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The present invention relates generally to im 
provements in forced-convection heating, as 
commonly employed industrially for annealing, 
hardening and normalizing a wide variety of 

for effecting the forced convection. 

tions are substantially eliminated. 

struction. 

at the higher temperatures. 

(C. 263-43) 

of conventional design, and particularly in the 
centrifugal fan employed therein for effecting 
circulation of the heating medium. Thus, the 
centrifugal fan can be used satisfactorily only 

metal products, and has particular reference to a over a temperature range limited to a definite 
novel convection heating method and furnace in maximum, and if operated at a higher tempera 
which a greatly improved forced circulation of ture will have a comparatively short life and re 
the fluid heating medium is obtained. quire extensive maintenance. Also, as the fur 
One of the primary objects of the present in- nace temperature is increased, the weight of the 

vention is to provide a new and improved forced- 10 heating medium handled thereby and the horse 
convection heating method and furnace capable power requirements will decrease in direct pro 
of operating at much higher temperatures than portion to the decrease in fluid density. 
have been practicably obtainable heretofore, and To overcome the foregoing disadvantages and 
without reduction in efficiency, increased main- thereby enlarge the field of usefulness of forced 
tenance costs, or impairment of the apparatus 15 convection heat transfer, the present invention 

utilizes a thermodynamic propulsion jet for in 
Another object is to provide a novel forced- ducing high velocity circulation of the fluid or 

convection heating method and furnace in which gaseous heating medium in the furnace cham 
the temperatures that can be attained and use- ber. More particularly, the propulsion jet con 
fully employed are limited only by the capacity 20 verts both pressure and heat energy into kinetic 
of the materials of construction, such as the re- energy, and utilizes the latter to induce a con 
fractory furnace lining, to withstand them, and vective flow of the heating medium in a recircu 
in which all other temperature limiting condil- latory path through intimate and turbulent con 

tact with all surface areas of the work under 
A further object is to provide a new and im- 25 going treatment. Such propulsion jet includes 

proved forced-convection furnace in which all no moving parts within the furnace chamber, is 
moving machine parts are excluded from the simple in construction and operation, and is 
heated enclosure, and in which, more particu- highly efficient in use over a wide temperature 
larly, the means for effecting forced circulation range limited only to the maximum temperature 
of the heating medium is entirely rigid in con- 30 ????????? the materials of construction will with 

S 

Another object is to provide a novel method Other objects and advantages will become ap 
and furnace of the foregoing character wherein, parent as the description proceeds. 
as an inherent characteristic, the weight of the In the accompanying drawings: 
heating medium that is circulated remains sub- 35 Figure 1 is a fragmentary vertical sectional view 
stantially constant as the temperature rises, and 9f a convection heating furnace embodying the 
may actually increase due to improved efficiency features of my invention. Fig. 2 is a schematic view illustrating the flow 

Forced-convection heat transfer for high tem- of heated gaseous products of combustion through 
perature work has come into popular use because 40 the furnace. 
of certain inherent advantages over heat trans- Fig. 3 is a representative enthalpy–entropy 
fer by conduction and radiation, among which diagram illustrating the operation of the pro 
may be enumerated substantially reduced floor pulsion jet as a thermodynamic heat machine. 
Space requirements, decreased labor demands Referring more particularly to the drawings, 
and greatly increased production rates due to the 45 the invention is specifically illustrated as applied 
velocity and turbulence of the convective me- to One type of forced-convection heating furnace, 
dium. Of primary importance is the character- but it is to be understood that the invention is 
istic that shadows are avoided and only rela- applicable to any such furnace in which a fluid 
tively small values of temperature differential or gaseous heating medium is adapted to be cir 
are required. As a result, workpieces of varying 50 culated through a heating chamber in heat ex 
Section are not subject to unequal heating and change relation to the work, and, in its broad 
attendant warpage or distortion. Nevertheless, aspects, may be utilized for imparting mos 
the application of forced-convection heat trans- mentum to various convected fluids. 
fer has been restricted by reason of certain oper- 55 The furnace, constituting the exemplary emi 
ating limitations heretofore inherent in furpaces bodiment of the invention, is of the vertical type, 
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and comprises a suitable heat refractory struc 
ture O enclosed in a metal sheathing . 
Formed in one end portion of the structure f is 
a vertical work chamber 2 with a peripheral 
ledge 3 at the lower end adapted to support the 
work to be heat treated. It will be understood 
that the furnace is adapted for a large variety 
of workpieces, either of uniform or irregular sec 
tion, and large or small in size. In many in 
stances, large numbers of small workpieces are 
loaded in a basket f4 which is illustrated in dot 
and dash outline, and which Substantially fills 
the work chamber 2 so that the circulating heat 
ing medium is forced to permeate the conglom 
erate mass. The top of the work chamber 2 is 
provided with an opening 5 through which the 
work charge may be inserted and removed, and 
which is normally closed by a cover 6. 
The work chamber 2 is interposed in and 

forms part of a closed circulatory path for the 
heating medium and comprising the heated en 
closure of the furnace. In the present instance, 
the lower end of the work chamber 2 is con 
nected through a horizontal passage 7 to a ver 
tical leg 8 in turn connected through a passage 
9 to the upper end of the chamber to complete 
the flow path. 
The heated enclosure of the furnace may be 

supplied with any suitable fluid or gaseous heat 
ing medium from any suitable source, and the 
heating medium may be introduced at any de 
sired point in the circulatory path. Preferably, 
the furnace is integrally constructed with a heat 
ing unit. If gas or oil is used as fuel, the heat 
ing unit may comprise a prir ary combustion 
chamber 20 provided with a suitable burner 2 
and having an outlet flue 22 for discharging the 
highly heated gaseous products of combustion 
continuously to the leg 8. 

Excess products of combustion are exhausted 
from the circulatory system through a vent pipe 
or stack 23, the Output and input of the heating 
medium being coordinated. Preferably, the 
stack 23 opens from the lower end of the work 
chamber 2. 

High velocity circulation of the heating me 
dium is continuously induced in the furnace 
chamber by a thermodynamic propulsion jet to 
bring a constant and generous amount of heat to 
each part of the active work charge. The pro 
pulsion jet may be located at any suitable point 
in the closed circulatory System, for example 
either to one side or the other of the fue 22 from 
the firebox 20. Preferably, however, the jet is 
located in advance of the fue 22 Since it Will 
Operate at maximum efficiency when the density 
of the circulating medium most nearly approaches 
that of the propulsive component. 
The propulsion jet, within the broad aspects 

of the invention, may consist of any suitable 
device adapted to convert potential energy into 
kinetic energy, and to utilize the latter for as 
pirating the fluid heating medium. In the pre 
ferred form of the invention, the propulsion jet 
comprises a thermodynamic machine 24 for mak 
ing available a substantial amount of enthalpy 
of a propulsion gas for conversion into kinetic 
energy to perform work, and a Wenturi aspirator 
2? for employing said energy to impart momen 
tum to the heating medium. More particularly, 
the machine 24 comprises a relatively small sec 
Ondary combustion chamber mounted in the fur 
nace structure O, and adapted to be super 
charged with a propulsion gas, such as air, 
through a supply line 26, and fuel, such as oil or 
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4. 
combustible gas, through a supply line 27. The 
air and fue constitute a combustible mixture 
which is burned continuously to increase the 
enthalpy of the resulting products of com 
bustion by the addition of heat energy to the 
initial pressure energy. The available enthalpy 
is subject to control by varying the amount of 
excess air supplied to the chamber 24. Opening 
from the chamber 24 into the heated enclosure of 
the furnace is a restricted injection nozzle 28 
which serves to expand the products of combus 
tion and cause same to issue in the form of a 
high velocity jet. 
The Wenturi aspirator comprises a tube defin 

ing the cross passage 9 from the leg 8 to the 
work chamber 2, and having an entrance cone 
29, a short intermediate throat 30 of minimum 
uniform CrOSS-Section, and a discharge cone 3f. 
The tube is So disposed that the nozzle 28 extends 
axially into the entrance cone 29 and the latter is 
in open communication with the passage 8. It 
will be understood that the high velocity jet is 
Suing from the nozzle 28 constitutes the propul 
sive component, and, as it enters the entrance 
COne 29, induces the heating medium in the pas 
sage 8 to flow into the cone as the circulating 
component. The heating medium consists of 
products of combustion from the work chamber 
2 to be recirculated therethrough, and newly 
added products of combustion from the firebox 
20. The two fluid components passing through 
the tube 25 are combined and their velocity 
energy is partially converted back into pressure 
energy in the discharge cone 9. The aspiration 
of the heating medium through the Wenturi tube 
serves to effect circulation and recirculation of 
the medium, unidirectionally as illustrated in 
Fig. 2, and at a high rate of speed, through the 
work chamber 2, thereby obtaining a rapid and 
uniform transfer of heat to the work. 

In carrying out the present method of forced 
Convection heating, it is to be noted that the air 
and fuel constituents of the combustible mixture 
in the chamber 24 are supplied continuously at 
an elevated pressure. Referring to the diagram 
illustrated in Fig. 3, if precompression of the 
gaseous constituent is effected from normal at 
mospheric pressure of 14.7 pounds per Square 
irch, for example to a predetermined pressure of 
100 pounds per square inch, it experiences a poly 
tropic compression along line a-b from curve 
No. to curve No. 2, departing but slightly from 
a theoretical isentropic compression along line 
a-c, thereby resulting in a rise in temperature 
and an increase in enthalpy. It will be under 
stood, of course, that precompression may be ef 
fected to any other suitable pressure. The input 
and output of the combustion chamber 24 are 
coordinated so that the pressure therein is main 
tained substantially constant. If the air or other 
gaseous medium now were merely expanded, the 
available kinetic energy derived from the prior 
compression would not be substantial in amount. 
However, isobaric combustion of the entering fuel 
serves to add heat to the resulting products of 
combustion, and thereby results in a substantial 
rise in temperature and increase in both enthalpy 
and entropy along line b-d. This is the condi 
tion of the propulsive medium before issuing as 
a jet through the nozzle 28. 
The amount of enthalpy that is attained may 

be controlled by varying the amount of excess 
air Supplied, and this in turn is influenced by the 
temperature requirements of the heating oper 
atellon. 
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In issuing from the outlet nozzle 28, the prod 
ucts of combustion are expanded to form a power 
ful high velocity jet which in coaction with the 
Wenturi tube 25, as previously described, imparts 
momentum to the primary gaseous heating me 
dium. The propulsion products are expanded 
polytropically at the nozzle 28 and in the dis 
charge cone 3 along line d-e from the elevated 
pressure to the furnace pressure, i.e., approximat 
ing normal atmospheric pressure. The polytropic 
expansion closely approaches theoretical isen 
tropic expansion along line d-f, and results in a 
Substantial reduction in enthalpy, with an at 
tehdant decrease in temperature and slight in 
crease in entropy. The drop in enthalpy, as 
measured along the line d-e, represents the 
available enthalpy converted into the kinetic en 

- ergy of the propulsion jet, and it will be noted 
that this conversion of pressure and heat energy 
is much greater than that of pressure energy 
alone. As a result, the propulsion jet is highly 
effective as a means for circulating large vol 
umes of the primary heating medium at a fast 
rate of speed. 

Obviously, all parts of the thermodynamic 
propulsion jet, including the combustion cham 
ber 24, nozzle 28 and Venturi tube 25, are all static, 
rather than movable, and impose no temperature 
limitations on the device by reason of any oper 
ating characteristics. Since the jet will circulate 
a substantially constant weight of the heating 
medium regardless of the temperature, its effi 
ciency will not drop when operating at high fur 
nace temperatures, but may actually improve due 
to the decreased density of the aspirated gases. 

I claim as my invention: 
1. A convection heating furnace comprising, in 

combination, a heating structure having a work 
chamber adapted to receive the material to be 
heated and a flow passage connecting opposite 
extremities of said chamber in a circulatory path, 
a combustion chamber in said structure opening 
to said flow passage for supplying heated gase 
ous products of combustion, a burner in said 
combustion chamber, a vent stack opening from 
one extremity of Said work chamber for exhaust 
ing excess products of combustion, and a propul 
Sion jet mounted in said flow passage at the down 
stream side of said combustion chamber, said 
jet comprising a Venturi tube having an entrance 
cone, an intermediate restricted throat and a dis 
charge cone opening to the other extremity of 
Said work chamber, a second combustion cham 
ber in Said structure, a burner in said second 
chamber, and a restricted nozzle opening from 
said second chamber into said entrance cone for 
discharging heated gaseous products of combus 
tion from said second chamber in a high veloc 
ity jet into said tube to effect a rapid circulation 
of Said products of combustion through said path 
to pass repeatedly through said work chamber. 

2. A convection heating furnace comprising, in 
combination, a heating structure having a work 
chamber adapted to receive the material to be 
heated and a flow passage connecting opposite 
extremities of said chamber in a circulatory path, 
a combustion chamber in said structure open 
ing to said path for supplying heated gaseous 
products of combustion, a burner in said com 
bustion chamber, a vent stack opening from one 
extremity of Said work chamber for exhausting 
excess products of combustion, and a propulsion 
jet mounted in said flow passage, said jet com 
prising a Wenturi tube having an entrance cone, 
an intermediate restricted throat and a discharge 
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cone opening to the other extremity of said work 
chamber, a second combustion chamber in Said 
Structure, a burner in said second chamber, and 
a restricted nozzle opening from said Second 
chamber into said entrance cone for discharging 
heated gaseous products of combustion from said 
second chamber in a high velocity jet into said 
tube to effect a rapid circulation of said prod 
ucts of combustion through said path to paSS re 
peatedly through said work chamber. 

3. A convection heating furnace comprising, in 
combination, a heating structure having a work 
chamber adapted to receive the material to be 
heated and a flow passage connecting opposite 
extremities of said chamber in a circulatory path, 
means for Supplying heated gaseous products of 
combustion to said path, a vent stack for ex 
hausting excess products of combustion from said 
path, and a propulsion jet mounted in said flow 
passage, said jet comprising a Wenturi tube open 
ing to said work chamber, a combustion cham 
ber in said structure, a burner in said combus 
tion chamber, and a restricted nozzle opening 
from Said combustion chamber into said tube for 
discharging heated gaseous products of combus 
tion from Said combustion chamber in a high 
velocity jet into said tube to effect a rapid cir 
culation of Said products of combustion through 
Said path to pass repeatedly through said work 
Chamber. 

4. A convection heating furnace comprising, in 
combination, a heating structure having a work 
chamber adapted to receive the material to be 
heated and a flow passage connecting opposite 
extremities of said chamber in a circulatory 
path, means for Supplying heated gaseous prod 
ucts of combustion to said path, a vent stack for 
exhausting excess products of combustion from 
Said path, and a propulsion jet separate of said 
means and mounted in said structure, said jet 
comprising a fluid induction passage opening to 
Said work chamber, a restricted nozzle opening 
into one end of Said induction passage, and 
means for Supplying a propulsion fluid to said 
nozzle, said nozzle Serving to discharge said fluid 
in a high velocity jet into said induction passage 
to effect a rapid circulation of said products of 
combustion through said path. 

5. A convection heating furnace comprising, 
in combination, a heating structure having a 
heating chamber with an inlet and an outlet for 
a gaSeous heating medium and adapted to re 
ceive the material to be heated and to support it 
in heat exchange relation to said medium, a pro 
pulsion jet operatively associated with said inlet, 
Said jet comprising a Venturi tube disposed in 
said inlet and having an entrance cone, an inter 
mediate restricted throat and a discharge cone 
Opening to said chamber, a combustion chamber, 
a burner in said combustion chamber and having 
fuel and air inlets, and a restricted nozzle open 
ing from Said combustion chamber into said en 
trance cone for discharging heated gaseous prod 
lucts of combustion in a high velocity stream into 
Said tube, and means for Supplying a gaseous 
heating medium to said entrance cone, said 
stream of products of combustion serving to in 
duce the flow of said medium through said tube 
and to effect rapid circulation of said medium 
through said heating chamber. 

6. The method of forced-convection heating 
which comprises positioning the work for direct 
contact with a fluid heating medium, continuous 
ly supplying said heating medium simultaneously 
producing highly heated gaseous products of 
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combustion containing a predetermined amount 
of excess air under a relatively high pressure, 
converting the pressure energy of Said products 
to kinetic energy to obtain a high velocity jet, 
and utilizing said jet to induce a continuous uni 
directional circulation of said heating medium 
in a closed path through direct contact with 
the work. ¯? - 

7. The method of forced-convection heating 
which comprises positioning the work in a cham 
ber forming part of a closed circulatory System, 
constantly supplying heated products to said Sys 
tem for direct contact with the work, simul 
taneously supplying a highly heated gaseous me 
dium under a relatively high pressure, convert 
ing the potential energy of said medium to 
kinetic energy to obtain a high velocity jet, and 
utilizing said jet to induce a continuous unidi 
rectional circulation of said products in said sys 
tem through direct contact with the work. 

8. The method of forced-convection heating 
which comprises positioning the work to be heat 
ed in a work chamber for direct contact with 
heated gaseous products of combustion, Supply 
ing heated gaseous products of combustion at a 
predetermined temperature continuously to said 
chamber, simultaneously supplying other heated 
gaseous products of combustion with excess air 
at a high temperature and pressure, injecting 
said other products in the form of a high velocity 
jet into said chamber, utilizing said jet to 
aspirate said first mentioned products whereby 
to circulate all products continuously and uni 
directionally through said chamber to heat the 
work, and venting excess products of combustion 
continuously from said chamber as new products 
are supplied. ? 

9. The method of forced-convection heating 
which comprises positioning the work to be heat 
ed in a work chamber connected in Series in a 
closed circulatory flow path, supplying heated 
gaseous products of combustion at a predeter 
mined temperature continuously to Said path, 
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simultaneously providing a supercharged gaseous 
propulsion medium, increasing the enthalpy of 
said medium isobarically, expanding said medium 
polytropically to the pressure in said path to con 
vert the available enthalpy into kinetic energy, 
and utilizing said kinetic energy to impart no 
mentum to said products of combustion, whereby 
to effect circulation of said products through 
said path in direct heat transfer contact with 
the work. 

10. The method of producing forced-convec 
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comprises providing a supercharged gaseous pro 
pulsion medium, increasing the available en 
thalpy of said medium isobarically, expanding 
said medium polytropically to substantially the 
pressure in said path whereby to convert a por 
tion of the enthalpy of said medium into kinetic 
energy, and utilizing said kinetic energy to im 
part momentum to said convected fluid, whereby 
to effect circulation of said fluid through said 
path. 

11. The method of forced-convection heating 
which comprises positioning the work in the path 
of a heating fluid, providing a supercharged gas 
eous propulsion medium, increasing the available 
enthalpy of said medium, expanding said me 
dium to substantially the pressure in Said path 
whereby to convert a portion of the enthalpy 
of said medium into kinetic energy, and utilizing 
said kinetic energy to impart momentum to said 
fluid whereby to cause said fluid to flow through 
said path. 

12. The method of producing a gaseous pro 
pulsion medium for a convection fluid comprising 
supplying air under Supercharged pressure con 
tinuously to a confined combustion space, supply 
ing fuel to said space continuously in an amount 
less than required for combining proportions of 
the air and fuel, burning the fuel as supplied in 
contact with the air in said space substantially at 
said pressure, and causing the resulting products 
of combustion to issue from said space at the rate 
at which they are produced and in a high velocity 
jet to a second space maintained at a lower pres 
sure than that in said confined space. 
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