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may be disposed in other geometrical relations 
as, for example, an octagon, or there may be 
some departure from a purely symmetrical or 
regular geometrical arrangement and a polyg 
onal arrangement, used. 
Each of muffles 30-39 is constructed of a ma 

terial which may be heated to incandescence, or 
to a temperature at which radiant heat may be 
effectively transmitted to the heat-absorbing 
surfaces. For example, the muffles may be con 
structed of silicon carbide, though I prefer a 
refractory metal having a high heat conduc 
tivity, such, for example, as one of the high heat 
resistant alloys now known to the art and of 
which may be mentioned as exemplary an alloy 
comprising nickel 12%, chromium 30%, carbon 
.35%, and iron. With an alloy of this character 
the wall of each muffle may be extremely thin, 
as for example, five-sixteenths of an inch, or less, 
with the result that a very substantial propor 
tion of the total heat generated may be trans 
ferred by direct radiation to the fluid-conduct 
ing, heat-absorbing tubes. 

In operation fuel, oil, or gas, or both, is by 
a burner introduced into the inlet end of each 
muffle in mixture with an adequate amount of air 
to insure rapid combustion thereof within each 
muffle. All burners may be of the same construc 
tion, and as diagrammatically illustrated in Fig. 
1, the burners 41-44 respectively under the con 
trol of valves 45-48 project fuel into the muffles 
30, 32, 36, and 39. For the introduction of air 
each muffle may be provided with an insert form 
ing one Or more constrictions. For the muilles 
30, 32, 36 and 39 the inserts 5-54 have been 
illustrated. In lieu of the Venturi sections pro 
vided by the inserts 5-54, air for combustion 
may be mixed with the fuel in other ways known 
to the art. VM 
While the combustion of fuel may be sub 
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stantially complete within the muffles, neverthe- . 
less the gases, which may still be burning, are in 
any event highly radiant, in terms of the amount 
of radiant heat which may be transmitted to the 
tubes. From the ends of the muffles, the gases 
are projected horizontally, and with substantial 
velocity, so that impingement upon the tubes 6 
is minimized. To prevent escape of radiant heat 
from the fluid-conducting, heat-absorbing zones, 
and to insure flow of the gases in intimate heat 
exchange with a part of the tubes, heat insulat 
ing or refractory material which may be in the 
form of targets, may be secured to the tube sheet 

to form targets for the gases from the muffles. 
The targets also protect those portions of the tube 
sheet directly opposite the muffles. As shown in 
Fig. 1 refractory comes 55, 56, 57 and 59 are op 
posite the muffles 30, 32, 36, and 39, while in Fig. 
4 there is shown in cross section a cone opposite 
each of muffles 30-39. 
While the tube sheets 8 and 9 may be rela 

tively imperforate except for the openings for the 
reception of the heat-absorbing tubes, and the 
muffles, the tube sheet T is provided with open 
ings la, Fig. 4, for the exit of the combustion 
gases to a fluc or duct 60, leading to a stack not 
shown. The openings fla extend on opposite 
sides of each tube and upwardly thereabove, the 
net cross-sectional area of each opening available 
for the passage of gases therethrough, being large 
enough so that the maximum quantity of gases 
which may be generated as a result of the com 
bustion of fuel in the muffles may readily pass to 
the fue 60. As an example and not by way of 
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er, Figs. 5 and 6, with 3% inch outside diameter 
tubes, a net area for each opening of about eleven 
square inches would be adequate for a heater 
having some 18 horizontally disposed tubes. 
In the operation of my invention, the fluid to be 

heated, oil in liquid or vapor phase, Water or 
steam, or other fluid, may be circulated through 
the tubes 6, and fuel Supplied to the burners. 
under the control of the individual valves 45-48 
or jointly under the control of a main valve, not 
shown. The fuel in mixture with combustion 
supporting air is burned within each of the muf 
fles, rapidly raising them in temperature until 
radiant heat in large quantity is transmitted to 
the fluid-conducting, heat-absorbing tubes. The 
hot combustion gases, as they issue from the muf 
fles, also radiate heat in large quantity and at 
high rate to the tubes directly exposed thereto. 
Those portions of the tubes to the right of the 
discharge ends of the muffles, as viewed in the 
drawings, also receive heat by convection, and in 
the region approaching the tube sheet a Sub 
stantial quantity of heat is transmitted by Con 
vection. Danger of overheating the tubes be 
yond the discharge ends of the muffles is mini 
mized by providing muffles of such length that 
the temperature of the gases issuing from the 
muffles, and the completeness of the combustion 
within the muffles is Sufficient to prevent over 
heating, or excessive rate of transfer thereto. For 
many designs of heaters, the muffles should be 
about one-fourth the length of the tubes as be 
tween tube sheets and 9, though they may be 
longer, and possibly somewhat shorter. 
With respect to the modification of my inven 

tion shown in Figs, 1 to 4, I provide especially ef 
ficient heat-absorbing surface, since each of the 
muffles 30-39 is surrounded by tubular heat-ab 
Sorbing surface, which receives radiant heat. 
Moreover, all tubes in all modifications other than 
the outermost tubes of the assembly, receive heat 
directly by radiation from two or more muffles; 
and a large proportion of the tubes of a group or 
assembly receive radiant heat directly from three 
muffles. The result of transmitting heat by 
radiation from nuffles circumferentially spaced 
with respect to a particular tube is to supply heat 
uniformly and at high rate throughout the cir 
cumferential area of that tube. This eliminates 
uneven heating of tubes, and the effective heat 
absorption area of the tube is greatly increased; 
also, mechanical and thermal strains are mini 
mized by the uniform application of heat through 
out the entire circumferential surface of each 
tube, , and there is a correspondingly greater ab 
Sorption of heat, quantitatively considered. As a 
result of the foregoing, for a heater of given 
capacity, the size and cost is greatly reduced, and 
the heating conditions obtaining are satisfactory. 

It is to be understood that the number of muf 
files and the number of tubes are to be selected 
with reference to the capacity of the heater, 
which may be of any desired size, depending upon 
the number of muffle and tube assemblies utilized, 
and for any size of heater, the heat-load is carried 
by a plurality of burners, muffles, and tube-as 
semblies, the burning of fuel from a plurality of 
burners contributing to uniformity of heat ap 
plication. 

Since the tubes of each group or assembly, for 
example the hexagonal group about muffle 33 are 
equidistant from a center line through the un 
obstructed space extending longitudinally of the 
tubes, the heat application is equalized as between 

limitation. for a one million B. t. u.per hour heat- 75 adjacent tubes. For the outermost tubes within 
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the fire chamber, the heat-density curves are 
represented by curve 82 of Fig. 8 plotted from the 
circumference of a typical tube, 81, and represents 
the heat application throughout the radiant sec 
tion, as between the tube sheets 8 and 9. As 
shown the application of heat is greatest over 
that portion of tube 8 which "sees' the muffle 33. 

For the next adjacent row of tubes, those re 
ceiving heat from two radiant sources of muffles, 
the heat-density curves are represented in Fig. 9 
by the curve 83 plotted from the circumference 
of typical tube 84 of, and common to, the 
hexagonal groups around muffles 34 and 37. The 
heat application is relatively uniform over more 
than half the circumferential surface of tube 84, 
and is distributed over the surface in view of muf 
fles 34 and 37. 
For the remaining tubes still nearer the center 

of the fire chamber than the first and second Out 
er rows, such for example as typical tube 85, 
radiant heat is received from Sources (the muf 
fles and gases) displaced from each other by ap 
proximately 120°, so that throughout the entire 
circumferential area radiant heat is applied at 
uniformly high rate. The heat density curve 86 
of Fig. 10 represents the heat application to these 
inner tubes, and is plotted from the circum 
ference of typical tube 85. Stated in another 
way, when all the tubes of a group also comprise 
tubes of other groups maximum uniformity of 
heat application is secured. Illustrative of this 
fact are the groups about muffles 32 and 36 of Fig. 
3, all tubes of which form one or more tubes of 
other groups such as the groups about muffles 30, 
3, 33, 34, 35, 37, 38, and 39. In all cases the 
maximum rate of application of heat per unit area 
remains the same as shown by equality of the 
greatest ordinates in Figs. 8-10. The heat input, 
however, is greater for the tubes heated from 
more than One muffle. 

Referring to Figs. 5 and 6, for a relatively 
small heater, for example, of about one million 
B. t, u.'s heat input per hour, only a single row 
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of muffles 7, 72, 73, and 74 need be provided. 
Each muffle is provided with its own burner, 
valve, and Wenturi section, as described above. 

45 

In this modification of my invention I have also * 
illustrated the tubes 76 disposed in hexagonal 
grouping around the respective muffles, 7-74, 
With inlets 7 and 8 and With outlets 9 and 80, 
In this modification of my invention all but the 
outer rows of tubes receive heat from at least 
two mufles Spaced circumferentially of each par 
ticular tube. In accord with this modification of 
my invention, no difficulty was encountered in 
superheating steam to upwardly of 1000 F. 

For heaters of capacity intermediate the pre 
viously described embodiments, two heaters of 
the type shown in Figs. 5 and 6 may be assem 
bled so. that the adjacent tubes of the two heat 
ers form hexagonal groups within which may be 
disposed muffles 88, 89 and 90. The hexagonal 
groups about muffles T-74 bear the same ref 
erence numerals as in Figs. 5 and 6, and the 
duplicate assemblies or groups around muffles 7' 
and 74 the same numbers primed to indicate a 
construction similar to Figs. 5 and 6. In accord 
with the embodiment of my invention as shown 
in Fig. 11, the heat input is disproportionately 
higher than twice the unit heater of Figs. 5 and 
6. Without increasing either the maximum tube 
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result is possible by the double duty imposed on 
the tubes forming the hexagonal groups around 
muffles 88-90 and the gases issuing therefrom. 
The maximum tube-wall temperature is not in 
creased since the heat developed by muffles 88-90 
is not applied to the heat absorption areas ex 
posed to the heat generated from muffles 7-74 
and 7'-74, but to heat absorption surfaces 
shielded therefrom. In consequence the average 
heat input to the tubes in hexagonal array 
around muffles 88-90 is increased without rise 
in the maximum tube-wall temperature. 

In the modifications of my invention described 
above, the heat absorbing tubes extend between 
opposite end walls or tube sheets 7 and 9 of the 
heater, with the heating fluid alternately sub 
jected to radiant and convection heat. In ac 
cord with the arrangement of Fig. 7, the fluid is 
first heated in the convection section comprising 
a hexagonal group of tubes 93 with inlet at 92, 
and outlet 94 from the -convection section being 
a tube of a hexagonal group, 95 comprising the 
radiant section. A firing muffle omitted for sake 
of clarity is concentric with a central axis of the 
hexagonal groups and extends three to six feet 
within the radiant section 95, or about one 
fourth or more of the length of radiant and con 
vection sections 93 and 95. Radiant heat is ap 
plied to the tubes of section 95 substantially 
solely by radiation and to the tubes of section 
93 by convection and radiation. The fluid outlet is shown at 96. 

If desired, the arrangement of Fig. 7 may be 
applied to the preceding modifications with 
slightly modified sequence of flow as required by 
cross overs between radiant and convection Sec 
tions, only one of the hexagonal groupings being 
shown in Fig. 7. 

In all modification, I have shown simple re 
turn bends, which may be welded to the ends of 
the tubes, but any suitable type of return bend 
may be utilized. 
While I have shown particular embodiments 

of my invention, it will be understood that I do 
not limit myself thereto, since many modifica 
tions may be made and I therefore contemplate 
by the appended claims to cover any such modi 
fications as fall within the spirit and scope of 
my invention. . 
What I claim is: 
1. A fluid heater comprising a plurality OI 

elongated tubular muffles formed of a heat radi 
atting material, a plurality of tubes disposed in 
spaced relation with, and circumferentially of, 

... each of said muffles, certain of the tubes being 
disposed in said circumferential relation with 
respect to at least two of said muffles for receiv 
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wall temperature, or the number of tubes, the 
two units constructed as shown, with muffles 
88-90, will develop at least 2.75 times the heat 
ing capacity of one of the heating units. This 

ing concurrently therefrom radiant heat on dif 
ferent heat-absorption areas thereof, means lo 
cated within the region occupied by said muffles 
for supporting said tubes and said muffles, a 
tube-sheet for supporting said tubes in spaced 
relation from the discharge ends of said muffles, 
said last-named tube-sheet having openings 
around the sides and above each of said tubes 
for the passage therethrough of combustion gases 
in convection heating relation with said tubes, . 
and means for circulating through said tubes 
fluid to be heated. - 

2. A fluid heater comprising a plurality of 
groups of fluid-conducting, heat-absorbing tubes, 
each group having a plurality of tubes symmetri 
cally disposed around a center line for that group 
which is parallel to the axes of the tubes, and a 



4. 
plurality of tubes of one group being common to 
and forming part of, the symmetrical arrange 
ment of the tubes of another group, an elongated 
tubular muffle disposed centrally of the tubes of 
each of said groups, said muffles of adjacent 
groups being disposed to radiate heat directly to 
spaced circumferential areas of a plurality of 
said tubes to equalize and maintain a high heat 
input throughout the circumferential area there 
of, tube supports spaced lengthwise of said muf 
fles for the support of the muffles and of the 
tubes, and at least another tube support disposed 
adjacent the ends of the tubes remote from said 
muffles, said last-named tube support having a 
plurality of openings for the exit of gases there 
through in intimate convection heat exchange 
with said tubes, and means for burning fuel 
within each of said muffles for the transfer by 
radiation from each of said muffles of a substan 
tial portion of the generated heat. y 

3. A fluid heater comprising an outer and an 
inner row of tubes, said tubes of both rows be 
ing disposed in groups with the tubes of each 
group generally symmetrical about and equidis 
tant from a central line for that group, a mufile 
disposed co-axially of each of said central lines 
for radiating heat to said tubes, said tubes of 
said inner row receiving heat by direct radiation 
from at least two of said muffles, a convection 
bank comprising tubes disposed in groups of the 
same general configuration as said first-men 
tioned groups of tubes and disposed individually 
to receive combustion gases from one of said 
muffles for convective heating of fluid therein, and 
means connecting all of said tubes for passage of 
fluid therethrough. a . 

4. A fluid heater comprising an outer and an 
inner row of tubes, said tubes of both rows be 
ing disposed in groups generally symmetrical 
about and equidistant from a line central of each 
group, a muffle disposed co-axially of each central 
line for radiating heat to said tubes, said tubes 
of said inner row receiving heat by direct radia 
tion from at least two of said muffles, a convec 
tion bank with the tubes disposed in groups of 
the same general configuration as said first men 
tioned groups and each group of convection tubes 
receiving convection gases directly from one of 
said muffles for convection heating of fluid there 
in, and means connecting all of said tubes for 
passage of fluid first through said convectively 
heated tubes and then through said radiantly 
heated tubes. 

5. A fluid heater comprising a fire chamber, 
an outer and a plurality of inner rows of tubes 
within said chamber, said tubes of said rows 
being disposed in groups with the axes of the 
tubes of each group parallel and generally sym 
metrical about and equidistant from a central 
line for that group, and a tubular muffle disposed 
co-axially of each of said central lines for radiat 
ing heat to the tubes of each group, some of the 
tubes of one group comprising tubes of another 
group whereby tubes of said outer row receive 
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overlapping each other, a convection bank with 
the tubes thereof disposed in groups of the same 
configuration as said first-mentioned groups and 
each group of convection tubes disposed individu 
ally to receive combustion gases from one of Said 
muffles for convection heating of the fiuid, and 
means connecting all of said tubes for passage of 
fluid therethrough. - 

6. A fluid heater comprising a fire chamber, an 
outer and a plurality of inner rows of tubes with 
in said chamber, said tubes of said rows being 
disposed in groups with the axes of the tubes of 
each group parallel and generally symmetrical 
about and equidistant from a central line for that 
group, and a tubular muffle disposed co-axially of 
each of said central lines for radiating heat to 
the tubes of each group, some of the tubes of 
one group comprising tubes of another group 
whereby tubes of said outer row receive heat 
largely from muffles individual thereto, and tubes 
of the next adjacent row receive heat from tWO 
muffles individual thereto, and the remaining 
tubes receive radiant heat from at least three of 
said muffles, each of the tubes receiving radiant 
heat from more than one mufle receiving it on 
heat absorption areas circumferentially spaced 
One from the other and not to substantial degree 
overlapping each other, a convection bank with 
the tubes disposed in groups of the same general 
configuration as said first-mentioned groups and 
each group of convection tubes disposed to receive 
gases from one of said muffles for convection heat 
ing of fluid therein, and means connecting all of 
said tubes for passage of fluid first through said 
convectively heated tubes and then through said 
radiantly heated tubes. 

7. A fluid heater comprising a plurality. Of 
elongated tubular muffles formed of a heat radi 

40 
ating material, a plurality of tubes disposed in 
spaced relation with, and circumferentially of, 
each of said muffles, certain of the tubes being 
disposed in said circumferential relation with re 
spect to at least two of said muffles for receiv 
ing concurrently therefrom radiant heat on dif 

5 ferent heat-absorption areas thereof, means lo 
cated within the region occupied by said muffles 
for supporting said tubes and said muffles, a tube 
sheet for supporting said tubes in spaced relation 

- from the discharge ends of said muffles, said last 
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heat largely from muffles individual thereto, and 65 
tubes of the next adjacent row receive heat from 
two muffles individual thereto, and the remaining 
tubes receive radiant heat from at least three 
of said muffles, each of the tubes receiving radiant 
heat from more than one muffle receiving it on 
heat absorption areas circumferentially spaced 
one from the other and not to substantial degree 

named tube-sheet having openings around the 
sides and above each of said tubes for the pas 
sage therethrough of combustion gases in convec 
tion heating relation with said tubes, means for 
circulating through said tubes fluid to be heated, 
and means for withdrawing gases from the heater 
on the side of said tube-sheet remote from said 
muffles. . 

8. A fluid heater comprising a plurality of tubes 
disposed parallel to each other and with their 
centers forming apices of adjoining hexagons, 
muffles for burning fuel in streams concentrically 
of, and individual to, each hexagonal group of 
tubes, spaced tube sheets for supporting said 
tubes in said hexagonal relationship, the tube 
sheet remotely located from said muffles having 
Openings around the sides and top of the tubes 
extending therethrough for the passage of com 
bustion gases in convective heating relation with 
Said tubes, and means for withdrawing the gases 
from the heater without return thereof to the 
region in which said muffles are located. 

FRANK H. PRAEGER. 


