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SIIMARY

Tests were mado at M = 1°82 over an ineidence range of *10° on an engine
installation mounted at the rear of an uncambered slender gothlc wing with
different values of the boundary layer bleed height and at various mass flow
ratios, In addition an investigation was made of the flow conditions at the
inboard and outboard edges of the inlet and of the effects of the nacelles on
the longitudinal characteristics of the wing. The installation represented a
design in which four engines were mounted side by side in each of two nacelles,
one on each half of the wing, with the engines partially buried in the wing,

It was found serodynamically preferable to mount the engines on the lower
rather than the upper surfacc of the wing in order to avoid the possibility of
the leading edge vortices entering the intake and to take advantage of the
reduced local lMach number present under 1lifting cornditions. With a reasonable
boundary layer bleed height, addition of the nacelles to the wing caused a 15%
incrcasc in drag, almost independent of incidence, About jOﬂ of this incrcasec
was the drag of the boundary layer bleed duct; the remainder could be calculated
closely from a knowledge of the nacclle geometry. The nacclles causcd small
displacements of the 1if't and pitching moment curves,
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Replaces R.ALE. Technical Note No. Lero,2982 - A.R.C. 26912,
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1 INTRODVCTION

A series of tests were planned for the 3 ft x 3 £t wind tunnel at R.A.E.
Bedford to investigate various engine installations suitable for slender wings.
Choice of nacelle location depends on considerations of structure, wing boundary
layer, local Mach number, accessibility, noise and possible interference effects,
Several types of installations vere examined theoretically in Refs.1 and 2. The
installations considered here were for rear mounted engines and since all the
models available for test purposes had a central sting fairing, the installations
were restricted to separate nscelles at some distance from the wing centre line,

The model for which the intakes were designed was an uncambered gothic
wing of aspect ratio 0°75 (F'ige1) which had previously been tested by $quire3.
An uncambered wing was chosen so that the gencral characteristics of rear
instellations for slender wings could be investigated gquickly although it was
realised that the use of cawber might result in different flow conditlons at
the design incidence for supersonic Cruise,

The intakes tested were of the letter-box type with two-dimensional
externsl compression and a boundary layer bleed duct (Figs.2 and 3). Preliminary
tests were made to determine the boundary layer profiles at the inboard and
outboard edges of the intake: the resulis of these measurements have already
been issued,

In addition to the letter-box intakes of the present rcport, the following
other arrangements were included in the sories:-

(a) Similar intakes with tlhe outer portions of the wing boundary layer
diverted and the central part ducted,

(v) Intakes having vertical compression wedges to incorporate favourable
1ift interference effects,

2 ©  DRESTGN OF MG FANGTNG THSTALLATION

The desizn was based on a full scale airoraft having a centre line chord
of 200 £t and geometrically similar to the model chosen (Fig.1) i.e. an inte-
grated sircraft with no separate fuselage. Estimates shoved that eight engines
of agbout L'k £t gross diameter would be required. It was assumed that the
engines would be mounted side by side in two nacelles, onc on eachwing, Any
attempt to design a completely rcpresentative engine installation was imprace—
ticable at this stace sincc the main object of the tests was to gather infor-
mation on the difficultics liable to be encountered and vhether the character-
istics of the intales could be predicted closcly. The following assumptions
sbout the full scale installation were made in deciding the design of the model
to be tested:=~

{i) The wing boundary layer would be ducted separately past the engines.

(ii) The intake (Fig.2) would be of single wedge design with a ramp angle
of 12° and a lip position angle 00 = 466° (Mwﬁ = 1°8).
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(1ii)  The main ducts would contract by 37 downstream of the inlet plane
followed by a length of constant cross-sectional area to keep the intake shock
stable over as wide a range of mass flow as possible,

(iv) The engines would be partially buried in the wing surface, This
inoreased the length of the nacelle to about 254 greater than the aggregate of
the lengths of the intake, engine and jet pipe,

(v) Wave drag would be minimised by making the upper surface of the
nacelle (except for the cowl lip) parallel with the wing surface and the sides
of the nacelle parallel with the free stream direction.

(vi) Although it was realized that the boundary layer thickness would
vary across the span, the boundary layer bleed was madec of constant height to
Tacilitate testing the model with different values of this bleed height,

There was some controversy as to whether the intakes should be on the upper
or lower surface of the wing. A lower surface installation is attractive aero-
dynamioally since the local llach number is lower than the free stream velue and
the flow is free from vortices. However a lower surface installation involves
possible stone ingestion, bad ditching characteristios and problems of under-
oarriage location and ground clearance, The present tests were made at both
positive and negative incidences to simulate both upper and lower surface
installations. The sign convention adopted corresponds to the intakes being on
the upper surface.

3 MODFL AND INSTAUMENTATION

In order to fit the nacelles to the wing (Fig.1) with minimum modification
to the basic model, the design of the subsonic diffuser and boundary layer bleed
duct werc adapted in the manner shown in Figse3,4,5 and 7, The main duct
expanded to only 135% of the inlet area (Fig,6) instead of to the corresponding
engine frontal area and the bleed duct was led straight along the wing surface
instead of passing into the wing in order to bypass the cngines, For structural
reasens a vertical splitter plate was placed in the centre of cach nacelle thus
dividing it into two ducts, This plate extended from the front of the subsonic
diffuser to the exit. The main duct was complete in itself and was bolted
between side plates fixed in slots im the wing surface (Fige.7). Different sets
of sideplates were used to vary the boundary layer bleed height. Since the
upper surface of the nacelle was to be maintained parallel with the wing surface,
the height of the bleed exit was always 0°012 inch higher than the entry, giving
bleed duct expansion ratios of 1°05, 14075 and 1+15 for h = 024, 0*16 and 0°08
inch respectively., Ixit plugs were provided to test the intake over a range of
mass flow (Fige5). S

In order to measure the velocity profiles at the inboard and outboard
edges of the intakes at the entry plane two pitot rakes were constructed to fit
into the slots in the wing (Figs.8 and 9), Each rake consisted of seven pitot
tubes, of inside and outside diameters 0+020 and 0°028 inch respectively, The
rekes extended normal to the chordal plane to a distance 0°43 inch from the
wing surfaoce. Because of the possibility of interference from the rakes on the
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near surface of the wing, the static pressures were measured on the opposite
surface at the corresponding negative incidences.

A band of distributed roughness was applied to the leading edge of the
wing (Fige1) to ensure that the boundary layer on the model was turbulent,
This consisted of a mixture of carborundum grains and aluminium paint applied
so that closely spaced individual grains projected from a paint base about
0-001 inch thick; grade 100 corborundum was used for the tests, The sharp
leading edge itself was left clear of roughness.

Mmasurements of 1lift, pitching moment and drag were made using a strain
gauge balance. The balance measurements were corrected for balance interactions
and drift before being reduced to the usual coefficient forms. The pitching
moment coefficients are referred to the gquarter-chord point of the mean aero-
dynamic chord, From a consideration of the possible sources of error, together
with a study of repeat readings, it is believed that the accuracy of the results
{rom this balance were as follows:=—

+N e 2
CL +0+003
+()e £
Cm *0+0005
C *0+0004 at C = 0
D L
*0-001 at CL = 0-3,

Pressure recoveries were assessed from pitot rekea at the sxit plane(Rg, 10).
Each pitot tube consisted of a 0°6 inch length of hypodermic tubing (inside and
outside diemeters 0:020 and 0°028 inch) fitted to a larger tube of outside
diameter 0+047 inch. Details of the tube positions are given in Fig.7, The
two outer tubes of the starboard rake were arranged to record base pressure.
When exit plugs were inserted, some tubes which had formerly been pitot tubes
now recorded plug base pressures. In general no static pressure readings were
taken at the exit but for a few check tests, three static tubes were placed in
the starboard bvleed duct,

b BSTS
A T A

A1l tests were made at M = 1°82 with a total pressure of 11°G inches of 6
mercury and total temperature about 25°C, giving a Reynolds number of 2+0 x 10
(based on aerodynamic mean chord).

Balance readings and exit pressures were recorded over a full range of
incidence with various exit plugs and different values of the boundary layer
bleed height, Then the intakes were removed and the 1lift, pitching moment and
drag of the wing alone were measured for purposes of comparison, ¥Finally flow
visualisation tests were made using the oil flowd and veapour screen® techniques,



5 DATA REDUCIION AND PRESENTATION OF RESULTS

e

541 Entry plane surveys
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The measurements of pitot and static pressures were reduced to velocities,
assuming constant statio pressure across the boundary layer and no change in
total temperature, Logarithmic plots of velocity profiles showed that they con-
formed to the power law:=

L A/n

-

Values of the boundary layer thickness & and the power coefficient n were
determined from these logarithmic plots,

&

.

<

5.2  Intske performance

The small exit areas and relatively large size of the pitot tubes limited
the number of tubes used., The pitot tubes were arranged to give a horizontal
and a vertical pressure distribution across the inboard and outbcard ducts with
sbout nine tubes in each duct (Fig,7). It was assumed that the shape of the
profiile given by the rake would hold for all scctions in the duct parallel with
the rake. Choking was assumed to take place at the point of maximum total
pressure and the static pressure thus given to be constant across the duct exits
Thus mean pressure recoveries at the exit plane were calculated.

5.2.1 Jasg flow ratio

s

The mass flow ratios have been calculated from the continulty cquation:-

P .
foo . _ex Rox (A \
s = t}‘:‘ . e

Ak b el c)
(=3
[o2e)

The drag of the model is presented as external drag where:=-
External drag = measured drag - base drag - internal drag.

(i) easured drag is recorded by the strain gauge balance,

(ii) Base drag correction is avplied to give a base pressure equal to the
free stream static pressure,

Doase = (2, - pbasa) Mase 08
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(iii) 1Internal drag is defined as:=

cos a) + Aex (pm)- Py ©08 a) .

Assuming that the exit is choked and that o is small, substituting the
continuity equation we obtain/:=

B /., Tex o O\ ex
C = -2 1 - B e (1)
Dln‘t q“OO \ Pec 00/ o
where
P 29 . /
B o= 40263 +2 - w2 (ﬁ;) .
v, P, \

1=
00

For asscssing the merits of the inteke itself it is convenient to consider
a drag increment ACD to be added to the basic wing drag to account for the

effect of adding the nacelles at constant 1ift coefficient

L6, = C! - C
D DOXt Dwing
where
C. = C - C - C!
Dext D Leas Dbase Dint

and Dirt is the loss in momentum from entry planc to exit (cefe Dint which was

from free stream to exit),

Conditions at the entry plane arc given by the eniry plane surveys. The
height of the entering stream tube is determined from the mass flow m and Ven
is the mean velocity across this siream tube.

Tt should be noted that the internal drag is for the main duct only and so

the bleed drag is included in ACD.

The accuracy of internal dreg and base drag is well within the limits
already quoted for balance accuracy.

5.3 DBoundary layer bleed performance

Pressure recoverics and mass flow ratios are given relative to free stream
conditions. Values of mass flow ratio have been calculated using the equation:-

-8 -



4 _ (o) [l gy
A n) = \F_ \& i) y

Dleed Nt eed M=l

Owing to the variation of lach number across the bleed inlet, equation (1)
cannot be applied to give the bleed drag, The basic equation has therefore been
used:~
D = (V

on "~ Vex) m cos o + (pen - pex) A, 008 & + (Aex - Aen) <Rm = P, 08 a)

ven is the mean veloocity of the entering stream tube and vex thie mean velooclty
across the exit, Pon is known from the entry plane surveys and in the cases for
which bleed drag has been considered the value of Pox has been measured by static
tubes at the bleecd exit,

6 DISCUSSION OF RESULTS

o e e

6e1  IEntry plane surveys

The entry plane vcloeity profiles are shown in Fig.11. The outboard bound-
ary layor becomes considerably thimmer with inoreasing incidence such that for
a > 4° only one pitot tube remains in the boundary layer and no values of n and &
oan be reasonably determined.

Fige12 shows the variation of n and 6 with incidence, It can be seen that
the boundary layer profile conforms to a one fifth power law for both inboard
and outboard stations practically independent of incidence, This implies
relatively large values of the d isplacement thickness, Similar values of n have
been obtained in tests on a slender delta wing at the Aircraft Research
AssociationS,

The boundary layer thicknecss inboard is a maximum near zero incidence
(6 = 0°28 inch) and decrcascs slightly with positive or negative incidence, The
outboard boundary layer thickness is almost constant at negative incidences
(8 = 0°15 inch) but decreases rapidly with positive incidence, It appears that
two opposing effects are present. The change in surface Mach numbor lceads to a
tendency for the upper surface boundary laycr thickness to increase with
inoidence, Against this, when the incidence is positive the development of the
wing leading edge vortices rosults in a progressive downstream movement of the
attachment lines, thercby shortening the run of the boundary layer and reducing
the thickness at a given chordwisc position downstream of attachment,

Theoretical values of the boundary layer thickness on a flat plate are
given for comparison, assuming fully turbulent incompressible flow”:=



5 = LI, (0+271 inch (inboard edge)
- Re1/g (0+189 inch (outboard edge) °
g

These values are in good agrecment with the experimental values (except
for the outboard station at high inoidence),

Fige13 shows the variation of lach number at the entry plane with
incidence., 'fhe same curve holds for both inboard and outboard stations (within
experimental acocuracy) and consists of a line of slope 0°012 M/degree for
o > 0 and of slope 0°018 M/degrec for a < O, Also presented in this figure are
ourves from slender and not-so-slender wing theory (sce Appendix). Since these
theories apply to attached flow (a € O in this case), it appears that the not-
so-slender wing theory gives an accurate estimate of the variation of local
static pressure with incidence although the estimate of the pressure coefficient
at zero ineidence is poor,

Trom the entry plane profiles of total pressure and pV'(similar in sheape
to the velocity profiles in Fige11) it is possible to ocalculate the mean total
pressure and mass flow at the entry plane, assuming that the stream tube between
n = blsed height, h, and n = h + intake entry height enters the intake, Con-
ditions are known only at the inboard and outboard edges of the inteke and oon=-
ditions between thesc stations have becn caloulated assuming that the boundary

. [ 4
Tayer hoight varios as Y 2 <6 = Q%Q £ 5> i.64 practically linearly along

the span, This means that eny localised change in entry conditions affecting
one rak:s such as the wing vortex moving inboard across the outer rake as inci-
dence is increased, will automatically be assumed to affect the whole intake to
a greater extent than would occur in practice,

Figell shows the variation of mean total pressure across the inlet with
incidence, For the lower values of bleed height there is an appreciable
difference between the total pressures for inboard and outboard ducts, resulting
from the thicker boundary laycr in front of the inboard duct. A% positive
incidence the wing vortices form and move progressively inboard from the leading
cdge, causing a rapid thinning of the boundary layer and an associated rise in
pressure recovery. This movement of the wing vortices is clearly illustrated in
the vapour screen photographs (Fig.15) and the oil flow photographs (Fige16).

The vapour screcn photographs show a view of the starboard side of the model seen
from the rear ani sl%ghtly above the chordal plane with the vapour screen
pattern made visible® in the intake entry plane. The wing vortex is present at
all positive incidence and as the angle of incidence is increased the size of

the vortex inoreases until at o = 8° it reaches the outboard side of the nacelle,
For a > 8° the vortex enters the intake causing a decrease in pressure recovery
o' the outboard duct owing to reduced total pressure in the vortex core.

Curves showing the variation of full mass flow at the entry plane with

ineidence are given in Fig,17. Mass flow decreases almost linearly with
inoidence except for a > 4° where the boundary layer is affected by the wing

- 10 -



vortices., Vith a reasonably large value of the boundary leyer bleed height the
mass flow ratio exceeds unity at high negative incidences since the local liach
number is less than the free stream llach nwaber,

6.2 Intake performence

6.2.1 Pressure recoveries
Since the boundary layer thickness varies with incidence and spanwise
position and since the mass flow varies with incidence, parameters h (boundary

layer bleed height) and X$§ (ratio of exit area to entry area) have been chosen
en

. h

in prefercnoe to 3 and Kog .
en

Tig.18 shows 2 typical set of pressure distributions azoross the exit for

Egﬁ = 0°86, These illustrate the effect of bleed height on the distribution in
en

each duct. A spunwise gradient is present for the lower values of bleed height

giving rise to a higher pressure recovery outboard, This disappears for

h = 0°24 inch and at higher incidences there is a tendency to form an oppcsite

gradient,

These pressure distributions are typical of those obtained for each value

A A

of Zgé <E§§ = 1°02 i5 more rounded), whercas the vertical distribution (Fig.19)
en “en

varies considerably.

Pig.1%9a shows that for KEE = 1+02 the pressurc distribubtion is extremely
en
poor and indicates that {lhe intake flow is supcreritical. As incidence (ana
therefore entry plane Lach number) is increased the pressure distribution
becomes worse (Fig.1?b). Variation of h affects mass flow and mean entry plane

Mach number (Fig.19c¢),.

A complete set of curves showing the variation of mean pressure recovery
with incidence is given in Plg.20, The characteristics of PFig.1L are present
i.ce the difference in pressure recovery betwecen inboard and outboard ducts can
be seen, as can also a rapid increase of pressure recovery in the outboard duct
with inoidence for o > 4° (for the lower values of h) until the wing vortex
enters the intake., These results show that under-wing intake will give better
pressure recoveries thian intakes on the upper surface, provided the wing
boundary layer is in either case removed,

The scihliercn photographs in Fige24 illustratc shock patterns at a = -10°,
0 and 10°,

Curves of pressure recovery against mass flow are presented in Fig,22 for

a = -4°, 0 and 4° (4° is approximately the cruising incidence) together with
estimated values of the peak recovery.

- 11 -
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In general the pressure recovery is higher in the outboard duct with peak
values of 0+82, 0°80 and 0*77 for « = ~4°, O and 4° respectively, For the lower
values of h the reduced Mach number in the boundary layer results in the shock-
wave from the wedge compression surface lying ashead of the cowl 1lip thus giving
a maximum mass flow lower than that indicated in Fig.17. An unexpected feature
of these results is that for the outboard duct the pressure recoveries are
higher for h = 0°16 inch than for h = 0°24 inch., This may be due to some
sof'tening of the wedge shock when some boundary layer air is flowing into the
intoke, i.c. a near isentropic compression fan replaces the single shock=-wave
over part of the entry plane and gives rise to more efficient compression,

The measured values of pressure recovery fall short of the estimates
given in ¥ig,22, These theoretical values are estimated from a consideration of
losses made up as follows:=-

(1) Externsal losses

This includes the pressure loss through the wing bow wave and the frioction
losses over the wing surface, The skin friction losses are zero when h » & and
for hh = 0*24 inch the oxternal losses are less than 1% cxcept for a > 8° when
the ocutboard edge of the duct lies in the region of low total pressure in the
wing vortex,

2 Shock losses

Shock losses vary with entry plane liach number and therefore with inoidence,
The maximum pressure recovery obtainable decrcases with Mach number and when the
wedge shock wave falls inside the cowl 1ip (i.e., when M > 1:8) the pressure

recovery falls even more rapidly since part of the entering stream tube passes
through only a normal shook.

(3) Interforenoe losses

Seddon and Haverty1o have shown the exisience of interference losses due to
the interaction between tho normal shock and the boundary layer on the ramp.
Their empirical formula for thesc losses show that for this inteke, owing to the
length of constant cross-sectional area at the throat, the interference losses
with b > 8 are negligibly small,

(4) Internal skin friction lossos
Sinece the pressure recoverics have been moasured at the exit plane, rather
than at the engine compressor face position, and since the Reynolds number and
hydraulic radius of the ducts are small, the friction losses are high - about
5 or 6% in prossure recovery, The losses are caloulated from the formula:=

exit A 2
AP -~y B
qz’cf A> Adx
entry
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where 4y dynamic pressure behind normal shock-wave

Cf skin friction drag coefficient

A duct cross sectional area

i

B = perimeter at any station x,
64242 Drag

Curves showing the external drag of tue complete model al a = O arc given
in Fige23., A clearcr pilcturc of the drag penalty incurred by the nacelles is
gained from I'ig.2h vhich shows the variation of ACD with mass flow for differcent

values of boundary layer bleed height. Hinimum drag is at full mass flow and

varics from ACD = 0°0013 for h = 0 to ACD = 0°0021 for h = 0*24 inch, At reduced

mass flow the drag rises owing to flow spillage. Included in Fig,2L are theoret-
ical estimates for the cowl drag and external skin friction drag and the

measured bleed drag., These are the three components of ACD and it can be secen

that the estimates are in good agreement with the practical results, The
estimate Tfor ccwl drag includes the drag duc to the chamfer on the leading
edges of the side plaves and was calculated using Ackeret's theory, Skin
friction drag wes calculated for the side and lop surfaccs of the nacelle,
allowance being made for the wing surface vhich was covered by the nacelle, No
allovance wvac made for corner interference effects which would be small., The
bleed drag has actually been mcasured in the tests but it should be noted that
for a practical installation the bleed duct vwill have a more tortuous path in
bypassing the engine and &« consequent increase in drag. A check on the value

of bleed drag is given by comparing the values of ACD for h = 0 and h = 0°24 inch,

The diffcrence is almost entirely due to bleed drag and it does in fact corre-
spond with the directly measured value of blecd drag for h = 0°24 inch i.e.
Cp = 0°0007 (I'ig.26).
blocd
Taking I = 0°16 inch as a practical value for the boundary layer bleed
height the drag increment ACD (as & percentage of the basic wing drag C ) is

D
made up as follows:- °
Blced drag 41
Ixternal skin friction 31
Covl drag 13
1457 CD

0

mm T Abcmmea
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The variation of ACD (h = 0°16 inoh, full mass flow) with 1ift coeffi-

cient is shown in IFig.25. The values were derived from the faired curves of
axial forece against 1lift coefficient. ACD is praotically constant with CL

al though there is a slight inorease as CL increases, owing to the pressure

interference between nacelle and wing causing a change in 1if't coefficient at
a given angle of incidence, This effect is favourable to the underwing
installation (the ncgative incidence results as shown).

6¢3  Boundary layer bleed porformance

Tig,26 shows the variation of bleed duct pressure recovery, mass flow
and drag with boundary layer bleed height h., Values of & are given in the upper
right hand corner of the figure so that h/8 may be caloulated if required.

Pressure recovery and mass flow ratio increase with h to give encouragingly
high results which suggest that the bleed duct is working efficiently in spite
of its simple design, Indeed, for h = 0*24 inch the mass flow is higher than
the theoretioal cstimate for a 1/5 power law boundary layer given in Ref,12,
This theoretical curve has been calculated using the mean value of the boundary
layer thickness and the mass flows have been related to free stream conditions.

The variation of pressure recovery with incidence is similar to the
behaviour of the main intake duct at h = 0, There is a decrease in pressure
recovery with increasc of incidence until, above o = 4“, a thinning of the
boundary layer by the effect of wing vortex flow causcs a rapid increase. This
inercasa continucs until at o = 10° the pressure recovery has almost returned
to its value at o = ~10°,

Bleed drag appears to vary linearly with h, the coefficient value being
000070 at b = Q24 inch for a = 0, As mentioned earlier this tallies with
estimates of bleced drag from a consideration of overall intake drag for
varying valuecs of h,

6ol Lift and pitching moment

A typical 1ift curve is shown in Fig.27 compared with the curve for the
basic wing., The intakes (on the top surface) cause a decrcase in 1ift whioch is
independent of incidence in the range considered., This change in 1lift does not
appear to depend in a consistent way on mass flow or boundary layer blecd
height, although this is difficult to asscss since the values of ACL approach
the limits of experimental accuracy. The mean value of ACL obtained from all the
tests (ACL = ~0°0065) is within 105 of an estimated value taking into account
the 1ift on the cowl and ramp surfaces and the change in pressure distribution
on the wing caused by external chamfer on the sides of the nacelles,

The pitching moment curves {Fig.28 shows a typical example) are also
unaffected in slope by the addition of the intakes and again there 1s no

-1 -



consistent trend with mass flow or boundary layer bleed height. The mean shift
is ACm = +0+0032 ot constant incidence and the corresponding valuc from the 1lift

forces alrcady calculated is the same (ACm due to the drag increment is small),

Making allowance for the change of zero=lift angle (0°29°) this leads to a mean
result at constant 1ift:-

ACm = 00019 .

7 CONCLUSIONS

Tests at M = 1°82 on a rcar wing installation for four engines side-by-side
in each of two nacclles, onc on each half of an uncambered slender gothic wing,
led to the following conclusions:

(1) From an aserodynamic point of view an under surface installation is
preferable to an upper surface one owing to the decreased local llach number and
the absence of wing vortices,

(2) With a cuiteble boundary layer bleed height, the drag of the intakes
at zero 1lift amounted to approximately 155 of the wing drag., This value agreed
closely with the sum of o skin friction increment (20%), estimated from the
increase in wetted arca, a cowl drag (533), estimated for the basic nacelle
shape in isolation and the internal drag of the bleed (30%), measured in the
experimoent,

(3) 'The variation of intake drag (at constant CL) with C_ was smallj;

L
Tavourable to an underwing rathor than an overwing installation,

(k) The intakes had only small effects on 1ift and pitching moment: these
could be predicted from a knowledge of nacellec geometry.

(5) The profile of the undisturbed wing boundary layer at the position of
the entry plane conformed epproximately to a one~fifth power law,

(6) The boundary layer thickness on the wing upper surface at the position
of thc outboard edge of the intake was obscrved to decreasc rapidly as the
wing vortex moved inboard with increase of inecidence (above about 4° in this casc).
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SYMBOLS

co=-ordinate system

seml span at trailing edge
root chord

wing area

free stream dynamic pressure

Mach number
angle of incidence

local velocity

velocity just outside the boundary layer

distance from surface, normal to chordal plane

boundary layer thickness

"power coefficient" where

boundary layer bleed heigh

A
v o=

t

>1/n

chordwise distance from leading edge

local Reynolds number base
kinematic viscosity

static pressure

total pressure

area

mass flow

1ift coefficient = L,
gS

d on &

pitching moment cocfficient = ,Et

qSe
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SYIBOLS (Contd.)
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CD drag coefficient = o8
Al ) change in ( ) due to adding the intakes to the wing at constant Lift
coefficient
)* when the local speed equals the speed of sound
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APPENDIX

BSTINATION OF THE VARTATION OF MVIRY PLANE MACH NUMBER VITH INGIDLNCE

oW

Squire3 has quoted pressure coefficients of =0-093 and ~0+088 for stations
on the wing corresponding to the inboard and outboard edges of the intake at the

entry plane at a = O, These give:-

1972 )
f o1 = 0 .
1+962

it

Inboard M
en

Outboard M
en

il

Slender body theory

Z
Jones1) slender body theory shows that:-

PPy has(X)

N S

where Ap, is the difference in static pressure between upper and lower
ad

surface
TeA is in radians
. X
X is ==
c
o)

s(X) is the equation of the leading edge; in this case s(X) = % (2 - X)

() s 3 [s(X)]

¥ is y + local semispan.

Applied to this model and liach number we have:—

ApL
Inboard B 0004824 o

(Mo

i

ApL
Outboard B

[o0e]

0-002222 o

i

with o now in degrees,
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Appendix

These give the curves in Fig.13 (which are not straight lines since M
does not vary linearly with p/P).

HNot-so-slender wing theory

Adams and Sears theory14 has been developed by Squire15 to give:=-
ApL
e 4-&!1 + F(X) B T + (%) ﬁ lov Bs -J _‘“Jt;
J
+4aE«"(X) p2s G'(x)p s,.,lov BST_J 1-11;

where F(X) and G(X) are functions of the Jones slender body theory load
distribution,

- .

Sqp is ratio of trailing edge semi span to root chord and B = (M~ -1 ,

For this model and Macl number we have:=-

/.\pL
Inboardt;"" = 0°003793 o

&

[o2e]

Ap
Outboari=§;~ = 0+003369 a

o

which give the relations of Men with o presented in Pige13 and predicts exactly
the static pressure differenccés between upper and lower surface measured at the
entry plane (for attached flow),

O A wmAr I ., WM R WIS
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Details of model

. Wing
Root chord 20 inches
Span 10 inches
Area 133+ 3 sq inches
Volume 72 cubic inches
Aspect ratio 075
Aerodynamic mean chord 15 inches
Thickness chord ratio 8+,
Body diameter 1+*35 inches
Cross section Diamond
Planform given by ;‘: = 3;..,- (2 - 9(:«
Centre line section given by %m = 0-126 - K1 -
. 0
Antakes
Inboard edge y = 092 inch
Outboard edge y = 2+88 inches
Leading edge x = 148 inches
Trailing edge x = 20°0 inches

Height of upver surface above
wing surface with h = 0°24 in, 0°53 inch

Ramp angle 12°

Inside lip angle g°

Shock on 1ip Mach number L%ﬁ = 1+80
Internal contraction %1%

Main duct capture area
(both nacelles)

Boundary layer bleed

0°72 square inch

X

Y

°y/

i

222
O

duct height 0, 0708, 0*16 and 0*24 inch

- e e e .
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FIG.3. MODEL WITH INTAKES
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FIG.8. MODEL WITH EMTRY PLANE PITOT RAKES



- 20-0"

OUTLINE OF
/INTAKE.
IRCULAR BODY TO

ACCOMMOQDATE
STING.

- -
....

STATIC HOLES ON

REGION OF

UNDER SURFACE

ROUGHNESS.

PITOT RAKES:

DISTANCE FROM WING
SURFACE IN INCHES ()
0433

O 160 —_—— PITOT
0098 =———= ( TUBES.
—

0©-025

S AN ITTINTNSTTTY

\\

STATIC HOLE.

FIG.9. DETAILS OF MODEL WITH

10-0"

ENTRY PLANE PITOT RAKES.



PITOT RAKE.

SUPPORT FOR
PITOT TUBES.

rmm—

[—

LEADING EDGE ROUGHNESS.

STING.

—CYLINDRICAL BODY TO
ACCOMMODATE BALANCE.

PITOT RAKES OMITTED
FROM THIS VIEW.
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533669332 5334693438
TESTS ON AN ENGINE INSTALLATION FOR A SLENDER GOTHIC 533469142 TE3TS ON AN ENGINE INSTALLATION FOR A SLENDER GOTHIC 533469142

WING AT M = 1,82, Griffiths, R,T. August 1%l.

Tests were made at M = 1,82 over an incidence range of 110o on an
engine installation mounted at the rear of an uncambered slender gothic wing
with different values of the boundary layer bleed height and at various
mass flow ratios, In addition an investigation was made of the flow
conditions at the inboard and outboard edges of the inlet and of the
effects of the nacelles on the longitudinal characteristics of the wing.
The installation represented a design in which four engines were mounted
side by side in each of two nacelles, one on each half of the wing, with
the engines partially buried in the wing,

It was found aerodynamically preferable to mount the engines on the
lower rather than the upper surface of the wing in order to avoid the

(Over)

WING AT M = 1482, sriffiths, R.T. August 196,

Tests were made at M = 1,82 over an Incidence range of *10° on an
engine installation mounted at the rear of an uncambered slender gothic wing
with different values of the boundary layer bleed height and at various
mass flow ratios., In addition an investigation was made of the flow
conditions at the inboard and outboard edges of the inlet and of the
effects of the nacelles on the longitudinal characteristics of the wing.

The installation represented a design in whieh four engines were mounted
side by side in each of two nacelles, one on each half of ths wing, with
the engines partially burled In the winge.

It was found aerodynamically preferable to mount the engines on the
lower rather than the upper surface of the wing in order to avoid the

(over)
AsReCe C.P. No. 866 5334695, 172
533.64011,5¢
533469332
TESTS ON AN ENGIME INSTALLATION FOR A SLENDER GOTHIC 533669142

WING AT M = 1,82, Griffiths, R.T. August 1964,

Tests were made at M = 1,82 over an incidence range of *10° on an
engine instaliztion mounted at the rear of an uncambered slender gothic wing
with different values of the boundary layer bleed height and at various
mass flow ratios, In addition an investigation was made of the flow
conditions at the inboard and outboard edges of the inlet and of the
effects of the nacelles on the longitudinal characteristics of the wing,

The installation represented a design in which four engines were mounted
side by side in each of two nacelles, one on each half of the wing, with
the engines partially buried in the wing,

It was found aerodynamically preferable to mount the engines on the
lower rather than the upper surface of the wing in order to avold the

{Over)
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possibility of the leading edge vortices entering the intake and to take
advantage of the reduced local Mach mumoer present under 1lifting conditions,
With 5 reasonable boundary layer bleed height, addition of the macelles

to the wing caused a 15% Increase in drag, almost Independent of

Incidence, About 30% of this increase was the drag of the boundary layer
bleed duct; the remainder could be calculated cloSely from a knowledge

of the nacelle geametry, The mecelles caused small displacements of the
1ift and pitching moment curves,

n < \] .«

possibility of the leading edge cortices entering the intake and to take
advamrage of the reduced local Mach number present under lifting conditions,
With a reasonable boundary layer bleed height, addition of the ngcelles

to the wing caused a 15% increase in drag, almost tndspend~nt of

incidence, About 30% of this increase was the drag or the boundary layer
bleed duct; the remainder could pe calculated closely from a knowledge

of the nacelle geometry, The nacelles caused small displacements of the
1iftt and pitching moment curves,

possibility of the leading edge vortices entering the intake and to take
advantage of the reduced local Mach number mresent under lifting conditions,
With a reasonable boundary layer bleed height, addition of the nmacelles

to the wing caused a 15% increase in drag, almost independent of

incidence. About 30% of this increase was the drag of the boundary layer
bleed duct; the remainder could be calculated cloSely from a knowledge

of the nacelle gemmetry, The nacelles caused small displacements of the
1lift and pitching moment curves,
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