Feb. 14, 1933. N. H. HILLER

LIQUID HEATER

Filed May 7, 1930

I

47

Ill

1,897,758

S oSheets~Sheet 1

r’ji:f’-’#}j; :ﬂ.“‘““‘““““‘l‘l““ e
I -
-

AT, D

- Ay o b T WS W W

1, oAl T A o,

e ]

HTY ) | | %

L] . *
AT S dAnRmaa
o\ g U1 \.---'

M 11LE) \-
\ \

: '
AT STT T

ﬂ*-—ﬂﬁ--ﬂﬂ-—--.ﬂ--.

- EE WS N W Wy W G e o 4

INVENTOR

Necolae [ fHedler
- _

e e—

T CTEEL W R Ak des we TS T T R TR wm =

. "a
B i L™ : L2 L 1 5 %Y ‘.“I“‘hﬁ“"‘ -

= mm gy

| Y
A cnn Zrndoond ffrrnted® 7o din

ATTORNEYS



Feb. 14, 1933. N. H. HILLER 1,897,758

LIQUID HEATER

- Filed May 7, 1930 S Sheets—Sheet 2

S e E S O W M B B S W BN S M B AP ke dem ik o se o W W Y W R B B A B o BE M sk sk ok o W owr W w4 A R M W S Af s e ey e e EUT BN BN BN AP BN BN - sl M o i A i sk i e o mwr e s

| 30 |

_
I »
]
. |
i |
¥ 1
' |
1

-
[
....

1A
30

0 00 0DDOOODRLODRODOTO0O00OoOOODCE S
170 0.0°0 0000000000 0000 000005000

1© @ @ ® 7
: @9@H5%f%fEﬂ5%§%E5%5%§%FHﬁé%f%ﬁBQ§%§%ﬁﬁ%§%§%§bﬁ

- ey T e T, T W T T e " " U b T s W e e Wi, ol T N e O " " O e T O i M M ", i, ™l " g O Y

7 10.00000000000.0¢ . 28
y. d%%%%%%%%%ﬁ?ﬁ%%%%%%ﬁ%%%%ﬁ%% ¥
/ 3 0.0000000060000000000.000000

;f @ o8 L9 £35.08 4% &3 £D} &) o K1 o ‘R KB &£ K3 &3 o L €3 €3 €3 &3 &% &4 L)
!
f
[ ]

e B O, T e T e, N Y e e e e, T T T T T T T Y o

|/

H’

7/ |

' 73 Y]

s T Y T

. r #
- e - - - -

3

\.“\

LA A
{:t y
%

AL Lk

v iy
LAY
My
\
‘\

\\"

wh

- - .

o - LT i d f"- "~ - - _ly .y, -
- . - R T N Y .oy, 0.y 1. . Py foy
:% A Ch - . \.}\ \:‘\ \“;\\ \?.,\ x:r\ \':.\ ‘\‘;\H:l\ \.;u‘ W
” . '
' ..-.::" - e R N * A A

PR T A% I W . N B W U R N R T

pecnc 25 gz

-
F
e e e e T e e T T T e T e e T, T o fond

‘%wvﬁwﬁﬁwﬁﬁﬁﬁ%wﬁ?%ﬁﬁﬁﬁﬁﬁﬁﬁi b1
0000000000000 —
0000600000000 000 o o s

T e T e e ™ ™ e, e e e T W W " T VT L T T T T, ™ . p
' . .. . - — .. a —_em oy - Yomy

X X X )

INVENTOR
Necolas . Aebier
BY - '

. Z, "9Q_¢,M{¢;§ﬂhpé;
ﬂ = 7= ATTORNEYS




Feb. 14, 1933. N. H. HILLER . | '1,897,758

LIQUID HEATER

Piled May 7, 1930 3 Sheets-Sheet 3

J@E ) & XL XL

R m s b W W A EE B A W ke S e e o B M N O sk ow omF o o oEE o o B O - B B s o oam oS W B B B B =S A= = e = W W m e owomow . om L — i = ko odom omou g

o ———

: 3
" [
, |
[ |

5 l
}

’ }
' |
; [
{ J

]
g
I
1
- . !
zocd B
1
L)
1
1
1

16 | - ;
DA RRAAR LD R AN DR F

[oyip] gy ———

» W B Y r#irsbrriris

. nr*ag g ol
- - - e

B e —— — it 2 = 8 e gy YT —E——TEEEECTEE FLI | B WL o Ll e

2 26 %

INVENTOR

Nzcolai /. fHedler
BY |

ATTORNEYS




Patented .F_eb. 14, 1933

UNITED STATES PATENT

-~ 1897,758

OFFICE

NICOLAI H. HILLER, OF CARBONDALE, PENNSYLVANIA

LIQUID HEATER

Application filed May 7, 1930. Serial No. 450,411,

This invention relates to a heat trans-
ferring unit, and more particularly to 4
furnace which is adapted to heat such
liquids as water, oil and the like.. =

® The present invention is . particularly
adapted to heaters used in the art of re-
fining or cracking, and provides a furnace
therefor having a new and improved ar-
rangement of oil tubes whereby the transi-
tion of the hot combustion gases from the
radiant section of the oil tubes to the con-
vection section is accompanied with mate-
rial deflections in the path of said gases.

The invention also provides a novel 1m-
proved furnace construction whereby the
hot gases of combustion are made to lead
a circuitous path between the tubes without
the necessity of baffles. _

The invention still further provides means
tor so arranging the radiant tubes so as to
render them easily accessible for cleaning
or replacement. These radiant tubes, it
should be noted are subjected to the greatest
amount of heat, and are the ones most
susceptible to heat injuries and the like.

The invention still further provides a
novel turnace construction for dispersing
- the flame in the furnace so that the o1l tubes
may absorb the maximum heat from the
flame 1tself. _

The invention also contemplates means
for progressively constricting the passage

1t)

15

20

29

30

of the combustion gases as they pass in con-

tact with the heated tubes, s6 that the cool-
ang of these gases and the consequent de-
crease of their volume will be counter-bal-
anced sufliciently to eflfect substantial con-
stancy 1n the velocity of these gases.

The invention further contemplates means
for preheating the air leading into the com-
bustion chamber of the furnace by contact-
ing this air with the flue pipes of the system.

The 1nvention also consists in certain new
and 1mportant features of construction and
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and claimed.

~ Although the novel features which are

believed to be characteristic of this inven-

tion will be particularly pointed out in the
U appended claims, the invention itself, as to

combinations of parts hereinafter set forth

its objects and advantages, the mode of its
operation and the manner of its organiza-
tion may be better understood by referring
to the g}llowin' description taken in con-
nection with tﬁe accompanying drawings 55
forming a part thereof. '

Fig. 1 shows a vertical longitudinal sec-
tion through a furnace embodying the pres-
ent invention. . |

Figs. 2, 3, 4, and 5 are transverse sections 60
taken on line 2—2, 3—3, 4—4 and 5—5 re-

spectively, of Fig. 1, and

Fig. 6 1s a front elevation of a furnace
having parts broken away. -

- Like reference characters denote like parts @5
n the several figures of the drawings. .
In the following description and in the
claims, parts will be identified by specific.
hames Tor convenience, but they are in-
tended to be as generic in their application 70
to similar parts as the art will permit.

In the specific exemplification of the pres- .
ent invention shown in the accompanying
drawings, a suitable frame structure 10 is
provided upon which is built the setting of 76
the furnace. This furnace is provided with -

- & combustion chamber 11 having side walls

12 preferably inclined at angles of about 45°
and connected at the bottom by a floor 13,
xtending through the floor 13 are a plu- 8¢
rality of suitable burners 14, the combustion
supporting air for which is supplied by an
air tunnel 15, - 7
Extending along each side of the com-

bustion chamber 11, and converging wup- 50

wardly at a preferable angle of 60° with the
horizontal is a pair of rows of radiant tubes .-
16 arranged in stagger relationship and
constituting the radiant heating sections of
the furnace. These tubes 16 derive a great 0
deal of their heat by radiation from the
flame of the burners 14, and if desired the
turnace walls may be constructed of refrac-
tory brick-work which may be heated to
incandescence to increase this radiant fac. 9°
tor. .- -

The ends of ‘the tubes 16 extend beyond
the furnace walls and are joined by suitable
bends 17 and 18 or the like so as to provide
a series connected - between the incﬁvidual 100
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tubes of the radiant section. The bends 17
may be protected against heat losses by re-
fractory material such as cinders 18 or by a
plurality of removably mounted juxtaposed
tiles. By extending the ends of the tubes 16
beyond the furnace walls, these bends are
rendered easily accessible so that they may
be removed for cleaning or replacement ot
the tubes. _

Horizontally extending on the outer sides
of these radiant tubes 16 are a plurality of
tubes 20 constituting the convection sections
of the fluid circulating system. These tubes
are confined in a convection chamber 21, the
walls of which are formed to effect a con-
striction in the passage of combustion gases
as they pass through the tubes, so that irre-
spective of the cooling of these gases and the
consequent decrease in volume thereof, their
velocities will be maintained substantially
constant. All of these convection tubes 20
are connected in series by return bends, and
they are also connected in series with the

radiant tubes 16 so that the oil 1s led into

the lowest convection section of the tubes 20
and passed out through the last of the series
of radiant tubes 16. The furnace may be
built and the radiant tubes 16 so inclined
that all of the tubes 16 and 20 are of the
same length thereby obviating the necessity
of carrying more than one length tube in

stock.
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Extending along each side of the furnace
setting is an air conduit 22, the top and bot-

tom of which are provided with crown plates

23 and 24. These plates 23 and 24 have
passing therethrough flue pipes 25 leading
into a conduit 26, the back end of which 1s
connected to a chimney
26*, Theé flue pipes 25 permit the flue gases
from the chamber 21 to pass therethrough
and into the conduit 26, where they are
passed out through the flues 26* and the
chimney stack 27.

The back portion of each air conduit 22
is open to the atmosphere through a flared
portion 28 which is provided with a Tan 29,
or there may be one fan with a bifurcated
duct connected to each of the flue pipes 25.
The front portion of each air conduit 22 1s
connected to a conduit 30 which is disposed
along the front portion of the furnace and
which lead to a conduit 31 connected to the
air tunnel 15.

It should be noted that the heater 1s
divided into two similar parts so that two
separate primary flows of oil through the
two sides may be provided at the same time.
If desired, however, a single primary flow
of oil might be split into two paths through
the two sides of the heater and joined to-

ether again after passing through the

eater. |

"The burner 14 should preferably be of the
type which produces a fantail shaped flame

stack 27 by flues -

1,807,758

so that said flame substantially conforms
with the shape of the furnace. This permits
the absorption by the radiant tubes 16 of a
material amount of heat from the flame 1t-
self. However, regardless of the type of
burner used, it 1s obvious that the inclined
side walls 12 aid in the dispersion of flames

towards the radiant tubes effecting thereby

a corresponding increase in the transfer of
heat from the flame itself.

Although oil burners are a suitable means
for effecting combustion, it is obvious that
the present invention is adapted to any type
of fuel. Either gas, oil or coal dust may
be burned in suitably designed burners with
the necessary changes in furnace design.

Instead of dividing the heater into two
main heating sections, i. e., radiant and con-
vection sections, it may be desirable in ac-
cordance with the temperature of the 1in-
coming fluid to be heated to divide the heater
into three main heating sections, constituted
by a low rate or secondary section, a primary
or high rate convection section and a radi-
ant section. Under these conditions, the oil
would first go through the low rate convec-
tion section, then into the high rate convec-
tion section and finally through the radiant
section. This high rate convection section
may consist of another series of inclined
tubes disposed behind the radiant tubes 16
in stagger relationship therewith. 'These
high convection tubes would then recelve
heat by radiation as well as by contact with
the very hot combustion gases.

In certain refining processes, the incoming
flow of oil in the heater would be at such a
temperature that it might be desirable to
omit the high rate of convection sections.

It should be noted that the oil tubes are
so arranged and the furnace so constructed
as to obviate the necessity of baffles. Also
by crossing the path of the hot gases, by
transversely disposed tubes 19, after their
passage through the radiant tubes 16, this
path is caused to be broken up into a more
circuitous route, thereby effecting a more 1n-
timate contact between the hot gases and
the convection tubes. |

Although the invention has been described
with particular adaptation to the art of o1l
refining or cracking, it is obvious that it can
be used in any heat transfer unit such as a
superheater, boiler or the like without de-
parting from the spirit of the invention.

While certain novel features of the inven-
tion have been shown and described and are
pointed out in the annexed claims, it will be
understood that various omissions, substi-
tutions and changes in the forms and de-
tails of the device illustrated and in 1its op-
eration may be made by those skilled in the
art without departing from the spirit of the
invention.
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1 cla,im :

1. A heat transferring furnace including

two series of oppositely disposed inclined

and upwardly converging sets of serially in-
terconnected tubes, and two series of serially

interconnected horizontal tubes disposed at
the outer sides of said first mentioned tubes
and directly connected in series with said
first mentioned tubes, all of said tubes being
of substantially the same length.

2. A furnace for heating fluids, including
a combustion chamber, a pair of convection
chambers, each having a pair of walls con-
verging in the direction of the flow of the
gases, so as to form a chamber substantially
triangular in vertical cross-section, and hav-
ing an outlet for the gases of combustion at

- the apex thereof, whereby the velocity of the

20

gases passing through said convection cham-
bers will be maintained substantially con-

~stant, a burner disposed in the lowermost

25
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portion of said combustion chamber, said
combustion chamber having side walls di-
verging upwardly from points closely ad-
Jacent to opposite sides of said burner, said
burner giving an upwardly extending flame
having a fan shaped vertical cross-section,
whereby the sides of said flame impinges on
sald side walls and is dispersed thereby, said
flame being unobstructed in a vertical di-
rection, a first set of tubes comprising two
separate series of serially interconnected
straight tubes, the two series of tubes con-
verging upwardly, so as to gradually de-
crease the width of the combustion chamber
towards the top, and serving to separate said
combustion chamber from said convection
chambers, a second set of tubes comprising
two separate series of serially interconnected
straight tubes of substantial equal length, ex-
tending transversely of the tubes of the first
set 1n the rear thereof, and interconnected

- serially with the corresponding adjacent se-

45
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ries of said first set, and having the inner
row thereof extending substantially the full
length of the tubes of the corresponding se-
ries of tubes of said first set, said second set
of tubes being disposed in said convection
chambers, so that the converging walls of
said chambers are disposed adjacent to said
last mentioned tubes, whereby the gases will
be 1n contact with said tubes, while under
the 1influence of the constriction of the con-
Vecltlion chambers formed by said converging
walls. '

3. A furnace for heating fluids, includ-
ing a combustion chamber having a bottom
wall, a burner in said bottom wall, said
combustion chamber having side walls di-
verging upwardly from points adjacent to
opposite sides of said burner, a first set of
tubes comprising two separate series of

straight tubss extending longitudinally up-

ward, and coverging towards the top of the
combustion chamber from points adjacent

. stantially triangular convection chambers

to the top of said side wﬁlls, a pair of sub-
each having a pair of side walls COnverg:
Ing 1n the direction of flow of the gases
from the ends of the tubes of said first set,

and having an outlet for the gases of com-

bustion at the apex thereof, a second set of
tubes comprising two separate series of
straight tubes of equal length, disposed in
sald convection chambers, whereby the gases

will be in contact with said tubes while un--

der the influence of the constriction of the
convection chambers caused by said converg-
ing walls, the tubes of the first and second
series of each set being serially connected.

4. A furnace for heating fluids, including
a combustion chamber, a source of heat in
said combustion chamber, a first set of se-
rially interconnected tubes extending sub-
stantially towards the top of said chamber,
and bounding at least a portion of the sides
of sald combustion chamber, a convection
chamber progressively constricted in the di-

rection of flow of said gases from the ends

of the tubes of said first series of tubes, a
cecond set of serially interconnected straight
tubes disposed in sald convection chamber
so .that the
contact with said tubes while under the in-

{luence of the constriction of said convec-

tion chamber, said second set of tubes be-
ing transversely disposed with respect to
sald first set of tubes, and directly connect-
ed serially thereto, said second set of tubes
having the row thereof which is disposed
adjacent to said first set of tubes extending
substantially the full length of said first
set of tubes.

5. A heat transfer furnace including a
combustion chamber, a convection chamber
having converging side walls to gradually
cecrease the area for gas flow therethrough,
the larger end of said convection chamber
being in open communication with said com-
bustion chamber, a first set of serially inter-
connected straight tubes disposed across the
inlet to the convection chamber from said
combustion chamber, and a second set of
serially interconnected straicht tubes dis-
posed 1n said convection chamber in the rear
ot said first set of tubes and adjacent there-
to, the two sets of tubes being disposed
transversely with respect to each other and
connected 1n series, all of the tubzs of both
cets being of substantially the same length.

6. A heat transfer furnace including a
combustion chamber, a conveetion chambar
having converging side walls to gradually
decrease the area for gas flow therethrough,

’

the larger end of said convection chamber

being in open communication with said con-
bustion chamber, a first set of serially inter-
connected straight tubes disposed across the
inlet to the convection chamber. from said
combustion chamber, and a second set of

gases of combustion will be in

3
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serially interconnected straight tubes dis-
posed in said convection chamber in the rear
of said first set of tubes and adjacent there-
to, and including a plurality of rows of
tubes, said rows having gradually decreas-

g numbers of tubes in the direction of

gas flow, the two sets of tubes being dis-
posed transversely with respect to each other
and connected 1n series, all of the tubes of
both sets being of substantially the same
length. |

7. A heat transfer furnace including two
series of oppositely disposed, inclined, and
upwardly converging sets of tubes, two se-
ries of horizontally disposed tubes at the
outer sides of said first mentioned tubes, all
of said tubes being of substantially the same
length, and removable means connecting the
tubes of each set in series and connecting
the sets 1n series, whereby any tube may be
removed independently of the others, and
all of the tubes of both sets are inter-
changeable.

8. A heat transfer furnace including a
combustion chamber, a convection chamber
having side walls converging in the direc-
tion away from said combustion chamber to
cradually decrease the area for gas flow
therethrough, a first set of straight tubes
disposed across the inlet to said convection
chamber at the wider end thereof, a second
set of straight tubes disposed in the rear of
sald first set of tubes and in said convection
chamber, all of the .tubes of both sets being
of substantially the same length, and detach-
able means connecting the tubes of each set
1n series and connecting said sets in series,
whereby any tube may be removed inde-
pendently of the others and replaced by a
tube of predetermined length.

9. A furnace for heating liquids includ-
1ng a combustion chamber having a bottom
wall provided with a burner and side walls
extending upwardly from said bottom wall
and diverging from adjacent to said burner,

a palr of convection chambers opening into

said combustion chamber on opposite sides
thereof and above said side walls, each of
said convection chambers being substantially
triangular in vertical cross-section and in-
cluding a pair of walls converging in the
direction of flow of gases from said com-
bustion chamber and having an outlet at
the apex thereof for the gases of combustion,
and a set of sertally connected, substantially
horizontal tubes disposed in each of said
convection chambers, the rows of tubes of
sald sets nearest to said combustion chamber
being disposed in planes that converge up-
wardly from adjacent to the upper edges
of said side walls toward the upper end of
said combustion chamber.

10. A furnace for heating liquids includ-

ing a combustion chamber having a bottom
wall provided with a burner and side walls

1,807,758

extending upwardly from said bottom wall
and diverging from adjacent to said burner,
a pair of convection chambers opening into
sald combustion chamber on opposite sides
thereof and above said side walls, each of
sald convection chambers being substantially
triangular in vertical cross-section and in-
cluding a pair of walls converging in the
direction of flow of gases from said combus-
tion chamber and having an outlet at the
apex thereof for the gases of combustion,
and a set of substantially horizontal tubes
all of substantially the same length and dis-
posed in each of said convection chambers
sald tubes being arranged in a plurality of
substantially parallel rows, the rows of tubes
of said sets nearest to said combustion cham-
ber being disposed in planes that converge
upwardly from adjacent to the upper edges
of said side walls toward the upper end of
sald combustion chamber, and the tubes of
the several rows being serially connected to
provide counterflow in respect to the out-
tlowing gases. | ,

Signed at New York in the county of New
York and State of New York, this 5th day
of May, A. D. 1930.

NICOLATI H. HILLER.
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