




The skip-cycle method for the determination of 
E is based on the premise that at constant fuel-air 
ratio and bes t-power ignition timing, the indicated 
thermal effi ciency of a given internal combustion 
engine is very nearly constan t over a wide range of 
operating conditions. The indicated mean effective 
pressure of a two-stroke cycle engin e supplied with 
a premi;{ed fuel-air charge, a nd operating normally, 
can be exp rC'ssed, in terms of scavenging effic i e n c~T 
defin ed previou sl~-, as follows, 

(8) 

where 

imep = illdicated mean effective pressure (nor­
mal operation), 

F = fuel-air ratio 
Ec= heating valu~ of the fuel , 

1) ;=indicated thermal effi ciency based on 
fu el quantity retained in t he cylinder, 

J = m ec hanical equivalent of heat. 

Appl~'ing eq (4) to this expression , 

(9) 

Under skip-c.\Tcle operation, eq (9) can be modified 
to read 

(10) 

where imepn is t he imep of tJIC firing cycle wiLh firing 
occurring once every n cycles of operation. The 
quantities Px, F, and 1) i a re constant, under the as­
sumptions made previously. 

Combining eq (9) and (J 0), and introducing the 
values for e and en as given b~- eq (6) and (7), 

imepn e 1- f " 
imep = en= 1- f' (11) 

It is seen that as n approach es infinity, en approaches 
unity for any value of f less than unity, in which case 
e= imep!imep m as a limi t. This r elationship, 
though simple, is unfortunately difficult to apply in 
practical determination of E, because it is difficult to 
extrapolate with any reasonable accuracy for the 
value of imep m from r eadings taken with the neces­
sarily limited values of n in any practical experiment. 
Experience indicates that it is far more sa tisfactory 
to solve for t he value of f from the ratio of imepn! 
imep for filliLe values of n, and then obtain e= I - f. 
Figure 1 can convenien tly be used for this operation . 

4. Experimental Equipment 

A small single-cylinder, air-cooled, crall kcase­
scavenged engine was used for the experimental 
investigation. The principal dimensions of t his 
engine are as follows: 

Bore __________________________________ 2. 500 in . 
Stroke __ ____________________________ 2.000 in. 
Displacement volum e __ _______________ 9.818 in .3 

Cy linder compression ratio ______________ 7. 05 
Crankcase compression raLio _____________ l. 44 

The engine employs conventional loop scavenging. 
The total transfer port area at t he erank:ca e is 
1.27 in .2, the total inlet port arca is ].41 in.2, and 
the total exhaust port area is 0.89 in .2 Th e rotary 
valve has a maximum opening of 1.32 in.2 The 
port timing of the engin e is shown in figure 2. 

The engine was connected to a small electric dy­
.namometcr. The enginc speed was measured by an 
electric tachometer, accurate speed con trol being ac­
complished with the aid of a stroboscope directed 
upon a striped flywheel. An MIT hydnwlic scale 
[4] was used for dynamom eter torque measurement. 

Figure 3 is a schematic diagram of the experimental 
set-up . As indi cated , air was supplied by a centrif­
ugal blower, through appropriate controll ing and 
measuring devices, to the engine rotar~T valve inlet 
(herein defmed as the engine inlet ). Fucl (a 20:1 
gasoline-oil mixture) was supplied under pressure, 
through appropriate controlling and measuring de­
v ices, to the inlet surge tank, where it was mixed 
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FIGU R E 3. Schematic diagram of the eng'ine setup. 

327 



with the inlet air. The air rate was measured by 
calibrated sharp-edged orifices of the ASME flange 
taps design [5] . Two orifices were used to cover the 
range of the experiment. Calibrated float-type flow­
meters were used for fuel rate m easurement. Again, 
two instruments were used to cover the entire ex­
perimental range. 

The engine was enclosed in a duct, and was cooled 
by air supplied by a blower. T he stations for the 
measurement of pressures and t emperatures are indi­
cated in the figure. All temperatures were m easured 
by means of thermocouples. The pressures were 
measured by mercury and water manometers. 

Figure 4 shows the ignition circuit used in the ex­
periment. The circuit was designed basically to 
operate as a conventional automotive ignition sys­
tem . There were four sets of breakers: the main 
breaker, a, operating at crankshaft speed, and the 
auxiliary breakers, b , c, and el, operating at reduced 
speeds. The reduced speeds were obtaired by mount­
ing the camshafts , b , c, and d , in a gearbox giving 
speeds in th e progression of 1, K and X. The whole 
assembly was then driven through chain and sproc­
kets by the crankshaft. The sprockets could b e 
changed to furnish a speed ratio of either 2 or 3 
between the crankshaft and shaft b . In this fashion , 
the auxiliary breakers could operate at either ~, X, 
and Ys of crankshaft speed, or ?~ , ?t, and 7\2 of crank­
shaft speed. 

The main breaker was used to control the spark 
advance at all times . The spark advance was r ead 
by an automotive timing light. To obtain normal 
operation (n = l ), switch A should be closed, in which 
case a spark would b e produced every time the main 
breaker was opened. For skip-cycle operation, the 
switch giving the desired value of n should b e closed 
and all other switches opened. In tha t case, th e 
prim ary circuit would be completed only for the 
cycle for which ignition was d esired. For th at cycle, 
a spark would be produced at the instant the main 
breaker was opened. 

The indicated mean effective pressure, imep, was 
computed from dynamometer readings taken with 
engine firin g and motoring, by the familiar relation 
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FIGURE 4. Circuit diagram of the ignition system. 
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where 
0 = a constant, 

P b= dynamometer reading taken with engine 
firing, 

P r= dy n amometer reading taken with engine 
motoring. 

Under skip-cycle operation, the indicated m ean effec­
tive pressure of the firing cycle, imepn, was computed 
from the dynamometer readings as follows 

imepn=n C(P b+Pf) ' 

where n, as defined earlier , is the number of cycles 
of operation per firing cycle. 

5 . Results and Discussion 

Three series of runs were made, with the engine 
speed, inlet pressure and exhaust pressure varied in­
dependently. With the exception of the variable 
whose effect was being measured, all operating vari­
ables were maintained constant at values shown 
below: 

N, engine sp cecl ____ _____ ___ _ rplll __ 1, 800 
pi, inlet prcssure (i nches of mercury, 

absolute) ______ _____ __ " H ga__ 29.92 ± 0. 0l 
P e, exhaust pressure __ __ ____ _ " H ga_ _ 29. 92 ± o. 03 
T i , inlet temperature ___ __ ___ __ °F __ 100 ± l 
T a, coolin g air outlet t emperature 

°F __ 130 ± 3 
Ji' , fuel-air ratio______ ___________ __ 0.080 ± 0. 001 

The high est engine speed used in this experiment 
was 3,000 rpm. Limitation of the dynamometer, as 
well as vibrations of the installation, did no t p ermit 
operation at higher speeds. 

Figure 5 shows the variation of imep, ihp, and air­
flow rate, M g , of the engine, under best-power spark­
advance conditions, over a fairly wide range of en­
gine speed, inlet pressure, and exhaust pressure. 

Figure 6 shows the variation of imep n versus spark: 
advance under skip-cycle conditions, at 1,800 rpm . 
Note the progressive clecrease in best-power spark 
advance, and th e progressive increase in imep n, as 
the value of n was increased.2 An indication of the 
degree of r eproducibili ty of th e experiment can be 
had by noting that results of three sets of runs, made 
on three different occasions, have been included in 
this figure. 

From data presented in the form of figure 6, the 
values of best-power spark advance and imep n under 
best-power spark-advance conditions, could b e de­
rived for each set of operating conditions. In this 
manner, figures 7 and 8 were constructed. Kote 
hO"lv the imepn curves ·with varied exhaust pressure 
cross each other, and cross the curves with varied 
inlet pressure (fig. 8). This b ehavior clearly shows 
that a variation of exhaust pressure affected not 
only ~, but also Px, in eq (9). 

The imepn/imep curves shown in figures 9 and 10 
were derived from the imepn data presented in figures 

2 'I'be variation of ihe best· power spark ad vance reflects ihe elYect of , on flame 
speed. The variation of ;.mePn is expected on the basis of eq (11) . 
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Operating conditiom: ]Ji=p.=29.D2" lIga, T i= 1000 F, fuel·air ratio = O.080. 
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Operating conditio ns: 1,800 rpm , '1 ';= 100° F , fuel-air ratio=0.080. 
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a function of scavenging ratio, for range of engine speed, 
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7 and 8. Note that because the variable Px was 
eliminated in this method of presentation, the imepn/ 
imep curves in figure 10 appeared in a systematic 
order with respect to the ratio p dp •. 

FigUl'es 9 and 10 also present the values of f , as 
derived from the imepn/imep data given in the same 
figures, by the method outlined in section 3. Note 
that the value of f for each case remained substan­
tially constant over the range of n investigated. 
This constancy of the value of f is gratifying, in view 
of the complexity of the scavenging process and the 
simplifying assumptions made. By averaging the 
results obtained at several values of n, a rather 
reliable value for f may thus be derived . 

The results presented in figures 9 and 10 are SUlll­

marized in figure 11. It is interesting to note that 
the mass fraction of fresh charge in the cylinder was, 
within experimental accuracy, a function of scaveng­
ing ratio only, regardless of the individual values of 
engine speed, inlet pressure, or exhaust pressure, 
within the range of the variables inves tigated . 

The assistance provided by Edward Bryant in 
setting up the experimental equipment and in oper­
ating the engine is gratefully acknowledged. 
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