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"The invention relates to an inproVed forrin of 
heater for fuids Which is partiCularly adWanta 
geous as applied to heating hydrocarbons to the 
high temperatures Irequired for their thernal or 
catalytic Conversion. The features of the inWen 
tion Will also be found 11Seful in Inuilerous other 
applications Wherein it is desired to heat one or 
Imore streams of fuid With IrelatiVely high Irates Of 
heat inplUIt). - 
The Iheater herein provided is Of the general 

type employing a, plurality of Separately fired 
cells With tubular fuid Conduits diSposed adja 
cent a, 1refractory Wal in each Cel to IreCeive di 
Irect radiant heat on one side fron faines and 
hot Combustion gases p3SSing through the Cell 
and Ireceive Irefected 1radiant heat on the OppoSite 
side from the adjacent refractory Wall. 
The features and adWantages of the inVention 

Will be apparent to those familiar With the art 
from an inspection of the acCompanying dia 
grammatic draWing and the folloWing deSCIrip 
tion thereof. - 
The drawing represents a, Cross-Sectional ele 

Wation of one Specific form of the heater pro 
wided by the invention. 

Referring to the draWing, the form of heater 
here illustrated Comprises Substantialy Vertical 
Irefractory Side Wals I and 2, Sloping Irefractory 
Walls 3 and 4 extending Upwardly and inWardly 
from Walls I and 2 to other VertiCal Irefractory 
outer Walls 5 and 6, a, foor Taind end Walls, Inot 
shown. -- 

Interior refractory Walis 8 and 9, spaced fron 
each other and fron the side Walls f and 2, are 
prowided within the heater and extend from the 
1ioor to a, level adjacent the upper eXtremity of 
Wals || and 2. 
The space within the heater between Wals II 

and 8 comprises a, combustion and radiant heati 
ing 2one or fired cel II?. A Similar, Separately 
fired, combustion and Iradiant heating 2one or Cell 
| || is disposed between Walls 2 and 9. AInother 
independentily fired Combustion and Iradiant heat 
ing 2one or cel I2 is disposed Centrally Within the 
1heater between Wals 88Ind 9. 
A bank 4, comprising in the Case illustrated 

two Vertical rows of horizontally dispOSed tubul 
Iar fuid conduits I5 is located Within Cell 10 ad 
jacent the interior surface of Wall I. Another 
bank I6, comprising, in this instance, a, Single 
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vertical Irow of horizontally disposed tubes II, is 
1ocated in cel If adjacent the inner surface of 
wal 2. Another bank: 18, comprising in the CaSe 
illustrated a, single substantialy Wertical IroW of 

Cel I2 adjacent Wall 8 and a, similar bank 20 of 
ttlbular fluid Conduits 2| is disposed in cell 2 
adjacent Wall 9. . Another bank 22, comprising in 
this instance two substantially parallel Irows of 
horizontally disposed tubes 23 is 1ocated adjacent 
and substantialy parallel to the sloping Wall 3. 
Another bank 24, Comprising in this instance a 
single Irow of horizontally disposed tubes 25, is lo 
Cated adjacent and substantially parallel to the 
Sloping Wall 4. Another tube bank: 26, compris 
ing a, 1plurality of Superimposed Irows of horizon 
tally disposed tubes 2T, is located in the fuid 
heating 20ne 28 defined between walls 5 and 6. 
"The elatire furnace Structure is Imounted upon 

a Suitable foundation Which, in this instance, 
Comprises a, Wertical Wal 29 disposed berneatheach 
of the Walls II, 2, 8 and 9, a, 1foo1:30 disposed be 
11eath and Spaced from the 1refractory foor TI and 
suitable footings, not illustrated. Burner com 
partnents 3,32 and 33, individual to the Irespec 
tive coriabustion and heating 2ones 10, II and 12, 
are 1prowided between foors T and 30 and between 
the foundation Walls 29. An opening 42 is pro 
wided in each of the outer foundation Walls 29 
beneath Walls || and 2 and openings 4T and 48 are 
proWided through the foundation Walls 29 be 
Ineath Walls f and 8 respectively. A partition 35 
Separates the Space betWeen the partition Walls 29 
beneath Wails II and 8 and between foors II and 
30 into the upper burner compartment 3I and a 
10Wer Compartiment Which Communicates With 
burner Compartiment) 33 through opening 48. 

A. horizontal row of burners, one of which is 
indicated at, 3T, is prowided within burner com 
partime:Int 31 and these burners Communicate With 
Combustion and heating 2one I0 through firing 
ports 38 provided in foor Ti adjacent the lower 
end of Wal 8. Fuel is Stipplied to each of the 
burners 3T through a, 1ine 39 and control Valive 40 
and airis adinittedin 1tegulated anounts to burn 
er Compartiment) 31 through opening 42 by ad 
justiment of a suitable damper 4I provided at the 
Imouth of the opening. The air thus admitted 
t0 Compartiment, 3l passed through burners 37 to 
Imix With the fuel and form a, combustible mix 
tute Which is projected upwardly into 2one I0 
and burned adjacent the surface of wal 8within 
this 2one. The fiames and hot combustion gases 
iSSuing from burners 31 and burner ports, 38 are 
directed upWardily at an angle against and over 
the Surface of Wall 8, heating the latter to a 
highly radiant Condition and direct radiant heat 
is trainsianitted from Wal1 8 and from the fames 
and hot combustion gases passing thereover to 

horizontaly disposed tubes; 19, is located Within 55 One Side of the tubes of bank f4. Refected ra 
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diant heat is transinitted fron Wal II to the op 
positeside of thesetubes. 
A firing arrangenent sintlar to that abowe de 

scribed, with the elements) thereo designated tm 
the drawing by the same reference Inumerals T 
to 4 inclusive, is prowided for cell II, which is 
1aired independeratly of cel 10 and wherein di 
rect radiant, 1heat is tranSnitted ton the hot 
1refractory surface of Wal 9 Within this 2One and 
from the fiames and hot combustion gases paSS 
ing over the surface of Wal 9 to one Side of the 
tubes of bank 6. "The opposite side of these 
tubes is heated by 1refected Iradiation froiIra Wal 2. 
Another horizontal Irow of burners, One of 

which is indicated at 43, is prowided iTa burner 
compartment 33 tor directing fianes and hot 
combustion gases Upwardly into 2One I2 through 
firing ports 44 prowided in foor T substantially 
Imidway between walls 8 and 9. 1Fuel is supplied 
to each of the burners 43 through B, 1ine 45, con 
trolled by valve 46, and air for combustion of 

, the fuel is admitted in Iregulated amounts to 
burner compartment 338lbout damper 49 8nd 
through the openingS 47 and 48 and the space 
beneath partition 35. "The air thus admitted to 
Compartiment) 33 IpasSes through burner 43 to 
Imix therein With the fulel and form B,Conbustible 
Imixture Containing any desired aInotInt of excess 
aill". 
The fames and hot combustion gases projected 

upwardly through 2one f2 fron burners 43 and 
firing ports 44 supply direct radiant heat to one 
side of the tubes of banks 9 and 20 and re 

· fiected Iradiant heat is Supplied to the opposite 
side of these tubes from the Irespective adjacent 
Wals 8 and 9. 
Combustion gases Which have given Up a Sub 

stantial portion of their heat to the respective 
tube banks 14, 6, 18 and 20 are discharged from 
2ones I0, II and 12 into the space between the 
sloping Walls 3 and 4 and Supply bottom Iradiant 
and convection heat to the tubes of banks 22 
and 24. "The t11bes of each of these banks Ireceive 
direct radiant heat on One Side fron the com 
Imaingled ConbuStiOIl gaSeS froIT1 2Ones 0, i and 
12 and are heated on their opposite Side by re 
fiected radiation fron the Irespective Walls 3 and 

. 4. Heating conditions in bank 22 are, of course, 
infuenced to a, greater extent by combustion 
gaSes fron 20ne f? than by those from 2one 
12 and to a, still greater eXtent than by con 
bustion gases fron 2one II. On the other hand, 
the heating conditions obtained in bank 24 are 
infulenced to a, greater extent by the combustible 
gases fron 20ne If than by those from 2one M2 
and to a, Still greater extent than by combustion 
gases fron 2one 10. "Thus, a considerable de 
gree of independent Control is obitainable over 
the heating conditions employed in bank 22, as 
compared With those obitained in bank 24 and 
Vice Versa, -- 

The total Combustion gases fron 20nes) 0, II 
BInd f2,8fter Supplying heatto the tubes of banks 
22 and 24, pass upWardly through fuid heating 
2One 28 in direct and intinate contact with the 
tubes of bank 26 and supply a considerable por 
tion of their IreSidual heat thereto. The combus 
tion gases are thence directed through fue 50 
to stack: 5. - - 

By independentily firing each of the 2ones ||0, 
1 f and H2, entirely independent control is exerted 
OVer the heating conditions obtained in each of 
these zones and, as previousity mentioned, a con 
siderable degree of independent controlis exerted 
OWer the heating Corlditions prevailing about bank 
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22 as compared with thoseprevaling about bank 
24. Relatively high rates of heat transinissidon . 
to the iuld flowing through the tubes is obtain 
Bible iTa each of these2Ones andlan untsually high 
degree of fiexibility with respect to control over 
the heating conditions in the several 2ones 1s 
1provided in this heater. Hy selection of suitable 
Specific paths of ow for the stream or streams 
?f fluid undergoing heating through the Varioug 
tube banks and a Suitable Sequential or paralle1 
arrangenent of the tube banks in this iow, a, 
Wide Wariety of heating Curves is obtainable for 
the fulid undergoing treatiment and the type of 
heat treatiment desired Imay be selected to suit 
Tequirernents. Whera desired, it is also easy to 
obitain either a diferent type of heat treament 
?r substaIntially the same Iheat treatiment for tro 
Or Inore Separate streams of fuid with the heater 

. herein prowided. 
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The invention is not, 1imited to any specific 
path of iow for the fuid passing through the 
Warious tube banks Inor to any specific sequence 
?f flow through the several banks. Ordinarily, 
adjacent tubes in each bank will be connected 
in Series at their ends by suitable 1return bends 
?r headerS, Inot illustrated, but it is also within 
the Scope of the invention to provide for the 
parallel floW of Separate streams of the same or 
diferent fluid through two or more of the tube 
banks and, when desired, al or various groups 
?f the tubes in each of any bank may be con 
11ected for the parallel fow of separate streams 
Of iuld therethrough. It is also within the 
SCOpe of the inVention to dispose the individual 
tubes of any or al of the various banks adjacent 
the Side and interior Wails of the heater in a 
WertiCal Irather than a, horizontal position and 
the tubes in elther or both of the banks adjacent 
the Sloping Walls may extend lengthwise from 
adjacent the top to adjacent the bottom of the 
Sloping Wal rather than fromend to end thereof. 

"I'lline inVention also Specifically contemplates 
the Substitution of a, single row of tubes for the 
tW? TOWarrangement adjacent wall f oradjacent 
Wal 3, or both, and, when desired, a, two row 
BTranger11ent Similartio that shown adjacent wals 
and 3 may be substituted in any or al of the 

banks 16, 18, 20 and 24 for the single row ar. 
ITaingement illustrated. 
Although the specific form of heater Ilustrated 
the draWing is up-fired with a general upward 

iOW of Combustion gases throughout the heater, 
1t, 1s entirely Within the scope of the invention 
toinvertithe furnacestructureand fireinadown 
Ward direction With a general downward flow of 
COrnbustion gases through the heater. 
As previousily mentioned, a wide variety of ad_ 

WantageouS 1OWarrangements is possible in the 
ImproWed form of heater Iherein provided and 
these Imay be selected, within the skill of one 
famillar With the art, and correlated with the 
firing conditions employed in the independently 
ited Combustion and Iheating 2ODeS, to Suit, 1re 
Citireaments. - 

IClain as my invention: 
1. A heater for fuids comprising, in combina 

tion, substantially vertical refractory side Walls, 
substantially Wertical refractory interior wals 
spaced fron each ?ther to provide a combustion 
and radiant heating zone therebetween and 
spaced fron the Side walls to provide a separate 
?ornbustion and Iradiant, 1heating zone between 
eaCin Side Wall and the adjacent interior Wal, a 
substantially Vertical bank of tubular fuid con 
duis disposed adjacent each of the interior wals 
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in the first Imentioned Combustion 2one, firing 
Imeans; for Said first Inentioned Combustion 2one 
Comprising burners dispOSed adjacent one end 
thereof for ditecting iames and hot Combustion 
gases WertiCally therethrough betWeen Said in 
terior Walls ira direct heat tranSmitting Irelation 
to Said iuid Conduits therein, a, Substantialy Wer 
tical bank of tubular fuid Conduits disposed in 
each of the seCond Imentioned Combustion 2011es 
adjacent one of Said Irefractory Walls thereof and 
independent fiting Imeans for each of Said SeCond 
Imentioned Combustion 20nes Comprising burnerS 
disposed adjacent one end of that Irefractory Wal 
thereof opposite the tube bank disposed therein 
for directing fiames and hot Combustion gases 
VertiCally therethrough OVer the SU11rface of Said 
Wall Whereby to transmit Iradiant heat from said 
Wal and fron the fiames and hot Combustiol 
gases passing thereoWer to the fuid Conduits 
therein, a, Combustion gas diSCharge paSSageWay 
in Wertical aligniment With the heating 2011e be 
tween said interior Walls, inclined Irefractory 
Walls eXtending from Said Side Walls to Said pas 
SageWay, heating tillbes diSpOSed adjaCent Said 
inclined Walls, and Inneans for directing Coninbus 
tion gases from Said heating 2Ones in heat tranS 
fer Irelation to the tubes adjaCent Said inclined 
Walls and thence to Said paSSageWay. 

2. A heater for fuids Comprising, in Combina 
tion, substantially Vertical Irefractory side Walls, 
end Wals and a, foor defining the loWer portion 
of the heater, upwardly and inwardiy sloping re 
fractory Walls eXtending fron Said Side Walls to 
other Ireftractory Side Walls, a, fuid heating 2one 
diSposed betWeen the last Inanaed Side Walls, a, 
pair of Substantially WertiCal interior Walls dis 
posed Stlbstantially paralel to the Side Walls and 
Spaced apart to Iprowide a, Centrally disposed Com 

0) 

15 

20 

3 
bustion and radiant heating 2one therebetween, 
Said interior Walls also being spaced from the 
Side Walls to prowide a, separate Combustion and 
Iadiant heating 2one between each of the first 
Imamed Side Wals and the adjacent interior Wal, 
a, Substaintially Wertical bank of tubular fuid con 
duits disposed adjacent the surface of each of 
Said interior Walls Within Said Central heating 
2011e, a, Substaintially Vertical bank of tubular 
1ilid Conduits disposed adjacenteach of the first 
11ai11ed Side Walls in Said Separate combustion 
2011es, a, bank of tubular filid Conduits disposed 
adjacent and Substantiallyparallelto each of said 
Sloping Wals, a, bank of tubular fitid conduits 
in Said itid heating 2one, firing means for said 
Central 2One CompriSing burner ports in Said foor 
aind burners for projecting fiames and hot Com 
btistion gases Centrally upWard into said Central 
Zone and therethrough in direct Iradiant Iheat 
tranSmitting Irelation With the tubular elements 
of Said tUlbe banks adjacent the interior Walls, 
independent firing means for each of said sep 
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arate Combustion 2ones comprising burner ports 
in the foor adjacent the base of each of Said 
interior Walls and bUIriners for projecting fames 
and hot Combustion gases over the Surface of the 
interior Walls in direct, 1radiant heat tranSmitting 
Irelation to the tubes of Said banks adjacent the 
side Walls, 1means for directing Combustion gases 
from said Central 2one and from each of Said 
separate combustion 2ones through the Space be 
tween Said Sloping Walls in heat trainsfer Tela 
tion to the tubular elements of Said banks ad 
jacent the latter and thereftom through Said 
fuid heating zone in direct contact with the 
tubular elements of Said bank disposed thereir1. 

MARToN W. BARNEs. 

  


