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PREATT & WHITNEY AIRCEAFT

FOREWORD

FOREWORD

The aircraft engine Is designed to power aireraflt in flight. 1tz con-
atruction, installstion, servicing, and repair present many interesting and
important problems ; bul ite actual operation s, naturally, of more immedi-
ale coneern to the pilot, & pumber of texta, handbooks, and manuala are
available which discusa the prineiplas of engine design and inztallation, and
describe the procedures of maintenance and overhaul, As a supplement to
this material, it is the purpoge of this book to discuszs the powerplant ss o
functioning unil and an integral part of the airerafl in which it is installed,
aed a0 to provide a bazis for an understanding of sound operating practice.

The first part of the book is devoted to & description of the basic
engine sections and “ayatema™ which together make up the powerplant,
and dizeusses them in relation to the different instruments and controls by
means of which the pilot regulates the performance of hiz engine, The
aecond part deala with the fundamental concepts of power and ita measure-
ment, bmep, and ratings, with parlicular reference to the principles of
engine operation. The laat part of the bool consiste of a ael of general
operating instructions in which the material treated in the first two parts
ia applied to the apecific problemaz of engine operation encounterad in flight
and ot the ground. It is asaumed that the reader is generally familinr with
the main fegturez of conventionsl engine design, with the namesz and func-
tiona of the more important unite of the powerplant, and with the prin-
ciplez of ihe four-siroke cyele,

Many of the numerical values quoted are for the purposes of illus-
tration and mey ool apply (o all engines. Various temperstures sre uaually
given in both Fahrenheit and Centigrade. For easy remembrance most of
the temperature values are rounded out, rather than being exact sgquiv-
alents, excepl those limils dictated by specification requirements, For
spectfic values for any particular engine consult the applicable Specific
Operating Instructions for the engine in question.

The materisl in the book and ils supplements pelates principslly to
the radial, air-conled engines manofactured by Pratt & Whitney Airoraft,
sod ja based oo the experience of move than a guarter of o century in oper-
ating these engines,

m——




THE AIRCRAFT POWERPLANT

OPERATION & DESIGN

PART 1

THE AIRCRAFT POWERPLANT

OFERATION

The airersfl engine and the automobile engine
are fundamentally alike in prineiple and design.
Both convert the chemical energy of a mixture
of fuel and air inte useful work by the same
proceaa of internal combustion, Both ineorpo-
rate the same bagic mechanizms, Both furnish
the motive power for the vehicles in which they
are installed.

The operation of the aireraft engine, however,
differa in many waya from that of the automo-
bile engine, The performance required of the lat-
ter is relatively limited, and weight may be gen-
erously used to insore wide marging of aafety,
Even the uninformed driver can do litlle to
abusge his engine, and to this extent the antomo-
bile powerplant has been “foolproofed.” By con-
trast, a wide range of performance iz demanded
of the aircraft engine, while the weight of the
powerplant must necessarily be kept 1o 2 mini-
mum in the interests of over-all efficiency of the
airplane, Aceordingly, the operator must substi-
tute hia understanding and judpment for mere
weight and solidity of structure, and, in place
of "foolproofing™ Lhe engine, the operator must
be “foolproofad™ instead.

Engine ratings, or the restrictiona placed on
engine operation, are of little practical inlereat
0 the aulomohbile driver, since in the conrse of
ordinary driving he cannot eazily exceed these
limits. On the other hand, engine rafings must
be one of the first concerns of the alrplane pilat,
It = possible to operate virtually any aircraft
engine at excessive powers, and in most in-
stances there is nothing to restrain the operator
Trom exceeding the limits set hy the ratings ex-
eept his understanding and judgment, If the
pilot makes use of engine speeds and exlindar
pressures that are above the vated limits, he iz

relving upon marging of safety which may he
~ dangerouzly narrow, If he faila to observe cylin-
der head or oil teraperature limits, or operates

without regard to oil and fuel pressures or to
fuel-air ratio, he is creating a situation that can
only lead to lowered reliability and possible
enrine failure,

In operaling an aircraft engine the pilot is
confromted with the bazic problem of combining
etigine speed and cylinder pressure in order to
abtain power. The manner in which these Lwo
factora are combined, together with the mainte-
nance of suitshle conditions of coeling, lubrica-
tiom, and mixture slrength, determines the efi-
clency of the performance and the dependahbil-
ity and durahility of the power plant,

DESIGN

Familiarity with the engine iz basie to the
underslanding of sound operating practice.
From an operator’s point of view, a typical air-
eralt power plant may be congidered as consist-
ing of :

1. A Power Seclion

2. An Accesaory Hear Section and a Nose
Bection, topether with the Propeller
A Lubricating System
A Cooling Eyatem
An Induction System comprising Car-
buretion and Supercharging  Svalems
6. An Ignition Svstem

L

A get of cockpit instruments, supplemented by
the nhaerved hehavior of powerplant and air-
pane, enable the operator to determine the man-
ner in which the different parts of hiz engine are
functioning, A corresponding series of controls
permila him to regulate their funetioning, Eifi-
cient aperation calls for the intelligent coordina-
Lion of the several functions of the varicus see-
tions and syalema of the powerplant to mest
cthanging conditiona as they are encountered,
having in mind the type of performance desired,
and with due regard for the aafety and protee-
lion of the engine,
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THE POWER SECTION

PARTS AND FUNCTIONS

Ag the name implies, the pewer section is the
section of the engine in which the power is
developed, and which is the first to receive the
impact of the [bads prpated. It conzists basic-
ally of the following aasemhlies:

1. The Cylinders

The aireraft engine is a heal engine which de-
pives ita power from the hurning of a corl-
bustihle mixture of gasoline and air. The fuel-
air charge ia ignited by a epark, and the heat
generpted by the burning of the charge ox-
pandz the gases [ormed during ita combuation.

CEE R HEAD O BRAIN————

-
1]
BOCKER 0% lr_{"?"

EXHAUFT POST
I TAKE BORT—
SRR PLUG BUSHING

THERMOUOUSLE
CLAMEP SCREW

COOLING FINE - —

The chemical energy of the fuel and air is thus
trangformed into the mechanical energy of the
expanding gases, Together with the pistons, the
erlinders form Lhe chamber in which the
poweT-producing eombuation takes place, and
it is in them Chat the greateat concentration
+F heat and pressuare is found

3 The Valves and the Valve-Dperating
Mechanlzm

The walvez control the admission of the fuel-
air charge to the eylinders during the intake

&

stroke: imprison it during the pompression and
nower RIToKES | arud release the burnt geaes dur-
ing the exhaust giroke. The valve-operating

: F‘h{x
ALVE ETEM —11% _;{’

PALWE—

— VALFE TARPET

VAL VFE TAPPET ROLLER

mechanism conaists of & get of cams and &
aaries of tappetd, puah rods, gnd rocker Arms
sotinted by the rams to open and close epch
valve at the proper moment in the powes
ewvele,

&, The DPistons

COMPRESTON Bad o
il Gl TROL MINE = _ BrETEN AN
Dil SCR4PER RINE =TT ¥r ——— TN

T wASTER AR
ARTICULATED Sl

The pistons recelve the loves of the expandisg
gaaea and transfer it Lo the artienlated and mass
rer rode, Like the evlinders, the piztona are E-
ject to the heat and preasure of eombuation, &
well g to reciprocating forces,

4. The Master and Artienlated Rod
Assemblies

The mmaster rod and articulated rods transSes
the reciprocating motion of the pistons to S
erankshaft where it is tranaformed into rolEss
maotion. At the piston ends the rods are subjss
to reciprocating forees and to pressure o
rerulting from combustion, while at the cranl
ahaft centrifugal loads are also Imposed on S
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THE POWER SECTION

asaembly as a consequence of the high rota-
tionai speed of the engine, There 2 one master

AMASTEHS Bog

AT ATED 09
LMY RODE

ENUIELE Favs

and articulated rod aasembly and one erank
throw for each row of cyvlinders,

#. The Crankshaft

The erankshaft receives the power developed in
the cylindera from the master and articulated
rod assembly, &nd transferz it through gear

|'Eq'.-1|‘|l'.|f|l'.'i.l'

e P T

COUN TERWE GRS aeres
SENAMIC DddeEER ™,

PROPLLLER SHAF T
WTH ST S

traing to the propeller, the supercharger, the
valve-operating mechanism, the oil and fuoal
pumps, the magnetoz, the propeiler governor,
the generator und other accessoriva. 1t ia sub-
ject to a comhbination of centrifugsl, recipro
eating, and pressure loads, together with tor-
sional atresaes,

. The Crankeasze

The crankease, generally in two or more parts,
Bouses and =upports the crankshaft, and to
it are attached the cxlinders and the nose =nd
- supercharger housing sections, Its hearings ab.
20rh the power-producing loads from the pis-
fona and cranlehaft,

MOWER SECTION CONTROL

While conditions in the power section are ulti-
mately the chief coneern of the operator, the
contrel of this section ia not direct, and culy one
matrument, the cylinder head temperature
goge, 14 actually connected to it. Instead, con-
trol is exercised through other parts of the
powerplant, and the effects of this regulation
are measured indirectly by various instruments
which indieate conditiona obtained in the noge
and rear aections and in the lubrieating, cooling,
induction, and ignition ayatems. For example,
evlinder pressores are controlied by the throttle
of the induction ayztem and hy the propeller
apeed governor on the nose section; and these
Pressurea are megaured in terma of the read-
ings of the marnifold pressure and earburetor
sir temperature gapes of the induction system
{or the torguemeter gage from the nose sec.
tion) and the tachometer connected to the
rear section,

An underatanding of proper engine operation
aocordingly requires:
L. A familiarity with the various cockpit
imatruments and controls — thelr nimes
andd thair lneation.

2. An appreciation of the meaning of the
reading of each inatrument—ithe condi-
tion it indicates at the particular part of
the powerplant to which it is connected,
and the significance of thia condition as
it affects the power asction and other
parta of the engine,

4. A knowledge of the function of each
cotiirol — the particular part of the
powerplant which 4 controls, snd the
effect of this repulation on conditions
in the power seclion and elsewhere
through the engine,
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THE AIRCRAFT POWERPLANT

THE ACCESS0RY REAR SECTION

THE ACCESS0RY REAR SECTION, THE NOSE SECTION,
AND THE PROPELLER

_‘@_ TR TR

iﬂlﬁ?ﬁfﬁ LT TG m.

" FEDLCTION  SE45 T e
5 GEMERS TOF
0 LALAN
Foda
PROSEL L ER EHAFT.
il EEAVEAGE PLAS O SRESFURE
2 ECARERE
FUAEAE

&ECEﬂEﬂRY REAR SECTION

2null power ig transmitted by megns of
ﬁmesmr:.r drive shaft through the super-

fger houzing to the acoessory rear sceliorn,
i series of gear tralns, in turn, transmit
wer to drive Lhe oil preasure and scavenge
. the magnetos (iF rear-mounted), and
& engine-driven accessories, including the

Lo BB T S RO |

TACEQMETER DRIVE =C.H

SICE ANGULAR

i THRTER

FLEL Ooaee

-— MERATOR

HroRdLLic  Oiae

fuel pump, the vacuum snd hydraulic pumps,
the generator, the lachometera, and the Zun
synchronizer. The accezsory resr  =ection
hovaea the oil pressure snd seavenge pumps;

provides mounting pads Tor the magnelos snd

the engine-driven aceessoriesz: and furnishos
cenneetions for the atarter, the auxiliary power
drives, and the ail lines,

TACHOIMLTER DRIVE - R.H

STARTER ZAINF

WE UL R FYDRAULIC
PLAP DRIVE |

TBRIVE - LA B SIDE ANGUL AR
B DRIVE= .M/
\ _l.l'
| o |.:“/
'HI Il |II
eyl e
FUEL S5 MACIUM CA
BRIVE WRBAALLIC
[PURE DR L

SEMERATGA DRIVE

Accessory locations are #ypicol and do not apply te all sngines.

i
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THE NOSE SECTION

Crankshalt power is trunsmitted forward
throagh the nose section To the propeller, The
nnae soction houses the propeller ghatt peduction
goaTing and one or more ail acavenge pumps, It

provideg B power take-off Tor the attachment of

a propeller or helicopler Td Lor drive; and it fur-
pizhes mounting pads and dvives for the scav-
prEe pumps, The noge-reunTed Magnetos and
distyibutors, the propeller governor, arl other
HeCEREOFIRE,

REDUCTION GEAHRING —
DRIVE RATIOS

1. Dhirect Drive

gmall engines which operaie at relatively low
ppme gnd which are puipped with propellard
of amull dismeter do not portmally reguire &
peduction gear between the erankahail and the
propeller. In such caded the propeller shaft iz

S

an exteneion of the ergnkehaft, and the propel-
ler is directly driven at enine speed.

12

3 eared Drive

Larper engines reguire higpor propeliers to als-
sutrn the prester powds? developed. The limits
af propeller size apd . TR are reached when
the velveity of the hlude tips exceeds that of
sound, ar which point the thrust efficiency of
the propelier beging to Lreak down, while the
ancrgy of the eongine in dissipated in making
noise. By placing. & el reduction Searing
helwean the ecrankshalt apd  the propeller
shaft, both engine and propelles can be e
ro gperate as efficient specds, The range ol TE-
ductinn gear ratios is drom PRk 1 R

[ R

2.
'-\:‘.‘.;;-’:—u.:'i/
A i e
Y II
‘ |
|
|
| —
'. oo
|I i
D
el |

i J | |

JRELT DRINE

GERRED DRlv
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THE PROPELLER

THE 'ROPELLER

The propeller is easentially a deviee for con-
verting shalt horaspower into thrust horse-
power, It is guite posaible, however, for a pro-
peller to whaorb the entire power output of an
engine and deliver little or no useful] work in
return, If it is to function efficiently the pro-
peller muat be:

L. Correctly designed for its particular instal-
lation — sixe, shape, number und pitch of
blades, snd freedom from exceaaive vibra-
tiom,

2, Operated within the proper speed range for
ita dealgn.

PROPELLER TYPES
Propellara may be divided into goneral types:
1. Fixed Plich

The pitch, or blede angle, of this type of propel-
ler i8 fixed snd cannot be varied in flight. (In
aome models the piteh is adjustable on the
ground.) This installation ia light and simple,
and gives sutisfactory performance within a
fimited range of power and apeed, The porerer
absorbed by thia type of propeller varies as the
cube of the rpm — ie, bhp — K % rpm* Ac-
cordingly, for any given power there iz a cor-
respending rpm, Since power can be repulated
by manifold pressure only with thia tvpe of
installation, propeller speed is controlled by the
throtile.

2. Two Position

A hydraulic mechanism, operated by engine oil
pressure, makes it possible for the pilot to se-
leet in flight either a high pitch {low rpm) or
a low piteh (high rpm) position for more effi-
glent apeed regolation, A desired power may
thus be obieined with two dillerent combina.
tions of rpm and manifold presaure: a high rpm
and low manifold preasure or the oppoaite com-
Bination in high pitch, In both positions engine
power and, hence, apeed are regulated by the
throttle, e with a fixed pitech propeller.

2. Yariable Pitch

A hydraulic, clectrical, or mechanical mechan-
ism permits the pilot to =et the propeller biades
while in Aight to any desired angle over a con-

sidershle range. As the pitch of the propeller

i8 [ncressed the reaistance offered to it by the
air becomes greater, and it other factors, such

as munifold presaurs, remain unchanged, the
rpm Will decresas. Conversely, a decrease in
plteh will result in a higher rpm, Engine power
and speed, aceordingly, no longer bear any fixed
refation to one another,

The constant apeed propeller in a variable
piteh propeller in which the regulation of the
piteh ia automatically controlled by @ puvernor
in #ueh a way that the rpm ia maintained un-
chunged at a figure selected by the pilot, regard-
less of changes in power or manifold pressure,
Such an arrangement offers the grestest possi-
ble flexihility of vperation, but it places upon the
operator the respensibility of choosing & well-

balanced comhbination of ¥pm and manifold pres-
Aure o obtain a derired power and, at the same
time, make the most efficient uze of both engine
and propellsr,

An extension of the variable pitch prineciple
makes it possible to =er the propeller hladea
roughly parallel to the line of flight, and a0 atop
the engine while in the air. This iz known as
feathering, and is often found useful in emer-
gencies which involve engine failure. With the
blades in the feathered position, the drag of the
propeller is reduced, while the possibility of fur-
ther damage to sirersft and powerplant from
2 “windmilling™ engine ia prevented, It iz also
pogsible with aome types of propellers to turn
the bladea past full low pitch into & reversed
piteh position, thua reversing the thrust of the
propeller — a feature which is helpful in maneo-
vering a seaplane on the water or braking an
aireralt on the ground.

RPM CONTROL

Engine speed, or rpr, is thus controlled in one
of the following ways:
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1. By the throttle lever, in the case of fixed
piteh propellers (or the high or low piteh
position of & two-position propeller) | or,

2 By the propeller governor cohtrol lever,
in the cage of varishle pitch propeilers.

Clonstent speed propeller installations com-
monly include a governor driven by 8 gest train
from the erankahaft wnd mounted on the nose
aeetion. By directing engine oil under high pres-
sure Lo the mechaniam contained in the propeller
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tub, or by controlling the electrical impulses sent
Lo a hub-enelosed motor, the governor regulates
the pitch of the propeller blades in such o way
a2 to meintain a constant rpm regardless of
power, manifold pressure, or altitude, On other
inatallstions the propeller itgelf includez the gov-
ernor 58 an integral part of the hub, and the
complete control system, including the oil sup-
ply. I8 independent of the engine,

14

ol T COAETT  CONTREL

Lot r AONTATMINE (M BRESFURE BLS
SCAERNDE & PRDPELLCR QWL SURRLE

1t should be noted that, if the governor is sel
to regulate at a high or at maximum rpm, and
the engine is not developing suflicient power to
turn the propeller st this speed, the lslier will
he driven in full low pitch in the same manner
as i il wers & fixed pitch propeller. In other
words, propeller speed is a function of manifold
prezaure, and is controlled Ly the throitle until
the governing rpm is atteined. This character-
jatle 18 made use of in pre-flight cheeka and
other ground nperations at low power,

Proper operation of hydraulic propellers de-
mands that the il be at the correct temperature
and pressure, (] that is too eold to fdow [reely
will result in a slupgish responze of the propeller
Lo the governor. In the case of electrie propellers,
proper aperation requires that the electric power
reserve be capable of delivering a current suffi-
eient to actuate the pitch conteol mechaniam.
Operation with weak batteries drained by other
demanda can lead to serious over-apeeding.
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THE LUBRICATING SYSTEM

il iz often referred to as the “lifeblood of
Lthe éngine,” and by analogy the lubricating aya-
tem may be gomewhat crudely compared with
Lhie human cievulalury sy slem, il s forced from
the presgure section of the oil pump (rirht side
of heart) through varicus pipes and pusaaged
[arteriea) to different parts of the engine {capil-
lariea), After performing its lubricating and
eooling functiona, the ofl i collected in cne or
more sumps where it ia drawn through other
passagea and pipes (veins) by one of the several
seavenge pumyps [left aide of heart), and aent
thence through the oil conler {lunga—the anal-
ogy i8 a trifle atrained) to the tank, and =0
hack once more to the preaaure pump.

The prineipal features of a trpical lubricating
avetom are shown, and their fupctions briefly
explained, in Fig. 1 on poge 18,

FUNCTION
The lubricating svatem of &n aireraft engine

performes three functiona:

1. It redoces friction between sliding and roll-
ing surfaces,

To the naked eve a highly finished metal aur-
face appears like this:

But under a microseope a eroza-section would
Jook more like thia:

If two auch surfaces were to alide over one
anather in direct contact, the result would he an

interference between the surface pesks, which
would lead to excessive friction and end by de-
stroying the surfacea,

By acparating the aurfaces with a film of il
the friction is reducad to that exiating between
the moleculea of the luhricant, The oi] in direct

contact with the surfgeea moves with the aur-
facea; friction then cecurz anly by resaon of the
intermediate oil layers aliding over one another.

With perfect lubricstion no wear of the bear-
ing aurfaces should oceur except, possibly, at
atarting, for at all other times they are separatad
by un oil Gilm. When properly designed and ubyi-
cated, plain bearinga may have g coefficient of
friction as low sand a load carrying capacity as
high aa ball or roller bearinga.

15
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2. The lubricating sysiem cools parts of the en-
gine Lhat cannot be cooled by air.

For example: the piston, which forms ooe
end of the combustion chamber, 13 subject to the
micat intenas heat preaent in the engine, To cool
it & spray of oil is directed to the under gide of
the piston through jets located in the erank-
chaft.. This spray aleo lubricates the cylinder
walle and piston pins, and assists in cooling the

lower parts of the evlinder wall. The maater rod
hearing ia annther example of a part that is both
cooled and lubricated by the oil of the system.
Approximately 10% of the heat released by
combustion ia removed from the engine through
the lubrieating syvstom.

3. The lubricating sysiem (urnishes vil for the
operation of various unils and accessories,

such as:

& The blade angle varving mechaniam of the
hvdranlicallv-operated propeller, {In this
instance engine oil pressure ia boosted by
the propeller governor or by the feather-
ing pump.}

b, The impellar drive clutches, variahle spark
advance mechaniem, manifold pressure
regulator, and other units, (Units such
ar these are operatad by normal engine oil
Pressure.)

CONTROL OF OIL PRESSURE, TEMIPERA-
TURE, AND FLOW

To perform ita seversl funetions datizfactor-
ily, lubricating oil muat be:

1. Within the proper pressure limils, If oil prea-
gure ia ton low, oil may not reach all partz of
the enpine, will not be forced in between bear-

ing awrfaces, or provide adeguate flow and
apray for ecoling,

If oil pressure 1= too high, oil leaka arve likely
to develop and cil consumption to become ex-
cesslve,

Of the various cockpit gages, none ig more
important than the oil pressure gare, Loss of
oil pressure is an indicalion of the fallure of the
oil supply, and without lubricstion it may beonly
a matter of aeconds before parts have heated
and burned, bearings have asized, and the engine
ia brought to an abrupt halt, badly demaged.
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Thiz emphasizes the vita]l importance of mak-
ing the proper cil pressure checks prior to take-
off. An oil pressurve relief valve fixes an upper
limit to engine oil pressure onee the engine has
been warmed up, (Hecause of the viscosity of
cold oil, pressures of several hundred psi may
be eneountered when atarting.) The relief valve
miist be set on the ground, sod cannot be ad-
juated in dight,

2 Within the proper lemperature limits. If the

sk ;..; F j-'-'\-'\-a*—'-;FEtijc':'..'l.-.-n-\.;ﬂ:-QE:
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il i too cold, it will not fAow Freely.

If the oil ia too hot, it cannot support heavy
bearing loads, it cannot carry away encugh heat,
and it may result in too great an oil flow. Asd a
consequence, oil pregsure may drop below ae-
ceptable limits, and oil consumpticn becomes
BxXceasive,

13

In performing its lubricating and coeling func-
tinng the oil absorbe a considerable amount of
heat—-the eguivalent of 50 horaepowor or more
in the larper engines. With very small engines
this heat can be dissipated through the engine
casea and the aurfacesz of the oil tank; on larger
engines an external oil cooler is necessary. The
oil cooler is equipped with shuttera or flapa by
mesng of which the flow of cooling air ¢an be
regrulatied Lo obtain the desired oil temperatures.
The oil cooler ghuttera are controlled automati-
cally or menually by means of & cockpit lever.

It ia the practice to measure the oil temper-
alure at a point in the engine lubrication #ya-
temn that i= close to the oil inlet, By laking the
temperature at thia point, the oil temperature
vepding ia then a check of the condition of the
lubricant before it entera the enpine, Measur-
ing the oil temperature at the outlet haa been
gerionsly conaidered but, as the temperature at
thia point is o measure of the oil temperature
rige in the engine, the gupe reading will vary
widely with changing eonditions and will not
conatitute a stable standard lor determining
the condition of the oil.

If, during a climb with wide open shutters,
the airflow does not provide sulficient cooling,
a greater flow of air may be obtained by re-
ducing the angle of climb and so increasing
the speed of the girplane. A fina] means of lower-
ing oil temperature iz to reduoee power. This
ahould be done by lowering the rpm as well as
the manifold pressure, aince frietion and oil
temperature are affected by engine speed even
more than by power.

3. Of suitabls qualily and sufficient mechani-
eal strength so that the oil film will not break
down under any condition of temperature and
pressure likely to be encountered.

CONTROL OF THE LUBRICATING BYSTEM

The operator has no control of the lubricating
srstem while in flight other than to regulate the
temperature of the eil in response to the read-
ings of the inlet oil temperature gage. The
vital importance of the lubricating ayatem ren-
ders it imperative that all ground checks be
acrupulously performed to make eertain that all
adjustmenta have been properly made,
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Fig. 2 —Heat Disposzal

HEAT DIESIFATION tem. Ifiz with the laat aystem that thia section
18 coneerned,
Of the total heat energy released by combus-
tion only about ene-quarter is converted into use. EFFECTS OF TEMPERATURE
ful pnwer, The balance of the heat must be dis-
sipated in such a way that the resulting temper-
alures will not prove destructive to the engine.
In & typieal sircraft power plant heat dissipation 1. Weakening of the cylinder heads. Cviinder
i accomplished roughly as shown in Fig, 2. heads are commonly made of an aluminum al-

; e loy. The strength of this material iz closely
Heat is thus dissipated through the exhaust related to ila tempersture, as shown in Fig. 3.

ayatem, the lubricating syetem (g dispuszed in If the indicated cvlinder head temperatures are
the previous section}, and the air cooling Biu- allowed to exceed the uzusl limits of 450-500 F

1

Higk eylinder lemperatures may lead to seri-
DUE CONBRIUETIONS :

L -

TFRICAL LiMITING K
rfupmﬂgﬁ: FOR :
=y CONTINUOUS OPERATION —=

@SIF) - (Sode) ——

] [L1# 200 23z 280 2040 400

TEMPERATURE "C
fig. 3 —Strength of Aluminum Alloy vs Temperature
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(252.960 C)*, the material will be gericusly
wenlaned.

2, Damoge to cylinder and piston parts. Ex-
pesgive temperatures may Jead to warping of
the valves and valve seats, and lailure of valve
stemn and rocker arm lubrication, and the
hreakdown of the oil {ilm between piston and
evlinder, with the possibility of scoring and
even selzure.

8,  Inereased tendency Lo preignition and deto-
nation.  Iliph temperafures also increase the
tendency of the fuel-air charge {o preignile and
detonate, {2ee pp 27-20)

Preignition in turn cavses high eylinder head
temperatures — and so a vicious cyele is be-
gun, Regardlezs of which comes (irst, however,
{he offect on the engine is inevitably damaging.

TEMPEHATURE TNDICATION

Cylinder head Lemperatures are indicated by
means of a gage conpected to a thermoeouple
attached to the exlinder which experience zhowa
to he the hollezst on an engine in any particular
ingtallation. The thermocouple Haelf ia located:

ar

In a special well in the top or rear of the
cvlinder head.

= Tha eplinder temperatures quoted abave u.u_lJ In the
remaining portions of this beok are those which have
epplicd to many engine models heretofore many facmured
by Pratt & Whimer Afrerafl. Limits applyicg Lo en-
gines af other manufacture, or o some presant or Iutuse
Fratt & Whitney Airecafn models, mey differ somewhat
Trom Lhe temperatares quoted above,

20

The thermocouple location s gelected hecause
of its stability sa & temperature reference and
necanse of the mechanical advantages Lor mak-
ing a practical and dursble connection,

The temperature recorded at either of these
points iz merely a reference or control tempera-
ture; bit so long as it is kept within Lhe pre-
seribed limits, numerous testa bave shown that
the temperatures of the cylinder dome, the ex-
hauat walve, with its seat and guide, snd the
piston will slao be within a sstisloclory range.

As a rough example, it can be imericed thet
the howsehold thermpicatat bas been placed ahowe

a radiator, In order to obtain the desired room
temperature it will be necezzary to get the ther-
mostat (reference or control temperature) to
zome higher fpure. The thermocouple (s the
cylinder'a thermoatst indicator. Its limit is
established, arbitrarily, in order to keep ol satis-
factory temperaturea the wvital portionz of the
evlinder whose tempersture cannot be meas-
ured directiy.

As the thermoeouple §8 sltached to one cylin-
der only it can do o more than give evidence of
general engine conditiona. While normally it
can be presumed that the remaining cylinder
temperatures will be lower, loesl conditiona such
us detonation or ignition failure will not be in-
dicated wnless they occur on the thermocouple
exlinder.
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LIMITING TEMPERATURE

Two limiting exlinder head temperatures are
usially found in specific engine operating in-
atructions:

1. The higher limiting temperature iz for a
restricled period of time, and is confined to
tuke-off, to maximum performance in olimb and
level Night, and to emergencies,

ARTROLUTE AFANMUNM  FOR  ONE Bous ONLK

The temperature limil for restricted aperations
should, therefore, be used for the shortest pos-
gible time only, and must never be exceeded,

2. The lower limiting temperalure is the max-
imum for continuous eperation, It should never

i
A E =500
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be exceeded except under the restricted opera-
ting conditiona mentioned in the previous para-
graph. 1t is sound practice to hold the eylinder

head temperature 50 F (30 ) below this limit
to keep the eylinder hegpd materizls at high
operating strength,

THE COOLING 2YSTEM

In all aircraft cooling ayatems air is used Lo
carry the heat away from the cylinders. When
this ja done directly, without an intermediate
liquid voclant, the problem of cooling largely re-
agives [aalf into that of !

L. Exposing a aufficient surface area of the
cyiindera to the cooling airflow,

2. Directing the air efficiently against all
parta of the cylinders,

& Providing o sufficient eooling airflow, to-
rether with some means of regulating
the airflow in response to varying com-
ditions,

The surlace avea of the cylinders exposed to
the cooling airflow is increaged by the use of
cooling fins, The efficiency of the fins iz in-
ereased, up to & certain point, ag they are made
deeper and spaced more clogely lopether,

Not many years ago engine conling was ac-
complished by aimply helding the evlinders into
the breeze. This arrangement had several short.
comings, While all the air in the path of the
enging pessed hetween the ovlinders of the en.
gine, anly & small portion of it cume cloge erough
to the fina to remove much of the heat. The
exlinders were conled uneveniy, the rear portions
of each one tending to run hotter than the frant,
The turbulence created sffected all parta of the
airplane aft of the engine,

21

i c—

. il



PRATT & WHITNEY AIRCRAFT

PWA, OL 100

More recently inter-exlinder and eylinder head
hafes have been used to force the cooling air
into close contaet with all parts of the eylinders,
In thiz way the entire sirflow ia used to carry
the heat sway from the fins, Although the re-
aistunee offered by the baffles and fins to the
pagsages of the cooling air demands that an
apprecinble pressure differential be maintained
arrpss the engine to oblain the necessary air-

Air at —atwespheric L,
preasnTe . g _5
ture iy &
v strowm by thk ol
11N

BAFFLE SEAL

BAFFLE

flow, the volume of cooling air required is much
reduced by the use of a properly designed aystem
of deflectora, and the resulting drag iz actually
decreased, A dow of cooling air zuflicient tocarry
awayr the heat from the exlinders ia obtained by
means of the cow! which enclosss the engine, The
flow of cooling air mey ne regulated by a geries
of adiustable cowl flapa at the rear of the cowl-
ing.

The presgure differential betwean
the frong (23, apd rear (3], of e
crpne farcon the air past the eyl
jaders through the passages foroied
by the hafflas, dellectors, and fins
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Actually, only aboeut 109% of the air in the
path of the engine is forced through the cowl,
the remainder passing amoothly over the out-
side of the cowling. As a result there is little
couling drag—rthe power consumed in cooling
amountz te roughly 5% of the bhp—and per.
Tormenes is not sacrificed becavse of Lhe shape
of the engine and ita cowling.

TEMPERATURE CONTROL

The amount of heat translferred lo the cooling
air ia roughly proportional to the mass airflow.
Contral of engine temperaturez may, therefors,
be accomplished by regulating the number of
pounds of air that are forced past the engine in
a given titne by the cowling, Mass airflow in turn
1a regulated by varying the pressure drop across
the engine, This may be done in one of two ways:

1. By Cowl Plaps

Fixed exil cowla are generally satisfactory on
aireraft whose range of speed ia amall, 2o long
as the exit gap is aufficiently large to provide
the necezzary airflow with the entrance pres-
gure available at the lowest climbing speed, At
the higher speeds of level flight the incressc

in prossure at the cowl entrance forces more air
paat the engine than is actually required: but,
wa the speed range iz low, the small waste of
energy involved doez: not warrant the extrs
weight and complication of adjustable cowl
flaps. On the other hand, with high performance
aireradl there ia an appreciable waste of power
in forcing excess cooling air pust the engine at
high speeds, and the extra weight and compli-
cation of adjustable cowl flaps are accordingly
Justified,

At high speeds the exit iz reduced so that only
the required airflow can pass through. At low
apecds the exit area is increased, This decreases
the pressure behind the eylinders to compen-
sute for the reduced frontal presaure, and ao
maintaina the necesaary drop scrosa the en-
Tine.

Cowl faps thus act a8 & throttle for the cooling
airflow. The effective range of cowl flap open-
ing is limited by serodynamic considerations,
which vary trom inatallation to inatallation, For
example: the parsaite, or form drap of the air-
crafl is increased az the flapa are opened; and,
if the faps sre opened too lar, buffeting may
result abnve certain airspeeds, and the eontrol
of the aircraft consequently disturbed,

il ool i,
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2. By Air Speed

Any variation in the ferward apesd of the air-
plane affecta the pressore at the face of the
engine and, hence, the mass airflow past the
eylinders, Tf airspesd con be incressed without
ealling upon the engine for edditiongl power
for example, by decreaning the rate of elimb—
the reault will he a more effective cooling of
Lhe engine.

OTHER TEMPERATURE CONTROLE

There arve alse two ways of conteolling the
| temperature of an engine, neither of which,
f atrietly spoaking, is effected by moans of the
| powerplant’s cooling vatem.

1, Fuel-Air Ratin,

The hest generaled hy combustion 1a wreateat
| with a fuel-gip ratio of approximately 0067 —
| alightly below the so-called learn bost power mix-

ture serting. (See page 26). If the mixture ia

HOH CAIRTILED

helow this fuel-air ratic the excegs of air in the
charge reduces the combustion temperatire
When the mixture is richer than this fuel-air
ratio the presence of exeess fuel reduess ihe
combustion temperature, A measure of contral
ower eylinder hesd temperatures can then he ol-
tained by increaging the fuelair ratio from
automatic lean to autometic rich provided thal
the antomatie vick mixture is sufficiently richer
than hest power. (enerally, in the cruising
range, advancing the mixturs contral from
automatic lean to automatie rich will rsise the
primture strength from pesr best economy up
to appreximately lean best power with the re-
sult that the cylinder head temperature will
be increased rather than lowered,

2 Power.

A peduction in power will glao cause a drop in
evlinder head temperatures. To obfain Lhe
greatest effect, power should he reduesd by
lowering both rpm and manitold preszure,
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TIHE INDUCTION SYSTEM—I1., CARBURETION

INDUCTION SYSTEM

FUNCTION

The function of the induction syatem iz to
deliver a combustible mixture of fuel and zir to
the evlindera and, subject to ntelligent control
by the operator, to deliver the charge:

{a) st the proper fuel-air ratin for the par-
ticular type of operation demandad ;

(b} in sutficient quantiities to meet all power
requirements ;

(£] ata temperature that will insure efficient
combustion ;

The induction avaler can conveniently be dig-
enzaed under theee penersl hepds:
1. Carbwretion — dealing pringipally wich the
carburctor and the means of obiaining the
dezired fuel-air ratios,

| S

Supercharging — which is chiefly concarned
with providing ar adeguate airflow without
ton great a temperaturs Tige or OWer pe-
strictinm,

4. Ducting — which deals with the engine's
Lir eonditioning avatom.

1. CARBURETION

THE FUEL-AIR RATIO

The determination of the combuatible range
of & gasoline-sir mixturd iz 5 simple and aportinge
investigution: The first step is to light a mateh
in air containing ne gasoline vaper, The mateh
will burn, but there will e no explosion —prov-
ingr that air merely supports combustion, The
gecond stup ia to remove carefully all the tuel
vapora abnve an apen disk of foel, and then dazh
a lightad match inte the ligquid, If the experi-
menter succeeds in geltinge the lighted mateh
into the gasnline, the Hame will be extinguizhed
—proving that gasoline by itaelf is not combuz-
tible, More then likely the investipator will not
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have completely removed the gasoline vapora,
and he will ave succeeded in getting the burn-
ing match only part way o the fusl when he
will be made painfully aware of the forces that
act on the pisten of an internal combustion en-
wine — proving thal a mixture of gasolinge VAPOY
atul air can be wviolently explosive, and thst
home experiments should be rigidly controlled,

The variations in energy with different mix-
tures of gasoline and air are illustrated halow

The weight of fuel divided by the weight of
&ir in a given mixture iz known ae the latter’s
fuel-air ratio (F/A)Y. It will be notived that the
range of usable fuel-gir ratio is relativelr small,

EXCESS FUAEL
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Fig. 4 — Combustible Range of Fuel ond Air Mixture
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“REST POWER" and "HBEST
ECONDMY” MIXTURES

If the power output (brake horzepower) and
rpm of an engine are kept eonstant, snd the mix-
ture strength i varied from one ex Lreme to an-
other, it will be found that:

1. The manifold pressure required to pro-

duee the griven power at the given rom will
b at @ minimum when the fuel-air ratio is
in the range of 074 - 080 By definition,
74 fuel-gir ratio iz “lean best power”
mixture and 080 fuel-air ratio iz “rich
beai power” mixture. Any miEture De-
tween 074 and 080 fuelalr ratics iz a
Fhaest poaer’ mixture.

2 The quentity of fuel required Lo produee
the given power at the given rpm will ke
at g minimum when the fuel-air ratio @
approximealely 00625 with the usual spark
advanes settings and compression ratios
emploved. Thiz is, agein by delinition, the
Fheat seonomy’’ mixtore.

The relstion between best power and peat
geonomy e more precisely shown in Fig, &
IDEAL AN ACTUAL FUEL-AIR RATIOS

Were there no considerations other than
power and ceonomy, the ideal fuel regulating
device wonld e one which would give a fuel-
air ratio of 0,080 when maximum performance
was desired, and which could he uzed to rive a
fuel-air ratio of 00626 when fuel economy Wwas
the primary consideration. Platted in the form
af & conventivnal carburetor pertormance
curve, the relation between fuel-alr rutio and
pOWer [HOMmeTimes pupreassed an airflow) are il-
lustrated by the solid linez in Fig 6

M. HL
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a0 100 TARE OFF
FERCEST OF MOFRKS. MATZD POWER

Fig. & — Idenal and Actval Fuel-Air Ratios

IDLIH G

In practice, however, engine requirementa call
for deviations from this idesl curve, and the ae-
tual performance curve locks maore like the one
drawn in dotted lines in Fig, 6.

The principal reasona for departing [rom the
jdes] fuel-air ratiog are:

1. To insure smooth operation in the tdling

range, when the engine 3 cold,

3 To protect the engine from detonstion in

(e high power range.

TDLING MIXTURES

Idling and taxiing present special conditions.
The fuel-air ratio must he held within narrow
limits: to prevent the apark pluga from fouling
beeanae of exceasive richness, on the one hand,
and, on the other, to avoid sny tendency to
wdbe™ pr accelerate heaitutingly because of over-
jeanneas. Properly set idle mixturesz will make
poesinle  eontinuous smooth  idling without
danger of fouling,

! [l A0
FUEL AIR AATIO

Fig. 5 — Determination of Best Powes and Bost Economy Mixtura Strength
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THE INDUCTION BYSTEM—I. CARBURETION

MORMAL COMBUSTION

DETONATION

Normal combustion iz rapid, but it is by no
means an instantaneous exploaion, The charge
burn: evenly and smoothly, the flame front ad-
vancing at g measurable rale—aboutl 35 feet per
gecond when combuztion begins, incresaing to
roughly 150 feet per second, and linally slowing
down ns the procegs nearz completion.

If sufficiently heated and compressed, any
combustible mixture of pasoline vapor and air
will cateh fire, Accordingly, if the temperature
and pressure of the anburned portion of the
fuel-air charge reach eritical values, combuation

will begin spontanesusly and simultanecusly
througheut the unburned charge, The result is
a sudden gnd violent explosion of the charge
known a3 detonation,

Ditongtion is the apontanecus combustion of
the unburned charge affer normal ignition. It
sele in motion prezsure waves that travel at
supersonic apeed and produces penerslly barm-
ful effeets an combustion chamber parts, Fre-
quent operation with detonstion will usually be
evidenced at overhaul by dizhed piston heada,
collapsed valve hesda, broken rings and ring
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A few seconds of pre-ignftion con do this.

lands or eroded portionz of valves, pistons and
cvlinder heads,

Ag delenation eannol naually be recognized
from the cockpit through roughness, sound, head
temperature inerease or logs of power, protection
from its possible occuranee must be provided
by the design of the engine angmented by adher-
pnce to the operating limits and proper mainten-
alce.

Detonation necurs beeause the fnal vemain-
ing unburned portion of the chavge iz over-
heatad and eontrol of detonation is accomplished
by contral of the churge temperature, In the de-
sign of the engine, cylinder head cooling, fuel
grade, evlinder compression ratin, spark timing
and heat riae Lhrough the supercharger aee
factors ufecting detonation tendaney sinee they
influence the temperature of the charge just
prior to combustion,

An effective means of control is the use of
excesa fuel in the charge. The extra liguid
lowers the charge temperalure and lowers the
rate of combustion so that the final portion is
still eooler than its kindling temperature.

Operational control of detonation alag ia di-
oM

vected towards keeping the charge temperature
within sale limits, The proper fuel grade muat
be selected, limits of manifold pressure, rpm,
supercharging and cylinder head temperature
must be respected, nol from fear of immediate
failure but from the knowledge that operation
in excess of the limits will canse damage which
may bring about failure in the future.

An errvoneous impression has carried over
from the days of unsupercharged engines and
iz held by meny eperators—that ineveased rpm
relieves a condition of detonation. This ia di-
rectly oppogite from facl, Increassd rpm in-
erepses the apeed of the internal supercharger
which elevates the charge lemperature meaking
the gituation worse, As with practically all en-
gine difficultics, deereased rpm iz the preper
remedy if detonation is present and recognized,

TPreignition Ia the uncontrolled fring of the
charie in advence of normal ignition. This pre-
mature combustion regulta in exeoessive pressure
during the final portion of the compresgion
stroke vwith attendant destructive lemperaturea.
Any sustained operation for a brief period in
this eondition can result in burned pistons,
broken eylinder heads, seulfed cylinder walls,
and damage to valves and aparkplugs.

The presence of preignition can usually he
recognized in the cockpit by roughness, back-
firing and poasibly by a sudden increase in head
temperature, It iz caused by the presence within
the combustion chamber of an area which is in-
candescent during the ecompression stroke and
seTves ad an ignitor in advance of normal igni-
ton, Detonation can pave the way for pre-
igmition by producing an eroded surface that
beromes incandescent, Most probably lead de-
posits accumulated on the chamber surfaces are
reaponsible,

Control of preignition is accomplished by
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proper maintenance and operating procedures
aimed at maintaining the combustion chamber
in proper condition,

EFFECT OF DETONATION

Ak charpe lemperalures are rajsed with an
inereaze in power, the tendeney to detonate nat-
wrally increases as well. Decause of thiz it is
necesaary to deviate from the ideal fuel-air
ralio, and gradually enrich the mizture az the
power ia increased above approximately G7%
:nf Normal Rated power. The minimum fuel-air
ratio meceszary to probect the enpine is de-
Aermined by test, and the resullant departures

- from the ideal curve will look aomething like
Fig. 7.

L
ap & = a3 Al & &0 0 MHAREaRE

PERCENT OF WORMWAL RATED PONER

Fig. 7 — Departure From Ideol Fuel-Air Ratio
Required in Order 1o Suppress Deranction

THE COMPLETE FUEL-AIR CLRYE

After making the necessary adjuatments for
the idling and power ranges, the completed curve
representing the engme's fuel-air ratio re-
guirements throughout its entire operating
range will be somewhat like Fig, &,

A
o
=
=)
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Fig. B—Coemplete Fuel-Air Rotio Requirements

ITIE CARBURETOR

It is conceivable that mixture regulation could
he aceomplished by means of 2 manoally -
ated valve inserted in the fuel line. But it may
be reasonahly doubted that any pilot, or pilot’s
aszistant, by continpally taking ztock of the
conditioms under which he is operating, and
referring them to his fuel-air ratio eurve, could

repulete the mixtare with sufficient rapidity or
accuracy to accommaodate the constantly vary-
ing demands of the engine. Mixture regulation
ia aecordingly turned over to a mechanical de-
viee which performs thiz function automatical-
lv. Thiz deviee is the carburetor,

Mass airflow, or the weight of air consumed
per hour, provides the link by which the fusl
melering of the earburetor is coordinated with
the power demanda of the engine. Mass airflow
and power are directly related, and if the car-
buretor iz made sensitive to changes in airflow,
it ean be made responsive to variations in power

28
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Fig. ¥ — Final Fuel-Air Curva

and ao provide the fuel flow appropriate to euch
part of the engine’s operating range. In other
waords, the fuel metering forees in the earburetor
are adjusted to respond Lo airflow in such & way
g2 to produce a fuel-sir ratio power curye ®im-
ilar te Fig, 9, which is typical for sl carbure-
tors, and which closely resembles the fuel-air
ratio curve just discussed,

Faor purposes of discussion, earhuretors may
be divided into two getteral clasaes!

1. Nom=automatio.

2, Antumartic,

NON-AUTOMATIC CARBURETOHS

Az previoualy peinted oul, proper fuel regula-
tion depends on the ability of the carpuretor to
mepaure correctly the weight of air flowing

FLIEL ..".I".IFI_F.l'ITll::' i

IDLIMNG LT 100 TAKE-
PERCEMT OF NORMAL RATLD PoweR SFF

Fig. 10 — Effects of Altltude on
Uncompensofed Carburetor

il

through it. I altitude or temperature arve in-
creased, the same weight of air will cceupy a
greater volume, and thus will flow through the
carhuretor with a higher veloeity. Thia has the
effact of inerenzing the fuel metering forees, The
simple airfiow messuring deviee of the non-auto-
matic esrburetor doea not fully compenaato for
this extra force, with the result that the mixture
becomes richer as temperature or altitude is
increased. The effect on the busic metering curve
of an increade in altitude is ilvatrated in Fig. 10,

To compenzate for this enrichment, 4 manu-
ally operated mixture contrel mechanism ia in-
corporated in the carboretor,

LNMETERED FUSL

CHUTMETERED FUWEL TS ENGINE

By moving the mixtuve control lever, the area
of the metering jot {orifice) ia restricted or en-
larged, and the fuel flow correspondingly de-
eraased or inereagecd.

If no adjuatment is made, the fuel-air ratio
will normally be 2omewhat richer than the mini-
mum required by conditions in the cruising
range, To realize the maximum fuel economy

T T e Yo T T e e ™k
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poazible for this tvpe of operation, the mixture
muat be manuvally leaned.

Non-gutomatic earhuretors are wsually re-
stricted to the floal trpe esrhuretors.

ALTOMATIC CARBURET(MRS

Automatic carburetors incorporate an auto-
matic mixture control unit, sensitive to pres-
sure and femperature, which compensates for
changes in both altitude and temperature. These
earburetors meter fuel in such a8 way as to con-
form to the basic fuel-air ratio curve throughont
all Night conditions, and it is therefore unneces-
gary to vary the position of the mixture contral
lever to maintain the manually acleeled mixture
metting,

Two mannally selected mixture settings pre
ususlly available:

1. Aumtomatic Rich” {TakeOFF and Climhb)

2. Awtomatic Lean (Cruise)—1Lo provide mix-
tures giving the greateat poszible fuel seon-
omy ; limited by engine power and grades of
fuel; and generally permissible only under
Tavorable conditiona of power and cooling,

The carburetor perlormance curve, with the
twa selective mixture settings, is illustrated by
Fig. 11.

FUEL SALR BAATIO

=0 130 TAKE OFF
PERCENT ©F NORMAL RATED POWER

Fig. 1T — A Seiting Curve for on
dAvtomatic Carburefor

* The ahove mixture pasition designation: have been o=l In
enmfusclion wilh most engines manufactwred by Pratt & Whitnes
Adrcratt and ni other manafactuse that are provided sdth pres-
sare inecten carhirelors, Other desipralicns mav be used by
olher manuipcturers. Recently some pressare Dnjection carhure-
tars have “Fich" and “normel” miztuee control pogitions Instead
ol “automatic rich™ and “autoratic Jean®, and I the future dii-
ferent terms may apply,

IL ia the usual practice to limit Lthe usze of the
antomatic lean setting to powers helow 67% of
Normal Rated power,

More recently some automatic pressure injec-
tion earburetors have mixtore pogitions as fol-
lowrs

1. Mormal — Thiz provides mixtures for all
flight conditions excepl in aome instances
for take-off and final approach. For low pow-
ers it provides a mixture strength compar-
ahle to the antomatic lean selting of other
carburetors, At higher powers the mixture
is enriched 1o give mixture atrengths come-
parable to automatic rich.

2. Rich — This provides mixture strengths
slightly richer than normal. It i3 used for
all ground operation, and when eritical en-
pine eooling requirea a mixture richer than
that oblained with pormal. In many in-
slenees i ois the required mixture control
pogition for take-oll and Onal approach,

Aotomatic carburetors mav be of either the
floal or injection typed.

FUEL INJECTION,

Onee the fuel has bean metered in proportion
Lo sirflow, it is inteoduced into the air stream sa
a fine, atomized spray. In some indoction srs-
tama the fuel iz atomized at the carburetor; in
others this s secomplished by a ao-called spin-
netr discharge nozzle which discharpes the fuel
into the impeller, In both aystems the action of
the supercharper Turther nzaizla the process of

atormization and vaporization,

The above injection ayvstems covered prac-
tically all aireraft engine applications prior to
World War II. An additienal syatem whidch
injecta the fuel directly into each individual
e¥linder is being offered by aeveral engine
manufacturer: az standard or alternate equip-
ment. Thia syatem permits the control of the
amount of fuel furnished to each individual
evlinder and resulta in a maore nearly perfect
disteibution of the liguid portion of the mix-
ture, Thiz advantape may be somewhat oifset
if there ia lack of perfect air digtribution and
by the increased weight and complexity of this
arrangement. Continusd development should
result in the more widespresd uae of the direct
injection syatem,

21
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CONTROLS

The furctioning of the carburetor iz regulated
hy two controla:

1. Manual mixture control lever. Thiz controls
the fuel Dow and ao regulates the fuel-air
retio on non-sutomacie carburetors. On au-
tamatic carburetora it sets the mixture in
gither the Actomstic Rich or Automatic
[egn (Hich or Normal) position, (On some
types of carburetors an additional position,
known az Full Bich, is also provided, It is
bazically alightly richer than automatic rich,
and iz not subject lo compensation by the
auntomutic mixture control units with the re-
gult thel the mixture strength undergesa
further normsl altitude inerease.) On bolh
types of carburetors the fuel flow may be
stopped by placing the mixture conlrol lever
in the Idle Cut-off pesition. This iz the nor-
mal way of stopping an engine. ([dling mix-
tures, as well as idling speeds, may also b
pdjusted, bul anly on the ground.)

=]

Throttle. As the esrburetor ia at the air en-
fepnee to the engine it is a logical place st
which to provide some meana of controlling
the airflow. This iz accomplished by Lhe
{hrottle, a valve which, by varying lthe area
through which the charge alr pazses, con-
Lrols the flow. Sinee airflow iz divectly re-
lated to power, the throtile is one, bot not
the only, means of contralling power.

On prresaure type carburetors the fuel meter-
ing foree establizhed i proportion o airflow is
of aufficient magnitude to be used for regulating
mechaniama whose functioning must vary with
power., An example of this is lhe aulomatic
spark advanee mechaniam.

FLEL PRESSLRE

The pressute of the fuel at the entrance of the
carbitretor has an important effect on the fuel-
dir ratio. 1T it does not fall within the specified
limits, the carburelor will not meter fuel cor-
restly in response to airflow, The operator has
no control of the fuel pressure produced by the
engine-driven fuel pump while in flight, Con-
seguently, he should check Lo zee that it regis-
tors correctly during the ground tests and make
all necessary adjustmenta prior to take-off,

a2

INSTRUMENTS

The fuel pressure gage is the only inatrument
eonnected divectlr to the ecarburetor. IL is con-
nected arthe fual strainer chamber and the pras-
gure registered on the gage is the differential
presaurs between that of the fuel and thar i
the atmosphere. {Generally, al Lhe carburetor
entrance. )

In addition, three other instruments may be
added to the induction system in order to aesizt
in the eontrol of induction system conditiona
and the regulation of fuel flow. Those are:

1, Carburetor Air Temperature Gage:—The
carburelor air temperature gage i uzually at-
tached in the air zeoop elbow immediately np-
stream from the carburelor entrance, as the
temperature measured at this location is the
most reliable meanz of determining ice forma-
tion conditions. 1t alse provides the reading of
wreatest stahility for determining the Lempera-
{ure condition of the air for the purposs of
power calenlation. The temperalures TrEdELred
sl points in the induction system belween the
carhburetor and the intalke port de noft provide a
conziztent reans of measuring tempecalure and
a0 do nol provide a veliable means of determin-
ing churpe density, By exlibrating anpine per-
formmanee apuinst varialion in the Lemperature
af the air measurad at the carburetor enlrance
the effecr of the variationg in temperature al
{his point ean be accurstely detormined.

Attempts have been made Lo measure the con-
dition of the charge sir at points between the
cavburetor and the intake port but they have
not proved feasible, as stable readings of & fuel-
air mixture cannol be obtained in the widely
varving range of mixture strengihs that wre
zed,

9 Fuoel Flow Yeter: Fuel fow melers are
sometimes provided on large aiveesll in order
Lo orovide o elose chack on the rate of Fuel con-
sumed,

3. Fuel-Alr Anslyser: On some inztallations,
particularly those using non-automatic carbure-
tors, fuelair analyzers are the only means of
determining whether or not mixture atrength is
within the proper range. This instrument ole-
termines the fuel-air ratio by sampling the ex-
haust gases,

e b b b L
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r POWER AND MASS AIRFLOW

The aircraft engine is a heat engine which
derives ita power from the burning of a mixture
of fuel and air. The energy refeased by combus-
tion is directly proportional to the weight, or
“mass, of the charge drawn into the cvlinders.
Accordingly, if the fuel-air ratio is kept constant
I ;It-l'ha “best power' mixture setting, the power

Beveloped in the crlinders will vary directly with
-mass of air consumed, Thiz basic relation-
#hip is independent of rpm, except as the latter
'ecta the engine'a capacity to handle air,

WAZE AIRFLOW THAZUGH CASBUSETOR (LB BER HA |

Fig 12. — Relation Between Power (IHP)

ond Mass Airflow

he power developed in the eylinders of an
s i8 known aa the indicated horsepower

"i:u_t, as suggested below, some of the
8 loat in overcoming internal friction and in

IHP

2. SUPERCHARGING

driving the sceessoriea; while some of it is ab-
aorhed in driving the supercharging mechaniam,
What remains za useful power available at the
propeller ahaft is known as brake horsepower,
{(Bhp). In other words: lhp — bhp + power
logaes. Inusmurch as the power losses are funcs
tione of hoth rpm and power, hhp beara no fixed
relstion to rpm or to mass airflow, Although
bhp is not strictly proportions] to airfow, the
connection  between the two Iz nevertheleas
close, and in the final analysis the power output
of an engine s controlled by the mass or weight
of air flowing through the carburetor in a given
timea,

To obtain a high power autput, it follows that
the designer must provide some means of aup-
plying the engine with a mass airflow sufficient
for all eonditions where high performance is
demanded. To do this satisfactorily — over a
wide range of altitude, and without too prest a
rise in the temperature of the fuel-air charge,
or too great an increase in the complexity,
weight, and drag of the inatallation—poses one
of the moat difficnlt problema in aircraft engine
degigr,

THRE ENGINE A8 AN AIR PUMP

Air, or more strietly apeaking, the nxygen in
the wmir, ie by volume and by weight the rmost
important part of the cotmbustible mixture.
Roughly 18 pounda of air, or 2.6 pounds of oxv-
gen, are consumed in Lthe combustion of 1 pound
of gasoline at “hest power” mixture strength.

POWER LOST TO FRICTION AND ACCESSORNES

‘IJIFFE.I'E# ABSORBED W DAIVING SUPERCHARCER

TOr4L

POWER
-ﬁ!l'flﬂ-ﬂfﬂ
CFLINOERS
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Unlike the rockel, which to be aelf-arntained
must carry both ingredients, the conventionel
wiroraft carries only ome ingredient in its tanks
gnd flies through the other,

The nternal combustion engine may, acenrd-
ingly, be thoughl of as an air pump, whoae per-
formenes depends in large Teasure on ile capue-
itv. Half of such pover evele i devrnted Lo pump-
i air, As the piston dezcends during the intale
stroke, air is drawn into the gvlinder. During Ll
oxhauat stroke it ia returned to the slmnaphers,
a2 a part of the exhauat gases, by the presaure
of the pizton, In the course of the FUIMpreagion
and power atrokes the engine takez time out
from pumping to produce enough powar to Leep
itaelf poing and deliver a reasomabie balance at
the propeiler shalt,

MANIFOLD PRESSURE

The waight of air consumed by an engine de-
pends primarily on the tobal piston disploce
ment, the rpm. the temperature of Lhe chare,
and the pressure existing st the intake ports, It
the laat of these factors [s increased, & groater
guentity of air is forced into the evlinders, and,
0 lomg as the fuel-air ratio and other factors
remain censtant, the result is to increase the
weirht of the charge, Since the energy relesged
by combuztion is in turm proportional to the
weight of the charge, it follows that intake port
pressure ig an important index of power when-
prer the other factors ave knowi,

In practice this pressure is not measured at
an intake port, but at the rim of the super-
charger collector. It ia known as manifold prea-
qure, or abaclute blower rim preaaure (abvpl,
or even manifold sbaclute preasure (map), ansd
is expresged in inchea of mereury yim. Hp.)b*

= In, Hg. is the messure a2ed in the Tnited Btules of
America, Other counteies may use different wnits: Loz
cxample in England manifold pressuve i expressed in
psi "boost” pbove ses lovel atmespheric preasare.

34

It ia an ahaclute pressure, meaaured [rom ero
pei, and not s “gage”, or differentin] pressure,
measured from seme relerence point, such a8
atmoapheric prossure.

Any variation or reatriction of aivilow affecla
the pressure a1 the collector rim, Manifold Prks-
sure ia. therefore, regulated chiefly b the oar-
buretor ihrottle valve, Secondarily, it is con-
trolled by the pressure which exiata at the car-

INTAKE FIPE

CRLLECTOR Q87
"SLOWER RiM™

puretor entrance a2 the resuil of altitude, ram,
ar the operation of an suxiliary BiE COMprEss0r
ar supercharger.

Manifold presaure, it should be noted, ia not
power, but merely a convehient index for méas-
nring ene of the geveral lactors affecting power.
It iz only in combination with rpm, and sfter
maling certain Necesaury corred Liong for carbu-
petor mir temperature, that manifold prossure
may ke used in making an approximate deter-
mination of bhp by reference to the appropriate
operating curves,

CAHBURETOR AIR TEMPERATURE
AND MASE AIRFLOW

Any factor which cheanges the maas of the
fuel-plr charge will affect the engine's power
cutput., The cffeete of varigtiona in manifold
presaure heve been noted. Anather important
factor is the tempersture of the charge. Since
the weight of a given volume of the fuel-air
mixture at a given pressure is inversely propor-
tional to it abhsolute temperature (aba. temp. =
F + 450 or © + 278), it follows that sny in-
crease in the temperature of the charge at u
griven manifold pressure peaults in a decreass iil
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BERMHE HORAEPSWER,
i

SEA LEVEL

slali]
ALTITURE FEET

[E=TelE1H]

Fig. 13 — Powaer va Altitude — Unsupercharged Engine

its denaity and weight, and hence in the smount
of energy available from its combustion,

In practice the temperature of the fuel-uir
charge itself i3 not messured, Inatead, the tem-
perature of the charge air is taken as it is about
to enter the carburetor prior to the injection of
the fuel; and, in establishing safe carburetor air
temperature limits, allowance is made for the
cooling effect of fuel vaporisation, for the heat

rise due Lo compression in the aupercharger, and .

for other temperature changes occurring be-
tween the carburetor and the intake pipa,

High carburetor air temperatures are undegir-
able, not only becaose they result in a logs of
power, but also bocause they may lead to dato-
nation and consequent engine failure. It thus
becomes one of the principal functiona of the
induction syatem to deliver the fuel-air charge
to the cylinders at the proper temperatures,

THE UNSUPERCHARGED ENGINE

If the fuel-air charge i forced into the evlin-
ders simply by the preasure exerted hy the at-
mosphers, the engine la called a “naturally aspi-
rated" or unsupercharged engine, (“Aapirate”
meana to draw by suction.) Such an induction
syatem aatizfles the requirements of moderate
performance at low altitudes. Primuary training
planes are often equipped with such engines.

Howewer, once thia type of engine has left the

ground ita limitations become apparent. If the

rpm ig held constant and the throttle fxed in

the wide open pesition, manifeld pressure will
be Tound to decrease as altitiude ineresses, and
the impresaion of a loas of power would be con-
firmed by a torquemeter. The reason for this {a
to be found in the sbility — or, better, inability
- of the engine to pump sufficient air,

Asaume, for example, that an engine delivers
500 bhp at zes level and, to produce this POWer,
consumes in one hour 43,000 cu £t of air weigh-
ing 3,800 1b ot 2ea level, Atan altitude of 140,000
ft, 48.000 cu fr. air weighs 2,460 1h and at 19,0000
ft. weighs only 1,810 Ib, Sinee the power output
of the engine dependa on its ability to consume
pounds rather than eubic feet of air, it follows
that the power will decrease with altitude much
ar ahown in Fig, 15,

The relation between altitude, weight, and
volume can be iliuatrated in anothep way., At
seg level, the 3,300 1b of air oceupy 43,000 eu £&
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— about the size of a two-story building, At

r—
e il
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r

10,000 ft thiz same weight will cccupy 58200
eu £t — which will require an extra story on the

buailding. At 19,000 £t it will cceups TB,OU0 21
it — and the original two-story building is now
thres and one-half atoriea high,

- —
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INCREASING THE PUMPING CAPACITY

The problem of designing an engine that will
maintain its power outpur at altitude thue re-
solves itself into cne of inereaging the engine's
air-pumping eapacity. Three different methods
may he uded to accomplish thia:

1. Inerea=e piston displacement hy adding or
enlarging criinders. This iz a cumbersome meth-
o, ginee it inereages the size of the engine with-
oul increasing the ratio of power to weight.

2, Increase rpm, Thia raises the pumping rate
of the engine, but offers only a partial solution
ta the problem. as centrifugel and reciprecating
forces shortly impoese a limiting speed,

5. Supercharge hy incorporating in the engine
u special air pump whose primary function is to
compress more weight of alr into the fized vinl-
nme of air handled by the piatona. This ig the
myelhod moat commonly used to raise an engine's
aiT pumping capacity, since it ealls for no in-
crease in vpm or of power section size, and adds
relatively littlo Lo the overall weight of the pow-
arplant,

THE SUPERCHARGER

The conventional supercharger ia a centrifu-
gal air compressor placed between the carbure-
tor and the intake pipes. It ia wsually housed
hetween the power and acceagory rear sectiona.
Ii# principal features, which are shown an p. 39,
conaist of three main units:

1. Tmpeller. After leaving the carburetor, the
air passes throngh the supercharger throat to
the impeller, The impeller is driven at roughly
€ 1o 14 times crankshafl speed, and because of
ita high rotations] speed impurts a large veloei-
ty energy to the air,

2 Diffuser. Aa the fuel-air charge leaves the
impeller it passes into the diffuser, The vanes
af the diffuser ensure a amooth flow while al-
[nwing the chargre to slow down ag it moves out-
ward, with the result that the velecily pressure
acquired from the Impeller is transformod into
atulic pressure,

3. Collector. After leaving the diffuser, the
churge in stored momentardly and equalized in
the eollector, whenee it is drawn Lo the eylinders
through the inlake pipes. It is at the collector
rim that manifold pressure is taken.

1
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BECONDARY EFFECTS OF
BUPERCHARGING

While the principal function of supercharging
4 to incresse mass airfiow by raising the pres-
gure, and hence the denaity and weight of the

fuel-air charge, seversl other important effects

are slao gzacriated with i, Theage are;

1. More even distribution of the fuel-air charge
to the evlinders, because of the radiz] construc-
tion of the supercharger and its axial location.

3 More complete vaporization ot the fuel. The
fuel is injected inte the air stresm at the car-
buretor or at the entrance to the aupercharger
through s spinner diacharge nozzle aliached to
the impeller ahaft. Vaporization is assisted by
the whiriing action of the impeller sa well as oy
the heat of compression,

4. Rizse in temperatore of the Tuel-air chargs as
a result of compressicn, While this assiata va-
porizeticn, at the aame time it tends Lo lower the
denzity of the charpe snd so reduce power 4t any
given manifold presaure, In extreme casea these
high temperatures may lead to detonation. The
tempersture rise increases rapidly with impeller
spesd, and, a2 a consequence, an engine may
actually he able to deliver mare power at & low
rpm than at o high rpm, aince the lower charge
temperatures permit operation at higher mani-
fold presaure: withont danger of detonation.

4, Ahsorption of power by the supercharging
mechanizm. Additional pumping power is neces-
sarily required for any incrensge in airflow. Since
the power regquired Lo deliver a given weight of
aly varies roughly as the square of the tip gpeed
of the impeller, it follows that, for any given
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rpm and manifeld pressure, the power abaorbed
by the supercharger will he kept to a minimum
by operating in the lowest poagible impeller gear
ratin Lhat will provide the desired engine per-
IoFATCES,

“GROUND BOOSTING”

Suppoze o supercharger is inatalled in the
induction svstem of the normally aspirated so-
gine previovaly used as an exampie. The cylin-
ders will atill pump 43,000 cu ft of sir per hour,
but the supercharger will compress a greater
amount of sir into this volume. Asgume that the
pguivalent of 80,000 cu fi of outaide air are
compredaed into the 43,000 cu L per hour capac-
ity of the cyiindera, At zea level 60,000 cu 13
of air weigh 4600 b, while 43,000 cu [1, aa
previoualy noled, weiph only 3300 Ib, Bince
indicated horsepower {ihpl is proporiional to
masza airflow, the engine ahould respond o this
inerense in airflow by producing TH horsepower
in the eylinders, wherens, with the original air-
flow it produced only 600, Neglecting frietion
and other power loszes, B0 horsepower mist now
he diverted to drive the impeller, 20 the net gain
in available brake horsepower (bhpl ia 150,

Fipi-a il

SOPIRCHEIE

The performance of the supercharged engine
compared with that of the normaelly aapirated
engine 18 Hustrated in Fig. 14

[alra]

SEA LEVEL A00a

1C-000
ALTITUEE

If the engine iz huilt sturdily encugh to absorh
the additional loads imposed by the higher ¢yl-
inder pressures which reault from supercharg-
ing, and if the fuel does not detonste because
of increased pressures and temperaturesz, the
engine mey be fun et aea level with ite throttle
wide open, and ila full power capacity may be
called upon st any altitude. Such a supercharged
engine iz known as s “ground boosted™ engine,
and iz typical of the power plants of many basic
training airplanes.

ALTITUDE SUPEHCHARGING

The air pumping capacity of the engine may
be inereased by enlarring the gize of the impel-
ler or be driving it et a higher zpeed pelative to
the ecrankshaft., The degree of auperchorring
obtainable by either of these methods ja, how-
ever, sibjeel to Lwo limitations:

1. Temperature Rise Throogh the Super-
charger:

The compression of the fuel-air charge is ac-
companied by a temperature rise atleibul-
able in part to compression and, in part, to
fuid frictien and turbulence. Lt 15 desirable
to keep thiz rise to & minimum for the pur-
pose of obiaining maximum charpe density
and, more important, the amount of this rise
determines the limitationa of powsr which
muat be imposed to prevent detonstion be-
canse of excessive charge temperatures. Thia
last consideration is the moat important
limitation pleced on the tip epeed wt which
the impeller mav be driven,

SEET

Fig. 14 — Power vs Altitude — Unsupercharged and Svuperchorged Engines
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To oblain inereased performance from the
eigline previously used aa an example, & higher
chpacity supercharger ig inatalled in place of
Lhe one which provided the "ground boost.™ The
impeller of the new supercharger haz & higher
Lip speed, and is assumed to operate just within
the detonation limita imposed hy the tempera-
ture rige, It aupplies the cyhnder pumping capac-
ity of 43,000 ¢u £2 per hour with the cquivalest
of 36,000 cu [t of air per hour. At sea level
Bo 000 o froof air will weigh 6500 1b, and
the power potentinlly available at the erank-
shall (sguin neglecting friction losses) will be
ineressed from 700 to LO0DG horsepower. The
higher capucity impeller, however, absorba 100

‘I THE AIRCRAFT POWERPLANT THE INDUCTION BYSTEM—I. SUPERCHARGING

oQa e

2. Power Abzerbed by the Supercharger;
Az previouzly stated, Lke power required to
deliver a given weight of air varies approxi-
mately as the square of the impeller'a tip
gpeed, Conceivahly, an impeller speed could
be repched above which it would no longer
be efficient to drive the impeller because of

horsepower, inatead of 50, leaving 900 poten-
tially svailable at the propeller ahaft.

the exceasive fraction of the engine power The perfarmarnce of the engine equipped with
abaorhed by the superchorger. However, the the higher capacity aupercharger would be illue-
limitations impoasd by temperature rise will trated hy the chart in Fig. 15, provided il wers
be reached congiderably in sdvance of this possible to use at every altitude sl of the power
speed. there potentially available,

SEA LEVEL S00a | E00 13000 20040 EL GO0
ALTITURE FEFT

Fig. 15 — Power vi Alhtude — Highly Supercharged Engine

]




PRATT & WIHITNEY AIRCHRAFT

PYA, O5 100

100D

00

R
s & 8 3 &
o (=] (=] L= o

ORARE HORSEPDWE

[
g
L=

Leialet)
ALTITUDE FEET

15000 20000 250040

Fig. 14 — Descent Perfermance — 87 Octane

BUPERCHARGING LIMITATIONS

A muximum of 900 bop is only potentially
available, howewver, at the propeller shalt. How
much of this potential power can setuslly be
uaed may be determined. if the engine ia taken
to altitude, and & very gradusl deacent begun
from 25,000 £t at full throttle and maximum
permissible rpmn The descent is comemenced
uaing 87 octane fuel—i.e., a fue! of relativaly low
anti-knoelt value, Az sltitude s decreased tha
pressure and temperature of the charge air in-
eregae, until at 13,000 £t they reach the eritical
valnes for this particular tvpe of fuel, and
detonation begina. At this point the engine is de-
veloping &70 bhp,

=Fela]
ago

TOh

1SDg0

2Ll more power ia potentially available at a
lowrer altitude, but at the given muaximum per-
migsible rpm thig additiopal power is not attsin-
able withoul detopation. Below 13,000 £t the
engine muat secordingly be operated at part
throttle, and the maximum bhp that ean aetually
b wsed ja 370, This power is available st part
throttle from 13000 f1. the ac-calied Tull throt-
{le, or oritical altitude to asa leveal ; above 13,000
Tt altitude the 670 bhp cannot be obtained.

The fuel selector valve is now awitched to a
tenk containing 100 octane fuel—ie., one of
high anti-knock value — and the dezcent contin-
ued Trom 13,0 1 gt maximum permizaible rpm
and full throttle, At 10,40 £t, corresponding toa

lapgo 20000 25000

ELTITUDE FEET

fig. 17 — Descent Perfarmance — 100 Octane
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bhp of 633, the pressure and temperature of the
charge become critical For the 100 cctane fuel,
and detenstion again beging, With this fuel the
power cutput mist be Hmited to 635 hhp, and is
availuble st part throttle, from zen level to
10,0000 T1, the ecitical altitude,

The zelector valve s pow switched to & third
tank containing & magie, non-detonsting fuel,
and the descent is continued as before. With this
tuel, detonation is no longer the limiting faetor,
MNevertheleas, at 4,000 £t there is an ugly ninize
and the ongine eils as il i@ develpping 793 bhp,
indicating that the limit of ila struclturasl
atrength has been resched, Thiz, then, 15 the
maximum svailable bhp regardless of fuel qual-
ity, and 4,000 [t is the correapondieg full theot-
tle, or cvitical, altitude, When the enpine Lailed
at TO0 bhp, an additional M horsepower were
bueing absorbed by the gupsrcharger. (Friction
and other power loases are neglectad.) The total
of BE0 horsepower 14 thus the ithp capacity of the
engine a3 defermined by ibs structura] strength
regardlesz of the depres of supercharging. The
enging juat degeribed can therclore never de-

velop the 1,00 ihp or the 900 bhe polentially

availoble st ses level ; and all operstion from sea
level to the critical altitude—eas determined by
the fuel or the engine’s structural limitations—
musl be at parl theottle. Such an engine for
which full throttle operstion st sea level i3 re-
atricted or prohihited, is known as an “altitede"
ergrine.

1

SEA LEVEL 2500

COMPARISON OF NATURALLY ASPI-
HATED, GROUMD-BOOSTELR, AND
ALTITUDE ENGINES

The difference between a grovnd-boosted and
an altitude engine is laregely o matter of defini-
tion, For both pormally aspirated snd ground-
boosted engines the maximum uzable power and
the engines® theoretical potential power prodoc.
ing cupacity are the aame, In the case of an alti-
tude engice, on the other hand, the maximum
usahle power ia less than the engine's theoretical
capeeity. It is also conceiveble that an engine
might be considered a ground-heosted enpine
with g high quality fuel apd an sltitode engine
with a lawer prade Tucl,

The foregoing discuszion deslt with threa vari-
ations of the zame basic engine. The powoer
gectinnz and rpm were assumed to be identicsl
in each case, the oniy difference being in the
degree of supercharging, The performance of
these three engines i® compared in Fig. 19, 1t
will be noted thut the pround-hoosted engine,
becauze =0 little of its power is directed to the
supercharger, delivera more powar (bhp) tothe
propelierahaft at aea level then the highly auper-
charped engine Geing either 87 or 100 octatio
fuel. The hetter low level porformance of the
ground-hoosted engine iz more than ofaer, how-
ever, by the preatly superior performance of
the highly supercherred engine at altitude,

| 205D 20000 25000

ALTITLUDE FCET

Fig. 18 — Descent Performonce — Men-Detanating Fuel
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Fig. 19 — Performance Comparisan — Unsupercharged, Ground Boostad

and Altitude Svpercharged Enginas

The reatriction placed on maximum power oul-
put by structural limitations shouid not be
interpreted as a reflection on the engine. The
degigner's problem iz to maintain some desired
performancs up lo the higheat posaible altitude
with the least weight and aize, and with the
availuble gquelity fuel. This is achieved on the
highly supercharged, or altitude, engine by pro-
viding a pumping eapacity that is groater than

3.

The portion of the induction system that is
ahead of, or "up-stream” from, the carburetor
i usnally furnighed by the aireratt manufac-
turer (a5 diztinct feom the engine manufac-
turery, While not part of the engine hill of ma-
tariala, this ducting is an intimsate portion of
the induction system and exerts considerable
influenee on engine periormanss il the main
tenance of proper opergting conditions.

The aireralt dusting affects enpine operation
ns follows:

RAM

Because of the forward motion of the airerafl
congiderable velocity energy i aveileble in the
air entering the carburetor air intake, Proper
formation of the air entrance and the pazaages
and elhows of the air duct ean result in the re.
covery of & large poriion of this snergy, or
ram, and air will be formished to the carburetor
at w prezaure grester than thatl of the altitude

42

necesaary or safe Lo nae at or near sea level in
nrder to meet the greater pumping requirements
at the higher sltiludes, Since the danger exiats
that the operstor mey inadvertently make use
of this excess power at low altitudes by exceed.
ing maale imiting manifold pressure, 1t iz essen-
rial thet he exereige both care and Judgment to
protect the engine againat the results of unre-
stricted operation, :

DUCTING

at which the airersft iz Aving. This bas the
effect of increasing the aupercharging capacily
and, in extreme instunees, hizh veloeity aireraft
cull recover ram equivalent to an additional
stage of aupercharring.
INDUCTION SYSTEM ICE PREYENTION
AMID FEMOY AL

To protect the engine induction syrstem
agpinst ice Tormation, or to remove e already
formed, the ducting to the carburetor ia
arvenged ao {hat the ram zir can he cloged off
and heated, or moiature-free wie deawn in from &
different source. The degree of heat required
differs hetwean engineg models because of diller-
ernces i the method of injecting the Tuel,

The greatest preheat capacity must be fur-
nighed for instaliations of engines in which the
fuel fs injected jmemedialely downatresm from
the earburetor, In these cases the fusl evapors-
Lion oteurs in g region i which no heat is re-
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peived from other sources and the temperatore

the charge iz lowered ag much as 60 F
A} with the result that the moisture con-
ed in the charge will freeze on any con-
pnit surface and possibly block the passape

82 F80 F (0 C-260).

- When the fusl is injected immediately ad-
sent to the face of the impeller, the mechani-
aetion of the rotating impeller practically
sinatea this posaibility snd it s nol neces-
/ Lo use the guantity of preheat for ice
ntion that ia reguired by other injection

“.Immar, regardless of the type of fuel in-
etion used, ice can be formed because of noar
szing moisture in Lthe atmoaphere or becauae
_ﬂm temperature drop past the throttle
experience accumulated to date conclugively

metrates that ample preheat capacity is
s only aure method of providing the tem-
aty rise necded to remove ice alreads
med. The so-called "alternate air aystems”
¢ air from over the eylinders or from the
Y eompartmeant doeg not provide auf-
temperature rise to rive this essential

FROTECTION

Duat protection was not 2eriously considered
until World War 11, but large-scale operations
@t training bases in the United Htater and
~under combat conditions in North Afriea and
- other theaters clearly demonstrated that when
.'ﬂ'.'m neceseary to operate in dust<charped air,
protection for the engine most be provided.
- While dust to most individuals is merely an

oL Faw CNTCARID —r NOT AN AT —y
.
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annoyance, it is a4 seriouz source of trouble to
an engine. Dust consists of small particleas of
hard abrasive material, Taken in by the alr,
it cun eollect on the metering elements of the
carburetor, upsetting the proper relstion of
fuel Aow to power. It next azaertz iizelf in the
cvlinder walla by grinding down these aurfaces
and the piston rings, It then confaminates the
ol and is carried through the engine cansing
the bearings ahd gears to expericnce disgtress.
In extreme cases an accumulation may clog an
oil pagaage and cauas oil starvalbion,

Whereas dust j# most evident ecloge to the
ground, in certain parts of the waorld it can he
carried to sltitudes as high be 15,000 feet. Con-
tinued operation under 2uch conditionz without
engite protection will result in evidence of en-
ping wesr o8 indiceted by bigh oil consumption.
During World War IT in the Morth African
operations, engines which hed demonsteabed
the ability o perform datizfactorily for & or
T hours hetween overhauls under dust-free
combet conditions, could awallow duat for only
20 hours hefore requiring removal,

When operation in dusty atmosphere s
necesaary, engine protection can he ohtained
s megnz of suitably desipned slternate air
entrances to the induction svaiem which incor-
porale a dusl ler. The ayatem shown on the
title Mustrstion is typical, As the air entrance
te the Alter doez not face directly into the air
atream, considerable dust removul results in
foreing the air to turn &8 it enters the duct
The dust particles, heing golid, tend to continue
in & straight line and the greatest portion of
them are removed at this point, Those that are
drawn in are gquite eaaily removed by the filter.

43
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The efficiency of the filter depends upen
proper meintenanee and servicing. Periodic Ta-
maval and eleaning of the filkering elements is
asdantial Lo satisfuetory engine proteclion.

Most production aireraft for eivilinn nse dex
got  include filters a2 standard equipment.
Whare the operatinna are conducted from well-
astahlished dust-free bases, the omisaion of the
filtering system is justified in order to eliminate
the appreciahle weight and complication of the
inztallation,

In Lhose cases where the aireraft iz fur-
nished with a filter and it is possible to select
pither ram or filtered air, the ram position ia
preferved for all dust-free conditions of Dpera-
tion as the Oltering ayzbem cavacd o measlr-
able loss of ram energy in the air [dowing o
the engine,

HSCREEM

Dratt & Whitney Aiveraft furnishes, with
each engine, a coarse mesh Screen to be in-

44

stalled between the carburetor and the adjs-
cent portion of the aireraft charge-air duct,
Thia gereen is for the essenlial porpose of pre.
yonting stones, nuta, bolig, papers, rags, tonlz
ar any other lonse object from Iurther pene-
trating the induction system and damaging the
impeller, Many cperators have removed theae
serpong in order to dispose of a pozaible surlace
for ice formation. While they were successful
from thiz point of view their experienee has
been an unhappy one in that the inevitable
atome picked up by a propeller, or the nut that
waus Iying loose when the air scoop Was ro-
maoved, chewed up the impeller and complete
engine removal was necessary.

If the aperating peraconel ean exercize the
necessary precautions to prevent fec {a fretor
over which they have effective control) ib will
not be necesaary to remove this protection to
the engine from eonditionz over which they
have little, if any, control. Pratt & Whitney
Ajreradt  strongly  recommends  thal  these
soreens he uded aas intended.
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PARTS AND FUNCTIONS

The chief parta of a typical ignition sretem

and their funetions are:

1. Magnelo: generates a current of high volt-
age which iz diacharged at the proper
time,

2. Disiributlor: diatributes the ewrrent to the
proper spark plug,

3. Harness: transmits the current from the
diztributor to the plugs,

4, Spark Flugs: ignite the fucl-air charge in
the exlinders.

4. Bhielding: provides a grounded metallic
enelosure for the entire ignition ayatem to
profect radic againat interference from
the ignition avstem,

6. Yenling Svstem: provideg netural air mo-
tion ur produces positive air dow o pre-
vent conlamination of the ipnition ayalem
by moisture, engine oil or acids formed by
electrical sotion,

7. Booster or Induction Vibralor: Prevides
an suxiliary spark at starting oniy.

B Ignition Switeh : provides & meana of turn-
ing the irnition either on or off,

For safely ressons two ignition avalems are
normally furnished. In the event of failure of
one, the other will insure continued operation.
AT the same time dual ignition, as thia arrange-
ment is called, will help the combustion process
by providing two flame fremts which resalts in
more efficient burning of the charge.

CONTROL AND CHECKS

Engine performance furnishes the only clue
to the functioning of the ignition system, and
the pilot has oo control over it other than to
turn it off or to turn on either or both halves of
the aratem.

PLLIGS SWITCH

FIRING POSITION
Frowt Both

iwnd Hear

Rear (in Laft (L)
arch oxl)

Front (in Right (R)
anch oyl)

MNene O
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By operating the engine ab reduced power for
a few aeconds, firat on one megneto, and Then on
the other, and noting its rpm with the ipnition
switeh in the BOTH, LEFT, RIGHT and OFF
poaitions, it may be poaaible to learn something
about both the neture and location of an ob-
served or suspected ipnition irregulariiy,

IRREGULARITIES AND FAILURES

The ignition system furnished with an engine
iz Lhe resull of careful dezign and ithorough
proof lezting, In all probahility it will give de-
pendahle service provided it iz properly main-
tuined and serviced. However, irregularities can
seelr which will affecl itz performance and
while these difficultiez are rare, it is well Lo
review their causes in order that the sympioms
if mallunctioning can be understoed,

1, Breakdown of insulating materials, burning
of breaker points, zhorl cireuita or broken
electrical connections are  comparatively
rare, They are revealed by rough running,
loms of power, or poagibly complete stoppage.

2, More commonare [fregularities due to mois-

Lure which might accumulate in different
parts of the ignition srstem. This accumn-
latinn ean be coused by hreaks, or loose
covers ullowing direct accesz of water to the
syglem, Breathing, which oveurs during the
readjuatment of the svstem [rom low to high
atmospherie pressure, can result in drawing
in moigture-laden air, Ordinary copdensation
of mnist air, as the cogine conla, can alao
regult in sppreciable moisture accumualetion.
This moizture canas: the insulating mate-
riala to Inge their eleclriep]l rezistance. A
alight wmount of moizture contaminetion
will gauge a reduction in mugnete cutput by
leaking part of the current, intended for the
gpark plug, o ground. Thizs condition will
firat be noticed in atarting diffieolty, at
which time the magneto output ia already
reduced by the low cranking speeds.
If the moisture aceumulation iz sericus, the
entire magnelo outpat will diszipate o
ground and might cause flashover and burn-
ing of insulating parts, which can result in
their permanent Tailure,
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Maoiature accumulation in Aight s extremely
rare, a5 the temperature of the svalem is
effective in preventing condensation, and
difficulties from this cause will more prob-
ably be evident on the ground.

The normal unpressurized ipnition svatem
can operate satisfactorily as high as 25,000
foot, Above this altitude, the low electrioal
reaistance of the reduced siv density will
quickly show up any irregularity that would
not be serious at lower levela, As altitude ia
Lurther increazed, it bocomes necessary to
aupply the ayatem with air under pressure
or to fill it completely with a nonconducting
siibetance, in order to maintuin sufficient
electrical resiztance te prevent flazhover.

Probakiy the most commonly blamed of a1l
epuses of irregular engine operation iz the
spark plug.

This may be the result of incorrectly selected
pluga, incorrect pap clesrance, faulty instal-
lation, improper engine operation, carbon or
lead fouling, condengation in the cylinders,
or actusl breakape of the plugs, On the one
hand, the plug: may rum so hot as to
hecome incandeseent and canae pre-ignition
and tend to lead fouling ; on the other, they
may run 2o cold az ta be Touled out by the
accumulation of unburned carhon, Spark
plug trouble iz likely to be localized at one
or aaveral pluge, bul the evidences of apark
plug trouble are much the aame as those of
other types of ipnition irregularities,

The cutling oul of one-half of the ignition
ayatem, or the failure of a apark plug in one
or more exlindera, will vesult in alower com-
bustion in the evlinders sfected, The effect
is comparable to that of delaying the timing
of the apark discharge, and the consequenee
is 8 loag of power, although rpm and mani-
fold prezaure will, as a rvuls, remain un-
changed. If both pluga fail in one or more
exlinders, the resull iz, essenfially, an en-
gine of fewer cylindera. In uny ease, the
attempt to recover the losi power by in-
ereaging manifold pressure ia unwiase, since
it may lead to detonation, eapecislly when
operating in the high power range.
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POWER, BMEP AND RATINGS

POWER AND ITS MEASUREMENT

PART I
POWER, BMEP. AND RATINGS

Since ongine deaign and operation both have
ag their ultimate objective the efficient and
reliahle production of power, it may not be alto-
gether inappropriate at thiz peint to injecl a
definition of "power”, together with a bhrief
degcription of the methoda by which it iz meas-
tred and produced, and to conduct a hasty
investigation of certain of the limitations to
which ita application is subject.

In the courae of thia dizcussion, the reader
must desert the cockpit and the hangar for the
laboratory of the enginesr and the ivory tower
of the physaicist, If in these new surroundings

ke sncounters a few strange faces, or if the
ill-laid ghoats of =ome happily forrotten course
in elementary mechanics rize to vy his paticnce
and shatfer his interest, hiz indulgence iz
croved; and il ia hoped that his indostrious
application to the dull and difficull paragraphs
that follow will be rewarded by at least a nod-
ding acquaintance with such formidable terms
ar indicated horsepower, torgue, brake mean
effective pressure, and Normal Rated power,
as well ag by g beller understanding of some
of the problems fundamental to powerplant
design and operatinn.

POWER AND ITS MEASUREMENT

FORCE

The definition of power invelves the three
basic ideaz of force, distance, and time. The
eoncepta of time and dislance are deceptively
elusive, and do nol permit a ready definition,
but their meanings will none-the-less be pener-
ally obvious. Force masquerades in a variety of
dizguises — moechanieal, electrieal, chemieal —
but it i3 anyihing which tends to produce, in-
hibit, or alter motion, auch a2 & pressure, 2
weight, a tension. Motion is nol neceasarily im-
plied, since two or more forves acting simal-
taneously on a body may be so balanced as to
render the body immobile,

FORCE
MO TUE OF BISTANGE INFOLKED
MG WORK DONE
T HO POWER CXPENDED

£008 B4l ANCINE
FORCE areg
& B

|
EERiEd b
WEIGHT

L

WORK (FORCE  DISTANCE)

To many individuals, work iz the effort ex-
pended (if any) he*wceen “punching the clock"
in the morning and “ringing out™ at night, and
i& measured in terma of fatigue, boredom, or
dollars and centz. The enginecr's definition,
while lacking in humesn interest, is somewhat
more precize. For him, work iz the product of
a force and the diztance through which it acta,
or
Woark — Forre = Diztance {in the direction of

the foree)

Far example: If & welght of 50 1b is roised o distonen
al 11 ft, the work deme is: B b = 11 f& = RS0 ft-Ik,
The seme amount of work, 60 £5/1b, will be done i
A 10 Ib welght jo raieed 55 fl.

HORH

SOLA HEGHT WO = FORCE X DS TANCE
A A - SOLES X HFT
(=]
“ BRSO FT-L48
L1
A WO TIME SNVOLWED.. .
| ik POHER CAMNOT 8E
i
1
i
HFE]
i
!
1
I
I
i
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POWER (WORK = TIME)

FPower mar be “junice™ or "soup” Lo the lay-
man, but to the initiated, it i3 the rate of doing
work —in other waords, the amount of work
done in & certain length of time.

Thus: Power — Work/Time

If the render climhs 4 fAights of atairs, the werk done
~ iz, the prodiet of his welght by ce wotal heipbe of
che stales — will be the sume reparcdless of the rato
of macent. On the wther hord, if the veader first
saunters slewly wp the 4 flighes and a Utcle later,
being snond in wind and lmb. ruoe op them in, soy,
ane-thivd of hig original climbing time, pulsa and
prrapivacion ghould convines him that he develops
conzidetably more power during che rapld asceot
than during the leisuesalr climb,

Power ja expressed in a number of units —
horsepower, kilowatts, Btu per minute, cheval-
vapeir, ete. — of which the first named is per-
haps the most familiar. One horaspower (hp)
iz defined as work done at the rate of 550 fi-1b
per second, or, what [s the same thing, 53,000
ft-1h per minute.

{1) Horsspower —
No. ft-lb persec. Mo, f1-1b per min,
5ad 3 3,000
Thus, if an engine is dolng work at the rate of 16,500

;:]r]ﬁ por o, o FI000 ft-lb per ming it i3 developing
-

TORQUE (FORCE = DISTANCE AT
RIGHT ANGLES)

S0 far, the discussion of Work = Time con-
sidera that the force factor of work is scting
only in a atraight line, The form of power ex-
isling in a rotating shaft does not lend iteelf to
this elementary concept and the analysia must
go further ao that the performance of an engine
can he described. If the foree applied to the
ergnlt shaft through the link rods were con-
sidered aa being constantly exerted at the end
of a lever and at right anglez to the lever, there
would be a tendeney to twist the shaft,

This Lwisting tendency causea the ghaft to
Totate and the rate of rotation will increase
until an equal and opposite Torees ia establizhed
in the propeller because of the reaction of the
blades with the air. If thiz equilibrium con-
dition is at 2000 rpm, the power formula could
be worked as follows:
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& FECTHOE

S0 L8 ADGNT S0RED

dd FT o 3 ETCSNGE
(] { |
FAER = —FosE

w0 o FORCE ¥ GISTAMCE
! TiE.

. lII'I. Aol P T L4
1 '\ = 7 SEC 30

I
\ = 2 aA

ket

RN B W W W W W W |

) |



POWER. BMEP AND RATINGS

POWER AND ITS MEASUREMENT

Foree = 20,000 b ;
Distance/Min = 23 » radius = rpm
= B 5 B2 L 2000

= 3142 ft/min
Fit-lb per min.
dAnd {1y HP = —BE.EI'EI'EI
2000 1h 5 3142 1L
= 28,000 = 14904

The twisting foree exiating in the shafy az the
rezult of applying the 20,000 1h load at the end
of the & in. lever is koown as torgue. Those
who have hand-cranked automobiles or out-
board motors have applied torque by exerting
push or pull at right angles to a lever attached
to & rotating shafi and

Taorque = Force » Distance — 1b-ft.

~ where the distance s measured in a plane
~ which iz at a right angle to the center line of
the shafl and the fvrce is al a right angle to
the distance.
In the exsmple eiced pkove, the torgue & egual to
000 b % 25 i or G000 (b7t Tt shouid he noted
E G000 1bft of tergue wonld be obtained {2 no
1000 b feree were opplied with a 6 17 arm or A
i b fores were applied with ao acem of 1%
g, The terque force in the shafe is the spme
pravided the produet of the force timea the lever arm
Temains the seme.
- Therefore, the torgue present in the shaft ia
independent of its diameter, It is & measure of
 lpad and i= properly, though not eonaistantly,
expressed in Ib-fi, It is not to be confuzed with
work which is exprezaed in ft-lb, It is possible
to have torque (Ib-Tt) without motion in which
case no work (ft-1h) is performed.

Phimging headlong into the mathematica of
a horsepower, equation (1) can be reworked
a0 that the useful engine output can be ex-
pressed in terma of rpm and torgue.

LE X FT = TORQUE
2k TOROQUE = WORK MW ONE REVOLUTION
2k TORAUE ¥ BPM = WORK N ONE WINUTE

It-lb e 1
m'i_n1 E&:ﬁm

Now lorque is defined as lb-ft and so con-
faine a force value and also a distance value,
Tn obtain ft-lb/min., it is necessary to include
2n beepuse of circular motion and rpm to repre-
sent the number of eireles traveled in a given
timea.

(1} HP —

Therefore,
ft-1h 1
P = i * 33,000
1
= Torque (Ib-ft) » Zx » rpm 3 34,000
Torgue » rpm
(2) = ang

il torgque is expressed o 1=fi or

Targue = rpm
()= pae

if torque iz expressed in lb-in.

Equationa (2) and (2a) are rationsl. They
apply 1o the power present in any rotating
shafl regardlezz of the kind of power produc-
ing unit that i3 causing the shaft to rotate. To
messure and eondre] the power delivered by the
shaft, it iz only necessary to have means for
measuring and controlling rpm and torgue. The
more directly these two factors are measured.
the :‘]reater the accuracy of the power deter-
mined,

The tachometer measures rpm directly. The
tachometer generator s geared to the erank-
ghaft gear train and the only inaccuracies are
those of inslrument calibration,
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Torque haa been less accommodating and for
wvears, there has been no tangible “handle™ by
which to grasp this quantity. I a direct torgue
megsuring instrument iz not provided, there is
then no direet cockpit evidenee of the situstion
and it iz necessary to rezort to indirect means
aof measuremont,

FRMTHN A ST TS WO — e L L A
i '

b= LEWETH OF 45—

In the lghoratory, torque ia measured by the
device used to absorb the engina's pover output.
The earlieat method employed was the Prony
brake which regulated the rpm and torque load
by meana of a brake or friction devico. The

foree reguired to restrain the brake from turn-
ing could be measured and the power output cal-
culated, The Prony brake haz been replaced by
hydraulic or electrical devices but the principle
remains the zame and the term, brake horse-
poveer, refers to that part of the enpine's output
that can be measured by a brake

A brake cannot be uzed for power measzure-
mient in fight as the device absorba all of the
useful engine output. Actually, the prapeller is
the brake and torgue could be calewlated [rom
conaideration of blade characteristica provided
that blade angle, sir density and aivspeed wers
accurately accounted for, However, thia wonld
be an indirect measure of Lorgue.

Dnoaireraft equipped with fixed pitech pro-
peller Wades, rpm and torgue are inseparable.
Advaneing the throtile lever admits more air
and fuel mixture into the exlinder, The eom-
buation foree iz inereased and a8 a consequence,
the torque imposed on the crankshaft (s in-
creasel, The crankshaft attempts to avoid this
additionsl load by turning Caster but (5 ao doing
defeats itzelf by turming the propeller faster.
YWhen the added torgue abacebed by the pro-
peller matehes that produced by the exlinders,
eguilibrium is reached at a higher rpm and
torgque, The operator of thiz equipment only sees
rpm and a0 can be exeuged if he is unaware of

el Tl bl b bl bl bl bl bl !

hd

1
1
1

15 THE RESULT oF FRESEURE HERL
WHIEH VARIES WITH WANIFOLE -GFESEI'-"RF—"
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POWER AND ITS MEASUREMENT

torgque. The fact that, al conatant rpm, torque
changes with airapeed, altitude and air temper-
ature cannot he of any great coneern,

The operating significance of the constant-
spead propeller iz that rpm and torque are
separately controlled. The tachometer then be-
comes solely a measure of the rpm which is
controlled by the rpm control, The throtile is
separated from rpm and applies ils entire atten-
tion to the regulation of torque in company with
the supercharper control, the mixture lever,
preheat regulator and the airplane control

column as il varies altitude.

Lacking a direct mensurement, the regulation
of torgue has been by reference to manifold
- pressure. The relationship of this quantity to
torgque iz determined on the dynamometer
- where both are measured and information com-
~ piled s0 that acceptably accurate flight control
- i8 possible. The relation varies with changes
of rpm, altitude, carburelor air temperature,
humidity, exhaust back pressure, fuel-air ratio,
gpark advance, supercharging and engine con-
dition, The acceuracy of using manifold pres-
sure in place of a direct torque measure depends
on the completenesa of correcting for variations
of these factors.

More recently, torquemeters have been made
- available on the larger engines and a direct
enckpit indicalion of torque iz available.

One of the basie limitations placed on engine
operation is imposed by the pressures developed
in the evlinders during combuation, On the one
hand, as these presaures hecome greater, the
- reault iz an increase in power ;| on the other, if
they become too preat, they impose high con-
tinuous loads which shorten engine life. Tt is
important, then, that the operator have at his
‘dizposal some means of eatimating these pres-
gures, not only to enable him to protect his
powerplant but also to direct him in the offi-
elent application of its power,

Cvlinder pressures are not recorded om any
cockpit inatrument or gage, and their direct
meazurement iz actually very difficult. Ther are
related to manifold presaure, since any inorease
in the latter reanlts in a heavier weirht of the
charge beoing forced into the cylinders, and
consequently, a greater amount of energy being

Equation (2} then beeomes

1) EHP = torquemeter oil pressure

rpm = K
where torquemeter oil pressure i3 indicated in
the cockpit and K ia a constant determined for
each torquemeter design,

BRAKE MEAN EFFECTIVE PRESSURE (BMEP)

liberated by combustion. However, a number
of other factors muat he taken into account,
notably temperature and fuel-air ratio, and, at
beat, manifold pressure is merely a qualitative
measirement. A convenient way of estimating
eylinder pressures proves {o be an indirect one,
and an index of measurement, inherited [from
slenm engine practice, iz the brake mean effec-
tive pressure, or bmep — a term that iz glibly
bandied about more frequently, perhaps, than
it iz understood.

CYLINDER IPRESSURES

A aeries of eomplicated and elaborate meas-
urements indicate that the pressures actually
exisling in a cylinder of an aircrafl engine dur-
ing a complete power cyele can be represented
by a graph similar to Figure 20.

51

]



PRATT & WHITNEY AIRCREAFT

P AL O 1THD

PRESSURE W CFLINDER

SOTTOM Toe
CENTER CENTER

re dag

ALETON TRAVEL

Fig. 20 — Cylinder Pressures During Power Cycle

INDICATED HORSEFOWER (IHP)

The shaded areas, T oand L, below the curve
represent the power developed in the eylinder;
F, by the combuation of the fuel-air mixture;
I, by the pressure of the incoming charge, The
unshaded aress, O and E, represent the power
expended ; C, in compressing the chargpe; E, in
expelling the exhanst. The nel useful power,
or indicated horsepower (Thp), developed may
thus be represented by the difference between
the shaded and dnshaded aress, or!

Thp = Shaded Aresa (P — I} — Unshaded
Areas (0 4+ E)

INDICATED MEAN EFFECTIVE 'RESSURE
(TMEP} AND ACTUAL PRESSURES

It iz somatimes convenient fo think of the
various cylinder pressores —useful and adverse
— a8 combinad into a zingle uniform pressure
which netz during the power stroke alone, and
iz eapabie of producing the given indicated
horsepower (ihpy, Thia may be illustrated
graphically by drawing a constanl pressure
line, AR, for the power slroke alone at such &
distance above Lhe horizontal axis that the ares
eticiozed by the rectangle, ABCLD, ia equal to
the net area representing the ihp, thua:

Area ARBCD — Shaded Arveas (P + 1}
Lnshaded Area [(C 4 E} = Thp.

The mean, or average, preasure (AD or BI))
affective during the power stroke iz known o3
the indicated mean effactive pressure [imep.

The operator s naturally more cuneerned
with actual shape and peak pressure of the

a2

enrve than with the abstract notion of indi-
coled mean effective pressure (imep),. For
instance, & curve which rises steeply to an
exapgeratedly high peslk and descenda thence
in rapid oscillations, while it may onclese sub-
stantizlly the sume "power area' as n smoother,
Natter curve, indicates thal the power of com-
bustion is being delivered in such a way that
it eannot be readily abasorbed by the engine,
and mey prove harmful to the engine, The
detonation curve below iz an example.

The relalivnahip hetween imep and the actual
shpgpe of the preasure curve haz heen eatab-
lighed by experiment. Accordingly, if the imep
of an engine ean be measured significant peak
pressures and other combustion characteriztics
revealad by the curve ean be predicted with
sifficient accuracy lor practical purpossa.

PORTR STRO0ET ——a] = PO R ST SAN T ——

TLC. .
MO CORNRE T O GF TaMA T8

Fig. 21 — Cylinder Pressures Normal and
Defanaiing
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 POWER, BMEP AND RATINGS

MOWER AND ITS MEASUREMENT

CALCULATION OF IMEP

- I the indicated horsepower of an engine iz
“known, its imep can be compuled from the
formula:

(1)

Imep (psi) =

762,000 ihp
IHsplacement * rpm

~ The derivalion of this formula is hriefly zs
wa
The foren, in lb, exevied ln any exlinder iz the prod-

et of the lmep ilo pei) by the wrea (in sg ingg of
the pieton kead on which it acts, or;

F {lb} = imep (psi} = A (87 in)

. The discaner, in feet through which thia Toree moves
daring the power glroke Is the lenpth of the scroke
{in in.) divided by 12, ar:

D (t) = § (in) /12

The wark, in fe-lb, done during the power strake is

.
Waork {(ft-lh) = F % D — lmep w 4 5 5712
1ﬂ the enprine has X cylinders; the work dene per

- revolation of the angine iz
fap s A B M
12 = 2

(8 la divided by 2 sinee ench eplinder frves ewors
ﬂ_ﬂltr revalation. ] This displacenient, in cu in., ol an
enging is the product of the aven of the pisten (A
fimes the stroze (81 times the numhber of eplinders
(M), Accordingly:

Work per rov,. =

E:- * Displacemeant

r - ey
Waork par vev, = i T

Thee work per miness is che wark pee revolution tines
the rpm, or:

imen W Maplnermens & rpm
a4

Wark per ntin, —

Dividing the work (acill in fodb) per minote by
A, 000, resylta dn the ihp, Bod

- imen Dizplarement = rpm
! B4 s 23,000
Transposing the known quantivies to cne side of the
cquation ;
THE, K w ikp

Imep — ———
F Displneement k11

And, unless a1 eagine slovghe off o cylinder, its dis=
placemans remaing constact ond the formein redizees
Taxs

. ih s
Imen (a#i) = 2] W (@ censtanl)
rpo

Thiz would be a satisfociery way of com-
puting imep, and thuas predicting actual evlin-
der presaures, were it not for the feel that thp
is difficuit to measure directly.

CALCULATION OF THP (IHP—BHP-—FHEP)

Mot all the power developed in the cylinders
{i.e, the ihp) iz available at the propeller shaft.

A sitppested in Flpure 22, some of it is lost
in overcoming infernal friction, some is diverted
to driving the aceessories, such as the magnetos
and fuel pumps, anme is ahsorbed in driving
the supercharging mechapism,

The total power thus lost 12 known az friction
horsepower (fhpd. What remaing in the fuﬂu
of selul power delivered outside the engine o
the propeller shaft and ether shaflts is called
brake horsepower {bhpl.

IThp = bhp = fhp

e POWES STROKE — =l

U

THPeRHPLFHP

Fig, 21 — Powars ond Pressures
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This relationship makes posaible a sufficient]y
aceitrate and relalively simple computation of
ihp, and suggests a ahort-cut to Lhe determina-
tion of cvlinder pressures, Bhp ean he readily
caloulated by means of o Prooy brake, a dvna-
mometer, or forguemeter. In fart, whenever
the relation between Lhp, rpos,. and manifold
prezaure haz hean calibrated for & given engine,
the bhp may be Towpd Cowme o power curve, §if
the last two gquantities are known and the
proper corrections made for carburetor air
temperature amd other items. Friction horze-
poswecy (Thpl is not a conztant nquantity, but
increases with the rpm oand impeller speed or
atage of supercharging, It can be determined
for any piven rpm and supercharging combing-
tion by meazuring, on a modified dynamometer,
the power pecessary Lo turn over the engine
with the cvlinders not Jiring, Such a calibration
is normally made for eack wpe of engine, and
covers ita entive apesd range. With bhkp aond
Thp thus known, ihp iz readily ealculated, and
from it, imer and eylinder pressure: may be
determined.

BMEP—DEFINITION AND COMPUTATION

In practice, however, actual eylinder pres-
aurga are nob delermined froem ihp, but from
bhp. By analopy, imep can-be thought of as
the sum of Lwo pressures; one going fo praduce
the power necesgary to overcome Criclion {Thp).
the other to produce the net power delivered
at the propeller and other shalls (bhp}. The
frst ia eailed friction mean effective pressure
{fmep) ; the aecond iz koown by the more fa-
miliar, but no lezz formidable, name of brake
mesn elfective pressure (bmepl,

Zinge neither bhp or bmep take any account
of friction, the engine can be thought of, in
thiz connection, s8 a frictionless power plant
in whick all the power developed by the bmep
within the exlinders is deliveresd withou! loss
a5 bhp to the propeller, Bubstituting bhp for
thp, bmep can be compuled by an cguation iden-
tical in form and derivation with the ong pro-
vionzly used o compute imep, namely:

THE. M0 v hp
Displacemsnt — rpm

Emep {pat) =

and, if thiz bmep formula be divided by the
corresponding imep formula, it owill be seen
that

bmep  bhp
imep — jhp

04

- POWER STRONE—=i

IHP = BHEEFHP

BMER 8NP
fHER  fHR

| MPELLER

Fig. 23 — Powers and Pressures

Bmep, therelore, proves to e zomething of
an ahstraction —a fActitious pressure which
hes no real existence in the eylinders. Imep is
clearly greater than bmep, since 1 comprizes
both bmep and fmep, (Depending largely on
the rpm, bmep may be from 10 1o 50 pei less
than imep, and may represent as little as HB67
of the letier) FPurthermors, the actual peak
preagure, as shown on evlinder pressube curves,
are in tern greater than the imep. Nevertheleas,
thiz sbstraction proves to be a useful one in
eslirmaling 1he actual pressurves and i estab-
lishing operating limits,

BMEP AND INDEX OF CYLIANDER
PHESSLUHES

To begin with, bmep may be readily caleu-

loted at any stope of operation in terma of
three gquantitiea that are essily found: bhp

IMEP=BMEPAEMER

TEHTETETETERETE R R
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(from a power curve, torquemeter, Trony
brake, or dynamometer) rpm (from & tachom-
eter), and a copalant [(THEOH IMaplacementy,
Moreover bmep bears o definite relationship to
fmep (bmep/imep — bhp/ihp), which iz estab-
lished throughout the engine's eperating range
by the ecalibration of the fhp (ithp — bhp
Thp). 2ince the actual evlinder pressares and
other comhuation characteriztics can ba dadnead
from imep, and since the relation of bmep Lo
imep is known, it follows that these preasures
and other conditions can be determined from
bmep az well g2 from imep, and the faect that
bmep can be more readily computed supgesis
its vse as being a more econvenient index by
which to rate or limit an engine’s performance,

Sinee a rize in hmep will normally mesn an
inereare in the actual evlinder pressures, striuc-
tural considerations will dictate that operetion
be confined below certain bmep values, or the
Atrezses imposed may result in gervics diffieul-
ties, Bmep limita will not necessarily be the
-same throughout the enging'a operating range,
for it ix the imep, not the bmep, 1hal actually
imposes the mecharica] stresses and high tem-
- peratures,

BMEP AND TOR(QUE

Sinee

__ rpm » Diaplacement 0 bmep
RD THE, O

_:Ind MR = 1rpm ® Lorguemeter pressioe w K

_mpm x Thiapl, 2 banep
d TH

= I 38w terguemmeter pressane

(5) and bmep — torquemelor preasure w K’

where K' is & constant which s the product of
THL000 timea the torquemeter conatant (K)
divided by the engine displacement,

. This relalionship indicates that torgue, which
is directly measurabie, iz inseparably related
~ to bmep which, being a fietitious pressure ean-
nol be messured divectly. Repardless of the
term used to describe output and the limita of
oaperation, the means of messurement and oon-
Arol eventually bofl dows to rpm and torque.

It haz been shown that rpmoand torque aee
independently controlled and thal the operator
haz a wide variely of rpm-torque combinations
o choose from to obtgin the required power
g8 in the following lable using Weap Major
{R-4360} a5 un example,

FROFPELLER TORGTE
BHI EPFM LO-I'T EMEP
1RO} 1500 k) 218,
1k 1R B2ad 182
1500 2100 AR 154,
=00 . 20 a0 136,
1&() 200 aa00 191,

A theoretical approach without looking at all
of the factors would faver the very minimum
rpm and a correapondingly high torgue or bmep,
becanze this combination would produce the
reguired output and deliver it to the propeller
with the least ihp.

Because fvel conaumption iz the result of in-
dieated horacpowor, renpe should inerease if a
given vulue of output iz obtained with the min-
mum rpm and maximum torgue of bmep.

Practical considerstionz require a modifica-
tion of the theary, The high propeller blade
angle required o absorb such a heavy torgue

loading at low rpm would result in a serious

Ings of propulsive eficiency. While the engine
would be giving ita output gt a verv low fuel
consumption, the propeller could not translate
thiz into fhe most miles per pound.

The eontinuous kigh torque would result in
high suatained stresses on the powey transmis-
gion svstem from the pizton te the propeller
anatt. Bxperience over the vears has proved
that these loada must he limited.

To avoid flogging a laboring engine, the oper-
ator may turn to the other axtreme of high rpm
and low torque — only te run into another set
nf diffieulties, Higher rpm reaults in greater
fhi, Accordingly if 1800 bhp muost be main-
tained. the ihp rmat be increased and sa a result
the foel consumplion will be preater az it is
ihp, not bhp, that poverna fuel fdow. High rpm
alan leads to preater veciprocating lopds, and
the more rapidly the engine tures over (olher
things being equall, the sooner i will wear
itself nut, At the same time. the higher impeller
specds mav mean that eritical charge tempera-
lures are being approached.

Proper operation clearly lies somewhere he-
tweon the two extremes. Long expericnce of
teating and service operation prove that the
engine ¢an be salely operated with gond dura-
bility standards in the cruising range, using
fuel of the proper prade, for prolonged periods
with the evlinder pressures and temperaturez
ropresented by the maximum criise bmep Hmit

%
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apecified by the engine manufacturer for the
particular engine model in question,

It must be emphazized that eruise bmep limita
are merely convenient numbers that deseribe
operating limitations in terms that can be ap-
pliad in the cockpit by means of available in-
Tormation. They do not define a knife-edpe line
on one gide of which iz zafe operation while on
the other zide immedisle destruction will be
encountered, The maximum limiting oruise
bmep ia carofully aelected on the basis of ex-
perience and teat az the operating condition
combining desirved performance while oblaining
lobgr service life. Continuous vae of excessive
powear, Tpm, or temperature will mere probably
calse immedinte difficulty than high bmep.

LSE OF PROPELLER FOR EMGINE CHECK
0N THE GROLNIY

In the aiv, the propeller eonverts engine out-
putl, in the form of rpm and torque; into thrust,
On the ground, with no forward motion, the
propeller hoag nothing to do but serve az a brake
tn abaorh whatever power the engine iz pros-
ducing, While the efficiency of performing this
Tunetion is of oo concern, the propeller char-
acteristica are of value becauze the torgue re-
quired to oblain a given rpm is predictable as
long as the blade angle is fixed,

O the pround, with the propeller adjusted
to full inereased rpm, the hlades are positioned
at a definite minimum angle, Thia angle will
be the same sarch time that the propeller contral
is in thiz pogition. When the blades are in fixed
low piteh, the engine iz driving a fixed-pitch
propeller and the relationzhip between engine
perlormance and propeller rpm gives sigmifi-
cant information regarding the condition of the
engine, This characteristic iz used during the
ground chezk of the powerplant.

The load provided by the propeller iz the
reanlt of the reaistanee of the air to the motion
of the blades, If it iz imagined that the total
air force iz acling at one point on the blade,
the air foree per blade multiplied by the distance
between the point of application and the pro-
peller center line times the number of blades
equals the torque abzorbed by the propeller and
egiuals the torque output of the engine propeller
shaft,

The drag force of any airfoeil can be expressed
by the following egquation:

r

LA

D=L0 AV whereD = drag — Ib
(g = cnnatant whoze
value depends

upon airfoil sec-
tion and angle

p = air denaity
A— Area
¥V = Velocity

- CENTES F AN SRE S ILRE

If & picture is formed of all the area and all
the deay loree being concestrated ol one point
of application, an analogous equation can be
devised to deacribe the propeller reaclion and it
will not be necegsary to strugele with the differ-
enee in speeds belween the tip and the root; in
which caze,

F (Force against propeller) =
e
5 Cad (8arw rpmle N
where Oy = constant, describing propeller

blade characteristics at fixed
low piteh

— hlade area

r = distanee from engine center line
to point of foree application

= Na. of blades
Therefore torque varies directly as the square
of the rpm. In simpler terms, i while the air-
craft ig static on the ground and the propeller
blades are in Oxed low pitel, the rpm is doubled,
the torque produced and sbsorbed i3 multiphied
by four, This relationship makes it possible 1o
use the propeller to provide a brake measure-
ment; however, the blade angle muat be the
same each e that the measurement is per-
formed as the blade angle determines the value

of Cy in the equation above,

From the above equation, it iz no efort o
continge to

torque % rpm
o262

= L' (rpm)? » Tonm

= ' (rpm)s

R =

e bl e e B Bl b b |

| S

-

N ™
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POWER AND TTS MEASUREMENT

or the power abzorbed by o propeller whose
blades are in fixed low pitch varies g2 the cube
of the rpm — a relgtion which holda troe until
the tip specd of the propeller approsches the
speed of aound and O, is altered, In less tech-
nical terms, this means that the power must be
eight limes aa prest to double the rpm, and
fwentr-seven times as great o treiple it. and
oo, For example, on & Wasp Major (E-1360},
the lollowing relationzhipz of rpm, forgue and
power would be encountered.
I'OWEE
CRAMEK- FROP- AT-
PRG- SHAFT EHHAFT BORBED
ENGINE PELLER TORGUE TORQUE BY PRO.
EPM EPM LE-FT LB-FT PELLER
104 375 240 2242 41
1500 ok L&D TR 241
2000 Tal Za60 2oan 128
2500 93y 2262 14000k 200
2000 1125 THAQ 20178 4320

- The figures apply, of courze, to only one pei-
fienlar blade secting of a particular propelier,
Larger propellers at the same hlade angle will
require more horsepower for any given rpm but
equal horsepower al some lower blade sngle,
smaller propellars will require high blade
angles or less power, Neveriheless, the relation
Between rpm and bhp for any propeller and a

=
=
u

PERCENT 0F MOSMAL RATED POWER

I TAKE-
FEACLNT QF NCAMAL RATED RPAM QF

Fig. 24 — Prepeller Lood Curve

given blade setting will in all cases be given
by formula (7).

Thie relation iz known as propeller load and
in graphicgl form is known as propeller load
CUTYVE,

RATINGS

NEED FOR OPERATING LIMITS

An engine may be made to last forever. By
"pickling” it in & 8uitable preservative, encasing
it in a proper container, and storing it in a con-
trolled atmosphere, it should be in a8 good con-
dition after several yeara as at the beginning of
slorage. However, to serve a useful purpose the
engine must he run, and in being run it is suhject
to wear which will inevitahly limit its life span.

The previous discussion hag dealt with the
various forees set up in the engine in the process

of producing power.  As the throtile control
lever is advanced cylinder pressures increase,
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#élna shresse: reaulting from these pressures
¢ greater. Obviously there iz a limit to the
re stress that can be safely imposed on
linders, pistons, link rods, bearings, and
r engine parts, Similarly, the control of en-
speed through the propeller governor mast

1 within definite limita to prevent the aet-
; af exeesaive cenbrifugal and reciprovai-
ﬁl'inm. In addition to mechanpical stressss,
tion may be the deciding factor in estalb-
gpecific limil to either prassure oy rpm
eertain grade of fuel. Onee the limiting
and rpm huave been established the
r power is automatically defined, Engine
jg further restricted by limits ime
wd on cylinder and oil temperatures, and on
‘q fuel pressures,
& limitz of operation within which the ac-
pe of relinbility can be oblained are
ngine ratings. Operation within the
‘assures dependability, as amply demon-
ed by the type or proof tests required by
precuring or regulating agency. Operation
@ of these limits cannot assure this reli-
lity, and the pilot ia relying on marging of
m that have ol been proved.

*As reliability occupies a place of the greal-
* est importance, and as the ratings defline the
upper limits of reliable performance, they are a
logical beginning for a discussion of engine
pperation,

T'he ratings of a particular engine are to be
found in the engine specifications snd in the
specific operating instructions, and in addi-
tion, are indicated on the applicable operating
curves, Peferring, for example, to the Specific
Operating Instructions for a Double Waap CA15
single-atage, two-speed engine, the ratings will
be oblained from the pilot’s check chart as fol-
lowea

OPERATING COXDITION EMUGINE SLTTING

MK,

Criltizl Bz

Kasinx Azl At En- Toe-

e Impellsr Conind gz ure
Hhp Fasl Fulin  P'eslcon ®pm  In. Hg

Tike-z e [ 100 Lie Ante-Bick  EEOD SRS

8 min. with wanzri

Takeoff oo ARCO Lo Anlp Risk JBCD 510

(5w wizhout walst
Rlazimerr Conlinusas 1030 €300 Law Aulo Bich cn A6k

Pawer thie 143700 High Aui: Rich 303 4530
tarsil Bzl 1400 s4nr Low Auns Bich 2nal 440
Pomer el 14350 Nigh Api: Righ o IO 450

Mexies Crose Paser: Muxigan Urise poser shall be approved in
writing allir coastlallor, itk =240 & Whiteey Alrczir, The e ol I
mistere for Contivcms Cruise nll be reweved Toe conZiioas of opemiim
prromitlag Lae _u"'grnnrl af mraiinuie bead lenperabares o oS chan
23 F ool nil inles tempecniures of ey Lime 133 F. The sze af hig it
peiler racks shall nee 'hl: altemgned I the casheserer air lonpeialire Fxceadd
R
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MAXIMUM CONTINUOUS RATING

The rating defining the maximum power
available for continuous operation iz Maximum
Continnous power, Thiz rating ia to be used for
amergency [ight conditiona requiring maximum
gustained output. Automatic rich mixture, or ils
equivalent, ia reguired when using Maximuom
Continuous ealing,

MORMAL RATED POWELR

This rating is specified by Pract & Whitney
Adreraft and is the maximum recommended
output for all normal operations such as rou-
tine climb and khigh apesd level flight. A seps-
rate ¢limb power rating is established for many
engine models. Automatic rich mixture, or i3
equivalent, iz reguired when uosing these
ratings.

MAXIMUM CRUISING POWENR

Maximum Cruising power is an arbitrarily
petablizhed limit for unze with automatic lean
mixlure, or its equivalent. Maximom Cruizsing
limits which apply to all operators have been
eatubliched for the Wasp Jr., Wasp, and Twin
Wasp 91080 engines. In the rasas nf the later
models manufactured hy Pratt & Whitney Air-
erall, the Maximum Cruising power ia deter-
mined individually for each operalor o as 1o
ohtain the optimuom balance bevween length of
cverhanl periods and the desived aireraft per-
formance. This limit iz established by eonaul-
tution between the operalor and Pratt & Whit-
ner Aireraft after a review of all the factors
affecting 1he conditiona under which the en-
ginez operate. Individual limit increases may
follow Tavorabhle experience, if desired,

For a conziderable period, Normal Rated
power has heen regarded as 100% power and
all olher cutputs have been measured by rel-
erence to this rating, For example, a0% power
has meant 50% of Mormal Rated power and
B0 apeed has meant &0 of Normal Rated
speed. New aireraft performance vequirements
have brousht about the revizion of the svalem
of ratingz but a great many individuals baze
their concepts of power oulput in terms of
percentage of Normal Daled power. A great
portion of this book was written before this
change and, ag a result, power selection dis-
cissionz are hased -.on percentages of Normal
Fajed power,
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RATINGS

The policy of establishing eruising roting:
individually applies only to the Twin Wasp ‘[0
and later model engined. For previous models,
manufactured by Pratt & Whitney Aircraft,
the c¢ruise ratings approximated the peneral
limits of 0,30 bhp per en. in. for the single row
seriea and (LATH bhp per cu in. for the doubls
row  aeries, Ratings, based on these relios
proved to be 5 sstisfactory limit for all normal,
fean mixture cruising and have given an oac-
ceptable combination of durability and per-
formance, In liew of & positive deflinition of the
Maximum Cruizing rating, the use of limita
based on the above ratios will insure that con-
servative powers are gsed pending receipt of
more specific informetion, In all cazes, opera-
tion within these limits will insure the wse of
powers that are in the range of economical fuel
conaumption.

When the Maximum Cruizing rating iz specifi-
cally defized, the maximum rpm for continuous
cruize will also be indicated, I iz not intended
that this engine speed zhall he uzed for all cruis-
ing powers and the most satislaclory resulis
will he obtainad by reducing the rpm as the out-
pul iz lowered. Low engine apeeds will pgive
measnrakle refurns in the form of fuel economy
and inereased durability, provided that o proper
balaree between power and rpm is maintained,

The low limit of rpm for any deaired powar
i8 expressed in terms of hmep, While the
ratings mayv not specifically mention a bmep
fimitation, experience haa indicated the degir-
ability of adhering to a definable relation be-
tween power and rpm. 1t ia suggeated that the
aperator base hizs power and rpm combination
according Lo the method outlined in Part TIT,

 Pages 104-108,

MTIIWS FOR TIME-LIMITED

NS

La.wnh most mechanizal devices, an aireraft
e 18 capable of austaining an overload
porarily withoul impairing its reliability
without sppreciably affecting itz dura-
w, Accordingly zeveral vatinga have been
E plizhed zetting up bhmits within which the
engine may be safely operated for restricted
periods of {ime at powers and speeds greater
ﬂq.n those permitted for maximum continuous

mlmu

1. Take-OF. While take-off demands the
-'g_raateat power output, it i a condition with

definite time limits. To oblain this sutput on
the baais of 4 continuous rating would reqm
a much heavier engine, and the aireraft’s ofi-
ciency iz accordingly increased by cstablishing
a rating which permita the engine to mest
take-off requirements, but limits this perform-
ance to a short period of fime,

The apecilic bime lmitations are dm
hy the Military Procurement Agency nrhfiﬁ
Civil Asronautics Authority, Az this HH,.!_
limitation is subject to change, the specific ﬂ-r,,
erating inatructions must be consulted for in-
formetlion regarding a given engine model

For engines with two-speed or two-stage
supercharpers the Take-off rating is available
only in the lowest impeller ratio or stage of
aupercharging, Exceptions to thiz rule may be
found with individusl engine models. For in-
formation regarding any one model consult the
applivable specilic operaling instruciions.

2. Military Rating. Tactical and combat re-
quiremnents neceraarily dictate the amount of
power thal will be used in military operations.
In meeting these demands military personnel
are naturslly less concerned with the life of the
engine than with the offensive or defenzive ad-
vantage of overload performance. The military
reling establishes the maximum limited period
performance for szervice aircraft, and is not
available to other operators. In the lowest im-
poller ratio or stage of zupercharging Military
Power and rpm are usually the same az for

Lodoe-o!T,

An aircraft engine can actually be run con-
Linuoualy under overlosd conditions of power
and zpead for much longer periods than those
permitted by the ratings. Ilowever, the pericd
of relisble operation iz thereby reduced o an
impractically short time. By imposing o Lime
limit on Take-oll and Military power ratings
the cumulative effect of the overloads is dis-
tributed evenly over the period between over-
haulz, and the useful life of the engine accord-
ingly lengthenesd,

3. Maximunm Diving Spesd, Thiz rating es--
tablishes the maximum sale over-speed. 1L is
dictated by the allowable reciprocating qnd
centrifugal loads resulting from the high rpm
which may be encountered during aircraft
maneuvers, Maximmum diving apeed i3 wsually
lirnited to 30 seconds.

6o
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ADDITIONAL RATINGE

1, Temperature and Pressure Ratings. Tn ad-
dition to the power end rpm ratings which
govern engine performence, imiling ponditiong
of temperature and pressure ave spotified b
the engine manufacturcr, and the observance
of these limits is mondstory. These rafinga
B

a. Oylinder Head Temperature—maximurm
b, DIl (Inlety Temperature—maximiim and
rrinirnum

e 06l Preggure——maximum and minimum

d. Fuel Prossure—maximum snd minimutn

Each of these ratings is given for various op-
erating conditivnz, The conzequences of failure
to ohserve theze limits have already been dis-
ensaed,

o Combat Ratings. The conventionsl Normal
Rated, Take-0F and Military power ratings ave
baged on peacetime concepts of engine reliahil-
itw and durabilisy. In wartime these consideras-
tinmg are not necezgarily the firat importance,
and tactical and combat demands warrant the
uae of powers in excesa of those permitted
under normal cireumstances, The performance
available oh snch cecasions is entirely regulated
by the military services, and Lhe demuonstration
of the engine's suitability for this power cut-
put is not an obligation of the manufaciurer.
Operations of this type come under the cate-
gory of combat ratings, and are not o b comn-
sidered outside of the military acrvicea,

2. Other Ralings covering apecisl spplications
may be supplied from time to time for individ-
ual engine models,

RELIABILITY STANDARDS

Standards of engine reliabilily are sgreed
upon by the enpgins manulpeturer, on the one
hand, and the procuring or regulating ageney
on the other, The accumulsted experience of the
past makes possible the estahlishment of tes Lirg
atandards that accurately demonstrate the abil-
ity of an engine to periorm at glven ratings &l
the atandard of relinbility apecified or agreed
upon. Competition gives every incentive to the
manufacturer to affer the highest possible rat-
ings. Over-onservatiam in rating engine per-
formance will result in long engine life—but
often on the manufacturer's shelvea, sinee oper-

G0

ators will naturally selact powerplanta ithat are
permitted to deliver a high percentage of their
maximum potential output. On the other hand,
over-pnthusizam regarding ratings iz held in
check by the consideration that the engine must
pass a rigid prood test, and Lhe manulpeturer's
reputation will suffer il Lhe reliability of iz pro-
duet $ailz to measure up to the claim made for
it. The performance nffered is thus the manu-
feeturer's best judgment of the output an engine
can deliver, within the accented standerd of re-
liahility snd sz demonstrated by the type test.

ENGINE DURABILITY

Durahility is the mepsure of engine life ob-
tuined while malntaining the desired relinbility.
The tact that an engine modsl has succeaalully
campleted its fype oF proct tesl 2 &n indieation
that it can be operated in a normel manner
over a long period before requiring prerkanl.
However, noe definite time interval between
averhauls ig specifed or implied in the raling.

The durability realized iz delermined largely
by the type end condition of operation, The
period between overhaula may be represented
rouphly by Fig. 26,

TisiE BETWELM CWERHALLS

a TaKE=OFF
POWEH, LSED CONTINUGLSLY
Fig. 26 — Effect of Continuovs Power on Du rability

The values shown in Fig. 26 are only approx-
imate and vary even at the same pereentage aof
power output beciuse of auch cther factors as

O ]

" ' Hr—-ir Hr h.- -Hr- L.
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Fig. 25 — Twin Wasp Ratings

temperature snd Lype of inztallation, The point
to be underatond iz (hwl the period of relishle

- engine operation (or dursbility) is larpely de-
termined by the conlinuous dutput uged.

LGRADE OF FUEL

The same baaic model of enpine may ba nfferad
with different ratings available depending oo
the grade of el to be used. The onlyr difference
between these otherwize idenlical engines are
Hlﬂ variationz In the carburetor gettingsz re-
Cquired to furnish a flow of Tuel sufficient to sup-
- press detonation. For example: the Twin Waasp
- SACA-G: has a earburetor selling which permita
the engine to devalop its ratingz with grade
nIH'ﬂJ"lEﬂ" fuel only, The Twin Wasp 24C4-G
iﬁu identical ratings, but it is provided with a
-ﬁ:rl:uuretur el aufficiently richer to permic
these ratings to he developed with prade 91798

*The readler may nol be famitdzr l.'.'|.1.'h the systern af gradine
=k represented b othe deslamation VL0010 Heretodore ol
el Bag been descrised by one octane namber such as Y87 oo
Ctame” or U100 ociane," Howeves, il Bae besn (ound that the
~simgle numsber dovs nol adecuately deseribe 2he ant-kneck clar-
meleriztica ui a fuel hroogheur the usable ranee of mixture
- stremarh. A mosalln: mating 100 cotane requimemnents 2t rich mis-
tire may be capable of an anti-knocs mating of only 87 octace if
the mixtare is lean. Accordingly, it has become nrevalene b iden-
tily the Tuel grade by twn nambers: the Bre sipnifies the len
‘mistare anti-konnck mting, rthe second numhber signifies 2he rich
- miztuee antl-knock rating. A fusl lize that deseded aleve wanll
b desienated as 877100 BY being ifs lean rasing and 300 heing irs
weh Fating, The Jollowine are the grades of (i) in cusrent use:

74 octane |
27 ariane |
prade 9168
eracke 1037130
prade 115145

Mo rich mixrare rating

tuel. The Twin Wasp 52C4-G has a third ear-
buretar astting, which permits the use of 87
octane fuel with lower ratings. The only dif-
farences in the bills of materials of these three
eupines are the carburetor parta which give
the required variationz in fuel fow.

In the cage of engines provided with carbure-
tor settings which permit the use of lower prade
fuel, higher wrade fuel may be used withont
change in operating procedure. For example:
the Twin Wasp 3204403 mav be used with sitheor
2186 or 1M1A130 fuel. It would be permiasible
to use the ratings available with the higher
grade Tuel, bul operstion would be unsatiafac-
tory because of exeessive enrichment,

It ia not permissible to use [uels of lower
grade than thal specified for the carburelor
setting of the engine, This practice was re-
sorted fo during the war in order o conserve
combat quality gasoline for the fghting thea-
ters, However, this was distinetly an emerrency
procedure and, in apite of the fact that engines
were operated at conziderahly reduced powers,
the reaults were unzatizfactory. By way of illus-
tration: if the Twin Wasp 33C4-C engine were
tn be operated on prade 3196 (ingtesd of
i/ 130}, with the take-off rating reduced to
1100 horsepower, the mixture strength pro-
vided by the carburctor al that power output
would be insufficient to prevent detonation,

The wbove enpine mocels zoe v luocer manufactured o oer-

Lificatsd dor operatinn. Their uee in the ahove esample = lop
ilestrazive pusmse: saly,

Bl

B o
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Poges 62 through 4
have been omitted by the revision
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GCENERAL OPERATING INSTRUCTIONS

GROTUND OPEHATION—STARTING

PART 111

GENERAL OPERATING INSTRUCTIONS
STARTING

CENERAL

There are a number of methods for obiaining
consistent starts with sany engine model. Most of
theze methods are equally good even though
they may vary considerably in detail. Some will
give sure results Tor one individual but fail o
rive satiafaction for others; while some meth-
oz can e vsed salvly only by the most experi-
eneed peranmnel,

The methods outlined in thia section have
proved efective if foliowed exactly and with-
oub individual changes. They are based on the
gxperience of Pract & Whitney Airerafl, and are
recommendead az i1 1z known they can give the
desired results with the preatest protection to
the engine, It iz not cxpected that conaiztent re-
sultz will alwaya he immediately obiained by
individualz new to this eguipment, These pro-
cedures require practice and familiarity with

the installation 2o that the various control ma-
nipulationa will be arcomplished effectively and
withont hesitation or lost motion,

Dn engines using the pressure injection car-
buretor, Pratt & Whitney Alreraft recommends
that the start be accomplished without intro-
ducing fuel into the supercharger before start-
ing by uze of the mixiure control, a practice
commanly known gz "wetting the blower.” The
wee of the mixture contiol (o dump lguid Dwel
into the induction passages may cause the en-
ping to "hydrawlic" (see pagpe T3}, and the
record of engines damaged by the mizuse of the
mixture control testifies to the aoundness of this
recommendation. It iz recommended that the
mixture control remain in idle cut-off at all

times that the enrine is not firing exeept in the

inzlanees that are specifically mentioned in the
inatructions that follow,

[
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In general, three different starting proce-
durez will eover all Prott & Whitney Airveraft
engines; one for engines using foat type carbu-
retors and the other two lor enginea uaing pres-
gure injection carburetors. These latter two
procedures vary basically because of differences
in priming srstema. The speeific procedures for
eneh of these slacling procedures foliow : Lhe
various slepz are discussed in detail on Pages
TH-R2,

For any pariicular engine, consult the ap-
plicable Specific Operalng Instroctiong,
STARTING PROCEDURE: A — Enginee with

Fleat Carbmretors:

Control Position Check

a. Iznilicn (W]

I, Blizinie — TFull lean or idle cit-odf

t. Frupeller — Haumidlar Stancard coaelor-
waizht Lepe (nnc Thvdro-
matey ui bow  rpmo LniEn
aitehi s arkers 2l hich e
lw pilest

. Casarelar ale hent - Cali]

e, Carburssor air Gloer Untltered for off)

{. Cowl feps — Fir'l uaen

. 0l covles shuilerss Clessd

v Fuel =uppl — T

i. Throtk — 1§ wpen with eleckrie iiweck

crunking, iaertla nr pomhi-
agtion  inertis-direry crank-
inx slarters L open with
raresdtdae staciers

Starting Procedure

1. If inertia or cartridee slarter iz used, pull
propeller through in the direction of noTiaal
rotation for at least five revolutions of the
crankshaft. If direct cranking starfer is
nzed turn engine over for eight erankshalt
revolutions, ;

Tursn on fuel supply from suitable tank.
Move mixtare control to full rich.

I

Operate wobble pump slowly, or turn oh
electric auxiliary fuel pump momentarily,
until fuel pressure regiaters § pai
K, IT inertia type atarler iz uaed, begin ener-
pizing alarier while priming,
f. Prime:
a. If carburelor has integral primer:
{1) Move mixture control to full lesn
(2} Pump throttle through complele
travel for number of strokes necea-
aary to give required prime.
{33 Return mixture control to full rich.

HE

{4y Operate wobble pump slowly or turn
on elecrric puxiliary fael pump -
mentarily until fuel pressure regis-
tara 3 pai.

b, 1f asparate primer pump 12 used:
i1} Keep mixture contenl in foll rieh,
{2y Prime a8 requived.

7. 1f inertia or cartridge starter iz vaad, turn
igrnition to “Hoth On”

A, Muinlain 3 pai fuel pressure with wobhle
pump or turn on the electrie auxiliary fuel
AT,

9, Engage starter {(and ignition booster, if
aeparately controlled).

10, If direet eranking starter iz nsed, wail for
engine to turn Lwo revolutiona. Walch for
indications of “hrdravlicking.” 1T nons,
Lurn ipnition to "Botk On’

11, Atter engine fires adjust throeltle to hold
pngine speed gt BIH rpm.

Mate; Watch ol preessore gage. 51 ail presame dues
ool resister willkie 19 secooels, ST cngine and
imweRaELie.

12, 1f equipped with Hamilton Standard coun-
terwaiphtl type (not Hydromatic) propel-
ler. mcwe eontrol to high rpm (low pitek),

18, When oil pressure shows, advance thrattle
to obtain 1000 #prn.

17 & start is not made in a reasonable tirme,
it iz possible that:

1. Engine is overloaded {over primed) as indi-
eated by dizcharge of fuel from carburelor
drain, ov, in the case of & cold engine, by
the presence of liculd fuel in the exheust
putlets of the primed eylindera. In thiz caze:

a. With direct cranking starter:
(11 Continue eranking.
(21 Place mixture in full lean,

%1 Discontinue operaling wobble purp
or turn off Lhe electric auxilisry
fusl pump.

{4} Fully apen throtile

{5y After eight revelations retard throl-
tle, place mixture control in full rich
and repeat alarting procedure,

el B e e BT
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GENERAL OPERATING INSTRUCTIONS

GROUND OPERATION—STARTING

Moter Tt is frequently possthle tooelfect a starl while
claring mal the engine, in whizk case the enerater
must ke ready tooretard o Eheotthe Smmediately
end mevr Lhe mixtuce contrel Lol rich.

b. With inertia or cartridge atarler:
(17 Turn off the ignition,
(2) Fully open throttle,

{d) Pull propeller through about & rev-
olulions in direction of normal ro-
tation 1o clear engine.

i4) Betard throttle and repeal starting
provedire.

i. Engine 13 under-primed.
In this case:

a. Repeat priming procedure to give en-
ging additional prime,

b. Repeat starling procedure,

~ If it is still not poasible to start the engine,
ek ignition or curburetor for malfunctioning.

STARTING PROCEDURE: B.—Engines with
pesstire Injection Carboreelors ani Using Lyl
Intoke Mort Priming,

Position Check

—="1Ng

— Il cut-off
Hamilzom Steedard cownter
weiphl  type dnob - Tivdro-
mzticl at Inw e (high
rebehil: ithers al hich rpan
flew pitch

t (when Einge-Frage—law |
Two-Slape—main or oeurzal
Tuctn—aff
hezat Cold
air filter — Linhilesed tor nd)
— Full spen
shullers — ozl

ting Procedure
inertia or cartridge starter ja used, pull
propeller through in the direction of normal
‘rotation for at Jeast five revolutions of the
- erankshaft. If direct cranking starter is
‘nsed turn engine over for eight crankshaft
~ revolulions.
"2 Torn on fuel supply from suilable tank.
Note: Keep MIXTURE CONTROL TN IDLE
CUT-0FF at all dmee when engice is not
I tarning cver,
. If inertis starter is used, start energizing
atarter while priming.
& If hand priming pump is used:

7. Engagpe starter or fire cartridge,

1k

B,

13,

(1) Opersle wobble pump to maintain
3 pai fuel pressure or turn on elee-
trie auxiliary fuel pump,

{2) Prime sz required.

b If ctectrically operated priming valve is
usad, i :
(1) Operate wobble pump to maintain

required fuel pressure or turn on
clectric auxiliary foel pump.

(2) Prime aa required.

. If inertia or cartridge starter is used, turn
ignition to “Both On” I}

Operale wobble pump to maintain nqﬁﬂ:
fuel preasure or turn on electric auxiliary
fuel pump,

I¥ direct cranking starter is used, wait for
citing to turn two revolutions. Wateh for
indications of “hydraulicking.” 1If none,
turn dgnition to “Both On"

When engine fires, move mixture control
immediately to automatic rich position.

. Maintain fuel presaure with wobble pump
o alertric auxiliary fuel pump until engine
pump builds up specified fusl prezsure.

Adinst throttle Lo maintain about 600 rpm
ueetil oil pressure ghows,

Note: Watch wil pressure gege. 1 ail presase dees
ane register wirhis 18 sconids, STOP enzics and
twgstipale,

If sguipped with Hamillon Standard eonn-
terweight lype {(not Hydromatic) propel-
ler, move contrel to high rpm (low piteh).

When oi! presaure shows, sdjust throttle
Lo TG0 rm,

If engine does not fire almost immediately :

1. With direct cranking slarter (except mod-

els uzing updestft carbureiorz)
a. If engine iz under-primed:
(1} Continue cranking.
(2) Maintpin fucl pressure.
(3) Move mixture control to automatie
rich for not more than 8 zeconds.
(41 Return mixture coptrol to idle cat-
off for & seconds {unless engine fires
meanwhile},
{8) If neceszary repeat gtepa (3) and
{1) one o three times.
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b, Il engine iz overloaded:

{1} Continue cranking.

(%) Place mixture control in 1dle eub-off.

(3} Open throttle wide.

(1) After about 8 revolutions of the
engine retard throttle and repeat
stgrting procedure, if engine has
not started during this clearing-
oul procedure,

@ With inertas or cartridge starter:
a, IT engine iz overloaded:
{11 Keep mixture contrel in idla -:'ut-uflf.'
i3] Discontinue operation of wobble

pump or turn off electric auxiliary
fuel pummg.

{3y Turn off ignition.

(41 Open throtile wide.

{5} Clear engine by pulling propelier
threagh ® revolutions.

(8] Retard throttle snd repeat starting
procedure.

b, If engine is under-primed :

{1) Turn propeller forward Lo revoli-
tion to disengage starter jaw,

{2) He-prime.
{31 Tiepeat atarling procedure

If atarl iz not obtained sfter a reasonabia
number of attempts, an investigation should be
made to determine the cause,

Hxeept in the coldest weather the gTATIIOG
procedure 0" following iz recommended a3
being preferable for engines having electric
priming valves and equipped with direct crank-
ing or combination inertia — direct cranking
atartars,

STARTING PROCEDURE: €. — Engines with
Pressure Injection Carburctors and  wilh
Blower Rim, Blower Throat or Carburetor
Priming.

Many of the later engines are provided wilth
Blower rim, blower threat or carburetor primn-
ing syatems. These priming systems introduce
the priming fuel into the blower rim or the
blower throat inatead of the exlinder intake
port. The priming flow is genorally much
greater than with eylinder inlake port prim-

Lt

ing, snd all the cylinders receive a combuztible
fuel/air mixture rather than jusl a bimited
number of primed cylindera. Consequentiy, the
undezirable practice of resorting to the use of
ihe mixlure control to supplement the priming
fue]l flow iz eliminated.

Inatead of priming before engaping Lhe
srarter, the priming switch is elosed afrnualtane-
ously with the starter engaging gwitch, As a
comnbuatible fuel/air mixture range 18 reached
the engine will fire, and should he aceclerated
with the primer, after which the mixture o=
trol ia slowly moved oul of the idle cul-ofl posi-
tjon to aulematic rich, using prime as required
antil the stert is gecure. To avold overloading &
warm engine, flicking the primer awitch i ad-
visahle. A& eolder engine will reguire ponstant
priming until it fires

The elimination of priming before eranking
and the vae of the mixtere control to supple-
ment the prime has elimivated or reduced Lhe
pecurrence of “hydraulicking” and other haz-
ards associaled with owver-priming.

A typical atarting procedure followa:

Conirosd Position Check

Teratizn — C)E
Ieliztire: — Tdle vur-ni
Propalles — Hamilton Standnod cousiter-

weight  type  inat Ihwdza-
matic: ar low rpm {hick
aitchy: athe= at high cpm

{luw plchl.
Superiharger — Single siage — Tnw
{wher appiicahle] Twa stapge — maln, or oeu-
rral
Troiha-ofl,
Carbmetor air hent — {ald
Carburssar nir alter — Off ozl
Cowl flamn: — TFull spen
Onl el shutters — Llnsed

Starting Procedure

1. Fuel aupply “On'

Note: Keep tixtare control in Ldle-Cot-OfF at all
times when engine is not firing,

2 Auxiliary pump “On”.

9. Turn engine over with starter for eight
erankshafi revolutions.

e e il M B W W N I |
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CROUND OPERATION—STARTING

4, Twm Ignition "'Om",
b, Bimultaneosuzly close primer awitch,

i, After engine fires, alowly ease mixture con-
trol aut of Idle Cut-0OF Lo Automatlic Rich
uging prime az required until engine is
securely started.

1. Maintain fuel pressure with suxilisry fuel
pump until engine pump buildz up specified
Tuel pressure.

B Adjust theolle o maintein about 600 rpm
i until oil pressure ghowa,

Mote::  Waotel ofl peessurs gage. TF oil prossure does
not register within 10 geconds, STU® engine
and investigate.

“’ﬂ. If equipped with Hamilton Standerd coun-
terwetrht fype {(not Hidromatic) pmue_J-
Jer, move coritrol to high rpm (low pitch).

1w, When oil pressure shows, adjust throtile Lo
1000 rpm.

ﬂ.ﬂnglnﬂ fires bul does not continue to run;

1. Move mixture control hack <o idle eut-off

immediately.

2. Continue cranking and priming.

- If & start is not obtained within a reasonsble
i ne, an investigalion ahould be made to deter-
mine the cauge.

a, divect cranking, combinalion inertia-
tr&n}tmg and cartridge, The operator
ld in all cages consull the applicabla in-
wetions of the manufacturer to azceriain the
2 limits governing operation and conling for
particular starier being used, The lollow-
it i simply & general deseription of the zev-

L. The Inertia Strter conziztz of 8 amall, heavy
rheel which can be made to turn at high

speed (15,000 to over 20,000 rpm) by means
of a hand erank or an electric motor, thus stnp-
ing a considerable amount of energy in the fy-
wheel, The starter is energized by hand, nr]m'
means of & toggle switch, aller which it is en-
gaged by a lever-operated clutch, or a starter
switeh, and the momentum of the Aywheel turns
the engine over a few revolutions. Power _'5
aupplied by hand, from the sireraft's batter
oF from an independent aource of euﬂvﬂu 3

£, The Dircet Cranking Starter is compar
Lo the conventional automobile starter. It
gaged by a starler awitch and turng the eng
continuously. Power iz supplied for the
starter motor frem the aircraff's batte
an independent zource of current. To as
averheating, the starter should n-nthn. s
continuouzly for more than one min
dhould be allowed o cool before atter

gsacond siare,

3. The Combination Inertia-Direct
Starter, as the name implies, incorporates
electrieally enevgized {necelerated)
and a direel cranking electric motor -
lormer to overcorne the initial stiffness o
engine, the latter to turn it continuonsly. The
atsrter is normally first energized (accelerated)
by means of a switch, after which it is engaged
to the enging by means of a second awiteh. (A
double throw awitch may be made Lo-serve both
purposes, ) As the enerpy of the flvwheel iz dis-
sipated, the starter motor continues 1o turn the
engine, In the case of & werm engine, it ilm
unnecesaary-to energize the starter befo:
atnd it may be used sa a direct d:rauﬁng'
Continued operation of more than mn-_-
should be avoided to prevent overheatin
sufficient tima most elapse be!waan
starta to sllow the electric motor to cool.
is supplied in the same manner as for the
cranking starter.

4. The Cartridge Starter developa its powe
the combuation of a slow-burning pnwﬂ!ﬂt
tained in a carlridge which is i
starter cylinder by means of a breech 18
mechanism. The piston of the atarter eyl
drives a helical apline which in turn motors the
engine over. The crankshaft iz turned
rapidly for a little less than one revoe
after which the momentum of the eng
parts will cause it Lo turn once or Lwice
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DISCTTSSI0N

Control Position Check

By checking off the poaition of each engine
and seceasory control the operator makes
cortain that all powerplant units are in
readinezs for operation, and satiafies him-
z2¢lf that no item f5 In & position to csuse
damage.

i

The ignition awitch should be in the
“Off” pogition at all times when the
engine ia not running, excepk as the
starting procedurs may require. This ia
peseniial for the protection of peraon-
nel who may he gervicing the aireraft.

&
wh
i
;_F-l_._...—t—'_'—'_'_
st
cas- et e
o™ Nu-'n
(3.

During the starting procedure gacertain
that all iz clear of the propeller before
turning on the ignition switch.

L. Mixtore

LTS
d
i
i

In the case of presaurs injection car-
buretors il iz essentisl that the mixture
control remain In idle cut-off at all

. .

-

u L—I L-!' L i

Tl e bl bl hed L
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GENERAL OPERATING INSTRUCTIONS

GROUND OPERATION—STARTING

Limea when the engine is not firing, ex-
cept in the instances apecifically men-
tiomed ({see page 873, 1f the fuel is under
pressure, it ia discharged into the indue-
tion syztem from the carburetor when the
mixture contral s oul of the idle cut-off
position. Bome of the discharped fuel
may eollect in ke lower intake pipes and
cause the engine to “hydraolic” whan
atarting is attempted. Fuel dizcharged
through the fuel drain ia a potential fire
hazard,

¢, Propeller Conteal

With controllable {variable) pitch pro-
- pellers, the rpm contral will have hesn
‘p]n.ﬂed in the high rpm position at the
time of the previous shut-down. The con-
trol should be left in this position in
ﬁrdur to reduce the load on the engine
during the starting and warm-up period.
' The exceptions to this rule are the Ham-
ilton Standard counterweight propellers
 {two-position or variable pitch—hbut not
the Hﬁ'd-l‘ﬂnmtltjl With these propellers
the engine should be shut down with the
propeller rpm control in low rpm (high
,:ﬁl"d:h]l pozition. This i to retract the
jmpai]er—uppratmn: cylinder to protect

Jit from dust, and to empty the oil from
m eylinder that otherwize mightl con-
#II in cold waather, The propaller con-
trol should not be shifted to high rpm
-hntﬂ after starting the engines and oh-
iﬂnmp: oil pressure,

d. Bupercharger Control {where
applicalile}

The supercharger control lever for
single-atage, two-speed engines should
be placed in the low position: and for
two-gtage engines in: the main  stage
{neutral) position. This causes the mini-
mum load to be imposed on the impeller
drive during atarting,

Engines with turbosuperchargers zhould
have the turbosupercharger control in
the 0" pozition.

e, Carburetor Hent and Carburstor Alr

Filier

Carburetor air heal must be in the cold
pogition (OMF), and carburelor air filter
(where applicable} must he in the un-
filtered position (Off) in order to pre-
vent damage to these installations in
case of backfires,
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f. Cowl Tlaps

During all ground vperation of the
engine it is essential that the eowl
flaps {where applicuble) be fully open
regardless of outgide air temperature
or the temperature of the eylinder
heads, The ignition harmess, as will a3
other powerplunt items, reguire all
poagible circulation of air to prevent
serious damape. Cloging of the cowl
flaps to accelerate the warm-up wakl
lead to burning of the inaulation on the
ignition leada.

g, [Hl Cooler Shutters

il cooler ghutters {where applicahle)
are closed to assist in heating the woil
during the warm-up period after start-
ing.

h.

PWaA, OL 100

Fuel Supply

As o eafety factor the fuel aupply
should e turced off when the engine
iv. shut down, and nof turned on until
preparption for starting is made,

Throtile

The pozition of the throttle at the in-
gtant the engine [rat fires ia an impor-
tant fuctor in consistent sturting, It ia
importent tn understand that during
the period of eranking and until the
engine seceleratea, normal idling speed
airflow iz little, if anv, affected by the
throttle position, as little obstruction
is offered to the zlow veloeity through
the carburetor gt this time. Ajrflow is
then mainly affected by the rpm of the
engine sa each cylinder will draw in so

e e e e e e W N W)
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many cubiz inche: of air at actmos-
pherie pressure regardless of the throt-
tle  position. Hewever, [uel-flow i
elosely related to the pogition of the
throttie, but'in & manner which differs
between the two hasic fypes of carbu-
Petora.

(1) Float Carburetors
In the idling rangre of operation this
type of carburetor furnishes fuel
only when a definite pressure dit-
Terential exists botwseen the idle
digcharge and the fuel in the howl.
If the thretile is too far advanced,
thiz differential becomes insufb-
cient to produce the required flow
with the reaults that the engine
cannot propecly fire and, in all
probabilicy, back-firing will oeeur,

12) Pressure Carborelors
During the starting and idling
period the prossure carburetor fur-
nizhes fuel entirely us the result of
the position of the idle valve, which
ig directly linked to the throttle.
Airflow has no effect upon the
quantily of fuel dizcharred, If the
throttle is too far advanced, the
fuel dizchorge will be too preat for
the amount of girflow that is being
drawn inte the crlinders with the
reault that the engine will be over-
loaded.
In setting the throttle opening before
glarting, the purposs ia to secure the
proper fuel-air ratio for combuation and
the throttle opening ia affectad by the
type of carburetor and atsrter em-
ploved. For example, cartridge starters,
which turn the engine over at s higher
rpm than other types and consequently
produce more airflow through the car
buretor require a slightly wider throttle
epening,
Clearing the Engine
- After the previous shutdown, the warm
residual oil clinging to the power section
surfaces flowa downward toward the lower
eylinders. Some of this oil seeps past the
piston and piston rings, sccumulating in
the combusation chamber, If sufficient [quid
ia present, the true compression ratio will

GROUND OPERATION—STARTING

be raized and extremely hirh preszures will
he produced when the piston of the evlin-
der is moved downward on the compros-
sion stroke. These pressures can be raised
toe anch an extent that damage to the eylin-
der, pizton, or link rod will result, In ex-

treme instances the piston may actually
“bottom" againat the liqguid, This is known
za "hydranlicking™ the angine,

T2
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To protect the engine ageinst thiz poasibil-
jty, anv excoss lignid shonld be cleared oul
if the engine has stood idle for two houra
or more, This is done by turning the engine
pver for eichl crankshaft revolutions with
the starter if it is the direcl cranking (non-
inertial type. Eight vevolutions insures
that any liguid fuel in the intalke pipes will
be evaporated by the passage of air.

1f other than direct eranking starter ia
used the propeller must he pulled through
by hand.

HINT: Ceunt the nomber of preepellor blades
turned checugh, using the following for-
mula o determine the oumber of blades
reqquired. To obtain five crankshalt revoe-
Tpginns:

Hi, Prop.
Blades Turned
o ohitwin o R
o, Blades on Pran.
lshaft Revs,— o St
kurkEhs B Reduc, Gear Ratio (1]
o = & = Mo, Blades on
Prop. = Reduaetion
(reur Hatlo 2]
(1) Gear Bado in form: 2:1, 12, ele.
(i 871, 502, ate)
{2} Gear Fetio in form: BOO:1, GH7:1,
Bl

Thus: In the caes of a threa-blpded pro-
peller and m E3:8 {or BE2E:1) propellear
reduetion gpear, % blodes shoulld be tirnad
through o obehin & reveloticns of the
crunkshall,

Do not pull through in the reverse direc-
tion of normal engine rotation, "Backing
up” the engine will resalt in pushing the
liguid inte the intake pipes, where it will
be ready to veturn to the cylinders on the
next intake strole.

A bbbl e bl b b b W W W W W



GENERAL OIPERATING INSTRUCTIONS

CROUND OPERATION—STARTING

While pulling the propeller through by hand
or with the atarter, the operator must he
alert for any sign of the piston being foreed
against unuzually high compresaion, This
_ will be evidenced by a sudden resistance, a
- sudden slowing down or complete stoppage.
- This is sufficient indieation that an excess
guantity of liquid iz present in the lower
evlinders, and any further attempt to turn
the engine over will regult in damage.

If the prezence of liguid is suspected, re
move a spark plug from each of the boltom
eylinders before lurning the engine over.
This iz especially important when the en-
gine I8 provided with high exhaust tail-
pipes which do not allow drainage from
the lower cvlindera.

_:;1__ R
MANE DRERATED  AUFILAAF F‘l'.l'l.ll'.F—/

FUEL SELECTOR —

WITH ENGINE NOT RUNNING
AN AVXILARY PUME EITHER
WOBBLE OF ELECTRIC BOOST,
MUST BE USED TG RAISE
FUEL ASDKE

| TANK LEFEL

AND Ta THE CARSURE TOR

! FUEL TANK

3, Getting Foel o the Carburetor

Turning on the fuel selector valve opens a
path for the fuel from the tank to the car-
buretor, but unleas the tank is located above
the carburelor the fuel cannot reach the
carburetor, Therefore, it i3 necessary Lo
applr preasure to fill the lines {o the s
buretor, and further, in the case of preasure
injection  carburetora, o apply sufficient
additional pressure Lo discharge fuel from
the carburetor inte the engine induclion
paasapes when the mixture control 15 moved
out of idle cut-off, Inasmuch as the enpine
Tuel pump is not operating, an auxiliary
Tuel pump is necessarily used. On many in-
glallationa thia ia a hand pump, commaonly
known as & wobble pump. On other installa-
tiona, particularly for the larper engines,
an electric driven suxilisey fuel pump iz
used.

¥With foal carburetors, the wobble pump
should he operated zlowly until 3 psi is
Indicated on the Tuel pressure gage, or the
electric auxiliary pump should be turned
on momentarily to obtain thiz prezsure. By
thiz means the lines and the carburetor
bowl will be filled with fuel and the air ex-
pelied. Continuwed pumping or greater prea-
aure may result in fuel overflowing the
varburetor bowl and ereating a fire hazard.

6
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In the case of pressure injection carbilres
{ors, the minimum pressure required will
vary with the particular engine model, and
the pressure ean be applied and maintained
without danger, provided the mixiure con-
trol is kept in idle cut-off until the anging
fires.

If the mizture control is moved out of idle
cit-nff, fuel will be discharged into the in-
duction system. As the engime is not turn-
ing over, only the air contained in the saper-
charger will absorb vaporized fuel. The
drain valve will carry away only a porkion
of the liquid that the carhuretor discharies.
The balanee of the lguid fuel pours inte

the Jower intake pipes, paving the way for
"hadraolicking.™

Energizing Inertia Starter

Energizing the inertia stavter (where used
in conjunction with eylinder intake port
priming) while priming the engine resuls
in the least time delay between the comple-

Lion of the prime and engaging the atarter,
This is dezirable in order to minimize the
possible effecl of raw fuel lying ingide the
ETIEINe.

5. Priming

As the carburetor cannot supply the eylilie
dars with a combustible mixtuere of air and
fuel without sufcient airflow, the initial
firing charge must be prepaved by other
mpans. The air contained in the eylinders
and induction passages and that introduced
during eranking must be uzed in providing
ke initinl fiving charge. By spraying fuel
into thiz air, a fuel-sir mixture that iz
within the combustible Tange is prepared
to give the inilial firing impulses which
turn the engine over at a apeed that will
bring sirflow and normal carburetion,

The fuel ia furnished through the priming
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FPERCENT OF LIQUNR FUEL FAPORITEDR

i . 4
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i

FEMBERATURE ¢

Fig. 27 — Effect of Temperature on Required Prime

svatem, 15 iz atomized by nozeles 1o assist
the vaporization of the el and iz dis-
charged into the induction aystens or the
intake ports of the top evlinders of the
engine depending on the type of priming
vestem on the engine.

The idesl prime should contain enough
completely vaporized fusl to fill the induwe-

tion paszages with a combustible fuel-air
mixture, Az more air 1= introduced by tum-
ing the engine the fuel-gir mixture will be
maintained by the priming fuel Aow until
a spark ignites it and a start is accom-
plished.

If the outaide air temperature is above
73 F (25 Olor if the engine iz warmm [rom
previouz operation, it iz poszible that suf-
ficiant fuel-charged air remains in the in-
diterion zyatem as a result of residual fuel
o ohtain a start. Under theze circumstances
no prime is required. Under all other con-
ditioms it 15 necessary to prime.

The atmount of prime required varies with
the tempersture of the air and of the engine.
The gquantity of vaporized fuel needed is
the zame from one extreme of temperatore
to the other. Bul as the temperature is low-
eved, more liquid fuel must be injected to
abitain this fixed vapor requirement. This is
because tomperature affecls the vaporiza-
tion of the fuel

The required amount of prime is estimated
by looking at the following gages:

(1) Free Air Temperaturs: Tellz the

temperature of the air that will b

T
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drawn into the engine during erank-
ing and after starting. It aids in
aztimating the evaperaling capabili-
tieg of the cold air stream.

i2] Carburetor Air Temperature: Tella
the temperature of the air in the
duct, as well as gome idea of the
carburetor temperature and the con-
fained fuel, and hence gives an iden
of evaporating conditions.

{8y il Temperature: Gives an indica-
tion of the stiffnesa of the engine:
whether it has been in operation
recently or nol, if it has been warm
or wold during storage. 1L alao givea
an idea of the Lemperature of the
supercharper acction and its ability
to vaporize the frst trickle of fuel,

i1y Cyxlinder Head Temperature: Indi-
eatea the amount of keat available
in the intzke ports 1o vaporize the
prime, alao whether the foel will be
inelined to chill and collect on the
erlinder walls.

Undar exteerely oold condilion:, whera
priming before cranking is necessary, ine
amount of unvaporized fuel remueining after
priming constitutes a serlons “hydraulick-
ing” hazard. The lowest temperature for
obtaining dependable, aafe starts, without
pre-heating the engine is ¢ F (<20 C). il
dilution and & well developed technigue are
neaded for starts under 40 T (5C), Hyven
at Lhis latter temperature, preheating of
the engine is advantageous, if prehest is
available, in order to reduce the amount of
liguid fuel remaining afrer priming. {I'rim-
ine syslems are heing developed for some
engines which permit consistent starts at
3 F {29 07 or lower without the use of
prehgat,) When the lemperature = 0 B
(<200 ) or less, consult section on MCold
Wenlher Operation.”

&, Dverpriming

With evlinder intake port priming, one
sorious result of overpriming, or of con-
tinued underpriming with unzuecessful
attempls to start, i& the presence of
liguid fuel in the eylindera. This washes
off the film of oil on the evlindar wallg,
pistons and piston rings. Without this
lubrication there is & possibility of scor-

b

ing the eylinder walls and of piaton sciz-
ure, IT the engine has been overprimed
it 14 essentinl that fresh oil be sprayed
on the exlinder walls before starting. Dy
exlinders may be indicaled by a aqueak-
ing heanl while the engine ia being
pulled through by hand. i

In extreme cases the exceas fuel will
hack up the intake pipes of the primed
evlinders and flow inte the intake pipes
of the lower eylindera, This has been
an all too Trequent cause of “hydraul-
ieking.”

If the engine is aliowed to atand after
geveral unsuceesaful sllemprs o starl,
in the course ol which the sngine has
heen overprimed, rusting of the cyrlin-
der walla and pialon rings will ocenr
unless a protecting film of ofl is spraved

o Lhese parta.

Underpriming

Thiz eondition naually results in weak
firing which does not have sullicient
eneryy to turn the engine over or else
eruses backfiving. I[ individual outles
exhaust stacks are used, there will he
no evidenee of fuel vapor in the exhaust
outlels of the primed cylinders. In cold
weather, fuel discharged from the fuel
drain does not necessarily mean Lhat
the engine has been overprimed ns only
a small portion of the fuel will be
vaporized.

L T T e e e e b b R i e e e Bl G B B W |



GENERAL OPERATING INSTRUCTIONS CROUND OPERATION—STARTING

c. Sowrces of Priming Fuel prime. The number of strokes
Fual for the priming aystem is com- of the throttle is dependent on
monly provided by the amnunt of prime desired.
i1} Priming pump integral with car- te) Maintain fuel pressure 3 psi to

burcter (float tvpe carburetor) refill the carburetor bowl with
i2) Hand plunger priming pump fuel afler two or three strokes

of the throtile,
(I} Leturn mixture control tpf.ll

(2] Electric aclencid priming valve

(1] The priming pomp which i inte- rieh,
oral with the carbuoreior [(the ao- i2) The hand priming pump is “d L
called self-priming carburelor) is conjunction with engine
actually the accelerating pump of tiona equipped with either ﬂm*
the carburctor, Priming is accom- preasure injection carburetors. The

plished as follows:

priming pump is a plunger lvpe
pump, and 15 vaually located in the
coclipil or posaibly in the engine
nacelle, The quantity of prime s
paged by the number of strokes
made whila priming,

To prime:
(a) Mixture contral in idle cut-off.

{a) Place mixture control in full
rich. Thiz allows the carbure-
tor bowl to be vented,

{b) Raise Tuel pressure o 3 pal
Thiz fills the carburetor bowl
with fuel. Greater pressure
mar cause the ecarburetor to
ovgrtlowr.

() Move mixture control to full
Iean, Thiz opens the passape
from the arcelerating pump to
the primer distributor,

(d} Move throttle backwards and
forwards  through its full
travel. Thiz pumpz the fuel
[rom the carburetor through
the primer lines to furnish the
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ihy Raize 3 psi Tuel presaure with
wobble pump or turn on elec-
Lyie auxiliary fuel pump. Froes-
sure is necessary to Nl primer
pump cylinder on the intake

atroke.

{¢) While maintaining fuel pres-
aure, draw plunger alowly out
o enaure that the pump crlin-
der fills completely.
plinger in rapidly in order to
atomize the fuel effectively at
the dischargpe nozzles, Prime
the required numher of

srrokes,

{d) Return the plunger to the
“O4T" poaition, and make cor-
Lain that it iz fully lecked.

i

{4} The eleciric priming valve can b
need with pressure mjection car-
buretors, or with float carburetor
installations if sufficient fuel pres-
gure iz available. The electric prim-
ing valve ia usually attached to the

carburetor or some other source 0%
fuel under pressure in the engine
competiment. When the solenoid
valve iz opened, fuel under pressurs
ia digtrihuted through the priming
srstem fo the priming nezzles, The
amount of prime i3 paged by the
pressure at the priming valve and
the lenglth of time it is held open.

To prime:

(a) Eeep mixiure control i idle
cut-off.

i) Raise the reyuired fuel pres-
aure with the wobble pump or
the electric auxiliary fuel
PUTAEE

. .
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GENERAL OPERATING INSTRUCTIONS

OPERATION—STARTING

{e) Close primer switeh for re-
quired time which is depend-
ent on bemperature and the
particular method of intredie-
ing the priming fuel into the
angine,

The actual amount of prime is very difficult
o define exaetly. As previously pointed oot
lemperature ia a large Tactor, With the eleclric
- primdnr valve, [uel pressure will affect the
“amount of actual prime discharged by the prim-
ing nozzles. With the self-priming earburetor
and hand pumps, the manner of operating them
:f!_.rjll affect the total amomnt of prime delivered.
:rIi:_&d:IiLi::-n, the individual technigque of the op-
erator will affect the amount of priming de-
d:ml:l]e One individual may go through the
eonaectitive steps of starling with very exact
'flaiining, & minimum of lost motion and with a
F’b@r}" amuell over-all time for the complete opera-
o Another individual may oot perform the
e procedurs with the same degres of sure-
g, Consequently it iz nol feasible o desw
an exact table of priming requirements,

II1 general, with the carburetor integral
BT TI0 [vime or gne to two atrokes may be
gitired for o hot or warm engine, up to three
or four strokes for a cold engine, Installations
With a separate hand primer pump may require
p to zix or eight or more strokes for a very
d engine. However, this iz dependent on the
ol the hand pumip, which often is of leas
ity than those of the carburetor interral
[lers.

e electric priming valve dizcharge will vary
the fuel pressure and the syatem of intro-
e the Tuel inlo the engine Conseguently
ijiriming time will vary according to the
ular engine being started.

. IGNITION SWITCH

In the case of inertia or cartridge starters,
the ignition must be turned on pricr to
atarter engagement, as the full =starting
procedure must be completed while the
ﬁirtar energr ia availabie. The direct
gr.!mhng atarter makes b possible o delay
turning on the ignition until after the en-
gine has been turned over two revolutiona.
!I'h'la offers the opportupity 1o make cer-
ﬁ.in that there is no excesa liquid present
to cause "hydraulicking.” If, during these

7. MIXTURE CONTROL

two revolutions, the engine s
to come against a definite
may b concluded that the
have accumulated liquid, and
altempt shoeuld be made to ﬁﬂi
over until this liguid ha.im

ture control ia already in the anton
or tull rich position when the starter
gaped, and no attention is reqmrﬂﬁ‘ﬁ_
control az the enpine starts.
With pressure injection mﬂ:-'um
slarl is made with the mixture contre
idle cut-off so that fuel will not be di
charged into the engine until neaded, i
proper timing of the mixture control move-
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ment oul of idle eut-off when atarting often
determines the succesa of the start, 1f the
mixture control is moved inbo automatic
rich belore the engine has “cagpghl,” raw
fuel iz dumped inte the engine before nor-
mal sirllow iz set up and the engine be-
comes loaded. As a peperal rule, firing of
the engine should be of sufficient intenaity
Lo produce ai least 350 or 400 ppm belore
the mixture control s moved to automatic
rich, Moving the mixture control info auto-
matic rich at the livet sign of feeble firing
or popping will nzually be the cause of an
unzanuccegsful start. Howewver, with soma
priming sysiema, if movement of the mix-
ture control iz delaved too long after the
engine i= fiving normally, the engine will
have uzed up its prime and Cail to start, and
hackfiring will often result, If the priming
has been properly made there will be zuifi-
cient and proper stresgth fuel-air mixture
in the enping to keep it turning over at
syfficient apeed until normal carburetion re-
anlts from proper revement of the mixture
colrol,

The operator must be ready to move the
mixlure control immediately back to idle
eut-0ff in ease the engine "dies' or shows
signa of "dying,” so that the discharge of
fuel into the engine is stopped at once. Fail-
ure to do this has peobably cpuzed more
“hedranlicked" engines than failure to clear
put an engine before starting. In case there
has been an exceasive discharge of fuel into
an engine that Cails to run, clear out the
engine by pulling the propeller throusrh
before aftempling another start

In the cage of a “dying” engine, it may
affter be revived by moving the mixtare
eomtrol inte idle cut-off, thuz stopping the
flood of fuel, and allowing the engine 2
chanece 1o pick up, after which the mixture
eontrol may be returned to gutomatic rich,

01l PRESSTRE

As so0n as the engine fives, the rpm should
he held down to about 800 rpm until the
oil pressure regizlerz on the gage and it ia
certain thal the engine is receiving nil. In
many instances the oil pressure will not
register immediatelr upon sterting, In most
installations 10 seconds without oil pres-

aure indication should not be excecded,
Howeser, an gome installations having long
presaure lines, or pressure indicating Lrans-
mitling syatema, there mayv be a time lag
voquiting that this lime limit be length-
ened. It ja imperative, however, that strict
attention be given the oil pressure gage al
thia stage of the starting procedure, and
the gequiring of thia habil may zome day
pav dividends in saving an engine.

. PROPELLER CONTROL

In the case of the Hamilton Standard coun-
terwaight trpe propellers, the control should
be moved 1o the high rpm (low pitch) posi-
tionn after oil pressure (s indicated.
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CEMERAL OPERATING INSTRUCTIONS

GHROUND OPERATION—STARTING

10, OYERLOADING OF ENGINE

verloading of the enging with raw fuel iz
usually zccompanied by a heavy discharpe
of Duel from the supercharger drain in
warm weather or the pressnce of liguid fuel
in the exhausts of the primed evlinders.
YWeak firing, followed by dense black amoke
and poszibly fire from the exhausl ootlets,
iz alzo indicative of overloading,

11. “SAVING” THE START

In instailationa ineorporating eylinder in-
take porl priming and direct cranking start-
ers, an opportunity iz provided to “aave’’
the start withoul the necessity of repeating
the entire primine and or starting pro-
cedure.

A, If the enpine has been underprimed, ad-
ditional fuel may be injected into the
engine while eranking continues by mov-
ing the mixture control out of idle eut-off

Lor o brief interval sa outlined in the
starting procedurs. (See page 67). Thia
ia the only inatance where it iz pormis-
sible to move the mixture control out of
idle cut-off prior to artual engine opers-
tiom, and the operator must vas caution
to ensure that the time limits indicated
are not exceaded. Introduction: of excess
sive fual into the engine may cause “hy-
draulicking” or overloading of the en-
2me.

b, IT the start iz not accomplished becauss

of overloading, the fuel-air ratio may
be leaned out by drawing more air inte
the engine. Thia is done by opening the
throttle wide and keeping the mixture
control in idie cnt-off while ersnking
continues. As the fuel-air ratio leans ot
and passes through the combustible
ronee, a start should he effected. In this
cage, immediate action un the part of the
aperator is regquired to retard the throtitle
an as nat to overspesd the engine, and to
move the mixture control to aulomatio
rich to establish noermal carburetion,
1t will be aeen thar the manipulation of
the mixiure control in the event of un-
derpriming and of the throttle in the
event of overloading is for the purpose
af pasaing the mixture charge from one
exlreme of the fuel-air ratio towerd Che
other zo that a combuatible range mayr
be reached and a start effected,

In the cage of inertin or cartridee start-
ers, failure to prime properly must be
cortected by clearing out the engine and
repeating the complete slarling proce-
dure. Whether the failure to start has
been due o underpriming or to over-
priming, it is recommended that the en-
Fine be cleared out a0 that the operator
will know the amount of prime that iz in
the engine at any one Lime.

The procedures juat discussed, if followed as
outlined, will result in a high percentage of sue-
cessful steets. The percentape of successful
starts will inerease with experience, but there

is alwaya the chance of misgaging the effect of

the many variables that must be taken into ac-
count, Failure to obiain o start results generilly
from underpriming or from overloading the
engine by exccasive priming.

L5
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GROUND OPERATIOXN

GENERAL

The similarity between the engine of an auts-
mobile and that of an aireraft has been dis-
enssed previcusly, It is well to forgel this rela-
tionship when forming habils of sireraft en-
gine operation, It is not by any means unsafe
ke start a cold sutomobile engine, pull away
from the curb and drive away. A few blocka
of slow, restrained running will suffice to warm
the engine to the point where it will "talke" the
accelerator and function normally. Az long as
nn attempt I8 made during the ourly stages to
pross Lracks in front of trains or to perform
faney traffic maneuvers in the wrong lane, the
car and driver will be Jooked upon with faver
by the inaurance company. The antomobile
does not depend upon it2 engine for sustenta-
tiomn,

At the instant the airplane leaves the ground
and until it is in full Qight and clear of
ohatacles it i3 entirely dependent upon itz en-
gine. As the airplane pulla away from ite
“ayurh", the engine muat deliver its maximum
rating without hesitation, There ia no possibie
meana of getting under way slowly and warm-
ing up in the air, It is easential then to take
what time is necessary Lo bring the engine into
g condition where it can safely deliver ita per-

B4

farmance and to make such checks as will give
assurgnee of satisfactory functioning, A eold
engine is not & dependable engine,

WARM-UT

After atarting, several minutes will be apent
in warming up the engine, Thia is done at 1000
rpm* with the propeller in the high rpm (low
pitch) position, One thousand rpm is specified
ut this engine speed will ensure freedom from
gpark plug fouling. The propeller pitch position
regults in the lightest possible load at this rpm.

If power were applied Lo a eold engine there
would be an unsstisfactory responae for three
PERAOTLE ]

. Oil:—Cold, undiluted oil is too thick to
flow through the varioua lubrication
peagages, and vital engine parts would
be atarved for lubrication even though
a high presaurs showed on the oil pres-
sure gage. The oil muat be not less

0 rpn ie recommended as the warm-ap rpr fer
current Pratt & Whithey engines which have toke-odl
rpmd rAnging from ZESOLEREOD, A more geoeral rule
would he te warm up al 409 of the engine apead

abtainable with the wheels against the hlocks and with
the propelier in fixed low pilele For example:

Toke-0OH rpin Warm-Up rpm
L0 Al = 120
2000 ¥ oAl = 840

T N SN SN G e
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GENERAL OPERATING INSTRUCTIONS

(40C)  before
engine apesd above the warm-up rpeot.

than 100F increaaing

b, Induction Byslem:—Enpine perlorm-
ance and cperation sre genzitive to the
temperature of the induction passages,

.Iﬁ,:___‘_ _

COLS SUEfarEs
FOS CHAREE OF
FAMLEIED S L
LEAMNG DUT Wil TRE

An iptake charge cammot bold all its
Tuel when it comes in contact with cold
metal surfacesz, and this leaning-out will
cauae the engine to hesitate and run
ragredly,

2. Even Expansion of Enlire Engine: —
The engine designer haa establizhed
the clearances between the working
parla after considering the effects of
expanzion when the material hsa
warmed up, In many instances the
cold eclesraness are not guffcient to
wllow sstisfactory oil flow. Beoause
many mejor perts are made from dis-
gimilar metala, they must be brought
up o aperating temperaturc in order
that the uneven rates of expansion,
that have been Leken into account in

GROUND OPERATION—WARM [P

the deaign, are properly adjusted, The
entire muazs of metal muat be in the
working temperature range to have a
harmonious relation between the indi-
vidual parta,

In peneral, oil {femperature 2 the most direct

page of the temperature condition of the entire

gl IF Liene bas been loken to briog the oil
temperature up to 0F (400) at 100 rpm

with the prepeller in high rpm pud:itimi,_the-

minimum requirements of a proper wWarm-up
will be met. Where practics], an oil inlet tem-
perature of 140-166F {(60-76C) should be

reached,

|, Cowl Flaps
Do not cloas the cowl flups to accelerate
the warm-up, rerardless of outaide air
lemperatiure or the indication of the eyl-
inder head gage, The heated air collect-
ing around the exhaust syretem will be
confined in the ares adjacent to the igni-
tion leads. For the protection of the igni-
tion syatem, it is essentigl that the cowl

flapa remain wide open sl all times that
the engine iz running on the ground, and
for a cooling-off period after the engine ia
atopped,

1
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2 Mixlure

3.

B

Do not uge a lean mixture to sccelerate the
warm-up, Actuslly, st the warm-up rpm
there i= proctically oo difference in the
mixture aupplied to the engine whether the
mixture ia in a lean or rich position, as
melering 1o thia power range s poverned
by the throtile position.

A there ia no ocesaion while on the
ground to use g lean mixture poaition, it
g imperative that the mixture control re-
eain in Lhe rich posilion Lo make aure
that it will not be inadvertently forgotten
prior to take-off.

Engine exhaust smoking, while running
with closed throtile, should be sliminated
by proper idle adjustment, thereby pre.
venting fouled pligs.

Carburetor Heat

Carburetor heat can be wsed a3 reguired
under conditions leading to iee formation.
In the cage of engines equipped with float

type carburetord or with Tuel nozzlea lo-
cated at aome distances upstream from the
impeller, it iz dezirable to raige the carbu-
retor air temperature during warm-up fo
prevent ice formation, to assist diatribu-
tion, and to ensare emooth operstion, Do
oot exeeed 10OF (4047,

Carlurelor Air Filler (where applicable)

I'\.-ut'g— AL

Where dust condicions are present the cor-
buretar pir filter ahould be used., As soon
ud the engine has started, the air should
be drawn in from this source until after
the take-off has been performed snd an
altitude reached where duat-free air is
present,

Mupneto Bafely Check

eufely cheek can he performed, Its pur-
poge iz to engure that all ignition connee-
tinna are secure and that the jgnition ays-
tem will permit operation at the higher
poveer 1sed in the ground check to be con-
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GENERAL OPERATING INSTRUCTIONS

dueted later, The magneto safety check is
conducted ag followa:

(1] Rpm — 00
(2} Propeller — High rpo (low pitch)

All other controls the z2ame a8 during warm-up

(d) Bwitch — Fram "Both” to “Right"
and return to "Both”
(4} Switch — From “Both™ to o "Left"
and return to "Hoth"
— From “Both™ to “Of" mo-
mentarily and  return to
"Hoth™

While awitching from “Both™ to a aingle
magrneto position, for examnple from " Both"
to “Righi,” a slight hut noticeable drop in
rpm ahould oeeor, Thig indicates that the
opposite  mupnelo hag  been  properly
grounded oul &nd that the connection to
the aingle operating marneto is socule.
Complete cutting out of the engine when
switehing [rory “Both™ to "0 indicates
that both magnetos are properly groanded.
Failure to obtain sny drop while in the
gingle magneto pogition, or failure of the
engine to cut out while awitching to “OfF,"
indicatea that one or both pround connee-
tions are oot zecweed, The Lime reguired
Tor proper warming-up gives ample oppor-
tunity to perform thiz simple check which
may diseloae & condition which  would
mele (b insdvissble to continde operalion
untll after corrections have been made.

(5) Bwitch

6. Ground Cheek

Alter the enpgine hes been given sufficient
low power rumming to make certain that
all parta are ready to work together, it
should be able fo deliver take-off power
with ample reliability—and probably will.
However, there are a few gueztions that
moat pilots will wish to have anawered
boelore they commit themaelves to coms
plete dependence on their powerplant dur-
ing the take-off, for example:

(a) la the engine in proper mechanical
condition?

(b) Iz the oil avatem functioning st the
required preszure ?

(ed [ the ixpition system  performing
properly ¥

GROUND OPERATION—GROUND CHECK

{d} Is the fuel system delivering fuel to
the wngine al che required pressure?

(e} Are the propeller and supercharger
shift mechsnisms uand other sccesso.
ries [unelicning propeely ?

The answers to these gquestions are learned
in the vourse of the rround check.

A atendard ground check is parformed as
Iollows: The aireraft zhould ke hesded into
the wind, if poagibkle, to take advantage of this
cooling airflow,

7. Control Pesition Cheek

Cew] Flans — Ckpen
Mixture — Rich
Propelier — High mpm
Corhureter Hees Coldl
Carburelor &ir Filler — Az mequivad

Eupercharger Cantrol
l'uﬁil:dun | wlern
applicabla)

Lavar, Newsral, or Off

Procedure

1. Cheek propeller according to propellar
manufacturer's instruction,

2, Open throttle to manifold presaure
cgual Lo Geld barometele pressire

8. Bwitch from “BOTH" to “"RIGHT" and
return to "BOTIL"
Mormal drop — B0-75 rpm?
Maximum drop — 100 rpm*

. Bwiteh from “BOTH"™ to "LEFT" anid

return o "BOTH”

MNormal deop — 50-TH rpm*

Maximum drop — 100 rpm®™

Maximum difference between “"RIGHT

and “LEFT" — 40 rpm*

Check

Fuel presaure — 17 pei*

{4l pressure — 86 pai®

6. Nole rpm

7. Retard throttle

o

_l:n

HOTED Additiceol features, euch ag multipie spead o
multin'e stage pupere BTH, Teguirs El‘l‘:-u.nﬂ
chevwing, LTle cegnlting changes 11 the abowve
nesic arocedure will be expioined in che sap-
plenzents degeribing the operallon of ihess
spanial dwmrne,

In addition to the operations outlined above,
the functioning of various items of airplane
eguipment will be checked in an appropriate
arder.

*Thesa cuantitiea are for illustration, Consult

the specific operativo lnstractions Tor values
Applying b0 & particular engine,

BY
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DISCUS3I0N
1. Propeller Check

The propeller check is performed to ensure
proper operation of the pitch control and
the pitch change mechanism, Each type of
propeller requires u different procedure,
and the applicable manufacturer's instrue-
tions shonld be followed.

2, Bpm and Manifold Pressure

Specific check of rpm and manifold pres-
sure relationship should be made during
each ground checl, Thia may be done at
the time the engine iz run-up to moke the
magnete check. The bagic idea of this
check ia to measure the performance of the
engine againat an established standard,
Calibration tests have deteymined that the

MAHIFELLG PAESSURE — IH_.HG
L]
L=

o

engine is capable of delivering & given
power at a given rpm and manifeld pres-
sure, The original calibration, or mesaure-
ment of power, 12 made by mesns of a
drnanometer. During the ground check,
measurement of power i@ made with the
propeller, With constant conditions of sir
denaity, the propeller, at any fixed pitch
position, will alwaya require the same rpm
Lo abgorh the same hopsepowsr from the
engine, This characteriatic ia used in de-
termining the condition of the engine.
Any inerease in manifold pressure re-
quired to obtain the same rpm, or con-
versely, the Inability to obtain the check
rpm with the check manifold pressure, 18
an indication that the engine is not giving
the performence of which it ia capable.
Variation in altitude of the fields on which
the cheelt is made will reault in varring
manifold pressures [or a given Tpm a5 a3
indicated in Fig. 28,

Before starting the engine, obzerve the
manifold pressure gage. This gage will
read approximately the atmospheric (baro-
metric) preasure when the engine iz nob
running. Al sea level thia is approximately
50 in. He and at fielda sbove aea level the
atmoapheric preasure will ne less, depend-
ing on height above sea level.

Whan the engine iz started and is accelar-
ated the manifold pressure will Tall off
until about 16800 or 1700 rpm is reached
when it will begin to rise. At approxi-
mately 2000 rpm, with the propeller in

e e
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Fig. 28 — Monlfald Pressure ws Rpm — Propeller in Fized Low Pitch
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GENERAL OPEHATING INSTHUCTIONS

GHOUND OPERATION—CGROUND CHECK

fixed [ull low piteh position, the manifold
presanre should be the same ag the atmos-
pheric pressure, That is, if the manifold
pressure pape resding (stmosphoric prea-
sure) is 30 in, Hg before starting the
engine, the pressure reading should return
to &0 in. He st approximately 2000 rpm,
or, 'if the manifold presaure pare resds
28 In. g before starting, it should read 26
in, Hg apain at approximately 2000 rpm.
The exuct rpm mey very with various
milelz of engines o because of varying
propeller characteristica. In certain ingtal-
lntivns the rpm peeded to secure a mani-
fold pressure may be aa high as 2200 rpm,
However, once the regquired rpm has besn
established for ap installation, aoy appre-
cighle wvariation therefrom indicates mal-
functioning, Thia may be becauge the [owr
pitch stop of the propeller has not been
properly set or becauvae the carburetor or
ignition ayatem is not functioning properly.,
The aceuracy of this check may be sffectad
by the [ollowing variables:

a, Wind: — Any appreciable air move-
ment {5 milea per hour or more} will
change the air load on the propeller
blade when it is in the fixed piteh
porition, A head wind will incresse
the rpm obtsinable with a given
munifold pressure, A tail wind will
decreaze the rpm.

b, Atmoapheric Temperatures: — The
effects of variations in atmospheric
temperature tend to cancel each
octher, Higher carbureicr entrance
and evlinder temperatures tend to
lower the rpm, but the propeller load
ig lighiened because of the less dense
air,

¢. BEngine and Indoction Systemn Tems
perature; — I the eviinder and car-
buretor air temperatures are high
hecause of factors other than atmos-
pherie temperature, a low rpm will
resiult az the power will be lowered
without a compensating lowering of
the propeller load,

d, hl Temperature ;. —Cold oil will tend
to hold down the rpm sa the higher
visgeosity resulis in increaaed friction
horaspower losses,

In performing the megneto check the
power abaorbing characteriztics of the pro-
peller in the low fixed pitch position are
utilized, In awitching to individual mag-
telos the culting out of the opposite plugs
resulte in a lower rate of combustion
which gives the same effect as retarding
the spark advance, The drop in engine
apeed iz o messure of the loss of power
attendant on this lower combustion rate
By comparing the rpm dropof with a
known ztendsrd the following are deter-
mined:

&. Proper fiming of each magneto.

b, Genersl engine performance az evi-

deneed by amooth operstion,
¢, Additional check of the proper con-
nection of the ignition leads,

Any unusual roughness on either magneto
ia an indication of faully ignition eaused
by plog fouling or by malfonctioning of
the live side of the ignition gyztem. The
operator should be very senaitive to engine
roughness during this check, Lack of
a dreop-off may be an indication of faulty
grounding of ona side of the ipnition sys-
tem. Complete culting out when switching
to ome magnete I8 definite evidence that
its aide nf the ignition system iz nob fune-
tioning,

Excessive difference in rpm drop-off be-
tween the left and right positions can in-
dicate a difference in timing between the
left snd right magnetos. Insamuch as
Pract & Whitneyr Aireraft models use the
same apark advance for both sides of the
ignition system, such a condition should be
corrected.
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Fuel Pressura

FUEL PRESSURE

The fuel pump reliel valve is zet to give
normal fight prezsure at the rpm of the
ground check., Balisfactory Tuel presaure
indieation al thiz time iz assurance that
the fuel zystem is properly functioning.

. Ol Pressure

L PRESSURE

The oil preszure relief valve ja set to give
a standard oil pressure at the rpm of the
rround check and with o specified oil tem-
perature, Batizfactory indication of o1l pres-
aure at the speeified temperslure s aasur-
ance that adequate oil pressure will he avail-
ghle for the operating range.

. Cylinder Temperosiores

Litrle, if any, cooling airflow iz available
on the ground, snd operation sl greater

=]

than warm-up rpm must be kepl Lo s mini-
mmum, eapacially if the aireraft is not headed
into u grood wind, 1t is essential that cylin-
der head temperatures never excesd the
meximum specified for continuous opera-
tion, and il is desirable to keep them al
least 30F (500} below the maximum con-
tinuous limit. It must be remembered that
the head lemperature indicator is connected
to one exlinder only. Thia cvlinder iz se-
lected on the basis of flight conditiona, and
often will not be the hottest cylinder during
ground operation,

Flug fouling difficulty is the inevitable re-
sult of failure to provide proper idle mix-
fure zetting, The tendency gsama to he to
adjust the idling mixture on the extremely
rich =ide and to compensate for this hy
adjusting the throttle atop to a relatively
high rpm for minimum idling, With o
properly adjusted idle getting it is poasihle
to Tun the engine at 450 rpm or even less
for long periods with complete freedom
from plug fouling, Such a sstting will re-
sult inoa minimum of plug Touling, exhanst
smoking, and loading up; and will pay divi-
denda from the aaving oo the airplane
brules aller landing and whiles taxiing.

If the wind i3 not too strong, the check of
the idle mixiure seiling can eagily be per-
formed duving the ground check as fol-
lows:
4. Close throttls
b, Move mixture conlral toward idle cut-
off and ohasrve change of rpm
¢, Move mixture control back to auto-
matic rich hefore engine cuts off
Az the mixture conteol lever is moved to-
ward idle eut-off, and before normal drop-
off, one of two things may occur momen-
Larily :

e e e e e e L W T W




GENERAL OPERATING INSTRUCTIONS

GROUND OPERATION — [DLE MIXTURE CHECK

(1} The enpine speed may inerease by as
midch az 200 or 300 rmp. An increaze
of not more than 20 rpm indicates
proper mixture strength, A preater
incrasse indicates that the mixture is
ton rich, as the engine accelerates
while the mixture leans out through
heat power,

(2] The engine zpeed may ool inerease,
or may drop immediately, This in-
dicatea that the idle mixture iz too
lean, ws the foel-air ratic hua
straightway leaned out bevond best
pOWET,

The idle mixture should be aet to give &
mixture glightly richer than best power re-
aulting in a 10 to 20 rpm rise after idle cut-
off.

Thiz check should be performed with
the idling zpeed zet for 480 Lo 600 rpm, I
the rpm i3 hipher, corvect idling adjuat-
ment will not resulf, In addition, the en-
wine eylinder and oil temperstures ahould
he st a stabilized walue representing the
normel temperstures st which the engine
will operate at this rpm,

This check should be performed frequently
and necessary adjustmentz made on oew
installationr, &3 the diaphragmz of new
carburetors may not have soaked for a
aufficient lenpth of time to obtain their
fingl fexibility, As they beeome more pli-
able the idle mixture zetting muat be ad-
justed to maintain the desired idling.
Alter the diasphragm has become soaked
to & permanent condition it is desirable
to check the idling mixture seiting rega.

iarly to ensure proper ground and flight
idling, |
MOTE: This check muss be performed in sfill &ir I
canditions, Any eonsidervable wind, wheth-
ar nead or lail, or across the aieplane, will
ntfect tha rezults,
Since the metering of the fuel by the-“l‘-r-
buretor in the idle range i not compen-
aated for sltitude, it follows tllqtu
mixture aetting correetly adjusted £
field may not give satisfactory re
gome other feld of different
the mixture is ecorrectly mfw be
af two flelds, it will tend to be to
the higher deld: if mqﬂb?
higher feld, it w1|| be too les
lower. In the case of an airpls
flight schedule cglls for m__
fields of different aiﬁ.t;utﬁl, ,&
ally be found possible to m
promise, intermediste idle m :
which will give antisfuhg;i:tf ]
rosuita at each of the various 6
tendency of the mixture to i
altitude, and hence to “toreh™
the spark plugs, may be offset
spewds slightly higher than normal.
Taxiing -
Use a smooth flow of power or zmooth
changes of power during taxiing, m
snd frequent “jazzing” sometimes i
feres with the operation of the an:ﬁ-ﬂ-
ing pump, with the result that bqtm
occur becauze of the low m..nﬂnﬁ’
sures juat after a sharp dnm.ng

throttle, while the engine is nﬂ]l
at a high rpm,

i 3
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Cold weather operation of the aircraft engine
involves condibions thal regquire special prepoara-
tions and precautions as compared tn normal
weather operation. Yaporzation of the fue] be-
comes difficult, and the high viacozity of the oil
causes reduced cranking specd with accompany
ing high loads on the starler and batteries.
(iften the accessories fail becauas of congealed
oil. Exvessive cyvlinder priming washes the oil
from the piston rings and cylinder walla cags-
ing piston scuffing and acoring of the cylinders,
while Tuel may collecl in the bollom intele pipes
to causze hydraulicking,

PREHEATING
Approximately O F (-20 C) is the lowest teme-

perature at which engine atarting can be ac-
complizhed vaing che standard priming syalem,
accesaories, and batteries. (Priming syatems
are being developed for some engines which per-
mit conzistent starcs at <20 F (=29 ) or lower
without the use of preheat.) Buccesaful stari-
imgr gl this temperature is conlingent on ade-
guate oil dilution, sufficient eranking apeed, and
proper Lechnigue, Inexperienced personnel will
require considerable prastice before achieving
dependable starting at 0 F (20 ). Very cap-
ahle personnel, wsing the conventicnal starting
procedure, have made starts at much lower tem-
peratures, occasionally as low as 35 F {-37 C).
However, thiz practice is not recommended for
peneral use beeause of the likelibood of bvdraul-

92

COLD WEATHER OPERATION

teking and piston sealfing from the large amount
of priming necessary, and the poszible failure
of the lubrication avatem or accesaories. There-
fore, the engine and installation should be pre-
heated when ground temperstures are halow
O0F (<20 Ch, unlese the enrine and installation
are warm from recent operation, or have prim-
ing avstoma that permit lower temperature
atarts. Adequate oil dilution is necessary {0 en-
aure the required crankshility for theze im-
proved priming syatems,

It oil dilution was not emploved when the en-
ping was previously shut down, external hest
genarally will be necessary at temperatures be-
lwwr A0 F 0B Ch . Past experience, “stifness’" of
the engine, and Anidicy of the oil at the ¥ -drain
valve will be the best indications of the necea-
sity [or prehest,

One snggested means of nzing engine covers
and pround heating eguipmenl for preheating
the power plant iz shown on page 935, In an in-
stallation of thiz kind, there are two regions
which must be heated. The most imporlant is
the acceszory compartment of the nacelle, the
rerion all of the dinphragm or accessory cowl,
In this compartment are located various acces-
aories, such as the sturter, penerator, Luel pump
gnd the principal parts of the oil aystem. Fre-
quent failures during or aller starting ocour in
the accessory compartment when preheating is
inadequate,

. .
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GROUND OPERATION—COLD WEATHER

aueT T
BOWER SECTION

FROM SOUROE OF
HEATED A'S

¢

The second region in the nacells which muat
be heated is forward of the diapkragm. The
power section of the engine is ineluded in this

The minimum Lime reguited for heating an
engine is dependent upon thescapacity of the
heater, the size of the engine, the vutzide air
perature, and the amount of ofl dilntion
sed prior to the previous shutdewn, For exam-
ple, o heater delivering from 75,004 to 50,000
Bio per hour will reguire about 30 minule:z
26 hesl o Twin Wasp engine at -30 o -40 F
85 to -40 ) outside sir temperature. Witk
same heater and z2ame temperature, & mini-
mum of 45 minutes will be required with a Dou-
: 1 Wasp engine. The difference lies in the
amount of metal in the engine which must re-
hest. With atrong ground winds or lower
utside tomperatures, inereased minimum hest-
M time will he necessary. It is desirable to

ng congigtent with the time available for

, When uzsing preheat, care mual be ex-

peised not to burn the insulation of the igni-

waterm, if the temperature of the preheat
peds 225 F (110 ),

auwer e
ACCELZORY EECTION

The suceessful completion of preheating can
best be delermined by turning the propeller
orearionally  and noting  engineg  "atiffness"
Thia is particolarly effective f oo, or insuffi-
cient, ol dilution bas been used. With extrems
oil dilution, an engine will be free st a tempera.
ture as low gz B0 F (=45 C). Cylinder hesd
temperatures, aa indicaled by the corkpit gaee
may not give the true exvlinder head tempera-
tures, it the preheated air happens to discharge
directly in coptact with the bhermocouple.
Cheeking the fluidicy of the oil at the ¥-drain
can be used as a aupplementary check, This
will alsn indicate the presence of ice which

wiould bloel the flow of of] to the engine.

lf the il was drained after the previons
fizght, it should be preheated to a temperatore
of at least 160 F (65 C) hefore being returned to
the aircraft oil system. Engine heating should
be completed before the heated oil is returned.

To ensure adegquate voltupge for the engine
starter, warm ahd fullv cherped butteries
ghould he inatalled and comnecied to the electrie
gyalem at this time, If the sircraft is equipped
with an suxilisry power plant, the latter ahould
be started, or a ground source of auxiliary
power connected to the sireraft electrical sys-
tum.
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wormal starting procedure muay be used in
ztarting an engine properly prehested and with
preheated or properly dilubed cil.

ETARTING COLIY ENGINES

In starting a eold enpine, ice may form on
Lhe spark plugs and on other parts of the com-
buation chamber after one or more unsueseszsiul
altempts to start. The “ice” i3 A comhination
of Tuel, oil and water, and will prevent the
spark plugs from firiong. Every effort must be
grade 1 “catch™ the enpine on the first atart-
ing attemipt, since ice will form in the evlinder
within & [ew seconds sfter iL has Cred and nuit,
If two or three starting attempta have resulted
in nothing but s few feebls Oring impulses,
lime can be saved ang sbuse o the batteries
and ztarter can be avoided by removing a few
front spark plugs lo inspect Tor jee I icing
has oceurred, the tront spark plogs should he
changed or the engine thoroupbly heated be-
fore making further attempis o atart,

With the electric inertia or combination in-
ertia-direct cranking starter trpes, be sure to
ehergise the starter completely before engaging,

Engine priming is dependent upon the fipe
of priming ayztem and the gmount of preheat
which have been used, and on other Tactors that
have been discussed elzewhere under “Prirmng™.
With sufficient prehest a normal warm sngine
zlarl may be maede.

Wilh pressure injeclion carburetors, alter
engaging the starter, move the mixture control
elowly out of idle cut-off 4z seon as the enpine iz
Hring on the prime, bag be prepared oo return if
trr e cut-off quickly if the engine quits. Partie-
larly with a s0iff engrine, it s very easy Lo et
the mixture oo rich for runzing and the engine
will not pick up apeed, Therefore, hrief periodz
duritgr whick the mixture conirel i3 moved
back Lo Lthe idle cul-off may be vsed tooad-
vantage until engine spead INereazes enongh ao
that aivflow is suflicient to mateh the fuel flow

Coaution must be used to svold introducing
excagsive amountz of raw fuel (o the lower in-

14

take pipes. Freguent instances of hydraulick-
ing will pecur it this precaution is overlooked.
Except with & warm engine, o small discharge
of fuel from lhe supercharpor drain iz normal
while attempting a stark

With float carburetors Lhe mixture control
will b positiened in full rich or antomatic rich
when siarting, and no forther manipulstion of
this vontrol will be necessary.

In cold weather, engine operation immedi-
ately after starting iz fregquently rough, with
back-firing and alter-living, This is due princi-
pally o & legn carbureror idling mixture and
to reduced vaporizstion of the fuel. Fouled or
Higed" apark plugsz will alzo produce the same
effects, Az a corrective, turn on the carburetor
air hest as soon as the engine is Iree of back-
fring. This will inceease the fuel-air ratio in
the idling range and will improve vaporizsalion
of the fual. If the engine iz equipped with a
blower-rim or blowersthroat priming srstem,
the intermittent uze of priming will assizl in
prevenling backfirizng until zufficient hest is
available and carburetor air heat can be uzed.
After the enpgine hag warmed up operabion will
be salislaciory wilh cold air,

WAHM-LEP

Mo altempl must be made to heat the engine
rapidly after starting by cloaing the cowl daps.
As in normal weather, keep the cowl flaps fully
open at all timeg on the ground. Cylinder tem-
peratures are nob a8 important as ol Lempera-
Liares, which represent the temperature of fhe
internal engine parts, Orlinder temperatures
will rize guite rapidly o lemperatares only
alightly below normmal. Conzequently the princi-
pual problem in warm-up (5 to inerease the oil
remperature, Until the oil temperature ineress-
g5 to 140 F (60 2}, keap manually conirolled
oil eooler Raps [ully cloged.

In the case of enpines that have had the oil
diluted with fuel, it is preferable to allow the
ol temperature to rige considerably above 140 F
(60 Ch, and inecreaze the engine speed during
warm-up to 1200-1400 rpm. Yery Little gasoline
it driven out of the cireulating oil below this
oil temperature and engine speed. As much af

e el e e e e b b W TR R RT
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GROUND OPERATION—COLD WEATHER

the diluting fual as poszible should be alim-
inated during ground warm-up. With heavy
dilution, the gasoline ig evaporated very rapid-
Iy during the take-off with a tendency to dia-
charge oil from the bresthers, unless aliminated
during warm-up.

During warm-up, hydraulicslly operated pro-
peliers should be “exereised” seversl times to
make aure that the propeller mechanizm iz free
of congealed oil. B0 that the propeller governor
will operste, brielly bring enging rpm up to
1500 or 1600,

FLIGHT OPERATION

Flight operation in cold westher iz hardly
more difficult than in normel westher, After
gtorting wod pround operating troublea have
been overcome and a zueeesaful take-off has
been made, Aight operalion j@ proctically the

sume sa under atendard eonditions,

CIL THLLUTION

il svstems may be compietely drained after
the engine is ahut-down, and the oil hested and
returned to the svetem at the time for the next
atart. Some sireraft are equipped with electric
immerzion heatera in the oll tunk, Used con-

tinuoualy or in intermittent periods the con-
" lents of the tunk, with the poasible exception of
Cihe base of the of] tunk hopper, will be kept in
"'ﬂuid condition. Before starting, the enpgine
~and sccessory compartment must be thorough-
-| heated by means of ground heatera.

More generally, an “ofl dilution svetem" ia
Cuged to ensure fluidity of the oil after the in-
ation has ceoled. 4] dilution consista of
ducing raw fuel inte the vil to reduce the
paity of the oil, Becanze of substantial dif-
pes in the specific gravity and viscosity
of gazoling a: compared to wvistion oil, there is
'-.'-" little tendencyr for them to mix when in-
sduced inta & common line or tank. However,
- bwo fuids, in sany proportion, are forcibly
rht together by zome means of mechenicsl
ation, a very permanent mixviure is pro-
d, Diluted nil will not separate if allowad
B stand, provided the oil and geacline have
een thoroughly mixed.

B

. The Army tvpe of oil aystem iz desipned Lor
ve use of nil dilution. Geaoline iz intro-
ol at & ozlow rate (1ly to B quarts per

minute) into the oil inlet line, nzually st the
Y-drain valve, Mixing of the oil and gasoline is
accomplisked within the engine by the mechuni-
cal agitation of the pressure pump, moving in-
ternal parts, and the acavenge pumps.
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Dilution in Progress

The above [lluztration shows a typical Army
pil svetem representing conditions in the lines
and tank a few seconds afier dilution bas heen
aturted,

Goazoline i& led from g precasure take-off con-
nection ; paagea through a solencld operated
valve; and enters the oil inlet line, usualiy at
a conneclion on the Y-drain valve body. The
aolenoid valve iz operated by a awilch in the
cockpit.

A essentia] part of the ol aystem desipned
for the uwae of dilution is the oil tank hopper,
The hopper i3 & 1 to 215 pallon capacity ovlin-
drical wvessel mounted near the center of the
main oil tank. The hopper serves to reduce the
amount of oil in circulation by separating the
main reserve oil aupply from the circulating
pil. With only a smell amount of oil in eireala-
tian, warm-up ia rapid and dilution in the high-
er percentages (20% to 35'%) 18 made possible,
Without a hopper, the entirve oil supply would
hove to be diluted, requiring & very large ex-
pangion space. By reducing the amount of oil
to be diluted and slzo by inereasing the rate of
worm-up, the hopper reducez the length of time
during which the engine muat operate with
diluted il after starting.

The illustration on the following page shows
the Army oil zvaziem afier dilution & complete:
All pil lines and the hopper are diluted fo the
sume percentage, which ia alzo true of a'l oil in

96




PRATT & WHITNEY AIRCRAFT

PWA. OL 100

the engine. Some of the diluted oil will also find
ita way oulside the hopper and will eollecl on
top of the undiluted oll in the main tank,

The smount of ol dilution necessary is de-
pendent upon the expected lemperature to be
protected agsizss Oil dilulion iz recommended
when tne expected starting temperature iz 40 ¥
i ) or lower, The slapsed time required to
dilute to a desired percentage depends on o
factors: the rate of How of gasoline into the oil,
and the amount of oil to be diluted. Thiz fact
explaing the diference in time interval required
for varions pireraft, 1t will be neceasary for the
aperator to consult the manufaciurer’s apecific
inatructions for the aircraflt concerned.

il dilution is accomplished just before shut-
ting dowen the engine, Before beginning oil dilu-
tinn the enpine zhould be idled, if necesaary, 1o
redues evlindsr head temperstures e o Max-
iranm af 200 F (150 ), aed allow the oil tem-
perature to fall helow 120 F (50 C). While
idling the engive, close the oil dilution switch
for the required time. Keep the awitch clozed
while stopping lhe engine, and until it has
sropped Lturning over. [T il is necessary Lo sery-
jee the oil tank, thiz should be done prior to
starting dilulion,

In extreme weather eonditions, it 18 necess
sarv to dilute the oil geing into the Hydromatic
propeller by “exercising” the propellar gover-
nor control during the latter part of the dilution
time interval. Thiz must be done when the en-
rine is briefly brought up to 1500 or 1600 rpm
2o that the governor will operate. Oil operated
supercharger controla regquire the same treat-
ment undar these weather conditions.

The introduction of gasoline inle the lubri-
cating oil will logpsen carbon and sludge deposils
within the oil aystem. This carbon and sludge
ig carried 1o the engine oil sereen and collects
there in quantities sufficient to cauwse the col-
lapse of the sereet. Consequently, within an
houg or two after the dilution ia tirat vaed in
the zeason, the serech must be removed for in-
spection and cleaning, This inspection must be
repeated at zhort intervals until sludge and cor-
biom nn langer collect, Should this precaution be
overlocled, collapaed sereens ave certain to re-
ault, Trouble with dizlodged carbon may also
be encountered if dilution ia not nsed almost
daily following ila Orst use in the soason, Jome
northern cperators use small amounts of oil
dilution throughout the warmer weather to
keep the il syslem cleared of carbon and
sludire.
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GENERAL OPEHATING INETRUCTIONS FLIGHT OPERATION—TAKE-OFF

FLIGHT OPERATION

TAKE-OFF

B e i T o ]
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Considerations

\ start of the teke-off run the engine, power, The considerstions wgoverning the
e firat time since atarling, ia encounter- proper balancing of all operating faclors must
‘eonditions reaulting from the uae of high now apply.

i The Take-off rating iz pro-
ad to be uaed, and there should be
po hesitation in taking advantage of
he full rating. To qualify & trpe of en-
ging for Take-off rating, the type test
e must be sperated continuously
ar 10 hours at thiz outpai, or the
guivalent of over 1000 iake-oifa

=power" minutes and the least
miles” before reaching the
reduction point, As high rpm iz

e A,

he mainterance of maximum rpm for
1 _%ﬂiﬂrtﬂal pogsible time s the moat
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The enpine has been developed to be oper-
ated at take-off rpm without detonation
even though the carburetor air temperature
iz as high as 100 I {40 C), Therefore full
take-off rpm should be vsed without hesi-
tation on all {ake-offs within this {empers-
ture limit. [f higher temperatures are en-
counlered a reduclion from full tale-off
power may be required but the necesaary
reduction of output 15 usually accomplished
with the throttle. It iz possible that under
extreme lemperature conditions (grealer
than 120 F or 50 C), an rpm reduction may
be the best means of reducing the charme
temperature to a zafe value az the z2lower
impeller apeed prevents excessive healing
in the supercharger,

Presaure — Manifold Pressore

T

The pressure i applied by advancing the
throttle smoothly to the desired manifold
pressure; Ina few installabions automatic
regulators will prevent execeding allosw-
able fimita, but ot all other aiveraft it will
be necessary o give the manifold prezaure
page dufficient attention to prevent “nver-

booating”,

Engines equipped with mulciple zpeed or
multiple atare superchargers psually re-
quire that the loweszt impeller speed or
glage be used at take-off in order o pre-
vent excesgive temperature rise through
the supercharger, Exceptions to this rule
may be allowed ocn specific engines,  For
complete information consalt the applicable
specific operating inatruetion.

U installations with fixed or two-pogition
propellers, the limit of throttle advance is
defined by maximum manifold pressure
undior maximam rpm. At the one ex-
treme of low altitude combined with low
free wir temperature, limiting manifold
presaure may be reached at less than lim-
iting rpm. At the other extreme of high
altitude and or temperature, take-off rpm
may be oblained st less than taleoff
manifold pressure, It I8 easential that
both inatrumenta receive the necessary at-
tenbivn sab thia time,

. Mixture — Fuel-Air Hatio

-
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The combination of: high impealler speed
with itg attendant charge tamparature rise ;
hirh manifold pressure, and ; rising cylinder
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FLIGHT OPERATION—TAKE-OFF

head femperature covsed by lack of cooling
airflow requires that the mixture be conaid-
erably enriched during the take-off, To pro-
vide thid mixture use avtomatic rich in the
case of automatic carburetors or rich in the
case of manually controlled carburetors, Az
a result of the previous checka of engine
operation and fuel pressure the pilol will
have the sasurance that the required fuel-
air palio will be obiained.

. Lharge Temperalure — Carbureior Air
Temperalure

Conditiona may arize when it iz necessary
to wse carburetor hest to eliminate ice be-
fore, and even during, the Ltake-off. When
iceé hpa formed during ground operation a
short run to 309 ratéd rpm with the car-
buretor temperature control in “Full ITel"
will suffice to clear out the induction ays-
tem, The control then should be returned
to “Cold™ before beginning the take-off.

In the remntely pogsible event that heat iz
peeded during take-off, sufficient attention
must be riven to the temperature indics-
tar and the eontrol to prevent the carbura-
tor air temperature exceeding the recom-
mended limits sel for soy apecific enging
midel,

Obviously, when the free air temperature
iz near of above the recommended limit it is
not possible to maintain this limit,

fi. Cylinder Temperature

4. Maximum Temperalure

%
1

The hirh pressure loads of lake-off
power require that the cylinder head
strength not be reduced sa the result
of excesaive temperatures. It can be
anticipated that the head tempera-
tures will incresse 45-58 F (26-20 O}
during the run as the average cool-
ing airflow is insuflicient to cool the
enmine at this oulpul on a continu-
ous baziz, Therefore, before the run
is started the head temperatures
must be zufficiently low to prevent
this rise from excesding limits,
Even in the coldest weather a eowl
Hap opening greater than the clozed
poaition is essential, The ignition nar-
ness especially needs morve cooling
airflow than closed Aaps will provide
during the take-off.

&9
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k. Minimum Temperatures

Thers ja no fixed mimmum evlinder
heoad bemperature. Satisfactory en-
gine operation . bas been obtained
with hesd femperature ss low ps
8 F (25 )i oend b6 is not known iF
thig is the low limif. VWarmer tem-
peratures are recommended as they
ugually assist in fuel vaporization and
distribution and, hesee, amosther
runming, 23k F {120 % haz been
sugreated a4 a4 minimum based on
genera]  considerations  of  owver-all
engine conditions, 1t should not be
construed from any such insbruction
that it i8 necessary to emplos un-
paual mesps to bring the hesds up
to any epecifie limiting  minimuom
temperature.  The ol temperature
is the beal gage of the over-gll en-
gine eonditiona.

Lubrication — 0i] Temperalures

100

100 F (40 ) is the absolute minicem of
the il inlet temperature range which will
enaure proper lubrication and flow of oil

PyA, OL 1400

to critical bearings for ecoolipg purposes.
Mo tuke-pfT should be made until the il
haa warmed up at least to thia peint and
140 F (60 £ is preferahle, The maximum
temperature prior to take-off should allos
Tor the rise which inevitably Zollows, simi-
lar o the vise in nead temperaturea. This
increaze will vary with different inatalla-
tiong, depending on the capseity of esach
gyslem, whether or pol gll the el con-
tained in the aratem is uaged continuonalr,
ard the trpe of temperature reguiation:
The mexiemum lmit must not be excesded
as high temperature: can rezult in foam-
ing and discharge theough the breathera,
g well sa the nstursl reduction in Juhri-
cating quelities. Thia is especially trus
while operating under conditions of lake-
pif powar and femperature,

Mg tuke-off power snd speed are the condi-
tiohs of the predtest need for luhrieation,
the functioning of the lubrication svetem,
ad evidenced by oil fempersture and pres-
siure durizg the pre-take-off run-up, ghoild
ke carefully checlied

Ionition

i .

B8

Mo teke-off should he performed without
aszaranee of proper lpnition svetem func-
tioning., While less than perfecl ippition
operation ean oo tolerated under conditinna
of low engine power and apeed, the high
Proggured ano kigh intake tcemperatures sn-
couniered during lake-off require that the
antire ayetem he functioning n order thet
Lhe engring may maintain maximum ocutpat
withoat detenation. The magneto check st
approximately B35 power hazs been found
to aatisfy thizs requirement,

w—u e e T T B B |
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FREPARATION FORR TAKE-OFF —
CHECK-OFF LIST

A properly prepered and copsistently [ol-
lowed check-off list will ensure that all neces-
gary steps are taken while preparing for
take-off. The take-off run with ita demands for
complete attention ia oo place to be worryving

Cbout the proper pozition of a control or the
functioning of an anxiliary ayatem. The com-
pletion of the check will give the pilot a clear
gongcience copcerning itema which otherwiae
“might be neglectad,

The following is a suggested power plant
check-off list:

1. Cowl Flaps — Full wpen

L Hpm — Sel for takeofl
1 Fuel Salector — [In prizahle mank®
A Mixture Bich

M Carburetor Air Heat — Cold (except az discussed)
& Carburctor Air Filzer As recuired
%, Bupercharger — Low, Neutral, cr OfF

- Iwhera applicahie)

i el Mapnetas — Hame ap A0 in. Hye rrowcct
E rheck e

B Observe il Temneruture

Uil Presaee

Fuel Pressues

Cylinder Tenperiere
0l Copler Shutlers — Adjusced for take-off
, Cowl] Flaps duelivsted for take-ofl

: A echeck-nlD lisc for o speeific airerafc wonld
include Itemz cutedde of ke pewer plant in-
serted to give the proper sagoenoes,

i e:ll.'ma.l.'h'.nl: in the wircraft manufactorers'
rop, but the namber of enpgine failures pesuctinge
improper Foel zeleclor position warrarts its
mtion here.

the plogs show signe of becoming fwuled, a short
M al 59 an. He sbowld olear them out.

FLIGHT OPERATION—TRANSITION TO CLIMEB

THANSITION FROM TAKE-OFF
TO CLIME

Ax soon sd the feld sod surrounding ob-
stacies are cleared, reduce power at least to
Mormal Rated, With conatant apeed {(variahle
pitech) propellers the reduction should be ae-
complisned in stepe ag follows:

I, Retard throttle to reduce manifold pressars
to about 2 in. Hp below that for Mormal
Bated power (with flxed part throttle, mani-

fold pressure will rise aa rpm is reduced).

Baotard the rprm control to Nermal Bated

PR,

=]

[f a further reduction in power is desired,
procesd as follows:
1, Lower manifold presaure by 2 in. He.
2. Lower engine speed by 200 rpi.

Continue in zuccezgive alternote ateps until
the desired engine speed ia reached, finally ad-
justing the throttle to the deasired manifold
prossure.

e T

Thiz iz nol to be consiraed o mean thal the throuile
slhould never be nuvanced with & low rpm, The engine
iz not affacced by the pogition of the thretile—ic iu
aifecled by the piapifold pressure resulling from the
thrntzla pazition.
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PERCENT OF NORMAL RATED POWER

TRIE A/QSPEED = M ON
Fig, 2% — Broke Horsepowaer vs True Airspeed
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where V., ¥, — lao diffecent airspeeds

MOWER

Other than specifying maximum limits of
power, the engine manufacturer cannnot pre-
seribe definite oulputs to be uaed for the vari-
ous conditions of flighl, There are no direct
answera to the questiona: “"'What g cruise
(power) T, and "What iz climb [(power)?"
The pilot haz available any power from the
minimum necessary to sustain the aireraft up
to Wormal BEated, What he should vae is gov-
erned by what quality of service he wishes to
emphasize; performance, of economy aid dur-
shility,

1. Aireraft Merformance va, Power

The relation between sireraft apeed and
engine brake horzepower ja illuatrated by
Fig. 29.

The gignificant information to be obtained
from thia curve i@ the low return in in-
cregaad aivapesd for a given incressse in
power at hirh output as compared to me-
dium outputs, The upper portion of the
curve follows cloaely the relationahip miven
by the equation:

102

and Dhp., Bhp, = the hrake horsepowers noves-
gary to ohtain the corrasponil-
ing speeds,
The eguation, it will be noted, i similar
to the propeller losd formula, and in non-
mathematical language aimply meana that
8 times the power i3 required Lo double the
air apeed, and 27 timer the power to triple
it, Btated another way: if the bhp is in-
creaged in inerementa of 10% Normal
Rnted power, an airplane which develops
an airspeed of 280 mph at 40755 of power
will realize a gain of 20 mph sa the bhp
i2 wdvanced to B0 of power: but will
increase ite speed by only 10 mph (e,
from 2B to 200 mph) a8 the bhp i3 in-
crepsed from 807 to 100% of Normal
Rated power.

Performance va, Fuel Consumption

Perhape of even pgrester interest is gn
illustration of the relationship betwesn
pirzpeed and miles per gallon,
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FLIGHT OPERATION—I"OWERl SELECTION

MILE2 PER GaLLOM
) ™
= =]

e

POwWer nperation,

3 TDerformance va, Durability

ghown ag varving with airspeed,

[Ralsle;

" HOLUES
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GYERHAUL PERIDD

:

It should be obvious from this curve that
economy of fuel cannot be reslized by op-
erating at a high percentere of power. The
decrease in milea per goallom az apeed is
imereaged i3 the regult of the rapid in-
crease in power required, combined with
the [uel enrichment aceompanying high

The dursbility of the engine as measured
in the numhber of houra hetwean overhauls
18 also & factor which wvariea with tha
amount of power used, and zo can be

TAUL AIRSZFEICL — WP E

Fig. 30 — Miles Per Gallon vs True Airspeed

Thia iz another way of stating that an
engine can be used for s certain number
of power-hours before requiring an over-
kaul. These power-houra can be uzed up in
a short time by hich power operation or
they esn be atretehed by reducing the per-
centage of reted output vasd continuously.

. Power Haleclion

The complete picture of the effect on econ-
omy amd durability of wvarying sirplane
performance can be shown by combining
Figs. 20, M and a1,

The operator haa the entire range of per-
formance to gelect from and in many cases

TRUE A'RSFPEED — W 2H

Fig. 31 —Durability vs True Airspeed
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Fig. 32 — Brake Horsepower, Fuel Economy and Durabllity vs Trve Airspeed

factora other than Tuel economy and engine
durability may make it advantogeous to
uae even 100% power continuously, Mili-
tary aireraft are operated in a manner die-
tated primarily by tactieal necessity ; dura-
hility and economy are ascondary consid-
erations. An airline may, after o thorough
analyaia, coneluds that it iz more profitable
to fly more trips per day at high speed,
thus earning more revenue, even though
engine operation costs per mile are in-
creased,

When such conaideralionz are not preasnt

it iz sugrested that power he governed aa
Collowz:

1. Climb—A80% of Normal Rated power,

2. Cruize—Ilowest power satisiving per-
formanee needs, not to excesd G675
nf Normal Rated power,

The sccumulated experience of zeveral
ypurs has indiceted that cperation within
thege limits will result in the optimum
halanes of aireraft performance and over-
all eeonomy of operation.

BMEFP — CONTROL

Froper Frefiight Preparation Prevents
Parplexed Pilots

Having selected the power to be uaed, the
operator atill must cheose the engine speed for
thia cutput.

1, Fixed Pitch or Two-Pogilion Propellers
If o fixed pitch propeller ia installed, only
ehe combination of manifold pressure and

R N S " a e aTa'a'ea ' s e ',
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rpm Will give the pequired power at a given
altitude and pirspeed. This ja slao true of
cither the high or low pitch pozition of
a twro-poaition propeller,

With a two-position propeller the recuire-
metts of proper rpm and manifold pressure
balance will be heat met by operaling in
the high rpm pesition during tale-off and
elimb and in the low rpm position dorieg
the eruising portion of the dight. Other-
wige there iz no opportunity to exercise
broep conirel and establish the optimum
combination of manifold pressure and rpm.

. ¥Yariable Piteh [(Constant Speed)

Propellers

With wariable pitch {constant speed) pre-
pellers an  infinite number of rpm and
manifold prezaure combinstions may be
selected Lo deliver a given power, hearing
in mind thaf, st constant power. as rpm i3
increased, manifold pressure must he eor
respondingly  decreased, snd  vice  wversa
For example: engine “A" at zea level wrill
develop G50 bhp at 2600 rpm ad 2853 in.
Hg manifold presaure, at 1430 vpm and
7.0 in, Hg, or at an infinite @umber of
intermediate combinationa.

In selecting o partienlar combination of
rpmy and macifold pressure to obtain a
desired power, the operaior must regulate
the balance between the loada and strezzes
due to engine zpesd, on the cne hand, and
those attributable to cylinder pressure on
the other, Bmep accordingly becomes one
of the principsl factors, not only in the
galection of rpm and manifold pressure,
but alzo in determining economy of opera-
tion and engine dorability,

Englne Speed v Cylinder Pressore at
Constant Power

In the case of an engine operatlog ot con-
atant power, bul at different. rpm and
inverzely varving manifold prezsures, the
effectz of speed (rpm) and cvlinder pres-
sure (hmep) on various characteristies of
itz performance may be summarized as
followa:

f, Priction: — Reduced by a decrease in
rpm. The decrease of sliding and wall-
it riction more than offaets the corre-

gponding increass in pressure friclion,

b, Reciproeating and Centrifugal Loads:
— Reduced by & decreaze in rpm. Pres-
sure opposcs and cushions thess lopds
which predominate in determining the
stivsse: on mester rod bearings.

¢ Detonalion: — Beduced by a decrease
i rpm, Inasmoch as ke  lepdency
of & fuel to detonate is determined
principally by ils lemperature sensitiv-
ity, & low impeller rpm with the atcend-
ant low temperature rise through the
sipercharger ia favored, The hest rise
varies chiefly with impeller spesd and
ia relativaly unaffected by power.

il. Fuel Consumption: — Redueed by a

decrepae in rpm. As explained above,
an increase in vpm is accompanied by

FUEL SEATNMATIN
CALLONS SRS RS

i ipad Bt el

Fig. 33 —Fuel Consumption vs Rpm
of Constant Bhp

A constant brake horsepower is io be
deliverad to the propeller shaft, it fol-
lows that the cylinders must develop
more power (ihply, and this additionsl
exlinder power requires exira fuel.

¢. Cylinder Cooling: — Improved by a de-
crease in rpm. The redoced evlinder
horsepower (ihp) resulting from low
rpm operation will be reflected in lower

exlindar head temperatures,
105
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f. 0il Cooling : — Improved by a decrease
in rpm. Low engine speed is the most
gffactive way to control the tendency
ot the ofl to overheat, sinee a low rpm
reduces the power neceagary to over-
eome friction and, hence, the amount
of heat to he carried away by the il

g, Altitude Performance: — Above the
eritical sltitude for a given combing-
tion of manifold preasure and T,
manifold pressure decreases, and with
it, the engine's power output. Lnder
these eircumatances the desived power
ean be maintained only by incressing
angine specd, therchy raiging the
pumping capacity of the eylinders and
increasing the pressure rise through
the supercharger,

h. ¥ibration: — 1t has been the practice
to select engine and rpm combinations
which appesr to give accepiable cotl-
pit and cehin comfort. Kogine suspen-
aion avatema of earlier types tended to
favor a bmep lower than would be se-
lected from considerations of englne
gffieiency, Present  developments of
engine suspensiona are such that, in
general, there ia livile if any limitation
to the use of the full rpm range and
speeds 8 low a8 1200 rpm may e
entirely practieal.

It may be concluded from the foregoing
discussion that it iz gemerally preferable
te operate the engine on the side of high
manifold and cvlinder pressures and low
TR

Cylinder pressure must be limited, how-

PFRCINT OF RGRMAL RATED POWER

Pywa. 0L 100
over, becauase of structural and experience
eonsiderationa. These limits ean be de-
seribed in termz of bmep, and may be
illustrated s follows:

Maximum Cvlinder Preszure Limit

A line joining 0% power and rpm with
100 normsl rated power and ypm de-
finea the minimum recommended engine
speed for normal rich mixture operation.
Higher bmep should nol be used unless
there iz o reason proved hy analyvsis for
wo ddoing,

For all medela of engines produced by
Pralt & Whitney Alreraft specific operat-
ing inatructions give recommendationa tor
the maximum bmep to use when operating
with lean mixture. These limits sre estab-
lished by exlensive engine testing and
their observance will rezult in the greatest
benefits of engine durability for the wov-
erage operator. The following are the
recommended lean mixture bmep limita
for eertain Pratt & Whitney Aireralt en-
gine models now in current use. For in-
{formation regarding olher modala aes the
applicable apecific operating inatruelions,

Recommended

Mnximam Lean

Blud= Mizture hmrp
Waap, Jr, 120
Wasp 120
Hornet 125
Twin Wasp (C geriea) 140

197

FEACEHMT OF =IFRAL FETED f 3 M

Fig. 34 — Broke Horsepower vs Rpm — {Bmep]
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PCACCHT OF MOAMEL RATCD PONLCE

B, Maximum Hpm Limit

The high rpm limit of operation can be
copveniently defined by s propeller load
curve  passing through Mormal Rated
power and rpm.

Operation al engine speeds lower than
propeller Inad will ensure that the loads
gaat up by hirgh rpm are never exceszive
and will be sofficiently cushioned by
Brosgure.

Dezived Bpm Range

Compining the pressure and rpm lmits,
the arer of heat operation would appear
ag shown in Fig. 36,

It will be noticed that a conaidershle range
of power and rptl combinations ia atill
availeble at medinvm pereentages of the
normal rating. Exsct definition of the
optimum combinations lor operating in
this ares most come from the airerafl

| S

PENCENT OF HORWAL RATEDR FOUWER

47 =0 an
EFRCIHT OF HORk &l 2ATED 2F W

Fig. 35 — Brake Horsepower va Rpm — {Propeller Loed)

)

manufacturer. On practically all councs
the engine will wish to run a8t the maxi-
mum bmep, The propeller prefers an en-
Eine zpecd more dearly al propeller load,
The airplane by itzelf will wizsh to be
Hown somewhere in betwesn depending
upon itg own characteristica, The anawer
can only be obtained by combining the
thres units together,

If maximum miles per gallon are deairved,
the engine will sy, “Operate me at the
lowert brake specific fuel consumphion.”™
Thia may result in & propeller speed so
low that the blade anpgle will increase to
the point where it 12 “paddhing™ the ar
snd providing little thrust. The engine
will feel very gatisfied az it will be using
the least pallona per hour, but the sirplane
will not go very far with a given amount
nf fuel hecause of the inefficiency of the
propeller,

FERTENT OF %0RMAL RATED RAM

Fig. 36 — Range of Rpm ond Power os Defined by Propeller Load and
Suggested Maximum Bmep

107
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The propellar will gay, "Operate me st the
rpm where | can pgive the greatest effi-
cieney.” Thia may be at an engine apeed
resulting in high fuel consumption as too
much cxlinder power ia wasted in overcom-
ing friction and driving the impeller. The
airplane will achieve the highest airspeed
for the brake horgepower delivered but at
the expenas of high fuel conaumption.

The airplane without thinking of the en-
gine and propeller will aay, "Fly me at the
apeed piving the best ratio of Lift to drag.”
This may leave both the engine and pro-
peller st inefficient points of their operst-
ing range and economy will again suffer.

In general, maximum over-all eficiency
favora ataying close to the high limit of
bmep sbove B07% power but reducing bmep
below this limit depending on the alrplane,
altitude of operation, propeller, and reduc-
tion gear ratio. The fnal anawer iz oh-
tained by simple straiphtforward Hight
teata covering the necessary condlticns.

The reguirements of proper engine oper-
tion will be zatisfied if the power and rpm
lie within the limita ahown,

Altitude of Operation

Ag aupercharging the engine involives in-
cresged weipht and complexity, operations
should be conducted st altitudea where the
capacity of the supercharger ja fully wti-
lized, in other words, at approximately the

axdea

EG G

L Teele]

[t eeb]

AL TITFAE-FEET

FEa

TRUE AFRSPEED- M PH

Fig. 37 — Aliitude vs True Afrspaed

tull throtcle, or eritical, altitude whers air-
flow reatriction is at a minimum.

The relation betwesn altitude and airplane
true wirpseed at constant power ia shown
in Fig. 37.

Obviously, i the supercharger has the
capacity tooallow the engine to devalop
power at a high altitude, operating at
thiz altitude will reault in higher speed
and, asz Iuel consumption wvaries with
power, more milea per pallon.

The power corves can be put te good use
in fizght planning,

BRANET HORTEFOWNESR

ALTITUDE — FEET
Fig. 38 — Broke Horsepower vi Alfitede .

By finding the critical altitude of the
power aod rpm o ocombination to be used,
the optimum sltitude for opersting under
theas conditions iz determined. The fol-
lowing three exceptions to thia rule muat
be taken into account:

#. Length of dight: — On ahort flights it
may not pay, either in over-all miles
per hour or in over-all fuel consump-
tion, to spend the time and fuel climb=
ing te the ceitical alticude.

b, Wind variations: — Head or tail winda
may favor o devietion from the opti-
mum no-wind altitude,

¢, Maximum range operation:—When the
maximum posaible range muat  be
realized more comprehensive informa-
tion must he obtained. The above con-
giderations apply to simple cross-coun-

try fiying.
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GENERAL OPERATING INSTRUCTTONS

FLICIIT OPERATION—ICING

#, Induction System [rving

lea formation within the induction zystem
iz often a potential hazard of engine oper-
ation, 1t iz difficult to approximate the
freguency of thiz condition, The more
advanced coges of icing, which cause seri-
ous malfunctioning of the engine, are com-
paratively fow in number, but they cause
a great deal of concern, and should be
abzolutaly eliminated.

Ive may he formed in the induction syztem
b three different processez which are
clusaitied az follows:

i
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A, Impact Iee—which is that formed from
water that originally existed in the
pimosphere as anow, sleet or sub-conlad
liquid, and ineludez thal formed from
liquid water impinging on zurfaces that
are at femperslures below 32F (00},
The moalt dangerouz impact ice iz that
which may colleel in and on the metering
elementa of the ecarburetor, affecting
the fuel-air ratio. Other critical pointa
are the preheater valve and walls of the
geoop near it the roof of the scoop
elbow and acresna,

b, Throttle Ice — which is formed at or
near the throttle when it iz in & part-
closed position, due to the conling efect
canzed by the restricted flow area. Thia
fee may form at carburetor air em-
peratures as high as 36 F (3 (),

¢. Fuel Iee—which ig formed becagse of
the cooling «ifect of the fuel evaporat-

g after il i8 introduced into the air
streams. Thiz ice probably occurs most
frequently in setus] operation because
it may form at earhuretor air tempers-
turez considerably above 252 F (0 ).
Moat of the heat necessary to evapo-
raie the luel iz tsken from the air,
which canzes it to drop in lemperature.
Fuel iee may affect airflow by block-
ing off the aupercharper entrance
(hlower throat), affect fuel-air ratic by
interfering with ihe fuel fow, and
affect mixture distribution or quantity
of mixture to individual cylinders by
upselling the fuel Sow at the fue] noz-
zle distribntor, or air fJow distribution
el the supercharger entrence. Under
certain conditions of hizh  humidity,
this ice may form with ecarburetor air
temperatures aa high sz 80 F (25 C).
Tendency for fuel ice to form is greater
with fleal tvpe carburetors and o a
legrer extent with pressure injection
carbureters having the X-bar fuel dis-
tributar. The newer type spinner fuel
distribiutor developed by Pratt & Whit-
ney Aireraft for the pressure injection
carburetor has practically eliminated
icing of thiz type,

Indication of ving conditions in the indoe-

tion syatem in the order of probable per-

ception to the operator are az follows:

f. Devrease in manifold pressure—dus o
resirietion of induction paasapgos, with
consequent lozz of power,

b, Changes in fuel-air rotio: the mixture
becoming either leaner or richer, Thiz
may cause gerious Ings of power without
any change in menifold pressure.

¢, Sticking of the throule valve.

d. leing indicator instruments — {if in-
stadled).

e, Surfoee icing — of [he winga or other
surlaves.

The meana and procedures for ice preven-

tion depend upon the manner in which the

fuel iz discharged into the induction syatem.

a. Fuel injected immediately downstresm
from the carborvetor {includes all Prati
and Whitner Aircraft engines with
float carburetora and the Twin Wasp C
series). When the fuel ja injected im-
mediately downstream from the far-
buretor & congiderable volume ia avail-
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h,

able in which fuel, evaporation ice can
form, Turring vanes-offer a convenient
gurface for the ice to eling to and
complele blocking ol the passage can
guickly oeeur. With thia tvpe of equip-
ment, efective prevention of ice for-
marion ia ohtained by maintaining the
temnperature of the alr entering the
parburetor sufeiently high =0 that the
temperature drop due to evaporalion
will not reduce the temperature in this
erities] repion below freezing, 10 F
(40 Cy earburelor air temperalurs
should be used when possible ice for-
mation conditions are pressnt. Az the
prevention of evaporation ice vequires
fhe maximum depree of heat the other
icing poaibilities are taken care of ade
quately, Do not apply greater pre-heat
eontinuously a8 each ineresse in car-
burelor fir  temperaiure  Pepresenls
pozaible loss of engine performance
and excesszive carburetor heat can lead
to detonsation.

When [ving in sub-freesing tempera-
tures the aperator must guard againzt
using Inzufficient preheatl. It i3 possi-
ble, when uaing "eold™ air, for the con-
tained molsture o puss through the
enging without changing ita lTare.
However, il the rcarburetor sntrance
temperaiure i3 elevaled 1o 3280 F
(=230 this moisture will e changed
firat from a frozen to u licuid condition
and, when fuel evaporation takes place,
will return to the frozem zinte in the
induction passsgres. Under such condi-
tions either use 100 F (40 C) prensat
or leave the air femperature contirol
alone,

Fael injected at or downstream from
the face of the impeller. (Includes en-
Finea with spinner injection.) With this
equipment fuel evaporalion iee is na
longer a eritieal factor, Cenorally 60°F
(16 C) prehest will be adequete to pre-
vient ice formation, Whils & large pre-
heat capacity i3 nob needed o prevent
iee Tormation, the instant availability of
a temperature increase of 100 F (56 )
or more will ensure the ability to re-
move iee already formed. Some engines
in thiz category require definite reatric-

USE HEAT FOR PREVEMTICN }
IT MaAY MOT BE THERE FOR CURE jy

tiona in the use of preheal in order to
prevent detonation. This iz eapecially
true when uvaing the high impeller ra-
tio of a single-stage, two-speed engine.
For more defipite information regard-
ing individual engines refer to the appli-
eable apecific operating instruction.
Removal of ice cauging losa of manifold
pressure is hest aecomplished by uae of full
parburetor hest, IT the prehest capaciiy ia
gufficient snd the remedial action has not
heen delaved, it is & matter of aeconds until
the ice 18 removed, The preheat capacity can
b increased by applving more power and by
cloging the eowl flaps. Hewever, removal
af fee which causes leaning or enricloment
without manifeld preasure logs may require
application of limited heat for exiended
periods of time before the condition ia cor-
rected.

If the ice formeation iz allowed to progress
to m eritieal extent the logs of power may

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

make it impossible to genecale sufficient
heat Lo clear the engrine. Becanze of this pos-
gibilitr it s imperative that the crow be
alert 1o poasihle icing conditiona and take
remedial aotion while it ean atill be effective,

Uperation of the engine al high bmep (large
throttle npening and low rpm} may assist
in minimizing the poasibility of ice by re-
ducing this ohetruction acroas the sirflow,
Alss, g eharge of altitude may reault in
nding ice-free conditions,

There is record of zome operalors clearing
ice by cauzing the engine to backfire. This
rigoroua procedure should be resorted to
only in extreme emergency and it is im-
portant to ensure that the carburetor heat
control s in the “eold™ position and the
Alter i “off” so as to prevent damags to
theae items,

—
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GENERAL OPERATING INSTRUCTIONS

FLIGHT OPERATION—CLIMDE

CLIMB

Bagically climb differs from level fight only
in lowered sirspeed, An airplune towing a
glider in level flight is aubjecting its engines
to the same conditions as in an uneneumbered

climb at the 2ame indicated airspeed. The high-
er powers ueed for climb combined with redoced
cocling airflow call for clozer attention to cvlin-
der and oil cooling,

PFOWER
Maximom
Milicary Serviees Militarr FRated {Time
Limited)
All Obers — Normal Rated

[Special rutinga may be available on speeifiz
engine madelzs)

Recommended

All Mermal Operations — 8% of Marmel Roted
: Fower ar Less
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SPEED AND PRESSURE — HPM AND
MANIFOLD PHESSURE

Select rpm to give power within limita shown
in Fig, 38, Greater than Mormal Bated bmep
should be uzed only when it i2 known that
definite advanteges are obtuined. 1€ the climb is
continued abowve the critical altitnde for the
power and rpem aeslected, increase the engine
speed 20 rpm for each inch reduction of mani-
fold pressure.

MISTURE — FUEL-ALIL IRATL

tich mixture is uaed in climb Lo assist the
limited girflow in maintaining the desired cyl-
inder temperatures, and to counterset any lend-
ency of the charpe to detonate because of the
heat rize through the supercharger when the
chngine i operating al a high percentage of
Normal Rated rpm.

1. Aulomalic Carbureiors: On current engines
provided with automatic corburetors, rich
mixture is provided by positioning the con-
trol in automaetic rich, An indent on the
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lateh cover of the mixture control can be
falt through the cockpit conlrol, and, proper
positioning positively azsured. As new de
velopments take place different nomencla-
tures may be used to denote proper mix-
tures, Conzult the applicable specific oper-
aling inatruclions,

2 Mon=Automatic Carburetors: Bich mixture
is oblained oo poc-antomatic carburetors in
the full forward position of the control.
Above 20H Teet it may De neceszary io re-
tard the control to compensate for the effecl
of altitude on the uneompensated carbuare-
tor, This retarding should be limitad to the
amount required Lo meinlain smoeoth oper-
ation.

CHARGE TEMPERATURE — CARBUHETOR
ATR TEMPERATLHE

Any neceszary use of preheat during the
climb must be elogely contrelled =0 Az not to
increaze to a ervitical wvalue the high mixture
temperature resulting from high ypm. 1f deto-
natlion iz encountered during the elimb, the
most effective correelive actlon is to reduce
manifold preggure snd rpm. The rpem is reduced
to lower the impeller spesd, thus reducing the
superchergper heat rige. The lowering of mani-
fold pressure is necessary in order 1o stay with-
1t bomep limits,

The carburefor entrapce temperature limit
for single-slare, single-speed engines at normal
rabed rpm, or greater, i3 usually 100 F (40 .
When higher entrance femperatures are re-
quired to eliminate ice already formed, reduce
manitold pressure and rpm 2o that the final
churge temperature will not be excessive,
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GENERAL OPERATING INSTRUCTIONS

FLIGHT OPERATION—CLIMHE

CYLINDER HEAD TEMPEHATURE

Two limitieg evlinder head temperatures are
tabulated for the specific operating instructions,

1.

Abszolute Maximom

This temperature ia allowed for a limited

peried during the conditions of climb and

maximum power in level light, It muat he

reriembered that the high cvlinder pres-

aures enoounterad duving theae phosges of

nperation imposs high stresses on the head

material, and the maximum temperaiures

should not be allowed at this lewvel for a

longer period than is necessary. Exceeding

thiz limit seriously weakena the heads.

Ample experience has proved that it iz safe
to use the sbaolute limiting head tempera-
ture provided the time perind apecified ia
not exeeeded, The richer mixture wsged
under these conditions nsaizts in meintain-
ing combuation chember temperatures with-
in proper limitz, By allowing thia limit
during climb and high apeed level fight,
the zireraft manufacturer can provide the
necessary conling airflow during these tem-
porary  conditionz  without 1mnecessarily
gacrificing continuous performance,

Maximum Continuons

Thiz iz the maximum cyiinder head tem-
perature for continucus operstion regard-
lesgs of power. While maincenanee of tem-
peratures ot this limit will give sade opera-
tion, dependability is increaged by holding
& lower temperature in order to increaze the
operating streneth of the bead maeterial,
Where pozaible, the cylinder temperature
should be maintained below 400 F (200 O)
during climb and leve] flight.

Any tendency on the part of the head tem-
peratures to remsin high during climb ahaould
be countoraslod as follows:

1. Cowl Flans — Inerense apening ta the maxi-

[whare pro- mur permitted by che alrplane
wldeady characiargtica.
2. Alrgpesd Inerease airspeed by reducing the

rate of clirch e inereass coollng
uir pressure at front of engine,

i, Fuel-air Hatie — Mixlume aubomatic rich or as rich
na  poseible consistent with
aimoelh vperation in the cuse of
non-nutomatic carburators,

4. Mower - Pezuer manifold  prossure and
rpm w0 reduce Lhe smount dhﬂ;
EenaTRm,

LUBRICATION

Where manual centrol of oil temperature iz
provided, the oil cooler control should be set to
maintain the desired temperature. When the
control, whether manus] or automatic, will not
pive the neceasary tempersture regpuletion, tale
the follewing steps:

. Reduce rpm and manifold pressure,

The rpm reduction reduces the amount of
hest transmitted to the oil by lowering
engine Lriction, The mapifold pressure re-
duetion max be necessary in order not to
excead bmep limitationa,

A reduction of power unaceompanied by &
reduction of rpm haex little effect on il
temperatiare,

2. Increase sivepeed withoul ineressing power,

When manual o] temperature regulation iz
provided, in extremely cold weather excessive
ol temperstures are wzuelly the sign of con-
grealing in the cooler rather than excessive heat
in Lhe engine, In this case, clesing the eonler
ghuttera will thaw the oil in the cooler and
restore normal operation.
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TRANSITION FROM CLIMB TO LEVEL FLIGHT

SPEED AND PRESSURE — HFM AND
MANIFOLD PRESSURE

A e A

Establish level flight power by first reducing
manifold pressure and then reducing engine
speed. Select a manifold pressure and rpm
rombination which aatiefiea the reguirementa
of Fig. 36,

CYLINDER HEAD TEMPERATURE

114

Delay cloging cowl flapa or leaning mixture
until the evlinders have cooled down below
A0 F (200 ). This delay serves not only to
eonl the crlinders after the elimb but to bring
to desirable temperatures the entire power-
plunt, Cloge the cowl flaps graduslly az the
speed increases.

MIXTURE — FUEL-AIR RATIO

Change to cruising mixture after the engine
has cooled and stabilized cruising airspeed hasz
been attained. The mixture is adjusted last to
prevent the combination of & lean mixture and
A warm engine, An engine that ia well cooled
will mot detonate under cruising conditions,
whereas introducing s lean mixture in a warm
efngine can result in ineipient detonation which
will prevent the engine from cooling.
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FLIGHT OPERATION —LEYEL FLIGHT

GENERAL OPERATING INSTRUCTIONS

LEVEL FLIGHT

Approximately 95% of Hipht time {9 gpent in this enpine operating condition and,
therefore, has the greategl influsnee on engine durahility and owversll economy.

POWER: The lowest power thal will give the desired aireraft performance within the following limita:

Maximum Hecommended Maximum

Miitary Operation —  Militery Rated Tower All Hermal  Operation — Maximum  Croise
{Tle Timited) Bating
- Bt ot Engin reice
All Dhes - }-'E_lai?*fu*f Cantimaeis ]ifrg;;:r:‘;ﬂnls. ns
|FExeept whera sp=rinl Eﬂﬁ'ﬁi pawer

raliope apply)
SeuRE

'

I ETURE 5§ f”r"'ﬁ'h,
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SPEED AND PRESSURE — RPM AND
MANIFOLD PRESEURE

Obtain desired power within bmep limits aa
ghown on Fig. 06, Where aireraft manufac-
turer hus provided complete eruize control in-
formation, nae hiz dats for precise control.

MIXTURE — FUEL-AIR RATIO

All operation in exeesa of Normal Rated
power must ke with rich or automatic rich mix-
ture for continuous operation. For powers be-
low Normel Rated, Pratt & Whitney Aircraft
recommends limits for power, Tpm and bmep
for use with lean mixture, While these recom-
mendad limits sre ool mendatory the use of
lean mixture sl greater powera should only be
attempted on the basia of analyvzis aa to the
advantages to be obtpined, The use of lean or
automatic lean mixture at any time must be re-
gerved for favorable conditions of cylinder and
il temperature,

The use of lean or automatic lean mixture
under cruising conditions is ecssential if the
potential fuel economy of the engine is to be
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PERCENT OF POWESR OFTAINASLE WITH

realized. It is intended that cruizing lean mix-
tures be used under favorable conditions of
operstion. When it i not possible to maintain
eylinder temperatures within maximum con-
tinuouz limite the mixture muszt be returned to
the rich or auntomatic rich pogition,

Many pilots have noticed a chenge of power
while haolding constent menifold preagure and
rpm when reducing the mixture strenglh to
leans values, The loas of power is directly evi-
dent, if & torgquemeter is instelled, or it may
be noticed hy & alight reduction in airspeed.
Thiz drop in output iz the normal result of
rediacing mixture strength below best power

E

SEET POWER M{XTURE
=
o

[CONSTANT RPH AND MANIFOLD PREFFIRE ]

JOEd Jara Ldan S383 Ko AR aa
FUYEL — A FATIO
Fig. 3% — Power vs Fuel-Air Ratia

fuel-air ratio and does not mean that the eeon-
omy of legn mixture operation iz being lost.

Il the operator has available eperating curves
covering automatie rich and automatic lean
operation, the extra manifold pressure neces-
sary to obtain the desired performance can he
readily determined, When auch infermation is
not available the theottle should be adveneed
to regain the airspeed lost when the mixture
was leaned.

1, Automatic Carburelors

Current engines, equipped with automatic
cerburetors, have the lesn mixture position
indicated as Autometic Lean, YWhen the

S T i . am i ' s ..



CEMERAL OPERATING INSTRUCTHIMNS

FLIGHT (HERATION—LEVEL FLUGHT

ALPRON AT FUTL-AMR RATIG

MIXTURE CONTADL POSITION

Fig. 40 — Fuel-Afr Rotio vs Mixtvre Control Position

mixture atrength s to be reduced the con-
rrol zhauld he retarded by placing it in the
automatic lean position, An sutomatic lean
indent is provided that esn be Tell during
the control motion, [ For carburetors with
pwormal and rich positions, reler Lo Page
Al.)

The gquestion ia raized in many aources as
to the possible advantegpes of manual lean-
ing between, antomatic lean and idle eut-oft,
On carburetora of previous and current
manufacture, thiz s nol & procedure Lo be
attempted sxeept under conditiona sllowing
the closest altention tw this vperation and
in installationz provided with instrumenta-
tion for the purpose, Puorthermore, the re-
latinn betwean mixture control travel and
fuel-uir ratio (5 extremely sensitive and
such that accurate control iz difficult.

It will be aeen that a sudden drop in mix-
ture strength ocours with o very zlight mo-
tion of the control. Under all normal con-
ditions it is;, therefore, recommended sl
lean mixture operation be performed with
the control placed in the auwtomalic lean in-
dent,

Ag pew developments lake place, individual
models of carburetors may be provided wick
mixture regulation allowing manusl leaning
and g different nomenclature may be used
to distinguish proper mixture positionz, For
exact information consall the applicable
specific operating ingtruction.

2, Mon-Antomatic Carburetors

a, With manually contrelled  two-position,
or lixed position propellers:

Referring to Fig, 39, it will be noted that,
as the rich mixture vzed in climb iz
leaned outl, the power developed inereases
until the rich best power getting is reach-
el remains virtually constant al & maxi-
murn between rich best power and lean
beeat power; and decreases rapidly as the
mixture iz leaned out bevond lean best
power. When a propeller iz used which
cen be keld in one piteh position, any
change in power s accompanied by =
corresponding change in rpm. This rela-
tionship iz made vae of in zetting the mix-
ture for level fight as followa:

(1) Fix throttle to the desired rpm and
menilold pressure and adjust car-
buretor air temperature for contine
uous operation.

(2) DLean mixture until rpm reaches o
maxirmum valus. Thiz i3 rich hest
power and is the full extent to which
the engine may be leaned when oper-
ating between 65-T5% power, In lean-
ing to thig condition it will be nor-
mal to po slightly beyond the point
where maximum rpm s firsat noted,
The controal must be returned to this
point, making zure that control link-
age backlash 15 aceounted [or.
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{3} Below 669% power the mixture can
he reduced io leon best power hy
petarding the econtrol begrond rich
heat power until the rpm slaris io
full off, Tra not lean bewond a 10
rpm drop from meximum rpm.

b, With Coenslant Speed  (Variable Fiwh}
Propellers
As the constanl speed propeller provents
any rpm response to power changes canged
by mixture varialion, mixture regulation
must be ellained by other means,

{117 Fuel-Air Anolyzer
¥ a suileble fuel-air analyzer is
inztallad, the mixture can be leaned
sn that the Instrament readings are
in secordance with the values speci-
fied in the apecite operating inatroe-
tionz for the engine,

(2} Mo Instrumentation
With no instrumentation, manusl
leaning cannnot be done safely az
there iz nn resclion from engine or
instrument Lo advise the operator
that zafe conditions arve Deing main-
tained. Manusl leaning ia permitted
only to the extent reguired 1o smooth
out engine roughness regulting from
the effeet of altitude on the wnecm-
pensated carburelor,

When manual mixiure adjustment iz used it
musl be pemembered that the conteol position
grives the correct fuel-air ralio only for the con-
ditions under which the adjustment 5 made,
namely: power, rpm, carbireior air fempers-
ture, and altitude. I any of these conditiona are
changed, the mixture muat be reset. There is no
definita mixture control pozition corresponding
to any specific eombination of manifold pres-
sure and rpm, but the following will serve as a
formula to enshle the operator to maintain a
proper mixture strength:

(4} Advanes Mixture Conirol [(En-
rich Mixiure] when:
Manifold pressure increassa,
Bpm increases,
Carburetor air temperaiure de-
CRERIRs,
Altitude decresaes.

(b} Retard Mixtore Contrel (Lean
Mixture) whent
Manifold pressure decreases,
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LEpin decreazes,

Carburetor air temperature in-
CTEHECE,

Alritnde increansed.

CHARGE TEMPERATURE — CARBURETOR
AIR TEMPERATUHRE

With Wasp Jr, Wasp, Twin Wasp Jr and How-
net engines, oF other Pratt & Whitney Aircraft
engines naing Aoat-trpe carburetors, it ia de-
sirable to maintain a constant 90 F (30 C) car-
buretor air temperature 1o engure freedom Srom
icing and to assist mixture distribulion.

Op all enpgines it will be necessary, under. ice
formation comditions, to inerease the carburetor
entranee Lemperature either to eliminate jce
already formed or to maintain & carburetor air
temperature thal will enzure freedom from ice
formation. In sueh circumstenees: the immedi-
ate coneern i8 freedom from ice, but it should
be realized that sz an indirect resull the mix-
ture charpe temperalure iz being increased.
The maximum Emit, vaually 100 F (40 C}, muzt
be chacrved, Refer Lo the applicable specific
operating inslrnetions for the engine in gues-
Tiom.

The uae of & 100 ' (40 ) carbuvetnr en-
trance temperature will effectively prevent ice
formation al all Limes. Howewer, when ice has
formed it may be necessary to use the entire
preheat capacity to eleer out the induction sye-
tern, Under such circumstances the engrine rpm
zhonld be below H5% of Normal Rated zpeed.
Atrer the jce has been cleared, the carburetor
air temperature should be reduced to below
100 F a0 o).




GENERAL OPERATING INSTRUCTIONS

There is no minimum carburetor air tem-
perature. Full cold nperation in sub-zero condi-
tions can be enlirely satiafeetory, and ss long
@8 jee formation iz not encountered there ahould
be no reszon to apply preheat, unlesa the fuel
requirez some heat to aid in vaporization and
distribution as indieated b¥ rough running.

CYLINDER HEAD TEMPERATIRE

The specified maximum cylinder head tem-
- perature for continuous operation is established
o ensure prevention of detonation and to main-
tain the strength of the head and piston mate-
rial in spite of the high combustion tempera-
tures resulting from a lean mixture. Excesding
thia temperature limit with lean mixtires will
result in detonation which  will materially
% cem the cylinder hesds and pistona and re-
e the life apan of the engine. Engine life
will be appreciably incressed by malnlaining
eylinder head temperatures helow 400 F
200 C), and every effort consistent with air-
ft performance should be made to pperate
thia temperature.

', deacent ean be conzidered s con-
of level flight, maintaining the gume
8 of power, hmep, and temperature

nEtant power clitput haa been maintained
ereasing the rpm when the critical altitude

FLIGHT OPERATION—LEYVEIL FLIGHT

In attempting to obtain evlinder temperature
contral by mesna of mixture regulation, the
apuerator must bear in mind that o decrease in
cvlinder head temperature ia not alwaye ob-
tained by advancing the mixture control from
automatic lean to automatic rich. On many en-
gines carburetors are =0 adjuated that the autn-
matic-lesn position provides approximately heat
goonamy  mixture strength in the eruising
range. At corresponding powers the sutomglic
rich position will rezult in approximate lean
beat power mixture strength. Under these con.
ditiona in Lhe cruising range automatic lesn
will reault in cooler exlinder temperatures than
automatic rich., Above approximately 70%
power autormetic rich will alwayrs reault in conlar
exlinder temperatures than automatic lean.

LUBRICATION

The procedures cotlined under Climb apply
equally to Level Flight,

DESCENT

for the normally selected rpm and manifold pres-
sure Was pessed, maintain the desired power dur-
ing the deacent by reducing the engine spoed by
sl rpm for each in. Hg gain in manifold pres-
gure, After passing the normal setting critical
altitude, regulate power by throttle adjustment.
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 GLIDE AND APPROACH

The transition from eruising descent Lo
glide and approach oceurs at the time that
the aircrafl iz alowed down for extending
the undercarriage and when entering the
airport flight pattern. From this point
until setuelly landing, the pilol will want
the engine in & condition to respond im-
mediately to any demand for power, from
a moderate inereage for maneuvering Lo
il take-off rating in caze of emergency.

SPEED — RPM

As Take-off rated rpm may be required
in caee full power is needed, the propeller
control ghould be advanced to a position
which will reault in #6-90% of Normal
Rated rpm when the propeller iz govern-
ing. The control ia not advanesd to the
take-off rpm poaition, as & sudden throttle
opening would rezult in serions orverspeed-
ing which may amount to B00-E00 rpm
with some propellers, 1f the need for full
power does occur, advaneing the throttle
will give immediale power responae and
the rpm contrel can be adjusted later,

With two-position propellers, the rpm
control should be placed in the high rpm
position. With either LiEo-osition Or Son-
stant speed propellers, the control position
ghonld be adinsted at an aircraft speed
sufficiently low #o that overspecding does
not result,

Ag a variable pitch (conatant speed) propel-
ler will be in fixed low piteh b the low power
used, engine power control will be obtained en-
tirely Ly the usp of Lhe throttle,
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GENERAL OPERATING INSTRUCTIONS

der of the flight to obtain satisfactory accel-
- eratlon responze and to ensure engine protec-
tiom in casg of 4 sudden need for full power.

CHARGE TEMPERATURE — CARBURETOR
AR TEMPERATL RE

Under conditions leading to ice lormation,
“maintain 100F (40C) carburetor entrance tem-
perature. In the event of a sudden applica-
‘fjon of full power, the carburetor heat control
st be resdjusted immediately, az the in-
Cerease in power will cause & rapid rise in the
citlable carburetor heat.

NDER HEAD TEMPERATURE

& cowl flaps, where vaed, should be open
dv (trail position on some inatallationa),

or b

FLIGHT OPERATION—GLIDE AND APPROACH

The remainder of the flight iz ut low airspeed
and the airflow is needed for ignition ayvatem
cooling. In case there is & demand for full
power, the engine will receive sullficient cooling
to prevent a4 serious temperature rise, and the
vowl] flapa can be later readjusted after taking
caTe of more urgent items,

LURBRICATION

Where munual oil cooling control {2 pro-
vided, adjust shutters to maintain the desired
temperature condition.

CHECE LIST

Aa in preparation for take-off, a landing
check-off liat is recommended:

1. Mixture ~ Rieh [Auromatic Rich

2, Fpm — Bh-00% Marmal Tt

4. Fuel Heleclor Un gaitable tank®

4. Carhuretor Heat — Told; vr I00F (4047} if
iwing conditichs are present

. Cowel Flaps — Trail ar 2 in, cpen

. Tl Crealer Cortra’ — Az meaded

*Frperience has shown that tkin itemn cannol be
mentioned pao aften,
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LANDING

SRR

The cowl flapa are to be opened as soon s- ik
ia practieal during the lunding roll o remove
any obstruction 1o the dissipaution of the neat
stored up in the engine and 1o be prepared for
taxiing.

e )

TEMPESATURE W0

et

i
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SHUTDOWDN

&
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With the cowl flupa tully open the engine
ahouald be idled for a sufficient length of time o
eool the eylinder head temperatures to below
limiting shut-down temperasures 400 F {200 ).
Shutting down a warm enging results in lesving
an excessive amount of heat stored in thir mass
of the engine, with no means of conducting it
away except by convection currents.

Shutting off ithe engine is secomplished as
follows:
1. &hut off hooster pump (if applicable).
2 Move mixture control to idle cut-off or
full lean, with the throttle open to any
idling zpeed.
wNoier T is ool necessary Lo open the Uhrottle ox the
engine cuts off,

5 When the engine atops rotating, turn
off the irnition

4. Leave cowl flaps fully open Tor at least
15 minutes,

b

AT MM S

Fig. 41 — Engine Temperatures After Shutdawn

122

s e i e T I IR R I



GENERAL OPERATING INSTRUCTIONS LIGHT OPERATION—LANDING TO SHUT DOWN

HEATED AIR
CONFIRED

LT

Iy

BAFFLE SEAL
ACTE A5 BARRIER
T CARCULA TYOWN

CAAL AFR
HEFPT QUT

)

Even though the engine ia properly cooled
prior to shutdewn, it still contains a large
amount of heat, and it takes a conaiderable
time to remove the heat that ia atored in the
mags of metal. The only means of removal are
the convection currents get up within the eowl.
Cool air enters the lower portion of the power-
plant and rises to the top of the engine com-
partment. Unless a ready exit is available, this
hested sir remains static at & temperaturs
which will damage the Ignition harnesa.

Aa the mixture control lever 18 moved into
idle cut-off or full lean, an opportunity is af-
forded to check the idling mixture aa diseussad

HEATED AR
RELEASED

A LM T TES

under ground testa.
If the engine does not stop with the mixture

control in idle cut-off or full lean:

1. Cloae throttle,

2. Bhut off booster pump (if applicable).
&, Cutl ignition,

4. Blowly open throttle.

(5. Have idle cut-off checked)

Opening: the throttle, with the ignition cut,
leans the mixture to & point where combusation
cannot be maintained.
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ADVANCED SUPERCHARGING

FOREWORD

A pilot waos: preparing 1o take of n an air-
plane powered by an engine eguipped with a
two-stape, two-spesd zupercharger, He waz a
conscientioug pilor and, noticing that hiz csr-
buretor air temperaturs gage wag indicating
very cloze to 400, he recalled an instruction
which atated that in such circumstaneesz, a dif-
ferent degree of supercharging zhould be used,
Taking: thiz instruction hterally, he chapred
the degres of supercharging in the only avail-
able direction: That is, he shifted from "neu-
tral™ to “low” and intently peered at the car-
burctor sir Lemperature gage, The lack of
change on this instrument dide™t fool him, He
ghifted from “low" to “hiph As there was
still no choange, he made 8 decision, logical to
him, that it apparently maede go partienlar difts
feronce which stape of supercharging wes be-
ing uzed, S0 he took off with the auxiliary
atare engpaped n high ratio, Afier metiing
buck Lo the ground by the "skin of his teeth™
it can be imagined thot this pilot then realized
thal ignorance iz not alwaya bliaa.

In this demonstratios the pilet vialated the
following procedures for the use of the twe-
atage, two-speed enging:

1. He attempted to oblain power by uae of

the puxiliary stape under condilions

where the auxilisry siage cannot pos-
sibly provide girflow to the power see-
tian.

He rveduced the power furniahed to his

propeller by the smount required to turn

the auxilisry supercharger,

4. He enpaged his suxiliary superchorper
2000 feet below the allitude where it 1z
adventapgeous to nse the auxiliary atare,

4. He engaged the auxiliery stage under
air temperature conditions which would
have very probably resulted in detona-
tinm if the suxiliary atape conld have
supplied air ta the carburetor.

B, And, most important, be did not know
what he was doing,

In extenustion it must be stated thal no pro-
vision had been made to provide bim with in-
formation essentisl {o & proper knowledpe of
the functioning and contro]l of this fype of

supercharger.,

[
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The supercharger degeribed in the chapter on
the Induction Syztem iz a single-stage, single-
speed supercharger and its effect upon engine
aperatioh 8 relatively small. Other thsn the
oheervance of neeessary limita of manifold pres-
sure and carburelor aiv temperature, 112 addition
{o the engine does not regquire dilferent consid-
erationg than would apply to an unsepercharged
argEing,

The never-ending search for mesns Lo increase
the altitnde range of airersfl performance acon
exhausta the abilitiez of enginea squipped with
sitch simple air compresaors sand more complex
systema must be used, Fuch step of additional
supereharging capacity increases the proportion
of the engine's operating charscteristica that are
directly affected by supercharging, and it be-
comes nerecasingly exzential that the operator
underatand the final efect on power aection
functioning sa the vesult of using the super-
charper controls

The title "Advanced Rupercharging™ is ured
advigedly. The resder should not be misled
inte expecting o profound freatisze dripping
with the erudition of the desipn room and the
development laborators, The following pagea
deal with the subject vaing only those factors
which are of direct cockpil interest and contral,

Befors poing to the next step in supercharg-
ing it is well to retrace the original discussion n
order to examine more Thorenghly the zipnifi-
canee as to operation of the supercharger and to
introduoce naw factors whickh must now be in-

cluded,

PURPMOSE OF SUPERCHARGING

Airplans *A" will go 286 mph while airplane
"B is papable of 236 mph. Al frst glanoe “A"
st be 2uperior to "B However, without the
qualificgtion of sn additional factor, the com-
pariaon is of little value, Al what altitude will
airplaned “A™ and “B" attain these maximum
apeeda? If airplane “A" wuat go to 20000 feet to
be able te go 285 mph apd "B can da 236 mph
at aea level. “B” is probably superior at low alti-
tude while "A" must o to considerahle height
before it can take the lead. The reason for these
varigtiohs in performance lies in the clect of
altitude on sirplane speed, and in the ability, or
lack of aility, of the engine o maintaina piven
power to the deaired altitude of operation. The

[ | [— | -
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'ﬁﬁm‘ﬂﬁ of supercharging is of greateat impor-
tance in engbling the engine to deliver [ls power
at altitude,

AIRPLANE PERFORMANCE VARIATION
WITH ALTITUDE

If, na altitude increases, engine power ean he
meintained, a guin in level flight high apeed will
Be obtained at the rate of, roughly, 1% per
thousand fect. In each eubic foot of mir at
levels there are fewer particles of air to
ge sguinst and retard the airplane,
a8 the constant speed propeller makea it
¢ Lo auatain approximsately  conatant

ALTITURE

FURPOSE OF SUPERCHARGING

TRUE AMAEAEED —MILES AED NSNS
Fig., 42— Alttvde v Alrplane Performance

thrust. The variation in airplane forward
speed With altitude at wvarious percents of
power ia ahown In Fig. 42,

ENGINE PERFORMANCE YVARIATION
WITH ALTITUDE

As the power delivored by an engine varies
with the amount of air it consumes, the per-
formance will fall off as altitude ineresaes when
operating with & fixed throttle position and con-
stant rpm, The volume of air drawn into the
eylinders will remain unchanged but the weight
of this volume and, consequently, the POWET FoT1-
erated, will diminish in proportion to the air
density as shown in Fig. 43,

This [s oot 100% of pawer
us defned by Lhe enpine
reting: il is L0O% of the
puwer phininahls st ges
level with wide cpen throt-
tle ard at a constant rpm,
With eupercharged en-
Fines, permal raled power
11015 rated wer) 18
asually lesg 10
of f‘.:ll}.' throtlle gen Tewal
power. The relntion shown
is. fundamental foar wll
engines, superchurged or
ursupercharged, provi
thal the impeller is driven
at o fixed ratlo o erank-
shart speed.

Fig. 43 — Engine Performance vs Alflude
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ALTITURE

TRUE AIFSPEED = MILES PER HOUR
Fig. 44 — Combined Airplane and Engine Performance vs Alilude

COMBINED AIRPLANE AND
ENGINE PERFORMANCE

Ty combining Figures 42 and 43 it i3 possible
to determine the altitude range of perfurmance
obtainable with a given airplane and engine
eombination. For example, point “1¥" on Figure
48 can be directly transferred to Figure 42 by
placing it on & point having the aame value of
power and altitude. Himilarly, the remaining
pointz of Figure 48 are tranaferred and form

SRAKE HORSLPOWER

ling A-B-C-D-E-F. Line A-F then becomes o
eurve of the perfurmance obtainable with the
girplane and engine combination using the rpm
ghown and at full throttie, If the engine speed
ia the maximum allowable the airplane is cap-
able of the performanes shown below line A-F.
If performence above line A-F is requived, the
engine power capacity must be increased. It js
the funetion of the supercharger Lo enable the
engine to have this increased power capacity.

ALTITUDE —FEET
Fig. 45 — Range of Restricted ond Unrestricted Operation
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ADYANCED SUPERCHARGING

If the airplane designer’s wishes could be
followed, the limity imposed by noturs would be
pushed back and the engine designer would pro-
virde & powerplant capahle of delivering constant
power unvarying with altitude, However, as the
faets of stmespheric life are inexorable, the en-
gine performance will invariably follow che path
ghown in Figure 43, If the deaived power must
be obtainable at 10000 feel the engine cupable
of mesting thia regquirement can give 1.4 timea
the desired output ot sea level and, at 20,000
feet, will produce but 68% of this power.
Therefore, the engine designer muat hase hia
desipn on what power ja required at what alti-
tude. The expess power gvailable st lower al-
titudes must be kept in check by proper obsery-
anee of limita and the operstor muast accept the
diminished output at hirher altitudes,

INCREASING ENGINE POWER CAPACITY

As the power developed in the cxlindera of the
engine dependa directly upon the Iba, per hour of
air consumed, the need for increased power ia
met by inereasing the engine's alr-consuming
CADACITY.

L= 1F]
L

LOW AR COMNSUMPTICN

1300
'y I.ISH:IR

="

HIGH AIR COMNSUMPTION
This increased capueity demand can he met by

1. Incressing the

PURPOEE OF BUPERCHARGING

2

a0 Bize of the eyvlinders

Objection—aize: Extra size of en-
gine resulta in ex-
cessive airplane
drag,

Inereasing the rpm

Objection—Centrifugal and inertia
loada become excessive
and valve action ia aome-
thing different than pro-
vided for by cam profile.
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3. Supercharging

Supercharging offera the most efficient
means of inereasing engine's air-con-
auming capacity. It accomplishes Lhe
aame results g increasing the size or
number of cylinders or inereasing tho
rpm but it sccomplishes these reaulls
with the least increase in welght or dize
of the powerplant.

The following table illustrates the variations
in required aize of an mnmeupercharged engine
in order to maintain 1000 hp to various altitudes
assuming constent rpm, compreasion ratio and
spark advance,

Altitude Ben Level 2000FL. 40MHDFL,
Altitude Power Copueity 1000 1aon 10
Full Theattle Power

Capacity at Sea Level 100 A% 414
Mo, of Cylinders of Snme
Gize Required id g ar

POWER, FROM AIR ENTRANCE
TO THE PROPELLER

To repeat, the power developed in the evlin-
ders is directly proportional to the WEIGHT of
air drawn into the cylinders, "Weightl” is em-
phasized as this is the only factor that can be
varied, holding constant rpm. Volume cannot
b waried.
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GLR G CACH W TANE STRONE
A FIRED PALLME OF CHARTE
E GEAWR INTE THE SYLINDER
Tall WILLHE NEKFER FARES
Qe Ris R OF AT TUWGE,
TEMBEGATIEE , THRGTTILE
EOEITICH, OF SERENE OF FLEER
CAASGIRET

The power that this charge develops in the
erlinder depends upon the volume of atmos-
phere that is compressed into this fixed charge
volume which can be varied by—

1. Change in charge presaure which can be
varied b

a. Throttling

PART THARAOQTTLE

FULL THRGTTLE

b, Change in carburetor entrance pres-
gure resulting {rom changes in alti-
tude

e i i — el MM R ERERERE



ADYANCED SUPERCHARGING

SEA LEWEL

,,@

30,000 FEET
o Buperchoarging

SUPERCHARGED

An inerease in the preggure of the charge iaa
favorable factor in increasing the weipht of the
charre and, consequently, increases the power
developed in the cylinders,

]

PURPOSE OF SUPERCHARGING

Change in cherie temperaliure which can
be varied by—
#., Change in atmoapherie temperatore

as%c

HIGH ATMQIPHERIC TEMPERATLUIRE

LW ATMOSPHERIC TEMPERATURE
b, T'ae of preheat

WITH PREHEAT
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e Bupercharging
1570

SUPERCHARGED BUT WITHIUT
ACCOMPANYIMNG TEMPERATURE RISE

& ML IMaGHERT COHNTICH

SUPERCHARGED "WITH UHNAVOIDABLE
ACCOM PANY MG TEMPERATURE HL'SE_
ANV incresas in the charge temperslure 18 an
unifavorable factor in incresaing the charge
weight and, consequently, lowers the power pro-
dueed in the cylinder,

After the power iz developed [rom the charge
that is drawn into the cvlinder, a flow of power
(ihp) starta toward the propeller. However,
eontributions muat be made from this flow Lo
power-abaorbing sgencies within the sngine be-
fore the useful balance aveilable at the propeller
ghaft can be measured, These are:

1, Friction horsepower

The power expended Lo overcome the inter-
nal friction within the engine and to drive
the various engine accessoried. While, in
practice, this item is of apprecinhle magni-
tude, it does not vary to any grest extent
hecauge of changes to be considered in this
disenzzion, Therefore, the engine will he
considered as being frictionless,

2, Supercharger horsepower — (nften lumped
together with friction horsepower)

The impeller is able to expend power on the

incoming charge because it receives power

from the erankahaft. This power iz o

diveraion from the flow of power from the
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exlinder to the propeller and is an important
factor in determining the owver-all gain
from aupercharging.

FOWER DEYELOFED
Ih THE CYLIMDERS

FOWER ARSORABED

BY THE IWMPELLER

1050
IHP

|
FOWER DELIVERED
TO THE PRGFELLER

SUPERCHARGING BASIC FACTORS

The effect on charge pregsure and charga tem-
perature by compreasiown, and the ameant of
power required to drive the impeller are the
three principal measures by which a compari-
gor can be made of various superchargers.

1. Effect on charge pressure
Messured by pressure ratid — the ratio
petween the pressure af the air entrance
to the pressure ot the supercharger exit
(manifold pressare],

_ MAHIFOLD PRESSUAE
PAESSURE AATI0 = Foee C e BRFSSURE

MODERATELY HIGHLY

SUPEACHARGED SUPERCHARGED

P * matio=23 = 5 =50 _ 5.
RESSURE RATIO T PRESSURE AATIO T =

Tt iz sufficiently securate for the purpoas
of this discussion to assume that these
presaure ratiod will remain conatant with
change of altitude. (Actually, there iz &
small percent of increase with altitude

T
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ADVANCED SUPERCHARGING

PURPOSE OF SUPERCHARGING

which would not add enough to the aocu-
racy of thiz pressntation to be recognized),

For example: at 18 000 £, the temperature
of the air at the entranes i3—23°0.

For exomple, st 19000 feet the entrance
pressure is 14,3 in, HE,

MODERATELY HIGHLY
SUPERCHARGED SUFERCHARGED
_214 88
PRESSURE RATIO=TI==1.51] PRESSURE RATIO® == w2t

2. Effect on charge temperalure

Measured by temperature rise — the dif-
ference between the temperature of the
charre at the entrance and the charge tem-
perature at the aupercharger exit. Thia
rise ia the inevitable rezult of comprassinn
together with unaveidable fAwid friction
and turbulence,

MODERATELY HlGHLY

SUPERCHARGED SUPERCHARGED
TEMFERATURE RISE TEMPERATURE RISE
= 45%- 8" = 30" =Ep®-|5%= ag"c

Aa with the caae of pressure ratios, it will
be azsumed that temperature riges remain
eonstant ol w given rpm regardlesa of
changes in air entrance temperature, air-
fover aa controlled by throttle position o
girflow as determined by the altitude of
operation. Actually, there ia but a slight
deviation from thia assumption.

CrunE BRELEAE - M M5

MODERATELY HIGHLY
SUPERCHARGEL EUPERCHARGED
TEMPERATU AISE TEMPERATURE R
Ak il v A =+23%- (=p3%)=

Beaides its effect on power, the charge tems-
persture i3 a very important measure of
the tendeney of the charge to detonate.
For any grade of fueal a cloge relationahip
exiats between the temperature and the
preszure of the charge which defines the
limit of normal safe combustion, If the
charge pressure i2 Jow it can tolerate a
high temperature, or, conversely, if the
temperature is low a high pressure can be
zafely impoged.

The limita resulling from thia relationship
can be ghown graphically sz Tollows:

%

x

a8
CRALEE TEMpENATLRE T

Fig. 4& Chorge Temperoture vs Detonotion

The implication of Figure 46 above iz that,
an the charpe temperature iz inereased, it
becomies necessary to prohibit the use of
that portion of the engine's power capacity
that lies in the detonation range.
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ASANE WONEE PORES
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3,

For example, if the engine must be capa-
nle of operating at sen level with a carbure-
tor air temperature of 40 C and the super-
eharger heat riae iz 46 C the resulting
charge temperature will be 95 C. The
maximum uzable power must nol require
the use of a charge pressure, which, in
combination with the chargpe temperature
of 96 C, will produce detonation,

AaLrTens

Fig. 47 — Mecessory Power Restrictions
for Detanafion-Free Cperation

Bupercharger horsepower

The power abaorbed by the impeller varios
ag the square of the veloeity st the impeller
rim, With & wiven impeller this variation
will be sa the square of the rpm,

4| IMPELLER
DARIVE RATIQ

12l IMPELLER
DRIYE RaTIO

%FA LEVEL SUFERCHARGER HORSEPOWER
AT FULL THROTTLE

This discuaaion will be baged on the prem-
ise that st conalent rpm supercharger
horzepower diminishes with altitude in
propovtion with the decrease of brake
horsepower. Thiz iz accurate within the
limitg of accuracy of the assumptions of
constant pressure ratie and constant tem-
perature rize,

PWA, OL 100

12:1 I PELLER
GRIVE RATIO

&il IMPELLER
GRIVE RaATIC

18,004 FEET SUPERCHARGER HORSEFOWER AT
FULL THROTTLE

In utilizing the aupercharger, the engine
designer ia reaching for the goal of maxi-
mum power gnstained to the highest pos-
gible altitude. By supercharging, he is
endeavoring to ohtain the maximum bene-
fit from the rosulting increased charpe
density without being penalized exces-
gively hy restrictions resulting from the
incressed charpe temperatura,

The atep by step development of the super-
charging syetems that follows nses the same en-
gine comporents lalbulaled below. All operation
ia at conatant rpm.

il

2

Power Beclion
Cylinder diaplacement, compreasaion ratio,
spark advance, valve timirg and lift and
fuel-air ratio,

Basic supercharger seclion (excepl un-
gupercharged engine)

Impellar design and diameter, supercharg-
er entrance, diffuser, collector and intake

pipeE.

The only variable used is impeller speed with
the oxception of the two-dlage engine,

Whereas many of these factors would be
varied to obtain desived altitude performance,
thev are design factora and not subject to cockpit
contral. The purposes of this book can beat be
served by following the effect of the one variable
over which the operator has control,

In the following pages g comparigom is made
of the different forma of supercharging nor-
mally used, The different factors involved are
ghown in this form,
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THPICAL UNSUARERTH *.FIGE.“
|| MORKMALLY &350 | RATED

FAESSURE RATIO 0.8
TEMPERATURE R-SC 0°C

TYPICAL SUPERC-ARGED

@E. o)

[

- - {E8E |
’ ] S
e
] T f";;]
120 ! -_l 30"

B=F

PRESSURL AATIR 211
TEMFIRATURE RIGE A5°C

FULL THROTTLE CHARACTERISTICS AT SEALEVEL

MEATE MORACEOETE

L AR - EETT

Comparison of Powar

ALFTURE - FEET

TGS AMREACED = M2
Effect an Airplane Performonce
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RESULTS OF SUPERCHARGING

Bupercharging does not change the fundamen-
tal performance characteristle of engine per-
formanece with chanre of altitude. A super-
charped engine obtaing 100% of ita total power
capacity at zen level, At any altitude, full throt-
tle power at constant rpm followa the same rela-
tionahip, as shown in Fig, 43,

Thia will be underastood if it is realized that
the supercharger has merely supplemented the
fized volume pumping capacity of the exlindera
with an additions] fixed veluome of eapacity.
With conatant rpm and wide open throttle the
aupercharged engine will alwaya draw in the
sare volurme of atmoaphere,

The power will diminish with increasing alti-
tigde ag the weight of thia fixed volume dimin-
ighesz,

The engine designer could have obtained the
aame reaults by incresaing the sise or number of
exlinders or, pozaibly, by incresaing the rpm.

The essential result of supercharging, then, ia
Lkat Lhe pumping capacity of the engine has been
incresasd and, with it, the capacity of the cylin-
der to produce power,

The supercharger illuatrated i3 a ginglo-ztape,
gingle-apeed supercharger becanas

1. The compreasion {8 aceomplizhed in one
operation or sloge

2, The impeller is driven at one fixed ratio to
the crankshaft

e el |
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TYPICAL SYSTEM WITH 61| IMFPELLER DRIVE RATIO
A , PREBEURE RATID IS

A | fra | TEMPE RATURE RisE
[

'Il.ﬂ:ﬂ\' Toea
U F‘h;:n HE;"” |LEE-."'HF

CHARACTERISTICS AT SEA LEVEL

FROSSURE RATIO L5
214" TEMFEAATURE RISE
' 30"

L.

CHARACTERISTICS AT 18,000 FT, ALTITUDE

FULL TARAT FLE < 45 7P
BRAKE  HOSEEPONTR

fanan
ALTTUGE — FEET

Comporisen of Pawer

AL FIFRN = FgET

PR AME RN — g iy
Effect an Airplane Parformance

SINGLE STAGE GROUND HOOSTING

STEPS IN SINGLE-STAGE DEVELOPMENT
1. Giround Boosling

The power developed by the engine in this ex-
ample is the maximiim vsable ses lovel perform-
snee which can be ohtained from the bagic power
gection, If the impeller drive ratio were lower
the engine would net reeeive safficient air to
develop this output, If the ratic were higher,
the ineressed charge temperatore would require
that the meaximum pressure be limited in order
Lo prevent detonation, The power availahle
within this restriction would be less than the
maximum power obtainable with the pround
boost supercharger,

The exampla shown wae selected to ilnatrate
that the given ground bocst supercharger pro-
vides the means of obtaining the highest poasi-
ble sea level performance. Any supercharger
that incresses the power capacity of an engine
over that obtuineble without supercharging and
which doea not result in a restriction of opera-
tion requiring throttling at low altitude is con-
sidered a ground booat supercharger.

Engines equipped with ground hoost super-
charging are uszed on basic training and light
tranzport aivcrall. The simplicity of operation
reaulting from freadom of restrictions recorm-
tend it for this class of sirplanes,

Effect on Installed Weight

Grranmnd-

, Unsuprreharped Boogted
Waight HITH LI
hp & 8.1 Roting TTh 101
wi/hp & 3L, Ll 1.0d)
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l-""_ﬂ‘"\- _.-'_'\\IHE::...IHE AATIO 211
o I TEMPEAATURE AISE
Q4™

FUuLL THROTTLE CHARACTERISTICS
AT SEA LEVEL

PRESSURE AATIZ
TEMPERATURE AISE 457G

FULL THRGTTLE CHARACTERISTICS
AT 18,000 FT,

FULL TR T - stA K A P
OOANE AN FERTHER

(]
AT URE = FEET

Comparison of Power

1i6

PROF Alrgefio— Yol
Effect on airplone Performance
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2. Low Altitude Supercharging

Stepping up the apeed of the impeller provides
the engine with the capacity to consime more
cubic foet of alr at any altitude, Near sea lovel
the enpine has the power capacity to exceed the
performance that hea been aet up as a goal by
the designer, However, beeause thia degree of
gupercharging results in an increased tempera-
{ure rise, the maximum usable power, or rating,
muat be sulliciently low so that the pressure
need eombined with the resulting higher charge
temperature will not produce detonation,

The maximum uzsble pewer within this Hmi-
tation iz lower than the usable power of the
ground-noosted engine provided with the opti-
mum impeller drive ratio and using the same
grade of Tuel,

In selecting this degree of supercharging the
designer haa aceepted the amall losa in perform-
ance close 1o 2ea level in order to gain consider-
able altitude cutput,

The engines using thia degree of supercharg-
ing can usually sustain thelr maximum ratings
boo BHEO-S000 feet. This charscteristic recom-
mendes their ingtallation on trapsport aireraft in
order Lo provide the required take-off perform-
gnee at girports located above sea Jevel and to
nhtain pood cruising performance at moderate
altitudes.

The usual crujaing powers of these enginea are
anstained Lo BOM-14000 feel which provides a
gubialpetory altitude range for medium distance
airline operation without cabin superc harging.

With engines equipped with a lower degres of
supercharging, engine speed is the only major
reglrietion in operalion, With the introduction
of altitude supercharging a new limit must be
nhserved, Thia new limil iz charge pressure and
ta indicated in the eockpit by the manifold pres-
BUTE gAge.

Eflect on Installed Weight

(iraund Alkitude

Baoated Huparcharged
Waight Lina BN
ko © 2L, Rating 1000 ol
wifhp W 8L Lm LA1E

[ £ " *

hp & 4000 fi. #73 a75
whfhp AUl £t L.14 104

-
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ADVANCED S3UPERCHARGING

THRICAL SYSTER WITH 13:1 IMPELLER DAIVE RATIO

FRESSURE RATIO 3:1
TEMPERATURE RISE &3%

FULL THROTTLE CHARALCTERISTICS AT SEA LEVEL
FRESSURE RATIO 31

TEMPERATURE RISE Bdi
g i

FULLTHROTTLE CHARACTERISTICS AT |9000FT.

SRLINE BN ECOOHYS
E3

FULL TMESTTILE — M E 7 o

AL T — SEEE

Comporison of Power

TAWE ArREFEED — A B4

Effect on Airplane Performonce

SINGLE STAGE ALTITUDE SUPERCHARGERS

3. Hirgh Allilude Supercharging

Further inerease in impeller zpeed still fur-
ther increases the volume of atmosphere drawn
into the engine and the potentizl power capacity
has been correspondizgly enlarped. However, the
supercharger heal rize is now of duch megnitode
that the maximum power restriction i severe
and the performance at fow gltitude is consider-
shly reduced.

These characteriztica recommend the use of
pngined equipped with this degres of supercharg-
ing to thoae airplapes requiring maximum alki-
tude porformanes but which are able to take off
and climb with relatively low power, Fighters
are examples of this class of aircraft,

Effect on Installed Weight

Supercharger
Livg Allituade High Altitude
Weight 101Kl T
hp 45 AL, Rating ik Bl
whk hp & 5L, 1.0k 1,406
L] - L] L ]
hp 91200 fs 123 RN
wit kp 12000 1 1l 1,00

LIMIT OF IMPELLER 3PEED

It can be geen that each atep of increasing
impeller drive ratio haa made it necessary to
impoae more severe restrictions upon the brake
horgepower that can be safely used at low alti-
tude. Frentually, this restriction will become so
gevers that sufficient power will nol beavailable
Tor patizfactory performance st aea level,

Berween the limita of optimum ground boost
impeller speed and the limiting maximum
apead, the engine dezigner has the choice of an
infinite number of impellsr drive ratios,

His selection of any nne ia baszed on Lhe type of
performanee which must predominate. If maxi-
mnm output is required at aea level the conse-
quent lack of performapce st altitude must be
accepted. Conversely, if maximum sltitude owl-
putl iz ezaentio] a reduction in maximum usable
power i3 unaveidable,
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ALTITUAE FEET

Fig. 48 — Engine Altitude Performance With Diferent impeller Drive Ratias

The comparative powers obtainable through
the nsahle range of impeiler gear ratios ia shown
above.

ADDITION AL SINGLE-8TAGE
DEVELOPMENT

The engine dezigner cannot reach the goal of
maintaining conatant powsr sl any altitude with
a aingle-stage supercharger using & single fxed
impoller ratio. Fach time he reaches for more
pltitude performance he losea ground near gea
level, 1f he is Lo realize the posaible gains of
high impeller ratios without loaing the advan-
tapes of the lower degree of aupercharging he
most devise a drive svatem which allows the
impeller to be driven at a speed more nearly
oplimum to the altitude of operation. This ne-
ceagity hag brought sbout the development of
the multiple and varisble speed impeller drives,

THE SINGLE-STAGE, TWO0-SPEED
SUPERCHARGER

By providing s two-gpeed impeller drive and
selecting ratios from Fig. 48 giving best per-
formance at two desired altitudes, greater alti-
tude range of uirplene performance ia obtained,

The low ratio is selected to give the desired
output pear sea level and can be any degrec of
supercharring from ground boost to that for
Iow altitude, The high ratio is vsually selected

138

to give the maximum single-stage altitude per-
formanee.

Both ratios provide the engine with the same
characteriztios of air volume consumed. prezaure
ratin, temperature rise and supercharger horse-
power sa with the corresponding aingle ratio
drives,

MRANE  BSEESEPOWES

AL NTHRE=FEET

Comparison of Power

AL FPTEOE-FEET

TRV AMREOESH = W N

Effect an Airplane Performance




ADVANCED SUPERCHARGING

BINGLE STAGE ALTITUDE 8UTERCHARGERS

The single-stage, two-zpesd supercharger en-
ablea the engine to develop high power for take-
off at or near asa level and, at the ssme time,
permmita the engine to maintsin high airplane
performanss throughout the mediom altitude

TRILEE.

It will be noticed thaet in this caae the maxi-
mum permizzible high ratio powsr i3 greater
than thuat of an engine heving a single-speed
drive of the zame ratio, The gain iz possible
because the vse of the higher ratio ja rezerved
for sltitudes where it will permit the engine to
develop more power than with low ratio. For
pxample; at LOOD feet (Point A), the psrmis-
gible engine power can be based on a charge
temperature of -5 0 plus the supercharger
temperature rize, The same impeller speed at
gea level will produce a charge temperature of
16 C plus supercharger temperature rize, The
20 C more favorable charge femperature per-
mits & greater charge pressure and, conse-
quently, more power,

The availability of thia sdditional power makes
it imperative that the high ratic be uzed only
where apdvantageous. Premature engagement of
high ratio will wery probably result in deto-
nation,

This premium of extra pewer when using high
ratio power makes it necearRary to assign two
different limiting carburetor air temperatures
with aingle-atage, two-speed engines. The higher
limit iz allowed with low ratio supercharging
only., When high ratio (s engaged, the lower
limiting entramce ternperature muat be observed,
It ia only by the use of these carburetor air
temperature restrictions that this additional
high ratio power rating can be offered and it is
eagentio] that theae considerations be underatood
when uring carburetor preheat for ice prevention
or when flving in air of extremely high tem-
perature.

 The addition of the two-apeed drive involves
ittle additional weight to the powerplant (20-
40 Ib) and no additional drag, Operation is
jomewhst more involved aa rutings, limiting
powers, rpm, manifold pressures and bmep are
Bot the same for cach ratio, In effect, the pilot ia
grating two different engines and must be
gare of the differencea in order to maintsin
foper conditions and to obtain the most effi-

it utilization of the powerplant,

Because of the incresasd weraatility of per-
formance possible with the aingle-stage ftwio-
apead engine it is uzed on g wide variety of mir-
craft requiring maximum performance from sea
level to medium altituda,

Effect on Installed Weight

Alngle- Singln-
Fiud Hpead
Uround - Wirth High

Tongred  Raliv T n-Apedd

Hng:nue Driva [
Weight 1000 10 104 10
Hp # 5L Bating LI EETH 100 _
Witshp @ 8L .06 1,00 104

- & W

Hp & 1200 {1, Ehi 17 s fT )
Wichp 0 13000 1. 162 1.4 111

LIMITATIONS OF FIXED RATIO DRIVES

Even the multiple speed drive i3 a compromise.
The fixed ratios are zelected to give maximum
performance at apecific altitudes and possible
performance belween these points is sacrificed.

For example, the engine is provided with an
B:1 drive ratio and is rated at T50 hp &t 2500
rpm. The highezt altifude to which this per-
formanee can he maintained iz 10,000 feat which
ig termed the critica] altitude for this power and
rpm, At thiz rpm and at full throtile the super-
charper pressure ratio j4 2.85:1,

When operating at B0 Teet the impeller apeed
haz not changed and, henee, its pressurs ratio
remaing the aame ar at [0 feet., However, aa
the atmospheric pressure hss increased to 24.9
in. Hg, full throttle operation would result in
raiging the manifold pressure to 58.0 in. Hg
which, in eombination with the increase in
charge temperature to 55 C, would result in
detonation,

FEC M

ASAKE WORYEPOETR

ALY TGS = FEET
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In order to vestrict the engine output it is
necessary to use the throttle ao that the prea-
sipre at the face of the impeller does not exceed
that obtained at this same point when operating
at 10000 feet and with full throttie,

a0 FEET
FULL THRGTTLE
Aa the impeller speed remains conatant the
power required to drive the impeller is un-
changed,

S000 FEET
FAAT THAGTTLE

THE BINGLE-STAGE VAHIABLE
SPEED SUPERCHARGER

If, inatead of reatricting the aupercharger out.
put by means of the throttle, the necesssry regu-
lation eould e obtained by meand of varyving the
impeller drive ratio while holding full open
throttle an appreciable decrease in power re-
guired to drive the impeller will reault.

Taking the previous example at 5000 feet, the
power delivered to the propeller can now be in-
ereased to 776 hp because the power required to

7

FEA b=

BEA T AONRESOWES

AL TITAGE = FEET
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drive the impeller st 000 feet is lower with T:1
then with B:1 drive ratio. This represents &
direct gain in power delivered to the propeller.

By providing a variable speed impeller drive
the engine designer enables the gingle stage
engine to deliver the maximum possible per-
formance at all altitudes and provides it with
the greatest operating flexibility.,

ETAEE MR TR

AL TTTERE mEEE Y

Comporisan of Power

AL FATUDE - FEET

FRUE ANFEREED - M S~

Effect on Airplone Performance

Effect on Installed Yreight

1-5tnge L-Stape

s-Bpeed  Varinble Speed
Weairhe 10440 107y
L - 100K 10101
Weshp O BL 1,04 17

* 4 & ®

Hp & &R0 ft, 240 S
Wi 83 G50 I, ]:11 1.1
Hp & 12000 1, 9,40 HETI
Wt hp @ LBION ft 111 1.14

The variable apeed superchacger results in &
performance which is the combination of the
maximum altitude outputs obtainuble with an
infinite number of drive ratios varving from
maximum ground booat to limiting maximum.
At any impeller speed the supercharger has the
pame charpcteristica of air conaumption, pres-
sure ratio, temperature rise and supercharger
horsepower us with the corresponding single
ratic drive,
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ADVANCED SUPERCHARGING

TWO STAGE SUPERCHARGERS

The variable apeed drive provides the single
stage engine with the maximum veraatility of
operation, The cost in weight ia low (B0-100 1h)
&nd no increase in drag is invelved, As ita opera-
tion da, by necessity, automatic, control is
reatly aimplified,

These qualities recommend its use on all air-
craft requiring maximum performance from sea
level to medium altitude.

The foregoing examples trace the develop-
ment of the single-atage supercharger from the
variations in performance obtainable by means
of different types of impeller drive, In actual
practice the deaigner utilizes a considerable
mumber of posaible changes in the deaign of the
fmpeller, induction passages and diffuser in
erder to obtain the most efficient combination to

iwe the desired performance in a speeified alti-
de range, The conalderstiona invalved in the
gsign of a low altitude supercharger, which
sndles amall volumes of air, differ semewhat
pom the deaign of a auperchsrger required to
ke possible maximom engine performance at
) feet. However, these factora do not have
_. spinhle effect upon the method of operation
i the precautions necessary for protection of

 engine,

THE TWO-STAGE SUPERCHARGER

A gingle-stage compressor, even though all
componenta are designed for the highest pos-
sible altitude of operation, resches its limitations
in the mediom altitude range, These limitations
are:

1. Size

While the examples previously shown are dis-
cugsed on the basis of maintaining econstant
the phyzical dimensiona of the aupercharger
while varyving only the impeller apeed, in actual
practice the entire size of the compressor is in-
erepged. Entrance passagres, impeller diameler
and width, diffuser and eollector undergo in-
croases in gize in order to handle efficiently
the larger volume of air. Accordingly, a super-
charger with proper gized components for high
altitude will nol be capalle of efficient per-
Tormabce near sea laval,

Ag the volume of air to be pumped becomes
greater and the diameter of the impeller is in-
creased, so does the aize of the cases housing
the impeller. Engine installation requirements
muake it essential to keep this engine section
below a definite maximum diameter,

2. Temperature rise

Az the pressure ratio increases, the resulting
temperature rise becomes excessive and im-
poses limitations on usable brake horsepower
that are impractical.

These limitations are avoided by dividing the
supercharger into two aeparate parts and ac-
complishing the compression in two ateps, This
syatem 2 ecalled the two-stape syetem ga the
compression is accomplished in two steps or
stugres. The atages are connected in seriea and
the limitetions of the single-stage ayvatem are
avoided ag follows:

1. Size

Two atages of compression are provided.
The main atage is identical to the super-
charger of the single.atage engine and, on
the ayatem used by Pratt and Whitnev Afr.
eraft, it ia pogsible to operate near sea level
using the main atage only, By this means,
the zize of the main stage components is
optimnum for low altitude perluormance,

The auxiliary etage iz designed to handle
efficiently the larger volume of air at high
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altitude. It defivers the air to the main
stoge at approximetely zen level prezaure
gz that, at all times, the main stage iz
functioning near ita poeint of best per-
formanca,

By using two small impellers having the
game sirllow capacity as one of large size,
the digmeier of the superchsrgper section
iz held within reasonable installation limi-
tuliona,

FYWaA, OL 100

INTERCODLER

S HGLE LARGE
SUPERCHARGER
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Hame sB gingle-stuge, single-speed, Thiz acage iz
wlways engaged, The impeller drive ratic i
gelested to give the desived performance near
sea level withoot the vse of the suxiliary schge,
Far tukeoff, maximwn perfoTmance near &ea
level, and eruising sennomy, operatlon iz wich
rwin stage only.
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Fig. 49 — The Two-Stage System with Gear Driven, Two-3pesed Ausiliary Stags
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ADVANCED SUPERCHARGING TWO 3TAGE EL’PERCHARI.;.' ER&

2. Control of temperalure rise creased airplane zize, plua the drag involved in
paaaing ecooling air through the intercooclers,
detracta from the serodynamie cleanliness of
the inatallation.

Taking two similar airplanes, one using single-
apeed aupercharging, the other two-stage, and
both designed to obtain the best utilization of
their powerplants, the airplane with the single
stage will be lighter and cleaner and will have

SINGLE LARGE TWD SMall
SUPEACHARGEA SUPERCHARCERS
WITHOUT COOLER WITH INTERCCOLER

By cooling the charge betvween the stepa of
cotipression the temperature at the in-
take port, is held within zafe limits. This
between-gtage or interconling is utilized on
all Pratt & Whitney Aireraft two-atage
ayatems but it is nol necessarily vaed on
all two-atagre enginea.

AL TTLWE - FEE X

EFFECT OF TW(-STAGE SYSTEM
ON AIRPLANE

The gddition of the auxiliary stupe to the
single-atage engine involves penaltied in the form
of incressed engine weight and aize, and addi-
tional weight, gize and drag to the sirplane, In
addition to the added engine welght, the super-
charger must be charged with the weight of the auparior performance in the altitude range
interconlera, ducts and extra controls, The in- where its enrine can maintain equal poower,

FRNE SRS EETD - WO
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TYPICAL SYSTEM WITH THE FOLLOWING IMPELLER
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AUMILIARY STAGE HIGH &
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A Typical Two Stage System
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ADVANCED SUPERCHARGING TWO STAGE SUPERCHARGERS

TWO STAGE 3YSTEMS

1. Gear-Driven Auxiliary Stage
4. Fixed Rutio Drive

mum efficiency can only be obiained by
a thorouph knowledge of the principles
applying to its operation .

The uze of the two-dlage, bwo-speed

Effect on Installed Weight

supercharger allows the engine to de- %us:ﬁ; Eﬁﬂfﬁ'
liver ila maximum output at or near Wi Engire 170 120
sea level and at the same time makea it SRS SNEE, FRPEESRITS: 2
possible to maintain high output to iy s

higher gltitudes than could be ehtained Tatal 1070 1670
'?Fiﬂ'l. t-l'l.E st H.l'.l."i'ﬂnﬂﬂd H]HEIE-E-IE-.E'E Power o 5L R—'ﬁtl.'lil'.".'* st '!‘l:?':l[.l 100
ayatem. Wt'hp & 5L, a7 L.57
These characterietica recommend the Power i@ 30000 FL : 43 B0
uee of thig type of compressor on in- Weshp & S0000 goa 174
stallations requiring a uniform high b, Variable Speed Drive

performunce through a wide range of
altitude without unduly penalizing the
compactnesa of the installation. Many
of the meoszt ellective fighters vaed in
World War IT utilized enginea equipped
with this type of supercharger,
Efficient operation of the two-atage,
two-speed aupercharger places greater
demands upon the pilot then zingle-
atage avatems. In effect, three different
engines are gelectively available and in
each stage, different limitationa of
power, binep and carburetor air tem-
perature are called for. Efficiency is
largely determined by the koowledge
of the correct altitude range in which
to use esch depree of supercharging ao
that the maximum potential perform-
ance or sconomy can be pealized,

For example, if the ahift from “neu-
tral” to “low™ ia made prematurely,
considernble power is loat as “neutral™
will furnizh more power to the pro-
peller s4 long sa it can maintain the
manifold pressure o which “low™ is
limited,

If the shift ia delaved by allowing the
full throttle manifold prezaure to fall
off below the proper shift value while
m “neutral,” possible performance i
again lost by not taking advantage at
the right time of the increased permis-
sible power capacity of “low.” The
satie copdiderations apply when shift-
ing from "low® to “high.” While rough
“rule of thumb' procedures for shift-
ing have sufficed to obiain o ressonably
effective use of this equipment, maxi-

ARANT MORSTEORS R

A FEFGGE s

The two-atape pear-driven super-
charger can be provided with a vari-
able apeed drive similar to that vaed
oft the single-alare engpine. It is pos-
gible to uze this type of drive on both
main and suxilisry stages or to drive
the main stage impeller at o fixed
ratin reserving the wvarighle speed
pperation for the auxiliary super-
charger, The advantages realized are
the same w: with the single-stage
gupercharger.

ATITVAE = FELT

Comparizen of Power

TR AJREBEE A= M AN

Efect an Alrplane Performance

While the mechanism required to drive
gnd control the i{wo-atape, variable-
gpoed  supercharger represents  in-
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ereased complicstions, it results in re-
lieving the pilot of considerable re-
sponaibilities for decisions regarding
the use of the wvariouz compressor
stages. Operation is entirely automatic
aiid ealls for little move cockpit atten-
tion than would be required by a single-
atape engine,

¢, Other Arrangementls of Gear-Driven

Two-Stage Superchargers

The two-stage arrangement shown in
Fig. 4% iz the one that has been uzed
auceesafully oo Pratt and Whitney &Air-
craft wngrines, Other engine manufac-
turers have uasd other srrangpements
snecesatully, The selection of the zyve-
tem depends upon the engine configura-
tion and the installation problema in-
volved.

CARBURETCOR AT

AFTEACCOLER
| ENTA&HCE TO
it AUNILIARY STAGE
| i
0

CYLINGERS

E
BOTH STAGES ALWATYS ENGAGED

CARBURETGR AT

ﬁFTLFI'i-QE-"LEq
o EMTRANGE TOX
AN S3TAGE
| —
TO
CYLINGERS

CLIIL_IIITEI-'-

AUXILIARY STAGL CMHGAGEMENT
SCLECTIVWE

The above combinationa can be rear-
ranged almoat indefinitely with the car-
buretor before the auxiliary atage, in-
terstugre or after the main stage. The
cooler can he interstape or aflter the
main stage, Sometimes i€ s omitted.
The conlipuration of the radial engine
makea it most logical for it to use the
arranrement originally showrn,

PWA, OI. 100

2 TheExhauat Turkine-Driven Auxiliary Stage

The exhaust turbine-driven superchoarper s
basically the same as the suxiliary stage of the
poar-driven two-atage supercharger, The im-
pelier, diffuser and eollector are designed to
accompliah the same function as a pesr-driven
auxilinry stagre. The ezzential difference ia that
with the turkbo suporcharger the impeller iz
driven by a turbine utilizing the energy avail-
able in the exhoenst gases, The relation between
the anxiliary and main atage, intereoclers and
carburetors sre the same in both gyvetamy, A tore
bine-driven supercharger is, then, s variable
apesd anxiliary atare compresdor ahd itz nze al-
lows the maintensnee of seq level power to high
altitude within the limita of allowsble turbine
apead and over-all temperaliiee rize,

BUMMARY

Bupercharging offers the means of obiaining
wide warietiea of application of & piven basic
engine power section o different altitude re-
quirementa, The engine designer, utilizing the
aame eylinders, pistons, main cases, ete., 8 able,
by the addition of the proper degree of auper-
charging, to make the same hasic engine fit the
peculinr requirementa of several types of air-
eralt, Toaccomplizh the same resulla by means
of unaupercharged engines, the engine deaigner
would heve to provide a completely different
enging for each altitude peed. The advantages
of manutfactoring economy and in sopply and
maintenance are obvious,

Each additional increase, in the derree of au-
percharging, enlarges the restrictions necessary
in order to insgre safe engine operation, It ia
essetitio] that the operator nnderstand the neces-
ity for these restrictiona and base his operating
procedures on a well-founded knowledge of the
effect of the supercharger used on engine oper-
ating efficiency and aafety,

For the users of engines equipped with one
of the several superchargers, Pratt & Whitney
Aireralt has publications available which dige
cuaa in detail the operating problems peculiar
Lo gpecific supercharger modala, Thesse instrue-
tighs are supplementary to this general instrue-
tion and are available to those operatora having
definite need for this information,
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AFFENDIX

The following information was originally issued as Engine Operation Informat jon
Letters which supplemsnted The Mowual of Augine Jferation. The sublects cowverad
ara of gereral Interest to angine operaters and, therefore, are includad in
thia reprinted copy.

Carburetor Air Tenparatura Heasuremant On Single Rew Engines & o o o o o & o A3
httent lon! Operators With Float Tyops Carbureters o . & & & & &« « & A e |
Fuel Prasgsure Limlts With Pressure Injection farburatars . . & & « &« « & & « Al

Magrots Check On Waap- [R=1340] Emgimds & & & s o s elaa e e v oo s o RS

Twin Wasp "€ [R=1830) and "0" {R=2000) Cylinder HWead Tenperaturs
LII'I1I1'.E [] " " " [] ¥ [] [] ¥ L3 [ ] ¥ [ ] [ ] [ [ ] [ ] - - [] L] [] L] ¥ L] [ ] L] L [ ] L3 - L] L] -*5

Gons ideration OFf Engine Temperatures During Practice Feathering
B T e T B e U L P R R s Bt Rt ST R

Ravetan: Plich Propalbar. DparaElan. o wo w6 & o o5 a s s we e mra o w
Procedure To Be Followed in The Event OF Runaway Propeller o o o & o & = & o A8

Take-gff And Carburator A lr Temperature Limitations On The Use
O Mgl bt e Bapeloe b v s el S el £ e e o R BREO e

Magnets Chaoks Boring-Flight + a8 s s w ol wiia armoa wion b moe 5 0k e 5 okhe
Fra ¥ ight Fomer CHECK ENT) o ni et sosis om0 E i i m s e e n aeio
TS0 0 o T e ¥ e et St e SRR S S
e - P T 5 5 e Pae i il R e s T L W e
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The Effect OFf Mizxture Strength On Cylinder Head Temparaturs
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