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Abstract

Title: Climb Performance Testing of the PA-28-180: Utilizing Saw-Tooth Method and
Level Acceleration Method

Author: Paige Elizabeth Christensen

Advisor: Ralph Kimberlin, Ph.D

This thesis details the test methods, data reduction methods, and flight data analysis
conducted in the climb performance evaluation of the PA-28-180 “Piper Arrow.” The main
objective of this thesis was to quantitatively compare the climb performance requirements
detailed in the former regulation, CAR 3.85a to the current regulation, 14 CFR 23.2120,
utilizing Saw-Tooth steady climb method conducted at various airspeeds. The report also
evaluates the Level Acceleration method at reciprocating headings, and qualitatively
assesses the usefulness of testing multiple headings on a general aviation aircraft at

multiple altitudes.

The Saw-Tooth Climb and Level Acceleration flights were conducted on January 10%,
2023 out of Saginaw County H.-W. Browne Airport (KHYX) in Saginaw, Michigan. The
Piper Arrow was not equipped with any specialized flight test instrumentation. The data
was recorded from the Garmin G5 PFD/HSI dual avionics suite and the mechanical gauges
on the standard instrumentation panel. The data analysis was completed in accordance with
the Pilot Operating Handbook (POH) [4] and the reduction methods detailed in FTE 5701
Airplane Performance Flight Testing Laboratory Manual [3].

The flight analysis concluded the PA-28-180 (N3911T) met the climb performance
minimum requirements of CAR 3.85a at 75 kts, 80 kts, 85 kts, and 90 kts; however, the 14
CFR 23.2120 requirements were only satisfied at 80 kts. The Level Acceleration data
analyzed at 3,500 ft, 4,500 ft, and 5,500 ft showed minimal variability between the 20-

degree heading and 200-degree heading accelerations.
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Chapter 1: Introduction

Thesis Objectives

The main objective of this thesis was to demonstrate the climb performance of the
PA-28-180 “Piper Arrow.” The flight analysis quantitatively compared the climb
performance requirements of CAR 3.85a and 14 CFR 23.2120. CAR 3.85a was the
Part 23 regulation at the time the Piper Arrow was certified, whereas 14 CFR
23.2120 is the current regulation for Part 23 aircraft less with a maximum takeoff
weight than 19,000 Ibs. The Saw-Tooth Method was performed at four airspeeds to
compare the minimum rate of climb requirement, per CAR 3.85a, and the minimum
climb gradient, per 14 CFR 23.2120. The Level Acceleration method was
conducted at reciprocating headings at three altitudes to evaluate how collecting

data at reciprocating headings impacted the rate of climb determination.

Test Item Description

A 1967 Piper Cherokee “Arrow” (PA-28-180), tail number N3911T, was utilized as
the test aircraft for the evaluation of this thesis. All flights took off out of Saginaw
County H.W. Browne Airport (KHY X) in Michigan. The Piper Arrow, shown in
Figure 1, is a single engine airplane with a controllable-pitch propeller and
retractable landing gear. For the purposes of this thesis, all flights were conducted
with a flaps up configuration, landing gear retracted, and the propeller set for
optimal climb performance. The Piper Arrow airworthiness standards and
regulations are defined under FAA 14 CFR Part 23. The PA-28-180 has a rated
horsepower of 180 and a rated speed of 2700 RPM. The specified gross weight is
2500 lbs, with a 50-gal fuel capacity [4]. Additional information regarding the test

aircraft can be found in Appendix A.
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Figure 1: Piper Arrow PA-28 (N39117)

Flight Tests Instrumentation

The Piper Arrow is equipped with a Garmin G5 PFD/HSI dual avionics suite, as
shown in Figure 2. The Garmin displayed altitude, airspeed, altimeter setting,
ground speed, and heading. The G5 was utilized as the primary instrumentation for
the experiments; however, all data recorded from the G5 was also recorded on the
mechanical instrument gauges for comparison. The power setting, manifold
pressure, outside atmospheric temperature, and fuel quantity were recorded from

the mechanical instrument gauges on the main panel, shown in Figure 2.



Figure 2: Piper Arrow Instrument Panel

Test Location and Conditions

All test flights for this thesis were conducted out of Saginaw County H.-W. Browne
Airport (KHYX) in Saginaw, Michigan, as shown in Figure 3. The test maneuvers
were performed in VFR conditions East of the airport. The “Saw-Tooth Method”
flight card was flown on January 10, 2023 at 12:15 PM EST (17:15 ZULU). A
total of four climb and descents were conducted at four different airspeeds to
determine a rate of climb. The “Level Acceleration” flight card was flown on
January 10, 2023 at 12:33 PM EST (17:33 ZULU). The pilot performed a series of
accelerations from near stalling speed to maximum airspeed in level flight at three
different constant altitudes. At takeoff, the outside air temperature was 38 degrees

Fahrenheit, the sea level pressure was 29.99 in Hg, and winds were 110, 6 kts.



e
Flight Aware

20 km

Figure 3: Flight Test Path [8]

Test Configuration and Loading

For the duration of both test flights, the landing gear was retracted, and the flaps
were in a clean (up) configuration. The airplane was loaded with a pilot in the left
seat and a test engineer in the right seat with no additional internal ballast. At
takeoft, the airplane was loaded with 34 gallons of Avgas. The aircraft
configuration resulted in an estimated weight at engine start of 1,979 lbs, and a CG

of 87.33 in aft of datum, which corresponded to a heavy-aft configuration.

Flight Test Procedure

The following flight test procedures were developed for the purpose of comparing
the evaluation of climb performance using best rate of climb speeds and best angle
of climb speeds, as well as, analyzing the impact of level flight accelerations with

and without reciprocating headings.



Determination of Climb Performance using Saw-Tooth Method

The following data was recorded between an altitude band of 3,600 ft and 4,600 ft
at 75 kts, 80 kts, 85 kts, and 90 kts:
1. Time
Altitude
Airspeed
Vertical Climb Rate
Outside Air Temperature
Fuel Weight
Engine RPM

® N kWD

Engine Manifold Pressure

Determination of Climb Performance using Level Acceleration Method

The following data was recorded at 3,500 ft, 4,500 ft, and 5,500 ft, at alternating
headings of 20 degrees to 120 degrees:
1. Time
Altitude
Airspeed
Outside Air Temperature
Fuel Weight
Engine RPM
Engine Manifold Pressure

Vh

® NSk wDd

Limitations to Scope

Testing was conducted on a single day, and there were not significant variations in
outside air temperature, atmospheric pressure, center of gravity or weight
configurations. As a result, the comparisons between factors impacting climb

performance were limited. The most significant limitation to scope was the use of



an aircraft lacking flight test instrumentation. The Piper Arrow (N3911T) was
made available for the purpose of this thesis, but as a general aviation aircraft its
primary instrumentation was a Garmin GS5. The indicated values for airspeed and
altitude were recorded directly from the Garmin display and assumed to have zero

instrument corrections for the intent of this report.



Chapter 2: Theory

Climb Performance

In physics, change of motion requires an exchange between potential energy and
kinetic energy. For an aircraft, the potential energy is described by aircraft position
(altitude) and the kinetic energy is described by aircraft velocity (airspeed). An
aircraft demonstrates positive climb performance by gaining potential energy
(increasing altitude). To climb, an aircraft uses excess power by converting kinetic

energy (airspeed) to potential energy (altitude). [1]

The airspeed a pilot maintains during a climb impacts the climb performance.
Aircraft manufacturers typically publish a maximum rate of climb, Vy, and a
maximum angle of climb, VXx, in the pilot operating handbook. The maximum rate
of climb, Vy, is the airspeed and angle of attack that equates to the maximum
excess power. The rate of climb is a comparison of altitude gained relative to time.
The maximum angle of climb, VX, is the airspeed and angle of inclination that
equates to maximum excess thrust. The angle of climb is a comparison of altitude
gained relative to distance traveled. Maximum angle of climb would typically be
used to avoid tall obstacles after takeoff. Maximum rate of climb conditions allow
reaching a desired altitude in less time that flying at a maximum angle of climb for
a given airspeed. The relationship between the corresponding airspeeds is shown in

Figure 4. [3]
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Figure 4: Max ROC and Max AOC Relationship [2]

The airspeeds for maximum rate of climb (ROC) and maximum angle of climb
(AOC) vary with altitude. For a propeller aircraft, the maximum ROC occurs at the
airspeed and angle of attack combination that is close to the maximum lift over
drag ratio; therefore, an increase in altitude will slightly decrease the airspeed
required to reach maximum ROC. Inversely, the maximum AOC occurs at an
airspeed and angle of attack combination that is less than the maximum lift over
drag ratio. An increase in altitude will increase the airspeed required to reach best
AOQC. The point at which the ROC and AOC airspeed is equal is called the
“absolute ceiling.” This is the point in which the aircraft cannot produce any excess
power. A pilot would recognize they are nearing an absolute ceiling altitude when
they are no longer able to climb greater than 100 ft/min, which is referred to the
“service ceiling” altitude, as shown in Figure 5. An increase in weight, altitude, or
drag (flaps or gear extended) all decrease the excess thrust and excess power,

resulting in a lower service ceiling. [3]
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Figure 5: Absolute and Service Ceiling [2]

Energy Equation

There are two mathematical approaches to evaluating climb performance: the
vector approach and the energy equation approach. This thesis was evaluated using
the energy equation approach. The total energy of the aircraft is the summation of

the potential energy and kinetic energy, shown in the equation below. [1]
1
E =mgh + Emv2

If the energy of the airplane remains constant, a pilot can trade airspeed for altitude
to climb. By adding energy (or excess power) and aircraft can climb at a constant
airspeed. The equation for excess power is defined as the change in energy over

time. [3]



p_dE_  dh  dv
“ar . M T ™

When airspeed is held constant, the change in velocity over time component of the
excess power equation goes to zero and simplifies the equations. The equation
below is described as the specific excess power and is the mathematical foundation
for evaluating climb performance using the Saw-Tooth Method or the Level

Acceleration Method. [3]

_ P _dh+vxdv
S mg dt g~ dt

Saw-Tooth Method Climb Performance

Saw-Tooth Method is performed at a constant airspeed; the specific power equation

simplifies to only include the change in altitude over time component, P; = a
S at

Climbs are conducted at different airspeeds, with varying altitudes, while flying
reciprocating headings to mitigate wind shear effects. The method is typically used
in climb performance evaluation for low-speed aircraft. The four primary reduction
methods to evaluate Saw-Tooth climbs are the instrument and weight corrected
relationship between power and climb rate (“PIW vs. CIW”’) method, density
altitude method, equivalent altitude method, and dimensionless method. The PIW
vs. CIW method is applicable to both constant-speed propellers and fixed-pitch
propellers. The Piper Arrow is a constant-speed propeller aircraft, so the PIW vs.

CIW method was used to evaluate the Saw-Tooth method in this paper. [1]

10



Level Accelerations Climb Performance

The Level Acceleration Method is conducted at a climb power setting and airspeed
that is 1.1 times greater than the stalling speed. The altitude is held constant;
therefore, the specific excess power equation simplifies to only the velocity
components. After leveling off, the aircraft accelerated to Vh, the maximum speed
in level flight with maximum continuous power. The acceleration is repeated at
multiple altitude and airspeed combinations. Level acceleration method is typically
used to determine parameters in the aircraft’s drag polar for high performance

military aircraft. [1]

FAA Regulation

The PA-28 (“Piper Arrow”) was certified under CAR 3.85a climb performance
regulation, as shown in Figure 7. The FAA has since updated the requirements for
climb performance per 14 CFR 23.2120, shown in Figure 6. CAR 3.85a was
written for the certification of aircraft with a maximum weight of 6,000 lbs. Per the
regulation, the climb performance must be evaluated with the landing gear
extended, wing flaps in takeoff position, and a takeoff power setting with speed not
exceeding maximum continuous power. CAR 3.85a, required a steady rate of climb
at maximum takeoff weight of 300 ft/min or 10 times the stall speed with flaps up;
whichever is greater. The current regulation, 14 CFR 23.2120, requires a climb
gradient of 8.3% for landplanes, conducted at maximum continuous power. The 14
CFR 23.2120 requirements are specific to aircraft with a maximum takeoff weight
of 19,000 Ibs and a maximum seating capacity between 2 to 6 passengers. The 14
CFR 23.2120 does not specify a required aircraft configuration for certification
testing beyond specifying all available engines must be operating and the aircraft
must be in a climb configuration. The current regulation, in comparison to CAR

3.85a, is much broader and leaves more opportunity for interpretation.

11



§ 23.2120 Climb requirements.

The design must comply with the following minimum climb performance out of ground effect:

(a) With all engines operating and in the initial climb configuration(s) -

(1) For levels 1 and 2 low-speed airplanes, a climb gradient of 8.3 percent for landplanes and
6.7 percent for seaplanes and amphibians; and

(2) For levels 1 and 2 high-speed airplanes, all level 3 airplanes, and level 4 single-engines a
climb gradient after takeoff of 4 percent.

(b) After a critical loss of thrust on multiengine airplanes -

(1) For levels 1 and 2 low-speed airplanes that do not meet single-engine crashworthiness
requirements, a climb gradient of 1.5 percent at a pressure altitude of 5,000 feet (1,524
meters) in the cruise configuration(s);

(2) For levels 1 and 2 high-speed airplanes, and level 3 low-speed airplanes, a 1 percent
climb gradient at 400 feet (122 meters) above the takeoff surface with the landing gear
retracted and flaps in the takeoff configuration(s); and

(3) For level 3 high-speed airplanes and all level 4 airplanes, a 2 percent climb gradient at
400 feet (122 meters) above the takeoff surface with the landing gear retracted and flaps
in the approach configuration(s).

(c) For a balked landing, a climb gradient of 3 percent without creating undue pilot workload with
the landing gear extended and flaps in the landing configuration(s).

Figure 6: 23.2120 Climb Requirement

Figure 7: CAR 3.85a Climb Requirement

12



Chapter 3: Data Reduction
Weight and Balance

The test flights were conducted at a center of gravity of 87.33 inches aft of datum.
The aircraft weight and balance were calculated using the following equations and

values:

Total weight = Y[front seat + back seat (N/A) + fuel +
forward baggage (N/A) + aft baggage (N/A) + empty airplane]

Total weight = Y.[395.0 lbs + 204.3 lbs + 1380 lbs] = 1979 lbs

Total Moment
Total Weight

Center of Gravity =

, 1.216 * 10° Ibs * in ,
Center of Gravity = 1979 Ibs =87.33in

Table 1: Weight and Balance

Weight (Ibs) Arm (in) Moment (Ibs-in)

Basic Empty Weight 1380 88.15 1.216E+05
First Row 395.0 80.50 3.180E+04
Second Row 0.000 118.1 0.000
Baggage Area 0.000 142.8 0.000

Fuel 204.3 95.00 1.941E+04
Gross Weight (Ibs) 1979

CG (in) 87.33

The PA-28-180 forward and aft CG limits are 81.0 inches and 91.0 inches,

respectively, as shown in Figure 8 [5]. The test cards were flown within the CG

limit of the Piper Arrow.

13



Saw-Tooth Climb Performance

A series of three saw-tooth climbs were conducted at 75 kts, 80 kts, 85 kts, and 90
kts between a pressure altitude band of 3,600 ft and 4,600 ft. Each climb was
conducted at a power setting of 2300 RPM and a manifold pressure of 24 in Hg.
The data collected during the Saw-Tooth climbs was used to calculate rate of climb,
instrument and weight corrected climb rate, and instrumented and weight corrected

power. The Saw-Tooth method is performed with a constant airspeed, so the

. . dv
SpeCIfiC €XCESs pOwWeT, PS, equation assumes E =0.

dh v  dv dh dh
PB=—+-X—= =

at g dt dt dt

Altitude versus elapsed time was plotted for each airspeed tested. An example is
shown in Figure 8. The trendlines, quadratic equations, were used to solve for the
time at the midpoint altitude for each climb. The derivative of the trendline
equations were calculated using this time to determine the rate of climb in feet per

second, which was converted to feet per minute, as seen in Table 2.

14



Altitude vs. Elapsed Time at 75 kts
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Figure 8: Altitude vs. Time at 75 kts
Table 2: Altitude vs. Time Equations
Speed (kts) Trendline Eq Derivative Eq t (sec) | ROC (ft/s) | ROC (ft/min)
75 0.0038t"2+11.90t+3618 0.0076t+11.90 31.72 12.14 728.7
80 -0.0086t"2+13.86t+3597 -0.0172t+13.86 29.57 13.35 801.2
85 -0.0028t"2+12.93t+3604 -0.0056t+12.93 30.83 12.75 765.2
90 -0.0126t"2+12.96t+3587 -0.0252t+12.96 32.93 12.13 727.6

The rate of climb values in Table 2 needed to be corrected for non-standard

temperature at a given altitude. The standard temperature, T, was calculated at

each altitude during the 1,000-foot climb. The tests were conducted on a colder-

than-standard day, with test temperatures are below 15 degrees Celsius.

2 H,

Ty = = Tg0g +15°C
o= 23000t sec _ggec
s 1000 o

The temperature ratio is calculated using the outside air temperature, OAT, for a

given test point and the temperature for a standard day at sea level, 15 degrees
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Celsius. The test corrected rate of climb, ROCy¢, was calculated by multiplying the

observed rate of climb values by the temperature ratio, 6.

_ 27315 + OAT
~ 273.15+ 15

2731+ (-2)°C

288.15 = 0.9410

ROCy¢c = ROC % 8

ft
ROCyrc = 728.7 i

«0.9410 = 703.2 ft/min

In addition to the temperature ratio, the pressure ratio, &, and density ratio, o, were
calculated to determine the instrument and weight corrected climb, CIW, and
power, PIW. The density ratio, as shown in the equations below, is a function of the
temperature ratio and pressure ratio at each test point. The pressure ratio is a
function of the pressure altitude at each test point, H;. The density ratio is computed

by dividing the pressure ratio by the temperature ratio.

§ =[1—-(6.87535-107°) - H;]5256

5 =[1-(6.87535-107%) - 3600 ft]>?°¢! = 0.8766

5
%%

_ 08766 _ .
°= 09410
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The CIW is a function of the test corrected rate of climb, density ratio, test weight,
and standard weight of the aircraft, which for the Piper Arrow is 2,500 Ibs. Each
climb was conducted over a few minutes total, so there was not a significant change

in test weight because minimal fuel was burned.

ROCrc\o
Wr
Ws

o 703.24Tfu.tn «1/0.9315

’1979 lbs
2500 Ibs

The PIW is a function of test brake horsepower, density ratio, test weight, and

CIW =

= 7629 ft/min

standard weight. The equation below was used to calculate the test brake
horsepower; where standard brake horsepower, BH P;, was determined using the
Lycoming 10-360-B1E Engine Chart in the Lycoming Operator’s Manual, shown
in Figure 9. The MAP, engine RPM, and indicated altitude were used to determine

the standard brake horsepower.
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Figure 9: Lycoming 10-360-B1E Engine Chart [9]

273+ T,
273 + OAT

BHP; = BHP,

273 +7.8°C
= 145.475

BHP;

BHP;\o

w = 3

()’

148.11/0.9410
— = 321.8 HP

(1979lbs)i

2500 lbs
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The climb gradient was calculated using the temperature-corrected rate of climb,
ROCr¢, and the indicated ground speed, recorded from Garmin G5 instrument

panel. A sample calculation is provided below.

ROCrc(fpm)
Ground Speed (fpm)

Climb Gradient (%) =

703.2 (fpm)
. . 0 - MF 7 0
Climb Gradient (%) = 8911 (fpm) 7.891%

Level Acceleration Climb Performance

Six level accelerations were conducted at alternating headings of 20 degrees and
200 degrees at 3,500 ft, 4,500 ft, and 5,500 ft. Each acceleration was conducted at a
power setting of 2300 RPM and a manifold pressure of 24 in Hg. The data
collected was used to determine the best rate of climb, the best rate of climb
airspeed, Vy, and the best angle of climb airspeed, Vy. Three sets of plots were
produced at each altitude: rate of climb versus airspeed at a 20-degree heading, rate
of climb versus airspeed at a 200-degree heading, and the average rate of climb
versus the average airspeed between the data collected at both the 20-degree and
200-degree headings. Much like the Saw-Tooth method, the calculations for the

level acceleration are derived from the specific excess power equation; however,

level acceleration assumes the altitude is held constant. Therefore, % = 0.

dv
X_

bV
S gl dt

The equations for temperature ratio, density ratio, and pressure ratio were used to

calculate true velocity. The indicated velocity was recorded from the avionics suite
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during the test. The calculations assume the indicated velocity is equivalent to the

calibrated velocity.
8 =[1—(6.87535-107°) - 3500 ft]52°¢1 = 1.000

2731+ (=2)°C

2ge1s 094
_09410 .
9=7000
Ve
Vv, =<
" Vo
Ve 116.0 ft/s
V=S =227 _ 66093 ft/s
"7 Vo V1063 It/

Airspeed versus elapsed time was plotted for each altitude tested. An example is
shown in Figure 10. The trendlines were obtained to find equations %; where v is

the elapsed time at a given test point.
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Airspeed vs. Elapsed Time at 3500 ft
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Figure 10: Airspeed vs. Elapsed Time at 3500 ft
Table 3: Airspeed vs. Time Equations
. 20 deg 200 de
Altitude (f) Trendline Eq Derivative Eq Trendline Eq Derivative Eq
3500 -0.0163v/2+2.605v+1174 | -2*0.0163*v+2.605 | -0.0186v"2+2.789v+115.9 | -2*0.0186*v+2.789
4500 -0.0198vA2+2.720v+120.0 | -2*0.0198*v+2.720 | -0.0186v*2+2.789v+1159 | 2*0.0186*v+2.629
5500 -0.0198vA2+2.720v+120.0 | -2*0.0198*v+2.720 |_-0.0186v"2+2.789v+115.9 | -2*0.0186*v+2.629

dv
E =2%0.0163 x (3s) + 2.605 = 2.508 ft/s2

The change in velocity over time is a variable in the equation to determine the
weight-corrected excess thrust horsepower,(FHP,,cess))wc» at €ach point in the

accelerations.

Wp\ /dv 1 HP ft
?) (5) Tw;WheT'e g = 32.25—2

FHPpycess = (
550

S
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FHP,. . = [ 232 1bs (2 605 ft) (66 93ft) 19.25 HP
excess — . - 93— ) = )
S S
FHP.
(FHPexcess)WC = Lgss; where Wy = 2,500 lbs
(W)
Wi
19.25 HP
(FHPexcess)WC =3 = 27.84 HP
(1955 le)E
2500 lbs

The values for weight-corrected excess thrust were inputted into the rate of climb

equation below to determine the computed ROC for each point in the level

acceleration.
ft-lb
_ (FHPexcess)WC 550 S 60 s
ROC = X X -
W; 1HP 1 min
ft-lb

27.84 HP 550—— s _
= 367.4 ft/min

ROC =00 ibs * " 1THP  *Tmin
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Chapter 4: Flight Data Analysis

Saw-Tooth Climb Performance

The first Saw-Tooth climb was conducted at 75 kts between an altitude band of
3,600 ft and 4,600 ft, for a total duration of 82 seconds. The relationship between
altitude and elapsed time is depicted in Figure 11. The quadratic trendline equation
had a coefficient of determination of 0.9980. The root of the equation was
determined by setting “y” to 4,000 the approximate midpoint of the data. This
resulted in a root of 31.72 seconds, as shown in Table 4. The root of 31.72 seconds

was used to compute the rate of climb using the derivative of the trendline

equation, 0.0076x+11.90. The rate of climb at 75 kts equated to 728.7 ft/min.

Altitude vs. Elapsed Time at 75 kts
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3800 o ® y=0.0038x2 + 11.9032x + 3,618.6536
- R2 =0.9980
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3400
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Elapsed Time (s)

Figure 11: Altitude vs. Time at 75 kts

The second climb was conducted at 80 kts between the 1,000 ft altitude band, for a
total duration of 76 seconds. The coefficient of determination for the quadratic
trendline was 0.9991, as shown in Figure 12. The root of the trendline equation

(1))

assumed a value of 4,000 for “y”, resulting in a 28.53 second root. This was

23



plugged into the derivate equation, -0.0172x+13.86. The rate of climb at 80 kts was
861.1 ft/min. The maximum rate of climb airspeed, reported in the pilot operating
handbook for the Piper Arrow was 100 mph (86.9 kts); therefore, it is expected the
rate of climb at 80 kts is higher than the rate of climb at 75 kts since the maximum

rate of climb should be at the test airspeed closest to Vy.

Altitude vs. Elapsed Time at 80 kts
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Figure 12: Altitude vs. Time at 80 kts

The climb conducted at 85 kts was expected to yield the shortest duration to climb
the 1,000 ft and result in the highest rate of climb since it was the closest climb
airspeed to the POH Vy. The total duration of the 85 kts climb was 78 seconds, 2
seconds more than the 80 kts climb. The coefficient of determine for the quadratic
trendline was approximately 0.9989, as shown in Figure 13. Using the 4,000 value
for “y” the quadratic root was 30.83 seconds, resulting in a rate of climb of 765.2
ft/min. This data was in consistent with the expectation that the highest rate of

climb amongst the four tested airspeeds of 75 kts, 80 kts, 85 kts, and 90 kts would

occur at 85 kts.

24



Altitude vs. Elapsed Time at 85 kts
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Figure 13: Altitude vs. Time at 85 kts

The climb conducted at 90 kts took 85 seconds to complete, the longest climb time
of the four tested airspeeds. The coefficient of determination for the quadratic
trendline was 0.9994 and produced a root of 32.93 seconds. Using the derivative of
the trendline, the rate of climb was 727.6 ft/min. In comparison to the other tested
airspeeds, 90 kts resulted in the least efficient climb rate. The relationship between

altitude and elapsed time at 90 kts is shown below in Figure 14.

25



Altitude vs. Elapsed Time at 90 kts
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Figure 14: Altitude vs. Time at 90 kts

Table 4 shows the trendline equation, derivative of the trendline equation, root
value of “t”, and rate of climb for 75 kts, 80 kts, 85 kts, and 90 kts. Using the
theoretical understanding for best rate of climb airspeed, Vy, the data should have
suggested the highest rate of climb value was at the airspeed closest to 100 mph
(86.9 kts). However, the table shows the highest rate of climb occurred at 80 kts
and gradually decreased with an increase in airspeed. The flights were conducted in
a clean configuration and 2300 RPM climb power setting, but they were not
evaluated against multiple altitude bands. To reach a more accurate conclusion on
which airspeed produces the best rate of climb, each airspeed should be conducted
at different altitudes. This data will be compared to the data collected in the level

acceleration method.

Table 4 also shows the maximum rate of climb calculated for each airspeed. Based
on the climb performance regulations under CAR 3.85, each airspeed satisfied the

Part 23 climb performance regulation at the time of certification of the PA-28. The
regulation states an aircraft must have a climb rate of 300 ft/min or 10 times the

stall speed with flaps up, whichever is greater. In the case of the PA-28, 10 times
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the stall speed would be 630 ft/min. The maximum rate of climbs ranged from
727.6 ft/min to 801.2 ft/min, surpassing the minimum climb rate required under
CAR 3.85. Since the Saw-Tooth climbs were conducted at 2300 RPM, rather than
the rated 2700 RPM, the results are conservatively passing the FAA regulation. If
the same flights were conducted at maximum continuous power, the data should
show increased climb performance. The same steady-climb data was evaluated

against the current FAA climb performance regulation, 14 CFR 23.2120, below.

Table 4: Altitude vs. Time Equations

Speed (kts) Trendline Eq Derivation Eq t(sec) | ROC (ft/s) | ROC (ft/min)
75 0.0038t"2+11.90t+3618 0.0076t+11.90 31.72 12.14 728.7
80 -0.0086t"2+13.86t+3597 -0.0172t+13.86 29.57 13.35 801.2
85 -0.0028t"2+12.93t+3604 -0.0056t+12.93 30.83 12.75 765.2
90 -0.0126t"2+12.96t+3587 -0.0252t+12.96 32.93 12.13 727.6

The current regulation, 14 CFR 23.2120, requires a minimum climb gradient of
8.3% for landplanes. The climb gradient was computed using the temperature-
corrected rate of climb and the indicated ground speed at each test point. The data
in Tables 5-8 illustrates the airspeeds that did (green) and did not (red) satisfy the

requirement.

At 127 ft/s (75 kts), shown in Table 5, only 2 out of the 25 test points met the 8.3%
climb gradient metric. Since the PA-28 documented value for best angle of climb
airspeed is approximately 83 kts, it is not unlikely that an airspeed below Vx would

produce inadequate climb performance.
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Table 5: Climb Gradient Data for 75 kts (127 ft/s)

Altitude (ft) Indicated Ground Speed ROC_TC Climb
Airspeed (ft/s) (ft/s) (ft/min) Gradient (%)
3600 127 148.5 703.2 7.89%
3640 127 146.8 703.4 7.98%
3680 127 143.5 703.6 8.17%
3740 127 141.8 703.9 8.28%
3780 127 140.1 704.1 8.38%
3820 127 140.1 701.7 8.35%
3860 127 141.8 701.9 8.25%
3880 127 143.5 702.0 8.16%
3940 127 145.2 702.3 8.06%
3980 127 145.2 702.5 8.07%
4020 127 143.5 702.7 8.16%
4080 127 143.5 703.0 8.17%
4120 127 148.5 703.2 7.89%
4160 127 146.8 703.4 7.98%
4200 127 146.8 701.0 7.96%
4240 127 146.8 701.2 7.96%
4300 127 146.8 701.5 7.96%
4320 127 146.8 701.6 7.96%
4380 127 146.8 701.9 7.97%
4440 127 143.5 702.3 8.16%
4500 127 145.2 702.6 8.07%
4540 127 146.8 702.8 7.98%
4560 127 148.5 702.9 7.89%
4580 127 151.9 703.0 7.71%
4600 127 151.9 703.1 7.71%

Table 6, shows the data recorded at 135 ft/s (80 kts). At 80 kts, every test point
exceeded a climb gradient of 8.3%. The minimum climb gradient at 80 kts was

8.81% at 4440 ft. The maximum climb gradient was 9.24% at 3840 ft.
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Table 6: Climb Gradient Data for 80 kts (135 fi/s)

Altitude (f¢) Indicated Ground Speed ROC_TC Climb
Airspeed (ft/s) (ft/s) (ft/min) Gradient (%)
3600 135 151.9 831.1 9.12%
3620 135 153.6 831.2 9.02%
3660 135 155.3 831.5 8.92%
3800 135 150.2 832.3 9.23%
3840 135 150.2 832.5 9.24%
3880 135 153.6 829.7 9.00%
3900 135 153.6 829.8 9.00%
3940 135 153.6 830.0 9.01%
3960 135 153.6 830.2 9.01%
4000 135 153.6 830.4 9.01%
4040 135 153.6 830.6 9.01%
4080 135 153.6 830.9 9.02%
4140 135 153.6 831.2 9.02%
4200 135 157.0 831.6 8.83%
4240 135 151.9 828.7 9.09%
4300 135 151.9 829.1 9.10%
4340 135 153.6 829.3 9.00%
4360 135 155.3 829.5 8.90%
4400 135 155.3 829.7 8.91%
4440 135 157.0 829.9 8.81%
4520 135 155.3 830.4 8.91%
4560 135 155.3 830.6 8.92%
4600 135 155.3 830.9 8.92%

The data collected for 143 ft/s (85 kts) resulted in climb gradients less than 8.3%,
as shown in Table 7. Since the Piper Arrow v-speed for best angle of climb is 83
kts, it was expected the values for 80 kts and 85 kts to be similar; however, the data
showed the maximum climb gradient was only 7.76%. The minimum climb
gradient, 7.36% was greater than the minimum climb gradient recorded at 75 kts.
This observation is likely due to the 2300 RPM power setting. More power was
required for the climb at 85 kts than the climb at 80 kts. The results are not
representative of the climb performance of the PA-28-180 since they were not
conducted at maximum continuous power. For instance, if the climb gradient
values at 85 kts were increased by 15%, which would assume the relationship
between engine RPM and climb gradient were linear, the range would be 8.46%-

8.93% and pass the 14 CAR 23.2120 regulation.
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Table 7: Climb Gradient Data for 85 kts (143 fi/s)

Altitude (f6) Indicated Ground Speed ROC_TC Climb
Airspeed (ft/s) (ft/s) (ft/min) Gradient (%)
3600 143 158.7 738.5 7.76%
3660 143 158.7 738.8 7.76%
3680 143 160.3 738.9 7.68%
3760 143 162.0 739.4 7.61%
3800 143 162.0 739.6 7.61%
3860 143 162.0 737.2 7.58%
3900 143 160.3 737.4 7.66%
4000 143 160.3 737.9 7.67%
4020 143 160.3 738.0 7.67%
4080 143 162.0 738.3 7.59%
4120 143 160.3 738.5 7.68%
4160 143 160.3 738.7 7.68%
4200 143 160.3 739.0 7.68%
4240 143 160.3 739.2 7.68%
4360 143 162.0 737.1 7.58%
4400 143 163.7 737.3 7.51%
4420 143 165.4 737.4 7.43%
4440 143 167.1 737.5 7.36%
4500 143 167.1 737.8 7.36%
4520 143 167.1 737.9 7.36%
4580 143 167.1 738.2 7.36%
4600 143 167.1 738.3 7.36%

Table 8 displays the data collected at 152 ft/s (90 kts). The data at 90 kts proved to
have the worst climb performance of the four tested airspeeds. The maximum climb

gradient was 6.88%, substantially lower than the lower airspeeds.
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Table 8: Climb Gradient Data for 90 kts (152 fi/s)

Altitude (ft) Indicated Ground Speed ROC_TC Climb
Airspeed (ft/s) (ft/s) (ft/min) Gradient (%)
3600 152 172.2 702.3 6.80%
3640 152 172.2 702.5 6.80%
3660 152 172.2 702.6 6.80%
3760 152 170.5 703.1 6.87%
3800 152 170.5 703.3 6.88%
3840 152 170.5 700.9 6.85%
3880 152 170.5 701.1 6.85%
3920 152 170.5 701.3 6.86%
3960 152 170.5 701.5 6.86%
4020 152 170.5 701.8 6.86%
4060 152 170.5 702.0 6.86%
4140 152 170.5 702.4 6.87%
4180 152 172.2 702.6 6.80%
4220 152 172.2 702.8 6.80%
4240 152 173.8 700.3 6.71%
4280 152 175.5 700.5 6.65%
4320 152 175.5 700.7 6.65%
4360 152 175.5 700.9 6.65%
4400 152 173.8 701.1 6.72%
4440 152 173.8 701.3 6.72%
4500 152 175.5 701.6 6.66%
4540 152 175.5 701.8 6.66%
4600 152 175.5 702.1 6.67%

Table 9 shows the averaged climb gradient and rate of climb at each test airspeed.

As seen in Table 6, the greatest climb gradient was observed at 80 kts. Although

the climb data for 75 kts had two test points that were greater than 8.3%, overall,

the airspeed would not satisfy the requirements in 14 CFR 23.2120.

Table 9: Averaged Climb Gradient

Indicated Ground Speed ROC _TC Climb Gradient
Airspeed (kts) (ft/s) (ft/min) (%)
75 127 702.6 8.04%
80 135 830.5 9.00%
85 143 738.2 7.57%
90 152 701.7 6.78%
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Table 10 shows the instrument and weight corrected climb rate, CIW, and
instrument and weight corrected power, PIW. Two altitudes were selected, one
lower altitude within the test band and one higher altitude within the test band, to
tabulate and plot the CIW and PIW. The trendline was extended to show the CIW
for the PA-28-180 at 180 HP. An increase in PIW should produce an increase in
CIW. All four airspeeds yielded the expected trend. As the excessive power
increased there was more available power to climb at a higher rate. The plots for

each PIW vs. CIW relationship are shown in Figures 15-18.

Table 10: CIW and PIW Calculations

Speed (kts) | Speed (ft/s) | Altitude (ff)| ROC (ft/min) |[CIW (ft/min)| PIW (HP)
. 197 3880 702.0 759.0 202.7
4300 701.5 754.0 200.5
20 135 3880 829.7 898.4 203.6
4300 829.1 892.4 201.4
o5 143 3800 739.6 800.5 202.9
4500 737.8 791.2 201.7
90 152 3800 703.3 762.4 203.8
4500 701.6 753.5 202.7

The Piper Arrow is equipped with a 180 HP engine. The Pilot Operating Handbook
states a rate of climb of 875 ft/min, as shown in Appendix A. At a value of 180 HP
for PIW, the data should show approximately 875 ft/min for CIW. Figure 15 shows
the PIW versus CIW relationship for 75 kts. The CIW at a value of 180 HP for PIW
equates to 707 ft/min. The plot shows that during the Saw-Tooth climb at 75 kts,
the results yielded only 80% of the expected performance per the POH. The outside
air temperature during testing was lower than a standard day and the test weight
was less than the standard weight of the aircraft. As a result, the PIW values were
greater than 180 HP. To assess what the climb rate, CIW, at the 180 HP, a linear

trendline was forecasted. It should be noted that Figures 15-18 are included as
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generic trendlines and should not be used to determine climb characteristics of the

Piper Arrow given the limited data set.

PIW vs. CIW at 75 kts
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Figure 15: PIW vs. CIW at 75 kts

At 80 kts, as shown in Figure 16, a PIW value of 180 HP yielded a CIW of
approximately 833 ft/min. The data at 80 kts resulted in the highest climb rate of

the four airspeed and had the closest performance to the POH documented climb

rate for the PA-2&8-180.
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PIW vs. CIW at 80 kts
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Figure 16: PIW vs. CIW at 80 kts

The PIW and CIW relationships for 85 kts and 90 kts are shown in Figure 17 and
Figure 18, respectively. The climb performance at 180 HP is significantly lower
than the POH value of 875 ft/min. The deviation can be explained by the Saw-
Tooth climbs being conducted at 2300 RPM power setting rather than maximum
continuous power. To make a true comparison of the PIW versus CIW relationship,
the data should reflect the maximum power setting to maximize the climb

performance.
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PIW vs. CIW at 85 kts
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Figure 17: PIW vs. CIW at 85 kts

PIW vs. CIW at 90 kts
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Figure 18: PIW vs. CIW at 90 kts

Figures 19-22 show the relationship between pressure altitude and rate of climb. As
altitude increases, the rate of climb should decrease because the air density is

decreasing, resulting in diminished engine performance. The plotted points are
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from Table 10. The greatest ROC values within the pressure altitude band are seen
at the two airspeeds closest to the best rate of climb airspeed, as expected.
Although theory indicates rate of climb would decrease with pressure altitude,

Figures 19-22 have a limited data set and show a forecasted trendline.

Hp vs. ROC at 75 kts
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Figure 19: Hp vs. ROC at 75 kts
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Figure 21: Hp vs. ROC at 85 kts
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Hp vs. ROC at 90 kts
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Figure 22: Hp vs. ROC at 90 kts

The results showed the decreased power setting negatively impacted the climb
performance observed during the Saw-Tooth test. The rate of climb is a function of
the excess power produced from the engine. Since the climbs were conducted at
2300 RPM, there was 15% less power available than the rated engine performance
of the PA-28-180 (2700 RPM). Assuming the power required to conduct the climb
remained constant, multiplying the specific power by an increase of power
available factor of 15%, would give an approximation of what the rate of climb

would have been if performed at maximum continuous power.

Py = Py — Breg; assume B, remains constant.

P, =115%P,

N

SIEx

ROC =
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The calculated rate of climb can then be plugged into the equation for the

instrument and weight corrected climb rate.

ROCrc\o

Wy
Ws

The brake horsepower value for each test point was redetermined using the

CIW =

Lycoming Engine Chart in Figure 9 with a 2700 RPM power setting. The updated
brake horsepower was used to approximate what the instrument and weight correct
power for each test step would have been if operating at a higher power setting. The
values for brake horsepower were approximately 10 HP greater at 2700 RPM than
at 2300 RPM.

BHP o
w =" 3

()

s

The results of the approximation are tabulated in Table 11. Compared to the results
in Table 10, the instrument and weight corrected climb rate, CIW, was 15% higher
at an engine power setting of 2700 RPM. The instrument and weight corrected
power, PIW, averaged 5.6% higher at the full power setting. Although the climb
rates in Table 10 would have satisfied the FAA minimum rate of climb
requirements, the values in Table 11 are more representative of how the aircraft
would have performed with maximum power available. As the rate of climb
increased by 15%, so did the climb gradient. Table 11 shows that with a higher
power setting, additional airspeeds (75 kts, 80 kt, and 85 kts) would have satisfied
the minimum 8.3% climb gradient per 14 CFR 23.2120.
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Table 11: CIW and PIW Calculations Assuming 2700 RPM

Level Acceleration Performance

Speed (kts) | Altitude (ft) | ROC (ft/min) |CIW (ft/min)| PIW (HP) | Climb Gradient (%)
75 3880 807.4 872.9 213.9 9.38%
4300 808.3 864.5 2134 9.07%
20 3880 954.1 1033.2 214.9 10.35%
4300 955.2 1023.2 2144 10.25%
25 3800 850.5 920.6 214.3 8.75%
4500 848.5 909.9 214.5 8.46%
90 3800 808.8 876.7 215.3 7.91%
4500 806.8 866.5 215.5 7.66%

The level accelerations were conducted at 3,500 ft, 4,500 ft, and 5,500 ft at a

heading of 20 degrees, exactly perpendicular to the winds reported by ATIS. The

level accelerations were repeated at the same three altitudes at the reciprocating test

heading, 200 degrees. The analysis for the level accelerations was conducted in

three parts: 20 degree heading data individually, 200 degree heading data

individually, and the averaged data between the two headings. Each level

acceleration began at the airspeed 10% greater than the stall speed with flaps up,

Vs1, and ended at maximum speed in level flight at maximum continuous power,

Vy,. To determine the V; for the PA-28, the pilot stalled the aircraft at 63 kts,

resulting in a starting speed of 69 kts. The airspeed versus elapsed time at each

altitude is plotted in Figures 24-26.

At 3,500 ft, the level accelerations at a 20-degree heading and a 200-degree

heading lasted 77 seconds and 79 seconds, respectively. As shown in Figure 23, the

indicated airspeeds at each heading were closely related. The V), for the 20-degree

heading was 132 kts and the V;, for the 200-degree heading was 131 kts. The

o . . . . d
derivatives of the quadratic equation trendlines were determined to find the d—:

component of the specific excess power equation. The derivative at 20-degree

40



heading at 3,500 ft was -0.0326x+2.605 and the derivative at the 200-degree
heading was -0.0372x+2.789.
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Figure 23: Airspeed vs. Elapsed Time at 3500 ft

The 20-degree heading at 4,500 ft had a total elapsed time of 72 seconds with a

recorded V}, of 127 kts, as shown in Figure 24. The reciprocating heading, at 200-
degrees, lasted 75 seconds with V}, of 128 kts. The data taken at 3,500 ft, the

airspeeds at each heading at 4,500 ft were closely related. The derivative of the

trendlines at 20-degree heading and 200-degree heading were -0.0396x+2.720 and -

0.372x+2.629, respectively.
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Airspeed vs. Elapsed Time at 4500 ft
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Figure 24: Airspeed vs. Elapsed Time at 4500 ft

Figure 25, shows the relationship between airspeed and elapsed time at 5,500 ft for
the 20-degree and 200-degree headings. Compared to the data collected at lower
airspeeds, there was a larger variation in indicated airspeed between the two
headings. The trendline derivative for the 20-degree curve was -0.0396x+2.720,
with a V}, of 124 kts. The trendline derivative for the 200-degree curve was -

0.0372x+2.629, with a V}, of 123 kts.
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Airspeed vs. Elapsed Time at 5500 ft
220
800
. .‘"‘&
200 A-aN
RV S
Y Y )
g ®
A Lo

180 kg ®
z i
@/ A A ’A-"‘. .
2 a . @20 deg HDG
< A A200 deg HDG

140 5 e

& i 20 deg HDG: y = -0.0198x + 2.7203x + 120.01
e R?=0.9983
120
L 200 deg HDG: y =-0.0186x2 + 2.629x + 120.82
R?=0.9928
100
0 10 20 30 40 50 60 70 80 90
Elapsed Time (s)

Figure 25: Airspeed vs. Elapsed Time at 5500 ft

Table 12 shows the trendline equations and derivative equations for each altitude
and heading combination. An increase in altitude should increase the power
required, and therefore decrease the power available. A result of the increase in
altitude is a decrease in the maximum speed in level flight at maximum continuous
power, V},. The tabulated data reflects this relationship between excess power and
indicated airspeed. Each 1,000 ft increase in altitude resulted in a 3-5 kts decrease
in V}, for both headings. The V,, are visually depicted in Figures 27-35 as the

calibrated airspeed at the lowest rate of climb.

Table 12: Airspeed vs. Elapsed Time Data

. 20 de 200 de;

Altitude (ff) Trendline Eq %)erivative Eq Vh (kts) Trendline Eq gerivative Eq Vh (kts)
3500 -0.0163v"2+2.6054v+117.37| -0.0326*v+2.605 132 |-0.0186v"2+2.7894v+115.85 -0.0372*v+2.789 131
4500 -0.0198v~2+2.7203v+120.01] -0.0396*v+2.720 127 -0.0186v"2+2.629v+120.82 -0.0372*v+2.629 128
5500 -0.0198v"2+2.7203v+120.01] -0.0396*v+2.720 124 -0.0186v"2+2.629v+120.82 -0.0372*v+2.629 123

The rate of climb was computed and plotted against the calibrated airspeed at 3,500
ft, 4,500 ft, and 5,500 ft at a 20-degree heading in a clean (no flaps) configuration.
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The maximum rate of climb airspeed, V,,, was determined by finding the airspeed
associated with the maximum rate of climb for each dataset. The maximum angle
of climb airspeed, V,., was determined by finding the airspeed on the curve fit that
was tangential from the plot origin. Figure 26: ROC vs. Airspeed at 3500 ft with 20
deg HeadingFigure 26 shows the rate of climb and v-speeds at 3,500 ft flying at a

20-degree heading. At 3,500 ft (20 degree heading), 1, was 150 ft/s (9000 ft/min) at
a rate of climb of 402.8 ft/min and V, was 130 ft/s (7800 ft/min).

ROC vs. Calibrated Airspeed at 3,500 ft; 20 deg HDG
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Figure 26: ROC vs. Airspeed at 3500 ft with 20 deg Heading

At 4,500 ft and a 20-degree heading, as shown in Figure 27, the maximum rate of
climb was 413.6 ft/min at an airspeed, V,, of 140 ft/s (8400 ft/min). The maximum

angle of climb airspeed, V,, was 132 ft/s (7920 ft/min).
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Figure 27: ROC vs. Airspeed at 4500 ft with 20 deg Heading

At 5,500 ft and a 20-degree heading, as shown in Figure 28, the maximum rate of

climb was 357.02 ft/min at an airspeed, V,,, of 137 ft/s (8220 ft/min). The maximum

angle of climb airspeed, V,, was 127 ft/s (7620 ft/min). The highest altitude

9 y’

produced the lowest rate of climb since the air was less dense at 5,500 ft, resulting

in less available power being produced by the engine. As the altitude increased, the

maximum rate of climb airspeed decreased. This relationship was shown in Figure

5, illustrating how V,, and V, converge at the absolute ceiling.
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ROC vs. Calibrated Airspeed at 5,500 ft; 20 deg HDG
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Figure 28: ROC vs. Airspeed at 5500 ft with 20 deg Heading

At 3,500 ft and a 200-degree heading, as shown in Figure 29, the maximum rate of
climb was 415 ft/min at an airspeed, V,,, of 142 ft/s (8520 ft/min). The maximum

angle of climb airspeed, V,, was 132 ft/s (7920 ft/min).
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ROC vs. Calibrated Airspeed at 3,500 ft; 200 deg HDG
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Figure 29: ROC vs. Airspeed at 3500 ft with 200 deg Heading

At 4,500 ft and a 200-degree heading, as shown in Figure 30, the maximum rate of
climb was 407.1 ft/min at an airspeed, V,, of 147 ft/s (8820 ft/min). The maximum

angle of climb airspeed, V,, was 137 ft/s (8220 ft/min).

47



ROC vs. Calibrated Airspeed at 4,500 ft; 200 deg HDG
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Figure 30: ROC vs. Airspeed at 4500 ft with 200 deg Heading

At 5,500 ft and a 200-degree heading, as shown in Figure 31, the maximum rate of
climb was 404.4 ft/min at an airspeed, 1, of 135 ft/s (8100 ft/min). The maximum

angle of climb airspeed, V,, was 116 ft/s (6960 ft/min).

48



ROC vs. Calibrated Airspeed at 5,500 ft; 200 deg HDG
450
400 AA
'y
350 A
=300 ‘A
=
E‘ Vy “
) 250 '
200
8 Vx ‘A
& 150 A
100 A
50 i
A
0
0 50 100 150 200 250
Calibrated Airspeed (ft/min)

Figure 31: ROC vs. Airspeed at 5500 ft with 200 deg Heading

The averaged heading data was determined by taking the average of each test point
in the 20-degree and 200-degree headings for each altitude. For example, test point
1 for the 20-degree heading was averaged with test point 1 for the 200-degree

heading, and so forth. The average rate of climb and calibrated airspeeds are shown

in Figures 33-35 below.

Figure 32 is the rate of climb versus calibrated airspeed for the averaged heading
data at 3,500 ft. The maximum rate of climb was 408.3 ft/min, occurring at a I, of
143 ft/s (8557 ft/min). From the graph, the V, was determined to be 132 ft/s (7920
ft/min).
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ROC vs. Calibrated Airspeed at 3,500 ft; Averaged HDG
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Figure 32: ROC vs. Airspeed at 3500 ft with Averaged Heading

The maximum rate of climb at 4,500 ft with an averaged heading was 408.6 ft/min.
The values for V, and V, were determined to be 138 ft/s (8304 ft/min) and 126 ft/s
(7560 ft/min), respectively, using the plot in Figure 33. Compared to the 20-degree
heading data at 4,500 ft, in Figure 27, and the 200-degree heading data at 4,500 ft,
in Figure 30, the averaged heading resulted in a lower maximum rate of climb

airspeed, V,.
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ROC vs. Calibrated Airspeed at 4,500 ft; Averaged HDG
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Figure 33: ROC vs. Airspeed at 4500 ft with 200 deg with Averaged Heading

Figure 34 is the rate of climb versus calibrated airspeed for the averaged heading
data at 5,500 ft. The maximum rate of climb was 379.5 ft/min, occurring at a I, of
138 ft/s (8253 ft/min). From the graph, the V, was determined to be 131 ft/s (7860
ft/min).
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ROC vs. Calibrated Airspeed at 5,500 ft; Averaged HDG

N
(e
o

L 4
Vx o

ROC (ft/min)

0 50 100 150 200 250
Calibrated Airspeed (ft/min)

Figure 34: ROC vs. Airspeed at 5500 ft with 200 deg with Averaged Heading

Table 13 is the tabulated data plotted in Figures 27-35. At each altitude, the 20-
degree heading data, 200-degree heading data, and averaged heading data all
satisfied the climb performance requirements at the time of certification under the
CAR 3.85 regulation. The regulation states that the aircraft must climb at a
minimum rate of 300 ft/min. As seen in the table, every test configuration exceeded
a maximum rate of climb of 300 ft/min. In both the individual headings and the
averaged heading, the data shows a decrease in rate of climb with an increase in
altitude. This is expected due to the decrease in power available produced by the

engine at higher altitudes due to the air being less dense.
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Table 13: ROC vs. Airspeed Tabulated Data

Averaged Headin,

-3

ROC max
Altitude (ft Heading (d . Vy (ft/; Vx (ft/:
itude (ft) | Heading (deg) |~ o ¥ (ft/s) x (ft/s) ROC max vy (1t Va (1t
(ft/min)
3500 20 402.8 150.0 130.0 408.3 142.6 132.0
3500 200 415.0 142.0 133.0
4500 20 413.6 140.0 132.0 408.6 138.4 126.0
4500 200 407.1 147.0 137.0
5500 20 357.0 137.0 127.0 379 5 137.6 131.0
5500 200 404.4 135.0 116.0
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Chapter 5: Conclusion

This thesis aimed to quantitatively compare the climb performance regulations
detailed in CAR 3.85a and 14 CFR 23.2120. A series of Saw-Tooth steady climbs
were conducted in a PA-28-180 Piper Arrow, at varying airspeeds. The data was
reduced to analyze the experimental rate of climb at each airspeed and the climb
gradient at each test point. The analysis showed each test airspeed met the
requirements stated in CAR 3.85a; however, only the data collected at 80 kts
consistently performed per 14 CFR 23. 2120.The second objective of the thesis was
to qualitatively evaluate the use of reciprocating headings when conducting flights
per the Level Acceleration method. The data supported the hypothesis that
reciprocating headings do not have a significant impact on the results since the data
is instrument and weight corrected at each test step. The results of this test may be
used as justification to modify climb performance test methodologies. The
additional resources and costs required to fly test points at reciprocating headings is

unnecessary if testing with minimal wind conditions.
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Chapter 6: Future Work

The data collected for the thesis was limited by aircraft availability. To further
improve and expand on this topic, a flight test instrumented aircraft would be
advantageous. Multiple flights at various weight configurations would further

augment the flight analysis data.
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Appendix A: PA-28-180 Specifications

Rate of Climb (ft per min) 875
Service Ceiling (ft) 15,000
Absolute Ceiling (ft) 17,000
Top Speed (mph) 170
Best Rate of Climb Speed (mph) 100
Best Angle of Climb Speed (mph) 96
Stalling Speed (Flaps and gear up) (mph) 69
Gross Weight (ft) 2500
Empty Weight (ft) 1380
Engine (Lycoming) [0-360-B1E
Rated Horsepower 180
Rated Speed (rpm) 2700
Fuel Capacity (U.S. gal) 50
Oil Capacity (qts) 8
FWD CG limit (in) 81.0
AFT CG limit (in) 91.0

Figure 35: PA-28-180 Specifications
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Appendix B: Flight Cards

Saw-Tooth Method Flight Card

AJIC: PA28-180 (Piper Arrow) Tail #: N3911T Date: 1/10/2023
Fuel Load (gal): 34 Gross Weight (Ibs): 1979.3 C.G. (in): 87.3
Engine Start Time: 12:00 PM Engine Shut Off Time: 1:15 PM OAT (def F): 38

Takeoff Time: 12:13 PM

Landing Time: 1:05 PM

Pilot: Aaron Martin

Co-Pilot: Glen Christensen

2nd Row Left: 2nd Row Right:
Test Point | Description
0 Engine start and surface data

Climb to 3,600 ft

2 Steady climb to 4,600 ft, 75 kis, flaps 0 (up)
3 Descend to 3,600 ft

4 Steady climb to 4,600 ft, 80 kts, flaps 0 (up)
5 Descend to 3,600 ft

6 Steady climb to 4,600 ft, 85 kts, flaps 0 (up)
7 Descend to 3,600 ft

8 Steady climb to 4,600 ft, 90 kts, flaps 0 (up)
9 Descend to 3,600 ft

10 Steady climb to 4,600 ft, 95 kis, flaps 0 (up)
1 Descend to 3,600 ft

12 Landing and Engine shutdown

Figure 36: Saw-Tooth Method Flight Card
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Level Acceleration Flight Card

AJC: PA28-180 (Piper Arrow) Tail #: N391M1T Date: 1/10/2023
Fuel Load (gal): 34 Gross Weight (Ibs): 1979.3 C.G. (in): 87.3
Engine Start Time: 12:00 PM Engine Shut Off Time: 1:15 PM OAT (def F): 38

Takeoff Time: 12:13 PM

Landing Time: 1:05 PM

Pilot: Aaron Martin

Co-Pilot: Glen Christensen

2nd Row Left:

2nd Row Right:

Test Point | Description
0 Engine start and surface data
1 Climb to 3,500 ft
2 Level acceleration from 1.1Vs to Vh, 90 deg from wind heading, flaps 0 (up)
3 Level acceleration from 1.1Vs to Vh, reciprocating heading, flaps 0 (up)
4 Climb to 4,500 ft
5 Level acceleration from 1.1Vs to Vh, 80 deg from wind heading, flaps 0 (up)
6 Level acceleration from 1.1Vs to Vh, reciprocating heading, flaps 0 (up)
7 Climb to 5,500 ft
8 Level acceleration from 1.1Vs to Vh, 90 deg from wind heading, flaps 0 (up)
9 Level acceleration from 1.1Vs to Vh, reciprocating heading, flaps 0 (up)
10 Landing and Engine shutdown

Figure 37: Level Acceleration Flight Card
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Saw-Tooth Climb

Elapsed Indicated
Time (s) Altitude (ft) Airspeed (kts)
0 3600 75
3 3640 75
5 3680 75
9 3740 75
12 3780 75
15 3820 75
19 3860 75
22 3880 75
27 3940 75
30 3980 75
34 4020 75
40 4080 75
43 4120 75
46 4160 75
49 4200 75
52 4240 75
55 4300 75
58 4320 75
62 4380 75
66 4440 75
71 4500 75
T4 4540 75
77 4560 75
80 4580 75
82 4600 75
0 3600 80
2 3620 80
5 3660 80
14 3800 80
17 3840 80
20 3880 80
22 3900 80
25 3940 80
27 3960 80
30 4000 80
33 4040 80
36 4080 80
42 4140 80
45 4200 80
48 4240 80
51 4300 80
54 4340 80
57 4360 80
60 4400 80
63 4440 80
70 4520 80
73 4560 80
76 4600 80
0 3600 85
3 3660 85

Appendix C: Data Reduction

Vertical Climb

(ft/min)
1250
1150
1000
1000
1000
800
700
700
700
700
700
700
750
800
800
800
850
850
900
900
850
700
600
600
700
100
150
600
900
800
800
800
800
850
800
800
800
900
950
1000
900
800
700
800
800
900
850
800
500
500

60

OAT Fuel Weight Power Setting MAP

(deg C)
2
2
2
2
2
3
3

bbhbhbhbbAbh

R

(gal)
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
33
33
33
33
33
33
33
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33
33
33
33
33
33
33
33
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33
33
33
33
33
33
33
33

(RPM)
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300

(in Hg)
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24



12
17
20
23
30
33
37
40
43
47
50
58
61
64
67
71
73
76
78

14
17
20
23
26
30
34
37
44
48
51
54
57
61
64
67
70
76
80
85

3680
3760
3800
3860
3900
4000
4020
4080
4120
4160
4200
4240
4360
4400
4420
4440
4500
4520
4580
4600
3600
3640
3660
3760
3800
3840
3880
3920
3960
4020
4060
4140
4180
4220
4240
4280
4320
4360
4400
4440
4500
4540
4600

85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
90
90
90
90
90
90
90
90
90
90
90
90
90
20
90
90
90
20
90
90
90
90
20

550
700
800
850
900
750
800
850
800
800
800
800
800
700
700
700
800
800
800
800
100
550
700
750
750
750
800
800
800
800
850
800
700
650
650
700
700
750
800
750
600
700
750
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AbhABMAABABG

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32

2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24



Ground
Speed (kts)
88
87
85
84
83
83
84
85
86
86
85
85
88
87
87
87
87
87
87
85
86
87
88
90
90
90
91
92
89
89
91
91
91
91
91
91
91
91
93
90
90
91
92
92
93
92
92
92
94
94

Ground Speed Ground Speed

(ftis)
148.53
146.84
143.46
141.78
140.09
140.09
141.78
143.46
145.15
145.15
143.46
143.46
148.53
146.84
146.84
146.84
146.84
146.84
146.84
143.46
145.15
146.84
148.53
151.90
151.90
151.90
153.59
155.28
150.22
150.22
153.59
153.59
153.59
153.59
153.59
153.59
153.59
153.59
156.97
151.90
151.90
153.59
155.28
155.28
156.97
155.28
155.28
155.28
158.65
158.65

(ft/min)
8911.64
8810.37
8607.83
8506.56
8405.29
8405.29
8506.56
8607.83
8709.10
8709.10
8607.83
8607.83
8911.64
8810.37
8810.37
8810.37
8810.37
8810.37
8810.37
8607.83
8709.10
8810.37
8911.64
9114.17
9114.17
9114.17
9215.44
9316.71
9012.91
9012.91
9215.44
9215.44
9215.44
9215.44
9215.44
9215.44
9215.44
9215.44
9417.98
9114.17
9114.17
9215.44
9316.71
9316.71
9417.98
9316.71
9316.71
9316.71
9519.25
9519.25

Climb

Gradient (%) Airspeed (ft/s)

0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.09
0.08
0.08
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Indicated

126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
126.59
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
135.02
143.46
143.46

T (deg F) (for BHP Ts (deg

BHP chart)
28.40
28.40
28.40
28.40
28.40
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
28.40
28.40
28.40
28.40
28.40
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
24.80
28.40
28.40

F)
46.16
46.02
45.88
45.66
45.52
45.38
45.24
45.16
44.95
44 .81
44.66
44.45
4431
44 .17
44.02
43.88
43.67
43.59
43.38
43.17
42.95
42.81
42.74
42.67
42.60
46.16
46.09
45.95
45.45
45.31
45.16
45.09
44 .95
4488
44.74
44.59
44.45
4424
44.02
43.88
43.67
43.52
43.45
43.31
43.17
42.88
42.74
42.60
46.16
45.95

Corrected
Temp (deg F)
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02



95
96
96
96
95
95
95
96
95
95
95
95
96
97
98
99
929
99
929
99
102
102
102
101
101
101
101
101
101
101
101
101
102
102
103
104
104
104
103
103
104
104
104

160.34
162.03
162.03
162.03
160.34
160.34
160.34
162.03
160.34
160.34
160.34
160.34
162.03
163.72
165.41
167.09
167.09
167.09
167.09
167.09
172.16
172.16
172.16
170.47
170.47
170.47
170.47
170.47
170.47
170.47
170.47
170.47
172.16
172.16
173.84
175.53
175.53
175.53
173.84
173.84
175.53
175.53
175.53

9620.52
9721.79
9721.79
9721.79
9620.52
9620.52
9620.52
9721.79
9620.52
9620.52
9620.52
9620.52
9721.79
9823.05
9924 .32
10025.59
10025.58
10025.59
10025.58
10025.59
10329.40
10329.40
10329.40
10228.13
10228.13
10228.13
10228.13
10228.13
10228.13
10228.13
10228.13
10228.13
10329.40
10329.40
10430.67
10531.93
10531.93
10531.93
10430.67
10430.67
10531.93
10531.93
10531.93

0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.08
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.07

63

143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
143.46
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90
151.90

28.40
28.40
28.40
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
24.80
24 .80
24.80
24.80
24.80
24.80
24 .80
24.80
28.40
28.40
28.40
28.40
28.40
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
26.60
24.80
24 .80
24.80
24.80
24.80
24.80
24.80
24 .80
24.80

45.88
45.59
45.45
45.24
45.09
44.74
44.66
44 .45
44 .31
4417
44.02
43.88
43.45
43.31
43.24
43.17
42.95
42.88
42.67
42.60
46.16
46.02
45.95
45.59
45.45
4531
45.16
45.02
44.88
44.66
44 .52
44.24
44.09
43.95
43.88
43.74
43.59
43.45
43.31
43.17
42.95
42.81
42.60

1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02
1.02



BHP chart

) ROC_1 ROC_1 Theta (Temp Delta (Press Sigma (Density
equation; ) (fpm) Ts(deg C) ROC_2 (fom)  Ratio) Ratio) Ratio)
14290 12.14 728.65 7.8 703.24 0.94 0.88 0.93
142.91 12.14 728.65 7.72 703.44 0.94 0.88 0.93
142.92 12.14 728.65 7.64 703.64 0.94 0.87 0.93
14294 12.14 728.65 7.52 703.94 0.94 0.87 0.93
142.95 12.14 728.65 7.44 704.14 0.94 0.87 0.93
142.96 12.14 728.65 7.36 701.74 0.94 0.87 0.93
14297 12.14 728.65 7.28 701.94 0.94 0.87 0.93
14297 12.14 728.65 7.24 702.04 0.94 0.87 0.93
142.99 12.14 728.65 7.12 702.34 0.94 0.87 0.92
143.00 12.14 728.65 7.04 702.54 0.94 0.86 0.92
143.01 12.14 728.65 6.96 702.75 0.94 0.86 0.92
143.02 12.14 728.65 6.84 703.05 0.94 0.86 0.92
143.03 12.14 728.65 6.76 703.25 0.94 0.86 0.92
143.04 12.14 728.65 6.68 703.45 0.94 0.86 0.92
143.05 12.14 728.65 6.6 701.05 0.93 0.86 0.92
143.06 12.14 728.65 6.52 701.25 0.93 0.86 0.92
143.08 12.14 728.65 6.4 701.55 0.93 0.85 0.91
143.08 12.14 728.65 6.36 701.65 0.93 0.85 0.91
143.10 12.14 728.65 6.24 701.95 0.93 0.85 0.91
143.11 12.14 728.65 6.12 702.25 0.93 0.85 0.91
143.13 12.14 728.65 6 702.55 0.93 0.85 0.91
143.14 12.14 728.65 592 702.75 0.93 0.85 0.91
143.14 12.14 728.65 5.88 702.85 0.93 0.85 0.91
143.15 12.14 728.65 5.84 702.95 0.93 0.85 0.90
143.15 12.14 5.8 703.06 0.93 0.84 0.90
142.90 14.35 861.14 7.8 831.10 0.94 0.88 0.93
142.91 14.35 861.14 7.76 831.22 0.94 0.88 0.93
142.92 14.35 861.14 7.68 831.46 0.94 0.87 0.93
142.95 14.35 861.14 7.4 832.29 0.94 0.87 0.92
14296 14.35 861.14 7.32 832.53 0.94 0.87 0.92
142.97 14.35 861.14 7.24 829.69 0.94 0.87 0.93
142.98 14.35 861.14 7.2 829.81 0.94 0.87 0.92
14299 14.35 861.14 712 830.05 0.94 0.87 0.92
142.99 14.35 861.14 7.08 830.17 0.94 0.86 0.92
143.00 14.35 861.14 7 830.40 0.94 0.86 0.92
143.01 14.35 861.14 6.92 830.64 0.94 0.86 0.92
143.02 14.35 861.14 6.84 830.88 0.94 0.86 0.92
143.04 14.35 861.14 6.72 831.23 0.94 0.86 0.92
143.05 14.35 861.14 6.6 831.59 0.94 0.86 0.91
143.06 14.35 861.14 6.52 828.75 0.93 0.86 0.92
143.08 14.35 861.14 6.4 829.10 0.93 0.85 0.91
143.09 14.35 861.14 6.32 829.34 0.93 0.85 0.91
143.09 14.35 861.14 6.28 829.46 0.93 0.85 0.91
143.10 14.35 861.14 6.2 829.70 0.93 0.85 0.91
143.11 14.35 861.14 6.12 829.94 0.93 0.85 0.91
143.13 14.35 861.14 5.96 830.41 0.93 0.85 0.91
143.14 14.35 861.14 5.88 830.65 0.93 0.85 0.91
143.15 14.35 861.14 5.8 830.89 0.93 0.84 0.90
14290 12.75 765.22 7.8 738.53 0.94 0.88 0.93
142.92 12.75 765.22 7.68 738.84 0.94 0.87 0.93

64



142.92
142.94
142.95
142.97
142.98
143.00
143.01
143.02
143.03
143.04
143.05
143.06
143.09
143.10
143.11
143.11
143.13
143.13
143.15
143.15
142.90
142.91
142.92
142.94
142.95
142.96
142.97
142.98
142.99
143.01
143.02
143.04
143.05
143.06
143.06
143.07
143.08
143.09
143.10
143.11
143.13
143.14
143.15

12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.75
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13
12.13

765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
765.22
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64
727.64

7.64
7.48
7.4
7.28
7.2

6.96
6.84
6.76
6.68
6.6
6.52
6.28
6.2
6.16
6.12

5.96
5.84
5.8
7.8
7.72
7.68
7.48
7.4
7.32
7.24
7.16
7.08
6.96
6.88
6.72
6.64
6.56
6.52
6.44
6.36
6.28
6.2
6.12

5.92
58

738.95
739.37
739.58
73717
737.38
737.90
738.01
738.33
738.54
738.75
738.96
739.17
737.07
737.28
737.38
737.49
737.81
737.91
738.23
738.33
702.26
702.46
702.56
703.06
703.26
700.87
701.07
701.27
701.47
701.77
701.97
702.37
702.57
702.77
700.27
700.47
700.67
700.87
701.07
701.28
701.58
701.78
702.08
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0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93

0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.84
0.88
0.88
0.87
0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.86
0.86
0.86
0.86
0.86
0.85
0.85
0.85
0.85
0.85
0.85
0.85
0.84

0.93
0.93
0.92
0.93
0.92
0.92
0.92
0.92
0.92
0.92
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.91
0.90
0.90
0.93
0.93
0.93
0.93
0.92
0.93
0.93
0.92
0.92
0.92
0.92
0.92
0.92
0.91
0.92
0.92
0.91
0.91
0.91
0.91
0.91
0.91
0.90



Test Ciw
Weight (bs) (ft/min) BHP_S BHP_Test PIW (HP) VIW (ft/s)

1979 762.87 145.48 148.08 321.85 142.28
1979 762.52 145.47 148.08 321.61 142.28
1979 762.17 145.45 148.02 321.23 142.28
1979 761.65 145.44 147.97 320.77 142.28
1979 761.30 145.43 147.94 320.47 142.28
1979 759.55 145.69 148.45 321.94 142.28
1979 759.20 145.68 148.42 321.63 142.28
1979 759.03 14567 148.41 321.48 142.28
1979 758.51 145.66 148.36 321.02 142.28
1979 758.16 145.65 148.33 320.71 142.28
1979 757.81 145.64 148.30 320.40 142.28
1979 757.29 145.62 148.25 319.94 142.28
1979 756.95 145.61 148.22 319.64 142.28
1979 756.60 14560 148.18 319.33 142.28
1979 754.85 145.86 148.70 320.80 142.28
1979 754.51 145.85 148.67 320.50 142.28
1979 753.99 145.83 148.62 320.03 142.28
1979 753.81 145.83 148.61 319.88 142.28
1979 753.30 145.81 148.56 319.42 142.28
1979 752.78 145.80 148.51 318.96 142.28
1979 752.26 145.78 148.46 318.50 142.28
1979 751.91 14577 148.43 318.20 142.28
1979 751.74 14576 148.42 318.04 142.28
1979 751.57 14576 148.40 317.89 142.28
1979 751.40 145.75 148.38 317.74 142.28
1973 902.94 145.48 148.08 323.32 151.99
1973 902.74 145.47 148.07 323.16 151.99
1973 902.33 145.46 148.03 322.85 151.99
1973 900.88 145.42 147.92 321.77 151.99
1973 900.47 145.41 147.89 321.47 151.99
1973 898.40 145.67 148.41 322.94 151.99
1973 8908.19 14567 148.39 322.79 151.99
1973 897.78 145.66 148.36 322.48 151.99
1973 897.58 145.65 148.34 322.33 151.99
1973 897.17 145.64 148.31 322.02 151.99
1973 896.76 145.63 148.28 321.71 151.99
1973 896.35 145.62 148.25 321.40 151.99
1973 895.73 145.60 148.20 320.94 151.99
1973 895.12 14559 148.15 320.48 151.99
1973 893.05 145.85 148.67 321.96 151.99
1973 892.43 145.83 148.62 321.50 151.99
1973 892.02 145.82 148.59 321.19 151.99
1973 891.82 145.82 148.58 321.03 151.99
1973 891.41 145.81 148.54 320.72 151.99
1973 891.00 145.80 148.51 320.42 151.99
1973 890.18 145.77 148.45 319.80 151.99
1973 889.77 14576 148.42 319.49 151.99
1973 889.37 14575 148.38 319.19 151.99
1973 802.36 145.48 148.08 323.32 161.49
1973 801.82 145.46 148.03 322.85 161.49
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1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1973
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967
1967

801.63
800.90
800.53
798.51
798.14
797.23
797.05
796.50
796.14
795.77
795.41
795.04
792.48
792.12
791.93
791.75
791.21
791.03
790.48
790.30
764.13
763.78
763.61
762.73
762.39
760.63
760.28
759.94
759.59
759.07
758.72
758.02
757.68
757.33
755.75
755.41
755.06
754.72
754.37
754.02
753.50
753.16
752.64

145.45
145.43
145.42
145.68
145.67
145.64
145.64
145.62
145.61
145.60
145.59
145.58
145.82
145.81
145.80
145.80
145.78
145.77
145.76
145.75
145.48
145.47
145.46
145.43
145.42
145.68
145.67
145.66
145.65
145.64
145.62
145.60
145.59
145.58
145.85
145.84
145.83
145.82
145.81
145.80
145.78
145.77
145.75

148.02
147.95
147.92
148.42
148.39
148.31
148.30
148.25
148.22
148.18
148.15
148.12
148.58
148.54
148.53
148.51
148.46
148.45
148.40
148.38
148.08
148.05
148.03
147.95
147.92
148.44
148.41
148.38
148.34
148.30
148.26
148.20
148.17
148.14
148.67
148.64
148.61
148.58
148.54
148.51
148.46
148.43
148.38

322.70
322.08
321.77
323.10
322.79
322.02
321.86
321.40
321.09
320.79
320.48
320.17
321.03
320.72
320.57
320.42
319.96
319.80
319.34
319.19
324.80
324.49
324.33
323.56
323.25
324.73
324.42
324.11
323.80
323.34
323.03
322.41
322.10
321.79
323.43
323.12
322.81
322.50
322.19
321.88
321.42
321.11
320.65
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161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
161.49
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25
171.25



Speed (kts)

Speed (ft/'s) Altitude (ft)

ROC (ft/min) CIW

PIW

75 126.58575 3880 702.044 759.028 321.477
4300 701.547 753.998 320.034
80 135.0248 3880 829.691 898.399 322.945
4300 829.104 802.434 321.495
85 143.46385 3800 739.579 800.534 321.775
4500 737.806 791.208 319.955
90 151.9029 3800 703.263 762.386 323.248
4500 701.577 753.504 321.42
Speed (kts) | Trendline Eq | Derivative Eq t (sec) ROC (ft/s) | ROC (ft/min)
75 0.0038t*2+11.9034 0.0076t+11.90 31.72 12.14 728.7
80 -0.0086t"2+13.861] -0.0172t+13.86 29.57 13.35 801.2
85 -0.0028t"2+12.924 -0.0056t+12.93 30.83 12.75 765.2
90 -0.0126t"2+12.957 -0.0252t+12.96 32.93 12.13 727.6
Speed (kis) | Speed (ft/s) | Altitude (ft) | ROC (ft/min) | CIW (ft/min) | PIW (HP)
3880 702.0 759.0 321.5
5 127 4300 701.5 754.0 320.0
3880 829.7 898.4 322.9
80 135 4300 829.1 892.4 321.5
3800 739.6 800.5 321.8
85 143 4500 737.8 791.2 320.0
3800 703.3 762.4 323.2
%0 152 4500 701.6 753.5 321.4

68




Level Acceleration
Elapsed Heading Altitude (ft) Indicated OAT (deg C) Fuel Weight Power MAP (in Hg)

0 20 3500 69 -2 30 2300 24
3 20 3500 71 -2 30 2300 24
6 20 3500 77 -2 30 2300 24
9 20 3500 85 -2 30 2300 24
12 20 3500 89 -2 30 2300 24
16 20 3500 93 -2 30 2300 24
19 20 3500 97 -2 30 2300 24
22 20 3500 100 -2 30 2300 24
25 20 3500 102 -2 30 2300 24
29 20 3500 105 -2 30 2300 24
32 20 3500 108 -2 30 2300 24
35 20 3500 111 -2 30 2300 24
40 20 3500 116 -2 30 2300 24
43 20 3500 118 -2 30 2300 24
46 20 3500 120 -2 30 2300 24
49 20 3500 122 -2 30 2300 24
53 20 3500 124 -2 30 2300 24
57 20 3500 125 -2 30 2300 24
61 20 3500 127 -2 30 2300 24
66 20 3500 129 -2 30 2300 24
71 20 3500 131 -2 30 2300 24
74 20 3500 131 -2 30 2300 24
77 20 3500 132 -2 30 2300 24
0 200 3500 69 -2 30 2300 24
4 200 3500 76 -2 30 2300 24
7 200 3500 79 -2 30 2300 24
10 200 3500 84 -2 30 2300 24
16 200 3500 92 -2 30 2300 24
19 200 3500 95 -2 30 2300 24
22 200 3500 100 -2 30 2300 24
25 200 3500 102 -2 30 2300 24
29 200 3500 106 -2 30 2300 24
33 200 3500 112 -2 30 2300 24
36 200 3500 115 -2 30 2300 24
40 200 3500 118 -2 30 2300 24
43 200 3500 120 -2 30 2300 24
46 200 3500 122 -2 30 2300 24
54 200 3500 126 -2 30 2300 24
58 200 3500 127 -2 30 2300 24
63 200 3500 128 -2 30 2300 24
67 200 3500 129 -2 30 2300 24
72 200 3500 130 -2 30 2300 24
77 200 3500 131 -2 30 2300 24
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200

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
20
20
20
20
20
20
20
20

3500

4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
4500
5500
5500
5500
5500
5500
5500
5500
5500

131

69
78
83
86
92
97
101
104
109
114
116
118
120
123
125
125
126
127
127
69
71
81
87
94
97
100
103
105
108
113
115
116
118
120
122
123
123
126
127
127
127
128
69
69
75
81
83
91
96
100
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30

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
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29
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29
29
29
29
29
29
29
29
29
29
29
29
29
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28
28
28
28
28
28
28
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2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
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2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300

24

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
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20

20
20
20
20
20
20
20
20
20
20
20
20
20
20
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200
200

5500

5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500
5500

102

104
106
108
110
112
114
115
118
118
121
123
124
124
124
69

80

82

86

90

97

99

100
101
102
104
107
108
114
116
118
118
120
120
121
122
123
123
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28

28
28
28
28
28
28
28
28
28
28
28
28
28
28
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

2300

2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300
2300

24

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24



Vh (kts) Vh (ft/s) Ve (ft/s)  dv/dt (ft/s*2) Theta (Temp Delta (Press Sigma Vit (ft/s)

Ratio) Ratio) (Density
116.46 2.61 0.94 1.00 1.06 66.93
119.83 2.51 0.94 1.00 1.06 68.87
129.96 241 0.94 1.00 1.06 74.69
143.46 231 0.94 1.00 1.06 82.45
150.22 2.21 0.94 1.00 1.06 86.33
156.97 2.08 0.94 1.00 1.06 90.21
163.72 1.99 0.94 1.00 1.06 94.10
168.78 1.89 0.94 1.00 1.06 97.01
172.16 1.79 0.94 1.00 1.06 98.95
177.22 1.66 0.94 1.00 1.06 101.86
182.28 1.56 0.94 1.00 1.06 104.77
187.35 1.46 0.94 1.00 1.06 107.68
195.79 1.30 0.94 1.00 1.06 112.53
199.16 1.20 0.94 1.00 1.06 114 .47
202.54 1.11 0.94 1.00 1.06 116.41
205.91 1.01 0.94 1.00 1.06 118.35
209.29 0.88 0.94 1.00 1.06 120.29
210.98 0.75 0.94 1.00 1.06 121.26
21435 0.62 0.94 1.00 1.06 123.20
217.73 0.45 0.94 1.00 1.06 125.14
221.10 0.29 0.94 1.00 1.06 127.08
221.10 0.19 0.94 1.00 1.06 127.08
132 222.79092 222.79 0.10 0.94 1.00 1.06 128.05
116.46 279 0.94 1.00 1.06 66.93
128.27 2.64 0.94 1.00 1.06 73.72
133.34 2.53 0.94 1.00 1.06 76.63
141.78 242 0.94 1.00 1.06 81.48
155.28 2.19 0.94 1.00 1.06 89.24
160.34 2.08 0.94 1.00 1.06 92.16
168.78 1.97 0.94 1.00 1.06 97.01
172.16 1.86 0.94 1.00 1.06 98.95
178.91 1.71 0.94 1.00 1.06 102.83
189.03 1.56 0.94 1.00 1.06 108.65
194.10 1.45 0.94 1.00 1.06 111.56
199.16 1.30 0.94 1.00 1.06 114.47
202.54 1.19 0.94 1.00 1.06 116.41
205.91 1.08 0.94 1.00 1.06 118.35
212.66 0.78 0.94 1.00 1.06 122.23
21435 0.63 0.94 1.00 1.06 123.20
216.04 0.45 0.94 1.00 1.06 124 17
217.73 0.30 0.94 1.00 1.06 125.14
219.42 0.11 0.94 1.00 1.06 126.11
221.10 -0.07 0.94 1.00 1.06 127.08
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131

127

127

221.10311

214.35187

214.35187

221.10
116.46
131.65
140.09
145.15
155.28
163.72
170.47
175.53
183.97
192.41
195.79
199.16
202.54
207.60
210.98
210.98
212.66
214.35
214.35
116.46
119.83
136.71
146.84
158.65
163.72
168.78
173.84
177.22
182.28
190.72
194.10
195.79
199.16
202.54
205.91
207.60
207.60
212.66
214.35
214.35
214.35
216.04
116.46
116.46
126.59
136.71
140.09
153.59
162.03
168.78
172.16

-0.15
272
2.56
2.44
232
217
2.01
1.85
1.73
1.53
1.29
1.18
1.02
0.86
0.70
0.54
0.30
0.15

-0.01

-0.13
2.63
2.55
2.44
2.29
2.07
1.96
1.89
1.77
1.66
1.55
1.33
1.18
1.07
0.96
0.84
0.73
0.55
0.43
0.29
0.14
0.03

-0.12

-0.16
2.72
2.44
2.28
217
1.93
1.81
1.65
1.53
1.33
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0.94
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93
0.93

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

.00
.00
.00
.00
.00
.00
.00
.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

[N (I G N G Gy

1.06
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07

.07
.07
.07
.07
.07
.07
.07
.07
1.07
1.07
1.07
1.07
1.07
1.07
1.07

[N (I G N G Gy

127.08
66.69
75.38
80.22
83.12
88.92
93.75
97.61

100.51

105.35

110.18

112.11

114.04

115.98

118.88

120.81

120.81

121.78

122.74

122.74
66.69
68.62
78.28
84.08
90.85
93.75
96.65
99.55
101.48
104.38
109.21
111.14
112.11
114.04
115.98
117.91
118.88
118.88
121.78
122.74
122.74
122.74
123.71
66.69
66.44
72.22
77.99
79.92
87.62
92.44
96.29
98.21



124

123

209.28844

207.60063

175.53
178.91
182.28
185.66
189.03
192.41
194.10
199.16
200.85
204.23
207.60
209.29
209.29
209.29
116.46
135.02
138.40
145.15
151.90
163.72
167.09
168.78
170.47
172.16
175.53
180.60
183.97
192.41
195.79
198.16
199.16
202.54
202.54
204.23
205.91
207.60
207.60

1.22
1.10
0.98
0.86
0.74
0.58
0.46
0.30
0.15
0.03
-0.13
-0.29
-0.41
-0.53
2.63
2.48
2.41
2.29
2.18
1.96
1.85
1.74
1.59
1.44
1.33
1.22
1.14
0.84
0.73
0.58
0.43
0.32
0.25
0.10
-0.01
-0.12
-0.24
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0.93
0.83
0.93
0.83
0.93
0.93
0.93
0.93
0.93
0.83
0.93
0.93
0.83
0.93
0.83
0.93
0.93
0.83
0.93
0.83
0.93
0.93
0.93
0.93
0.83
0.93
0.93
0.83
0.93
0.83
0.93
0.93
0.83
0.93
0.93
0.93
0.93

1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00
1.00

1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08
1.08

100.14
102.06
103.99
105.92
107.84
109.77
110.73
113.62
114.58
116.51
118.43
119.40
119.40
119.40
66.44
77.03
78.96
82.81
86.66
93.40
95.32
96.29
97.25
98.21
100.14
103.03
104.95
109.77
111.69
113.62
113.62
115.54
115.54
116.51
117 .47
118.43
118.43



Test Weight
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30
1955.30

FHPxs (HP)
19.25
19.07
19.87
21.05
21.11
20.76
20.63
20.22
19.56
18.67
18.07
17.41
16.17
15.21
14.21
13.17
11.65
10.00
8.39
6.27
4.08
2.71
1.35
20.61
21.49
21.40
21.75
21.62
21.19
21.11
20.31
19.42
18.73
17.86
16.45
15.29
14.09
10.53
8.59
6.11
410
1.55
-1.05

FHPxswc
27.84
27.57
28.73
30.43
30.51
30.01
29.83
29.24
28.28
26.99
26.12
2517
23.37
21.99
20.55
19.04
16.85
14.46
12.13

9.06
5.90
3.91
1.95
29.80
31.07
30.94
31.44
31.26
30.63
30.52
29.37
28.08
27.08
25.82
23.78
22.11
20.37
15.23
12.42
8.84
5.93
2.23
-1.52

ROC (ft/min)

367.43
363.89
379.25
401.66
402.77
396.09
393.74
385.92
373.25
356.25
344.84
332.23
308.55
290.28
271.21
251.35
222.42
190.90
160.10
119.65
77.86
51.68
25.68
393.38
410.18
408.35
415.03
412.59
404.37
402.85
387.64
370.60
357.52
340.86
313.87
291.82
268.85
201.03
164.00
116.63
78.31
29.49
-20.08
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116.46
124.05
131.65
142.62
152.75
158.865
166.25
170.47
175.63
183.13
188.19
193.25
199.16
202.54
207.60
210.13
212.66
214.35
216.88
219.42
221.10

£U uey anu

AAN g

380.41
387.03
393.80
408.35
407.68
400.23
398.29
386.78
371.93
356.88
342.85
323.05
300.18
279.57
236.12
207.67
169.52
134.60
94.80
49.78
18.93

Altitude (ft)
3500.00
3500.00
4500.00
4500.00
5500.00
5500.00

neauiny

Fdm

20.00
200.00

20.00
200.00

20.00
200.00



1955.30

1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1949.29
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28

-2.10

19.97
21.26
21.57
21.26
21.20
20.71
19.87
19.14
17.77
15.70
14.51
12.77
10.97
9.17
7.21
4.05
1.96
-0.16
-1.77
19.30
19.29
21.06
21.23
20.71
20.22
20.05
19.43
18.56
17.81
15.95
14.41
13.16
11.99
10.77
9.50
7.14
5.68
3.83
1.85
0.34
-1.67
-2.19
19.91
17.81
18.10
18.54
16.91
17.40
16.75
16.19

-3.03

29.00
30.87
31.33
30.88
30.79
30.09
28.86
27.80
25.81
22.80
21.08
18.55
15.93
13.32
10.47
5.88
2.85
-0.24
-2.57
28.03
28.02
30.57
30.84
30.08
29.37
29.12
28.22
26.96
25.87
23.17
20.93
19.12
17.41
15.64
13.79
10.37
8.25
5.56
2.68
0.49
-2.43
-3.18
29.05
25.99
26.42
27.05
24.67
25.39
24 .44
23.62

-40.00

382.81
407.54
413.56
407.67
406.39
397.14
380.89
367.00
340.63
301.02
278.19
244 .87
210.25
175.77
138.25
77.68
37.59
-3.13
-33.90
369.96
369.91
403.57
407.07
397.03
387.62
384.44
372.53
355.86
341.45
305.82
276.33
252.33
229.83
206.41
182.08
136.92
108.92
73.34
35.38
6.48
-32.07
-42.03
383.40
343.05
348.70
357.02
325.70
335.09
322.56
311.82
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116.46
125.74
138.40
146.00
156.97
163.72
169.62
174.69
180.60
187.35
193.25
196.63
199.16
203.38
206.76
208.44
210.13
210.98
213.51

116.46
130.81
137.56
142.62
152.75
162.87
167.94

376.38
388.73
408.57
407.37
401.71
392.38
382.66
369.77
348.25
321.23
292.01
260.60
231.29
202.80
172.33
129.88
87.26
52.89
19.72

356.39
376.55
379.55
363.92
367.73
354.97
342.33

Vy at ROC
max (ft/s)

150.00
142.00
140.00
147.00
137.00
135.00

HDG Vx at
7920.00

7560.00

7860.00
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402.77
415.03
413.56
407.07
357.02
404.40

1943.28

1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1943.28
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27
1937.27

14.38

13.36
12.28
11.16
9.98
8.76
7.01
5.63
3.80
1.84
0.35
-1.70
-3.79
-5.35
-6.90
19.11
20.90
20.78
20.78
20.69
20.02
19.27
18.29
16.89
15.46
14.54
13.70
13.10
10.13
8.94
7.25
5.40
4.08
3.14
1.27
-0.16
-1.60
-3.05

20.98

19.49
17.92
16.28
14.57
12.78
10.23
8.21
5.54
2.68
0.51
-2.48
-5.53
-7.80
-10.07
28.01
30.64
30.46
30.46
30.33
29.35
28.25
26.81
2476
22.66
21.31
20.08
19.20
14.85
13.11
10.62
7.91
5.98
4.60
1.86
-0.23
-2.35
-4.47

77

276.96

257.25
236.57
214.92
192.31
168.73
135.00
108.38
73.17
35.43
6.77
-32.77
-73.00
-102.98
-132.96
369.72
404.40
402.08
402.13
400.36
387.38
372.85
353.87
326.77
299.07
281.28
265.06
253.48
195.96
173.02
140.21
104.43
78.90
60.70
24.51
-3.03
-31.04
-59.01

170.47

173.00
175.53
178.91
183.13
186.50
192.41
194.94
199.16
200.01
203.38
205.07
206.76
207.60
208.44

315.41

292.01
267.82
248.10
228.68
211.11
165.48
140.70
106.69
69.93
42.84
13.97
-24.24
-53.01
-82.00



VyatROC  Averaged Averaged Averaged Vx (ft/s)-  Vx(ft/min)- Averaged
max (fttmin) HDG ROC HDGVyat HDGVyat Basedon Based on HDG Vx (ft/s)

9000.00 40835  142.62 8557.20 130.00 7800.00  132.00

8520.00 133.00 7980.00
8400.00 408.57 138.40 8304.00 132.00 7920.00 126.00
8820.00 137.00 8220.00
8220.00 379.55 137.56 8253.42 127.00 7620.00 131.00
8100.00 116.00 6960.00

Angle (deg) - Angle (deg)- HDG Flight HDG Flight

2.56 2.96 274 2.96
2.79 2.98
2.82 2.99 2.82 3.10
2.65 2.84
2.49 2.69 2.64 277
2.86 3.33

78
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