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1 Claim. 

This invention relates to improvements in blast 
furnace air heaters, more especially multi-zone 
Cowper regenerators. ' i 

The most satisfactory checkerwork for> regen 
erators hitherto known isthat of the so-called 
multizone regenerator. This is characterized by 
the fact that in the hottest layer thick bricks are 
used having passages 6 to 8 inches wide which 
gradually lead over to a fine-meshed checkerwork 

l0 having passages down to one inch in width, the' 
thiclmess of the walls being likewise gradually 
reduced. This arrangement is chosen for the fol 
lowing reasons: 
Wide passages are provided >in the hot zone in 

l5 order to obtain a strong heat-radiation of the gas 
currents whereby the coeñicient of heat transfer 
is considerably increased during the heating or 
gas period. Moreover wide passages are'less sub 
jected to softening. 'I‘his kin'd of checker work 

2o underlies to the following conditions of tempera 
ture: 
The wide passages in the hot zone result in a 

relatively strong radiation and a relatively low 
speed of the gas currents. As taught by recent 

25 searches, a combustion gas containing carbon 
dioxide and water vapor delivers great amounts 
of heat by radiation at temperatures above 500° 
C. This radiation increases with increasing thick 
ness of the layer of the radiating gas, and above 

30 all with increasing temperature. In addition to 
this heat transfer by radiation a further amount 
of heat is delivered from the gas by contact with. 
the surface to be heated (delivery by convection). 
In contradistinctionv to the heat transfer by radia 

35 tion, the heat transfer by convection decreases 
with increasing thickness of the gas layer, i. e. 
with increasing diameter of the passages and 
moreover depends upon the speed of the gas in 
such a way that the convection decreases and in 

40 creases with the speed of the gas. Now as the 
above-described checkerwork, besides the great 
width of the single passages, has a great free total 
cross-section, the streaming velocity of the gas 
and therewith the heat transfer by convection is 

45 relatively small. Therefore the usual arrange 
ment of wide passages in the hot layers results 
in a large heat transfer by radiation, and a small 
heat transfer by convection. As the heat transfer 
by radiation at the temperatures of l000° C. and 

50 more have coming into consideration is by far 
superior to that by convection, the total heat 
transfer during the gas period is a considerable 
one with the usual wide-_meshed checkerwork. 

Quite different are the conditions appearing 
55 during the blast period. As the air does not con 
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tain appreciable amounts of carbon dioxide and 
Water Vapor, the gas radiation does not take a 
noticeable part in the transfer of heat. Con 
sequently the air current during the blast period 
of the regenerator absorbs heat by convection 60 
only and, as the absorption of heat by convection, 
as above mentioned, decreases with the increas 
ing diameter of the passages and decreases with 
decreasing velocity, the heat transfer during the 
blast period is small in the hot part of the regen- 65` 
erator. Strictly speaking not the transfer of heat 
or the passage of heat is concerned, but the co 
eiilcient of heat transfer, i. e. the heat transfer 
in calories per square meter and hour and per 
centigrade of difference between the tempera- 70 
tures. Assuming for the sake of simplicity a plant 
comprising two regenerators, of course the total 
heat transfer during the gas period per square` 
meter of heating surface must be equal to the total 
heat transfer during the blast period per square _75 
meter of heating surface. 'I‘he above explained 
differences in the heat transfer then manifest 
themselves in that the difference between the tem 
peratures of the heating gas andthe surface to be 
heated is small owing to the high coefficient of 80 
heat transfer and the difference between the tem 
peratures of the heating surface and the blast is 
great owing to the small coefficient of heat trans 
fer. These conditions of heat transfer practically 
mean that the average temperature of the bricks 85 
in the described regenerators approaches the tem 
perature of the gas and therefore is very high, 
whereas the temperature of the air remains rela 
tively low. (See, for instance, equation No. 428 
in the text-book by A. Schack “Der industrielle 9o 
Wärmeübergang”, Düsseldorf, editor Stahl 
Eisen.) This high brick temperature is danger 
ous and often results in destruction of the regen 
erator. \ , 

Having recognized these relations the inven- 05 
tors do away with such inconveniences by em 
ploying even in the hot zone narrow passages 
having a diameter of four inches or less. VHere 
by the rate of flow and therewith the coeiiì 
cient of heat transfer by convection during the 100 
gas and bl'ast periods are increased. Simulta 
neously the radiation during the gas period de 
creases to such >an extent, that all in all the co 
eiiicient of total heat transfer during the gas 
period is decreased and the coef?cient of total 105 
heat transfer during the blast period is consid 
erably increased. The coefficients of heat trans 
fer are in this manner approached to one an 
other. As a rule, we have found that the pas 
sages in the hot zone should have a free cross- 110 
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2 
sectional area aggregating less than the narrow 
er passages in the colder zones and only 40 per 
cent. or less of the total cross-sectional area. 
By reducing the width of the passages in the 

hot zone in the manner herein described it is 
forthwith possible to reduce the temperature of 
the bricks as compared with the corresponding 
zone of a usual multizone regenerator which in 
all other respects is worked under the same con 
ditions. 
Besides the temperatures the coeñicient of 

heat transit lc (see equation 427 in the above 
cited book by Schack) is decisive for the total 
heat transfer. ~This coefficient lc is composed of 
the two coefficients of heat transfer during the 
gas and blast period. It is always smaller than 
the smallest of the coefficients of heat transfer 
contained therein. Therefore with the multi 
zone regenerators hitherto known the coeñìcient 
of heat transit in the hot layers is small, al 
though, as above described, the coefficient of 
heat transfer is great during the gas period; 
for the coeñicient of heat transfer during the 
blast period is small in this regenerator and 
therefore the coefllcient of heat transit is still 
smaller. As according to this invention the co 
eñicient of heat transfer during the blast pe 
riod is considerably increased, it results that 
although the coefficient of heat transfer of the 
gas is decreased the coeñlcient of heat transit 
and therewith the total heat transfer are 
increased by 50 per cent. and more. Accord 
ingly a second advantage of our invention con 
sists in the increase of the heat transit per 
square meter of heating surface in the hottest 
parts. Furthermore according to this invention 
the heating surface per cubic meter of the space 
for _containing the checkerwork is increased. 
Finally the stability of the checkerwork as com 
pared with the old wide-meshed checkerwork is 
increased. 
As to-day in any case puriñed waste gas from 

the blast furnace is employed, there are no ob 
jections to the reduction in diameter of the pas 
sages. 

Accordingly the present invention consists in 

1,964,83ò 
reducing the size of the passages lin the hotter 
zones, in which the temperature is from 800 to 
1600° C., to such an extent that the total free 
cross-sectional area of the passages is not great 
er than 40% of the total cross-sectional area of 
the regenerator. In this way, the heat transfer 
coefficient for the air is increased relatively to 
the heat transfer coeñicient for the gas. Fur 
ther, the total heat transmitted and the total 
heating surface per cubic metre are consider 
ably increased relatively to the lísual construc 
tion of multi-zone Cowper regenerator. The 
checkerwork may contain a number of zones, 
each of which has narrower passages and thin 
ner bricks than the previous one. This type of 
checkerwork can be used in all kinds of regen 
erators in which there is no likelihood of any 
great amount of clogging. ‘ 
The invention is illustrated by way of exam 

ple in the annexed drawing. 
Fig. 1 is a vertical cross-section through the 

checker-work, and Fig. 2 is a cross section on 
the line 2_2 of Fig. 1. 

a is a part of the checkerwork of the ñrst 
zone of a regenerator, and b is a part of the sec 
ond zone. 1»In the first zone which is heated to 
temperatures of from 800 to 1600° C. the total 
cross-sectional area of the passages is less than 
40% of the total cross-sectional area of the 
checkerwork, whilst in the second zone which 
is heated to temperatures lower than 800° C. the 
total cross-sectional area of the passages is more 
than 40% of the total cross-sectional area of 
the checkerwork. ' 

Checkerwork for multizone regenerators, par 
ticularly air heaters with thick stones and wide 
passages in the hot zones and thinner stones with 
narrow passages in the colder zones in which 
the passages in the hot zones have a free cross 
sectional area aggregating less than said nar 
rower passages and only 40% or less of the total 
cross-sectional area. ' 

HANS POHL. 
ALFRED SCHACK. 
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