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T E C H N O L O G Y  D E V E L O P M E N T

IANUA ‘CONVAIR’, 
1996 - HEATING 
OF TRIPLE SILVER 

GLASS
Convair was based on 
Tamglass Engineering 
HTF and HTS, (HTBS) 
technologies, even up to 
the control system. Only 
high convection was added 
blowing through the heat-
ers. Heaters and thermo-
couples were at C-C dis-
tance of 120 millimetres. 
Thus the heating profile 
was excellent for convec-
tion air. The nozzles, with 
different diameters and in-

clinations were machined 
on radiation plates. The 
convection was even, uni-
form and covered thus 100 
per cent of the convection 
area. The air was returned 
to the convection blowers 
trough gaps in between the 
nozzle boxes. In this way 
the return air flow did not 
hinder the convection jets. 
Strong bottom convection 
maintained the roller tem-
perature stable.
Capacity was very high, 
about 25 loads of 5-milli-
metre clear glass; approxi-
mately 10 per cent less for 

emissivity of 0.02. The 
only process disadvan-
tage was the lack of heat 
distribution along the 
furnace length. Real 
matrix heating for the 
convection air was 
missing. 
The manufacturing 
costs were extremely 
high due to high 
amount of hot re-
sistant sheet metal, 
a lot of fabrication 
and assembly hours. 
The radiation plates 
were expensive as they in-
cluded finely designed and 

Feracitas Real, good 
convection 
processes were 
developed 22 years 
ago and, since then, 
the essential basics 
have remained the 
same, but many 
developments have 
actually taken place 
– and are still 
ongoing.
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20 YEARS OF CONVECTION 
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STILL CONTINUING
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machined nozzles. Water 
cooled hot air blowers were 
many and quite expensive. 
The long heaters in the 
nozzle boxes were difficult 
to change.

THE FIRST STEP FOR 
MORE AFFORDABLE 
COSTS
Box construction was in-
vented and patented in 
2000, only 10 years later, 
and was the first step to ob-
tain more affordable costs.
Feracitas’ design reduced 
hot resistant sheet mate-
rial consumption 35 per 
cent and labour costs even 
more. It also eliminated ex-
pensive radiation plates to-
tally. The design, however, 
reduced convection per-
centage from 100 per cent 
in Convair to 67 per cent 
in Feracitas. The triple sil-
ver glass capacity dropped 
to 15 loads per hour for 
5-millimetre glass. The 
clear glass capacity was 
still high, 24 loads/hour, 
thanks to the radiation 
from heater pipes between 
the nozzle boxes. 
Another cost reduction re-
garded the bottom convec-
tion. Radiation alone, even 
with powerful heaters, is 
not sufficient to maintain 
roller temperature stable. 
The conclusion was there-
for to assist the heat trans-
fer to the rollers by convec-
tion. 
Feracitas had no matrix 

heating system either. 
Cost reduction, com-
pared to Convair, was 
high. The heater pipes 
were heavy and costly; 
the necessary sealing 
between them and noz-
zle boxes was still cost-
ly; heaters were long; 
the furnace could not 
adopt matrix heating 
system.

GLASSROBOTS:  
MORE CONVECTION 
VOLUME
In 2003, Glassrobots 
worked on exceeding Con-
vair performance using 
more convection volume 
in 2003, with RoboTemp, 
which was basically a copy 
of Convair. An attempt in 
price reduction involved the 
exclusion of radiation plates 
by laser cutting orifice type 
nozzles in nozzle boxes. 
This caused iridescence, 
and nozzle packages had 
to be made for top convec-
tion. The resulting perfor-
mance was only very little 
higher – if that. Moreover, 
as the design followed that 
of Convair, including bot-
tom convection, the cost 
was approximately the same 
as Convair. 
RoboTemp could not have 
matrix heating either as it 
had long heaters, too. Long 
heater change was difficult 
as long nozzle boxes tend 
to twist with high tempera-
ture changes. 

2003 – 2015 THE  
DEVELOPMENT OF 
BOX CONVECTION 
AND NOZZLE BOX 
CONVECTION
Convection heating has 
become so popular that al-
most every furnace is now 
called convection furnace 
or is at least said to include 
convection. Every furnace 
now has matrix heating 
system. However, the big-
gest number of convection 
heating furnaces are co 
called pipe type convec-
tions, which only circulate 
the air inside the furnace, 
but do not really heat the 
air. The reason why they 
are sold in great numbers is 
the huge Chinese market, 
which still uses clear and 
mainly single silver glass. 
This type of furnace is 
much cheaper to manufac-
ture and quite capable for 
clear and single silver glass. 
For triple silver, 0.02 emis-

sivity glass, it cannot 
be used because of 
quality and cost. For 
double silver it is ques-
tionable whether it is a 
choice at least if there 
is a lot of double silver 
production.
In markets that require 
triple silver capability 
there are nozzle box type 
convection furnaces and 
box type furnaces. They 
always heat the convection 
air in matrix type arranged 
heaters. However, the dif-
ference comes mainly from 
the air circulation. Return 
air flow arrangement and 
thermocouple location is 
especially important. Then, 
as the measurement of the 
glass temperature is not 
possible inside the furnace 
and especially under every 
matrix, so the best indica-
tion of the glass tempera-
ture under each matrix is 
the return air flow tem-
perature matrix by matrix. 
This is why thermocou-
ples should be in positions 
where they really measure 
the return air flow from 
each matrix separately.
There is, however, one 
more problem. Thermo-
couples should not be af-
fected by the radiation of 
the heaters. This is why 
the return air flow ar-
rangement is in key posi-
tion when the best possible 
heating control is required. 
The main cost reductions 
were achieved by the exclu-
sion of bottom convection, 
using compressed air bot-

The main principle

RoboTemp interior with orifice type top 
nozzles, US 7,448,232 and expensive 
bottom convection. Later on top 
convection nozzle boxes were fitted 
with nozzle packages US 8,726,697

Feracitas reduced bottom convection and nozzle boxes and nozzles by 67%. On the 
right hand side nozzle boxes. This worked excellently as capacity achieved proves.

Cross section Top convection

E.g. USA patent US 7,290,405
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tom convection or insuf-
ficient bottom convection.
These systems also have 
their negative effects. The 
correct and sufficient di-
mensioning of convection 
air blowers and the overall 
design of convection natu-
rally affect the price. And 
quality of convection, too. 
Today, the most sold con-
vection furnaces are Chi-
nese box type convection 
furnaces, while Chinese and 
Finnish manufacturers are 
also continuing to sell noz-
zle box applications. There 
are, however, still some very 
basic shortcomings in con-
vection heating furnaces 
although they reach good 
glass quality. Still too much 
depends on excellence of 
the operators and how well 
‘fine-tuning adjustments’ 
are made with the new tech-
nologies available.
The figure on the right 
shows how the return air 
flow increases towards the 
sides of the furnace. Con-
vection jets of air are blown 
in to the return air flow. 
The convection jets en-
counter variable conditions 
at different locations of the 
furnace. In fact, 
convection is ideal 
only in the centre of 
the furnace, where 
the horizontal re-
turn air flow is 0. 
When convection 
jets are blown into 

the return air flow, the fol-
lowing two things happen: 

their speed and temper-
ature which reduces the 
heating effect;

various matrixes and 
convection jets are 
mixed; the thermocou-
ples cannot read the cor-
rect temperature of each 
matrix; and, therefore, 
the heating control loses 
a lot of its meaning. 

2015 – 2018  
FERACITAS  
SOLUTIONS FOR  
BASIC  
SHORTCOMINGS
All good and important 
features of convection 
heating can be improved 
when the return air flow 
is separated from convec-
tion jets completely. Matrix 
heating for convection air, 
better performance of con-
vection, uniformity of glass 
temperature, less breakage. 
All this and even reducing 
the cost of convection.
The above invention per-
mits much better heating 
control and completely new 

features. The picture below 
explains the idea. In a nor-
mal oscillating furnace the 
return air is lead back to 
the blowers from between 
the convection units. As the 
return air flow is practically 
straight upwards, this ena-
bles thermocouples to read 
the return air temperature 
matrix by matrix. This 
gives the best possible indi-
cation of glass(es) oscillat-
ing under each matrix. The 
following can be obtained: 

-
ued as long as the final 
thermocouple reaches 
the safe glass temper-
ing temperature. Less 
breakage in tempering 
due to the cold glass;

tempering. No more 
change of operating 
parameters, especially 

heating time;

exactly the same, auto-
matically. The heating 
time only varies a little. 
The glasses are high 
quality and repeatable. 

Simple inventions make 
big differences – know-
how that almost everyone 
who constructs tempering 
machines knows. 
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Pipe type convection below. It also has matrix heating, but not for convection 
air. On the right hand side a typical modern convection with convection units 
and convection air heated in heaters of matrixes. This is achieved by correct air 
circulation and convection air passing in between the heaters.

New Feracitas box construction moves return air space above the pipe nozzles. 
The convection jets do not blow into return air flow. Better efficiency, thermocouple 
give more correct readings, convection jets impinge the glass surface at the 
temperature result they should. US patent US 9,624,120. EPO 14740243.2

The main basic problems in convection heating

Feracitas return air and thermocouple arrangement enables heating to be continued 
as long as the glass temperature at every location is sufficient. Automatic exit to 
tempering is possible. PCT/EP/2018/061738




