
2,555,322 B. DE LORENZO June 5, 1951 
HEATER 

1943 Original Filled April 2l, 

??*???? ??? ?? ???? 

2/ 

  

  

  

  

  

  

  

  

  

  

  

  

  



June 5, 1951 B, DE LORENZO 2,555,322 
HEATER 

Original Filled April 21, 1943 5 Sheets-Sheet 2 

  



June 5, 1951 B. DE LORENZO 2,555,322 
HEATER 

Original Filled April 2l, l943 5 Sheets-Sheet 3 

N.VENOR aaez7/2Zo/%.25 Zazaeazyza, 
EY 

ATTORNEY 

  



June 5, 1951 B. DE LORENZO 2,555,322 
HEATER 

Original Filled April 21, 1943 5 Sheets-Sheet 4 

NVENOR 
ae77/ozoM7ao Aa ZØMMEAZYzØ 

?? 2. % 
Attorney 

    

  



June 5, 1951 B. DE LORENZo 
HEATER 

Original Filled April 21, 1943. 

it 22 

2,555,322 

5 Sheets-Sheet 5 

NV ENTor 

B 

AORNEY 

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Patented June 5, 1951 2,555,322 

UNITED STATES PATENT OFFICE 
2,555.322 
HEATER 

Bartholomeo De Lorenzo, North Ridgeville, Ohio, 
assignor to Foster Wheeler Corporation, New 
York, N. Y., a corporation of New York 

Continuation of abandoned application Seria No. 
483,871, April 21, 1943. 
gust 5, 1948, Serial No. 42,611 

(Cl. 257–224) 11. Claims. 
1. 

The invention relates to heaters and more par 
ticularly pertains to tubular heaters for heating 
fluids such as hydrocarbon oils and the like, al 
though it is applicable to the heating of fluids 
generally. 
The invention provides a tubular heater 

wherein the tubes are heated Substantially uni 
formly about their circumferences and through 
out their lengths, to prevent local overheating 
and high skin temperatures which Will delle 
teriously affect the fluid being heated. 
The invention will be understood from the fol 

lowing description when considered in connec 
tion with the accompanying drawings forming a 
part thereof, and in which: 

Fig. 1 is a more or less diagrammatic view in 
vertical section, of a tubular heater embodying 
the invention; 

Fig. 2 is a plan view of the tubular portion of 
the heater; 

Fig. 3 is a partial vertical sectional view of 
the tubular portion of the heater taken on line 
3-3 of Fig. 2; 

Fig. 4 is a horizontal sectional view on line 
4-4 of Fig. 1; 

Fig. 5 is an elevational view, on an enlarged 
Scale, of a tubular member of the heater; 

Fig. 6 is a sectional view on line 6-6 of Fig. 5; 
Fig. 7 is a sectional view on line 7-7 of Fig. 5; 
Fig. 8 is an elevational view of part of another 

form of heater embodying the invention; 
Figs. 9, 10 and 11 are sectional views on lines 

9-9, 0-0 and - respectively of Fig. 8: 
Fig. 12 is a horizontal Sectional view similar 

to Fig. 4, showing another form of heater em 
bodying the invention, and 

Fig. 13 is a vertical sectional view of a further 
form of heater embodying the invention. 

Like characters of reference refer to same or 
to similar parts throughout the several views. 

Referring to Figs. 1 to 7 of the drawings, ref 
erence character O designates a combustion and 
mixing chamber which is fired by one or more 
fluid fuel burners f-f and which is supported by 
Suitable framework 2. The gases produced in 
the chamber 0 and any gases delivered thereto, 
flow upwardly through a duct 3 and horizon 
tally through a duct 4 into a gas inlet chamber 
5 for the heating section, which in this instance 

is in the form of a double volute. As shown, 
double, movable dampers. 55 are located in the 
central part of duct f4 to assist the gases in 
flowing into each volute. Each damper has an 
arm 56 carrying a pin 57 which may be inserted 
in any one of a number of apertures in a block 
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58 to retain the damper in adjusted position. 
The heating section comprises an inner annular 
wall 6 and a spaced outer annular Wall 7 which 
provides between them an annular heating cham 
ber 8 which connects at its upper end with the 
double volute gas inlet chamber 5 and at its 
lower end with an annular gas outlet chamber 
49. The heating section is supported inde 
pendently of the combustion and mixing cham 
be by Suitable framework 20. 

Spaced, vertically disposed tubular members 
2 extend through the annular heating chamber 
8, and the fluid to be heatad is supplied to these 
tubes through an inlet 22, Fig. 3, which delivers 
the fluid to conduits 23 which conduct the fluid 
to an annular header 24. Header 24 is connected 
by a plurality of vertically extending tubular 
members 25 with headers 26 into which the upper 
ends of the tubes 2 are expanded. Each of the 
headers 26 is connected to the upper ends of two 
adjacent tubes in the form of the invention illus 
trated in BigS. 1 to 7. The headers 26 are en 
Closed in an annular housing 2. Which connects 
With the upper end of the annular heating 
chamber 8. After flowing downwardly through 
the tubes, the heated fluid is discharged into out 
let headers 28, like headers 26, Which are con 
nected by a plurality of pipes 29 to an annular 
outlet header 39 which discharges into an out 
let 3. 
Tubes 2 are supported at their upper ends by 

plates 32 which are attached as by welding or 
the like, to the upper end portions of the tubes. 
These plates 32 rest upon Suitable shoulders 
within the annular housing 2F, and in addition 
to Supporting the tubes, these plates serve to 
close the annular passage connecting the heat 
ing chamber with the interior of the housing 27. 
The lower ends of the tubes 2 pass through 
plates 33 Which close the annular passage 34 con 
necting the circular outlet chamber 9 with the 
interior of the annular housing 35 for the outlet 
headers 28. 
The tubes 2 are so disposed in the heating 

chamber 8 and they are so constructed and ar 
ranged, that the fluid flowing through the tubes 
is heated at a substantially uniform rate around 
the entire circumference of the tubes and sub 
stantially unifornly along the entire lengths of 
the tubes, with all the tubes having substantially 
the same heat input. This is accomplished in 
the form shown in Figs. 1 to 7, by disposing the 
tubes Substantially evenly throughout the an 
nular heating chamber, and by attaching ex 
tended surface members on the lower portions 
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of the tubes so that as the gases flowing down 
Wardly through the heating chamber drop in 
temperature, additional heat absorbing Surface 
will be present to absorb more heat from the 
gases. The arrangement of the tubes in the an 
nular heating chamber is such that each tube 
"sees' Substantially the same amount of rer 
fractory wall Surface. 
As ShoWn, the extended Surface for the tubes 

2 comprises U-shaped or channel members 36 
Which extend longitudinally of the tubes and are 
secured to the tubes, preferably by welding. As 
clearly shown in Figs. 1 and 5, the upper portions 
of the tubes are Without extended Surface men 
bers. The intermediate portions of the tubes 
have a certain number of channel members, six 
as shown, and the lower portions have a greater 
number of channel members, twelve as Shown. It 
will be understood, of course, that the form shown 
is illustrative, and that the tubes may be pro 
vided with other typi3es of extended surface mem 
bers, and that their disposition with respect to 
the lengths of the tubes may be Varied as desired 
to meet any particular heating requirements. 
The gases flowing from the lower end of the 

annulai heating chamber, flow into and through 
a duct 37, and into an economizer Section 33 in 
the upper portion of which an econoinizer 38 is 
di SpOSed. Fluid is introduced to the economize 
through an inlet conduit 39 and is Withdrawn 
through an outlet conduit C. The economizer 
Section is Supported independently of the heating 
Section and the combustion chamber 9 by Suit 
able framework 4. The econonizer Section has 
a combustion chamber 2 in the lower portion 
thereof which is fired by One or more fluid fuel 
burners 43. From the economizer 38'', the gases 
flow through a duct 44 into an induced draft 
circulating fan 45 which discharges the gases into 
a duct 46 from which they flow through a fue 
A controlled by a damper 8 to a stack not shown, 
and through a reciproculating flue 39 into the low 
er portion of the combustion and mixing cham 
ber . The quantity of gases flowing to the 
Stack and the quantity returned to the combus 
tion chamber 0, will depend upon the position 
of damper 38. Sufficient fuel is burned in com 
bustion and mixing chamber 6 by burners to 
produce the desired temperature when cooled 
gases from duct 49 are properly mixed with the 
gaSeS produced by the burners . 

In Operation, the fuid to be heated is intro 
duced through inlet 22, Fig. 3, and fioWs through 
the piping disclosed, to the upper ends of the 
tubes 2 f, to which it is substantially uniformly 
distributed. Combustion gases are produced in 
COmbustion and Yixing chamber and these 
gases, together With the cooled gases introduced 
through conduit 49, flow through conduit 3 into 
the double volute 5 which functions to distribute 
these gases Substantially uniformly to the upper 
end of the annular heating chamber 2. The 
damperS 55 aSSist the gases in flowing into each 
Volute and also prevent the hot gases from in 
pinging On the tubes directly in the path of the 
gases, thus avoiding or minimizing “hot spots' 
On the upper ends of the tubes. The gases flow 
downwardly in the annular heating chamber and 
transfer their heat to the tubes 2. Because the 
tubes 2 are Substantially evenly distributed in 
the heating chamber 8, and because each tube 
"Sees' Substantially the same area of refractory 
Wall Surface, the fluid flowing through the tubes. 
2 A Will be heated at substantially a uniform rate 
around the entire circumferences of the tubes and 
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4. 
Substantially uniformly throughout the entire 
lengths of the tubes. The gases leaving the heat 
ing chamber 8 flow into the circular collecting 
duct f2 and through conduit 3 into the upper 
pCition of the combustion chamber in the econ 
Onizer Section 38. The gases then flow either 
alone, or mixed with gases produced by burners 
A3, over the economizer 38, and thence through 
duct 44 to induced draft circulating fan (ES which 
discharges them into duct 46, from which they 
flow either through duct 47 to a stack or through 
duct 49 to the combustion and mixing chamber 
le, or both, depending upon the position of 
damper 48. 

If desired, the economizer section 38 may be 
employed as a separate auxiliary heater. Or, 
the economizer section may be eliminated and 
the gases from the heating chamber 8 may be 
Conducted directly to the fan 45, with the under 
standing that the fan would be constructed of 
alloys which are sufficiently heat resisting to 
Withstand the high gas temperatures. 
Means other than extended surface elements 

On the tubes 2A, may be employed to provide 
Substantially uniform heating of the fluid flow 
ing through these tubes for substantially the 
lengths of the tubes. One such other means is 
illustrated in Figs, 8 to 11 of the drawings. As 
Shown, the upper part of the annular heating 
chamber 8 is unrestricted. The intermediate 
part has longitudinally extending projections to 
which extend from the walls 6 and i into the 
heating chamber 8 intermediate the tubes 2. 
These projections 50 are triangular in transverse 
CrOSS-Sectional configuration and serve to in 
Crease the radiating Surface of the walls and to 
reduce the flow area of the gases passing through 
the intermediate part of the annular heating 
chamber and cause a higher heat transfer rate to 
the tubes. The lower part of the heating cham 
ber 8 is provided with projections 5 which ex 
tend farther into the heating chamber 8 than 
the projections 5C, and as shown, they extend 
into engagement with each other to increase fur 
ther the radiating Surface of the walls, to restrict 
further the flow of area of the heating Chamber, 
and further to increase the velocity of flow of the 
gases through this part of the heating chamber 
to increase further the transfer rate of heat to 
the lower portions of the tubes. The projections 
Will be constructed and arranged as to provide 
Substantially uniform heating of the tubes 2 
throughout their lengths and throughout thoir 
entire circumferences. The operation of this 
form of the invention is substantially the same 
as that described previously. In lieu of the dou 
ble volute i 5 for effecting the Substantially uni 
form distribution of the gases from the combus 
tion and mixing chamber a to the upper end of 
the annular heating chamber 8, a single volute 
designated 52, such as illustrated in Fig. 12, may 
be utilized if desired. 
The form of the invention illustrated in Fig. 

13 is the same as the form shown in Fig. 1, ex 
cepting that the tubes 2} are bare throughout 
their lengths, and the annular heating chamber 
63 is of gradually decreasing flow area from its 
upper to its lower parts, to effect Substantially 
equal heating of the tubes 2 throughout their 
lengths. 
Heating apparatus embodying the invention is 

applicable to all processes requiring heater 
Wherein the tubes through which the fluid to be 
heated is passed, must be substantially uniformly 
heated around the entire circumferences of the 
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tubes for approximately the full lengths thereof, 
and to prevent.“hot spots” and high “Skin” tem 
peratures which might deleteriously affect the 
inaterial being heated in the tubes. 
Apparatus embodying the invention is partic 

ularly useful in operations involving catalystS 
Where it is essential that the fluid to be catalyti 
cally treated, is preheated to the desired temper 
ature, and flows through the heating tubes which 
are filled with catalyst and the fuid must be 
maintained at a substantially constant temper 
ature while in contact. with the catalyst in order 
to obtain, the desired reaction. The invention is 
particularly useful. With catalysts which are Sen 
Sitive to high temperatures. 
The invention is also useful for petroleum re 

run units. Such as lube oil, naphtha, and cracked 
distillates where it is essential that high 'skira' 
or film temperatures be avoided. Generally, these 
products are sensitive to high “skin' tenpera. 
tures which are encountered in the conventional 
direct fired heaters. Wherein the tubes in the radi 
ant section are not unifornly, heated around the 
entire . Circunferences of the tubeS. 
The invention is also useful in Solvent extrac 

tion plants requiring heaters for renoving the 
solvent from both the extracted and rafiinate 
products. Also in cracking processes, both ther 

5 

10 

5 

20 

mal and catalytic, which require uniform heat- . 
ing of the material-inside the tubes. 
The present application is a continuation of 

application Serial No. 483,871 filed April 21, 1943, 
noW abandoned. 
Since changes may be made in the form, loca 

tion and relative arrangement of the Several parts 
of the heating apparatus disclosed Without de 
parting from the principles of the invention, it 
Will be understood that the invention is not to 
be limited excepting by the scope of the appended 
claims. 
What is claimed is: 
1. Fluid heating apparatuS. corprising Sub 

stantially vertically extending, annular, Spaced, 
concentric side was formiing therebetween an 
annular longitudinally extending heating cham 
ber, a group of tubular nembers in the heating 
chamber extending longitudinally thereof and 
approximately evenly Spaced therein from each 
other circumferentially of the entire annular 
space between said concentrie side walls and 
evenly spaced from the inner periphery of the 
side Walls of the heating chainber, means form 
ing a gas distributing chamber extending around 
the group of tubular nenbers and extending a 
predetermined distance axially of a portion of 
the tubular members of said group adjacent one 
end of the heating chamber, the innermost side 
Wall of said heating chaimber fortning an annular 
inner wall for the gas distributing chamber ex 
tending axially of Said portion of the tube group 
a distance at least equal to said predetermined 
distance, Said distributing chamber comprising 
a botton having an annular gas outlet, opening 
therein in communication with Said heating 
chamber through the entire circumference of the 
heating chamber, a curved outer Wall disposed 
in Spaced relationship with Said inner wall and 
the gas outlet. Opening, the outer Wall being ec 
centrically arranged with respect to said inner 
Wall of the gas distributing chamber So that a gas 
paSSage is formed between the inner and outer 
Walls Which gradually decreases in area circuinn 
ferentially thereof from one side of the chamber, 
the distributing chamber having a gas inlet open 
ing, at Said one side thereof, a gas inlet conduit. 
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in communication. With the ga.S. inlet opening and 
arranged to introduce gases for horizontal flow 
in the distributing chamber, heating gas outlet 
means in communication with the heating cham 
ber at a point to receive Said gases after paSSage 
thereof in heat exchange relationship with said 
tubular members, means for delivering fluid to 
one end of the tubular members, and heat trans 
fer means cooperating with portions of said mem 
bers and the heating chanber to cause a greater 
transfer of heat to said portions over which heat 
ing gases flow after passing in heat. exchange. re 
lationship With other portions of Said tubular 
members. 

2. Fluid heating apparatus comprising sub 
Staintially vertically extiending annular, Spaced, 
concentric. Side Walls forning therebetween an 
annular longitudinally extending heating cham 
ber, a group of tubular nenbers in the heating 
chamber extending longitudinally thereof and 
approximately evenly spaced therein from each 
other circumferentially of the entire annular 
space between said concentric Side walls and 
evenly Spaced froin the inner periphery of the 
side walls of the heating chamber, means form 
ing a gas distributing chamber extending around 
the group of tubular nenbei's and extending a 
predetermined distance axially of a portion of the 
tubular members of said group adjacent one end 
of the heating chamber, the innermost-side Wall 
of Said heating chamber forming an annular 
inner Wall for the gas distributing chamber ex 
tending axially of said portion of the tube group 
a distance at ieast equal to said predetermined 
distance, Said distributing chamber comprising a 
Substantially horizontaly extending bottoim mem 
ber having an annular gaS outlet opening therein 
coextensive with Said heating chamber circun 
ferentially thereof, a volute-shaped outer wall 
disposed in Spaced relationship with the periph 
ery of Said gas outlet opening, said outer wall 
being so arranged with respect to said inner wall 
of the gas distributing chamber and said gas out 
let Opening that a gas passage is formed which 
gradually decreases in area, circuinferentially of 
the gas outlet opening fron-one side of the cham 
ber, the distributing chamber having a gas inlet 
opening at said one side thereof, a gas inlet con 
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duit, in communication with the gas inlet, open 
ing and arranged to introduce gases for horizon 
tall flow in the distributing chamber, heating gas 
Outlet means in communication with the heating 
changer at a point to receive said gases after 
paSSage thereof in heat exchange relationship 
With said tubular members, means for delivering 
fluid to. One end of the tubular members, and heat 
transfer means cooperating with portions of said 
members and the heating chamber to cause a, 
greater transfer of heat to said portions over 
Which heating gases flow after passing in heat 
exchange relationship with other portions of said 
tubular members. 

3. Fluid heating apparatus comprising sub 
Stantially Werically extending, annular, spaced, 
concentrig side walls forming therebetween an 
annular longitudinally extending heating cham 
be, a Single annular row of tubular members in 
the heating chaineer, Said tubular members being 
Of a, dia.neter slightly less than the distance be 
tWeen the Spaced walls and extending longitudi 
inally thereof and approximately evenly. Spaced 
therein from each other and evenly spaced from 
the inner periphery of the side Walls of the heat 
ing chanHiber, means. forning a gas distributing 

75 chamber around the row of tubular members and 

  



7 
extending a predetermined distance axially of a 
portion of the tubular members of Said group 
adjacent one end of the heating chamber, the 
innermost side wall of Said heating chamber 
forming an inner wall for the gas distributing 
chamber extending axially of Said portion of the 
tube group a distance at least equal to Said pre 
determined distance, Said distributing chamber 
comprising a bottom having an annular gas out 
let opening therein in communication. With Said 
heating chamber throughout the entire circum 
ference of the heating chamber, a curved Outer 
wall disposed in spaced relationship With Said 
inner wall and the gas outlet opening, the Outer 
wall being eccentrically arranged with respect to 
said inner wall of the gas distributing chamber 
so that a gas passage is formed between the inner 
and outer walls which gradually decreases in area, 
Circumferentially thereof from one Side of the 
chamber, the distributing chamber having a gas 
inlet opening at Said one side thereof, a gas inlet 
conduit in communication. With the gas inlet 
opening and arranged to introduce gases for hor 
izontal flow in the distributing chamber, heating 
gas outlet means in communication with the 
heating chamber at a point to receive Said gases 
after paSSage thereof in heat eXchange relation 
ship with said tubular members, means for de 
livering fluid to One end of the tubular members, 
and heat transfer means cooperating with por 
tions of said members and the heating chamber 
to cause a greater transfer of heat to said por 
tions over which heating gases flow after passing 
in heat exchange relationship With other por 
tions of Said tubular members. 

4. Fluid heating apparatus comprising a sub 
stantially vertically extending, single annular row 
of tubular members, a heating chamber compris 
ing annular, Spaced, concentric side walls form 
ing therebetween an annular heating chamber 
extending longitudinally of said members Sub 
stantially throughout their entire length, said 
tubular members being disposed in the heating 
chamber and approximately evenly Spaced from 
each other and evenly Spaced from Said Walls, 
means forming a gas distributing chamber around 
the row of tubular members and extending a pre 
determined distance axially of a portion of the 
tubular members of said group adjacent one end 
of the heating chamber, the innermost side wall 
of Said heating chamber forming an annular in 
ner wall for the gas distributing chamber, ex 
tending axially of said portion of the tube group 
a distance at least equal to said predetermined 
distance, said distributing chamber comprising a 
Substantially horizontally extending bottom mem 
ber having an annular gas outlet opening therein 
coextensive With said heating chamber circum 
ferentially thereof, a volute-shaped outer wall 
disposed in Spaced relationship with the periph 
ery of Said gas outlet opening, said outer wall be 
ing So arranged with respect to Said inner Wall 
of the gas distributing chamber and said gas out 
let opening that a gas passage is formed which 
gradually decreases in area circumferentially of 
the gas outlet opening from one side of the cham 
ber, the distributing chamber having a gas inlet 
opening at Said one side thereof, a gas inlet con 
duit in communication with the gas inlet opening 
and arranged to introduce gases for horizontal 
flow in the distributing chamber, heating gas out 
let means in communication. With the heating 
chamber at a point to receive said gases after 
paSSage thereof in heat exchange relationship 
with Said tubular members, means for delivering 
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8 
fluid to one end of the tubular members, and heat 
transfer means cooperating with portions of said 
members and the heating chamber to cause a 
greater transfer of heat to said portions Over 
which heating gases flow after passing in heat 
exchange relationship with other portions of Said 
tubular members. 

5. Fluid heating apparatus comprising Sub 
Stantially vertically extending, annular, Spaced, 
concentric Side Walls forming therebetWeen an 
annular longitudinally extending heating cham 
ber, a group of tubular members in the heating 
chamber extending longitudinally thereof and 
approximately evenly spaced therein from each 
other circumferentially of the entire annular 
Space between Said concentric side Walls and 
evenly spaced from the inner periphery of the 
Side Walls of the heating chamber, means form 
ing a gas distributing chamber extending around 
the groups of tubular members and extending 
a predetermined distance axially of a portion of 
the tubular members of said group adjacent one 
end of the heating chamber, the innermost side 
Wall of Said heating chamber forming an annular 
inner Wall for the gas distributing chamber ex 
tending axially of said portion of the tube group 
a distance at least equal to said predetermined 
distance, said distributing chamber comprising a 
bottom having an annular gas outlet opening 
therein in communication with said heating 
chamber throughout the entire circumference of 
the heating chamber, a curved outer wall disposed 
in Spaced relationship with said inner wall and 
the gas outlet opening, the outer wall being ec 
centrically arranged with respect to said inner 
Wall of the gas distributing chamber so that a gas 
passage is formed between the inner and outer 
Walls which gradually decreases in area circum 
ferentially thereof from one side of the chamber, 
the distributing chamber having a gas inlet open 
ing at Said one side thereof, a gas inlet conduit 
in communication with the gas inlet opening and 
arranged to introduce gases for horizontal flow 
in the distributing chamber, heating gas outlet 
means in communication with the heating cham 
ber at a point to receive said gases after passage 
thereof in heat exchange relationship with said 
tubular members, means for delivering fluid to 
one end of the tubular members, and longitudi 
nally extending extended surface members posi 
tioned on portions of Said tubular members over 
Which heating gases flow after passing in heat 
eXchange relationship With other portions of said 
tubular members to effect substantially uniform 
heating of the fluid Substantially throughout the 
length of the tubular members. 

6. Fluid heating apparatus comprising sub 
stantially vertically extending annular, spaced, 
concentric side walls forming therebetween an 
annular longitudinally extending heating cham 
ber, a group of tubular members in the heating 
chamber extending longitudinally thereof and 
approximately evenly spaced from each other cir 
cumferentially of the entire annular space be 
tween said concentric side walls and evenly spaced 
from said walls, means forming a gas distributing 
chamber extending around the group of tubular 
members and extending a predetermined distance 
axially of a portion of the tubular members of 
said group adjacent one end of the heating cham 
ber, the innermost side wall of said heating cham 
ber forming an annular inner wall for the gas 
distributing chamber extending axially of said 
portion of the tube group a distance at least equal 

75 to said predetermined distance, said distributing 
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chamber comprising a substantially horizontally 
extending bottom member having an annular gas 
Outlet opening therein coextensive with said heat 
ing chamber circumferentially thereof, a volute 
Shaped outer Wall disposed in spaced relation 
ship with the periphery of said gas outlet open 
ing, Said outer Wall being so arranged with re 
spect to said inner wall of the gas distributing 
chamber and said gas outlet opening that a gas 
passage is formed which gradually decreases in 
area, circumferentially of the gas outlet opening 
from one side of the chamber, the distributing 
chamber having a gas inlet Opening at Said One 
side thereof, a gas inlet conduit in communica 
tion with the gas inlet opening and arranged 
to introduce gases for horizontal flow in the dis 
tributing chamber, heating gas outlet means in 
cominunication. With the heating chamber at the 
lower end thereof, means for delivering fluid to 
the upper end of the tubiliar members, and longi 
tudinally extending extended surface members 
on the intermediate and lower portions of Said 
tubular members with a greater number of ex 
tended surface members on the lower portions 
of the tubular members than on the intermediate 
portions. 

7. Fluid heating apparatus comprising sub 
stantially vertically extending annular, spaced, 
concentric Side walls forming therebetween an 
annular iongitudinally extending heating cham 
ber, a group of tubular members in the heating 
chamber extending longitudinally thereof and ap 
proximately evenly spaced therein from each 
other circumferentially of the entire annular 
Space between said concentric Side Walls and 
evenly spaced from the inner periphery of the 
Side walls of the heating chamber, means form 
ing a gas distributing chamber extending around 
the group of tubular members and extending a 
predetermined distance axially of a portion of the 
tubular members of said group adjacent one end 
of the heating chamber, the innermost Side Wall 
of said heating chamber forming an annular in 
ner wall for the gas distributing chamber ex 
tending axially of said portion of the tube group 
a distance at least equal to said predetermined 
distance, said distributing chamber comprising 
a bottom having an annular gas outlet opening 
therein in communication with said heating 
chamber throughout the entire circumference of 
the heating chamber, a curved outer Wall dis 
posed in spaced relationship With Said inner Wall 
and the gas outlet opening, the outer wall being 
eccentrically arranged. With respect to said in 
ner wall of the gas distributing chamber so that 
a gas passage is formined between the inner and 
outer walls which gradually decreases in area, 
circumferentially thereof from One side of the 
chamber, the distributing chamber having a gas 
inlet opening at Said. One Side thereof, a gas in 
let Conduit in communication with the gas inlet 
opening and arranged to introduce gases for hori 
Zontal flow in the distributing chamber, heating 
gas outlet means in communication with the 
heating chamber at a point to receive said gases 
after passage thereof in heat eXchange relation 
ship with said tubular members, and means for 
delivering fluid to one end of the tubular mem 
bers, the Walls of the heating chamber having 
portions substantially equi-lateral triangular 
shaped in transverse cross-sectional configura 
tion projecting into the heating chamber between 
the tubular members in the intermediate and 
outlet portions of the heating chamber, said por 
tions projecting farther into the heating cham 
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ber in the outlet portions thereof than in the 
intermediate portions, whereby the radiating sur 
face of the Wall is increased and the velocity of 
flow of the heating gases is changed to effect 
Substantial uniform heating of the fluid substan 
tially throughout the lengths of the tubular 
members. 

8. Fluid heating apparatus comprising sub 
Stantially vertically extending annular, spaced, 
Concentric Side Walls forming therebetween an 
annular longitudinally extending heating cham 
ber, a group of tubular members in the heating 
chamber extending longitudinally thereof and 
approximately evenly spaced therein from each 
other circumferentially of the entire annular 
Space between said concentric side walls and 
evenly spaced from the inner periphery of the 
Side Walls of the heating chamber, means form 
ing a gas distributing chamber extending around 
the group of tubular nisimbers and extending a 
predetermined distance axially of a portion of 
the tubular members of said group adjacent one 
end of the heating chamber, the innermost side 
Wall of Said heating chamber forming an annular 
inner wall for the gas distributing chamber ex 
tending axially of said portion of the tube group 
a distance at least equal to said predetermined 
distance, said distributing chamber comprising a 
bottom having an annular gas outlet opening 
therein in communication with said heating 
chamber throughout the entire circumference of 
the heating chamber, a curved outer wall dis 
posed in Spaced relationship with said inner wall 
and the gas outlet opening, the outer wall being 
eccentirically arranged with respect to said inner 
Wall of the gas distributing chamber so that a 
gas paSSage is formed between the inner and 
outer walls which gradually decreases in area. 
circumferentially thereof from one side of the 
chamber, the distributing chamber having a gas 
inlet opening at said one side thereof, a gas inlet 
conduit in communication with the gas inlet 
Opening and arranged to introduce gases for 
horizontal flow in the distributing chamber, heat 
ing gas outlet means in communication with the 
heating chamber at a point to receive said gases 
after passage thereof in heat exchange relation 
ship with Said tubular members, and means for 
delivering fluid to one end of the tubular mem 
bers, the walls of the heating chamber converg 
ing gradually toward the outlet end thereof to 
cause the fluid to be heated substantially uni 
formly Substantially throughout the lengths of 
the tubular members. 

9. Fluid heating apparatus comprising sub 
stantially vertically extending, annular, spaced, 

fy 

concentric side walls forming therebetween an 
annular longitudinally extending heating cham 
ber, a group of tubular members in the heating 
chamber extending longitudinally thereof and ap 
proximately evenly spaced therein from each 
other circumferentially of the entire annular 
Space between said concentric side walls and 
evenly spaced from the inner periphery of the 
Side walls of the heating chamber, means form 
ing a gas distributing chamber extending around 
the group of tubular members and extending a 
predetermined distance axially of a portion of 
the tubular members of said group adjacent one 

70 end of the heating chamber, the innermost side 
Wall of Said heating chamber forming an annu 
lar inner wall for the gas distributing chamber 
extending axially of said portion of the tube group 
a distance at least equal to said predetermined 

5 distance, said distributing chamber comprising a 
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horizontally extending bottom member having 
an annular gas outlet opening therein. Substan 
tially coextensive with said heating chamber cir 
cumferentially thereof, a single volute-Shaped 
outer wall disposed in spaced relationship with 
the periphery of said gas outlet opening, said 
outer wall being so arranged with respect to said 
inner wall of the gas distributing chamber and 
said gas outlet opening so that a gas passage is 
formed which gradually decreases in area cir 
cumferentially of the gas outlet opening from 
one side of the chamber, the distributing chamber 
having a gas inlet opening at said one side there 
of, a gas inlet conduit in communication. With 
the gas inlet opening and arranged to introduce 
gases for horizontal flow in the distributing cham 
ber, heating gas outlet means in communication 
with the heating chamber at a point to receive 
said gases after passage thereof in heat eXchange 
relationship with said tubular members, means 
for delivering fluid to one end of the tubular 
members, and heat transfer means cooperating 
with portions of said members and the heating 
chamber to cause a greater transfer of heat to 
said portions over which heating gases flow after 
passing in heat exchange relationship with other 
portions of said tubular members. 

10. Fluid heating apparatus comprising annu 
lar, spaced, concentric side walls forming there 
between an annular 
heating chamber, a group of tubular members 
in the heating chamber extending longitudinally 
thereof and approximately evenly Spaced there 
in from each other circumferentially of the en 
tire annular space between said concentric side 
walls and evenly spaced from the inner periphery 
of the side walls of the heating chamber, means 
forming a gas distributing chamber extending 
around the group of tubular members and extend 
ing a predetermined distance axially of a por 
tion of the tubular members of Said group ad 
jacent one end of the heating chamber, the inner 
most side wall of Said heating chamber forming 
an annular inner wall for the gas distributing 
chamber extending axially of said portion of the 
tube group a distance at least equal to said pre 
determined distance, said distributing chamber 
comprising a substantially horizontally extending 
bottom member having an annular gas outlet 
opening therein coextensive with said heating 
chamber circumferentially thereof, a double 
volute-shaped outer wall disposed in Spaced rela 
tionship with the periphery of said gas outlet 
opening, said outer wall being so arranged With 
respect to said inner Wall of the gas distributing 
chamber and said gas outlet opening So that a 
gas passage is formed Which gradually decreases 
in area, circumferentially of the gas outlet open 
ing from one side of the chamber, to a point 
diametrically opposite said one side, the distribut 
ing chamber having a gas inlet opening at Said 
One side thereof, a gas inlet conduit in com 
munication. With the gas inlet opening and ar 
ranged to introduce gases for horizontal flow in 
the distributing chamber, heating gas outlet 
means in communication. With the heating cham 
ber at a point to receive said gases after passage 
thereof in heat exchange relationship with said 
tubular members, means for delivering fluid to 
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one end of the tubular members, and heat trans 
fer means cooperating with portions of Said mem 
bers and the heating chamber to cause a greater 
transfer of heat to said portions over which heat 
ing gases flow after passing in heat eXchange 
relationship with other portions of Said tubular 
members. 

11. Fluid heating apparatus comprising Sub 
stantially vertically extending annular, Spaced, 
concentric side walls forming therebetween an 
annular longitudinally extending heating cham 
ber, a group of tubular members in the heating 
chamber extending longitudinally thereof and ap 
proximately evenly spaced from each other cir 
cumferentially of the entire annular space be 
tween said concentric side walls and evenly spaced 
from said walls, means forming a gas distributing 
chamber around the group of tubular members 
and extending a predetermined distance axially 
of a portion of the tubular members of Said 
group adjacent the upper end of the heating 
chamber, the innermost side wall of said heating 
chamber forming an annular inner wall for the 
gas distributing chamber extending axially of 
Said portion of the tube group a distance at least 
equal to said predetermined distance, said dis 
tributing chamber comprising a bottom having 
an annular gas outlet opening therein in Com 
munication with said heating chamber through 
out the entire circumference of the heating cham 
ber, a curved outer Wall disposed in Spaced rela 
tionship with Said inner Wall and the gas Outlet 
opening, the outer wall being eccentrically ar 
ranged. With respect to Said inner Wall of the gas 
distributing chamber so that a gas passage is 
formed between the inner and outer Walls which 
gradually decreases in area, circumferentially 
thereof from one side of the chamber, the dis 
tributing chamber having a gas inlet opening at 
Said one side thereof, a gas inlet conduit in com 
munication. With the gas inlet opening and ar 
ranged to introduce gases for horizontal flow in 
the distributing chamber, heating gas outlet 
means in communication with the heating cham 
ber at a point to receive Said gases after passage 
thereof in heat exchange relationship with said 
tubular members, an annular inlet header in 
communication with the upper end of said tubu 
lar memberS, a, plurality Of cOnduit meanS com - 
municating With said header at a plurality of 
evenly Spaced points around said header to de 
liver fiuid substantially uniformly to said tubular 
members, and heat transfer means positioned 
on portions of the tubular members below said 
heating gas chamber over which portions gases 
flow after passing in heat exchange relationship 
With upper portions of said members. 
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