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PART (I): REVIEW OF SO IMPORTANT ASPESTS

Cuaprer (L)

SOpits BCONOMIC ASPECTS OF FURNACE DESIGN AND OPERATION

various aspects and dirficulties oL waking cost comparison

are Jdiscussed. Tue uariety of situations ecountered does not

pernlt tioe use of any standardised approacih and tihie various met-~

nods used are illustrated oy examples. These include comparisoin

OL dliferent oli yrades, determination of optimwes Iurnace icadalny,

comparison or different reyenerator desiyns, tae elflect o neat

loss saviugs, and fuel conswiption analysis.

Lt is also appropriate to enphasise nere tnat, rollowiny tue

escaulation VL Luel costs, any recent analyses will be dowminant

eiicuet of the recent increase iu oil prices.

Table 1. Glass praduction costs
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Raw waterials and mixing 306 <9
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1t e €t) 1s a continuous cost function (£/unit time) then

the present value is

Jgn C(t) exp (-pt) at

which is, méthematically; the Laplace tranaform of C(t). It
is then possible to give fairly simple solutions for the

present value of various.simple cost functions, as showa in
Figure 1.
|

Present value

(a)Continuoug C

Constant Cogt

C b
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Pigure(l) Sume oowt funotions uwiud their present values
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Heat loss sauings and fuel usage:

To offset the rapid increase in fuel costs, the most

obvious course of action is to attempt to reduce heat losses

from the furnace. However, it is important to realise that

the effect of a reduction in heat loss does not show up

directly as a saving of the equivalent amount of fuel. The

reduction in fuel usage may be.

Table 2 . The effect of heat lbss savings on fuel consumption.

Sovrce of loss

iethod of reducing. loss

LR hafupwp i Supag fuageing = FERpE,

Heat loss saving

Crown
Bottom

| sidewalls

Port necks

water cpoled
equipment

Holes in
furnace

gtructure

Extra insulation:

Ixtra insulation

Use of uncooled
equipment
Reduction of
radiation loss

Reduction of
llush' losses

109"'2.7

059"“'1.2

202"2 ‘08

1.8-2.2

0.3~0.5

greater or less in equivalent thermal terms than the amount

of heat saved,

Tablel 2) summarises the results of many different studies

and shows how the actual fuel saving depends on how and

where the actual heat loss saving is made.
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Chapter (II)

THE GONTROL OF FUEL CONSUMPTION OF GLASS MEIZING
FURNACES

Statistical modol:

The statisti&al model presented in that included an

ageing term ag well as a glass weight term
Y o= B teg X, exp(kxy )+a X, . (1)

where y is the enercy consumption per unit of time, x; is
the age of furpace in units of time, x, is the weight of

" glags pexr unit of {time, and ao.al’az’ and k are constants

to be determined by fitting the equation Yo furnace campaign
data. It is convenient in practical work %Yo ideatify the-
individusl terms of the equation as follows:

constent term = a_ n - (2)
time dependent term = a)x, exp (kx,) (3)
{4)

welfht dependent term = BoXne

The model wag originally conceived for use gn feedback
control (Figure 1) by analysing the data for a complete ~
gampaign,:fitting the model'and uging it to predict the

subsequent campaign. It hag besen applied succeaafully
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Heat loss sauings and fuel usage:

To offset the rapid increase in fuel costa, the most

obvious course of action is to altempt to reduce heat lossas

from the furnace. However, it is important to realise that

the effect of a reduction in heat loss does not show up

directly as a saving of the equivalent amount of fuel. The

reduction in fuel usaze may bve.

Table 2 . The effect of heat lbss savings on fuel consumption.

Sovrce of loss

Method of reducing loss

et e et it Wit b e st ot up O e @D

Heat loss saving

Crown
Bottom
Sidewalls
Port necks

water cooled
equipment

Holes in
furnace

gtructure

Extra insulation

Extra insulation
Use of uncooled
equipment
Reduction of
readiation loss

Reduction of
llush' losses

109-207
Oo 9"102
2.2"‘2.8
1.8-2.,2

003-0‘5

greater or less in equivalent thermal terms than the amount

of heat saved,

Table(2) summarises the results of many different studies

and showa how the actual fuel saving depends on how and

where the actual heat loss saving is made,
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Chapter (II)

THE CONTROL OF PUEL CONSUMPTION OF GLASS MELPING
FURNACES.

Statistical model: _
The atatisticel model presented in thet included an

ageing term as well as a glass weight term
Y = 8 +teyxy exp(kx))+a,x, | (1)

where y is the energy consumption per unit of time, x, is
the age of furnace in units of time, x, is the weight of

- glags pex unit of time, end 35,51;52, and k are congtanis

to be determined by fitting the equation to furnace campaign
data. It is convenlent in practical work to'identiry the-
individuel terms of the equation as followa:

constant term = & . (2)
time depondent term = a;x, exp (kx,) (3)

woifht dependent texm = 8% (4)

The model was orxiginally conceived for use dn feedback
control (Figure 1) by analysing the data for a complete
pampaignﬂ;fitting the model and using it to predict the

subsequent campaign, It has been applied succesafully
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: ‘ Output (molten
Input (batch, fuel
Glass furnace .. zlass, waste heut)

-}

A Y

Adjustments : Records

.

< Compurisonsg

A

Predictions .

PMpure (1) Schomatic of predictive

fedback control,

in that role for the day-to-day and week-to~week conirol
of shergy consumption in gluas melting, but aﬁo%her useful
role has emerged that is rolevant to the tonger tarm decie
sion procision declsion processes of technical management.,
Using archival data, analyses of successive campaigns of
the same furnace or of concurrent campaigng of separate
furnaces may be undertaken so that differemces i deaign
and congtruction cah be compared and o that the economic

‘agpecta of alternative fuels can be evaluated more accur-

ately.

-

Experience in fitting Equation (1) in practice has
led to interesting contrast between the relative impoxt-
ante of the time dependent and the weight dependent terms.
In his provicus papor the author introduced a term in the
heat balunoe eguution to allow for furiisce ageing, and aough
to find a gatigfactory mathematical formulation'of the ageing

phenomenon and present a suitable method of numerical
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analysis, Subsequently the interest has shifted somewhat
towards the weight dependent term (though the time dependent
term remains essential in the heat balance). The linearcum-
exponential form of the time dependent term (3) hag been
entirely satisfactory as a flexible wmeans of fitting into

& common formula the ageing characteristic of every
furnace that has so far been studled, There has been no
difficulty in arriving at suitable values for the const-
ants &, and k 8o to provide a reagonable fit to the avail-
able data., In contrast, the evaluation of a, in the mathe-
matically weight dependent texrm (4) has proved to be the
more difficult, and more critical, asgpect of fitting the

model to furnaée data,

The reason for this is explained in Figure 2. At
any given stegs in a furnace campaign the weight dependent
term of the prediction equation can be represented as a
straight line on a coordinate field of energy and weight,
In determining the constants of Equation (1) the procedure
ia such that the line is constrained to pasa through & point
correspondiﬁg to the energy consumption at an' average weighti
of glass melted, somewhere around the middle of the Rormal
operating range. If the value of the constant a, in the .
welght dependent term is incorrectly estimated (for eny
reagon whatsoover) the slope of the line will be modified.
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Pigure (2) Effect of exroxr in the weight coefficient

The prediction will remain true at average pull, but an

~ error will appear in the prediction at thé extreines of
 weight, If a striot control regime is belng oparategn
this error will have undesitable consequences. At ome
extreme of weight excessive consumption of fuel céuld
aotually be encouraged, while at the other thexre would

be an inventive to reduce energyiiinput below the requ-
ired for good glass quality. The error will, of course,
be more acuté on & jobbing production line in which there
are subgtantial chenges of pull from time to time, than
on a strady production line that has only small changes
in weigﬁt. |

It ig therefore important that the weight coefficient
should be determined with great care,
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Chapter (III)

THE COST OF KEGENER&TOR EMFICILNCY

Phaoretical backerounds

Becwuge of the mathewatical complexities asgociated
with the full enalysis of the regenerstive oycle it has been
ugual to equate the procens with & quasli steady state situ-
ation as Endicated in Figure l. Average values of tempera-
tures and other parameters have then bgen applied to obtain
an analysis c# the regenerator behavioux. There have been
two approaches to the analysis aqd thesé are to treat the
problen as gimple heat transfer to and from & plane suxrface

or to congider the problem ag aralgous to the recuperator,

Heat transfor between & gas and a pléne surface.

The applicable equation is similar to that of Gilbert
& Mattocks®, |

Q = h.A, AT (1)

r'l”“—] (5l
vi3) L)

) ‘ ‘ 2) Heat out (3) Heat lost up
(1) Preheat in ( | Hoat oot
(4) Losses from (5) heat returned

regoneratord

Figure (1)! the regonerative heat cyecla.
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in which the total coefficient of heat transfer, h, is a
function of convective and radiative heat trangfer betweon
the gas and thé brick surface. The temperature difference,
AT, is consldered to be The average temperature difference

between gas and brick.

°

The treatment by Arrandale uses

'_h Q hc + h, ‘ _ _ i2)
hé - i.o + 2;7i p v Btun™F 22 &agr’l (3)
h. = 5.5 Btunt 2t°2 degF™t (for waste gas) 4)
b, = 0 (foxr combustion air), | kS)

Arrandale estimated the value of h,, from the ﬁork of
Schack, and it 18 in fair agreement with figures calculated
by the author (Shown in Table 1) from Equation (6), which is

| discuesed in Reference 4.

s TG‘ o T

Pable 1, Coefficient of heat transfer by radiation (Btuh™2

P deg "F"z)

Plue diameterxr
(1) Arrandole

PR

Equation(6)

e e s

6 5.5 4.3

9 ) -~ 506
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Equation (3) is an empirical equation due to Trinks,
An alteranative ias Equation (7), which is derived in Refer-
ence 4 from the work of Nusselt, oxr Hquation (8) due to
Rummel.s
ho oc vO.B." 0,32 vO.B to : (7)

L] DY . .

v0+5
D0033

h, = (conatant) (8)

where v 18 in ft/a and D is in Pt.

In all the above Equatlons the gau volocity is calcue
lated to NI'P fiom Bquation (9).

‘v w V/a _ ' (9)
where, '
oc = na,, : ' (10)

In this caloulation the velocity is assumed to be
uni-forxm throughout the regenerator and this is clearly
not the real gituation. Furthermore, & treatment of this
nafure ignoreé the influence of the thermal charactexistica
of the refractories on the heat tranafer coefficiencts, -
and also the éffects of the reversal period which, fér
instance. If too long can lead to thermal saturation of
paxt of the checkerwork and hence to an effective reduct-

ion of A and the efficiency.
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Preatment am & recuperator :

The classical work of Rummel and his colleagues

hag provided the basis for much of the work béing cgrried
out todey in which the regenerator is treated as a quasi
steady state recuperator., It is convenient to refer here

to the approximate equation derived by McAdamsg and éuoted
recently by Arrandale which providés as bage for the cal«-
oulation of heat tranaferied.

Al (T9-T5) (1)

T | , |
where Ami and AT, are the average temperature differences
betweon gas and air at the two ends of the regenerator.

=

Whilst Equation (11) repﬁeaents a sound approach,
the furnace designer is still left with the problems of
determining reagonable values of Aﬂfl,‘Ama; hyy and hz
which would assume prior knowledge of the regenerator. In
principle it may be reasonable to apply Equations (2)=(10)
to entimate the heat transfer coefficients, but the process
may be quite inaccurate because of the assumpifions made.
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_ Chapter (IV)
APPLICATION OF THr FPINI?E ELEMLNT MLTHOD

P0 CALCULATE FLOW PaTTEkNS IN GL4SS TANK

PUKNACES.

A two dimensional tank furnace:

s P —] 7 p—
. 1m
im ) ) Y
Y ko G LD
hD
H ; C\Yz ﬁ~ T o]

Figure (1) Revresentation of a longitudinal section
of & tLtanlk Turnace.

, There in no great diffioulty in applying either the
finite difference or the finite element pethod to the more-
complicated geometry shown in Figure(l) . This is intended
to repregent a longitudinal section of a sontainer tank
furnacae, However, one must rememberthat we are at presént
limited to the solution of two dimensional problema.The
'aolutioqs we obtaln could only be of practical value if
the throat extended across the full width of the furnace.
We are not able to make even an approximate allowance for
the fact that the glass has to flow inwards towards the
centxal axis of the tank to pass through the throat, -

To deal with the problem pfoperly it will be necessary
to solve the'complete three dimensional problem; thia can
be done, but at present the computing time required is
large.  The temperature boundary coitditions which were
specified for this problem are along AB(T « ... (wiifoxm))
8t G(T = 0, = 1200°C), along TE [ = Bpgy + (8., = 0,1/
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“at H[T = Toin * (Poax = Tmin) /25 8nd along AH, HG, GF,
and EDCB the temperature varies linearly with position,
AB and EF are froe glass gurfaceg. Along all the othex

surfaces, the glass is in contact with the refractory.

Figures(2) and(3)show stream function and tempera-
-ture contours for two problems in both-of which T . -
Tmin = 40 degC, which corresponds to a Rayleight numbexr
of 107, Comparing the diagrams clearly shows the effect

of ohanging the height of the throat from 0,3 to 0.5 m,

(a) Stream :
liﬂes . @\ 3
(b) Temperatute .
contours, [m—tp— 3_‘5F 2
— s S 7 A

Figure€?) Lonsitudinal contours of stresm lines and
isotilerma (narrow throat)

~Gontour numher 1 3 5 | 7T 9
Streem line valuelf 3,5 0.5 «0.5 =3.0 -6.0
Tomperature value| 0,125 | 0.375 0.625 | 0.875 | =

T

lines.

(a) Siream .‘ el @»

(b) Temperature—r————= ] f;
contours.. E5i::::::::::;;gggé??’jj:::::j

Figure ({} Loneitudinal contours of streum lines and
isotherns (wide throat).

Contour number ' 1 2 3 4 5 6 1
| Stréam line velue| 140 - 0.5 0.0 (';l.O'HW;BQO\V;G}O 9.0

|_0.125[0.250 | 0.375] 0,500 0.€25] 0.759/ 0.5

e ]

_lemporatire value
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" A8 19 to be expectdd, the narrower throat oauseé more
. geparation between the circulatory flowa in the itwo
sections of the tank, Table 2 shows the effect of Ray~
-leigh numbex og.the values of Ymax for the circulations |
A,B, and C for ho = 0,5 , 4 nonuniform triangular mesh
wag uged, with smallér triangles near the boundaires
4nd in the throat region, The total number of mesh

pednts wam 770, some further calculations were carried out

in which there was a#throughput of glass. The effect of
this on
paplelll, Effects of Rayleigh number on (Circulation)

Ha A ‘ ~ B C
104 ~0.,687 0.488 -2.523
105 «1.975 1.171 ~11.434

2x10° «1.397 3,600 - =15.990
3x10° ~1.608 4.240 20,260

Yho flow pattern and vemperature disbribution was not

vexry great for the ordexr of throughputse enoounteréd in
practice. However, this could be a misleading result,
Becauas of the channelling of glass through the throat
which occurs in practice, one would expect that the pull
on the tank will have a great effect on the flow pattexn
near the throat. This could only be 1nvestigatad properly

by carrying out a three dimensional calculatmon.

Plow in the throat.

" It ig interesting to compare the results of the
#inite element calculations of the velocity diatribution
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- in the throat with thoso obtained using the simple anal-
ytical equations derived by Peyches asnd Naruse. The
former, which ig based on the agsumption of zero pull,is

2

P g T, -7 "~ h ' .
v = i ¢ L2)y(yPalua)y © (1)

whore B is the cubical expangion coefficient of the glass,
n is ite viscosity, p, its density, g the acceleration due

to gravity, T and.Ta are mean temperatures at each end of

1
the throat, and the meaning of the other symbols is clear

from figurve (4l The equation can be rewritten in a different

92); , i
(a) h, =0.3 //7/ (b) hy=0.5

- T
/ J 0.947
+ 0,239 12.2m |
Tl=0-477 ho T2= 00372 ' T1=0.470h L 20264 T2=0.347
. . 0

g
¥ )
+ 0,228 | + 9,972

A l————r x 777777577777777

Figure (4) Stream function values for zerc pull

from by introducing a dimensionless velocity .V where

(V = vl /K,) in which 1) is the length of glass in the
throat and K the thermal diffusivity of the glasas, -Egu-
ation (1) then becomes
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gp (1, =1T,) h 2 -
. & 2y (g2 ley )
6vK .
or, writing t ='y/ho;
% . o .
Ve e (7 = 2 ) o (3)
6 4

where ha'is a Rayleigh number characterising the flow . in
the throat, which should not be confused with the Tayleigh
number used previously, which characterises flow in the

whole furnaca.

The éduation derived by Naruse for the situation when
there is alsc & pull on the tank is V = Vi + V_ where V,
is the dimengionlesa velocity due to convaoﬁion and vb is
the dimenaionless velooity due to the pull v; is given by

Equation ( 2) and Vb by

: -3Wl
v, = 9 (¥% - =) (&)

h
4p, (-g-—) X

where W ig the pull per unit width of the throat, which
can eagily be calculated from the mean reaidence time of

glass in the furnace.
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Pable (2) Calculation of velocity velucs,.

n, b=y/h Nomerical Peyches
0.3 +0.375 +2.391 1.94
. =-0.375 2,277 -1,94
0.5 +0.4 +9.474 9,19
+0,2 +13.292 10.94
-0,2 -12.919 -10.94
=-0.4 ~9,723 ~3.19
0,0 . 0,124 0.0

Figurel4) gives values of stream function calculated

at the mid point of the throat for ho = 0,3 and 0.5 for

a situation in which the pull is gero, Tablel2) compares

the voloolty velues computed from the st:bam funetion

values with those caloulated from Equation (2 ).

Figure

"~ {5)gives values of atream'funotion calculaféd~at the mid
point of the throat for h = 0:3 and 0.5 for a situation

in whioh the pull corrssponds to s mean residence time

o ol 36‘110

= 1o
(b) ho=0,5
“TI0640
L 0,462
| [
h —:—- 1.342 .
° ’ -
4y my=0.483 1 1.864 Tp=0.300
~:. 0.879
x 1o
I

Figure (5) Gtrsam fungtion values for s finite pull,
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Pablel3) compares the velocity valuos computed fron

the gtream function values with thogse calculated from -

the Naruse equation.

?éble(3) calowlation of velocity valucs.

htrmrs

h t=y/ho (numericsal) (Haruse)
0.3 40,375 +6,055 +5,209
0.0 ) "‘70559 +8-007
~0.375 2,397 ~1.793
0.5 +0.4 . +11.780 +11.334
+0,2 +18,044 +15.291
0.0 +5,214 +4,919
T =0.2 .-9.947 -7.029
"'004 "8- 791 "'7-792
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PROPOSED DESIGN PROCEDURE

Datoi=

(1)
(2)
(3)
(4)
(5)

(6)
(7
(¢)

h
H

Chapter (V)

THERKAL CALCULATION OF GLASS

MELTING FURRACE

The weight of the out put Gluss =100 kg /hr.

- Degree of the iuner furnace temperature=1400 (°

Degree of ihe outer surface of the furmace=1006°

The Meltiug end Area = 80 X 70 Cu°

The working end Area = 50 X 70 ¢ 2.

 The inner hight of the furnace = 60 Cm.

Th‘@i total hight of the furnuce = 100 Cn.

Bricks ind which ussd in furnace:--

I- For wails (Silica)' Nu= 0.004
II-  For Bottom (Chamotte2) A = 0.003
IIT-  For Chiminay (Sellemenit)?= 0.004
VI- For Tanck (muieet) Na 1.1
(9) C.¥i= Caloric value fuel = 10000 kcal/kg
(10)  Percentage Glazs Composition:-
sS4 dé : 74.10 &
Ne 0 + K0 16.69 %
Ca O 4,65 %
Ngo 3.23 %
A1,0,4 0.33 %
0.065%

Fe20 3

~
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(11) Sp= Meen Specific heat of the Colourless Glassw0.292

(A) Pron Table “Glaug Table*  The heat balance
(The percentage). '

)~ Radiation and conveciion loases from the uppen

furnace structure = (,3 %

2« Radiation heat losses Furnace opening = 9 5
3~ Sendible heat losses in waste gasses «75.9%
4~ Potential heat losses in waste gasses due %o

incomplete cimbustion = 3.9 %
5. Heat transferred to the Glasa = 6.9 %
(B) Percontage of heat lost by conduction through the
walls of the lower structure from table

l- BSide, Front and back walls containing Glass=49.9%

2= Botiom blocks incontact with Glass 9,1 %

3= Side, Pront and back walls not in contact with
Glasss = 17 %

4= Bottom structure not in contact with Glasu=24%

1~ The heat use in Meliingie=

e e s I D g B 2 G B W A s % W s e e B s W G N S
e e R e e,

Qmelt. = W X Sp X t,  keal/hr.
Qn = 100 X 0.292 X 14000 = 40880 kcal./hr.

Qme 6.9 Qtotal

Qtotul = Qmelt. X %gg" Kéul/hr.

+9

. Qt = 40880 X %99 = 592464  Koal/hr.

P -y o - i b
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II- Total heat losses from Wallsi-

QlOSS. = 4.3 Qt Koal/hr-

AQ]- - 4-2 X 5924&&-- = 25476 Kcal /hr.
" 100 '

III- Heat distrlbutlon -

le Sid.e, front and back walls contining Glass=49.9 %
Ql = 49,9 Ql Kcal /hro

q = --42:2.X 25418 _aomi2.5  Keal/hr.
. 100 - | :

Tota?l Area A‘ = 170 Cm X 20 Cm X 2470 CmX20 Cm X2x9600

A! L 0096 mta
Q, ' At :
= wmmu q - "f""‘"’ Kcal /Mz .hrO
9 ny Rth
q, w -32122:5 .. & 13242 Keal/hro®
1 0,96

13242 uw <2290.2.490. - Rip » --299..0,0679
. Rth 13242

Rth u -2- “ Sw Rth X N mt
mede of mulleat A= 1.1
® = 0.0679 X 1.1 = 0,07469 mt
2~ Bottom blocks in contect with glass = 9.1%

Qy = 9.1% Q1 Koal /hr.

éi s mgtiaLaS&Zﬁa & 2319 Kﬁlli
. 100
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Totel Area Ay = 70 X BO + 70 X 50 =9100 .
A2 » 0.91 m 2
A .
qz w ..Qa?‘— » qa wm -_._..3-- Kcal /ma. Hr.
ap » 232 - 2548 Keal/uf.hr.
2548 = ..3:?_.99.‘:..5.99_ , Rth = 800 . 0.31397
: Rth ‘ 2548
g, .
R",h 88 -t_--;->~:- 5 = Rth I ,>\ mt

[d

6,5 0.397 X 1.1 = 0.345 mbte 2 =35 cm

3~ Side, front and back walls not in contact with
Glass (Using Silics) = 17%

Q;=0.17 Q

0, = SA1.X.23476.0 . 4331 Keal /nr.

100
Total Area'at . byt A Ac' nt?
hy = 170 om X 50 om X 2 walls = 17000 o
A, =110 om X 50 cm X 2 walla = 11000 cn
A, = u—é-’-li&g—lggmg I 170 om = 40100 cm2
2

Atotal » 1.70 + 1.10 + 4.01 = 6.81 mt



-4 19=

q, = ~-22l- 1 Q3 = 0.249 X 4331 = 1081 Kcal/hr.
6.81 Ll
Q@ = ~-d:lo X Qy = 0.165 X 4331 = 699 Koal/hr.
3
.81 .
Qg = =429k x . q; = 0.5889 X 4331= 2551 Kosl/nr.
a' --S.&“‘ b -l-'o-g;' = 63509 Kcal /mathrO
la A 1.7
a
U woom w8290 . 635.5 Koal/al.hr.
A 1.1
qc .A. 400]‘ .
[+
AN 3 -8 2N
It emekeneens Rtb, 3 s - Rth x mt
LRV oy
- 480 = 80 : 400 L o.62
6 r.g o e 0 i o 420 8 (Rth) = - - - . 9
I3 (Rth), ‘& " T635.9
Eh = 0,629 X 0;04 = 0,025  mt.
S .
.a— 205 Chle
480 - 80 400 62
6355 = wiitalesia (Rth)p» ==2Sewe = 0.6295
» (Rth) ®  635.5
1)

b= 0.6295 X 0,04 = 0,025 mt

8b= 205 Cmo'

66:‘: 1.9176 X 0.04 = 0,077 mt

°® .8(2: 707 Cm.
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4= Bottom structure not in contact with Glass=24 %
(Using chemotte no (2) )

9, =0.24 QL  Keal /hr.

Q = .%5--§.§2i1§ = 6115 Kcal/hr.
100
4, =170 ca X 110 Ca = 1,87 nt®
Q
q4 = --i— = -élli-- = 3270 Kcal/mz.hr.
A4 L.87
P -..‘e.s--- 8 = (Bth) i ')\ mt
9 (Rth), L '
Rth. 3270
£1= 0.1223 X 0.03 = 0.03669 mt. 54= 3,6 Cm.

The weight of fuel used mextina

s b i o w0 ..--.-u.u-—..--—-uﬁn-o-.. Lol

Qiotal = quel Keal/hr.
QFuel = 59?464 Kcal /hr.

quel a (G.V.) X G

Qepel = 10000 X G = 592464
G = 59.3 Kg/hr.
GaVIXIp kg yaolai 0.83

59.3 =« ¥ X 0.83

Ve ~§242* s Ti lt/houra.
0.83 : '
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CALCULATION OF AIR USED FORGLASS FURNACE

The constant Used 10 calculate

Gaseous aspecifiz heats

Gas A B

Co, 0.0451 . 1.8x10°
Hyo . 0.0389 0.777x10°
0, 0.0349 0.583x10°
N, 0.0339 0.409x15°

The mean specific heat betwaeea temperatuses t, and T2

is given by t=

ol . B C 2 2
Gp = Atm— (T2+Tl)+ 5 (T2+T2T1+Tl)

The equations which used to caleculocte Gaseous specific

heatsi- at( 1400 & ) = 1400+273=1673K

¢ (Cop) = 0.4014+0.1602x18°4=0,368x10 t°
 0.4014+0.16020103x1673-0.368x107 (1673)2
e 0.5664 Kecal/m>/K

¢, (Hy0) = 0.3462+6.91x1074-0.051x15¢2

0.34624+6.91x10°x1673-0,051x107x(1673)%
0.4475 Kcal/m’/K




—b 5~

T, (0,) = 0.3101+5.1687x1074-1. 145x15°¢2
= 0.3101+5.187x10° (1673 )=1.1452108%(1673 )2
= 0.3648 Keal/m /K

¢, (y) = 0.3019+3.635%10°£-0,513210"8%

0.3019+3. 63510 x1673=0,513x10%x (1673)2
0.3484 Keal /m’ / K

i

Gas Specific heats(Cp) kcal/mB/ﬁ
Co, 0.5664
Hyo0 0.4475
02 : 0.3648
N, 0.3484 N

The ealculﬁtion of alr used in combustions-

Carbon moleculic weight = 12 (¢)
Hydrogen moleculic Weight = 1 (Hz)
Volurie percentesge of Oil: C = 85% sz 15%

asaume 100 Kg fuel for complet combustion

8o+ L5 Hyex(0,+3.76 N,
= [, 002+Y H,0+M N, R

Whexre
L,Y M, X the comustion constant

The oxygea and nytrogen percentage in air s

. For lm” air For 1 Xg alr
0p ' = 0.2 0, = 0.23 Kg

N, = 019w . N, = 0.77 Kg
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Po colculate the speecific heat of waste Gases:

at 1400 ¢
Cp Gass =V, % C + V + V% C
Co, Peo,, Hao © N2 ey
_ 30
C = 0,55664 Kcal/m”/K
Poo2
e
oy o ™ 0.4475 , Kcal/m /K
20 -
¢ . = 0.3484 Keal/m>/K°
Pr,
v L 7.08 ~
co2 % = Tiyan = T.08+7.5+40,13 ~ 0.128
v Y 7.5
Hyo % = gy = VOO BTE073 = 00136
% u M - ‘____40»73 ) : )
Vi TRV~ 7.08+7.5440.73 = 0,736
2

Co Gases = 0,55664x0.128+0,4475%0,136+0,3484x0,736
= 0,3885 keal /m>/K

To calculate the specific heat for air:

% C +V %C
2 o, T2 P
atlt =27) at¢ = 27)

¢ s V
Pair 0

o
€,(0,) atit = 27)0
T = 274273 = 300 ¢ . -

0 (0y) = 0.3101+5.167x107%x300-1, 145x108x (3003 = 0.3246

CP(N?) - 0.3019+3.635x165x3oo-o.513x10”8x(300)2
5= Oi 3123

¢ n 0,21x0,32401+0.79%0,3123 = 0.3148

pair e ————
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The combustion equation:

Balance for (C) i

85 _ f
8 o 13 my4x(0,43.76 M) b1z 7%

= L002+YH20+M H2

Balance for (H2) :

»e

Blance for (N2)

%2 X2 = Yx2 ’ 2x3,76x = 21
- M= 3,76
Y =22 =15 3.Tox

Balance of (0,)

2x= 2L+Y
2x= 2x Q% + *2
X= 10,83 X& o Xx32 . 100
" 3.76xé% . 40.73 Ve 21 x 120.482
Where:
3 of air
0.2l = Oxygen percent in 1lm

120.482 = Volume of 100 Kg of 0il
32 = Oxygen molecalic weight
X = oxygen constant in combustion
V= 10.83 x 32 %100 _
ﬁ? ST the e 13.7 W/ my

With exess eir 10%
V, = L1 x 13.7 = 15.1 nlair /o't

4 641 = 71,38 liv /hour = 71.38x10° u’/ hour
V /hour # 1531x71.38 = 1077:83 i 3/ htsus

Voas = Valo/hre Vo/hr = 1077.83+71.83 = 1149.21n°/hr
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RESULTS

- e o e >

1- Heating up time: 18 hrs.
2~ Melting time 8 hrs.
3« Continious output glass

4~ Max. Temperature: 1380 a

5
6

7- Loss of composition: less than 3%

Temp. at working end: 1250 a

Glass Melt:~  Buble Free.

RECOMMENDAT ION

O v e S w0 A - W

The design procedure and the constiruction of the furnace

can be used to desxgn glass furnace with satisfactory results.
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