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RESEARCH MEMORANDUM

COMPARISON OF IOW-LIFT DRAG AT MACH NUMBERS
FROM O.T4 TO 1.37 OF ROCKET-BOOSTED
MODELS HAVING EXTERNALLY, BRACED
WINGS AND CANTILEVER WINGS
By VAl do L. Dickens eand Barl C. Hestings, JI.

SUMMARY

. Aninvestigation has been conducted to determne whether the iow-
lift arag of a rocket-node| eirplane-like configuration COUl d he reduced
at transonic and | OwW SUPErsoni ¢ Mach mumbers DY reducing the wing thick-
ness while external braces were used to PrOV! de the necessary bending
strength. 1he investigation consisted of flight testing two rocket
models haying asewect ratio 3.0, unswept braced tapered w ngs nounted
on fusel ages Wth the ﬁsme fi qeness ratj os and Cross-sectiQnal  earea
distributions. Data collected rromthe flight test of a nodel having
a thicker cantilever wing of the same plan formwere camparea Wth
data collecteda in this investigation.

The resuits. Of this investigation indicated that a wing with a root-
mean- squar e-t hi ckness ratio of “o.0178 with external braces above and .
bel ow the wing had |ower vaiwes Of drag at transomic end | QW SUpErsopic
MACh numbers then @ 4.50-percent-thick Cantl|ever wing. Further reduc-
tions in drag and a del ayed drag rise MACh number resultea When the
1.78-percent-thick wing_Was nounted Hi ?h ON @ rectangular CIr0SS-Section
body and WAS externally braced only below the wi ng.

The investigation also indicated that neither of the externally

e
braced 1.78-percent-thick wings fluttered in the test Mach number range
fromo.m to 1.37.

| NTRCDUCTI ON

It is desirable, fromthe standpoint Of mintmm drag at transontic
and | ow supersoni ¢ speeds, to use wings which are as thinas possible.
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The thickness of the wing, hovvever is usuall limited by structural
consi deratjons such es i‘cs abi | rtﬁ/ t0 carr)(] en ing |oads end resjst
flutter and twsting. A research programhas been conduct ed by the
Langl ey Pilotless Arrcraft Resear ch Drvr sion to determne the iow-iift-
drag of two rocket-boosted airplene-like cONfigurations having very thin ..
vvrn s with different external Iﬁracrn rangenents {0 SUPPlYy resistance
ending and flutter. Estimates na rnﬁr cated that the reduction in
supersonr C pressure drag resul t] n% froma reduction in wng thickness
ul'd be considerably greater than the drag increase due t0 the external
braces The tWO rocket=bocsted NOAel S used i'n this investigation were
tested to determ ne experimentally if this net=dreg I eduction coul d be
achieved.

Tis Paper presents a conparison oe-the lOWlift drag of a
4,50 ercent-thick cantr | ever wing from reference 1 vith that—of a
1.7 8p percent-thick symetrics1ty, €xternally braced w ng[ and a
1. 78- percent thr ck wing wth_external braces on the hottomsurface only
bet ween Mech mmpers 0f 0.7K and 1.37. a11 tests wer e conducted at-the
Langl ey PilotTess Aircraft Research Station at Véllops [I'sland,

SYMBOLS
A cross-sectional area, sq in.
aj/e  longituiinel acceleroneter reading —
Cy axial-force coefficient; POSIitiVe IN rearwara direction
Cp total drag coefficient based on S

g acceleration due to gravity, rt/sec?
Y flight-path angle, deg

1 length, 1 N.

M Mach mumber e

q dynam ¢ pressure, ib/sg £t

R Reynol ds nunber, based on length of nean serodynemic chord
S total W Ng plen-form ares, SO ft

f time, SE€C

LEANSS San e
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v velocity along flight peth, £t/sec
w wei ght without propellant,
X station neasured from nose, in.

wopELs AND rriger TESTS

The hodies of a1l three models had the same axial distribution of
cross-sectional area snd each nodel had a tapered wing of aspect ratio
3.06 Whi ch was unswept at the 74 5-percent chord line. me wings Were
mounted witn their vertex at the kg-percent body-length station. Two
vertical fins were located at the fear of each body and hoth the w ngs
and fins had meatriea hexagonal airfoil sections. ~Each nodel fuse] a?e
was built around a centrar Structure used to house an internal rocke
mot or . Te vwngs and fins were a%taohed to this structure and the
external Tusel&ge surfaces were of wood.

The wing of maer 1 had a 4.50-percent-thickness ratio whjch was
constent f[OMTOQt t0 tip and was cantilever sucg)lg)or_ted on the fuselage
center line. ThiS model WAS instrumented tO ODtai N hase dreg and longt-
tuatnal acceleration. Table | presents the woay coordinates of this
model. A three-view drawing and a photograph of the nodel are presented
In figures 1 and 2.

. Mdel 2 was a one-half scale duplicate of meer 1 but used a tnin
Wi ng W th externs1 braces above and bel ow the wi n%. The w ng thickness
was 1. 30 percent at the root, 2.00 Rercent at the 60-percent semispan,
nd fromthis station outboard to the tip the tmckness Was constant at
00 percent. Due to variation of thickness wth span, the root-
a
|

a
2. to the
mean-square val ye of 0,0178 w11 be used when discussing the w ng
thickness throughout this paper. Eight braces symmetrically mounted
were used apove and below the wing t0 supply the necessary bending . =
strength. These braces had .25-percent-thick NDdified hexagonal <airfoil
sections with wedge eangles Of 12° ana Were fabricated from o.0625-1nch-
thick normalized steel.” mxternal Steel pylons on the top and bottom of
the fuselage and streanlined pods ruming chorawise aCrosS the wing at
about the 60-percent semispan Were used for attaching the braces to the
body and wing.” The body coordinates sre given in table Il and a three-
view draw ng” and photographs are presenied as figures 3 amd 4.  Model 2
was instrufented Wth a vibrometer IN the wing tO Indicate the existence

of flutter.

A three-view drawing of meer 3 1sshom in figure 5, and figure 6
is a photograph of the meder. me Physical characteristics €X€ al'so
given on figure. 5. Because of -the Vertical location of the wing above
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the body center 1mne (t0 reduce the amoumt Of external bracing required)

a portion Of the- body had a rectenguler rather than circwier Cross section
to reduce the wing-vody I nterference effects. The coordinates of the
body are presented in table II.

As was the case with nodel 2, the root=mean-square thickness ratio
of the wing of model 3 was 0.0178 and the-plan zom was identical to
that of both models 1 and 2. Externsl braces were used only below the
vnng and Were mount ed between the W ng pods and the-fuselage itgelr

elTmnating the exterpal mounting pyl ons§ Since the external vracing

S a1l below e wing It WAS necessary that the braces should alvays
be in tenS|on This vvas done b prestreSS| ng the braces by making them
%al n a bowed posi esulted in a negatiVve dinedrsl

ang e of75 t the tip as I'S s ovvn ”]f” gure 5, Mdel 3 WAS instru-
mented to O€termne wing flutter and neasure Iongttudl nal acceleration.

Fi.gures 7(a), 7(b), and 7(C) show the nondimensional cross-sectional
area diStributions ofmedels 1, 2, and 3,resp ectlveI}; These figures
show that the nondinensional area distribution of the bedtes and verttc?l
tails of a1 the model s were the ssme. The reduction in cross-sectiona
e.rea due to usin the thinner wing (even W th the esision 0f _Draces,

ylons, and Hoodsg 1S ev dent by conparing figures 7(b) and 7()W|th the
or|g|na| configuration in 7(a).

A photograph ofa typical model - DOOSt €r combination 15 ShOWN as
figure 8. The rirst-stege €Xternal rocket motor. separated fromthe -
nodel at- turncat and after @ short COAStiNg period the internal rocket
motor fired, propelling the moel {0 the desired altitude and Mach NUM
ber.  m1 of the drag data presented in this pa er vvere obtai ned after
the burnout ot the. gnternal rocket notor wh le e S were coastlng
at, Or near, Zero [ift between MACh numbers 0 a out ./ and 1

Dunng the f I| ght tests the nodels were tracked by an NACA nndttted
radar trac |n% uni t to det erm ne posmon in sPace end Dy @ o Doppl er
radar set to Oetermine velocity., A rawinsonde released at’ the time of
firing recorded free-stream tenperature, static Pressure, and windseloft.

REDUCTION OF DATA

The velocity of the nodels, determined fromthe or poppier tracking
radar, WAS USed t0 compute the toter drag coefficient by d|t erent ating
this velocity with time aa correcting for the flight-pdth angle by the--
use of the follow ng relationship
—. W
cr (S esmnrh -

Reference 2 discusses this method of__drg% reduction in nore detail. )
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Since models 1 ada3were instrunented vvith_lon?itudi nal accel erom
eters, an additional source of drag data was availabre for the nodels.
The telemetered |ongitudinal accel érometer values were used to conpute
the axial-f orce coefficient by the relationship

al w
Coy = = A, W
X" (" 9as

and Since these models slev at, Or nesr, Z€ro it the values of oy
determned were essued 0O he mumericeliy equal to cp.

_ Mach muber Was determned by usin? the radar values of nodel veloc-
ity snd the [ocal velocity of Sound from rawinsonde NMeasurements o the
atfrospheric tenperature.

ACCURACY

The best metnoa of determni n? the accuracy of Cpfrom fignt data,
when possible, iS by a camarison OF the values derived fromthe telemeter
and tracking radar. ~In reference 1 (where the dragg data points fromthe
fest Of model 1 are gresent ed) sgreement 1S Shown 10 ve Within to.0005
bet Ween Mach numbers Of 0. 70 ana 1.55 for the test of model 1. A compar-
ison of the two sources of CD values for model 3 shows agreenent swithin
10,0005 between MACN mmbers Of 1.22 and 1.33. In general, these conpar-
isons and other tests of this e indicate that the accuracy of the CD
val ues presented in this paper should be better tmn :0.0000 at Mach num
bers near 0.70 and about +0.0005 at a Mach mmver Of 1.35. Based on the

accuracy of the CW Doppl er_ reder Set for messuring Vel OCity, the accuracy
of MIS x0.005 at M= 1.35and .00 at M= 0. 70,

resuzzs avp DI SCUSSI ON

Figure 9presents the variation of Reynol dS mmber R (based on the
length 0f each nmean aerqdynam c chordg W th Mach nwber fOr the three
models t€Sted eana values of total drag coefficient cp for e three
Hndels arehé)resgnted infigure 10. e drag curve fOr model 1'is Iepro-
uced w thout data points fromreference 1. No values of Cpwere
obtained in the test of nodel 2 at Mach nwbers | €SS than 0.98. The
data points fromthe test of nodel 3 ere [I)resented infigure 10 to show
the agreement hetween Cofromthe teleneter data and the Doppler tracking

redsr | N the MACNh number range fram 1.22 to 1.33.

-
Y RN ELAL A
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Drag comparisons Made in this section are presented on the basis Of .
total areg COfficient. The vases of models 2 and 3 were Identical and ,
the base of mas1 1 was geometrically the same as for models 2 and 3.
Therefore any difference; in Cpdue to differences in vese configura-
tions were considered negligible.

Figure 9shows |ower test values Of R for models 2 and 3 than for

model 1.” Estimates MAde to determne this effect on te Skin-friction
dr ag of the W ng- body combinations f Or a fully twrbulent bowndary layer
In ase In nmodels 2 and 3 to be a

Indicated the incr dreg COefficient for
nstant of 0.0013 between Nf: 0.70 and M o.95,.and 0. 0008 et
1.40. A conparison of ¢y of mode1s 1 and 3 (i 10) between

. .10
M= 0.74 and 0.90 shows thaP'CDfor model 3 1S a.bolgt O.I8015 greater
than nodel 1. Since the difference in drag coefficient is almpst entirely
a Reynolds mmber €f fect between M= 0.74 and Me 0.9, the Influence
of the external bracing on Cois small in this Mach mmber range.

T3

Between M = 0.98 and 1.37 meger 2 has |ower vaiwes Of CD than
model 1. At M= 1.05 this reduction amounts t0 apout 0.006 (17 percent)
and at M= 1.37 the difference is 0.002 (7 percent). Mdel 3shows |ower
total-drag values inen €jther meer 1 or 2 between M= 0.98 and 1.37
and a |ater dra? rise Mach numper than model .1. At M= 1.05 CD for
model 3 is o.om [ower than model 1 (about 31 percent) and ety = 1.39
is 0.004 lower (about 15 percent).

show that-at-thi S Mach number the
€ wing thickness rafl 0 ItOh atpﬁzéoxi-

—~

Al'so presented in figure 10 is the drag of the wingless hody of
model 1 (including drag of two fins and bas df']ag& as deaermined fer
dat @ presented in referemce 1, An estimate of the“drag reductions for
nodel s 2 tahno{ PEhdue to redugl ng the vvlfng thickness vvabs énad.e a%%:_uﬁ
by aseunt a e pressure drag rise of “tnet ss podi es I C
had the seme avea O s‘%rl buti on) vgas thhe same §SL¥1ﬁgltessfor model 1. By

h

using the results of reference 3 (Whic
W Ng pressure drag | S proportional to, { wing 1 _
metely the 1.5 POWer) the reduction in ¢y for meets 2 and 3 w
mbreced thin W Ng Was estimated to be 0.012 at-M = 1.10. The nmeasured
reduction due t0 thinni n? the wing and sdaing braces was 0.006 for nodel 2
and 0.008 for model 3. 1T is evident that eitnougn |arge reductions

in fOr models 2 and 3 were-schieved, these reductions are not as

large a5 that estimated zor the thin wuraced W Ng configuration.

. me data presented in figure 10 also indicate that at u= 1.03 the
W ng RI us brace and interference drag coefficients of models 2 and 3 are
1over than the wing plus interference dra% of nodel 1 by about 27 percent
and ?]o I§>ercent, respectively. These reductions decreaSe with increasing

NBCM UTOS% wmtil at- M= 2,37 their values are about one-half of those

at = 1. .
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Neither model 2 nor 3 (which had the 1.78-percent-thick wngs)
showed any indication of wing flutter over any portion of the test
number range.

Mach

CONCLUSIONS
Flight tests to determne the effect of tun externally braced wings
ON dreg near Z€r0 1irt | Ndicate the rfollowing conclusions:
1. wen the wing thickness was reduced from 4.5 percent to 1.78 Per-
cent and externa bratces above ad helow the wing were used to su;ily he

bending strength, the total drag coefficient was "educed by about per -
cent at a Mach number of 1.037and by 7 percent at a Mach number Of 1.37.

2. By locating the 1.78-percent-thick wng shoul der hi ?h on. a
ctangul ar cross-Section body and using braceS only bel ow the wing a
rther reduction in total. drag coefficient was achieved. Thi's reduction

total drag coefficient as conpared with the h.%—percen’c-thick canti -
ver_wing configuration smountea t0 31 percent at a Mach nunmber of 1.05
d 15 percent at”a Mach nunber of 1.37.

3. Between Mach numbers of 0.74 and 0.90 the values of dreg CoOef-

re
fu
In
| e
an

ficient for the nodel with the 4.50-percent-thick cantilever wing and the
{rﬁdel with external braces bel ow the 1.78-percent-thick W NJ WEr e almost
e Ssane.

4. The configuration with the 1.78-percent-thick wing and external
braces bel ow the™wing had a [ater drag rise dack mmber than the one
havi ng t he L.50-percent-thick centilever wing.

5 Neither of the 1.78-Percent-thi ck wi n?s W th external bracing
showed any indication of flutter over any portion of the test men nunber
range.

Lengley Aeronautical Laboratory, _
National . Advisory comittee for Aeronautics,
Langley Field, Vs., June 19, 1957,
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BODY coorprrates OF mopEL 1

Body coordinates are in inches. 1

{

<+ G000 Feo w._/4045622_/ oocoANIoYNO
oo %9 LM A0 0 F~0O<t NILOM
HAN<TO DLO T o<~ < 0 LO—AR— IO

SRR ARCIIRS IBSISII 88
S I I TEm TS O daSwOS s o S
—di— —

OO0 M~LO OOOOOO

¥



mca ry L57GLO

10

TABLE |1

BODY cooromvares OF MODEL 2

[Boay coordinates e in inches. |
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COORDI NATES OF wooEn 3
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PHYSICAL CHARACTERISTICS OF MODEL 1

X —']15'”"'1‘ Wing: p
s By W1 Area(total), sq ft 15.2
k I'-ﬁh 1 Span, ft g,go
Aspect ratio .
Mean aerodynanic chord, ft 253
Sweepback Of |eading edge, deg—
+8.28° 84.74 Alrfoil thickness rati o—g 6 Gﬂg
13,00 max., dlam, - Taper ratio 0.39
—l Vertig\al E:?i%: 3 1.8
; =5 rea(total], s=sq ft .
< - - + —fo——|— Span, ft__ a.oé
— \ Aspect ratio : .8
52,00 Airfoil thickness ratio ag
) nodel center 1ine _ 0.018
Alrfoil thickness ratio at tip—0.042
] Taper ratio. 0.4h2
Body:
Length, 1n. 130. 00
le———63.116 LA T —— Maximmm di aneter, in. 13.00
| 130.0 - Maximum normsl cross-sectionsl
r e area, sq in, 132.8
8.8
v mn ol e
cl,ylU ]
<~ r6.46 base dtam,
—-—m———-———--—-—amé-:—-- | KD
- N J I _1‘-\1/-'——__‘57
e 36.40
— 60°

Mgure 1.~ Three-viewdrawing of model 1.

(A1l dimensioms are in inches wmless ot herw se noted.)
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Figure 2,- Model 1.
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.o ﬁ— PHYSICAL CHARACTERISTICS OF MODEL 2
L "
e 3 | ing;
o 11,28 Area(total), sq ft 3.82
- Span, ft __ 3.0
T_Of _ Aspect ratio 3,04
=1 Nean aerodynamic chord, ft 1.1
a { Sweepback Of leading edge deg .25 . (?
A Airfoi|l thickness ratio at reot_p .01
) Alrf ofl thickness ratio at pod-. O .02
" ] Alrf 611. thiclmess ratio Et tip_0 . 020
Taper ratio 0.39
Pa Verticxrl a(ltl :t N
p ea (total), sq ft
o span, f t ;'S |-o
e Aspeot ratio 3 :
Alrfoil thickneas rati N at 8
el center 0.01 L
J Airfoillthiclmesq g.ne[ 10 atl tip__ 0.0 1eE
Taper rati o n Lo '|i
Body: =h
Length, in, _ 65.00 )
Maximum di aneter, in._______ 6,50 5
¥aximmm normal cross-sectlonal X

area, sq in, 33,2

30°
| 0. 167*+
My

— 1..0'.87 —

}4@ ”1‘70 ..li .

209 %‘h 0—+ T '_f
(bt - < 5o

# 508 NN

Figure 3.- Three-tiew drawing of model 2. (Alldimensions are in inches unless otherwise noted. )
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Figure 4.~ Model 2.
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¥
|
- h0,87
(Theoretical)
[»] .j__ . 1
705 —("‘ !

l o

18
max. body width 5.07‘\‘ L—

Plgure 5.- Three-view drawing of model 3.

PHYSICAL CHARACTERISTICS OF MODEL 3

Wing:
Area(totsl) , sq f6 3.8
Spen, ft 3.40
Aspect ratio 3.0l
Mean aerodynemic chard, f t — 1.19
fpback of leading edgs, deg. — 23.03
oil thickness fatio at root-0O .01%
A|rf0|l thi ckness ratio at pod 0.020
Afrfoll thickneas ratio at tip..- 0.020
Tr ratio 0.39
Vert lealtail:
Area(total), sq f6— o.hz
an, 1.3
Aspect ratio 188

Airfoil thickness ratio at
model center ling —7m —

Airfoil thickness ratio at t|p—o.812;2

Tlper ratio 0

I.angth, in 65.00
Maxinmum normal cros s-sectiomul
areu,zq | . 33 .20
L2
max, DOdy height
755 gy Bl
Q
60

_é_‘ _____ SZ

116,50

(Al1 dimensions are in i nches unl ess ot herwi se noted.)
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1.-96661.

Figure 6.- Model 3.
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