Feb,. 14, 1939.

F%yj

/
g
Y.
oy
U

\

C. S. REED ET AL
DIRECT FIRED OIL HEATER

2,147,609

Original Filed Sept. 8, 1932 4 Sheets—Sheet 1

I —

L

e}

i

N %Z&a\g W’\\ ///\\”//////
OOOooo 020 0 oo

M OOOOOOO
| //ﬂ OOOOOQOOO/%
i \&\f/// \\\///V‘
?zu//
j Aﬂ‘

\\\\l/////7///k\\\ \i‘\l///df 3/"IT~X\‘\\ \E/llilzflk\\\\\\

‘Q@QOQOQOQ@OQO

MA 25
| 77 //
s 7 ] AL

é\

N
)

N
NN

2

NN
00000000 d

~//

‘ooi-

4

000000

Q

Gr

Y. V5

e 7%

70

§
A
990Y

/2

NN

QO

72

\

OO 00

RITEETI

9

QOOOQ
.S

4

OQOO
\‘$
‘ |

‘éiooooooooggﬁoool

1
-

INVENTOR
/4 Card Eged

V/ﬂceﬂt Weaver Stk

I[ -"’ B%eir /iZorﬂe : -
/4‘-‘7 .




Feb. 14, 1939. C. S. REED ET AL 2,147,609

DIRECT FIRED OIL HEATER

"Original Filed Sebt. 2, 1932 4 Sheets—Sheet 2

S
\
. Y
s
v\- H" T\
A
8
N
NIlHe ol
\ N
NI |
N
"\

Figrz
79

/6
5

6
—H=

- INVENTORS
Carl! & Reed
Vincent Weaver Smith

’7§%%ZZ%VF;ZitO7£qy
h47 ” .




Feb. 14, 1939 . C. S REED ET AL 2,147,609
DIRECT PIRED 0OIL HEATER

Original Filed Sept. 8, 1932 4 Sheets-Sheet 3

Figr 3
N — N
O i } |
N O e é 8 :
N © g&_H T oN
N © e — : T oN
|
e =N
O p— : )
o e oN
I O d_ 1 ‘lllll|

No == 5
[ [ i
=== 0% == 1
! === e |
% I'__“'-r—‘:h-._ :':
' . E
1 |
] ANAY A ' |

L /:—3’52 /3'13 42’1229
INVENTORS
Carl S. Reed
Vincent Weaver Smmith

B%" ﬁeirﬁftaﬁney
2tsr retfort




~ Feb. 14, 19309. C. S. REED ET AL 2,147,609

DIREGT FIRED OIL HEATER

Original Filed Sept. 8, 1932 4 Sheets—Sheet 4

)OO

e

e

Lig6

Y784 /7%

WRRIER

T =4
05000860
1 Q0000

| 3

INVENTORS
Carld S Reed

Vincent Weaver Smith

faYaas =] Gl -




10

15

20

30

35

40

45

60

Patented Feb. 14, 1939

UNITED STATES

2,147,609
PATENT OFFICE

2,147,609
DIRECT FIRED OIL HEATER

Carl S. Reed, New York, N. Y., and Vincent
Weaver Smith, Flushing, N, Y., assignors to
The Lummus Company, New York, N. ¥., a cor-

poration of Delaware

Application September 8, 1932, Serial No. 632,154
Renewed April 13, 1938

18 Claims.

Our “invention relates to a heater for fluids
and is particularly useful for heating oil to be
refined or cracked. However, the invention is
not restricted to such use,

One object of the invention is the provision
of a direct fired fiuid heater wherein substan-~
tially all of the heat carried to the fluid is trans-
mitted by radiation. Another object is the pro-
vision of such & heater wherein the heat of com-
bustion may be transferred substantially by radi-
ation alone to exposed tubes in the heater sides
which carry the fluid to be heated. ~ A further
object is the construction of a heater wherein
the rate of heat abksoption at the point of exit
from the heater is controlled. Other objects will
appear upon consideration of the present speci-
fication.

The invention is shown by way of illustration
in the accompanying drawings wherein—

Figure 1 is a vertical cross-section of the
heater,

Fig. 2 is a longitudinal vertical section on the
line II—ITI of ‘the heater illustrated in Figure 1,

Fig. 3 is a vertical cross-section of the lower
part of a modified form of heater,

Fig. 4 is a vertical cross-section of patt of the
heater showing a maodified form of roof wherein
a row of tubes functions as a diffusion bafile,

Fig. 5 is a vertical cross-section of part of the
heater showing another modified form of roof,

Fig. 6 is a vertical cross-section of part of the
heater showing still another modified form of
roof, and

Fig. 7 is a fragmental view illustrating one of
the bifurcated tubes used in the roof illustrated
in Fig. 6.

In heating oil it is necessary to regulate the
degree of heat which is applied to the tubes
containing the oil to be heated. It is further
necessary to control the rate at which heat is
carried to the tubes. In the past it has been
considered good practice to prevent radiant heat
from reaching the tubes carrying the oil, and
heaters have accordingly been constructed so that
the combustion gases are carried to the cil tubes
in such a way as to eliminate the effects of radia-
tion, and to heat these tubes substantially by
convection alone.. When attempts have been
made to transfer heat by radiation at compara-
tively high rates difficulties have been encoun-
tered. - The oil has. been decomposed through
Jocal overheating and the desired preduct has not
been obtained. This has been particularly true
at the part of the furnace where the combus-
tion gases are discharged. We have now discov-
ered that highly desirable results may be ob-
tained by carrying heat to the oil tubes by radi-
ation alone and by controlling the rate of com-~
bustion and the rate of travel of the combustion
gases out of the furnace. In the present inven-

(ClL. 196-—110)

tion means is provided for preventing excessive
heating at or adjacent the point of exit of the
combustion gases.

Referring now more particularly to the draw-
ings, there is shown a furnace [0 and exposed
tubes Il in the sides of the furnace. The word
“sides” is used to denote the bounding surfaces
of the furnace including the floor and the roof.
As here shown, the tubes in the walls are held
in position by supporting members 12 at intervals
along the wall, while the floor tubes merely rest
directly on the floor, and the roof tubes are
otherwise suspended, as will be later explained.

Burners are provided for projecting fuel and
air into the furnace 0. Such burners may be
oil or gas burners 13 extending through two op-
posite walls of the furnace, as illustrated in Fig.
2. The burners illustrated in Fig. 2 project
through walls which have no tubes upon them,
and throw a jet of fuel toward the middle of the
furnace. The result is a greater heating effect
near the middle of the furnace and a resulting
tendency for the tubes to be cooler adjacent the
walls through which the burners project. In-
stead of cooling these walls with heat absorbing
tubes, however, they are left substantially un-
cooled and the ends of the wall tubes adjacent
these substantially uncooled walls thus have their
temperature raised by radiation from these walls.
Furthermore, such a construction makes it easy
to dispose the burners. as desired since provision
need not be made for displacing wall tubes adja-
cent ‘the opening for each burner.

On the other hand these burhers may project
through the floor of the furnace, as. shown at
132 in Fig, 3, or through any side.

Thus the tubes { | on the walls and floor provide
means for abstracting heat adjacent the zone of
combustion, and abstraction takes place substan-
tially entirely by radiation, as will be more fully
explained. :

To avoid the possibility of overheating tubes
exposed to both direct radiation and convection,
one of the sides of the furnace, preferably the
roof {4, is open over its entire area, except for
tubes I {2 extending thereacross, providing a heat-
ing gas outlet of substantial flow area. As shown
in Fig. 1, the roof tubes I12 are arranged in two
staggered rows, the tubes {2 being parallel to and
of the same length as the other wall and floor
tubes i1 and suspended at intervals by support-
ing members (5 extending across the furnace.
The lower row of roof tubes being relatively widely
spaced and contacted by heating gases at a rel-
atively low velocity, will have a very low convec-
tion heat transfer therefo.

Above the roof tubes 11& is provided a flow
equalizing or plenum chamber 25 of substantial
volume in which the heating gases collect after
passing over the roof tubes and before entering
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the convection heating section of the heater.
The convection heating section is formed by a
relatively shallow bank of staggered rows of tubes
18 extending parallel to and of the same length
as the tubes Il and ti2. Effective heat transfer
conditions for the tubes 16 are maintained by
causing a horizontal flow of the heating gases
transversely of the tubes, and for this purpose a
baffle 26 extends horizontally from one of the side
walls partly across the heater on the lowermost
row of tubes (6. A heating gas outlet 27 is pro-
vided above the wall end of the baffle 26, so that
heating gases entering the plenum chamber must
first pass around the bafle 26 and horizontally
across the bank of tubes 16 before reaching the
gas outlet.

To avoid local overheating of the tubes Iis
due to laning or channelling of the low velocity
heating gases relative thereto, a diffusion bafile is
arranged at the outer side of the lower row of
tubes fi2 with the gas flow passages therein uni-
formly distributed and of less aggregate flow area
than the aggregate intertube area of the sub-
jacent portions of the lower row of tubes I1s,
thereby providing a pressure drop between op-
posite sides of the baffle which will cause the low
velocity heating gases to flow uniformly past all
of the tubes {[2 in the lower row. Such a bafie
17T is shown in Figure 1 above the double row of
roof tubes |f%, being composed of tile or other
suitable material having openings 18 distributed
substantially uniformly over the entire area.
This baffle performs two functions——it presents
a restricted area for the outlet of the hot gases
which insures slow travel of the combustion gases

through the furnace proper particularly past the.

roof tubes; it also distributes the openings uni-
formly over the entire baffle surface, thus provid-
ing a uniform flow of heating gases across the roof
tubes.

The effective flow area of the openings (8 in
the baffle 17 is advantageously adjustable to regu-
late the pressure drop through the diffusion baffle
as desired. Slidable tile {9 are positioned on the
baffle T with openings 20 therein distributed to
register with those in the bafile 11, and being
operable by means of externally extending rods
21, whereby the position of the tile 19 may be
altered to increase or decrease the effective flow
area of the openings 18 in the baffle.

Instead of employing a separate diffusion bafie
supported on the upper row of roof tubes, the
same effect may be produced by a special con-
struction of these roof tubes. Thus, in Fig. 4 this
upper row comprises tubes {1 which are spaced
on closer centers than the tubes in the lower row.
Thus a pressure drop between the lower side and
the upper side of the upper row of tubes i1V is
established. In this construction the upper row
of roof tubes 11 is subject to a greater convec-
tion heating effect than the lower row by reason
of the gases passing between them at a higher
veloecity than they pass between the tubes in the
lower row. When two or more rows of tubes are
subjected to radiation the inner row of tubes ab-
stracts a larger percentage of the total radiation
to the tubes which are exposed than do the rows
beyond. Increasing the velocity of gases past
the second row tends to increase the heat pick-up
of the second row of tubes by adding convection
effects to radiation.

In Fig. 5 another form of roof is shown wherein
the diffusion baffle is formed by tubes having radi-
al longitudinal fins thereon. The openings be-
tween fins on adjacent tubes may be regulated by

2,147,609

turning the tubes as illustrated in Fig. 5; and
when the furnace is constructed the tubes fic
are turned as shown and fixed to give the desired
openings,

Instead of using fin tubes in the outer row of
tubes forming the side of the heater through
which the combustion gases escape, we may em-
ploy bifurcated tubes 19, and such an arrange-
ment is illustrated in Figs. 6 and 7. Here again
the tubes are turned upon their central axes and
fixed in order to give the desired area of opening.
A diffusion baffle is thus defined having distrib-
uted gas flow passages therein of less aggregate
flow area than the aggregate intertube area of the
inner row of tubes 112,

Means is also provided for controlling the rate
of combustion in the furnace in order to control
the degree of oil heating in. the tubes. Such
means is here illustrated by valves 22 and damp-

ers 23 respectively, which regulate the rate at o

which fuel and air enter the furnace.

In operation the fuel valves 22 are opened, the
fuel is ignited and the air supply member opened
so that each burner projects a flame into the fur-
nace either through vertical side walls as shown in
Fig. 2, or through the floor as shown in Fig. 3.
The openings 18 in the diffusion bafle are ad-
Jjusted to regulate the rate of passage of the com-
bustion gases through the furnace, and oil is
circulated through the tubes [l and {2 in the
furnace sides. The rate of combustion and the
rate of travel of the gases are then adjusted to
give the desired degree of heating. Where the
upper row of tubes acts as the diffusion bafile, the
openings are a part of the furnace design and are
fixed when the furnace is built.

In the construction which has been described
the transfer of heat takes place substantially
entirely by radiation. The travel of the combus-
tion gases takes place at such a rate that very
little convection effect results. The tubes in the
roof of the furnace (or in the exit side, where the
gases do not leave the furnace at the roof) are
spaced at sufficient intervals to prevent a rapid
flow of gases past the lower row of tubes. The
restricted exit areas in the diffusion baffle above
the roof tubes are such as to prevent rapid pas-
sage of gases past these tubes, and also such as
to insure a uniform distribution of the gases
across the roof tubes. The result is a heat trans-
fer wherein convection plays a very slight part
except in the second row of roof tubes as ex-
plained above. While the fluid to be heated pref-
erably enters at the cooler end of the convection
bank (6 and passes successively through the
tubes 16, roof tubes, side wall tubes and floor
tubes in the order named, other connections may
be made between the various tube groups.

It will be obvious that this form of heater lends
itself easily to a two-stream flow of liquid through
the heater, the heating in the two streams being
at a substantially uniform rate and to the same
final temperature throughout. Thus one stream
may flow serially through half the tubes (8, half
of the roof tubes, and one group of wall tubes
and half of the floor tubes, while the other stream
flows through the remaining half of the heating
surface.

While specific reference has been made herein
to the heating of oil, it is to be undersiood that
the furnace herein described and claimed is ca-
pable of use in other connections. Water or
some other fluid may be passed through the tubes
in the furnace walls, and the degree of heating
may be appropriately regulated with great ease.
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"The invention is not'limited to'the precise con-
struction or application herein defined. - Other
forms and ‘uses of the invention which do not
depart from the proper scope of the appended
claims will- readily suggest themselves to ‘those
dealing with problems of heat transfer.

‘With this understanding, we claim:

1: In a fuel-fired heater, radiant heat absorb-
ing tubes forming one side thereof, a gas exit
from the heater beyond the tubes and other tubes
having longitudinal fins thereon forming a diffu-
sion baffle beyond said tubes which form the fur-
nace side,-adjacent bafile ‘tubes having narrow
spaces ‘between the  fins thereon - whereby the
rate of gas flow past the radiantly heated tubes
is controlled.

2. A'fluid heater comprising a furnace chamber
having o heating gas exit occupying a major
portion-of the area of one of the boundary walls
thereof, a row of bare fluid heating tubes extend-
ing across said gas exit in transversely spaced
relation and in position to receive radiant heat
directly from- said furnace chamber, and means
forming a diffusion bafile having distributed gas
flow passages therein at the outer side of said
row of tubes, and means for varying the effective
flow area through said diffusion baflle passages.

3. An oil heater comprising a box-shaped fur-

nace chamber having a row of horizontally -ex-
tending oil heating tubes extending across a heat-
ing' gas exit in one side of and in position’ to
receive radiant heat from said furnace chamber,
and a row of bifurcated tubes at the other side
of said first row of tubes and arranged -to form
3 diffusion baffle having distributed gas flow pas-
sages therein of less aggregate flow area than
the ageregate intertube area.of said first row
of tubes.

4. An oil ‘heater comprising walls forming a
furnace chamber of substantially - rectangular
horizontal and vertical cross-section, groups of
serially connected horizontal tubes along opposite
side walls of said furnace chamber, a plurality of
staggered rows of horizontal tubes across the
roof of -said furnace chamber, fuel burners
mounted in the end walls of said furnace cham-
ber and arranged to discharge streams of fuel
towards the center of said furnace chamber, a
gas exit flue opening through the roof of said
furnace chamber, a bank of convection heated
tubes positioned in said flue, and diffusion bafie
means  extending across’ said roof immediately
superjacent said roof tubes for - maintaining a
uniform distribution of heating gases at a low
velocity across the lowermost row of tubes posi-
tioned across said roof opening.

5, An ‘oil heater comprising a box-shaped fur-
nace chamber having a row of horizontally ex-
tending oil heating tubes extending across a heat-

) ing gas exit in one side of and in position- to

receive radiant heat from said furnace chamber,
and a second row of tubes having fins exfending
along opposite sides thereof and arranged- to
form a diffusion bafile having distributed gas
flow. passages therein of less aggregate flow area
than the aggregate intertube area of said first
row of tubes.

6. An oil heater comprising a box-shaped fur-
nace chamber having horizontally extending oil
heating tubes extending across the roof thereof
and in position to receive radiant heat from said
furnace chamber, a heating gas exit in said roof
and across which said roof tubes extend, means
forming a -diffusion baffle at the upper side of
said roof tubes having gas flow passages therein

3

of less aggregate flow area than the spaces be-
tween the subjacent roof tubes, means forming
a.plenum chamber above said diffusion bafile, &
convection heated bank of fluid heating tubes
above said plenum chamber, and a  horiZontal
bafile separating said tube bank and plenum
chamber and arranged to cause the heating gases
to enter said tube bank at one side thereof and
flow horizontally thereacross, and a heating gas
exit at the opposite side of said tube bank.

7. An oil heater comprising a box-shaped fur-
nace .chamber having horizontally extending oil
heating tubes extending along opposite vertical
side walls and the roof thereof, a heating gas exit

occupying. a major portion of the roof area and j

across which said roof tubes extend, means form-
ing a plenum chamber above said roof tubes, a
convection heated bank of fluid heating tubes
above said plenum chamber, a horizontal baffle

separating said tube bank and plenum chamber g

and arranged to cause the heating gases to enter

"'said tube bank at one side thereof and flow hori-

zontally thereacross, and a heating gas exit at the
opposite side of said tube bank.

8. A tubular cil heater comprising a furnace g

chamber having radiant heat absorbing trans-
versely spaced oil heating tubes extending along
the sides thereof, one of the furnace chamber
sides having a ' heating gas exit occupying a major
portion of the area thereof and a plurality of
staggered rows of relatively widely. spaced oil
heating tubes extending across said gas exit and
arranged to receive radiant heat from said fur-
nace chamber, means for burhing fluid fuel in
suspension in said furnace chamber, and means
supported on the second of said staggered rows of
tubes and partly closing substantially all of the
spaces therebetween to form s diffusion bafile
having uniformly distributed gas flow passages of
less aggregate flow area than the aggregate inter-
tube area of the first of said staggered rows of
tubes.

9. A tubular oil heater comprising a box-shaped
furnace chamber having a heating gas exit occu-~
pying a major portion of the roof area thereof and
a plurality of staggered rows of relatively widely
spaced oil heating tubes extending across said gas
exit and arranged to receive radiant heat from
said furnace chamber, means for burning fluid
fuel in suspension in said furnace chamber, and
means supported on the second of said staggered
rows of tubes and partly closing substantially all
of the spaces therebetween to form a diffusion
baffle having uniformly distributed gas flow pas-

sages of less aggregate flow area than the aggre- ;

gate intertube area of the first of said staggered
rows of tubes.

10. An oil heater comprising a furnace chamber
having a heating gas exit occupying a major por-
tion of the area of one of the boundary sides
thereof, means for burning fuel in said furnace
chamber, inner and outer rows of transversely
spaced oil heating tubes extending across said gas
exit with the tubes in said inner row in position to
receive radiant heat for a major vortion of their
length from’ said furnace chamber, and means
associated with said outer row of tubes forming a
diffusion baffle across said gas exit having a series
of gas flow passages therein registering with sub-
stantially all of the intertube spaces of said outer
tube row and of substantially less aggregaie flow
area than the aggregate intertube area of said
inner row of tubes to provide a low velocity heat-
ing gas flow across the portions of the tubes in
said inner row extending across said gas exit,
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11. An oil heater comprising a furnace cham-
ber having a heating gas exit occupying a major
portion of the area of the roof thereof, means for
burning fuel in said furnace chamber, upper and
lower rows of horizontally arranged transversely
spaced oil heating tubes extending across said gas
exit with the tubes in said lower row in position to
receive radiant heat for a major portion of their
length from said furnace chamber, and means
associated with said upper row of tubes forming
a diffusion baffle across said gas exit having a
series of gas flow passages therein registering with
substantially all of the intertube spaces of said
upper tube row and of substantially less aggregate
flow area than the aggregate intertube area of
said lower row of tubes to provide a substantially
uniform low velocity heating gas fiow across the
portions of the tubes in said lower row extending
across said gas exit.

12, An oil heater comprising a furnace chamber
having a heating gas exit occupying a major por-
tion of the area of the roof thereof, means for
burning fuel in said furnace chamber, upper and
lower rows of horizontally airanged transversely
spaced oil heating tubes extending across said gas
exit with the tubes in said lower row in position to
receive radiant heat for a major portion of their
length from said furnace chamber, and bafile tile
supported on said upper row of tubes and con-
structed to form a diffusion bafile across said gas
exit having a series of gas flow passages therein
registering with substantially all of the intertube
spaces of said upper tube row and of substantially
less aggregate flow area than the aggregate inter-
tube area of said lower row of tubes to provide a
substantially uniform low velocity heating gas
flow across the portions of the tubes in said lower
row extending across said gas exit.

13. In a furnace for heating oil, walls, a roof,
bare oil heating tubes in said walls and said roof
exposed to radiant heat directly from said fur-
nace, said roof being open across substantially
the entire furnace except for the tubes therein
and providing for the exit of combustion gases,
and diffusion bafile means extending across said
roof immediately superjacent said roof tubes and
providing a uniform velocity of the combustion

* gases passing through the roof over said roof

tubes.

14. An oil heater comprising a furnace cham-
ber having a heating gas exit comprising a major
portion of the area of one of the boundary walls
thereof, means for burning fuel in said furnace
chamber, a row of serially connected bare oil
heating tubes extending across said gas exit in
transversely spaced relation and in position to
receive radiant heat over a major portion of
their length directly from said furnace chamber,
and means closely adjacent to the outer side of
said tube row forming a diffusion bafle across
said gas exit having a multiplicity of gas flow
passages therein of substantially less aggregate
flow area than the aggregate intertube area of
the portions of the tubes in said row extending
across said gas exit and proportioned and ar-
ranged to provide a substantially uniform heat-
ing gas flow across said tube portions.

15. An oil heater comprising a furnace cham-
ber having a heating gas exit in the roof there-
of, means for burning fuel in said furnace cham-
ber, upper and lower rows of transversely spaced
bare oil heating tubes extending across said gas
exit with the tubes in said lower row bare and

2,147,609

in position to receive radiant heat directly from
said furnace chamber, and means associated with
said upper row of tubes forming a diffusion bafile
across said gas exit having a series of gas flow
passages therein of substantially less aggregate
flow area than the aggregate intertube area of
the portions of the tubes in said lower row ex-
tending across said gas exit and arranged and
proportioned to provide a substantially uniform
heating gas flow across said lower row tube por-
tions.

16. An oil heater comprising a furnace cham-
ber having a heating gas exit comprising sub-
stantially the entire area of the roof thereof,
means for burning fuel in said furnace chamber,
groups of serially connected bare oil heating tubes
extending along opposite side walls of said fur-
nace chamber symetrically arranged relative to
said fuel burning means and in position to re-
ceive radiant heat over substantially their entire
length directly from said furnace chamber, means
forming a diffusion baffle across said gas exit hav-
ing a series of small gas flow passages substan-
tially uniformly distributed therein and of sub-
stantially less aggregate flow area than said
roof area to provide a substantially uniform low
velocity heating gas flow through said gas exit,
and means forming a plenum chamber at the
upper side of said diffusion baffle.

17, An oil heater comprising a furnace cham-
ber having a heating gas exit occupying a major
portion of the area of one of the boundary walls
thereof, means for burning fuel in said furnsce
chamber, a row of transversely spaced bare oil
heating tubes extending across said gas exit
with the tubes in position to receive radiant heat
for a substantial portion of their length directly
from said furnace chamber, means closely ad-
jacent to the outer side of said row forming g
diffusion baffle across said gas exit having a series
of gas flow passages therein communicating with
the intertube spaces of said tube row and of
substantially less aggregate flow area than the
aggregate intertube area of the portions of the
tubes in said row extending across said gas exit
and arranged and proportioned to provide a sub-
stantially less aggregate flow area than said
tube portions, and means forming a plenum
chamber at the outer side of said diffusion baffle.

18. An oil heater comprising a-box-shaped fur-
nhace chamber having a heating gas exit occupy-
ing substantially the entire area of the roof
thereof, means for burning fuel in suspension
in said furnace chamber, groups of serially con-
nected horizontally extending oil heating tubes
arranged along opposite side walls of said fur-
nace chamber, upper and lower rows of trans-
versely spaced oil heating tubes extending across
said gas exit with the tubes in said lower row in
position to receive radiant heat throughout their
length from said furnace chamber, bafle means
associated with said upper row of tubes forming
a diffusion baffle across said gas exit having a
series of gas flow passages therein communicat-
ing with the intertube spaces of said upper tube
row and of substantially less aggregate flow ares
than the aggregate intertube area of said lower
row of tubes, means forming a plenum chamber
superjacent to said diffusion baffle, and a bank
of fluid heating tubes arranged to receive heating
gases from said plenum chamber.

CARL S. REED.
VINCENT WEAVER SMITH.
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o CERTIFICATE OF CORRECTION.
Patent No. 2,1L7,609. ‘ ’ ' February 1l, 1939.
' ~_ CARL S, REED, ET AL. '

It is hereby certified that error appears in the printed épecification
of the above ﬁnﬁberedpateﬂtréquiring correctlon as follows: Page 3, first
column, line 33, “claim 3, for "other" read outer; page Ly, first column,
line 72, claim 15, strike out the word "bare"; and second column, line L7,
~claim 17, strike out “less aggregate flow area than' and insert instead
the words uniform. heating gas flow across; and that the said Letters Patent
should ‘be read with this correction therein that the same may conform to
the record of the case in the Patent Office. _

.Signed and sealed this 18th day of April A, D. 1939

Henry Van Arsdale

(Seal) - Acting Commissioner of Patents.



