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1. A condenser comprising:

a condenser shell having a reservoir portion;

a vapor inlet through which vapor enters the condenser
shell;

condenser tubes for cooling vapor flowing over the
condenser tubes to cause the vapor to condense to a liquid and
flow into the reservoir portion;

subcooler tubes for cooling liquid in the reservoir
portion;

a subcooler compartment for housing the subcooler tubes,
the subcooler compartment having an entrance through which the
liquid within the reservoir portion flows into the subcooler
compartment and over the subcooler tubes; and

a dréinage member for forming a void in the reservoir
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portion and having an upper surface inclined relative to a
horizontal plane for directing the liquid from the condenser tubes

toward the entrance to the subcocler compartment.
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BACKGROUND QF THE INVENTION

Field of t Invention

The present invention relates to a condenser. More
particularly, the present invention relates to a shell and tube
condenser for condensing vapor to liguid and having-a subcocler
for cooling the condensed liguid below the saturation temperature.
Description of the Related Art

In conventiocnal condensers, such as condenser 10A shown in
Fig. 1, condenser tubes 30A reduce the temperature of vapor
entering the condenser, causing vapor to condense to liquid.
Before the liquid leaves the condenser 10A, it is further cooled
by subcooler tubes 50A posgitioned in a subcooler compartment 40A.
The subcooler compartment 40A controls the flow of the liquid over
the subcooler tubes 50A.

Preferably, no vapor enters the subcooler compartment 40A.
Allowing vapor to enter the subcooler compartment 40A decreases
the efficiency of the subcooler because the rate of convection
heat transfer in the vapor phase is much less than in the liquid
phase. Further, allowing vapor to enter the subcocler compartment
40A may allow vapor to leave the condenser 10A, thereby decreasing
the efficiency of the system.

Engulfing the subcocoler compartment 40A in a liquid reservoir
70A that extends along the full length of the condenser 10A will
form a liquid seal that prevents vapor from entering the subcooler
compartment. Ag illustrated in Fig. 1, the reservoir 70A must
extend well above the entrance to the subcocler compartment 40A to

prevent vapor from being entrained in the liquid flowing into the

- 1A -
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subcooler compartment. For example, the reservoir 70A must extend
far enough above the entrance to prevent vapor within vortex 7SA,
which is typically formed at high flow rates, from entering the
subcooler compartment.

The large reservoir of liquid required to form the seal can
contribute significantly to the initial and operating costs of the
condenser. For example, refrigerant has become very expensive due
to industry changes that require it to be envircnmentally sound.
Thus, the large reservoir of liquid refrigerant needed in a
refrigerant condenser significantly increasesg its initial and

operating costs.

SUMMARY OF THE INVENTION

An object of the invention is to decrease the volume of
liquid in condenser reservoirs without decreasing condenser
efficiency.

Ancother object of the invention is to decrease the initial
and operating costs of condensers.

Additional objects and advantages of the invention will be
gset forth in part in the description which follows, and in part
will be obvious from the description, or may be learned by
practice of the invention. The objects and advantages of the
invention will be realized and attained by means of the elements
and combinations particularly pointed out in the appended claims.

To achieve the objects and in accordance with the purpose of
the invention, as embodied and broadly described herein, the
invention comprises a condenser including a condenser shell having

a regservoir portion, condenser tubes for cooling vapor flowing
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over the condenser tubes to cause the vapor to condense to a
liquid and flow into the reservoir portion, subcooler tubes for
cooling liquid in the reservoir portion, a subcooler compartment
for housing the subcooler tubes, the subcooler compartment having
an entrance through which the liquid within the reseérvoir portion
flows into the subcooler compartment and over the subcooler tubes,
and a drainage member for forming a void in the reservoir portion
and having an upper surface inclined relative to a horizontal
plane for directing the liquid from the condenser tubes toward the
entrance to the subcooler compartment.

The condenser of the present invention requires less liquid
to f£fill the reservoir portion because the drainage member occupies
space in the reservoir portion. Thus, the condenser uses less
liquid to form the liquid seal required for efficient subcooler
and system operation.

It is to be understood that both the foregoing general
description and the following detailed description are exemplary
and explanatory only and are not restrictive of the invention, as
claimed.

The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate one embodiment
of the invention and together with the description, serve to
explain the principles of the invention.

BRIEF DESCRIPTION QF THE DRAWINGS

Fig. 1 is a section view of a prior art condenser;

Fig. 2 is a section view of an embodiment of the condenser of

the present invention;
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Fig. 3 is a section view of the condenser taken along line
3-3 of Fig. 2;

Fig. 4 is a section view of the condenser taken along line
4-4 of Fig. 2; and

Fig. 5 is a section view of the condenser taken along line
5-5 of Fig. 2.

DESCRIPTION OF THE PREFERRED EMBODIMENT

Reference will now be made in detail to the present preferred
embodiment of the invention, an example of which is illustrated in
the accompanying drawings. Wherever possible, the same reference
numbers will be used throughout the drawings to refer to the same
or like parts.

The present invention relates to a condenser that condefises
vapor to liquid. The condenser of the present invention is
preferably of the shell and tube configuration and is particularly
advantageous when used to condense refrigerant vapor. However, it
can be used to condense other vapors such as, for example, water
or petroleum products.

A preferred embodiment of the condenser of the present
invention is shown in Fig. 2 and is designated generally by the
reference numeral 10. In accordance with the invention,
condenser 10 includes a condenser shell with a reservoir portion,
condenser tubes for cooling vapor to condense it to a liquid,
subcooler tubes for cooling ligquid in the reservoir portion, a
subcooler compartment for housing the subcooler tubes, and a

drainage member for forming a void in the reservoir portion and



directing the liquid toward the entrance to the subcooler
compartment.

As embodied herein, condenser shell 20 includes header
plates 24 and 25 positioned at opposing ends of an elongated,

5 substantially cylindrical casing 21. A vapor inlet 22 and a
liquid ocutlet 23 allow vapor to enter and liquid to exit condenser
shell 20, respectively.

Vapor entering condenser shell 20 through vapor inlet 22
flows over condenser tubes 30. As embodied herein, condenser

10 tubes 30 are a bundle of tubes extending substantially in the
horizontal direction between header plates 24 and 25. Coolant
flowing through condenser tubes 30 causeés them to cool and
condense the vapor to a liquid.

The liquid collects in a reservoir portion 55 and forms a

15 liquid seal at the entrance 45 to subcooler compartment 40. As
embodied herein, subcooler compartment 40 includes a substantially
rectangular upper wall 41, lower wall 42, side wall 43, and side

¢ wall 44 (Fig. 3). Liquid collected in reservoir portion S5 enters

subcooler compartment 40 through entrance 45, is guided axially

3.t 20 over subcocler tubes 50 by walls 41, 42, 43, and 44, and exits
et through exit 46 to the liquid outlet 23 of condenser shell 20.
ot a The subcooler tubes 50 cool the liquid that passes through
sgeess jubcoocler compartment 40. As embodied herein, the subcooler

tubes 50 are a bundle of tubes connected at opposing ends to

essees
.

sgenet 25 header plates 24 and 25 and extending substantially in the

horizontal direction. Coclant flowing through subcooler tubes 50
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preferably causes them to cool the liquid below the saturation
temperature.

Water is the preferred coolant flowing through condenser
tubes 30 and subcooler tubes 50, but other coolants could be used

to practice the invention. The preferred system fo¥ distributing

‘coolant through condenser tubes 30 and subcooler tubes 50 includes

a pair of boxes 26 and 29 connected to header plates 24 and 25,
respectively. Coolant enters box 26 through coolant inlet 27 and
ig distributed through subcoocler tubes S0 and some of the lower
condenser tubes 30. The coclant next passes through box 29 and
enters the remaining condenser tubes 30. The coolant exits
through coolant outlet 28 on box 26.

Though the above described coolant distribution system is
preferred, others could be used to practice the invention. For
example, coolant can enter into a box attached to header plate 24,
be distributed through all condenser and subcoocler tubes, and then
exit through a box attached to header plate 25.

The condenser of the present invention includes a drainage
member for reducing the volume of liquid required to form the
reservoir that seals subcooler entrance 45. As embodied herein,
drainage member 60 includes a drainage plate 61, face plate 62,
intermediate plate 63, and back plate 64 that form a void 67 in
reservoir portion 55. The term "void" is used herein to refer to
the absence of condensate. Preferably, vapor occupies void 67.
However, it could be occupied by other £ill materials.

Drainage plate 61 forms an upper surface inclined relative to

% horizontal plane that directs condensate from condenser tubes 30



10

: L4 1.5

ee ee oew o»

* 20

25

toward subcooler entrance 45. As shown in Fig. 2, drainage

plate 61 preferably extends from header plate 24 to subcooler
entrance 45. As shown in Fig. 3, drainage plate 61 preferably
extends from one side of casing 21 to the other. Welding the
edges of drainage plate 61 to face plate 62 and to casing 21 forms
seals that prevent liquid from entering void €7. A seal is formed
at an upper end of drainage plate 61 by welding it to an angled
sealing strip 65, which abuts header plate 24.

The angle of inclination between drainage plate 61 and the
horizontal plane was analytically designed using open channel flow
theory. Preferably, an angle within the rangé of 2° to 5° is
formed between drainage plate 61 and the horizontal plane. The
optimum value of the angle depends on the volume flow rate of the
liquid, width of the condenser shell, and axial distribution of
the condensate along the shell. This angle increases the rate of
drainage by assigning an additional gravitational component to the
forces acting on the liquid. For a fixed tonnage (and therefore
fixed volume flow rate) system, this additional force reduces the
height of liquid flowing down drainage plate 61.

The reduced height of the liquid on drainage plate 61 aids
the flow of liquid. For example, tube support plates 80 extend
just above drainage plate 61. At the upper end of drainage plate
61, support plates 80 can be gufficiently close to drainage plate
61 to impede the flow of liquid. Due to the reduced liquid height
resulting from the preferred angle of inclination, the support
slates 80 do not impede the flow of liquid in the present

invention.
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Face plate 62 prevents the liquid in reservoir portion 55
from flowing into void 67. Face plate 62 preferably extends
substantially perpendicular to the horizontal plane. As shown in
Fig. 2, the inner edges of face plate 62 are preferably welded to
subcooler compartment 40 at entrance 45 and the outér edges are
preferably welded to casing 21 and to drainage plate 61.

Intermediate plate 63 prevents liquid in subcooler exit 46
from flowing into void 67. Intermediate plate 63 preferably
extends substantially perpendicular to the horizontal plane and is
welded between casing 21 and lower wall 42 of subcooler
compartment 40.

The upper portion of back plate 64 prevents liquid in
reservoir portion 55 from flowing into void 67. Back plate 64
preferably extends substantially perpendicular to the horizontal
plane. As shown in Fig. 4, back plate 64 is preferably welded
along its top to drainage plate 61 and along its outer edges to
casing 21. The inner edges of back plate 64 are preferably welded
to the periphery of the walls of subcooler compartment 40. As
shown in Figs. 2 and 4, a liquid passage 66 is provided between
the bottom of condenser shell 20 and back plate 64. Since this
liquid in the opening is subject to slightly lower pressure than
the vapor around condenser tubes 30, any liquid that may have
found its way behind angled sealing strip 65 can drain back into
subcooler compartment 40.

Drainage member 60 occupies space in reservoir portion 55
that otherwise would be occupied by liquid. Thus, drainage

member 60 reduces the amount of liquid required in reservoir
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portion 55 to provide a liquid seal at subcooler entiance 45.
Accordingly, the condenser of the present invention requires less
liquid in the reservoir than conventional condensers, yet provides
similar subcooler and system efficiency. The void 67 created in
the reservoir by drainage member 60 can reduce the amount of
liguid needed to maintain a liquid seal by an average of

16-25%.

As shown in Figs. 2 and 3, a vapor vent 70 and a liquid drain
71 are preferably provided to remove any vapor or liquid,
respectively, that may enter void 67. As embodied herein, vapor
vent 70 is a tube that conrnects void 67 to the area surrounding
condenser tubes 30, thereby allowing vapor in void 67 to flow
toward condenser tubes 30. As embodied herein, liquid drain” 71 is
a tube that connects void 67 to liguid outlet 23, thereby allowing
liquid in void 67 to drain into liquid outlet 23.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the condenser of the
present invention without departing from the scope or spirit of
the invention. For example, the invention could alsc be practiced
with a condenser having a subcooler compartment and subcooler
tubes located outside the condenser shell. In such an
arrangement, the entrance to the subcooler compartment 40 remains
within the condenser shell, thereby requiring a ligquid sez}
provided by & regervoir. Thus, the invention is useful in
reducing the amount of liquid required to £ill that reservoir.

Other embodiments of the invention will be apparent to those

skilled in the art from consideration of the specification and



practice of the invention disclosed herein. It is intended that
the specification and examples be considered as exemplary only,
with a true scope and spirit of the invention being indicated by

the following claims.
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THE CLAIMS DEFINING THE INVENTION ARF AS FOLLOWS:

1. A condenser comprising:

a condenser shell having a reservoir portion;

a vapor inlet through which vapor enters the condenser
shell;

condenser tubes for cooling vapor flowing over the
condenser tubes to cause the vapor to condense to a ligquid and
flow into the resexrvoir portion;

subcooler tubes for cooling liquid in the reservoir
portion;

a subcooler compartment for housing the subcooler tubes,
the subcooler compartment having an entrance through which the
liquid within the reservoir portion flows into the subcocler
compartment and over the subcooler tubes; and

a drainage member for forming a void in the reservoir
portion and having an upper surface inclined relative to a
horizeontal plane for directing the liquid from the condenser tubes
toward the entrance to the subcooler compartment.

2. The condenser of claim 1, wherein an angle within the

range of 2° to 5° is formed between the upper surface and the

horizontal plane.

3. The c¢ondenser of claim 1, wherein the drainage member

includes a drainage plate for preventing liquid from entering the

void, wherein the drainage plate forms the upper surface of the

drainage member.
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4. The condenser of claim 3, wherein the drainage plate

extends from an end of the condenser shell to the entrance to t

subcooler compartment and extends f£rom one

side of the condense

shell to another side.

S. The condensger of claim 3, wherein the drairfage plate i.

substantially

6. The condenser of claim 3,

for preventing liquid from entering the void, wherein the

flat.

further comprising a face pl:

face

plate is connected to the drainage plate and the entrance to the

subcocler compartment.

7. The condenser of claim 6, wherein the face plate extend

substantially perpendicular to the horizontal plane.

8. The ccndenser of claim 1, wherein vapor occupies

void.

9. The condenser of claim 1,

the

furthex comprising a liquid

drain line for draining liquid from the void.

10. The
vent line for
flow over the

11. The
and subcocler
shell.

12. The

refrigerant.

condenger of claim 1, further comprising a vapor

allowing vapor in the void to leave the void and
condenser tubeg.
condenser of c¢laim 1, wherein the subcooler tubes

compartment are positioned within the condenser

cocndenser of claim 1, wherein the vapor 1is

Dated this 28th day of November 1997

YORK INTERNATIONAL CORPORATION
By their Patent Attorneys
COLLISON & CO

s
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ABSTRACT OF THE DISCLOSURE

The condenser has a condenser shell with a reservoir portion,
condenser tubes for cooling vapor flowing over the condenser tubes
to condense the vapor to a liquid, and subcooler tubes in a
subcooler compartment for cooling liquid within the reservoir
portion. The condenser includes a drainage member for forming a
void in the reservoir portion and having an upper surface inclined
relative to a horizontal plane for directing the liquid from the
condenser tubes toward the entrance to the subcooler compartment.
The drainage member reduces the amount of liquid required in the
reservoir for efficient subcooler and system operation by
occupying space in the liquid reservoir that normally is occupied

-

by liquid.
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