A a2 e

356 CHAPTER 14 1957 Guide -

- between domestic grades and between commercial and industrial grades.

The relation between the API gravity of fuel oils and their calorific value
is shown in Table 5. Grades No. 1 and No. 2 are used predominantly in
domestic heating equipment whereas grades 5 and 6 are used in commercial
and industrial burners. Grade 6 usually requires preheating to increase
its fluidity and to permit atomization, whereas grade 5 is used in some
burners without preheating. Grade 4 fuel oil does not require preheating
-and can be burned satisfactorily in a limited number of domestic burners.

COMBUSTION OF FUEL OILS

Many theories have been advanced during the past century to explain
the mechanism of combustion of hydrocarbons in oil burners and other
devices used for producing heat or light. These theories have been modi-
fied from time to time to agree with new experimental evidence. Much

TABLE 5. APPROXIMATE GRAVITY AND CALORIFIC VALUE
oF Stanparp GrapEs oF FurL O

COMMERCIAL AprPROXTMATE GRAVITY WeIcHT CavontFic VaLue
Sranparp No. A.PL. . LB PER GALLON Bru Per GaLron
1 35-45 7.076-6.675 138,800-132,900
2 26-40 . 7.481-6.870 144,300-135.800
4 12-25 8.212-7.529 153,000-145,000
b5 10-23 8.328-7.627 154,600-146,200
6 8-17.5 8.448-7.909 156,000-149,700

still remains unknown about the process of decomposition and combustion
of hydrocarbons.
" Only three theories will be discussed here: (1) the carbonic combustion
tlﬁeory, (2) the aldehydeous combustion theory, and (3) the chain reaction
theory. ’
The carbonic combustion theory postulates that thermal destruction
of hydrocarbon molecules is likely to occur if (1) the oil is suddenly exposed
to intense heat without allowing time for previous evaporation, (2) the
" oil and air are inadequately mixed, and (3) there is no preheating of the
air or mixture. According to this theory the hydrocarbons would be
thermally decomposed into hydrocarbons of lower molecular weight along
with some free carbon atoms released under the conditions just described.
The free carbon atoms may produce smoky combustion while those earbon
gtoms that are oxidized to carbon dioxide will produce a yellow luminous
ame.
The aldehydeous combustion theory is based on the evidence that alde-
hydes, alcohols, and possibly peroxides are formed as intermediate products
when hydrocarbons are decomposed and oxidized to the final products of
combustion. The formation of formaldehyde is certain since it can D€
identified in the flue gases from blue flame oil burners when insufficient

combustion air is provided. Alcohols have been identified by certain 1,

vestigators during the oxidation of methane and ethane. Aldehydeous

combustion is illustrated by the blue flame oil burner and the condition®

conducive to this type of hydrocarbon decomposition consist of (1) allowing
the oil time and opportunity to evaporate completely. prior to combustio
(2) mixing the air and oil vapor thoroughly before combustion, and (3) Pr&
heating the air or the mixture. .

Blue and yellow flame combustion can be demonstrated by the apparati

ents made on the oil. - Th
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illustrated in Fig. 3. If methane i i
. 3. t is burned in an atmosph i i
Rﬂgﬁl .g, z:. yellow:flame will result, whereas the introsgu:gc:n?f ?It.:’has ir
for con 1;5 101;l in the center;of a stream of methane, as in bum0 Be Al
re expogled tl;?in%efnnfs:e c;);:iti)autsitxonéh As ?ﬁe center of the flame in (gum’e:vﬂ
s . on the methane i
gl:lra'tels c}z)u-bon particles which emit a yeuoivlfugl&r;nuzﬂgagzcgmposed i
tion., . n burner B the center of the flame cone is filled with a.iruml;g l(;)uda~
ot airc?smgx;)lse unc(iier heat, the methane gas at the zone of corlvt lct with
Bo air o on gzdmi(x)) ix};aéte(}zrn?:fgeg .:)ecause of outward radiation ?ndwtllg}é
., 1 g ,
cOIIId.l‘tIODS tend to produce aldehydec?gsp zgggflsst%g flame; each of these
by dt e(l)s uglg)lﬁgle tthat the chain reaction theory is an extension of th 1d
pydeous com Ogsselon (;cheory since most investigators who have studi?eg the.
former combustioxrzlve that the formation of aldehydes is one of the st .
process. It has been well established that fuel giri:

Fra. 101
3. ILLU§TRAT10N oF BLUE aND YELLOW FLAME CouMBUSTION

must , V usti
be gasified before combustion can occur, and that molecules of g

* hydr.
ydrocarbon and oxygen do not combine directly with each other to form

carbon dioxide
In the process. and water vapor, but pass through intermediate reactions

Lewis and von. Elbe,s

: ‘ Pease, and others®

i X , ers® have advanced

fon: c{‘l}(:ix;stgetween hydrocarbons and oxygen are probaf)l;; f:]f:a.(l);y that

place s ) eorjlr postulates that a great many different reactio r&akc .

als o mithgeuso)f' g; g;ogreﬁmvely l()ietween molecules, atoms annés x'a.die

Produc - ocarbons and oxygen. Some ¢ 4 ions
€ particles or substances that tend to accelera::eﬂcl)ef :gaegg;g cv?lgirl):

othe
IS tend to slow down the process. Also, temperature, pressure, light

. and certaj 3
ain catalytic agents all may affect the speed and nature of these

Processes. The kind of i i

iy oo nd of intermediate products formed ion
moe u?;itzt gsgffr(isb?nthtge Ell.lgslllclglr (lxlonditions mrgxlltionl:ifog?s ?::!l]lb:t::ﬁg
actign partic ydrocarbon participating i
mbmn%‘:ldﬁggge:h methyl. and ethyl alcohols, fcl))rmil:lgz?clln galxllldﬂ:)(:’o;e-
reaction been identified as intermediate product.’s- in certaie;

The chain reacti : p
o1 the aldehydeous comblgst?:nt(lzllf:g};.m reality embraces and elaborates

0j .
.‘LBurmng Indexes
Dumber of ind ‘ )
the burminc, © indexes have been used o
urning qualities of fuel oils based c,nf I;)gé‘og'oﬁ;ea;l?;silcﬁlg?eamtmnuﬁ
ese may be summarized as follows: - *




