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Referring now to FIGURES 3 to 10 inclusive, FIG 
URES 3, 9, and 10 show burners having particular ad 
vantages for use in conjunction with the heat-exchanger 
assembly shown in FIGURES 1 and 2. In each of these 
figures the refractory liners are designated 52 and igni 
tion means 54. 
The burner shown in FIGURE 4 possesses an advan 

tage in producing very turbulent burning as a result of 
the quasi-convergent burner grid. It will be seen that 
for convenience in assembly in this burner, and that of 
FIGURE 9, the burner casing is constructed in two parts 
and has colar 64, having flange 63 which is fastened to 
bottom of casing 62 suitably by bolts (not shown). 
Two burner grid constructions, useful in the burner of 

FIGURE 3 are as shown in FIGURES 4 and 6 respec 
tively and as further shown by partial end views of legs 
of the grids in FIGURES 5 and 7 respectively. The grid 
structure shown in FIGURES 6 and 7 will be seen to 
consist of corrugated sheets, separated by flat sheets 70, 
with axes of corrugation successively at 90° angles. The 
corrugated sheets are designated 72 and 74 respectively. 
The grids of FIGURES 3, 4, 6, 9 and 10 are elongated 
structures having substantially the cross-section shown 
at all points. The structure of the grid of FIGURE 3 
provides a flashback break point, i.e. is a flame arrestor, 
and assures equal area for admission and release of com 
bustible mixture from the grid inasmuch as passageWayS 
which are not open at both ends are effectively closed. 
The grid structure shown in FIGURES 4 and 5 will be 

seen to consist of corrugated sheets 72 and 74 without 
interposed flat sheets. This structure also serves as a 
flame arrestor but additionally permits lateral movement 
of combustible mixture through the grid so that no pas 
sageways are blocked of and the outlet face (near which 
burning occurs) is smaller in area than the inlet face in 
the plenium. This results in somewhat greater gas ve 
locities and greater burning turbulence. 

It will be seen that in the burners ilustrated by FIG 
URES 1 to 7 inclusive a combustible mixture is employed 
which is mixed before admission to the burner. In the 
burner of FIGURE 3 the admission port 56 is shown by 
broken lines. The liner portal 57, which is an opening 
through the liner providing access to dual pleniums 59, 
is partially shown in broken lines. The exact shape of 
the liner portal is not important provided it does not 
permit direct access of combustible mixture to the burn 
ing space above the burner grid 61. 
The burners of FIGURES 9 and 10 are mixing burners 

which are completely proof against fash-back because 
the combustible mixture is only formed as it is about to 
be burned. These operate on the new principle which 
I have discovered which is explained by means of FIG 
URE 8. In FIGURE 8 it wil be seen that courses of 
passageWays are provided by corrugated sheets hawing 
the axes of corrugation inclined at angles to one another 
Successively and separated by non-coextensive fiat sheets 
having a leading edge intersecting the directions of all 
passageWays in adjacent courses. These structures of the 
invention are termed generically “mixing grids.” For 
purposes of illustration, the corrugated sheets forming 
paralel passageways in one direction of the mixing grid 
of FIGURE 8 are designated 86 and those forming pas 
sageways at an inclined angle (90” in FIGURE 8 for 
purposes of illustration) are designated 84. The flat 
sheets are designated 86 and have a leading edge desig 
nated 90. The structure shown in FIGURE 8 is employed 
for mixing fluids by providing suitable manifolding means 
so that one fluid enters at the bottom, and a second fluid 
enters at the front end. The blended mixture is removed 
from either or both of the top and back end of the struc 
ture as shown. 

Although for purposes of illustration the simple struc 
ture shown in FIGURE 8 is approximately paralelo 
pipedal with a portion broken away to show one diagonal 
i.e. leading edges, of a fiat sheet, it will be understood 
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4 
that I am describing a principle by which numerous Small 
streams are brought together in intimate contact to efect 
blending of fluids. Expressed diferently, two or more 
streams of fluid or flowable materials are each subdivided 
into multiplicities of Smaller streams which are com 
mingled and blended by turbulence of flow as the Smaller 
streams of the respective materials merge. It will be 
understood that from this principle it is possible to em 
ploy courses of passageways in more than two directions 
so that three or more fluids may be mixed and blended. 
Proportioning is achieved by controlling rates of flow, 
sizes of passageways and by other methods which will be 
readily apparent to those skilled in the art. Although 
there appears to be no limit to the sizes of passageways 
which may be employed, it is generally preferable to em 
ploy relatively small passageways as provided by corru 
gated sheets having about 3 to about 20 corrugations per 
inch. These may be referred to as subinch passageways 
or corrugations, Viewed from another standpoint, the 
leading edge of the flat sheets may be considered as a 
foreshortened wali common to passageways running at 
an angle to one another in consecutive courses of pas 
SageWayS. 

I describe a sheet such as the flat sheets which do not 
extend to the same forward edge as the corrugated sheets 
as being SubeXtensive with the larger corrugated sheets. 
Other than for this outlet face of the mixing grid it will 
be seen that the flat sheets are coextensive with the 
corrugated Sheets. 

Structures employing this principle may be constructed 
of any desired material, preferably of inorganic materials 
Such as ceramics, metals, vitreous materials and the like, 
and may further be made to any desired structure in ac 
Cordance with the dictates of mechanical expediency. 

Methods for the fabrication of sheets of ceramics as 
described in U.S. Patent 3,088,271 are quite suitable in 
the Construction from ceramic of thin-sheet structures 
described herein including mixing grids, heat-exchangers, 
burner grids, etc. In forming mixing grids, the green 
Structure may be compressed very sightly, if desired so 
that the forward edges of corrugated sheets make contact 
beyond the leading edge of the separating sheets, 

It Will be evident that passageways in diferent courses 
may be made of diferent cross-sectional areas if desired, 

Returning again to the drawings, FIGURES 9 and 10 
show burners employing mixing grids adapted for use 
as burner assemblies with the heat-exchanger assembly 
shown in FIGURES 1 and 2. The upper portion of 
FIGURE 9 may be identical to that of FIGURE 10 
or may be modified as desired without departing from 
the scope of my invention. It will be seen that the sheets 
composing the mixing burner grids are designated by 
the same relative indicia as employed in the description 
of FIGURE 8 above. In FIGURE 10 it will be seen 
that a composite burner grid 92 is shown having left 
and right hand portions joining along line 88. This 
line need not be an actual structural joint but provides 
a Convenient reference line. This type of structure is 
readily Constructed by the methods referred to herein 
above. The only feature in the construction of such a 
device that must be observed is that certain paSSageWays 
in the courses connecting to the dual gas inlets 100 in 
casing 94 connect to plenium space 102 and these paS 
SageWays must dead end (along joint line 88) in passage 
Ways having the reverse inclination connected to the 
same plenium space. Expressed diferently, paSSageWayS 
in one course ending beyond the leading edge of separator 
sheets must not connect to diferent plenums bearing 
diferent gas components. The vertical courses of pas 
Sageways 84 in FIGURE 10 wil be seen to be much 
Smaller than the inclined passageways which connect 
to gas inlets 100 from manifolds 106. The assembly is 
shown resting on manifolds 106 which form the legs of 
a horse-shoe having a common inlet. It will be apparent 
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that casing 94 may be attached to 
welding or other meansas desired. 
The burners of FIGURES 9 and 10 may be employed 

independently of the heat-exchanger assemblies of FIG 
lURES 1 and 2 as radiant burners, in which case retain 
ing rims (not shown) are desirably attached to the upper 
flanges in place of the heat-exchanger assemblies as will 
be evident to those skilled in theart. 
The burner of FIGURE 10, moreover, may be em 

ployed as a draft-producing radiant burner by omit 
ting the manifold 106 and permitting the Venturi efect 
from gas passing through passageways 84 to draw in 
air for combustion through gas inlets 100. It will be 
seen that casing 94 in FIGURE 10 is provided with re 
taining lips 96 around gas and defining inlets 100. Grout 
ing may be employed around these openings if desired, 
and, of course, modifications in the structure wil occur 
readily to those skilled in the art for achieving eficient 
sealing where mixing burner grid 92 is in contact with 
casing 94. 

In the burner shown in FIGURE 9, two ports 110 and 
112 admit diferent gases into plenums 98 and 99 re 
spectively. Although a burner of this type may be em 
ployed in conjunction with a heat-exchanger assembly 
as described above for space-heating, it also possesses 
advantages for efecting controlled combustions or re 
actions between fluids which are not desirably trans 
ported in admixture. For example, the gases amployed 
can be acetylene and oxygen, or methane and a con 
trolled amount of air for the synthesis of acetylene. 
Other such applications will readily become apparent. 
Suitable means for the recovery of reaction products 
will then be provided in the of-gas train which may in 
clude a heat-exchanger and flue gas venting system as in 
FIGURES 1 and 2. 

Reverting yet again to space-heaters of the invention, 
as shown in FIGURES 1 and 2, and including such 
heaters employing alternative burner assemblies, these 
space-heaters possess certain unusual and remarkable 
features. Although one might expect such a dewice to 
operate very hot, and in fact in operation the interior 
of the heat-exchanger may indeed be very hot (of the 
order of 1500”) the dead spaces around the periphery 
of the heat-exchanger prevent excessive rise in tempera 
ture of the casing. This efect, which may be character 
ized as peripheral insulation, assists in maintaining com 
pressive forces on the heat-exchanger under all operat 
ing conditions inasmuch as expansion of the casing does 
not exceed that of the heat-exchanger itself. The di 
hedral seals are thus retained intact so long as warpage 
of the frame is avoided. The efficiency of space heaters 
of the invention is such that large volumes of air are 
heatedreadily by small heaters. 
Having thus broadly described my invention and sev 

eral embodiments thereof so that the scope thereof will 
be apparent to those having skillin the art. 
Whatis claimedis: - 

1. A burner assembly for the combustion of a gaseous 
combustible mixture comprising, in combination, 

(A) a casing generally enclosing a chamber and hav 
ing an inlet for gaseous combustible mixture; 

(B) an elongated refractory convergent-stream burner 
grid, between said inlet and said chamber, having 
two diverging longitudinal legs giving a generally 
V-shaped cross-section and consisting essentially of 
corrugated sheets having the axes of corrugation of 
consecutive sheets respectively transverse of difer 
ent legs of said grid; and 

(C) means positioning said convergent-stream burner 
grid in said casing between said inlet and said cham 
ber so that the gaseous combustible mixture has 
access to areas of said grid greater than the respec 
tive opposing inner areas of said legs, said means 
sealing around said grid so that the combustible 
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6 
mixture passes through said grid and converges into 
said chamber. . 

2. A burner assembly according to claim 1 wherein the 
corrugated sheets of the convergent-stream burner grid 
are separated by and adhered to coextensive flat sheets. 

3. A burner assembly according to claim 1 wherein 
the corrugated sheets of the convergent-stream burner 
grid are consecutively in contact and are adheredat points 
of intersection of ridges. 

4. A. mixing grid consisting essentially of an assem 
blage of bonded alternating flat and corrugated sheets 
defining courses of passageways, each course being di 
rectionally defined by the axis of corrugation of the cor 
rugated sheet forming walls common to adjacent pas 
sageways in the same course and all courses having like 
direction opening at one end in one manifoldable face 
of said assemblage defined by geometrical edges of all 
successive sheets, consecutive courses having axes of 
corrugation of difering inclination and having common 
flat walls over a major portion but less than all of their 
area, formed by said flat sheets and said flat sheets hav 
ing substantially paralel leading edges inclined to the 
axes of corrugation of all said corrugated sheets and 
being subextensive with said corrugated sheets along 
said leading edges and otherwise being coextensive there 
with. 

5. A reactor comprising in combination 
(A) a casing having at least two inlets for at least 
two fluid reactants and manifolding means for each 
said reactant, 

(B) a mixing grid consisting essentially of an assem 
blage of bonded alternating flat and corrugated 
sheets defining courses of passageways, each course 
being directionally defined by the axis of corruga 
tion of the corrugated sheet forming walls common 
to adjacent passageways in the same course and all 
courses having like direction opening at one end 
in one manifoldable face of said assemblage defined 
by geometricaledges of all successive sheets, consecu 
tive courses having axes of corrugation of difering 
inclination and having common flat walls over a 
major portion but less than all of their area, formed 
by said flat sheets and said flat sheets having sub 
stantially paralel leading edges inclined to the axes 
of corrugation of al said corrugated sheets and be 
ing subextensive with said corrugated sheets along 
said leading edges and otherwise being coextensive 
therewith, 

(C) means positioning said mixing grid in said casing 
so that all courses having like direction are open to 
only one of said manifolding means, 

(D) means sealing around said grid so that all said 
reactants pass through said grid, and 

(E) means for removing reaction products from said 
reactOr. 

6. A radiant burner comprising in combination 
(A) a casing having at least one inlet for combustible 

fuel and at least one inlet for oxidant for said fuel 
and manifolding means connected with each said 
inlet, 

(B) a mixing grid consisting essentially of an assen 
blage of bonded alternating flat and corrugated 
sheets defining courses of passageways, each course 
being directionally defined by the axis of corruga 
tion of the corrugated sheet forming walls common 
to adjacent passageways in the same course and all 
courses having like direction opening at one end 
in one manifoldable face of said assemblage defined 
by geometrical edges of all successive sheets, con 
secutive courses having axes of corrugation of dif 
fering inclination and having common flat walls over 
a major portion but less than all of their area, 
formed by said flat sheets and said flat sheets haw 
ing substantially paralel leading edges inclined to 
the axes of corrugation of all said corrugated sheets 
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and being Subextensive with said corrugated sheets 
along said leading edges and otherwise being coex 
tensive therewith, 

(C) means positioning said mixing grid in said casing 
so that all courses having like direction are open 
to only one of said manifolding means, 

(D) means around said grid so that all of said fuel 
and said oxidant pass through Said grid. 

7. A radiant burner comprising in combination 
(A) a casing having at least one inlet for combustible 

fuel and manifolding means connected with each 
said inlet and further having at least one opening 
to the atmosphere for admission of air, 

(B) a mixing grid consisting essentially of an assem 
blage of bonded alternating flat and corrugated 
sheets defining courses of passageways, each course 
being directionally defined by the axis of corruga 
tion of the corrugated sheet forming walls common 
to adjacent passageways in the same course and all 
courses having like direction opening at one end 
in one manifoldable face of said assemblage defined 
by geometrical edges of all successive sheets, con 
secutive courses having axes of corrugation of dif 
fering inclination and having common flat walls over 
a major portion butless than all of their area, formed 
by said flat sheets and said flat sheets having sub 
stantially paralel leading edges inclined to the axes 
of corrugation of all said corrugated sheets and 
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8 
being subextensive with said corrugated sheets along 
said leading edges and otherwise being coextensive 
there with, a 

(C) means positioning said mixing grid in said casing 
so that all courses having one direction connect to 
said manifolding means and courses having other 
directions and passing through said grid connect to 
said openings to the atmosphere and 

(D) means sealing around said grid so that by pass 
therearound is prevented. 
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