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Abstract particularly at the low-speed takeoff and approach
conditions encountered by subsonic transport aircraft.
An investigation has been conducted in the NASATypically the Reynolds numbers achievable at the
Langley 14- by 22-Foot Subsonic Tunnel in order tospeeds appropriate for takeoff and approach conditions
further the development of semi-span testingin the current facilities available are below the desired
capabilities. A twin engine, energy efficient transportfy|l-scale Reynolds number. This need to extend
(EET) model with a four-element wing in a takeoff Reynolds number testing capabilities up to full-scale
configuration was used for this investigation. Initially aconditions can be satisfied with the development of a
full span configuration was tested and force andsemi-span testing capability. This testing technique has
moment data, wing and fuselage surface pressure datfeen suggested as a tool which should be developed to
and fuselage boundary layer measurements welgrovide state-of-the-art wind tunnel research
obtained as a baseline data set. The semi-spagpabilitied-?
configurations were then mounted on the wind tunnel
floor, and the effects of fuselage standoff height and Semi-span testing offers several advantages over
shape as well as the effects of the tunnel floor boundanfull span testing. Due to the larger model size provided
layer height were investigated. The effectiveness oby semi-span testing, not only is the desired increased
tangential blowing at the standoff/floor juncture as anReynolds number testing capability produced, but the
active boundary-layer control technique was alsdarger model size also improves data quality due to
studied. Results indicate that the semi-spaimproved model strength, stiffness, and overall
configuration was more sensitive to variations infidelity. Constructing only half the model yields further
standoff height than to variations in floor boundary-benefits in terms of reduced model cost. The complex
layer height. A standoff height equivalent to 30 percenhigh-lift systems and any wing mounted propulsion
of the fuselage radius resulted in better correlation witlsimulation systems will only need to be produced for
full span data than no standoff or the larger standofbne wing. Another advantage of semi-span testing is the
configurations investigated. Undercut standoff leadingabsence of sting-support interference effects.
edges or the use of tangential blowing in the standoff/

floor juncture improved correlation of semi-span data ~ Semi-span testing however, is not free from any
with full span data in the region of maximum lift drawbacks. These include increased wind-tunnel wall

coefficient. interference effects due to increased model size, and the
Introduction effects of semi-span model mounting. One of the most
significant challenges is how to remove the effects of
Generally in most types of wind tunnel testing,the tunnel wall boundary layer on the flow over the
research requirements dictate that the most accurate da@mi-span model. These adverse effects include loss of
be obtained and that the correct flight conditionsmodel symmetry, wall boundary layer separation, and
besimulated. These issues are increasingly importarformation of vortical flow in the juncture regions.
in order to develop accurate performance characteristidesearch previously conductedhdicates that even
when the wall boundary layer remains attached, it can
still substantially influence the flow over the semi-span
*Research Scientist, Aerodynamics Division. Senior Membeimodel. One technique which has been investigated to
AlAA. isolate the effects of the wall boundary layer is to mount
tResearch Scientist, Aerodynamics Division. the semi-span model on a splitter plate which is offset
Copyright © by the American Institute of Aeronautics and Astronautics, Inc. Nofmrn the tl_JnneI Wa”_OUtSIC_Ie _the wall boundary Iayer.
copyright is asserted in the United States under Title 17, U.S. Code. The U.d hiS technique certainly eliminates any wall boundary
Government has a royalty-free license to exercise all rights under the copyrigﬂayer ef‘fects; however' it introduces difficulties in

claimed herein for Governmental Purposes. All other rights are reserved by t : Fy : .
copyright owner. hﬁ1a|nta|n|ng a uniform flow over the model without
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introducing any undesirable flow angularity. Theseu/u,  velocity measured from fuselage boundary
issues can be overcome, but generally at the expense of layer rake nondimensionalized by freestream
a substantial calibration eff8rt Results from previous velocity

semi-span testing technique studies have generally begn
more promising when a non-metric boundary layer
standoff is used between the semi-span model and tffe
wind tunnel waff->8 2-D  two dimensional

height above fuselage surface, in
angle of attack, deg

In order to further understand the flow physicsg_D three dimensional

involved in semi-span testing as well as to develop Test Facility and Model Description
techniques by which to eliminate or minimize the
effects of the wall boundary layer, both computational  The investigation was conducted in the Langley 14-
method$ and experimental studies have been utilizedpy 22-Foot Subsonic Tunifel This facility is a closed-

A wind tunnel investigation has been conducted in theircuit, single-return, atmospheric wind tunnel capable
NASA Langley 14- by 22-Foot Subsonic Tunnel usingof producing a maximum speed of 338 feet per second.
both a full span and a semi-span transport model with A floor boundary layer removal system is located at the
four-element wing in a take-off configuration. The full entrance to the test section and was used in the current
span configuration was tested initially and force andnyestigation to study the effects of variations in floor
moment data, wing and fuselage surface pressure datseundary layer height on the semi-span configuration.
and fuselage boundary layer measurements were

obtained as a baseline data set. The semi-span The model used in the investigation was a
configurations, which were designed to use a floorl0.59foot span, unpowered, twin engine transport
mount and a non-metric boundary layer standoff, wer&nown as the energy efficient transport (EET)
then tested to study the effects of standoff height andonfiguration. The full span model, as shown in
shape as well as the effects of the tunnel floor boundarfyjgure 1, was tested first in order to provide a baseline
layer height. The effectiveness of tangential blowing aslatabase. The fuselage was 9.91 feet long and had a
an active boundary-layer control technique was alsenaximum diameter of 13.8 inches. The wing employed
studied. It is the results of these investigations whicta supercritical airfoil with a four-element flap system

will be presented in this paper. consisting of a slat, main element, vane, and flap. All of
the results presented in this paper are for a takeoff
Nomenclature configuration with the slats deflected -50°, the vanes
15°, and the flaps 30°. These deflection angles are all
b wing span, in with respect to the main wing elemerressure

instrumentation was located on the wing and fuselage as

BL boundary layer illustrated in figure 1. The full span model was mounted

BLRS boundary layer removal system on a six-component strain-gage balance and supported

Co drag coefficient by a sting which entered the lower aft end of the

C lift coefficient fusela_ge. _ No vertical or horizontal tails were used in the
L investigation.

Cum pitching-moment coefficient

C pressure coefficient The semi-span model consisted of the port wing
P i . o from the full span model and a semi-fuselage which was

Cu blowing coefficient, per blowing jet fabricated from a mold of the full-span fuselage. In

d fuselage diameter, in addition, all semi-span configurations were tested with a

M Mach number simulated sting. These steps were taken to ensure no

geometric differences would exist between the full span

Rn Reynolds number based on mean geometric 5y semi-span configurations. A photograph of the
chord semi-span model installation in the wind tunnel is
y spanwise location presented in figure 2. The model was mounted on a
x/c longitudinal distance from airfoil leading edge 15.75fqot dlame_ter turntable on the floor of the tunnel
) , , , approximately six feet aft of the tunnel floor boundary
nondimensionalized by local wing chord layer removal system (BLRS). A six-component strain-
x/L longitudinal distance from fuselage nose gage balance was used to measure forces and moments
nondimensionalized by fuselage length on the wing and semi-fuselage. All standoffs however,
2
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were non-metric. A polyurethane foam seal was usetodel blockage corrections and jet boundary
around the perimeter of the fuselage to fill the 0.25-inckcorrections were applied in the same manner to both full
gap between the fuselage and the standoff so that repan and semi-span configurations. A flow angularity
freestream flow would enter this region. This seal wagorrection was also applied to both configurations
carefully installed during each standoff installation t0(0.141° up flow for the full span model and 0.081° down
ensure that no fouling would occur between the metridlow for the semi-span model). The wind tunnel
fuselage and the non-metric standoffs. All standoffdooundary layer removal system (BLRS) was used for all
were attached to the tunnel floor and sealed such that re@mi-span data presented in this paper unless otherwise
freestream flow could pass between the standoff and theoted. The use of the BLRS reduced the boundary layer
floor. The semi-span model was tested with noon the floor of the wind tunnel from 10 inches to
standoff, and 2-inch and 6.4-inch 2-D standoffs. Thes@ inches at the moment reference center of the model.
standoffs were the same shape as the perimet&urface flow visualization images were obtained of the
centerline shape of the fuselage. Additionally, a 3-Dwind tunnel floor around the semi-span configuration
6.4-inch standoff which was a mirror image of the semi-using an oil based mixture consisting of mineral oll,
fuselage, and a complete right side of the fuselage werdeic acid, and titanium dioxide. Flow visualization
tested. All of these standoff shapes are presented images were obtained of the upper surface of the wing
figure 3. Further tests were conducted in which threefor both full span and semi-span configurations using
dimensionally shaped undercut leading edges werBluorescent mini-tufts, ultraviolet strobe lights, and a
tested on the 2-inch standoff configuration. lllustrationsvideo imaging system.
of these undercut leading edges are presented in
figure 3(b). Another testing technique investigated was Discussion
to reenergize the floor boundary layer through the use of
tangential blowing in the juncture between the standoffStandof Height Efects
and the tunnel floor. Ten jets, five on top and five ] o o
below the model, were placed on the floor and oriented ~Oneé of the primary goals of this investigation was
to blow tangent to the local standoff surface. Each jet0 determine the effects of variations in standoff height.
wasproduced by a 0.25-inch diameter tube and was séth€ first step in this process was to look at height
to G, = 0.003. A sketch illustrating the details of the variation using atwo—dlm'ens,lonally §hape.d standoff. In
tangential blowing technique is presented in figure 4. order to do this the semi-span configuration was tested
with no standoff, a 2-inch standoff, and a 6.4-inch
Test Conditions andeEhniques standoff. The no-standoff configuration was chosen as
the obvious case to represent the minimum standoff
All testing for both the full span and semi-spanheight. The 2-inch height, which was equal to
configurations was conducted at M = 0.2Q, R1.6  approximately 3@ercent of the fuselage radius, was
million, and over an angle-of-attack range of -4° to 24° chosen because it corresponds to the height of the floor
The moment reference center was located on thboundary layer at the model moment reference center
fuselage centerline 64.70 inches back from the nose omith the BLRS on. The 6.4-inch height, which was
both the full span and semi-span configurationsequal to approximately 93 percent of the fuselage
Transition grit was placed on the fuselage nose and omduis, was chosen because it compared to a standoff
the nacelles, but not on any of the wing elements foheight which was investigated on a smaller scale EET
both configurations. Base pressure corrections wergodel in another facility. It was further believed that
applied to the full span configuration to account for thethe 6.4-inch height represented a reasonable maximum
effects of the sting entering the lower aft end of theheight and that a 2-D standoff any taller would produce
fuselage. A simulated sting was positioned external tdio benefit. This standoff height is equivalent to about
the semi-span configuration so as to generate the sargaimes the floor boundary layer thickness with the
flowfield encountered by the full span configuration. BLRS on and was expected to result in large effects.
Since the simulated sting did not enter the semi-spafihe results obtained from these configurations are
fuselage, no base pressure corrections were applied. gxesented together for comparison in figure 5. The force
simulated semi-sting was used for the no standofind moment data indicate that for angles of attack up to
and 2inch standoff configurations (see figure 2). A 12° the configuration with the idch standoff correlates
simulated full sting was used for all configurations withbetter with full span data in terms of lift, lift-curve
a larger standoff. For all semi-span configurationsslope, and drag coefficient than the other standoff
investigated the simulated sting was adjusted up ogonfigurations. The no-standoff configuration results in
down to accommodate the height of the current standofl reduced lift-curve slope and a substantial drag
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increase, whereas the larger standoff indicates aconfiguration with the complete fuselage shows good
increase in lift-curve slope and a drag increasecorrelation with full span data in terms of pitching
Collectively these data indicate that increases in 2-Dnoment, the poor lift and drag correlation are still
standoff height produce increases in lift-curve slopeviewed assubstantial drawbacks. Since these larger,
The 2-inch standoff configuration however, produces amirror-image standoffs did not result in an overall
stall angle of attack that is approximately 4° less thammprovement in correlation with full span data they
that of the full span configuration. It is also noted thatwere given no further consideration. Based on all the
the no-standoff configuration comes closest to matchingemi-span data presented thus far, the overall results
the stall angle of attack while the other configurationgndicate that semi-span configuration aerodynamics are
stall early. None of the standoff configurations quite sensitive to variations in standoff height.
produced a very good correlation with the full span

configuration in terms of pitching moment. For the non-Boundary Layer Height fdcts

zero standoff configurations this could be due to a slight

misalignment between the fuselage and standoff caused Another primary goal of the investigation was to
by balance deflections. determine the effects of variations in floor boundary

layer height. In order to do this data were obtained with
Pressure data presented for the inboard portion d¢he tunnel boundary layer removal system (BLRS) off,
the wing (figure 5(b)) indicate that at 16° angle-of- Which results in a 10-inch boundary layer at the model
attack flow conditions on the slat and the leading edgé&oment reference center, and with the BLRS on, which
of the main element correlate better with the full sparfesults in a 2-inch boundary layer. Longitudinal force
data for the 2-inch standoff configuration than the othe’nd moment data are presented in figure 7(a) for the
two standoff configurations. In fact, a trend is indicated2-inch, 2-D standoff configuration with the BLRS both
which shows a flow acceleration over the slat and th@ff and on. These data indicate that the height of the
main element leading edge as standoff height ifloor boundary layer has little influence on the lift or
increased. This could lead to the conclusion thaflrag coefficient data.  This implies that the
increases in standoff height produce increases in theonfiguration aerodynamics is dominated by the wing
flow acceleration around the fuselage, which in turnand the flow over the fuselage has only a small
produce the flow accelerations noted on the wingnfluence. However, pitching-moment data indicate
|eading edge_ When fuse|age pressure data afaore sensitivity to flow over the fuselage as a pOSitiVG
compared for the various standoff configurationsincrementin Gy is shown for the thinner floor boundary
(figure5(c)), it is shown that increases in standofflayer (BLRS on). Although not presented, very similar
height do indeed produce increases in the flowtrends were also noted in the longitudinal data for the
acceleration around the fuselage. These data alsgher standoff configurations.  This result was
further support the conclusion that the 2-inch standoffomewhat surprising in that a thinner floor boundary
configuration more accurately simulates the full sparfayer was fully expected to produce more desirable
configuration than the other standoff geometries. results than a thicker one. Further analysis of the effects
of the height of the floor boundary layer was conducted
Two additional standoff configurations were alsoby obtaining total pressure measurements from two
tested as a part of this investigation, a threeboundary layer rakes mounted on the fuselage as noted
dimensionally shaped 6.4-inch standoff which was dn figure 1. Data from these rakes are presented in the
mirror image of the semi-fuselage, and a complete righform of u/u, in figures 7(b) and 7(c). The fuselage
side of the fuselage. It was anticipated that the sizédhoundary layer rake data were obtained with the
which would offset the model farther from the tunneltangential blowing system (see fig. 4) in operation;
floor, along with the 3-D shaping of these standoffs mayhowever, this should not effect the trends indicated
act to reduce the effects of the floor boundary layer omvhen comparing BLRS off and on. These data indicate
the semi-span configurations. Force and moment dathat the use of the BLRS, and thus a thinner floor
obtained for these additional standoff configurations ardoundary layer, results in a semi-span fuselage
presented in figure 6. Lift losses and drag increases atmundary layer profile that more closely resembles the
noted for both configurations when compared to the fulfull span fuselage boundary layer profile. When the
span data. More specifically, the 6.4-inch, 3-D standoffarger 10 inch boundary layer exists on the tunnel floor a
shows no improvement over the 6.4-inch, 2-D standoffsubstantial deceleration of the flow results on the semi-
and the configuration with the complete fuselagespan fuselage. Therefore, a thinner floor boundary layer
produces the largest lift deficit and largest drag increaseill promote a semi-span fuselage boundary layer that
of all standoffs investigated. Even though themore accurately correlates with the full span fuselage
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boundary layer. The investigation of the effects ofattack much better than the other 2-D standoff
standoff height and floor boundary layer height reveatonfigurations. This may well be due to the fact that it
that both parameters influence the flow over the semiis much more difficult for a horseshoe vortex to form on
span configuration; however, the effects of variation inthe no-standoff configuration.

standoff height (from zero to approximately 100 percent

of the fuselage radius) has a large effect on lift-curve  Even though the undercut standoff leading edges do
slope and stall characteristics. improve correlation of stall angle of attack and
maximum lift coefficient with full span data, they are
not without shortcomings. The undercut leading edges
result in an increase in drag as compared to the 2-D
eading edge, and the reason for this unfavorable

When any 2-D standoff is used, it is understood that

a stagnation point will exist at some location on thecharactensﬂc is unknown. As a result a more thorough

leading edge. This stagnation point causes the freéjhnders;andmg OI tt_he FOW ghysms \.N'” t;el pu;fsu;ad
stream flow to roll up on itself in the floor boundary rougn computational and expenmental  €tiors.

layer, and a horseshoe vortex will form around theExamination of the pitching-moment data reveals a
stancioff leading edge. In order to document arKrose-down increment beyond the stall angle of attack
illustrate this flow condition, a surface oil flow pattern or all of the semi-span configurations. This indicates

was obtained on the tunnel floor for the 2-inch. 2_Dthat wing stall begins on the inboard portion of the wing.

standoff configuration. This oil flow pattern, presented?rh'.S does not match the post stal! nose-up Increment
in figure 8 for an angle of attack of 19°, gives anlnd|cated by the .fuII span data. This inconsistency has
indication of the horseshoe vortex size and location. also been noted in previous resedrciThe fact that the

stall behavior on the semi-span configurations with
It was anticipated that the presence of a horseshd¢hdercut standoff leading edges does not match that on
vortex around the leading edge of a 2-D standoff wadhe full span model indicates that the influence of the
detrimental to efforts to match the flowfield around afloor boundary layer on the flowfield over the wing may
full span configuration. With this thought in mind two still not be fully eliminated. Inboard wing pressure data
undercut leading edges as illustrated in figure 3(b) wer@® presented for an angle of attack of 19" in figure 9(b)
tested on the 2-inch standoff. These undercut shapes drefurther illustrate the effects of the undercut standoff
referred to as an S-curve leading edge and a parabd@@ding edges. ~ These data indicate that the
leading edge. The S-curve leading edge was designé@nfiguration with the 2-D standoff leading edge is
using computational methods such that a favorabl@roducing less lift on the slat and main element than the
pressure distribution would result in the cockpit regionundercut standoff configurations, while the data from
of the forebody. The parabola leading edge wadhe undercut configurations match the full span data
designed such that no forward facing surfaces wouldelatively well. These data further support the inboard
exist thereby resulting in a geometry which would makeVing stall noted in the discussion of the pitching-
it much more difficult for a horseshoe vortex to form. moment data.
Longitudinal force and moment data illustrating the

effects of the standoff undercut leading edges are Further insight into the flow conditions on the wing

presented in figure 9(a). These data indicate thatPPer su_rface was obtaineq _throu_gh the use of TIOW
- glsuallzanon. Fluorescent mini-tuft images of the wing

effect on lift curve slope, but have a significant effect Onupper surface have been pbtained for configurations
b g ith the 2-D standoff leading edge and the S-curve

the stall angle of attack. The S-curve leading edg i d d th X ted f
increases the stall angle of attack by approximately ading edge, an ©se Images are presented for an
ngle of attack of 19° in figure 10. A region of

over the 2-D configuration, and the parabola leadin ted flow is indicated inboard the wing for th
edge increases the stall angle of attack by approximate parated TIow IS Indicated inboard on e wing for the
nfiguration with the 2-D standoff leading edge

3°. These results thereby suggest that the elimination Jf;
reduction in size of the horseshoe vortex will improve ﬁg. 10(a)), as would generally be expected due to the

correlation of semi-span and full span data in the regioWIng pressure _data presented_ln th? previous figure. The
of maximum lift coefficient. This point is further 'Mage of the wing for the configuration with the S-curve
supported upon reexamination of the lift coefficient dat eading edge (f|_ng(b)) |nd|cat_e . smooth,_ attached
presented for the no-standoff configuration in low over the entire inboard portion of the wing. These
results suggest that the horseshoe vortex which forms

figure5(a). Even though the no-standoff configuration .
does not correlate well with full span data across thground the leading edge of the 2-D standoff produces an

angle-of-attack range, it does match the stall angle Jfndesirable flow disturbance which ultimately affects

Undercut Standdi eading Edge Eécts
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the flow over the inboard portion of the wing. This metric fuselage and the non-metric standoff. Any
disturbance promotes an inboard wing stall andreestream flow that could be allowed to enter the region
resulting nose-down pitching moment. The undercubetween these two parts may well impose an
leading edge configurationdtimately stall in the same inappropriate loading on the internal centerline surface
fashion; however, théeading-edge undercut shaping of the fuselage. In order to gain insight into the
appears to be effective delaying the onset of the flow sensitivity of the semi-span configuration to seal design,

disturbances which produce the inboard wing stall. two sealconcepts were tested. One concept, referred to
_ _ as the perimeter seal, consisted of a foam seal which ran
Tangential Blwing Effects longitudinally around the upper and lower surfaces of

the fuselage and, as the name suggests, followed the

Another  technique investigated {0 IMpProve horimeter of the fuselage. This seal was used on all of
correlation of semi-span data with full span data was thg, o configurations presented thus far. The other

use of tangential blowing in the juncture between theconcept referred to as the keel dam seal was a

standoff and the floor. Tangential blowing reenergize%imp"ﬁed concept which consisted of a strip of foam
the floor boundary layer which in turn should reduce theyyached to the model right on the fuselage centerline
effects of the floor boundary layer on the flowfield over 54 extending the entire length of the fuselage. The
the semi-span model. This blowing technique evolveqq,m seal was 0.78ches wide and was attached to the
from the_ successful use of juncture bloyving to e”mir_‘atq‘uselage for both concepts so that it just filled the gap
tunnel sidewall boundary layer separation for 2-D, highyeqyeen the fuselage and standoff without transferring a
lift airfoil testmgg. In addition, computational efforts |5oq petween the two parts. Longitudinal force and

have also shown promising results using activgnoment data are presented in figure 12 for both seal
boundary layer control concepts Ten blowing jets concepts as installed on the 2-inch, 2-D standoff
were located in the juncture between the standoff aneonfiguration. For angles of attack up to 16° the

the floor as illustrated in figure 4. Results Werecqnfigyration with the keel dam seal produces a lift loss
obtained for the Zach standoff with the 2-D leading 4nq 5 drag increase as compared to the perimeter seal
edge. An optimum blowing coefficient for each jet, concept. This indicates that the flowfield over the semi-
Cy = 0.003, was experimentally determined for thiSghan configuration can be quite sensitive to the seal
configuration. Longitudinal force and moment data anthonyveen the fuselage and standoff, and that the
inboard wing pressure data which illustrate the eﬁe_Ct§imp|ified keel dam seal appears to be inappropriate for
of tangential blowing on the semi-span configurationqe in place of a perimeter seal. It is interesting to note
are presented in figure 11. The force and moment daﬁ’owever, that the keel dam seal configuration does

indicate that at angles of attack below stall tangentialjg|ay the early stall that takes place for the perimeter
blowing jets have little effect on the semi-spangqy, configuration.

configuration; however, in the region of maximum lift a

substantial effect is noted. = Tangential blowing Conclusions

dramatically improves the correlation of semi-span lift

and drag coefficient data with full span data for angles ~ An investigation has been conducted in the NASA
of attack between 16° and 20° by delaying the onset dfangley 14- by 22-Foot Subsonic Tunnel in which a
stall. The pressure data, which are presented at an angemi-span transport configuration has been tested with
of attack of 19°, clearly illustrate how the tangentialmultiple parametric variations to support the
blowing eliminates the lift losses present on the wingdevelopment of a viable semi-span testing technique.
slat and main element. These results are very similar fbhe results of this investigation are presented as
those of the standoff undercut leading edges, thufollows:

indicating that tangential blowing and undercut standoff . _ o .
leading edges produce very similar effects on the semit: The semi-span transport configuration investigated
span flowfield. Note however, that the increases in drag ~ demonstrated a sensitivity to variations in standoff
coefficient observed for the undercut standoff leading ~ N€ight as well as floor boundary layer height;
edges did not occur for the tangential blowing however, the sensitivity to variations in standoff

technique. height was much greater. Increases in standoff
height resulted in increased flow acceleration

Seal Efects around the fuselage and over the inboard wing
leading edge.

Another area of concern in semi-span testing is to
ensure that an adequate seal is present between the
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Configurations with no standoff produced a 2.ViehwegerG.; and Ewld, B.: Half Model €sting
reduction in lift-curve slope and more drag than the in the Cologne Cryogenicuhnel (KKK). AIAA
baseline full span configuration. Paper 94-2511, June 1994.

Configurations with standoff heights on the order 3-Milholen Il, W. E.; and Chokani, N.: Ect of

of the fuselage radius produced an increase in lift- Sidewall Boundary Layer on Transonic Flow Over a
curve slope and drag compared to the baseline full Wing. Journal of Aircraft, Vol. 31, July 1994,
span configuration. pp. 986-988.

4.Franz, H. P The Half-Model €chnique in the
Wind Tunnel and its Emplonent in the
Dewelopment of the Airbs Family. NASA
TM-76970, August 1982. ranslation of DGLR
Paper 81-118.

5.Boersen, S. J.: Half-Modele$ting in the NLR

A 2-D standoff leading edge promotes the  High-Speed Whid Tunnel HST A 1981 Status
formation of a horseshoe vortex in the standoff/  Report. NLR TR 82123U, August 1982.

floor juncture and in turn promotes an early inboard
wing stall. 6. EarnshawP B.; Green, A. R.; HardyB. C.; and

Jelly, A. H.: A Study of the use of Half-Models in
The early inboard wing stall that occurred with the ~ High-Lift Wind-Tunnel Esting. AGARD-CP-515,
2-D, 2-inch standoff was effectively delayed by an ~ October 1992, pp. 20.1-20.9.

undercut standoff leading edge. 7. Milholen 11, W. E.; Chokani, N.; and McGhee, R. J.:
Tangential blowing in the standoff/floor juncture Development of Semi-span Madeedt ®chniques.

also proved to be an effective technique to alleviate AIAA Paper 96-2412, June 1996.

the early inboard wing stall that occurred with the 8. Gentry Garl L., Jr, Quinto, P Frank; Gatlin,

2-D leading edge on the 2-inch standoff. Gregory M.; and Applin, Zachary.T The Langlg
14- by 22-Bot Subsonic tnnel: Description, Flo

Semi-span model aerodynamics were found to be characteristics, and Guide for Users. ASM
quite sensitive to variations in the design of the seal TP-3008, September 1990.

between the fuselage and standoff. Care should be

taken to ensure that this region is sealed effectively.9- Paschal, K., Goodman, W., McGhee, R., Walker, B.,
and Wicox, P A.: Ewaluation of Tinnel Sidevall
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Transport Configuration DRelopment. AIAA
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A 2-inch standoff, which was equal to
approximately 30 percent of the fuselage radius,
produced the best correlation with full span data for
angles of attack below 12° of all the standoff
configurations tested.
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Figure 1. Full span Energy Efficient Transport (EET) model in the take-off configuration.

Figure 2. Semi-span EET model as tested with the 2-inch, 2-D standoff in the 14- by 22-Foot Subsonic Tunnel.
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14x 22 Match r Right Completeright
BL height | other partia half fuselage

with test fuselage | with support
BLRSon structure only
Sedl 1 at balance
d=138
b/2 = 63.54 [
Undercut standoff
leading edges

(a) Cross-sectional views of the standoff geometries.

S-curve \ K/ \
Y

t,
o\

(b) Top-view illustrations of the undercut leading edges tested on the 2-inch standoff.

Figure 3. Standoff geometries tested on the semi-span model. All dimensions are in inches.
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Figure 4. Sketches illustrating the tangential blowing test setup
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L Configuration
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C o Full Span
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C <& 2Inch, 2-D Standoff
4 L A 6.4 Inch, 2-D Standoff
6l b b b b b b by by
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15F 15F
CL L L
1of 10F
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oF oF
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a, deg Cp

(a) Longitudinal force and moment data.
Figure 5. Data illustrating the effects of variations in 2-D standoff height.
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(b) Wing pressure datan = 16°.
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(c) Comparison of full span and semi-span fuselage pressure data. x/| =328,

Figure 5. Concluded.
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a4l A Complete Fuselage
) S P S B B B I I I
-8 -4 0 4 8 12 16 20 24 28
30 30
25 25F
20F 20F
15F 15F
CL C C
10F 10F
5F 5F
ok ok
Y N T N S N B S I A -1 SO TUUE DU PUUEE T PO D T
-8 -4 0 4 8 12 16 20 24 28 0 a1 2 3 4 5 .6 N .8

a, deg Co

Figure 6. Longitudinal force and moment data illustrating the effects of the larger, mirror-image standoffs.
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(a) Longitudinal force and moment data.

Figure 7. Data illustrating the effects of variations in tunnel floor boundary layer height.
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c) Fuselage boundary layer rake data from aft rake= @003,a = &

Figure 7. Concluded
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Location of
horsehoe vortex

Figure 8. Oil flow visualization illustrating surface flow characteristics on the tunnel floor for the 2-inch,
2-D standoff configurationa = 1.
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C Configuration
or
F [¢] Full Span
Cw -2F o 2-D Leading Edge
L o S-curve Leading Edge
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(a) Longitudinal force and moment data.

Figure 9. Data illustrating the effects of undercut leading edges on the 2-inch standoff configuration.
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xlc

=19.

(b) Wing pressure datan

Figure 9. Concluded.

(a) 2-D standoff leading edge.

Figure 10. Flow visualization illustrating wing upper surface flow characteristics with 2-inch

=19.

standoff. o
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(b) S-curve standoff leading edge.

Figure 10. Concluded.

2
C Configuration
or
3 [¢] Full Span
Cw -2k O Semi-span, Cy=0.000
L <& Semi-span, Cy;=0.003
4F
-6 L. .
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20F 20F
15 15F
CL L L
10F 1of
5F 5F
ofF of
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8 4 0 4 8 12 16 20 24 28 0 1 2 3 4 5 6 71 B8
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(a) Longitudinal force and moment data.
Figure 11. Data illustrating the effects of tangential blowing in the standoff/floor juncture.
2-inch, 2-D standoff configuration.
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o Semi-span, C;, = 0.000
<& Semi-span, C,, = 0.003
filled symbols(+)=lower surface
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O rrTTT

Main Element Vane
xlc xlc

(b) Wing pressure datan = 1.
Figure 11. Concluded.
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a4l
6 b b b b b b b by
-8 -4 0 4 8 12 16 20 24 28
30 30
25F 25F
20F 20F
15F 15F
CL C C
10F 10F
s5F 5F
oF oF
Y S T T T T T T B T B -1 ST PO ST PR PR PR SRR B
-8 -4 0 4 8 12 16 20 24 28 0 1 2 3 A4 5 .6 7 .8

a, deg Co

Figure 12. Longitudinal data illustrating the sensitivity to variations in the fuselage/standoff seal design.
2-inch, 2-D standoff configuration.
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