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This invention relates to heat treating furnaces 
of the type having a bath of heated liquid medium 
in which the work-piece is immersed for the heat 
treatment. The heating medium may be a Salt 
Such as chloride or cyanide, or it may be lead or 
other molten material. 

Heretofore it was common practice to ex 
ternally heat the pot or container which held 
the salt bath, usually by burners impinging 
against the lower portion of the pot or into a 
heating chamber surrounding the pot, with the 
result that relatively high heating temperatures 
were required to liquify the salt and to bring it 
to the desired operating temperature. This struc 
ture imposed relatively large temperature differ 
ential between the combustion chamber and the 
liquid bath and made it difficult to maintain 
Critical working temperatures and uniformity in 
the resultant work. Furthermore, the impinge 
ment of the burner flame on the lower portion 
of the pot or the concentration of heat at certain. 
areas caused deformation of the pot structure 
and sometimes decomposition of the bath itself 
because of the concentrated heat. These condi 
tions are aggravated when workmen try to speed 
up the initial heating of the bath by increasing 
the burner flame. Furnaces of this type are 
comparatively heavy and bulky because of the 
large space required for the heating chamber 
Surrounding the pot and the large insulation 
wall enclosing the heating chamber. Some of 
these objections have been overcome by the use 
of electrical heating means having electrodes 
immersed in the bath, but electric current is 
not always available and in some places the cost 
is prohibitive. 
One of the objects of the present invention is 

to provide a new and improved liquid bath 
furnace in which liquid or gas fuel is used for 
heating but without the disadvantages of prior 
methods. 
Another object is to provide a liquid bath 

furnace having a heating element of new and 
improved construction whereby the liquid bath is 
heated internally in a manner which promotes 
comparatively quick heating, reduces tennpera 
ture lag, and permits greater accuracy in con 
trolling the temperature of the bath and conse 
quently greater uniformity in the resultant work. 
Another object of my invention is to provide 
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a liquid bath furnace having improved heating 
means employing liquid fuel or gas as the heating 
medium. 
Another object of the invention is to provide a 

furnace of the character described which will 
have comparatively large capacity for its size and 
weight and which may be economically manu 
factured. 
Other objects and attendant advantages will 

be appreciated by those skilled in this art as 
the invention becomes better understood by ref 
erence to the following description when con 
sidered in connection with the accompanying 
drawings, in which: 

Figure 1 is a plan view of a liquid bath furnace 
embodying my invention; 

Fig. 2 is a vertical section taken substantially 
On the section line 2-2 of Figure 1; 

Fig. 3 is a cross section taken substantially on 
the Section line 3-3 of Figure 1; 

Fig. 4 is an enlarged vertical section through 
the burner and the adjacent end of the heating 
element; 

Fig. 5 is a section taken substantially on the 
Section line 5-5 of Figure 4; and 

Fig. 6 shows the invention as applied to a 
Substantially square liquid bath container. 
The embodiment shown in Figures 1 to 5, in 

clusive, is especially adapted for heat treating 
relatively long and narrow work-pieces and also 
those having substantial length and breadth but 
comparatively small over-all thickness. This 
furnace is, therefore, particularly well adapted 
for the heat treating of sheet aluminum fabri 
cated for the repair of airplane structures and 
also for heat treating repaired airplane pro 
pellers. It will also be observed, as the invention 
becomes better understood, that the structure is 
particularly well suited for use in field shops be 
cause of its comparatively light weight and small 
size considering its large capacity, thus making it 
adaptable for portability and transportation. In 
this embodiment I prefer to employ liquid fuel 
Such as fuel oil, kerosene, or gasoline, as the 
heating medium; and my invention provides a 
burner structure especially designed for this pur 
pose. It should be understood, however, that 
where gaseous fuel is available and desirable for 
economic reasons, a gas burner may be employed 
with my invention. 



S 
Referring more particularly to the drawings, 

have provided a pot or container designated gen 
erally by f having a botton wall 2, end was 
3-4, and side walls -E, arranged to pro 
vide a long and narrow container of substantial 
depth and having an open top. This pot or 
container is preferably of steel plate, welded at 
the joints. In ordinary practice the container 
is filled with a suitable salt substantially to 
the level shown. The botton and side walls of 
the container are enclosed in suitable heat in 
sulation is confined by an outer metal casing 
9, supporting and spacing bars 2 being inter 

posed between the container and the casing. 
The heating element designated generally by 

22 is of novel design and arrangement particu 
larly advantageous for heat transfer to the salt 
medium. The heating element essentially is a 
long conduit having comparatively large surface 
area in relation to its length. The conduit is 
preferably of general U-shape, providing a ver 
tical inlet length 23 which enters the salt body 
from the top at One end of the container and 
extends downwardly near the adjacent end wal 
3 to an elbow 24, thence horizontally in a length 
25 to an elbow 26 near the opposite end wall i, 
and thence upward in a vertical outlet length 
27 which leaves the salt body at an upper level, 
preferably through the open top of the container. 
As clearly illustrated in the drawings the inlet 
length 23 has a larger cross sectional area than 
the horizontal length 25 and the Outlet length 27. 
In this embodiment the heating element is made 
up of steel plates of greater thickness than the 
plates comprising the container walls, the heat 
ing element being fabricated to the shape shown 
anl welded at the joints. The cross section of 
the heating element substantially fills the width 
between the side was 5-6 as shown in Fig 
ure 3 but allows space for the salt to freely circu 
late around the element. The heating element 
constitutes a unit which may be placed into posi 
tion in the container and removed therefrom 
through the open top; and in this respect it is 
particularly advantageous because neither the 
inlet nor outlet end nor any of the burner or fuel 
connections extend through the side walls or the 
permanent wall structure of the container or of 
the casing proper. Suitable means such as a 
number of vertical spacer plates 28 are applied to 
the bottom of the heating element to support it 
in the desired spaced relation from the bottom 
of the container. Also a number of plates 29 
are applied to the inner walls of the heating 
element, that is, to the innermost walls of the 
vertical lengths 23 and 2 and to the top wall 
of the horizontal length 25 at suitable intervals 
for the purpose of preventing the work-pieces 
from coming in contact with the heated element 
and also for maintaining the work-pieces in a 
uniform temperature zone in the salt bath. 
These plates or the equivalent may be suitably 
spaced and arranged for this purpose, Suitable 
means is provided to prevent lengthwise displace 
ment of the heating element and also to prevent 
any floating tendency, comprising overlapping 
abutment plates O and O' coacting between one 
end of the element and the adjacent container 
wall and an abutment member 20 fixed to the 
Opposite end of the heating element and coact- , 
ing with a keeper pin 20'. The inlet end of the 
heating element is shaped through a substantial 
part of its length to provide a Venturi passage 3 
having a wide Opening 32, as best shown in Fig 
ures 1 and 3. This venturi provides for air in 
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jection in connection with 
now be described. 
I have provided a liquid fuel burner especially 

adapted for the satisfactory functioning of a 
heating element under the conditions of my in 
vention. A preferred embodiment for the use of 
liquid fuel comprises a mixing tube designated 
generally by in the form of a casting shaped 
to provide a Venturi inlet which leads at its 
larger end to a passage which in turn dis 
charges into the Venturi inlet 2 of the heating 
element. This mixing tube casting is further 
shaped to dispose the passages 4 and 85 in 
angular relation, to provide attaching means for 
connection to the upper end of the heating ele 
ment, and to provide a bracket 86 for support 

the burner which will 

of an air and fuel valve. This bracket 36 also 

30 

3. 

() 

45 

50 

60 

65 

75 

provides an opening 37 for the supply of sec 
Ondary air to the fuel mixture which is delivered 
into the inlet of the venturi 34. The mixing 
tube casting may be detachably connected by 
any suitable means to the upper end of the tubul 
lar heating element, as by means of bolts 38 
passing through lugs 39 and 4 integral with 
the casting and threaded into suitable lugs 39' 
and 4’ on the heating element. The burner 
includes a fuel and air mixing unit assembled 
on a body designated generally by 42, this unit 
being inserted into an opening in the bracket 36 
and clamped therein by means of a screw 43. 
Liquid fuel supplied through a pipe 44 passes 
through a filter 45 to a needle valve chamber 46 
which has a center jet opening 47. A needle 
valve 48 coacting with the port 4 is guided at 
its needle end by a perforated disc 49 and is 
threadedly connected at its opposite end 5 with 
the body or housing structure so that by turning 
the handle 52 the delivery of liquid fuel through 
the jet orifice may be regulated. In this con 
struction it will be noted that the fuel pressure of 
the liquid fuel is carried to the needle valve jet 
discharge so that the full force of the pressure 
is utilized in breaking up the liquid at the point 
Of its discharge into a surrounding air stream 
for the purpose of atomizing the fuel. This air 
stream is delivered through a plurality of orifices 
53 in a nozzle head 54 in which the fuel jet orifice 
4 is formed. Air under pressure is supplied to 
these orifices 53 through a passage 55 which com 
municates with an air supply pipe 56 which is 
equipped with a suitable regulating valve 57. In 
this particular embodiment air is supplied under 
pressure of about 1 to 3 lbs. and the liquid fuel 
under a pressure of about 1 to 5 lbs. Said ori 
fices S3 are arranged to deliver air jets con 
verging on the fuel jet so as to further aid in 
atomizing the fuel and mix the air and fuel in a 
stream which is delivered under high pressure 
through the inlet 50 of the Wenturi passage 34. 
This construction provides an injector action 
which entrains secondary air at said inlet end 50 
which further mixes with the fuel in providing a 
combustible mixture. This mixture burns in the 
passage 35 and at times back into the Venturi 
passage 4 depending on the pressure and vol 
ume of the air and fuel delivered as when burn 
ing at high or low loads. The burning mixture 
discharges down into the venturi end of the 
heating element and there entrains further air, 
this construction providing double injection of 
air in addition to the primary mixture of air 
with the liquid fuel. The mixture continues to 
burn throughout the length of the heating ele 
ment depending to some extent on the regulation 
for high and low heating, With this construc 
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tion the inlet length 23 of the heating element 
is heated to the highest degree and the hori 
izontal length 25 and the outlet length 2 are 
heated to lesser degrees depending on the heat 
dissipation to the surrounding salt or medium. 
Heat transfer from the heating element to the 
salt body is relatively high because the transfer 
is mainly by conduction and the construction 
provides relatively large surface area for this 
heat transfer. 
It will be observed that when starting to heat 

the salt body from its normal solid condition the 
salt is initially heated in the area surrounding 
the heating element continuously from One end 
of the container to the other and from top to 
bottom proportional to the magnitude of the 
heat at the different stages in its passage through 
the long, hollow heating element. By providing 
the highest temperature in the vertical inlet 
length of the heating element the salt body will 
become liquified to varying depth into the con 
tainer as indicated diagrammatically by the 
dotted line 57 in Figure 2. That is, the salt 
medium is liquified first in the upper levels sur 
rounding the inlet length of the heating element 
and progressively downward and along the hori 
zontal length. This produces an upward circu 
lation of the liquid salt medium along the sides 
of the heating element 23 which spreads in 
wardly at the top of the bath. This circulation 
applies to a lesser degree at the oposite end of 
the container, the liquified salt flowing in oppo 
site directions from the medial region and rising 
along the vertical heater elements 23 and 27 in 
a thermal flow. By reason of this application 
and distribution of heat the salt body may be 
brought to a liquid condition and to a predeter 
mined temperature in a comparatively short time 
and without danger of deforming or breaking 
down the structure of the heating element when 
the burner is operating at high load as during 
the initial period. After the liquid bath has been 
brought to the desired temperature the fuel 
supply will be cut down to burn at a lower load. 
Under this condition COmbustion takes place Sub 
stantially throughout the length of the heating 
element and in this connection it will be ob 
served that the construction and arrangement 
provides double air injection so that a large air 
supply is obtained which promotes a high degree 
of combustion efficiency. It will also be observed 
that with this air entraining COnstruction COm 
paratively small power and blower equipment are 
required for producing this large air supply. My 
invention also contemplates the use of a gas 
burner in place of the liquid fuel burner. 
In Figure 6 I have shown a modified form of 

the invention as applied to a Salt container 58 
of length and width radically different from the 
long, narrow container above described. Here 
the container is substantially square and I have 
provided a plurality of heating elements 59 and 6 
similar to the heating element 22 above described 
and similarly heated except that each heating 
element is arranged with its burner at an end 
or side of the container opposite from the burner 
of the other heating element. As a consequence 
of this construction circulation of the liquified 
salt is produced in horizontal paths as well as 
vertical, thus, promoting better heat distribution 
and advantages resulting therefrom. 
While I have shown several embodiments of 

my invention, it will be understood that I do not 
wish to be limited thereto since many modifica 
tions may be made, and I therefore contemplate 75 
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by the appended claims to cover any such modi 
fications as fall within the true spirit and scope 
of my invention. 
I claim: 
1. A combined burner and immersion heating 

unit comprising a hollow heating element adapt 
ed to be immersed in a medium to be heated 
except for the opposite inlet and outlet ends 
which are arranged to enter and leave the me 
dium, the inlet end of the heating element being 
shaped to provide a Wenturi passage having an 
inlet opening above Said medium open to the at 
mosphere and a discharge opening above the 
level of said medium, said Wenturi passage hav 
ing opposed walls which converge downwardly 
from said inlet opening to a narrow passage 
and which diverge downwardly from said narrow 
passage, a burner for discharging a combustible 
mixture into said inlet end of the heating ele 
ment including means for providing a mixture of 
fuel and air, means for delivering said mixture 
into said Venturi passage and to thereby cause 
entrainment of air to said mixture through the 
inlet end of said passage, said burner compris 
ing a casting attached to the inlet end of the 
heating element and shaped to provide a fuel 
mixing passage having a Venturi inlet at its 
upper end and an outlet at its lower end dis 
charging into the Venturi inlet of the heating 
element, and further shaped at its upper end 
to provide a support for a fuel and air mixing 
unit, a fuel and air mixing unit on said Support 
constructed and arranged to discharge a mixture 
of fuel and air into the inlet end of the first 
mentioned Venturi passage and to entrain Sec 
ondary air into said mixture at Said inlet. 

2. A combined burner and immersion heating 
unit comprising a hollow heating element of the 
immersion type having a Venturi inlet passage, 
said Venturi inlet passage having a top inlet 
opening open to the atmosphere and a bottom 
discharge opening discharging into the portion 
of said hollow heating element adjacent said 
Venturi inlet passage, said Wenturi passage hav 
ing opposed walls which converge downwardly 
from said inlet opening to a narrow passage and 
which diverge downwardly from Said narrow 
passage into said portion of Said hollow heating 
element, a mixing tube having a Venturi inlet 
portion and an Outlet portion, means for con 
necting the outlet of said mixing tube directly 
to said Wenturi inlet opening of Said heating 
element, a liquid fuel and air mixer comprising 
a liquid fuel nozzle having a needle valve con 
trolled jet orifice means for connecting the out 
let of Said liquid fuel and air mixer to the Wen 
turi inlet portion of Said mixing tube, a liquid 
fuel Supply for delivering a liquid fuel under 
pressure to said needle valve controlled jet ori 
fice, an air preSSure Source arranged for deliv 
ering air under pressure to said mixer through a 
plurality of orifices arranged in close proximity to 
said jet orifice, whereby said liquid fuel and air 
under pressure are mixed in Said mixer and said 
mixture is discharged into the Venturi inlet por 
tion of said mixing tube, the discharge entraining 
Secondary air into said Wenturi inlet portion so 
as to combine With the discharged mixture 
whereupon the combined mixture is caused to be 
burned in Said mixing tube, the burning mixture 
discharging from said mixing tube into the Wen 
turi inlet passage of Said hollow heating element, 

JOHN WALLERIUS, 
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