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1. 
In many heat apparatuses wherein a fuel is 

burnt in a combustion supporting agent, the con 
bustion must be regulated so as to obtain pre 
determined temperatures: 

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

b. Or below 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: 
i. 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, etc.), or owing to the use of one of the 
methods of regulation hereinbefore mentioned. 

... The present invention has for its object to 
provide a 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) : 
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 fiuids. 
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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2 
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 pair 
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 Con 
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 into 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 exchanger, 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 separate 
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 5, reaches a sec 
ond distribution box 6, passes through the nest 7 
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Of the heat exchanger body I, opens into the 
manifold box 8 and escapes at 9. The arrange 
rent of the two heat exchanger bodies aid II 
is obviously only an example and only a Single 
godly night exist With a single nest of tubes of 
the desired length or several bodies and Several 
nests. 
The necessary heat is Supplied by a gaseous 

fuel, the total quantity 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, 4 . . . n-, n., n -- . . . . 
n--17. The total quantity of coinbustion Sup 
porting agent, which is calculated So as to obtain 
any desired final combustion which is more or 
leSS oxidizing, reducing or perfect, is regulated 
by the cock 23 and is a dinitied in bulk through 
the pipe to the first furnace 29. 
The heating fiuid, which is itself heated by the 

Successive coinbustions at 2, 3, 4, 5 . . . n- , 
n, until complete or Substantially complete coin 
bustion is obtained, flows outside the heat ex 
change nest :, passes from the heat exchanger 
body I to the body II thirough the pipe 3, fows 
through the boay I outside the heat exchange 
nest 3 and finally escapes at 9. 
The circuits of the fluids could be permited; 

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 fiuid to be Supplied to the Sitable points 
inside the elements of the nest. 

the number of bune's should be Stificient to 
enable all the fuel to be burn, corresponding to 
the maximum rate of operation of the apparatus. 
The fiuid, coinibustion Supporting agent or fuel, is 
distributed by priority to the furnaces in the nor 
ral Order 2, 3 . . . it, ... n.--m. At a lower 
rate of operation than the naximum rate, a 
nuisaber of the last furnaces are inoperative. 
Owing to the partial and Successive introduc 

tions of the fuel into the mass of coinbustion Sup 
porting agent introduced at 3, to the Suitable 
Spacing of the points of introduction of the fuel 
fractions along the gath of the heating fluid 
through the heat, exchanger, and finally to the 
dosing of the various fuel fractions introduced at 
said points, it is possible to obtain, instead of the 
Sudden, localised and in general excessive rise of 
tenperature which occurs when a perfect Inix 
tuire of fuel and cornbustion Supporting agent is 
burnt all at once, any desired law of variation of 
the temperature between the beginning 29 of the 
path of the heating fluid aid any desired point, 
of Said path, While tha drawbacks of the palli 
atives heretofore used are avoided since it is 
finally possible to obtain a complete combustion 
With a total constition of the coinostica Sup 
porting agent. Naturally, the texiperature will 
be lower at all the points than the theoretical 
temperature of conbustion which is an ideal 
maximum. The nean value of the temperature 
along the patin of the heating fluid finay even b2 
lower than the ignition tenperature, because al 
though it is in fact higher than that temperature 
at the nozzle of each burner, a Suitable Spaciing 
of the burners and the dilution which takes place 
between the connollstions gaSeS of each ourner 
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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4. 
each burner, a lighting device Such as a Sinall in 
dependent buiner, an electric lighter, etc. 
By Spacing the burners and adjusting the quan 

tity of fuel introduced into each burner, the 
ZileanS are therefore provided for obtaining vari 
CuS temperature laws along the path of the heat 
ing fluid. 
As a first example of an advantageous tein 

p3rature law, inention may be made of the one 
whereign the tenperature law, mention may be 
image of the one wherein the temperature of the 
inlaterial forming the heat exchange system is 
kept ovei a certain length of Said System at the 
Inaxis ruin Vaille coiiipatible with the properties 
of Said material. This law is eininently favour 
aisle for reducing tile area of the heat, exchange 
system since the difference of temperatures be 
Sween the heati;ag and heated fluids is thus raised 
to a maximilm value at each point of the path. 
if the proportions of combustion Supporting agent 
and fuel are adjusted So as $9 chtain a perfect 
combustion, the volume of smoke will thus be 
le?iuced to a minium. In this inainner it is pos 
Sible to obtain a heat eXchanger which is imuch 
Zoe efficient than any of these heretofore 
knoWn. 
The diagrail shown in Fig. 2 illustrates the 

practical eibodiment of Such a law. In this di 
agr82i), the temperatures are pilotted 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 
tie temperature variation of the heating fluid, 
the curve II the tenperature variation of the 
heat eXchange wall (wall of the tubes) and the 
Cui've fit the temperature variation of the heated 
fluid, it being assumed for the sake of simplifica 
tidia tiai, the teiperature of the heat exchange 
Wall is equial to the aritimetical average of the 
teiperature of the heating and heated fluids. At 
23, i. e. On a level with the first burner, the tem 
peratures are respectively represented by the 
pointS i, t', '' for the heating fluid, the wall and 
the heated fluid. Between the first burner 2 and 
the next burner 3, the temperature of the heat 
ing fluid falls front to t1, that of the Wall from 
the value i' (assumed to be the inaximum permis 
Sible temperature for the material of the wall) to 
i'1, While the temperature of the heated fuid 
Which flows in the opposite direction to the heat 
ing filid changes froit i? 1 to it’. 
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 
t1 to tz, which causes the temperature of the 
wall to rise from t'1 to t'2. The quantity of 
fuel injected at the burner 3 is so calculated 
that the temperature t'2 is equal to t', i. e. is 
always equal to the maximum permissible tem 
perature for the material forming the Wall etc. 

Similar phenomena, occur up to the level of 
the penultinate 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 Inaximum permissible value. The jump 
of temperature of the heating fluid is slightly 
leSS higin 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 9, the tem 
perature of the heat exchange wall likewise 
continuously decreases up to the beginning of 
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the nest of tubes 3 of the heat exchanger body 
II, 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 then 
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 regul 

lation of the ratio 

fuel 
combustion supporting agent 

at the various burners can be obtained by known 
electric, mechanical, electro-mechanical, etc. 
means acting on cocks 20 and 2 mounted on 
the pipes 0 and if 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 Wenturi 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 D12, D13, D14 . . . 
Dn . . . Dnim are arranged between the pipe f 
and each burner, said distributors being indi 
vidually controlled according to the temperature 
law which it is desired to obtain, by means of 
thernostats arranged on the heat exchange Wall 
at the level of the successive burners 2, 3, 4, 
8 . . . n-1, n. . . . n--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 
2a, which may also coincide With the cock 2, 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 maximum temperature which 
was predetermined according to the nature of 
the materials. 
According to Figs. 3 and 4, each distributor D12, 

D13 . . . Dnn comprises in a cylinder 50 a mov 
able system with two pistons 5, 52 which are ser, 
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6 
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, a 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 fluid 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 opened. 
The distributors are therefore successively actu 
ated in the order D12, D13 . . . Dn-i-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 2, 3, 
1--m- 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 5 to one or the other of the pistons 5, 52. 
he movable slide-valve of said distributor 5 is . 

Connected to a thermostat 58 which detects for 
example the temperature of the nest of tubes 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 Dn+m-1 supplies to 
the last furnace n--in 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--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 55a of the dis 

tributor at the beginning of the pipes 54 and 55 
may be So determined that the elemental move 
ment of the movable system 5t, 52 through a 
Small length AL, corresponding to a small varia 
tion. At of the temperature t, produces small vari 
ations AS1, AS2 respectively of the uncovered areas 
S1, S2 of the portS 54a and 55a, in such a manner 
that the ratios 

A81 
AL.81 

and 
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As2 

AL.S. 
:gua, the product of Ai aili a coristant. 
sy to show by caiciliation that Sticki a shape 
rresponds to an exponeiitial variation Cif the 

tively to the displacement of the now 
. She regiating action of the 

ne thus have a - constant relative 
waite whatever the roinentary value of the ten 

It is 

Sig. 4. t s - 4.3 e ports 
hape. and the distance 
is equai to the distance 
ints of the portS, in 

figie 
to the invention is that 

; iii, until the latent, 
3. it c3. iye 57 comiustion is ex 
at a, constait tenperature equal to the 

na:it:lia wai?e Waici is coratie. With the 12 
elia is used in: the goistiction of the heat ex 
changer... in this case, the regulation of the inlets 
of fuel by the cocks distributors inay be con 
trolled by thermostats piaced in the heating fluid 
at the level of the various burners 2, 3 . . . n. 

... ;--fi, in such a nainner that the teapera 
ture of the heating fluid is kept in each of these 
proggrionaily operative furnaces, at the nazi 

. initivale that has been - Set. ... This law gives 
y: for the Workiing of a heat eX 

ge 3: in States the heat exchanger frcin 
e external mediuri aire of the Saline naturie and 

in direct contaci, With the heating fluid. 
this case, the Outei jacket is raised to he 

be eiiperattire throughout 
the Spaced coinalistion, 

their ai'ay firoi; the 
action of, tie i8ated fluid igWiing in the opposite 
direction; 

It Wiii be inderstood. Wiata, gireat advantage 
it is in this case to grotect by ineains of in Silating 
a.i. insterials, the outer jacket froi 

---...--a - - - e Gif the eating uid, 
e heated to increaS 
e first, orner until 

gief 

the heat exchange System is 
V a corrigative with the nature 

Cf tie raterialis of which it is coiStructed. 
this manner, the particular temperature law 
insereief3ra explaired Will be obtained. 

it is advantageous, to provide a bafie device 
Such as 38, 3. . . . . is enabling the heating fluid 

of a teiperature law that 

first bliner by the cooling 

axha Stei, so that the teipeira 

O 

5 

f cross-Sectioi. Of Oine is 

35 

4. 

8 
in the baffles do not extend right through the nest : : 
of tubes; the changes of direction of the fiuid are 
in this case effected in the regions of the nest, . . . . . 
which enables the transverse diension to be re 
duced out, slightly decreases the heat eXchange 
coefficient. 

It is inoreover obvious that numerous, inodifi- . . 
cations could be riade in the embodiment Which 
has been described. instead of having tWO heat. , 
exchange bodies with a change cit direction of the 
fiulids of 180° from one another, it would be poS 
sible to have a single body with continuousnest 
of tubes from end to end...: The shape of the heat 
exchange syster aid the distribution. of the 
spaced furnaces will depend on the conditions of. 
nanufacture which Will be preponderant, Inaxi 
naum heat efficiency, minimum bulk, etc. 

Instead of introducing all the conjoustion Sup 
porting agent at One point and the fuel at Spaced 
points, it is possible to use the reverse arrange-, 
ment, i.e. introduce all the fuel at once and Space . . . 
the introductions of cornbustion Supporting agent, : 
The rinber of injection goints of the conous 
tion Supporting agent or of the fuel and also the 
relative position of the spaced furnaces or of the 
first burner or of both these groups of members : 
relatively to the heat exchange. Systein, nay be 
nodified. 

it is possible to increase the heat exchange 
coefficient by causing the heating and heated 
fiuid, or only one of then, to fow at pressure. 
The heat exchangers described have nany ap 

plications. Such heat exchangers, if made of 
18tal, 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. this case, the fuel lay be blast-furnace...: 
ga,S. 
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 Su?ch Substances, including 
IgE-powdered Solids. 
What cairn is: 
1. In a heat apparatus including a gas-tight 

Wall delimiting an elongated closed chamber. 

5 

30 

to effect a flow at right angles to the tubes of the 
nest, theireby increasing the heat eXchange CO 
efficient. 
According to the length of Such loafiles, it is 

possible, to obtain two types of heat exchangers: 
Cne according to the heat eXchange body 

which is located on the left of Fig. 1 and wheirein 
the bailies extent, through all the tubes of the nest, 
the reversal of the direction of flow of the heating 
filid being effected outside Said nest and if de 
sired outside the partial combustion chambers 
corresponding to the various burners: 
The other, according to the heat exchanger 

Wherein a fuel is burnt in a combustive substance, 
the Cornbination comprising: means - adapted to 
introduce in bulk either of said substances 
thro:gh Said wall at a predetermined point of 
Said chainber; In eans providing an outlet for 
products of combustion fron said chamber at a 
point. Spaced along the length of the chamber 
froin the first-rentioned point; pipe means con 
ducting the other Substance; a plurality of spaced 
chainnels provided along said chamber and each 
Connected to Said pipe means, to Supply said last 
mained SubStalice to said chaiber by Successive 
fractions from said pipe ineans, each of said 
channels passing through 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 ZOiles of Said Chamber Yasar the exit 
of the various channels; , distributors arranged 
at the Connection points between said pipe means . . . 
and each of Said channels, said distributors hav 
ing each a paSSage connected to the upstream 
part of Said pipe means and ports connected re 
Spectively 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 said cross sec 

body II located on the right of Fig. 1 and where-is tions: respectively in reverse: relation, and tem 
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perature sensitive devices distributed along Said 
chamber each 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 

5 

0. 

20 

25 

30 

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 

3 5 

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 
Sale. 

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 

AE, 1. =constant 
and 

A; sconstant 
S2 

are Satisfied, S1 and s2 being the respective parts 
of the cross-sections of the ports uncovered by 
said movable member, AS1 and AS2 being the alge 
braic variations of said parts for a small algebraic 
displacement AL of said movable member. 
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