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11-Claims.
1 .
This invention rélates to a tubular gas heater;
more especially to a heater of this kind for in-
~ gorporation in a gas turbine plant with an indi-
" rect supply of heat to the working medium.
One object of the .said invention is to provide

(CL. "126—109)

. . 2

Of_b.cvppsi;ruetion for a tubular heater which is
sulte,ble for heating air used as the working medi-
um in a thermal power plant of the well known

" kind in which such working medium operates in

5

a tubular gas heater in which the heating tubes

though arranged in as compact a system as pos-
sible, are yet easily accessible. “This last-named
feature is partlcularly vdluable when the tubular
.gas heater is incorporated in‘a:gas turbine plant

10

with an indirect supply of heat to the ‘working -

medium, as, ‘in such -case, the heater tubes are
subjected to severe stresses, on account of ‘the
‘high temperatures- attamed thus ‘it is important
to e able, when necessary, ‘to repair the’ tubes-or
. to-change them and ‘to clean any Totled tubes.

Another object-of this invention is to provide a
tubular gas ‘heater in which flue walls and de-
Flector walls (which do not participate directly in
the heat exchange but only cause presstire 1osses

a closed circuit.

TFig. 2 as regards its right hand half, is a plan
wview of the heater shown in Fig. 1, while the leff
hand half of Fig. 2 is a seetion taken in the hori-
zontal planes whose positions are indicated by
the line TI—II in Fig. 1.

TFig. 3 is a view similar to Fig. 1 showing an-

. other .‘fprm of construction for a tubular heater
'ada,pted to serve the same purpose as that men-

15

‘tioned 'in connectlon w1th the first example,
‘'while
‘Fig. 4 'is .a plan view, ‘half in sectmn, of the

“heater of Fig. 3, the section being taken on line

2

—

on the heating gas:side of the heat:exchange sys-

tem) are reduced to a minimum. A further cb-
ject of the invention isto provide -a tubular gas
‘hegter needing comparatively little headroom for

dismantling ah@ having the ssmallest ‘diameter

25

“possible ‘but in ‘which the ‘parts ‘subjected to the ©

‘highest temperatures:shall beiable tomove freely,
while ‘the whsolute expansions are islight -and the
relative ‘positions of the necessary feonnecting
points remain practically unchanged.

In:order to secureiall these advantages, a tubu- ~

Tar gas heater mecording to the present invention
‘is provided with a removable -combustion -cham-
‘ber, ‘which -is co-axial with the:longitudinal axis

of said heater, -and is in :direct .communication .

with at least one.system of heating tubes likewise

arrahged-coaxially with vrespect to thesaid longi-
tudinal -axis so-that its fube mests :are ‘raversed
externally, from the inside -to the outside -of -the

system -and mamly in {ransverse -directions, by,

the heating gases issuing from the-said combus--

tion chamber. In-such a gas heater,-a distribut~
.ing -chamber .for the gas to be heated may -sur~
round, within .2 double-walled structural mem-
ber, @ collecting -chamber .for the gas brought to

- ‘the temperature and the pressure. needed, for.in-"

»,stance, attheinlet toa first £Xpansion. stage The
. dzstrlbutmg chamber.and the .collecting chamber
. .may, likewise, be co-axial with the longitudinal
- ‘axis ,of the heater. :
© "T'wo constructional embodiments of the subJect
:matter -of the invention .are illustrated, by way
of .example, in the .accompanying drawings, in
which: ‘

JFig.1:$hows, in axial vertical section, one form

50

TIV—IV of Fig. 3.

In Figs. 1 and 2, which show an oil-fired tubu-
‘lar heater, suitable for heating air, as aforesaid,
‘the reference 1 denotes a casing element which"is
coaxial with the Tongitudinal axis of the heater
and is insulated internally. This casing element
embodies and contains a co-axial combustion
chamber 3 .and also carries the burners 2 which
work in the said combustion chamber. Refer-
ence 4 denotes a second or lower casing element,
which is likewise insulated internally and ar-
‘ranged co-axially with .respect to the longitudi-
nal axis of the heater. The casing element 1 is
connected detachably (but in gastight fashion)
to the casing element 4 which latter surrounds
a tubular heating system 5 comprising a number
of lengths of tubing arranged .as compactly as

. possible, with the avoidance, so far as this is.pos-

sible, of dead spaces and bypasses for the heating
gases. This heating system 5, also arranged co-
axially with respect to the longitudinal axis -of
the heater, is provided immediately beyond the

“conibustion chamber 3 so that its tube nests -are

‘traversed exteriorly from ‘the inside to the out-
;side of the system ‘and principally in a trans-
verse direction, by the heating gases which issue
‘from ‘the said ‘combustion chamber. The heat-
"ing gases ‘which have swept through the tube

“$ystem 5 -and given up heat to the tubes, escape

“from the heater through a'branch 6 of the-casing
‘element 4. .Reference T denotes a double-walled
gtructural ‘meniber provided -at the lower part
of 'the heater and, again, co-axial with the lon-
.gitudinal axis of the latter. “This member T is

““detachiably connected ‘at the sesting 4! to the

55

casing element 4. Reference 7' -denotes a dis-
‘tributing ‘¢hamber ‘provided in ‘the member 1
“for ‘the air-whichis to ‘be hedted and-which flows
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in, under the necessary pressure, through a

branch 8. This air may, for instance, come from

the heat exchanger of a thermal power plant, in
which air, serving as the working medium, flows
in a closed circuit. The inlet ends of the tubes
of the system 5 open into this distributing cham-~
ber 1!, which concentrically surrounds a collect-
ing chamber § for the air brought to the required
temperature in the said heating tubes and this
heated air flows through a pipe 10 to a point of
consumption such, for example, as a turbine in a
thermal power plant of the kind above referred
to. :

It will be observed that, in the heater con-
structed as above described, those parts of the

heating tube system 5 through which flows the "
coldest part of the air to be heated are located .

nearest to the longitudinal axis of the heater.

The tube parts 5!, directly connected to the afote-

_said parts next to the heater .axis, are, however,
" so disposed in the heating chamber 16 that the
" coldest waste gases impinge upon them.

The air which is required for combustion and

“which is preferably preheated, enters the casing

element | through a branch 11, passing first into
a chamber i2 which co-axially surrounds the
" combustion chamber 3. From the chamber 12,
part of the combustion air then flows directly

into the combustion chamber 3 through slots 13

_in a partition wall {4 which surrounds.the said
. ‘combustion chamber; the other part of said com-
" bustion air flows along the external surface of
_said partition wall and hereupon into the heat-

ing chamber 16. Additional air for the support of

combustion also flows directly into the combus-
tion chamber 8 through a branch 15 right at the
top of the heater. This additional combustion
 air may be preheated. ’

Reference (7 denotes a guide plate which is

arranged close to the upper bends of the tubing
in the system 5 and which, as seen in Fig. 1, is
detachably clamped in the joint between the cas-
ing elements i and 4. Another guide plate 18
is arranged close to the lower bends in the tubing
of the system 5. The guide plate 18 rests upon
a wall 19 connected with the structural part 7.
" These guide plates 1T and (8 are disposed con-
vergently, in such a way that they impart the
desired velocity to the fire gases and waste gases
flowing between them through the heating system
5. For instance, the velocity of these gases may
. be kept constant. The heater may be supported
in any convenient manner, for instance, on stan-
chions as at 192, -
» If the casing element ! be detached from the
casing element 4 it will bring with it the burners
2 and the partition wall {4 surrounding the com-
bustion chamber 3 so exposing the tube nests of
the system 5, and rendering them easily accessible
from inside for such purposes as cleaning, over-
hauling or replacing. Moreover, when necessary,
the whole of the tube system 5§ together with
the structural part 7 and the plate {8 and wall
19 can be lifted bodily out of the casing element
4, the headroom needed for this dismantling op-
eration being substantially less than in the case
of tubular gas heaters of the longitudinal flow
type in which the wall surrounding the com-
bustion chamber extends far deeper into the
heating chamber.

Owing to the symmetrical arrangement of the
nests of tubing in the system 5 and of the cham-
- bers T and 9 relatively to the longitudinal axis
_ of the heater, free movement of these tube nests
and of the structural part T surrounding these

4
said chambers in permitted; thus the relative
positions of the connecting flanges on the parts in
question remain unchanged, because all radial
expansions proceed outwards from the longi-

5 tudinal axis aforesaid.

The tubular heater shown in Figs. 3 and 4 is
intended for a hot air turbine plant in which

~ the expanding air is re-heated at least once. Two
systems of tube nests 20 and 21 each as compact

16 as possible, are therefore provided, both systems
being arranged co-axially in relation to the longi-
tudinal axis of the heater. The system 21 sur-
rounds the system 20 for the greater part of
the length of the latter. The high pressure air

15 to be heated flows through a branch 22 into a
distributing chamber 23! in a double-walled struc-

- tural member 23, which is arranged co-axially
in relation to the longitudinal axis of the heater,
and the inlet ends of the tube nests comprised in

20 the system 21 open into the said chamber 23!,

" The air, brought to the required temperature in
_the system 21, passes into a collecting chamber
24 which is located in the innermost part of the
structural member 23 and is surrounded con-

20 centrically by the aforesaid distributing chamber
23!, From the collecting chamber 24 the heated
air flows through a pipe 25 to a high pressure
turbine (not shown) in which it expands to a

: certain extent, cooling down as it does so. This

30_expanded air then flows through a branch 26
‘into a distributing header 27 belonging t6" the

. second system 23 of heating tubes. From said
~header the air passes into and thréugh the in-
-dividual tubes of the system 20 and is thus re-

36 heated and delivered into a collecting header 28,
out of which it passes through a branch 29 and
a pipe (not shown) to a low pressure turbine
(likewise not shown) in which machine it ex-
pands still further.

40 * The distributor 27 and the collector 28, on

- which the tube nests of the system 20 hang, are
. arranged inside an upper casing element 39, being
movably connected thereto, as is indicated by dot
and dash lines 3f and 32 in Fig. 3. The upper

45 cosing element 30 of the heater is detachably
mounted on a lower casing element 33 to which
also the structural member 23 is detachably se-
cured. A hood 34, which contains the burners

50 35 and surrounds a combustion chamber 35 is
detachably connected to the casing element 39.
By a suitable inclinied arrangement of guide plates
38.and 39 (whereof the guide plate 38 is detach-

. ably fixed to the element 33 while the guide plate

55 38 :is connected to the structural part 23), it is

possible to impart to the fire gases and waste
" gases passing, in the main, transversely through
- the systems 20 and 21, a desired velocity at all
" points of the path in question. '

60 In the type of construction last described the
two heating tube systems 20 and 2] are also in
direct communication with the combustion cham-
ber 36. At the same time, the combustion cham-
ber 36 and the systems 20, 2f and the structural

66 member 23 are all arranged in co-axial relation
to the longitudinal axis of the heater. The tube

"~ nests of the two systems 20-and 21 are, as afore-
said, traversed, in the main, transversely from
the inside to the outside by the fire gases and

70 waste gases, the latter passing out through a
branch 317. )

On disconnecting the hood 34 from the casing
element 30 the combustion chamber 36, together
with the burners 35, can. be lifted out in-the up-

75 ward direction and the tube nests of the-system
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20 mre then -accessible Trom ‘fhe 'indide “of ‘the
‘heating ‘chamber. -After “having ‘separated ‘the
‘casing €lements 38 -and ‘33, ‘the ‘heating ‘tube sys-
tem 20 can be lifted out -upwards, quite inde-
pendently-of the system 21; this renders the tube
‘nests of ‘the said system 21{ freely accessible from
‘the heating chamber. Finally, after breaking the
‘joint ‘between the structural member 23 ahd the
‘casing “€lement ‘33, the second heating ‘tube sys-
tem "2t and, with it, the structural part 23 msgy
also pedrawn out-upwards. Theheadroom nsces-
sary for the removal of these various parts is
“comparatively small,

The “fact *thut, ‘in both the ‘heaters above de-

seribed, a comparatively small amount of ‘space
s required to mike the heating tube systems ac-
cessible “from ‘thie Tredting chamber, and ‘to &n-
dble them to be removed, if niecessary, is of rar-

“ticilar importance.in the case of tubuldr heaters

‘ingtalled in ships, in Which, as a rule'space’is very
“Strictly limited.

“Instead of the oil frrnaces shown 'in the fizures,
Turnaces for other fuels, such Tor example, as
Ppulverised coal or gases may he used.

“Under certain circumstances, waste gases which

-escape From the heating chambers of the heater
may be réturned to the combustion chamber in
order to hélp ‘to support combustion. Thus in
the case of ‘a heater :construction as in Figs. 1
and 2, for example, such waste gases will be in-
Froduced through the'branch {{, while preheatzd
fresh air can be introduced through the branch
15, With thehelp of returned fue gases or fresh

cooling air flowing over ‘the :external surface-of 5- .
N 85 “¥or removal upon separation of said parts.

the :partition wall bounding the combustion
«chamber, -it is possible to preduce, in the heating
schamber, which is always in direct communica-
‘tion ‘with the combustion chamber, such a tem-
perature that the radiant heat emanating from
the said heating chamber shall not be dangerous
to the tube nests of the heating system or heat-
ing systems.

Since, in a tubular gas heater according to the

present invention, the pressure losses on the heat- .

ing gas side can, as already stated, be kept com-
paratively low, a heater of thiz kind is particu-
larly well suited for cases in which the heating
chamber is supercharged, that is to say, where

a pressure higher than atmospheric pressure is :

maintained in this chamber. Under such work-
ing conditions it is important to be able to op-
erate with low pressure losses in the heating
chamber, because the output of the turbine which
drives the supercharging compressor and is itself
driven by the waste gases from the heating cham-
ber will be greater the greater the residual pres-
sure of the waste gases.

What is claimed is:

1. A heater intended for heating gases and
comprising in combination a generally cylin-
drical casing, closed at its ends and divided
transversely into first and second normally con-
nected but separable parts, the firgt of said cas-
ing parts having a ported, open-ended, tubular
prejection extending inward from its closed end
and dividing a combustion chamber within said
tubular projection from an annular combkustion-
air chamber which encircles the same, and the
second of said casing rarts enclosing a heating
chamber into an unobstructed axial porfion of
which combustion products may fow in an axial
direction from said combustion chamber; com-
bustion burners arranged to operate in said com-
bustion chamber; a connection for supplying air

40

6

‘o sdid annular ¢hamber; tubular ‘hedt ‘transfer

“utiits ‘arranged ‘within said hedting:chamberand

gutrounding ‘sdid undhstructed -axial peortion;

tWwo ‘annhular ‘generally -coniedl -bafiles- 50 ‘mounted
‘5 “in‘said heafing chamber-as to converge outward
‘#nd to lap ‘gorresponding -opposite ‘end ‘portions
‘of ‘said ‘tubilar heat ‘transfer units, the ‘first - of
said ‘bafies extending from ‘thie péripheral wall of
the cylindrical ‘casing -nearly to ‘the ‘open end of
the fubular-combustion chaniber from which it'is
Spaice d ‘to ‘gfford 4n annular entrance ‘passage
‘for seconéary ‘air, ‘and ‘the ‘second -of ‘said ‘bafles
extending ‘hearly “but hot quite to the ‘peripheral
wall'of said easing "to ‘define behind the baffle ‘an
'oﬂta‘ze space to ‘which ‘products ‘'of combustion
¢an ‘How past ‘the "periphery of ‘the bafile after
“$wesping the surface of sdid heat transfer units;
‘mesns providing an outlet from said offtake
‘spate; ‘and ‘connections for leading gas to ‘be
‘heated to and from -said tubular ‘heat transfer
utiits.

2. "The combination defined in claim 1'in‘which
“the tubular heat trarisfer “tunits dre in the form
‘of tubes bent to form radidlly arranged flat coils
having passes ‘which ‘gre approximately parallel
with the &xis of the heating chamber, and the
gourse of Tas 'to be heated through said coils is
‘such that 1t “first traverses a pass’ adjacent said
uriohstructed axial portion of the heating cham-
‘ber and next traverses a pass ‘adjacent the wall
of the easing.

3. "The combination defined in claim 1:inwhich
the first baffie is retdined in the joint between
the 'two sepal able casing-parts 5o as to be freed

10 %
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4, The combination definedin claim1 in ‘which
“the ‘tuoular ‘heat transfer units, and ‘the ‘second
‘biffie dre constructed ‘as a unit with and are sup-
ported by a manifold arranged to -serve ‘as the
cotinéctions for leading the gas ‘to be heated to
and from the tubular units, the unit structure
so formed being removably mounted in said
cylindrical casing.

5. The combination defined in claim 1 in which
the tubular heat transfer units, and the second
bafile are constructed as a unit with and are sup-
ported by a manifold arranged to serve as the
connections for leading the gas to be heated to
and from the tubular units, the unit structure so
formed being removably mounted in the second
of said casing parts and the first bafie is re-
tained in the joint between the two separable
casing parts so as to be freed for removal upon
separation of said parts.

6. The combination defined in claim 1 in which
the connections for leading gas to be heated to
and from the tubular heat transfer units com-
prise a double walled unit affording two mani-
fold spaces, one enveloping the other, to which
spaces the tubular heat transfer units are con-
nected in parallel.

7. The combination defined in claim 1 in which
the connections for leading gas to be heated fo
and from the tubular heat transfer units com-
prise a double walled unit affording two manifold
spaces, one enveloping the other, to which spaces
the tubular heat transfer units are connected in
parallel, said double walled unit serving as the
sole support for said tubular units and being
bodily removable from the casing therewith,

8. A heater intended for heating gases and
comprising in combination a generally cylin-
drical casing, closed at its ends and constructed
in separable parts, one end part being formed
with a ported open-ended tubular projection ex-

55
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-tending inward from its closed end and dividing
a combustion chamber within said tubular pro-
-jection from an annular combustion-air chamber
-which encircles the same, and the other end part
-enclosing a heating chamber into the unob-
structed axial portion of which combustion prod-
‘ucts may flow in an axial direction from said
combustion chamber; combustion burners ar-
‘ranged to operate in said combustion chamber;
a connection for supplying air to said annular
chamber; supply and collection manifolds adja-
.cent said annular chamber; a plurality of lcoped
-heat exchange tube-passes connecting said man-
ifolds and projecting into said heating chamber

‘in circular series around said unobstructed axial

portion thereof; an annular group of tubular
‘heat transfer units also in said heating chamber
‘around said circular series of heat exchange
_passes; two annular, generally conical baffles so
.mounted in said heating chamber as to converge
outward and to lap corresponding end portions
~of the tubular heat transfer units, the first of
" said baffles extending fromt the peripheral wall
. of the cylindrical casing nearly to the open end
"of said combustion chamber and the second of
“said baffles extending nearly but not quite to
the peripheral wall of said casing to define behind
the baffle an offtake space to which products
of combustion can flow around the periphery
of the bhaffle after sweeping the surfaces of said
heat exchange tube passes and tubular heat
transfer units; means providing an outlet from
" said offtake chamber; and connections for lead-
ing gas to be heated to and from said supply
and collection manifolds and to and from said
. tubular heat transfer units. )
~ 9. The combination defined in claim 8 in which
the cylindrical casing comprises two end parts
and an intermediate part and the joint between

an end part and the intermediate part is so 40

8
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located that when these parts are separated the
supply and collection manifolds and the looped
heat exchange tube-passes connecting them may
be withdrawn as a unit.

10. The combination defined in claim 8 .in
which the cylindrical casing comprises two end
parts and an intermediate part and the joints
between said parts are so located that separation
of the three parts frees for removal said supply
and collection manifolds and the looped heat ex-
change tube-passes connecting them, and also
said first baffle.

11. The combination defined in claim 8 in
which the connections for leading gas to be
heated to and from the tubular heat transfer
units comprise a double walled unit affording

_two manifold spaces, one enveloping the other,

to which spaces the tubular heat transfer units
are connected in parallel, said double walled
unit serving to support said tubular units and
being bodily removable from the casing there-
with, said casing comprising two end parts and
an intermediate part and the joints between said
parts being so located that separation of the
parts frees for removal said supply and collection
manifolds with the looped heat exchange tube
passes connecting them and also said first baffle.
CURT KELLER.
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