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1 Claim

change apparatus,-and more particularly to:fluid
heaters and boilersidesigned: to-utilize. the waste
‘heatiof exhaust: gases of ~an’ aireraft or-other

internal .combustion engine, though not neces- -

sa,nly limited thereto.

‘ , (Cl 257—241)
Th1s 1nvent10n relates genexa.lly to. heat ex— :

‘ bemg dn; accordance thh the broken line !-——l of ‘

- Pig. 2;

Aircraft of modern”-design’ are commonly -

‘equipped: with cabiniheating systems and with
water-heaters, and may have 'use for steam as a
medium; for - driving: ‘the: turbines- of: generators
:Heat exchangers designed ‘to’ de-
rive theiheat: for:such typlcal needs from the

‘exhaust-gases of the: engine “havebeen -incor=

porated: directly ! in the exhaust p1pe The ex-
haust: pipe‘of a'large-aircraft may: be, ‘for -in-
stance; about 9’ in dlameter and: the exHaust
gases flowing through the’ pipe-will- range in tem-
perature between 1200% arid: 1'700% P. “Under such
‘conditions, the heat exchanger may, it properly
‘designed;-derive sufficient ‘heat for all: these needs
Irom. the exhaust gases, though prior; eﬂ’orts to

“provide suitable apparatus of the class mentnoned

‘have: realized’ but little’ succeéss owing to failure
to-recognize or ‘to provide ' satisfactory: solutmns
for' certdin inherent problems Immedlately pre-
sented. ‘Among these problems are the provision
of a structure wl‘nch will ‘not. be liable to frac=
ture under the: severe exXpansive forces; incident
either to-the ‘high: temperature ranges involved
in- operation, or-to freezing up while the plane
is-on the- ground the provision of ‘a structure
which will:not burn out if it 'should become dry;

‘.the provision of "a heat’ ‘exchange arrangement
Jyielding a-sufficiently hlgh rate of heat' transfer
"between ‘the exhaust gases and the fyid "to be
' “heated; and’ finally, the ] provxsmn of:a. eonstruc-
" tign -which, does. not set. up ob;ectmnable tur-
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g 2isa tra,nsverse sectmn taken on hne 22
of Fig. Ly :

Fig. 3: 1s a fragmentary v1ew shewmg a portlon
of “the ~metal blank :of 'which the shell ‘of -the
boailer-is formed prior to: formatxon of the; radial
indentations;:and :

Fig: 4 is a; detail: smnlar to a portmn -of F1g 2,
but showing a modification.

“.The boiler:of the present invention;: designated

" generally by numeral 10:embodies a tubular shell
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or sleeve ‘I1, formed' typically -and, preferably of
‘18 gatige sheet steel, adapted:to be made. up.:as
a: section:of ia conduit carrying hot: gases, such

- as the exhaust pipe‘of:an.aircraft; engine, . Thus;
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as here typically illustrated, the sleeve Ii-is shown

‘as ‘receiving within‘its right: hand:end:the end

pértion of exhaust: pipe section: 2, understood: to
lead fromi. the exhaust, manifeld. of an aircraft.

‘engine; and asreceived atits left hand end within

the end portion.of-exhaust pipe section:12/, under-

" gtood to discharge: to atmosphere. : Sleeve Il is

25

- secured to'the: -exhalst pipe section’12:and 12’ in

any ‘suitable manner; as for instance: by .means

. of sérews ‘14 pa,ssmg throtigh perforated lugs
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15 and-16: (see Fig, 1) :
The’ sleeve {1 s forthed with' a plurahty of lon-
gltudmally extendmg ‘expansion‘joints, ‘permit-

ting necessary: rad1a1 expansion’.and contraction

of the: sleeve with all: tempera,ture changés to-

- awhich -the" hoiler 4§~ siibjected. ‘In:the: present
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bulence in; the, exhaust .gases, nor in.any other '

way. matenally 1ncrease the, batk pressure in, the

w exhaust pipe.

“The general object of the present 1nvent10n is
o prov1de a slmple, rugeed. and JTelatively. inex-
pensive waste heat: ‘heater.or boiler Whlch over-
comes, all. of  the above. mentioned . problems

“With thls general . chject, in-view, I now pro-
‘ceed t0.a.detailed descmptxon of .one present pre-
ferred 11Lustrat1ve embeodiment: of the invention,

.1eierence being had to ‘the" accompanylng draw-

Angprine Whleh

: of
‘vention indicated asimade npdn:ansexhaust:pipe
suchlas-that: of : an-aircraft engine,: the: broken
away- portion:at the! right<hand end of the view B

Pig. 1 is-an elevatlon w1th parts broken away,
boiler in accordance iwith:the .present: in-
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’ ‘ ‘preferred ‘embodiment ‘of the invention; these.ex~ -

‘pansion’joints are in’ ‘the form “of 'a-plurality :of

annularly spaced longitudinally “extending - in-
-denta.tmns 20; bent inwardly substantlally radially
vfrom the metal ‘of the sleeve, dnd extending sub-
stantially from’end to end:of the sleeve in direc-
tions parallel to’ 1ts central 10ng1tud1na1 axis; - As
best shown in F1g 2; ‘each’ such’ 1ndentat10n is
deﬁned by two longltudma,lly extendmg wall por-:

‘tions. 2l forming a reentrant angle “of ‘for in-
stance about two, or: three ‘degrees (the dravsnng

shows.the angle. somewhat exaggerated) aﬁord-

‘ing. substantlal freedom for'radial and circum-
ferential . contraction: or. expansmn The inden-

-tations 20-may extend, mwa.rdly w1th1n ‘the sleeve

" typically: .and prefera,bly to a. d:lstance substa,n—
50 .

tlally half its radius; -, :
- Indentations 20 termmate Just short of the

connecticns:-of:ithe -sleeve: 1| -with the exhaust G
‘pipe; as:indicated at 20a (Fig. 1), and the end
cportions: of 'the sleeve, ‘olitwardly of .the ends: of

‘the indentations; are closed to perrmtthe effect- .




o>

ing of a proper closure with the exhaust pipe.
The manner of accomplishing this closure will
be apparent from a consideration of Fig. 3, which
is-a detail showing a fragmentary end portion
of the initially flat rectangular blank from which
the sleeve will be understood to be formed. In
Fig. 3, B designates the fragmentary portion of
the blank, .and letter C an edge which is even-
tually to becomeé one end of the sleeve, Edge C
is-formed with a plurality of rectangular notches

such as abed, one for each of the indentations

20 (but one such notch appearing in Fig. 3), and
it will of course be understood that the edge of
the blank opposite to edge C will be formed with
corresponding notches of the same kind. .The
metal is severed for a short distance beyond
poinfs b and ¢, to form a straight edge ebef. The

ot
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haust gases flowing through the sleeve, reduc-
ing greatly the “hydraulic radius,” and hence in-
creasing correspondingly the quantity of heat ab-
sorbed and conveyed to the sleeve. This heat
then flows into the coil 30 tightly wrapped about
the sleeve, the conduction from the sleeve to the
coil being augmented substantially by the weld
connections 27. The described weld-integration
of the tubing 30 to the sections of the sleeve I
between indentations 20 greatly increases the
rate of heat transfer from the sleeve into the
coil. The flattening of the tubing, with one of

. its flat-sides in contact with the sleeve, substan-~

metal is then bent inwardly along longitudinal :*

crease lines eg and fh, being at the same time

folded in the reverse direction at crease line %
to form the apex of the indentation.. Thus the
areas represented by egji and fhji will form the
two walls 21 of the indentation. In this opera-
tion, edges ab and cd are butted against one an-
other, and they are then welded together, as in-
dicated at 24 in Fig. 1. 'The openings then 1eft at
the ends of the wall members 21 (between the
edges represented by ei and fi in PFig. 3) are
closed by welding, as indicated at 25 in Figs. 1
and 2. .

In the particular embodiment of the invention
here disclosed, the sleeve or shell 11 is, as stated,
formed from a rectangular blank, so that g lon-
gitudinal seam is necessarily provided.  This. may

conveniently be located at the apex of one of -

the indentations 20, and the seam closed by weld-
ing, as indicated at 26 in Fig. 2.

Mounted on the sleeve 11 is a coil 30 compris.
ing a number of spaced. turns of steel tubing 31,
preferably -and here shown as flattened : some-
what, so as to increase the area of contact
with the sleeve. ‘This tubing is welded along
each of its edges to the sleeve I, as indicated at
21, so as to reduce materially the resistance to
flow of heat from the sleeve to the tubing. How-
ever, as will be evident from the drawing, the
weld-integration of the tubing to the sleeve is
discentinuous, being interrupted wherever the
tubing bridges across an indentation 20,

The end of the coil at the downstream end
of the sleeve Il is connected to the supply of
water or other liguid to be heated or evaporated,
. and the other end of the coil is of course con-
nected to whatever is to be supplied with the hot
water, steam, ete.

The “hydraulic radius” of the sleeve is reduced,
and the pick-up of heat from the exhaust gases
correspondingly augmented, by the use of radi-
ally disposed longitudinally extending fins 35 here
illustratively shown as welded to the interior sur-
face of the sleeve. These fins 35 are positioned in
parallelism with the central longitudinal axis of
the sleeve, so as to aveid setting up turbulence in
the exhaust gases flowing through the sleeve, as
well as the creation of back pressure on the en-
gine, and they are preferably and here shown
as extending about two thirds of the distance
from the wall of the sleeve to ifs center, the fins
being here shown as uniformly spaced between
the radial heat expansion indentations' 20.

The boiler as thus described has many unique
advantages. Considered first from thestand-
point of heat transfer, the following features are
to be noted. The radial fins 35, as well as the
radial indentations 20, reach deeply into the ex-
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tially increases. the area of contact between the
sleeve and the coil, and hence further materially
increases the rate of heat transfer. Moreover,
the flattening of the tubing reduces its. hydraulic
radius, and hence increases the rate of heat
transfer from the tubing to the water or other
liguid contained therein, as will be evident to
those skilled in the art. =~

The indentations 20 and the fins 35 both func-
tion as heat intercepting and conducting fins, be-

ing designed to absorb a substantial quantity of

heat from the gases and to convey heat at a
rapid rate to the sleeve I1. Eig. 4 shows a mod-
ification, in which the fins 35a¢ are tapered in
thickness, being thickest at their butt ends, that
is, at point of juncture with the sleeve. -Since all’
portions of the fins absorb heat from the hot gas,
and since the heat intercepted by the fins flows
outwardly toward the sleeve, the quantity of heat
carried. by the -fins necessarily increases in the
same direction, with some tendency to overheat
the outer portions of the fins. The described
thickening of the fins toward their butt ends ac-
commodates this increased heat flow.

The coil of the boiler as described cannot burn
out even though operated dry. . This follows from
the fact that the heat radiation surface of the
coil, arranged on the outside of the shell, is equal
to or greater than the radiation surface of the
sleeve, and so long as the sleeve itself does not
burn out, it is impossible to.convey sufficient heat
from the sleeve to the coil to burn out the latter.

Neither the sleeve nor the coil is subject to
fracture under the rather substantial expansive
forces arising either from the extreme heat to
which the apparatus is subjected, or from pos--
sible freezing of water in the coil. The de-

scribed expansive joints in the sleeve allow it

to expand or to contract radially and circum-
ferentially, or to twist somewhat about its lon-
gitudinal axis to accommodate itself to. any
stresses placed upon it under any contemplated
service conditions. The coil has been described .
as weld-integrated to the sléeve, but with a
necessary break in the weld line whenever the
tubing bridges across an expansion joint. This
results in a structure having, some capability
for yielding torsionally about its central longi-
tudinal axis with any torsional stress that may
be set up owing to differential rates of expansion
or contraction between the sleeve and the coil.
The structure as described is capable of expand-
ing, contracting, or working or giving in any
required direction, with any stress placed upon
it owing to high heat, rapid temperature
changes, or freezing up, all possibility of frac-
ture resulting from any temperature conditions
which will be experienced under service condi-
tions having been eliminated.

The flattening of the tubing of which the coil

1is composed safeguards against bursting of the
-coil upon freezing up. Thus, since the cross-
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sectional ares of a round tube is greater ‘t‘han‘

-that of a flattened tube, if water left in the. coil

should freeze, and therefore expand, the effect .

will be ‘merely to force the flattened tubing to

assume & more rounded shape, such’' change of .

" shape being sufficient to provide.the mcreased :

volume reguired.

The disposition of the’ indentations 20. and ‘
fins 35 in planes parallel to the sleeve is of im=. -

portance in gvoiding turbulence .of the exhaust
gases; and hence back pressure on the engine.

In brief summary, the ‘boiléer of the present
invention has the important features of excep-
tionally high rate of heat transfer from. exhaust
gases to the liquid to be heated, avoidance of all

possibility of ‘fracture of the structure under:

10
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any temperature condition which may be . ex~" .

perienced  in practical service, impossibility . of
- burning out the coil, even if dry, and substan-

tially complete avoidance of. increasing the ba.ck
~ pressure oh the engine.

Certain of the advantageous features of struc- B

ture ‘and operation ‘which have been . described

20 :
+-circumferentially spaced and longitudinally ex-
- tending openindentations which project inward-.

apply. to heat exchangers in general as well as .

to boilers, and apply also whether thé high tem-

25

perature fiuid or the low temperature fluid flows. |

“through  the inner -sleeve.

For instance, the °

provision - of the .expansion: and . contraction .
joints 20 takes care of the stresses: which would =~

otherwise be set up by differential expansions or

30:

. contractions -in- .such - a structure where ‘one . -

member. (the inner member here)  carries fluid

at one temperature, and the other member (the"
in . metallic -contact or

.-outer . member here)’
metallically bonded with the first. member, car=
ries ‘& fluid. at. another  temperature. In any
such cireumstances. the expansion “joints 20 ac-

35

commodate differential contractions and expan- “

sions and also materially increase the heat con-

.. ducting ‘surface.:

In the specific illustrative form ‘which' has

40

. been described the spiral tube form of one. of -
the fluid carrying members allows free expan-~ |

| 3

sion and contraction of that member with the
longitudinal .changes of dimension of the: other
member which is here shown as tubular; while
the: expansion joints 20 in the latter member -
accommodate,  that member  to the lateral or -

--eircumferential - contractions- and expanswns of

the first' mentioned or spiral ‘member. .
It is of course to-be understood that the
dra,wmg, and -description’ are to be considered’
as merely illustrative of the invention in one-of

its-possible “practical forms, and. that various. i
.changes in des1gn, structure and ‘grrangement

may. be made without departing from the spirit
and seope of -the invention. or -of the appended ;
cla.lm . :

I claim: s
In-heat exchange apparatus,, the combmatmn
of 'a’ fluid carrying member having .a heat con-
ductive, fluid: confining - wall of general tubular
formation;  said “wall - including a plurality of

ly, from-the inner surface of those portions of the
wall which lie between the indentations, into the
interior ' of .the tubular member to form inter-
nalhollowheat conductive: fins, said indentations

" being externally. open to the surrounding atmos-

phere at their outer edges and forming fluid

confining portions of the wall which also pro-

vide for circumferential' contraction and expan-

sion; -means connected ‘with an .end of the tu-

bular -member for feeding a fluid “exclusively.
through ‘the interior of  said member, the in-

teriors of the open indentations being isolated
from the fluid feed; and another fluid ecarrying

member composed of & helically coiled tube with'
longitudinally spaced turns: closely surrounding

the indented tubular wall, physically and heat-:
conductively . integrated with the wall between .
the circumferentially spaced indentations, and

br1dg1ng their outer openings.

‘ GILBERT E. CLANCY.




