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AERODYNAMTC CHARACTERISTICS OF FOUR BODIES OF REVOLUTION SHOWING
SOME EFFECTS OF AFPTERBODY SHAPE AND FINENESS RATIO AT
FREE-STREAM MACH NUMBERS FRQM 1.50 TO 1.99

By Robert J. Cohen

SUMMARY

As part of a general program to determine the aserodynamic charsac-
teristics of bodies of revolution operating at supersonic speeds and at
moderate angles of sttack, four model configurations of fineness ratios
12.2 and 14.2 were investigated in the NACA Lewls 8- by 6-foot super-
sonic tunnel. Force, moment, and base-pressure coefflclents were meas-
ured for a range of angles of attack from 0° to 10° at free-stream Mech
numbers of 1.50, 1.60, 1.79, and 1.99 within a range of Reynolds numbers
from 29x108 to 40106 based on body length.

At zero angle of attack the experimental results of the investi-
gation indiceted that the increase in model fineness ratio from 12.2
to 14.2, by adding a cylindrical section, did not appreciably affect
the total drag, measured base drag, or fore drag coefficlent. Boattall-
ing, however, increased the model fore drag but decreassed the measured
base drag considerebly, resulting in & considerable decrease of total
drag. Decreasing the boattail convergence from 0.174 to 0.074 increased
the measured base drag but decreased the model fore drag with a sub-
sequent further decrease i1n total drag. At angle of attack the increase
of model filneness ratio, by adding & cylindrical szction, resulted in
an increase in the incremental fore drag and 11ft coefficlents based on
maximm cross-sectional area. The center of pressure location as a per-
cent of the model length wes unchanged by the increase in fineness ratio.
Boattaelling produced a decrease in 1ift and incremental fore drag and a
forward movement of the center of pressure location with a resultant
increase in pltching moment about the Pirst station of maximum cross
section located spproximstely 7.5 maxlmm diemeters from the nose.
Decreesing the boattell convergence did not epprecilsbly affect the 1ift
but increased the incremental fore dreg and the pitching moment about
the flrst station of maximm cross section.
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Comparison of experimental results with results calculated with the
method presented by Allen (reference 1), which approximates the effects
of viscosity on an inclined body of revolution, lndicated that this
method was a significant improvement over the lineasrlzed potential theory
in predicting the forces on a slender body of revolution, particularly
at the higher angles of attack. For the cylindrical afterbody models,
the use of Allen's method overestimated the 11ft coefficlent but pre-
dlcted the center of pressure locatlon quite accurately. The 1lift coef-
ficient was predicted for the boattail model at the low free-streem
Mach number but the center of pressure location was estimated too far
shead of the base by the method presented by Allen.

INTRODUCTIOR

A serles of bodles of revolution have been lnvestligated in the
8- by 6-foot supersonic tunnel as part of & general program to determine
the aserodynemlic characteristice of bodles of revolution at supersonic
speeds and moderate angles of attack. For thle investligation, the para-
bolic body of revolution of references 2 and 3 was modified aft of the
station of meximum diameter (station 45) by changes in the afterbody
contours,

The purposes of thls investigation were to provide aerodynamic fonce
and moment data for bodles of revolution and to determine the effects on
the aerodynamlc characteristics produced by changes in ‘the model fineness
ratio, afterbody shape, and boattall convergence. The experimental dsta
are compared with values calculated by existing theoretical methods (ref~
erences 1 and 4) to provide a further evaluation of these methods.

The four conflgurations were investigated for a range of angles
of attack from 0° to 10° and at free-stream Mech numbers of 1.50, 1.60,
1.79, and 1.99. The Reynolds number based on body length was approxi-
mately 35x1.05.
SYMBOLS

The following symbols are used in this report:

Cp total drag coefficlent, D/anSpay
8y,
cD,'b base pressure dreg coei‘ficient,-cp’b BE
Ca,c drag coefficient of circular cylinder section based on cross-
flow Mach number and Reynolds number based on maximum body
dlameter
SOUNTIOERITAT
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ACh F incremental fore drag coefficiemt, (Cp- Cp, p) &t angle of attack
! minus (Cp-Cp,b) &t zero angle of attack’
Cp,p boattall surface pressure drag coefficlent
C, 11#t coefficlent, L/qyS ..
m
Cp.45  Ditching-moment coefficlent ebout stetion 45, _345—1'
, Y% max
GN normel force coefficlent, N
945
Cp,b base pressure coefficlent, (p-py)/gg
D dreg force
Dy, base dlameter
Dg sting dismeter
da center of pressure location shead of base measured slong
body axls, Cm, 45 1+(1-45)
Cx
L 1ift force
1 model length
M Mach number
m, pitching moment about station of maximum cross sectlon,
approximately 7.5 maximm diameters from nose (station 45)
N normal force
P statlc pressure
q dynamlc pressure, % pMz
8y, ares of base
Smax maximm cross-sectionsl area
a angle of attack
T ratlo of specific heats (1.40)
] ratio of dreg coefficlent of cirellar cylinder of finite 1eng-th

to that for cylinder of infinite length
GANRIDENTTAL ——
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Subscripts:

b model base

P pressure
B sting
o] free-stream condlitions

APPARATUS AND PROCEDURE

Schematic dlasgrams of the configurations of this investigation are
presented in figure 1. The equations and the coordinates of the models
are given in table I.

The basic body common to models 1, 2, 3, and 4 conslsted of &
sharp-nose parabolic contoured body of revolution ldentical to the
portion of the NACA RM-10 fuselage (of references 2 and 3) ahead of the
station of meximm oross section approximately 7.5 maximum dlameters
from the nose (station 45), followed by & cylindrical section approxi-
mately 2,71 diameters in length.

Models 1 and 2 were formed by attaching a 1l2-1nch boattail section
and & 12-inch cylindrical section, respectively, to the basic body.
Models 3 and 4 were obtalned by inserting a cylindrical section,

11.75 inches in length, between the basic body and the end sections of
models 1 and 2, respectively.

The models were sting supported from the main tummel strut with
the straln~-gege balance located inside the models. Only the forges on
the bodles were measured and no tare correctlons were necessary.

The angle of attack of the model was determined by adding to the
indicated strut engle s statically celibrated model inclination due to
sting and balance deflection resulting from the measured normel forces
and momenta. The static pressures at the base of the model were measured
by four orifices located around the base of the model as showm 1n
figure 1.

Each configuration was investigeted at free-stream Mach numbers 1.50,
1.60, 1.79, and 1.99 for a renge of angles of attack from 0° to 10°. The
average Reynolds number for each model, based on model length, is shown in
table II for each free-stresm Mech number. '

@GR IDERTAT,
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METHOD OF COMPUTATION AND REDUCTION OF DATA

‘ »
The measured normel and axisl forces were analyticelly resolved into
1ift and drag components. Pltching moment was measured about station 45
end ls presented in coefficlent form.

The experimentel results obtained for the models of fineness ratlo
14.2 at Mach numbers 1.50 and 1.60 are subject to the effects of model
nose shock reflecting from the tunnel walls into the vlieinity of the
base. For the models of fineness ratio 12.2 at the free-stream Mach num-
ber of 1.50, it was expected that the reflected shock intersected the
sting downstream of the model base but the base pressure might still be ~
affected g8 indicated in reference 5. For all models, however, the effect
on the force coefficlents other than the base drag coefficlent was pre-
sumed to be comperatively small.

The date at a free-streem Mach number 1.50 for models of fineness
ratio 14.2 - and 12.2 and the date at a free-stream Mach number of 1.60
for models of fineness ratio 14.2 were probably affected by weak dlsturb-
ances 1n the flow (reference 3). Due to the lack of pressure instru-
mentatlon no correctlion to the date could be evaluated. However, the
probable magnitude of the effect of reflected nose shock and the weak
tunnel disturbances will be dlscussed and Indicated subsequently.

Based on the date presented in reference 6, for the ratlo of sting
dilameter to maximum body dlameter of 0.40 and the ratio of uncbstructed
sting length to maximum body dlameter of approximately 2.71, the effect
of the sting on the base pressure drag of models 1 and 3 is belleved to
be negligible. Any further effect of the sting on the boattall surface
Pressure dreg 1s also presumsbly qulte small. For models Z and 4, how-
ever, 1t was Inferred from the data of referemce 5 that the base-pressure
drag may be slgnificantly affected by the presence of the sting, but no
correction for this effect was feaslble.

The theoreticel 1ift, dreg, snd pltching moment of the bodles were
computed from the linearized potential theory (assumlng flow follows
entire body) presented in reference 4 and the method of reference 1.
Based on the conditlons of this Investigation, an average value of
N = 0.72 &and an average value of Cd,c = 1.2 was used for the method
of reference 1.

RESULTS AND DISCUSSION

The variation of 11ft coefficlent (based on maximm cross-sectlonal
area) with angle of attack at four Mach numbers is presented in figure 2
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for the four models. These data lndicate that the 11ft curve slope
Increased with angle of attack and free-stream Mach mumber for both the
cylindrical afterbody and boattailed models. At small angles of attack,
however, the 1ift coefficient was nearly independen‘b of free-stream Mech
number.

The calculated variations of 1ift coefflcient with angle of attack
based on linearized potential theory and the method of reference 1 are
&lso included in figure 2. Inssmuch as the calculated values are
independent of free-stream-Mach number, nelther potential theory nor
the method of reference 1 predicts the increase in 1lift with free-stream
Macbhb number. In genersl, potentlal theory underestimated the 1ift for
all configurations. At high angles of attack the underestimation was
more pronounced for the boattalled models (figs. 2(a) and 2(c)) ‘than for
the cylindrical afterbody models (figs. 2(b) and 2(d)). At angles of
attack below approximately 4°, the theoretical values are in falr agree-~
ment with the experimental results for the cylindrical afterbody models.
The inaebility of linearized potential theory to predict the 1ift above
4° angle of attack may be attributable in part to the effects of vis-
coslty and in part to the ilnabllity of the theory to accurately predict
the potentlal flow pressure distribution due to angle of attack as
discussed in reference 7.

The method of reference 1 18 in good agreement with the 1ift coef-

ficlent data of the boattail models, particularly at the low free-stream

Mach numbers as shown in figures 2(a) and 2(c). For the cylindrical
afterbody models, however, the calculated 1ift coefficlents overestimate
the experimentel data at all free-stream Mach numbers, particularly the
d.?t;.v. et the low free-stream Mach numbers as shown in figuree 2(b) and
2(d

In general, approximeting the viscosity effects by the method of
reference 1 results In & significant improvement over potential theory
in predicting the 1ift coefficlents, especlally for the boattail models,
and for the cylindrical afterbody models at the higher angles of attack.

For these models, the cross~flow Reynolds number from which the
value of Cg . (used in method of reference 1) is determined falls

within the critical range indiceted in reference 1. Consequently, the
value of cd, ¢ Would very sbruptly end en erratic variation of Cj,

would be expected. RExaminetion of all 1ift date does not, however,
reveal any noticeably erratic trends except for a slight decrease in the
rate of increase of the 11ft curve slope for model 2 between 20 and 40
angle of attaeck. This small deviation mey possibly be attrlbutable to
the critical cross-flow Reynolds number but 1s not substantliated by the
data of model 4, which more closely approximates a smoothly increasing

EONFIDENTIAL - -
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1ift curve than model 2., Model 4 would be expected to be more sensitive
to cross-flow Reynolds number in the critical range because it has a
longer cylindrical length than model 2. It was therefore concluded that
for ‘these data there was no slgnificant effect on the 1ift resulting from
the varlatlon of the cross-flow Reynolds number in the critical range.
The value of Cd.,c = 1,2 used 1n the method of reference 1 provides

reasonably good sgreement between the calculated and experimental wvalues.
In addition, the trend of the 1ift varlation 1s better approximated by
the use of & constant value of Cg,. then a variable Cg,. correspond-

ing to the cross-flow Reynolds number at each engle of attack as shown in
figure 2(Db).

The variation of pltching-moment coefficient with angle of attack
for the four conflgurations is presented in figure 3 at four Mech numbers.
Although the pitching-moment coefficlent 1s essentlally independent of
free-stream Mach number, a small decrease was noted wlth increasing free-
stream Mach number for the boettell model of fineness ratio 14.2

(£ig. 3(c)).

As shown in figure 3, the piltching-moment coefficlents calculeted by
both potential theory and the method of reference 1 show an lncreasing
divergence for the arbltrary center of moments chosen in this lnvestigation
(station 45). Better agreement was obtained between the calculated values
and the experimental pltching-moment coefflclents for the cylindrical
afterbody models gﬁ.gs. 3(b) and 3(d)) then for the boattall models
(figs. 3(a) and 3(c)). These results, however, appear fortultous because
the agreement between the calculasted values and the experimental pltching-
moment coefficlents will be influenced by the location of the center of
moments. (For example, at 6° angle of attack at a free-stream Mach number
of 1.50, the method of reference 1 would overestimate the pitching-
moment coeffilclent for model 2 sboul station 0 by approximetely 40 per-
cent, whereas potential theory would underestimate the experimental
results by nearly 30 percent. The same lnadequacy of potentisl theory
end the method of reference 1 to predlct the pitching-moment cheracter-
istices can be demonstrated for the boattall models. It cen be concluded
that agreement of the calculated with the experimentel pitching-moment
characteristics was dependent upon the arbltrarily selected center of
moments. )

The variation of center of pressure location with angie of attack
for the four models 1s presented 1n figure 4, as the ratio of its dis-
tance from the base to the body length d/il. The center of pressure
moved rearward with increasing angles of ettack for the cylindrical
afterbody and boattall bodles. The rearward shift of the center of pres-
sure location for the boattall models (figs. 4(a) and 4(c)) was about
30 percent of the model length and for the cylindrical afterbody models
(£igs. 4(b) and 4(3)) the rearward shift wes about 12 percent of the model

length.
GAREIDERT AL =
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These results lndlcate & greater increase in the forces over the
boattall section with increasing angle of attack than for the corres-
ponding cylindrical afterbody section.

The center of pressure locations for the cylindriceal efterbody
models were virtually independent of free-stream Mach number. The maxi-
mum reerward shift with lncreasing free-stream Mach number was about
4 percent of the model length. The boattail models, however, experi-
enced a rearward movement of the center of pressure location of approxi-
mately 18 percent of the body length at the low angles of attack to
10 percent at the higher angles of attack as the free-stream Mach number
was ilncreased from 1.50 to 1.99. +

Comparison of the experimental center of pressure location with the
velues calculeted by the potential theory indicates that the theory pre-
dicted the center of pressure location too far forward of the base for
these models. Better agreement is obtained between the potentiel theory
and the experimental center of pressure location for the cylindrical
afterbody models gfigs. 4(b) and 4(d)) than for the boattail models
(figs. 4(a) and 4(c))

Inasmich as the potentlal theory does not predict the rearward
shift of the center of pressure with increasing angle of attack the
discrepancy between the theoretical values and the data becomes more
pronounced at the higher angles of attack.

The rearward shift of the center of pressure with aengle of sttack
is predicted reasonably well for the boattall models by the method of
reference l. The calculated values are, however, toc far forwerd of the
base at all free-stream Mach numbers and engles of attack. For the
cylindrical afterbody models the method of reference 1 predicted the
center of pressure location accurately (figs. 4(b) and 4(d)). In general,
the method of reference 1 shows & marked improvement in the prediction of

the center of pressure location for the 'bod.'les of revolutlon, particularly

for the boattailed bodies.

The variation of lncremental fore drag coefficient with angle of
ettack for the four models at four Mach numbers is presented in figure 5.
In general, the method of reference 1 predicts the increase of incre-
mental fore drag with angle of attack, whereas the potentlal theory
appreciaebly underestimates the measured values at the higher angle of
attack. The underestimation of the incremental fore drag is assoclated
with the inability of the potential theory to predict the normal force
or the 1lift.

2127
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Comparison of the aerodynamic characteristics of models having the
same ratio of base area to maximm area, but different fineness ratios
are presented in figure 6 to show the effect of fineness ratio on the
serodynemic characteristics. These data show that increasing the fine-
ness ratio from 12.2 to 14.2 resulted 1n an increase in the 1ift coef-
Piclent as might be expected from comslderation of vlscoslty effects.
The increase in 11ft coefficient at each angle of attack for both after-
body configurations was practically independent of the free-stream Mach
number (figs. 6(a) and 6(b)).

Inesmich as the increased fineness ratio for these models was
obtalned by inserting a cylindrical section of maximum dlemeter aft of
station 45, it would be anticipated that a decrease of moment coeffl-
cient about station 45 would result from the Increment of 1ift force.

This decrease of moment coefficlent is evidenced in figures 6(c)
and 6(d) which present the variation of the pitching-moment coefficlent
wlth free-stream Mach number for & range of angles of attack. The
decrease in pltching-moment coefficlent with lncrease In flneness ratio
was larger for the cylindrical afterbody models than for the boattall
models even though the 1ift coefficlent increment was nearly the same
for both confligurations. This difference in decrease of moment coeffl-
clent may be attributed to an effectively lerger moment arm for the
resultant incremental normal force on the aft portion of the cylindrical
afterbody model.

Although the 11ft Ilncreased and pltching moment about staetlion 45
was reduced with increased fineness ratio, the center of pressure location
a8 a percent of the model length wms not changed eppreclably as determined
from flgure 4.

The verlation of the incremental fore draeg coefficient with free-
stream Mach number is presented in figures 6(e) and 6(f) for a range of
angle of attack. These filgures 1llustrate a sllight increase in incre-
mental fore drag coefficlent with increase in flneness ratioc at each
angle of attack. The lncrease in this parameter with -increased fineness
ratio 1s virtually proportional to the increase in normal force coeffi-
clent Inssmuch as the total axlal force coefficlent did not vary appreci-
ebly with this lncrease of filneness ratio.

The effect of boattallling on the serodynamic cheracteristics is
shown in figure 7. The higher 11ft coefficient obtained for the cylin-
drical afterbody models then for the boattall models at each angle of
attack and free-stream Mach number can be attributed to the negative
1ift component over the boatteill of models 1 and 3 (figs. 7(a) and 7(b))
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As might be anticlpated, the negative 1ift component on the boat-
tail models 1 and 3 resulted in an apprecieble lncreasse of pitching
moment about statlon 45 as compared to the corresponding cylindrical
afterbody model (figs. 7(c) and 7(d)). This increase in pitching
moment 1s approximately independent of free-stream Mach number but
Increases with increasing angle of attack.

2127

At each angle of attack a larger increase of moment coefficlent
between the cylindrical afterbody and boattall models was measured for
the models having a flneness ratio of 14.2 than the models having a
fineness ratio of 12.2. This larger lncrease in moment coefficlent
results fram the difference in 1lift components between the boattall and
cylindrical afterbody sections acting at a greater dlstance from the
center of moments for the bodles of larger fineness ratio.

The varlation of incrementel fore drag with free-stream Mach number
is presented in figures 7(e) and 7(f) for a renge of angles of attack.
The incremental fore drag was nearly independent of body shape at low
angles of attack. For the bodles of fineness ratio 14.2 at 10° angle of
ettack, however, the higher incremental fore dreg for the cylindrical
afterbody model than the boattall model is largely due to the greater
increase of the normal force of the cylindrical afterbody model compared
to the boattaell models.

Some indication of the effect of boattall convergence (defined as
ratlo of difference between maximm diameter and base dlameter to twice
the boattall length) on the serodynamic characteristics cen be obtained
by comparing the results of model 1 with the data for the NACA RM-10
presented in reference 3. The two models were identical .with respect to
base area, maximm cross-sectional area, over-gll length, and body shape
for the first 7.5 maximum diameters of model length (that is, to
station 45). The model of reference 3, however, had a boattail con-
vergence ratlo of approximately 0.074 as compared to & boattall con-
vergence of 0.174 for model 1. The variation of 11ft, pitching moment,
and incremental fore drag coefficlents with free-stream Mach numbers for
these two models is presented in figure 8 for a range of angles of attack.
The 11ft coefficlents presented in figure 8(a) are approximately equal
and are not appreciably influenced by the change in boattall convergence
of these two models. The piltching moment presented in figure 8(b),
however, decreased for the larger boattall convergence, particularly at
the higher free-stream Mach number and angles of attack. The lower
pitching moment for model 1 compared to the model of reference 3 1s not
in agreement with the predlction based on linearized potential theory and
is probably indicative of the influence of the body geometry on the vis-
coslty effects. An appreciable lncrease in the incremental fore drag
coefficlent (fig. 8(c)) occurred with the decrease in boattall convergence
at an angle of attack of 6° and 8°.

EETORNTIA
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The effect of afterbody shape on the dreg perameters at 0° angle
of attack can be determined from figure 9. The variation of total
drag, boattall pressure drag, fore drag, and base drag coefficients with
free-stream Mach number are presented for the models 1, 2, 3, and 4 and
the model of references 2 and 3, These data were presumadbly influenced
by twmmel flow irregularities (reference 3) at free-stream Mach numbers
1,50 and 1.60 but no corrections could be calculated for these effects
because of the lack of pressure instrumentation. The data at free-stream
Mach mumbers of 1.79 and 1.99 were therefore extrapolated to 1.50 and
1.60 in accordance with the linear variations of the data observed in
reference 3 to indicate the probable extent of the effect of the tunnel

flow irregularities on the data.

The extrapolated curves indicete that the probable effect of the
flow irregularities was to reduce the total drag coefficient at free-
stream Mach mumbers of 1.50 and 1.80 to a maximum of 6 percent
(fig. 9(a)). The decrease in total-drag coefficient resulted primarily
from the decrease in the base drag component (fig. 9(b)) and to & emall
extent by the reduction of the fore drag (fig. 9(c)) or more specifically
the reductlon of the boattall surface pressure drag (fig. 9(d)). (Boat-
tell surface pressure drag for model 1 was computed as the difference in
fore drags of models 1 and 2.)

Although the effect of fineness ratio (incressed by adding a
cylindrical section) on these drag components was exall, the effect of
boattailing was of significant proportion. The influence of boatteiling
on the drag components was determined by comparing the model having-a
cylindrical afterbody (model 2) with the models having the same forebody
and fineness ratio (12.2) but with varylng boattail convergence (0.174
and 0.074 on model 1 and the NACA RM-10, respectively).

The .totel drag of the model having & cylindrical afterbody was
reduced approximately 30 percent by a boattall convergence of 0.174
(model 1) and decreased by approximately 45 percent by increasing the
boattall length by decreasing the convergence to 0.074 (NACA RM~10). The
reduction in total drag is effected primarily by the large reduction in
the base dreg of approximately 75 Percent as a result of boattailing
(fig. 9(b)); for the boattail models, the fore drag increased with
increasing boattail convergence. The increased fore drag 18 due to the
increased boattall surface pressure drag as shown in figure 9(&).

The varlation of base pressure coefficlent wilth free-stream Mach
number for the configurations investigated snd the model of reference 3
is presented in figure 10 at an angle of attack of 0°. The effect of
boattalling was to decrease the megnitude of the negative base pres-
sure coefficlent compared to the base pressure coefficlent of the
cylindrical efterbody models,

SRR TR S



12 S T D ENT A NACA RM ES1CO86

A hysteresis effect on base pressure wilith increasing and decreasing
sngle of attack ‘as reported in reference 3 was also noted in this
investigation. The average values, however, were presented as the
increment of base pressure coefficient with angle of attack at four Mach
numbers in figures 11(a) to 11(&). The effects of fineness ratio and
boattalling on these data are not distinct. However, a qualitative
estimate of the effect of angle of attack on the base pressure coeffi-
clent can be determined from figure 11.

SUMMARY OF RESULTS

The aerodynamic characteristics of four slender pointed-nose bodies
of revolution were investigated 1n the NACA Lewls 8-~ by 6-foot supersoniec
wind tunnel at a Reynolds number of approximately 35%10°% end at free-
stream Mach pumbers of 1.50, 1.60, 1.79, and 1.99 through a range of
angles of attack. From this investigation the followlng results were
obtalined:

1. Increasing the model fineness ratic from 12.2 to 14.2 by adding
& cylindrical section did not apprecisbly affect the measured total drag,
base drag, fore dreg, or the base pressure coefficient at zero angle of
attack. The increasse in model fineness ratio resulted in an lncrease in
the incremental fore drag and 1lift coefficlent at angle of attack. The
center of pressure location as a percent of the body length was not
changgd by the increase in body fineness ratlo.

2. At an angle of attack of 0°, boattailing increased the model
fore drag but decreased the measured base drag appreclably with a
resultant decrease of total drag. The measured base pressure coefflcient
was also decreased. At angle of attack, boattalling produced an increase
in pitching moment about the station of meximum dlameter located approxi-
mately 7.5 maximum diasmeters from the nose and e decrease 1n 1lift and
incremental fore drag.

3. Decreasing the boattall convergence from spproximately 0.174 to
0.074 increased the measured base drag but reduced the model fore drag
with a resultent decresse of the model totel drag at 0° angle of attack.
With increasing angle of attack, the 1ift was not appreciably affected by

the change in boattall convergence but the pltching moment about station 45

and the incremental fore drag were lncreased.

4. The method developed by Allen (reference 1) was a significant
improvement over the linearized potentlal theory in predicting the aero-
dynamic charecteristics of bodies of revolutlion investigated, perticulsrly
at the higher angles of attack.

2127
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S. For the cylindricel afterbody models, use of Allen's method
overestimated the 1ift coefficlent sbove 2C engle of attack at all free-
stream Mach numbers but predicted the center of pressure location quite
accurately for these conditons. For the boattall models at all angles
of attack, the Allen method generally was in good agreement with the
11ft coefficlents at the low free-stream Mach numbers but predicted the
center of pressure location too far forward of the base at 8ll free-
stream Mech numbers.

Lewls Flight Propulsion Leboratory,
National Advisory Commlttee for Aeronautics,
Cleveland, Ohio, September 15, 1950.
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TABLE I - EQUATIONS FOR MODEL CORTOURS

Model | r = xVec/2 (2-x/45) r=3 rm. (xlz/a) + 55 X3 = (x-x3)
1 0< x< 45 45 < x < 61.25 | 61.25 € x < 75.855 xg = 61.25
2 0<_x545 45 € x € 78.25
5 0<x<45 45T x € 735.00 | 73.00 < x < 85.005 xg = 75.00
4 0<x< 45 45 <x < 85.00

r = radius x = model station c = 2/(15)2 aw - 121.8
Ordinates of models 1, 2, 5, &, to station 61.2
Station | Radius | Station| Radius| Station |Radius
[ 0 20 2.074 40 2.98%

2 .280 | 22 2.216 | 42 [2.988
4 .568 24 2.548 | 44 2.998
8 748 26 2.465 | 45 5.000
8 .970 28 2.573 45 5.000
10 1.188 30 2.667 45 . [5.000
12 1.586 52 2.749 45 5.000
14 1.578 78 2.820 45 3.000
16 1.754 %8 2.880 45 3.000
18 1.930 58 2.927 81.25 |3.000
Modsl
1 2 3 4
Btation| Radius| Radius| Radius| Radius
61.25 | 5.000 | 3.000 | 5.000 | 3.000
62 2.885 | 5.000 | 5.000 { 3.000
64 2.986 | %.000 | 3.000 | 3.000
68 2.825 | 5.000 | 3.000 | 5.000
68 2.727 | 3.000 | 5.000 | 3,000
70 2.576 | 5.000 | 3.000 | 5.000
72 2.055 { 3.000 | 3.000 | 3.000
75 1.867 | 3.000 | 5.000 | 5.000
75.25 | 1.818 | 5.000 | 5.000 | 3.000
74 2.992 | 3.000
76 2.926 | 3.000
78 2.795 | 3.000
80 2.598 | 3.000
az 2.535 | 5.000
84 2.005 | 5.000
85 1.818 | 5.000
TABLE II - TEST REYNOLDS NUMBER BASED ON MODEL LENGTH
[Free-ptrean Model
Mach number
Mo 1 2 3 Y
1.50 28,800,000| 28,200,000 | 31,200,000 [ 34,200,000
1.60 50,700,000] 30,100,000 | 32,100,000} 35,900,000
1.79 52,700,000| 31,700,000 | 35,200,000 | 38,200,000
1.99 52,600,000| 35,400,000 | 36,000,000 | 59,500,000
...... R ke o ]
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PFlgure 2. - Varlation of 1lift coefficient with angle of &ttack at four Mach
numbers for four models investigated.
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T

19



20

NACA RM E51C06

»

2.0

ST T

1.8

[

b
&

ld ——sgy—m————— 1 —~——— Reference 1 .-
\\ —— ———Potential

theory —

N i

l.2 \ ~ . .

\\
\k —_
1.0 >

4>_ ¢

q
T
4:0-

/
|
/
o

Batio of distance of cemter of pressure location from base to body length, 4/1
14
7/

.8 :
ALLS. i
v
.8
(a) Pineness ratic, 12.8; 8,/ s 0.567.
.8
Al ' .
Q ———— — _
.8 \v4 ‘ﬂg-‘ =
o’ i _1 1. E# B
[+ 2 ¢ 6 8 10
Angles of attack, a, deg
(b) Pineness ratio, 12.2; 8y, [Bpays 1.00. ) 'S

Figure 4. -~ Variation of ratio of distance of centersr of Yyressure location from

hdotobodylangthvithmsleoratuckatro\n-lhehnmbm for fouwr models
investigated

B

(@EFITERTIAL.—



2127

NACA RM E51C06 - O IEERTTAT. >+

1.2 _—
\\‘
\~
\
1.0 ™ ~
\“
q s \\N‘.~
8 V Q "\

=
O

(c) Pineness ratio, 14.2; Bbls-.x’ 0.567.

§~~~-\“ﬂ ..... z-a

Ratio of distance of center of pressurs looation from base to hody length, df1
/
/

-

>

o 2 ¢ s - 8 10
Angle of attack, o, deg

(4) Fineness ratio, 14.2; abfsmx’ 1.00.
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from base to body length with angle of sttack at four Mach numbers for four models
investigated.
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