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SUMMARY

This paper contains the results of an experimental investigation
into the effect of a jet issuing from two afterbodies (one a right
cylinder and the second conical) at incidence to a uniform subsonic
flow, The tests were performed at a Reynolds Number of 0,3 x 106

based on body diameter and maximum tumelvelocity,

The presence of the jet issuing from an afterbody at incidence
significantly increases the magnitude of the normal force, axial force
and pitching moment arising fran the external forces but not including
the direct reaction of the jet, On the bluff cylindrical afterbody
the effect of the jet is comparable in magnitude to the effect of
incidence, However the effect of the jet on the conical afterbody is

secondary to the effect of incidence,
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TIST OF SYMBOLS

axial forece coefficient in terms of total base area

(2 me \

T oze /
2 0U%S

jet thrust coefficient

totel pitching moment coefficient in tcrms of total base area

pitching moment coefficient on bluff afterbody due to buse
pressures

pitching moment coefficient on bluff afterbody due to side pressures

normal force coefficient in terms of total base area

P =P,
pressure coefficient < = )

1172

5 o UO

body diameter
jet mass flow
static pressure (suffix o denotes free stream valuc)
radial distence from Jjet centre
adius of body
base area (= II R?)
free stream speed

equivelent jet velocity i.e, the velocity attained in an
isentropic expansion from Jet stagnation pressure to

free strecam static pressure

distance from jet exit along afterbody axis positive in
upstream sense

afterbody incidence in degrees
meridian angle

free stream density



1, Intreduction

A previous paper (1) has given the results of experiments to
determine the effect of an undeflected axi-symmetric jet upon the pressure
distributions around representative afterbodies in a uniform subsonic
stream and the effect of afterbody shape on the drag of the body at
zero incidence, The effect of jet deflection on the flow round a blunt
afterbody st zmero incidence was the subject of a second peper (2) by
the same author,

It is of interest to examine the effect of body incidence upon
the forces on and the flow round an afterbody from which a jet is issuing
and in particular to investigate the conditions which exist in the
vicinity of the base. The afterbody at incidence without jet will
experience a nommal and an axial force by virtue of its incidence.
The presence of a jet seriocusly complicates an analytic approach to
the problem. Theoretical papers by Spence (3), Stratford (L) and
Craven (5), and experimental investigations by Dimmock (6), Davidson (7
and others have explored the analogous two-dimensional problem. Reference
(5) includes some consideration of the axi-symmetric problem tut a
solution has not yet been achieved. However an approximate applicat ion
of slender body theory leads to the conclusion that, in inviscid flow,
the interference between the jet and the flow around the afterbody
is zero.

It is the purpose of the present paper to ascertain how the viscous
effects, including the areas of separation, modify the result of slender
body theory. Bxperiments were conducted to investigate the effects
induced by the presence of the jet and in particular to determine the -
pressure distributions on the surface of a conical afterbody and on
the base and side surfaces of a bluff cylindrical afterbody at incidence
from which a jet issues, From the pressures, the side force, base drag
and pitching moment induced on the afterbody by the interference of the
jet with the subsonic free stream are calculated.

The experiments described herein are the third phase of a fuller
investigation into the effect of jet flow spomsored by the Ministry of
Supply under Contract No, 7/GEN1473/PR3. The author would like to
thank Yr, F.M.,Burrows for the preparation of Fig. 16, Mr, S, H. Lilley
for the design and crection of the equipment, Mr, H, Stanton for the care
and enthusiasm with which he made the models and the aerodynamic
laboratory assistants who were responsible for teking the experimental
measurement s,



e Apparatus

2.1, The wind tunnel and instrumentation

The tests were performed in a straight-through wind tunnel heving
a closed working section measuring 3 ft. squnre The comp:tec‘seé air
supply for the jet was led to the working section in a 3% in, diameter
pipe along the centre line of the tuwmel. The supply pipe was threaded
at its downstream end to take the angled elbows necessary to give the
afterbodies the required angle of incidence., The supply pipe was
encased in a duralumin sleeve 4 in, in diameter, the space between the
sleeve and the supply pipe being occupied by the pressure tubes,

The surface pressures on the models were read from a multitube
water manometer,

2,2, The models

Two models were used in these tests ¢=
g;) a right cylinder 4" diameter and 12" long
ii) a2 conical cyl:mdor tapering from 4" to 20 dmetex‘ in a
length of 9" giving a boat-tail angle of 1(}—~

The models were turned from light alloy. The internal cavity of
each modcl was machined to give a smooth internal flow intc a parallel
sided jet 3" in diameter issuing from the model along its centre line,
An interna 1 gauze screcn was fitted between the medel and the angled
elbow to eliminate non-uniformities in the compressed air flow from the
supply pipe into the modells pressure cavity. ‘

Polythene tubing for pressure measurements was let into slots along
the model's generators at angular intervals of 22—% and secured with
araldite,

e Scope of the tests

The tests on each of the models covered a range of free stream
speeds from 50 to 100 f.p.s. and a range of "equivalent" jet speeds
from O to 1500 f.p.s. The equivalent jet speed is that calculated from
the jet blowing pressure assuming isentropic expansion to free stream
pressure, Defining the thrust coefficient CJ by

m
GJ = _.Zb
'§DUO 3
vhere m = jet mass flow (slugs/sec)
Vy = equivalent jet speed (£t/sec)
U, = tumel speed (£t/sec)
S = base area of model (sqg.ft)

the range of jet thrust coefficient covered by these tests was O < CJ < 40,



The models were set at 2 series of incidences in the range

0° < a €15°, Within this range of incidence, it is felt that interference
between the jet and the tunnel walls does not affect the results
significantly.

L, Test procedure

The ordinary pressure plotting techniques were used in these tests.
The details are given in ref.1.

5. Results

5.1, Presgentation of results

As in the previous work the pressure coefficicnts and forces and
moments were found to be presentable in terms of the non~dimensional
thrust coefficient CJ., The jet and free stream velocities are, thereby,

not used explicitly, This use of GJ is justified for two reasons;
firstly it can be shown that the forces on the bodies are proportiocnal
o o? (e.g Fig. 17) and for given G, the results are independent of
tunnel spced; i.,e, the effect of Reynolds Number based on free stream
velocity ig small,

The pressure distributions on the bluff cylindrical afterbody are
given 11 the form of isobar patterns as follows :=

Fig, 2 (a) Base pressure distribution at zero incidence (& = 0%)
for Gy = 0, 1, 2, &, 10, 20, LO,
(b) Base pressure distribution a = 20, 5°, 10°, 15° C; =0
(c) Base pressure distribution © = 27, 5°, 107, 15° Gy = 1
(@) Bese pressure distributim a = 2°, 5°, 10%, 15° ¢y = 2
{~} Base pressure distribution @ = 2°, 59, 10°, 15° CJ = 4
(7} Base pressure distribution a = 2°, 5°, 10°, 15° C; =10
(¢) Base pressure distribution & = 2°, 5%, 10°, 15° C; = 20
{1i) Base pressure distribution @ = 2° 59, 10°, 15 G_ = 40

ey



Pig, 5 (a) Side pressure distribution (nou in iscbar form) for zero

incidence plotted against E for CJ =0, 1, 2, 4, 10, 20, 40,
(b) Side pressure distribution a = 2°, 5°, 10°, 15° C; =0
(c) Side pressure distribution « = 2°, 5°, 10°, 15° C; =1
(8) Side pressure distribution a = 2°, 5°, 10°, 15° Oy =2
(e) Side pressure distribution a = 2°, 5°, 15° Oy = 4
(f) Side pressure distribution a = 2°, 5°, 10°, 15° Gy =10
(g) Side pressure distribution a = 2°, 5°, 10°, 15° Cy =20
(h) Side pressure distribution « = 20, 5°, 100, 15° Cy = 40

The origin for the meridian sngle © is shown in Fig. 1. The base
and side distributionsare thus symmetrical about a vertical plane through
the body centre~line, Hence the isobar patterns for incidences of

o . -0 o o] R . .
2 and 5 and 10" and 15 arc placed side by side for ready comparison,
In Fig, 5 the iscbars are plotted on axes of the meridian c,ﬁn,gle & and

of the non-dimensional distance (& ) upstream of the baze

Typical radial pressure &1 tributions on the base are given in
Figs, 3 and 4, Fig. 3 shows the dcpczv"ence of the pressure coefficient
upon body incidence ¢ and Pig., 4 gives the veriation with meridian
angle ©; both figures being plottcd for fixed values of CJ.

By intcg“a“tjﬂ” the appropriate pressure distributions the coefficients
of axial force, normal f‘orce pitching moment due to base pressure
variations, pltchmg moment due to side pressure variations and total
p:d‘,om_nr‘ I"V‘”f“ﬂt about the centre of the base have been calculated and a
given in Figs, 6 - 10 respectively plotted against "J for given values of‘
incidence and against incidence for particular values of OJ.

The pressurc distributions on the tepered afterbody are given as
iscbar patterns as follows ¢ =

Pig. 11 (a) Side pressure di istribution (n@t in iscbar form) for zero

incidence plotted against E for C. = 0, 1, 2, 4, 10, 20, 4O,

(b) Side pressure distribution & = ZOQ? 50, '!OO 150 G'J =0
(c) side prossure distribution « = 2°, 5°, 10°, 15° Cy =1

(a8) side pressure distribution o = 2°, 5°, 10°, 15° Cy = 2

(e) Side pressure distribution « = 2°, 5°, 10°, 15° Cy =k
(f) Side pressure distribution o = 20, 5O, 100 15 OJ =10
(g) side pressuce distribution a = 2°, 5%, 10%, 157 ¢ = 20
(h) Side pressure distribution & = 20, 50, 100 15° Gy = 493



Again the pre icn on the tapered body is symmetrical

e 5 S

abw‘!: the mtmﬂ! T body oo nire line., By integration
£ the pressure coo “Lr e coefficients of axial force, normal

fox'on, and j‘lqu’llﬂg; m ,’c ub the contre of the jet were cmloul“wd_
and are given in Figs, 12 =~ 14 '“espoc“bivc"“ plotted as for the bluff
cylindricel afterbody. '

In all the curves drawn the jet hos not reached the overchoked condition,

5,2, The pressure disgtribution on the bluff afterbody

5,2,1, The bese pressures (Fig, 2a - h)

The general trend of the pressure distributicn on the base remains
waltered as body incidence is increased, The base suction increases with
radial distoance to a peak at r _ 7 approximatcly and then decreasecs

T = ¥

- N, Tl ~ 4 - . . r
(Pigs, 3 and k), For any particular value of C, and l (except very close
. A -
jet exit), the variation of pressure coeffici mt with meridian
1a shows a steady increase in suction from © O to 1357 and thereafter
remaine gensibly constont (F:’Lg. 4)e In other vords the maximum suction

cecurs over o narrow band situated at % = .7 approximotely and stretching

0Q

, -0 .. . . s s
for about 45 on eithcr side of the plane of symmctry. The radial position
of the peak suction moves cutwards as the incidence increases, e.g, peak

0
= o 70 for 0]

il

suction occurs at

[¢]
. 71 for ¢ = 5

= .75 for « 10

i

{r3 Wi =R m&s
H

il

.78 for «

it
i
{

and at T

e .
in the case 6 = 1807, C; = L0 (Fig. 3).

{

Turthermore the radisl position of the peek secticn moves oubtwords as
meridion angle 6 changes from 0° to S0 azm “bhpn slightly dm mr”i.s agein
to 6 = 1807, e,g. in the case when o = 10”7, J = 20 \l’iw L)
T o}
peak motion ococurs ob = = L6 for 8 = O
. i 0
at = .70 for 6 = 15

= .75 for © = 90

at = ,72 for 0 = 135

i

il Wl Wls i K

i

-~
(0]
O

and at = 173 for ©



At zero body ineidence and at % = 0,6 approximately for all values

of CJ there appeared a suction pesk followed at a slightly larger radius

by a second and larger suction peok, The same effect is %oteé,wiﬁh the
afterbody at incidence but in 2 modified form, At 6 <457 the effect is
absent, As O increascs the effect becomes apparcent but the fall and
subsequent rise covers a much lerger region than for zero incidence,

The magnitude of the angle of incidence does not seem to affect this
phenamenon,

The jet choked at a particular value of CJ for a glven frcestream

speed, A smell increase of C. above this value caused a ropid decrease in
suction over the base by'abod% ten per cent of its value when the jet
choked, The values of the pressure coefficient remained constant if CJ

was further increased, The effect was the some for all body incidences.
This feature has been omitted from the isobar patterns to avoid confusion,

5.2,2, The side pressure distributions (Figs., 5a - h)

As on the base, the presence of the jet increases the slight suction
on the side of the body, As in the previocus experiments it was found that
the jet had negligible effect at distances greater then two body diameters
upstrean of the base, For any valuc of CJ and any value of-% the suction
rises with increase of meridian angle ©, At small incidences this trend
is maintained over the whole range of 6, At incidences greater than 5
however a suction peak occurs between © = 670 and 900 and further increase
of © results in o reduction of suction until at 6 = 180  (the upper surface)
the pregsure is not apprecisbly different from that on the under surface
( 6= 0% for the same values of C. =~§°

L¥)
Except at points close to the base (% < ,05) the side pressure

distributions for choked and overchcked jet coincided for the same tunnel
speed and incidence,



5,3, The Forces and Mements on the bluff afterbody

The force and moment coefficients were obtained by dividing the
particular force by épUzS, S being the meximum cross-sectional area of
the afterbody, and the momernt by 7 Ung where d is the maximum afterbody

diameter, The origin for moments is the centre of the jet orifice.

5.3.1. Base drag (Fig. 6)

The base drag is presented as the axial force in the direction of the
afterbody's centre linc, The base drag coefficlent increases with increase

of CJ for all values of body incidence, The increase is large initially

ut moderates as CJ increases.

o’

4 second dmportant feature is that for any value of CJ other than

zerco within the range of these cxperiments, the drag decreased as the incidence
increased up to 27 = 57, depending upon the C;r involved, thereafter increasing

with incidence,

The effect of overchoking the jet is the same as reported previously
(ref. 1).

5,%.,2, Normal force (Fig, 7)

The normal force, jet off, measured positively in the direction
& = 180" and perpendicular to the body centre line shows a considerable
rise as the incidence is increased, PFurthermore the effect of the jet is
to produce a nommal force sugmenting that due to incidence alone. It
is evident that, except for the large incidences, the normal force depend s
only slightly upon the cffect of the jet, Indeed it is only at « = 15
that an appreciable increase in CE’ ocours at values of CJ greater than 10,

5.3.3, The pitching moment

211 pitching moments are measured sbout the centre of the basc and
token positive in the nose-up sense,

5,%.3,1, Moment due to base pressures (Pig. 8)

The pitching moment due to the variation of the basc pressure
distribution with incidence and C. is found to be positive for all values
of 'CJ and ¢ within the range of t".-{ge experiments. Increase of CJ and «

cause a rise in pitching moment except at high incidence and low CJ where

there is a tendency for the value of C‘»% to fall for further increase of CJ.
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5.3.3.,2, Moment due to the side pressures (Fig, 9)

The moment duc to the side pressures is nose-up for zll velues of
incidence and CJ The magnitude of CI\XF increases sharply with increase of
' N ,

incidence up to 2° for all values of GJ. For GJ. < 20 there 1s a further
sllght increase up o a = 10° and then a small decrense as a approaches
15 Por CJ > 20 the szlue of CI\/’ decreases with increase of incidence

until at @ = 15° it differs only sllgh'{,ly from the values for C. = 28,

Thcsc r;,sults are to be expected from the side pressure (L%trlbatl
(Pig. 52 - g), o 5 for the higher values of C and @ = 10° and 15

for all O the pressure distributions show the peak suctlons occcurring

in the reglon 0 = 90 where they have 1little effect on moment, The pressures
on the upper and lower surfaces arc nearly the same and hence an almost
constant value of C,, is to be expected at the high incidences,

1

5.343.3. Total pitching moment (Fig., 10)

The sum of the base and side moments is the total pitching moment
acting on the afturbr\dy. It increases, in general, with incidence and C

However, far small volues of OJ , the increase of GM with « is very smf\llJ

e . o)
for values of incidence greater than 5,

5.4, The pressure distribution on the taper"ed afterbody (Pig, 112 = h)

The pressure distributions on the tapered afterbody which were
symmetric about the body centre line at zero incidence now showed marked
veriations with chenge in meridian angle, although the variation along
generators showed the same general trends as et @ = O, It was noted that,
at the higher incidences, suction peaks developed at € = 15° approximately.

Because of the ?osulble errors due to the proximity to the elbow,
the pressure distributions on the parallel portion of the aftcrbody

(*/a > 2,5) are not given,



5,5, The forces and moments on the tapered afterbody

The forces and pitching moments are in the directions and senses
defined in paragraph 5, 3, 3.

5.5.%, The axial force (Fig, 12)

Increase of incidence causes a large increase in the axlal force

coefficient and increase of CJ further increases CA‘ The effect of the

Jet dis orly wvery slight for OJ < 10 at all incidences and for all CJ

at zero incidence. TFor C. > 410 the jet interference significantly augments
the drag due to incidence,

5.5.2, The normal force (Fig, 13)

As with the axial force, incidence is the major factor affecting
the normal force, the jet interference having only a secondary effect.

Values of CJ less than 10 seem to have no effect at 2ll and far CJ = LO

the increment in normal force coefficient due to the jet interference is
only 30% of that due to incidence, It should be noted that as with ordinary
conical afterbodies the nomal force is negative,

5.5.3. The pitching moment (Fig, 14)

The pitching moment is negative for all values of CJ and incidence,

o . .. . . .
Up 40 ¢ = 57 increase of incidence causes an increase in the magnitude of
the pitching moment coefficient, Purther increase of incidence is accompanied
by a slight reduction in the magnitude of CM’ The presence of the jet has
\5N

a negligible effect on the pitching meoment,
6, Discussion

6.1, Accuracy of results

The jet supply pressure during any one test was maintained at the
required walue within limits of 2%, The tunnel speed could be kept
accurate to within 1% and the surface pressures were measured to 0,02 in,
of water, The overall crror in the pressure coefficients and the fopce and
moment coefficients is thercfore expected to be less than 5%.

6.2, The flow around the cylindrical afterbody

It is found that setting the afterbody at incidence causes major
modification of the toroidal vortex system which is set up when the jet
issues from the centre of the bluff base of the undeflected afterbody (ref’,i).
Except in the vertical plane of symmetry the flow on the base is no longer

radial but curves from an atbtachment line at ER: = o3 approximately to a
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. . r . .. R - . .
separation line at = .8 approximately, This is shown in Fig, 15 which is
P il PT v :

drewn from a series of surface flow pictures. There is also a weak flow
into the separation line inwerds from the edge of the base (-E— = 1) and the

2ir embrained into the jet at its exit curls into the jet from the attachment
line, The separation and attachment lines show little evidence of eccentricity
for small incidences but at the higher incidences a degree of* eccentricity

in the separation line is spparently equivalent to %2. = o1, This is consistent

with the form and extent of the radial pi'essure d_istr"'bution, The presence
of the scparation line is to be egcpe,oted :m VldW of the adverse pressure
gradient outboard of the peak suction at = T = .8 approximately and the

attachment line is confirmed by the minimum suction that occurs at ~§ = .0

approximately. This and the degree of eccentricity coan be seen more
clearly if the pressure coefficlents are pletted against radial distance
fer a series of meridian angles at one incidence and at one meridian angle
for a series of incidences (e.g., Figs. 3 and L).

In the lower plane of syrmetry ( 0 = OO> there is relatively little
variation i% rresswre coefficient with radlus. The surface flow patterns
near € = 0  show little accretion of fluid and the attachment line is very
indefinite. As the meridian angle increases so the radial variation of the
base suction coefficient is increased until in the region 135 < © <180
the pressure variation is greatest, The separation is strongest in this same
region as indicated by the high suction lobes in that region on the isobar
patberns, The boundary layer which scparates from the base appears to roll
up and form a pair of spiral vertex sheets, These vortices originnte near
the base in the lower plane of symmetry and increase in vgr@ngth as they
move round the base until they separate in the region 135 < 6 < 1807,
ThW“M§sﬂomsﬁ@mzwﬁcwaﬁwﬂhrmwtmmg,uﬁotm;u&\an16%

3

There arc no features in the surface flow patterns which correspond
.

T v

=

to the first suction peek = T = 0.6 (Figs, 4 and 15). The form of the

pressure distribution is, however, C‘Onul tent with the development of a
laminar type boundary 1513 or up to £ T = 0.6 fellowed by a laminar separation

and turbulent reattachment, Turbulent separation then occurs, as stated
above, at % = 0,8,
&

The pressure distributioms on the side of the bluff afterbody suggest
that the flow over the afterbody with jet is not significantly different from
that at the same incidence with no jet., At 2° incidence it would appear
that the cross flow does not separate for any value of Gy, At 57 incidence

separation occurs at 0 = 1350 except for O = LO and in this case the

effect of entrainment into the jet is suff icient to prevent separation on
the side surf‘aoes At the higher incidences separstion occurs as one would
expect at 6 = 70 approximately, the separated boundary layers rolling up
to form the characteristic vortex pair,
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The mixing region beyond sbout two body diameters downstream of the
base contains three intially distinet flows; the jet, the pair of vortex
sheets shed from the base and the pair shed from the sides of the afterbody
(Pig., 16). Yawmeter investigaticns in the wake did not give sufficient
detail to detecrmine the exact nature of the mixing processes between the
vortices and the jet. From tuft investigations it was found that the inner
sgparated regions close to the base of the body extended to about one body
diemeter downstream of the base.

6.3, The flow pattern around the conical afterbody

At low values of OJ (QJ < 2) the flow around the conical afterbody

is little affected by the jet., The flow appears to separate at about ene
body diameter upstream of the Jet exit and only for CJ > 2 is the entrainment

into the jet sufficient to cause reattachment., At the larger incidences
the pregsure distributions show evidence of boundary layer separation at

07 . ; - . .
€ = 457 with the separated boundary layers rolling up to form the pair
of rolled~up vortex shecets characteristic of a body of revolution at incidence,
At the higher velues of GJ the entrainment effect of the jet is to reduce
the strength of the vortices since less flow is fed into them. This has the
effect of reducing the suction pesks on the sides of the body.

n
6,L., Dependence of the results on C

J
If the results for the normal force acting on the bluff afterbody are
expressed in the form log(cTT - Cy ) and plotted against log Cs (Pig. 17)
’ C. =0 )

it is found that, for each incidence, a straight line is obtained the slope
increasing with incidence indicating that the incidence effect and jet
effect are additive and that

n
G, = C C s
NN, g~ T g, (@)
=
where n is a constant depending upon the incidence ¢, and g1(cz) is
o
zero when @ = O,
1
It is noticed that, for incidences considered, n/sin®c  is a constant
and equal to 1.55 approximetely,



o 2 5 10 15°

n 0,290 0.455 0.640 0,792

Vsin « 0,41868 0.2953 0.1166 0,5058

n/Vsin @ | 1.55 15k 1.5k 1.56
When 1og(QA -G, ) is similarly plotted {Pig. 18) it is agnin seen
C. =0
J
that C, - C, is proportional to G? gz((x), The value of n is 0,58
Fe
C, =0
J

approximately and appears to be independent of incidence,

While the normal force coefficient for the conical afterbody does obey
a law of the form

AT
Cy = Cy ~ C5 gs(cc)

the relation between n  and ¢ cannot be stated as precisely as for the
bluff afterbody. To within 20% accuracy the relation n

—E = 17

sin®u
covers the experimental points, The axial force on the conical afterbody
is predominantly dependent upon incidence; the experimental evidence is
not sufficient to deduce a functional relationship between axial force ard
jet momentum coefficient. '
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7. Conclusions

(i) The vresence of a jeb dissuing from the afterbody at incidence
significantly increases the magnitude of the normal force, drag and pitching
moment on a bluff cylindrical afterbody and a conical afterbody. This
effect is in addition to the normal jet reaction,

(i1) On the bluff cylindrical afterbody the effect of the jet is comparable
in magnitude to the effect of incidence, The effect of the jet on the conical
afterbody is secondary to the effect of incidence,

(iii) Typical magnitudes of these effects on the cylindrical afterbody are
as follows ;-

o . .
At 157 incidence the normal force coefficient was raised from 0,27 at
CJ = 0O to 0,73 at CJ = 40, The base drag coefficient was raised from

0.31 to 1.38 for the same increase in C. but the increment in drag coefficient

J
is roughly independent of incidence,

. , . ’ . . o
(iv) On the conical afterbody the maximum effect was experienced at 15
incidence where the axial force coefficient was raised from 0,81 tg 0,97

by increasing QJ from O to 40, The corresponding walues for « = 0 are

. o . . .
0,11 and 0,13, The normal force coefficient at 15  incidence changed from
~0,16 to ~0.59 for the same range of Cye
(v} The pitching momert on the bluff afterbody was predominantly due to
the pressure variations on the base whereas on the conical afterbody it
was sensibly independent of jet interference,
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4 0,393 0,409 0,423 0,431 0,438 0,452 0,47 0,491 0,504 0,509 0,536 0,530 0,521 0,514 0,512
6 0.411  0.438 0,467 0,492 0.512 0,527 0,548 0.574 0,57, 0.582 0,602 0,592 0,579 0,561 0,546
8 0.430 0,469 0,504 0,557 0,585 0,596 0.611 0,654 0,648 0,648 0,68, 0,650 0,637 0,623 0,585
10 0.Lh8 0,494 0,542 0,612 0,646 0,663 0,689 0,724 0,718 0,712 0,734 0,702 0.682 0,660 0,614
15 0.458 0,503 0,548 0,625 0,721 0,788 0,852 0,89 0,2 0,912 0,912 0,86 0,807 0,714 0.691
20 0,466 0,494 0,552 0,634 0,800 0,906 1,004 1,068 1,114 1,148 1,08 0,962 0,90 0,756 0.756
1.2

25 0.485 0,523 0,596 0,679 0,863 0,98, 1.092 1,172 L2160 1,25 1,226 41,115 1,035 0.882 0,834
30 0,503 0,548 0,631 0,722 0,915 1,057 1.17% 1.276 1.309 1,33 1,376 1,207 1,112 1,000 0,907
35 0,520 0,579 0.666 0,771 0,968 1,135 4.258 1,368 4.398 1,442 1,463 1.326 1,229 1,146 1,026
4 0,532 0,601 0,69 0,802 1,002 1,208 1,32% 1.462 1,497 1.554 1,541 1.416  1.338  1.278 14T

e = 180°

0,160 0,460 0,460 0,160 0,160 58 0,156

B
-
U
(&)
O
.
-
o
N
o
©
ey
N
o

0 0.1 0 0,160 0,160 0,166 0,168 0.175
1 0,326 0,326 0,33 0,338 0,338 0,33 0,3,0 .0,36 0,342 0,33, 0,326 0.318 0.30, 0,294 0,258
2 0. 501 0.38. 0,373 0,395 O.413 0,442 0,466 0,489 0,510 0,514 0,530 0,492 0,411 0,363 0,325
4 038 0,441 0,418 0,432 O4h6  0.455 0.462 0,476 0,488 0,500 0,514 0,523 0,520 0,508 0.510
6 0.402 ~ 0,433 0,453 0,478 0,512 0,526 0,531 0.554 0,562 0,576 0.592 0,586 0,585 0,564 0,558
8 .. 0423 O 0,489 0,54 0,578 0,598 0.615 0,637 0,641 0,655 0,668 0,654 0,651 0,618 0,604

10 0.435 0,469 0,524 0,610 0,635 0,662 0,689 0,706 0,715 0,721 0.738 0,715 0.702 0.667 0,642

15 0,446 0460 0,528 0,600 0,718 0,786 0,802 0,8 0,8 0,918 0,918 0,88 0.860 O. 735 0.697

20 0.451 0,460 0,630 0,607 0,794 0,903 1,000 1,08 1,08 1,109 41,08, 1,048 1,002 0,800 0,743

25 0.462 0,489 0,564 0,662 0,8,2° 0,98 1.125 1,160 1,167 1.2.8 4.202 1,166 1.422 0,951 0,876

30 0,469 0,517 0,600 0,716 0,887 1,042 1,206 1.207 1,225 41,364, 1,33 1,279 1.228 1.082 0.991

35 0,478  0,54h 0,641  O,77% 0,93k 1,117 1,295 1.360 1,366 1,512 1.476 1.39h 1.33 1.22 41.128

40 0.485 0,568 0,663 0.805 0,966 1,169 1,381 1.52% 1,528 1,631 1,599 1,502 1.426 1.33  1.242



TABIE 3 BASE SUCTION CORFFICIENTS 10° INCIDENCE
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Bl

0,237

0,158
0,404
0,488
0,559
0,614
0.668
0.713
0,762
0,805
0,843
0,876
0.985
0,93

0.158
0,404
0,486
0,545
0,596
0,649
0, 682
0,727
0, 774
0,796
0,82
0,826
0,847

0,158
0,389
0,513
0.538
6.576
0,608
0,643
0,617
0,605
0,656
0,708
0,779
0.825

0,287

0,158
0,386
0. 47
0.562
0.607
0,645
0,669
0,73
0.748
0.814
0, 847
0,864
0.886

0,158
0,387
0,47k
0,567
0.596
0,63
0,654
0. 711
0.758
0,782
0,809
0,83
0,862

0,160
0, 384
0,483
0,552
0.574
0, 608
0,630
0.617
0,602
0,652
0,710
0,772
0,814

0,337

0.156
0. 35k
0,450
0,566
0.592
0,620
0,643
0.688
0, 7ML
0.785
0,837
0,892
0,943

0,160
0,372
0,460
0,58,
0,602
0.62%
0,641
0,698
0,740
0,782
0,815
0, 8y
0.871

0,158
0,376
0.454
0,568
0,589
0,608
0,632
0,6L7
0,658
0.697
0,726
0,760
0,808

0.387

0,158
0,321
0. 4.2
0.573
0,592
0,615
0.637
0,685
0.738
0.805
0.862
0.946
1,000

Q.160
0, 341
0,42
0.608
0,622
0,638
0,6L6
0,688
0,727
0,789
0,851
0,916
0,964

0,162
0. 36k
0,443
0,581
0,605
0,632
0.654
0,697
0,735
0.775
0.812
0.857
0,89

0. 437

0,160
0,303
0.428
0,576
0.605
0.627

0, 64,

0,702
0,776
0. 854
0,931
1,012
1,08,

0,160
0,333
0,447
0,614
0,631
0,645
0,651
0,742
0, 760
0,822
0,896
0,954
1.027

0,162
0,359
0.451
0.598
0.627
0,654
0,678
0,72
0.813
0, 874
0,928
0,980
1.016

TABIE 3 (Continued)

0,487

0,160
0. 28
0,453
0.573
0.608
0,635
0,659
0.736
0,825
0,921
1. 00L
1,089
1,188

0,163
0. 325
0,461
0,592
0,629
0,654
0,692
0,775
0, 81
0,934
0.973

1,102 .

1.198

0,168
0. 365
0,167
0,612
0.645
0,678
0, 704
0.809
0,902
0,987
1,068
1,156
1,224

0,537

0.163
0,292
0.471
0.573
0,610
0,642
0.671
0, 79
0,902
1,00l
1,096

1.274

1.320
1,402

0.587

0,167
0,326
0,497
0.57h
0,612
0,657
0,692
0,845
1,014
1,092
1.156
1,224
1,389

0,172
0.358
0.516
0,592
0,624
0,662
0,68,
0, 865
1.03,
1.139
1,228
1,326
1.409

0,176
0,385
0,493
0,585
0,628
0,665
0, 700
0,882
1.057
1.166
1.25h
16330
1,423

0.637

0,172
0. 360
0,50,
0,578
0,618
0.655
0,688
0.859
1.018
1.131
4.230h
1.338
1.423

0,175
0,372
0,53
0,603%
0.628
0,662
0,689
0.847
1.008
1145
1.267
1,380
1.493

0,184
0,403
0,511
0,601
0. 6}4.1
0,67
0,706
0.928
1,126
1.248
1.37
1.493
1.605

0,687

0.179
0.501
0.493
0,589
0,622
0,655
0.679
0,848
1.023
1,128
14234
1. 341
1.423

0,182
0,405
Q0,552
0,616
0,642
0.678
0, 705
0.877
1.038
1.185
1,312
1,460
1,568

0,184
O.44Y
0,526
0,626
0,652
0,685
0.72
0,959
1.4 7k
1,293
1.395
1.516
1,622

0,737

0,192

0,541
0,634
0,668
0, 702
0,729
0,959
1.188
1,307
1.432
1,570
4.68.

0.787

0,186
0,373
0.475
0,602
0.627
0,65
0.679
0,83
1,006
1.110
1,198
1,306
1.40L

0,196
0.426
0.538
0,619
0,658
0.689
0. 716
0,988
1,136
1.245
1,3
1,468
1,56

0,198
0,428
0.556
0,620
0,651
0,680
0. Mk
0,916
1,102
1,256

1.380

15509
1,632

0,837

1.423

0,202
0.418
0,558
0,614
0,642
0,670
0,702
0,83
1.057
11 7l
1,288
1,406
1.5

0,887

0. 211
0.31%
0,45k
0,578
0.596
0,624
0. 648
0.732
0. 846
0. 941
1,022
1.112
1,183

0.23
0,396
0,482
0,600
0. 628
0,652
0,689
0,830
0.98,
1.056
1,127
1,204
1.288

0,219
0,398
0,548
0,605
0. 630
0,661,
0,68
0,850
1,026
1,112
1.190
1,289
1,365

0.937

0,237
0,294
0.148
0.563
0.579
0.5N
0,603
0.692
0,800

O 952
1,038
1.102

0, 256
0,373
0,467
0,588
0, 611
0,639
0. 661

0,772
0,896
0,967
1.043
1,105
1,172

0, 2Lk
0, 370
0, 531
0,602
0.614
0.635
0,642
0.785
0,924
1.009
1,078
1.153
1,208



TABLE 3 (Continued)

wie

0.237 0,287 0,337 0,387 0.437 O.487 0,557 0,587 0,637 0,687 0,737 0,787 0,837 0.887 0,937

@ - 135°

0 0,162 0,162 0,460 0,460 0,162 0,167 0,472 0,175 0,178 0,18  0.18. 0,190 0,195 0.206 O
1 0,400 0,39 0,386 0.386 0.38, 0,38, 0,391 0.416 0,116 0,118 0,427 0,412 0,38, 0,39 O,

2 0.524 0,502  0.482 0,459 0,463 0,473 0,489 0,496 0,508 0,526 0,5,0 0,543 0.519 0,502 0,48k
4 0,534 0.546 0,558 0,572 0,586 0,605 0,594 0.589 0,600 0,614 0.638 0,646 0.638 0.622 O,

6 0,560 0,564 ©,58L 0,600 0,624 0.639. 0,631 0,629 0,63 0,652 0,675 0,667 0,660 0.645 0.632
8 0,589 0,589 0,609 0.63% 0,659 0,678 0,668 0.668 0,671 0,686 0,708 0,69, 0.685 0.672 0.657
10 0,614 0,622 0,631 0,655 0,688 0,712 0,692 0,706 0,710 0,715 0,73% 0.718 0.70L 0,69 0.672
15 0,578 0,58t 0,592 0,637 0,721 0,820 0,856 0,930 0,996 0,996 1,025 0,967 0.916 0,872 O.815
20 0.522 0,556 0,590 0,67. 0,786 0.911) 1,032 4,164 1,28, 1,280 1,304 1,222 1,138 1,046 0,963
25 0,609 0.612- 0,647 0,680 0,852 0,980 1,164 1,260 1,396 1,412 1,428 1,346 1,250 1,132 1,038
30 0,681 0,674 0,691 0,778 0,M6 1,08k 1,238 1,356 149 1.55h 1,537 4,450 1,376  4.22% 1.112
35 0,776  0.75L 0.756 0,830 0,970 1,121 1,332 4.4 1,590 1,681 1,642 1,572 . 1,498 1.302 1.196
4 0,828 0,80, 0,80k 0,898 1,002 1,109 1043 1,537 1,687 1.802 1,743 4.68,. 1.613 41.389 1,268

0 0.162 0,162 0,162 0,162 0,162 0,165 0,168 0,472 0,475 0,175 0,179 0.186 0,193 0,204 0,212
1 0,406 0,39L 0,38, 0,386 0.389 0,396 0.k12 0,415 0,418 0,423 0,420 0,400 0,362 0.309 0.27
2 0.542 0,522 0,506 0,487 0,476 0,476 0,482 0,496 0,51k 0,526 0,520 0,508 0,88 0.469 0,454
L 0,528 0,540 0,553 0,576 0.589 0,613 0,628 0.606 0,589 0,614 0,648 0,641 0,633 0,620 0,615
6 0,554 0,564 0,589 0,609 0,621 0,649 0,657 0,638 0.642 0,652 0,675 0,668 0,654 0,64 0.632
8 0.579 0,598 0.622 0,635 0,657 0,678 0,678 0,664 0,681 0,691 0,711 0,692 0,681 0.669 0.657
10 0,592 0,626 0,647 0,664 0,688 0,716 0,696 0,692 0,714 0,720 0,736 0,718 0,708 0,692 0,67,
15 0,57 0,578 0,591 0,674 0,759 0,859 0,918 0,950 1,035 1,059 41,068 0,986 0,93 0.925 0,847
20 0.506 0,543 0,582 0,674 0,82L 1,002 1,146 1,224 1,318 1.6 1,388 1,258 1,185 1.116 4.023
25 0.549 0,588 0,673 0,738 0,875 1.087 1.227 1,376 1.456 1,545 1.53h 1,376 1.292 1.192  1.092
30 0,615 0,639 0,716 0.793 0,912 1,162 1,311 1,501 1,625 4,668 1.662 1.489 1.406 1.289 1,178
35 0.673 0,721 0,770 0,837 0,958 1.246 1.5 1,650 1,716 1,779 1,78  1.592 1.511 1.362 41.276
4 0,728 0,808 0,824 0.885 0,996 1.30 1,509 1.78 1,902 1,882 1.8,5 1.7k 1.600 1,448 1.356

= 180°
0 0,158 0,156 0,162 0,160 0.160 0,163 0,172 0470 0,472 0,476 0,176 0,48, 0,492 0,190 O, 204
4 0.442 0,398 0,39 0,388 0,392 0,395 0,406 0,418 0,423 0,426 0,409 0,38, 0,30, 0,278 O, 256
2 0,544 0,538 - 0,520 0,500 0,48, 0,482 0,488 0,496 0,508 0,515 0,520 0,510 0,482 0,470 0,453
L 0,528 0.546 0,556 0,582° 0,59 0,608 0,618 0.631 0,640 0,634 0,646 0,648 0,634 0.621 0,640
6 0,556 0,565 0.58; 0,613 0,629 0,649 0,642 0,659 0,662 0,662 0,685 0,678 0,664 0,643 0,627
8 0.573 0,594 0,629 0,648 0,67 0,675 0,665 0,67 0,69, 0,706 0,71 0,69, 0,682 0,665 0.649
10 0.582 0,624 0,668 0,692 0,708 0,703 0,68 0.692 0,714 0,722 0.718 0,718 0.710 0,70, 0.686
15 0,567 0,596 0,642 0,67h 0,786 0,911 0.927 0,88 0,965 1,018 1,02, 1,006 0,9%3 0,918 0,837
20 0,481 0,522 0,578 0,680 0,852 1,022 1.481 1.271 1,280 1,296 1.356 1,287 1.21k  1.122  1.044
25 0,542 0,573 0,615 0,72h 0,89 1,089 - 1.265 1,376 1,426 1.452 4,514 4,439 1.328 1,248 1,135
30 0,586 0,608 0,659 0,785 0,91 1.4k 1.328 1,460 1,590 1,60h 1.670 4.578 1.L46  1.352  1.216
35 0,620 0,63, 0,692 0,831 0,986 1.201 4442 1,568 1,728 1,778  1.852 1,723  1.57h  A.uh6 1,309
40 0,644 0,676 0,737 0,80 1,022, 1,243 1,450 1,65, 1,8M 41,920 2,003 1,85 1,682 4,520 4,382
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10
15

25
30
35

0,237

0,158
0.318
0.508
0.576
0,647
0,703
0, 76k
0,682
0.513
0,586
0.639
0.698
0,743

0,158
0,319
0.52%
0.593
0,638
0,695
0,754
0,776

o &6
0,825
0.831
0.828

0,156
Q, 354
0.536
0,608
0,658
0,702
0,750
0,894
1,029
1,096
1,158
1,215
1,28)

0,287

0,158
0,296
0.489
0. 564
0,608
0.657
0,698
0,58
0,396
0.472
0,562
0,640
0,726

0,160
0,302
0.508
0,58k
0.632
0,680

0,736

0, 742
0,63
0,685
0,728
0,743
0,756

0,156
0,346
0,528
0,613
0,658
0, 700
0,742
0,793
0,82L
0,951

1,057
1,185
1.284

0,337

0.158
0,273
0,485
0,550
0.591
0,628
0,65
0. 475
0,39
0.L72
0,565
0,668
0. 78k

0,160
0,288
0.496
0.5
0,625
0.67
0,710
0.725
0,542
0,636
0,702
0,77
0,823

0,158
0.33

0.52h
0,618
0,658
0,695
0,730
0,762
0,78
0.895
0,984
4.089
1,178

0,387

0.156
0.259
0.568
0.53
0.559

0,592
0.586
0,546
0,492
0,548
0,632
0,776
0,903

0,158
0,280
0,485
0.556
0,602
0.6L7
0,68,
0,685
0.558
0,629
0,753
0.885
1,010

0.15L
0,315
0.516
0,621
0.658
0,695
0,72L.
0.752
0, 79k
0.889
0.976
1,069
1,156

TABIE 4 BASE SUCTION COEFFICIENTS 150 INCIDENCE

0,437

0.158
0,280
0,482
0,541
0,576
0.620
0,652
0,640
0.621
0,760
0,905
1.018
1,125

0,158
0,311

0,510
0,616
0.658
0,689
0,73

0,768
0,802
0,906
0,995
1,089
4.184,

0.487

0,158
0.239
0.453
0.496
0.517
0.539
0.556
0,585
0,607
0,762
0,931

1,085
1.224

0,160
0,288
G.4L73
0,528
0,561
0.589
0,615
0,627

0,776
0.948
1,09
1,226

0,160
0,354
0,502
0,60k
0,649
0,69
0.738
0,792
0,839
0,952
1,06k
1.179
1,290

0.537

0,158
0,228
0,432
0,475
0.498
0.521
0,539
0,583
0,619
0.792
0,936
1,092
1.248

0,160
0, 294,
0,468
0,511
0.539
0,566

0.589

0,625
0,658
0,832
1.005
1.162
1310

0.158
0,382

0,496 .

0.589
0. 641
0,687
0,740
0,816
0.885
1,024
1,149
1,284
1,400

0.587

0,160
0.235
0,428

0.470
0.496

0, 500

0,569
0.623%
0,792
0,934
1,079
1.239
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FIG. 16. THE FLOW IN THE MIXING REGION
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