Private Pilot (ASEL)
Ground School Course

Lesson 07 | Aircraft Flight Instruments



L esson Overview
Lesson Objectives:

« Develop an understanding of how the flight instruments work on an aircraft.

« Student demonstrates satisfactory knowledge of aircraft flight instruments by answering
guestions and actively participating in classroom discussions.



Pitot-Static Instruments

Aircraft Flight Instruments
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Atmospheric Pressure and Density

» Air molecules are piled on top of
one another ATMOSPHERIC PRESSURE CHANGES WITH HEIGHT

* At sea level there is a great deal of Y o Vertcal Column

of Air

static air pressure or weight because
there are more air molecules at the
top of the pile

* As you ascend, there are fewer air Rt 13 3
molecules above you o seew

« Atmospheric pressure or weight
(and density) decreases with a gain
In altitude




Pitot-Static System

Airspeed indicator (ASI) Vertical speed indicator (VSI) Altimeter

* AS| - Pitot & Static
» Altimeter - Static only
» VSI - Static only —

Baffle plate

Pitot tube

Drain hole

Ram air Static hole

Heater (35 watts)

Heater (100 watts) Pitot heater switch Alternate static source




Pitot Tube Static Port Locations

THE PITOT TUBE & STATIC PORT

A static line connects to the
altimeter, vertical speed
indicator and airspeed
indicator.

The static port |
is sometimes
found flush
against the
side of the
fuselage.

A\ The airspeed indicator has a line con- |
necting it to the pitot tube. This allows
measurement of impact air pressure.

©Rod Machado's




Pitot Tube Static Port

| A combination
Pitot tube and
static port .

Copyright 2014 by Rod Machado



Airspeed Indicator

Diaphragm

* Differential ﬁressure gauge that Long lever Secor
measures the dynamic I ——
pressure of the air

» Dynamic pressure is the il
difference in the ambient static
air pressure and the total, or
ram, pressure caused by the
motion of the aircraft through
the air

Pitot connection

Ram air Static air line Handstaff pinion




Airspeed Indicator

- Thin diaphragm receives its pressure Diaphragn

from the pitot tube

* Instrument case is sealed and
connected to the static ports

* As the pitot pressure increases or the Pitot tube
static pressure decreases, the
diaphragm expands

* This change is measured by a shaft and
gears dnvmg_a pointer across the
Instrument dial

« Calibrated in knots, statute miles per
hour, or both Ram air Static air line Handstaff pinion

Long lever Sector

Pitot connection




Airspeed Indicator Markings

AIRSPEED INDICATOR MARKINGS

The red line is the Beginning of the white arc is the power
never to be exceeded off stalling speed with gear and full
speed—also known ’ flaps extended—also known as Vso.
as Vne.

’Beginning of the green arc is the power
| off stalling speed with the gear and
flaps retracted—also known as Vs1.

The high speed end of the white arc is
the maximum flap operating speed—
also known as Vfe.

The green arc is the normal operating range

i The high speed end of the green arc is
| The yellow arc is ) the maximum structural cruising speed
| the caution range. ‘ —also known as Vno.




Airspeed Indicator Markings

* Vo - Maximum Structural Vyg (red line)
Cruising Speed

* V, - Maneuvering Speed not
shown (decreases with GW)

White arc

0 °.
\ (2 .
e
~
\ & \ y Ty
I %
\)

FE




Stall Speed: V.

V¢ - Stall speed or minimum steady flight speed at which the
airplane is controllable

 Generic term and usually does not correspond to a specific airspeed



Stall Speed: Vq;

V¢, - Stall speed or minimum steady flight speed in a specific
configuration
« Normally regarded as the “clean” (gear and flaps up) stall speed
 Lower limit of the arc
* Is a clean stall, but definition of “clean” could vary



Stall Speed: V¢,

V¢, - Stall speed in landing configuration
» Lower limit of white arc

« Stalling speed or the minimum steady flight speed at which the
airplane is controllable in landing configuration (engines at idle, props
in low pitch, usually full flaps, cowl flaps closed, CG at maximum
forward limit (i.e., most unfavorable CG) and MGLW



Design Maneuvering Speed V,

 Speed below which you can move a single flight control, one
time, to its full deflection, for one axis of airplane rotation only
(pitch, roll or yaw), in smooth air, without risk of damage to the

airplane
* V, must be entered in the FAA-approved AFM/POH of all
recently designed airplanes

* Design maneuvering speed does not provide structural
protection against multiple full control inputs in one axis or full
control inputs in more than one axis at the same time




Speed Limitations not Color-Coded on
AS|

* Vg - Maximum landing gear extended speed

* V.o - Maximum landing gear operating speed

* V, - Design maneuvering speed

* Vg - Operating maneuvering speed (below GW)



POH Airspeed Limitations

Your POH shows the airspeeds for maximum gear operating speed
(Vo) and maximum gear extended speed Vie).

AIRSPEED LIMITATIONS

Airspeed limitations and their operational sjghificance are shown in

GIED

figure 2-1.

Maximum Flap Extended
Speed:

To 10° Flaps £
10° - 20° Flaps Do not exceed these speeds

20° - 3p° Flaps ‘ with the given flap settings.

Maximum Landing Gear f Do not extend or retract
Operating Speed landing gear above this
speed.

Maximum Landing Gear Do net exceed this speed.
Extended Speed with landing gear extended.

For Training Purposes Only!

Copyright 2014 by Rod Machado



Airspeed Definitions

* Indicated Airspeed (lAS) - Airspeed that is shown on the
airspeed indicator, uncorrected for instrument or system
errors

« Calibrated Airspeed (CAS) - Indicated airspeed corrected for
position or installation error

* True Airspeed (TAS) - Calibrated airspeed corrected for
temperature and pressure altitude




Calibrated vs. Indicated

» Pitot tubes are not always
installed where they can

accurately sample impact-air

pressure

» At variable angles of attack,

t
C

ne pitot tube sometimes
oes not accurately reflect

t

ne airplane’s speed

True Airspeed

* Air at sea level is very dense
» Drag is high since air molecules are packed closer together
* As an airplane ascends it experiences less-dense air

* Results in less drag since fewer air molecules resist the
airplane’s forward motion

64 knots

60 knots

indicated

Sometimes the pitot tube's posi-
tion or angle prevents it from cap-
turing the moving molecules of air
flowing over it. This results in the in-
dicated airspeed being less than
the calibrated airspeed.

CALIBRATED & INDICATED AIRSPEEDS

© Rod Machado's
Private Pilot Handbook

107 knots
calibrated

WYL 110 knots
=" indicated

 Airflow —p_tub®

Sometimes the air striking the pitot
tube is artificially accelerated which
causes the indicated airspeed to
read higher than the airplane's ac-
tual calibrated speed.




Converting IAS to CAS

KIAS = Knots Indicated AirSpeed/KCAS = Knots Calibrated AirSpeed

 Chart from POH allows you to F&!ﬁ’?PEED CALIBRATION CHART
calibrate your indicated airspeed 50 60 70 80 90 100 110 120 130 140 150
KCAS 50 64 72 81 89 98 107 116 126 135 153

readings for accuracy T

40 50 60 70 80 90 100
55 58 64 72 81 90 107
FLAPS 30

40 50 60 70 80 85

54 57 62 71 80 85
Condition: Power required for level flight or maximum rated RPM dive

© Rod Machado's
5-12 Private Pilot Handbook




True Airspeed

« Air at sea level is very dense
* Drag is high since air molecules are packed closer together
 As an airplane ascends it experiences less-dense air

 Results in less drag since fewer air molecules resist the
airplane’s forward motion



True Airspeed

« Airplanes flying at higher altitudes
move faster through the air for a
given power setting because of the
decrease in density

« While the airplane goes faster
through the thinner air, there are
fewer air molecules striking the

pitot tube and expanding the

oellows of the airspeed indicator

 Result is at higher altitudes you are
moving faster than your airspeed
indicator shows

INDICATED & TRUE AIRSPEED DIFFERENCES

T - True airspeed
: 110 knots

tractor beam © Rod Machado's
locked on us. Private Pilot Handbook

| —Ame_____ y True airspeed
ﬁ’ N21328 J 108 knots
A 4 It must

be the mother

,71 True airspeed
= B— e = 106 knots
“hr’ﬁit/# True airspeed
| 'W——“Z’i“—?ﬁ 104 knots

All airplanes have the same indicated airspeed of
100 Knots, but their true airspeed varies with altitude.



TAS vs. Landing Distance

LANDING DISTANCE & TRUE AIRSPEED + In thinner air you will be moving
R - Y faster (higher TAS) to achieve
“ v the same indicated airspeed
- - The airplane stalls at the same
‘ indicated airspeed whether
Mol ou're at 1,000 feet or 10,000
‘th.e .a;s less dense . \KP{OTS 3y 7 ;_7_7_,'; —-‘ ) e et
I g g T RS » To lift off and accelerate

_——e—
Landing distances at 10,000' MSL are longer for a given indicated airspeed.

requires a longer-than-normal
takeoff distance at high altitude
airports




Finding True Airspeed Using E6B

Finding True Airspeed

» Calibrated airspeed
corrected for temperature

,§ and pressure altitude
£5 « A-Line up PA on inner scale
=" R, =& opposite OAT on outer scale
o e S 52 « B - CAS on inner scale and
E AT PN resulting TAS on outer scale

C

14-93



True Airspeed on E6B

» Calibrated airspeed corrected for temperature and pressure altitude
* Pressure Altitude when 29.92 In Hg set in altimeter



True Airspeed on E6B




TAS Indicator

* Provides both True and IAS

 Has the conventional airspeed
C\VHRY mechanism, with an added

180" reue subdial visible through cutouts in
\ 40,//60

|60_~74o

AIRS/ ZED the regular dial

i N « Knob on the instrument allows

; pilot to rotate the subdial and
align an indication of the OAT
with the PA being flown

 Indicates the TAS on the subdial




Mercurial Barometer

* A tube of the liquid metal mercury
is filled and placed upside down in
a vat of mercury

HOW A MERCURIAL BAROMETER WORKS

. . . Column
« Weight of the mercury inside the e
tube creates a small vacuum as the S sc
column attempts to sink out of the S i oxpheric
tube and into the vat pressure.
» The vacuum prevents the mercury |
from entirely sinking into the Test tube is full of
reservoir liquid mercury.
» The column finally stabilizes at a T

certain hei ght Private Pilot Handbook



Mercurial Barometer

» Decreasing the atmosphere’s HOW A MERCURIAL BAROMETER WORKS
pressure on the reservoir S Ealumn st
surrounding the tube allows the bl of mercury fo
column to decrease in height M, *attude

» Increasing atmospheric pressure | “mesperc
pushes on the reservoir, moving [ e coum

the column upward into the tube
and increasing its height

©Rod Machado's
Private Pilot Handbook 5-19 C&D



Mercurial Barometer

* Since the weight of the atmosphere HOW A MERCURIAL BAROMETER WORKS
changes with height, this pressure E— S
change should be reflected by a  aimospherc Seorse Il
lengthening or shortening of the the column 0

mercury column
A column of mercury changes about  [eressire causes

the column

one inch in height per thousand feet tofall.
of altitude change

» This is the standard used to -
Callbrate altlmeters Pri\%tgPilotOI(-:loingok

A decrease in
atmospheric




What Do Altimeters Show?

» Altimeters do not directly show FINDING YOUR HEIGHT ABOVE THE GROUND

your height above the ground

* Provides you with your height
above sea level (true altitude)

w

1,500' above
ground level

Altimeters measure
height above sea level,
not height above
ground level.

©Rod Machado's
Private Pilot Handbook
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Finding your height above the ground requires that you subtract the
ground's height (its MSL value is found on sectional charts—see Chapter 10)
from your height above sea level (which is shown on your altimeter).




Inside A Basic Altimeter

 Altimeter’s case is connected to

S@atic gir pressure (the air's .
e e o the static port

BASIC | _ d ° This allows static air pressure

to surround the sealed capsule

« Any change in static air
pressure is reflected by an
expansion or contraction of the
capsule, providing the altitude

L]
m The altimeter's capsules expand or contract based on the pres- r e a d I n g
@Rod Machado's verted into an altitude reéding.
Private Pilot Handbook




Principle of Operation

* The sensitive element is a stack of
evacuated, corrugated bronze aneroid
capsules

» Air pressure acting on these aneroids
tries to compress them against their
natural springiness, which tries to
expand them

 The result is their thickness changes as

A crosshatched area appears on .
some altimeters when displaying
S antade boon 16,600 fot oL e alr pressure changes

Barometric scale adjustment knob

100 ft. pointer
10,000 ft. pointer

Aneroid wafers 1,000 ft. pointer

Static port

Altimeter setting window




How The Altimeter Determines Altitude

 Measures the difference HOW THE ALTIMETER
IR VNGO T-S CALCULATES YOUR ALTITUDE

and pressure at the

. ’ . 3000' - 27"

airplane’s present altitude Ny 0
e Assume the pressure inside The pressure inside the capsule is 3" greater than the
| | ) ’ outside static pressure. Therefore, the capsule ex-
2000' - 28" pands an amount equivalent to three inches of mer-
Sed ed Ca pS uie 1S at 3 O Hg cury. This equates to an altitude reading of 3,000 feet

. . . above sealevel.
« Altimeter is calibrated so - .
that a 1” Hg change in b
g g 1000' - 29" n't expand and the hanéls read "zer’i)“ altitude.

pressure is equivalent to a
change of 1000 feet in ) Ui B
altitude Sealevel, —— NP &D




Non-Standard Pressure on an Altimeter

« The standard pressure lapse rate is a decrease of 1" Hg for
each 1,000 feet of increase in altitude (lower atmosphere)

« Maintaining a current altimeter setting is critical because the
atmosphere pressure is not constant

* In one location the pressure might be higher or lower than the
pressure just a short distance away



Pressure Variations And The Altimeter

* The altimeter measures the difference between —
. . urning the altimeter’s nob allows
sea level pressure and the outside static Feei oL mermentuhat
pressure at your altitude

* Sea level pressure changes at a fixed location, as
well as between locations

* You need a way to keep your altimeter informed
about the changing pressure at sea level




Altimeter Setting

WHAT HAPPENS WHEN YOU CHANGE THE ’ TWIStIng the knOb rotates the
ALTIMETER SETTING . ——— numbers in the Kollsman window

Rotating the altimeter's knob,

h he numbers in th 2 | Th I h h | h

e o b * [niIs IS how the pllot sets the
hanicall iti = : . .

i A | — 74 altimeter to what the pressure is

starting point from which the L A

Iti begins i Al

i B ===  Jt Sea level

the pressure inside the sealed
capsule changing to equal the

s el - | el - Recalibrates the pressure inside

Kollsman window (trust me! Think

rTip . < TS/ the altimeter's expandable
@ the altimeter works).
capsule

When the altimeter knob is rotated & 29.95" is set in the Kollsman window, the
altimeter acts as if a pressure of 29.95" Hg has been set inside its sealed capsule.

_U)
[e]
o)
O
o)
O]
O
=
o)
o]
-
©

Private Pilot Handbook




Correcting For Sea Level Pressure

Change

* Setting the Sea Level
pressure (altimeter
setting) corrects the
altimeter for non-
standard pressure

HOW THE ALTIMETER CALCULATES YOUR ALTITUDE

3000' MSL

2000' MSL
28.25"

1000' MSL
29.25"

Sea level
at SFO
30.25" Hg

T

Kollsman Kollsman
window window

( =

Each altimeter measures the difference
between the pressure at sea level (as set
in the Kollsman window) and the static
pressure at its altitude. The difference
between these two is mechanically
converted into an altitude reading.

3000' MSL
26.25"

2000' MSL
271.25°

1000' MSL
28.25"

Sea level
at SBA
29.25" Hg




How Sloping Pressure Levels Affect
Altimeter

HOW Altimeter C reads the correct altitude of

! 3000 MSL. AItmt D reads SOOOMSL

e If we don't update the SLOPING _
s because its altimeter settin g ha ‘t

LEVELS been updated to the current sea level

altimeter setting, the indicated g
altitude (What's shown on the  FHTREEY T

altimeter's face) becomes *
different from our true altitude ogoysL B =
(our actual height above sea ’ Sl

level ° )
EVE) 1000' MSL_ p, 1000' MSL

. 29.25" “SSsure leve, slo sl
* 1in Hg = 1000 feet P
40O

30.25" 29.25"
Sea level Sea level
at SFO at SBA




Failure to Update Altimeter Setting

FAILURE TO UPDATE YOUR ALTIMETER SETTING e Elvi '
CAN CAUSE ALTIMETER ERRORS Flying from a higher to a

% Th pict below starts of et PRI e lower sea level pressure,

3,000' MSL over SFO with ‘ s.e]t ;?h t.h'e; Krc‘::_Illsrrr:_at‘rr\I wi&dovg‘, the .

s atimeter et to e SFO plaiineheslia erisnhess you will be lower than what
station pressure of 30.25" Hg. Jally 1S L
He flies toward SBA and for- QU B e < oud ol | . h
t‘glrel'é"s 1o gggﬁ;evm;altlmeterset- Vi T Wl oo bowecalovel. yOU r altimeter snows

* 1in Hg=1000 feet

TOP 2,500' MSL

2000' MSL

| hate it when

that happens!
1000' MSL \)oo' MsL
29.25" 8.25"

30.25" 29.25"
Sea level ©Rod Machado's Sea level
at SFO Private Pilot Handbook at SBA




Updated Altimeter Setting

FAILURE TO UPDATE YOUR ALTIMETER SETTING
CAN CAUSE ALTIMETER ERRORS

‘B When the pilot is over
~ SBA and sets the altime-

ter setting of 29.25" in his
Kollsman window, the altim-
eter hands move downward
to show the airplane's true al-
titude above sea level which
is 2,000'.

3000' MSL
27.25"

2000' MSL
28.25"

1000' MSL

30.25"
Sea level
at SFO

Since the pilot was lazy and didn't
keep updating his altimeter setting,
he now gets the shock of his life. He
sees his altimeter indicating 2,000'
and knows he's 1,000' below his de-
sired altitude. He must immediately
climb back to 3,000' to avoid the
2,500' mountain top.

~3000' MSL
% 26.25"

TOP 2,500' MSL

,i_;_;},; MSL
|~ 27.05"

Head for
the light

1000° MSL

29.25" , ,28.25"
\AA
29.25"

Sea level

©Rod Machado's
Private Pilot Handbook at SBA

* With the corrected
altimeter setting, the
pilot realizes he is 1000

feet low
* 1in Hg = 1000 feet



Changing The Altimeter Setting

 Decreasing the altimeter HOW A CHANGING ALTIMETER
S -A = IR RC (S [ SETTING MOVES THE ALTIMETER'S HANDS

hands to decrease

« Opposite is true when
increasing the altimeter
setting

« Tin Hg = 1000 feet




Failure to Update Altimeter Setting

* Flying from a lower to a
higher sea level pressure,
you will be higher than
what your altimeter
shows

« Tin Hg = 1000 feet

FAILURE TO

UPDATE @
YOUR
ALTIMETER
SETTING
WHEN

FLYING

4000' MSL
26.25“ p Lt —-—

3000' MSL 3000' MSL

Ll.2y =

The airplane moves from

the low pressure area over

SBA to the high pressure ,

over SFO without updating |-V g\ SIS
its altimeter setting. It 27.25
follows the 26.25" pressure

level that ascends toward

1000' MSL SFO. ThUS, the indicated 1000’ MSL
29.25" altitude (3,000') is lower 28 25"

PRESSURE
AREA than the airplane's true
altitude (4,000).

30.25" _» ‘ 29.05"

©ORod Machado's  Sea Level ¢ Sea Level
Private Pilot Handbook at SFO at SBA

FROM |
A LOW 2O 2o



Effect of Temperature

indicated | HOW TEMPERATURE AFFECTS THE ALTIMETER

altitude - 4,000’
\‘\ .\llu-'/)

* When air is at standard
temperature (59°F/15°C at
SL) the altimeter
experiences no
temperature error

« Airplane B, sitting on top of
a column of normal
temperature air, has an
indicated altitude (4,000 —— e e
feet) which is equal to its ol ancara | R ) SF

true altitude (4,000 feet) Sl conditions) v ARty

Indicated
altitude - 4,000
WV vt L H/'/l

Indicated
altitude - 4,000

©Rod Machado's
Private Pilot Handbook




Effect of Temperature

« A mass of air having temperatures
different from standard distributes
its weight differently in the vertical
d I re Ctlo n Indicated

altitude - 4,000

« When temperatures are warmer air
expands and the expanded S §
column of air is taller

» The pressure level is taller in
warmer air

indicated | HOW TEMPERATURE AFFECTS THE ALTIMETER

altitude - 4,000'
\\\ Vo v.,//

Indicated
altitude - 4,000'
A Vo ’-‘J,«vl/

©Rod Machado's
Private Pilot Handbook

. J_ . . . . Warmer air Normal temp %(i)ro;?r
» Airplane A's indicated altitude is i Gtondard | ERETE) 2T
4,000 feet and its true altitude is sightly conditions) v ARy

4,250 feet



Effect of Temperature

unaicated 1 HOW TEMPERATURE AFFECTS THE ALTIMETER K @e)(o[lgr=Tgt ol gole [W[a=lS
shorter or more closely

Indicated

situdo 4,000 spaced pressure levels

vy |
\ /
/
,

©Rod Machado's
Private Pilot Handbook

Indicated

LSS ¢ Airplane C's indicated

altitude is 4,000 feet and
its true altitude is 3,750
feet.

Warmer air Normal temp
at 100°F air at 59°F

expands (standard
sightly conditions)




Altimeter Setting Not Available

WHEN THE ALTIMETER SETTING ISN'T AVAILABLE SN le]v=1=Rial=R=- 118 [aal=I = @ <ale]0)
until the hands point to field

If the altimeter setting

is not available while A / elevatlon

on the ground at an

airport, simply rotate - < .
thepknob unq[i?/the ¢ The numberS IN the KO”Sman

altimeter hands [LO%S . .
indiczie fisld window give you an
elevation. The ’

numbers in the S Kollsman apprOXImate a|t|mEter Settlﬂg

Kollsman window - D . .
| think =
would be your we Sholﬂm do A window fOr that |Ocat|0 A
altimeter setting if it \ a short field
were available from takeoff.
2,000' MSL

attached. 30.15" Hg

©Rod Machado's Pressure at sea level
Private Pilot Handbook @




Altimeter Settings

 Before departure the pilot should obtain the altimeter setting
given for the local airport

* Enroute, the pilot should set the altimeter to the closest station
within 100 NM

At or above 18,000 feet all aircraft use 29.92 (Flight Levels)




Sensitive Altimeter

« Has adjustable barometric scale
allowing the pilot to set the
reference pressure from which
the altitude is measured

» This scale is visible in a small
window called the Kollsman
window

* A knob on the instrument
adjusts the scale

« Range of the scale is from 28.00
to 31.00 inches of mercury




Sensitive Altimeter

* Rotating the knob changes both
the barometric scale and the
altimeter pointers

A change in the barometric
scale of 1" Hg changes the
pointer indication by 1,000 feet




Sensitive Altimeter

« When the barometric scale is
adjusted to 29.92 In Hg the
pointers indicate the pressure
altitude

» Displays indicated altitude by
adjusting the barometric scale
to the local altimeter setting

e The altimeter then indicates the
height above the existing sea
level pressure (MSL)




Altimeter Indications

» Altimeter indicates true altitude above MSL when operating
within International Standard Atmosphere (ISA) parameters of
pressure and temperature

« Standard Atmosphere: Temperature 15°C/59°F; Pressure 29.92



Altimeter Indications

* Nonstandard pressure conditions are corrected by applying
the correct local area altimeter setting

« Temperature errors from ISA result in true altitude being
higher than indicated altitude whenever the temperature is
warmer than ISA, and true altitude being lower than indicated
altitude whenever the temperature is colder than ISA

» True altitude variance under conditions of colder than ISA
temperatures poses the risk of inadequate obstacle clearance




Altimeter Errors

* A sensitive altimeter is designed to indicate standard changes
from standard conditions (29.92 / 15°C)

« Most flying involves errors caused by nonstandard conditions
and the pilot must be able to modify the indications to correct
for these errors

* There are two types of errors:
« Mechanical
* Inherent



Mechanical Altimeter Errors

* Preflight check to determine the condition of an altimeter
consists of setting the barometric scale to the local altimeter

setting
» Altimeter should indicate the surveyed elevation of the airport

* [f the indication is off by more than +£75 feet from the airport
elevation, the instrument should be recalibrated

* Differences between ambient temperature and/or pressure
causes an erroneous indication on the altimeter



Pressure Altitude

e Pressure altitude is used for
performance computations

A standard day occurs when
the sea level temperature is
59°F (15°C) and pressure is
29.92" Hg

« Airplane performance charts
are based on these conditions

* Climb rate chart requires two
variables: pressure altitude
and temperature

HOW TO FIND AND USE PRESSURE ALTITUDE

. Think of pressure altitude as the altitude the engineers were at when they
created the airplane's performance charts. This is the altitude your altim-

eterreads when 29.92" of Hg is set in your Kollsman window.

WEIGHT | PRESS | SLIMB RATE OF CLIMB - FPM
=5 | R | ks

©Rod Machado's
Private Pilot Handbook



Finding Pressure Altitude

IS SR sIgcSSR LU IS HOW TO FIND AND USE PRESSURE ALTITUDE

Set the a ltl mete r"S KOllsma n How to obtain pressure altitude for the chart above
Wi ndOW to 29°92 Hg d nd read To find your pressure altitude, sim-
the indicated altitude Gow. The alituds the hands poin t

is your pressure altitude. Once
you know this, reset the L

numbers in the Kollsman

window to the previous al-

timeter setting. Note that

rotating the numbers from

30.42"down 10 29.92" (a "%

change of .5") moves the |{&

hands down 500'. There-
fore, the hands move from ' | havetennis )\ °

~ N.elbow.

2,500' down to 2,000'".

©Rod Machado's
Private Pilot Handbook




Altimeter Hands

» Shortest hand points to numbers
representing the airplane’s height

READING THE ALTIMETER in tens of thousands of feet
\ « Medium, thicker hand represents
9 ' altitude in thousands of feet
|  Long thin hand represents the

airplane’s altitude in hundreds of
A variation of
the 10,000 feet

foot hand

Foot hand

©Rod Machado's
Private Pilot Handbook



Different Altimeter Readings

« Keep an eye on the
10,000 foot hand,
especially on FAA tests

DIFFERENT
ALTIMETER
READINGS

©Rod Machado's
Private Pilot Handbook 6,800 FEET

13,000 FEET



Different Altimeter Readings

Figure 82. Altimeter



Different Altimeter Readings

Figure 3. Altimeter



Absolute Altitude

« Absolute Altitude - Height
directly above terrain
(Radar Altimeter)

D

RADAR
ALTITUDE



Altitude Definitions

« Indicated Altitude - Altitude above MSL indicated on an altimeter
that is set to the current local altimeter setting

* Pressure Altitude - Altitude indicated on an altimeter when it is set
to the standard sea level pressure of 29.92 inches of mercury

* True Altitude - Exact height above sea level (The altimeter setting
yields true altitude at field elevation)

« Absolute Altitude - Height directly above terrain (Radar Altimeter)

« Density Altitude - Pressure altitude corrected for a nonstandard
temperature



Altimeter Error- Temperature

« When the aircraft is flying in air
that is warmer than standard
the air is less dense, and the
pressure levels are farther
apart

« When flying at an indicated
altitude of 5,000 feet, the
pressure level for that altitude
IS higher than it would be in air
at standard temperature, and
the aircraft is higher than it
would be if the air were cooler




Altimeter Error- Temperature

* [f the air is colder than
standard, it is denser, and
the pressure levels are
closer together

* When flying at an
indicated altitude of 5,000
feet, its true altitude is
lower than it would be if
the air were warmer




Temperature Corrections

« Under extremely cold

conditions, pilots may Height Above Airport in Feet

need to add an e i

appropriate

temperature correction Q,Q

determined from the |

correction chart to 10 | 10 [10 [10 | 10| 20| 20| 20| 20| 20| 30| 40| 60

charted IFR altitudes to 0|20 |20 |30 | 30| 40 40‘ 50| 5o| 60 90\ 120| 170

ensure terrain and

obstacle clearance with -10 | 20 | 30 | 40 | 50| 60 70‘ 80| 90| 100 150’200 290

the following 20 [ 30 | 50 |60 | 70| 90 100\ 120130 ] 140 210 280\420 570| 710

/';\elir';t'ons P -30 | 40 | 60 | 80 |100 | 120 | 140| 150|170 | 190|280 | 380|570 760| 950
- Altitudes specifically _

Scsioned by ATC <hall 40 ‘50 ’80 |1oo 120 150 | 170 190|220|24o[360’480 720 9701,210‘

not be corfected | 50 60 | 90 120 |150 180 | 210| 240|270 | 300|450 | 590/ 890 |1,190/1,500]



Non-standard Pressure on an Altimeter

 Take an aircraft whose
altimeter setting is set to
29.92" of local pressure

* As the aircraft moves to an
area of lower pressure the
pilot fails to readjust the
altimeter setting

* As the pressure decreases,
the true altitude is lower
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Non-standard Pressure on an Altimeter

 Adjusting the altimeter
settings compensates for this

 When the altimeter shows an
indicated altitude of 5,000
feet, the true altitude at Point
A (the height above MSL) is
only 3,500 feet at Point B
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When flying:
High to Low (Pressure)

or...
Hot to Cold (Temperature)

Look out below!



Vertical Speed Indicator

 Indicates climb or descent THE VERTICAL SPEED INDICATOR
in feet per minute (FPM)
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Vertical Speed Indicator (VSI)

* A rate-of-pressure change instrument
that gives an indication of any
deviation from a constant pressure
level

» Indicates climb or descent in feet per
minute (FPM)

 The pointer indication in a VSI lags a
few seconds behind the actual
change in pressure

* Is more sensitive than an altimeter
and is useful in alerting the pilot of an
upward or downward trend, thereby
helping maintain a constant altitude




VSI Operation

* Inside the aneroid and the inside of THE VERTICAL SPEED INDICATOR
the instrument case are both vented .
to the static system : -
. restricts (causes a lag in)
* The case is vented through a B the fow o St ar
calibrated orifice that causes the | {__instrument's case.

pressure inside the case to change b | ===
more slowly than the pressure
inside the aneroid

S | T |
C. < ) | Also called] |
an airflow
expandableb - 7 restrictor ‘
. | S

* As the aircraft ascends, the static capsule

= )8 tatic
pressure becomes lower ) === o
* The pressu re |nS|de the case . "The capsule expands or contracts at a rate
compresses the aneroid, moving the expansion or contraction s mecharically
p0|n er upwa rd’ ShOW”’]g ad C||m converted into arate of climb or descent. ©Rod Machado's

|ndlcat|ng (FPM) Private Pilot Handbook



Vertical Speed Indicator

 Inside the aneroid and the inside
of the instrument case are both
Digphagm vented to the static system

* The case is vented through a
calibrated orifice that causes the
pressure inside the case to change
more slowly than the pressure
inside the aneroid

* As the aircraft ascends, the static
pressure becomes lower

222G RIS » The pressure inside the case
e compresses the aneroid, moving

the qunter upward, showing a
climb indicating (FPM)




Vertical Speed Indicator

Diaphragm

Direct static pressure

Calibrated leak

« When the aircraft levels off, the
pressure no longer changes

 The pressure inside the case
becomes equal to that inside
the aneroid, and the pointer
returns to the zero position

« When the aircraft descends, the
static pressure increases

« The aneroid expands, moving
the pointer downward,
indicating a descent



Vertical Speed Indicator Checks

 Not required by regulation to be on board, but is commonly
found on instrument airplanes

« A VSI pre-takeoff check is made to check for a “zero” reading

« [f it is indicating a climb or descent, note the error and apply it
to readings in flight



Blockage of the Pitot-Static System

e Errors in the ASI, ALT, and VSI almost always indicate a
blockage of the pitot tube, the static port(s), or both

« Moisture (including ice), dirt, or insects can cause a blockage in
both systems



Blockage of the Pitot-Static System

* During preflight make sure pitot tube cover is removed and
static port openings are checked for blockage and damage

» Check operation of pitot heat during preflight

* The pitot tube is particularly vulnerable to icing because of the
position of the ram air input in the airflow, hence most IFR
aircraft have a pitot heater to prevent it from icing up

* Drain holes prevent moisture accumulating in the probe



Pitot Tube Icing




Blocked Pitot System

* If the pitot tube becomes
obstructed, the pitot system
can become partially or
completely blocked

« When dynamic pressure
cannot enter the pitot tube
opening, the ASI no longer
operates

* If the drain hole is open, static
pressure equalizes on both
sides of the diaphragm in the

Drain hole AS| and the indicated airspeed

slowly drops to zero

Pitot tube

Blockage




Totally Blocked Pitot System

« If both the pitot tube ram
pressure hole and drain hole
become obstructed, the ASI
operates like an altimeter as
the aircraft climbs and
descends Blockage Static port

Pitot tube

Drain hole




Totally Blocked Pitot System

« |f the pitot tube and the drain
holes become clogged with ice
while flying in icing conditions the
total pressure in the pitot tube will
stay constant

* In a climb, the static pressure
reduces, and so the ASI will read
nigher than it should

* In a descent, the ASI will read less
than it should

» ASI behaves like an altimeter - it
reads high as the airplane climbs,
and reads low as the airplane
descends




Blocked Static System

« When aircraft is above the
altitude where the static
ports became blocked the

Inaccurate airspeed indications

Constant zero indication on VS| a|rSpeed |nd|CateS ower than
| the actual airspeed because
iozen Amete: the trapped static pressure is
higher than normal for that
altitude

 For operations at lower
altitudes, a faster than actual
airspeed is displayed due to

1 the relatively low Static

Blockage = pressure trapped in the

system

Pitot tube

Static port




Blocked Static System

 Trapped static pressure causes
inocourate aireed indloaions the altimeter to freeze at the
Constant zero indication on VS| altitude where the blockage
occurred

* For the VSI, a blocked static
system produces a continuous
zero indication

Blockage

Static port




Alternate Static Source

: THE ALTERNATE STATIC SYSTEM
» An alternate static source i—

may be available in the v s
event of a blockage e NN s .

Alternate
static
source

 Alternate
static
source

©Rod Machado's
Private Pilot Handbook




Alternate Static Source

 Usually measures the pressure
in the cockpit, which is less than
the external static pressure due
to venturi effect

* [f both normal and alternate
sources of static pressure were
blocked breaking the glass of the
VSI will introduce the cockpit
pressure into the system

Baffle plate




Alternate Static Source
Activation

* Altimeter will read slightly high
« Airspeed Indicator will read slightly high
* VS/ will momentarily show a climb before settling down



Knowledge Check

Which of the following represent the stalling speed in the
landing configuration?

A Ve,

B. Vq

C. Vsran

D. Vo



Knowledge Check

Which of the following represent the stalling speed in the
landing configuration?

AV,

BV,

c—V

D. Ve



Knowledge Check

What flight instruments are a part of the Pitot-Static system?
A. Airspeed Indicator, Altimeter, and Vertical speed indicator
B. Altimeter, Vertical speed indicator, and attitude indicator
C. Heading Indicator, Turn coordinator, and Altimeter
D. Vertical speed indicator and Airspeed Indicator



Knowledge Check

What flight instruments are a part of the Pitot-Static system?
A. Airspeed Indicator, Altimeter, and Vertical speed indicator

D Verd Ig i Al i



Knowledge Check

Which of the following is the definition of True Airspeed?

A. Airspeed that is shown on the airspeed indicator, uncorrected for
instrument or system errors

B. Calibrated airspeed corrected for temperature and pressure
altitude

Indicated airspeed corrected for position or installation error
None of the above

o n



Knowledge Check

Which of the following is the definition of True Airspeed?

A A aVYa¥Ya¥Ya - aVal\V.VialWWa¥a aValialldel aYa¥Ya¥Ya Hia¥Ya - ) - ) aV¥a -
\J U C JVV U C \J U U ." U U U

B. Calibrated airspeed corrected for temperature and pressure
altitude

- e o | L » . ot
Bb—Nene-oftheabove



Knowledge Check

Which airspeed is not displayed on an airspeed indicator?
A Ve
B. Vyo
C. V,
D. Vs



Knowledge Check

Which airspeed is not displayed on an airspeed indicator?
AV
BV
C. V,
DV,
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