
AUGUST 13TH, 191 4. 

An INVESTIGATION of the TURBULENT MOTION 
of the GASES in an ordinary 4-CYCLE GAS ENGINE. 

By HERBERT J. SWAIN, B.Sc. (Syd.), B.A. (Cantab.) 
(late 1 51 Science Research Schol-ar and Exhibitioner of 

E mmanuel College, Cambridge. ) 

The diameter of the Inlet Valve of an average poppet­
valved gas engine is of the order of one-fourth the 
piston diameter, which means that the velocity of the 
admission gas must be at least 16 t imes that of the piston, 
and it is quite probable that the velocity of the gas is 
considerably h igher, due to the design of the cam pro­
files, which, in many cases, allow for a very small 
period of maximum valve opening. 'I'his high initial gas 
velocity causes the cylinder to 'be filled with a charge 
in a highly t urbulent condit ion. 

Under ideal conditions of admissi on of the charge t o 
the cylinder there would be a certain gas velocity r anging 
from zero to a velocity equal to that which the piston 
had at any point in the cycle. 

The author has therefore defined turbulence as the ex­
cess velocity of the gas at any point 'n the cycle over 
that due to the piston motion at the same point of re­
ference. 

The object of the experiments described in this paper 
was to obtain an estimate of the amount of the tur­
bulence at various engine speeds, and to consider its 
bearing on the question of the heat losses in the cylinder. 

The method of experiment has been to measure the 
variation in the heat losses from a fine platinum wire 
.001" diameter, situated in the centre of the combustion 
space of a gas engine which was motored round at various 
constant speeds, using air only as the working fluid. 
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Furthe.t; experiments have been made, using similar 
platinum wire, in which different disturbing factors 
were r emoved, as for example:-

(a) The engine was motored round at same speeds, 
but with the valves out of action, the object 
being to eliminate turbulence. 

(b) Heat losses measured from a · similar plati,num 
wire situated in the centre of a covered iron 
vessel, resembling the combustion chamber of 
the engine, under the following conditions:-

(i) Pressure varied over the range met with in 
the engine cyli,!!der, and the t emperature 
kept constant. 

(ii ) Temperature varied over the range met 
with in the engine cylinder and at atmos­
pheric pressure. 

The object being to separate t he effects due to 
temperature and pressure without any piston 
interference. 

(c) Heat losses measured from a similar platinum 
wire placed in a str eam of air of known v locity, 
the object being to get some idea of what the 
actual gas velocities ar in the cylinder by 
comparing the heat losse so obtaincd with those 
observed in the engine cylinder. 

An important practical aspect of the effects of turbu-
1ence is the question of valve de ign, and with it th~ 
relatiye' merits of the poppet and sleeve valved engines. 
Ordinarily t he poppet valve of a gas engine i designe'] 
to operate in more or less a pocket of the cyl inder, and 
'~hen the valve is opened the head of it i in such a 
position that the flow is restricted. The design of the 
leeve valve is such that the maximum port opening 

occurs much sooner, and remains at its maximum 
.opening for a much longer period, than is possible with 
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the qui et running of the poppet valves. During the period 
in which the sleeve valve is open there is no obstacle 
to impede the direct flow into the cylinder, consequently 
the turbulence of the mixture should be less. It 
was possible that most of the increased efficiency of the 
leeve-valved over the poppet-valved engine is due to 

thi il diminution of turbulence. 

Description of Apparatus. 
The Engine.-The engine used to conduct these experi­

ments was an ordinary 4-cycle gas engine made by the 
Forward Gas Engine Company, having a stroke of 15 
inches and a diameter of 7 inches. 

Platinum Wire.- A platinum wire 5.1 c.m. long and 1 
mil. diameter was stretched between two stout copper 
wires (14 B.W.G. ) which passed through carefully insu­
lated bushings to t erminals in a cover immediately above 
the exhaust valve. This platinum wire could be adjusted 
to any desired p osit ion in . the combustion chamber, and 
for these experiments it was kept in t he centr e. 

Contact Maker.- A contact make}' (see Fig. 9 B ) Slml­
!ar to that devised by Professors Callen dar and Dalby 
was fi tted to the side shaft of the engine. It was so 
arranged that an electric circuit could be closed for ']00 

of crank angle at any position in the (' cleo The contact 
1l1aker was used either t o close the galvanometer circuit 
Qf a W heatstone Bridge Set, or a pr!lssure detector. 

Wheatstone Bridge Set.- A Wheatstone Bridge S t 
was used to measure the re istance of the platinum wir e 
in the cylinder at any position in the cycle, ail determined 
by adjustment of the contact maker which completed the 
galvanometer circuit . 

The battery consist ed of 25 to 30 secondary cells used 
in series, with a particularly high resistance, so that the 
change in resistance of the platinum wire was too small 
to materially affect the constancy of the current. A 
Siemen's milliammeter was used t o measure the cur rent . 
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The galvanometer was of the ordinary Ayrton Mather 
r eflecting silver-cased moving coil ·type, having a r esis­
tance of 4.5 ohms. 

Indicator.- The indicator used for determining the 
pressure r eadings during the cycle was one of Professor 
H opkinson's Photo-optical instruments. 

Pressure Detedor.- The pressure detector shewn in 
Fig. 9A was used t o determine the pressures, checlri:ng 
the indicator, and also for locating the position at which 
the pressure in the <cylinder was atmospheric. A thin 
steel diaphragm (15-1000th of one inch in thickne s) was 
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firmly clamped between t wo gunmetal boxes, forming a 
chamber on either side of it. One chamber communicat ed 
with the interior of t he cylinder through a cock, and the 
other chamber with either the atmospher e or a closed 
vessel in which t he pressure could be accurately deter­
mined. The interior of the chambers was so arranged 
a s to give free access to the gas, and to prevent the 
diaphragm from being overstressed. An insulated screw 
(shewn in Fig. 9A) was provided on one side of the 
diaphragm, which could be adjusted so that the deflection 
of the diaphragm caused by the cylinder pressure was 
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sufficient to compJ.ete an electric circuit. 'The diaphragm 
and insulated screw wer e included in the circuit with ' a 
p ortable galvanometer, a battery, and the contact maker 
previously mentioned . An adjustment could t hen ,be 
made giving the deflection of the diaphra~m correspond-

" • .. • • 0 .. • t 
I 

• 
! 
I 
! 

I ! 
! 
f 
! I 
IJ 
I~ 
f. 
I 

! , 
I 
I 

.1 
-F/G.2-

. ing .to the, pressure at some particular position in the 
cycle for which the contact maker on the engine side 
shaft had been set.' The steady pressure that would give 
a similar diaphragm deflection was afterwards obtained, 
ther eby giving the pressure a t the desired position in the 
cycle. 
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Details of Experimental Work. 

Engine Experirnents.- The engine was motored round 
by belted connection to a steam engine, and maintained 
at constant speeds of 60, 120, 180 and 240 revs. per 
minute, 240 R.P.M. being the normal working speed of 

rr+1-rr++4-r+*1-~~-~-~~~-~~~r++1-rr+,_S 
rrr.+++~~~rr~++~~··dd- '~~~rr~~ 1 

rr+1-rr++4~~~rr~~r++'~-r~~rr+1! 

r-s H-H--I-+++-HH-+-++ ~~++ 

the engine. Air only being used as the working sub­
stance in the gas engine during all the experiments. At 
each speed pressure r eadings were taken with the indi­
cator and detector to determine the maximum pressure, 
and also the position of the crank for which the pressure 
in the cylinder was atmospheric. 
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The resistance of the platinum wire in the cylinder was 
also measUl'ed at these speeds at various p osit ions in the 
cycle: Fir·stly, when a small current, .003 amper es, was 
used, which was quite insufficient t o heat the wire ; and 
secondly , when a current of .2 amperes was used, which 
was sufficient to heat the wire considerably. When 
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measuring the r esistanc.es ui the first case, the battery was 
cOllll.ected across the ratio arms of the W. Bridge in the 
ordinary way, bu t in the second case the galvanometer 
and battery connections were interchanged so that the 
galvanometer was joined across the ratio arms; this pre­
vented any in jury to t he low resistance coils of the W. 
Bridge thr ough overheating. 
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The temperatur es calculated from the resistance 
measurements are shewn plotted in Fig. (1-4), in which 
series the valves were working normally, and the cylinder 
water-jacketed, whD3t in F igs. (10-13) the valves were 
out of action and thc cylinder steam-jacketed. 
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In Figs. (1 to 4 and 10 to 13) the curves marked B eating 
Temperature indicate the temperature of .the platinum 
wire when a cUTrent of 2 amperes was used, and those 
marked Wire Temperature indicate the temperatures of 
the wire when a current of .003 amperes was used. 

The variation of the wire temperature is, of course, 
tIue to the gas becoming heated with the compre3sion . 
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This wire temperature lags behP1d .the ~s Itemper::t­
ture, due to the plabnum wire having a certain capacity 
for heat. 

Th~ temperature . of the gas may be calculat ed from 
these curves Figs. (1 to 4, 10 to 13) by the method de­
vised by P rofe SOl' Hopk iuson.* An example of the cal-
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culation of this gas temperature is given in Appendix 
I, and requires no further explanation here, except to 
explain one of t he symbols used in the analysis, which 
will be frequ ently used later in this paper. The term 

- -----------------------
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