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5 Claims. 

This invention relates to improvements in fluid 
heat exchange apparatus, and is exemplified 
herein as a radiantly heated Steam Superheater. 
When steam under pressure is conducted 

- 5 through tubes exposed to high temperature heat 
radiantly transmitted from burning fuel, there is 
no gas film resistance comparable to the gas film 
resistance obtaining during the convection Super 
heating of steam. In convection Superheating it 

0 is important to keep the metal temperature down . 
as the Superheat goes up. This is accomplished 
by controlling the film resistance. This is done 
by providing a high velocity steam flow for the 
heating gases, this action decreasing the dispar 

5 ity between the outside and the inside resistances 
(the resistance of the metal to heat transfer be 
ing considered the inside resistance). 
The above indicated conditions and problems 

do not apply to the functioning of radiantly heat 
ed Superheaters. In the operation of the latter 
there is no gas film resistance. Most of the re 
Sistance to heat transfer is in the metal, the ten 
perature of which is necessarily high. Again, 
in the functioning of radiantly heated super 
heaters there is a greater temperature differen 
tial across the metal. That part of the metal 
wall most remote from the burning fuel has a 
relatively low temperature, whereas the front 
portion of the wall has a relatively high tempera 
ture. The temperature of the film is, generally 
Speaking, controlled by the steam temperature. 
In the consideration of conditions obtaining 

during the Superheating of steam in a radiantly 
heated superheater, the internal resistance to 
heat transfer may be considered as all Such re 
Sistance other than resistance externally of the 
Outside Surfaces of the tubes. When this is the 
case, the internal resistance is naturally high 
by reason of the nature of the fluid inside of the 
tubes. This internal resistance is measured in 
temperature differences, the metal temperature 
in the present instance being always higher than 
the temperature of the receiving fluid. This 
condition in conjunction with the high tempera 
ture of the fiulid brings the metal temperature SO 
high that it may be dangerous from the stand 
point of oxidation and strength. 

In modern Superheating practice exceedingly 
high temperatures are required. They are in ex 
cess of 800 F. at the present time. When such 
Superheating temperatures obtain, and when it 
is considered that the temperature of the outside 
portion of the metal is probably above this super 
heat temperature, there is at least one apparent 

55 reason for the fact that current published engi 
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neering reports indicate that the operation of ra 
diantly heated Superheaters with plain tubes is 
still causing many difficulties from the standpoint 
of satisfactory superheater life and Safety in 
Operation. 
The present invention solves the above indi 

cated problem by providing for the production of 
high temperature superheated steam while keep 
ing the metal temperatures at Safe values when 
the tubes are exposed to the intense radiant heat 65 
of modern furnaces. 
A subsidiary problem arising in the develop 
ent of radiant steam Superheaters relates to 

the fact that the tubes of these superheaters are 
not equally heated on all sides. This is especially 70 
true When the tubes are arranged near a furnace 
Wall as shown in this case. The Wall sides of 
the tubes receive less radiant heat, and they will 
therefore be cooler than the opposite sides of the 
tubes. This condition results in a tendency to 75 
cause tube distortion and attendant damage to 
the Superheater. - 
The present invention solves this problen by 

providing means for accomplishing two simulta 
neous and cooperating results. One is the equal- 80 
ization of the temperatures of the cooler face and 
hotter face of the tube wall. A second is the 
reduction of the temperature of the hottest por 
tion of such superheaters to safe values, that is, 
to values which are lower than those possible 85 
where the invention is not used. These results 
make it practicable to safely deliver fluids attem 
peratures which are higher than those which 
would otherwise be possible. 

It is recognized that water heating devices uS- 90 
ing stay-bolts to resist pressure are known in the 
art, but, in such devices, the stay-bolts merely 
perform a staying function. They perform none 
of the functions which must pertain in a Solution 
of the problems which were before the inventor. 95 
In such water heating devices as in the Water 
legs of locomotive boilers, the metal temperature 
is usually only a few degrees above the water 
temperature. This condition is just the reverse 
of the condition pertaining in the operation of 100 
devices improved by the applicant. . 
In such prior art devices the resistance at the 

water surface is insignificant compared to the 
resistance at the gas or steam Surface pertaining 
in radiantly heated Superheaters with which this 105 
invention is concerned. The maximum temper 
ature to which water can be raised is about 706. F., 
and this temperature is only possible at the Crit 
ical pressure 3226 pounds per Square inch. In 
modern superheater practice much higher tem- lio 
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E, is 3.2. Giject of this investion to provide, i.a. 
radiariy neated stear. SuipacheaterS is agrove 
sneaks whereby the eat, excia, age is 2.1aterially 
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She gayention. Wii & Enderstood fro: the de 
scription, is connectic. Wit; the accompanying 
craving is Wificia: 

Sig. i. is a section Eaglug. 23. ii Stative era 
toodigent of the inventiox; 

Fig. 2 is a section tarotign a, 33aodification; 
Fig. 3 is a section through 2, Yodification...; 
ig. 4: is a section through a, Yaodification; 

Fig. 5 is a pian view partly oroken away of the 
tue shown in Section is. Eig. 4. 

Fig. 3 is a vertical section through a furnace 
showing the tubes in place; . . . ; 

Fig. 7 is a section along the line 7-7 of Fig. 6; 
Fig. 8 is a vertical section similar to Fig. 6 

through a furnace partly broken away showing a 
modification; and 
Fig. 9 is a section through the modification 

similar to the section 7- of Fig. 6. 
In the drawing reference character indicates 

a tube that is flattened SO as to have two par 
ael sides 2, 2 which are joined by Wall porn 
tions 3, 3. One or more roWS of pins 4 are 
located inside of the tube perpendicular to the 
walls 2, 2 and the ends of the pins or conduc 
tors 4 are welded to the inside faces of the 
walls 2, 2. The tubes can be made by first flat 
tening a round tube to the form shown in Fig. 
1, then introducing the pins 4 into the inside 
of the tube and holding them in place by Wooden 
strips or in any other convenient manner. The 
walls 2, 2 may be heated, for example, by ap 
plying an electric current from the outside of 
the tube, while the tube is being compressed 
to force the ends of the pins into the fused 
metal of the tube, the tubes thereby becoming 
Somewhat more flat after the pins are welded 
in place than they were before the pins were 
introduced. The ends of the tubes may be left 
circular for convenience in anchoring them into 

ce Retween the neia, 

headers, and the pins 4 may be of circuia, 3: 
any other conveilieat gillage. if they are 323de 
fiat, their longes, cross sectional dizzi.e. sic Eas 
should greieraioly extend longitudiinally of the 
U 33, 30. 

d; the ixodificatios. shown in Fig. 2, th9 i:S 
c: Coinductors 6 e3:tead entirely throug 

2.s 2, 2 : i.e. elds 3, e Li 
i.eads ' that may be in turn welcic 

takes if desired, 2,Siradicated at 8. 35. 
33dicatio; S.C.R. i2. Riig. 3, 2& 3i:S 

to the 

g 

firicas of he koies through tka 
a's 2335is conically shaped, as indicatei 

ae 23ds of tie gins 3 are 9x23.2nded. So 
Se2ted is liese cogical poxio. S &nd 95 3. 

333.7 ke Welded to the Wai is as indicated 2,3 i?. 
&Ey of the takes illustrated in Eig8. to 3 

373.257 i2. We their ends kent, to extead through the 
W33 is if the fai'inace and rows of Such tities 
3X2, he installed along the sides of the furnace, 
as indicated in Fig. 6, with the beint, girtions 
extending ...:"Ougi: the "Falls of the fugisha,C& 2,22d 
fire fiat portions lying along the inside "Walls 
of 23, 2:30e With the rounded Wall gositions 
of adjacent tubes in contact with each other or 
early so, so that, they will seceive a large part 

O; in 2a:'y all of Se radiant, heat, in 2; would 
of aeryrise inpinge directly upon the Wais of the 
it.: 2.00, i.e. rough eid Ortions 6 of Lae Eas 

are expanded into upger and lowei' headers : 
3' and 28. The JoWei headers 38 Kay QS CO2 ra 
irected by the pige is to a, SCUrce of stea:32, S3c. 
as the Stear Space of the stea. An and W3& 23 in 
and tie header's G 3.2ay be co: 33Cited 6 he 
st822. Xaaiii. 2. 

Ex2 the Saodification showia is a Sigs, 3 332d 9, 
Elae tube i' is 2na de Straight; and is attened 
io its entire length, and the ends of the at 
tubes are connected by Raeans of nipples 20 &nat 
2xtend through the Walls of the furnace to the 
Superheater headers, - 

in the ghodifications indicated in the drew 
ing, there are etallic lenbers extending froRI. 
the hotter wall portions of the tubes across the 
interior tube spaces to the opposite walls of the 
tubes. These members are to have adequate 
cross Section with reference to their duty which 
is to conduct heat from the hottest tube face 
to transmit it to the fluid and to the opposite 
tube face to equalize the temperature of the 180 
faces. These members lay be materially thicker 
relative to the wall and to the space between 
then than they are shown. It is also to be 
understood that the tubes may be placed in the 
furnace in such a Way that opposite faces of 
each tube may receive radiant heat. In this 
case, heat is conducted both Ways by the cross 
members employed. 
Some of the heat conducting elements 13 which 

extend across the tube interiors permit the tube 
to have a flattened section, or stated more 
broadly, they permit the tube to have a sec 
tion which is other than a circular section. In 
this case, these members act as stays and the 
tube flatness contributes to the objective because 
it increases the Surface exposed to heat and also 
because it increases the ratio of metal heating 
Surface to the Surface of gas heated. This ar 
rangement also permits the use of relatively short 150 
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cross members, thereby increasing the value of 
such members as heat conductors. 

claim: 
1. In fluid heat exchange apparatus, a fur 

nace, means for burning fuel in the furnace, a 
row of tubes exposed to radiant heat in the fur 
nace and conducting steam past a ZOne in which 
the tubes have their front and rear Wall portions 
heated unequally, and metallic conductors in 
heat exchange relation with the metal of the tubes 
and extending from the front wall portions to the 
rear wall portions of the tubes, Said conductors 
being distributed over the wall portions of the 
tubes exposed to heat radiantly transmitted from 
the burning fuel. - 

2. In fluid heat exchange apparatus, a furnace, 
means for burning fuel in the furnace, a row of 
flat faced tubes exposed to heat radiantly trans 
mitted from the burning fuel and conducting 
steam past a Zone in which the tubes have their 
front and rear Wall portions unequally heated, 
and metallic conductors in heat exchange rela 
tion to the metal of the tubes and extending acroSS 
the Steam currents from the front Wall portions 
to the rear wall portions of the tubes, said, con 
ductors being distributed over the wall portions 
of the tubes exposed to heat radiantly trans 
mitted from the burning fuel. 

3. In fluid heat eXchange apparatus, a furnace 
having a gas directing Wall, means for burning 
fuel in the furnace, a roW of tubes disposed along 

the side of the wall towards the burning fuel and 
conducting steam past a zone in which the tubes 
have their front wall portions and their rear wall 
portions unequally heated, the Opposing portions 
of the front and rear wall portions having aligned 80 
openings therein and metallic conductors in heat 
exchange relation with the metal of the tubes 
and extending from the front Wall portions to the 
rear wall portions of the tubes as Well as through 
the openings formed in those Wall portions, said 85 
conductors being distributed over the Wall por 
tions of the tubes exposed to heat radiantly trans 
mitted from the burning fuel. 

4. In a device of the class described, a Super 
heater tube subjected to the action of radiant 90 
heat and adapted to conduct a fluid therethrough, 
and a plurality of pins extending tranSVersely 
across the interior of the tube and having at least 
one end welded to the inner Wall of the tube, the 
Wall at that point being continuous. 95 

5. In a device of the class described, a tube sub 
jected to the action of radiant heat and adapted 
to conduct a fluid therethrough, said tube having 
oppositely disposed flattened sides, and a plu 
rality of pins extending across the interior of the 100 
tube and having their opposite ends Secured to 
said flattened sides, said sides being closed at 
the points where the pin ends are secured thereto, 
the ends of Said tubes being unflattened and 
secured to headers. 105 

SAAC HARTER, 

v10 

15 

120 

125 

30 

135 

140 

145 

150 


