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1

In many heat apparatuses wherein a fuel is
burnt in a combustion supporting agent, the com-
bustion must be regulated so as to obtain pre-
determined temperatures:

o. Either between two given limits for obtain-
ing certain physico-chemical results, which is
the case for example in certain heat treatments;

b. Or helow a limit corresponding to the maxi-
mum temperature that can be supported by cer-
tain materials used in the construction of the
heat-treating appliances (refractory bricks and
products, metals and alloys, etc.).

Numerous known means make it possible to re-
main below the desired limits including:

1. Combustion with an excess of air, which is
the most usual method.

2. Re-injection of a part of the smoke.

3. Addition of inert gases to the combustion
products. )

Although it is true that the methods herein-
before mentioned enable the desired limits to be
obtained for the temperature, they do not obvi-
ate the drawback that the temperature con-
stantly decreases with the distance from the
burner, either owing to the normal use of the
heat for the purposes provided (heating, vapor-
isation, ete.), or owing to the use of one of the
methods of regulation hereinbefore mentioned.
- 'The present invention has for its object to

provide & method which makes it possible to ob- .

tain, in an enclosure or in a circuit of a fluid,
a predetermined temperature law which is be-
low the theoretical temperature of combustion of
the fuel used and according to which one of the

substances (combustion supporting agent or fuel) 5

is introduced at one point of said enclosure,
whereas the other substance is introduced by suc-
cessive fractions at various points spaced along
said enclosure or said circuit, effecting successive
dosed combustions at the various points of intro-
duction, the spacing of said points and the dos-
ing of the fractions introduced being determined
in such a manner that the mean temperature
along the circuit obeys the desired law.

The points of introduction may be as close
together as desired and at the limit a continuous
injection may be reached along the enclosure or
the circuit of the fluids.

The invention covers the various applications
and embodiments of this method.

Amongst such applications mention may be
made of heat exchangers as being particularly
interesting. )

It is known that these apparatus are intended
to transfer heat contained in a. first fluid or
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heating fluid to a second fluid or heated fluid.
These fluids flow in general in their own circuits,
the circuit or circuits of the heating fluid being
separated by one or more fluid-tight walls from
the circuit or circuits of the heated fluid.

All the known heat exchangers and more par-
ticularly metal heat exchangers are limited in
their field of action by the properties of the ma-
terials of which they are constructed, as regards
the maximum temperatures that can be devel-
oped. This is the case in particular when the
heat of the heating fluid is obtained by com-
bustion, since the temperature reached as a re-
sult of the combustion of a perfect mixture of
combustion supporting agent and fuel is in gen-
eral higher than the maximum temperature com-
patible with the satisfactory behaviour of the
materials, particularly in the case of metals.

This difficulty has been overcome heretofore
by lowering the temperature by the known means
hereinbefore mentioned and the drawbacks which
have been indicated were encountered.

If applied to heat exchangers, the method
according to the invention enables in particular,
the temperature of the heat exchange surface to
be kept constant, at any rate over a certain
length of said surface, and equal to the critical
temperature which has been set, taking info ac-
count the nature of the materials used and the
desired margin of safety. ’

In the ensuing description made with refer-
ence to the accompanying drawing which is given
by way of example, the nature of the invention
will be explained by considering the particular
case of a temperature sxchanger, but without
this in any way limiting the scope of the applica~
tions of the invention.

Fig. 1 is a diagrammatic sectional view of an
embodiment of a heat exchanger according to
the invention.

Fig. 2 is a diagram of one of the temperature
laws that can be obtained.

Fig. 3 is a diagrammatic section of a distribu-
tor.

Fig. 4 is a diagrammatic view illustrating the
working of such a distributor.

In the embodiment of the heat exchanger
shown in Fig. 1, which comprises two séparate
bodies I and II, the fluid to be heated is sup-
plied to a first distribution box 2 through the
pipe |, passes through the heat exchange nest 3
of the heat exchanger body II (formed by tubes
or surfaces of any shapes), opens into the mani-
fold box 4 and, through the pipe §, reaches a sec-
ond distribution box 6, passes through the nest 7
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of the heal exchanger body I, opens inio the
manifold box 8 and escapes at 8. The arrange-
ment of the two heabt exchanger bodies I and II
is obviously only an example and only a single
body might exist with a single nest of tubes of
the desired length or several bodies and several
nests.

The necessary heat is supplied by a gascous
fuel, the total guantity of which is regulated by
the cock 2¢ and is then distributed between the
burner {2 and the first furnace 23 and the suc-
cessive burners (3, i4...n—{, n, n+i ...
n-Fm. The total quantity of combustion sup-
porting agent, which is calculated so as to obtain
any desired final combustion which is more or
less oxidizing, reducing or perfeet, is regulated
by the cock 28 and is admitted in bulk through
the pipe {9 to the first furnace 29.

The heating fluid, which is itself heated by the
successive combustions at 12, 12, 14,45 . . . n—1{,
7, until complete or substantially complete com-
bustion is cbtained, fiows outside the heat ex-
change nest 7, passes from the heat exchanger
body I to the body II through the pipe {2, flows
through the body II ouiside the heat exchange
nest 3 and finslly escapes at 9.

The circuits of the fluids eould be permuted;
the heated fluid flowing outside the nest of tubes,
the heating fiuid inside. In this case, the inter-
mediate furnaces would be formed either by in-
termediate boxes between two successive sections
of the nest, or by any other device enabling the
dosed fluid to be supplied to the suitable points
inside the elements of the nest.

The number of burners should ke sufficient to
enable all the fuel to be burnt corresponding to
the maximum rate of operation of the apparatus.
The fluid, combustion supporting sgent or fusl, is
distributed by priority to the furnaces in the nor-
mal order 2, i3 ... #n, ... n+m. At a lower
rate of operation than the maximum rate, a
number of the last furnaces are inoperstive.

Owing to the partial and sucecessive introduc-
tions of the fuel into the mass of combustion sup-~
porting agent inftreduced at {8, to the suitable
spacing of the points of introduction ¢f the fuel
fractions alcng the path of the heating fuid
through the heat exchanger, and finally to the
dosing of the various fuel fractions introduced at
said points, it is possikie to obtain, instead of the
sudden, localised and in general excessive rise oif
temperature which ocecurs when a perfect mix-
ture of fuel and combustion supporting agent is
burnt all at onee, any desired law of variation of
the temperature between the beginning 29 of the
path of the heating fluid and any desired point
of said path, while the drawbacks of the palli-
atives heretofore used are avoided since it is
finally possible to obtain a complete combustion
with g total consumption of the combustion sup-
porting agent., Nabturally, the temiperature will
ke lower at all the poinits than the theoretical
temperature of combustion which is an ideal
maximum. The mean vaiue of the temperature
along the path of the heating fluid may even ba
lower than the ignition temperature, tecause al-
though it is in fact higher than that temperature
at the nozzle of each burner, a sultable spacing
of the burners and the dilution which takes place
between the combustions gases of each burner
and the mass of heating fluid, may reduce the
temperature of the fluid flowing from one burner
to the other and finally produce a mean tempera~
ture which is lower than the ignition tempera-
ture. In this case, it is prudent to provide, near
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each burner, a lighting device such as a small in-
dependent buiner, an electric lighter, ete.

By spacing the burners and adjusting the quan-
tity of fuel introduced into each burner, the
means are therefore provided for obtaining vari-
cus temperature laws along the path of the heat-
ing fluid.

As a first example of an advantageous tem-
perature law, mention may be made cof the one
wherein the temperature law, mention may be
made of the ons wherein the temperature of the
material forming the heal ezchange system is
kent over a certain length of said system at the
maximum valus cempatible with the propertics
of said material. This law is eminently favour-
able for reducing the area of the heal exchange
vsbem sinee the difference of temperatures be-
ween the heating and heated fluids is thus raised
to a maximum value at each point of the path.
Tf the proportions of combustion supporting agent
and fuel are adjusted so as to cbtain s perfect
combusticn, the volume of smoke will thus he
reduced 10 g minimum. In this manner it is pos-
sible to obitain g heat exchanger which is much
more eficient than any of these heretofore

known.

The diagram shown in Fig. 2 illustrates the
practical embodiment of such a law. In this di-
agram, the temperstures are plotted as abscissae
and the lengths of travel of the heating fluid are
plotted as ordinates; the origin being on a level
with the first burner {2. The curve | represents
the temperature variation of the heating fluid,
the curve II the temperabure variation of the
heat exchange wall (wall of the tubes) and the
curve {11 the temperature variation of the heated
fluid, it being assumed for the sake of simplifica-
tion that the temperature of the heat exchange
wall is egual to the arithimetical average of the
temperature of the heating and heated fluids. Av
28, i. e. on a level with the first burner, the tem-
weratlures are respectively represented by the
points z, ¢/, ¢’ for the heat'ng fiuid, the wall and
the heated fluid. Between the first burner {2 and
the next burner {3, the temperature of the heat-
ing fuid falls from ¢ te £1, that of the wall from
the value ' (assumed to be the maximum permis-
sible temperature for the material of the wall) to
t’1, while the temperature of the heated fluid
which flows in the opposite direction to the heai-
ing fluid changes from ¢’’1 to £,

At the burner 3 the partial injection of fuel
releases a further quantity of latent heat and
the temperature of the heating fluid rises from
1 to t2, which causes the temperature of the
wall to rise from ¢'1 to ?’'2. The quantity of
fuel injected at the burner {3 is so calculated
that the temperature ¢’z is equal to ¢/, i. e. is
always egual to the maximum permissible tem-
perature for the material forming the wall ete.

Similar phenomena occur up to the level of
the penultimate operative burner n—1. At the
level of the last operative burner n the heat
corresponding to the residual fuel injected is not
sufficient to increase the temperature of the wall
to the maximum permissibie value. The jump
of temperature of the heating fluid is slightly
less high than previously. ¥From this point where
combustion is complete, everything takes place
as in the heretofore known apparatus, the tem-
perature of the heating fluid continuously de-
creases until the instant when it is exhausted
which corresponds to the ordinate 19, the tem-~
perature of the heat exchange wall likewise
continuously decreases up to the beginning of

I
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the nest of tubes 3 of the heat exchanger body
TI, finally the temperature of the heated fluid
flowing in the opposite direction gradually in-
creases from its value at the inlet of the box
2. The figurative diagram is obviously theoret-

ical and does not quite correspond to reality.

The variations of temperature of the heating
fluid and of the wall, which are shown in the
form of saw teeth are in reality more rounded
off and are in the form of more or less un-
dulating curves.

The diagram shows the increase in the tem-
perature differences between the heating fluid

" and the heated fluid as from the first burner.

This corresponds to parallel increases in the
heat exchanges since such exchanges are them-
selves proportional to the temperature difference,
whence it ensues that, for equal efficiency to the
known heat exchangers, there is a substantial
decrease of the heat exchange surface, or .con-
versely, a substantial increase in the efficiency
for equal heat exchange surfaces.

The invention also makes it possible to obtain
that the heated fluid comes out at a temperature
which is only slightly lower than that of the
heating fluid at the first burner, without the
necessary development of the heat exchange
surfaces being prohibitive as regards cost  of
manufacture.

In industrial apparatus the automatic regu-
lation of the ratio ) :

: fuel
combustion supporting agent

at the various burners can be obtained by known
electric, mechanical, electro-mechanical, ete.
means acting on cocks 20 and 21 mounted on
the pipes 10 and | which supply the combustion
supporting agent and the total fuel. The in-
itial impulse of this automatic regulation may
be placed under the control either of the output
of heated fluid, measured for example by a Pitot
tube or a Venturi tube placed at the inlet of the
heated fluid to the box 2, or of the temperature
of the heated fluid, measured by an adjustable
thermostat at the outlet of the box 8, or of a
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combination of both of these factors, or finally -

of any other factor according to the object which
it is desired to obtain. Distributors for the
partial regulation of the fuel Diz, D3, Dus . . .
Dn . .. Dnim are arranged between the pipe

and each burner, said distributors being indi-’

vidually-controlled according to the temperature
law which it is desired to obtain, by means of
thermostats arranged on the heat exchange wall
at the level of the successive burners (2, 13, 14,
i8...n-1,n ... nt+m as described below.
Particular arrangements may be made for the
safety of operation of the apparatus in case of
sudden variations of the output of heated fluid.
In particular, when such output suddenly falls
below a predetermined value, it is necessary on
the one hand instantly to reduce or almost stop
the flow of fuel by means of a special cock
21, which may also coincide with the cock 21, and
on the other hand to ensure the continuity of
the flow of the heated fluid in order to remove
part of the heat stored in the heat exchanger
and thus lower the temperature of the appa-
ratus below the mazimum temperature which
was predetermined according to the nature of
the materials. . .

According to Figs. 3 and 4, each distributor Die,
Dis .. . Dn+m comprises in a cylinder 50 a mov-

able system with two pistons 51, 52 which are se-.

50

55

[i 4]
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cured to one another and which form a slide-
valve controlling three ports, viz a port 53
through which is supplied the fluid coming from
the previous distributor, & port 54 through which
fiows the fluid going to the next distributor, and
finally a port 55 connected to the burner which
corresponds to the distributor under considera-
tion. In this manner, one distributor receives
the fluid which has not been consumed in the
previous furnace and distributes it between its
own furnace and the following ones in such a
manner that the temperature of its own furnace -
is raised to the desired value. The position of the
distributor, which is shown in Fig. 3, corresponds
to the case in which the rate of flow of fluid re-
ceived at 53 Is of just sufficient value to enable
the corresponding furnace to give the desired
quantity of heat or is less than that value. In
this case as shown, the port 54 supplying the next
distributor is closed, said distributor therefore
receiving nothing and its burner being extin-
guished, while the port 55 supplying the burner
of the distributor shown is fully open. If, on the
other hand, the quantity of fiuid which is sup-
plied at 53 is larger than is suitable for the dis-
tributor in question, the port 55 is closed more or
less while the port 54 is correspondingly cpened.
The distributors are therefore successively actu-
ated in the order Di2, Di3z . .. Da+m—1. This
drive may be effected by servo-motors of any

- type; mechanical, electric, hydraulic, etc., placed

under the control of one or more instruments
measuring the temperature which it is desired to
maintain in the successive furnaces 12, 13,
n4+m—1 or in certain members heated by fur-
naces. Fig. 3 shows an example in which pres-
sure oil is supplied through an auxiliary distribu-
tor 5T to one or the other of the pistons 5f, 52.
The movable slide-valve of said distributor 57 is .
connected to a thermostat 58 which detects for
example the temperature of the nest of tfubes of
the heat exchanger in the corresponding furnace.
In this embodiment, it has been assumed, as here-
inbefore stated, that at the maximum rate of
operation of the heat exchanger, the temperature
of the last furnace n-}+m is never raised to the
value set as a maximum in the previous furnaces,
since the heat that remains to be evolved in this
last furnace is insufficient. Consequently, at the
maximum rate of operation of the heat ex-
changer, the last distributor Dr+m—1 supplies to
the last furnace n-+m the remainder of the fuel
which, by combining with the remaining combus-
tion supporting agent present in the heating fiuid,
completes the combustion.

For the sake of safety, the thermostat located
at the last furnace n-+4+m may act to decrease,
either directly or indirectly by means of the com-
bustion supporting agent, the total supply of fuel
if, for an accidental reason, the predetermined
maximum temperature is exceeded.

The shape of the ports 54a and 35a of the dis-
tributor at the beginning of the pipes 54 and 5%
may be so determined that the elemental move-
ment of the movable system 5, 52 through a
small length AL, corresponding to a small varia-
tion Af of the temperature £, produces small vari-
ations Asi, Asz respectively of the uncovered areas
s1, 82 of the ports 54e and 55a, in such a manner
that the ratios

Agy
AL.s;

and
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ASzh "
AL.sy
equsl-the produet of AL and a coustant. It is
€asy to show bv cﬁn, 1a*u on. un@t such a shape
1 yariation ci the
ly Lo the d;uplacemen* of the mov-
. The tmb action of the
thus have a-constant relative
h° mo*'xem,ﬁy value-of the tem-
he aotual shape given to the ports
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.shape-and the distance
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betwe E is egual to:the distance
tetwe points of the ports;, in
ordar &ria imn of cross-section of one is -
COmMpPensa sy -an egusl and -opposite variation
of tnu otl

Co example of:a temperature law that

coording to the invention is that
;i cating fuid, until the latent
: ,.rr)w*ej. ky combustion is ex-
nt temperature equal to the
7k mn is compatibkle with the ma-
nstruction of the heat ex-
c‘m-m wInthisc che regulation of the inlets
of fuel: ‘W the -cocks 61 1but“rs may he con-
trolled by thzmczuata olaced in the heating fluid
at the level of the varicus purners (2, i3 .. . n
—i—m, in such a manner that the tempera~

ture oi the he
proporiionally
mum alu

rials use‘ in 3

Cll

ally
¢ that has been-set. - This law gives
a2ty for the working of a heat ex-
1 _"3111 trm neat exchangv Sy tam and

in direct: conta § with” t‘lﬂ hcaung fluid.

n tns case, the oatei jacket is raised to the
i bie § ;-_pc‘ruaur? “throughout
: path- of L"lﬂ aced- combustion,
emperature of bne walls of the heat

emnem z m cons la,nuxy decreases as it is fur-
thewr rom the first burner by the cooling 4
acbon f he hieatsd fluid fowing in the opposile
direction:

It will be u’a’i rstood -what a-great advantage
it J.S in thls cas prot ct by means of insulating

dals, the ocuter jacket from
:..1“5 of the heating fluid,
9.'he heated to increas-

ating fluid-is kept ineach of these:
-operative furnaces, at the maxi--

35

4%

owall

50

s.f:cz the IllSu hurner until
exhausted, so-that the tempera--
n

the hesat exchange system is
vecompatible with the nature
which it is consiructed.” In

materiais -of
thls ,manner, -the particular temperature law

hereinbefors explgived will be obiained. -
It is-advaniageous to provide a  bafil
such as 38, 31 .

e device

. &8 enabling the heatmg fAuid

b

60

to effect o flow ar, 1~1<rh’r angles to the tubes of the -

nest, -thereby increasing the heat exchange co-
efficient..

According to-the length of such baffies, it is
possible.to ohiain two types of heat exchangers:

One according to the heai exchange body I
which is located on the left of Fig. 1 and wherein
the baffles extent through all the tubes of the nest,
the reversal of the direction of flow of the heating
fluid being effected outside said nest and if de~
sired outside the partial combustion chambers
corresponding to the variotusburners:

The other, according to the heat exchanger
body II located on the right of Fig.

1 and where-i75

I

8

in the baflles domot extend fight:through the nest

of tubes; the changes of direction of the fluid are
in this case effected in: the regions-of:the nest,

which enables the transverse dimension to be re= =

duced. but slightly decréases the heat exchange
eoefficient.;

It is-'moreover obvious:that numerous modifi-: -

cations could be made in the embodimen{ which
stead of having two heat -

has been: described. In
exchange bodies with a change ¢f direction of the

- fiuids of 180° from one another, it would be pos-

sible to:have a single body with continuous nest
of tubes from end toend. ;. The shape of the heat-
exchange-.system- and the distribution: of the

spaced furnaces will depend on the conditions of. 7

manufacture which will be preponderant, maxi-
mum heat efficiency, minimum bulk, ete. -

Instead of infroducing all the combustion sup- .-

porting agent at one point and-the fuel at spaced -

points, it is possible to use the reverse arrange--.
ment, L. e, introduce all the fuel at once and space~.:

the introductions of combustion supporting agent,

The number of injection points of the combus-""

tion: supvorting-agent or of the fuel and also the
relative position of

relatively to: the heat exchange system, may be
modified.

It is possible to increase the heat exchange:
coefficient ‘by ecausing the heating and- heated
fluid, or only one of them, to flow at pressure.

The heat exchangers described have many ap-
plications. Such -heat exchangers, if made of
metal, can in particular replace the air-heaters
or Cowpers -which.are at present-used-in blast-
furnace plant and. which are generally made of
brick.
gas. -

The substances used in the method of combus-
tion: according to the invention may be in the
solid, liquid-or gaseous -state since the invention-
is applicable to. all such substances,
non-powdered -solids.

What I claim is:

1. In a-heat apparatus including-a gas-tight-

wherein a fuel is burnt in a combustive substance,

- the combination comprising: means adapted to

introduce ‘in bulk either of said substanees
through said wall at a predetermined point of
said chamber; means providing an outflet for
products of combustion from- szid chamber: at a
point- szaced -along the length of the chamber
from the firsi-mentioned point; pipe means con-
ducting the other substance; a- p1uv~a11ty of spaced
channels provided along snd chamber and each-
connected to said pipe means, to supply said last

- named substance to sgaid chamber by successive

fractions from said- pipe means, each of said
channels passing threugh said wall and opening
directly into said chamber at points disposed in
a series arranged longitudinally of said chamber
between the first and the second  mentioned
points, whereby separate combustions take place
in successive zones of caid chamber near the exit
of the varieus channels; distributors arranged

at the connection points between said pipe means - ¢

and.each of said chanmnels, said distributors hav-

ing each-a.passage ccnnected to the upstream -
o Pbart.-of said pipe means and ports connected re-

spectively to. the «downstream part -of said pipe
means and to the corresponding channel and a
movabie: member controlling the cross secticus
of said:ports and:.adapted to vary said cross sec-

the spaced furnaces or-of the-
first burner or of both these grecups of members :

in this case, the fuel may he blast-furnace. -

including -

delimiting an elongated closed chamber -

tions:respectively in reverse:relation, and tem-: . .



2,646,790

9
perature sensitive devices distributed along said
chamber eéach operatively connected to the mov-
able member of one of said distributors for in-
dividual control of the same.

2. In a heat exchanger for heating fluids, in-
cluding a gas-tight wall delimiting an elongated
closed chamber wherein a fuel is burnt in a com-
bustive substance the combination comprising:
means adapted to introduce in bulk either of said
substances through said wall at a predetermined
point of said chamber; means providing an out-
let for products of combustion from said cham-
ber at a 'point spaced along the length of the
chamber from the first mentioned point; pipe
means conducting the other substance; a plu~
rality of spaced channels provided along said
chamber, each of said channels passing through
said wall'and opening directly into said chamber
at points:disposed in a series arranged longitudi-
nally of said chamber between the first and the
second-mentioned points, each of said channels
being connected to said pipe means to supply said
last-named substance to said chamber by succes-
sive fractions from said pipe means, whereby
separate combustions take place in successive
zones of said chamber near the exit of the various
channels, at least a heat conducting wall sep-
arating a fluid to be heated from the flame and
gases in said successive combustion zones; dis-
tributors arranged at the connection points be-
tween said pipe means and each of said channels,
said distributors having each a passage connected
to the upstream part of said pipe means and ports

10
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connected respectively to the downstream part -

of said pipe means and to the corresponding
channel and a movable member controlling the
cross sections of said ports, and adapted to vary

10

said cross-sections respectively in reverse rela-
tion; and temperature sensitive devices distrib-
uted along said heat conducting wall, each opera-
tively connected to the movable member of one of
said distributors for individual control of the
same,

3. The combination of claim 1 wherein the
cross-sections of said ports have such a shape
that when said movable member is in any posi-
tion, wherein it uncovers a part of the cross-
section of each port, the ratios

Asy

y L_sl=constant

and

ASz
AL.Sg

are satisfied, s1 and s2 being the respective parts
of the cross-sections of the ports uncovered by
said movable member, As: and Asz being the alge-
braic variations of said parts for a small algebraic
displacement AL of said movable member.
LEONCE M. REYGAGNE.
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