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Principles of Internal Combustion Engines

Induction: In this stroke the intake valve must be in
the open position while the piston pulls an air-fuel
mixture into the cylinder by producing vacuum
pressure into the cylinder through its downward
motion.

Compression: In this stroke the piston compresses
the air-fuel mixture in preparation for ignition during
the power stroke (below). Both the intake and
exhaust valves are closed during this stage.

Power: While the piston is at T.D.C. (the end of the
compression stroke) the compressed air-fuel mixture
is ignited by a spark plug. This stroke produces
mechanical work from the engine to turn the
crankshatt.

Exhaust: During the exhaust stroke, the piston once
again returns to T.D.C from B.D.C while the exhaust
valve is open. This action expels the spent air-fuel
mixture through the exhaust valve.




Principles of Internal Combustion Engines

« AiIr + Fuel + Spark = Combustion 1

« What we Control
— Air
 Throttle

— Manifold Pressure
— RPM

— Spark
* Magnetos
- L,R, Both

— Fuel

* Mixture
— Cooling

» Airspeed
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Throttle Controls Airflow




Manifold Pressure
Increases as the
throttle opens

Airflow into the
engine increases as
the throttle opens

Engine behaves like
an air pump

Throttle Position

Manifold Pressure
_g— -
T

20 #
25

B 30=
\"10 In-Hg

28.0 In-Hg

Manifold Pressure

—
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c“zu":l\

25 )

- zm:j
\"10 In-Hg

23.0In-Hg

Manifold Pressure
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:15 =
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\?“’ In-Hg

12.01In-Hg

" Near ldle



Throttle Body Fuel Metering Cam

» Increases fuel flow as throttle plate opens

— Fuel flow increases at wide open throttle to help with engine cooling during climbs
Throttle Metering Valve

//”1\¥ B

:LE)I.:"Iéiir 7‘7\"_} “A{[;_i,.
C— 7

T :6{__;&'-‘-: l X\,,,/ Near:WideOpen roi

7 METERING
R CONTROL
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Power Level / RPM Control
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Power Level / RPM Control

Ty, ———

#\"‘“15 20 ™ #T20 RN
£ 10 £ &£ 25 )
4 258, S

o
Power Lever
Assembly

RPM Manifold Pressure

st -—== 30-|

e :
'BEIB %° xw00 [/ 20 mng
1800 RPM 12.0 In-Hg
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Power Level / RPM Control
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Power Level / RPM Control
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Power Level / RPM Control
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Alternate Air

* Used for abnormal/emergency
operations if air filter becomes
clogged/blocked

Alternate Air Control

Alternate Air Source

‘7@ IRRUS
KAIRCRAFT



Throttle Controls Airflow

e —

Power Lever BCIRRUS
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Turbocharger

« A centrifugal compressor

which boosts the intake L
pressure of an internal .

" . WHEEL .
combustion engine -

COMPRESSOR
WHEEL

driven by an exhaust
gas turbine fitted to the
engine's exhaust

: I ©xHAusTINLET
manifold. —— b

COMPRESSOR INLET

P comeressor OUTLET

COMPRESSOR
HOUSING

FULL FLOATING
SHAFT BEARING

Turbocharger
Sectional View

CIRRUS
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Air Intakes

« 2 combustion air intakes

— 1 on each side connected
to NACA vent

* Fresh combustion air
feeds directly into
compressor-side of turbo




* Flexible tube connects intakes

« Automatic alternate air door in
center
— Held shut by spring/magnet

— Will open automatically when
normal air sources become
clogged

— Will close automatically when
resistance is cleared

— CAS message will appear to
alert pilot

ALT AR OPEN

% CIRRUS

AIRCRAFT




Intercooler (Aftercooler)

 As the air is compressed in the
turbo, it also warms up (up to 5
times as hot)

* Intercooler is installed in the
Induction air path between the
compressor and the throttle
plate

* The function is to cool down the
compressed air, which improves
the performance of the engine




MEAGHETD
DRIVE GEARS
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Magnetos T

HOW WE CONTROL SPARK / IGNITION
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Magnetos

« Dual Magneto System

« Gear driven from the
accessory drive

* Provides power to the spark

plugs

AAAAAAAA




Magnetos (SR22T)

« Dual Magneto System

» Gear driven from the accessory drive

* Provides power to the spark plugs

* Magnetos are pressurized by air from
the upper deck

» Prevents electric arcing within Mag

s S—
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Spark Plugs (SR22T)

« Create spark/ignition for combustion
event

» 2 spark plugs/cylinder

« Spark occurs 24° before piston

reaches Top Dead Center (TDC)
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Magneto Timing

« Advanced Timing

I acidiiaticlin b ds i 8 Characteristics (Early)

Afﬁﬁ Jeimehasiower | — Higher than normal CHTs
Z 600 :ggt!;nw"é“tg - . — Lower than normal EGTs
% o "ﬁ‘;?;‘,’;‘%'g‘ - sp::ol.op curve has more &TITs
ézzz Net work done by the ggj%%; : ) Retarded '-I-ir'r]ing
£ oo i A e Characteristics (Late)

| ~——— — Lower than normal CHTs

S rrfzLi3B°N288888% 82 — High than normal EGTs &

Crank Angle T I TS




Mixture Lever

HOW WE CONTROL FUEL
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VENT FILLER

L. WING TANK

4‘—}
L WING
ICOLLECTOR

|
FLAPPER

VALVE  padm
(5PLACES) ~--

SELECTOR VALVE
OPERATION

[l
] “F—RETURN
= (A==FEED

1

FETURN —

Y=

1Nl

OFF @

ENGIME DRIVEN
FUEL PUMP
MIXTURE CNTL.

FUEL FLOW
SENSOR

ANNUNCIATOR
FUEL

) a |
,:EED.:ﬂ'-E"—r L GASCOLATOR

NOTE THROTITLE
A In HIGH BOOST/PRIME METERING
made, relay allows fuel VALVE

pump operafion cnly when
manifold pressure is graatar
than 24 inHg or, - o
facilitate angine starting
-when engine speed is
lass than 500 RPM.

VENT

R. WING TANK

R. WING
ICOLLECTOR

.....................

ENGINE SPEED
: SENSOR
| (LOW RPM)

ENGINE
AIRFRAME R\;at‘-"
.- Ui MAP SENSOR

H (HIGH in Hag)
'

E FUEL

' FLOW

INDICATOR

INJECTOR
IFOLD

FUEL PRESSURE SWITCH

SR22_FMO7_3250

Fuel System

Electric Fuel Pump
provides 4 to 6 PSI
for vapor
suppression

Gascolator

Electric Fuel Pump

Gascolator filters
fuel before entering
the engine driven
fuel pump
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Mixture Lever Controls Fuel/Air Ratio

UPPER DECK PRESSURE -,
1

FUEL MANIFOLD
VALVE ASSEMBLY

MANIFOLD
PRESSURE

FUEL INJECTOR

Engine-Driven Fuel Pump

INLET FUEL
FROM ACFT

UNMETERED
FUEL PRESSURE
UPPER DECK
PRESSURE
METERED FUEL
PRESSURE

NOZZLE
PRESSURE
VAPOR
RETURN




Fuel Injectors

* Pressurized by upper deck air
— Prevents fuel backflow

 Tuned
— Specific to each cylinder

)@CIRRUS
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SO%

POWER

-t EXCESS AR~

Stoichiometric Ratio

If exactly enough air is provided to completely burn all of the fuel, the ratio is known as the
stoichiometric mixture

Fuel to Air Ratio — 14.7 Ibs Air : 1 Ib Fuel
Too Rich or Too lean can lead to engine roughness or possible combustion failure

EXCESS rUEL — —

MIXTURE YOO LEAN

TO PRODUVSE FOWER /—"

MIXTURE TOO
LEAN TO BURN

SEST ECONOMY

&

068 080 25 v 189

FUEL 41R RATIO (E4)s WEICHT OF FUEL / WEIGHT OF AIR
Lk 2y &0 LE5
AR FUFL Batny FAZAS WEIGHT OF AIR J WEIGHT OF FUEL



Mixture Influence

Rich of Peak
Peak EGT o I'Dﬁak (excess fuel flow)
— “Stochiometric mixture” (excess airflow) A
— All fuel and oxygen consumed g ——— \
— Air:Fuel ratio of 14.7 - 3
RiCh Of Peak é‘g 0 //l//—\\ » —Exhaust Gas Temp 100
— Power limited by oxygen quantity ';?; 10 VAN m\ o
— Excess fuel flow (fuel not consumed) T < o
provides cooling 5& 30 = '
. . . . -10 —
— Rich mixtures will have slight degrade on &f .. A —
power E g’.’- L 90 _Zilr:st':do:’ower
— Excessively rich will flood engine (large 1 .
power degrade, roughness or flameout) B P ,/ =
Lean of Peak P
— Power limited by fuel quantity i
— Excess airflow (oxygen not completely A = Fuel Consumption |
consumed) provides cooling ///
— Excessively lean - lean misfire i

e LEANER ~————————=RICHER —/————>

EGT Change From Max Temp. °F



Engine Roughness at Lean of Peak

Caused b Unbalanced Injectors
unbalanced fuel/air
ratios =) 40 HP 45 Hp ¢umm

More apparent during g \ 310HP 50 pHp o
lean of peak SOHP ot output

operations
P mmmm) 60 HP 65 HP <

 Why?

— Remember the HP
curve in relation the
fuel/air ratios
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Unbalanced Fuel/Air Ratios

Best Econ Best Power
« Some cylinders receive more +10 o
0 / /- T Exhaust Gas Temp

fuel than others
— ROP, Same HP / Smooth

/ ¥

/ \—cm. Hoad‘l’ot::p *Same |

Cylinder Head Temp. Change
From Best Power Temp. °C
LY
©

— i Smooth Engi ation
LOP, Varying HP / Rough s — -
Fzall
Unbalanced Injectors ROP /(/-..T.m-\
\_Percent of

Selected Power

Percent of Best
Power Horsepower

*Varying HP L
*Rough Engine Operation /
/

/ \_ Percent Specific

Fuel Consumption

<+—— LEANER RICHER ———

EGT Change From Max Temp. °F




Unbalanced Fuel/Air Ratios

2500 RPM @ 24.9 In. Hg ADMP

1550
| [
] —tm EGT-1
== EGT-2
1500 == EGT-3
1 EGT4
1450 & = F(GT-5
y . i, EGT-6
I \
v |
o SRS
T e
N el RN Full Rich
Cylinder #6 Cylinder #3 \ \
is last 15 first
cylinderto cylinderto \ —
1300 peak peak R
(richest)at (leanest) at ""*-..\“I
147 GPH 157 GPH i
1250 1 ——

13 135 14 145 15 155

Fuel How (gph)

16 165 17 175 18 185 19 195 20 205 21 215 2

'\%\‘



EGT (deg F)

1550

1500

1450

1400 -

1350

1300

1250

Balanced Fuel/Air Ratios

2500 RPM @ 24.9 In. Hg ADMP

L [ [
—pEGT-1
=l=-EGT-2
——EGT-3

EGT4
e EGT-5
—+—EGT-6
0.09
GPH
range Full Rich
Mixture
Cylinder #4 [ ICylinder#2
is last is first
cfinder o cylinder to
peak Hpeak
(nchest) at §Y({leanest) at
15.59 GPH | 1568 GPH
bbb . :
13 135 14 145 15 155 16 165 17 175 18 185 19 195 20 205 21 215 22

Fuel flow (gph)
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Balanced Fuel/Air Ratios

Best Econ Best Power

Each cylinder receiving . — —
s i-ﬂo 0
same amount of fuel and °f i e S S, S S
alr 5 g -10 / -200
+32= / \—Cyl. Head Tor:tp \
= -300

All cylinders developing g
equal HP even on steep 100
LOP curve

-400

Cylin
Fr
\

T
—

o8 \A \__ Percent of
Selected Power
85

80 7 /

L~

Percent of Best
Power Horsepower
©
<]

Balanced Injectors LOP & ROP

/ \___ Percent Specific

/ Fuel Consumption

<+—— LEANER RICHER ———»

EGT Change From Max Temp. °F




Best Power

« Set EGT 75° Rich of
Peak (ROP) EGT

« Enriching mixture
decreases CHTS when
ROP

+
-
o ©

| '
N
(=]

Cylinder Head Temp. Change
From Best Power Temp. °C
-
=)

&
=]

Percent of Best
Power Horsepower

75° ROP

0
-100
-200

I-300
-400

Best Eco| t Power
B—
I ///—\ —Exhaust Gas Temp
Y =
/ 'LC) . Head Temp \\
/ ~
/
100 — —
| Percent of
90 ted Powe
85 /
80 7 /
| ///
| / \__ Percent
Fuel Consumption -
//
| 1

RICHER —

EGT Change From Max Temp. °F



Best Economy

« Set EGT 50° lean of peak
(LOP) EGT

* Power should be at 65 %
or less when operating
LOP

* Leaning mixture
decreases CHTs when
LOP

50° LO

Best

E ﬂ Best Power

mu
-C Q_ \
‘éf // /—4\\ - Exhaust Gas Temp
% § 10 4 IS
£ Je / \—Cyl. Head Temp \\
S m ~20 \
2t A
&7
- 100 T ———
= | Percent of
90 Selected P

P t of Best
Power Horsepower

85 /
80 #

P

ercent Specific
el Consumption -

/

-]

| N~

LEANER

RICHER

-100
-200
-300
-400

EGT Change From Max Temp. °F



SR20 Unique Features

 Altitude Compensating Fuel Pump
— Pressure sensing aneroid referenced to ambient (cowl) pressure

— As altitude increased, ambient pressure drops and results in
“auto-leaned” mixture

RRRRRR

— Normally alleviates need to lean mixture in full rich/full power

EEEEEEEEEEEE
IIIII

ANEROID
HOUSING
ULL POWER RPM

F
FUEL PRESSURE
ADJUSTMENT x

ADJUSTMENT

\_ DRY BAY
INSPECTION

DRAIN FITTING

MIXTURE
CONTROL

TTTTTT



Normal Operations
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Continental Engine Certification

The engine is certified to 14 CFR 33
(Code of Federal Regulations)

What has CMI proven via testing

Extensive requirements for Detonation

Every approved power setting has a
minimum 12% detonation margin

Cylinders can survive continuous operation
at hot and high power settings

Engine parts remain “within service limits”

The FAA will approve 4X the test period as
TBO

It is tested in very abusive conditions 103°F
inlet air/240°F oil temp/460°F CHT

High power LOP may not have adequate
(12%) Detonation Margin

B




Normal Combustion

1,000

Normal
Combustion

No Combustion

c
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S
o=
k=)

-45 -30 -22

(=3

:MMV o._:mwmwn Japui)

o

o
(=}

A2

200

45 60 75 90

30

TDC 16

-60

)

Crank Angle (degrees)




Detonation

Detonation - Occurs when
combustion of the air/fuel
mixture in the cylinder does
not start off correctly in
response to ignition by the
spark plug, but one or more
pockets of air/fuel mixture
explode outside the
envelope of the normal
combustion front

If allowed to persist engine
damage is likely

Morm

m .
al Combustion
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During engine
certification, with
CHT at 460°F and
manifold Air temp >
120°F (obstructions
on intercoolers)
detonation was
observed at 31.5"
Manifold Pressure

Detonation

Fuel Flow in Gal / Hour

40

35

30

25

20

15

5

Relationship of Detonation to Changes in Manifold Pressure and
Fuel FlowTurbo Super Charged Piston Engine

Operation in the area above the
red line is safe from detonation,
however, at higher manifold
pressures it may result in
unacceptably high CHTSs.
Rich Mixtures
Cruise _
L Cruise
P Area
— is safe from detonation and
L vt ‘ will provide the coolest
" Yellow dashed line possibis CHIs.
represents peak EGT/TIT Manifold Pressure
15: 47 19 21 23 25 27 29 31 33 35 37 39 41 43

Graphic by George W. Braly at GAMI. May be used with attribution.

— Fuel Flow
Rich

-Fuel Flow
Lean

Comments:

This is a presentation
of generic engine
conditions which
relate to detonation

in a high powered
general aviation piston
engine in the 300 to
400 Hp category, with
compression ratios in
the 7 to 7.5:1 range

It should not be relied
upon for operation of
any specific engine

It is intended only for
general educational
purposes, only
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Detonation

1,000

@®
o
o

600

Cylinder Pressure (PSI)

200

0

Detonation

Normal

Combustion

-60 -45 -30 -22 TDC 16 30 45 60

Crank Angle (degrees)

75

90




Continenta

170

(1y/sq)) moy4 jang

13.8 GPH
80

70

Certification Data |O-550N

26.6 GPH
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]|
1

o b
129%f
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180
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Brake Horsepower Source Continenatal 10-550N, P&R F uel Flow vs BHP



SR22T Leaning Limitations

« Leaning Prohibited if

MAP > 30.5” -

— Detonation Margin

* Indicate by Green Arc
— Reduced if MAP > i
30.77 "

— Wide if MAP < 30.7”




Normal Start (Cold)

« Used for first start of the
day or when engine (oill
temps or CHTs) have
cooled to ambient air
temperatures

. NBEN Normal start (Cold)
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Hot Weather Tips

 Point the aircraft into
the wind to increase
airflow / cooling

* Open the oil door to
allow hot air to escape

— Be sure to verify
secure/closed before
engine start

. ".'  — |
O Y.
.
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Hot Start (SR 20)

« Used when engine
temperature is above
ambient air temperature

* No priming required for
hot starts

« Limit starter engagement < A \
to 10 seconds -1 !\orme! ster (o

— Let cool for 20 seconds

AAAAAAAA



Hot Start SR22/SR22T

« Used when engine
temperature is above
ambient air temperature

* No priming required for
hot starts

« Limit starter engagement
to 10 seconds

— Let cool for 20 seconds

AAAAAAAA



Hot Start

 Liquid fuel may begin to
expand and vaporize Iin
hot weather conditions

* Clearing the fuel lines of
this vapor will be
necessary prior to starting

AAAAAAAA



Flooded Start

 Used if engine is
expected to be flooded or
If normal (hot) start was
unsuccessful

« Weak intermittent firing
followed by puffs of black y
smoke from the exhaust =1
stack indicates over- B -~ R —
priming or flooding.

AAAAAAAA



Taxi

« Leaning during Taxi will
help to reduce the
likelihood of sparkplug
fouling

« Lean to the “X” in Mixture
or until Maximum RPM
rise Is achieved

AAAAAAAA



Takeoff (SR20)

Verify Mixture set to full
rich
— Altitude compensating fuel
pump
Increase Throttle to Full

— Advance smoothly over 4-5
seconds from idle to full g
power n| Normal Takeoff

EGTs approximately
1200° - 1300°

AAAAAAAA



Takeoff (SR22)

* |ncrease Throttle to Full

— Advance smoothly over 4-5
seconds from idle to full

power
* Mixture
— <4000 ft PA Full Rich -
— >4000ft PA lean to top of ey

18

green arc or placard y ==

}@CIRRUS
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Takeoff (SR22T)

Full throttle

Full mixture (for every altitude) P\ - | merem e e RS O e e

10 108.70 ez EIS - ENGINE KGP2Z o1s 5741 s 294

Boost pump on

BTF 1125 1120 1%
800 ,‘“‘ﬁ‘\ﬁﬂ 1105:1210

Monitor MP for overboost

— If the MP exceeds 37.0 inches reduce
the throttle below 37.0 inches of MP

— Due to cooler oil temperatures

Monitor Fuel Flow (Green Arc)

— Will increase in proportion to manifold
pressure

>0
™
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Cold Weather Takeoft

Pressure in the oll line to the

wastegates may Increase more

than normal if the engine oil is not
properly warmed before takeoff
The wastegate may close I
prematurely causing higher

upperdeck pressures than desired

The pilot should reduce the power
lever until MAP is below 37"

The pilot should increase throttle
as the oil warms during the climb

=4
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Throttle

-  Full

Mixture

— Rich

Boost Pump

- Off

Cruise Climb Speed

 100-110 KIAS /5 - 10 knots above Vy

* Reduces CHTs
* Note CHT Trends
— Rising or Falling?
Hot Weather Considerations
— Air conditioner OFF

* Increases climb rate by 75 FPM

— Boost pump On

Climb (SR20)

.

Initial Climb

Establish Cruise Climb speed 100-110 KIAS or as needed for cooling

*  Vapor suppression for warm or hot fuel
* Increases fuel flow slightly for increased cooling




Climb (SR22)

Throttle
— Full

Mixture
— Lean to top of green fuel flow arc

Boost Pump
— On
* Provides vapor suppression for hot fuel
Cruise Climb Speed
« 110-120 KIAS

* Increase airflow / monitor CHTs
 Note CHT Trends
— Rising or Falling?
Hot Weather Considerations

— Use slightly richer mixtures than placarded for
increased cooling

CREW SEATS MUS
CONTROL HANDLE

ALTITUDE GPH
17

FUEL FLOWS




Rich of Peak (ROP) Climb (SR22T)

 Full Power Climb: Rich

of Peak Technique R o jm o
— Power Lever — Full _ m Q {'\ ﬁ (\—-')

2480

Forward

— Mixture — Maintain
Fuel Flow w/in Green

— ——
304 M 0 L IOF ESTF 1300 1270 1265 ( Gt 00
AT A2 Bett!

e
g 1310 131 A o 4
srn W32 m ye00, 1280 1265 : 1280 3 =
m o

o, 28

Tine Raw 222 (HM0

18001
{1e001- 1400t (s8 +5 # 25
- Fonl Colcetion
I IIII Used 14 Gol
e 805 Gl
' Fm (H0

Arc = T (7 =
& n%d Climb - Rich of Peak (ROP)
_ C HT _ M ai ntai n be I OW K = Full Power / Mixture - Rich ( Green Arc)

420° F
» Airspeed 120-130
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Take-Off

 Turbos boost Manifold
pressure to ~36.5"

« Upper deck pressure
regulated to ~36.5" by the
slope controller
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Climb

« Qutside air pressure will
begin to decrease

« Manifold pressure would
normally start to decrease
as well, resulting in a loss
of engine power

AAAAAAAA



* Slope Controller e —
— The aneroid in the slope
controller contracts with L1 | —
loss of manifold pressure N ‘ e
: i
.

o

Climb at 15,000ft

% CIRRUS
®
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« Slope Controller

— The poppet closes
restricting oil flow, building
pressure in engine oil line
to the wastegate

Upper Deck Pressure
15"

AIR PRESSURF & TEMPERATLIRE
nnl Hrt-
| 15 |
27 M ry 239 36.5

OIL PRESSURE EXHAUST

Low High

ke \\///~ |

o Ul

Climb at 15,000ft

% CIRRUS
®
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Climb

 The increased pressure

In the oll line pushes ._
against the waste gate @ L [—
spring closing the S 2 _—
wastegate as needed —
I —
Climb at 15,000ft
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Climb

« As the wastegates close
less exhaust air Is
allowed past the waste
gates and more air
directed through the
turbos

 This increase in airflow
through the turbos
increase the turbo’s RPM Climb at 15,000t

AAAAAAAA



Climb

* When the turbo’s RPMs
increase the compressor - Voo Dok remrs
will also start to spin faster

* An increase in compressor
RPMs will result in an

AIR PRESSURF & TEMPERATLIRF

IIIIIIIIIIIIIIIIII

Increase in the Upper Deck Y &=z
manifold pressure i 5
« The upper deck manifold
pressure will be regulated to
maintain 36.5” up to about
18,000ft (critical altitude) Climb at 15,000t

AAAAAAAA



Climb to 25,000ft

Wastegates will be fully closed
above 19,000ft (Critical N
Altitude) - _

All possible exhaust gas is
directed through the turbos

As you climb above the critical
altitude intake manifold
pressure will begin to decrease

Engine should still be able to
maintain 31” MAP and 85%
power at 25,000 ft

IIIIIIIIIIIIIIIIII

Climb to 25,000ft/Full Throttle
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Lean of Peak (LOP) Climb (SR22T)

Cruise Climb: Lean of Peak
Technique

— Power Lever — 30.5" MAP

— Mixture — Cyan Target or less

* FF Target will bias if CHT >
390 or Manifold air inlet temp
iIncreases above 85°F

— CHT — Maintain below 420 ° F
» Airspeed 120-130

* Lean as required to maintain
<420 ° F

— If unable use Full Power
Climb

11450 «+108.70 w1 6s 145« o289 290 EE 1949  DEST FoO 73ce ETE 194

1o  108.70 Nz EIS - ENGINE KGPZ o1s 481 s 280"

ETF 1305 1285 1250
1600 12751280 : 1270

Climb - Lean of Peak Technique (L
Airspeed 120-130 KIAS



Full Power Climb vs. Lean of Peak Climbs

Cruise Altitude (MSL)

Fuel Savings LOP (Gallons)

Range Increase LOP (NM)

2,000 4 4
4,000 v 8
6,000 1 13
8,000 1.4 17
10,000 1.8 23
12,000 2.1 27
14,000 2.5 33
16,000 2.9 38
18,000 3.3 44
20,000 3.6 52
22,000 4.2 59
24,000 4.7 67
25,000 5.1 71




Full Power Climb vs. Lean of Peak Climb

Consider the following factors when deciding to climb LOP
or ROP

Workload associated with LOP climbs

— Closely monitor CHT's

— Adjusting mixture/airspeed for cooling
Decrease in climb performance
Significance of fuel savings
Significance of extra range

AAAAAAAA



Best Power Cruise — Rich of Peak (ROP)

Reduce power to 75% or

I 11250 «» 110304 ww1 88 153 om172° ™ 176" 14 3500F7  DES
eSS 1260 110.30 e EIS - ENGINE

Verify boost is off

— Unless required for vapor
suppression

Set EGT to 75° ROP

SR20 - * Caution * If moving the mixture control from the full rich position only
decreases the EGT from the full rich value, place the mixture control back in the full

forward position and have the fuel system serviced.
AAAAAAAA



Best Economy Cruise — Lean of Peak (LOP)

Verify boost is off

Reduce power to
approximately 70%

After leaning power should
be 65% or less

Set EGTs 50° LOP
Roughness LOP may be

Leaning - Lean of Peak (LOP)

=

i /3 |

d u e to u n bal an Ced / 2 : Verify boost is off / Power reduce to Approx:70% ‘
[ qg——§l

clogged injector or poor
magneto timing
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* Leaning too fast

— Doesn’t allow EGTS to find
true peak

* Forgetting to turn off
boost pump before
leaning
— Note fuel flow | _
— Turn pump off | T T

— Reset fuel flow i : ] ||||"'




Cruise SR22T

Cruise- Power settings will be lean
of peak

Power Lever — 30.5” MAP or less
Fuel pump- As required

* Low boost for at least 30 minutes
Mixture — Cyan target or less

* 50 °-75°F lean of peak TIT
CHT’s — Maintain below 420 ° F

* |F CHT’s are greater than 420 °F then
lean .5 GPH

— Should result in a 15 °F reduction in
CHT temperature for every .5 GPH

* 390° - 400°F CHT’s TYPICAL

TR

Cruise
Cruise Power settings will be Lean of Peak (LOP)




Cruise

 Manifold Pressure set to
30.5 or less (power lever)

* The Slope Controller
maintains upper deck
pressure 4” higher (~34.5")
than the intake manifold

— Allows for immediate power

response

* No need to wait for turbos
to spool up if additional
power is needed
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Lean Misfire

 Lean Misfire

— Generally
observed/characterized
by sudden engine
roughness

* Typically occurs at air:
fuel ratios > 18.5

(approximately

corresponds to 120°F

LOP)

EGT Degrees Lean of Peak (°F)

200 -
Engine Rough >120°F

Lean of Peak (Air:Fuel
Ratios 18.5 or greater)

175

150

125 +

e e ]

100 -

¢ Peak (Smooth) [
O Initial Roughess

75 fiame bt el sl e e IR
| As Mixture is Leaned, EGT's

50 - Lean-of Peak

cool from Peak and ¢

25

0

Target 50°F-120°F

Ratio 16.6-18.5)

tAirFuel - —— - - -

Air:Fuel Ratio

12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 20.00 21.00 22.00

# CIRRUS
®
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Boost Pump Operation

Pressure affects the temperature required to vaporize fuel
— Lower pressure = lower vaporization temperature

Low boost provides extra pressure to keep fuel from
vaporizing at high altitude

High boost may be necessary above FL180 with warm or hot
fuel if vapor lock is present
Vapor lock can be recognized in flight by:

— Fluctuations in normal fuel flow

— Rising EGTs and TIT coupled with falling fuel flow

— Rising CHTs
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Maneuvering

« Boost Pump On for any
maneuvering

« Mixture set as required
— Normally full rich

AAAAAAAA



Descent (SR20/SR22)

Plan your descent to allow
for a gradual 500 fpm — 800
fpm descent

Percent power will increase
as you descend

— Reduce power as needed
Mixture SR22 — enrichen

— Maintain similar EGT from
cruise

Mixture SR20
— Automatic (SR20)
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Descent (SR22T)

Power Lever — As Required

Mixture — Cyan Target or
less

CHT — Maintain in green arc
(above 240° F)

Avoid Prolonged idle
settings
Rapid Descent

— Power lever - Smoothly
reduce MAP 18 to 20"

AAAAAAAA



Before Landing

. Mixture (SR20 / SR22T)

— Set Full Rich

* Ensures for maximum power in
case of a go around

* Mixture (SR22)

— Lean to a setting that will result
in placarded fuel flows if throttle
Is advanced to wide open

— Below 4,000ft PA Full Rich

 Boost Pump ON

% CIRRUS
44

AIRCRAFT



Taxi

« Leaning during Taxi will
help to reduce the
likelihood of sparkplug
fouling

« Lean to the “X” in Mixture
or until Maximum RPM
rise Is achieved

AAAAAAAA



Questions?

AAAAAAAA



b B TV

SR22T TURBO SYSTEM COMPONENTS
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OVER-BOOST VALVE

An overboost pressure relief valve
IS iIncorporated on turbocharged
engine models to prevent over
pressurization of the induction
system

The overboost pressure relieve
valve is set to open at roughly 2 to
4 inches of mercury above the
rated maximum manifold pressure
of the engine

This acts as a “fail safe” device to
prevent the engine from reaching
an overboost situation

p

SPRING
AND BELLOWS

VALVE

OPENING

4

INDUCTION MANIFOLD
AIR CAN ESCAPE




Turbo-Supercharger

Exhaust

Turbo uses accelerated exhaust
gases to spin a compressor which
increases the pressure in the upper
deck

Capable of +100,000 RPM

Combustion Air
Maximum Normal Turbo Inlet
Temperature (TIT) is 1750°F, seen
on MFD

Turbo is lubricated via the engine oll
system

% CIRRUS

RPAIRCRAFT




Wastegate

The waste-gate is a
hydraulically controlled device
using engine oil pressure, to
close a butterfly valve that will
direct exhaust gasses to the
turbocharger

OIL“OUT” TO
SLOPED QNTROLLER

ENGINE OIL
PRESSURE “IN”




Wastegate

The wastegate controls the amount exhaust
that is allowed to flow through the turbo

Air will take the path of least resistance

A closed wastegate sends more exhaust
through the turbo

An opened wastegate allows Exhaust to
bypass the turbo and be dumped overboard

A spring holds the wastegate in the open
position. Oil pressure closes the wastegate

There is only 1 wastegate that controls both
turbos via a crossover tube

nfr




Wastegate
Controller e

Exhaust
Wastegate



Crossover Tube

« The left and right exhaust
manifolds are connected via
a crossover tube

e This architecture equalizes
exhaust pressure in the
exhaust manifolds and both
turbines are driven equally




SLOPE CONTROLLER

 Moves the wastegate to
manage the pressure created
by the turbo

« Maintains a pressure
differential across the throttle
valve of about 4“ Hg at partial
power settings and limits
maximum MAP to 36.5” at full
power

AAAAAAAA






SLOPE CONTROLLER

On takeoff at full power, slope
controller limits MAP to 36.5"

As the aircraft climbs at full power
and the ambient pressure
decreases, the controller commands
the wastegate to close to maintain
36.5” MAP

As power is reduced, the controller
commands the wastegate to open to
maintain the 4” differential across
the throttle plate

ANEROID
BELLOWS N
ASSEMBLY W
]
MANIFOLD
PRESSURE
SENSING
PORT
DIAPHRAGM
DECK | EZZ:
PRESSURE
SENSING
PORT
B
H
POPPET
OIL INLET POPPET SEAT
PORT
O OIL DRAIN
PORT

ADJUSTMENT
SCREW
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SR22T Power Lever

* No connection or linkage
to prop governor

« Throttle cable “slowed” in
cruise power range

— Small changes in throttle
position result in large
changes to manifold
pressure due to the slope
controller

AAAAAAAA



I Compressed/Warmed Induction Air I Cool air from NACA vent
P 5 on right side of cowling

4

MIXING
A cHAMBER
g FRESH AIR

MODIFIED ECS CONTROLLER

VALVE

CONTROLLER
TEMPERATURE
SENSCR

. SR22T -

DIFFUSER AIR FLOW VALVE
SERVO MOTOR~,

— LARGER HEAT EXCHANGER ON
CROSSOVER TUBE, 50°F
HIGHER HEAT RISE

— USES ELECTRONIC CONTROL
TO ACTIVELY MONITOR AND
BIAS VALVES IF HOT AIR TEMP
EXCEEDS LIMITS

— BENEFITS ARE PLENTY OF
HEAT ON THE GROUND, AND
AT LOW AND HIGH ALTITUDES

— PRESSURIZED PREVENTS CO

CONTROL PANEL
PANEL AIRFLOW

M| “osmreunon
I\ —_waweoio




Prop Governor

The SR22T incorporates a cable-less Hartzel propeller
governor.

The governor operates on the same principle as other
propeller governors; sensing engine speed, the governor
regulates pressurized engine oil in the propeller piston
assembly, which controls propeller blade angle.

Begins controlling blade angle and engine speed at
approximately 1400 RPMs.

The engine reaches its maximum speed of 2500 RPMs at
power settings as low as 55%.

As the power lever is advanced, engine speed will remain at
2500 RPMs, but MAP and Fuel flow will increase as will %
Power.

With the high speed stop set at 2500 RPMs, additional
power input causes the governor to increase propeller blade
angle, thus increasing thrust.
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So how does this all work?

PUTTING IT TOGETHER
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Take-Off

 Turbos boost Manifold
pressure to ~36.5"

« Upper deck pressure
regulated to ~36.5" by the
slope controller
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Climb

« Qutside air pressure will
begin to decrease

« Manifold pressure would
normally start to decrease
as well, resulting in a loss
of engine power

AAAAAAAA



* Slope Controller e —
— The aneroid in the slope
controller contracts with L1 | —
loss of manifold pressure N ‘ e
: i
.

o

Climb at 15,000ft

% CIRRUS
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« Slope Controller

— The poppet closes
restricting oil flow, building
pressure in engine oil line
to the wastegate

Upper Deck Pressure
15"

AIR PRESSURF & TEMPERATLIRE
nnl Hrt-
| 15 |
27 M ry 239 36.5

OIL PRESSURE EXHAUST

Low High

ke \\///~ |

o Ul

Climb at 15,000ft
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Climb

 The increased pressure

In the oll line pushes ._
against the waste gate @ L [—
spring closing the S 2 _—
wastegate as needed —
I —
Climb at 15,000ft
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Climb

« As the wastegates close
less exhaust air Is
allowed past the waste
gates and more air
directed through the
turbos

 This increase in airflow
through the turbos
increase the turbo’s RPM Climb at 15,000t
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Climb

* When the turbo’s RPMs
increase the compressor - Voo Dok remrs
will also start to spin faster

* An increase in compressor
RPMs will result in an

AIR PRESSURF & TEMPERATLIRF

IIIIIIIIIIIIIIIIII

Increase in the Upper Deck Y &=z
manifold pressure i 5
« The upper deck manifold
pressure will be regulated to
maintain 36.5” up to about
18,000ft (critical altitude) Climb at 15,000t
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Cruise

 Manifold Pressure set to
30.5 or less (power lever)

* The Slope Controller
maintains upper deck
pressure 4” higher (~34.5")
than the intake manifold

— Allows for immediate power

response

* No need to wait for turbos
to spool up if additional
power is needed

AAAAAAAA



Climb to 25,000ft

Wastegates will be fully closed
above 19,000ft (Critical N
Altitude) - _

All possible exhaust gas is
directed through the turbos

As you climb above the critical
altitude intake manifold
pressure will begin to decrease

Engine should still be able to
maintain 31” MAP and 85%
power at 25,000 ft

IIIIIIIIIIIIIIIIII

Climb to 25,000ft/Full Throttle

AAAAAAAA



Cold Weather Takeoft

Pressure in the oll line to the

wastegates may Increase more

than normal if the engine oil is not
properly warmed before takeoff
The wastegate may close I
prematurely causing higher

upperdeck pressures than desired

The pilot should reduce the power
lever until MAP is below 37"

The pilot should increase throttle
as the oil warms during the climb

=4
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Cold Weather Departure

 If the upperdeck pressure
Is allowed to reach too —
high of a level (2" to 4” | Eéﬂ_ =

above max rated) the B || 2B %&0 || [ —==—
over-boost valve will open
reducing the pressure Iin
the upperdeck

AAAAAAAA



LIMITATIONS
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Airspeed Limitations

Speed KIAS Remarks

Vne up to 17,500 MSL 200 (205 G5) | Never Exceed

Vne at 25,000 MSL 170 (175 G5) | Vne is reduced linearly from 17,500 to
25,000

VNo up to 17,500 MSL 177 (176 G5) | Maximum Structural Cruising Speed

VNo at 25,000 MSL 151 (150 G5) | Vno is reduced linearly from 17,500 to
25,000

Note: Vno and Vne can be interpolated for altitudes between 17,500 and
25,000. The PFD airspeed tape will change with altitude to reflect the difference
in Vne / Vno
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System Limitations

Altitude Limits
— Maximum Takeoff Altitude.......................... 10,000 MSL
— Maximum Operating Altitude........................... 25,000 MSL

Flap Limitation
— Do not use flaps above................................ 17,500 MSL

Environmental Conditions

— Do not operate the aircraft below an outside air temperature of -
40°C

Do not reduce manifold pressure below 15” when above 18,000 ft MSL
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Critical Altitude

 Critical altitude is defined as the altitude at which the
wastegate is completely closed and as the aircraft
continues to climb, MAP will begin to decrease

e Critical altitude ~19,000 ft

o Aircraft will still be able to maintain 31” MAP and 85%
power at 25,000 ft

AAAAAAAA



SR22T Operations

REVIEW
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True or False?

« Leaning the engine will cause the CHT's to rise when
operating lean of peak.
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Scenario

During a lean of peak climb while climbing at 120 KIAS the
CHT's exceed 420° F

— What is the appropriate response?
— What if that does not work?

— What if that does not work?
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Scenario

After setting cruise power at 85% (2500RPM / 30.5" MP
and 18.3 GPH) the CHT's remain at 420° F.

— What is the appropriate action?

AAAAAAAA



Specific to Turbo Operations

Emergency Procedures
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Scenario

« While cruising at 17,000ft you notice a sudden loss of
manifold pressure.

— What do you do now?

AAAAAAAA



Unexpected Loss of Manifold Pressure

Four Most Probable Causes
1. Leak in the induction system
. Behaves like a normally aspirated airplane
2. Leak in the exhaust system
. Possible fire hazard
3. Loss of oil pressure to wastegate actuator
. Due to general loss of engine oll

4. Failure of internal component in
turbocharger

. May be accompanied by loss of oil
pressure

i— D
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Unexpected Loss of Manifold Pressure

Emergency Procedure:

1.
2.
3.

N o Ok

Power- Adjust to minimum required
Mixture-Adjust for EGT’s between 1300 ° to 1400 °F

Descend to Minimum Safe Altitude from which a landing may

be safely accomplished

Divert to nearest suitable airfield
Radio-121.5 advise ATC

Oil Pressure-Monitor

Land as soon as possible

AAAAAAAA



