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The present invention relates in general to the 
construction and operation of fluid heaters of the 
type in which a heat transfer medium is em 
ployed consisting of a fluent mass or column of 
refractory material which is first heated by the 
passage of a heating fluid in heat transfer rela 
tion therewith, and then cooled by contact with 
a second fluid to be heated, and more particularly 
to fluid heaters of the character described in 
which the mass or column of heat transfer mate 
rial flows downwardly through superposed heat 
ing and cooling chambers connected by a neck or 
throat of reduced flow area. 

Recuperative fluid heaters in which the fluid to 
be heated is passed through or around tubes or 
plate passages exposed to a heating fluid on their 
opposite wall surfaces are limited in the fluid 
temperatures attainable by the heat and cor 
rosion resisting properties of the material form 
ing the tubes or plates. Ordinary iron or steel, 
for example, 
2700-2900 F. oxidizes relatively rapidly at metal 
temperatures above approximately 950 F., and 
such ferrous structures are ordinarily limited to 
use under metal service temperatures below 
900' F. For higher service temperatures, and 
particularly where the metal parts are subjected 
to internal or external pressure stresses, alloy 
steels and special heat-resisting alloys are uni 
versally used, in view of the rapidity with which 
carbon steels are oxidized and lose strength at 
high temperatures. Such alloy steels and heat 
resisting alloys however are relatively expensive 
and, when such materials are in great demand, 
relatively unavailable for fluid heater construc 
tion. Furthermore, such alloy steels and heat 
resisting alloys also have upper use temperature 
limits for economic long life operation of ap 
proximately 1500 F. Consequently where parts 
are exposed to even higher temperature condi 
tions, the use of such alloy steels and heat-resist 
ing alloys is not practicable. Tubular fluid 
heaters however have the important character 
istics of affording continuous heating of the fluid 
to be heated and complete separation of the heated and heating fluids. 

Regenerative heaters of the reversing type in 
which the fluid to be heated is intermittently. 
passed through a checkerwork or the interstices 
of a bed of refractory material which is heated 

O 
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2 
during intervening periods by a heating fluid are 
capable of heating a fluid to a relatively high 
temperature, but are characterized by a periodic 
fluctuation in outlet temperature of the fluid be 
ing heated during each heating cycle, contamina 
tion of the fluid to be heated by the heating fluid 
and vice versa due to the difficulty of maintain 
ing proper sealing devices under such operating 
conditions and the presence of residual fluid in 
the bed or checkerwork, or as an alternative 
purging of the bed or checkerwork with steam 
subsequent to each heating cycle with a resulting 
loss in efficiency and lowering of the checkerwork 
and heated fluid temperatures attainable, and 
also a relatively low overall thermal efficiency. 

Fluid heaters in which a fluent mass or column 
of refractory material is passed through succes 
sive heating and cooling chambers, and succes 
sively heated by a heating fluid and cooled by 

20 heat transfer to a fluid to be heated, have been having a melting point of heretofore proposed for uses in which the desired . 
final temperature of the fluid to be heated is in 
excess of the temperatures for which ordinary or 
alloy steel tubes can be used. Such proposed ap 

2s plications have been usually characterized by an 
inherently low fluid heating capacity due to the 
low maximum fluid flow velocities permissible 
therein without excessive lifting and carryover of 
the heat transfer material with the heating and 

30 heated fluids, contamination of the fluid to be 
heated by the heating fluid or vice versa, the 
inclusion of metallic parts in locations in which 
they are exposed to temperatures above the tem 
perature which such parts could safely withstand, 

35 the use of a refractory heat transfer material 
which tends to fuse or disintegrate under the in 
tended operating conditions, and/or a relatively 
low overall thermal efficiency. For the foregoing 
reasons, little or no commercial use has been 

40 made of fluid heaters of this type. 
The general object of this invention is the pro 

vision of a method of and apparatus for heating 
a fluid by heat transfer from a fluent gas 
pervious mass or column of refractory heat 

45 transfer material which are characterized by the 
continuity and uniformity of heating and heat 
absorption and the capacity for separation of the 
heated and heating fluids present in recuperative 
tube and plate heaters. A further and more 
Specific object of this invention is the provision 
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of fluid heating apparatus of the character de 
scribed and a method of operating the same for 
continuously heating a fluid under pressure at 
high capacities to a uniform final temperature in 
a range whose upper temperature limit is de 
pendent only upon the physical properties, such 
as the fusing temperature, of the refractory 
materials employed, with little or no contamina 
tion of the fluid being heated by the heating fluid 
employed and vice versa, without subjecting any 
included metallic parts to unsafe operating tem 
peratures or requiring special corrosion and heat 
resistant alloys for operating temperatures above 
900' F., and with a relatively high overall thermal 
efficiency. A further object is the provision of a 
method and apparatus of the character described 
permitting relatively high fluid flow velocities 
through the mass of refractory heat transfer 
material without interruption of the mass move 
ment Or carryOver of the heat transfer material 
into the Outlet passages of the apparatus. An 
Other object is the provision of an improved neck 
Or throat construction and associated control 
system permitting a free gravitational flow of the 
refractory heat transfer material, while effec 
tively restricting or preventing the flow of fluid 
therethrough. Another object is the provision of 
an effective method of and apparatus for auto 
matically controlling the fluid pressure and tem 
perature conditions in the various parts of the 
apparatus. 
The various features of novelty which charac 

terize this invention are pointed out with par 
ticularity in the claims annexed to and forming 
a part of this specification. For a better under 
standing of the invention, its operating advan 
tages and specific objects attained by its use, ref 
erence should be had to the accompanying draw 
ings and descriptive matter in which preferred 
embodiments of the invention are illustrated and 
described. 
Of the drawings: 
Fig. 1 is an elevation partly in section of a 

pilot plant unit constructed in accordance with 
the invention, the structural supports being 
Omitted for purposes of clarity; 
r 2 is a plan view of the apparatus shown in 

g. l; 
Fig. 3 is an enlarged sectional elevation of a 

portion of the apparatus shown in Fig. 1; 
Fig. 4 is a horizontal section taken on the line 

4-4 of Fig. 3; 
Fig. 5 is an enlarged view of part of the ap 

paratus shown in Fig. 3; 
Fig. 6 is a diagrammatic view of one form of 

Control system; 
Flg. 7 is a diagrammatic view of a modified con 

trol system; 
Fig. 8 is an enlarged view of a modified con 

struction of part of the apparatus shown in Fig. 3; 
and 

Fig. 9 is a horizontal section taken on the line 
9-9 of Fig. 8. 
While in its broader aspects this invention is 

adapted for the use of liquid and gaseous fluids 
as the heated and/or heating fluids, the method 
and apparatus of the invention are particularly 
adapted for the use of high temperature gases as 
the heating fluid and a gaseous fluid, such as a 
gas, Vapor or finely divided solid in suspension, 
as the fluid to be heated to a high temperature. 
The fluid heating unit illustrated in the draw 

ings is particularly constructed and designed for 
the use of gaseous heating and heated fluids un 
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4 
parts an upper heating chamber 16 normally 
partly filled with a downwardly flowing mass or 
Column consisting of small pieces of refractory 
heat transfer material 14 to be heated by high 
temperature gases while passing therethrough, a 
connected subjacent heat absorbing. or reaction 
chamber arranged to receive, and normally 
Substantially completely filled with, heated re 
fractory material 4 from the upper chamber and 
in which the heated refractory material is uti 
lized for heating a gaseous fluid to a predeter 
mined temperature, an elevator 2 receiving the 
cooled refractory material from the lower cham 
ber if, and returhing it to the upper part of the 
upper chamber 10, and a control system for reg 
ulating operating conditions in the upper and 
lower chambers. . 
The upper or heat transfer material heating 

chamber 9 is of vertically elongated circular 
horizontal cross-section and formed by a substan 
tially cylindrical gas-tight steel casing 5 lined 
with high temperature firebrick 6. A conical 
plate 7 lined with refractory '' forms the roof 
of the chamber 10 and contains a heating gas out 
let pipe 8 in which a control damper 9 is lo 
cated. The damper 9 is controlled by a manual 
ly or automatically operable mechanism 9’ here 
inafter described to regulate the rate of Outflow 
of heating gases and thereby the gaseous pressure 
in the upper chamber. An inlet 20 for the refrac 
tory heat transfer material is located in the side 
of the chamber 0 adjacent its upper end. A 
substantially annular refractory walled combus 
tion chamber 2 surrounds the lower end of the 
chamber to and provides a source of high tem 
perature heating gases therefor. As shown in 
Figs. 3 and 4, the combustion chamber has arcu 
ate outer walls 22, an annular arched roof 23, floor 
24, and a circular vertical bridge wall 25, all pref 
erably formed of high temperature firebrick. The 
steel casing 5 is continued downwardly around 
the combustion chamber to provide a gas-tight 
Wall construction therefor. The firebrick lining 
6 is advantageously shaped to make the cham 
ber O of larger cross-sectional area in the cham 
ber section containing the upper part of the re 
fractory mass than in the section containing the 
lower portion of the mass, the lining being pro 
gressively flared upwardly at an intermediate 
point. . 

The lower end of the lining 6 is defined by an 
annular refractory member 2 having an inward 
ly and downwardly projecting section 27' and 
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wholly or partly spaced from the top of the bridge 
wall 25 to define an annular or substantially an 
nular flow passage 28 therebetween forming the 
heating gas inlet from the combustion chamber 
2. As shown in Fig. 3, the member 27 is formed 
by a sectional angle-shaped ring having suitable 
service water connections and serving to support 
the superposed firebrick 6 from the casing 5. 
The ring is preferably constructed to have the 
cooling water flow first through the inwardly and 
downwardly projecting ring section 27' and then 
Successively through the outer sections of the 
ring 27. The ring 27 is wholly spaced from the 
top of the bridge wall 25 to define an annular 
heating gas inlet 28 with a flow area approximat 
ing the gas flow area within the ring 27. The ring 
also serves to protect the refractory lining from 
the erosive action of the moving refractory pieces. 
The described overlapping relative arrange 

ment of the bridge wall 25 and ring section 27 
avoids both a relatively stagnant area in the ad 

der pressure, and as shown comprises as its main 75 jacent portion of the refractory mass and any 
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spilling of the heat transfer material into the 
combustion chamber 2, since the position of 
the lower end of the ring section 27' determines 
the level of Contact of the heat transfer mate 
rial with the inner side of the bridge wall 25 
when the material assumes its approximate nat 
ural angle of repose as will occur when the con 
tacted side of the bridge wall is vertical and 
there is no gaseous lifting effect on the material 
at that point. An upwardly flaring bridge wall 
shape at and immediately below the contact level 
of the heat transfer material would tend to re 
tard the downward flow of the material by form 
ing a stagnant portion of the mass in this area, 
which stagnant portion would be continuously 
contacted by the entering high temperature 
gases from the combustion chamber and liable 
to become overheated. 
While various fuels can be burned in the an 

nular combustion chamber 2 to provide the de 
sired supply of high temperature gases, or flue 
gases from other apparatus introduced as a 
source of heat, a gaseous fuel is used in the em 
bodiment illustrated. For this purpose rectan 
gular burner ports 3G are tangentially arranged 
in diametrically opposite parts of the combustion 
chamber Wall 22, Tuyère blocks 3 are support 
ed in the ports 30 in spaced relation with the 
sides of the corresponding port to form pas 
sages 32 therebetween. A combustion air cas 
ing 38 having an air supply connection 34 is 
arranged at the outer Side of the block 3 for 
supplying combustion air to the the tuyere block 
passage 35. A premix type Venturi-shaped gas 
burner 36 having a spark plug 37 mounted there 
in is symmetrically arranged in the casing 33 
at the outer side of and relative to the block 
passage 35. A valve controlled fuel gas supply 
connection 38 provides a fuel supply to each 
burner 36. A second casing 39 surrounds the 
inner part of the casing 33 and opens to the pas 
sages 32. A valve controlled supply pipe 40 per 
mits additional combustion air or recirculated 
flue gas to be supplied in variable amounts to 
the casing 39 and passages 32 for tempering the 
heating gases generated. , ' 
The circular cross-section of the upper cham 

ber is progressively decreased from about mid 
way the height of the bridge wall to the upper 
end of a neck or throat passage 42 connecting 
the chambers fo and f, by the addition and 
shaping of initially lastic high temperature ma-. 
terial 43 in this section. The throat 42 is formed 
by sectional refractory blocks 44 supported on 
the arched roof 45 of the lower chamber and 
cooperating to define a. downwardly slightly 
flaring throat of a predetermined length, mini 
mum circular cross-section and flare. The per 
missible minimum diameter, flare and length of 
the throat will depend upon the size and shape 
of the heat transfer material elements, the de 
sired pressure drop in the throat, and the lo 
cation of the gas outlet from the lower cham 
ber. In accordance with this invention, the 
throat length can be considerably shorter than 
those in fluid heaters of this type heretofore pro 
posed. 
The lower or heat absorbing chamber is 

shown as of uniform circular horizontal CrOSS 
section and also formed by a cylindrical steel 
casing 5 lined with high temperature firebrick 

6 except at its lower end, which is formed by 
an annular metallic casing 5 having a valve 
controlled fluid inlet 52 in its outer side and a 
screen 53 defining its inner side. A gaseous 

6 
fluid outlet 54 is formed in the upper part of 
the chamber wall above the normal level of the 
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mass of material therein. The chamber i? has a downwardly tapered hopper 55 below the cas 
ing 5 and opening into a discharge pipe 56. The 
discharge of material from the pipe 56 is con 
trolled by an adjustable inclined gate 57 at the 
entrance end of a housing 58 for a variable speed 
fluid sealing material discharge device, such as 
a multi-pocket rotary feeder 59 driven by a vari 
able speed electric motor 60 through a speed re 
ducer 6, as shown in Figs. 1 and 5. The gate 
57 acts as an inverted weir to limit the discharge 
of refractory material f4 to the feeder 59 to a 
level at which the feeder, pockets formed by 
blades arranged tangentially to the feeder shaft 
will only be partly filled as they pass through 
the heat transfer material present. Each feeder 
blade has a raised lip 59' on its leading edge to 
hold the pieces of material in the pockets. With 
only partly filled pockets, the clearance between 
the adjacent surface hardened portions of the 
feeder blade lips and housing may be made a 
minimum to form a gaseous fluid seal at this 
point. The material in the feeder pockets tends 
to level off as each lip 59' approaches the upper 
sealing position, thus eliminating any danger 
of material jamming between the feeder blades 
and housing. The feeder thus provides a gas 
eous fluid sealing effect at the material discharge 
end in addition to the sealing effect of the col 
umn of material in the hopper 55 and pipe 56. 
The feeder housing 58 is provided with a valve 

controlled pipe connection 58' between the gate 
and feeder and through which steam or other 
inert gas under pressure can be introduced when 
leakage losses of a more valuable vapor or gas 
being heated are to be minimized. The steam 
so introduced flows upwardly below the gate 57, 
displacing and removing any residual gas or va 
por from the refractory material in the housing 
58 and pipe 56 and returning it to the lower 
chamber f. 
The Selection of a suitable heat transfer ma 

terial 4 is highly important and will depend 
upon the operating conditions to which the ma 
terial will be subjected, and particularly the range 
of operating temperatures, the character of the 
heating and heated fluids, and the desired pres 
Sure, fluid flow velocities and heat transfer eff 
ciency conditions to be maintained. The mate 
rial Selected should be of a refractory character 
suitable to withstand the wide range of tem 
peratures which it will encounter in normal op 
eration without spalling or cracking. While this 
invention in its broader aspects contemplates the 
use of a relatively -wide range of refractories, 
such as ceramic refractories and corrosion re 
sistant alloys and alloy steels, in small pieces of 
Jregular or irregular shape, such as sized grog, 
pebbles and crystals of mullite, silicon carbide, 
alumina and other refractories, a charge consist 
ing mainly of small pieces of refractory material 
of uniform size and shape is preferably used to 
thus maintain. Substantially uniform fluid flow 
passages and consequently a Substantially uni 
form fluid flow and heat transfer effect through 
out the cross-section of each chamber. The shape 
of the refractory pieces should be conducive to a 
rapid movement of the heat transfer material and 
accordingly smooth surfaced spherical pieces are 
preferred. The refractory selected should include 
no constituent which would tend to fuse in the 
normal operating temperature range and cause 
the pieces to agglomerate, and thus obstruct the 
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material movement. For high rates of heat trans 
fer, the refractory material should preferably 
have a high specific heat and a high thermal con 
ductivity. A high density material is also desir 
able to permit the use of refractory pieces of a size 
which will allow a relatively high fluid velocity 
through each chamber and a high heat capacity 
for the fluent masses of material therein, while 
preventing lifting and carryover of the material 
with the outgoing fluids. 
By way of example and not of limitation, we 

have found the following ceramic refractory 
compositions suitable as heat transfer material 
for heating air to temperatures approximating 
2000°F.: 

Composition. A 
Percent by weight 

Calcined cyanite (35 mesh)---------------- 50 
Raw bond clay--------------------------- 35 
Raw brick clay--------------------------- 15 
A dextrine binder consisting of 1% by weight of 
the other ingredients is added to the above mix 
and the composition molded into pellets or balls 
and fired to 2850°F. 

Composition B 
Percent by Weight 

Calcined Georgia, kaolin (40 mesh)--------- 67 
Raw Georgia kaolin.----------------------- 33 
A binder consisting of bentonite clay and dex 
trine, each 1% by weight of the other ingredients 
is added to the mix, and the composition molded 
into pellets or balls and fired to about 3000°F. 
We have found that the above compositions, 

when molded into small pieces, preferably in the 
form of substantially spherical pellets or balls of 
approximately 2 inch diameter, and fired as 
described will have a bulk density of 80-90 lbs. 
per cu. ft. and permit an average linear velocity 
of a stream of air of a density equivalent to at 
mospheric air at 60°F, through such a pellet mass 
up to 10 ft. per second per unit of projected area. 
without carryover, i. e. a mass flow of approxi 
mately 2800 lbs. per sq. ft. per hour. The pellet 
size employed will depend upon the desired flow 
Velocities and fluid pressure drops in the cham 
bers fo and , and in general, the pellets should 
be spherical or substantially spherical and of the 
same size with a diameter preferably in the range 
of 4-1'. 
The feeder 59 empties into an inclined outlet 

pipe 62 having an expansion joint connection 63 
with both the feeder housing and a pellet inlet 
box 64 for an elevator casing 65. The box 64 has 
a door 66 in its top for adding pellets to the sys 
tem and a second door 66' in its lower part for 
their removal. By this arrangement pellets may 
be added or withdrawn from the system to regul 
late the depth of the pellet mass in the upper 
chamber O and thereby the temperature of the 
pellets leaving the upper chamber, and conse 
quently regulate the temperature of the vapor or 
gas leaving the lower chamber without changing 
the supply of heating gases to the upper chamber. 
The elevator casing 65 is of circular croSS-Sec 

tion throughout its height and made of steel plate 
welded gas-tight. The elevator f2 illustrated is 
of the slow speed continuous bucket type, having 
overlapping buckets 6 which are only partly 
filled with pellets at the normal rate of pellet cir 
culation. The elevator is driven by an electric 
motor 68 through a speed reducer and a chain 
and sprocket connection to the elevator head 
shaft. The elevator buckets empty into a dis 
charge pipe 69 having a lower side outlet 70 and 
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8 
a bottom screen 7 for permitting dust and 
broken pellets to separate and drop into a bin 72, 
as it is desirable to keep the masses of heat trans 
fer material of a uniform pellet size and shape 
and thus maintain uniform gaseous fluid flow 
passages therethrough. The outlet is con 
nected to the pellet inlet 20 of the upper chamber 
by a zig-zag pipe 3 and expansion joints to 
provide the desired angle of approach to the pellet 
inlet. 
In the normal operation of the apparatus de 

scribed, the chambers O and if and throat 42 are 
filled with refractory pellets of the desired size 
and shape to form a continuous fluent mass 
with approximately the levels indicated in Fig. 3. 
The feeder and elevator are controlled so that 
the pellets move continuously downward through 
the upper chamber, throat and lower chamber 
in series, at a relatively slow rate. The described 
shape of these chambers and throat causes all 
portions of the pellet mass or column to move 
downwardly continuously as long as the feeder is 
in Operation. Fuel is fired in the Combustion 
chamber 2 and the heating gases generated flow 
through the annular inlet 28 into the lower part 
of the upper chamber 10, passing upwardly 
through the interstices in the pellet mass in 
intimate Counterflow contact with the descend 
ing pellets, whereby the pellets are effectively 
heated to a high temperature and the gases leave 
through the heating gas outlet 8 at a relatively 
low temperature. The highly heated pellets move 
downwardly in the column through the throat 
42 into the chamber f. The gaseous fluid to be 
heated, such as air, steam, naphtha, etc., is in 
troduced into the annular casing 5 under a 
predetermined pressure, passing through the 
screen 53, and upwardly through the interstices 
between the descending pellets in the chamber 

where it is heated in counterflow heat trans 
fer, and passes Out at the desired temperature 
-through the outlet 54. The pellets discharge from 
the hopper 55 and pipe 56 through the adjustable 
gate 57 to the rotary feeder 59, the speed of 
which is regulated to provide the desired rate of 
descent of the pellet column. The pellets are 
continuously discharged through the pipe 62 and 
elevator inlet box 64 to the elevator buckets 67, 
which return the pellets to the upper chamber 
inlet 20 through the pipes 69 and 73. The fluid 
pressure in the elevator casing will be the same 
as the gas Outlet pressure in the upper chamber 
due to the unobstructed flow connection there 
between. A rotary feeder. Seal similar to the 

5 feeder 59 may be included in the inlet pipe if 
desired, and in that event operated at a speed 
corresponding to a greater capacity than the 
feder 59 so that the pellets would never fill up 
the pipe 70 and spill back into the elevator casing. 
The apparatus illustrated is designed and con 

structed for high capacity Operation and high 
gas or vapor velocities through the pellet masses 
in the upper and lower chambers with little or 
no gas or vapor leakage through the throat be 
tween the two chambers. The fluid pressure 
drop through each chamber will vary with the 
rate of operation of the apparatus, but due to 
the size and shape of the pellets will be relatively 
low throughout the operating range. In view 
of the substantially shorter length or height of 
the pellet column in the throat 42 than in the 
chambers 0 and , the gaseous fluid flow resist 
ance through the throat will normally be sub 
stantially less than in either of the chambers. 
In order to minimize leakage between the upper 
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and lower chambers, the throat 42 is made with 
the smallest diameter which will permit the pel 
lets to flow therethrough without danger of 
bridging Over in the throat. The downward flare 
of the throat also aids in preventing bridging 
therein. For example, with spherical pellets of 
the described ceramic composition approximately 
one-half inch in diameter and balanced pressures 
in the two chambers, a minimum throat diameter 
of three inches was found permissible, i. e. a 
ratio of pellet diameter to throat diameter of 1:6. 
Even with a throat of the minimum permissible 

flow area, the relatively short length of throat 
and size of the pellets employed provide only a 
relatively low fluid flow resistance between the 
two chambers and normal variations in either 
chamber pressure would cause a fluid flow. 
through the throat from one chamber to the 
other in a direction dependent upon the relative 
pressures in the two chambers. For this reason 
automatic control provisions for regulating the 
relative chamber pressures are advantageously 
employed. For example, such provisions are op 
erable to maintain balanced pressure conditions 
in the upper and lower chambers at opposite 
ends of the throat so that there will be no fluid 
flow through the throat. Where it is essential 
that there be no contamination of the lower 
chamber fluid by the heating fluid, the control 
system is operated so that the bottom of the 
upper chamber is maintained at a pressure 
slightly less than the pressure of the fluid leaving 
the top of the lower chamber, so that a slight 
leakage of fluid upwardly from the lower cham 
ber through the throat into the upper chamber 
will be maintained. Where such contamination 
is immaterial, the control system can also be op 
erated to provide a leakage of heating fluid down 
Wardly through the throat. 
Where however no fluid flow through the 

throat between the chambers is desired, absence 
of contamination in either chamber can be in 
Sured by the introduction of a small amount of 
a gas, such as steam, which is inert with respect 
to the treated fluid, into the upper part of the 
throat through a valve controlled pipe 76. With 
balanced pressure conditions in the two cham 
bers, the steam will flow in both directions in the 
throat. With unbalanced pressure conditions, 
the steam introduced tends to form a fluid seal 
maintaining the chamber atmospheres separate. 
As diagrammatically illustrated in Fig. 6, the 

Control System for the apparatus includes a dif 
ferential pressure control responsive to the pres 
sure differential at vertically spaced points in or 
at opposite sides of the throat 42 for regulating 
the exit of gaseous fluid from the upper or lower 
chambers to establish the desired relation be 
tween the pressure conditions in the two cham 
bers. Damper regulation of the heating gas out 
flow from the upper chamber is ordinarily pre 
ferred because of the lower temperature condi 
tions at that point. The differential pressure 
control diagrammatically illustrated comprises a 
transmitter 80 responsive to the pressure differ 
ential between the lower part of the upper cham 
ber 10 and the gaseous fluid space at the top of 
the lower chamber if, and a differential pressure 
recorder controller 82. The instrument 82 also 
records changes in fluid flow entering the lower 
chamber by means of a second transmitter 8 re 
Sponsive to such variations. 
80 and 8 are similar in construction to that 
shown in a copending application of Ervin G. 
Bailey and Paul S. Dickey, Serial No. 506,630, filed 

5 

10. 

10 
Oct. 18, 1943, which has issued as U. S.Patent No. 
2,417,049. An air loading pressure is established 
by the controller 82 which is representative of the 
pressure differential and transmitted to a suitable 
standardizing relay 83, such as disclosed in U. S. 
Patent 2,098,914, which establishes a control pres 
Sure transmitted to a suitable selector valve 84, 
such as disclosed in U. S. Patent, 2,202,485, and 
thence to a servo-motor 85 of the damper operat 
ing mechanism 9' to operate the damper 9 in 
the heating gas outlet 8. The arrangement is 
such that upon a departure of the pressure dif 
ferential from the desired value, an immediate 

5 
and proportional change takes place in the posi 
tion of the damper 9 in a direction tending to 
restore the pressure condition in the upper cham 
ber to the desired relative value. Thereafter the 
standardizing relay operates to gradually position 
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the damper 9 until the pressure in the upper 
chamber reaches the predetermined desired 
value. The selector valve 84 provides a con 
venient means for transferring operation of the 
damper 9 from automatic to manual control, if 
that is desired in starting up or on shutting down 
the unit. 
The Supply of combustion air to the combustion 

chamber 2 is controlled by a fuel-air ratio con 
troller 90 in which a bell cranklever 9 is jointly 
actuated by diaphragms 92 and 93, the diaphragm 
92 being responsive to the differential between 
the combustion chamber pressure and that in the 
fuel gas line, while the diaphragm 93 is responsive 
to the differential between the combustion cham 
ber pressure and that in the combustion air sup- . 
ply pipe. The movable valve member of a pilot 
valve 94, such as disclosed in U. S. Patent 
2,054,464, is actuated by the bell crank lever, so 
that a loading pressure is established correspond 

40 
ing to the ratio of the air-gas pressure. The load 
ing pressure SO established is transmitted to a . 
standardizing relay 95, similar to the relay 83, 

45 

which establishes a control pressure transmitted 
through a selector valve 96 to a diaphragm op 
erated control valve 97 in the combustion air sup 
ply pipe to vary the amount of combustion air 
Supplied to the burner casing in response to varia- . 
tions in the fuel gas-air ratio. Manually operated 
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control valves 98 and 99 are located in the fuel 
gas supply pipe 38 and pipe 40 respectively to 
regulate the flow through those pipes. Athermal 
responsive element OO is located in the gaseous 
fluid outlet 54 and connected to a temperature 
recorder O. 
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The foregoing controls may be supplemented 
where the flow of gaseous fluid to be heated is 
fluctuating by automatically controlling a valve 
in the lower chamber inlet to maintain the de 
sired pressure at the outlet 54, and also by regul 
lating the supply of fuel gas to the combustion 
chamber to control the temperature of the heated 
gaseous fluid leaving the lower chamber. 
A further control of vapor outlet temperature 

is provided by regulating the speed of the rotary 
feeder 59 in response to deviations of the vapor 
Outlet temperature from a predetermined value. 
The consequent control of the rate of pellet cir 
culation determines the time of contact between 
the pellets and the heating gases as well as with 
the gas or vapor to be heated. A plurality of fluid 
inlets can also be provided at different levels in 
the lower chamber to vary the length of con 
tact between the fluid to be heated and the pellets 
therein, 
By way of example, and not of limitation, the 

pilot plant illustrated was successfully employed 
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for superheating steam from a temperature of 
260°F, and 12.1 p.s. i. entering the lower chamber 
to a final temperature of 1800°F. at the outlet 54, 
the heating gas temperature entering the upper 
chamber being 2350 F. and at the gas outlet 8 
being 800° F. . 

In Fig. 7 we have illustrated a modified control 
System particularly designed for the superheating 
of a fluctuating Supply of steam to high tem 
peratures. This system includes means for reguin 
lating the damper 9 in response to variations in . 
the pressure differential across the throat 42 
similar to those illustrated in Fig. 6. Also an air 
gas ratio control of the combustion air supply 
similar to that illustrated in Fig. 6, except that 
the ratio controller diaphragm 92 is responsive to 
fuel gas flow variations and the diaphragm 93 to 
changes in air flow in the pipe 34. 

In the Fig. 7 control system, additional auto 
matic controls are provided including a steam 
pressure controller 05 responsive to the steam 
pressure at the steam outlet end of the lower 
chamber f which operates through a standard 
izing relay O6 and selector valve OT to auto 
matically regulate a control valve 108 in the steam 
Supply line 52. 

Variations in the steam outlet temperature as 
measured by the thermal responsive element 100 
and recorder f0l. are employed to automatically 
regulate a control valve to in the fuel gas line 
38 through a standarizing relay , selector valve 

2 and three-way solenoid valve 3, to thus 
maintain the vapor outlet temperature at a pre 
determined value by regulation of the fuel supply. 

In the construction described, the flow areas of 
the chambers fo and in the sections occupied 
by the pellet masses are preferably proportioned 
to maintain the maximum flow velocities permis 

2 
short of the lower end of the casing, leaving an 
annular opening 54 therebetween for draining 
the Casing of any dust and broken pellets passing 
outwardly through the screen. An annular re 
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sible with the type of refractory heat transfer . 
material in use, and thereby to utilize the maxi 
mum capacity of the unit. Excessive flow veloci 
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ties will cause a violent disturbance of the upper 
part of the pellet masses which may cause pellets 
to be thrown into the gaseous fluid outlets 8 or 
54 and carried out with the discharging gas or 
vapor. The lifting effect of the ascending gase 
ous fluid streams can be minimized by providing 
a uniform distribution of the gaseous fluid 
throughout the entire flow area of the pellet 
masses and by increasing the available flow area 
in the upper part of each chamber. As shown in 
Fig. 3, the cross-sectional area of the chamber 
0 is substantially increased in the section nor 

mally occupied by the upper part of the pellet 
maSS therein. The narrowed chamber cross-sec 
tion at the level at which the heating gases enter 
the upper chamber facilitates their uniform dis 
tribution throughout the flow area of the pellet 
mass therein and the maximum heating temper 
ature of the pellets. A similar construction may 
also be used for the lower chamber . 

In Figs. 8 and 9, we have illustrated a modified 
Construction for the chamber . In this con 
struction, the refractory blocks 44 defining the 
Connecting throat 42 are chamfered at their 
lower ends to increase the volume of the space 
above the mass of heat transfer material in the 
lower chamber. An improved construction of the 
lower chamber fluid inlet is also illustrated in 
which both the inlet casing 5 and screen 53 
have an inverted frusto-conical form, the screen 
having an approximately 15 taper and the casing 
a 30 taper to the vertical. The casing 5 is 
continued downwardly to merge into the dis 
charge pipe 56, while the screen 53 terminates 
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fractory baffle 55 is arranged at the upper end of 
the screen to deflect the fluid to be heated, which 
enters the casing through the fluid supply pipe 

2, downwardly around the subjacent portion of 
the screen. With this arrangement, a substan 
tially uniform static pressure condition will exist 
throughout the casing 5 f, providing a substan 
tially uniform distribution of the fluid to be 
heated into the pellet mass. 
The described method and apparatus can be 

used for continuously heating a gaseous fluid up. 
to temperatures approaching the fusing point of 
the heat transfer material. Such temperatures 
are substantially higher than the maximum ob 
tainable with recuperative plate or tubular 
heaters constructed of heat resistant alloy metals, 
and slightly higher than the maximum obtain 
able with refractory checkerwork. It has decided 
advantages over the latter in the lesser amount 
Of Space Occupied, absence of change-Over valves, 
elimination of alloy materials, and particularly in 
its continuity of operation and capacity for com 
plete separation of the heating gases and gaseous 
fluid heated. A wide variety of gases and vapors 
may be heated with little or no change in the 
construction or method of operation. 
While in accordance with the provisions of the 

statutes the best forms of the invention now 
known have been illustrated and described herein, 
those skilled in the art will understand that 
changes may be made in the method and in the 
form of the apparatus disclosed without depart 
ing from the spirit of the invention covered by 
the claims, and that certain features of the inven 
tion may sometimes be used to advantage without 
a corresponding use of other features. 
In the claims, the term "refractory heat trans 

fer material' is intended to cover generically any 
Suitable refractory material of regular or irregu 
lar shape or size, whereas the term 'pellets' is 
intended to cover generically small pieces of heat 
transfer material of generally rounded contour 
and formed of any suitable natural or artificial 
refractory composition and having a maximum 
dimension not less than 4' and not more 
than 1'. - 
We claim: 
1. A fluid heater comprising an upper chamber 

enclosing a fluent gas-pervious mass of refrac 
tory heat transfer material and having a heat 
transfer material inlet and a heating fluid outlet 
at its upper end, means for introducing a heating 
fluid directly into the lower part of said upper 
chamber in heat transfer relation with the mass 
of heat transfer material therein, a lower cham 
ber enclosing a fluent gas-pervious mass of 
refractory heat transfer material and having a 
heat transfer material outlet at its lower end, 
Said lower chamber having an inlet at its lower 
end for a fluid to be heated therein and a heated 
fluid outlet at its upper end above the mass of 
heat transfer material therein, means forming a 
Vertically elongated structurally unobstructed 
throat passage of reduced cross-section between 
and directly connecting said upper and lower 
chambers and enclosing as continuous fluent gas 
pervious mass of refractory heat transfer material 
connecting said masses of heat transfer material 
in Said upper and lower chambers, said last named 
means including a tubular refractory member 
extending downwardly into said lower chamber to 
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a level below the level of said heated fluid outlet, 
and means receiving heat transfer material from 
said lower chamber material outlet and returning 
the heat transfer material to said upper chamber 
material inlet. 

2. A fluid heater comprising an upper chamber 
enclosing a fluent gas-pervious mass of refractory 
heat transfer material and having a heat transfer 
material inlet and a heating gas outlet at its 
upper end, means for introducing high tempera 
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ture heating gases directly into the lower part 
of said upper chamber in direct contact with the 
mass of heat transfer material therein, a lower 
chamber enclosing a fluent gas-pervious mass of 
refractory heat transfer material and having a 
heat transfer material outlet at its lower end, 
said lower chamber having an inlet at its lower 
end for a fluid underpressure to be heated therein 
and a heated fluid outlet at its upper end, a ver 
tically elongated structurally unobstructed pas 
sage forming a throat of substantially reduced 
cross-section between and directly connecting 
said upper and lower chambers and enclosing a 
continuous fluent gas-pervious column of refrac 
tory heat transfer material connecting said 
masses of heat transfer material in said upper 
and lower chambers, and means receiving heat 
transfer material from said lower chamberma 
terial outlet and returning said material to said 
upper chamber material inlet including a mate 
rial discharge device constructed to form a fluid 
sea for said lower chamber material outlet, a 
variable speed motor for variably driving said, 
material discharge device to control the rate of 
circulation of heat transfer material, and means 
for varying the discharge temperature of the heat 
transfer material independently of the rate of 
introduction of heating gases into said upper 
chamber. 

3. A fluid heater comprising an upper chamber 
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and having a heat transfer material outlet at its 
lower end, said lower chamber having an inlet 
at its lower end for a gaseous fluid under pressure 
to be heated therein and a gaseous fluid outlet 
at its upper end above the mass of heat transfer 
material therein, a vertically elongated unob-. 
structed passage forming a throat of substan 
tially reduced cross-section between said upper 
and lower chambers and enclosing a fluent col 
lumn of refractory heat transfer material con 
necting said masses of heat transfer material in 
said upper and lower chambers, elevator means 
receiving heat transfer material from said lower 
chamber material outlet and returning said mate 
rial to said upper chamber material inlet includ 
ing a material discharge device constructed to 
form a substantial gaseous fluid sea for said 
lower chamber material outlet, and means for 
introducing a second gaseous fluid between the 
material discharge side of said discharge device 
and said gaseous fluid inlet to said lower chamber 
at a pressure higher than said first named gaseouis 
fluid inlet pressure. 

5. A fluid heater comprising an upper chamber 
enclosing a fluent mass of refractory heat trans 
fer material and having a heat transfer materia 
inlet and a heating fluid outlet at its upper end, 
means for introducing a heating fluid into said 
upper chamber in direct contact with the mass 
of refractory material therein, a lower chamber 
enclosing a fluent mass of refractory heat trans 
fer material and having a heat transfer material 
outlet at its lower end, said lower chamber having 
an inlet and outlet for a fluid to be heated therein, 

35 an unobstructed passage forming a throat of 
substantially reduced cross-section between said 
upper and lower chambers and enclosing a fluent 

40 
enclosing a fluent mass of refractory heat trans- . 
fer material and having a heat transfer material 
inlet and a heating gas outlet at its upper end, 
means for introducing heating gases directly into 
the lower part of said upper chamber in heat 
transfer relation with the mass of refractory 
material therein, a lower chamber enclosing a 
fluent mass of refractory heat transfer material 
and having a heat transfer material outlet at 
its lower end, said lower chamber having an inlet 
at its lower end for a gaseous fluid under pres 
Sure to be heated therein and a gaseous fluid 
outlet at its upper end above the mass of heat 
transfer material therein, means forming a 
structurally unobstructed throat passage of sub 
stantially uniform reduced Cross-section between 
and directly connecting said upper and lower 
chambers and enclosing a continuous fluent gas 
pervious column of refractory heat transfer ma 
terial connecting said masses of refractory ma 
terial in said upper and lower chambers, means 
receiving heat transfer material from said lower 
chamber material outlet and returning the mate 
rial to said upper chamber material inlet, and 
means for controlling the relative pressures in 
said upper and lower chambers. 

4. A fluid heater Comprising an upper chamber 
enclosing a fluent mass of refractory heat trans 
fer material and having a heat transfer material 
inlet and a heating gas outlet at its upper end, 
means for introducing high temperature heating 
gases into the lower part of said upper chamber 
in direct contact with the mass of heat transfer 
material therein, a lower chamber enclosing a 
fluent mass of refractory heat transfer material 
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column of refractory heat transfer material con 
necting said masses of heat transfer material in 
said upper and lower chambers, and means for 
controlling the relative pressures in said upper 
and lower chambers in response to a variable 
condition in said throat. 

6. A fluid heater comprising an upper chamber 
enclosing a fluent mass of refractory pellets and 
having a pellet inlet and a heating gas outlet at 
its upper end, means for introducing heating 
gases into the lower part of said upper chamber 
in direct contact with the pellet mass therein, a 
lower chamber enclosing a fluent mass of refrac 
tory pellets and having a pellet outlet at its lower 
end, said lower chamber having an inlet. at its 
lower end for a fluid. to be heated therein under 
pressure and a gaseous fluid outlet at its upper 
end, an unobstructed passage forming a throat 
of Substantially reduced cross-section between 
said upper and lower chambers and enclosing a 
fluent mass of refractory pellets connecting said 
pellet masses in said upper and lower chambers, 
means receiving pellets from said lower chamber 
pellet outlet and returning said pellets to said 
upper chamber pellet inlet, and means for con- . 
trolling the relative pressures in said upper and 
lower chambers in response. to an indication of 
gaseous fluid flow conditions in said throat. 

7. A fluid heater comprising an upper chamber 
enclosing a fluent mass of refractory pellets and 
having a pellet inlet and a heating gas outlet at 
its upper end, means for introducing heating 
gases into the lower part of said upper chamber 
in direct contact with the pellet mass therein 
including a combustion chamber surrounding 
said upper chamber and having a substantially 
annular inlet thereto, a lower chamber enclosing 
a fluent mass of refractory, pellets and having a 
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pellet outlet at its lower end, said lower chamber 
having an inlet at its lower end for a gaseous fluid 
to be heated therein and a gaseous fluid outlet 
at its upper end above the pellet mass therein, 
means forming a structurally unobstructed throat 
passage of substantially reduced cross-section 
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chamber and having a substantially annular 
heating gas inlet thereto, said upper chamber 

between said upper and lower chambers and ex 
tending downwardly in said lower chamber to a 
level below said gaseous fluid outlet therefrom, 
said throat passage enclosing afluent gas-pervious 
column of refractory pellets connecting said pellet 
masses in said upper and lower chambers, and 

O 

means receiving pellets from said lower chamber 
pellet outlet and returning said pellets to Said 
upper chamber pellet inlet including a pellet dis 
charge device constructed to form a gaseous fluid 
seal for said lower chamber material Outlet. 

8. A fluid heater comprising an upper chamber 
of circular cross-section enclosing a fluent mass 
of refractory heat transfer material and having 
a heat transfer material inlet and a heating gas 
outlet at its upper end, means for introducing 
high temperature heating gases into the lower 
part of said upper chamber in direct contact with 
the mass of refractory material therein including 
a combustion chamber surrounding said upper 
chamber and having an annular bridge wall ar 
ranged to define a substantially annular heating 
gas inlet to said upper chamber, an annular baffle 
member projecting into said upper chamber and 
cooperating with a vertical inner Surface of Said 
bridge wall to space said mass of refractory na 
terial from said heating gas inlet, a lower chamber 
enclosing a fluent mass of refractory heat transfer 
material and having a heat transfer material out 
let at its lower end, said lower chamber having 
an inlet at its lower end for a gaseous fluid to be 
heated therein and a gaseous fluid outlet at its 
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increasing in cross-section above said annular 
illet, refractory walls defining a vertically elon 
gated lower chamber of circular cross-section 
enclosing a fluent mass of refractory pellets and 
having a pellet outlet at its lower end, said lower 
chamber having an annular inlet chamber at its 
lower end for a gaseous fluid to be heated therein 
and a gaseous fluid outlet at its upper end above 
the pellet mass therein, a circular screen forming 
the inner side of said annular inlet chamber, and 
a vertically elongated unobstructed passage form 
ing a throat of substantially reduced cross-section 
between said upper and lower chambers and en 
closing a fluent column of refractory pellets con 
necting said pellet masses in said upper and lower 
chambers. 

11. A fluid heater comprising refractory walls 
defining a vertically elongated upper chamber of 
circular cross-section enclosing a fluent mass of 
refractory pellets and having a pellet inlet and 
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upper end, and means forming an unobstructed 
throat passage of substantially reduced cross 
section between said upper and lower chambers 
and enclosing a fluent column of refractory heat 
transfer material connecting said masses of 
refractory material in said upper and lower 
chambers. 

9. A fluid heater comprising an upper chamber 
enclosing a fluent mass of refractory pellets and 
having a pellet inlet and a heating gas Outlet at 
its upper end, means for introducing heating 
gases into the lower part of said upper chamber 
in direct contact with the pellet mass therein, a 
lower chamber enclosing a fluent mass of refrac 
tory pellets and having a pellet outlet at its lower 
end, said lower chamber having an annular inlet 
chamber at its lower end for a gaseous fluid to 
be heated therein and a gaseous fluid outlet at 
its upper end above the pellet mass therein, a 
screen forming the inner side and terminating 
above the lower end of said annular inlet chamber 
to form an outlet between said annular inlet 
chamber and said pellet outlet, and an unob 
structed passage forming a throat of substantially 
reduced cross-section between said upper and 
lower chambers and enclosing a fluent maSS of 
refractory pellets connecting said pellet masses in 
Said upper and lower chambers, 

0. A fluid heater comprising refractory Walls 
defining a vertically elongated upper chamber of 
circular cross-section enclosing a fluid mass of 
refractory pellets and having a pellet inlet and 
a heating gas outlet at its upper end, means for 
introducing high temperature heating gases into 
the lower part of said upper chamber in direct 
contact with the pellet mass therein including a 
combustion chamber surrounding said upper 
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a heating gas outlet at its upper end, means for 
introducing high temperature heating gases into 
the lower part of said upper chamber in direct 
contact with the pellet mass therein including a 
combustion chamber surrounding said upper 
chamber and having a substantially annular heat 
ing gas inlet thereto, said upper chamber increas 
ing in cross-section above said annular inlet, re 
fractory walls defining a vertically elongated 
lower chamber of circular cross-section enclosing 
a fluent mass of refractory pellets and having a 
pellet outlet at its lower end, said lower chamber 
having an annular inlet at its lower end for a 
gaseous fluid under pressure to be heated therein 
and a gaseous fluid outlet at its upper erid above 
the pellet mass therein, a vertically elongated un 
obstructed passage forming a throat of substan 
tially reduced cross-section between said upper 
and lower chambers and enclosing a fluent col 
umn of refractory pellets connecting said pellet 
masses in said upper and lower chambers, elevator 
means receiving pellets from said lower chamber 
pellet outlet and returning Said pellets to said 
upper chamber pellet inlet including a rotary 
feeder constructed to form a gaseous fluid seal 
for said lower chamber material outlet, and means 
for controlling the relative pressures in said upper 
and lower chambers in response to variations in 
a condition indicative of gaseous fluid flow con 
ditions in said throat. 

2. A fluid heater comprising an upper chamber 
enclosing a fluent mass of refractory heat trans 
fer material and having a heat transfer material 
inlet and a heating gas outlet at its upper end, 
means for introducing heating gases under pres 
sure at the lower end of said upper chamber, a 
lower chamber enclosing a fluent mass of refrac 
tory heat transfer material and having a heat 
transfer material outlet at its lower end, said 
lower chamber having an inlet at its lower end 
for a gaseous fluid under pressure to be heated 
therein and a gaseous fluid outlet at its upper end, 
an unobstructed passage forming a throat of re 
duced cross-section between said upper and lower 
chambers and enclosing a fluent mass of refrac 
tory heat transfer material connecting said 
masses of refractory material in said upper and 
lower chambers, a control damper in one of said 
chamber gas outlets, and means responsive to 
variations in a pressure differential indicative of 
gaseous fluid flow conditions in said throat for 
actuating said damper to control the relative pres 
Sures in said upper and lower chambers. 
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13. A fluid heater comprising an upper cham 
ber enclosing a fluent mass of refractory heat 
transfer material and having a heat transfer ma 
terial inlet and a heating gas outlet at its upper 
end, means for introducing heating gases under 
pressure at the lower end of said upper chamber, 
a lower chamber enclosing a fluent mass of re 
fractory heat transfer material and having a 
heat transfer material outlet at its lower end, 
said lower chamber having an inlet at its lower 
end for a gaseous fluid under pressure to be 
heated therein and a gaseous fluid outlet at its 
upper end, an unobstructed passage forming a 
throat of reduced cross-section between said up 
per and lower chambers and enclosing a fluent 
mass of refractory heat transfer material con 
necting said masses of refractory material in said 
upper and lower chambers, a control damper in 
said upper chamber heating gas outlet, and 
means responsive to the pressure differential 
across said throat for actuating said damper to 
control the relative pressures in said upper and 
lower chambers. 

14. A fluid heater comprising walls defining an 
upper chamber enclosing a fluent mass of re 
fractory pellets and having a heating gas outlet, 
means for introducing heating gases into said 
upper chamber in direct contact with the pellet 
mass therein, walls defining a lower chamber en 
closing a fluent mass of refractory pellets and 
having a pellet outlet at its lower end, said lower 
chamber having an inlet and outlet for a fluid to 
be heated therein, a passage forming a throat 
of reduced cross-section between said upper and 
lower chambers and enclosing a fluent mass of 

- refractory pellets connecting said pellet masses in 
Said upper and lower chambers, transfer means 
arranged to receive pellets from said lower cham 
ber and return said pellets to said upper cham 
ber, and means for continuously controlling the 
Supply of heating gases to said upper chamber in 
accordance with changes in a variable condition 
of the fluid leaving said lower chamber. 

15. A fluid heater comprising walls defining an 
upper chamber enclosing a fluent mass of refrac 
tory pellets and having a heating gas outlet, 
means for introducing heating gases into said 
upper chamber in direct contact with the pellet 
mass therein, walls defining a lower chamber en 
closing a fluent mass of refractory pellets and 
having a pellet outlet at its lower end, said lower 
chamber having an inlet and outlet for a gaseous 
fluid under pressure to be heated therein, an 
unobstructed passage forming a throat of re 
duced Cross-section between said upper and lower 
chambers and enclosing a fluent mass of refrac 
tory pellets connecting said pellet masses in said 
upper and lower chambers, transfer means ar 
ranged to receive pellets from said lower chamber 
and return said pellets to said upper chamber, 
means for controlling the supply of gaseous fluid 
to Said lower chamber in accordance with varia 
tions in the gaseous fluid outlet pressure from 
Said lower chamber, and means for controlling 
the Supply of heating gases to said upper cham 
ber in accordance with variations in the tem 
perature of the gaseous fluid leaving said lower 
chamber. 

16. A fluid heater comprising walls defining 
an upper chamber enclosing a fluent mass of re 

- fractory pellets and having a heating gas outlet, 
means for introducing heating gases into said 
upper chamber in direct contact with the pellet 
maSS therein, Walls defining a lower chamber en 
closing a fluent mass of refractory pellets and 
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having a pellet outlet at its lower end, said lower 
chamber having an inlet at its lower end for a 
gaseous fluid under pressure to be heated therein 
and a gaseous fluid outlet at its upper end above 
the pellet mass therein, an unobstructed passage 
forming a throat of reduced cross-section be 
tween said upper and lower chambers and en 
closing a fluent mass of refractory pellets con 
necting said pellet masses in said upper and 
lower chambers, transfer means arranged to re 
ceive pellets from said lower chamber and return 
Said pellets to said upper chamber, means for 
controlling the relative pressures in said upper 
and lower chambers in accordance with varia 
tions in a condition indicative of gaseous fluid 
flow through said throat, means for controlling 
the supply of gaseous fluid to said lower chamber 
in accordance with variations in the pressure of 
the fluid leaving said lower chamber, and means 
for controlling the supply of heating gases to said 
upper chamber in accordance with variations in 
the temperature of the fluid leaving said lower 
chamber. 

17. The method of controlling the flow of gas 
eous fluid under pressure between upper and 
lower chambers, each containing a gaseous fluid 
under pressure, having a structurally unobstruct 
ed connecting passage of reduced cross-section 
therebetween for the passage of a solid material 
which comprises maintaining a continuous grav 
ity flow of a gas-pervious mass of solid material 
through said passage between said chambers, and 
controlling the relative gaseous fluid pressures in 
the chambers in accordance with changes in a 
variable Operating condition in said passage from 
a predetermined value. 

18. The method of operating apparatus having 
an upper chamber enclosing a fluent mass of 
solid material, a lower chamber enclosing a flu 
ent mass of Solid material, and an unobstructed 
throat of reduced cross-section connecting the 
upper and lower chambers and enclosing a fluent 
mass of Solid material connecting the upper and 
lower chamber masses, which comprises main 
taining a Substantially continuous flow of solid 
material downwardly through the upper cham 
ber, throat and lower chamber, continuously sup 
plying a fluid under pressure to the upper cham 
ber in direct contact with the solid material 
therein, continuously supplying a stream of fluid 
under pressure to the lower chamber in direct 
contact with the mass of solid material therein, 
Separately withdrawing fluid from the upper and 
lower chambers, and controlling the relative pres 
Sures in the upper and lower chambers in ac 
cordance with variations in a condition responsive 
to fluid flow through the throat. 

19. The method of operating apparatus having 
an upper chamber enclosing a fluent mass of solid 
material, a lower chamber enclosing a fluent 
mass of Solid material, and an unobstructed 
throat of reduced cross-section connecting the 
upper and lower chambers and enclosing a fluent 
column of solid material connecting the upper 
and lower chamber masses, which comprises 
maintaining a substantially continuous flow of 
Solid material downwardly through the upper 
chamber, throat, and lower chamber, con 
tinuously supplying a gaseous fluid under pres 
Sure to the upper chamber in direct contact with 
the solid material therein, continuously supplying 
a stream of gaseous fluid under pressure to the 
lower chamber in direct contact with the solid 
material therein, separately withdrawing gaseous 
fluid from the upper and lower chambers, con 
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trolling the relative pressures in the upper and 
lower chambers to maintain the gaseous fluid 
flow through the throat at a predetermined value, 
and controlling the supply of gaseous fluid to 
each of the chambers in accordance with varia 
tions in the gaseous fluid outlet pressure therein 
from a predetermined value. 

20. The method of continuously heating a 
gaseous fluid to a high temperature in a fluid 
heater having an upper chamber enclosing a 
fluent mass of refractory heat transfer material, 
a lower chamber enclosing a fluent mass of the 
refractory heat transfer material, an unob 
structed throat of reduced cross-section connect 
ing the upper and lower chambers and enclosing 
a fluent mass of the refractory heat transfer 
material connecting the upper and lower cham 
ber masses, and transfer means arranged to re 
ceive heat transfer material from the lower 
chamber and return said material to the upper 
chamber, which comprises maintaining a sub 
stantially continuous circulation of Said heat 
transfer material downwardly through the upper 
chamber, throat, and lower chamber, continu 
ously heating the heat transfer material while in 
the upper chamber to a high temperature by 
direct contact with an ascending stream of heat 
ing gases, continuously passing a stream of 
gaseous fluid under pressure upwardly through 
the lower chamber in direct contact with the heat 
transfer material therein, withdrawing the 
heated gaseous fluid at the upper end of the lower 
chamber, and controlling the relative pressures in 
the upper and lower chambers to maintain the 
gaseous fluid flow through the throat at a pre 
determined value. 

21. The method of operating a fluid heater 
having an upper chamber enclosing a fluent mass 
of refractory heat transfer material, a lower 
chamber enclosing a fluent mass of the refractory 
heat transfer material, an unobstructed throat 
of reduced cross-section connecting the upper 
and lower chambers and enclosing a fluent mass 
of the refractory heat transfer material connect 
ing the upper and lower chamber masses, and 
transfer means arranged to receive heat transfer 
material from the lower chamber and return said 
material to the upper chamber, which comprises 
maintaining a substantially continuous circula 
tion of said heat transfer material downwardly 
through the upper chamber, throat, and lower 
chamber, continuously heating the heat transfer. 
material while in the upper chamber by direct 
contact with a heating fluid therein, continu 
ously supplying a stream of fluid to be heated to 
the lower chamber in direct contact with the 
mass of heat transfer material therein, separately 
withdrawing fluids from the upper and lower 
chambers, and controlling the rate of Supply of 
heating fluid to the upper chamber in accordance 
with variations in the temperature of the fluid 
leaving the lower chamber from a predetermined 
value. - 

22. The method of continuously heating a 
gaseous fluid to a high temperature in a fluid 
heater having an upper chamber enclosing a 
fluent mass of refractory heat transfer material, 
a lower chamber enclosing a fluent mass of the 
refractory heat transfer material, an unob 
structed throat of reduced cross-section connect 
ing the upper and lower chambers and enclosing 
a fluent mass of the refractory heat transfer 
material connecting the upper and lower cham 
ber masses, and transfer means arranged to re 
ceive heat transfer material from the lower 
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transfer material downwardly through the upper 
chamber, throat, and lower chamber, continu 
Ously heating the heat transfer material while 
in the upper chamber to a high temperature by 
direct contact with an ascending stream of heat 
ing gases, continuously passing a stream of 
gaseous fluid to be heated upwardly through the 
lower chamber in direct contact with the mass 
of heat transfer material therein, withdrawing 
the heated gaseous fluid at the upper end of the 
lower chamber, controlling the relative pressures 
in the upper and lower chambers in accordance 
with variations in the pressure differential across 
the throat from a predetermined value, and con 
trolling the supply of gaseous fluid to the lower 
chamber in accordance with variations in the 
Outlet pressure of the gaseous fluid in the lower 
chamber from a predetermined value. 

23. A fluid heater comprising an upper cham 
ber confining a fluent gas-pervious mass of re 
fractory, pellets and having a pellet inlet and a 
heating gas outlet at its upper end, means for 
introducing heating gases directly into the lower 
(part of Said upper chamber in direct contact with 
the pellet mass therein, a lower chamber confin 
ing a fluent gas-pervious mass of refractory pel 
lets and having a pellet outlet at its lower end, 
said lower chamber having an inlet and outlet 
for a gaseous fluid to be heated therein, means 
forming a vertically elongated structurally unob 
structed passage defining a throat of substan 
tially uniform reduced cross-section between and 
directly connecting said upper and lower cham 
bers and confining a fluent gas-pervious column 
of refractory pellets connecting said pellet masses 
in said upper and lower chambers, and means re 
ceiving pellets from said lower chamber pellet 
outlet and returning said pellets to said upper 
chamber pellet inlet, a control damper arranged 
to control the gas flow through one of said cham 
bers, damper actuating means connected to Said 
damper, and means automatically responsive to 
variations in the pressure differential across said 
throat from a predetermined value for operating 
Said damper actuating means. 

24. A fluid heater comprising an upper cham 
ber confining a fluent gas-pervious mass of re 
fractory heat transfer material and having a heat 
transfer material inlet and a heating fluid outlet 
at its upper end, means for introducing a heating 
fluid into said upper chamber in direct contact 
with the mass of refractory material therein, a 
lower chamber confining a fluent gas-pervious 
mass of refractory heat transfer material and 
having a heat transfer material outlet at its lower 
end, said lower chamber having an inlet and out 
let for a fluid to be heated therein, means forming 
a vertically elongated structurally unobstructed 
passage defining a throat of substantially uni 
form reduced cross-section between and directly 
connecting said upper and lower chambers and 
confining a fluent gas-pervious column of re 
fractory heat transfer material connecting said 
masses of heat transfer material in Said upper 
and lower chambers, means receiving said heat 
transfer material from said lower chamber mate 
rial outlet and returning said heat transfer mate 
rial to said upper chamber material inlet, and 
means for automatically controlling the relative 
pressures in said upper and lower chambers in 
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