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ABSTRACT

For esmall scale fefrous/monferrcus nelting erucibles
sre generally used in khe foundry, which are very costly and
sometimes difficult to procure, An attempf heg,therafore, been
made in the Metallurcical Engineering Department of the BULT
to melt cast iron/pig iron in a nelting furnace without the
conventional ecrucibles. The furnace hearth itself has been used

ags a container for the molten nmetal.

With this furnace it has been possible to attain maximun
temperaturcs in the range of 1550-14ﬂ000 and to nelt about
70 1bs. of solid pig in about 25-%5 minutes. The charging-to-
tapping tine for the first heat has been oﬁserveﬁ to be a
maximun where the charme and the furnace linings are cold, and
this groduslly decreases to a minimum value within a few subze=-

quont hoeta,
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CHaPTER 1 ¢ INYRODUCTION

iMetal casting is an cld traditional art. Primitive man of
stone age aguired scue knowledge of nelting metal even before
3500 B.0f{1). In the history of netal it is accepted that the -
canpfire was the oldest traditional melting process. The idea
of melting metal in a contalmer was not known to the earlier
man. In the campfire metals were melted and found scattered
within the asheg. lie then made a hole within the fuel and putb
some container and got the metal melted in it, It was then only
pogsibhle to get the low nmelting veoint netal in a molten condi-
tion. The wall cf the hcle was strengthensd Ly high temperature
resistant stone =0 tnat the burning flzne might not be acattered
and got concentrated in the stone-~walled campfire or furnace.
Thus the technigue of pit furnace or erucible furnace was deve=
loped. This was conly possible when smaller guantity of molten
netal was needed. Later on when large quantity of molten metal
was wanted the ides of hearth furnace, arce-furnace and cuccla

furnace were eventually dewveloped.

it present, when cupola furnace, air furnace or arc furnace
is used ne specific container is reguired. For small scale
melting}graphite? pluntazo and other different types of ceracie
crucibles are generally used. The heating in n.ost cases 1is done
hy coal, coke, oll or (ag. However melting metael Wy gas, thousgh

much cheaper, is not Fct much in use ir this country.



Orucibles are imported frow abroad and rcceptly it is
reported that these crucibles are very costly and beyond the
capacity of ncst foundrymen to procure them Tfrom abroad. For
thig reason o U.G.C. project wag carried cut in the Met.Bugg.
Dept. of the BUET te¢ melt metal in furnace without using gither
any crucible or coke, It is known that low neltinpg netals and
alloys having nelting peints uptc around 1100°C can zasily be

melted in this type of furnace(2).

To mnelt ferrous paterials having higher melting peints
using furnaoec botten as a crucible, it is necessary to devclcp
high flare temperature at the furnace bobttoml. This preojecty
vStudy on high tempersture gas~fired crucible furnace”, has been
undertaken to design a erucible furnace %o melt cast irorn, which

requires tenperatures bhetween ﬂE5D-1§5ODG.

If this can be established that cast iron melting is
pessihle in & furnacc whers the furnace botton iteelf is acting
as erucihle, then this will save the foundrymer fron the bothe=

ration of procuring the ccstly crucibloes.



CHAPTER 2 : LITERATURE BEVIEW

Ter design a gas-fired crucible furnace a working knowledpe
about the furnace, its fuel{natural gasg in this case), aerodyna-—
mies, hcat-transfer and refractories will be necessary. This
chapter deals with the relevant informations needed in the
decign of furnace. The informations are divided into the follo-

wing five gections

Types of furnaces

Types of fuel for heat generaticn

Transnizsion of haat te the charge/surrounding
Mirnace acrodynamics

Refractoricsa

2.1 DTypes ¢f furnaces

Tmpes of Turnacds uzed for melting ferrous and nonferrous
metals are :

1, Crucivle IFurnaces

2. Curpcla Furnsces

3. Air Furnaces

4, Open hezrth Furnaces

5. Electric Furnaces, stc.

Crucible furnaces zre usca in foundries for melting small
guantities of ferrcus and nonferrous nhetals. The charge 1e
nelted in a relfractory pot which is usually fired externally

by ccal, coke, gas or oli. Alternately, the crucihle nay be
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an integral part of an induction furnace. The charge is gencra-—
11y ieclated fron the furnace gases 1n oost cases. Figure 71

shows the range of irprovencents of primitive pot fired furnaces
with gradual contrcl over combustion. In oil-fired or gas=-fired
crucible furnaces, the usc of correct rate of fuel consunption
and fusel-alr ratio arc of prime importance, Fuel is wasted il
either foo much or teo little fuel eor air is used. The optimum
conditions arc indicated from the shape and colour of the exhousts

Tlame.

The size of crucible, shape, dinensions of the combustion
chanber and off-take flues are primarily ratters of initial
degign. During operation worn lining of the furnmace should be

conatantly kert in repair.

In most of the melting furnaccs, heat is generzted by
ccobustion of fuel with supply of oxygen through air. cxcepting
thermoelectric furnacsts where he=t 1s Adevelsped by the appli-
cetion of electricity. The furnace thzat has hecen used in this
project i1s alse a combustion furnace using gassous fuel. Motural
gas is burnt with air for melting purpeses. In this design inpor-
tance is given for the transfer of hest from the eombustion
produet into the charpe so that molten metal with sufficicnt
fluidi®y be obtaincd ir a reasonablc guantity for casting

PUTDOEEE .

" i
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Fig. 1a. A 'Cump ~tire” with the centre sunk
to hold a crucible {3)-
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Fig. \b. Simpie, natural draught, coke fired,
" pit type crucible furnace (4)
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Fig. lc. Forced draught permitting some preheating of the

air and better control over combustion rate (4 ).
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Fig. 1d. The use 6f gas or oil firing allows tilting crucible

furnace to be developed with betler/rapid control
over combustion rate (4 ).
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2.2 Puels focr heat goneration

Tuels may be classificd as

Solid e.g. wood, coal, coke, ctec.

Tigquid =.gs petrclcum, coal-tar, ctc.

Grnsoous C.g. natural gas, coal gas, producer gas, cte.

-

The ehnicf fucl available in Bangladesh is natural gns. lhe

basic property of a fuel ig its calorific wvalue. The calorific

value of naturzlly
types and also the

other typoes. Theee

a)  SBmoke and ash

wved in fuecl or acgh

cceuring gaseous fucl is mueh more fhan other
zaseous fuel hos some advantages over tho

are briefly as follows (5)

nre oliminatod and there is ne lebour invol-

hendling.

b)  The combustion may be readily controlled for changes to

neet the derand of

oxidizing or reducing nature of abtmosphere,

the length of the flame and the temperature.

¢) Oromtor thernal cfficieney car usunlly be obtalned when

high tenperatures are required.

Tahle T shows

values of natural

the cherical ecomposition and calorifie

ras availeble in Bangladesh (6).
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T T Gomposition (vel®) o Celosttie .
Ploce GH4 GEHB GEHB G4H40 HE GOE (Etufftﬁ}
Titas 96 .9 1,8 0.5 0.2 0.3 0.3 1036
Chhatak $9.05 D24 - - 0. 67 0,04 1007

Sylhct S5l 267 0.3 Uo/E 0.3 O.48 1052
Hahigond G975 eD - - 0.7 - 1020
Bakhrabad G .3 AL 0.8 0.5 O. 4 0.5 1022

Eailas Tila 95.7 2.6 0.9 C.d C.2 . Cal 1030

—_ —

Rashidpunr & 2 “.20 D.B0 L7 0.25 .05 1014

It con be sccn Tfrom the above fable thot the predominant
fuel components ars the saturatod nydrocutbons Chy GEHE’ GEZS'
Cullag and the non-copbustibles anc IE and G0qa The main conpr—
nent of natural ges is CH4. Qthoer hydércarrbons do not oxoeod
4,0% by volume. HeLa Wu and J.Jasicwieze 7 faund that fthe
nigher hydroearbons GEHE’ GBHB and G#qu have eorbustion guali-
ties superior to those of CH,, uand “hiet thay inprove flanc

stability whon prasscnt in natural wnS.

’

2.3 DTransuiszion of hint to the chaprre/surrovndings

Igritier. and coshustien of frels in a furnace, developris &

of heat, atfainccont o7 farrace terprraturs ant finally the



absorption ¢f heat by the charge depend on the laws of heat
tronsfor. Thus a2 study of the prineiples and laws EOVerning

transfer of heat is sssential for designing any furnacc.

The libeTation of hest cnergy is only the first starc in
the heating operstion. Thic energy has to he transfered te The
charge to be neltzd ag conpletely as pugsible and its discipaw

ticn to the surrounding reduccd to o nRininun.

2.3,71 Radiantion of heat by peses

In this dcaipgn hot flue froom the corbustion charber will
snter the furnage ond transmit hest to the charge and the
furnace Wrll by neans of radiantion and convection before it
lemves the furnacc through an cxhauwst port. Carbon dioxide,
water vapour and hydrocarbens ars rood radiating gascs wWhereas
carbon nmonoxide is a relatively pocr radister of heat. For
negt practical purpeses hydrogon, OXyEel and anitrogoen arc
non-radiastors (8). The radiation cffect of 2 norluninous {lane
ig nccordingly governed mainly by 1ts carbon dioxide and waten
vapour contents. dccordiag to Reich (9) the guantity of heat,

rodiated Ly DDE apd I D rapour arc as [ollows

(0019 - 5= I%) (t, - 200)° Keal/no-hr.

8 g = (0,095 = "“%‘“‘EJT’I'?) (t - EDD) Kcalfnz—hr.

il

9
CO,,

EF = partizl prestrre of GD
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P, = Partial pressure of Héthﬂpour

7, = Effcctive thickness of 598 laycr, which is found
fren the enperical gxpression i

I = wvol. of gng gpacc X %
= area of boundinging wall

tE = tomperature of the gas

The total guontity of heat radiotod,
0,000 0.0167
[;: = QI : + QI = (Du/]"‘l'q- - ﬁ—%m —_— )
GDE HEG o + . PW + -
(tg - EODJE Kcalfmzwhr.

If %, be the temperature of The nbsorbing body, then

_ 0,00019 0.01615 _ 2 (e _500}°
= (0 = FEIO0T T e (g~ 20 (8,-200)

Kculfug—hr.

p.%.2 THodiation of heat fron the sarface of the furnacc

agrefan (10) found experinentally thatb the total radiant
energy coitted Ty a hot body varied as Lhe fourth poweP of tho
absolute tenperature of the body. 1. the case of & Dblack body

at nn absolute tompersture T the amount of heat radiated DerT

unit aren ie giver by Btsfan's law A5 4 =c?Tu

the coofficent 5 has tho volue

1.7% ¥ 1077 Btu/sa ft-hr < gyt

For convenicnte of eeleulantion the above pgquation cnm De

3 T i
writton ms q = 0.17% { m—
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The total radiction fron a ncen~-black body having =2n coissi~

vityewill be g ea Tq.

The ~bove egquation cxpresses the heat which a selid body
crits by rediastiony it does not express the heat transferred to
the surrounéings. The heat actunlly traonsfeorred is the differe-
nee hetwecn exitted hoat and heat reccived by radiation fren

the surroundings. This difference ecuanls
TD 4 Ty (4
G =073 4 .o WUU) - { Tﬁﬁ)

Whers 4 = arcz of the radianting surfacc, BEtu/hr.

e = net eniszivity
TG and T = obsolute tenperatures of the radiating

surfaec and the surrcundings respectively.

2.%.% Hadisticn of heat through openings

Fig.2 indicatcs a furnace in which there is o hole in the
furnace woll. An obscrver nt A woeuld sec the interior of the
Turnice ns 1f that irtericr were 2 plone surface situsted at

tho opening and having the sane arsa as the opening.

Sinec the rediation from the interior of a furnace ig
mecnerally ftaken to be couivalent to black=body redintion(e=1)
the rate of heat Tadiation per unit arca of plane surface
ovserved would be given by Fige? (using radiation equation) for

1 furnace naving walls of neplipible thickness ot the operninge.

The finitc thicknesz of the wall, however, changes natters.

It ohstructs the dircet ratiation to ap extent depanding on the

—
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Fig. 2 Diagrammatic illustration ot heat radiation

from an oczning in a {urnoce

1400 I —

1200 //

1200 '

, //

600 : /

400 '.
/

/

200 —
..--"""/

500 1000 1400 1800 2200 2800 . 2000 ’

Btu ! sq. in DL

Blackbody radiation,

0

Furnace temperature, *F

Fig. 3 Blackbody rndiutil::n from a furnace interior,
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retio of the wall thicknces te the width of the opening. On the
other hand, the sides of the opeoning become heated by the radia-
tion thot they reccive and re-rodiaste 2 portion of this hsat to
the cutsidé. The re-raodiantion partially ceonpensates for the
reduetion of direct redi=otion. The retios of total radiation to
the direct rodistion for openings of various shapes obtained Ly

Ecller {11) are given in Fig.t.

2e3 4 Tronafer of heat frem the surfece of the furnacce by

netursl convection

The transfer of heat by notural convection is governed Wy
the area of the surrfacce, the shape and positicn of the surface
and the tenporature diffcrence between thz surfaoce ond the air.
A useful emplritnl expression (B) for tho rate of heot transfer,

1425

g, is He = O(b, = ) Btu/fto-hr.

where to aruck t1 = tzoperatures of the surfaces and the surroun-—
ding olr respectively.
G = ¢onstant depending on the shape and positicn

of the surface,

The wolue of C as determined Ly experinent is ns follows (8B):

C = 0«39 for a ploce horizontal surface facing up and
hoetter than the surrounding air.
¢ = 0.3 for plane vertical surfaces =nd for large

bodics of irreguslr shape but withcut re-entrant

angles.



Radiation Factor
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Fig. & Radiation through openings of various shapes{11).
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g = 0,2 for horizentnl surlnsces frcing downwards 2nd

hettor than the surrcunding aira

¢ = 0.35 fur large horizontal cylinders(end this

applics to pipes) over 6 inches dicnster.

2.3.5 Sensiale hoot carricd out of the fummace by products of

cornbustiomna

In conbtustion-typ. farnaces, the products of conbuation
tzke out hoat encrgy cither in potential frem in the shape of
unburned fuel or in kinestie {orm in the shipe of sansiblclhe:tr
The seneinle hent of het gnses can be caleculated Ifrom tho
quantity ol these goses, their temperatures and their respactive
epecific hents. dlternatively, the Rosin-Fehling I.T diagrans,

Fig.5 may be used to obtzin scnsible heat (10).

2o Turnace apTod;manrics

Gas flow in furnaces is almest cntirely turbulant. This
flew may be either steady or eddying. In stendy flow thers is

a norrow layer of laninar {streanlined) flow along the boundaory
surface in which the voloeity rises freoo zerce at the boundanry

to the bulk volocity in very shert distaace. £t bends, or at
changss in cross~sccfii~n, unless Thesz arc very giﬂzlgg this
laminar layer breaks away fron thne surface and an unstable condi.
ticm ensures in whieh "wddya™ brenk off the ges brdy ani nove
into the "spocece® formel Lotwesen thg g=s body and the surface.

- v

The forunticn of cddys disaipates o Lot nl cnergy as heatl EX )
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CHU/ft3 (N.T.P)
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Heat content of the combustion gases:
o

16

Combustjon gas
no excess air—

P
//

—
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0 250 500 750 1000 1250 1500 1750 2000

Combustion gas temperature (*C)

Fig. 5 Rosin-Fehiing 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 and

air.

* "
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sound results in n scvere loss of pressupc.

The ferce F, driving gases through a furnace systenm is the
algebrale suz of initinl pressurc, Po‘ the net pressurces dus to
the varicus heuyney effects,gfﬁdst), the pressures developed
by any fan cr blcwer,ﬁfiéng) and the pressure losses due to
frictional resistavec to flow, ¥ (4P ). This uight he written as:

- F = Po +‘E(4Pb} +‘;‘i(ﬂPf) +i(a.IJr).

F, con ugually be ignored as it is normally the atnospheric
pressure against which the others sre neasurcd but if only part
of 1 syster: werc under consideraticn it might have to be includcd

in the enleulaticn.

AP is duc to the difference boctween too welght of the

1>
hot gas in the shaft and that of 2 colunn of cold air of the
same heipht ~nd crozs—secticnal arco outside. This is giwven by
AP, = (K - ﬁ%)h

Where &, = density of surrounding atnecaspheric air; F% =

density of gas fleowinpe; b = height of the shaft.

Both_ﬁ% and ﬁ% arc neagurcd a2t their reepecetive teoporsturcs
and pressurcs, with due regard To the presence of any watcer
vapour. A ncean value of the diffcrent pressures and teoperatures
is. nernally used.

Fang, blowcrs, ctc. may be used to aceelarate the gnas flow

either supplomenting the natural draught or replacing it zltoge-

ther., The aercuootive forw. of the fan or bleower in pressurc
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umits is added to the net bouyancy to pive the total positive

force driving the goscs through the systen.

There is pressure drop due to frictiom ant all pointa in a
furnace systoo, lest in long wide straight flues, and greatest
ot sharp bends, suddern chonges in scetlon, junetions and baffles.
Pressure drop due to changes in scetien, and cddying ot bends
is given by

EiK ﬁ{ug 5 o
—A?r = __§EE_ 1b/ft° cr kg/nm

Where ﬁ% and u =rc the density and the veloeity of the
cages respectively wnd measured at the nean tooperature and
priegsure of the gases flowing in the furnsee, S! is a factor
allowing for losses duc to eddying at bends and changes of
szction. Values of &' for furnaces have been calculated and

a conprehensive table is given clsewhers(8).,

In stroiszht sectiorns the pressurc loss is due to frietion
at the wills nnd is affccted by the texture of their surfaccs.
In straight round sestions the lose of pressure is given by

e
pg_u Te

-AT =
ﬁir 15 L] D - F

Where I and D are the length and diamgter of the{circular)
section, F is the friction factor which depends on tha Heynolds
mirber and the roughncss of the boundaries. I the section is
not ericular D may bte replaced by #M, whers I is the "moan

hydraulic depth" of the szeticn and is given by
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crass—-scoetional aren
wotted perineter

The first essential proereguisite in furnace design is that
heat shall be develored ot o requircd rate. This necessitates
the combustion ol a certain amcunt of Ffuel and so the desipn .
must bo guch thot the fuel and =ir eon reach-the combugtion
chamber and the products of reaction cscape froo it at an
appropriate rate end without unduly high pressures being ncee-
ssary. dosistamee %o flow should therefere be ag small as

practicable gxeept where some advantage is to be gnined.

1n any decp secticn of the furnace, pressure differcn-

tials may develop nerrial to the flow direction, due to bouyancy .
Further, distinct strotification of hot and cocld gas can also
occur, and In apitce of turbulent flow conditions these ney be
present. The obvious case iz where there is celd stoel on the
hearth. This cools the gascs thet come low over the hearth and
these, having becore rclatively dense, foil to mix with the hob
light gas in the roof. Thig is wastoful 2= oveilablc hest is
demied aceess to the stock, and furnace design should attenpt

to nmiminize such an e¢ffeet for exanple by making the hearth wide
and the roof lew or by deflecting the burnsd or burning grece

downwards on to the hezrth (4)

2.5 DRefractorics

Hefractory matoerials hove long been acceptaed as indigspolie

sable teo high-tomperature techrolegy in providing the lining
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for furiaces enclosers in which such reacticns as involved in
the nanufacture of iron, steel, glogs, cte. ean be carried out

elffectively, safely and economically,

4 refractory noterial in its working environnent has to
withstand high tempeoratures without undersoing najor structurnl
changes including chenical decorposition and ﬁust-pravidc resisg-
tarce to attnek by gasés, liquids, or solids in contact with tho
refractory,. The relfractory must have sufficiont strength ot high
tenperatliirc to support the refroctory structute and to withstand

the induced or =2pplied stressos.

There are a lnrse nunber of chenical substanees with hiph
nelting points, such as oxides, carbides, silicides, nitridcs,
berryllides, sulphidcs, borides wnd certain slements (e.ge cozrbon
and scrie retals) and henee 21l may be considered as potential

hir
refractory raterials (7).

The large nejerity of the naterials with the excoption of
certain oxides, have mno com-creial inportince hLocause of theoir
scarelty or cost or lack of chenical stability. Two nonoxide
excepticns are silicon carbide and elenental carbon which are
gxtrenely uscful refractory paterials for certain furnace worle,
carbon pleying an inportant but restricted part under reducing

cenditions as in btlast furnace.

Reference to eay ceoprehensive inorpanic toxt book shows

that there are at lesst 20 oxides with nelting points over

i
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W?DDGG but the nmajority of these oxideg, like most of the obove
nentioned special ceramic naterials, are scarce, have a hipgh
cost, or are unsuitablc in various ctoospheres. 1t therclfore,
scoms inevitable that refroctorics will continue to be bosed on
the six oxides ﬂlgoﬁﬁ EiDE, Mg0, CnO, GrED35 and ErDE in either o
single or a nultiple couponent cowbination of these oxddes.

Lecording to Dixon {(12) refrsctorics nay be classified as
follows =

f4eid"proupn consisting of silica ond semisiliea

"Basie" group, consisting of magnesite, chrone, delomite

and forgtorite.

nilurino-silieate” groun, consisting of fireclay and the

high alunina grades bascd on kyanite, sillinenite,

andalusite and bauxite.

*Bundriss" group, which ineludcsg carbon, plumbage, silicon
garhide, fused alunina, Zireen, pure oxides and cermets.

The mest widoly used refrezctorics arce the "aluwmino-silicate”
eroup. The maxirun werling frce fenperaiure of those naterials
is generally iz the 1400 to 1500°C mange. They offer the udvan~
tages of low therial conductivity (the lowest of any known
refractory), very low bLulk density ond sxcellent chenical

Tesistanog,

Pure h1205{202000) and pure siliea (1723°C) =re naterisls

of intrinsically hich uelting peint but as scon as silica is

PP T |



adrnixed with alurina, =nd alupdnz with silica, the melting ton-
peratures arc depressed. Melting sbtarts at 18407C and 459690
respestively for 2luiina-rich and silica-~rich conpositions(Fig.5).
Above those temperatures a solid nay co-exist with the liquida
Below thesc partieular tenperatures the ccopmpositions arc whelly
s0lid, consisting of two crystalline phases as shown, cxeopt

for the narrow region in which rullite alcone AppeaTsS.

Phiz dingran illustrates hov rezetion detween twoe refrac-
tory oxides produccs lower-nclting liquid phases. It.nlso shows
that with alunina above 5%, the refractory properties of ﬁlEDE -
BiDE nixtures inercasc directly with the contont of ﬁlzﬁg' The
cencral propertiszs of commercial rofroctorics of this type ~re

shown in teble-2 .

This shows that actual olumine-silicate refractories nay
depart markcedly frem the cguilibriws composition. The raw
naterinls and finished products contedin impurities which con

lower the nelting point of the licuid- phase.

The 1life of o rofrectery lining for a high tenperature
furnace deperds uot only on its physical and chenical guality
ond its working tenperature but alsc on the nature of the wor-
king envircnucnt, which is generslly the noin factoer that has
to be considoercd in selection of o rofractory. The working
snvrironcent 1= the nmain cause of wear and gubscquent failurs of

rofractory. Refroctory lininge for gunnel kilns, where there is
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" TABLE 2 The alumino-silieate range of refractories
{fire-bricks); broad relationships botween
conpositicn nnd properties {7

ADDTOX W
a gafe Fropertieg:
Egii:c" ternpe- and princi-
nese rature pal appli-
s N . "o of use cations
%Algﬂﬁ %510, Sow material (¢ (°¢)
20 70 Fireclays:mixtures 1610 1200 In all heat
20 &0 of eclay nineral,qu- 1690 1350 using indust-
Group 37 56 artz and nicajplus 1720 W00 ries; tyoc
42 52 inpurities such ag 1740 1450 chosen accor—
I F6203 1=-1,5% ding to condi-
T0. 4 olhm 455 ticns; theﬂlar—
A1kE1is 0.5-1.5%3Cx0, geat tonnaze
HEQ < 1% of sach refractory
55 4% Hetural alunino-gili-1980 1500 Good high=1enm
o 328 cotes{kyanite,silli- 1410 1600 perature pro-
' &6 22 nznite, .addzlusite) 1330 1600 perties,espe-
approximating to 41 0. cially cresp
310, .Fe 0., 1-ﬁ.5;ntﬁc§ resistance
Groun @n@ﬁrif%eé low,totall- sndowed by
5 ing 1-1.6% millite forma-
II ticn snd favo-
urable nmicro
structure.
Usually geood
resistance to
alknoll attacls
Glagss=tank super-
structure and chec—
ker; copbustion cha—.
nObers; robtary. kiing,
cpen hearth checke=-
= hotblast stovas.
B80-85 Q9«12 Scuxite hased 1850¢ 165C Furnace hofr—
. ths, hot—=oetal
uroup oixers, sofa=
11I king pits, limc
kilnc. .
. . 1650 High cost
86 G2 A1203 with _ materials
Group m1lllr beond on volune basisg
Iv for gevere onerating

conditions where ococst
is justified by life,.
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noe severe chemical nttack, will l2st in excess of 5 years with-
out repalr with the operating tenperatures as high as 1?5DOG.
Thia-can he conpared with refractory linings for certain stecl
noking furnaces, operating at 1600°¢ to 1700%C maxioun tonpera—

turc where the lining is cxposcd to severe chenical attack and

the lining hos to be replaced often after only 2 weeks in scrvi-

celR) .

The rcfractory uscd in this investigation is high alunina
brick and high alunino fircelay procuregd frowm M/28.Dacca Refrac=—
tory Ltd. Although Pable=? Lelow shows that the thernal conduc—
tivity and bulk density of fireelay - -brick are lower than thosc
of high alunine brick (74, the former cannot be used 2s facing
brick irn furnaces where the working teopocrature is above aboutb

1400°%a,

Table - 4

Therral cornvluetivity Sp.ht. Bulk density

Btu/? toho-CF /. Biu/Ib°F  1L/ft”
High alunina
hrick 12 Cu2? 140
TMireclay brick S C.2b 120
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CHAPTEE 3 : FURHACE TC,.A

2.7 Teaturcs of construction

It hag already boen mentioncd that the factors to bhe COnSi=
dérod for the initinl design of o erucible furnacc are sizo,
shape, fuel, fucl-nir ratie, ete. Given a projer design of thc
furnace the thernsl cfficieney usaally depends on the correct
fucl air ratio, where toe mouch fucl or too much gas are botﬁ
uneconcrical so for thernal cnergy is concernsd. The optinun

fuel =ir ratio devends also on the sizc and shape of the furnaeo,

The hoarth of the furnnce was initially designed to serve
the purpose of crucihlc where naturnl gos was -burncd to melf
iron for c®sting. The furnace body was a2 steel cylinder of 18
ineheoe dianeter with o height of 15 inches. The furnscc wall
wag lined with super duty firsclay bricks #)z inches thick. The
furnace wiz provicod with a moveble top fitted with threo bur-
ners and with an exit for the products at the centre. To proboct
cach and of the turner a cooling syston was provided as shown
in Fig.7. The furncce bop was built up with a nixbturc of grag
and firc clay. The furnace body wac supperted on two parallcl
etands by means of trunions. A gear wheel was attached with a
rotary handle fitted with one of the atands for tilting the

furnace Lo withdraw the oelten rmetnl.,

3.2 Exporinens nnd wopulbs

4 fow oxperinents wore corricd oyt with pis iron/feast drcn
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bleocks but it was never possible te obtoin liguid metal ewen
after a coptinucus munning of 3 hours. A sclid luanp of senifugzed
fnetal waz obboined with o brittle oxidized black layer on its

surface. The caxddizod laver was asnalysed and wWas found to contain
N

about 445 Bil,. 4 representative micro-structure of the layer

E-
is given in Ig.B.

It was, thoersfore, coneluded that this furnace wos unclhle
to develcp suffieient tecnerature to nelt pigfeast iron and a

drastic nmcdification ir the desipgn of the furnace wag NecedsiTya

tfe
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CHADTER 4 : TEE MODIFIED FURNACHE

4,1 DESIGE LWL OCHSTHWJICTION

It was obgerved that the dovelopnent of sufficient tenpors-
ture to pet cast iron in fluid condition was not possible with
Furnace o, even by using three burncrs. The following Dejer
changees werc, thereforc, included in the sedified furnace
(Fig.9)s

Tap hole and partial tilting arrangenent

The position/olignnent of the burner and the node of ol
hustion

The furnace top

The exhoust flue ond charging

Refroetery lining

The hcoarth

4.1.7 Tap hole ant parbial tilting arrangensnt

In Furnace lo.d there was cirongenunt for withdrawal of
the nolton oetal by completely tilting the furnace while in the
cage of the nodificd furnace a tap hole was provided at the
botton (Fig.10)}. It is o topered hole passing through furnace
lining. Its diqneter varics fron 1¥" at the inner end to about
18" at the outer cnd. The sxis of the tap hole was at an anpls
of avout 15% o0 thot by partial tilt, nolten metal eould casily

be withdrowm fron the hearth of thoe furmncs.
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Fig. $a. Top view of the modified furnace. >

Furn to
[ urnace top -Exhaust pert

Combustion
Q chamber —""
Spout QD

air &

-

Fig. 9b. Side view of the modified furnace.
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the tape hole.
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4.1.2 The wosition/elic sent cf the turner and the medo:of

In the LDdifgéé-dDgihh arsiﬂgle burﬁef tﬁithout ATy ATI NIl
genent for water cccolinft whataoover) was placcd alnest tangols
tial to the furnacc body (Fig.711) sc that ths corbuation product
pight bava a circular moticer inside the furnace before it passel

out throupgh the exhaust poert.

Tn Furnace Hoe. the nixture of air ant gas led inside the

furnoce for direck comhuation just over tho charge, while in

the nodificd furnacc & corbustion charber Wi provided btcfore
erntrence to the furnace, SO that the hot flue fronm the coribugte-
ijon chariver could cnter the furnace after corbustion. To zvold
the oxidation of thoe charge the filuc froo the combustion chaZierT
wns directed upward &C that before conplote conbusticon tho fluc
rlght not cone jrto conbact with the chargs. The burrer Wog

also placed in such o way that the hot flue, reflecting froen the
top, comnes first in the tap nole region (Fig.12). This was Aone
to zet DoX1NUL tonperctures of the selten bath near the tap

hole .

4,1.3 The furnace Lop

The top of the furnace 18 stationary in this case, the
iomer surface of which is slightly curved (Fig.12 & 13). The
burner wao directed slightly upwarl so Lthat the flue strikes
the inner surface of the top tarngentially bofore naking circulor

rovtaticn (Fig.12)e The thickness of the tep lining is ahout R
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Furnace top

W0 - —— = .

) .
1'1/ ) 15 ” 12°
- l'/ § O
1
Combustion
chamber i
Furnace
) bottom

I 25 ‘ —

Fig.12. Sectional view at C-C (Fig: 9a) showing the
furnace top. :

Curved
surface

7

Furnace top

Fig.13. Sectional view at D-D (Fig..9b)} showing the

inverted view of the furnace top.
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The lining was nnde by high alumina fire brick aggregatcs with
high alunina firsclay cenent. The lining is reinforced with nild
ateel Tods which is welded with the outer shell of the furnacc

Topa

4.1.% The exbaust flus and charzing

The exhaust pert of this neodified furnace {(Figa14) vas mode
slightly wider than that in theforter one. It waa nade by nmild
steel sheet rigidly fitted with the furnace shell and lined with
high aluminz brick aggreeate with high alunina fire clay cenent.,
The raw Cat:rizls or pigs to be nelted nre charged through this
exhaust port to recover scne heat from the exhmust flue. The
inner dianeter of the pert is about 5.5", sufficicnt to charge
the mediun sized pig irom hwleock or any other rcasounable sized

serap naborials.

Opticnl pyroncter readings indicated that the charged
naterials are pre-honted irn the exhaust port to toemporatures
hetweon ?DD*BDDDC At the external cad to temperatures of 1100-
1150°C nt the inner cnd by the oxhaust Flue before reaching the

hearth.

Aa1.5 Hoefractory lining

The wall thickness is also an inportant part of furnace
design. The hact loss through the wall depends on the insgicde and
cutsidec woll beumperatures, the insulating propoerty of the refac-

tory brick and the thickness of the will. The desired insildo
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tenperaturc of the furnace is arcund 1400°C. Corsiderirg the
above Loctors, the thickness of the furnade wnll was chogen to

be Wetwoeen 4)-=51",

In the first furnacc, super duty firecloy bricks and clioy
wore uscd for the lining of the furnacce, It has already becn
quntioned that the charee was not sufficiently fluid encugh o
get good castings. In the nodified furnace sane quality of uricks
and cloy were used. In the first fow experinents the bricks and
the lining materials were found to be vitrified and fused in
some places. Readings with Ft/Pt=10%Rh thermocouple indicoted
a tuerporaturs of 1280°C=1410°C near the ivner surface of the
furnace wall on nore than one cccasion. It was, therefore,
considered reascnable that the brieks as well as the clay be
replaced by sonme high alunina bricks and mortar. In serviee,
this raterial was found to be guitc reosistant to the teapern=

ture attained in the Turnace.

Difficulty waos experienced ir the construction of the tor,
both in the firest and the sccond furnoces. The top was subjecied
0 the high heat aredl to tha impact of hot-flue and showed spli—
11ing of fuzed masscs in beth cnses. Good result wﬁs found by
introducing mild steel net re-inforcements and by using hisgh
nlunina refrectory srog ~nd high alunina fireclay cenent. 1t
ig congidicred that mcme hent-rosisting naterial such as nich—
rome wirc may be used to overcone this difficulty bub it wao

"ot peossible t- 8o ulh wires ir the cxperinments under
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discussion.

4.1.0 The hcorth

The' hearth of the secunt furnace was & spherical One coow
pared to the initial furnace where the furnace hearth was Lore
or less o f1lot bottcned cne. Since this furmnee was only an
exporinental one, it woas designed to hold liquid netal of about
20 1be, for cach tape Becausc the hot flue goscs would naoturally
stay an the furnice hcarth for a short tine and would pass cub
through $he exhoust port carrying sufficient scnsible heat, heat
atorage was likely tc be penr. Thig would cbvicusly nean Thot
henrth having a large surface ares expossd te Tthe hot gascs,
with 2 rolatively shallow depth would faveur = rapid transfer
and efficient storagze of hoat in the 7clten charge. The surfeoce
arca of the heartn wns, therefoers, wode large eompared %o 1its
average depth, becruse a larger surfacce area would recelive nore
heot By eocrtact tith the flue poases snd by radiation frorn the
roof as well ag from the wnll of the furnacc. The -nexdrun derpth

{(h) of the hearth was 3" inches (Fipg.i5).

1

Density of cast iron = 442 1bs/eft.

Volune of mcliten pig ironm per tap = ﬁ%g—cft.
70 4 4 . P
= EEE—E 2X12X%2 eubie ilnches

274 eubic inches.

.
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How, i1f R te the radius of curveture of the spherical

hearth, volume of the hearth would %o

Vv = %hg(ﬁl{mh)
From Iig.15,
RZ = 124 (R-h)°
or, 2Rh = 1-E+h2
I‘E-Fh

or, H = —r

P 2
R - P e
A 5 h( 5 h)

= < En(3rfn®)

ar, 274

I

——K3(30°+3)

Ml

——(72°+9)
3r.2, 3L

n

ory T = 7.53"
0T, Dizmeter 4 = 2r = 14.86Y
“*, Blameter of the hearth was Toaker to be 15 inches. Thizs

diamcter was sooc 45 the dianeter of the stnck.

4,1.7 Ovoerall furnace dimension :

The over-all furnace dinensions nasy be sumnmerised asn
followa:

The furnace basicelly consiste of a 'movable top!, a Lody
and a2 hearth with a spherical botton. It haos alrewdy Leen rmentio-
ned that stratifieatioun may occur in decp ssction of the furanee .

To aveid the styatificntion eof hot and coeld gas the stack heiglt

e -
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is kept small. This was choscn to Le about 11"

The internal diametsr of the furnace, d = 15"

L]

Thickness of wall, T = 5"

, . The external diameter of the furnace body

d + 2T
= -15" 4~ E }E 5"

25 inchosg.

fl

Maxirmn thickness of the furnace top was taken about &".

The total heighet of the furnace
= gtack heirht + thickness of top + hoight of hearth + thickncoss
of borrom = VIV + 6" + A" + SV

= 25 inchos.

14-



4.2

4.2 EXPERIMENTS AUL Li-BULAE

Aftcr the constructicon of the furnaec fow days were allowod
for curing the lining. The burner was acnnected with tho blower
and the gas line, The furhace top was placed in position. The
furnace was then fired at low tenmperatures{i.e.about EEDGC), and
held for 2.% ‘hours for the reucval of noilsture in the lining.

A fow crecks wore cbscervaed hers & fthere in the lining and they
were pasched with high alunins clay. It was then fired at clevo-
ted tenperature. & PL/Pt-10%Rh thermocouple was placed through

a hole in the wall to reasure the inside tenperature of*the

furnaco.

The furmace was firod and two picees of sclid pig were
placad in the oxhoust pért, This was done to utilize the scngiblo
heat of the flue gases. Within & very short period the furuace
interior Lecome white hot &nd the first one of the pig 1ron was
nelted and storod in the hesrth. The other piece of pig iron
which was preheated by the fluc ges was pushed toward the hearth
and ancther picec of pig iron was ploced in that position. When
the former cne was nelted and accurmlatéed in the hearth the lott-
eT one was pushed. Within @ wvery short period it was alsc melted
and aceunulate? in the hearth. & fow winutes were 2llowoed so thov
the nolten meotal boeane super heobed {(about a teoperature of
135000) and then topyed in 2 previcusly heatad ladle for eusgling.
It was found that the nclten nmetal was sufficlently fluid for

gound ensting. The cperation was repeated twice and a similar

- T



regsult was cbtained within a2 shorter tine.
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Two other sinilar experinental runs werc conducted placing

an orifice meter in the air line, Gas line was olircady provided

with & meter. The initial oné final readings of gas neter werc

noted and the gos flow per ninute wes found ocut. This reading

v was at B nsipg. 50 1t wos aonverted to norodl sctncspheric pressure

{(14.7 psia). Manoneter rcading of thefrificeneter was also noted

ond frow tho difference of hcight of water, air flow wos caleou-

lated.

Talla-id,

Wt . of

rictal
Bun Date of "gchapr-
Hos. Expts. pgod

Tlow
of
sas/f
mip

Flow
hi)
nir/.,
rin. o

1b5) (pet)7 (oft)

Inside  Flue

tenp. rag - Tinoe
of fur—- tenp. in
nage (°0) nins.

fﬂc)g-

Henarks

Fluid ootnl

Te 411,79 i -~ * 1360 - 20 ontained

for sound

casting *
2. I" 20 - * 1410 = 25 i
3‘ n ?D il x /14110 _ 25 1
4.73% 84,09 1350 935 35 "

4. 22.5.081 70

5. i 20

1

1350 935 30

-y

a Gag readings were nct pessible for unavoidable roascns.

¥ Without orifice ncter in the zir line.
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It is apparent froom the above datz that with the introduc-
tion of the crifice meter in the air line, the maximun tenpern-
turce attainable in the furnace was considerably less than thab
chtaincd without the orifice oeter in the line., Therefore, 1t
secns poessible to obtqin higher tecperaturcs by increasing the

supply of air for comtustion in the rodified Tfurnace.



CAATTER & : DIGCUSSION

Investigations were conducted with Furnsce Ho.l whers
heating was done %y three burners in the furnacc top. The chor(o
wae kept on the hearth of fthe furnace. The top with the exhaust
wag a movable part nnd the charping was done by noving the top
agide. The senifused nass left aw the ond of the heat could
mly be taken out of the furnac. wiith rmch difficulty. Subsodqu
ent ohservatinng showed that the surface of the naterial was
heavily cxilized and vas very much porous. It was obscrved tThunt
the refrsmctory lining At and arcund Lhe btase of the cxhaust port
sg well o3 the inner suwefase of rocir-ccisory lining of the furaace

op were onre or less vitrified wharens the rost of the refracw-
tory linirg corprising the furmace w2ll g rot so nuch afféb ST
It was, thersfore,. LGPG¢udG§ that the ccnbustica largely tool:
piace ﬁencath the furnace toﬂ releaflaf the nmaxiimrn anount of

heat in thls region instoad of The u;ndcu hoarth. ﬂs o rocalt.

'
e

tompcrﬂture in the faenico hoardh woas noev 3ullfiecicent to ncelte tnu
charb#o The follovioz :9dificﬁt10ﬂs in thh dos15r of the lfurasce

wime ,therefore, cencidered fto Be essential:

1., 8ince conmbustisn wos Baking place inside the, furnacc ond
there was uc separare corbustion chaaber L£or tho gasces -prior te
the entrance ir the furnace, the firet necicosary nodification
wasg,fherefore, censidered o be the nodditicn of o separate coii-

bueiion eh-mher for this.purnoses

ar
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2. 4 farther esscntial nedification was inkroduced in the
alignnent/directiorn of the burnsr. It was ciserved that even
with the provision ¢f the combusticn chamber in an intermedinte
rnodifiention of the furnace, but with the burner directed towo-
rds the botton, suffigient tenperature could not be developed

to nmelt the charge. It was considerad that the length of flang-
travel within the furnécc was still insufficient and the conbus-—
tion was not prebebly conplete. Therefore, it wos finally decided
to further increasc the length of flone-trasvel by dirceting the
flane towards the top where Lrom the hot gases could be nade to
irpinge upon the charge after roverberation., This arrongecent

proved to be effective to develop the required toenperaturc,

3, The oxhaust irn Furnoes lio,1 was situated at the centre of
the furnace top and the withdrowal of flue gases was quick
resnlting in large loss of heat. In the final nedifieation, the
cxhaust wag placed &t as much a low level in the furnace body
as possible, to increass the pericd of stey of the flue goses

irn the furnece, thereby =mini-zizing the loes of heat.

4, In the initial arrangecent the furnace top was to be noved
aside and tho furnace Lody was to be tilted through an angele
cf mﬁre than 900 for the conplete rencval of the molten netsl,
This cperaticr would reguire sufficicnt time with 2 largé lcss
of heat. Purthernors, lifting of the heavy top and pushing it

agide along with the hurners and the cooling water plpes werce

rather laborious and in. o venient. In the final nodified furracce,
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the rermoval of the top during tapping of the melten netal wns
elirinated by proviling & tap hole at the wase of the hearth.
hAdditionally, this ocrranpecent alsc nads it possible to tap the

nolten nmetal by slight tilting (ahcut 20-500}.

A nodified furnsce was acecordingly Huilt incorperating the
above featurcs, which proved to be successful to develop necsss-—

ary tecripercture for nelting the charsze.

o



APFENDIX — &

ESTIMATION OF FURIACE MuTrRTaLS

The major materials ussd for the constructicon of the furascs
are refrzctary bricks, refractery clay and n.s.sheet. The oxy moxde

nate ancunts of Lthese naterials reguired are estinated as follows:

1, Refroactory bricks

Two types of high alunina bricks were used for the cons-—
truction of the furnace - (2) taper bricks cof size 2Q"X4KE"X
(2" to 2¥") for the farnace wall and (b) standard bricks of

A ze F"KAR"X 3" %o produce. aggremate. _for furniace Bop,d

bottenm, ¢xhaust ond gcombustion chanher.

If 4 snd I be the inner snd outer dianeters of the furnaco
respectively and 4 be the hright of the wall,

Approximpte volume of the furnace wall (Fig.10 and 11)

- e - 1Py x
=7 3466 cubic inchaes.
Avproxinate wolune of the furnace top (Fig.12 and 13)

mégxldianetcr)g X thicknessa

1

-{f-x(zu.:ﬁ}e X 5

o 2358 ecubic inchea.



Apprexivate volume ‘of furnace botton (Fig.i12dand 15)

-E—H(diameter)Ex'thickness

[l

X 250 X 5

222455 cubic ilnches.

Approximate wolume of the lining of the exhaust port (Fig.14)

) e 2 13.5 + 4.5

- 1037 osutic inches.

Approximats volume of the lining of conbustion chanber(Fig,i2)

. . 2
R o e

= BG6 cuhie inches

9¥4,5 X E*iig;i

i

Volune of 1 taper hrick

111,38 ins

Ti

.WHo,., of taper bricks recuired

volune ol furaace wall
volune of 1 taper brick

_ 22456
= T

~ 32 bricke.

Tetal wvoluce of agpgrogete requircd = volune of top + volune of
notton + volune of the lining of exhaust + wvolume of thoe lining

of conbustion chanhera

2556 + 2455 + 1037 + 366

1

6276 eubic iner: =



Volurne of 1 standard brick = OX4EHE = 1219.5 J‘.ﬂ5
iflo. of standord bricks required

_ Volune of aparcpate
volune of 1 standard briek

_ &2ie
= ToT.5

~ 52 bricks

2« Refroctory cloy

The ratic of aggregate to clay was 3:

[ 1]

cloy used = 62;6

fl

2072 ino
1.2 £t

H

%s The furnaoee shell

50

0.125" thick r.5. sheets wers usced for the construction

of the external shaell of the furnicoc. Approxinate calculaticn: of

the arca of sheet ncedsdis given below :

Ter top(Tig.12) 25"X25" + AX25"X5" © = 1017.7
¥or vertical shell(Fi-.10&12) RX25X14 = 1059.56
For bottcﬂl{FiE.WE) - 22X25 = 625.00
For exhaust{Tig.14) X X10.5 X 18,5 = &10,25
For burner (Fip,12) TEE.5 X 10 = 2G7.04
For spont (Fig.ﬂo&ﬂﬂ)'ﬁﬁgzﬁ—x 7.5 - 54.80

Total amcocunt of ma.s.shoet required = 29 £t7.

33

in

1

n

M

n

n

B 1t
= L
= A
=5 "
=2 -

r:__"f.-’] T

=g
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APTENDIX - BB

MEASTRGMENT OF GAS AlD 4IR FLOG !

(a) Mzassurenait of ras flow

Final meter reading = 4010

Initial nmeter reading = 38497

Total flow of pas duriyg 65 minutcs = 199 eft at B psig

(Meter shows the,flow of gas at 8 psig)

. Totnl flow of gas at otrospheric pressure (4.7 psia)

during 6% minutes hesting will be

199 X (14,7 + B)
Y

= 307.% Cit.

‘. Flow of gag per ninute
07«5

4,93 aft/min. 2t atmospheric pressure & Lemp.

Il

(b} Mcasurcnent of air flow

Dismctor of 2ir pipe = 2 1%—”

Orifice dianeter = K"

Cn = 0.635

D
Differenec of heipght of woter level in nanometer, h = 142"

Specific gravity of air,

Yair = 0.07657 1b/ft7 at 60°F and %0 in He.
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oy
-
Ll

..n
1
— 4

M pwaonehey ‘

- :
* L I

be the gtatie pressures at gcction 1 and 2

If P, and P2
respectively, then I’,I---P2 = Qﬁaterxdiffcroncc of wator level,ft.
_~3 G
-~ Owakcer 12

Vi, 2 _ 3
= 62.4 ¥ —== (‘Qwﬂter = 62.4 1b/TE7)

- 93,84 1b/ftC

Now, flow of air through scction 71 and 2 are sSamic.
Flow ¢or air throuegh soction 4
= arca of section 1 X velocity at 1.

2-(2-82)% X V,, where V, is the velocity at 1,

Flow of air thrcugh scecticon 2

= —EL(ﬂﬁJE A VE, where ?2 is the velocity at 2.

e,

or, V; = 0326547,

I

-1V,

SR TR T P
aip

2 20
- (0.32654)7V,
TX %2.2

]

L]
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0.89337V,,°
=T LW .
c g2 a7 e peaa
= Yoir T.00x87
_ 73.BL o G4k
= 5% T EG337
= 69516447
V, = 263.6597 ft/scc.

Theoratical flow,Qt = AEVE

Vo, X G

Actual flow @ 5V I

A

2
—E— )X 263.6597 X0.G3XE0

= 84,80 2ft/nin.
(gpecific gravity of ailr increasaes with the pressurc and dscrcses

with the risc of tcnop.

During operation static pressure ingide the pipc wWas
alightly abeve atmospheric and the temperaturc was alsn slightly
above 60"F, Therefore in caleculation the wvaluc Gf\gair Ees

taken at GO°F and 30 in lig.



AFFENDIX -

HEAT BuLAKCE IN STEAUY STATE CONDITION

Heoat balance for tho stendy state operation of the furnace

15 discussed bolow,.

The najor itcens of heat fzput arc

2) Chenmiecnl ensroy of the fuel which is cgqual to the prea
duet of flow rTatc Of.f?el and its calorific walue, If the gross
calorific valuc is used then unless the latent heat of condoen-
saticn of steac can be utilized the efficicney of the proccss

will workcut te be lower than if the net volue is used,

b) The sensibtle heat of the fuel and the air at their

respectilve tonperatures.

¢} Heat contained in enld pig iron during charging.

The i1tens of hent distribubtion can be divided inte the
following major hoeands

d) Heat content of liguid pig irorn.

e) The scnsibile heat of the products of combusticn.

) Rediatiecn through the openings (top hole and oxhoust

Pl v ri I
g} Iuat loss Fron the surface of the furnace by radiation

and convection.

(aj_Chemical enerpy of fuel
Corposition of Tital gas  (5)

GELI. - . o 96 .'Ea'%.
CEHEJ = 1 L35

GﬁHB

IF

0. 5%
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B, = 0.3%

Calorific wvalue (13) of :

cH 962 Btu/ft’(at N.T.P)

Il

4
GEHG = 698 - "
GEEB = 2433 "
Gyl = 3171
. galorific vanlue of Titas. gae is
0.969 X 962 + 0.018 X 1698 + 0.005 X 2433 + 0,002 X 3171
= 981,25 Btu/ft’
Flow rate of gas = 4.73cft/min at 14.7 psia and 21°¢
_ 4473 X 273
275+ 2

4,39 oft/min at H.T,P.
26%3.4 eft/hr.

Chewirieal energy of fuel

CHy 1

CEHE

C2Hg

CuHgg

Il
Co

= 2634 X 981,25
= 2,58,461.25% Btu jer hr.

L) Bensible heat in fuel

Flow rote of fusl = 263.4 oft per hr.

= 7.455 cun/hr.

n o fucl = 263,4 X 0.969 = 255,23 cit = Ye224 cun
" = 205.4 X 0,018 = 4.74 "= Du134 N
" = Z2h3.4 X 0.005 = 1,32 " = 0,0%7 "
"= 263.4 X 0,002 = 0.5% "= 0,015 ¢
" = 205.4 X 0.00% = (0,70 "= 0.022 "
" = 2634 X 0.00% = 0,79 " = 0.022 "
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The specific heats (13) of the constituent gas are :
CH, 1 0.%8 + 0.00021 £ ° E-cal/cun between QO a2nd +%c.
Ot © 0.6 + 0.0005% t.° "
GBHE : 70,8 + 0.000675%, ¢ 1
G4H1D: 1.0 + ©,.00081% ! "
N, : 0.30240,0.00022t " .

2

CO 0.406 + G.DDDDQU} i

2 :
. Bensible heat-content of the fuel at roon temperature,
20°F(21.11°¢)

For GH# : 7.224(0,38 + 0,000276)t SH.5% K-cnl.

il

Coll 3 0.134{0.6 + 0.00054t3t = 1.7% "
G§H8 : 0.0%7(0.8 + 0.000675t)t = 0.64 "
CyHyq 0.015(1.0 + 0.00081¢)t = 0.32 "
I, : 0,.022(0,3%02 + 0,000022t3% C.14 .
€O, : 0,022(0.406 + 0.00009t)t= 0,19 "

Total 51,65 E=cal.

244 .64 Btu.

H

Sensitle hest in 2iT

Flow rate of air = B84.89 cft/hin at room temperature(?UOF)
. FMlow rato of air at N.T.F. will be

z 450

- +
B4.89 X 56+ 060

il

76.8 cft/min.

1

4728 cft/hr.
32,531 cun/hr.
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.. Bensible heast

= 133,81(0,302 + 0.000022t)t, (13),To0om tempe = P0°F=21.11°C

= 85538 K~cal per hr.

= 339C .4 Dtu per hr.

) 3
c) Hezt content of ecld zip iron

Melting rate of pig iron = P0X2 = 140 1bs. per hr.

¥ean specifiec hsat of plg iroen from 0-21°C ean be taken
ag 0.1%35 lb-cal/1b (13}

Heat content in eold pig iron at roon tenperature

= 140 X Q0,135 ¥ 21

= 3896.9 lb=cal

= M 42 Btu.

d) Heat comtent of liguid pieg ivon at 1300°a.

Melting point of pig iron is assumed to be 1150°C (13)
Heat content of liguid pip ircn at the melting polnt
= 2%0 1lb-cal/lb (13}
Bpecific heat of liquid pig ircn = 0.45 1b~cal/1lb (13)
Heat content of liquid pig iron

= 140 X 230 + 140 X Q.15 (1300 « 1150)

1

35,350 lL-cal
63,630 Btu.
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e) Bensible hem¥ in thc products of combusticon

The conbusticn redctliong are :
CH4 + 202 = GGE + EHED
G2H6+ 5,502 EGDE+ ! BHED

05H5+ 502 = 3002+ 4H-D

CyHq+Eet,

Tcr 1 cun. (346

H

4GDE+ EHED

GDE = 0.960 + C.CMB X 2 + 0,005 X 3 + 0,002 X 4
+ 0,003(in gag) = 1.031 cur,
HED = 0,060 X 2 + 0.018 ¥ 3 4+ 0,005 X & + 0.002 X 5

= E-DEE CUIl s
Thooretical D2 Tegdl,

0,969 X 2 + 0,018 ¥ 3.5 + 0.005 X S5 + 0.002 X 5.5

2,039 cun.

1

Theoretical =ir rogud. = %9%% = 9.71 eun,

Total volume of GO, in flue pas

= 1,0%1 X 7.455 = 7.69 cun/hr.
Total veolume of HED in flus gas

= 2,022 £ 7455 = 15.07 cun/hr.
Theoretical ailr reqd. = 9.71 X 7.455 = 72,39 cun/hr.
Vol. of excces air = 133.81 = 72,39 = €1.42 cun/hr.
N, in theoretical Alr = 72.39 X 0.79 = 57,79 cun.
K, in gas = PLA455 T C.003%F = 0.022 cun,

Total wol, of DE phalsl HE ~ “uls OF HE ir thecretical air+vola. T
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HE in gas + vol. of excess air = 57.19 + 0,02 + 6142 = 11B.67
cur.
Now, sensible heat loas in flue gasoes

For €O, : 7.69(0.406 + 0.000096)% ( £ = 935°C)
2,524,250 K—cal
15.07(0C.373 + 0.00005%)%

For HED

= 5,914, 47 E-cal
For 02 & Ny ¢ 1M8,.635(0.302 + 0.000022t)t
35,779.15 K-cal
. Total heat loss in flue gascs
= 3,5204,25 + 5,214,487 + 35,779.15
e 45,217,687 K-cal/hr. = 1,79,435.99 Btu/hr.

n

Alternatively ,

o

Total volume of flue roses’—
=vol. of GD2 + vol. of HED + vol. of DE b HE
= 7,69 + 15.07 + 118,63
157 4 3% CUlle

"

il

4995.65 cft.

Volune of cxcess air = 61.42 gun = 2170.72 cft.

* Papcentage of alir in the nixture of combustion gos and oir

- %%g9=%% X 100
J5.

43 - ‘r‘l"r‘l'll.?{-"

il

ﬁ‘
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How, fron Fiz,5 heat content of combusticr. gAsScs at 955OG
= 2G’.5 GIm;cu-ft{NuTaPt}#
S Matal heat content in flue gases = 20, 5X4995 .65 = 102410.82 CIAT

= 1843309,47 Btu.

£) Heat loss through the tap hole and the exhaust port

Ty radiation

Through tap hole o

Dizpceter of the hole = 1,5"
Thickness of wall = 5.0"
Furnsce bernperature = 155DDG(24629£)

Now, area of equivalent disphregt= —%;{q;ﬁ)g .
= q.?? Eq- in-

~ From Figgdy " black body redintion from 1 sq in. of

curface at PhG2°F = 055 Btu /hr.in

", Heat loss from freely oxposed diaphramd
= 555 X ,]l?'? = 15'13435 Btu. ,l"{ hTw

Dicneter of the hole _ 1.5
Thickness of wall - B

The rabtlc, = 0.3

Pron Fig. &, total raciation foetor for round cpening is found
to be 0.25. The actual radiation through orening then is
1513,35K0,25 = 378.34 Btu per hr.
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Through exhaust port

Diameter of the exhaust port = 5.5°

Thickness of the wall = 22"
2
(5.5}

-rzli:-e

Area of equivalient diaphragn = 23.76 5g.in.
.. Hazt loss from freely exposed

diaphragm = 855 X 23.76 = 20314.8 Btu/hr.

. Diometer of the port _ 5.0 _
The ratic, Thickness_ﬁf_ﬁﬁ%i = =35 = 0.25

Prom Ftg. 4, total radiation factor is found to be 0.217
J, Tne actual radiaticn through the opening then is 7

20314.8 ¥ 0,217 = #408,31 Btu per hr.
. Tetal heat loss through openings

= I73.34 + 4400.%71 = 478E.65 [tu per hr.

g} Hcat loss from the surface of the furnace

8} By radiaticn

Approxizate surface area cf

top = =(25)° = 491 sg. in = 3.41 sq.ft.
Aren of vertical surface =% Z25X(13+5)
= 1413,.72 s13. in = 9,82 sg. ft.
Approximate surface area of furnace
hotton = %(25)3 - 491 in® = Z.41 £t°
Sprface area of exhaust = RX10.5 X 18,5 + 1.3 _ DL 20 inE

2
3.78 5g.T%.

n
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DPotal ares of the furnace top, botten and wertical surface
= 3.4 + 3,41 + 9,82 = 16054 5dh ft.

Surface terperature of the furnace = 150°C (302°F)
Tenperature of the surface of exhsust port = 200%¢ (392°F)
Anbient air tenpersture, = 4GDOF '

Em1531v1ty of ste¢1 TAY be takern as 0.852 (Ei

. Heat 1055 by Tﬂdlmtlﬂn from tcp, botton and slde‘walls

= 0,173 X 16.64 X 0,82 (ég%ii§9)4 (“DD+4663

= 5637.07 3tu per hr.
Heat loss Ly radiction frem the surface of the exhaust port

0.175 X 3.73 X 0.82 (225tiE0y% _ (J0900,%

220 .24 Btu/hr.
V. Total heat leosa from the surfaces by radiation,

Hr = 5637.07 + 2298.24 = 7935.31 Ltu/hr.

b} By convoetion ”

Hoat less from the top (C=C.39)
1.25

0.39 X 3,41(302-100)

1012.76 Dtu/hr.

Heat loss from the hotiton ( C = 0.2)

bl

_ 0.2 X 3.4 X(302-100) 782"
519.%7 Ttu/hrs

-

-
o e

Heat loss froo wertical surince {C = G.3)

0.3 X 9.082 (302 — 100) =27

e

EE‘” 5 ‘.L].S Etufl’lr,

11

4
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Heat loss from the surfacc ofthe exhaust (C = 0.35)
1.25

. = G.35 X Z.78(392-100)
1596,.9 Btu por hr.

T>tal hoat loss fron the surfaces by convection,

i}

He 101270 + S19.37 + 224348 + 1596.94

Il

5372.5% Btu per hr.
. Total heat loss from the surfaces by radiation and convection,
Hr + He = 7935.31 + 5372.50
= 13,307,856 Btu per hr.
Now, the heat bslance in the steady state condition is giwven

inn Table below

Table 5 : Sumaary of Heat Bslance in gteacdy state conditicn

T,
; llext_input (Btw)/hr. Heat oubput (Btu)/hr.
iﬁ Chemical energy of gas=2,58,461 Ileat in liquid pig = 763,630
Bensible heat in ;oo = 245 Sensible heat in fluc
EASES = 1,799,436
Sensivle heat in air = %,%90 Heat loss through
openines = 4,8y
Heat content ©f cold Heat loss fron the
rig iron = 714 surface = 1%, 200
Total = 2,E2,810 Botal = 2,61,161
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