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Inviscid Solutions of the Flowfield in an
Internal Combustion Engine
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Theme

THIS paper is a direct companion to that of Griffin et al.1

In Ref. 1, the complete Navier-Stokes equations were
applied to the solution of the viscous flowfield inside an in-
ternal combustion engine for a complete 4-stroke cycle-in-
take, compression, power, and exhaust. The major problem
with such solutions is their restriction to low Reynolds num-
bers in order to remain within practical computer times. In
contrast, the present paper investigates the inviscid flowfield
in an 1C engine. Some advantages of an inviscid solution are:
1) full-scale engines running under atmospheric conditions
can be readily treated in reasonably practical computer times;
2) the true flowfield inside real 1C engines might be
reasonably modeled via a large inviscid core plus a viscous
boundary layer at the walls, as conventionally done in
aerodynamics; and 3) an inviscid solution might be the most
practical vehicle for initial studies of the interaction between
the flowfield and the combustion processes.

Contents
The piston-cylinder-valve geometry is illustrated in Fig. 1 of

Ref. 1. The pressure, temperature, density, and velocity
distributions between the top of the cylinder and the face of
the piston are calculated as functions of space and time
throughout the complete intake, compression, power, and
exhaust strokes. As in Ref. 1, the flow is two-dimensional (an
infinite aspect ratio engine). Such 2-D calculations are ap-
propriate for a first-generation analysis, and they bring out
the basic aspects of the fluid dynamics inside the cylinder.
Combustion is not treated in detail; rather, the temperature at
the top of the compression stroke is increased artificially to
simulate combustion. The compressible Euler equations are
solved at each grid point (a 10 x 9 grid is used) by means of a
time-dependent finite-difference technique patterned after
MacCormack.2 Unlike Ref. 1, slip boundary conditions are
employed at the surface. Also, p and T are variable at the in-
take valve. The present inviscid solutions are much more sen-
sitive to the valve boundary conditions than the viscous
solutions of Ref. 1. Indeed, the valve boundary conditions
represent the most critical factor affecting the present inviscid
solutions; they are discussed in detail in the full paper.

Figures 1-4 give the inviscid velocity patterns for the intake,
compression, power, and exhaust strokes, respectively. In
contrast to the highly viscous results of Ref. 1, these patterns
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Fig. 1 Velocity pattern - intake stroke: 600 rpm; a) 90° from top
dead center (TDC); b) bottom dead center (BDC).
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Fig. 2 Velocity pattern-compression stroke: 600rpm; a) 30° from
BDC; b) TDC.
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Fig. 3 Velocity pattern - power stroke: 600 rpm; a) 30° from TDC;
b)BDC.

a) b;
Fig. 4 Velocity pattern-exhaust stroke: 600 rpm; a) 20° from
BDC; b) TDC.

show strongly circulating flows throughout the complete 4-
stroke cycle. These figures are self-explanatory, and should be
compared with Figs. 2-5 of Ref. 1. These circulating flows
must have some effect on the combustion processes in a real
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Fig. 5 Comparison of p-x diagrams for exhaust and intake for small
and large RPM; x = 2,y = 2.

engine. Pressure, temperature, and density variations also are
obtained. An example is given in Fig. 5, which illustrates the
pressure atx=2 and y=2 as a function of piston location for
the intake and exhaust strokes, comparing high and low rpm.

- PRESENT INVISCID CALCULATIONS
° ISENTROPIC LAW PVY=CONST.

X = 2 , Y = 2
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Fig. 6 Indicator diagram: 600 rpm.

Also, Fig. 6 shows an indicator diagram comparing the
present 2-D calculation with the ideal Otto cycle.
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