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ABSTRACT

For small sC<lle ferrous/nonferrous tleltillg crucibles

nrc gonerally used in the foundry, which are very costly and
sometimes difficult to ~rocure. An attcopt has,therefore, been
made ill the l"letallur€ical Engineering Department of the BUET

to molt cast iron/pig iron in a oelting furna~e without the
conventional crucibles. The furnace hearth itself has been used
as a container for the molten .IJ.ctal.

With this furnace it has been possi81e to attain maxioun
tGlQpcraturcG in the range of 1380_14-10oeand to oclt about

70 l1Js. of solid plg in about 25-35 QinuteG. The charging-to-

tappinr, tiDe for the first heat has been observed to be a
maxi~um ~here the charge and the furnace liDings arc cold, ~nd
this r,radually decreases to a illini~UQvalue within a few SUbS8-

Quon"t hee.ta.

,
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CHn.PJ'EB.1: IH'!:RODUC'J'IOif

1Metal casting io a~ old traditional art. Primitive ill~~ of
stone a~e aquired S086 knowledGe of nelting metal even before
3500 B.Cj1). In tho history of oetal it is accepted that the'
campfire was the oldest traditional meltiLg process. The idea
of melting metal in a container was not known to the earlier
man. In the campfire metals were melted and found scattered
within the ashes. lie then !:ladea hole \,Jithin the fuel and put

some container and got the metal melted in it. It waS then only
possi~lc to ~et the low meltinG point oetal III a molten condi_
tion. The wall of the hole was strengthened by high temperature
resistant stone so that the burning flaos night not be acattered
and got concentTated i~ the stone-walled campfire or furnace.
Thus the tochnique of Vit furnace or crucible fur~ace was deve_
lopcd. This '.'JaSonly possible '.ihensnaller quantity 01' molten
netal 'IoIasneecied. Later on I.Thenlarge quantity of raolten netal
'Nas wanted. the i;Lca of he<lrth furnace, arc-furnace and cU]Jola
furnace I'/eroeventually rleveloped.

At present, 'IoIhencupola furnace, air furnace or ~rc furnace
is used no spooi£io CC:1t~illeris required. For sillallscale
Llcltins,gra]Jhite, plu;.1'!U50and 0 ther difi"erent types of cer=ie
crucihles are generally used. The he<lDing in ~ost cases is done
by coal, coke, oil or Gils. However !:leltinGfIletalby gas, thoush
mueh chesper, is not :j;ret':luehin use it::this country.
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Crucibles are imported fron abroad .nndrecently it is

reported that these crucibles are very costly ~~d beyond the
capacity of ;:'lost f01111drym:mto prooure theI'l fron abroad. For

this reason a D.G.C. nrojcct was carried out in the Met.Eklgg.
Dept. of the BUET to nelt oetal in furn~ce without using either
any crucible or coke. It is known that low melting netals nnd
alloys having nelting points upto around 11000C can easily bo
nelted in this type of furnace(2).

To nelt ferrous oatcrials havinG hi~hor nelting points
usins furnace botteD as a crucible, it is necessary to develop
high flane te~porature at the furnace bottom. This project,
"Study on high temperature Ese-fired crucible furnace", bas boon

undertnken to design a crucible furnace tu oclt CClst ira!:, which
requires teorerntures 8etw~en 1250-1350°0.

If this can be ostBblished that cast iron oelting is
possi~lo in a furnace w~ere the furnace bottc~ itself is actinc
as cruci8le, then this will save the foundryoe~ fran the bothe-
ration of procurinS tho costly cruciblos •

•

.,



CFiliPTER2: LITERA~uRE BEVIE~

To design a r,as-fired eruciole furnace a working knowloQCG
about the furnace, its fuel(natural gas in this case). aerodyna-
mics, heat-transfer ond refractories \"Iillbe necessary. 'i'bis
chapter deals with the relevant informations needed in,the
design of furnace. The'inforuations are divided into the follo-
wing five sections :

Types of furnaces
Types of fuel for heat generation
Transmission of heat to the charge/surrounding
Furnace aorodyna~ics
Refr:lCtorics

2.1 ~es of fU.J]lac.c5

~JPcs of furnaces used for Delting ferrous and nonferrous
metals are :

1, Crucible }nrnaces
2. Cupola Furnaccs
3. Air Furnaces
4. Open hearth Furnaces
5. Electric Furnaces, etc.

Crucible furnaces &.rouscG. in foundrios for I'loltingsmall
~uantitiec of ferrous and nonferrous netals. Tho charge is
Thcltcd in a refractory pot which is usually fired extornally
by coal, coke, ~~5 or oil. Altern3tely, the orucihle ~ay be

"
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an integral part of an induction furnace. Tho charge is genera-
lly isolated froD tho furn:lce gases in most cases. FiGUre 1
shows the rar.go of iEprOVODcnts of primitivo pot fired furnaces
with gradual control over COD~ustion. In oil-fired or gas-fired
crucible furnaces, the usc of correct rate of fuel consunption
and fuel-air ratio arc of prime importance. Fuel is wasted if
eith~ too mlich or too little fuel or air is used. The optioUD
conditions arc indicated from the shape and colour of the exhaust
flame.

The size of crucible, shape, dioensiolls of the combustion
chaober and off-take flues are prioarily TIutters of initial
design. During operation worn lining of the furnace should be
cOllotantly kept in repair.

In illostof the melting furnaces, hoat is ~ener~ted by
cClJbustion of fuel ,lith supply of 0x;'rgcmthroue:h air,. excepting
thorJUQelf)ctric furno.ccs "">erG :-te,,-tis 'If;y,,l''ped.by the appli-
cation of electricity. The furnace that has been used in this
project is also a conbustion fun.ace using gaseous fuel. Natural
gas is bu=t with air for r1elting purposes. In this dC13ign inpcr-.
t;mce is p;ive:Jfor the transfer cf heet froD tho coobustion
product into the chsrcc so that !Jolten lJotal ,~th sufficient
fluidity be obtaincd i~ a reasonable quantity for casting
purposes.



Fig. 1a. A "Camp_fire~ with the centre sl~nk
to hold a crucible (3).

Fig. lb. Simple, notural draught, coke fired.
- pit type crucible furnace (4)

5
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Fig. 1c. Forced draught permittina some preheating of the
air and better control ever combustion rate (~).

Gas
air

Fig. ld. The use 6f gas or oil firing 0110\'15tilting crucible
furnace to be develcpC'd with better/rapid control

over combustion ro:" (4).

<..::1,< ed
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2.2 FuGls fc~~he,,-t p;cneration

Fuels ~ay be classified as

Solid e.g. woo~, coal, coke, etc.
Liquid G.I';.petroleum, coal-tar, etc.
G:U;GOUHC.Go naturr,l gaG, coal e;as, producer gas, etc.

I
'The COli0f fuel C1vCl.ilablc in B",llGlc,dosh is natural 15"'-5. J:hG

1Ja£;icproperty of a fuel is its calorific value. Thocalorific

value of natur~lly Doeuring gaseouo fuel is ouch noro than other
typos and a130 tho GasGous fuel has SOGe advantag0s over the

other typos. ThcEC ~rc briefly as follows (5) :

a) Sooke and ash ~rD oliuinotod and there is no labour invol-

ved in fuel or ,'1shhandlinl';_

b) The CO~Qubtion ~ay be readily controlled for changes to

TIoet tho dCGlnd of oxidi;cine; or reducing natu:c'c of o.tID.osphcr8,
th(' length of tIle II TGieand tho teDI'Grnture.
c) Grc3tor thorQnl ~f~icioncycD.~usually bo obtnined ~hcn

hiGh tGnpo~ctures nrc roquirea.

Tnolo 1 sho1'Jf' tho chonicnl coc;positioD and calorific

vaIuGs of nO-turnl !Tasavnilcblo in Bo.np:ladosh(6).
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Table 1

1036

CiiI6-rTfic-
value(5I'0f
(Btu/ft')2

0.30.'0 • .2

----._---- -_.--
COA~o3ition (vo1%)

:14 C2tls C3H8 -CW"-10

'iiitas

Pl[l.CO

----------_ .._._-------~---'_._----------- ---- .
Chhatak (".24 0,G7 0.04 1007
------ ----_ .._._-------~'-~_.-

1052

1020

0.48

0.7
00 -;C.'

-
------ ----_._--------_-., ..-2.67 0.,

. -,.,---Hnhigonj

S~rlhct

10220.5040.60.8Bllkhralmd-----------~.._-_._------- --- ---- -----_._---_._-
10:;00.20.20.40.92.6Kailas Tila 95.7-------------------- -----------'---

RiJ.shi::lpur 98.20 ------------------ ..,--

It C~LDbe seem from the abeN'3taole tbct the:'prcdor'.ir."lnt

fuel cOHpc~ent8ar~' the saturate';' lWcir()ct,rbons

C
4
H
10

and th<' non-cJLlbusti'Jlos 8-re- 1':2and. c.:02"

nent of: natural gas is OH4"Other )qc~c<:,'r"bons

Cr C" ("_T
.i4, 2"'-6' ";;--3'

The oain cooPC)-'

de not oy.cecc

4.8% by vnlu.oe. H.L. ','iu "'-itd J.J3si0"icz(70,l f,~..md that the

hip;hcr hydrocar~ons C
2
H6, C3

HSand C4;';:10have coobustion quali.-

ties superior to thOSG of 'CH4, ,,;1.0.~;li2t th<:l;;r !.~lprove :fl1.oC

stabilit:)' ','hempr"scE-~in natural t;IlO.

i •
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absorption of hC3t by tho charED depend on the laws of heat
transfer. ThuG a study of tho principles sLd laws governing
trmlsfer of heat is essential for 0_csignin3 any furnelcc.

The li~oration of hOGt energy lS only tho first sta~o in
tho hoating oper<;:.tion. Thio r:lUcrgy hD.[Jto bo transfored to tho

charge to be ooltad as conpletely as possible and its dissipa~
tieD to the SlirI'OUllc..ine;reduced to a uininun.

2.3.1 Rad.iilti'Jn._~ hcqt. by f'j~

In this dcsit~n hot flue froTI the conbustion chan'Jcr I'Til1

ontoI' the furnaJb and tr~ns~it hoat to tho charge and tho
furnaco ~~ll by ~oans of radiation and convection before it
loaves tho furn'Ko through an exhauot port. CD-rbondioxide,

Wo.t8I'V9pour and hyJrocarbo:ns arc I!0od radiating gascs whereas
c3.rbon ;:Jonoxide is D.r,~lD.tively roc,r rlldiD.tor of hoat. For

• DOr,t pr3.ctic3.1 ~urposos hJ~ro~cn, oxy~on and. nitrogen aro
non-radiator3 (8). The r~Qiation ~ffect of a nonluninou5 fl~oe
is accordinGly governed nainl:! b~' it,; carbon dioxid~ and ',ntor
vapour co~tonts. Acc0I'ding to Reich (9) the Quantity of hent,

radiCit0d by CO2

Qeo ~ (0.019
2

and H20 vfi:pourare ns follows :
~OL~06?01)(t 200)2 Kcnl/o2-hr.
c . g

•

l'c ~ partie1 Ilr05L""I'O of CO2

>.
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P
w

~ Partial pressure .of H20 V'lpour
L ~ Effoctive thicknesS of has layer, which is found

frOD the enpcJrical exprosslon :
L Y£1-!-o£J;?iJ spo.co X 3.4~ area of boundindlng wall

tg ~ teoporature of the gas
The totr.l qunntit;y of heat r'luintcd.

+ ~H0
2
'" (0.114-

0.00013 0.01616)PeL T .01 - PwL + .17

(t
g
_ 200)2 Kcal/o2_hr.

(t
g
_ 200)2 _ (t1_200)2

KC'll/r/-hr.

0,00019
PeL + 0.01Q. = (0.114 -

If t
1
be the touporc,ture of the "bsor~)ing body, then

Stefan (10) found. experioontally that the-total radiant

4
'" (,'1'~~itarea is give~ by Stefan's law as q

ellerGYQuitted by a hot body v~ri~d as the fourth powe~ of tho
absolute tonperature of the body; I~ the caso of a black body
st on absolute tor,[:,orature T tho aI20unt of heat r:d.iatod :;)8r

the coofficent 6 has the ,"Tluo

1.73 X 10-9 Btll/sQ ft-hr ( ;;R)4

For convonionbo of cf>.lcul~ticn th(J "hov,:; oqll~tion Oill DO

\IT'it;tcn ""
, T)4
'''100

Btll/sq ft -hr.
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Tho total r~di~tiolifroG 3 no~-blQck body boving ~n coissi-
vityewill boCe. ~4.

The ~bove equ~tion oxpresses tho ho~t which 0 solid body
cuits by rodi~tio~; it does not express the hent transferred to
the surrounQi~gs. Tho ho~t actually transferred is tho differe-
nce hetween eEitted hoat and bent roccivod by radiation frcp

tho surroundings. This differenco Douals

G,=O.173A.o

Where A = arc~ of che radiating surf~co. Btu/hr.
e = not eoissivity

and T = absolute tonparatures of the rQdiating
"

surface o.ndthe surroundings respectively.

2.3.3 Radiation of hoat thrOUGh openings
Fig.2 indicates Q furnace in which there is a hole in the

furnace wall. Ar. observer ~t A would sec tho interior of the
furn"'J.ce "5 if tlk'1.tirctorior ",':<Jrc0.pl~,ne surface siturrtcd at

the e~ening and having th8 s~ne area us the opening.

Since th" ro.dio.t:l:onfretl the interior of a fu=ace io

senoro.lly to.ken to "beequivalent to bl')ck-bedy ro.di'1.tion(e,,1)

the ro.te ef h,,<,t'radiation per unit area of plane surface

o~s2rvedwouldbe civ0n by Fig.3 (using radiation equation) for

~ furnn.ce having walls of n8C;ligible thickness at the opening.

The finite thickness of the wo.ll, however, changes natters.

It O~)strLictstho dircct rntiation to an extent depanding on the-

..~'
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- /-- -- \ ,j;---- __',I
-",-.0:...

" - --"'l A~--
------ -----~

Fig. 2 Diagrammatic illustration of h,zot radiation
from on op~ning in a furr,o,=C

" 1000
~,
~ eoo•-,-'",
o

l~OO

1200

600

400

200

/1

I

,

/l
./

o
600 1000 11,00 1aoo nco 2~O ,3000

Fig. 3 Blackbody radiation from 0 furnace interior •

•
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rf:.tio of the wall thiclcncss to the ,Jidth of the opening. Onth"

other hnnd, the sides of the oponing bGC05Cheated by the T,'lflia-

tioD that they roceive and re-l'ali:3.te, a portion of this he,at to

the outsiCl6. The re-T'ldiCltion :p'l;C'tinlly CCIJpGnsato8 for the

reduction of direct radiation. The ratios of total radiation to
the direct radiation for openings of various shapes obtaine~ by,
Koller (11) aTe given in Fig.4.

2.3.4 Tr~sfor of hoat iraQ tho surfaco of tho furnace by
n[ltur~l convection

The transfer of hC8t by natural conv2otion is governed ~y
the area of the suriil.co, tho shape ".::1dposition of the suxfacc

and the tcnporature difference between th3 surface and tho air.
A useful CQpiri~[\l oxpr~ssicn (8) for tho r~to of heat transfer,
Ho' is Ho '"OCto - ta)1.25 Btu/ft2_hr.
where t

A
,md t '"t::';J]Jer;;:cturos0f the GurfrloOS and the surroun-

c Q

ding air respectively.
o '"constant depending on the shape QUd position

of tho surfCloe.
The value of C as deterr~inod by experif.lentis 88 follows (8):

c '"0.39 for a plrlce horizontal surf~ce facing up ~nd
hotter th~n tho surroQ~dinr, air.

C '"0.3 for plano vertical surfrloes ~~ndfer iClr5c
oodi00 of irregualr shape hut without re-cntr?nt
o.ngles.

.-
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Fig, 4 Radio tion through openings of various shapes(11).
,
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C = 0.2 for horizont~l surr~CCG f~cing downwarJs ~~Q

hett"r thfUl the surrounding air~

C = 0.35 fur 18rgc horizoJ!tal c;ylir.ders(=d this

~pplic[]to pipes) over 6 i:101l88 diooeter.

2.3.5 SillsiJle ho:"t car_.r...c'ocd out of i;;)1e furnace by produrr~of.
co.mbustiono

In cODbuotion-tY'':>''f'.lrnnccs, the products of conbu~-Pion

take out hCc,t ,mercy ai-thr)):'in pctont:i.'ll frOG in the shape of

unburnect fuel or i01kin8t~.c fo!'J::,in the shr~peof s,-,nsiblo he~.t~

The Gelll;;i~l()he.,t of ll'-,t loses combe calcul~ted froD. tho

qU3.ntity C.Lthese [';::\ses,their teI:l.}!br:lturos:md their resp,-;ctiv','

specific he,-,ts. l\.lt"rnatiyely, th(c1 RO[Ji::J.-Fehling l.T diagr ..u;s,

Fig.S IlJ-Ybe us;;d to obt'<in sonsi;)le heat (10).

Gas O.O'.'fin furnnces is olDost ontiTcly turbulant. 'I'his

flow ~ay be either steady or eddying. In ste~dy flow ther& is

a narrow layol' of lSI1inar (streoIllinod) flol'l along the '~eumlcu'J'

surfoce in '.~hichthe v'}locity rises froil zoro "t the bO-'BieLlT,,'

to ,the bulk v,:olocity i:, very shcrt diGt[uce. Lt bends, or ot

chang'Js in cross-sccf;i"n, unless th038 D.revory gently,' this--
la~ino.r l~yor breaks ~"I."lYfrel~ tel<) surf~.ce aml on unstable 'conL1.i.

tim) Qnourei'J,n \'Ihic:-t-'(:C ~,ys"brc-ok nff the gas body Flne. nov[)

into thc "space" fo=c::. -~:)t','IGer.,th", g~,s l)od;y 'll\d the surfc1ce.,
,

The forruatjeE of CGG;}';", (j:'ce1sipates0 lot nf CDorg:r"n heat ;'Ul~;.

,
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12501000150
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no exc ss air
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Fig. 5 Rosin _ Fehling I. T. diagram relating the heat content of
combustion gases from all normal fuels burnt with air to

their temperature.(10).

Figures attached to the intermediate curves denote the
percentage of air in the mixture of combustion gas OIld

air. '

• .,
.'
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sound results in ~ sovero loss of pressu)o.

The force I, driving gases throush ~ furnace system is the
.1.1i;ebr:de SUGof i:citi.'ll pressure, fo' the not pressures duo to

the various :;CUY"l.llCYuffocts 12::(Ll.Pb), tho pressures developod

bJ' cm:l f,U! Dr olow)r, ;i(.6Pr) i)•.•"'ld th8 pressure losses jue to

frictioEa.l rosistor::cc tl' flolA',"[ ( 6Pr)' This tJight be writt0n :J.S;

F ~ Po +L(<:.lFb) +~(4Pf) +:;EJ<'.'IJr).

FO C;1.nusu(llly 1)[}ignored :'\Git is norr.,ally the FltnosI'heric

pressure D.i:j.'linst I'lhioh the othJ!!rs :lre 11easurcd but if only po.rt

of D s,rster,. "ero uuder considcr"tion it ~jibht hFlVDto be included

in the cQlculatioll.

L'l.Fb is dUG to tho difference bct1'lOC'1too weight of tho

hot SASill the shl'.ft =.c' ttlHt of D.001= of cold air of tho

sallie hei[,;ht ~~nG-cro8s-sectionCll area. outside. This is Given by

6P" .• (p, - fJ )h
u « G

',[)wrc.to .• (lonsi t~', fl ur ::4urrolliHlin5o.toospheric o.ir; Pg ~

density of r;.'l5 flowinG; h .• hoight of the cb3.ft.

Both fJ 3.nd!Q arc DOJ.sured a.t their rOEJpective teopor[",turcsc g
and pressures, ,.lith due l'er;'.,rd. to the presence of TInyW!lter

vapour. A ooan valus of the different pressures and tenpcr3.tures

is,norually used.

Fans, blowers, etc. ,Day be used to accolaro.te the g~s flew,
either supplooenting the natural dr.';\ue;ht or replacing it altege-

ther. The aero;Joti ve fo:',:" of tho fnn or bIOl'Ter in pressure
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units io ad~~d to th8 net bouyancy to give the total positive
force driving the [';~_GCS through the systen.

There is prossuro dro~ due to friction at all points in Q

fur~~cG systou, l~t in lonz wide straight flues, and greatest
at sharp bends, Gudden ch3r.gos in scction, junctions and baffloD.
Pressure drop due to ch~nGes in section, and eddying at bends
is f!:ivcn b~T

\there P
g
~nd u ~,ro tho density GllG.the velocity of the

sqses respectivoly ~nd ~coGured ~t the u02n tc8perature and,
prussuL'o of tho [';:\ses flowin5 it; the fUTTIG-CO.S is a fnctor

allouing for 105sl)s due to edd.~rins Jt 'bonds ;'lnd changes of

section. V~lues of S' for furnaces have been calculated and
o cOIJ.pro1l.cnoivlJ t,::\QL. is giVl;ll clOGwh8r8(8).

In ~traisht s~ctio~s the ~rDSGUrCloss is due to friction

at the w'J.l1s:1nrlis uffoctcc. by the textUI'e cf their surfaces.

IQ str~if,ht rou~d sections the loss of pressuro is given by

PF-.u
2

213 •

WhoraIJ 1.ndD C\rethe longth FinddiClr',eterof tho(circulo.r)

sectioL, F is the friction factor which depends on the Reynolds

nu~ber'and the rou£hr.css Of the boundaries. If the section is

not criculnr D I!....."Yce replncc.d by 4li, where H is the "r::mall

hydraulic depth" of thE sscticn -md is p;iverlby
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cross-sccticn~l area
wetted porineter

Tho first ossc~tiJl prerequisite i~ fUrn~ce design is that
bent sh~ll bo devolopo~ at Q required rato. This necessitates
the oO::Jhustion of 0. c<Jrtain m:lOuntof fuel aml so the desiGn

Dust be such that the fuel and ~ir can roach.the conbustion
chaabBr 3.nd tho products of reaction oscn:re froD it at an
sppropri3to r7te ~~d without Q~duly high pressures being nccc-
sS.'J.ry• .RcGistnnef) to flow should therefore be as small as

practicable except whore SODe o.dvant~~e is to be gainod.

In QilYdeep sectioD of the furnace, pressure differen_

tials =y develop norr",::ll to the flo•..! diroction, duo to bouyo.ne;;r.

Further, di[]tinct stratification of hot c:ld cold gas C3.n also

occur, and.in fJpitc of turbulent flow crmlitions these J~l'.;Tbe

present. The o'tJviousc!:.seii: where there is cold stock on the

th0se, h"lving])(Jcol~erclo.tiv(Jly <ions,},f,~,il to r:;i;.::with the hot

light gaG in the roof. This is w'lstcful ;).s[l.VD_ilablchc~t is

denied C'.cccssto the stock. :lnd fUrJwce design should attv::lpt

to oi7d.;'lizesuch a;l effect for exar:r;-;lohy Daki!lgthe p03rth wide

and the roof low or "Y ~eflccting the burTledor burning 5'\e08

do'anw~rdson to the h~~rth (4)

2.' Refrl'.ctorics--~------
Rcfractor-y DatlOri~ls h,~voIons ~OGn ,)ccepted as iEdiepcn.•.

s,lble to high-tcDpel'aturc tClcht'_oloG7in providing the lini.ll5
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for fur,'-cDB enclosers in which such rCG,cticllS _J.Sinvolved in

the onr.uf:ccture 01' iror., steel, gl,"lss, etc. CJ.l1be ccrricd out

effectively, safely and econooically.

A refractory DQteri~l in its workinG environoent has to
lrithst[lJlu high tcoporaturcs \~ithout underGoing najar structurC\l

chanEes including cheoical decouposition !ladfiust provide resis-
tcmce to ntt~c)~ b;:rf;o.8CS,liquids, or solids in contClct ,<'ith tho

refractory. The refractory Dust have sUfficiont strength at high
te~pcrQttirc to support the refractory structure and to withstond
the induced or ~pplied stressos.

There arc a 1arse llUQhor of choTJical substances with hiGh
Dolting l'oints. such 3.5 oxidos, cnrhidGs, silicides, nitrides,
berryllidos, sul'phides, borides -mdcert'!.iE elo:':Jonts(e.g •. c2.rbon

and sene I::.tJtals)a,id.h,~nco-':tIlnay be considured as potential~,
re£raotory Eaterials (7J.

The L1.rf;,:en"'jority of th" Datorials with the exception of

cert.'J.in oxides, have no co~"ercial ioport'lllCG:Jocaus8 of their

SCArcity or cost or l:lck of ch,micrll stability. Twononoxido

exceptions are silicon carbide Qndele~cntal carbon which arc

extrODely uDeful refractory ~atcrials for certain furnace werk,

carbon playing an ioportant but restricted part under reducing

cenditions as in blast £urn'J.ce.

Reference to DllyceD]lrehe:lSiv(]inore;"r.ic toxt "Lookshm>TS

that thoro are at lc~st 20 oxides with ncltin~ points OV8r
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c1700 C but the I:Djority of these oxides, like nost of thtJ :>bovc

Iaontionecl special ccr::mlc j)'Jtorials, Qre SC3rCG,have a hie;h

cost, or are unsuitable in various ct~osphGres. It theroforo,
scons inevitable thC1trefro.ctorics will contilllue to be b~5ed on

the six oxidos A120,' 8i02, ~lgO, OnO, Cr203 3.nd zr02 in eit!wr n

single or 0. Elultiplo C()l~ponontcQl:i!;in",tion of these oxides.

According to Dixon (12) refractories nny bo classified [IS
foll{)\,1S :

tlAcid"c;roup consisting of Gilie11 CUldser:dsilica

"B'Jsic" fSTouP, cansistinf, of Il{lgtlosite, chro:::te, dolonito

."lild forstc;rito.

"Al=iLo_silic~.te" graulJ, consistins of fireclay and the

hip;h nlUllino. grades b,-,sod on kya;)itc, sillio3..llite,

o.ndal1.<si te B.lld bo.uxi te.

"SundriGs" group. which incluc-c,s carbon, plunbaf',o, EJilicon

co.r'Jide, fused alUI:linCl.,ZirC('Il, pure oxides :smdce=Gts.

The Dcst wid"l,r used refrc:ctrJrieG are thlC "alumino-silicate"

sroup. The Dfixinun ','IcrJ:inc f'ece tenpcr'lture of these natorials

is generally i~ the 1400 to 15000C range. They offer the ~dv~n-

tagtJs of low thernal co~ductivity (the low'Jst of an;y knOlfl1-

rcfrnctory), veY'J 10,,1'.>ulk d(;nsity Cl..'ldexcellont chc'Qicnl

PUI'e ic1203(2020oC) Qll'l pure siliCA (1723°0) arc o.:lteri~ls

of il~trinsicCl.ll;T hiCh LK,ltin~ point but "'8 soon as silica is
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ad.oixed with ;llurllna. ~_nd,alUl:J.i:-lD.with silien, the r:lOlting too-

peratures ~rQ dOpI'eS5Qd. Melting starts at 18400C and 1590°0
respectively for ~lU:;Jina-richond silica-rich coopositions(Fig.6).

ADove those tenperaturos a solid Day co-exist with the liquid.
Below those varticular tc~pGratures the coopQsitions arc w~clly
solid, con5iBting of two crJTstalline ~haS8S as shown, ~xcopt
for tho DarroT,1I'G[lon in '",hieh Dulli to :::tlono !J:ppenI's.

This din.grao illuGtrates hu"\'reaction 'Jotwecn tl'ro rofr~c-

tory oxides yI'oduccs lofier-nclting liquid phases. It_~lso shows
th~t with aluuina a~ovc 5%~tho rofractory properties of A1203 -
8i0

2
oixtuI'GS illercop.so directly "lith the content of A1203- Tho

Sencral rI'opertios of cGL1I:lercialrc~fr:lctorics of this type ~re

shownin tahle-2 •

-This sho~'sth.9.t '1ctultl o.lUElino-silic.Tterefro.ctoriee aay

depart Lwrkcd.lyfre:;, the cquilibriuF, cOI~__position. The rnw

r,lD.t"rials and fini:'JhGdproducts cont"in i!:l}mrities which C:L'l

lower the ~Qlting ~oint of the li~~id'phnse.

The li,fo of D.ro.fr'cctory linin.:; for (1high te;;lper8ture

furn3Cc de~eLds110tonly on its physical and chcoico.l quality

~nd its workins terrpoJ:-:'lturebut (lIsa on thc n",ture of the Vier-

kin~ envirorrwont, which is gcnernlly tho oo.in fltctor th8t has

to be consic\JJJ:,edin selection of 0. r;:;fractory. The ~lOrkin€

onviro1lDcntis the nai:l cc<us()of wear o.I1Gsubsequent fo.ilUI'e of

refro.ctory. Refr~ctory .linings for tu~el kilns, where there is
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fig. 6 Phase diagram for the system AlZ03 - Sj 02 J, \ \ '

based mainly on the work of Bowen and
Grieg (1924). but including more recent

modifications (7).
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TABLE 2 The ~lUDi~o-silic8tG r~nGcof refrnctories
(fire-bricks); brond rolntionshiFs between
cOl1;Jositicn "nd properties (~

Raw r:lQtorial

Rcfrac-
tori-
ness
(DC)

Approx.
safe
tl:lDpC-
rature
of use
(oe)

Proprerties'and princi-
pal ap::"li-
cations

1500 Good high-tc~-
1GOO perature pro-
1600 perties,espe-

cially cree:;;
resiStane8
endo\'ied bj'
!.1ullit8for;:;a-
tion and fo.vo-
urable mero
structure.
Usually Good
resistanclC to
alkali att,,,ck~

Glass-tank super_
structur8 and chec-
ker; conbustion ch;-l_.
nbers; rotary, kilns,
open hearth checke-
rs, hotblast stoves.

203037
42

5560
66

Grou,)
II

Group
I

70 Fireclays:oixtures 1610 1200 In all hent
60 of clay nincral,qu- 1690 1350 using indust-
56 2rtz and nicojplus 1720 1400 ries; ty;c
52 i~puritieG such as 1740 1450 chosen accor-

Fc2031-1.5% ding to condi-
% tions; the lar-

Ti02 1.4-3.4) gest tOIL"lage
Alk,.lis O.5-1.51f;c:;.o,, refrJctoYJIIp;O -;)10 of eacq.~ .__,.._.

43 N~tll::-'alalunino-sili-1780
38 cctcs(kyanite,silli_ 1810
32 n:mitG, .,anddusitc) 1330

n:pproxillatinlj to Al;,oo;"
S~O~.Fe?O~ 1-1.5;otner
in~~ritLe~ low,totall-
inb 1-1.6%

1850

Group
III

Group
IV

86 9-12 A1203 with
;:Jull ~~.( bond

1650 Furnace hear_
ths, hot-netal
oixers,soa-

king pits, line
k.ilns.
1650 High cost

naterials
on volune basis;

for severe oper8ting
conditions where cost

is justified by life.
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no severe chG~ic~l ~ttack, will 1~8t in exc~ss of 5 years ,rith-
out repair with the orerati~g ten~eraturGs ~s high as 17500C.
This C[ln "b8 coo:pared. with refractory linings for certain steel

~aking furnaces, operating ~t 1600°0 to 17000C illaxioun tODpGra-
turc where tho lining is exposed to S0vere ehooieal attack and
the lininl; has to be T(J-placed often Ilftcr onl::r 2 weeks in sorv-i-

ce ''7<-).

Tlm refractory used in this investiGation is high al~~ina
brick and hiGh allli~ina fireclay procured fro~ N/S.Dacca Refrac-
tory Ltd. Althou~h ~able-3 below s~ows that the theras1 conduc-
tivity and blilk density of firecl~y.brick nre lower than these
of hiGh al~"in2 brick (7&. the foroor cannot bs used ~s facing
brick in furnaeC's wherc the I'lorking t,mpor",ture is abOve about

1400°0.

Table - 3

Therr:,-'11co~duc ti vi ty
Btu/ft2_hr_oF/in.

8'p.ht•
Btu/lboF

Bulk density
Ib/ft3---------_._-_._---------------------"

Bip;h alunina
brick 12 0.27
------------"-----------------------
Firccl:=t;:,..brick 9 0.26 120
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CIU~T~R 3 : FURNACE NO.1

;.1 F~aturcs ~fconstruction
It h~s alrc[I(tr been Dontionod th~t the fsctors to be con5~-

dored for Ghe initi~l design of u crucible furnaco are size,
shape, fuel, fuol-"Iir r'!.tio, etc. Given a pro?or design of the

furn~co tho therD~l efficiency uScnl1y dopcnds on the correct

fuel air ratio, whore too ouch fuel or too ouch gas arc both
u.-'l8concuicalso f~,r tt,,,,roal cnOI'f':"r is concerned. The optinun

fuel "ir r~.ti() dC"Dcnds 0.180Oil the 8i30 and shope of tho fUI'Ii::"CO.

The hearth of the furn~co ~~s initially designed to servo
the :purposo of CI';Aciblo where w',tur~.l gal') was ,burnod to raelt

iron for castinG_ Tho f1~nace body was a steol cylinder of 18
inches diaoetcr "Qtb a height of 15 inches. The furnace wall
~~s line~ with Guper ~uty firec10y bricks 4~ i~chos thick. Tho
furnaco W'"'Sprovic.."cl with [l nov-able tOl' fittod. with throe bur-

ners (md with an ozit for the products at the contro. To prot oct
o"1.ChIllld of the curnor a cooling SYBtOD."TSS "rovidod o.s sh,',m

in Fig.? The furn'C.ce to::) ",oms "built Ul' '.lith n oixturc of Gr')c

and firo clny. The furnaco body wac su~portod on two po.ro.llcl
sVmds n;'I'IlO,:U1Sof trunions. 11.Ctear \.'hBOII.ras attached witL 0.

rotary heme.Iefitted with one of the 3t:;nus for tilting tho

furnace to I'Jithdr::n,the ;:]C'lten~et"l.

3.2 ~.c_~)OS:~t~Cl.'t::...::.>e~~

A fo ••' Qxperi::f):\tr, w(";re c::rricd Ol..t with p:.~iron/cast irc:l
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a

b

,7

I Furnace body 7 Furnace stands, Refractory lining 8 Tilting wheel
3 furnace shell 9 ' Trunions
4 Furnace lop (movable) 10 Lifting oem
5 Exhaust pori 11 Bevel gear for lifting
6 Burners th. furnace top.

(a) Gas supply

(b) Air supply
eel cooling water

Fig. 7 FurnacE' No. 1

• . ."
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...
blocks but it ~~~ never possihle to ohtain liquid metal 0von
after a continuous JU:Jtning of 3 hours. 11 solid lUi:lp of seuifuGocl
:oetal Wf\SobtaiwoG.',,'ith [('brittle oxidized black luyer on itr;

surf'J.cc. The oxic.izccl lc-lYGrwaGauul,rsed =c.. 1'.'asfound to contain

about 1+4~1,Bi020 11roprcs2ntntivo .cicro-structure of' the Iflyor

is given in Fig.8.

It waa~ thorefore, co~cluc..od thnt this furnace was un~:le
to dGvolcp sufficient tcc?crature to nelt pir:;/cast iron D.:lda

drastic .ccd.ification iT'.the dosign of the furni".ce W8Snecessary.

\
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CHlU'T:t:R L;. ; 'THE ~lODIFI:C:D FURl,-"CE

4.1 DESIGj: id:lD CC::3'TFtJCTIOll

It W:S<Sobserved th,'1.t the dovelopr..ent of sufficient teDp0Tc.-

ture to get co-at iron i:1 fluid condition W[UJnot possible ",'ith

Furn~ce No.1 even hy uoing thr8G burners. The following c~jQr
changes \~ero. thel'€,foro. included in the ;10dified. furnaoe

(Fie;.9) ~

Tap hole and partinl tilting :,-rranser..ent

Tho positionjaligrroent of the burGer and tho Dode of 000-
Dustion

The furl.D.CD top

The exhaust flue and ch3Tcing
Refr~ctorylini~~
The ho','.rth

4.1.1 Tap J!c0J~e.......:').r.G.-po.rti~al til ti1!fl; arranSG:Llont

In JP.ll'::tD.CDIioo1 tho~'e was r,;cr:Jnso::.un-;; fer ~rithdra\~clof

the Dolton Dotal by oO:Llpletoly tiltillg the furnace while i:1the
case of the "lOdifiod furnrtce a tF1P hole was provided o.t the

botto,l (Fitj.10). It is 0. tapered hole passing throu3h furnace

lini:;lp;. Its di 'J.neh)r varies fron 1){" xl; thG inner Gndto Clboc:t

1~" at the outer end. ThG,'\Xis of tho tap hole HUSo.t on ,-:mr;l,::

of 0.80ut 15° so th~t by partio.l tilt, Dolten Dotal could easily

be withdro.,mfroD t::te h00.rth of th'_lfurnCJ.ce.

,
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Fig. 9 Q. Top view of the modified

Furnace top -Exhaust par t

air

o

Combustion
chamber---

--- - - -- -- ------_ •...

Spout

Fig. 9b. Side view of the modified furnace.
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Fig.tO Sectional view at A-A (Fig. 9a) showing

the tape hole.

Fig.l"1 Sectional view at ,S."8' (Fig. 9b)
&.howing the bumer.

Burne~

,

Combustion
chember



4.1.2 The",'siti"rl[,li~:'-:8:1t cf the burner an(~the ;:loe-ceof

CO:'1bu5tic~•. ,
(vJithout an.-v arr:uJ.-

gcuent for water ceolinr, wh"tsoover) \"~splaced aluost tango];"

tial to the furnace body (Fig.11) so that the ceoDustien rro~uc~

niggt have.a circular l1otior_inside tho furnace before it pasoec'-

out through the exhaust ?ort.

In Furnace No.1 tho fJixture of air anC-gas led inside the

furnace fer direct cou~n\stion ,lust over tho charge, while in

the nodi.fied furnace. a cer;lluotion ch'U~ber',,:::>0provided bofore

entr,,-ncc to th[) furn~,cc, so tlnt thu hot flue froD the cono\.lGt-

ion Ch~l~oercould ,--,,,tel'the furucic,:,[lfter conbustien. To B.v"id

the oxi,-btioro of the chftrE~otho flue frODthe CQ;:;)Dustioncll::L:',-,o;c

w"odircct(,Jd uVd(lrdso that before eonrlete conbustiO:l the :Clue

alsO plae~d in such ~ way th~t the hot flue, reflecting frODthe

tor, coaes first in tho tap hola r:;gioli (l"ig.12). This "as 8.0ne

to get naxir.lUTI tonr0r'.'.tUI'CSof the l,elten b'ltb naar the tap

hole.

The tU;Jof th", .fu~nSlceis st~lti()il"r;? in this cGse, tho

inner surface of h"hichis slightly cur-;red(Fig.12 & 13). Tlw

'burner ','raedirected. clishtly UV-'J[lr,i so that the fluEl stril:eo

the inhor surf:)ce of the top teu.sc;ntially before DD-kin;;cirenlC',y,

r(::tatio;l (Fif,.12). 'rhe thickness of th~ top lining; is ~b0ut ;".
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Furnace top

Furnace
bottom

Fig. f2. Sectional view at C~C (Fig: 9.a) showing the
furnace top.
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Curved
surface

Furnace top

Fig.13. Sectional view'at 0-0 (Fig:.9b) showing the

inverted view of the furnace top.
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The lining wn8Ll"dc by hi£;h al=ina fire brick tlrmrC[5atcs I'd.th

high nlU2ina fireclay ceDent. Tho lining is reinforced with oild
steel rods which is ',161dodwith the outor shell of the fUTm\CG

top.

4.1.4 The exh3.ust ..f.:.t-ue o.nd chnrr;i.n£

Tho exhaust pert of this nodified furnace (Fig.14) was made
slightly wider than tklt in thefoI'ner ono. It was =do by oild

steel sheet riGidly fitted with tho furnace shell and lined ~d.th
hiGh nluninc ~rick ~sgrcgo.tc with high nlucJina fire clay ceoent~
The raw ontcrials or pigs to be Dclted "Te chnrged through this
exhaust ,)Ort to I'OCOVGJ'seDe heo.t fro~l tho exk'ust flue. The

inner dinuet[;I' of tl:e p0rt is aoout 5.5". sufficiont to cha:r.'i;o

the uedil.:I"-sizod piG iron ,"Jlock or any other reasollable sizo(l

Optic;.l1I'Yrc)[:lct[)rrc",~,ings ir.dicatoci that tho chargod

I:lateri:J.ls arc pre-hoctod ir. the oxhaust port to toapcratures

betwoon 700_800°0 ;,t tho Gxt<;rnal o"d to tSI:lpOrflturos('f 1100_
c1150 C <it tho ir,r.or end 1'Ythe exhaust flue ,)("foI'E)reachin,; tr-.o

hearth •.

4.1.5 Refr..::.s:torylinins

The ].ml1 thickness is also '111iClpOI'trmtpart of fUI'fr'lcC

design. Tho h,,~t l"ss thr'JUf';htho wall G.sjJerdson the insirk 8nr~

outsido ',"0.11t"i~p",raturGS, tho i:-lsulrtting proTorty of the rSl:..':lt.-

tory brick nn;;,the tllicknoss of tho w'lll. Tho d.::lsirodinsi':l0
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PO"

Furnace bottom

Fig. 14. Sectional, view at E-E (Fig. 90) showing
the exhaust port.
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tenporo.turc of tho furntlce is around 14000C. CODsidcring tho

above [ectors, the thickness of the furnudG 1'.','1.11 was chosen to

be bet'"cen 4}?-5".

In the first furnace, super duty fireclay bricks and clcy
were uscd for the linin5 of the furnace. It has already beon
~GntiQ~od that the charGe was not sufficiently fluid enough to
Got good cFlstinr:;s. In the nodified furnClce &lTICquuli ty of jricks

fJ.ndclay ware used. In the first few experi:rc.cntsthe bricks O.Ild

the linine; :luterialG \Jere founc1 to be vitrified o.nd fused in
sono places. Readio!';s \'Iith Pt/Pt-10%Rh thol"I:locouple indicct8(~

Clton-P8r'J.turo of 13800C_141000 Hoar the iEner surface of tho

furnace wall on tiGre then one occ~sion. It was, therefore,
considcrelt rcasoncbJ_~th:J.t the bricks r:>s-,.1011o.s tho cl[;.y "be

ropl~cGd "bySOGehiSh Qluni~D.bricks o.~dportaI'. In servi~e,

this r.o.tcrio.l WQOf0C~Nto ~e quite resist~nt to the teupcr~-

tur\) o.ttQiDG2-i:, tho furnaco.

Difficult;}' '.\''3-0experieT'-ccdir: th~ construction of the top,

both in the first nnd the second furnaces. The top was subjected

to the high h~8.t "Jr,(lto the, ir:rpD.ctof hot- flue D.~ldshowed.sp~,-

llinG of fUiJCdllflSSCGin beth c[\ses. Goedresult was feund by

introduciD(~ C2ilc1_steel net re-ir.forccllents Clwl 1)yusint'; higl1.

o.luninD.refr'lCtory sro['; ~_ndhi..ghalur,ina fireclay cen8nt. It

is consLlared tb"t r:1O;:,:tChe."t-rosistins llD.terial such ~,s nicb-

roue ',-lire ll~<'Tbe, uc,:d to overcome this difficult, ••but it 'I'!,W

'lot TCS5i~-,10t~ _s" eJU,,:, \~i:res iT' the ex:periGents under
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discussion.

4.1.G Tho hearth

The" hearth of tho second fUI1laco was a spherical one COil_
pared to the i:-litinl furnace whore the furr.90cehearth was :...lore

or less 0.flat battened one. Since this furrn.cc was only an

cxpcrioental one, it \.10.8dosigm,d to hold liquid Dotal of about

70 Ibs. for each tap. Bec0uso the hot flue gases would naturally
sta:r ;in the fUrrl'lCa hearth for (l short tine ;md would pass out

through the exn:mst :port carFJinp; sufficient sensible heat I hOCLt

strJrustJ ',,10-$ likely to be poor. T~lis wo,;ld ()bviously DO:1nth"':t

he~rth havinG 8 larGO surface area exposed to tho hot gascs,

with a relatively shallow depth would favour a rapid tr~cfer

and efficient otorrrgo of hoat in the ~clten charge. The surface
areo. of the hOrlrth \'1."\8, thoreforQ, D~delarge c0:mpo.routo its

averaGo uepth, becnusc 0. larger surfo.cc ar8D.would receivo nol'O

heo.t by cer.tact ',Iith the flue c;:,ses "'TIdby radio.tion fro" tho

roof ns \>Iel1WJfror:l the Hel11of the fUI'r::Clce.The'oanIlUI:l depth

(h) of the hG~rth -,,;,,5 3" inches (Fie;.15).

Density of erlst iron ~ 442 Ibs/cft.

VolunGof molten piS iron pOl' tap ~ ~ft.

70
~ 442 X 12X12X12 eutic inches

= 274 cubic inches.

. ..':..
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_c_

Fig. 15. Sectional view of the hearth
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Now, if R De the radius of curv~turc of tho sphorical
hearth, velunG of tho hCJarth Vlould ;;'0

v = ; h2C3R_h)
FroD Fig.1.5.

H2 '"'r2+(R_h)2
or, 2Rh = r2+h22 2

R r ,hor, = .•.•.2h-

V•• Th2( 3J;:::~2h2 - h)

= ,.: h(3r2+h2)

or, 274 = ~X3(3r2+32)
~ 2

=' 2"""C3r +9)

= ';'r2 + 9;
or, r'"' 7.L:-3"

or, DicDctor d = 2r = 14.86~
~••, J'lim:;leter ,;f the hCFlrth ",os toJ;;C)' to bc 15 inches. This

diarlQtor 1',-0.5 5=0 !:s the dillneter of the stnck.

_O_V_'_'r_"_'_'_f.'!_=_, _~ce_-_._d_i_rn_c_-_rn_,_"_. _"_D ,

The over-all fur~occ dioonsions Day be sUL~erised FlS

follo~ls:

The fur~oco bQsicolly consists of a 'novllble top'. F\~0dy
and a he:nth ",ith a spherical botto:;[. It has nlrG'~dybeen Gcnt:ic,-

ned that stratific.:J.tioll Hay occur i,) deep section of the fur:1:lCU

To :woid the stratificr1.tion of hot Ilnd cold Gas thc stack hl'ic;Lt
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is kept srmll. This was chosen to be rlJout 11".

Tho internal diameter of the furnace, d ~ 15"
•

Thickness of viall, T ., 5"

,•. The external dia:w.cter of the furnaee body

'" d + 2'1'
",.15"+2X5"

'"25 inches.
l'IaxirlllDthickness of the furnace top 1'IRS taken about 6".

The total heighot of tho furnace
~.stack heicht + thickrl8RS of to~ + hoi~ht of hearth + thickr,css
0:: borron "' 11" + 6" + 3" + 5"

'" 25 inchos •

•
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4.2 EXPERIMENTS .iFD RiO'SUmS

After tho constr~ctio~of the furnace fow days were allowed
for curlug the lini~g. Tho burner was ocnnected with the blower
and the gus line. The furnace top was placed in position. Tho
furnace was then fired At low tonpcratures(i.e.ubout 250°C), and

held for 2-3 ,hours for the renoval of noisture in the lining.
A fe-,' creeks here obscrvod here e-, there in tho lining and they

were pe:uched -,lith hie;h alwliN: clay. It '.,JaSthen fired at eleva-

ted tcopcrature. A Pt/Pt-10%Rh thcroocouplc was placed thro~gh
a hole in tho '"all to ooC\surelhc inside teopcrature of'~.tb.c

furrnco.

The furcnce !"us firod Jnd tWl piG-COS of solid plg were

pl."\cedin the OXholist P?rt. This -das done to utilize the sensible

hoat of tim flue (';-'18('S. Within 1i vel:,j ohort period the furllD.CO

interior bec=e white hot and tb0 first one of the r:lf~ iron -,.'0.5

nelted [lnd stored i), the he'lrth. The oth"r piece of piS iron

which '"as preheated by the flue sas 1<.',:>spushed to\1f\rd the hearth

and [tllother piece of pig iron 'h'ilSpIncod in thnt position. I'then

the forner one was r',eltc~ [lnd nccULulatecl in tho hOilrth the l[ltt~

er one ';lOW pushed. '"fithi:l a very short poriod it M1S~.lco :Jelte:1.

and noouDulo.t<3s'in the henrth. A few uinutcc ,fere 'J.llowod so th:-,'"

the rJolton flet;).1 bocane super beate,i. (o.llout 0. tenper09.ture of

13500C) and then tl'."p:;wdl:l D. previously hOflt"d lii.dle for c'.:sl:in!:jo

It '.'jas fOlmd tno.t tbe !lolte,) :-:let~.l1,WS sufficio;ltly fluid for

sound c:lsting. The c'l,or:J.tion WIG r:op8J.tcd t'Nic8 D.1)(1 a sinilnr

•
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result w~s obtained ,dthin a shorter tine.

Two other sL.lilor experi~.'Jental runs j.era conducted placinE;

an orifice neter in the air line. Gas line was already provided
with 0 noter. The initial and final readings of gas Doter were
notod and tho gos flow per nir.uto weB found out. This reading
.,laS at 8 !"sig. So it was converted to, llQroti!l atnosphGric pressure

(14.7 p6io.). MO~oDotor rc~ding of th~ificer.eter was also noted
and fron thC) clifford;ce of hc:ight of water, air flow VPS calcu-

Iated.

To.blc-4.
_.

I:lsido Flue
~]t.of 1'10',,/ FIO\~ temp. Gas Tillenet'll or of of fu~ t'Jop. inR= Dhte of 'cllar- cnsf nirj. • nace (oC) oins. RenB-rksNos. Expt.- , red ni~ ni.:l_, L (';)0)','.
111;) (i:ft)( "(eft)---_. Fluid• octal

1• 14.11.79 70 • • 1380 30 obtf,incQ
fon sound
castg"s .•:._

2•. " 70 • • 1410 25 "

3. " 70 • 1410 25 "
4. 22.5.81 70 4.73 84.89 1350 935 35 "

5. " 70 " " 1350 935 30 "
A Gas reudi~gs were not possihle for unavoidable reasons •

•
* Withoutorifice :'K;tcrin the "ir line.

• ••
. "
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It is arpsrent froo the abov~ d~t~ that ~~th the introduc-
tion of the orifice notor in tho air lino, the OUXiOUll tenper~-
turo attainable in the furnace was considerably less than that
ohtni~c~ without tho orifice ~etDr in the line. Therefore, it
seons possiblo to obtain higher tocperaturos by increasing tho
supply of air for co~bustion in the rcdified furnace.

1
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Investigations \"1.:01'0 conduct2'_~with FurnGco Ho.1 where

hentine; WIlSdone 'J:r threc burners i:l the fllrllncc top. Tho cll[.ry"

Has kept on th,_ he:J.rth ()f the fUTIIBCO.The top with tho exh")ust

W,oISa ;::]0;'-'lb10part 'lne"!.the chllrc:i:J.E; \'.'-3.8uone by novine the top

,)3:.<18.The s",nifusd'l :laRS left a-~ tt,e en:!. of the hent could

only be taken out of t:'"LOfurnac,} '.d:;h nuch difficulty. Subsw]u-

Gnt o"hserv3tirms 6ho',IO(lth"t the surfaCb of the natcrial wa3

henvily oxi,-azod 0.;1'.1.'ILtGvery r,uch p':rous. It YI'lS observed tiFt

the rl'fr~,ctory linin..-,; "t (.end Cl.Tow,dthe cass of t!lo oxhoust ")crt

as well ~.'3th\; inno:' 8n:d'QCo of rcf=-'~_c-:;or:T lining of the fUr,1D.C~

tnp I"ero linr8 or 18f)s v~trified \'r",-h'()f,S the rest of the refr':\c-

tory liniLg r.oq)risi~1.C; the furnvcG 'iIlII :."'1.Unot so [lUoh of.fcct,,:'._

It w~s, therefo;:'o,: l;oEc:;'udec. thot the o"ul)l)stie:l lar;:cl:::r tool:

piilCG ,:JeneD-th the f'.rrn"ce t('~1 relec:u"ia" the L~8xi:lUr-,Dooun'" of

ne;lt in this region ir,s~u1d of' the -"'l'.:"'IHtO'-J['fJilrth. As [\ reE:L'.lt,

te::Jpor~~ure in i,he i'u.L'tllCC h-Jartr. -,',:1.S1)(>'0:J,)fficient to !Jelt tuc

chClrl~e. The fc,II0','L~;i' ',~:',(!ifici),t:icns in the desiO'_ of tho fur",:\("

',!:;::'G,therefore, CC!lciclercd to 'Je "sslUltiJ.l;

1. Since co;:]busti,)n -,'ie,St''1.1ri:lGpL'1.C'-Jinsi(h) the, f-urnaco ",m}.

there 1'.'[1.13;lC suparorc c,'"p8ustion cr5')',Or i>r tho c;ascs -,prior t"

the entra;lcc iL the fUlT,:IC'-J, tho ,:fil'Gt ::lOC;2GSl'.TJ",ondi:ficatic.'J:,

wDs,;f:;hcrofore, cen:cicl"re-:: tel be tho cdditicn o:f !). sepo.ratc CO,:.1-

1)us~i0n et.~J"l':>erfor yh'~h"l'-urpose.
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2. A ~lrther essential ~cdificGtion was in~roduced in the
alignDcnt/directior. of the bur~Gr. It was oJsorved th3t evon
with the "provision of tho conbustion cim!Jberin nn intor::18dicte

I1odification of the furnace, but with the burner_directed towa-
rds the bottoD, 8ufficient tODpcraturo could not be developed
to !Jolt the charge. It was considered that tho length of flace-
travel within the furnace was still insufficient and the conbus-
tion w~s not probably couplets. Therefore, it was finally docidc~
to further increase tho length of flono-trovel by directing tho
flane towards the top where £r0~ the hot sases could bo node to
icpingo upon the charGo after reverberation. This arron~OEent
provQdto be effGctive to develop tho required teD~rature~

3. The exhaust in FU:L:l11itce1l0.1 was situated at the centre of

the furnace top and the withdrawal of flue 6810GBwas quick

resultinG in lar~e 10ss of he~t. In the final nodification. tho

exhaust wns placed at flS ~uch a low level in thG furnace body

as possible. to increase the period of stay of the flue r;ases

ir. the furn~.ce, thereby ;::tiniTlizingthe loss of hoat.

4. In the initial arrangoDont the furnaco top was to be Doved

aside or,d tho furnaoe body was to be tilted throu~h an an50le

of D~re tho..n 900 for the cOl1plot",reocwal of the eoltGn ~jet£\l.

This operatior_ ','ould ruquire sufficient tirrw uith a large 10S3

of heat. Furthcr~or~, lifting of the heavy top and pushing it

aside alon~ with the ~urners and the coolinc water ~ipes were

r:Lth'~rlaborious '!.ndin ..".venient. In tho final nodified fun:.o.eo.

,••
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the rCTIovnl of tho top during t~pping of tho Holton Dotal w~s
81ll~inatcd by provi~ir.C ~ tap h01e ~t the ~QS~ of trehearth.
Additionally, this o.rrail[joEent 81so )]fHieit possiblo to tap the

Dolten oetal by slight tilting (n~out 20_}00).

A I:lodified furnace 1m3 accordingl;" -;]uilt incorporatinG tho

above featuros, which proved to b8 successful to devolop neCG5S-
rrry tonperC'-ture for Dclting the charg~.
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iLPFENDIX - A----
ES'l'Itli,TIOH O~ PUF1,I.CE' !'1_'.1'LlUJ-ILS~~-~_.

The rnsjor naterials used for the COllstruction of tho fUX'~1a_c0

nate D.L1cuntsof tllfJSO.c.ateria1s requirc,ct are ostinflted as fe110-,'15:

1. Refr~ctoy,r bricks

T>..rotype,s of hif';h E\ll<uiwJ.bricks I'loro usecl.for the CO"['.8-

t:ruction of tho furnace - (~) taper bricks cf size 9"X4W'X

(3" to 2y.,") for tho furnace 1'1,,11and (b) st(lndllrd bricks of

~.oo 9"X4'~lIX j" t t '~~~ I' 0 produce.nr,gr&~~ ~~or

botton, exhaust and c0H~ustion chacQor.

furnlJce tnp.,<

If d 2nd D bo tho innor ~nQouter dianeters of the furEGC0

respecti voly :ell,:d bo tho h('ir~ht of th0 1'10.11,

Appr0xiDQ~evoluce of the furnaco w~ll(Fig.10 qud 11)

~ ~(D2_G2) X IT

~ +(252 _ 152) X 11,

~3456 cubic incn8s.

li:pi-'roxLlo.tevolilllo of the furnace top (Fig.12 and 13)

~ -: -X(diaoetcr)2 X thickness

~ g X(2'l-.5)2 X 5

:::::;,2358 cubic incheD.

,-
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A~rrcxi~~tc voluoc 'of furn~ce bottoD (Fig.12iand 15)

" ~ X(dianetor)2X thickness

"
!Ix 252 X 54'

~ 2455 cubic inchos.

f,pproxir.,C'-te vnluElI2 of the lining of thG exhaust port (Fir;.14)

~ ~(10.52 _ 5.52)X 18~ 2 14.5

:::::1037 cutic i:lcbes.

Approxis.ote voluue of :t;helininG of conbustion ch3.l1ber(Fig.'12)

~+[c 8.5 ~ 7.5)2 _(:'~3'~)~~X10~ 8

--;::;.366cutic inches

Voluno of 1 t"rper :)rick : 9X4.5 X

'" 111.38

,',No. of to:pcr bricko roquiri3d

voluuc of Iur:l8.cc '.'JaIl
= voluoc of '1tRpcr brick

= 34-56
= 111.313

::::;32 bricks.

3 + 2.5
2

"ottOr:l + volunc of tho liniIlr; of exh[\ust + volupe of tho lininG

of con"!>usticm ehar:ib0I'.

'" 235D + 24~5 + 1037 + 366
= r,21( cubic iner'."
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Volune of 1 st~ndJrd brick ~ 9X4~3 ~ 121.5 in3

Ho. of st"'md~,rdbricks required

VOIUIlG of aCi~rcr~ato
" volu:Jc of 1 st"md"rd brick

G216"1"21':5
-::.::.52 bricks

2. Rcfrnctcry ol~y
The ratio of 0GGregate to clay

in'clay uDed. " 6216 2072
~"

" 1.2 n3

',13.8 3:1

3. ThofUI1l:tc;:.~cJd

O.~125"thick L.G. sheets were used for the construction

of tho Gxternal shell of the fur:wch ApproxiDClte calcul;,tioE of

the orca of sheet nocrl.",lis Givo)L below
For top(Fir::.12) 25"X25" t i'iX25"X5'J

• • 1017.7
.2~__e £t21P. __

For v8rticnl shcll(Fi_:;.10&12) lIX25X14 • 1099.56 " = 8 "
For botto::J (Fi~.12) 25X25 • 625.00 " =5 "
For exh:wst(]'ig.1!+) -,;X10.5 X 18.5 • 610.25 " =5 "
Fer burner (FiC;.12) 7\Xf,.5 X 10 • 267.04 " =2 "

For spont (Fig.10&.,11) 7I:X~o5X 7.5 • 64.80 " =1 "
29 "

1'ot3.1 ClElOunt of ;::[.s.Ghcct I'cguircd • 29 ft2•



AI'IU1IlI X - B

(a) ~Y£~Qt:tof r;as flow

Final meter re~ding c 4010
lEitial f.)Ctcrreading c 3811

Total flow ef ~as during 65 Dinutes ~ 199 cft at 8 ~s~g
•

(Neter shows thc,flow of gns nt 8 psig)

.'.Total flow of gns nt atlT_osphcricpressure (14.7 psia)
during 65 minutos hec;tinG ",rillbo

199 X (14.7 + 0)
1'+.7

Flow of Gao per oinuto

~ 4.73 cft/nin.

Diamotc;r of air pipe ""2 ~"

OrificG <lianeter ,.1)1,"

at atmosyherie pressure & teEp.

CD " 0.63
Differenl\c of height of water l0vcl in nanonetnr, h ~ 14.2"
Specific sr~vity of nil',
"i air" 0.07657 Ib/ft3 ",t 6.0oF8nd 30 in He;_
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If Pi nnd P2 bo the static pressures at section 1 and 2
resrectivoly, thun P1-P2 ~ ~waterXdiffcronco of water level,ft.

- ,I X ..l!-- 6watcr 12

= 52.4 X ~i.2
'"'73.84 Ib/ft2

Now, flow of air through scction 1 and 2 are saoo.
Flow or air thr0~gh scction 1

'"'aroa of section 1 X velocity at 1.
- :-(2.')' X-r h-"+ 1b '1' ,,' ere '11 is tho velocity at 1~

NoW;

Flow of air through scction 2
= ~(1-1)'- V h V'+ l~ L. 2' \, ore 2

: (9t-)2Y1 = +(1)4)2V2

or, Vi ~ O.32654V2
2 ,

P1-P2 '12-'11--"'iair g

is the velocity at 2.

'12
2_ (0.32654)2'12

2
2 X 32.2 --

--"". '. nIIliI



0.89337"'22
~ 64.4-

V 2 '"P1 - P2
" 2 '68.ir

X 64.4-
O.89~;7
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33.84 X 64.4-=.0765'1 0.89337
'" 69516.4';3

• V2 '" 263.6597 rt/soc.

Theoretical flow,Qt '"A2V2
Actual f1lW Q = A2V2 X CD

2
=+~ X 263.6597 XO.63X60

(specific gravity of In.r increas"s with the :pressure and deeroses

with tho rise of taop.

During or-oration st~tic :pressure inside the pipe was
slightly ahove atr~~G~hcricand tho to~pcr~~lrcwas alsn slishtly
above GOOF•. Therefore in calculation too value of ~ air Has

takpn at GOOFcm:i 30 in Ug.



APPIThlJIX _ C

REleT B<l.LiNCE IN STEADY S'i'AT~, COlIDITION

Heat b~lance .for tho ~t0~dy state operation of tho furnace
is discussed below.

The oajor items of hent i:r:.putaro :
~) Che~ical energy of the fuel which is equal to the prc~

duct of flow rate of ..fueland its calorific value. If the groEs,
calorific valuo is usee. then unless tho latent heat of con1ell-
siltion ef ste:u:,C:111he utilizod tho officic;lCY of the procoss
will workout to bo lower than if tho not value is used.

b) The sensible hoat of the fuel and the Air at their
rospective teGperatuTe,s.

c) Heat contained In C01('. piB" iron durin~ cho.rr.;ing.
The itCDS or hoat distribution can he divided b.to the

following no.jer honds :
d) Hoat content of liqui(i pig iro):.
e) The sensi],l",heC'.tof the products of coobustion.
f) Racl.iaticnthrough the openings (tap hole DJ1d oxhaust

parr;) •

g) 1Il:l'.tloss l"rOn the surf"cc of the fUTrF)oe by racli",tiol).
and convection.

(a) Che@icC'.lonerRV of fuol
-~o[)position of Tibl [r:~ (5)

CE4
' -. - , ' .

96.9%'

C2H6
0 1.5%

C,"a 0 0.5%
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e4Hi0 ~ 0.2%

HZ ~ 0.3%
CO, ~ 0.3%

Calorific vtJ:lue (13) of
GH, ~ 96' Btu!ft\ut N.T.P)

CZH6 ~ 1698 - "
C-'Is ~ 2433 ",-
C4I;I10 ~ 3171 "

:. Ctllorific value of Titus. g:J.sis

0.969 X 962 + 0.018 X 1598 + 0.005 X 2433 + 0.002 X 3171
= 981.25 Btu/ft?
Flow rate of Gas = 4.73crt/TIb at 1/1-.7 Cpsi$( and 21 C

~ '.73 X 27i273 + 2
= 4.39 cft/Din at N.T.P.
= 263.4 cft/hr.

ChEmical col\org;y of f'uel

= 263.4 X 981.25
= 2,58,461.25 Btu i:'er hr.

b) 'SensJble hGat ill fual

Flow r~tc of fuel = 263.4 cft per hr.

= 7 •.(,55 CUll/hr.

CHlI-in fuel = 263.4 X 0.969 = 255.23 cft = 7.224 oun
C2H6 " ~ 263.4 X 0.018 • 4-.74- " 0.134- "•

c,"a " • 2G3.4 X 0.005 • 1.32 " • 0.037 "
e4HiG " ~ 263.4- X 0.002 ~ 0.53 " ~ 0.015 "", " ~ 263.4 X 0.003 ~ 0.79 " • 0.022 "
GO, " ~ 263.4 X 0.003 ~ 0.79 " ~ 0.022 "
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The specific hents (13) of tho constituent 5~s aro :
CR. ~:O.3S • 0.00021 t K-cul/cUTI between o and tOe.

C2H6 O.G • 0.00051. t,' "

C,"S :(0.8 • O.OOO675t, i. "
C4H10: 1.0 + O.D008it'.' : "
N2 , O.302+0.C ,OOO22t, "
CO2 , '0.406 + 0.00009,,<: "

. ..&111sible he'lt_content of the fucl at roon ter::tperature,
?OoF(21•11oC):

For CH4 7.224(0.38 + O.OOO21t)t " 58.63 K-c,,-1.

C2Il6
0.131.(0.6 + O.OOO54t)t " 1.73 "•

G,IIg , 0.037(0.8 • O.OOO6?5t)t " 0.64- "
C4H10 0.015(1.0 + O.OOO81t)t " 0.32 "

H2
, 0.022(0.302 • O.OOOO22t)t 0.14- ,

•

CO2 0.022(0.40" • O.OOOO9t)t~ 0.19 "

Total., 61.65 K-cal •
., 244.64 Btu.

Sensihle ho~t in air
Flow rate or air" 84.89 cft/min at rOODter~peri1t\lre(700F)

Flow rate of ai~ at N.T.F. will be

8 09 X 32 + 460 8 8 I4.D 70 + 460 ., 7 • ' cft nino

O' 4728 cft/hr •
., .133.81 eun/hr.



.• Sensible heat
~ 133.81(0.302 + O.000022t)t, (13),roo~ temp. _
= 854.38 K-cal per hr.

= 3390.4 Btu per hr.
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,
c) He~t content or colQ elG lron
Nc1tine rate of piS iron ~ 70X2 = 11~ Ibs~ per hr.
Yie,'llspecific heat of pig iron froP-0_210e ca.'1be taken

as O~135 lb-cal/lb (13)
Heat content in colQ PlS lron ~t rOOD teuperAture
'"140 X 0.135 X 21
'" 395.9 lll-enl

'"714.42 Btu .•

d) Heat content of liguid Di~ iron at 1300°0.
Meltinc point of pig iron is assunsd to be 1150°0 (13)
lwat content of liquid rig iron at the Dcltins point

'" 230 Ib-cal/lb (13)
6pecific heat of.liquid plg ircn •..0.15 lo-cal/lb (13)

Heat content of liquid pig iron
= 140 X 230 + 140 X 0.15 (1300 _ 1150)
~ 35,350 1b-c",1
~ 63,630 Btu.
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e) Bensible beat _ip--1hcproducts of cOTIbustion

The cOMbustion reactions ~re :

CHl.j. + 2°2 0 CO2 + 2H2O

°2H6+ 3.5°2 0 20°2+ : 3H2O

03H8+ 502 0 30°2+ 411 02

C4~O+60702 0 40°2+ 5H 02
For 1 CUD. Q::J.S

CO2 ~ 0.969 + 0.018 X 2 + 00005 X 3 + 00002 X 4
+ 0.003(i:1 sas) ~ 1.031 Ct;L,.

H20 ~ 0.969 X 2 + 0.018 X 3 + 0.005 X 1++ 0.002 X 5
-~2.022 cun.

Theoretical 02 reqd.
'"0.969 X 2 + 0.018 X 3.5 + 0.005 X 5 + 0.002 X 5.5
'" 2.039 cun.

Theoretical air roqud. 2039
= 0.21 '"9.71 cun.

Total volune of CO2 in flue v,as

= 1.031 X 7.455 '"7.69 cuo/hr,
~otal vol~~c of H20 in flue gas

'" 15.07 cu~/hr.
TheoI'8tical ",ir reqd. = 9.71 X 7.455 = 72.39 cuo/hr.

Vol. of excess air = 133.81 - 72.39 '"61.42 cu@/hr.
NZ in tM')retj.cal "ir "'.72.39 X 0.79 ". 57.19 cun.

KZ in [;::>.s= '1A55 X 0.003 '" 0.022 eu;].

Total vo"-. of 02 .,'.ndH2 " "cl. of N2 iE theoretical air+vcl. "r
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N2 in ~~5 + vol. of excess nir '"57.19 + 0.02 + 61.42 = 118.63

Now,sonsiole hoat loss in flue gaGcs
7.69(0.406 + O.oooogt)t

= 3.524.25 K-cal
For H20 : 15.07(0.373 + O.OOQ05t)t

For 02 & N2 : 118.63(0.302 + O.000022t)t
'"35,779.15 K-cal

Totnl heat loss in flue gases

'"3,524.25 + 5,914.47 + 35,779.15
,,45,217.87 K-nljhr. = 1,79,435.99 Btu/hr.

Alter:lfltively,

Totill volUtle of flue cases;>~:'-

~volo of CO2 + vol. of H20 + volo of 02 & N2
~ 7.69 + 15.07 + 118.G3
= 1/-i-1.39 cun.

= ~995.65cft.

VOIUDO of OXCOSG air = 61.42 CUD '"2170.12 cft •
.', Pel;;'Centa[';5of air il~ the nixture of cOJ:lbustion [jaG and air

= a~~:~gX 100

'" 43.4!1-%
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Now, froD Fig.5 heat co~tent of co~bustio~ 585GS at 935°C
•• 20.5 CIW/cu.ft(NoT.P).

:. 'rota1 he:lt cont(mt in fluB gases ~ 20.5X4995.65 ~ 102410.82 m-:,;

~ 184339.47 Btu.
f) ~t loss throu5h tho t8P h~lc ~nd the exhaust VC~~,

by radia~:

Through taT hole
Di8Dcter of the hole
Thickness of wall

~ 1.77 sC\. in.

,_. Fr= 1O'iS(3, ., hlack bod;]'rad.iation froiCl 1 sq in. of

surface at 24620F = 855 Btu /hr.in2

:. Heat loss fr01.1 1'r8uly oxpoSG'd diaphrar;;:!

The ratio,
Diaueter of the hole
Thickness of wall = 0.3

FrOllFig. 4" toto.l r:v'~iation factor for round operrine; is f0U11(l

to be 0.25. Tho [lctlio.l radiation through opening then is
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Through exhaust port

Dima.etQr of the exhaust "jJort c 5.5"

Thickness of the wall c 22"
•• • . t d. __ ~-(5.5)2 .'~ea o~ equ~valen ~aphragm ~

•• Eaat loss from freely exposed
diaphra~, = 855 X 23.76 c 20314.8 Btu/hr.

From Fig. 4,total ra~iation factor is found to be 0.217
.'. 'rhe actual radiation through the opening then is

20314.8 X 0.217 co 4408.31 Btu,'per hr.

:. Total hcot loss throuGh o:penings :

= 378.34 + 4408.31 '"4786.65 Btu per hr.

g) H02.t l~ss frOI:lthe surL1.ce_~_the furnace

a) By radiation
Approxi~ate surface area of
top = ~(25)2 = 491 sq. in ••3.41 sq.ft.

Area of vertical surface = 1;X25X(13+5)

•.1413.72 sq. in
Approximate surface area of furnace

K 2hatton•.~(25) = 491
Surface area of exhaust

in2 = 3.41 n2

••J\"X10.5 X 18.5
2
+

•. 3.78 sq.ft.

• •

•
•
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,Total area of the furnace tOl!, bottOD aDd vertical surface

~ 3.41 + 3.41 + 9.82., 1,6~-~:'5q,.'ft•..
Surface tet!poT".tlJI'C of the furnace", 150°C (302°F)

Teuperature of the surface of exhaust port., 200°C (392°F)
Aobient air teDpor~ture..,~OOoF

,. <-

Eoissivity of steel c~y be takeL qS 0.82 (~)
,- , ,,' - "

,'.Heat los's by radiati:on f1'o21top, botton and. side walls

., 0.173 X 16.64. X 0.82 (30~~660)4_ (10:rc;~O)4

•• 5637.07 3tu per lIT.
Heat 10s5 by radiation froD the surface of the exhaust port

,,,,

O (392+460)4 _
= ,173 X 3.73 X 0.82 100
., 22gfO.24 Btu/hr •

(100+460)4100

•, .Total heat loss fron the surfaces bJ' radiation,

fir '" 5637.07 + 2298,24 = 7935.31 I,tu/hr.

b) By convoctio:a .,

Hcrrt less i1''"_''.1the to}) (C••O.39)

.•0.39 X 3.41(302_100)1.25
= 1012.76 Btu/hr.

Heat l05R fron the botton ( C = 0.2)
= 0.2 X 3.41 X(3C2~1CO)1.25.
= 519.37 Btu/hr.

Heat loss froD VGI'tico.l surf."l.cG(0 ., 0.3)

~ 0.3 X 9.32 (302 _ 100)1.25

••
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Heat 10S5 from the surface ofthe exhaust (C = 0.35)
= 0.35 X 3.78(392_100)1.25

= 1596.91, Btu -pcr hr.

'Ibtal hoat loss frOG tho surfaces by convection,

He = 1012.76 + 519.37 + 2243.48 + 1595.94
= 5372.55 Btu por hr.

Total heat loss rro~ the surfaces by rAdiation and convection,

Hr + He = 7935.31 + 5372.55
= 13,307.86 Btu per hr.

Now, the heat balance in tho steady state condition is given
in Table below:

Table 5 : S~~aF,f of Be~t Balance in steady state condition

•

Chemical e~e~gy of sas=2,58,451

Heat input (Btu)/hr.

Sensible he~t in cao =

Sensi~le hoat in air =

245

3,390

Hoat output (Btu)/hr.
lleat in liquid pig = ~-63;630
Sensiblo hoat in flue
gases = 1,79,1+36

Heat loss through
openingo 0 4,787

H8at content of cold i-Ieat loss fron tM

P:i:g iron 0 7H surface = 13.~O<J

TOt:ll = 2162,5'10 Total 2,61,1610
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