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Abstract 0./E

The influence of Reynolds number on the perfor-
mance of outboard spoilers and ailerons was investRc
gated on a generic subsonic transport configuration in
the National Transonic Facility over a chord Reynoldssta
number range from 3 to 30 million and a Mach numbeﬁ—t
range from 0.70 to 0.94. Spoiler deflection angles of O,
10, and 20 degrees and aileron deflection angles of -18,
0, and 10 degrees were tested. Aeroelastic effects wele
minimized by testing at constant normalized dynamig,
pressure conditions over intermediate Reynolds num-
ber ranges. Results indicated that the increment in rol
ing moment due to spoiler deflection generally >
becomes more negative as the Reynolds numbék

ratio of free stream dynamic pressure to wing
material modulus of elasticity

Reynolds number based on mean geometric
chord

model streamwise station, in.
stagnation temperaturd;
angle of attack, deg

change in a parameter

aileron deflection, positive trailing edge
down, deg

spoiler deflection, deg
wing semispan fraction

increases from 8L0° to 22x10° with only small

changes between Reynolds numbers of122 and Background

30x10°. The change in the increment in rolling Lateral control devices are typically designed
moment coefficient with Reynolds number for the aile-using empirical tools, analytical methods, and wind
ron deflected configuration is generally small with atunnel tests. Conventional wind tunnel tests typically
general trend of increasing magnitude with increasingrovide results at Reynolds numbers significantly
Reynolds number. below those encountered in flight. Thus, some form of
adjustment may be needed to account for the effects of
Reynolds number on the results. A series of wind tun-
) i i nel tests were undertaken to investigate the effect of
All dimensional data are presented in U.S. CUStomReynolds number on the performance of ailerons and

ary units. The longitudinal force and moment data argpgijers on a generic subsonic transport configuration.
presented in coefficient form in the stability axis sys-

tem. The lateral moment data are presented in coeffi- The generic wing-body configuration used in the

cient form in the body axis system. The symbols andvind tunnel tests was representative of a subsonic
abbreviations are defined as follows: commercial transport configuration. The body was the

Pathfinder-l fuselage described in reference 1. The

Nomenclature

¢ local chord wing, referred to as the Pathfinder-I Lateral Controls
C. lift coefficient Wing, was based on the Energy Efficient Transport
o rolling moment coefficient (EET) configuration', described i'n' reference 1. The
o . Lateral Controls Wing had provisions for mounting
Cm pitching-moment coefficient inboard spoilers and ailerons and outboard spoilers and
Ch yawing moment coefficient ailerons. Pressure orifices were installed in chordwise

Cpre  Static pressure coefficient at the wing trailing "OWS 0N the wing and along the wing trailing edge.

edge This paper presents results from two wind tunnel
M., free stream Mach number tests that investigated the effects of Reynolds number
on the performance of outboard spoilers and outboard
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ailerons. Results are presented at Mach numbers ddtio of fuselage length to wing span. Wing-fuselage
0.70, 0.82, 0.88, and 0.94 at chord based Reynolddlets typical of current subsonic transport designs

numbers of 8108, 13x10°, 22x10P, and 3&1CF. were installed at the wing root. The model is designed
to accept inboard and outboard spoilers and ailerons.
Experimental Apparatus Sketches of the model general arrangement, the out-
board spoilers, and the outboard ailerons are presented
Test Facility in figure 1.

The National Transonic Facility (NTF) is a The wing design, based on the EET wing reported
fan-driven, closed-circuit, continuous-flow, pressur-in reference 1, incorporated supercritical airfoil sec-
ized wind tunnel (ref. 2). It may be operated as a cortions with blunt trailing edges. It was manufactured
ventional wind tunnel using air as a test gas or as #om Vascomax T-200 steel and had a surface finish of
cryogenic wind tunnel using nitrogen as a test gadl microinches for the first 15-percent of the local chord
When operated as a conventional wind tunnel, heat &1d 16 microinches for the remainder. The planform
removed by a water-cooled heat exchanger located hteak is located af =0.376, with extended chord
the upstream end of the settling chamber. When opelengths inboard of this station. (See figure 1(a)). Wing
ated as a cryogenic tunnel, heat is removed by thattributes, presented in table 1, were based on the trap-
evaporation of liquid nitrogen which is sprayed into theezoidal reference planform formed by extending the
tunnel circuit ahead of the fan. Nitrogen gas is vente@utboard leading and trailing edge lines to the center-
to maintain a constant total pressure. NTF capabilitiene and to the wing tip station. The cruise design con-
allow testing of aircraft configurations at Mach num-dition is for a lift coefficient of 0.55 at a Mach number
bers ranging from low subsonic to low supersonic, aof 0.82. Because the wind tunnel model is not a scaled
Reynolds numbers up to full-scale flight valuesrepresentation of a full scale aircraft, a cruise Reynolds
(depending on aircraft type and size). The test sectionumber is not defined. The rear, outboard portion of
is 8.2 feet by 8.2 feet in cross section and 25 feet ithe port wing panel was removable so that different
length. Longitudinal slots in the floor and ceiling give pieces simulating different outboard aileron deflec-
a wall-openness ratio of 6 percent. The test-sectiofions could be installed. Provisions were also made to
sidewalls are solid. The NTF is capable of an absolut#stall spoilers on the center portion of the port wing
pressure range from 15 psi to 125 psi, a stagnatiopanel.
temperature range from320°F to 150F, a Mach

nulrgber range frorfn O'2ft0 1'55' and a maximum Rey'Ehe two spoiler deflections: 1@nd 20. Details about
nolds number per foot of 1460" at Mach 1. the spoilers are presented in figure 1(b). The spoiler
Free stream turbulence is reduced by four dampinganels were removed for thé @eflection case. When
screens and the 15:1 contraction ratio between the sdstalled, each spoiler panel was sealed to the wing
ting chamber and the test section. An initial assesssurface to prevent any flow from going between the
ment of the flow quality in the NTF has been reportecgpoiler panel and the wing upper surface. The two
in reference 3. Conventional model support is providegpoiler panels were always installed with the same
by an aft-mounted sting attached to a verticallydeflection angle.
mounted arc sector. The pitch range of the arc sector is
::aorrr?o?e?ouc;[o_r}t?cfﬁeilg’rlo?legggdllirrllg O\r/]viiueeferjns?ﬁom machined piece for each pf the thre_e aileron deflec-
-18¢ toy180 provides the iﬁter?‘:;lce betweer?the arctlons: 16, 0% and 10. Detallg_of the ailerons are pre-
sector and th’e sting. The test-section floor, ceiling, an ented n figure 1(c). The trailing edge dOWﬂ deflection
f | : tixed during th ,t ¢ ' as Qs&gn(_ad the positive value. When installed, 'ghe
reentry flap angles were fixed during these tests. machined piece for the aileron was sealed to the wing
along the upstream edge. Ailerons were mounted only
on the port wing panel.

The outboard spoilers consisted of two panels for

The outboard aileron consisted of a single

Model Description

The generic low-wing subsonic transport wing

known as the NTF Pathfinder-I Lateral Controls Wing ribu1t—2§ iwlgiﬁgm\?\;igz fg@:tgg'epaeisrgrf(g)r)'ﬂgr%ss?rﬁ:
was used in this investigation. The wing is designe& : 9 )

for use with the existing NTF Pathfinder-I subsonicplify model fabriqa}tion and maximizg wing strength,
transport model fuselage components (ref. 1) Aupper—sun‘ace orifices are .Iocated in the port wing
L 7 panel and lower-surface orifices are located in the star-

10.5-inch fuselage ext_ension pI_ug was inser_te_ oard wing panel. The nominal orifice diameter was
between the nose and wing to provide a more reallst|6 015 inches '
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Instrumentation and moment coefficients for the loads encountered
near the angle of attack for the design lift coefficient
obtained with a six-component, strain-gage balanc 1sing the technique described in ref_er_ence 5. Error

ands for the force and moment coefficients based on

Different balances were used for the two tests: th . . s
NTF101B balance was used for the outboard spoile e quoted instrumentation accuracies for the two tun-
el tests are presented in table 2. As expected, the

test and the NTF113B balance was used for the outf! . . :
board aileron test. uncertainty in each of the force and moment coeffi-

cients decreases with increasing dynamic pressure.

An onboard, heated, single-axis accelerometeChanges in results smaller than the measurement
package was used to measure the model angle ahcertainty should not be considered significant.
attack. The accelerometer package has a quoted accu-
racy of £0.01° under smooth wind-tunnel operating Procedures
conditions (ref. 4). For the test conditions presented in
this report, the model dynamic acceleration was small  pata Reduction and Corrections
and was not expected to have a significant impact on

the accuracy of the angle of attack measurement. Information on NTF instrumentation devices, tun-
nel process and data-acquisition systems, and

Wing-pressure measurements were made with sigata-reduction algorithms are provided in reference 6.
48-port, electronically scanned pressure (ESP) modsalance output is sensitive to the balance temperature
ules contained in an internal, nose-mounted, heategs well as the balance longitudinal temperature gradi-
enclosure. The upper surface (port wing) pressuresnt. Balance readings were compensated for changes in
were measured using modules having a full-scale pregalance temperature between the wind-on and
sure range oft45 psid; the lower surface (starboardwind-off conditions. Also, temperature gradients
wing) pressures were measured using modules haviigthin the balance were minimized by allowing the
a range ot:30 psid. The quoted accuracy of the mod-palance to approach thermal equilibrium with the tun-
ules wast0.20 percent of full scale pressure. The modne| flow before recording any data. Balance-tempera-
ules were calibrated immediately before each series @fire gradients of less than °FO were maintained
runs. Body cavity pressures were measured at twWiroughout these tests. Wind-off data were acquired
locations inside the fuselage cavity using an ESP modprior to and following each set of runs to monitor bal-
ule with a full-scale pressure range@t5 psid. ance electrical zero shifts over the course of a set of

The wind tunnel total and static pressures wer&Uns- The ending wind-off point was used for all data
measured using two banks of quartz bourdon tupkeduction because the thermal state of t_he balance (for
transducers referenced to a vacuum. A controllePOth témperature and temperature gradient) at the end
selects the smallest transducer from each bank capatlb@ Set of runs was generally more representative of
of measuring the total and the static pressures. TH8€ Wind-on conditions.

manufacturer's quoted accuracy for these pressure The model angle of attack was corrected for

transducers is £0.012 percent of reading plus ypflow in the test section, with the upflow angle deter-

+0.006 percent of full scale. Since data were obtaineghined from data acquired with the model in both

at three levels of dynamic pressure (to be discussegpright and inverted orientations at a given set of tun-
later), different transducers in each bank were usefle| conditions. In each test, an upright and inverted run
depending on the test conditions. For the low levelyas obtained for each Reynolds number at the design
dynamic pressure data, 30 psi transducers were usgghch number, 0.82, and the resulting upflow correc-

for both the total and static pressure measurementgon applied across the Mach number range. Upflow
For the intermediate level dynamic pressure data, 58ngles ranged from about 0°1® about 0.18 The

psi transducers were used for both the total and statifata used in this report were not corrected for test-sec-

pressure measurements. For the high level dynamion wall interference or for sting interference.
pressure data, a 100 psi transducer was used for the

total pressure measurement and a 50 psi transducer Tests and Procedures

was used for the static pressure measurement. The tun- . . .
nel total temperature was measured with a platinum The test program was designed to investigate the
resistance thermometer with an accuracy@e°F. effects of Reynold_s number at transonic spe_eds on the
performance of different lateral control devices. The
The accuracy of the measurement instruments wagach number range covered speeds from below the
used to estimate the error bands for the model forcgesign Mach number ()M0.70) to above the maxi-

Aerodynamic force and moment data were
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mum operating Mach number (¥0.94) of a typical sure and static aeroelastic (i.e. dynamic pressure)
subsonic commercial transport. The lowest Reynoldsffects at two intermediate Reynolds numbers as noted
number was representative of the Reynolds numbeitsy the solid circles in figure 2. The results at Reynolds
obtained on similarly sized models in conventionalnumbers 810° and 1%10P are obtained at the baseline
transonic wind tunnels R= 3x10P). The highest Rey- q,/E = 0.28< 10° (low range), the results at a Rey-
nolds number was representative of a moderate sizewlds number of 221 are obtained at
commercial transport at cruise R 3x10°). Two  q,/E = 0.45« 10° (intermediate range), and the results
additional Reynolds numbers {R13x10° and at a Reynolds number of 800° are obtained at

Rz = 22x10%) were included to assess Reynolds nums,,/E = 0.61x 10° (high range). The results for a Rey-
ber effects. At each test condition, the angle of attackolds number of 2210° are corrected for the static
was varied from about 2approximately the angle of aeroelastic increment betweep/E = 0.4510° and
zero lift) to about & (or the onset of model pitch angle q.,/E = 0.28<10°. Similarly, the results for a Reynolds
dynamics). number of 3810° are corrected for two static aeroelas-

.. . . _ 6
The wind tunnel model wing will deform under tic increments: the first betweeg,/E = 0.61x10° and

_ 6

load. Testing at different dynamic pressures will yieldqmjg _ 82?36 ;no}E _tgez&lg%cond between
different model loads and, consequently, different’ =~ " andQe/t= . )

model deformations. The effects of model deformation  Each time the model is assembled, small differ-
should be removed from the experimental resultsences in the clean (no deflected control surface) wing
Static aeroelastic deformation of the wing depends oare possible, leading to small differences in the base-
the applied load and the material stiffness. An indicaline rolling moment coefficients. Also, small manufac-
tor of static aeroelastic deformation is the nondimenturing differences created small asymmetries in the
sional ratio of dynamic pressure.§, to the modulus model. To minimize these effects, the effect of control
of elasticity g) for the metal that comprises the wing. surface deflection was determined from the difference
The parameteq,/E is appropriate for characterizing between the results with the control surface deflected
aeroelastic condition because the material stiffliess and the results with the control surface set’t¢can
increases as the temperature decreases. To eliminateng). Separate clean wing data were obtained for each
the effect of static aeroelastic deformation, the modeiest.

should be tested at constag(E. Clean wing data were not obtained during the out-

Although the operating characteristics of the NTFboard spoiler test at the intermediate dynamic pressure
allow independent variation of Mach number, Rey-level at a Reynolds number of 4B and the high
nolds number, and dynamic pressure, constraints fromlynamic pressure at a Reynolds number ofl2 for
the NTF operating envelope prevent testing at a corMach numbers from 0.70 to 0.88. Estimated clean
stant dynamic pressure across the full range of desireding data were needed to determine the increments in
Mach numbers and Reynolds numbers. The NTF opethe force and moment coefficients due to spoiler
ating envelope for the Pathfinder-l Lateral Controlsdeflection. Examination of the increments in the force
Model at a Mach number of 0.82, shown in figure 2,and moment coefficients from three other wind tunnel
demonstrates the problem. At transonic conditions, theests of the Lateral Controls Wing due to increasing the
minimum temperature is typically about -2%hd the dynamic pressure from the low to the intermediate lev-
maximum temperature is about 230rhe need to els and from the intermediate to high levels showed
maintain a positive pressure within the tunnel pressursimilar static aeroelastic effects for each test. Since the
shell relative to atmospheric pressure determines thstatic aeroelastic increments are relatively independent
minimum dynamic pressure. One option is to test at af the test, the missing clean wing data were estimated
high dynamic pressureqf/E = 0.61x10%) over a by adding the average static aeroelastic increment from
reduced Reynolds number range from about0? to  the other three Lateral Controls Wing tests to the avail-
30x10°. Extensive testing at such high levels ofable clean wing data from the outboard spoiler test.
Oyl pressure i ot preene becase of e M9 A o were abtaned i a “picipause” mode

: in which the model is pitched to the next angle of

could not be completed at this high dynamic PressUlitack in the series, transients in the flow and instru-

gfncsﬁr?tea:/g?lalgﬁfgﬂgsihgqyel St n,&tgogﬁgngezde?o;?e entation are allowed to damp out, and the data are
' PP en recorded before repeating the cycle.

that limits the testing required at the high dynamic
pressure was selected. This approach provides Rey- Wing pressure data acquisition required ESP hard-
nolds number effects at three levels of dynamic preswvare (tubing for the reference pressure, calibration
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pressure, and control pressure and electrical wires fahe local density of the points decreases and the confi-
data acquisition and control) to bridge the balancedence and prediction intervals widen. The results from
Previous test experiences (e.g. ref. 7) indicated that thihe statistical analysis are presented in figure 3. In gen-
presence of the ESP instrumentation had a small effeetal, the repeatability is good, with the confidence
on the lift and pitching moment measurements. interval similar in magnitude to the measurement

The results at the two lower Reynolds numbers,meerta'my'

3x10° and 1%10°, were obtained with the boundary | . .
layer transition location artificially fixed on the nose of Results and Discussion

the model and on the wing upper and lower surfaces. .

Epoxy disks were selected for the trip strips because Outboard spoilers

they provide a repeatable configuration unlike carbo- The effect of outboard spoiler deflection for the
rundum grit (ref. 8). The disks, 0.0035 inches high andorce and moment coefficients was determined from
0.045 inches in diameter, were installed with the diskhe increment (difference) in the coefficient with the
centers 0.100 inches apart. Disk height was determinegpoiler deflected and with the clean wing. The incre-
using the method described in reference 9. The ring ahent is denoted by th® symbol preceding the coeffi-
disks on the fuselage nose was located 1.00 inch dowsient. A sample of the effect of Reynolds number on
stream of the nose (sta = -9.5 in.). The rows of disks othe increments in the force and moment coefficients is
each surface of the wing were laid out in two straighpresented in figure 4 for a spoiler deflection of 2a0a
lines, from the wing root to the leading edge break, anflach number of 0.82. For the lower angles of attack,
from the leading edge break to the tip. The trip locationhe increment in rolling moment coefficient due to
varies from about 0.05c at the root to about 0.10c at thepoiler deflection is relatively constant. The level gen-
tip. Natural boundary layer transition (strips of trip erally becomes more negative as the Reynolds number
disks removed) was used for tests at the two highéncreases from8L0° to 22x10f. A smaller change is
Reynolds numbers, 220° and 31CP, since transi- found between Reynolds numbers ofx2¢ and

tion is estimated to occur within the first 5 percent of30x1cP. It should be noted that these changes in rolling

the local chord. moment coefficient are larger than the test-to-test
- repeatability £0.0002) and the uncertainty in the roll-
Repeatability ing moment coefficient=0.0001 t0=0.0003). As the

The Lateral Controls Wing has been tested thregngle_of atf[ack Increases abo_ve about, 28e incre-
ment in rolling moment coefficient becomes less nega-

times with the wing-fuselage fillets. Repeat runs were. ; ; DS
obtained at a Mach number of 0.82 and a Reynolc?s've' Model pitch dynamics frequently occurred in this

number of 3108 for the clean wing during each test. part of the test envelope, limiting the extent of the

These runs were analyzed to assess the data repeata%ﬂ—gle of attack range. 'I_'h_e yawing moment, pitching
. : . - . moment, and lift coefficient increments show the
ity using the regression statistical analysis of reference . .

. . : expected trends. In regions where the rolling moment
10. The statistical analysis was applied over an anglé

of attack range from lto ¥. The estimated mean coefficient is relatively constant, the yawing moment

._coefficient and the lift coefficient increments are nega-
value was calculated from a fourth-order polynomial o - . ;
. o tive and the pitching moment coefficient increment is
regression equation fitted to the results. From the mea-_~. - : . .
: : pqsmve. In regions where the rolling moment coeffi-
sured data and the estimated mean value, the residual”_, . . . .
. . cient is becoming less negative, the yawing moment
error, the 95-percent confidence interval, and the . - . .
RO . and lift coefficient increments are also becoming less
95-percent prediction interval were determined. The . o o ;
. . . negative and the pitching moment coefficient is
95-percent confidence interval is the bounds about thg ' .
; ecoming less positive.
estimated mean value that encompass the true mean
with a 95-percent probability. The 95-percent predic- The basic results were curvefit and fitted values at
tion interval is the bounds about the estimated meaan angle of attack of 0and were cross-plotteit
value that will contain a single future measurementetermine the variation of the increment in rolling
with a 95-percent probability. The confidence intervalmoment coefficient with Reynolds number for two
is related to the location of the true mean and the prespoiler deflections and the results are presented in fig-
diction interval is a measure of the data scatter. Asre 5. In most cases, the increment in rolling moment
defined in reference 10, confidence and predictiortoefficient due to spoiler deflection becomes more
intervals are inversely proportional to the number ofhegative as the Reynolds number increases freif®3
measurements in the data set and the local density tf 22x10°. Typically, there is only a small change in

the measurements. Thus, at the ends of the intervalhie rolling moment coefficient between Reynolds
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numbers of 2210° and 3&1CP. The influence of Rey- deflection was relatively constant for Mach a number
nolds number on the increment in rolling momentof 0.82. The magnitude of the increment in the rolling
coefficient is generally larger for the 2Gpoiler ~moment coefficient was smallest at a Reynolds number
deflection. of 3x10° and generally increased as the Reynolds num-
The bask esuts were cross ot ar th sanfi 12880, he Prement due (o sleen dfector
angle of attack to determine the variation of the incre- tin pitchi 9 t %:c . gt it
ment in rolling moment coefficient with spoiler deflec- ment in priching moment coetlicient was positive.
tion and the results are presented in figure 6. In The basic results were curve fit and cross-plotted
general, spoiler roll control power, as determined fromat an angle of attack of @o determine the increment
the slopes of the curves, decreases at the higher Marhrolling moment coefficient with Reynolds number
numbers. Increasing the Reynolds number generallfpr both aileron deflection angles and the results are
increased the roll control power. presented in figure 9. The effect of Reynolds number
on the increment in rolling moment coefficient is gen-

. Reynolds ngmper .W'” haye an '”f'“e’.‘Ce on theeraIIy small with a general trend of increasing magni-
wing pressure distributions. Direct comparisons of tht,?uole with increasing Reynolds number

pressure distributions on the wing for the different
spoiler deflections are not possible because of the dif- The basic results were also cross-plotted to deter-
ferences in the angle of attack for the data at a givemine the increment in rolling moment coefficient with
Reynolds number, dynamic pressure, and Mach nunaileron deflection angle for constant Reynolds number
ber. At each combination of Reynolds number.and the results are presented in figure 10. In general,
dynamic pressure, and Mach number, the pressutbe aileron control power increases with Reynolds
coefficient from each pressure orifice was curvefit as aumber and is larger for the negative aileron deflec-
function of angle of attack and fitted values selected &ton.
angles of attack of‘Cand 4. Results at Reynolds num- Pr re data wer t obtained for the two |
bers of 2x10° and 3x10° were corrected for static essure data were not obtained for the two lower
Reynolds numbers in the outboard aileron test so the

aeroelastic effects in a manner similar to that used foe[ffect of Revnolds number on the trailing edge pres-
the force and moment data. y g edge p

sure coefficient distribution and the chordwise pres-
The effect of Reynolds number on the trailingsure coefficient distribution could not be determined.
edge pressure dlstnbutlons.wr[.h and W'thOUt the spoil- Additional results from the outboard aileron and out-
ers deflected is presented in figure 7. Since there was . : . .
. . oard spoiler wind tunnel tests are available in
an incomplete set of clean wing data, the undeflecte
. eferencell.
results were taken from the starboard wing panel. For
the clean wing, the trailing edge pressure coefficien .
becomes more positive (less negative) as the Reynolc{j—%onCIUdIng Remarks
number increases. Separated flow regions tended to Data from two tests of a wing-body configuration
become smaller as the Reynolds number increases. Farthe NTF have been analyzed to study the effect of
the spoiler deflected, there is a significant separateReynolds number on the performance of lateral control
flow region downstream of the spoiler, as shown bydevices. The results indicated that:
the negative pressure coefficients gt-0.44 to
n=-0.69. (The spoiler hinge line extended from
n=-0.430 ton=-0.669.) At the higher angle of attack, a
separated flow region developed on the clean win
near the mid-span portion of the wing. The loss of lift
on the clean wing panel from the separated flow regio
increases so as to reduce the effectiveness of t
spoiler on the opposite wing panel.

1. In most cases, the increment in rolling moment
due to spoiler deflection becomes more negative as the
&eynolds number increases fromx18° to 22x10P.

ypically, there is only a small change in the rolling

oment coefficient between Reynolds numbers of

x10° and 3&10°. The influence of Reynolds num-
ber on the increment in rolling moment coefficient is
generally larger for the 2Gpoiler deflection.

Outboard ailerons 2. For the clean wing configuration, the trailing
The effect of Reynolds number on the increment£dge pressure became more positive (less negative) as

in the force and moment coefficients is presented i€ Reynolds number increases. Separated flow
figure 8 for an aileron deflection of -10For the r€gions tended to become smaller as the Reynolds

angles of attack used in this investigation, the increfUMPer increases.

ment in rolling moment coefficient due to aileron
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3. For the aileron deflected configuration, the.
effect of Reynolds number on the increment in rolling
moment coefficient is generally small with a general
trend of increasing magnitude with increasing Rey- Table 1: Model Characteristic Dimensions.

nolds number

Body:
References ) )
maximum diameter . ............. 575in
1. Jacobs, Peter F. and Gloss, Blair B.: Longitudinal Aerody- Iength 605 in

namic Characteristics of a Subsonic, Energy-Efficient
Transport Configuration in the National Transonic Facility.

NASA TP-2922,. August, 1989.
2. Fuller, D. E.; Gloss, B. B.; and Nystrom, Buide to Users | Wing (based on trapezoidal planform):

of the National Transonic FacilitfNASA TM-83124, 1981. aspect ratio. . . ..o 9.8
3. lgoe, William B.:Analysis of Fluctuating Static Pressure taperratio. ............... .. ... .. ... 0.4
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TP-3475, March 1996. (Also available Asalysis of Fluc- dihedral °5.0
tuating Static Pressure Measurements of a Large High Rey- — —— = """~ Sy T
nolds Number Transonic Cryogenic Wind TunRé&l.D Dis- mean geometric chord . . ......... 5.742in.
sertation, George Washington University, May 1993.) SPaN . . 52.97 in.
4. Finley, Tom D.; and Tcheng, Ping: Model Attitude Measurg- referencearea. ................ 1.9884 ft
ments at NASA Langley Research Center. AIAA-92-O76$,
Jan. 1992.

5. Coleman, Hugh W; and Steele, W. Glenn: Experimentation
and Uncertainty Analysis for Engineers. John Wiley and
Sons, 1989.
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TM-110242, April 1996. Moment Coefficients.
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NASA TP-3655, 1997. G 0031 0019 0014

8. Chan, Y. Y.: Comparison of Boundary Layer Trips of Disks Cm 0013 .0008 .0006
and Grit Types on Airfoil Performance at Transonic Speeds. C .00030 .00018 .00013
NAS-AN-56 (NRC-29908), National Aeronautical Estab
lishment (Ottawa, Ontario), Dec. 1988. Cn .00018 .00011 .00008

9. Braslow, Albert L.; and Knox, Eugene Gimplified Method Outboard Aileron Datelf,,/E=
for Determination of Critical Height of Distributed Rough- Component 2810° 45x10° 62x10°
ness Particles for Boundary Layer Transition at Mach Num.-
bers from 0 to SNACA TN 4363. 1958. CL .0025 .0016 .0011

10. Wahls, R.A.; Adcock, J. B.; Witkowski, D. P.; and Wright, R. Cm .0010 .0006 .0004
L.: A Longltudln_al Aerodynamic Data Rep_eatablllty S_.tud/ C 100019 00012 100008
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