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Tests have been made in the 3 ft x 3 ft supersonic wind tunnel on a 

rectangular t&n duct air intake, which has variable gaometr;T, ovw the Kaoh 

number range 1.7 to 2'2. The design I,iach number of the intake was 2'12 and 

tests included an investigation of' the effects of the variable geometry, throat 

bleed flom, transition f'i:cing, splitter des,,+ G en and afterspill for conditions of 

eclual and unequal throttling of the ducts. 

Pressure recovery, duct mass flov end bleed mass Pl0-ir ~0x2 me astlrcd and 

the amplitude and frequency of pressure fluctuations v;ere recorded. 

Idaximwn mean pressure rccoverie's recorded zero gcncrLaZ.ly up to 24% bclon 

the theorotioal shock recovery. iRecovery increases ;-sit11 the introduction cf 

throat bleed and is depcndont to some extent on transition of the boundary 

layor, bleed slot position and splitter design, At reduced duct mass flo:-rs 

both pressure recovcly and distribution may be restored to "full floi-J" levels 

by careful use of aftcrspill. 

Unequal throttlin, e products intorfcrencc effects on the "unthrottlcd" 

duct by the "throttled" ad. These effects may '0~ eliminated by the use of 

afterspill in the "throttled" duct. 
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I IJJTRODUCTIOTJ 

As a continuation of the I;-srk reported in Ref,l it gas felt necessary to 

use a more highly developed intake and one -&ich was more appropriate to current 

thinkilL: for the supersonic transport aircraft project. Thus a twin-duct model 

vi.431 external compression, designed for a Mach number of 2.12 was menufaotured. 

The oompression geometry oonsisted of two surfaces, the first of -+-fhioh was 

a fixed wedge and the second a variable ramp which included a curved *Xssntropio 

3ompression" portion. Buth duct flon and throat bleed flow oould be controlled 

and measured, while afterspillage oould be oontrolled but not measured directly. 

The model geometry was different from that proposed subsequently2 for the 

supersonic transport in several respects and 1,ppcndix I provides a comparison of 

the main features. 

Drawing of various parts of the model appear in Figs.1 to 5 and tie 

photographic viens in Fig.6, 

Throughout its length the mcdcl is split into Tao ducts by a oentral 

splitter. It is symmetrical about this splitter and the two ducts diverge 

downstream eaoh at an angle of 3" relative to the splitter oentre line, Three 

interchangeable splitter leading-edge conf'igurations are available. !i%a leading 

edge of splitter I (Pig.1) lies in the plane of the sidewall leading edges and 

splitters II and III (Fig.2) arc both extended upstream of this. 

Each duct inlet is 3-68 inches nide and the height of the lip above the 

leading edge of the compression nedge is 2'707 inches. The aspeat ratio and 

capture area per duet arc? therefore 1'36 a.& 9'95 sq inches respectively. Some 

slight oompression of the flow results frcm both the splitter and the inside of 

the outer wells (Fig,l), but the main aonrpression is by the doublo wedge 

arrangement shonn in Fig. 3. There is a fixed an&a ncdge OA whose oblique shock 

wave falls on the intake lip at a Mach number of 2.12. This is follolicd by a 

ramp Ai which provides the variable part of the com?ressicn geometry an3 v?nioh is 

pivoted as indicated in Figs.3 and 4. Immediately behind the first pivot point 

the ramp surface doscribes a circular arc turn of 9*jc, ;;rhich gives roughly 

focussed isentropio compression, and then is.folloacd by a length of flat 

surface. Thus ~5th the notation as indicated in Pig,3, the compression geometry 

is:- 



.l,. ir,. 

6, fixed 7” 

&2 variable 0*2' to 12*7O 

then 9.3’ near isentropio turn giving :- 

&3 
9*5O to 22O, 

When the compression geometry is varied, changes in the subsonic diffuser 

shape occur as a result of the pivoting arrangements shown in Fig,&. Because of 

a physical oonnec’kibu bcttreen riooes &J3 and CDX xross the blcud z"p, ';h~ pL,rt OA 

is constrained to slide horizontalLy as BC is moved parallel to itself. Thus at 

constant Mach number, variation of the m geometry alters by parallel motion, 

the position of the first oblique shock wave relative to the lip. The upstream 

end of the portion BC contains the throat bleed slot, the various confYgurations 

of which are shown in Fig.5. 

The portion DE arbitrarily fairs the rootangular duct section into the 

oiroular measuring station. Fig,7 shoas a duct area distribution for 6 3 = 20'. 

To control afterspillage eaoh duct includes a spill vent which is shown 

in Fig&. and can be olearly seen in the photograph Fig,6(b). 

To distinguish bebeen the two ducts of the model, they are referred to as 

"3utboard" and '~inboard" and are as shozrn in ?&i.g.C;(a). Thus their orientation 

is correct with respect to subsequent tests 3 which have Been made vrith the 

naoelle mounted on a half-&g model typical cf a supersonic transport 

oonfiguration. 

2.2 Model mounting 

A sketch of the method of mounting the model in the tunnel is shown as 

Fig.8. The model uas attached to a table rrhich was pivoted towards its 

upstream end onto a strut fixed to the tunnel floor. The pivot vas at the 

centre of rotation of the tunnel incidence quadrant, to which the rear of the 

table was attached by a flexible joint. Thus by rotating the quadrant the 

irs,idencc of the table (and model) could be varied ;ihile the aerodynamic and 

static loads were taken by the strut. Upstre‘am of the i&et, a suitably 

shaped "Mach" plate vas attached to the table which generated a local uniform 

flow in the region of the inlet, the supersonic Hach number of rlhich was varied 

by variation of the incidence of the plate. Thus tne facility to test the model 
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at Kach numbers above the tunnel maximum of 2*0 VW available, ~4th the added 

convenlcnce of 1!1ach number variation during a single run, 

The '%nch" plate ~a.3 displaced below the model rredgc leading edge to 

provide a bleed for the plate boundary layer and some difficulty i7as experienced 

in finding a suitable point at which to inject this air back into the free 

stream, particularly at Hach numbers above 2.0. IIOYEVCI- a suitable arrangcmont 

was achieved by oollecting it and ducting it to the upper surface of the table 

on either side of the nacelle nhoro the pressure s were low enough to provide 

suction. 

The upper limit uf entxy Kach number (LI) T-KLS set by the tunnel nox7na.l 

shook" which gradually moved upstream as incidence was altored in the direction 

to incrcaso 3, At M just greater than 2*2 this shock WCS sufficiently far 

upstream to begin to interfere ~5.th the inlet shock system and thus IA = 2.2 

VXLS the upper limit for these tests. 

2.3 @de1 ~~~i@rumontntion 

Independent actuation of each of the ramp systems and each of the spill 

vents nas by eleotromeohanical arrangements and in each case a remote reading 

ptisition indicator was included, Flon through the ducts WAS oontrollcd by 

separate conical plugs at the oxits but thesc plugs ~cro moved together by a 

single motor. Asymmetric throttling conditiona could only be achieved by dis- 

connecting one plug from the motor and setting it at a required position. 

Indication of the throttle position SKLS by a multi-tray stitoh and lamp system, 

A draxing shoting a main duct flow control and measurement unit is shown 

in Fig.9, The instrumentation contained therein includes twelve pitot pressure 

tubes and eight static pressure holes, The pibt tubas wore mounted on a 

rotatable rake mross a diameter, with six tubes on each arm positioned radially 

at the centres of six annuli of equal arca. The %JO K&OS (one.in e aoh duct) 

mere mechanically linked so that they rotated in unison, driven, through gearing, 

by a single electric motor. Four of the static holes ~orc located in the outer 

wall of the duct at angular positions of O*, 90*, 180' and 270* ir, the pl,anc of 

the pitot tubes. The other four stz~tios i-Jcre positioned in the outer wall 

further dotanstrcam at an,$Lar positions of 75”, I@?, 255 and 345” thus avoiding 

the w&es from the four strclts which supported the central hub. Two methods of' 

measuring mean !?ressure rcoovery and duct EIIZSS flow were thus available. 

Firstly, using the pitot tubes and their associated statics and secondly, using - 
yt is thought that the strut was to some extent responsible f&r the rc: 

position of the tunnel shock and 1 ‘t is hoped that redesign of this strut will 
enable M to be increased to 2.4. for future tests. 
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the remaining four statics together with a sonic exit of known area. The exit 

of eaoh duct was carefully shaped in order to provide a high discharge 

ooeffioient. 

To measure transient pressures, capacitance type pressure transducers were 

looated mithin the control hub of each duct &th their diaphragms exposed to the 

pressure at a small hole on the hub centre line facing directly upstream, The 

range of the transducers nas 24 psi (free s tream total pressure Bas 6.3 psi), 

with an upper frequency limit of several kilocycles per second. The amplified 

output from the transducers was used to drive mirror galvanometers, the ultra- 

violet light spots from which reoorded onto sensitive paper. For calibration 

purposes the transduoer diaphragms mere exposed to a series of steady pressures. 

Auxiliary suction, external to the tunnel, alas provided to operate the 

thr0at bleed. Control of this was by hand operated valves (one for each duct) 

and measurement, by pitot tubes and a static hole at a suitable station in the 

bleed ducking upstream of the valve, 

2.4 =e of tosts 

The test values of entry Mach number nere 1.70, 1~85, 2’00, 2’12 and 2-20, 

though some oonfigurations Were not tested at ell these Mach numbers and others 

were tested only at the design value of 2'12. Corresponding Reynolds numbers, 

based sn inlet oapture height, were:- 

l/l 1.70 1'85 2-00 2’12 2.20 

R,(+ 106) 0.393 0.374 0*34-6 0.330 0.319 

To fix transition of the boundary layer at the inlet, bands of distributed 

rorlghness were applied to the ramp surface, siderralls and splitter. The bands 

were about 0'2 inch wide, positioned about 0'2 inch from the leading edges, and 

consisted of O*Oll inch diameter ballotini, secured nith an epoxy resin. 

AJJ. cases were tested with this artifioisl fixing of transition except 

one in nhich splitter I configuration r~as tested tithout for oomparison 

purposes. Five throat bleed configurations were tested, all with splitter I 

and in all other tests, bleed configuration A0 was used (see Fig.5). 

6- ,- 

a 

Pi-tot pressure surveys in the ducts r?ero made, in some oases by taking 

readings at rake rotation angles of 0' x 30' to 150" and in other cases, by 

taking readings at0' and 90' only. The former are referred to as cok?prohensivc 

surveys and the latter as limited surveys. 



The met2md of obt;aining mstmdy pressure c?xwacteristics was to start 

nith tile throttles fully out (inlet well supercritical) and then LUTZ. tham in 

continuously, at the same time recording, the tmmducer outputs. Event 

markers cm the recurder mm used in conjunction with the throttle position 

indicstors SO that tie trams ocsuld be related to thxttle positions md heme 

duct mass flows, 

Curve A shows reoovqy rn~~s~red a t the ccqressor sntry position usi% the 

pitot Mes and their assmiat&l static tappings, Curve B shows VCLUOS 

measured from choked exit conditions, The loss of 0.02 in recovery from A to I3 

arises from the furtbr aft masurement position, dowdream af the pitot r&es 

and omcifom stmzts, (see Fig~y). Pressure rccomry as memured by the pitcts 

and their assooiated statios is usea throughout this report, 

The follming is a sunmary of the tests mado:- 
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11'3, 13.25 I 

13.6, 15.75, 16-25, 17-75 

15*25,16*25, 1790, 13-25, 20.0 

16*25,17~50, 18'25, 20.25 

16'25, 17.25, 18'25 

Results of fluctuating pressure measurements are not available for every 

flow cor&tion because the recording equipment was available for only part of 

the period of the tests. The selection of results presented however, records 

the main characteristics. 

The results presented are peak to peak amplitudes of total pressure 

fluctuation, PA/P& as a function of mass flow ratio for unequd. throttling 

cases 6ril.y. The tests indicated that simi1e.r stability characteristics are 

obtained in the throttled duct if both ducts are throttled together. 

3 lU3SULTS - EQUAL XNGIXZ FLOWS 

3.1 Intake characteristics 

Tests commenced rrith the est&lishment of a relationship between critical 

ramp angle and Each number. 17ith the throttles die open the schlioren image 



n-as observed while the ramps mere moved together to increase the angle bj, at 

each Mach number, until a point vas reached at Mlich the inlet normal shock 

was seen to detach from the cowl lip. The viLue of 6 3 
at this point is called 

the criticti ramp ar@e and is shown plotted as a _ punction of Each number in 

Fig,ll. 

In general the normal shock could detach from the cowl lip ES ej is 

increased for one of trio reasons:- 

(i) either internal or eztcrnzil deflection of trio flo7-r at the lip, 

Ol? (ii) reduction of the duct arca belorr the v$luc at &ioh the full entry 

stream tube can be passed, 

To investigate whether, in this model, shock dctac:ment is caused by 

(i), Fig.12 has been draw, At the critical ramp angle for each of the five 

test Mach numbers, values of floilr deflection required for shock detachment at 

Nach nuiib e r X 
3 

'$ are plotted. The variation of cxternLL and internal cowl 

an&s relative to 6 If it is assuned 
3 are also plotted as a function of 6 3’ 

that the Kach number st the lip is I? 3 
ana that the fl0iT dircation is pxxdlci 

to "3' then it zi.11 be seen that only at &I = ;*70, h3 = 9’7 ' is the (external) 

deflection at the cowl lip Xkely to be sufficient to detach the shtiok, Fig,13 

is a schlieren phoZ;cgraph at this condition and although it is difficult to see 

nhe-ther the shock is actua.ll.y attached or just dotachod, any displacement there 

is is extremo~y smal.1, The conclusion theref~ro, is that flo-~~ dcflectLon at the 

lip does not cause detachment of the normal shock at any Mach number. 

Tc investigate psssibility (ii), est5,matos have boon mado of the 

effective model contraction ratio A /iz (for notation see Fig.3). TiTK? geo- 
21 

mctricLL part of this may be calculated but uncertainty in the cstimntion lies 

in tne calculation of the grcwtii 01 @ the boundary layer batileen the trTo plaints. 

EIonever an estimation of this on the ap?roprinte parts of the four bounding 

surfaces nas made ,zcd as a check, the remount of bounclsry layer compression 

which together with the physical contra ction mm2.d be required to choke the 

thr03t at 12 = 2.12, S3 = 16.250 ~$23 calculated, These trJo values ~~oro found 

to agree reasonably nel- 1 and the moan of thorn Vas used as the VCU~ of the 

boundary layer contribution to the intornsl contraction at all E.Iach numbers. 

A curve of the ostLmated model contraction ratio is shown in Fig.44 

plotted as a function of 63. Ti?coreticaL area ratios required to ohoke the 

* 1' is the pre-normal shock Each numbor i.c. after the oblique shocks anti 
3 

isentropic compressfonr 
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subsonic flow dowistrezm of the ~omal shock (sssLuned to lie in plane A,) for 

various values of LIach wmber are also I;lotted a3 functions of 6,. It will be 

seen that observed critical values of 

oorresponding next higher values fall 

is the likely reason for expulsion of 

the limiting value of 6 
3 

at each Mach 

fj3 fall bclca the estimate; curve while 

above. This irdicates that duct choking 

the normal shock and thereby determines 

number. 

Schlieren photographs of the model with various vducs of sj at n Mach 

number of 2'12 are shown in Fig,15 f'w cases with zero and about &$ throat bleed 

flow. Correspcnding photographs of each case shon similar external shock con- 

figurations and indicate the critical value of 6 
3 

to be about 16*25’. It appears 

therefore that the presence of throat bleed flow dces not have any large effect 

on the external shock geometry. This is as might be expected since the bleed 

slot position is domstream of the geometric throat. Eoaevcr the results a0 

indicate a small effect (not discernible on the schliorcn) in that at values of 

63 greater t&n criticd. the total mass flov; is generally $;"3 to Z$ greater with 

throat bleed flon than rdtnout. This probably results from the upstream 

influence of the bleed on the boundary layer, for csample, iir helping it to turn 

the corner of the aom>ression surface upstream of tho bleed slot (see F&3>, 

thus affecting the net throat arca. Once throat bleed flor; is present any 

increase of this floFr dGeS not titer the total mass fir;: aila is therefore et 

the expense of engine flop. 

Ey definition, ramp angles greater than critical cause a detached normal 

shock (Fig.15) and thus forespillage and reduced entry florr. ;;'ig,lS illustrates 

the reduction in mass florr at constant Hach number as 6 3 is ticreased above 

c?ritical. The figure also shons that at BIach numbers of 2.12 and 2'20 the inlet 

flow remains const:ant as b3 is reduced beloT7 the critical value, which result 

indicates that under these conditicns the second rernp does not cause any 

spillage of the f1Dw. 

The dashed line on Fig.16 joins values of 1idlcn measure6 et critical 

settings of 6 
3' 

and these are in fact, the maximum values measured. Maximum 

values vary fmm 0*905 at Id = I.70 to 0.934 at 12 = 2*20. At Each numbers 

below i&e intake design value there will clearly be some tire-dimensicnal fore- 

spillage as the first oblique shock passes u?strczm of the li?, as illustrated 

by schlieren pictures in Fig.-ti'. Ko;-{ever the photographs tcaken at BI = 2.12 and 
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2.20 &horn that at these Nach numbers E&O, the first oblique shock passes 

upstream of the lip. This modification to the shock angle as compared with 

design is not uncommon in model tests and could result from effects of com- 

pression surface boundary layer. It might be expected that this kind of mis- 

match would occur, though perhaps to a lesser extent, at full scale. Honever 

it is interesting to note that in the tests of Ref.1 the actual shock geometry 

.- 

i' 

was obviously close to the theoretical geometry, as evidenced both by schlieren 

photographs and maximum measured values of mass flow. The implication of this 

is that mismatching of this kind may be dependent upon intake aspeot ratio. It 

should be pointed out that in wind tunnel sohlieren photographs any local dis- 

tortion of the oblique shock in the region of the sidewalls would be nhat is 

"seen" ty the schlieren system. 

A comparison is made in Fig.18 bebeen maximum measured values of mass 

flow and those calculated when pre-entry deflection is by a 7" wedge only. The 
oblique shock angles used in this calculation are those measured on the 

schlieren photographs of Fig.17 and thus the calculated veLLues of mass flow 

allow for cowl lip spillage. Since the intake has an aspect ratio near to unity, 
l 

it might be expected that sidewall spillage mould be of similar magnitude to 

cov~l lip spillage and thus could largely account for the residual difference 
i betzeen the calculated and measured values of maximum mass flow. 

3.2 Intake performance 

The prime objects of an inlet-diffuser system are to provide the engine 

with air at the highest possible mean total pressure and to present this air as 

uniformly as possible to the compressor. Roth of these aspects have been 

examined and are discussed in this section. 

3.2.1 Pressure recovery 

Nesn pressure recovery is plotted as a f;lnction of mass flow ratio in 

Fig.19, These curves are typical for the various values of 6 
3 

at each Mach 

number and in each case throat bleed flow is $ to 4% of the total inlet flow. 

On the curves for 11 1 = 1.85, 2.12 and 2.20 letters appear: these correspond 

mith sohlieren photographs which are included in the presentation. 

At Mach numbers below the design value of 2.12, the maximum pressure 

recovery is achieved at values of 6 
3 

greater than the critical. This is 

thought to be due to the isentropic part of the compression process and is 

illustrated in Fig.20, The sketch shorjs the theoretical shock geometries for 
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63 = 13.6' anl 15'75' at a Mach number of 2.0. The critiosl value of s3 is 

13*6' and the sketsh shz?s that the isentropic part of the compression meets the 

normal shock well inside the lip at this value, with the result that, while some 

of the inlet flow goes through the complete compression process, some goes only 

through the first oblique shock and the normal shock. At a h3 of 15.75" the 

isentropic fan meets the normal shock nearer the lip and thus, for small dis- 

placements of the normal shock, a larger proportion of the inlet flon goes 

through the isentropic compression, which results in a higher mean pressure 

recovery. 

Data obtained at other values of throat bleed flow are contained in 

Table I but are not plotted. Honever, curves showing maximum mean pressure 

recovery plotted as a function of throat bleed flon for each fdach number, are 

given in Fig.21. In this and similar later figures, curves are drawn as oon- 

tinuous lines when they are defined by three or more experimental points but 

where tests were made at two values of bleed flow only, (usually zero and 

about 0*04), the points are joined by a straight aash& line. 

In all cases pressure recovery rises with increase of throat bleed flom 

up to the maximum values tested. The rate of change of recovery with bleed 

flow varies nfth Mach number and ramp angle and Fig.22 show this exchange rate 

plotted as a f'unction of Ksch numbcr, in each case at the critical ramp angle. 

Below M = 2.0 the exchange rate is well belon l-0 but above this Mach number 

rises rapidly to 1.5 atM = 2.12, 

B summary plot from the pressure recovery results is given in Fig.23. 

This shoes the variation of nsximum pressure recovery with 6 
3 

and M. Three 

curves are included, the measured recovery at a throat bleed fla:~ oe 0'035, 

the maximum recovery measured (usually at higher values of throat bleed f'lot~) 

and the recovery as determined from theoretical shock systems for the oxperi- 

mental inlet geometry. The measured values are generally between I$ and 2$-$ 

below the theoretical values except at a Xach number of 2.20 where they 

co5ncide. ks this kach number is greater than the design value, the first 

cblirque shock would theoretically fall inside the cowl lip. In calculating 

recovery, allo:vance has been made for the small portion of inlet flow that 

would pass through a "free stream" normal shock, However a schlieren photo- 

graph (Fig.l7(e)) h s ovs that the first oblique shock passes upstream of the 

cowl lip and therefore this diminution in shock recovery does not appl;r in the 

experiment. 



The reason for the rapid fall in recovery between a Mach number of 2.0 

and the design value of 2.12 is that restriction of 6 3 
to the critical value, 

does not allow the inlet geometry to become optimm and thus the node1 inlet 

runs at reduced efficiency. 

Surmarising the results on pressure recovery, it nay be said that vrith 

3-g bleed flow, peak measured recoveries at all Hatch nuTbcrs investigated are 

within 2% of the corresponding theoretical recoveries for the shock con- 

figurations actually obtained. Increase of Reynolds number to full scale nay 

be expected to be beneficial in two respects:- 

(Ij Viscous ~OSSOS, represented by the 23 m&mm, will be reduced by 

30% or so* and will therefore be around I&; 

(2) the thinner boundary layers on the compression surfaces will allow 

a shock configuration closer to design to be obtained, which will itself h&e 

* 

a higher pressure 

The results 

design. 

recovery. 

therefore confim the high internal efficiency of this intake 

1 

3.2.2 Flow distributiz 

Distributions of flow at the neasuring station are presented in the fom 

of isobaric naps of pressure recovery and in term of distribution of velocity 

around md across the annulus. Pressure distributions are shorn in Fig.24 for 

a Uaoh number of 2'12, 6 
3 

= 16.25' with throat bleed flms of zero and 0.042. 

Distributions are approximtely synnetrical about the vertical centre line of 

each duct and a region of naximm pressure occurs in the half of the duct 

adjacent to the cowl lip. Maxine values of pressure recorded are greater than 

the theoretical shock recovery of 0*914 indicated in Fig.23. This could result 

either fron a nore efficient local supersonic compression caused by norml- 

shock and boundary-layer interaction or from a strong oblique shock adjsoent to 

the cowl lip4 folloned by subsonic flow. 

The effect of introducing throat bleed is to reduce pressure gradients 

over the annulus and also to increase substantially the pressure level on the 

ranp side in the duct. The low pressure level without bleed results fron a 

separation of the flow in the subsonic diffuser and the introduction of throat 

blaed substantially reduces it. By conparing the pressure distributions of 

* By analogy nith Reynolds number correction to skin friction. 
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Fig,%-, the praesence of tnroat bled wodd appear to produce a marked Improvement 

in the distribution of flow but when this is examined in terms of Vfi, C~.~CIXP 

f erentid arLd radial distributions of which are shown in Figs.25 and 26, the 

improvement is not as great as might have been expected, Fern these figures it 

may be seen that differences in D v (Vma/? - V&p) between cases t-rith ma 

nithut throat bleed is only about I@. Values of Dv ahd have been 

have been oalculated and are plotted as functions of radial distance r/R in 

Fig.27. Both parameters are seen -t+~ increase up to r/R c 0*8 above ~hiich vafue 

they fall, Thus Rv, in vthich Vm= is the max-lmum value measured over the whz&e 

ad area, is 1*2&, The variations of Rv and [ ~~~~~~~~~~~ 1*&h b3 at a Mach 

number of 2.12 are shorn in Fig,28, 

Fig.29 shows a pressure mcoveq distributions at the fmr off-design &ch 

numbers. In each case s3 5,s the oriticti value and the throat bleed flow fs 

about four per cent, As Hach number 5s reduced the isobars beoome increasin&y 

more circular and concentrio wnith tie duct axis nhioh results in the inoreasindy 

tiproving circumfercnti~ velooity dZstributi&ns shorn Ln Fig.30. The variation 

of Dv at P/R = 00798 with D;rach number is shorn in Fig,j?, 

- 

3#2,3 Flow &ability h 
c 

The effects on duct pressure fluctuations resulting from throttling are 

shown, at each kch qumber, in tile lower curves Df FLg,jZ, The lowest level of 

amplitude at each Nach number occurs in tie region of otitioal flow, Opening 

the throttle beyond the %&ti~ztl~ position usually leads to an increase in 

8mpxibaf3, as indicated by the dashed part of the curves, The lowest level of 

fluckation recorded increases from zero at M = I.70 and I.85 to OmQ2 at 

M= 2'12 and 0005 at&! = 2.20, As the throttle is closed from the critical 

position, a point is reached at which the amplitude begins to increase, u~ud+ly 

fairly rapidly. TUB point varies from about 7$$ belon full mass fTor7 at 

M = I*70 to immediabely below full mass flon at 82 3 2*00, The osoillation here 

is of high frequency i.,e, arcund 500 ops. As the throttle is further closed 

the amputude of this oscilkkion increases until a point is reached at nhich 

a low frequency osoillation starts, This osoXLlat.Lon ocours at Xsch numbers 
c 

greater than le8cj with a sudden increase of ampXtudo from the high frequency 

signal, 'It is thought to result fnJm shock induced separaticll of the boundaT 

layer on the ramp surface and here is c&Led "buzz'+, The frequency of buzz 

varkes tith throttle position and is of the order 50-100 cps, A curve showbg 

the vtiation of freqwncy uver a small range of throttle movement is ,$ven 
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in Fig.33, nhioh a&o includes details of-the throttle geometry. There is 

generally a region in M~ich both the high and lot;r frequency oscillations occur 

together but buzz usually dominates. The amplitude of buzz varies from about 

0.2 PO0 at X = lu70 to 0.5 PO0 at M = 2.20, while the maximum amplitude of the 

high frequenoy instability is about 0.15 PM. Fig,34 shows the boundaries of 

Aw/Aen at which both instabilikies start, as a funotion of Mach number. 

3.3 Effects of oonfiguration changes 

3.3.1 Throat bleed slat 

The actual shapes of the front and rear edges of the bleed slot mere 

fixed but the width and position of the slot could be varied to some extent 

by building up either or both of these edges. The various configurations 

tested are shown in Fig.5 _ 

The: performances of the various bleed configurations in terms of main 

duct pressure recovery are plotted as a function of bleed flow in Fig.35. The 

results for the "A" oonfigurations fall reasonably on a single curve indicating 

that the position of the front edge of the slot is not critical. The points 

for the "13" oonfigurations aJ.so fall reasonably on a curve but at a level 

rather above the "A" ourve indicating that a gain of about $$ in pressure 

recovery (at 2 to 47; bleed flow ratio) can be achieved by moving the rear 

edge forward to the "B' position. 

Although the presence of throat bleed flow does 

of either type of flom oscillation, it does influence 

shown In ~ig.36. Vith no bleed flow this boundary is 

bleed it improves by @ to 0’6L+. 

3.3.2 Fixing transition es- 

not affect the amplitude 

the buzz boundary, as 

at AJAen = 0.69 but with 

To assess this effect the model was tested without roughness bands at a 

c Mach number of 2.12. %ne critical vaLue of 63 has found to be 17'25", which is 

lo higher than for the case with fixed transition and probably results from a 

thinner compression surface boundary layer. The nearest test value of s3 for 

the model with transition fixed is 17.5’ and results for the two cases and for 

the optimum S3 (16.25') with transition fixed are compared in Fig.37 (a) and (b 

for zero and 45 throat bleed fkns. The maximum value of pressure recovery 

wLth free transition is greater than in both cases of fixed transition at both 

throat bleed conditions. Since the maximum velues of msss flow ratio are not 

very different for the two transition cases at their respective critical. ramp 
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angle settings, it might be expeoted that the external shock geometq is not much 

affected by transition and the sahlieren photographs* contained in Hg.fi7, 

corresponding to the experimental points as indicated, confirm this. These 

facts indicate that sllorring free transition gives results which are representa- 

tive of higher Reynolds number conditions and adding roughness artificially 

thickens and disturbs the boundary layers givil7~; reduced values of peak pressure 

recovery. Pressure recovery distributions for transition fixed and free with 

bleed flows of 0 and &$ are shown in Fig.38. At both values of bleed the 

improved meanrecovery due to free transiticn comes frum a general increase of 

pressure level over the depressed parts of the engine face and with this, 

particularly at 4% throat bleed flon, comes a much improved distribution. This 

is demonstrated in the circumferential velocity distribution plot of Fig.39 and 

the following values of Dv at r/R = 0*798 are noted: 

roughness on Dv = 0’757 

no roughness 
DV 

= 0*493. 

The variation cf maximum pressure recovery dth throat bleed flow for 

each of the test values of 6 3 
for the model tith free transition is show1 in 

Fig.40. For comparison the "rcughnoss on!' GU~ES are shotfn and those are seen 

to be slightly steeper giving a slightly better exchange rate. Fig,41 provides 

a comparison of peak values of mass flow ratio and pressure recovery measured 

over a range of 6 
3 

for the imo cases. With free transition, recoveries I$$ to 

2% greater are noted for little change in mass flon ratio. 

Fluottlating pressure results are available for the model T&thout roughness 

with6 = 3 16'25' and pressure amplitudes are shown as a function of mass flon 

ratio in Fig.@, Comparison with t2ne results nith roughness show there to be 

little differenoe in the buzz boundary but around the critical point, 

(AJAen = 0*93), there is, ttithout roughness, a KLightYy smaller amplitude 

fluctuation which persists to $ subcritical, as opposed to the Oitse with 

rcughness where the amplitude rises immediately on rcduotion of mass flow from 

the critical. 

3.3,3 Splitt~r?&@Xn 

At full scale it is structurally necessary to have some thickness 

centre splitter in the region of the cowl lip, which therefore involves 

of the 

an 

upstream extension. Results hitherto discussed refer to the case with no 

extension, designated splitter I and shwn in Fig,?, Limited tests have been C - 
* When comparing photographs, 63 =: 47.5” far the 9oughness on" case is 1% 
above the critical value and therefore -the normal shock is slightly detached. 
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made at a Mach number of 2.12 on two extended splitters, designated II and III 

and illustrated in Fig.2. 

Peak values of pressure reoovery (Fig.43) and mass flow ratio (Fig.&) 

are plotted against 6 
3 

for the three splitters. These results indioate that 

the critl&L ramp angle for the model with splitter III is slightly greater 

than that fbr splitter I. The reason for this is not clear as it might have 

been expected that an increased upstream length and consequent increased 

boundary layer thickness on the splitter wall mould have led to a reduced 

effective throat area. 

With .L$$ throat bleed flow and 6 = 16*25O, pressure recovery fdls with 

increasing upstream extension of the zplitter but the duot passes (to within I$), 

the same mass flow in each case. Pressure recovery distributions for splitter 

cases II and III at these conditions are shown in Fig,45 and are comparable 

with those of Fig.24 (b) for splitter I, Careful examination of these figures 

shows that the reduction in recovery with extension of the splitter cases 

from a lowering of the pressure level in the lip-splitter quadrant. The last 

continuous isobar running round the periphery of this quadrant in eaoh case is:- 

splitter I o*yo 

splitter II 0*88 

splitter III 0-86 (outboard), 0*84 (inboard). 

This quadrant is adjacent to that part of the splitter where the upstream 

extension is greatest. Circumferential distributions of Vfi at r/R = 0*798 

for the three cases are shown in Fig..&. The extended splitters produce 

reductions in Vb in the lip-splitter quadrant but alight inmoases in the lip- 

sidewall quadrant which results In there being little effect on Dv. 

Further limited tests Tfere made with splitter II at a Each number of I.85 

and peak measured velues of pressure recovery are shown as a fu&ion of throat 

bleed flow in Fig.47. Comparison with corresponding splitter I curves, e&30 

plotted, shows there to be little difference betrreen the tVro cases. 

Pairs of curves similar to those of Fig.32 showing the variation of 

fluctuating pressure amplitude tjlth mass flow ratio are presented for splitters 

II and III in Figs.48 and 49. In each case h3 = 16-25, p(I = 2'12 and 

mb/mi 2 0.04 so they are comparable nith the splitter I case, Fig,32(d). The 

character uf the curves for the outboard duct is similar in each of the three 

cases and the buzz boundq occurs at similar values of AdAen. 
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4 RESULTS - UNEQUAL DUCT FLOWS 

4.1 General 

The main purpose 0, 9 this ty-pe of test is to study the effects which 

throttling of one duct v&11 have cn the general. performance of the other. This 

is a situation that could oocur if fo r example the intake control system 

functioned arongljj or a spill vent failed to open after a single engine failure. 

Thus it is necessary to check on the stability of the flow in the unthrottled 

duct as well as its pressure recovery and floi7 distribution. Accordingljj tests 

were made on the model tith the throttle of -r;he inboard duct set to pass 

approximately full florr, rrhile the outboard duct ITas throttled progressively. 

4.2 @terlerence effects 

Fig.50 shows the basic results for five test Iiach numbers, in each case . 
with the appropriate critical value of 6 

3' 
On each graph trro curves are plotted, 

one which shows the variation of mean pressure recovery with inlet mss flow ratio 

for the throttled outboard duct and one vrhich shows the pressure recovery in the 

inboard duct (whose throttle is fixed to give the value of AdAen indicated) 

also plotted as a function of the inlet mass flov ratio of the outboard duct. * 
These curves show that as one duct is throttled there is an initial range in which 

there is little or no effect on the performance of the adjacent duct but further 
r 

throttling generally produces an unfavourable effect. 

To summarise theso results Fig.51 has been drar;n to shots the change of 

pressure recovery in the inboal-d duct when the flon through the outboard duct 

has been rcduci:d to 8C$ of its maximum value, The curves show the unfavourable 

influence Bhich increases both trith increase of throat bleed flov and increase 

of Mach number. At M = 2'12 tith 43 tnrcat bleed,reduciilg the floT? through the 

outboard duct by 2% causes a 32,: reduction in mean pressure recovery in the 

inboard duct. From Table 2 it rrill bc seen that at this point the f'lo17 through 

the inboard duct is reduced from a maximum value of AdA,, = O-934 to O-905. 

Ln order to reduce the flon through the inboard duct its shock system has to be 

m&J.fied in some nay and a3 suggested fcr another model in Ref.1, the normal 

shock position at the inlet of the unthrottled duct is modified by the movement 

of the normal shock at the inlot of the throttled duct, rrhich results in the 

interference effects observed. This is clearly shown in scblieren photograph 

Fig,52(c) which indicates a i-iell detached normal shock at the inlet of the 

throttled outboard duct and also a detached normal shock for the inboard duct 

which is nominally running full. 

. 
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The curves of Fig.19 show that as a duct is throttled the rate of decrease 

of pressure recovery with mass flow ratio increases as Uach number increases. 

Thus for a given degree of expulsion of the normal shock, in this context due to 

interference, a larger loss in recovery nil1 result the higher the Mach number, 

Pressure distributions for the inboard duct are shor?n in Fig.53 for eases 

with zero and about L+$ throat bleed flow, when the outboard duct is throttled 
-? to I$ below the maximum flow. Comparison of these with the inboard duct 

distributions of Fig.24 shows that while there is little difference between 

e oases with no throat bleed and thus little interference effect (see Fig,31), 

with throat bleed there is a distinct reduction in the intensity of the high 

pressure region in the upper part of the duct, which results in a substantial 

loss of recovery as noted. The schlieren photographs show that with throat 

bleed flow, Fig,52(c), the inboard norm& shook is detached further from the 

cowl lip than with no bleed flow, Fig,52(b), The reason for this influence of 

bleed flow is not understood but the result is clearly responsible for the loss 

of recovery noted. 

l 
4-3 Effects of transition 

Curves showing interferenoe effects for the model with free transition are 

A shomn in Fig.% Comparison r&th the ourves for the model T&th fixed transition, 

Fig.TO(d) (iii), h s ens there to be little difference except that the non- 

interferhg mass flow margin% is rather smaller with transition free, (Note -the 

value of b3 is lo different between the two cases.) 

4.4 Splitter design 

Interference curves for splitters II and III are shonn in Figs.55 end 56, 

Both of these designs appear to be rather t70rse f2om an interference point of 

view thnn splitter I, Splitter II has no non-interfering mass flon margin and 

splitter III less than $5, The inference from this is that the primary inter- 
. fering influence is located in the region cxternel to the lip, i.e. in the 

region of confluence of the intake shock system. This oonolusion supports the 

i idea that interference effects are transmitted primarily by modification of the 

nttrmal shock position. 

* The non-interfering mass flow margin is the amount by which the mass flow 
thrcugh the thrirttled duot may be reduced before the recovery in the other 
duct begins to suffer, 
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Circumfei~ential distributions of Vb, at r/R = O-877 in the inboard duct, 

for the three splitter cttaest with the outboard duct throttled to about 1% below 

full mass flow, are shown in Fig.57. There is no marked difference in distri- 

buticn but Vmax increases slightly and Vmin decreases slightly in the order 

splitter I, II, III which gives worsening values of DvO 

Interference effects on the unsteady flow characteristics nere included in 

Figs.48 and 49; these oompare mith the curves f&r splitter I in Fig,32(d). In d 
each oase M = 2*12, S 

3 
= 16’25’ anda/mi = 0.04. Splitter design does influence 

conditions in the unthrottled inboard duct; the high frequency oscillation 
h 

induoed is similar in all oases but the amplitude of induced buzz lessens con- 

siderably with splitter changes from I to II to III. 

From the present tests it would be deduced that by carrying a splitter 

extension around the cowl lip so as to cover the region of shock confluence, 

interference effects could be reduced to a low order, satisfactory for praotical. 

purposes on the present design. It has been demonstrated clsewhereX' that this 

is in faot the case. 

4.5 Use and effects of spill vents 
P 

If for any reason an engine passes a reduoed mass flow, a means of 

bringing the inlet shook geometry back to optimum is by the use of afterspillage. t- 
This is illustrated by the seriev of schlieren photographs contained in Fig.58 

for the model with splitter III configuration. ttAtv shorrs the ducts running just 

on the critical point (the normal shock appears to have just detached from the 

cowl lip of one duct), In "B" the outboard duct is throttled. In "C", "D" and 

"E" the throttle position remains as nBlr but the spill vent of the outboard dust 

is opened successively to positions 1, 2 and 3 (these positions are arbitrary 

but more air is spilled as the position number increases). In "C" the normal 

shock appears to be still just detached but in I'D" snd "E" the outboard duct is 

once more running full. Graphs of pre ssure recovery against mass flow ratio are 

shown in Fig. 59 for both duets, on nhich the five corresponding points "A" to . 

9" are plotted. Throttling obviously produces a loss in recovery in the out- 

board duct but also, by interference, reductions of recovery ma mass florr oocur c 

in the inboard duct - point r'Bll. Opening the spill vent to position 1, 

(Fig.58(c)), restores the recovery level in the outboard duct at reduced engine 

flow but because the inlet flow is still not W.LLl" (see sohlieren phot.) 

the inboard duct is still influenced. Further opening of the spill vent, 

9 In work at the O.N.E.R.A., Paris. 
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sufficient to al.10~ '*full" inlet flon eliminates any interfererlce in the inboard 

duct. If the spill vent is opened beyond this position, supercritical 

operation of the outboard duct occurs resulting in the reduced recovery shown 

by points D and E, though with no further influence on the inboard duct. 

Fig.5S(c) shows that opening the spill vent to position 1 nearly restores 

the shock geometry to "full" and produces a distribution pattern very like that 

which exists when the duct is running normally (distribution A). Hence the only 

nay in which the engine suffers is from mawCi flow - recovery and pressure 

distribution being largely unaffected. Opening the spill vent appreciably 

beyond this point takes the intake into supercritical flow and hence worsens 

the distribution of pressure, partioularly in the lower part of the duct. It 

may be worth mentioning, thattrith this con.figuration.the flow in the lowr 

part of the duct appeared to be rather more sensitive to spill vent opening 

than it did nith the splitter configurations I and II, 

To sum up, the experiments show that if a spill vent is opened just 

sufficiently to restore the inlet shock geometry to optimum a&ter throttling, 

the pressure recovery and distribution &Ll remain largely unaffected, and any 

interference effects on the neighbouring duct will be eliminated. Opening the 

spill vent further than is necessary for this condition causes super-critical 

operation and consequent deterioration in recovery and pressure distribution. 

5 CONCLXSIONS 

From tests at Mach numbers l-7 to 2.0 on a rectangular, tltin-duct air 

intake which has variable geometry, the following conclusions are noted:- 

(4 Pressure r- u_- 

(1) Values measured nith s bleed flow are generally up to 23 loner 

than those calculated from the theoretical shock geometries. This is a measure 

c of the viscous loss, which therefore at full scale Reynolds number would be 

wound I$$ only. 

(2) Maximum values measured increase with quantity of throat bleed flow 

at all Mach numbers; and at M = 2.12 (the only Mach number at which appropriate 

tests were made) maximum recovery is dependent to a small extent on the position 

of the downstream cage of the bleed slot. 

(3) Higher values are obtained with natural transition of the boundary 

layer than with transition fixed at the inlet leading edges and no flow loss 

is incurred. 
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(4) Ikkension of the central splitter upstream of' the plane of the side- 

wall leading edges generally causes a loss in reaovery. 

(5) At reduced a UC mass flow both reoovery and distribution t 

cfan be restored to "full flonl' levels by careful u3e of afterspill. 

(b) Flow instabili 

(6) TRo types of instability are found to oocur, one at high 

of pressure 

values of 
e 

mass flow ratio which is a high frequenoy, low amplitude pressure fluctuation 

and the second, which occurs at values of AdAen of about 0.7 to 0.75 and is a 

lower froquenoy, higher amplitude fluctuation. The severity of this latter 

increases with increase of Ikch number, 

" 

(0) Interference 

(7) Throttli ng we duet interferes with the performance (pressure 

recovery and mass flow) in the other to some extent, at all Mach numbers. These 

effeats tJorsen both tith increase of Mach number and vrith the introduction of 

throat bleed flow. They can ho%Tever, be eliminated by oareful use of afterspill 

in the throttled duct, 

(8) Tith one duot running in the unstable flon region, an instability of 

similar lfrecplency but lower amplitude is generally induaed into the flow of the 

other. This interference effect intensifies nith inoreaso of Mach number bul; 

extending the leading edge of the splitter upstream goes some way tonards 

eliminating it. 
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Appendix A 

COMPARISON; BEiV~? MODEL AND CURREJT AIRCRAFT GEONETRIES _ ,- ~.~~-----~~ -.~-_D 

The intake iter;s are listed in tabular form and compression geometry and 

diffuser lines are shown in sketches, 

Item . 
Llp position x/hxe sketch) 

y/h (see sketch) 

ZI0del n- 
I*461 

1 l ooo 

internal angle 

internal radius 

included angle 

Compression geometq 

14” 
2*5h 

4%” 

(shown in sketch A) 

isentropic turn 

s3 

splitter 

wedge semi angle (streamE7ise) 

leading edge sweep 

. Duct divergenc;e -- 

Throat bleed 
slot width 

Sidewalls 

external wedge angle 

internal nedge angle 

Length of duct 

lip to engine face 

Aspect ratio 

w/h per duct 

Dif'fuser 

see sketch B 

7” 
9" 20' 

9" to 22* 

I 3’75O 
IX 1’5” 

III 3*75* 

I 34-4-O 
IJI 4.2' 

III 45” 

I0 

7O 
'v" 5" 40' 

9" to 22O 

2O 

45* 

0.42 h (max) 

4’ 75” 

2*75’ 

s2 0 

0*58h at 6, = 14'5" 

5’5. 
0') 

= 4'3h z 3’8 h 

I.03 to 1.00 

Aircraft 

I l 458 
1 *ooo 

12O 

2'5 h 

4i” 
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Split_terI,ottlinq 

Outboard Inboard 

0.917 
0.883 
O-874 
0.851 
O-828 
0.791 
0.666 

0.917 
0.883 
0'874 
0'851 
0.828 
0*791 
0*666 

0-906 
0.889 
0'862 
0.839 
O-Cl14 
0.803 

I- 

0 
0 
0 
0 
0 
0 
0 

0’01 y 
0'020 
0'021 
0.022 
o-022 
0.022 

0.925 
0*909 
0.883 
0.861 
0.836 
O-825 

I 
I Instrumentation fault 

I / 
i L 

0.912 0 0.912 
0=893 0 O-893 
O-872 0 0.872 
O-850 0 O-850 
0*831 0 0.831 
0*809 0 0*809 

i 
M = 1'70, 

O-938 
O-936 
O*PW 
0’94.2 
o-939 
0.936 

0*906 0 0*906 0.931 
O-886 0 O-886 0.931 
0.867 9 O-867 0*935 
0*846 0 O-84.6 0.937 
0'826 0 0'826 0*933 
0.805 0 0.825 0.933 

0'875 o-016 0*891 0.937 0-873 0*0,,6 0*889 0*929 
O-855 0-016 0.871 0.943 0,854 o-017 O-871 0.935 
0'847 0*01p O-866 0'949 0.844 0*01y O-863 0.945 
O-837 0.020 0.857 0'954 0*833 0'021 0.854 O-949 
0*828 0.022 0*850 O*P!Yt 0.824 0*022 O-846 0.949 
0*818 0.022 0.840 o-956 0.815 0.023 0.838 O-952 
0.796 0.023 0*819 0.955 0.793 0'02L O-817 0.947 
O-737 0.025 09762 0.940 0'733 o-025 0.758 0'937 

0.846 O-028 0.874 
O-831 0'033 0.864 
0.823 0.036 0*859 
0,814 0.038 O-852 
0.807 o*o!+o 0'847 
0.794 O'Oc$2 O-836 
0.780 0*0.&z 0'822 
0.728 o*oL& 0.774 

0.946 
0*954 
0*958 1 
0.959 I 
0-961 / 
0~961 / 
0*962 1 
o-949 / 

I 

0.847 0'029 O-876 0'942 
O-831 09033 0*864 0.949 
0=821 0.036 0.857 0.954 
0'811 O-038 o-849 0.955 
0*803 0.039 0*842 O-957 
0.790 0'041 O-831 0.957 
0.777 O’O&? 0*819 0.955 
0.725 o-oc!+& 0.769 0*94-6 

O*PlP 
0.886 
0.871 
o-848 
0.827 
0.784 
O-658 

0=908 
0.887 
0*860 
0'839 
0*816 
O-799 

0*890 
0'873 
0*853 

0 
0 
0 
0 
0 
0 
0 

o”olp 
09020 
0.021 
0'022 
0*022 
0.022 

0'029 
0.034 

j oe037 
0'827 j O-038 
0.780 0=040 

6, = 11*3O 
J 

O*PlP O*P.%- 
0.886 0.943 
0.871 o-946 
0*84.8 0*944- 
0.827 0.944 
o*784 0.935 
O-658 0.907 

0.927 0.943 
0.907 0*943 
0*881 0.941 
0'861 0.941 
O-838 0.935 
0.821 0*929 

0’919 0.940 
O-907 O-950 
0*890 O-949 
0*865 0*946 
O-820 0.942 
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o-929 
o*yL!4 
0*916 
0.895 
0.861 
O&847 

0.893 
0*885 
Om880 
0'875 
0*861 
a*842 
~825 
0~806 

Oe8y1 
0'874 
~863 
CM351 
0'837 
0*8:6 
cP8ou 
(I?*782 

w388 0 
cl*889 0 
Ob877 0 i 
0*871 0 
0~863 0 
CM341 0 
0.795 0 

W867 
cl0868 
a.849 
@S43 
048z8 
0+819 

M = 

cm35 
0*89& 
0*p01 
0’9U2 
CM88 
0*886 

CPp0g 
O*YlY 
0.933 
o*y3q 

Pa88 
W389 
OW7 
0.871 
0*863 
0*841 
0.795 

cl*898 
a +ga 
0*887 
CM383 
@87Y 
o&4 

c-95 
@899 
0.883 
0*881 
O"870 
~363 

amy 
oey16 
on917 
o*y18 
0*918 
0.943 
@go-7 
~896 

o*p14 
0.921 
0.934 
0.930 
0.930 
0.925 1 
Cl*920 
0'940 

j 
o"890 i 
0*903 I 
0*839 ! 
O"Y~4 i 
w907 I 
0'90-7 ] 
a*8137 i 
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Table 1 (Contd.) 

Outboard Inboard 

14 = i.00, 6 3 
= 13.6" 

0'921 0 o-921 o-847 O-919 0 O-91 9 
O-913 0 0.913 0=861 0’912 0 0*9?2 
o-909 IO 0*909 0.862 o*y10 0 O*PlO 
0*919 0 o-91 9 0.871 O-914 0 0.914 
0.912 0 0.912 O-871 0.903 0 o*go3 
o-896 0 O-896 0.870 0.886 0 0.886 
0.857 0 0.857 0.853 0*846 0 o-846 

o-913 0.015 O-928 0.859 0*918 0=014 0.932 
0.902 0*014 o=gl6 0.869 0'905 O-015 0’920 
0*894 0’01 y 0.913 O-885 0*894 O*OlP 0.9’3 
0*893 0*021 o*914 0*890 0.892 0=021 0.913 
0.875 0.023 O-898 0.885 o-874 0=024 0-898 
0*&S, 0.024 0'0882 O-878 0*858 0.024 0*882 
O-838 0*024 O-862 O-871 0.835 0.025 0*860 
0.821 0.025 O-84.6 O-866 0=816 0.025 O-843 

0’903 0.027 o-930 O-882 0*906 0.027 0.933 
0*879 0*031 o*g10 0*893 0*883 0.032 0.915 
0,868 O-038 0*906 0*908 0'871 O-038 O-909 
o-859 o-047 o-go6 O-908 0.859 0*046 o-905 
0*839 o*oL&3 0.887 0.898 0.839 oa-7 0*886 
o-81 9 0*049 0.868 0*890 0*818 0.047 o-865 
o-799 OBOE 0.849 0*880 0.797 o*of!Jl oa.5 
0*780 o*c51 0*831 o-879 09766 o-047 0=013 

M = 2.00, 6 
3 = 15.75" 

O-876 0 0=876 O-851 0+76 0 O-876 
0.876 0 o-876 0*877 o-374 0 O-874 
O-876 0 o-876 o-878 09872 0 0'872 
O-863 0 0*863 0,882 O*l356 f 0*856 
O-849 0 0*849 O*G82 0*33G 0 0*83G 
0,033 0 0.833 0+79 0'821 0 09821 
o*mg 0 0*01y o*s75 o*Go6 0 0*806 
0*786 0 0=786 0.363 o-774 0 0.774 
0*769 0 o* 769 0*057 O-749 0 0.749 

0.075 
O-869 
0'858 
0.851 
0'838 
o*o20 
0.783 
0.747 

O-017 0*892 0.864 0*331 O-017 o*llgc 
0*017 o*G86 0*8G2 0*871 O=OlG O-289 
0.021 0’079 0*902 O-G.59 0.022 o*m1 
0'024 0'875 0'902 O*f3% 0'025 O'G79 
0-026 O-C64 0.903 0*&O 0'027 o-367 
0'027 0.847 0*899 0-816 0*020 09344 
0’029 0'812 o*m5 0*776 0'029 O-805 
0*031 O'77C 0.075 0.734 o*ojo 09764 

0.843 
0.863 
O-860 
0.866 
O-866 
0.864 
0=84,3 

O-863 
c-871 
0.888 
0*889 
0.885 
O-880 
o*s70 
0.863 

OS886 
09895 
o*g11 
0*907 
0’899 
o*oyo 
o*m7 
0*867 

o-836 
O-876 
oe876 
0~76 
0.872 
o-066 
0~062 
O'f349 
09035 

0*%7 
0~886 
0*904 
09906 
0*905 
0.099 

zzi . 



Table 1 (Contd,) 

Inboard 

i 0*692 

0*028 O-905 
0.031 0*890 
OS038 0*890 
0.041 0.881 
o*oLp!+. a*872 
0.047 0*850 
o*o.@ 0*828 
O-051 0*786 

O-887 
0*877 
01920 
O*YlP 
0*921 
O*Yq3 
f-+-Y% 
a+330 

o-051 I 09743 i o*867 

O-877 
o*859 
09852 
0*840 
0 0828 
0'803 
~780 
0.735 

0 ‘029 ’ 0*906 

od3j 
I I 

0*883 
u-029 O-886 0*894 

0.887 0.917 
o-o.!& 0.875 0.914 
o-043 o-862 0*913 
a.045 0*844 O*POY 
o-o&6 0*824 0*903 
0.050 0'790 O-889 

i 0*051 0.754 O-877 

0'877 
0.857 
0-83 
0.835 
0*819 
0.799 
0*?78 
0.740 
0'703 

0*868 
0*849 
01838 
0*828 
0.817 

0~840 
0*821 
0.804 
oW4 

0.815 
0.818 
O-814 
O-803 

o-798 
0.780 
O-770 
o-750 

0 
0 
0 
0 
0 

O~Or!&o 
oOo.!f.o 
O-043 
O-04.4 

0 
0 
0 
0 

0936 
0.037 
o"o41 
O’O.!&+ i 

0'932 0 
0.925 0 
o*yo6 0 
0.914 0 
OS928 0 
o-917 0 
0.893 0 
0.873 0 
O-852 0 

M = PQO, s3 = 16'25' 

0.859 Oh866 0 
o-870 O-84.8 0 
0.873 04835 0 
oe874 0*825 0 
0'873 0*811 0 

0.913 1 o*843 0*042 
og913 I 0*824 o”o&2 
0'313 

j o*yop 1 
0=805 0*04.6 

’ 0.781 0'047 

0.868 
0.849 
0.838 
0*828 
0,817 

0*861 
0*873 
O-874 
0*874 
0*868 

O"917 
O-917 
o-916 
0*908 

0.817 0.860 
0.820 0*870 
oD815 0.875 
0*803 0.877 

0.833 o'ylo 
0*818 o*y1 I 
0.811 0.913 
0.772 0*908 

0.880 
O-861 
0.847 
0.828 

= 17'75" 

O-81 7 0 
0.820 0 
0*815 0 
C*803 0 

oa796 0'037 
0,780 O-038 
ob768 0.043 
0*746 i o*oG 

= 2.00, 
3 

0.854 
0*866 
0.873 
0.878 

0.909 
0*p11 
O-914 ! : O-912 r 

0.815 
0.818 
0*814 
0*803 

O-834 
0~817 
0*811 
0.794 

J 

'O-918 
O*YOY 
o*po1 
oeP16 
0,922 
0*8Ph 
O-870 
0.854 

1 
0*834 

0*918 0 -803 
0.909 0-811 
o=yo1 o-832 
09916 0*842’ 
0.922 0+37 
0 l 8yG 0*829 
0,870 0.814 
0.854 0.807 
0*834 0.799 

O-932 0 m807 
0.925 0.819 
0*906 0'833 
0.914 0.834 
O*P28 04843 
0'917 0.845 
0?893 O-833 
0.873 0*823 
O-852 0*814 

I 
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Outboard Inboard 

Table dConta - -Lv- 

m /m 0 i 
0*899 o-016 
O-906 O-021 
O*YlO 0.026 
0.892 0*028 
0,869 0*028 
0.843 0'829 

*JAen --- 
o-915 
0.927 
0*936 
0'920 
O-897 
0'872 

-- 

? 
f-J? w 

O-849 
0*865 
0.873 
0.869 
0.86-t 
0.847 

cp- 

mo/mi 

0*89-1 
0*897 
o=poo 
0*882 
0*857 
0.831 

-L-3=-- 

"b/"i 
--- 

0.015 
0'021 
0*026 
0.027 
O-028 
O-028 

o-922 o-027 
0*901 0.030 
0.888 0.039 
0.872 O'OLl.6 
0'853 0*048 
0'821 o-049 
0.804 0*0!50 

0.949 O-860 
o-931 O-869 
0.927 0*886 
O-918 O-879 
0*901 0'872 
0*870 0.855 
0.854 0*851 

O-915 0.025 O'YW 
0'897 0.029 0=926 
0*884 0.039 0.923 
0.873 0.045 0*918 
0.850 o-048 O-898 
O-819 0,048 OS7 
o-795 o-049 0*844 

= 16'25~ 

0*919 0 0'919 O-820 0'920 0 
0'912 0 O-912 O-840 0*912 0 
o-917 0 0.917 O-84D O*YlY 0 
0*914 0 0'914 o-847 O"YIO 0 
o-875 0 0.875 O-830 0'872 0 
0.839 0 0.839 0*81.4 0.833 0 
O-804 0 Co804 0.807 o-799 0 
0*7% 0 0'784 0'801 0'778 0 

o-925 o*c17 0*942 O-844 0.933 09017 
o-913 0*015 O=p28 0.859 0*91y 0 -020 
o-904 0.020 O*Yu, 0.873 0'909 0'021 
0.868 0'022 0*890 0'859 0*850 0-023 
O-823 0.023 O*W 0'839 O-808 O-025 
0.783 0'024 o*i307 O-826 0.767 0*027 

0.929 
0'921 
O-918 
0*910 
0.905 
0.888 
0,831 
0.792 
O-746 I 

0=020 0'949 0.863 
0.021 0.942 O-866 
0.023 o-941 0*87-I 
0*026 0.936 0.876 
O-030 o-935 O-885 
0.032 09920 O-877 
o*ojq 0*865 0.847 
O-036 O-828 o-837 
0.038 0.784 0.824 

0.925 0'020 
O-918 0*02$ 
0'915 0.023 
o*gop 0.026 
0'902 O-029 
0.893 o-033 
O-833 0*036 
0.790 0.037 
0.747 0*039 

T -- 

*J*en 

09306 
0*918 
0.926 
o”909 
O-885 
o-859 

P P f/ W 

0.838 
0.859 
cl.864 
0.859 
o-84-9 
0.837 

0.854 
0.863 
0~881 
O-880 
0=869 
o-853 
O-843 

0*920 0=819 
0.912 0,842 
o-91 9 om840 
o*y10 0*844 
0.872 0*830 
o-833 0*809 
0.799 O-803 
o-778 o-796 

o-p50 0*850 
o*y39 0.860 
0.930 0.872 
0.873 0.840 
o-833 0.825 
o-794 0'810 

0.945 
o-939 
0.938 
0.935 
0*931 
09926 
0*869 
O-827 
O-786 

:'Gez 
01868 
O-872 
0*880 
04886 
0*852 
O-835 
O-826 
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c 
mc/mi 
I. 

Aodkt3n 
--r-s-l 

“b/mi 

0'904 0.029 0'933 
0*899 0'032 0.931 
0.895 0'037 0'932 
o-875 0'040 0.915 
0,837 0 ‘041 0.878 
0'816 0*042 0*858 
0'774 0'041 0*815 
0.750 0'0&2 0.792 

0*870 
0.879 
Otago 
o-877 
0'853 
0-W 
0*836 
O-828 I 

0.903 0*028 O-931 0*867 
O-899 0.031 o*930 0.871 
O*Wt 0'035 0’929 O-892 
3.886 0*0&o 0.926 O-892 
O-851 0*02+.2 O-893 0.870 
0*819 0.043 0.862 0.854 
0'771 0 *O&l 0=812 0.834 
0.751 o*o.!gf 0'793 O-829 

0*908 0.029 0'937 0*862 0'912 0'031 0.943 0'859 
0*896 0.034 0.930 09875 o*yo1 0-036 0'937 0.875 
0*889 0.038 0.927 0.882 0*893 o*o.!& 0'933 0.882 
0.881 O*Oi.+2 0.923 o-890 0.585 O-043 0.928 o*SY5 
0.859 O*W 0.907 O-878 0*867 o*ofjo 0*917 0'885 
0*833 o*og 0*883 O*S65 3.828 O*Op3 0'868 0'852 
o-784 o-052 0*836 O-848 0'773 0.052 OS825 0*838 
0'745 0.055 o*Goo 0'834 o-735 0'054 u.789 0.826 

O-889 0 o*S89 0.820 
0*885 0 0*885 O+tT 
0.578 0 0.878 0*840 
0*861 0 0*861 0'834 
0*849 0 0*849 O-831 
O-836 0 09836 0.836 
O-760 0 0*760 0*806 

0*888 
0.885 

E% . 

o-849 
0*830 
0*756 

0 O-888 0.816 
0 0*885 0*848 
0 0'879 0*842 
0 0.866 O-842 
0 o*&-9 0'833 
0 0.830 0.829 
0 0*756 0.800 

0.880 0*018 
0*864 0*021 
O-856 0'022 
O-835 0'024 
O-820 0.025 
0*801 O-026 
0.709 0.029 

0*898 0.847 0.847 0’017 0.902 0.849 
O-885 0*864 0.867 0'020 09887 0*868 
0'877 O-866 0*860 0'022 0'8S2 O-870 
O-859 0'862 09838 0'024 O-862 O-865 
0.845 0*856 Og812 o-025 O-837 0*848 
0.827 0'852 0.793 0.026 0*719 O-844 
0'738 0.819 0.705 0'029 O-734 O*Ss5 

On873 0'031 0*904 C-863 O's79 
0.855 0*038 0.893 0'883 0.861 
zP838 0'04.& 0*882 0*878 0'840 
3'825 O-047 0.872 0'879 0'821 
0.795 0.049 O*W+ 0~866 C*767 
3.681 0.057 0.738 0'829 O-681 

o-032 
0.039 
0.043 
PO4.6 
0.049 
0.055 

0.036 
0*0&o 
o*oL& 
0.050 
0.052 
0'0% 
0-061 

0*911 O-869 
o-y00 0*889 
0*883 0.880 
o*S67 0'875 
0=816 o-855 
O-736 0'825 

o-861 0.034 0.895 O-c368 0*865 
O-853 0.039 0.892 0*876 0*858 
0.845 o-o/.&. 0*889 C*889 0.851 
O-829 0.047 0*876 0.885 0*830 
O-798 0 l 049 0%7 0*868 0'791 
0'777 0.053 0*830 0.862 0'769 
0.686 O-058 0.744 0.832 0*687 

o-go1 
0*1398 
0.897 
0*880 
0.843 
09623 
0'748 

O-872 
0.88-I 
0.895 
O-886 
O-861 
0.853 
0.833 

I 
i 
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Outboard 

Table 1 (Conta.2 -- 

Inboard 

O-830 0 0*830 
0=832 0 Oe832 
0,822 0 0*822 
0*809 0 O-809 
0.791 0 0.791 
0'774 0 0.774 
0.686 0 O-686 

I1 = 2'12, 
63 

0,807 
0'837 
0'833 
O-834 
O-829 
0*824 
0.796 

0*634 0 0'834 o-834 
0’329 0 0.829 0*829 
0.817 0 0*817 O-817 
O-805 0 O-805 O*GO5 
0.783 0 o-7%3 O-788 
0.774 0 0.774 0.774 
0-6G8 0 O-688 0.688 

0'825 0’01 y O-844 0'834 0.827 0*016 0,845 O-335 
0.813 0.023 0=836 O-857 0=317 o-023 O-840 0'862 
0.807 0.026 o-833 O-861 O-806 0'026 0.832 0-860 
0.790 0'028 0*818 0.861 0.787 O-02& O-815 0.857 
O-764 o-030 0.794 0*851 0.764 o*oJQ o-794 o-349 
O*-;llcr 0.031 0.779 0*&6 0.749 0.032 o-731 O-8&6 
0.654 0'035 o-689 O*G17 0.657 0.036 o-693 0*819 

0'812 
O-795 
Q’779 
0.763 
0.738 
0.712 
0=627 

0*031 0.043 a*351 0=3l5 0.032 0,847 0=3$ 
0.040 0.835 o*s70 0.799 0*040 0*339 0'874 
0*0.&l+ 0.823 0*869 0.775 O*O& 0.81 y 0 l 863 
0.047 0*310 O-064 O-760 0.047 oaf307 0.859 
O-050 0*7@3 0.857 0'737 0.050 o-737 O-856 
0.352 o-764 0.047 O-716 '0.053 0.769 0.849 
09058 0*685 0.825 + 0.631 0*053 o-689 0.328 

bI = 2'12, 6, = 20*o” 

o-794 0 0.794 0'803 0*7&l 0 0.731 0.790 
0.791 0 0.791 0.827 0.779 0 0.779 O-814 
0'780 0 0*780 0.836 0*772 0 0.772 0=828 
o-759 0 o-759 O-326 0'753 0 0.753 O*Sl9 
0.725 0 o-725 3=821 o--720 0 0.720 0*313 

0'784 0.022 0-806 0*&.6 o-771 09021 0.792 o*o30 
0.-;71 0'024 o-795 0.855 0*761 0-024 0.735 0.841 
0.765 0 ‘023 0.793 0.852 0.757 0.027 0.784 0'843 
o-750 0'032 0.732 0*855 O-=748 O-032 0*7co o-C56 
o-704 o*oyi 0.740 0*839 o-705 0*039 0*744 0*3Lp!+. 
0.659 O-Q41 0'700 0.824 0*664 0’042 0*706 o-333 

= 18.25' 
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Table I (Contd.) 

Outboard Inboard 

I 
o-937 
o-934 
0’932 
0.931 
o-941 
0*91t3 
O-883 
0.052 
0*813 

0 o-937 o-779 
0 0.934 0.794 
0 0.932 on817 
0 0.931 0*817 
0 o-941 O-827 
0 o*p1!9 0.813 
0 0*@38 0*793 
0 o-852 o*737 
0 0*813 o-775 

0’942 0 0.942 
0’934 0 0.934 
0’932 0 0.932 
0’931 0 0.931 
o-933 0 0*933 
O*YlG 0 o"p13 
0*334 0 0*384 
0*&P 0 0*&y 
0*3og 0 0.309 

0'934 
0’922 
0*91G 
0*910 
o-(393 
0*%3 
0*841 
O-798 

0*017 o*yy O-324 
G*OlG 0.940 0~330 
0*023 0’941 0*54.6 
o-027 0.937 0*351 
0*031 0.929 O-343 
0-032 o*goo O-327 
o-032 0.073 0.322 
0.034 0’1332 0*306 

0.939 0'017 0*956 
o-926 O*OlY 0*947 
0’920 0'024 0~94-4 
O-911 0~023 o-939 
o*yoo 0 ‘032 09932 
0*1353 0’033 o*cy1 
0,332 0 -033 0 l 365 
0.792 0’035 0’027 

0.928 
0*911 
0*8% 
0.874 

Fz2: 
c:7gg 
0’753 

0-027 
0.032 
O*Ow.t. 
09043 
0’049 
0.050 
0 ‘0~2 
0.0% 

0.955 0*341 
0*943 o*i351 
O*PJc2 0.364 
0’922 0*349 
0996 0936 
O-871 o*ego 
0*051 o-827 
o*co7 o*oog 

0’934 
00916 
o*yo1 
0.370 
0*329 
00306 
0.737 

If = 2'20, 6 
3 

= 17-5o" 

0.936 0 0.936 0'320 0’929 
o*goo 0 o*yoo o-321 0.879 
0*360 0 o l a60 O-31 1 O*Zi+4 
0,037 0 0*337 O-790 0'322 
0*316 0 0*316 0.795 0'801 
3.797 0 0’797 O-739 O-783 

a.936 0 ‘024 0~960 0.332 0.940 
0*922 0.020 0.942 0*&.6 O-929 
3*905 0.025 0’930 o*S61 0~906 
3’394 O-028 0'922 o l 357 O-333 
3.861 o-029 0*890 0=832 0.055 
3.333 0*030 o*C68 0*323 0’329 
z-313 0.031 O*k3& O-823 O-GO5 
3.763 0.033 O*GOl O*GO5 0*765 
2’740 0.034 0.774 0.795 0.738 

= 16.25" 

0*023 0’962 
0*033 0’949 
O*@k!+& 0.945 
0.050 0.920 
0’050 oG79 
0 -051 o-357 
0*052 o*cjg 
0'055 o-797 

0 
0 
0 
0 
0 
0 

o-021 
O-021 
0*025 
0'029 
0.030 
0.031 
0.032 
0*034 
09035 

0.731 
0*792 
O*Cl8 
0*3d7 
Q*320 
0*316 
0'793 
0'734 
0.772 

0*321 
0*323 
0*849 
0.552 
09345 
0*321 
0'311 
0.799 

0’339 
0*(&Y 
o*C69 
o-347 
0.322 
0.317 
09314 

I 

0’929 
Oe3?Y 
0*8& 
0.322 
0*301 
O*B3 

o*Sc6 
0*796 
0*705 
0*7m 
0.776 

O-961 O*G29 
0.950 0 l a-7 
0'931 Omo64 
0.917 o*c52 
o*m5 O-336 
0*660 0.223 
0.337 0*316 
O-799 0'304 
0.773 0.794 

-- 
p&Tc 



Table I (Con-EL) __I-- 

Outboard Inboard 

-- 

mc/mi 

0*931 
0*907 
0.893 
0.869 
o-834 
0.790 
0*7W 

0'917 
0’902 
0.889 
O-874 

0*906 
0.898 
09888 
0*870 

0'824 
0*819 
0.811 
0.793 

0.794 
0*776 
oq60 
0.738 

Vmi 
-- 

0*030 
o-032 
o*oLj2 
o*oL+6 
0.047 
0.050 
0.055 

P 
f/p00 

- .-. / 
G-851 
C-859 
0,877 
0.859 
0*840 
0.831 
O-814 

*cdnen I i/ PP co 

0-961 
0.937 
O-935 
O-915 
09881 
O-840 
0’793 

o-935 
0'912 
0.895 
O-862 
0.820 
0.780 
0.735 

0*966 
0*946 
o-936 
o*9o9 
0=867 
0*830 
0.789 

OS846 
O-859 
O-882 
0.854 
0.832 
O-821 
O-809 

M = 2.20, 
&3 

= 18-25' 

0 O-917 0*815 C'910 0 O-910 0*811 
0 0'902 0.817 O-896 0 o-896 0*814 
0 0.889 0*814 O-877 0 0,877 0'805 
0 O-874 0.812 O-860 0 0*860 O-799 

0.033 O-939 0.856 O*YOY 
o-034 O-932 0*863 o-839 
0*037 0.925 0.871 0'871 
o*cJ41 o"yll o-864 O-856 I 

o-034 0.943 0.856 
0-036 O-935 O-863 
0.040 o-y11 0.854 
0.043 O*VOl 0.853 

0 0'824 
0 0.819 
0 0*811 
0 0.793 

M = 2.20, 
&3 

= 20'250 

o-791 O-816 0 
0*805 0*809 0 
0.805 0.797 0 
0.806 0.777 0 

0.838 0.783 coo37 
O-842 o-765 O’O.!+o 
0.842 0*746 04$.6 
0.838 

I 

0.722 0.049 

I 

O-816 
0=809 
0.797 
0'777 

0.786 
0.793 
0.793 
0.791 

0.035 O-829 
~036 0'812 
0'0~ 0'802 
o*oLJ.6 0'784 

O-820 
0.805 
0'792 
0'771 

O-827 
0*829 
0.825 
0'821 
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Table 2 

Splitter I ~r~eq+iL throttlj.3 llP-.- 

Outboard Inboard 

0.935 0 0.935 O~YIC 
o*yoo 0 o*yoo O*Yll 
0.849 0 0.849 0*9c6 
0.828 0 0'828 oeylc 
o*839 0 0.839 0.92; 
0.815 0 0.815 0.916 
0.811 0 0*811 0.914 
o*7E49 0 0.789 o*yos 
0.801 0 0.801 0'92j 
0.789 0 0.789 0'92C 
0.687 0 0=687 0*891 

0.952 0*016 0.968 0.932 
0.923 09016 0.939 0.93: 
0=888 0'01 y O-907 Q.943 
09864 0'019 09883 0.943 
0,857 0*017 0+374 o-942 
O-841 O*Ol y O-860 0'942 
0*816 0'020 09836 0.936 
0.812 0.017 0'829 0.935 
0'590 0'021 0*611 O-883 
0.613 0*016 0.629 0.923 

0 902 0'025 0.927 
O-876 0.027 0.903 
0.830 0*039 0.869 
0.828 0'030 0'858 
0.806 3.040 0.846 
0.783 04041 0,824 
0.790 3.039 0'829 
0.781 0.029 0.810 
0.575 0'042 0.617 
0.593 0*026 0*619 

0.932 
0'940 
0.949 
0*95f 
O-Y@ 
0*945 
0.953 
O-946 
0.898 I 
0.928: " S.V. open 6 

Outboard S.V.xc open ? 
Outboard S.V. open 2 

OuCboard S.V. open : 
I1 S,V., open 2’5 

Outboard S.V,open I 

11 S.V. open 1'5 

11 S.V. open 6 

' S.V. open 1 

tf S.V, open I 
I1 S.V. open 2 

0'877 0 o*877 0'914 
0.877 0 0.877 0*912 

o-877 0 0'877 0'312 
0*876 0 0*876 O*YlO 

0.877 0 0.877 0.914 
0.879 0 0.879 o*g16 
0.880 0 0*880 0.915 
0.879 0 o-879 0*915 
0*380 0 0*880 0.915 
0.882 0 0.882 0.917 
O-881 0 O-881 0918 

0.896 zoo17 
0.897 3.016 
0.838 3.017 
0 'F33 I*017 
o*poo s*o17 
o*t?ps J*Ol7 
0*898 3*C17 
0.896 3.017 
0.393 3*018 
0.896 2*016 

0.913 o=y2a 
0.913 0*928 
0.315 0.928 
0*916 0.934 
0'917 0'933 
o-915 0.930 
0.915 0.931 
0*913 0.927 
o*p1j 0.929 
0'912 o-928 

C*859 3'029 
0.860 3'029 
0.859 3'030 
0*860 3'030 
0.860 3.030 
0*861 3'030 
0.861 I*030 
0.858 I*029 
0.851 3'035 
0.859, I-029 

0,888 
O-889 
o*c389 
D*890 
0*890 
0*891 
3.831 
3.887 
0,886 
D*aaa 

0.934 
O-935 
0.941 
0.942 
0.937 
0.938 
0'939 
0.935 
0*932 
0.935 

Y'hen spill vents are open the figure in the mass flom ratio column 
en as the spill vent flotr~ has not been included, 

is 

3 

not 
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Outboard 

0*94-Y 
0~936 
O*Y-f3 
ow888 
oaf373 
0*851 
P829 
0'797 
0*8A8 
0*60-7 
0-601 

0 0*9&Y U-882 
0 Oe936 0*886 
0 0.913 0*899 
0 0*888 0.896 
0 3'873 0,895 
0 0*861 0*887 
0 0*829 0*881 
0 0’797 @Es71 
0 0*818 0'897 
0 0~607 0'821 
0 0*601 O-850 

O-893 0*017 O"910 
0,878 0*01p 01897 
0'875 0'023 O-898 
0*865 O+c23 0.888 
o-848 0 'G2& 0'872 
o*849 c-021 Oe870 
Oa7f36 0.024 0.810 
@784 OW8 0*800 
cd74 0~026 0*700 
0.685 O*OA9 O-704. 

0,875 
0*865 
Oa860 
Urn850 
0.837 
UW8 

I o*800 
0'794 
0.762 
0.711 
0*667 
0'627 

I 
CM58 

0*9?3 
0.312 
OmY18 
0*892 
0.878 
0'855 
CM18 

c.027 0'902 
0.031 0996 
O'C35 0.895 
0*041 048g-1 
O’OLj2 oQ379 
0'043 O%l 
O@O& O%!p$ 
Omo30 Om824 
o%Pp$ Oa806 
o*oq5 0.757 
0=&Y 0@716 
OQtP OS76 
0*034 0'692 

O*VOl 
O*Y-t7 
0.923 
0.923 
om919 
Cl0925 Outboard S.V. open 1 
0.895 
0*906 It S,V, open 2 
0.871 
0*891 It S.V. open 4 

0'912 
0'922 
0*927 
0'931 
0'932 
0.929 
0'922 
Cl*925 Outboard S.V,o~nl*5 
0*908 
0*896 t 
0*890 ’ 
Ob87r, 
a.922 / I’ S.V, open 4 

0.9q5 
0'947 
0'9fY 
O"922 
0'919 
urn922 
0.923 
0~920 
0*920 
0'922 
0.917 

0,873 
0.873 
0.874 
O-875 
0.875 
0'875 
0.874 
0'875 
0*88o 
Q.874 

0 0*915 
0 04917 
0 O*Y?P 
0 0*922 
0 0'919 
0 o*y22 
0 0'923 
0 0'920 
0 o* 920 
0 0'922 
0 Q-917 

Ob018 0*891 
OWY Oa8Y2 
o*olp 0*893 
Ogo~y O&894- 
o*Oly Om894 
oa y 0*8g4 
0*019 0.893 
Oe018 o-893 
0~019 o”8g9 
OaO19 Oat393 

0'845 
0*845 
O-844 
0,043 
0'842 
ob842 
V84.2 
0.345 1 
O-841 j O*o40 
o.838 OmOi+. 

I cP838 .0*039 
0*833 ; WI39 
urn845 jo”ol+l 

urn040 o*as5 
0.041 09886 
O'Oi+2 P886 
0.044 0+884 
0.041 oa883 
CM&-I 0.883 
Omo41 omg 
0.041 P886 

0981 
0'878 
0+77 
0'872 
Ob886 

IdI = 2-00, 6 
3 

= 13%" 

0 I 0.923 8 0'834 o-907 0 
0 0.913 0*844 0*911 0 
cl 0'9A2 0*862 o-916 0 
0 0+y18 0~870 O"920 0 
0 0'892 0*867 0'921 

I 
0 

0 09878 / Om868 Outboard S,V, open I 0*918 Q 
0 

1 
0*855 1 o&853 oe919 0 

0 Om818 ’ 0*849 
1 

II s,v, open 2 o*y%$ i 0 
0 0*79k 0'915 0 
0 1 

0'673 
O*65j 0*826 II 

i 
SJ, open 5 09914 t 0 1 I 1 t 

! I 
f I 1 

o*907 O*GLt3 
0911 0.847 
0~916 Oe851 
0.920 0*85& 
0.921 oe861 
O*Yl8 0460 
a0919 ~852 
o-914 0.850 
o*915 0~854 
oa914 0.850 

0 Wb 
04876 
0.876 
0.885 
O-885 
0.877 
Oe878 
0*877 
o*876 
On877 
0*876 

0 l 897 
0*896 
0*897 
CM98 
Oh905 
0*9o5 
oa896 
oat398 
0*904 
@897 

0'921 
o’y21 
0*920 
O*P~Y 
O*Vl? 
be918 
0'923 
0.926 
0.915 
co913 
Oe914 
0'9vl 
0'920 



mo/mi 
0*917 
0.905 
O-901 
O-894 
o*894 
0.886 
O-847 
o*847 
o-793 
o-729 
~a693 
o-722 

o *8g6 
0*884 
0'859 
o-839 
0.819 
O-798 
o*7a9 
0~650 
o*679 

0.934 
O-927 
0*928 
0.926 
o*yo1 
0*894 
0*861 
0,827 
0.788 
0'794 
0.793 
0.707 

0'925 
0*914 
3.902 
P896 
3'885 
z1*860 
3.816 

Outboard Inboard 

-- 
0'014 
0*015 
0*016 
0.018 
0*020 
o-023 
0'025 
0*021 
O-026 
0.026 
0.028 
0'022 

O*fT25 
0*030 
0.045 
O*OL+6 
0'047 
0*04-7 
0*028 
0.053 
o-033 

Id = 2.12, 
63 

= 16.25~ 

0 0.934 0.798 
0 0.927 0.815 
0 O*Y28 O-831 
0 0.926 0*845 
0 0'901 0.847 
0 O-894 0.856 
0 O-861 0,823 
0 O-827 0'813 
0 0*788 0=805 
0 0'794 3.816 
0 0'793 So851 
0 0*707 1.780 

3’019 0'944 3.833 
O-017 0.931 P854 
0.01 y O-921 3*870 
o-023 0.949 3-879 
0-026 O*Yll 3'877 
0.027 0*887 3,869 
3'019 0.835 l-8.&?+ 
3.035 0,633 3,767 t 

Table 2 (Contd,) 

Outboard S.V. open 1 

I' S.V. open 3 

lr S.V. open 2 

" S.V. open 4 

Outboard S,V. open 1 

'I S.V. open I 
If S.V. apen 2.3 

Outboard S.V. bpen 2 

ma/me 1 
0*887 
0.886 
0*887 
O-885 
0*885 
0#886 
0*886 
0*886 
09885 
O-885 
0.886 
0*885 

I_. 

?-lrni 
c--r 
O-01 8 
0*018 
0*018 
0*018 
o"ol y 
0*01y 
0*020 
O*OlY 
O*Ol y 
0*01g 
0*019 
0,019 

0.905 0.871 
0.904 0*87-t 
o-905 O&872 
0.903 0*871 
0*9o4 0.87-I 
o"905 0*871 
o"906 04878 
0*9o5 0 '879 
0*9o4 0.873 
0.904 0'874 
0.905 o-874 
0.904 0*874 

0=864 04040 Ohgo 0.897 
0.870 0.040 o*y10 0*902 
O-870 0.042 0.912 oe902 
Oa870 o*o.&? 0.912 o"yol 
0*870 o*ol!g o-912 0*899 
0.868 0*0&2 o*y10 o-y00 
0.868 0*0&O 0~908 0.903 
0*854 a=041 0+95 0*886 
0*869 o*o&.o o-909 09902 

0.927 0 0.927 0*838 
0.927 0 0.927 O+&.O 
0*9x 0 0*930 o-842 
0.932 0 o-932 Om844 
0.935 0 0‘935 0=84G 
0~936 0 o*v% 0*847 
0'935 0 0'935 00845 
O-934 0 0'934 0*843 
0*933 0 0'933 0.84'1 
0'932 0 0'932 oat.2 
0*938 0 0.938 OOQ-8 
o-929 0 0.929 0*836 

00906 0.018 0.924 0*859 
0'904 0*018 0*922 0*858 
O-904 0*018 0'922 0*855 
0.905 0*018 0.923 0*857 
0.905 0*0;8 0.923 0.856 
o=903 0’019 O-922 0+63 
0*906 0*018 0'924 o-864 
0=884 0’019 o-903 0*8.&l 

-- 
‘JAe: T n 
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Outboard Inboard 

pmo/mi $/“i Ao4Aer 
0*918 
0.912 
0'907 
0*818 
0.780 
0.734 

- 

, 

/ 

C’Ol7 0.935 
0*017 0'929 
0.020 0'927 
0'022 oms40 
O-023 0.803 
O-024 0.758 

0.933 0.023 0~956 
0.922 coo25 O-947 
0'911 0'030 0'941 
0.898 0'037 0.935 
0.817 0.043 0.860 
0'8l+A 0~036 O-882 
0,776 o*of!+o 0.816 
0'737 o-043 O-780 
0'747 0*040 0*78-7 
0~762 0.031 0'793 

o-912 0'028 
o*yo1 0'034 
O-862 0*049 
Oe809 0.050 
o*837 o”o&8 
o-763 o*Q54 
0.723 0.058 
0.732 0.053 
0.739 o-033 
0.7~6 o*c60 

0.340 
0.935 
0*911 
0.859 
0.885 
0*817 
O-781 
0785 
o*777 
0~766 

0’915 
0.882 
0*866 
0*830 
0*808 
O-763 
0.781 
0'724 
0.674 
0~7~6 

0.936 
0.925 
O*YlY 
0*896 
0.861 
0*814 
O-839 
O'-p?O 
o-648 
0*693 

0 0.915 
0 0*882 
0 O-866 
0 0*830 
0 0.808 
0 0~763 
0 0*781 
0 0.724 
0 O-674 
0 0*706 

0'021 0*957 
O"O22 0.947 
O-024 0'943 
0'030 or926 
0-032 0.893 
00033 0.847 
0.032 0.871 
0*036 o*756 
0.037 O-685 
0.032 0'725 

0.860 
OS7 
0.874 
0.833 
O-823 
0*810 

O-855 
o-866 
0,877 
0-891 
0@851 
0'894 
0*838 
0.828 
Or842 
0.885 

0.865 
0.879 
0.879 
0*857 
0*891 
0*842 
O-834 
0084.8 
0.878 
0.829 

I' bi 

00807 
0*800 
0.799 
0'791 
0,783 
O-768 
O-802 
0.757 
O-744 
0.787 

0'833 
0084.6 
0.852 
O-856 
O-835 
0'823 
0*858 
0'791 
0.772 
0.841 

1 mG/mi 
I I 

Outboard S.V. open 1 

*! S.V. apen 1 
lr S.V. open 2'3 

l1 S.V, open I 

It S.V. open I 
It S.V. open 3 

0’ 909 0*021 0*93o 
o”909 0.021 0.930 
0*907 0.021 0.928 
O*gol 0'021 0'922 
O-896 0.021 O-917 
09889 0'020 o- 909 

0'919 o"o31 O-950 
0*921 0~032 O-953 
0.922 0'032 O*PYt 
0.922 0*032 O*YYt 
o*g21 0.033 O'PY+ 
0'924 0.032 0*956 
0'913 0'031 0*94-G 
0.904 0*030 0*934- 
0.913 0'030 o-943 
O*YlP o-029 O*Yt8 

o-895 O-045 0'?4Q 
0'895 0'045 0.940 
09898 o*oL+6 o-944 
o-894 0.047 3 l $!+-I 

0'894 0.045 Om939 
0=878 0.047 0*925 
0*869 0.045 0*914 
0.881 0=047 O-928 
0.898 o*of!&i 0.944 
0*863 0'042 0*905 

= 2.20, &3 = 17-5" 

Outboard S.V.open I’ 

t1 E.V. open j 

Outboard S.V, open 

'? S.V. open 3' 

0.843 
0.843 
0*842 
0.843 
0*843 
0.844 
0.843 
0.842 
O-841 
O-843 

0*898 
0.897 
0*898 
O-895 
O-898 
o-891 
0.893 
0,876 
0.874 
0.892 

Timi 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0'022 
0'022 
0.023 
0'022 
0.023 
00023 
0.023 
00022 
o-022 
0.022 

AdA en 

o-&3 
0.843 
0*842 
Od843 
0*843 
0.844 
0.843 
0=842 
O-841 
o-843 

00920 
o-91 9 
0*921 
O-917 
o"p21 
0*914 
0*916 
0.898 
0.896 
O-914 

O-866 
O-866 
0 -864 
O-858 
O-853 
0.846 

0*876 
O-878 
O-879 
0=880 
O-887 
0*888 
0'873 
0.871 
o-874 
0.884 

0*8y4 
o-895 
0.898 
o-go0 
o*yoo 
0.878 
0.874 
09885 
0.904 
O-866 

0’793 
0.792 
0.792 
0'792 
o-792 
O-795 
0.793 
0.791 
o-789 
C.792 
O-844 
0'842 
o-843 
O-841 
0*8r+3 
0.843 
0*84.4 
0-825 
0.822 
0*840 
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Table 2 (Con%.) 

mo/mi “b/ m. 1 

0'927 o-027 0.954 
O*YOG 0*031 0.937 
o-903 0.036 O-939 
0*878 0.047 0.925 
0.838 OQ+Y O-887 
0*809 o-049 0*858 
0.789 0*051 O-840 
0*817 o*oq+ O-861 
0.717 0 l ofj6 0.773 
0.668 O-058 0.726 
0.615 0*060 o-675 

Outboard Inboard 

O-849 
o-857 
0*867 
0,870 
0.846 
0.835 
0.828 
0.872 
0*811 
0*796 
0.781 

..--- 

0*8y2 
0*891 
3*891 
0*8y2 
O-889 
0.886 
0.879 

Outboard S.V.open I*5 O*891 
O-863 
0=856 
O-853 

o*oLg 0.934 0.872 
0’042 0.933 0.871 
o*od!j2 0.933 o-872 
0*042 o-934 o-873 
o*oL&? 0.931 0.871 
O*W 0*930 0.866 
0'045 0.924 O-857 
0*0&2 o-933 0.872 
0.043 0-906 0*&J+ 
0-042 09898 0.838 
09041 0.894 0'832 

--.__-. --_ -.-__ --.._--- L ------J, --- 

AJAeI 

- I I  

P P 00 

-,- 



Outboard 

Table 3 

S-&itter II 

Inboard 

Q*YU 
0.931 
0,928 
o*y10 
0.857 
0*800 
0.733 
@657 

09884 
0*868 
0'864 
O-860 
0'847 
O-834 
O-800 
0'731 
0.663 
09586 

0 O-94-8 0*885 
0 0.931 0*886 
0 0*928 0*898 
0 o*y10 0*898 
0 0.857 0*886 
0 O-800 0*871 
0 0*733 0'862 
0 0*657 0'835 

0'028 0.912 O-908 0*882 0.029 
0*031 O-899 0*916 Om869 0.033 
0.034 0*898 0'922 04866 o*o$ 
0.038 0*898 0.932 0*856 0.041 
0*041 o-888 0*929 0.839 o*oLg 
0’0$2 0.876 O-930 0'823 0.043 
O’O& OS844 o-920 0.788 o*oL& 
0’0.46 o-777 0*900 O-71 7 0.0l.A 
0.047 0.710 0*882 o-653 O*W 
o*of@ 0~634 0*850 0.577 0.047 

0,862 
0.848 
0'816 
0*801 
0.733 
0-663 

O*yol 0*928 
0.887 0,928 
o-859 Q-927 
0,845 0.920 
0.780 o.go1 
0*711 0*884 

M = 1~85, 6, = 13’25’ 

0*858 0.031 0*889 0.927 
0*847 0.033 0*880 0*934 
0.842 0*038 0*880 0.941 
0'826 o*o-!+o 0966 0.939 
0,816 o-043 O-859 0*94-o 
0*803 o*ol$.Lt. 0.847 0.941 
Cr.753 O-04.6 0*799 OS928 
0.627 0*050 O-677 O-888 

0.854 o*ojc 
om846 0.031 
0.828 o-039 
0*817 0’0&2 
0'795 0*0&6 
0.791 O~OLJI 
0695 0'052 
0;575 o*oy+ 
0'597 0.053 
0.595 OQ33 

O-884 0.924. 
O-877 0.932 
O-867 0.941 
0.859 O*PJ-G 
0*841 0.944 
0-83-l 0*94-l 
0.747 o-919 
o-629 O-876 
0*650 O-917 
0'628 0.920 

I,! = 1.85, 6, = 11*3o 
A 

Equal throttling 

Unequal throttling 

0*950 
0.931 
0*928 
0’!302 
0*851 
0.792 
O-725 
0-650 

0*823 
a*822 
O-819 
O-820 
0.818 
C-817 

J 

Equal throttling 

Unequal throttling 

Outboard S.V, open 1 

11 

t1 

?I open 2 
11 open 5 

0*856 3’032 
0.847 0*035 
a-839 o*oGif.o 
O-824 o-oLJ2 
0.810 O*O& 
0.795 o*olcb. 
W4.8 0*0-l&3 
0*619 0*051 

"o*E$ 
0:845 
0*843 
0.843 
0*845 
O-838 
0*831 
0.836 
O-845 

0'042 
o*oL+2 
O-041 
o-041 
O'OJ+o 
0*041 
Ob039 
0 l 038 
0.039 
0 4041 

I 

/ 

0 
0 
0 
0 
0 
0 
0 
0 

0.041 
0.041 
0*041 
0.041 
0 %40 
o-o&o 

2.950 
0.931 
oy328 
0’902 
0*851 
0.792 
0.725 
0*650 

O-880 
O-883 
0*898 
0*893 
0*883 
O-864 
0.852 
Om825 

0.911 
0’902 
0’902 
O-897 
O-881 
O-866 
0,832 
oa761 
0~699 
09624 

0.913 
0*916 
O-923 
O-927 
O-924 
0.?I9 
o*y10 
0,886 
O-869 
0.839 

39864 0’912 
09863 O-91 2 
0*860 o*y10 
0.861 04v1 1 
o-858 O*PlO 
0'857 O*YOV 

3-032 04926 
0*035 O-933 
O~OAJI O-938 
o*oLg o-937 
o*ol+.& 0.935 
o*oy, 0.934 
o*o.@ 0.923 
o-051 0*876 
0.887 0.933 
0*888 w36 
0*886 0.937 
0*884 O”936 
O-883 0.938 
0*886 o-937 
om877 0.934 
0*869 0’926 
0 -875 O-934 
0*886 O-937 
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Outboard 

Table 3 (Contf+*J -2 

0.920 
o-919 
0'915 
0'904 
O-G% 
0*861 
O-867 
0'753 
0 *GO0 
o-64-1 
oe621 

j 

: o*y10 
j O*gOO 
4 o*l3yo 
j 0*864 
I 0.833 

m 1 0*807 
0,782 
0 *GO9 

0*916 0 0*916 0'826 
0'915 0 0.915 0.836 
o'yzl 0 0'921 0.851 
0'917 0 0.917 0'849 
O-898 0 O-898 0.840 
O-881 0 0*881 o-834 
0*804 0 0.804 0.806 
o-635 0 0*635 0.739 

z% 
a:876 
O-865 
o-842 
0*816 
0'714 
0-610 

0.033 
0.035 
0-036 
o*o&!& 
0*0&6 

0.047 
O-051 
0.056 

0*928 0.876 o*395 0'034 0.929 04876 
0'921 O-882 00886 0.037 o-923 O-882 
0'912 0*890 0'874 3*0.&Z 0-916 09888 
O*YOP O-388 O-855 O-04.6 o*yo1 o-879 
0*888 0*878 0*815 Il.045 0*860 0*854 
0.863 O-863 3=o45 
o-765 

o-789 o-834 0.838 
O-823 

0*666 
0.706 3.052 o-758 0*816 

o-784 o*596 3.052 0-648 0*768 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0’920 
0.919 
o-915 
O*YO4 
0.886 
0.861 
0*867 
o-753 
0*600 
0,641 
0.621 

0*830 
O-835 
3.847 
0=844 
3.836 
O-824 
O-848 
o-795 
0.734 
0.770 
0*811 

O-026 
0.031 
o*ojr; 
0'045 
0*0.&6 
0.047 
o*o49 
OXO.!.& 

0.720 1 0.053 
I "0%; 0*058 

. / 0.055 
0=617 j 0-039 

II = 2.12, 
&3 

= 16.25' 

o-664 
0*680 
0*886 
O-881 
0*865 
3.1352 
O*GqG 
z*1386 
3.829 
3'769 
3.822 
3.873 

Equal throttling 0'913 0 0*913 0.823 
0*913 0 O-913 0.832 
0*920 0 0'920 o*853 
0.907 0 0.907 0*84.6 
o*Gyo 0 O-Gyo 0*838 
0*866 0 0.866 0.825 
o-793 0 O-793 o-799 
0.622 0 0.622 0.726 

0.934 
0'934 
O-928 
O-928 
0.927 
0.928 
o-929 
o-925 

! 0*903 
S.V. open I ; O-920 
S.V. open 5 / o-932 

Outboard S.V. open 1 

?I 

I! 

Outboard S.V. open I 

fl S.V. open 2 
" S.V. open 4.5 1, 

0*873 
0=377 
0.876 
o-074 
o-859 
o-857 
o*S60 
O-869 
0*870 

;:;g 

0.875 
..- 

! ( ( t ( ( 

1 

( ( ( ( ( C 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.934 
0'934 
0'928 
0*928 
0.927 
0'928 
0’929 
0.925 
O-908 
0.920 
0'932 

O-927 
0.926 
0*924 
O-920 
0.903 
o-go0 
0°903 
0.913 
0.914 
0.383 
3'905 
3-921 

0.845 
0'845 
O-844 
O-844 
0'84.1 
0.338 
0.842 
0'GL&0 
0'822 
0.835 
0*844 

0*881 
O-880 
o-879 
0.874 
0.861 
00861 
0.866 
0.376 
0.372 
O-846 
0*366 
O-079 



Table 4 

Outboard Inboard 

0'907 0 
0*906 0 
@go6 0 
0*896 0 
O-go3 0 
0'901 0 
0.875 0 
o-846 0 
0.81 y 0 

0'921 0.014 
O-911 09016 
o*yoo o-018 
O-897 0'020 
0.869 o-022 
0'829 0.024 
0'802 0-025 

0.917 0'021 
o-913 0'022 
0'912 0'024 
0.903 0.028 
0.886 0.032 
Om844 0.038 
0*809 o-041 

0'893 0.027 
0.889 0'029 
O-883 0'033 
0.876 0'037 
0.866 0.043 
0.834 0.047 
0.794 o-050 
0-7s 0'052 

0'913 
o.yo1 
0'901 
O-896 
O-888 
0*883 
O-861 
0=83-l 
0'792 

M = 2'12, 63 = 16.25" 

@go7 0*804 
0~906 0'812 
0.906 0'823 
0*8P6 0.832 
0*903 0-831 
0. go1 O-838 

:*:lz 
0:819 

0.836 0.824 
0*819 

0.935 o-840 
0.927 0.853 
0*918 O-861 
O*Yl7 09868 
0*891 0.861 
0.853 0.847 
0.827 0'842 

O-938 0*851 
0*935 0.854 
0~936 0.861 
0.931 0.870 
0~916 0.874 
Om882 0.866 
0*850 0'854 

0'920 0'851 
O"P18 0.858 
0~916 0*867 
0.913 O-8-75 
O*POY 0.877 
0.881 0*869 
O-844 0*863 
0'810 { 0.851 

0.913 
0.901 
o-901 
o-896 
O-888 
0=883 
0.861 
0.831 
0*792 

O*POP 0 @POP O-808 
o"909 0 oe909 0-812 
0*905 0 0.905 0'825 
0.399 0 0.899 0.833 
0.903 0 0.903 0.830 
0.go1 0 O*gol 0.837 
O-875 0 0.875 0.835 
O-846 0 0'846 0.822 
O-819 0 0*819 0.820 

o-921 0.014 o-935 O-842 
o*y11 0.016 O-928 0.855 
o-y00 0*018 0*918 0.863 
0.897 0'021 0*918 0.867 
O-869 0'022 0.891 0*863 
0.829 o-024 0.853 0'847 
0.802 0.026 0.828 0.844 

0*917 
0.913 
o-912 
0'903 
O-886 
0*844 
0.809 

0'021 0.938 o-849 
0.022 0.935 0.855 
0.025 0.937 0*864 
o-029 0.932 0*872 
o-033 0.919 0.867 
0.038 0.882 0*866 
O-041 0.850 0.853 

0*904 
O-898 
Co891 
0*880 
0*859 
o-830 
0.791 
0.760 

0.027 0.931 
0.030 0.928 
0.036 0*927 
OeW 0'920 
o-043 o*yo2 
O-048 09878 
o*oy 0*842 
0.055 0.815 

0.854 
O-863 
O-871 
0.874 
0.870 
0.867 
0.859 
0'852 

M = 2'12, 
&3 

= 17.25" 

0.795 
O-804 
0=829 
0.827 
O-835 
0'851 
0.844 
o-837 
O-824 

O-908 
o*yoo 
o*yo1 
0.898 
0.892 
0.885 
O-864 
0.834 
0.797 

O-908 0.792 
o*yoo O-802 
0. 901 O-829 
O-898 0.830 
0.892 O-838 
O-885 0.854 
0.864 0.850 
0.834 0.841 
0.797 O-819 



45 

Table 4 (Cont~x?. 

Outboard Inboard 

mobi Timi 

0.896 
O-896 
0.893 
0.884 
0*880 
0.866 
O-845 
O-813 
0.768 
0.723 

O-018 0.914 O-821 
0*018 O-914 0*843 
o-018 og911 Ov855 
0*018 0'902 0.860 
c*o20 o*poc 0.867 
O"O21 0*887 O-864 
O-025 0.870 0.875 
0’027 O-840 0.861 
0'029 0.797 0.849 
0*031 0'754 0*833 

0*898 0'029 
O-886 0'029 
O-877 o*oyl. 
0.867 0.037 
0*846 0*040 
0'826 0~4.6 
0*783 0*949 
0.741 0.053 
o-695 0.055 

0.927 
0.915 
06 91.1 
o*yo4 
0*886 
0*872 
O&C32 
0.794 
o-750 

o-P,37 
O-856 
0.873 
0.877 
0'873 
0.879 
0*867 

JJ.855 

I 

0*842 

BI = 2'12, 6 
3 

0.866 0 0.866 0*798 
O-865 0 o-865 0.813 
O-860 0 0*860 0.818 
o-864 0 0*864 0*841 
0'862 0 0=862 0.838 
0.854 0 0*854 O-844 
0'837 0 O'c337 0.853 
0.803 0 O-803 0'037 
0.715 0 0.715 0.803 

0.859 
0*868 
0*868 
0.863 
0 l Q53 
0,846 
0*819 
0*7zo 
0'709 
O-058 
0*850 
0.836 
0'832 

:*gii 
0:750 

;*g l 

0~018 
0*018 
O-018 
O*C18 
0’019 
0.022 
0.027 
0*029 
0'032 
0*028 
0'033 
0'035 
0*041 
0.045 

0.057 

O-877 
0-806 
0*886 
O-881 
0.872 
o*G68 
O*G!+.6 
o*t3oy 
0*741 

0*886 
0*883 
0*871 
0.873 
01253 

: ~~07 
0:154 
o-708 

I 

, I- I 

j 0.903 
1 0*891 
i 0.882 

0.862 
0*850 

1 O-829 

Instrumentation fault 

-’ 

0*78j 
0.745 
O-694 

la*250 

- 

- 

0'028 0.931 0*841 
0'029 0.920 0=856 
0.035 O-917 0.875 
0-036 0*898 09869 
0'039 0*889 0.875 
o-o.!& 0.875 00884 
o-051 0*836 O-869 
o-055 o-800 0.858 
0.055 0'749 O=W 

- 

Instrumenta.tion fault 
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Outboard Inboard 

0*919 O 0*919 
0*90-7 0 0.907 
0.909 0 O*POP 
O*POY 0 O*POY 
O*goo 0 0~900 
O-872 0 O-872 
0.860 0 o*%o 
0*839 0 0.839 

-v--e Pa--- - 

--- Iv1 = 2'12, 
I 

s3 
= 16*25O 

0.923 1 0.813 
0*818 
0*829 
o-834 
O* W 
0.841 
0*850 
O-830 

0*899 O-018 0.917 O-856 
0*896 O*Ol y o-915 0.864 
0*885 0*021 0-906 0*876 
O-872 0'022 O-898 0.865 
0*860 0~023 0.883 0.871 
0*84? 0 '021 0.868 0'872 
0'822 0.025 0‘847 0.857 
O-788 0.027 0*815 0.854 
0.772 0'021 O-793 0.868 

O-898 
0.895 
O-889 
0.882 
0.867 
0.853 
0.835 
0'795 
0*799 
0.781 
O-743 
0.764 

o-027 0'925 
0.030 0.925 
0.035 0*924 
0*039 o*g21 
O'O.& o*p11 
0'029 O-882 
o*oJ+g 0.883 
0.053 O-848 
0.034 0.833 
0.032 0.813 
0.023 OS766 

0*853 
O-862 
0,870 
0*877 
0.876 
0.867 
0*871 
0.863 
0*878 
0.868 
0.832 
0.859 

-I- .- 

Outboard S.V. open -I 

0*921 
0.926 
0.922 
0.923 
0*928 
0.925 
0'929 

Outboard S.V. open? 

I? S.V. open2 

Outboard S.V. open1 

tt S.V. upenl 
II S.V. open 2 
1) S.V. apen 3 

-y---.. -.-- 

0.923 0.837 
o-921 0.835 
0.926 0.839 
0'922 o-835 
O-923 o-835 
0.928 0.849 
0.925 0*846 
0.929 0.836 

0,887 0.023 O*YlO 0.863 
0.888 0.023 0.911 O-864 
0*887 0.023 0~910 0*866 
0.886 0.023 0.909 0.863 
0.887 0*023 o*y10 0,865 
0.887 0.023 0.910 0.865 
0*887 0'023 o*g10 O-864 
0,885 0'023 o-908 O-862 
0.886 0'023 O*YOY 0*864 

0.895 0.037 
0*899 0.037 
00 901 O-037 
0.898 0.038 
o-895 0.038 
0*899 0*038 
0.892 O-037 
o*SgO O-035 
O-889 0.037 
0.898 O-038 
0,899 0.038 
0*890 0.035 

0.932 0.870 
0,936 O-874 
0.938 0*876 
0*936 0*874 
O-933 0'874 
O-937 0.877 
O-929 09865 
o-925 O-868 
O-926 0,869 
o-936 O-876 
0.937 O-877 
0.925 0*864 

-S.-d 
I 
A. .c-- --II - --- 

--.-. . . - . -  L - --I 
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Outboard Inboard 

0'922 0 
0*913 0 
o-913 0 
o-913 0 
01885 0 
0'862 0 
0*843 0 
0.821 0 
O-716 0 
0.644 0 
0*51+3 0 

O-896 
o-880 
0.867 
0.829 
0'802 
0.779 
O-762 
0.733 
0.616 
0%3 

0.031 0'927 
0.039 0'919 
0.049 0-916 
0 -049 0*878 
0 'Ofjo C*852 
0.052 0*831 
0'054 O-816 
O*U$ 0*789 
~~56 0.672 
o-056 0-619 

0.919 
0.915 
0*918 
0.913 
O-888 
o-867 
9*848 
0'831 

x2 
0:555 

o-905 
O-887 
1.873 
I-870 
I*837 
I*809 
3.784 
3.768 
1'633 
3'572 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

3.032 
2.035 
3.037 
3.042 
3.045 
3.047 
s-050 
3'052 
1.057 
z-057 

I 
/ 
( 
( 
( 
( 
( 

i ( 
1 ( 
! ( 

0.937 
0'922 
3-946 
I-912 
I*882 
1.856 
I.834 
I*820 
~690 
I-629 

o*yz? 
O-913 
0.913 
0.913 
0.885 
O-862 

:%~ 
0~716 
0=644 
0.543 

0'919 
o-915 
0*918 
0.913 
0.888 
0@867 
0'848 
0083-i 
0'723 
0'662 
0'555 

O-839 
O-858 
O-866 
0.873 
o-849 
0.839 
O-832 
0=827 
0.786 
o-751 
o-703 

09885 
O-904 
O-909 
0.881 
O-869 
O-861 
0.858 
0.848 
0.791 
0.771 

O-839 
0.859 
0.870 
0.877 
O-855 
0*847 
0*84-l 
0.839 
O-792 
0'771 
0.717 

0*867 
0.894 
0.903 
o=y11 
0*889 
0.879 
0.869 
0.866 
O-814 
O-781 

o-y11 0 0' -91 I 0.824 
0*895 0 0.895 O-837 
0.896 0 O-896 O-845 
01898 0 09898 ~'852 
O-882 0 0.882 0.844 
o-865 0 o-865 o-843 
0%.7 0 0,847 0.840 
0*825 0 0.825 0*834 
O-699 0 O-699 0,772 
0.641 0 0.641 0'755 
o-570 0 O-570 0.744 

0.887 
0.867 
O-854 
0.831 
0*809 
0.784 
0.750 
0.703 
0*600 
O-563 

( 

I 

1.027 O-914 0.879 
( 3.034 O*YOl 9 -893 
( 3.045 O-899 O-892 
( 3'047 Q-878 0*884 
( 3.049 0.858 O-877 
( 3.050 0.834 OS869 
( 3'048 0*798 0'847 
( I.045 Q*iM 0*817 

I 
( 1.047 0.647 Oh774 
( I.050 0~613 0.771 

0.907 0 
09903 0 
0'904 0 
0*899 0 
0.892 0 
0'872 0 
0.856 0 
0*839 0 
0.708 0 
0,648 0 
0.576 0 

0. go1 
0'879 
O-870 
0*860 
O-840 
0*814 
0.795 
0.774 
0*611 
0.570 

( 3.02: 
( 3.03c 
c I.033 
C I.037 
C I.045 
1 O-047 
0.050 
0*050 
0.048 
0*051 

OvY07 
0*903 
0.904 
o-899 
0.892 
0'872 
o-856 
0.839 
O-708 
0'648 
o-576 

o-926 
0.909 
O-903 
0'897 
O-885 
O-861 
0.845 
0.824 
0~659 
0.621 

0~866 
0*85s 
OS852 
0-85~ 
0*84S 
0.775 
0*75r 
0.743 

O-864 
0*89c 
0*898 
o*yo4 
0*892 
0*885 
0.882 
O-875 
0*789 
0*781 
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Outboard Inboard 

Table 5 (Contdd 

141 

mo/mi %A, 
0*918 0.028 0.946 
0'900 0.033 0.933 
0.892 0.035 0.927 
0.874 0.034 0.917 
0.846 0.047 o=893 
0.817 09050 0*867 
0.793 0.052 0.845 
0.821 0’044 0.865 
0.753 o*o$ 0.809 
0.705 0*058 O-763 
0.740 o*oL& 0.784 
0.585 0.060 0.645 

0.864 
0.859 
0=860 
0.863 
C*861 
0.857 
0'347 
0.834 
0.764 
0.625 

0 0.864 0.791 
0 0.859 0*806 
0 0.860 0.816 
0 0.863 0.826 
0 0.861 0.835 
0 0.857 0.844 
0 0.847 0.844 
0 0.834 0.843 
0 0.764 0.831 
0 0.625 0.765 

0.839 
0.830 
0.829 
0.814 
0.793 
0.775 
0.750 
0'728 
o*po 

0.029 0*868 0.843 
0.034 0.864 0.870 
0.038 0=867 0.884 
0.043 0.857 0*891 
0’04.6 0.839 0*884 
0.049 0.824 0.879 
0.052 0.802 0.872 
o*oy+. 0.782 0.866 
0*058 o*637 0.793 

pJta I 

O-879 
0*891 
0.898 
0.914 
0.899 
0.887 
C.881 
0.914 
09868 
0.855 
0.912 

t 

0.801 

Unequal throttling 

Outboard S.V. open 1 

'1 S.V. open 2.5 

&3 
= 18*25O 

Equal throttJzi.ng 

-- 
mo/mi 
-.w 

0,886 
0*889 
0*887 
0.886 
O-887 
0.886 
0.878 
0.884 
0*866 
0*862 
0.886 
0=848 

0.874 
0.871 
0,873 
0.872 
0*870 
0.865 
0.853 
0.841 
0.749 
0.621 

0.854 
0.839 
0.835 
0.818 
0*798 
0.782 
0.7% 
0'733 
0.534 

--, 

TJrni %&?, 

0.039 0.925 o*gcs 
0.039 0'928 0*908 
0.039 0.927 0.908 
0.039 0.925 0.907 
0.040 0.927 O-g08 
0*040 0.926 0.904 
0'04.2 o’gm 0.897 
0.039 0.923 0.904 
0.041 0.907 0.880 
0'040 0’902 0.875 
0*o39 0.925 0*908 
0.038 0.886 0.866 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0.030 
0.035 
0 ‘039 
0.043 
0.047 
0'049 
0.050 
o-051 
0.053 

-- 

0.874 0'803 
0.871 0.814 
0.873 0.824 
0.872 0.834 
0.870 0*841 
0.865 0.849 
0.853 0.849 
0.841 0.850 
0.749 0.818 
0.621 0.766 

0.884 0.856 
0.874 0.878 
0.874 0.889 
08861 0.891 
0.845 0.886 
0.831 0.887 
0.306 0.878 
O*?G4 0*869 
0.637 0.798 

‘t- - 
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Table 6 

Various bleec? configurations, 11 C' 2.12, S = 16.25' 

Outboard Inboard 
-IccII” 

*,d*en mc/mi 
P 

O-916 
0*901 
@*898 
0*896 
0*880 
0.855 
0-827 
0*785 
0*76-l 

o-016 
0.017 
0.020 
0'024 
0.025 
0-026 
0*02G 
0*028 
0*028 

0.913 
0.898 
0*888 
0.877 
a*864 
0'829 
0.808 
o*763 
0.717 

0.028 
0'033 
0*036 
o*oL@ 
o-of!&3 
O'OL& 
0'049 
0.051 
0.053 

0*914 
o*w4 
o-p00 
0.899 
0=8@ 
0.860 
0*832 
0.793 
o*744 

0*013 
O'Olf3 
0.020 
0'024 
0.026 
0.027 
0.027 
0'029 
0*030 

0*030 
0.034 
0.037 
0 '01,.1 

Q’VQ9 
o*vo3 
0.894 
3*m7 
0.862 1 0*o47 
3.840 i o-o@3 
0.815 ; 0.049 
0.772 I 0*051 
3.729 j 0'054 

-- 

A"Aen 

0.932 
o-y18 
0*918 
0.920 
0’peg 
O-881 
0.853 
0.813 
0'78V 

0'941 
0'931 
0'924 
0.917 
0'912 
0'877 
0.857 
0’814 
O’flO 

om932 
0.922 
0'920 
0.923 
o*y11 
o*m7 
Q’~59 
0'822 
0'774 

0'939 
0.937 
0*931 
0.928 
0.909 
0.888 
0*864 
0'823 
0.783 

O-854 
0.862 
0.863 
0.880 
0.873 
0.860 
0.845 
0*830 
0.823 

0.864 
0,878 
0*884 
0.889 
o*a35 
0*865 
0*356 
0 0843 
0.828 

0.849 
0*861 
0.870 
0.884 
0.877 
0~866 
0.850 
0'840 
0.321 

0.865 
0.882 
0*887 
0*895 
0*882 
0.876 
0*866 
Q l 855 
0.842 

-- 

3leed A2 

Bleed A.4 

mc/mi %/"i 

-- 
pf4m 

Q*919 0.016 0.935 
o*yobr 0*018 0.924 
o-p01 0'020 0'921 
o*yoo 0.025 0,925 
09876 0.026 0.902 
o*o43 0.027 0.870 
0.815 0'027 0.832 
0.776 0.028 0*084 
0.749 0'029 0*778 

“0’2: 
O&P 
0.883 
0.869 
0.851 
0.834 
0.822 
0*812 

0.917 0,026 0.943 0.863 
O*go3 0.034 0.937 0'879 
0.895 0.037 0'932 0.886 
0.882 o*of!j.o 0'922 098% 
0*368 0*049 0.917 0*881 
o*t331 0 l 050 0.881 0*867 
0*800 0*051 0*851 0.84-C 
0.756 0.053 0.809 0*835 
0.707 0'054 0.761 O*Gli 

0.913 0.016 0'929 0.849 
0*904 0*018 0.922 0*859 
o*yoo 0*020 0'920 0.867 
0'099 0.024 0.923 0'884 
O*C.W. 0.027 Q*PQP 0.874 
o*t353 0.027 0.880 0.861 
0.820 0*02G 0’8-4-8 0*835; 
0.782 0'029 O*Gll 0*82c! 
0-720 0*030 0.758 0.305 

o*p10 
o*yoj 
09892 
0*883 
0.865 
0.831 
0.803 
0.757 
0'709 

0'027 

:*::tz 
o:oL@ 
0.049 
o*oflo 
0*05f 
0*052 
0.053 

0*937 0.1355 
0*936 0*877 
0*926 0.883 
0.923 0*895 
0.914 0*886 
0*881 0.868 
0.854 0.853 
0*809 0*838 
0*762 O-81 9 
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Table 6 (Contd.~ 

Outboard Inboard 

m /m c i 

o-917 
Ongo 
o-go4 
0.900 
o+?P 
o-848 
0*829 
0.764 

0'913 
0'899 
0 l 890 
0'872 
0*842 
O-819 
0*800 
o-737 

o*g20 
0.901 
0*896 
0*893 
0.875 
0*848 
0.827 
0.788 
0*763 

0.910 
0.899 
0 ‘890 
O-870 
0*84Q 
0*818 
0*800 
0.736 

mblmi / AodAen 

o-016 
0-016 
0'020 
0*02& 
0'025 
0.025 
0*026 
O-028 

o*out. 
0.030 
0.035 
0.038 
0.033 
o-39 
0*041 
0.045 

“o’“o’167 0:019 
0.023 
0.024 
0'024 
0.025 
0.026 
0*026 

0*026 
o-029 
0,038 
0'040 
0~04.0 
0*@.?+2 
o-043 
0'047 

0.933 
0*9-a- 
0.924 
0’924 
o-904 
0.873 
0.855 
0.792 

0.937 
o-929 
0.925 
o*p10 
0'881 
09858 
0*841 
0.882 

o-937 
0.917 
0.915 
0~916 
0.899 
0.872 
0.852 
0.814 
0'789 

0.936 
o*g28 
O*Y28 
o*g10 
0.880 
o*%o 
0.843 
o-783 

P 
P co 

-r- 
0'857 
O-869 
O-876 
09883 
0,868 
0,851 
0.845 
O-823 

0-87-I 
0.883 
0.887 
0.880 
0.859 
0.8% 
0.847 
O-818 

:‘z 
0:870 
0-876 
0.866 
0*85O 
0.845 
0'832 
0*824 

0-871 
0.882 
O-885 
0.878 
0*860 
0.852 
0'847 
0.828 

Bleed BO 

Bleed B2 

me/m. 1 
0'921 
0.911 
o*go6 
0’902 
o-872 
0.841 
0'816 
o-751 

0*915 
0.903 
0.895 
0*888 
0.838 
0'810 
0.791 
o-729 

0’922 
0.903 
o-go0 
o*goo 
0,872 
0*838 
0.815 
o-777 
O-750 

o*g16 
0’902 
0 -898 
0.866 
0*831 
O-806 
O-788 
0.721 

%/"i 

O-015 
0.017 
0'020 
0.024 
o-025 
0.025 
0.026 
0'028 

0.025 
0.030 
o-035 
o-039 
0.04-3 
o-o,!+& 
o-045 
0.OyJ 

0*015 
0=0-16 
0*019 
0.023 
0.025 
o-025 
0.025 
0.026 
0.027 

A&lA en 

O-936 
O*Y28 
o*g26 
o*g26 
0.897 
0*866 
O-842 
0.779 

0*940 
0.933 
O-930 
0.927 
0*88-l 
0'854 
o-836 
0.779 

0.937 
0.919 
0’919 
o-923 
0.897 
O-861 
0.840 
O-803 
o-777 

O-024 O-94-0 
0’029 0.931 
0'035 o-933 
o*ol+D o*Yo6 
ogo41 I 0.872 
o*of!g 

j 
0*3&3 

o-043 0.831 
O*Oc!,.6 ; ( 0.767 

P f@ co 

O-856 
O-867 
0*876 
O-889 
0*865 
O-846 
0'834 
0.811 

0.868 
0.881 
O-894 
0.900 
0'858 
O-845 
0'837 
0.820 

0,853 
0*859 
O-870 
O-887 
O-866 
O-842 
0.834 
0'823 
0*813 

09868 
O-880 
O-896 
O-876 
0.851 
0=841 
0.836 
0*811 
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A2 
A en 
A cm 

D 
v 

h 

Ivl 

M3 

mb 
m e 
m. L 
m S.V. 

pA 

pf 

Ps 
P co 

'e 

" 

r/R 
S.V. 

v 

7 

vi 

throat area 

intake oapture area 

entry stream tube upstream area 

+max - 'min distortion parameter v 
i mean I, 

intake capture height 

"free stream" Each number (though not necessarily tunnel Mach No.) 

pre-normal shock Mach number 

throat bleed mass flow 

"engine" mass flow 

intake mass flow 

i 

lb/sea 

afterspill mass flow 

peak to peak amplitude of pressure fluctuations 

mean total pressure at measuring station 

mean statio pressure at measuring station 

"frefl stream" total pressure (though not necessarily tunnel total 

pressure) 

Reynolds number V 
distortion parameterp at measuring station 

mean 

radius/measuring station maximum radius 

spill vent (afterspill) 

stream veloci."cy 

mean veloctity at measuring station 

intake capture width (per duct) 

a(pf&J 
zqpq=J 

bleed efficiency 

% 
&2 I oompression surface angles (see Fig.3) 

63 J $ angle of rotation looking dotn?stream (see Fig.24) 
- 

UAD 

at constant radius 

[I 
at constant radius of spcdfic value r/R 

r/R= 
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Author Title, etc. 

1 M.D. Dobson Wind tunnel tests at lY = 2-O on interference effects 

between intake flows in a four-engine nacelle. 

A.R.C. C.P.753 

2 B.A.C. Supersonic transport. Definition of nacelle geometry - 

prototype and interim engine variants. 

SST/B72A - 05.3/2047 August 1%4 

3 M.D. Dobson Unpublished 14.O.A. Report 

4 M.C. Nesle Tests with a two-dimensional intake having all-external 

P.S. Lamb compression and a design Xach number of 2'0. 

A.R.C. C.P.937 September 1963 
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1 MODEL LINES 

-\- AIRCRAFT LlNES 

APPENDIX SKETCH B- COMPARISON OF MODEL AND AIRCRAFT DIFFUSER LlNES 





A.R.C. C.P. No.SW, 
April 1966 

A.R.C. C.P. Nor% 
April 1% 

Dobson, M.D. 533.697.2 : 
533.6.011.5 

Dobson, M.D. 533.697.2 : 
533.6.011.5 

WIND WML TEST8 ON A RECTANGULAR, ‘IWIN mT, VARIABLE w1m TmmL msrs ai A REcTAN;UUR, lWIN DUCT, VARIABLE 
GEmTRY AIR INTAm AT SUPERSONIC SPEED6 GE~IETRY AIR INTAKE AT SUPERSONIC SPEEDS 

Tests have bun made In the 3 It x 3 rt supmmnic wind tunnel on a 
mtangular twin duct air lntakr, which has varlablc geometry, over the 
Maah nuder raw* 1.7 to 2.2. The design mch numbtr of tha intake WBS 
2.12 and tests lnaludod an investigation of the trfectfi of the variable 
gemtry, throat bleed flow, transition Ilxing, splitter design and arter- 
spill ror aondltlons 0r qm and unequal throttling 0r the ducts. 

Tests have been made in th 3 It x 3 ft. SUptrSOniC wind tUJUIt1 on 1 
rectangular twin duat air intalaa, which hfis variable gtoatry, mr tlm 
Mach nmmr range 1.7 to 2.2. Thr design Haoh numbor of the intake 1111s 
2.12 and tests included an investigation or the arreCtS of the variable 
geomtry, throat bleed flow, transition riXing, splitter &sign and arttr- 
spill ror conditions 0r qua1 and unqual throttling 0r the ?ucth 

Pressure rscorrry, duct mss flow and bleed mass flow were measured and 
tiu amplitude and frequency of messure fluctuations were recorded. 

(Over) I Pressure recovery, dust mass flow and bleed rmss flow were masurtd and 
the amplitude and rnquency or assure rluctuations were rerorded. 

(074 

A.R.C. C.P. No.!#&+ 
April 1966 
Dobson, M.D. 533.697.2 t 

533.6.011.5 
WIFUZI lUI+RX TESTS ON A RECTANGULAR, ‘lWIN CUCT, VARIABlE 
GEOMETRY AIR INTAKE AT SU’ERSONIC SPEEDS 

Tests have been made in thr 3 rt x 3 It SUplrSOniC wind tunnel on a 
rectangular twin duct air intake, which has variable geomtry, over the 
Mach nmbcr range 1.7 to 2.2. me design l&h number of the intalcl H%S 
2.12 and tests included an investigation or t& errects or the variable 
geometry, throat bleed flow, transition fixing, splitter design and afttr- 
spill for conditions of equal and mnqual throttling of th ducts. 

Pressure recovery, duct miss rlow and bleed nmss flow were measured and 
the amplitude and frequency or pussure rluctuatlons were recorded. 

i 
(Over) I 



Maxhum man pressure recoveries recorded were generally up to 2s below 
ths throretical shock recovery. Recovery increases with the introduction 
of throat bleed and is dependent to soxtm extent on transition of ths 
boundary layer, bleed slot position and spll tter design. At reduced 
duct mass rlow both pressure recovery and distribution may be restored 
to “full tlorPn levels by oareful use of afterspill. 

Unequal throttling produces interference effects on the ~unthrottled~ 
ctuct by the Wmottledn duct. These effects may be eliminated by the use 
0r afterspill in the %hrottledn duct. 

I4aximm man pressure recoveries recorded mre generally up to 2W below 
the theoretical shock recovery. Recovery Increases with the lntro~ctlon 
of throat bleed end is dependent to sonm extent on transition Of the 
boundary la-r, bleed slot position and splitter &sign. At reduced 
duet nmss flows both pressure recovery end distribution nmy be restored 
to Vu11 flow@ levels by careful use of rftersplll. 

unequal thzvttling produces interference effects on tha %uH%rottlcd~ 
duct by the Whrottledn duct. These effects my be rlimlmted by the use 
of sfterspill in the Wnottledm duct. 

Maxhum mean pressure recoveries recorded were generally up to 2M below 
the theoretical shock recovery. Recovery Increases with the lntrochrctlon 
of throat bleed and is dependent to some extent on transition of the 
bound8r-y 18yer, bleed slot position and splitter design. At reduced 
duct mass llows both pressure ncow~ry end distribution r?my be restored 
to Vu11 flow” levels by careful use of afterspill. 

Unequal throttling proc&es interference effects on the nunthrottled* 
duct by the nthrottle@ duct. Thse eftects may be allmirvted by the use 
of afterspill in the nthmttled” duct. 
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