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SUMMARY

A wind-tunnel investigation of the effects of both single and twin
jets on base drag has been conducted at Mach numbers from 0.6 to 1..h.
The plane of the jet exit was varied from that of the afterbody base to
approximately one body diameter downstream. Several base ventilation
systems were tested in conjunction with the twin-jet configurations.
Significant improvements in base drag were obtained when the plane of
the jet was extended as little as one-third of the body diameter beyond
the base; the gains were less than those obtained with near optimum
boattailing but significantly greater than with a boattail angle of 30°.
Venting the base cavity to the external stream also reduced base drag;
the extent of the improvement, however, varied considerably with method
of venting; perforations were more effective than slots parallel to the
axis, and strong gains were effected by scooping air from the boundary
layer.

INTRODUCTION

The force produced by low pressures acting on the base of a bluff
body housing a jet engine often represents a major drag component on
transonic airplanes and missiles. These low pressures find their origin
in the mixing along both the wake and jet boundaries. Many experimental
investigations have been conducted to détermine the relative magnitude
of the stream and jet effects on base pressure and on the flow over
boattailed bodies. (For example, see refs. 1 to 4.)

The present investigation was initiated to determine the feasibil-
ity of reducing the jet effect by extending the nozzle beyond the base
of the afterbody. Thus, it was reasoned, the jet mixing zone would not
influence the pressures in the dead air region adjacent to the base.

In order to check this line of reasoning, two models of widely differ-
ent configurations were designed and tested. The first model was
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representative of single engine designs in which the propulsive Jjet is
discharged from a sonic nozzle whose axis coincides with the axis of the
afterbody. The second model was a two-jet configuration in which twin
supersonic nozzles were mounted in the base of a cylindrical body with
their axes parallel to that of the body. With the latter configuration
attempts were also made to increase base pressure by venting the base
cavity to the external stream in an effort to realize the favorable
effects of base bleed reported by several experimenters. (For example,
see ref. 5.) Several types of vents were tested including axial and
circumferential slots, perforations, and auxiliary scoops to bring air
into the base cavity.

The investigation reported herein is part of a general study of
the effects of single and multiple jets on the drag of various after-
body configurations in the transonic regime. Wind-tunnel tests cover
the Mach number range from 0.60 to 1.40; the corresponding Reynolds

number range was 3.3 X 106 to 4.4 x 106 per foot. Sonic nozzles were
operated at jet total-pressure ratios up to 5; and supersonic (Mach
number 2.5) nozzles up to 20. The boundary layer approaching the base
was turbulent. The test conditions simulate the zero-angle-of-attack
case only.

SYMBOLS

The following symbols are used in this report:

A area

o Ay
Cp drag coefficient, ‘Cp,b - .
Cp pressure coefficient, L)

q,

d diameter
H total pressure
U length of nozzle relative to base (positive when nozzle extends

downstream of base)
M Mach number

P static pressure
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q dynamic pressure
r radius
B boattail angle

Subscripts:

b base

@ plenum chamber
d design

& nozzle exit

J Jet

m maximum

n nozzle

o free stream

APPARATUS

The 4% by 4%-—inch slotted test section used in this investigation

is shown in the photograph of figure 1(a) and in the sketch of figure 1(b).
The top and bottom walls of the test section contained four slots each,
the width of the slots was such that the ratio of the open area to the
total area of the slotted walls was 1:8. Construction details of this
tunnel and the Mach number distribution along the empty test section are
presented in reference 6. Air enters the test section at a maximum
stagnation pressure of two atmospheres and is returned to the atmosphere
through a diffuser (area ratio 1.75:1). Suction was applied to the
chamber surrounding the test section through auxiliary pumps to reduce
the test-section pressure and thus provide Mach number control over

the range above 1.0. In the subsonic range the Mach number was con-
trolled by varying the stream stagnation pressure. The stagnation pres-
sure of the stream was measured in the upstream 30-inch supply duct;

the test-section reference static pressure P, Vvas measured in the

tunnel plenum chamber. The stream stagnation temperature was elevated
to a maximum of 2500 F to avoid condensation.
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The models were attached to a l-inch-diameter sting supported along
the center line of the tunnel as shown in figure 1(b). This sting was
also used as a supply tube for the air which was ducted to the jet noz-
zles. This air was stored in outside tanks at approximately 250 pounds
per square inch and at atmospheric temperature.

The models studied in this investigation are shown in figures 2
and 3. The diameter of the sonic nozzle (fig. 2) was equal to 62.5 per-
cent of the base diameter. The base static pressure was measured at a
point approximately 0.08 inch from the rim; the jet total pressure was
measured in the supply pipe; and both were recorded continuously. Data
figure numbers corresponding to specific configurations are also indi-
cated in this figure.

The basic twin-nozzle (Mp = 2.5} configurations tested are indi-
cated in figure 3(a) where the coordinates are also given. The diameter
of each of these nozzles was equal to 32.5 percent of the base diameter
and they were separated 1.2 jet diameters at the center lines. Again
data figure numbers corresponding to the various configurations tested
are presented. Photographs of several skirt configurations tested are
shown in figure 3(b). The skirt configurations were of four basic
lengths; two configurations had six equally spaced longitudinal slots
with the open area to total area ratios of 1l:4 to 1:2; one had a cir-
cumferential slot (0.032 inch deep) inclined at 8° to the axis; and one
was perforated with an open area to total area ratio of approximately
1:3. The perforated skirt was also tested with scoops over the upstream
row of holes to increase the flow of air into the base cavity. The
scoops on this model extended 0.120 inch into the external stream and
they had a total open area of 0.07 square inch. With all these models,
the base pressure was simultaneously recorded at two points as indicated
in figure 3(a). As in tests of the single jet models, the base pressures
were fed into transducers and recorded on pen-trace potentiometers.

RESULTS AND DISCUSSION

For convenience in presentation and discussion, the results of this
investigation are divided into two sections. Both sections are concerned
with the variations in base drag which accompany changes in stream Mach
number and jet pressure ratio. Data presented in the first section were
taken in tests with a single jet discharging from a sonic nozzle whose
length was variable. In the second section, data obtained in tests with
the twin supersonic jets discharging into the wake of the cylindrical
body are presented; again the distance between the base of the afterbody
and the exit plane of the nozzles was varied. In all tests the boundary
layer approaching the base of the cylindrical afterbody was fully turbu-
lent; its total thickness was about 20 percent of the body diameter;
complete velocity distributions are presented in reference T.
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Single Nozzle - Sonic

Basic configuration.- With a propulsive jet discharging from a sonic
nozzle whose exit was in the plane of the base, the base drag coefficient,
at constant Mach number, varied with jet pressure ratio as shown in
figure 4(a). As noted in many earlier investigations the jet, within
the pressure ratio range of these tests, generally exerts an unfavorable
influence on the drag of a cylindrical afterbody. The magnitude of the
effect shown here is generally smaller than that reported in other inves-
tigations. Although these differences, which are attributed to differ-
ences in tunnel blockage, interference effects, model boundary layer,
and so forth, affect comparisons with data from other sources, compari-
sons of these data within themselves are unaffected.

Effect of nozzle extension.- With the jet nozzle extended approxi-
mately one-third of the body diameter beyond the base, the variation in
base drag resulting from increasing the Jjet pressure ratio was much
smaller (fig. 4(b)) than with the flush nozzle. Comparison of these
curves with those of the preceding figure shows that, for jet-pressure
ratios greater than 2, the base drag coefficient was reduced about
4O percent by this short extension of the nozzle. Another 15 to 20 per-
cent reduction in drag was obtained by doubling the nozzle length to
two-thirds of the base diameter. (See fig. 4(c).) At this point jet-
pressure ratio had very little effect on flow at the base; it is there-
fore not surprising that further extension of the nozzle had only a
minor effect on base drag. (See fig. 4(d).) With larger jets (relative
to the base) similar gains would be expected to accompany shorter nozzle
extensions, and conversely, longer extensions would be required with
smaller jets.

Although data are not available for direct comparison of the rela-
tive advantages of extended nozzle configurations and boattailed after-
bodies, it is possible by comparing the drag of each with that of cylin-
drical bodies tested under the same conditions to determine their relative
advantages. The reference configuration selected for this comparison is
the cylindrical body with the jet exit in the base plane. Thus the drag
increment between extended and flush nozzle configurations of the current
study and between the boattailed and cylindrical configurations of refer-
ence 2 are compared in figure 5. The top group of 4 bars indicates a
reduction in CD of 0.085 from a one-third-diameter extension of the

nozzle; for an 8° conical afterbody of equal length, a reduction in
total afterbody drag of approximately 0.140 is indicated. Smaller gains
are indicated at B = 16° and 300, the latter being somewhat inferior to
the extended nozzle. Extending the nozzle to five-eights of the base
diameter resulted in a 0.13%5 gain in drag coefficient which was again
exceeded by both 8° and 16° bodies, the drag of the 30° body is not
shown since its length would have been substantially less than that of
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the extended nozzle. Similarly, at 1/d = 0.96 the drag reduction
realized by extending the nozzle was approximately T5 percent of that
obtainable with the near optimum 89 conical afterbody. At lower pres-
sure ratios the advantages of the boattail are generally smaller and
increase at higher pressure ratios.

A cursory comparison of available data at M = 1.2 indicates that
at this speed a slightly smaller proportion of the drag reduction attain-
able with & conical afterbody may be obtained by extension of the nozzle.

Tt has been shown that the adverse effect of the jet on the drag of
a cylindrical body may be virtually eliminated by adequate extension of
the nozzle. Although the nozzle extension effected substantial reduc-
tions in body drag, these configurations were inferior to the better
boattailed afterbodies of equal length. The results, however, give rise
to a suggestion that the extended nozzle be combined with the boattailed
afterbody to effect further improvement in the latter. Although specific
tests have not been made to establish the possible benefits of such a
combination, the literature does contain data which are indicative of
significant gains. In reference 8, Cahn has shown substantially lower
afterbody drag when the jet was replaced with a solid sting whose shape
was calculated to match the external shape of the jet. Since the present
tests indicate that, with the nozzle extended two-thirds of the base
diameter or more, the jet had relatively little effect on drag, it is
concluded that Caln's results would be approximated if the sting were
replaced with a nozzle which was extended some two-thirds of the base
diameter. It is probable that this gain would be realized with much
shorter extensions since the nozzle diameter relative to base diameter
would be much larger with the boattailed body. A similar conclusion is
drawn from flight data presented in reference 9 where the addition of
a dunmy sting to & boattailed afterbody (B = 18%0) resulted in substan-

tial increases in the base pressure coefficient at Mach numbers from
0-6 totl.8;

Twin Nozzles - Supersonic

Effect of nozzle extension.- The twin-jet configuration with
Mp = 2.5 nozzles is representative of rocket-powered missile designs.
Because significant differences in pressure were sometimes measured at
the two base orifice locations, the data are presented in terms of the
base pressure coefficient rather than base drag. In figure 6, Cp,b

is plotted as a function of the jet pressure ratio for several Mach
numbers from 0.6 to 1.4. For those configurations in which the after-
body skirt is extended to or beyond the exit plane of the nozzles, the
base pressure of both measuring points was the same and therefore only
one curve appears at each Mach number in figures 6(a) and 6(b). For




NACA RM L58A27 T

configurations in which the nozzles were extended beyond the skirt, the
solid line (fig. 6(d)) indicates data obtained at the outboard measuring
point and the dotted line, that obtained near the model axis. At sub-
sonic speeds the variation in Cp,b for even the high drag configura-

tions was largely restricted to H:/p, = 6 or less. Supersonicall
Jjf to P Y s

the base pressure decreased steadily throughout the operating range of
this program. As in the single jet tests, extending the nozzles down-
stream significantly reduced the adverse jet effects. At the design
pressure ratio of the nozzle (17.1), the minimum base pressure coeffi-
cient recorded with the longest nozzle extension was -0.28 and occurred
at M =1.10. (See fig. 6(d).) With the skirt terminated in plane of
nozzle exit, the minimum value of Cp,b was approximately -0.4

(fig. 6(b)) and, with the skirt overhanging the nozzle, approached
-0.5 (fig. 6(a)).

Schlieren photographs of the flow over these models at several Mach
numbers and jet pressure ratios are presented in figure 7. The individ-
ual pictures are arranged in order of increasing Mach number from left
to right and in order of increasing jet pressure from top to bottom.
Numerals in the lower right corner of each picture indicate the approxi-
mate jet pressure ratio; variations in Hj/p° across the figure result

from the fact that, although the jet pressure was held constant, the
tunnel static pressure decreased with increasing Mach number.

For the extended skirt configurations (figs. 7(a) and T(b)), the
wake boundary is clearly defined for the jet-off condition but for the
Jet-on condition becomes confused with the jet boundary at a point very
close to the base of the model. The wake convergence leads to expansion
of the external flow close to the model followed by a region of compres-
sion as the streamlines again turn parallel to the body axis. At sub-
sonic Mach numbers the pressure gradients through these regions are
small and not easily detected by the schlieren system; at supersonic
speeds, however, they are clearly defined. The initial wake convergence
angle is determined by the base pressure and therefore increases with
Jet pressure ratio. Turning of the external flow as it intersects the
Jet boundary leads to the distributed compressions which develop into
finite shock waves at a short distance from the axis of the body.
Increased steepness of these shock waves with increasing jet pressure
ratio results from the combination of greater initial turning of the
external flow and increased divergence of the jet boundary. At the
highest pressure ratio and maximum Mach number, a second shock wave
appears; this wave has its origin in the overexpanded jet and is propa-
gated outward through the supersonic mixing zone as a discrete wave.

The presence of this shock wave within the jet is characteristic of
off-design operation; its absence from the external flow at other
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operating conditions indicates that the mixing zone was subsonic at the
point where the shock reached the jet boundary.

Extending the jet nozzles effects an overall weakening of the
shock waves but only minor changes in the general flow pattern. (See
fig. 7(c).) The greatest difference occurs in the jet-off condition
where the converging wake impinges on the nozzles themselves to set up
a pattern very much like that observed earlier in the jet-on tests.

Effect of base ventilation.- Previous investigations (ref. 5, for
example) have shown that large improvements in base pressure can often
be obtained by bleeding very small quantities of air into the wake at
the base of & bluff body. In the present program several attempts were
made to increase base pressure by opening passages through the afterbody
to permit air from the external stream to bleed into the base cavity.
Nozzle extensions of 0.020 and -0.210 inch were selected for these
tests, the results of which are presented in figure 8.

Venting the base through six longitudinal slots resulted in only
minor changes in base pressure at the lower Mach numbers but at the
higher speeds the variation in Cp b with jet pressure ratio was vir-

)

tually eliminated. With the slots oriented so that two were in the
plane of symmetry through the orifices, the two base pressures were
separated by & small amount as indicated in figures 8(a) and 8(b) by
the solid and dotted lines. It is possible that this difference is
influenced by the slot orientation relative to the nozzles and orifices.
Near the design pressure ratio (17.1) longitudinal slotting of the skirt
had a favorable effect on the base pressure, the greatest improvement
occurring at the higher speeds. Below the design point, however, the
effectiveness of the slots in elevating base pressure falls rapidly at
the supersonic speeds and more slowly at the lower Mach numbers; this
results in significant losses in performance at the lower pressure
ratios. For these configurations the effect of skirt length was unal-
tered by the slotting; for example, the longer skirts resulted in lower
base pressures and consequently in higher drag. Substantial gains rela-
tive to the no bleed configuration were realized when the slots were
widened to provide an open area equal to 52 percent of the perimeter.

(see fig. 8(c).)

With three transverse slots inclined at 8° to the external stream,
the base pressure (figs. 8(d) and 8(e)) followed closely the pattern of
the unslotted configurations. Data taken at two measuring stations on
the base were identical and are therefore represented at each Mach num-
ber by a single line. The base pressure coefficient was generally
smaller at supersonic speeds and slightly larger at M < 1 than in the
unslotted configurations. Adding the induction drag of the slot as an
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air inlet results in even larger adverse effects at low Mach numbers
and in the reduction of possible gains at the higher speeds.

Perforations of the skirt offered still another means of venting
the low pressure region at the base to the ambient pressure along the
body ahead of the base. Tests of the shorter afterbodies with a perfo-
rated rather than slotted skirt resulted in the pressures shown in
figure 8(f). Here also the effect of the jet was small, the base pres-
sures remaining essentially constant over the entire range of this
investigation. Separation of the two base pressures was somewhat greater
than with the slotted configurations; however, the level of the base
pressure was higher than with the previously discussed configurations,
and hence, the base drag would be smaller.

Figure 8(g) shows data obtained when small scoops were added to the
front row of perforations. Again the jet-pressure ratio had a relatively
small effect but the level of the pressure was significantly higher than
with the flush slots and perforations. Because no attempt was made to
refine the external fairing of the scoops, local velocities at the end
of the skirt may have been significantly different from those for the
unmodified configurations.

The results of tests with vented base models are summarized on
figure 9 where the mean base pressure at the design pressure ratio
Hj/po = 17.1) is plotted as a function of stream Mach number. Only

the data from tests with the skirt terminated in the plane of the exit
nozzles, l/d = 0.020, are presented since they are more complete. Minor
extrapolations of the data were necessary where the tests were terminated
below the design pressure ratio. The slotted configurations, as previ-
ously indicated, provide relatively small gains when the slot area was

26 percent of the total skirt area but, when increased to 52 percent,

was substantially superior to the basic configuration. The perforated
configuration is shown to be substantially superior to the unventilated
configuration and the addition of scoop inlets to the forward row of
holes reduced the negative value of Cp p further. With scoops the

improvement in base pressure coefficient corresponds to approximately a

60- to TO-percent reduction in drag at M = 1.3. Base pressure, of course,

is only part of the story for it gives no indication of the drag asso-
ciated with the induction of the bleed air. Since the longitudinal slots
were open at the back, it seems unlikely that any great drag force would
have been associated with them whereas, for the perforated and trans-
versely slotted configuration and the scoops, high pressures on the for-
ward facing surface might be expected to contribute rather substantial
drag. Apparent advantages of these configurations over the longitudi-
nally slotted configurations would therefore be reduced.
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The schlieren photographs of figure 10 provide a qualitative idea
of the external drag associated with the slotted and perforated con-
figurations. Very weak shock waves which appear in figure 10(a) indi-
cate that the external drag of the longitudinally slotted skirt was
relatively small. With transverse slots (figs. 10(b) and 10(c)) how-
ever, a strong oblique shock originating at the inlet lips suggests
appreciable pressure drag. Flow over the perforated skirt (fig. 10(4d))
was characterized by numerous shock waves whose individual strength
appears to be small; their cumulative drag, however, may be significant.
Figure 10(e) shows numerous strong waves ahead of the scoop inlets fol-
lowed by expansion and further shock waves over the fairings. Much of
the drag associated with these shock waves could undoubtedly be elimi-
nated by more attention to detail scoop design.

CONCLUSIONS

From the transonic tunnel tests of both single and twin-jet con-
figurations with extended nozzles, it is concluded that:

1. The adverse jet effects on base drag can be sharply reduced by
small extensions of the jet nozzle beyond the plane of the base.

2. The drag reductions effected, at Mach number of 0.9 and a jet
total pressure ratio of 4, by extending the sonic nozzle beyond the base
of a cylindrical body are less than those attainable by the addition of
a near optimum boattail but greater than those obtained with a boat-
tail angle of 30°.

3, Venting the base cavity to the ambient stream through longitudi-
nal slotting of the afterbody skirt can effect significant improvements
in base drag only if the slot area is relatively large (on the order of
50 percent of the skirt area) ; perforations with the hole axis inclined
into the direction of flight are more effective than slots of equal area
in reducing base drag. Base-drag reductions greater than those attain-
able with the extended nozzles can be obtained if the vent air is
scooped from the external stream but the induction drag of such an
installation may be high.

Langley Aeronautical Laboratory,
National Advisory Committee for Aeronautics,
Langley Field, Va., January 9, 1958.
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(a) h% by h% inch slotted test section.

Figure 1l.- Tunnel and sting support.
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(b) Sketch of tunnel showing ducting for jet flow.

Figure 1.- Concluded.
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Static orifice 1.000 dia.

ZLEN ol /

\EZZQQZZ%§§§$SFEEKSSSSES: 0-05%
0.625 dia.

Nozzle coordinates Test configurations
* . ; Data given
X, 1in. r, in. 2 in figure
0 0.314 0 4(a)
.138 S1h
.188 31k
.238 523 515 4(p)
.288 552
.338 3kl
.388 .350
438 .359 .625 4(c)
488 .368
.538 ST
.563 382 .958 L(a)

*Distance ahead of
base plane

Figure 2.- Single jet configurations. Sonic nozzle.
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1.000 dia.

g,
@,

0.063

o Static orifices

Supersonic nozzle coordinates Test configurations
*
« ok, L0 1t Data presented
Sleeve geometry 1 in Pigure

0 0.100
\ .080 .113 Solid -0.21 6(a)
: .095 Sl Solid .02 6(b)
1Ll ikl Solid .48 6(c)
<155 Akl Solid .96 6(a)
.205 .1%32 Longitudinal slots (1/4 open) =21 8(a)
257 .138 Longitudinal slots (1/4 open) .02 8(b)
2505 L1k Longitudinal slots (1/2 open) .02 8(c)
364 .150 Circumferential slot (0.076 sq in.)| -.21 8(a)
.4l .156 Circumferential slot (0.076 sq in.)| .02 8(e)
5135 .159 Circumferential slot (0.076 sq in.)| .02 8(£)
.568 .161 Perforated .02 8(f)
.626 .162 Perforated + scoops .02 8(g)

t 6 163

(65 .163

*Distance back of sonic throat

\ (a) Sketch of adapter with nozzles in place.

Figure 3.- Twin-jet supersonic configurations.




Perforated sleeve
with scoops

Circumferentially
slotted sleeve

Longitudinally
slotted sleeve
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Short sleeve

Adapter

Nozzles

L-57-1181.1
(b) Photograph of several skirts and adapter with supersonic nozzles in place.

Figure 3.- Concluded.
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Mo= 61
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Base drag coeffuc:ent,CD b
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Jet total pressure roﬁo,_J
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(a) Nozzle extended O inch.

i

Figure 4.- Effect of jet on base drag of single jet configuration with

sonic nozzles.
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(b) Length of nozzle extension, 0.315 inch.

Figure L.- Continued.
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\ (c) Length of nozzle extension, 0.625 inch.

Figure 4.- Continued.
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(d) Length of nozzle extension, 0.960 inch.

Figure 4.- Concluded.
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Figure 5.- Single-jet drag summary of extended nozzles compared with boattailed bodies.
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Mo=.62

Mo=.79

p,b

Base pressure coefficient, C
1
n

Mo = 89 Mo=1.04
0o
-5
-4
A
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Mo=119 Mo=1.37
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H.
Jet total pressure ratio, )

Po

(a) Length of nozzle extension, -0.210 inch.

Figure 6.- Effect of jet on base drag of twin-jet configuration with

supersonic nozzles.




NACA RM L58A27

Jet flow o

‘ -5
-3 e
/\/—"—’//
| e :
-
Mo= .61 Mo=.8|
0]

SaipEh

Base pressure coefficient, C
1
()

Mo=.90 Mo=1.00]
‘ o]
\ ".5
-4
\ -.3 /
e /
‘ = -4
-
\ Mo= 1.20 Mo= £.37
o 5 10 15 20 0 5 10 15 20

H:
‘ Jet total pressure ratio, p—l
0

\ ’ (b) Length of nozzle extension, 0.020 inch.

Figure 6.- Continued.

25




2k

Base pressure coefficient, Cpb

NACA RM 158A27

Mo =6l Mo=.79
L
Mo = .89 Mo=1.00
//‘—//
]
__/
Mo=1.20 Mo=1.43
5 10 15 20 0] =) 10 15 20
H

Jet total pressure ratio,

j

[¢]

(¢) Length of nozzle extension, 0.480 inch.

Figure 6.- Continued.
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Mo-’-O.g Mo:l'z Mo :|50

(a) Nozzles extended -0.21 inch. 1-58-105

Figure T7.- Schlieren photographs of the flow in the vicinity of the
| cylindrical afterbody with twin-jets. (Numerals at lower right
corner of each figure indicate jet total pressure ratio.)
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Figure T7.- Continued.
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Mo =0.9 Mo =I.2 Mo =1.50

(c) Nozzles extended 0.960 inch. 1.-58-10T

Figure T7.- Concluded.
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Figure 8.- Jet effects on drag of twin-jet configuration with venti-
lated base cavity.
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Figure 8.- Continued.
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Figure 8.- Continued.
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Mo=0.9 Mo =I.2 Mo =143

L-58-108
(a) 1 = -0.21; 6 longitudinal slots; sleeve 26 percent open.
;. b4

Figure 10.- Schlieren photographs of the flow in the vicinity of the
base bleed afterbody with twin jets. (Numerals at lower right
corner of each figure indicate jet total-pressure ratio.)
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(b) 1 = -0.21; circumferential slot. L-58-109

Figure 10.- Continued.
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(e) 1 = 0.02; circumferential slot. I=56=140

Figure 10.- Continued.
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(d) 1 = 0.02; perforated sleeve. L~58=111

Figure 10.- Continued.
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Figure 10.- Concluded.
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