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ration of Massachusetts

Application December 5, 1955, Serial No. 550,954
8 Claims. (Cl. 122—136)

My invention relates broadly ‘to heat-exchanger sys-
tems and more particularly to a novel construction and
arrangement of improved heat exchanger apparatus and
method of operating the same.

One of the objects of my invention is to provide a heat
exchanger system which is highly efficient-in its operation
and utilizes to a maximum extent all of the heat de-
veloped by the heat transfer medium.

Another object of my invention is to prov1de a con-
struction and arrangement of heat exchanger apparatus
in which both primary and secondary.combustion may
be effected and a controlled turbulence of the combustion

produced for effecting 2 maximum utilization of heat in

the heat transfer medium.

Still another object of my invention is to provrde an
arrangement of fuel-fired heat exchanger unit in associa-
tion with an expansion-seal tank through which- the: heat
transfer medium is passed for fully utilizing heat in the
heat transfer medium. .

Other and further objects of ‘my invention reside in a
novel arrangement of heat transfer umits in a heat ex-
changer system as set forth more fully in the specifica-
tion hereinafter followmg by :reference to the accom-
panying drawmgs, in which:

Fig. 1 is a top plan view of one form of: heat exchanger
system embodying my invention, the view illustrating a
three-pass system;

Fig. 2 is a side elevational view of the heat exchange1
system shown in Fig. 1;

Fig. 3 is a transverse sectional view taken on line 3—3
of Fig. 1, the view showing the heat exchanger apparatus
in end elevatron,

Fig. 4 is an end view of the heat exchanger apparatus
illustrated in Figs..1-3, on an enlarged scale, with certain
of the parts broken away and illustrated in section to

illustrate more -clearly the arrangement of flues and ‘the ‘

damper control;

Fig. 5is a fragmentary view of .the end of the heat ex-
changer apparatus, lllustratmg particularly the damper
control mechanism in elevation; .

Fig. 6 illustrates a modified form of heat exchanger
apparatus embodying my invention, the view showing the
application of my invention to a single-pass system;

Fig. 7 is an end elevational view of one end of the ap-
paratus shown in Fig. 6;

Fig. 7A is an end elevational view of a burner of the
apparatus shown in Figs. 1, 2 and 10; .

Fig. 8 is a top plan view of the heat exchanger ap-
paratus illustrated in Figs. 6 and 7;

Fig. 9 is a fragmentary end elevatlonal view of the ex-
hauster of the heat.exchanger apparatus illustrated in
Figs. 1, 2 and 10;

Fig. 10 is a vertical sectional view through the heat
exchanger apparatus of Figs. 1-5;

Fig. 11 is an end elevational view of the heat exchanger
equipment shown in Fig. 10, with the flue box cover
bleed-in damper assembly and the furnace end removed;
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- or retracted with respect thereto.

2

Fig. 12 is a vertical sectional view on line 12—12 of -
Fig. 10;

Fig. 13 is an end view of the heat exchanger apparatus
showing as in Figs. 1 and 2 the burner end of the heater
with the flue box cover removed; -

Fig. 14 is a fragmentary sectional view taken on line

14—14 of Flg 13;.and

Fig. 15 is a fragmentary longitudinal sectronal view
of the single pass construction heat excuanger shown
in Figs. 6, 7 and 8; and :

Fig. 16 is an end view of the structure shown in Flg 15
with the furnace end removed.

- Hereinafter I have used the letters HTM to express
the meaning “Heat Transfer Medium” or “Heat Transfer
Media” as the case may be in order to shorten the de-
scription of my invention. i

The heat exchanger unit of my invention consists of
a cylindrical vessel which I call the drum 1 closed by
heads 2 at both ends to contain liquid, extending through
both of which heads is a cylindrical tube or furnace 3,
and flues 4. The furnace 3 is extended through both
heads 2 to accommodate the fuel burner and combustion
apparatus hereinafter described and arranged on the one
end, and the insulated acceleration chamber with re-
lieving .furnace end on the other also as -hereinafter de-
scribed. . The fuel. burner is mounted externally on or to,
the burner mounting plate 5 and into the port 8¢ in which
and through which the burner nozzle discharges the fuel
and primary combustion air which areignited in -ignition
tile 6 mounted inside of burner mounting plate 5. The
ignition tile 6 is usually supported in cylindrical tile
holder 7. A sealing and support band 8 on the inside of
mounting plate 5 supports the complete assembly in the.
end of the furnace 3 extension (in most cases); and fur-
nace 3 extension, sealing and support band 8 and burner
mounting plate 5§ in combination with each other form
wind box 9. Displaced inwardly from the furnace 3 exten-
sion end is a combustion tile 10. Combustion tile 10 is
made of refractory material or fire brick installed in the
conventional manner, The ignition tile 6 is a refractory
material or fire brick and shaped to suit the burner and
suitable for.the fuel to be burned. Both the ignition tile
6 and the combustion tile 10 are cylindrical in shape.
The ignition tile 6 has a peripheral portion thereof Jongi-
tudinally aligned with a peripheral portion of the com-
bustion tile 10 and the ignition tile. § may be linearly
moved into peripheral abutment with combustion tile 19,
Secondary combustion

- air enters the combustion tile 10 through gap or tuyere

50

11 which is a full circular opening 360° around the end
of the ignition tile 6 and the throat of the combustien tile
10. The path along which the combustion air enters the

- combustion tile 16 converges from the adjacent edges of
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the peripheral portions of the ignition tile and the com-
bustion tile in an inwardly inclined path which is sub-
stantially frustoconical in shape, meeting in an apex or
focus within the cylindrical combustion tile. The pe-
ripheral end portion of the ignition tile 6 is inclined in
the direction of the combustion tile 10 and serves as an
annular guide for the movement of the combustion air in
the inwardly inclined path of the apex or focus within the
cylindrical combustion tile. Burner mounting plate 5'is
usually fitted with suitable adjustable or screw devices
12 by which to move the complete assembly of burner,
mounting plate 5, ignition tile 6 and sealing and support
band 8 inwardly and outwardly of the furnace 3 exten-
sion to vary the gap or area of tuyere 11 to provide the

* proper velocity to the proper amount of secondary com-

70

bustion air, due to pressure drop through -tuyere 11, to
create turbulence in the fire. Adjustment of tuyere 11 in
combination with the exhauster 73 and draft controls
provide a positive, accurate control of the secondary air
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with the correct velocity and attendant turbulence for
the most efficient combustion. An entrance box 13
usually rectangular in section, fitted with a damper 14, is
joined to' the furnace 3 extension and opening &5 in: the
furnace 3 extension to provide entrance for the secondary
combustion air into wind box 9 and' to- regulate it at the
lower firing rates; the tuyere 11 etc. described above
being the means for regulation of the secondary air at the
higher firing rates. Normal firing is’ with an automatic
fuel burner adjusted and controlled to fire at a low firing
rate and at a high firing rate. At the high firing rates
thie damper 14 opens to a point beyond any controlling
of the secondary combustion air and at the low firing rate

the damper 14 closes to apoint where it limits the second-

ary air just sufficient for efficient combustion at the low
firing rate. Although the entrance box 13 etc. are shown
at the bottom of the furmace 3 extension, they may be
ifistalled at -any other convenient or practicable point
opening into the wind box 9. A sdmple pipe 16 con-
necting to the draft control apparatus on the power and

control panel continuously reports the combustion pres--

sure in the furnace 3 to the instuments for maintaining
the proper draft for efficient combustion. The conven:
tional means of introducing or admitting secondary com-
bustion air in fuel burners on similar furnaces, or more
it fact most furnaces, is through one large port or a series
of ports in the combustion box or furnace. My improve-
ment or invention is very definitely superior because it
distributes the secondary combustion air uniformly and
completely around the ignition tile and. into the combus-
tion zone and there are no rich or lean areas in the fire;
and further it provides the only accurate and controllable
means by which to vary the velocity of the secondary
combustion air into the ‘combustion zone and the turbu-
lence within the fire for the most efficient combustion of
the fuel.

A combustion target 17 consisting of fire bricks stacked
in a honeycomb manner without mortar is usually placed
in the furnace 3 at the optimum distance from the com-
bustion tile 10-to act as a refractory for completing com-
bustion and increase turbulence inm the center and part of
the furnace 3 zone away from the fuel burner. The other
furnace 3 extension which is lined with insulating brick
orf refractory in a conventional manner defines a zone I
called an accelerating chamber 81. I have observed that
in similar conventional furnaces the products of com-
bustion must accelerate to get out through the stack or
through the furnace exit because the area of the stack or
exit opening is always less than that of the furnace which
causes the exiting gases to form a vortex in the furnace
so they can exit and in so doing also create a dead space
in the end of the furnace both of which effect and reduce
the heat transfer in that area of the furnace. Itis usually
desirable and good practice to increase the velocity of
the gases in the return flues or passes to improve convec-
tion therein. In my invention I provide four to eight
times the velocity through the return flues 37 and 38 com-
pared to the velocity through thie furnace 3. To obviate
lowering the heat transfer efficiency in the exit end of
furnace 3 due to the vortex and déad space resulting from
the acceleration of the gases, I extend the furnace 3 as
described and shown and line it with insulating refractory
so not reduce its area too abruptly but to substantially re-
move the effects of the acceleration out of furnace 3 into
the acceleration chamber 81. The furnace end 19 closes
the end of the acceleration chamber. The furnace end
18 is lined with insulating brick or refractory in a conven-
tional manner and is provided with handles 2§ for easy
handling and placing, and having a peephole 21 with
movable cover for observing inside the furnace 3. Sup-
port rails 22 are attached to furnace 3 extension having
their ends tied together with safety angle 23 to support
furnace end 19 on its support angle 24. The furnace end
19 serves as an ample access door for servicing and
cleaning furnace 3, combustion target 17, combustion tile
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4
10, etc.; and as an extremely efficient pressure release
device for furnace 3 requiring only a very few inches

" water column pressure to move it outwardly along its

support rails 22. It cannot return to the closed or sealing
position by itself but must be replaced manually, and it
is so balanced that its weight holds it firmly against the
seal gasket 25, usually made of asbestos rope, to.prevent
combustion gas: leakage. or air. infiltration.. Further, im-
mediately it is moved outwardly from. its mormal or
closed and sealing ‘position. it tips or tumbles to- an angle
fully relieving any pressure that could be generated
within the furnace 3 from whatever cause including false
ignition, combustion puff, etc. The effective relief area
of the furnace end: 19 is equal to the full area of the
furnace 3 less the insulating refractory or lining 18 which
makes it an extremely efficient relief mechanism. Thus,
immediately the furnace end 19 opens the pressure in
the combustion zone and the furnace 3 which operates at
less than atmospheric pressure immediately increases to
atinospheric pressure which is reported by way of the
sample pipe 16 to the draft control and safety device
which de-energizes all apparatus on the heater and no
further operation can. occur until the difficulty is rectified,
the furnace end 19 replaced: to its proper position: and
the control re-set. This is a very important improvement
over thie conventional gravity seating or spring loaded re-
lief or explosion doors used on boilers, etc., which close.
and re-seat or re-seal immediately after performing their
relieving - function. Such devices .are often defective as
they permit.repetition of the very action they are to com-
pensate for and I have seen them explode several times
before other safety devices can come into play and de-
energize .the appardtus. - I know of two such instances
where serious damage was caused by such repetition.

The flues 4 extending: through:the heads 2, which ex-
tend through the heads 2 only for efficient. mechanical
construction, open into flue boxes 26, 27 and 23, con-
structed of shrouds 29, 39 and 3% (Figs. 11 and 13)
and lined with insulating bricks or refractory 32, 33 and
34. Flue box 26 is'sealed from flue box 28 by insulating
brick or refractory wall 35. An opening 3¢ permits
the products of combustion to ledve scceleration cham-
ber 81, after leaving furnace 3 and accelerating in acceler-
ation chamber 81, into flue box 26 and enter first return
flues 37. Flue box 27 permits- the products of com-
bustion to leave the first return flues 37, cross over the
end and through the flue box 27 and enter the second
return flues 38.

Hence, it will be seen readily that the fuel and air
are burned in the combustion zone and furnace 3, the
products of combustion travel through-and around com-
bustion target 17 to the end of the furnace 3, where their
rate of travel or velocity is accelerated in the accelera-
tion chamber 81, pass through opening 36 into flue box
26, enter and pass through first return fines 37, into and
through flue box 27, and enter into and through second
return flues 38 and out-into flue box 28. Thus, my in-
vention would be nominally termed three-pass construc-
tion or a three-pass heatér.

Flue box 26 is covered by flue box cover or shroud 29
and sealed by gasket 40. TFlue box 27 is covered by flue
box cover 41 and sealed by gasket 42. Flue box 238
is covered by bleed-in housing 43 having damper assem-
bly 44 and sealed by gasket 45. Flue box covers are
lined with insulating bricks or refractory. The fastenings
(muts, bolts, clips, ete: for holding in place) for the flue
box. covers and bleed-in. housing, etc, are omitted to
simplify the drawings and. specifications; because they
are not generic to the invention.

A suction line nozzle 46 extends through the heat-
exchanger head opposite the fuel. burner parallel with
the axes of the drum I, furnace 3 and flues 4, the en-
trance end of which is located at a point-displaced be-
tween the heads 2. Since this suction line nozzle is
u§uglly a long pipe it is not practicable to support it
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simiply by attaching it to the head 2; therefore, I have in-

vented an expansion-support clip 47 which is attached
to the inside of drum 1 and supports the end of the suc-
tion line nozzle 46 in its proper position but permits
movement slightly in any direction that might develop
due to thermal expansion and contraction or distortion in
shipping and handling or any other cause which might
set. up stress within the structure if its ends were se-
curely fastened.

A return line nozzle 48 also extends through the heat-
exchanger head opposite the fuel burner, it, too, being
parallel with the drum 1, furnace 3, flues 4 and likewise
with suction line nozzle 46. The exit end of the return
line nozzle 48 is located at a point displaced between the
heads 2 and usually displaced away from the entrance
end of the suction line nozzle 46, although this is not
entirely necessary. The important part of the return
line nozzle 48 is that it must extend sufficiently far into
the heat-exchanger to allow effective venturi action as a
result of the jet like discharge of HTM from it.  The re-

turn line nozzle 48 also is a relatively long pipe and it.

is not practicable to support it simply by attaching it to
the head 2; therefore, I employ an expansion-support clip
47 for it in the same manner and for the same reasons
_ as for the suction line nozzle 46. The return line nozzle
48 _should be long enough inside the heat-exchanger to
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utilize the effect of the venturi action resultant from the -

discharge jet like stream of the HTM jetting from the
retirn line nozzle 48. One of the cardinal features of
my invention is to perform a rapid and efficient reheat~

30

ing of the HTM and consequently an efficient heat trans- -

fer. This is accomplished by a completely and ex-
tremely turbulent state of the HTM within the heat-
exchanger -which occurs at atmospheric pressure during
circulation of the HTM to, through and from process.
The returning HTM leaves the return line nozzle 48 in
a jet like stream which in practically all circumstances
has sufficient velocity or more to maintain its identity
until it reaches or nearly reaches the head 2 at the burner
end although it is slowed and widened to some extent by
the viscous drag of the surrounding HTM. As the said
jet like stream approaches the said head 2 the resistance
there divides it and it sweeps turbulently upwardly on
both sides of furnace 3 and around flues 4; then turbu-
lently backward along the top of the heat-exchanger to-
ward the other head 2 through which it entered; as it
approaches head 2 through which it entered the resistance
there. tends to direct it turbulently downwardly and it
becomes caught into the venturi effect and action created
by the said jet like stream, in that area surrounding the
return line nozzle 48. ‘A like volume returns via the
return line nozzle 48 as leaves via the suction line nozzle
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46 and since the heat-exchanger is at atmospheric pres-

sure no circulating stress can be imparted to the heat-
exchanger or heater structure however great the circulat-
ing rate. Since turbulence within a liquid, or a gas, is
a circular like or type of motion or movement, I have
made all the elements of my invention of cylindrical
shape except the heads 2 which are flat, to coincide
with, aggravate and accelerate as much as possible and
preserve that turbulence in the: HTM within the heat-
exchanger. Thus, the result is a completely and thor-
oughly turbulent washing of all the heating surfaces of
the heat-exchanger: (or, if preferred, all of the heat
transfer surfaces of the heat-exchanger). The displace-
ment and relative proportions and positions of the ele-
ments of my invention are such that even without circu-
lation of the HTM to, through and from process (with
the attendant consumption or transfer of heat) there is
adequate natural gravity convection of the HTM within
the heat-exchanger (or, if preferred, all of the heat
safely and without detriment to the HTM or any of the
apparatus within the temperature limits of the HTM and
the heater. There is sufficient reserve heat transfer
capacity in the complete apparatus, including the HTM
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within the heat-exchanger, so that full firing rate of the.
fuel burner will not overheat the heater of HTM éven in
any local spot and under such conditions the HTM will
rise in temperature faster than when it is circulating and
transferring heat to process but there are always ade-
quate margins so the control and limiting instruments
fully protect the apparatus and the HTM, which is a
very advanced construction and improvement over con-
ventional liquid heat generators and even many vapo-
rizers and boilers. If the heat users or process appara-
tus are located above the heater, a system could be
engineered relatively easily in which complete circula-
tion would result from natural gravity convection; but it
is desirable and often necessary because of the heating
process or apparatus to be served, to install a circula-
tor(s) or pump(s) in the circuit(s).

The physical arrangement of the drum 1, furnace 3,
flues 4, suction liné nozzle 46 and return line nozzle 48
should be such that all are parallel with each other but the
displacement of their axes -with respect to each other as
shown and described are not necessarily limited for opera-
tion of the apparatus althiough the arrangement described
and disclosed is the best mechanical arrangement and the
best for the most efficient heat transfer.

The drum 2 is fitted with dry wells 49 to receive the
sensing elements of the instruments, controls, thermostats,
etc. ~They are usually two or three in number but the
pumber- is determined by the instrumentation, comtrols,
etc. desired or required.. These are usually located in the
top of the drum 2 near the entrance to the suction line
nozzle 46 for the best results.

An opening or fitting 50 is provided in the top of the
drum 2 usually near the end opposite the suction and re-
turn line nozzles (near the burner end) for attaching or
installing a low HTM level safety switch 51.

An opening or fitting 52 is provided in the top of drum
2-near the same end through which the suction and return
line nozzles 46 and 48 enter, for attaching a vent pipe 53
connecting with .and opening into the upper part of ex-
pansion-seal tank 54, The position of this opening and
pipe is important..- Since the flow of the HTM in the top
of .the heat-exchanger is tuburlently toward the head 2
through which the suction 46 and return. 48 line nozzles
enter, any vapors, air, gases, light ends, etc. which might
be in, become trapped or enter into the system and find
their way ‘to the heat-exchanger will be carried and
washed immediately to the area at the top of the heat-ex-
changer near said head. Thus, with the vent pipe 53 so
located said vapors, gases, etc. will be automatically. and
immediately voided out of the heat-exchanger, through
said vent pipe 53 and into the top of the expansion-seal
tank 54. I have observed by actual operation and testing
of models and heaters that if vent pipe 53 and its opening
52 are at any other area the flow of the HTM along the
top of the heat-exchanger is strong enough, even with Iess
than full circulation rates, that an objectionable and trou-
blesome amount of vapors, etc. if present, will be trapped
in- this area due to the hydraulic velocity and greater
density of the HTM, and circulation must be stopped to
permit the said vapors, etc.-to find their way to the vent.

An opening or fitting 55 is provided in the bottom of
the heat-exchanger to which is attached a make-up or
equalizing pipe 56 which leads from the opening 55 in the
bottom of the heat-exchanger to a point opening into the
lower part of expansion-seal tank 54. A T 57 is usually
installed between.opening 55 and line 56 to the other
opening of which T 57 a valve 58, which is usually a slow
opening type, is installed for draining or filling the heater.
Line 56 is usually fitted with a valve 59. Line 56 is the
make-up or equalizing line between the heat-exchanger
and expansion-seal tank 54 to keep the heat-exchanger

-~ full of HTM at all times and to equalize the HTM level

in vent pipe 53 and low level HTM safety switch 51; and
to provide for thermal expansion and contraction of the
HTM in the system or to accommodate any surging that
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might occur. Usually three inspection and access ports’
are provided in the sides and top of the drum 1 tfo fa-
cilitate inspection and service inside the heat-exchanger.
These are usually forged steel flanged devices, gasketed
and fastened with stud bolts and nuts. Note: On a single-
pass heat-exchanger there are usually one or two inspec-
tion and access ports: one on each side.

The expansion-seal tank 54 is a lignid-tight, usually
cylindrical, vessel closed by heads 67 at each end, with
varicus openings and fittings as herein described and dis-
closed. The expansion-seal tank 54 should be installed
so that its bottom is equal to or above the height of the
highest element or part of the heat-exchanger but never
lower, Usually the expansion-seal tank is insalled 12 to
24 inches above and supported above the heat-exchanger
on saddles 68 on the heat-exchanger or externally or in-
dependently supported. The opening or fitting- 61 in ex-
pansion-seal tank 54 to receive vent pipe 53 should be
nedr the top of expansion-seal tank 54. Fitting or open-
ing 62 is furnished in the expansion-seal tank 54 to fill the
apparatus with HTM or to measure the HTM level in the
expansion-seal tank——which opening or fitting 62 should
always be closed tightly with a plug, cap or similar device.
Fitting or opening 63 is provided for ataching a vent pipe
which should not have any valves, restrictions or restric-
tive devices and should be open to atmosphere at all times
and never longer or higher than necessary to carry vaposs,
etc. or HTM that might have to be vented, to a safe space
or area. Opening or fitting 64 is often provided for a
sensitive pressure switch or safety device 65 which, if
pressure in expansion-sseal tank slightly exceeds atmos-
pheric such as two oz. per sq. inch, will perform safety
shut-down of the apparatus. Although the apparatus
operates at atmospheric pressure such mishandling as fill-
ing the expansion-seal tank full of HTM to overflowing
could be dangerous but the safety switch 65 causes a
safety shut-down. Overflow opening or fitting 66 is
usually provided in one end or head §7 of the expansion-
seal tank 54 but it could be at any convenient point.
This overflow 66 determines the maximum height or level
of HTM that should be permitted in the expansion-seal
tank 54 and experience demonstrates it should not ordi-
narily be carried over half-full and normal opérating level
is usually six to twelve inches above the bottom of expan-
sion-seal tank 54. - If the expansion of the HTM in the
system is_so great due to the size of the system and the
amount of HTM that the HTM level will rise above the
middle of expansion-seal tank 54 or overflow 66, then
overflow 66 should be piped to the top of asafe and safely
located overflow or storage tank; said pipe from overflow
66 to top of overflow storage tank pitching downwardly.
Opening or fitting 68 is provided to receive equalizing con-
nection from low level HTM safety switch 51 on heat-
exchanger. The HTM level should not be carried above
the half-full point of expansion-seal tank 54 so that any
vapors, gases, air, etc. voiding from the heat-exchanger
via vent pipe 53 can disperse themselves over the HTM
in the expansion-seal tank 54 and pass out through the
vent 63 to the atmosphere. Opening or fitting 69 is pro-
vided in the bottom of expansion-seal tank 54 to which is
attached drain pipe 76 having drain valve 71. Make-up
or equalizing pipe 56 enters the expansion-seal tank 54
near the bottom, therefore, if any vapors condense in the
expansion-seal tank 54 which are heavier than the HTM
they will not enter make-up or equalizing pipe 56, but will
be trapped in the bottom of the expansion-seal tank 54
and can be drained off via opening 6% and drain pipe 70
through drain valve 71. This is an important feature of
my invention that other liquid heat gemerators do not
have. When vapors, gases, etc. get into the system my
invention will void them automatically without foaming
and overflowing the HTM into the surrounding area.
Whereas, conventional systems relieve themselves through
an expansion tank arrangement through which the vapors,
iases, etc. must be forced and bubbled through the HTM
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in the expansion tank. But in my inventioii the vent pipe
5% extends from the top of the heat-exchanger to the upper
part of the expansion-seal tank 54 so that any vapor, gas;
etc. must be voided and spewed over the top of the HTM
in the expansion-seal tank 54; thereby not creating &
bubbling foaming mass out of the HTM in the expansion-
seal tank 54. The relatively cold HTM in the make-up
or equalizing line 56 and its length have enough more re-
sistance over that of the relatively hot HTM and the short
length or column of HTM in vent pipe 53 that venting via
vent pipe 53 is positive, although both are at atmospheric
pressure. 'The expansion-seal tank 54 I so named for an-
other important feature. Since make-up or equalizing
pipe 56 connects with the bottom of the heat-exchanger
through opening or fitting 55 and connects with expansion-
seal tank 54 near its bottom. Heat must, therefore, be
conducted downwardly through the bottom of the heat:
exchanger, through and along intermediate fittings, pipe
and HTM until convection can result vertically in make-
up or equalizing pipe 56, and thus the HTM in the expan-
sion-seal tank 54 will normally remain at 200 to 250° F.
while heating HTM in the heat-exchanger at 500 to 600°
F. I have measured these temperatures under actual
operating conditions. - This is very important. Many
HTM oxidize rapidly at elevated temperatures and the .
higher the temperature the more rapidly the oxidation oc-
curs. For example: a HTM that will oxidize in two years:
at 350° F. will oxidize in a very few hours at 600° F.
My invention provides and maintains a very effective:
“cold” seal at atmospheric pressure. Hence, the term ex-
pansion-seal tank, or expansion-cold-seal tank as I some-
times call it. Sometimes the expansion-seal tank 54 is
provided with an inspection and access port 82, for servic-
ing and inspection and it, too, should be adequately
gasketed and fastened.

A breeching 72 is usually provided between bleed-in
housing 43 and exhauster 73, with a stub-stack 74 on ex-
hauster 73 to carry away the products of combustion and:
bled-in air. Exhauster 73 is usually a conventional indus-
trial exhaust fan ronning at constant speed which induces.
the draft through the entrance box 13, wind box 9, tuyere

11, combustion tile 10, furnace 3, ‘acceleration chamber

81, opening 36, flue box 28, first return flues 37, flue box
27, second return flues 38, flue box 28, bleed-in housing
43, bleed-in damper 44 and breeching 72; and exhausts-all
of the products of combustion and bled-in air through
stub-stack 74.

The bleed-in damper 44 may be positioned manually to
bleed-in the proper amount of atmospheric air to create
proper draft in the combustion zone, etc. and to cool the
products of combustion and prevent overheating of the
exhauster 73, although it is usually positioned auto-
matically by an operator 75 through linkage 76 which
responds to energy transmitted to it from a draft control
and regulating instrument mounted on the power and
control panel 77, which receives the measurement of the
combustion pressure in furnace 3 through an intermediate
piping arrangement connected with sample pipe 16 which
terminates and opens into furnace 3. The draft control
through the sequences established, positions the bleed-in
damper to maintain the proper combustion pressure in
furnace 3 whether at high or low firing rate, and the bleed-
in housing also serves as a mixing chamber to mix the
bled-in air with the products of combustion thereby re-
ducing the high erosion and chemical action on the steel
parts which occurs when handling high temperature prod-
ucts of combustion.

My invention as hereinbefore described and disclosed is
a three-pass design; but it may also be made in a single-
pass design as shown in Figs. 6, 7, 15 and 16, in which
construction the principal parts are the same as on the
single-pass design except there is not usually an exhauster
or induced draft system—only a natural draft stack added
to the stub-stack 83. The single-pass design is usually
equipped with a stub-stack 83 at the base of which is'a
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barometric draft adjuster 84 instead of a bleed-in housing
43 and automatic bleed-in damper 44. The heat-ex-
changer unit is the basic difference: in which the heat-
exchanger consists of a cylindrical vessel which I call a
drum 1 closed at both ends by heads 2 to contain a liquid,
extending through both of which heads 2 is the furnace 3.
The furnace 3 extension, supporting and containing the
fuel burner and combustion paris, are all constructed in
the same manner and function in the same manner as on
the 3-pass design hereinbefore described and disclosed.
The other furnace 3 extension accommodates the ac-
celeration chamber 81 and is closed by furnace end 19 the
same as on the 3-pass design. Obviously the flue boxes
26, 27 and 28, and the first return flues 37 and second re-
turn flues 38, etc. are omitted. Thus, the opening 36 now
becomes the exit for the products of combustion out of the
acceleration chamber 81 into the stub-stack 83 at the base
of which is the barometric draft adjuster $4 which bleeds
in air automatically. However, if induced draft is desired
or required then, the bleed-in damper 44 with its operator
75 and linkage 76 will be substituted for the barometric
draft adjuster 84; and the breeching 72, exhauster 73 and
stub-stack 74 in proper sequence and arrangement as
hereinbefore described and disclosed will be substituted
for or attached to stub-stack 83; and the sample pipe 16
will be provided in the furnace 3 and connected to the
necessary automatic controls and instruments as in the
case of the 3-pass design. -All other features, parts, etc.
are and function the same as in the 3-pass design.

The HTM may be circulated to, through and from
process indirect heating apparatus in any conventional
manner except that outgoing (hot) HTM should be taken
through suction line nozzle 46 and returning (cooled)
HTM should be returned through the return line nozzle
48, always.. Any number of circulators or pumps may be
used; as long as the process heat requirements do not ex-
ceed the capacity of the heater.

The heat-exchanger, expansion-seal tank, power and
control panel, fuel burner and all attendant piping, -wir-
ing, instruments, comtrols, etc. are usually installed in
their proper relationships as herein described and dis-
closed and mounted on a main skid frame 78. The cir-
culator(s) or pump(s) are usually mounted on separate

bases and located where good ‘engineering practice dic-.
tates although they can be installed in almost any par-

ticular location or even on the skld frame 78 by making
provision therefor.

The fuel burner is usually a commercial device with
the conventional automatic controls and safety devices

plus additional controls and safety devices I add to make’

the best and most efficient apparatus. :
While I have described my invention in certain pre-
ferred embodiments I realize that modifications may

E be made, and I desire that it be understood that no limi-

tations upon my invention are intended other than may
be imposed by the scope of the appended claims.

What I claim as new and desire to secure by Letters
Patent of the United States is as follows:

1. A fuelfired heat exchanger consisting of a cylindri-
cal drum closed by heads at both ends and a cylindrical
furnace disposed longitudinally inside the cylindrical
drum with the ends thereof extending through and pro-
jecting beyond the heads of said drum, and forming a
space within the interior walls of said -cylindrical drum
and external to said furnace and confined by said heads
in which to heat a heat transfer medium, the heat being
generated by means of fuel burning in the furnace and
transferred through the furnace wall into the heat transfer
medium and wherein one end of said cylindrical furnace
wholly encloses and contains an acceleration chamber
and a pressure release device in the acceleration’ cham-
ber substantially coplanar with the end of the furnace.

2. A fuel fired heat-exchanger consisting of a drum
closed by heads at both ends, a cylindrical furnace dis-
posed inside the drum and extending through and beyond
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the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside the drum
extending through the heads within the space between the
said furnace and the interior of said drum, said furnace.
and flues operating to heat a heat transfer medium, the
heat being generated by fuel burning in the furnace and
hot gases flowing through the flues, and the heat being
transferred through the furnace and flue surfaces into
the heat transfer medium, a nozzle extending into said
drum intermediate said flues and the interior surface of
the outer wall of said drum for introducing heat transfer
medium therein and another nozzle disposed between
the outside surface of the wall of said furnace and the
interior surface of the outer wall of said drum for dis-
charging heat transfer medium from said drum and a
combustion chamber is disposed in one of the said fur-
nace extensions and an acceleration chamber is disposed
in the other furnace extension, said chambers being
wholly enclosed within the limits of said furnace.

3. A fuel fired heat-exchanger consisting of a drum
closed by heads at both ends, a cylindrical furnace dis-
posed inside the drum and extending through and beyond
the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside the drum
extending through the heads within the space between
the said furnace and the interior of said drum, said fur-
nace and flues operating to heat a heat transfer medium,
the heat being generated by fuel burning in the furnace
and hot gases flowing through the flues, and the heat
being transferred through the furnace and flue surfaces.
into the heat transfer medium, a nozzle extending into.
said' drum intermediate said flues and the interior surface
of the outer wall of said drum for introducing heat trans-
fer medium therein and another nozzle disposed between .

. the outside surface of the wall of said furnace and the

interior surface of the outer wall of said drum for dis-

" charging heat transfer medium from said drum and there
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is an acceleration chamber disposed wholly within one
of the extensions of said furnace and wherein there is a
pressure release device in the acceleration chamber dis-
posed substantially coplanar with the end of the said
last mentioned extension of the furnace.

4, A fuel fired heat-exchanger consisting of a drum
closed by heads at both ends, a cylindrical furnace dis-

. posed inside the drum-and extending through and beyond

the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside the drum
extending through the heads within the space between
the said furnace and the interior of said drum, said fur-

- nace and flues operating to heat a heat transfer medium,

the heat being generated by fuel burning in the furnace
and hot gases flowing through the flues, and the heat
being transferred through the furnace and flue surfaces
into the heat transfer medium, a nozzle extending into
said drum intermediate said flues and the interior surface
of the outer wall of said drum for introducing heat trans-
fer medium therein and another nozzle disposed between
the outside surface of the wall of said furnace and the
interior surface of the outer wall of said drum for dis-
charging heat transfer medium from said drum and
which includes external flue boxes attached to the said
heads and furnace extensions, said flue boxés being

» located within the limits of the length of said furnace.
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5. A fuel fired heat exchanger consisting of a drum
closed by heads at both ends, a cylindrical furnace dis-
posed inside the drum and extending through and beyond
the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside the drum
extending through the heads within the space between the
said furnace and the iuterior of said drum, said furnace
and flues operating to heat a heat transfer medium, the
heat being generated by fuel burning in the furnace and
hot gases flowing through the flues, and the heat being
transferred through the furnace and flue surfaces into
the heat transfer medium, a nozzle extending into said
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drum interrmiediate said flues and the interior surface of
the outer wall of said drum for introducing heat transfer
medium therein and another nozzle disposed between the
outside surface of the wall of said furnace and the inte-
rior surface of the outer wall of said drum for discharging
heat transfer medivm from said drum and a combustion
chamber is disposed in one of the said furnace extensions
and an acceleration chamber is disposed in the other
furnace extension, and wherein there is a combustion
target located in said furnace intermediate the said
chambers. )

6. A fuel fired heat exchanger conmsisting of a drum
closed by heads at both ends, a cylindrical furnace dis-
posed inside the drum and extending through and beyond
the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside the drum
extending through the heads within the space between
the said furnace and the interior of said drum, said fur-
nace and flues operating to heat a heat transfer medium,
the heat being genecrated by fuel burning in the furnace
and hot gases flowing through the flues, and the heat be-
ing transferred through the furnace and flue surfaces into
the heat transfer medium, a nozzle extending into said
drum intermediate said flues and the interior surface of
the outer wali of said drum and introducing heat transfer
medium therein and anocther nozzle disposed between
the outside surface of the wall of said furnace and the
interior surface of the outer wall of said drum for dis-
charging heat transfer medium from said drum and a
combustion target located in said furnace intermediate
nace extensions and an acceleration chamber is disposed
in the other furnace extension, and wherein there is a
combustion target located in said furnace intermediate
the said chambers, said combustion target comprising
fire bricks stacked in a honeycomb in a plane extending
transversely of said furnace.

7. A fuel fired heat exchanger consisting of a drum
closed by heads at both ends, a cylindrical furnace dis-
posed inside the drum and extending through and beyond
the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside. the drum
extending through the heads within the space between the
said furnasce and the intericr of said drum, said furnace
and flues operating to heat 2 heat transfer medium, the
heat being generated by fuel burning in the furnace and
hot- gases flowing through the fiues, and the heat being
transferred through the furnace and flue surfaces into the
heat transfer medium, a nozzle extending into said drum
intermediate said flues and the interior surface of the outer
wall of said drum for introducing heat transfer medium
therein and another nozzle disposed between the cutside
surface of the wall of said furnace and the interior sur-
face of the outer wall of said drum for discharging heat
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transfér medium from said drum and there are external
flue boxes attached to said heads and cylindrical exten-
sions in positions above the longitudinal axis of said fur-
nace and exiending transversely across the terminating
ends of said flues, said flue boxes being disposed within
the diametrical limits of said drum and a division wall
in one of said flue boxes intermediate the flues terminat-
ing therein.

8. A fuel fired heat-exchanger consisting of a drum
closed by heads at both ends, a cylindrical furnace dis-
posed inside the drum and extending through and beyond
the heads, each end of said furnace being formed with a
cylindrical extension, and flues disposed inside the drum
extending through the heads within the space between the
said furpace and the interior of said drum, said furnace
and flues operating tc heat a heat transfer medium, the
heat being generated by fuel buraing in the furnace and
hot gases flowing thrcugh the flues, and the heat being
transferred through the furnace and flue surfaces into the
heat transfer medium, a nozzle extending into said drum
intermediate said flues and the ‘interior surface of the
outer wall of said drum for introducing heat transfer
medium therein and another nozzle disposed between
the outside surface of the wall of said furnace and the
interior surface of the cuter wall of said drum for dis-
charging heat transfer medium from said drum and said
first mentioned nozzle is disposed adjacent the top of the
outer wall of said furnace and wherein said last men-
tioned nozzle is disposed adjacent the bottom of the
cuter wsll of said furnace, said first mentioned nozzle
being interposed between at least one of said flues and
the interior surface of the outer wall of said drum and
extending more than one half the length of said furnace
and said last mentioned nozzle extending for a distance
less than half the length of said furnace.
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