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VARLABLE GEOMETRY AIR INTAKE LT SUPZRSONIC SPEEDS

by

M, D. Dobson

Tests have been made in the 3 £t x 3 £ supersonic wind tunnel on a
rectangular twin duct eir intake, which has variable geometry, over the Mach
number range 1°7 to 2°2, The design liesch number of the intaike was 2°12 and
tests included an investigation of the effects of the variable geometry, throat
bleed flow, transition fixing, splitter design and af terspill for conditions of

equal and unequal throttling of the ducts.

Pressure recovery, duct mass flow and bleed mass {low were measurcd and

the amplitude and frequency of pressure fluctuations were rccorded,

Maximum mcan pressurc recoveries rccorded were generally up to 21% below
the theorctical shock rccovery., Recovery incrcascs with the introduction c¢f
threat bleed and is dependent to some extent on transition of the boundary
layer, blecd slot position and splitter design, 4t reduced duct mass flows
both pressure recovery and distribution may be restored to "full flow" levels

by careful usc of afterspill.

Unequal throttling produccs interference effects on the "unthrotitled"
duct by the "throttled" duct. These effects may be eliminated by the use of
afterspill in the "throttled" duct,
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1 INTRODUCTION

As a continuation of the werk reported in Ref,1 it was felt necessary to
use a more highly developed intake and one which was more appropriate to current
thinking for the supersonic transport aircraft project, Thus a twin-duct model

with external ocompression, designed for a Mach number of 2°12 was manufactured,

The compression geometry consisted of two surfaces, the first of which was
a fixed wedge end the second a variable ramp which included a curved "isentropic
compression" portion, Buth duct flow and throat bleed flow could be controlled
end measured, while afterspillage could be controlled but not measured directly,

2
The model geometry was different from that proposed subseguently for the
supersonic transport in several respccts wnd Appendix I provides a comparison of

the main featurcs,

2 EXPERIMENTAL DETATILS

2«1 Model

Drawing of various parts of the model appear in Figsz.1 to 5 and two

photographic views in Fig.6.

Throughout its length the mcdel is split into two ducts by a central
splitter, It is symmetrical about this splitber and the two ducts diverge
downstream each at an angle of +° rclative to the splitter centre line, Three
interchangeable splitter leading-ecdge configurations arc available, The leading
edge of splitter I (Fig,1) lies in the planc of the sidewall leading edges and
splitters II and III (Fig.z) ave both extended upstream of this,

Each duot inlet is 3°68 inches wide and the height of the lip sbove the
leading edge of the compression wedge is 2°707 inches. The aspeot ratio and
capture area per duot arc therefore 1+36 ard 9°95 sq inches respectively. Some
slight compression of the flow results from both the splitter and the inside of
the outer walls (Fig.1), but the main compression is by the double wedge
arrangement showm in Fig.,3. Therec is a fixzed angle wedge OA whose oblique shock
wave falls on the intake 1lip at a Mach number of 212, This is followed by a
ramp AB which provides the variable part of' the compressicn geometry ard which is
pivoted as indicated in Figs.,3 and 4, Immediately behind the first pivet point
the ramp surface describes a circular arc turn of 9+3°, which gives roughly
focussed isentropic compression, and then is-followed by a length of flat
surface, Thus with the notation as indicated in Fig,3, the compression geomctry

1St



5Jl fixed 7°

52 variable 0+2° to 12-7°

then 9°3® near isentropic turn giving :=

63 9:5° to 22°,

When the compression geometry is varied, changes in the subsonic diffuser
shepe ocour as a result of the pivoting arrangements shown in Fig.L. Because of
a physical comnectibn between picoes AB and CDF across the blecd gop, the port OA
is constrained to slide horizontally as BC is moved parallel to itself. Thus at
constant Mach number, variation of the ramp geometry alters by parsllel mo tion,
the position of the first oblique shock wave relative to the lip, The upstream
end of the pertion BC contains the throat blecd sloet, the various configurations
of which are shown in Fig,5.

The portion DE arbitrarily fairs the rectangular duct scetion into the

circular measuring station. Fig.7 shows a duct area distribution for &_ = 20°,

3
To control afterspillage each duct includes a2 spill vent which is shown

in Fig.4 and can be clearly seen in the photogreph Fig.6(b).

To distinguish between the two ducts of the model, they arc referred to as
"sutboard" and "inboard" and are as shown in Fig.6(a). Thus their orientation
is correct with respect to subsequent tests3 which have Becn made with the
nacelle mounted on a half-wing model typical cf a supersonic transport

configuration,

2.2 Model mounting

A sketch of the method of mounting the model in the tunnel is shown as
Fig,8., The model was attached to a table which was pivoted towards its
upstream end onto a strut fixed to the tunnel floor. The vivot was at the
centre of rotation of the tunnel incidencc quadrant, to which the rear of the
table was attached by a flexible Jjoint. Thus by rotating the quadrant the
ingidence of the tsble (and model) could be varicd while the acrodynamic and
static loads were taken by the strut. Upstream of the inlet, a suitably
shaped "Mach" plate was attached to the taoble which generated a local uniform
flow in the region of the inlet, the supersonic llach number of which was varied

by variation of the incidence of the plate, Thus the facility to test the model
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at Mach numbers above the tunnel maximum of 2+0 was aveilable, with the added

convenience of Mach number variation during a single run,

The "Mach" plate was displaced below the model wedge loading edge to
previde a bleed Tor the plate boundary layer and some difficulty was experienced
in finding a suitable point at which to inject this air back inte the free
stream, particularly at Mach numbers sbove 2°C, IHowever a suitable errangement
was achieved by collecting it and ducting it to the upper surlace of the table
on either side of the nacelle whore the pressures wore low enough to provide

suction,

The upper limit of entry Mach number (M) was set by the tunnel normal
shock® which gradually moved upstream as inclidence was altered in the direction
to ineresse M. At M just greater than 2°2 this shook was sufficiently far
upstream to begin to interfere with the inlet shock sysiom and thus ¥ = 2+2

vas the upper limit for these tests,

2.3 Ev_l_gdel g._x_stems and instrumentation

Independent actuation of each of the ramp systems and each of the spill
vents was by eleotromechanical arrangements and in each case a remote reading
pwsition indicator was included. Flow through the ducts was controlled by
separate conieal plugs at the oxits but these plugs wore moved together by a
single motor. Asymmetric throttling conditions could only be achieved by dis~
cormecting one plug from the motor and setting it at a required position.
Indication of the throttle position was by a multi-woy switoh and lemp sysicm.

A drawing showing a main duct flow control ond measurcment unit is shown
in Pig.9., The instrumentation contained therein inciudes twelve pitot pressure
tubes and eight static pressure holes, The pitct tubcs were mounted on o
rotatable roke acrosa o diameter, with six tubes on cach arm positioned radially
st the centres of six annuli of cqual area. Tho %wo rakes {one-in cach duct)
were mechanically linked so that they rotated in unison, driven, through gearing,
by a single elecotric motor, Four of the static holes wore located in the outer
wall of the duet at angular positions of 0°, 90°%, 180° and 270° ir the plane of
the pitot tubes. The other four statlos wore positioned in the outer wall
further downstrean at angular positions of 75°, 165%, 255 and 345° thus aveiding
the wokes from the four struts whioh supported the central hub, Two methods of

measuring mean vressure recovery ard duost mass flow were thus availsble.

Firstly, using the pitot tubes and thelr associated stotics and secondly, using

* Tt is thought that the strut was to some extent responsible for the
position of the turmel shock and it 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 Jonic exit of known area. The exit
of each duct was carefully shaped in order to provide a high discharge

coefficient.

To measure transient pressures, capacitance type pressure transducers were
located within the control hub of each duct with their diaphragms exposed to the
pressure at a small hole on the hub centre line facing directly upstream, The
range of the transducers was *4 psi (free stream total pressure was 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 recorded onto sensitive paper. For calibration

purposes the transducer diaphragms were exposed to a series of steady pressures,

Auxiliary suction, external to the tunnel, was provided to operate the
throat 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 ducting upstream of the valve,

2.4  Scope of tests

The test values of entry Mach number were 1°70, 1+85, 2°00, 2+12 and 2°20,
though some configurations were not tested at all these Mach numbers and others
were tested only at the design value of 2¢12, Correspending Rcynolds numbers,
based An inlet capture height, were:=-

M 170 1+85 2-00 212 220

R, (+ 10°) 04393 0'37% 0346 0330 0319

To fix transition of the boundary layer at the inlet, bands of distributed
roughness were applied to the ramp surface, sidewalls and splitter. The bands
were about 0°2 inch wide, positioned ebout 0°2 inch from the leading edges, and

consisted of 0*0141 inch diameter ballotini, secured with an epoxy resin,

All cases were tested with this artificial fixing of transition except
one in which splitter I configuration was tested without for comparison
purposes, Five throat bleed configurations were tested, all with splitter I

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

Pitot pressure surveys in the ducts werc made, in some cases by taking
readings at reke rotation angles of 0° x 30° to 150° and in other cases, by
taking readings at O’ and 90° only. The former are referred to as comprchensive

surveys and the latter as limited surveys.

e

S
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The method of obtaining unsteady pressure characteristics was to start
with the throttlss fully out (inlet well supereritical) and then run them in
centinuously, et the same time recording the transducer outputs, Event
markers on the recorder were used in conjunction with the throttle position
indicators so that the traces oould be related to threttile positions and hence

duct mazgs flows,

2.5 Reductinn and presentation of results

Curves A end B of Fig.1C show typical values of pressure recovery plcotied
as a funotion of mass flow ratio, Pressure rcoovery is quoted as the moan mass
Tlow weighted total pressure comparcd with the entry stream total pressure®,
Curve A shows recovery measured at the compressor entry positicn using the
pitot tubes and their assoclated static tappings. Curve B shows values
measured from choked exit conditions. The loss of 0+02 in recovery from A to B
arises from the further aft measurement position, dosmstream of the pitot rakes
and cruciform struts, (sec Fig,9)., Pressure recovery as measured by the pitcts

and their associated staties is used throughout this report,

Mass flow ratlo is defined as the entry stream tube area, which is the sum of
the "engine" mass flow s the throat bleed mass flow, m and the af'terspill mass
flow m v.? comparcd with the inlet capture arca, The velues of me/'mi for
curves & and B, Fig,10 are measured from choked exit conditions, The values used
in curve C are from the pitet measurcments, and it will be seen that a less well
defined supercritical characteristic is cbtained and the "eccemprohensive" peint
aligns less well with the other peints, This is typioal of the results as a
whole and therefore thc choked exit method of caleulating mass flow ratio is

uzed in this report,

To limit the number of figures, only selected experimental results are
plotted but all are contained in tables 1 to 6, which 1ist values of me/ﬁi,

mb/ﬁi, A&/ﬁen and Pf/Em.

The following is a summary of the tests made:~—

* This is not necessarily the tunnel total pressure beczuse of the Mach
plats,
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gﬁgfg’ar veoes | 1 8 Thro ttling | Table
Config.
I A0 [1°70 | 9°7, 11°3 Equal 1
I A0 | 1+85 | 113, 1325 : Equal 1
I A0 2:00 | 136, 15°75, 16725, 17*75 Zqual 1
I A0 | 2+12 | 15+25,16°25, 17+50, 18+25, 200  |Equal 1
I A0 | 2:20 | 16+25,17°50, 1825, 2025 Equal 1 -
I A0 170 | 9-7 Unequal 2
I A0 [ 1+85 | 11+3 Unequal 2 =
I A0 2+00 | 136 Unequal 2
I AO 2+92 | 16°25 Unequal 2
I A0 2+20 | 1750 Unequal 2
II AG | 1°85 | 11+3, 13+25 Both 3
TI A0 | 2:12 | 16°25 Both 3
III A0 | 2012 | 16°25, 17+25, 1825 Lqual L
IIT A0 | 2012 | 16°25 Unequal | 4
I A0 | 2042 | 16+25, 17°25, 18+25 Both 5 .
(Ne roughness)
I A2 | 2412 | 1625 Equal 6 .
I Ay | 2012 | 16°25 Equal 6
I BO | 212 | 1625 Equal 6
I B2 212 | 1625 . | Bqual | 6
! | .

Results of fluctuating pressure measurements are not available for every
flow condition because the recording equipment was available for only part of
the period of the tests, The sclection of results presented however, records

the main characteristics.,

The results presented are peak to peak amvlitudes of total pressure
fluctuation, PA/Ex# as a function of mass flow ratio for unequal throttling
cases 6nly, The tests indicated that similar stability ocharacteristics are
obtained in the throttled duct if both ducts are throttled together.

3 RESULTS ~ FQUAL INGINE FLOWS

3.1 Intake characteristics

Tests commenced with the establishment of a relationship between critical

ramp angle and Mach number, Vith the throttles wide open the schlieren image
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was observed while the ramps were moved together to increase the angle 53, at
each Mach number, until a point was reached at which the inlet normsl shock
was seen to detach from the cowl lip. The value of 83 at this point is called

the critical ramp angle and is shown plotted as a function of lach number in

Fig.11.

In general the normal shock could detzch from the cowl lip as 53 is

increased fer one of two reasons:-
(i) either internal or external deflection of the flow at the lip,

or (ii) reduction of the duct arca below the volue at which the fudl entry

stream tube con be passed,

Tn investigate whether, in this model, shock detaochment is caused by

(i), Fig.12 has been drawn, At the critical ramp angle Tor each of the five
test Mach numbers, values of flow deflection required for shock detachment at
Mach number M5* are plotted, The variation of externzl ard internal cowl
anglos relative to 63 are alsc plotted as a function of 63. If it is aessuned
that the llach number at the lip is N3
to 83, then it will be scen that only at M = 170, 65 = 9+7° is the (external)
deflection at the cowl lip likely to be sufficient to detach the sheck, Fig.13

and that the flow dircetion is parallel

is a schlieren photugraph at this condition and although it is difficult to sec
whether the shock is actually attached or just detached, any displaccment there
is is extremely small. The conclusion therefire, is that flow deflection at the

lip does not cause detaclment of the normal shock at any Mech number,

Tc investigate pessibility (ii), estimates have been made of the
effective model contraction ratio A2/A1 (for notetion sce Fig.3). The geo~
metrical part of this may be calculated but uncertainty in the cstimotion lies
in the calculation of the growth of the boundary laycr between the two planes.
However an estimation of this on the appropriate parts of the four bounding
surfacces was made and as a check, the amount of boundary layer compression
which together with the physical contraction would be required to choke the
throat at M = 2°12, 83 = 16+25° was caleulated, These two values were found
to agree reasonably well and the mean of them was used as the volue of the

boundary layer contribution to the internal contraction at all lach numbers,

A curve of the estimated model contraction ratio is shown in Fig,14

plotted as a function of 63. Theoretical area ratios required to ohoke the

* Mjis the pre-normal shock Mach number, i,e, after the oblique shocks and

isentropic compression,
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subsonic flow downstreanm of the normal shock (assumed to lie in plane A1) for
various values of llach number are also plotied as functions of 6,. It will be

3
seen that observed critical values of 63 fall belcw the estimated curve while
corresponding next higher values fall above, This indicates that duct choking
is the likely reason for expulsion of the normal shock and thereby determines

the limiting value of 63 at each Mach number,

Schlieren photographs of the model with various valucs of 63 at a Mach
number of 2°12 are shown in Fig,15 for cases with zero and about 457 throat bleed
flow, Correspending photographs of each case show similar external shock con—

figuratiens and indicatc the critical valuc of &, to be about 16-25°. It appears

therefore that the presence of throat blecd flowjdoes not have any large effect
on the external shock geometry. This is as might be expected since the blecd
slot position is downstream of the geometric throat. However the results do
indicate a small effect (not discernible on the schlieren) in that at values of
63 greater than critical the total mass flow is generally 1% to 2% greater with
threoat bleed flow than without. This probably results from the upstream
influence of the blced on the boundary layer, for example, in helping it to turn
the corner of the compression surface upsiream of the bleced slot (see Fig.}),
thus affecting the net throat arca. Once throat bleed flow is present any
increase of this flow does not alter the totel mass flow and is therclfore at

the expense of engine flow,

By definition, ramp angles greater than critical cause a detached normal
shock (Fige15) and thus forespillage and recduced entry flow, Fig.16 illustrates
the reduction in mass flow at constant Mach number as 63 is increased above
eritical. The figure also shows that at Mach numbers of 2+12 and 2°20 the inlet
flow remains constant as 53 is reduced below the critical value, which result

indicates that under thesc conditicns the second remp does not cause any

spillage of the flowu,

The dashed line on Fig,16 Jjoins values of %x/lcn measured at critical
settings of 63, and these are in fact, the maximum values measured, Maximum
values vary from 0°905 at Il = 1°70 to 0+93L4 at M = 2+20, A4t llach numbers
below the intake design value there will clearly be some two-dimensicnal fore-—
spillage as the first oblique shock passcs upstream of the lip, as illustrated

by schlieren pictures in Fig,17. However the photographs taken at M = 2¢12 and
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2°20 Jhow that at these Mach numbers also, 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, However
it is interesting to note that in the tests of Ref.,1 the actual shock gecmetry
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 aspect ratio, It
should be pointed out that in wind tunnel schlieren photographs any local dis-
tortion of the oblique shock in the region of the sidewalls would be what is
"seen" Yy the schlieren system,

A comparison is made in Fig.18 between 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 values of mass flow
allow for cowl lip spillage. Since the intake has an aspect ratio near to unity,
it might be expected that sidewall spillage would be of similar magnitude to
cowl 1lip spillage and thus could largely account for the residual difference

between 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., Both of these aspects have been

oxamined and are discussed in this section,

3,241 Pressure recovery

Mean pressure recovery is plotted as a function of mass flow ratio in
Fig.19, These curves are typical for the various values of 63 at each Mach
number and in each case throat bleed flow is 3% to 4% of the total inlet flow,
On the curves for M = 1+85, 2°12 and 2°20 letters appear: these correspond

with schlieren 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 §, greater than the critical. This is

3

thought to be due to the isentropic part of the compression process and is
illustrated in Fig,20, The sketch shows the theoretical shock geometries for
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53 = 13°6° anl 15°75° at a Mach number of 2+0. The critical value of 53 is
13+6° and the sketch shows 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 63 of 15°75° the
isentropic fan meets the normal shock nesarer the lip and thus, for small dis-
placements of the normal shock, a larger proportion of the inlet flow goes
through the isentropic compression, whick results in a higher mesan pressure

recovery.,

Data obtained at other values of throat bleed flow are contained in
Table 1 but are not plotted, However, curves showing maximum mean pressure
recovery plotted as a function of throat bleed flow for each lMach number, are
given in Fige21., In this and similer later figurcs, curves are drawn as con-
tinuous lines when they are defined by three or more experimental points but
where tests were made at two values of blced flow only, (usually zero and
about 0'04), the points are Jjoined by a straight dashed line,

In all cases pressure recovery rises with increase of throat bleed flow
up to the maximum values tested. The rate of change of recovery with bleed
flow varies with Mach number and ramp angle and Fig,22 shows this exchange rate
plotted as a function of lach number, in each case at the critical ramp angle,
Below M = 2*0 the exchange rate 1s well below 1°0 but above this Mach number
rises rapidly to 15 at M = 212,

A summary plot from the pressure recovery results is given in Fig,23.
This shows the variation of maximum pressure recovery with 53 and M, Three
curves arc included, the measured recovery at a throat blced flow of 0°035,
the maximum recovery measured (usually at higher values of throat bleed flow)
and the recovery as determined from theoretical shock systems for the experi-
mental inlet geometry, The measured values are generally between 195 and 2%%
below the theoretical values except at a lach number of 2°¢20 where tihey
coincide, As this Mach number is greater than the design value, the first
cblique shock would theoretically fall inside the cowl lip. In calculating
recovery, allowance has becn made for the small portion of inlet flow that
would pass through a "free stream" normal shock, However a schlieren photo-
graph (Fig.17(e)) shows that the first oblique shock passes upstream of the
cowl lip and therefore this diminution in shock recovery does not apply in the

experinent,



17

The reason for the rapid fall in recovery between a Mach number of 2°0
and the design valuc of 2+12 is that restriction of 83 to the critical value,
does not allow the inlet geometry to become optimum and thus the model inlet

runs at reduced efficiency.

Surmarising the results on pressure recovery, it may be said that with
3%% bleed flow, peak measured recoveries at all lMach numbers investigated are
within 24% of the corresponding theoretical recoveries for the shock con~-
figurations actually obtained., Increase of Reynolds number to full scale may

be expected to be beneficial in two respects:—

(1) Viscous losses, represented by the 2%% meximun, will be reduced by

306 or so* and will therefore be around 14%;

(2) +the thinner boundary layers on the compression surfaces will allow
a shock configuration closer to design to be obtained, which will itself have

a higher pressure recovery,

The results therefore confirm the high internal efficiency of this intake

design,

34242 Flow distribution

Distributions of flow at the measuring station are presented in the form
of isobaric naps of pressure recovery and in terms of distribution of velocity
around and across the annulus, Pressure distributions are shown in Fig.24 for
a Mach number of 2°12, 53 = 16+25° with throat bleed flows of zero and 0-042,
Distributions are approxinately syrmetrical about the vertical centre line of
each duct and a region of maximum pressure occurs in the half of the duct
adjacent to the cowl lip., Maximun values of pressure rccorded are greater than
the theoretical shock recovery of 0°914 indicated in Fig,23, This could result
either fronm a nmore efficient local supersonic compression caused by normal-
shock and boundary-layer interaction or from a strong oblique shock adjacent to

the cowl liph followed 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
ramp side in the duct, The low pressure level without bleed results from a
separation of the flow in the subsonic diffuser and the introduction of throat

bleed substantially reduces it, By comparing the pressure distributions of

® By analogy with Reynolds number correction to skin friction.
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Fig.2L, the presence of throat bleed would appear to produce a marked improvement
in the distribution of flow but when this is examined in terms of V/V, cirecum-
ferential and rediel distributions of which are shown in Figs.25 and 26, the
improvement is not as great as might have been expected, From these figures it
may be seen that differences in D, (Vﬁax/§ - Vﬁin/?) between cases with and

without throat bleed is only dbout 1075, Velues of D and | T2% have been
V
RAD

have been calculated and are plotted as functions of radlal distance r/R in
Fige.27. DBoth paremeters are seen t- increase up to r/R = 0*8 asbove which value
they fall. Thus Rv’ in which Viax is the maximum velue measured over the whole

r/R=0°798 with 53 at a Mach

duot ares, is 1+2h, The variations of R and [Dv]

number of 2+12 are shown in Fig,28.

Fig.29 shows a pressure recovery distributions at the four off-design Mach
numbers, In each case 63 is the oritical value and the throat bleed flow is
about four per cent, As lach number is reduced the isobars become increasingly
more circular end conventrio with the duot axis which results in the inoreasingly
impreving circumferenti.d wvelocity distributiens shown in Fig,30. The variation
of D &t r/R = 0798 with Mach number is shown in Fig,31.

34243 Flow stability

The effects on duct pressure fluctuations resulting from throttling are
shown, at each Mach number, in the lower curves of Fig,32, The lowest level of
amplitude at each Mach number occurs in the reglon of oritical flow, Opening
the throttle beycnd the "oritinal" position usually leads to an inorease in
emplitude, as indicated by the dashed part of the curves, The lowest level of
fluctuation recorded increases from zero at M = 1°70 and 1°85 4o 0-02 at
M= 212 and 0*05 et ¥ = 2°20. As the throttle is closed from the critical
position, a point is reached at which the amplitude begins to increase, usually
fairly rapidly. This point varies from about 747 below full mass flow at
M= 170 %o lmmediavely below full mass flow at M 2 2¢00, The osocillation here
is of high frequency i,e. around 500 ops, As the throttle is further closed
the smplitude of this oscillation inereases until e point is reached at which
a low frequency oscillation starts., This oscillation occurs at Mach numbers
greater than 1°85 with a sudden increase of amplitude frem the high frequency
signal, Tt is thought to result fruvm shock induced separatien of the boundary
layer on the ramp surface and here is called "buzz", The froquency of buzz
varies with throttle position and is of the order 50~100 c¢ps. A ourve showing
the variation of frequency over a small range of throtile movement is given

14
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in Fig, 33, which also includes details of the throttle geometry. There is
generally a reglon in which both the high and low frequency oscillations occur
together but buzz usually dominates, The amplitude of buzz varies from about
02 Rn at M = 1*70 to 0*5 Rx at M = 2°20, while the maximum amplitude of the
high frequency instability is about 0¢15 Rm. Tige 34 shows the boundaries of
A /A at which both instsbilities start, as a function of llach number,

3,3 Effects of configuration changes

3¢3.1 Throat bleed slot

The actual shapes of the front and rear edges of the bleed slot were
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 warious 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" configurations faoll reasonably on a single curve indicating
that the position of thé front edge of the slot is not critical, The points
for the "B" configurations also fall reasonably on a curve but at a level
rather above the "A" curve indicating that a gain of about 2% in pressure
recovery (at 2 to 4% bleed flow ratioc) can be achieved by moving the rear

edge forward to the "B' position.

Al though the presence of threat bleed flow does not affect the amplitude
of either type of flow oscillation, it does influence the buzz boundary, as
shown in Fig,36, Vith no bleed flow this boundary is at A o/Aen = 0°69 but with
bleed it improves by Fb to 0°6lk.

3.3,2 Fixing transition

To assess this effect the model was tested without roughness bands at a
Mach number of 2°12, The critical value of 83 was found to be 17°25°, which is
1° higher than for the case with fixed transition and probably results from a
thinner compression surface boundary layer. The nearest test value of 83 for
the model with transition fixed is 17°5° and results for the two cases and for
the optimum 63 (16°25°) with transition fixed are compared in Fig.37 (a) and (b),
for zero and L throat bleed flows. The maximum value of pressure recovery
with free transition is greater than in both cases of fixed transition at both
throat bleed conditions, Since the maximum values of mass 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 expected that the externsal shock geometry is not much
affected by transition and the schlieren photographs® contained in Fig,.37,
corresponding to the experimental points as indicated, confirm this. These
facts indicate that allowing free transition gives results which are representa-
tive of higher Reynolds number conditions and adding roughness artificially
thickens and disturbs the boundary layers giving reduced values of peak pressure
recovery, Pressure recovery distributions for transition fixed and free with
bleed flows of O and 4% are shown in Fig,38. At both values of bleed the
improved mean rccovery due to free transiticn comes from a general increase of
pressure level over the depressed parts of the engine face and with this,
particularly at 4% throat bleed flow, comes & much impreved distribution, This
is demonstrated in the circumferential velocity distribution plot of Fig,39 end
the following values of D_ at /R = 0°798 are noted;

1

0757
0°493.

roughness on Dv

u

no roughness Dv

The variation of maximum pressure recovery with throat bleed flow for

each of the test values of 83 for the model with free transition is shown in

Fig.4O, For comparison the "rcughness on" curves are shown and these are seen

Lkl

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 63 for the two cases. With free transition, recoveries 1% to

2%% greater are noted for little change in mass flow ratio,

Fluctuating pressure results are available for the model without roughness
with 53 = 16°25° and pressure amplitudes are shown as & function of mass flow
ratio in Fig.42. Comparison with the results with roughness shows there to be
little difference in the buzz boundary but around the critical point,

(%”/Aen = 0°93), there is, without roughness, a slightly smaller amplitude
fluctuation which persists to 57 subcritical, os opposed to the case with
rcughness where the amplitude rises immediately on reduction of mass flow fronm
the critical,

34343 Splitter design

At full scale it is structurally necessary to have some thickness of the
centre splitter in the region of the cowl lip, which therefore involves an
upstream extension., Results hitherto discussed refer to the case with no

extension, designated splitter I and shown in Fig,1, Limited tests have been

P

* When comparing photngraphs, 55 = 17°5° for the "roughness 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 IIX
and illustrated in Fig,2.

Peak values of pressure recovery (Fig.#}) and mass flow ratio (Fig.lk)
3 for the three splitters. These results indicate that
the critical 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

are plotted against &

been expected that an increased upstream length and consequent increased
boundary layer thickness on the splitter wall would have led to a reduced

effective throat area,

With 4% throat bleed flow and 63
increasing upstream extension of the splitter but the duct passes (to within 1%),

= 16°25°, pressure recovery falls with

the same mass flow in each case, Pressure recovery distributions for splitter
cases II and IIT 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 gquadrant in each case is:-

splitter I 0+90
splitter II 0-88
splitter IIT 086 (outboard), 084 (inboard).

This quadrant is adjacent to that part of the splitter where the upstream
extension is greatest. Circumferential distributions of V/V at /R = 0°798

for the three cases are shown in Fig.,46. The extended splittors produce
reductions in V/V in the lip~splitter quadrant but slight increases in the lip=-
sidewall quadrant which results in there being little effect on Dv‘

Further limited tests were made with splitter II at a liach number of 1°+85
and peak measured values of pressure recovery are shown as a fuaction of throat
bleed flow in Fig.47. Comparison with corresponding splitter I curves, also .
plotted, shows there to be little difference betwecen the two cases,

Pairs of curves similar to those of Fig,32 showing the variation of
fluctuating pressure amplitude wath mass flow ratio are presented for splitters
II and III in Figs.48 and 49, In cach case 65 = 1625, M = 2°12 and
mb/'m:.L ~ 0°04 so they are comparsble with the splitter I case, Fig.32(d). The
character ¢f the curves for the outboard duct is similar in each of the three

cases ond the buzz boundary occurs at similar values of %”/Aen.
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4 RESULTS - UNEQUAL DUCT FLOWS

Lot General

The main purpose of this type of test dis to study the effects which
threttling of one duct will have cn the general performance of the other, This
is a situation that could occur if for example the intake control system
functioned wrongly 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 flow distribution, Accordingly tests
were made on the model with the throttle of the inboard duct set to pass
approximately full flow, while the outboard duct was throttled progressivsly.

L2 Interference effects

Fig.50 shows the basic results for five test liach numbers, in each case

with the appropriate critical velue of & On each graph two curves are plotted,

orne which shows the variation of mean przssure recovery with inlet mass flow ratio
for the throttled cutboard duct and one which shows the pressure recovery in the
inboard duct {whose throttle is fixed to give the value of %x/Aen indicated)

also plotted as a function of the inlet mass flow ratio of the outboard duct.
These curves show that as one duct is throttled therc is an initial range in which
there is little or no effect on the performance of the adjacent duct but further

throttling generally produces an unfavourable effect,

To summarise these results Fig.51 has been drawn to show the change of
pressure recovery in the inboacd duct when the flow through the outboard duct
has been reducud to 80% ¢f its maximum value. The curves show the unfavourable
influence which increases both with increasc of throat bleced flow and increase
of Mach number, At M = 2°12 with 4% thrcat bleed,reduciug the flow through the
outboard duct by 207 causes a 3% reduction in mean pressure recovery in the
inboard duct, From Table 2 it will be seen that at this point the flow through
the inbeoard duct is recduced from o maximum value of A&/hen = 0°93L to 0905,

In order to reduce the flow through the inbeard duct its shock system has to be
medified in some way and as suggested for 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 inlet of the throttled duct, which results in the
interference effects observed. fhis is clearly shown in schlieren photograph
Fig.52(c) which indicates a well 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 llach number increases,
Thus for a given degree of expulsion of the normal shock, in this context due to

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

Pressure distributions for the inboard duct are shown in Fig,53 for cases
with zero and about 4S% throat bleed flow, when the outboard duct is throttled
to 1%/ below the maximum flow. Comparison of these with the inboard duct
distributions of Fig,24 shows that while there is 1little difference between
cases with no throat bleed and thus little interference effect (see Fig.51),
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.SZ(c), the inboard normal shock is detached further from the
cowl 1lip 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.3 Effects of transition

Curves showing interference effects for the model with frec transition are
shown in Fig.54. Comparison with the curves for the model with fixed transition,
Fig,50(d) (4ii), shows there to be little differcnce except that the non-
interfering mass flow margin® is rather smaller with transition free. (Note the

value of 53 is 1° different between the two cases.)

4,4 Splitter desien

Interference curves for splitters II and III are shown in Figs.55 and 56.
Both of these designs appear to be rather worse firom an interference point of
view than splitter I, Splitter IT has no non~interfering mass flow margin and
splitter III less than Z%, The inference from this is that the primary inter-
fering influence is located in the region external to the lip, i,e, in the
region of confluence of the intake shock system, This conclusion supports the
idea that interference effects are transmitted primarily by modification of the

nermal shock position,

* The non=interfering mass flow margin is the amount by which the mass flow
threcugh the throttled duct may be reduced before the recovery in the other
duct begins to suffer,



Circumferential distributions of V/V, at r/R = 0°877 in the inboard duct,
for the three splitter cases, with the outbcard duct throttled to about 10f5 below
full mass flcw, are shown in Fig,57. There is no marked difference in distri-
butien but Vmax increases slightly and Vmin decreases slightly in the order

splitter I, II, III which gives worsening values of Dv'

Interference effects on the unsteady flow characteristics were included in
Figs.48 and 49; these compsre with the curves fir splitter I in Fig.32(d). In
each oase M = 2412, 63 = 16+25° and mb/'mi = 0°04, Splitter design does influence
conditions in the unthrottled inboard duct; +the high freguency oscillation
induced is similar in all cases 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 practical
purposes on the present design, It has been demonstrated clsewhere® that this

is in fact the case,

4.5 Use and effects of spill vents

If for any reason an engine passes a reduced mass flow, a means of
bringing the inlet shock geometry back to optimum is by the use of afterspillage,
This is illustrated by the series of schlieren photographs contained in Fig,58
for the mcdel with splitter III configuration. "A" shows 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 "B" but the spill vent of the outboard duct
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 "D" and "E" the outboard duct is
once more running full., Graphs of pressure recovery against mass flow ratio are
shown in Fig,59 for toth ducts, on which the five correspending points "A" to
"E" are pletted, Throttling obviously producces a loss in recovery in the out-
board duct but also, by interference, reductions of recovery and mass flow occur
in the inboard duct - point "B", Opening the spill vent to position 1,
(Fige58(c)), restores the recovery level in the outboard duct at reduced engine
flow but because the inlet flow is siill not "full" (see schlieren phot.)
the inboard duct is still influenced, Further opening of the spill vent,

* In work at the 0,N.E.R,A., Paris,

<
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sufficient to allow "full" inlet flow eliminates any interfereance 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,58(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
way in which the engine suffers is from reduced flow = recovery and pressure
distribution being largely unaffected, Opening the spill vent appreciably
beyond this point takes the inteke into supercritical flow and hence worsens
the distribution of pressure, particularly in the lower part of the duct. It
may be worth mentioning, that.with this configuration the flow in the lower
part of the duct appeared to be rather more sensitive to spill vent opening
than it did with 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 after throttling,
the pressure recovery and distribution will 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 supercritical

operation and consequent deterioration in recovery and pressure distribution,
5 CONCLUSIONS

From tests at Mach numbers 1°7 to 2*0 on a rectangular, twin~duct air

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

(a) Pressure recovery

(1)  Values measured with 31% bleed flow are gererally up to 239 lower
than those calculated from the theoretical shock geometries. This is a measure
of the viscous loss, which therefore at full scale Reynolds number would be

around 1% eonly,

(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) meximum recovery is dependent to a small extent on the pesition
of the downstream edge of the bleed slot,

(5) 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) Exhension of the central splitter upstream of the plane of the side-

wall leading edges generally causes a loss in recovery.

(5) At redused duct mass flow both recovery and distribution of pressure
can be restored to "full flow" levels by careful use of afterspill,

(b) Flow instability

(6) Two types of instability are found to occur, one at high values of
mass flow ratio which is a high frequenoy, low amplitude pressure fluctuation
and the second, which occurs at values of Ax/Aen of about 0°7 to 0*75 and is a
lower frequency, higher amplitude fluctuation, The severity of this latter

increases with increase of Mach number,

(o) 1Interference

(7) Throttling one duct interferes with the performance (prescure
recovery and mass flow) in the other to some extent, at all Mach numbers. These
effects worsen both with increase of Mach number and with the introduction of
throat bleed flow, They can however, be eliminated by careful use of afterspill
in the throttled duct,

(8) With one duct rumning in the unstable flow region, an instebility of
similer frequency but lower amplitude i1s generally induced into the flow of the
other. This interference effect intensifies with increase of Mach number buv
extending the leading edge of the splitter upstrcam goes some way towards

eliminating it,

14
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COMPARISON BETV/EEN MODEL AND CURRENT AIRCRAFT GROMETRIES

The intake itens are listed in tabular form and compression geometry and

diffuser lines are shown in sketches,

Item

Lip

internal angle
internal radius

included angle

Compression geometry (showm in sketch A)

%

isentropic turn

55

Splitter

wedge semi angle (streamwise)

leading edge sweep

Duct divergence

Throat bleed
slot width

Sidewalls

external wedge angle

internal wedge angle

Length of duct

lip to engine face

Aspect ratio

w/h per duct

Diffuser

see sketch B

position x/h (see sketch)
y/h (see sketch)

1461
1+000
14°
2:5h

10
2

70
9° 20!
9° to 22°

I 375°
T 1+5°
IIT 3+75°
I 34e4°
IT 42°
IIT 45°

10

0°42h (max)

L.+ 75°
2:75°

% 4*9h

136

1+458
1+000

12°
2*5h

15°
70

= 5° K0!
9° to 22°

45°

s 2°
0°58h at 52 = 14°5°

5+5°
OO

~ 348 h

1403 to 1+08
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Splitter I, equal throttling

Table 1

Qutboard Inboard

mc/mi m.b/m:.L Aoc/Aen Pf/‘POo mC/m:.L mb/m AOJAen Pf/Poo

M =170, 63 = 97°
0917 0 0°917 0+924 0+919 0 0919 0-924
0+883 0 0-833 0°943 0+886 0 0-886 0°943
0+874 0 0874 0+948 0+871 0 0871 0°946
04851 0 0851 0-948 0848 0 0-848 O 94k
0°828 0 0+828 0945 0-827 0 0-827 09l
0-791 0 0791 0-942 0- 784 0 078 0+935
0+666 0 0+666 0919 0+658 0 0+658 0907
0+906 0019 0°925 0°943 0+908 0+019 0+927 0°943
0°889 0°020 0+909 0+942 0+887 0+620 04907 0°943
0862 0°021 0+883 | 0-942 0+860 0-021 0+881 0 941
0839 0+022 0861 | 0+9u1 0+839 0+022 0+861 0941
0314 | 0°022 0+83% : 0°933 0+816 0+022 04838 0+935
0803 0-022 04825 j 0+932 0799 0+022 0-821 0+929
0+890 0+029 0919 0940
0+873 003 0+907 0°950
Instrumentation fault ; 0°853 0037 0+890 0949
, | 0-827 0-038 0+865 0-946
! 0780 © 0-040 1 0°+820 0942

- J

M =170, 63 = 14°3°
0+912 0 0+912 0+938 0+906 0 0°906 0°934
0+893 0 0+893 0936 0-886 0 0-886 0+931
0°872 0 0+872 0+940 0-867 N 0-867 0+935
0+850 0 0+850 0°942 0-846 0 0-8456 0937
0+831 0 0+831 0939 082 0 0-826 0+933
0809 o} 0+809 0+936 04805 0 0-825 0°933
04875 0+016 0°891 0+937 0873 0+0.6 0+889 0°929
04855 0016 0871 0*943 0-854 0017 0871 0°935
0847 0019 0°866 0949 08l 0°019 0853 0°945
0837 04020 0+857 0°954 0833 0+021 085 0949
0+828 0+022 0+850 0+954 0824 0+022 0-846 0+949
0°818 0022 0°840 0956 0°815 0°023 0-838 04952
0°79% 0023 0819 0+955 0°793 0+02L 0817 0°947
G737 0025 0762 0940 0733 0-025 0758 0°937
0°846 0028 0874 0946 0+847 04029 0876 0°942
0831 0°033 0-86L4 0954 0-831 0°033 0864 0°949
0+823 04036 0°859 0+958 0-821 0+036 04857 0°954
0814 0038 0852 04959 | 0811 0-038 0-849 0°955
0°+807 0°040 0847 0°961 | 0+803 0+039 0+842 0°957
0°79. | 0°042 0°836 0°+961 0*790 0°041 0+831 0+957
0+780 0042 0+822 0°962 0777 0°042 0+819 0°955

0°728 0046 077k 0949 0-725 OO 0-769 0°946 |

14
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Outboard Inboard
mc/ By mb/, oy Aoc/ Aep Pf/P o0 mo::/ = mb/ = Aoc/ Aen Pf'/P oo
M= 1°85, = 11°3°
0=329 0 Q+929 0°885 0927 0 0°-927 0-882
09, 0 0~ 92k 0+89% 0923 0 0-923 0+893
0916 0 0916 0+901 0909 0 0°909 0+895
0+895 0 0+895% 0+902 0+88k 0 0+884 0+895
0+861 0 0+861 0-888 0°855 0 0+855 0+883
0+847 o 0847 04885 0+840 0 0840 0881
0-893 | 0-017 | 0-910 0+900 0+893 | 0°017 | 0°910 0901
0-885 | 0+020 | 0-%05 0915 0883 | 0:020 | 0-903 0916
0+880 | 0-022 | 0-902 0-918 0°88C | C+022 | 0-902 0917
0+875 | 0°025 | ©*900 0+921 0'871 | 0-024 | 0°895 0+918
0861 | C*025 | 0+886 0+920 0+859 | 04025 | 0-88L 0°918
0-842 | ©+026 | 0-868 091 0-842 | C+*C26 | 0-868 0*913
0-825 0°026 0851 06 0-826 0026 0-852 0907
0+806 | 0+026 | 0°832 0+898 0804 | 0°+026 | 0°-830 0-896
0:894 | ©-028 | 0°949 | 0-909 0+891 | 0*028 | 0-919 0911
O*874 | 0031 | 0°905 0919 0875 | 0032 | 0:907 0+921
0:863 | 0-038 | 0-901 C+933 0864 | €038 | 0-902 0+93k
0*851 | O*Ohk | 0-895 C*931 0849 | 0-0ky | 0°893 0-930
0837 | o-ou5 | o0-882 | 0-932 | 0834 | G-0L5 | 0°879 | 04930
0*8%6 | 0-0L5 | 0°861 0-925 0815 | 0045 | 0°+860 0-925
0+800 | 0-045 | 0845 | 0°920 0:799 | 0046 | 0845 0+920
0*782 | o-Ou6 | 0°-8328 04913 0779 | Q045 | 0-824 0-910
M = 185, = 13+25°
0-888 0 0-888 i 0-900 0-883 0 0-883 0+890 |
0+889 0 0+889 | 0908 0+882 0 0+882 0°903
0877 0" 04877 i 0°903 0874 o] 0871 0899 |
0+874 0 0+871 | 0°906 0+868 0 0-868 0+90l |
0+863 0 0+863 | 0+908 0+361 0 0+861 0+907 |
0+841 0 0841 | 0-908 0-837 0 0837 0+907 |
0+795 0 0:795 ¢ 0893 0788 o 0788 0887
0+883 | 0-015 | 0898 | 0-904 0+884 | 0*015 | 0-899 0+898
0+-875 0-015 0-890 i 0-313 0876 0-015 0851 0907
0-869 | 0-018 | 0-887 | 0-927 0868 | 0-018 | 0©-886 0-926
0+864 0+019 0+883 | 0°+9%1 0863 C*019 0+882 0-929
0°858 | 0+021 = 0<879 | 0-932 C-855 | 0021 | 0+876 0+932
0842 | 07022 | 0864 | 0°93 0841 | 0°022 | 04863 0+930
0-867 | 0-028 | 0+895 | 0907 0°870 | 0-027 | ©-897 0+905
0-868 | 0+031 | 0899 | 0-92 0-870 { Q031 | 0°901 0-92)
0849 | 0*034 | 0+883 | 0°+938 0-849 i 0034 | 0°883 0-938
0-843 0+038 0+861 0-911 Q+844 | 0039 0-884 0-9LC
04828 | 0042 | 04870 0940 0828 | 0°042 | 0870 0°940
0819 | O-O4y | 0+863 . 09 04849 | 0+0L) | 0°-863 0+l
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Table 1 (Contd.)

Outboard Inboard
mQ/Ini mb/mi A cx/Aen P f,/Poo i mc/mi mb/mi A rx/Aen!_ Pf/Pco
u = 200, 53 = 13°6°
0°+921 0 0+921 0+847 0-919 0 0+919 0°+848
0+913 0 0+913 0861 0°+912 0 0+912 0863
0°909 -0 04909 0862 04910 0 0°+910 0+860
0-919 0 0°919 0-874 0914 0 0914 0-866
0912 0 04912 0-871 0903 0 0°903 0+866
0896 0 0-896 0+870 0°+886 0 0+886 0861
0+857 0 0+857 o-853\ 0-8L6 0 0-846 0°-843
0°913 0°+015 0+928 0+859 0+918 0014 0932 0863
0°902 0+014 0+916 0869 0+905 0-015 04920 C+871
0894, 0019 0°913 0885 0-894 0°019 0913 0-888
0+893 N+021 0°914 0°+890 0+892 0-021 0°913 0889
0875 0+023 0°+898 0°+885 087 0024 0-898 04885
0:858 | 0024 0-0882 0878 0+858 0°024. 0882 0+880
0838 002, 0+862 0°871 0835 0+025 0°860 0870
0821 0°025 0846 0-866 0+818 0+025 0+843 0+863
0°+903 0-027 0+930 0+882 0+ 906 0+027 0+933 0°+886
0879 0°031 0°910 0°+893 0°+883 0032 04915 0+895
0°868 0+038 0+ 906 0°908 0871 0038 0°-909 0911
0859 0+047 0°906 0°+908 0+859 0046 0905 0+907
0+839 0°*0L8 Cc+887 0898 0839 0*0L7 04886 0+899
0+819 0°*049 0868 0+890 0+818 0°+047 0+3865 0890
0°799 0*050 0+849 0888 0797 0-048 0845 0-887
0*780 | 0+C51 0331 0879 | 0+766 0°+0L7 0813 0867
¥ = 2°00, 53 = 15°75°
0+876 0 0+376 0851 0876 0 0376 0836
0876 0 0-876 0+877 0374 0 0+87L 0-876
0876 0 0-876 0+873 0+372 0 0872 0876
0+363 0 0+363 0-882 0+356 C 0+856 0°876
0-849 0 0°849 0-832 0+336 0 0338 0°+372
0+833 o} 0°+833 0+879 0821 0 0-821 0866
0+819 0 0+819 0375 0+3806 0 0+306 0862
0786 0 0+786 0+363 O 77k 0 077k 0°+8L9
0°769 0 0+769 0+857 0* 749 0 0749 0835
0875 0017 0+892 0°+864 0381 04017 0098 0+067
0+869 0017 0+886 0832 0+3871 0-018 0+339 0+836
0853 | 0°024 0+879 0°902 03859 0022 0881 0°90L
0+851 002l 0+375 0+902 085 0-025 0879 0°*906
0+838 0+026 0064 0+903 0+340 0+027 0-367 0-905
0°+820 0°027 0+847 0°+899 0+316 0028 0344, 0+899
0°783 0+029 0+812 0+885 0776 0+029 0+305 0+377
0747 | 07031 | 0°778 | 0°875 l0+734 | 0030 | 0-764 1 0862 !




Teble 41 (Contd,)

3

Outboard Inboard
mc/ ny mb/ By Ao</ Aen Pf/P oo mo/ By I’]'b/ By Aoc/ Aen Pf/P ©o
0:877 0029 |, 0°906 0+883 0877 0+028 0-905 0+887
0:857 0-029 0-886 0+89L 0+859 0°031 0°890 0°897
0:830 0-937 | 0°+887 0917 0+852 0-038 0+890 04920
0-835 0-040 0+875 04914 0+840 0041 0+881 0+919
0+819 0-043 0862 0+913 0-828 0*0kly 6872 0924
0+799 0+0L5 08, 0°909 0+803 0+0L7 | 0°850 0°913
0+778 0046 0-824 0°903 9780 | 0-048 0+828 n+905
0740 0°050 0*790 0°889 1 0735 0051 0786 | 0°880
0°703 0+051 0+75% | 0877 i 04692 0+051 0*743 | 0°867
M = 2°00, 55 = 16+25°
0+868 0 0-868 0+859 0+866 0 0+866 0+861
0+849 0 0+849 0870 0-84,3 0 0-848 0+873
0+838 0 0°-838 0873 0+835 o} 0+835 0-87L
0828 0 0+828 0*87L 0+825 0 0+825 0874
0817 0 0817 0873 0811 0 0811 0°868
0<8L0 0040 | 0°880 0°913 0°8L3 0042 0885 | 0°917
0821 0-040 0+861 0°913 0°82, | 0-042 0+866 0917
0°80L | 0-043 0-847 0913 0805 | 0-0L6 0-851 0916
0784 | 0+04 | 0°828 0909 | 0.781 ' o-047 ! 0-828 ! 0+908
¥ = 2°00, 63 = 17°75° |
0815 0 0815 | 0°85, 0817 0 0817 | 0°860 %
0°818 0 0-818 0866 0820 0 0+820 0+870
084 0 0+814, 0+873 0°815 0 0815 0+875
0+803 0 0+803 0-878 C-803 0 0-803 0877
0+798 0403 0+83. 0+909 0+ 7% 0°037 | 0°833 | ©°910
0°780 0+037 0817 0911 0+780 0038 0-818 0911
0770 0-041 0°841 0914 0768 0°0L3 0-841 0913
0750 | 0-0hh | 0794 | 0-912 o'76 | o-ou6 | 0-792 | 0-908
o= 2412, 65 = 15e25°
04932 0 0932 0°807 | 0+918 0 0°913 | 0+803
0-925 0 0+925 08419 0+909 0 0+909 0811
0°906 0 0+906 0+833% 0+901 0 0901 0-832
0914 0 0°914 0+836 0+916 0 0916 | 0-842
0°928 0 0+928 0843 0-922 0 0922 04837
0-917 0 04917 04845 0°89% 0 0°896 0°829
0°893 0 0+893 0°833 0+870 0 L 0870 0814
0-873 0 0+873 04823 085k 0 0854 | 0807
0-852 0 0852 0814 0483 .0 0834 | 0*799
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Table 1 (Contd, )

Outboard Inboard
m/mg | my/mg | AR PR n/my | my/mg | A/A | PR
0-899 0+016 0+915 0849 0+891 04015 0+ 906 0°838
0+ 906 0021 0+927 0+865 0°-897 0+021 0°918 0859
0+910 0026 04936 0873 0°+900 0°+026 0°926 0864
0892 04028 04920 0869 0882 0027 0909 0+859
0869 0028 0857 0-861 0857 0028 0°885 0849
0843 0°+629 0872 0847 0+831 0-028 0+859 0+837
0-922 0-027 0949 0+860 0°915 0025 0°S40 0-85L
0°901 0°+030 0°931 0°869 0897 0+029 0+926 0863
0888 0+039 0927 0°886 0°881 0+039 0°+923 0881
0°872 0°046 0+918 0879 0°+873 0°045 0°918 0+880
0°+853 0048 0*901 0872 0+850 0048 0+898 0+869
0821 Q-049 04870 0855 0+819 | 0-048 0867 0°853
0804 0+050 0485l 0°851 0795 i 0°-049 0+ 84y 0843
M = 212, 53 = 16+25°
0°919 0 0+919 0°820 0920 0 0920 0819
0912 0 0912 0°840 0+912 0 0°912 0-842
0917 0 0917 0840 0°919 0 0°919 0840
0 M4 0 0914 0847 0+910 0 0°910 08l
0875 0 0875 0-830 0°872 0 0872 04830
0839 0 0+839 0814 0833 0 0+833 0+809
0804 0 C+80L. 0807 0799 0 0-799 0°803
078l 0 0784 0+801 0-778 0 0-778 0+7%
04925 017 0942 08l 0933 0017 0950 0850
0913 0015 0928 0859 0°919 0+020 0+939 0-860
0904 0°020 0+92) 0873 0+909 0+021 0+930 0872
0+868 0+022 0+890 0859 0850 0-023 0+873 0+840
0+823 0023 0846 0839 0+808 0-025 0°833 0+825
0783 002l 0+307 0-826 0767 0+027 0°79% 0810
0°929 0+020 0°949 0°863 04925 0+020 0*945 0+855
0°921 0021 0942 0°866 0918 0+021 0°939 0860
0918 0+023 0941 0°+871 04915 0+023 0+938 0-868
0°910 0026 0936 0876 0°909 0026 0+935 0-872
0+905 0°030 0°935 0+885 0°902 0+029 0231 0+880
0°+888 0032 0+920 0877 0°+893 0-033 0+926 0886
0°-831 0+03L 0+865 0847 0+833 0+036 0°869 0°852
0792 0°03%6 0-+828 0837 0*790 0°+037 0+827 0-+835
0°746 | 0°038 | 0-78, ' 0-82% O-747 | 0039 | 0°786 | 0826

1,



Tsbie 1 (Contd,)
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Outboard Inboard
mc/ ny m'b/ B A«/ Aen Pf/P 00 mcx/ my mb/ By Atx/ Aen Pf/P 0
0°904 0+029 0933 0+870 0+903 0028 0°931 0867
0899 0°032 0°931 0879 0+899 0°034 0930 0-878
0+895 0:037 0°932 0+890 0°894 0+035 0929 0-892
0°875 0°040 0915 0877 J+886 0040 0°926 0+892
0°837 0041 0°878 0+853 0°851 0042 0-893 0+870
0816 0042 0+858 0°848 0°819 0°0L3 0°862 0854
0774 | 0041 04815 0+836 071 00l 0842 0+834
0°750 0°042 0792 0+828 0+ 751 0-042 0°793 0-829
0+908 0°029 0937 0-862 0°912 0031 0°943 0°859
0-896 0034 | 0°930 0+875 0+901 0+036 0°937 0+875
0+889 0°038 0°+927 0°882 0+893 0040 0°933 0+882
0°884 0042 0°923% 0890 0+585 0-043 04928 0-895
0+859 0°048 0°907 0878 0867 0+C50 0917 0+885
0°833 0+050 0883 0-865 3848 0+050 0868 0-852
0784 0°052 | 0°836 0°848 0773 0°+052 0°825 0+838
0*745 | 0-055 | 0800 : 083k 0735 | 0°054 ! u*789 0826
M o= 242, &, = 17:50°
0+889 0 0°889 0+820 0+888 0 0+888 0+816
0+885 0 0-885 0845 0+885 0 0+885 0848
0+378 0 0-878 0-840 0°879 0 0+879 0-842
0861 o] 0861 083l 0-866 0 0°866 0842
0-849 0 0+8L9 0+831 0°8L9 0 0849 0833
0-836 0 0°836 0+836 0+830 0 0+830 0-829
0°760 0 0°760 0+806 0°7%6 0 0° 7% 0+800
| 0-880 0-018 0+898 0-847 0°8.7 0017 0+902 0849
0+864 0-021 0-885 0+86L4 0°867 04020 0-887 0-868
0+85% 0°022 0877 0+866 0+860 0°022 0°882 0870
0°835 0024 0-859 0-862 0838 0024 | 0°+862 0+865
0-820 0+025 0+845 0°856 0812 0°025 0837 0-848
0°801 0°026 0°827 0°852 0°793 0°026 0719 0844
0°709 0°029 0°738 0+849 0°705 0+029 073l 0°845
0°+873 0+031 0°90L (863 0+879 0+032 0+914 0°869
0+855 0-038 0893 0883 0+861 0+039 0+900 0+889
0°838 00 | 0°-882 0+878 0+840 0°+0L3 0-883 0°880
0+825 0°047 0°872 0879 0+821 C0L6 0°867 0875
0+795 0+049 0+84 0+866 C+767 0+049 0816 04855
0+681 0°057 0°738 0°829 0+681 0055 | 0°736 0-825
0°861 0+034 0+895 0-868 0°865 0+036 0901 0-872
0853 0039 0°892 0°876 0°-858 0°040 0-898 0881
0-845 0-0L4 0-889 €+889 0+851 0045 0897 04895
- 0+829 0°047 0-876 0+885 0+830 0050 0+880 0°886
0+798 0°049 0847 0868 0791 04052 0843 0-861
0777 0+053 0+830 0+862 0769 0°05L | 0°+823 0+853
0-686 0+058 O*7hly 0832 0687 0061 0°748 0°833
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Table 1 (Contd.)

OQutboard Inboard
m/mg “%ﬁ%.r Afhn | FelBy m/mg | my/m | A/A | PR
o= 212, = 18+25°

0°830 0 0°+830 0+807 0+83L 0 0+83 0+83L
0-832 0 0°832 0+837 0+829 0 0+829 0°829
0+822 0 0-822 0+833 0+817 0 0-817 0817
0+809 0 0-809 0834 0-805 0 0+805 0+805
0791 0 0791 0+829 0+788 0 0+738 0-788
O+ 774 0 O 774 0-82. 0774 0 077k 077k
0686 0 0686 Q0-796 0+638 0 0+688 0+688
0°825 0019 08l 0°334 0+827 0°018 0-845 0°835
0813 0°023 0-836 0-857 0347 0°023 0+840 0+862
0+807 04026 0+833 0-861 0+806 0+026 0°832 0-860
0°790 0023 08418 0+861 0787 0°026 0-815 0857
0764 | 0°030 0° 79, 0+851 0°76L 0+030 079 0+849
0748 0+031 0779 0846 O* 749 0032 0+731 06

0°65. 0°035 0+689 0817 04657 0°036 0+693 0+849
0812 0+031 0843 Q351 0-815 0°032 0847 0-856
0°795 0°040 0835 04870 ‘ 0°799 0°040 0°839 0*874
0° 779 0°044 | 0°823 0°869 0775 0+ 0l 0+819 0+863
0763 0°0L47 0+310 0-864 0°+760 0047 0-807 0°859
0+738 0-050 0788 0+857 0737 0+050 0-737 0+856
0-712 0+052 076l 0847 0°716 : '0°053 0769 0-849
0627 0+058 0+685 0+825 10631 0°053 ' 0°689 0+828

Moo= 2012, = 20°+C°

079 0 079 0+803 0+761 0 0+731 0°790
0°791 0 0°791 0+827 0779 0 0-779 0-814
0+780 0 0+780 0+836 0772 0 0+772 0-828
0°759 0 0-759 0-826 0°753 0 0753 0-819
0+725 0 0+725 0-821 0+720 0 0-720 0-8318
0* 78k 0+022 0-306 0+846 0771 0+021 0-792 0+830
0 /1M 0024 | 04795 0+355 0+ 761 0-024 0+785 0+841
0765 0°+028 0793 0+852 0+757 0+027 0+ 78l 0843
0+750 0°032 0+782 0+855 0748 0-032 0+730 0+056
0704 0-036 0+740 0+839 0+705 0+039 0744 0844
04659 004t 0°+700 0+824 0664 0°042 0706 0°833




Table 1 (Contd,)
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Qutboard Inboard
mc/ mi m"b/ mi A Aen Pf/P €0 \ mc/ mi %/ mi Au/ Aen—l Pa‘.‘/Pco
M = 220, 63 = 16+25°
i
0937 0 0937 0779 0942 0 0942 0781
0+93) 0 0934 079 0934 0 0+93L 0792 !
04932 o} 0°932 0+817 0932 ¢ 0°932 0818 |
0931 0 0931 | 0°+847 0931 0 0931 0817 |
0°944 0 0944 0327 0°933 0 0933 0820 |
0+918 o} 0+918 0813 04918 o} 0°+918 0+816
0+888 0 0°8388 0°+798 0+38L. 0 0°384 0793
0+352 0 0°852 0787 0349 0 0°849 0+ 78
0+813 0 0°813 0775 0809 0 0+809 0772
0°93l, 0017 04951 0-024 0+939 0°017 0°956 0-824
0+922 0°018 0940 0330 0928 0-019 0°947 0+828
0918 0023 0941 0+346 04920 0+02L 094, 0*8L9
0°910 0027 0°937 0+051 0+911 0+028 0939 0352
0893 0031 04929 0843 0900 0032 0°932 0845
0°863 0-032 0°900 0327 03853 04033 0°691 0+321
0841 0+032 0873 0°322 0332 0033 0°865 0811
0-798 003l 0832 0+806 0792 0035 0827 0°799
0928 0027 0955 0+311 0°934 0°+028 0962 0-839
04911 0+032 0943 0351 0°916 0+033 0°949 0849
0898 0+l 0942 0+ 864 0+901 004y 0945 0869
0874 0-048 0-922 0°849 0+870 0+050 04920 0-847
0847 | O*049 0°89 043836 0+029 0+050 0+879 0+822
0+821 0+050 0-871 0830 0306 04051 0+857 0317
G*799 | 0°052 0+851 0-827 0737 04052 0839 0814
0753 0054 0+807 | 0°309 0742 0+055 0797 0798 |
|
o= 2020, 8, = 17°50° 1
0°936 0 0936 0820 0°929 o} 0+929 0-824
0°900 0 0°900 0°821 0+379 0 0+379 0+8C6
0-360 0 0860 0+811 00l 0 0*8L4 0°796
0837 0 0837 0-798 0-022 0 0-022 0+705
0+316 0 0816 0795 0+301 0 0+301 0+781
0797 0 0797 0+739 0-733 0 0°733 0-776
0936 0+024 0+960 0-332 0*940 0021 0961 0+829
0-922 0+020 0°9L2 0846 0929 0+021 0+950 0047
0+905 0025 0°930 0+361 04906 0°025 0°931 0+ 36
039 0+028 0°922 0+357 0+8808 0°+029 0°917 0+052
0+861 0°+029 0°+890 0830 04855 0+030 04085 0-836
0838 0030 04368 0+323 0-329 0°031 0+060 0+323
0-813 0+031 0844 0+823 0°+805 0+03%2 0-837 0816
0+763 0+033 0+801 0°+805 0:765 | 0°03L 0799 0+ 20k
0°740 0034 O 774 0+795 10+735 | 0-035 0773 079




Table 1 (Contd.)

Outboard Inboard
mc/mi mb/mi A o/Aen P f/‘Pm mc/mi mb/mi A «/Aen P f/Poo
0+931 0+030 0-961 0851 0+935 0-031 0+966 0°846
0°907 0032 0°937 (859 0912 0034 0946 0+859
0893 0-042 0+935 0877 0-895 0+041 0+93%6 0°882
0°+869 0°*0L6 0°915 0+859 0-862 0047 0°909 0°85.
0°834 0047 0+884 0840 0820 0°0L7 0-867 0832
0°790 0050 0840 0+831 0780 0050 0+830 0821
0+740 0+053 0°793 0814 0°735 | 0054 | 0°+789 0809
M = 220, 63 = 18+25°
0°917 0 0°917 0+845 C*910 0 0910 0811
0°902 0 0+902 0+817 0-8%96 o} 0+896 0814
0°+889 0 0889 0814 0+877 0 0877 0°+805
0874 0 0874 0812 0°860 0] 0+860 0° 799
0°+906 0°033 0939 0+856 0+509 0+034 0+943 0+856
0°+498 0°034 04932 0863 0899 0036 0935 0863
0+888 0037 0°+925 0871 0871 0040 0°911 0+85)
0+870 O+0LA 0°+911 0861, 0-858 | 0+043 : 0°+90% 04853
M = 220, 65 = 20°25°
0824 0 0824 0791 0+816 0 0+816 0+ 786
0819 0 0819 0805 €809 0 0+809 0°+793
0+811 0 0+811 0+805 0797 0 0797 0°793
0793 0 0793 0-806 0777 0 0777 0°791
O° 79 0035 0829 0+838 0-783 €037 0820 0827
0776 0°036 0+812 0842 0+765 0040 0+805 04829
0°760 0+042 0802 0+8).2 0746 0-eL6 0792 0+825
0+738 0+0L6 0° 78l 0°838 0722 0°-049 0771 0+821




Table 2

Splitter I Unequal throttling

37

£
A&/Aen

When spill vents are open the figure in the mass Tlow
as the spill vent flow has not been included,

Outboard Inboard
mo/ mi mb/ mi Am/ Aen Pf/P oo mo/ mi m'b/ mi Aoc/ Aen Pf/g:o
M 1470, 63 = 9-70°
0+935 0 0°935 | 0°910 0°877 0 0877 | 0*914
0+900 0 0900 | 0-911 0877 © 0877 | 0°912
0+849 0 0849 | 0°9C6 0877 0 0877 | 0°912
0+828 0 0°828 | 0+910 0876 0 0876 | 0*910
0+839 0 0+839 | 0°922| Outboard S.V.* open 1|0°877 0 0877 | 0°914
0°815| 0O | 0815 | 0916 | Outboard S.V. open 2{0*879 | O |0°879 | 0+916
0°811 0 0811 | 0°914 0+880 0 0+880 | 0+915
0°789 0 0-789 [ 0°909 0-879 0 0879 | 0915
0801 0 0+801 | 0°927! Outboard 3,V. open 2[/0°380 0 0880 | 0°9156
0+789 0 0789 | 0°920 " §,V,.open 2°5 |0+882 0 0+882 | 0917
0+687 0 0+687 | 0°891 0-881 0 0884 | 04918
0.952 | 0-016 | 0°968 | 0°932 0+896 | 0°017 | 0913 | 0-926
04923 | 0*016| 0°939 | 0°935 0-897 | 0016 |0°913 | 0-928
0+888 | 0°019( 0°907 | 7943 0°898 | 0°017 [ 0°915 | 0°928
086l | 0°019| 0+883 | 0°943 04899 | 0017 {0+916 | 0*93L
0+857 | 0°017| 0°874 | 0°942| Outboard S.V.open 1 |0°900 | C+017 {0:917 { 0°933
0+841 | 0°019| 0860 | 0942 0+898 | 0-017 [0°915 | 0+930
0846 | 0*020| 0+836 | 0+936 0+898 | 0+C17 {0915 | 0+931
0+812 | 0*017| 0°829 | 0°935 ® 3,V, epen 1¢5 |0°89 | 0°017 |0°913 | 0+927
0590 | 0021 | 0611 | 0°883 0+393 | 0*018 [0°913 | 0°+929
0613 | 0*016| 0+629 | 0°923 " 5.V, open 6 0+896 | C*016 |0°912 | 0-928
0 902 | 0+025| 0°927 | 0°932 0+859 | 0°029 {0+888 | 0-93L
0876 | 0*027| 04903 | 0°940 0860 | 0+029 | 0889 | 0°935
0830 | 0039 | 0°869 | 0°949 0°859 ! 0°030 | 0°389 | 0°941
0°+828 | 0*030( 0858 | 0°+951 " 8,V. open 1 0+860 | 0°030 | 0890 | 0°942
0+806 | 2040 | 0°846 | 0°948 0+860 | 0°030 | 0°890 | 0°937
0°783 | 0°0u1 | 0°824 | 0°945 0+861 | 0°030 | 0°891 | 0938
0+790 | 0°039| 0+829 | 0953 " 5,V, open 1 0+861 | 0030 {0+891 | 0°939
0+781 | 0°029| 0*810 | 0-946 " 8,V. open 2 i0.858 0029 | 0+887 | 0°935H
0+575 | 0*042| 0*617 | 0+898 10851 | 0+035 | 0886 0+932 |
04593 , 0026 | 0°619 | 0°928' " S5.V. open 6 50-859‘ 0°029 1 0+888 | 0°935

ratio column is not
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mable 2 (Contd,)

Outboard Inboard
WAEVAIVNEY N s /oy | B/ | A /%oy Po/P
M o= 1-85°, 83 = 11+3°
0*949 0 0949 | 0-882 0+915 0 0+915 | 0°87h
0°936 0 C*936 | 0+886 0+917 0 0+917 | 0+876
0-913 0 0+913 | 0-899 0919 0 0-919 | 0876
0-868 0 0-888 | 0896 0-5922 ¢ 0-922 | 0-885
0-873 o) D+873 | 0°895 | Outboard 3,V, open 1 |0*919 0 0-919 | 0-885
0-861 v} 0-861 | 0887 0922 0 0+*922 | 0-877
0829 0 |0-829 | 0<881 0+925( 0 |0+923 | 0878
0797 0 0*797 | 0BT 0+920 0 0920 | 0°877
0°818 ¢ 0+818 | 0°897 " 8,V, epen 2 04920 0 0-920 | 0*876
0607 0 0607 | 0821 0922 0 0+922 | 0-877
0601 O | 0°601 | 0°850 " S,V.opené |0*M71 O |07 | 087
0°833 | 0°017 | ©*910 | 0-501 0+873 | 0-018 | 0-891 | 0-897
0+878 | 0*M% | 0'897 | 0°917 0°873 | 0°019 | 0-892 | 0+8%
0875 0+*023 | C*898 | ©+923 0874 | 0°019 | 0893 | 0+897
0°*B65 | 0*C23 | 0+*888 | 0-923 0+875 | 0019 | 0*89 | 0-898
08481 0024 | 0872 | 0°919 0875 | 0015 | 0+894. | 0905
0849 | €021 | 0*870 | 0-925 | Outboard S.V, epen 1 |0-875 | 0*019 | 0*89L | 0°905
0+786 | 0*024 | 0°810 | 0°895 0874 | 0019 | 0*B93 | 0-8%
O+784 | C*018 | 0+BOO | 0906 " 8.V, open 2 |0°875 | 0*018 | 0°893 | 0+398
067 | 0*026 | 0*700 | O*871 0+880 | 0*019 | 0°839 | 0 S04
06850019 | 0-70L | 0°891 " S.V. open L | G874 | 0-019 | 0893 | 0°857
0+875 | C+027 | 0°902 | ©*912 0+845 | 0040 | 0885 | 0+921
0+865| 0034 | 04896 | 0-922 0845 | 0°044 | 0+886 | 0+921
0+86C | 0*C35 | 0*895 | 0+927 0+84). | O*0L2 | 0*886 | 0+920
0+850 | O*041 | 0°891 | 0-934 0843 | 0*041 | 0884 | 0919
0837 0*042 | 0+879 | 0+932 0*842 | O*041 | 0+883 | O*N7T
0-818 | 0043 | 0861 | 0°929 0+842 | 0041 | C*883 | *918
0+800 | O*04 | 084 | 0922 0+842 | 004t | 0883 | 04923
0*79 | 0*030 | 0824, | 0925 | Qutboard 8.V, open1*5| 0°845 | 0°041 | 0*886 | 0+926
0+762 | 0*0OL) | 04806 | 0908 0°841 | O°0LO | 0+881 | 0+915
0711 | O*C46 | O*757 | 0896 0+838 1 0040 | 0+878 | C*913
0667 ( 0*0L9 | 0*716 | 0*BY0 0+838 1 0°039 ! 0+877 | 091k
0+627| 0°049 | 0676 | 087, 0+83% 1 0039 | 0872 | 0+911
06658 | 0*034 1 0%692 | 0°922! * 3.V, openh | 0*845 0041 0886 | 0°920

M = 2°00, 63 = 13+6°
0+923 0 0+923 . 0-834 0-907 o 0*907 | 0+843
0-913 0 04913 | 0844 0*911 0 0+9HM1 | 0°847
0+912 Q 04912 | 0+862 0°916 0 0916 | 0+851
0-918 0 0918 | 0-87C 0920 0 0920 | 0+854
0+892 0 0+892 | 0*867 0+521 0 0929 | 0+861
0+878 0 0:878 | 0'B68 | Outboard S,V, open 1| 0+918 ® 0+918 | Q*860
0+855 0 0+855 | 0853 0919 0 0+919 | 0+852
0+818 0 0+818 | 0-849 " S,V, open 2] 0944 ¢ O 0944 | 0°850
0673 0 0673 | 0794 0°9151 0 0-915 1 0854
0+653| 0 0653 | 0+826 " 8.V, open 5! 0914 0 | 0914 0850
| , |




Table 2 (Contd,)

29

Outboard Inboard
mc/ mi m.D/ ) Aoc/ Aen Pf/P 00 mcs/ mi mb/ mi A“/ Aen Pf/ Poo
04917 | 0°044 | 0°931 |0°860 0+887 |0+018 | 0°905 | 0*871
0+905 | 0°015 | 0+920 |0-870 0+886 [0-018 | 0904 | 0+871
0°901 | 0°016 | 0°917 |0-878 0+887 [0°018 | 0+905 | 0+872
0°894 | 0°018 | 0912 |0-883 0-885 [0°018 | 0-903 | 0-871
0894 | 0020 | 0+914 [0-892 0+885 |0°019 | 0°904 | 0-871
0-886 | 0°023 | 0°909 |0-897 0+886 |0°019 | 0905 | 087
0+847| 0°025 | 0°872 |0-883 0+886 | 0°020 | 0*906 | 0-878
0+847 | 0+C21 | 0°868 |0°895 Outboard S.V. open 10886 |0+019 | 0°905 | 0879
0793 | 0+026 | 0*819 |0-863 | 0+885 [0-019 | 0°904 | 0°873
0729 | 0°026 | 0-755 |0-845 0-885 [0°019 | 0°904 | 0*874
0693 | 0-028 | 0+721 |0°839 0886 | 0-019 | 0°905 | 0874
0722 | 0+022 | O* 744 |0-885 " S,V, open 3 |0°+885 |0°019 | 0°90L | 0°+874
0°896 | 0*025 | 0*921 [0-880 0-864 | 0*0LO | 0*90L | 0°+897
0+884 | 0°030 | 0*914. |0-898 0+870 | 0°040 | 0*910 | 0°902
0+859 | 0°045 | 0*90L |0+905 0-870 | 0042 | 0*912 | 0°902
0839 | 0-046 | 0°885 (0°896 0°870 | 0°042 | 0*912 | 0°901
0-819 | 0°047 | 0*866 [0+890 0+870 | 0*042 | 0°912 | 0°+899
0798 | 0°047 | 0845 10+88L 0+868 | 0*042 | 0*910 | 0°900
0789 0°028 | 0°847 [0+891 " §,V, open 2 | 0868 | 0°0LO | 0°908 | 0°903
0+650 | 04053 | 0-703 |0+835 0+854 | 0=041 | 0°895 | 0886
0°679 1 0033 | 0+712 10°889 " SV, open L4 | 0+869 | 0+0LO | 0°909 | 0°902
N o= 2412, 63 = 16°+25°
0°93, | O 0°934 (0798 0°927| O 0-927 | 0838
0-927 0 0+927 {0-845 0:927| O |0+927 | 0°840
0°928 0 0+928 {0-831 0+930 0 0°920 | 0-842
0°926| 0O |0°926 {0°845 0+932| 0  0°932 | 0°8Lk,
0+901 0 04901 l0-847 0°935] O 0:935 | 0°846 |
0:89% | O 0°894 [0°85 | Outboard S,V, open 1| 0:936 0 0936 | 0°847!
0861 © |0°861 |0°823 0:935| 0 |0+935| 0°845]
0°827| O |0-827 [0°813 0934 | O |0°934 | 0°843]
0+788| 0 |0°788 |0+805 0:933| O ]0°933 | 0-841
0°79%.| O |0*7%. |0-816 " S,V. open 1| 0°932 0 0932 | 0842
0793 0 0°793 [0+83 " S,V. epen 2°3| 0938 0 0+938 | 0°848
0*707| O 0+707 [0-780 0+929 0 0925 | 0+836
0°925 | 0¢019 | 0944 [0+833 0°+906 | 0018 | 0924 | 0+859
0°91%4 | 0°017 | 0°931 10°85. 0°90L | 0°018 | 0°922 | 0858
0+902 | 0+019 | 07921 (0-870 0°904 | 0°018 | 0°922 | 0°855
0+89 | 0°023 | 0°919 |0-879 0+905 | 0+018 | 0*923 | 0°857
04885 | 0-026 | 0°911 [0-877 0°905 | 0°048 | 0*923 | 0°856
04860 | 0027 | 0-887 |0+869 0903 | 0°019 | 0°922 | 0°863
0846 | 0°019 | 0°835 |0*84L | Outboard S.V. cvpen 2| 0°906 | 00018 | 0+ 924 | 0-E6L
04598 | 0°035 | 0°633 |0°767 0+884. | 0°019 | 0°903 i 0841




Table 2_(Contd.)

Outboard Inboard

|
“'mc/ o m‘a/ By Ao/ Aen Pfﬁ3 0 !mc/ ™ m.b/ 3 A0</ Aen Pf/P o

I

L
0:918 | C*017 [0°935 | 0860 | 0909 | 0:021 | 0-930 | 0-866
0°912 | 0*017 1 0°929 | 0867 0909 | 0°021 | 0°930 | 0866
04907 | 0°020 |0°927 | 0-87 0°907| 0°021 | 0:928 | 0-86L
0°818 | 0*022 | 0840 | 0+833 0+901 [ 0°021 | 0+922 | 0-858
0°+780 | 0023 | 0803 | 0-823 0-896 | 0°021 | 0-917 | 0-853
0°734 | 0°024 [0°758 | 0+810 0+889| 0°020( 0:909 | 0-846
0+933| 0°023 |0*956 | 0855 0°919| 0+031| 0950 | 0876
04922 | €025 | 0-947 | ©-866 0-921 | 0+032| 0953 | 0-878
0911 | 0030 |0°*941 | 0877 0°922 | 0°032| 0°954 | 0-879
0898 | 0637 | 0°935 | 0891 0°922 | 0-032| 0*954 | 0-880
0°817| 0*0L3 0860 | 0°+851 0°+921 | 0*033| 0°*954 | 0+887
0846 | 0°036 | 0°882 | 0°89L | Outboard S,V. open 1| 0°924 | 0°032| 0956 | 0-+888
0*776 | 0°0LO [0*846 | 0838 0°*913 | 0°031| 0*94. | 0873
C*737| 0°043 | 0*780 | ©-828 0+904 | 0°030| 0°934 | 0871
Q*747| 0040 | 0°787 | 0842 " 8,V. epen 1 04913 | 0°030 | 0°943 | 0874
0*762 | 0031 |0°793 | 0°+885 " 8.V, open 2*3 | 0°919 | 0°029 | 0-948 | 0-88.
0912 | 0°028 | 0°940 | 0+865 0895 | 0°0L5| 0°940 | 0°*89%
0+901 | 0*03L | 0*935 | 0°879 0°895| 0*045| 0°940 | 0°895
0862 | 0°049 | 0°911 | 0°-879 0°898 | 0°0465 | 094 | 0898
0809 | 0°050 | 0°85k9 | 0°857 0+894 | 0*0L7| 2941 | 0°900
0+837| 0°048 | 0+885 | 0°+891 " 8,V, open 1 0+89L | 0°04L5 | 0°939 | 0+900
0+763 | 04054 | 0817 | 0842 0+878 | 0°0L7| 0+925 | 0+878
0+723 | 0058 | 0781 | 0°+834 0+869 | 0*O4L5| 0°91L | 0°*87k
0+73%2| 0°053 | 0*785 | 0°+848 " S.V. open 1 0881 | 0°047| 0+928 | 0-885
0°739| 0033 , 0777 | 0878 | " 8.V, open 3 0°898 | 0*046 | 0°94d. | 0°90L
Q*7C6 | 0*C60 | 0766 | 0°829 0863 | 0°042. 0°905 i 0°866

I = 2-20, 63 = 17'5°
0°915 0 04915 | 0°807 0842 o} 0+843 | 0°793
0882 0 ©+882 | 0-800 0°84.3 0 0843 | 0°792
0866 0 0866 | 0°799 0842 0 08L2 | 0°792
0+830 0 0830 | 0°791 0843 0 0843 | 0°792
0°808 0 0808 | 0°+783 0+843 0 0843 | 0792
0763 0 0763 | 0-768 O+8L4 0 084 | 0°795
0°781 0 0781 | 0°802 | Outboard S.V.open 1°5| 0843 0 0843 | 0793
0*72} 0 0724 | 0°757 0842 0 0-842 | 0°791
0674 0 0674 | O°7hk 0-841 0 0841 | 0789
0* 706 0 0°706 | 0-787 " 2.V, open 3 0843 0 08,3 | C*792
0936 | 0°021 | 0°957 | 0°833 0898 | 04022 | 0°920 | 0°*8LL
0°+925 | 0°022 [ 0*947 | 0°846 04897 | 0+022! 0919 | 0842
0+919 | 0°024 | 0°943 | 0°-852 0°898 | 0°023] 0°921 | 0-843
0+896 | 0030 | 07926 | 0°856 0+895 | 0+022| 0°917 | 0841
0861 | 0-032 | 0893 | 0835 0+898 | 0+023| 0921 | 0-843
0+*844 | 0°033 | 0°84,7 | 0°+823 0891 | 0°023| 0°914 | 0°*8L3
0+839 | 0°032 | 0°871 | 0°858 | Outboard S,V, open 1| 0°893 | 02023 0916 | 0844
0*720 | 0°036 1 0°756 | 0*791 0876 | 0°022| 0893 | 0-825
0648 | 0*037 | 0*685 | 0*772 0874 | 0°022{ 04896 | 0°822
| 0+693 | 0*032 1 0°725 | 0°841 " 8,V. open 3°5| 0+892 | 0°022| 0°914 | 0°840

144

[t
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Table 2 (Contd,)

te

Outboard Inboard
mc/mi mb/mi A«/Aen Pf/Poo mc/m:,L m, /m, Ao/Aen }?f/PDo !
0927 | 0°027 | 0°954 | 0°849 0:892 [ 0°042| 0°934 | 0°872
0*906 | 0031 | 0°937 | 0857 0+891 | 0°042 | 0°933 | 0+871
0°903 | 0°036 | 0*939 | 0*867 0+891 | 0-042| 0933 | 0-872
0878 | 0°047 | 0925 | 0*870 04892 | 0*042| 0°934 | 0873
0+838 | 0049 | 0887 | 0-846 0-889 | 0-042 | 0-931 0-871
0809 | 0°049 | 0858 | 0+835 0°886 | 0+04L.| 0930 | 0°866
0°789 | 0051 | 0°840 0-828 0+879 | 0*045| 0924 | 0-857
0+817 | 0Ol | 0°861 | 0*872| Outboard S.V.open1°5 |0°891 | 0°042 | 0+933 | 0+872
0*717 [ 0°056 | 0773 | 0°811 0+863 | 0043 | 0°906 | O-8Lk
0+668 | 0°058 | 0°726 | 079 0856 | 0-042 | 0+898 | 0+838
0+615 | 0060 | 0675 | 0781 0°+853% | 0*041 | 0894 | 0-832
I . - ESS K R |




Table 3

Splitter II

Outboard Inboard
mc/ By IILb/ my Ao/ Aen Pf‘/P 00 ! mc/ 3 mb/ o3 Aoc/ Aen Pf‘/P 00
M = 185, 63 = 11-3°
0948 | O | 0°948 | 0+885| Equal throttling 0+950 | O |0-950 | 0-880
0°934 0 0°931 | 0-886 0°931 0 0+931 | 0+883
0°928 0 0+928 | 0+898 0+928 0 0+928 | 0+898
0910 0 0°910 | 0898 0+902 0 0+902 | 0+893
0°857 0 0857 | 0+886 0851 0 0+851 | 0+883
0+800 0 0+800 | 0871 0°792 0 0792 | 0-864
0733 0 0+733 | 0-862 0+725 0 0725 | 0+852
0+657 0 0657 | 0835 0+650 0 04650 | 0+825
0884 [0+028 [ 0°912 | 0-908 0882 | 0°029 { 0*911 | 0°913
0+868 [0°031 | 0899 | 0°916 0+869 | 0033 | 0°902 | 0°916
0+864 {0°034 | 0°898 | 0°922 0+866 | 0°036 | 0°902 | 0923
0+860 [0+038 | 0*898 | 0°932 0+856 | 0°041 | 0897 | 0-927
0+847 {0041 | 0-838 | 0+929 0839 | 0°042 | 0°884 | 0-92,
0834 |0°042 { 0*876 | 0°930 0+823 | 0*043 | 0*866 | 0+919
0+800 |00l | 0844 | 04920 0-788 | 0*0LL. | 0832 | 0+910
0°*731 [0*046 | 0777 | 0+S00 0717 | 0*0LL. | O+764 | 0886
0663 [0°047 | 0°710 | 0882 0°+653 [ 0°046 | 0699 | 0-869
0+586 |0°048 | 0*634 | 0+850 0577 | 0+0L7 | 0*624 | 0839
0+862 {0°039 | 0°901 | 0°928 | Unequal throttling 0+823 10°041 | 0°86L4 | 0912
0848 [0°041 | 0887 | 0-928 0-822 | 0°0L41 | 0863 | 0°912
0816 |0°043 | 0859 | 0-927 0819 | 0-041 1 0°860 | 04910
0+801 | 0°QLL | 0°845 | 04920 0820 | 0041 ;0861 | 0911
0733 10*047 | 0°780 | 0°501 0+848  0+€40 | 0°858 | 0910
0°663 ;0°048 | 0°711 | 0884 | C*817 . 0°040 | 0857 | 0+909
M = 1°85, 63 = 13°25°
0+858 |0+031 | 0*889 | 0927 | Equal throttling 0856 [0*032 {0032 | 0+926
0+847 [0°033 | 0*880 | 0+934 0*847 [0°035 | 0*035 | 0°933
0+842 [0°038 | 0+880 | 0°941 €839 [ 0040 { G*0LO | 0°+938
0+826 | 0040 | 0866 | 0-939 0°824 | 0042 | 0-042 | 0937
0+816 | 0°043 | 0°859 | 0940 0+840 | 0°0OLL | 004 | 0°+935
0+803 | 0*Okdy. | 0*8L7 | 0944 0+795 | 0+O4k | O°OL44 | 0934
0+753 | 0°046 | 0799 | 0-928 0- 7,8 | 0048 | 0048 | 0923
0627 | 07050 | 0+677 | 0888 0+619 | 0°051 | 0-051 | 087
0+854 | 07030 | 0°88L4 | 0°924 | Unequal throttling 0845 {0042 |0+887 | 0°933
0846 | 0031 | 0°877 | 0+932 0846 | 0042 1 0°888 | 0+936
0°828 | 0°039 | 0°867 | 0°%u1 0°845 | 0041 | 0886 | 0937
0817 | 0*042 | 0°859 | 0+942 0843 | 0*041 | 088l | 0°936
0°*795 | 0046 | 0841 | O*9L4 0°+843 | 0040 { 0°883 | 0938
0791 | 0°0LO | 0*831 | 0*941 | Outboard S.V, open 1 | 0°845 {0041 | 0886 | 0°937
0°695 | 02052 | O*747 | 0°919 0+838 | 0°039 | 0°877 | 0°934
0°*575 | 0°054 | ©*629 | 0*876 0831 | 0°038 | 0+869 | 0°+926
0*597 | 0053 | 0*650 | 0°917 " " open 2| 0*836 | 0039 | 0°875 | 0-93.
0°595 | 0*033 | 0*628 | 0°920 " " open 5| 0845 {0041 | 0886 | 0°937




LX)

Tsble 3 (Contd.)

L3

Outboard Inboard
mc/ mi mb/ 1 Azx/ Aen]j Pf‘/Poo } mo/ ! mb'/ s Aoo/ Aen Pf/ IZO
N = 2-12, 53 = 16°25°
0916 0 |0°916 |0+82% | Equal throttling |0-913| 0 [0:913 | 0-823
0+915 O |0-915 | 083 0913 | 0 |0°913 | 0-832
0921 0 | 0921 |0-851 0°920| O |0°+920 | 0°853
0:917 0 |0°917 |0°-849 0-907| 0O |0:907 | 0°846
0898 0 |0°-898 |0840 0°890| 0 |0°890 | 0-838
0-881 0 104881 |0°-83 0866 | 0 |0°866 | 0°825
0+ 804 0 | 0804 |0°+806 0-793| 0 10-793 | 0799
0°635 0 0+635 | 0+739 0622 0 0622 | 0°726
0-895 | 0°033| 0928 |0°876 0395 | 0°03L | 0°929 | 087
0°886 | 0°035|0°924 | 0882 0+886 | 0°037 | 0+923 | 0-882
0+876 | 0°036 | 0°912 | 0+890 0+87L | 0*042 | 0°916 | 0+888
04865 | O*OLk | 0°909 | 0+383 0855 | 0-045 | 0°901 | 0+879
0-84,2 | 0-0u6] 0888 | 0878 0815 | 0°045 | 0+860 | 0+854
0+846 | 0+047| 0°863 | 0863 0+789 | 0°045 | 0834 | 0838
0+714 | 0°051| 0°765 | 0823 0+706 | 0052 | 0°758 | 0°816
0°610 | 0056 | 0°666 | 078k 059 | 0°052 | 0648 | 0768
0+920 0 |0+920 |0°-830 093, | O [0°934 | 0°845
0°919 0 |0°919 |0+835 0493, O | 0934 | 0845
0915 0 |0°915 |0-847 0928 | O |0°928 | 0844
0904 0 |0°90y |0°8u 0°928 | O (0928 | 0+8L4
0-88 0 0886 | 0+836 0+927 0 0927 | 0841
0861 0 |0+861 |0-824 04928 | O |0°928 | 0838
0°867 0 |0+867 |0°8.8 | Outboard S.V, open 1 0°929 | O 10°929 | 0+842
0°753 0 0753 | 0-795 0-925 0 0-925 | 0+840
0600 0 | 0600 |0-73L ' 0°903| 0 |0-908 | 0-822
0641« O | 0641 | 0778 " S,V.opend1 0°920| O 10°920 | 0835
0621 ! 0 | 0621 |0°-811 " SV, open 510°932 | O [0°932 | 084k
. 0°910 | 0°026 | 0°93 | 0+86L 0+873 | 0+049 | 0+927 | 0+881
0+900 | 0031 | 0*931 | 0+880 0+877 | 0°049 [0°926 | 0880
0+890 ' 0°+036 | 0°926 | 0+886 | 0°876 |0-048 |0+92) | 0879
0+86L | 0°0L5| 0°909 | 0884 087 | 0°046 | 0920 | 087k
0833 | 0-046 | 0°879 | 0865 0859 | 0-04 |0+903 | 0+861
0+807 | 0-047| 0854 | 0°3852 0857 | 0+043 |0°900 | 0+861
0:782 | 0°049 | 0831 | 0-848 0860 | 0*043 |0°903 | 0°866
0+809 0046 | 0°855 | 0886 | Outboard S.V. open 1 | 0°869 | 0-04L |0°913 | 0°876
0+720 | 0053 | 0°773 | 0829 0870 | 004 [0°914 | 0+872
0+563 | 0°058| 0621 | 0*769 084 | 0°039 |0°883 | 0846
0+603 : 0°055 | 0°653 | 0822 " 8.V, open 2 | 0+863 |0*042 [0°905 | 0-366
0617 ; 0°039 | 0*65% | 0-873 M SV, open 45| 0°875 |0+046 [0°921 | 0879
: |




Table 4
Splitter III
Outboard Inboard
mc/ mi mb/mi A<></ Aen Pf/Poo mo/ mi II)'b/m ? Ac</ an Pf/P [o%)
M = 212 63 = 16°+25°
0°907 0 04907 0804 0+909 0 04909 0+808
0906 0 0+906 0812 0°+909 0 0+909 0-812
0°906 0 0+906 0+823 0+905 0 0°+905 0°+825
0896 0 0+896 0+832 0+899 0 0+899 0°+833%
0°903 0 0°903 0+831 0903 0 0+903 0°+830
0°901 0 0+901 0+838 0901 0 0+901 0837
0+875 0 0+875 0°+836 0+875 o) 0+875 0835
0846 0 0-846 0+82L. 0-846 0 0846 0822
0819 0 0819 0819 0819 0 0+819 0+820
0°+921 0014 0°+935 0+840 0+921 0014 0935 0842
0911 0+016 0+927 0853 0°911 0+016 0+928 0+855
0+900 0°+018 0°+918 0°+861 0°+900 0°018 0918 0863
0897 0°020 0+917 0868 0+897 0021 0°+918 0+867
0+869 0+022 0-891 0+861 0+869 0°022 0+891 0+863
0829 0°024 0+853 0847 0°+829 0024 0853 0847
0+802 0+025 0-+827 0842 0-802 0°026 0+828 081,
0°917 0021 0+938 0+851 0917 0-021 04938 0-849
0°913 0°022 0°+935 0+85L. 0+913 0+022 0°+935 0+855
0+912 0°+024 0936 0°-861 0+912 0+025 0+937 0+864
04903 0+028 0°931 0+870 0°+903 0-029 0+932 0872
0886 0+032 0°+916 0°*87L 0+886 0°+033 0+919 0+867
0-8L4 0°+038 0+882 0866 08, 0°038 0+882 0866
0+809 0-0uA 0+850 0-+854 0-809 0°+0LA 0+850 0°+853
0°+893 0027 04920 0851 0904, 0027 0931 0-854
0+889 0°029 0+918 0°858 0°+898 0°+030 0928 0863
0+883 0°+033 0°916 0°867 C+891 0°036 0+927 0+871
0°+876 0°+037 0°913 0°875 0°+880 0°0L0 04920 0+87L
0866 0+043 0°909 0+877 0+859 0+043 0°902 0+870
0°834 0047 0+881 0°+869 0830 0°048 0-878 0-867
0+ 794 0°050 08l 0+863 0°791 0+051 0842 0859
0°+758 0+052 0+810 0+851 0+ 760 0+055 0815 04852
M = 2412 53 = 17°25°
0*913 0 04913 0°+795 0-908 0 0°908 0°792
0°+901 0 0°901 0+80L 0°+900 0 0+900 0802
0+901 0 0-901 0-829 0901 0 0+ 901 0-829
0+89% 0 0°896 0-827 0-898 0 0-898 0+830
0-888 0 0-888 0835 0892 0 0892 0+838
0°883 0 0-883 0+851 0+885 0 0885 0+854
0+861 0 0861 084 0+864. 0 0+86L. 0°+850
0+831 0 0-831 0837 0+834 0 0+834 0-8441
0792 0 0792 0824 0797 0 0797 0+819
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Table 4 (Con‘lgg}_,._)_

L5

Outboard Inboard
mdé%, ﬂ%/%ﬁ. A&/hen Pf/aw mc/mi ' mb/mi { %w/Aen Pf/gw
0°89% | 0-018 | 0°914 |0°-821 % - -
0896 0-018 0914 | 0°*843
0+893 | 0018 | 0°911 |0<855
0-88L | 0°018 | 0°902 |0+860 !
0+880 | C+020 | 0900 |0+€67 : )
0866 0021 0-887 |0°86), | | Instrumentation fault
0845 | 0+025 | 0870 |0°+875 i
0:813 | 0°027 | 0+840 |0°+861 !
0°768 | 0+029 | 0797 |0+849 ‘
0723 | 0°031 0+754 |0°+833 ; _ -
0°898 | 0029 | 0°927 |0-837 ' 04903 | 0+028 | 0°93t | 0°8i1
0°886 | 0:°029 | 0°915 [0+856 0+891 | 0+029 | 0-920 | 0856
0-877 | 0034 | 0:911 |0°+873 | 0+882 | 0+035 | 0°917 | 0875
0°867 | 0°037 | 0°+90, |0°+877 0+862 | 0+0% | 0+898 | 0°869
0°846 | 0-040 | 0+886 |0°873 0-850 | 0-039 | 04889 | 0+875
0826 0*CLE 0<872 10879 04829 0046 0875 0-88L
0°783 | 0°049 | 0332 10867 0°785 | 0°051 | 0836 | 0-869
0744 0+053 i 0+794 :0°855 07,5 | 07055 | 0-800 | 0+858
0°695 | 04055 | 0-750 {0°8642 0°69% | 0%055 | 0'749 | 0840
| \
N o= 212, 6, = 18-25°
0866 0 0866 10°798 - -
0865 0 0-865 |0+813
0860 0 0°860 |0°+818
0864 0 0+86L | 0°8i4
0862 0 0-862 |0°838
0854 0 0854 |08l
0837 0 0°837 |0+853
0803 0 0-803 |0°837
0*715 0 0715 |0°+803
0859 | 0+018 | 0°877 |0+811 §
0868 | 0018 | 0°+836 |0°833
0°+868 0-018 0+886 |0°846
8,32; 8,812 g,ggg 8,32; Tnstrumentation fault
0846 | 0:022 | 0°663 |0°870
0°819 | 0-027 | 0-846 |0:875
0°780 | 04029 | 0809 {0863
0+709 | 0°032 | 0°741 |0°837
0858 | 0°028 | 0+886 |0°845
0°850 | 04033 | 0+883 |0°+370
0836 | 0:035 | 0-871 |0+875
0832 | 0+041 | 0°873 |0°-880
0-808 | 0-045 | 0-853 |0°+830
0°790 | 0-047 | 0-837 |0-879
0°750 | 0*050 | 0+800 {0870
0+699 0-055 0754 [0-048 ‘
0651 | 0+057 | 0-708 [0-834 ; |




- Dable i (Contd.)

Pf/P

o0

Smamararss o et e rrengic )

0837
0835
0-839
04835
0-835
0-849
0°846
0836

0863
0864
0866
0863
04865
04865
0+864
04862
0+86L4.

0870
0-87L
0876
087
0874
0+877
0865
0868
0+869
0876
0+877
0864

T

Outboard Inboard
»—-«r»—-.-
mo/ﬁl mb/hi AEx/Aen Pf/am mc/&& rn‘t/mi A&/%bn
M= 212, &, = 16+25°
0919 O |0°919 | 0813 3 0:923, 0 |0°923
0907 0 0+907 | 0818 0+921 0 0921
0909 0 0°909 | 0-829 0926 0 0°926
0°909 0 04909 | 0°83L 04922 0 0+922
0°+900 o} 0°900 | 0-848 0°923 0 0-923
0872 0 0872 | 0-841 0°928 o} 0928
0+860 0 0+860 | 0°350 | Outboard S,V, open 1[0°925 0 0925
0°+839 0 0839 | 0-830 0°929 0 0929
0+899 | 0°018 [ 0°917 | 0856 0+887 | 0°023| 0°910
0+896 [ 0°019 | 0*945 | 0-86L 0-888 | 0°023 | 0+911
0885 | 0°021 | 0°906 | 0+876 0+887 | 0°023 | 0910
0872 | 0*022 | 0°898 | 0865 0°886 | 04023 | 0°909
0°+860 | 0°023 | 0*883 | 0+871 0°+887 | 0+023| 0°910
0+847 [ 0021 | 0°868 | 0°872 | Outboard S,V, open 1 |0°887 | 0023 | 0°910
0+822 | 0025 | 0+847 | 0857 0+887 | 00231 0°910
0+788 | 0*027 | 0°845 | 0854 0°885 | 0¢023| 0°908
0+772 | 0+021 | 0°793 | 0-868 " S.V. open2 |0-886 | 0°023 | 0°909
0°898 | 0°027 | 0°925 | 0°853 0°895 | 0°037| 0°932
0+895 ] 0°030 | 0°925 | 0862 0°899 | 0°037| 0°936
0889 { 0°035| 0-924 | 0870 0°901 | 0°037| 0°938
0-882 | 0°039 | 0°921 | 0+877 0+898 | 0038 | 0°+936
0°+867| 0°0l4 | 0*914 | 0876 0°+895 | 0+038| 0°933
0°+853 | 0*029 | 0882 | 0'867 | Outboard S,V. open 1 |0°899 | 0°038| 0°937
0+835| 0°048 | 0°883 | ©*871 0892 | 0°037| 0°929
0°795] 0°053 | 0+848 | 0863 0+890 | 0°035| 0°925
0+799 ! 0°034 1 0°833 | 0°878 " S.V. open1 |C*889 | 0°037 | 0°926
0°781 | 0°032 | 0°813 | 0868 " S.V, open 2{0°898 | 0°038| 0+936
0743 | 0°023{ 0*766 | 0-832 " S.V. open 3,0-899 0+038| 0°937
0764 | 0°056 ; 0°820 | 0859 10+890 | 0°035] 0°925
| A f I

14
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L7

Isble 2
Splitter I, no roughness, M = 2412
Outboard Inboard
m 0/mi mb/mi A oc/Aen P f/Pm mc/mi Tmb/mi A O(/Aen P f/Pw
— . o
53 = 1625

0+922 0 04922 | 0°839 | 0°911 0 (*911 | 0-824
0+913 0 0°913 | 0858 0+895 0 0895 | 0+837
0°913 0 04913 | 0-866 0°+896 0 0+896 | 0+845
0913 0 0°913 | 0-873 0+898 0 0+898 | (852
0+885 0 0885 | 0°849 0882 0 0+882 | 0°844
0°+862 0 0+862 | 0+839 0+865 0 0865 | 0-843
0843 0 0*843 | 0832 0847 0 0847 | 0°840
0-+821 0 0-821 | 0-827 0+825 0 0+825 | 0834
0+716 0 0716 | 0°786 04699 0 0699 | 0°772
064 0 0644 | 0°751 0641 0 0+641 | 0755
0543 0 O*543 | 0703 0+570 0 0+570 | O°7hk
089 | 0°031 | 0*927 | 0+885 0°887 {0°027 | 0°914 | 0+879
0°+880 | 0°039 | 0°919 | 0°904 0+867 |0°03L | 0-901 | 0893
0867 | 0°049 | 0°916 | 0°909 0°854 |0°045| 0899 | 0°892
0°+829 | 0°049 | 0-878 | 0-881 0+831 |0°047 | 0+878 | 0+884
0+802 [ 0°050 | €+852 | 0°869 0-809 |0°049 | 0°858 | 0-877
0*779 | 0°052 | 0°831 | 0-861 0-78L {0°050 | 0834 | 0°869
0762 | 0°054 | 0816 | 0858 0°750 {0048 | 0°798 | 0-847
0°733 | 0°05 | 0789 | 0-848 0+703 [0°04L5 | O* 8 | 0817
0616 | 0°C56 | 0*672 | 0791 0°600 |0°047 | 0°647 | 077k
0+563 ! 0°056 | 0°619 ' 0771 0°563% 10050 ! 0613 | 0771
. o |
83 = 1725 E
0°919| 0 |0°919 | 0-839 0907 | O | 0°907 | 0+830,
04915 o} 0915 | 0+859 0°903 0 0°903% | 0848
0°+918 0 0°918 | 0+870 0°904 0 0+904 | 0+856
0°913 0 0+°913 | 0877 0899 0 0+899 | 0°+866
1 0-888 0 0+888 | 0+855 0-892 0 0+892 { 0°+859
1 0867 0 0°867 | 0+8L47 0872 0 0872 | 0+852
0-848 o} 0848 | 0°841 0°856 0 0+856 | 0+850
0831 0 0+831 | 0839 0+839 0 0°839 | 0+8L9
0°723 0 04723 | ©°792 0+708 0 0*708 | 0°775
0+662 0 0662 | 0*771 0648 0 0648 | 0757
0°555 G 0*555 | 0717 0576 0 0*576 | 0+743
0°+905 | 0°032 | 0°937 | 0°867 0°901 | 0°025| 0926 | 0-86L
0887 | 0°035| 0°922 | 0-89.% 0879 | 0°030| 0-909 | 0°890
0°*879 | 0*037 | 0°916 | 0+903 0870 | 0°033| 0+903 | 0+898
0-870 | 0*042 | 0°912 | 0+911 0:860 | 0+037| 0897 | 0°20L
0°837 ! 0045 | 0°882 | 0-889 0840 | 0°0L5| 0-885 | 0892
0°+809 | 0+047| 0*856 | 0879 0314 | 0°047{ 0861 | 0885
0+784 | 0°050 | 0°834 | 0+869 0+795 | 0°0501{ 0+845 | 0°882
0°*768 | 0°052 | 0+820 | 0°866 Q*774 | 0050 0*824 | 0°875
0*6331 0*057, 0°690 | 0+814 0614 | 0°048| 0+659 | 0°789
0°572 | 0-057 ! 0°629 | 0781 | 0°570 | 0°051; 0621 | 0°781




Table 5 (Contd.)

Outboard Inboard
mc/ By m"b/ s, Anx/ Aen Pf/P ) mc/ By m'b/ By Aoc/ Aen Pf/P co
0+918| 04028 [ 0°946 | 0+879 |Unequal throttling 0+886| 0°039 [0°925 | 0-9C5
0°900| 0+033 [0*933 | 0-891 0+839| 0-039 | 0°928 | 0°908
0+892] 0+035 [0°+927 | 0°898 0+887| 0°039 | 0+927 | 0-908
0°+87L4 | 0034 | 0917 | 0914 0+885| 0°039 | 0°925 | 0907
0-846| 0047 | 0893 | 0899 0-887: 0°040 | 0°927 | 0-908
0+817| 0050 | 0+867 | 0+887 0+886| 0040 | 0°926 | 0904
0*793%| 0°052 [0-845 | C*884 0878 0*042 | 0°920 | 0897
04821 | 0044 | 0°865 | 0°914 | Outboard S,V, open 1 | 0+88L4| 0°039 {0923 | 0904
0+753| 0°056 | 0°809 | 0-868 08661 0°041 | 0*907 | 0+880
0°705| 0°058 | 0*763 | 0°855 08621 0°040 | 0*902 | 0875
O*740| O°Olly | 0°78L | 0°912 | " S.V. open 2°5 | 0°886| 0°039 | 0°925 | 0°908
0+585| 0°060 | 0*645 | 0801 . | 0+848' 0038 | 0°886 | 0-866
63 = 18+25
0864 0 0:864 | 0°791 | Equal throttling 0+87L4 0 0+874 | 0-803
0+859 0 0859 | 0°+806 0871 0 0°871 | 0814
0-860 0 0+860 | 0°816 0-873 0 0873 | 0-824
0863 0 0+863 | 0+826 0+872 0 0872 | 0+834
861 0 0+861 | 0+835 0+870 0 0+870 | 0844
0857 0 0857 | 0°8i 0-865 0 0+865 | 0+849
0+847 0 0847 | 0844 0+853 0 0853 | 0+849
083l 0 0834 | 0843 0841 0 0841 | 0°+850
0*764| O 0764 | 0°831 0° 749 0 0749 | 0-818
04625 0 04625 | 0°765 0621 0 0621 | 0°766
0°+839 1 0°029 | 0°868 | 0843 0854 | 0°030 | 0°88L. | 0+856
04830 | 0°03L | 0°864 | 0870 0+839 | 0°035| 0°87L | 0+878
0+829 | 0°038 [0°867 | 0°88L 0+8351 0°039 | 0°874 | 0+889
0844 | 0°043 | 0°857 | 0+891 0+818 | 0°0L3 | 0861 | 0°+891
0°793 | 0046 | 0-839 | 0°88L 0+798 | 0-047 | 0845 | 0886
0775 | 0°049 | 0*824 | 0-879 0+782 | 0°0L9 | 0+831 | 0+887
0+750 | 0°052 | 0*802 | 0-872 0+75% | 0°050 | 0+306 | 0+878
0+728 | 0°054. | 0*782 | 0866 0°733 | 0°051 | 0°78L. | 0869
0°*580 | 0°058 | 0*637 | 0+793 0534 | 0°053 | 0°637 | 0°+798

111



Taeble 6

Various bleed configurations, Il = 2°12, 53 = 16°25°

49

Outboard Inboard
i
mc/ m:L mb/ mi Ao</ Aen Pf/P co mc/ mi mb/ mi Ae/ Aen PI/P ©0
0°946 0+016 0°932 0+85l. [Bleed A2 | 0°919 0-016 0935 0+853
0+901 0-017 0+918 0862 0906 0-018 0°-92) 0861
0+898 0020 0°+918 0863 0901 0°+020 0°+921 0+869
0896 0024 04920 0°+880 0+900 0025 0+925 0-883
0+880 0+025 0+905 04873 0876 0026 0°+902 0869
0+855 0026 0-881 0+860 0843 0027 0870 0+851
0-827 0°026 0853 0845 0815 0027 0+832 0+83L
0785 0028 0+813 0+830 0-776 0+028 0+08L 0822
0°761 0028 0° 789 0°+823 0749 0°029 0+778 0°+812
0913 0°+028 0941 0°86. 04917 04026 0943 0863
0°+898 0°033 0°93%1 0878 0903 0°03L 0+937 0°879
0+888 0°+036 0°+924 0°+884 0°+895 0+037 0°+932 0886
0877 0*040 0917 0°+889 0+882 0+040 0922 0-89%
0864 0-048 0+912 0885 0+368 0+049 0+917 0+888
0+329 0048 0877 0+865 0831 0°-050 0-881 0867
0808 0°*049 0857 0356 0+800 0°051 0+851 0848
0763 0+051 0814 0843 0+756 0+053 0+809 0835
0°717 0°053 0+770 0+328 0+707 005} 0°761 0817
0°914 0+018 0°932 0+849 | Bleed Al.| 0°913 0-016 0929 0849
0-90L 0+018 0+922 0861 0904 0°018 04922 0°+859
0°+900 0°020 0°920 0+370 0°500 0+020 04920 0+867
0+899 0024 0°923 0884 0+899 0+024 0+923 0+88L
0+885 0+026 0°911 0+877 0+832 0027 0+909 0+874
0-860 0027 0+837 0+366 0853 0027 0-880 0+861
0-832 0-027 0859 0+850 0820 0028 0848 0839
0793, 0°029 0822 0+840 0732 0+029 0811 0+823
0 Ly ; 0+030 077k 0321 0-728 0+030 0758 0-305
0°+909 0°030 0939 0+865 0+910 0027 0+937 0+859
0903 003l 0+ 937 0+882 0°+903 0°+033 04936 0-877
0+894 0037 0931 0+887 0+892 0036 0+928 0+8383
0+837 0°024 0928 0+895 0+883 0+040 0°923% 0895
0-862 | 0-047 0+909 0+882 0865 0°+0L9 0914 0+886
0840 : 0-048 | 0+888 0-876 0-831 0+050 | 0°+881 0-868
0+815: 0°+049 0864 0866 0+803 0+051 0+85L. 04853
0772 . 0°051 0823 0°+855 0757 0+052 0+809 0838
0729 | 0+054 0+78% 0842 0+ 709 0053 0+762 0819
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Table 6 (Contd,)

Outboard Inboard
mc/ m:|'. mb/ mi Au/ Aen Pf‘/P o mc/ mi mb/ mi Arx/ Aen Pf/P o0
0917 0+016 0°933 0+857 | Bleed BO | 0°921 0015 0+936 0+856
0+908 0016 0924 0+869 0°911 0017 0°928 0867
0°904 04020 0+92 0+876 0+906 0°020 0+926 0876
0°900 002 092 0+883 0°902 0024 0°926 0°889
0-879 0+025 0°90L 0-868 04872 0-025 0+897 0+865
0+848 0°025 04873 0+851 0+841 0°025 0+866 0-846
0829 0+026 04855 0845 0°816 0°026 0-842 0+83L
0+ 764 0+028 0°792 0-823 0+ 751 0028 0779 0+811
0°913 0°02 0°+937 0-871 0°915 0+025 0°940 0-868
0°899 0°+030 0°929 0+883 0+903 0°030 0+933 0+884
0+890 0°035 0°925 0887 0+895 0+035 0+930 089
0+872 0°038 04910 0880 0-888 0-039 0+927 0°900
0842 0°039 0+881 0859 0+838 0+043 0+881 0+858
0°819 0+039 0858 085 0+810 00k 0+85L 0845
0+800 0-C41 0841 0847 0791 0045 0-836 0837
0737 0-045 0882 0818 0+729 0+050 0779 0+820
0°+920 0017 0+937 0855 | Bleed B2 | 0°922 0015 0°937 0°853
0+901 0016 0°917 0+862 0+903 0°016 0+919 0+859
0896 0°019 0°915 0-870 0+900 0°019 0°919 0+870
0°+893 0023 0°916 0-876 0°900 0°023 04923 0°-887
0+875 0+024 0°899 0°+866 0+872 0+025 0+897 0°+866
0-848 0024 0-+872 0850 0838 0025 0-8614 0-842
0827 0°025 0-852 0845 0815 0-025 0+840 0+83L
0-788 0026 0844 0°+832 0777 0°026 0+803 0+823
0+763 0026 0789 0824 0°750 0027 0777 0813
0+910 0+026 04936 0871 0°+916 0+024 0°940 0-868
0899 0°+029 0°928 0882 0°902 0029 0°934 0-880
0°+890 0038 0928 0+885 0°+898 0°035 0933 089
0870 0°+040 0°910 0878 0-866 0040 0+906 04876
0840 0040 0+880 0+860 0°+831 0+041 0+872 0851
0+818 0-0L2 0+860 0+852 0°+806 0-042 0-848 0-841
0+800 0°043 0843 0847 0+788 0°043 ' 0°+831 04836
0°7% 0047 0°+783 0828 0+721 0046 | 0°767 0814

1
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SYMBOLS

throat area
intake capture area

entry stream tube upstream area

r__Vmewc B vﬁin
distortion parameterl;——jru——»-:}
mean RAD

intake capture height
"free stream" Mach number (though not necessarily tunnel Mach No. )
pre-normal shock Mach number
throat bleed mass flow |
"engine" mass flow &

1b/sea

intake mass flow

afterspill mass flow

-

peak to peak amplitude of pressure fluctuations

mean total pressure at measuring station

mean statio pressure at measuring station

"frec stream" total pressure (though not necessarily tunnel total
pressure )

Reynolds number

. . nax . .
distortion parameter we—= at measuring station
mean

radius/measuring station maximum radius
spill vent (afterspill)

stream velocity

mean velocity at measuring station
intake capture width (per duct)

bleed efficiency

compression surface angles (see Fig.})

angle of rotation looking downstream (see Fig,2k)

at constant radius

at constant radius of speeific value r/R
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Aprlil 1966

Dobson, M.D. 533.657.2 ¢
F33464011,5

WIND TUNNEL TESTE ON A RECTANGULAR, TWIN DUCT, VARIABLE

GEOMETRY AIR INTAKE AT SUPERBONIC SPEEDS

Tests have been mede in the 3 ft x 3 ft supersonic wind tunnel on &
rectangular twin duct air intake, which has variable geometry, cver the
Magh number range 1,7 to 2,2, The design lech number of The intake wes
2,12 and tests ingluded an Investigation of the effects of the varizble
geometry, throat blesd flow, transition rixing, splitter design and after-
spill for sonditions of eyuel and unequal throttling of the ducts.

Presaure rscovery, duct mass flow and bleed mass flow were messured and
the amplitude and freguency of rressure fluctuations were recorded,

(Over)
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Dobson, MJD. 533.697.2 1
5334601145

WIND TUMNEL TESTS ( A RECTANGULAR, TWIN OXICT, VARIABIE

CEQETRY AIR INTAKE AT SUPERSNIC SPEEDS

Tests have heen made {n the 3 ft x 3 ft supersonic wind tunnel on a
rectangular twin duer ailr intake, which has varlable gecmetry, ever the
Mach mmber range 1,7 to 2,2, The design Mash number of the intake was
2,12 and tests included an Investigation ¢f the effects of the variable
geomtry, throat bleed flow, transition fixing, splitter design and after-
3pill for conditions of equal and unequal throttling of the ducts,

Pressure recovery, dust mass flow and bleed mass flow were measursd and
the amplitude and frequency of messwre fluctuations were resorded,
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533.6a011,5

WIND TUNNEL TESTS ON A RECTANGULAR, TWIN DUCT, VARIABIE
CEOGMETRY AIR INTA¥E AT SUPERSONIC SPEEDS

TesSts have peen made In the 3 ft X 3 ft supersonic wind tunnel onh &
rectangular twin duet air Intake, which has variable geometlry, over the
Mach mumber range 1.7 to 2,2. The design !lach number of the intalm was
2,12 and tests included an investigation of the effects of The variahle
geonetry, throat bleed flow, transition trixing, splitter design and after—
spill for conditions of equal and unegqual throttling of the ducts,

Pressure recovery, duct mass flow and bleed mass flow wers measured and
the amplitude and frequency of ressure fluctuations were recorded,
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Maximm mean pressure recoveries recorded were generally up to 24% below
the theoretical shock recovery. Recovery increases with thes Introduction
of throat bleed and 13 dependent to some extent on transition of the
boundary layer, bleed slot position and splitter design. AL recuced

et mass flows both pressure recovery and distribution may be restored
to "Mull flow® levels by careful use of afterspill,

Unsequal throttling produces Interference effects on the "unthrottled?

duet by the "throttled? cuct, These affects may be sliminated by the use
of aftersplll in the "tirottled" duct,

Maximm mean pressure recoveries recorded were generally up to 24% below
the theoretical shock recovery. Recovery incresses with the introduetion
of throat bleed and is dependent to scme extent on trensition of the
boundary layer, bleed slot position and splitter design. At reduced

danet mass flows both pressure recovery and distribution mey be restorsd
to "full flow" levels by careful use of afterspill,

Unequal throttling produces interference effects on the "unthrottled"
duct by the "throttled® duct, These effects my be eliminated by the use
of afterspill in the "throttled? duct.

Maximm mean pressure recoveries recorded were generally up to 24% below
the theoretical shock recovery. Recovery increases with the introduction
of throat bleed and 13 dependent to some extent on transition of the
boundary layer, bleed slot position and splitter design. At recduced

duct mass flows both pressure recovery and distribution may ba restored
to "full flow" levels by caraful use of aftersplill,

Unequal throttling produces interference affects on the "unthrottled®

tuet hy the "throttlead duct. These effects may be eliminated by the use
of aftersplll in the "throttled" duct,
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