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Summary 

This paper deals with some discharge characteristics of a fuel 

injection system intended primarily for high speed service. The 

system consisted of a cam actuated fuel pump, a spring loaded auto­

matic injection valve and connecting tube. The pump was provided 

with two ball inlet valves, but no discharge valves, and was oper­

ated at speeds of from 600 to 1800 R.P.M. The data were taken by 

spraying on blackened paper attached to the side of the fly.heel 

rim. Patterns we re thus formed on the paper, a single record pat­

tern being the result of a number of discharges. From oscilloscope 

observations, it is believed that the discharges during each run 

we re fairly uniform. 

The spray patterns showed the beginning of discharge to be def­

inite while the end ~as drawn out and somewhat indefinite. For any 

given R.P.M. the lag of the jet was nearly constant for different 

l engths of plun ger stroke. Discharge continued for a considerable 

interval after the plunger stroke v~s completed. 

Introduction 

The injection pump used in this work was part of the equipment 
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for a research on the air c'onsumption of a two-stroke cycle engine, 

for aeronautical purposes, using a Root s blo:Jer for supplying scav­

enging air. Ol ing to th e short int erval available for injection, 

some definite info r mation wa s necessary concerning when and how 

long inj ec t i on occurred . Thi s inj ec tion research was, therefore, 

undertaken. Though t he infor mation obtained Tas primarily intended 

for aeronautical engi ne use , it is applicable to any engine .hich 

this type of pun~ mi ght ser ve. Runs were made to determine: 

(a) The lag of the j et behind the beginning of the dis­

char ge s t r oke of plunger . 

(b) The interval of inj ection. 

(c) The int erval during v!h i ch discharge continued, due 

t o resili ence of the inj ection system and of the 

fue l, af t er the cam had reached its position of 

maxirrum lift . 

(d) The definitene s s of st arting and stopping of injection. 

(e) Indications of variations in rate of discharge and 

tendencies of nozzle valve to rebound. 

All time intervals ar e recorded in degrees of crank travel wi th 

top dead center (end of compression stroke) taken as a datum point. 

All d i scharge was into room atmosphere. The fuel used 'Has a mix­

ture of 50% each of domestic avia tion gasoline and benzol. 

Variabl es incorporated in th e runs we re: (1) R.P. M.; 

(2) length of pump stroke (r ep r esenting change in volume dis­

cha r ged); (3) p rimary pr essure (on supply line to injection pump); 
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(4) spring load on no~zle (opening pre ssure); (5) cross-section 

of dischar ge orifice; (6) controlled and uncontrolled valve lift. 

!lethod 

The data were obtained from spray patterns and have been plotted 

117i th an attempt to make it large ly self- explanatory" The method of 

obtaining tile spray patterns Vias the same as used in getting the data 

of Technica l Note No . 159 (Ref " 1). ?la in nevIs-print paper vvas fa s­

tened with shellac to the s j.d e of the. flywheel Tim, and covered with 

lampblack. The ~Ja ttern nas registered oy the '-'lash ing off of the 

lampblack and. a l s o by the different amounts of erosion of the paper 

due to spray im:Ja ct, The nozzle was removed from t~1e engine cy1-

inder and attach.ed to a bracket that held the tip of the nozzle 

3/32 11 from the paper , and lined up to let the jet hit t he flywh eel 

on a line through t he top dead center ma r k on the eDgine frame e.s 

shovm by Fig. 5 . A sheet iron ciefl ector was held bet ';een nozzle 

and paper till the pu mp stro ke set ti ng Vias rllade; it Vlas t:i1en re­

moved, by hand , ar.d again replaced after a number of II shots. It The 

spray '7as thus pen ni tted to strike t he)aper during a number of rev­

olutions corresponding to ti me intervals of 3 , 5, 10 and 15 s e co::1cis , 

depending on the R, P . M, and the amount of i mpact the paper would 

stand T"ithout tearing in a manner to obs cure the variation in rate 

of fuel discharge , The defl ector can be dispensed Nith ~hen only 

the beginning and ending of the injection interval are sought, but 
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"hen it is desired to observe variations during t.he discharge stroke, 

such as intensity of discha rge and t endencies for the nozzle valve 

to rebound, then the deflector is necessary in order to prevent 

superimposing long a nd short stroke. discharges during stroke ad­

justment. 

Determinations of the n~mber of degrees of crank trcvel over 

which spraying occurred were made from graduations on the flYVlheel 

rim on opposite side from the target. Readings for the beginning 

of the patterns a r e probably accur at e to ~" i thin 0.5 degree., Owing 

to the character of the patterns no such accuracy can be stated for 

the determinations of the end of discharge. 

There !ere two forms of pattern~ that from a small discharge 

and that from a large discha rge. The former ~ere wedge- shaped, be­

ing 1]' ide at the beginning . The latt er Vle re fairly uniform in width 

throughout, and ma YJ in gene r al , be described as composed of two 

main 9arts. There was a heavy portion giving unmistakable evidence 

of a jet with considerable penetrating power even though impact had 

already occurred upon the nozzle lip, integral wi th the orifice 

pie ce. The ending of this heavy portion would round or taper off, 

sometimes both, VIi thin a range of about 3 or 4 degrees, Then lould 

f ollow the tai l of the pattern where the lampblack would be vrashcc!' 

off progressively le ss and less until the pattern changed from gray 

~hi te to a j ust percept ible dar k gr a y. Contrast ed i th the ero sion 

of the paper it seems a s though this trailing end amounted in some 

cases to little more t han the wa sh off the nozzle lip, particularly 



N.A .C.A. Technical Not e ) 0 .. 2 13 5 

where the tail is long drawn out. Fo r, with 1800 R. P.M. and dis­

charges Occurring dlri ng an interval of 3 seconds, ninety shots 

Vlould r~gister on the paper; and t hese left the trailing end but a 

dull gray record. 

It is probable that the long continuance of the pattern, after 

the heavy portion had registered , was not due to the quantity of the 

d ischar ge , but to the s low speed of discharge, as the nozzle valve 

was seating. Observations with an Elverson oscilloscope to check 

this statement have sho m the t rai ling end of the jet from a 0_040 fl 

orifice l ith no intercepting impact lip to be a short, thin stream 

of such 10 7 velocity that it broke up into small, t fisted bars. 

Renee, it may be TIell to keep in mind that these plots, being on a 

time basis, do not truly repr esent the percentage of fuel dribbled; 

a curve based on the leight s of successive increments of discharge 

vlould be necessary for a fairly true representation of the percentage 

of dribbling.. Superimposed plots (Fig. 28) showing the records Y/hen 

the spray VJaS direct ed to meet the on- coming paper and vrhen directed 

to follo V1 the paper, show that l! wash" of fuel along the side of the 

wheel rim VIas not responsible, apparently, for any appreciable amount 

of th e trailing end of the pattern. The centrifugal force threw off 

both fue l and the washed-off l ampbl ack. 

Wear of eng~ ne and pump part s did not permit using the original 

zero marks for timi ng the pump cam so as to be at ma~imum lift (end 

of di scharge stroke ) 1rIhen t he engine crank wa.s at top dead center. 

A neVI setting Via s necessa ry to get that relationship- To determine 
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the several points of c am contact corresponding to different sleeve 

settings (for different length of plunger stroke) feelers ,"ere used; 

the necessary allowance for thickne ss of feeler was readily made by 

ri1eans o f the pump stroke gr adua tions on the sleeve. 

Apparatus 

The Injection syst em .- The injec tion system included an injec­

tion valve, opened automat 5.cally by the pressure created by an in­

jection pur!lp~ vhich, in turn, 'i,as supplied ",i th fuel by a primary 

pump. This installation had , therefore, a low pressure or primary 

fuel line, for 'Jhich o:::,dinary copper tubing was used, and a high 

pressure or se condary line , for thich 3/16 11 steel tubing, with 3/32 11 

bore, was used. The arrangement of the primary system is shown 

diagrammatically in Fig. 8 . The pressure in the primary line, re­

corded on the plots as Pp ' was regulated by a by-pass relief valve; 

that in the secondary line VIas determined, at the beginning of dis­

charge~ by the spring t ension on the nozzle valve, recorded on the 

plots a s Ps ' Due to the resistance of these small orifices a great­

er pressure than Ps is, however~ required to give discharge at the 

desired rate. The secondary or injection pressure is, therefore , a 

variable ; it ca n vary Hi t h R. P . M. and vJit h the r ate of change of cam 

contour to which the injection plunger travel r.lust respond. Equip­

ment wa s not ava ilable for recording such abrupt pressure fluctua­

tions , and hence discharge pressures are not stated. 

As an example of the variations of injection pressure with 
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R. P.M. > and throughout the pump ing cycle, the following experience 

can be cited. During some powe r runs when using this injection 

pump> a srrall relief valve with spring set to hold 8000 lb. per 

sq~in. static pressure , was placed bet ween the end of the injection 

line and the nozzle valve. Two ori f i ces 0.022" diameter were in 

use and the nozzle spr ing was set fo r about 900 lb . At about 1000 

R.P.M. ~he relief valve appeared tight. As the R·P.M. was increased 

leakage appeared and jncr eased until when around 1400 R.P.M~, drops 

of fuel were ejected f ro m the relief valve. This discharge altered, 

of course, the max i mum pressure that would have developed in the 

nozzle had ejection been from the nozzle orifice only. tt is proba­

ble , therefore, that at 1600 and 1800 R.P.M. momentary pressures 

greater than 10>000 Ib~ per sq. in· occurred behind the orifices 

when taking the spr ay patte rns. The highest pressures would, too, 

occur during the time when the paper was being eroded and cut 

through. Uere a pressure-volume or a pressure-time indicator used 

to record the max i mum p r essur e with these abrupt discharges at high 

R.P . M-, it is probable that, in a measure, the same distortion of 

diagram VTould occur as is exper i enced in taking indicator cards 

from a high speed engine . 

The initial spring load on the nozzle valve P S ' which was ad­

justable, iilas deter mined on a gage test ing machine . The values giv­

en are those at which the nozz le popped hen the plunger of the gage 

tester was run in rapidly by hand. Both nozzle valves leaked at 

pressures below the popping p ressure, but the latter was taken as 
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the more compar ab le with engine conditions. With static pressures, 

the amount of o il film p r es ent on the valve s eat influences the 

magnitude of t he p re ssure a t which fuel begins to pass the valve 

seat. 

The fuel pressures in the primary line Pp ' were obtained 

rith a ge r pump for those pressures of 110 lb. Emd belm7 . A 

three- throw plunger pump ~as used for primary pressures of 200 lb. 

and above. With the gear pump the pressures were sustained con­

stant . The three- throw plunger pump did not, however, give con­

stant discharge pressure; th e p r essure in nearly every case ex­

ceeded the values r ecorded. Hence for values of Pp of 200 lb . 

and bove, th e recorded pre ssure may be taken as the minimum that 

eXisted during the run. All p r essures are gaged at sea level. 

The Injection Pump .- The essential parts of the injection 

pump are shown in the outline drawing, Fig . 1. The cam has syr.lInet­

r ica l rise and fal l, and is des i gned for constant a cceleration and 

decel erati on. Its outline is sho m in Fig. 2 . Regulation of th e 

quantity of fuel discharged during each pump cycle, is obtained by 

changing the length of plunger stroke. This is done by adjus ting 

the plunger position with respec t to the cam. ThUS, nhile moving 

the plunger away fro m t he cam a distance equal to the cam lift, the 

discharge changes froTI a maxi mum quantity to zero . This adjustment 

is made by means of the threaded sleeve _ The hub of this sleeve is 

gradu~ted both axially nd c ircumf erentially, permitting accurat e 

adjust ments of pump stroke to v7 i thin 0 . 005 11 and est i mated adjus t-
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ments of 0.001". The rocker arm serves a d.ouble purpose. With its 

roller it serves as n contact el ement between the cam and the 

spacer-plunger; and, thr ough t he agency of the eccentric, permits 

some retard and advance of the timing of injection. A spring is 

used to aid the pr i mary pressure i n making the return plunger 

stroke. Another spring i s .used to keep the follower roller in aon­

tact wi t h the a ctive porti on of the cam. Provision was mace for 

two inlet valves and t wo discharge valves, but, with the nozzle 

valve spring-loaded , d isohar ge valves are unnecessa~y and tend to 

restrict disyharge, at least at hi gh R .. P.A. of pump. They were 

not used in obtaini ng this data. The inlet valves work upside 

down from usual practice . Their small size Hill also be notioed, 

Fig. 3· being fou r ti mes aotual size. The actual pump has an out­

board bearing to support the end of the cam shaft and also an oil 

trough for the cam, nei ther of which is sho m in Fig. 1. A bushing 

with one hundred splines surrounds the cam shaft, and to it the cam 

is keyed. This pe:fi:1its giving tn.e cam a fixed advance or retard 

by increments of 3.6 degrees of cam movement, which in this two­

stroke cycle set up was also 3 . 6 degrees of crank movement. As 

arranged for the spray pattern wo rk the cam was set so that the 

follower was at its pos ition of maxi mum plunger lift when the 

crank reached . top dead center (end of compression stroke). 

Nozzles and Tips .- Fig . 4 ShOBS the valve se~t and orifice 

passages for the one-hole a nd two-hole nozzles, while Figs . 6 ar.d 
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7 shoVJ complete nozzles . The va l ve was lifted by the pressure on 

the exposed cro ss-sect ion o f t he va lve stem. With the single ori­

fice t he nozzle body ,was such t ha t the valve could lift until, if 

the pressure were great enough, t he spring closed. With the two­

orifice nozzle the valve lift was res t ricted in a different nozzle 

body, to about 0 . 01211. The cro ss- section of a single 0 . 0261l ori­

fice i s 0 . 000530 sq .in.j th e combined cross-section of two 0 . 022 11 

orifices is 0.0076 sq . i n . The comb i ned cross-section of the two 

0.02211 or i f i ces was, t hen 43% gr eat er than for the single 0.026 11 

orifice • . On the o the r h and t he passages are not quite as direct in 

the two-hole as i n the s ingle- hol e nozzle . 

Resul ts 

The Plots .- Figs . 9 to 26 each give the following data meas­

ured either as t i me i n degrees of crank travel or else as the crank 

location vlith respect to top dead center: 

(a) Ti me at h i ch carn contacted to produce plunger lift 

for different lengths of p l unge r travel. This data TIas deter­

mined not f r om cirawings but at the engine, and hence includes 

the taki ng up of sl a ck i n a ll engine and pump parts involved . 

(b) The time at whi ch the jet first impacted with the 

paper. This was near l y always sharply defined due to the 

lampblack , at the begi nning of the pattern, being entirely 

washed off . • 

(c ) The l ag of t he begi nni ng of discharge behind time 
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of cam contacting. This is Shown by the value of the ordinate 

lying between the curves of items (a) and (b ). In evaluating 

the lag of the jet behind start of plunger stroke no correction 

has been att empted for the time r equired for the jet to cross 

the 3/32 11 gap between or if i ce and fly\7}1eel. This interval is 

brief, and a correction would call for a knowledge of jet ve­

locities involving rather wide a ssumptions. 

(d) The approximate t i me in the progress of discharge 

when heavy discha rge cea sed and the jet began to thin down. 

This limit is shown by small cro sses. In many cases the end of 

heavy discha rge was well marked by a rounding off of the white 

portion of the pattern with pr actically no prior narrovIing of 

patt ern or d i minution in wh iteness. The presence of an arrow 

on some of the ordinates of the plots, indicates that from 

that point on there appeared a regular diminut ion in the inten­

s i ty of the record . 

(e) The apparent cessation of discharge. This is shown 

by the points designated by inverted t riangles . Since the 

patterns changed from white to light gray that , in turn, became 

a dull gray as the pat tern progre ssed, the determination of the 

appar ent end of all discharge most frequently r equired close 

observation and, u nli ke the beginning of the pattern, nas by no 

means def i nit e. Hence, too .much reliance must not be placed on 

the finality of t hose readings . The continuance of the pattern 

due to dr i bbling has already been d iscussed on Page 7. 
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(f) The approximate interval during ~hich discharge was 

most intense and s omewhat uniform. This was shown on the t ar­

gets by the cutting away of the paper, through to the metal. 

On the plots the limits of this cutti.ng action are shown by 

short dashes situated on the ordinate for the respective 

lengths of pump st roke. Two conditions tended to make these 

limits not comparable for different runs; a d i fference in the 

thickness and hardness of the shellac behind the paper, and 

the inabi Ii ty to cietermine what number of II shots" gave the 

paper comparable amounts of punishment . The beginning, how­

ever , of the cutting trrrough periods are, on the whole, fairly 

regular. 

(g) The comp r essib ili t y of the fuel and resilience of the 

injection line i s represent ed, in a manner, by the period of 

discharge that occurs af t er the cam reached its peak, which in 

these runs occurred when the crank was passing top dead center . 

-,1ere there no leakage past the nozzle valve stem the portion 

of the plots lying bel ow the dead center line would represent 

the amount of contraction of the i njection apparatus after 

pumping ceased, plus the amount of the re-expansion of the 

compressed fluid . Any tendency to develop a pressure wave in 

the injection line, caused by the plunger impacting upon the 

fuel, is probably disS i pated by the time discharge has contin­

ued to the pea~ pos ition of t he cam . 

(h) rihe re the nozzle valve rebounded the pattern was dis-
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continuous. Such pla ce s a r e designated by capital R. The 

plots for the t wo-orifice no zzle, Which had the valve lift re­

str':"cted to about 0. 012 tf , out-number those wi t h the single­

orifice nozzle i n the r a tio of 11 : 7. The symbol R, howev­

er , i s much mo r e frequ ent on t he plots of the singls-h.)le noz­

zle which d i d not res trict t h e valve lift except by spring load 

alone . 

Effect of Nozzle Spring Pressure . - In Fig. 27 is shown the ef­

fect of the nozzle spring pre ssure Ps ' upon the time of the ap­

pearance of the j et. A change in spr ing pressure from 950 lb. up 

to 3000 lb. per sq .in ., del ayed the start of the pattern about 3~ 

degrees of crank t r avel nhen the discharge at 1800 R~P.1vI. was the 

smallest chosen ~ Thi s d i fference grew less as the length of 

plunger stroke (amount of discharge) was incre3sed. 

Effect on Pf..,ttern of lIJo~~).e P0f:i t,ton.- In Fig. 28 the differ­

ence in the pa ttel'ns recortierl Jlhen the jet V7as pointed to meet the 

on-coming target and when pOinted to follon' it, are compared for 

1800 R. P. M. The nozzle locations wi th respect to the flY-iiheel tar­

get are shown in Fig. 5 . The difference in the time of the start 

of the patterns i nc reased as the plunger stroke was increased. As 

a contributory influe nce i n that variation in the records it might 

be mentioned that t he l i ne o f the fa ce or faces of the nozzle lip 

is no t the line r epr esent ing the ave r age path of the fuel pa7ticles 

reboundi ng from the lip. As f or t he change in time when the pat-
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terns gere completed , the overlapping of those curves indicates some­

TIha t the difficulty in determining the end of the patterns. Fror:'l 

Fig. 28 > hovlever, it may be deduced that the arrangement of the noz­

zle angle with respect to the target did not appreciably alter the 

injection character i stics shovm by this data. 

It was determined at the time of taking the data tha t no reada­

ble difference resulted i n the record '\Jhether the deflector was 

moved away from the nozz l e in a direction towards the ba ck of the 

lip or moved awa y in the direction of spray flou. The covering-up 

movement at end of the interval w~s by the same path as during re­

moval of the deflector. 

Effect of Primary Pressure .- Fig. 29 shows the value of the 

paDer targets for f inding one of the most importEmt items of infor­

mation of this research - the necesscry primary pressure for a ny 

R.P. M. and d ischa rge quantity . At 1000 R.P.M. a primary pre ssure 

of 41 lb. (gage) WeS sufficient for di scharges up to tha t corre­

sponding to a 0.075 11 plunger stroke when using two 0.022 11 orifices . 

Beyond that length of stroke the 41 lb. pres sure did not fill the 

injection pump to capacity between dische.rges. Had primary purop 

operating conditions permitted, the lowest pressure capable of giv­

ing the same discharge conditions as the 225 l b . primary pressure, 

could have been deternined . 

Effect of Size of Orifice .- Fig. 30 compares the timing and 
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interval of heavy discharge at 1200 R. P . l,l. for orifices of differ­

ent cross-section; one, a single 0.026 11 oTifice~ the other, having 

two 0 . 022" orifices . The superimposed curves show that discharge 

began close to the same timc for both nozzles, i7hich would indic2.te 

that the considerable difference in the primary pressures (80 lb. 

as a gainst 225 l b .) did not change the quantity of fuel to be dis­

charged from each nozzle . Regarding the interv~l of heavy dis­

charge, however.> this did not differ as might have been expect ed 

when there existed the same volume of fuel but 43% difference in 

orifice cross-section. The manner in which the heavy discha rge in­

terval is less for the lesser orifice section when the stroke is 

short and then is greater than that for the larger orifice section 

vrhen using the longer stro kes, may be due to the difference in the 

possible lift of nozzle valves . Referring back to the original 

Figs. 26 and 18, the greatest influence of size of orifice seems to 

have been the effect on the length of the trailing end . Since this 

portion of the dischar ge would occur during the nozzle valve clos­

ing, the influence both of valve lift and orifice resistance would 

enter. Though the two-orifice nozz l e had 43% greater cross-section, 

the discharge coeffi cient fo r each hole would be less than for one 

larger hole of equivalent cros s- section. The uncertainty as to the 

proportion of the tota l volume of fuel that was discharged by each 

noz zle in equal time intervals suggests the need of applying means 

for determining the weight s of successive increments of fuel dis­

charged , instead of using spray patterns only. 
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Effect of R.P.M. upon Lag . - Figs 31 and 32 show the effect of 

R. p . L upon the time of the appearance of the jet . The group of 

curves of Fig . 31 show the jet appearing earlier in about equal in­

crements of crank travel as the R. P . M. was increased by equal 

amounts . Fig . 32 shows similar rates of change and also ho~ the 

primary pressure became insufficient as the R.P. M. was increased 

above 1000. The later appearance of the jet indicates a void in 

the injection pump not filled during the suction stroke of that 

pump because of too lo~ primary pressure. 

Ef f ect of compressibility and Resilience.- Fig. 33 is an at ­

tempt to compare the effect of R. P . M. upon the amount of resilience 

set up in the injecti on equ ipment and in the fuel itself. The 

group of plots are for the cessation of heavy discharge as shoun in 

Figs . 15 to 20, inclusive . Unfortunately> the indefinite character 

of the trailing end of the patter ns defeated the purpose of these 

plots. The plots are remarkable chiefly for showing the long ex­

tensio~ of the interval of heavy discha r ge, after the cam had 

reached its peak at top dead center, due to the resilience of the 

injection system and the compressibility of the fluid. 

concerning the influence upon the interval of the injection of 

fluid compressibili ty to gether with stretch of the injection system, 

the follou ing numerical values deserve attention. The volume of 

fuel in the injection system after the plunger had finished its 

st!'oke , VJas about 0 . 28 cubi c inch; a little more than one quarter 

of F cubic inch . From Fig. 34 the plunger displacement corres:pond-
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ing to 0 .. 025 11 travel of pl unger , the shortest used, is 0.00375 cubic 

inch; that for 0 .15" travel is 0 . 0225 cubic inch. The ratio of the 

smallest plunger displacement used, 0.00375 cubic inch, to the vol~ 

ume of fuel avai l ab le to re- exp&nd (after the plunger ceased travel­

ing), is 0.0134 or 1 - 34%. For the longest travel used the ratio is 

0.0803 or 8 .03%. 

A conservative val ue for the amount of the combined effects of 

compressibility and stretch under a pressure of 10,000 lb. per 

sq.in . , 'lould be 3% of the volume of the contained fuel. Hence ....-Jith 

a high discharge pressure and h i gh R, P.M. the discharge could read­

ily be put out of time with the supposed timing, a s represented by 

plunger movement, a considerable amount. Not only is there the lag 

between the time of cam conta cting and spray appearance , but there 

i s the long continuance of d ischa r ge after plunger action ceases. 

Figs. 9 to 26 illustrate such results numerically. 

Plunger Displacements.- Fig. 34 shOWS the plunger displace­

ment for different lengths of stroke . For better visualizing the 

quantitie s of fuel to be metered by the pump, the amounts of plunger 

d i spl a cement are transpo-sable in terms of the size of an equivalent 

sphere. The actual dischar ge could be influenced by two leakages: 

that past the pump plunger and that past the nozzle valve stem. 

The i njection plunger and the nozzle valve stem .ere, however, 

lapped fits and the leakage small. The equality in the time of 

spray appearance for both nozzles, as shown in Fi g. 30, is an indi­

cation of the equal ability of th e t wo-nozzle stems to ho ld liquids 
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of such low visco sity a s gasoline and benzol. Beside s the effect 

of leakage, the actual . discharge may differ from the plunger dis­

placement because of too low a primary pressure, especially at the 

hi gher R.P.M., as represented by the later appearance of fuel at 

the longer plunger strokes of Fig . 32. Leakage wi ll vary with the 

nozz le spring p re ssure setting P s , and with the cro ss-section of 

orifice used. 

Mechanical Closing of Noz zle Val ve.- The so~ewhat i rresponsi­

ble behavior of the discha r ge after the end of the plunger travel, 

makes mechanical control of nozzle valve closing appear attractive . 

Some preliminary trials of automatic opening and mechanical closing 

of the nozzle valve were made. These trials, however , did not lend 

themselves, from the nature of the linkage deSign, to the taking of 

spray patterns . Further, at high R. P.M. rapid action is required 

of such a mechanism_ It must, therefore, be light- The exacting, 

close regulation required of this light mechanism subjected to vi­

bra tion does not seem to p lace such a system in the first order of 

engineer ing research on hi gh speed equipment. As a research prob­

lem, it remains, ho wev er, attractive as revealing possibly the lim­

its of dribbling control by means of po~itive valve action . 

Characteristic Extracts from Log 

Fig~ 11, for 1800 R- p . lil . and 0 .10" plunger stroke, interval 

3 seconds. "Sharp start to pa ttern. Heavy portion ends rather ab­

ruptly, with r adi a l edge, at l4t degrees after top dead center. 
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Pattern wet to 27 degrees after dead center but nothing appreciable 

after 17 degrees past dead center . Paper cut through from 3 degrees 

before dead center to 10 degrees after. Pattern narrows at l7t de­

grees after dead center as though a slight rebound folloVled. 1f This 

was one of the best p~tterns taken. 

Fig. 12, 1400 R. P . M.; 0 .025 11 stroke; interval 5 seconds. llPa-

per roughened up tO ,lO degrees after dead center. A diminishing 

pattern from start to 15 degr ees after dead center, followed by a 
portiam 

thin irregular pattern ' to 27 degrees after dead center. The thin/ 

was just noticeal?le. II 

Fig. 12, 1400 R.P . M.; 0 .1 50" stroke; interval 3 seconds. 

"Sharp start to pattern; heavy part ended at about 12 degrees after 

dead center. Paper washed to 30 degrees after dead center, but only 

~ightly. Appearance of a li ght rebound at about 15 degrees after 

dead center. Paper cut through from 21 degrees before to 7 degrees 

after dead center. Pattern almost negligible beyond end of heavy 

portion .. II 

Fig- 19, 1400 R·P.M.; 0 . 025n stroke; interval 5 seconds. IIPa_ 

per washed to 17 degrees after dead center. Heavy to 11 de grees af-

ter dead center, . but narrowed and thinned almost from out set. 11 

Fig. 19, 1400 R.P.M.; 0.10 11 stroke; interval 3 seconds. 

IIHeavy portion to 11 degrees after dead center, but thinning from 

white into gray, which continued. Paper cut through in spots as 

far as 5 degrees after dead center. 11 
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Conclusions 

(1) The start of nearly all patterns was clearly defined, re­

gardless of R.P.M. or pump stroke. 

(2) The long continuance of discharge after the cam~ and hence 

the plunger, had reached its highest pOsition, ShU \Eng the large 

amount of resilience in the inj ection system and the corrpTt'.s's.ib:;.J.i ty 

of the fuel. This might be considered as evidence of the exist ence 

of high injection pressures. 

(3) The interval of injection occurring before the paper was 

cut through. The regularity of this interval probably reflects the 

length of time i n crank degrees, for maximum valve opening to occur. 

Line resilience and fuel compre ssibility WOUld, ho wever, affect the 

strength of jet by delaying the at tainment of maximum pressure. 

The frequent absence of cutting through of the paper ,nth the short­

er plungETstrokes J though the number of shots was sometimes doubled, 

might be due to three causes: (a) lesser quantity of fuel (smaller 

stream); (b) p lunger travel too short to build up maximum pressures 

such as occur with longer pump stroke; (c) only the end of the cam 

rise was in action, during which deceleration, rather than accelera­

tion, of the cam follower was occurring . 

(4) The use of the positive control of nozzle valve lift tend­

ed to give more regularity to the time of cessa~on of total dis­

charge than when the valve lift varied with the pressure exerted on 

the spring by the fuel. 
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(5 ) The l ag , in crank degr ees, of the appearance of the jet 

behi nd the t i me of cam dontaoting, i s prac tica1ly oonstant with 

change in length of plunger s troke for a given R.P.M. This is as 

i t should be f or a n automati cally spring l oaded nozzle valve if the 

cam li ft has nearl y equal increments per degree of cam rotation .. 

(6) Wh en the R. P . M. i s lo w the end of all discharge was more 

nearl y at the same time for all length s of stroke. This may have 

been due to greater freedo m fro m rebound or tendencies for the noz-

zle va l ve t o f lut ter.· 

1 . Robertson Ma tthews 
and 

A. w. Gardiner 
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Fig.2 Constant aoceleration cam. 
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