
TaoLe 1. Glass praduction costs 



3f @ fa )  is a continuoun c o s t  f u n c t i o n  (&/uni t  t ime) t h e n  

tho p r e a e n t  value is 

which ia, mathematical ly,  t h e  Laplace transform of C ( t ) .  It 

is then  p o s s i b l e  t o  give f a i r l y  s i m p l e  solutions Par t h e  

present  value of  v a r i o u s  s imple  c o s t  functions, as shown in 

Fi@are 1. 
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Heat l o s s  sau ings  and f u e l  usage: 

To o f f s e t  t h e  r a p i d  inc rease  i n  f u e l  c o s t s ,  t he  most 

obvious course of a c t i o n  is t o  a t tempt  t o  reduce heat l o s s s v  

from t h e  furnace.  However, i t  i s  impor tan t  t o  r e a l i s e  t h a t  

t h e  e f f e c t  of a r e d u c t i o n  i n  hea t  l o s s  does not  show up 

d i r e c t l y  as a sav ing  of t he  e q u i v a l e n t  anlout  of f u e l .  The 

r e d u c t i o n  i n  f u e l  usago may be. 

Table 2 . The e f f e c t  of  hc'at Loss  savings on f u e l  consumption. 

Sovrce of l o s s  

Crown 

BoCtoni 

S idewal lu  

Po r t  ne cka 

I 
water  aoolod 
equipment 

furnace 

~ d e  t h o d  o f  reducing. l o s s  

Extra f n a u l a t  isn 

Extra i n s u l a t i o n  

Use o f  unoooled 
e quipme nt 

Reduction o f  
r a d i a t i o n  l o s s  

Reduction 02 
l l u s h t  l o s s e s  

Fuol saving--_- ----------- 
Heat l o s s  savin; 

g r e a t e r  o r  l e s s  i n  equ iva l en t  thermal  terma than  t h e  amount 

of  hea t  saved. 

Table( 2 1 summarises t h e  r e s u l t o  of  many d i f f e r e n t  s t u d i e s  

and shows how t h e  a c t u a l  f u e l  saving depends on how and 

where the actual heat  Loss aaving i s  made* 



Chapter (11) - - - - 

The statis%ical model presented in that inaluded an 

ageing term as well as a gloss weight term 

where r is the energy conmmption per  unit o f  t a g ,  xx is 

the ugo 09 f'uxaaoe irz W Z t a  of time* 9 i a  the weight of 

glaw per WISP of time, and a,,al,ag, end k rue conatante 

*o be db%eminb$ by S i t t ing  the equation $0  M a c e  ocunpaigrz 

data, It is convenient in pxaclioal work t o  Sduntim the 

individual  txtrn o f  the equation as follawe: 

oonetant tern = a,, (2) 

The model was originally colloelved f o r  use dn feedback 

oontrol (Figure 1) by analyaing the data for a oomplete * 

anmpaiya,' f i t t ing  the model and ueing it t o  predict  the 

eubaoquent oampaign. It haa bsen appl ied  succeaafilly 



Heat l o s s  s a u i n g s  and f u e  1 usage: 

To o f f s e t  t h e  r a p i d  i n c r e a s e  i n  f u e l  c o s t s ,  t h e  most 

obv ious  course o f  a c t i o n  is  t o  ut tenipt  t o  r e d u c e  h e a t  l o s s e v  

f rom t h e  fu rnace .  However, i t  is  i m p o r t a n t  t o  r e a l i s e  t h a t  

t h e  e f f e c t  of a r e d u c t i o n  i n  h e a t  l o s s  d o e s  n o t  show up 

directly as a s a v i n g  of  t h o  e q u i v a l e n t  aniount o f  f u e l .  The 

r e d u c t i o n  i n  f u e l  usago may be.  

Table 2 . The e f f e c t  o f  be'at l o s s  s a v i n g s  on f u e l  consumption,  
e 

Sovrce  o f  l o s s  

Crown 

Bottom 

S i d e w a l l e  1 
Port neck8 

w a t e r  oooaed 
equipment 

Holes  i n  

f u r n a c e  

idethod of  reduc ing .  l o s s  

E x t r a  i n a u l n t f . 0 n  

Qxtra i n s u l a t i o n  

Use of unoooleh 
equipment 

i 
Reduc t ion  o f  
r a d i n t  i o n  Loss 

Heduc t ion  o f  
l l u s h '  l o s s e s  

Fuol  saving---- ----------- 
Heat l o s e  savin; 

g r e a t e r  o r  l e s s  i n  equ iva l en t  t h e r m a l  terms t h a n  the amount 

o f  h e a t  savod. 

Table (  21 summarises t h o  r e s u l t s  of many different s t u d i e s  

and shows how t h e  w t u a l  f u e l  aaving depends on how and  

where t h e  actual h e a t  l o s s  a a v i n g  i s  made, 



Chapter (31) - -- - - 

The atatist ical  model presented in thot inoluded an 

ageing term as well aa a glaea weight term 

where 3 i a  the energy conamption per unit of %%me, xx i e  

the ago of furnrsae in tznSta of time, + Ze the weight of 

glans per unit of time, and a, a a and k an, conatante 
r 1s 2s 

t o  be dsteraLne$ by Sitt ing the equation t o  fusnace otunpaim 

data, It La convonhrt in pxactfoal work t o  idunkffy the 

i n d i v i d u ~ l  t e r m  o f  the equation as followat 

oonaLant Germ a,, (2  

The model was originally conceived for  use &I feedback 

oontxal (Bigura 1) by analyaing the data for a aomplete 

anmpaign,' fitting the model and uaing it t o  predict the 
0 

eubaequent aampaign. 3t has been app l i ed  successfully 



Input  (batch, 
Glass furnace glass.  

lie c orda I 

eion procision deabion  pmcedlses o f  teobniaal management, 

Using arckxival data, analyses of successive campalgas o f  

the #am furnace o r  of conourrent campaigaa o f  asparate 

furnaces may be undertaken s o  that differencoa U design 

and construction can  be compared and so  t h a t  t he  eoonomia 

aepecta of a l te rna t ive  fucd.8 can be evaluated more accur- 

ately. 

Experience i n  fitting Equation (1) fn pract ice has 

led  t o  int&esting oontraat between the  r e l a t ive  import- 

ance oi? tho t U e  dependent and t he  weight dependent terms. 

Ia Me grevislilis papor t he  author introduced a term ia t h e  

hen$ belanoa eguutPo~ ba rfbw gss Pusrmao again&, u b  rough 

t o  find a sat2sfactory mtheulaticsl Pamulation of the  ageing 

phenomenon and preaont a suitable method o f  numer ica l  



anslyrsie, Subsequently tho a t e r e a t  haa sh i f t ed  aomewhat 

tovsarda t h e  woight dependent term (though the  time dependent 

term r e h i n o  esaent ia l  i n  the heat balance). The linearcum- 

exponential. form of  the time dependent term (3) has been 

ent i re ly  eat isfactory aa a f l e f ib l e  aeans a f  fitting i n t o  

a common formula t h e  ageing charac ter l s t io  of eve= 

Sumace that haa s o  far  been atudied. There has been no 

difficulty i n  arriving a t  au i t ab l s  valuea f o r  t h e  const- 

an ts  al and k s o  t o  provide a reasonable f i t  t o  the  avai l -  

able data. In oontraet, t he  evaluation of a2 In tho mathe- 

matically weight dependant tern (4) ha8 proved t o  be t h e  

more d i f f i c u l t ,  and more critical, aapeot of f i t t i n g  t h e  

model t o  firnaoe data. 

The reaeon $or thde f a  explained 5n Pigwe 2.' A t  

any given ataga i n  a furmace campalgn the weightidependeat 

term o f  %he gmdiotion equation o m  be represented w a 

etraight l i n e  on s ooordinate fgeld o f  energy and w e i a t .  

In  determining the  constant8 of Equation (1) the proaedure 

l a  auch t h a t  the  l i n e  is oonotrained t o  palja through a paint 

cosreapondb& t o  the energy coneumptiou a t  +n6 average weight 

of glass melted, somewhere around the middle of the  normal 

operating rknge. If the valus of the conetant a2 in t h e  

woight dependent t o r n  is incorrectly estimated ( f o r  any 

reason whatsoover) the  slope of the  l i n e  w i l l  be modified. 



Weight 

Figure (2) Effect of e r r o r  in t h o  weight coefficient - 
Zhe prediotaon w i l l  remrrfr Dzue at  average p u l l r  but en 

errot w i l l  appekr 9n the prediction at  the ert;rmes 09 

weight. Ei a efrLcrf oontxol regfme is belag operrrGed - ,. 
th$e error w i Z 1  have undesifable ooneequenoee, A* ole 
exfzeme of  weigh* excessive conawzption of fue l  bould 

aoCml3.y be enoouraged, while at the other there would 

be an inveutive t o  reduce energy inpu* below . . the requ- 

Ired for good glase quality. The error will, o f  cowas, 

be more acute r9a a jobbing production line in which there 

are eubstantial changes o f  pul l  from time t o  time, thsn 

on a straw production line that haa only emall changes 

in weight. 

It i a  therefore inportant thst the weight ooefficient 

ehdiirld be determined with great care. 



9IXE - COST OF I&GmEi-iRTGZi E;kYICDUCY -- 

IPhomwtS C R ~ .  baclcg:cow~d: 
- n * W r C O l -  

Bec~uhte a9 t bc n~tkraim-blcal oomp~ckstf iea oowouZertod 

with th .0  f u l l  analyeis of the rogonomtiva oycle it h m  been 

wual t o  aquaiie the procrjors with a quaai ateady lstate situ- 
0 

, ation as indicated in Figure 1. Avezrago valuee o f  %empero- 

turw and other pawetera have then been applied t o  o b t a b  

an aaalyaie of the reganelator bebvious. These have been 

two spproachoa t o  the analyeis and these are to treat the 

problem arr rrlmpLo heat trau~fer to and from a plane ~lurface 

or t o  c o n u i d e ~  the problem a6 analgoua t o  the xecuperator. 

The appXiaablo ecflation i a  aimilar 60 that o f  G;ilbe& 

( 3 )  Preheat i n  (2)  Heat out 

(4 )  Losses from ( 5 )  heat returned 
regonsmt ora 

(3)  Heat l o s t  up 
chimney. 



&n vrkrfoh the total oooffioS.ent o f  heat transfer, h, ia a 

function of  oonvective and radiative heat translfer between 

the gas and the brick eurfaoe. The temperature diffexenoe, 

A.Ts Ys considered to be ?he average temperature differenae 

between gas and briok. 
0 

The treatment by Arrandale uiea 

% 0 ( f o r  combustion air ) .  (5) 

Arranda3,i) eet imted the value o f  *om Che work of 

Sabok, and ft i e  tn $air agroemene with $iguceer cafculated 

by the sut hor ($haw# in Table 1 I fmu Equation (61, which is 

diacuased in  Reference 4. 

pabIe -. .- 1. ~oeffioient of heat transfer by radiation ( ~ t u h ~ ~ -  

* 

Flue diameter 

(iii) 

6 

i 9 

h a n d o l e  
- r r . * i u ~ i r r r ~ ~ r i ~ D ~ . i i S L - - ~ . . . - I " . . - ~ - d Y Y S ~ ~ - ~ G ~ ~ - - - ~ ~ - - " - ~ - ~  

565 
w 

$qWt i on (6) 

4 ~ 3  
5 . 6 



Equation (3) ie an empir5.oal equation due t o  T r b k a .  

An alterer#crtive i a  Equation (7), whicrh is derived Sr fief%* 

enoe 4 from tho work of Husleelt, or  Bquation (8) due t o  

,O. 5 
h, ,= (conatant) - 

DO. 33 

where v is in f t / s  and D is in ft. 

In a l l  the above Equ&tlonrs the gaU veloc i ty  is calou- 

rated t c  WlP fxom Equation ( 9 ) .  

where, 

In th%a oaloulation the veloogty ie arrrsumed t o  be 

m i - f o m  throughout the regenerat or and t his  ie clearl$ 

not the real situation, Purthemore, a treatment 05 th ia  

nature ignorek the influence of  the thema5 charact exd.atica 

of the refraotoslea on t h ~  heat transfer ooeffioiencts, 

and also the effects of the reversla1 period which, for  

Snatance, Xf t o o  long can lead t o  thermal aaturatfon o f  

part of the ahecke~ork  and hence t o  an effective reduct- 



Treetnont ae a rsouperatw : 

The o la s s i ca l  work 09 Rummel and his colleaguea 

hrier provided tho  basie  for much of the work being aar r ied  

out today i n  whioh the  regenorator i a  t rea ted  as a quaai 

crteudy ntata recuperator. 3t %a convenient t o  r e fe r  hero 

t o  the  approximate equation derived by MoAdamrJ and quoted 

recently by Arrandale which providdtr aa baee f o r  the  c a b  

oulation of heaf transferred. 

where A T1 and A T2 a r e  the average temperature difference@ 

between gaa sad a i r  a t  the  two en& of the  reganerafor. 

Whilst Equation (11) representcr a sound approaoh, 

the Sumace derrigner is still l e f t  with Ibe  problew of 

determining reasonable valuea o f  A'I l ,ACZ,  hx, ahd 4 
whioh would mswne pr io r  knowledge o f  t4e rea;enerator. In 

p r i n c i p l e  it may be reasonable t o  apply EquBkions (2)-(10) 

t o  eetsmate the heat t ~ t z t # f s ~  oaeff ie ients ,  but the prooese 

may be quite jjzaccurate boonuue of the  sr~rslmp54tionrr made. 
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Chapter (1V)- 

+@PLICATION OF THC PINITIi  ELEUNT NUTHOD 

TO CALCULATE PLOW PxTl?bhMS IN GLASS TANK 

A two dlmsnaional tank furnaoer 
-- 

, A p---5rn --I = /- 3m.- F 

- . %m FF!$yl 
h 0 

ii X c' Y2 - ,  

Fip,ure ( 1 )  Renrcnea t a t i on  of a LongitudinsP s e c t i o n  
____I o f  u t a n k  furriacc, 

Phoro i h  no graaf d i f f i o u l t y  i n  applying eAther t h e  

i in iOs  differortce ox t h e  $ b i t e  element pethod t o  the more 

ll&ts% t o  t h e  oolutiovr of two d m n ~ l i o n a l  pr~blar#ls.lChe 

solutions we obtala  could only be of prawtioal value i f  

t h e  t h roa t  extended acroas t h e  f u l l  width of t h e  furnace. 

We a r e  not  ab l e  t o  make even an approximate allowanc~e f o r  

t he  fact t h a t  t he  glaao h a  %o flow inwards towards t h e  

e e n t r s l  axts .of t h e  tank t o  paas through t h e  throat. , 

To de'al with t h e  problem properly i t  w i l l  be neoeasary 

t o  so lve  $he 'complete three dimensional problem; t h i e  oan 

be done, but at  present the computing time required 1s 

large. , The temperature boundarg oonditiirna whbh were 



at A [T T~~ + ( ~ i ~ ~  - T~~~ 1 /as] and along AH, HG, GP, 

and EDCB the taup6rattu.e variea linearly with position, 

AB aud EP are free glass surfaces. Along all the other 

rrurfaoea, the glarstr i~ i n  contact with the refraotory; 

Figurea(2 ) and( 3 1 shm cstrem funotion and tempers- 

-ture C O ~ ~ O U ~ E I  for two problem in both o f  whioh 2- - 
*mtn = 40 degC, which oorrespoada t o  a Hayleight number 

of lo5, Cornpasing the diagcama clearly ehowe the effeot 

o f  ohenging the height of the throat from 0.3 t o  0.5 m, 

(b) Tomperatule 

Figure( 2) Lon ,~ i tud ine l .  con t o u r s  o f  s t reem lines and 
inotherma ( ~ ~ u r r o w  throat) 

Contour n u d e r  I I 1 I 3 1 5  I 7 I 9 1 

(a) Stream , 

l inea.  

Streem l i n e  v d u e  
-- 

femperature valuc 

( b) Temperature 
O O ~ ~ O U ~ S .  

E'i.~u?e ( 3 )  Lonqit-uclinal c o ~ i t o u r s  of streurn l i n e s  and 
isot1ier.m (wide throat). 

3.5 

0,125 

O e 5  

0.3 75 

-0.5 

0,625 

-3 .O 

0,875 

-6.0 - 



AB IQ t o  be expectdd, the  narrower throat  oaueea more 

separa t ion  between the  circuletozy flowa i n  tho  two 

sea%%ona of the  tank. Table 2 showe t h e  effeot  of Ray- 

-1eigh number on the values of ymEut f o r  t he  c i r cu le t  Lona 

A.B, and C f o r  ho 0.5 + A nonuniform t r iangular  neah 

was used, with smaller trisnglea near the boundairea 

as8 in the throat regf on. The t o t a l  nwnber of usah 

ma 770, some Pu:rther calculations were c a r r i e d  out 

in whieh t h e r e  was a throughput of glaas. The e f f e c t  of' 
t h i s  on 
J'abln(1.). l3ffec t a  o f  i?i;ayleigh number on ( C i r c u l a t i o n )  ---. 

lie I , .  A B I , C  
I 

very great  f o r  the order o f  throughputs enaountered Sn 

practioe. However, t h i s  oould be a mitilleading 2esult. 

Beoauoo of the  ohannelling of g lass  through t he  throat  

lo4 
log 

2 x 1 0 ~  
3 x 1 0 ~  

whioh occurs i n  practice,  one would expect that the p u l l  

on tho tank w i l l  have a great e f fec t  on t h e  flow pat tarn 

i h e  flow pat t a& and tsrnpera$ure dibtr ibut ion waa not 

-0.687 
-1.975 
-5.397 
-1,608 

near the  $hroat. This oould only be investigated properly . 
by oarrying out a three  dimencrfonal calculation. 

Plow i n  tho  throat. 

' It i s  in te rea t ing  t o  compare t he  r e su l t s  of the 

dement  calculs t ions of t he  veloolty dis t r ibut ion  

0 488 
1.171 
3.600 
4,240 

-2.523 - 3L.434 
-15 0 990 
~20.260 



in the throat  with thoeo obtained u a h g  the  simple anal- 

y t i c a l  equations derived by Peyches and Name. The 

former, which i a  baaed on the assumption of zero pul1,ia 

where fi l a  t h e  cubioal expanoton ooeffioient of the glaas, 

w is its viscrosity, Po its density, g t he  acceleration due 

t o  grer i ty ,  TI and T2 e r e  hean temperatures a t  eaoh end of 

the  throat ,  and t he  meaning of t h e  other  symbola is o l e a r  

from f igure ( ' 4 ~  Zhe equation can be rewritten i n  8 afferent 

Stream function values for zero  pull 

from by introducing a ilimenaionleaa velooity V where 

( V  m vl,/K,) i n  whiah lo i a  the length of glaaa i n  the  

throat  a d  K t h e  thermal diffuaivity of t h e  glnaa. .aqu- 



or, writ% t = y/hgB 

where lb* is a Rayloigh number oliaxaot eriaing the flaw i n  

the throat whioh ahould not be oonfussd with the rtayleigh 

number used previously, whicrh oharaaterieea flow in  the 

whole fuxnaoe, 

The squation derived by Nalaruse f o r  the sltudion when 

there is &la6 a gull on the tank la V = V6 + VvWhsre Vo 

i. th8 dimenaionleea velocity due to oonveotion and $ l a  

the dimonsionlels ~el00fty due t o  O h 9  p u l l  Va g i ~  by 

Epuat $011 ( 2 ) and Vp by 

when W is the pull per unit width of the throat, which 

aan easily be calculated from the mean xesidence time of 

glasa in  the furnace. 



Table ( 2  1 Culcula ' l ion of: v c l o c l t y  vslucc. 

~i&ure( give3 valuea 'of streem funotion calculated 
at  tho mid point of tho throat for hO = 0.3 and 0.5 for  

s situation i n  which tho pull ~ E J  aero. !Cable( 2 )  compare@ 

the voloolty valuos computed from the stream funotion 

vaLuea with tilone oaloulated from Equation ( 2 ). Bigure 
( 5)giv&s vaLw af crtream funotiou calaufeded et She &d 

point of tho throat i o x  ho P 0;8 6118 0.5 io* a g$,%wtiofi 

in whbh the pull oorrtreponds t o  a man reaidenoe tlme 

of 36h. 

1 4 

t-- (a) hb=0.3 (b) h,=0.5 

yL=0.403 L 1.864 T2=0*300 I 
.!- 0.879 
I 



Table01 compares the velocity valuos computed iron 

the atreom funof ion values with thoee caloulatod iron 

tho Naxuse equation. 

(numerical) 

+6.055 
+7.559 
-2,397 

. +ll.78O 
+l0. 044 
+5 6 214 
-9.947 
-8.793 
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PART ( 11) PROPOSED DES IGN PROCEDURE - 

Chapter (V) 

T I U R U L  CALCULATION OP GLASS 

MEL'IZXPG FUHNACE 

( 2 )  tl = Degree o f  tho hner  furnace t%mp0rature=1400 C0 

(3) t2 m Degree o f  the outer surftrce of the iur~aced00~;~ 

(4) A2 m !Chs Molting and Area 80 X 70 6!m2 

2 ( 5 )  A2 R The working end Araa * 50 X 70 Cm 

(6) b The inuar bight o f  the furnace - 60 Cur 

(7) H o Ihu total hight of the fwnuos = 100 Cm. 

( 6 )  Briuka a d  which uosd in  furnace:- 

I- For walle (S iUoe)  ?\ 0.004 ' 

111- For Chiminay ( ~ a l l s m a n i  t )A= 0.004 

VI- Por T a c k  (mulest) 'ha 1.1 

(9) C.V.m Celoric vnlua fuel a 10000 kcal/kg 



1- Radiation end convection loaaas from tka uppen 

furnace tll;zuoturr, = 4.3 % 

2- Radiation haah 1 0 s ~ ~ ~  I)UTnace opbning m 9 $$ 

4- Potan t ial  baat loseaa in waa t e  gasecu duo t o  

hoompl*tei  cimbustion - 3.9 % 

5- Haat tranefarrdd t o  the Glase - 6.9 % 

(B) Parcahtaga of heat loot by conduction through the 

walls of the lowar ~truc'turo from tcabla 

1- Side, Front and back wallrr oonta;tning GZasear49.9$ 

2- Bottom bLock8 inoontact with Qlaw m9.l % 

3- Side, Pront and back walla not i n  contact with 

GLasss - 17 P 

4- Bottom ~truotura not in contact with Glaeua24$ 

Qn 'P 100 1 0.2 92 X 14000 r 40880 kcal. /hr . 



1- Side, front and back wtilla contining Glasai.49.9 $ 

Q1 0 49.9 91 Kcal /hr. 

Tots' Area AI s 1'70 Cm X 20 Cm X 2+70 CmX20 Cm X2-9600 

made o f  niulleat *XI 1.1 

2- Bottom blocks in conteot with glass = 9.1% 

Q2 a 9.1% Q1 Koal /hr. 



3- Sidal fxm t and buck walls not in lon tau t with 



. % I -_--...- = 635.9 Kcal /a 2 .hr. 
qa * ----- 

*a 1.7 

A t  q = ---..- 6 , Rth a - 
Rth 'A 

6 .- 2.5 cm. 
a- - 



4- B o t t u ~ n  s t ruc tu r e  n e t  i n  contact w i t h  Glaasd4  74 

Q&al 592464 Kcal / b e  









Thc c o n s t a n t  Used t o  calculate  

Gaaeous snec i f ic  heats 

The lnaun spocif ic  heat between temperatures t2 and T2 

i a  given by r -  

G; e A+& ('12+T1)+ & ( I ' ~+T~T~+T: )  

The equations which used Lo  aaZculocte Gaseous specific 
0 0 

heatsr- a t (  1400 C ) s 14.00+273=1673K 



;. 0.3484 Kcal /m3 / 

Voluna parcentage o f  O i l :  c , 85% Ha= 15% 

Gas 

C02 

H2° 

O2 

, , *2,. 

.-.------ - 

asnluna 100 K fuel for complet combustion 
6 

3 O S p v c i f  i a  heat a ( Cp 1 kcnl/rn /K 

0.5664 

0.4475 

0,3648 

0.3484 
I I 

Whem : . 
L,Y ,Ll,X thu cornustion constant 

The oxyger and n y t r u g e n  percen-l;age in air r 

For lm3 air 
- .- 

FOS 1 Kg air 



T o  colculnta the specific heat of waste Gases: 
0 

To C B ~ C U ~ L ~ ~ Q  the specific heat f o r  air: 
i 



The conibustion equation: 
-7- Balance f o r  (2) t 

Balance f o r  (H,) : 
Blance f o r  (N2) : 

2~3.76~ = 2M 

Where : 

3 of air 0.21 = Oxygen percent in lm 
120,482 = Volulne 0: 100 I< of 053. 

6 

32 = Oxygen molecalic weight 

X E oxygen caustant in combustion 

With e'lcesa air 10% 

3 i, * 1.1 r 13.7 = 15.1 d a i r  /m f 

3 3 t 611 1 71.38 lir /hour = 71.38~16 m / hour 



1 - H e a t i n g u p t i r n e r  18 hrs. 

2- Melting time t 8 hrs. 

3+ Continious output glass 

4- Max. Temperature: 1380 
0 

5- Temp. at working ondr 1250 C 

6- Glass Melt:- Buble Wee. 

7- Loss of  composition: l e a s  than 3% 

, 
RECOWEN DATION ------..-----.-- 

Tha design prooedure and the construction o f  the furnace 

can be used t o  design glass furnace with s a t i s f a c t o r y  results. 
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