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channel is aligned with a respective column of the plurality 
of vertical columns of heat exchange tubes and is configured 
to deliver a falling flow of liquid refrigerant onto the 
respective tube column Substantially uniformly along the 
longitudinal extent of the respective tube column. 

23 Claims, 7 Drawing Sheets 
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EVAPORATOR AND LIQUID DISTRIBUTOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This patent application claims priority to U.S. Provisional 
Patent Application Ser. No. 61/591,456 filed Jan. 27, 2012, 
which is incorporated herein by reference in its entirety. 

BACKGROUND 

Exemplary embodiments pertain generally to the art of 
liquid dispensing and to the art of heat exchangers and, more 
particularly, to the distribution of liquid over the tube banks 
of an evaporator of a refrigeration chiller. 

Refrigeration chillers are commonly used for chilling a 
working fluid. Such as water, to be supplied to heat exchang 
ers associated with a climate-controlled space of a building 
for conditioning air drawn for the climate-controlled space 
and passed in heat exchange relationship with the chilled 
working fluid thereby cooling the air. Refrigeration chillers 
include a refrigerant vapor compressor, a refrigerant vapor 
condenser, a refrigerant liquid evaporator, and a refrigerant 
flow metering device. Depending upon the refrigerant 
employed, the chiller may be characterized as a high 
pressure refrigerant chiller, a medium-pressure refrigerant 
chiller, or a low-pressure refrigerant chiller. 

In the evaporator, which typically is a shell and tube heat 
exchanger, the working fluid to be chilled is circulated 
through a plurality of heat exchange tubes arrayed in one or 
more tube bundles. The refrigerant liquid to be evaporated is 
fed into the interior of the shell of the evaporator and 
brought in heat exchange relationship with the refrigerant 
passing through the heat exchange tubes arrayed in the one 
or more tube bundles, whereby the liquid refrigerant is 
evaporated and the working fluid chilled. The working fluid 
passing from the evaporator is circulated back through the 
heat exchangers associated with the climate-controlled 
space. The refrigerant vapor formed in the evaporator cir 
culates back to the compressor to be compressed to a higher 
pressure, higher temperature vapor state, then passed 
through the condenser to be condensed back to a liquid state, 
thence expanded to a lower pressure in passing through the 
refrigerant flow metering device and fed back into the 
interior of the evaporator shell. 

Typically, in medium and high-pressure falling-film 
refrigerant chillers, the liquid refrigerant fed to the evapo 
rator is forced through a plurality of spray nozzles to be 
distributed over the tube bundles. The spray nozzles are 
arrayed and the nozzle spray patterns designed such that 
even liquid distribution is achieved over the length of the 
tube bundles. The use of such spray nozzles entails a 
non-negligible pressure drop in refrigerant pressure. In 
medium and high-pressure refrigerant chillers, the resultant 
pressure drop is not a significant problem due to the rela 
tively large difference between the condensing and evapo 
rating pressures associated with the medium and high 
pressure refrigerants. However, in low-pressure refrigerant 
chiller systems, the high pressure drop attendant with the use 
of such spray nozzles can be prohibitive due to the inher 
ently low difference between the condensing and evaporat 
ing temperatures associated with low-pressure. 

SUMMARY 

In an aspect of the disclosure, a liquid distributor is 
provided for delivering a falling film of liquid onto a target 
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2 
disposed beneath the liquid distributor. The liquid distributor 
includes an enclosure having a bottom wall including a 
longitudinally extending distribution plate, said distributor 
plate having a plurality of laterally spaced and longitudinally 
extending channels, each channel of said plurality of chan 
nels configured to deliver a falling flow of the liquid to be 
distributed Substantially uniformly along a longitudinal 
extent of the liquid distributor. Each channel includes an 
upper slot extending uninterruptedly along the longitudinal 
extent of the distributor plate and a plurality of lower slits 
disposed at longitudinally spaced intervals beneath and in 
flow communication with the upper slot. In an embodiment, 
a porous material may be disposed within the upper slot. In 
an embodiment, a perforated plate having a plurality of holes 
therethrough may be disposed Superadjacent an upper Sur 
face of the distributor plate, the holes arranged at longitu 
dinally spaced intervals in a plurality of laterally spaced 
columns that are aligned with the channels in the distributor 
plate. 

In an embodiment, a trough extends outwardly from an 
undersurface of the distributor plate and longitudinally 
beneath the upper slot. The trough includes a plurality of 
lower slits disposed at longitudinally spaced intervals 
beneath and in flow communication with the upper slot. The 
trough has a distal tip having outer sides that converge 
inwardly at an angle with the horizontal in the range of 45 
to 60 degrees. 

In an aspect of the disclosure, a shell and tube evaporator 
for chilling a working fluid includes a shell defining an 
interior volume, a tube bundle disposed within the interior 
volume of the shell, and a refrigerant distributor disposed 
within the interior volume above the tube bundle. The tube 
bundle includes a plurality of longitudinally extending heat 
exchange tubes arranged in an array of a plurality of vertical 
tube columns and a plurality of horizontal tube rows. The 
refrigerant distributor has a bottom wall including a longi 
tudinally extending distribution plate having a plurality of 
laterally spaced and longitudinally extending channels. Each 
channel is aligned with a respective column of the plurality 
of vertical columns of heat exchange tubes and is configured 
to deliver a falling flow of liquid refrigerant onto the 
respective tube column Substantially uniformly along the 
longitudinal extent of the respective tube column. Each 
channel includes an upper slot extending uninterruptedly 
along the longitudinal extent of the channel and a plurality 
of lower slits disposed at longitudinally spaced intervals 
beneath and in flow communication with the upper slot. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a further understanding of the disclosure, reference 
will be made to the following detailed description which is 
to be read in connection with the accompanying drawing, 
wherein: 

FIG. 1 is a partial perspective view of a shell and tube 
evaporator employing a low pressure refrigerant in accor 
dance with an exemplary embodiment; 

FIG. 2 is a perspective view of an embodiment of a liquid 
distributor as disclosed herein; 

FIG. 3 is a perspective view of another embodiment of a 
liquid distributor as disclosed herein: 

FIG. 4 is a sectioned side elevation view of an embodi 
ment of the liquid distributor as disclosed herein; 

FIG. 5 is a sectioned side elevation view of the distributor 
plate of the liquid distributor as disclosed herein; 

FIG. 6 is a sectioned plan view of the distributor plate of 
FIG. 5 taken along line 6–6; 
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FIG. 7 is a sectioned side elevation view of a channel in 
the distributor plate of FIG. 5 in an embodiment of the liquid 
distributor wherein a porous medium is disposed in an upper 
slot of the channel; 

FIG. 8 is a plan view of a perforated plate superadjacent 5 
the distributor plate of FIG. 5 in an alternate embodiment of 
the liquid distributor disclosed herein; 

FIG. 9 is a cross-sectional view of another embodiment of 
a liquid distributor; and 

FIG. 10 is a perspective view of another embodiment of 
the liquid distributor. 

10 

DETAILED DESCRIPTION 

Referring initially to FIG. 1, there is depicted an embodi- 15 
ment of a shell and tube evaporator, in accordance with an 
exemplary embodiment is indicated generally at 12, employ 
ing a low-pressure refrigerant to lower a temperature of a 
fluid to be chilled. Shell and tube evaporator 12 includes a 
shell 14 having an outer surface 16 and an inner surface 18 
that define a heat exchange Zone 10 within the interior of the 
shell 14, and a plurality of tube bundles 20 disposed within 
the interior of the shell 14. Each tube bundle 20 includes a 
plurality of heat exchange tubes 22 arrayed in spaced 25 
relationship in a column and row matrix. In the exemplary 
embodiment shown, shell 14 has a generally oval cross 
section. However, it should be understood that shell 14 may 
take on a variety of forms including both circular and 
non-circular. 30 

Shell 14 includes a refrigerant inlet 15 that is configured 
to receive liquid refrigerant or a mix of liquid and vapor 
refrigerant from a source of refrigerant (not shown). Shell 14 
also includes a vapor outlet 25 opening to the interior of the 
shell 14 that is configured to connect to an external device 35 
Such as a compressor (not shown). Shell and tube evaporator 
12 is also shown to include a refrigerant pool boiling Zone 
24 arranged in a lower portion of shell 14. The refrigerant 
pool boiling Zone 24 includes a pool tube bundle 26 through 
which a heating fluid is passed in heat exchange relationship 40 
with a pool 28 of refrigerant collecting in the refrigerant pool 
boiling Zone 24. Pool 28 of refrigerant includes an amount 
of liquid refrigerant having an upper Surface 29. The heating 
fluid circulating through the pool tube bundle 26 exchanges 
heat with pool 28 of refrigerant to convert an amount of 45 
refrigerant from a liquid to a vapor state. 
As noted previously, shell and tube evaporator 12 includes 

a plurality of tube bundles 20 that collectively form a 
falling-film evaporator designated generally at 30. However, 
it should be understood that while shown with a plurality of 50 
tube bundles 20 are shown in FIG. 1, any number of tube 
bundles 20, including a single tube bundle, could also be 
employed as a falling-film evaporator in connection with 
shell and tube evaporator 12. Each tube bundle 20 includes 
a plurality of heat exchange tubes 22 arrayed in spaced 55 
relationship in a column and row matrix. The number of 
tubes 22 in each column and row is a matter of design 
choice. Each tube 22 provides a flow passage through which 
a fluid to be chilled, such as for example, but not limited to, 
water or a water/glycol mix, and acts as a heat exchange 60 
interface between the low-pressure refrigerant fed into the 
interior of the shell 14 and the fluid to be chilled. In the 
embodiment of the evaporator 12 depicted in FIG. 1, the 
tube bundles 20 may be disposed in laterally spaced rela 
tionship within the interior of the shell 14 with the lower- 65 
most row of tubes 22 of each bundle 20 being spaced above 
the surface 29 of the pool 28 of liquid refrigerant. 

4 
The evaporator 12 further includes a plurality of modular 

liquid distributors 40 in operative association with the 
plurality of tube bundles 20 of the falling film evaporator 30. 
Each liquid distributor has at least one inlet 32 for receiving 
liquid refrigerant, or a mix of liquid and vapor refrigerant, 
passing through the liquid inlet 15. Each modular liquid 
distributor 30 is paired in association with a respective one 
of the plurality of tube bundles 20 of the falling film 
evaporator 30 for distributing liquid refrigerant substantially 
uniformly onto the tube bundles 20, as will be more fully 
explained below. As depicted in FIG. 1, each liquid distribu 
tor 40 is disposed in spaced relationship with and above the 
uppermost row of tubes 22 in a respective tube bundle 20. 
As each liquid distributor 40 and associated tube bundle 20 
is Substantially similar in construction, arrangement and 
functionally, a detailed description will follow with refer 
ence to a pair of liquid distributors 40 and a pair of 
associated tube bundles 20, understanding that an arrange 
ment with one or three or more liquid distributors 40 and 
associated tube bundles 20 would be similarly constructed, 
arranged and operated. 

Referring now to FIGS. 2 and 3, there are depicted 
embodiments of an assembly of two liquid distributors 40 
with an associated falling film evaporator 30 having two 
cells 36 aligned with the two liquid distributors 40. Each 
modular liquid distributor 40 comprises a longitudinally 
extending, generally rectangular parallel piped enclosure 
having a top wall 42, a bottom wall 44, a pair of laterally 
spaced side walls 46, and a pair of longitudinally spaced end 
walls 48, collectively defining an interior volume, referred to 
herein as a liquid distribution chamber. The modular liquid 
distributors 40 are disposed in parallel laterally spaced 
relationship with each liquid distributor disposed in align 
ment with and above a respective tube bundle 20. The lower 
regions of the respective liquid distribution chambers 50 
may be interconnected by at least one liquid leveling con 
nector 52, and generally by a plurality of liquid leveling 
COnnectOrS. 

Each liquid distributor 40 is fed with liquid refrigerant, or 
a mix of liquid and vapor refrigerant, through at least one 
inlet opening 55, such as depicted in FIG. 2, or through a 
plurality of longitudinally spaced inlet openings 55. Such as 
depicted in FIG. 3, disposed in the top wall 42 of the liquid 
distributor 40. In the FIG. 2 embodiment, the inlet opening 
55 to each liquid distributor 40 is connected in flow com 
munication directly with the liquid inlet 15 for receiving the 
refrigerant being fed to the shell and tube evaporator 12. In 
the FIG. 3 embodiment, each of the plurality of inlet 
openings 55 to each liquid distributor 40 is connected in flow 
communication with the liquid inlet 15 via a longitudinally 
extending liquid manifold 54 for receiving the refrigerant 
being fed to the shell and tube evaporator 12. Refrigerant 
liquid flows from the liquid distribution chamber 50 of each 
liquid distributor 40 through outlet openings in each bottom 
wall 44 downwardly in the direction of gravity and falls on 
the tubes 22 of the tube bundles 20 disposed below the liquid 
distributors 40. Liquid refrigeration falling upon the tubes 
22 forms a thin film on the external surface of the tubes 22 
and is evaporated by heat transferred from the higher 
temperature fluid to be chilled conveyed through the flow 
passages of the tubes 22. 

Referring now to FIG. 4, each liquid distributor 40 
includes a first flow restrictor 60 disposed in an upper region 
58 of the liquid distribution chamber 50. The first flow 
restrictor 60 is configured to initially redistribute the refrig 
erant feed flow received through the inlet opening 55 or inlet 
openings 55 at least laterally across the lateral extent of the 
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falling film evaporator 30. The liquid distributor 40, may, if 
desired, also include a second flow restrictor 62 disposed in 
the upper region 58 of the liquid distributor chamber 50 
downstream with respect to liquid refrigerant flow, that is 
beneath, the first flow restrictor 60. The second flow restric 
tor 62 is configured to initially redistribute the refrigerant 
feed flow having passed through the first flow restrictor 60 
longitudinally along the length of the liquid distributor 40. 
In the embodiment of the liquid distributors 40 depicted in 
FIG. 4, the first flow restrictor 60 comprises a first perforated 
plate 64 and the second flow restrictor 62 comprises a 
second perforated plate 66. The first perforate plate 64 has 
a plurality of holes 65 passing therethrough, the holes 65 
selectively arranged to force a lateral redistribution of the 
liquid refrigerant passing therethrough. The second perfo 
rated plate 66 has a plurality of holes 67 passing there 
through, holes 67 selectively arranged to force a longitudinal 
redistribution of the liquid refrigeration passing there 
through. 

The liquid refrigerant having passed through the first and 
second flow restrictors 60, 62, that is having passed through 
the holes 65, 67 in the perforated plate flow restrictors 64, 
66, respectively, drops to the lower region of the liquid 
distribution chamber 50 and collects on the bottom wall 44 
to form a refrigerant pool in the lower region of the liquid 
distribution chamber 50. The bottom wall 44 of each liquid 
distributor 40 comprises a distributor plate 70 that is con 
figured to distribute the liquid refrigerant along the length of 
the tubes 22 in the respective tube bundles 22 forming the 
cells 30 disposed beneath the respective liquid distributors 
40. 

In another embodiment, as illustrated in FIG. 9, the 
perforated plate flow restrictors 64, 66 are replaced by a 
sparge pipe 100 located in the liquid distributor 40. The 
sparge pipe 100 is a tubular structure extending longitudi 
nally along the liquid distributor 40 and receives liquid 
and/or vapor refrigerant through inlet openings 55 via sparge 
inlet pipes 102, as shown in FIG. 10. The sparge pipe 100 
further includes a plurality of sparge openings 104 inter 
posed with the sparge inlet pipes 102 along a upper portion 
106 of the sparge pipe 100. The sparge openings 104 may be 
Substantially circular as shown, or may be other shapes, for 
example, elongated slots. In some embodiments, the liquid 
distributors 40 include one or more vent openings or vent 
pipes 108 extending, for example, through the top wall 42 to 
vent any entrained vapor refrigerant out of the liquid distri 
bution chamber 50 into the interior of the shell 14 and out 
of the evaporator via the vapor outlet 25 (shown in FIG. 1). 
In some embodiments, the vent pipes 106 are located at of 
near longitudinal ends of the liquid distributors 40. 

Referring again to FIG. 9, in operation, liquid refrigerant 
enters the sparge pipe 100 via the sparge inlet pipes 102. The 
sparge pipe 100 fills and the pressure of liquid refrigerant in 
the sparge pipe 100 urges the liquid refrigerant out of the 
sparge openings 104 and into the distribution chamber 50. 
Under Some conditions, flashing of the liquid refrigerant 
may occur, resulting in Some amount of vapor refrigerant in 
the liquid distributors 40. This vapor refrigerant in vented 
out through the vent pipes 108. 

Referring now to FIGS. 5 and 6, distributor plate 70 has 
a lateral extent, a longitudinal extent, and a thickness as 
measured from an upper surface 72 thereof to a under 
surface 74 thereof. The distributor plate 70 includes a 
plurality of laterally spaced, longitudinally extending chan 
nels 80 equal in number to the number of columns of tubes 
22 in the respective tube bundle 20 positioned below the 
distributor plate 70. Each channel 80 is aligned along its 
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6 
length with a respective column of tubes 22. Each channel 
80 includes a upper slot 76 and a plurality of lower slits 78. 
The upper slots 76, which have a generally rectangular 
cross-section, are formed in the upper surface 72 of the 
distributor plate 70 and extend longitudinally uninterrupted 
from a forward edge 77 of the distributor plate 70 to a 
trailing edge 79 of the distributor plate 70. The upper slots 
76 have a depth as measured from the upper surface 72 of 
distributor plate 70 to an inner face, i.e. floor 82, of the upper 
slot 76 and an open width as measured laterally, i.e. trans 
versely to the longitudinal length of upper slot 76. The depth 
of each upper slot 76 is less than the thickness of the 
distributor plate 70. In an embodiment, the upper slots 76 
have a square cross-section wherein the width and depth of 
the upper slot are equal and the depth of the upper slot 
extends to about one-half the thickness of the distributor 
plate 70. 
The plurality of lower slits 78 are formed in the floor 82 

of each upper slot 76 at longitudinally spaced intervals and 
penetrate the floor 82 of each upper slot 76. Each of the 
lower slits 78 extend longitudinally a preselected length and 
have a width that is smaller than the width of the upper slot 
76. Thus, the lower slits 78 are thinner than and shorter than 
the upper slots 76. For example, the lower slits 78 may have 
a width that is less than 50% of the width of the upper slots 
76, and in an embodiment have a width that is 40% of the 
width of the upper slots 76. The lower silts 78 may have a 
length to width ratio in the range from 20 to 1 to 25 to 1. 
A pattern of the thinner lower slits 78 separated longitu 

dinally by Small spaces is machined straight through the 
remaining thickness of the distributor plate 70 from the floor 
82 of each upper slot 76 to the under surface 74 of the 
distributor plate 70. In an embodiment, the small spaces 84 
separating the longitudinally disposed lower slits 78 may 
have a length that is about /16 the length of the lower slits 
78. Therefore, each channel 80 defines a plurality of liquid 
flow passages extending through the distributor plate 70. 

After passing through the under surface 74, the lower slits 
78 continue through a longitudinally extending troughs 86 
that extend downwardly from the under surface 74 of the 
distributor plate 70 to terminate in a distal tip 90, as best seen 
in FIG. 5. The outer sides 88 of the distal tips 90 are angled 
inwardly at an acute angle, p, with the horizontal. In an 
embodiment, the outer sides 88 of the distal tip 90 of each 
trough 86 are angled inwardly at an angle between 45 
degrees and 60 degrees. In an embodiment, the longitudi 
nally extending nipples 86 may be formed integral with the 
distributor plate 70. The angled outer sides 88 of the distal 
tip 90 of the longitudinally extending troughs 86 ensure that 
liquid tension does not cause the liquid refrigerant flowing 
out the lower slits 78 to adhere to the under surface of the 
distributor plate 70. 

If the lower slits 78 beneath the upper slots 76 also 
extended longitudinally uninterruptedly the length of the 
channels 80 and there is adequate refrigerant flow, the 
refrigerant would discharge from each channel 80 as a 
longitudinally extending, uninterrupted, Solid sheet of fall 
ing refrigerant. The un-machined spaces 84 separating the 
lower slits 78 break up the solid sheet pattern that would 
occur naturally if the lower slits 78 also extended longitu 
dinally uninterruptedly beneath the upper slots 76. The 
narrow lower slits 78 also provide sufficient flow restriction 
that a head of refrigerant collects on the upper surface 72 of 
the distributor plate 70. The establishment of this head of 
refrigerant in combination with the un-machined spaces 84 
separating the longitudinally extending lower slits 78 
ensures that refrigerant will discharge from the lower slits 78 
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in the form of stable columns. Additionally, the sharp edge 
established on the distal tip 90 of the troughs 86 by the 
angled outer sides 88 ensures a neat transition between flow 
within the lower slits 78 to a falling liquid film and focuses 
the falling liquid film onto the tubes 22 therebeneath. 

Referring now to FIG. 7, a porous media 92 may be 
disposed within upper slots 76 of one or more or all of the 
open channels 80. The porous media 92 may extend longi 
tudinally the entire length of the channel 70. The porous 
media 92 allows the passage of liquid refrigerant through the 
upper slot 76 of channel 80, but provides an additional flow 
resistance that facilitates a more uniform distribution of 
liquid along the entire length of channel 80. In an embodi 
ment where the liquid passing through the liquid distributor 
70 is refrigerant, the porous media 92 comprises an alumi 
num foam, for example, but not limited to, aluminum alloy 
6101 foam. It is to be understood that other porous materials, 
including other foam materials, may be used as the porous 
media 92 So long as that material is compatible, such as from 
a corrosion and durability standpoint, with the particular 
liquid passing through the liquid distributor 70. 

In another embodiment, a further perforated plate 94 may 
be disposed superadjacent the upper surface 72 of the 
distributor plate to as depicted in FIG. 7. The perforated 
plate 94 has a plurality of holes 96 extending therethrough. 
The holes 96 are arranged in a pattern of laterally spaced, 
longitudinally extending rows. Each row of holes 96 is 
disposed above a respective one of the columns 70. The 
holes 96 within a row are disposed at longitudinally spaced 
intervals along the entire length of the channel 80. In this 
embodiment, the holes 96 extending through the perforated 
plate 94 provide the only liquid flow path flow for liquid 
collecting above the distributor plate 70 to pass into the 
channels 80. The holes 96 may be selectively located within 
the rows to provide a desired distribution of liquid flow 
along the length of each channel 80, the ultimate goal being 
to a liquid distribution over the length of the tubes 22 in the 
tube bundle 20 associated with the liquid distributor 70 is as 
uniform as possible. 

The shell and tube evaporator 12 equipped with one or 
more liquid distributors 40 as disclosed herein is well suited 
for use in connection with low-pressure refrigerants. For 
example, a refrigerant having a liquid phase Saturation 
pressure below about 45 psi (310.3 kPa) at 104°F (40°C.) 
constitutes a low-pressure refrigerant. One example of a 
low-pressure refrigerant includes R245fa. However, it 
should also be understood that the exemplary embodiments 
of the liquid distributor disclosed herein could also be 
employed in a shell and tube falling film evaporator in 
chiller systems using a medium-pressure refrigerant, such as 
for example R134a, or a high-pressure refrigerant, Such as 
for example R410a. 

Further, although the liquid distributor 40 disclosed herein 
has been described with reference to application as a refrig 
erant distributor for delivering liquid refrigerant onto the 
tube bundles 20 of the falling film evaporator 30 of the shell 
and tube evaporator 12 of a chiller system, it is to be 
understood that use of the liquid distributor 40 is not limited 
to such application. Rather, the liquid distributor 40 as 
disclosed herein may be used in other applications wherein 
it is desired to configured to deliver a falling flow of the 
liquid to be distributed substantially uniformly along a 
longitudinal extent of the liquid distributor. 
The terminology used herein is for the purpose of descrip 

tion, not limitation. Specific structural and functional details 
disclosed herein are not to be interpreted as limiting, but 
merely as basis for teaching one skilled in the art to employ 
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8 
the present invention. Those skilled in the art will also 
recognize the equivalents that may be substituted for ele 
ments described with reference to the exemplary embodi 
ments disclosed herein without departing from the scope of 
the present invention. 

While the present invention has been particularly shown 
and described with reference to the exemplary embodiments 
as illustrated in the drawing, it will be recognized by those 
skilled in the art that various modifications may be made 
without departing from the spirit and scope of the invention. 
Therefore, it is intended that the present disclosure not be 
limited to the particular embodiment(s) disclosed as, but that 
the disclosure will include all embodiments falling within 
the scope of the appended claims. 

We claim: 
1. A shell and tube evaporator for chilling a working fluid 

comprising: a shell defining an interior Volume and having 
a refrigerant inlet; a tube bundle disposed within the interior 
volume of said shell, said tube bundle including a plurality 
of longitudinally extending heat exchange tubes arranged in 
an array of a plurality of Vertical tube columns and a 
plurality of horizontal tube rows; a liquid refrigerant dis 
tributor disposed within said interior volume above said tube 
bundle, said liquid refrigerant distributor including: two 
liquid distribution chambers, each liquid distribution cham 
ber having a bottom wall including a longitudinally extend 
ing distribution plate, said distributor plate having a plurality 
of laterally spaced and longitudinally extending channels, 
each channel of said plurality of channels aligned with a 
respective column of said plurality of vertical columns of 
heat exchange tubes and configured to deliver a falling flow 
of liquid refrigerant onto the respective tube column sub 
stantially uniformly along the longitudinal extent of the 
respective tube column, each channel of said plurality of 
channels of said distributor plate including: an upper slot 
extending along the longitudinal extent of said distributor 
plate; and two or more lower slits disposed at longitudinally 
spaced intervals beneath and in flow communication with 
said upper slot; wherein each of the upper slot and the two 
or more lower slits have longitudinal lengths greater than 
lateral widths; and a liquid leveling connector extending 
between the two liquid distribution chambers. 

2. The shell and tube evaporator as set forth in claim 1 
wherein said upper slot defines a longitudinally extending 
cavity having a width and a depth. 

3. The shell and tube evaporator as set forth in claim 2 
further comprising a porous material disposed within the 
cavity of said upper slot. 

4. The shell and tube evaporator as set forth in claim 3 
wherein said porous material comprises an aluminum foam 
or aluminum alloy foam. 

5. The shell and tube evaporator as set forth in claim 1 
further wherein each channel of said plurality of channels of 
said distributor plate includes: 

an upper slot extending uninterruptedly along the longi 
tudinal extent of said distributor plate; and 

a trough extending outwardly from an underSurface of 
said distributor plate and longitudinally beneath said 
upper slot, the trough including a plurality of lower slits 
disposed at longitudinally spaced intervals beneath and 
in flow communication with said upper slot. 

6. The shell and tube evaporator as set forth in claim 5 
wherein the trough has a distal tip having longitudinally 
extending outer sides that converge inwardly. 

7. The shell and tube evaporator as set forth in claim 6 
wherein the trough has the distal tip having longitudinally 
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extending outer sides that converge inwardly at an angle 
with the horizontal in the range of 45 to 60 degrees. 

8. The shell and tube evaporator as set forth in claim 1 
further comprising a perforated plate disposed superadjacent 
an upper surface of said distributor plate, said perforated 
plate including a plurality of holes extending through said 
perforated plate, said plurality of holes arranged in a plu 
rality of laterally spaced columns, each column including a 
plurality of longitudinally spaced holes and aligned above a 
respective one of the channels of said plurality of channels 
in said distributor plate. 

9. The shell and tube evaporator as set forth in claim 1 
wherein said 

liquid distributor further comprises: 
a refrigerant inlet for receiving the refrigerant flow and 

opening to an upper region spaced above said bottom 
wall within the liquid distributor; and 

a first flow restrictor disposed in spaced relationship with 
and above said bottom wall, the first flow restrictor 
configured to initially redistribute the received refrig 
erant flow laterally. 

10. The shell and tube evaporator as set forth in claim 9 
wherein the first flow restrictor comprises a perforated plate. 

11. The shell and tube evaporator as set forth in claim 9 
wherein said liquid distributor further comprises a second 
flow restrictor disposed in spaced relationship with and 
above said bottom wall and beneath the first flow restrictor, 
the second flow restrictor configured to redistribute the 
received refrigerant flow longitudinally. 

12. The shell and tube evaporator as set forth in claim 11 
wherein the second flow restrictor comprises a perforated 
plate. 

13. The shell and tube evaporator of claim 9, wherein the 
first flow restrictor comprises a sparge pipe. 

14. The shell and tube evaporator of claim 13, wherein the 
Sparge pipe includes one or more flow outlets at an upper 
surface of the sparge pipe. 

15. The shell and tube evaporator of claim 1, wherein the 
liquid refrigerant distributor includes a vent opening to vent 
vapor refrigerant from the liquid refrigerant distributor. 

16. The shell and tube evaporator of claim 15, wherein the 
Vent opening is disposed at an upper wall of the liquid 
refrigerant distributor. 

17. A modular liquid distributor comprising: two liquid 
distribution chambers, each liquid distribution chamber 
including an enclosure having a top wall, a bottom wall, a 
pair of laterally spaced side walls, and a pair of longitudi 
nally spaced end walls, the top wall having an inlet opening 
for receiving a liquid to be distributed and the bottom wall 
including a longitudinally extending distribution plate, said 
distributor plate having a plurality of laterally spaced and 
longitudinally extending channels, each channel of said 
plurality of channels configured to deliver a falling flow of 
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the liquid to be distributed substantially uniformly along a 
longitudinal extent of the liquid distributor, each channel of 
said plurality of channels having a longitudinal length 
greater than a lateral width; and a liquid leveling connector 
extending between the two liquid distribution chambers. 

18. The liquid distributor as set forth in claim 17 further 
wherein each channel of said plurality of channels of said 
distributor plate includes: 

an upper slot extending uninterruptedly along the longi 
tudinal extent of said channel; and 

a plurality of lower slits disposed at longitudinally spaced 
intervals beneath and in flow communication with said 
upper slot. 

19. The liquid distributor as set forth in claim 18 wherein 
said upper slot defines a longitudinally extending cavity 
having a width and a depth, and a porous material is 
disposed within the cavity of said upper slot. 

20. The liquid distributor as set forth in claim 18 further 
wherein each channel of said plurality of channels of said 
distributor plate includes: 

an upper slot extending uninterruptedly along the longi 
tudinal extent of said channel; and 

a trough extending outwardly from an undersurface of 
said distributor plate and longitudinally beneath said 
upper slot, the trough including a plurality of lower slits 
disposed at longitudinally spaced intervals beneath and 
in flow communication with said upper slot. 

21. The liquid distributor as set forth in claim 20 wherein 
the trough has a distal tip having longitudinally extending 
outer sides that converge inwardly at an angle with the 
horizontal in the range of 45 to 60 degrees. 

22. The liquid distributor as set forth in claim 18 further 
comprising a perforated plate disposed superadjacent an 
upper surface of said distributor plate, said perforated plate 
including a plurality of holes extending through said perfo 
rated plate, said plurality of holes arranged in a plurality of 
laterally spaced columns, each column including a plurality 
of longitudinally spaced holes and aligned above a respec 
tive one of the channels of said plurality of channels in said 
distributor plate. 

23. The liquid distributor as set forth in claim 18 further 
comprising a first flow restrictor disposed in spaced rela 
tionship with and above the bottom wall, the first flow 
restrictor configured to initially redistribute the received 
refrigerant flow laterally, the first flow restrictor being a 
perforated plate; and a second flow restrictor disposed in 
spaced relationship with and above the bottom wall and 
beneath the first flow restrictor, the second flow restrictor 
configured to redistribute the received refrigerant flow lon 
gitudinally, the second flow restrictor being a perforated 
plate. 


