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3,147,742
MULTI-PRESSURE WASTE HEAT BOILER
Howard T, May, Schenectady, N.Y., assigner to General
Electric Company, a corporation of New York
Filed Dec. 3, 1962, Ser, No. 241,653
6 Claims. (ClL 122—7)

This invention relates to an improved arrangement for
a boiler generating steam at more than one pressure level,
preferably from waste heat, such as a gas turbine exhaust
or blast furnace operation. More particularly, the in-
vention applies to a waste heat recovery system employing
upward flow of exhaust gas through a plurality of com-
pact cooperating units, arranged for minimum intercon-
necting piping and improved heat transfer.

1t is well known that improved thermodynamic cycle
efficiency can be achieved by utilizing heat which would
otherwise be lost, such as gas turbine exhaust, to generate
steam for process use or power gemeration. It has also
been suggested that further jmprovements can be effected
by generating steam at more than one pressure level at
progressively lower temperatures. Such an arrange-
ment is disclosed in abandoned application Serial No.
114,718, filed on June 5, 1961, in the name of Robert P.
Giblon and assigned to the assignee of the present ap-
plication, in which improved heat recovery is achieved
by disposing a low pressure boiling water heat exchanger
in a gas turbine exhaust stack, which generaizs heat to
preheat the feed water passing to a conventional econ-
omizer, also located in the stack.

Although most boilers are of the generally vertical
“bent tube” type with a high temperature steam drum
disposed uppermost in order to utilize the temperature
difference. to: assure circulation, proposals for forced cir-
culation boilers with straight horizontal tubes and recir-
culating pumps have been advanced for special applica-
tions. These have been for steam generation at a single
pressure, where the arrangement of drums and connect-
ing piping is not so critical, as it is with multi-pressure
units. 'The problem of working out a practical arrange-
ment for the banks of tubing to provide accessibility, ease
of maintenance, and most efficient heat transfer for a
muléi-pressure waste heat boiler is critical to the eco-
nomidc feasibility of the boiler, Additional factors such
as standardization of tubing size, self-contained separate
units, and similarity of parts should also be considered.

In order to provide the simplest construction with a
minimum of exhaust gas ducting, it is desirable that a
waste heat boiler be disposed directly above the waste gas
outlet for upward flow. If this is done, minimum height
of the waste heat boiler is essential and the temperature
drop of the waste gas over this minimum height must
therefore be quite sharp. Proper support of the tubing
banks with allowance for expansion is necessary. It is
also desirable that the waste heat boiler be composed of
units which are replaceable, those units most susceptible
to corrosion damage from coinbustion gases being. more
readily accessible than units which are less subject to
damage.

Accordingly, one object of the present invention is to
provide an improved compact and economical arrange-
ment for a multi-pressure waste heat boiler suitable for
mounting directly above a waste gas producer outlet.

Another object of the invention is to- provide a waste
beat boiler having a minimum vertical dimension in the

-direction of waste heat gas flow with steep temperature
" gradient in the waste heat gas over this distance.

Another object of the invention is to provide an im-
proved -arrangement for forced circulation steam genera-
fion at more than one pressure level in a waste heat
boiler.

Still another object of the invention is to provide an
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{mproved waste heat boiler for multi-pressure steam
generation with separate stackable horizontal tube banks
arranged for balanced flow using the same size tubing
throughout.

Another object of the invention is to provide an im-
proved waste heat boiler, wherein the units most sus-
ceptible to corrosion are accessible for ease of mainte-
nance and cleaning in direct order to their susceptibility
to such corrosion.

Yet another object of the invention is to provide an
improved waste heat boiler using a minimum of asso-
ciated connecting piping arranged for ease of inspection
and maintenance.

Other objects and advantages of the invention will be-
come apparent from the following description taken in
comnnection with the accompanying drawing in which:

FIG. 1 is an exploded perspective view in simplified
form, showing the separate units of the waste heat boiler
in its preferred embodiment for a steam: generating sys-
tem of two pressure stages,

FIG. 2 is a cross section through the waste heat boiler
as disposed above a gas turbine exhaust outlet, showing
the associated external piping in diagrammatic form and,

FIG. 3 is an enlarged view of the finned tubing used in
the various heat exchange sections.

Briefly stated, the invention is practiced by employing
a number of separate rectangular open-ended duct sec-
tions having integrally-contained horizontal finned tubing
and stacked upon one another, with the lowest tempera-
ture section on top. Heating of the liquid to vaporiza-
tion temperature is accomplished in series-connected ser-
pentine finned tubing within suitably placed economizer
sections, while vaporization at more than one pressure
level is accomplished in parallel-connected finned tubing
of at least two evaporator sections with forced recircula-
tion of the liquid in a closed loop at a rate greatly in
excess of the evaporation rate.

Referring now to the exploded perspective. view of
FIG. 1, the waste heat boiler comprises a vertical stack of
rectangular - box-like heat exchange sections. Com-
mencing with the lowest temperature section on fop, these
are consecutively, a low pressure (LP) economizer 1, an
LP evaporator 2, a high pressure (HP) economizer 3, an
HP evaporator 4, and an HP superheater 5. Closely as-
sociated with heat exchange secticns 1-5 is an LP steam
drum 6, and an HP steam drum 7.

Sections 2-5 are all similar in construction to section %,
which includes flanged side walls 1a, 1, and end walls 1c,
1d. The sections are open at top and bottom and the
interior is filled with horizontal, vertically spaced rows 8
of horizontally extending heat exchange tubes. The
tubes are indicated as single lines in FIG. 1 due to the
small scale of the drawing, but are preferably finned tubes
to be described later in detail. The tubes are supported
in spaced plate hanger supports 1A (only one shown)
which are secured between side walls 1a, 1b. The
flanges of sections 15 are adapted for stacking on top of
one another and are secured with spaced bolts le.
Gasket strips 1f seal between flanges and the bolt holes
are provided with generous clearance for thermal ex-
pansion. The side walls and end walls of sections i-5,
therefore, support the tube bundles and, in addition,
cooperate to form a rectangular vertical duct, which is
fed from the bottom with hot gas. .

The tubes in each row of the LP and HP economizer
sections 1, 3 are connected at opposite ends with the
tubes of the row immediately above and immediately

- below in series-flow relation as indicated at 9, 19 respec-

tively. An inlet header 11, and an outlet header 12, at-
tached to end wall 1d or LP economizer section 1, are
connected to the top Tow of tubes and to the bottom row
of tubes respectively. Similarly, an inlet header 13 and
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an outlet header 14 service the top and botiom rows of
series-connected tubes 16 in HP economizer 3.

The construction of the LP evaporator 2 and HP evap-
orator 4 is slightly different from that of the econcmizer
sections 1, 3 mentioned above, in that the heat exchanger
tubes 15, 16 in each of the two sections are connected
in parallel flow relationship with all the other heat ex-
changer tubes in the same section. A rectangular box 17,
supported on the far end wall of section 2, serves as an
inlet header, while a similar box 18, on the near end wall
of section 2, serves as an outlet header. Similarly, HP
evaporator 4 includes an inlet header 19 and outlet header
20. AIll of the rows of tubes 15 in section 2, therefore,
are connected directly between headers 17, 18 and all the
rows of tubes 16 in section 4 are connected between head-
ers 19, 20. Thus, evaporators 2, 4 may be character-
ized as “once through” heat exchangers as opposed to the
serpentine flow of liquid taking place in tubes 9, 19 of
the economizers 1, 3.

The HP superheater section 5 is arranged slightly dif-
ferently from above, in that every other row of tubes 21
is paired or paralleled with a row of tubes 22, and each
double row 21, 22 is connected in series flow with other
double tube rows, as will be apparent from the drawing.
An inlet header 23 furnishes saturated steam to each pair
of tubes, such as 21, 22, and an outlet header 24 on the
far end wall collects superheated steam.

Jt will be understood that each of the sections 1-5 con-
tains a large number of tubes per row as indicated by the
short line segments of row 8 in FIG. 1. However, the
basic characteristics of the various heat exchangers can
be determined by examining only one such tube in each
row (in FIG. 1, the nearest tube in each row), since
additional tubes in each row merely increase capacity of
the boilter proportionately.

The LP steam drum & is located closely adjacent the
end of LP evaporator 2 near header %8, and collects
both steam and liquid from the low pressure evaporator,
Similarly, the high pressure drum 7 is located adjacent
outlet header 20 of high pressure evaporator 4.

The remaining components of the system, including
pumps and connecting conduits, will now be described
according to the flow path taken by the fluid from inlet
to outlet of the boiler.

Cold feed water is pumped by an LP feed pump 25
through a feed water supply pipe 26 to LP economizer
header 11. After flowing through the series-connected
rows of pipes 9, heated feed water from header 12 enters
LP drum é by way of a pipe 27 at approximately the
proper temperature for vaporization at the pressure ex-
isting in LP drum 6. Feed water leaves drum 6 through
an outlet pipe 28, branch pipe 29, and is pumped by an
LP circulating pump 3@ through pipe 31 to the LP evap-
orator header 17 on the far end of section 2. The liquid
boils as it passes through parallel-connected rows of pipes
15 entering outlet header 38. Several LP steam pipes
33 supply saturated steam from the top of header 18 to
the top portion of drum 6, while additional pipes 34 con-
nected to the bottom of header 18 supply unevaporated
liquid to the lower part of drum 6.

According to one aspect of the invention, the rate of
liguid pumped through the LP steam generation loop,
consisting of pipes 28, 29, circulating pump 36, pipe 31,
header 17, pipes 15, header 18, pipes 33, 34 and drum 6,
is substantially in excess of the rate at which steam is
generated in pipes 15. Preferably this recirculation rate
is on the order of 5 times or more the rate at which the
water is converted to LP steam. Thus, it will be appar-
ent that tubes 15 contain a relatively large amount of
liquid, which has better heat transfer characteristics than
does steam, and the interiors of tubes 15 are completely
wetted. By this means, the efficiency of LP evaporator
2 is improved and substantial heat is extracted from the
exhaust gas, which undergoes a large temperature drop
in a relatively short distance.
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LP saturated steam in the upper part of steam drum 6
is collected by a header 35 and supplied through a pipe
36 to a utilization point for low-pressure steam, such as
a process steam header or a low-pressure stage of a steam
turbine.

As to the high-pressure portion of the cycle, a part of
the water leaving drum 6 through pipe 28 passes through
a branch line 37 and has ifs pressure substantially raised
by an HP booster pump 38. Pump 38 supplies HP econ-
omizer header 13 by means of a pipe 32, whereupon the
entering feed water, now with an increased pressure, is
raised in temperature to its higher vaporization tempera-
ture in series-connected rows of pipes 10 and is supplied
to HP economizer outlet header 14. From header 14,
the HP feed water flows throuugh pipe 40 to HP drum 7.
The feed water leaves drum 7 through a pipe 41 and is
pumped by an HP recirculating pump 42 through a pipe
43 to the inlet header 1% on the far end of HP evaporator
4. The liquid flows through the parallel-connected rows
of pipes 16 to outlet header 28. As before, saturated HP
steam flows from the top of header 20 through pipes 44
and unevaporated liquid flows from the bottom header 28
through pipes 45 to steam drum 7.

By analogy to the LP evaporator, again the compo-
nents of the recirculated fluid in the HP steam genera-
tion loop, consisting of pipe 41, pump 42, pipe 43, header
19, pipes 16, header 20, pipes 44, 45, and drum 7, are
selected to provide a recirculation rate substantially in
excess of the actual rate at which liquid is evaporated in
pipes 6. A suitable recirculation rate again is five times
the rate at which liguid is evaporated, although some va-
riation in recirculation rate is to be expected with various
designs.

An HP drum header 46 collects saturated sieam from
the top of drum 7, and supplies it to inlet header 23 of
the HP superheater section 5. Superheated steam is col-
lected from pipes 21, 22 by header 24, and a pipe 47
supplies HP superheated steam to a utilization point such
as the first stage of a steam turbine (not shown). The
use of steam at two pressures, such as HP superheated
steam from pipe 47 and LP saturated steam from pipe
36, may be integrated, for instance, by supplying the same
turbine with steam at two different points or pressure
stages of a turbine.

It remains to note that structural support for the waste
heat boiler consists of brackets 48 attached to the oppo-
site side walls of HP evaporator 4. These brackets 48
rest on a structural supporting framework indicated by
I-beam section 49. Thus the top three sections 1-3
are supported by resting on section 4, while superheater
section 5 hangs from section 4.

Referring now to FIG. 2 of the drawing, the waste heat
boiler of FIG. 1 is shown in cross section, with sections
1-5 stacked on top of one another, with the associated
external drums, pumps, and conduits shown in diagram-
matic fashion. The waste heat boiler is shown disposed
above the exhaust outlet duct 50 of a gas turbine (not
shown) and connected thereto by a diverging transition
duct 51. Gas flows upwardly through the boiler from
gas turbine exhaust 50, exhausting directly to the atmos-
phere as indicated by the arrows. It will be apparent that
the waste heat boiler, due to the use of horizontal tubes,
is extremely compact in a vertical direction.

Although again, in FIG. 2, the tubes 9, 15, 10, 16, 21,
22 are shown without fins due to the scale of the draw-
ings, these tubes preferably have extended external sur-
faces or fins. Also the tubes are all of the same size and
capacity in order to achieve economy in manufacture, due
to the many tubes required.

Reference to FIG. 3 of the drawing illustrates a typical
finned tube employed in heat exchangers 1-5. There it is
seen that the tube 52 has a large number of thin projecting
fins 53 which project into the hot exhaust gas and in-
crease the surface area of the outside of the tube. Thus,
the area on the “gas side” is very large (where the heat
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transfer coefficient is correspondingly small), while the
surface area inside tube 52 is smaller.,” A satisfactory
finned tube for the waste heat boiler described would be
a 1" outside diameter carbon steel tube with 095" wall
thickness having steel fins spiraily wound around the
tube and attached thereto by resistance welding or cop-
per brazing. . The fins might be .040” in thickness, pro-
jecting %" from the tube and wound at the rate of 7
fins per linear inch.

As mentioned previously, each row of tubes 9, 10 in the
economizer section is connected in series. This may be
done by bending the tubes in serpentine fashion or pref-
erably by welding U-bends to the ends of alternate tubes.
‘Conversely, the rows of tubes 15, 16 in the evaporator
sections are all connected in parallel between the inlet
and outlet headers to provide a large flow area. The
superheater 5, of course, constitutes a special case, where-
in a combination of series-parallel connections is em-

" ployed.

The operation and advantages of the improved boiler
are as follows. FIG. 2 shows the arrangement of one
tube in each row from top to bottom of the waste heat
boiler. A number of such tubes in each row would be
employed, and this would increase the capacity and flow
area of the boiler proportionately. For example, fifty
tubes per row in an arrangement similar to that of FIG.
2 might be employed in a typical waste heat boiler. As
an example of the compaciness achieved, a boiler having
the layout shown in FIG. 2, using the tubes described in
FIG. 3 and having 50 tubes per row, would be about 10
ft. wide and 22 ft. long, but only 16 ft. high.. Within
this volume would be over 2000 straight lengths of tub-
ing; weighing on the order of 65 tons. Such a boiler will
generate 17,000 pounds per hour of LP steam at 100
p.si., 325° F., apd 65,000 pounds per hour of HP steam

" at 420 p.s.., 820° F. The gas leaving duct 50 at a tem-
perature of the order of 850° F. is reduced to a tempera-
ture of around 250° F. at the boiler outlet in only 16 ft.
of travel. The mass of finned tubing, in addition, per-
forms an important silencing function for turbine exhaust
gases.

Steam is generated in the evaporator sections 2, 4 at

* two different temperatures, dependent upon the pressures
in LP and HP drums 6, 7 respectively. The HP econo-
mizer section 3 disposed between sections 2, 4 contains
liquid varying in temperature from that in drum 6 to that
in drum 7. Lower temperature liguid exists in LP econo-
mizer 1, while the highest temperature exhaust gas passes
over the tubes of superheater section 5. By means of the
alternating of series-connected and parallel-connected tub-
ing rows in the sections, balanced heat removal is achieved
in a very short vertical space. Also finned tubes of the
same size can be used in all sections.

With the exception of the superheater section 5, the
heat exchange capabilities of the upper sections 1—4 are
greatly ephanced by the fact that the tubes are either
filled with liquid or thoroughly wetted with liquid. In
- other words, heat transfer takes place under the more
efficient gas-to-liquid rather than under gas-to-gas con-
ditions. To this end, the high forced recirculation rate
through evaporator tubes 15, 16 by means of circulating
" pumps 30, 42 respectively insures that all of the relatively
small diameter tubes are thoroughly wetted with liquid
. to prevent “burnouts” and to improve heat transfer.

The use of open-ended rectangular duct sections which
support the tube bundles and headers, as well as forming
a duct for the exhaust gas when stacked together, simpli-
fies maintenance and construction costs. Expansion and
contraction can take place in each section separately. It
will further be noted that the lowest temperature sections
- on top may be removed in order of operating tempera-
ture, going from low temperature to high temperature.
The lower temperature sections of waste heat boilers
are more subject to corrosion caused by condensation of
corrosive vapors from products of combustion. Hence,
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“the top lower temperature sections are easily accessible
for removal and repair or cleaning, if necessary.

Thus, it can be seen that the disclosed waste heat boiler
provides an improved arrangement and very compact de-
sign for extracting the heat from exhaust gases in a mini-
mum of vertical height. The improved arrangement using
separate sections with self-contained tube banks of hori-
zontally-disposed finned tubing of uniform characteristics
provides an improved waste heat boiler for multi-pressure
steam generation at relatively low cost.

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

1. A boiler for generating steam at a plurality of pres-
sure levels comprising:

a plurality of substantially rectangular duct sections
vertically stacked on top of one another, each of said
duct sections having a plurality of horizontal, ver-
tically spaced rows of extended external surface heat
exchange tubes extending across the duct sections,

at least two of said duct sections comprising evaporat-
ing heat exchangers and having all of said tube rows
connected in parallel flow relationship,

at least one steam drum disposed adjacent the end of
each of said evaporating duct sections and connected
to receive water and saturated steam from the par-
allel connected tube rows thereof, the upper one of
said steam drums being at a'lower pressure than the
steam drum below it,

recirculating pump means for each said evaporator
sections and steam drums connected to move waste
through $aid evaporating tubes at a rate substan-
tially in excess of the evaporation rate thereof in a
closed loop forced circulation,

at least one other of said duct sections comprising an
economizer heat exchanger and stacked between
said two evaporating heat exchanger duct sections,
and having its tube rows connected in serpentine or
series flow relationship, said economizer being con-
nected to receive water from the steam drum of the
evaporator disposed above it and also connected to
furnish heated: feed water to the steam -drum of the
evaporator section below it, and

a source of heating gas connected to the bottom of the
stacked duct sections, said gas flowing upwardly
across said tube rows.

2. A boiler for generating steam at a plurality of pres-

sure levels comprising:

first, second and third substantially rectangular duct
sections vertically stacked on top of one another con-
secutively from top to bottom, each of said duct
sections having a plurality of horizontal, vertically
spaced rows of extended external surface heat ex-
change tubes extending across the duct section,

said first and third of said duct sections comprising low
pressure and high pressure evaporating heat ex-
changers respectively and each having all of its tube
row connected in parallel flow relationship,

low pressure and high pressure steam drums disposed
adjacent the end of the first and third duct sections
respectively and connected to receive water and sat-
urated steam from the parallel connected tube rows
thereof,

low pressure and high pressure recirculating pump
means, each connected to recirculate water in a
closed loop from low pressure and high pressure
steam drums respectively through low pressure and
high pressure evaporators respectively, at a rate sub-
stantially in excess of the evaporation rate of said
evaporators,

said second duct section comprising a high pressure
economizer heat exchanger and stacked between said
low pressure and high pressure evaporating duct sec-
tions and having its tube rows connected in serpen-
tine series-flow relationship,

booster pump means connected to receive water from
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the low pressure steam drum and to furnish it at a
higher pressure to said economizer heat exchanger
inlet,
conduit means connected between the economizer out-

parallel end walls and spaced parallel side walls and
being open at either end, and each having a plural-
ity of horizontal, vertically-spaced rows of finned
tubes of substantially the same sizé and character-

let and the high pressure steam drum and, 5 istics extending parallel to the side walls and sup-
a source of heating gas connected . to the bottom of the ported thereby, said duct sections each also having
stacked duct sections, said gas flowing upward there- inlet and outlet headers disposed along the end walls
through across said tube rows. and connected to the tubes of at least one row,
3. A boiler for generating steam at a plurality of pres- said first and third of said duct sections comprising low
sure levels comprising: 10 pressure and high pressure economizer heat exchang-
a plurality of substantially rectangular duct ‘sections, “ers respectively, each having consecutive tube rows
vertically stacked on top of one another, each of said connected in series flow relationship with the top
duct sections having a plurality of horizontal, ver- and bottom rows connected to the inlet and outlet
tically spaced rows of extended external surface headers respectively,
heat exchange tubes supported by the walls thereof, 15  said second and fourth duct sections comprising evap-
and extending across the duct section, orating heat exchangers and having all of the tube
at least two of said duct sections comprising low pres- rows therein connected in parallel flow relationship
sure and high pressure evaporating heat exchangers, between inlet and outlet headers disposed on oppo-
and each having all of said tube rows connected in site end walls,
parallel flow relationship, said low pressure evapor- 20  low pressure and high pressure steam drums disposed
ator being disposed higher in the stack than said adjacent the outlet headers of said second and fourth
high pressure evaporator, ) duct sections respectively,
low pressure and high pressure steam drums disposed first and second conduit means connecting the top and
adjacent the ends of the low pressure and high bottom respectively of the low pressure evaporator
pressure evaporating heat exchangers respectively, 25 outlet header with the low pressure steam drum,
and connected to receive water and saturated steam third and fourth conduit means connecting the top and
from the parallel connected tube rows thereof, bottom respectively of the high pressure evaporator
low pressure and high pressure recirculating pump outlet header with the high pressure steam drum,
means, each respectively connected to recirculate fifth and sixth conduit means connecting the first duct
water in a closed loop through an associated evapor- 30 section outlet header with the low pressure steam
ating heat exchanger from its associated steam drum drum and the third duct section outlet header with
at a rate substantially in excess of that at which the high pressure steam drum respectively,
water is evaporated in the heat exchanger, first booster pump means connected to supply the inlet
at least two additional duct sections comprising low header of the first duct section with feed water,
pressure and high pressure economizer heat exchang- 35 second bposter pump means connected to receive water
ers and stacked immediately above and below the from the low pressure steam drum and to supply it
low pressure evaporating duct section, each of said at a higher pressure to the inlet header of the third
economizer heat exchangers having its tube rows duct section,
connected in serpentine series-flow relationship and first and second recirculating pump means connected
having an inlet header and outlet header disposed on 40 to ‘receive water from the low pressure and high
the wall of the duct section connected to the top row pressure steam drums respectively and to supply it
and bottom row of tubes respectively, to the inlet headers of the second and fourth heat
first and second conduit means comnecting the outlet evaporating exchange sections respectively, said re-
headers of the low pressure and high pressure econ- circulating pump means being selected to pass water
omizer sections respectively to the steam drums of 45 through the parallel connected tube rows of the
the low pressure and high pressure evaporator sec- second ‘and fourth duct sections at a rate substan-
“tions respectively, ’ tially in excess of the evaporation rate within said
low pressure booster pump means connected to furnish tubes,
feed water to the inlet header of the low pressure said fifth duct section having its inlet header connected
economizer, 50 to receive saturated steam from the high pressure
bigh pressure booster pump means connected to re- steam’ drum and having at least a pair of tube rows
" ceive liquid from the low pressure steam drum and to connected in parallel to the inlet header and also
furnish it at a higher pressure to the inlet header of connected in series flow relationship with other pairs
the high pressure economizer, and of tube rows to supply superheated steam to the out-
a source of hot gas connected to the bottom of the 55 let header of the fifth duct section, and
stacked duct sections, said gas flowing upwardly a source of hot gas connected to the bottom: of the
therethrough across the tube rows. stacked duct sections, said gas flowing upwardly
4. The combination according to claim-3, wherein an therethrough across said finned tubing.
additional one of said duct sections comprises a super- 6. A boiler for generating steam at a plurality of pres-
heater disposed immediately below the high pressure 0 sure levels comprising:
evaporating duct section and having an inlet header con- a plurality of substantially rectangular duct sections

nected to receive saturated steam from the high pressure
steam drum and wherein at least two of the superheater
tube rows are connected in parallel, said parallel con-
nected rows in addition being connected in series with 63
other parallel rows within ‘the superheatet in serpentine
fashion, the tubes of all the economizer, evaporator and
superheater duct sections being finned tubing of substan-
tially the same size and characteristics.
5. A boiler for generating steam at a plurality of pres- 70
sure levels comprising:
first, second, third, fourth, and fifth substantially rec-
tangular duct sections. vertically stacked on top of
one another consecutively with the first duct section
on top, each of said duct sections having spaced 75

vertically stacked on top of one another, each of
said duct sections having spaced parallel end walls
and spaced parallel side walls and having a plurality
of horizontal, vertically spaced rows of finned tubes,
all of substantially the same size and characteristics
supported by and extending parallel to said side
walls, each of said duct sections having inlet and
outlet headers disposed on the end walls and con-
nected to all of the finned tubes in at least one of said
rows within the duct section,

at least two of said duct sections comprising evaporat-
ing heat exchangers with the tube rows connected in
parallel between inlet and outlet headers disposed on
opposite end walls,
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other of said duct sections comprising economizer heat References Cited in the file of this patent
exchangers with the tube rows connected in series UNITED STATES PATENTS
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at a rate substantially in excess of the evaporation 10 FOREIGN PATENTS
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< each of said evaporating heat exchanger sections oper- 8102900 Great Britain - ocomem Mar. 25, 1959
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