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20 Claims. (Cl. 122-312) 
The invention relates to heat-transfer appa 

ratus and is. particularly applicable, though not 
restricted, to water-tube steam generators of the 
kind described in my prior U. S. Patent No. 2,008,- 
076 having U-Field-tube units. 

In this specification, arrangements are shown 
* for ensuring a directed circulation at the bend of 
the - U. 
Such arrangements, though well suited to bends 

10 of considerable radius, are not applicable when 
the legs of the U’s have to be brought close to 
gether in order to secure as large a heating sur 
face as possible in a given space, and a main ob 
ject of the present invention is to provide im 

S proved means for directing the circulation which 
will be suitable for bends of small radius and also 
facilitate the assembly of the U-Field-tube unit. 

Further objects of the invention are to provide 
improved means for positioning the inner tubes 

20 of the Field-tube units and to facilitate their in 
troduction into the U’s When the drums or the 
like to Which they are attached are of Small 
dimensions transversely as compared with the 
length of the tubes, and with Such objects the 

26 present invention consists in the heat-transfer 
units. and combinations of elements constituting 
heat-transfer º apparatus hereinafter described 
and particularly pointed out in the claims. 

Referring to the accompanying drawings, which 
30 are of a somewhat diagrammatic nature:- 

Figure 1 shows an elevation partly in section 
of one form of Ui-Field-tube unit according to 
the present invention, 

Figure 2 showing a longitudinal Section of the 
35 U-bend to a larger scale, and 

Figure 3 a cross-section on the line 3-3 of Fig 
ure 2 showing the disposition of the unit in rela 
tion to the Source of heat; 

Figure 4 is a view looking on the end of one of 
40 the inner tubes in Figure. 2 showing locating fin; 

Figure 5 shows an elevation of a form of Spring 
coupling for detachably connecting i aligned 
lengths of inner tube; 
Figure 6 shows an end elevation partly in sec 

45 tion of a water-tube steam generator fitted with 
U-Field-tube units according to the present inven 
tion, 

Figure 7 being a cross-section on the line 7-7 
of Figure 6 showing the angled position of th 

50 U’s; and 
Figure 8 a croSS-Section of part of the steam 

and-water drum to an enlarged Scale showing 
the attachment or location of the inner and outer i 
tubes of the units. 

5 When desirable the same reference symbols are 

used in the different drawings to denote corre 
SpOnding partS. K 

In carrying the invention into effect according 
to one form, (see Figures 1 and 2) - a heat-trans 
fer unit takes the form of a U-tube, 2, with legs, 
2a, 2b, and downcomer inner tubes, 3, 3, disposed 
therein. 
The bend, 2c, of the U of Such a U-Field-tube 

unit is provided with a central diaphragm or par 
tition, 2d, disposed longitudinally so as to pro 
vide at this point two ducts or passages, 2e, 2 f. 
According to one i method, the U-tube, 2, is 

built up, in a well-known manner, from two sym 
metrical halves slightly curved at the bend and 
united as by welding so as to form a so-called 
spearhead, but before the two halves are united, 
the diaphragm, 2d, above-mentioned is inserted, 
half in one leg and a separate aligned half in 
the other, and secured in place, as by Spot-weld 
ing. 
Or alternatively, the diaphragm, 2d, may be in 

One piece; Or again it may be in the plane of 
the U. 
By these means, a spearhead U is obtained with 

8 diaphragm, 2d, disposed longitudinally round 
the bend. 

In order to facilitate assembly of the unit, each 
inner tube, 3, 3, comprises in general two lengths 
of tube, 3a, 3b, connected by a suitable union, 4. 
According to one form, such a union takes the 

form of a close-wound helical coil, 5, (see Figure 
5) of Spring wire of circular cross-section, adja 
cent convolutions of the coil in its unstrained 
state touching one another throughout their 
length. 
Each coil is proportioned to be a neat fit over 

the ends of the adjacent lengths of tube it con 
nects and - may if necessary be secured in place 
so as to withstand a certain amount of tension 
by any suitable means. 

ThUls, according to one plan, webs or fins, 3c, 
may be fixed as by spot welding to the adjacent 
ends (or one of them) of the lengths of inner 
tube, 3a, 3b, to be connected, the fins serving as 
Spiders centralizing them in the outer tubes while 
the connecting coil, 5, is bent over at its ends 
as at 5a, so that it may be readily hooked over 
the corresponding webs or fins, 3c. 

If desired, the wire may be coated or plated, 
e. g., with cadmium or zinc, to prevent corrosion. 
The bottom of the U-tube, 2, is provided with 

a tail, 6, to assist in locating the unit, this tail 
being very conveniently made hollow and, if de 
sired, fitted , with a screwed plug, 7, passing 
through the diaphragm to tap water in the duct, 
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2 
2f, of Smaller radius, and passing also through 
a hole, 8, in the wall of the U-bend to permit es 
Cape Of Water that has collected in the duct, 2e, of 
larger radiLS. 
Or alternatively, a small clearance may be left 

between the two halves of the diaphragm, or a 
hole made in the lower part of the diaphragm 
when of one piece, so that any water in the inner 
duct, 2f, may pa SS through to the outer duct to 
be drained off, passage of the plug, 7, through 
the diaphragm being in this case eliminated. 
AS regards the position of the inner tubes, 3, 3, 

With regard to the two ducts, 2e, 2f, provided by 
the diaphragm, 2d, round the U-bend, - in gen 
eral, e. g., in a Water-tube Steam generator to be ; 
described below, each U-Field-tube unit as a 
whole is arranged with its length at an angle 
to the horizontal and is heated from below; in 
addition the plane of the U may also lie at an 
angle Oblique to the aXis Of the Steam-and-Water 
drum. In SUch cases, (See Figure 3) in order 
to prevent overheating of the inner tubes and thus 
interfere With their function as doWincomers, they 
are preferably arranged to enter the particular 
duct on that Side of the bend remote from the 
Source of heat, the direction in Which heat there 
from reaches the unit being indicated by the 
ar’OWS. 

The inner tubes, 3, 3, at their lower ends may 
each be provided with a pin or web, 3e, to rest 
On the relevant edge of the diaphragm, 2d, while 
at their Upper ends, they may be provided with 
other fins or webs, 3 f, resting on the open ends 
Of the U-legS. 
Another method of positioning the upper ends 

of the inner tubes is described below. 
In the application of U - Field-tube units in ac 

COrdance With the present invention to a steam 
generator, e. g., of the YarroW type, banks, A, B, 
of U-Field-tube units forming the legs of an in 
verted V, are provided in the usual position in 
YarroW-type Steam generators as described in the 
Specification above identified, lower water - drums 
being omitted, and the lower ends of the units 
being Supported in positioning frames, C, by 
help of their locating tails, 6. N 
AS ShoWn in Figure 8, the open i ends of the 

U’s are Secured, as by a expanding, to the lower 
Wall of the steam-and-water drum, D. A space, 
E, as indicated may be left in the bank of tubes 
to accommodate a superheater. 
At the upper end of each U-Field-tube unit, 

the inner tube, 3, passes out of the outer tube 
and is Secured to a curved locating plate, 9, dis 
posed Within the steam-and-water drum. This 
plate, before bending, is provided with appro 
priately pitched holes, 0, 0, so that when bent 
into a Cylindrical or other appropriate form, the 
holes are suitably disposed for receiving the up 
per ends of the more or less parallel inner - tubes, 
3, 3, of the U-Field-tube units. - 
The upper end of each such inner tube, which 

may be circular as described above, semi-circular, 
Oval or any other - shape in cross-section, passes 
freely through a hole of similar shape in a spher 
ical Segment, i !, seated in the appropriate hole, 
Which is preferably chamfered to receive it. The 
Upper part of the Sphere, say for one-quarter of 
its diameter, is cut away by a plane, 2, at right 
angles to the axis of the i inner tube, and it is 
One advantage of the spherical joint under de 
SCription that the length of inner tube, . 3, p?O 
jecting beyond the plane face, 2, of the spherical 
Segment Serves to indicate if the lower end of the 

2,068, 187 
tube has entered one of the ducts, 2e, 2f, round 
the bend of the U, and if so, to What extent. 

It will be understood that the Spherical seg 
ments, , which may be of cast iron or any other 
Cheap heavy metal, are maintained in position 
by their own Weight and in View of the fact that 
the presSuure is practically equal on the two sides 
of the division plate, 9, a sufficiently good joint 
is thUS obtained in a very simple manner. 

In Order to prevent the possibility of a down 
Ward foW in the outer tubes, each outer tube at 
itS upper end may be provided with a thin plate, 
3, having a hole, 4, through which the inner 

tube, 3, freely passes, the plate being of sufficient 
Size to cover the end of the outer tube in all 
positions. Such a plate serves as a simple form 
Of Wallive Which allows the Steam generated to 
issue from the upper end of the outer tube but 
immediately: closes on any reversal of flow taking 
place. 

In Some CaSeS, the Spherical attachment of the 
inner tubes above described is provided for only 
a certain number of the Field-tube units; thus, 
for example, the inner tubes of a bank of U’s on 
the Side thereof remote from the furnace, where 
their angle to the division plate becomes very 
a Culte may eXtend a certain distance from the 
OUiter tubes as at 3g, Figure - 8, without any kind 
Of attachment to the locating plate, 9, the tubes 
in SUch, a case having fins, 3 f, to centre or other 
W?Se define their position in the mouth of the 
Olter tubeS. 

In a Water-tUibe steam generator as described, 
and With inner tubes of about half-an-inch or 
five-eighths of an inch in diameter, a connecting 
Coil, 5, as shown in Figure 5, say two or three 
inches long, of a wire of suitable gauge and 
quality, Will enable adjacent lengths of tube, 3a, 3b, 
to be bent at right angles to one another so that 
it may readily be introduced endwise into the 
drum and then turned at a right angle for 
insertion in the outer tubes. 

Improved U-Field-tube units in accordance 
With the present invention may be arranged in 
only the fire row or rows of the boiler, the rows 
more remote from the combustion chamber being 
of Simplified construction, say, without the dia 
phragm or with an inner tube in only one leg. 
Many Variations may be made in the details of 

Construction above described without exceeding 
the Scope of the invention as defined in the ac 
COmpanying claims. 

Having now described my invention, what I 
claim as new and desire to secure * by Letters 
Patent is:- M 

1. A U-Field-tube heat-transfer unit compris 
ing a U-tube having a bend at that part remote 
from the ends of its legs, a diaphragm. running 
longitudinally round said bend to provide sepa 
rated ducts in Said bend and at least one inner 
tube inserted in Said U-tube and operatively 
aligned with one of said ducts. * 

2. A U-field-tube heat-transfer unit as claimed 
in claim 1, in which said diaphragm is disposed 
at right angles to the U-plane of said U-tube. 

3. A U-Field-tube heat-transfer º unit as 
Claimed in claim 1, in which the inner tube is sup 
ported by an edge of said diaphragm. * 

4. A i U-Field-tube heat-transfer unit as 
claimed in claim 1, with a web secured to the 
inner tube, Said web being supported by an edge 
Of Said diaphragm. 

5. As an article of manufacture, a U-tube for 
a U-Field-tube heat-transfer unit having a bend 
at that part remote from the ends of its legs and 
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a diaphragm running longitudinally round Said 
bend to provide separated ducts therein. 

6. As an article of manufacture, a U-tube as 
claimed in claim 5, in which said diaphragm is 
integral with said U-tube. 

7. As an article of manufacture, a U-tube aS 
claimed in claim 5, in which said diaphragm is 
disposed at right angles to the U-plane of Said 
U-tube. 

8. As an article of manufacture, a U-tube as 
claimed in claim 5, in which the diaphragm is 
disposed at right angles to the U-plane of said 
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U-tube with an aperture in the outer wall of said 
bend and a hollow U -tube-locating tail Secured to 
said bend and communicating with the interior 
thereof by way of Said aperture, Said diaphragm 
having an aperture aligned with said first-men 
tioned aperture, together with i a detachable 
draining plug inserted in Said tail and passing 
through Said aligned apertures. 

9. As an article of manufacture, i a U-tube as 
claimed in claim 5, in which the diaphragm is 
disposed at right angles to the U-plane of Said 
U-tube with an aperture in the outer wall of Said 
bend and an aligned aperture in Said diaphragm 
and means paSsing through Said aligned apertures 
for draining from the separated ducts determined 
by said diaphragm. 

10. A Field-tube Steam generator comprising a 
Steam-and-Walter receptacle - and a Series of Field 
tubes in operative association therewith and run 
ning in a, downward direction therefirom, each Of 
said Field tubes comprising an outer tube Secured 
to said receptacle and at least one inner tube 
disp0Sed in Said Outer tUibe, Said inner tubes com 
prising at least two lengths of rigid tube and a 
flexible coupling composed of a close-wound hel 
ical coil of Spring Wire connecting said lengths. 

11. A Field-tube unit, comprising an outer tube 
and at least one inner tube inserted therein, said 
inner tube comprising at least two lengths of 
rigid tube and a flexible coupling composed of a 
close-wound helical coil of spring wire connect 
ing Said lengths. 

12. A Field-tube unit as claimed in claim 11, 
in Which said flexible coupling is detachable.from 
Said united lengths of tube. 

13. A Field-tube unit, comprising an outer tube 
and at least one inner tube inserted therein, said 
inner tube comprising at least two lengths of 
rigid tube, and a flexible union connecting said 
lengths, Said lunion having an intermediate part 
consisting of a helical coil of spring wire close 
wound to confer fluid-tightness and end parts 
for Securing said intermediate part to said lengths 
Of tube. 

14. A Field-tube unit, comprising an outer tube 
and at least one inner tube inserted therein, said 
inner tube comprising at least two lengths of 
rigid tube, and a flexible union connecting Said 
lengths, said union having an intermediate part 
Consisting of a helical coil of spring wire close 
Wound to confer. fluid-tightness and end parts for 
securing said intermediate part to said lengths 
of tube, said end parts being integral continua 
tions of the convolutions of said intermediate 
part. 

15. A Field-tube unit, comprising an outer tube 
and at least one inner tube inserted therein, said 

3 
inner tube , comprising at least two lengths of 
rigid tube, and a flexible union connecting Said 
lengths, said union having an intermediate part 
consisting of a helical coil of Spring wire close 
wound to confer fluid-tightness and end parts 
for securing said intermediate part to said 
lengths of tube, said lengths of tube having com 
plementary securing means with which said end 
parts are operatively aSSOCiated. 

16. A heat transferrer comprising, a receptacle 
and a plurality of U-Field-tube heat-transfer 
Units as claimed in claim 1 associated therewith, 
Said U-tubes being Secured to the Wall Of Said 
receptacle, a plate with apertures disposed with 
in Said receptacle and means for pOSitioning said 
inner tube in said plate, Said positioning means 
comprising a plurality of apertured packings 
through which Said inner tubes paSS, Said pack 
ings having Spherical parts Seated in Said plate 
apertures. 

17. A heat transferrer comprising a receptacle 
and a plurality of Ui-Field-tube heat-transfer 
units as claimed in claim 1, associated therewith, 
Said U-tubes being secured to the Wall of Said 
receptacle, a plate with apertures disposed within 
said receptacle and means for positioning said 
inner tubes in Said plate, said positioning means 
comprising a plurality of apertured packings 
through which said inner tubes pass, Said pack 
ings having spherical parts seated in said plate 
apertures, and having also a flat Surface at right 
angles to the aXis of the inner tube paSSing 
through Said packing. 

18. A heat transferrer comprising a receptacle 
and a plurality of U-Field-tube heat-transfer 
units as claimed in claim 1, associated therewith, 
said U-tubes being secured to the wall of said 
receptacle and projecting - a certain º distance into 
the interior of Said receptacle and non-return 
means for preventing filow of fluid from the inte 
rior of Said drum into the annullus between a 
U-leg and the inner tube disposed therein. 

19. A heat transferrer comprising a receptacle 
and a plurality of U-Field-tube heat-transfer 
units as claimed in claim 1 associated therewith, 
Said U-tubes being secured to the Wall of Said 
receptacle and projecting a certain di Stance into 
the interior - of said receptacle and non-return 
means for preventing flow of fluid from the inte 
rior of said drum into the annullus between a U - 
leg and the inner tube disposed therein, Said 
non-return means comprising a member Seattable 
on the end of an outer tUlbe projecting into Said 
receptacle, Said member haWing an aperture 
therein through Which the aiSSociated inner tube 
paSSeS. 

20. A steam generator having a source of heat, 
a steam receptacle and a plurality of U-Field 
tube heat-transfer units as claimed in claim 1, 
associated therewith, with Said U-tubes Secured to 
the wall of said receptacle, Said U-tubes being so 
disposed that one leg of said U and the inlet to 
one of Said ducts associated with that leg is more 
remote from Said Source of heat than the other 
of Said legs, said inner tubes being respectively 
aligned with the inlets to Said ducts more remote 
from said source of heat. 

WILLIAMI YORATH LEWIS. 
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