64HP Study Guide
· 4 stroke theory
Valve events in relation to piston position

Overlap, blowdown

· Formulas

Static compression ratio = Volume at BDC compared to volume at TDC
      Effective compression ratio = Volume at IVC compared to TDC
VE:  The ratio between the amount of air an engine consumes while it is running compared to the amount that would fill its displacement completely to atmospheric pressure at that RPM.
· A measure of an engine’s ability to breathe

· Peak VE usually occurs at peak torque.  High HP engines, VE occurs at higher RPM

· Passenger car engines are about 80%

· Blueprinting and machining processes
Bloc-Tru for 90 degree blocks
· Air Flow

· Types of measurement: 

Sharp edge orifice – Superflow.  Flow is measured through an orifice in CFM.

Pitot tube for measuring velocity – compares static and dynamic pressures (V=0 at walls)

· Set-up
Testing is done steady state, but really flow is pulsed

3 lb. springs (area x diff pressure)

Spark plug installed

Opening fixture and dial indicator

Entry conditions (radius, manifold when possible) 

Open valves at consistent intervals

Test pressure, select channel for valve opening

FlowCom

· Facts
65%-75% exh-to-int flow on 2 valve heads, 75%-85% on 4 valve heads
      Some surface roughness can improve flow by delaying separation (golf balls, neg dimples)

      Some heads have obstructions by design (GM 60( V-6)

      Laminar flow vs. separation (turbulence)

· Combustion, normal and abnormal, mixture motion (stabilize burn rate)
· Emissions originate in the flame quench area 
· CO  
· HC 
· NOX –

· CO2 –

· O2 – 

· Pre-ignition

· Hot spots (exhaust valve, carbon, sharp edges) causing ignition before spark

· Max cylinder pressure before TDC

· Burned area in center of the piston as flames meet

· Detonation 

· Unburned gasses, high pressure and temp, cause post ignition (after TDC)
· This second flame front meets the original and causes resonance waves (3000 ft per sec) 

· Burned areas on side of piston, usually on exhaust side 

· Chamber designs

· Pentroof
4 valve head

Plug centrally located – Less distance to travel, equal to all areas of chamber

Large quench area around

· Hemispherical

Large valve diameters

Large dome on piston is required – Surface area absorbs heat instead of using it

· Wedge – Open vs. Closed

Closed – Small chamber around the valves and plug

Has quench area

Open – Chamber is opened up to the size of the bore

Quench area becomes the part of the roof that is closest to piston

· Quench
Promotes turbulence for complete combustion

A blast of air forces the flame front through the chamber

· 2 vs. 4 valve heads

· 2 small valves flow better because of the higher velocity in smaller ports

· 4 valve heads have more valve area (curtain)

· Airflow begins and peaks earlier in 4 valve head

· Exhaust flow is better – Less lift, duration, and overlap

·  Mixture motion – To stabilize burn rates.  Created at the expense of air flow
· Faster burn rate

· More complete combustion at idle and low RPM

· More consistent burn @ WOT

· Decreases VE

· Swirl – 2 valve heads

· Tumble – 4 valve heads

· Pistons 
· Terms – Crown, dome, valve relief, compression height, pin offset, ring lands & grooves, accumulator groove, skirt, gas porting, anti-detonation grooves
· Cast pistons – Expansion slots to isolate skirt from crown

· Forged pistons – No slots so heat goes down through skirt = more clearance needed  
· Hypereutectic 16% silicon – strong, thermally stable, reflective

· Pin offset for quieter operation, thrust side (not racing pistons though)

· Pressed fit and full floating

· Rings – Sealing (1000psi), cooling, lubrication 

· Seal combustion up and oil down

· Gas pressure forces ring out and down 

· Plateau hone to reduce break-in

· Torque plate and bolt-on items

· Ring flutter – When blow by starts to unseat the top ring

· Material

· Ductile on top in case detonation (nitrided strong but expensive)
· Gray iron on second groove

· Stainless expander with chrome rails

· Molybdenum for wear, chrome for embedibility
· Side clearance .001-.002, zero back clearance

· End gap .003-.004 per inch of bore is standard.  Light check

· Finishes for rings:  Cast & Chrome = 25RA, Moly = 15RA

· Fuels – This outline plus Rick Gold from ERC
· Fuel is used for heat energy to make mechanical power
· Volatility – The ability to vaporize
· Reid Vapor Pressure – Measured at 100F at 1 atmosphere in PSI

· Distillation profile – Percent of volume a gas evaporating at increasing temperature

· Front end volatility

· Cold and hot starting

· Prevent vapor lock

· Low evaporation and exhaust emissions

· Midrange volatility

· Quick warm up and smooth running

· Good short trip fuel economy

· Good power and acceleration

· Prevents carb icing or hot stalling

· Tail end volatility

· Good fuel economy after warm up

· Prevents engine deposits

· Minimal dilution of crankcase oil

· Minimal VOC emissions

· Connecting rods

· Materials

· 4340 steel - most economical for high HP applications, high tensile strength,

Nickel-Chromium-Molybdenum (43xx) with 0.40% (xx40) Carbon by weight.  Heated to 2200F and hammered to shape, 
· Powdered Metal rods – Most new OE, closer tolerance on size and weight variation, reduced manufacturing costs, even grain structure, 
· Titanium - expensive ($600 per rod) light weight and strong, about 33% lighter than steel, not needed in street engines, sensitive to scratches and is gumming when rubbed,
· Aluminum – Disposable, has a dampening effect for high boost or nitrous, requires more mass to maintain the strength (needs space)

· H beam – Aftermarket, stronger design, expensive to manufacture
· I beam – OEM connecting rods, slightly lighter, can handle up to 500-700HP, 
· Bearings 

· Eccentric to account for rod stretch.  Also provides an oil reservoir

· Crush height about .002”-.003” forces bearing against housing preventing spinning
· Outward pressure also ensures heat transfer

· Conformability, embedability, wear, strength, corrosion resistance
· Tri-metal bearings have steel backing, copper-lead layer, then lead-tin-copper alloy (Babbitt) layer
· These overlays are thinner for better support, but don’t last as long

· Dry film coatings reduce friction and reduce wear due to dry-starts

· Forced induction

· Turbochargers

· Wastegate to control boost

· Terms - Turbine, compressor, blow-through, draw-through, back-pressure, 
· Superchargers – Different types, positive displacement, centrifugal, crank-driven

· Balancing

· Rotating weight: Big end of rod, bearings

· Reciprocating weight: Small end of rod, piston, pin, rings, locks

· Equalize rotating and reciprocating weights

· Intake size

· Port diameter should be between 80% and 85% of the seat diameter.  The area just under the seat should be about 88% to 93% of the seat diameter.
· In two valve heads, the intake valve diameter should be about half the bore

· To figure intake lift, the curtain area should equal valve head area (valve diameter/4)

· Smaller intake ports build velocity quicker 

· Better atomization

· RPM range that makes power is wider

· Better cylinder filling

· Larger intake ports flow more at high RPM

· Engines have to be able to rev high enough to take advantage of this flow

· Carburetor or throttle body size should be RPM x cubic inches/3456=CFM (2 cubic feet in cubic inches)
· Dual plane manifolds = long runners for increased velocity, less cylinder robbing

· Single plane manifolds = short runners for high RPM, tougher to get slugs of air moving at low RPM
· Import manifolds need a radius at runner entry and plenum that extends beyond last cylinder

· 1 to 1.2 cylinder volume works well for a wide torque curve (volume from back of valve-to-plenum)

· Expansion waves propagate back in the intake.  When reflected back from the plenum, these positive pressure waves can aid the end of the intake stroke.   

· Exhaust size

· Exhaust port should flow about 70% of the intake

· The exhaust valve diameter should be about 70% of the intake diameter (Makes the area about half the area of the intake)

· Too large of an exhaust port slows velocity, decreases the intake initiation (if duration is high, can over-scavenge)
· Exhaust pipes

· Diameter = exhaust valve diameter + .125”
· Primary tube length = 2 cylinder volumes long – port volume

· 4-into-1 collector with a pyramid between pipes to fill dead space

· When pressure waves heading back to each cylinder aid in reducing exhaust port pressure near the end of the exhaust stroke, it is considered to be tuned.
· Nitrous Oxide (N2O)

· Air = 21% Oxygen, N2O = 36% Oxygen

· More air, more fuel needed (high octane)
· Also provides a cooler charge, which makes it denser

· When the liquid N2O is vaporized it absorbs the latent heat of vaporization

· Heating the nitrous closer to intake air temp helps cool charge

· At 570(F, Oxygen and Nitrogen dissociate so oxygen is ready for combustion

· Nitrous speeds up combustion, timing should be retarded 
· The nitrogen acts as a buffer to combustion, pure oxygen would be too harsh of a flame front

· N2O with hydrogen peroxide makes the burn harder
