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¥INAL REPORT
ON

COLD STARTING OF RECIPROCATING AIRCRAFT ENGINES
INTRODUCTION

Conventional intermal combustion aireraft engines require the same
basic conditions for starting in cold weather as they do in warm

weather.

(
(

(

Of thesse

cylinders
initiael ¢
or fuel m
problems.

The use o
insure an
all condi
ing attem
uniform s
continuou

(%)

These are;
1)
2)

A combustible mixbure must be delivered to the
cylinders.

The engine must be cranked at a reasonable speed,

)

igniting the charge at the proper time.

)
must be such that normal functions occur at all
temperatures,

p)

The engine must receive a usable-lubricant,

operating speed.

basic conditions, supplying & combustible mixture to
during the cranking period, the acceleration period

btering device becoming active, present the most dirf

adequate~spark to ignite the charge in the cylindersg
bions. (Spark plug icing, resulting from unsucessful
pts, has been & major obstacle, By maintaining a sts
ipnly of combustible mixture to the oylinders, result
s(firing prevents the formation of ice,

An ignition spark must be supplied which is capeb

The engine must develop sufficient power to overc
its own friction and accelerate itself to the des

iring, and the interim idling period prior to the cary

le of

The fits and clearances of mating parts in the engine

ome
ired
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buretor
icult

£ an ignition-system "booster" has been found necessdry to
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0il dilubion has been one of the most difficult problems because in

practice

(

(
(

it was not always possible to:

1) Anticipate correctly the temperature at the time
next starting of the engine,

2) Obtain the desired amount of dilution, and

3)
spewing during warm-up eand poor control over the
tion of the o0il in the main reservoir.

of the

Prevent ocoasional associated difficulties such as o0il.

dilu-~

pProper engine cranking from the standpoint of available electrical energy
does not present a serious problem because cranking batteries must be

kept warm.

motors are able to turn the engines at udequate speeds.
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Since successful starting requires that the engine be undameged
as a result of the starting sttempts, it is obvious that the fits ‘
and olearances of mating parts must be such that temperatures

encountered under any conditions will not lead to internal fail-

ures, By the same token, oil dilution and special priming fuels

must be carefully used so that scoring and scuffing do not

result.

Allison Division, GMC, Pratt & Whitney Aircraft, Ranger Airoraft
Engines, and Wright Aeronautloal, conducted exten31ve laboratory
cold weather tests on aircraft engines, Jack & Heintz and Electric
Storage Battery conducted many investigations with electrical
starting equipment, and the Standard 0il Development Company has
spent considerable effort in the blending of high volatile priming
fuels and the development of oils and greases for low tempefature
operation, These investigations have produced considerable|data,
the scope of which is too broad for this report. Reports of
these investigations are listed in the addendum.
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FINAL REPORT
ON

COLD STARTING OF RECIPROCATING AIRCRAFT ENGINES

OBJECT:

To devise, develop, and evaluate methods of cold weather starting
of co i ong 3 “Aa A-OR 3 CNPP. W I pupeips At aa

CONCLJSIONS;

l. Cpnventional type aircraft engines can be started sucqessfully
in colld weather provided the necessary fuel, dubricant and equip=-
ment fire used and the proper precautions aréctaken.

2. Of the several methods of starting enpines in cold weelther
none have been developed to the point.where the equipment [used
may be considered completely satisfectory.

RECOMHEHDATIONS:i

Althohgh other forms of aireraft propulsion engines are bding
develpped which may gradually displace the conventionel engine
the development of oc0ld weather starting equipment should
contipue in order that military aircraft usine conventionall
enginps will have @ )quick and positive method of starting gnder
cold weather conditions,

Distributed under license from the IHS Archive

I
PROBLEM HARD COPY


https://saenorm.com/api/?name=919fbcac9c4c8f1a2af15f870bce9c37

SAE AIR%*13A 51 EE £357340 0004131 & W

_ sumyoA ong *uLIBM
ofl 8o} Tond £q eangxTR seX geL I 5T woegsAs
TeTo0dg o e/c Jetndsy 3
Jo yeg og-1- log- IX6 JT ‘o
_ eunyoA sex rong :EN
oN 8o 1904 - | £q exnqxym sex . 87 We4q8
TaTsodg 30 %o J8n3ay 130 JT ‘oN
9g-1-1 0g-
: *Tong eum oA leud |
o 8ex Mw.._wwmm“vaﬁ £q-sangxtu sex S04 1ond 8] Wo3B8A4s
goidogesd Jo oz| aerndey | (10 JT ‘oN
191 18Toedg . - |-| o
_ oM | euwntoa 1o0d *‘uLIGM
oN CRCLECRERE] Jerndey | £q exngxIw etqeJIeJead |e1qvIeyedd 3 81 wey sks
3o %01 TEINISL 170 g7 ‘o
1-|-| 02 :
o0 oN oN To0d oN
)
oN N deqndey oh Jendey .
aross ol IVaH TINX HOIIATIG ANIDNH 0% IVEH THNd NOI3OTIA
TVAHEd X381LIve ¢1H=Hmm 110 LVEHIEd I¥RLIVe DNINTHd TI0
GOHL3N uz_me a109d 9 U ho GOHL3N “ﬁz_mzw NYVM
| INT

1 °3d

SINION3 LAVHONIV 40 ONILYVLS

-l

Distributed under license from the IHS Archive

S

PROBI FM HARD €OPY



https://saenorm.com/api/?name=919fbcac9c4c8f1a2af15f870bce9c37

SAE AIRx13A 51 ER 8357340 0004132 T W

DISCUSSIONs

Conventional internal combustion aircraft engines may be started
under cold weather conditions by either of two basic methods. These
two methods are known as the "Warm Engine Method" and the "Cold
Engine Method", Figure 1 divides each method by temperature ranges
and gives the salient features of each method and the temperature
ranges covered., WNorthern "bush" operators for years have used the
"Warm Engine Method" and due to their airecraft being small, single
enpined, f . e o it ) 1 g

] method ha

for their use.

any sort requires continuous maintgpance of the hegting
in operation in the still northern air the téll=tale
hite vapor issuing from the stack can be _seen for miles.

nt heating, or heating prior to starting;“hes beenpnovided

of small internal combustion engine driwven heaters. |These
enrines afre required to operate on airoraft engine fuel (AN-F<128)
which to Pate has contained considerable lead.compounds. The |products
resulting| from these compounds in the combustion process are deposited
in the combustion chember, on the velve mechanism and on othexr exposed
surfaces, thereby seriously affecting the life of the engine and requir-
ing frequent maintenance.
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Figure 2 further breaks down figure 1 into three sub-divisions
for the warm engine method and two sub-divisions for the cold
engine method.

The three major sub-divisions of the warm engine method are:

The two
8.
be

The cold
that the
ing of t
portance
ground d

To perfe
priming
liquid a
ing of ¢
Many of
directly
period.

The cold
usede T
that wit
will dis
ly led t

Standby or continuous heating

External heating of the power plant with the heat being

applied prior to starting.

Internal heating of the power plant with the heat being

applied prior to starting.

na jor sub-divisions of the cold engine method are;
Priming the engine with liquid fuel.
Priming the engine with gaseous fuel.

engine method of starting possesses a ‘great advantag
engine may be started within three minutes from the

in military theatres of operation because aircraft g
iring an air raid are often lost.

bt the cold engine method of\starting, the delivery d
fuel to the engine requires a metering system both fg
hd gaseous fuels. Thisg\is essential because of the 1
he range of combustibility with decreasing temperatur

traceable to improper fuel-air ratio during the stan

engine method of starting requires that oil dilutiony
his is a Sery controversial subject, and indications
n the proper control of dilution many of these diffic
hppedrs Laboratory testing with oil dilution has fre
b _disastrous engine conditions; however, recent inve

gations

he alert for militery aircraft. This is of utmost im=

e in
sounde-

n the

£
T

ary owe-
©Se

the difficulties encountered with high volatile fueld are

ting

be
are
ulties
quent-
sti-

reveal that this need not be so with proper control.

Service operations reveal that oil dilution, when properly used, is
not harmful.

—_—
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ADDENDUM:

Shortly after the entrance of this country into World War II, it
became evident that military operations would be conducted in cold
weoather areas and that the aircraft industry was. not prepared to
cope with the extreme conditions that might be encountered. This
condition brought about the formation of the SAE Committee E-16,
Cold Starting Requirements for Aircraft Engines. This committee

undertook the following:

lowest possible temperature in the shortest po
time. :

engine industry.

services.

In-pérforming the above many conferences were held and 1

l. To determine the extent of possible conformence of
existing airecraft engines to the paragraph on ¢old
starting in the AN specifications for aifcraft|engines
and to recommend modifications to either or both the
specification and engines to achieveé starting at the

sible

2. To act as a clearing house for the disseminatign of
cold weather information throughout the aireraft

3. To act as a service and advisory group to the military

eports

issped. A chronology-of the committee's activity is reyealed

in figure 3.
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