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UNETED STATES PATENT OFFICE 

This invention relates in general to the COn 
Struction of fluid heaters and more particularly 
to direct fired fluid heaters, Such as Separately 
fired Steam Superheaters, capable Of heating a. 
circulating fluid to a relatively high temperature. 
An object Of this invention is to provide a Su 

perheater arrangement capable of imparting high 
temperatures to Vapor admitted thereto. 
Another object of the invention is to provide 

an arrangement of units in a Superheater capable 
of Withstanding the high temperatures to Which 
it is Subjected, Without in jury thereto. 
A further object of the invention is to provide 

Supporting members for certain units Of the Su 
perheater to prevent the distortion of those units 
during Operation of the Superheater. 
These and other objects Will be apparent tO 

those skillied in this particular art from the de 
scription in the Specification in connection With 
the dra Wings in Which 

Fig. 1 is a front elevation, in Section, Of the 
device embodying this invention; 

Fig. 2 is an elevation, in Section of an enlarged 
VieW of a portion Of the device embodying this 
in VentiOn; 

Fig. 3 is a Side view of a detail of the invention; 
Fig. 4 is a Section taken at right angles to Fig. 3 

along the line 4-4; 
Fig. 5 is a fragmentary View, in section, of a, 

detail of the invention taken along the line 5-5 
of Fig. 1. 
That embodiiment of the invention Which is 

shoWn in the accompanying dra Wings for the pUlr 
poses of illustration includes a combustion cham 
ber ined Onits Side and bottom With refractory 
material 2 Secured to tubes 3 Connected to and 
Supported by headers 4, 44 to form a superheater 
Section Subject to the radiant heat of the com 
bULStion Chamber. The headers 4, 44 are located 
in the upper portion of the main body of the 
Combustion chamber Wall 5 at the junction Of 
the COmbuStion Chamber || and fiue ( , and are 
protected from the hot gaSes Of COmbustion Of 
the combUStion Chamber by the refractory Walls 
2 of the flue. The headers are Supported by 

horizontal beams 3 of the frameWork ië) by means 
of rods 6 through heat insulation Supports. The 
flue & extends upWardly from the combustion 
chamber and is lined With refractory material 2. 
A Superheater 7, which is located in the upper 

portion of flue : ; and is contacted by the hot 
gases passing therethrough, has a header 3 Sup 
ported near the Upper portion of the fue from 
a, horizontal beam ?5 of the framework 49 by 
Suitable Supports 4. The tubes || 3 of this Super 

heater extend across the upper portion of the 
flue Af and are connected to a header 9 and 
COnnect the headers 3 and 9 With each other. 
The lower header 49 is connected by pipe 29 to 
a, header 24 to Which the lower ends of the tubes 5 
Of a Superheater Section 22, which is immediately 
abOve the COmbUStion Chamber and belOW the 
tubes 8 of the Superheater section previously 
mentioned, are connected. The tubes of the Su 
perheater Section 22, Which connect the header 2 10 
to headers 23 located in the wall 2, are exposed 
to the gases of Combustion from the combustion 
chamber at extremely high temperatures and 
may be made of a Special heat resisting alloy 
material for protective purposes. The inlet ends 15 
Of the tubes making up a Superheater section 24 
are alSO COnnected to the headers 23 and these 
tubes extend across the flue F in One or more 
return bends to be connected With a header 25. 
The header 25 is connected to the header 4 by 20 
Suitable connecting pipe 26. 
AS Sh0Wn in more detail in Fig. 2, the tubes 3 

are connected to the headers 4, 44 and are sus 
pended thereby. A positioning member 38, to be 
described in detail later, is Secured to the tubes 25 
3 as indicated at 3 and to the frame member $ 3 
at 32. The length of the tubes 3 and the dimen 
SiOns of the Combustion chamber Wall 5 are Such 
that an adequate Space 27 is provided between 
the tubes 3 and their refractory covering and the 30 
Sides of the furmace Wall 5 to take care of any 
Unequal expansiOn and COntraction that might 
OCCur during the Operation Of this Superheater. 
The positioning member 30 is shown in detail 

in FigS. 3 and 4 Secured to the frameWork '0 at: 35 
the upper end of a rod 35. A. member 36 is con 
nected to the OWerend of the rod Within an in 
verted Cup member 37, and a Spring 38 is located 
betWeen the member 36 and the closed portion of 
the inverted Cup member and Cooperates there- 40 
With. A. horizontal bar 39 is Connected to the 
inverted cup member 37 by links 40, and extends 
through slots in the Sidewalls of cup members 
44 which are spaced longitudinally thereof. In 
Sulating members 42 are located Within the Cup- 45 
like members 4 and Support horizontal bars 43 
through rodS 45. The tubes 3 are Secured to the 
bars 43 in any Suitable manner, preferably by 
Welding. The in Sulation members prevent ther 
mal contact between the metallic portions of the 50 
positioning members exposed to the high tem 
peratureS. Of the COmbustion Chamber and the 
metallic portions thereOf connected With the me 
tallic frame-Work, and thus prevent needless dis 
Sipation of heat from the combustion chamber 55 
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and prevent Supporting Structure from becom 
ing OVerheated. 
When the refractory lining 2 COnSiStS Of re 

fractory faced blocks the long U-Shaped tubeS 3 
are not Only Supporting their GWIn maSSeS frOm 
positions at the headers 4 and 44, but they are 
additionally Supporting all of the lining 2 and 
the plates 47 located rearwardly of the layer 46. 
This entire mass has a, tendency to di Stort the 
mid-portions of the tubes. That tendency is in 
Creased When the tube metal is Softened by reaSOm 
of the high temperature Which it reaches in the 
Operation Of the furnace. This tendency is 
especially marked in a radiant heat Superheater 
Of the type diSCIOSed in thiS applicatiOm. 
The tendency of the combUStion Chamber tubeS 

to become distorted at high temperature iS pre 
vented from Collapsing the lower end of the 
combustion Chamber and Other Wise interfering 
With the Operation Of the furinace by the posi 
tioning Structures above Specifically deSCTibed. 
AS the temperature of the Combustion chamber 
and the Supporting tubes is increased, the tend 
ency to Ward distortion Of the tubes is accordingly 
in Crea. Sed. This increaSed tendency receiveS 
compensation in the action of the Spring 33. Amy 
novement Of the bottom of the inner Wall Of 
the combustion chamber through the Spaces 27 
toWard the bottom Outer Wall puts the Spring un 
der COnpreSSiOn and thUS in CreaSeS the fOrce With 
Which the ten SiOm device OppoSes the distortiOn 
tenden Cy. 

Fig. 5 illUStrates in SOme detail furinace tubeS 
3 COVered On their COmbuStion Chamber Sides With 
Irefractory material 2 Which may be applied i:: 
the fOI'm Of bricKS Cemented to the tubeS Or Which 
might be applied While in plastic condition. The 
tubes 3 are backed With insulating material 46 
Winich is held in place by metallic Sheets 4. 
This figure also illustrates the Space 27 betWeerk 
the tUbeS With their covering, and the main Wall 
5 Of the furnace, Which allows for relative ex 
pansion and COntraction between these two 
Structures. 

In the operation of the unit, a vapor to be Su 
perheated (Such as steam) is admitted to the 
header 3 from an external Source. The vapor 
paSSeS through the Superheater tubes ?8 in a di 
rectiOIn generally counter-current to the fiOW Of 
h0t CCmoustion gases which contact with the 
tubes and give up their heat to the Steam. The 
partly Superheated Steam then passes through 
the Outlet header 9 and connection 20 to the 
inlet header 2 of the intermediate Superheater 
Section 22. The steam next passes through the 
Section 22 of the intermediate superheater to the 
headers 23 and then passes through the Section 
24 to the Outlet header 25. In passing through 
the Superheater Sections 22 and 24 of the inter 
mediate SUperheater Section to the Outlet header 
25, the Steam is flowing in a generally parallel 
direction to the flow of the hot combustion gases. 
From the header 25 the steam flows through the 
Connection 26 to the header 4, and then through 
the Superheater tubes 3 to the outlet header 44 
from Which it is delivered through the connec 
tion 45a to an external System for use for power 
Or Other purposes. 
The SuSpended tubes 3 Support considerable 

Weight, due to the refractory covering 2 and 
backing 4.6, 47, and during operation are heated 
to Slach a high temperature as to grow relatively 
SCft, and unleSS prevented therefrom tend to be 
Come deformed. The positioning member 38 
maintains the desired form of these Superheater 
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tubes and preventS deformation due to the high 
temperatures in the combustion chamber under 
In Ornal Operating COnditions. The mOTmal ex 
pansion aind COntraction due to changeS in tem 
perature Will not be interfered With by the po 
SitiGning member. 
AS the tubes 22 and 2:3. Of the intermediate 

Superheater Section, especially at the lower part, 
are Subjected to the gases of combustion from 
the COmbustion chamber at extremely high tem 
peratureS and are alSO Subjected to the radiant 
heat Gf the Combuisfion chamber, the Superheat 
ed Wap61 is admitted at the lower part of the 
SectiCIn and paSSed through the tubes in a direc 
tion parallel to the COmbustion gases. The Va 
pOr at itS iOWest temperature is in this manner 
paSSed through the tubes Of the intermediate 
Superheater Which are contacted by Combustion 
ga,SeS at their highest temperature, and this pre 
Vents the tabes from reaching too high a ten- 2 
perature and being in jured. 

In addition to the precautions against burn 
ing Out the tubes exposed to combustion gases 
2t eXtremely high temperature, already Set forth, 
the CroSS-sectioxhal area of the tubes providing a. 
Cath fC: the flow of Superheated vapor may be 
SO di132en8iOned that the Vapor flowing through 
Éliese Sections exposed to the gases of combus 
tiCin 35 their highest temperatures Will flow With 
the greatest velocity, and in this manner will 
temd to keep dOWn the temperature of the en 
ClOSing SectionS Cr tubes, and prevent them from 
being bUrint Out. 
Other temperature conditions mayarise where 

in a Section of tubes containing Superheated va 
p'Or may tend to reach destructively high temper 
atures although not exposed to combustion gases 
at their highest temperature, and it is contem 
plated as a part of this invention that the cross 
Sectional area Of the tubes providing a path for 
the flow of this vapor may be dimensioned So that 
the Vapor Will flow at high velocity through these 
Sections Under any conditions, determined by the 
deSign Of the apparatus Wherein destructively 
high temperatures of heat transfer parts tend to 
be reached. 
The invention has been described in Some de 

tail in connection with one embodiment thereof, 
but it is Obvious that changes, substitutions, ad 
ditions and Omissions may be made therein With- ; 
in the Spirit and Scopa of the invention as de 
fined in the appended claims. 

I claim 
1. In a fluid heater of the class described, a. 

CCmbuStion chamber having a Substantially U 
Shaped CroSS Section, Supporting framework 
therefor, headers mounted adjacent the upper 
portion Of Saïd Combustion chamber at the Sides 
thereCf, Said headers being Supported by the com 
bustion chamber framework through insulating 
SuppOrtS, a l'OW of tubes Connected tC Said head 
er'S and Supported thereby, Said tubes being cov 
ered On their inner Sides With i? efractory mate 
rial and fOriming the inner Side and bottom of the 
CCimabt Stion Chamber, Supporting niembers engag 
ing the tubes at their iower portion and tending 
to Keep them in their Original Shap3 during the 
operation of the fluid heater. 

2. In a fluid heater of the class described, a. 
COmbuStion Chamber, headers mounted adjacent 
the ?upper pOrtiOn Of Said Combustion Chamber at 
the Sides thereOf, a l'OW of tubes con:nected to Said 
headers and Supported therseby, Said tubes being 
covered On their inner Sides with refractory ma 
terial and forming the inner Side and bottom of 
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the combustion chamber, positioning members 
engaging the tubes at their lower portion and 
adapted to keep them in their original Shape 
during the Operation Of the fluid heater. 

3. In a fiuid heater of the class described, a 
COmbuStiOn chamber, headers mounted adjacent 
the upper portion of Said combustion chamber at 
the Sides öhereof, means for burning fuel Within 
the chamber, a row of tubes connected to Said 
headers and Supported thereby, and means Se 
Cured to the tubes for restraining converging 
mOVementS Of the Chamber Side Walls, Said tubeS 
extending into the COmbustion Chamber and 
forming the bottom and side Walls thereof. 

4. In a fluid heater of the class described, a. 
COmbustion Chamber, a roW of tubes mounted 
therein and forming a portion of the Side Walls 
and bottom thereof, Supports outside the com 
bustion chamber, and positioning structures con 
nected to the tubes and the Supports and adapted 
to hold the tubes in shape during the operation of 
the fluid heater. 

5. In a de Vice of the Character deSCribed, a, rod, 
a tubular member mounted On Said rod With a 
Spring attached to the tubular member and to the 
rod therebetWeen, a link connecting the tubular 
member to a longitudinal bar, a Substantially 
tubular member keyed upon Said bar, a member 
Of in Sulation material located in Said last named 
tubulax member, a, rod extending therethrough 
and through the last named tubular member, a. 
bar attached thereto, Said bar being adapted to 
hold a roW of tubes. 

6. In a device Of the claSS described, a tubular 
Spring member, a longitudinal bar, a pivotal com 
11ectiOn therebetWeen, memberS mOUnited Upon 
Said bar, and means adapted to be Secured to a, 
rOW of tubeS Secured in Said memberS through an 
in Sulation connection. 

7. In a device of the claSS described, a bar, 
Substantially tubular members having restricted 
lower ends Secured to Said bar, in Sulation mem 
bers located in the restricted ends of the tubu 
lar members, rods secured to Said tubular mem 
bers through the in Sulation members, Said rods 
being Connected to a plurality of tubes through a 
metallic member Secured thereto. 

8. In a fluid heater Of the ClaSS described, a, 
row of tubes defining the Sides and bottom of a 
COmbustion chamber, positioning members Se 
cured thereto, Said positioning members being 
adapted to permit Ordinary expansion due to heat 
but tending to prevent any distortion of the tubes 
due to conditions of operation. 

9. In a fluid heater of the claSS described, a, 
COmbUStion Chamber, headers mounted adjacent 
the Lupper portion Of Said combustion chamber at 
each Side thereOf, a row of tubes Connected to 
Said headers and Supported thereby, Said tubes 
forming a portion Of the Side Walls and bottom 
of Said combustion chamber, a refractory ma 
terial Secured to the inner Side Of Said tubes and 
Supported thereby and positioning members se 
Cured to Said tubes and adapted to prevent the 
distortion thereof due to their Weight, under tem 
perature conditions of Operation. 

10. In a fluid heater of the class described, a. 
COmbUStion Chamber, headerS mOUnited adjacent 
the upper portion of Said combustion chamber 
at each Side thereOf, a rOW Of tubeS COnnected to 
Said headers and Supported in Suspension there 
by, Said tubes extending into the combustion 
chamber and forming the bottom and side walls 
thereof, Supports Outside the chamber, and p0 
Sitioning structures interposed relative to the 

3 
tubes and the Supports to hold the tubes in shape 
during the Operation Of the fluid heater. 

11. In a fluid heater of the class described, a. 
COmbUStion chamber, a row of U-shaped tubes 
Suspended therein and defining the sides thereof, 5 
positiOming Structures Secured to the tubes to 
preVent any SUlbStantial diStOrtion due to the 
Weight Of Said tubes While permitting limited ex 
panSiOn and ContractiOm due to changes in tem 
perature of the tubeS, and Springs Cooperating 10 
With the positioning structures to exert a force 
tending to prevent distortion of the tubes in 
Creasing in proportion to the amount of said dis 
tOrtiOn. 

12. In a fluid heater, an inlet header at One 15 
Side of the fluid heater, an outlet header at the 
Opposite Side of the fluidheater, a roW of U-Shaped 
fluid heating tubes connecting the headers and 
delineating and einbracing a Combustion cham 
bcer, heat resisting material Supported by the tubes 20 
and pOSitioned On the CombUStion charnber Side 
Of the tubes, means for burning fuel in said cham 
ber, and Opposite tension devices acting to exert 
Upward and outward pulls on the sides of the bight 
pOrtiOInS of the tubes. 25 

i3. In a furmace presenting a Combustion cham 
ber, a rCW of U-Shaped tubes embracing the com 
bUStiOn Chamber, headers connected to the einds 
Of the tubes to pendently Support themand to Sup 
piy fiuid Circulating through the tubes, a com- 30 
buStiOn Chamber lining Supported by the tubes, 
2nd OutWardly plalling tension devices acting on 
the tubes at Opposite Sides of the lower part of 
the chamber near the bight portions Of the tubes. 

14. In a fluid heating furinace U-Shaped in 35 
Vertical CrCSS-Section and provided With a gas 
Outlet 3-titS tOp, and Outer refractOry fuErnace Wall 
U-Shaped in vertical Cross-section, an inner fur 
mace Wall Spaced from the Outer Wail and includ 
ing a roW of U-Shaped fluid conveying tubes, a 40 
heat resisting lining carried by the tubes so as 
to be interposed betWeen the tubes and the fire 
in the furnace, and means oppositely acting on 
the lower parts of the inner Wall to maintain that 
wall in operative condition as it moves relative 45 
to the Outer Wall Under the influence of tem 
perature variations. 

15. In a Steam Superheater, a combustion cham 
ber, a fille leading from the COimbustion chamber 
to COnduct gaSes therefrom, a Superheater Section 50 
COrripriSing tubes Of relatively large diameter ex 
tending across the flue, a radiantly heated Super 
heater Section comprising a plurality of tubes of 
Small diameter extending across the flue in Such 
a position that they are subjected to radiant heat 55 
from the fire in the combustion chamber, Sepa 
rate headers each connected to One of the large 
diameter and One of the Small diameter tubes, a. 
SUperheater inlet header, a Superheater Outlet 
header, and means for COnducting steam to the 60 
inlet header, the arrangement of tubes and 
headers being Such that all of the steam passing 
through the radiantly heated Section Subse 
quently paSSes through the other Superheater 
Section With materially decreased Velocity. 65 

16. In a fluid heat exchange device, a, com 
bustion chamber haVing a fixed Outer Wall COn 
sisting of heat in Sulating material, a fluid inlet 
header fixed at One Side Of the Combustion Cham 
ber, a fluid outlet header fixed at the other 70 
Side of the combustion chamber, a row of tUbeS 
COm In Unicating With the Outlet header and ex 
tending into the combustion chamber along a. 
plurality of Sides thereof So as to form the base 
of the chamber, connections whereby the said 75 



40 
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tubes communicate With the inlet header, heat 
resisting blocks Secured to and Supported by the 
tubes to constitute an inner heat resisting lining 
for the combusticn chamber, plates enclOSing the 
tubes Of the immer lining, an in Sulating layer in 
terposed betWeen the tubes and Said plates, SUp 
ports positioned externally of the Outer Wall, aInd 
tension devices anchored to the Supports and 
to the tubes near the base of the chamber to 
Imaintain Operative Spacing of the inner and Outer 
Walls under high temperature Operation Of the de 
WCe. 

17. In a furnace presenting a Combustion cham 
ber, a row of U-Shaped tubes embracing the COm 
bustion chamber, a, combustion Chamber lining 
Supported by the tubes, and Outwardly pulling ten 
SiOm devices acting On the tubes at Opposite SideS 
of the lower part of the chamber near the bight 
portions Of the tubes. 

18. A direct fired fiuid heater having Walls 
forming a, combustion chamber, means for burn 
ing fuel in SuSpenSiOn in Said COmbuStiOn Chan 
ber, a pair Of headers respectively arranged ad 
jacent Opposite Vertical Walls Of Said COmbustion 
chamber, U-shaped radiant heat absorbing fluid 
heating tubes haVing their ends connected to and 
Supported by Said headers, means for Supporting 
Said headers, and meanS engaging Said tubes ad 
jacent their bent portions for limiting expansion 
mOVementS thereOf. 

19. In a Separately fired Superheater of the 
claSS deSCribed, a COmbuStiOn Chamber, a flue lead 
ing therefrom, a counterflow Superheater section 
including a bank of tubes located in Said flue with 
means to admit vapor to be heated thereto, a con 
nection from the OWer portion Of Said tubes lead 
ing to the lower portion of an intermediate 
parallel flow Superheater section located in a 
lower part Of Said fille, a COnnection from the 
upper portion of the intermediate Superheater 
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Section to an adjacent header of a Superheater 
section Subject to the radiant heat Of Said com 
bustion chamber and having a pair Of header'S 
Connected by U-Shaped tubes defining Opposite 
Sides and the bottom Of Said COmbustion Chamber, 5 
and an Outlet connection from Said radiant heat 
Superheater Section, Whereby Vapor being heated 
fiOWS Successively through. Said counterflow, in 
termediate, and radiant heat Superheater sections. 

20. A direct fired fluid heater having a COm- 10 
üStiOn Chamber, means for burning fuel in SUS 

pension in Said COmbuStiOn Chamber, a Series Of 
SUSpended U-Shaped radiant heat, abSOrbing fluid 
heating tubes, each having Substantially vertical 
leg portions extending along opposite Sides of Said 15 
COmbuStiOn Chamber and Connected at their loWer 
end:S by a Curved intermediate portion, and pCSi 
tioning means connected to each of Said curved 
intermediate portions at opposite sides of Said 
Combustion chamber for minimizing deformation 20 
Of Said tubeS. 

21. A direct fired fluid heater having vertical 
Side Walls and a Curved bottom Wail extending 
betWeen OppOSite Side Walls and forming a com 
bustion chamber having a top heating gas outlet, 25 
I'mean S in a Side Wall for burning fuel in SuS 
pension in Said combustion chamber, a pair of 
headers respectively arranged adjacent Said op 
pCSite Side Walls of Said combustion chamber, a, 
row of U-Shaped radiant heat, absorbing fluid 30 
heating tubes having their ends connected to and 
SüppOrted by Said headers, Said tubes having their 
vertical pCrtions extending adjacent Said op 
pOSite Side Walls and their looped portions ar 
ranged side-by-side adjacent to and slightly 35 
Sica Ced frOIn Saidi Curved bottOm Wall, refractory 
material closing the Spaces between the looped 
portions of Said tubes, and means for Supporting 
S3id headerS. 

HOWARD J. KERR. 40 


