Private Pilot (ASEL)
Ground School Course

Lesson 11 | Aircraft Performance



Lesson Overview
Lesson Objectives:

« Develop a knowledge of aircraft performance.
« Develop an understanding aircraft performance and factors limiting outcomes.
» Skill to correctly determine expected aircraft performance.

 Student demonstrates satisfactory knowledge of aircraft performance by answering
questions and actively participating in classroom discussions.

« Correctly calculates multiple performance problems.



Questions ...

 What factors determine your density altitude?

« What is your V, and V,?

» What TAS do you use for cross country?

« What RPM do you select for cross country cruise?

« What fuel burn do you flight plan?

» What is the difference between Range and Endurance?
 What factors affect takeoff and landing performance?
e Are you within your landing crosswind limit?



Atmospheric
Considerations

Aircraft Performance



Aircraft Performance ...
Why vs. How

Weight Takeoff speed | Associated conditions
pounds Lift-off Power [Full throttle 2,600 rpm | .
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Results of Ignoring Aircraft Performance


https://www.youtube.com/watch?v=OVM3RRd1vf0
https://www.youtube.com/watch?v=jjRPY4_XKy0

Performance Section of AFM/POH

« Contains the operating data for the aircraft

» This data pertains to takeoff, climb, range, endurance, descent,
and landing

 Manufacturers' information and data furnished in the
AFM/POH is not standardized

« Some provide the data in tabular form, while others use graphs

 Performance data may be presented based on standard
atmospheric conditions, pressure altitude, or density altitude



° °
Air Density
Both air pressure and air density

¢ Airpla nes experience decreaSEd decrease with increasing altitude.
performance in less-dense air

» The more air molecules flowing over
the airplane’s wing, the greater the lift
developed

« Anything that thins the air reduces the
wings’ ability to generate lift
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Air Density

* Airplane engine performance is affected in the same way

 Anything reducing the amount of air the engine intakes
diminishes its power output

* Propeller efficiency is also decreased
* Less power = Less performance



Height (Altitude)

. The hlgﬂer ou go, the less HEIGHT AND AIRPI.ANE P _RFORMANCE
freq uentl e airplane’s 100' MSL 75
Wlnﬁ run INto alr (fairly short ground roll and >
olecules, because they are good climb performance)
fewer and farther between L —
with increasing altitude
. . . 5,000' MSL
* Air den5|ty IS |€SS (takeoff ground roll increased
e Fewer air molecules are and climb angle shallower)
vallable (0 move past the P ———— — <N
wing, so lift is reduced and P —
per Ormance IS decreased (air too thin for this airplane

. I— igher altitudes to result in W DEERME A0
slower acceleration, longer
ground runs, and shallower
climb profiles




Heat (Temperature)
HEAT AND AIRPI.ANE PERFORMANCE

 Heat reduces the

: 50°F
performance of airplanes sty sho g 1 an
- Heated air is much less )
dense than colder air &£ Ground Roll
¢ EXpeCt Slower (takeoff grogunod rcljl increased
and climb angle shallower)

acceleration, longer
takeoff runs, and
shallower climb profiles 110°F

(air too thin for this airplane

Oﬂ hOt dayS to become airborne)




Humidity

 High humidity reduces airplane performance by thinning the
air

» Moist air is lighter (thus less dense) because water molecules
are lighter than air molecules

» Most performance charts (or E6B) make no correction for
humidity

« Most ASOS/AWOS stations do



ISA International Standard Atmosphere

» Standard temperature at sea level is 59°F/15°C
» Standard pressure at sea level is 29.92" Hg
 Pressure decreases approximately 1" Hg/1,000 feet

« Standard lapse rate is a decrease of 3.5°F/2°C per thousand-
foot altitude gain



Density Altitude

* Pressure altitude corrected for nonstandard temperature



Density Altitude

» Taking off at an airport near sea level usually results in good
acceleration and climb performance

 The elevation has no effect on performance, temperatures are
usually moderate, and the humidity is not too high



Density Altitude

 Suppose it's a very hot day at our sea level airport
* The airplane will not perform as well as at SL

 Because of the high temperature, the air might have a density
equivalent to an altitude around 3,000 feet

* The term density altitude describes how dense the air feels to
the airplane, regardless of the airplane’s present height above
SL

 Even though the airplane was physically at SL, in terms of
airplane performance the airport has a density altitude of

3,000 feet



Performance Baseline

* Pressure altitude is the reference to which airplane engineers
calibrate their performance charts

* Pressure altitude is what the altimeter indicates when 29.92
inches Hg is set in the altimeter’s Kollsman window

 Engineers also calibrate performance charts to a standard
temperature of 59°F (15°C) at sea level

» Standard temperature and pressure conditions are a reference
point where a baseline of performance is established



Density Altitude

» [f standard conditions existed at sea level all the time, we
wouldn't have to worry about changes in air density and its
effects on airplane performance



ISA Temperature Decrease

« Assume you're at an airport at 4,000 foot MSL and standard
conditions exist at SL (59°F)

* Also assume that temperatures decreases at 3.5°F per 1,000
feet

» Temperature drop from SL to 4,000 feet: 4 x 3.5°F = 14°F
« Temperature at 4,000 feet: 59°F - 14°F = 45°F




Effect Of Higher Temperature

 Suppose it's T00°F at 4,000 feet

* The airplane will not perform like it normally would at 4,000
feet

o [t will perform more like it's at 7,500 feet

 Because of the higher than normal temperature, the air has a
density altitude (performance altitude) of approximately 7,500

feet

* Increasing density altitude decreases airplane performance;
decreasing density altitude increases performance



Density Altitude

» Along the bottom (horizontal)
axis Is a temperature scale
with Fahrenheit and Celsius
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o

DENSITY ALTITUDE CHART

-y
E~

ma rkings ?;if 13 ( \>§\' o Aétim_eter lDArﬁﬁz‘:i;e Altimeter ?ﬁﬁﬁg;e
- . = ‘ CHa CFacter Chg Cofaersion
* Rising diagonally upward from [Eg \ 20 1824 206 298
. : 28.1 1.727 .
left to I’I%ht are pressure A AL SO A o A
altItUde INes 283 1,533 29.9 20

28.4 1,436 29.92 0
28.5 1,340 30.0 -73
28.6 1,244 30.1 -165
28.7 1,148 30.2 257
28.8 1,053 30.3 -348
28.9 957 30.4 -440
29.0 863 30.5 -531
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Example #1

DENSITY ALTITUDE CHART Find 80°F on

Atiter S e TS horizontal scale
Setting Conversion Setting Conversion
(" Hg) Factor (" Hg) Factor

28.0 1,824 29.6 298 Moveup untll
28.1 1,727 29.7 205 reachmg 7,000 foot
men i o i pressure altitude line
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28.5 1,340 30.0 -73

the left
28.9 957 30.4
29.3 579 30.8

28.3 1,533 29.9 20
Mark this point and

28.6 1,244 30.1

28.7 1,148 30.2

Number on the left

29.0 863 30.5 - .

201 768 306 - hand vertical scale
5 -12 - 14 10 16 21 ’27\ 32 38 43 29.4 485 30.9 denS|ty altltUde

28.4 1,436 29.92 0
move horizontally to
28.8 1,053 30.3
202 673 307 - (10,000 feet) is the
OUTSIDE AIR TEMPERATURE 29.5 392 31.0




Example #2
DENSITY ALTITUDE CHART * First locate the PA

Pressure Pressure

Altimeter Altitude Altimeter  Ajtitude b etwe e n th e

Setting Conversion Setting Conversion

W UM ms diagonal lines

29.6 298
28.1 1,727 29.7 205
28.2 1,630 29.8 112
28.3 1,533 29.9
28.4 1,436 29.92
28.5 1,340 30.0
28.6 1,244 30.1
28.7 1,148 30.2
28.8 1,053 30.3
28.9 957 30.4
29.0 863 30.5
29.1 768 30.6
29.2 673 30.7

29.3 579 30.8

L
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Example #2
DENSITYALTITUDE CHART NI

Pressure Pressure

Altimeter Altitude  Altimeter  Altitude unt” reaChlng the

Setting Conversion Setting Conversion

(" Ha) actor » actor .
il S PA line of 3,250

29.6 298
28.1 1,727 297 205
28.2 1,630 29.8 112 * GO acrOSS to the |eft
283 1533 209 20 to find a density
28.4 1,436 29.92 0 .
altitude value of
approximately
5,000 feet

28.5 1,340 30.0 73
28.6 1,244 30.1
28.7 1,148 30.2
28.8 1,053 30.3
28.9 957 30.4
29.0 863 30.5
291 768 30.6
29.2 673 30.7

29.3 579 30.8

L H
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Pressure Altitude Conversion Factor

* To find pressure altitude in the airplane place 29.92 in the
altimeter’s Kollsman window and read the pressure altitude

« How do you compute density altitude for an airport if you
aren't there to set the altimeter to 29.92 or read the

temperature?

* [f you have the METAR for an airport and know the
temperature and altimeter setting, you can find its density

altitude



Find Pressure Altitude on Density
Altitude Chart | ——

e Chart has a vertical column < we |

28.5 1,340
28.6 1,244

showing altimeter settings vs. e’ "
pressure altitude conversion
factors

29.0 863
29.1 768
29.2 673
29.3 579
294 485
295 392
29.6 298
29.7 205
29.8

29.9

29.92

30.0

30.1

30.2

30.3

30.4

30.5

30.6

30.7

4° 10 4 21° 27° 32° 38° 80:2
40° 50 ; 80° 90 100° 11 30.9

Approximate density altitude (thousand feet)

Outside air temperature 310

Figure 8. Density Altitude Chart



Find Pressure Altitude on Density
Altitude Chart p—e

* When the altimeter setting is
greater than standard, pressure is
higher and density altitude
decreases

* When the altimeter setting is lower
than standard, pressure is lower
and density altitude increases

Figure 8. Density Altitude Chart



Find Pressure Altitude on Density
Altitude Chart o —

("Hg) conversion factor

28.0 [ 1824

» Find the airport’s current altimeter < 3

28.6 1,244

in the altimeter setting column to et w | e
see what conversion factor must be e
applied to the altimeter reading to

find pressure altitude

29.1 768
29.2 673

29.3 579

29.4 485

29.5 392

29.6 298

29.7 205

29.8 112

29.9 20

29.92 0

30.0 -73

30.1 -165

302 -257

30.3 -348

30.4 -440

30.5 -531

306 -622

30.7 -712

4 10 16°  21° 208 £03

°  40° 50° 60° 70° 80° 90 ° 30.9 -893
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Outside air temperature 31.0 -983

Figure 8. Density Altitude Chart



Example #3

e The altimeter should read the field
elevation of 7,257 feet MSL with 30.20
set in the Kollsman window

 Moving the window's numbers down
to 29.92 would move the hands
downward

 The conversion factor specifies how
much the hands would move
downward
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Figure 8. Density Altitude Chart

DENSITY ALTITUDE CHART

Outside air temperature




Example #3

Subtract conversion factor from field
elevation to find PA

7,257 - 257 = 7,000 PA
Use OAT of 80°F and PA of 7,000 feet
Density altitude is 9,750 feet
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Figure 8. Density Altitude Chart

DENSITY ALTITUDE CHART

4° 10° 16° 217
40 50° 60 70°

Outside air temperature

27°
80°

32

90°

1L

38°
100°

43°
110

Altimeter setting
("Hg)
28.0
28.1
28.2
283
28.4
285
28.6
28.7
28.8
28.9
29.0
291
29.2
29.3
294
29.5
29.6
29.7
29.8
29.9
29.92
30.0

Pressure altitude
conversion factor

| 1,824 ‘

1,727
1,630
1,533
1,436
1,340
1,244
1,148
1,053
957
863
768
673
579
485
392
298
205




Service Ceiling Definition

 POHs for individual

airplanes list of the < . THE SERVICE CEILING
maXimum he|ght the 14,700' MSL A An airplane reaches its service ceiling

airplane can be flown to
before it ceases climbing

* Service ceiling is the
altitude at which the climb P —ry .
rate drops to 100 feet per ) “ 5
minute < |

100 FEET
PER MIN

Private Pilot Handbook



Service Ceiling Definition

 The service ceiling applies

p n.  THE SERVICE CEILING RCE:RelgIale Rl IgolETglS
14,700' MSL A i An airplane reaches its service ceiling W|th d hew engine

(Service Ceiling) Sl A% when its climb rate is reduced to 100

* Older airplanes will have
service ceilings less than
the POH

 Note: Absolute ceiling
occurs when ROC is zero
FPM




Cessna 152 POH Service Ceiling

« Cessna 152 service ceiling is 14,700 feet

* This is under Standard atmospheric
conditions

* If the density altitude is close to or equal
to that of the 14,700’ service ceiling, the
airplane will only climb at 100 feet per
minute or less

Pilot Operating Handbook Showing Service Ceiling

' Traiig Purposes Only! ¢




Density Altitude Problem #3

 Suppose you're flying a new Cessna 152 from an airport where
the pressure altitude is 10,000 feet and the OAT is 95°F

« What is the density altitude at that airport? Over

 The airplane, if it gets off the runway at all, will barely climb 100
feet per minute



Density Altitude Factors



Takeoff Definitions
« Ground roll is the total
distance required for the TAKEOFF DEFINITIONS

airplane to become

airborne o ==K
» Point where the airplane G O @Obggde

reaches 50 feet above the > = B |

runway is the total Ground roll

distance required fOr the Total distance to clear a 50' obstacle -

airplane to clear a 50-foot
obstacle

© Rod Machado's
Private Pilot Handbook




Best Rate Of Climb Speed Vy

* Best rate of climb speed

Vy & Ur AIRSPEEDS (Vy) gives you the greatest

altitude gain for a given

C||mb|ng atthe best rate SRR
chmb SPeed (Vy) -+ Gives you the largest

deflection on the VS|




Best Angle Of Climb Speed V,

- Best angle of climb speed Vy & Ux
(VX) gives you the greatest | "0 s AIRSPEEDS
altitude gain for a given T St A | Climbing at the best angle
distance over the ground Nt A = A c||mb speed (VX)

» Gives you the largest climb
angle possible

Ge ) .
« Altitude gain for a given o e
distance over the ground is For a given distance
a concern with an obstacle
at the departure end e

» Used for short field takeoffs



Best Angle Of Climb Speed V,

* Airplane climbs at a larger
Uy & Ux -
AIRSPEEDS angle because Vx is

slower than Vy
A | Climbing at the best angle _
of Ac||mb speed (Vx)  With a slower forward

speed, it gains more
altitude per foot of
forward distance

« Some POHs recommend
small flap settings to
facilitate a short-field
climb over an obstacle

altitude




Vy and Vy Climb Rates

* V, is slower than V,

 Even though the nose attitude is generally higher at Vx, the airplane
won't have as large a rate of climb deflection on the VSI as it would
at Vy

Vy & Ux AIRSPEEDS

Climbing at the best rate of climb speed (Vy)




Vx and Vy Change With Altitude

 Best angle and best rate of
climb speeds change slightly Vx & Uy CHANGE WITH ALTITUDE

with altitude and weight 16,000

 The airplane’s ability to climb is
predicated on excess thrust
(power)

« Changing altitude or weight
changes the amount of excess
thrust (power) available for a
dllggle ' ——

60 65 70 75 80 85 90 95

[ Tf'li.S affeCtS the Speeds at Indicated Airspeed In Knots
which Vx and Vy occur

14,000
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Vx and Vy Change With Altitude

* |AS for Vx increases with an

U & Vy CHANGE WITH ALTITUDE increase in altitude
16,000 « |AS for Vy decreases with

14,000 altitude

* The point where they meet is the
altitude where the airplane can
no longer climb

* This is known as the absolute
ceiling
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60 65 70 75 80 85 90 95
Indicated Airspeed In Knots




ROC vs. TAS

* Graph shows ROC for different RATE OF CLIMB VS. TRUE AIRSPEED GRAPH
airspeeds at a specific altitude |

at full throttle

* No ROC at Z since all the
airplane’s power is used to
achieve maximum forward
speed

» Slowing to C, parasite drag
decreases and the excess L | We—
thrust (thrust not used to T repece i knoe
overcome drag) has been
converted into a ROC
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ROC vs. TAS

- Continued slowing further RATE OF CLIMB VS. TRUE AIRSPEED GRAPH
reduces the ROC because of <

the increasing induced drag

« AtY the airplane has no ROC
since all the airplane’s power is
used in overcoming an —
enormous amount of induced oo —— R

climb

drag (operating behind the woren [ R

power curve)
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ROC vs. TAS

* The sea level, best rate of climb RATE OF CLIMB VS. TRUE AIRSPEED GRAPH
is found at point C s

* Dropping directly down to point
D identifies the Vy speed for
this airplane
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ROC vs. TAS

- The tangent line has the RATE OF CLIMB VS. TRUE AIRSPEED GRAPH
steepest slope (largest angle |

upward) where it contacts the
ROC curve at point A

« At this point, the airplane
experiences its best angle of
dllggle

 Dropping downward from point
A to point B identifies the w 60”8 100 120 140
airplane’s speed for Vx e =
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ROC vs. TAS

* Most of the time it's preferable RATE OF CLIMB V'S, TRUE AIRSPEED GRAPH
to climb at some speed slightly |

above Vy

* This is called a cruise-climb

speed and provides you better

forward visibility during the

dllggle

* On hot days it also keeps the
engine cooler, preventing o 60" 80 100 120 130

Overheating and pOSSible True Airspeed In Knots m
detonation
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Maximum ROC Chart

SECTION 5 CESSNA

e ROC decreases with an increase in

PA RATE OF CLIMB

MAXIMUM

* Vy is found at a slower indicated

Full Throttle

airspeed (KIAS) at higher altitudes

 Under the ROC column are several

temperature columns with variable B wg
climb rates

1670 765
2000 735 670 600
. . 4000 635 570 505
» ROC varies with temperature. . s m | = |
10,000
o0 2 A

Figure 5-5. Rate of Climb




Variable Vx Speeds

» Many POHs don't show the
slight increase in the IAS for Vx
with an increase in altitude

POWER FULL THROTTLE

: M 2600 RPM KNOTS KNOTS | MPH |
ecause the Increase IS sma votwRe  LeaTo apeeopee | [2950 |66 (76 721
FUEL PRESSURE 2800 | 64 | 74| 70 8

3

1

FLAPS uP 2600 63 72 68 78
6

73

TAKEOFF DISTANCE

LANDING GEAR RETRACT AFTER POSITIVE 2400 61 70 | 66 7

o They dO. Often S.hOW the . ot rane ggg‘aesmausmm 2200 | 58 | 67 | 63
change in Vx with a change in
airplane weight

 This takeoff distance chart TR
shows the variable Vx speeds 74 | 70

under the 50 FT column 72 | 68
; 70 66

- These speeds decrease with a ISSNS RSS! 67 | 63
decrease in a|rp|a ne wel ght (Vy s nlt — M

also decreases with a weight
decrease)




Variable Vx Speeds

 An airplane will climb at less of

a rate or angle with the gear IAKEOT DBIANCE
down | = |
» On retractable gear airplanes, [ IFAHERE
retract the gear aS Soon aS It’S ot rane g:ng\‘aesmausmm 2200 | 58 | 67 | 63 | 73 : o
safe after departure L) TAKEOFF SPEED
' ~ LIFT-OFF |
+ Flaps are sometimes used for = = s [eore] 1o T
takeoff when suggested by the == & % 76 T 72 T 83 B
POH Em 64 | 74 | 70 | 81
S 63 | 72 | 68 | 78
» They should be retracted after g 61 | 70 | 66 | 76
liftoff when the airplane has = , 58 | 67 | 63 | 73
a CCE' er ated t O th e WEIGHT~POUNDS WIND S&l\g;(s)NENT OBSTASFLEEE};HGHT

40 20 0 20 40 60 80 100 120

recommended climb speed



Takeoff and Landing
Performance



Takeoff Distance Chart

. TAKEOFF DISTANCE
* Provides the takeoff

d | | d ASSOCIATED CONDITIONS OFF SPEED

POWER

Va ria b | e a i rp |a n e a n d MIXTURE fEéAN TO APPROPRIATE AR

FUEL PRESSURE

airport conditions: s w

LANDING GEAR RETRACT AFTER POSITIVE
CLIMB ESTABLISHED

COWLFLAPS  OPEN TAKE

LIFT-OFF

Pressure Altitude — "

/Tailwind

[ LU
Q
+rZ
w
e
wi
w
-
»m,

Obstacle

TAKEOFF DISTANCE ~ FEET

-40 -30 -20 -10 0O 10 20 30 40 50 2800 2600 2400 2200 0 10 20 30 O
OUTSIDE AIR TEMPERATURE ~°C WEIGHT~POUNDS WIND COMPONENT  OBSTACLE HEIGHT

W ~KNOTS ~FEET
-40 20 0 20 40 60 80 100 120

OUTSIDE AIR TEMPERATURE ~"F




Movement Along the Diagonal Lines on
Chart

MOVING ALONG THE

* Movement along these DIAGONAL LINES

ines should be OF A CHARY

N When moving along the
proportional, not parallel i mal
. performance graph, make

 Remain the same gy

oroportional distance T i o

. the line. In other words, don't
netween lines parallel the nearest line as The line remains

you move. Try to remain the
same (proportional) distance
between lines.

proportionally

2/3rds from the
bottom as it
slopes down.

®
—
:
N
|
©
=
—
©
O
=
O
o
O
Ch—
O
oC

Reference Line




TAKEOFF DISTANCE

Example #
7

* F i n d g roun d I OI I an d ASSOCIATED CONDITIONS T S ECEESIEED = .
d IS tan ce tO CI ear a 5 0' POWER FULL THROTTLE 0 = AL SUEL PRESSURE ALTTUDE 5650 FT

POUNDS |KNOTS| MPH | KNOTS | MPH TAKEOFF WEIGHT 2950 LB

foot ObStaCIe: MIXTURE LEAN TO APPROPRIATE 2950 66 76 72 83 HEADWIND COMP. 9.0

FUEL PRESSURE 2800 64 74 70 81

ELAPS up 2600 63 72 68 78 GROUND ROLL 1375 FT
TAKEOFF DISTANCE OVER T
LANDING GEAR RETRACT AFTER POSITIVE 2400 | 61 | 70 | 66 | 76 P SacaE o 6‘ HH
PA' 5 650 feet CLIMB ESTABLISHED 2200 67| 63 | 73 A 50 FTOBSTACLE 2300 FT HHH
Py COWL FLAPS  OPEN TAKEOFF SPEED AT HH
LIFT-OFF 66 KNOTS (76 MPH)
S0 FT 72 KNOTS (83 MPH)

T
T O

Headwind component:
knots

* Find on
bottom of chart (1)

« Move directly up to the
5,650' PAliné (2)

- REFERENCE LINE
REFEREN?E LINE L{
REFERENCE LINE

TAKEOFF DISTANCE ~ FEET

y HEENENE ANENE SRR
¥ I I I
] /NN SEENL NSNS SHNNE SN NSNS NN A
:&N*’ NS NN SR R LR N AR N |
T e PEEENEYINE R an :L
z BrgE s Al 1 ‘,4 Ih 2 b |
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TAKEOFF DISTANCE

Example #
7

* Flnd gr oun d I O” an d ASSOCIATED CONDITIONS TS
dlStanCe to Cleara 50- SR FulL THROTLE 0 == LIFT-OFFO = 50 77 gy tp

POUNDS |KNOTS| MPH | KNOTS | MPH TAKEOFF WEIGHT 2950 LB

2600 RP!
foot ObstaCIe: MIXTURE LEAN TO APPROPRIATE 2950 66 76 72 83 HEADWIND COMP. 9.0

FUEL PRESSURE 2800 64 74 70 81

ELAPS UP 2600 63 | 72 | 68 78 GROUND ROLL 1375 FT T
¢ 2400 70 66 76 TAKEOFF DISTANCE OVER smEEEEN T
P. 5,650 fEEt LANDING GEAR REIRACT AFTER POSITIVE A 50 FT OBSTACLE 2

CLIMB ESTABLISHED 2200 67 63 73 A e 2300 FT
COWL FLAPS  OPEN WROEF SRR A1 ‘ )
LIFT-OFF 66 KNOTS (76 MPH)

50 FT 72 KNOTS (83 MPH)

T
T O

Headwind component: 9

knots

Move horizontally to the
right, directly over to the
vertical reference line (3).

Section 3 corrects for
weight

Our weight is 2,9- S L e 3. SR
, and th|S IS What .40 -30 -20 -10 O 10 20 30 40 50 2800 2600 2400 2200 0 10 20 30 O
the FEference ||ne rests OUTSIDEAIRTEMPEM;URE ~°C WEIGHT~POUNDS wmoc&l\gﬁgmem OBSTACI:LgE};EIGHT
on, NO correction is TTTTITTITITTITIT] - -
0 20

L
-40 -20 40 60 80 100 120

n e C e S Sa ry OUTSIDE AIR TEMPERATURE ~F

REFERENCE LINE 3
REFERENSE L‘INE L{
REFERENCE LINE

TAKEOFF DISTANCE ~ FEET

] A

¥ | I 11

HHHH A R HHHH
I ,4 "N Aj'jj44g7 : '. 4“ :
HHEH &-H IS EEEEE A




Example #

* Find ground roll and

TAKEOFF DISTANCE

O EXAMPLE

ASSOCIATED CONDITIONS TAKEOFF SPEED

1 EIGHT OAT 15°C (55°F
gggggé.}g:to clear a 50-foot o= s @) MR I rore T o R

POUNDS |KNOTS| MPH | KNOTS | MPH TAKEOFF WEIGHT 2950 LB

MIXTURE LEAN TO APPROPRIATE 2950 66 76 72 83 HEADWIND COMP 9.0
FUEL PRESSURE 2800 64 74 70 81

PA: 5,650 feet i i 230 | & | 70 IEINE IAKEOFF DISANCE OVER 6‘

LANDING GEAR RETRACT AFTER POSITIVE Tt el
CLIMB ESTABLISHED 2200 67 | 63 73 A 50 FT OBSTACLE 2300 FT
TAKEOFF SPEED AT

EIF)T OFF ?i l:rr\jOTé [ff r\;:]
Headwind component: 9 S o M ... .1
knots EEEmaERaRARSEASREESESEEEESERAEEEENESSESSRESSmAEESEsuamEsans{T'}ssNanansRNANRASSaREEN RN EEARRREERARE FHH

Move right, horizontally, to
the next reference line (4)

If we had a weight different
from 2,950 pounds, we'd

move proportionally to the | N l P
diagonal lines until . o o s T O
reaching our takeoff weight SRS R S S 3 i é b

section 3 40 -30 -20 -10 O 10 20 30 40 50 2800 2600 2400 2200 0 10 20 30 O

Th e n Weld move right OUTSIDE AIR TEMPERATtURE ~°C WEIGHT~POUNDS WIND C&l\éﬁ?NENT OBSTAS;.EE:_{EIGHT
horizonta” to the , -AIOI-ZIOI [! I2IOIAIOIC>IOIBIOI1(!0I120 _
reference line in section 4 OUTSIDE AIR TEMPERATURE ~°F

COWL FLAPS  OPEN

'L:

H REFERENCE LINE
- REFERENCE LINE
REFERENCE LINE

TAKEOFF DISTANCE ~ FEET




Example #

* Find ground roll and
distance to clear a 50-
foot obstacle:

PA: 5,650 feet

Headwind component:
knots

* Move down
proportionally to the
nearest diagonal line
until reaching a 9-knot
wind component value

« From this point move
horizontally right
toward the next
reference line (5)

ASSOCIATED CONDITIONS

TAKEOFF DISTANCE

9

WEIGHT
POWER FULL THROTTLE 0 -
2600 RPM POUNDS

MIXTURE LEAN TO APPROPRIATE
FUEL PRESSURE

FLAPS uP

LANDING GEAR RETRACT AFTER POSITIVE
CLIMB ESTABLISHED

COWL FLAPS  OPEN

TAKEOFF SPEED

LIFT-OFF

50 FT

KNOTS| MPH

KNOTS

MPH

2950
2800
2600
2400
2200

66
64
63
61

76
74
72
70
67

72
70
68
66
63

83
81
78
76
73

EXAMPLE

OAT

PRESSURE ALTITUDE
TAKEOFF WEIGHT
HEADWIND COMP

GROUND ROLL

A 50 FT OBSTACLE
TAKEOFF SPEED AT

LIFT-OFF

50 FT

1375 FT -
TAKEOFF DISTANCE OVER i‘:f;i;j,if';,gz ! i
A 50 2300 FT HHHT

15°C (55°F)
5650 FT
2950 LB
9.0

66 KNOTS (76 MPH)
72 KNOTS (83 MPH)

T
T O

REFERENSE L‘INE ij
REFERENCE LINE

- HREFERENCE LINE

I

HEE HHH |

] Eismmusamaasames
¥ | | 11
&\* EREA SEARE AL AARAL AN SR RRS
: 'jCaRaE ! HH o
4,4 "N AjijAA_g’}: I ' 4 :
= <‘ ‘- + o t 4= + + +

HHH

-40 -30 -20 -10 O

10 20 30 40 50
OUTSIDE AIR TEMPERATURE ~°C

4
o T ITII T T
-40 -20 0 20 40 60 80
OUTSIDE AIR TEMPERATURE ~'F

100 120

2800
WEIGHT~POUNDS

2600 2400 2200

0O 10 20 30 O

WIND COMPONENT  OBSTACLE HEIGHT
~KNOTS ~FEET

TAKEOFF DISTANCE ~ FEET




Example #

« Find ground roll and
distance to clear a 50-
foot obstacle:

PA: 5,650 feet

Headwind component: 9
knots

For a 50’ obstacle move
up proportionally to the
diagonal line nearest (5)
until reaching the 50’
height mark on the
bottom scale

2,300 feet of horizontal
distance is required to
clear that obstacle (6a)

ASSOCIATED CONDITIONS

POWER

MIXTURE

FLAPS

LANDING GEAR RETRACT AFTER POSITIVE 2400 70 | 66 76

COWL FLAPS

O EXAMPLE
WEIGHT TAKEOFF SPEED OAT
-~ LIFT-OFF 50 FT PRESSURE ALTITUDE 5650 FT
FULL THROTTLE 0 RESOURE ALITULE 2050 Fli
2600 RPM POUNDS |KNOTS| MPH | KNOTS | MPH TAKEOFF WEIGHT 2950 LB
LEAN TO APPROPRIATE 2950 66 76 72 83 HEADWIND COMP 9.0
FUEL PRESSURE 2800 64 74 70 81

15°C (59°F)

GROUND ROLL 1375 FT

UP 2600 | 63 | 72| 68 | 78
TAKEOFF DISTANCE OVER

A 50 FT OBSTACLE

TAKEOFF SPEED AT HHH <

CLIMB ESTABLISHED 2200 67 63 73 2300 FT

OPEN

LIFT-OFF 66 KNOTS (76 MPH)
50 FT 72 KNOTS (83 MPH)

REFERENCE LINE 7
- REFERENCE LINE 1
REFERENCE LINE

WEER NEERETLYNNEEE N o e O e T T
IWER YR e L i . I EE N e T
[ e NEEI 1 Lt 3 Ll Ll = I SReS Ba! - TNEE !
] o 1 A ! 1N LT SRR ..~ IERENEEE RN X
-— 4= ! 44444 : -+ IR - ~ |INEE 444
(- 5 I Ll L -
-+ ] mm - Y mmy T ! y ¥
st R L4t + 4 -+ L R I A + ey 4 }
! 4+ I -4 ) 4t 13+ R o e o e I -t
[ t 1 i I . i
I I I i i 1 I
1 T ' 1
- . ! A . - - ; ! = e
1 NSNS ! o HEH EEREEEE. . S I

10 20 30 O

WIND COMPONENT  OBSTACLE HEIGHT
~KNOTS ~FEET

-40 -30 -20 -10 O 10 20 30 40 50 2800 2600 2400 2200 0
OUTSIDE AIR TEMPERATURE ~°C WEIGHT~POUNDS

)
EIENEDS PSR MY RN

L
-40 20 0 20 40 60 80 100 120

OUTSIDE AIR TEMPERATURE ~F

TAKEOFF DISTANCE ~ FEET




TAKEOFF DISTANCE

9

A (7) |S a ||St Of ASSOCIATED CONDITIONS WEIGHT TAKEOFF SPEED OAT 15°C (55°F)
2 LIFT-OFF 50 FT PRESSURE ALTITUDE 5650 FT

takeoff speeds for TR L. & ) S e

MIXTURE LEAN TO APPROPRIATE 2950 66 76 72 83 HEADWIND COMP. 9.0

I I 2800 7 70 81
different weights e E—

FLAPS up cppu o PO
KEQOFF DISIANCE OV
LANDING GEAR RETRACT AFTER POSITIVE 2400 | & 6 | 76 vt L R— 6‘ H

A ft CLIMB ESTABLISHED 2200 63 73 _AS0 FTOBSIACLE
t 2,950 OU ndS || COWLFLAPS  OPEN TAKEOFF SPEED AT

off speed is 66 knots |FNNEG_—_-E_—__-_—_-_—-—
For an obstacle at s o
the end of the
runway climb at a
speed of 72 knots :
for that weight s e
Variable weights M T é
r:eqUIre dlﬁerent -40 -30 -20 -10 0 10 20 .»,30 40 50 2800 2600 2400 2200 0O 10 20 30 O
||ft0ﬁ and Obstacl e OUTSIDE AIR TEMPERATURE ~°C WEIGHT~POUNDS wmo_c&ngﬁgmem OBSTACLE HEIGHT

)
EIENEDS PSR MY RN

. 11
-40 -20 0 20 40 60 80 100 120
climb speeds.

1

1
- REFERENCE LINE |

- REFERENCE LINE 1

TAKEOFF DISTANCE ~ FEET




TAKEOFF DISTANCE

9

L]
i (8) | IStS a | | th e ASSOCIATED CONDITIONS WEIGHT TAKEOFF SPEED OAT 15°C (55°F)
(:, 7 LIFT-OFF 50 FT SRESSURE ALTITUDE 5650 FT
a Ssociated SR FulL THROMLE PRESSURE ALTITUDE 5650 F

POUNDS |KNOTS| MPH | KNOTS | MPH TAKEOFF WEIGHT 2950 LB
MIXTURE LEAN TO APPROPRIATE 2950 66 76 72 83 HEADWIND COMP. 9.0

° ° .
CO n d Itl O nS th IS o El;EL PRESSURE gggg gg ;g Zg 3; GROUND ROLL 1375 ET 6‘ o
2300 FT R

LANDING GEAR RETRACT AFTER POSITIVE | 2400 | 61 66 | 76 e Sy

chart is based on O i | 220 ___ L

LIFT-OFF 66 KNOTS (76 MPH)
50 FT 72 KNOTS (83 MPH)

- Alwa S read, all ,
conditions listed in HEE

1

this section of a
chart

¢ There are many HERRERRE ~.%-‘ 0..'3 ‘ T AR NEEEEEE AN SR REREE : *

: - D e i S
variables affecting |EEEEEES i ST S P et o
alrplane NN NESEEEEEEaEEEEEIEEEEEEEEE I AR | , i

-40 -30 -20 -10 O 10 20 30 40 50 2800 2600 2400 2200 0O 10 20 30 O 50

p e rfo r m a n C e | I Ste d QUTSIDE AIR TEMPERATtURE ~C WEIGHT~POUNDS WIND C}&%PT?NENT OBSTAEI;.EE}#EIGHT
IN this section QT ITITITITITITITT

OUTSIDE AIR TEMPERATURE ~F

REFERENCE LINE
- REFERENCE LINE |
REFERENCE LINE

TAKEOFF DISTANCE ~ FEET

SEEEE INENE SNEEE A N
wio
y el L L .,_.Hj Sriwas
. 7 T . L
+ +H+ - B

N E W
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Tabular Takeoff Distance Chart

CONDITIONS

» Short field computations based Fu oot Pt o Broke R
on 10° of flaps, full throttle, S
then brake release, specific
runway conditions, and zero

wind

« Note #3 states distances
should be decreased 10% for

each 9 knots of headwind 1
« For tailwinds up to 10 knots,
increase distances by 10% for

each 2 knots

e
weigHT| KIAS' | PRESS
LBS FT

TOTAL TOTAL TOTAL TOTAL TOTAL
GRND TO CLEAR | GRND | TO CLEAR | GRND| TO CLEAR | GRND| TO CLEAR | GRND | TO CLEAR
ROLL 50 FTOBS | ROLL | 50 FTOBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS




Tabular Takeoff Distance Chart

- If taking off on a dry grass
runway instead of a hard
surface, increase distances e it e

Paved, Level Dry Runway

by 15% of the ground roll

» Grass creates drag and
prevents acceleration of the
airplane

« There is no chart variation
for different weights because B B A
a small two-place trainer
doesn't have much variation
in its payload

e
weigHT| KIAS' | PRESS
LBS FT

TOTAL TOTAL TOTAL TOTAL TOTAL
GRND TO CLEAR | GRND | TO CLEAR | GRND| TO CLEAR | GRND| TO CLEAR | GRND | TO CLEAR
ROLL 50 FTOBS | ROLL | 50 FTOBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS




Example #2

 Determine takeoff ground roll and
distance to clear a 50' obstacle
based on the following conditions:
Pressure altitude: 3,000 feet .

Paved, Level Dry Runway
Zero Wind

Tailwind component: 4 knots

 Without correcting for the
tailwind, we obtain a ground roll

of 1,000 feet and distance to clear = ~
50' obstacle of 1,870 feet _
* Note #3 states to increase

T
5

oC 0oC C
7 ] a7
GRND TO CLEAR | GRND | TO CLEAR | GRND| TO CLEAR | GRND| TO CLEAR | GRND | TO CLEAR
ROLL 50 FT OBS | ROLL | 50 FTOBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS
. 0 1,670 | 50 | 54 755
distances by 10% for each 2 knots e || i
of tailwind

U 080 90
1215 2320 |1315
1345| 2610 |1455
1490 2960 | 1615
1655| 3395 |1795

 Distances need to increase by
20%




Example #3

 Determine takeoff ground roll and
distance to clear'a 50' obstacle
based on the following conditions:
P ress U re a Itltu d e: 3 [} O fe et Takeoff Distance Problem #4 Answer:
For Training Purposes Only! 20% of 1,000" = (.20)x(1,000) = 200’
1,000'+200' = 1,200’ Ground Roll

20% of 1,870’ = (.2)x(1,870) = 374’
1,870'+374' = 2,244’ to clear 50’ obstacle.

SPEED PRESS
KIAS ALT
FT

TOTAL TOTAL TOTAL TOTAL TOTAL
GRND | TO CLEAR | GRND | TO CLEAR | GRND| TO CLEAR | GRND| TO CLEAR | GRND | TO CLEAR
ROLL | SO FTOBS | ROLL | SOFT OBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS | ROLL | 50 FT OBS

* Note #3 states to increase
distances by 10% for each 2
knots of tailwind

» Distances need to increase by
20%

. Adﬂ'usting for a tailwind ground
roll becomes 1,200' feet and the

horizontal distance to clear a 50'

obstacle becomes 2,244

LIFT | AT
OFF | SO0 FT

54 | S.L. | 640
3000J) 855
5000 | 1040
6000 | 1145
Fig. 17
10 -




Landing Definitions

« Ground roll is the distance
required to stop the
airplane once the wheels
have made contact with
the runway

* The distance to land over a
50' obstacle is the total
distance to cross over that Ground roll
ObStade, tOUCthWﬂ, and — Total distance to clear a 50' obstacle
come to a stop 115-20

© Rod Machado's
Private Pilot Handbook

LANDING DEFINITIONS

Airplane

Touchdown stopped

point




Crosswind Component
THE CROSSWIND COMPONENT CHART

e Chart determines the
headwind and crosswind

COmpOnentS Wind
330 at 40 knots

- Several performance charts 30,

require the headwind or =
tailwind component in 5
order to determine takeoff Headwind | 2
. . O
or landing distance component | O
. ] 35 knots =
» POHs list the maximum = =
crosswind component : Crosswind | o

component tu _ -

(max demonstrated) 20 knots | T 1

“ 10 20 30 40 50 60

 An average pilot should be
able to handle without
needing exceptional skill

CROSSWIND COMPONENT



Crosswind Example #1
et CUR USRS THE CROSSWIND COMPONENT CHART

« Tower reports wind from Wind
330° at 40 knots Mgk
» What are the headwind / z
and crosswind 2
components associated cononant |8
with this wind? j 35 kriots g
Crosswind |2
component I-:E

20 knots
<

s ol ***“"'_‘
10 20 30 40 50 60

CROSSWIND COMPONENT




Crosswind Example #1
O NCCUESIUEE  THE CROSSWIND COMPONENT CHART

direction of 300°

Wind
* Wind from 330° makes a ‘ 30330 at 40 knots
30° angle with the " =
runway 5
. . ; =
* Some of this wmd ey (@
imparts a headwind j 3oknots 12
component and some a E®  Crosswind | B
crosswind component Sl “2oknots | = e
< 10 20 30 40 50 60

CROSSWIND COMPONENT




Crosswind Example #1
BAUCEEMESUCC-U U  THE CROSSWIND COMPONENT CHART

of the nose

Wind
* The 0° mark represents etk

the nose of the airplane / =

. . . <

* Find the 30° diagonal line 2

(A) S |8

. 35 knots

* This represents the angle ' §

. . ~ . 0
the wind makes with the : Soserg, §o
nose of the airplane 20 kniots T &% 30 40 50 60

CROSSWIND COMPONENT




Crosswind Example #1
NSV THE CROSSWIND COMPONENT CHART

until reaching the 40 knot

wind velocity arc (B) S
o . 30°

* Drop straight down to " =
point D to determine the 5
amount of crosswind Headwind |3
t |O
* Right crosswind , Sskots |8
component of 20 knots ®  Cosowina | B
component =

20 knots
<

—f e |
10 20 30 40 50 60

CROSSWIND COMPONENT




Crosswind Example #1
* To find the headwina THE CROSSWIND COMPONENT CHART

component move left

horizontally to (C) S
o . i 30°
« Headwind component is " =
35 knots 5
. . . ; =
* This headwind value is el (19
used for any takeoff or | 3knots |9
landing performance Sl Crosswind |3
computation “30 knots | = e .
< 10 20 30 40 50 60

CROSSWIND COMPONENT




Crosswind Examp|e H2 « What is the crosswind

component if landing

THE CROSSWIND COMPONENT =, /1.1 on Runway 18 with the

Wind Schceeaml tower reporting wind of
00, it 15 Kok |2 220° at 35 knots?

T, 400 * Find the angle between

40
/ the wind and the nose

e 220° minus 180° is 40°
Headwind

component
27 knots

v

0
Y

S

S O O

r
%

HEADWIND COMPONENT
I O}

Crosswind

component 10 20 30 40 50 60
23 knots
<

o
L

CROSSWIND COMPONENT




CrOSSWind Examp|e #2 * Find the 40° diagonal line

(A) and slide down until
reaching the 35 knot wind

THE CROSSWIND COMPONENT CHART QREISC)

Wind 0° o0 Bl hineuall © Dropping straight down
220 at 35 knots gives a crosswind
40P component of 23 knots
Tl (D)

* A headwind component
81‘ 27 knots exists at point

« This component exceeds
the limit for an airplane
certified for a maximum
crosswind component of
20 knots

0
Y

S

Headwind
component
27 knots

v

r
%

HEADWIND COMPONENT

Crosswind

—————— | =i |
component 10 20 30 40 50 60
23 knots

<

o
v

CROSSWIND COMPONENT



Crosswind #3

« Determine the maximum wind
velocity for a 30° crosswind if
the maximum crosswind
component for the airplane is
12 knots

* This problem requires us to
work backwards

» The airplane has a maximum
crosswind component of 12
knots

* Find this position along the
bottom of the crosswind chart

(X) Crosswind Component

« Move straight up until reaching

+l A ODONO Aia~A~A I I:in A 7\/\

)
c
[T
c
o
o
£
o

(&)

o

£
=

o
@
L]

ac




Crosswind #3

e Determine the maximum wind
velocity for a 30° crosswind if
the maximum crosswind

component for the airplane is
12 knots

« What wind arc you would be

resting on if smaller wind-arc
calibrations existed?

 Parallel this arc around to the
end of the scale (either
direction)

* The maximum wind velocity is
24 knots

et
c
[T
c
o
o
£
o
(&)
o
£
=
o
@
L]
ac

Crosswind Component



Enroute Performance



Time, Fuel, and Distance To Climb

 Columns provide:
Climb speed (Vy)
Expected rate of climb
Time it to altitude

Fuel used [';/lﬁximgg, . :
Distance covered (zero LI Aol ;
Wilale) 3

* Chart shows howVy e
decreases with increase in ki S

. NOTES:
altltUde 1Add08f a gallon of fuel for engine start, taxi and takeoff allowance

ned above 3000 feet for maximum RPM

etm f el and distan by10/f ach 10 C above standard tem
are based on zero wind.




Time, Fuel, and Distance To Climb

Maximum
Rate of Climb

CONDITIONS:

Flaps Up

Full Throttle

Standard Temperature

NOTES:

1. Add 0.8 of a gallon of fuel for engine start, taxi and takeoff allowance. !
2. Mixture leaned above 3000 feet for maximum RPM. @ ROd MCIChCIdO S

3. Increase time, fuel and distance by 10% for each 10 C above standard temperature. Pl’iVOte P“Ot HCI nd bOOk
4. Distances shown are based on zero wind.




Climb Example #1

« Estimate time and fuel
consumed to climb from SL
to 5,000 feet PA under
standard temperature
conditions

Find fuel used and distance
values for the 5,000 foot PA
row

Time = 8 minutes
Fuel Used = 1.2 gallons

Per Note 1 add 0.8 gallon
of fuel

e Total Fuel: 1.2+0.8=2.0
gallons

Maximum

Rate of Climp N RECHERIES

CONDITIONS: N
Flaps Up MAXIMUM RATE OF CLIMB

Full Throttle

Standard Temperature

NOTES:

1. Add 0.8 of a gallon of fuel for engine start, taxi and takeoff allowance.

2. Mixture leaned above 3000 feet for maximum RPM.

3. Increase time, fuel and distance by 10% for each 10 C above standard temperature.
4. Distances shown are based on zero wind.

()
40 U
425 13
15
18
21
25
29




Cl|mb #2  Find time and fuel used

to take off and climb from
an airport with a PA of

) feet to feet
— PA; airport temperature
"UEL DI TAN is :
-’-’ » Must subtract the

difference in time and
fuel copsumed from
0

| Time to climb to
PA: 10 min
» Time to climb to
“ | PA: Z min
FapsUp . [MAXIMUM RATE OF CLIMB '  Time to climb from
2?;:122:3n':':mperature to fe et IS - —

P RE TEMP CLIMB RATE OF
wglen'r _{.VRESSU i | gﬂleg?:‘ cTu!-;»‘g

Maximum
Rate of Climb

NOTES:

1. Add 0.8 of a gallon of fuel for engine start, taxi and takeoff allowance.

2. Mixture leaned above 3000 feet for maximum RPM.

3. Increase time, fuel and distance by 10% for each 10 C above standard temperature.
4. Distances shown are based on zero wind.




Climb #2

Fuel to 1.4
gallons

* Fuel to 04
'-n-um gallon
I e Fuel to climb from
. to ;
Maximum
Rate of Climb .----\ e14-04

CONDITIONS:

FlapsUp MAXIMUM RATE OF CLIMB

Full Throttle
Standard Temperature

NOTES:

1. Add 0.8 of a gallon of fuel for engine start, taxi and takeoff allowance.

2. Mixture leaned above 3000 feet for maximum RPM.

3. Increase time, fuel and distance by 10% for each 10 C above standard temperature.
4. Distances shown are based on zero wind.




Climb #2

‘5 | | l FROM SEA
| RE TEMP CLIMB RATE OF '-EVEI-
wglel-rr -5,RESSUE e ‘gu}ssn \TE O

el Gl ‘ E FUEL USED ms:mﬂcs
MIN NM

FT SALLONS
n-um

1000 13 675 1

3

5

l\/onimum. :
Rate of Climb l-

CONDITIONS:

Flaps Up MAXIMUM RATE OF CLIMB

Full Throttle
Standard Temperature

NOTES:

1. Add 0.8 of a gallon of fuel for engine start, taxi and takeoff allowance.

2. Mixture leaned above 3000 feet for maximum RPM.

3. Increase time, fuel and distance by 10% for each 10 C above standard temperature.
4. Distances shown are based on zero wind.

 Time to climb: 7
minutes
Fuel to climb: 1 gallon

e Correct for the
nonstandard
temperature

« 21°C at 2,000 feet is
10°C above standard
temperature for that
altitude

 Per note #3 increase

both these values by
10%



Climb #2

PRESSURE TENP CLIMB RATEOF ' o
“"?'em st °c \%";;p_ cfﬁng FuEL USED DIsT
: VN [

n-um

11
Maximum II

Rate of Climb l--

CONDITIONS:

FlapsUp MAXIMUM RATE OF CLIMB

Full Throttle
Standard Temperature

NOTES:

1. Add 0.8 of a gallon of fuel for engine start, taxi and takeoff allowance.

2. Mixture leaned above 3000 feet for maximum RPM.

3. Increase time, fuel and distance by 10% for each 10 C above standard temperature.
4. Distances shown are based on zero wind.

Time to climb is 7 +
(1.1 x 7) =7.7 minutes

e Fuel usedis 1+ (1.1 x
1)=1.1 gallons

* Per Note #1 add 0.8
gallon for engine start,
taxi, and takeoff

» Total fuel consumption
is 1.1 + 0.8 = 1.9 gallons



Cruise Performance Chart

 Chart determines
enroute fuel
consumption and
expected true airspeed

 Always read the notes
before using the chart

 Note at the top of the

chart assumes the
engine operates at 65%
maximurm continuous

ower or full throttle,

ased on the RPM and
manifold pressure
settings provided in the
chart

CRUISE POWER SETTINGS

65% MAXIMUM CONTINUOUS POWER (OR FULL THROTTLE)
2800 POUNDS

ISA - 20 °C (-36 °F) STANDARD DAY (ISA) ISA + 20 °C (+36 °F)
PRESS
ALT.

ENGINE FUEL ENGINE | MAN. FUEL ENGINE | MAN. FUEL
IOAT | SPEED FLOW TAS I0AT SPEED | PRESS FLOW TAS I0AT SPEED |PRESS] FLOW TAS

HHWMEWWB-WMEMWWMEI@M

NOTES: 1. Full throttle manifold pressure settings are approximate.
2. Shaded area represents operation with full throttle.

© Rod Machado's
15-25 Private Pilot Handbook




Cruise Performance Chart

« Within each section is an
individual temperature
column (IOAT - indicated
outside air temperature) for
variable temperature
conditions enroute

CRUISE POWER SETTINGS

65% MAXIMUM CONTINUOUS POWER (OR FULL THROTTLE)

2800 POUNDS

STANDARD DAY (ISA)

ENGINE | MAN. FUEL
SPEED | PRESS FLOW TAS

[ Ha fesi]
212 6.6

NOTES: 1. Full throttle manifold pressure settings are approximate.
2. Shaded area represents operation with full throttle.

15-25

[ I

ISA + 20 °C (+36°F) I

I NGINE | MAN. FUEL
I0AT JPEED JPRESS] FLOW TAS

F
99

37

© Rod Machado's
Private Pilot Handbook




Cruise Performance Chart

Proceed to the right until
you are near a
temperature similar to
that for your cruise
altitude

CRUISE POWER SETTINGS

65% MAXIMUM CONTINUOUS POWER (OR FULL THROTTLE)
2800 POUNDS

ISA - 20 °C (-36 °F) STANDARD DAY (ISA) ISA + 20 °C (+36 °F)

NOTES: 1. Full throttle manifold pressure settings are approximate.
2. Shaded area represents operation with full throttle.

© Rod Machado's
Private Pilot Handbook
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Cruise Example #1

* Find fuel consumption
and TAS under the
fO”OWIng Condltlons'. CRUISE POWER SETTINGS
P A: 8,000 f e et 65% MAXIMUM CONTINUOUS POWER (OR FULL THROTTLE)

Temperature: +22°C I

.
Manifold pressure:
p L NGINE FUEL ENGINE | MAN. FUEL ENGINE | MAN. FUEL
I0AT SPEED FLOW I0AT SPEED | PRESS FLOW I0AT SPEED |PRESS] FLOW

20.8 In Hg nnmmmmmn-mmmmm -mmmmm

Wind: Calm

NOTES: 1. Full throttle manifold pressure settings are approximate.
2. Shaded area represents operation with full throttle.

© Rod Machado's
15-25 Private Pilot Handbook




Cruise Example #1

Find fuel consumption and TAS
under the following conditions:
PA: 8,000 Teet

Temperature: +22°C
Manifold pressure 20.8 in Hg
Wind: Calm

Follow across until reachin
temperature of or near +22°C

CRUISE POWER SETTINGS

65% MAXIMUM CONTINUOUS POWER (OR FULL THROTTLE)
2800 POUNDS

ISA 20 °C (-36 F) STANDARD DAY (ISA) | ISA + 20 °C (+36°F) | I
PRESS

ENGINE FUEL ENGINE | MAN. FUEL ENGINE | MAN. FUEL
SPEED FLOW TAS I0AT SPEED | PRESS FLOW TAS I0AT SPEED |PRESS] FLOW TAS

HHWMEWWB-WMEMW--E&IMM@M

99| 37| 2450 6.6 |11.5]153 | 176
91 33| 2450 6.6 |11.5]156 | 180
841 29| 2450 6.6 |11.5]159 | 183

ammm:EMM|

2450 188 59 106 163 188
2450 |17.4 | 54 | 9.8|160 | 184
2450 |16.1 | 49 | 9.1)155 |178

NOTES: 1. Full throttle manifold pressure settings are approximate.
2. Shaded area represents operation with full throttle.

© Rod Machado's
15-25 Private Pilot Handbook




Cruise Performance

« Chartis for an airplane with a
fixed pitch propeller

» PA found on the left side of the
chart with variable RPM
settings for variable power
conditions

« Shows various percentage
selections of BHP to operate

* If the airplane has a 100 HP
engine, chart shows what
perc(:jentage of the 100 is being
use

 Chart has three temperature
columns

CONDITIONS: Cruise Perforrnmance
¢ unds

Recommended Lean Mixture (See Section 4, Cruise)

NOTES:
Cruise speeds are shown for an airplane equipped with speed fairings which increase the speeds
by approximately two knots

75 70
71 97 : 66 63

6.
5.
4.
4.
3.
6
g

1
4
8
3
9
&
7

|
45
2
8

WHBBAGT WHDOIO
NOB OB~ DN =~

g




Cruise Example #2

* Find fuel consumption and TAS
at PA of 4,000’ feet, 2,300 RPM,
STD conditions

e Locate the 4,000' PA column,
then move to 2,300 RPM
value

* TAS is 96 knots
Fuel consumption is 5.1 GPH
Power output is 63%

CONDITIONS: Cruise Perforrnmance
unds

Recommended Lean Mixture (See Section 4, Cruise)
NOTES:

Cruise speeds are shown for an airplane equipped with speed fairings which increase the speeds
by approximately two knots

.I---[- : -] --

—h () -~

6.1
5.4
4.8
4.3
3.9
6.1
B
2
8

WBBOD  BBOO
O5H 005 -

0o 5]

OB B BAOOT WS BOO
NOB OB~ DN =~
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Endurance and Range Profile Charts

Left is a best-endurance

chart

ENDURANCE PROFILE

< 45 MINUTES RESERVE
CESSNA 24.5 GALLONS USABLE FUEL
MODEL 152

For Training

RANGE PROFILE

24.5 GALLONS USABLE FUEL
CESSNA 48

MODEL 152 For Training

CONDITIONS: Purposes
1,670 Pounds Only!
Recommended Lean Mixture for Cruise

Right is a best-range e

This chart allows for the fuel used for engine start, taxi, takeoff and climb, and the NOTES
time during climb as shown in figure 5-6.

chart

To use either chart you oo SEEEE L
must know the
percentage of power
developed by the engine

Percent power is found
in the previous cruise , i S SR iELEE
performance charts . ARERRHIEEL R s e el

3 4 5 o 350 400 450
ENDURANCE - HOURS

CONDITIONS: Purpos'es
1,670 Pounds omy.
Recommended Lean Mixture for Cruise

1. This chart allows for the fuel used for engine start, taxi, takeoff and climb, and the
distance during climb as shown in figure 5-6.

2. Performance is shown for an airplane equipped with speed fairings which increase
the cruise speeds by approximately two knots.

98 90 79
KTAS | BKTAS

3
>
w

-
i
Ll
T
]
wl
o
=
=
5
<<

ALTITUDE - FEET

| W 755 POWER
65% POWER
55% POWER
75% POWER
| B 65% POWER
55% POWER

RANGE - NAUTICAL MILES




Endurance

ENDURANCE PROFILE

45 MINUTES RESERVE
CESSNA 24.5 GALLONS USABLE FUEL
MODEL 152

For Training

CONDITIONS: Purposes
1,670 Pounds omy!
Recommended Lean Mixture for Cruise

Standard Temperature

NOTES:
This chart allows for the fuel used for engine start, taxi, takeoff and climb, and the
time during climb as shown in figure 5-6.

12,000

3
5
3
10,000 MEENE ¥
N
@

=
1]
Ll
T

|
wl
(=]
=)
=
7
<

3 4 5
ENDURANCE - HOURS

RANGE PROFILE

 SALLONS USABLE FUEL
CESSNA 2
MODEL 152 For Training

CONDITIONS: Purposes

1,670 Pounds . . Only!

Recommended Lean Mixture for Cruise

Standard Temperature

Zero Wind

NOTES:

1. This chart allows for the fuel used for engine start, taxi, takeoff and climb, and the
distance during climb as shown in figure 5-6.

2. Performance is shown for an airplane equipped with speed fairings which increase
the cruise speeds by approximately two knots.

12,000

10,000

98 90 79
KTAS | IKTAS | B KTAS

ALTITUDE - FEET

75% POWER
65% POWER

100 94 87 77
KTAS KTAS, 5 KTAS = : KTAS

350 400 450
RANGE - NAUTICAL MILES

- What would endurance be
at 8,000 feet if using 65%
power?

* Find 8,000 feet and move
across to the 65% power
line

* Drop straight down and

find an endurance of 3
hours and 36 minutes



Range

* At 65% power and 8,000

feet range is

approximately 354

nautical miles

« Range is based on no

wind
« Both Range and

Endurance charts
numbers that include a
45 minute fuel reserve

ENDURANCE PROFILE

1 45 MINUTES RESERVE
CESSNA 24.5 GALLONS USABLE FUEL
MODEL 152

For Training

CONDITIONS: Purposes
1,670 Pounds Only!
Recommended Lean Mixture for Cruise

Standard Temperature

NOTES:

This chart allows for the fuel used for engine start, taxi, takeoff and climb, and the
time during climb as shown in figure 5-6.

12,000

N/
5
10,000 =20 LA
g
2

=
L
i
(1.
1
L
[=]
)
=
=
<

3 4 5
ENDURANCE - HOURS

RANGE PROFILE

24.5 GALLONS USABLE FUEL
CESSNA :
MODEL 152 For Training

CONDITIONS: Purposes

1,670 Pounds ) ) Only!

Recommended Lean Mixture for Cruise

Standard Temperature

Zero Wind

NOTES:

1. This chart allows for the fuel used for engine start, taxi, takeoff and climb, and the
distance during climb as shown in figure 5-6.

2, Performance is shown for an airplane equipped with speed fairings which increase
the cruise speeds by approximately two knots.

12,000
102

~
N
O/ SKTAS
10,000 e
~
N
£y
107

KTAS

105 98 90
KTAS KTAS| [ KTAS

ALTITUDE - FEET

55% POWER

87
KTAS = |

350 400 450
RANGE - NAUTICAL MILES




Practice Problems



Tips

* Read all chart notes first

* If data is given in °C and chart uses °F, convert data to °F
* Do the same with MPH vs. Knots



Considerations



Discussion

- How can the following effect aircraft performance?

- Weight and Balance
* Pilot Technique
« Airframe Limitations



Knowledge Check

What speed will give you the greatest altitude gain over a given
distance?

A. Veo

B. V,

C. Vye

D. Vi



Knowledge Check

What speed will give you the greatest altitude gain over a given
distance?

A—Veo

BV,

c—V

D. V,



Knowledge Check

Which of the following factors do not influence takeoff
performance?

A. Weather conditions

B. Pilot Technique

C. Winds Aloft

D. Weight and Balance



Knowledge Check

Which of the following factors do not influence takeoff
performance?

C. Winds Aloft

D.—Weight-and Balanee



Knowledge Check

Which section of the POH will describe how a short-field effort
Takeoff or Landing is expected to be performed?

A. Section Three

B. Section Five

C. Section Nine

D. Section Four



Knowledge Check

Which section of the POH will describe how a short-field effort
Takeoff or Landing is expected to be performed?

A. Section Three

D. Section Four



Knowledge Check

What is the definition of “Service Ceiling™?

A

B.
C.
D.

T

T
T
T

Ne d
Ne d
Ne d

e d

titude at w
titude at w
titude at w
titude at w

NIC
NIC
NIC

NIC

Nt
Nt
Nt

Nt

ne C
ne C
ne C

ne C

imb rate drops to 100 feet per minute
imb rate drops to 1,000 feet per minute
imb rate drops to 500 feet per minute
imb rate drops to 0 feet per minute



Knowledge Check

What is the detention of “Service Celling"?

+he i rato Aranc £+ 1 ONOND font noar Mmintiro

+he il rato Aranc +a OO fornt noar mMmintifao

IMCTT UTICT CUTITTiIg 1Tl UIU'JD U 1,UUU JCTCTL IJCI TTHrTucc

IMCTT UTICT CUTNITTig 1Tl UIU'JD (U JUU TTCTL |JCI T TuUlc

IMCTT UTIC CIITTiIg 1Al UIU'JD (U U TTCTLU PCI FTHrTutc

W

W

W

A. The altitude at which the climb rate drops to 100 feet per minute

Thao alritnida A+ whice
ITICT AilitUUuUCT Al

B
D.

IT1IC AditituUuT diu

C Thao alritnida A+ whice

—.

N Thpe alritrida s+ wihich +thao Alimhb ratoe Avrance +a O font nor Mintifyo
I'TIC adriituucT dl

LJ.



Knowledge Check

Which of the following factors does not affect Density Altitude?

A. High elevations

B. Short runway

C. High temperatures
D. High humidity



Knowledge Check

Which of the following factors does not affect Density Altitude?
v Hioh elevat
B. Short runway
o rightemperatures
D.—High-humidity
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