


This thesis was contributed by
Mr. F. H, Prescott
under the date indicated by the department stamp, to re-

place the original which was destroyed in the fire of
Marsch 65, 1917.






HZAT BALAKCE ON TH: FOUNDRY CUPCQLA
AT
MICHIGAN AGRICULTURAL COLLEGE

A Thesis Submitted to
The Faculty of

_ MICHIGAN AGRICULTURAL COLLEGE

By
P. H. Prescott H. E. Spurr
R. E. Decker R. . O1in.

Candidates for the Degree
of

Bachelor of Science.

June, 1915.




THESIS



-

’

HSAT BALANCE ON FOUNDRY CUPOLA.

The object of thie thesis is to show the eources
of heat ind the heat distridbution in the foundry oupola;
als0 the amount of l1o0ss and gain in the constituent elements
of the iron from the oharging door to the spout, Our tests,
which were made upon the College Cupola, have shown that
about twenty percent of the available heat goes to melt the
iron, the largest of the remainder going into the stack gases.
It wae ale0 determined that the elements in the charged {irons
a1l deoreased more than the iron itself, except sulfur which
showed an inoresse due to the high peroentage of sulfur in
the coke ueed,

The apparatues and methods used in determining these
results were rather simple. OJee illustration. ine resulte
of the tests were secured by me:ssuring the following quanti-
ties am indiocated. |

Charging Floor:- VWeighing of iron and coke charged
by platform scales.

Anslyeis of stack gases at churgingdoor. 7ine
gases were drawn through a set of pipes by means of an aspi-
restor and were later analyzed in an Orsat apparatus. ihe
method of anslyzing the gae used on the first tests was to
draw the gae direotly into the Oreat apparatus and abalyze at
once. 7Tne results were very unsatisfactory due to trouble in
getting a good sample, and the time neceswary to analyze the

\
gas.
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A new method was then devised as follows: A Dbdottle
with a two hole stopper, in which two glass tubes, one short
and one long, had been inserted, waes filled with water and
oconnected with an sspirastor suction and the sample pipe. ‘ine
suotion draws the gas from the stack into the bottle, dis-
Placing tne water. 11ne samples can then be analyzed ssconven-
ient, which makes @ satisfactory method.

The temperature of the guses at the charging door wus
meanured by a pyroameter. 7The photograph shows the arrance-
ment of the apparatus,

Blast and Blower:- The veloocity and pressurs of the
blast was messured in the dlast pipe by means of & pitot
tube, From this data, the weight of air used during the
test was csloulated, 7The humidity was measured by a whirling
hygrometer, the temperature of the entering air was also
measured, and the horse-power required to dfive the fan was
measured by means of a voltmeter and ammeter. The R. P, ¥,
of the motor was taken and from it the R. I, k, of the fan
wss caloulated.

In the firet two tests, tue fan wis set clone toO
the cupola and the short length of pipe made it impossible
to get good reliable readings of the pitot tube without
mgking & traverse. To correet this condition, the fan was

moved back from the cupola and & longer piece of pipe used,

the pitot tube being fastened in permanently. The result

was & more estisfactory set of readings.
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At the cupola spout, it was necesssry to weigh
the iron end determine its temperature. 7The weighing
waee firet done on a platform scale, the iron being lifted
in the bull-ladle each time and set upon the sesle to be
weighed by means of the crane. The tare weight of the
ladle was aleo tzken. ihe time taken by the method made
it very objectionadble to the proper handling of the cupols
iron, and a spring scale, which was suspended from the
orane, was substituted and eliminated sany necessity feor
cahanging the position of the bull-ladle. In this scale, the
spring elongation wae connected by a wire 0 aes to turn a
pointer on @ circular scale. Iine apparatus was found to
weigh within one or two pounds of correct weight, and its
capacity was about 2,000 pounds.

The measurement of the temperature of the molten
iron was to have been scoomplished by means of a special
pyrameter, having a platinum rhodiua ocouple., 7The mein &if-
ficulty in the use of this pyrometer wes the faot that it
took about fifteen minutes to heat through the fire clay
tube, which surrounded the couple, and thie made the read-
ings somewhat doudbtful., Agein, the olay tude wsue bLroken
twice and when the pyrometer was firest used the instrument
had & short oircuit and the readings of the voltmeter were
too low. 7Tne readings, which the instrument registered,
were a8lso hard to0 use because of the fact that the specifie
heat of the molten iron was not accurately known, and could

not be determined by the apparatus at hand.
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Analysis: In Lthe analyeis of the vurious iron
of the coke and stack gas, the work was done in the Chemig-
try Building, under the direction of Lr. %. T, 'Yood, .= at
firet planned, tne annzlysis of tne irons used was to nuve
been made for each teat, but the difficulties encountered
mzde it imposeidle to analyse more thsn four sucples of ironm
in the time given, <The resultms, wiidch were finally secured,
were only f:ir as to accuracy and would never hLaude teen
cotten except for the kind assistance of ir., Yonker, the
Chemist of the ReO Xotor Car Company. Some trouble was also
encountered, due to poor chemicals, and it was necesrury to
secure rome chemicals at the Reo hotor Car Company. In mak-
ing determinations, the methods employed were subetantially
those exmployed by the U, S, Oteel Corporation, as described
in the "Transactions of the American Institute of Lining
Engineers”,

Determinations of Total Cardbon., (iee ifllustratiom).

Thie was done by direot combustion in a current of oxygen at
10009C, the carbon-dioxide being absorbed in a special soda
lime and the change in weight teing taken as due to the
carbon-dioxide absorbed. The combustion takes place in a
fused gquarts tube, 24 .inches long, which is heated by a
Hoskins tlectrio Furance, The tube wisd won only one-helf
inch in diemeter, which i# ruther small, 8 7/8 inch tuve
veing recommended, The sample w:s pleced in & porecelain

boat
boat about 1/4 inch wide by 2; inches long. ihis size of,\waa
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rather small for a one grain sample, and the result of
using it wasfreguent trouble with spilling of the oxide
and breaking of the boat. The oxygen was sent through

the train from a gasometer at the rate of about 500 ec.
per minute., The oxygen was first pur;ficd of CO2 and
moisture by passing through KOH, Ca 012 and Soda lime,

(Na OH; Cao). It then passed through a Mercury seal and
over the sample. The products of combustion then passed
through metallis sinc and phosphoric ambydride, (Py05),
which were for the purpose of removing any acides or moist-
ure present after cambustion, Thence the gases passed to
the absorption spparatus which consisted of a number of
layers of a preparation of Na OH, Ca(OH), and H30 from the
J. T. Baker Chemical Company. In the same tube,(as used
at the Reo Xotor Car Company),was placed some P20g to ab-
sorb any moisture which might be formed upon the absorption
of CO2. The adbrorption tube was weighed before and after
each combustion.

The gas was next passed through a wash bottle
filled with KOH, whioch gave a means of telling how fast the
oxygen was passing over, and whether any leaks were present.
The actual ocembustion was found to take about two or three
minutes, ahd the oxygen was passed for about five minutes
before and about ten minutes after combustion., It can be
seen that once this apparatus has been set up it ought to
be possible to run all the determinations wanted in about

one afternoon, Nevdrtheless, it took about 140 hours of
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work to make four deterxinctions cnd to sct thew to cheek,

This wos due to the necessity of meking substuntial chinges

in the set-up in order to secure a lzrger supply of oxygen

end the operation of the furnace &t too 10w a te.ipersture,

when {t wss imposesitle to ¢et tne iron to burn properly.

Leterminstions of muganeme and sulphur vere wmade

as outlined by the U. . Steel Corporation in the "irans-

action of the A, I, ). ~s All Other determinstions vere

mzde as outlined in Blair's "Chezmical Analyeis of Iron und

Gteel®,

The following rcierences were ueed s preliminary

regding and were constantly referred to in making oslcula-

tions:

Banpling

“Chemical Analyeis of Iron cnd Gteel™, 4. A, Blair,
“Xethods of the U, S, Gteel Corroration for the
and Analysie @f Pig Iron®, J. i. Camp. A. 1. .. i,
“Letallurgical Calculutions"., PFParts I &nd ll.

J. %. Rbeohardse,
*"Fuel ;fficiénoy in the Cupola ¥urnaoe",

J. J. Porter, A, I, i. i,
*Foundry Cupola Guses and Teuzperztures“, Bul, ¢4,

e e Fureau of kines,
“ietallurgy of Lfron und Cteel®., B, Utoughton.
"i.elting Iron in Cupola Furnace.”

| Dr. R. solderke, A. 1. i. i,

“iransgctions of A.erican Foundrymnen's AssoOoi:tion -

1908,



“Transactions of Ameriocan Institute of Lining
Engineers®, Vol, 36, Facs 4%4,

*"Principles of Letallurgy®. C. H. Fulton,
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& *THOD> CF CALCULATION,

The firet step in calculating the heat balsance is
to m#&ke a materials balance. This ia done first by comput-
ing the weight of each element charged per thousand pounds
of iron charged. The analysis of iron, coke and the
humidity of the blast are used to determine this. The iron
delivered =t the spout per one tnousand pounds charged is
oslculsted and from its analysis the elements delivered hers
are determined, 7The weight going into the blust and slag is
determined by differenee, all Fe, 5i and ku ocharged which
does not go into the molten iron ie assumed t0 go into the
slag as oxidea, and the 8 ahd P, and ash in the coke into
the -tacQPasoo.

The percent of carbon dburned to CO2 and the per
cent burned to CO is determined by the analysis of the stack
gases, and from it the weight of 60 and 60, is determined.

From the materiales bdalance sheet the sourcer of
hea}, and the heat used and 10st are determined., The same
sources of heat are sensible heat in the materials charged,
the heaén;ormation of iron, slag, cto,, and the heat of
combustion of fuel charged.

The sensible heat of a substance is the neat wnieh
is necessary to raise i¥ fsom zero degrees F, to the temper-
ature at which it is charged.

The heat of formation ofa-ubatanco is the heat

which ie liberated by oxidizatien.
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20e heat of ocombuntion of fuel is taken heat
whic., is liberated shen the fuel is oammplately dburned.

ine heat used and 10at {s the sum Of the hecat used
in melting the iron, tne hcut used in melting sla;, the
hest neces~ary to hest up cupolas lining, snd the hect lost
in the stack gaseés in unburned CO, in superheating moisture,
and in racdiation,

The heat used in wmelting iron and eslag ie calcue
lated in three parts: (1) the heat to heat iron to zelting
point; (2) the heat of fusion, and (3) the heat used to
hest the liquid.

{he heat to hect up the cupola lining ie deteruined
from the weight, epecifio heat, and mean temperature ot the
lining.

The heat 108t in the sensible heeat in the stack gases
is determined from the weight of stack gases, and their
specifie heat and temperature.

ine potential hest in unburned CO is determined from
the weight of CO gas and the potential heat per pound ,

The heat necesssry to superheat moisture im deter-

mined from the tempernture ond the meun specifie hest.
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Table of valuee of heust in computations in B, t. u., per

pounds
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lron (eol‘d)oo.ooo0.00.-0.0.0000..00.00.ca.co-a. 0.12
Iron (.'nolLen)................................... D24
Llertaeseecroncaassccsnsossscescncrssrcssonsossosns 0.237

C“qseBOOOCOQ..QoiOO00.0.....0‘.0..‘..‘.....0..... 00?72
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Balance Sheet per 1000 Db, of iron charged.

TEST NO. 1.

O ©6 00 00 00 0@ 00 OO °O 29 8 S0 0 O8 00 o9 o

Ganes

o0 ow o9

oo

Castings

e 00 o

O
o

Charges
458

Ye

Total
Pig Iron

423.526

*® co0 o0 co oo *9 oo

81

*® ¢8 0 *0 9@ °o ve vO oo

3.6201
19.250

ku

Total C

4,220

N

]

2,390

*9 69 @0 ©0 06 °0 00 °° 60 o9 ©% o9 *O oo

P

Co2

*® 0@ 68 WO SO 0 OO 0 @9 5 0 90 OO °0 0 oD

'.'.":""..'.‘ *® 0 00 o0 o0 »o 0

838
9

.
L]
°

S

374.000:

Soraplron: 541,500: Fe

65.100:
121,460:

o
& ]

:882.784 Yeo
:

506.130: C

o

! 33.400

3

00 00 00 00 ©F G0 o @f °C 0P 00 GO <9 0 S0 0P 00 0 ¢0 VY 0V =0 09 ¢ 09 90 *0 oo

©
]

a

8102

(=]
[
O

m

: 15.800:

9.920: 84

L

20 5403 ¥n

0 40 80 o0 D 20 S0 4D 05 O 00 O 00 °0 00 "0 48 o3 B0 °F 0 v 00 PO

H

19.300: P

[

<

3.200: 8

(2]

o

oo so

H

e

oo

o B, |
N o N
L ] L] L ]
-4 [« ] . ™M
h 0
*0 60 S0 °0 OV O °O 0 00 ¢S 60 O TP o5 SO SO IO GO OB 0 &b 00 GC 00 O o8 90 *O o8 *O °O
@

*9 *0 so °O

151 .400

20 9 <0 00 00 ¢ - 00 20 *0 00 09 o

8 o9 o

e
L]

124,767:
2.330:

22.700
1.603

o
o

Ash

*® 90 o0 OB om S0 5 00 00 ©O PV 20 90 0 00 S0 +P P *O 00 w9 69 9 O8 00 PO SO VS V0 09 *0 4O o9 SO D 09

®9 ©8 @0 TO 08 s SO 0 oo

:

22,700:

.
L]
.
L]

£1970.000:

00 00 0 00 8 @5 0 4 ©F 00 00 O 0 00 %0 00 s OO S0 e "0 o0

Fe

ia

Totsl C

P

Coke
c

8
Ash
H20

8 ®0 «o 0 0 00 O P40 O 2O GO OF ©O0 G0 S0 OD O ©8 00 OO p 8 °O 00 PO @0 09 °° o9 ©0 09 00

Blast

(a4

H

(X

Q@0 0 09 00 5 P S0 9O C0 °O °0 g9 P 99 "V O oW TP 45 00 TS 0 *0 00 o0 o0

: 450,000:

02

es o9 ¢o oo

*® oo oo o).

H

1510.000:

H
10.000;

:
:

.
[

:3121.400:

i

w2

~H20

Total






Balance Sheet per 1000 lbs, of iron charged,

T&8T NO, 2.
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157 KO, 3, Bal ance sheet ver 1000 1b. of iron charged,

4 CGY canrped,
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Rolance sheet per 1000 1b, of iron eharged,
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TEST NO, 5., Balance
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sheet per 1000 1b, of iron charged,
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Heat Balance for Test XNo. 6.

1. Heat of combustion of fuel., - Total heat evolved =
12130 x 1b. of coke burned + 7,200 x 1b, of wood burned.
Hence B. t. u. per pound of iron charged =
12130 x 0.187 + 7,200 x 0.0215 = 2424,
2. Oxidation of iron to Fe0. - Kelting l10es in iron =
6.04%. Then B. t. u. per poind of iron charged =
0.0604 x 2112 = 127.0.
3. Oxidation of silicon to Bi0Oo. - Kelting loss in
silicon = 0.316%8. Then B, t. u. per 1b., of iron charged =
0.00316 x 12600 = 40.0
4, Oxidation of manganese to Mn0O. - kelting loss in
manganese = 0.229%. Then B. t. u. per 1b, of iron charged =
0. 00229 x 2975 = 6.8.
Se Sensible heat in coke. - B, t. u. per 1b. of iron
charged = 0,187x68%0,16 per 1b.of iron oharged = 2,03

6. Sensbble heat in iron. - B, t. u. per 1b. of irom
charged = 1 x 68 x 0.12 = 8.16.

7. Sensible heat in blaet, -
i ( 460 +

V = velocity of air in feet per second.

hy = velocity heat in inches of water.

t = temperature of entering air.




Then V = 66.2 (1.63)£ ( iégggaéﬁ 3

= 66.2 b 3 1.28 > 1.005 X 0092 = 780‘.
Area of pipe = 48,7 sq. inches.

Volume = 8.4 1732'7 x 12 x ég = 1590 ocu, feet per minute.
1l

Time of test - 64 minutes.
1590 x 64 = 102,000 cubjoc feet of air used during test,
Relative humidity = 80.6

Pounds of moisture per ocubic feet of air equals 0.00086.

144 x 14,89 x 102,000
Total webght of air used = -+ ;3.;48x ;2802 000 = 7720 1vs.

Weight of moisture in air = 0.00086 x 102,000 = 88 1bs,
Weight of dry air used = 7720 - 88 = 7632 1vs.
B. t. u, per 1b, of iron charged =

7632 = 3856 x 68 x 0.237 = 32.0
8. Sensible heat in moisture of blast. - Pounds of
moisture per 1b, of iron charged = 0,023,

Totsl heat = 1089.4 B. t. u. per 1b,

Then B. t. u. per 1lb. of iron charged =

0.023 x 1089.4 = 25.0

9. Heat and formation of slag. = This is a matter of
some uncertainty, but is of minor importance. 7Theheat of
formation of Ca0 + 8103 is 278 B. t. u. per 1b., and if
FeO + 8102 is B, t. u, per 1b, and if we assume that the
slag consists of equal parts of each and that we have
0.089 1b, of slag made per 1b, of iron charged, then the

heat of formation of the slag is in B, t. u, per 1b, of iron



charged 0,089 x 200 = 17.8,
la. Heat in molten iron, - Specific heat of so0lid cast

iron = 0.12
Specific heat of molten iron = 0.24.

Kelting point 1950F.

Temperature of iron issuing from spout 2138°r,

B, t. u, per 1b., of iron charged =

0.93 (1950 x 0.12 + 41.4 + 188 x 0.24) = 298,
2a. Hest in mol ten slag. - B, t. u. per 1b, of slag =
1 x [t x (0.17 + 0.0000t) + 1atent heat of fusion + (t'-t)
0.35], where t = melting point of slag. or say 2000°F., and
t' = the temperature at which it issues from the cupola, or
say 2250°F, ot

Hence E. t, u., per 1lb., of iron charged =
0.089 (2000 x 0.25 + 160 + 250 x 0.35) = 0.089 x 747.5=66.5
3a. Heat to evaporate moisture in ook€¢.- B, t. u. per
1b. of iron charged = 0.187 x 0.0106 x 970 = 1.92.
4a. Heat stored up in lining. - The weight of the 1lin-
ing below the charging door figures out to approximately
5410 1bs. Estimating its average temperature to be 1000°P.,

£4
the B, $. u, per 1b, of iron charged = ggég x 1000 x

(0.193 + 0.000043 x 1000) = ;ﬁ%% x 1000 x 0.234 = 329.0.
Sa. Heat to superheat steam in the moisture. E. t. u.
per 1b.of iron charged = 25.0 + (0.49 x 1764 x 0,023) =

25.0 + 19.9 = 44.9






6a, Hent sensible in (ssees., - Avers; e epecific hest =
0.23 ¢ 0,000023¢t = 0.23 + {0,000023 x 1822) = 0,23 + 0,042 =
0.272. Then B, t, u, per 1b, of fron charged =

2.1478 x 1822 x 0,272 = 1065.0,
7a. Heat potentisl in gases., - B, t, u, per 1lbv, of iron
charged = 0,0{99 x 4370 = 393.0.
la, Radiation and error. - Thie smount ies found by dife
ference t0 ve B, t. u, per 1lb, of iron charged,

Summariging theee iteme, ve pet the following heat

. bal ance exprese in ', t. u, per 1d., of iron charged:

Sources of uneat Heat Used =nu T.owt.
1. COmbu-tion of fuel 2424,00:la. In molten iron 245400
2. Cxidation of iron 127.00:2.. . . el 66,50
3. b o 8i 40.00:30. To evaporate mointure 1.92
- 4, . *  Ln 6.80:4;. To hest up lining 329.00
5. Sennible in coke 2.03:5‘. To superheat vavpor 44,90
6. . * Fe 8.16:6-. Sensidle in gases 1065,00
7. . * blast 32.00:?;. Potential * * 393.C0
8. . * mojsture 25.00:8.. Radistion and error 484,47

3
9. Formstion of slag 17.80Q:
2082,79 . 2682.79




1.
2.
3.
4,
Se
6.
7.

8.
9.

2.

3.
4,
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TEST NO, 1.

Heat Balance Per Pound of Iron Charged.,

S8ources of Heat

Combustion of fuel 2150.00:1a.

Oxidation of irom 98,60;20.
. of S8Sflicon 47.5013..
- . ln 7.40:4&.
Sensidble in coke 1.12;5:.

. * 4ron 5.56;6..
. " blast 21.50:7a.
. * moisture 10.79:8a.
Formation of slag 8,613:
2341.10
TEST NO. 2,

Heat Pslance Per Pound of Iron
Sources of Heat

Comtustion of fuel 2221.60:1a.

Oxidation of iron  £7.50:2a.
" of 8i 26.00?3..
» . 'n 7.30?40.

Sensible in coke 1.1o§5-.
o * 4ron 5.20i6a.
. * Dblast 21.40:70.
. * moisture 8.60:8:.

Formation of sl sg 8520:

2386.90

Heat Used and Losat,

In molten iron 426.00
. . slag ©£3.30
To exaporate H20 1.5%

To heat up 1ining 380.00
To superheat vapor 16.%
Sensidble in gases 682,00
Potential in gases 285,00
Radiation and crror&2§‘§§'
2341.10

Charged,
Heat Used end Lost.

In molten iron 42 7.00

* *  ang 50.80
T® evlporate H20 1.90
To hest up 1ining 460,00
To superheat vapor 13.90
Seneible in gases 634,00
Potential in gases 263.00

Radiation and error 536,30

2386.90



1.
2,
3.
4.
5e
6.
7.
8.
9.

1.
2.

3.
4,

e
6.

7.

9.

Tik3T KO, 3.

Heat Balance Per Pound of lIron Charged.

gouroces of Heat
Combustion of fuel
Oxidition * 4iron
) " gi
. * Kn

S8ensidle in coke

. * 4{ron
4 " blast
" * moiesture

2198.80:1a.
88.60 i2a.
75.00 :3&.
6;36 i4a.

Heat Used and Loet

In molten iron

(] [ slag
T8 evaporate H20
Teo heat up lining

:
1.64 é5a To superheat vapor

:

7.08:6a,
H

27.20:7a.

14.20;8a. Padiation and error

H
Yormstion of sdag 1:94:

2426,82

1437 RO, 4,

Sennible in gases

Potential in garses

Heat Balance Per Pound of Iron Charged

" Sourcen of Heat

427,00
49,10
1.79
281.00
22,80
780.00
428,00

437.13

2426,82

Heat Used and Lost

Combustion of fuel 2183.20:1a. In molten iron

Oxidation of ireon
[ ] | J 8‘
. * Nn
Sensidle in ooke
. * 4iron

. * Dbdlast

. * moisture

H
92.00:2a.

28.4033-.
4.80§4a.
2.10:5-.
9.47:6..

33.20;71.

28.40:8a.
H

Formation of slag 7,80:

2389.40

[ [ slag
To evaporate H20
To heat up lining
To superheat vapor
Sensible in gasee
Potential in *

Bsdintion and error

527.50
48,30
2,00
272.00
46.50
715.00
314,00
564,10

2389.40



l.
2,
3.
4,
9.
6.
7.
8.

9.

1.
2,
3.
4,
5
6.
7.
8.
9.
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T35 NO, S,

Heat Balanoe Per Pound of lron

Sources of Heat

Combustion of fuel °2377.00:la,

Oxidatien of iron 110.00:2-.
) * g 32.2o§3..
. *  kn 5.80§4a
Senrible in coke 2.20;5..
. ® 4irom 9.00;61.
. -* blast 39.4017..
' * moisture 32.20:80.

: 3
Formsti 'n of slag ___9,30:
2617.10

7157 NoO. 6,

Hest Bal anod Per Pound of Iron

Sourcoes of Heat

Combustion of fuel 2424,00:la.

Oxidation of iron 127.00:2..

. of Cilicon 40.00::3-.

. * Xn 6.80i4&.

Sensible in ooke 2.0325&.

. * 4irom 8516:63.

hd * Ddlast 32.00271.

- * moisture 25.00:80.
Formation of slag _12‘§Qi
2682.79

Cuarged.

Heat Used and lost

In molten iren 425,00

* *  slag 57«50
To evaporate H20 2,30
To heat up lining 329.00
T0 superheat vapor 53.20
8ensidble in gases 942,00
Potenttal * * 635.00

Radistion and error 173.10

2617.10

Charged.

‘eat Used and Lost

In molten iren 298.00
. . slag 66.5%0
To evaporate H20 1.92
To heat up lining 329.00
To superheat vapor 44.96
Sensible in gases 1065.00
Potential in gases 393.00

R:djation and error 484.47

2682.79



1.
2.
3.
4,
5e
6.
7.
8.
9.
10.
11.
12,
13.
14.

General D=ta on M. A, C, Cupola.

Di ameter of cupola, inside
Dismeter of cupola, outside
Height of tuyeres, esbove bottom
Height of charging door sbove tuysres
Ratio - 4.5 1
Number of tuyerss
8ize of tuyeres = Vertical X horizontal
Area of tuyeres
Ratio of cupoles area to tuyeres area
Diameter cof blast pipe
Area of bvlast pipe
Fan type and spsed - Sturtevant Blower Fan
Clze of work done - Job ocastings

¥ind of fuel used - Coke.

24"
36
10* .
93"
3.88
6
6" x s*
180 sq¢. in.
2,5
7.87°
48.7 sq.in.
2800 R. P. ..



CUPQOLA T:Z51T DATA - kK, A. C, CUPOLA

1. Test number 1 2 3 4 5 6
2. Blast pic--urt
in ocupola 6.79 7 6.75
3. Cu.ft. air in- 1263 1372 1620 1512 1565 1590
put min,

4, Avg. humidity .
of air 78 70 62 66 66 80

5. Temp. of enter-
ing air ¥, 46 43 59 79 75 68

6. Temp., gases at
charging door ¥. 1250 1100 1400 1110 1472 1238

7. R. P, M, of fan 2440 2440 2760 2690 2690 2630

8. Horse-power in-

put, fan. 5.72 5045 6.87 ‘/.82 5062 6.00
9. VWt. fuel on bed-

lbs. 300 300 360 360 360 360
10, Wt, of iron on ted

1bse £62 55% 654 650 550 550
11, Wt. of flux ’ 10 10 10

12. Wt. of fuel in
charge subse- 60 60 60 60 60 60
quent to beds

13. ¥Wt, iron in

ocharges subse- 550 550 550 550 550 550
quent to beds

14, Total wt, of 600 £90 780 780 720 720
fuel -1bs.

15. Total wt, of 3323 2755 4506 4650 3850 3850
iron-lbvs.

16. Ratio of fuel
to iron bed 1:1,57 1:1,85 1:1,81 1:1.81 1:1.15 1:1.5

17. Ratio of fuel
to iron 1:%5 1:51 1:5.,76 1:%.95 1:5.35 1:5.3%



«2be
Cupola Test Data - Continued,

18. Time before
iron comes after 19 15 18 18 21 23
blast is oOn

19. Lbs.iron melted ¢0.4 65,8 77 77.6 66.9 67.4
per mimite

20. Lbs. iron melt-
ed per min., per 19,2 21 22.6 24,7 21.3 21.4
#q. ft. cupola
area

2. Temp. Of iron at
epbut k4 ? ? ? ? 2138

Chemical Changes of Iron Charged.

iest number 1 2 3 4 5 f ()

Per cent 10se in ¥e 5.04 E 4,45 : 4,19 3 4,68 ? 5.6 6.48
Per ocent 10ss in 84 19,2 : 11 : 31.4 : 12,2 ; 13.9 ; 16.8
Per cent loss in kn 40,3 : 39.7 : 39.2 : 30.8 : 34 ;'38.6
Per cent loss in C 13.4 ? 10 : 16,2 : 5.4 : 8.3 ::9.2
Per cent loss in P 16,8 ; 14,9 : 27 : 15.6 : 15.4 i 14.9
Percent gain in 8 43,8 : 45.8 : 1.6 : 7e7 i 12.9 § 18.4
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CCHCLUULOND

In good cunrola practiee, .rne firet fron should come
from seven tOo ten minntps after the blast is put on. ine
aver:.e time for th: firet iron in our tests was ejignteen
minutes, This le-ds us t0 believe thst too ﬁuch coke is
put on the bed. Iixamples 0f modern sunrola practice confirms
this siatenent, Our fron melted per pound of éoka is leer

then in comparative oupola practice. 7Thie makes our heat
loear by rsaiation and error high.

:tandard practice ntates that alout one tnoussnd
oubic feet of air should Le used per minute, W¥We umed asbout
1800 cubic feet per minute, By reducing the bed, we could

reduce the amount of air used,

¥rom our total hest belance, it is evident that
the re2t source of wsated h=sat in the cupola is in the
en=azing gnses. ine temperature of the top pames denends
on ti.e miount of hzat abmorbed by the staok in proportion to
the total amount generated. Hore heat ie¢ generated when C
ie burned to COo,

The rapid rate of rlowing that vas neceesary to the
formation of CO2 incresscé® the velocity of the guree and
gives less opportunity for the sbeorption of heat dy the
etack.

Ae a final conclurion, we eu; s est that the fuel bed
- be cut down, and consequently the Llsst pressure. ine peek-
holees ehould be repaired e¢0 s8 to be asir tight, 1If t.is i

done, the fsn fan be run slower, %e 8120 ru; . est that in



-28.

charging, the cupola should te kept full to the chzrgingdoor,
This will eliminate a large part of the waste heat in top
gnses, Since a high sulfur coke is used, more limeetone

should be charged to reduce the sulfur in the castings.
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