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10 Claims.

This invention relates to regenerative coke
ovens, and more particularly to the design and
construction of the regenerators of a coke oven
battery.

As is well known to those skilled in the art, the
heating of a coke oven battery may conveniently
be regarded as effected by two separate and dis-
tinct systems, namely, the regenerator and heat-
ing flue systems, In the case of a vertical heat-
ing flue coke oven, flow through the heating flues
is controlled by ports in the base portions of the
vertical flues and in the top horizontal flues con-
- necting the top portions of the vertical flues. The
sizes of these ports and the setting of the slide
brick controlling the ports in the horizontal flues
connecting the top portions of the vertical flues
regulate the flow through the flues. The regen-
erators are each usually connected to the vertical
flues communicating therewith through a sole flue
disposed along the top of the regenerator. The
sole flue serves to distribute the air or gas flowing
through the regenerator to the vertical flues com-
municating therewith, In modern coke oven de-
sign these sole flues are so large that distribution
of flow through the heating flue system is sub-
stantially independent of the distribution of flow
through the regenerator system. .

The regenerator system comprises individual re-
generators, each provided with a bus flue running
the length of regenerator for supplying air or gas,
as the case may be, to the regenerator through
ports disposed at spaced intervals along the length
of the bus flue. In order to obtain uniform dis-
tritution of the air or gas through the regener-
ator necessary for maximum regenerator effici-
ency, it is important the ports be so designed that
they produce a resistance to flow inversely pro-
portional to the variation in pressure along the
length of the bus flue during both the upflow and
downflow periods of operation. To the best of
my knowledge and belief, no design of regenera-
tors known to the art prior to my Invention
achieves this desideratum: that is to say, while
regenerators have been desizned to take into ac-
count and compensate for factors such as friction
or loss of velocity which, unless compensated for,
result in uneven distribution of fiow through the
regenerators. no design of regenerators has prop-
erly taken into account substantially all such
factors.

In order to properly understand the present in-
vention il is bolieved consideration of certain
fundamentals pertaining to the flow of fluids re-
spunsible for varying pressure conditions in the
bus flues would be helpful. As is well recognized,
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during the downflow period the pressure in any
given bus flue is less than that in the communi-
cating regenerator so that flow takes place from
the regenerator through the bus flue, whereas dur-
ing the upflow period the pressure in the said bus
flue is greater than that in the communicating
regenerator so that flow takes place from the
bus flue into and through the regenerator. The
expression “static draft” is used herein to charac-
terize the negative pressure in the bus flue during
the  downflow. period, whereas the expression
“static pressure” is used to characterize the pres-
sure in the bus flue during the upfiow period. It
is the static pressure during the inflow or upfow
period and static draft during the downflow or
outflow period in the bus flue which determines
the flow through the regenerator communcating
therewith. Further, this static pressure or static
draft, as the case may be, is affected by changes
in either the total pressure or velocity pressure
in each bus five. During the upfiow period varia-
tions in static pressure in each bus flue are due
to: (1) loss in total pressure due to friction, which
loss, other factors, e. g. velocity pressure, remain-
Ing constant, tend to decrease the static pressure
toward the inside or terminal end of the bus flue;
and (2) decrease in velocity pressure toward the
inside or terminal end of the bus flue tending to
Increase the static pressure toward the inside end
of the bus flue, '

Due to the downflow period variations in static
draft in each bus flue are due to: (1) lIoss in total
pressure due to friction tending to increass the
static draft toward the exist end of the bus flue;
(2) increase in velocity toward the exit end of
the bus flue tending to increase the static draft
toward the exit end of the bus flue; and (3) loss
in total pressure toward the exit end of the bus
flue due to an effect which, I have reason to be-
lieve, has not been appreciated by coke oven en-
gineers, and which is hereinafter referred to as
the “injector effect.” This effect is due to the
bressure lost by the main stream flowing through
the bus flue in accelerating the successive side
streams entering the main stream through the
bus flue ports connecting the bus filue with the
regenerator to the velocity of the main stream. As
each side stream enters the main stream flowing
through the bus flue from the regenerator above
through its respective port the side stream must
be accelerated to the velocity of the main stream.
The energy required for this acceleration is im-
parted to the side stream by the main stream, re-
sulting in loss of pressure by the main stream,

The variations in pressure conditions in an in-
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ner bus flue of an oven battery of the type shown
in the drawings hereinafter described, In which
battery air or gas is supplied to the regenerators,
and products of combustion withdrawn, at one
and the same side of the battery, are shown
graphically by the curves of Figure 17 of these
drawings. It will be noted from the curve iden-
tified by the legend “upflow,” which shows the
pressure variation along the length of the inner
bus flue during the upflow, that as the end of the
bus flue is approached there is an increase in
pressure. As above explained, this is due to fric-
tion losses and loss of pressure due to conversion
of velocity head to static head. The curve iden-
tified by the legend “downflow” shows the draft
variation along the length of the bus flue during
the downflow. It will be noted that the pressure
variations, as hereinabove explained,are substan-
tially greater on downflow than on upfiow.

It has been proposed to partially compensate
for the adverse distributional effects of static and
draft pressure variations in the bus flues by
designing the oven battery so that air or lean gas
is supplied through the bus flues from one side of
the battery and products of combustion dis-
charged at the opposite side of the battery and
graduating the ports in the bus flues, each of
which is of uniform cross-sectional area through-
out the full height thereof, so that the ports offer
a progressively increasing resistance to flow
therethrough, which progressive increase in re-
sistance follows the mean between the upflow
and downflow velocity effects. This design does
not take into account pressure variations due to
the above-described injector effect, nor does it
adequately compensate for loss in pressure due to
friction which during the upflow period tends to
decrease the static pressure toward the inside end
of the bus fiue and during the downflow period
tends to increase the static draft toward the
opposite end of the bus flue. At best it repre-
sents a compromise in that it involves graduation
of the ports in each bus flue in accordance with
the average or mean of the decrease in velocity
toward the inside end of the bus flue during the
upflow period and increase in velocity head
toward the exit end of the bus flue during the
downflow period.

It is an object of this invention to provide a
regenerator design which will give substantially
uniform flow throughout the regenerator during
both upflow and downflow periods whereby maxi-
mum regenerator efficiency results.

It is another object of this invention to provide
regenerator ports connecting a regenerator bus
flue with the regenerator which ports are of
simple design such that they can be made readily
and inexpensively in clay shapes, and which ports
effectively compensate for pressure variations in
the bus flue due to friction losses, velocity and
injector effects, during both upflow and down-
flow periods, resulting in uniform fiow through the
regenerators with consequent maximum regen-
erator efficiency. Other objects and advantages
of this invention will appear from the following
detailed description thereof.

In the accompanying drawings forming a part
of this specification, and showing for purposes of
exemplification a preferred form of this invention
without limiting the claimed invention to such
illustrative instance;

Figure 1 is a crosswise vertical composite sec-
tion through a coke oven battery embodying the
improvement of the present invention, the left

5

10

15

20

25

30

40

60

hand portion of the view being taken longitudi- 75

nally through a coking chamber and regenerators
therebeneath in a plane indicated by the line
{—1{, Figure 2, and the right hand portion of the
view being taken longitudinalily through a heating
wall flanking the coking chamber;

Figure 2 is a fragmentary vertical section
through a coke oven battery taken longitudinally
of the battery in a plane passing through the
charging openings leading into the coking cham-

bers indicated by the line 2—2 of Figure 1, the

burners and gas supply conduit being omitted
from the middle heating wall shown in this figure
for the sake of clarity;

Figure 3 iIs a fragmentary crosswise vertical
section through the base portion of a coking
battery taken in the plane indicated by the line
3-—3 of Pigure 2;

Figure 4 Is a fragmentary crosswise vertical
section on an enlarged scale as compared with the
scale of Figures 1 to 3 through an outer bus flue of
a regenerator, showing an arrangement of ports
connecting g bus flue with its regenerator;

Figure 5 is a fragmentary crosswise vertical
section on the same scale as Figure 4 showing an
arrangement of ports connecting an inner bus
flue with its regenerator above;

Pigure 6 is a fragmentary crosswise vertical
section on the same scale as Figure 4 showing an
arrangement of ports in another outer bus flue of
each group of regenerators communicating with
the heating wall, as will be hereinafter more fully
explained;

Figure 7 is a detailed vertical section of one of
the ports of Figures 4 to 6;

Figure 8 is a plan view of the port of Figure 7;

Figures 9 and 10 are plan and vertical sections
respectively of a modified form of port;

Figures 11 and 12 are plan and vertical sections
respectively of another modified form of port:

Figures 13 and 14 respectively are plan and
vertical sectional views of another modifled form
of port;

Figures 15 and 16 respectively are plan and
vertical sectional views of still another form of
port which may be employed in the practice of
this invention; and

Pigure 17 shows curves representing the varia-
tions in pressure conditions along the length of
the bus flue of a regenerator during both the
upflow and downflow cycles of operation, which
regenerator is supplied with air or gas at one side
and which discharges products of combustion at
the same side.

In the preferred embodiment illustrated in the
drawings the invention is shown incorporated in
a combination coke oven battery involving a
single waste heat flue, and the present description
will be confined to the present illustrated embodi-
ment of the invention in such oven battery. It
will be noted, however, that the novel features of
the invention are susceptible to other applica-
tions, such, for example, as an oven battery hav-
ing two waste heat flues as disclosed in Pavitt
Patent 2,155,954 of April 25, 1939, or the rezener-
ative coke oven batteries of the Koppers or Becker
type, in which the flues on one side of the coking
chamber communicate with those on the other
side, or the well known Semet-Solvay regenerative
coke oven battery involving horizontal flues in the
heating walls of coking chambers. Furthermore,
while this invention has been particularly de-
veloped for use in regenerative coke oven batter-
ies, it will be appreciated that it has other appli-
cations in the field involving flow of fluids into a
manifold supplying the fluid to a relatively large



2,334,813

chamber during the inflow perlods aliernating
with the flow of the fluid from the chamber into
the manifold during the outflow periods, to obtain
a desired predetermined flow pattern during both
the inflow and outflow periods through the afore-
said chamber, the distributional flow pattern
being uniform or not as desired, and being the
same or different during the successive inflow and
outflow periods of operation. An example of
such other application of the invention is in con-
troiling the flow of flulds in open hearth regen-
erators. Hence, the scope of this invention is
not confined to the embodiment herein described.

In the drawings, referring to Figures i and 2,
there is shown a combination by-product coke
oven embodying in its construction a plurality of
heating walls 12 and a plurality of intermediate
crosswise-extending horizontaly elongated coking
chambers {3. The heating walls form the side
walls of the respective coking chambers, the heat-
ing walls and the coking chambers, together with
the superstructure of the oven battery, being sup-
ported by massive supporting walls {§ positioned
directly beneath the heating walls {2. The sup-
porting walls 14 rest on and are supported by a
flat mat or platform 5 suitably supported by pil-
lars 16 above a basement space {7 beneath the
oven battery.

The coal or other material to be coked is
charged into the coking chamber {3 through
charging holes #8 located in the top 19 of the
oven battery and positioned directly above and
communicating with coking chambers 13. The
charging holes are equipped with the usual re-
movable covers 20 which are removed during
charging of the individual coking chambers and
are placed in position to close the tops of these
coking chambers during the coking operation.
The gases evolved in the coking chambers pass
from the ducts through the usual ascension pipes
21 fragmentarily shown at the extreme right
hand of Figure 1 into the usual gas collector main
which communicates with the by-product recov-
ery apparatus.

Bach heating wall 12 is composed of a plurality
of vertical combustion flues 22 formed by trans-
verse fiue walls 23. The flues of each heating
wall are operatively disposed in two outer and
an inner group of consecutive flues, with the
flues of each group operating concurrently for
flow in the same direction. During one period of
operation the flues of the outer groups operate
concurrently as inflow flues. while the inner group
of flues operate concurrently as outflow flues.
Upon reversal. the inner group of flues of each
heating wall operates as inflow flues, while the
outer eroups of flues operate concurrently as out-
flow flues. The tops of the cuter flue groups are
communicably connected to the inner flue group
by a horizontal passage or flue 28, placed at a level
somewhat below the level of the charge in the
coking chambers.

Flow through each flue may be regulated by a
clide brick or damper brick 25 removable on ledge
26 (Figure 1) on the sides of the flues to vary the
extent of the passage connecting the vertical
flues 22 with the horizontal flue 24. Each slide
brick 25 may be advanced more or less over the
passage connecting the flue 22 with the horizon-
tal flue 24 through access fites 27 which extend
from the top of the vertical flues. The base of
each flue is provided with a burner for supplying
coke oven gas thereto; along the heating wall
the flues 22 are provided with alternately low
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and high burners 28, 29 respectively. Fuel gas
such as coke oven gas is supplied to the flues 22
from a supply main 30 which, through a series of
pipes 31, communicates with a series of headers
32, one for each heating wall, supplying gas to
gas conduits 33 leading to the high and low
burners 28, 29.

The regenerators of the battery are located be-
neath the coking chambers except the end regen-
erators shown in Pigure 2, and extend crosswise
of the battery parallel to the coking chambers {3
between the supporting walls 14, In lengthwise
vertical planes of the battery disposed approxi--
mately one-quarter the distance of the width of
the battery from each side of the battery, vertical
partitions 34 are positioned running the full
length of the battery and dividing the crosswise~
extending regenerators into three regenerator
units, identified by reference characters 35, 36
and 31. These partitions divide each crosswise
regenerator system and communicably connected
groups of flues into two sets of inflow and outflow
regenerators and flues, one set being constituted
of outer regenerators 35 and 37 and the com-
municably connected outer groups of flues, while
the other set is constituted of inner regenerator
36 and the inner group of flues communicating
therewith.

Lengthwise of the battery, each regenerator
communicates with the heating flues on opposite
sides of the coking chamber thereabove, through
a large sole flue 38 and connecting channels 38,
40, as clearly appears from Figure 2. All the
outer regenerators 35 and 37, lengthwise of the
battery, during one period of operation of the
battery operate for inflow into the outer groups
of flues connected therewith, products of combus-
tion passing down through the interior groups
of flues into the inner regenerators 36, which op~
erate for outflow. Upon reversal, the inner regen-
erators 36 along the length of the battery operate
for inflow into the inner groups of flues com-
municating therewith, while the products of com-
bustion pass down through the outer groups of
flues into the regenerators 35 and 37, which oper~
ate for outflow. Thus, crosswise of the battery
the outer regenerators 35 and 37 alternately oper-
ate for inflow and outflow, while the inner regen-
erators 36 operate for outflow and inflow, and
longitudinally of the battery the regenerator units
in longitudinal alignment are all in the same
phase.

If it is desired to operate the battery by burn-
ing an extraneously derived gas such as producer
gas or blast furnace gas in the flues, such gas
may be supplied to alternate regenerators longi-
tudinally of the batterv, while the remaining re-
generators longitudinally of the battery are used
to preheat the air necessary for combustion of
the gas in the flues. When operating with fuel
gas. such as coke oven gas, fed directly to the
flues. all the inflow regenecrators are preferably
used to preheat the air fed to the flues.

Each regenerator is a chamber provided with
brickwork, commonly called “checkerbrick.” In
the base of each crosswise-extending regenerator
is a short partition wall 4{ parallel to the sup-
porting walls (4 providing two bus flues 42, &3
for each crosswise~-extending regenerator system.
The bus flue 42, as clearly appears frem Figura
1. communicates with the outer regenerator units
35 and 37; it does not communicate with the in-
ner regenerator 38, and hence this bus flue is
hereinafter referred to as the outer bus flue. The
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bus flue 43 communicates with only the inner re-
generator unit 38 and hence it is referred to as
the inner bus flue.

As above indicated, a pair of bus flues 42, 43 is
provided for each regenerator system extending
crosswise of the battery. Each bus flue of each
regenerator system communicates with a ehim-
ney flue or main waste heat flue 84 at one side
of the battery by means of a valve-controlled
passageway 45. Each such passageway, 2s well
known in the art, is provided with a valve-con-
trolled air port 46 for supplying air to the bus
flues and a valve 41 which in open position places
the bus flue in communication with the stack
and in closed position prevents such communi-
cation. Valves 46 and 47 may be operated auto-
matically, as by means of any well known type
of reversing mechanism actuating chain 48’, so
that air valve 46 associated with the inner bus
flue of each regenerator system is opened and
valve 471 associated therewith closed to cause
flow of air to take place into the inner bus flue,
while simultaneously closing communication be-
tween the outer bus flue and the atmosphere, and
placing the outer bus flue in communication with
the chimney flue, and upon reversal, the air valve
associated with the inner bus flue is closed and
valve 47 associated therewith opened, and the air
valve associated with the outer bus flues opened
and valves 41 associated therewith closed. As
the design and operation of such valve mecha-
nism is well known in the art, no further descrip-
tion thereof is considered necessary.

Describing now in greater detail the bus flue

and ports connecting the bus flues with the re- :

generators, with reference to Figures 4, 5 and 6,
as ahove indicated. Figure 5 shows an enlarged
section through that portion of an inner bus flue
which communicates with regenerator unit 36.
Pigure 4 shows a section of that portion of the
outer bus flue which communicates with regener-
ator unit 35, and Figure 6 shows a section
through the portion of the outer bus flue which
communicates with regenerator unit 31T. The
ports 48 connecting the bus flue with the re-
generator thereabove extend through the top
wall 49 of the bus flue and are of gradually di-
verging configuration, viewed from the tops of
the ports. as shown in Pigures 7 to 16 inclusive,
the angle of divergence of the ports not exceed-
ing 30°. By “angle of divergence” is meant the
angle formed by the side walls of the port when
extended to intersect.

When flow takes place through the bus flue

then at substantially right angles through the :

gradueally diverging ports having an angle of di-
vergence not exceeding 30°, such as those shown
in Figures 7 and 8, into the regenerator there-
above, i. e.. during upflow or inflow, the pressure
loss of each individual stream flowing through
a port is approximately equal to the velocity
pressure at the exit from the port into the regen-
erator. This pressure loss or velocity pressure is
independent of the size of the base opening of
the pcrt. On the other hand, when the flow is in
the opposite direction, i. e., outflow of products
of combustion from the regenerator into the bus
flue, through which flow takes place at right an-
gles to the direction of flow through the regen-
erator. the pressure loss is approximately equal
to the velocity head at the base opening of the
port, and this pressure loss or velocity head at
the base opening is substantially independent
of the size of the top opening of the port. Ac-
cordingly, by choosing ports having the required
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size and configuration of base and top openings,
the upflow resistance through successive poris
will progressively increase in accordance with the
progressive increase in static pressure in the bus
flue; and, independently of upflow, the downflow
resistance through successive ports will progres-
sively increase in accordance with the progres-
sive increase in static draft in the bus flue. The
size and configuration of the ports can be de-
signed to maintain uniform distribution of both
upflow and downflow through the regenerator
or, should it be so desired, to maintain upfiow
through the regenerator along any desired prede-
termined distributional pattern and to maintain
downflow through the regenerator along the
same or any other desired predetermined distri-
butional pattern. Thus, where the same resist-
ance to flow in both directions is encountered,
the base and top openings are made of the same
size and shape, that is to say, the ports are of
uniform cross-sectional area from top to bottom.
Where it is desired to compensate for changes
in velocity head and friction loss, during upflow,
and such losses, plus injector effect, during the
downflow, the ports are arranged so that along
the length of the bus flue from the inlet to the
terminal end thereof the base openings are of
gradually increasing cross-sectional area and the
top openings are of gradually decreasing cross-
sectional area.

Figures 4 to 6 inclusive show an arrangement
of ports in the bus flues of & coke oven battery
such as hereinabove described, involving inner
and outer bus flues communicating with one and
the same chimney flue. This arrangement of
ports has been found to be highly satisfactory
for the type of coke oven battery shown in the
drawings involving feed of air to the regenera-
tors and withdrawal of products of combustion
from the regenerators at one and the same side
of the battery and having bus flues each having
a cross-sectional area of 177 square inches. It
will be noted from Figure 4 that the ports in
the outer bus flue 42 are arranged in five groups,
lettered A, B, C, D and E respectively, each group
of each bus flue having two rows of ports (see
Figure 2V, only one such row appearing in the
sections of Figures 4, 5 and 6. Two rows of ports
are used in the design shown in the drawings be-
cause this structure is built up of brick shapes
each having a pair of ports therein; & brick
shape having two small holes will be found to
be more durable than one having a single larger
opening. The diameter of the top opening 52 of
the ports of group A is 2’ and the diameter
of the bottom openings is 1y%’’; the diameter
of the top openings of the ports of group B is
2'* and the. diameter of the bottom openings is
11%'*; the diameter of the top openings of ports
of group C is 2’/ and the diameter of the bottom
openings is 134'’; the ports of group D are of
uniform cross-sectional area throughout, hav-
ing a diameter of 134’'; and the diameter of
the top openings of the ports of group E is
134"’ and of the bottom openings is 2'’. The
ports in the outer bus flue 42 shown in Figure 6
are arranged in two groups, lettered F and G
respectively. The diameter of the top openings
of the ports in group F is 11%’’ and the diam-
eter of the bottom openings is 154’'; the diam-
eter of the fop openings of the ports of group G
is 1y%’’ and the diameter of the hottom open-
ings is 134’’. Each inner bus flue 43 has the
ports arranged in seven groups, lettered H, I,
J, K, L, M and N respectively, The diameter
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of the top openings of the ports of group H is
2’ and the diameter of the bottom openings
Is 14%'’; the diameter of the top openings of
the ports of group I is 1342’ and the diameter of
the bottom openings is 134'’; the diameter
of the top openings of the ports of group J is
13" and the diameter of the bottom openings
Is 1¥%'’; the diameter of the top openings of
the ports of group K Is 154’ and the diameter
of the bottom openings is 1%'’; the dizmeter of
the top openings of the ports of group L is 154
and the diameter of the bottom openings is 13;'";
i. e, they are of uniform cross-sectional ares
throughout; the diameter of the top openings
of the ports of group M is 1%"’ and the diam-
eter of the bottom openings is 134’’: and the
diameter of the top openings of the ports of
group N is 1% and the diameter of the bottom
openings is 2°’.

It will be noted from Figures 4, 5 and 6 that
in both inner and outer bus fiues the arrange-
ment of ports is such that the top openings of
the ports having the greatest diameter are dis-
posed toward the inlet end of the bus flue, the
top openings of smallest diameter are disposed
at the inner or terminal end of the bus flue,
and the intermediate ports are arranged in groups
having top openings of gradually decreasing di-
ameter from the inlet {o the terminal end of the
bus flue, thus compensating for the pressure
variations which occur, as appears from the up-
flow curve appearing on Figure 17, and which,
as above indicated, shows the pressure variations
in the inner bus flue; like pressure variations oc-
cur in the outer bus flue. Similarly, the bottom
openings of the ports are arranged in the inner
and outer bus flues with the openings at the
terminal end of the bus fiue of largest diameter,
and those at the exit end of the bus flue, refer-
ring to the exit end during the outflow period,
of smallest diameter, with the intervening ports
from the terminal end of the flue to the exit
end arranged so that they are of gradually de-
creasing diameter, thus compensating for the
variations in draft which occur during the down-
flow period.

The ports of group D and I, Figures ¢ and 5,
which are of uniform cross-sectional area
throughout, occur intermediate the ends of the
bus flue corresponding to the areaz of the curves
represented by the reference character 53 of
Figure 17. It will be noted that at the locality
of the bus flue identified by the reference char-
acter §3, where the downflow and upfow curves
intersect, the pressure loss during both upflow
and downflow are the same. Hence, ports hav-
ing uniform cross-sectional area, the opening of
which, however, is properly proportioned to com-
pensate for pressure losses, should he employed
in this locality of the bus flue, and it is for this
reason the ports of group D and L are of uni-
form cross-sectional area.

In the bus flue designed in accordance with
applicant’s invention the pressure variations in
the bus flue are fully compensated; in other
words, the flow through the several ports in each
bus flue, both upflow and downflow, is the same,
and the pressures existing above the ports are
uniform on both upflow and downflow, result-
ing in uniform flow through the regenerstor.

Figures 7 and 8 disclose a preferred form of
port having diverging side walls §8, a substan-
tlally circular base opening 6! and top opening
52, As clearly appears from Figure 8, the inlet
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and outlet portions of the pors are shaped so as 75

8

to give a streamline flow of fiuid into the port
and discharge of fiuid therefrom.

Instead of a series of nozzles or ports, de-
signed as shown in Figures 7 and 8, gradually di-
verging nozzles or ports such as shown in Figures
9 to 16 inclusive may be employed. The nozzles
of Figures 9 and 10 differ from that of Figures
7 and 8 chiefly in that the ends thereof are not
streamlined but extend at substantially right an-
gles to the top and bottom walls of the port, as
indicated by reference character 54. This form
of port is considered not as well proportioned as
that of Figures 7 and 8; however, for some pur-
poses it may be found satisfactory. Figures 11
and 12 show another form of port which is of
substantially elliptical shape, in horizontal cross-
section, and gradually converges upwardly (di-
verges downwardly) from a larger -elliptical
streamlined base opening 55 to a smaller elliptical
streamlined top opening §6. Figures 13 and 14
show still another modified form of port which
is rectangular in-cross-section, converging from
& substantially square base opening 57 to a sub-
stantially smaller top opening 9%8. Figure 15
shows a port which is oblong in cross-section and
converges gradually from an oblong base open-
ing 59 to a smaller oblong top opening 68. In
every case, the angle of divergence does not ex-
ceed 30°.

The invention as hereinabove described is em-
bodied in s particular form of construction, but
it may be variously embodied within the scope
of the following claims.

Having now described my invention, what I
claim as new and desire to secure by Letters
Patent is:

1. In u coke oven, a regenerator, containing
heat exchange material, for inflow of gaseous me-
dium over said heat exchange material to heat
the said medium, and outfiow of waste gases after
heat contained therein has been absorbed by the
heat exchange material, and a bus flue through
which said inflow into and outflow from the re-
generator takes place, separated from the re-
generator by a division wall, said division wall
having a plurality of spaced ports therein, said
ports having gradually diverging side walls con-
necting top and bottom openings in said wall
defining the said ports, said top openings of said
Spaced ports being of predetermined different
cross-sectional areas and the bottom openings of
said spaced ports also being of predetermined dif-
ferent cross-sectional areas, -the variation in
cross-sectional areas of the top opening differing
from the said variation in the cross-sectional
areas of the bottom openings to compensate for
different pressure ¢onditions in the said bus flue
during the inflow and outflow periods of opera-
tion.

2. A regenerator, containing heat exchange
material, for inflow of gaseous medium over said
heal exchange material to heat the said medium,
and outflow of waste gases after heat contained
therein has been absorbed by the heat exchange
material, a bus flue through which said inflow
into and outflow from said regenerator takes
blace, and a plurality of calibrated gradually di-
verging ports connecting the bus flue with the
regenerator, each of said ports having a pair of
openings through which flow takes place, one of
sald openings serving as an inlet to the port dur-
ing the inflow period, and an outlet from the port
during the outflow period, and the other of said
openings serving as an inlet to the port during
the outfiow period and an outlet from the port
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during the inflow period, the frst-mentioned
openings of said ports varying in cross-sectional
area and the second-mentioned openings of said
ports varying in cross-sectional ares, the varia-
tion in cross-sectional area of the 4rst-maen-
tioned openings differing from the variation in
cross-sectional area of the second-menticned
openings to compensate for different pressure
conditions in the said bus flue during the inflow
and outflow periods of operation.

3. A regenerator, containing heat exchange
material, for inflow of gaseous medium over said
heat exchange material to heat the said medium,
and outflow of waste gases after heat contained
therein has been absorbed by the heat exchange
material, a bus flue through which said inflow
into and outflow from sald regenerator takes
place separated from said regenerator by & divi-
sion wall, said division wall having a plurality of
spaced calibrated ports therein connecting the
bus flue with said regenerator, said ports each
having top and bottom openings connected by
gradually diverging side walls, said top openings
varying in cross-sectional ares from the inlet to
the terminal end of the bus flue, with the opening
of largest cross-sectional area at the inlet end of
said hus flue, and the bottom openings also vary-
ing in cross-sectional area from the inlet to the
terminal end of the bus flue, the variation in
cross-sectional area of the bottom openings dif-
fering from the variation in cross-sectional area
of the top openings to compensate for different
pressure conditions in the said bus flue during the
inflow and outflow periods of operation.

4. In a coke oven, a regenerator, containing
heat exchange material, for inflow of gaseous
medium over said heat exchange material to
heat the said medium, and outflow of waste gases
after heat contained therein has been absorbed
by the heat exchange material, a bus flue through
which said inflow into and outflow from said re-
generator takes place, separated from said re-
generator by a division wall, and ports extending
vertically in spaced relation through said division
wall to provide right angle connections between
said bus flue and said regenerator, said ports each
having gradually diverging side walls connecting
the bottom opening of the port with the top open-
ing, said top openings of the ports varying in
cross-sectional area from the inlet to the termi-
nal end of the bus flue, with the opening of larg-
est cross-sectional area at the inlet end of sald
bus flue, and the bottom openings also varying
in cross-scctional ares from the inlet to the ter-
minal end of the bus flue, the variation in cross-
sectional area of the top openings differing from
the variation in cross-sectional area of the bot-
tom openings to compensate for different pres-
sure conditions in said bus Aue during the inflow
and outflow periods of operation.

5. In a coke oven, a regenerator, containing
heat excnange material, for inflow of gaseous
medium from one end of said regenerator over
said heat exchange material, to heat the said
medium, and outflow of waste gases after heat
contained therein has heen absorbed by the heat
exchange material, at the same end as the gaseous
medium enters during the inflow period, and a
bus flue disposed in the base portion of the re-
generator substantially the full length thereof
through which said inflow into and outflow from
said regenerator takes place, said bus flue being
separated from the regenerator by a wall hav.
ing a plurality of ports extending therethrough
to provide a right angle connection between the
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regenerator and the bus flue, said ports being
defined by gradually diverging walls connecting
the base opening in said wall with the top open-
ing therein, said base openings being of varying
cross-sectional area with the openings of small-
est cross-sectional area at the inlet end of said
bus flue and the openings of largest cross-sec-
tional area at the terminal end of said bus flue,
the said top openings also varying in cross-sec-
tional area and being arranged with the openings
of largest cross-sectional area disposed near the

inlet end of the bus flue and the openings of

smallest cross-sectional area disposed near the
terminal end of said bus flue.

6. A regenerative coke oven battery constituted
of heating walls and coking chambers arranged
side by side, crosswise-extending regenerators
disposed beneath the coking chambers, each re-
generator communicating with the heating flues
in the heating wall thereabove, & single chimney
flue disposed at the side of the battery, each re-
generator being provided in the base portion
thereof with a bus fiue for supplying gaseous me-
dium to be preheated to the regenerator and
through which waste gases produced in the heat-
ing flues pass from the regenerator to the single
chimney flue, each of said bus flues being sepa-
rated from the regenerator thereabove by a wall
having a plurality of ports extending there-
through to provide a right angle connection be-
tween the regenerator and the bus flue, sald
ports being defined by gradually diverging walls
connecting the base opening in said wall with the
top opening therein, said base openings being of
different cross-sectional areas with the openings
of smallest cross-sectional area at the inlet end
of said bus flue and the openings of largest
cross-sectional area at the terminal end of said
bus flue, the said top openings being also of dif-
ferent cross-sectional areas and being arranged
so that the openings of largest cross-sectional
area are disposed near the inlet ends of the bus
flue and the openings of smallest cross-sectional
area are disposed near the terminal ends of said
bus flue.

7. A regenerative coke oven battery consti-
tuted of heating walls and coking chambers ar-
ranged side by side, each heating wall contain-
ing vertical flues arranged in two outer groups
of consecutively -operated flues and an inner
group of consecutively operated flues, the outer
groups of flues being communicably connected
to the inner group of fiues for upflow through
the outer groups of flues and downflow through
the inner group of flues. and, upon reversal, for
upflow through the inner group of flues and
downflow through the outer groups of flues, &
crosswise-extending regenerator disposed be-
neath each coking chamber divided into two outer
regenerator units and an inner regenerator unit,
the outer regenerator units of each regenerator
being connected with the outer groups of flues
of a heating wall and the inner regenerator unit
being connected with the inner group of flues
of said heating wall, means for supplying air to
the regenerators from one side only of the bat-
tery, & single chimney flue disposed at the side
of the battery at which air is supplid to the bat-
tery for withdrawing products of combustion
from the battery, and an inner and outer bus
flue, each running the full width of the battery,
at the base of each regenerator, the inner bus
flue communicating only with the inner regen-
erator unit and the outer bus flue communicating
only with the outer regenerator units, both of
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said bus flues leading into the chimney fuve, for
alternately dischsrging products of combustion
thereinto, and said bus flues being arrangsd fo al-
ternately receive alr from said air supply means,
each of said bus fiues belng separaied from the
regenerator unit thereabove by 2 wall having a
plurality of ports each connecting a hottom open-
ing in said wall with a top opening and certain of
said ports having graduslly diverging side walls,
sald ports in the inner bus flues being arranged
with the botiom openings of smallest cross-sec-
tional aree disposed at the chimney flue end of
the bus flue and the openings of largest cross-
sectional area at the end of said bus flue remote
from said chimney flue, with the intervening bot-
tom openings of gradually increasing cross-sec-
tional ares, the said top openings of the said
ports being also of different cross-sectional areas
and arranged so that the openings of largest
cross-sectional ares are disposed at the chimney
flue end of the bus fAue and the openings of
smallest cross-sectional area are disposed at the
end of said bus flue remote from the chimney
flue, and with the intervening top openings of
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gradually decreasing cross-sectional area, and
the outer bus flue having such ports connecting
it with the outer regenerator units, the said ports
having the bottom openings of gradually increas-
ing cross-sectional area with the bottom opening
of smallest cross~sectional areg at the chimney
fiue end of said bus flue, and having the top open-
ings of gradually decreasing cross-sectional area
with the top opening of largest cross-sectional
ares at the chimney flue end of said bus flue,
whereby substantially uniform flow of sir and
products of combustion takes place through the
regenerators. :

8. A coke oven regenerator as defined in claim
1 in which the angle of divergence of the side
vialls of the ports does not exceed 30°.

9. A regenerator as defined in claim 3 in which
the angle of divergence of the side walls of the
ports does not exceed 30°,

10, A coke oven regenerator as defined in clasim
4 in which the angle of divergence of the side
wells of the ports does not exceed 30°.

GEORGE A. DAVIS.



