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REQUIREMENTS: FOR UNIT FUIL-IRJECTION SYSI'E!B
By Edred T. Marsh

SUMMARY

A wmit injector was operated under various test conditions
with a cam outline giving a high rate of plunger displacement,
The rate of discharge of the unit Injector followed the pliumger
displacement for the outwardly opening injection valve (open
nozzle) except under condlitions of high fuel pressures when the
effect of fuel compressibility decreased the rate of discharge as
the pressure increased. The rate of discharge for the inwardly
opening injection valve (closed nozele) did not directly follow
the plunger displacement. The initlal rate of discharge was inde-
pendent of operating variables for the closed nozzle but varied
with the valve-opening pressure and the rate of plunger dlsplace-
ment at the port closing for the open nozzle.

INTRODUCTION

The multiplicity of injJectlion system deslgns for internal-
cambustion englnes have all been developsed for the same purposeg
the inJjectlon of a controlled fuel charge into the cambustion
space, The timing, the quantity, the atomization, and the dis-
persion of the fvel charge are all controlled in part by the
injJection system, The differsnt injJection systems are not equally
officient in producing a deslred result because sach type has lts
own pecularities,

The inJection cheracterlstics are controlled by a consider-
able number of interrelated varlables., Rate-of-dlscharge tests
performed on various types of lnJection systems have shown that
inJection irregularities, such as osclllating discharges and
secondary injections, can be explained by the pressure-wave
phenomena occurring in the injJection tube. A discharge rate
that fluctuates wldely between tho maximum rete and a very low
rate l1s called an osclllating discharge. Fluctuations that are
less violent 1n character produce pulsating rates of discharge,
A secondary dlscharge occurs separately from the controlled
discharge and after the controlled discharge has been termi-
nated by the opening of the bypass ports.



The oscillating discharges ocour with g differential-areas
injection valve and result from pressure variations at the injeo-
tion orifice. Various combinations of variables that produce a
restriction to fuel flow or distinoct pressure pulsations with re-
sulting osclllating discharges may include: amall inJjection-tube
diameter, slow plunger displacement, high valve-opening pressure ’
low pump speed, and large orifice dlameters.

The appearance of a secondary discharge depends primerily
upon the InJjection-tube length, which causes a time interval be-
tween the release of pressure at the inJection valve and the re-
appearance of a pressure wave at the ihjection valve, The inten-
8ity of the pressure wave trapped in the InJjection tube must be
sufficient to open the injJection valve. Injection variables usually
producing secondary discharges are: high pump speeds, high valve-
opening pressure, and amall orifice diameters. All these conditions
increase the intensity of the reflected pressure waves. The second-
ary discharges appear after out-off at the pump because of reflection
of the initial pressure wave fram the closed pump check valve back
t0o the inJjection valve,

Reducing the length of the Injection tube should reduce the
time Intorval between the pressure waves that cause secondary dis-
charges and should result In less varlation between the bulld-up
of pressure at the pump plunger and at the orifice. With the dis-
charge oriflice attached directly to the pump chamber, the rate of
pressure rise should be controlled by the rate of plunger dlsplace-
ment. A unlt injJoction system caombines the inJoctlon pump and the
injection valvo In one unlt with practlcal elimination of the fuel-
pageage length botweon them, This feature is the primary construc-
tlonal difference between unit injectors and conventlonal inJection
systoms,

Rateo~of-dlscharge tests of a simulated unit injection systom
have been reported in reference 1. Ths important conclusions pre-
sonted in that paper are: That the secondary discharges were
eliminated, that the rate of dlscharge changoed with the typo of
injection valve, that the rate of discharge for an open nozzle
wags controlled by the rate of plunger displacoment, and that the
rate of discharge of a differentisl-arsa valve did not follow the
rate of plunger dilsplacamsnt.




Actual control of the rate of dlscharge by controlling the rate
of plunger displacement is the outetanding advantage of the unit in-
Jector., YVarlous rates of dlscharge can be obtalned by interchange
of properly designed cems. In order to check the extent of this
control at high pressures and high rates of plunger dlsplacement,
rate-of-discharge tests were made on a it injection system vmder
extreme operating conditions. The results of the tests should be
applicable to the design of cams having acourately predetermined
retes of dlscharge for the purpose of checking the effect of the
rate of discharge on engine performance,

METHODS AND APPARATUS

The requirements of a wnit injJector as presented herein are
also, in part, the requirements of a conventional inJectlon system.
They are based on rate-of-discharge tests obtelned with a General
Motors model R-201 unit injJector having a 3/8-inch-diameter plunger
and a 3/4-inch stroke. This wnit injector (fig. 1) has been de-
scribed in various publications, (See reference 2.) Two plunger-
and~-sleeve designs having a lapped helix, the rotatlon of which
varied the effective stroke for fuel-quantity variation, were used.
One set (plunger-ani-sleeve design 1) wsed round ports having an
area of 0.0048 square inch 1n the sleeve and had a varying start
and cut-cff of injection with change in throttle position. Plumgere
and-sleeve design 2 used helilcal ports In the aleeve, corresponding
to the throttle helix on the plunger, and had a constant ataxrt of
injection with varying cut-off. The port areas in plunger-and-sleeve
design 2 were 0,0109 square inch for the inlet port and 0.0141 square
inch for the bypass port. Figure 2 shows the varlation in port aroca
wlth plunger 1ift for tho two plunger-and-sleeve designs. A greater
initial increase in the rate of area change for plunger-and-sleeve
doslign 2 can be obtained by using the modified form obtalned by
filing the round cormers, This alteration can easlily be made and
1s necessary only on tie opening edge of the port,

Two fuol commections to the unit Injector permitted constant
clrculation of the fuel, A primary pressure of 50 pounds per aquare
inch was used except at the higher speceds apmd loads when e primary
pressurc of 100 pounds per square inch was necessary to prevent a
rapld drop in the fuel quantity discharged as tho speed was in-
ocroased.



The cam outline used was calculated to give, for an open
nozzle at & constantly increasing rate of dlsoharge, an injlection
period of 15 cam degrees for 0,00100 pound of fuel per inJjection,
The cam outline vas designed to give a very slow closing of the
ports (for plunger-and-sleeve design 2); with the plunger motion
utilized for inJection occurring after this slow port closing. With
plunger-and-sleeve design 1, the port closing occurred at varicus
plunger velocitlies, depending upon the- throttle setting. The
plunger -velocity in inches per cam degree can be cbtained from the
curves of rate of plunger displacement by dividlng the rate of
plunger displacement by the constant 0.00339.

Several designs of injJection valve (fig. 3) were tosted. In
this report the closed nozzle consists of an orifice closed by a
differentisl-area inwardly opening valwe stem (valve A), and the
open nozzle ig an orifice closed by an outwardly opening valvo
sealing the fuel passage (valves B, C, and D), The fuol-passage
area of valve A was equivalont to a 0.056-1inch-diameter passage
amd cf valves B, C, and D, to a 0,09 4-Inch-~dlametor passapne.

For valvo A,, the area was lncreased throo timos in order to
investigate the offect of restriction to the fuel flow through
the inJection valvo.

The apparatus used in obtaining tho rate-of-discharge ocurves
has boon described in roference 3, Operation of the egquipmont at
high spceds was particularly nolsy. The noise lovel appcared to
be as high as that duo to operation of a singlo-cylindor tost on-
glno., Tho nolse level of tho unit-injector ecquipmont whon used
on an engine would, however, not Increase the noise level above
that due to the englne-valve mechanism and other engline nolse
sources, Data were taken at pump intervals of 1/2° except when
very little change In rate occurred; for such cases, data were
taken at 1° intervals, The data were connected by straight lines,
and falring the curves wes not attempted., The fuel quantlity per
inJection was determined from the number of cycles required to
injJect one-half pound of fuel, This fuel quantity was checked
from the area of the rate-of-discharge curves (figs. 4 to 11),
which Indicated a preclsion of within #3 percent of the fuel
wolght. The dotted lines on the rate-of-discharge curves Iindi-
cate the rate of plunger displacement, waich was obtalned by tak-
ing tangents to the 1ift curve. Tho poeitiona of port closing
and opening are indicated by the vertical lines at tho extremes
of the rate of plunger displacement. In figures 7 and 11, These
positions are indicated for tho various throttle settlngs by the




vortioal dashes on the base line or on the curve of rate of plunger
displacement, --These -positions and the plunger 1lift were obtalned
statioally and do not exactly conform to the dynamic positions of
tho exporimontal rate-of-discharge owrves, :

RESULTS AND DISCUSSION
The InJection Valve

It is difficult to say which part of the unit inJjeoctor is most
Important, Each part hag control ovor certain charmoteristics of
the injoction rate at particular times during the injection cycle.
In this roport, the charactoristic effects on the rate of discharge
rosulting fram changes in tho deslign of the individual parts aro
discussod and rato-of-discharge ocurvos are presanted. for tho oper-
ating conditlons shown in table I,

%Een nozile. - The type of injJection wvalve used exercises
probably greatest control over the rate of discharge of the
injection system of the variables tested. Parts (b), (o), and (a)

of figure 4 glve the rate-of-dlascharge curves for the open-noggle
types of injJection valve siown in figure 3, With open nozzles, the
rate of discharge closely followed the rate of dlisplacement of the
InjJection-pump plunger., An increasing or a deoreesing rate of dis-
charge could de maintalned by control of the plunger velocity. The
volume of fuel between the valve stam seat and the orifice must be
kept at & minimm because, at high Injection pressures, the expansion
of the volume of fuel under the seat caused trailing at cut-off. The
flow passage through the seat need be only slightly greater than the
orifice areas. Cut-off with a ball check valve 1ls as effective as
with a poppet valve but, because of the larger volume of oll undor
the seat around the spring, the fuel tralled at cut-off, The most
compact inJjoction-valve arrangement tested was obtained by using a
Belleville spring with a ball ckeck valve (valve C, fig. 3). A
gulded poppet valve having a small 1ift and a stetm stop (valve D,

fig. 3) gave as sharp a out-off as any obtainsd with a differentia.l—
aroa Injection valve. No osclllating discharge was obtalned with
tho open nozzle under any combination of variables,

Closed nozgle, « With the differential-area Injectiomn wvalve
(£ig. 4{a)), the rate of discharge did not directly follow the
rate of plunger displacemont and osolllating discharges might
occur as easlly as with long inJection tubes. As previously
mentioned, oscllleting dischargos are a result of prossuro




variations at the orifice., These pressure variations are caused
by the osclllating valve stem (reference 4) and by the variasble
restriction at the valve-stem seat. If the rate of pressure rise
at the injectlon valve does not take care of the pressure drop re-
sulting from the valve 1ift and from the injection process, pres-
sure variations at the orifice will probably occur with resulting
oscillating discharges. ' With a closed nozzle, injJection with a
glow Inltlal rate of piumger displacement usually results in oscile
lating discharges., The advantage of the closed nozzle 1s 1in 1its
ablilisy to bulld up a high initial rate., If a sufficiently high
rate of displacemert is used over the entire inJjectlon perlod, a
vory short period can be obtalned,

The Inltial rate of discharge for the closed nozzle may be
considerably higher than the rate of plurnger displacement., This
fact probably accounts for the poor englne performence of open
nozzles when tho two types are compared In tho convontional in-
Jootion system, For both nozzles to have comparable initial rates
of dlscharge, the rate of plunger dlsplacement should be increased
for the open nozzle,

Valve-opening pressuroe. - The charactoristic discharge rates
of tho two types of inJoctlon valve wore not matorlally affoctod
by valve-opening pressurc (fig. 4 and roferencc 3). As tho valvo-
openlng pressure was increased, the iInjection period was slightly
shortened owlng to the additional compression of the fuel required.
Because the InJection valve must seal the InjJection s7stem agalnst
the entrance of the combustion gases, the minimum valve-opening
pressure of the open nozzle cen be made much lower than that of
the closed nozgzle provided that the minimum valve-opening pressure
is high enough to overcome the pressure bullt up by tlhe resistance
to fuel flow through the bypass ports at zero throttle settings.
For example, valve A with a valve-opening pressure of 3,400 pounds
per square inch would InJect at a pump speed of avout 750 rpm for
plunger-and-sleeve design 1 at zero throttle setting, In order to
make use of a lower valve-opening pressure or a higher operating
speed, the bypass area would have to be incroased to reduce the
buj_'l.d-u:p of pressure 1n ths plunger space.

Orifice diameter, - The orifice dimmeter is ome of the
controlling factors of the injJection system (fig. 5). For a
given rate of discharge, the 1lnJjection pressurc will vary inverse-
ly as the fourth power of the orifice diametor and directly as the
square of the pump speed. Since tho characteristics of tho fuel
spray depend, in part, upon orifico and pressure values, a sumnary
of the desired spray characterlstics would help to determine theo
orifice and the pressure oonditions.




The maximm pressure developed from the use of 4 small total-
ofifice area will limit the maximun speed owing to exoessive load=
ing of the actuating mecuanism, A grapa of pressures caloulated
from the maximm theoretical rete of discharge for the cam used 1is
presented for various orifice dlameters and pump speeds (fig. 6).
These theoretical maximum pressures are reduced at the orifioce
during injection because of the campressibility of the fuel, the
leaknge, and the pressure drop fram resistance to flow through
fuel passages,

Flgure 5 shows the marked reduction in the rate of discharge
that occurs with the pressure increase obtained by reducing the
orifice area. The change in rate of dlscharge is explained by
the campressibllity of the fuel under pressure., Calculation of
the instantaneous pressure at the discharge orifice , campresaibll-
ity being considered but pressure wavos being neglected (seoe refer-
ence 5) indicatod that the caloulated decrease in the rate of dis~
charge obtained agreed closcly with the exporimental rate of dis-
charge.

Flow pagsage., - The flow passages through tho injectlon valve
should be short to minimlze preasure surgos. Tho volumo of fuel
urder compression should be a minimum for rapid cut-off and tho
volume of fuel between tho valve seat and tho orifices should be
gmall for rapld prossure rise and fall to prcvent dribbling.

Tho flow-paesege arca dopends upon & low pressure drop for
thoe opor nozzles, Any roslstance to flow mocans additional pros-
sure rigse in tho pump chamber with rosulting incroased compression
of the fuel ard a direct docroase In the rate of dlacharge. For
tho closed nozgzle, howover, a throefold increase in tho passage aroa,
with a rosulting reduction in the calculated preossure drop from 15
to 2 percont, dld not effect a matorial change in the rato-of-discharge
curve (fig. 7(a)).

The InJection Pump

Plungor-ande-aloeve dosign, - The oxternal sleeve diameter
should be lerge in order to minimize possiblo distortion from
the nonsymmotrical porte. It 1s lmportant to waich any dimen-
sional change that tends to incroase tho clearance boecausoe the
loaknago varies with the cube of the clearanco, With the hollow
plunger and the sleove dlamoters used, the cloarance Increasc 1s
about 0,00006 inch for 20,000 pounds por square inch. The calculated




percentage leaksge due to this clearance is negligible, Alsdo the
rate-of-discherge ourves do not fall off when close to the cut-off
position, indicating that leakage 1s negligible even at this posi-
tlon, Because of the high plunger velocity, the lap lemgth at 1°
before cut-off may be more than 0,030 inch, Wear is an indeter-
minate factor and, for the injection of fuel under sustained high
fuel pressure at low plunger velocity, the leakage could be an ap-
preclable factor affecting the rate of discharge, The short length
of lap sealing the high pressure decreases in length and the pres-
sure and the clearances Increase with an increase In effective
plunger motlon, These factors tend to Increase the loakege. Al-
though the fuel viacosity increases wlth pressure, the leakage
Increases unier the pressure ond the dimonsional changes,

Undor high presaures, the hydraulic surfaces of tho plungers
shonld be balanced to provont side thrust agalnst tho ports., A
high plunger velocity combined with side thrust may produce scor-
ing from lack of lubrication or souffing of the ports.

The flow-passage arca used in the plungor and tho slecve
limite the minimm Injoctlion valve-opening preesure and tho
rapldity of cut-off, A high rate of plunger displacomont com~
bined with small flow passagos oould bulld up sufficient prossure
in the pump chamber to inJect fuel aftcr cubt-off at the pump.
Restricted flow area prolengs inJjection but, with the open noz-
zles used, no such prolonging of injection occurred owlng to thelr
adequate flow areas.

The rate of opening of the bypass ports 1s a factor in deter-
mining the rapldity of cut-off, Fellcel ports and poppet valves
instead of round ports are simple means of obtaining a rapid
initisl increase in the rate of opening, (See fig. 2.) Figure
7(a) shows the effect of restriction In the inJection-valve pas-
sage and figure 7(b) shows the effect of slow opening of the by-
pass ports. The effect of restriction at the bypass ports is
evident (fig. 7(c)) with the closed nozzle under conditions of
high pressure by definite relifting of the valve stem diring cut-
off,

The rate of port closlng affects the initial rate of dis-
charge of the open nozzle but does not affect the initlal rate
of discharge of the closed nozzle (figs. 8 and 9),




_Beparate inlet and bypass ports are prerequisites if pres-
sure fluctuations are to be eliminated on the intake side of the
pump. These pressure varlations are the cause of oyclic varia-
tions in the fuel discharge that result fram lack of f£illing the
plunger space under identical conditions. A check valve placed
on the intake slde of the pump can be ussd to prevent the trans-
mission of pressure surges through the inteke tubing. Separate
ports ocan also be used to advantage to circulate fusl through

the pump to prevent vapor and alr accumulaetion and to cool the
unit,

The difficulty of f£illing the plunger space of inJjection
gystems having ported controls is increased at high pump speeds
and temperatures by the vacuum formed during the return plumger
stroke. Alr 1s released from the fuel and, for the more volatile
fuels, vaporization occurs before the inlet ports are opened.

The ailr and the vaporized fuel may be trapped in the dead end

of the plunger space and probably could not be removed by cir-
culating fuel, High primary pressure can be used to help fill
the plunger space, but a construction that will allow the plunger
space to be fllled Quring the down stroke of the plunger will
eliminate one of the most potent causes of fuel-qmantity irregu-
larity.

Discharge check valve, - In the conventional system, e
check valve 1s usuall; placed at the injectlion pump to retain
a residual pressure in the Injection tube between cycles. If
extremely high pressures are obtained and a discharge check
valve 1s used, inJection would be prolonged beyond the cut-off
at the pump from expanslion of the compressed fuel between the
check valve and the orifice. Such a condition also results when
restriction to flow occurs at the bypass ports. Tests have
shown (reference 6) that this valve causes secondary discharges.
Its elimination prevented the secondary discharge but produced
irregular cycles at high ppeeds. Because of the small volume of
fuel in the wmit injector, a pump check valve is unnecessary.
Rate-of-discharge tests made with and without a pump check valve
showed no difference in the inJectlon characterilstios.

od, - The rate of plunger displacement varies
directly wlith the plunger veloclty and with the square of the
plunger diameter, With a high rotative speed, a high rate of
dlacharge could be more easily obtalned with a large plunger
diameter and a small plunger motion, but the dynamic load on
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the operating mechaniam would be high and the rate of opening of
the ports, slow. A small-dlameter high-velocity plunger could
be used at extreme pressures but it would require auxiliary means
of controlling the cut-off, as adequate port area could not be
obtalned through the small plunger. Mechanics would probably
limit the maximum stroke and determine the minimum plunger diam-
eter. For the same rates of plunger displacement, the unit in-
Jector will glve a conslderable increase In the rate of dlscharge
over the conventlonal Injectlon system,

An advantage of the unlt InjJector lies in its abllity to in-
Ject satisfactorily at high rotative speeds the actuating mechanism
should therefore be ligab, conslstent with a minimum of distortion.
The mounting must be rigld to prevent strain from shock loading.
The decrease In the rate of dlscharge with increase in speed, shown
in figure 10, 1s accounted for by the effect of compressibllity of
the fuel.

Cam outline., - The change in inJjection characteristlcs de-
sired to accompany a change In throttle setting will determine
the use of a varlable start or a varilable stop or the use of a
constant, an increasing, or a decreasing veloclty portion of the
cam, A slowly Increasing Initial rate of dlscharge at the start
of inJection cannot be obtalned by the use of the closed nozzle
having a constant orifice area without auxiliary means., Usually,
a maximum rate of discharge i1s obtained at low throttle settings,
and an increase 1n throttle settlng maintelns the same maximum
rate with an Increase in the Injection period, the Ilnjection
period varying directly with the fuel quantity discharged (fig.
9). A low initial rate of discharge could be obtained by causing
o small orifice to open before the main discharge orifices, or a
vory asmall total-ofifice area could be used; such means would re-
quire extremely high pressures to obtaln the maximum rate of dls-
charge. As the closed nozzle 1s 1little affected by & change in
the 1nltilal rate of plunger dlsplacemont at port closurs, an in-
Joction timing in which the beginning of Injectlon was advanced
with throttle setting would not change the inltlal rate of dis-
charge.

The initial rate of discharge of an open nozzle depends
upon the inJection valvo-opening pressure and the rate of plunger
displacement at port closure, A low initial rate of Injection
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cannot be obtalned wlith a high valve-opening pressure even with e
Yow initial rate of plunger displacemsnt at port closure (fig. 11).
Injection is delayed untlil the plunger compresses the fuel suffi-
clently to open the valve; consequently, injeotlon ocours during

a period of higher plunger veloclty, An initlal rate of discharge
that does not vary with throttle setting can be obtalned by using
a varylng cut-off go that injectlon always starts on the game
portion of the cam outline (fig. 11).

The effects of the variahles tested in this report on the
ghape of the rate-of-dlscharge curve of a wnit Injection system
are presented in table II. Other notable varilables, not presented,
have a considerable influence on the rate of discharge. Among
these varlables are: volume of oll 1n the inJection system; volume
of oll between the valve seat and the orlifice; effect of restrioc-
t2¢h at the valve-stem seat (epring scale); the ratio of valve-
opening pressure to valve-closing pressure; and cam outline.

The cam outline can be partially corrected for the preceding
variables. The total variation, however, may not be greater than
15 percent, and the lack of understanding of the actual injectlon
characterlstics desired for the varying engine cycles may make wm-
feasible an attempt to apply an adjustment or a correction that
would apply only to a constant inJectlion conditlom,



12

CONCLUSIONS

The teat data and the analysls presented Indicate that an
assumed rate of discharge for the unlt InJection system tested
may be modified by e number of varlables, such as leakage,
compressibility of the fuel, fiel viscoslity change with pressure,
restriction to flow through fuel passages, and minlmum valve-
opening pressure. VWhen an open nozzle is used, the values of these
quantitles may bo noglected as negligible, within limits, in design-
ing a cam outline to glve a rato of plunger dlsplacement ldentical
with the rate of dlscharge deslrod,

For short injectlon periods at high rates of dlscharge, rates
of discharge comparable with the rate of plunger displacement can
be obtained with the closed nozezle.

A seriocus cause of disagroement between the static rate of
plungor displacemont and tho actuval rate of discharge can boe at-
tributed to the campressibility of tho fuol undsr conditions of
high preasure.

Langloy Momciriel Aeronautical Laborabory, -
Rational Advisory Cormlttee for Aeromautics,
Langley Fleld, Va., May 22, 1940,
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TABL® I

Operating Conditions for Rate~of-Discharge Tests

Injec~|COrifice | Plunger— Fuel Yalve- Pump | Figure
tion !diamseter and- quantity opening speed
valve: (1n3) sleeve | (1b/in- | pressure (rpm)

design | jeection) {(1b/sa in.)
A, 0.050 2 1.068x10-% 3,400 \ 4.,7,10
B .050 2 1.042 800 4, 11
¢c | .o50 2 1.028 3,200 L
D I .050 2 .981 2,400 4
A .060 1 1.339 3,400 5
A .0lo 1 1.369 3,400 5
A . 0315 1 1.301 3,400 5,7
D .060 2 .982 2,400 5:7,10
D .0k40 2 .9ua 2,400 5
D .0315 2 .86 2,400 5
A .050 2 1.059 3,400 > 5007
D | .060 1 .918 2,400 { 7
A | ,0315 1 .999 3,400 ! 7
A .0315 1 <157 3,400 7
A . 0315 1 500 3,%00 7
A . 0315 1 . 324 3,400 7
D .060 1 1.340 2,400 8
D . 060 1 .918 2,400 g
D .060 1 +550 2,400 8
D . 060 1 .185 2,400 8
A . 050 1 1.435 3,400 9
A . 050 1 799 3,400 9
A .050 1 JH51 3,400 / 9
A, .05G 2 1.069 7,400 750110
A .050 2 1.055 3,400  |1,000]|10
D .060 2 .961 2,400 7501 10
D .0560 2 .893 2,400 1,000|10
B .050 2 .710 800 500|111
B .050 2 .hal 800 520|11
3 - 050 2 .2b1 800 500{ 11
D .060 2 1,382 2,400 750] 11
D .060 2 «955 2,400 750| 11
D . 060 2 .505 2,490 750/ 11
2B .050 2 <989 2,300 1,000|11
3 . 050 2 .665 2,300 1,000| 11
3 .050 2 L3 2,300 1,000{11
3 . 050 2 I .215 2,300 l1,00011




TABLE II
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SUMMARY OF THE EFFEOTS OF VARIABLES TESTID ON THE SHAPE OF THE
RATE-OF-DISCHARGE CURVE VARIABLEB

8
Ry
. RP
0
VOP

pump speed
resistance to flow, valve

PRESAZE

resistance to flow, bypass port

orifice diameter
valve—-opening pressure

rate of plunger displacement (oxr
veloolty) for the interval

"Interval (fig. 13)

Olosed nosxle

Open nozzle

Symbol Actlion

A Injeotion lag

B 8lope of initial
rate of disobarge

0 Maximm values of
initial rate of
digcharge

D Time t0 reach ©

E Pressure dura-
tion, oonstant
torottle

¥ Variation between
Df and rate of
dlecharge

G Time between -

* atatio and i
dynami¢ opening
of porta

H 8lope of out-off
I Tralling off

Increased with increased
8 and Ry and with de-
oregsed Dp; independent
of

Slight decrease with de-
creased and Ry; inde-
pendent of O and B

Inoresased with inoreased
O and Dp and with de-

oreased Ry and B

Praotically independent
of varlables tested

Increased with increased
8 and with decreased O

Osolllations reduced by
inoreased Dp and 8 and
by deoreased O and Ry

Inoreased with decreased
O and with lnoreased S
and duration of preasure
oyocle

Increased with inoreased
O and with deoreased Rp,
Ry, and 8; praotically
independent of Dp

Inoreased with decreased
O and with inpreased Ry

and Rp

Inoreased with inoreased
VOP, O, and 8 and with
decreaned Dp

Inoreased with increased
VOP, Dp, and O and with
decreased 8

Inoreased with inocreased
O and Dp and with de-

oreased 8 and VOP

Increased with decreased
VOP and Dp; praotically

independent of 8 and O

Increased with inoreased
8 and with decreased O

Effect of compreasibillty
of fuel inoreased by
inoreased 8 and by de-
oreassd O )

Increased with deoreased
O and with inoreased 8
and duration of pressure
oycle .

Increased with increased
0 and Dp and with de-

oreaeed 8 and Rp

Inoreased with inoreased
Rp, 8, and volume of
fuel between valve seat
and orifice
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Figs. 2,3,12

N.A.C.A.

Figure 13.~ Diegrammatic rate-of-
discharge curves.
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Figs. 4,8
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Figure 4.- Effect of injection-valve design on the rate of discharge.
Orifioce diamstier,0.080 in.,pusp speed, 500 rpm, Flunger-and-slesve design 8.
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Figs. 6,7
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Figure 7.- Effect of fuel-passage area on the rate of discharge. Pump speed 500 rpm
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