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I have long taken objection to the term "volumetric efficiency". However, it has been used so often that it is now the standard. I would suggest that the proper label be "mass flow efficiency".

This is so because an Otto cycle engine of given displacement will always flow the exact volume of its physical displacement. Our example engine for this paper will be 350 cu in., as a four cycle it will take two rotations for full displacement. This will always be 350 cu in. If the efficiency is above or below 100% it still moves 350 cu in. It may flow more or less mass by virtue of efficiency but the swept volume does not change.  If it were not for the valve closures, 350 cu in would be passed each rotation. The pistons will "sweep" 350 every time they are cycled.
There also exits an unswept volume. This defines the compression ratio. The unswept volume divided into the swept plus the unswept gives us this number.

swept+unswept

     unswept            =  compression ratio

Our example will use 8 to 1 or an unswept volume of 42 cu in

Since the object of my research is supercharged engines, I will turn towards that topic. In the normally aspirated engine, the unswept volume is not active. Changing the unswept volume does not change the displacement. An argument can be made for this area when considering efficiency improvements by virtue of overlap kinetic energy. For this discussion, we are limiting ourselves to the textbook engine. Personally, I have many years of race engine experience where the former is the prime objective.

In all my experience, I have not seen a mathematical means of showing this without physical evidence. There exist computer programs to predict performance but they rely on input of information previously acquired by physical testing.

In the supercharged engine, the unswept volume becomes active. This is due to the effective delta pressure now created by the supercharged inlet. Note that this is not the case with the turbosupercharged engine. There added back pressure negates the effect.

It would be easy to say that if we had a pressure ratio of 2pr  we will fill the engine with 112% more air. This is an oversimplification. For one thing, 6.5% was already there; it just was nominally inactive. Therefore, without the following equation one would add 106% more mass to the original mass.

The mass has another facet, heat. Also there exists some residual pressure in the cylinder from exhausting burnt mixture. These two inputs are components of the following calculation. My previous caveat of engine particulars are also eliminated from this example. A more efficient engine will still show its superior performance in a linear form.

A clinical analysis of mass flow could be written as follows; "choking" or "throttling" by valve and port is eliminated from the following for clarity. These are topics that relate to the previously mentioned efficiency phenomena. By considering these things constant, we eliminate the variable from our equation. Charge mass depends on the following variables:  

1. RPM                                                     N

2. Induction (manifold) temperature         Tci  K  ABS

3. Manifold pressure, in abs                     Pc      ABS

4. Back pressure                                       Pe     ABS

We will work on a single cylinder of our eight-cylinder engine. In addition, we use the textbook definition of intake and exhaust strokes. Reference Fig. 6.

Assume:

A. residual pressure in clearance space at end of exhaust stroke to be equal to back pressure Pe.

          B.  The pressure of the charge mixed with the residual EX at the bottom of   

               The intake stroke is equivalent to manifold Pc.

Start of intake stroke weight of residual EX gas in cylinder is:

                                          Pe S

                                          G Te

S= clearance volume

G= gas constant

Te= exhaust temperature  ABS

Similar equation for bottom of intake stroke:

         S                   Cr  Pc

         G                     Tx

Therefore, weight of fresh charge can be described as the delta of the above two, viz.:

                      ( S              r Pc )         -  Pe
                      G                   Tx               Te

If:  heat lost by gas = heat gained by charge we could eliminate Tx from the equation.  

                Pc S         (Te - Tx)  =  S    (  r Pc    -   Pc  )     x   (Tx - Te)   
                G Te                             G      Tx            T         

THUS:        Wc  =  rS         ( Pc-1   Pc)

                             G Tc         r

We = weight of final charge.

To show a 4-cycle engine where:   S = liters

Av  N = RPM

Wc per minute is:

       Wc =  1             r       NS     ( Pc-  1     Pe)    Lbs. Min.

               37.8 r -1            Tc                r     

Pressures are in Lbs./sq. in. ABS

Analysis of this assumption brings the realization that heat added to any inlet reduces mass flow and follows the charge through the cycle. Heat expansion and higher backpressure can compound this. That in turn gives more dilution as well as continuing the heat cycle.
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