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Cok. wh~n imported (1'0111abroad, beco,nes a ("ostly fuel for melting metals,

l!Ian~1ade8hir!Iports tnke at II very hi&11 cost ~ lIenclII !letal easti •.•: ia very
•

costly, Fortunately, Natural gas of goo(1quality is avillable in this part of

the vorld. Anattempt has bo!en madeto replace coke fired furnace to a lias

til'e!! furnace, .l small gas fired fur~ce Wallereeted in the FoundrySection

of the Metallurgical Enllineering" Departlllent. Aoout thirty ,",xperilllents were
•

coU"ried out to melt pig iron and. east l-ron scrap. Encoura~g rClJUlt.!l Will'"

obtained. About 70 poundGof pig iron and e,",st iron acral> vere melted in eo

rnirll,tes. It has been ohservd that th" zone of exact colllbustion Wallfound

variabl" rith the velocity of Qi:r-gu Nixture. Few,cxperilllents vere also

oarried out to find ell"!D:4ct h"ig/rt of the cOlllbunion lIOnefor the ex}lerbnen-

tal t:urD.llce ereeted.
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It iii ~_rallr held tod.,. that the eoD.t~rnry lIllY of HYingin the

~"'4IIced Bccieties, 1ft al~lIt entinly baaed OD.the use of _tal.. It is very
"difficult tCi coned"", of !rodent lite withllut theM. The adTll!lC_nt of e1v111_

ution haa bun lar«dy brought llbout by lJlI.n'Sability ~ employJlletalllc ~t_

erhls to hie eervice. PriJllitiTe IIW1of the 'Stone agel used cllrt;dn ""'tds

before 3500 D. C. for ""apona and artefllctil wbith Vl)uldhelp in aaking their

life euier am Bater.

TOlfal'dthe en:!of the 'Selin" age' IaIlI1discovered the art of ,..,ltin«.

It aeClllllikely that elHltir.t taJItina -..allaccident.lly produoed in the asbel!

of hia clllIIPfiro. CharcoRlserved all a reducing agent in the prilllitive smelting

proeeu and.the tUllt crude brO"sel Wl!r. pl"Ohably:there.ult of accidental ro-

asting alloy. About2500 B. C. with the start of Brouse .~e~ brans", has heM

identified 118the fir,llt alloy actually callt by mlD. lIoVflVer.it W&8 generally

accepted all eMle that thl! cl\lllPfirevas the orWnal ._ltinJI: furnllc, as sket-

child in rig. Mo. 1. It can be ~ined that hilh telllperatures would bOiyirtu-

ally illlPOuiblll by lIuch a tire.

IlIYen:il:ations hsve r..,ealed that ao" predynastic Etyptian Val"ehad been

fired at te~erature upto ll000C to 1200oc. In order to attain lIueh high

t~ltl".turea. kill1ll of a suitable design had bllen evolved. Such \dIns were

two-tier furnacos having fea.tures showndiap'lllllatically in Fig. No.2.

It vas quickly discovered that better results lo'Cluldbe obtained if II chan-

nel vero dUll: below the fire Iln:llined with non •• and chy to provide an .ir_
•

intake. this arranl':Pent produced the milt pri15itivIl tor. of tuyer. and provi~

d.edIi crud, -ethod of concentrnting the air now. It a fire .quipped with this
"

dovice. were built on the browot a hill, a fairly powerful dl'au,t1t could b,

dra.wnthrou&hit. This IIllthodof pT<:Icurin&••hleb tlllllJ'ullture.was co..,n1y
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e-ployed in very ~al"1ytille~ and ill still used in m.ny paru of the l«IJ'id•
•

fbi" early we of •• Iting furnace is illustrated in nil:. No. J.,
The furnll.ce$ u,ed by the wandering sm1ths vere quite pr1mitbo devl'!1oped

iTolI.the early caJJPfires. The states in the developlllent of the furnaces are
•

"
i

•

IllltlU"ally very dif:l'ieult to d"fine precisely but eM be showneasily all in Fig.

No. " ( I, b, c). With thl! 'Sunk furnace' d.d,lDS, the drau&ht fi'OIi •. bel_

lo ••.•lOOUld.be introduced over the lip in the -anneI' lIhovn for an inm -in.lIl

furnace in Fl,9;. No.5. The daplielty of the.te early furnaces iliad. thell popu-

1al' and lar~cly accounted for the dhdldnation of mil .melting technique

aJIOngthe leu adv•••.eed P"Ople. Furnacell of thb dmple type continutd to be

ellployed in yarloWllre&iolWtor about tw tboWlal'ldyean. Yields from IUeb

bDwl tun'lll.cp were decided1T poor and fuel COlllllmption wal nryrillingly b1~,

the wight ot charcoal cOIUiUllledbdn. troll! four to tive tmes the we1mt of iron

produced.

Howel'el'Jthe couru of deTeloplllUlu yaB irregular arul rather uncertain but

itB ,eneral tr'M IIq 'b. foUawd frail. the furnace diaValU.tieally illWitrated

in Fi,. Mo. 6. The lIection ahownin th!B figure displqa a hUl_lIide furnac.

of a rather lIDr" adl'anced tTPe.

In the lIevliInteenth. eidate~th and nineteenth centuriea the contemporary

r~lution 111physics and c:heJlilltry took place and ne<!'develoJ'mCntBCMlflat an

accelorated pace. Scientific IIIaJ1atte,..ted to expand his knoyled,e by labora-

tory experiDtentatiol1 to explain count1e•• phenomenain the art of metallurgy.

Scientists in the el"mteeo.th and rtinoteenth ceuturieB fOl"lll\lb.tedthe qual1tita_

til'e cOlI:coptiol1of <:hc•• try. thu. providing a bad" for .,tallurglcal work.

The de1'icclI for burnin~ a fuel ecGoo1ll1CAlly.with tile correct quantity of airI'
1
.Vtoryv:ldely with the nature of the iud. The requirment of loy COlltJ:"r unit
of heated product h•• led to the develop.ent of a great variety of laoow- and

heat Baving device_ in connection with furnac •••

•
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If eC;Gnollicaide ill conaidered obviously I1lltural occur1ng fuele will be

the cheapest ,aJJDngthe fueb. The use of natural gas is TeJ'y co•• ltt in advan--

c.-:l countries Uke Alaerica, Canada, SIlViet Union and others. Run forty ye!U'1

.~ natural gal waa tile ill)lOrta,nt source to denlop thental and electde energy •
•

Now-a-dl(j'1Ithe productlon of retot't Ii'" and the olle of to\lll ,as and producer «as

are IUlpipble compared to natural ps. Tod..,. natural 1!!:&lIarmunte 97% of total

fl\er~ used in V. 5. A. and in Canada,FrllJlce. U. S, S. R. there has be~ eoor-

IIlClUIdrllloplellt in th.e un ot n",turll1 pa. In Orea-t Britain spednllT in the

West Midlands area. JDethanelI:as ill drawn fl'ClIlIGt'a.nvUle Colliery and piped into

Wellington Gu Works at the rate of 2 1I11110neft. of pure met-hUll'per weekJ•

There WaSa lIch_e that Britain would be ilBpOrtin( 35,000 alllion eft. of Sahara

Pll ]leT annWG.

• Th. follcw1ng tab1.4 will givl!I an idea .bout the use of natural «as in

different incl.uetrid and heating pUJ"JIDseein U. 8. A.

(d 00; at the air conditianing 1&cas aperated.

(b) go% o.t the "pace a.ndwater heating is with gal.

(c) m af the cooking i. with gas.

Hevever, the ba-ic property et a tuel ia itl calorific value. the calorific

value af • natura! accuring ,(aseaUll fuel b JIIleh•• re hiYJ,er than ather typflS

and alBo the gaseous fuel has lolllll aoJvanta~S aver tho other' types. These are,
briefly as fa110WllI

(al The ea-~eand.Gax1bility af application.

(b) S!CIke anl. alh are elbinated and there i.a no 1abnur irmllYed in fuel

(c) This ru.l can be lI1xed with air in proper proportion witho.ut previo.ua.

(d)

preheating and the rate af now I:an be accurately .easurlld •.

the fuel is easily traJl,llported to. any numb4lrof furnal:ea •
•
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The combustion ~ be readily controlled for change! in demand, the
oxidh.ing or red-UdDg natuJ'e of atuosphere. tho length of the flame

andthe t~erature.

(f) Greahr thenul efCicieney CM u!ull11y bli' obtained when 111gb.tl!llJle-
•ratures are required.

Jllltallurgical Engineer!11//; Department haB er.lJlloyed only crudble furnaces

for lIelt!n!:: purposes, Such furnaces are IlIlTelIeneraUy fired by coke or coal.

These pit furnaces usually yield II ~noa.llquatttity of metal. In the pit furnllce,

only the C1"Ucibleia heatd and tlleu a.re no other way tor utilidng he.t that

i. evolved in the furnl\ce. Furthermore, the availability of good quality of

co>ke1s on'l! of tim greatellt problems in thin country. 1'0 overCOlle these diff_

iClllties, an attempt h&llbeen Qdo to COllTertII coke fired furnace to a ga8

fired fumace with suitable devices to ]lake tile furnace operation euler, safer

•



I

•

CIW"l'JR '. It

•

•

•



, ,
NAtURAL (lA',

The IJrigiJt of llilturnl ga! is closely associated with that of petrole\l!ll, it

is alw/lYsfound in or nelU"the pett"<)leumfieldl!. But the pipe lines are being
•

col1lltantly 8lCtendedto fumi6h ga.$to lar~e conauruingcentre.!l, In the past

large "Volllltesof natur.ll g>l.l!vere wasted during drHllul operlltillllll for petro-

leu!!. Now-a-dayl1, the tendency b towardthe use of the gas for different

•
Natura.l gall consists brgely of IlIllthcn.ewith decreasing a,IIl;Iuntsof Ethlll1e

Ill'ld arclllll.tichydroearlxms, carbon dioXide and nitro,(<m. in Bom places _11

but reeoverllble ~l.lI\tI of heliua are found•
• DUI'ingthe last century natural gaGhils COle to be recognised all one of the

1/lIrld'a ~,.t.valullble .00 versatile sources of ent:rgr. The United States, Italy,

France and Holland haTe all highl,y developed gas field. and pipelines have been

laid all over theee countries to rem industries and other connereid and dome-

Btit fuel markets.
The purity of naturll1 «as makes it ideal for -any iDdustries such as steel

industry, elMS and cerllJlics. phanlllceuticalB. etc. It is wo used as a raw

!:latertal for the petroche:cl.cal induatry. Natural CIUI1I1sobelp. agriculture of

iii. Dation b"c:suse it ia a feed uoek for fertiliser production. Natur41 gaa can

be U8edwith equal advantages in power ceneration and direct procell8 heatin~.

With the adv.llIlceJlltntof te<:hnolog the ranle of its aIlpliclltion is videnillg.

Th~ ~ is distributed in .teel pipe of IIJlto 30 1nch di(llloeter at a prcslilure

of .'55 at:lllaspherea6• Un lon&distance lines thus are prenur. booS'ter lItationa

at inten'ala which can raise the preuure to sOllie15 ••~.phere •• The ,pipe

lines £\I'eprotected allainst corrosion ~ layers of cdlulose wrllJlp'" and asphalt

ard 111.50by anodic protection. Internal prote<::tion is alIsured' nowby rllllKlva1of l
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vater vapour. llydro!1ellsulphide ~nd organic Hul~hur C01lpOUndllbef"re distribu-

tion. Large cities are by pall8ed an:l ~ 8e>:'ved by branch-linea of IIIll11.1ldia-

Tllf:ter•• 1so c&thod1cally proteeted., W\'Irkill$!:at pressure of 13 at_spheres.

Public serdell 111at a Jll"lluure af a1»ut 10 inch liatll1' ll:age.
•

Since natura! 1':.lSdoclI not C"DtUIl carbon III)noxide. it ill fIOt poisonous

and its distribution suffers leu frolll le"Jcll,j!lIdanger tl'lan lllanUfactured Ca.8.

But' it is od<.!ur-leu .nd leakage which ot1ght lead to the farllllltion of an undetec.-

ted explosiTe llI1xture IIllst be guarded al':lI.illllt. The addition of a nUl!lberof Q1"g_

anie lulphur C(Il'po~. ha,sbeen tried including etbyl IIll!rcatytan but the present

ello!ce ill • cyclic sulphide ealled by tho trade n~ Calodorant C. the amount

required beine about 1 pound.per illUon of eft. of lI:u. It is iuportant that

tlla ..:lunt be sufficient to be detocted at a dilution in .1t' of .( p6'cent sine.

tlie explosive range begillli at this conceotrll.tion. On. diffieulty i. the ll11sorp-

tion of odour in dust in the maiM o.ndin dllllP soil llurroundinl\ 8;pipe lin ••

The currently koownreservell of natural gll.lldeposits in Banlllbdesh are 9.03

Ilillion .tllion cft. and are .pread OTer HOlTen I'lla fields of ...tlieh two biR"est

on"," are in Colllilla district IUldrest five are in the district of Sylhet. Out;

of seven. (as fields three vh •• Il.IJlh.idpur. I!:,Uall Tila and B.khr.ba.d are unta-

pped .andother four a~ beilll hpped.

The reserTea of indiviaual (&8fieldu along ",ith their chelllical composition

and calorific value are given in Table' (n~t paRe ).

_nl the fow tapped gaa fields. Titas is the bil!!!,est having a deposit of

2.25 llIilllon 1II1111oneft. Sill(le tll18 gas does not contain Hydrogen 8ulphide.

therefore. there b no d~er for Sulphur pick up in tile •• lten iron.

The T1t411field in BrahrJanbaria in the district ot Collilt. 11 8upplying raw

IQ.teria18 to Ghorala,l FertiUr.er Factory, fuel to AIIhUianjarw:iSiddhirll'llIlj Power

Station. It i. also supplying fuel to Industrial. Col1llereid and DOllestic Con-

SU1llerSin and around Dace. city. lIut unfQl'wnate1y the r.8po'l6e froll industriel ~
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Untapped I TappedI
Q Place IRllIhidpurlKlild THai BRkhrabadfAoh1can.1Ilb,l'ipurlChhatakf Tita_

Quantity (tilHoD 0.704 000' 3•., 1.28 0.« O.QZ 2.25
uUion eft.)
COllJlolition
(Voltune %) 98.2 9.5.1 95.2- !lll.l!l 95.4 99.05 97,2
Methan.(Cl',,)

!thane
1.' '.6 1.' 1.5 2.61 0.25 1.'( Cl'6 ) •

Propano 0.2 0.9 o.e 0.3 0.'C Cill! ) -
Dutil"'. &- t1i,~her
nydro-Ca.rbon 0.1 0'-" 0.5 0." 0.'
( C41f10 )

JliitroF 0.3 0.' 0.' 0.7 0.37 0.61 0.3
("
Carbon HollOxido:t 1.3 - -(00)

Carbon Dloude 0.' '" - 0.4" 0.03
(002)

H,Yl1ro~omSulphide - - -(Hz')

Calorific Value 1014 1050 1022 1020 1052 1007 1039
lItu/ert.
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has been very poor. Th" rellllons for poor response are run1!old-L,ck of know-

ledge of lIIOdern techniques and developments in industrial proceu and.ilbove all

the capital shynelll of industrialists. ThoughlIatlIl"a1 Il':as is the cheapest of

all the avallable fuels, in<lulltries need SOMinitial inveBtlllmt8 for ~lip. la;y_
•

fug and conversion !lI4terWs for Bwitchinlt over to natUl"al PoB. Converdon

eqniplIetiU usually are to be imported fI'()1Iabroad vllich need. foreign excha."I~ •

•
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CCMllllSTIOll' DEVIC&l ron GASEJUS FUELS

In well_designed furnaces the cOl'lblL'.ltiondevice or heat liberatinC device

and the furnace are llrtl}llll"lyadapted to each ot~ and form an inte/l1'"l co••bin-
•

/ltion "hich gencJ'<ltes and utilize~ heat. It 15 very difficult to 58.Ythat wIlere

hent generation stops, the heat gneration ill becun in combWltiondevice and
Bshould be finished In the t'urnal,le. For that reason it is n<,ce511&ryto .tudy

'Collbuation Devictlis' or 'Burnerll' 8epel'ately •
•

ref'!lap' the first factor in conddCITiIl,l!;the control of cOlllbustio!lof cases

is the colllpOdtion and properties of ,,,sell thellSe1vell. The burning velocity of

hydrogPII 19 IlIUchhigher th.n that of any other C:Olllp(lnllnt•.nd Itll concentration

.ffectl both the rate of burning of the llIixtur" .l1d the stability of any flame.

In" an .erated burner, therefore, the wmunt of pr1Jfllll"yail' possible will deere-

aile with increasing hydroj!;eRcontent. Flallle stability in aUlI.ted flamell can be

defined lI&the range betvl!en the Jllinil!llrllrate of IIUPPl,rof (all which caUIle:ithe

fl..- to dlll downand till! 1!aXiam. ratll which causes the 1"1•••••to blo•.•.off the

end.of the burner.

AtteJlptll have bellDmade t<>define the ooJllbulltioncbaT••ctuist.ics of rich

Railby the UIIeof cutdn lIIIIpuical rdationllhipa and IItandlll"dir.ed teull. rhe

"oolibUlltion di4;tI'aIl6 of Fuide &lidhiJI aUiBtllntll llI'e prepared by the oJlerllt1on

of il lIiJJ101etubular burner w.1thintrealing "ir/g.1I ratio!! lWd the Jllatting of

the observations aga1nllt therllal input. A tYJlical set of eurves tor eoal I'(all

and water I!;ItSshow oonsidel'able differ~ee in their beb.vior. t'bellll are IIholm

in Fi,. No. :-1 •
(A) f1orbontal-Retort gall.

(B) Vertical _ Retort gaB,

(C) Carburetted.w.ter &'lll,
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The idea of the above curves will be clear from the foliowing Itlltl!l1l!ntll I

(a) me disappearance of Il1Dlinosity U d.v~by the oottOr.l full (''UI''Ved line!!.

(b) The blow-(lff point of flallie ia the upper full C1Il"vedl:l.ne.

(e) The back-fire area !II to be thl'! left of the curved line abo

A.v 'l!ter", i<l.th" aru bet••.•en th.n three liMS til" conditiollS are such

that the gal will burn without IllJlliMlIlty, but the hight of the inner erm" "ill

decrease in. the d.irection ot increlllling air/J",as ratio •

•
(d) The theoretical air J'equireoo.entsb represented by the dashed line.

!helle diagrrolll, therefore, «ive II eonaiderable inll1,;ht into the }'lerforr.wlce

of gill in an Aerated burner and can be uud to dann" the 11llliu of canditiona

of ,l!;a.Sinput andde~.e of aeration to lIive a lIatisfllctory perfonllllnce ard 11

stable flame.

Th" perforlllallce of II.burner depends llJlonthe colllbinedredetance of the

air port" and the burner tubs as well all upon the flame lIplledof the aerated

r.rlxtur.... Ih •• e ob.8ervlltions relate t.a j!:1lS burnerll \Ising (al under pressure and

induced primary air. In industry. where air under prellure IllllYbe used. the

full measure of control is obtained by adju!tlleJl:t of the air prelliure. Genera-

lly speaking. quter the aIIIOuntof prilla.ry air Itupplied, the shorter the fla_

produced i.e., greater is til" rate of <:o\llbulltion.

Tho area of the flame porta should increase vith decreadnlt calorifie-'r.alue

of the g&8. The area. of the air ports shclUldbe equ.a.lto or up to tvice the

&rea of the fla1«l r(lrtB al'li the lI.djustlamt Rhould then be !lade by _anI (If all.

air shutter or a screw throttle. In the calle of natural gas havil1,ll:a calorific

value of the order of 1000Btu/eft. the sronorules apply llIld tbe diatooeter(If

11:&11orifice is bu.
. ;It;:",.In domestic heating or cooking the l!I!Iphasillis on cOlllJ'lete ccnlbustion and ¥~.,),

tllerefor". on short, ",ell a'lrated flaan. In industry there are ." !QlllYdiffe- ;J
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Hi~-prellsur. Gal Burner,
J're-Illixing Burner.

Surface CofllbustionBurner.

rent requJrllaenta that J1D l(ln~aliSl\tion is pollllibll1. It -.:r be neclIllllal'y to

obtain inti ••••te llixing for the JlIVelOp\llel1tof n high te~erllture in Il confined

Space or del.,.ed Ilix~ for the heati~ of large .'IlU'face$or apece.'!or any in-

ter~edilltll condition.

Gas bur'ler. are ~eneral.ly clallilified as :-

(a) NlituralDrau~t BllJ'ltllr,

(b) !>re-heated Air Burner,

(e) 1o_pr.,a8UN!Dllilt Burner,

(d)

(ol

(rl

(4) Ma'turalilraught 8lU'ner: Thitl type is euentinll,. an injector bur_

ner of the bunse'l1type, the gd being 1I11/(ht1y Boove and the air at, ll.tlEllI_

pheri.c pressure. A jlortion of the air is aupplied vith the gall as priuary

air, th, remainder being induced by the furnace drll,ught all secondary air.

-
•

(b) N\jo.hllat.4 Air Durnar I This type tnlt.,. the fol"lll of one or IIlOre

ports and is 1I1l]lJlliedwith pre-heated air from II heat recovery applUnce,

recuperator or regenerator. It is p:enerally ueed 0<1br,;e furnce.. The

p:., 11 delivered at low I're8SWe and the nir ill supplie;i either by natural

drllll/!:htor .\t low pressure after pallsing tro'0U1!hthe pre-beater.

(e) Low-pressure lHut Burners f With thelie burnei'll the gauowo fuel 1'3

Sllpplied !tt l'ressares between 2 inch and B inch Wlltl!!"gale and with air

pnssure 'V1l~yingfro!W.a few inches to 5 or 6 pound l'er Ilquare inch p.~.

They •••y be IDled\dth eit!ler cold or pre-heated air. The ins and air sup-

plice are generally lIoperlltely e"nerolle<!. Mllintenance of the correct dr/

,all ratio lillYbe assisted by coupling t!le "ir. and gall v~~s together thr-

oup:h• proportioning !IIeel1anislll.



•

(d) In this type of burner nir ie supplied

I

in IIOre than tllO star.es according 'to the clll'ls of fuel and condition of use.

Gu pr0l88urp may"" froB 1 to 10 pound per sqUlll'einch IIage. Alter'l111tinq.

the 1I111ilal"tYJll!of bm"ner 1lIlIYbe operated by mcnnll of high pres~uro dr,
•

used liS I\n injector to entrain gal ,upplied at low pre!lslU'e.

(.) l're-lllix1ng Burner : This 1s a po}'Ular type of burner in which tho
gas and the air .'U'(l llIixedand thl!l1 delivered to the tltro.t. It lid the

ad;lrantSl!:8that the coJllbu~tiblemixture Cf.l\ be distributed by auitable _ine

to a nu...•ber of different points in the furnace to produce the required tem-

perature dhtrlbution. "the aeratiDn of the gas is sffected in an injector

ll\iJ;;erby the ute of big"- prcs"ure air, the /lJlSpressure bdn!! stabilised

by the use of Il governor.

(f) Surface CO~bu8tion Burners I These arc the multi_jet burners in which
the I!:U and dr are ~ub-divided into II- nUlllberof"5111111stream, producing

in .ffect 11serie" of films of £1_. the flame v(l1ullleis ead1,. contrtll1~.

Excesdve local t"'flJIerntlll" in the bad,. of the flnlae is nho avoided.



•

•

CIiAPTFR _ IV

•

•

I

•



•
I

13
•

•
It mainly oonshted of II burner. 4 furlU,ce body, two blOweTBIllld necessary inll-•
trumentation and pipelines.

A ~dified high pressun- gas burner design was adapted for tho experi1llelltal

au up. A detailed diau&ll of the burnet' is MOW in Fi/!:. Mo.:- 9 • It lXll1llis_

ted of.. 2 ineh dhlletel:' mild 5teel ripe 8 hell. long throu~~ich nll.curll1,(aJ

WQlIsupplied. PriJUrY air vas supplied in a 4! inch oU1:er diUleter. 4 ino;:hin-

ner diameter cast iron pipe of 24 inch 10n&. ThiB gal''' a good au-flue1 aixture.

The secondary air entered through •. 12 inch d1aMter IliId steel pipe with it in-

ell.thick refractory linin, on the inlide of the pipe, 32 inch 1.m&:. The free

e~d of the 12 inch diaJ!ll'ter pipe WASlIupported by and nnshed with the furnace

body. The.q inch di&r.letel'cut irlln pipe YM supported by t!tree lIcrews.

The three pipes ( 2 inch, .q- inch am 12 inch di_ter ) were usellbled conce-

trically. The air wall slIJ'Plbd throu.d1the wall of the pipes.

A pit furnace body was desiWled and cOlllltructed to suit the burner. III

desilllinll the furnace the foUowinll point$9 have been kept in !lind.

(a) Robustn",s/;of the furnace structure 1- Besidea a aeehanicaUy lltable

fr.amework. /!Oodquality refractories and ~od workmanahipare essential.

(b) Ease of control : All valvu. dlUlpercontrols lind instrtlll\enU should

be l5ituated in Il convenient 4.l\d••.••far lISpOlldble centr"l ptlBition to I!!:ive

ready accnaibility for control purpollel.

(c) Kase of maintenance I This implies accessibility, the use of re~i1r

replaceable parts and meansfor iMpectifln and cleaning.

(d) lnaulatifln: This !Wilt be reguded III an eSllential feature of al~lIt

IlI1YtyPe ot turnllCfl.

(e) Provillion for ,dequate dl'augbt I A chiJlney is not necellllarily the
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1IO~'tefficient mean/!of rr(lv;d;'1~ drnu~ts. FlUls should be carefully

rated for the duty intl)nd~. Flu0ll. daMPers an:!.sight holes shlluld be 10

arranged and ronstructed Il!l to rdu~ethe p<>s&1bilityof air inlp.aka,re to

•
A sectional diaqWll showing the wn l'8l'UI of the t'urnace and the burner

iJl the aJlscmbled condition is shown in H~. lfo.:_1t1 wbereall •• crOHII-IH!ction of

the fnl'nor.ceill sl:loWTIin ll'ill!. No. :.11. Kair! pal"ticulara ('If the furnace ill ginn

belov'l

(.)

•
Outer shell 27 inch diawKlter 44 inch hil1P \las !'lade of 1/16 inch ndld

steel sheet.

(b) Ret'l"actory lining of 5 inch thick was provided !thing ••writing Brnce

diameter of 15 inch •
•

(c) A circular block of G ineh diameter and 25 inch high. vn lW1e of

chI'"," brick to IIupport the crucible in the Curlace.

(d) A crucible of 00 pmmds capacity \fILSutilised to carryout the experi-

The whole furnace was built on cmncretll foundation over ordinary brick

soiling.

(e) The furll.ll<:ewas provided ldth a refractory dish .haped lid of 22 inch

diameter and 5 inch hi,dJ.

Th, lid consisted of a reinforced Circular casting with II.6 in.ch h",h at

the centre for the exhaullt I!'aaes. Outer shell of the colStin/!.'was • IIteel cylin._

dill' ~e of 1/16 inch plate provided with hoob to handle the lid and the rein_

force"""lts were done by 19 numbers, 3/8 inch diameter l'IIild steel rods Md IU'rlUl_

gel! dia~etrieally on the shell.

~he primary air WaSsupplied b,r a centrifu,al blower driven directly by

•





•

, ,
15

3/4 h.p. !lOti'll' whereu the eecondary air wa..•• BU)lpUed by llll<rthcr centrif'lI/lal

r

blower driven directly by 3 h.p. !IOtol'. The priJllary air ard the gal' were .ea-

sured by oriildes aoo inclined draft gagel. The s~onc:llU'Y air was mca.ured by

II A. S. M. E. lonll radius noule of 4 inch dia:lleter. •

•

• •

"
• •

!Ii .\4
:~
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'l'h. tumaee Io'U tired •.t 10••.t..., •...tlln. Itfllt cracke: were dlJVl'llopedand

~ubseqU"'ltly ...-erepatched by fil'9 day CeJaftDt. The furnace Wal then heated to
•

•. t~erat1lnl of about 700° ttl mOe. Tbh ~ulted in •. few crack. lI!Iieh were

all!lO~tched up. Tb. fUJ'rolcewall.then tired at elevated tl!llllperatura but no IIOt_

iceabl, er ••.ckI developed. The furnace wall th,m r.ady for experm-tal IUillC'

•
Th. initil.1 firiog produced the floe above

• the IIDlIthot the iUrMce. rh•

Theee art .!lown in'iI. No•• 12( a. b ). 13( A. b). Yir$t set of expert..ntl

did not yield llUehresult but proyid~ useful infon.at:lon •.bout v.tl'ioull f•.ctorl

like crucible atllUd hdpt. ail' fuel ratio. Table 110. 1 aho>l$the resulta of

tlie first sat of experilHntl. Th. tlllllperature develor.,] in thb al'lt WallestiJla_

ted to be around uoooe.
In the ftret Ill'lt of experimentll, once a l'lild Iltlllel rod w,u put at the edI_

aUlltopen1naof the t'ur.llllC1l lid. Therod _II folDldin the plastic Ilhta after

few llIinute.l ,lving .n ide. that the =on. of lIUiDulll't..-perature WIIuldbe Il.ear

the exlUl\lst openin,;. So in the sccol1d set <If experillents the height <If crucible

stand VAllraUled f'rt>JI15 inch to 21 inch. SiJlultaneously the furnace hei~t WAll

also increased by few inches. About six experiJlents were conducted in thh set

u shownill. Table No.2.

In the second set <If experiJlt'llts. 'the diameter of the gas opening "•• Sant

and the heatin, period VIISincreased fro. 60 to 90 Ja.iJwt... Tbe first fev expe-

r1Jletltl allow~ no .lleltill.ll:indicatin&, 110appreciable cha~a of erucibl(telllPera_

tun. The rerractory 1iuill4 f>f the exh;wat port Wa.Ilfound in apong at,!.te and

it vas aslllnted tha't the hea't W&IIno't belnt;: .'tored within the ful"llaee h&arUi due

'to hi~ velocity of ex!IllM't lA'llI'. 50_ reuactory brieke were J'laced in 'the

4lU1UlarIIpaee.be1:weetthe furnace wall and 'tIKIcrucible. Under eiJUlar condiUoll&
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J'l(UreNo.'" P~e fa lbownvith tull air

and reduced ps IurPll' (a) with
lid .tAdill' vithout lid.
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of b.eatin,: the iron in the crucible 'oIllS noticed to b<! in the If'Ol\I!Yetllt~ indi-

eating that the telllperature was hieber than the previous conditiolJ!l. The cru_

cible stand height walt then ra1Jled b7 3 inch Nld heatiIlll: wu continued tor 90

l'Iinutei but no ~i&'lof _lt1ni: waa ob9M'Void.
•

Thelecolld filet of experiJuntll lave an idea that the col8buBtion :wne or the

wne of 1IIlldIIu•• tellpowlleure vll1"hd with the velocity of air-!U ndXture. To r •.•••

duce the nl()city of the Tit •• I4S a 2 inch di•• ter pipe vas put in place of

1) lneb dlametel' pipe '!pst before the burner where lIixing <If AU •• d air was

arranF;ed lllI shovn in Fill:' !lo. 9. The crucible hei/lbt Illl.Ialso vatied frOIl 15

inch to 24 inch and the her.tilll tiJlle WllIlfncre&!l.d to eli<! hGllJ'I, The fint

'ClIOuper1llleitU did not ,IIOW llr1Ymelting while the third hentinl': •••ith 24 inch

crncible height showedmelting all noted in Table Mo. 3. The furnace telllperiltur-e

ending the duration of heating, the 1lI:\1tenIIl1tal d:ld not attain the fluidity

fCir SClundcastinll.

During the third ijet of expert-ota,the eJlhll.U!ltport lill.1ng of tb. lid WIlS

KUftencdand i't dripped de\lll 00 the crncibl., The lid lining shape wall 'then

••.d. conical ttl facilita.te the liaS)' escape of tbl! exhllus't rases aIlll.chralill brick

IlW •• U llalI u.ed fer tbe lining. The ~a8 pipe in the burner va. replaced. by

II J ineb di_ter pipl!. To r~uce th •.•. elocity of glUl, • 3 inch mild .ted tir-

culU' pIate with 19 drilled beles ( 3/8 inch diallieter ) wall.il\CrClducedio the

gas pip", The crucible Itllll.d b.ijlht vat; nl"ied between 22 1neb and 25 inch am
the ,all npply wall then raised fro. 19 cu.ft, per Illinute to 22.4 cu.ft. pel: lU_

Duee. Thh .et of experu.ents showedSOft prolllill1ngrellult. when the crucible

with _allic chtr,e Vall heated for 90 minutes as .how in Table No.4. A.

!"IodclllI.tiug lMtu WaSobtdned by increasin,: the heati~ tilltl".froll 90 to 105

ndlllJtes. Tbis lIXjlerittent thU1lprovided an idea thllt the reduced velocity of

lI:asllupply gave II.better lIixillll';1100k.pt the :0011of lIlaXiJlI.mltellJler.•turll with_

•
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-in tlta flrnace body i,e., .t about a heitbt of 2,5inchn fro •• the batt<!. of

the furnac::e. aedue-d laB lIuprly at 25 ind!.n crucible heil1lt did nat yield

llrIltoo !Jet&!whereas the ~ta1 got m~tecl wilenthe crucible height 1IU brought

•
Result. of the fifth'lIet of p;perimentl. tabulated in Table No. S. ahow

thll.t an excellent fluid llIetal \fall obtained at • crueibl" height of 25 ioehel,

More volume hi _tal \fa" found 1IIIl1tedunder dlliw conditionll with longer hea-

•

Theil" ~eri~nts vere perforlled with primary and Ier:on<iaryair
•

all, "hoVIIin Fil!:. No.9. To find 'the U&et effect of the pri!llll'J" air, BODIeexp.-

erwnta were conducted without it. Tbe ••"tal WallIIDt 1II'l1ted ann with 15 lIIilll-

tell hell.tinl'l but Ya.II••elte({ After ret( !Unut,,! ..tIen prillllJ'y ail' tiupply 1fU resu_

!lied as lIh.-.m in Table No.5, Bxperhllmt NOB• .5 and 6. Thu gave an idea that

die priAar:r Ilil" helP'!' better ••ixi~ and hence good conhustion. It ale" loV<!n

the exact zoue of co~ustion.

with 5horter heatin!! period. As IlIanyIlll 70 pounds of ll'llt.•l was IIllIlted 1n SO

1ll1lUltelitilllO!as sl101lllin Table ~. 6.

To knowthe lUltin( templ'lrature of the furnacl'l and the exAct ratio of the

air 1.It<ithe gas, SOlie experi.lments Yel"e conducted. For teJq>erature record, a

Platinull _ 13% rlatillU..jRhodiuII themocouple WIISins",rted into the furnace

lintll#.:' Few holes were mao:1ein the fur<lll.ce linin!! near the crucible stllM hei-

ght level. Thete holea werl'l prnvidfld with IIl1ld sUel piPflll for easl insertion

of the therlllDcouple. A temperature Ulldient oi looe per inch Was f(,lImdto exiat

ill the !>orizanta1 IllIwell IllI vertical direction. b .uch ll. carl'lleticln factor of
•

.•bout SOOC_y be adde'! t1) get the crucible tellperstlll"f! fro. the observeJ U-r-

erature.

•
!
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-The Titall Sall Wat VQ.Sused, cont4ins pl'ec:lominantly( 97.2" ) _thane 8a.ll

nod chemically correct &ir fuel ratio by volullf.!come,!to 10:1, Relationship

between percenta&e of excess air aim the tut'nace tempera'ture is evident (rom

the results of the .pflri'l<mte Ibted in Teble No.1. About 60%exeeSBair
••

produced tllfl hi«hll5t furnace temperature for", particular (all aupplr.

It wns observed that the linin, of the experi4ental furll.l.ce ( lAS fired )

V:LlIused for' about 25 h".tll without IlI1YlIlajol' patch Up. vbereAB II. coke fired

furnacll usually stand. Jlbout 15 heaU before thll lininR requires patching; or

~1aeeJllent. The rea!lon might be that the ash ",t the coke reacts with the fur_

nace linin, IA1 erosion by the ull lit hich vdocity seYerely dlll!lll/l''''s the .linint:.

Elthauat gall heat loss in the coke fiNffi furnace is leu than the F:a!Ifired fur_

nace eince the retllntilln time of the products of cltlllbustion ill 101'11in coke
•

fu'" furn-ce du. to the presenee of coke around the crucible. Thill ill the re-

&lion'tImt the f!XjJ-"imentNo. ,5of Table No.2 SOOllllthat after packina; the MI\-

ulllr a}lll.ceby refrllctcry brickll. the .]).'ngy II.etallfal observed. The ••ame fun-

ction of increalling the retention tiM V&lIpl!rfol'lled by the furnace lid in add:l_

tion to radiant heat transfer to tho noetal frolll the lid refractory surface. The

crucible stand height for "axi1'lUllheating dej1endllon the desi~n of the furnace.

velocity of a.:I.r_gllllMixture ADdalIIo their proportioDll alii. ill to be deteJ;'l:lined

experi •••ntal1y for. particular furnace.

Tabl", NOli.8. 9 and 10 sbow110111.eeonolllic&lIpect of the coke uod the ,llS

fued flrl"lllce. It wallobllerved that the gas fired furnace is economical not

only 00 fuel Cflst but abo will haye II higher rroduction capllcity beclluse of

the IIllOrter heatine time r"'quired alii. loy lIIlI,intenllnCIIicost bec&Ulleof' the .larger

oUlllbez:of h",.•.tll between the refractory rapair ""rke, )k>re(tver. there :iJlno

danger €If picking up of sulphur Md pbolll,horus by 1I01tenmeta! .frOIllIIAtura1 «.e

.rner"aa Solllllobjectionahl" i1IIpUl'iU"1Ilike 8ulphur and phl'l3i'horus •••" picked up

by the IIIOltenmetal- fro. coke. Over and above all thelle. coke ill to be Jmpor~

-

.
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-ted lit lJighco~t. So tM conv8'lliollof coke fired to gas fired furnace is

Ildvocllted.

This project IllaYbe contimled to deterrnne e>qlerimentnlly th" effect of

-
varioUll ded", and operlltiJ\,!: factors

•

•

•

•

;utd lIuJ~ellt 1111analytical m.del for desipt•
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Seriall 'tri'ei,ltlt aft flei,rht otfneating I (l1l8 con- I
~ •• I Metals inl crucible IUae in I ~Ulllptioll I RelultS •

I Ibs. I Itand in Iid.nutell I 1n en.ft.1
I I inelies. I' I p" iii ••• I
I I I I I

1 20 : • 10 ., " NoIleld,,!
,. (PiC lrou)

• •
2 20 " ., " No lM!ltil1.l

(Calt Iron
Scrap)

J 5 " 25 " H:e1tin~
( Copper )

•• 10 " 10 " Heltin&
(Lead fr Anti-
mony .llllly)

5 10 " ., " No.elting
(C.I.Scrap)

•



- fAIlLE00. 2

(2nd s~ of ex:perilll.mts)

I ,
22

•

-
~erh.ll1l'ei~tot,
Nos. IMeu.ls in)

I lb.. J
I I, ,

Heil'ht "ff Htll.ti~1
crucibh I ,tilll. inl
u~d in I adl1Utesl
inch__ I

! I

Gas C\Il\- I
sll.!!lption I
in cu.ft.1
l"!lr 1Iin. I

•Reilultll

"

!'>eriall Weicht oil Heil;b.t oil
NOII'I Metal_ inl crucible I

lbs. I Itand in I
.I I inches I

TAilLE NO. J
(3rd. lIet of experiraenU)

lIf!iltin~ IGM <:on-I
thlt in I lIulIIption I
IlI1lD.ltell I in en.ft.1

t }ler Idn. I

1 25'
(C.I.Su&ll)

, "(C.t.Scrap)

J 15
(C.I.Set'ap)

4' 15
(C.I.SeJ'ap)

S IS
(c.r.Sc:rap)

, 15
(C.l.Scrap)

• 20
(C.I.Scrap)

, 20
(C.I:Su.ll.p)

J 20
(C.I.Sc",p)

,.
,.

"

.,

•
00

00

90

90

.20

'20

.20

19

19

19

.9

.9

19

.9

19

.9

Nomeldn,;

No 1Ile1tillll

No_ltinl/:

Noaeltillll

SpODa Iit;ate (A.nnular Ilpace Val
packed by refraetlll')' bricks)

NoIIl!It!",

No llIeltinr;

Kltlted but not flu'd enough for
sound Clisttll&.

•



- TABLE NO•..•

(4th set of experiAents)

I • •

"
•

SerialI V,dplt ofl Height ofl "utili, I Gas con- I
No'. I Metals int crucible t .the in I llWl]lt1on I •

I lb>. I stand in I ainuhs I in cll.ft.1 Result •
I I inehf's I I pft' ndn. I

1 20 • " " 22.4 MdtHbut fairly fluid.
( pis: !rlln)

• •, 20 " 105 22.4 MdteJ but dull fluid.
( Ph" IT",,)

, '" " 105 22.4 Melted and suffkiently fiuid for
( Pill Iron) lOod c.sting.

• '" " 105 22.4 Melted but fddy fluid.
( Pi!!; Iron)

5 20 " ,,5 " Rpunl!:Tstate
( Pill Iron)

6 20 " 105 " Melted but dull fluid.
( l'ig Iron)

•

•

-



- TAIlLE NO. 5

(5th set of: exper1nents)

I .' .
•

-
Seriall Weight of'
No•• , Metal~ in'

, lb9. ,
I I

Reiglit of'
crucible J
lItand in f
inches t

Heating I
dill:' in I
III1nutellt

I

Gall COl\- I
lumption I
in cu.ft.'
per JIlin. I

Results

•
1 13

(pig 1x"on) " " Excellent fluid metal (or sOllnd
C411.t!ng.

•
,

2 25 •
(ViI Iron)

J .30
(ri« Iron)

'"(rig Iron)

13
(rig Iron)

25

25

25

25

•
'"
100

'"
"

22.4

E>l:cellent fluid metal for sound
c/l,Btin,.

EXcelltnt fluid meta! for sound
casting.

Excellent fluid _tal for sound
CliStill&'

No Illdting (without prillW7 iiiI')

6
(subse-
quent)

• 13
(Pig Irati)

25 30 22.' Excellent fluid /lilt'll for sound
c&ttin& (~th primary air).

r.wLE NO. 6
(6th ~et of experillents)

Serial' Wdght of' Re:lglitof'
:tis. I~ct"h inl crucible I

, Ibs. Istand in ,
t inchel I

Heatitlg I
'tiQlfl in ,
ndnutell I

I

GSI cun_ I
8u"JItion ,
in cu.ft.'
per !11M. I

Results

1

2

J
(subse-
quent)

•

20
(rig Iron)

"(Ull: Iron)

.ro
(Pip: Iron)

"
25

25

"

'"

26

26

26

26

Excellent fluid ",etal for sound
cuting.

Excellent fluid !lIt,tal for sound
cllstil1ll.

Melted and sufficiently fluid
sound casting.

Melted and sufficiently fluid for
101111<1cilllti~.

•

•

-



I ,
•

25

•
TABlE ~O.7- ~

Sl. I(;u eon-lAir r•••ui_' Ai>' ", lied Excess airl % of exees~.Wall t!!llp. in
NOIl'ISUllptilln'red{theor-tl'rimary'Second_ Totd 'supplied I oi,. I Centigrade.

in efm. letieal) in)in cfm.lary in lair inlin efm, I I
I 'ctll, I I crll. I cfm. t I I

25 .1 I "0 '" 19.23 • 1000

'" I 335 75 28.!!5 1000

• " '00 75 I '" '00 '00 3e.46 1110,
• ,

.00 '" '25 41!.OO 1135

12. 410 .'" 51.?lJ "'"25 '10 " 311.4O 104<l

'" '35 UI 49.70 10'", 22.4 '" 75
'" '00 .36 00.70 1000

100 385 '61 11.85 1000

'" 410 10' !3.4<l 1070

10 '95 105 55.27 "0
20 305 115 60.53 '000
25 "0 .20 63.15 '95, 19 190 30 I 285 '35 '" 76.30 '70
75 ! '00 170 89.50 '00

~
j 385 195 102,63 950

1125 I j-;;- 220 115.80 945
•

•



I

TAIlLE NO. II-
•••,lo IWeight of IMelting tim.ITotal fuel
••od IMetals in lin m1nutu IC011S1II1pt1on, Ibll. I I
Solid '" " 100 pounds

( coke ) •
Liquid. '" li callonl

( Diesel )

• Ii•.tural '" :n00 en.ft.
Ou(Titas)

* Data tueu.from P'ounth'y Section. D.V,E.T., Dacca.

TADLEli:l. 91*

•
,

•

100 eft. of sail (1000 fltu/cft.) ( Equivalent ( Thermal )
Price
For tndustt'y Tk. 2.92
for 1000 cft,'"
For Pow•. Cln.ration
Tk. 1.60 tor 1000 cft~

11:Includes Tk. 0.40 per

6.5 «alloWl of Furnllce on
6.1 t.alloUli of Diesel Oil
6.1 pUo!» of KeJ'<:lBineOil
6.1 gallons ot P.ttol
91. '; pounds of Indian Coal
177.4 pound! of Wood.

lOOOeft. all Con. liXe1sot Dut)".

1.00

•

TAIlLE 00. 10

N_ Qf the t'urnllce ICost per h~t in Taka I Riltio of Cost

I I
Coke fired pit furnace' 13 x 100 _ 16,25 I

Gall fired pit furnAce f 2':1~100 '" 6.132 ,
I I
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CUNCWSJOM

A coke fired pit !Ul'llll11t wall lIucee8lfully COllnrted to II gll.s fired furnace.

M much as 10 pomds of Det"l wall melted I;tlI1excellent fluid metal was obtained
•

for sound calltirljl,: with 00%~ee"'l1 air. The ,""ne of !mXi_ telllpllrature vlU'if:d

with air/fuel ratio and Ilas vdocity 11mwas found to be at a hei«ht of 25 inchell
•

from ttl" bottolll of the t't1J'naclI.

The hlliltiog time vas less for ia' fired. furnace for the s..-e c:ha,rgll. In

melti,,/\: 70 pounds of metal. "Ill tir"d furnace required SJ minutell where" t"

the coke fired !urn•.c. it taok 90 llIillUtes. The <:cst ratio of p;allfired an1

cpke fired Operll.tilln COllellto 2.65:1.

the overall e<»IIOIaiCconBideration advocates the cOl1Terdlln Qf coke tired

to /tall fired operation.

•

• •
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