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US.Department John A. Volpe Kendall Square
of Transportation National Transporlation Cambridge, Massachusetls 02142

Systems Center
Research and
Special Programs
Administration

Ted Farwell August 29, 2000
Cessna Aircraft Company

7751 East Pawnee

Wichita, KS 67207

Re: Cessna 172R data for the Integrated Noise Model
Dear Mr. Farwell,

During the period 13-14 October 1999, personnel from the Cessna Aircraft Company (Cessna)
and the Volpe National Transportation Systems Center (Volpe Center) conducted a joint field
measurement study at Cessna’s Wichita test facility. The study was conducted with the goal of
determining reference noise and performance data for the Cessna 172R, 206H, and T206H
atrcraft. These reference data are slated for inclusion in a future release of the Federal Aviation
Administration’s (FAA) Integrated Noise Model (INM). This letter report describes the methods
used to generate INM performance data for the Cessna 172R aircraft. At your convenience,
please review these data. If you believe any of these data are in error, please contact me so I can
correct the data prior to inclusion in the next release of the INM. Please note that the FAA plans
to use the same methods to calculate the INM performance data for the Cessna 206H and T206H
aircraft.

INM performance data is divided into thrust parameters and aerodynamic parameters. The first
section of this letter report discusses the Cessna 172R thrust parameters and their sources. The
next section discusses the Cessna 172R aerodynamic parameters and their sources. The letter
report concludes with a discussion of how these parameters are used in the INM to model takeoff
and landing performance of the Cessna 172R.

This memo does not address two aspects of aircraft performance due to limited available data.
The first aspect is the impact of weight on aircraft performance. All the derived data contained in
this letter report assume an aircraft operating at a maximum gross weight of 2450 Ib. However,
the INM database generally includes aircraft performance coefficients for more than one weight.
The second aspect is the impact of altitude on aircraft performance. Other than a two-step
approximation of the engine performance as a function of altitude, and an averaging of the cruise
drag over lift ratio (both discussed below), no altitude-dependant variation of aircraft
performance is assumed. This is done since engine/propeller performance data is only known at
the elevation of the Wichita test site (1400 feet above Mean Sea Level, MSL). Knowing the
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engine/propeller performance data at a given altitude is a prerequisite to calculating the other
aircraft performance parameters. Any insight you can provide into accounting for off-condition
weights and altitudes would be very appreciated and helpful to both this and future analyses.

1. Thrust Parameters:

INM performance coefficients are based on the equations found in SAE-AIR-1845'. A primary
parameter in the calculation of aircraft noise and performance in the (INM) is thrust. The INM

uses the following equation to calculate thrust from horsepower and flight speed. This equation
is the equivalent of SAE-AIR-1845 equation A4:

F KnHp
T Eq. 1
where: F is the net thrust in pounds,

o 1s the non-dimensional pressure ratio,

K is a constant to convert from Horsepower to foot-Ib per second and knots to

feet per second,

n  is the non-dimensional propeller efficiency,

Hp  is Horsepower, and

A% is true airspeed in knots.

The Brake Horsepower reported by Cessna in Attachment 1 (column 13, BHP TEST) is used as
the horsepower input in the above equation. McCauley provided propeller efficiencies data for

each aircraft configuration. True airspeed in knots (KTAS) is found from the calibrated airspeed
in knots (KCAS) and the density ratio ¢ at the flight test altitude using the following equation:

KTAS = KCAS /o

In the INM, noise is found through the use of Noise-Power-Distance (NPD) look-up tables for
each aircraft. Note that Power in the NPD is mis-named; the parameter used in the NPD tables in
the INM is actually thrust. For all propeller aircraft (and some jet aircraft), thrusts are reported as
a percentage of static thrust. Using a percentage of static thrust is more physically correct for jet-
powered aircraft than for propeller aircraft since the thrust produced by a jet engine is less
dependent on forward speed than the thrust produced by a propeller®. For this reason, I believe
the static thrust is better defined as a reference thrust, and an in-flight reference thrust is a better
predictor of propeller noise than a static condition reference thrust.

ISociety of Automotive Engineers, “Procedure for the Calculation of Airplane Noise in
the Vicinity of Airports,” Aerospace Information Report 1845, Warrendale, Pennsylvania, March
1986.

?Lan and Roskam, “Airplane Aerodynamics and Performance”, Roskam Aviation and
Engineering, Ottawa, Kansas, 1981. The authors discuss the difference between propeller static
and in-flight thrust in chapter seven.



For the Cessna 172R, I calculated an in-flight reference thrust based on the simulated takeoff
conditions listed in the letter you sent to me on March 20, 2000 (Attachment 1) for the flight test
(Passes 2 through 6 on Flight Number 411) conducted on October 13, 1999. The average brake
horsepower during these five simulated takeoffs was 147.2 HP. The average airspeed was 78.72
KTAS. The average pressure ratio was 0.9363. The calculated average net corrected in-flight
reference thrust was 511.8 Ib. This is the net corrected thrust which I used as a reference for all
percent thrust calculations. The equation below is an example which shows the usage of
equation 1 for the data provided by Cessna for pass number 2. Note that the thrust of each pass
was calculated separately, then the mean of these five passes was calculated to produce the
average net corrected in-flight reference thrust.

F  KnpHp  (32587"%4r)(0.67)(148.0HP)
s Vs (79.35kt)(0.9370)

= 434.6/b

Using the procedure described above, the five simulated takeoffs (Passes 2 through 6 on Flight
Number 411) by definition used an average thrust of 100% of the reference thrust. The six cruise
climb configurations (Passes 7 through 11 on Flight Number 411) used an average thrust of
101.1%. The eleven cruise configurations (Passes 12 through 22 on Flight Number 411) used an
average thrust of 59.6%. The simulated landings with 10 degrees of flaps (Pass 23 on Flight
Number 411 and Passes 1 through 4 on Flight Number 412) averaged 26.6%. Note that Passes 5
and 6 are not included since the power reported on these passes was below the threshold of the
power chart as noted in your March 20, 2000 letter. The simulated landings with 30 degrees of
flaps (Passes 9 through 11 on Flight Number 412) averaged 58.2%. Table 1 below shows the
averages of the parameters used in each of the flight procedures and the resulting percentage of
reference thrust.

Table 1: Parameters used in the calculation of Percentage of Reference Thrust

Flight K n HP KTAS o F/6 % of
Condition Reference
' Thrust
Takeotf 32587 |.67| 1472 78.72 .9363 436.0 100
Cruise Climb | 32587 |[.69] 1483 86.63 .9349 441.0 101.1
Cruise 32587 |.74] 127.1 117.59 9357 259.8 59.6
10° flaps 32587 | .69 42.1 87.20 9350 116.0 26.6
approach
30° flaps 32587 |.69] 102.8 97.77 9321 253.6 582
approach

For modeling purposes, I used the 147.2 HP at the test altitude of 1800 feet MSL and the
Lycoming data found in Attachment 2 to calculate a Sea Level power of 155 HP for the
MaxTakeOff field in the INM. For the MaxClimb field in the INM, I used data provided by
Lycoming to find the approximate power at 3000 feet MSL. I assumed a manifold pressure drop
of 1 in. Hg for every 1000 foot increase in altitude and an approximate engine RPM of 2200.
The Lycoming Altitude Performance chart, at the intersection of the 2200 RPM line and the 26.8

3



in. Hg line, gives a brake horsepower of approximately140 HP.

2. Aerodynamic Parameters:

The INM uses the coefficient of drag divided by lift (R) in the calculation of aircraft climb,
cruise, and descent performance. The equation used to find the value of R for various flight
conditions is based on equation A12 in SAE AIR 1845:

]7 siny

R8sy i
W q.2
/5 095

where R is the non-dimensional coefficient of drag divided by lift,
F is the net thrust in pounds,
W is the aircraft weight in pounds,
0 is the non-dimensional pressure ratio,
vy is the climb angle, and
0.95 is a factor used to correct the climb angle for flight into an assumed headwind.

Flaps Zero Climb:

To obtain the climb angle to use with a flaps up (zero degrees), full power takeoff, I used
maximum rate of climb data found in Figure 5-6 of the 172R operating handbook (Dec 2/96,
Attachment 3) and flight test data. From the figure, I interpolated a rate of climb of 623 FPM at
15°C at 1810 feet pressure altitude (the approximate conditions of the flight test). This climb
rate at an airspeed of 80 KTAS (the approximate average true airspeed for passes 2 through 6 on
Flight Number 411) corresponds to a climb angle of 4.6 degrees. Using equation 2 above, the
calculated R, value is 0.0831:

B ,_1( 623 FPM /60 sec/ min J_
7= S\ S0kt x 16878 feet / secl kt)

F ; .
436.0/b 4.6
/5 siny sin(4.6) _ 00831

R = = - _
zoro-c = [/ 245010b
g 093 09363 0

Flaps Ten Climb:

To calculate the climb angle to use with a 10° flaps, full power takeoff, I used the short field
takeoff distance data found in Figure 5-5 of Attachment 3 and flight test data. For this condition,
the aircraft is accelerating while climbing from the lift-off point (end of ground roll) to clearing a
50 foot obstacle. A re-ordered version of SAE-1845 equation A10 was used to determine the
Ryo.c value. For the test conditions, an Ry,., value of 0.1446 was found. This higher drag-to-lift
ratio than R, is expected since the short field takeoff technique is not intended to be
aerodynamically efficient, but is rather to provide maximum lift at the expense of higher induced
drag. The re-ordered version of SAE-1845 equation A10 used to solve for Ry is the following:



o s Jeali-vl) "
10-C V% VA'vg SA

where F/8  is the net corrected thrust at the average true airspeed in pounds,
W/8  is the weight in pounds divided by the non-dimensional pressure ratio,
Vz/V, is the non-dimensional climb gradient,
g is the gravitational constant in feet/second?,
Vo is the final acceleration airspeed in feet/second,
V. s the initial acceleration airspeed in feet/second, and
Sa is the distance in feet traveled during the acceleration.

The values actually used in the calculation of the R, are found below. First, the thrust is
calculated:

F  KpHp  (32587"%4)(0.67)(147.2HP)
5 Veu® (55.8k1)(0.9363)

where 55.8 KTAS is the average of the 51 knot indicated airspeed (52.7 KTAS, 88.9 feet per
second) at the lift-off point of the short field takeoff procedure and the 57 knot indicated airspeed
(58.9 KTAS, 99.4 feet per second) at the end of the procedure when obstacles are cleared (50 feet
AGL). Both airspeed values are found in Figure 5-5 of Attachment 3.

= 6151/b

615.11b 501t ((99.4ﬁ / sec)2 - (88.9ﬁ / sec)z)

i} _ = 01446
24500/ 8923fi  2x3217fi/sec(89091)

RIO-C E
9363

The distance of travel in the last term, 890.9 feet, is the difference between the total track
distance to clear a 50 foot obstacle and the ground roll distance. Both of these distances are
found by interpolating the data in the C-172R short field takeoff distance chart for the test day
conditions of 15° C and 1810 feet pressure altitude (Figure 5-5, Attachment 3). For these
conditions, the total distance to clear a 50 feet obstacle is 2011.4 feet and the ground roll distance
is 1120.5 feet. Also, the climb gradient term, 50 f1/892.3 ft, is the height of the aircraft above the
ground (the obstacle height) divided by the total distance which the aircraft travels once it leaves
the ground. This total distance is the hypotenuse of a right triangle that has the 50 foot obstacle
height and the 890.9 total track distance as the other two sides.

Flaps Zero Cruise:
In cruise configuration, R,;. was found from the data in Figure 3-8, Cruise Performance

(Attachment 3). For standard temperature conditions, R varies from 0.100 to 0.122 depending
on altitude and power setting, where the altitudes of interest are from 4000 feet to 8000 feet. For
the listed power settings, the average R . was 0.096. This corresponds to power settings of
about 70%. The following equation and Table 2 below shows how the data from Attachment 3
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was used to generate the R, values. For the horsepower term in the thrust equation, the
percentage power is multiplied by the 160 HP rating of the Lycoming 10-360-L2A.

B % siny % sin(0) _ (325.87)(0.74)(160HP)(%HP/100)

Roruse = W 095 W/ 095 (24501b) KTAS

Table 2: Cruise Performance

Altitude Engine RPM | % HP KIAS KTAS R ise

(feet)

4000 2300 79 110 117 106
2250 75 107 114 104
2200 70 105 111 .099
2100 62 99 105 .093
2000 55 92 98 .089
1900 50 85 90 087

6000 2350 80 110 120 105
2300 75 107 117 101
2250 71 104 114 .098
2200 67 101 111 .095
2100 60 95 104 .090
2000 53 88 96 .087

8000 2400 80 108 122 104
2350 76 106 119 101
2300 71 103 116 .097
2200 64 98 110 .091
2100 57 90 102 .088
2000 52 83 94 .087

Average: 0.096




Approach Flaps:

Equations 1 and 2 were used to determine the R values for approach conditions. As seen in
Table 1, during the 10 degree flaps approach, the power averaged 42.1 HP, and the airspeed
averaged 87.2 KTAS, for a net corrected thrust of 132.3 Ib. During the 30 degree flaps
approaches, the power averaged 102.8 HP, and the airspeed averaged 97.8 KTAS. For these
approaches, the flight path of the aircraft was determined from the video data taken during the
flight test. The nominal flight path was 3 degrees down for both series of approaches. Using
these data, Ry, was found to be 0.0994, while Ry, 3, was found to be 0.1516. Note that the
approaches flown at relatively high power, 85 KIAS, and 30 degree of flaps were not used, since
Cessna personnel stated that these were non-standard approach conditions.

. P ing 1606 sin(-30) oo,
p-t0 T /T = 2450/b - -
4 0.95 A 9350 0.95
R - % siny  253.6lb sin(-3.0) TToE
D-30 = /" 095  24500b - -
/5 0.8 5.9321 095
Takeoff Roll Distance:

The INM takeoff roll distance coefficient B was found using SAE AIR 1845 equation A6 and
assuming Sea Level ISA conditions. The ground roll with 10 degrees of flaps was taken directly
from the short field takeoff distance chart (Figure 5-5, Attachment 3). The initial climb speed for
the 10 degrees flaps takeoff was listed in this figure as 51 KTAS (86.08 feet per second). For the
zero flaps takeoff, the ground roll was calculated assuming a rotation speed of 55 KTAS (92.83
feet per second) as listed in the normal takeoff procedures section of the operators handbook
(Page 4-14, Attachment 4). The following equations show the computation of the additional
distance required to accelerate to this higher speed.

} _ = 606.41b
) (53k)(1.0)

F KpHp  (32587"%)(0.6T)(1472HP) _
5

Y09V -V  %.51,(095)(9283% - 86.08
o J9E-V2) S (095 ) 1085 fer

. % G008 0.0831
£ _ R 2450/

V% 1.0

For the zero flap takeoff, the 108.5 foot distance is added to the 945 foot interpolated short field
distance to give a total takeoff ground roll distance of 1053.5 feet. For Sea Level ISA conditions,
the final thrust used in the calculation of the INM’s zero flaps B coefficient, B, is based on the
reference thrust applied at the lift-off speed of 55 KTAS.

F KpHp  (32587"%7»)(0.67)(147.2HP)
§ Vil (55kt)(1.0)

= 584/b




_ S(%) ~ 10535 ft x 5841b

B, = -
oW (24501b)*

- 01025 Eq. 4

For the ten degree flaps takeoff, the 945 foot interpolated short field distance is used as the take-
off ground roll in the computation of the By, coefficient. The final thrust for this condition is the
reference thrust applied at the lift-off speed of 51 knots (Figure 5-5, Attachment 3).

F  KnpHp (32587%%4)(0.67)(1472HP)

—= = = 630Ib
5 Vepa® (51k1)(1.0)

5 S(%) _ 945ftx 630 oo
0wt (2450)° T

Lift-off and Touch-down speeds:

The SAE-AIR-1845 equations used to set the lift-off and the touch-down speed coeflicients are
only a function of weight and the appropriate speed. The lift-off speed coefficient C is defined in
SAE-AIR-1845 equation A7. The touch-down speed coefficient D is defined in SAE-AIR-1845
equation A13. The subscripts on the coefficients indicate the flap setting. Lift-off speeds have

been discussed in previous sections of this letter report. Touch-down speeds are taken from page
4-16 of Attachment 4.

o - M
2= Jw~ Jea50b Bq. 5
Cho = = B _ 10304
0" JWw o J24500h

V 65kts
D, g - 13132
07 W J24500b

V 62kts

12526

D = = =
0w J24500p

3. Modeling Takeoff and Approach in the INM:

Using the performance coefficients described above, I have entered a takeoff procedure and an
approach procedure into the INM. The takeoff procedure is a normal takeoff, as described in the
Normal Procedures section of the 172R Operators Handbook (Attachments 3 and 4). The
approach procedure is a normal approach, as described in the Normal Procedures section. In
general, when the Operators Handbook lists a range of speeds for a particular operation, I
selected the midpoint of the range of speeds. In addition, graphs of the INM’s calculated
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approach procedure is a normal approach, as described in the Normal Procedures section. In
general, when the Operators Handbook lists a range of speeds for a particular operation, I
selected the midpoint of the range of speeds. In addition, graphs of the INM’s calculated
performance profiles for these operations are included.

Normal Takeoff:

The normal takeoff procedure for the Cessna 172R is detailed page 4-14 of Attachment 4. Flaps
are assumed to be retracted throughout the procedure. The aircraft is rotated at 55 KIAS, then
accelerates to a climb speed of 75 KIAS. The aircraft climbs at this speed until reaching 1000
Feet AGL, at which point the aircraft is accelerated to an en route climb speed of 80 KIAS
(Enroute Climb, Page 4-15, Attachment 4). The aircraft climbs to an altitude of 8000 feet at this
speed. The operators handbook recommends a full power en route climb. At three thousand feet,
the engine power is changed from MaxTakeOff to MaxClimb. This change in modeled engine
power takes into account the decrease in engine power with altitude. This modeled two-step
change in power with altitude is an approximation of the true engine power change which is a
continually varying function of altitude.

Normal Approach:

The normal landing procedure for the Cessna 172R is generally described in Attachment 3 on
page 4-16. The aircraft begins the landing approach at 100 KIAS, 6000 feet AGL and a three
degree glideslope. At 4000 feet AGL, the aircraft begins deceleration to 80 KIAS. At 1000 feet
AGL, 10 degrees of flaps are applied. Between 600 and 500 feet AGL the aircraft decelerates to
70 KIAS. The aircraft touches down at 62 KIAS, and rolls 560 feet.

In addition to the normal takeoff and approach, data generated in this report is sufficient to
generate non-standard takeoff and approach procedures. These procedures are not included here
because they are subject to airport-specific variations.

Graphs showing altitude, true airspeed, and net corrected thrust for the three procedures listed
above are presented on the following pages. The independent axis for the takeoff procedures 18
the distance from brake release; for approach, the independent axis is the distance from
touchdown (negative before touchdown, positive after touchdown). The graphs assume standard
temperature and a sea level airport. In addition, the NPD data are also included in this letter
report in tabular form.

ACOUSTICS FACILITY

/%MZ
David Senzig, P.E.

C: John Gulding, FAA



Summary of INM Data

STUDY AIRCRAFT
C-172 User-defined

Descrip : Cessna 172R / Lycoming IO-360-L2A
UserlD : GA

WgtCat : Small
OwnerCat : Gen-Aviation
EngType : Piston
NoiseCat : 9855388

Type : Prop

NumEng : 1

NoiseId

ATRS : No

TkoWgt : 2450 1b
LndWgt : 2450 1b
LndDist : 1695 ft

StatieThr : 536 1b
GASEPF Standard data

USER-DEFINED PROFILE IDENTIFIERS
Op Profile Stg Weight (1b)

c-172
APP STANDARD 1 2450
DEP STANDARD 1 2450

USER-DEFINED PROCEDURAL PROFILES

# StepType Flap ThrType Alt/Clm Speed(kt) Ang/Thr/Dis
C-172-APP-STANDARD-1

1 Descend ZERO-D None 6000.0 ft 100.0 3.0 deg
2 Descend ZERO-D None 4000.0 ft 100.0 3.0 deg
3 Descend ZERO-D None 3000.0 ft 80.0 3.0 deg
4 Descend 10-D None 1000.0 ft 80.0 3.0 deg
5 Descend 10-D None 600.0 ft 80.0 3.0 deg
6 Descend 10-D None 500.0 ft 70.0 3.0 deg
7 Land 10-D None 30.0 ft 0.0 0.0

8 Decelerate 10-D None 530.0 ft 62.0 10.0 %

9 Decelerate -NONE- None 0.0 ft 10.0 10.0 %

C-172-DEP-STANDARD-1

1 Takeoff ZERO-C MaxTakeOff 0.0 0.0 0.0
2 Accelerate ZERO-C MaxTakeOff 500.0 fpm 75.0 0.0
3 Climb ZERO-C MaxTakeOff 1000.0 ft 0.0 0.0
4 Accelerate ZERO-C MaxTakeOff 500.0 fpm 80.0 0.0
S Cliwb ZERO-C MaxClimb 3000.0 ft 0.0 0.0
6 Climb ZERO-C MaxClimb 5000.0 ft 0.0 0.0
7 Climb ZERO-C MaxClimb 8000.0 ft 0.0 0.0

Summary of INM Coefficients

ACFT OP FLAP COEFF_R COEFF_CD COEFF_B

c-172 D 10-C 0.144600 1.030400 0.099200

c-172 A 10-D 0.099400 1.313200 0.000000

c-172 A 30-D 0.151600 1.252600 0.000000

C-172 D CRUISE 0.096000 0.000000 0.000000

Cc-172 D ZERO-C 0.083100 1.111200 0.102500
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Attachment 1
Data from Ted Farwell’s March 20, 2000 letter



dHE3SION L ¥#H98/9N 0002/0¢/€0

97est

(424
9'9z1
6'9¢t
0'zct
09¢t
Llel
vicl
0'8gl
S'8cth
c'8ch
oech
9'6ct
L'8rl
L8yl
A4Y
PA A
8Lyl
A4S
Lori
osvl
99yt
o'svt

1831 dHE

el

G660 £egl _ 000071 0 _ 00'6S 129 ov'6e Q
|
1860 g'vy | 89960 1622 | Vv6'¢S /2¥8 | 009L | 00ZL
986°0 ¥82L | S¥96°0 \sve | 1¥'3S eo'eLl | oLsz | oest
986°0 9'82 ) §¥96°0 LGve L¥'2S eo'eLl | 0gSz | OEsi
986°0 L'8Cl £v36°0 £91¢ vres | 60PLL 0¢'SC 0r8L
/86°0 9 L2k 25960 6662 | tbeS | e0ElLt 0L'S¢e 0v81
/8670 1°821 25960 6662 | wbeSs | €0¢Ell 02'Se 0v8}
/8670 1’62} 95960 v/62 162§ | E0'ChHE 02'Se 028}
£86°0 g6zl 859670 zoez | &s'es e0Ell 0€'Se 018}
£86°0 20€lL | 95960 | viE€2 | 1SES 60 VL ov'se 0281
/86°0 66zt | 15960 | Ly | oves 60tvLL | OESe 058!
286°0 9'vZL | ¥S96°0 | 98ET Ly°2S SOELL | 0Lve 0e8!
066°0 6'0EL | 84960 | 0222 85°2S 91GLL | 0S'se 008+
0660 €05} 2896'0 2612 /¥'2S ¥1°28 02'82 0€8 |
066°0 €051 2896'0 26le Lv'2S 128 02'8¢2 0egl
0660 L'6¥1 28960 [-1%4 Ly'2S L2'v8 08z | oest
066°0 €05t €/96'0 ¥522 0£'2S L2748 00'82 0881
066°0 [aaa 1296'0 9922 9228 12'v8 0082 | 068
686°0 L8yl 2896°0 S61C G9°2S 18°92 0g8c | 08/I
6860 L'yl | 8/96°0 | 02ze 85'eG |  29eL 0082 | 008l
686°0 9'6¥L | 81960 0zee 85'zs | 189s 02'82 0081
6860 £'8pL %996°0 61E2 0ees | 189/ 00'82 0881
686'0 9’6 08960 8022 | 2925 | 1B'9L 0282 | 06LI
[ Y BH.,
gH09 1HYHO «® 2LV F©u”_>_mk | mw_xm . s3ud 9H
dw3l dH8 = ,(0d/d) | ALISN3Q Em.emh_ommwﬁ_m_._«‘o G104INYW |@31VHEIYD
-PH | |Q31vHENVD
2l ol S ¥ € Sl | L | L

58
2Ll
A
el
gLl
r44}
zLt
2Ll
gLl
£l
ZLL
et

€8

58

S8

58

S8

=74

SL

8L

8L

=7

(sep)
Q33dSHIV
Q3LY2IaNI

19

8
49
93
99

BRLBEE

€9

€9

EIII28

L1

Lt

0Lgg

089l
0922
8vee
0522
ovee
o0sze
0922
sgze
0522
09z2
orze
0522
oeze
0gez
2612
0922
0v2z
0022
8022
glze
122
8122

dWd
3INIONI

8

¥'6e

09t
L'se
[°4
¢'se
1'se
¢'S¢
2'se
£'5¢
¥'se
€'9e
L've
S'sg
2’82
2'8¢c
£'8g
082
0'8e
2'8c
082
28
08¢
g'8e
BH.,
S3Hd
AI04INYIN
J3LYOIaNI

S
1vo

4

0041
0e8t
0EgL
ov8l
ov8l
or8i
0c8lL
oL8t
0cgl
0sst
0E8L
0081
0e8l
0egl
0EglL
0881
0681
081
0081
008t
0881
061

9H

g3LvIOIONI  SSvd

13A3T

AN RERNRNNRTNNEEE

BB6L/EL0L

d31N3D 3d4T0A -ISION HIAOATS

Lip

H9849

Hell

0O02I0ZED

llemied pa )

SMUYINIH

NOILYHNOIANOD

31va 1HDNd

:ON LHOIT4

INVIdHIV

13dJONW

-3.1vd

‘A8 d34vd3dd

NOILONAd3H V1VAd NOILdIWNSNOD TdNd ANV HIMOd a33dS




dH83SION Ly#d98/9N 0002/02/E0

oM S22 X " R0 80\6@ 40 1wy Wendy MoNIg NI S200A %\

| cotlogw+ [11])/ (oge+ [€]) = [21]

2 o889°65F + *°D/( e o PHo.0L X GES/8°9-1IBBY'BLEGN) = ¢ 2

(301.56528'9 ) k=g (88965 +3° 1)/889°8 1S) 0cr o[ "Hug 0 +.585£8°9-1)))= PH

| H X $19199G€00°0 - 65= "L

9¢st

P Lot
0'66
9'e0lt
1’66
L'26
IFNTVA#
IINTIVA#
ove
8’97
ovv
9’6t

1531 dH8

€l

$66°0 £'eslh 0000°} 0 0065 129 or'ez 0
186°0 820l | BE9YEO 16Y2 G125 2616 00'e2 026+
/860 00l | 2v96°0 €112 2225 | 6.6 0822 006}
L86°0 L'S0L 82960 LLS2 ¥ LS | 2676 02ee 0861
886°0 €001 9¥96°0 Svve 2L28 1218 08'ce 0E6L
2860 6'€6 01960 1692 oIS 12¥8 0012 ogle
8860 | iINIVA# | ¥v96°0 /5¥2 80°2S L2v8 00°c!l [
886°0 |idNIvA# | 2p96°0 0Lve S0°2S 1298 0EPL 0G6+
8860 | tte Z¥96°0 0L¥2 S02S | g8 00'pL 0561
6860 | €7/v | /9960 | v62e LE725 1278 059t 0981
6860 | Svr | 09960 | €vez 22'es 1298 0091 0061
0660 0'0 2896’0 | 2612 1¥'2S 1248 0LS1 0e8L
Y BH,,
HHOD | LHVHD _ so° _.N;©S<;@u_n,_,smh ) . $3ud Y
diNaL dHd = o(°d/d) | ALISN3Q als - s] ommw“mm_ﬂw Q103INVIN |@3LYHENVD
-PH a3lvdavo
gl 0t S ¥ € Sl L L
1

S6
m.m .
S6
g
g
58
S8
se
<8
68
=1

(se1y)

Q33dsHIY
a3LYOIaNI

+9

99
29
99
59

S8

33383

{8

v

|
olge

$202
v002
ov0z
2002
0gte
Spsh
10651
099k
591
gzal
0838t

diid

v'ée

0€2
g'ze
zee
8'2e
01z
0EL
vl
vl
g9l
08l
(811
BH..
S3Hd

INIONT OT04INVIN

QaLVYIIaNI

]

6S

da
1v0

(4

0

0g6l
006+
o881
06}
0EL2
ov6l
061
0561
098!t
0061
oeglL

“H

13A3T
v3s
FL
o]

L]

~NOYINO~O®

‘ON

Q3LVIIONI  SSVd

H3LN30 3d70A -3SION H3IAOATS

6661/rL/0L

ey

H98.9

Hell

0002/02/€0

IIPMIe] pa |

_
|
|
_

SHHVYW3Y

NOLLYHNZHINOGD

:31vad LHOINd

‘ON 1HDITd

INVIdHIY

13A0NW

-31vd

‘Ad @34vd34dd

NOILONA3YH Y1Vva NOILLdJWNSNOD 13Nd ANV H3MOd a33ds




Attachment 2
Lycoming data for the I0-360-L2A engine
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Attachment 3
172R Operators Handbook, Section S: Performance
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