Cylinder Head Power Secrets, 
--------------------------------------------------------------------------------

After a long delay, here is the continuation of my series on modifying cylinder heads for better performance. I apologize for the big gap between features but I was not able to contribute for several months due to some bad injuries received while attempting to do some downhill mountain bike racing!

When we last left our series, we were explaining how competition cylinder head port work can increase the power of your motor. Now we will get into the details of what exactly a professional head porter will or should do when he reworks your cylinder head. This knowledge will enable you to talk to your head guy personally and to be able to judge good headwork from bad.

In cylinder head porting, the intake and the exhaust ports of the head are carefully reshaped by hand, enlarging, straightening and streamlining them to reduce any pumping-loss inducing restriction and to reduce turbulence, with an emphasis in increasing flow velocity and volume as much as possible, rather than simply increasing the size of the port. For the most part, the ports are shaped using a die grinder and a carbide bit to a direct, line of sight configuration. Line of sight straightening gets rid of turbulence producing bends in the port, improving the flow. Like almost everything in life, there are a few exceptions to this rule but for the most part this is a good generalization. Porting involves extensive hand finishing to remove tooling cuts, sand casting pits, and the usual lumps and bumps made by the mass-production tooling of the factory. 

Porting, as most high performance modifications, has its limitations. It is possible to make the ports to big. An amateur, overzealous cylinder head tuner armed with a powerful air powered die grinder can simply go to town, hogging the ports out, making them as big as the Holland tunnel. In porting, size does matter. Unlike some things though, smaller is usually better! Big ports can flow big numbers but big flow numbers alone will not make big horsepower. Larger ports have a lower flow velocity given the same flow demand. An air column of a given mass at a lower velocity has less inertia, and less potential energy, possibly negating any ram charging effect. The ram effect is critical for obtaining complete cylinder filling at low rpm and is just as critical for maximizing volumetric efficiency at high rpm. Incomplete cylinder filling at low rpm causes an engine to have poor bottom end power and throttle response. Symptoms of too large porting are an engine with a soggy bottom end that only makes horsepower in a narrow, few hundred rpm range at top end, usually with a rough lumpy idle. 

The correct port size is the one that maximizes velocity, with minimal cross section but also still increases flow. Streamlining and reducing turbulence inducing sharp bends is more important for power production than just making the ports big.

In carbureted or throttle body injected motors, oversize ports with low velocity and stagnant flow, can cause poor fuel atomization with its attendant bogs and stumbles. Typically, an engine with overly big ports, a high performance camshaft and a carburetor(s) will barely run at low rpms. Going too big in the ports can also mechanically weaken your head to the point where it flexes, blowing head gaskets frequently or even cracking. The main trick to effective head porting is making the "straw" big enough to feed your thirst but not making it so big that you can't suck hard enough to bring the milkshake to your mouth!

Another important aspect of headwork is the valve job. Believe it or not, over 50% of the flow gains generated by good headwork can be found in the valve job. Factory valve jobs often involve only cutting the seat i.e., the 45-degree surface that the valves seal to. Sometimes there are additional rough cuts made to the port to ease the air's approach angle to the valve. This is why factory valve jobs are usually either called one or two angle, one angle being just the seat surface, two angle being a seat surface plus a smoothing throat cut. In a cost conscious, mass production environment, there is simply no time or money to spend on small details like a multi angle, precision valve jobs. If more flow is deemed necessary it is usually cheaper for engineers to spec a slightly larger valve. Wide seating surfaces are more forgiving to mass production mismatches giving good sealing for the life of the car even with a significant misalignment of the seating surfaces. As valves and seats wear, they tend to sink lower into the seats creating seating surface mismatches and valve shrouding (partial blockage or restriction cased by objects in close proximity of the valve seat, imagine having the valve having to lift its self out of a deep crater before it can start to flow). Wide seating surfaces sometimes tend to last a little longer when the valves sink under wear, long life being an important thing on production engines.

High performance valve jobs have three angled cuts, one on each side of the valve seat cut. First there is the throat cut which is typically around 60-70 degrees. This helps ease the airs transition to the 45-degree seat cut. The second cut is the 45-degree seat cut, which is the surface that the valve actually seals against. On a high performance valve job the seat cut is narrowed down to the minimum needed to seal the valve reliably and the seats contact patch is matched accurately to the corresponding seat cut on the valve. On a mass production engine due to wide production tolerances, the seat cut ends up being much wider than actually needed. For a high performance valve job on a 4-valve motor the seat cut is usually made to be 0.040" or so on the intake side and 0.050" wide on the exhaust valve. The exhaust is made slightly wider to have more contact area so the exhaust valve can be cooled better by conduction. With the valve seat width at minimum and having the seats matched to the valve, the incoming air or outgoing exhaust has less restriction due to the unshrouding effect the adjacent cuts produce. Simply put, as the valve moves away from the seat, more area for flow is exposed sooner. The third and final cut is called the top cut. The top cut is generally about 30-20 degrees and is made immediately after the seat. The top cut also helps reduce valve shrouding of the airflow past the valve (or before as in the case of the exhaust valve) as the valve starts to lift off of the seat. 

Some times a head tuner will make a five angle valve job, adding additional shallower angled cuts to make the entrance and exit to make the path to the seating surface even smoother to airflow. Some head tuners feel that very best valve jobs are called radius valve jobs. A radius valve job is a five-angle valve job where the two angles adjacent to the valve-seating surface are hand blended together, into the port wall and combustion chamber for a totally smooth transition from seat to port to combustion chamber. These valve jobs are very labor intensive hence expensive. Some head artisans firmly believe (and have flow bench proof also) that this blending actually hurts flow, another example of art meeting science. Another trick to increasing flow is to have an approximately 30-degree angle backcut on the valves away from the seating surface. This also aids in unshrouding the valve to air flow as the valve starts to open especially at low lifts. Another trick is to reduce the diameter of the valves stem directly under the head of the valve. The valves stem is turned down a few mm, effectively shrinking the stem so it blocks less of the port. One should be careful not to overdo this, as overzealous grinding here can weaken the valve stem. The head of the valve can be swirl polished to further aid flow. The swirl pattern reducing the boundary air layer thickness on the valve, much like the dimples on a golf ball help it's streamlining. 

Near opening and low valve lift flow is critical in making lots of horsepower because the valves spend more dwell time at low lifts and close to opening than at full lift. In simple terms, the valve is only fully open once per intake or exhaust cycle but is near its seat twice as the valve has to both open and close! That is the primary reason why a simple valve job can make so much of a difference in flow and horsepower. Unlike most high performance mods where bottom end performance is robbed to get better high-end power, valve jobs fall into the free horsepower category. Enlarging the ports can many times compromise low rpm performance as explained in the previous paragraphs. A high performance valve job however, can increase power throughout the powerband with no sacrifices or drawbacks of any sort except cost and perhaps long term durability, as the narrowed seats can tend to wear a little faster. Street high performance valve jobs usually have a little wider seat cut for longer life although some head tuners dispute that narrow seat wear any quicker. Modern DOHC multivalve engines usually have hardened valve seats for unleaded gas use and run lower valve spring seat pressures than old school big V-8's so valve seat wear is lower and seat width is not as critical for long term durability anyway. 

We will cover some of the details of valve jobs and more cylinder head tips in next weeks installment.
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