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1.0 SUMMARY

This volume presents the results of high speed wind tunnel test
of a one-eighth scale model of the U.S. Army XV-5A Lift Fan Research
Aircraft. The tests were conducted at the David Taylor Model Basin ‘
7 x 10 foot Transonic Wind Tunnel Facility. Conventional model force, k
pressure, and hinge moment data were obtained over a Mach number
range of . 40 to . 90 and pitch and sideslip ranges of -4° to 15° and -5° ?
to +5°, respectively.

The complete aircraft was the primary configuration tested, with
the majority of the variations being in control surface and stabilizer
settings. Tests were also conducted with the vertical and horizontal
tail surfaces removed, with wing fan upper and lower surface strut fair-
ings removed, and with engine duct pressure survey rake installed.
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2.0 INTRODUCTION

This volume presents the results from high speed (M = .4
to .9) wind tunnel tests of the 1/8-scale conventional model of
the U.S. Army XV-5A Lift Fan Flight Research Aircraft. The tests
were conducted to determine conventional aerodynamic character -
istics of the XV-5A aircraft in the high speed flight regime.

The wind tunnel tests were conducted at the David Taylor Model
Basin (DT™MB) 7 by 10 foot Transonic Wind Tunnel Facility during
the period July 23, 1962, through August 1, 1962, The force, hinge
moment, and pressure data obtained during the test program is
tabulated in the report. Much of this data is also shown in
curve or plotted form. The report is limited to presentation of
data and information considered useful in interpreting the data.
Discussions of use of the data in predicting aircraft characteristics
will be found in subsequent aircraft technical reports.

The model used for this test is the same as that used for low
speed testing and is described in Section 3.1. A photograph of the
model installed in the transonic tunnel is shown in Figure 2.1.

A three-view drawing of the model is shown in Figure 2.2. Reference
1l is a summary report forr the high speed test program which was
prepared by the test facilicy.

e e s
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3.0 MODEL DESCRIPTION AND TEST PROCEDURES

3.1 MODEL AND INSTALLATION

The XV-5A 1/8-scale model was designed for testing in both low
speed and high speed wind tunnel facilities. It consisted of a wing of
aluminum construction which was equipped with flaps, ailerons, remov-
able plates for wing fan cover and exit louver simulation, and removable
wing fan strut fairings; a fuselage constructed of aluminum, mahogany,
and Fiberglass with simulation of internal gas generator iulet and exhaust
ducting; and an empennage with rudder and elevators. The model was
adapted to the DTMB Transonic Division TSB-3 six-component strain-
gauge balance. Three internal strain-gauge balances measured hinge
moments acting on the rudder, left hand elevator surfuce and left aileron.
A flexible seal extended from the wing structure to the right aileron lead-
ing edge (see Fig. 3.1) for the purpose of obtaining upper and lower
balance chamber pressures at the same time. A fixed wiper-type seal,
attached to the stabilizer structure, served the same purpose for the right
hand elevator balance chamber. In order to obtain pressure and force
data simultaneously, there were five internally mounted 48 port scani-
valves. Wing pressure orifice locations are shown in Figure 3.2. The
locations of the fuselage pressure orifices are given in Table I. Control
surfae balance cavity pressure orifice locations are indicated with the
tabulated pressure data. To simulate the effects of various engine inlet i
mass flows, the model was provided with throttling plates which were
inserted immediately downstream of the duct inlets. These throttling |
plates were used in conjunction with the duct pressure survey rake.
Transition strips of #150 carborundum grit were attached at all times
using a pattern described in Section 5.1 of this report. More complete
dimensional data for the model will be found in Volume 1.

Certain differences between the model configurations for these
tests and the low speed tests are noteworthy, They are:

1) For DTMB tests the model was cantilevered from a rear-
mounted sting-type support, while during low speed tests a two-strut
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(tandem) body support system was used. Fairings were used in both tests
to contour the unused fuselage access holes.

2) Subsequent to the first low speed test phase (see Volume 1)
the external contours of the wing fan cover plates were reworked to re-
present the redesigned covers of the aircraft. These changes necessi-
tated some rework of the wing fan strut fairings.

3) Following the first period of low speed testing the ailerons
were modified to eliminate the horn balance. This resulted in an aileron
of reduced span. Minor modifications were also made in the installation
of the alleron seal at this time.

3.2 TEST PROGRAM AND PROCEDURES

A run index for the high speed test program is presented in Table
Il. Definition of symbols, model and test nomenclature, and model
reference dimensions used in reduction of test data are given in Sections
5.1 and 5. 2.

The 7 by 10 foot Transonic Wind Tunnel Facility of the David W,
Taylor Model Basin Aerodynamics Laboratory is described in Rcference
1. This is a continuous flow tunnel, which for this test, was operated
with the settling chamber vented. A plot showing the Reynolds number
range for the various operating conditions is presented in Figure 3. 3.

A static force calibration check was made on the DTMB TSB-3
six-component strain-gauge balance prior to wind tunnel testing. Axial
force measuring elements of this balance, known to be sensitive to
balance temperature changes were not calibrated for temperature. How-
ever, temperature compensations were made to the data from an
earlier calibration. Balance temperatures were hand-punched into the
data during each run.

Control surface hinge moment strain-gauge balances were check-
calibrated prior to testing. During the test program, aileron dynamics
caused two failures of an aileron hinge moment strain-gauge. Following
cach of these failures the repaired balance was recalibrated. Following
the second repair, a dynamic trace was made of the hinge moment from
which limitations were determined for subsequent aileron hinge moment
tests.

Each of the five pressure transducers was check-calibrated he~-
fore the test and a calibration pressure was measured once during each
cycle of the scanivalves; i.¢., at each data point during the test.
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4.0 RESULTS

Acrodynamic coefficients are presented in plotted form in Figures
4.1 through 4. 50 and in tabulated form in Table IlI. The data were re-
duced o coefficients referred to stability axes. All force cocefficients
were reduced on the basis of wing area; pitching moment cocefficients
were reduced on the basis of wing area and mean aerodynamic chord;
rolling and yawing moment cocefficients were based on wing area and wing
span. Hinge moment coefficients were based on control surface area aft
of the hinge line and the control surface root mean square chord aft of the
hinge line. The moment data are referred to the model moment reference
center at model fuselage station 30,75 and model waterline 14,00, This
location corresponds to the full scale aft center of gravity location at
fuselage station 246,00 and waterline i12. 00,

No corrections for flow through the internal ducts have heen ap-
plied to the data. No corrections have been made for support sting inter-
ference or for model blockage in the tunnel, which was 1.12 per cent.
Angles of attack and sideslip were corrected for deflections due to aero-
dynamic loads on the model.

All wing surface pressure coefficients are tabulated versus wing
spanwise and chordwise location in Table IV. Each page pertains to one
specific data point number. This data is to he correlated with the tabu-
lated force data to obtain run number (and, hence, the configuration from
the run index), Mach number, angle of attack and angle of sideslip.
Figures 4.51 and 4, 64 contain selected graphical pressure data in the
form of wing pressure contours iand associated wing chordwise pressure
distributions,

Fusclage pressure coefficients are tabulated versus pressure tube
number in Table V for the particular data point numbers. Again, as with
the wing pressures, the force data and run index must be referred to for
specific test conditions and configuration. The location of the fusclage
pressure orifices is defined in Table I Selected fuselage pressure data
coefficients are presented graphically in Figures 4,77 through 4, 96,
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Pressure data results for the first seven runs are not presented
because a faulty installation of pressure tubing on the support sting
caused the reference pressure to vary with unknown values.

& Aileron, elevator and rudder cavity pressure coefficients are

3 tabulated versus run number and data point number in Tables II through
VII for the indicated spanwise and chordwise pressure orifice locations.

{ Associated configuration and test condition information will be found in

the run index.

It should be pointed out, for proper data interpretation, that all
surface pressure orifices are located with respect to the right side and
that dimensional coordinates, where employed, are full scale. It should
be noted also that the pressures were not all read simultaneously due to
the time interval from one scanivalve ''read-out'" position to the next.
This time interval, in conjunction with the nature of the flow in the tran-
sonic regime may indicate some imcompatibilities in the data.

Reference 1 contains the following estimated accuracies of the six
component aerodynamic coefficients:

M S Spe-ey W &2 %G
’
" 0. 40 +,033 *, 003 1,016 +, 0005 4, 005 +, 033

The data indicates that the drag level accuracy is poor. The pro-
blem appears to be in the large correction applied to the balance axial
force reading arising from the balance temperature correction. The
balance temperatures voried with time during the run and were read and
punched into the raw force data manually by one of the tunnel operating
crew. These temperature readings were not acquired at consistent in-
tervals nor was the raw force data acquired at a constant rate. The re-
sult is that each temperature correction increment applied at each data
point may not reflect the temperature error increment actually occurring.
The other components measured were only slightly, if at all, affected by
balance temperatures.

In general, force data repeatability appears to be poor. Compari-
son of lift, drag and pitching moment between runs 8 and 83, as well as
between runs 9 and 84 (see Figures 4.3, 4.5, 4.6, and 4,17), indicate
the level of repeatability, The variation at zero degrees angle of attack
is particularly noticeable.
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Anaileron dyvnamices problem precluded obtaining aileron hinge
moments throughout the desired testing range as noted in Sectioa 3, 2,
Monitoring of a dyvnamics trace during the testing allowed @ maximum
angle of attack range to be attained at cach Mach number while remaining
within the strain-gauge limits,

Caution should be exercised in using the aileron balance chamber
pressurce cocefficient data,  Figure 3.1 shows the possible positions the
aileron sceal can assume, It should be noted that for cach of the seal con-
ligurations tested there was a scal position which could possibly sceal off
some of the balance chamber pressure orifices.  Both seal configurations
were used with overlapping test conditions so that a complete set of
balance chamber pressure cocefficients could be obtained. However, some
judgement will be necessary in determining which, if any, of the pressure
cocfficients are incorrect.

The method of obtaining rudder balance chamber pressures in-
volved the use of an external scal since no internal seal was provided in-
side the balance cavity. Pressures were obtained with rudder deflections
of 0 and +5° only, and the external seal was on the right side. This
data alone is insufficient to establish the balancing pressures available to
the rudder, It was intended that elevator halance chamber pressure
characteristics he used in conjunction with the rudder balance chamber
data to establish the characteristics for the rudder balance chamber.

Original test scheduling called for additional rudder balance
chamber pressure tests. However, the limited availability of wind tun-
ncl support equipment precluded pressure testing after the first week,
This equipment limitation also precluded re-testing of the model cngine
duct total pressures, which were obtained during initial testing and found
to be incorrect.

Initial pressure test runs were conducted for the purpose of ob-
taining data to correct for the flow through the model engine ducts.  After
this testing was complete, and the duct survey rake removed, it was
determined that the pressure data was in error, During installation of
the reference pressure tube along the model support sting a fairing
material was placed over the sting wnich interfered with the pressure
tube in some manner.  Conscquently an unknown reference pressure was
measured during the first seven runs.

Because of the previously mentioned equipment restriction these
pressure measurements could not be redone and a method of correcting
the duct flow data available for use in the airplane performance analysis



(

»

was determined. This data correction method and the results are re-
ported in reference 2. The test values obtained are not included in this
report since by thrmselves they are meaningless.

All pressure data contained in this report is presented for partic-
ular data point numbers. Although this data was recorded automatically,
the data point numbers were punched into the data manually. During this
manual operation, and possibly during subsequent (lata handling, erro-
neous data point number to data orientation occurred. Since the data
point number was the only reference between the data and the test con-
figu -ation and conditions, some caution in using the pressure data is
necessary. Considerable effort has been spent in correcting the situation
and it is believed that the data is correctly oriented to the data point
number; however, a possibility of error still exists.
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ORIGINAL AILERON SEAL CONFIGURAT! ON

MODIFIED

AILERON SEAL CONF/GURATION

Figure

+ ESIRED SEAL POSITION

POSSIBLE ALTERNATE SEAL FosITION

3.1 Aileron Cavity seal Conligurations
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