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This invention relates to condensers for thermodynamic
machines, such as fluid turbines, employing a working
fluid which passes through a change of state in its operat-
ing cycle, specifically from a liquid to a gas in a boiler
or other gasifying device and from a gas into a liguid
in a condenser after performing work within the thermo-
dynamic machine.

In the operation of condensers employing elongated
tubes within which the change of state from a gas to a
liquid is effected, plugging of the tube by the condensed
ligquid sometimes occurs with attendant erratic and un-
stable operation. While this may occur under all con-
ditions of gravity and density of the working liquid, the
effects of unstable operation are aggravated under con-
ditions where the force of gravity is lessened or counter-
acted and where heavy liguids such as mercury con-
stitute the working liquid.

In conventional condenser tubes the vapor entering the
tube gradually condenses into liquid droplets which may
collect into a globule sufficiently large to plug the tube.
Pressure forces will then build up in the entrance portion
of the tube and will force the globule to accelerate down
the tube, trapping and compressing the vapor ahead of it.
This compressed vapor will be forced into the outlet
header for the tube and as the globule leaves the tube,
the vapor will expand back from the header through the
tube and will throw condensed liquid in the reverse di-
rection toward the tube inlet. This erratic and unstable
operation is undesirable and places serious design and
operating restrictions on the condenser.

It is, accordingly, the object of this invention to pro-
vide a condenser for changing the state of a working lig-
uid passing therethrough from vapor to liquid in which
the liquid is prevented from plugging the condenser tube
within which it is condensed.

Another object of the invention is fo provide a con-
denser employing a tube within which a change of fluid
state occurs, wherein a swirl is imparted to the entering
vapor to move the condensing liquid to the outer radius
of the swirl under the influence of the centrifugal field
created thereby.

Another object of the invention is a condenser in ac-
cordance with the preceding objects in which the center
of the tube is provided with a hollow, perforated core to
equalize the pressure at oprosite ends of any liquid plug
which may occur in the annulus between the core and the
inner surface of the tube.

Another object of the invention is a condenser in ac-
cordance with the immediately preceding object in which
the center core of the tube is tapered from the outlet
toward the inlet end of the tube in conical form to pro-
vide a varying annulus area along the length of the tube
approximating the change in volume of the working fluid
from the vapor at the inlet to the liquid at the outlet
end of the tube.

Other objects and features of the invention will be
readily apparent to those skilled in the art from the
following specification and appended drawing, in which:

FIG. 1 is a schematic representation, partly in section
and partly in elevation, of a condenser in accordance
with the present invention.

FIG. 2 is an axial, vertical sectional view through a
condenser tube taken on the line 2—2 of FIG. 1 with
internal parts shown in elevation.
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FIG. 3 is a fraverse sectional view on the line 3—3
of FIG. 1.

The condenser, according to the present invention, com-
prises an inlet header 1 fed with vapor through the duct
2 and fecding into a plurality of spaced elongated con-
denser tubes 3 whose outlets are joined by an outlet
header 4. The tubes 3 are formed by a pair of com-
plementary, a semi-cylindrical portions 5 and 6 integral-
ly formed in plates 7 and 8, respectively, the portions
of plates 7 and 8 between the tubes 3, such as at &, spac-
ing the tubes and forming, in effect, radiating fins which
cooperate with the surfaces of the tubes 3 to increase
heat transfer from the vapor and liguid within the tubes.
From the outlet header 4 the working liquid may be fed
through a duct 11 to a system boiler by a suitable liquid
pump, in known fashion.

Within the tubes 3 are dispossd spiral vanes 12 which
extend from positions adjacent the inlet ends of the
tubes to positions adjacent the outlets thereof and which
impart a swirl to the vapor and ligquid within the tubes
3 as they pass through the tubes from the inlet to the
outlet ends thereof. The swirl vanes 12 are wrapped
around hollow cores 13 disposed centrally of the tubes
3 and with the cores 13 provided with a multiplicity of
perforations 14 extending through the walls thereof so
as to communicate the hollow space within each core
with the annulus between the outer surface of the core
and the inner surface of the tube. In view of the large
difference in volume between the vapor entering the tubes
and the liquid leaving them, the cores 13 are tapered, as
shown in the figures so that the difference in area between
the annuli along the length of the tubes approximates
the change in volume of the working fiuid from its vapor
to its liquid state.

As the working vapor enters tubes 3 from the inlet
header 1, a swirl is imparted to the vapor by the vanes
2. As the vapor moves in spiral fashion along the
tubes 3, condensation takes place due to cooling of the
vapor and the higher density of the condensed liquid re-

-sults in its moving to the outer radius of the swirl ad-

jacent tol the inner surface of the tube 3, under the
centrifugal field created by the swirl. The center conical
cores fill with vapor through the perforations 14.

If in any tube 3, the annulus between the center core
13 and the inner surface of the tube should plug up with
a liguid globule, the perforated center core permits the
pressure at opposite ends of the plug to be equalized
through the perforations and the hollow center of the
core so that unstable operation of the condenser is pre-
vented. Any increase in pressure ahead of a liguid piug
in the annulus would be immediately vented to the pres-
sure behind the plug and the possibility of compressed
vapor expanding back of the tube, with attendant throwing
of condensed liquid, is removed.

The condenser tubes 3 are ordinarily made of very
elongated form with their lengths many times their di-
ameters, so as to secure a relatively large surface area
contact for heat transfer from the vapor and liguid to
the exterior of the tube. This heat may be radiated and
conducted from the exterior surfaces of the tubes 3 and
also from the plate or shect portions 9 which serve to
space the tubes 3 and also as radiating and conducting
fins adding to the surfaces of the tubes 3. The com-
plementary, semi-cylindrical portions 5 and 6 may be
drawn, rolied or otherwise provided in the plates 7 and
8 and are then joined together by brazing, welding, rivet-
ing or other mechanical means to form the elongated
tubes. The vanes 12 and the cores 13 may be supported
within the tubes 3 in any desired manner, including
brazing, welding, riveting or other mechanical means of
suoport. As shown by the broken arrangement of FIGS.
1 and 2 the ratic of tube length to diameter is approxi-
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mately 15, but this may be increased to as much as 50
or morc where required to secure the desired surface
centact to enable a complete change of state of the fluid
from its vapor to its liquid form.

The condenser of this invention eliminates instability
of operation within the condensing tubes caused by
plugging thereof, permits the utilizaticn of the condenser
with a higher flow Reynolds number and provides more
effective heat dissipation from the vapor and liquid within
the tubes.

While a certain preferred embodiment of the invention
has been specifically disclosed, it is understood that the
invention is not limited thereto, as many variations will
be readily apparent to those skilled in the art and the
invention is to be given its broadest possible interpreta-
tion consistent with the prior art.

What is claimed is:

1. A condenser for transforming a working fluid from
a vapor to a liquid state comprising a condenser tube
having an inlet for the vapor and an outlet for the con-
densed liquid, said tube being of elongated form with
its length many times its diameter, and a hollow core
within said tube centrally thereof forming with said tube
an annulus for the passage of fluid therethrough, said
hollow core being closed at both the inlet and outlet ends
of said condenser tube the walls of said core being
perforated so as to equalize the pressure at opposite ends
of any obstruction which may form in the annulus be-
tween the core and the inner surface of the tube, said
core decreasing in diameter in the direction opposite to
the direction of flow of the fluid through the tube by an
amount inversely approximating the variation in volume
of the fluid as it changes from a vapor to a liquid state
in its passage through the tube.

2. A condenser for transforming a working fluid from
a vapor to a liquid state comprising a condenser tube
having an inlet for the vapor and an outlet for the con-
densed liquid, said tube being of elongated form with
its length many times its diameter, and a hollow core
within said tube centrally thereof forming with said tube
an annulus for the passage of fluid therethrough, the
walls of said core being perforated so as to equalize
the pressure at opposite ends of any obstruction which
may form in the annulus between the core and the inner
surface of the tube, said hollow core being closed at
both the inlet and outlet ends of said condenser tube,
said core increasing in diameter in the direction of flow
of the fluid through the tube by an amount inversely ap-
proximating the variation in volume of the fluid as it
changes from a vapor to a liquid state in its passage
through the tube, and a spiral vane within said tube
between said core and the inner surface of said tube and
extending from a position adjacent to the inlet of the
tube to a position adjacent the outlet of the tube whereby
to impart a swirl to the vapor and liquid passing through
the tube to move the condensed liquid toward the inner
surface of the tube under the centrifugal field created
by the swirl.

3. A condenser for transforming a working fluid from
a vapor to a liquid state comprising an inlet header for
the vapor, an outlet keader for the liquid, a plurality of
condenser tubes interconnecting said inlet and outlet
headers, said tubes being of elongated form with their
length many times their diameter, a hollow perforated
core within each of said tubes centrally thereof forming
with each tube an annulus for the passage of fluid there-
through, spiral vanes within said tubes extending between
said cores and the inner surfaces of said tubes from posi-
tions adjacent to the inlet header to positions adjacent
to the outlet header whereby to impart a swirl to the
vapor and liquid passing through said tubes between
said cores and the internal surfaces of the tubes to move
the condensed liquid toward the inmer surfaces of the
tubes under the centrifugal field created by the swirl,
said cores serving to equalize the pressures at opposite
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ends of any obstructicn which may form in the an-
nuli between the cores and the inner surfaces of the
tubes, said hollow cores being closed at both the inlet
and outiet ends of said condenser tubes, said cores in-
creasing in diameter from the inlet toward the outlet ends
of the tubes in approximately inverse relation to the change
in volume of the fluid passing through the tubes.

4. A condenser for transforming a working fluid
from a vapor to a liquid state comprising an inlet head-
ter for the vapor, an outlet header for the liquid, and a
iplurality of condenser tubes interconnecting said headers,
said tubes being composed of complementary semi-cylin-
drical portions interconnected by flat sheet or plate por-
tions spacing the tubes and serving to increase the nor-
mal heat radiating surfaces of the tubes, a hollow per-
forated core within each of said tubes centrally thereof
forming with each tube an annulus for the passage of
fluid therethrough, each of said hollow cores being closed
at both the inlet and cutlet ends of said condenser tubes,
spiral vanes within said tubes extending between said
cores and the inner surfaces of said tubes from positions
adjacent to the inlet header to positions adjacent to the
cutlet header whereby to impart a swirl to the vapor and
liquid passing through said tubes to move the condensed
liquid toward the inner surfaces of the tubes under the
centrifugal field created by the swirl, said cores serving
to intercommunicate pressure conditions within the an-
nuli between the cores and the inner surfaces of the tube
at opposite ends of any obstruction which may form in
the tubes.

5. A condenser for transforming a working fluid from
'a vapor to a liquid state comprising an inlet header for
the vapor, an outlet header for the liquid, and a plurality
of condenser tubes interconnecting said headers, said
tubes being composed cf complementary semi-cylindrical
portions interconnected by flat sheet or plate portions
spacing the tubes and serving to increase the normal heat
radiating surfaces of the tubes, a hollow perforated core
within each of said tubes centrally thereof forming witn
each tube an annulus for the passage of fluid there-
through, said hollow core being closed at both the inlet
and outlet ends of said condenser tube spiral vanes within
said tubes extending between said cores and the inner sur-
faces of said tubes from positions adjacent to the inlet
header to positions adjacent to the outlet header whereby
to impart a swirl to the vapor and liquid passing through
said tubes to move the condensed liguid toward the inner
surfaces of the tubes under the centrifugal field created
by the swirl, said cores serving to intercommunicate pres-
sure conditions within the annuli between the cores and
the the inner surfaces of the tubes at opposite ends.of
any obstruction which may form in the tubes, said cores
being substantially conical in shape with their bases di-
rected toward the outlet header and varying in diameter
in approximately inverse relation to the variation in vol-
uvme of the fluid passing through the tubes.

6. A condenser for transforming a working fiuid from
n vapor to a liquid state comprising an inlet header for
the vapor, an outlet header for the liquid, a plurality
of condenser tubes interconnecting said inlet and outlet
headers, said tubes being of elongated form with their
length many times their diameter, elongated perforated
means forming a passage for fluid within each of said
tubes wherein equalization of pressure at opposite ends
of any obstruction which may form within said passage
is thereby attained, said passage forming means being
closed to fluid flow at both the inlet and outlet ends of
said condenser tubes so that fluid flow at both the
inlet and outlet ends of said condenser tubes is confined to
the passage formed by said passage forming means, while
fluid flow intermediate said inlet and outlet ends of said
condenser tubes is not so confined to the passage formed
by said passage forming means, spiral vanes within said
tubes transversing said passages and extending to the
inner surfaces of said tubes frcm positions adjacent to
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to the inlet header to positions adjacent to the outlet
header whereby to impaist a swirl to the vapor and liguid
passing through said tubes to move the condensed liquid
toward the inner surface of the tube under the centrifugal
field created by the swirl, said means forming a passage
increasing in diameter toward the outlet of each tube in
approximately inverse relation to the change in volume
of the fluid passing through the tubes.

7. A condenser for transforming a working fluid from a

vapor to a liquid state comprising:

a condenser tube having an inlet for the vapor and an
cutlet for the condensed liguid,

said tube being of elongated form with its length many
times its diameter,

a holiow core within said tube centrally thereof form-
ing with said tube an annulus for the passage of fluid
therethrough,

said holiow core being closed at both the inlet and
outlet ends of said condenser tube,

said hollow core being provided with perforations and
providing a free interior passage substantially through-
out so as to permit fluid to flow from said annulus
through said perforations and through said hollow
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core whereby pressure at opposite ends of any ob-
struction which may form in the annulus between
the core and the inner surface of said tube may be
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