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ABSTRACT

Climb performance of aircraft is an extremely important aspect to fhe aviation
community. Flight test engineers evaluate climb perforrnénce using many different data
reduction techniques. This thesis presents a climb performance flight test of two single-
engine aircraft and an evaluation of three different climb performance data reduction
techniques used for single-engine gene;al aviation aircraft. A total of two different
techniques are used to determine climb performance 6f aircraft. The two techniques
used for climb performance are steady climb and level acceleration. The thesis
incorporates the steady climb method on a Cessna 150M Commuter and a Piper
Saratoga PA32-301. The three diffe;ent data reduction tgchm'qﬁes used in the flight
tests are PIW (standardized power) versus CIW (standardized rate of climb) method,
density altitude method, and equivalent altitﬁde method.

‘In ofder to evaluate the three different data reduction techniques, a total of two
flight tests were conducted. The first flight test incorporated a steady climb technique
on a Piper Saratoga (N11UT), and the secon\d‘ﬂigh.t test incorporated a steady climb |
technique on a Cessna 150 Commuter (N66525). The flight tests were performed at
Tullahoma airport located in Tullahoma, Terinessee, during daylight hours and in visual
meteorological conditions on two different test days. o

All three methods are accurate when compared to one another in close to

standard temperature conditions. The major differences between the methods are the

aircraft efficiency and propeller efficiency estimations used in the equivalent altitude




and density altitude data reduction rnethods. Aircraft ‘efﬁciency is estimated m tlle
equivalent altitude n‘lethod and does not clrange the 'results significantly wher1 the
estimated value is increased or decreased. Aircraft efﬁciency and propeller efficiency |
values are estimated in the density altitude method. The results for the aircraft tested
change in a range of eighty feet when the estlmated values are 1ncreased and decreased.
Results show that an exact value of a1rcraft and propeller efﬁc1ency needs to be
calculated in order to determme the accuracy of the den51ty altitude method.

The results also show inaccurate results for the densrty altitude climb
' performance data rediiction method when_a non standard temperature lapse rate or
temperature inversion is encourltered. The PIW versus CIW method shows a minimum
change from the temperature inversio’n and the standard lapse rate encounters. Other
results include the fact that the PIW versus CIW and the equivalent altitude methods are
easy to use and simple to follow. The density altitude method is difficult to use arld

hard to follow.
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Chapter 1

Introduction

Objective

The objective of this thesis is to evaluate three different climb performance data
reducti‘on methods using two general aﬁation aircraft. The two aircraft incorporated in
this thesis are the Piper Saratoga PA32-301, N22UT, and the Cessna 150M Commuter,
N66525. Climb performance flight tests were performed in Tullahoma, Tennessee at
 the Tullahoma airport using both aircraft to evaluate the data reduction methods. The
three climb performance data reduction techniques evalua;ced in this thesis are the PIW
(standardized power) versus CIW (standardized rate of cliﬁlb), equivalent alﬁwde
method, and density altitude method. All three data reduction methods are approved by
the Fecieral Aviation Administration (FAA). The FAA publishes only the density
altitude method in the Advisory Circular 23-8A, a flight test gﬁide for certification for
FAR Paﬁ 23 aircraft. |

Since all three climb performance data reduction methods are acceptable to the
FAA, this thesis evaluates the methods against each other to determine the best method.

Comparisons of each method as applied to both aircraft are evaluated in the thesis.



Eackground

The Federal Aviation Administration (FAA) Regulation requires a certain value
of climb performance of each aircraft certiﬁéd under FederalkAnir Regulation (FAR)
23.65. Therefore climb performiance is a basic requirement of pérformance flight
testing. The two possible techniques for determining climb performance are the Steady
Climb technique and Level Acceleration technique. The Steady Cli'rﬁb technique is
used for low speed aircraft on all FAA climb performance flight tests whilg the Level
Acceleration techxﬁque is used primarily for high speed militgry aircraft. The technique

discussed in this thesis is the Steady Climb technique (Kimberlin, 1998).

Theory

The two separé.te approaches used in climb performance theory are tﬁe Vector
Approach and the Energy Approach. In the Vector Approach, three assumptions to
simplify the analysis are: 1) the angle of attack is small (less than fifteen degrees), 2)
the thrust line acts along direction of flight, and 3) the airplane is both climbing and
accelerating in the direction of flight (Kimberlin, 1998). In level unaccelerated flight
the aircraft experiences forces of weight, lift, drag, and thrust. Lift and weight are equal
and the thrust balances the drag. If an increment of thrust is applied to the aircraft,
acceleration of the aircraft will occur and if aﬁ increment of thrust is removed from the
aircraft the excess drag will cause the aircraft to decelerate. If the thrust is applied and
the airspeed of the aircraft is held at a constant, the nose of the aircraft must be pulled
up in order to maintain the constant’airspeed and create a climbing attitude. The-excess

thrust created in this case is used to maintain the attitude of the aircraft (Hamlin, 1946).
| 2




The forces acting on the aircraft in level flight and in a climb attitude are shown in
Figure 1.0.

Illustrated in Figure 1.0 the climb angle of the aircraft is represented by gamma
v. If the climb angle is known then gamma y multiplied by the flight path velocity of
the aircraft gives the vertical vélocityﬂ or\rate of climb_i(I;IaAmlin, 1946). Figure 1.0 shows
that:
(1.0) L=Wcosy
(1.1) F=D+ Wsiny

Newton’s second law of motion states that the acceleration of a body is directly
proportional to the applied force and inversely proportional to the mass of the body
(Kroes & Wild, 1990). Applying Newton’s second law results in:
(1.2) F—-D-Wsiny=Ma = (W/g) (dV/dt)

true airspeed is multiplied thrpugh,’ and weight is divided through equation (1.3) then:

(1.3) V(F-D)/W =V siny+ (V/g)(dV/dt) (Kimberlin, 1998).

Figure 1.1 displays a climb vector diagram of an aircraft in a climb attitude
which is described by the equation:
(1.4) Rate of Climb = dH/dt = V (true airspeed) sin y
If weight is multiplied through equation (1.4) then the ¥ (F-D) term can be expressed as
the total horsepower minus the drag thrust horsepower known as the thrust horsepower
required. The quantity developed through this method is the excess horsepower.

Excess horsepower is that additional power available over that which is necessary to




Level Flight

Climb
Figure 1.0.

Climb and Level Flight Forces on Aircraft (Kimberlin, 1998).



overcome drag and is called thrust horsepower in excess which the pilot has available to
maneuver or climb (K\imberlin,l 1998).
(1.5) FHP in excess = W (dH/dy) + (W/g) (@dv/dt) V (true airspeed)

Equation (1.5) diéplays thrust horsgboWerwin excess defined by rate of climb
term and acceleration term. Ina steadsf state’climl‘) ata cbnstant true airspeed, the
acceleration term becomes zero fherefofe:

(1.6) FHP in excess = W (dH/dt) (Kimberlin, 1998),
The acceleration term becomes zero in a steady climb at a constant true airspeed but
true airspeed varies with altitude therefore the change in airspeed and the change in
altitude must be accounted for (dV/dh) so:
(1.7) dV/dt = (dV/dH) dH/dt
Now substitute dV/dt into equation (1.4):
(1.8) V(F-D)/W = dH/dt + V/g (dV/dH) dH/dt
By factoring and solving for rate of climb (dH/dk):
(1.9)  Rate of Climb = dH/dt = [(F-D/W) V] /[1 + V/g (dV/dH)]
The term V/g (dV/dH) is an acceleration factor and is dimensionless (Kimberlin, 1998).
Maximum rate of climb is plotted versus each test altitude. This plots allows one to
determine the maximum rate of climb at sea level, the service ceiling, and the absolute
ceiling of the aircraft (Kimberlin, 1998).

* The Energy Approach is another method of determining the rate of climb of an
aircraft. The total energy (Efotal) of an aircraft is the sum of the potential energy and
the kinetic energy it possesses (USNTPS, 1973).

(2.0)  Etotal = mgH + Y% mV*




" m = (aircraft mass)
By dividing aircraft weight through equation (2.0) specific energy (he) in feet may be
obtained:
(2.1) h.=H+V/2g
Therefore if equation (2.1) is differentiated with respect to time:
(2.2) dhsdt = dH/dt + (V/g) (dV/dy)
If equation (2.2) is multiplied by weight then:
(2.3) | FHP in excess = W (dH/dt) + (W/g) (dV/dt) V (true airspeed)

which is the same as equation (1.5) (USNTPS, 1973).

Data Reduction Methods

The three data reduction methods evaluated in this thesis are the density altitude
method, the equivalent altitude method, and the PIW (standardized power) versus CIW
(standardized rate of climb) method. The three methods are used for propeller driven
aircraft and were used in the climb performance evaluation of a Piper Saratoga PA32-
301 and a Cessna 150M. The equivalent altitude method is used primarily for fixed
pitch propellers while tﬁe density altitude method and the PIW versus CIW method are
used for both fixed pitch and constant speed propellers (Kimberlin, 1998). The three

data reduction methods are found in Appendix A Figures A.1, A.2,and A 3.

Flight Test Program
The flight test program of this project consisted of three flights. One climb

performance flight was performed in the‘"Piper Saratoga PA32-3QI, N22UT. The other
" 6 "I -




two flights (airspeed position error and climb performance) were accomplished in the
Cessna 150M, N66525. The thesis describes the project in a flight test report manner.
Aircraft descriptions, instrumentation, ’ﬁght test procedures, data reduction methods and
procedures, }esults, discussions, conclusions and fecommendations are presented in this

thesis.




Chapter 2

Test Aircraft Descriptions

History

The Cessna 150M Commuter and the Piper Saratoga PA32-301 used for this
evaluation are common aircraft in the general aviation fleet. Cessna Aircraft Company,
which was founded by Clyde V. Cessna in 1911, is known for manufacturing trainer
aircraft to regional jets. In September of 1957, the Cessna model 150 flew for the first
time and received FAA Type Approval on July 10, 1958 (Taylor, 1977). In 1973, the
Cessna model 150 was available in standard, trainer, and commuter (Taylor, 1973).
Now the Cessna 150 model is available in Commuter, Commuter II, and Aerobat
(Taylor, 1977).

Piper Aircraft Corporation, which was foﬁnded by William T. Piper in 1930, is
known for manufacturing trainer aircraft to single engine turbo propeller aircraft. Piper
started production of the Piper Saratoga on December 17, 1979 which was to replace
the former six-seater aircraft known as the Cherokee Six and the Piper Lance (Taylor,
1982). The Piper Saratoga is offered in four different arrangements. The Saratoga
PA32-301 which is a basic version with a fixed landing gear and a normally aspirated
engine. The Turbo Saratoga PA32-301T which is the same as the PA32-301 but
contains an Avco Lycoming TIO-540-S1AD turbo-charged engine (Taylor, 1982). The

other two versions are the Saratoga SP PA32R-301 and the Turbo Saratoga SP PA32R-




301T. The difference ll)etween the Saratoga SP and the regular Saratoga is the landing
gear. The Saratoga SP has a retractable landing gear for the basic version of the
Saratoga PA32-301 and the Turbo Saratoga PA32-301T (Taylor, 1982). Figures 2.0

and 2.1 show the test aircraft incorporated in the thesis.

Cessna 150M Commuter, N66525 Test Aircraft B

‘The 1975 Cessna 150M Commuter serial number-15076100, registration
number N66525 is a two seat cabin monoplane type that is owned and operated by the
n University of Tennessee Space Instltute Aero Club (see Figure2.0) and was used for
' this evaluation. .The Cessna 150 is a high wing type with the NACA 2412 airfoil
section. The dihedral angle of the wings is one degr-ee‘while the incidence angle at the
root of the wing is one degree(andat the »tip is zero ,degree. _The Cessna 150M
~ Commuter’s wings are of all metal structure w1th comcal-camber glass fiber wing tips.
The Cessna 150 has all metal allerons and Fowler ﬂaps wh1ch are electrically actuated
(Taylor, 1982).

The fuselage of the Cessna 150 isall metal serni-monocoque‘ structure, while the
tail section of the Cessna is'a cantilever all metal structure with sweptback vertical |
surface that incorporates the rudder and a horizontal surface which incorporates the
elevator (Taylor, 1977). | The rudder contains a ground adjustable trim tab while the
elevator contains a pilot adjustable trim tab.

The landing gear o% the Cessna 150 is a non-retractable tricycle type. The main
struts of the landing gear contain a one-p1ece machined conically tapered spnng steel

“tube. The nose wheel of the Cessna 150M Commuter is steerable and on an oleo-
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pneumatic shock absorber strut (Taylor, 1977) Wheel fairings are standard on the
Cessna 150 Commuters but for maintenance reasons the wheel falnngs on N66525 are
removed and were not used in the ﬂight test.

The Cessna 150M Commuter is powered hy a Continental O-200-A, serial
number 252116-A-48, four cylinder, horizontally opposed, air cooled engine. The
Continental engine drives a two bladed fixed pitch all metal McCauley propeller. The
Contlnental 0-200-A is rated at 100 maximum horsepower at 2700 revolutions per
mlnute The Cessna 150 has two all metal fuel tanks located in the wings whlch hold a
,tota} of 22.5 useable gallons of fuel (Taylor, 1977).

The Cessna 150M Commuter N66525 is Conﬂémed fora ptlot and one
passenger. The Cessna is used primarily for training and visual meteorological
conditions cross-country. The aircraft‘systems include a hydraulic system for brakes -
and an electrical system including a t\uelve voit sixty ampere alternator and a twelve
'volt battery (Taylor, 1977). The gross welght of the Cessna 150 is 1600 pounds and the
basic empty welght is 1122 pounds with the wheel falrmgs removed The wing span of

the Cessna 150M Commuter is 33.2 feet (Cessna, 1975).

Piper Saratoga PA32-301, N22UT Test Aircraft

- The 1981 Piper Saratoga PA3§-30 1, serial number 32-8106067, registration
Anumber N22UT, is a six seat cabin monoplane that is owned and operated by the
* University of Tennessee Space Instltute Av1atlon Systems Flight Research Department
(see F1 gure 2.1). The Saratoga is the second a1rcraft used in- thJs evaluation. The

Saratoga is a low wing type a1rcraft w1th the w1ngs ‘being a hght alloy single spar
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structure with glass fiber wing tips (Taylor, 1982). The semi-tapered design of the wing
employs a laminar flow NACA 65(2)-415 airfoil section (Piper, 1984). The Saratoga’s
ailerons are plain of light alloy construction while the flaps are light alloy construction
with ribbed skins (Taylor, 1982).

The fuselage of the Piper Saratoga is a conventional semi-monocoque structure
of light alloy with a fiber glass engine cowling. The tail section of the Piper Saratoga is
a cantilever strﬁcture of light alloy except for the glass fiber tips on the vertical fin,
rudder, and stabilator (Taylor, 1982). The stabilator and the rudder section of the
aircraft contain ribbed metal skins. The stabilator contains a leading geared tab along
with a pilot actuated trim tab.

The landing gear of the Piper Saratoga is a non-retractable tricycle type. The
Wheels of the landing gear are on oleo-pneumatic struts while the nose wheel is
steerable (Taylor, 1982). Wheel fairings are an option on the Piper Saratoga, Eut the
main wheel fairings were not installed on N22UT during the flight test.

The Piper Saratoga PA32-301 is powered by a Lycoming 10-540-K1G5, serial
number L-21175-48A, six cylinder, direct drive, horizontally opposed, air cooled, and
fuel injected engine. The Lycoming engine drives a two bladed constant speed all metal
Hartzell propeller. The Lycoming I0-540-K1GS5 is rated at 300 maximum horsepower
at 2700 revolutions per minute. The Piper Saratoga has two bladder type fuel tanks
located in each wing that have the combined capacity of 102 gallons of fuel useable
(Taylor, 1982).

The Piper Saratoga PA32-301 N22UT is configured for a pilot and five

passengers. The Saratoga is used primarily for classroom studies and local cross-
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country business flights in visual meteorological and instrument meteorological

conditions. The gross weight of the Piper Saratoga is 3600 pounds and the basic empty

weight is 2161.79 pounds (Piper, 1984). The basic empty weight of the Saratoga during "
the flight test incorporated in this thesis.is 216054 pounds due to the removal of the
main wheel fairings. The wing area of the Saratoga is 1783 square feet and the wing

span is 36.2 feet (Kimberlin, 1998).
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Chapter 3
Instrumentation and Calibfations

General

Aircraft pitot-static systems refer to the airspeed and altimeter system. The

three sources of error associated with the pitot-static system of an aircraft are position,

lag, and instrument. Position error is defined as the airspeed error caused by the failure
of the static and total pressure_portsv to sense the actual free stream pressures. The two
pressure ports used to measure airspeed and altitude are the pitot tube (airspeed) and the
static port (airspeed and altitude). If the pitot tube is within approximateiy twenty
degrees of the free air s_t‘ream~ﬂbw>difrection then there is minimﬁm ;:rfor associated with
it. Therefore the static port location is the significant sourcé: ;)f the position errof. The
position error of an aircraft can be determined by a number of flight test techniques
(Kimberlin).

Lag error is another source of error in thé pitot-static system of an aircraft. Lag
error is defined as the error associated with the length aﬁd diameter of the pitot and
static lines. When one line is larger in diameter or length than the other line, it creates a
source of error in the 'pitot-static‘ system (Kimberlin, 1998).

The instrument is the last source of error in the pitot-static system of an aircraft.
All mechanical instruments contain ~error due to the friction, geari‘ng histerisis; or the

way the instrument was assembled. Instruments used in flight testing must be calibrated

.
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in order to collect accurate data during a flight test. Calibrations must be made in both
the increasing values and the decreasing values (Kimberlin, 1998). The calibrations of
_ the instruments involved in the flight test reported h{a;é_ivn were performed by the

University of Tennessee Space Institute Flight Research personnel.

Instrumentation

The data required for climb performance flight testing is as follows: time,
pressure altitude, free air temperaturé, engihe revolutions per minute (RPM),‘engine
manifold pressure, and fuel burn (Kimberlin, 1998). In order to collect data for the -
- climb performance flight test of an éircraft a calibrated airspeed indicator, a calibrated
altimeter, a calibrated temperature gauge, a calibrated RPM gauge, and a calibrated
manifold pressure gauge must be incorporated in the aircraft to be tested. The Cessna
150M Commuter, N66525, is equipped with all the requirements except for an engine
manifold pressure gauge and a stopwatch for time and fuel burn measurements. For this
flight test, a calibrated engine manifold pressure gauge, seria! number 1-03477, was
used by attaching a line to the primer inlet of the Cessna 150M Commuter’s engine to
record accurate data. A stopwatch was used for time measurements and a wristwatch
for time to measure fuel burn. All Cessna 150M Cbmmuter, N66525, instrument
calibrations .are presented in Appendix B (Figures B.i ﬂﬁpugh B.3).

The Piper Saratoga PA32-301, N22UT, is equipped with all the required
instruments for climb performance flight testing. The Saratoga contains a standard
arrangement of instruments with a temperature gauge used lby the pilot along with a

copilot’s side calibrated airspeed indicator, calibrated altimeter, and a fuel consumed
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indicator. The Saratoga was equipped v’srifha calibrated airspeed indicator, calibrated

altimeter, callbrated engme RPM gauge, and a callbrated engine manifold pressure
gauge. The rear aft facmg panel 1nstruments and the cockpit temperature gauge were
used in collecting the data for the climb performarrce flight test of the Piper Saratoga
PA32-301, N22UT. All Piper Saratoéa _PA32-301, N22UT, instrurrrent calibra?cions are

' found in Appendix B (Figures B.4 through B.8).

‘Pitot-Static Calibrations

To create reliable altimeter data, the pressure lines attached to the altimeter and
airspeed indicator must be pressure tested for leaks and the instruments must be
~ calibrated. Calibrations of the altimeters and the leak checks of the pressure lines of the
Cessna 150M Commuter, N66525, and the Piper Saratoga PA32-301, N22UT, were
perfonned by University of Tennessee Space Institute Flight Research personnel.

To create reliable airspeed data, iriStrunaent ealibrations were conducted,
pressure lines of the pitot-static system vuere leak evaluated, and position error ﬂight
tests should be perforrned. Althoughﬂthed flight tests of the Cessna 150M Commuter and
the Piper Saratoga PA32-301 used the besr rate of climb airspeed at sea level, position
error calculations were determined. The flight test tec}rnique used to determine the
airspeed position correction of the C;essna 156M Commuter and the Piper Saratoga
PA32-301 was the speed course method e

The speed cQurse method i$ performed with the gircraft flying over a known
measured course on the ground. “The aifcraﬁ must flyat a low altitude so that anv

accurate measure of ground speed can be obtained. In order to minimize wind errors
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the ground course is flown in both directions atrid the ground speeds are averaged. The
positioh error‘ts found by comparing the true flight speed to the average ground speed
(Kimberlin, 1998). | |

The speed course used for the Piper Satatoga PA32-301, N22UT, and the
"Cessna 150M Commuter, N66525, is loeated on Arnold Air Force Base. The measured
course is 2.35 nautical ‘miles and runs parallel with the Arnold Engineering
Development Center road. A1rspeed p051t10n error data for the Piper Saratoga PA32-
301 N22UT was completed by Dr. Ralph Klmberlln in January 1984 (see Appendix C,
Figure C. 1). Airspeed position error data, for the Cessna 150M Commuter, N66525,
was cqmpleted by Carvil Chalk and Scott Sowles in March 1999 (seehA'ppen‘dix C,

- Figure C.2 through C.3).
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Chapter 4

Flight Test Methods and Procedures.

General

In order to analyze climb performance data, a certain test method should be
incorporated in the flight test to fulfill all of the data redu;:tion sequence requirements.
The Federal Aviation Administration (FAA) requires under FAR 23.65 paragraph b for
@ aircraft less than 6,000 pounds to a have a steady rate of climb at sea level. of at least |
300 feet per minute or 11.5 times the stall speed (Vs1) of the aircraft whichever is greater
(FAA, 1999). The FAA issues a flight test guide for certification 5f FAR (Federal Air
Regulations) Part 23 aircraft as an Advisory Circular (AC 23-8A). The last revision
made to AC 23-8A was August 30, 1993.

A common method used in flight testing is the sawtooth climb method. The
sawtooth climb method is a series of climbs conducted at different airspeeds and
altitudes. The sawtooth climbs are performed with the aircraft in a prescribed
configuration which is usually the standard takeoff configuration (meaning ﬂapg_ up)

. (FAA, 1993). The climbs are made at constant prgdetenhined airspeeds and in opposite
directions at each altitude to be tested. The climbs are timed to a minimum of three
minutes and a maximum of five minutes. In order to minimize wind effects and to cancel
wind Qadient acceleration effects on the rate of climb, the climbs are conducted

crosswind (Kimberlin, 1998).
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Plots of pressure altitude versus time can be made from the sawtooth climb
method.. From these plots, an averagé curve can be det_emu'ned from the opposite
direction climbs. The slope of this curve is the rate of climb. Thg rate of climb can be
determined for each airspeed and altitude. From that data, rates of climb versus airspeed
can be plotted. From these plots, best rate of climb and best angle of climb can be
determined for an aircraft (Kimberlin, 1998). The best rate of climb at sea level airspeed
for the‘Cessna ISOM Commuter, N66525, is 78 miles per hour and the Piper Saratoga
PA32.301, N22UT, is 92 knots. |

The flight test conducted in this thesis used the prede;cerrnined best rate of climb
airspeéds at sea level of each aircraft and incorporatgd check climbs. Check climbs are
sawtooth climbs berformed using the b;ast rate of Agzl_i,‘mb‘air_speed_of an aircraft. The check
climbs are conducted crosswind and .;nlic;pll;_)ésitg‘ &réc?joné ét séveral different altitudes.
Plots of pressure altitude versus time‘aré‘ macie z;nd fhé rate of <;lirnb is detérmined for
éach altitude tested. A data reduction method may be evaluated after the rate of climb -

inforrriation is determined for the aircraft at the altitude tested (Kimberlin, 1998).

Technique
" The sawtooth climb technique should be followed when conducting a check clﬁnb ‘
flight test: The series.of climbs should be initiated at a predetermined altitude and the A
altimeter should be set on 29.92 inches Hg in order to read pressure altitude. Time 1s
recorded for fuel burn measurements and for timing the climb. The ‘airspeéd is held
constant and the aircraft should be climbed at climb gi;speed for three minutes; The

climbs are conducted at ninety degrees from the wind to cancel the effects of the wind on

19




the data to be collected. The altimeter is observed to assure a positive rate of climb. All

N

],"x

data should be recorded every thlrty seconds or 1ess The data to be recorded are altitude,
airspeed, temperature, englne RPM englne mamfold pressure and fuel burn. Since rates
of climb in the range of Zero tend to be unrellable the aircraft should perform at least one
hundred feet per minute climbs to assure positive data. This techmque is recommended
by the Federal Aviation Administration in Advisory Circular AC23-8A (FAA, 1993).
The air quality during the flight test should be smooth and with no turbulence so
that the data will be accurate. Turbulence and temperature inversions tend to make the
data less accurate and unreliable so one should avoid these‘conditions when possible
(FAA, 1993). Climbs should be performed at sunrise or late in the evening when the best
atmospheric conditions are usually encountered. Midday climb results tend to be
unsatisfactory because of the erratic weather encountered during this time of the day

(Hamlin, 1946).

Method 1
The method used for the determination of climb performance of the Piper
Saratoga PA32-301, N22UT, and the Cessna 150M Commuter, N66525, incorporated !
two primary steps. The first step was to conduct three minute climbs in opposite

directions, about the same altitude, climbing at sea level best rate of climb airspeeds with

flaps retracted and maximum continuous power. By receiving a standard weather

briefing and getting the ﬁnds aloft at altitudes of 3,000 and 6,000 feet, all climbs were

conducted perpendicular to the wind and in visual meteorological conditions in smooth
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air. Data were'recorded every thirty.seconds in the three minute timed climbs. The

second step wes to conduct the climbs at least 3,000 feet apart.

The Piper Saratoga PA32-301 was tested at altitudes of 3,5_06 feet pressure
altitude and 7,000 feet pressure altitude 'e,t an airspeed of §2 knots indicated. The first
and second climbs were conducted at 3 ,490 feet pressure altitude with headlngs of 270
and 090 degrees The aircraft welght at the start of the first climb was 3,105 pounds and

at the end 3,097 pounds The Saratoga cllmbed a total of 2,350 feet pressure altitude in

the first climb. The aircraft welght at the start of the second climb was 3,084 pounds and

at the end 3,075 pounds. The Szirato'ga climbed a total of 2,246 feet pressure altitude. in
the second climb. The third and fourth olirnbs ofthe fiptar Saratoga were conducted at
6,760 feet pressure altitude with the headings of 0_90 and 270 degrees.. The aircraft
weight at the start of the third cl1rnb was 3 ,072 pounds and at the end was 3,064 pounds.
The Saratoga climbed a total of I 910 feet pressure altltude in the thlrd climb. The
aircraft weight at the start of the t_‘ourth climb was 3,058 pounds and at the end 3,050
pounds. The Saratoga climbed a total of 2,110 feet pressure altitude. Table 4.0 depicts
ait the climb perforrnance data calibrated for the Piper Saratoga PA32-301, N22UT.
From Table 4.0, plots of pressure altitude r/ersus time can be developed and rate of climb
can be deterrnined (see Appendix E, Figure E. lla\nd E.2).

The observed rate of climb is deterrnined by finding the equation of the average
line frorn the pressure al.ti.t‘ude Yersus:.time pl_ot and taklng the slope. The derivative is the
slope of the line and now onel onn deterrnine the.r,ate of cIimb over a certain amount of

time. Sixty seconds was used in determining the rate of climb of the Piper Saratoga
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Table 4.0. Piper Saratoga PA3-2-301 N22UT Climb Performance Data.

Start Time

3500 feet
270 heading

3500 feet
090 heading

7000 feet
090 heading

7000 feet
270 heading

9:40am
Time
(seconds)
0

30

60

90
120
150
180

30
60
90
120
150
180

30
60
90
120
150
180

30
60
90
120
150
180

Altitude
(feet)
3490
4010
4500
4960
5320
5610
5840

3490

4040
4470
4930
5260
5530
5730

6760
7000
7440
7750
8100
8380
8670

6760
7010
7430
7810
§240
8540
8870

OAT

(degrees Celsius)

22
33
5
56
67
33
4.1

22

33

44
56
6.1
1.4
0

06
0
06
06
06
0.6
1.1

0.6
-0.6
0.6
0.6
0.6
-1.1

RPM

2700
2700
2700
2700
2700
2700
2700

2700
2700
2700
2700
2700
2700
2700

2700
2700
2700
2700
2700
2700
2700

2700
2700
2700
2700
2700
2700
2700

M.P.
(in. Hg.)
258
256
252
24,79
24.38
23.97
23.66

262
258
253
24.89
24.48
24.07
23.76

23.06
22.76
22.45
2225
21.95
21.74
21.54

22.96
22,66
22.45
2215
21.95
21.64
21.44

Fuel Bum
(gallons)
1.8
2
22
24
26
238
3.1

5.3
5.5
5.8
6
6.2
6.4
6.7

7.3
75
7.7
7.9
8.1
84
8.6

9.6

9.8

10
10.2
104
10.7
10.9

Aircraft Test
Weight (Ibs.)
3104.74
- 3103.54
3102.34
3101.14
3099.94
3098.74
3096.94

3083.74
3082.54
3080.74
3079.54
3078.34
3077.14
3075.34

3071.74
3070.54
3069.34
3068.14
3066.94
3065.14
3063.94

3057.94
3056.74
3055.54
3054.34
3053.14
3051.34
3050.14
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PA32-301, N22UT. The observed rate of climb for the altitude of 3,500 feet pressure
altitude was 900 feet per minute and for 7,000 feet pressure altitude 704 feet per minute.
The Cessna 150M Commuter was tested at altitudes of 2,000 feet pressure altitude
and 4,000 feet pressure altitude to avoid the presence of temperature inversions at an
_ indicated airspeed of 78 miles per hour. The first and second climbs of the Cessna 150M
Commuter were conducted at 2,140 feet pressure altitude with headings of 300 and 120
degrees. The aircraft .weight at the start of the first climb was 1,538 pounds and at the
end 1,536 pounds. The Cessna 150M Commuter climbed a total of 1,203 feet pressure
altitude in the first climb. The alrcraft welght at the start of the second climb was 1,535
pounds and at the end 1 533 pounds The Commuter climbed a total of 1 355 feet
pressure altitude in the second chmb The th1rd and fourth climbs of the Cessna 150M
Commuter were conducted at 4 150 feet pressure a1t1tude with headings of 300 and 120
degrees. The aircraft weight at the start of the third climb was 1,533 pounds and at the
end 1,532 pounds. The Cessna climbed a total of 955 feet pressure altitude in the third
climb. The arrcraft weight at the start of the fourth climb was 1,530 pounds and at the
end 1,529 pounds. The Cessna climbed a tot'aT of 1,005 feet pressure altitude in the
fourth climb. Table 4.1 depicts all the climb performance data calibrated for the Cessna
150M Commuter, N66525. From Table 4; 1, plots of pressure altitude versus time can be
developed and rate of climb can be determined (see Appendix IE, Figures E.3 and E.4).
The time increment, used to determine the rate of climb for the Cessna 150M Commuter,
N66525, was sixty seconds. The observed rate of climb for 2,000 feet pressure altitude

was 427 feet per minute and for 4,000 feet pressure altitude was 334 feet per minute.
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Table 4.1. Cessn_a 150M Commuter N66525 Climb Performance Data.

Start Time 10:30 AM

, Altitude
3000 feet Time (sec) (feet)
300 heading S0 . 2140
30 2340
60 2540
90 2790
120 2910
150 3121
180 3343
3000 feet ‘ o
120 beading 0 2140
» 30 - 2340
60" . 2590
90 2790
120 3080
150 3242
180 3495
6000 feet 0 4150
. 050 heading 30 ' 4359
' 60 4547
90 4667
120 4806
150 4945
180 5105
6000 feet
" 230 heading 0 4150
30 4299
60 4468
90 4647
120 4836
150 4985
180 5155

OAT
°Celsius
10
10
10
10

~N O

L I

10
10
10
10
10
.10

10
10
10
10
10
10
10

RPM
2400
2400
2400
2400
2400
2400
2400

2400
2400
2400
2400
2400
2400
2400

2400

2400

2400
2400 .

2400
2400
2400

2450
2450
2450

2450

2450
2450
2450

_ MP. Time of Flight
(in. Hg.)

263
26.1
26
258
256
255
253

26.2
262
. 26

256 - -

255

253

251

24.48

2438

2447
24.07 -

- 23.97

$23.87

23.77

24.48
2428
2417
24.07
23.97

. 2387

2367

(AM)
10:38
10:39
10:39
10:40
10:40
10:41
10:41

10:44
10:45
10:45
10:46
10:46
10:47

1048

10:49

10:49.

10:50
10:51
10:51
10:52
10:52

10:55
10:56

" 10:56

10:57
10:57

10:58

10:58

Fuel Bum

(4.3 gph)

0.57333 .
0.64500003

0.645

0.7166667
0.7166667
0.7883334
0.7883334

1.00334
1075
1.075
1.146667
1.146667
12183334
129

1.361667
1.361667
14333334
1.50500007
1.50500007
1.57666674
157666674

1.79166675
1.86333342
1.86333342
1.93500009
1.93500009
2.00666676
2.00666676

Aircraft Test
Weight
1537.56002

. 1537.13

1537.13
1536.7
1536.7

153627

1536.27

1534.97996
153455,
1534.55

1534,119998
1534.119998
1533.69
1533.26

1532.829998
1532.829998
15324
1531.97
1531.97
1531.54
1531.54

153025

1529.819999
1529.819999
1529.389999
1529.389999
1528.959999
1528.959999




| Scope of Test

The climb éerfogmaxicé ﬂi_ght"tééf, for thé Plper ,.Saratoga PA32-301, N22UT, was
performed in daylight ‘visual, metéorologicéi condi;ioﬁs in the areé of the Tﬁllahoma, |
Ténnessee airport at the time of 9:30 am Central Standard Time on November 6, 1998.
The total time of the flight test was approximately forty-five minutes. The fuel load at
take off was 300 pounds while the aircraft weight was 3,1 16 pounds with a mid center of
gravity location of 91.7 inches aft the datum (see Appendix D, Figure D.1). The total
fuel burn of the test portion of the flight was 10.9 gallons;. The aircraft weight decreased
65.4 pounds with a minimal change in the center of gravity location from 91.7 inches aft
the datum to 91.11 inches aft the datum. The main gear wheel fairings were removed
during this ‘ﬂight test which glecreased the basic empty weight of the aircraft by 1.25
pounds (see Appendix D, Figure D.2). The test pilot of the climb pgerformance flight was
Dr. Ralph Kimberlin and the test observers were Carvil Chalk (co-pilot seat), Mike
Meely (rear front faéing seat), and Scott Sowles (rear front facing séat). Normal climb
operating procedures were followed during the flight test of the Piper Saratoga PA32-
301, N22UT.

The climb performance flight test for the Cessna 150M Commuter, N66525, was
performed in daylight visual, meteorological conditions in the area of the; Tullahoma,
Tennessee airport at the time of 10:30 am Central Standard Time on March 19, 1999.
The total time of the climb performance flight test was approﬁmately forty minutes. The
fuel load at take off was 114 pounds while the aircraft weight was 1,541 pounds with a

mid center of gravity location of 35.35 inches aft the datum (see Appendix D, Figure

D.3). The total fuel burn of the test data collection of the flight was 2.01 galions. The
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aircraft weight decreased by 12 pounds with a minimal change in the center of gravity
location from 35.35 inches aft the datum to 35.43 iﬂches aft the datum. The wheel
fairings were removed during the flight test bu’; no corrections to the aircraft’s empty
weight were needed due to the aircraft being weighed without the fairings. The test pilot
Qf the climb performance flight of the Cessna 150M Commuter, N66525, was Carvil

Chalk and the test observer was Scott Sowles (co-pilot seat). Normal climb operating

procedures were followed during the flight test of the Cessna 150M Commuter, N66525.




Chapter 5

Climb Performance Data Reduction

Methods & Procedures

General

Currently several data reduction methods are used in determining climb
performance of aircraft. All the data reduction methods involve several assumptions
and approximations. Assumptions and approximations are necessary since the aircraft
is in a dynamic state which means no equilibrium conditions are actually maintained in
the climb (Hamlin, 1946).

The three data reduction methods evaluated in this thesis are 1) PIW
(standardized power) versus CIW (standardized rate of climb), 2) density altitude, and
3) equivalent altitude methods. All three of these methods are acceptable to the Federal
Aviation Administration. Advisory Circular 23-8A published by the FAA only
describes the density altitude method. The two methods that are simple and easy to
execute and understand are the PIW Versus CIW method and the equivalent altitude
method. The density altitude method is }n‘nore complex in calculatlons and estimations
and is difficult to understand. The dens1ty altltude method and the PIW versus CIW

method can be used for both constant speed propellers and fixed pitch propellers while -

the equivalent altitude method is used for constant speed propellers only (Kimberlin,

1998).




For all three data reduction methods compared, the first four steps are the same.
Pressure altitude readings are corrected for instrument error and plotted versus time for
both directions of flight. Data for each direction of flight are averaged. The value for .
the observed rate of climb for a specified altitude is determined from the slope of the
altitude versus time plot. The third step is.to calculate the aircraft test weight for the
climb. The fourth step is to repeat the first three steps for each test altitude (Kimberlin,

1998).

PIW (standardized power) versus CIW (sfandaidized rate of climb) Method

Table 5.0 dépic'ts the PIW versus ‘CIW data fedﬁction technique. The Piper
Saratoga PA32-301, N22UT?~ and ]the Cessna 150M . Commuter, N66525, are not
equipped with carburetor temperature probes, therefore ambient temperature was
substituted for the value of carburetor temperature. The standard temperature at the
calibrated altitude is found in altitude charts or by equation 5.0.
(5.0) Ts = Tsealevel * (1-.00000687535 Hc)

Hc — calibrated altitude

The engine horsepower at altitude is read off the engine chart provided by the
manufacturer of the engine. Appendix F, Figures F.1 and F.2, contain the engine charts
for the Piper Saratoga PA32-301, N22UT and thé Cessna 150M Commuter, N66525.
Horsepower temperature corrected is determined by multiplying the engine horsepower
at altitude, read off the engine manufacturer’s chart, and the square root of the ratio of

the absolute values of standard temperature divided by the outside air temperature.
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Table 5.0.

PIW versus CIW Data Reduction Method.

No Quantity Reference _ Units Information
1 Vo Flight Data Knots
2 Vi Instrument Calibration Knots
3 Ve Position Calibration Knots
4 hpo Flight Data Feet
5 hpi Instrument Calibration Feet
6 OATo/OATI Flight Data °Celsius
7 ta (6) in °Celsius °Celsius
8 Ta 27316 +(7) °Kelvin
9 CATVCATI Flight Data °Celsius Not recorded
10 t cat (9) in °Celsius °Celsius Not recorded
11 No Flight Data Revolutions per Minute (RPM)
12 Ni Instrument Calibration Revolutions per Minute (RPM)
13 MP obs Flight Data Inches Mercury (in. Hg.)
14 MP ind Instrument Calibration Inches Mercury (in. Hg.)
15 | Dry/Wet Psy Flight Data N/D Not recorded
16 AMP Psyc. Chart Inches Mercury (in. Hg.) Not recorded
17 MP eff (14)(16) Inches Mercury (in. Hg.) Not recorded
18 Ts at hpi Altitude Charts °Kelvin
19 Tcat 273.16 + (10) °Kelvin Not recorded
20 Ts/Tcat (18)/(19) N/D
21| (Ts/Tcat)r.b (20)*.5 N/D
22 HP alt. Engine Chart Horsepower
23 | HP temp. cor. (22)*(21) Horsepower
24 3 at hpi Altitude Charts N/D
25 ] (8)1288.16 N/D
26 o =80 (24)/(25) N/D
27 (o)*.5 (26)~.5" N/D
28 Wt . Flight Data Pounds (lbs.)
29 Ws Alircraft Manual Pounds (Ibs.)
30 WtWs (28)/(29) N/D
31 ] (WtWs)r5 (30)~.5 N/D
32 | (WtWs)*M.5 (30)*1.5 N/D
33 PIW (23)*(27)/(32) Horsepower
34 VIW (3)(31) Knots
35 NIW (12)*(27) (31) Revolutions per Minute (RPM)
36 R/IC Flight Data Feet per Minute (FPM)
37 | R/C temp. cor. (36)*(8)/(18) Feet per Minute (FPM)
38 [\ (37)*(27)/(31) Feet per Minute (FPM)




The PIW versus CIW data fe;iuetiep sequence iﬁvolves temperature, pressure,
and deﬁsity ratios. -Delta (5) refers to the ratio ef a:fnbien;c pressure to sea level pressure
and is found in standard altitude tables (McCormick, 1995). Theta (6) is the observed
outside air temperature in degrees Kelvin divided by the standard sea level temperature
in degrees Kelvin. Theta (6) is referred to as the ratio of ambient temperature to sea
level temperature (M:zCormick, 1995). Sigma (o) is the ratio of delta (8) divided by
theta (0). Sigma is referred to as tﬁe ratio of ambient air density to sea level density
(McCormick, 1995).

In the PIW versus CIW data reduction sequenc‘e, numbers thirty-three through

thirty-nine are concerned with standardized values of horsepower, speed, engine

revolutions per minute, and rate of climb. Equation 5.1 shows how to obtain the value

of PIW (standardized p.ower).

(5.1) PIW = BHP temperature corrected * Vo ! (Wt/Ws)'> ‘

VIW is standardized speed in knots and is not an important factor in this flight test

because the airspeed does not change sigxﬁﬁcently. NIW is standardized engine
revolutions per minute and is not an impoffant factor in this flight test because of the
low altitudes used and the RPM will not change. Tapeline rate of climb or rate of climb
temperature corrected is detegnined by Equatio'ﬁ 5.2.

(5'.2) RC temperat;zre corrected - (R/C) observed * (Ta/T: s)

CIW is staﬁdardized rate of climb in feet per minute. Eduation 5.3 shows how to obtain

fhe CIW value.

(5.3) CIW = (R/C) temp.cor. * Yo/ IWt/Ws)
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The final step of the PIW versus CIW data redection method before continuing tothe -
expansion calculations ef altitude and rate of elimb is to develop a plot of PIW versus
CIW (Kimberlin, 1998). | -

The climb perfennance data may be expanded to values of altitude and rate of
climb by using the plot of PIW versus CIW and the expansion‘ calculatien data
reduction sequence feuﬂd in Table 5.1. The square root of the air density ratio isa
standard value and altitude tables are used to determine the value. A plot of engine
manifold pressure versus pressure altitude is developed using flight data aﬁd is used for
recerding the manifold ﬁres:sure in the ekpariéion ’caléﬁlation sequence. Appendix G,

Fi gﬁres G.l and G2, coﬁtﬁin the Kplot"s‘ of en;gine rﬁain}foid pressure VErsus pressure
altitueie for the Piper Sarefoga PA52-301;'N22UT, end {he Cessna 150M Commuter,
N66525. | 4

Equation 5.4 ehows how to obtain the PIW value in the expanstiyon calculation.
(5.4 PIW= BHi‘ﬂD te)nperature corrected * Vo at (39)/ (W/Ws) 13
CIW is determined by the PIW‘versus CIW plot. Appendix H, Figﬁres H.1and H2,
contain the PIW (stahde.rdized power) Qersus CIW (standardized rate of climb) plots for

the Piper Saratoga PA32-301, N22UT, and tile Cessna 150M Commuter, ’N66525.
Equation 5.5 shows how to oBtain the value :6t; 1:ate of climb for a standard“ day in feet
per minute units.
(5.5) R/C standard day = CIW * (W/Ws) / 1/0'at (39)
The final step in the PIW versus CIW data reductlon method 1is to develop a plot of

altitude versus rate of climb. Max1mum rate of climb at sea level, service ceiling, and

maximum ceiling can be determined from the plot of altitude versus rate of climb. The . .
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Table 5.1.

PIW versus CIW Data Reduction Expansion Calculation — Standard Day Only.

No, Quantity Reference Units

39 Altitude Arbitrary Feet

40 (c)*.5 Altitude Tables at (39) N/D

41 MP at (39) MP vs. hpi plot inches Mercury (in. Hg.)
42 w Arbitrary Pounds (lbs.)

43 W/MWs (41)/(42) N/D

44 (WMs)AS (43)7.5 N/D

45 (WAMWs)*M.5 (43)M.5 N/D

46 BHP std. Day Engine Chart Horsepower

47 PIW (46)*(40)/(45) Horsepower

48 ciw PIW vs. CIW plot Feet per Minute (FPM)
49 R/IC (48)*(44)/(40) Feet per Minute (FPM)
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service ceiling of an aircraft is where the rate of climb equals one hundred feet per

{

minute. The maximum égiling of an aircraft is where the rate of climb equals zero
(Kimberlin, 19§8). Appendix I, Figures 1.1 and 1.2, contain the altitude versus rate of
climb plots for the Piper Saratoga PA32-301, i\I22UT, and the‘ Cessna 150M Commuter,
N66525, determined by the PIW versus CIW data reduction method. The key
assumptions in the PIW versus CIW method are that propeller efﬁqiency re)mains
cc;nstant because a nearly constant airspeed is held in the climb and that the lift
coefficient and the drag cgemcient grg.assumed constant in deriving the reduction

equations. These are reasonable assumptions providing weight changes remain small.

Equivalent Altitude Method

Table 5.2 depicts the equivalent aititude method of data reduction. The sqﬁare
root of the air density ratio, delta (8), and theta () are determined in the manner
described in the PIW versus CIW section. Equivalent altitude is calculated in the
equivalent altitude method and is determined by using a plot of equivalent altitude,
pressure altitude, and temperature. The plot and formula used to determine equivalent
altitude are found in Appendix J, Figure J.1. Equivalent altitude is not used in the PIW
versus CIW method or the density altitude method. The equivalent altitude is
determined by Equation 5.6 and is used in the altitude versus rate of climb plot while
the PIW versus CIW method used pressure altitude in the plot.
(5.6) He=Hp+ 0.36(Hd - Hp)

Hp — pressure altitude

Hd — density altitude
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Table 5.2.

Equivalen't Altitude Data Reduction Method.

No Symbol Reference Units
1 Vio ’ Flight Data MPH
2 Ve Ins. & Pos. Calibration MPH
3 Hp Flight Data Feet
4 OAT ’ Flight Data °F
5 o . ~s/0 N/D
6 He “Equivalent Attitude Chart Feet
7 T (4) + 460 °F

. 8 Ts ) Std. Temp. at (3) °F
9. TrTs ) W) N/D
10 dh/dt (R/C observed) Flight Data- FPM
11 ct (9)* (10) FPM
12 Wit Flight Data Pounds
13 WtWs (12) I Ws N/D
14 Ct (Wt'Ws) (11)* (13) ‘FPM
15 (WtWs)*2 (13)22 N/D
16 1WtWs)h2 - - 1-(15) N/D
17 K/VeNo R K/ (2)*(5) N/D
18 Induced Drag Comrection . (16)* (17) FPM
19 | R/C at Std. A. & We}ght (Ws) (14) - (18) FPM
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Standard absolute temperature is found in the altitude tables or by using Equation 5.0.
The temperature ratio is found by dividing the absolute air temperature by the standard
-absolute air temperature.

The observed rate of climb is found from the plots of pressure altitude versus
time. The “tapeline” rate of climb or temperature corrected rate of climb at the aircraft
test weight is calculated by multiplying the temperature ratio by the observed rate of
climb. The rate of climb weight corrected is determined by multiplying the tapeline rate
of climb by the weight ratio.

The aircraft efficiency factor value is calculated by the Equation 5.7.

(57) K/Vc* Vo

‘The value of K is determined by Equation 5.8.

(5.8) K =10,940 Ws/ eb’
e = airplane factor / Oswald’s efficiency factor
b= wirié span

Ws = standard weight
The value of e is estimated to be 0.8 if a more exact value cannot be obtéined (FAA,
1993). The approximation of e could be a cause of inaccurate climb performance data.
The induced drag correction is calculated by Equation 5.9.

(5.9) Di=[I-(Wt/Ws)’] *K/Vc Vo
Equation 5.10 shows how to obtain the rate of climb at standard altitude and weight
value.

(5.10) R/C std. Day = R/C at test weight * (Wi/Ws) — [1-(W/Ws)* * K / Ve Vo]
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‘A plot of equrvalent altrtude versus rate of clrmb is then developed (FAA, 1971)
Maximum rate of climb at sea level ‘service cerlrng, and maxrmum ce111ng of an aircraft
can be determ1ned by the plot of equrvalent alt1tude versus rate of climb. Appendrx K
Figures K.1, depicts the plot of. equ1valent a1t1tude versus rate of cllmb for the Cessna
150M Commuter, N66525 determined by the equ1va1ent altltude method of data

: reductlon One key a~sumption the equrvalent altitude method makes is the aircraft
efficiency factor bemg estimated at 0.8. The FAA allows an estrmatron of' O 8 to be
used as the aircraft efficiency factor when 1nu,~fact; the_. arreraft efﬁc1ency is known to

change in value. * "/

Densrty Altrtude Method

_Table 5.3 depicts the den51ty altitude data reductron techmque The atmospherlc
densrty ratio (o) is recorded in the den51ty altrtude data reductlon method. and is -
deterrmned using delta (8) divided by theta (G) The density. a1t1tude is calculated by
Equat1on 3. 11 o ‘
(5.11) Hd= 145539 [1- v 46997
Densrty altitude 1 1s not recorded in the PIW versus CIW method or the equrvalent
altitude method. Densrty altitude is 1ncorporated in the altitude versus rate of clrmb plot .
while equivalent altitude i is used in the eqLuvalent altrtude method and pressure altitude
is used in the PIW versus CIW method. The true airspeed—of the ai'rcraft is-calculated in .
the density altitude method and is not recorded in the PIW uersus CIW or-equivalent

altitude methods. True airspeed is determined by Equation 5.12.
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Density Altitude Data Reduétion Method.

Table 5.3.

No. Symbol Rerference Units
1 Hp Instrument Calibration Feet
2 OAT Flight Data °F
3 g &9 X N/D
4 Hd Hd = 145539[1-(Vo)*.4699 - Feet
5 Ts atHp °F .+ 460 °F
6 IAS Flight Data knots
7 CAS Inst. And Pos. Calibration knots
1 8 . TAS (M 1¥@) knots
9 R/C observed Flight Data FPM
10 TTs [(2) + 460]/ (5) N/D
11 - Actual RIC ©*(10) FPM
12 ’ Wit Flight Data Pounds
13 ARICAW (11)* [1- (12)/ Wc] FPM
14 q e b2 (7)"2 ne br2 /295 N/D
15 ADi [Wen2 - (12)22] 1 (14) N/D
16 ARIC ADi [101.27 * (15) * (8)] / Ws FPM
17 Calibrated RPM Flight Data RPM
18 Calibrated MP Flight Data Inches Mercury
191 Inlet Air Temperature .. . - FiightData ) °F
20 BHP temp. cor. At Hp ‘BHP engine chart * te:n)p. ratio, at HP Horsepower
21 BHP temp. cor. At Hd- BHP engine chart *.temp. ratio, at HD Horsepower
22 | np (propeller efficiency) Propelier manufacturer , or estimated (.83) " N/D
23 ATHP (22) * [(21)-(20)] N/D
24 ARICAp ) -+ [(23) * 33,000} IWe* FPM
25 R/C std. (11) - (13) - (16) + (24) FPM
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(5.12) TAS =Vc/ Vo

The temperature ratio for the density altitude method is determined by Equation

5.13.
(5.13) T/Ts = [OAT (%) + 460] / Ts

The “tapeline” rate of climb is determined by the observed rate of-climb multiplied by
the temperature ratio. The rate of climb at the aircraft tesf weight (AR/C AWY) is
determined by Equation 5.14. = " ... %’ |
(5.14)  AR/C AWt = [R/C observed * T/T5] * [1:(WiWe)]
We = aircraft standard wejg}ztﬁor aircraft weight to be correctedto

The aircraft efficiency value is determined using Equation 5.15.
(5.15) [V * me * 7] /295 |

e = Oswald'’s efficiency factor

b =wing span

The value of 0.8 is to be-used if Oswald’s efficiency factor cannot be obtained (FAA,
1993). The induced drag correction (A Di) is determined by uéing Equation 5.16. _
(5.16) ADi = [W* — W]/ [(VE*me*b?) / 295]
The rate of climb induced drég corrected is deteﬁnined using Equation 5.17.
k5.17) AR/CADi = ()01.27 * ADi * TAS) / Ws

The Piper Saratoga PA32-301, N22UT, and the Cessna 150M Commuter,
N66525, are not equipped w1th engine inlet air temperature probes. The inlet air
temperature used in this thesis in the density altifudc method is the observed outside air

temperature. Test day horsepower corrected for temperature is determined by
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multiplying the hlorsepower read off the engine manufacturer’s chart and the square root
of the temperature ratio. Horsepower corrected for temperature at density altitude is
determined the exact way test day horsepower corrected for temperature at calibrated’
pressure altitude is calculated.

The propeller efficiency is determined from the propeller manufacturer or may
be estimated as 0.83 (FAA, 1993). The thrust horsepower correction factor (ATHP)
uses the estimated propeller efficiency factor and ié determined by using Equation 5.18.
(5.18) ATHP = np * (BHP temp. cor. At Hd —-BHP temp. cor. At Hp)

Rate of climb pressure corrected (AR/C Ap) is determined by the Equation 5.19.

(5.19) AR/C Ap = (ATHP * 33,000) / We |

The rate of climb standard day is determined by using Equation 5.20.

(5.20) R/C std. Day = (R/C obs. * T/TS) — (AR/C AWt) — (AR/C ADi) + (AR/C 4p)

Tﬁe final step of the density altitude data reduction sequence is to develop a plot of
density altitudé versus standard day rate of climb (FAA, 1993). Maximum rate of climb
at sea level, service ceiling, and maximum ceiling of an aircraft can be determined from
this plot of density altitude versus rate of climb. Appendix L, Figure L.1, contains the
plot of density altitude versus rate of climb for the Piper Saratoga PA32-301, N22UT,
determined by the density altitude method. The density altitude method incorporates
estimations for both the aircraft efficiency factor and propeller efficiency factor values.
The FAA allows the use of 0.8 for the aircrgft efficiency factor and 0.83 for the

propeller efficiency factor.
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Chapter 6

Results and Discussion

General

The purpose of the ﬂight‘test was to provide data for use in comparing various
climb performance data reducﬁon Iﬁethoaologies. The climb pe_rformance results of the
Piper Saratoga PA32-301, N22UT, were determined by PIW versus CIW data reduction
method and the density altitude data reduction method.  The climb performance results
of the Céssna 150M Commﬁter, N66525, \;vere determined using the PIW versus CIW
data reduction method, equivalent a}titude data reduction method, and the density
altitude data reduction method. The density altitude method was then ‘coxﬁpared to the
PIW versus CIW method for both aircraft. The equivalent altitude method was then

compared to the PIW versus CIW method for the Cessna 150M Commuter, N66525.

The results of each data reduction sequence varied in data, assumptions, and

calculations.

PIW versus CIW Data Analysis

The PIW versus CIW data red\ictign method is outlined in Dr. Ralph
Kimberlin’s Performance Lecture Notes, Hamlin’s Flight Testing, and Advisory Group
For Aeronautical Research And Development Flight Test Manual, | Volume I

Performance. The PIW versus CIW data reduction method results are found in
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Appendix I Figure 1.1 for the Piper Saratoga PA32-301, N22UT, and inv Figure 1.2 for
the Cessna 150M Commuter, N66525. ‘The PIW versus CIW data %educ'tion éequence
for the Piper Saratoga ‘PA32-301, N22UT, is found in Appendix M; Figures Ml
through M.5. Figure M.1 shows the resulis of the PIW calculated values in the data
reduction sequence as 331 standardized horsepower for 3,490 feet and 277 stﬁndardized
‘ﬁorsepoWer for 6,760 feet. ‘The values of PIW ‘were calculated using Equation 6.0.
(6.0) PIW= BHP teﬂmperature;correcte'd * o/ (Wi/Ws)' 5!
Thé CIW values of the data reduqtiqn:s‘equenc‘e‘are‘,_906 standardized feet per minute for
3,490 feet and 687 standardized feet per minute for 6,760 feet.. The CTW values were
calculated using the Equation 6.1.
(6.1) CIW=(RC temper'ature corrected) * Vo ! YWt/Ws
The plot of PIW versus CIW for the Piper Saratoga i’A32-301, N22UT,’ was constructed
using these value§ (see Appendix H, Figure H 1).

The exbansion calculation for the PIW vérsus CIW method was determined after
the PIW and CIW values were célculated for 3,600 pounds, 3,200 pounds, 3,000
. pounds, -and 2,800 pounds aircfaf{ weight. The expansion calculations for the Piper |
'Saratoga PA32-301, N22UT, aretf:ou‘nd in Figures M2 through M.5. A total of fifteen
data points were constructed in the PIW versus CIW data reduction method by uéiné'the
exbarision calculation sequence. . Altftudeg rénéing from sea level to 14,000 feét were
" used in the data reduction sequ’cnée. The CIIW» values were determined from the plot of
PIW';s"é:ljsus CIW and the rate of climb values Wé:e determined using Equation 6.2 for
each éltitudg in thé data reduction sequence.

(6.2) " Rate of Climb = [CIW * (W/Ws) 7/ Y
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The values of rate of climb were plotted against’ the altitudes entered in the data
reduction sequence and a plot of altitude versus rate of climb-was developed Figure I.1
depicts the altitude versus rate of climb plot of the Piper Saratoga PA32- 301, N22UT
for aircraft weights of 3,600 pounds, 3,200 pounds, 3,00Q pounds, and 2,800 pounds. )
Maximunirate of climb at sea level,'service ceiling, and maximum .ceiling are
deterrnine_d from the plot of altitude versus rate of climb. Figure L.1 shows the '
maximum rate of climb at sea level to be 800 feet per minute using the PIW versus CIW
data reduction method at 3,600 pounds. ‘The maximuin rate of climb at sea level at
3,200 pounds is 980 feet per minute. The maximum rate of climb at sea level at 3,000
pounds is 1,085 feet per minute and at 2,800 pOundsi isy l,2l_0 feet per minute.‘ The -
service “ceiling and maximum ceiling are depicted for:_each weight on Figiire L1. |

The PIW versus CIW data reduction sequence for the Cessna 150M Commuter,
~ N66525, is found in Appendix M, Figures M.6 thr‘oug'h M.8, Figure M.6 depicts the
results of the PIW values in the data reduction sequence as 85 standardized horsepower
for 2, 140 feet and 75 standardlzed horsepower for 4 150 feet The PIW values were
calculated usmg Equation 6.0. The CIW values of the data reductlon sequence are 422
feet per minute for 2, 140 feet and 322 feet per mmute for 4 150 feet. The CIW values
were calculated using Equatlon 6 1. The plot of PIW versus CIW was developed using
these values for the Cessna 150M Commuter, N66525 (see Appendix H, Figure H.2).
The expansion calculations for the Cessna 150M Commuter; N66525, are found in
Figures M.7 and M.8. A total of twelve data points were constructed in the PIW versus
CIW data reduction method by using the expansion calculation sequence. Altitudes

ranging from sea level to 11,000 feet were used in the data reduction sequence. The
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CIW values were determined from the plot of PIW versus CIW for the Cessna 150M,

N66525. The rate of climb values, determined in the same manner as for the Piper
Saratoga by using Equation 6.2, are depicted in Flgures M.7 and M.8.

A plot of altltude versus rate of climb was developed using the data reduction
sequence of expansion calculation. Figure 1.2 depicts the altitude versus rate of climb
plot of the Cessna 150M Commuter N66525 for arrcraft weights of 1,600 pounds and
1,500 pounds. The maximum rate of cllmb at sea level service ceiling, and maximum
ceiling of the Cessna 150M Commuter N66525 are deterrmned using Figure 1.2. The
maximum rate of cllmb at sea 1eve1 is 460 feet per rmnute at 1,600 pounds and 540 feet
per minute at 1,500 pounds using the PIW versus CIW data reduction method. The
service ceiling and maximum ceiling are determined using Figure 1.2 for both aircraft
weights. The results of the PIW versus CIW method for both the Piper Saratoga PA32-
301, N22UT, and the Cessna 150M Commuter, Nt’>6525, were determined by
extrapolating a line through the data points and forecasting the line to the desired

values.

Equivalent Altitude Data Analysis

The equivalent altitude Adata reduction method is used only for fixed pitch
propeller aircraft, therefore, only the Cessna 150M Commuter, N66525, incorporated
this data reduction method. The equivalent altitude data reduction method is outlined in
the Engineering Flight Test T, reihing Guide For Small Airplanes. The FAA developed
this document and used it until FAA Order 8110.8 was published. The equivalent

altitude data reduction method results are found in Appendix K Figure K.1 for the
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Cessna 150M Commuter, N66525 at 1,600 pounds and 1,500 pounds. The equivalent
altitude in the data reduction sequence was determined by using Equation 6.3.

(63) He = Hp + 0.36 (Hd-Hp)

In Equation 6.3, He represents equivalent altitude while Hp represents pressure altitude -

and Hd represents density altitude. Density altitude is determined by using Equation
6.4.
(6.4) Hd = 145539 [1 - (Vo)***]
’The square root of sigma, which is required for Equation 6.4, was calculated by
Equation 6.5.
(6.5) Square root of sigma (\/c_) =~5/8
The value of delta (8) is the ratio of ambient pressure to sea level value and is
determined from altitude charts. The value of theta () is the ratio of ambient
temperature to sea level value and is determined from Equation 6.6.
(6.6) Theta=1Ta/288.16
The value of 7a is calculated by Equation 6.7.
(6.7) Ta=Ti+ 27316

Ti = indicated temperature

The rate of climb values for the equivalent altitude method were determined using

Equation 6.8.
(6.8) R/C at std. Day = [(R/C at W) *(Wt/Ws)] — [1-(Wy/Ws)* * (K/Vc* Vo))
The equivalent altitude data reduction method sequence for the Cessna 150M

Commuter, N66525, is found in Appendix N, Figure N.1 and N.2. Figure N.1 and N.2
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depict the equivalent altitude values in the data reduction sequence as 2,108 feét for
2,140 feet preSsu're altitude and 4,290 feet for 4,150 feet pressure altitude. The
equivalent altitude values fo; the Cessna 150M Cominuter, N66525, were determined
using Equations 6.3 aﬁd 6.4 by calcula;ting the density altitude first. The rate of climb
values fdr the equivalent altitude method were deteﬁninéd using Equation 6.8 for the
Cessna 150M Commuter, N66525. The rate of climb values developed by the
equivalent altitude data reduction method at 1,600 pounds were 389 feet per minute at
2,110 feet equivalent altitude anci 300 feet per minute at 4,290 feet equiyalent altitude
using Figure N.1. The rafe of climb values ‘Idevéloped by the equivalent altitude data
reduction method at 1,500 pounds were 450 féet per minute at 2,110 feet equivalent
altitude and 356 feet per minute at 4,290 feet equivalent altitude using Figure N.2. A
plot of equivalent altitude versus rate of climb was constructed for the Cessna 150M
Commuter, N66525, usihg the values of equivalent altitude and rate of climb
Vdetermine’d by the data reduction sequence for 1,600 pounds and 1,500 pouﬁds. Figure
K.1 shows the plot of equivalent altitude versus rate of climb for the Cessna 150M
Commuter, N66525, at aircraft weights of 1,600 pounds and 1,500 pounds.

Maximum rate of climb at sea level, service ceiling, and maximum ceiling of the
Cessna 150M Commuter, N66525,.can be determined from the plot of equivalent
altitude Versus rate of cl‘imb. The rate of climb at sea levei is 460 feet per minute at
1,600 pounds and 540 feet per minute at 1,500 pounds using F igure K.1. The service
ceiling and maximum ceiling are determined using Figure K.ﬂl for both aircraft weights.

“-A total of two data points for each aircraft weight were constructed in the plots of

_ equivalent altitude versus rate of climb for the Cessna 150M Commuter, N66525. The
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lines used to determine the rate of climb, service ceiling, and maximum ceiling values

were extrapolated from the two data points to the desired values.

Density Altitude Data Analysis

The density altitude data reduction method was used for both aircraft. The
density altitude method is outlined in Advisory Circular 23-8A and is used for both
constant speed propeller and ﬁxed p@tch propellers. ‘The density altitude results for the
Piper Saratoga PA32-301,. N22UT, are fpund in Appeﬁdix L Figure L.1. Thé density
altitude data reduction sequence for the Piper‘ Saratoga PA32-301, N22UT, is found in
Appendix O, Figures O.1 through O.4. The density altitude values in the data reduction
sequence were calculated using Equations 6.4 through 6.7. The réte of climb calculated
in the dens_ity altitude data reduction method was determined by Equation 6.9.
(6.9) R/C standard = Actual R/C — AR/C Aw - AR/C ADi + AR/C 4p

Figures O.1 through O.4 depict the results of density altitude as 2,240 feet for
3,490 feet pressure altitude and 6,650 feet for 6,760 feet pressure altitude. Figure O.1
shows the rate of'climb values at 3,600 bounds as 607 feet per minute at 2,240‘ feet
density altitude and 482 feet per minute at 6,650 feet density altitude. Figure O.2 shows
the rate of climb values at 3,200 pounds as 770 feet per minute at 2,240 feet density
altitude and 637 feet per minute at 6,650 feet density altitude. Figure O.3 shows the
rate of climb values at 3,0QO pounds as 864 feet per minute at 2,240 feet density altitude
and 725 feet per minute at 6,650 feet density altitude. Figure O.4 shows the rate of

climb values at 2,800 pounds as 968 feet per minute at 2,240 feet density altitude and

823 feet per minute at 6,650 feet density altitude. A plot of density altitude versus rate
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of climb was developed using the values calculated by fhe dénsity altitude data
reduction sequence. Fiéure L.1 depicts thelpllqt of den4$’ity altitude versus rate of climb
for all aircraft corrected weights.

Maximum rate of climb at sea level, maximum ceiling, and service ceiling are
determined using the plot of density altitude versﬁs rate of climb. Figure L.1 depicts the
maximum rate of climb at sea level as 670 feet per minute at 3,600 pounds, 840 feet per
minute at 3,200 bounds, 935 feet per minute at 3,000 pounds, and 1,045 feet per minute
at 2,800 pounds. The service ceiling and maximum ceiling are determined using Figure
L1

The density altitude results for the Cessna lASOM Commuter, N66525, are-found
in Appendix L Figure L.2. The density altitude data reduction sequence for the Cessna
.150M Commuter, N66525, is found in Appendix O, Figure 10.5 fh:ough 0.6.- The
density altitude values were determined using Equations 6.4 through 6.7 and the rate of
climb values were determined using Equation 6.9. »

Figures O.5 and 0.6 defﬁcf the valﬁes of d%néity -’éiti’iude as 2,050 feet at 2,140
feet pressur:e altitude and 4,536' f-eeti,at 4;150 feet p'r;éssx‘ue éltifudé.' Figure O.5 depicts
the rate of climb values at 1,600 pounds as 3;}1 ‘fz'eét'";;erfminute 'atl2,050 feet density
altitude and 291 feet per minute at 4,530 feet density altitude. Figure O.6 depicts the
rate of climb values at 1,500 pounds as 431 feet pef minute at 2,050 feet density altitude
and 347 feet per minute at 4,530 feet depsity altitude. A plot of density altitude versus
rate of climb was developed using the determined values of density altitude and rate of
climb for the Cessna 150M Commuter, N66525, at the aircraft weights of 1,660 pounds

and 1,500 pounds and is found in Figure L.2.
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Maximum rate of climb at sea level, maximum ceiling, and service ceiling are
determined for the Cessna 150M Commuter, N66525, using the plot of density altitude
versus rate of climb. The maximum rate of climb at sea level values using Figure L.2
were determined as 438 feet per minute at 1,600 pounds and 500 feet per minute at
1,500 pounds. The service ce111ng and maximum ce111ng are determined using Figure
L.2. A total of two data pomts were constructed in the plots of density altitude versus
rate of climb for both alrcraﬁ The lines used to determme the rate of climb, maximum
ceiling, and service ceiling values Weré éxtfapolatéd'ffo'th the two data points to the

| desired values.

Equivalent Altitude/PIW versus CIW Contparison

The Cessna 150M Commuter, N66525, equivalent altitude results were
compared to the PIW versus CIW results of the aircraft. Figure 6.0 shows the results of
both methods compared to each other for an aircraft weight of 1,600 pounds. The
values for the maximum rate of climb at sea level were within fifteen feet (five percent
of each other). The values for the servico ceiling and the maximum ceiling of the
aircraft were within two hundred feet (one percent of each other). Figure 6.1 shows the
results of the methods being compared for the Cessna 150M Commuter, N66525 for an
aircraft weight of 1,500 pounds. The results were within five feet (one percent) of each
other for the maximum rate of climb at sea level and w1thm seven hundred feet (four
percent of each other) for the maximum ceiling and the service ceiling.

The results of the two methods being compared to each other show t}tat each

method is accurate for climb performance data reduction. The major differences
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Figure 6.0. Cessna 150M N66525

Climb Performance 1,600 pounds (PIW versus CIW/Equivalent Altitude).
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between the methods are the approximations of ‘aircraﬁ efficiency. The equivalent

. alltitude method incorporates the value of X in the method. The value X assurnes
aircraft efficiency to be a \;alue of 0.8. Figure 6.2 shows the results of aircraft
efficiency at values of 0.7 rhrough 0.9. The reselts of the plots concluae that the |
maximum rate of climb at sea level clrenges less tharl ten feet, which shows thata
typical value of aircraft etﬁciency'deeé -,n'et play‘ a major factor in the rate of climb -
results. . | |

} Other differences in the metﬁods include the use of densiry altitude and
’equivalllent altimde for the equiv‘alent altitude\rrre}:hod while the PIW versus CIW only ~ -
incorporates pressure altitude. The equivelent elﬁtude method eloes not incorporate the
engine horsepower, which makes the methed easy to use if no engine irorsepower charts
are available. The equivalent altitude method is ueed primarily for fixed piteil
propellers sirxce no enéiﬁe horsepower calculetiens and no propeller eﬁ'lcierlcy ‘
estimations are required. Both methods are easy- to use and simple to follow. Tlre
equivalent altitude climb performance data reduction method is not published rn \

. Advisory Circular 23-8A.

\Density Altitude/PIW versus CIW Compariso’h

The Cessna 150M Commuter, N66525, ciensity altrtrlde results were compared g
to the PIW versus CIW results for the eircraft. Figure 6.3 shorws the results uolf each .
method for an aircraft weight of 1,600 pounds. The results of each method .were thhm
‘twenty-five feet (five percent of each other) for the maximum ‘rate of climb. The results

for the maximum ceiling and service ceiling exceeded one thousand five hundred feet
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(thirteen percent of-each other). Figure 6.4 shows the results of the both methods for an
aircraft weight of 1,500 pounds. The maximum rate of climb results for each method
are w1th1n forty feet (seven percent of each other) The maximum ceiling and service
»ceilng for each data reduction method exceeded one thousand six hundred feet (eleven
percent of each other).

l’ The Piper .Saratoga PA32-301, N22UT, density altitude results were compared
to the PIW versus C1W results of the aircraft. Figure 6.5 shows.the results of each
method for an aircraft weight of 3,600 pounds, Figure 6.6 for 3,200 pounds, Figure 6.7
for 3,000 p’ounds, and Figure 6.8 for 2,800 pounds: The results for each aircraft weight
for both data reduction methods are w1th1n one hundred and sixty feet (sii(teen percent
of each other) for the maxirnum ratelof climb at sea level and exceeded ten thousand
feet (twenty nine percent of each other) for the mai{imum ceiling and service ceiling. :

The results of the two methods being compared to each other show significant
differences in rate of ‘climb at sea level and lfor service ceiling and max1mum ceiling.
The major differences between the methods in the reduction sequence are the
approximations of aircraft efﬁciency factor and propeller efficiency factor values. The
density a1t1tude method 1ncorporates the aircraft efficiency factor assumptlon and the

propeller efﬁciency factor assumption. - The FAA allows an assumption of 0.8 for the

aircraft efficiency factor and 0.83 for the propeller efﬁciency factor. Figure 6.9 shows '

the results of aircraft efﬁcienc'}l values of O 6 through 0.9 and propeller efflciency

~ values of 0.6 through 0.9-for the Piper Saratoga PA32-301 N22UT. The results show a -

range of thlrty feet between the dlfferent values for maxrmum rate of climb at sea level.

F1 gure 6.10 shows the results of maintaming a constant propeller efficiency of 0.83 and
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Climb Performance 1,500 pounds (PIW versus CIW/Density Altitude).
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Figure 6.6. Piper Saratoga N22UT

57




PA32-301 N22UT Climb Performance 3000lbs.
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Climb Performance 3,000 pounds (PIW versus CIW/Density Altitude).
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Density Altitude vs. Rate of Climb PA32-301
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Aircraft and Propeller Efficiency Factor Comparisons.
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- Density Altitude vs. Rate of Climb PA32-301
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varying the aircraft eﬁ'llciency-factor from 0.6 to0 0.9. Figure 6.11 shows the results of
maintaining the aifcraft efﬁcie'ncy_ factor at 0.8 and varying the propeller efficiency
factor value from 0.6 to 0.9. The results of 'thesé plots show that aircraft efficiency and
| propeller efficiency values play a factor in the final results of the climb performance
e;'alﬁation. The aircraft efﬁciency factor is a more important parameter in the data
reduction method due to t.he results in Figﬁe 6.10. A range of forty feet is observed in
the rate of_climb value when propeller efficiency is held constar;t~ and the aircraft
efficiency is varied from 0.6 to 0.9 which are potential values for the span efficiency.
Figures 6.12 through 6.14 show ‘thé aircraft‘efﬁéiency factor and propeller
efficiency factor compariéons for the Cessna 150M Commuter, N66525. Figure 6.12
shows the vaiues of aircraft efficiency and propelier efﬁciency varying together in .
values ranging from 0.6 t0 0.9. The results show ncl)‘ In}ajor changes' in r,afe of 'élimb
values but do show a range of five hundred‘feét\ for aircraft peiling values. Figure 6.13
_shows the propeller efﬁ‘cien)cy faictor hela éé;lstaqt and the aircraft efficiency factor
. varying from Q:6 to 0.9. The results shO\;v aA range of fifteen fget of differenc;e for the
rate of climb values. Figure 6.14 shows the aircraft efficiency factor held constani and
the propéller efficiency factor varying from 0.6,to 0.9 and the results show orﬁy a
fifteen feet difference for the rate of climb values. These changes are insjgniﬁcant.
Other differences in the methods include the usé of density altitude for the
density altitude method while the PIW versus CIw incbrporates only pressure altitude.
The density altitude method incbrpor;ates engine horsepbwer at density altitude. The
density altitude method is used for both fixed pitch and constant speed propellers and is

the only method currently published in the Advisory Cfrcular 23-8A. The sequence
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outlined in AC23-8A is difficult to understand and follow because of a misprint and
estimations, as compared to either the PIW versus CIW method or the equivalent
altitude method.

- The results of Figures 6.5 through 6.8 show inaccurate values of sea level rate of
climb and aircraft ceilings for the density altitude method. Figures 6.15 through 6.18

show the results of PIW versus CIW and density altitude for aircraft weights of 2,800

‘pounds, 3,000 pounds, 3,200 pounds, and 3,600 pounds with the test day temperatures

adjusted to reflect a standard lapse rate. The reason for including Figures 6.15 through
6.18 with adjusted temperature values is because of the large differences in results of
the density altitude method for the Piper Saratoga, N22UT. The original flight data
shows a large temperature inversion encountered during the flight test of the Piper
Saratoga PA32-301, N22UT.. Thé tefnpgrauuq inyérsion encountered during the flight
test results in inaccurate oeilingé apd rate ofclimb gal;;ulations.. Figures 6.15 through
6.18 show the results of both methods using the standard temperature lapse rate of t§vo
degrees per one thousand feet of altitude. The terﬁperature value entered for 3,490 feet
pressure altitude is 8.6 degrees Celsius. The 8.6 °C is a more s’;andard temperature at
that altitude that —2.2 °C. The temperature value of 0.6 °C for 6,760 feet pressure
altitude is close to a standard temperature value and was' used in Figures 6.15 through
6.18. The ‘Figures show a larger change in the results of the density altitude method
than in the PIW versus CIW method. This indicates that the PIW versus CIW method is
more robust, in the fact that the method can be used without large errors even in a
temperature inversion situation. The density altitude method on the other hand appears

very sensitive to temperature inversions.
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Chapter 7
Conclusions and Recommendations '

General

The PIW versis CIW method was compared to the other two data reduction
methods incorporating the Piper Saratoga PA32 301, N22UT, and the Cessna ISOM
Commuter N66525 A total of nineteen comparisons are incofporated in the thesis. -
The equivalent altitude method was compared to the PIW Versus CIW method for the
Cessna 150M Commuter N66525 The den51ty altrtude method was compared to the -
PIW versus CIW method for the P1per Saratoga PA32-301 N22UT and the Cessna
150M Commuter N66525, A dens1ty alt1tude/PIW versus CIW companson was made,
for the flight test conditions of both aircraft and then another companson made by
adjusting the test temperature to a more standard lapse rate for the 4Piper Saratoga,
N22UT. Aircraft efficiency and propeller efﬁciency values were _compared to develop

an understanding of how the values affect the final results.

Conclusion |

’l‘he PIW versus CIW climb performance data reduction method is a robust easy
to use method which provides the ability to reduce data for increasing arid decreasing
aircraft weights, and thelcalculatioii of engine horsepower without the use of propeller ‘
efficiency and aircraft efficiency estimations. The equivalent altitude method giues
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comparable results to the PIW versus CIW method for fixed pitch propeller driven
aircraft. The equivalent altitude method compares well with other methods for
increasing a1rcraft welghts and for decreasmg a1rcraft welghts past the aircraft test day
weight. The. a1rcraft efﬁmency factor (K) is used in the equlvalent altitude method to.
determine the induced drag correction. The estunated aircraft efficiency factor changes
the maximum rate of climb value by minimal amounts. The estimated aircraft
efficiency factor does not increase or decrease the final results enough to affect overall
climb performance of an aircraft. The equivalent altitud.e method is only used for fixed
pitch propellers since there are no engine horsepower calculations and no propeller |
efficiency estimations. The equivalent altitude climb performance data reduction
method is easy to understand and simple to execute.

The density altitude method is more sensitive to non-standard weather
conditions than the PIW versus CIW method. The flight test for the Cessna 150M
Commuter, N66525, was performed in an atmosphere without a significant temperature
inversion. The temperature was the same at both test altitudes for the flight test of the
Cessna 150M Commuter. The results of the density altitude and PIW versus CIW
methods compared favorably. A temperature inversion was encountered during the
Piper Saratoga, N22UT, flight test. A temperature of -2.2 degrees Celsius was
encountered at 3,490 feet pressure altitude and a temperature of 0.6 degrees Celsius at
6,760 feet pressure altitude. The low temperature encountered at 3,490 feetled to a
much lower value for density altitude. This low value for density altitude resulted in the
large differences between the results of the density altitude and the PIW versus CIW

methods. When a near standard temperature value of 8.6 degrees Celsius was
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substituted for the test temperature in the density altitﬁde method, a closer agreement of
climb performance was obtained. This confirmed that the density altitude method is
sensitive to temperature inversions.

The results show that the PIW (standardized power) versus CIW (standardized
rate of climb) is a better method under conditions of a non-standard température lapse
rates. The small changes that occurred to the PIW versus CIW method when a
temperature value of 8.6 degrees Celsius was used for the 3,490 feet pressure altitude
show the lack of sensitivity of the method to nonstandard temperature lapse rates.

Aircraft efficiency factor and propeller efficiency factor estimations are
calculated in the density altitude data reduction method. The climb performance of the
aircraft increases with an increase in propeller and aircraft efficiency. The aircraft
efficiency and propeller efficiency values change the final results as much as fifty feet
for the maximum rate of climb at sea level value. The density altitudé method is
difficult to understand and follow because of the calculations and estimations to be
made in the data reduction sequence. The density altitude method is published in
Advisory Circular 23-8A (Revision 1) and is known to have at least one misprint. The
misprint is the value of Ws when it should read the value of Wc¢ (weight to be corrected

to).

Recommendations
The sensitivity of the density altitude method to pfopeller efficiency estimations,
aircraft efficiency estimations, and temperature inversions substantiates the need for an

alternate climb performance method in the Federal Aviation Administration Advisory
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Circular 23-8A. Based on results due to insensitivity to temperature inversions, reduced

use of estimated values, and ease of use, the standard climb performance data reduction
method should be PIW (staﬁdardized power) versus CIW (standardized rate of climb).
‘Based on the limited resﬁlts calculated by the thesis, equivalent altitude s‘eems to
provide excellent data reduction methodology for fixed pitch aircraft and does not rely

on aircraft efficiency factor estimations.
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APPENDIX A

Climb Performance Data Reduction Methods




No Quantity Reference Units Information
1 . Vo Flight Data Knots
2 Vi Instrument Calibration Knots
3 Ve Position Calibration Knots
4 hpo Flight Data Feet
5 hpi - Instrument Calibration 'Feet
6 | OATo/0ATI Flight Data ’ °Celsius
7 ta (6) in °Celsius “Celsius
8 Ta 273.16 +(7) °Kelvin
9 CATI/CATI - Flight Data °Celsius {. Not recordgd
10 " tcat (9) in °Celsius °Celsius Not recorded
11 No Flight Data Revolutions per Minute (RPM)
12 Ni Instrument Calibration Revolutions per Minute (RPM)
13 MP obs Flight Data ’ Inches Mercury (in. Hg.)
14 MP ind Instrument Calibration Inches Mercury (in. Hg.)
15 | DryWetPsy - Fiight Data . ND Not recorded
16 AMP Psyc.Chart = InchesMefcury (in. Hg.) Not recorded
17 MP eff (1 4)-(1 6) Inches Mercury (in. Hg.) Not recorded
18| Tsathpi . Altitude Charts” © 0 ®Kewin,
19 Teat 273.16 + (10) °Kefvin Not recorded
20|  Ts/Tcat CoE8y19) ¢ " NID
21| (TsTeatrs @0)*5 N/D
22 HP att. Engine Chart Horsepower
23 | HP temp. cor. (22)*(21) Horsepower
24 5 at hpi Altitude Charts .N/D
25 6 (8)/288.16 . N/D
26| o=8m (24)(25) N/D
27 (0)*.5 (26)*5 N/D
28 Wt Flight Data Pounds (Ibs.)
29 Ws Aircraft Manual Pounds (Ibs.)
30 WtWs (28)/(29) " ND
31| (Wtws)r5 (30)°.5 ND
32| (WitWs)A15 (30)7M.5 N/D
33 PIW (23)*(27)(32) Horsepower
34 vIW (3)(31) - Knots
35 NIW (12)*(27) (31) Revolutions per Minute (RPM)
36 RIC Flight Data Feet per Minute (FPM)
37 | R/C temp. cor. (36)*(8)/(18) Feet per Minute (FPM)
38 CIwW (37)*(27)(31) Feet per Minute (FPM)

F igﬁrg A.1. PIW versus CIW Data Reduction Method:
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Quantity Reference Units
39 Altitude Arbitrary Feet
40 (0)*5, Altitude Tables at (39) N/D
41 MP at (39) MP vs. hpi plot Inches Mercury (in. Hg.)
42 w Arbitrary Pounds (Ibs.)
43 W/MWs (41)/(42) N/D
44 (W/Ws)*.5 (43)~.5 N/D
45 (W/Ws)*1.5 (43)*1.5 N/D
46 BHP std. Day Engine Chart Horsepower
47 PIW (46)*(40)/(45) Horsepower
48 cw PIW vs. CIWV plot Feet per Minute (FPM)
49 R/IC (48)*(44)/(40) Feet per Minute (FPM)

Figure A.2. PIW versus CIW Data Reduction Expansion Calculation — Standard Day.




No Symbol Reference Units

1 Vio Flight Data MPH

2 Ve Ins. & Pos. Calibration MPH

3 Hp Flight Data Feet

4 OAT Flight Data °F

5 o N&/6 N/D

6 He Equivalent Altitude Chart Feet

7 T (4) + 460 °F

8 Ts Std. Temp. at (3) °F

9 Ts @ 1(8) N/D

10 dh/dt (R/C observed) Flight Data Feet per Minute
11 Ct (9)* (10) Feet per Minute
12 Wt Flight Data Pounds

13 WtWs (12) / Ws N/D

14 Ct (WtWs) (11)* (13) Feet per Minute
15 (WtWs)*2 (13)22 N/D

16 1-(WtWs)A2 1-(15) N/D

17 K 1 Ve o K1@2)*(5) N/D

18 Induced Drag Correction (16)* (17) Feet per Minute
19 R/C at Std. Alt. & Weight (Ws) (14) - (18) Feet per Minute

Figure A.3. Equivalent Altitude Data Reduction Method.
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No. Symbol Rerference Units
1 Hp Instrument Calibration Feet
2 OAT Flight Data °F
3 o 80 N/D
4 Hd Hd = 145539[1-(Vo)*.4699 Feet
5 Ts at Hp °F + 460 °F
6 IAS Flight Data knots
7 CAS inst. And Pos, Calibration knots
8 TAS @ 13@) knots
9 R/C observed Flight Data Feet per Minute
10 Ts [(2) + 460}/ (5) N/D
11 Actual R/IC (9) * (10) Feet per Minute
12 Wit Fiight Data Pounds
13 ARIC AW (1) * [1- (12) / We} Feet per Minute
14 q re b*2 (7)*2 e b*2 /295 N/D
15 ADi [Weh2 - (12)2]/ (14) N/D
16 AR/IC ADi [101.27 * (15) * (8)]1 /Ws Feet per Minute
17 Calibrated RPM ' Flight Data - Revolutions per Minute
18 Calibrated MP - Flight Data Inches Mercury
19 | Inlet Air Temperature - | . T El,ighf Data; °F
20 BHP temp. cor. At Hp BHP enginé chart* temb. i'atic;, atHP Horsepower
21 BHP temp. cor. At Hd . BHP.engine chart * temp. ratio, at HD Horsepower
22 | np (propelier efficiency) | Propeller manifacturer , or estimated (.83) N/D
23 ATHP (22) * [(21)-(20)] N/D
24 ARICAp {(23) * 33,000]/ Wc Feet per Minute
25 R/C std. (11) - (13) - (16) + (24) Feet per Minute

Figure A 4. Density Altitude Data Reduction Method.
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APPENDIX B

Instrument Calibrations
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Correction Factor (add to reading)

45

3.5 1

25

15 1

05

Cessna 150M N66525 Airspeed Calibration

\ l-—o— Airspeed lncreasingl

30 40 50 60 70 80 90 100 110120 130

Indicated Airspeed (miles per hour)

Figure B.1. Cessna 150M N66525 Airspeed Calibration.
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Correction Factor (add to reading)

Cessna 150M N66525 Altimeter Calibration

185

150 .
145 \ /\
Wil

125 \ [—o—— Altitude Increasing J

1[\!\ ] \ °

A~ > \ 4

-1000 1000 3000 5000 7000 9000 11000
Indicated Altitude (feet)

Figure B.2. Cessna 150M N66525 Altimeter Calibration.
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Instrument Calibration Chart
 Airspeed - Rear
. Piper Saratoga N22UT
41
[ [ ] [

- 2 L
< T E . A
NI R VRN
-.g.. '.: u // 4
3 -2 F N
£ A
S 4 . ]
E . /
56 7
i 4

-8 +

-10 £ —

0 50 100 150 200 250 300
Observed Alrspeed (knots)

p—u—y— Calibrated by J.C.V.

o omasg ' Oale: 63-1998.

4 Osormasrg TSN: AF44-0065

- ThE M2 10048, %

Figure B.3. Piper Saratoga N22UT Airspeed Calibration.




Instrument Correction (feot)

Instrument Calibration Chart
Altimeter - Rear

Piper Saratoga N22UT
400 T
200 + §
o - = u P
Y SN e Evreen sl Rvven. Vil

o A
-200 + '
400 +——— .

b v
-600 +
-800 +
3 . L} . .
-1000 £ —— : - , : :
0 ‘2000 > 4000 7 6000 8000 | 10000 12000
Observed Altitude (feet)
—— Avarne ' Calbratad by J.CV.
¥ o Date: 6-10-1998
4 Oworeasing 1SN: 362

Tas' AT 10098.xLS

Figure B.4. Piper Saratoga N22UT Altimeter Calibration.
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Instrument Calibration Chart
Manifold Pressure - Rear
Piper Saratoga N22UT

0.2 ¢ .

0.1 § .
I 0+ s - - - -
PO )
£-01%
-5 -0'2.1 ;
£ -0.3%
[<3 E
Q04+ -
g E ;
£ -0.5 ;
E £
K -0.6
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-0.8 — .

0 5 10 15 20 25 . 30
Observed Manlfold Pressure (inch Hg)
N —r—— Calbxated by J.CV.
Date: 6101558,
: Datreasing ISN: $03477
THG: HAPIOI0S XLS

Figure B.5.

Piper Saratoga N22UT and Cessna 150M N66525 Manifold Pressure Calibration.
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APPENDIX C

Airspeed Position Error Calibratibns
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CORRECTION (KNOTS)

POSITION CORRECTION
PIPER SARATOGA PA-32-301, N22UT

5.00 IS TS NS R i 8 IS

4.00
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LT PN of 30 1 el |
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1], :tah. 08 41y

1.00

PR S et
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JAN. 1004

Figure C.1. Piper Saratoga N22UT Airspeed Position Error Calibrations.
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Cessna 150 N66525 312/99
Airspeed Calibration
Spéed Course
2.35 Nautical Miles ‘
70 MPH 80 MPH 190 MPH] . 100 MPH
1 2 1 2 1 2 1 2
Elapsed Time 278 1.8 258 1.65 228 1.5 2.02 1.45
. Rpm 2100 | 2000 | 2050 | 2100 | 2100 2250 2300 2350
Pressure Altitude (ft.) 1650 | 1675 | 1525 1550 | 1600 1525 1550 1500
Hpo (calibrated) ft. 1777 | 1802 | 1645 1672 1725 1645 1672 1620
OAT (C) 133 133 133 13.3 133 13.3 133 133
IAS (knots) 62.6 61.7 | 69.5 7213 | 773 791 86.9 87.8
|AS (calibrated) knots 66 65.2 | 7265 | 751 79.95 | 81.69 89.25 | 90.03
delta ai (aftitude tables) | 0.9376 10.9366{ 0.9419 | 0.9409 0.9392 | 0.9419 0.9409 | 0.9428
. theta ai 0.9941 [0.9941| 0.9941 | 0.9941 | 0.9941 | 0.9941 0.9941 0.9941
sigma ai 0.9432 10.9423]| 0.9475 | 0.9465 | 0.9448 | 0.9475 | 0.9465 0.9484
square root sigma 0.9712 [0.9707| 0.9734 | 0.9729 | 0.972 | 0.9734 0.9729 0.9739
ground speed (knots) 50.72 | 783 547 | 855 61.8 94 - 69.8 97.24
gs square root sigma 493 | 76.01 | 53.24 83.2 60.1 | 915 67.91 947
gs sq. rt. Sigma avg. 6266 | 6266 6822 | 6822 | 75.8 75.8 .81.31 81.31
Vi average (knots) 656 656 | 73.88 | 73.88 | 80.82 | 80.82 89.64 89.64
delta Vpc 294 | 294 | -566 | 566 | -5.02 -5.02 -8.33 -8.33
Ve (knots) 63.06 | 6226 | 6699 | 69.44 | 7493 | 7667 | 80.92 81.7
-V (knots) 64.93 | 64.14] 688 714 774 78.8 83.2 83.89
ground speed (knots) - | 50.72 | 783 54.7 85.5 61.8 94 69.8 97.24
wind 11421 (-14.16] 141 | -144 163 | .-15.2 134 -13.35

Figure C.2. Cessna 150M N66525 Airspeed Position Error Values.
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Cessna 150 N66525 Airspeed Calibration
Speed Course
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\
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-10
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Figure C.3. Cessna 150M N66525 Airspeed Position Error Calibrations.
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APPENDIX D

Aircraft Weight and Balance




Station Weight (bs.)] Arm (in.) | Moment (in.-lbs.)
Basic Empty Weight 2160.54 81.82 176766.46
Pilot & Front Passenger 310 855 26505
Center Seat Passengers (2)
Forward Facing 0 118.1 0
Aft Facing 0 119.1 0
Rear Seat Passengers (2) 345 157.6 54372
Jump Seat Passengers (2) 0 118.1 0
Fuel (102 Gallon Maximum)
Left ' 150 04 14100
Right 150 94 14100
Fore Baggage (100 Ib limit) 0 42 0
Aft Baggage (100 Ib limit) 0 178.7 0
TOTALS 3115.54 285843.46
Center of Gravity Location ' 91.7 inches
(inches aft datum)
Center of Gravity Location 21.4% MAC

(% mean aerdynamic chord)
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Figure D.1. Piper Saratoga N22UT Flight Test Weight and Balance.




Station Weight (ibs.) | Moment (in. Ibs.)/1000
Basic Empty Weight 1122 37.77
Fuel 114 48
| Front Seats . . 305 119
‘ Baggage Area 1 (120 Ibs. maximum) 0 : 0
Baggage Area 2 (40 Ibs. maximum) 0 0
TOTALS ’ 1541 54.47
Center of Gravity Location * 35.35 inches
(inches aft datum) ool

Figure D.2. Cessna 150M N66525 Flight Test Weighi and Balance.




APPENDIX E

Pressure Altitude versus Time Graphs

99




Calibrated Altitude vs. Time PA 32-301 N22UT
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Figure E.1. Piper Saratoga N22UT Calibrated Altitude versus Time Graph 3,500 feet.
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Pressure Altitude (feet)
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Figure E.2. Piper Saratoga N22UT Calibrated Altitude versus Time Graph 7,000 feet.
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Calibrated Altitude vs. Time Cessna 150M
N66525

]
3500 +— *
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Figure E.3. Cessna 150M N66525 Calibrated Altitude versus Time 3,000 feet.
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Calibrated Altitude vs. Time Cessna 150M
N66525

5300
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Figure E.4. Cessna 150M N66525 Calibrated Altitude versus Time 6,000 feet.
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APPENDIX F

Engine Horsepower Charts
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Figure F.1. Piper Saratoga Engine Horsepower Chart Lycoming 10-540-K1GS.







APPENDIX G

Manifold Pressure Graphs
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Pressure Altitude (feet)

Pressure Altitude vs. Manifold Pressure
PA32-301 N22UT
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Figure G.1. Piper Saratoga N22UT Manifold Pressure Chart.
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Pressure Altitude (feet)

Pressure Altitude vs. Manifold Pressure
Cessna 150M N66525
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Figure G.2. Cessna 150M N66525 Manifold Pressure Chart.
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APPENDIX H

PIW versus CIW Graphs
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Figure H.1. Piper Saratoga N22UT PIW versus CIW Graph.

111




PIW (BHP)

100

90

80

70

60

50

40

30

20

10

0

PIW vs. CIW Cessna 150 N66525

y = 0.0929x + 45.387

-
~

VELARZ0 NS B S0 o o o e B g B S0 B LB S S B0 R B T

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700

T Ty

CIW (feet per minute)

Figure H.2. Cessna 150M PIW versus CIW Graph.
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APPENDIX 1

Pressure Altitude versus Rate of Climb Graphs
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Figure 1.1. Piper Saratoga N22UT Pressure Altitude versus Rate of Climb Graph.
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Figure 1.2. Cessna 150M N66525 Pressure Altitude versus Rate of Climb Graph.
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APPENDIX J

Equivalent Altitude Formula and Chart
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Figure J.1. Equivalent Altitude Formula and Chart.



APPENDIX K

Equivalent Altitude versus Rate of Climb Graph
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Figure K.1. Cessna 150M N66525 Equivalent Altitude versus Rate of Climb Graph.
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APPENDIX L

Density Altitude versus Rate of Climb Graph
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Figure L.1. Piper Saratoga N22UT

Density Altitude versus Rate of Climb Graph.
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Figure L.2. Cessna 150M N66525

Density Altitude versts Rate of Climb Graph.
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APPENDIX M

PIW versus CIW Data Reduction Results
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No Quantity Reference Units 1 2
1 Vo Fl..Data Knots 92.6 92.4
2 Vi Inst. Cal. Knots 922 91.2
3 Ve Pos. Cal. Knots 91 89.8
4 hpo Fl. Data Feet 3400 6890
5 hpi Inst. Cal. Feet 3490 6760
6 OATo/OATI Fit & Cal. C 22 ‘0.6
7 ta ®)inC C 22 06
8 Ta 273.16 + (7) K 270.96 273.76
11 No Fl. Data RPM 2700 2700
12 Ni Inst. Cal. RPM 2700 2700
13 Mpo Fl. Data In.Hg. 26.4 23.3
14 Mpi Inst. Cal. In.Hg. 262 23.06
18 Ts @ hpi Chart K 281.25 274.767
20 Ts/Tcat (18)/(19) N/D 1.03797 1.003678
21 Ts/Tcatt.5 (20)~.5 N/D 1.018808 1.0018373
22 HP alt. Eng. Chart HP 276 242
23| HP temp. cor. (22)*(21) HP 270.9048221|241.5561888
24 delta @ hpi Chart N/D 0.88012 0.77779
25 theta (8)/288.16 N/D 0.940310938] 0.950027762
26 sigma (24)/(25‘) N/D 0.935988261| 0.81870239
27 sigmat.5 (26).5 N/D 0.96746473 | 0.9048215
28 Wt Fl. Data Lbs. 3083.74 3071.74
29 Ws Arbitrary Lbs. 3600 3600
30 WHWs (28)/(29) N/D 0.8565944 | 0.8532611
31 WtWs*.5 (30)~.5 N/D 0.9255236 | 0.92372127
32 WtWs*1.5 (30)*1.5 N/D 0.79279799 { 0.7881753
33 PIW (23)*(27)/(32) HP 330.5897137| 277.3053572
34 Viw (3)/(31) Knots 98.3227224 | 972154728
35 NIW (12)*(27)/(31) RPM 2822.353499 2644.756735
36 R/IC Fi. Data FPM 900.06 704.4
37| R/Ctemp.cor. (36)*(8)/(18) FPM 867.1298048| 701.818428
38 Ciw (B7)*(27)/(31) FPM 906.42475511687.4588941
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Figure M. 1. Piper Saratoga N22UT PIW versus CIW Data Reduction Results.




No.| Quantity Reference Units
39| Attitude Arbitrary Feet 0 1000 | 2000 4000 | 5000
sigma Chart@ (39) | N/D 1 0.971 | 0.9427 0.888 | 0.8616
40| sigmars | chat@@9) | ND | 1 0.9854 | 0.971 '0.9424 | 0.9283
41| MP@39 MPvs.hpi | InHg.| 202 | 283 | 274 25.7 247
42 w Arbitrary tbs. | 3600 | .3600. | 3600 3600 | 3600
43|  wmws @@ | ND 1 1 1 1 1
ss| wWwsrs, | @arst | ND Lo 1| 1] 1 1
45| wwsrs | @M | NDL 1 141 1 1
46| BHP std. Day| Eng.Chart -| HP. |. 300 .| 296 - 286 270 259
47 PIW @er@oy@s) | Hp | ‘300 |[201678 277.11 254 448 | 240.43
48 cw Piwvs.Ciw | FPM | 780.8467 | 746.644| 689.21 593.621 | 536.004
49 RIC (48)"(44)/(40) | FPM |780.8467]757.706] 709.8 629.903 | 577.404
39| Aftitude Arbitrary Feet | 6000 | 7000 | 8000 10000 | 11000
sigma Chart@(39) | N/D | 0.8358 | 0.8106 | 0.786 0.7384 | 0.7155
40| sigmar5 | Chart@(39) | N/D | 0.9143 | 0.9004 | 0.8866 0.8593 | 0.84587
41| MP@39 MPvs.hpi | tnHg. | 237 228 |. 222 20.3 193
42 W . Arbitrary Ws. | 3600 | 3600 | 3600 3600 | 3600
431 Wws (41)1(42) N/D. 1 1 1 1 1
44| WWsr5 (4375 N/D 1 1 1 1 1
45| WwWsAL5 “43M.5 N/D 1 1 1 1 1
46 | BHP std. Day| Eng.Chart | HP 249 241 | 237 216 203
47 Pw | (46)40)45) | HP |227.6607}216.996 210.12 185.609 | 171.712
48 cwW Piwvs.Ciw | FPM |483.5212|439.689| 411.44: 310.681 | 253.562
49 RIC 48)~a4)/(40) | FPMm | 528.843 | 488.327] 464.07 361.552 | 299.765
39| Altitude Arbitrary Feet | 12000 | 13000 | 14000
sigma © | Chart@(39) | N/D | 06932 | 06721 | 0.65
40| sigmatr5 | Chart@(39) | N/D |0.832586 [0.81982| 0.8062
4| MP@39 MPvs.hpi | InHg.| 186 | 17.7 | 167
42 w Arbitrary Lbs. | 3600 | 3600 | 3600
43| WMWs (41)1(42) ND 1 1 1
44| WMWsr5 (43)"5 N/D 1 1 1
45| WWsrM.5 (435 N/D 1 1 ] 1
.46 | BHP std. Day| Eng.Chart | HP 195 188 | 177
47 PIW (46)"(40)/(45) | HP |[162.3543]|154.126] 1427
48 cw PiwvsCiw | FPM [215.1018]181.281 134.33
49 RIC (48)'(44)(40) | FPM |258.3539]221.123 166.61

Figure M.2. Piper Saratoga N22UT

PIW versus CIW Expansion Calculation — Standard Day 3,600 pounds.
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No.| Quantity Reference Units . -
139] Attitude Arbitrary Feet 0 1000 2000 | 3000 | 4000 | 5000
1 sigma Chart@ (39) | N 1 0971 | 09427 | 0.9151 | 0888 | 0.8616
40| sigmatr5 | Chat@(39) | ND 1 09854 | 0971 | 0.9566 | 0.9424 | 0.9283
Ta41] MP@39 MPvs.hpi | InHg. | 29.2 28.3 27.4 265 | 257 247
42 w Arbitrary tbs. | 3200 | 3200 3200 | 3200 | 3200 | 3200
43| wWws (41)/(42) ND | 0.88889 | 0.888889 | 0.8888889| 0.88889 | 0.88889 | 0.8888889
44| Wwsr5 (4305 ND | 0.94281 | 0.942809] 0.942809 | 0.94281 | 0.94281| 0.942809
45| Wws*15 (43)M.5 ND | 0.8381 | 08381 | 08381 | 0.8381 | 0.8381 | 0.8381
46 |BHP std. Day| Eng.Chart | HP 300 296 286 277 270 | . 259
47 PIW (46)(40)/(45) | HP | 357.953| 348.0234|331.35187| 316.165] 303.601| 286.87472
48] cw PwvsCiw | EPM | 1019.04 | 978.2301 | 909.70763| 847.289 | 795.647 | 726.89978
149]  rRIC 48)44)(40) | FPM | 960.76] 935.9401]|883.29617| 835.074] 795.993| 738.261
39| Altitude " Arbitrary Feet | 6000 | 7000 8000 | 9000 | 10000 [ 11000
, sigma Chart@(39) | ND | 0.8358 | 0.8106 | 0786 | 0.7619 | 0.7384 | 07155
40| sigmar5 | Chart@(39) | ND | 09143 | 09004 | 0.8866 | 0.8729 | 0.8593 | 0.84587
41| MP@39 | MPvs.hpi | InHg. | 237 228 222 2114 | 203 193
2 w Aritrary * | Lbs. | 3200 | <3200 3200 | 3200 | 3200 [ 3200
43| WMWs @1)142) - | ND | o0.88889 | 0.888889 | 0.8888889| 0.88889 | 0.88889 | 0.8888889
44| WMWsA5 @35 | ND 0942810942809 0.942809 | 0.94281 | 0.94281 | 0.942809
45| WWs*.5 (43M.5 ND | 08381 | 0.8381 | 08381 | 0.8381 | 0.8381 | 0.8381
46|BHP std. Day| Eng.Cnat | HP | 249 241 237 | 225 216 203
a7 Pw @) a0)45) | HP | 271.639].268.9147|250.71495] 234.343| 221.464| 204.88201
48| cw PwvsCiw | FPM | 664.279 | 611.9798 |578.27764( 510.986 | 458.051 | 389.89727
49 RiC - | @e)y@ayao) | FPm: | e84.992| 640.8042| 614.93953| 551.908] 502.566| 434.58058
39| Altitude Arbitrary Feet | 12000 | 13000 | 14000
* sigma: Chart@ (39) | N/D | 06932 | 06721 | 065
40| sigmar5 | Chart@(39)'| N/D | 0.83259 | 0.819817 |0.8062257
4| MP@39 MPvs:hpi | InHg.| 186 | -177 16.7
42 w " Amitrary . | Lbs. | 3200 | 3200 3200
43| WMWs | (41)0(42) ND | 0.88889 | 0.888889 | 0.8888889
44| wwsr5 | (435 N/D | 0.94281.| 0.942809 | 0.942809
45| WMWSsM 5 @35 | ND-| 0.8381 | ‘0.8381- | 0.8381.
46|BHP std. Day| Eng.Ghart | HR | 195 | 88 | 177 .|
47 PIW 46)40)(45) [ HP" | 193.717|-183.8088| 170.2684
48| . cw | PwvsCw | FPM | 344.008 | 303.6532 | 247.6301
1as| - ric | (a8)@aya0y | FPM | 389.55| 349:2084| 289.58131

Figure M3 Pij)er Saratoga N22UT

PIW versus CIW Expansion Calculation — Standard Day 3,200 pounds.
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No. Quantity Reference Units
39 Altitude Arbitrary Feet 0 1000 2000 3000 4000 5000
sigma Chart @ (39) | N/D 1 0.971 0.9427 | 0.9151 0.888 | 0.8616
40 sigma®.5 Chart@ (39) | ND 1 0.9854 0.971 0.9566 | 0.9424 | 0.9283
41 MP @ 39 MP vs. hpi | In.Hg. 29.2 28.3 274 265 25.7 247
42 w Arbitrary Lbs. 3000 3000 3000 3000 3000 3000
43 W/MWs (41)/(42) ND | 0.833333 }0.833333| 0.83333 | 0.83333 | 0.833333 0.83333
44| WMWsrS (4375 ND | 0.912871]0.912871] 0.91287 } 0.91287 | 0.912871 0.91287
45| WMWsM.S 43)M.5 ND | 0.760725 | 0.760725| 0.76073 | 0.76073 | 0.760725 0.76073
46 | BHP std. Day} Eng. Chart HP 300 296 286 277 270 259
47 PiwW (46)*(40)/(45) | HP | 394.3605 383.4215| 365.054| 348.323| 334.4808] 316.053
48 CIw Piwvs.Ciw | FPM | 1168.683 | 1123.722{ 1048.23 | 979.462 922.568 | 846.828
49 R/C (48)*(44)/(40) | FPM | 1066.856] 1041.011 985.477| 934.688} 893.6601| 832.753
39 Altitude Arbitrary Feet 6000 7000 8000 9000 10000 | 11000
sigma Chat @ (39) | ND | 0.8358 | 0.8106 0.786 | 0.7619 | 0.7384 | 0.7155
40 sigma*.5 Chart@ (39) | N/D | 0.9143 | 0.9004 0.8866 | 0.8729 { 0.8593 |0.84587
41 MP @ 39 MP vs. hpi | in.Hg. 237 228 22.2 211 20.3 19.3
42 W Arbitrary Lbs. 3000 3000 3000 3000 3000 3000
43 W/MWs (41)/(42) N/D | 0.833333 | 0.833333] 0.83333 | 0.83333 | 0.833333 0.83333
44| WMsrS 43)~.5 ND | 0.912871|0.912871] 0.91287 | 0.91287 | 0.912871} 0.91287
45] WMWsM.5 43)"M.5 N/D | 0760725 ] 0.760725| 0.76073 | 0.76073 1 0.760725] 0.76073
46| BHP std. Day} Eng. Chart HP 249 241 237 225 216 203
47 PIW (46)*(40)/(45) | HP | 299.2679] 285.2494 276.216| 258.178] 243.9893| 225.721
48 ciw Piwvs.Ciw | FPM | 777.8378 | 720.2193} 683.089 | 608.952 | 550.634 475.548
49 R/C (48)*(44)/(40) FPM | 776.6219] 730.1945| 703.33] 636.836| 584.9618| 513.216
39 Altitude Arbitrary Feet | 12000 13000 14000
sigma Chart@ (39) | N/D | 0.6932 06721 1 065
40 sigma*.5 Chart @ (39) | N/D | 0.832586 | 0.819817} 0.80623
41 MP @ 39 MP vs. hpi | In.Hg. 18.6 177 16.7
42 w Arbitrary Lbs. 3000 3000 3000
43 W/MWs (41)/(42) N/D | 0.83333310.833333} 0.83333
441 W/MWsr5 (43)~.5 N/D | 0.912871 | 0.912871| 0.91287
45| WMWsrM.5 (43)M.5 N/D | 0.760725 | 0.760725| 0.76073
46 | BHP std. Day | Eng. Chart HP 195 188 177
47 PIW (46)*(40)/(45) | HP |213.4204 } 202.6035 187.587
48 Ciw Piwvs.Ciw | FPM | 424.9912 | 380.5322| 318.811
49 R/IC (48)*(44)/(40) | FPM | 465.9723 | 423.7247] 360.982

_Figure M.4. Piper Saratoga N22UT

PIW versus CIW Expansion Calculation — Standard Day 3,000 pounds.
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No.| Quantity " Reference | Units
39 |7 Atitude Arbitrary Feet 0 1000 | 2000 | 3000 | - 4000 5000
sigma . | Chant@(39) | N/D 1 0971 |09427| 09151 | 0888 | 0.8616
40 | sigmar5 | chat @139) D | i 0.9854 | 0.971 | 0.9566 | 0.9424 | 0.9283
41| MP@39 | MPvs.hpi |InHg.|. 292 283 | 274 | 265 257 24.7
42 w Arbitrary ~ | tbs. | 2800 | 2800 |.2800 | 2800 2800 2800
43 W/Ws (41)1(42) nD | 077778] 0.7778] 0.7778| 0.77778] 0.777778| 0.77778
44 | WWsh5 (43°5 ND | 0.88192] 0.8819] 0.8819] 0.88192| 0.881917| 0.88192
45 |  WWsM 5 (43)M.5 N/D | 0.68594| 0.6859| 0.6859| 0.68594| 0.685936| 0.68594
46 |BHP std. Day| Eng.Chart | HP | 300 206 | 286 | 277 270 259
47 PIW (46)40)/(45) | HP | 437.359] 425.23] 404.86] 386.302| 370.9503} 350.514
48 ciw Piwvs.Ciw | FPM | 1345.41] 1295.5| 1211.8| 1135.56] 1072.463| 988.465
49 RIC (48)"(44)/(40) | FPM | 1186.54] 1159.5].1100.6) 1046.91] 1003.633) 939.076
39 | Alitude | Arbitrary Feet | 6000..] 7000 | 8000 | 9000 | 10000 | 11000
sigma Chat @ (39) | N/D | 0.8358 | 0.8106 | 0.786 | 0.7619 | 0.7384 | 0.7155
40 | sigma*5 | Chart@(39) | N/D | 0.9143 | 0.9004 | 0.8866| 0.8729 | 0.8593 | 0.84587
41| MP@39 | MPvs.hpi |InHg.| 237 | 228 | 222 ] 211 203 193
42 w Arbitrary | Lbs. | 2800 | 2800 | 2800 | 2800 2600 2800
43 WWs (41)/(42) N/D | 0.77778| 0.7778| 0.7778] 0.77778| 0.777778{.0.77778|
44 | WMWsrS (4375 ND | 0.88192] 0.8819] 0.8819] 0.88192| 0.881917| 0.88192
45 | W/WsrM.5 (43)M.5 N/D | 068504} 0.6859] 0.6859| 0.68594| 0.685936| 0.68594
46 |BHP std. Day] Eng.Chart | HP | 249 241 | 237 | 225 216 203
47 PIW | 46)°(40)/(45) | HP" [331.898 1316.35| 306.33| 286.328| 270.5922} 250.332
48 cw Piwvs.Ciw | FPM | 911.953| 848.05| 806.87|.724.652| 659.9761} 576.704
49 RIC (48)*(44)/(40) | 'FPM | 879.653] 830.64] 802.61| 732.138| 677.3469| 601.28
-39 | Altitude Arbitrary Feet | 12000 | 13000 | 14000
sigma Chart @ (39) | N/D | 06932 | 0.6721] 0.65
40 | sigmar5 | Chart@(39) | N/D {0.83259 0.8198 | 0.8062
41| MP@39 | MPvs.hpi |InHg.| 186 | 177 | 167
42 w Arbitrary tbs. | 2800 | 2800 | 2800
43 WWs - (41)/(42) N/D | 0.77778] 0.7778] 0.7778
441 WMWsrS (43)%.5 'N/O | 0.88192| 0.8819] 0.8819
45 | WMsrM.5 (43)".5 N/D | 068594| ©0.6859] 0.6859
46 |BHP std. Day] Eng. Chart ‘HP 195 188 177
47 pw | (@e)(a0as) | HP | 236.69] 224.69| 208.04
48 cw Piwvs.Ciw | FPM | 520.634] 471.33] 402.88
49 RIC (48)*(44)/(40) | FPM | 551.482| 507.03| 440.7

Figure M.5. Piper Saratoga N22UT

PIW versus CIW Expansion Calculation — Standard Day 2,800 pounds.
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No. Quantity Reference Units 1 2

1 Vo Flight Data mph 78 78

2 Vi Inst. Cal. mph 81.8 81.8

3 Ve Pos. Cal. mph 753 753

Ve knots 65.44 65.44

4 hpo Flight Data feet 2000 4000

5 hpi Inst. Cal. feet 2140 4150

6 OATo/OATi Flight Data °Celsius 10 10

7 ta (6) in °Celsius °Celsius 10 10

8 Ta 273.16 + (7) °Kelvin 283.16 283.16
11 No Flight Data RPM 2400 2400

12 Ni Flight Data RPM 2400 2400

13 Mpo Flight Data In.Hg. 26.5 247

14 Mpi Inst. Cal. In.Hg. 26.3 24.48

18 Ts @ hpi Afftc H'd book °Kelvin 283.92 279.94
20{ Ts/Tcat (opt) (18)/(19) N/D 1.002684 0.98863
21| (Ts/Tcat)*.5 (20)~.5, N/D 1.001341101]0.994298748
22 HP ait Eng. Chart HP 82 76

23| HPtemp cor... (22)*(21) - HP 82.10997026| 75.56670484
24 8@ hpi - Afftc H'd book N/D 0.92504 0.8588
25 6 (8)/288.16 ~ NID 0.982648529 0.982648529
26! o =25/0 (opt) (24) / (25) N/D 0.941374228) 0.873964571
27 (c)*.5 (26)*.5 N/D 0.970244417| 0.934860723
28 Wit Flight Data Ibs. 1537.56 1632.83
29 Ws Arbitrary Ibs. 1600 1600

30 WitWs (28) / (29) N/D 0.960975 | 0.95801875
31| (WtWs)A5 (30)~.56 N/D 0.980293323| 0.978784323
32| (WtWs)*.5 (30)*.5 N/D 0.942037377| 0.937693733
33 " PIW (23)*(27) / (32) HP 84.56855554 | 75.33839868
34 ViwW (3)/(31) knots 66.75552963 | 66.85844725
35 NIW (12)*(27) 1 (31) RPM 2375.397796 | 2292.298399
36 R/IC Flight Data FPM 42711 333.588
37| R/Ctemp.cor. | (36)*(8) /(18) FPM 425.9667075| 337.4250842
38 CIW (37)*(27) 1 (31) FPM 421.6001576| 322.2829084

Figure M.6. Cessna 150M N66525 PIW versus CIW Data Reduction Results.




No. Quantity Reference Units
39 | Altitude Arbitrary Feet 0 1000 | 2000 | 3000 4000
o AFFTC N/D 1 0.971 | 0.9427 | 0.9151 | 0.888
40 (o5 | AFFTC @@39)| ND 1 .. |.09854 | 0971 |0.9566| 0.9424
4| MP@@39) | MPvs. hpi in.Hg. | 281 ] 273 26.4 255 246
42 w Arbitrary Ibs. 1600 | 1600 1600 | 1600 1600
43 WWs . (41)/(42) ND | IR PER 1 1 1
44 | (WMWs)'5 (4375 N/D 1 1 1 1 1
45 | (WWs)M.5 | (43M.5 " NID SRR 1 1 1
46 | BHP stdday| Eng. Chart HP 87 - 86 83 78 76
47 PIW (46)*(40)/(45) | HP 87 84.7444 | 80.593 |74.6148] 71.6224
48 cw PIWvs.CIW | FPM | 447.9333 | 423.653 | 378.967 | 314.616| 282.4047
49 R/C (48)"(44)/(40) | FPM |447.9333] 429.93 | 390.285 | 328.89 | 299.6655
39 | Attitude Arbitrary Feet 5000 6000 7000 | 8000 9000
o AFFTC ND | 08616 | 0.8358 | 0.8106 | 0.786 | 0.7619
40 ©*5 |AFFTC@(39)| ND | 09283 | 09143 | 0.9004 | 0.8866 | 0.8729
41| MP@@39) | MPvs.hpi |inHg. | 238.| 229 22 21.2 20.3
42 w Arbitrary Ibs. 1600 1600 1600 | 1600 1600
43 W/Ws (41)/(42) N/D 1 1 1 1 1
44 | (WNWs)A5 (43)~.5 N/D 1 1 1 1 1
45 | (WWs)M.5 (43)M.5 N/D 1 1 1 1 1
46 | BHP std day| Eng. Chart HP 75 r4l 68 65 62
47 PIW (46)'(40)/(45) | HP | 69.6226 | 64.9153 61.2272 | 57.629 | 54.1198
48 cw PWvs.CIW | FPM | 260.8773| 210.208 | 170.508 | 131.776] 94.00215
48| " RIC (48)*(44)/(40) | FPM | 281.0269 | 229.911 ] 189.369 | 148.631] 107.6895
39| Altitude Arbitrary Feet | 10000 | 11000 | 12000 | 13000 | 14000
o AFFTC ND | 07384 { 07155 | 06932 | 06721 | 0.65
40 ("5 |AFFTC@ (39)] N/D | 0.8593 | 0.84587 | 0.83259 | 0.81982 0.806226
41 MP@@9) | MPvs.hpi |in Hg. 19.5 186 177 16.8 16
42 w Arbitrary ibs. 1600 1600 1600 | 1600 1600
43 WWs (41)/(42) N/D 1 1 1 1 1
44 | (WWs)A5 (43)%.5 N/D 1 1 1 1 1
45 | (WWs)M.5 43)M.5 N/D 1 1 1 1 1
46 | BHP std day| Eng. Chart HP 59 57 54 51 48
47 PIW (46)*(40)/(45) | HP | 50.6987 | 48.2146 | 44.9596 | 41.8107 38.69885
48 ciw PIWvs.CIW | FPM | 57.17653 | 30.4369 | -4.60017 | -38.497 | -71.993
49 R/C (48)*(44)/(40) | FPM | 66.5385 | 35.983 | -5.52516] -46.958 | -89.2963

Figure M.7. Cessna 150M N66525

PIW versus CIW Expansion Calculation — Standard Day 1,600 pounds.
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Units

Figure M.8. Cessna 150M N66525

No. Quantity | Reference
39 | Alitude Arbitrary Feet 0 7000 | 2000 | 3000 | 4000
o AFFTC N/D 1 0971 | 09427 | 0.9151 | 0.888

s | ©rs |arFrc@@e| NO 1 09854 | 0971 | 0566 | 0.9424
41 | MP@@9) | MPvs.hpi+ |in.Hg. [ 28.1 2713 | 264 255 246
42 w Asbitrary bs. | 1500 | 1500 | 1500 | 1500 | 1500
43 WWSs @1y@2) | ND | 09375 | 09375 | 09375 | 09375 | 0.9375
44 | (Wws)h5 (4305 ND | 0.9682458] 0.96825 | 0.968246 | 0.96825 | 0.968246
45 | WWs)M.5|  (43M.5 ND |0.9077205] 0.90773] 0.907731 | 0.90773 | 0.907731}
46 |BHPstdday| Eng.chat | HP | 87 | 86 g3 | 78 76
47 PIW @6)40)/(45) | HP |95.843425| 93.3585| 88.78516 | 82.1993 | 78.90271
48 cIw PWvs. CW | FPM |543.12621|516.378 | 467.1492 | 396.257 | 360.7719
49 RIC 48y (44)/(40) | FPM |525.87967| 507.389 | 465.8242 | 401.081 | 370.6663
39 | Altude Asbitrary Feet | 5000 | 6000 | 7000 | 8000 | 9000

‘ o AFFTC no | ossie | 0.83s8 | 08106 | 0786 | 07619
0 | ©rs |AFTc@@e)| ND | 09283 | 09143 | 09004 | 0.8866 | 0.8729
41 | MP@@39) | MPvs.hpi |inHg.| 238 | 229 22 212 | 203
42 W Asbitrary bs. | 1500 | 1500 | 1s00 | 1500-] 1500
43 WWs . | .(41)/42) ND | 09375 | 09375 | 09375 | 09375 | 0.9375
44| WMWs)h5 (4315 ND |0.9682458] 0.96825 | 0.968246 | 0.96825 | 0.968246
45 | WWsM.5|  (43M.5 ‘ND |0.9077305! 0.90773 | 0.907731 | 0.90773 | 0.907731
46 |BHPstdday| Eng.Chat | HP 75 | 7 68 65 62
47 PIW | (46)y@40)(45) | HP |76.699527 '71.5138| 67.45086 | 63.4869 | 59.621
48| cow PIWvs.CIW | FPM |337.05626| 281.236 | 237.5011 | 194.832 | 1532185
49 RIC {48y @44ya0) | FPM |351.56018] 207.83 | 256.397 | 212.774 | 169.9544
39 | Altitude Arbitrary Feet | 10000 | 11000 | 12000 | 13000 | 14000
. o AFFTC nD | 07384 | 07155 | 06932 | 06721 | 065
40 ©5 |AFFTC@(39)| ND | 08593 |0.84587|0.832586 | 0.81982 | 0.806226
41 | MP@@9) | MPvs.hpi |In.Hg.| 195 186 | 177 16.8. 16
42 w Arbitrary | tbs. | 1500 | 1500 | 1500 | 1500 | 1500 .
43 WWs @)42) - | ND.|- 09375 | 09375.| 0.9375 | 0.9375 | 0.9375
44 | (WMWs)r5 @5 - | D 7| 0.9682458] 0.96825 | 0.968246 | 0.96825 | 0.968246
45 | Wwspr15| - @3)M.5 ND |0.9077305] 0.90773 | 0.907731 | 0.90773 | 0.907731
46 |BHPstdday| - Eng.Chart ‘| HP | 59 57 | "s4 - | 51 48
47 PIW 46)'40y(45) | HP | 55.85215 | 53.1155 | 49.52973 | 46.0607 | 42.63253
48 cIwW piw vs. OW | EPM. [112:64962] 83.192 | 44.5934 | 7.25147 | -29.6498
49 RIC (48)°(44)(40) | .FPM |126.93183] 95.2277 | 51.85936 | 8.56435 -35.6083

PIW versus CIW Expansfon Calculation — Standard Day 1,500 pounds.
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Equivalent Altitude Data Reduction Results
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No.| Symbol ' . ftem . | . o Units | 9 2
1 Vi ‘ Ind. Airspeed MPHY{ 78 78
2 Ve Cal. Airspeed MPH |~ 7563 75.3
3 Hp Pressure Alt. . Feet 2140 4150
4 OAT Free Air Temp , °F 50 50 )
5 o*5 (p/po)*.5 @ (3) & (4) ‘ 0.9702444| 0.9348607
6 He Equivalent Alt. Feet | 2108.0486] 4288.3732
7 T OAT Abs. = (4) + 460 . °F 510 510
8 Ts std. Abs. Temp. @ (3) ~ °F 511.41 504.24
9 TiTs ’ ' Temp. ratio (7)/(8) "1 0.9972429 | 1.0114231
10 dh/dt Obs. Rate of Change of Press. Alt. FPM 427.11 333.588
11 Ct ' RIC @ Test Weight, Wt= (9)*(10) FPM | 425.93242 | 337.39862
12 Wi Aircraft Test Weight Lbs. 1537.56 1632.83
13 | WtWs Weight Ratio (12)/Ws 0.960975 | 0.9580188
14 . Ct WtWs = (11)*(13) FPM | 409.31041 | 323.2342
15 | (WtWs)*2 (13)2 0.923473 | 0.9177999
16 1-(WtWs)*2 =1 - (15) : 0.076527 | 0.0822001
17 KNc*c?.5 = KI(2)*(5) 271.70337 | 281.98711
18 Induced drag corr. = (16)*(17) . .FPM | 20.792657 | 23.179361
19 Cc R/C @ Std. Alt. (6) & Weight (Ws) = (14)-(18) FPM | 388.51775 | 300.05484

Figure N.1. Cessna 150M N66525

Equivalent Altitude Data Reduction Resﬁlts 1,600 pounds.




No.| Symbol ‘tem Units 1 2

1 Vi Ind. Airspeed MPH! 78 78

2 Ve Cal. Airspeed MPH|- 753 753

3 Hp Pressure Alt. Feet! 2140 4150

4 OAT Free Air Temp °F 50 50

5 oh5 (Ppo)*5 @ (3) & (4) 0.9702444| 0.9348607
6 He Equivalent Alt. Feet| 2108.0486| 4288.3732
7 T OAT Abs. = (4) + 460 “oF 510 510

8 Ts std. Abs. Temp. @ (3) °F | 511.41 504.24

9 s Temp. ratio (7)/(8) 0.9972429 | 1.0114231
10] dwdt Obs. Rate of Change of Press. Alt. FPM| 427.11 | 333.588
11 ct R/IC @ Test Weight, Wt= (9)*(10) FPM | 425.93242 | 337.39862
12 Wt Aircraft Test Weight Lbs.| 153756 | 1532.83
13| WtWs " Weight Ratio (12)Ws 1.02504 | 1.0218867
14 Ct WtWs = (11)*(13) | FPM | 43659777 | 344.78315
15 | (WtWs)*2 @anz " | 1.050707 | 1.0442524
16 1-(WtWs)"2:= 1 - (15) -0.050707 |-0.0442524
17 KIVe*oh 5= KI(2)*(5) 254.72191 | 264.36291
18 Induced drag corr. = (16)*(17) FPM | -12.916184 | -11.698683
19 Ce R/C @ Std. Alt. (6) & Weight (Ws) = (14)(18) | FPM | 449.51395 | 356.48183

Figure N.2. Cessna 150M N66525

Equivalent Altitude Data Reduction Results 1,500 pounds.
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Density Altitude Data Reduction Results
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Figure O.1. Piper Saratoga N22UT

No. ‘ltem Ref. Units 1 2
1-|  Pressure Altitude Hp ' Feet 3490 6760
2 Outside Air Temp. °F 28 33
3| Atmospheric Density Ratio c 0.935988261| 0.819618153
4 Density Alt. Hd=145539[1-(c*.5)".4699] Feet 2244 5482011 6645.335598
5 | std. Temp.atHp (Ts) °F + 460 °F 506.59 494.94
6 Indicated Airspeed knots 92.6 92.4
7 Calibrated Airspeed knots 91 89.8
8 True Airspeed MIE*".5 knots 94.06025996| 99.19060247
9 Observed Rate of Climb : , ft./min. 900.06 704.4
10 Ts (2)+460/(5) 0.963303658| 0.996080333
11 Actual R/C ©(9)* (10) 867.0310902| 701.6389865
12 Test Weight ) Ibs. 3083.74 3071.74
13 . ARIC AW (11)[1-(12/We] 124.3371 102.95773 ]
14 qrebr2 (7)*2*ne b*2/295 92405.44117) 89984.44316
15 ADi Wcr2-(12)72/(14) 37.34138995| 39.16691873
16 ARIC ADi 101.27*(15)*(8)Ws 98.80409931 | 109.2869345
17 Calibrated RPM ’ RPM 2700 2700
18 Calibrated MP in. Hg. 262 23.06
19 Inlet Air Temp. °F 28 33
20| BHP cor. for Temp. at Hp HP . 267.63 235.8759
21| BHPc cor. for Temp. at Hd HP 262.7877 2349012
22 np propelier efficiency 0.83 0.83
23 ATHP (22)[(21)420)] -4.019109 | -0.809001
24 ARICAp (23)*33,000/Wc -36.8418325 | -7.4158425
25 R/C std.. (11)(13)-(16)+(24) ft/min. [607.0480584|481.9784795

Density Altitude Data Reduction Results 3,600 pounds.
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No. tem Ref. Units 1 2

1 Pressure Altitude Hp Feet 3490- 6760

2 Outside Air Temp. °F 28 33

3 | Atmospheric Density Ratio , c 0.935988261]0.819618153
4 Density Alt. Hd=145539[1-(c*.5)*.4699] Feet 2244548201 6645.335598
5 Std. Temp. at Hp (Ts) °F + 460 °F 506.59 494.94

6 Indicated Airspeed | knots 92.6 924

7 Calibrated Airspeed knots 91 89.8

8. True Airspeed M35 knots 94.06025996] 99.19060247

9 Observed Rate of Climb’ ft/min. 900.06 704.4

10 Ts (2)+460/(5) 0.963303658 | 0.996080333
11 Actual R/IC (9)* (10) 867.0310902] 701.6389865
12 Test Weigﬁi © Ibs. 3083.74 3071.74
13 ARIC AW (AD[-(12)Wc] . ’ 31.5003233 | 28.12256763
14 qreb*2 (7)"2*ne bA2/295 92405.44117| 89984.44316
15 . ADi Wch2-(12)22/(14) 7.905893887 8.939471582
16 ARIC AD 101.27*(15)*(8)Ws 23.5335794 | 28.06165028
17 Calibrated RPM RPM 2700 2700

18 Calibrated MP in.Hg. 262 23.06

19 inlet Air Temp. °F 28 33

20 | BHP cor. for Temp. at Hp HP 267.63 235.8759
21 | BHPc cor. for Temp. at Hd HP 262.7877 234.9012
22 np propeller efficiency 0.83 0.83

23 ATHP (22)[(21)-(20)] -4.019109 | -0.809001
24 ARICAp (23)*33,000/Wc -41.4470616 | -8.34282281
25 R/C std. (11)13)-(16)+(24) ft./min. 770.550126 |637.1119458

Figure O.2. Piper Saratoga N22UT

Density Altitude Data Reduction Results 3,200 pounds.
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No. ltem Ref. Units 1 2

i Pressure Altitude Hp Feet 3490 6760

2 Outside Air Temp. °F - . 28 33
3 | Atmospheric Density Ratio c 0.935988261{ 0.819618153
4 Density Alt. Hd=145539[1-(c".5)".46‘99] Feet 2244 548201 | 6645.335598
5 Std. Temp. at Hn (Ts) °F + 460 °F . 506.59 ‘ 494.94

6 Indicated Airspeed knots 926 92.4

17 Calibrated Al speed knots 91 89.8

8 True Airspeed I3 5 knots 94.06025996 | 99.19060247
9 Observed Rate of Climb ft/min. 900.06 704.4
10 TITs (2)+460/(5) 0.963303658} 0.996080333
11 Actual RIC 9)* (10 867.0310902| 701.6389865
12 Test Weighit Ibs. 3083.74 3071.74 .
13 ARIC AW (1ND)[1<12)Wc] -24.20173 | © -16.845
14 qnebr2 (7)*2*re bA2/295 " | 92405.44117] 89984.44316
15 ADI Weh2-(12)*2/(14) "1 -5.51322932 | -4.84068815
16 ARI/IC ADI 101.27*(15)*(8)/Ws -17.5053899 | -16.2082896 |
17 Calibrated RPM RPM . 2700 2700

18 Calibrated MP in. Hg. 26.2 23.06

19 Inlet Air Temp. O oF 28 33

20| BHP cor. for Temp. at Hp HP 267.63 235.8759
21| BHPc cor. for Temp. at Hd HP 262.7877 234.9012
22 np propeller efficiency . W 0.83 0.83

23 ATHP (22)[(21)~(20)] - -4.019109 | -0.809001
24 ARIC Ap (23)*33,000/Wc 44210199 | -8.899011
25 R/C std. " (11)-(13){16)+(24) ft/min. | 864.5280111| 725.7932652

Figure 0.3. Piper Saratoga N22UT

Density Altitude Data Reduction Results 3,000 pounds.
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Ref.

No. Item Units 1 2
1 Pressure Altitude Hp Feet 3490 6760
2 Outside Air Temp. °F 28 33
3 Atmospheric Density Ratio c 0.935988261]0.819618153
4 Density Alt. Hd=145539[1-(c*.5)*.4689] Feet 2244548201 | 6645.335598
5 Std. Temp. at Hp (Ts) °F + 460 °F 506.59 494,94
6 Indicated Airspeed knots 92.6 92.4
7 Calibrated Airspeed knots 91 89.8
1 8 True Airspeed (M(3N.5 knots 94.06025996] 99.19060247
9 Observed Rate of Climb ft./min. 900.06 7044
10 Ts (2)+460/(5) 0.963303658| 0.996080333
11 Actual R/C (9) * (10) 867.0310802| 701.6389865
12 Test Weight Ibs. 3083.74 3071.74
13 ARIC Aw (11)[1(12)/Wc] -87.8612145| -68.09406
14 qmnebr2 (7)"2*ze b 21295 92405.44117189984.44316
15 ADi Weh212)22/(14) -18.0666026 | -17.7318053
16 ARIC ADI 101 .27'(1‘5)‘(8)Mls 61.4618242| -63.6130562
17 Calibrated RPM RPM 2700 2700
18 Calibrated MP in. Hg. 262 23.06
19 Inlet Air Temp. °F 28 33
20 BHP cor. for Temp. at Hp HP 267.63 235.8759
21 BHPc¢ cor. for Temp. at Hd HP 262.7877 234.9012
22 np propelier efficiency 0.83 0.83
23 ATHP (22)[(21)-(20)] -4.019109 | -0.809001
24 AR/IC Ap (23)*33,000/Wc -47.3680704 | -9.53465464
25 R/C std. (11)13)-(16)+(24) ft./min. 968.9860586 | 823.8114481

Figure O.4. Piper Saratoga N22UT

Density Altitude Data Reduction Results 2,800 pounds.
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No. tem . “. Ref. ., ~Units 1 2
1 Pressure Altitude Hp Feet 2140 4150
2 Outside Air Temp. - °F 50 50
3 | Atmospheric Dénsity Ratio o 0.941374228| 0.873964571
4 Density Alt. Hd=145539[1—(6".5)".4699] Feet 2051.246241) 4534.372784
5 Std. Temp. at Hp (Ts) °F + 460 °F 511.4084143| 504.2404296
6 Indicated Airspeed knots 67.782 67.782
7 Calibrated Airspeed knots 65.4357 65.4357
8 True Airspeed NIR".5 knots 67.44249166]69.99513117
9 Observed Rate of Climb ft./min. 42711 333.588
10 TTs (2)+460/(5) 0.997246009] 1.01142227
11 Actual R/C (9) * (10) 425.9337428| 337.3983322
12 Test Weight Ibs. 1537.56 1532.83
13 ARIC Aw (1 D[1-<(12)MWc} 16.62206431| 14.16440373
14 _ qrebr2 (7)"2*ne bA2/295 40188.63834140188.63834
15 ADI Wch2-(12)72/(14) 4.874742079| 5.236111493
16 ARIC ADI 101.27*(15)*(8)\Ws 20.80875402| 23.19730563
17 Calibrated RPM RPM . 2400 2400
18 Calibrated MP - in. Hg. 26.3 24.48
19 Inlet Air Temp. °F 50 50
20| BHP cor. for Temp. at Hp HP 81.2854766 | 75.33776
21| BHPc cor. for Temp. at Hd HP 80.2941903 | 74.84211
22 np propeller 9fﬁciency 0.83 0.83
23 ATHP (22)[(21)-(20)] -0.82276763| -0.4113895
24 ARICAp (23)*33,000/Wc -16.9695823 | -8.48490844
25 R/C std. ft/min. | 371.5333421]291.56517145

Figure O.5. Cessna 150M N66525

(11)-(13)(16)+(24)

Density Altitude Data Reduction Results 1,600 pounds.
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No. tem Ref. Units 1 2
1 Pressure Altitude Hp ‘ Feet 2140 4150
2 Outside Air Temp. °F 50 50
3 | Atmospheric Density Ratio c 0.941374228|0.873964571
4 Density Alt. Hd=145539[1-(c*.5)*.4699)} Feet 2051.246241] 4534.372784
5 Std Temp. at Hp (Ts), °F + 460 °F 511.4084143|504.2404296
6 Indicated Airspeed kniots 67.782 67.782
7 Calibrated Airspeed . knots 65.4357 65.4357
8 True Airspeed M35 knots 67.44249166|69.99513117
9 Observed Rate of Climb o ft/min. 427 11 333.588
10 Ts (2)+460/(5) 0.997246009} 1.01142227
11 Actual R/IC (9) * (10) 425.9337428| 337.3983322
12 Test Weight - Ibs. 1537.56 1532.83
13 ARIC AW T (IN1-(12)Wc) -10.6653809] -7.3845249
14 grebr2 (7)72*ne b*2/295 40188.63834}40188.63834
15 ADi Wc"2—(12)"2/(14) --2.8388808 | -2.47751138
16 ARIC AD 101.27*(15)*(8)Ws -12.9261834 | -11.7077392
17 " Calibrated RPM RPM 2400 | 2400
18 Calibrated MP in. Hg. 26.3 24.48
19 Infet Air Temp. °F 50 50
20 | BHP cor. for Temp. at Hp HP 81.2854766 | 75.33776
21 | BHPc cor. for Temp. at Hd HP 80.2941903 | 74.84211
22 np propeller efficiency 0.83 0.83
23 - ATHP ,(22)[(21)-(20)] i0.822767§3 -0.4113895
24 ARICAp ’(23)‘33,000N§Ic -18.1008878| -9.050569
25 R/C std. . (11)-{13{16)+(24) ft./min. {431 4244192| 347.4400274

Figure O.6. Cessna 150M N66525

Density Altijtﬁde Data Reduction Results 1,500 pounds.
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