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This invention relates to new and useful im 
provements in heat exchangers such as a water 
heater for use with a suitable source of live steam. 
More speci?cally, the present invention pro 

poses the construction of such a water heater'or 
heat exchanger including a shell having a plu 
rality of longitudinal tubes, and bends intercon 
necting the tubes, the bends and tubes being con 
nected so that any tube may be conveniently re 
moved from the shell for cleaning and repair. 
Another object is to provide a boiler as afore 

said which can be readily adapted for either par 
allel or ‘series flow through the steam tubes, and 
which may employ one or more steam inlets and 
one or more steam outlets. ‘The invention con 
templates the provision of ?ttings used in inter 
connecting the tubes and the bends which are 
constructed and located for convenience in re 
moving any tube from the boiler shell. 
Accordingly, another object of the invention is 

to provide a boiler as aforesaid equipped with 
improved ?ttings for connecting the tubes to the 
shell. 

For‘ further comprehension of the invention, 
and of the objects and advantages thereof, ref 
erence will be had to the following description 
and accompanying drawings, and to the appended 
claims in which the various novel features of the 
invention are more particularly set forth. 
In the accompanying drawing forming a ma- u 

terial part of this disclosure: 
Fig. 1 is a side view of a water heater con 

structed in accordance with this invention. 
Fig. 2 is a view of the left end of the boiler. 
Fig. Sis a section on the line 3~—3' of Fig. 1. 
Fig. 4 is a view'simil-ar to Fig. 2 showing the 

tubes connected in series. 
Fig. 5 is a sectional view showing the connec-7 

tions between tubes, shell and bends. 
Figs. 6, 7 and 8 are views similar to Fig. 5 

showing other embodiments of the invention. 
The water heater, according to the form of the 

present invention shown in Figs. 1-5, includes; 
a shell I0, for containing water to be heated, and 
having end walls “and I2. The ‘shell has a 
water inlet l3 and a water outlet I4. Each end 
wall is provided with a plurality of threaded ori 
?ces l5, see Fig. 5. There is a bank ‘of straight 
tubes 16 in the shell. 
Referring to Fig. 2, it will be seen that, as one 

exempli?cation of the present invention, the tubes 
II; are arranged to two sets on opposite sides of 
a longitudinal center plane of theshell, the shell 
being circular in cross section. The two‘ upper~ 
most tubes are horizontally aligned and have no 
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U-bends, being open for connection with the" 
steam exhaust. They form the outlets 34 for “ 
the bank of tubes. These two outlets 34 may‘ be‘ ' 
connected by a forked pipe if desired so that they 
will both exhaust into a single pipe. 
In a similar manner the bottom two pipes form 

the steam inlets 35.v These'inlets may be sup; 
plied from any suitable source of live steam. The ' 
inlets are shown at one end of the shell and the 
outlets at the other, but they may be at the same 
end if desired. vAdjacent tubes are then con- 7 
nected in series by'U-bends 30. Thus the two sets 
of tubes of the‘bank are in parallel and'the tubes 
‘of each set are'in series. The tubes are so spaced 
that they may be connected by similar’bends 30. 
Also the inlets and outlets are-similarly spaced 
so that they may beconnected by bands 30' if 
desired. For example, the outlets 34‘might be 

“connected ‘by a bend 30. Then the ends 34 of 
the top tubes would serve one as an inlet and the 
other as an outlet and all the tubes of the shell 
would be in series, eliminating any parallel ?ow. 
The tubes may also 'be arranged so that their 

,centers are disposed at the apices of a pattern 
of equal equilateral triangles or equal squares for 
example, so that-each tube will be equidistant 
from at least two other; Such an arrangement 
will permit the bends3ll to be-readily changed to 
interconnect the tubes in a new flow arrange-H 
ment without changing the span of any bend. 
Onegor more tubes may thus be cut out of service, , 
and by suitably plugging the openings in the end’ 
walls from which any such tube is removed, the _ 
boiler or heat exchanger may be restored to serv 
ice while the old tube is being repaired or a re- . 
placement tube procured. More tubes than those ' 
shown may be employed if desired. ' ' 

The series arrangement described may also be 
- obtained as shown in Fig. 4. A lesser number of 

40 tubes is shown than in Figs. 1-3, and'these'are 
connected in series. The steam inlet 35 is shown ' 
at, the bottom of the boiler so that steam with 
the greatest heat content is e?ective at thebote 
tom of shell II] where the coldest water will tend 
to accumulate. The increased temperature dif 
ference increases the efficiency of heat transfer 
through the walls of the tubes and further causes‘ 
greater ‘circulation of water-within the boiler shell 
by producing more convection currents. _ 

The tubes may beassembled asshown in1Fig.‘5.; ,~ 
A flanged ~?tting»5l is screwed into end wall [2- . 
by means of the usual tap'eredpipe threads. Tube » 
I6 is similarly threaded into flange 53* and ?ts: ;_ 
freely‘in'?tting 5i.I Bend 30 is also similarly 
threaded into ?ange 54.‘ Gaskets 55 are inserted 
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between adjacent ?anges as indicated. Bolts 56 
pass through clearance holes in flanges 53 and 54 
and gaskets 55 to engage threads tapped in ?ange 
5|. 
In assembling a tube IS in the boiler, ?anged 

?ttings 5| are ?rst inserted in both end plates | I 
and I2 and are tightened in the usual manner. 
A tube I6 is then slid through ?anges at opposite 
ends of the boiler and a gasket 55 is placed over 
each projecting end. A ?ange member 53 is then 
screwed over the threaded portion of each end, 
and tightened. The length of the tube It and 
the cutting of the end threads thereon is such - 
that this tightening may be accomplished without“ 
interference from the gasket 55 and so that the 
bolt holes may be brought into alignment. Flange 
54 which is threadedly Secured to bend 35 is then 

7 placed in position with an additional gasket 55. 
Bolts 55 are then threaded into tapped holes in ' 
?tting 5|. As bolts 55 are tightened, flanges 53 
and54 and gaskets 55 are compressedagainst the 
face of ?tting 5|, providing a joint whichpis tight 
against both steam and water. . 
The tightening of bolts 56 also compresses 

tube it so that it will bow slightly in the middle, 
andgwill thus be able to adjust itself to dimen 
sional changes which accompany hon-uniform. 
temperature changes in the boiler or heat ex 
changer. v 

If the bowing of tube It is not desired, a 
modi?ed form of the invention, as shown in 
Fig. 6, may be used. In this form, a gland or 
stu?ing box (ii is threaded into end wall |2 of 
boiler l0. Any desired form of gland or stu?ing 
box may be used and it has been shown as com 
prising an outer portion 62 shaped to receive 
packing 63 which is compressed by nut 54 against 
the exterior surface of tube it to form a water 
tight joint through which tube |5 may slide. 
This sliding connection permits the dimensional 
changes above described to occur without bend 
mg‘ of the tube l5. 
Bend 30 is secured to the end of tube i5 by 

the usual union 5| which is shown as compris 
ingtwo ?anged members 65 and 66 which are 
held together by an internally threaded annular 
clamping member El’, leakage being prevented 
by gaskets 68 and 69. The ends of tube l6 and 
bend 30 are threaded into the union in the usual 
manner. 

Referring to the construction shown in Fig. 
'I,<a plate or disc i? is secured to the outer face 
ofeach end wall II and i2 and this disc I‘! has 
a threaded ori?ce It in line with the ori?ce l5. 
An externally threaded ?tting I9 is screwed into 
the aligned ori?ces l5 and 
slightly into the interior of the shell l0. 
?tting [9,has a circular ?ange 20 superposed on 
the disc |'| with packing therebetween. 
The ?tting I9 is provided with internally 

threaded recesses 22, and a ?tting 23 having a 
flange 24 similar to the ?ange 25 is connected 
thereto; ?ange 25 being superposed on the ?ange 
20 with the packing 25 therebetween and ?ange 
‘24 having ori?ces in line With the recesses 22. 
Bolts'21 are passed through the ori?ces 26 and’ 
into the recesses 22 for connecting the two 
?anges together. 
A pipe 28 is Welded to the flange 2:‘: and forms 

another part of the ?tting and extends out 
wardly therefrom and is externally threaded 
and connected to one leg 29 of a U-bend 30 by 
a union 3|, the connection being sealed by a 
packing 32. " 
The ?tting I9 is internally threaded at 33, at" 
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desirable by reason of the short length of "the 
boiler or the large diameter of the tubes, for 
example, then the embodiment of Fig. 6 ‘may '{ 
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its ends opening into the shell. The tube I6 
is externally threaded at each of its ends and 
screwed into the aligned threads 33 of two op 
posed ?ttings |9 disposed in the opposite walls 
II and I2. 
In assembling the tubes in the shell so that 

they may be removed for cleaning, inspection 
or repair, a ?tting I9 is ?rst secured to one end 
of each tube and a ?tting I9 is screwed into the 
ori?ces l5 of one wall only. That is, ?ttings 
I9 may be screwed into the holes of the Wall II 
but not into wall 12. The tubes are then slid 
through the ori?ces l5 of the wall |2 until their 
?ttings |9n reach the ori?ces l5, whereupon their 
?ttings I9 are screwed into the ori?ces l5 of 
wall l2 and at the same time the other ends of 
the tubes are screwed into the threads 33 of 
the other ?ttings- H5 in the wall ll. 

After the tubes are in place and the ?anges 
2!) turned tightly against the packing 2|, the 
?ttings 23 can be attached ?rst and then the 
bends 35 can also-be attached. The tubes may 
be removed by a reversal of this procedure. 
In the embodiment of the invention shown‘ 

in Fig. 8, the same advantages are present as 
in the embodiments of Figs. 5, 6 and 7, but are 
attained by a somewhat different construction. 
Instead of the ?ttings l9, straight externally ' 
threaded pipes l9’ are screwed into the ori?ces " 
l5’ and I8’ and extend beyond both ends thereof. " 
The pipes l9’ have threads 33' for. the tubes 
I6’. A ?tting 23' is screwed on each pipe l9’, 
each ?tting 23' having an internally threaded 
portion 24' which is screwed on the outer end 
of the pipe i9’ to compress the packing 2|’ 
against the disc l1’ and packing 25' against 
the pipe i9’. Each ?tting also has a pipe por 
tion 28' connected to a U-bend 30' by a union 3|’. 
From the foregoing, it will be seen thatan 

assembly has been provided permittingthe ready 
‘removal of tubes for repair‘ orrcleaning', fan'd a .7 
fully steam tight packed joint has been provided } 
nevertheless. ' r 

If the bowing of tubes is is desired, then the ‘ 
arrangements of Figs. 5, '7_ and B'may be used. 

be used. 
While I have illustrated and described the __ 

preferred embodiments of my invention, it ‘15° 
to be understood that I do not'limit myself? to 
the precise constructions herein disclosed and 
the right is reserved to all changes and modi?ca 
tions coming within the scope of the invention 
as: de?ned in the appended claims. "' 
Having thus described my’ invention, what I " 

by United claim as new, and desire to secure 
States Letters Patent is: 

l. A heat exchanger of the class described 
comprising a shell having end walls, aligned!" 
threaded ori?ces in said end walls, ?ttings 
screwed in said ori?ces and having internal‘ 
threads, tubes in said shell screwed into said 5; 
internal threads of aligned ?ttings'so that ‘they 
can be removed from said shell by unscrewing 
the ?tting at one end thereof from said end wall 
adjacent thereto, all of‘ said tubes being‘ evenly ' 
spaced from adjacent tubes, and 
necting adjacent tubes. ‘ 

2. A heat exchanger of the‘ class 

U-bends con» 

described comprising a shell having-end walls‘, ‘aligned.l 
threaded ori?ces in said end walls, ?ttings 
screwed in said orifices and-having internal" 
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threads, tubes in said shell screwed into said 
internal threads of aligned ?ttings so that they 
can be removed from said shell by unscrewing 
the ?tting at one end thereof from said end wall 
adjacent thereto, all of said tubes being evenly 
spaced from adjacent tubes, and U-bends con 
necting adjacent tubes for forming of said tubes 
a single series ?ow bank having one inlet and 
one outlet. , 

‘3. A heat exchanger of the class described 
comprising a shell having end walls, aligned 
threaded ori?ces in said end walls, reinforcing 
discs over said ori?ces on the outer faces of said 
end walls, said discs having threaded ori?ces in 
line with said end wall threaded ori?ces, a fitting 
including a neck screwed into each aligned disc 
"and end wall ori?ces and a ?ange superposed on 
said disc, said ?ange having internally threaded 
recesses and said neck having internal threads, 
tubes screwed into opposed neck'threads, a ?t 
ting having a ?ange superposed on said ?rst 
mentioned ?ange, bolts securing said ?anges to 
gether and screwed into said recesses, and a U 
bend leg connected to each of said last men 
tioned ?ttings. 

4. A connection for securing a tube in a shell 
end wall for permitting removal of said tube 
from said shell, said shell end wall having a 
threaded ori?ce comprising a ?anged pip-e 
adapted to be screwed into said end wall ori?ce 
and having internal threads adapted to receive 
a threaded end of said tube, the outer face of 
said ?ange having threaded recesses, a ?anged 
?tting superposed on said ?ange and secured 
thereto by bolts screwed into said recesses, said 
?tting having an externally threaded neck, and 
a U-bend leg secured to said neck threads by a 
threaded union. 

5. A heat exchanger of the class described 
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comprising a shell having opposed ' end walls 
provided with aligned threaded ori?ces, ?anged 
pipes screwed into said ori?ces with their ?anges 
engaging the outer faces of said end walls, said 
?anged pipes having internal threads, externally 
threaded tubes screwed into aligned pipes 
whereby when a ?tting is unscrewed from its end 
wall ori?ce it will carry its tube with it and un— 
screw its said tube from the opposed ?tting for 
removal of the tube fromthe shell. 

6. A heat exchanger of the class described 
comprising a shell having opposed end walls 
provided with aligned threaded ori?ces, flanged 

v pipes screwed into said ori?ces with their flanges 
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engaging the outer faces of said end walls, said 
?anged pipes having internal threads, externally 
threaded tubes screwed into aligned pipes 
whereby when a ?tting is unscrewed from its end 
wall ori?ce it will carry its tube with it and un 
screw its said tube from the opposed ?tting for 
removal of the tube from the shell, a U-bend, 
and means for connecting said U-bend to said 
flanged pipe. 

' FRITZ KOETTING. 
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