Durability
e Fuel Economy

UICK has had a long and very successful history

in the production of overhead-valve, in-line en-
gines. Pioneering in the development of the over-
head-valve prineiple, we have prodoced ears from
1803 to the present time powered by engines utiliz-

NEW BUICK V-8 ENGINE

o Easily Serviced
e Light and Compact

ing this design feature. Starting with a 2-eyl op-
posed engine, Bulck has produced overhead-valve
#'s, 6's, and 8's from 1803 to the present time.

The guestion naturally arises as to the reasons
behind the decision to change to V-type engines in

IMS and objectives behind the decision to

adopt the V-type design for the large Buick
engine in 1933 models are set forth in this paper.
From 1903 until the present time Buick produced
cars powered by engines utilizing the overhead-
valve principle. The authors cite four main rea-
sons for departing from this long tradition:

1. Newer styling, based on extromely low
lines, demands an engine proportioned to fit
within allotted space under the hood.

2. A compact V-engine is inherently fight in
weight, especially in larger sizes. Weight reduc-
tion improves car balance, handling, and per-
formance,

3. Improved combustion chambers and fuels
permit higher compression ratios. Resulting higher
explosion pressures call For a3 more rigid engine
structure, which can be achieved on the V-type.

4. Great strides in -ngu manufacturing made
old tooling obsolete. Since new ooling was

needed on the larger engine, the advantage of
a type change was indicated.

In conclusion, the authors state that the new
engine offers durability, fuel aconomy improve-
ment, low production costs, light weight, and Is
easy to service.

The Authors

¥, P, MATHEWS, M 201 chief enginesr of Buick
Motar Divislen, GMEC, first wen? 1o wock for Byick in 1926
ag & chitws enginssr. In 1942 ha [eft Buick o become
ganzral marager of the Anoover Motors Camp, In 1545 he
returned to Ceneral hMotors & chief enginoer of its Momine
Producte [vislon.  He was appolnted chiel enginser af
Bulek In 957, Mr. Mathess gradusted from Case Ingh-
tute of Technalogy in 1917

| . TURLAY & a sraff enginger on special projects
af Buick Motor Dinesion, CMEC. Foe the lag1 eight wears he
b been working on the Sesign and development of V-8
prgines - He joined Bulck In 1929, sharthy affer his gradus.
tiary from Oregon State College, wherg he received his de-
gree In mechanical enginesring
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OFFERS MANY ADVANTAGES

V. P. Mathews and J. D. Turlay,

Buick hgior Giveon, GMC

This papsr was presented &f fhe SAE Annus| Meeling, Datreit  fan 14

the Series 50 and 70 Buicks at this time. In the first
place, it should be emphasized that we do not be-
lieve that the V-engine has any inherent advan-
tages over the in-ling engine in regard to power or
economy. As the head of our engine test depart-
ment often says, "The cylinders don't seem to care
whether they stand up straight or lean over.” In-
ereéased performance in some of the newer cars has
been aceomplished with large displacement engines
and by newer refinements which can be (and in
many cases have been) adapted to the in-line
engine,

Why then has the change been made, and why
only on the large engine? Primarily for four rea-
BONE:

1. The proportionz of the V-engine ara more guit-
able for installation in cars with the newer styling
and particularly in cars with the styling which
General Motors believes will be standard several
vears from now. The cars of the future, the XP-300
and LeBabre, have extremely low lines and the 90
deg V-type engine was chosen for these cars be-
cause it was the only design which we could At
within the allotted space under the hood.

2. The V-engine, being more compact, is inher-
ently lighter in weight than the eguivalent in-line
engine, especially in the larger sizes.

The many advantages of reduced weight and size
are obvious. By reducing the engine weight, steer-
ing effort is reduced, while car balance, handling,
and performance are improved. Weight is also a
major factor in production cost, but to realize the
maximum cost saving, any reduction in weight

Veluma &1, 1953

1953

must be obtained by good commercial design, and
not by the use of more expensive materials, or by
the adoption of designs which are more complicated
and difficult to manufacture.

3. The V-engine alzo is more rigid and is struc-
turally more suitable to withstand the higher ex-
plosion pressures resulting from the higher permis-
gible compression ratios obtained with improved
combustion chambera and improved [uels.

4. The basic tooling of the Buick Roadmaster
engine has been unchanged sinee the introduction
of the jostly famous Buick Century in 1936. New
tooling was indicated at this time because of the
greal strides which have been made in engine man-
ufacture in the last few years. The Buick 263 cu in.
ill‘;éim engine on the other hand was retooled in

0,

Ag has been mentioned, Buick has never befors
had a V-type engine in production, but extensive
research work has been done dating from a 1831
experimental twin-6. Since 1944 s continuous pro-
gram of high-compression V-engine development
has been in progress. A special department was set
up for the purpose of investigating the possibilities
of this type of engine and many cylinder arrange-
ments, V-angles, and combustion-chamber designs
were tried. During this period 10 different types of
engines were built and tested, and in all over 100
experimental models were made.

One promising line of investigation of 35-deg V-
engines was abandoned, although these engines had
many desirable characteristics, becanse the carbu-
retor height could not be reduced sufficiently to
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clear contemplated future hood levels. In fact, space
requirements as dictated by the body stylist, are
one of the most important, if not the most impor-
tant factor, in determining the future trend of en-
gine design,

The greatly reduced height and length of the
80-deg V-engine iz a great help to the chassis de-
signer and the body stylist, but the increased width
iz indeed a problem. The clearance condition is
especially acute on the steering-gear side. The
spave between the extreme steering-lock position
of the left front wheel and the left engine bank
in many of the new designs leaves insufficient. room
for the frame side rail and steering gear, without
very undesirable compromises in side rail section
shape, steering-poet angle and position, or turning
radius; compromises which the Buick management
chose not to accept. The Buick design, Incorporat-
ing a stroke/bore ratio of 0.8 and a vertical, in-lina
pogitioning of the valves served to minimize the
overall engine width. These engine design features
accompanied with a 1-in. increase in front tread
width permitted the continmation of all chassis
improvements developed with the former in-line
engine.

The new Buick V-8 enging has a 3.2-in. siroke
and a 4-in. bore, resulting in the aforementioned
atroke /bore ratio of 0.8 which is, we believe, the
lowest wsed In any American production engine
at the present time. The short-stroke, big-bore
adopted in all the new V-8 engines hag many real
advantages, but the stroke /bore ratio of the new
Buick engine was chosen chiefly because, from our
investigation, it produced the minimum external
engine size. The 322 cu In. displacement of the new
engine aa compared to the 320 ecu in. displacement
of the straight-8 Roadmaster, is considered ample
in view of the power gains obtained from some of
the newer design features to be discussed later.

The Fireball V-8 engine program was started
im March, 1950, and, because of the difficult
machine-tool situation, production was delayed
until this year. The tool and building program was
enormous, but it is now completed, and the new
engines are in production. Needless to say, we are
very happy with them.

Objectives

Probably every designer on attacking a new
project is fired with a desire to produce a finished
product so perfect as to excel in every detail any-
thing that has been done before. As the design
progresses, invariably some balancing of objec-
tives must be done, and the individual emphasis on
the many design factors will determine the trend
of the final design.

In planning the new Bulck engine no compro-
mise could be accepted in the requirements of a
good powerplant; that it should be powerful, effi-
cient, smooth, quiet, durable, and easily serviced.
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However, these objectives were to be realized with
the lightest and most compact package which we
could produce, consistent with minimum manufac-
turing cost.

Weight and Size

The greatest weight® saving in the new Buick
engine was obtained by adopting the inherently
lighter 90-deg V-8 principle. But we weni further.
Every design detail was investigated for possible
further weight reduction. Many of the old rule-of-
thumb drafting room design standards were found
to result in overdesigned and overweight parts.
The reduction in gize of lightly loaded flanges and
bolt bosses, for example, provided worthwhile
savings when applied to the entire engine.

In designing the streased parts of the engine for
minimum weight, consistent with adequate fatigue
life, full advantage was taken of the fact that an
automobile engine operates most of the time at
part throttle, In any of the short stroke-large bore
engines the caleulated gas pressure loads and
stresses are extremely high, and the inertia loads
are correspondingly low. Luckily, experience has
shown that even under severe road testing, fatigue
life of the parts is more dependent on the inertia
loading than on the gas pressure loading. This
result ie largely explained, of course, by the relu-
tive number of cycles of each type of loading which
the engine undergoes in road operation.

In establishing the endurance standards for the
new Bulck engine we took the position that while
the enging must be capable of withstanding our
atandard full-throtile high-speed dynamometer
test, and not less than 200 hours of full-throttle
power development running, the true gage of engine
life was to be the behavior on the road.

The production-built Buick V-8 engines are 170
Ib lighter than the 1952 Roadmaster engines (Fig.
1), and are lighter than any of the competitive V-8
engines of more than 300 eun in. displacement. The
weights gshown are based on the dry engine welght
with all standard accessories, without transmission
or olutch.

In addition to the compact design features dis-
cussed previously, the old standard design propor-
tions and running clearances were re-sxamined,
and where practicable, revised to save space. For
instance, a very small length/diameter ratio of the
piaton, and its 1/16-in. running clearance with the
counterweights aided in reducing the helght and
width of the crankcase.

The Buick V-8 engine ia 4 in. lower and 1314 in.
shorter than the former Roadmaster engine (Fig.
2), but the width is considerably greater. However,
it eompares very favorably with that of competi-
tive V-8 enginea as shown in Fig. 3.

Powar Qutput and Efficiency
As has been stated, in abtaining a light, compact
unit, no sacrifice in engine ontpnt and efficiency

VYolume &1, 1953
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colld be accepted. There has been much discussion
on the relative merits of designs which emphasize
high velumetric efficiency and those which improve
the mechanical oetane rating and permit the use
of higher compression ratios, with consequent
higher power and economy. It is difficult to see
why there should be anything antagonistic in these
two approaches to higher engine power and effi-
ciency. Buick has carried out a continnous develop-
ment program on improving the overhead-valve
engine along both lines, and has made many impor-
tant engineering contributions, Some of these
improvementz have been claimed as new discov-
eries by companies which have recently adopted
the overhead-valve principle, notwithstanding the
fact that many of these same features have been
in production at Buick for many years.

Some of the earlier Buick developments which
improved volumetric and combustion efficiency and
which influenced the Buick V-8 design will be dis-
cuased briefly. Later the engine will be deseribed
In more detail with some discussion of the engi-
neering problems encountered.

Cam Design and Valve Timing

Push-rod-operated overhead-valve engines re-
quire much more highly developed cams than do
L-head engines operating in comparable gpeed
ranges, because of the greater deflection of the
valve mechanism parts under operating conditions.
Buick has always been confronted with this prob-
lem and, as engine operating speeds Increased, cam
and valve mechanism design had to be improved
to meet the requirements.

By 1936 Buick had developed a new type of cam
profile (Fig. 4) which has been used In production
since that time. All recently developed overhead-
valve V-engines have adopted cams of similar con-
tour. Briefly, the Buick eams are designed with an
acceleration curve of generally sinusocidal form
with all changes in acceleration, and therefore in
load, as smooth and gradual as possible.

The cam profiles of the Buoick 80-deg V-engine
{Fig. 3) have been carefully tallored to suit the
elastie characteristics of the valve mechanism and
to minimize spring surge, The pump-up speed of
the hydraulic lifters is 5500 rpm for the exhaust
valves and 5300 rpm for the inlet valves. These
speeds are high enough above the normal top oper-
ating speeds to provide an ample factor of safety,
and are quite gratifying eonsidering the high inlet
valve lift of 0.378 in. and the relatively low valve
spring loads of 62 [b closed and 144 1b open.

Buick developed a high-lift high-speed timing
for the 1836 Century models (Fig. 8), and the basic
principles of thig timing are still used. The Buick
V-8 has an even wider timing with the higher inlet
valve lift already mentioned. The resultant volu-
metric efficiency i excellent as is shown by the
volumetric efficiency and compression curves (Fig.

Volume &1, 1953

7). Note that the volumetric efficiency is above
6% at 4000 rpm.

Inlet Yalve and Port Design

As early az 190D Buick recognized the value of
an inlet valve of much larger size than the exhaust
valve and the Buick-Bug race car which exceeded
105 mph in 1910 utilized this feature. Buick adapted
this principle to its 1818 production engines (Fig.
8) with a 1 25/32-in. diameter inlet valve and
1 13/32-in. diameter exhaust valve which iz very
close to the size and proportion used in most of the
new engines today.

Throughout the middle *30°s the Buick engineer-
ing department was very active in investigating
the effect of manifold, port, and valve configura-
tion on flow resistance aver the full range of valve
ppenings, Best resulis were obtained by maintain-
ing a nearly uniform velocity in the whole indue-
tion system from the carburetor to the exit side
of the inlet valve seat. The valve throat area is
very important, and a considerable reductiom in
flow resistance has been obtained by reducing the
inlet throat ares to approximately the maximum
valve opening area. The Buick streamlined inlet
valve (Fig. ), adopted in 1937, with its conical
gection at the junction of the head and stem was
designed to avoid a sudden enlargement in cross-
sectional arvea at this point with conseguent energy
loss.

The in-line valve arrangement was retained in
the 1953 Buick engine chiefly to make the engine
more compact, to save welght, and ta [facllitate
manufacture.

Burprizingly enough, the flow restriction of the
Bulek V-8 inlet port and valve was no greater than
that of the experimental engine used in the XP-300
and LeSahre cars, under the same conditions (Fig.
10) with the same size valve and valve openings.
Thiz experimental engine was designed for high
output and had both valves on the [ransverse
centerline of the combustion chamber, Upon inves-
tigation, the curving inlet port of the Buick V-8,
which was so shaped because of clearance condi-
tione in the head, was shown to have a slight
advantage over the straight-in port of the XP-300,
because of the effect on flow of valve stem and
guide interference,

Exhaust Valve and Port Design

The size of the Buick V-8 exthaust valve was
based on earlier investigations, but its adéquacy
has been thoroughly proved by further testing of
different valve sizes in the V-8 engine. The most
critical part of the exhaust event iz the blowdown
period, that part of the cycle from the time the
valve opens to a little past bottom dead center. A
valve opening and port cross-section area suffi-
ciently large to handle this portion of the cycle
has been shown by test to be adeguate for the
remainder of the exhaust atroke.
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Fig. 13 — Exhaost port at crops-sver

Fig. 15 = Buick V-8 combustion chamber

At bde the exhaust valve in the average engine
has opened less than half of its maximum lift,
Therefore, a smaller valve opening earlier and
higher can duplicate, through the eritieal range,
the opening area of a larger valve (Fig. 11) with
the added advantage that flow efficiency is main-
tained by avoiding the sudden expansion into a
large port.

The use of this relatively small exhaust valve
made & more compact combustion chamber poa-
sible, improved valve cooling, and reduced cost,
without entailing any loes in power, The reduced
valve weight brought the exhaust pump-up speed
well above that of the inlet valve, thus providing
insurance againat exhaust valve breakage,

As shown by *li> 1936 port design (Fig. 12),
Buick engineers have long recognized the benefits
of streamlined exhaust ports. Congidered as the
exit gide of a venturi, they are designed with a
gradually increasing cross-sectional area from the
valve throat into the main section of the manifold
to obtain all the pressure recavery possible.

Because of the valve arrangement adopted for
the Buick V-8, the exhaust ports (Fig. 18) must
cross the combustion chamber, but the area of the
port exposed to water jg minimized by the reduced
width of the head, the angle at which the exhaust
flanges are placed, and by the relatively small
diameter of the ports.

Combustion-Chamber Design

Although many valve arrangementz and head
ﬂh&pﬁhﬂdhemtﬂﬂf-ﬂﬂprﬂ?iﬂuihh the beat com-
bustion chamber developed at Buick hy 1034 (Fig.
14) had a semihemispherical shape in the trans.
verse gection but was necessarily elongated in the
longitudinal section to accommodate the valvea,
The piston top was flat and no quench ares was
rrovided. A further improvement in the combus-
tion chamber was obtained with the turbulator
piston adopted in 1038, modifisd In 1941, and used
in production up to the present time. This design
provided a considerable increase in turbulence and
brought the bulk of the charge closer to the spark
plug. All the combustion-chamber investi
made at Buick have shown the great importance
ufahurtﬂnmnh*m‘dmﬂhighturhu]ﬂmeinr&-
ducing octane requirements, although increased
engine roughness in past models has prevented full
benefit from being obtained from these factors,

In planning the new large bore engine a centrally
located spark plug was considered mandatory. In
addition to the flame travel considerations, thers
I8 considerable evidence that the centrally located
spark plug provides improved part-throttls ignition
characteristics.

In the production design (Fig. 15), the Buick
combustion chamber is of symmetrical inverted-V
form with the spark plug at the apex and the valves

in line lengitudinally at a 45 deg angle to the
cylinder axis, The spark plug is more nearly cen-
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trally located than in any other American auto-
mobile engine.

The combustion chamber ls fully machined for
more accurate voliume control. The piston crown
i= raised and is shaped 1o conform closely to the
head shape, with a £.7 top surface, The resultant
combustion chamber s very compact with mini-
mum fame travel from the spark plug to the
extreme edge of the effective portion of the com-
bustion space. The cloge clearance space provided
around the lower part of the piston erown resulta
in high turbulence in the combustion chamber dur-
ing the latter part of the compression stroke. The
excellent combustion-chamber characteristica of
the Buick V-8 have made poasible the use of tha
very high compression ratio of 85,1, using pre-
mium fuel, with remarkahble freedom from combus-
tion harshness,

General Motors Research collaborated with
Buick in developing the new Bulck combustion
chamber and piston-top shape, and tested many
cylinder-head and platon-top designs for the new
Buick engine, including two without gquench aresas,
before the final design was approved. The General
Motors research experience and new technigues in
combustion-chamber teating have been extremely
valuable. Their work on the combustion process
has been most thorough for many years, and re-
cently they have undertaken a very comprehensive
testing program in which practically every produs-
tion combustion chamber as well as a great many
which are still experimental have been evaluated.

Covers and Exhaust Systom

The compact design of the 1953 V-8 engine is
Immediately apparent (Fig. 16). The horizontally
mounted rocker-arm covers and vertieally mounted
spark-plug covers earry on the traditional Buick
arrangement, The spark-plug covers protect the
ignition wires from moisture and excess radiant
heat from the exhaust manifold. These eovers are
also effective in reducing televizsion interference.

The exhaust manifolds are of the 4-port tygpe,
to avoid the exhaust overlap periods resulting from
siamesed ports, with the left-hand manifald outlet
directed forward to shorten the crossover exhaust
pipe which passes under the front of the ofl pan,
and to move this source of radiant heat away from
the starter. The heat control valve ig located in the
left-hand manifold at the outlet flange. The right
manifold outlet (Fig. 17) is directed backward and
outward so that the exhaust pipe will clear the
full-flow oil filter at the rear of the engine,

GCenarater

The generator is mounted on the right exhaust
manifold, in the position adopted by other General
Motors engines. The relative location of the gen-
erator and spark plugs is such that all plugs can
be serviced without disturbing the generator
(Fig. 18).

Volume &1, 1953
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Cooling System

A cast timing-chain cover 15 used, with the
water-pump impeller housing and discharge pas-
sages recessed in the front face (Fig. 189). The
water-pump cover forms the front half of the pump
housing and carries the inlet pipe and the impealler
bearings and seal, with one gide of the inlet passage
formed by the water-pump cover and the other by
the timing-chan cover and the impeller disk. The
water Aows from the inlet side through six holes
in the hub to the vane side of the impeller. This
construction saves congiderable gpace and apens up
the passages so that these parts can be die cast in
aluminum alloy, At present they are being cast in
grey iron because of economic considerations.

Discharge passages from the water pump are
provided to supply cooling water o each bank of
the cylinder block. The standard Buick straight-
through cooling system is used with connecting
water holes at the rear of each evlinder head and
eylinder block. A water manifold carrying the
thermostat housing is bolted to the water outlet
passages at the front of the cylinder heads. To
provide a bypass connection, the water manifold
is spigotted into a hole in the timing-chain cover
leading to the pump inlet, with & rubber O-ring
seal. The use of a separate water outlet manifold
simplifies servicing as the intake manifold may be
removed without breaking any water connections,
and the heads may be removed without disturbing
the water pump.

Fuel Pump

The fuel pump iz mounted on the timing-chain
cover. This low position, in line with the fan blaat,
iz helpful in avoiding vapor-lock troubles,

Crankcase Ventilation

The eombined crankcase ventilator inlet and oil
filler cap is located in the front (Fig. 20}, and the
multiple pass outlet is located in the rear of the
lifter cover. A transverse baffle separates the front
and rear sections of the lifter compartment and
directs the flow of air in the ventilating system.

Carburater and Manifold

A 2-barrel carburetor is provided in the 1853
Buick Series 50 line, and a 4-barrel carburetor for
added power in the Series 70. Except for the car-
buretor flange the two manifolds are identical. The
Buick inlet manifolds (Fig. 21) provide 90-deg
T-shaped sections at all branching points. The
individual exhaust porting is carried to the heat
crossovers, providing direct hot spols at each of
the 4 horizontal T-gections of the manifold, and
extensions of these hot spots surround the car-
buretor riser section,

Piston
Fig. 22 shows a transverse section through the
engine. The piston, although much larger in diam-

Volume &1, 1953
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Fig. 25 —Pewer trals smsembly
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eter than in previons models, follows time-tested
Buick practice with 1-piece aluminum alloy eon-
struction and full skirt trans-slot design. Two
conventional 5/64-in. compression rings and oné
3/16-in. flexible steel oil ring are provided. The
Plston pin is not offset.

Connecting Rod

The connecting rod is very short (Fig. 23), only
6 in. between centers, which in conjunction with
the short stroke gives a rod length/stroke ratio of
1875 a very conservative figure. The rods are
brought to wniform weight by machining off the
required amount of stock from lugs located near
the center of gravity of the rod. Our computations
show that commercial tolerances in balancing the
connecting rods will be lesa detrimental to overall
balance in the new engine than in the former in-line
engine with its balance lugs at each end of the rod.
The production Buick-method of clamping the pis-
ton pin in the connecting rod is retained, because
we have found nothing superior in guietness, dura-
bility, and replacement cost.

Crankshaft and Bearings

The crankshaft (Fig. 24) has five main bearings
with the rear bearing flanged to carry the thrust
load. The main and connecting-rod bearings are of
the replaceable liner type of Durex 100A material
a3 used in previous Buick engines., The exception-
ally great bearing journal overlap, of over %§ in.,
contributes to the ootstanding rigidity of the
crankshaft, which from our tests is greater than
that of any other American automobile engine now
in production. The natural frequency of the erank-
shaft coincides with the engine firing frequency
at 5300 rpm, well above the maximum engine oper-
ating speed. The weight of the crankshaft is 56 1b
which is lighter than that of any of the new engines
of more than 300 cu In. displacement, and leag than
half the weight of our 1852 Roadmaster crankshaft.

Due to the exceptionally short stroke and short
connecting rod the space left for counterweighting
is severely limited (Fig. 25). The outer surface
of the counterweights is cam-turned to maintain
maximum useful eounterweighting with a constant
minimum clearance with the bottom of the piston
skirt. The radius at the tips of the counterweights
iz limited by the clearance with the cylinder bar-
rels, and this barrel clearance radins iz blended
inta the platon clearance contour, with the final
shape so calculated as fo permit high-speed cam-
turning in production. A samall amount of counter-
weighting i8 carried in the crankshaft pulley and
in the Oywheel. This method of completing the
counterweighting is very effective from a weight
standpoint becanse of the long span from the pulley
to the flywheel. It also makes possible a correction
for any future piston weight changes without
affecting the crankshaft counterweight tooling or
balance,
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Fig 31 = Taming-chain ubrication
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Fig. 32~ Top of Buick V-8B with manifold and covers off
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Valve Train

The arrangement of the wvalves, and wvalve-
actuating mechaniam (Fig, 26), is unigne in the
Buick B-deg V-&.

The valves are arranged side by ride at an angle
of 43 deg to the cylinder axis, and therefore in a
vertical plane with respect to the ground. The
reversed position of the rocker arms with the
centerline of the rocker shaft outside the line of
valves, and with the push-rods crossing the valve
stema, results in a very compact cylinder head. The
deslgn also makes possible a common horizontal
gasket surface for the rocker-arm cover and for the
intake manifold, which simplifies machining, and
even more important, greatly reduces the sealing
problem at these critical points. The valves are
©g in. shorter than the straight-8 valves (Fig. 27},
and the doal valve springs are 7/16 in. shorter than
past production, thereby reducing valve operating
inertia as well as reducing material cost.

The pearlitic malleable jron rocker arms are very
small and are of the nonadjustable type (Fig. 28).
The rocker-arm bearings are broached with eight
longitudinal grooves, which not only serve to con-
trol the amount of oil metered to the valve stams
and push-rods, but have proved to be so effective in
preventing rocker-shaff scoring that the antiscuff
coating formerly used on the rocker arms is no
longer necessary.

The push-rods are of 1g-ln. diameter solid rod,
upset to provide 34-in. spherical diameter ends to
eliminate excessive wear at these critical points.
The exceptionally short 83z-in, push-rod is made
possible by the compact engine design.

Hydraulic valve lifters of the diesel equipment
type are used. The bodies are cast iron with chilled
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wearing faces ground flat and ferrox-coated. The
steal camshaft has cams 0/16-in. wide and ground
without taper. No attempt is made to spin the
lifters, although some of the lifters turn as a result
of manufacturing alignment variations (Fig. 29},
We have found consistently longer life with the
lower unit load resulting from a wide parallel con-
tact of the lifter face on the cam.

Camshaft and Drive

The camshaft (Fig. 30) iz carried in five bear-
ings, and is unnsually emall and light. The timing-
chain drive (Fig. 31) is lubricated with the
overflow oil from the front camshaft bearing,
directed by means of o small stamping to the lower
erankshaft sprocket and the inside of the chain.

The fuel pump eccentric iz a hardened and
chrome-plated cup-stamping driven from the front
of the camshaft sprocket.

The distributor and oil pump are driven by a
gear at the rear of the camshaft in the orthodox
manner (Fig, 32), except that the distributor and
oil pump are located on the right side of the cam-
shaft. This arrangement puts the distributor gear
thrust upward and eliminates the need for an addi-
tinnal bearing in the erankease to take the thrusi
load, and results in some weight and cost saving.

Crankcase

Since the crankcase g the heaviest single part
in the engine, It should offer the greatest oppor-
tunity for weight saving (Fig. 33). In the Buick
design the starter mounting iz carried on the fiy-
wheel housing, which is an integral part of the
crankcase and eliminates the separate starter
mounting casting used in other V-engine designs.
The crankcase flange is far enough below the crank
centerline to provide a flat, continuous opil-pan
gasket surface with consequent saaling advantages.
Contrary to aceepted opinion this construction
reduced weight. The dropped flanges (Fig. 34) not
only stiffen the crankeaze proper, but becanze of
the greater vertical height of the attaching flanges.
greatly increase the rigidity of the attachment of
the engine to the transmission bell-housing,

The cylinder bores extend 1 5/18 in. below the
water jackets. Attachment of the extended por-
tions of the bores to the bulkheads is avoided hy
casting 134 in. by 3 in. windows in the intermeadiate
bulkheads which effect a further weight saving.
Substantial reinforeing ribs tie the water jackets
into the main bearing bolt boases on each =zide of
the crankcase "windows." The center of each inter-
mediate main bearing iz reinforced vertically by a
Ze-ghaped wall, which earries the main bearing oil
passages and ties into the center oil gallery and
camshaft bearing structure.

Five head bolta per cylinder (Fig. 35) are so
placed as to carry the major part of the gas pres-
sure loading on the cylinder head into the water
jacket wallg, rather than into the cylinder barrels.
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The bolt spacing conforms to the structural char-
acteristics of the head and 'l;]:;ck&.ﬂﬂ':;lﬁhﬂ E'IEIII?EI'

ing across regions of grea n =
ﬁclgn has proved to be very effective in reducing
gagket and eylinder distortion troubles.

A one-piece embossed steel gasket is used with
a double bead around the combustion chambers and
ample gpasket area at all eritieal locations.

The main oil gallery, which supplies the main
bearings and camshaft bearings, i3 a steel tube
cast in the block, This construction was used pri-
marily to open up the center section of the crank-
case casting with consequent easing of strains
during cooling in the foundry, and secondarily as
a means of saving weight.

Lubricating System

As automobile engines become more highly
developed the demands on the lubricating syatem
have become more exacting. Closer clearances,
thinner habbit averlays, higher power outputs, and
higher unit loads have all increased this problem.
Hydraulic lifters, which have a pronounecad sensl-
tivity to dirt, air bubbles, varnish, and sludge, have
not reduced the engine designer’s difficulties,
although the oil companies have done much Lo
relieve the situation with improvementz in oils
and additives.

In designing the new Buick engine every effort
was made to improve the lubricating system (Fig.
36). The oil pan is deep, with the of] screen near
the bottom to provide the maximum depth of oil to
minimize splashing and foaming, and to insure a
constant supply of oil even during fast accelera-
tion or turne. The fixed screen has an area of 19
8g in, to reduce the inlet flow welocity and the
tendency to carry foreign material through the
B0reeT.

A horizontal baflle extends over the entire sump
area and reduces aeration of the oil by preventing
crankshaft ofl fling-off from churning the sump
oll, and oil in the sump from being thrown against
the crankehaft., The oil pump is of standard Bulck
design and mounts on the crankease flange rail a
position made possible by the dropped rail design,
0il is carried by drilled passages to a full-flow oil
filter in which the filter element iz mounted verti-
cally, & featura which we feel certain will be greatly
appreciated by anyone who has tried to change a
filter element in one of the horizontal or angle
mounted units,

From the filter the oll is delivered to the rear of
the centrally located main oil gallery. This gallery
supplies all the camshaft and main bearings, and
from the grooved main bearings it feeds the con-
necting-rod bearings in the conventional manner.

Two other longitudinal oil galleries are used,
drilled to intersect the lifter puide holes. These
gralleries are supplied with oil at reduced pressure
through drilled passages registering with a meter-
ing groove in the front camshaft bearing. Drilled
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Fig: 3% — Bobten of crankcase

paszages from the front end of these oil galleries
lead to the rocker-arm assemblies.

The separation of functions of these oil galleries
has several advantages. Pressure in the main gal-
lery is not affected by lifter clearances or leakage,
zince the oil feed to the lifters iz controlled by the
camshaflt groove, 0il velocities are reduced in the
lifter galleries, since they feed only the lifters. The
lower oil velocity and lower oil pressure aid in the
elimination of air bubbles at the front end of the
wallery before the oil reaches the lifters, the air
being vented through the rocker-arm and shaft
azgemblies,

Electrical System

The present trend toward higher wvolumetrie
afficiency and higher compression ratios has core-

Fig. 35 - Cylinder-haad gaskor ond crankcans
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ated a problem for the electrical engineers. The
required ignition voltage (Fig. 37) has now be-
come of such a magnitude that the secondary
voltage obtainable with a 6-v primary system is
closely approaching the minimum firing voltage of
the spark plugs, even under optimum conditions.
Several attempts which have been made in an
effort to increase the secondary voltage while re-
taining the 6-v primary system have met with at
least a temporary snceess. However, in view of the
ever-increasing secondary voltage requirements,
Buick decided that the most satisfactory long
range solution was the adoption of a system with
a higher primary voltage, and has adopted the 12-v
electrical system on the V-8 engine for 1953,

Endurance

Tha Buick 90-deg V-engines (Fig. 38) have
undergone 10,000 hr of dynamometer testing, and
aver 1,000,000 miles of road testing in cars running
at the General Motors Proving Ground. The usual
guota of correctiona have been made as faults
developed, but it is of interest that the second
experimental engine, assembled in the fall of 1950,
ran on full-throttle high-epeed endurance at 4200-
25000 rpm geveral hours longer than any of the
notably rugged straight-8 Roadmaster engines
have ever run in the same standard test. Road tests
have been equally satisfactory and it is safe to say
that in its final form the more powerful Buick
-deg V-8, although 170 Ib lighter, is equal to or
better than the Seriez Tl straight-8 Buick engine
in durability.

Performance

Because of the current contest in advertised
horsepower, we approach the subject of engine
output with some misgivings. The problem of
whether to try to out-exaggerate the field or to
quote actual figures, which may not seem suffi-
ciently high to some, Is a difficult choice, We have
tested four of the new competitive V-8 engines in
our engine test depariment sccording to the Gen-
eral Motors test code. We have access to the results
obtained on these and other makes of engines,
which have been tested in other divisions of GJen-
eral Motors, at General Motors Research, and at
the General Motors Technical Center, None of the
teste on 1952 engines have shown higher bmep
figures, hp ratings, or better specific fuel curves
than we have obtained with our new engines under
the same test conditions.

We believe the purpose of this paper iz best
served by quoting actual fipures obtained under
test No. 7 of the General Motors test code, which
is run without muffler, and iz corrected to 100 F
carburetor air temperature (Fig. 39),

Tha 60 F correction factor commenly used for
advertiging purposes wlill inereaze the hp to 188,
the maximum torgue to 298 Ib-ft and the bmep to
189 pai.
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A gain in performance, which i often over-
looked, is due to the lower engine weight, and to
the lower inertia of the moving parts.

A gain in fuel economy results from the reduced
engine friction, and to the higher ecompression
ratio of the 1953 Buick V-8. Also, it shonld be
remembered that the resulting increased efficiency
iz evidenced in improved performance as well as
better fuel economy.

Conclutions

After we have been in production for a year we
will be in & better pogition to state juat how well we
have aceomplished all our aime and objectives in
the design of the new Buick V-8 At the present
time we believe we can safely draw the following
eonclugions about the new engine:

1, The Buiek V-8 is as durable as our 1852 line
of straight-8's, with sufficient strength and rigidity
to permit increasing compression ratios and power
putput s advances in fuels and combustion-
chamber design permit.

2, From our tests the fuel economy improvement
will be up to 8%. _

3. Our service department states that the Buick
V-8 I8 the easiest of the new engines to service.

4, Our production department estimates that the
production eoat of the new engine will be 7% less
than for the Roadmaster in-line engine. One-half
of this saving is due to weight reduetion.

B. To the best of our knowledge the Buick V-8
is the lightest and most eompact automobile engine
for its power output now in quantity production in
America.
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APPENDIX |
Buick Weight Comparizon

General Motors Uniform Series TO Differ-
Parts Classification 1052 1953 enoe
6A1 Cylinder block and
crankecase 24867 17652 —-T2.156
6A2 Cylinder head 83.34 105.90 1265
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6B Flywheel housing 2040 103 —19.37

6C1 Crankshaft 114.21 5581 —58.30
6C2 Crankshaft balancer 1368 000 —1368
6C2  Flywheel 1205 944 — 281

6D  Connecting rods, pis-

Lons, and rings J0.74 2858 — 215
6E Gl pan 13.60 0.28 4.24
6F1 Ol pump and drive 382 515 — 047
8G1 0Oil distribution

system 012 013 4 001
6G2 Ol filler 0.26 050 -+ 0.24
6G4 Oil gage rod 0,11 012 + oo
6GG  Oil filter 4308 8620 4 011
6H Engine ventilating

aystem 313 175 — 138
6J Engine front covers 0.8 1202 4 513
6K1 Fan and drive 467 0852 - 485
6K2 Water pump and

drive 1326 T7T.66 — 5.60
BE3 Thermostat and

engine cooling

parts 415 616 -+ 201
6I. Intake and exhaust

manifolds, and

heat controls 46.40 5061 L 421
6M1 Carburetor 881 1043 -+ 0.62
6M3 Air cleaner and

silencer 9.80 1311 -} 322
6M4 TFuel and vacuum

pump 5894 5838 — 008
68Q Powerplant mountings 465 45 — 0.10
6X1 Camshaft and drive,

valve springs,

and lifters 48 54 3147 —17.07

6X3 Valve rocker arma,
shafts, and covers 16.95 13.75 3.20

6¥1 Generator 2485 2224 — 261
6Y2 @Starting motor and

econtrol 2583 2392 — 1.0
6Y3 Distributor 613 643 -+ 030
£¥4 Spark plugs, ignition

coll, and wires 493 648 | 1,56

Total engine dry T784.11 623.93 —170.18

AFPPENDIX II
1953 Buick V-8 General Specifications
Bore, in, 4.0
Strole, in. a2
Diaplacement, eu in. 322
Numbering System, Front to RHear
Left Bank 2-4.6-8
Right Bank 1-3-5-T
Firing Order 1-2-7-8-4-5-6-3
Taxable Horsepower 51.2
Compression Ratio 8.5/1
Maximum Brake Horsepower,
Corrected to 100 F 180 at 4000 rpm

434

Maximum Brake Torque,
Corrected to 100 F, ft-Ib 285 at 2200 rpm
Pigton, Rings, and Pin
Piston Material Aluminum alloy
Featurea of Piston Cam ground, full skirt,
transverse slot, anodized
Number of Compression Rings 2
Width of Compression Ring 0.078
Number of 0il Rings 1
Width of (il Ring 0.187
Piston-Pin Diameter and Length 0.84 x 3.40
Piston-Pin Locking Method Clamped in rod
Crankshaft
Material Forged steel
Weight, Ib 56.01
Bearing Taking Thrust Load No. §
Mumber of Main Bearings g

Maln Bearing Journal Diameter
and Effective Length, in.

No. 1 24885 x 1.220

No. 2,3, and 4 2.4085 x 1.250

No.5 24985 x 1.765

Crankshaft Main Bearing Material Durex 100A

Crankpin Journal Diameter, in. 2.2495
Connecting Rod

Length, Center-to-Center, in. 6.00

Connecting-Rod Bearing Material Durex 100A
Effective Connecting-Rod Bearing Length (.881

Camshaft
Material Forged steel
pe of Drive Chain
Number of Bearings 3
Valves and Operating Mechanism
Type of Lifters Hydraulie
Rocker-Arm Ratio 1571
Valve-Seat Angle, deg 45
Spring Pressure, |b
Valve Cloged Outer 27.5-425
Inner 19.5-245
Valve Open Outer 85-81
Inner a3-0Y
Valwe lift, in. Inlet 0.378
Exhanat 0.350
Valve Head Diameter Inlet 1,750
Exhaust 1.250
Valve S8tem Diameter Inlet 0.3720
Exhaust 0.3714
Valve Timing
Inlet Opens, deg bte 25
Inlet Closes, deg abe 7
Exhaust Opens, deg bbe T0
Exhaust Closes, deg ate 42
Timing Point Valve 0.004 In. off seat
Lubrication
Type of Lubrication Full pressure
0Qil Pump Typea Gear
0il pressure, Maximum, psi 40
of Ol Intake Stationary
0il Filter Type Full flow
Capacity of Crankease, Less Filter, qt 8
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DISCUSSION

Development of New V-8
Combustion Chamber Reviewed

— D, F. Caris and F. A, Wyczalek
B=search Laboratortes Divistan, GME

HE suthors have presented an sxcellant infroduction to
e features of tha new Bulck engine. We are glad to

discuea our part in the development of the combustion
chamber for this engine.

Fig. 15 shows design detalls of the head and piston, Aa
pointed sut by the authors, this design has an intake and
exhaonst valve al one side of the combustion chamber in &
plana 45 deg to the normal. This provides an easy ontrinoe
into the gcombustion chamber and reaults in high volumetrio
efficiency, In addition, the fiat 45 dag portion of the piston
comes within 0080 in of the surface nof the combustion
chiamber, resulling In turbulepce durlng the compreasion
alrclke. Another important feature of this combustion-
chamber conflguration 18 the jocation of the spark plog.
As the suthars have pointed ont, it is within less than %
in. of the centerline of the cylinder bove, Thia ebwvicusaly
Is & location which resulte in minimurm possible flame
travel length.

In order to hetter appreciate the various features which
are incorporeted in the design of the new combustion
chamber, it might be of interest to review some of the
Inboratory’s earlier work. For many years. thiz laboratory
haa dirested much of ita effort toward improving the efi-
cioncy of Internal-combustion engines, This work and, of
course, the work of a great many others in both the auto-
mothve and pelrolenm industries, has resulted In a con-
Lnuwoua improvement in power and economy over the past
half century. Im 187 C. F. Kettering pointed the way to
further progreaa in engine efficlency by demonstrating thaz
compressioh ¥atios as kigh e 12571 are practical in auto-
miotive engines i sufMcient considaration is given to design
of the engine structurs, Mr. Kettering alss indieated that
there are at least two ways of achlaving higher compros-
sion retioe: (1} By means of chemieal potane numbers
built inta the fuel at the refinery by the petrolesm tech-
nafogieta. (2] By meanz of mechemien] oetane numbers
huflt into the engine by the engine designers.

The petroleum industry has an enviable record of prog-
reas in dmproving the antiknock guality of gaacline over
the years, and we have no reason to belipve that they will
not continue thia trend ns lopg as thay fAind it ecomomical
to de =0,

Thare are many faelors Which contribute to an Sngine'e
mechanical ootans rating or ita abilty to operate more
efficiently on fuel of & given octane level. They include
spark advance, carburetion, valve timing, volumetrio effi-
ciency, and combustion-chamhber deslgn. Thease factors are
all Interrelated and have a bearing on tho selection of the
compresgion ratie at which the engine will operate. The
relation between thess factors in the final engine represents
the best compromise the designer can male, in view of the
wide range of operating requirements which the automotive
engine must meet. Of thess many factors which influence
the compression ratio at which the engine operates, we
found that the combtution chamber offered a very promia-
ing field for development.

Binge Lhe octans requirement of an engine i2 wHected
by the weather, in addition to all these other factors, the
first step in the evaluation of various combustion-chamber
degigng, In terms of octane regquirements, wis (o develop
& protedure which would allow accurate reprodustlon of
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emgine cpevating conditions over a long period of UEme
Fig. A ghowg soms of the apparatus which was used to
control the variables which influence oofane requirements
Ag gn example, the bumidity, pressure, and temperature,
wers hald to definite values o that variations |n the air
entering the carburetor would not inflnence the tests
Buch mechanical variables ag walve thming, eam design,
valve mizes, and compression ratle were also held al
definite values.

It wan degided to meintain g constant eompression ratio
of B/1 for this combustion-chember development for two
FEAS0NA:

i, To simplify evaluation of the varlow designs.

2, Omr past experienes in this type of work has tndicated
that we should be able to achleve 871 compresaion ratio
with present commercial gasolinss,

In addition, the air/fuel ratio was adjusted for maxinmm
knock for each ruel used during the tests. Standard refer-
ence blends of fsooctane and normal heptane were used to
determing the petans requirement of the various combus-
tlen chambera. However, sinee engines dre not operated in
the field on reference fuels, ratings were also obtained
using commercial regular and premium grede gasolines,
The present rating of the regular grade gasoline used for
the Buick ecombustion-chamber development is 38 potane
rogearch and 20 octane motor, while premium grade now
has & rating of 02 regenrch and 82 motor.

Finally, to eliminate the deposit variable, all the designs
were rated clean, sven though it is & recognized fact that
commarcial engines opesrated in the fleld always have a
eertain amount of sombustion-chomber deposita present
Cf course, this faclor must be taken into account i select-
ing & compression ratls for the production englne and,
naturally, this has heen dane

Tt should bhe gquite apparent that all this atbtenlion to
detall demonstrates the importance of taking every pof-
sible precaution to malke sure that, insofar as {s possible,
combustion-chamber design was [he only varishle.

An sxample of a typical fuel rating test of 8 combustion
chamber (g shown by Fig. B. The shape of the chamber is
shown by thi scale eross-sections. At any given speed. the
procedure congiste of first obtRining & spark fAshhonk, Thie
ig o plot of power as expressed in terms of indieatsd mean
effective preasure vergus spark advence, The spark fish-
hook i3 obtained using & fuel which will permit the engine
Lo develep its maximum imep without knocle which, of
course, indicates the maximum possible power ontput of
the desipn under detonation-free conditiona. Mext the
borderline-knock spark advance valiea of primary refer-
enee blends and commercial gasolines are obiained. As an
Mustratbion, S0-octine reference fuel has u border-lime
spark advance of § deg and the premium grade gasoline
used In these tests has a borderlime spark advancs of 13
deg. It can be ohserved that fhess values are suparim-
posed upoh the spark fishhook. When combined in the man-
ner shown by Fig. B, these date can be interpreted by the
ohesrver as he dealres. As an example, it can be sern that
it requires about 92.5-octane fuel for this chamber fo oper-
ate detonation free at 0% of maximum power. It ecan
2lsn be Seen that premium gasoline will permit operabion at
almost ¥ maximum power. Another conclusion that can
be drawmn from this chart i3 that reguler gasoline, as rated
by thiz combustion chamber, L& equivalent to nporoximately
Bf-octans fusl

Bince octane reguirement depends upon power oputput
when other fectors are held constant, it {a obviously very
important to obtain power mensurements in addition to
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the Tuel ratings, We think this type of presentation is
axtremely valuable snoe [ presents important factors
such as gasoline rating, eciane reting, and power res-
surement on ono sheet, where they can be conveniently
eXamimed.

Bimilar testa for sach chamber design eveluated wore
purformed and the resulta are summarized as shown by
Fig. €. We refer to Flg. C ag an octane tres, In this caas,
it was made up by taking the octane rating for all designs
at % of maximum poser, 1000 rpon, 8/1 compression
ratio, and arranging them along & vertical octane number
acale, In sddition to the octane number arranged in the
vertioal direction, the reassarch ratings of regular and pre-
milm gasolined are &les labeled. Az can be obesrved, Ehese
ratings are B6 octane for regular and 92 for premium fuel.

The various combustion chambers are ldemtified by fha
gcale eross-sections of each design. As an example, design
A shows oross-sectlons in two planes through the combus-
tion chamber. As has already bean mentioned, the valves
Bre lecabed In the 45 deg plane, Thea spark plug ig located
in the center of tho engine cylinder, It can he sesn that
almost all changes in combustion-chamber shape for Lhis
particular investigation wers made by simply chenging
the configuration of the plstons. It s apparent that this
Buick head design with central spark plug location lends
[teelf very weoll to & study of this natore. Tt also POESnERCS
Lhe added advantage that future increases in compression
ration can be achieved by a relatively simple piston change.

More detalled examinabtion of this figure showa that
chambar A, the originml design for the Buick engine,
requirea Bilz-octane fuel Lo operite at 009 output: while
chamber J, the deslgn selected for the production engine,
requires only BRlp-octane fuel. This reduction in ootams
requirement of sight numbers is & fine example of a
mechanical octane Improvement, Other deslgns can be
selected and examined in & sim{lar manner. Ag an example,
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Fig. A = Apparatus eied o con-
tral warlables which influance
actans reqairements

design F, a dome-ghaped combustion chamber that was in-
troduced by Buick back in 1834 shows an octane requine-
wient of 95%. This, a8 was poeinted out by Mr. Turley in his
presentation, was the best that Buick had available st thot
time, but was abandoned in 1938 in faver of the turbulator
piston which in shown as Jdesign G with & requirement of
85 octame, This, of course, allowed the compresslem ralio
to bo increased while ptill using the same fual,

These two early designa wern rovived snd modified for
testing at 9/1 compression ralie o see how Lhey would
At inte the overall ploturs.

One of the goestions which may eome fo mind at this
podnt ls: what ere the factors which the desigmer st
build nto & combuation chamber in order to obtain mecheas-
ival ocotanes?

Our pesk experience hnd indicated that If we coold
ghorten the combistion process the charge would complets
burning before detopation had time to occur. Therefore,
at the start of this development we deliberstely sel out
to speed up the rate of born, by designing chambers with
high turbulence and the shorleat posaible fame travel

Foferring back to Pig. C and comparing designs A and
Ji it van be obaerved that chamber J has & much shorber
flame travel and, becanse of fie more effectlve platon eov-
ergge, has much greater compreaglve turbulence than
design A

The fact that shoreer combugbion time ts accompaniad by
8 decrease In octane requirement can be demonstrated by
comprring the aparlc-advance valuea shown by Fig. D. Thia
chart comparea the test results obtalned for the originag
degign (A1 ond the fAnsl production design (J). It can be
s=en thet the spark advance yelue ab 96 maximum power
for chamber A ip 20 deg and for design J it ia 13 deg. Thia
represents & decreass in borp Hme of at Jeast T des.

Ag an additional {Hustration of the effectivensss af short
fAarne travel in reducing ottane requirements, Fig, B shows,
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Fig. E—Foel rating test of combustion chamber = 1000 rpm and %1
cempresaion ratlo

the effects of tiwe diferenl spdcle-plug pesitions in the
enme chamber. By comparing the octans reguiremonts ab
B9 maximuom porarer; whichi 18 approXimately B2 octans
for ihe central plug position and about 985 octane for khe
point of ignition on the cxhausl yvalve side of the head, 1t
iz apparent that Buick's central plug positlon slome mo-
counts foi' 4 8.5 ectans improvemenl. Furlther examination
showe that at 059 maximum power, which ia more o line
with the nsual production spark settings selected by most
manufacturers. Bulel's central plug location reduces the
oobmne requirement from 82 to 79 octana, an improyemeant
of 15 numbers in this renge of the octane scale. In addi-
thon, it can be observed by comparing the #0% maximum
powar spark advanece values fhat there i & decreaac in
combustion time of at least 14 deg for the central plug
posttion, That is, from 24 deg to 10 deg,

Anpther interesting guestion which may be asked in
connection with combustion chember dagign iz, what effect
dogs it have on power output and thermal eficleney ?

Fg © - Single-eylinder octane reqmirements af 999 maximem power,
1000 rpm, amd 2/ | eompression ratio

As ghown by Fig. F, we hawve eompared the imep and
indicated thermal efficiency values obtalned for the com-
bustion chambers inchuded in the Buick development with
the same valve gnd bore dimensionsd., We consider the
differences ahown to be nothlng more than random Yaria-
tiona within the Hmits of error of measurement. Therefore,
we ol eonclude Lhat, within the scope of ihe Puick pro-
gram, combustion-chamber shape has shown no significant
effect on power or thermal efficiemey.

In sddition to the Buick development program, we have
carried off an extensive inveatlpatlon of present commer-
cial combustion chambers as well as 8 great many experi-
mental chambears for overhead-valve engines. Our lesls
hava ahown no signiffeant difference in thermal eficlenoy
betwesn any of them. However, many have exhibited B
wide spread in mechanicsl octane characteristics, a feature
whirh can be explolted jo ldprove sfigisney through the
medium of increased compression ratio

In summarizing this discusslon, we have shown that the

o] 0 20 30 D 10
SPARK ADVANCE - DEG

Fig. D~ Comparison of test resulty for original design 1A and Final
prodection design 1]}

20 30

140
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0 20

Fig. E = Effects of two different spark-plug positicas in same chamber
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Fig. F = Effect of combustion-chamber shape upon combustion efficiency

cambiation chamber for the new engine is the reault of &
syetematic mechanieal oclans development program. A
vary realistic gage of the extemt to which this program
has paid off is demonatrated by the ability of the produc-
tion engines Lo operate at B85 compression Tatio on pre
mium gasoline.

New Engine Elicits
Pertinent Questions

- |. R. MacGregor
California Research Corp,

HE authory have performed s herulesn task jn deacrib-

Ing the mumerous and intrigoing deslgn changes inoor-
porated in the new Buiclk engine, Nob being an engine
designor and not heving had any experionce with this par-
ticular engine, it would ba Frmunpl‘.unl.u for me b discuss
any of the mechanical detalls feom the deslgn standpoint
However, based on experience with other engines thers
are geveral questions end caomments that may be pertinent.

The presentation of the background for the valve-timing
dagram makes no mention of the modeat chanpe in the
timing of Lhe events. Iz thie change simply a byproduct
af the medification in the lift diagram, or 8 it an indica-
tipn of n desire to fil more nearly the reguirements {mposed
by the hydrausbe type of transmisslon rather than the
syneromesh ?

The combustion-chamber design ia interesting, to aay
the least. Tt wouold peem that the neocessity of heeping
depoaite from the small clearance areas would be wvery
groat If interference le to be svolded and quanching re-
tained. Has experience ghown that the torbulence is ade-
quate to scour these areas or is it anticipated that other
means will be reguired for periodieally removing earbon
deposita ?

Extensive experience |n the removal of deposits from
the conbmation chambers has ahown that not only can the
potans requirement of an engine be materially reduced batl
also an iocidenial and almost egually importent return of
lgat power cen be oblained., The magnitode of thia power
recovery is dependent upon the amount and type of de-
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posita gnd the dealpn of the combustion chamber, The
power Tegovery has varied from practically nothing o ap-
proximatiely 18 per cent. A cursory examination of the
new Buick combustion chember suggests that power loss
through the laying down of deposits may be rather great.
Has any information been obtained on this subject that
iz avallable for release T

In view of the influenee that breather gunses have on the
depostts found on the outside of the carburetor and within
the induction syatem it would seem that trouble may be
experienced from thia cause during those extensive perioda
of idling sometimes encousnttersd when thermal forces cause
the goses to move in the opposile direction From those
shown by the arrows In the diagrams. This e will bear
close watching,

Wilh referenca to the dove for the distributor 1& would
appear that the nrrangement which causes friction 1o op-
paas grovity might inbredoce a serious Auttering of the
ignition with ita eftendant undesirable effect on ootane
requirement.  Has some precautlon been taken to avold any
nnoontralled vertical play of the distributor shaft?

Ths Mbricaticn requirements of modern engines have
been generally becoming more exncting and it would ap-
poar that those of the new Bulck engine may even be ceiti-
cal. The large diameter piston with & crown design that
sugpests high hest transfer both by radiatlon snd con-
duction; the short stroke which tends to permit more oil
throw-off to reach the piston and ite erown: and the ghoet
wiiter jackets all seem to indicate high cranlcass oil temn-
peratures. In addition, the crogsover of Lhe exhaust plpe
would appear to contribute to the elevation of oll tempera-
ture, It would be appreciated if advance information can
b glven ms to the lubriceting oil temperatures that are
ta be expecied, particular]ly during extsnded high-speed
driving under desert comditions.

The manner used to present the power data is wery in-
toreating and we shall look forward with grest enthuslasm
to the acquisition of one of these cars for chossis dyna-
mometsr and road test purposes, Thia will pesmil Che
establishment of cur cwn views on power and =ome of the
other operational features that so lmportantly influence the
molorist jn his evalualien of both Ehe engine and the
petrolemn products he Oses

Fuels and Lubricants
Sought for New Designs

—D. P, Barnord
Shandwrd Gl Ca. (lad.)

TSCTISRION of this paper 13 dificolt for an oll momn,
particutariy as this ofl man has had no experiance in
the design or the development of mechanical devires —in-
cluding any kind of an engine. These rémuarks endeavor
to record those firsl impressions which the papsr makes on
such a representative of the petroleum industry.

First, adherence (o overhead valves for 50 years. Thia
ia moeat reassuring to the layman as it dromaetizes fhe e
treme reluctancs with which changes have always been
mantemplated in o perfect prodoct, If oot only helpa to
kmow that the familiar overhead valves are stll with os,
but it mdds to our Jfeellng of securlty to realize that,
throughout the years since Loula Chevrolet laid down
the firat Model 10, the valves have rermained wvirtuously
upright. The cylinders may lean to the right or loft, ot
the valves-no. (I hope somecne can point oot the sig-
nificanes of thiz chesrvation ower snd abowe its relation
to the instalintion problem.)

Tha new desigh aima at the beat possible utlization af
the improvements which have besn mads in fuels and
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ubricants, By taking adventage of all of the know-how
currently available, this willlzstion will e far ahead of
anything that couid be mccomplished by modification of
the earlier deslgn. We recogniza other advantages (which
re so clearly pointed out in the peper), but from our slde
of the table we are particularly interested in what the
new jobi will do with and to our prodocts,

The compression mmtlo of 85 flls us al once with ad-
miration and concern: admirgtion for the strides in engine
develapment which justify placing such o compression rotin
In the hands of the geners] public; concern over whether
the potroloum products which our industry mekes - umsd
will be able to make durlng the foreseeable future— will
b entirely satisfactary. To us, the 584 guestion i "how
iz it done?"

The fuel manufacturer ia especially interested in the
effects of depoalt allowances in holding the allowable corrs
pression ratlo down, and the rather high maximum torgue
gpeed In permitting such & high compression ratio on com-
mercial premiwm feels.  Owur misgivings de not reflect
defeat bt merely recopnize troubles as an inevitable part
of the price of progress, Every incresse In compression
ratit brings up pletured of moke combustion-chamber de.
posit. problems.  Of course, we Tealize that the modarn
engine wl its compression ratio is leas susceptible than its
ancestors of & generation or more ago. Nevertheleas, even
the mpat modern gpasoline engloe design {8, as wae onoe
pointed out by Bill James, wanting in ash-handling ea-
pacity. This will always worry us, since there ie no pras-
tical way of achieving present occtans nmumber levels - and
increasing octane numbers st further — without at the
sgatne Hme aecepting neceasity for ash handling., And not
rll combustion-chamber deposit difficultles are chargeable
to the fuel or even to the lubricating oil, Some of this
material ts juast plain sdventitious dirt,

Recopnizing that we will never be completely froe from
combuestion=rhamber deposits, what to do about them i3
likely to remain & major problem, The new designs with
which we are alveady familisf have contributed much to-
ward minimizing thelr effects, and we hope that the new
Buick design will extend this know-how. In the meantime,
we think that we have been able b help some wnd, juest
88 the engine bullder lteeps spaliing to improve his designa,
we in the ol industry well kesp brying to improve our
products.

The quest for higher sckane niombers has ralsed levels
o the place wheare the golng ia petting dtfeult. Current
premium grade ootane numbers imply 8 marked reduction
in the number of hydrocarbons available to the fuel mange
facturer. Each octene number increase 13 reflacted in the
nacedgty for more complicated procedures, higher costs,
and the inevitable processing losses than was the cass when
levels ware appreciably fower. OF eourse, o 1-unit increpss
in the range abowve 8 isa worth more than a slmilar in-
crease in, say, the T0's, bui the costs per octane number
g0 up much more rapidly, too, and the inevitable implica.
tiona must not be disregarded. Lest some of us become
too Impatient te achieve the magic evel of 100 let it be
noted that the effective knock-rating improvement In golng
from present average Tevels to 100 iz at least as great as
the gum of all octane improvements made up to the present

We in the petrolenm industry are most appreciative of
the framl, accurates, mnd complete presentations in thia
and pther papers describing the bew engine designe. We
may not fully onderstand the many conslderations under-
lying these new joba, but at least we can welcome the
clearly competont efforis to bhase them on the best In-
formation available in order to deliver the most perform-
ance and aseryvics, with the grestest of rellakility, and
within the pragtical limits of economics In the mesntime,
wi in the oll industry should gladly invoke all of the facili-
Ues available to uws in our efforts to provide thess new
designe,  topether with their ancestora, with fosls and
lubricants.

Yolume &1, 1953

Cylinder Performance in
MNew Engine Discussed

= 5. D. Heron
Comsulting Engineer

HIS paper s of decldsd intereat from Lhe standpoint of

cylinder performence, The Ethyl Corp. has for several
yeard studied oylinder behavior in reapsct to knoclt and
preignitton-limited performence and also in regard to foel
economy and air wtilization. The kEncek-Hmited behavior
of the new Bulck engine is cbvieusly wvery pood since it
Utes & compression ratio of 25/1 with premium fuel, and
does ao with excellent voluometric sfficiency. In appraising
kngel-Hmited performance, volumetric afficiency must be
conaldered 89 wall a3 compression ratio, In this connec-
tion Socony-Vacuum Iaboratories showed, several years
o, that a passenger car of about T/1 compression ratio
wionld at road tond, operite withount Knook on 2ere octane
number fuel up to about 60 mph.

The combustion-chamber design of the new engine 18 of
distinot intorest to the atudent of cylinder performuance
This chamber enables & very short stroke to be used while
maintaining o compact shape of the charge at the point of
ignition, With 8 high compression ratio and & short stroks
it iz diffieult, with same combustion-chamber layouts, Lo
avoid layers of charge which are difficull to ignile salis-
factorily at Hght load.

Thi niry chamber permits the use of & vory consldsrable
quench arss without interference with the fcow path of
the gas leaving the intake valve. With overhead valyvas a
large quench ares often involves considerabls interferance
with the gas Teaving the intake valva. The authors appear
to belisve that the combmation benefite of guench area, as
they have used it, are & resultl of turbulence rather than
due to quench.

The term, quench grea, s very penerally used in this
country in contrast to the term, aquish, which ia genarally
used in Europe. It is really unimportsnt which term is
uged since either term ig deacriptive and generally under-
gtood. The term guench does, however, imply that the
combustion ofect i known, Bome two years mgda J. B.
Macanley inftiated a study to determine i quench area
produesd beneficial effects as & result of guench or as &
result of turbilence, One phase of the study came op with
it guite clear answer 1o the effect that the benefits were die
to turbulence  Another phase, conducted under conditions
whaere guench ares prodpcsd merked improvement o
knock-Hmited performance gave no clues as to whether
guench, turpulence, or any other cause, was reaponaible for
the lmprovernent.

The Bithy]l Corp. atudies of cylinder performance are, it
is hoped, without prejudice since we do not design combua-
tian chambers sxcept for exporlmental studies. Ths types
designed have mosatly been rather bad although this, in
part. hns bean due to trying to cover too wide a TARES.
Attempting to cover wide ranges of compresaion ratlo and
turbulence in one cylinder head often produces a result
anglagous to trying to produce a musieal instrument which
will glve the combined effects of 4 basscon and w Vielln

Theae gtudics of knock-limited performance of neceasity
are based upon semewhat Umited data and further data
might revise some of the present conclusions which are
rather degtruoctive of some currently accepted ldess. For
instance, iE appears that the knock-limited performanee of
very emall cylinders is no better than that of those of G-in,
hore,  Also, it appears that curreni Jarge bore aircoocked
alrcraft engines are just a8 pood at 3000 rpm a8 Lbe VEry
small water-coolad cvlindera at the sume spesd. The
gtudies have coversd a fuel range from sero to abowve 100
octane number and while acsdemic in many respacts do
lead to the conclusion that one is Hable to be the victim of
one's proconceived notlons.
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Blowby Characteristics
Of Engine Requested

- T. A. Scherger
Stmdebakor Corp

HE authors have coversd thelr subject so conclasly and
thoroughly that it is quite difficult to make any construc-
twe additions to the material presented. In gemeral the
engine appears to be of rugged, st construction, with
ample dizplacement io perform the ssslgned task  With
the short stroke and high owverlap jourmals the crankshaft
ahould be very atlff and should contribute towsrd amooth
engine oporation. In mentloning the balance it waa stated
that a smdll amount of counterweighting is earried in the
crenkehaft pulley and ln the fivwheel. Thiz brings up the
guestion as to the method of balancing, Ie the orenkshaft
balanced In production with the flywheel and crankshaft
pulley assembled? Ii this is the case, whal provision Is
made for servicing the crankasheft pulley in case it is dam-
pged in the fipld? Toesn't this type of belaneing give
aomewhat higher bearing loads on the fronl and rear bear-
inge or do the authors feel that with the high overlap of
Lhe bearing journals this is not a factor o be conaidered

I note that the compreassion ratio of this engine ia 85/1
Mo menlion wias made of the sparle advance. T am Wonder-
ing whether the spark advance as ueed iz for maxinoam
torgue at relalively low speeds or whether some sacrifice
in foll-throttle power was meade for octane numbers,
thereby oblaining the benefit of high compression ratio for
part-throttle fuel economy.

The ralip of sesling volume per cuble inch of plston dis-
placement s unusually high for this engine, No mention
af blowhy wag made. If the data {8 available, what are
the Blowby charscterislies of this engine T

MNew Engine Designs Reflected
In Future Casoline Picture

=A. ). Blackwood
Standard Qil Development Ca,

AM pleased to have this cceasion to discuss the puper

on the Buiek engine, for although I have been in the
midst of & petroleum technolopy for many years 1 spant
my first 18 meonths out of college doing engine ressarch
and development work with the Mack truck people. Con-
sauently, I found the paper particulsrly intereating. Fotf
opn tngineer who has been pway from the detalls of engine
development work for over 26 yeara, many of ths problems
dizcussed still have o familiar and plensant ring. From
m¥ present posltlon in the petroleum product resesrch and
development field, it iz certainly gratifying to see somae
of the familar problems being s efectively solwed

I would no longer presume to be an sutomotive enginoer
capable of offering sound comments on this paper insofar
af design detadls are concerned. 1 ghall, therefors, leave
such comments to ofhers who are far belter qualified, I
wioudd, however; like to offer & few thoughts on thres or
four peinta directly related to the paper, and then to
offer somne goneral comments on Lhe impact whisch engines
guch ma this may bave on the future gasoline pisture.

T wae interested in the effort made to have all combnis-
Hon-chamber volumes exactly the same, and to maintain
& uniform induction system velocity from ecarburetor to
exit side of the inlet valve, This should result in uniform
Olling —an Important conslderation involved in making all
e¥linders have the same antilkknock requirement,

Mounting the fuael pump on the timing-chain cover and
in the direct fan hlast seams o step in the right direction
Lo minimige vapor lock. It would be even better to have
If in & direct stréam of cutside air which would be some
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10 to 15 deg eooler than radiator discharge air.

I wasa interegted in the approximation of about 100 miles
of rond Leat per hour of laboratory test to bring the de-
veloprment to a successful conclusion. In o current re-
gearch project in our vwn laboratories, we have bean aver-
aging nbout 25 miles on the road for ench laboratory engine
teat hour, Our work, however, s not peeking to establish
any mochanleal endurance factors.

Tho enticipated gain in fuel economy of 8 per cenb is
mogl prafsewaorthy. Part is atiributed to & redoction in
engine frictiom, We fee] this friction efect on fuel econommy
kaa been overlooked in the past. In Engiand, operators
have beerl reluctant to wse anything il heavy erankcess
gila, Thres or four yeara ago, one of Eeeo's technical men
interested a couple of fAset operators In trying out & Lght
oil of the §W typs. One of the benafita was a marked
improvement In gonsoline mileage, Now tha light oll [dea
is spreading very rapldly in England.

Wo wore pleased to note the special attention dewoicd to
pelting o good lubrioating system on this new enpine.
Other features which we hope some day to find in & lubri-
cation eystem arc an lostruoment panel oif level gage; an
ol pumyp system which compensates for wear and hot of]
so that it maintaing pressure; and better seals and gaskets
#o the garage fAoor stavs remsonahly clean,

And now I should lilke to discuss the fuel situation. We
have made many studiea of the economics of compresslon
rtio and gasoling guality, Also, we have always been
concerned with etanamio balanes hetwean protessing loases
of ernde ol and added mileage to be gained by higher
octaneg fuels and higher compression ratio englnes and
have recently mede a further study of this point. In 1835,
a Al-ootane pasoline was Lypical, whils by 1852 the ootana
inereasn over the yeara had amounted to about 30 pointe
During this time both the volume demand snd percentage
reguited from ocrude incregged  This inocreasa waa obialned
by thermal and catalytic cracking of higher boiling frao-
ticns, The proceasing lopses (rom cracking are chargeabls
to the required incresse in volume, Beyond thia, however,
thers have been processing loases chargeabls to octane (n-
creass alone. These result from applying thermal reforim-
Ing end catalytic reforming o o small fractiom of the
loweat gasoline octane constituent, namely heavy naphtha

On the basis of the reguirement in 1952 of 89 por cent
gascling, 34 per cent dislillate, 14 per cent residual foel,
and 17 per cent lubrleating oll, asphalt. wax, and fuel for
refinery processing, and, in the process of making & leaded
pocl pascline of 8 research ootane mamber, the Iosses dis
to reforming amount to only 24 per cent on the total
gagoline prodused.

Thia howrever is oot the Umportant point. Based en the
increaeed efficlency resulting from the higher ¢ompresaion
ratios which could be used with the 9 research octene
number gasoline availabls n 1962 ss comparad to the
Hmited compression ratio to operate on the G0-octane gaso-
Une of 1625, it was caleulsted that about 87 per cent more
work could be obtained from a barrel of gesoling of the
higher octane number, Adjusting for the 2.4 per cant gase-
line loss, nnd 1f wo talke full eredit for the santire ootans
number IAoresgs from B0 o B0, the pet gain s abont 65
per cent. In other words, 2 gal today gives roughly the
mileage of 3 gal in 19235 as @ result of & better guallty
gasaline and engine performance. 10 seems cleoar to us
that over Eht past 30 yoare the efforts to inoreass octane
number and the higher compresalon cetios which auch fuels
permit, hove been econstructive from the atandpolnt of
conservation of peteoleum resources.

MNow what about the future? Another comparison wis
made botween the 1852 sssumed 90 research octans num-
ber Ieaded pool and & future pool of 08 research octane
mumber. In this second study, production of products
other than gasoline wag hald at 1052 levels. Also, in this
oase catalytic reforming replaced thermal reforming and
more of the low octans viegin naphtha was catalytically
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reformed in the BE-cetans number cass, The fingl com-
parizon 18 on & sHghtly differont basis than in the frst
atudy. IE was defermined thet with high compression ratio
enginea designed for 06 rescarch octane momber, it would
be necequary to process 88 barrels of crude to got the same
wmonnt of work as iz obtained from 100 berrels of crude
processed for ™ rezearch octane number gasoline. In other
worda, lsss crude would be necessury, less gaaoline wousld
be made, but the work obtained from the higher comprea-
auon ratlo engines would be the same. There i stil]l room
in the future for Improved gasoline gquality and engine ad-
Justment that will take advantage thereof.

In my cloging remarks I would like to chserve that both
the engine manufacturers and the petrolsgm industey bove
done an execellent job of glving the poblic more aconomical
and better performing engines over the years and that
trend will ne doubt continue. However, it should be recog-
niged that any improvements in economy which can be
gained by better so-called mechanical octanes, through
better piston desigm, better valves, better induction sys-
temes, better oooling systems, and so forth, provide fm-
proved economy even at the current octane nurnber Jevela,
On the other hand, sinee thers is g 40-million pool of cars
already on Lhe road, and becouse the petrolenrm (ndustry
cannot make ootane [noreases to satisfy specific cara which
have higher octanes regquirements, the economle advantage
ig poing to be elower if we rely entively on chernieal oetane
improvement,

Seeks Additional Data
On Fuel Requirements

- C. ). Livingstone
GCulf Oil Corp.

MONG the many features of the new Buick V-8 sngine,

I am Impreased by the puthors’ report of their evalus-
Lion of the engine. I am sure the severity of their lesting
hea been adequats to predict the endurance of the engine
when it is deliverad to the customer. However, ns onsg
who will be concernod with ite fuel requirement leter on,
I wmi disappointed that the authory did not see 6 to pre-
sent more data on this phese. I am sure thers are a good
many cil people who are interested in the fuel roquire-
menta of the engine as installed with the new tranamission
in the antomoehile,

Our experisnce with other high-compression ratic en-
Eines indicates that the most critlcal fuel reguiremonts
oecur when the car is operated with extremely Bght-load
factor. In my own case, T have been driving one of the
newer V-88 with 8/1 compression ratlo, It has wondarful
performence and I experionced practicslly no detonation
or autolgnition wilh present premium fuel, A féw months
ago it became neceapary for my wite to take over the driv-
Ing of this car for & period of B days Before the thres
months wad up the engine we2 detonating on premium
fuel and was in trouble from autcignition. Consequently,
I am more interestéd in foel requirement data when the
car I8 driven 88 my wifs would drive i, than when It is
put through the vigorous paces by the test engineers.

When an engine gets Into trouble from delonation with
pramium fusls we cin correct the trouble by pulling bhack
the spark even though we may have {o sscrifics performs
ance, but when we encounter sutoignitlon there seems to
be no solution at present  Conseguently, | believe the oil
people Would be interested In any data in fuel Fequirements
afler depoalt accumulstion nt light load, that the suthora
might be able to presemt.  Wea would alsg be interested in
learning how the new engine iransmission combination
rates fuel in respect to the ressarch ockans number. TE
the new engine at 85/1 compression ratis can ba operated
without objectlonable knoch with present-day premium
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fuels, and 18 frea from autoignition after lght-load deposit
sccumulation, Buick has dono s remarkable job in the
development of this englnes.

Fuel and Combustion
Reactions Considered

~E. F, Miller
Socany-Yacwum Ol Co., Inc

HE authors have centerad their paper largely around

mechanical design and constructlon, and while woe arae
intorosted in many of these features, we will comment only
on those jteme which relate to fuel requirements and eom-
bustion

From o fooe] requirement standpoint the outsteanding fea-
turg of the new deslgn is the cembustion chamber. We
pre glad to see the amount of effort being devated to gom-
bustion-chamber shape, on the part of the various engine
manufaoturers,

Wo recogmize that turbulence wnd spark-plug locstion
and guench freas infuence the combustion process. The
design in thin caze must produce condiderable turbulence,

Do the guthors atieibute the ablilty to achieve &5/1
compression Fatio on current premiom gasellne largely to
thie eombustion-chamber design or i some of this increase
8 result of spark advance compromises? Any quantitative
indication would be of conaiderable interest.

Some of our experience shows that turbulence exorts
gpme control on the formation of combuston-chamber de-
poEits mnd we wish to ask whether, in the course of their
development worl, the suthors developed Information of
thia type.

Eecauss of the warions design influences, any oDgerva-
tions on our part as to how well this design is satiated by
premium grade gascline must sawait our experience with
the cars in the hands of custormers.

By now T beliswa moat of us are familiar with the fact
that card of & given make and model uzuslly <Ciffer In
potans number requirement by 15 to 20 units ms & result
of driving habits, sand mechanieal, mantenance, nnd de-
posit variations. i

The importance of this 16« to 20-octane-nomber variation
in requirement can be appreciated when it is compared
with the difference in guality between housebrand mnd pre-
mium gasolines which rangesa from 5 to 10 octane numbers
at the present time,

The machining of combustion chambers we assume I3
an sttempt to minimize one of these mechanieal variptions,
Any reduction in the variation of requirements would con-
gtitute a distinct step forward

While the paper i3 nol entirely clear to us in its refer-
ence to the extenstong of the hot spots to the carburetor
Figer, we essume this was done for the purpose of con-
trolling carburetar icing.

While we believe the application of heat is the mosi
effectlve meana of controlilng jcing, we recognize that the
amount of heat to be applied iz a diffeull cholce for the
deslgner. Too high & temperaturs in the region of the
carburetor may produse chjectionable deposits

Another factor of the design related to combustion that
Intereated uwe was the stroke /bors ratio of 0.8 From ouar
gtudiezs of this design factor, we have learned that !_hn
improvement in engine efficlency of some of Lhe new enging
designs results from the compactness of the combustion
chamber in reducing heat logass

While we have no regson to belisve thal going under one
in the strofe/bors ratio by & modeat amount hurts engine
efficiency, we became worried, however, when the authors
wifd, . | . space reguitements as detated by the body
stylist, are one of the meost important, f not the most im-
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portant Tactor, in determining the future trend of engine

In & second place the aothors say, “the short stroke - big
bore adopted in all the new V-8 englnes has muny real
pdvanteges, but the stroke/bore fatlo of the new Bulck
engine was chozen chiefly becavse from our Invesligation
it produced the minimom externnl engine size."

We hesitate to hold the suthors rigidly to these state-
mente but we had not realized thot style controls such
fundamental engine design items as gtroko/bore ratio

We long since have learned in thia country that sngi-
Heerds are reqiired fo make design compromises in the
intereat of making a profuct more attractive and there
fore more safahle (o the publio, But we hope there 18 &
Umit beyond which we as enginesrs will not go, for funds-
mentally, in this instance, we are selling transportation.

A5 a further question pertaining to the contral styling
exerts, we wigh to nak whather underhood space timitations
are becoming such as to restrict ventilation, thereby pro-
ducing high temporaturea with their ndverse effect on the
vapor-leclking tendeney of the fosl ayatem,

Requests Additional Data
On Fuel and Performance

- A. C. Sampietro
Willys-Owarlind Mators, Inc.

] WONDER whether the authors would be willing to aup-
ply performance data in addition to that given in Fig. 39,

Hpecific fuel consumption and heat-io-coolant data for
both & clean engine and for a dicty enging, with the spark
retarded to avold knoek, would ba of promounced interest.

Describes Fuels and Effects
Of Carbon Accumulation

— Henry W. Boylan
Ewick Mofor Division, GMC

l WILL try to smm up 811 the guestions Lhat have been
asked regarding the Buick combustion chamber, the
fuels required for this chamber and the effect of carbon
accumulation, in & geners] statement covering the results
of gur tests and o comparison with our past in-line engine

We feel from our tests that the Bulck V-8 engine will
operate ps aptiafactorily on premium foel sa our pest modsl
in-line engine. On our carbon accumulstion scheduls for
wite-apen throtile operation, which is the equivalent to 24
hr on power runa from 800 rpm to 4600 rpm, we tahe &
Lorqua loas of 214 9% from the clean eondition at maximom
torqua. At pesk horsepower we take & lose in torgue of
&% % from the clean condition.

On our carbon-aocumuiation scheduls which consizts af
1 min at 6800 rpem clozed throttie, and 3 min at 1500 rpm
open throttle for a 24-hr period we have & logs in torgue
of 4o at 1000 rpem and 5of at 2000 rpre. This ie com-
parable to the loss on the in-line engine which amounts to
4% % at 2000 rpm.

Cur road Eests are made at the General Motors Proving
Ground on their cctane rating schodule. This schedule con-
giete of entirely low-speed, poart-throttle cperations. TTaing
this sehedole and primary reforencs fuel for determining
requirements, this engine requires BA.5 octane fusl for the
enging clean; and a #1050 octane fuel for the engine not ¢lea,

During the operation of the car on the slow-spaod crrbon-
actumulation achedule, the engine is regularly checled for
putognition. Our engines showed ne slgn of aulcignition
during this pericd. When rating the engine not clean for
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the varlous fuels, & slight amount of sutoipnition was ex-
perionced al 1800 rpm and 2000 rpm while rating Red
Crown B8-80 and primary reference fusls with an octane
rating of 82.5 and 85.0.

At the end of the carbom=accnmulation scheduls we had
Irace knock on the Unicntown method at 1800 and 2000
rpm - the spark Uming 2 deg bte. Compression ratio will
have an average buildup for the engine of 4% ratio.

The question haa been asked ns to how much power loss
we take at the Jow end due to reterded spark. Wa taka
approximately a 59 loss al 800 rpm, with this loas dimin-
lahing to 17¢ st 2200 rpmn, From this speed, and on ont, the
spark is set mbt {minimum for best torgue). This power
loss taken at the bottom end of the power curve ig no dif-
ferent than the loss taken on most of the new engines on
the market today and is particularly inconsequential in the
Buoick car where a Dynaflow transmisgsicn is gsed. The
Dynaflow does nof allow the engine to operate at wide-open
throttle much below 17000 rpm.

In the cese of the svnohromesh-transmission oquipped
cara, it {a neceasary to reduce the compression ratio to 8/1
and nss preivm fuel bty oblain satisfactory operation from
n detonation standpoint. With Buick's new-type plstons end
combustlon-chamber design, It {2 necessary to maintain the
design dimensiong of the guench or equish ares even when
reducing compression ratios. For thie reasom. in changing
fromnl & 8% ,1 ratlo to & BS1 ratio it ls neceszary to Inatall
new pletons rether than just ncresse the gesket thickness.

Mr. Scherger asked a guestion on blowby about which I
did nol gquite understand. I cnn say this - the rate of Dlowby
i cubic feet per minute on the pew V-8 engine i3 not eny
mare, nnd avernges llig'l:ﬂj' lesg, than our past {B-line
angine with g comparabhle displacement

Authors’ Closure
To Discussion

In reply to Mr. Mactiregor — The distributor used in the
now enging i8 of the same peneral construction as used i
past production models, in which the thrust ia also upward.
Tha lower distributor hushing is deaigned to fake the thrust
lomd, We balieve this conatruetion results in less poasibility
for variations in end clearance than with the same of the
other dealgna in which the thrust is downward and is
carried on a bearing in the cranbeaes.

In veply to Mr. MacGrogoer sl Dr. Barnard - Buick has
seed A high=spesd timing for some time, a8 wes stated in
the pupor. Buch a timing, compared to more conventicnal
timing, guins at hiph speed and loses st Tow speed, The low-
gpeed oclune reguirementie are reduced which permils &
amall increase in compresaion ratlo, but not enough to gain
back aill the low end logs. Of courae, the compression o=
prease Fives an additional gein at high speed,

In working out the timing lor the V-8 advantage was
taken af the fact that with the Dynaflow transmission lows
spead torgoe 18 not as important as with other tranamission
types. Bome changes in the straight-8 timdng events were
piso necessary bocause of the different requirements caused
by enging desizn dfferences such as valve position and
manifolding arrangemaent.

In reply to Mr. Scherger- The crankshaft, puolley, and
flvwhes] are not balanced as an assembly. The crankehatt
end the pulley are balanced separately, as In the past pro-
ductlon engines, The engine is balanced at fAnzl assembly
na a umit, the fywheel belng drilled to correct any out-ol-
batance condition. These operations are the same g5 wead
for past production engines and should cause no new service
prooleme,

In reply to Mr. Miller - The extenslons of the hot spols
are intended to reduce jcing troubles Other V-engine ment-
folds have a hot spot under the vertieal riser sectiom, buot
none st the horlzontal branches, We chose to provide hot
spots at the T-section branches, and provided some addi-
tlonal hert Lo the Fger sectlon with (he hot-spot extenslons
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