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Clains. 

This invention relates to recuperator construc 
tions for furnaces. It particularly relates to a 
recuperator construction for the pre-heating of 
gases preparatory to their ignition within the 
firing chamber of the furnace. The invention 
provides a raeans for conveying exhaust gases 
from the firing chamber of the furnace through 
units interspersed in the chamber through which 
fresh gases are directed towards the firing cham 
ber to heat the fresh gases preparatory to igni 
tion. The invention also provides units which 
are heat insulated to prevent, the rapid trans 
mission of heat from the exhaust gases, as they 
are first received from the firing chamber, to the 
exterior of the units and thereby provides a 
neans for maintaining the exhaust gases in all 

the units at a high degree of heat which grad 
ually dininishes as the exhaust gases near the 
outlet of the units, effecting thereby a rapid 
raising of the temperature in a large volume of 
fresh gas as it is noved through a relatively 
Sinal chamber toward the firing chamber of the 
furnace. The invention also provides means for 
sealing the units from the chamber in which the 
fresh gases are moved to prevent the mixing of 
the exhaust gases with the fresh gases and there 
by permits of the use of a pressure means to move 
the gases through the unitS or the chanbers. 
The invention further provides a means for pre 
venting-explosions from taking place by reason 
of Enixing the heated exhaust gases with the fresh 
gases whereby spontaneous ignition and combus 
tion night occur. - 

Another object of niny invention is to provide 
inneans for protecting the Sealing parts about the 
units from deterioration or transfiguration by the 
extreme temperatures of the exhaust gases. 
A further object of niny invention is to provide 

units for pre-heating gases which are Supported 
on fitted blocks and which may easily be removed 
for adjustment or replacement of the units. 
The invention consists in other features and 

advantages which will appear from the following 
description and upon examination of the draw 
ings. Structures containing the invention may 
partake of different forms and may be varied in 
their details and still embody the invention. To 
illustrate a practical application of the invention 
have selected a, recuperator en bodying the in 

wention as an example of the various structures 
and details thereof that contain the invention 
and shall describe it hereinafter, it being under 
stood that variations may be used without a cor 
responding use of other features and without de 
parting from the Spirit of the invention. The 

(C. 263-20) 

particular structure selected is shown in the ac 
COAnpanying drawings. 

Fig. 1 of the accornpanying drawings illus 
trates a view of a cross-section of the recuperator 
construction. Fig. 2 illustrates a view of a sec 
tion taken on the plane of the line 2-2 indicated 
in Fig. 1. Fig. 3 illustrates a view of a section 
taken on the plane of the line 3-3 indicated in 
Fig. 1. Fig. 4 illustrates a cross-sectional view of 
one of the heating units of the recuperator. Fig. 
5 illustrates an enlarged view of a portion of the 
units. Fig. 6 illustrates a perspective view of one 
of the Supporting blocks for the heating units. 
Fig. 7 illustrates a cross-section of a modified 
form of the heating units. 
The recuperator illustrated in the accompany 

ing drawings is particularly provided for fur 
inaces in which it is desirable and necessary to 
maintain high temperatures, such as a glass fur 
nace, and consequently in which large quantities 
of fuel gases and vapors are burned to maintain 
Such temperatures. It has been found, as is well 
known, that to heat the gases preparatory to 
their ignition results in a xore efficient and con 
plete Oxidation of the gases and the obtaining of 
higher calorific values in such oxidation. There 
fore, to. So treat the gases by pre-heating, the cost 
of maintaining high teiperature, and consequent 
operation of the furnace, will be reduced. Hereto 
fore, regenerator constructions have been pro 
vided in which the gases are pre-heated by being 
paSSed through a chain her containing checker 
work which has been previously heated by pass 
ing hot exhaust gases through the chamber and 
in contact With the checkerWork. Such chambers 
have been, and are, commonly built below the 
ground Surface level 2 ind require large Space and 
expenditure of noney to install. They have 
proven not only cumbersonne, but inefficient in 
raising the temperature of the fuel gases pre 
vious to ignition and require alternate operation 
of heating and cooling. Under the present day 
circumstances of rapid and steady operation, the 
fuel gases cannot be permitted to remain a suffi 
cient length of time within the chamber of the 
well known regenerator to raise the temperatures 
of gases to an efficient degree. Therefore, I have 
provided a plurality of units through which ex 
haust gases are conducted and located within a 
chamber through which fresh gases are con 
ducted to the burner. The fresh gases in moving 
through the chamber take up the heat of the 
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exhaust gases by transmission through the walls 
of the Units. The units Erlay be formed of refrac 
tory materials, such as fired clay, to prevent ero-. I 
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low conductant of heat, Such as air. 

units. 
walls 5 and cooperate with the walls 22 of blocks 

2 
Sion by the high temperature and Volatile nate 
rial of the exhaust gases. The unitS may be Sur 
rounded by suitable metal jackets or shells Which 
seal the units and prevent the escape of exhaust 
gases through the clay parts which may becogne 
cracked by reason of the heat distortion. Thus, 
the hot exhaust gases may be directed froin the 
firing portion of the furnace through a plurality 
of such units to heat the fresh gases moving 
through the air chamber in contact With the 
unitS. 
In order to retard the transmission of heat an 

to protect the shells or jackets from melting and 
fusion, by reason of the heat, the clay parts of 
the units may be corrugated so that contact With 
the metal jackets or shells is reduced to a Small 
area, and the jackets Suitably held in Spaced rela 
tion to the clay parts, thereby forming a plu 
i'ality of insulating chambers between the clay 
parts and the jacket in which may be located a 

Consequent 
ly, there will be a reduced temperature gradient 
between the various units as the exhaust gases 
progress from one unit to another and a conse 
quent high temperature gradient, between the 
fresh gases as they are introduced into the air 
chamber and delivered to the burner and the 
firing chamber of the furnace. This feature per 
nits the use of a small heating chamber for fresh 
gases and rapid utilization of Such fresh gases in 
operation of the furnace. 
The recuperator shown for purposes of illus 

tration is supported on a suitable floor 4 and has 
walls 5 which are covered by a roof 6 to form a. 
recuperator chamber 7. The chamber 7 is con 
nected preferably to a mixing chamber of a fur 
nace by Such a passage-way as the paSSage-Way 
10. A gas, such as air, may be introduced into 
the chamber 7 through a vent 11 located in the 
lower part of the wall 5. The vent 11 is prefer 
ably controlled by a damper 12. The air may be 
moved through the chamber 7 to the paSSage 
way 10 leading to the mixing chamber of a fur 
laCe 
In order to heat the air as it moves through the 

chamber 7 to raise the temperature preparatory to 
the introduction of the air to the burner Of a fur 
nace, a plurality of heat exchange units 20 may 
be located throughout the chamber 7. The units 
20 are preferably tubular in shape and are formed 
of refractory material, such as fire clay. The 
units 20 are supported by Y-shaped blocks 21. 
which are adapted to fit about the units 20, and 
form walls 22. The blocks 21 not only support 
the units 20, but also space them in staggered 
relationship to each other in order to baffle the 
movement of air through the charnber 7 about 
the units. The units 20 are provided With flanges 
24. Which may beformed integrally With the unitS 
and are adapted to extend over the blocks 21, en 
gaging the blocks and substantially sealing the 
points of connection between the blocks and the 

Suitable bearins 23 are supported in the 

21 to support the units 20 within the chamber 7. 
The Walls 22 formed of blocks 21, divide the 

chamber 7 into a series of separate compart 
ments 25, 26 and 27. The exhaust gases are col 
ected and directed for the firing portion of a 
furnace and are introduced into the compart 
ment 27 by a passage-way 30. Abaffle 31 may be 
located in the compartinent 27 which Sub-divides 
the compartment and directs the exhaust gases 
from the compartment 27 through the units 20 
connecting the compartment 27 to the compart 

1,925,711 
ment 25. The compartment 25 Inay also be pro 
vided With a baffle 32 which directs the exhaust 
gases through other of the units 20 back to the 
compartment 27. A suitable conduit 33 is prefe 
ably connected to lower portions of the compart 
ment 25 below the bafile 32 to draw the exhaust 
gases back through still other of the units 20 
and out through the conduit 33. Thus, the ex 
halist gases will be drawin through Successive 
groups of units 20 to heat the units 20 and the 
air, which may be moved through the compart 
inent 26. As the gases progreSS from the upper 
most units to the lower-most units, the tempera 
ture of the exhaust gases will gradually decrease 
as the heat is transmitted to the air in the com 
partment 26. 

In order to prevent the air whicin inay be 
moved in the compartinent 26 from becoming 
mixed. With the exhaust gases winich may escape 
through cracks or lesions formed in the units 2 
caused by heat distortion, the units 20 are Si 
rounded by metal jackets 40. The jackets 40 
may be formed of chromium alloy steel or any 
Suitable metal having high heat resistant quali 
ties. The units 20 may have corrugated sur 
faces 4 formed as by filting the exterior Surface 
of the units, as shown at 42 in Fig. 4, or may have, 
as in the modified form shown in Fig. 7, a con 
tinuous sinuous corrugated Surface 43. 
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The surfaces 41 or 43 are located in contact i? 
with, and hold the jackets 40 in a Spaced relation 
ship with the units 20 and ifoin a plurality of 
chambers 44 about the Units 20 and between the 
jackets 40 and the units. The charakers 44 may 
be filled With a Substantial non-conductant, such 
as air. Thus, the exterior surfaces of the jackets 
40 will be substantially heat insulated from the 
units 20 and will transmit to the air moving 
through the conpartment, 26 only Silch heat, aS 
is conveyed through the smail areas of the parts 
Of the corrugated surface of the units that, co 
tact, with the jackets, and the lesser transmis 
sion of heat by radiation from the fire clay to the 
metal tubes that is conducted through the air in 
the corrugations or the chambers between the 
ridges of the fluted tube. As the exhaust gases 
move through successive groups of units 20 the 
heat Will be gradually transmitted to the air With 
in the compartment 26. 
In order to seal the ends of the jackets 40 and 

to provide an interior metallic veneer or cover 
ing to the walls. 22 of the blocks 2i to prevent 
mixture of the exhaust gases and the air, the 
jackets 40 may be Secured as by Welding in open 
ings 46 formed in channel plates 48. The chan 
nel plates 48 preferably extend the length of the 
recuperator chamber 7 and coact with one an 
other to support the ends of the jackets 40 in 
position within the compartment 26 and seal 
the Walls 22. 

Thus, the exhaust gases will be conveyed from 
the furnace to the stack through passage-ways 
and chambers having tefractory Walls highly re 
sistant to the heat of the exhaust gases and the 
fresh gases will be conveyed through chambers 
having sealed metallic veneer Walls Substantially 
heat insulated from the exhaust gases to the fir 
ing portions of the furnace. 
The recuperator may be easily disassembled 

by removing the blocks and channel plates 48 for 
repair or adjustment of the parts within the 
recuperator. The parts may be reassembled by 
replacing the parts as they were removed for 
disassembly. 
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I claim: 
1. In a recuperator heat exchange unit, a tubul 

lar clay body having corrugated exterior Sur 
faces, a metallic jacket located about the clay 
body, means for directing heated gases through 
the clay body, and means intermediate the clay 
body and the metallic jacket resistant to the 
transmission of heat of the gases from the clay 
body to the exterior surface of the jacket. 

2. In a recuperator, a chamber, a plurality of 
refractory bodies having metallic jackets, a plu 
rality of Y-shaped blocks forming Walls for Sup 
porting the refractory bodies in staggered rela 
tionship within the chamber, a plurality of chan 
nel plates having openings to receive the metal 
lic jackets and adapted to Seal the Walls. 

3. In a recuperator, a chamber having an in 
let and an outlet, the outlet connected to a fur 
nace, the inlet having a damper for controlling 
the inlet, a plurality of hollow refractory bodies 
located in the chamber, a plurality of metal jack 
ets located about the refractory bodies, a plu 
rality of Y-shaped blocks forming walls for Sup 
porting the clay bodies in staggered relationship 
in the chamber, a plurality of channel plates co 
acting to form a veneer wall contiguous to the 
block wall, the channel plates having openings 
for supporting the metal jackets, means for di 
recting exhaust gases from the furnace through 
the refractory bodies to heat the gas within the 
chamber for causing movement of the gas toward 
the furnace. 

4. In a recuperator, a passageway, a chamber 
connected to the passageway, a plurality of heat 
exchange units extending through the chamber, 
each of the heat exchange units comprising a 
pair of concentric tubes, one of the tubes lo 
cated within the other and having longitudinal 
peripheral ridges for engaging the other tube and 
forming a plurality of substantially sealed cham 
bers located about the said inner tube for resist 
ing heat transmission from the interior of the 
heat exchange units to the first named chan 
ber. 

3 
5. In a recuperator for a furnace, the recuper 

ator having an inlet and an outlet, a plurality 
of intercommunicating tubular heat exchange 
units located between the inlet and the outlet, 
means for directing hot exhaust gases from the 
furnace through the heat exchange units proxi 
mate to the outlet and progressively therefrom 
to the units proximate to the inlet, the heat ex 
change units having means for resisting the 
transmission of heat whereby the heat trans 
mitted by the heat eXchange unitS proximate to 
the outlet will be substantially of the same de 
gree as that transmitted by the heat eXchange 
units at the inlet. 

6. In a recuperator for a furnace, the recuper 
ator having an inlet and an outlet, a plurality 
of intercommunicating heat exchange units lo 
cated between the inlet and the outlet, means for 
directing hot exhaust gases from the furnace 
through the heat exchange units, each of the 
heat exchange units comprising a pair of Con 
centric tubes, one of the tubes located Within 
the other and having longitudiinal peripheral 
ridges for engaging the other tube, and forming 
a plurality of sealed chambers between the tubes 
resistant to the transmission of heat Whereby 
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the heat transmitted by all the heat exchange 
units Will be substantially of the same equal de 
gree in any of the units between the inlet and 
the outlet. 

7. In a recuperator for a furnace, a paSSage 
way for directing fuel gas to the furnace, a cham 
ber connected to the passageway, a heat ex 
change unit located in the chamber comprising 
a tubular clay body having corrugated exterior 
surfaces, means for directing the exhaust gases 
from the furnace through the tubular clay body, 
a metal jacket located about the clay body and 
forming chambers resistant to heat transmission 
between the clay body and the jacket. 

GEORGE W. BATCHELL. 

205 

O 

5 

20 

125 

30 

135 

49 

145 

150 


