
10.500 
10.500 
10.500 

14° Cowl 

(Lip radius, 0.06" 

8.625 
8.875 

9.125 
9.620 

10.085 
10.505 
10.895 
11.260 
11.600 
11.880 
12.070 
12.195 
12.275 

Same as 
17° cowl 
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Tube Station, in. 

7 19 41 58 

Diffuser passage height, H, in. 

3.21a 3.10b 3.15a 3.22b 4.85 6.62 

Tube location, h/H 

1 

2 

3 

4 

5 

6 

7 

8 

0.11 

.30 

.49 

.61 

.77 

.92 

0.10 

.30 

.47 

.62 

.78 

.93 

0.14 

.31 

.48 

.64 

.80 

.94 

0.14 

.31 

.48 

.64 

.80 

.94 

0.08 

.23 

.38 

.50 

.62 

.74 

.84 

.96 

0.11 

.28 

.43 

.55 

.67 

.77 

.87 

.96 

a17° Cowl. 

^14° Cowl. 

Figure 4. - Total-pressure-tube locations. 
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> 
ni 

.40 

.30 

.20 

.10 

0 

Spike-tlp-posltlon parameter, 

®l> 

deg 

O 40.0 

□ 42.6 

A 46-° 

Tailed symbols Indicate minimum stable 

mass flow 

Arrows Indicate critical inlet operation 

i 

i 

A/ 

XT K A 
à 

4I & 
P 

2 ? 
1 2 r 

(d) Angle of attack, -3°; 
free-stream Mach number, 

2.0. 

Mass-flow ratio, m^/niQ 

(e) Angle of attack, -5°; 

free-stream Mach number, 

2.0. 

(f) Angle of attack, -8°; 
free-stream Mach number, 
2.0. 

Figure 5. - Concluded. Performance of Inlet Cj^Sg. 
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Spike-tip-position parameter, 

el. 
deg 

0 40.0 
□ 42.6 
A 46.0 

Tailed symbols indicate minimum stable mass flow 

Arrows indicate critical inlet operation 

i 3 

h / 3 
r / ¿ 

r 
ï* (ï 

_ — 

O 

S 
■«t 

tu 

u 
d) 
> 
o 
o 
OJ 
U 

<D 

ï 

OJ 

a 

(0 
+j 
o 

.8 .9 1.0 .8 .9 
Mass-flow ratio, m^/m 

1.0 .8 .9 1.0 

(d) Angle of attack, -3 ; (e) Angle of attack, 
free-stream Mach num 
ber, 2.0 

-5 i free-stream 
Mach number, 2.0. 

Figure 8. - Concluded. Performance of Inlet C^Sfo. 

f) Angle of attack, 

-8°j free-stream 
Mach number, 2.0. 

CONFIDENTIAL 

5
0
0
7
 



S
p
i
k
e
-
t
i
p
-
p
o
s
1
t
I
o
n
 

NACA RM E56G13a 
CONFIDENTIAL 

31 

c 
O 
O 
l/) 

CONFIDENTIAL 



T
o
t
a
l
-
p
r
e
s
s
u
r
e
 
r
e
c
o
v
e
r
y
,
 
P
4
/
P
0
 

T
o
t
a
l
-
p
r
e
s
s
t
i
r
e
 
d
i
s
t
o
r
t
i
o
n
,
 
A
P
 
/
p
 

’
 

4'
 
4
,
a
v
 

32 CONFIDENTIAL NACA EM E56G13a 

(d) Angle of attack, -5°; free-stream Mach number, 2.0. 

Figure 9. - Concluded. Performance of double-shock inlet C-,,S , . 
14 s,ds 
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-0J » 42.fi _ 

Angle of attack, a, deg 

(a) Free-stream Mach number, 2.0 

Configuration 

° C14Ss 

0 C1738 

* C14Sb 

* ^17¾ 

- 

b 

\ 

ei ■ 46.0 

_1 
0 -4 -8 

Figure U. - Performance comparison of various inlets at peak pressure recovery 
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0 
0 

Figure 11. - Concluded. Performance comparison of various in¬ 
lets at peak pressure recovery. 
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P4/P0 = 0.857 

^4/P4,av * 13-52 
mg/niQ = 0.954 

a = -5o 

?J?0 - 0-838 
^4^4,av * 18.36 

1115/ino = 0.925 

a = -8° 

(a) Inlet C..S . 
14 S 

Figure 13. - Total-pressure contours at station 58. Critical operation; splke-tip- 

posltlon parameter, 42.6 ; free-stream Mach number, 2.0. 
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-7.7 -8.4 

?J?0 ~ 0-853 

" 12-9 
1115/1¾ = 0.938 

a =■ -5° 

P4/Pr - 0.835 

^4/P4,»v = 16-6 

015/1110 = 0.911 

a =* -8° 

(b) Inlet C,,S . 
17 8 

Figure 13. - Continued. Total-pressure contours at station 58. 

splke-tip-poslt) in parameter, 42.6 ; free-etream Mach number, 
Critical operation; 

2.0. 
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P4/P0 = 0.861 

^4^4,av - 12-51 

^5/1¾ » 0.877 

a - -5° 

P^/P o =■ 0.845 

AP4/P4,av - 18-80 
ras/niQ * 0.869 

(c) Inlet C14ab with maximum bleed flow. 

Figure 13. . Continued. Total 

spike-tip-position parameter 
-pressure contours at station 58. 

, 42.6 ; free-stream Mach number, 
Critical operation: 

2.0. 
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10. 

P4/pO = 0.821 

^4/^4, av = 17'55 
^15/rriQ ~ 0.930 

a = -5° 

-9.2 

P4/P0 = 0-813 

tfyPi.av = 22-15 
05/1¾ = 0.892 

a = -8° 

(d) Inlet 

Figure 13. - Continued. Total-pressure contours at station 58 
splke-tip-posltion parameter, 42.6°; free-stream Mach number^ 

Critical operation; 
2.0. 
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Pj/Pq = 0.910 

^l/fl.av =10-9 
m^/nig = 0.977 

a = 0° 

= 0.903 

^l/Pl.av * 26-9 
m^/nig = 0.965 

-30.5 

a = -3W 

pi/p0 = 0.895 

^l/Pl.av = 37-7 
mg/niQ = 0.950 

Fj/Fq = 0.875 

ûPl/Pl.av = 47-3 
n^/niQ = 0.918 

a = -5 a = -8 

-34.2 

(a) Inlet C^S8. Spike-tip-position parameter, 42.6°. 

Figure 14. - Total-precsure contours at station 7.0. Free-stream Mach 
number, 2.0. 
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Pj^/Pg = 0.876 

^l/Pl.av = 37.9 

nt/nig = 0.938 

a . -5° 

Pj^/Pq = 0.851 

^l/Pl.av = «.1 

m^/niQ = 0.911 

a » -8° 

(b) Inlet C17Sß. Spike-tlp-posltlon parameter, 42.6°. 

Figure 14. - Continued. Total-pressure contours at station 7.0. Free- 

stream Mach number, 2.0. 

26.7 

28.2 
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Pl/pO * 0-912 

'“’lAl.av = 9-32 

= 0.922 

a = 0° 

Pl/pO =0.888 

^Pl/Pl,av =33.5 

®5/»0 = 0.894 

a = -3 

pi/p0 * 0.887 

^1^1,av = «.S 

= 0.877 

a = -5° 

Vp0 = 0.871 

^1^1, av = 34-9 

= 0.885 

a * -8° 

(c) Inlet C14Sb- Spllte-tlp-posltlon parameter, 42.6°. 

stream MachCnumber*d2.0TOtal'PreSSUre conto“s at station 7.0. Free- 
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-32.7 

-34.6 

Pí/Pq =■ 0.877 

^l/Pl.av - 45.8 

ms/niQ = 0.908 

a = -5 

Pí/Pq = 0.862 

^l/Pl.av = 46-9 
niij/niO = 0-832 
a = -8o 

(J) Inlet C17Sb. Splke-tlp-positlon parameter, 42.6°. 

F1etUr:arMac'hC™:6enr:d¿.0TOtal'Pre88Ure at 8tatl0" 7'°’ 
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P^Pq = 0.910 

^l/pl,av = 24-4 
nig/niQ = 0.977 

a = 0° 

(e) Inlet C14SSids. Splke- 

nig/mQ = 0.953 

a = -5° 

-position parameter, 33.8°. 

Figure 14. - Concluded. Total-pressure contours at station 7.0. Free 
stream Mach number, 2.0. 
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-36.2 

-34.0 

Staticn 7 

pl/p0 = 0-910 

= 10.9 

Station 19 

p2/p0 ■ 0.879 

^2^2,av » U.fl 

Station 41 

P3/P0 * 0.869 

■ 10.0 

Station 58 

P4/P0 =0.876 

^4^4,av J 6-2S 

(a) Inlet C14Sa. Free-stream Mach number ? n. , o 
maus-flov ratio, 0.977. amber, 2.0, angle of attack, 0°; 

Figure 15. - Total-pressure contour development. 
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Station 7 
?l/P0 = 0.875 

^l/Pl.av * ^-3 

Station 19 
P2/Po = 0.829 

^2, av = 33-7 

Station 41 
P3/P0 = 0.841 

^/Pj.av " 21-1 

Station 58 

p4/p0 ■ 0.838 

ûPi/P. 4,av 18.3 

(b) Inlet C14Ss. Free-stream Mach number, 2.0¡ angle of attack, -8°¡ mass-flow 

ratio, 0.918. 

Figure 15. - Continued. Total-pressure contour development. 
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1 ' 

Station 41 
P3/P0 - 0.924 

= 10.3 

(c) Inlet CjjSg. Free-etream Mach 

0°; maae-flow ratio, 0.974. 

Station 58 

P4/P0 = °-930 

^4, av = 

number, 1.8} angle of attack, 

Figure 15. - Concluded. Total-pressure contour development. 
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(a) Mach number, 2.0. 

Figure 16. - Distortion in diffuser duct of inlet CUS8 for critical inlet operation 
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(b) Reduced Mach number; angle of attack, 0°. 

^'operation" C°nClUded- Dl8t0rtl0n ln dlff— “uct °f Inlet C14S8 for critical Inlet 
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(a) Mach number, 2.0. 

Figure ]7. - 

operation. 
Distortion in diffuser duct of inlet C17Ss for critical inlet 
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20 30 40 
Diffuser station, in. 

(b) Reduced Mach number) angle of attack, 0o. 

F1^teoü;aUonnClUded' Di6t0rtl0n ln dlffu8er duct C1VSB inlet for critical in- 
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(a) Mach number, 2.0. 

“,,0rU0" " •■!** ClA for cmiou inlet 
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(b) Reduced Mach number; angle of attack, 0°. 

Figure 18. - Concluded. Distortion In diffuser duct of inlet C-wSy, for critical inlet 
operation. 1 D 
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NACA EM E56G13a 

(a) Mach number, 2.0. 

Figure 19. - Distortion 
operation. in diffuser duct of Inlet C17Sb for critical Inlet 
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0 10 20 30 40 50 60 
Diffuser station, in. 

(b) Reduced Mach number} angle of attack, o\ 

Figure 19. - Concluded. Distortion in diffuser duct of inlet for critical inlet 
operation. 
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30 40 
Diffuser station, in. 

Figure 20. - Distortion in diffuser duct 
of inlet C14S8(ds for critical inlet operation. 
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> 
at 

Figure 21. - Effect of oblique-shock location 
Inlet C17Sgi angle of attack, 0°. on distortion at diffuser exit. 
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^profiles.' COnClUded* Effect of oblique-shock location on total-pressure 
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.30 

20 30 40 
Diffuser station, in. 

(b) Inlet C 48g. Free-strewL Mach number, 2.0j spite-tip-position parameter, 42.6. 

Figure 24. - Concluded. Mixing in subsonic diffuser. 
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20 30 40 

Diffuser station, in. 

(b) Inlet C^Sg. Free-stream Mach number, 2.0j spike-tip-position parameter, 42.6. 

Figure 24. - Concluded. Mixing in subsonic diffuser. 500^ 
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0 .1 .2 .3 .4 .5 

Duct Mach number, 

(a) Inlet C^Sgj angle of attack, 0°. 

Figure 25. - Comparison of exit distortion with fully developed turbulent values. 
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Duct Mach number, M4 

(b) Summary for all configurations. 
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