IRT Test Section and Models
Ice-accretion testing was carried out at the NASA Glenn Icing Research Tunnel located in Cleveland, Ohio. The IRT is a closed-return, refrigerated wind tunnel that simulates flight through an icing cloud at pressure-altitudes near sea level.  Three models were tested in IRT for this program:  Inboard, Midspan, and Outboard.  Each model was mounted vertically in the test-section and spanned the entire height as shown in Figure 1. The model base plate was bolted to the turntable for angle of attack adjustment. Due to the large size of the models, the model base plate extended beyond the outer periphery of the turntable. Thus, there was a small gap of approximately 0.25 in. between the test-section floor and the model base plate. There was also a small gap of approximately 0.25 in. between the top of the model main element and the test- section ceiling. The model was also supported at the ceiling interface with a 1.0 in. diameter pin located at the model center of rotation. The gaps between the model and the floor and ceiling were significantly larger for the flap to accommodate flap angles from 0 to 30 deg.
Each model was comprised of a main element, single-element slotted flap and removable leading-edge section. Some details of the model geometries are shown in Table 1 including the upper and lower surface extents of the full-scale leading edge. The main element and flap were instrumented with three streamwise rows of surface pressure taps that were located at spanwise stations 18, 36, and 54 in. above the test-section floor. Three thermocouples were installed inside the main element structure and these temperatures were monitored to ensure that the model temperature was in equilibrium with the surrounding air. There were two different interchangeable leading edges for each model. One leading edge was used for surface-pressure measurements and was instrumented with pressure taps in three streamwise rows corresponding to the spanwise stations on the main element and flap. The other leading edge was used for icing tests and thus has a completely smooth exterior surface. The removable leading edges were made from 0.090 in. thick aluminum that was stretch-formed to the desired airfoil coordinates and then hard anodized to improve the surface durability. For the icing leading edge, five thermocouples were located on the inside surface of the skin.  Twelve thermocouples were installed in various locations beneath the flap heater to monitor the skin temperature.
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Fig 1.   CRM65 models installed in the IRT test-section; from left to right: Inboard model, Midspan model and Outboard model.

Table 1.  IRT model key dimensions
	
	Inboard
	Midspan
	Outboard

	CRM65 Semispan Location
	20%
	64%
	83%

	Full-Scale (FS) Normal Chord, cFS (in.)
	297.9
	122.7
	91.3

	Full-Scale (FS) Streamwise Chord (in.)
	260.3
	135.7
	100.7

	Upper-Surface FS Leading-Edge Extent (x/cFS)
	0.04
	0.10
	0.17

	Lower-Surface FS Leading-Edge Extent (x/cFS)
	0.06
	0.10
	0.15

	Model Scale Factor (cFS/cHyb)
	2.25
	2.0
	1.5

	Hybrid Model Normal Chord, cHyb (in.)
	132.4
	61.4
	60.9

	Hybrid Flap Normal Chord (in.)
	32.7
	15.1
	15.0

	Hybrid Model Streamwise Chord (in.)
	161.8
	74.6
	74.0

	Hybrid Flap Streamwise Chord (in.)
	41.1
	18.7
	18.8

	Upper-Surface FS Leading-Edge Extent Streamwise (in.)
	15.0
	15.4
	19.5

	Upper-Surface FS Removable Leading-Edge Extent Streamwise (in.)
	11.2
	12.3
	11.4

	Lower-Surface FS Leading-Edge Extent Streamwise (in.)
	22.4
	15.4
	17.2

	Lower-Surface FS Removable Leading-Edge Extent Streamwise (in.)
	14.9
	15.4
	13.8




Figure 2 shows the Inboard IRT model as installed in the test section.  The center of the mounting pin on the top of the model coincides with the center of the turntable.  The CAD files of the IRT models are included in the database.  The origin of the model coordinate systems (where x,y,z = 0) is located   at the airfoil highlight location at top of the floor base plate, as shown in Figs. 3-5.    The Inboard model base plate was 1” thick while the Midspan and Outboard model base plates were 1.25” thick.  With the 0.25” gap between the tunnel floor and the baseplate, the origin was 1.25” above the floor for the Inboard model, and 1.5” above the tunnel floor for the Midspan and Outboard models, as shown in Figs. 3-5.
The as-built pressure tap ID and locations for the models are shown in Tables 2-10.  These coordinate are in the model coordinate system, with the origin at the airfoil highlight location at the top of the floor base plate.
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Fig. 2 Top View of the IRT model
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Fig. 3 Side view of Inboard Model
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Fig. 4 Side view of Midspan Model
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Fig. 5 Side view of Outboard Model


Table 2  Inboard Model Pressure Taps – 18” Span Station
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Table 3 Inboard Model Pressure Taps – 36” Span Station
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Table 4  Inboard Model Pressure Taps – 54” Span Station
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Table 5 Midpan Model Pressure Taps – 18” Span Station
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Table 6  Midpan Model Pressure Taps – 36” Span Station
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Table 7  Midpan Model Pressure Taps – 54” Span Station
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Table 8  Outboard Model Pressure Taps – 18” Span Station
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Table 9  Outboard Model Pressure Taps – 36” Span Station
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Table 10  Outboard Model Pressure Taps – 36” Span Station
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Experimental Methods
The models were tested in three separate test campaigns. The Midspan model was also utilized for a brief two-day test campaign approximately five months later. Each model was initially installed in the IRT test section with the pressure-instrumented leading edge. The model surface pressures were measured over a large range of angle of attack and flap deflections in order to track the location of the attachment line at the spanwise station 36 in. above the test-section floor (model centerline). The surface pressure data from these runs are included in this database.  At the conclusion of these aerodynamic tests, the pressure-instrumented leading edge was removed and the icing leading edge was installed. For icing tests, the desired temperature and speed conditions were established with the appropriate time allotted for the model and tunnel to thermally equilibrate. The icing spray cloud was turned on for the desired period of time and then the tunnel was shut down to allow for documentation of the ice accretion. Photographs were taken first, followed by 3-D digital measurement using a laser-based scanning system In some cases, a section of the ice was removed (over the center 10” of the span) from the model and weighed after the 3-D measurements were completed.
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Figure 6.—Schematic description of process used to determine Maximum Combined Cross-Section (MCCS) of the 3-D ice accretion.

Many of the ice accretions observed during the IRT test campaigns were highly 3-D, such that any type of 2-D description is limited. Given that icing simulation tools typically provide 2-D ice-shape cross-sections, results of this type are required for comparison. The approach that was used for this paper was to take 31 section cuts through the 3-D scan of the ice accretion perpendicular to the wing leading edge as shown in Figure 6. These 30 section cuts were taken at a spacing of 0.2 in., thus covering 6 in. of ice accretion along the leading edge near the model centerline, 36 in. above the floor. The section cuts were projected onto a single plane and the maximum outer boundary was obtained. The resulting Maximum Combined Cross Section, or MCCS, represents the outermost extent of the ice over that 6-in. segment. The 6-in. segment was determined to be sufficient to capture all of the significant features of the ice accretions in these test campaigns. The MCCS is considered to be equivalent to the traditional hand-tracing method that typically results in the maximum outer boundary of an ice accretion. Traditionally, digitized hand tracings of ice accretion have been the basis for evaluation of icing simulation codes such as LEWICE3D.
 All model and facility data were recorded on the IRT Escort D data system. The model data included the surface pressures, thermocouple temperatures and flap angle potentiometer described in the previous paragraphs. The facility data included the aerodynamic flow conditions, icing cloud parameters from the spray bars and temperatures. During the ice-accretion runs, these data were acquired at a rate of one measurement per second or one measurement per 10 sec depending upon the duration of the icing spray. The data acquisition was automatically triggered with the initiation of the spray and concluded with termination of the spray. The model surface pressure data were acquired with an Electronically Scanned Pressure (ESP) system. Each pressure tap was connected to an available port on a 5 psid ESP module. The pressure coefficient was calculated using the average static and differential pressures measured on the North and South Pitot-static probes in the bellmouth. No correction or test-section calibration was applied to these pressures.  The ESCORT variable definition files are included in this database.
In addition to these measurements, surface oil flow visualization was also performed for the Inboard and Midspan models in the dry, or un-iced, configuration. The flow visualization was used to identify any regions of significant flow separation that was an important concern during the hybrid model design phase. The upper surface of the main element and flap was covered in flat-black, self-adhesive contact paper. The contact paper provided a smooth background surface with uniform color that greatly improved the flow visualization images. A light coat of motor oil was then applied to the upper surface. Automotive type fluorescent dye was added to mineral oil and applied to the model with sponge rollers. After a uniform covering of the dyed oil was achieved, the model was set to the desired incidence and flap angles. The tunnel was started and run at the desired speed for 2 to 3 min to allow the surface oil to reach a time- averaged pattern. After the tunnel was stopped, photographs were taken under UV-black light illumination.

Aerodynamic and Icing Test Conditions
The aerodynamic and icing test conditions were based upon the in-flight icing mission scenarios for the CRM65 airplane. There were at least seven different mission scenarios that were considered during the model design phase. In planning for the IRT test campaigns, three of these scenarios were selected as the reference conditions and are summarized in Table 11. All of the cases are for the airplane configured with flaps up which is consistent with the existing CRM65 geometry used for this work. The WB33 and WB41 cases are holding conditions in App. C continuous maximum icing. The WB33 case was a low gross weight (LGW) condition. The WB41 case had a slightly higher angle of attack and lower speed due to the high gross weight (HGW). The WB52 case is a descent condition and thus had a lower angle of attack and significantly reduced exposure time to the icing conditions.
Prior to the conduct of the testing, it was recognized that the speeds shown in Table 11 were most likely unrealistic, particularly for the Inboard model due to model size. Therefore, this model was tested in the first campaign and it was found that the optimum speed for icing tests was 130 knots for each case shown in Table 11. The maximum obtainable speeds were slightly higher, particularly for the WB52 case since this had the lowest angle of attack. It was determined that some margin on fan power was required and that running all three cases at the same speed was a useful simplification. Since a key objective of this work was to simulate the ice accretion that would build up on the CRM65 airplane wing, identical icing conditions including the speed of 130 knots were used for all three models. A limited set of conditions at higher speeds were also performed for the Midspan and Outboard models since these models could achieve the speeds shown in Table 11.

Table 11  CRM65 icing scenarios.
	Case
	Flight phase
	Weight
	Angle of attack
deg.
	Static pres.
KPa
	Mach
	TAS
knots
	Total temp.
C
	Static temp.
C
	MVD
μm
	LWC
g/m3
	Exposure time,
min.

	WB33 T-4
	Hold
	LGW
	3.7
	69.7
	0.36
	232
	3.2
	–4.0
	20
	0.55
	45.0

	WB33 T-6
	Hold
	LGW
	3.7
	69.7
	0.36
	231
	1.1
	–6.0
	20
	0.51
	45.0

	WB33 T-13
	Hold
	LGW
	3.7
	69.7
	0.36
	228
	–6.1
	–13.0
	20
	0.36
	45.0

	WB33 T-25
	Hold
	LGW
	3.7
	69.7
	0.36
	223
	–18.4
	–25.0
	20
	0.17
	45.0

	WB41 T-6
	Hold
	HGW
	4.4
	84.3
	0.35
	225
	0.6
	–6.0
	20
	0.51
	45.0

	WB41 T-13
	Hold
	HGW
	4.4
	84.3
	0.35
	222
	–6.6
	–13.0
	20
	0.36
	45.0

	WB41 T-25
	Hold
	HGW
	4.4
	84.3
	0.35
	217
	–18.9
	–25.0
	20
	0.17
	45.0

	WB52 T-6
	Descent
	Nominal
	2.1
	84.3
	0.41
	263
	3.1
	–6.0
	20
	0.51
	4.0

	WB52 T-13
	Descent
	Nominal
	2.1
	84.3
	0.41
	259
	–4.1
	–13.0
	20
	0.36
	4.0

	WB52 T-25
	Descent
	Nominal
	2.1
	84.3
	0.41
	253
	–16.5
	–25.0
	20
	0.17
	4.1



The reference cases listed in Table 11 along with the speed limitation of 130 knots required modifications to the aerodynamic and icing conditions for the IRT tests. Further simplifications to the matrix were also performed in order to generate ice accretion that was more readily suited to icing-code evaluation.
The resulting IRT test conditions are shown in Table 12. Run ID 1 through 8 reflect the variation in temperature with all other conditions held constant. The 29 min exposure time for these cases resulted from an approximate scaling of the 45 min exposure shown for the WB33 T-13 flight reference case in Table 11. Run ID 9 in Table 12 resulted from a direct scaling of the WB33 T-25 flight reference case in Table 11. Run ID 10, 11, and 11.1 were short-duration exposures designed to look at ice roughness characteristics in the early stages of ice build-up. Run ID 12 and 13 were included to explore the effect of larger drop sizes on the ice accretion characteristics. Run ID 14 and 15 were scaled equivalents to Run ID 4 with a smaller drop size. Run ID 18 was identical to Run ID 4, but at the WB41 angle of attack = 4.4 deg. Run ID 21 and 22 were identical to Run ID 3 and 4, but at the WB52 angle of attack = 2.1 deg. Run ID 23 was scaled directly from the WB33 T-6 case in Table 11. The remaining conditions were only run on the Midspan or Outboard models and were included to evaluate effects of airspeed and model incidence. In addition to the conditions listed in Table 12, numerous repeat runs were performed for each of the three models. Ice-accretion repeatability was verified during the test campaigns by performing a direct comparison of the 3-D scan data.

[bookmark: _GoBack]Table 12  CRM65 IRT test conditions.
	Run ID
	Angle of attack,
deg.
	Inboard flap,
deg.
	Midspan flap,
deg.
	Outboard flap,
deg.
	TAS,
knots
	Total temp.,
C
	Static temp.,
C
	MVD,
μm
	LWC,
g/m3
	Exposure time,
min

	1
	3.7
	13.7
	25.0
	14.0
	130
	1.0
	–1.2
	25
	1.00
	29.0

	2
	3.7
	13.7
	25.0
	14.0
	130
	–1.4
	–3.6
	25
	1.00
	29.0

	3
	3.7
	13.7
	25.0
	14.0
	130
	–3.8
	–6.0
	25
	1.00
	29.0

	4
	3.7
	13.7
	25.0
	14.0
	130
	–6.3
	–8.5
	25
	1.00
	29.0

	5
	3.7
	13.7
	25.0
	14.0
	130
	–8.7
	–11.0
	25
	1.00
	29.0

	6
	3.7
	13.7
	25.0
	14.0
	130
	–11.2
	–13.5
	25
	1.00
	29.0

	7
	3.7
	13.7
	25.0
	14.0
	130
	–15.0
	–17.2
	25
	1.00
	29.0

	8
	3.7
	13.7
	25.0
	14.0
	130
	–23.8
	–26.0
	25
	1.00
	29.0

	9
	3.7
	13.7
	25.0
	14.0
	130
	–17.9
	–20.1
	25
	0.60
	23.0

	10
	3.7
	13.7
	25.0
	14.0
	130
	–17.9
	–20.1
	25
	0.60
	2.5

	11
	3.7
	13.7
	25.0
	14.0
	130
	–1.4
	–3.6
	25
	1.00
	2.5

	11.1
	3.7
	13.7
	25.0
	14.0
	130
	–6.3
	–8.5
	25
	1.00
	2.5

	12
	3.7
	13.7
	25.0
	14.0
	130
	–20.0
	–22.2
	35
	0.60
	24.0

	13
	3.7
	13.7
	25.0
	14.0
	130
	–20.0
	–22.2
	35
	0.60
	2.5

	14
	3.7
	13.7
	25.0
	14.0
	130
	–6.7
	–8.9
	20
	1.40
	26.5

	15
	3.7
	13.7
	25.0
	14.0
	130
	–4.9
	–7.2
	20
	1.00
	37.4

	18
	4.4
	13.7
	28.0
	17.0
	130
	–6.3
	–8.5
	25
	1.00
	25.5

	21
	2.1
	13.7
	14.0
	9.0
	130
	–3.8
	–6.0
	25
	1.00
	29.0

	22
	2.1
	13.7
	14.0
	9.0
	130
	–6.3
	–8.5
	25
	1.00
	29.0

	23
	3.7
	13.7
	25.0
	14.0
	130
	–3.1
	–5.3
	27
	0.91
	45.0

	23.1
	3.7
	N/A
	25.0
	N/A
	130
	–3.1
	–5.3
	27
	0.91
	32.0

	30
	3.7
	N/A
	N/A
	14.0
	232
	–11.2
	–18.3
	20
	0.30
	25.3

	31
	7.5
	N/A
	0.0
	N/A
	130
	–6.3
	–8.5
	25
	1.00
	29.0

	32
	3.7
	N/A
	25.0
	N/A
	180
	–2.0
	–6.3
	24
	0.65
	32.0

	34
	2.1
	N/A
	N/A
	9.0
	247
	1.2
	–6.8
	22
	0.38
	30.0
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to top of floor plate


image8.emf
ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE101 18.966 16.518 5.174 W101 135.801 16.757 4.461 F101 174.411 16.738 -1.247

LE102 14.184 16.522 2.725 W102 129.975 16.741 5.615 F102 170.279 16.767 -0.274

LE103 12.827 16.532 1.127 W103 117.763 16.736 7.105 F103 161.978 16.745 1.432

LE104 12.851 16.788 -0.772 W104 101.516 16.727 8.404 F104 153.576 16.767 2.605

LE105 13.339 16.750 -1.637 W105 85.246 16.732 9.352 F105 145.115 16.758 3.174

LE106 13.633 16.793 -2.016 W106 69.154 16.754 9.738 F106 136.645 16.765 2.773

LE107 13.976 16.792 -2.357 W107 52.918 16.811 9.419 F107 133.341 16.755 0.677

LE108 14.369 16.752 -2.655 W108 43.215 16.756 8.910

LE109 14.738 16.790 -2.977 W109 33.494 16.721 8.161

LE110 15.140 16.791 -3.266 W110 25.436 16.632 6.941

LE111 16.126 16.794 -3.909 W111 33.672 16.702 -10.358

LE112 19.370 16.764 -5.595 W112 41.333 16.958 -10.361

LE113 25.768 16.765 -8.266 W113 53.170 16.696 -8.588

W114 70.557 16.739 -4.962

W115 85.532 16.649 -1.593

W116 101.669 16.671 1.561

W117 117.851 16.653 3.783

W118 129.985 16.651 4.495

Leading Edge--LE Airfoil Body--W Flap--F
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ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE201 35.883 34.523 6.191 W201 149.445 34.760 4.483 F201 188.053 34.738 -1.248

LE202 32.593 34.530 5.167 W203 139.599 34.722 6.203 F202 183.918 34.769 -0.274

LE203 29.392 34.533 3.757 W205 123.323 34.852 7.799 F203 179.786 34.762 0.645

LE204 27.812 34.536 2.709 W206 115.203 34.905 8.410 F204 175.625 34.762 1.433

LE205 26.997 34.538 1.918 W207 107.093 34.920 8.938 F205 171.433 34.754 2.088

LE206 26.460 34.541 1.105 W208 98.973 34.871 9.353 F206 167.218 34.764 2.604

LE207 26.192 34.556 0.177 W209 90.842 34.776 9.627 F207 162.992 34.763 2.970

LE208 26.535 34.730 -0.788 W210 82.767 34.768 9.738 F208 158.757 34.762 3.174

LE209 26.700 34.791 -1.242 W211 74.651 34.762 9.667 F209 154.509 34.760 3.130

LE210 26.969 34.792 -1.656 W212 66.542 34.773 9.419 F210 150.276 34.760 2.773

LE211 27.123 34.792 -1.849 W213 61.683 34.760 9.192 F211 146.975 34.750 0.674

LE212 27.284 34.791 -2.032 W214 56.837 34.755 8.909 F212 149.889 34.767 -1.713

LE213 27.453 34.795 -2.202 W215 51.972 34.750 8.571 F213 154.137 34.772 -1.542

LE214 27.630 34.797 -2.368 W216 47.111 34.732 8.158 F214 158.359 34.769 -1.334

LE215 27.816 34.794 -2.533 W217 42.266 34.690 7.565 F215 162.610 34.767 -1.208

LE216 28.002 34.794 -2.686 W218 39.054 34.643 6.935 F216 166.844 34.759 -1.114

LE217 28.193 34.793 -2.837 W219 42.475 34.675 -9.340 F217 171.090 34.774 -1.064

LE218 28.391 34.793 -2.986 W220 47.370 34.738 -10.363 F218 175.335 34.765 -1.069

LE219 28.590 34.794 -3.131 W221 52.294 34.701 -10.525 F219 179.570 34.761 -1.134

LE220 28.791 34.796 -3.273 W222 57.154 34.703 -10.090 F220 183.817 34.774 -1.258

LE221 28.998 34.793 -3.417 W223 62.098 34.707 -9.370

LE222 29.780 34.789 -3.921 W224 66.883 34.726 -8.579

LE223 31.407 34.786 -4.824 W225 74.896 34.697 -7.005

LE224 33.017 34.787 -5.621 W226 82.996 34.684 -5.223

LE225 36.221 34.757 -7.019 W227 91.100 34.661 -3.383

LE226 39.418 34.763 -8.280 W229 107.273 34.713 0.072

W231 123.422 34.732 2.816

W233 139.597 34.696 4.373

W234 143.632 34.717 4.495

Leading Edge--LE Airfoil Body--W Flap--F
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ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE301 46.237 52.534 5.168 W301 163.061 52.739 4.451 F301 201.675 52.753 -1.438

LE302 41.449 52.541 2.705 W302 157.388 52.774 5.597 F302 197.559 52.756 -0.277

LE303 40.096 52.546 1.093 W303 145.168 52.702 7.091 F303 189.253 52.755 1.434

LE304 40.144 52.789 -0.821 W304 128.909 52.712 8.395 F304 180.841 52.767 2.606

LE305 40.621 52.788 -1.679 W305 112.639 52.722 9.347 F305 172.397 52.753 3.174

LE306 40.936 52.789 -2.048 W306 96.241 52.779 9.738 F306 163.917 52.759 2.774

LE307 41.285 52.791 -2.387 W307 80.017 52.765 9.413 F307 160.628 52.766 0.698

LE308 41.661 52.786 -2.708 W308 70.308 52.717 8.901

LE309 42.050 52.788 -3.005 W309 60.584 52.676 8.146

LE310 42.452 52.785 -3.294 W310 52.542 52.532 6.920

LE311 43.439 52.785 -3.936 W311 61.084 52.877 -10.359

LE312 46.677 52.772 -5.637 W312 70.917 52.749 -10.078

LE313 53.117 52.741 -8.233 W313 80.613 52.773 -8.569

W314 96.861 52.803 -5.193

W315 112.692 52.523 -1.598

W316 128.839 52.604 1.552

W317 145.021 52.606 3.776

W318 157.164 52.521 4.495

Leading Edge--LE Airfoil Body--W Flap--F
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ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE101 21.484 16.504 4.288 W101 68.659 16.355 4.306 F101 86.755 16.408 1.696

LE102 16.977 16.508 3.102 W102 64.955 16.506 4.732 F102 85.148 16.485 2.254

LE103 15.480 16.496 2.572 W103 57.453 16.513 5.098 F103 81.333 16.464 3.027

LE104 13.984 16.508 1.871 W104 49.947 16.492 5.412 F104 77.492 16.459 3.553

LE105 12.961 16.510 1.100 W105 42.449 16.494 5.641 F105 73.622 16.471 3.808

LE106 12.516 16.522 0.234 W106 34.833 16.407 5.662 F106 69.749 16.474 3.616

LE107 12.602 16.521 -0.244 W107 30.445 16.490 5.625 F107 68.269 16.477 2.653

LE108 12.867 16.519 -0.659 W108 25.961 16.505 5.165

LE109 13.230 16.523 -0.992 W109 30.441 16.503 -3.583

LE110 13.656 16.516 -1.263 W110 34.943 16.496 -2.827

LE111 14.162 16.522 -1.497 W111 42.450 16.497 -1.095

LE112 15.498 16.526 -1.927 W112 49.947 16.495 0.786

LE113 17.002 16.526 -2.291 W113 57.447 16.505 2.502

LE114 21.497 16.529 -3.030 W114 64.957 16.501 3.836

LE115 25.997 16.526 -3.519

Leading Edge--LE Airfoil Body--W Flap--F
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ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE201 37.373 34.510 4.742 W201 82.394 34.482 4.312 F201 100.592 34.462 1.752

LE202 35.125 34.511 4.287 W202 78.600 34.509 4.731 F202 98.777 34.475 2.254

LE203 32.870 34.523 3.760 W203 74.848 34.510 4.927 F203 96.888 34.466 2.670

LE204 30.624 34.513 3.104 W204 71.088 34.508 5.098 F204 94.980 34.463 3.025

LE205 29.129 34.509 2.573 W205 67.326 34.492 5.261 F205 93.060 34.467 3.321

LE206 27.633 34.510 1.876 W206 63.591 34.495 5.411 F206 91.138 34.468 3.553

LE207 26.886 34.516 1.370 W207 59.835 34.498 5.541 F207 89.211 34.472 3.718

LE208 26.599 34.517 1.094 W208 56.075 34.510 5.642 F208 87.271 34.471 3.808

LE209 26.316 34.520 0.692 W209 52.333 34.491 5.681 F209 85.328 34.471 3.785

LE210 26.155 34.524 0.234 W210 48.568 34.488 5.662 F210 83.384 34.474 3.616

LE211 26.165 34.524 -0.033 W211 46.335 34.492 5.663 F211 81.903 34.471 2.653

LE212 26.245 34.524 -0.249 W212 44.072 34.491 5.624 F212 83.198 34.457 1.550

LE213 26.361 34.517 -0.462 W213 41.830 34.493 5.477 F213 85.133 34.468 1.625

LE214 26.508 34.523 -0.657 W214 39.592 34.507 5.164 F214 87.078 34.472 1.722

LE215 26.681 34.526 -0.836 W215 41.846 34.499 -3.641 F215 89.020 34.467 1.780

LE216 26.869 34.525 -0.992 W216 44.094 34.502 -3.582 F216 90.961 34.463 1.825

LE217 27.074 34.527 -1.130 W217 46.337 34.498 -3.282 F217 92.897 34.465 1.849

LE218 27.295 34.522 -1.261 W218 48.591 34.501 -2.825 F218 94.833 34.479 1.848

LE219 27.517 34.523 -1.372 W219 52.331 34.495 -1.989 F219 96.775 34.470 1.820

LE220 27.802 34.523 -1.497 W220 56.093 34.497 -1.094 F220 98.705 34.469 1.766

LE221 28.104 34.512 -1.615 W221 59.838 34.492 -0.149

LE222 28.388 34.525 -1.707 W222 63.593 34.492 0.788

LE223 29.135 34.526 -1.927 W223 67.364 34.489 1.687

LE224 30.634 34.531 -2.289 W224 71.092 34.513 2.503

LE225 32.884 34.533 -2.701 W225 74.843 34.507 3.233

LE226 35.134 34.532 -3.030 W226 78.613 34.480 3.841

LE227 37.384 34.534 -3.303

LE228 39.638 34.535 -3.519

Leading Edge--LE Airfoil Body--W Flap--F
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ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE301 48.727 52.468 4.287 W301 96.044 52.498 4.311 F301 114.228 52.454 1.790

LE302 44.265 52.511 3.105 W302 92.239 52.518 4.732 F302 112.413 52.470 2.254

LE303 42.772 52.511 2.574 W303 84.729 52.513 5.098 F303 108.615 52.469 3.026

LE304 41.248 52.497 1.868 W304 77.221 52.493 5.412 F304 104.766 52.443 3.552

LE305 40.236 52.512 1.097 W305 69.732 52.501 5.641 F305 100.906 52.468 3.808

LE306 39.794 52.524 0.239 W306 62.220 52.493 5.662 F306 97.023 52.468 3.616

LE307 39.878 52.523 -0.240 W307 57.722 52.497 5.625 F307 95.571 52.507 2.676

LE308 40.145 52.526 -0.654 W308 53.231 52.510 5.164

LE309 40.506 52.527 -0.989 W309 57.731 52.500 -3.582

LE310 40.932 52.536 -1.255 W310 62.231 52.490 -2.823

LE311 41.437 52.531 -1.493 W311 69.724 52.494 -1.095

LE312 42.774 52.535 -1.926 W312 77.236 52.505 0.787

LE313 44.275 52.533 -2.289 W313 84.722 52.506 2.502

LE314 48.769 52.535 -3.029 W314 92.228 52.503 3.836

LE315 53.278 52.538 -3.519

Leading Edge--LE Airfoil Body--W Flap--F


image14.emf
ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE101 22.095 16.490 3.813 W101 68.839 16.485 4.460 F101 86.480 16.463 1.810

LE102 18.396 16.489 3.018 W102 65.035 16.506 4.920 F102 84.661 16.467 2.311

LE103 15.436 16.486 2.172 W103 57.628 16.497 5.271 F103 80.854 16.470 3.108

LE104 13.959 16.493 1.556 W104 50.216 16.493 5.620 F104 77.000 16.467 3.639

LE105 13.222 16.493 1.114 W105 42.813 16.488 5.805 F105 73.117 16.470 3.908

LE106 12.750 16.496 0.691 W106 35.411 16.487 5.599 F106 69.238 16.472 3.758

LE107 12.520 16.497 0.261 W107 30.968 16.486 5.198 F107 67.723 16.467 2.769

LE108 12.539 16.508 -0.215 W108 26.529 16.486 4.561

LE109 12.823 16.507 -0.614 W109 26.532 16.492 -2.846

LE110 13.236 16.502 -0.898 W110 30.974 16.491 -2.982

LE111 13.957 16.506 -1.214 W111 35.417 16.488 -2.465

LE112 15.436 16.506 -1.634 W112 42.819 16.488 -0.679

LE113 18.401 16.505 -2.112 W113 50.221 16.488 1.217

LE114 22.101 16.508 -2.515 W114 57.611 16.510 2.929

W115 65.015 16.513 4.111

Leading Edge--LE Airfoil Body--W Flap--F


image15.emf
ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE201 35.733 34.496 3.815 W201 82.474 34.488 4.460 F201 100.118 34.464 1.823

LE202 33.510 34.496 3.372 W202 78.661 34.500 4.904 F202 98.297 34.472 2.317

LE203 32.035 34.495 3.024 W203 74.962 34.499 5.085 F203 96.398 34.474 2.732

LE204 30.556 34.496 2.634 W204 71.259 34.504 5.258 F204 94.486 34.474 3.094

LE205 29.078 34.498 2.170 W205 67.550 34.495 5.443 F205 92.566 34.474 3.396

LE206 27.598 34.495 1.559 W206 63.848 34.493 5.611 F206 90.635 34.473 3.634

LE207 26.859 34.496 1.115 W207 60.150 34.493 5.740 F207 88.695 34.474 3.803

LE208 26.564 34.500 0.871 W208 56.447 34.494 5.797 F208 86.755 34.474 3.895

LE209 26.398 34.494 0.688 W209 52.745 34.493 5.757 F209 84.808 34.476 3.880

LE210 26.255 34.501 0.486 W210 49.044 34.490 5.593 F210 82.869 34.477 3.708

LE211 26.158 34.504 0.262 W211 46.824 34.491 5.420 F211 81.382 34.464 2.777

LE212 26.139 34.507 0.023 W212 44.602 34.493 5.189 F212 82.580 34.475 1.564

LE213 26.189 34.507 -0.215 W213 42.381 34.492 4.897 F213 84.576 34.473 1.729

LE214 26.298 34.514 -0.433 W214 40.160 34.492 4.556 F214 86.504 34.471 1.819

LE215 26.462 34.525 -0.599 W215 37.941 34.494 4.201 F215 88.451 34.475 1.873

LE216 26.665 34.515 -0.766 W216 40.161 34.498 -2.852 F216 90.390 34.473 1.929

LE217 26.879 34.515 -0.898 W217 42.388 34.497 -2.965 F217 92.326 34.474 1.934

LE218 27.150 34.512 -1.032 W218 44.608 34.494 -2.984 F218 94.291 34.473 1.982

LE219 27.420 34.514 -1.155 W219 46.831 34.494 -2.808 F219 96.240 34.475 1.966

LE220 27.702 34.515 -1.261 W220 49.053 34.492 -2.470 F220 98.248 34.481 2.002

LE221 27.989 34.517 -1.357 W221 52.756 34.491 -1.654

LE222 29.074 34.515 -1.635 W222 56.457 34.492 -0.687

LE223 30.553 34.515 -1.920 W223 60.159 34.492 0.280

LE224 32.032 34.517 -2.140 W224 63.857 34.491 1.213

LE225 33.512 34.517 -2.322 W225 67.555 34.494 2.110

LE226 35.735 34.518 -2.532 W226 71.248 34.506 2.923

LE227 37.953 34.517 -2.707 W227 74.949 34.507 3.595

W228 78.648 34.513 4.112

Leading Edge--LE Airfoil Body--W Flap--F
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ID x (in) y (in) z (in) ID x (in) y (in) z (in) ID x (in) y (in) z (in)

LE301 49.375 52.497 3.811 W301 96.110 52.486 4.470 F301 113.758 52.467 1.836

LE302 45.675 52.495 3.019 W302 92.306 52.519 4.907 F302 111.941 52.474 2.343

LE303 42.717 52.497 2.165 W303 84.907 52.519 5.267 F303 108.123 52.475 3.111

LE304 41.238 52.498 1.556 W304 77.484 52.498 5.618 F304 104.279 52.480 3.653

LE305 40.498 52.503 1.114 W305 70.085 52.497 5.806 F305 100.392 52.479 3.917

LE306 40.036 52.501 0.686 W306 62.680 52.498 5.595 F306 96.509 52.483 3.726

LE307 39.791 52.509 0.263 W307 58.239 52.498 5.188 F307 94.940 52.513 2.783

LE308 39.819 52.518 -0.219 W308 53.796 52.493 4.554

LE309 40.102 52.525 -0.613 W309 53.803 52.503 -2.853

LE310 40.512 52.520 -0.900 W310 58.246 52.496 -2.986

LE311 41.226 52.525 -1.222 W311 62.680 52.463 -2.467

LE312 42.710 52.523 -1.636 W312 70.090 52.496 -0.680

LE313 45.670 52.522 -2.124 W313 77.490 52.498 1.224

LE314 49.370 52.527 -2.525 W314 84.885 52.511 2.922

W315 92.280 52.518 4.115

Leading Edge--LE Airfoil Body--W Flap--F
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1.25” from tunnel floor 

to top of floor plate


