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ABSTRAGT

Part 4. The combustion in this boiler has never been satisfectory.
A flame could hot be established at low fire rate. At high fire rates
an excessive amount of smoke resulted.

The experimental work was reguired to give more infermation on
two factors affecting cowmbustion.

1. Photographs showing the nature of the flame under varying
fuel metering setting and primary air setting.,

2. To measure the velocity prefile of the primary air so as to
assess 1ts influence on the atomization and combustion,

The results obtained make it possible for the boiler to be used
satisfactorily on automatic contrel and fully meodulating.

Part B. In recent years there have been repeated attacks in parlia-
ment and in the daily newspzpers on the exhausts from the oil-engined
vehicles, as being toxicity and cancer encouragement., It would not
appear, however, that this admirable act protects the public from the
atmospheric pollution resulting from the ever-increasing nuaber of
Diesel engines on the roads,

The experimental work was reguired to study the combustion in com—
mercial diesel engines with emphasis on the exhaust smokes,

The results of the two engines tested are compared relating to ine
complete combustion observed in the rercentage of th: exhaust gases,
The importance of a knowledge of the products of incomplete combustion
in relation to the combustion Process in the Diesel engine, The anglysis
of the products of incomplete combustion may he a guide toward a better
understanding of the Diesel process, From a practical point of wview

these products hold cne of the biggest problems in Diesel development,
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TRTRODUCTION,



B3

Ccmbgstiun,or burning, is & chemical procé in which a sub-
stance unites with oxygen, with the evolution of heat snd light.
At the instant of burning, the fuel must be in the gasecus form, to
unite with the oxygen, obtazined by supplying air. 4 rapid combustion,
such zs that takes place in the ecylinder of a gas engine, is called
an explesion, an illustration of imperfect combusticn is that of a
smoldering fire in a peat bog.

Many of the problems assoclated with the burning of fuels are

mechanical problens,

The compleie burning of a fuel is accomplished by:-

1. The fuel and air must be properly mixed at all points in
the combustion zone.

2, The sufficient of air must be supplied to furnish the
regulred oxXygen.

2. The temperature at those points must be adequate to
maintain combustion,

%, Enough time must be allowed for fhe Irecess Lo be come
Pleted-e.g,,the volume and arrangement of the combustion space in
the furnzce of a boller or an industrial furnece should be such
that the flame will completely burn out before encountering the
dampening effect of relatively c¢old walls such as the hoiler tubes.
To insure that oxygen {air) in adequate quantity is in contect with
every part of the body of fuel, even though distribkution is not
uniferm, it is usually supplied an amount EDMEWhﬁt in excess of

that just sufficient for completc combustion.



Ine latter amoulit is commnenly called the "Theorctical air' =nd
the additional amownt is "exgess air"
The quickhess of ignition and rate of ¢ombustion of liquid
fuel depend principally oo the following factors.
1. The temperature available.
2+ The rapidity with which the air and fuel are brought
together.
32, Phe eheracter of surfnee of the fuel.
4., The ratio of surface area to volume of substance,
2. The rate of diffusion ef air to the fuel surface
The process of burning a liguid fuel and mixing it with air
at the proper temperature, is abttended with mores difficulty, as

atomization is required

ATONEZLTION

atomization,the reduction of liguid to a form of sorzy, 15
essential for all industrisl and engineering purpeses,

atomlzes are spegizl noztles designed to break vp a liguid,
and direct 2 spray where it is wanted., They are nsed in applying
paint, spraying fruit trees, combating insect pests, or to break
up fuels for burning, Ltomized fuwels will burn easily, because
they gffer a large surface area to the oxygen,

0il Burners for use in Furnaces,

a. The function of an 0il burner is not to burn the oil hut
ta prepare it fzr rapid and complete combustion and to project it
inte the furnace, The best way to insure complete hurning with

low excess air is to break up the oil inte very minute particles,
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Uil burners are thefefure designed to atomize, and in some instances
to vaporize fuel,
The main requircpents of an oil burner syre ;-

1. To atomize and vaporize the oil completely, and to
be free from tlogging or "drogling':

2s To produce a jet of such chape that 211 parts can be
readily mixed with adequate air for combustion;

3 To give complete combustion with minigum ex¢cess alr
over the entire range of loading;
and b, To provide accessibility and require a minimum of

attention and cost of maintenance,

OIL BURNERS,

The primary purposes of an oi} burner are to atomize the oil
thoreughly and to prepare it for intimeste mixing with air, The com-
bustion of the plant, the furnace design, the cost of the installa-
tion, and the type of oil used shoulad govern the choice of burner.
Burners should be simple in design, difficult to clog, eaay to
¢lean, and should require but little expenditure for maintepance.
The efficiency of a burner may be considered from either of two
viewpoints,

First, the amount of steam or Poewer required to atomize a
given quantity of oil, and

Second, the degree of subdiviasion rroduced in the o0il. Increassd
subdivision or atomization ususlly permits the use of less excess

air which in addition, usually results in lower stack temperatures,



0il burners pay be divided into four moin groups:
1+ The spray typc, in which the il is divided into
a fine spray by the action of an satomizing agent, steam or alr;
£. The rotzry type, in which the oil drops inte the
inner seetion of s revolving hollowgone of plate 2nd ie atomizad
by ithe setion of centrifugal force.
3. The peohanical type, in which the oil under high
presoure is ztemizcd »y being forced through small slots; and

4. The vapor type, in which the oil is vaporized by heat.

Te Spray-Type Buroers.- The s»ray-type burners, in which
vhie oll i3 shoars2 b . o af an swtnrdzine agent. mav be
further subdivided inte inside-mixing and ocutside-mixing types.
Either of these types way use high or low-pressure sir or iary
stcam, iLlso in either case the shape of the sproy may be either
flat or ¢oricrl, depending on the desipgn of the burner. Conical
sprays are to be preferred, as they permit, to s greater extent,
the intermixing of the o0il and the nir reguircd for combustion.
in a given burner, increasing the amount of steam or air wsed for

atomization impreves atemization, shortens the flame, znd degreases

the tepdency to simoke.

iL turner of the inside-mixing tywe iz shown in Fig. 1.
The zir gr steam for atomization enters through the nozele 4 and
mixes with the v©il in the chamber C. The resulting mixture passes
out of the aerifice I, in the form of a fine =spray, due to the
expansicn of the steam or air. This type of YWurrer gives hest re-

sults with the atomization agent at pressures of %0 1b. per sq.in.
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or above. Although simple to construct and operate, this type is
switable for thin {or high Bauré),clean ovils only, dus to a teandency
far the orifice to clog, The 0il supply is regulated by neesdlg-
valve adjustment on the gil-feed line, Wwilth burners of the steam-
atomization, inside-mixing type, the oil does not have to be

heated to such an extent as with either the cutside-mixing type

or the mechanical burner, since a large amount of heat in the

steam for atomization is available for heating the o0il before the
oil-steam mixture leaves the burner,

In the outside-mixing type of burner, shown in Fig.2,o0il
flowing cut through the wide slot B. is sheared by the action of
the atomizing agent from the slot L. These burners operate best
with steam pressurss (2 to 5 lb. psr sqg.in.) This type is well
adezpted for use with heavy-residue oils as well as with light

distillzates.,

Cholce of atomizing agent.

2. Alr atomizing burners are freguently used where = short,
intense flame, is required or wherc ease of regulation is essen-
tial. In steam—atcmizétiun systems, op account of the high steam
Pressures required, a small change in the setting of a regulating
valve makes a large change in the amount of atomizing agent
admitted, With air, or the other hend, particularly with low
pressures, a small chnnge in a valve adjustment brings about
a relatively small change in the amount of air admitted and close

edjustment of the burner is, therefore, possible.
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Mir atomization.

Alr-atomizing burners may be divided into low-pressure
burners, in which air from a fan or poeitive blower is supplied
at pressures from 8 oz, per sg. in. up to 2 lb. per sq. in.;and
high-pressure burners using air under pressures from 50 to 80 1h.
per sg. in, the low-pressure burners have the advantage thaf a
large proportion of the air for combustion is supplied by the
atomization air,.

The big field of usefulness for burners using low-pressure
atomizing air is in swmall industrial fyrnaces where the oil
comsumption is low, where a short flame is required and close
eontrol is necessary. .

High-pressure air atomizers (40 to 50 1b, per sg.in.) are
very efficient, though the compressors are expensive and have
high ¢perating costs. High-pressure air is usually used for
atomization of oil only when air is already avzilable, due to
other requirements of the plant.

b. Steam LAtomization.- Steam—atcﬁizing hurners are generally
used in mediuvm-sized installations where stecam is available.

The steam must he dry, since slugs of condensed water from wet
steam interfere with the continucus operation of the burner.
Steam mtomizers have the advantageé of simplicity, low first
cost, and ease of operatien.,

The disadvantages of burners using steam atomization are:

1., They cannct be used small flames {which are liable
te be put ocut by the steam);
£. with wet steam, slugs of water cause a sputtering

fLame;
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3. there is a gxtre loss of sensible hest up the stachk,
carried by the uncondenscd stcam used in atomizing:
L, too much stecam is often used, since the extra steam

reduces the tendency of the flame to smoke;.

the inner section of o revelving hollow cone or at the center of

3 revolving saveer-shaped dise. This cone somctimes forms one

end of = heliow shaft on which 2 fan mzy be momnted, (il passes

from the pump through the hollow shaft to the revolving saucer

or cup shown in the Fig 3. “hen the shzft rotates rapidly the

oil flies out rndinlly in smzll droplets znd is further atomized

By a blust of zir from thoe fan, . direct-connected fan is commonly
used, and the wholc apporatus, includiag punp, fan, wmoter and
burner, is often smounted as 2 single unit, These burners are

adapted for use under low-pressure boilers {wherce the stea®m pressure
is to low for steam atemization} or where c¢léznliness and com-
pactness are more irmportant than econcay. The =2{ficiency ol the
rotary-type burner frequently is low, due to the large excess of

air required to Xcep the flame free from smoke (200 to 300 per-cent)
but the ease of cperatign and their ability te handle Bmail

loads, and o low first cost sometimes make thelr installatien
advisable. However, sane rotary burners are more efficiant than

Just indicated; is fact, their efficicncy fay be made eguel to

that of any othar type.

5. Machanieal Spray Burners.- In the mechenical spray type

2f burner the atowmization is due to the motion imparted to the oil
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in passing tangeniinlly ithrougl small erifieces at bigh pressurcs
and temperatures. The atomization is the result of 2 series of
actions;

2. atowilization by the frictien zs the oil comes out the
small orifice,

. the "flashing" inte vapor of a part of the heated oil
a5 the pressure is suddenly reduced, and

¢. atomizatiorn due to a centrifugal motion imparted to the
oil, ususlly obtained by passing it through tangentlal slets inside
the burner.

Hecause no air is used for atomization, and since good mixing
of the oil sprey and ;ir iz essential, the air necessary for combus-
tion is blew through an air pipe or register surrounding the burner.
These registers arez ussd both to contral the awount of air amdmitted
and to give the oil a whirling sotion.

4 mechanical burner with a given size of orifice opening
usually has a rather limited capacity range. With o fixcd orifice
the only methed of changing the rate of oil flow is the oil pressure,
shown in Fip. 4, L substantial drop in 01l pressure decreasaes
the output anly to a small extent; for example, with a burncr
having an orifice 1.%5 wm, in diameter, decreasing the oil prossure
from 200 to 100 1lb, per sq. in. enly decreases the hurner capacity
from 385 to 300 1lb, oil rer hr, Thercfore, thke usual method of
regulsting the flow of @il is either te tufn en or to turn off
individual burners or to change %o an crifi;e of different dia-
metor,

Fechanical atomization was formerly used ontly in marine work
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where the d1ati1l:d wat.r ussd for making stear had to be condensed
andrecoverced. This mothed iz now being used guite widely in Iand

boiler furnaces and high efficicacies are hroing ebtained.

The advantages of the meckanical &pray type ol bhurner zre
a« llo high pressure air or steam lincs are required for
atomization,
b. high efficicencies at high capacitics are possible [dus
te a large extent to proper admission of air through air registers),
¢. the flame is shorter thon with steam-atomized burners
zhd therefore the combustion space may be smaller.,
d, miechanical atomization reguires less work than atomiza—
tion by either steam or air,
€. there iz less maintenance cost for the burners,
isgainst these must be balanced the following digadvantages:
a. the irstallation of mechanical atomizing gqulpment
is more expensive than for other t¥pes, due to the extra strength
of riping, puips, etc. required to withstand the high pressure,
b, they are rot azs flexiblc as oatherp types, =nd
¢. clogging of the buraer tip, due to carbonization of the
il or to the small =mize of the orifice, is liable to makes frequent
clenning necessary. To help overcome this last diffieulty extra-
heavy strainers with small opening should be installed. The burnor

tig® way be cleznzd by blowing steam throuwgh them,

“. Vapor-Type Burners.- In the vapor-type oil burners the
¢il is vaporized {not atemized) in a stream of prehcated air these

buraers have been used with forging, annealing, and tempering
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furpnaces, or in gencral, whuere the stack temperstures are bigh
and air recuperation (in order to preheat the sir sufficiently
for vaporization of the oil) is possible. this type of burner

is not suited for Bweiler or large furnsce work,

High-speed englnes are required in airplanes, automohiles,
trucks, speed hoats and other forms of transportation, because
high speeds reduce the weight per unit of prower and ,furthermore
the cost is 2lso reduced when the weight is kept reasonahly low,
provided large numbsrs of the same size and type of engine are
manufactured, :‘LE?SQQ

The carburetor typs of engine has heen developed ta a wvery
satisfactory standard today and is the one used for the great
Bajority of zutomotive cngines. The high specd, ezame of contral,
high mean effective pressure, fuel econcmy and general reliabi-
lity of this engine afford remarka®le evidence of the excellent
development work that has been done, especially within the past
twanty ycars, One the other hand, the carburetaor type of engine
cannot uwse heovy olls nor can it cmploy as high 2 cempression
ratioc as the engine that injeets the [uel into the cylinder at
or near the end of the compression stroke.

Since the compression rtatio is always a factor in the thermal
economy of any internal combustion engine, regardless of what
cycle is employed, engincers naturally try to develop the high sveed
engine having sufficient coupression to produce auto-ignition of

the fuel very soon after its injection,. If this type of engine
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is to run at high oSpeod weny snew provlens regsrding the injection
of the fuel and its cewbustion are involved, bhecazusc the time avai-
lable for these processes becomes so very short.

The name that should be given té the internzl combustion
engine using auto-igniticn of the fuel spraysd into the cylinder
by means of a high-pressure pump is somewhat debatable at the
present timsz, 3uch terms as M"solid-injection," "compression-—
tgrition” (C.I,) and "“Diesel" are applicd by various engineers.
The cbjections to designating such an engine as 2 "Dicsel™ are:

T. Lute-igritien or oil fuel injectz: inte a hot chamber
by & pump at the &¢nd of the compression ztrolie was first used in
an engine developed by dckroyd 2tuvart in 1590, several yoars ahcead
of Diesel!s enginc.

2. Commrossaed air was the only succesaful means of fuel-
injeetion deaveloped by Dicscl,

5. The ¢yclc wsed in high speed inmjection engines is the
dual-combustion one instead of the Diesal,

. Confusion iz czused hy employing the term "Diesel" ta
cover a much wider field than zppears justifiahle.

The modern high-speod o0il engines zre largely employing
"airless injection™ of the fuel, first vsed by ackroyd-8toart.
Furthermore, many of the late engines enploy and auxiliary bulb:
or chamber into which the fuwel is injected, as was done in the
awckroyd-3tuart cagine, Thus, there secms to be small justification
for uszing the term "Diesel' to apply to all modersn ail-injection
enginoes,

The injection nozzles are ‘lesigeddte form the fuel into a
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very fine apray and distribute this spray throughout 2 definite
portien of the combustion chamber. The nozzle requiremente are
naturally somewhat different for various ceses. These nozzles are
often called injection valves, zlso apray valves or nozzles, and
semetimes simply injectors, They are divided into two general classes
designated as the open and closed types,

The open nozzle has nc means provided within it to stop the
flow o0il into the cylinder, but it should contain a check valve,
as shoewn in Fig, 5, to provent the entrance of gases from the c¢ylin-
der; in cther words, it is always open to the cylinder except
when the check valve is closed, apd the flow of oil throuvgh and
open nozzle must be therefore entirely controlled by the pump,
or by special mechanically operated timing valves in a commen-
rail system,

The closed nozzle contzine a spring loaded valve that may be
opened either mechenically of automatiecally, the latter by the fuel
pressure when sufficiently high. The principle of operating a
¢losed nozzle automatically shown in Fig. 6, The spring is adjus-
ted 50 that the desired pressure of oil will just suffice to
open the valve. After the valve hasv'started to open, the area
on which the 0il acts is then increased slightly; hence a Eressura
wave coming through the pipa 1iné from the pump c¢r [rom a commoan-
rail system will open the walve very gquickly. ihen the closed
automatic nogzle is used with the common- rail system,ocne or two
mechaniczlly operated valves are essential to control the tipe
during which the high-pressure oil is acting on the nozzle.

If only one nechanically operated valve is eﬁplayed the injectieon

[
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nozzle will coyen when this valve admits the high-pressure oil and
will remain open after the valve has clesed until the sSpring pres-
sure overcome the pil pressure remaining in thoe tube. Sometimes

& gecond mechanically operated valve is employed to release the
¢il pressure on the nozzle which is then sure teo have o sh=rp
cut-off,

The great advantage of the clesed type of nozzle i1 the pre-
vention of dribbling or dripping of the o0il after the injection
ie suppcasd to stop. Thus a more definite contrel of the injec-
tion period is obtained than is possible with the open type of
nozzle which permite dribbling as long as the pressure in the oil
line is greater than that in the combustieon chamber,

The clesed nogzle alse has the advantage of giving more
nearly =z uniform spray during the entire injection pericd, because
the oil pressure on the nozzle is high during this entire period,
On the other hand, the open nozzle generally has its flew controlled
entirely by the pump, and the start and f{inish of esach injecticn
are at lower pressure and the resultant spray at these times nay
be poor., Furthermore, when the engine is rumniog <t low speods
the spray from the open neozzle is much coarser than it is at
full speed.

The open nozzle has the advantage of extreme simplicity and
generally greater frecdom from trouble due to air in the pipe line
than the closed nozzle. The closed nozzle oust be very carefully
designed and manufactured; it must also be maintained in excellent
condition, otherwise the bigh-pressure o1l will leak past ths

valve, and this will socn prove to be a very serious trouble,
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