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ILLUSTRATION OF PORT SURFACE FINISH
& EFFECTS ON BOUNDARY LAYER
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Schematic lllustration of Karman “Vortex” or “Ring” Generation
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Changes in Heat Rejection As a
Function of Air/Fuel Ratio
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llustration of Specific Cylinder Tuning - Intake to Exhaust
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Short-Side Reversion Paths in Intake
and Exhaust Ports

‘Generic exhaust port

e
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NOTE: OF the methods used to “fine tunc” a valvetrain (camshaft profiles matched to low-
lift port flow characteristics), comparing “reverse flow” potential on an airflow bench is
often worthwhile. By comparing short-side airflow (both intake and exhaust) toward and
away from the valve seat, valve seat pocket angles can be determined that affect “forward”
fow and “backward flow. Camshak that provide slow off st ntake I rates and rapid
offseat exhaust lif rates become keys to helping damp reversion into the intake port and
g carly exhaust flow, especially during the initial stages of the blow-down cycle.
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How Individual Cylinder Torque May Vary as a Function of
Crankshaft Throw Oscillation
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Simplified llustration of Compression & Expansion Waves
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Schematic of Muffled Exhaust System Components and
Importance of Component Flacement Within System
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e
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NOTE: As exhaust; pressurs puises pass through this type system, downstream
pressure conditions are altered each time & pulsc expericnces a change in path ross
section area {or volume). Upon 5o doing, @ system of waves fexpansion and pressure}
begin traversing each succcesive volume {scction} change..ouch as depicted here in the
forms of header pipe, collector, muffier, tallppe, otc. Whils the strength of these pulscs
includes influences from piston displacement, rpm and exhaust oxpansion prossure,
{vlow-down prossure} placement; o the in-stream componons can also affoct overall
exhaust. “tuning.” Trerefore, such variables as muffer location, dimensions of tailpipe
and distance of muffir from header collectar an allnflucnce net: power. Comments
‘about mufflr placement ar contained in the story.
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Example lllustrating Individual Cylinder Torque Output
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NOTE: Exarpl of 8 4-cylnder enging’s ndividualcylinder torgue output:
Often peak torque rpm occurs at the s ongine speed for each cylinder,
Wil speciic output may vary accordingly 48 shown i this lstration.
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Conceptual lustration of Mixture Motion {intake toward Exhaust)
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ILLUSTRATION COMPARING BASIC PORT SECTIONS
FAVORING SHORT-SIDE FLOW PATHS

Primary Fow Path
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vl L s longer than L2)

ZM

Given two disimila path wallngths (L1 & L2),flow enhancement can be produced by treatment.
ofthe shortsidefloor,“D" port mproves flow, rapezoidal shape futher aid flow by increasing
‘and decreasing surface areas top to ottom) and making pressure dstibution across rapezoidal
section more uniform.
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Valve Spring Comparison - 9200 RPM
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llustration of the Effects from Raising or Lowering Carburetor Height
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llustration Showing Some of the Effects From Changing
Connecting Rod Length
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NOTE: Several observations can be made by studying tis lustration. n particler, nots the apparent.
mecharical advantage afforded by the longer rod (L2} i agpiying combustion prossure forces oo the
Grankahatt journal {25 compared %o rod L. Addiionaly, “wel Ume” of th longer rod in approaching ant

Gaparting TDC 1 ncreseed, aloving an exconded tim for toraue appication ard faster burt rate from increased
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Schematic lllustration of Typical Perforated tube/packed Muffler

Acoustical damping/pacting material takes various forms {fiber
glass, stainless stecl wod, et}

Tubing with perforations that, b configured as slots, holss, or lower-le openings
that face either oward or away from the primary direction of exhaust. gas fiow.

NOTE: So-called “straignt through” muffers may be designied with or without various
‘types of packing materiats, all ntended to modify sound prossure and frequency during
pasaage of pulsating exhaust, fow. Numerous factors affect the effciency of such
uffiers, including total surface arsa over which exhaust gases pass.
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Illustration of Crankshaft Locations Where Connecting
Rod Bearing Loadings Are Critical
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Iustration Showing “Elasticity of Flow” Concept
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Comparison Between Pushrod and Simple
Wire-Wound Spring.
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ropertics of a wire-wound coil spring. In
The et of a pushrod, ength chacgss”
created by normal loading tend o alter valve
timing characteristics dictated by camshaft
lobe design and rocker arm ratios.
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EFFECTS 0F GARBUHETOR SPACERS
ON MIXTURE DYNAMICS

Carburator Spacar

Lower plane runnero

Mictura impaived impingemant
of flow aganet planum faor
Endview ocotion of intake manifold geum
ohowing upper and lower planeo w/diider.






OEBPS/edit_9781101157114_oeb_159_r1.gif
Modified Reverse Flow Cooling System
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‘Two Methods for Evaluating Port Flow Quality
(Methods can be used for arcas other than in intake passages)
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llusteation o Pressure Relationships During 4-Stroke Cycle Periods
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Brake.

lllustration of Torque Curve Areas Showing Differences
in Total Work (Power) and Greatest Bounded Area Under
the Curve Brake Torque
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|conceptust Reistionship Between Pesk Torque & Horsepower With Rod Length Change
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Nose Segment Comparison - 7600 RPM
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llustration of Basic “Slider-Crank” Mechanism Characterizing Piston,
Connecting Rod and Crankshaft Dimensional Relationships & Positions.
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Isimplified liustration of Pressure Distribution Relationships in an nlet Flow Path|
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“Actual” vs. “Theoretical” Valve Motion
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Illustration of Similarities
Between Torque and VE Curves
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Flow Path Differences
Between Air & Fuel in a Turn
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llustration of Boundary Layer Construction & Eddy Formation
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(Graph Showing Effect of Rumner Cross Section Area on Torque versus RPM.
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CRANKSHAFT THROW DEFLECTION FROM
TORSIONAL VIBRATION
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Simplified llustration of Single- and Two-degree
of Frecdom Primary Fipe Design
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Normal Flow Cooling System
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Valve Closing Comparison - 9200 RPM
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BASIC FLOW PATH CHANGES IN INTAKE AND EXHAUST
PORTS AS A FUNCTION OF FLOW RATE OR RPM INCREASE
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Sketich of Simplified Piston Motion Showing Poirts of Maximum, Minimurm
Acceleration and Velocity
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lustration Showing Relationship Between Venturi Booster & Carburetor Throat
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Schematic ustration of Method to Control Direction of Separated Fuel Flow
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Reverse Flow Cooling System
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Valve Spring Comparison - 9200 RPM
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SIMPLIFIED RELATIONSHIP OF MEAN
FLOW VELOCITY & TORQUE Nl'ltl"
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In ths lustration, some assumptions are required. Mean flow velociyis taken o b a value bounded by the exremes
present in the mist pth (zoro to maximum). t s lso the vauo atwhich the “working luid” (i fue r airand fuel) is
maving mst of the time. A value of 240-260 e iscommonly accepted. Infac,overall lw rate will begin to
diminish near peak o, th reultof pumping losses and. ack o time t produce volumeticeficiency. Port flow
velocty 5.2 combined functon of piston displacement,m and cross secton rea of the passage. Therofore, decisions
on port sizing should include where an engine is expected tobe operated most of the time,rlativ t the production of
torque.

Engine RPM
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Tustration of Torque Curves Produced By Intake and Exhaust Systeme

Torque Curve Dorived from ncae Systom

Torque Curve Derved from Exhaust System
Brake Torque

Engine RPM. —

NOTE: The concept prosented here is that intake and exhaust systems can be tured
separataly, the combination oF which becomes the “net” torque curve tha rcludes
other less infiuential components {notably camshaft and rodstroke ratioe).
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SCHEMATIC ILLUSTRATION OF
INTAKE/EXHAUST FLOW DURING OVERLAP

Exhoust ke During valve overlap, a combination of fresh
vahe cosing e opn 1l chargs an exaust gas ass into
e the exhaust system. While the extent of this

P varies as a function of several variables
g (valve timing, overlap period, rod-to-stroke
o atio, rpm, etc.), it is during this time that
piurd valve head and seat configuration is critical
e to overlap flow. It is of value to promote
e ‘good low lit intake flow (during the overlap
i period) but disruptive to efficient cylinder

cHinder filling if low-Iift exhaust flow is excessive.
Highor ham Decreasing low-lift exhaust flow is
i important to preventing excessive fresh
o air/fuel charges from being lost into the
exhaust path. Because cylinder pressure at
‘exhaust valve opening is high, a reduction in
Tow-lit exhaust flow wil not be as critical as the improvement of low-Iift intake flow, in
the interest of increasing total volumetric efficiency. One flow bench method for evaluating
this “cross flow” condition is to construct a dummy cylinder that will accommodate a
piston, position the piston at its uppermost position (during valve overlap) and flow from
ntake through the exhaust port (with header pipe installed). By varying exhaust valve head
and seat dimensions, low-lift exhaust flow can be adjusted to a minimum, thereby reducing
the amount of over-scavenge during valve overlap.
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Schematic lllustration of a Helmholtz resonator

Pressure conditions external to
\ those nside the rescnator

NOTE: By definition, a Helmoloz

“Secondary” rosonator resonator is an enclosure oF

cavtiy oiomat ‘specific volume communicating
wich an external mediam through
an opsning of smallr oross
Scction area, resonating ata
singl frequency based on

S —— e o s
Pt A Inirecase ot mffr sound
i rdier

ommunicating through the
“secondsry” cavity into the

“primary” cavity. Tuned to

address specific sourd

Frequencias, based on dimensions,
Helmholsz resonators are used to producs certaln exhaust “torea” or “adjusted frequencics”
onsiatent wth required or desived sound characteriotics. Pulsating exhaust pulses act
‘againa? the captured “primary" volume, communicated through the “sscondary” vlurne. While
the shapes of these Helmboltz devices vry among muffier manufacturers, thair function
remaing the same a3 descrived.
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Coolant Pump Efficiency and Power Input vs. RPM
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Conceptusl llsstration Showing Basic Direction of *Swirl” Mixture Motion

Direction of Miture Motion

Cytinder '
NOTE: Mixture motion can be induced by intake manifold runer, port design,
piston crown shape of combinations of al these. In particular, piston crown
confguration {especially during the compression stroke and nitial portion of the
burn} can sid sic/fuel miing and enhance combustion. Tapered pads that direct.
miture Gircumferentially around cylinder perimeter, combustion charmbers that

enhance this movement or combinations of both can be used to aid combustion.
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ILLUSTRATION SHOWING PRESSURE DISTRIBUTION
SHIFTS VS. FLOW PATH GEOMETRY CHANGES
Dynamic (owing) pressure distibuton patters are  function of

passage geometry and diectional changes. Flow tonds 10 seek
the “hortest path” from eatry o extofa passage.

Direction ofFlow
(all xamples)

Basic path offow or
centr ofhighest pressure

Wihether the“workingfluid” s air or airand fue, i tnds t follow the shortest geometica path between two polns.
of pressure diference. In areas where pressure distributon is *skeved” toon side of thepath to anather, ow
pressure appositetheseareas tends to encourage afuel separaton o ow pressure ar instabily. ntake and
‘exhaust port dimensioning (or modificaion) should incudo consideraton of these basi feature, attemptng t keep.
pressure distibution as unifom as posibl across each pot section.
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Mustration of Individual Intake/Exhaust and “Combined” Torque Curves

intako torque curve “Combined” torgue curve

Exhaust torgue cu

Exhaust corque peak

- -
Intake torgue peak N
“Combined" torque peak






OEBPS/edit_9781101157114_oeb_147_r1.gif
model with
the gates
controllng the

oilflow to the
back of the
pan.






OEBPS/edit_9781101157114_oeb_133_r1.gif
Simplified lustration of Single- and Two-degree.
of Freedom Primary Flpe Design

PO —
s

]

1
©

®

pemen,, J
VIR s ! IS
e ~_
(= g
T,

7S s o o e sl dye of sy s ek ey,
ol ests o WAt St e o s i ey
e T ok v et e ety s 1 spstn o o,
e ootk o st i g ety 18 2o
D e g s o e ot e 1 5 e






OEBPS/edit_9781101157114_oeb_156_r1.gif





OEBPS/edit_9781101157114_oeb_181_r1.gif
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PORT FLOW VARIATIONS FOR SINGLE
CYLINDER TUNING METHODS
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Schematic Top View llustration of Typioal 4V Intake Marifold
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llustration Showing Basic Conneting Rod Terminology and Areas
Frequently Associated With Mecharical Failure
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SUBSCRIBE TODAY & SAVE

CIRCLE TRACK & Racing Technology magazine is the proven source for dirt and
asphalt grassroots racers who need the latest in racing technology.

Whether you race a Mini Stock, Street Stock, Modified or Late Model, CIRCLE TRACK
will teach you expert-level car construction, engine building and tuning, safety equipment
use, chassis tuning, and racing technique.

For over 20 years, we've taken the most complex technical subjects and theories and put
them into practical terms for racers. If it has an engine and somebody races it, we're

there.
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TORSIONAL FORCE/ABSORPTION
CCHARACTERISTICS OF A TORSIONAL
VIBRAION DAMPER
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“Critical” Airflow Points in a Typical
Valve Lift Curve

Maximum “net” valve lift

“Critical” point in

intake valv ift curve

(approx. 65% of net

“Catical ointin _ .

exhaust valve lift curve

(approximately 85% of
net value)

Crankshaft Angle

B T\ BRI

NOTE: These two points are identified as “critical” in the airflow analysis of intake
and exhaust port flow, as it relates to net valve lft values for intake and exhaust cycles.
Notably, each point represents tht sage ofthe it cyee (ncake and exhaust) ot which
each valve resides for the greatest period of time...on the opening and closing sides of
the profile. These so-called RMS (root mean square) values are parccutarly helpfel in
determining airflow efficiency of pors.
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Relationship Between Exhaust “Torque Peaks” & Primary Header Pipe Diameter

Mean Flow Velocity
240-260 frtoce. ~

Exhaust “Torque Curves”
Generated by Different Header
Primary Pipe Diameters

— Engine RPM ——/> - -
Torque Peaks for Each Respective Primary Pipe Diameter

NOTE: Since primary pipe diameter is a function of mean flow pipe velocity and 240-260
feet/second s associated with peak torque rpm, it is possible to obtain a measure of
“control” over the engine speed at which a torque boost s achieved.
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Airflow Changes from Modification to
Combustion Chamber Back Wall
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