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" " SUM_uRY
k"

A series of tests has been made with a slngle-_ylinder engine in

order to determine the effect.on volumetrlc.efflciency and on engine

performance of changing th_ ratio of exhaust-valve flow capacity to

Inlet-valve flow capacity when operating w.lth exhaust pressure equal to

inlet pressure. It was found that, within the range of speeds used,
the engine gave best performance with values of theratlo of. exhaust-

valve flow capacity to inlet-valve flow capacity approximately equal to

unity. This value corresponds to inlet-and exhaust valves of approx- ..
imately equal diameter and llft, It was also found that conventional

valve timing gave better performance than any of the other.timing am-

rangements tried , except at speeds higher than those used, where it

appeared from t_e trend of the.curves that delaying th_ inlet-valve:

closing would increase volumetric efflcienc_ and mean effective pres-
sures.

InRO CTIO 

"::Oneof the factors which limit the output of a four-stroke engine

isthe restriction to flow presented by the inlet and exhaust" systems.

The greater part of this restriction to flow usually is'found in the

valves and'ports. Although etherparts of the flewpassages may also

restrict 'the flow, these passages can usually be-made lar_er to elimi-

nate therestrictions. Increases in valve sizes, .however) are limited

because .there is only a limited amount ofspace available for-valv6s

in the combustion chamber of a g_ven engine and an increase in the

diameter of the inlet valve can be made o_y .at the expense of exhaust-

valve size, or viCe versa, Figure 1 illustrates this problem for the

case of a typical aircraft-enginec_linder.
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Analytical solution for the best cQm_romise_etween inlet- and
exhaust---vaive size is extremely diffiow_tJ The best approach appears
to be through experiment. An experimental procednre which was consid_-
ered was to test various cylinders,, each,ha_ing a differentrati0:of. ....
inlet- to .exhaust-valve diameter but being geometrically the samein
all other respects. Such a procedure was rejected as both-expensive
and time _onsuming._ R_periments in which the_effects of changes in
inlet" and exhaust-valve diameters._re simulated by ch_es in inlet--
and exhaust-valve lifts offered a quickerand less expensive meansof
investigating the problem3 and this method was used In._the _resent
research.

A method of simulating changes in valve diameter by changing valve
lift is suggested by the applicationof the orifice e_lation for an in--
compressible fluid to the flow througha poppet valve (see reference 1):

where

M massrate. of flow

K a coefficientdepending on units and onfluid density

D vai_e outside diameter

Car the valve flow coefficient_ averaged over the valve opening period

Ap pressure drop across the Valve

It is evident from the foregoing expression that the average flow
ooefficient will vary as the valve lift is changed. In this investi _
gation changes in the product _ D2Cav were accomplished by changing
valve lift, and it was assumedthat the result, as far as flow was co_-
cerned,_would be the sameas if .the samevalues of DeCay ha_been '
obtained! by changing the valve diameter D. This assumption is Justi _
fled by the experin_nt s, repgrted.in reference"13 which showedthat •
when anengine was operated withvarious combinations of inlet-,-val_e
diameter and lift; thevolumetric efficienc_y .could be expressed,as a,
function of the fgllowi.ng.parame_er:

Piston speed × (piston d_.ameter)2-

Velocity of sound xDeCaV_ for the inlet valve
in inlet air

.r



NACA:TN No. 1365 3

In.the workof reference l, the exhaust valve was large compared with

theinlet _alve, and therefore tile chief restriction to flow was proba-

bly the inlet valve itself. Short inlet and exhaust pipes were used,

as in the present tests, to prevent dynamic disturbances. Reference 1

showed th_t, as far:as, the inle_ valve is concerned, it is i_rm_terial

tO engine performance whether a given change in the product D2Cavis

produced by a change in valve diameter or by a change in average flow

coefficient.

The average flow coefficient Cav (seereference l) is obtained

by making steady_flow tests through the valve and port at various lifts,

at a pressure difference of lO inches of water. Th_se results are

translated into a curve of flow coefficient against crank angle by means

Qf the curve of valve lift against crank angle. The average flow coef-'

ficient is the average ordinate of the latter curve, The product D Car

is hereafter termed the "fio_ capacity of the valve."

Engine tests with varying valve diameter andlift, cemparahlewith

those descrfbed for the inlet valve, have not been carried out for the

exhaust valve. It may be assumed, however, that the flow through the

e_aust Valve will also depend on D_Cav if the flow coefficients are

determined under the cond.itions of flow existing during the exhaust

process.

The exhaust_valve operates inboth the sonic and the subsonic flow

regions. Hu (reference _)showed that for sonic flow in the ex_nst

valve the flow coefficients wereessentially constant for cyli_d_rpres ....
sures ranging from 28 to 80 pounds per square inch absolute when the

back pressure was 14.7 poundsper square inch absolute. Later work

("Investigation of Exh_tust Valve DesignUsing Steady Flow," by HaroldJ.

Weiss and Yet Lin Yee, M.I.T. Thesis, B.S. degree, i_43) show_d that

the flow coefficients obtained by subsonic, steady-flow tests were in

close agreement with the flow coefficients determined by Hu under sonic--

flow conditions. It is consluded, therefore , that exhausb-_alv_ flow

coefficients are substantially independent of pressure and flow Condi-

tions, and that coeITicie_s determined by subsonic, steady-flow tests

at low pressure difference can be applied to the exhaust process. Thus,

it _seems reasonable to ass_ne that the "flow capacity"may be used for

the exhaust valve in th_ same manner as for the inlet valve in simhlat-

ing the effect of changing val.v_ diameter by means of the valve lift.

The investigation herein described was conducted to'determine the

best compromis_ Between inlet-- and exhaust-valve Size for maximum air

flow and power output. The objects of the investigation were (1) to

determine the effect on air flow and power output of simultaneously

_ the f].ow ca_<_acity of the inlet and exhaust valves of an

_'_ cylinder and (2) to determine the effec_ of changing
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inlet.- and exhaust_valve timing On_th@"!alrflow_and_power output of an
engine operated with several combinations-_off'inlet -_and_exhaust--valve
flow capacities. " • _

The tests were ma_@:.atthe Sloan Laboratories of the MaSsachusetts •
Institute of Teohnology Under _5he.sponsorshipand with,the financdal-
assist_anceof the National Advisory Committee for Aeronautics.

.,-_.. . ,_._DESCRIP_IONOFAPPAI_&TUS o_

The engine used consisted of a t_pical aircraft cylinder of _l_U.
inCh bore mountedon aspeci_l.single.cylinder crankcase (fig. 2)" The
strok_ was _..5 inches, an_ _hecompr_ssionratio was _.5. As_sho_ in
f_gure l, both valves, had an outsid_ diameter of 2.218 inches. Special
rocker arms were constructed which provided a means0f changing the
lifts of the inlet and exhaust valwes (fig. 3). A special ca_nshaftwas
used whi0H ha_ two 'convenient features: (1) the inlet and exhaust cams
are Separate and maybe cl_pedin any position for the purpose of vary-
ing T_iVe timing (see figs. 3 and 4); (_) the camsare easily removed
and replaced with camsof different profile. A schematic d_agramof the
engine setup is _shownin figure 5-

Air was Supplied to the engine from a compressedN-airline and was
passed_h_ou_h an orifice meter and a surge tank intoa ste&m_jacket_d
vaporizing tank, Where the fu_l was introduced. The resulting dry_fuel _
air mixture wasthen passed through a large, short inlet pipe to the
inlet port of th_ cylinder. The _xhaust gases were passed through a
short pipe and _ large surge tank into the laboratory exhaust system.
The reaso_ for using,short inlet and exhaust pipes was to avoid effects
due to inertia of the gases

The cylinder cooling air was supplied by a large centrifugal fan,
and sp@cial cylinder baffleswere used. The cooling-air pressure was
regulated by a valve at the fan ihlet.

Lubricating oil was supplied under pressure to '_heengine by means
of a separately driven gear pump Oil was collected in the engine s__
and retu_ned _o the sup_ly tank by a separately driven gear pump.
brication was provided for thq upper ball ends of the pus_ rc_"
of dr_p cups so located that thg_o0!ing-air blast carrie8
onto the push-rod ends. " :
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Measuring Instruments

Load was provided by an electric dynamometer. Torque was measured
by meansof amanometer connected to a_hydraulically balanced piston
attached to the dynamometerarm.° SpeedwasdetBr_inedby a mechanical
tachometer in conjunction with aStrobotac operatingfroma 60-cycle
alternatlng-current lineandilluminatingistripes painter on the fly _
wheel_. "

Air •flow was measuredby a sharp_-edgeorifice installe_ _n a 3-inch
pipe line in accordance with the specifications of reference 3. Fuel

flow was measured by a calibrated rotameter.

Spark advance•_¢as measured with a neon light, revolving with the

crankshaft adjacent to a stationary protractor.

Standard laboratory equipment was used to measure temperatures

and pressures.

Both heavy-and light-spring indicator cards weretaken with the

M,I.T. balanced pressure diaphragm indicator unit (reference 4).

Valve Timing

Valve timing was measur_dduring actual running by means of elec"

trical strain gages cemented to the push rods and con_ected through

flexible leads to a 90_voltbattery and ballast resistor. The variation

in electrical resistance of the strain gage caused by c_nges in st_ain

in the pugh rod caused a variation in voltage drop across the strain

gage. This Variation was amplified by th_ y-_axis amplifier of a DuMont

type 208 oscillograph. The resulting pattern Which appeared on the

oscillograph screen was a strain-time picture of thepush-rod operating

cycle which showed a clearly defined beginning and end. An electrical

timing impulsewasprovided by a breaker _erating at cranksi_ftspeed

and this impulse was superimposed on the push-rod strain patSern._ By

rotating the breaker, this impulse trace could be alined with the begin-

ning or end of the push-rod strain pattern, and by using this impulse to

flash the neon spar_iming light 3 the crank angle corresponding to the

beginning or end of the valve motion could be measured.

By means of the tiluing apparatus Just described, operating valve

clearance was held at 0.045 inch at the cam during all tssts. For pu_-

poses of computing the average flow coefficientj the valve-@ift curve

was based on the cam lift above the clearance line, as shown in figure

6. The opening and closing anglesused to identify valve timingwere

taken at the intersect!on of the constant-_elocity "ramps" and the cam-

acceleration curves, in accordance with usualpractice. (See fig. 6.)
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VALVEFLOWCAPACITIES

In determining the combinations of inlet- and exhaust-valve lifts
to be testedj it was decided to simulate, as far as possible, the de-
sign restrictions imposedbythe engine cylinder_ Figure l(a) is a
cross section of this cy&inder, while figure l(b) showsthe h_ad angles
actually occupied _bythe outside diameters of the i_ulet smdthe exhaust
valve, and the angles corresponding to the spaces between the valves
themselves and between the valves and the top of the cylinder barrel.

Withreference to figure l(b), itwas assumedthat an_les el, e2,
and es would be held constant for s_ructural reasons. The two valves
occupied a total angle (e4 + 85) of 94 °. In varying inlet- and

exhaust-valvediameters, this 94 ° angle theoretically could be distrib-

uted between the two valves in any proportion. The resulting theoreti-

cal diameters over a reasonable range are shown in figure 7.

The average flow coefficients of the inlet and exhaust valves were

determined from the results of the steady--flow tests (fig. 8) and the

valve--llft and crank-angle relationships. The resulting curves of

average flow coefficient are shown in figure R.

Inlet- and exhaust-valve flow-capacity relationships are shown in

figure 10. The space within the dotted rectangle of figure lO repre-

sents the flow capacities that could be obtained with the apparatus.

The curve A-B represents the variation in flow capacities that would

have been Obtained if the valve diameters had been. changed in accordance

with the values shown in figure 7, maintaining a maximum (valve llft/

valve diameter) ratio of 0.225 for each valve. Because it was impracti-

cable.to run the engine with lifts higher than 1/2 inch, it was not

possible to operate along curve A,B, The curve C-D was therefore chosen

as a basis'because it allowed a wide range of inlet-to-exhaust valve

flow capacities without exceeding a maximum lift of 1/2 inch for either

valve. Curve C-D represents the valve flow_-capacity relationships in a

geometrically similarcylihder head of smaller SiZe than the cylinder •

actually used, but with available space for valves similarly utilized.

Figure llsh6wsthe val_ lifts requi_ed to give the valve flow capaci-

ties of curve C-D of figure i0.

METHOD OF TEST

Thirteen runs wer_ made dur%ng the investigation. Data on valve

lifts, flow capacities, and valve t_ming for these runs are given in

table I. The runs have also been designated by number on fibu_res lO

and ll to permit a ready appraisal of the vsriations in flow capacities
and valve lifts.
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Runs 1 through 5 were madewith valve flow capacities represented
by curve C-D of figure lO. In these runs camsof 265 crank degrees nom-
inal opening were used for both inlet an_ exhaust and the valve timing
was unchanged.

Runs 6 and 12 were madeat the sameflow capacities as run 5, but
with different valve timing for the inlet valve to determine whether an
improvement in performance could be obtained. Similarly, runs 7 and lO
were madeat the sameflow capacities as run l, but with different tim-
ings for the exhaust valve. Runs ll and 13 were madeat the sameflow
capacities as run 3, but an early exhaust openlng was used for run ll
and a late inlet closing was used for run 13.

Runs 8 and 9 were madeto show, alongwith run 3, the effect on
engine performance whenthe exhaust- and inlet-_alve flow capacities
are changed, but the exhaust-valve flow c_pacity is kept equal to inlet-
valve flow capacity. The samevalve timings were Used for runs 3, 8,
and 9.

The following engine conditionswere held. constant during these
tests:

Inlet pressure, in. Hg a_s ........... 33
Exhaust pressure_ in. Hg abs ............... 3_
Inlet-air temperature, OF .............. 120
Rear-spark-plug--gasket temperature, OF ........ 450.
Inlet-oil temperature, OF ..................... 150

Fuel-alr ratio ........... _ . . . 0.07_

Fuel .. ..................... lO0-octane

Spark advance .......... best power

Compression ratio ..................... 5.5

For each setting of the valves and valve timing, _eadlngs were

taken at various speeds from 500 to 2600 rpm.

RESULTS _ND DISCUSSION

The results of the tests are presented in figures 12 to 23. The

findings of principal interes_ are given in figure 12, which shows vari-

ation in volumetric efficiency with engine speed, and figure l3,'which

shows variation in indicated mean effective pressure, brake mean effec-

tive pressure# and pumping mean effective pressure with engine speed for

runs 1 through 5 in which the inlet- and exhaust-valveflOw C%pacities

are changed along the curve C-D Of figure lO. In the following discus-

sion, the ratio of exhaust-valve flow capacity to inlet-valve flow capac-

ity will be termed the "flow-capacity ratio."
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In interpreting figures 12 and 13, it is necessary to make _llowance

for the fact that, in these tests, Tlow capacities of the valves, at any

given flow-capacity ratio, were considerably less than they would have

been if a series of cylinders of the same size and shape but with diffe_ _

ent valve diameters had been used, as suggested in figures 1 and 7. To

assist in interpreti:_ figures 12 and 13 as they would apply,to a series

of cylinders of the same size but with different relative valve diameters,
a term "normal plston speed" has been plotted along the abscissa scale

of figures il2 and 13.

By referring to figure i0, it will bs seen that the curve A-B, for

a set of cylinderswith varying valve si_es, has valve flow capacities

at a given flow-capacity ratio which are considerably higher than the
flow capacities (curve C-D) of the cylinder used in these tests, when
valve lift instead of valve size was varied.

Reference 1 indicates that, with given inlet and exhaust conditions,

volumetric efficiency depends on the ratio of piston speed to inlet-valve

flow capacity. Assuming this to be the case when both inlet- and exhaust-

valve capacities are varied, it is evident that_ for the same volumetric
efficiency, the engine represented by the llne A-B will run at a consid-

erably higher piston speed than the engine represented by line C-D.

Withthe condition of equal inlet and exhaust valves as a reference

point, the ratio of DeCay for the engine with variable valve diameters

to DeCay for the engine with varying valve lifts is 1___5__= 1.34.
1.15

Thus "normal" piston speed, or the piston speed of the engine with vary-

ing valve sizes would p_esumably be 1.34times the piston speed of the

engine with variable valve lifts to gi_e the same volumetric efficiency

with a given ratio of valve flow capacities. The nox_nal piston speed
plotted under figures 12 and 13 is, therefore, 1_34 times the piston

speed at which the test engine was run.

Figure 12 shows that at normal piston speeds between $00 to 1800

feet per minute, variations in flow-capaclty ratio have little effect
on volumetric efficiency. 2_ove 1800 feet per minute the curves sepa-

rate, and the highest volumetric efficiency at high speeds was obtained
with a flow-capaclty ratio of 0.69. This ratio corresponds to a ratio

of exhaust- to inlet-valve diameter of 0.83 if the two valves are of
similar design. It should be emphasized th&tthis result was obtained

with exhaustpressUre held equal to the inlet pressure. For _ differ-

ent ratio of exhaust to inlet pressure a different r_tio of valve diam-

eters for optimum volumetric efficiency might be obtained. It is also

noticeable that the flow-c_pacityl ratio of 1.00 gives nearly the same
volumetric efficiency at all speeds as the flow-capacity ratio of 0_69.

• ' -,
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Fi&mre 13 shows brake mean effective pressure as measured by dyna-

mometer torque and indicated mean effective pressure and pumping mean

effective pressure as measured from the indicator cards. This fi_mre

shows that, in the rang9 of normalpiston speed between 1000 and 2000
feet per minute (this range includes normalcruising piston speeds at

the present time), the various valve arrangementsmake _little difference
in the brake mean effective pressure. Above this speed, the highest

brake mean effective pressure is obtained when the valves have a flow-

capacity ratio of 1.00.

Figure 13 also shows that indicated mean effective pressure at high

speeds is highest with a flow-capacity ratio of 0.69. This agrees with

figure 12, which shows that a flow-capacity ratio of 0.69 gives the

highest volumetric efficiency at high speeds. The difference in flow--

capacity ratios giving maximum indicated mean effective pressure and

maximum brake mean effective pressure seems attributable to higher pump-

ing losses with the lower flow-capacity ratio, which is confirmed by the

pumping mean effective pressure curves in fismre 13. The probable error
in measurements of indicated mean effective pressure and pumping mean

effectlvepressure from the indicator cards is rather large, however,

as indicated by the evident discrepancies shown at 1500 rpm in figure 13.
It is therefore recommended that the curves of indicated-mean effective

pressure and pumping mean effective pressure in this report be inter-

preted with caution•

It is also quiteposslble that the small differences between the

curves for flow_-capacity ratio 1.co and flow-capacity ratio 0.69 in both

figures 12 and 13 are within experimental error, in which case it may be

concluded that changes in flow-capacity ratio between 0.69 and 1.00 have

little effect on perfor_mnce.

Figures 14 to 21 show results of tests made to determine the c_ffects

of several changes in valve timing. The "normal" ° _tlm_ng, which was used

in all runs plotted in fig_res 12 and 13, was as follows:

Inlet opens .................... 19° B.T.C.

Inlet closes , . . . , • . , ................ 66° A.B.C.
Exh 72° B B.C.aust opens .... . .... .... _ .... , • • ,
_xhaust loses 14° _.T,C,

Figures 14 and 19 give the results of runs l, 7, an_ 10, in which,

with a flow-capacity ra_io of 0.51 , three different exhaust_-valve timings

were used, the timing in run 1 being normal. Run lO, in which the ex-
haust valve was opened 34° earlier than for run l, with other valve

events unchanged did not result _in a_y significant improvement in volu-

metric efflcienc_, indicated mean effective pressure, and brske mean
effective pressure. Run 7, however, shows that volumetric efficiency,

indlcatsd mean effective pressure, and brake mean effective pressure
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were greatly lower_d when both the opening and the closing of the exhaust

valise were made to occur 25 ° earlier.

Figures 16 and 17 show that, when the engine is operated with a

flow-capacity ratio of 1.00, opening the exllaust valve 34o earlier than

normal, with other valve events Unchanged, does not result in any nota-

ble improvement in vol_netric efficiency or indicated mean effective

pressure. The brake mean effective pressure values are lowered with

the early exhaust-valve opening.

The _ffects of changing inlet-valve timingwith a flow-capacity

r_tio of 1.79 are shown in figures 18and 19. J_ compared with the nor-

mal timing of runS, the inlet valve was openedand, closed 27 ° later in

.run 6; whereas for run 12 the only change in valve timing was to close

the inlet valve 35 ° later. Both of these changes in inlet-valve timing

resulted in lower volumetric efficiency3 indicated mean effective pres-

sure, and brake mean effective pressure_ in the lower speed range. The

differences in volumetric efficiency, indicated mean effective pressure,

and brake mean effective pressure for the three valve timings became

less as the speed vas increased. Above 2100 rpm (corresponding to a

normal piston speed of 2500 ft/min) the timing used in run 12 results in

a slightly higher volumetric efficiency. The trend of the curves in

figure 19 suggests that above 2400 l_m (corresponding to a normal piston

speed of 2850 ft/min) the timing used in l_n 12 would give an increase

in indicated mean effective pressure and brake mean effective pressure.

Figures 20 and 21 show thatj when t_e engine is ooerating with a

flow-capacity ratio of 1.O0, closing the inlet valve at lO1 ° A.B.C, in-

stead of at 66 ° A.B.C. results in lower volumetric efficiency, indicated

b._aKe mean effective pressure, over themean effective pressure, and _

speed range investigated. As the engine is operated at higher speeds,

however, the differences become less. The trend of the curves indicates

that_ at speeds above the highest used in this investigation, later

inlet-valve closing may give higher v_lumetric efficiency, indicated

mean effective pressure, and brake mean effective pressure than the nor-

mal timing.

• Figures 22 and 23 show the eff@cts of changing the flow capacities

.of the exhaust and inlet valves while maintaining a flow-capacity ratio

of 1.O0. The decrease in volumetric efficiency, indicated mean effective

pressure, and brake mean effective pressure at the higher engine speeds

as the flow capacities are 'reduced reflects the curtailment in maximu:n

engine performance when the engine designer does not utilize the maximum

flow capacities possible for the inlet and exhaust valves. In practice,

low valve flow capacities could result from using small valve diameter s,

low valve lifts, or poorly designed val_es and ports. (See reference 5.)
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INDICATOR DI_C_P_

Light-spring indicator diagrams, taken during those-.te:sts are repro-

duced in figures 24 to 38. Superposltlon of the individual diagrams was

based on the "common inlet and exhaust pressure line (Pi = Pe = 33 in.

Hg abs.). There is evidence that some of the diagrams, in particular

those of figure 36, &re displaced in the pressure direction, -indicating

an error in the location of the "atmospheric" line on the origi_ll indi-

cator cards. Caution, therefore, is advised in comparing the various

diagrams quantitatively.

In general, the diagrams show expected trends, that is, that pres-.

sure losses t_nrough the valves increase with increasing speed and with

decreasingflow capacity. The figures furnish interesting, data on the

detailed effects of the various valve-lift and valve..-timing combir_.tions.

CONCLUSIONS

Tests made with a single, cylinder e_ine _o determine the effect

on volumetric efficiency and on engine, performance of chan_ing the ratio

of exhaust-valve flow capacity to inlet-valve flow capacity show that,

within the range of the tests and when inlet pressure is maintained

equal _o exhaust pressure:

i. A flow--capacity ratio of approximately 1.O0 gives highest brake

mean effective pressure over most of the speed range. This flow--ce@acity

ratio corresponds to equal diameters for exhaust and inlet valves of

similar design.

2. Reducing the flow-capacitj ratio from 1.00 to 0.69 effects only

a small reduction in brake mean effective pressure - possibl_ within the

experimental errors involved.

3. Highest volumetric efficiency over the speed range was obtained

with a flow-.-capacity ratio of 0.69. Increasing this ratio to 1.00 gave

only a slight reduction in volumetric efficiency - possibly within e_-

perimental error.

4. Tests with several arra_ements of inlet- and exhaust-valve

timing showedno significant improvements in volumetric efi'iclency,

indicated mean effective pressure, and brake mean effective pressure

over the values obtained with normal timing (inlet opens 19 ° B.T.C. and

closes 66° A.B.C., and exhaust opens 72 ° B.B.C. and closes 14° A.T.C.)

within the range of speeds actually used in the tests. The trend of



12 NACATN No. 136_

several of the curves showed, how,_ver, that improvement in output at
higher speeds should be expected with a delayed inlet-valve closing.

Employmentof ratios of exhaust to inlet pressure not equal to 1
might result in a modification of these conclusio_m.

Massachusetts InstitUte of Technology,
Cambridge, Mass., April 25, 1946.
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TABL__ I.-SCHEDULE OF VA!_E Ll$_f VAL_ TTMING, AND FLOW COefFiCIENTS FOR ALL TESTS

' i Valve lift

ram! (in.)

Iinle t

I

1 I0.500

2 1 .405
3 I .333

•284
4 I .2485,

6 I .2_
i

7 [ .500
8 i •_-59
9 I •244

iO ' .500

ii i .333

. • j _)_;

E__haust

O.244

o90
.358

.428

.500

.500

•244
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Figure 2.- Engine set-up.
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NACA TN No. 1365 Fig. 7
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Figure 15.- Performance of an engine with small exhaust-valve flow
capacity and three exhaust timing arrangements.
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Light-spring indicator cards. Effect of varying flow-
capacity ratio. Engine speed, 1500 rpm; normal valve

table I). Vc, clearance volume; Vd, displacement volume.
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Figure 26.- Light-spring indicator cards. Effect of varying flow-

capacit[ ratio. Engine speed, 2500 rpm; normal valve
timing (see table I). Vc, clearance volume, Vd, displacement volume.
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Figure 27.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 500 rpm; inlet D2Cav, 1.560; exhaust

D20av , 0.802; flow-capaclty ratio, 0.51.
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Figure 28.- Light-sprlng indicator cards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet D2Cav, 1.569, exhaust

D2Cav, 0.802; flow-capaclty ratio, 0.51.

%



0
to
o

0 to
• ¢D
09o ;
_o
,.. c_ L-_

o_c+
=!0_ I

o

ilD_O

I-"- I::_ e+

. t-I
to

OtnO

0

i-.Jo

M_

I

0

I

Cylinder pressure, ib/sq in. _bQ.

I

Pl = Pe " 33 in. Hg abs. (18.2. ib/sq in. abe.)

\

>

CD
C_

_-_.

O_

bO
tD



Fig. 30 NACA TN No. 1365
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Figure 30.- Light-sprlng indicator cards. Effect of changing valve
timing. Engine speed, 500 rpm; inlet D2aav, 1.151; exhaust

O

D_Cav, 1.155! flow-capacity ratio, 1.O0.
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Figure 31.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, 1500 rpm; inlet D2Oav, 1.151! exhaust

D2Oav, 1.155; flow-capacity ratio, 1.00.



Fig. 32 NACA TN No. 1365

W

r-4

o

Valve timing

°]_TSII'O"_ _g'o"

19 66 72
19 66 106
19 i01 72

NATIONAL ADVISORY C0_ITTEE
FOR AERONAUTICS

Figure 32.- Light-spring indicator cards. Effect of changing valve

timing. Engine speed, 2500 rpm; inlet D20av , 1.151; exhaust
02Car, 1.155; flow-capaclty ratio, 1.00.
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33.- Light-spring indicator cards. Effect
timing. Engine speed, 500 rpm; inlet

1.500; flow-capacity ratio, 1.79.

of changing valve
D_0av, 0.856; exhaust
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Light-spring indicator cards. Effect of changlng valve
timing. Engine speed, 1500 rpm; inlet D_Cav, 0.836, exhaust

1.500; flow-capacity ratio, 1.79.
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Figure 55.- Light-spring indicator cards. Effect of changing valve
timing. Engine speed, S500 rpm, inlet D2Oav, 0.836, exhaust

DSOav, 1.500; flow-capaclty ratio, 1.79.
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Figure 36.- Light-spring indicator cards. Effect of varylng valve flow
capacities. Engine speed , 500 rpm; constant flow-capacity

ratio, 1.O0; normal valve timing (see table I).
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Figure 37.- Light-spring indicator cards. Effect of varying valve flow
capacities. Engine speed, 1500 rpm; constant flow-capaclty

ratio, 1.O0; normal valve timing (see table I).
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Figure 38.- Light-spring indicator cards. Effect of varying valve flow

capacities. Engine speed, 2500 rpm; constant flow-capacity
ratio, 1.00; normal valve timing (see table I).
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