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Abstract	
This test report summarizes work performed by the Boeing Subsonic Ultra-Green Aircraft 
Research (SUGAR) team in the Phase V Transonic Truss-Braced Wing contract task. The task was 
awarded in September 2020, and ended at the end of September 2022. 

As a part of the SUGAR Phase V contract task, Boeing developed a wind tunnel test plan, model 
requirements, then fabricated and conducted a dedicated transonic buffet wind tunnel test. The 
test focused on the investigation of buffet onset, and the ability to accurately predict buffet onset 
for the TTBW configuration. This report summarizes the results and post-test analysis of the 9% 
scale, semispan, Transonic Truss-Braced Wing (TTBW) transonic buffet model tested at the NASA 
Ames Research Center Unitary Plan Wind Tunnel (UPWT) 11-Foot Transonic Wind Tunnel (11-Ft 
TWT) facility located at Moffett Field, CA. It was tested from January 24, 2022, through February 
18, 2022.  

The wind tunnel test was successful in capturing buffet onset at the model design dynamic 
pressure. Multiple configurations were tested starting in the wing-body-strut configuration and 
ending with the full configuration including wing-body-strut-nacelle/pylon, and flap hinge. The 
test also measured the effect of control surface deflections (ailerons and spoilers), as well as the 
effect of an outboard strut flap.  

Steady data collected during the test included standard force and moment measurements, as 
well as wing, strut, nacelle, and body (fuselage) static pressures. These data were collected in a 
standard pitch-pause mode. 

Unsteady data captured in the test, collected in continuous pitch mode, included wing and strut 
dynamic pressures, accelerations, and strains. 

According to test data, previous concerns regarding critical buffet onset on the strut (at low 
vehicle lift coefficient) and in the wing-strut channel have been mitigated. Buffet onset on the 
TTBW appears to follow conventional wing-induced buffet onset mechanisms. However, the 
critical station where buffet onset first occurs has moved inboard to the wing-strut juncture span 
location (55-60% span) from the typical ~70% span location. Test data obtained by unsteady 
pressure transducers provided a good match to expected buffet onset modes. 

An assessment of different tools and methodologies for predicting buffet onset was conducted. 
Reasonable agreement was found for buffet boundary predictions between most of the methods 
examined when using a forward trip location, with the greatest discrepancies from the pitching 
moment break and trailing edge pressure divergence methods. When an aft trip location was 
used the buffet boundary predictions diverged more significantly from unsteady pressure 
measurements. In addition, good agreement between the buffet onset trends were found when 
the Reynolds number, configuration, or spanload was changed.  
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bref  Wing reference span 
BCA  Boeing Commercial Airplanes 
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CD  Vehicle drag coefficient 
Cl  Sectional lift coefficient 
CL  Vehicle lift coefficient 
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IBAIL  Inboard Aileron 
LHS  Left-hand side 
M  Mach number 
MAC  Mean aerodynamic chord [inches] 
MB  Midboard 
MDD  Drag divergence Mach number 
MMO  Maximum operating Mach number 
MRC  Moment reference center 
MS  Model station [inches] or model scale 
NP  Nacelle and pylon 
OB  Outboard 
OBAIL  Outboard Aileron 
OML  Outer mold line 
p’  Root Mean Square (RMS) of pressure (lb/in2) 
q  Tunnel dynamic pressure [lb/ft2] 
QA  Quality assurance 
Re  Reynolds number [/ft.] 
ReMAC  Reynolds number based on mean aerodynamic chord 
RH  Right-hand  
Sref  Wing reference area 
SA  Spalart-Allmaras turbulence model 
SST  Shear-Stress Transport turbulence model 
SUGAR  Subsonic Ultra-Green Aircraft Research 
TE  Trailing Edge 
TED  Trailing Edge Down [degrees] 
TEU  Trailing Edge Up [degrees] 
TS  Tunnel station [inches] 
UPWT  Unitary Plan Wind Tunnel (NASA Ames Research Center) 
TTBW  Transonic Truss-Braced Wing 
TWICS  Transonic Wall Interference Correction System 
TWT  Transonic Wind Tunnel 
WBF  Wing/body fairing 
a  Angle of attack [degrees] 
d  Device deflection [degrees] 
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1.0 Transonic	Truss-Braced	Wing	High-Speed	Development	and	Testing	
In 2008-2010, Boeing conducted the first Subsonic Ultra-Green Aircraft Research (SUGAR) study 
for NASA. In this study, Boeing identified and analyzed advanced concepts and technologies for 
aircraft that would fly in the 2030-2035 timeframe. Large possible improvements in fuel 
consumption, emissions, and noise were identified and roadmaps developed for key 
technologies. The conclusion of the first phase of research spawned several new research areas 
that further maturation in subsequent Phases of work. One of the concepts identified in this study 
(shown in Figure 1-1) was the Transonic Truss-Braced Wing (TTBW). 

 

Figure 1-1.  The Transonic Truss-Braced Wing (TTBW) Configuration. 

In SUGAR Phase III, high speed lines were developed for a Mach 0.745 TTBW design. High fidelity 
analysis results were validated via a wind tunnel test at the Ames 11-Ft Transonic Wind Tunnel 
(TWT), using a 4.5% scale, full-span model. Results from this test aided in reducing the 
uncertainty of predicted TTBW aircraft performance.  

Two high-speed wind tunnel tests were conducted as part of the SUGAR TTBW Phase IV contract. 
Initiated in July 2017, Phase IV focused on development of a high-fidelity aerodynamic design for 
a Mach 0.80 transonic truss-braced wing to enable increased fleet productivity. The first wind 
tunnel test of this phase was a follow-on entry of the Phase III M=0.745 TTBW model. The test 
occurred between January 23 and February 9, 2018, for a total of 210 occupancy hours. The NASA 
designation for this test was 11-0343, and the Boeing test designation was LB-649B. The model 
was 4.5% scale and had a wingspan of 7.7 feet. The test focused on determining the model drag 
buildup at Mach 0.5, determining drag polars from cruise Mach number to max operating Mach 
number, verifying the CFD based truss system drag increment, and verifying the drag rise of the 
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overall configuration. In addition, stability and control data were collected up dive through Mach 
number where model loads allowed. Additional focus was placed on the quantification of model 
roughness effects on data collected during the previous test entry. 

The second test entry was of the Phase IV M=0.80 TTBW model. The test occurred between July 
14 and August 2, 2019, for a total of 238 occupancy hours. The NASA designation for this test was 
11-0367, and the Boeing test designation was LB-652A. The model was 4.5% scale and had a 
wingspan of 7.7 feet. The test began with a data reduction and methods check in which the 
M=0.745 model was briefly installed to ensure test-to-test repeatability of results. Once the data 
reduction was checked and test-to-test repeatability verified, the M=0.80 model was then 
installed in the test section. The test focused on verifying the aerodynamic performance of the 
M=0.80 vehicle by measuring the model drag buildup, drag polars from cruise Mach number to 
max operating Mach number, and verifying the drag rise of the overall configuration. Pressure 
data were collected for all test points. However, model strength limitations significantly limited 
the amount of instrumentation that could fit into the model. In addition to performance data, 
stability and control data, including control surface effectiveness, was collected.  

In addition to the SUGAR program, a separate project funded by NASA in 2017 examined risk 
reduction topics for a potential TTBW X-Plane demonstrator aircraft.  One part of this study 
investigated the TTBW potential for high-speed buffet onset at both high and low lift coefficients. 
As shown in Figure 1-2, the local download of the strut near the wing-strut juncture can lead to 
significant flow acceleration on the underside of the strut, potentially leading to buffet onset 
when at very low lift coefficients. In this study, predictions of the vehicle buffet boundary were 
made using internal Boeing codes and methods. Disagreement in code predictions highlighted 
the necessity for investigation of current methods, which are largely based on empirical data 
from previous cantilever-wing aircraft. The study therefore focused on the development of a 
semispan buffet-focused wind tunnel test so that buffet prediction methods could be validated. 
In-tunnel computational predictions of different model mounting options, model height offset 
effects, and the effects of the tunnel installation on model performance were performed. 
Particular attention was focused on the interaction of the over-wing flow (and shock) with the 
wind tunnel boundary layer due to the proposed semispan installation.  A proposed layout of the 
necessary model instrumentation and a preliminary test plan were constructed, including a study 
to select the appropriate wind tunnel for the test program.  The Ames 11-ft Transonic Wind 
Tunnel was determined to be the best option for this study. 
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Figure 1-2.  Region of the TTBW strut that could be of concern for buffet. 

SUGAR Phase V was awarded in September 2020. One of the objectives of this contract was to 
study high-speed buffet onset by conducting the proposed buffet-focused transonic wind tunnel 
test. The detailed task included test planning, fabrication of a new semispan wind tunnel model, 
conducting pretest estimates, and execution of the test.  

2.0 Transonic	Truss-Braced	Wing	High-Speed	Buffet	Wind	Tunnel	Test	
This report summarizes the Phase V TTBW transonic buffet wind tunnel campaign, including 
descriptions of test objectives, model features, facility parameters, data quality, comparisons of 
pretest CFD results to measured data, and an assessment of buffet prediction methods. The 
Boeing designation for the buffet test is LB-667A, and the NASA test designation is 11-0415. Test 
data from this entry is presented in full in Appendix C. 

2.1 Test	Introduction	and	Objectives	
The buffet test utilized the same nominal M=0.80 TTBW design/geometry developed and tested 
as a full-span model in SUGAR Phase IV. However, the test requirements and objectives called for 
a more heavily instrumented and robust model as compared to previous test entries. These 
requirements drove the model design towards a new, larger-scale semispan model capable of 
withstanding potential flow unsteadiness at very high load factors as well as having increased 
internal volume to accommodate the larger suite of model instrumentation used for assessing 
buffet onset. The new model was tested in the 11-ft transonic test section at the NASA Ames 
Unitary Plan Wind Tunnel (UPWT) complex located at Moffett Field, CA. The four-week (320 
occupancy hour) test entry took place from January 24 through February 18, 2022. The general 
arrangement of the tested configuration, including rough model dimensions is shown in Figure 
2-1. Key model reference quantities of the configuration are included in Table 2-1. 
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Figure 2-1. Mach 0.8 TTBW General Arrangement (Dimensions in Model Scale). 

 

Table 2-1. Model Reference Quantities. 

Reference Quantities  
Sref 1722.9011 in

2
 

bref 183.5280 in 
cref 9.9257 in 
AR 19.565 
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The wind tunnel test had the following main test objectives: 

1) Determine buffet boundary and characteristics for the TTBW configuration 
2) Perform computational predictions of buffet boundary using existing methods and 

assess the ability of these methods to accurately assess buffet boundary for a TTBW 
3) Gather force and moments at transonic condition around potential buffet boundaries 
4) Determine the influence of control surface and outboard strut flap deflections on buffet 

boundary 
5) Gather accelerometer, strain-gauge, static pressure transducer and unsteady pressure 

transducer data to determine buffet boundary 
 

2.2 Test	Facility	
The buffet test was conducted in the 11-ft transonic test section at the NASA Ames Unitary Plan 
Wind Tunnel (UPWT) complex located at Moffett Field, CA. A depiction of the UPWT facility is 
shown in Figure 2-2. 

 
Figure 2-2. NASA Ames Unitary Plan Wind Tunnel (UPWT) Aerial View. 

The Mach capability in the 11-ft test section ranges from 0.2 to 1.45 with a Reynolds number 
variation from 0.3 to 9.8M per foot. Tunnel operating pressure can be varied from 432 to 4,608 
psfa. The transonic test section is 11’ high, 11’ wide, and 22’ in length. Model installation details 
and drawings for the test entry including the model, support system, and balance interface are 
provided in subsequent sections of this report. 
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2.3 Model	Description	
The wind tunnel model (Figure 2-3) is a semispan, 9% scale representation of the M=0.80 TTBW 
(1104-001-RG) aircraft configuration developed in the SUGAR Phase IV contract. The model 
fuselage incorporates an integral standoff designed to raise the model up to minimize the effects 
of the tunnel boundary layer. Relative to the original geometry, the wing-body fairing upper 
surface has been locally modified for operation as a semispan model in the Ames 11-ft TWT. 
(Details later in the report.)  

 
Figure 2-3. 9% Scale Semispan TTBW Wind Tunnel Model installed in the 11-ft Transonic Test Section of the NASA ARC 

Unitary Plan Wind Tunnel (UPWT) Complex. 
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The model was designed to be modular so that the different components of the wing/truss 
system could be tested separately to determine the net effect of each component. In this way, 
the test results could be used to validate the conceptual drag and lift build-up methodology to 
help support sizing of future TTBW aircraft configurations. Model components (shown in Figure 
2-4) include fuselage, wing, strut, nacelle and pylon, flap hinge fairings, and jury strut. The model 
also has deflectable ailerons, spoilers, and an outboard strut flap. Due to model strength 
limitations arising from the high-aspect ratio wing and extensive internal instrumentation suite, 
the wing could not be tested without the main strut installed. In addition, the jury strut was not 
tested in this entry due to strength and safety concerns. 

 
 

Figure 2-4. Buffet Model Components. 
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2.4 Model	Components	
In this section, the model configuration and components are described in detail. 

2.4.1 Fuselage	
The fuselage includes an integral (metric) standoff that raises the model up in the tunnel floor 
boundary layer, thereby minimizing its effects on the model. The standoff is 0.7” in height and its 
shape is a 2-D extension of the fuselage centerline geometry. However, some localized shape 
tailoring on the wing-body-fairing upper surface near the vehicle symmetry plane was made to 
account for tunnel boundary layer interactions. This modification was designed to create a better 
match to the predicted free-air aerodynamics of the full span vehicle. The model fuselage 
includes three keel dams designed to limit the airflow underneath the model, while maintaining 
clearance to the floor to prevent fouling. The forward and aft keel dams (identified in Figure 2-4) 
are modeled after the test configuration utilized by Sleppy et al. (1). The dimensions of the 
forward and aft keel dams are shown in Figure 2-5. An additional dam was designed to extend 
the wing-body-fairing upper surface closer to the floor to prevent localized flow leakage created 
by the higher suction levels of the upper wing-body-fairing surface. This modification is described 
in more detail in Section 2.4.2.1. Note: during installation the model ended up 0.050” closer to 
the floor than originally planned due to a missing spacer in the balance buildup. The dimensions 
below represent the intended installation. 

 

Figure 2-5. Forward and Aft Keel Dam geometry [Keel Dam Size Shown Not to Scale for Clarity]. 

The fuselage is instrumented with twenty static pressure taps split between the nose, wing-body 
fairing, and around the keel dams to monitor any crossflow/leakage that may occur during 
testing. Fuselage pressure tap details are described in Section 2.5.4.  

Keel dam 
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2.4.2 Wing	
The wing geometry represents the 1-g cruise loft of the 1104-001-RG M = 0.80 TTBW design. A 
model jig twist correction suitable to achieve the target 1-g twist was developed for the targeted 
tunnel conditions (Mach 0.8, CL=0.695, ReMAC = 5.18M) and applied to the model design. The 
model wing includes extensive instrumentation, including static pressure orifices, 
accelerometers, dynamic pressure transducers, and two strain gauges with backups. Wing 
instrumentation is described in detail in Section 2.5.2 of this report. The model wing (Figure 2-6) 
represents the left-side wing of the aircraft, and includes deflectable inboard and outboard 
aileron surfaces, and detachable inboard, mid, and outboard spoiler panels. The wing flap hinge 
fairings and nacelle-pylon are detachable from the wing.  

 

Figure 2-6. Buffet Model Wing. 

Due to the lack of availability of a material billet of the desired material (Aermet 100) large 
enough to use for the entire model span, the buffet model wing has a permanently bonded 
tongue-and-groove joint located just outboard of the engine. 15-5 stainless steel was used for 
the inboard wing while leaving the stronger material for the regions of the wing with higher stress 
concentrations. This compromise enabled the wing to be constructed more quickly and with the 
strength necessary to execute the desired test program. In addition, a machining error during 
model manufacture resulted in an undercut of the wing upper surface from approximately 63-
79% model semispan starting near the leading edge and ending near the local wing midchord. 
This undercut was determined to be not sufficient in size enough as to significantly alter the 
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model strength and testing limits (i.e., tunnel dynamic pressure). However, to return the wing 
upper surface to an acceptable tolerance to the design contour, the affected area was coated in 
an epoxy-carbon nanosphere resin, then machined and hand-worked to within the original 
surface tolerance allowables. This repair was resilient during testing, and did not cause any 
known changes to model performance during testing.  

 Wing/Body	Fairing	
The shape of the wing/body fairing (WBF) was modified for the buffet model relative to the 1104-
001-RG geometry. This modification was made so that the inboard wing loading of the semispan 
model more closely resembled that of a full-span configuration; the loading difference is due to 
the interaction of the wind tunnel boundary layer with the WBF upper surface flow. In addition 
to this OML shape change, an additional keel dam was designed and installed along the edge of 
the WBF to prevent the formation of a vortex that was predicted during pre-test CFD studies. The 
left side of Figure 2-7 is an OVERFLOW solution at Mach=0.8 and CL=0.91 showing details of the 
local flow field without the keel dam installed. With the dam missing, the low-momentum fluid 
from the tunnel boundary layer is syphoned up by the WBF low pressure region, resulting in the 
formation of a strong vortex.  

 

Figure 2-7.  Effect of WBF Keel Dam. 

The image in the middle of the figure above shows the WBF keel dam in an isometric view looking 
aft and outboard. Its shape, position, and size were designed to disorganize the local flow 
structures in an attempt to eliminate the formation of the vortex. The off-body streamlines 
shown on the right side of Figure 2-7 (black lines) indicate that the vortex structure is successfully 
destroyed with the keel dam installed. Details of the pretest CFD analysis are described in more 
detail in Section 2.10. 

 Wing	Spoilers	
The full-scale TTBW configuration includes nine spoiler panels per wing. However, similar to the 
previous wind tunnel tests of this configuration the wind tunnel model groups these panels into 
three separate spanwise banks of spoilers (inboard, mid, and outboard sections). These panels 
are bolt-on components, with a different part for each position and deflection angle. Since the 
spoilers attach externally to the wing, when they are installed some wing pressure taps are 

Keel Dam Off Keel Dam On

WBF Keel Dam
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blocked. The spoiler deflection angles available for the model are -2.5°, -5°, -10°, -30°, and -60°, 
where a negative deflection is defined as spoiler trailing edge up about the spoiler hingeline. 
Figure 2-8 shows the model with a bank of spoiler panels installed.    

 

Figure 2-8. Model Spoilers [Source: NASA].  

 Wing	Ailerons	
The model includes deflectable ailerons that are split into inboard and outboard spanwise 
segments that can be deflected independently (see Figure 2-9). The inboard aileron extends from 
61.4% to 69.4% semispan, and the outboard aileron extends from 69.4% to 87.8% semispan. The 
model is capable of aileron deflection angles of -2.5°, -5°, -10°, -30°, -40°, +2.5°, +5°, +10°, +20°, 
and +30°; positive deflection signifies aileron trailing edge down about the aileron hingeline. 
Since the ailerons are mounted to a hinge, deflection angles are set using a series of angle 
brackets. Instrumentation on the ailerons is described in Section 2.5.2.  



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     25 
 

 

Figure 2-9. Model Ailerons [Source: NASA]. 

2.4.3 Strut	
The model strut assembly is shown below in Figure 2-10. The strut includes a deflectable (plain) 
trailing-edge flap on the outboard portion of the strut. Similar to the wing, a permanently bonded 
tongue-and-groove joint was created in the strut to make use of available material billets of 
Aermet 100. The strut is designed to permanently integrate the forward portion of the most 
outboard flap hinge fairing at the wing-strut joint location. This design was selected to provide 
maximum strength to the strut where it joins to the wing as this is the region of the highest model 
stresses. As a result when the flap hinge fairings are removed from the model for testing, this 
fairing must remain installed. Permanent inclusion of this fairing into the model was considered 
the best compromise for performance and model strength. The drag increment for this fairing is 
not expected to significantly alter the FHF-off cruise performance level as its drag increment is 
less than the measurable balance accuracy. The strut also contains provisions for installation of 
a jury strut, which is detailed in Section 2.4.4. The strut contains extensive instrumentation, 
including static pressure orifices, an accelerometer, dynamic pressure transducers, and strain 
gauges (with backups). Strut instrumentation is described in detail in Section 2.5.3 of this report.   
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Figure 2-10. Model Strut Assembly. 

 Outboard	Strut	Flap	
As shown in Figure 2-11, the model includes a deflectable outboard strut flap. This flap is used to 
alter the flow in the tightest confines of the wing/strut channel. The flap is a 20% chord simple-
hinged device that extends from 46.3% to 56.3% semispan. The flap is capable of -4°, -2°, 2°, and 
4° in addition to the 0° (cruise) position. Positive deflection angle signifies strut flap trailing edge 
down about the strut flap hingeline. Since the strut flap is mounted to a hinge, deflection angles 
are set using a series of angle brackets. Instrumentation on the strut flap is described in Section 
2.5.3.  

 

Figure 2-11. Outboard Strut Flap [Source: NASA]. 
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2.4.4 Jury	Strut	
The model includes a removable jury strut that attaches to the strut upper surface. Due to 
concerns regarding the strength of the component at model scale, the jury strut was designed to 
slot into the wing lower surface. In this way, the jury strut was prevented from taking any 
significant structural load during testing when the wing and strut deflected under load. When it 
was installed, the testing team decided that the component was insufficiently strong and rigid to 
resist the significant aerodynamic loads in the tunnel. The jury strut was therefore not tested 
during this entry. Blanking plates were installed in the wing and strut to return the jury strut foot 
attachment pockets back to OML contour. Figure 2-12 is a side view of the installed jury strut. 

 

Figure 2-12. Buffet Model Jury Strut [Source: NASA]. 
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2.4.5 Nacelle	and	Pylon	
The flow-through nacelle and pylon loft surface definitions are the same as those used for 
previous TTBW wind tunnel models. However, the nacelle and pylon rigging was adjusted to fit 
the jig twist used for the buffet model wing loft definition. No changes were made to the nacelle 
shape from the previous testing to account for changes in nacelle mass flow ratio (MFR) from 
testing at a different Reynolds number.  

The nacelle and pylon are removable, with blanking plates installed into the wing lower surface 
when testing in the ‘engine off’ configuration as shown on the left side of Figure 2-13. In addition, 
the engine pylon has a flap hinge fairing component that can be removed when needed. The flap 
hinge fairing pylon integration is described in Section 2.4.6. Engine instrumentation is described 
in Section 2.5. 

 

Figure 2-13. Engine and Pylon Installation [Source: NASA]. 
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2.4.6 Flap	Hinge	Fairings	
The model includes five removable flap hinge fairings as shown in Figure 2-14. The forward half 
of the outboard-most fairing is integrated with the wing-strut juncture fairing as shown in Figure 
2-15, and therefore, cannot be tested without this FHF installed. All other flap hinge fairings were 
designed to be removable for the current model, including the engine pylon flap hinge fairing 
that is integral to the engine pylon (shown in Figure 2-16). The flap hinge fairings do not contain 
any instrumentation. 

 

Figure 2-14. Buffet Model Flap Hinge Fairings [Source: NASA]. 

 

Figure 2-15. Outboard Flap Hinge Fairing Integral to Wing-Strut Fairing [Source: NASA]. 

        

Figure 2-16. Inboard Flap Hinge Fairing Integral to Nacelle Pylon [installed – left, removed – right; Source: NASA]. 
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2.5 Model	Instrumentation	
The buffet model is heavily instrumented so that many different buffet boundary prediction 
techniques can be investigated and compared. In addition to the five-component force and 
moment balance described in Section 2.6.1, the model instrumentation suite includes static 
pressure measurements, unsteady pressure measurements, accelerometers, and strain gauges. 
A general cartoon of the model instrumentation is shown in Figure 2-17; the details of this 
instrumentation suite are described in the sections below. 

 
Figure 2-17. Overall Model Instrumentation Suite. 

2.5.1 Instrumentation	specifications	
In this section, a brief description of model instrumentation hardware is given. Detailed 
specifications for each type are shown in Appendix B.  

All unsteady pressures transducers used in the wind tunnel model are Kulite®, ‘Ultraminiature 
Thin Line Pressure Transducers’, model no. LQ-062-50A. The selected model had a 50 psi pressure 
range. Kulite® specification data sheet is shown in Appendix B Figure B-1. 

Wing static pressures were measured using the tunnel PSI system. EPS modules with a range of 
±15 psid and 64 ports each were used to measure the surface pressure for all pressure taps with 
an accuracy of 0.25% of the measured value.  

Accelerometers used on the model were type PCB 352A71. These sensors have a range of ±500 g 
and resolve a frequency range of 0.5 to 10,000 Hz with ±5% error. Accelerometer specification 
data sheet is shown in Appendix B Figure B-2. 

The model used three constantan foil Micro Measurements strain gauges of type EA-06-060PB-
350 with a strain range of ±3% and 350 Ohm ±0.2% resistance that are used on the wing to 
measure bending moment and two more strain gauges are used on the strut to measure axial 
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force. For the backup gauges, type Micro Measurements Tee Rosette strain gauges of type CEA-
06-062UT-350 are installed with the same strain range of ±3% and 350 Ohm ±0.4% resistance. 
Strain gauge specification data sheets are shown in Appendix B Figures B-3 and B-4. 

2.5.2 Wing	Instrumentation	
A schematic of the wing instrumentation is shown in Figure 2-18, with the wing upper surface 
data shown on the right side of the image, and the wing lower surface shown on the left.  In this 
figure, rows of static pressure taps are indicated as green lines, unsteady pressure transducers 
are indicated as red points, strain gauge locations are indicated as orange points, and 
accelerometers are indicated as black points.  

 

Figure 2-18. Model Wing Instrumentation (strut hidden for clarity). 

The wing contains 330 static pressure taps, 19 Kulite unsteady pressure transducers (14 on the 
upper surface and 5 on the lower surface), three accelerometers, and two strain gauges. The 
outboard strain gauge location contains a backup gauge. The describing nomenclature key for 
wing pressures is shown in Figure 2-19. The key shows that all pressure tap locations are labeled 
with a combination of the model component (wing, or strut), the tap location as a function of 
wing semispan percentage, upper or lower surface location, and percentage wing chord. Kulite® 
locations are indicated by an added ‘K’ prefix to the codes described below. 

 

Figure 2-19.  Pressure Tap Nomenclature. 

Precise locations of the unsteady pressure transducers are found in Table 2-2.  
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Table 2-2. Wing Unsteady Pressure Transducer Locations. 

Upper Surface Lower Surface 
η X/C Sensor ID η X/C Sensor ID 

0.1 0.85 KW10U85 0.38 0.75 KW38L75 
0.2 0.85 KW20U85 0.50 0.50 KW50L50 
0.3 0.85 KW30U85 0.50 0.65 KW50L65 

0.38 0.65 KW38U65 0.50 0.80 KW50L80 
0.38 0.75 KW38U75 0.65 0.65 KW65L65 
0.38 0.85 KW38U85 
0.5 0.80 KW50U80 
0.6 0.80 KW60U80 

0.65 0.60 KW65U60 
0.65 0.70 KW65U70 
0.65 0.80 KW65U80 
0.72 0.80 KW72U80 
0.8 0.80 KW80U80 

0.89 0.80 KW89U80 

 

Wing gauge and accelerometer locations are shown in Table 2-3. 

Table 2-3. Wing Accelerometer and Strain Gauge Locations. 

Type η X/C Sensor ID 
Accelerometer 0.36 0.40 AW36 
Accelerometer 0.63 0.40 AW63 
Accelerometer 0.89 0.40 AW89 
Strain Gauge 0.6 0.50 WBM1 
Strain Gauge 0.6 0.50 WBM2 
Strain Gauge 0.1 0.50 WBM3 
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2.5.3 Strut	Instrumentation	
The instrumentation on the strut is shown in Figure 2-20, with the strut upper surface shown on 
the right side of the image, and the strut lower surface shown on the left. In this figure, rows of 
static pressure taps are indicated in purple, unsteady pressure transducers are indicated as red 
points, the strain gauge location is indicated as an orange point, and accelerometers are indicated 
as black points. 

 

Figure 2-20. Model Strut Instrumentation (wing hidden for clarity). 

The strut contains 145 static pressure taps, 5 unsteady pressure transducers (Kulites), two 
accelerometers, and one axial strain gauge (plus a gauge backup). Unsteady pressure locations 
are found in Table 2-4. Pressure instrumentation nomenclature follows the same format as 
described for the wing in Figure 2-19. Strut strain gauge and accelerometer locations are shown 
in Table 2-5. 

Table 2-4. Strut Unsteady Pressure Transducer Locations. 

Upper Surface Lower Surface 
η X/C Sensor ID η X/C Sensor ID 

0.15 0.80 KS15U80 0.15 0.65 KS15L65 
0.30 0.80 KS30U80 0.50 0.65 KS50L65 
0.50 0.90 KS50U90 

 

Table 2-5. Strut Accelerometer and Strain Gauge Locations. 

Type η X/C Sensor ID 
Accelerometer 0.25 0.40 AS25 
Accelerometer 0.44 0.40 AS44 
Strain Gauge 0.15 0.50 SAF1 
Strain Gauge 0.15 0.50 SAF2 
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2.5.4 Diagnostic	Instrumentation	
The fuselage and engine contain several different arrays of static pressure taps. These taps are 
used primarily for diagnostic purposes during the test. Pressures were added to the nose of the 
fuselage as a measure of fuselage boundary layer immersion – previous CFD studies showed that 
loading on the nose changed dramatically as a function of tunnel floor boundary layer height. 
Pressure taps were also located on either side of the forward and aft keel dams to determine if 
there was any areas of significant leakage around the dams. Also, pressure taps were located in 
two rows on the upper wing-body fairing to determine if the upper dam was successfully 
minimizing flow between the integral standoff and the floor. Finally, pressure taps were located 
inside the engine nacelle flowpath to diagnose any potential internal separation that may alter 
the engine mass flow ratio. The details of these areas are presented below. 

 Nose	Pressure	Taps	
The location of five static pressure taps on the nose of the fuselage are shown in Figure 2-21. The 
taps are located at the constant station of X = 20.7” in the model scale and are equally spaced 
from 5% to 95% arclength. These pressure taps are used to determine the loading on the nose, 
which varies significantly based on the thickness of the tunnel floor boundary layer.  

 

Figure 2-21. Static Pressure Tap Locations on Nose of Fuselage. 

Table 2-6 contains the X, Y, and Z coordinates of each tap in the model coordinate system. 

Table 2-6. Nose Static Pressure Tap Locations (model scale coordinates). 

X (in) Y (in) Z (in) 
20.7 0.8832 24.9532 
20.7 3.9114 22.5678 
20.7 5.0534 18.8006 
20.7 4.0221 14.9981 
20.7 0.8814 12.7016 
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 Wing-Body	Fairing	Pressure	Taps	
Figure 2-22 shows the location of static pressure taps on the wing-body fairing (WBF). One row 
is comprised of five equally spaced taps at a 0.20” interval (model scale) at a constant X-station 
of X=60.454” (X=671.7106” full scale). These pressure taps are used for detection of potential 
vortical flows emanating from the gap between the model and tunnel floor, as described in 
Section 2.4.2.1. 

The second row of taps is arranged at a constant Y-station of Y=-0.2” (Y=-2.222” full scale). These 
taps are equally spaced in 0.50” increments (model scale) in the downstream direction along the 
arclength, and are intended to measure shock location over the WBF. 

 

Figure 2-22. Wing-body Fairing Static Pressure Tap Locations. 

Table 2-7 contains the X, Y, and Z coordinates of each WBF tap in the model coordinate system. 

Table 2-7. WBF Static Pressure Tap Locations (model scale coordinates). 

X-Station Row Y-Station Row 
X (in) Y (in) Z (in) X (in) Y (in) Z (in) 

60.454 -0.200 28.285 62.454 -0.200 28.153 
60.454 -0.400 28.287 62.952 -0.200 28.101 
60.454 -0.600 28.287 63.450 -0.200 28.040 
60.454 -0.800 28.284 63.948 -0.200 27.971 
60.454 -1.000 28.277 64.446 -0.200 27.899 
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 Keel	Dam	pressure	Taps	
The wind tunnel model contains 10 static pressure taps located on the underside of the base 
plate in order to monitor possible airflow (i.e., lack of sealing) across the keel dams. Tap locations 
are shown in Figure 2-23 as bold + symbols. Taps are offset from the keel dam and cover plates 
to avoid additional o-ring seals. 

 

Figure 2-23. Forward and Aft Keel Dam Pressure Taps. 

 Engine	Nacelle	Pressure	Taps	
The engine contains four static pressure taps at equally-spaced radial locations. These taps are 
used for monitoring the pressure inside the engine, as a surrogate for detecting flow separation 
within the nacelle that may affect inlet spillage levels. Table 2-8 contains the X, Y, and Z 
coordinates of each tap in the model coordinate system for the jig geometry. The locations of 
these pressure taps are shown in Figure 2-24 by red + symbols. 

Table 2-8. Engine Nacelle Static Pressure Tap Locations (model scale coordinates). 

X (in) Y (in) Z (in) 
52.668 -17.292 23.920 

53.006 -17.258 19.669 
52.859 -21.561 19.666 
52.524 -21.511 23.916 

 

 

Figure 2-24. Location of Nacelle Internal Static Pressure Taps. 
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2.5.5 Wing	and	Strut	Jig	Twist	Correction	
To account for the effect of model loads on wing and strut twist distributions in the wind tunnel, 
an analysis was performed to determine a net twist correction to counteract these effects. The 
twist correction was determined through the use of a detailed finite element model (FEM). The 
FEM model analyzed the wind tunnel model geometry at the target tunnel flow conditions to 
determine the model’s change in twist under load. This twist correction was then inversely 
applied to the vehicle design 1G twist distribution, resulting in a vehicle ‘jig’ shape. The flow 
conditions used for this analysis corresponded to a wind tunnel dynamic pressure of 994 psf 
(model mean aerodynamic chord (MAC) Reynolds number of 5.18M at Mach=0.80). The net 
change in twist determined by this analysis is shown in Figure 2-25. The model twist change under 
load reflects the relative stiffness of the inboard wing and strut combination – inboard wing and 
strut twist changes are small. The wing twist change is more significant outboard of the wing-
strut attachment location since it is free to deflect. Since the wing tends to wash-out under load, 
the jig twist correction requires an increase in sectional twist as a function of span location.    

 

Figure 2-25. Jig-to-1G Delta Twist Distribution Correction at Mach 0.80, CL = 0.695, ReMAC = 5.18M. 
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 Model	Build	Accuracy	
The model was inspected for adherence to the build accuracy specified in the model statement 
of work upon completion of the model build and assembly. These checks included inspections of 
adherence to specified model surface contours, surface finishes, forward and aft facing steps, as 
well as wing and strut incidence/twist checks. Table 2-9 shows the Quality Assurance (QA) reports 
from Tri Models that summarizes the sectional incidence variation for the wing and strut across 
the span of the model. As specified in the model statement of work the tolerance for angular 
measurements is ±0.10°. Per this requirement, there is one measured station on the strut, which 
exceeds this tolerance. The -47” span location on the strut is out of alignment by -0.118° (leading 
edge down). On the wing, four stations are out of alignment, located at -79”, -83”, -87”, and -91”. 
All stations exceed this tolerance with the leading edge pointing down. The station at -87” is the 
most critical with an alignment mismatch of -0.218°. Based on aeroelastically twisted CFD 
performed on this contract (which had a much larger twist delta) this degree of misalignment on 
the outer wing panel is not expected to have a significant effect on buffet onset. 

Table 2-9. Sectional Incidence Variation. 

Buttline 
(Y-Value) 

Wing Incidence 
[LE Up = Pos(+) 

Strut Incidence 
[LE Up = Pos(+) 

-7” -0.016° -0.011° 
-11” -0.008° -0.006° 
-15” -0.012° -0.021° 
-19” -0.007° -0.005° 
-23” -0.004° -0.004° 
-27” -0.021° +0.019° 
-31” -0.004° +0.003° 
-35” -0.013° -0.034° 
-39” -0.012° +0.038° 
-43” -0.014° -0.051° 
-47” -0.013° -0.118° 
-51” -0.013° -0.067° 
-55” -0.017°  
-59” -0.040°  
-63” -0.034°  
-67” -0.021°  
-71” -0.022°  
-75” -0.063°  
-79” -0.127°  
-83” -0.174°  
-87” -0.218°  
-91” -0.197°  
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Figure 2-26 and Figure 2-27 show the measured QA twist changes compared to the jig-to-1G twist 
deltas as well as the approximate effect on the target 1G twist (should the aeroelastic deflection 
in the tunnel match pre-test calculations). As shown, the net change to absolute twist levels is 
small, and is not expected to significantly change results in the tunnel, particularly near buffet. 

 
Figure 2-26.  As-built QA Twist Data Applied to Jig-to-1G Twist Correction. 

 
Figure 2-27.  Approximate Model 1G Twist Based on QA Twist Correction.  
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2.6 Model	Assembly	and	Installation	

2.6.1 Model	Installation	
The model was mounted in the 11-ft transonic test section using the NASA ARC-11-30K 

semispan balance. The center of the five-component balance, which was recalibrated for this test 
entry, is located at a test section tunnel station of 106.0”, which corresponds to a model moment 
reference center (MRC) location of 74.060” in the model system (see Figure 2-28). The balance is 
mounted on a turntable that provided the pitch control of the model. The angle of attack range 
of the turntable is -6° to +17°. For this test the slots in the floor have been filled. The effect of the 
gap between the model and the floor was minimized using a series of keel dams as described in 
Section 2.4.1. 

 

Figure 2-28. Side View of Test Section with Semispan Model Installed. 

The load limits for the ARC-11-30K balance are given in Table 2-10 for all five components. 
The balance is shown in Figure 2-29 before installation in the wind tunnel. Details about the 
balance flange and location of the moment center are shown in Figure 2-30. Prior to installation 
of the model, check loads were applied to the balance to ensure that loads were in accordance 
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with expected calibration curves. A wind-on repeatability check was performed once the model 
was installed.  

Table 2-10. Balance Load Limits. 

 
Component 

ARC-11-30K 
Balance Load Ranges 

Normal Force, lb ±30,000 

Axial Force, lb ±3,000 

Pitching Moment, in-lb ±300,000 

Rolling Moment, in-lb ±1,350,000 

Yawing Moment, in-lb ±150,000 
 

 

Figure 2-29. Wind Tunnel Balance Prior to Installation [Source: NASA]. 
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Figure 2-30. Drawing of Wind Tunnel Balance. 

When the model was installed on the balance, a 0.025 – 0.030” gap was discovered between the 
top of the balance windshield and the floor. Investigation of this step revealed that a 0.050” thick 
spacer typically used for semispan installations had not been installed. The resulting step was 
considered to be too small to warrant uninstallation of the model and windshield fairing. In 
addition, a 0.36” gap (refer to Figure 2-31) typically covered by the model fuselage was also 
discovered. The exposure of the gap was a consequence of the TTBW high aspect ratio design; 
the model scale was reduced below typical levels in order to fit the model within allowable tunnel 
span-fraction, which ultimately resulted in a reduced model fuselage diameter. Since pretest CFD 
showed a high potential for leakage in this area (leakage between the wing upper surface and 
floor was the direct reason for extending the upper dam), a filler was designed and 3D-printed to 
fill this gap while maintaining sufficient clearance to prevent fouling of the balance The gap fillers 
are installed both above and below the model fuselage as shown in Figure 2-31. 

 

Figure 2-31. Balance-Floor Gap Fillers [Source: NASA]. 
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The tubing for the static pressure ports and cabling for the strain gauges, Kulites®, and 
accelerators were routed through the wing or fuselage and out of the test section via a hole 
through the center of the balance. The static pressure, turntable encoder and tunnel condition 
signals were measured by the Steady Data System (SDS). The SDS is composed of nine PSI-ESP 
modules capable of measuring 64 pressures each within the range of ±15 psid. There were also 
two mSDIs (micro Scanner Digitizing Interface) installed in the fuselage of the model used for 
multiplexing the eight ESP signals through a single fiber-optic cable. The Kulite®, strain gauge, 
turntable encoder, and balance signals were measured by the Dynamic Data System (DDS) 
acquisition system. The DDS is composed of the Dynamic Data Acquisition (DDA) system and the 
Dynamic Data Processing & Storage (DDP) system. This DDA is an NI PXI-1045 chassis populated 
with PXI-4462 4 channel input modules. The modules are capable of 204.8 ksamples/s with an 80 
kHz bandwidth. There are a total of 7 chassis combining for a total of 392 dynamic data channels. 
Both the SDS and DDS data are then saved to the AERONET server, which can be accessed by the 
customer. The accelerometers and strain gauges were connected to the DDS and BLAMS model 
safety of flight.  
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2.6.2 Model	Coordinate	Systems	
The coordinate system sign conventions for the force and moment balance and for the model 
fuselage reference system are shown below. 

Balance axis sign convention: 

 (+) X is aft, from nose to tail of the model (Axial Force, Rolling Moment) 
(-) Y is out the left wing (Side Force, Pitching Moment) 
(+) Z is up, from the landing gear box to the top of the fuselage (Normal Force, Yawing Moment) 

Data presented in this report are shown in a combined coordinate system with the follow 
conventions: 

(+) Lift is up 
(+) Drag is aft 
(+) Side Force is out the right wing 
(+) Pitching moment is nose-up 
(+) Rolling moment is right wing-down 
(+) Yawing moment is nose-right 

2.6.3 Model	Configuration	Tracking	
The configurations tested during this test entry were defined by a series of configuration 
numbers in the run matrix. For each configuration number there is an alpha-numeric code as well 
as a letter code intended to abbreviate the component names. These configurations are 
described in Table 2-11. 

Table 2-11. Buffet Model Configuration Codes. 

Config 
Code  Description 

Fuselage & 
Gear 

Sponson 

Wing & 
Strut 

Nacelle, 
Core, 
Pylon 

Flap 
Fairings Jury Strut 

 

 
C136* B X          
C139 WBSNPF X X X X    
C141 WBS X X        
C142 WBSNP X X X      

C143* WBSNPFJ X X X X X  
 
Where:  W = Wing 

B = Body (fuselage) 
S = Strut 
NP = Nacelle (including nacelle core) and pylon 
F = Flap Hinge Fairings 
J = Jury Strut 

 
*Note: Configurations C136 and C143 were not tested. 
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2.7 Test	Conditions	
The test was conducted over a range of conditions as permitted by allowable model load limits. 
These loads were continuously monitored during testing by a series of strain gauges on the model 
to ensure safety. The nominal range of conditions established for this test are shown by the red, 
dashed lines in Figure 2-32. The primary condition of interest, for which the model jig twisted 
was defined to produce the target 1G twist distribution under load, was a tunnel Re of 6.3M/ft 
and Mach of 0.80 (ReMAC of 5.18M). However, high speed testing was completed at different 
dynamic pressures based on the configuration tested and anticipated model loads. Complete 
configuration testing, including the wing and strut, was conducted at two unit Reynolds numbers, 
6.3 M/ft and 8.0M/ft, which correspond to a mean aerodynamic chord (MAC) Reynolds numbers 
of 5.18M and 6.58M, respectively. Depending on the configuration being tested, occasional 
reductions in the run maximum angle of attack resulted from reaching maximum limit loads 
(including safety margin) on the model. Control surface effectiveness testing (for both aileron 
and spoiler) was carried out at lower dynamic pressures due to increased model loads associated 
with control surface deflection. The high-Mach test conditions were focused primarily on 
identifying buffet boundaries and quantifying the aerodynamic characteristics of the 
configuration at and near buffet onset. A summary of Reynolds and Mach ranges of interest for 
the test are presented in Table 2-12. 

Table 2-12. Buffet Test Operating Conditions. 

Re 
(x106/ft) 

ReMAC  

(x106) 
Mach Primary Objective 

2.625 2.17 0.20 – 0.92 Control surface effectiveness, match Re 
from previous full-span test 

4.80 3.97 0.50 – 0.92 Control surface effectiveness 
6.3 5.18 0.50 – 0.92 High-Speed Data, model aeroelastic 

twist match 
8.0 6.58 0.70 – 0.85 Highest Re, model loads-limited 
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Figure 2-32. Operating Envelope of the 11’ UPWT Transonic Test Section with Buffet Test Conditions Indicated in Red. 

 	



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     47 
 

2.8 Boundary	Layer	Transition	and	Trip	Definition	
The buffet model was tested using several different series of trip dots. These dots were applied 
using specially designed fixtures that ensure precise and repeatable application of trip dots over 
the course of the test. The primary purpose of the trip dots is to force boundary layer transition 
to occur at a known location to ensure repeatability and consistency in the performance data 
over the course of the test campaign. This is important since model laminar run distances can 
vary over time as the model accumulates scratches or damage. In addition a known trip location, 
this technique enables improved consistency in test-to-CFD predictions because it reduces the 
possibility of data variation due to inconsistencies in laminar runs. Ideally, the dots are sized and 
located such that their effect results in boundary layer characteristics similar to higher Reynolds 
number flow. In the case of buffet testing, simulating boundary layers with different shape 
factors and thicknesses can provide additional information since buffet onset is primarily a 
function of boundary layer-shock interactions.  

Prior to the test, CFD was used to quantify changes in wing and strut shock strength/position, 
spanload, boundary layer displacement thickness, and shock-induced separation due to variation 
in wing boundary layer transition location at primary test Reynolds number (ReMAC=5.18M). 
Throughout these studies strut boundary layer transition location of 10% strut chord was held 
fixed. This study was done for several key flight conditions including cruise Mach at the design 
CL, cruise Mach at 1.3g CL, and the maximum operating Mach number (MMO). The latter two 
conditions are based on specifications in the Federal Aviation Regulations (FARs) regarding the 
range of conditions required for buffet-free operation. The CFD study determined that a trip 
location of 25% of the local wing chord provided the best overall match of wind tunnel boundary 
layer properties with flight Reynolds number data. This location was therefore selected as the 
nominal location for the aft trip. The complete aft trip definition, called T3, includes an inboard 
wing ramp-up from the leading edge at the wing root to 25% chord at a semispan location (h) of 
27%. A more aggressive aft transition pattern, called T4, was also defined by abruptly shifting the 
trip dots aft from 25% to 40% of MAC outboard of the nacelle – this pattern would have the 
thinnest boundary layer entering the shock. In addition to the two aft trip locations, a forward 
trip was set at 5% of MAC with a minimum distance of 0.34” back from the leading edge. This T1 
forward trip pattern is consistent with previous Ames 11-Ft TWT wind tunnel entries, and 
provides the highest likelihood of repeatability over the duration of the test. 

A summary of the trip patterns used in the test are summarized in Table 2-13.  Boundary Layer 
Trip Pattern Definition. A detailed description of each trip pattern used in this test is presented 
in Table 2-14. A wing planform drawing showing the transition locations is given in Figure 2-33. 
All trip patterns have trips installed on the fuselage, nacelles and pylon, vertical and horizontal 
stabilizers. 
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Figure 2-33. Wing and Strut Boundary Layer Trip Locations. 

Table 2-13.  Boundary Layer Trip Pattern Definition. 

Trip Location 
(% x/c)   

IB Wing 
(side-of-body to h=27%) 

OB Wing 
(27% < h < 100%) 

Strut 
(side-of-body to h=58%) 

T1 5% 5% or 0.34” back from LE 10% 
T2 5% 5% or 0.34” back from LE 10% 
T3 Tapered 5% to 25% 25% 10% 
T3.1 Tapered 5% to 25% Trip off: h=35% to h=85% 

25% everywhere else 
10% 

T4 Tapered 5% to 25% Stepped to 40% 10% 
T5 5% 5% or 0.34” back from LE Trip off (free transition) 
T6 Tapered 5% to 25% 25% 10% 
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Table 2-14. Boundary Layer Trip Heights. 

  T1 
(Forward Trip)  

T2 
(Forward Trip, 
Low Re) 

T3 
(Aft Trip 1) 

T4 
(Aft Trip 2) 

T5 
(Strut Trip Off) 

T6 
(Aft Trip 1, 
Increased Ht) 

Part Height 
(mil) 

Color Height 
(mil) 

Color Height 
(mil) 

Color Height 
(mil) 

Color Height 
(mil) 

Color Height 
(mil) 

Color 

Wing 4.0 Chrome 
Red 

6.5 Orange 5.0 Magenta 7.2 Satin/Gold 4.0 Red 6.5 Orange 

IB Strut 5.0 Magenta 8.0 Forest 
Green 

5.0 Magenta 5.0 Magenta None None 5.0 Magenta 

OB Strut 4.0 Chrome 
Red 

6.5 Orange 3.5 Chrome 3.5 Chrome None None 4.0 Red 

Body 4.0 Red 8.0 Forest 
Green 

4.0 Red 4.0 Red 4.0 Red 4.0 Red 

Nacelle 
Internal 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

Nacelle 
External 

3.1 Silver 
Matte 

6.5 Orange 3.1 Silver 
Matte 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

3.1 Silver 
Matte 

Core 
Internal 

3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 

Core 
External 

3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 

Bifurcator 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 3.5 Chrome 
Pylon 3.1 Silver 

Matte 
3.1 Silver 

Matte 
3.1 Silver 

Matte 
3.1 Silver 

Matte 
3.1 Silver 

Matte 
3.1 Silver 

Matte 

 

2.9 Wind	Tunnel	Data	Summary	
This section details results and data obtained during the buffet test. Effects of boundary layer 
transition, model component build-up, buffet boundary, and in-test repeatability will be 
discussed. All test data shown are fully corrected and presented in the stability axis unless 
otherwise noted. Angle of attack data are based on the in-tunnel corrected angle of attack values 
from the ALPHAC data parameter. A copy of the wind tunnel test matrix is provided in Appendix 
A for reference. In addition, discussion of control surface effectiveness data acquired in the test 
is described in Section 2.12, with the exception of aileron and outboard strut flap surface 
deflections investigated for their effect on buffet boundary.  

2.9.1 Tunnel	Corrections	
The wind tunnel data processed by the NASA Ames facility was based on a standard set of 
corrections. These corrections included buoyancy and blockage (determined using the in-tunnel 
pressure measurement-based WICS system). A sample of the data corrections for drag, lift, and 
pitching moment are shown in Figure 2-34 to Figure 2-36 for the C139 (complete) configuration 
using the forward trip location (T1) at M=0.80 and ReMAC=5.18M. For the ‘Buoyancy’ and ‘TWICS’ 
curves the corrections are applied individually to the uncorrected data set while all corrections 
are cumulatively applied in the ‘Fully Corrected’ series. 
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The drag data presented in Figure 2-34 show the relative size of the data corrections as applied 
to the drag coefficient for the baseline configuration. At the lowest angle of attack, the buoyancy 
correction increases the drag coefficient by 5 to 6 counts while the TWICS correction (which 
primarily addressed model blockage effects) reduces drag coefficient by 5 to 6 counts. The net 
result is minimal change in drag when all corrections are applied. Conversely, at the highest angle 
of attack, the buoyancy correction increases the drag coefficient by ~5 counts while the TWICS 
correction reduces drag coefficient by ~36 counts. The net result is a 31 count reduction in 
corrected drag coefficient relative to the uncorrected value. By comparison the corrections to lift 
coefficient (Figure 2-35) and pitching moment coefficient (Figure 2-36) are small. 

 

Figure 2-34. Data Corrections for Drag Coefficient [ReMAC=5.18M, M=0.8]. 
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Figure 2-35. Data Corrections for Lift Coefficient [ReMAC=5.18M, M=0.8]. 

 

Figure 2-36. Data Corrections for Pitching Moment Coefficient [ReMAC=5.18M, M=0.8]. 
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2.9.2 Data	Repeatability	
Repeat runs of the C139 configuration with the T1 trip pattern at ReMAC=5.18M, M=0.8 were 
taken throughout the test campaign to assess the repeatability of the test measurements. Figure 
2-37 through Figure 2-39 show the repeatability of the lift, drag and pitching moment 
measurements for nine repeat runs. To assess the variability in the drag measurements, the 
standard deviation between the repeat run test data and the best fit curve was calculated for 
test points with angles of attack below the pitch break point (i.e., for test points with 
predominantly attached flow). The result was a 2σ of 1.7 drag counts, which is plotted as upper 
and lower CD bounds in Figure 2-40. 

 

Figure 2-37. Data Repeatability for Lift Coefficient [REMAC=5.18M, M=0.8]. 
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Figure 2-38. Data Repeatability for Drag Coefficient [ReMAC=5.18M, M=0.8]. 

 

Figure 2-39. Data Repeatability for Pitching Moment Coefficient [ReMAC=5.18M, M=0.8]. 
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Figure 2-40. Data Repeatability for Drag Polar [ReMAC=5.18M, M=0.8] with 2σ Bounds. 

2.9.3 Pitch-pause	vs.	Continuous	Pitch	Data	Collection	
Data were acquired during the wind tunnel test in both pitch pause (PP) and continuous pitch 
rate (CPR) modes. During PP runs, data were recorded with the model at a fixed angle of attack 
before adjusting pitch to the next angle of attack. Conversely, during CPR runs, data were 
recorded while the model angle of attack was varied continuously without dwelling at specific 
angles of attack. During early testing, CPR data were obtained at three pitch rates (0.05deg/s, 
0.10deg/s, 0.20deg/s) to determine if the spectral content of the unsteady data measurements 
varied significantly as a function of pitch rate. The objective of this study was to determine the 
optimal pitch rate that collects the needed unsteady data while minimizing the amount of time 
required for a CPR run. Figure 2-41 compares the CPR drag polars at those three pitch rates to 
the PP data. At high angles of attack, the CPR data exhibits high variability, which increases with 
decreasing pitch rate. Based on the measured results, a rate of 0.10deg/sec was chosen for all 
subsequent CPR runs as it offered the best balance between Mach tolerance and dynamic data 
sample sizes. 



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     55 
 

 

Figure 2-41. Comparison of the Drag Polar for Pitch Pause and Continuous Pitch Rate Data [ReMAC=5.18M, M=0.8]. 

2.9.4 Test-to-Test	Comparison	
High speed testing was conducted in 2019 on a 4.5%-scale, full-span TTBW model (Boeing test 
designation LB-652A, NASA test designation 11-0367) during Phase IV of the SUGAR program. 
The test focused on verifying the aerodynamic performance of the M=0.80 vehicle up to the 
maximum operating Mach number. Relative to the Phase V high speed testing, the Phase IV tests 
were limited to a relatively low Reynolds number of ReMAC=2.17M. Figure 2-42 through Figure 
2-45 provide a comparison of the measured lift, drag and pitching moment of the two entries at 
the same Reynolds number for Mach numbers of 0.5, 0.8 and 0.85. Since the model installations 
were significantly different – the full-span test utilized a sting mount and had the vertical tail 
installed, whereas the buffet test is a semispan installation with no empennage installed – this 
comparison can be used only for deriving configuration component drag and control surface 
effectiveness increments. As anticipated, drag of the semispan buffet installation is significantly 
higher due to tunnel wall boundary layer model interactions, and inclusion of the integral 
standoff. Lift coefficient shows an offset in zero-lift angle of attack and a relatively small change 
in lift curve slope. Also as anticipated, pitching moment shows the greatest variation in behavior 
due to the model’s immersion in the tunnel boundary layer. 
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Figure 2-42. Comparison of 4.5% Scale Full-Span and 9.0% Scale Semispan Test Drag Polars at ReMAC≈2.17M.  

 

Figure 2-43. Comparison of 4.5% Scale Full-Span and 9.0% Scale Semispan Test Lift Coefficient at ReMAC≈2.17M.  
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Figure 2-44. Comparison of 4.5% Scale Full-Span and 9.0% Scale Semispan Test Drag Coefficient at ReMAC≈2.17M.  

 

Figure 2-45. Comparison of 4.5% Scale Full-Span and 9.0% Scale Semispan Test Pitching Moment Coefficient at ReMAC≈2.17M. 
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2.9.5 Diagnostic	Pressure	Comparison	
As described in Section 2.5.4, the model contained several arrays of static pressures designed for 
use as diagnostic tools during testing. This section contains the results of those investigations. 

 Fuselage	Nose	Pressures	
As described in Section 2.5.4.1, the model was instrumented with an array of static pressures 
around the nose of the vehicle to help determine the degree of model boundary layer immersion. 
A previous study identified a trend in which higher boundary layer thicknesses had an effect of 
suppressing flow around the nose of a semispan model fuselage. A comparison of measured 
static pressures with CFD predictions was made to determine if the boundary layer simulated in 
pre-test computations was adequately representing conditions in the wind tunnel. In Figure 2-46, 
the static pressures measured in the wind tunnel were compared to computational predictions. 

 

Figure 2-46.  Effect of Sealing on Fuselage Nose Pressures for ReMAC = 5.2M and Mach = 0.8. 

When simulating the under-model gap but only the floor of the tunnel (left image above), static 
pressure measurements between test and CFD are not in good agreement, with test data 
showing significant variation from keel to crown. Sealing the gap for a floor-only model produces 
only a small variation in nose pressure levels (right image), suggesting that the poor correlation 
is not caused by improper modeling of flow physics associated with the gap flow. OVERFLOW 
data from the in-tunnel simulation generated during the first TTBW risk reduction contract (see 
Figure 2-102) was utilized to shed light on this SUGAR Phase V data analysis. The red curve in the 
plot on the right of Figure 2-46 are pressure data extracted from the in-tunnel solution. The CFD-
to-test comparison is significantly improved when the model is analyzed installed in the test 
section suggesting that more complete modeling is required to accurately capture this effect. 
Given the good agreement between the measured pressures and the CFD data, it is assumed that 
the boundary layer model in CFD was an adequate representation of that in the tunnel.  
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 Effect	of	Taping	to	Floor	
A gap between the model and floor is required to prevent the model from contacting the test 
section floor during testing as it would result in erroneous balance measurements. However, this 
gap is not desirable from an aerodynamic perspective since flow between the model and floor 
can significantly alter pressures on the aircraft, particularly on the inboard wing and wing-body-
fairing region. To prevent flow from passing freely underneath the model, a series of keel dams 
(see Sections 2.3, 2.4, and 2.10) were developed to minimize the effect air flowing through the 
gap has on model performance. The keel dams effectively reduce the size of the gap from 0.3” 
down to approximately 0.1” (actual distance between keel dam edge and floor varies). The gap’s 
effect on model pressures was captured with a series of fixed-alpha diagnostic runs where the 
gap was completely sealed by applying metal tape to the fuselage profile plate and floor. Figure 
2-47 includes several pictures of the taped model in the C139 configuration.  

 

Figure 2-47.  Metal tape used to seal model to floor [Source: NASA]. 

To provide guidance for what effect is expected in the tunnel by sealing to the floor, a comparison 
in OVERFLOW was made for sealed/unsealed configurations. Results in Figure 2-48 show how 
sealing the gap altered wing pressures at the design condition. Only the inboard three pressure 
rows are compared because the effect of sealing is essentially gone by 24% semispan. For the 
side-of-body row at 7%, the gapped pressure data are in better agreement with free-air results, 
which is expected given that the wing/body fairing was redesigned to better match free-air data 
with the gap open. 
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Figure 2-48.  Effect of Sealing on Wing Pressures for ReMAC = 5.2M, Mach = 0.8, and CL = 0.695. 

Given the significant amount of time required to apply the tape in the tunnel, only two diagnostic 
runs were made with the gap sealed. Uncorrected alphas of 2.0° and 3.5° (1.8° and 3.3° corrected) 
were set and the tunnel run for ReMAC=5.18M, Mach=0.8 conditions. The “taped” wing pressure 
coefficients are compared to the corresponding “untaped” for the two angles of attack in Figure 
2-49 and Figure 2-50. The wing pressure comparison is limited to the inboard three rows as the 
effect of taping the model to the floor is expected to diminish as a function of increasing distance 
from the floor. A comparison of the tape effect on inboard wing pressures shows a very small 
change in inboard wing shock position at 1.8° angle of attack. This change is seen in the 7.2% 
semispan station. By 24.0% span, the pressure distributions are identical. The slight disagreement 
in shock location at 37.3% span is not believed to be the result of the tape installation. Results at 
3.3° show the same trends, with the tape effect tapering out by the 24.0% span station. 

Overall, the inboard wing pressure comparisons show only minor changes when sealing the 
model-to-floor gap with metal tape. This is the desired outcome since it demonstrates that the 
effect of the gap between the model and the test section floor has been successfully mitigated 
using tight tolerances and strategically placed keel dams.  
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Figure 2-49.  Effect of Taping Model to Floor: Inboard Wing Pressures for C139, ReMAC=5.18M, Mach=0.8, a=1.8 deg. 

 

Figure 2-50.  Effect of Taping Model to Floor: Inboard Wing Pressures for C139, ReMAC =5.18M, Mach=0.8, a =3.3 deg. 
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 Keel	dam	pressures	
Two sets of static pressure ports were installed on either side of the forward and aft keel dams 
to assess the amount of relative air movement across the dam. The locations of these ports are 
provided in Figure 2-23. If the pressure difference measured across the keel dam is high, the 
effectiveness of the dam in restricting air flow through the gap could be called into question. 

Figure 2-51 is a plot of DCp as a function of body X-station for a range of alphas at ReMAC=5.18M 
and Mach=0.8. Here DCp is defined as (Cp)upper – (Cp)lower. The figure includes an inset image 
showing a side view of the fuselage bottom plate with keel dams, adapter plate, and pressure 
port location marked by the letters A through E. The letters are also used to label the data points. 

 

Figure 2-51.  Keel Dam Pressure Difference for a Range of Alphas. 

The tight range on the left vertical axis in Figure 2-51 is the first indication that the keel dams are 
working as intended in restricting air flow through the gap. The accuracy of the Cp data is about 
±0.002, so the measured deltas are well outside the instrumentation accuracy limits. However, 
the magnitude of the DCp is low given the pressure differentials that would be generated by 
ineffective dams. This suggests the air movement in the gap is being effectively restricted by the 
presence of the dams.  
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2.9.6 Reynolds	Number	Effects	(Full	Configuration)	
Utilizing the variable-density capability of the 11-ft transonic test section, data were acquired for 
Reynolds numbers ranging from ReMAC=2.16M to ReMAC=6.58M. Figure 2-52 presents drag polars 
at four Reynolds numbers for the C139 configuration at M=0.8. Drag coefficient at the cruise 
condition (CL=0.695) shows a general trend of drag reduction as Re increased. 

 

Figure 2-52. Effect of Reynolds number on Drag Polar at M=0.8. 

The pressure distributions shown in Figure 2-53 – Figure 2-55 show the changes in wing pressure 
distribution for the inboard, mid, and outboard wings as a function of Re for a constant angle of 
attack. Since angle of attack is held constant for these runs, circulation increases with Re and the 
shock moves aft. 
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Figure 2-53. Effect of Reynolds Number on Chordwise Pressure Distribution: Inboard Wing [M=0.80, a=4.0°]. 

 

Figure 2-54. Effect of Reynolds Number on Chordwise Pressure Distribution: Mid Wing [M=0.80, a=4.0°]. 
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Figure 2-55. Effect of Reynolds Number on Chordwise Pressure Distribution: Outboard Wing [M=0.80, a=4.0°]. 

2.9.7 Transition	Study	
A series of wing and strut trip dot applications was tested on the C139 configuration to investigate 
the effect that boundary layer characteristics have on lift, drag, sectional pressures, and buffet 
onset (buffet onset implications will be discussed in Section 2.9.10.2). Trip dot chordwise location 
and height for the various applications tested are defined in Table 2-13 and Table 2-14, 
respectively. Test results at the nominal ReMAC of 5.18M and cruise design Mach of 0.8 are 
compared to verify expected trends and provide insight on wing shock characteristics. 

Figure 2-56 and Figure 2-57 compare corrected lift and drag data for the forward trip (T1) and 
two aft trip (T3 and T4) patterns. Repeat runs are included for T1 and T4 data (refer to Figure 
2-33 for information regarding the three trip patterns presented in the following plots). 
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Figure 2-56.  Lift Curve Comparison for Trip Patterns T1, T3, and T4 [M=0.80, ReMAC=5.18M]. 

The lift curve comparison shows the expected trend of increased lift at a given angle of attack as 
boundary layer transition moves aft. This lift increase is due to increasing laminar flow runs on 
the main lifting surface as the trip moves aft; longer laminar runs create a thinner boundary layer 
and thus an increase in effective airfoil camber, which ultimately results in higher circulation 
levels. The inset plot in Figure 2-56 shows a significant increase in lift-curve slope as transition 
moves aft, with an increase in CL of ~0.03 at 2° angle of attack (near the nominal design lift 
coefficient).  

The drag polar comparison in Figure 2-57 shows a significant drag reduction at the design CL of 
0.695 going from forward trip (T1) to aft trip (T3 and T4). The inset plot indicates moving wing 
trip aft results in a 15-to-20 count drag reduction. As with the lift curve comparison, this drag 
trend with transition location is expected. Aft trip allows for reduced angle of attack to maintain 
the same lift level, which translates to lower drag levels. Note that the change in drag levels 
measured in the tunnel include increased drag from the trips themselves.  
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Figure 2-57.  Drag Polar for Trip Patterns T1, T3, and T4 [M=0.80, ReMAC=5.18M]. 

 Forward	Trip	T1	vs.	Aft	Trip	T3	
A CFD study was conducted prior to the start of the buffet test to investigate the effect of wing 
boundary layer transition location on various flow field quantities such as surface pressure, 
spanload, and shock-induced separation patterns. The results were compared to a fully turbulent 
solution at flight Reynolds number to determine a preferred or nominal wing trip location. 
Tripping the wing boundary layer at 5% of the local chord provided a better match on spanload 
when compared to flight Re results, and reduces the potential for variability in laminar runs over 
the course of the test. For these reasons, a forward trip location was used for the majority of 
performance testing, both in this test entry and in the previous full-span TTBW wind tunnel tests. 
However, significant variations in trip location were a critical element of buffet testing since 
changes in the boundary layer provide valuable insight into the shock-induced separation 
phenomena that are the cause of buffet onset. 

The pretest CFD study on transition location identified a nominal aft trip location of 25% of the 
local wing chord as providing the best match of shock characteristics and boundary layer 
thickness to flight Reynolds number. For this reason, aft trip wind tunnel data are expected to 
better represent buffet onset characteristics of the flight vehicle. 

Figure 2-58 and Figure 2-59 compare wing pressures measured during the buffet test at the 
design Mach number of 0.8 and angle of attack of 4°, which is near buffet onset. The figures 
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compare only the mid-to-outboard pressure rows since the critical span station is expected to be 
in this region. The primary difference in wing pressure characteristics due to trip location is the 
shock position. The T3 aft trip data indicate the shock moves aft roughly 4% to 6% of the local 
chord resulting in increased loading. The increase in wing loading is the reason for higher lift 
levels at higher alphas as shown in Figure 2-56. The further aft shock position (and thinner 
boundary layer) associated with the T3 aft trip location will contribute to more representative 
buffet onset characteristics.  

 

Figure 2-58.  Wing Pressure Comparison: Mid-Span Region, T1 vs. T3 [M=0.80, ReMAC=5.18M, a=4.0°]. 
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Figure 2-59.  Wing Pressure Comparison: Outboard Region, T1 vs. T3 [M=0.80, ReMAC=5.18M, a=4.0°]. 

 

 Aft	Trip	T3	vs.	Aft	Trip	T4	
An additional aft trip location called T4 was defined to gain further insight on the sensitivity of 
buffet onset when the wing laminar region is extended. This alternate aft trip pattern is shown 
in Figure 2-33 and defined in Table 2-13. The difference between T3 and T4 is aft movement of 
the wing upper surface trip location from 25% to 40% of the local chord starting outboard of the 
nacelle. This change resulted in the expected aft shift of the shock 3% to 8%, which is similar to 
the shock movement measured when trip was moved from the forward to the 25% aft trip 
location. Figure 2-60 compares wing pressures at Mach=0.8 and 4° angle of attack for the mid-
span region and Figure 2-61 covers the outboard wing pressure rows. The midspan stations near 
the wing/strut juncture region are the most sensitive to shock movement when boundary layer 
transition is moved aft. As with the T3 trip location, T4 aft trip allows for a thinner boundary layer 
at the wing shock, which is expected to delay shock-induced separation (these effects will be 
presented in Section 2.9.9). 
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Figure 2-60.  Wing Pressure Comparison: Mid-Span Region, T3 vs. T4 [M=0.80, ReMAC=5.18M, a=4.0°]. 

 

Figure 2-61.  Wing Pressure Comparison: Outboard Region, T3 vs. T4 [M=0.80, ReMAC=5.18M, a=4.0°]. 
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 Free	Wing	Transition	
The buffet test matrix included a run series where wing upper surface boundary layer transition 
was allowed to occur naturally over a section of the mid-to-outboard wing. This “free” transition 
study provided data on the limits of laminar boundary layer behavior for the wind tunnel model. 
The revised trip pattern (designated T3.1) is identical to the T3 pattern except for removal of the 
wing upper surface trip dots between 35% and 85% span.  

A drag polar comparison at Mach=0.8 is shown in Figure 2-62. By allowing the boundary layer to 
transition freely over a region of the wing, drag is reduced for all test points. The inset image in 
the figure below shows a significant drag reduction of about 10 counts at the design CL of 0.695. 

 

Figure 2-62.  Drag Polar for Trip Patterns T3 and T3.1 [M=0.80, ReMAC=5.18M]. 

Figure 2-63 and Figure 2-64 compare wing pressures for T3 and T3.1 at Mach=0.8 and a=4°. By 
removing the trip dots between semispan stations of 35% and 85%, the laminar run extends well 
aft, which drives the shock movement back to 70% to 75%? of the local wing chord. Based on the 
pretest CFD transition study, allowing the boundary layer to transition naturally over most of the 
wing upper surface will likely result in buffet onset characteristics that do not represent the flight 
vehicle at full-scale Re. Wind tunnel data for the T3.1 trip pattern were gathered mainly for 
research purposes with the intent of having adequate data to more fully understand buffet 
characteristics of a TTBW configuration in the presence of laminar flow approaching the shock. 
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The data also highlight the configuration potential for large laminar runs associated with the high 
aspect-ratio (short chord) wing design. 

 
Figure 2-63.  Wing Pressure Comparison: Midspan Region, T3 vs. T3.1 [M=0.80, ReMAC=5.18M]. 
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Figure 2-64.  Wing Pressure Comparison: Outboard Region, T3 vs. T3.1 [M=0.80, ReMAC=5.18M]. 

 Free	Strut	Transition	
In addition to capturing free transition data for the wing, a run series was also added to capture 
free transition data on the strut. The trip pattern, designated T5, removed all trip dots from the 
strut, allowing the strut boundary layer to transition naturally. Drag data with free transition on 
the strut are of interest because it gives an indication on the drag reduction potential for a natural 
laminar flow strut design. From a buffet perspective, this change was not expected to have a 
significant impact on buffet onset since the wing is designed to be buffet critical well before the 
strut. However, it was possible that changes to the boundary layer thickness inside the tightest 
confines of the wing-strut channel may affect shock formation in this region. Figure 2-65 
compares drag polars at Mach=0.8 with forward trip (T1) on the wing. Note the nominal T1 trip 
configuration includes trip dots at 10% local chord on the strut. The polar comparison shows a 
drag reduction for T5 for the entire polar with a 5 count reduction at the design CL of 0.695. 
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Figure 2-65. Effect of Strut Trip on Vehicle Drag Polar at ReMAC=5.18M, Mach=0.8. 

Figure 2-66 and Figure 2-67 show comparisons of the strut pressures near the wing-strut channel 
for the strut free transition configuration.  For an angle of attack near the cruise design point, 
there is relatively little change in loading in the stations near the juncture. However, when angle 
of attack is increased to 4° there are more substantial changes in loading, particularly inboard.  
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Figure 2-66.  Pressure comparison in the wing-strut channel region for T1 vs. T5 [M=0.8, ReMAC=5.18M, a=2.1°]. 

 
Figure 2-67.  Pressure comparison in the wing-strut channel region for T1 vs. T5 [M=0.8, ReMAC=5.18M, a=4.0°]. 
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2.9.8 Wind	Tunnel	Component	Build-Up	
A component build-up was performed, starting with the wing-body-strut configuration, and then 
systematically adding model parts to acquire incremental data. All data presented in this section 
are for the forward trip T1 location only. As described in Section 2.4.4, no data could be obtained 
for configuration C143 due to concerns regarding the jury strut strength.  

 Wing-body-strut	Configuration	(WBS)	
Lift curves for the WBS configuration (C141) are shown below (Figure 2-68) for both ReMAC=5.18M 
and 3.94M. 

 

 
Figure 2-68. CL vs. α for WBS (C141) configuration, Mach=0.8. 
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 Wing-body-strut-nacelle	Configuration	(WBSNP)	
Lift curves for the WBSNP configuration (C142) are shown below (Figure 2-69) for ReMAC=5.18M 
as compared to the C141 configuration. 

 
Figure 2-69. CL vs. α for WBS (C141) and WBSNP (C142) configurations [M=0.8, ReMAC=5.18M]. 

 

 Wing-body-strut-nacelle-flap	fairings	Configuration	(WBSNPF)	
The final configuration in the buildup (C139) added the flap hinge fairings. Lift curves for the C139 
configuration are shown below (Figure 2-70) for ReMAC=5.18M as compared to the C141 and C142 
configurations, and for ReMAC=3.94M as compared to the C141 configuration. 

 

Figure 2-70. CL vs. α for WBS (C141), WBSNP (C142) and WBSNPF (C139) configurations (note legend in figs have C139 as 
WBSNPFHF). 
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2.9.9 Wind	Tunnel	Buffet	Assessment	
The primary focus of this wind tunnel test was an assessment of buffet onset on the TTBW 
configuration including the identification of potentially unique buffet-onset behaviors. These 
potentially unique behaviors include the potential for ‘low CL’ buffet onset, in which the local 
download of the outboard strut could lead to shock-induced separation on the underside of the 
strut, and a potential concern that the juncture between the wing and strut might become buffet 
critical as the flow speeds through the tight confines of the channel at higher vehicle speeds. A 
localized strut flap that manipulates flow on the strut and in the channel was tested to alleviate 
buffet onset on the strut, if present. Finally, a determination will be made as to whether the 
presence of the strut could fundamentally affect ‘typical’ buffet onset for the wing.  

Secondary to this effort was an assessment of whether the tools and methods typically used to 
predict buffet onset were valid for this new configuration. This is of critical interest as many of 
the computational methods used for the determination of buffet onset are rooted in 
experimental and/or empirical data correlated from tests on conventional cantilevered low-wing 
aircraft.  

In this section, various heritage methods used for determining buffet onset are described and 
potential limitations highlighted. Section 2.9.10 will then discuss the buffet results obtained 
during wind tunnel testing, culminating in a comparison and assessment of these various 
methods.  

 A	Discussion	Regarding	TTBW	Vehicle	Spanload	
An important design feature of the TTBW configuration is the necessity of flow management 
through the wing/strut juncture by way of local airfoil characteristics. This feature is evident in 
the cruise spanload plot shown in Figure 2-71 in which strut downward lift outboard of 45% 
semispan is offset by the wing in order to achieve a ‘total’ vehicle spanload approaching an 
elliptical distribution. It is in this way that strong shocks are prevented from forming in the 
channel. 
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Figure 2-71. Sample Wing/Strut Spanload Plot [Config C139, Run 297, M=0.8, ReMAC=5.2M, a=2.1°]. 

Note that this approach results in locally higher sectional lift coefficients on the midwing than a 
typical cantilever-wing spanload would suggest. Couple this information with the knowledge that 
the TTBW configuration was intentionally designed such that the wing becomes critical for buffet 
onset well before the strut at positive load factors, and it becomes clear that the midspan region 
of the wing is an area of particular interest in the determination of buffet onset. This potential 
midspan criticality is somewhat in contrast to cantilever-wing designs in which the combination 
of shorter chords and higher section lift coefficients lead designs to be buffet-critical near 70% 
span. The critical span section of the TTBW wing as determined by experimental data is visualized 
in Figure 2-72. This figure presents wing upper surface pressure contours as a function of vehicle 
angle of attack. The presented angles of attack represent cruise (2.1°), prebuffet onset (3.8°), and 
post-buffet onset (5.7°, 8.2°).  
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Figure 2-72. Wing Upper Surface Pressure Contours [Config C139, Run 297, M=0.8, ReMAC=5.18M]. 

The wind tunnel static pressure data near cruise show a relatively well behaved wing shock 
system across the span. However, just prior to buffet onset the shock begins to move forward 
and strengthen around midspan suggesting reduced loading due to a weakened boundary layer 
potentially caused by localized shock-induced separation. At post-buffet conditions, both the 
midwing and outboard wing exhibit shock locations that appear further forward than neighboring 
wing sections, suggesting this region has the greatest criticality for buffet onset. For these 
reasons, the majority of the focus for buffet onset analysis will center on the wing semispan 
regions from 50% to 85%. 
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 Pitching	Moment	Break	Method	
The pitch break method attempts to predict buffet onset using force and moment data for a 
range of Mach numbers. Nose-up pitch break in the pitching moment (CPM) curve is indicative of 
flow separation on the wing and is treated in this method as an indication of ensuing buffet. The 
pitch break is often defined as the point where the CPM vs α curve first deviates from the linear 
trend present before gross separation of the flow over the wing develops (2). For the present 
model, an example case of the baseline configuration at ReMAC=5.18M and Mach=0.80 is given in 
Figure 2-73. The pitching moment curve indicates multiple roughly linear regions before the pitch 
break (increasing nose-up). This leads to challenges in selecting an appropriate linear fit. 

 

Figure 2-73. Pitching Moment Curve [M=0.8]. 

The resulting buffet onset boundary is shown in Figure 2-74 for the baseline configuration. A 
region of almost constant CL,IB (lift coefficient of initial buffet) can be identified for Mach numbers 
between Mach=0.6 and 0.72, followed by a rapid decrease in predicted CL,IB above Mach=0.75.  
Determination of the pitch break is increasingly more difficult with increasing Mach number, as 
the change in pitching moment becomes more subtle, particularly at and above Mach 0.85. 

Pseudo-linear 
region 1

Pseudo-linear 
region 2

Approximate 
point of the 
pitch break
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Figure 2-74. Initial Buffet Curve According to Pitch Break Method [Config C139, Trip T1, ReMAC=5.2M]. 

This method treats buffet onset as a global phenomenon rather than based on sectional 
properties of given airfoil stations. Since the method relies on a distinct pitch-up, inferred buffet 
onset may be adversely affected by the TTBW’s more inboard critical station (as compared to 
conventional cantilever wing configurations). 

 Trailing	Edge	Pressure	Divergence	Method	
This method provides a prediction of the buffet onset boundary using curves of wing trailing edge 
pressure coefficient versus lift coefficient. These data curves are typically composed of two 
distinct regions. At low lift coefficient values, where the flow is attached to the wing and well-
behaved, trailing edge pressure coefficient varies with lift coefficient in a linear fashion. 
Conversely, at higher lift coefficient values, the trailing edge pressure curve varies nonlinearly 
with lift coefficient. Within the nonlinear region of the data curve a rapid decrease in trailing edge 
pressure is indicative of flow separation on the wing and is a precursor to buffet.  

A straight line is fit to the linear region of the trailing edge pressure curve and is extrapolated 
into the nonlinear region of the curve. Buffet onset is defined as the point where trailing edge 
pressure coefficient in the nonlinear region of the data curve diverges from the extrapolated 
linear trend by a predetermined margin (2). To increase the accuracy of the buffet onset 
prediction while working with coarsely sampled data, the nonlinear pressure data were 
interpolated with a spline fitting method. Figure 2-75 presents sample plots of trailing edge 
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pressure vs. CL at Mach numbers of 0.78 and 0.85. Note that as Mach number increases, the 
linear region of the trailing edge pressure curve shrinks, and therefore, the uncertainty in the 
linear extrapolation increases.  

Applying this method to each of the spanwise locations where pressure data are available at the 
wing trailing edge yields a set of potential initial buffet CL predictions. The final value is taken at 
the critical span, which is the one with the lowest predicted initial buffet CL. Figure 2-76 presents 
a sample CL, IB vs. wing span location plot with the critical span identified. 

 

Figure 2-75.  Trailing Edge Pressure Divergence Method [M=0.78 (left) and M=0.85 (right)]. 

 

Figure 2-76.  Trailing Edge Pressure Divergence Method Critical Span [M=0.78]. 

The buffet onset curve for the baseline configuration is shown in Figure 2-77 at ReMAC=5.18M, 
indicating an expected trend of decreasing CL,IB with increasing Mach number for Mach numbers 
greater than 0.70.  
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Figure 2-77. Initial Buffet Curve According to Trailing Edge Divergence Method [Config C139, Trip T1, ReMAC=5.2M]. 

 

 Axial	Force	Offset	Method	
The Axial Force Offset (AFO) method is based on the correlation of total airplane forces to flight 
test data for existing tube-and-wing aircraft. An envelope of curves for axial force as a function 
of angle of attack are evaluated over a range of Mach numbers (left side of Figure 2-78). The data 
are plotted to form a locus of points that make-up a common trend, described as the attached 
flow curve in the plot on the right side of Figure 2-78. Deviation of the axial force from this 
common trend is indicative of flow separation. This attached flow curve is then offset to intersect 
the axial force curves at points that represent buffet onset (2).  
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Figure 2-78. Axial Force Offset Method. 

The AFO method predicts a consistent buffet boundary for repeated baseline runs in the current 
test (Figure 2-79). This indicates robustness of the AFO method in predicting the buffet onset as 
well as adequate repeatability in model build/installation and tunnel conditions during the test 
campaign.  

 

Figure 2-79. AFO: Baseline Repeatability [Config C139, Trip T1, ReMAC=5.2M]. 

The AFO method uses global balance forces on the model to determine buffet onset, rather than 
relying on sectional measurements. However, the accuracy of the method is dependent on the 
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selected offset angle, which is typically determined via flight test. Since a TTBW has not yet been 
flown, the exact value of the offset is therefore subject to future flight-test validation. 

 Wing	Bending	Strain-Gauge	Method	
The wing bending strain method utilizes dynamic data from the model’s structural response to 
infer the onset and development of shock-induced (unsteady) flow separation. Deflections in the 
wing were measured during testing using three strain gauges (gauge locations specified in Section 
2.5.2). Dynamic data from the strain gauges was recorded during continuous pitch runs and 
processed post-test to extract the signal RMS. The method identifies the angle of attack at which 
the strain gauge RMS underwent rapid growth as angle of attack was increased. An example 
strain gauge RMS vs alpha curve is presented in Figure 2-80. Initially, while the model is at a low 
angle of attack, the strain gauge signal RMS is low and remains relatively flat with increasing angle 
of attack. However, once the model pitch passes a critical angle of attack, the RMS of the signal 
increases rapidly. The dashed red line in Figure 2-80 indicates the initial buffet point identified 
from the dynamic data. 

The buffet onset boundaries extracted from all three wing strain gauges for the C139 
configuration with the T1 trip pattern at ReMAC=5.18M are presented in Figure 2-81. Strain gauges 
WBM1 and WBM2 were positioned next to each other at 60% wing span, and therefore, recorded 
almost identical fluctuations in strain. Conversely, strain gauge WBM3 was attached at 10% wing 
span. Buffet onset boundary predictions from WBM3 tend to follow WBM1 and 2 closely for 
Mach 0.7 to 0.8. Above Mach 0.8, the RMS signal from WBM3 becomes hard to interpret because 
a clear initiation point for the ramp up in the strain gauge RMS is no longer present. Similar 
difficulties develop in WBM1 and WBM2 above Mach 0.83. 
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Figure 2-80. Example Wing Strain Gauge RMS Data. 

 

 
Figure 2-81. Buffet Onset Boundary Based on Strain Gauge Data [Config C139, Trip T1, ReMAC=5.2M]. 
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The wing strain method is based on rapid growth in wing bending moments at the start of buffet 
onset. While the outboard wing behaves in a similar way to a traditional cantilever-wing design, 
the model’s nonlinear structural response inboard of the wing-strut join is more complicated. It 
is thus not surprising that the gauge inboard of this join does not follow traditional relationships 
for structural response. 

 Model	Accelerometer	Method	
The three accelerometers attached to the wing provided an alternate method for quantifying 
wing structural response during buffet onset. Like the strain gauge data, the dynamic 
accelerometer data were processed post-test to compute the signal RMS, from which the point 
of initial buffet was extracted by finding the angle of attack at which the accelerometer RMS 
began increasing rapidly. An example RMS curve is presented in Figure 2-82. Identifying the point 
of initial buffet from the accelerometer data was more difficult than it was in the strain gauge 
data because the accelerometer RMS tended to increase somewhat more smoothly and 
continuously (compare Figure 2-80 and Figure 2-82). In Figure 2-82, the initial buffet point is 
indicated with a dashed red line. 

 
Figure 2-82. Example Wing Accelerometer RMS Data. 

The buffet onset boundaries extracted from the three wing accelerometers for the C139 
configuration with the T1 trip pattern at ReMAC=5.18M are presented in Figure 2-83. 
Accelerometers AW63 and AW89 were installed at 63% and 89% span, respectively, and buffet 
onset boundaries from those accelerometers, which were both mounted outboard of the 
wing/strut junction, are similar. As anticipated, the buffet onset boundary extracted from the 
third accelerometer, AW36, which was installed at 36% span (inboard of the wing/strut junction), 
does not exhibit the same magnitude of structural response, and erroneously suggests a higher 
buffet margin than is projected by the outboard wing gauges at higher Mach numbers. 



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     89 
 

 
Figure 2-83. Buffet Onset Boundary Based on Accelerometer Data [Config C139, Trip T1, ReMAC=5.2M]. 

 Dynamic	Pressure	Data	Method	
The dynamic pressure data obtained using the model Kulites® provided an additional method for 
buffet boundary estimation. In this method, the critical span station was first identified through 
an examination of wing spanload, similar to that presented in Figure 2-71. After identifying a 
critical wing span station (or spanwise range of interest) from the spanloads, a range of 
transducers of interest could be determined. (Note that a significant number of the original 
Kulites® were damaged in model transit from the manufacturer to the wind tunnel. Fortunately, 
many of these were repaired prior to testing, and so were able to provide key data during testing. 
However, since not all of the sensors were able to be repaired, Kulite® data had to be examined 
at the remaining functional stations.) The optimal sensor location for studying buffet onset is 
located immediately aft of the shock. This position provides the best visibility of the global mode 
structure over a range of model pitch angles (3), and also can provide insight into the underlying 
buffet flow physics. For locating precise shock location for unsteady data runs, the span stations 
with an array of three chordwise sensor locations were particularly useful. Once a specific sensor 
location downstream of the shock was identified, the data could be examined for a variety of 
different parameters. 

The signals from individual sensors were examined for both RMS pressure fluctuations as well as 
for spectral content. The RMS pressure fluctuations provide an effective approach for monitoring 
the development of the flow unsteadiness as the aircraft angle of attack is increased. This can be 
done during a continuous pitch sweep of the model, to provide a continuous nonstationary time 
series. Using a sliding window to sample and analyze this time series, an RMS pressure can be 
calculated as a function of time (or angle of attack). Figure 2-84 shows an example of an RMS 
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Kulite® unsteady pressure signal. The Kulite® data shown [KW60U80] are for a sensor located at 
60% span and 80% chord, and are presented for the conditions M=0.8, ReMAC=5.18M, using the 
T1 (5%) trip, without aileron or strut flap deflections. 

 
Figure 2-84. Representative Kulite RMS p’ Signal [Config C139, M=0.8, Trip T1, ReMAC=5.2M]. 

Typical of these RMS plots, there is an initial range (in this case α<3°) where the pressure 
signature is moderately low and the dynamic pressure fluctuation is typically the result of forced 
flow oscillations. Beyond a critical angle of attack, the RMS rises monotonically with increasing 
angle of attack. After an increase of approximately one order of magnitude, the RMS level 
reaches a maximum or gradually plateaus, depending on the Mach number. This region is 
generally associated with buffet onset.  

The RMS characteristics presented are consistent with airfoil buffeting flow phenomena ( (4), 
(5)), which have been linked to a global flow instability (6), (3). Subsequent investigations have 
shown similar global instability modes for infinite swept wings (7), (8) and finite-span tapered 
wings (9). These unstable modes are in good agreement with earlier experimental observations 
of Dandois (10). 

The dynamic pressure power spectrum provides additional insight into the flow structure 
underlying the observed RMS rise. Figure 2-85 shows the spectrogram from a slow pitch pause 
run corresponding to the RMS plot (η=0.6) of Figure 2-84. The spectral peak around 400 Hz, and 
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the harmonic tone at 800Hz are known tunnel tones generated by the model support arc sector 
(11). 

 
Figure 2-85. Power Spectral Density (PSD) [Config C139, M=0.8, Trip T1, ReMAC=5.2M]. 

A comparison of the p’ and Power Spectral Density (PSD) plots shows that the rapid rise in p’ RMS 
is associated with a narrow frequency band around 210 Hz. This corresponds to a scaled 
frequency of ω=2πfc/U≈1.53, where ‘f’ represents frequency, ‘c’ represents unit chord length, 
and ‘U’ represents freestream velocity. Between α=4.5° and 5.5°, the spectral plots show the rise 
of an additional peak around 50 Hz. This corresponds to a scaled frequency of ω≈0.36. These 
frequencies are in general agreement with the predicted frequencies for a 20° leading-edge 
sweep airfoil (calculated based on the OAT15A airfoil section) (12). The stability results show two 
distinct instability modes, a 3D traveling mode at frequency ω≈1.5 and a nominally-2D oscillatory 
mode at ω≈0.35. This suggests that the observed rise in the dynamic pressure on the TTBW 
configuration is linked to global flow instabilities, similar to more canonical flows. 

Based on the data obtained with the unsteady Kulite® pressures, a sample buffet boundary curve 
is shown in Figure 2-86 for the nominal test condition with forward trip T1.  
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Figure 2-86. Buffet Onset Comparison [Config C139, Trip T1, ReMAC=5.2M]. 

Note: Kulite® data availability was limited for several runs due to broken sensors near the critical 
span stations of η=65% and 72%. For consistency, the Kulite® buffet boundary is reported for all 
cases as an average of two buffet boundaries, determined at η=50% and 60%. This is consistent 
with the most critical span station located at η=55% for most cases. The interpolated averaging 
introduces some uncertainty in the Kulite®-based results. 

Buffet boundary data collected from the methods presented above will next be compared for 
configurations and conditions of interest for the TTBW M=0.80 vehicle. 

2.9.10 Buffet	Methods	Comparison	on	a	TTBW	
In this section, a comparison between the various buffet onset prediction methods as applied to 
the current TTBW configuration are presented. 

The legacy pitching moment break and trailing edge pressure divergence methods introduced in 
Sections 2.9.9.2 and 2.9.9.3 are compared to the AFO and Kulite® methods in Figure 2-87 for the 
baseline configuration with the T1 (forward) trip. Between M=0.70 and M=0.80, the trailing edge 
pressure divergence method agrees fairly well with both the AFO and Kulite® buffet onset 
predictions. At the higher Mach numbers, the AFO method overpredicts the buffet margin 
relative to Kulite® measurements, while the trailing edge pressure divergence method predicts a 
more conservative buffet boundary than the Kulite® method. As discussed in Section 2.9.9.3, 
increasing uncertainty in the trailing edge pressure divergence method was observed toward 
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higher Mach numbers. This observation, taken together with the close agreement between AFO 
and Kulite® buffet onset predictions, casts doubt on the conservative (low) buffet boundary 
predicted by the sectional assessment of surface pressures with the trailing edge pressure 
divergence method at higher Mach numbers.  

The buffet onset curve predicted by the pitching moment break method has even less margin 
than the buffet curve from the trailing edge pressure divergence method. However, the trend 
(shape) of the buffet curve does more closely resemble the trend of both the AFO and Kulite® 
buffet curves. This suggests that the pitching moment break could potentially provide useful 
information about buffet onset but an empirical offset would be needed to obtain more accurate 
estimates of the CL level where buffet will occur for the present TTBW model. 

 
Figure 2-87. Buffet Method Comparison: Legacy Methods [Config C139, Trip T1, ReMAC=5.2M]. 

The buffet onset curves from the Kulites® and the strain gauges are compared in Figure 2-88 for 
the baseline configuration with T1 trip. Good agreement is generally observed between these 
methods. However, difficulty in determining the exact level of vibration that constitutes buffet 
provides a potential lack of precision. In particular, previously described difficulties in 
interpreting the RMS signal of WBM3 above M=0.80 suggest that this sensor is less reliable for 
the determination of buffet onset at higher Mach numbers. This lack of reliability may also 
explain the upward turn in the WBM3 buffet curve, whereas strain gauges WBM1 and WBM2 
agree well with the curve predicted by the Kulite® method up to M=0.83. However, since the 



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     94 
 

strain gauges directly measure the structural response of the model, the detection of 
unsteadiness in internal loads is considered a strong indicator of buffet. Therefore, the good 
agreement between the presented data gives confidence that the buffet onset predicted with 
both the Kulite® and the AFO method are successfully capturing the global flow unsteadiness.  

 
Figure 2-88. Buffet Method Comparison: Strain Gauges and Kulites® [Config C139, Trip T1, ReMAC=5.2M]. 

The buffet boundary extracted from the accelerometer data is compared to the Kulite® buffet 
boundary in Figure 2-89 for the baseline configuration. Similar to the prediction from the strain 
gauge data, the accelerometer method predicts a slightly lower buffet boundary in comparison 
to the Kulite® method, with the exception of the region above M=0.8 in the AW36 curve. The 
agreement between the Kulite® and strain gauge methods is closest at the ends of the strain 
gauge-derived curves (i.e., at M=0.7 and M=0.82) and most different around M=0.78. 
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Figure 2-89. Buffet Method Comparison: Accelerometers and Kulites® [Config C139, Trip T1, ReMAC=5.2M]. 

In summary, for the baseline configuration with undeflected control surfaces and T1 trip at 
ReMAC=5.18M, the predicted buffet boundaries are fairly consistent between the AFO, Kulite®, 
strain gauge, and accelerometer methods. These methods (in general) measure global effects to 
determine the buffet boundary. Conversely, the pitching moment break and trailing edge 
pressure divergence methods did not agree particularly well with the Kulite® data. These 
methods are based on sectional properties that seem less suited for quantifying buffet onset on 
this configuration. These methods will therefore not be included in subsequent discussion.  

Encouragingly, the concern of buffet at low CL was not observed for the baseline configuration – 
the buffet predictions for the TTBW resemble those of a conventional wing. However, in contrast 
to a conventional wing, the critical span station for the TTBW is predicted in the midboard region, 
rather than farther outboard. This change would suggest that the TTBW may have a reduced 
propensity for pitch-up at buffet as compared to conventional configurations. 
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 Spanload	Modification	Effects	
To gain improved understanding of critical span stations, a series of runs in which the ailerons 
and outboard strut flap were deflected to alter wing spanload were examined. The results of 
these investigations are compared in Figure 2-90, Figure 2-91, and Figure 2-92 for different 
combined aileron deflection angles at ReMAC=5.18M. Figure 2-96 presents data for the same 
conditions but with the strut flap deflected. 

Figure 2-90 presents data for the 0° aileron deflection case, comparing Kulite®, AFO, and strain 
gauge measurements. As previously discussed, good agreement is observed between these 
methods for undeflected ailerons. Of the three methods, the strain gauge data yielded the most 
conservative buffet boundary prediction. Due to differences in the shapes of the buffet boundary 
curves, however, the gap between the strain gauge buffet curve and the Kulite® buffet curve 
diminishes above M=0.80. 

 
Figure 2-90. Buffet Method Comparison: 0° Aileron Deflection [Config C139, Trip T1, ReMAC=5.2M, dIBAIL=dOBAIL=0°]. 
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For negative aileron deflection angles (Figure 2-91), the AFO method predicts a shift in the buffet 
boundary towards lower CL. This trend is also seen in the Kulite® and strain gauge buffet onset 
curves in Figure 2-91. At M=0.70 and M=0.87, the Kulite® and AFO method predictions deviate 
more for the -5° aileron deflection case than they did for the undeflected aileron case, while the 
strain gauge data still skews slightly more conservative than the other methods but matches the 
Kulite® data fairly closely at Mach=0.80.  

 

Figure 2-91. Buffet Method Comparison: -5° Aileron Deflection [Config C139, Trip T1, ReMAC=5.2M, dIBAIL=dOBAIL=-5°]. 
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The buffet predictions for a positive aileron deflection angle of 5° are compared in Figure 2-92. A 
higher buffet boundary is typically not observed when the load on the outboard wing is increased. 
While Kulite® and AFO buffet onset predictions agree well for the positive aileron deflection angle 
case, the strain gauge again predicts a slightly lower buffet boundary up to M=0.82. 

 
Figure 2-92. Buffet Method Comparison: +5° Aileron Deflection [Config C139, Trip T1, ReMAC=5.2M, dIBAIL=dOBAIL=5°]. 

The effect of aileron deflection is shown for the AFO data in Figure 2-93. Synchronous deflection 
of both inboard and outboard ailerons shifts the buffet onset curve relative to the undeflected 
baseline case. While negative aileron deflection angles reduce CL,IB for any given Mach number, 
positive aileron deflection angles increase CL,IB.  

The changes in the buffet boundary due to aileron deflections coincide with the changes in the 
shock location observed in Figure 2-94 at M=0.75 and α=5.0 deg. For positive aileron deflection 
angles, the shock locations move in the downstream direction at η=81.0%, increasing the 
spanload on the outboard wing. The buffet boundary is increased relative to the undeflected 
aileron case in Figure 2-93. Contrarily, for negative aileron deflection angles, the shock location 
moves in the upstream direction over a broader section of the outboard wing (η=73.1% to 88.3% 
in Figure 2-94) and thereby reducing the spanload. The buffet boundary is decreased relative to 
the undeflected aileron case in Figure 2-93. 
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Figure 2-93. AFO: Aileron Effect [Config C139, Trip T1, ReMAC=5.2M]. 

 
Figure 2-94. Pressure Distribution: Aileron Effect [Config C139, Trip T1, M=0.75, ReMAC=5.2M]. 
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It is perhaps important to note based on the data in Figure 2-95 that although spanload was 
effectively changed through aileron deflections, the spanload was never sufficiently altered such 
that the critical station moved in spanwise location as is typically common with cantilevered 
wings. Recall those wings typically have critical sections at ~70% span and as such would be more 
affected by changes in aileron deflection. When viewed through this lens, the data presented in 
Figure 2-93 could be interpreted to mean that total lift is varied through deflection of the aileron 
but the section of the wing that is buffet critical becomes critical at roughly the same point. 

 
Figure 2-95.  Aileron Deflection Effect on Spanloads [Config C139, Trip T1, M=0.75, ReMAC=5.2M]. 
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Outboard strut flap deflections were investigated as a potential buffet mitigation path for a 
situation in which the channel is buffet critical. Results presented in Figure 2-96 show the effect 
of outboard strut flap deflection for the maximum and minimum deflection angles of ±4°. (For 
clarity, tested strut flap deflection angles of ±2 deg are omitted in the plot.) For the larger strut 
flap deflection angles (±4 deg), no significant impact on the buffet boundary is observed for 
configuration C139 at ReMAC = 5.18M. This indicates that although the local strut download in the 
wing-strut channel moves the critical buffet span station inboard, the channel flow itself is not 
critical for the determination of buffet boundary. This finding alleviates concerns raised prior to 
this test and strengthens the confidence in the observation that the buffet behavior of the TTBW 
is driven by the wing – similar to a conventional wing.  

 
Figure 2-96. AFO: Strut Flap Effect [Config C139, Trip T1, ReMAC=5.2M]. 
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 Trip	Location	Effects	
In this section, the effect of boundary layer (BL) trip location on the baseline configuration buffet 
onset is considered. Figure 2-97 presents initial buffet curves computed using the AFO method 
at ReMAC=5.18M. CL,IB is nearly identical for all trip configurations at Mach 0.65. As Mach number 
increases, significant deviation in CL,IB is observed depending on the trip location. Up to 
Mach=0.75, the smallest CL,IB is predicted for both the T1 (5% chord wing trip and 10% chord strut 
trip) and T5 (5% wing trip and strut transition free) configurations. For larger Mach numbers 
(M≥0.8), free transition on the strut moves the buffet boundary to larger CL,IB. This sensitivity to 
the state of the strut BL is likely due to the fact that the strut lifts more with free transition 
(thinner BL), which unloads the wing allowing for a slight increase in margin to buffet onset. 
Moving the wing trip location downstream to 25% chord (i.e., T3 and T6) significantly increases 
CL,IB specifically for Mach numbers between 0.7 and 0.8.  At Mach numbers greater than 0.8, the 
CL,IB increase relative to the forward trip configurations (T1 and T5) diminishes. The same trend 
of increased CL,IB is observed, if the trip location is moved further downstream to 40% chord (T4) 
and even more so if no tripping is employed on the midboard wing (T3.1).  

 

Figure 2-97. AFO: Wing Trip Location Effect [Config C139, ReMAC=5.2M]. 

The influence of trip location on wing pressure distributions was shown previously in Figure 2-58 
at M=0.8 and α=4.0°, slightly below the buffet boundary. As the wing trip location is moved 
downstream (T1 to T3 in Figure 2-58 and Figure 2-59, and T3 to T4 in Figure 2-60 and Figure 2-61), 
the shock location moves downstream as well. The aft shock movement is driven by increased 



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     103 
 

effective airfoil camber from a thinner BL. This BL is healthier and less susceptible to shock-
induced separation at a given angle of attack. Despite the aft shock position and increased 
strength, which can contribute to separation, the healthier BL is considered the likely reason for 
the increase in CL,IB for the aft trip AFO results. With these flow physics established, the increase 
in CL,IB with aft trip data is larger than anticipated based on pretest predictions. Furthermore, it 
should be mentioned that the AFO CL,IB predictions for M=0.75 with T3.1 and T4 is calculated 
based on extrapolated CL data due to a limited angle of attack range caused by wind tunnel model 
structural limitations. Here, the extrapolated CL data predict a monotonously increasing trend 
with increasing α, which may lead to an overestimate in CL,IB at M=0.75 for T3.1 and T4. These 
data points are highlighted with circles in Figure 2-97 and Figure 2-98. 

Figure 2-98 compares C139 buffet boundaries for three wing trip patterns computed using the 
AFO method and Kulite® data. This comparison indicates that the Kulite®-derived CL,IB levels do 
not change nearly as much with aft trip movement as the AFO results indicate. On the contrary, 
the Kulite® buffet boundaries for forward (T1) and aft (T4) BL transition are fairly similar in level 
and shape. So, while the two methods agree well for forward tripping (T1) below M=0.8, they 
deviate significantly in the same Mach range for the aft trip (T4). As discussed before, limited 
data availability and thus extrapolation weakens the trustworthiness of the AFO buffet margin. 

 

Figure 2-98. Buffet Method Comparison: Effect of Tripping [Config C139, ReMAC=5.2M]. 
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With the wing trip dots installed at 25% chord (T3), the Kulite® data indicates an increase in the 
buffet boundary for M=0.75 and M=0.85 relative to T1. To an even greater degree, the AFO 
method also predicts an increase in buffet margin when going from T1 to T3 for this Mach range. 
However, given the limited amount of data available with the T3 trip pattern and the fact that 
the Kulite® data indicates similar buffet onset boundaries for T1, T3, and T4 at M=0.8 (directly in 
between M=0.75 and M=0.85), no clear conclusion can be drawn regarding buffet onset for 
higher Mach number conditions. 

 Reynolds	Number	Effect	
The effect of Reynolds number on initial buffet boundary curves is shown in Figure 2-99. For the 
AFO method, a general trend of increased CL,IB at a given Mach number with increased Reynolds 
number is observed. However, the highest MAC Reynolds number of 6.58M does not follow this 
trend except for the M=0.78 data. Limited data availability due to structural limits of the wind 
tunnel model introduced high levels of uncertainty for the AFO analysis. For M=0.75, 0.78, and 
0.80, CL,IB was calculated based on extrapolated CL data for the highest Reynolds number. 

 
Figure 2-99. Buffet Method Comparison: Effect of Reynolds Number [Config C139]. 

Wing surface pressure distributions for all Reynolds numbers are plotted at α=4.0° and M=0.80 
in the Reynolds Number Effects section of the report (see 2.9.6). The chordwise shock location 
moves in the downstream direction with increasing Reynolds number, which is the same trend 
seen when moving boundary layer transition aft. Increasing Reynolds number and moving the 
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trip dots aft both result in a thinner boundary layer, which delays shock-induced separation and 
drives CL,IB higher. 

Very good agreement between the AFO and Kulite® methods is observed for both ReMAC=2.16M 
and 3.94M over the entire Mach number range, strengthening the confidence in the predictions. 
The agreement between the methods is similarly good for ReMAC=5.18M and ReMAC=6.58M up to 
M=0.85. Beyond that, the buffet boundary prediction diverges with the Kulite® method 
predicting a slightly more conservative boundary. This results in the buffet boundary curves 
collapsing for the Kulite® data above M=0.80, indicating no significant effect of Reynolds number 
is present for higher Mach numbers, contrary to the predictions of the AFO method. 

 Configuration	Effect	
The effect of model configuration on buffet onset is shown in Figure 2-100 for the baseline 
configuration at ReMAC=5.18M. Overall, the effect of the various model configurations is small 
with ΔCL,IB<0.1 over the tested range. The initial buffet curve is shifted to smaller CL,IB if nacelle 
and flap hinge fairings are removed from the model (C141) compared to the baseline 
configuration (C139). The deviations are generally small but more pronounced for small Mach 
numbers (0.6<M<0.77) and large Mach numbers (M>0.85). The effect of removing the flap hinge 
fairings from the model (C142) on the buffet boundary is negligible compared to the baseline 
configuration (C139). Some deviations are observed toward larger Mach numbers (M>0.87), 
where the absence of the flap hinge fairing (C142) slightly increases CL,IB relative to the baseline 
configuration (C139). The buffet boundary predicted using Kulite® data is in good agreement with 
the AFO method. For the Kulite®-derived curves, a similar trend of decreased buffet margin is 
predicted for C141 compared to C139, while the deviations are more pronounced for Mach 
number between M=0.75 and 0.80.  

Pressure distributions for the midspan wing region at M=0.80 are given in Figure 2-101 at α=4.0°, 
which is close to buffet onset. Changes in the model configuration do not have a significant 
impact on wing shock location. With the flap fairings removed, there are differences in some of 
the lower surface pressures, particularly in the wing-strut channel. The lack of changes to the 
buffet boundary predictions for these cases once again confirms the channel flow is not buffet 
critical.  
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Figure 2-100. Buffet Method Comparison: Model Configuration Effect [Trip T1, ReMAC=5.2M]. 

 
Figure 2-101.  Pressure Distribution: Model Configuration Effect [M=0.8, Trip T1, ReMAC=5.2M]. 
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2.10 CFD	Data	Comparisons	
In this section, the results of the buffet wind tunnel test are compared to pretest CFD predictions. 
The CFD simulation is based on the right side of the TTBW airplane and includes all model 
components tested for the C139 configuration. The CFD model includes the jury strut but this will 
not have a strong influence on the data comparisons as the jury strut is known to have a small 
effect on pressures, wing loading, and drag. All CFD data discussed here were generated using 
the OVERFLOW flow solver run on the structured overset mesh shown in Figure 2-102. 

 

Figure 2-102.  Buffet Semispan CFD Model. 

The grid system is comprised of 80 individual zones with a total of 81.9 million points. The surface 
grid shown in red covering the wing leading edge is used to force the boundary layer to transition 
from laminar to turbulent at the forward trip location of 5%. A different grid defines the aft trip 
location. The brown grid located at the bottom of the fuselage is used to model the 0.7” profile 
plate that raises the model away from the test section floor. In addition to the profile plate, the 
CFD model includes three strategically placed keel dams used to minimize gap effects, and a 
circular adapter plate used to mount the model to the balance through a hole in the floor. These 
details in the CFD model can be seen in Figure 2-103. 
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Figure 2-103.  CFD Model Details Showing Keel Dams and Adapter Plate. 

The pretest CFD simulations capture the effect of the test section floor with a no slip boundary 
condition set on a solid wall grid plane. More details on the development of the floor boundary 
layer will be discussed later in this section. The cut-away image shown in Figure 2-104 illustrates 
the relative size of the gap between the test section floor and the body backing plate (0.3”). This 
image does not include the keel dams and adapter plate for clarity. Figure 2-105 is another front 
view of the model correctly positioned above the floor. In this figure, the body profile plate and 
keel dams are shown to illustrate how the model-to-floor gap is reduced from 0.3” (from bottom 
edge of profile plate) to approximately 0.1” (from bottom edge of keel dams). It is interesting to 
note in this last figure how the wing/body fairing (WBF) was not simply extruded to define the 
profile plate like the rest of the fuselage. Instead, the profile plate is a designed extension of the 
WBF that improves the inboard wing loading making it similar to that of the full airplane model 
in free air. 
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Figure 2-104.  CFD Model in Proximity of Test Section Floor. 

 

Figure 2-105.  CFD Model with Profile Plate (yellow) and Keel Dams (blue, purple, red) Shown in Proximity of Test Section 
Floor. 

A summary of OVERFLOW runs completed prior to the wind tunnel test is provided in Table 2-15. 
This table includes the type of run made and a brief geometry description of each configuration 
analyzed as well as key information associated with the simulation such as boundary layer trip 
location, the turbulence model used, and which freestream quantities were applied. The run type 
is provided in the matrix to give an indication of how the results are intended to be used. ‘Rigid’ 
runs utilize the 1G design twist distribution (not accounting for additional aeroelastic differences 
such as shear/bending), while ‘elastic’ refers to runs where the 1G model was aeroelastically 
twisted to represent the expected model twist under the given load and at the applied condition. 
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Table 2-15.  OVERFLOW Run Matrix. 

 

OVERFLOW was run using two turbulence models to help quantify the uncertainty in the 
computed data: the Spalart-Allmaras (SA) 1-equation model (with the rotation and curvature 
corrections enabled), and the Shear Stress Transport (SST) 2-equation model. Other key solver 
information is provided below. 

• OVERFLOW version 2.2g 
• HLLE++ upwind scheme for diffusion terms 
• SSOR implicit solver for convection terms 
• Quadratic Constitutive Relation (QCR) turned on 

 
Unless otherwise noted, the default turbulence model used for all CFD analyses was the SA 
model.  

Turb Mach  Re/ft Remac Temp
# Priority Type Aeroelastics Description Code dai l dSF Trip Model CL / a Number (x106) (x106) (R)

1 1 cruise rigid WBS C141 0 0 T1 SA 0.695 0.8 6.3 5.2 486
2 1 cruise rigid WBSNP C142 0 0 T1 SA 0.695 0.8 6.3 5.2 486
3 1 cruise rigid WBSNPF C139 0 0 T1 SA 0.695 0.8 6.3 5.2 486
4 1 cruise rigid WBSNPFJ C143 0 0 T1 SA 0.695 0.8 6.3 5.2 486

5 1 polar rigid WBSNPFJ C143 0 0 T1 SA CL1 0.8 6.3 5.2 486
6 1 polar rigid WBSNPFJ C143 0 0 T3 SA CL1 0.8 6.3 5.2 486
7 1 1.3g rigid WBSNPFJ C143 0 0 T3 SA 0.91 0.8 6.3 5.2 486
8 1 MMO rigid WBSNPFJ C143 0 0 T3 SA 0.616 0.85 6.3 5.2 486
9 1 1.3g elastic WBSNPFJ C143 0 0 T3 SA 0.91 0.8 6.3 5.2 486

10 1 MMO elastic WBSNPFJ C143 0 0 T3 SA 0.616 0.85 6.3 5.2 486
11 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.4 6.3 5.2 486
12 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.5 6.3 5.2 486
13 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A2 0.65 6.3 5.2 486
14 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.7 6.3 5.2 486
15 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.72 6.3 5.2 486
16 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.75 6.3 5.2 486
17 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.77 6.3 5.2 486
18 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.8 6.3 5.2 486
19 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.82 6.3 5.2 486
20 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.84 6.3 5.2 486
21 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.85 6.3 5.2 486
22 1 AFO rigid WBSNPFJ C143 0 0 T3 SA A1 0.87 6.3 5.2 486
23 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.4 6.3 5.2 486
24 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.5 6.3 5.2 486
25 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A2 0.65 6.3 5.2 486
26 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.7 6.3 5.2 486
27 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.72 6.3 5.2 486
28 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.75 6.3 5.2 486
29 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.77 6.3 5.2 486
30 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.8 6.3 5.2 486
31 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.82 6.3 5.2 486
32 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.84 6.3 5.2 486
33 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.85 6.3 5.2 486
34 2 AFO rigid WBSNPFJ C143 0 0 T1 SA A1 0.87 6.3 5.2 486

Run Info Configuration

Build Up

Baseline
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2.10.1 CFD	Drag	Component	Increments	
The “Build-Up” block of OVERFLOW runs shown in Table 2-15 were made to compare force and 
moment increments between CFD and test as well as between test entries. This build-up analysis 
was intended to ensure quality data were being measured for the new semispan model. The 
effect of each component was analyzed at a Reynolds number based on the Mean Aerodynamic 
Chord (MAC) of 5.2 million and the cruise design condition of Mach = 0.8 and CL = 0.695. This 
condition corresponds to the tunnel condition of 6.3M/ft for which the model jig twist was 
designed. The four configurations analyzed for the build-up study are labeled using the letter 
designation shown in Table 2-11. 

2.10.2 Floor	Only		
Wind tunnel installation effects have been quantified with OVERFLOW analyses of the semispan 
model in the presence of the floor only as well as a complete in-tunnel simulation (not discussed 
in this paper).  

During positive load factor maneuvers (e.g., a 1g+ turn), high speed buffet onset for a well- 
designed TTBW will be driven by wing upper surface shock characteristics such as chordwise 
location and strength. Accurate buffet prediction methods must be able to capture and resolve 
shocks reasonably well, so an attempt is made to document and understand differences between 
computed and measured pressure data at three key conditions: 1g cruise, 1.3g cruise, and MMO. 
The floor only OVERFLOW data created during the SUGAR Phase V contract will be compared 
directly with buffet test data for these three select conditions. This comparison will then be 
evaluated to account for the effects of turbulence model, model-to-floor sealing, and tunnel floor 
boundary layer height. General observations regarding shock location and strength will be made 
as a function of span. 

 Static	Pressure	Comparison	at	Mach	=	0.8,	CL	=	0.695	
Wing and strut static pressures are compared at the midcruise design condition of ReMAC = 5.2M, 
Mach = 0.8, and CL = 0.695 for the forward trip location and the WBSNPFJ CFD configuration (note 
that the jury strut was not tested). The wind tunnel data selected for this comparison are from 
Run 297. Wing pressure comparisons are provided in three separate figures to keep plots legible. 
Figure 2-106 compares inboard wing pressures covering semispan stations of 7% to 37%. This 
comparison shows the floor-only CFD simulation using the SA turbulence model predicts the 
shock location to be roughly 5% to 10% aft of the test data.  Upper surface CFD pressures forward 
of the shock are less negative and slightly more negative aft of the shock. Results using the SST 
turbulence model show better agreement with the experiment where the shock location is closer 
by a few percent of chord for the first two pressure rows. 
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Figure 2-106.  Forward Trip Wing Pressure Comparison at Design Condition: Inboard Wing [M=0.8, ReMAC=5.2M, Fwd Trip]. 

Figure 2-107 compares midboard wing pressures covering semispan stations of 50% to 66%. 
Similar to the inboard comparison, the computed shock location is aft of the measured data by 
roughly 7% of chord for the SA model and a closer to 5% for the SST model. The juncture shock 
seen on the lower wing surface at 55.4% semispan agrees reasonably well for both turbulence 
models. Finally, the local suction peak in the buffet test pressures at 66% semispan is related to 
the forward trip dots applied to the model. This feature is not present in the aft trip data. 
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Figure 2-107.  Forward Trip Wing Pressure Comparison at Design Condition: Midboard Wing [M=0.8, ReMAC=5.2M, Fwd Trip]. 
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Figure 2-108 compares outboard wing pressures covering semispan stations of 73% to 88%. It is 
more difficult to accurately quantify shock location from the test due to sparse pressure tap 
locations for the midcruise condition. It is clear that the difference between CFD and wind tunnel 
is no better on the outboard wing in terms of shock position. OVERFLOW predicts the shock to 
be 5% to 10% further aft relative to experiment with only a marginal difference between 
turbulence models. There is some improvement in upper surface pressure comparisons, 
particularly at 88.3% semispan. 

 

Figure 2-108.  Forward Trip Wing Pressure Comparison at Design Condition: Outboard Wing [M=0.8, ReMAC=5.2M, Fwd Trip]. 

Strut pressures are compared in Figure 2-109 and Figure 2-110 for the midcruise design 
condition. There are small differences in the computed pressures for the two turbulence models 
under study, but both sets of data are in good agreement with test data except near the leading 
edge on the upper surface.  It is unclear whether there is a possibility of laminar flow in this region 
or if the trips are having a larger effect than expected. Unfortunately, the limited amount of mid-
span upper surface pressure data from the experiment makes it difficult to draw firm conclusions. 
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Figure 2-109.  Forward Trip Strut Pressure Comparison at Design Condition: Inboard Strut [M=0.8, ReMAC=5.2M, Fwd Trip]. 

 

Figure 2-110.  Forward Trip Strut Pressure Comparison at Design Condition: Outboard Strut [M=0.8, ReMAC=5.2M, Fwd Trip]. 
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 Static	Pressure	Comparison	at	Mach	=	0.8,	CL	=	0.91	
Figure 2-111, Figure 2-112, and Figure 2-113 compare wing pressures for the 1.3g condition at 
ReMAC = 5.2M and Mach = 0.8. The higher positive load factor is represented by data at CL = 0.91, 
which is 1.3 times the midcruise CL of 0.695 (rounded-up to 0.7 to get 0.91). The higher wing 
loading at this condition represents the required margin for buffet-free flight per FAR 25.251. 

The inboard wing comparison given in Figure 2-111 tells a similar story as the comparison made 
at the design CL of 0.695 where results from the OVERFLOW-SA analysis show the shock position 
is aft of the test data. However, the difference in position is considerably less at the 1.3g 
condition. Switching to the SST turbulence model nearly closes the gap between CFD and 
experiment altogether. This is encouraging because it is more important to see good agreement 
at conditions closer to the expected buffet boundary as opposed to the midcruise condition. 

 

Figure 2-111.  Forward Trip Wing Pressure Comparison at 1.3g Condition: Inboard Wing [M=0.8, ReMAC=5.2M, Fwd Trip]. 
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Figure 2-112 compares the midboard wing pressures at the 1.3g condition. Similar to the inboard 
comparison, OVERFLOW predicts nearly the same shock location and strength as test data with 
the SST turbulence model. This is an improved correlation of pressures when looking back at the 
design CL plots shown in Figure 2-107. The midboard and outboard portions of the wing are 
considered buffet critical in terms of loading and shock position, so good agreement in these 
regions builds confidence in CFD-based buffet onset prediction methods. 

 

Figure 2-112.  Forward Trip Wing Pressure Comparison at 1.3g Condition: Midboard Wing [M=0.8, ReMAC=5.2M, Fwd Trip]. 
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Figure 2-113 shows the outboard wing pressure comparison is also improved at CL = 0.91. Here 
even the suction pressure level forward of the shock is in good agreement (compare data at 73% 
semispan between Figure 2-108 and Figure 2-113). The improved correlation of pressures at the 
critical buffet condition representing 1.3g flight in key regions of the wing suggests the simplified 
floor only OVERFLOW model may be adequate for buffet studies.  

 

Figure 2-113.  Forward Trip Wing Pressure Comparison at 1.3g Condition: Outboard Wing [M=0.8, ReMAC=5.2M, Fwd Trip]. 

 

 Static	Pressure	Comparison	at	Mach	=	0.85,	CL	=	0.63	
Figure 2-114, Figure 2-115, and Figure 2-116 compare wing pressures for the maximum operating 
Mach (MMO) condition at ReMAC = 5.2M and CL = 0.63. MMO for the SUGAR Mach 0.8 design is 0.85, 
which is cruise Mach + 0.05. This condition is called-out in FAR 25.251(d), which states “there 
may be no perceptible buffeting condition in the cruise configuration in straight flight at any 
speed up to VMO/MMO.” 

The pressure comparison at MMO tells a similar story as the 1.3g Mach 0.8 comparison. The SST 
turbulence model provides improved correlation with test data across the span of the wing when 
compared to the SA model. The SST shock position is aft of the measured data but only by a few 
percent chord, which can be partially explained by not analyzing the model fully installed in the 
test section. The outboard wing lower surface pressures from the SST solution exhibit local 
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irregularities caused by unidentified numerical issues. This will not impact the conclusions made 
here regarding upper surface shock characteristics. 

 

Figure 2-114.  Forward Trip Wing Pressure Comparison at MMO Condition: Inboard Wing [M=0.85, ReMAC=5.2M, Fwd Trip]. 



NASA Contract NNL16AA04B, 80LARC20F0113 
Subsonic Ultra-Green Aircraft Research Phase V – Buffet Test Report 

     120 
 

 

Figure 2-115.  Forward Trip Wing Pressure Comparison at MMO Condition: Midboard Wing [M=0.85, ReMAC=5.2M, Fwd Trip]. 
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Figure 2-116.  Forward Trip Wing Pressure Comparison at MMO Condition: Outboard Wing [M=0.85, ReMAC=5.2M, Fwd Trip]. 

 

 Effect	of	Boundary	Layer	Height	
Information provided by NASA during preliminary test planning set the floor boundary layer (BL) 
thickness at 3 inches just ahead of the model. During the buffet test entry, NASA provided 
additional BL information in the form of an AIAA paper (11), which gives displacement thickness 
as a function of tunnel station, Mach number, and slots open/closed (see Figure 2-117). These 
data were used to perform a BL height sensitivity study in OVERFLOW. 

 

Figure 2-117.  Boundary Layer Displacement Thickness (d1) in the Ames 11-Ft Test Section (11). 
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According to the data plotted in Figure 2-117, the displacement thickness at a tunnel station near 
the fuselage nose should be 0.51” without the model installed. The floor only OVERFLOW 
simulation has been calibrated to a 3” BL thickness at the fuselage nose by switching to a viscous 
wall boundary condition along a particular grid line. This approach is illustrated in the top half of 
Figure 2-118. The grid line used to initialize the turbulent BL was moved forward by 69” to match 
the displacement thickness of 0.51” at a tunnel station near the fuselage nose. The location 
where displacement thickness was evaluated in the solution is shown by the pink X symbols in 
the color contour images shown in the lower half of Figure 2-118. The baseline solution has a 
displacement thickness of 0.47”. 

 

Figure 2-118.  OVERFLOW Boundary Layer (BL) Approximation on the Test Section Floor at Mach 0.8. 

Increasing the displacement thickness of the test section floor boundary layer by 0.04” had no 
significant effect on nose or wing pressures.  The angle of attack was increased by 0.003° to hold 
CL = 0.695 and there was a very slight nose-down CPM shift of -0.0005. The results of this sensitivity 
study show the floor only OVERFLOW model has a reasonably accurate boundary layer thickness 
at the fuselage nose. 
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2.10.3 CFD	Buffet	Predictions	
Computational studies focused on quantifying buffet characteristics of the TTBW configuration 
were conducted prior to the wind tunnel test. The primary objective was to predict the initial 
buffet boundary using different methods and quantify effects of boundary layer transition 
location, strut flap deflection, and turbulence modeling. Three different buffet prediction 
methods were applied to the CFD data:  

• Axial Force Offset (see Section 2.9.9.4), 
• Trailing Edge Pressure Divergence (see Section 2.9.9.3), and 
• BUFFET (see Section 2.10.3.1) 

The AFO and BUFFET methods are based on empirical data established for conventional 
configurations – the AFO method is based on global forces, while BUFFET is based on sectional 
flow properties. The trailing edge pressure divergence method utilizes computed data for the 
configuration under study. A brief description of the BUFFET method is given below.  

 BUFFET	Code	Assessment	
The BUFFET code estimates a configuration sensitivity to buffet by computing shock strength and 
position and comparing it against a critical normal Mach number database as determined by  2D 
high Reynolds number data from conventional and supercritical airfoil tests. The method 
provides an indication of when shock-induced separation leads to buffet onset. The BUFFET 
program has been historically shown to be accurate for predicting buffet onset for T-tailed 
twinjet transport designs and was used to assess buffet characteristics for the TTBW wing and 
strut throughout the design process. Figure 2-119 shows a typical graphic produced by the 
program, which is used to infer whether the computed normal Mach number of the airfoil has 
exceeded the critical normal Mach, thereby inferring that buffet onset has been reached. 

 
Figure 2-119.  BUFFET code output indicating whether buffet has been reached. 
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 Computational	Buffet	Predictions	Results	Comparison	
After applying the three buffet prediction methods discussed in section 2.10.3, the data are 
summarized in Figure 2-120, which depicts several comparisons that should be noted.  These 
comparisons are:  

• The forward (5% chord) trip and aft (25% chord) trip locations 
• The CFD processed data against the data collected from the test 
• Various buffet prediction methods relative to each other, and 
• How the CFD turbulence modeling can affect the buffet prediction at various Mach 

numbers. 

 

Figure 2-120.  Buffet Prediction Comparisons for Forward Trip Location (5% Chord, Left) & Aft Trip Locations (25% Chord, 
Right) [ReMAC=5.2M]. 

It can generally be seen that the AFO method, particularly for the forward trip data, agrees very 
well between CFD and test.  Speaking to the forward trip plots, the ability of the SST turbulence 
model to predict wing pressure at cruise and MMO can also be extended to AFO initial buffet 
prediction, but SA tends to better match the trend at Mach 0.75.  It’s at these lower Mach 
numbers that the prediction of CLmax and its shape becomes increasingly important, and accounts 
for much of the deviation from the test data. For the aft trip configuration, it can be seen that 
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the CFD-generated AFO prediction is conservative, when compared with wind tunnel data 
processed in a similar manner.  It is observed that the AFO-processed CFD data indicate a much 
lower sensitivity to trip location than the AFO-processed wind tunnel data, but the Kulite® data 
collected from the test would suggest a much lower sensitivity, more in-line with the CFD-based 
prediction (refer to Section 2.9.10.2). It can also be observed that both the BUFFET and Trailing 
Edge Pressure Divergence methods used to predict initial buffet are even more conservative, and 
diverge significantly from the test data processed using the AFO method. 

Finally, a CFD analysis examined the predicted effect that the outboard strut flap had on the 
buffet boundary. As was verified in the wind tunnel data in Section 2.9.10.1, the computed AFO-
based initial buffet curve is insensitive to the strut flap position. These data, shown in Figure 
2-121, once again verify that the wing-strut channel is not buffet critical for the TTBW. 

 

Figure 2-121.  Effect of Strut Flap Position on Buffet Prediction Using AFO Method [Config C139, Aft Trip T3, ReMAC=5.2M]. 
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2.11 Assessment	of	Buffet	TTBW	Buffet	Prediction	
During the buffet wind tunnel test, a wide variety of methods were used to predict buffet onset. 
Data were measured in the tunnel using an extensive suite of instrumentation and computational 
methods (CFD) exercised. These methods examined changes in buffet onset for a series of vehicle 
configurations, flow conditions, and boundary layer trip patterns. Steady and unsteady data were 
acquired using pressure transducers, accelerometers, strain gauges, and a five-component 
balance. 

In general, the most successful methods were based on global (whole vehicle) measurements or 
predictions. This makes sense since the various instability modes that lead to buffet onset 
manifest as whole-vehicle flow instabilities. Of the results measured, the most successful 
predictions were made when a forward trip location was used. As the amount of laminar flow 
grew on the wing, the more disagreement existed between the predicted values and inferred 
buffet onset as measured by the model array of Kulites®. That is not to say that section-based 
methods do not have a place in the modern computational and design framework, since these 
methods are in general simple to compute as well as conservative in their estimate of buffet 
onset.  

As pertaining specifically to the TTBW configuration, the data obtained in the current wind tunnel 
test strongly suggest that (at the scale and Reynolds number of the test) buffet onset is for all 
intents and purposes – conventional (driven by wing upper surface initiated global instability). 
No data measured during the test suggested that the lower side of the strut nor the interior of 
the wing-strut channel were ever buffet critical. However, it is clear that the typical spanwise 
station where buffet often initiates for a conventional configuration is further inboard on the 
TTBW – located in the span region of the wing-strut juncture. This discovery is strongly supported 
by measurements of the TTBW spanload, with lift contributions coming from both the wing and 
strut. Where these surfaces join together, the airfoil designs are shaped to control flow 
accelerations into the channel, naturally resulting in a wing that has a higher local spanload 
contribution than for conventional cantilevered-wing designs.  
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2.12 Stability	and	Control	Testing	
Upon completion of the buffet boundary determinations, additional data collection was made 
regarding control surface effectiveness. The tested deflection ranges and conditions (Reynolds 
number and Mach ranges) were expanded from the full-span test matrix due to the model 
increased strength and physical size. 

 IB	Aileron	Effectiveness	
The inboard ailerons were one of the components that could not be fully tested at higher angles 
of attack due to load limits during the earlier entry of the full span model.  In this entry, testing 
was conducted at the higher angles of attack.  Furthermore, smaller deflections were also tested 
to better capture nonlinear response to small aileron deflections. 

 

Figure 2-122.  Effect of Inboard Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.5]. 
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Figure 2-123.  Effect of Inboard Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.8]. 

As seen in Figure 2-122 (Call to figure in text should come before the figure.), at Mach=0.5, the 
inboard aileron behavior is very conventional and does not show any indications of sudden loss 
of authority exhibited at Mach=0.2 during low speed testing.  As indicated in Figure 2-123 (Call to 
figure in text should come before the figure.), at Mach=0.80, the inboard aileron continues to be 
well behaved across the deflections. 
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Figure 2-124.  Effect of Inboard Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.15M, 
M=0.92]. 

At Mach=0.92 (Figure 2-124) (Call to figure in text should come before the figure.), there are clear 
indications of reversal at the lower angles of attack and small TEU deflections.  At angles of attack 
higher than 3°, the magnitude of the rolling moment tends to increase with increasing deflection 
as is desired.  However, below 3° angle of attack, deflections of up to -10° generate an opposite 
moment.  This is consistent with results of earlier full-span model tests. 
 

The roll reversals mentioned earlier start at Mach=0.89.  Figure 2-125 shows that the reversal of 
-10° with -5° and -2.5° of aileron starts around 1° angle of attack.  Below 0.5° angle of attack, all 
three TEU deflections seem to be reversing. 
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Figure 2-125.  Effect of Inboard Aileron Deflection on the Rolling Moment Coefficient - zoomed in. [Config C139, Trip T2, 

ReMAC=2.16M, M=0.89]. 

 
Figure 2-126.  Effect of Inboard Aileron Deflection on the Rolling Moment Coefficient - zoomed in. [Config C139, Trip T2, 

ReMAC=2.16M, M=0.92]. 
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Figure 2-126 (Call to figure in text should come before the figure.) zooms in on the region of 
reversal and includes the -2.5° aileron deflection, which was left off Figure 2-124 for the sake of 
clarity.  The observations made earlier are more readily apparent and it can also be seen that          
-2.5° deflection reverses below 0.75°.  The general trend seems to be that with increasing TEU 
deflection, the reversal is larger and spreads over a larger angle of attack range. 
 

 Combined	Aileron	Effectiveness	
 

 

Figure 2-127.  Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.5]. 

As with the inboard ailerons, the combined aileron deflections at Mach=0.5 are well behaved and 
conventional (Figure 2-127) (also call to figure in text should come before the figure). 

At cruise Mach number (Figure 2-128), the combined ailerons remain well behaved and show 
good authority even at the higher angles of attack. 
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Figure 2-128.  Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.8]. 

 

Figure 2-129. Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.92]. 
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At 0.92 Mach (Call to figure in text should come before the figure. (Figure 2-129), the rolling 
moment reversal seen with inboard ailerons get much worse.  Near 3.25° angle of attack, -10° 
deflection reverses on the -5° deflection.  Both reverse on the baseline 0° deflection around 2° 
and 1.5°, respectively.  Furthermore, the -10° aileron is coincident with the -30° deflection above 
4° angle of attack, indicating the possibility of a dead band of 20° in roll authority. 

These are undesirable characteristics, which can complicate the development of the flight control 
system and add risk. 

 

Figure 2-130. Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.89]. 

Figure 2-130 (Call to figure in text should come before the figure.) shows the region of reversal, 
which starts at Mach=0.89 and grows at Mach=0.92.  At Mach=0.89, the beginning of a roll 
reversal are first seen.  Below 0.5° angle of attack, the -5° deflection is either very slightly 
reversing or coincident with the -2.5° deflection.   
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Figure 2-131. Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.92]. 

Figure 2-131 (Call to figure in text should come before the figure.) zooms in on the low angle of 
attack range to better show the region of reversal.  It also includes the -2.5° deflection left off the 
other plot for sake of clarity.  The rolling moment reversal makes a discernable trend across 
deflection and angle of attack.  The TED deflections are fairly linear down to 0° angle of attack 
with a slight nonlinear behavior below 0.5°. 

The effect of Reynolds number on the aileron deflections tends to be small with deflection and 
hard to pinpoint without accounting for the wind tunnel model aeroelastics.  Since the dynamic 
pressure can vary dramatically to attain the desired Reynolds number, any effect of the latter on 
the aileron effectiveness can be lost due to effects of the former. 
 
As show in Figure 2-132 to Figure 2-134, varying Reynolds numbers from 2.16 million to 5.18 
million, the effect on rolling moment reversal is hard to discern.  While the region of reversal 
does not change very much, there are small changes in magnitude of the rolling moment 
coefficients.  However, these could have more to do with model aeroelastics than with Reynolds 
number. 
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Figure 2-132. Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, 
M=0.89]. 

 

Figure 2-133. Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T1, ReMAC=3.29M, 
M=0.89]. 
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Figure 2-134. Effect of Combined Aileron Deflection on the Rolling Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, 
M=0.89]. 

 

 Spoiler	Effectiveness	
Testing of control surfaces was carried out during the test to fill out gaps in the test matrix of the 
earlier full-span model entry in 2019.  The data collected for spoilers and ailerons deflected were 
often limited to low angles of attack due to the load limits and possible areas of concern at the 
higher angles of attack remained uninvestigated until this entry.  A better range of deflections – 
small, midrange, and large – for the spoilers was available and tested enabling capture of the 
characteristics across deflection, Mach, and angle of attack with sufficient granularity to identify 
problem areas. (Do not see call to figures 2-135 and 2-136.) 
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Figure 2-135. Effect of Spoilers on the Lift Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.5]. 

 

Figure 2-136. Effect of Spoilers on the Lift Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.8]. 
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Lift is reversing above 4.5° angle of attack for -5° and -10° of spoiler deflections. The magnitude 
of the reversal is small but it remains an undesirable characteristic. 

While the baseline wing and those small deflections show a decline in lift curve slope at the higher 
angles of attack, the larger deflections are highly separated from the beginning and exhibit a 
linear trend across the range of angles of attack. 

 

Figure 2-137. Effect of Spoilers on the Lift Coefficient [Config C139, Trip T2, ReMAC=2.15M, M=0.92]. 

At Mach=0.92 (Call to figure in text should come before the figure. (Figure 2-137), with the 
presence of strong shocks, the effects of small deflections are linear with angle of attack in lift 
coefficient.  The baseline curve also follows this trend. Larger deflections, however, are now 
nonlinear but no reversals are observed anywhere in the angle of attack range. 
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Figure 2-138. Effect of Spoilers on the Drag Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.5]. 

The use of spoilers for speed brakes show good overall results across angle of attack, Mach, and 
deflection.  However, at Mach=0.92, the smaller deflections show relatively small increases in 
drag.  The presence of stronger shocks and separated flow tends to dominate the flow field and 
small deflections of the spoiler do not affect it very much.  Larger deflections are required to 
create significant increases in drag from the baseline configuration.  (Don't see call to Figs 2-138 
through 2-140.) 
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Figure 2-139. Effect of Spoilers on the Drag Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.8]. 

 

Figure 2-140. Effect of Spoilers on the Drag Coefficient [Config C139, Trip T2, ReMAC=2.15M, M=0.92]. 
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Figure 2-141. Effect of Spoilers on the Pitching Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.5]. 

 

Figure 2-142. Effect of Spoilers on the Pitching Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.8]. 
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Pitching moment shows reasonable response across Mach, angle of attack, and deflection.  
Magnitude of pitching moment changes due to the spoilers are well within the tail pitch limits 
mapped earlier during the full span entry and presumable elevator authority for this type of tail. 
(Don't see call to Figs 2-141 through 2-143.  Also call to figures in text should come before the 
figures). 

While the magnitudes remain small, the baseline level of instability increases with increasing 
Mach number.  

 

Figure 2-143. Effect of Spoilers on the Pitching Moment Coefficient [Config C139, Trip T2, ReMAC=2.15M, M=0.92]. 

The pitching moment characteristics at Mach=0.92 (Figure 2-143) are highly nonlinear but still 
well within tail pitch limits.   

Rolling moment characteristics follow lift generally and changes due to deflection are linear at 
low Mach numbers (Figure 2-144).  At Mach=0.80 (Figure 2-145), there are signs of reversal at 
the higher angles of attack and smaller deflection angles.  The reversal follows the same patterns 
as seen in lift coefficient.  

At the higher Mach numbers (Figure 2-146), there are no indications of reversal of rolling moment 
control authority.  However, the smaller deflections of spoilers are not very effective. This is not 
surprising as previous testing on swept wing transports has shown similar characteristics.  Small 
deflections do not alter the flow field which is dominated by strong shocks and separated flow. 
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Figure 2-144. Effect of Spoilers on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.5]. 
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Figure 2-145. Effect of Spoilers on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.16M, M=0.8]. 

 

Figure 2-146. Effect of Spoilers on the Rolling Moment Coefficient [Config C139, Trip T2, ReMAC=2.15M, M=0.92]. 
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 Outboard	Strut	Flap	Effects	
Small deflections of the strut flap were tested to assess levels of additional roll control.  At a 
Reynolds number of 5.18 million, four small deflections, -4°, -2°, +2°, and +4°, were tested.  A 
summary of the rolling and pitching moment coefficients is presented below. 

As expected, changes in pitching moment are small at the lower Mach numbers and miniscule at 
the highest Mach numbers.  TED deflections at the lower Mach numbers do not cause significant 
changes in pitching moment.  Only the -4° deflection seems to affect the baseline pitching 
moment by a small but discernible airplane nose up moment. 

With increasing Mach, the effect of the -4° deflection becomes smaller (see Figure 2-147 to Figure 
2-149).   

 

 

Figure 2-147. Effect of Strut Flap Deflection on the Pitching Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, M=0.5]. 
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Figure 2-148. Effect of Strut Flap Deflection on the Pitching Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, M=0.8]. 

 

Figure 2-149. Effect of Strut Flap Deflection on the Pitching Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, M=0.89]. 
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The TED deflections add no significant changes to the rolling moment at lower Mach numbers 
(see Figure 2-150).  TEU deflections are more effective but changes in rolling moment are an 
order of magnitude smaller than what the inboard aileron alone can generate.  

At cruise Mach (Figure 2-151), both TEU and TED deflection alter the rolling moment minimally 
while at Mach=0.89 (Figure 2-152), the effect essentially is collapsed and no significant changes 
in rolling moment can be observed. 

Due to the semispan installation, the ability to test the effects of the strut flap as a yaw effector 
were not possible to test. However, the potential of this surface to be used as a potential yaw 
control or speed brake will be assessed in the future. 

 

Figure 2-150. Effect of Strut Flap Deflection on the Rolling Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, M=0.5]. 
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Figure 2-151. Effect of Strut Flap Deflection on the Rolling Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, M=0.8]. 

 

 

Figure 2-152. Effect of Strut Flap Deflection on the Rolling Moment Coefficient [Config C139, Trip T1, ReMAC=5.2M, M=0.89]. 
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 General	Assessment	of	Vehicle	Control	
During the early phases of wind tunnel testing a new airplane, primary concern is on general 
characteristics, levels of control authority, and any indications of problems areas.  The full span 
model entry included testing of the horizontal tail.  The angle of attack range was highly limited 
but, in general, showed good stability and pitch authority from the horizontal.  However, lack of 
higher angle-of-attack data and elevator testing precluded a more complete assessment of the 
stability and control in the pitch axis.  Testing during this entry, with a semispan model, added no 
further information toward a more conclusive evaluation. 

In the lateral axis, investigation of rolling moment characteristics during the previous test was 
generally limited to lower angles of attack due to load limits.  However, indications of roll reversal 
with aileron deflections were uncovered at the higher end of the Mach range and small 
deflections.  During this entry, a wider range of deflections and at higher angles of attack were 
tested and the rolling moment reversal was confirmed and more thoroughly mapped.  While the 
reversals are only present with TEU deflections, they remain an undesirable characteristic that 
complicates development of the flight control system and carries risk. 

With spoiler deflections, the single indication of roll reversal during the previous entry was with 
the deployment of the outboard spoilers. Midboard and inboard spoilers did not show this 
characteristic.  During this entry, only the combined inboard, midboard, and outboard spoilers 
were tested and, as a combined element, show no indication of reversal, which is as expected.  
Also, as is consistent with previous swept wing transport configurations, small deflections are 
ineffective at the high end of the Mach range.  This is observed both in rolling moment and drag.  
However, the larger deflections of the spoilers remain effective and do not generate severe 
changes in pitching moment and remain well within the pitch limits of the horizontal.  Since 
elevator authority was not defined, the horizontal pitch limits were used to make a rough 
assessment. 
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3.0 Final	High-Speed	Test	Conclusions	
The transonic buffet test successfully investigated buffet onset on a TTBW, and gathered 
important data for the validation of existing tools and processes. A series of heritage tools for 
buffet boundary prediction were compared against unsteady pressure measurements taken with 
a new, 9% scale semispan wind tunnel model tested in the NASA ARC 11-Ft Transonic Wind 
Tunnel. With the exception of the pitching moment break and trailing edge pressure divergence 
methods, reasonably good agreement in buffet boundary predictions was found for the axial 
force offset, accelerometer, and strain gauge methods, when using the wing forward trip 
configuration. However, buffet boundaries for configurations that tested more significant 
laminar runs using a series of aft trips were found to have disagreement with unsteady pressure 
measurements taken during testing, particularly for higher Mach flows. In these cases, resolution 
of buffet prediction methods still requires additional work to understand and resolve differences. 
Changes to vehicle configuration and changes in flow conditions were also well predicted when 
using the forward trip. Alterations in vehicle spanload did not have a strong effect on buffet 
critical station. 

CFD analysis of the vehicle was compared to acquired test data. While good agreement was found 
in incremental changes based on changes to configuration and flow conditions, the analysis 
highlighted a disconnect between the predicted and measured vehicle surface pressures. In 
particular, the cruise design condition shock location was significantly further forward in test than 
in analysis. A review of previous in-tunnel CFD predictions highlighted the need for full-tunnel 
modeling (floor, walls, and ceiling) to achieve improved matching between CFD and test. 
Nevertheless, for the conditions of interest in the buffet test, floor-only CFD of the wind tunnel 
model provided a good match to test, giving confidence that the desired buffet-onset flow 
characteristics in the tunnel were suitable for investigations of buffet boundary. 

For the TTBW configuration, this test has successfully mitigated concerns regarding potential 
alternate buffet onset mechanisms. Measured data confirm that low-CL and wing-strut-channel 
induced buffet onset are no longer a primary concern. Rather, the TTBW configuration has a fairly 
conventional wing-upper-surface-based buffet onset, where the only difference from a standard 
cantilever wing buffet is an inward movement of the critical wing section from ~70% span to the 
wing-strut spanwise attachment location. 

The testing also expanded the range of stability and control investigations begun in the last high-
speed wind tunnel test campaign. Data for an expanded range of deflections, Mach and angle of 
attack for wing-mounted control surfaces were collected. These data identified a region of rolling 
moment reversal with greater definition across a range of control surface deflections, Mach, and 
angle of attack. 
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4.0 Recommendations	for	Future	High-Speed	Testing	
Completion of the transonic buffet test marks the conclusion of the latest high-speed risk 
reduction effort for the SUGAR Mach=0.80 TTBW configuration. In this test, it was shown that 
buffet onset flow physics for the TTBW are similar to conventional cantilevered wing aircraft, 
with the primary buffet instabilities occurring on the wing, and not on the strut or in the wing-
strut channel. Despite this determination, there are several elements of the test that could 
be improved on to provide more complete information regarding buffet onset on the TTBW. 
In particular, the loss of unsteady pressure transducers (Kulites®) before and during testing 
in the key spanwise region provided some limitations to the results of the test. Replacement 
of these sensors and revisitation/addition of key test points could provide more complete 
information regarding buffet onset. In addition, since the buffet boundary was determined 
through a post-test analysis process (and not in real time), load limitations on the model 
occasionally cut testing short at some conditions of interest. This directly resulted in the need 
for some calculated buffet boundaries to use more significant extrapolation. These 
extrapolations occasionally led to increased uncertainty in predicted buffet boundaries. 
Therefore, revisiting of these conditions at slightly lower dynamic pressures may provide 
additional data to complement available buffet estimates.  

In addition, the buffet wind tunnel model is fairly stiff and is not representative of anticipated 
flight vehicle aeroelastics. Since significant structural maturation of the TTBW has occurred 
in the last few years, interest has increased in revisiting aeroelastic testing with an updated 
configuration structural and aerodynamic design. This test could leverage the learnings from 
the last decade of TTBW development (both M=0.80 aero design with EI/GJ distributions from 
new structural designs), and provide the most accurate insight into TTBW aeroelastic 
behaviors to date.  The creation of a new test asset would provide the potential for future 
studies of gust load alleviation benefits and exploration of aeroservoelasticity effects that 
may be used for control law development. 

It is noted that for future testing of any configuration in the 11-Ft transonic tunnel in which 
unsteady pressure measurements are collected, a fairing applied to the tunnel arc sector 
might reduce background noise, increasing dynamic data quality. 

High speed (transonic) testing to date has been completed in the wind tunnel. These tests 
have provided critical technology maturation. However, in order to best match vehicle 
aeroelastics and Reynolds number, the next step in maturation would be best accomplished 
using a full-scale flying test article. This article could be used to substantiate the high 
aerodynamic efficiency of the configuration, and further calibrate both buffet prediction and 
flutter prediction methods. 
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Appendix	A	–	Buffet	Test	Run	Matrix	
Run 

Number As-run Date 
Run 

Series 
Run 
Type Config   

Model 
Change 

Transition 
Trip Alpha 

OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

Reynolds Number Study for Safety of Flight/Tunnel Cleanliness Check 

108 1/26/22 1 PP C139 LE tape on T1 0 0 0 0 0 0 0 0.00 0.00 

109 1/26/22 1 SLO C139   T1 0 0 0 0 0 0 0 0.00 0.00 

110 1/26/22 1 SLO C139   T1 0 0 0 0 0 0 0 0.00 0.00 

111 1/26/22 1 SLO C139   T1 0 0 0 0 0 0 0 0.00 0.00 

112 1/26/22 1 SLO C139   T1 0 0 0 0 0 0 0 0.00 0.00 

113 1/26/22 1 PP C139   T1 -4 to  +6 0 0 0 0 0 0 2.16 0.80 

117 1/27/22 1 PP C139   T1 -4 to  +10 0 0 0 0 0 0 2.16 0.20 

Forward Trip 

118 1/27/22 1 PP C139   T1 -4 to  +16 0 0 0 0 0 0 2.16 0.20 

119 1/27/22 1 PP C139   T1 -4 to  +9.5 0 0 0 0 0 0 2.16 0.50 

120 1/27/22 1 PP C139   T1 -4 to  +7.5 0 0 0 0 0 0 2.16 0.70 

121 1/27/22 1 PP C139   T1 -4 to  +6 0 0 0 0 0 0 2.16 0.80 

122 1/27/22 1 PP C139   T1 -4 to  +5 0 0 0 0 0 0 2.16 0.85 

123 1/27/22 1 PP C139   T1 -3 to  +5 0 0 0 0 0 0 2.16 0.89 

124 1/27/22 1 PP C139   T1 -3 to  +5 0 0 0 0 0 0 2.16 0.92 

128 1/27/22 2 PP C139 LE tape on T1 -2 to  +9.5 0 0 0 0 0 0 3.29 0.50 

129 1/27/22 2 PP C139   T1 -2 to  +7.5 0 0 0 0 0 0 3.29 0.70 

130 1/27/22 2 PP C139   T1 -2 to  +7 0 0 0 0 0 0 3.29 0.75 

131 1/27/22 2 PP C139   T1 -2 to  +6 0 0 0 0 0 0 3.29 0.80 

132 1/27/22 2 PP C139   T1 -2 to  +5 0 0 0 0 0 0 3.29 0.85 

133 1/27/22 2 PP C139   T1 -2 to  +5 0 0 0 0 0 0 3.29 0.89 

135 1/27/22 2 PP C139   T1 -2 to  +5 0 0 0 0 0 0 3.29 0.92 

136 1/27/22 3 PP C139   T1 -2 to  +9.5 0 0 0 0 0 0 5.18 0.50 

137 1/27/22 3 SLO C139 LE tape on T1 -2 to  +9.5 0 0 0 0 0 0 5.18 0.50 

138 1/27/22 3 PP C139   T1 -2 to  +7.5 0 0 0 0 0 0 5.18 0.70 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

139 1/27/22 3 SLO C139   T1 -2 to  +6.25 0 0 0 0 0 0 5.18 0.70 

140 1/27/22 3 SLO C139   T1 -2 to  +7.5 0 0 0 0 0 0 5.18 0.70 

141 1/27/22 3 PP C139   T1 -2 to  +7 0 0 0 0 0 0 5.18 0.75 

142 1/27/22 3 SLO C139   T1 -2 to  +7 0 0 0 0 0 0 5.18 0.75 

143 1/27/22 3 PP C139   T1 -2 to  +6 0 0 0 0 0 0 5.18 0.80 

144 1/27/22 3 SLO C139   T1 -2 to  +6 0 0 0 0 0 0 5.18 0.80 

145 1/27/22 3 PP C139   T1 -2 to  +5 0 0 0 0 0 0 5.18 0.85 

146 1/27/22 3 SLO C139   T1 -2 to  +5 0 0 0 0 0 0 5.18 0.85 

147 1/27/22 3 PP C139   T1 -1.5 to  +5 0 0 0 0 0 0 5.18 0.89 

148 1/27/22 3 PP C139   T1 -1.5 to  +5 0 0 0 0 0 0 5.18 0.89 

149 1/27/22 3 SLO C139   T1 -1.5 to  +5 0 0 0 0 0 0 5.18 0.89 

150 1/27/22 3 PP C139   T1 -1.5 to  +5 0 0 0 0 0 0 5.18 0.92 

151 1/27/22 3 SLO C139   T1 -1.5 to  +5 0 0 0 0 0 0 5.18 0.92 

158 1/27/22 4 PP C139 LE tape on T1 0. to  +5 0 0 0 0 0 0 6.58 0.70 

159 1/27/22 4 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.75 

160 1/27/22 4 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.80 

161 1/27/22 4 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.82 

162 1/27/22 4 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.85 

165 1/27/22 5 PP C139 LE tape off T1 0. to  +5 0 0 0 0 0 0 6.58 0.70 

166 1/27/22 5 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.75 

167 1/27/22 5 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.80 

168 1/27/22 5 SLO C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.80 

169 1/27/22 5 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.82 

170 1/27/22 5 PP C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.85 

171 1/27/22 5 SLO C139   T1 0. to  +5 0 0 0 0 0 0 6.58 0.85 

174 1/27/22 6 PP C139 LE tape off T1 -2. to  10 0 0 0 0 0 0 5.18 0.50 

175 1/27/22 6 PP C139   T1 -2. to  7.5 0 0 0 0 0 0 5.18 0.70 

176 1/27/22 6 PP C139   T1 -2. to  7 0 0 0 0 0 0 5.18 0.75 

177 1/27/22 6 PP C139   T1 -2. to  7 0 0 0 0 0 0 5.18 0.78 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

178 1/27/22 6 PP C139   T1 -2. to  6 0 0 0 0 0 0 5.18 0.80 

179 1/27/22 6 PP C139   T1 -2. to  5.5 0 0 0 0 0 0 5.18 0.82 

181 1/27/22 6 PP C139   T1 -2. to  5 0 0 0 0 0 0 5.18 0.85 

182 1/27/22 6 PP C139   T1 -2. to  5 0 0 0 0 0 0 5.18 0.87 

183 1/27/22 6 PP C139   T1 -2. to  5 0 0 0 0 0 0 5.18 0.89 

184 1/27/22 6 PP C139   T1 -2. to  5 0 0 0 0 0 0 5.18 0.92 

188 1/27/22 7 CPR C139   T1 -2. to  6 0 0 0 0 0 0 5.18 0.80 

189 1/27/22 7 CPR C139   T1 -2. to  5 0 0 0 0 0 0 5.18 0.85 

190 1/27/22 7 CPR C139   T1 -2. to  5 0 0 0 0 0 0 5.18 0.92 

191 1/27/22 7 CPR C139   T1 -2. to  7 0 0 0 0 0 0 5.18 0.92 

192 1/27/22 7 CPR C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.85 

193 1/27/22 7 CPR C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.80 

194 1/27/22 9 CPR C139   T1 -2 to 10 0 0 0 0 0 0 5.18 0.80 

195 1/27/22 9 CPR C139   T1 -2 to 11 0 0 0 0 0 0 5.18 0.85 

196 1/27/22 9 CPR C139   T1 -1.5 to 8.4 0 0 0 0 0 0 5.18 0.92 

197 1/27/22 10 CPR C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.92 

198 1/27/22 10 CPR C139   T1 -2. to  8.8 0 0 0 0 0 0 5.18 0.85 

199 1/27/22 10 CPR C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.80 

200 1/27/22 11 SLO C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.80 

201 1/27/22 11 SLO C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.85 

204 1/28/22 12 CPR C139   T1 -2. to  14 0 0 0 0 0 0 5.18 0.78 

205 1/28/22 12 CPR C139   T1 -2. to  14 0 0 0 0 0 0 5.18 0.82 

206 1/28/22 12 CPR C139   T1 -2. to  14 0 0 0 0 0 0 5.18 0.78 

207 1/28/22 12 CPR C139   T1 -2. to  14 0 0 0 0 0 0 5.18 0.82 

208 1/28/22 12 CPR C139   T1 -2. to  12.4 0 0 0 0 0 0 5.18 0.87 

217 1/28/22 12 PP C139   T1 -2. to  11 0 0 0 0 0 0 5.18 0.78 

218 1/28/22 12 PP C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.80 

219 1/28/22 12 PP C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.82 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

220 1/28/22 12 PP C139   T1 -2. to  10 0 0 0 0 0 0 5.18 0.85 

221 1/28/22 12 PP C139   T1 -1.5 to  9 0 0 0 0 0 0 5.18 0.87 

222 1/28/22 12 PP C139   T1 -1.5 to  9 0 0 0 0 0 0 5.18 0.92 

223 1/28/22 13 CPR C139   T1 -2. to  13 0 0 0 0 0 0 3.95 0.78 

224 1/28/22 13 CPR C139   T1 -2. to  12 0 0 0 0 0 0 3.95 0.80 

225 1/28/22 13 CPR C139   T1 -2. to  12 0 0 0 0 0 0 3.95 0.82 

226 1/28/22 13 CPR C139   T1 -2. to  12 0 0 0 0 0 0 3.95 0.85 

227 1/28/22 13 CPR C139   T1 -1.5 to  10 0 0 0 0 0 0 3.95 0.92 

228 1/28/22 13 PP C139   T1 -2. to  12 0 0 0 0 0 0 3.95 0.78 

229 1/28/22 13 PP C139   T1 -2. to  9.5 0 0 0 0 0 0 3.95 0.80 

230 1/28/22 13 PP C139   T1 -2. to  9 0 0 0 0 0 0 3.95 0.82 

231 1/28/22 13 PP C139   T1 -2. to  9 0 0 0 0 0 0 3.95 0.85 

232 1/28/22 13 PP C139   T1 -1.5 to  8.5 0 0 0 0 0 0 3.95 0.92 

Forward Trip, Inboard Aileron +5deg 

235 1/28/22 14 CPR C139 + Inbd Ail T1 -2 to  9 0 5 0 0 0 0 3.95 0.80 

238 1/28/22 14 CPR C139   T1 -2 to  9 0 5 0 0 0 0 3.95 0.85 

239 1/28/22 14 CPR C139   T1 -2 to  9 0 5 0 0 0 0 3.95 0.80 

240 1/28/22 14 CPR C139   T1 -1.5 to 8 0 5 0 0 0 0 3.95 0.92 

242 1/28/22 14 PP C139   T1 -2 to  9 0 5 0 0 0 0 3.95 0.80 

243 1/28/22 14 PP C139   T1 -2 to  9 0 5 0 0 0 0 3.95 0.85 

244 1/28/22 14 PP C139   T1 -1.5 to 8 0 5 0 0 0 0 3.95 0.92 

245 1/28/22 14 PP C139   T1 -2.0 to 9.5 0 5 0 0 0 0 5.18 0.80 

246 1/28/22 14 PP C139   T1 -2 to  9 0 5 0 0 0 0 5.18 0.85 

247 1/28/22 14 PP C139   T1 -1.5 to 8 0 5 0 0 0 0 5.18 0.92 

248 1/28/22 14 CPR C139   T1 -2.0 to 9.5 0 5 0 0 0 0 5.18 0.92 

249 1/28/22 14 CPR C139   T1 -2 to  8 0 5 0 0 0 0 5.18 0.85 

250 1/28/22 14 CPR C139   T1 -1.5 to 8 0 5 0 0 0 0 5.18 0.80 

256 1/28/22 15 SLO C139   T1 -2.0 to 9.5 0 5 0 0 0 0 5.18 0.80 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

257 1/28/22 15 SLO C139   T1 -2 to  9 0 5 0 0 0 0 5.18 0.85 

258 1/28/22 15 SLO C139   T1 -2 to  9 0 5 0 0 0 0 3.95 0.80 

259 1/28/22 15 SLO C139   T1 -2 to  9 0 5 0 0 0 0 3.95 0.85 

260 1/28/22 16 CPR C139   T1 -2 to  10 0 5 0 0 0 0 5.18 0.80 

261 1/28/22 16 CPR C139   T1 -2 to  10 0 5 0 0 0 0 5.18 0.85 

262 1/28/22 16 CPR C139   T1 -2 to  10 0 5 0 0 0 0 3.95 0.80 

263 1/28/22 16 CPR C139   T1 -2 to  10 0 5 0 0 0 0 3.95 0.85 

264 1/28/22 17 CPR C139   T1 +2 to 8 0 5 0 0 0 0 3.95 0.85 

265 1/28/22 17 CPR C139   T1 +2 to 8 0 5 0 0 0 0 3.95 0.80 

266 1/28/22 17 CPR C139   T1 +2 to 8 0 5 0 0 0 0 5.18 0.80 

267 1/28/22 17 CPR C139   T1 +2 to 8 0 5 0 0 0 0 5.18 0.85 

Forward Trip,  Inboard Aileron 0deg 

270 1/28/22 18 CPR C139   T1 +2 to 8 0 0 0 0 0 0 5.18 0.80 

271 1/28/22 18 CPR C139   T1 +2 to 8.9 0 0 0 0 0 0 5.18 0.85 

272 1/28/22 18 CPR C139   T1 +2 to 8 0 0 0 0 0 0 3.95 0.80 

273 1/28/22 18 CPR C139   T1 +2 to 8 0 0 0 0 0 0 3.95 0.85 

274 1/28/22 19 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.85 

275 1/28/22 19 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

276 1/28/22 20 SLO C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

277 1/28/22 20 SLO C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.85 

278 1/28/22 21 CPR C139   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.75 

279 1/28/22 21 CPR C139   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.78 

280 1/28/22 21 CPR C139   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.80 

281 1/28/22 21 CPR C139   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.82 

282 1/28/22 21 CPR C139   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.85 

283 1/28/22 21 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.87 

284 1/28/22 21 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.50 

287 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.80 
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288 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.50 

289 1/30/22 22 PP C139   T1 -2 to 0.75 0 0 0 0 0 0 5.18 0.50 

290 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.60 

291 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.70 

292 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.72 

293 1/30/22 22 PP C139   T1 -2 to 9.5 0 0 0 0 0 0 5.18 0.75 

294 1/30/22 22 PP C139   T1 -2 to 8. 0 0 0 0 0 0 5.18 0.77 

295 1/30/22 22 PP C139   T1 -2 to 8.5. 0 0 0 0 0 0 5.18 0.78 

296 1/30/22 22 PP C139   T1 -2 to 8.5. 0 0 0 0 0 0 5.18 0.79 

297 1/30/22 22 PP C139   T1 -2 to 8.5. 0 0 0 0 0 0 5.18 0.80 

298 1/30/22 22 PP C139   T1 -2 to 9. 0 0 0 0 0 0 5.18 0.81 

299 1/30/22 22 PP C139   T1 -2 to 9. 0 0 0 0 0 0 5.18 0.82 

300 1/30/22 22 PP C139   T1 -2 to 9.5 0 0 0 0 0 0 5.18 0.83 

301 1/30/22 22 PP C139   T1 -2 to 4.5 0 0 0 0 0 0 5.18 0.85 

310 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.85 

311 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.87 

312 1/30/22 22 PP C139   T1 -2 to 8.5 0 0 0 0 0 0 5.18 0.89 

313 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.92 

314 1/30/22 22 PP C139   T1 -2 to 8.5. 0 0 0 0 0 0 5.18 0.92 

315 1/30/22 22 PP C139   T1 -2 to 9. 0 0 0 0 0 0 5.18 0.80 

316 1/30/22 22 PP C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.65 

319 1/30/22 23 CPR C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.80 

320 1/30/22 23 CPR C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.80 

321 1/30/22 23 CPR C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.85 

322 1/30/22 23 CPR C139   T1 -2 to 9.6 0 0 0 0 0 0 5.18 0.85 

324 1/30/22 24 Static Tap Test C139   T1 N/A 0 0 0 0 0 0 0.00 0.00 

326 1/31/22 25 CPR C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.60 

327 1/31/22 25 CPR C139   T1 -2 to 10. 0 0 0 0 0 0 5.18 0.70 

328 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.72 
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329 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.77 

330 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.79 

331 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

332 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.81 

333 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.83 

334 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.87 

335 2/1/22 25 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.89 

336 2/1/22 26 PP C139   T1 -2 to 10 0 0 0 0 0 0 3.95 0.80 

337 2/1/22 26 PP C139   T1 -2 to 10 0 0 0 0 0 0 3.95 0.50 

338 2/1/22 26 PP C139   T1 -2 to 10 0 0 0 0 0 0 3.95 0.60 

339 2/1/22 26 PP C139   T1 -2 to 10 0 0 0 0 0 0 3.95 0.65 

340 2/1/22 26 PP C139   T1 -2 to 10 0 0 0 0 0 0 3.95 0.70 

341 2/1/22 26 PP C139   T1 -2 to 10 0 0 0 0 0 0 3.95 0.72 

342 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.75 

343 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.77 

344 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.78 

345 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.79 

346 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.80 

347 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.81 

348 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.82 

349 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.83 

350 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.85 

351 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.87 

352 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.89 

353 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.92 

354 2/1/22 26 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.80 

355 2/1/22 27 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.75 

356 2/1/22 27 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.78 

357 2/1/22 27 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.80 
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358 2/1/22 27 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.82 

359 2/1/22 27 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.85 

360 2/1/22 27 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.89 

Forward Trip,  Add missing trip dots on Outboard Strut Upper Surface 

363 2/1/22 28 PP C139 add strut trip dots T1 -2 to 10 0 0 0 0 0 0 5.18 0.70 

364 2/1/22 28 PP C139   T1 -2 to 7 0 0 0 0 0 0 5.18 0.75 

365 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.78 

366 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.79 

367 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

368 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.81 

369 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.82 

370 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.85 

371 2/1/22 28 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.87 

372 2/1/22 28 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

373 2/1/22 29 CPR C139   T1 -2 to 7 0 0 0 0 0 0 5.18 0.75 

374 2/1/22 29 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.78 

375 2/1/22 29 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

376 2/1/22 29 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.82 

377 2/1/22 29 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.85 

378 2/1/22 29 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.89 

Forward Trip,  Build Up.  Removed  added Strut US trip dots in juncture 

380 2/1/22 30 PP C139   T1 0 0 0 0 0 0 0 0.00 0.00 

381 2/1/22 30 PP C139   T1 0 0 0 0 0 0 0 0.00 0.00 

382 2/1/22 30 PP C139   T1 0 0 0 0 0 0 0 0.00 0.00 

383 2/1/22 31 PP C141 -NPFHF T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

384 2/1/22 31 PP C141   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.50 

385 2/1/22 31 PP C141   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.60 

386 2/1/22 31 PP C141   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.65 
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387 2/1/22 31 PP C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.70 

388 2/1/22 31 PP C141   T1 -2 to 7 0 0 0 0 0 0 5.18 0.72 

389 2/1/22 31 PP C141   T1 -2 to 6.25 0 0 0 0 0 0 5.18 0.75 

390 2/1/22 31 PP C141   T1 -2 to 6 0 0 0 0 0 0 5.18 0.77 

391 2/1/22 31 PP C141   T1 -2 to 6.0 0 0 0 0 0 0 5.18 0.78 

392 2/1/22 31 PP C141   T1 -2 to 9. 0 0 0 0 0 0 5.18 0.79 

393 2/1/22 31 PP C141   T1 -2 to 9.9 0 0 0 0 0 0 5.18 0.80 

394 2/1/22 31 PP C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.81 

397 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

398 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.81 

399 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.82 

400 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.83 

401 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.85 

402 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.87 

403 2/1/22 31 PP C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

404 2/1/22 31 PP C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.92 

405 2/1/22 31 PP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

406 2/1/22 31 PP C141   T1 -2 to 7 0 0 0 0 0 0 5.18 0.70 

407 2/1/22 32 SPP C141   T1 -2 to 6.25 0 0 0 0 0 0 5.18 0.75 

408 2/1/22 32 SPP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.78 

409 2/1/22 32 SPP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

410 2/1/22 32 SPP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.82 

411 2/1/22 32 SPP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.85 

412 2/1/22 33 CP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.80 

413 2/1/22 33 CP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.85 

414 2/1/22 33 CP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.78 

415 2/1/22 33 CP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.82 

416 2/1/22 33 CP C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.89 

417 2/1/22 33 wind off zero C141   T1 0 0 0 0 0 0 0 0.00 0.00 
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418 2/1/22 33 wind off zero C141   T1 0 0 0 0 0 0 0 0.00 0.00 

421 2/1/22 33 CPR C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.60 

422 2/1/22 33 CPR C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.65 

423 2/1/22 33 CPR C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

424 2/1/22 33 CPR C141   T1 -2 to 9 0 0 0 0 0 0 5.18 0.75 

425 2/1/22 33 CPR C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.77 

426 2/1/22 33 CPR C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.79 

427 2/1/22 33 CPR C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

428 2/2/22 33 CPR C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.81 

429 2/2/22 33 CPR C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.83 

430 2/2/22 33 CPR C141   T1 -2 to 8 0 0 0 0 0 0 5.18 0.87 

433 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

434 2/2/22 34 PP C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.50 

435 2/2/22 34 PP C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.65 

436 2/2/22 34 PP C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.70 

437 2/2/22 34 PP C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.75 

438 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.78 

439 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

440 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.82 

441 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.83 

442 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.85 

443 2/2/22 34 PP C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.89 

444 2/2/22 35 CPR C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.65 

445 2/2/22 35 CPR C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.70 

446 2/2/22 35 CPR C141   T1 -2 to 9 0 0 0 0 0 0 3.95 0.75 

447 2/2/22 35 CPR C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.78 

448 2/2/22 35 CPR C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

449 2/2/22 35 CPR C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.82 

450 2/2/22 35 CPR C141   T1 -2 to 8 0 0 0 0 0 0 3.95 0.85 
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453 2/2/22 36 PP C142 +NP T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

454 2/2/22 36 PP C142   T1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

455 2/2/22 36 PP C142   T1 -2 to 9 0 0 0 0 0 0 5.18 0.60 

456 2/2/22 36 PP C142   T1 -2 to 9 0 0 0 0 0 0 5.18 0.65 

457 2/2/22 36 PP C142   T1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

458 2/2/22 36 PP C142   T1 -2 to 9 0 0 0 0 0 0 5.18 0.72 

459 2/2/22 36 PP C142   T1 -2 to 9 0 0 0 0 0 0 5.18 0.75 

460 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.77 

461 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

462 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.79 

463 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

464 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.81 

465 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

466 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.83 

467 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

468 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.87 

469 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

470 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.92 

471 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

472 2/2/22 36 PP C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.70 

473 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

474 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.65 

475 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.70 

476 2/2/22 37 CPR C142   T1 -2 to 7.5 0 0 0 0 0 0 5.18 0.75 

477 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

478 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

479 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

480 2/2/22 37 CPR C142   T1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

485 2/2/22 38 PP C139 +FHF T1 -2 to 9 0 0 0 0 0 0 5.18 0.50 
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486 2/2/22 38 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.60 

487 2/2/22 38 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.65 

488 2/2/22 38 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

489 2/2/22 38 PP C139   T1 -2 to 7 0 0 0 0 0 0 5.18 0.75 

490 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

491 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.79 

492 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

493 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.81 

494 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

495 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

496 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

497 2/2/22 38 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.92 

498 2/2/22 39 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.80 

499 2/2/22 39 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.85 

500 2/2/22 40 SPP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.80 

501 2/2/22 40 SPP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.85 

Aft Trip Wing 0.40c 

504 2/2/22 41 SPP C139 Aft trip 2 T4 -2 to 8 0 0 0 0 0 0 5.18 0.80 

505 2/2/22 41 SPP C139   T4 -2 to 7.5 0 0 0 0 0 0 5.18 0.75 

506 2/2/22 41 SPP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.85 

512 2/2/22 42 CPR C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.65 

513 2/3/22 42 CPR C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.70 

514 2/3/22 42 CPR C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.75 

515 2/3/22 42 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.78 

516 2/3/22 42 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.80 

517 2/3/22 42 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.82 

518 2/3/22 42 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.83 

519 2/3/22 42 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.85 
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520 2/3/22 42 CPR C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.87 

521 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.80 

522 2/3/22 43 PP C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.50 

523 2/3/22 43 PP C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.60 

524 2/3/22 43 PP C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.65 

525 2/3/22 43 PP C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.70 

526 2/3/22 43 PP C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.75 

527 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.78 

528 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.79 

529 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.80 

530 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.81 

531 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.82 

532 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.83 

533 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.85 

534 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.87 

535 2/3/22 43 PP C139   T4 -2 to 8 0 0 0 0 0 0 5.18 0.89 

537 2/3/22 43 CPR C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.70 

538 2/3/22 43 CPR C139   T4 -2 to 9 0 0 0 0 0 0 5.18 0.70 

541 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.80 

542 2/3/22 44 PP C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.50 

543 2/3/22 44 PP C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.60 

544 2/3/22 44 PP C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.65 

545 2/3/22 44 PP C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.70 

546 2/3/22 44 PP C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.75 

547 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.78 

548 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.79 

549 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.80 

550 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.81 

551 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.82 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

552 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.83 

553 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.85 

554 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.87 

555 2/3/22 44 PP C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.89 

556 2/3/22 45 CPR C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.65 

558 2/3/22 45 CPR C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.70 

560 2/3/22 45 CPR C139   T4 -2 to 9 0 0 0 0 0 0 3.95 0.75 

561 2/3/22 45 CPR C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.78 

562 2/3/22 45 CPR C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.80 

563 2/3/22 45 CPR C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.82 

564 2/3/22 45 CPR C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.83 

565 2/3/22 45 CPR C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.85 

566 2/3/22 45 CPR C139   T4 -2 to 8 0 0 0 0 0 0 3.95 0.87 

Aft Trip Wing 0.25c 

569 2/3/22 46 CPR C139 Aft trip 1 T3 -2 to 9 0 0 0 0 0 0 5.18 0.50 

572 2/3/22 46 CPR C139   T3 -2 to 9 0 0 0 0 0 0 5.18 0.65 

573 2/3/22 46 CPR C139   T3 -2 to 9 0 0 0 0 0 0 5.18 0.70 

574 2/3/22 46 CPR C139   T3 -2 to 9 0 0 0 0 0 0 5.18 0.75 

575 2/3/22 46 CPR C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.78 

576 2/3/22 46 CPR C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.80 

577 2/3/22 46 CPR C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.82 

578 2/3/22 46 CPR C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.85 

579 2/3/22 47 PP C139   T3 -2 to 9 0 0 0 0 0 0 5.18 0.50 

580 2/3/22 47 PP C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.75 

581 2/3/22 47 PP C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.80 

582 2/3/22 47 PP C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.85 

583 2/3/22 48 SPP C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.85 

584 2/3/22 48 SPP C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.80 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

585 2/3/22 48 SPP C139   T3 -2 to 8 0 0 0 0 0 0 5.18 0.75 

Aft Trip Wing 0.25c/Mod 

588 2/3/22 49 SPP C139 mod aft trip 1 T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

589 2/3/22 49 SPP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

592 2/3/22 50 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

593 2/3/22 50 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.60 

594 2/3/22 50 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.65 

595 2/3/22 50 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

596 2/3/22 50 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.75 

597 2/4/22 50 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

598 2/4/22 50 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

599 2/4/22 50 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

600 2/4/22 50 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.83 

601 2/4/22 50 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

602 2/4/22 50 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.87 

603 2/4/22 51 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

604 2/4/22 51 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

605 2/4/22 51 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.75 

606 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

607 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.79 

608 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

609 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

610 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.83 

611 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

612 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.87 

613 2/4/22 51 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

614 2/4/22 51 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

615 2/4/22 52 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.50 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

616 2/4/22 52 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.60 

617 2/4/22 52 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.65 

618 2/4/22 52 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.70 

619 2/4/22 52 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.75 

620 2/4/22 52 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.78 

621 2/4/22 52 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

622 2/4/22 52 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.82 

623 2/4/22 52 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.83 

624 2/4/22 52 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.85 

625 2/4/22 52 CPR C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.87 

626 2/4/22 52 CPR C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.50 

627 2/4/22 53 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.50 

628 2/4/22 53 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.50 

629 2/4/22 53 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.70 

630 2/4/22 53 PP C139   T3.1 -2 to 9 0 0 0 0 0 0 3.95 0.75 

631 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.78 

632 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.79 

633 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

634 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.82 

635 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.85 

636 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.87 

637 2/4/22 53 PP C139   T3.1 -2 to 8 0 0 0 0 0 0 3.95 0.89 

Aft Trip Wing 0.25c 

639 2/4/22 54 PP C139 Aft trip 1 T6 -2 to 8 0 0 0 0 0 0 5.18 0.80 

640 2/4/22 54 PP C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.50 

641 2/4/22 54 PP C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.60 

642 2/4/22 54 PP C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.65 

643 2/4/22 54 PP C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.70 
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Trip Alpha OB Strut 
Flap 
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644 2/4/22 54 PP C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.75 

645 2/4/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.78 

646 2/4/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.79 

647 2/4/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.80 

648 2/4/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.81 

649 2/4/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.82 

650 2/7/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.83 

651 2/7/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.85 

652 2/7/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.87 

653 2/7/22 54 PP C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.89 

654 2/7/22 55 CPR C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.87 

655 2/7/22 55 CPR C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.85 

656 2/7/22 55 CPR C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.83 

657 2/7/22 55 CPR C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.82 

658 2/7/22 55 CPR C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.80 

659 2/7/22 55 CPR C139   T6 -2 to 8 0 0 0 0 0 0 5.18 0.78 

660 2/7/22 55 CPR C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.75 

661 2/7/22 55 CPR C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.70 

662 2/7/22 55 CPR C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.65 

663 2/7/22 55 CPR C139   T6 -2 to 9 0 0 0 0 0 0 5.18 0.50 

664 2/7/22 56 CPR C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.50 

665 2/7/22 56 CPR C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.65 

666 2/7/22 56 CPR C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.70 

667 2/7/22 56 CPR C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.75 

668 2/7/22 56 CPR C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.78 

669 2/7/22 56 CPR C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.80 

670 2/7/22 56 CPR C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.82 

671 2/7/22 56 CPR C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.83 

672 2/7/22 56 CPR C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.85 
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Trip Alpha OB Strut 
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673 2/7/22 56 CPR C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.87 

674 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.80 

675 2/7/22 57 PP C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.50 

676 2/7/22 57 PP C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.60 

677 2/7/22 57 PP C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.65 

678 2/7/22 57 PP C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.70 

679 2/7/22 57 PP C139   T6 -2 to 9 0 0 0 0 0 0 3.95 0.75 

680 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.78 

681 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.79 

682 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.80 

683 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.81 

684 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.82 

685 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.83 

686 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.85 

687 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.87 

688 2/7/22 57 PP C139   T6 -2 to 8 0 0 0 0 0 0 3.95 0.89 

691 2/7/22 58 PP C139   T6 0 to 5.9 0 0 0 0 0 0 6.58 0.70 

692 2/7/22 58 PP C139   T6 0 to 5 0 0 0 0 0 0 6.58 0.75 

693 2/7/22 58 PP C139   T6 0 to 4.5 0 0 0 0 0 0 6.58 0.78 

694 2/7/22 58 PP C139   T6 0 to 4.5 0 0 0 0 0 0 6.58 0.80 

695 2/7/22 58 PP C139   T6 0 to 5.3 0 0 0 0 0 0 6.58 0.82 

696 2/7/22 58 PP C139   T6 0 to 5 0 0 0 0 0 0 6.58 0.85 

697 2/7/22 58 PP C139   T6 0 to 5 0 0 0 0 0 0 6.58 0.89 

Return to T1 - Repeatability Series.  

700 2/7/22 59 PP C139 Fwd Trip, tape gaps T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

701 2/7/22 59 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

702 2/7/22 59 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

703 2/7/22 59 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.75 
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704 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

705 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

706 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

707 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

708 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

711 2/7/22 59 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.65 

712 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

713 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.83 

714 2/7/22 59 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.87 

715 2/7/22 60 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

716 2/7/22 60 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

717 2/7/22 60 CPR C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.75 

718 2/7/22 60 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.78 

719 2/7/22 60 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

720 2/7/22 60 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.82 

721 2/7/22 60 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.85 

722 2/7/22 60 CPR C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.89 

723 2/7/22 61 PP C139   T1 -1.5 to 4.5 0 0 0 0 0 0 6.58 0.80 

724 2/7/22 61 PP C139   T1 0 to 5.5 0 0 0 0 0 0 6.58 0.70 

725 2/7/22 61 PP C139   T1 0 to 4.8 0 0 0 0 0 0 6.58 0.75 

726 2/7/22 61 PP C139   T1 0 to 4.5 0 0 0 0 0 0 6.58 0.78 

727 2/7/22 61 PP C139   T1 0 to 4.3 0 0 0 0 0 0 6.58 0.80 

728 2/7/22 61 PP C139   T1 0 to 5.3 0 0 0 0 0 0 6.58 0.82 

729 2/7/22 61 PP C139   T1 0 to 5.5 0 0 0 0 0 0 6.58 0.83 

730 2/7/22 61 PP C139   T1 0 to 5 0 0 0 0 0 0 6.58 0.85 

731 2/7/22 61 PP C139   T1 -1.5 to 5 0 0 0 0 0 0 6.58 0.87 

732 2/7/22 61 PP C139   T1 0 to 5 0 0 0 0 0 0 6.58 0.89 

733 2/7/22 62 CPR C139   T1 0 to 5 0 0 0 0 0 0 6.58 0.87 

734 2/7/22 62 CPR C139   T1 0 to 5 0 0 0 0 0 0 6.58 0.85 
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735 2/7/22 62 CPR C139   T1 0 to 5.5 0 0 0 0 0 0 6.58 0.83 

736 2/7/22 62 CPR C139   T1 0 to 5.5 0 0 0 0 0 0 6.58 0.83 

737 2/7/22 62 CPR C139   T1 0 to 5 0 0 0 0 0 0 6.58 0.85 

738 2/7/22 62 CPR C139   T1 0 to 5 0 0 0 0 0 0 6.58 0.87 

739 2/7/22 62 CPR C139   T1 0 to 5.3 0 0 0 0 0 0 6.58 0.82 

740 2/7/22 62 CPR C139   T1 0 to 4.7 0 0 0 0 0 0 6.58 0.80 

741 2/7/22 62 CPR C139   T1 0 to 4.5 0 0 0 0 0 0 6.58 0.78 

742 2/7/22 62 CPR C139   T1 0 to 4.8 0 0 0 0 0 0 6.58 0.75 

743 2/7/22 62 CPR C139   T1 0 to 5.8 0 0 0 0 0 0 6.58 0.70 

746 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

747 2/7/22 63 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.50 

748 2/7/22 63 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.65 

749 2/7/22 63 PP C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.70 

750 2/7/22 63 PP C139   T1 -2 to 7 0 0 0 0 0 0 3.95 0.75 

751 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.78 

752 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

753 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.82 

754 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.83 

755 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.85 

756 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.87 

757 2/7/22 63 PP C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.89 

758 2/7/22 64 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.89 

759 2/7/22 64 CPR C139   T1 -2 to 9 0 0 0 0 0 0 3.95 0.85 

760 2/7/22 64 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.82 

761 2/7/22 64 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.80 

762 2/7/22 64 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.78 

763 2/7/22 64 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.75 

764 2/7/22 64 CPR C139   T1 -2 to 8 0 0 0 0 0 0 3.95 0.70 
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Forward Trip,   No Trip on Strut (US + LS) 

767 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.80 

768 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.50 

769 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.60 

770 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.65 

771 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.70 

772 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.75 

773 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.78 

775 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.79 

776 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.80 

777 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.81 

778 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.82 

779 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.83 

780 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.85 

781 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.87 

782 2/7/22 65 PP C139   T5 -2 to 8 0 0 0 0 0 0 5.18 0.89 

792 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.80 

794 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.50 

795 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.60 

796 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.65 

797 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.70 

798 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.75 

799 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.78 

800 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.79 

801 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.80 

802 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.81 

803 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.82 

804 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.83 

805 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.85 
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IB OB IB MB OB 

806 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.87 

807 2/7/22 67 PP C139   T5 -2 to 8 0 0 0 0 0 0 3.95 0.89 

Tape Fuselage to Floor, replace strut trips (return to T1) 

811 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.50 

812 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.65 

813 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.70 

814 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.75 

815 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.78 

816 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.80 

817 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.82 

818 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.85 

819 2/7/22 68 fixed C139   T1 2 0 0 0 0 0 0 5.18 0.89 

821 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.50 

822 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.65 

823 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.70 

824 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.75 

825 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.78 

826 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.80 

827 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.82 

828 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.85 

829 2/7/22 69 fixed C139   T1 3.5 0 0 0 0 0 0 5.18 0.89 

Fwd Trip, Both Ailerons - 5deg 

832 2/7/22 70 PP C139 Fwd Trip, Aileron - 5deg T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.50 

833 2/7/22 70 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.60 

834 2/7/22 70 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.65 

835 2/7/22 70 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.70 

836 2/7/22 70 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.75 

837 2/7/22 70 PP C139   T1 -2 to 8 0 -5 -5 0 0 0 3.95 0.78 
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838 2/8/22 70 PP C139   T1 -2 to 8 0 -5 -5 0 0 0 3.95 0.79 

839 2/8/22 70 PP C139   T1 -2 to 8 0 -5 -5 0 0 0 3.95 0.80 

840 2/8/22 70 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.81 

841 2/8/22 70 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.82 

842 2/8/22 70 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.83 

843 2/8/22 70 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.85 

844 2/8/22 70 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.87 

845 2/8/22 70 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.89 

846 2/8/22 70 PP C139   T1 -2 to 8 0 -5 -5 0 0 0 3.95 0.80 

847 2/8/22 71 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.50 

848 2/8/22 71 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.65 

849 2/8/22 71 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.70 

850 2/8/22 71 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 3.95 0.75 

851 2/8/22 71 CPR C139   T1 -2 to 8 0 -5 -5 0 0 0 3.95 0.78 

852 2/8/22 71 CPR C139   T1 -2 to 8 0 -5 -5 0 0 0 3.95 0.80 

853 2/8/22 71 CPR C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.82 

854 2/8/22 71 CPR C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.83 

855 2/8/22 71 CPR C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.85 

856 2/8/22 71 CPR C139   T1 -1.5 to 8 0 -5 -5 0 0 0 3.95 0.87 

857 2/8/22 72 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.50 

858 2/8/22 72 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.60 

859 2/8/22 72 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.65 

860 2/8/22 72 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.70 

861 2/8/22 72 PP C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.75 

862 2/8/22 72 PP C139   T1 -2 to 8 0 -5 -5 0 0 0 5.18 0.78 

863 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.79 

864 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.80 

865 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.81 

866 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.82 
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867 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.83 

868 2/8/22 72 PP C139   T1 -1.5 to 8 0 -5 -5 0 0 0 5.18 0.85 

869 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.87 

870 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.89 

871 2/8/22 72 PP C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.80 

874 2/8/22 73 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.50 

875 2/8/22 73 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.65 

876 2/8/22 73 CPR C139   T1 -2 to 9 0 -5 -5 0 0 0 5.18 0.70 

877 2/8/22 73 CPR C139   T1 -1 to 7.5 0 -5 -5 0 0 0 5.18 0.75 

878 2/8/22 73 CPR C139   T1 -1 to 7 0 -5 -5 0 0 0 5.18 0.78 

879 2/8/22 73 CPR C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.80 

880 2/8/22 73 CPR C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.82 

881 2/8/22 73 CPR C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.83 

882 2/8/22 73 CPR C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.85 

883 2/8/22 73 CPR C139   T1 -1 to 8 0 -5 -5 0 0 0 5.18 0.87 

Fwd Trip, Both Ailerons +5deg 

886 2/8/22 74 PP C139 Aileron +5deg T1 -2 to 9 0 5 5 0 0 0 3.95 0.50 

887 2/8/22 74 PP C139   T1 -2 to 9 0 5 5 0 0 0 3.95 0.60 

888 2/8/22 74 PP C139   T1 -2 to 9 0 5 5 0 0 0 3.95 0.65 

889 2/8/22 74 PP C139   T1 -2 to 9 0 5 5 0 0 0 3.95 0.70 

890 2/8/22 74 PP C139   T1 -2 to 7.5 0 5 5 0 0 0 3.95 0.75 

891 2/8/22 74 PP C139   T1 -2 to 7 0 5 5 0 0 0 3.95 0.78 

892 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.79 

893 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.80 

894 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.81 

896 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.82 

897 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.83 

898 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.85 
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899 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.87 

900 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.89 

901 2/8/22 74 PP C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.80 

902 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.50 

903 2/8/22 75 CPR C139   T1 -2 to 9 0 5 5 0 0 0 3.95 0.65 

904 2/8/22 75 CPR C139   T1 -2 to 9 0 5 5 0 0 0 3.95 0.70 

905 2/8/22 75 CPR C139   T1 -2 to 7.5 0 5 5 0 0 0 3.95 0.75 

906 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.78 

907 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.80 

908 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.82 

909 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.83 

910 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.85 

911 2/8/22 75 CPR C139   T1 -2 to 8 0 5 5 0 0 0 3.95 0.87 

912 2/8/22 76 PP C139 PP at 6.3M/ft T1 -2 to 9 0 5 5 0 0 0 5.18 0.50 

913 2/8/22 76 PP C139   T1 -2 to 9 0 5 5 0 0 0 5.18 0.60 

914 2/8/22 76 PP C139   T1 -2 to 9 0 5 5 0 0 0 5.18 0.65 

915 2/8/22 76 PP C139   T1 -2 to 7.5 0 5 5 0 0 0 5.18 0.70 

916 2/8/22 76 PP C139   T1 -2 to 7 0 5 5 0 0 0 5.18 0.75 

917 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.78 

918 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.79 

919 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.80 

920 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.81 

921 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.82 

922 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.83 

923 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.85 

924 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.87 

925 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.89 

926 2/8/22 76 PP C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.80 

928 2/8/22 77 CPR C139 CPR at 6.3M/ft T1 -2 to 9 0 5 5 0 0 0 5.18 0.50 
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929 2/8/22 77 CPR C139   T1 -2 to 9 0 5 5 0 0 0 5.18 0.65 

930 2/8/22 77 CPR C139   T1 -2 to 7.5 0 5 5 0 0 0 5.18 0.70 

931 2/8/22 77 CPR C139   T1 -2 to 7.25 0 5 5 0 0 0 5.18 0.75 

932 2/8/22 77 CPR C139   T1 -2 to 7.8 0 5 5 0 0 0 5.18 0.78 

933 2/8/22 77 CPR C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.80 

934 2/8/22 77 CPR C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.82 

935 2/8/22 77 CPR C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.83 

936 2/8/22 77 CPR C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.85 

937 2/8/22 77 CPR C139   T1 -2 to 8 0 5 5 0 0 0 5.18 0.87 

Fwd Trip,  Ailerons 0deg, Strut Flap -4deg 

940 2/8/22 78 PP C139 Strut Flap -4 deg T1 -2 to 8.75 -4 0 0 0 0 0 3.95 0.50 

941 2/8/22 78 PP C139   T1 -2 to 8.75 -4 0 0 0 0 0 3.95 0.60 

942 2/8/22 78 PP C139   T1 -2 to 8.75 -4 0 0 0 0 0 3.95 0.65 

943 2/8/22 78 PP C139   T1 -2 to 8.75 -4 0 0 0 0 0 3.95 0.70 

944 2/9/22 78 PP C139   T1 -2 to 6.75 -4 0 0 0 0 0 3.95 0.75 

945 2/9/22 78 PP C139   T1 -2 to 6.75 -4 0 0 0 0 0 3.95 0.78 

946 2/9/22 78 PP C139   T1 -2 to 6.75 -4 0 0 0 0 0 3.95 0.79 

947 2/9/22 78 PP C139   T1 -2 to 6.75 -4 0 0 0 0 0 3.95 0.80 

948 2/9/22 78 PP C139   T1 -2 to 7.75 -4 0 0 0 0 0 3.95 0.81 

949 2/9/22 78 PP C139   T1 -2 to 7.75 -4 0 0 0 0 0 3.95 0.82 

950 2/9/22 78 PP C139   T1 -2 to 7.75 -4 0 0 0 0 0 3.95 0.83 

951 2/9/22 78 PP C139   T1 -2 to 7.75 -4 0 0 0 0 0 3.95 0.85 

952 2/9/22 78 PP C139   T1 -2 to 7.75 -4 0 0 0 0 0 3.95 0.87 

953 2/9/22 78 PP C139   T1 -1.5 to 7.75 -4 0 0 0 0 0 3.95 0.89 

954 2/9/22 78 PP C139   T1 -2 to 6.75 -4 0 0 0 0 0 3.95 0.80 

955 2/9/22 79 CPR C139 CPR at 4.8M/ft T1 -2 to 9 -4 0 0 0 0 0 3.95 0.50 

956 2/9/22 79 CPR C139   T1 -2 to 9 -4 0 0 0 0 0 3.95 0.65 

957 2/9/22 79 CPR C139   T1 -2 to 9 -4 0 0 0 0 0 3.95 0.70 
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958 2/9/22 79 CPR C139   T1 -2 to 7 -4 0 0 0 0 0 3.95 0.75 

959 2/9/22 79 CPR C139   T1 -2 to 6.5 -4 0 0 0 0 0 3.95 0.78 

960 2/9/22 79 CPR C139   T1 -2 to 7 -4 0 0 0 0 0 3.95 0.80 

961 2/9/22 79 CPR C139   T1 -2 to 8 -4 0 0 0 0 0 3.95 0.82 

962 2/9/22 79 CPR C139   T1 -2 to 8 -4 0 0 0 0 0 3.95 0.83 

963 2/9/22 79 CPR C139   T1 -2 to 8 -4 0 0 0 0 0 3.95 0.85 

964 2/9/22 79 CPR C139   T1 -1.5 to 8 -4 0 0 0 0 0 3.95 0.87 

965 2/9/22 80 PP C139   T1 -2 to 9 -4 0 0 0 0 0 5.18 0.50 

966 2/9/22 80 PP C139   T1 -2 to 9 -4 0 0 0 0 0 5.18 0.60 

967 2/9/22 80 PP C139   T1 -2 to 9 -4 0 0 0 0 0 5.18 0.65 

968 2/9/22 80 PP C139   T1 -2 to 9 -4 0 0 0 0 0 5.18 0.70 

969 2/9/22 80 PP C139   T1 -2 to 7 -4 0 0 0 0 0 5.18 0.75 

970 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.78 

971 2/9/22 80 PP C139   T1 -1.5 to 7.5 -4 0 0 0 0 0 5.18 0.79 

972 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.80 

973 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.81 

974 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.82 

975 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.83 

976 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.85 

977 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.87 

978 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.89 

979 2/9/22 80 PP C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.80 

982 2/9/22 81 CPR C139   T1 -2 to 9 -4 0 0 0 0 0 5.18 0.50 

983 2/9/22 81 CPR C139   T1 -2 to 9 -4 0 0 0 0 0 5.18 0.65 

984 2/9/22 81 CPR C139   T1 -2 to 7.75 -4 0 0 0 0 0 5.18 0.70 

985 2/9/22 81 CPR C139   T1 -2 to 7 -4 0 0 0 0 0 5.18 0.75 

986 2/9/22 81 CPR C139   T1 -1.5 to 7 -4 0 0 0 0 0 5.18 0.78 

987 2/9/22 81 CPR C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.80 

988 2/9/22 81 CPR C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.82 
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989 2/9/22 81 CPR C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.83 

990 2/9/22 81 CPR C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.85 

991 2/9/22 81 CPR C139   T1 -1.5 to 8 -4 0 0 0 0 0 5.18 0.87 

Fwd Trip,  Strut Flap -2deg 

994 2/9/22 82 PP C139 Strut Flap -2 deg T1 -2 to 9 -2 0 0 0 0 0 3.95 0.50 

995 2/9/22 82 PP C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.60 

996 2/9/22 82 PP C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.65 

997 2/9/22 82 PP C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.70 

998 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.75 

999 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.78 

1000 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.79 

1001 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.80 

1002 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.81 

1003 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.82 

1004 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.83 

1005 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.85 

1006 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.87 

1007 2/9/22 82 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 3.95 0.89 

1008 2/9/22 82 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.80 

1009 2/9/22 83 CPR C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.50 

1010 2/9/22 83 CPR C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.65 

1011 2/9/22 83 CPR C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.70 

1012 2/9/22 83 CPR C139   T1 -2 to 7.5 -2 0 0 0 0 0 3.95 0.75 

1013 2/9/22 83 CPR C139   T1 -2 to 6.7 -2 0 0 0 0 0 3.95 0.78 

1014 2/9/22 83 CPR C139   T1 -2 to 7 -2 0 0 0 0 0 3.95 0.80 

1015 2/9/22 83 CPR C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.82 

1016 2/9/22 83 CPR C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.83 

1017 2/9/22 83 CPR C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.85 
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1018 2/9/22 83 CPR C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.87 

1019 2/9/22 84 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.50 

1020 2/9/22 84 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.60 

1021 2/9/22 84 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.65 

1022 2/9/22 84 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.70 

1023 2/9/22 84 PP C139   T1 -2 to 7 -2 0 0 0 0 0 5.18 0.75 

1024 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.78 

1025 2/9/22 84 PP C139   T1 -1.5 to 7.5 -2 0 0 0 0 0 5.18 0.79 

1026 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.80 

1027 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.81 

1028 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.82 

1029 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.83 

1030 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.85 

1031 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.87 

1032 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.89 

1033 2/9/22 84 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.80 

1034 2/9/22 85 CPR C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.50 

1035 2/9/22 85 CPR C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.65 

1036 2/9/22 85 CPR C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.70 

1037 2/9/22 85 CPR C139   T1 -1.5 to 7 -2 0 0 0 0 0 5.18 0.75 

1038 2/9/22 85 CPR C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.78 

1039 2/9/22 85 CPR C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.80 

1040 2/9/22 85 CPR C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.82 

1041 2/9/22 85 CPR C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.83 

1042 2/9/22 85 CPR C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.85 

1043 2/9/22 85 CPR C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.87 

Fwd Trip, Strut Flap +2deg 

1046 2/9/22 86 PP C139 Strut Flap +2 deg T1 -2 to 9 2 0 0 0 0 0 3.95 0.50 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1047 2/9/22 86 PP C139   T1 -2 to 9 2 0 0 0 0 0 3.95 0.60 

1048 2/9/22 86 PP C139   T1 -2 to 9 2 0 0 0 0 0 3.95 0.65 

1049 2/9/22 86 PP C139   T1 -2 to 9 2 0 0 0 0 0 3.95 0.70 

1050 2/9/22 86 PP C139   T1 -2 to 7.5 2 0 0 0 0 0 3.95 0.75 

1051 2/10/22 86 PP C139   T1 -2 to 7 2 0 0 0 0 0 3.95 0.78 

1052 2/10/22 86 PP C139   T1 -2 to 7 2 0 0 0 0 0 3.95 0.79 

1053 2/10/22 86 PP C139   T1 -2 to 7 2 0 0 0 0 0 3.95 0.80 

1054 2/10/22 86 PP C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.81 

1055 2/10/22 86 PP C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.82 

1056 2/10/22 86 PP C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.83 

1057 2/10/22 86 PP C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.85 

1058 2/10/22 86 PP C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.87 

1059 2/10/22 86 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 3.95 0.89 

1060 2/10/22 86 PP C139   T1 -2 to 7 2 0 0 0 0 0 3.95 0.80 

1063 2/10/22 87 CPR C139   T1 -2 to 9 2 0 0 0 0 0 3.95 0.50 

1064 2/10/22 87 CPR C139   T1 -2 to 9 2 0 0 0 0 0 3.95 0.65 

1065 2/10/22 87 CPR C139   T1 -2 to 9 2 0 0 0 0 0 3.95 0.70 

1066 2/10/22 87 CPR C139   T1 -2 to 7.5 2 0 0 0 0 0 3.95 0.75 

1067 2/10/22 87 CPR C139   T1 -2 to 7 2 0 0 0 0 0 3.95 0.78 

1068 2/10/22 87 CPR C139   T1 -2 to 7 2 0 0 0 0 0 3.95 0.80 

1069 2/10/22 87 CPR C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.82 

1070 2/10/22 87 CPR C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.83 

1071 2/10/22 87 CPR C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.85 

1072 2/10/22 87 CPR C139   T1 -2 to 8 2 0 0 0 0 0 3.95 0.87 

1073 2/10/22 88 PP C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.50 

1074 2/10/22 88 PP C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.60 

1075 2/10/22 88 PP C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.65 

1076 2/10/22 88 PP C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.70 

1077 2/10/22 88 PP C139   T1 -1.5 to 7 2 0 0 0 0 0 5.18 0.75 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1078 2/10/22 88 PP C139   T1 -1.5 to 7 2 0 0 0 0 0 5.18 0.78 

1079 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.79 

1081 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.80 

1082 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.81 

1083 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.82 

1084 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.83 

1085 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.85 

1086 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.87 

1087 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.89 

1088 2/10/22 88 PP C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.80 

1089 2/10/22 89 CPR C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.50 

1090 2/10/22 89 CPR C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.65 

1091 2/10/22 89 CPR C139   T1 -2 to 9 2 0 0 0 0 0 5.18 0.70 

1092 2/10/22 89 CPR C139   T1 -1.5 to 7 2 0 0 0 0 0 5.18 0.75 

1093 2/10/22 89 CPR C139   T1 -1.5 to 7 2 0 0 0 0 0 5.18 0.78 

1094 2/10/22 89 CPR C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.80 

1095 2/10/22 89 CPR C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.82 

1096 2/10/22 89 CPR C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.83 

1097 2/10/22 89 CPR C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.85 

1098 2/10/22 89 CPR C139   T1 -1.5 to 8 2 0 0 0 0 0 5.18 0.87 

Fwd Trip,  Strut Flap +4deg 

1101 2/10/22 90 PP C139 Strut Flap +4 deg T1 -2 to 9 4 0 0 0 0 0 3.95 0.50 

1102 2/10/22 90 PP C139   T1 -2 to 9 4 0 0 0 0 0 3.95 0.60 

1103 2/10/22 90 PP C139   T1 -2 to 9 4 0 0 0 0 0 3.95 0.65 

1104 2/10/22 90 PP C139   T1 -2 to 9 4 0 0 0 0 0 3.95 0.70 

1105 2/10/22 90 PP C139   T1 -2 to 6.5 4 0 0 0 0 0 3.95 0.75 

1106 2/10/22 90 PP C139   T1 -2 to 6.5 4 0 0 0 0 0 3.95 0.78 

1107 2/10/22 90 PP C139   T1 -2 to 7 4 0 0 0 0 0 3.95 0.79 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1108 2/10/22 90 PP C139   T1 -2 to 7.5 4 0 0 0 0 0 3.95 0.80 

1109 2/10/22 90 PP C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.81 

1110 2/10/22 90 PP C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.82 

1111 2/10/22 90 PP C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.83 

1112 2/10/22 90 PP C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.85 

1113 2/10/22 90 PP C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.87 

1114 2/10/22 90 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 3.95 0.89 

1115 2/10/22 90 PP C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.80 

1117 2/10/22 91 CPR C139   T1 -2 to 9 4 0 0 0 0 0 3.95 0.50 

1118 2/10/22 91 CPR C139   T1 -2 to 9 4 0 0 0 0 0 3.95 0.65 

1119 2/10/22 91 CPR C139   T1 -2 to 9 4 0 0 0 0 0 3.95 0.70 

1120 2/10/22 91 CPR C139   T1 -2 to 7.25 4 0 0 0 0 0 3.95 0.75 

1121 2/10/22 91 CPR C139   T1 -2 to 6.7 4 0 0 0 0 0 3.95 0.78 

1122 2/10/22 91 CPR C139   T1 -2 to 7.25 4 0 0 0 0 0 3.95 0.80 

1123 2/10/22 91 CPR C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.82 

1124 2/10/22 91 CPR C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.83 

1125 2/10/22 91 CPR C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.85 

1126 2/10/22 91 CPR C139   T1 -2 to 8 4 0 0 0 0 0 3.95 0.87 

1127 2/10/22 92 PP C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.50 

1128 2/10/22 92 PP C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.60 

1129 2/10/22 92 PP C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.65 

1130 2/10/22 92 PP C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.70 

1131 2/10/22 92 PP C139   T1 -1.5 to 7 4 0 0 0 0 0 5.18 0.75 

1132 2/10/22 92 PP C139   T1 -1.5 to 7 4 0 0 0 0 0 5.18 0.78 

1133 2/10/22 92 PP C139   T1 -1.5 to 7 4 0 0 0 0 0 5.18 0.79 

1134 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.80 

1135 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.81 

1136 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.82 

1137 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.83 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1138 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.85 

1139 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.87 

1140 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.89 

1141 2/10/22 92 PP C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.80 

1142 2/10/22 93 CPR C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.50 

1143 2/10/22 93 CPR C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.65 

1144 2/10/22 93 CPR C139   T1 -2 to 9 4 0 0 0 0 0 5.18 0.70 

1145 2/10/22 93 CPR C139   T1 -1.5 to 7.25 4 0 0 0 0 0 5.18 0.75 

1146 2/10/22 93 CPR C139   T1 -1.5 to 7.5 4 0 0 0 0 0 5.18 0.78 

1147 2/10/22 93 CPR C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.80 

1148 2/10/22 93 CPR C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.82 

1149 2/10/22 93 CPR C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.83 

1150 2/10/22 93 CPR C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.85 

1151 2/10/22 93 CPR C139   T1 -1.5 to 8 4 0 0 0 0 0 5.18 0.87 

Fwd Trip,  Strut Flap -2deg PP Repeat 

1153 2/10/22 94 PP C139 Strut Flap -2 deg T1 -2 to 9 -2 0 0 0 0 0 3.95 0.50 

1154 2/10/22 94 PP C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.60 

1155 2/10/22 94 PP C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.65 

1156 2/10/22 94 PP C139   T1 -2 to 9 -2 0 0 0 0 0 3.95 0.70 

1157 2/10/22 94 PP C139   T1 -2 to 7.5 -2 0 0 0 0 0 3.95 0.75 

1158 2/10/22 94 PP C139   T1 -2 to 6.5 -2 0 0 0 0 0 3.95 0.78 

1159 2/10/22 94 PP C139   T1 -2 to 6.5 -2 0 0 0 0 0 3.95 0.79 

1160 2/10/22 94 PP C139   T1 -2 to 6.5 -2 0 0 0 0 0 3.95 0.80 

1161 2/10/22 94 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.81 

1162 2/10/22 94 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.82 

1165 2/10/22 94 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.83 

1166 2/10/22 94 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.85 

1167 2/10/22 94 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.87 

1168 2/10/22 94 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 3.95 0.89 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1169 2/10/22 94 PP C139   T1 -2 to 8 -2 0 0 0 0 0 3.95 0.80 

1170 2/10/22 95 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.50 

1171 2/11/22 95 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.60 

1172 2/11/22 95 PP C139   T1 -2 to 9 -2 0 0 0 0 0 5.18 0.65 

1173 2/11/22 95 PP C139   T1 -2 to 8.5 -2 0 0 0 0 0 5.18 0.70 

1174 2/11/22 95 PP C139   T1 -1.5 to 7 -2 0 0 0 0 0 5.18 0.75 

1175 2/11/22 95 PP C139   T1 -1.5 to 7 -2 0 0 0 0 0 5.18 0.78 

1176 2/11/22 95 PP C139   T1 -1.5 to 7.5 -2 0 0 0 0 0 5.18 0.79 

1177 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.80 

1178 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.81 

1179 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.82 

1180 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.83 

1181 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.85 

1182 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.87 

1183 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.89 

1184 2/11/22 95 PP C139   T1 -1.5 to 8 -2 0 0 0 0 0 5.18 0.80 

STABILITY & CONTROL SECTION 

Hysteresis Runs 

1187 2/11/22 96 PP C139 strut flap 0deg T1 -2 to 9 0 0 0 0 0 0 5.18 0.50 

1188 2/11/22 96 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.60 

1189 2/11/22 96 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.65 

1190 2/11/22 96 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.70 

1191 2/11/22 96 PP C139   T1 -2 to 9 0 0 0 0 0 0 5.18 0.72 

1193 2/11/22 96 PP C139   T1 -2 to 7 0 0 0 0 0 0 5.18 0.75 

1194 2/11/22 96 PP C139   T1 -2 to 8 0 0 0 0 0 0 5.18 0.80 

S&C Envelope Expansion 

1197 2/11/22 97 PP C139 Both Ailerons = -30 T1 -2 to 9 0 -30 -30 0 0 0 2.16 0.50 

1198 2/11/22 97 PP C139   T1 0 to 9 0 -30 -30 0 0 0 2.16 0.70 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1199 2/11/22 97 PP C139   T1 0 to 8 0 -30 -30 0 0 0 2.16 0.80 

1200 2/11/22 97 PP C139   T1 0 to 8 0 -30 -30 0 0 0 2.16 0.85 

1201 2/11/22 97 PP C139   T1 0 to 8 0 -30 -30 0 0 0 2.16 0.89 

1202 2/11/22 97 PP C139   T1 0 to 8 0 -30 -30 0 0 0 2.16 0.92 

Combined Aileron Effectiveness 

1205 2/11/22 98 PP C139 Both Ailerons -30deg T2 -2 to 9 0 -30 -30 0 0 0 2.16 0.50 

1206 2/11/22 98 PP C139   T2 0 to 9 0 -30 -30 0 0 0 2.16 0.60 

1207 2/11/22 98 PP C139   T2 0 to 9 0 -30 -30 0 0 0 2.16 0.65 

1208 2/11/22 98 PP C139   T2 0 to 9 0 -30 -30 0 0 0 2.16 0.70 

1209 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.75 

1210 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.78 

1211 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.79 

1212 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.80 

1213 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.81 

1214 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.82 

1215 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.83 

1216 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.85 

1217 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.87 

1218 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.89 

1219 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.92 

1220 2/11/22 98 PP C139   T2 0 to 8 0 -30 -30 0 0 0 2.16 0.80 

1222 2/11/22 99 PP C139 Both Ailerons -10deg T2 -2 to 9 0 -10 -10 0 0 0 2.16 0.50 

1223 2/11/22 99 PP C139   T2 0 to 9 0 -10 -10 0 0 0 2.16 0.60 

1224 2/11/22 99 PP C139   T2 0 to 9 0 -10 -10 0 0 0 2.16 0.65 

1225 2/11/22 99 PP C139   T2 0 to 9 0 -10 -10 0 0 0 2.16 0.70 

1226 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.75 

1227 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.78 

1228 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.79 
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Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1229 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.80 

1231 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.81 

1232 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.82 

1233 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.83 

1234 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.85 

1235 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.87 

1236 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.89 

1237 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.92 

1238 2/11/22 99 PP C139   T2 0 to 8 0 -10 -10 0 0 0 2.16 0.80 

1240 2/11/22 100 PP C139 Both Ailerons -5deg T2 -2 to 9 0 -5 -5 0 0 0 2.16 0.50 

1241 2/11/22 100 PP C139   T2 0 to 9 0 -5 -5 0 0 0 2.16 0.60 

1242 2/11/22 100 PP C139   T2 0 to 9 0 -5 -5 0 0 0 2.16 0.65 

1243 2/11/22 100 PP C139   T2 0 to 9 0 -5 -5 0 0 0 2.16 0.70 

1244 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.75 

1245 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.78 

1246 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.79 

1247 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.80 

1248 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.81 

1249 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.82 

1250 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.83 

1251 2/11/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.85 

1253 2/14/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.87 

1254 2/14/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.89 

1255 2/14/22 100 PP C139   T2 0 to 7.5 0 -5 -5 0 0 0 2.16 0.92 

1256 2/14/22 100 PP C139   T2 0 to 8 0 -5 -5 0 0 0 2.16 0.80 

1258 2/14/22 101 PP C139 Aileron +5deg T2 -2 to 9 0 +5 +5 0 0 0 2.16 0.50 

1259 2/14/22 101 PP C139   T2 0 to 9 0 +5 +5 0 0 0 2.16 0.60 

1260 2/14/22 101 PP C139   T2 0 to 9 0 +5 +5 0 0 0 2.16 0.65 

1261 2/14/22 101 PP C139   T2 0 to 9 0 +5 +5 0 0 0 2.16 0.70 
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Number As-run Date Run 
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Type Config   Model 
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Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1262 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.75 

1263 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.78 

1264 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.79 

1265 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.80 

1266 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.81 

1267 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.82 

1268 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.83 

1269 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.85 

1270 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.87 

1271 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.89 

1272 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.92 

1273 2/14/22 101 PP C139   T2 0 to 8 0 +5 +5 0 0 0 2.16 0.80 

1275 2/14/22 102 PP C139 Both Ailerons +10deg T2 -2 to 9 0 +10 +10 0 0 0 2.16 0.50 

1276 2/14/22 102 PP C139   T2 0 to 9 0 +10 +10 0 0 0 2.16 0.60 

1277 2/14/22 102 PP C139   T2 0 to 9 0 +10 +10 0 0 0 2.16 0.65 

1278 2/14/22 102 PP C139   T2 0 to 9 0 +10 +10 0 0 0 2.16 0.70 

1279 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.75 

1280 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.78 

1281 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.79 

1282 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.80 

1283 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.81 

1284 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.82 

1285 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.83 

1286 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.85 

1287 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.87 

1288 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.89 

1289 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.92 

1290 2/14/22 102 PP C139   T2 0 to 8 0 +10 +10 0 0 0 2.16 0.80 

1292 2/14/22 103 PP C139 Both Ailerons 0deg T2 -2 to 16 to -2 0 0 0 0 0 0 2.16 0.20 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1293 2/14/22 103 PP C139   T2 -2 to 9 0 0 0 0 0 0 2.16 0.50 

1294 2/14/22 103 PP C139   T2 0 to 9 0 0 0 0 0 0 2.16 0.60 

1295 2/14/22 103 PP C139   T2 0 to 9 0 0 0 0 0 0 2.16 0.65 

1296 2/14/22 103 PP C139   T2 0 to 9 0 0 0 0 0 0 2.16 0.70 

1297 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.75 

1298 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.78 

1299 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.79 

1300 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.80 

1301 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.81 

1302 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.82 

1303 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.83 

1304 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.85 

1305 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.87 

1306 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.89 

1307 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.92 

1309 2/14/22 103 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.80 

1310 2/14/22 103 PP C139   T2 -2 to 16 to -2 0 0 0 0 0 0 2.16 0.20 

1311 2/14/22 103 PP C139   T2 -2 to 16 to -2 0 0 0 0 0 0 2.16 0.20 

1312 2/14/22 104 CPR C139  T2 -2 to 9 0 0 0 0 0 0 2.16 0.50 

1313 2/14/22 104 CPR C139   T2 0 to 9 0 0 0 0 0 0 2.16 0.65 

1314 2/14/22 104 CPR C139   T2 -2 to 9 0 0 0 0 0 0 2.16 0.50 

1315 2/14/22 104 CPR C139   T2 -2 to 9 0 0 0 0 0 0 2.16 0.65 

1316 2/14/22 104 CPR C139   T2 -2 to 9 0 0 0 0 0 0 2.16 0.70 

1317 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.75 

1318 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.78 

1319 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.80 

1320 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.82 

1321 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.83 

1322 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.85 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1323 2/14/22 104 CPR C139   T2 -2 to 8 0 0 0 0 0 0 2.16 0.87 

1325 2/14/22 105 PP C139 Both Ailerons +20deg T2 -2 to 9 0 +20 +20 0 0 0 2.16 0.50 

1326 2/14/22 105 PP C139   T2 -2 to 9 0 +20 +20 0 0 0 2.16 0.50 

1327 2/14/22 105 PP C139   T2 -2 to 9 0 +20 +20 0 0 0 2.16 0.50 

1328 2/14/22 105 PP C139   T2 0 to 9 0 +20 +20 0 0 0 2.16 0.60 

1329 2/14/22 105 PP C139   T2 0 to 8.5 0 +20 +20 0 0 0 2.16 0.65 

1330 2/14/22 105 PP C139   T2 0 to 9 0 +20 +20 0 0 0 2.16 0.70 

1331 2/14/22 105 PP C139   T2 0 to 5.5 0 +20 +20 0 0 0 2.16 0.75 

1332 2/14/22 105 PP C139   T2 0 to 5.5 0 +20 +20 0 0 0 2.16 0.78 

1333 2/14/22 105 PP C139   T2 0 to 5.25 0 +20 +20 0 0 0 2.16 0.79 

1334 2/14/22 105 PP C139   T2 0 to 6 0 +20 +20 0 0 0 2.16 0.80 

1335 2/14/22 105 PP C139   T2 0 to 6 0 +20 +20 0 0 0 2.16 0.81 

1336 2/14/22 105 PP C139   T2 0 to 6.5 0 +20 +20 0 0 0 2.16 0.82 

1337 2/14/22 105 PP C139   T2 0 to 6.5 0 +20 +20 0 0 0 2.16 0.83 

1338 2/14/22 105 PP C139   T2 0 to 8 0 +20 +20 0 0 0 2.16 0.85 

1339 2/14/22 105 PP C139   T2 0 to 6.5 0 +20 +20 0 0 0 2.16 0.87 

1340 2/14/22 105 PP C139   T2 0 to 8 0 +20 +20 0 0 0 2.16 0.89 

1341 2/14/22 105 PP C139   T2 0 to 8 0 +20 +20 0 0 0 2.16 0.92 

1342 2/14/22 105 PP C139   T2 0 to 5.5 0 +20 +20 0 0 0 2.16 0.80 

1344 2/14/22 106 PP C139 Both Ailerons +30deg T2 -2 to 8 0 +30 +30 0 0 0 2.16 0.50 

1345 2/14/22 106 PP C139   T2 -2 to 8 0 +30 +30 0 0 0 2.16 0.50 

1348 2/15/22 106 PP C139   T2 0 to 5.75 0 +30 +30 0 0 0 2.16 0.60 

1349 2/15/22 106 PP C139   T2 0 to 5.5 0 +30 +30 0 0 0 2.16 0.65 

1350 2/15/22 106 PP C139   T2 0 to 5.25 0 +30 +30 0 0 0 2.16 0.70 

1351 2/15/22 106 PP C139   T2 0 to 4.5 0 +30 +30 0 0 0 2.16 0.75 

1352 2/15/22 106 PP C139   T2 0 to 4 0 +30 +30 0 0 0 2.16 0.78 

1353 2/15/22 106 PP C139   T2 0 to 3.5 0 +30 +30 0 0 0 2.16 0.79 

1354 2/15/22 106 PP C139   T2 0 to 5 0 +30 +30 0 0 0 2.16 0.80 

1355 2/15/22 106 PP C139   T2 0 to 5.25 0 +30 +30 0 0 0 2.16 0.81 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1356 2/15/22 106 PP C139   T2 0 to 4.5 0 +30 +30 0 0 0 2.16 0.82 

1357 2/15/22 106 PP C139   T2 0 to 5.25 0 +30 +30 0 0 0 2.16 0.83 

1358 2/15/22 106 PP C139   T2 0 to 4 0 +30 +30 0 0 0 2.16 0.85 

1359 2/15/22 106 PP C139   T2 0 to 4.25 0 +30 +30 0 0 0 2.16 0.87 

1360 2/15/22 106 PP C139   T2 0 to 4.25 0 +30 +30 0 0 0 2.16 0.89 

1361 2/15/22 106 PP C139   T2 0 to 4 0 +30 +30 0 0 0 2.16 0.92 

1362 2/15/22 106 PP C139   T2 0 to 4.5 0 +30 +30 0 0 0 2.16 0.80 

1364 2/15/22 107 PP C139 Both Ailerons -2.5deg T2 -2 to 9 0 -2.5 -2.5 0 0 0 2.16 0.50 

1365 2/15/22 107 PP C139   T2 0 to 9 0 -2.5 -2.5 0 0 0 2.16 0.60 

1366 2/15/22 107 PP C139   T2 0 to 9 0 -2.5 -2.5 0 0 0 2.16 0.65 

1367 2/15/22 107 PP C139   T2 0 to 8.5 0 -2.5 -2.5 0 0 0 2.16 0.70 

1368 2/15/22 107 PP C139   T2 0 to 7 0 -2.5 -2.5 0 0 0 2.16 0.75 

1369 2/15/22 107 PP C139   T2 0 to 6.5 0 -2.5 -2.5 0 0 0 2.16 0.78 

1370 2/15/22 107 PP C139   T2 0 to 6.5 0 -2.5 -2.5 0 0 0 2.16 0.79 

1371 2/15/22 107 PP C139   T2 0 to 6.5 0 -2.5 -2.5 0 0 0 2.16 0.80 

1372 2/15/22 107 PP C139   T2 0 to 7 0 -2.5 -2.5 0 0 0 2.16 0.81 

1373 2/15/22 107 PP C139   T2 0 to 7 0 -2.5 -2.5 0 0 0 2.16 0.82 

1374 2/15/22 107 PP C139   T2 0 to 7.5 0 -2.5 -2.5 0 0 0 2.16 0.83 

1375 2/15/22 107 PP C139   T2 0 to 7.5 0 -2.5 -2.5 0 0 0 2.16 0.85 

1376 2/15/22 107 PP C139   T2 0 to 8 0 -2.5 -2.5 0 0 0 2.16 0.87 

1377 2/15/22 107 PP C139   T2 0 to 8 0 -2.5 -2.5 0 0 0 2.16 0.89 

1378 2/15/22 107 PP C139   T2 0 to 8 0 -2.5 -2.5 0 0 0 2.16 0.92 

1379 2/15/22 107 PP C139   T2 0 to 6 0 -2.5 -2.5 0 0 0 2.16 0.80 

1380 2/15/22 108 CPR C139 Both Ailerons -2.5deg T2 0 to 9 0 -2.5 -2.5 0 0 0 2.16 0.50 

1381 2/15/22 108 CPR C139   T2 0 to 9 0 -2.5 -2.5 0 0 0 2.16 0.50 

1382 2/15/22 108 CPR C139   T2 0 to 9 0 -2.5 -2.5 0 0 0 2.16 0.65 

1383 2/15/22 108 CPR C139   T2 0 to 8 0 -2.5 -2.5 0 0 0 2.16 0.70 

1384 2/15/22 108 CPR C139   T2 0 to 7 0 -2.5 -2.5 0 0 0 2.16 0.75 

1385 2/15/22 108 CPR C139   T2 0 to 6.5 0 -2.5 -2.5 0 0 0 2.16 0.78 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1386 2/15/22 108 CPR C139   T2 0 to 6.5 0 -2.5 -2.5 0 0 0 2.16 0.80 

1387 2/15/22 108 CPR C139   T2 0 to 7 0 -2.5 -2.5 0 0 0 2.16 0.82 

1388 2/15/22 108 CPR C139   T2 0 to 7.5 0 -2.5 -2.5 0 0 0 2.16 0.83 

1389 2/15/22 108 CPR C139   T2 0 to 7.5 0 -2.5 -2.5 0 0 0 2.16 0.85 

1390 2/15/22 108 CPR C139   T2 0 to 8 0 -2.5 -2.5 0 0 0 2.16 0.87 

1392 2/15/22 109 PP C139 Both Ailerons -40deg T2 1 to 9 0 -40 -40 0 0 0 2.16 0.50 

1393 2/15/22 109 PP C139   T2 1 to 9 0 -40 -40 0 0 0 2.16 0.60 

1394 2/15/22 109 PP C139   T2 1 to 9 0 -40 -40 0 0 0 2.16 0.65 

1395 2/15/22 109 PP C139   T2 1 to 9 0 -40 -40 0 0 0 2.16 0.70 

1396 2/15/22 109 PP C139   T2 1 to 8 0 -40 -40 0 0 0 2.16 0.75 

1397 2/15/22 109 PP C139   T2 1 to 8 0 -40 -40 0 0 0 2.16 0.78 

1398 2/15/22 109 PP C139   T2 1 to 7 0 -40 -40 0 0 0 2.16 0.79 

1399 2/15/22 109 PP C139   T2 1 to 7 0 -40 -40 0 0 0 2.16 0.80 

1400 2/15/22 109 PP C139   T2 1 to 3 0 -40 -40 0 0 0 2.16 0.81 

1401 2/15/22 109 PP C139   T2 2 to 7 0 -40 -40 0 0 0 2.16 0.82 

1402 2/15/22 109 PP C139   T2 1 to 7 0 -40 -40 0 0 0 2.16 0.83 

1403 2/15/22 109 PP C139   T2 1 to 7 0 -40 -40 0 0 0 2.16 0.85 

1404 2/15/22 109 PP C139   T2 1.5 to 7 0 -40 -40 0 0 0 2.16 0.87 

1405 2/15/22 109 PP C139   T2 1.5 to 7 0 -40 -40 0 0 0 2.16 0.89 

1406 2/15/22 109 PP C139   T2 1 to 7 0 -40 -40 0 0 0 2.16 0.92 

1407 2/15/22 109 PP C139   T2 1.5 to 7 0 -40 -40 0 0 0 2.16 0.80 

Combined Spoiler Effectiveness 

1409 2/15/22 110 PP C139 All Spoilers -10deg T2 -2 to 8.75 0 0 0 -10 -10 -10 2.16 0.50 

1410 2/15/22 110 PP C139   T2 0 to 8.75 0 0 0 -10 -10 -10 2.16 0.60 

1411 2/15/22 110 PP C139   T2 0 to 8.75 0 0 0 -10 -10 -10 2.16 0.65 

1412 2/15/22 110 PP C139   T2 0 to 8.75 0 0 0 -10 -10 -10 2.16 0.70 

1413 2/15/22 110 PP C139   T2 0 to 6.75 0 0 0 -10 -10 -10 2.16 0.75 

1414 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.78 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1415 2/15/22 110 PP C139   T2 0 to 6.75 0 0 0 -10 -10 -10 2.16 0.79 

1416 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.80 

1417 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.81 

1418 2/15/22 110 PP C139   T2 0 to 7.25 0 0 0 -10 -10 -10 2.16 0.82 

1419 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.83 

1420 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.85 

1421 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.87 

1422 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.89 

1423 2/15/22 110 PP C139   T2 0 to 7.75 0 0 0 -10 -10 -10 2.16 0.92 

1424 2/15/22 110 PP C139   T2 0 to 7 0 0 0 -10 -10 -10 2.16 0.80 

1427 2/15/22 111 PP C139 All Spoilers -30deg T2 -2 to 9 0 0 0 -30 -30 -30 2.16 0.50 

1428 2/15/22 111 PP C139   T2 0 to 9  0 0 0 -30 -30 -30 2.16 0.60 

1429 2/15/22 111 PP C139   T2 0 to 9 0 0 0 -30 -30 -30 2.16 0.65 

1430 2/15/22 111 PP C139   T2 0 to 8.5 0 0 0 -30 -30 -30 2.16 0.70 

1431 2/15/22 111 PP C139   T2 0 to 7.5 0 0 0 -30 -30 -30 2.16 0.75 

1432 2/15/22 111 PP C139   T2 0 to 7 0 0 0 -30 -30 -30 2.16 0.78 

1433 2/15/22 111 PP C139   T2 0 to 7.5 0 0 0 -30 -30 -30 2.16 0.79 

1434 2/15/22 111 PP C139   T2 0 to 7.5 0 0 0 -30 -30 -30 2.16 0.80 

1435 2/15/22 111 PP C139   T2 0 to 8 0 0 0 -30 -30 -30 2.16 0.81 

1436 2/15/22 111 PP C139   T2 0 to 8 0 0 0 -30 -30 -30 2.16 0.82 

1437 2/15/22 111 PP C139   T2 0 to 7.5 0 0 0 -30 -30 -30 2.16 0.83 

1438 2/15/22 111 PP C139   T2 0 to 8 0 0 0 -30 -30 -30 2.16 0.85 

1439 2/15/22 111 PP C139   T2 0.25 to 8 0 0 0 -30 -30 -30 2.16 0.87 

1440 2/15/22 111 PP C139   T2 0.75 to 8 0 0 0 -30 -30 -30 2.16 0.89 

1441 2/15/22 111 PP C139   T2 0.75 to 8 0 0 0 -30 -30 -30 2.16 0.92 

1442 2/15/22 111 PP C139   T2 0 to 7.5 0 0 0 -30 -30 -30 2.16 0.80 

1444 2/15/22 112 PP C139 All Spoilers -60deg T2 -2 to 9 0 0 0 -60 -60 -60 2.16 0.50 

1445 2/15/22 112 PP C139   T2 0 to 9  0 0 0 -60 -60 -60 2.16 0.60 

1446 2/15/22 112 PP C139   T2 1.5 to 9  0 0 0 -60 -60 -60 2.16 0.65 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1447 2/15/22 112 PP C139   T2 1 to 8.5 0 0 0 -60 -60 -60 2.16 0.70 

1448 2/15/22 112 PP C139   T2 1 to 8 0 0 0 -60 -60 -60 2.16 0.75 

1449 2/15/22 112 PP C139   T2 1 to 8 0 0 0 -60 -60 -60 2.16 0.78 

1450 2/15/22 112 PP C139   T2 1.5 to 8 0 0 0 -60 -60 -60 2.16 0.79 

1451 2/15/22 112 PP C139   T2 1.5 to 8 0 0 0 -60 -60 -60 2.16 0.80 

1452 2/15/22 112 PP C139   T2 1.5 to 8 0 0 0 -60 -60 -60 2.16 0.81 

1453 2/15/22 112 PP C139   T2 1.5 to 8 0 0 0 -60 -60 -60 2.16 0.82 

1454 2/15/22 112 PP C139   T2 0.75 to 8 0 0 0 -60 -60 -60 2.16 0.83 

1455 2/15/22 112 PP C139   T2 0.75 to 8 0 0 0 -60 -60 -60 2.16 0.85 

1456 2/15/22 112 PP C139   T2 1 to 8 0 0 0 -60 -60 -60 2.16 0.87 

1457 2/15/22 112 PP C139   T2 2 to 8 0 0 0 -60 -60 -60 2.16 0.89 

1458 2/15/22 112 PP C139   T2 2.5 to 8 0 0 0 -60 -60 -60 2.16 0.92 

1459 2/15/22 112 PP C139   T2 1.5 to 8 0 0 0 -60 -60 -60 2.16 0.80 

1460 2/15/22 112 PP C139   T2 1 to 9  0 0 0 -60 -60 -60 2.16 0.65 

1461 2/15/22 112 PP C139   T2 1 to 8.5 0 0 0 -60 -60 -60 2.16 0.70 

1462 2/15/22 112 PP C139   T2 1 to 8 0 0 0 -60 -60 -60 2.16 0.75 

1465 2/15/22 113 PP C139 All Spoilers -5deg T2 -2 to 9 0 0 0 -5 -5 -5 2.16 0.50 

1466 2/15/22 113 PP C139   T2 0 to 9  0 0 0 -5 -5 -5 2.16 0.60 

1467 2/15/22 113 PP C139   T2 0 to 9  0 0 0 -5 -5 -5 2.16 0.65 

1468 2/15/22 113 PP C139   T2 0 to 9  0 0 0 -5 -5 -5 2.16 0.70 

1469 2/15/22 113 PP C139   T2 0 to 7.5 0 0 0 -5 -5 -5 2.16 0.75 

1470 2/15/22 113 PP C139   T2 0 to 7 0 0 0 -5 -5 -5 2.16 0.78 

1471 2/15/22 113 PP C139   T2 0 to 6.25 0 0 0 -5 -5 -5 2.16 0.79 

1472 2/15/22 113 PP C139   T2 0 to 7 0 0 0 -5 -5 -5 2.16 0.80 

1473 2/15/22 113 PP C139   T2 0 to 8 0 0 0 -5 -5 -5 2.16 0.81 

1474 2/15/22 113 PP C139   T2 0 to 8 0 0 0 -5 -5 -5 2.16 0.82 

1475 2/15/22 113 PP C139   T2 0 to 7.5 0 0 0 -5 -5 -5 2.16 0.83 

1479 2/16/22 113 PP C139   T2 0 to 8 0 0 0 -5 -5 -5 2.16 0.85 

1480 2/16/22 113 PP C139   T2 0 to 7 0 0 0 -5 -5 -5 2.16 0.83 
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Ailerons Spoilers 
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1481 2/16/22 113 PP C139   T2 0 to 4.75 0 0 0 -5 -5 -5 2.16 0.87 

1482 2/16/22 113 PP C139   T2 0 to 8 0 0 0 -5 -5 -5 2.16 0.89 

1483 2/16/22 113 PP C139   T2 0 to 8 0 0 0 -5 -5 -5 2.16 0.92 

1484 2/16/22 113 PP C139   T2 0 to 6.5 0 0 0 -5 -5 -5 2.16 0.80 

1486 2/16/22 114 PP C139 All Spoilers 0deg T2 -2 to 9 0 0 0 0 0 0 2.16 0.50 

1487 2/16/22 114 PP C139   T2 0 to 9  0 0 0 0 0 0 2.16 0.60 

1488 2/16/22 114 PP C139   T2 0 to 9 0 0 0 0 0 0 2.16 0.65 

1489 2/16/22 114 PP C139   T2 0 to 8.5 0 0 0 0 0 0 2.16 0.70 

1490 2/16/22 114 PP C139   T2 0 to 6 0 0 0 0 0 0 2.16 0.75 

1491 2/16/22 114 PP C139   T2 0 to 5.5 0 0 0 0 0 0 2.16 0.78 

1492 2/16/22 114 PP C139   T2 0 to 5.5 0 0 0 0 0 0 2.16 0.79 

1493 2/16/22 114 PP C139   T2 0 to 6.5 0 0 0 0 0 0 2.16 0.80 

1494 2/16/22 114 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.81 

1495 2/16/22 114 PP C139   T2 0 to 7 0 0 0 0 0 0 2.16 0.82 

1496 2/16/22 114 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.83 

1497 2/16/22 114 PP C139   T2 0 to 7.75 0 0 0 0 0 0 2.16 0.85 

1498 2/16/22 114 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.87 

1499 2/16/22 114 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.89 

1500 2/16/22 114 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.92 

1501 2/16/22 114 PP C139   T2 0 to 6 0 0 0 0 0 0 2.16 0.80 

Inboard Aileron Effectiveness 

1503 2/16/22 115 PP C139 Inboard Aileron -40deg T2 0 to 9  0 -40 0 0 0 0 2.16 0.50 

1504 2/16/22 115 PP C139   T2 0 to 9  0 -40 0 0 0 0 2.16 0.60 

1505 2/16/22 115 PP C139   T2 0 to 9 0 -40 0 0 0 0 2.16 0.65 

1506 2/16/22 115 PP C139   T2 0 to 8.5 0 -40 0 0 0 0 2.16 0.70 

1507 2/16/22 115 PP C139   T2 0 to 6 0 -40 0 0 0 0 2.16 0.75 

1508 2/16/22 115 PP C139   T2 0 to 6.5 0 -40 0 0 0 0 2.16 0.78 

1509 2/16/22 115 PP C139   T2 0 to 6.5 0 -40 0 0 0 0 2.16 0.79 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1510 2/16/22 115 PP C139   T2 0 to 6.5 0 -40 0 0 0 0 2.16 0.80 

1511 2/16/22 115 PP C139   T2 0 to 7 0 -40 0 0 0 0 2.16 0.81 

1512 2/16/22 115 PP C139   T2 0 to 7 0 -40 0 0 0 0 2.16 0.82 

1513 2/16/22 115 PP C139   T2 0 to 7 0 -40 0 0 0 0 2.16 0.83 

1514 2/16/22 115 PP C139   T2 0 to 7.5 0 -40 0 0 0 0 2.16 0.85 

1515 2/16/22 115 PP C139   T2 0 to 8 0 -40 0 0 0 0 2.16 0.87 

1516 2/16/22 115 PP C139   T2 0 to 8 0 -40 0 0 0 0 2.16 0.89 

1517 2/16/22 115 PP C139   T2 0 to 6.5 0 -40 0 0 0 0 2.16 0.92 

1518 2/16/22 115 PP C139   T2 0 to 6.5 0 -40 0 0 0 0 2.16 0.80 

1520 2/16/22 116 PP C139 Inboard Aileron -30deg T2 0 to 9 0 -30 0 0 0 0 2.16 0.50 

1521 2/16/22 116 PP C139   T2 0 to 9  0 -30 0 0 0 0 2.16 0.60 

1522 2/16/22 116 PP C139   T2 0 to 9 0 -30 0 0 0 0 2.16 0.65 

1523 2/16/22 116 PP C139   T2 0 to 8 0 -30 0 0 0 0 2.16 0.70 

1524 2/16/22 116 PP C139   T2 0 to 7 0 -30 0 0 0 0 2.16 0.75 

1525 2/16/22 116 PP C139   T2 0 to 6 0 -30 0 0 0 0 2.16 0.78 

1526 2/16/22 116 PP C139   T2 0 to 6.5 0 -30 0 0 0 0 2.16 0.79 

1527 2/16/22 116 PP C139   T2 0 to 6.5 0 -30 0 0 0 0 2.16 0.80 

1528 2/16/22 116 PP C139   T2 0 to 6.5 0 -30 0 0 0 0 2.16 0.81 

1529 2/16/22 116 PP C139   T2 0 to 7.5 0 -30 0 0 0 0 2.16 0.82 

1530 2/16/22 116 PP C139   T2 0 to 7.5 0 -30 0 0 0 0 2.16 0.83 

1531 2/16/22 116 PP C139   T2 0 to 8 0 -30 0 0 0 0 2.16 0.85 

1532 2/16/22 116 PP C139   T2 0 to 8 0 -30 0 0 0 0 2.16 0.87 

1533 2/16/22 116 PP C139   T2 0 to 8 0 -30 0 0 0 0 2.16 0.89 

1534 2/16/22 116 PP C139   T2 0 to 7.5 0 -30 0 0 0 0 2.16 0.92 

1535 2/16/22 116 PP C139   T2 0 to 6.5 0 -30 0 0 0 0 2.16 0.80 

1537 2/16/22 117 PP C139 Inboard Aileron +30deg T2 -2 to 9 0 30 0 0 0 0 2.16 0.50 

1538 2/16/22 117 PP C139   T2 0 to 9  0 30 0 0 0 0 2.16 0.60 

1539 2/16/22 117 PP C139   T2 0 to 9  0 30 0 0 0 0 2.16 0.65 

1540 2/16/22 117 PP C139   T2 0 to 9  0 30 0 0 0 0 2.16 0.70 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1541 2/16/22 117 PP C139   T2 0 to 7 0 30 0 0 0 0 2.16 0.75 

1542 2/16/22 117 PP C139   T2 0 to 7 0 30 0 0 0 0 2.16 0.78 

1543 2/16/22 117 PP C139   T2 0 to 7.25 0 30 0 0 0 0 2.16 0.79 

1544 2/16/22 117 PP C139   T2 0 to 7.5 0 30 0 0 0 0 2.16 0.80 

1545 2/16/22 117 PP C139   T2 0 to 7.5 0 30 0 0 0 0 2.16 0.81 

1546 2/16/22 117 PP C139   T2 0 to 7 0 30 0 0 0 0 2.16 0.82 

1547 2/16/22 117 PP C139   T2 0 to 7.5 0 30 0 0 0 0 2.16 0.83 

1548 2/16/22 117 PP C139   T2 0 to 7 0 30 0 0 0 0 2.16 0.85 

1549 2/16/22 117 PP C139   T2 0 to 8 0 30 0 0 0 0 2.16 0.87 

1550 2/16/22 117 PP C139   T2 0 to 8 0 30 0 0 0 0 2.16 0.89 

1551 2/16/22 117 PP C139   T2 0 to 7.5 0 30 0 0 0 0 2.16 0.92 

1552 2/16/22 117 PP C139   T2 0 to 7.5 0 30 0 0 0 0 2.16 0.80 

1555 2/16/22 118 PP C139 Inboard Aileron -5deg T2 -2 to 9 0 -5 0 0 0 0 2.16 0.50 

1556 2/16/22 118 PP C139   T2 0 to 9  0 -5 0 0 0 0 2.16 0.60 

1557 2/16/22 118 PP C139   T2 0 to 9  0 -5 0 0 0 0 2.16 0.65 

1558 2/16/22 118 PP C139   T2 0 to 9  0 -5 0 0 0 0 2.16 0.70 

1559 2/16/22 118 PP C139   T2 0 to 8 0 -5 0 0 0 0 2.16 0.75 

1560 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.78 

1561 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.79 

1562 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.80 

1563 2/16/22 118 PP C139   T2 0 to 8 0 -5 0 0 0 0 2.16 0.81 

1564 2/16/22 118 PP C139   T2 0 to 8 0 -5 0 0 0 0 2.16 0.82 

1565 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.83 

1566 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.85 

1567 2/16/22 118 PP C139   T2 0 to 8 0 -5 0 0 0 0 2.16 0.87 

1568 2/16/22 118 PP C139   T2 0 to 8 0 -5 0 0 0 0 2.16 0.89 

1569 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.92 

1570 2/16/22 118 PP C139   T2 0 to 7.5 0 -5 0 0 0 0 2.16 0.80 

1573 2/17/22 119 PP C139 Inboard Aileron +5deg T2 -2 to 9 0 5 0 0 0 0 2.16 0.50 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1574 2/17/22 119 PP C139   T2 0 to 9  0 5 0 0 0 0 2.16 0.60 

1575 2/17/22 119 PP C139   T2 0 to 9  0 5 0 0 0 0 2.16 0.65 

1576 2/17/22 119 PP C139   T2 0 to 7  0 5 0 0 0 0 2.16 0.70 

1577 2/17/22 119 PP C139   T2 0 to 6.75 0 5 0 0 0 0 2.16 0.75 

1578 2/17/22 119 PP C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.78 

1579 2/17/22 119 PP C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.79 

1580 2/17/22 119 PP C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.80 

1581 2/17/22 119 PP C139   T2 0 to 7 0 5 0 0 0 0 2.16 0.81 

1582 2/17/22 119 PP C139   T2 0 to 7 0 5 0 0 0 0 2.16 0.82 

1583 2/17/22 119 PP C139   T2 0 to 7.5 0 5 0 0 0 0 2.16 0.83 

1584 2/17/22 119 PP C139   T2 0 to 7.5 0 5 0 0 0 0 2.16 0.85 

1585 2/17/22 119 PP C139   T2 0 to 8 0 5 0 0 0 0 2.16 0.87 

1586 2/17/22 119 PP C139   T2 0 to 8 0 5 0 0 0 0 2.16 0.89 

1587 2/17/22 119 PP C139   T2 0 to 7.5 0 5 0 0 0 0 2.16 0.92 

1588 2/17/22 119 PP C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.80 

1589 2/17/22 120 CPR C139 Inboard Aileron +5deg T2 0 to 9 0 5 0 0 0 0 2.16 0.50 

1590 2/17/22 120 CPR C139   T2 0 to 9  0 5 0 0 0 0 2.16 0.65 

1591 2/17/22 120 CPR C139   T2 0 to 7  0 5 0 0 0 0 2.16 0.70 

1592 2/17/22 120 CPR C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.75 

1593 2/17/22 120 CPR C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.78 

1594 2/17/22 120 CPR C139   T2 0 to 6.5 0 5 0 0 0 0 2.16 0.80 

1595 2/17/22 120 CPR C139   T2 0 to 7 0 5 0 0 0 0 2.16 0.82 

1596 2/17/22 120 CPR C139   T2 0 to 7 0 5 0 0 0 0 2.16 0.83 

1597 2/17/22 120 CPR C139   T2 0 to 7 0 5 0 0 0 0 2.16 0.85 

1598 2/17/22 120 CPR C139   T2 0 to 8 0 5 0 0 0 0 2.16 0.87 

1600 2/17/22 121 PP C139 Inboard Aileron -10deg T2 -2 to 9 0 -10 0 0 0 0 2.16 0.50 

1601 2/17/22 121 PP C139   T2 0 to 9  0 -10 0 0 0 0 2.16 0.60 

1602 2/17/22 121 PP C139   T2 0 to 9  0 -10 0 0 0 0 2.16 0.65 

1603 2/17/22 121 PP C139   T2 0 to 7.5  0 -10 0 0 0 0 2.16 0.70 
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Run 
Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1604 2/17/22 121 PP C139   T2 0 to 6.5 0 -10 0 0 0 0 2.16 0.75 

1605 2/17/22 121 PP C139   T2 0 to 6 0 -10 0 0 0 0 2.16 0.78 

1606 2/17/22 121 PP C139   T2 0 to 6 0 -10 0 0 0 0 2.16 0.79 

1607 2/17/22 121 PP C139   T2 0 to 6 0 -10 0 0 0 0 2.16 0.80 

1608 2/17/22 121 PP C139   T2 0 to 7.75 0 -10 0 0 0 0 2.16 0.81 

1609 2/17/22 121 PP C139   T2 0 to 7 0 -10 0 0 0 0 2.16 0.82 

1610 2/17/22 121 PP C139   T2 0 to 7 0 -10 0 0 0 0 2.16 0.83 

1611 2/17/22 121 PP C139   T2 0 to 7.5 0 -10 0 0 0 0 2.16 0.85 

1612 2/17/22 121 PP C139   T2 0 to 8 0 -10 0 0 0 0 2.16 0.87 

1613 2/17/22 121 PP C139   T2 0 to 8 0 -10 0 0 0 0 2.16 0.89 

1614 2/17/22 121 PP C139   T2 0 to 7.5 0 -10 0 0 0 0 2.16 0.92 

1615 2/17/22 121 PP C139   T2 0 to 6 0 -10 0 0 0 0 2.16 0.80 

1617 2/17/22 122 PP C139 Inboard Aileron +10deg T2 -2 to 9 0 10 0 0 0 0 2.16 0.50 

1618 2/17/22 122 PP C139   T2 0 to 9  0 10 0 0 0 0 2.16 0.60 

1619 2/17/22 122 PP C139   T2 0 to 9  0 10 0 0 0 0 2.16 0.65 

1620 2/17/22 122 PP C139   T2 0 to 7  0 10 0 0 0 0 2.16 0.70 

1621 2/17/22 122 PP C139   T2 0 to 6 0 10 0 0 0 0 2.16 0.75 

1622 2/17/22 122 PP C139   T2 0 to 6 0 10 0 0 0 0 2.16 0.78 

1623 2/17/22 122 PP C139   T2 0 to 6 0 10 0 0 0 0 2.16 0.79 

1624 2/17/22 122 PP C139   T2 0 to 6 0 10 0 0 0 0 2.16 0.80 

1625 2/17/22 122 PP C139   T2 0 to 6.5 0 10 0 0 0 0 2.16 0.81 

1626 2/17/22 122 PP C139   T2 0 to 7 0 10 0 0 0 0 2.16 0.82 

1627 2/17/22 122 PP C139   T2 0 to 7 0 10 0 0 0 0 2.16 0.83 

1628 2/17/22 122 PP C139   T2 0 to 7.5 0 10 0 0 0 0 2.16 0.85 

1629 2/17/22 122 PP C139   T2 0 to 8 0 10 0 0 0 0 2.16 0.87 

1630 2/17/22 122 PP C139   T2 0 to 8 0 10 0 0 0 0 2.16 0.89 

1631 2/17/22 122 PP C139   T2 0 to 7.5 0 10 0 0 0 0 2.16 0.92 

1632 2/17/22 122 PP C139   T2 0 to 6 0 10 0 0 0 0 2.16 0.80 

1634 2/17/22 123 PP C139 Inboard Aileron +20deg T2 -2 to 9 0 20 0 0 0 0 2.16 0.50 
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Number As-run Date Run 
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Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1635 2/17/22 123 PP C139   T2 0 to 9  0 20 0 0 0 0 2.16 0.60 

1636 2/17/22 123 PP C139   T2 0 to 7.5  0 20 0 0 0 0 2.16 0.65 

1637 2/17/22 123 PP C139   T2 0 to 7  0 20 0 0 0 0 2.16 0.70 

1638 2/17/22 123 PP C139   T2 0 to 6 0 20 0 0 0 0 2.16 0.75 

1639 2/17/22 123 PP C139   T2 0 to 5.25 0 20 0 0 0 0 2.16 0.78 

1640 2/17/22 123 PP C139   T2 0 to 5.5 0 20 0 0 0 0 2.16 0.79 

1641 2/17/22 123 PP C139   T2 0 to 6 0 20 0 0 0 0 2.16 0.80 

1642 2/17/22 123 PP C139   T2 0 to 6.5 0 20 0 0 0 0 2.16 0.81 

1643 2/17/22 123 PP C139   T2 0 to 7 0 20 0 0 0 0 2.16 0.82 

1644 2/17/22 123 PP C139   T2 0 to 6.5 0 20 0 0 0 0 2.16 0.83 

1645 2/17/22 123 PP C139   T2 0 to 7.5 0 20 0 0 0 0 2.16 0.85 

1646 2/17/22 123 PP C139   T2 0 to 8 0 20 0 0 0 0 2.16 0.87 

1647 2/17/22 123 PP C139   T2 0 to 8 0 20 0 0 0 0 2.16 0.89 

1648 2/17/22 123 PP C139   T2 0 to 7.5 0 20 0 0 0 0 2.16 0.92 

1649 2/17/22 123 PP C139   T2 0 to 6 0 20 0 0 0 0 2.16 0.80 

1651 2/17/22 124 PP C139 Inboard Aileron -2.5deg T2 -2 to 9 0 -2.5 0 0 0 0 2.16 0.50 

1652 2/17/22 124 PP C139   T2 0 to 9  0 -2.5 0 0 0 0 2.16 0.60 

1653 2/17/22 124 PP C139   T2 0 to 9  0 -2.5 0 0 0 0 2.16 0.65 

1654 2/17/22 124 PP C139   T2 0 to 9  0 -2.5 0 0 0 0 2.16 0.70 

1655 2/17/22 124 PP C139   T2 0 to 7.5 0 -2.5 0 0 0 0 2.16 0.75 

1656 2/17/22 124 PP C139   T2 0 to 7 0 -2.5 0 0 0 0 2.16 0.78 

1657 2/17/22 124 PP C139   T2 0 to 7 0 -2.5 0 0 0 0 2.16 0.79 

1658 2/17/22 124 PP C139   T2 0 to 7.5 0 -2.5 0 0 0 0 2.16 0.80 

1659 2/17/22 124 PP C139   T2 0 to 8 0 -2.5 0 0 0 0 2.16 0.81 

1660 2/17/22 124 PP C139   T2 0 to 8 0 -2.5 0 0 0 0 2.16 0.82 

1661 2/17/22 124 PP C139   T2 0 to 8 0 -2.5 0 0 0 0 2.16 0.83 

1662 2/17/22 124 PP C139   T2 0 to 7.5 0 -2.5 0 0 0 0 2.16 0.85 

1663 2/17/22 124 PP C139   T2 0 to 8 0 -2.5 0 0 0 0 2.16 0.87 

1664 2/17/22 124 PP C139   T2 0 to 8 0 -2.5 0 0 0 0 2.16 0.89 
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Number As-run Date Run 

Series 
Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1665 2/17/22 124 PP C139   T2 0 to 7.5 0 -2.5 0 0 0 0 2.16 0.92 

1666 2/17/22 124 PP C139   T2 0 to 7.75 0 -2.5 0 0 0 0 2.16 0.80 

1668 2/17/22 125 PP C139 Inboard Aileron 0deg T2 -2 to 9 0 0 0 0 0 0 2.16 0.50 

1669 2/17/22 125 PP C139   T2 0 to 9  0 0 0 0 0 0 2.16 0.60 

1670 2/17/22 125 PP C139   T2 0 to 9  0 0 0 0 0 0 2.16 0.65 

1671 2/17/22 125 PP C139   T2 0 to 8.5 0 0 0 0 0 0 2.16 0.70 

1672 2/17/22 125 PP C139   T2 0 to 7 0 0 0 0 0 0 2.16 0.75 

1673 2/17/22 125 PP C139   T2 0 to 6.5 0 0 0 0 0 0 2.16 0.78 

1674 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.79 

1675 2/17/22 125 PP C139   T2 0 to 7 0 0 0 0 0 0 2.16 0.80 

1676 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.81 

1677 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.82 

1678 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.83 

1679 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.85 

1680 2/17/22 125 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.87 

1681 2/17/22 125 PP C139   T2 0 to 8 0 0 0 0 0 0 2.16 0.89 

1682 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.92 

1683 2/17/22 125 PP C139   T2 0 to 7.5 0 0 0 0 0 0 2.16 0.80 

Miscellaneous Runs 

1685 2/17/22 126 PP C139 Spoilers -2.5deg T2 -2 to 2.5 0 0 0 -2.5 -2.5 -2.5 2.16 0.50 

1687 2/17/22 126 PP C139 All Ailerons 2.5deg T2 -2 to 9 0 2.5 2.5 0 0 0 2.16 0.50 

1688 2/17/22 126 PP C139   T2 0 to 9  0 2.5 2.5 0 0 0 2.16 0.60 

1689 2/17/22 126 PP C139   T2 0 to 9  0 2.5 2.5 0 0 0 2.16 0.65 

1690 2/17/22 126 PP C139   T2 0 to 9  0 2.5 2.5 0 0 0 2.16 0.70 

1691 2/17/22 126 PP C139   T2 0 to 7 0 2.5 2.5 0 0 0 2.16 0.75 

1692 2/17/22 126 PP C139   T2 0 to 7 0 2.5 2.5 0 0 0 2.16 0.78 

1693 2/17/22 126 PP C139   T2 0 to 7 0 2.5 2.5 0 0 0 2.16 0.79 

1694 2/17/22 126 PP C139   T2 0 to 7.5 0 2.5 2.5 0 0 0 2.16 0.80 
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Number As-run Date Run 
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Run 
Type Config   Model 

Change 
Transition 

Trip Alpha OB Strut 
Flap 

Ailerons Spoilers 
ReMAC Mach   

IB OB IB MB OB 

1695 2/17/22 126 PP C139   T2 0 to 8 0 2.5 2.5 0 0 0 2.16 0.81 

1696 2/17/22 126 PP C139   T2 0 to 8 0 2.5 2.5 0 0 0 2.16 0.82 

1697 2/17/22 126 PP C139   T2 0 to 7 0 2.5 2.5 0 0 0 2.16 0.83 

1698 2/17/22 126 PP C139   T2 0 to 8 0 2.5 2.5 0 0 0 2.16 0.85 

1699 2/17/22 126 PP C139   T2 0 to 8 0 2.5 2.5 0 0 0 2.16 0.87 

1700 2/17/22 126 PP C139   T2 0 to 8 0 2.5 2.5 0 0 0 2.16 0.89 

1701 2/17/22 126 PP C139   T2 0 to 7.5 0 2.5 2.5 0 0 0 2.16 0.92 

1702 2/17/22 126 PP C139   T2 0 to 7 0 2.5 2.5 0 0 0 2.16 0.80 

1703 2/17/22 126 PP C139   T2 0 to 7.5 0 2.5 2.5 0 0 0 2.16 0.80 

1704 2/17/22 126 PP C139   T2 0 to 7.5 0 2.5 2.5 0 0 0 2.16 0.80 

1705 2/17/22 126 PP C139   T2 0 to 7.5 0 2.5 2.5 0 0 0 2.16 0.80 

1709 2/17/22 127 Pressure Sweep C139 
Alpha and Mach set to 

zero T2 0 0 2.5 2.5 0 0 0 0.00 0.00 

1710 2/17/22 127 Pressure Sweep C139   T2 0 0 2.5 2.5 0 0 0 0.00 0.00 

1711 2/17/22 127 Pressure Sweep C139   T2 0 0 2.5 2.5 0 0 0 0.00 0.00 

1712 2/17/22 127 Pressure Sweep C139   T2 0 0 2.5 2.5 0 0 0 0.00 0.00 
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Appendix	B	–	Model	Instrumentation	Specifications	

 

Figure B-1.  Kulite Specification Data Sheet. 
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Figure B-2.  Accelerometer Data Sheet. 
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Figure B-3.  Strain Gauge Data Sheet 1. 
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Figure B-4.  Strain Gauge Data Sheet 2. 


