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Cylinder Head Wizardry

From a performance standpoint, cylinder heads are the most significant feature of LS1. An airflow genius at GM Powertrain, named
Ron Sperry, oversaw the design. To hardcores seriously into Chevrolet heads, Sperry is a folk hero. Fifteen years ago, working for the
legendary Vince Piggins in the Chevrolet Special products group, he contributed to the original Chevy "Bow-Tie" heads. Evidence that
success in motorsports transfers to production is that the L98 aluminum head, introduced on Corvettes a decade ago, was derived
from philosophies used in those late-'70s/early-'80s race heads. Later, Ron Sperry perfected his craft working for Herb Fishel at the
Chevrolet Raceshop. He was responsible for two of Raceshop's landmark designs of the mid-"80s: the raised-runner, NASCAR Small-
Block head and the symmetrical-port, big-block, Pro Stock head.

Ron Sperry joined the V8 Group at GM Powertrain as the Cylinder Head Release Engineer in the fall of 1987. Need more proof that
racing improves the breed? His first task was developing the production, Gen Il head that debuted on the 1992 LT1. A source close to
the Raceshop told us simply, "He (Sperry) showed them (GM Powertrain) how to make power with it." Sperry's early work on Gen |l
resulted in the LT4 head. He was able to tweak just a bit more out of a mature design such that LT4 is the high-water mark for produc-
tion, Small-Block V8 cylinder heads. Ron saw the LS1 project as a great challenge and a wonderful opportunity in that he was able to
develop a cylinder head for an all-new, production high-performance V8 engine with few of the performance constraints he had worked
under in the past.

All previous, production Chevrolet V8 heads have two distinct intake and exhaust port designs. A unique feature of the LS1 head is
what GM calls "replicated" ports. Each intake port is exactly same and each exhaust port is exactly the same. This eliminates combus-
tion inconsistencies between cylinders due to variance in port flow quality and quantity. The heads are sand cast of 356 aluminum,
heat-treated to the T6 specification. Engineers use the term "valve angle" to describe the angle between cylinder bore centerline and
the valve stem centerlines. It is probably the key geometrical relationship in a V8 head because it influences combustion chamber
shape and size, spark plug placement, valve diameters and port design. With V-type engines, the less valve angle; the better. The LS1
angle is 15,°three less than the best of the Races hop's Winston Cup heads and significantly below the production Small-Block’s 23°.

The LS1 intake port volume is 200 cc. which is a bit of a misnomer because of some of that volume is used for injector spray space;
nevertheless, intake volume is generous. The exhaust port volume is 70 cc. The valve seat angles are 30°% 45°and 60° The chamber

roof around the valves blends smoothly with the seat’s top angle. The valves are stainless steel. The intake valve size is 2.00 in. and
the exhausts are 1.55-in. with both having smaller, 8mm. valve stems. The valve face angles are 30°% 4 6°and 60° The valve guides

are pressed-in, sintered-iron units impregnated with material that enhances lubrication. Chamber displacement is 67.3 cc which makes
for a compression ratio of 10.2:1.

The most important aspect of this head from a performance standpoint is an intake port that offers the charge air a straight shot down
to the intake valve. In that respect, the difference between the intake port in the best of the old (LT4) and the first of the new (LS1) is
nothing short of dramatic. We were very lucky to get to talk with the cylinder head ace himself, Ron Sperry and he said, about the de-
sign philosophy he and his team of engineers used for the intake ports, "We worked hard to make sure we had all eight cylinders as
close to being identical, from a geometry standpoint, as we could. Each port is a continuous, runner-to-valve configuration. We don’t
have the air turning right or left to any significant degree. There is a relatively large runner opening and it tapers down so that as (the
charge air) gains speed, it's also gaining directional stability such that the air is moving towards the valve in a very directed manner.
We get the air and fuel into the cylinder with the same level of energy from bank-to-bank and port-to-port. "

Sperry added that a big enabler for the port design was packaging. By using four head bolts around each cylinder rather than the
Small-Block's five, there was more room for the ports. Additionally pushrod holes, head bolt bosses and rocker arm mounting bosses
were placed such that they impacted the intake ports as little as possible.

Another important feature of the LS1 intake port is it has better "injector targeting" than any Small-Block head. Injector targeting is im-
portant to idle quality and exhaust emissions. Ideally, port-injected engines should have injectors squirting a stream of fuel straight
down the port, directly on the back of the hot intake valve. The temperature helps vaporize the fuel and the turbulence of the charge
blowing down the port and around the valve does the rest. With the Small-Block, a straight shot at the valve was not as effective be-
cause the line running from the injector to the valve was nowhere near parallel to the port centerline. Ron Sperry: "Each port's fuel
injector is targeted on the valve. We established a (port) centerline in space. The port runs back from the valve to the injector in a
manner that is more linear with the injector target line."

A good cylinder head design gets the exhaust out as freely as it lets the charge in. Ron explained LS1 exhaust port philosophy, "The
15-degree angle goes a long way to fixing most of the problems we had (with the Small-Block exhaust port). The chamber is a very
open design. Chamber volume is bigger than its predecessor, 54cc in the LT4 and 67cc with this engine. The 15-degree angle re-
moves many of the short turn radius (where the port floor transitions to the valve seat) problems.

"All the surfaces are friendly in approaching the valve seat area. The valve is shrouded a bit on the bore side, but that's about the only
area there’s any restriction to getting exhaust out of the engine. We did employ the venturi-type seat that we put in the LT4 but it does-
n't have to be as drastic. The exhaust ports have some really good (flow) numbers right out of the box. They are as good as some of
the exhausts we've seen with modified, Bow-Tie stuff."

If you retain only one part of this discussion of the LS1 head, remember that most of this cylinder head technology goes towards one
goal: increasing volumetric efficiency. If you pack more air into the cylinders, the engine makes more power. The LS1’s much better
intake and exhaust port designs allow better volumetric efficiency at all engine speeds. The payoff is higher performance.

Continued page 7
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Cylinder Head Wizardry ...continued

LS1's head gasket sealing is better than that of the Small-Block. The long head bolts go 88mm down into the block and have very
long threads of a unique size and pitch designed for high load. They screw into threads in the case’s main web areas. The idea is to
pull the sleeves and the immediate surrounding area of the decks tight against the head by exerting force at the bottom of the
sleeves. An additional feature is the bolts’ length. A fastener exerts the most force when its stretched slightly and the long bolts allow
a lot of material for stretching.

One final, interesting aspect of the LS1 head and deck design is that it has a negative deck-height figure. One of GMPD’s goals in
combustion control was to decrease "crevice volume" which is, loosely speaking, the "squish” volume between the flat, non-
chambered, part of the head exposed to the bore, plus the volume between the piston and bore above the top ring. At top dead-
center, an LS1 piston top is actually 0.2mm (.008-in.) higher than the block deck and protrudes into the space surrounded by the
head gasket. A typical rebuild procedure is to machine or "deck" the block to correct misalignment or lack of flatness. Once the first
LS1’s need overhauls, engine rebuilder will have a learning curve with figuring out how to deck an LS1 case and preserve piston-to-
head clearance.
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