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Claims. 
This invention particularly refers to an im 

proved form of furnace, particularly adapted to 
the heating of hydrocarbon oils to the high tem 
peratures required for their pyrolytic conversion, 
of the type wherein opposite sides of the tubes, 
Comprising the fluid conduit through which the 
oil is passed, are subjected to substantially equal 
rates of heating. 
More specifically the invention embodies the 

improved method of operating improvement to 
this type of furnace which comprises supply 
ing radiant heat to opposite sides of the tubes of 
the fluid conduit from flames and heated refrac 
tory surfaces and simultaneously supplying con 
vection heat to opposite sides of the tubes by 
passing thereover a stream of hot combustion 
gases in a direction countercurrent to the direc 
tion of the fame. 
The method of heating provided by the present 

invention permits a more uniform distribution of 
heat, to various portions of the fluid conduit, the 
maximum radiant heat input to the tubes 
Occurring in that portion of the heating coil or 
fluid conduit wherein the convection heat input 
is at a minimum, the input of radiant heat gradu 
ally decreasing as the convection heat input in 

Thus, the radiant and convection com 
ponents of the total heat imparted to the tubes 
have a counter-balancing effect, the increasing 
intensity of one tending to counteract the de 
creasing intensity of the other. 
The accompanying diagrammatic drawing, to 

gether with the following description thereof, will 
Serve to more clearly illustrate the features and 
advantages of the present invention. Fig. 1 of 
the drawing is a sectional end elevation of a 
furnace embodying the features of the present 
invention, and Fig. 2 is a sectional plan view of 
the same structure. 

Referring to the drawing, the main furnace 
structure comprises side walls and f', end walls 
2 and 2', a roof 3 and a floor 4. 
A centrally located vertical row 5 of tubes 6. 

comprises the heating coil or fluid conduit. The 
tubes extend horizontally between the end walls 
2 and 2' of the furnace and, in the case here 
illustrated, are connected at their ends in series 
by means of suitable return bends T. It will be 
understood that, although not illustrated in the 
drawing, parallel flow through the tubes of the 
fluid conduit may be employed, when desired, 
suitable headers (not shown), being provided in 
this case at opposite ends of the tubes. When 
Series flow is employed through tubes 6 the gen 
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eral direction of flow through the tube bank may 
be either upward or downward, as desired. 

Combustion Zones 8 and 8' are provided on 
Opposite sides of heating coil 5 and Suitable 
burners 9 supplied with fuel of any desired form 
Supply combustion products to zones 8 and 8 
through burner ports C and 0", respectively, 
located, in the case here illustrated, in roof 3 on 
Opposite sides of the heating coil. A flue 
located above tube bank 5 in the roof 3 of the 
furnace permits the passage of combustion 
products to a suitable stack 2, controlled by 
damper 3. 
Preferably, as illustrated in the drawing, the 
burners and burner ports are inclined slightly 
toward the side walls and f' of the furnace so 
that the flame impinges against the side walls. 
The combustibles are discharged from burners 9 
with sufficient velocity to carry the flame down 
Ward along the sides and f' to near the fioor 4 
of the furnace where the flow of combustion 
gases is reversed, the gases passing then in an 
upward direction along opposite sides of the 
tubes 6 to flue in the roof of the furnace. In 
this manner the tubes are. heated on opposite. 
sides by direct radiation from the flames and by 
re-radiated heat from the walls of the furnace 
while convection heat from the hot combustion 
gases, as they pass upward around the tubes, is 
Superimposed Over the radiant heat. 
By firing opposite sides of the furnace equally 

Substantially equal heating is obtained on oppo 
site sides of the vertical center line through the 
tube bank so that each tube receives heat at a 
Substantially uniform rate on both sides. By 
controlling the air-fuel ratio and the draft con 
ditions the furnace may be fired in such a manner 
that the decreasing amount of radiant heat from 
top to bottom of the tube bank is substantially 
compensated for by the increasing amount of 
convection heat, due to the counter-current flow 
of combustion gases over the tubes relative to the 
direction of the flame. In this manner substan 
tially uniform heating conditions may be ob 
tained throughout the entire length of the heat 
ing coil as well as on opposite sides thereof, thus 
permitting a higher average rate of heating for a 
given maximum rate than is otherwise obtain 
able. 

It will be understood that although the draw 
ing and the foregoing description is confined to 
a down-fired, up-draft furnace, the features of 
the invention may be applied as well to a down 
draft furnace fired from the bottom. This Willi 
be well understood by those familiar with the 
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furnace art without the necessity of additional 
drawings or description, the features involved in 
both cases being the same, namely, to impart 
radiant heat to opposite sides of a fluid conduit 
from flames and from heated refractory Surfaces 
and to impart additional convection heat to the 
same fluid conduit by passing over the opposite 
sides thereof simultaneously hot combustion 
gases in a direction counter-current to the general 
direction of the flame. 

I claim as my invention: 
1. In the heating of hydrocarbon oil to con 

version temperatures, the method which com 
prises passing the oil in a restricted stream 
serially through a plurality of series connected, 
substantially horizontal tubular elements dis 
posed in a common vertical plane approximately 
medially between a pair of spaced, parallel fur 
nace walls, projecting flame of substantially uni 
form heat intensity downwardly along each of 
said walls opposite said elements and in spaced 
relation with respect to the latter, reversing the 
direction of flow of the combustion gases result 
ing from the flames in the lower portion of the 
furnace below the lowermost of said elements, and 
then passing the cumbustion gases upwardly 
along the opposite sides of said elements between 
the latter and the flames. 

2. A method for heating fluids which com 
prises passing the fluid through a plurality of 
heating tubes disposed in a vertical plane be 
tween a pair of spaced vertical furnace walls, in 
pinging flame angularly against each of said walls 
on the side thereof facing the tubes and passing 
the flames and combustion gases in a vertical 
direction along said walls, and subsequently pass 
ing portions of the combustion gases along both 
Sides of the tubes between the tubes and the 
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flames in a direction counter-current to the di 
rection of movement of the flames along said 
Walls. . ' 

3. A method for heating fluids which com 
prises passing the fluid through a plurality of 
heating tubes disposed in a vertical plane between 
a pair of Spaced vertical furnace walls, imping 
ing flame angularly against each of said walls 
on the side thereof facing the tubes and passing 
the flames and combustion gases in a vertical di 
rection along said walls, then reversing the 
direction of flow of the combustion gases and 
passing. the same along both sides of the tubes 
between the tubes and the flames in a direction 
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countercurrent to the direction of movement of 
the flames along said walls. 

4. A method for heating fluids which com 
prises passing the fluid through a plurality of 
heating tubes disposed in a vertical plane be 
tween a pair of spaced vertical furnace walls, 
impinging flame angularly against each of said 
walls on the side thereof facing the tubes and 
passing the flames downwardly along said walls, 
and subsequently passing combustion gases re 
Sulting from the flames upwardly along both 
Sides of the -tubes between the latter and the 
flameS. 

5. A method for heating fluids which com 
prises passing the fluid through a plurality of 
heating tubes disposed in a vertical plane between 
a pair of spaced vertical furnace walls, imping 
ing flame angularly against each of said walls 
on the side thereof facing the tubes and passing 
the flames downwardly, along said walls, reversing 
the direction of flow of the combustion gases re 
Sulting from the flames in the lower portion of 
the furnace below the lowermost of Said tubes, 
and then passing the combustion gases upwardly 
along the opposite sides of the tubes between the 
latter and the flames. 
\ 6. A fluid heating apparatus comprising a 
furnace having a pair of spaced vertical walls, a 
plurality of heating tubes disposed in a vertical 
plane between and spaced from Said walls, means 
for projecting flame angularly against and verti 
cally along each of said walls on the side thereof 
facing the tubes, and means for passing re 
Sultant combustion gases along both sides of the 
tubes between the tubes and the flames in a di 
rection countercurrent to the direction of move 
ment of the flames along said walls. 

7. A fluid heating apparatus comprising a fur 
nace having: a pair of spaced vertical walls, a 
plurality of heating tubes disposed in a vertical 
plane between and spaced from said walls, means 
for projecting flame angularly against and down 
wardly along each of said walls on the side there 
of facing the tubes, and means in the lower por 
tion of the furnace below the lowermost of said 
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tubes for reversing the direction of flow of the 
combustion gases resulting from the flames and 
for passing the gases upwardly along the op 
posite sides of the tubes between the latter and 
the flames. 
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