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A REEXAMINATION OF THE HOVER PERFORMANCE OF THE
XC-142A TILTWING

(Including the U.S. Air Force Propeller Static Performance Test Data Bank)

Franklin D. Harris' and Michelle Dominguez’

Ames Research Center

SUMMARY

This reports reexamines the hover performance of the XC-142A tiltwing. Two reports, published
nearly four decades ago, were used in this reexamination. The first report provided experimental thrust and
power measurements for 28 propellers in the static condition (i.e., hover). This data has been redigitized
into a Microsoft Excel workbook. Two of the 28 propellers were flight tested on the XC-142A, and the
preferred propeller’s performance was documented in the second report. Both tabulated and graphical data
forms show that the four-bladed, 15.625-foot-diameter Hamilton Standard propeller (2FF16A1-4A)
performed better on the aircraft in hovering flight than as an isolated propeller on a test stand. Static testing
showed that data point repeatability at fixed blade pitch angle and constant shaft horsepower was no better
than about 175 pounds thrust out of 9,000 pounds. Unfortunately, 175 pounds is just about the weight of
1 troop in an aircraft designed to carry 32 fully equipped combat troops.

At this time, no theoretical calculations paralleling this propeller performance comparison have
been made.

INTRODUCTION

During the 1960s the U.S. Air Force funded development of the LTV XC-142A tiltwing
transport/cargo aircraft, shown hovering here in Figure 1 (ref. 1). The propellers for this aircraft were
designed and built by Hamilton Standard with features illustrated in Figure 2. This initial Hamilton
Standard design was designated as the 2FE16A3-4A. Early hover testing of the aircraft in the late 1960s
and early 1970s established a 12-percent shortfall in thrust at the design power with this initial propeller
design. An immediate propeller redesign program was started to obtain a propeller that would ensure that
the aircraft would meet its contractually specified hover performance.

A major contributor to the redesign program was the staff at the V/STOL Propulsion Branch,
Directorate of Propulsion and Power Subsystems office. This group was part of the then Aeronautical
Systems Division of the Air Force Systems Command located at Wright—Patterson Air Force Base
(WPAFB) in Dayton, Ohio. At that time, the V/STOL Propulsion Branch had several whirl tower rigs used
to statically test propellers and helicopter rotors. One key output of the Branch was testing of the initially
designed propeller (2FE16A3-4A) and then the redesigned XC-142A propeller, which was designated as
the 2FF16A1-4A. Both of these four-bladed propellers had diameters of 15.625 feet. The redesigned blade
(primarily with an increase in chord) improved the hover performance of the XC-142A so that the thrust
shortfall was quoted as being only about 1 percent. Then, a relatively small uprating of the General
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Electric T64-GE-1 turboshaft engine—from 2,850 shp to 3,080 shp—appeared to have removed hover
performance as an issue with the aircraft. Additional tests—more in the research line—were made starting
with a 0.832-scaled version of the 2FF16A1-4A redesigned propeller. This contribution established static
performance for changes in twist, tip shape, activity factor per blade (i.e., power weighted solidity per
blade), airfoil camber, inboard blade spar fairing with cuffs, and airfoil sections.

In January of 1970, Matthew H. Chopin authored a two-part report that documented some of the
V/STOL Propulsion Branch’s propeller research effort in support of the XC-142A program (refs. 2,3). Part
IT of this report was prepared by Gerald Cafarelli and contains 357 pages of tabulated static performance
test data for 28 different propellers. The Part II tabulated test data has been redigitized into one Microsoft
Excel file. This Excel file is identified as “USAF' Propeller Static Performance Data Bank from Chopin’s
ASD-TR-69-15 and is attached to this report under separate cover.

Chopin’s summary report (ref. 2) provides a key figure showing the difference between the initial
Hamilton Standard propeller (2FE16A3-4A) and the redesigned propeller (2FF16A1-4A). This comparison
is reproduced here as Figure 3. Furthermore, the following remarks were included in Chopin’s
introduction:

“This report presents the results of an extensive propeller test program conducted in support of
the XC-142A System Program Office. The basic purpose of the testing was to obtain data
necessary to improve propeller static performance of the XC-142A V/STOL cargo transport.
The XC-142A is a prototype tilt-wing vertical takeoff cargo aircraft with four wing-mounted
turboprop power plants, which provide thrust for both vertical and forward propulsion. A static
thrust of approximately 10,000 pounds per propeller was required for the design takeoff gross
weight of 37,470 pounds (plus control power) at sea level standard (S.L.S.) day conditions. This
thrust corresponds to a propeller disc loading of approximately 50 pounds per square foot. Initial
flight testing of the XC-142A indicated a need for additional propeller static thrust to provide the
desired vertical takeoff capability for the aircraft. A program was initiated by the XC-42A
System Program Office to increase the static thrust performance of the propeller system.

The XC-142A aircraft operational requirements that dictated the specific propeller design were the
following:

a. Vinax — 37,474 Ibs gross weight (G. W.) on a standard day at sea level, at military rated
shaft power (not less than) --- 355 kts (409 mph).

b. Vertical thrust to weight ratio — 37,474 1bs G. W. on a standard day at sea level, out of
ground effect, at takeoff rated shaft power, not less than 1. 15 Ibs thrust/lb gross weight.

In general, the hover performance of V/STOL aircraft has been below expectation, due in part to
the lack of an accurate propeller-performance prediction theory at zero airspeed. Developing a
theory for calculating static performance requires good experimental data to check the accuracy of
the theory. Very little experimental test data is available for propellers intended for high static
thrust. Data which are available have been obtained on various commercial and government test
devices, and results obtained from different devices make direct comparison difficult. Data in this
report was obtained under controlled conditions from the same test facilities.

In the absence of accurate theoretical performance prediction methods, the empirical findings
contained in this report are believed to be of vital significance to the performance of advanced
propellers and to the early development of successful V/STOL aircraft. It is hoped that these tests
will contribute to a better understanding of the factors affecting static thrust of propellers and may
aid in the development of an accurate method of predicting the static performance of propellers for
V/STOL aircraft application.”



Figure 1. The XC-142A tiltwing was built by Ling-Temco-Vought and Hiller and Ryan after they
won the U.S. Air Force Tri-Service competition for an assault transport. The 41,500-pound
aircraft, with a weight empty of 24,700 pounds, first flew on September 29, 1964. The initial
design gross weight was 37,474 pounds.

HAMILTON STANDARD PROPELLER BLADES

SPAR SERR
LEAD EDGE STEEL WITH INTERNAL
CUFF DEICER ORGANIC CORROSION

PROTECTION EXTERNAL
y CORROSION PROTECTION OF
COVER ZINC, COPPER, NICKEL:
FIBERGLASS REINFORCED PLASTIC
SHELL WITH LIGHTNING, ANTISTATIC
ABRASION, AND ENVIRONMENTAL
PROTECTION

POLYURETHANE

FOAM SECTION 1

LIGHTNING
STRIP

3 EROSION
STRIP

SECTION 2

CONTOURED TO ACCOMMODATE
NACELLE CONFIGURATION

SHANK BALL
BEARING RETENTION7

APPROXIMATELY
15 LB DENSITY
FOAM FILL

COVER

LEADING EDGE
SPAR LEADING EDGE
ELECTRICALLY SHEATH

OPERATED DEICER SECTION 3

Figure 2. Basic design approach in support of V/STOL aircraft programs.



The performance comparison of the two propellers designed and statically tested on the whirl
tower rig—and then in flight—is shown in Figure 3. Note that Figure of Merit (FM) is graphed against the
propeller power coefficient (Cp). Propeller performance coefficients are not defined by the rotorcraft
industry. Chopin’s experimental data reduction process used

Prop C, = 0.5000 (HP/1,0003) ;= I o F
’ t
' (p/po)(RPM/l 000) (D]a/]()) 4 PAV,
2
Prop C, =0.1515 (T/1,000)2 = n—(ROtor C,= T 2)
RPM s Dia ;
(p/p,)(RPM/1,000)’ (Dia/10)' 4 SAV

3/2 3/2
FM <0708 ETP Cr) ~ _ 1 (Rotor C,)
Prop C, J2 Rotor C,

Chopin stated in his summary report that the horsepower available would be a propeller power coefficient
of Cp = 0.0854, and each of the four 15.625-foot-diameter propellers would be operating at 1,232
revolutions per minute (1,008 ft/sec tip speed or a tip Mach number of 0.903). A Cp of 0.0854 at sea level
on a standard day was based on the General Electric T64-GE-1 turboshaft engine takeoff rating of 3,080
shp. The actual power to the propeller shaft is obtained by accounting for transmission efficiency (0.98)
and accessory losses (44 hp) as

PrOp SHP = Engine SHPXntransmission - SHP

accessory ©

Flight test factors such as engine residual jet thrust or wing/propeller interference were not considered.
Entering Figure 3 at a Cp of 0.854 leads to the following result:

Propellers Prop No. Prop SHP | Thrust (Ibs) RPM | PropCr | Prop Cp FM

Initial Design | 2FE16A3-4A 2,974 10,043 1,232 0.1682 0.0854 0.645

Redesigned | 2FF16A1-4A 2,974 11,003 1,232 0.1842 0.0854 0.739

The propeller thrust required so that the XC-142A would meet its hover performance specification was
quoted by Chopin as 37,474(1.15)/4 equals 10,773 pounds per propeller.

Appendix I of Chopin’s summary report provides blade characteristic sheets for the 28 propeller
blades that were studied in the V/STOL Propulsion Branch propeller research effort supporting the
XC-142A program (ref. 2). Sheet No. 2 gives characteristics for both the initial and the redesigned blades
and is included here as Figure 4.
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DISCUSSION

Excel file titled U.S. Air Force Propeller Static Performance Test Data Bank

Part II of Chopin’s report is titled Test Data (Appendix III); it was prepared by Gerald Cafarelli
and contains 357 pages of tabulated static performance test data for 28 different propellers. This Part II
tabulated test data has been redigitized as a single Microsoft Excel file. The Excel file is attached to this
current report under separate cover. The first tab in the Excel file is a Read Me sheet that contains detailed
information about the complete file.

Reexamination of the Hover Performance of the XC-142A Tiltwing

The redigitizing of the experimental static performance data of the initial and redesigned XC-142A
propellers (2 of the 28 propellers tested) offers an opportunity to reexamine in more detail the conclusion
Chopin arrived at with Figure 3. Furthermore, the Category II Performance Evaluation of the XC-142A
published in October of 1968 (ref. 4) is historically significant because it allows a comparison of isolated
propeller performance to propeller performance on the aircraft, which is always valuable research
knowledge.

Consider the flight test data first. Appendix III of the flight test report (ref. 4) tabulates 15 data
points of hover performance at a wheel height of 30 feet, which is assumed to be out of ground effect
(OGE). A summary of this data is included here as Table 1.

Table 1. XC-142A OGE Hover Performance With Redesigned Propeller Blades
(All Data Flown in 2 to 6 knots of Wind).

Figure

Data Gross Engine Prop Prop Tip Mach  Prop Prop of
Point  Weight (Ib) SHP SHP Thrust (Ib) RPM No. Cr Cp Merit
1 36,147 2,188 2,097 8,936 1166.7 0.8530 0.1669 0.07093 0.7674
2 35,798 2,142 2,051 8,852 1166.7 0.8527 0.1655 0.06943 0.7739
3 35,426 2,123 2,033 8,760 1169.2 0.8542 0.1632 0.06841 0.7690
4 34,914 2,097 2,006 8,633 1169.2 0.8538 0.1610 0.06760 0.7627
5 34,577 2,051 1,961 8,552 1167.9 0.8526 0.1599 0.06634 0.7695
6 34,220 2,028 1,938 8,464 1171.6 0.8550 0.1574 0.06498 0.7670
7 33,900 2,008 1,918 8,385 1171.6 0.8549 0.1560 0.06433 0.7642
8 39,995 2,569 2,475 9,872 1167.9 0.8559 0.1831 0.08303 0.7531
9 39,485 2,482 2,389 9,752 1169.2 0.8568 0.1805 0.07988 0.7661
10 38,881 2,424 2,332 9,605 1170.4 0.8569 0.1778 0.07788 0.7678
11 38,348 2,385 2,293 9,473 1164.2 0.8523 0.1773  0.07783 0.7651
12 37,920 2,359 2,267 9,368 1164.2 0.8521 0.1754 0.07698 0.7612
13 37,526 2,299 2,208 9,274 1164.2 0.8520 0.1737  0.07500 0.7701
14 37,121 2,268 2,176 9,174 1166.7 0.8535 0.1712  0.07352 0.7689
15 36,550 2,198 2,107 9,037 1166.7 0.8532 0.1688 0.07124 0.7766




Several key points related to Table 1 need to be observed. First and foremost, the test data was
obtained not at the design propeller RPM of 1,232, but at 94 percent of the design RPM. Second, the data
was acquired at Point Mugu, California, on June 4, 1966. The pressure altitude on that day was, on
average, minus 113 feet, and the outside air temperature was, on average, 61.2°F. For practical purposes
the test condition was a standard day at sea level, although the speed of sound was, on average, 1,119 feet
per second. Of course, the “exact” density and speed of sound during the run were computed and used for
each data point on Table 1. Third, the conversion from Engine SHP to propeller SHP followed as

PI'Op SHP = Engine SHPXntransmission —SHP,

accessory

where the transmission efficiency varied with engine shaft horsepower and propeller RPM in accordance
with the curve shown on page 63 of reference 4. The accessory power was fixed at 44 hp per engine.

Data analysis in this reexamination report includes two minor refinements to arrive at the propeller
thrust for each data point. The first refinement was to include an estimate of residual engine jet thrust with
. Engine SHP .
Residual Jet Thrust (T;) = % in pounds.
The second was to include wing download. In contrast to tiltrotors such as the XV-15 and the
MV-22B, tiltwing V/STOLs have a minor wing download. The download of the XC-142A was treated as a
wing vertical drag following the approximation

Wing Vertical Drag (Fy;,,) = QgipsreanAssCpo 10 pounds.

The slipstream dynamic pressure is on the order of the disc loading, the portion of the wing area in the
propeller slipstream (Ass) was taken as the propeller diameter (15.625 feet) times the wing’s mean
aerodynamic chord (8.0 feet), and a drag coefficient (Cp,) of 0.02 was estimated. Based on these
approximations, the summation of vertical forces must equal zero in hover and, therefore, the gross weight

(GW) must be supported according to

TPro . T FWin
GW = No. of Props| ——=— |+ No. of Engines I |—No. of Props| ———=— |>
per Prop per Eng per Prop

and it follows that the thrust of each propeller is found from

Torp GW _ No. of Engines T, N Fiing
perProp No. of Props  No. of Props | per Eng per Prop '

For the XC-142A shown in Figure 1, the Prop Thrust given in the fifth column of Table 1 is calculated as

TProp _ GW _ SHPEngine + GW/4

15.625%8)(0.02).
per Prop 4 10 n/4(15.625)2( )(0:02)

Using point 1 on Table 1 as a numerical example, Tprp, = 9,037 — 219 + 118 = 8,936 pounds.

Now consider the Air Force’s measured static performance for the redesigned XC-142A propeller
identified by Hamilton Standard as 2FF16A1-4A. This performance data is found from Data Sets #9, #10,
and #23 in the Excel file attached under separate cover to this report. This data is summarized here in
Table 2. Note that this propeller was tested with two configurations of the safety walls and with two
different torque capacity drive shafts. Of course, this introduces test variables that slightly cloud the
absolute accuracy, a subject to be discussed shortly.

Tables 1 and 2 provide experimental data that can be compared.



Table 2. Redesigned XC-142A Propeller (2FF16A1-4A) Static Performance
(SHP and Thrust Corrected to Sea Level Standard Day Density of
0.0023769 slug/ft’ and RPM Adjusted to Give a Tip Mach Number of 0.85).

Prop
BETA;4r Prop Thrust
Data Set (deg) SHP (Ib) RPM PropCy PropCp FM
Rig #4 - Phase 11, Walls Down, 30,00 ft-lbs Shaft
9 11.9 2,250 9,141 1,144 0.1775 0.08068 0.7398
9 14.0 2,863 10,532 1,133 0.2085 0.10568 0.7191
9 16.0 3,897 12,603 1,143 0.2452 0.14011 0.6915
9 18.6 4,837 13,349 1,133 0.2643 0.17855 0.6073
Rig #4 - Phase 11, Walls Down, 15,000 ft-lbs Shaft
10 0.0 526 2,182 1,126 0.0437 0.01978 0.3691
10 2.1 615 2,932 1,126 0.0588 0.02313 0.4917
10 4.1 763 3,870 1,130 0.0770 0.02839 0.6010
10 6.1 987 4,994 1,130 0.0994 0.03672 0.6811
10 7.4 1,153 5,697 1,124 0.1146 0.04359 0.7103
10 10.1 1,700 7,674 1,130 0.1528 0.06325 0.7532
10 12.1 2,262 9,243 1,121 0.1870 0.08621 0.7483
Rig #4 - Phase 111, Walls Relocated, 30,000 ft-bs Shaft
23 -2.0 566 1,601 1,166 0.0299 0.01917 0.2156
23 0.0 596 2,465 1,164 0.0462 0.02029 0.3911
23 2.2 726 3,392 1,168 0.0632 0.02446 0.5183
23 8.0 1,525 6,989 1,174 0.1289 0.05060 0.7298
23 8.0 1,372 6,484 1,168 0.1208 0.04623 0.7248
23 10.0 2,003 8,532 1,178 0.1563 0.06578 0.7494
23 10.0 1,811 8,014 1,170 0.1488 0.06071 0.7545
23 10.4 1,972 8,388 1,180 0.1531 0.06444 0.7420
23 10.4 2,013 8,598 1,180 0.1570 0.06578 0.7544
23 10.4 1,998 8,589 1,176 0.1579 0.06595 0.7588
23 10.5 1,967 8,352 1,182 0.1519 0.06395 0.7391
23 10.5 1,985 8,554 1,183 0.1554 0.06437 0.7591
23 10.5 1,957 8,380 1,187 0.1512 0.06282 0.7466
23 10.5 1,983 8,492 1,180 0.1550 0.06480 0.7517
23 12.0 2,339 9,478 1,171 0.1757 0.07820 0.7514
23 13.0 3,013 10,991 1,168 0.2048 0.10152 0.7284
23 13.5 3,073 11,197 1,166 0.2093 0.10407 0.7344
23 14.0 3,278 11,864 1,178 0.2173 0.10766 0.7509
23 16.0 4,008 12,968 1,172 0.2400 0.13366 0.7018

Notes:

1. The test procedure was to set the blade collective pitch at the 3/4 radius to an angle beta. Then the propeller RPM
was swept from as low as 550 up to as high as 1,200. The measured thrust and horsepower were then plotted
versus RPM, and a curve fit with a second order polynomial was made. The polynomial was used to calculate
thrust and power at each of several tip Mach numbers. Since the speed of sound was different for each RPM
sweep, the propeller RPM (shown in column 5) varied slightly.

2. No information is currently available for the structural properties of the blade, hub, and pitch change hardware.
This means that elastic twisting and blade bending during an RPM sweep are unknown variables.

3. No information is given about wind speed.



Propeller Static Performance Comparison

The static performance data provided in Tables 1 and 2 is shown graphically in Figure 5 and with
the enlargement, Figure 6. Figure 5 presents the experimental static (i.e., hover) performance comparison
at a scale frequently used in technical reports and papers by the research community. Here it would appear
that the propeller performance on the XC-142A (i.e., the solid brown circles) is in virtual agreement with
that measured with an isolated propeller. Perhaps one might say “It’s a little high, but agreement is quite
satisfactory.” However, the closer look provided by Figure 6 suggests that the faired curve fit with
regression analysis (i.e., the red line) represents the “true” static performance to no better than +100
pounds thrust and/or £50 horsepower. The XC-142A flight test data appears to have less “scatter” of points
about its regression analysis curve fit. When the two curve fit lines are taken together, it appears that the
flight test results show that the propeller performance on the aircraft provided about 175 pounds more
thrust at a given power than when the propeller was tested statically on the whirl test stand.

One might suggest that a difference of 175 pounds out of, say, 9,000 pounds is quite remarkable
—all things considered—since this is just under a 2-percent difference. However, 175 pounds is just about
the weight of 1 troop in an aircraft designed to carry 32 fully equipped combat troops. Therefore the
difference observed on Figure 6 amounts to a 3-percent inaccuracy factor. Helicopter and V/STOL
advocates have been forced to work around this technology inaccuracy for decades.

Finally, Chopin included a comparison of the redesigned XC-142A propeller performance as
figure 27a and 27b in his summary report. These two figures are reproduced here as Figure 7a and 7b. His
summary report provides insufficient basic data to pursue the three flight test points in more depth.
However, in the conclusion of his summary report, Chopin wrote:

“b. The redesigned XC-142A propeller (2FF16A1-4A) provided a significant increase in static
thrust over the original propeller (2FE16A3-4A). Approximately 90 percent of the original thrust
deficiency was eliminated. (F. M. = 0. 745 at Cp = 0.085 and M = 0.90 test conditions).”

Since his conclusion was reached before the complete Category II Report (ref. 4) was published (and
detailed data such as that provided here in Table 1 became available), and in view of the fact that the
XC-142A program came to an end November 1967, it may be that Chopin was somewhat premature.

CLOSING REMARKS

At this time, no theoretical calculations paralleling this propeller performance comparison have
been made. Furthermore, the influence on performance when isolated propeller results are used to predict
on-aircraft results is not well understood. Currently, one should expect that even today’s theoreticians will
not be able to reduce the inaccuracy established above. Therefore, no less than a 3-percent thrust—-power
margin of error must be included during design and marketing efforts.
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B. Data Set Numbers

ASD-TR-69-15 (See DTIC ADO708742)
Part II-Test Data (Appendix 11T

(Note: Harris edited version of page 3.)

Data

r the ing prop co

ns tested a

ndicated below

a =i
Phase 1 Phase 11
Prop Count RELATED AIRCRAFT Walls Up. Walls Down
1 xXC-142A 2FE16A3-4A DS#1
2 XC-142A 2FE16A3-4A (with Tabs)
3 lying Boxcar (C-119) 2J17G3-26R DSH2
a C-1a2A Curtiss (156109A2P3) DS#3
s 2FF16A1-4A (30,000 fi-lb
° 2FF16A1-4A (15,000 fi-lb shaf)
7 SK59868-0 Ds#4
= SK59868-0R (Round Tip)
° SK 5986812 (Cut Down. Square Tip)
10 SK59868-12R (Round Tip)
1 SK59868-18 (Cut Down Square Tip)
12 SKS59868-18R (Round Tip)
13 6903 A-0 (34EGO Hub)
14 6903 A-OT (34E60 Hub New Twist)
1s 6903 A-0 (43EGO Hub)
16 1498 A2P3
17 47 x 75 (Re-Twisted SKS9868-0)
= a7 x le of 2FF16A1-4A)
a7 x o
a7 x 03
a7 x9a
a7 x o5
47 x 96
a7 x97
a7 x 121
a7 x13
Curtiss X-19 13166A10P3
Whirl Stand Calibrator

Ds#s Ds#22

Note: The blade gcometric shape for
cach of these blades is included in
Appendix I of ASD-TR-69-15 Partl
The graphs arc in the standard
format of the time. The graphs give
blade chord and airfoil th

by
diameter versus blade
G/R). Additionall
and the airfoil de:
e

cory of Wing Sections.""
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C. Propeller Configurations

ASD-TR-69-15 (See DTIC AD0708742)
Part II-Test Data (Appendix I1l)

LISTOF PROPELLER CONFIGURATIONS TESTED

Activity
Harris Factor  Integrated
Harris  Data Set Diameter Number  per Lt Coefl. Twist 23%R- | Blade Construetion
Grouping  Number  Pages Test Categories ()  Blades Blade  CLi  NACA Airfoil Section ils Propeller Configuration Comments
Rig 4 Phase 1, Walk Up
Group# 1 1 Sils OFE6ALA e 4 8 on B0 byt O XC-LL2A Propby Harion Stadand o1 0
Group# 1 1 R GAR w4 m o 32 SelCoedSkl C1I9 PrconPry e L7
Growpt 1 3 s IS0MR 1550 4 [CRC) " 0 s Desiged o XC-142A (y Curis?) 06 Los12s
Grop# 1 4 dm SKSO 660 4 w0 1664 30 by Base XC-1424 SKS9868-0 B o1 Loi1s
Group# 1 5 6 Cabror(Coi S6ICLIRIS0 £k 300 | 4 w0 w B0 HolowSed Stndard Rig Calbraor (Low Trge ) oism 08153
Rig 4 Phase I, Walls Down
Grup# 2Pl 6 G DFEIGALA [T 1664 B0 by Ol XC-142A PropbyHarilon Sadend 06000
TS0 IFEIGASAA (wihi) e 4 i B0 Fbegas (See Noe 2 Bek) 0600
5 sm®  UGR w4 1664 32 SedCoe-Shel €19 Picin P LI
9 94imu  FFIGAI4A GO0 i-bsiuf) 1565 | 4 1664 B35 Pt Rodesned XC-1424 Pop by Hamilon S 103000
10 99umI0T  DFFIOAI4A (IS0 b ) 1565 4 1664 35 b Redesgned XC-1424 Pop by Hamion S 105000
Group# P2 11 108dmllT SKS9868-0 oo 4 i 30 by Aderuie XC-142A SKS9868-0 Bde Squre Tp Loss
Group#2Pu2 12 118126 SKS9RGS-Roud oo 4 166t 30 by Round Tp SK9868 [
Goupi2Pu2 13 27wl SKsoGs122 565 4 o 00 et CurDown SKS9868.12.22 Sque T Lo
W bl SKSONSS12 2Romd 1565 | 4 1664 00 Pt Rouni Tp SK9868-1222 90000
15 1inIs SKMRI12) [T 1664 K3 by ot Do SKS9RG8- 172 Sqare Ty L1
16 I8t SKSORGSIT DRowd [T 166t B3 ey Round Tp SKS9868-1722 Lo
11616 690340 (460 b - 160 4 1 B7 oDl Lockecd Conselton (C-121)Poducon Blades i+ oo 0t
18 IGSUmITS G0AT G4E6 b devay) 15160 4 1 S o Dwal Twbid 69034 Bide n-WayFib 09054
19 inIT 90940 Wb My 15160 | The I BI somDwl Locked Comielaton (C-121)Poion Prpel (-Wey Hub) 096054
D RIS 1R oo 4 @ 10 Fhegast L84 Popeer 060
Um0 T o6 4 166t Wa e Tt SK98680 Loss
2190620 Cabraor (15000 1 s PLUS 30000 i) 13000 | 4 " 20 HokowSesd ‘Standard i Calror (Low & High Torqe ) 08153
Rig 4 Phase I, Wals Reoeted
Group#3 5 2FFIGAI-4A possome daa kel at Ben = 106.eg | 15625 4 oot Fhengs® Redesned XC-1424 Prop by Hamion Sndard o 103000
Growp#t3 u 0l Bow 4 1664 Sol Dl 0532 Sk ol 2FFIOAI-44 o 057360
Growp#t3 5 [T 10 Soll Dl 47291 Wi Cufl- 016786 08569
w3 % B 660 Sob Dl 117 Actiy Facor 2FFI6A-4A 019068 0974
Grow# 3 b [ 10 Sol Dl 47293 Wahou Cal- oiwa 05680
Group#3 » oW 4 i ol Dl Twbtod 4 191 0832 Sk ofFFIGAI-4A o 087360
Growp#t3 » [ 0 Soll Dl 47295 Wit Call- 016786 08569
wpt 3 » Bow 4 i Sol Dl Recambered 47334 0w 095680
Group#3 3 [ @ Sl Dl wi Fiegss 4793 i NACA See 5 Secon il 019068 0574
Group#3 n 13 [T i okl Durl Retvbed 47192 o6 0569
Growp#t3 £} Calbraor (000 b i) [ " Holow Sl ‘Standard i Calror (s Torqe ) o157 08153
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* Fhrgas sellover sl o, fled
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D. Data Set # 1

DATA SET Number 1

o Beta (deg)
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F. Data Set # 3

DATA SET Number 3 o
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G. Data Set # 4

DATA SET Number 4
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H. Data Set#5
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K. FM vs DL-Walls Up
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L. Data Set # 6
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M. Data Set # 7
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N. Data Set # 8
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O. Data Set #9

DATA SET Number 9
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P. Data Set # 10
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Q. T over HP vs DL-Walls Dn PT 1
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S. FM vs DL-Walls Dn PT 1
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T. Data Set # 11
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V. Data Set # 13
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W. Data Set # 14
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X. Data Set # 15
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AB. FM vs DL-Walls Dn PT 2
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AC. Data Set #17
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AE. Data Set # 19
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AG. Data Set # 21
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Set # 22
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Al. T over HP vs DL-Walls Dn PT 3
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AK. FM vs DL-Walls Dn PT 3
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AL. Data Set # 23
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AY. FM vs DL-Walls Relocated
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AZ. Data Set # 34
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BA. T over HP vs DL-Walls Up Rig. 1
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BC. FM vs DL-Walls Up Rig. 1
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BD. Mike Scully’s ATM Calculator

Accel Gravity 9.80665 m/sec 2 32.174049 fi / sech2 UPDATED
0.3048  m/ft 3.2808399 ft/m
0.45359237 kg /b 2.2046226 Ib/ kg
4.4482216  newton / Ib 0.2248089 b / newton
1.0 n-m/ joule 0.7375621 fi-Ib / joule
1.8 deg (R/K)  6076.115 ft/nm
-273.15  degC -459.67  degF
15.0 deg C 59.0 deg F
288.15  deg K 518.67  degzR
-6.50 (deg K)/km  -3.566160 (deg F)/k
S1.9812  (degC)/k
Mean Molecular Wt 28.9644
Universal Gas Const 8314.32  joule /K-mol  1545.32  fi-lb / R-mol
Gas Constant for Air 287.0531 joule / K-kg 53.3524 1b / R-Tb
Pressure Exponent 5.255876
Altitude Factor -0.02255770 (1 / kn) -0.00687559 (1 / k)
Pressure (SLS) 101325  newton/m"2 2116.2166 Ib/ fir2
Ratio Specific Heat 1.40
Density Factor 352983507 (kg/nr3)/K 1.2328219 (shig/fi"3)/ R
Speed of Sound Factor 401.8743  (m/sec)*2/F 2403.1883 (it/sec) 2 /R
Speed of Sound (SLS) 340.2941 m/sec 1116.4505 fi/sec
Speed of Sound (SLS) 661.4789
Viscosity Factor 1.458E-06 kg /(m-sec-K 2.270E-08 shg/ (fi-sec-F~0.5)
Suthe and’s Constant 11040  degK 19872 dez R
Altitude, 1000 ft 0.0 25.0 0.682
deg ¥ 59.0 -30.154 752
Std Temperature, deg F 59.000 -30.154 56.566
518.67 420.52 534.89
1.0000 0.8281 1.0313
1.0000 03711 0.9756
1.0000 0.3377 0.9907
1.0000 0.4481 0.9460
14.6960 5.4536 14.3372
Density, slug / cuft 0.0023769  0.0010651 0.0022485
Viscosity, slug / (fe-sec) 3.737E-07 | 3.216E-07 3.827E-07
Kinematic Viscosity, fi~2/se 1.5723E-04  3.0193E-04 1.7021E-04
Speed of Sound, kt 661.48 601.95 671.74
Speed of Sound, ft/sec 1116.45 1015.98 1133.77
Density, kg/mA3 1.2250 0.5489 1.1588
Speed of Sound, m/sec 340.20 309.67 345.57

REFERENCE: U. S. Standard Atmosphere, 1962
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BE. T over HP vs DL Calculs

e 550./2p, (FM) _

RHP T
\/(p/Pn)A

Std. day Density — 0.002376891
Constant — 37.9212217
Density Weighted Disc Loading ™M
1
2 26.814
a 18.961
7.5 13.8a47
B} 13.407
10 11.992
12 10.947
14.4 ©.993
16
s
20
22
24
26
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30
32
34
36
38
a0
az
aa
ae
as
s0
52
sa
s6
s8
6o
62
ca
66
o8 4.599
70 a.532
72 4.469
7a a.aos
76 4.350
78 a.20a
=0 4.240
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