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The present invention relates to improve 
ments in heat transfer, and more particularly 
to a method of and apparatus for increasing 
the rate at which heat transfer normally takes 
place between a solid surface and a body of 
gas in contact therewith. 
Many industrial processes are concerned 

very directly with the problem of securing 
efficient utilization of heat, and particularly 
in securing ready transfer of heat from one 
body of fluid to another through the medium 
of a solid metal or refractory diaphragm. It 
is well known that in heat exchange apparatus 
designed to effect the transfer of heat be 
tween a solid surface and a fluid such as gas 
in direct contact therewith, considerable re 
sistance is offered to the passage of heat. For 
instance, very low rates of heat transfer are 
normally obtained in the common type of heat 
recuperator applied to the preheating of air, 
steam or gas. The gas to be heated is passed 
through one section of the recuperator in in 
direct heat transferring relationship with hot 
products of combustion or other gaseous or 
liquid heating medium passed through an 
other section of the recuperator, the transfer 
of heat between the two bodies of gas taking 
place through the medium of a refractory or 
metal diaphragm which separates the two sec 
tions. 

It was formerly believed that any heat 
given up by the hot products of combustion 
passing through a recuperator of this kind 
must first pass by convection directly to the 
outside of the surface of the diaphragm, 
thence by conduction through the diaphragm 
and thence by convection directly to the gas 
or air which is taking up heat, and that ac 
cordingly the resistance offered by the system 
to heat transfer must be due chiefly to the poor 
heat conductivity of the diaphragm and/or 
to the low velocity of the gas passing over the 
surface of the diaphragm which in turn 
would adversely affect the rate at which heat 
is transferred by convection. By actual tests, 

however, it can be demonstrated that the 
above system offers much more resistance to 
the transfer of heat than can be accounted for 
by the heat resistance of the diaphragm 
and/or by the reduction in heat transfer by 
convection caused by retarded rate of gas 
flow past the diaphragm. 

It has now been fairly well established 
that the greatest factor in the resistance of 
fered to the flow of heat from solids to gas 
and vice versa is due to the presence of a 
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film of the gas adhering to the surface of the 
solid through which heat must be transmitted 
by straight-forward conductance. Thus in 
a heat recuperator in which air is being pre 
heated by heat exchange with hot products 
of combustion one surface of the recuperator 
diaphragm will be insulated by a substantial 
ly quiescent film of the heating gas (products 
of combustion) from direct contact with the 
main stream of the heating gas passing 
through the recuperator. Likewise the oppo 
site surface of the diaphragm will be insulat 
ed by a film of dead air from direct contact 
with the main current of cold air undergo 
ing preheat. These adhering dead gas films 
prevent the direct transfer of heat by convec 
tion between the two surfaces of the recupera 
tor diaphragm and the main bodies of hot 
and cold gases flowing past the diaphragm 
through the two sections of the recuperator. 
As it is well known that heat passes very 
slowly by conduction through any body of 
gases, the heat conductivity of these dead gas 
films must always be relatively low, and ac 
cordingly their presence on the surface of the 
diaphragm must greatly increase the resist 
ance to heat transfer between the diaphragm 
and the moving cores of hot and cold gases 
passing through the recuperator. In gen 
eral the heat conductivity of the recuperator 
diaphragm will be found to be many times 
as large as the conductivity of the films of 
dead gas adhering to the surfaces of the dia 
phragm and producing what is called “skin 
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effect.' Heat passing between the diaphragm 
and the main body of gas flowing through 
either section of the recuperator must first 
pass by conduction toward or away from the 
solid surface of the diaphragm through the 
quiescent film of gas adhering thereto, and 
thence by convection between the outer sur 
face of this dead gas film and the moving 
molecules of the main body of gas which come 
in contact therewith. Obviously any means 
or method which can be devised for decreas 
ing the thickness or entirely disrupting these 
dead gas films will correspondingly increase 
the rate of heat transfer between the surface 
of the solid and the main body of gas scrub 
bing such surface and will greatly benefit any 
industrial process in which heat exchange ap 
paratus of the indirect heat transfer type is employed. 
One object of the present invention is to 

provide a method of and apparatus for im 
proving the transmission of heat between a 
solid surface and a body of dielectric fluid in 
contact therewith. 
Another object of the invention is to pro 

vide a method of and apparatus for increas 
ing the rate at which heat is transmitted to or 
absorbed from a body of dielectric fluid in 
heat exchange apparatus of the indirect heat 

. transfer type per unit area of solid dia phragm. 
Another object of the invention is to pro 

vide a simple and relatively inexpensive 
method for increasing the rate at which heat 
is normally transferred from one body of gas 
to another through the medium of a heat con 
ductant recuperator diaphragm. 

In general the less turbulence there is in the 
gas flow the thicker is the film of gas adhering 
to the solid surface and the greater is the 
“skin effect.’ One obvious way of decreasing 
this skin effect and of increasing the heat 
transfer is to increase the rate of flow of gas 
past the solid surface or to increase the vio 
lence of motion of the gas by a baffle so intro 
duced as to have a churning action on the 
gas flow. In this way the gas can be made to 
scrub the solid surface more effectively and 
thus to decrease the thickness of the heat 
resistant gas film. 
The method above suggested has been tried 

and has proven more or less effective in de 
creasing the thickness of the adhering gas 
films, but it has not been found effectual to 
fully destroy these films nor has it proven 
completely satisfactory from the economical 
standpoint in increasing the rate of heat 
transfer. - 

60. One of the principal features of the pres 
-ent invention contemplates the use of inex 
pensive means for breaking down or at least 
partially destroying the films of dead gas 
which normally adhere to a recuperator dia 

65 phragm so as to facilitate the transmission of 
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heat from one body of gas to another through 
the medium of the diaphragm. 
With these and other objects and features 

in view the invention consists in the method 
of and apparatus for improving the trans 
mission of heat between a solid surface and 
a gas hereinafter described and particularly 
defined in the claims. - 
The various features of the invention are 

illustrated in the accompanying drawings, 
in which:- 

Fig. 1 is an elevation in diametrical sec 
tion of a standard type of heat recuperator 
fitted up with the simple added equipment 
for increasing its heat transfer efficiency in 
accordance with the preferred apparatus ar 
rangement of the present invention; 

Fig. 2 is a horizontal sectional view of the 
same recuperator taken on the line 2-2 of Fig. 1. 
Broadly the method of improving heat 
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transfer between a solid surface and a body . 
of gas flowing past said surface which con 
stitutes the preferred form of the present 
invention comprises producing a silent elec 
trical discharge in the body of gas which is 
giving heat to or receiving heat from a solid 
to break down and at least partially destroy 
the film of gas adhering to the surface of the 
solid and thereby facilitate the transfer of 
heat directly by convection between the solid 
surface and the main body of gas scrubbing 
that surface. As applied specifically to heat 
exchange apparatus the invention consists 
in mounting an electrical conductor connect 
ed to one terminal of a static transformer 
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on one side of a recuperator diaphragm in 
such position as to be entirely surrounded 
by the stream of gas passing through the 
recuperator and spaced from the surface of 
the recuperator diaphragm (preferably using 
metal or other good electrical conductor for 
the diaphragm or as a lining for the dia- - 
phragm and grounding the other terminal of 
the transformer through the diaphragm or 
the metal lining thereof) and setting up a 
silent electrical discharge of high potential 
and low, current density between the conduc 
tor and the metal surface. By this method of 
operation when the gas is at normal pres 
sure the intensity of the electric field set up 
at the point where discharge is occurring 
causes the rapid movement of the ions (which 
are present in every gas to some extent) to 
ward or away from the point of discharge. 
The energy imparted to these ions is suf 
ficiently great to cause the formation of ad 
ditional ions by impact with the gas mole 
cules. In this way a large number of ions 
are formed, many of which attach them 
selves in additional gas molecules and thus a 
condition is established in which an appreci able percentage of the total gaseous particles 
are electrified. This results in the rapid 
movement of the body of the gas toward or 
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away from the surface where the discharge 
is taking place and the result of this action 
in turn is to disrupt the gas films existing 
at the surface of the solid. It is not cer 
tain whether this rupture of the gas film is 
caused by the rapid motion of the ions and 
charged molecules through the film, or 
whether it is caused by the effects of churn 
ing up of the gas stream en masse or whether 
it is a combination of both these or other 
causes, but from whatever cause the rupture 
takes place there is no question, as demon 
strated by numerous experiments, that in al 
most every case heat transfer is facilitated. 
The method for improving heat transfer 

between a solid body and a gas comprising 
the preferred form of the present invention 
may be applied with advantage to almost 
any standard form of heat exchange appa 
ratus by simply altering the apparatus so 
as to include the addition of the active and 
passive electrodes with their connections, a 
source of high potential, and the insulation 
required to make the whole conform in a 
general way to the apparatus outlay embody 
ing the preferred form of the invention as 
illustrated in the drawings. The new fea 
tures of heat exchange apparatus which to 
gether go to make up the improved apparatus 
embodying the preferred form of the inven. 
tion are believed to be clearly illustrated in 
the drawings, which are intended to show 
the principles of the invention as they are 
applied to a standard form of recuperator 
having upright metal heating flues. The ap 
paratus outlay shown in the drawings is in 
tended merely to illustrate the principles 
of the invention ás applied to one form of 
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recuperator, and as almost any other type 
of recuperator or other heat exchange ap 
paratus may be readily fitted up with the 
electrodes and connections necessary for ef 
fecting the disruption of non heat conductant 
gas films by silent electric discharge it is not 
the intention to limit the application of the 
invention to any specific type of heat ex 
change apparatus. 
The simple apparatus arrangement illus 

trative of the principles of the invention, as 
shown in the accompanying drawings, com 
prises essentially a standard form of recu 
perator housing 10, preferably lined with re 
fractory or other heat and/or electrical insu 
lating material 12. A distributing chamber 
14 at the base of this housing communicates 
with a collecting chamber 16 at the top of the 
housing through the hollow core of a metal 
heating flue 18. The flue 18 extends through 
the center of a long heating chamber 20, 
which comprises the main interior chamber 
of the housing 10 and is sealed off from the 
chambers 14 and 16 at bottom and top respec 
tively by annular header sheets 22 and 24. 
In operation cold air or other gas which is to 
be preheated enters distributing chamber 14 
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through an inlet 26 and after passing up 
wardly through the hollow core of flue 18 and 
taking on preheat therein passes into collect 
ing chamber 16 and finally exits from the ap 
paratus through an offtake 28. At the same 
time hot products of combustion or other 
gaseous heating media enter chamber 20 
through an inlet 30, and after giving up heat 
to the outer surface of flue 18 during the 
downward passage through chamber 20 the 
thus cooled gas exits from the apparatus 
through an outlet 32. Flue 18 is supported in 
the chamber 20 by the two headers 22 and 24, 
and the joints between the ends of the flue 
and the corresponding cores in the headers 
are calked or otherwise treated to make them 
gas-tight, in order to prevent contact between 
the heating medium passing through cham 
ber 20 and the medium taking up heat during 
its passage through chamber 14, flue 18, and 
chamber 16. 

Headers 24 and 22 are preferably con 
structed of electrical insulating material, 
which must also be resistant to the corrosive 
action of combustion gases or whatever form 
of heating medium is intended to be passed 
through chamber 20. Also each header (see 
Fig. 2) is preferably bored for high tension 
wire electrodes 34, a number of which may be 
mounted the required distance from the outer 
surface of flue 18 to permit the establishing 
of an electric discharge between each of said 
electrodes and the surface of the fue at the 
potential which it is contemplated to employ. 
These electrodes 34 are preferably mounted 
in chamber 20 to extend through its whole 
length at regular intervals around the pe 
riphery and parallel to the outer surface of 
flue 18. Insulators 36 mounted on the un 
derside of header 22 serve, together with a 
circular bus bar 38 in chamber 16, as an 
chors for each of electrodes 34. In the draw 
ings four of these electrodes 34 are illustrated 
as mounted at intervals of 90° around the 
periphery of fue 18. These wire electrodes 34 
may be replaced by a single thin metal cylin 
der entirely surrounding the surface of flue 
18 and Spaced therefrom the required dis 
tance to maintain the electric discharge at the 
potential which it is contemplated to employ. 
A bare high tension wire 40 is suspended in 
the axial center of flue 18 and forms the ac 
tive electrode of that part of the system on 
the inside of flue 18. Wire 40 is anchored at 
the bottom by means of an insulator 42 in 
chamber 14 and at the top by a radial member 
44 of the bus bar 38 in chamber 16. The bus 
bar 38 is in turn connected to one terminal 
wire 46 of a source of high electrical poten 
tial, illustrated diagrammatically in the 
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drawings as comprising a transformer 48 
and a generator 50. The other terminal 52 of 
the transformer is grounded through the 
metal walls of flue 18 and ground wire 54. 30 





0 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

flowing past opposite sides of a solid parti- surface, and means for setting up an electric 
tion wall which comprises setting up a silent wind in the fluid between said electrode and 
electric discharge between an active electrode the outer surface of the flue. 
mounted in the gas stream and the surface of 
the partition wall exposed to the gas to break 
down the low heat conductant film of the gas 
normally adhering to the surface of the par 
tition. 

7. The method of increasing the rate of 
heat transfer per unit area of heating sur face in a solid-gas heat exchange system 
which comprises establishing a high differ 
ence of electric potential between the solid 
???! the gas while the heat exchange is taking 
place. 

8. In apparatus arranged for the transfer 
of heat between a solid and a gas, the im 
provement which comprises a grounded pas 
sive electrode attached to the solid, an active 
discharge electrode suspended in the gas and 
spaced from the solid and passive electrode, 
and means for setting up a silent electric dis 
charge in the gas between the two electrodes. 

9. In a recuperator arranged for the trans 
fer of heat between two bodies of gas 
through the medium of a metal diaphragm, 
the improvement which comprises active elec 
trodes suspended in both gas bodies together 
with means for establishing a high difference 
of potential and a silent electric discharge 
between each of said electrodes and the metal 
diaphragm. 

10. Apparatus arranged for effecting the 
exchange of heat between a solid and a gas 
comprising a casing, a flue mounted in said 
casing, said flue serving as the solid and also 
as one electrode of a high potential electric 
circuit, a second electrode mounted in said 
fue and paraleling and spaced from the sur 
face of said flue, an inlet and an outlet for 
gas on opposite ends of said flue, and a source 
of high potential having one of its terminals 
connected to one of said electrodes and its 
other terminal grounded through the other 
electrode. 

11. In a recuperator designed for efecting 
the exchange of heat between two bodies of 
fluid through the walls of a metal flue, the 
improvement which comprises an electrode 
mounted in the central axis of the flue and 
spaced from its inner surface, means for 
passing one body of fluid through the flue, 
means for passing another body of fluid 
around the outside of the flue and means for 
setting up an electric wind in the fluid pass 
ing through the fue between the axially 
mounted electrode and the inner surface of 
the flue. 

12. In a recuperator designed for efectin 
the exchange of heat between two bodies o 
fluid through the walls of a metal flue theim 
provement which comprises an electrode 
spaced from and paralleling substantially 
the whole length of the outer surface of the 
fue in the path of the fluid scrubbing said 

In testimony whereof I affix my signature. 
STEPHEN P. BURKE. 70 
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