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his invention relates to a control for a fluid 
heating furnace of the type having a radiant 
heater section and a convection heater section. 
In one aspect, the invention is applicable to the 
control of a tube still for the heating of petroleum 
oil, such as for the cracking of the oil to convert 
higher boiling constituents to lower boiling con 
stituents, or for the distillation of the oil. 

In a furnace of the type shown in my Patent 
No. 1717,334 dated June 11, 1929, which is pro 
vided with a vertical radiant heating section and 
a convection heating Section, and which is 
adapted to heat the oil or other fluid first by 
convection heat in the convection section, and 
then rapidly to a high temperature by radiant 
heat in the radiant heating section, it is desirable 
to use as little excess air as is practicable to ob 
tain substantially complete combustion of the fuel 
supplied to the furnace. 
est combustion temperature in the radiant heat 
ing section with a comparatively lower velocity 
of combustion gases, which is conducive to greater 
heat input to the oil with consequent greater ex 
traction of heat from the gases before they are 
discharged from the radiant section to the con 
vection section. A smaller amount of heat is ab 
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sorbed by the oil in the convection section under 
these conditions, giving substantially the maxi 
mum differential in temperature between the two 
sections of the furnace. An economical and 
highly efficient heating of the oil or other fluid is 
thereby accomplished. 

It is an object of the present invention to pro 
vide a control for a furnace of this type, which 
will automatically maintain the above-mentioned 
operating conditions. This is accomplished by 
regulating the fuel supply in accordance with the 
temperature of the oil at a selected point in its 
path of flow in the radiant heating zone; and by 
regulating the air supply in accordance with the 
temperature of the oil at a selected point in its 
path of flow in the convection heating zone. In a 
preferred embodiment, the air supply is regulated 
in accordance with the variations in temperature 
of the oil from predetermined normals at selected 
points in its path of flow in both the convection 
and radiation zones. Regulation is effected at 
recurrent time intervals; and the amount of in 
crease or decrease in air supply at any particular 
interval is proportional to the deviation in 
temperature of the oil from the predetermined 
normals. 
Other objects and advantages of the invention 

will be apparent from the following description, 
the accompanying drawing and appended claims. 

This provides the high 

jectionable 

(C. 196-10) 
In the drawing, in which a preferred embodi 

ment of the invention is illustrated, 
Fig. 1 is a diagrammatic view of a tube still 

and associated control mechanism, with parts 
broken away and in section; 

Fig. 2 is a detail view of a portion of the con 
trol mechanism; and 

Fig. 3 is a view of a portion of a temperature 
recording chart of the continuous strip type. 
Referring to the drawing, there is illustrated a 

furnace or tube still of the type shown in my 
mentioned Patent No. 1,717,334. This comprises 
a cylindrical furnace 0 built of brick work or 
other suitable material. It will be understood 
that the furnace may be made somewhat conical 
or chimney-like in shape, or rectangular or polyg 
onal in cross-section, although the cylindrical 
construction is preferred. Adjacent the upper 
end of the furnace is mounted a tube sheet , 
which serves to suspend an annular ring of tubes 
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2 about the periphery of the radiant heating 
chamber 3. The tubes are connected at their 
upper ends by suitable headers 4, and at their 
lower ends by headers 5 located beneath a 
lower tube sheet 6. 
Centrally arranged in the upper tube sheet f 

is an opening 8, through which ignited products 
are introduced into the combustion chamber from a mixing compartment 9 supplied by a fuel pipe 
20 and an air pipe 2. At the base of the com 
bustion chamber is an upwardly extending throat 
23, through which the products of combustion 
escape into a flue 24. The air and fuel are pro 
jected downwardly into the central portion of the 
chamber 3 where active combustion takes place, 
and the products of combustion sweep out 
through the throat 23. Heat is transferred pri 
marily by radiation from the combustion filame 
to the tubes 2, and contact of the highly heated 
products of combustion with the tubes is sub 
stantially avoided. As shown, the tubes may be 
arranged in several rows of concentric circles 
about the combustion chamber, the tubes of one. 
circle preferably being staggered with respect to 
the tubes of another circle. They thus form a 
surface virtually lining the side Wall of the 
furnace and shielding it from the intense heat. 
By reason of the vertical arrangement of the 
tubes, and their substantially uniform reception 
of radiant heat, sagging of the tubes and the at 
tendant difficulties of local overheating and ob 

coke deposition are effectively 
eliminated. The upper and lower ends of the 
tubes, including the headers, are shielded from 
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the radiant heat by being arranged within the 
end chambers 25 and 26 respectively. 
The combustion gases are introduced from 

flue 24 through opening 28 into a convection 
heater 29 formed of fire brick or the like, contain 
ing a horizontal tube bank 30 in the path of flow 
of the gases, which finally escape by flue 3 to 
stack 32. A by-pass 33 containing a pressure 
operated explosion damper 34 is arranged to 
establish direct communication between flue 24 
and Stack 32 in the event of an explosion or 
other abnormal pressure condition. Oil is sup 
plied to pipe 35, such as from a pump or other 
suitable means, and thence to the tube bank 30, 
where it flows, from one horizontal row of tubes 
to a row beneath, thus passing generally counter 
Current to the flow of combustion gases. The 
partially heated oil then travels by pipe 36 to 
the tubes 2 in the radiant heating section, where 
it flows in series or in series-parallel through the 
tubes and finally is discharged by pipe 37 to a 
Soaking or flashing chamber, or other treating de 
vice. The flow of oil is preferably maintained 
Substantially constant by any suitable mecha 
nism, such as by maintaining a substantially con 
stant head upon the oil, or by a valve control. 
The furnace may be fired from the lower end of 
the combustion chamber as described in my Pat 
ent No. 1,717.334, so that the products sweep up 
Wardly through the radiant heater instead of 
downwardly as shown in Fig. 1. It is also to be 
understood that any other suitable form of fur 
nace Or tube Still, having convection and radiant 
heating sections in series, may be employed. 

Located adjacent the outlet of coil f2 is a pyro 
metric thermocouple 40, which is connected in an 
electric circuit having leads 4f and 42. Located 
adjacent the outlet of tube bank 30 is a second 
pyrometric thermocouple 43, which is connected 
by lead 4 in series with thermocouple 40. Lead 
44 extends from thermocouple 43 to one pole of 
a galvanometer, shown diagrammatically by coil 
46 and needle 48. Lead 42 connects by a movable 
point with the slide wire 47 of the main circuit 
of the potentiometer, indicated diagrammatically 
as also including battery 49 and battery adjust 
ing resistance 45. The galvanometer circuit is 
completed by lead 42 connecting from one end 
of the slide wire 47 to the other pole of the galva 
nometer. A given temperature differential be 
tween thermocouples 40 and 43 produces a given 
potential tending to induce current flow through 
the galvanometer circuit in one direction. For 
the predetermined temperature differential which 
it is desired to maintain, the movable point is 
adjusted along slide wire 47 to give an equal 
counter potential from battery 49, to thereby 
maintain galvanometer needle 48 in neutral or 
central position, in the conventional manner of 
a potentiometer pyrometer. Thereafter, any 
change from the predetermined temperature 
differential will produce a deflection of the needle 
to one side or the other of the central position, 
depending on whether the temperature differ 
ential has increased or decreased in amount. 
The extent of deflection of the needle is depend 
ent on the amount of the increase or decrease 
from the normal or predetermined temperature 
differential. Pivotally mounted SO as to extend 
above the range of movement of the galvanom 
eter needle 48, are bell cranks 50 and 5. Be 
low needle 48 is located a chopper 52, which is 
reciprocated by eccentric 53, to cause the chopper 
to be brought into contact with needle i8, and 
the needle in contact with one of the bell cranks 
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50 or 5, depending upon the direction in which 
the needle is defected. Power to move the bell 
Cranks 50 and 5 is therefore taken from the 
mechanism 53 and not from the galvanometer 
needle; the galvanometer needle simply deter 
mines the selection of the bell cranks 50 and 5 
and their extent of movement, since it will be 
obvious that a greater deflection of the needle 
for a given throw of the chopper will produce a 
greater movement of one or the other of the bell 
cranks. 

Pivotally mounted at 55 is a bar 56, carrying 
studs 57 and 58 with which the depending arms 
of the bell cranks 50 and 5 respectively cooperate 
to cause tilting of the bar 56 from its normal 
position in which it is illustrated by solid lines, 
to inclined positions, one of which is indicated by 
dotted lines. It will be evident that the extent 
of tilting of bar 56 is dependent upon the extent, 
of movement of one of the bell cranks 56 or 5}, , 
which in turn depends upon the amount of de 
flection of galvanometer needle 48. 

Located adjacent bar 56 is a restoring mecha 
nism comprising a constantly rotating shaft 6) 
carrying cams 6 and 62, which have the general .5 
configuration shown in Fig. 2. Said cams are 
adapted in their rotation to strike the elevated 
ends of bar 56 and restore the bar to its normal 
horizontal position. Cams 6 and 62 are insulated 
as at 63 from shaft 60, and electrical contact is 
obtained by brushes 64 and 65 bearing on the 
cams 6 and 62 respectively. Contact pieces 66 
and 67, with which cams 6 and 62 respectively 
contact, are insulated at 68 from bar 56. Brush 
64 is connected by lead 70 containing battery 7 to 
Solenoid 72, the latter being connected by return 
lead 73 to contact piece 66. Brush 65 is similarly 
connected by lead 74 containing battery 75 to 
solenoid 76, return lead 77 connecting the sole 
noid with contact piece 67. The cores of sole 
noids 72 and 76 are interconnected by rod 78, 
which is pivotally connected to a link 79 pivoted 
at 80 on the stem of a throttle valve 8 positioned 
within air supply pipe 2. The opposite end of 
link 79 is pivotally connected to a cross rod 82, 
carrying at its opposite ends suitable spring 
pressed plungerS mounted within the casings 83 
and 84. A second regulating mechanism similar 
to that shown herein, or in my Patent No. . 
1,806,597, dated May 26, 1931, is provided to 
control the supply of fuel through pipe 20, this 
not being shown for purposes of simplifying the 
drawing and inasmuch as the mechanism can 
be a substantial duplicate of that shown in said 
patent. This second mechanism is responsive 
to a thermocouple positioned at a selected point 
in the path of flow of the oil through the radiant 
heating coil 2, preferably adjacent the outlet 
of the coil. The thermocouple 40 may be con 
nected by a parallel circuit to the galvanometer of 
this Second regulating mechanism; or a separate 
thermocouple may be employed. 

In operation, hydrocarbon oil is supplied to 
the heating coils of the pipe still at an adjusted 
rate which is maintained substantially constant. 
Fuel and air are admitted in Suitably regulated 
proportions by pipes 20 and 2 to produce a com 
bustion flame in the radiant heating section 3, 
the combustion gases passing through flue 24 
into the convection heating section 29 where they 
flow over tube bank 30. The furnace is initially 
brought up to the desired temperatures, such as 
to give approximately the desired temperatures 
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The differential between the temperatures at the 
Selected points in the radiant heater and convec 
tion heater Sections depends upon the combustion 
conditions, and is indicated by the percentage of 
CO2 in the combustion gases. The sensitive regu 
lators then serve to maintain these desired tem 
peratures within a very few degrees of normal, 
likewise obviating hunting or periodic fluctuation 
from one side of normal to the other. 

In a typical example in which oil is heated 
for Cracking or flash distillation, fuel conditions 
are set to maintain a temperature at thermo 
couple 40 of substantially 810 F. and air sup 
plied to the burners at a rate to maintain thermo 
couple 43 at substantially 640 F, as indicated 
by lines 85 and 86 on the chart of Fig. 3, or a 
difference of 150° F. between the two tempera 
tures. Any variation in this predetermined dif 
ference will cause a corresponding deflection of 
the galvan Ometer needle 48 in a direction and 
to an extent depending on whether the differ 
ence is more or less and how much. As shown, 
a decrease in the temperature below normal at 
thermocouple 43 accompanied by no change (or 
by an increase) in temperature at thermocouple 
40, and hence an increase in the difference be 
tween the two temperatures, will cause a de 
flection of needle 48 to the left as indicated in 
Fig. 1. 
bell crank 50 to raise the left-hand end of bar 
56 to the dotted line position of Fig. 1. Cam 6, 
in its constant rotation, will then be brought into 
engagement with contact 66. Due to the shape 
of the can face, which progressively departs in 
a spiral path from the axis of shaft 60, a certain 
definite time of contact between calm 6 and con 
tact piece 66 will result, which depends upon the 
extent of deflection of bar 56 and in turn upon 
the extent of deflection of needle 48. Such con 
tact closes the electrical circuit of Solenoid 72 
which swings link 79 to the left from the full 
line to the dotted line position as shown in Fig. 1. 
This rocks waive 8 a certain distance toward 
fully open position, consequently increasing the 
air supply to the furnace. 
Continued rotation of cam 6 restores bar 56 

to its normal position and then breaks contact 
as the outer end of the cam surface moves away 
from contact piece 66, whereupon the circuit of 
Solenoid 72 is opened and the Spring pressed 
plunger in casing 83 restores valve 8 to its orig 
inal predetermined position. As stated, shaft 60 
rotates at a constant rate, for example, three or 
four revolutions per minute; and chopper 52 is 
raised in timed relation therewith, generally 
shortly after contact has been broken between a 
cam and its associated contact piece. The in 
creased charge of air admitted for a short period, 
Will result in an increased velocity of flow of com 
bustion gases, with the result that less heat is 
extracted from the gases in the radiation section, 
and more heat will be absorbed by the oil in the 
convection section. The control of the fuel Sup 
ply will tend to keep the oil temperature at ther 
mocouple 40 substantially constant, with the net 

8) result that the temperature of the oil at thermo 
couple 43 is increased. The galvanometer needle 
is thereby returned slightly toward its normal 
position. At the next cycle, the chopper 52 will 
accordingly swing bell crank 50 and bar 56 a. 
lesser distance whereby the contact between can 
6 and contact 66 is of decreased duration. The 
regulation is thereby accomplished by a Series of 
puffs of increased air supply, the amount of the 
increase at each periodic correction tending to 

Movement of chopper 52 will then cause 

3 
constantly decrease as the oil temperature re 
turns toward normal. Conversely, a decrease in 
the temperature differential between the thermo 
couples will cause a deflection of galvanometer 
needle 48 to the right, causing movement of bell 
crank 5 with consequent rocking of bar 56 to 
raise the righthand end of the bar into position 
to be engaged by cam 62. This closes circuit of 
solenoid 76, thereby rocking valve 8 a predeter 
mined distance toward closing position, spring 
pressed plunger 84 serving to return the valve 
to its normal preset position when contact is 
broken on each cycle. In this manner, a desired 
differential in temperature is maintained between 
the convection and radiation sections. 
The amount of excess air employed for combus 

tion is indicated by the proportion of CO2 in the 
combustion gases. For example, substantially 
the theoretical amount of air required for a given 
fuel supply, will produce combustion gases an 
alyzing about 10% to 13% CO2, depending upon 
the character of the fuel. This is approximately 
the minimum amount of air used for most effi 
cient operation, and affords the highest flame 
temperature in the radiant section. A higher 
flame temperature causes greater transfer of 
radiant heat to the coil in the radiant section; 
consequently, there is less heat left in the com 
bustion gases passing to the convection section. 
By the use of approximately the minimum 
amount of air, the volume of gases is less, there 
is less friction of flow through the convection 
bank, and less heat transferred in the convec 
tion section. Increasing the air above the theo 
retical amount required for complete combustion, 
gives a lower flame temperature in the radiant 
section with a decreased heat transfer therein, 
and a greater volume of gases of higher tempera 
ture passing to the convection section, thereby in 
creasing the heat in-put in the convection sec 
tion. I have indicated this in the chart of Fig. 3, 
in which an increased air supply providing com 
bustion gases analyzing 8% CO2, has produced 
for the conditions illustrated an oil temperature 
of substantially 680° F. at the outlet of the tube 
bank of the convection heater. Again, decreas 
ing the air supply for a given fuel supply, has re 
sulted in oil temperatures of approximately 660 
F. and 640° F. with combustion gases testing 
about 9% and 10% CO2 respectively. 
The present invention takes advantage of these 

observed conditions, by making the air supply 
dependent upon the difference of oil temperatures 
at Selected points in the radiant and convection 
heater sections respectively. The invention is 
particularly suitable for the heat treatment of 
oil, inasmuch as uniform radiant heat transfer 
to the radiant heating coil is obtained, affording 
uniform cracking per pass, thereby enabling an 
accurate control and regulation to be effected. 
Thus, with the air Supply initially adjusted some 
where within the range desired, for example, such 
as to give from 8% to 10% CO2 in the combustion 
gases, a suitably high temperature flame can be 
produced in the radiant section with the control 
of the fuel supply, such as to give the predeter 
mined high temperature of the oil at the outlet 
of the radiant heater. If the air Supply is above 
the predetermined normal, which I have illus 
trated as being such as to produce substantially 
0% CO2 in the combustion gases for a tempera 
ture of 640° F. at the outlet of the convection pre 
heater, then the heat transfer to the oil in the 
convection heater will be greater than that de 
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outlet of the convection heater will rise above the 
predetermined normal. This will produce a de 
flection of the galvanometer needle to the right, 
resulting in periodically recurring decreased 
charges of air, with consequent reduction in the 
cil temperature at the selected point in the con 
vection section until the oil temperature at this 
point has returned to normal. Conversely, should 
the temperature of the oil at the outlet of the 
convection heater fall below the predetermined 
normal, indicating a further decrease in air for 
E given fuel Supply, deflection of the galvanom 
eter needle to the left will cause periodically re 
curring increases in the air supply which re 
stores the oil temperature to normal. 
While the above description presupposes that 

air is introduced by pipe 2? and liquid or fluid 
fuel by pipe 29, the valve 8 normally having an 
intermediate setting such as to give a predeter 
nined air Supply for combustion purposes, it is 
understood that a primary quantity of air can 
be introduced with the fuel through the pipe 20, 
and only an auxiliary or secondary Supply of air 
introduced through pipe 2 under the control of 
valve 8. It is, also, to be understood that any 
suitable control mechanism can be provided for 
the fuel supply through pipe 20, such, for ex 
ample, as that illustrated in my mentioned Pat 
ent No. 1,806,597, in which a periodically recur 
ring control is used to increase or decrease the 
fuel supply, the extent of the increase or decrease 
being proportional to the deviation from normal 
of the temperature of the oil at a Selected point 
in the pipe still, for example, at the Outlet of 
the radiant heater. This is indicated diagram 
matically in Fig. 1 of the drawing, in which leads 
88 and 89 responsive to thermostat 49 extend 
to a controller 90 of the type disclosed in the 
above mentioned patent. From this controller 
95, leads 9 and 92 pass to a valve mechanism 93 
of any suitable conventional structure for regul 
lating the Supply of fuel passing through pipe 
20. This mechanism 93 may be Similar to that 
disclosed in my above mentioned Patent No. 
1,806,597. 
While the heat treatment of petroleum oil has 

been particularly described herein, it is to be un 
derstood that the invention is not so limited, and 
that it is adaptable for the heating of other liq 
uids and fluids, Such, for example, as coal tar oils, 
hydrogenation products from coal, lignite or other 
materials, fatty Cils, solvents or solvent mixtures, 
water or steam, hydrocarbon or other gases, and 
the like. 

Obviously many modifications and variations of 
the invention, as hereinbefore set forth, may be 
made without departing from the spirit and scope 
thereof, and therefore only such limitations 
should be imposed as are indicated in the ap 
pended claims. 
I claim: 
1. A tube still comprising a radiant heater sec 

tion having a vertical combustion chamber, a 
burner chamber located at one end of Said Com 
bustion chamber, an outlet flue located at the 
other end thereof, said burner chamber and Said 
outlet flue having croSS-Sectional areas less than 
the cross-sectional area of said combustion cham 
ber, a continuous heating coil arranged in a series 
Of vertically disposed interconnected tubes about 
said combustion chamber adjacent the Wall there 
of and outside the path of flow of the products 
of combustion, a convection heater Section com 
municating with said outlet fue to receive prod 
lucts of combustion therefron, a bank of tubes po 
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Sitioned within said convection heater section 
in the path of travel of said combustion gases, 
means for Supplying a fluid to be heated to said 
tube bank in the convection heater section and 
then to said interconnected tubes in the radiant . 
heater Section, means for supplying air to the 
radiant heater section, thermostatic elements re 
Sponsive to the temperatures of the fluid at se 
lected points in its path of flow, one adjacent 
the Outlet of said tube bank in the convection 
heater Section, and another adjacent the outlet 
of Said interconnected tubes in the radiant heater 
Section, mechanism actuated by said thermostatic 
elements for automatically controlling said air 
Supplying means, means for supplying fuel to 
the radiant heater section, and means independ 
ent of the control of said air supplying means 
for controlling the said fuel supplying means in 
accordance With the temperature of the fluid ad 
jacent the outlet of Said interconnected tubes in 
the radiant heater Section. 

2. The method of treating a fluid which com 
prises passing such fluid in a confined stream 
through a convection heating Zone and a radiant 
heating Zone in Series, introducing fuel and air 
into the radiant heating Zone to produce an 
intense fame therein, passing combustion gases 
from the radiant heating Zone to the convection 
heating Zone, controlling the supply of fuel in 
accordance with the temperature of the fluid at 
a point in the radiant heating Zone only which 
is responsive to combined heat input in the said 
Convection and radiant heating Zones, and in 
creasing or decreasing at predetermined recur 
rent time intervals the quantity of air supplied, 
the extent of each increase or decrease being 
in proportion to the deviation from normal of the 
temporature differential of the fluid at points 
in both the radiant and convection heating zones, 
the said points being substantially spaced as re 
gards the heating along the path of fluid flow and 
So positioned as to give an indication of heat 
input in the convection heating Zone and com 
bined heat input in the convection and radiant 
heating Zones respectively. 

3. A tube still comprising a vertical radiant 
heater section with a centrally arranged com 
bustion chamber Surrounded by a Series of inter 
connected vertical tubes, and a separate con 
vection heater section having a bank of inter 
connected tubes therein, means for passing a 
fluid to be heated through the said tube bank 
in the convection heater section and then through 
the interconnected tubes in the radiant heater 
section, means for supplying fuel and air to the 
centrally arranged combustion chamber of the 
radiant heater Section to produce an intense 
flame therein, means for leading the products 
of combustion from the radiant heater section 
to the convection heater section, thermostatic 
elements responsive to the tenperatures of the 
fluid passing through tubes in both the convec 
tion and radiant heater sections, one or more 
of said elements being so positioned as to be re 
Sponsive to heat input in the convection heater 
Section, and one or more of said elements being 
substantially spaced as regards the heating along 
the path of fiuid flow from the first mentioned 
elements and So positioned as to be responsive 
to combined heat input in the radiant said con 
vection and heater sections, mechanism actuated 
by a thermostatic element in the radiant heater 
Section only for controlling said fuel supplying 
means, and mechanism actuated by thermostatic 
elements in both the radiant and convection heat 
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er sections for controlling said air supplying 
e2S, 
4. The method of treating a hydrocarbon oil 

Which comprises passing the oil at a substantial 
ly constant rate in a Continuously flowing con 
fined Stream through a convection heating zone 
and a radiant heating Zone in series, introduc 
ing fuel and air into the radiant heating zone 
to produce an intense flame therein, passing com 
bustion gases from the radiant heating zone to 
the convection heating Zone, controlling the sup 
ply of fuel in accordance with the temperature 
of the oil at a point in the radiant heating zone 
only which is responsive to combined heat in 
put in the said convection and radiant heating 
Zones, and increasing or decreasing at predeter 
mined recurrent time intervals the quantity of 
air supplied, the extent of each increase or 
decrease - being in proportion to the deviation 
above or below normal respectively of the tem 
perature differential of the oil at selected points 
in its path of flow in both the convection and 
radiant heating Zones, the said points being sub 
stantially spaced as regards the heating along the 
path of fluid flow and so positioned as to give an 
indication of heat input in the convection heat 

5 
ing Zone and combined heat input in the convec 
tion and radiant heating zones respectively. 

5. The method of treating a fluid which com 
prises passing Such fluid in a confined stream 
through a convection heating zone and a radiant, 
heating Zone in series, introducing fuel and air 
into the radiant heating Zone to produce an in 
tense flame therein, passing combustion gases 
from the radiant heating Zone to the convection 
heating Zone, controlling the Supply of fuel in 
accordance with the temperature of the fuid at 
a point in the radiant heating ZOne only, which 
is responsive to combined heat input in the said 
convection and radiant heating zones, and in 
Creasing or decreasing the quantity of air Sup 
plied in proportion to the deviation from normal 
of the temperature differential of the fluid at 
points in both the radiant and convection heat 
ing Zones independently of the said fuel Con 
trol, the said points being Substantially spaced 
as regards the heating along the path of fluid 
flow and so positioned as to give an indication 
of heat input in the convection heating Zone and 
combined heat input in the convection and ra 
diant heating zones respectively. 

LUIS DE FOREZ. 

5 

0 

15 

20 


