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THE FUNDAMENTAL PRINCIPLES OF HIGH-SPEED
SEMI-DIESEL ENGINES.*
By Dr. Blchner.

PART 1I.
A General Discussion of the Subject of Fuel Injection
in Diesel Engines.and Detailed Descriptions

of Many Types of Injection Nozzles.

In today's lecture I will more fully develop a few icdeas
‘which I could only briefly allude to at last year's session
of the "Bremnkrafttechnischen Gesellschaft," since they were
but loosely related to the subject ("The Combustion of Heavy
Oils in Carburetor Eﬁgines") then under consideration.

At that time I raised three fundamental questions, which
should indicate the direction to follow (aside from carburetor
engings) for technical progress in the utilization of heavy
oils. . |

. The first duestion was "How rmuch longer shall it be be-
fore solid injection shall receive in Germany the consideration
due it not only for stdtionary and marine Diesel engines, but
also for high-spced automobile engines?" I reminded you of a

recent remarkable invention, the Deutz VM engine. The exceced-

* From "Jahrbuch der Brennkraftteohnischen Gesellschaft,"
Volume V (1924), pp. 59-75. Parts II and III will be
issued as Technical Memorandums Nosg. 357 and 358.
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¢

‘inglyrsnall fuel consumption of 166 grams (5.8 ounces), ob-
tained by Professor Maier in'Stuttgart for an effective power
of 320 HR, indicated something extraordlnary and demonstrated

§

the need of a thorough revisilon of the prevailing views on

_-fuel injection by means of compressed air (Fig. 1).

The second question was "How long will the hot-bulb en-
gine be treated in Germany as an obsoiete link in the develop-

ment of internal combustion engines, although the firm-of

‘Heinrich Lanz, of Mannheim, with its "Bulldog", has shown how

well the hot-bulb enzine can be adapted to the severe require-
menté'Q} vehicular traffic?" (Fig. 2). .

| The third and 1ndeed the most comprehensive Guestlon I
clothed in, the follow1n* language: "Is it not time to 1nvest1—
gaté more thoroughly than heretofore (along with the heat losses

inside. internal combustion engines) the processes oa which the

iformation'bf cdmpustib1e, rapidly-burning mixtures depends?"
Much-divided combustion chambers, as now often constructed
(e.g., Dr. Heidelberg's combustion chamber, Fig. 3), may appear

~of doubtful advantage‘from the viewpoint of heat losses, but

raise the question as to whether the active side of the -heat

1 : . ; :
balance of the internal combustion englne does not merit more

consideration along with the passive side. In fact, the task
of obtaining as complete a mixture as possible rmust supersede;,
or at least equal in 1moortanoe, the question of heat 1osses.

. I consider this one of the most important requirements, even

3
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,£er’5£;\§p§oia1 type of engine we are about to consider.

It has required many yeais of rainstaking work to discover
in some degree upon what the completeness of the combustible
mixture depends and to invent the mechanical devices for pro-
ducing'a complete mixture of the components (fuel and air) in
the short time available. ‘As regards the formation of the

. mixture, no final conclusion has yet been reached, ffom eifher
the theoretical or practical viewpoint. It has been found ad-
vantageous, however, in addition to measuring the excess of
alr, to devote more attention than hitherto to the scparation
of the fuel into its smallest particles, to the distribution
of these particles in the air at different piston speeds and
to the many variations in the motion of the fuel vapor, since
it has becn demonstrated that there is a close connection be-
tween the above-mentioned phenomena and the regularity'of\the
engine and its smoothness of operation.

At the railroad session of September, 1934, in the dis-
cussion of "Diesel 1ocomotives";\the adaptability of the Diesel ™
engine to changes in revolution speed and torque was hardly
mentioned, still less the formation of the corbustible mixture.
In order not to leave a si@ilar gapy but rather to determine,
at the outset, the real reéuirements of vehicular traffic on
high;speed semi-Diesel engines, I will discuss briéfly a few
automobile engines, which %ill serve as standards of compari-

son for great flexibility &f functioning.
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The Mavboch crude-oil engine, type G 4a (Fig. 4) (maximum
power 150 HP. at 1300 R.P.M., fuel consumption 180-185g (6.35-
6.53 0z.) per horsepowcr-hour &t a normal output of 100-120 EP.)
functions in the Diescl mamner by compressed-alr injection and
has infake valves with unchangeable ncedle-1ift, but nozzle
seats whosc free cross—-section varics according to the load.

At the samc time, a pressure regulator is provided, which regu-
lates the injection pressure according to thc revolution speed.
In this manner a wide range of adaptability of the engine to
all qombinations of torque and revolution speed is obtained.

This engiﬁe also shows that the Diesel process works wel%__m
with ordinary -automobiles, since the engine differs but 1ittl
in shape and size from a carburetor engine. The same state-

ment will probably apply to future high-speed semi-Diesel en—)
1

gines.

In the second place, we will consider the clutchless ané~
gearless vower car, built as an experiment by the Maybach Eégine
Company shortly after the war. Any one who has sat at the
stéering whcel of such a car can testify that the carburetor
engine is no longer inferior to the steam locomotive, as regards
its adaptability to the varying resistances of travel. In this
connection I differ somewhat from one of the previous speakers,
Professor Nordmann, who discussed the internal combustion'en—
gine from the standpoint of a locomotive builder. Maybaoh'é

gearless car is started electrically, With'the aid of a start-
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ing motor, by pressure on a Bosch starter. &t the same time,

the internal combustion engine is brought to a moderate revolu-

tiOQISpeedégnd, after going a few yards, the gas vpedal necds
to be pressed down only a little for the engine to run on its
own powér. By continuing to open the throttle, the engine can
be brought to full speed in a few seconds.

In order to illustrate the idea of flexibility by still a
third ekample, I wish to call attention to an interesting en-
gine in Berlin, which has reached an advanced experimental
stage. Epgineer Egersdgrffer undertook to éonver@, with the
least possible changes, carburetor engines of the ordinary
type, designed for ommibuses, into engines for burning heavy
oils (g&s—§11 and yellow oil). As shown diagrammatically in
gig- B, thé carbuigtor has been removed and the fuel is
sprayed, by means of compressed air, directly into the intake

.\pipc close to the intake valve. Thercby the fuel is.declivered
té theﬁgpraying nozzle through an "Egersd%rffer" rotary pump,
the air.bei g compressed in a revolving compressor coupled di-
rectly to the pump. In order to obtain the remarkable flexi-
bility of funbtioning, the compressed air and fuel has to be
introduced in \a satisfactory manner into the inflowing current

of air. This oes not preclude the possibility of still fur-

ther improvemenfs, until the very severe requirements of urban

omnibus traffic are met satisfactorily in every respect, even

with regard to completeness of combustion.
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In each of these three-envines there is a special mixihg
device afd it would scem at first as though they had no feature
in common. By ec¥amining, however, the shape of the compartments
in which the fuel and eir are mixed and {rom which the mixture
flows, wc cah delermine, ia ali threce casss, the phenomena of
expansion and contraction which produce satisfactory‘mixing;

It seems %o be an opportune time to introduce the term "diffus-

b
er" into the vocabulary of 1ntcrna1 combuftion engines, since -

Phe recent researches on the conditions of flow in the tubes /

designated as diffusers render it possible to obtain data not i
dnly for ckplaining the mixing process, but also for improving;
it. _ |

In a retrospect on the results of the 1913-1914 benéol—'ﬁ
carburetor contest (published in the "Automobil Rundschau,"‘j
1904, p. 149), I spoke,.in order to express the final'resuL¥ i
a simple formula, of the "Victory of the Venturi Tube." Th&s
is a diffuser in which the small ends of the frustrums of éWO"
cones are connected by a cylindrical portion, whose diamé{ér
detefmines the range of the revolution sbeed of the engiﬂé.'

Both the above-mentioned Maybach engines, which are!chér—
aoterized by the broad limits of their revolution speeds, are
prov1ded with diffusers of variable cross section.

Semi-Diesel engines are also often prov1ded with diffusers.
They are situated inside the ylinders and connect an ante-

r

chamber designed for a partlal combustion, w1th the main com-
e ':-.- 3k Yﬂ N
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bustion chamber, in which the piston moves and in which the
combustion is completed (Figs. 3-3). '

The former conception, éccording to which the currents in
the combustion'ghambers of Diesel'engines, with respect to the
resultihg fall in the temperature of the air and the incredsed
heat transmission, were to be avoided as far as possiblé, seenms
to have been thoroughly shattered. Technical problems cannot
be solved by theories alone. There are already a large number
of solid injection engineg,. in which air currents of very de-
cided direction and magnitude are produced, for the express
purpose of producing the mifture of the fuel and air in one or
more stages, partly before ignition and partly during the com-
bustion. These processes of flow must be investigat§d, in
order to arrange and explain the many flow phenomené- Experi-
ments are the best means for this purpése, althzygh cénclusions

from analogy, for which the considerable literagure on diffus-

ers affords the opportunity, will be found ui7%ul in a general
way. j

Practical technicists must learn, parayiel with scientific
research, to control the processes of flow/&n the conmuétion
chambers and fo increase the rcgulatabiliq& of solid injection
~engzines for vehicular use to as high a deéree as has already
been accomplished for carburetor enginesf

We will drop this train of thought, however, for the pres-

‘ent, and will consider, instead, another line of development,




N.A.C.A. Technical Memorandum No. 356 = 8

—

S
r—és. =

which .is éxerting‘a»decisive—influence on .the appearancce of the
new solid injection engincs and'whicﬂwhas finally cnabled the
construction of high~gpeed engines with the revolution specds
customary in automobiles. I refer to the so-called "airless-
injection" process, i.e¢., direct fuel injection undcr very high
pressure.

| James McKechnie {(Technical Director of the Vickers Company,
Barrow-in-Furness, lLancashire, England) mst be considered as
the most prominent inventor'of solid-injection Diesel engines
with the usual high compression. From the first, he devoted
his attention to.maintaining the injeotion pressure at the same
level for both large and small quantities of fuel, because he
realized that only in this way could he obtain a greater load

range of the engine and a low rate of fuel consumption, even

with small loads. Since his first attempts (in 1910) were, ac-

cording to his own statements, unsatisfactory in the direction /
’ /
indicated, they can be omitted here. I will simply mention /

thét a fuel receptacle with a flexible wail ( scometimes callcd
"pulsator”) was introduced between the fuel pump and the injec-
tion nozzle to eliminate the'flucfuations in pressure.

Fig. & shows one of Mr. McKechnie's more recent improve-
ments. At every stroke, the fuel pump delivers a quantity qf

fuel beyond the requirements of the maximum engine load. The

intake valve is actuated by & cam and closes very gradually

during the power stroke, so that the fluid pressure does not
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increase too suddenly in all the&cémpartments betweeh the.iﬁ—
ﬁaké and compression valve. - The‘ﬁaximum desiredocompression -
is reached shortly vefore the eﬁd of the stroke of tigipumg
pistgn. The'comprcssion valve, Which also serveé as an injéé—
_'tion;valve,'is likewise mechanically Opefatéd. With‘thc*aid;bf'
an axially"adjustable cam, the beginning of the ihjectioﬁ; its
dufafion‘and.the dogreé o dpénipg of the valve danvbe adapted'
to the engine load. The maximﬁm pressure generated by fhe pump
is governed by a safety vaivé, Wﬁich is held under the‘pressﬁre
of an adjustable spring. The fuél displaced by the puﬁé'piston
15 :éceived 5y a fuel collector with elastic walls until thel
maximum-injection pressure is reached, beyond which point it
escapes through the safety valve‘into thc suction side of the
pump ar into a fuel tank. In Fig. 6, the safety valve and fuel
collector are located one above the othef. The wdrking'cylin—
aéf hés a combustion chamber, which is made up of a flat cir-
cﬁléf disk énd a spherical section. A spraying nozzle is
used; which admits the fuel into the combustion chamber in a
bundle of cylindrical streamlets. l

. Mr. McKechnie has also investigated the atomization proc-
eSses and since his conclusioné on the effect of the shape of
the nbzzle do not seem to be very well known in Germany, they
will be bﬁiefly expla.ined here. |

When & fuel jet, under such high pressp’ré (3000-8000 1b. .

per square inch){‘is:injected through a small opening into'’
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compressed air, it forms a cloud at a certain disﬁancé from'the
mouth of the nozzle. This distance, the striking or carrying
distance of the spray, depends on thé width or diameter of the
channel leading to the exit, in relation to its length, and
also on the velocity at which the fuel 1eaveé the nozzle. -In
order, therefore, to increase the carrying distance, thé léngth
of the injection channel with respect to its diameter mist be
as great as possible, or, in other words, fhe}ie%fmust be given
a good lead for a long distancéu: The obtention of'the:finest
possible spray requires, on the dontrary, that the injédtion‘
channel e.as-shortas—possible with reference to its cross-
éection, and that the fuel pressure be kept as great'asvﬁossi—
ble, the same as for obtaining the maximum carrying distance.

Furthermore, according to Mr. McKechnie, the fineness of
the spray can be increased by causing the fuel to leave the
nozzle as a flat or wedge-shaped film, in such manner that the
individual particles must move in different directions and thus
overcome the viscosity which tends to hold them together.

‘With the nozzles shown in Fig. 7, the fuel velocity is
8mall, clear to the mouth of the nozzle, so that the fuel pres-
sure is converted almost entirely into velocity, without ény
great losses from friction before leaving the nozzle. 1In all
three nOZzles.the mouth is formed by wedge—shaped lips with |
sharp edges. The Wédge shape cén be obtained by tapering either

one or both sides of the nozzle opening, but in all cases the
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nozzle, outside the mouth, must be so shaped, that the fuel can
not cling to the end of 1it.

In a1l thfee of the n0221es shown in Fig. 7, the injeétion
valve is nearer the mouth than in the former types. In the
first nozzle, it is closc to0 the mouth; in the second, aflittlel
farther away; and in the third, it helps, in conjunction with
the valve seat, to form the moﬁth. With the first and s&cond'

\
nozzles, the valves can be operated either mechanically ox by

‘fluid pressure, while, with the third nozzle, they can be ép—

erated only by fluid pressure. In the first nozzle, both 1§ps
are symmetrical, but in the second and third, they are unsym-.
\

metrical and the lower lip is undercut, the latter being sta-

tionary in case 2 and movable in case 3. In case 3, the dis-

" tance between the two cuts can be finely adjusted and in case

3 the fuel, before reaching the mouth, is divided into separate
streamlets by a series of longitudinal grooves on the inner
surface of the valve-stem guide,vthe valve-1ift being very
small (0.006-0.01 in.).

McKechnie's conclusions on the relation between the shape
of -the nozﬁle and the process of atomization lose nothing in
their fundameﬁtal significance by the fact that he has recently
introduced the fuel into the combustion champber in the form of
a cone-shaped bundle 6f round streamlets. In this process he
émplbys a short-stem valve, which is coupled with the operat-

ing rod. The fuel enters, through a ring-shaped valve-slot,
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into a space from which the spraying channels branch (Fig. 8a,
center). According to a communication from K. J. E, Hesselman
("Zeitschrift des Vereins deutscher Ingenieure," July 7, 19233,

ps 6681, col. 3, « See also N.A.C.A. Technical Memorandum No. 312,
p. 14), McKechnie, the same as Hesselman himself, had found five
to be the best number of holes.

The close connection between the atomization process and
the shape of the nozzle seems to justify the introduction of a
larger number of nozzles. Figé. 8a and 8b represent several-
so-called "single" or "multiple" nozzles, i.e.,, nozzles with one
or more round or rectangular openings. The experimental nozzle
employed by Dr. Riehm (Fig. 8a, left) (M.A.N. Werké, Augsburg)
is an open nozzle with a single round hole ("Z.d.V.D.I.," June
21, 1924, p. 642). Its diameter is 0.305 ma (0.0132 in.); length,
1 mm (0.0394 in.); discharge coefficient (i.e., ratio between ae-
tual and theoretical discharge quantity), 0.7; coefficient of
velocity, 0.98.

Vollmer's nozzle (Fig. 8a, right) ("Deutsche Automobil-
Konstructions-Gesellschaft") has an automatically-operated valve
inside the spraying head. Adjoining the valve seat there is a
small "antechamber" from which oblique radial channels lead

downward to a ring-shaped deflecting surface. From here the fuel

is forced out (through a ring-shaped slot, a slot segment or sev-
eral grooves) into the combustion chamber. Fir injecting large

quantities of fuel, two or more such ring slots, or series
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of‘slots, are arranged above one another.
In the injection valve of the "Hannoversche Wagzon Fabrilk!
("Hawa"), & single round spraying hole is used and the valve

needle is exactly in the middle of the opening (Fig. 8b, left).

‘The fuel-intake pipe is tightly and rigidly connected with the

valve needle, so that it participates in the 1ifting motion of
the needle. The needle is accurately ground into the nozzle
and pﬁsses a long distancé thfougn it, so that in this way dﬁy
outwérd'escape of the highly'compressed fuel is practically
impossible. '

" In the nozzle of the "Linke-Hofmann-Lauchhammer Aktien-
Gesellschaft" (Breslau), the injection valve has & longitudinal
pore (Fig. 8b, right). The fuel therefore reaches the spraying
holes b& two routés and the.fluid pressure, acting on the blunt
lower end of the valve needle, helps to relieve the fuel nce-
dle, so that the fuel pressure in the spraying hole suffers
fewer Sube s iona from the opening and shutting of the valve
and the valve always works very smoothly.

The "Hawa" and "Linke-Hofmann-Lauchhammer" nozzles are
transition forms from the simple round-hole nozzles %o the more
recent ring-slot nozzles with a small apex angle.

In the nozzles of Vollmer, "Hawa'" and "Linke-Hofmann-
‘Lauchhemmer," a ring-shaped surface for receiving the fuel

*sressure is created in the usual manner by removing the valve

néedle-
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The "nozzle b," Deutz-Heidelberg (Fig. 19, Part II) may be
considered as belonging to the type of nozzles shown in Figs. 8a
and 8b.

Fig. 9 shows nozzles of Cross, Benkert, Professor Junkers
and Gr%eve—Livens. The nozzles of Cross (London) and Professor
Junkers are open nozzles. A valve is located above the opening
in the nozzles of Benkert (Harburg) and Grieve-Livens (Lincoln).
They may therefore be regarded to a certain degree as closed
nozzles.

The nozzle of Cross reminds us of the well-known acetylene
burner, two-fuel jets meeting at an angle of about 90° and form-
ing a fan. Benkert and Prof. Junkers also endeavored to effect
the atomization and evaporation of the fuel by causing two-fuel
jets to meet at an angle of 180° or 90°. Thereby Benkert pro-
vides, at the mouth of the nozzle, a sharp edge, which is pro-
duced by the intersection of the two opposite fuel channels with
an obtuse hollow cone.

In the nozzle of Professor Junkers, a needle is tightly fit-
ted into the nozzle cylinder, this needle being provided with
grooves in its lower conical end. The removal of the needle
from the nozzle cylinder leaves the fuel groeves exposed, so
that they can be easily cleaned, like all the other fuel-intake
channels in the needle.

In the Grieve-Livens nozzle, the axial nozzle bere behind

the valve seat opens into a "saw-cut" in the nozzle plate, which
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likewise helps to give a fan-shape to the fuel jet.

It is obvious that the consideration of the shape of the
corresponding combustion chamber determined the design of the
abovementioned nozzles (cf. Figs. 28a and 37, Parts II and III).

The nozzles shown in Figs. 10-13 all help to form more or
1688 flat or conical fuel jets. 1Ip the &artrais—Peugeot nozzle
(Fig. 10a), the flat inner surface of the disk valve meets a
sharp edge on the body of the nozzle. The spraying effect is in-
creased by the spiral grooves on the outside of the valve stem.

In the Fenyvesi-Levi nozzle (Fig. 10b), the valvé stem 'is
bolted to a diaphragm, which is subjected to the fuel pressure,
so that the valve head is pressed harder against the outer sur-
face of the body of the nozzle, as the fuel pressure increases.

In the nozzles of the Hannoversche Waggon-Fabrik ("Hawa'")
(Fig. 11), the nozzle openings are almost all unsymmetrically
formed (as in the Tartrais) of sharp edges and flat surfaces.
The only exceptions are the last two, in which the fuel is
forced through a conical or flat slot. In all the nozzles, an
initial tension can be imparted to the valve stem or the nozzle
lips and there is no other valve spring.

The nozzles of Harl€ * Co., Wineberger, Gebr. Korting

Bros. Co. (Fig. 12), as likewise the nozzles of the Heinrich
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Kaﬁper,Motorenfabrik A.G. in Berlin-Marienfelde (Fig. 13), have
valves at their mouths. They all have valve springs and are
operaﬁed by the fuel,pressure; with the exception of the valve
of Harlé & Co., which is operated by an exterior cam and is
agjusted to thé lift limit of the injection valve. Winébcrgcr
empléys a valve seat, composed of a flatter and a steeper part.
Below the portion of the valve head which fits the flatter part
of the valve seat, the valve head has a sharp edge, which
touohes the steeper part. While Harl€ & Co. and Wineberger em-
ploy disk valves, which are suited to larger combustion cham-
bers, Kgrting employs a valve needle terminating in a conical
tip, which -seems to be of more suitable size for smaller ecn~
gines; . ‘

The Heinrich Kampc Motorenfabrik A.G. makes the contact
surfacgs of valve and valve seat'spherioal, so that when.the
valve is open, fhere is a tapering circular slot which causes
the fuel to attain its maximum velocity at its point of en-
trance into the combustion chamber. This principle is applied
both to valves opening outward and to those Opening inward,
as shown in Fig. 13.

Rodiger (Vienna) replaces the valve spring by a spiral ac-
cordeén sleeve, in which the vertical expansion of the spirals

can be regulated by adjusting a long nut so as to vary the

' pressure of the conical valve head against the valve seat.
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The Acro Company in Klssnacht (Switzerland) has proposed
nozzles in which a rigid cylindrical or conical spindle £its in-
to a round sharp-edged opening and forms, with the latter, a

narrow circular slot. These nozzles represent an attempt (for

- a given quantity of fuel to be injected) to extend the walls

of the opening as much as possible and to make the slot as fine

as possible. This applies also to the last nozzle of the Acro

Company (Fig. 13), which is produced by the lateral compression

of a cylindrical tube and has an opening in the form of a straight

litie.
Fig. 14 shows a series of needle-valve nozzles. The vari-
ously-shaped tips on the lower ends of the valve spindles are

intended to prevent incrustation of the nozzle cxits. Manifest-

1y such nozzles also serve other purposés. In all cases, the

quantity of fuel is limited (independently of thé cross-section-

al area of the passage at the valve seat) by the slot between

the neédlc'tip and the edge of the nozzle Opehing, or is syste-
matically adjusted to the valve 1ift. At the same time, the
fuel -is usually led through a tube of some length, so as t0
give the jet a correspondingiy greater momentum, together with
a smaller angle at its apex. The jet can be guided by the
néedle tip and the wall of the nozzle opening, either on both
sides (immer and outer) or on one side (inner or outer).

In the nozzles of Harlé & Co., Kimper, Dr. Heidelberg-

"Deutz" (nozzle]?and Sﬁéhaheck, the needle tips are usually
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cyi;ndiical. In the nozzles.of Benz & Co. and Gebr. Sulzer

‘the tips are usually conical. Petersen's nozzle has a cylin-

‘Wrieal tip with two opposite flattenings. In the nozzles of

Harle,. K&mpcr Heidelberg, Petersen and Benz, the walls of the
mw271e bore are cylindrical for a considerable distance be-
fore Feaching-the exit, while in Suchaneck's nozzle the tip
has aiconioal taper. :

~In the Sulzer Bros. nozzle, the idea of giving direction

" to the-fuel flow for some distance before the exit is less

prominent, but the regulation of the fuel delivery is especial-
1y noteworthy, the aim being to avoid undesirable pressure in-
reases in the working cylinder during the injection period.

1 It has been found that, with'a simple conical injection

‘Vaive, it is very difficult to control the rate of injection,

-sdwag‘haqum the corbustion in the cylinder under constant
pressure. Generally, too great a portion of the fuel charge
eﬁters'the combustion chamber at the very beginning of the

opening of the inlet valve, so that the combustion, instead of

. being gradual, takes place explosively and thus produces unde-

sirable pressure increases. In order to prevent this and to
obtain constant-pressure oombustioﬁ, the valve, below the con—
ical stop-valve, is provided with a conical prolongation ex-
tendlng into the mouth of the nozzle, so that the cross-section-
al area of the nozzle exit increases gradually on the opening

pf’the valve and also decreases gradually as the valve closes.

i ) 5 -
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The regular opcration of the valve needle is due mainly to the
twofold throttling of the fuel in its passage through the stop-

velve cnd the nozzle cxit.

A11 the needle-valve nozzles have more or less of this

double-throttling effect and indeed, all the more, the smailér‘

the circular slot between the needle tip and the edge of the
nozzléHOpening- Special attention should perhaps be called to
the fact that, in certain needle-valve nozzleév(such as the
Eﬁidelberg~"Deutz" and Petersen's), the nozzle plates have sharp
;dges, vhich cause an eddying'of the fuel jet on its dutgr sur-

face. Needle-valve nozzles are less affected by errors in

their manufacture}; i.e., all ‘the nozzles in the same lot give

- the same.jet, without great lateral deviations.

Fig. 15 shows a series of centrifugal nozzles. A nozzle
of an older type, which Dr. Kuehn used (among other nozzles) in
his experiments at the-technical high school~in Danzig has,
1ike the nozzle of Tartrais, atomizer rods with very long spi-
Pal grgovés’(§”65m3~é£ooves of 1" or 0.5" pitch). The bore,.
just above the mouth of the nozzle, has a length which is a |
multiple of the diameter of 0.53 mm (0. 081 1n.)®

Recently, the length of the spiral- grooves has been re-

‘duced as ruch as possible, in order to avoid unnecessary fric-

tion, as exhibited in the nozzles of the firm of Heinriqh Lanz,

* Dr. Kuéhn;\"Ueber die Zeist&ubung‘fl&ssiger Brennstoffe," in
"Der Motorwagen," July 1Q, 1924, to Feb. 10, 1935. See also

N.A.C. A, Technical Memorandums Nos. 339-331.
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Mannheim, and still more in the_hdzzle of the firﬁ of §. and

C. H. Bolinders, Stockholm. -The nozzle<of Bolinders has -an in-
jection channel whose length is only a little greater than its
diameter.

.Mény experimeﬁtcrs have felt themselves called to test
some centrifugal nozzle in practiéal engine operation, begéuse
the assumption that a more perfeof distribution of the fueliin
the combustion chamber can be obtained with the aid of centrif-
ugal force; is extremely alluring. The practical results have
not alﬁays come up to the expectations, so that we cannot yet
épéék'oi any increase in the use bf such nozzles.

ﬁ%e OOncluéions of Dr. Kuehn,ére so instructive, that we
wiiifiepeat them @riefly.r The nozzles without atomizer rods
géVé a conical jet_of'about_S.SO at the apex and a discharge
coefficient p‘= 0.78. The measurements of the cone angle and
qf;theAdischarge coefficient, for the higher atomization pres-
sﬁresz(of 40- atm. or more), geve the following fairly constant

values. for gas-o0il:

Cone ' « Discharge
’ angle coeffﬁcient
Nozzle without atomizer  3.5° 0.78
el with oid 26.5° 0.74
" " atomizer II  43.0° 0.54

e R R ¢ Qs 51
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The spiral motion and the cone angle therefore have.con-
siderable cffect on the discharge coefficient. The old atomizer —
gives a conc angle of about 27° and W therchy decreases only
a few degrces. With a coné,angle of over 279 (43 and 49°),. how-
ever,:u deoreasesvgreatly, thereby indicating the great re-
sistance to the fiow of the fuel through thé small nozzle open-
ing due to the greater spiral motion imparted to the fuel by
afomizcrs if and I11.

Ah increase in the cone anéle at constant atomization.
pressure couses no noteworthy change in thé size of the d£Ops.
At the same exit velocity, the motion of the fuel drops is

‘oheckéd more quickly, the greatef the apex angle, bccause the
conical film is spread out more -and embraces a rmuch larger
quantity of air, which in part acquires a whirling motion and
in part is carried along with the spray.

The centrifugal nozzles have met with great success when
uged according to the method of lanz and Bolinders to change
the cone angle in connection with the engine load.

In the nozzles of Lanz (for the "Bulldog" engine shovmn in
Fig. 2), there is interposed in the space above the nozzle out-
let (Fig. 15), an adjustable body, with spiral grooves on its
cylindrical or conical surface for giving the fuel a spiral

- motion. The fuel leaves the nozzle with a larger or smaller
.apex angle, according to the position of this body.+ This

_body occupies its lowest position under full load and the
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1iqﬁid,disk’between its frontal surface and the nozzle-outlet
is then so thin that it is sct into rapid rotation by the suc-
cessive fuel charges entering with every stroke of the pump,
as a result of which the broadest cone (indicated by the dotted
1ine in Fig. 15) is produced at the lowest vosition of the ad-

justable body and with the étrongest fuel delivery. Conversely,

the narrowest cone is produced at the highest position of the

adjustable body and ‘with the wedkest fuel delivery. A ‘conical
body is used in the improved.Lanz nozzle. If it is screwed up
high; a ring-shaped passage is formed between it and the wall
and the effect of the spifél grooves is practically eliminated.
The grooves exert their full effect, however, as soon as the
adjustable body is screwed so low that it touches the wall.

An adjustablé spindle is likewise provided in the nozzle

of Bolinders. It carries at its lower end a reinforced aylin-

‘drical head, which has on its frontal surface a disk-shaped

space'cnclosed by a ring. When the spindle is screwed down,
the fuel ente?s this séace through two axial and two tangential
grooves and acquires a circular motion which generates a cone
angle of about\QOO. 17, on the‘contrary, the adjustable spin-
dle is screwed up high, the way is left open, outside of the
tangential grooves, for the direct entrance of the fuel into
the spéce ﬁbove the injection hole. This results in a smaller

Gone angle of about 15°. The pressure losses are very small in
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- the nozzle of Bolinders, since all the grooves for the pvassage

of ﬁhe fuel are very short. Herewith I wish to conelude what

I have to say on injection nozzles.

Translation by Dwight M. Miner,
National Adviscry Committee
for Aeronautics.
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Figs.14 & 15
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