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ANSTRACT

Coke vhen Sfmported from abroad, becomes a costly fuel for melting metals,
Bangladesh imports cke at » very high cost and hence metal casting is very
coatly, Fortunately, Natural gas of good quality is available in ;hia part of
the world. An attempt has twen made to replace coke fired furpace to o gas
fired furnace, A amall gas fired furnace wad erected in the Foundry Section
of the Metallurgical Engineering Department, About thirty experiments were
cnrri;d out to melr pig iron and cast iron serpp. Encouraging results were
obtained. Alout 7 pounds of pig iron and cant iron acrap were melted in %0
rdmites, It has heen observai that the zone of exact combustion was found
variable with the velocity of pir-gas mixturas, Few experiments vere also
oarried out to find the exact height of the combustion zone for the experlmen=

tal furnace erected.
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INTRODUCTIDN

,

It 15 generally held today that the contemporary way of living in the
wlrvanced societies, is almost entirely based on the use of wetsls, It is very
difficult ta concelve of mdern lifs without them., The ndrancmn; of ciwvili-
zation hat been largely brought about by omn's ability to employ metallic mat-
erials to hia service, Primitive man of the 'Stone agu"’ o¥ed certain metals
before 3500 B. C, for weapons and artefacta which would help in making their
life |;nie:r ard safer,

Toward the end of the 'Stone age' man discovered the art of smelting.

It secma likely that the first caating wasm accldemtally produced in the sshea
of his campfire, Charcoal served a8 o reducing agent in the primitive szelting
frocess and the first crude bronces were probably the result of sccidental ro-
asting alloy. About 2500 B, T, with the start of Hrooze ngef hronse has been
identified as the flrst alloy actually cast by man, However, it was generally
accepted as true that the campfire waz the original smelting furnace as sket-
ched in Fig, No, 1, It can be lmagined that high temperatures would be virtu-
ally impossibtle by such a fire,

Imvestigations have revealed that some predynastic Egyptian vare had been
fired at temperature upto 1100°C to 1200°C., In order to attain such high
tenpergtures, kilns of o suitable deaipn had been evolved. Such kilns were
tw-tier furnacos having features shown dlagramatically in Fig, Wo. 2.

It was quickly discovered that better results would be obtained If a cham
nel were dug below the fire and lined with stones and clay to provide an alr-
Intake. Thia arrangement produced the most primitive form of tuyers and provi—™_
ded a crude method of concentrating the air flow. If a fire squipped fith this
device, were bullt on the brow of a hill, a fairly powerful drgught could be

drawn through it. This methed of procuring a high temperature was commonly



employed in very early times and 1s still wsed in may parts of the worid,
This esrly type of smelting furnace in illustrated tn Figz, o, 3, ]

The furnaces used by the wandering smiths were quite primitive developed
from the early campfires, The atages in the development of the furnaces are
naturally very difficult to define preclsely but can be shown ensil.y 2 in Fig,
Hos 4 ( a, by, ¢ ). With tha 'Sunk furnsce' dealmms, the draught from a bele
lows would be introduced over the lip {n the manner shown for an iron making
furnace in Fig, Mo, 3. The simplicity of these early furnaces made them popo-
lor and largely aceounted for the dissimination of iron smelting technique
among the less advanced people. Furnaces of this siaple type continued to be
employed in various regions for about two thousand years, Tields from such
bovl furnaces were decidedly poor and fusl conwumption was surprisingly high,
the veight of charcoal consumed being from four to five times the welght of iron
producad,

Howevar, the courae of developmants waa irregular amd rather uncertain but
ita general trecd may be followwd from the furnace diagramatically 1llustrated
in Fig, No, 6. The section shown in this figure displays a hill-side furnecs
of a rather more advanced typs,

In the seventeenth, sighteenth and nineteenth centurier the contemporary
revolution in physics and chemistry took place and new developments came at an
accelorated pace, Sclentific man attempted to expand his knowledge by labora-
tory axperimentation to explain countless phenomena in the art of metallurgy,
Selentists in the eighteenth and nineteenth centuries forsulated the Quantita-
tive conception of chemlstry, thus providing a basla for metallurgical work.
The devices for turning a fuel economically, with the correct Quantity of air,-\ )
"vary widely with the nature of the fusl. The requiresent of low cost per unit

of heated product has led to the developmwent of a great variety of lsbour and

heat saving devices in comection with furnaces, . l
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If economic aide 18 conaidered obvlously natural occuring fuels will be
the cheapest among the fuels, The use of natural gas is very common in advape
ced comtries 1lke Amearica, Canada, Soviet Union and ochera, Zven forty years
ago natural gas was the ieportant scurce to develop thermal and ¢1u::trin cNergys
Now-g—days che productisn of ratort gam ard the use of town gas and producer gas
are negligible compared te natural gas. Today natural gas amounts 97% of totel
energy used in U. 5. A. an¢ in Canada, France, U, 5, 5. R, there has been emor-
mous dpvelopment in the use of natursl gas, In Great Britain specially in the
Wezt Midlands area, methgne gas is drewn from Granvills Colliery and piped into
Wellington Cas Works st the rate of % million cft, of pure msthune per week>.
There was a scheme that Dritain would be importing 35,000 million cft. of Sahara
gak Der gnnun,

The followlng table‘ will glvn an idea about the use of natursl gas in
different induatrisl and heating purposes in U, 8. A.

(a} B0% of the alr conditioning is gas operated.

{b) 90% of the space and water heating is with gas.

(e} 99% of the cooking is with gas.

Howevar, the bawic property of a fuel iz ita calorific walue., The calorific
value of a nmatural occuring gascous fusl is much more higher than other types
and also the gassous Tuel has some advantages over tbe other types, These ars
hriefly as fnllnuasl
(a) The ease amd flaxibllity of applicatioun,
{b} Smke and ash gre eliminated and there is no labour involved in fuel
or ash handling. |
(¢) This fuel can be wixed with air in proper proportion without previous
preheating und the rate of flow can be accurately measured,

{(d) The fuel 1s easily tranaported to any number of furnaces,

i
il
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(¢) The conbustion may bs readily controlled for changes in demand, the
oxidizing or reducing nature of atoosphere, the lensth of the flume
and the temperature,

{f) Greater thermal efficiency can usually be obtained when high tempe-

L ]
rgtures gare regquired,

Metallurgical Engineering Department has employed only crucible furnacea
for welting purposes, OSuch furnaces are more generally fired by ecoke or coal,
These pit furnaces usually yield a small quantity of metal, In the pit furnace,
only the crucible is heated and there are no other way for utilizing heat that
is evolved in the furnace. Fuwthermore, the availability of good quality of
coke i one of the greaateat problems in thia country, Yo overcome these diff-
iculties, an attewpt has been made to convert a coke fired furnace to m gas
fired furnace with snitable devices to make the furnace operation easier, safer

and eaconcmical,
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NATUMAL GaS

The origin of natural gas 1s ¢losely associated with that of petroleum, it
is always formd in or near the pettoleum fields, Dyt the pipe lines are being
constantly extended to furnish gaa te large consuning centres, In ::he paat
large volnmes of natural gas were wasted during drilling operations for petre-
leur, Now-a—days, the tendency iz toward the use of the gas for different

purpases,

]

Natural gam conaists largely of mothaae with decreasing ampunts of Ethane

{GEHE] and Propane {GJHE} ad relatively smpll smounts of isomers, napthenic

and aromatie hydrocarbons, carbon dioxide and nitrogen, in zome places small
but recoverable ammuntzs of helium are found,

During the last century natural gas has come to be recognised as one of the
world's most valusble awd versatile sourcos of enecrgy, The United States, Ttaly,
France and Holland have all highly developed gas fields and pipelines have been
laid all over these countries to feed industries smd other comeercial and dome—
stic fuel marketa,

The purity of natural gas makes it ideal for many industries such as steel
industry, glass and ceramica, pharmaceuticels, ete, It is also used a8 a raw
material for the petrochemical industry. Natural gas also helps apriculture of
a natinn because it iz 4 feed atock for fertilizer production. Hatural gas can
be used with squal adventages in power generation and direct procems heating,
¥With the advancement of rtechnology the rengs aof ita application 1s widening,

The gan in distrituted in steel pipe of upto 30 inch diameter at a pressure
of 35 nt:maphurnsﬁ. in long diatance lines thers are pressure booster stations
at intervals which can raise the pressure to some 15 atmoapheres, The .pipe
lines are protected against corrosion %y layers of cellulose wrapper and asphalt

and almo by anodic protection, Internal protection is assured now % removal of



water vapour, hydregzen suiphide and organic sulphur compourla before distribu-
tion, Large cities are by passed anl are served by branch-lines of small dia-
meter, alse cathedically protected, working at pressure of 1)} atmospheres,
Public servics iz st s pressure of abourt 10 inch water gage. .

Since natural gas docs not contain carbon monoxide, it 12 not peisonous
and its disetribution suffers less from leakage danger than manufactured gam,
But’ it is odour-lesas and leakage which might lead to the farmmtion of an undetec-
ted ex!slnszi'ra mixturs must be guarded azainat. The addition of a number of org-
anic sulphur compounds, has been tried including ethyl mercaptan hut the present
cholce is a cyclic sulphide ealled by the trade naee Calodorant C, the amount
regquired being about 1 powmd per miliion of cft, of ges. It is important that
the amount be aufficient to be detected at a dilution in afr of 4 percent sincs
the explosive range beglns at this concentration, One dlfficulcy is the absorp-
tion of odour in dust in the mains and in dasp 30il surrounding a pipe line,

The currently known reserves of natiral gas deposits in Bangladesh are 9,03
million million cft. and are spread over seven pans fields of which two Ligrest
onet are in Comilla district and rest five are in the district of Sylhet, Out
of seven, gas fields three viz., Rashidpur, Keilan Tils and Bakhrabad are unta=
pped and other four are being tapped.

The Teserves of indivieval gas flelds along with their chemical composition
and ¢calarific value are plven in Tahle? { next page ).

Among the four tapped gas fields, Titaes is the bigrest haviog a deposit of
2.25 million wmilMon eft, Since this gas does not contain Wydrvgen sulphide,
therefore, there is no danger for Sulphmr pick up in the molten iron.

The Titoa field in Brahmanbaria in the district of Comllla is supplying raw
materiales to Chorasal Fertilizer Factary, fuel to Aphuganj ard Siddhirganj Power
Station, It is onlso supplying fuel to Industrial, Commerclal and Domestiec Con—

sumera in and around Dacca city, But unfortunstely the responee from industries



Untapped

Tappad
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has been very poor, The reasons for poor responaa are manifold-lack of know-
ledge of modern techniques and developments in industrial process and above all
the capital shynems of irdustrialists, Though natmral zas is the cheapest of
all the avallable fuels, indumtries need some initinl investments ffr vipe lay-
fng and conversion materisla for switching over to natural gus. Converaion

equipweats usually are to be imported from atroad which needa forefign exchange.






COMPMISTION DEVICES FOIt CASEOS FUELS

In well-designed furnaces the corbustion device or heat liberating device
and the furnzce are properly adapted to sach other and form an inteEral combin-
ation which generates and utilizes heat, It is very difficult to say that where
heat generatinn atops, the heat generation is begun in combustion device and
should be finished in the furnaneﬁ. For that reasen it is necessary to study
'Combustion Devices' or 'Burners! seperately,

FPerhaps the first factor in considering the coutral of combuation of gasss
is the compoaition and properties of gases themselves, The burning velocity of
hydrogen 13 much higher than that of any other component amd it® concentration
affects buth the rote of burning of the mixture and the stability of any flame.
In*an aerated burner, therefars, the amount of primary alr possible will decre-
afe with increasing hydrogen content., Flama stability in aerated flsoes can be
defined az the range between the minDmum rate of aupply of gas which causes the
flame to die down and the maximum rate which causes the flame to blow off the
end of the turner.

Attcmpts have been nade to define the combustion characteristics of rich
gas by the use of certain emperical relationships and standardized testx., The
combustion diagrams of Fu.i.deﬁi and his asaistants ore prepared by the operation
of a #simple tubular burner with increasing air/gas ratios and the plotting of
the observations against thermel input. A typical set of curves for coal gas
and water gat shows conciderable difference in thoir behavicr, These are shown
in Figs o, =% .

(A) Horizontal-Retort gas,

(B) VYertical - Retort gas,

{C) Carburetted-Water gas,
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The idea of the above cuwrves will be clear from the folllowlnp statements ¢
(=) The disappearance of luminosity is given by the bottom full curved lines,
(b) The blow—off point of flame ia the upper full curved line.

{c} The back-fire arca is to be the left of the curved line ab,

Ay whers in ths arsa between these three lines the conditions are such
that the gas will burn without luminnsity, but the hight of the inner cane will

decrease in the direction of increasing air/gas ratio.
{d) The theoretical air requirements is represcated by the dashed line,

These diagrams, therefore, give a considerable insight into the performancs
of gas in an aerated burner amd can be used to dafine the limits of conditiona
of gad Input and degrae of aeration to give a satisfactory performance and a
stable flame,

The performance of a bBurner depends umpon the combined resistance of the
air ports and the burner tubs as well as upon the flane speaed of the aerated
mixtire, These cheervetions relate to gas burners using gad under pressure and
induced primary air, In industry, where air under pressurs may be used, the
full measure of control is ebtained by adjustwent of the air pressure, Genera-
11y speaking, greater the amount of primary air supplied, the shorter the flame
produced i,e., prester is the rate of combusation,

The ares of the flame ports should increase with decreasing cglurific-tq_alue
of the gas, The arca of the air ports zhould be equal to or up to twice the
areq of the flams prorta aml the adjustment should then be made by means of an -
alr shutter or a serew throttle., In the case of naturel gas baving a calorific
value of the order of 1000 Btu/cft. the same rules apply ami th:-. digmeter of

gad orifice is less,

A

A

g

In damestic heating or cooking the emphasis iz on cowmplete combustion ind"-gf‘
therefore, on short, well aerated flames., In industry therm are so many diffe- 3
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rent requirezents that no generalisation is possible, It may be neceasary to
obtain intimate mixing for the Jdovelopmemt of a high temperature in a confined
Epace or delayed mixing for the heating of large surfaces or spaces or any in=
termediate condition.

Gne burners are generally clasaified as i-

(a) Hatural Draught Burner,

" (b} Pre-heated Air Burner,

{n} Low=pressure Dluat Burper,

{d¢) High-pressure Cas Purner,

{¢}) Pre-xixing Burner,

{f) Swrface Combustion Burner.

(a) Natural Braught Burner ¢ This type 15 esaentially an injector bur-

nar of the bunsen type, the gas being slightly above and the air at, atmos-
pheric pressureé. A portlon of the air is supplied with the gas as primary

air, the rempinder being induced by the furnace draught as secondary air,

(b) PRfd-heated Alr Durmer @ This type tokes the form of one or more

ports and is aupplied with pre-heatel air from a heat recovery appliance,
recuperator or reapgeerstor, It is generally used on large furnaces, The
gas is delivered at low pressure and the nir is supplied either by natural

draught or at low pressure after passing through the pre-heater.

(¢} Lowypressure Blast Burners : With these burners the gaseoun fuel ¥a

supplied at pressures between 2 inch and B inch water gage and with air
pressure varying from a few inchcs to 5 or 6 pound per rquare inch gage,
They may be uved with either cold or pre-heated air, The gas and gir sup-
plies ore generally acparately controlled, Maintenance of the correct air/
ges ratio mgy be assisted by coupling the air, and gas valves wgether thr-

ough a proportinning mechanism,
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(d) High-pressure Oas Purner 1 In this type of burner air ia supplied

in more than two stages actording to the clas® of fuel and condition of pse,
Bas pressure may he from 1 to 10 pourd per sguare inch gage. Alternatively,
the similar type of burner may be cperated by means of high pressire air,

L}

used as an injector to entrain gmd supplied at low pressure,

(8} Fre-mixing Burmer * This {x a popular type of burner in which the

| gas aml the air are mixed and then delivered to the throat. It has the
gdyantage that the combustible mixtumre cen bde distributed by suitable maina
to a nuaber of different points in tha furnace to produce the required tem-
perature distribution, The aeration of the gas is affected in an injector
mixer by the ure of high pressure air, the gas pressure being ptabilized

by the use of a moverncr.

(f} Surface Comtustion Burnerss These are the multi—jet burners in which

the gas and air are aub-divided into a number of small streams, producing
in effect n series of films of fiame, The flame volume 1S casily controlled. -

Excesalve local temperature in the body of the flame is alao avoided.
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EXPERIMERTAL SEF UP

A achamaticdiagram of the experimental ret up is ahown in Fig., No,'- 8 .,
It mainly consizted of a burner, a furasce body, two blowers and necessary ina-
trurentation and pipelines,

A mdified high pressure. gaa burner design was admpted for the experimental
s¢t upe A detailed diagram of the turner is shown in Fip. Mo,-9 , It consis-
ted of a 2 inch diameter mild steel pipe B inch long throupgh which natural ges
wud supplied, Primary air was supplied in a 44 iuch cuter diameter, 4 inch in-
ner diameter cast iron pipe of 24 inch long. Tiz gave a good air/fuel mixture,
The secondary air entered through a 12 inch digmeter mild steel pipe with i} in-
ch thick refractory liming on the inside of the pipe, 32 inch long. The free |
end of the 12 inch diameter pipe was supported by and flushed with the furnace
body. The 4} inch dismeter cast iron pipe was supported by three screws.

The three pipes { 2 inch, 44 inch and 12 inch diameter } were asseabled concen-
trically. The air was supplied through the wall of the pipes,

A pit furnace body was designed and constructed to auvit the burner, Ia
designing the furnace the following pu.i.ntag have been kept in mird,

(a) Robustness of the furnace structure t- PBesides a mechanically stable

frame work, pocd quality refractories and good workmanship are essential,

(b) Ease of contrgl : All valves, damper contrels apd instrumenta should i

be situated in a conveniernt and as far as possible ceatral position to give

ready pecessibllity for comtrol purmossws.

{c) Eate of maintenance : This implies accessihility, the use of readily

replaceahle parts and mesns for inspection and ¢leaning,

{d) Intulation ¢ This must he regarded as nn essential feature of alwost

any type of furnace,

{e) FProviaion for adequate draught ¢ & chiomey is not necesaarily tha
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moat efficient meana of providineg draughts, Fana should be carefully
rated for the duty imtended, Flues, dampers end sight holes should be sp
arranged amd constructed am to reluce the possibility of alr inleskape to

a minimm,

.
A sectional diapgram showing the main parts of the furnace and *he burner
in the assombled condition is shown in Fig, Mo,:- 10 whereas a cross-section of
the furnace is ghown in Fig, Mo, - ¥ , Main particulars of the firnace is glven
below *: .
{a) Outer shell 27 inch diamcter 44 inch hiph was mada of 1/16 inch mild
stecl sheet,
{b) Refractory lining of 6 inch thick was provided giviwg a working space
diameter of 15 inch.
{e) A circular hlock of G inch diameter and 25 inch high, was made of
chrome brick to support the crucihle in the furmace.
(d) A crucible of 80 pounds capacity was utilised to carryout the experi-
meni.
The whole furnpce wam bullt on concrete foundation over ordinary bhrick
salling,
(e) The furnace was provided with a refrrctory dish shaped 1id of 22 inch
diameter and 5 inch high.

The 11d consisted of a refnforced circular casting with a 6 fnch hole at
the centre for the exhaust ganes, Outer shell of the casting was x steel cylin-
der made of 1/16 inch plate provided with hooks to handle the 1id and the rein-
forcements were done by 19 oumberx, 3/8 inch diameter mild steel rods and arran-

ped diametrically on the shell,

The primary alr was supplied by a centrifugal blower driven directly by
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3/4 h.p, mtor whereas the secondary air was supplied by another centrifuzal
blower driven directly by 3 h.p. motor. The primary air amd the gas were msa-
sured by orifides and inclined draft gages. The secondary air was meavured by

a A, 8, Me E. long radius nozzle of 4 inch diameter, .
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EXPIRIMENTS AND RESULYS

The furnace was fired at low temparatuore, Fev cracks were developed and
subsequently ware patched by fire clay cement, The furnace was th!:n heated to
a temperature of about 7007 to 800°C. This resnlted in a few cracks vhich were
alsc patched vp, The furnace was then fired at alevated temperaturs bot no not-
iceable cracks develgped. The furnace waa then raady for experimsmtal firing,

'l'!'ll Initial firing produced the flame above the mouth of the furmaca, The
air supply waa incressed and the flaome cama down within the furnace hearth.
These are shown in Flg, Nos. 13{ &, b ), 13( a, b ). First set of experimsnts
did not yield much result but provided useful information about various factors
like crucible stand height, air fuel ratio. Table No, 1 shows the results of
the first set of experiments, The temperature develorsd in this set was estima-
ted to be arpund 1100°C.

In the firat met of experiments, once a mild atesl rod was put at the exh-
aurt opening of the furnace lid, The rod was found in the plastic atate after
few minutes giving an idsa that the zone of meximm tesperature would be near
the exhaust opening. 5o in the zecond zet of experiments the height of crucible
stand was raised from 15 inch ts 27 inch, Simultanecusly the furnace height wae
also increused by few inches, About six experiments were conducted in this sst
s shova in Table Ho. 2.

In the second set of experiments, the digoeter of the ga8 opening wam §ame
and the heating period was increased from 60 to 90 minutes, The first few eXpe—
riments ahowed no melting indicating no appreciable changs of cruciblr tempera-
ture, The refractory lining of the exhaust port was foumd in spoagy ttate and
it vas asmmeed that the heat was not being wtored within the furnace hoarth due
to high velocity of exhaust gasen, Some regractory tricks ware rlaced in the

anmular spacea between the furnice wall and the crucible. Under similar conditipns



(a) ) . : {v)
Fipre %o, 12 - Flawe iz shown with full uir
' al full gan gupply, (a) with
d4d amd (b) Without 114,

(a) : (b)

Figure No.§3~ Plame 13 shovn with full air
and reduced gas #upply, (a) with
lid and {b} witbout 1id,
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of heating the iron in the crucible vas moticed to be in the spongy state indi-
gating that the texperature was higher than the provicus conditions, The cru-
¢ible stand height was then raired by 3 inch mnd heating was contioued for 90
minutes but no aign of m]:tirl: w3 obaerveds .

Thesecond set of experimenta gave an idea that the combustian zone or the
gone of maxioum temperature varied with the velocity of air-gas mixture, To Fe-
duce the Tﬂlilﬂ:itf of the Titas gas a 2 imch dlameter pipe was put in place of
14 inch dfsmeter pipe iust before the burner where mixing of gas and air vas
arranged as showm in Fig, No. %. The crucible height was also varied from 15
ineh te 24 inch and the heating time was Increased to two hours, The first
two experiments did not ahow any melting while the third heating with 24 inch
erucible height showed melting a» noted in Table Moo 3, The furnace tempergture
II'J" owv b conaidered to be about 115%°C. The metal got melted but even by in-
cressing tha duration of heating, the molten metal ddd not attain the fluidicy
for sound casating,

During the third set of expsriments,the exhmmt port lining of the lid was
softenad and it dripped down on the crucible, The 1lid 1lining shape was then
mude conical to facilitate the masy escape of tbe exhauat gases amd chrome brick
agrregate wvan used for the lining, The xas pipe in the burver was replaced by
a 3 inch diameter pipe. To reduce tbe velocity of gas, w 3 inch mild steel cir-
cular plate with 19 drilled holes { 3/8 inch dlameter )} wan introduced in the
gae pipe. The crucible stand height was varled bwtween 22 inch and 25 inch and
the gas supply wvas then ralsed from 19 co.ft, per mimite to 22.4 cu.ft, pa al-
nute. This set of experiments showed some promising results when thé crucible
vith petallic charge var heated for 90 mimutes ns shown in Table No. 4. &
poad castlug motel was obtpined by increasing the heating time from 90 to 105

mimtes, This axperiment thus provided an Ydea that the reduced velocity of

gas supply gave a better aixing amd Rapt the zona of maximum tewperature with-

Y

-



in the furnace hud}'-i.e.. at about o helght of 25 inches from the bottom of
the furnace. Reduced pas 3upply at 25 inches crucibie height did not yield
molten metal whereas the nmetal got molted vhen the crucible height was brought
down o 22 inches,

Results of the Pifth set of experiments, tabulsted in Table Hn: 5, ®how
that an excellsnt fluid metal wvas obtained gt a crucible heipht of 25 inches.
More volume bf metal was found maited under simllar conditions with longer hea—
ting period, Theae E!]:.urin-ents were perforsed with primary and secondary air
a%, shown in Fig, Ro. 9, To find the exact effect of the primary air, soms exp-
erimantn were conducted wilthout it, The metal was mot melted sven with 75 minh-
tes heating but was melted after few minutes vhen primacy alr supply wak rasu-
med as shewn in Table No, 5, Experiment Mos. 3 and 6, This gave an idea that
the primary air helps better mixing and hence good combustion, It ales lowers
the exact zonme of combustion.

Few sxperiments were elso conducted by incrsaging gas supply from 22.4
cu.ft, per mimite to 26 cu.ft, per nimte. Excellant fluid oetal was obtained
vith shorter heating perinod, As many a8 70 pounds of metal was melted tn 80
minuted time as shown in Table No, 6.

To know the melting temperature of the furnace and the exact ratio of the
air and the gas, sons experiments were conducted. For temperature record, a
Platinum ~ 138 Flatimm/Rhodium thermocouple was inserted into the furnace
lintng, Few holes were made in the furnace lining near the crucible stand hei-
ght level, These holes were provided with mild steel pipes for e¢asy insertion
of the thermocoupie., A temperature gradient of 10°C per inch was found to exist
in th: bworizontal as well ax vertical dirsction. As such a correetlon factor of ~

about EDGIL'- rmay be addel w get the crucible temperature from the observed temp-

oarature.,
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The Titaa gas that was used, contains predominantly { 97.2% ) mathane gas
and chemically correct alr fuel ratic by volume comes tp 10:I, Relationship
between percentaxe of excess air and the furnace temperature is evident from
the results of the experimemta llsted in Table ¥o. 7. About &0% excess air
produced the highest furm;ce tempm{:ure for a particular gar surply.

Yt wns observed that the lining of the experimental furmace { gas fired }
was used for about 25 heats without any major patch up, whereas a coke fired
furnscg usually stands about 15 heats before the lining requires patching or
replucerent, The reafon might be that the ash of the calie reacts with the fur-
nace lining anl erosion by the aah at high velocity severely damages the lining,
Pxhauat gas heat loss in the coke fired furnace iz less than the ggs fired fur-
nace aince the retention time of the products of combustion is mors in coke
firﬂ furnace due to the presence of coke around the crucible. This is the re-
apon that the experiment No., 5 of Table No. 2 alhows that afrer packing the ann-
ular space by refractoary bricka, the spongy metal wan observed, The same fun-
¢tion of increaming the retentlon time was performed by the furnace 1id in addi-
tion to radiant heat transfer to the metal from the lid refractory surface, The
crucible atand height for maxXirmm heating depends ¢n the design of the furnace,
velocity of alr-pas mixture and alag their proporticns aml iz to he determined
experimemtally for a perticular furnace,

Table Nos, A, 9 and 10 show somé scunomic aspect of the coke and the pas
fired furnace, It was observed that the gas fired furnate is ecomomical not
only on fuel cast but alse will have a higher production capacity because of
the shorter heating time required am low maintenance coat because of" the larper
nunher of haats betwesn the refractory repalr works, Moreaver, there is no
danger of picking up of sulphur and phosphorus by molten metal .from natural ges
whereas 3one objectionable ispurities like sulphur and phosphorus are picked up

by the molten metal frow coke, Over and above all these, coke is to he impor-

b
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ted at high cost, OSo the converaion of coke fired to gas fired furnace is
adwcated,
Thir project my be contimed to determine erperimntal'lr the affect of

various design and operating fectors and suggest an analytical model for design

PUrposes,



TABLE ¥0. 1

{1at set of expariments)
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Seriall Weight off Height offleating | Cas con- }
Nox. | Metals inf crucible jtime in § suwption ¥
Ibs, | stand in fminutes § in cu.ft.}

J

]

Results ®

§
] ¥ fnches, }° j per awin,
i j j
1 .2 . 10 ) 19 - No welting
(Pig Iraon)
2 20 13 0 19 R melting
{Cant Iren
&erap)
3 5 13 25 19 Helting
{ Copper }
4 10 i3 10 19 Helting
{Lead & Anti-
mony Alloy)
5 10 15 G0 19 Wo melting

(G,I.Scrap)




TADLE N3, 2

(Znd set of experiments)

22

Seriall Weight of | Heipht off Heating Gas con- §
Mos. § Metals inl] crucible § time in =umption |
l1bs, | stand in § minutesl in cu,ft.d

[ ]
Results

!
§ I inches, |} yer min,
[} }

1 25 ¢ 18 GO 19 No melting
EGnI.Sﬂrﬂp}

2 25 21 00 19 No melting
(C.1.S5crap)

3 15 21 50 19 Bo malting
(C.1.Scrap)

4 ' 15 24 90 19 Ko melting
{C.1.Scrap)

5 15 24 a0 19 Spongy state (Anmalar apace wak
{C.I,Scrap} packed by refractory bricks)

6 i35 27 50 19 Ko melting
{G.I.Ecrlp}

TABLE MO, 3

(3rd aet of experiment:}

Serial] Weight off Height of§ {feating § Gan con-— §
Hns.! Metals in§ crucible § time in § sumption §
¥

Resultes

ibs., § stapd in § mimutes § in ou.ft.}
N | } inchea |} # per min, }
1 20 i5 120 19 Mo melting
2 20 20 120 19 Yo melting
(C.IzScrap) _
2 20 24 120 19 Melted but not findd encugh for

sound casting.
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TAGLE HO. 4
{4th set of experiments)
Seriall Weight off Fedght ofi Heating § Gaz con- §
Nos, § Metals inf crueible ¢ time in § sumption | Result s
i g, | stamd in § alnutes § in cu.ft,d
i § inches § per min, §
1 10 ' 22 90 22.4 Melted but fairly (luid,
{ Pig Iron)
2 0 22 105 22.4 Melted but dull finid,
{ Piy Iron)
3 0 25 105 2.4 Melted and sauffipiently fluid for
{ Pig Iron) good casting.
4 - A0 25 5 22.4 Melted but fairly fluid,
{ Pig Lron)
5 10 25 105 19 Spongr atate
{ Pig Iren)
& 20 22 105 19 Helted but dull fledd,

{ vig lrgn)




— TABLE RO. 5
{5th set of experiments)

Serialf Weight of§ Helght of§ Heating | Gas con- }
Nos, § Metals in} crucible § time 4n | sumption |

¥ Ibs, ¥ stand in § minntes § in cu.ft.d Results
i

i ¥ inches 1} per min. } .

1 13 25 75 22.4 Excellent fluid metal for zound
(Pig Irom) caating,

2 25 - 25 a0 22,4 Excellent fluild metal for spund
{rig Iron} cnsting.

a X 25 100 22,4 Excellent fluid metal for sound
{Pig TIron) casting,

4 40 25 105 iz.4 Excallent fluid wetal for sound
{rig Iron) canting.

5 13 25 75 22.4 No melting (without primary air)
{Pig Iron)

6 13 25 0 22,4 Excallent fluld metal for sound
(subse~ (Fig Iron) casting (with primary air).
quent}

TAMLE X0, &

{6th set of experiments)

Serialf Weight of § Height of§ Heating | Gas cun-

Nos. | Metals in) ecrucible § time in § aumption ; Reaults
|

o 1bas, ’ stand in § mimutes § in cu.ft.
¥ inches | § per min,
1 20 25 40 z26 Excellent fluid metal For sound
{(rig Iron) casting.
2 41 25 50 26 Excellent fluld metal for sound
. {Pig Iron) costing,
3 25 25 25 26 Helted and Sufﬁciently fluid for
(subse- {Flg Iron) sonnd casting,
Quent) .
4 *)0 25 . 4] 25 Helted and sufficlently fluld for

{Pig Iron) sound cascing.
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TABLE ¥0. 7

31 iCas con-fiir requi-f  Alr Supplied Excess alr] & of excessnf Wall temp, in
fos, Jsumptionired! theor—#Primary} s econd-§Total Jsupplied § air § Centigrade,
in ¢fm. fetical) inlin cfm.fary in Jair inkin efm, |

i bcfm, ] ¥ cfms, § cfm, § i
TN |0 % 19,23 1060
0| 315 75 28,85 1080
1 2% 260 75 ! 285 360 100 38,46 1110
) 00 . ass 125 48,00 1135
E 125 410 15 57,70 1150
25 310 86 38,40 1040
50 338 111 43, 1060
2 22,4 224 B s i oae 136 60,70 1080
100 385 161 11.85 1080
' 125 410 186 83,40 107
10 295 105 55,27 980
20 . 305 15 60,53 1000
25 E 310 120 63,18 995
3 19 190 o |85 318 145 76430 970
———— '
75 . 360 170 89,50 960
100 i b 3ms 195 102,63 950
125 | 410 220 115,80 045




TAPLE NOo. B

Fuels fWeight of iMelting timedTotal fusl

used iMetals in §in minutes §consumption

—_— ; bz, ! ]
Salia m 90 130 pounds

{ coke } »
Liquide 0 T 3 gallons

{ Diesel )

. Hatural 0 - 1] 2100 cu,ft,
Oas{Titas)

% Data taken.from Foundry Section, B.U.E.T,, Tacca.

TADLE 3. 97"

100 cft, of gas (1000 Btu/cft,) | Equivalent { Thersadk )

Price 6+% gallons of Furnace 01l
bed galloinm of Diesel DIl

ﬁ:: :[E‘E;f The 2.92 6.1 gallors of Rerosine 04l

i Bs1 gallons of Petrol

For Power Generation 01«7 pounds of Indian Coal

Tk 1.60 for 1000 coft™ 177.4 pounds of Wood.

¥ Includes Tk, 0.40 par 1000cft, as Govt. Excise Duty.

TARLE ND. 10

Nama of the furnace § Cost per heat in Taka § Ratls of Cost

1

Coke fired pit furnacel H;—@- = 16,25 2,65

]
i
| |
F’
Gan fired pit furnsce j :-.-.'92_1%.@ =-6,132 |  1.00
§ J

26
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CONGLIISION

A coke fired pit furnace waa successfully cenverted to ra gas fired furnace.
A mich as 70 pounda of u'etnl was melted and execellent fluid metal was obtained
for sound cagting with 60% excess air, The xone of maximum temperature varied
with air/fuel ratio and gas velocity ad was found to be at a height of 25 inches
from the hn;:tnm of the furnace, 4 maximm combustion temperature of 1200°C
waf atcained with air-gas ratio of 16:1 i.e., 60% excess air,

The hegting tiwe was less for gay fired furpace for the same charge, In
nelting 70 pounds of metal, gas fired furnace required 8D minutes whereas in

the coks fired furnace it toeok 90 aimtes, The cost ratio of ges fired amd

cple firsd operation comes te 2,65:1,

The overall economic conBideration advocates the comrversion of coke firsd

to pam fired operation,
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