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NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

RESEARCH MEMORANDUM

WIND-TUNNEL INVESTIGATTON OF THE AERODYNAMIC
CHARACTERTSTICS OF A 1/15~SCALE MODEL

OF THE NORTHROP MX~T775A MISSILE
By E. Ray Phelps and Frank A. Lazzeroni

SUMMARY

This report presents the results of a wind—tunnel investigation
conducted to determine the control effectivensss and the variatlons of
forces and moments as functions of angles of attack and sideslip for =
l/l5—scale model of the MX—TT75A misslile., The major portion of the data
presented is for Mach numbers of 0.85, 0.92, 1.30, 1.40, and 1.70 at a
Reynolds number of 2,20 million, A limited amount of data is presented
at these same Mach numbers for a Reynolds number of 1.10 million to
indicate the effects of Reynolds number. The asrodynamic character—
istics of the model in sideslip are presented for Mach numbers of 0.85
and 1.40 only.

The results indlicate that within the range of thils Investigation
the effectiveness of the control surfaces was sufficient to permit
longitudinal balance of the misslle up to a 1ift coefficient of about
0.35 at a subsonic Mach number of 0.85 with both midspan control sur—
faces deflected -9 while maintaining longltudinal stability. Ircreasing
the Mach number from subsonic to supersonic speeds caused an increass in
longitudinal gtabllity and a decrease in control effectiveness requiring

a —18° deflection of both midspan control surfaces to balance the missile
at a 11ft coefficient of about 0.15. The effectiveness of the surfaces
as lateral controls 1s sufficlent to hold wings level to sideslip angles
of 5° with 70 differential deflection of the two midspan control surfaces
at & Mach number of 0.85 and with 4° differential deflection at a Mach
number of 1.40.

INTRODUCTION

The Northrop MX~TT75A ies a long-range, ground-—to—ground missile.
The missile 1s to fly at high subsonic speeds during the major portion
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of the flight, followed by an increase in speed to supersonic Mach
numbers during the final approach to the target. In vlew of the diffi~
cult aerodynsmic design conslderations engendered thereby, a request was
made by Northrop Aircraft Company, Inc,, through the United States Air
Force, for a wind—tunnel investigatlion of a 1/15-scale model of the
missile, The lift~drag characterlstics, a prime factor in long-range
fiight, and the longitudinal trimming capacities of the control sur—
faces throughout the speed range were of paramount concern. In addi-—
tion, the characteristics of the miselle at supersonic speeds with the
wing tips blown awey (clipped~wing version) were of interest since it
was belleved that removal of the wing tipe would improve the character—
istice in the terminal dive., This report presents the results of the
investigation conducted at both subsonic and supersonic speeds in +the
Ames 6— by 6-Ffoot supersonic wind turmmel,

NOTATION

All force coefficlents defined herein have been resolved to the wind
axes. The rolling-moment coefficients have been referred to the body
axes for tests of the model at zero sideslip and to the stability axes
for tests of the model in sldeslip. All other moment coefficients have
been referred to the stability axes. The origine of the three systens
of axes were located on the body center line at the point defined by
the projection of the guarter point of the mean aerodynamic chord.

2
A.R. agpect ratio <h§->

b wing span, feet
c local wing chord measured parallel to plane of symetry, feet

i b/z o2y

[} wing mearf aerodynamic chord o feeot
b/2 ?
<f° c 4y

/
or, 1ift coefficlent \EEE
as
Cp drag coefficlent (d-q%&)
Cnm pitching-moment coefficient <Pit°h12§_ moment >
aSc
Cy rolling-moment coefficlent <r°11;;1§ moment ) -
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crose—=wind force >

C{Y cross~wind—Fforce coefficient ( =

Cn yewing—moment coefficient (yawingsioment >
a

L/D 1ift~drag ratio
M free—stream Mach number

free—stream dynamic pressure, pounds per square foot
R Reynolds number based on mean aerodynamic chord

S total projected wing srea, including area formed by extending
leading and tralling edges to plane of symmetry, square feet

X, §y, Carteslan coordinates for wing plan form in directions
z longitudinal, lateral, and normal to plan form,
regpectively, feet

a angle of attack of body axls, degrees

ai wing incldence angle measured between chord plane and body
axls, degrees

B angle of sideslip, degrees

3] angle between wilng chord and control surface chord, measured in

& plapne perpendicular to the control—surface hinge lins,
Positive for downward deflection with respsct to wing, degrees

APPARATUS AND EQUIPMENT

Wind Tunnsl

The experimental investigation was conducted in the Ames 6— by
6—foot supersonic wind tunnel. In this wind tunnel, the Mach number can
be continnously veried from 0,60 to the choking Mach number and from
1.15 to 2,00. The stagnation pressure can be continuously varied froam
2 to 20 pounds per square inch abgolute. To prevent the formstion of
condensatlon shock waves, the absolute humidity was maintained at a
value of less than 0,0003 pound of water per pound of ailr, Further in-
formation regarding this wind tunnel is.presented in reference 1,

G - A
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Model

The model used ln the pregent wind—tunnel investigatlon was & com—
plete 1/1l5-acale model of the MK-775A migsile. The wing was untwisted,
had a leading-edge sweep of 48.39°, and was composed, in planes parallel
to the plane of symmetry, of 6—percent—thick, cambered airfoll sectlons,
the ordinates for which are glven in table I. To produce the clipped—
wing configuration, the wing tips were made removable outboard of the
80—percent semispan station. A photograph of the model mounted in the
"wind tunnel is shown in figure 1 and a three—view drawlng of the model
is shown 1n figure 2.

The wing panels were fitted with adjustable control surfaces, as
shown in figures 2 and 3, to permlt the determination of longitudinal-—
and lateral-control characteristics. The midspan control surfaces are
intended to provide the primary longitudinal snd lateral control depend—
ing, respectively, upon whether the surfaces are deflected together or
differentially. The outboard surfaces, which were represented on the
model by a flap installed on the left panel only, were designed as
longltudinal trimmers. Inboard flaps were provided on the model to ob~
taln information ag to the effect of these flaps on the 1ift character—
istics,

The geometrlc charscterletics of the model are presented below. In
determining these characteristics, the outboard extremity of the wing
was consldered to lie in the gtreamwise plane through the polnt of
tangency between the tip fairing and the leadlng edge, as shown in
figure 3,

Total wing area, S, square feet
Standaz'd- wing L] . . L] [ ] L] [ ] L] L] L] 1 L d L] L] l L )'l'5

Clipped.wing.........-..-.1.25

Appect ratio
Stan'd'a“r.d' Wj-ng ® e e ¢ & & © o & o e ° ¢ @ 5.5
Clipped- Wing ¢ & 8 o e o & o » 9 s o & o h‘cl

Taper ratio
Sta-nd.a.rd- Wing [ [ ] L L ] L] * L] -] [ ] L] L] * L] L] O L] )'l'o
Clipped- W'ing L ] ® L ] L] L] L] L L] L ] L] [ ] [ ] L] L] 0 L ] 52

The wing and tall surfaces were constructed of steel and the body
of steel and wood. All external surfaces were polished.

RSP T——
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Model Support

The model was supported in the wind tunnel by a sting bent 5° and
having a diameter at the base of the modsel of about 50 percent of the
maximim body dlameter. The sting support system allowed a model angle—
of-ettack range of —12.5° to 22,5° in the horizontal plane.

Balance

The aerodynamic forces and moments on the model were measured by
means of a four—component strain—gage balence, of the type described in
reference 2, enclosed within the body of the model. The balance is so
deglgned that each force and moment component is measured by onme strain
gage only and each gage ls supported by ball bearings so that interaction
between the various gages i1s minimized, The forces and moments as
meagured by means of the balance were transmlitted to recording-type
galvanometers. The force and moment measuring system was calibrated by
applylng known loads on the model.

TESTS AND PROCEDURES

Tests of the model were conducted through a range of subsonic and
supersonic Mach numbers with various comblnations of control-surface
deflectlions for the standsrd—wing verslon and with controls undeflected
for the olipped—wing version. Lift, drag, pitching- and rolling-moment
measurements were made at Mach numbers of 0.85, 0.92, 1.30, 1.40, and
1.70. Both the standard- and clipped-wing configurations were tested at
the same Reynolds number per unit length but, due to the difference in
reference length, the resulting Reynolds numbers based on the mean asro—
dynamic chord were 2.20 million and 2,33 million, respectively. A few
additional tests for the standard-wing version with controls undeflected
were made at a Reynolds number of 1.10 million for the purpose of deter—
mining the effect of Reynolds number., A limited investigatlon of the
lateral and directlional characteristics of the gtandard-wing model was

also conducted.

The majority of the tests to determine the effectiveness of the
midegpan and outboard control surfaces were mede wlith the surfaces
deflected on the left wing panel only. The results of & limited invest~
igation through the range of Mach numbers showed no apprecisble inter-—
action between control surfaces on opposite wing panels on the 1ift,
drag, or pitching-moment, the incremental effects of the deflection of
two control surfaces (one on each wing panel) being twice thoge for the

M.
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deflection of one control surface within experimental accuracy. It was
possible, therefore, to reduce the number of tests by investigating the
cheracteristics of a single control to obtain simultaneously pitching-—
moment and rolling-moment data.,

Reduction of Data

The test data have been reduced to standard NACA coeffilcient form
with all coefficients based upon the geometry of the appropriate wing
configuration. Factors which could affect the accuracy of these results
and the corrections applied are discussed in the following paragraphs:

Angles of attack and sideslip.— The determination of the angles of
attack and sideslip of the model under load necessltated that several
corrections be applied to the measured angles as determined from gtatlc
calibrations., Corrections were applied for the angular deflection of
the sting and balance due to aerodynamic loads and for the free angular
movement resulting from internal clearances in both the balance and sting
support mechanlisem,

Tunnel-wall interference.- Corrections to the data obtained at
subsonic speeds necessitated by the effects of the tunnel walls were
made according to the method of reference 3. These correctlions, which
were added to the measured data, are as follows:

L,

Ao

The effects of constriction of the flow dues to the presence of the
model were taken into account by the method of reference 4, Thls cor—
rection was celculated for conditlons of zero angle of attack and was
applied throughout the angle-of-attack range.

0.339 Cy,
0.0059 C;#

No corrections to the data for tumnel-—wall effects were made at
supersonic speeds, although these effects may be present to a slight
degree at M = 1,30, because the reflected bow wave intersected the
left wing tip at about 70 percent of the tip chord as shown by schlieren

photographs.,
Streem variationg.— A survey of the 6— by 6~foot supersonic wind

tunnel at supersonic speeds (reference 1) has shown the presence of some
inclinetion and curvature of the stream in vertical planes but little 1n
horizontal planes. To minimize the effects of these stream lrregular—

ities, the model was mounted with the wing in a vertical plane for tests

-. “ !
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in which longltudinal data were obtalned and 1n a horizontal plane for
the tests 1in which lateral data were measured.

The model was tested 1n both upright and inverted positions to
determine possible effects of stream inclination or curvature on the
longitudinal characteristics. Examination of the data revealed a
shift in pltching-moment coefficlent which was shown by theoretical
calculations to be due to stream—angle variations of 0.1° to O. 2° over
the streamwlse length of the wing. The datae presented herein are for
the model in the upright position end are uncorrected for this stream
curvature. Therefore, the pltching-moment coefficients are too large
by 0.005 at M = 0.85 and 0.92; 0.00% at M = 1.30; 0.002 at M = 1.40;
end 0,001 at M = 1.70. Comparison of the data for the model tested in
upright and inverted positions indicated that the stream irregularities
hed 1ittle effect on the force coefficients. The error 1n 1lift coeffi-
clent dld not exceed about 0.0l at subsonic speeds and diminished with
increasing supersonic speeds to within the preclsion of the data. The
error In drag coefficient d4id not exceed about 0.001 throughout the

gpeed range.

The deviation of rolling-moment coefficients from zero at condi-—
tlons of supposedly zero rolllng moments was probably caused by a
combination of stream lrregularitlies and model asymmetry. The lncre—
mental rolling moments should be unaffected, however.

The wind—tunnel survey also indicated axial statlc—pressure varla-—
tions at supersonic speeds in the test section of sufficlent magnitude
to affect slightly the drag results. Therefore, a correction as a
function of Mach number was added to the measured drag at supersonic
gpeeds to take into account the longitudinal buoyant force. At sub—
sonic speeds, the longltudinal variation of static pressure in the
vicinity of the model is not known accurately at the present time, but
a preliminary survey has lndlcated that the variletion 1s less than
2 percent of the dynamic pressure. No correction for this effect was
made,

Support interference.— At subeonic speede, 1t was believed poe-—
sible that the foredrag as well as the base drag of the model might be
appreciably affected by support interference in view of the severe boat—
tailing of the model., To determine the magnitude of this effect, the
body alone was tested at subsonic and supersonic speeds both on a small
sting with diameter equal to about 25 percent of the maximum body dia—
meter and on the standsrd sting which had a diameter of about 50 percent
of the maximum body diameter. Total drag and base pressure were meas—
ured in both cases. The foredrag date for the body were unaffected by
the difference in sting diameters, indicating that the effect of support
interference wae confined to & change in base pressure. A base—pressure
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correction to adjust the pressure at the base to free-stream pressure
was made for all the experimental data presented hereln.

Precision of Data

Excluding the previously mentioned effects of stream irregularities,
the data are believed to have the following accuracy as evidenced by the
abllity to repeat data wlthin these limlts after an elapsed time of about
two weeks:

Quentity Accuracy
Lift coefflclent +0.005
Dreg coefficient® +,0010
Pitching~-maoment coefficient -~ ,001
Rolling-moment coefficient : £,001
Angle of attack £,10
Mach number £,01
Reynolds number *,03 x 10°

Although no analysls was made for the precision of the lateral data,
the accuracy of the cross-wind—force coefflcients 1s believed to corre—
spond to that of the 1ift coefficlents, the accuracy of the yawing moment
to that of the pltching moment, and the accuracy of the angles of side—
8lip to that of the angles of attack.

RESULTS

Statlic Longltudinal Stabllity and Control Charecteristics

Basic experimental data for the MK-T75A model wlth several deflec—
tions of the left midspan control surface are presented in figure h,
As explained in a preceding section, these data are uncorrected for the
induced twlst and camber effects due to existing varlations of stream
angle over the wing. These data indicate that the variation of pltching—
moment coefflclent with control-surface deflectlon was essentlally linear
throughout the range of deflection angles tested.

lThe accuracy of the drag coefficient at M = 0.92 1s *0.0020, The drag
accuracy at this Mach number as shown by consecutive tests 1s impaired
by & very large variation of model base drag with Mach number in this

speed range.
y
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Baged upon the results obtained with deflection of the left midspan
control surface only, it ie estimated that the stability of the missile
with the center of gravity at the quarter point of the mean aerodynamic
chord will be slightly positive in the balanced condition at M = 0.85
for 1ift coefficients less than about 0.4, With increasing Mach number,
the stability at constant 1ift coefficient increased, reached & maxirmm
value at M = 1,30, &and decreaged with further increase in Mach number
to M = 1.70. I% can be seen that about 9° deflection of the two mid—
gpan control surfaces l1s required to provide longltudinal balance at
M = 0.85 at a 1lift coefficient of 0.35 and it is estimated that 18°
deflection of the two midspan control surfaces is required to balance
at a 1lift coefficient of about 0.15 at supersonic speeds. The large
deflection angles required for balance are due to a combination of the
large negative pitching moment at zero 1ift, resulting primerily from
the use of cambered wilng sections, and to the decreased control effec—
tiveness at supersonic speeds,

An examination of figure 5 discloses the effects of left midspan
control—surface deflections upon the aerodynamic characteristics of the
model with both inboard flaps deflected 3° downward., It mey be noted
that the deflection of the inboard surfaces had little effect on the
Pliching-moment effectiveness of the mldspan control surfaces.

Figure 6 shows the effect of left midspan control~surface deflec—
tions upon the aerodynamic characteristics of the model with the left
outboard control surface deflected 6° upward. From a comparison with
figure 4, the outboard control surface can be seen to exhibit in general

only about one-half the pltching-moment effectiveness of the mldspan
surface,

Reynolds Number Effects

The effects of Reynolds number are shown in figure 7 where the
relationships between the lift coefficient and the angle of attack, drag,
and piteching—moment coefficients are presented for the two relatively low
test Reynolds numbers. It can be seen that the model exhibited a
glightly higher lift—curve slope at the lower Reynolds number. At
subsonic speeds, the stabllity of the model was unaffected although the
pitching moments were more negative at the lower Reynolds number.

Tateral-Control Characteristics

The results of & brief investigation of the lateral characteristics
of the model are presented in figure 8 with the cross—wind—force, yawing—

SumE—E—
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moment, and rolling-moment coefficients shown as functions of angle of
sideslip for two Mach numbers. Examinatlion of the results shown in
figures 4 and 8 indicates that the model is laterally and directionally
stable and that about 7° and 4° differential deflection of the midspan
control surfaces is required to balance the rolling moments produced by
an angle of sildeslip of 5° for the subsonic and supersonic Mach numbers,

respectively.

Clipped-Wing Configuration Characteristics

It has been suggested that it may be desirable to reduce the span
of the wing of the MX—775A missile in its terminal dive by blowing off
the wing tips in order to improve the aerodynamic characteristics.
Several tests were made with the model altered to simulate the missile
in this condition. These results are lsbeled "clipped—wing" configura—
tion characteristics. The 1ift coefficlent as a function of angle of
attack and the relationship between 1ift and drag are shown for this

configuratiorn in figure 9. _ o

Longitudinal stabllity.— The characteristic of primary concern is

the pitching-moment~coefficient variation with 1ift coefficient which is
shown in filgure 10 together with date for the standard-wing configura—
tion for comparison purposes. The data for the clipped wing are given
both for the original center-—of—gravity position which ie located at
43,2 percent of the clipped-wing mean aerodynamic chord and for the
center of gravity shifted to the 25-percent clipped-wing mean aero—
dynamic chord. The date show that the removal of the wing tips results
in a stability decrease to almost neutral longitudinal stability at
supersonic speeds for 1lift coefficients less than sbout 0.4 and marked
instabllity at subsonic speeds. Removal of the wing tips, therefore,
materially Improves the maneuvering characteristics in the terminal
dive at supersonic speeds 1if the center—of—gravity position remains
fixed and the control characteristics remain unchanged.

Lift-dreg characteristics.— A comparison of the 1ift-drag charac—
terlstics as a functlon of 1ift coefficient for the two wing configura~—
tions is shown in figure 11. An examination of the data reveals that
the clipped—wing configuration suffered a decrease in maximum lift-drag
ratio of about 22 percent at subsonic speeds, 9 percent at M = 1.3 and
1.4, and 5 percent at M = 1.7 from the values obtained with the standard—
wing configuration. The maximum lift—-drag ratios occurred at 1ift coef—

ficlents of 0.30 to 0.35.

P
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CONCLUSIONS

Tests of a 1/15-scale model of the MX—775A missile have been
conducted at Mach mumbers of 0.85 and 0.92 and from 1.30 to 1.70 for
Reynolds numbers of 2.20 million. The results indicate that the missile
was longltudinally steble at M = 0,85 when balanced at a 1ift coeffi—
clent of about 0,35 with both midspan control surfaces deflected —9°,
Increasing the Mach number from subsonic to supersonic speeds caused an
Increase in longitudinal gtabllity end a decrease in control effective—
ness requliring a —18° deflection of both midspan surfaces to balance at
a 11t coefficlent of about 0.15. The effectlveness of the surfaces as
lateral controls is sufficlently great to permit wings—level flight with
8 differential deflectlon of the control surfaces of 7° and 4° for side~
slip angles of 5° at Mach numbers of 0.85 and 1,40, respectively.

An lnvestlgation of the clipped-wing verslion of the missile shows
that & marked lmprovement in the maneuvering characterlistics of the
mlissile in the terminal dive can be obtalned by blowlng off the wing
tips and retaining the same center of gravity position if the control
characteristics remain unchanged.

Ames Aeronautical Iaboratory,
National Advisory Committee for Aeronautics,
Moffett Fleld, Calif.
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TABLE I. — ATRFOIT. ORDINATES

[Stations and ordinates glven 1n percent of local
chord, measured parallel to plane of symmetry]

Upper surface lower surface
Station Ordinate Station Ordinate
0 -0. 785 0 ~0.912
- 116 —.533 .116 ~1.158
234 -.1410 234 ~1.267
' .351 ~. 314 .351 ~1.345
. .585 -.150 585 ~1.446
.878 .018 .878 ~1.543
1.461 267 1.461 ~1.685
2.915 .681 2.915 ~1.937
5.806 1.240 5.806 —£.275
8.6T2 . 1.631 8.672 -2.485
11.51k 1.932 11.51h -2.646
17.126 - 2,344 17.126 —2.847
22,647 2.625 22,647 —£.958
28.076 2,822 28.076 ~3.015
33.417 2,946 33.417 —3.023
38.672 2.996 38.672 -3.006
40.562 2.998 Lo,562 —2.998
43.843 2.977 43,843 -2.977
48.931 2.876 48.931 -2.876
53.940 2,686 53.940 —2.686
58.113 2,467 58.113 —2.467

Stralght line to tralling—edge
100 Th 0 100 0
Leading—eige radius: O.hhl







Figure l.— The 1/15-scale MI—T5A model mounted in the Ames 6— by 6~foot
supersonic wind tunnel,
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All dimensions shown in Inches A
unless otherwise noted 0

Inboard control surface, constant percent
chord, hinged at 82.4/% chord line

(streamwise)

/l
/
r
/,’
Midspan and outboard control L
surfaces, constant chord
|
s

90° (typical)

[¢e——6.76 ———*

—3.38—+ 13.52 -

16.90 -

Figwe 3.- Detalls of control surfaces on left wing panel of
l/15-scale MX-775A model.
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