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NACA RM No. L6L26 CONFIDENTIAL —
NATIONAL ADVISCRY COMMITTEE FOR AKRONAUTICS

RESEARCE MEMORARDUM

FREE-FALL MEASUREMENTS AT TRANSONIC VELOCITIES OF THE IRAC OF A
' WING-BODY CONFICURATION CONSISTING OF A 45° SWEPT-BACK WING
' MOUNTED FORWARD OF THE MAXIMOM DIAMETER ON A

BODY OF FINENESS RATIO 12

By Charless W. Mathews and Jim Rogers Thompson
SUMMARY

The National Advisory Committee for Aeronautics is measuring
dreg of a series of complete airplane-like configurations and iheir
various components at transonic velocities by the free-fall method.
This report covers a test of one configuration of this series.

The configuration was ccmposed of a 45  swept-back wing of aspact
ratic L.1 mounted forwerd of the meximum diameter of & 10-inch-
dlameter body of finensss retio 12 equipped with stabilizing

tail fins. The wing had & TO-inch spen and incorporated an

NACA 65-009 airfoll eection of 12-inch chord perpendicular to the
leading odgs. The body-tall fin combination was extermally identical
with a combination tnsted previously by this method.

The results are presented as curves showing the variation of
drag coefficient with Mach number for the complete configuration
and for each component. Thase results show that the drag per unit
frontal area of the complete configuration rope abruptly from 0.06
of atmospheric pressure at a Mach number of 0.d9 to 0.167 of
atmospheric pressure &t a Mach number of 1.0z and then increased
at a slower rate to 0.233 at a Mach number of 1.19. At Mach numbers
in excess of unity the wing and body shared about egusl portions of
the total drag (about 42 percent each). Tho remainder of the total
drag (16 percent) was contributed by the stabilizing tail surfaces.
Slightly below the velocity of sound the wini dra: rose abruptly and

- at a Mach number of 1 was double the valus vstimated from previcue

tests of comparable 45° swepteback airfoils mounted on cylindrical
bodies, as no abrupt increase in drag occurred for these previously
tested alrfoils. Aftor the adbrupt rise the wing dra;; gradually
approached valuss ostimeted from the previoue tosts. The body drags
measured in this test wore higher than thoso moasured in previous
teats of an identical body without wings by about 15 percent at a
Mach number of 1.05 and 8 percent at 1.15.
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IINTRODUCTION

A series of tests 1s being conducted at the Langley Memorial
Asronautical Laboratory of the NACA in which drag measwrements are
mads in the transonic velocity rengs on test shapes by the free-
fall method. The object of theee tesis 1s to determine bodies,
airfcils, and ving-body combinations which have a ninimm of dreg
at trensonic velocities. Results of previous tests of bodies and
airfolls by this mothod (references 1 to 3) have indicated that
appreciable reductions in drag at transoni¢ velocities could be
obtalned by increasing the fineness ratio of bodies of revolution
and by using awept-back wings. However, ao large interference
effects may occur when wings and bodies having low drag at transonic
wvelocities are combined to form airplans-like configurations, tests
of such configurations are nscegsary for a final evalustion of the
effects of sweephack, fineness retio, and other variations of
airplane gecmetry.

* " The present paper reports the results of & test on one of a
seriss of wing-body configurations. This series consists of a
family of wings mounted on btodies of fineness ratio 12 identical
with the bodies whose tests were reported in reference 2. For
this test a 45° swept-back wing of constant chord was mounted at
a position forward of the maximum diameter of tne body. The
results are presented as cwrves showln tle veriation of drag.
coefficient with Mach mmbper for the complete conflguration and
each of its camponent parta. The drag coefficisnt for the body
and wing are compered with results previously obtainsd by the
free-fall mathod for un identical body without wings and for com-
g&ra.b.h stralght and swept-back airfoils tested on cylindrical

- bodtes .

. !!but gmfiggtion. The general manmmnt of the configln

" tion is shown in ﬁaura 1 and dstails and dimensiona are given in

- figure 2. The 45° swopt-back wing nad & 70-inch span and incor-
" porated an NACA 65-009 airfoil section of 12-inch chord per-
‘yendicular to the leading sdge. Ths nouinal asneot ratio of this
wing (based on ths wing area including that within the body) was &4.l.
. The 'wing was mounted on & 10-inch-diameter body of fineness ratio 12
externally identical with the bodies whose tests were reported in
‘vrefevence 2. The wing entered the bedy tihrnugh rectanguler slots
and was attached to a foroe measuring balance in the body. A wooden
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filler block feired to the body contour was atteched to the wing
root so that the cleerance between the sides of the slot and the
movable wing esserbly was about 1/32 inch. The wing was located
on the ®ody so that tie SO-percent-chord station at the wing root
was epproximately 15 inches forward of the body maximum dilameter.
The taill boom and fina arrangement were identicel with the arrange-
ment of reference 2. The tall fins passed througn open slots

3/8 inch wide and 6 inches long in the tall boom and were attached
to & force meesuring balance.

Meesurements .- :Zusuremnt of the desired quantities was
eccomplished es in prévious tests (referencssc 1 end 3) through use
of the NACA tolemetering system and radar and phototheodolite
equipment. The follcwihg quantitios wore recorded at & ground
station by the telere@fring systcm:

(1) The forre exerted by the wing on the body &s measured
by a spring balance

(2) The force exorted by the tail fins on the tail boom as
mpasured by a spring balancs

(3) The retardation of the configuration as meeaured by &
sensitive accelercrister elined with the longitudinal eaxis by the
body

(4) The t° ¢ presauro nt an crifice located &t the nose of
the body as met. ©d by an anercid cell

The flight y~'° <#a® ealrplene from which ihe configuration was
dropped was ° 1 wup to the roleasc poini turough use of tho
rader end pho'- LD te equiprent. A survey of atmospheric
conditions &« ‘WO f the test was obtalned Irom synchronized
records of ste .  “amwuxe, temperanture, and actual eltitude during
tho descant of t. ~plans. The direction and velocity of the
horizontal comp..on ° ®Ehe wind in the altitude renge of the test
wag determined frc¢ :.Aaz~ and phototheodolite records of tha ascent
of a free balloon pPxAor to the test.

Reduction of dz - /™ reledoo, the veloclity of the configura-
tion with respect to ground, horeafter roferred to ag the
ground velocity, was ot -ined by differentiction of the flight path
of the airplame up .o th releasce point as recorded by the radar
and phototheoodolite -auipmont. The ground velocity of the con-
flguration throughov, the fres fell was obtained by & step-by-step
integration of the vwetor sums of the gravitational acceleration
and. the dlrscted reta\*’at:l..‘n a9 measured by the accoleorometer.

bd
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variation of altitude with time throughout the fall wac determined
bty intsgration of the vertical components of the ground velocity.
True airspesd was obtained by & vector surmation of the ground
velocity and the horizontal wind velocity at appropriate altitudes.

The total drag of the configuration wes cbtained directly by
mltiplying the retardation &; (in g units) by the welght of the
configuration. The drag force on the wing D, was determined
through use of the relation

Dy = Ry + WAy
where
R, mpasured reaction between body and wing, pounds

W, welight of movable wing assembly, pounda
The dreg of the tall fins was obtained from the same relation by
ucing the reaction between tle fins and the tail boom and the
woight of the movable Iin assembly. Body drag was detormined by
subtractlng the wing and tail dregs from the total.

Values of drag D, static pressure p, absolute temperature T,
and fronial area F wore coubinsd with the airspeed to obtain the
Mach nuwber M &and the nondimeusional paryameter D/Fp for the com-

plete configuraiion and each of its componenis. Values of the con-
ventional drag crefficlent bosed on frontal area CDF were obtained

from simultensous valuss of thege parameters by use of the relation

o w DFP
DF M27/2
where ths ratio of spocific heats ¥ was teken as 1l.4. In the caes

of the wing and the tall fing, drag coefficients based on plan
aroa CD were obtained by multiplying CDF by the ratio of frontal

area to plan arsa. The areas did not include that submerged in the
bodys or tail boom.
RESULTS AND DISCUSSION

A Uime history of the important measured and computed gquantities
obtalned from this test iz given in figure 3. Tho altitude variation
shown was computed from the accelsrometer data. The total vertical
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distance of the fall as obtained from these data agress with the
release altitude obtained from the redar and phototheodolite
tracking records within 20 feet. Although the estimated accuracy of
the telemstered accelerations was 0.0l g units, this excellent
agrasement indicates that these accelerations and hence the total
drag of the configuration were probably determined with better
accuracy than estimated. In previous tests the ground velocity
computed from the accelerometer data has been compared with the
ground velocity computed from the flight path of the test body
throughout the free fall as determined from radar and photothecdolits
tracking records. Although these tracking records were not obtained
for the present teat, the provious tests have shown good agreemsnt
botween the two mothods for determining ground velecity. The two
Moch number veriations shown in figure 3 were determined from two
independent sets of measurements. The solid curve was computed

from the airspeed and temperature data and is telieved to be
accurate within %0.01 in Mach rumber. Tho dasksd curve of Mach
number was computed {rom telemetered records of toiel prossure

and the static pressure determined from the swurvey of the atmosphere.
The estimated accuracy of the total-pressure measwrements was

to percent of the full-scale velue, which would give a corres-
ponding Mach number error of }0.05 at M = 1.0 and 3¥0.015 at M = 1.2.
The data obtainsd, however, indicate thaet tho accuracy of the total-
pregsure measuremsnt was somowhat bettsr than eatimated.

The results of this test are iresented in figures 4 to 7 as
curves showing the veriations of tho parameter D/Fp and the drag
coefficients for the complete configuration und its individual
components. The drag forces were measured throughout the fall
to within +7 pounde for the complete configuration, 13% pounds

for the wing, and t.li‘ pounds for the tail. Since the static

pressure increased during the drop, however, the accureoy with which
the parameter D/Fp was determined also increased throughout the

fall (or with increase in Mach number). At a given Mach number Cp

and D/Fp havs ths same accuracy when these accuracy values are
expressed as a fraction of the existing megniiude of Cp and D/Fp

at that Mach number, except that the drag coefficlents have a small
additional uncertainty due to the possible error in Mach number (+0.01).
The estimated accuracy for these drzg parameters for several Mach
numbers 1s presented in the following table?
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Mach . 1.2
Aemiar . 0.8 1.0

Drag- of | ope D/FP |Cop D/Fe |Cop

parame ter

Total 0.011]0.028 0.007]0.017 0.003]0.007

|Wing .012} .029 .009] .016 004} .008
Tail .0321 .073 0234 .Ohk 6] .010| .019
Body .03%] .078 .0z} .037 .010] .013

The variations of D/Fp and drag coefficient based on total
frontal area for the complete configwration ere given in figure 4.
The drag per unit frontal area rose frcm 0.06 of atmospheric presswe
at & Mach number of 0.89 to 0.167 of atmospheric pressure at a
Mach number of 1.02 and then incresased at a slower rate at 0.233
at- M =1.19. When theee data are transforued to drag coefficlents
the curve shows the usual abrupt rise siarting at a Mach number
of 0.89 which resulted in the drag coofficient. increasing elightly
more than two timea at M = 1.02. The dreg ccefi'icisnt increeced
81lightly over the remainder of the Mach number range. The croos
hatching on figure 4 alowo how the total drag of the configuration
was divided among tho components. At Mach numbers in excess of 1.0

the body and wing shared about egual portionsz of the total drag
or about 42 percent each. The roraining drag (ebout 16 percent$
was thet due to tho tail.

The varlatione with Mach number of D/Fp and. drag coefficients

for the 45° swept-back wing as tested on thig configuration are
precented in figure 5. The drag per unit frontal srea rose abruptly
from 0.061 of aurospheric preseure at e Mach number of 0.95

to 0.147 atmospheric wrossure at M = 1.0 =nd then increased more
slowly to 0.257 at M = 1.19. The wing drag coefficients ehowed

e small increase with Mach number in the rogicn between M = 0.9
and ‘M = 0.95 and then increased abruptly to a value at M = 1.0
slightly less than three times the valus at M = 0.39. Further
increaso in Mach number resulted in & mwall Incroaso in the wing
drag coefficlent to a valuo slightly grester than tires timee the
low-speed value at the higlest inveetigated velocity. The abrupt
rise in drag for this swepi-back wing, which occurrod neer the speed
of sound, will be discusced later in this paper when the present
resulto ere compared with tho results of previous tests of 45° swept-~
back airfoils by the came method.

Figure 6 shows the variatione with Mach number of D/ and
drag coeiflicients for tho tail fins. The drag per unit frontal area
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increased abruptly frcm 0.074 of atmospheric presswre at a Mach
number of 0.9 to 0.385 atmospheric pressure at M = 0.97 and then
increased almost linearly to 0.519 of atmospheric pressure at

M = 1.19. The abrupt rise in drag coefficients for the tail fins
poaked at M = 0.97 and then eghowed & slight dacresce with further
increase in Mach number. Similar data are presented in figure 6
for an identical tail arrangement which was mcunted on the body

of finenses ratio 6 without wings (reference 1l). Generally the
data of reference 1 end the present data are in geod egreement,
particularly ac to the Mach nwiber rangs over vhich the abrupt

rise in dreg took place and as to the magnitudes of drag in the
higheat portion of the investigated speed range. The discrepanciec
in the veriations of the drag near M = 1.0 cannot regult entirely
from inaccuraciea of measurement but are evidently caused to some
oxtent by the differcnces in the flow field about the tail resulting
from differences in tho geometiry of the two test configurations.

It may be expectnd that the differente in the two teil drags would
follow mainly from differences in the velocity and cize of the

wake behind the body, especially if the local static preaocure in
the vicinity of the tall fins hes returned to the free-stream
value.

The variations of the body draog parametere with Mach number
a3 measured on this cenfiguration, which are yresented in figure 7,
sliow an abrupt rise in drag beginning at a Mach number of 0.975.
The drag per unit of frontel syea increaacd to a valus of 0.145 of
atmoapheric pressuras at M = 1.02 and then increased more slowly to
a valwe of 0.175 at M = 1.19. The drag coefficient based on body
frontal aree pealed at M = 1.02 end showed a slight decrease
throughout the romainder of the investignted speed range. The
cause of the irregular variation of drag with Mach number at
Mach numbers in excezs of 1 has not becn definitely determined
bul possibly results from interforence efifeztoc betwoen wing and
body. This condition is expected to be clerified in subeequent
teats. An abrupt docreaso in body drag is indicated between
M=0.95 end M= 0.975 wvhore the abrupt drag rise occurred on
the swept-back wing. It will be necesoary to investignte this
drag decreace further, Lowever, since the pereant error in the
magnitude of tha body Arag paramsters at Mach numbers less than
uniiy mey be rather large. Comparable dats {or tho body whoge
teat waa reported in reference & ere alco precentsd in filgure 7.
This body was identical with the body of tlie precent test and had
the same tall fin errengscent; however, the body of refercnce 2 was
teated without wings. Cince data on the tail dreg were not obisined
for tho teots of refercuce 2, the tall drags determined from tho
pregent tosts were used to cbtain the drag of the body previously
teated. Becauos the drag rise on the tall occurs before the drag
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rise on the body, the values of teil drag ere of the same order as
the body drag at Mach mumbers slightly below the body drag rise.

At these Mach numbers scmevhat difforent tail drag variations dwe
to differencea in the flow field about the tail for the iwo tests
could therefore have an apprecieble effect on the beody dreg data
as ccmputed by subtracting the tail drag from the drag of the body-
tall corbination. For this reason, body drage computed from the data
of reforence 2 by this meihod are not presented in the renge whereo
the body drags are of ths same order as the tail drags. Comparison
of the body drage presented in figure T indicates that mounting the
swept-back wing on the body had a detrimental effeot on the body
drag, for with this addition, the drag rise of the body tock plece
at a slightly lower Mach number and higher drags appear to exist
at Mach mumbers above the drag rise (about 15 percent higher at

M =1.05 to & percent at M = 1.15).

Results of tests by the free-fall method of the prosent wing
and a group of roctengular and 45° swept-back airfoils of constant
chord vwhich were mounted on cylindrical tesi bodiles are swmarized
in i‘igure €. All of the airfoils for which data are pressnted had
NACA 65-009 sections of constant chord perpendiculasr ito the leading
odgo. The abrupt dray rise which occurrsd near the speed of sound
for the present 45° swept-back wing did not occur for the other
h5° swept-back airfoils previoualy veated. Prior to the dreg riee,
however, Llhe drag obtained for the present wing wes in good agree-
ment with that obtained from the olher testo. As a result of this
drag rise the drag of the presont wing was roughly double the value
estimated from the provicus results at M = 1.0 and 1.2% the value
estimated at M = 1.15. The drag at Mach muwbers in excess of
unity waea, howaver, only about 40 percent of the drag of comparable
rectangular alrfoils. All airfoil drag data presented in rigure 8
for ihe previous tests were obtained from measurements on airfoils
mounted near the rear of long cylindrical bodies, while the prosent
wing was mounted forward cf the maximm diemeter of a body which
taperod toward the front and the rear. The existence of an abrupt
drag rise for the present swept-back wing whicu did not occur for
the comparable swept-back wings previously tested indicates the
transonic drag cf owept-back wings may be critically dependent
upon either the position of ihe wing on the body or the shape of
the body &t the wing-body junctire. In addition, the airfoils
tested on cylindricel bodles sntered the bodies through open
rectangular slots and tho unlmown effect of thece slots on the
resulis obtalned may elter the effect herein presented. Further
investigailon of the effect of such slots on the drag of swept-
btack wings will therefore te necessary.
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CONCLUDING REMARKB

The drag of & wing-body configuration has been measured at
transonio velocitiee by the free-fall method. This configuration
consiated of a 45° ewept-back wing mounted forward of the maximum
diamster of & body of finenegzs ietio 12 which had been tested
previoualy without wings.

The results sliow that the drag psr unit frontal area of this
configuration rose abruptly from 0.050 of atmospheric pressure at
& Mach number of 0.89 to 0.167 of etmospheric pressure at & Mach
number of 1.02 and then increased at & aslowor rate to 0.233 at
a Mach number of 1.19. Al Mach nuubers in exceos of unlty the
wing and body of the configuration shared about equal portions of
the total drag (about 42 percent each). The remaining drag was
contributed by the stabilizing tail surtaces.

Near the speed of sound the drag of the teated wing rose
abruptly to double the value sstimated from previous tests of
45° swept-back eirfoils which were mounted on cylindrical bodlea.
After this abrupt rige the drag apnroeciied the valuss estimated
from the previous tesis. This condition wouwld indicete that in
the transonic region the drag of swevi-beck wings is critically
dependsnt upoen the positicn of the wing on the body andfor the shape
of the body, particularly at the wing-body Juncture. The body
drags obteined from thie test were highor than those msasured in
previoua tests of an ldenticel body without wings by about 15 per-
cent &t A Mach nuaber of 1.05 ard 8 percenc at 1.15. These results
show thot unfavorable interference sffects exist for the tested
wing-holdy configuretion; the drag of the swept-back wing was
conaiderably increased in the precence of the body and the drag
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of the body appeared to be somewhat increased in the presence of
the wing.

Langley Memorial Asronauticel Laboratory
Katioral Advisory Commitiee for Aeroneutics

Langley Field, Va.
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Figure 7,- Variation with Mach number of drag coefficient and D/F

for the body of the tested configuration. Data for identical body
without wings taken from reference 2,
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Figure 8.- Comparison curves showing variation with Mach number of
D/Fp for the present wing and comparable rectangular and swept-

back airfoils mounted on cylindrical bodies. Airfoil data taken from
reference 3.
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