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In metallic recuperators, it is often necessary to main 
tain the metal walls through which heat is transmitted at 
a temperature which is undesirably close to the maximum 
which the metal can withstand for a period of time with 
out failure. To be economically feasible, recuperators 
must be designed with a high rate of heat transfer. per 
square foot of heat-transmitting surface. The metal 
temperature at the designed rate of heat transmission is 
kept below the danger point by passing the air to be heated 
at a fairly high velocity over the surface on the other 
side of the wall from the surface in contact with the hot 
gases; “wiping' the heat from the wall surface by con 
vection. 

However, furnaces cannot at all times be operated at the 
maximum designed rate. When turned down to, for ex 
ample, half load, the air quantity is reduced accordingly, 
the air velocity in the recuperator decreases, and the wip 
ing-off of heat from the metal becomes much less effec 
tive. At the same time in most furnaces, the temperature 
of the hot gases entering the recuperator, remains just as 
high as at full load. Burning-out of the tubes or other 
heat-transferring elements is therefore much more fre 
quently caused by fractional-load than by full-load opera 
tion, unless special means are used to avoid it. 

It is an object of this invention to prevent this over 
heating of the metal recuperator surfaces by maintaining 
at all times the full, or nearly the full rate of air flow in 
contact with said surfaces in that part of the recuperator 
which is in contact with the hottest gases, regardless of 
the turn-down or fractional-load operation. 

It is a further object of this invention to utilize the 
recuperator heat-transmitting surface so effectively as to 
obtain the designed air temperature with a minimum area 
of said surface, while maintaining the metal temperature 
below the danger point at all times. 

It is another object of this invention to obtain in a single 
recuperator the advantages of the counterflow or cross 
counterflow type as regards efficiency and of the parallel 
flow or cross-parallel flow type as regards protection of the 
metal against excessive temperatures. 

It is still another object of this invention to effect pro 
tection of the metal surfaces against overheating auto 
matically and without dependence on the attention of the 
furnace operators. 

Other objects of the invention will become 
from the following description. 
A recuperator is defined as a continuous-flow heat ex 

changer in which a part of the heat in the waste gases 
from a furnace is salvaged and is transmitted by con 
duction through a wall to the air which is to be used for 
combustion in the furnace. My invention however is not 
limited to recuperators but is applicable to any heat ex 
changer in which the operating temperature of the heat 
conducting wall is undesirably close to the maximum 

apparent 

temperature which the material will withstand for a rea 
sonable length of time. 
The invention will become more apparent from a con 

sideration of the accompanying drawings, constituting a 
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part hereof, in which like reference characters designate 
like parts and in which 

Figure 1 is a vertical longitudinal sectional view through 
a tubular hanging-loop recuperator; 

Figure 2 is a vertical longitudinal sectional view through 
the rear end of a tubular recuperator having several sepa 
rate elements through wihch the air flows in parallel; 

Figure 3 is a cross-sectional view through the same; 
Figure 4 is a vertical sectional view through a stack 

type recuperator. 
The waste gases coming from the furnace enter at 1, 

pass along the heat-absorbing elements or surfaces from 
right to left as shown by arrows, and leave at 2 to go to 
the stack (not shown). In my invention, the heat-trans 
mitting surface is divided into three parts or passes des 
ignated 4-4, 5-5 and 6-6. The cold air supplied by 
the fan or blower 3 to manifold 9 is also divided, part of 
it going through duct 10 to the hot end of the recuperator, 
or the part in contact with the hottest gases, as 4-4; while 
the remainder of the cold air goes through duct 11 to that 
part of the recuperator which is in contact with the coolest 
gases, as 6-6. 

In general, the part of the air in the first air pass, as 
4-4 in Fig. 1, is made to flow in approximately the same 
direction as the gases, or in parallel or cross-parallel flow. 
The remainder of the air, which goes to the second air 
pass, as 6-6 in Fig. 1, is made to flow in approximately 
the opposite direction to the flow of the gases, or in 
counterflow or cross-counterflow. 
The two streams of air leaving these passes, at 7 and 8 

respectively, are then joined in manifold 8a and the com 
bined stream is made to flow through the third air pass, 
5-5 in Fig. 1, in approximately the opposite direction to 
the flow of the gases, that is, in counterflow or cross 
counterflow. The finally heated air then passes out 
through duct 22 to the burners of the furnace. 

In the duct 11 carrying cold air from the blower 3 to 
the end of the recuperator having the lower temperature 
through, air-pass 6-6, a valve 2 is provided for reduc 
ing the quantity of air supplied to this part of the recup 
erator when the furnace is operated at less than maximum, 
or nearly maximum load. 
The automatic control of valve 12 may be made to de 

pend on either the temperature of the metal wall of pass 
4-4, or the temperature of the air leaving air-pass 4-4, 
or on the rate of air flow through this first pass, or on the 
pressure at the burners. Preferably, control of valve 2 
is effected by the rate of air flow, and preferably I utilize 
the first air pass 4-4 of the recuperator as its own flow 
meter, for example by the means shown in Figs. 1 and 4, 
wherein 13 is a diaphragm one side of which is exposed 
to the pressure of the air entering the first air pass 4-4 
with which the diaphram chamber communicates through 
connection 14 from duct 10, and on the other side di 
aphragm 13 is exposed to the pressure of the air leaving 
this first air pass, with which the diaphragm chamber com 

8 

70 

municates through connection i5 from duct 7. The dif 
ference of static forces on the two sides of the diaphragm 
13 is counter-balanced by an adjustable tension spring 16. 
Movement of the diaphragm 13 caused by a loss in 

velocity head in the air flow in pass 4-4 displaces the 
piston or plunger of pilot valve 17 from its neutral posi 
tion. Compressed air from the plant supply or other 
source is furnished to the pilot valve through connec 
tion 18. 
When the burners on the furnace are turned down to 

less than full load, the air flow at first decreases through 
all parts of the recuperator. The excess of force on the 
right-hand side of diaphragm 13 in Fig. 1 over the force 
on its left-hand side, therefore decreases, and spring 16 
draws the diaphragm 13 and the plunger of pilot valve 17. 
to the right. This movement of the pnlot valve admits 
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pressure air from inlet 18, through connection 19 to the 
left side of the piston in air cylinder 21, and at the same 
time allows the air in said cylinder on the right-hand side 
of the piston to exhaust through connection 20 through 
the open left-hand end of pilet wave17. 
The piston in air cylinder 2 is thereby calised to move 

to the right in Fig. 1, and its flievement partially closes 
valve 12 in duct 11, redicing the air flow, through pass 
6-6 until the full rate of air flow through pass 4-4 of 
the recuperator is restored to the normal rate. 

Valve 12 is so finade that it can never close entirely, 
but will always permit a small proportion of air, say 10 
percent of the total as a rhiniihui, to flow through the 
pass 6-6 even at low turn-down of the furnace. 
The invention is of course nét limited to the diaphragm 

type of controller shown, but finay be used with other 
types of controllers such as those having inverted bells 
partially immersed in liquid, or flexible bellows, or the 
"ring balance" type of flow controller. Also, instead of 
using the first air pass of the recuperator as a flowmeter, 
an orifice-type or Venturi or other type of flowmeter may 
be provided in inlet duct 10 or in outlet duct 7 from said 
first air pass, preferably the former. 
As an alternative to the system described, valve 12 may 

be located in duct 10 instead of induct 11, and the di 
aphragm control connections reversed so that the valve 
is normally partly closed at full furnace load, and is gradu 
ally opened wider as the total air flow is reduced. For 
obvious reasons, this arrangement is inferior to the pre 
ferred form previously described. - 

It is obvious that the valve 12 may be located in the 
outlet duct 8 instead of the inlet duct 11 of the second 
air pass 6-6, as indicated at A in Fig. 1 by dot-dash 
lines; and similarly the alternative reverse-action valve 
may be located in outlet duct 7 instead of inlet duct 10 
of the first air pass 4-4, but from the operating stand 
point, location in the cold-air duct as shown in the fig 
ures is preferable. 
While the invention is not limited to specific propor 

tions in a preferred embodiment I apportion about 17. 
percent of the total heat-transmitting surface of the re 
cuperator to the first or parallel-flow pass 4-4; about 39 
percent of the total heating surface to the second air pass 
6-6 which is preferably counterflow; and the remaining 
44 percent to the middle pass or third air pass 5-5 which 
also is preferably counterflow. I cause about 40 percent 
of the total airflow to pass through the first air pass 
4s-4 at full load or designed rating, and about 60 percent 
through the second air pass 6-6. I proportion the air 
passages in the various passes in such manner as to pro 
duce air velocities suitable for effecting the required 
"wiping-off" of heat from the metal surfaces without 
necessitating excessive pressure drop of the air. 
From the foregoing description it will be evident that 

as the furnace burners are turned down and the total air 
flow through the recuperator decreases, the air flow 
through pass 6 -6 at the cold end of the recuperator will 
be reduced more and more but the air flow through pass 
4-4 where the metal is exposed to the hottest gases will 
be maintained constant, until valve 12 is closed as far as 
it can go, and only thereafter will further turn-down be 
gin to decrease the air flow through pass 4-4. 

In some recuperators for constructional or other reasons 
a cross-flow design is used, with the air flowing through 
numerous parallel passages or paths. Such a design is 
shown in Figs. 2 and 3. In applying the invention in such 
cases, the tubes or heating elements may be divided into 
three groups, just as in Fig. except that instead of 
counterflow or parallel flow of the air with respect to the 
gases, cross-flow prevails in all three divisions. 

For controlling the air flow to the second air pass at the 
cold end of the recuperator in such cases, I may insure 
better protection of the metal of these tubes by causing 
the air flow to the last tubes at the left in Fig. 2 to be 
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4. 
this has been closed as far it will go, starting to close 
valve 2b, and only after this has been closed to its limit, 
starting to close valve A2. This sequential closing can 
be effected for example by having the air-cylinder 2 
operate a multiple cam bar 23 which engages lever arms 
23a etc. on the stems of the valves 82a, 2, 2. With the 
can faces 23a, 23d and 23 offset as shown in Fig. 2, the 
closing of these valves in sequence is effected. The same 
sequential closing can alternatively be effected by pneu 
matic or electrical means. 

In some cases I do not use the three passes as in Fig. 1 
but make the entire recuperator like the left-hand part of 
Fig. 2, designated 6 -6. In such cases I usually provide 
manifolds or header-boxes each supplying a multiplicity 
of heat-transmitting elements designated by the numeral 6 
with a valve 12 in the connection to each inlet or outlet 
manifold except those at the hot end of the recuperator. 
Full airflow through the elements 5 at the hot end is 
then maintained, when the total air flow is reduced, by 
automatically closing the valves 12a, 12 and 12 in 
sequence beginning at the cold end and progressing to 
ward the hot end of the recuperator. 

in starting up a furnace, it is often necessary to use 25 
percent to 30 percent more combustion air, temporarily, 
than will be used by the furnace at full operating rate 
after it has come up to temperature. The fact that the 
air passing through the recuperator is at a lower temper 
ature during starting-up, automatically provides some in 
crease of air flow capacity, but because of the drooping 
characteristic curve of the types of blower ordinarily 
provided for supplying the air, this increase is far from 
sufficient. If the air passages in the recuperator are pro 
portioned correctly for the quantity of air required for 
normal operation at full load, then since the pressure 
drop increases about as the square of the velocity or 
quantity, a blower must be provided capable of producing 
about 50 percent higher pressure than would otherwise 
be required. This requires an excessively large and ex 
pensive motor, and means inefficient operation under nor 
mal conditions. If, on the contrary, the air passages in 
the recuperator are made large enough to pass the maxi 
mum volume of air required when starting up with only 
the normal pressure drop, then for operation after the 
furnace is heated up the air velocity will be too low for 
good efficiency and for proper protection of the metal. 
To avoid these difficulties, I provide a cold air by 

pass 24 Figure 1, around the recuperator, from cold air 
duct 10 to hot air duct 22, and in dict 24 provide a 
regulating valve 25. Preferably I make duct 24 so small 
that even with valve 25 wide open, no more than about 
25 percent to 30 percent of the rated normal maximum 
air volume can pass through it. 

In Fig. 1 I have shown the valve 25 as manually op 
erated. The trouble with this is that the furnace operators 
forget to close the by-pass valve after the furnace is up 
to temperature. I therefore preferably arrange to operate 
the valve 25 automatically, as shown in Fig. 4, for exam 
ple by means of a solenoid 26, the lead wires 27 of which 
connect to a source of electric current and to a Switch 
(not shown) operated either by the fuel demand controller 
if one is used on the furnace, or by the cylinder or actu 
ator which opens or closes the outlet damperor inlet con 
trol vanes (not shown) on the combustion air fan 3. 
The switch may be a limit switch of standard type, so 
set that it closes the circuit through soteroid 26 only when 
the fan control vanes have reached the wide-open 
position. 

Alternatively, pneumatic or hydraulic means may be 
used to open valve 25 when the demand for air reaches 
a set limit and to close the valve when the demand falls 
below this limit. 

in recuperators to be applied to furnaces where the 
gases are very hot, such as soaking pits, I provide an addi 

- - - - - - - - - - - tional means for protecting the metal at the hot end of 
gradually reduced by closing valve 12 first, then when the recuperator, in the form of an automatically con 
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trolled bleeder valve 32 which allows additional air to 
flow through the hot-end pass 4 in Fig. 4 and escape to 
the atmosphere, if the temperature becomes too high. 
Preferably the control is effected by actual measurement 
of the temperature of the metal wall 4, as by the 
use of a thermocouple welded to said wall and actuating 
a temperature limit controller to open valve 32. In other 
cases it is simpler to control the temperature of the air 
leaving the first air pass, for example as shown in Fig. 4 
by a bi-metal thermostat coil 33, which when heated par 
tially unwinds and actuates pilot valve 34 to admit pres 
sure air to cylinder 35 and thus open bleeder valve 32. 
A gravity-operated check valve 36 may be, but is not 
necessarily, provided to prevent flow of air to the bleeder 
from the other two air passes. 
Many variations may be made in the details of the 

controls, valves and other parts without departing from 
the spirit of this invention. 

By the use of the invention, it is possible in metallic 
recuperators applied to high temperature furnaces such 
as soaking pits, to reduce the required area of heat-trans 
mitting surface at least 25 percent below the area re 
quired in the parallel-flow type of recuperator which has 
hitherto been used in such cases to insure safety of the 
metal. At the same time, the area is not appreciably more 
than in the counterflow type which has proved impractical 
for use on high temperature furnaces because of exces 
sive metal temperature. 

I claim: 
1. In a recuperator for an industrial heating furnace, a 

hot gas chamber for receiving the products of combus 
tion of said furnace having heat exchange conduits for 
heating air disposed in the path of travel of the hot gases 
passing through said chamber, said conduits being divided 
into a plurality of air passes each having air inlets and 
outlets, the conduits of one of said passes being disposed 
in the region of the hottest gases passing through said 
chamber, the conduits of another of said passes being dis 
posed in the region of the coolest gases in said chamber, 
and the conduits of the other of said air passes being dis 
posed intermediate the first and second-named passes, a 
Source of air connected to the inlets of the conduits of 
said first and second-named passes, which air varies in 
volume with the heat demands of the furnace, means con 
necting the air outlets of the first and second-named passes 
to the air inlet of the other pass and means for maintain 
ing air flow substantially constant in the first-named pass 
by varying the air flow through the second-named pass 
when the total air flow through the recuperator is reduced. 

2. In a recuperator for an industrial heating furnace, 
a hot gas chamber for receiving the products of com 
bustion of said furnace having heat exchange conduits 
for heating air disposed in the path of travel of the hot 
gases passing through said chamber, said conduits being 
divided into a plurality of air passes each having air inlets 
and outlets, the conduits of one of said passes being 
disposed in the region of the hottest gases passing through 
said chamber, the conduits of another of said passes being 
disposed in the region of the coolest gases in said cham 
ber and the conduits of the other of said air passes being 
disposed intermediate the first and second-named passes, 
a Source of air connected to the inlets of the conduits of 
said first and second-named passes, which air varies in 
volume with the heat demands of the furnace, means 
connecting the air outlets of the first and second-named 
passes to the air inlet of the other pass and means actu 
ated by the air pressure drop through the first-named 
pass to maintain said pressure drop substantially constant 
by reducing the air flow through the second-named pass 
when the total airflow through the recuperatoris reduced. 

3. In a recuperator for an industrial heating furnace, 
a hot gas chamber for receiving the products of combus 
tion of said furnace having heat exchange conduits for 
heating air disposed in the path of travel of the hot gases 
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6 
passing through said chamber, said conduits being di 
vided into a plurality of air passes each having air inlets 
and outlets, the conduits of cne of said passes being dis 
posed in the region of the hottest gases passing through 
said chamber, the conduits of another of said passes being 
disposed in the region of the coolest gases in said cham 
ber, and the conduits of the other of said air passes being 
disposed intermediate the first and second-named passes, 
a source of air connected to the inlets of the conduits of 
said first and second-named passes, which air varies in 
volume with the heat demands of the furnace, means con 
necting the air outlets of the first and second-named passes 
to the air inlet of the other pass and means for limiting 
the maximum metal temperature of the conduits in said 
first-named pass by reducing the air flow through the sec 
ond-named pass when the total air flow through the re 
cuperator is reduced. 

4. In a recuperator for an industrial heating furnace, 
a hot gas chamber for receiving the products of combus 
tion of said furnace having heat exchange conduits for 
heating air disposed in the path of travel of the hot gases 
passing through said chamber, said conduits being divided 
into a plurality of air passes each having air inlets and 
outlets, the conduits of one of said passes being disposed 
in the region of the hottest gases passing through said 
chamber, the conduits of another of said passes being dis 
posed in the region of the coolest gases in said chamber 
and the conduits of the other of said air passes being dis 
posed intermediate the first and second-named passes, a 
source of air connected to the inlets of the conduits of 
said first and second-named passes, which air varies in 
volume with the heat demands of the furnace, means con 
necting the air outlets of the first and second-named 
passes to the air inlet of the other pass and means for 
maintaining a predetermined metal temperature of the 
conduits in said first-named pass by automatically re 
ducing the air flow through the second-named pass when 
the total air flow through the recuperator is reduced. 

5. A recuperator structure as set forth in claim 1 in 
which the air flow in the first-named pass is substantially 
in the same direction as the direction of travel of the hot 
gases, the air flow in the second-named pass being sub 
stantially counter to the direction of flow of the hot gases 
and the air flow in the third-named pass being substan 
tially counter to the direction of the hot gases flowing 
in said chamber. 

6. A recuperator as set forth in claim 1 having a by 
pass connection from the air inlet of said one of said 
passes to the air outlet of said other of said passes and 
a valve in said by-pass, the by-pass and valve being of a 
size to limit the air flow through it when the valve is 
wide open to not more than 30% of the airflow through 
the recuperator. 
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