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der the varying conditions of use of such
‘heating appardtus,

‘when the plant is

eration.
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UNITED STATES PATENT OFFICE

et s TSR

ARCHIBALD H. DAVIS, IR, OF

SHREINS MANUFACTURING CCMPANY,
PORATION COF PENNSYLVANIA

Appli_catiéll filed April 10,

This invention relates to heat exchanging
apparatus in which air or other fluid is heated
by means of hot gases. R R
" Metallic corrosion occurs principally 1n
the presence of moisture in the liquid phase,
and consequently if the operation of air pre-
heaters, gas fired unit heaters, and other-
heat exchanging -apparatus is such as to
keep -the metal surfaces. in contact with.the
hot gases above the dew. point of the mois-

ture in the gases, corrosion of the metal by

the acid-forming or corrosive constituents of
the gases will be ‘minimized: However, un-

the metal surfaces may
drop below the temperature at which mois-

ture will condense, thus making it possible . in r » ¢ LV
tion is-shown in the accompanying drawings,

for corrosion to set in. For example, air
preheaters used for power boilers are gerier-
ally designed to operate at high efficiency
operating under high
loads, and under such conditions the metal
surfaces are above the dew point of the hot
gases. Such heaters are, in effect, oversize
when the plant operates at reduced load, so
that under these conditions the heat exchang-
ing surfaces are usually at a temperature

Jow enough for condensation to take place.

The corrosion of prior Leat exchanging ap-
paratus resulting from such condensation
has been a serious problem, largely because
the corrosion may be rapid and because of
the expense incident to: taking the unit out

of-service and repairing it.

An object of the invention is to provide
heat exchanging apparatus with means for
automatically controlling the operating tem-
peratures of the gas contact surfaces, which

‘means are simple, of rugged and inexpensive

construction, and are fully automatic in-op-

- Another object is to provide air heating
apparatus with means for regulating the
temperature of the heat exchanging unit by .
controlling flow of air or gas through the
unit, which means are actuated by heat-in-
duced movements of the unit. e
~Still another chject is t¢ provide an appa-
ratus of the type referred to with means for

‘automatically by-passing a portion of the air

“of the gases:
-sired, either above
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or heating gases around the unit in -accord-
ance with the temperature of the unit, where-

by to regulate the temperature of the gas

contact surfaces. ° . .
An especial object is:to provide a tubular

heat exchanging apparatus which embodies

all the advantages and ‘minimizes the disad-

vantages of prior tubular heaters, in which

the heat exchanging unit comprises inter- -

changeable tubular radiators which are indi-
vidually removable, which is provided with

‘means associated with the air ducts and ac-

tuated by expansion and contraction of the
tubes for maintaining the tubes above the

- dew point, and which apparatus is compact,’

efficient, and of simple construction:
The preferred embodiment f the inven-

in which Fig. 1 is an end elevation; Hig.: 2

is a plan view; and Fig. 3 is a side elevation, .

parts being broken away in Figs. 1-and 3

for clarity of representation. . . ,
In accordance with the invention, heat

exchanging apparatus, '

and - especially air
preheating apparatus, is provided - with

means responsive to the temperature of the
‘heat exchanging unit for controlling the ef-

fluent temperatures of the air or of the heat-
ing gases. In this manner, the temperature

or below the dew. point of
the heating gases, but in the preferred prac-
tice, the means referred to operates to main-
tain the unit above the temperature at which
moisture will condense.

In the latter case, corrosion by the corrosive

tially reduced
‘the purpose is .effected. by controlling the
temperature of the gas contact surfaces-and

"3 so referred to herein.

The invention may be practiced in a va-
riety of ways but in the preferred embodi-
ment its objects are. attained by regulating

the flow of air or other fluid, or-of heating -
“gases; through the apparatus in accordance -
with the temperature of the unit so that the
amount of fuid or gas- passing through the”

unit is just sufficient to maintain-the gas con-
tact surfaces at a “temperature which gives

or air may be regulated as de- f

from the hot gases. -
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constituents of the heating gases is substan-
or eliminated. In either case,
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5 longitudinal channels 1

2

the desired result. To this end, it is pre-
ferred to provide means to by-pass a por-
tion of the cold air or gas as'need be, and
preferably the means used for this purpose
1s actuated by expansive and contractive
movements of the unit caused by changes in
its temperature. Such movements being
caused by and directly related to changes in
temperature may be said to control the op-
eration in accordance with temperature, and
may, for brevity be termed heat-induced
movements,

Having reference to the drawings, the
embodiment shown is represented as applied
to an air preheater comprising a framework
and interchangeable tubular radiator sec-
tions which are individually removable
from the framework. This heater construc-
tion forins the subject of a copending appli-
cation, Serial No. 836,746, filed by me on
February 1, 1929.

The framework is preferably built up
from structural sections, and in the form
shown the top and bottom are formed of
and transverse
channels 2 connected by angles 8 bolted
thereto at the cornmers. Vertical side chan-
nels 4, across the ends of which are connected
plates 5, define end openings, and angles 6
are connected to the forward ends of plates
5 to form flanges. The flanges referred to,
together with those formed by the outer legs
of channels 1 and 2 may be used for connect-
ing air and gas ducts to the framework.

Tubular heat exchanging units are pref-
erably used, and tubular radiators of the
type disclosed in United States Patent No.
1,820,652 to C. Sonneborn, dated November
4, 1919, are preferred. These radiator units
comprise tubes 7 welded at their ends to pan-
shaped headers 8 having an outwardly bent
peripheral flange 9. The radiators are
mounted in the framework cne above an-
other to give sectional stacks from which the
individual units may be laterally withdrawn
when necessary, and one stack or a plurality
may be used, as described in my aforesaid
copending application.

In this embodiment, spaced horizontal
rail members 10 disposed in two opposed
ends of the framework are carried by sup-
porting members 11 and 11, preferably an-
gles, vertically positioned in each side of the
openings defined by the channels 4 and
plates 5. The angles 11 and 1ig are dis-
posed with one leg against the web of the
channels, the other leg being in the plane of
the opening. The units are placed in the
framework by insertion through the open-
ings formed by channels 1, 1 and 4, 4, head-
ers 8 and flanges 9 slidably engaging rails
10.  Short rail sections or bars 19 are dis.
posed vertically between rails 10 at the sides
of the headers. When the units have been
set in position in the framework they are

1,840,835

connected to rails 10 and 12 by vertical and
horizontal clamping members 18 which en-
gage adjacent edges of the headers of two
contiguous units. These clamps preferably
are of channel form, the inner surfaces of
their legs being tapered outwardly, as seen
in Fig. 3, this construction giving a wedg-
ing action which provides for tight joints,
and expansion of the headers between the
rails and the tapered surfaces of the clamps
is permitted. The horizontal clamps are
bolted dirvectly to rails 12, and the vertical
side clamps are connected to the appropri-

-ate rails by bolts passing through both the

rail-supporting angles and the rails. The
spaces not occupied by the clamps are filled
by plates 14 of appropriate shape bolted to
the rails, as shown in Fig. 1. This provides
a gas tight structure in which the fluids on
opposite sides of the tube cannot intermix.

In order to provide for longitudinal move.
ment of the radiators due to expansion of the
tubes, the rail supporting members ab one
end of the apparatus, for example, angles 11¢,
are bolted to channels 4, those at the other
end, angles 11 in this case, being free to move
over the web of channel 4 upon expansion
or contraction of the units. This provides
for differential expansion of framework and
units, and all of the heat-induced movement
of the unit is effective at one end of the ap-
paratus.

Air to be heated is passed into one of the
tubes of a unit from a duct 15, and is caused
to flow through the subsequent unit or units
by a return 16 connected to the opening at
the other end, and the heated air then passes
into an extension 15¢ of duct 15. This cir-
culation of air through successive units is
indicated by arrows, Fig. 3.

In accordance with the invention, means
are provided for controlling the temperature
of the gas contact surfaces by regulation of
the amount of fluid flowing through the ap-
paratus, this being preferably accomplished
by by-passing an amount in accordance with
need. In the preferred embodiment this
means comprises a valve which in the form
described is situated between ducts 15 and
15@, the latter then forming an extension of
cold air duct 15. In the form shown, the
valve comprises a fixed plate 17 and a mov-
able plate 18 slidable thereon. These plates
are provided with slots or other openings 19
adapted te be moved into or out of register
according to the relative pesition of the
plates, and the amount of air passing through
the apparatus thereby reguiated. In order
to prevent air from passing directly from the
inlet of duct 15 into duct 15¢ when the valve
is closed, the end of plate 17 is connected by
a diaphragm 20 extending between channels
4 and connected to the front of the units. In
order to avoid distortion of the fixed plate
and consequent disturbance of valve action,
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mermnber 20 is preferably corrugated or other-
wise made of an expansible nature, as shown

in"Tig. 3.

The valve-actuating mechanism comprises
a lever 21 connected pivotally at its upper end
to a fixed support 22 and at its lower end
to a stud 23 carried by the movable plate.
The lever is connected by a link 24, Fig. 3,

~ to the movable end of a unit, so that expansive
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and contractive movements of the units are

conveyed to plate 18, and the resulting move-

ment of this plate brings the slots into or out
of register with those of the fixed plate, the
operation being more fully described herein-
after. ' . '
In order to prevent false operation of the
valve, support 22 should not be affected by

-the thermal condition of ‘the apparatus.

This may be accomplished by using a sup-
port independent of the apparatus, but in the
form shown, the support comprises a tube
passing from duct 15 through the apparatus
and discharging into return 16. - The portion
of the tube within the apparatus is provided
with lagging 25, and cold air flowing through
the tube serves to maintain it at constant
temperature. - In this manner, support 22 is
substantially invariant and independent of
movement of the apparatus, and the valve
will function properly. B

Heating fluid, for example flue gas, is
passed to the other surface of the tubes from
a duct 26, and the cooled fluid is exhausted
through a duct 27. These ducts are con-
nected to the openings defined by channels

1,1°and 2, 2. The side openings of the ap--

paratus, between channels 1, 1 and 4, 4 are
closed by.plates, not-shown, or in any other
suitable manner, the plates being preferably
readily removable for ease of withdrawing
the units when necessary. ' :
In the use of the apparatus, the valve-actu-
ating mechanism is adjusted so that all of

~ the air from duct 15 flows through the ap-
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paratus as long as the gas contact surfaces are

~ above the dew point, and to cause.opening of

the valve when those surfaces have -cooled

below the temperature at which moisture may -

condense from the gases.

at which moisture will condense..-Under these
conditions the tubes will have expanded, and
being free to move at-the end supported by
channels 11, expansion of the unit will have
‘actuated. lever 21 to close the valve.: <This
position being shown in Fig. 3. That is, the
perforations will be out of register and all
of ‘the air supplied to the apparatus from

duct™ 15 will pass through the radiators.

When for any reason, for example reducticn

-of load on the boiler, the unit cools, the tubes:

will contract, ‘and this. movement will be

‘transmitted to the movable plate. When the

‘anit has cooled to a point where moisture

Under normal operating cbixditions, the “of the units. .

tubes of the unit will be above the temperature:

3

may condense, the plate has been moved suf-

ficiently to bring perforations19 into register, -

around the apparatus. by flowing. directly
from duct 15 into 15a. This reduction in the
amount of air passing through the tubes re-

~ and a portion of the air will be by-passed -

duces the cooling effect of the air upon the -
tubes, and in consequence; the tubes run hot-.

ter -than if the full air supply were passing
through them. As the tubes heat or cool;
plate 18 is moved accordingly to'regulate the
relative position of the plates and thus to per-
mit more or less air flow.through the valve,
and it can be adjusted in position so that the
tubes are always above the dew point and no .
chemical corrosion can occur.: S
: The foregoing description applies to the

use of the control means for preventing cor-.
rosion. Where corrosion is notapt to occur,

or where control of either gas or air tempera-

ture above or below the gas dew point is de=

sired, the apparatus is equally applicable.
Tn this case the mechanism may be adjusted

in any suitable manner so as to actuate the =

valve to pass sufficient air to reach the desired
temperature, or to cool the gases to the de-
sired temperature. In either case, thisis con-
trolling the temperature of the gas contact
surfaces. The temperature responsive ele
ment described above is in effect the heating
surface, and when that construction is ap-

80 -

95-

plied to this modified use, it may not.in all -

cases give suitable control, because it oper-
ates at a temperature intermediate that of the
two gases. Hor this reason the construction

100

explained above is modified so that the tem- -

perature responsive element is situated in one
of the gas passages to respond solely to the
temperature of that gas instead of being re-

sponsive to the heating surface temperature. =

This construction operates in the same man-
ner as before, and will be readily understood
by those skilled in the art without further
illustration or extended description. :

Tt will also be understood that instead: of %

by-passing air, gas may be by-passed, the con-
struction and operation-of the valve being

105
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the same as before. In this mannertempera- & .-

ture control is attainable from either side

- The invention is not limited to its applica-
tion to heaters.of the type illustrated, nor to
tubular heat exchanging apparatus, but is
generally applicable toair or other fluid pre-

heaters, gas fired unit heaters, and the like, "

Nor is it limited to the particular type of con-
trol mechanism shown and described, various
modifications being within the knowledge of
those skilled in the art. - For-example, mo-
tion-magnifying :mechanism might be used

- instead of the simple linkage shown. -Also,

in the form:shown the number of radiator
units or their :disposition in-the: apparatus
may be varied according to need ; and 1n.some.
cases a single heat exchanging unit may be
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used, the construction in such cases being
modified in a manner clearly un\telstoo*{ by
competent designers.

I claim:

1. Heating apparatus comprising a frame-
work, a tubular heat exchanging unit mount-
ed in said framework for free expansion and
contraction at one end, a conduit for supply-
ing cold air to one surface of the tubes, means
for qpplvincr hot gases to the other surface
of the tubes, and a L valve in said conduit op-
erxtlvely connected to the movable end of
said unit for acuu o by movement of the
unit, contraction of the unit opening the valve
to by-pass air when the temperature of the
unit is below a predetermined value,

2. Heating appara tus comprising o {rame-
work, a tubular heat exchanging unit carried
by the framework, one end of said unit be; ng
connected to the framework and the other
end being free to move In response-to heat-
induced movements of the tubes, conduits for
passing heating fluid over and removing it
from one surface of the tubﬂs, conduits for
supplying a cold fluid to and removing heat-
ed Huid from the other surface of the ¢ ubes,
a connection between the conduite supplying
on¢ surface, fixed and movable perforated
plates in said connection, and mnchanism con-
nected to the free ¢end of the unit for moving
said movable plate in response to movem ent
of the unit to bring the pezforationa into
register and pass a portlon cf the fluid di-
1'ectly through the conduits to maintain the
gas contact surfaces at a predetermined ten-
perature.

3. Heating apparatus comprising a frame-
work, a tubumf heat exchanging unit carried
by the frameworlk, one end of said unit being
connected to the framework and the other end
being free to move in response to heat-in-
duced movements of the tubes, an intake for
passing hot gases over one ur’cace of the
tubes, conduits for suppivn o cold air to and

removing heated air from the om“" surface
of the tubes, 2 connection between the air con-
cuits, ﬁxeq and movable perforated plates

in said connection, and mechanism conne tad
to the free end of the unit for moving said
movable plate in response to movement of the

.1

unit to bring the. perforations into register
and pass a porflon of the air directly through
the conduits when the unit has fallen below
a predetermined temperature.

4. Heating aonaratuu comprising a frame-
work, rails supported in two oppoqel ends
of the framework, a heating unit comprising
a plurality of radiators car Triod by the rails
and individually removable from the frame-
work, one end of each of said radiators being
connected to the framework and the other encl
being free to move upon expansion and con-
traction of the tubes, a duct connected to the
framework for supplying cold n‘ to the tubes
of one of the radiators and removing

ior
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heated air from a subsequent radiator, a con-
nection between radiators for cu“culaun') air
through the tubes of successive radiators, a
valve 1n said duct intermediate the cold air
inlet and heated air ou‘mﬂl operatvdv con-
nected to the free end of one of the radiators
for actuation by movement uhﬂreo{ said valve
when closed passing all of the air through
the unit and being opened when the unit is
below a preae* e“‘nined temperature to pass
a pm tion of the air directly through the duct.
Heating apparatus compris 1ng a frame-
WO’L, par allel rails supperted in two opposed
ends cf the framework, a plurality of radia-
tors
erally 9’111%100_1 cross section connected at
their ends to headers s, said- mdw, ors being
removably suphov ted in the framework with
the headers slidably mounted between adja-
cent rails, one end oF the radiators being con-
nected to the framework and the other end
being free to move upon expansion or con-
traction of the tubes, a return connection be-
t‘veen 1‘ad1auorw, a duct connected to the
framework having a cold air outlet to the
tubes of one of the radiators and a heat-
ed air inlet from a cubsequem radiator, a
ralve d*spose in the uct between said
inlet nd outlet compr sing fixed and mov-
uole perforated plates, and opera wing con-
ections between the movable pl: ate and
the iree end of one of the radiators, con-
traction of the radiators in cooling to a pre-
determined temperature moving ss uld‘ plate to

bring the perforations into register.and pass.

a portion of the cold air directly through the
duct. ,

6. Heating apparatus comprising a frame-
work, a mbular heat eAchanomd unit
mounted in said framework and lnv1n0 one
end fixed and the other end free to move
11‘(‘0"1 ex pmswn and contraction of the unit,

onduit having a cold air outlet to the tubes
of a j,OI‘dOI‘ of the unit and an inlet for
heated air from the balance of the umit, a
valve dlsposed in sald conduit intermediate
said outlet and inlet comprising fixed and
movable perforated plates and “mechanism
associated with dle mov 1ble plate connected
to the free end of the unit, the perforations
in the plates bsing by mmbt into register by
contraction of the unit when it ig below a
predetermined temperature.

7. Heating apparatus comprising a frame-
work, a tubular heat exchanging “Unit com-
prising removable radiaters mounted in-said
zmevmrk, & return conncction between ra-
diators for circulation of air through the
unit, each radiator having cne end fixed
and the other
pansion and contraction of the unit, a con-
duit having a cold air oudgt to one of the
radiators and an inlet for heated air from
a moseqvent radiator, a valve disposed
in said conduit intermediate

each comprising parallel tubes of gen- .

end free to move upon ex- i
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and inlet comprising fixed and movable per;
forated plates and actuating linkage con-

necting said movable plate and the {ree end-

of one of the radiators and supported from a
fixed member carried by the framework, con-
traction of the unit when below a predeter-
mined temperature bringing the perforations
of said plates into register to pass a portion
of the cold air directly through the conduit.

8. Heating apparatus comprising a frame-

work, parallel rails supported in two op-
posed ends of the frameworl, a plurality of

radiators each comprising parallel tubes of
generally elliptical cross section connected at
their ends to headers, said- radiators being
removably supported in the framework with
the headers slidably mounted between adja-
cent rails, one end of the radiators being con-
nected to the framework and the other end

ment relative thereto in response to tempera-
ture changes of the unit, a conduit.for sup-
ply cold air to one surface of the unit, a con-
duit for supplying heated gases to the other
surface of the unit, and medns associated
with said air conduit-actuated by said move-
ments of the unit to by-pass a portion of the
air when the temperature of the unit has
fallen below a predetermined value.
In testimony whereof, I sign my name.

ARCHIBALD H. DAVIS, J=.

being free to move upon expansion or con- :
traction of the tubes, ducts for supplying hot

oases to and removing them from one surface
of the tubes, ducts for supplying cold air to
and removing heated air from the other sur-
face of the tubes, a connection between the

“inlet and outlet ducts of one of said surfaces,

a valve in said connection comprising fixed
and movable perforated plates, and operat-

ing connections between the movable plate

and the free end of one of the radiators, ex-

sansion and contraction of the radiators
moving said plate to bring the perforations

into or out of register to regulate the tem-.

perature of the gas contact surfaces: :

9. An air heater comprising in combina-
tion a framework, a heat exchanging unit
mounted in said framework for movement
relative thereto in response to temperature
changes of the unit, a conduit for supplying
air to be heated to one heat exchanging sur-
face of the unit, a conduit for supplying
heating gases to the other surface of the unit,
and means associated with one of said con-

duits responsive to said movements of the.

unit for regulating the amount of fluid flow-
ing from that conduit to the unit to maintain
the unit at a temperature.above the dew point
of water. ; :

10.- Heating apparatus comprising.in com-
bination a framework, a heat exchanging
unit mounted in the framework for move-
ment relative thereto in response to tempera-
ture changes of the unit, a conduit for sup-
plying air to be heated to one surface of the
unit, a conduit for supplying heating gases
to the other surface of the unit, and means
associated with one of said conduits actu-
ated by said movements of the unit to by-

" pass a portion of the fluid from that conduit

to maintain the temperature of the gas con-
tact surfaces of the unit near a predeter-
mined value.

11. Heating apparatus comprising in com-.

bination a framework, a heat exchanging -

unit mounted in said framework for move-

s
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