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(57) ABSTRACT 
Disclosed is a packaged chilling system for providing 
chilled Water to an air conditioning system for a building that 
includes: a duct system; an air handling system; and a Water 
chilling system; Wherein: the duct system is in operable 
communication With a building that has a plurality of rooms, 
at least one of the rooms having a sensor for detecting the 
room air temperature in the room, the duct system compris 
ing at least one supply duct for directing loW temperature air 
from the air handling system to the building and at least one 
return duct for directing high temperature air from the 
building to the air handling system; the air handling system 
includes a plurality of air handling units, each air handling 
unit comprising an air inlet for receiving high temperature 
air from the building, a cooling coil that includes at least one 
conduit through Which chilled Water ?oWs, the cooling coil 
having multiple passes and positioned for heat transfer 
contact With the high temperature air, and a fan for increas 
ing the velocity of air in the air handling unit; the Water 
chilling system is installed at a location proximate the 
building, and is operably connected to the air handling 
system; and the Water chilling system includes a moveable 
support structure comprising a support base on Which a 
plurality of Water chilling system components are af?Xed, 
the components including at least one Water chiller for 
lowering the temperature of Water from a high temperature 
to a low temperature. This packaged chilling system may 
also be used to provide chilled Water to industrial processes 

Int. Cl.7 ........................... .. F25B 21/02; F25B 7/00; Such as chemical plants, automotive plants, textile mills, 
F25D 23/12 paper mills, computer cooling, and factory air-conditioning. 
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PACKAGED CHILLING SYSTEMS FOR BUILDING 
AIR CONDITIONING AND PROCESS COOLING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application claims priority to co-pending US. 
patent application Ser. No. 10/206,856 ?led Jul. 26, 2002, 
Which claims priority to co-pending US. patent application 
Ser. No. 09/961,711 ?led Sep. 24, 2001, Which claims 
priority to US. patent application Ser. No. 09/369,788 ?led 
Aug. 6, 1999, now US. Pat. No. 6,318,065. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of Inventions 

[0003] The inventions described herein generally relate to 
air conditioning, and particularly to air conditioning systems 
for buildings and process cooling. 

[0004] 2. Description of the Related Art 

[0005] A continuing need eXists for improved air condi 
tioning systems for buildings, particularly large, multi-room 
and multi-level buildings, e.g., schools, of?ce buildings, 
hospitals and sports facilities, such as arenas. Avariety of air 
conditioning systems have been proposed and developed, 
including those described in earlier patents identi?ed on the 
cover page of this patent. Persons skilled in the art have 
recogniZed various challenges in designing systems that can 
be used to control the inside air temperatures in common 
areas and different rooms of those buildings. HoWever, 
installing air conditioning systems and the components of air 
conditioning systems presents challenges as Well. Installing 
an air conditioning system is not as simple as it might 
appear, particularly When the air conditioning system is 
associated With a building that has numerous rooms, each 
requiring individual temperature control. Installing air con 
ditioning systems for large buildings and building systems is 
often highly complex, requiring the selection and coordina 
tion of air conditioning equipment, control systems, electri 
cal sWitchgear, building materials and supplies, and also 
organiZing the various subcontractors and construction 
Workers, and securing building permits, etc. 

SUMMARY 

[0006] One or more embodiments of air conditioning 
systems for buildings includes a duct system; an air handling 
system; and a Water chilling system. The duct system is 
preferably in operable communication With a building that 
has a plurality of rooms, at least one of the rooms having a 
sensor for detecting the room air temperature in the room, 
the duct system including at least one supply duct for 
directing loW temperature air from the air handling system 
to the building and at least one return duct for directing high 
temperature air from the building to the air handling system. 
The air handling system preferably includes a plurality of air 
handling units, each of Which preferably includes an air inlet 
for receiving high temperature air from the building and a 
cooling coil that includes at least one conduit through Which 
chilling Water ?oWs. The cooling coil preferably has mul 
tiple passes and is positioned for heat transfer contact With 
the high temperature air, and also includes a fan for increas 
ing the static pressure of air in the air handling unit. The 
Water chilling system is preferably installed at a location 
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proximate the building, and is operably connected to the air 
handling system cooling coil. The Water chilling system 
preferably includes a moveable support structure including 
a support base on Which a plurality of Water chilling system 
components are af?Xed, the components including at least 
one Water chiller for loWering the temperature of chilling 
Water from a high temperature to a loW temperature. 

[0007] One or more of the air conditioning systems 
described herein includes a plurality of room ducts, each 
room duct leading to the individual rooms. 

[0008] One or more of the air conditioning systems 
described herein preferably includes a Water chiller that 
includes a ?rst chiller and a second chiller, the ?rst and 
second chillers being arranged in series such that chilling 
Water is capable of sequentially passing through the ?rst and 
second chillers. In addition, for chillers With Water cooled 
condensers it is preferable to also sequentially pass cooling 
Water from the cooling toWer through the condensers of the 
tWo chillers in series and counter?oW to the direction of the 
chilled Water. 

[0009] One or more of the air conditioning systems 
described herein preferably includes a Water chilling system 
that includes tWo or more Water chillers that are con?gured 
such that chilling Water is capable of passing sequentially 
through each of the tWo or more Water chillers, the Water 
being chilled to one temperature after passing through the 
?rst Water chiller, the same Water being chilled to a second 
temperature after passing through the second Water chiller. 

[0010] One or more of the air conditioning systems 
described herein preferably has at least one Water chiller that 
includes a ?rst mechanical chiller and a second mechanical 
chiller, the ?rst and second mechanical chillers being 
arranged in series, Wherein chilling Water leaving the second 
mechanical chiller has a loWer temperature than the tem 
perature of the chilling Water leaving the ?rst mechanical 
chiller. 

[0011] In one or more of the air conditioning systems 
described herein at least one Water chiller preferably 
includes a ?rst Water chiller and a second Water chiller, the 
?rst and second Water chillers being arranged in series and 
con?gured to provide a staged Water temperature drop of a 
high Water temperature of from about 45° F. to about 75° F. 
to a loWer Water temperature of from about 34° F. to about 
55° F. 

[0012] In one or more of the air conditioning systems 
described herein at least one Water chiller includes a ?rst 
Water chiller and a second Water chiller, the ?rst and second 
Water chillers being arranged in series and con?gured to 
provide a staged Water temperature drop of a high Water 
temperature of from about 48° F. to about 60° F. to a loWer 
Water temperature of from about 36° F. to about 45° F. 

[0013] In one or more of the air conditioning systems 
described herein, the high temperature air has a temperature 
of from about 100° F. to about 50° F. and the loW tempera 
ture air has a temperature of from about 45° F. to about 60° 
F. 

[0014] In one or more of the air conditioning systems 
described herein, the high temperature air has a temperature 
of from about 80° F. to about 60° F. and the loW temperature 
air has a temperature of from about 40° F. to about 70° F. 
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[0015] In one or more of the air conditioning systems 
described herein at least one Water chiller is or includes a 
mechanical chiller or an absorption chiller. 

[0016] In one or more of the air conditioning systems 
described herein at least some of the Water chilling system 
components are pre-assembled on the moveable support 
structure, being affixed to the support base before the Water 
chilling system is installed proximate the building. 

[0017] In one or more of the air conditioning systems 
described herein the support base includes a frame that 
includes a plurality of steel I-beams on Which a metal plate 
is af?xed. 

[0018] In one or more of the air conditioning systems 
described herein the Water chilling system further includes a 
housing removably affixed to the moveable substructure, the 
housing siZed and con?gured to enclose the plurality of 
components. 

[0019] One or more of the air conditioning systems 
described herein additionally includes a Water temperature 
sensor operably connected to the chilling Water passing 
through the cooling coil, and further including a controller 
responsive to the Water temperature sensor, capable of 
adjusting either the temperature or the ?oWrate of the 
chilling Water. 

[0020] One or more of the air conditioning systems 
described herein additionally includes a Water temperature 
control system operably connected to the at least one Water 
chiller, for adjusting the temperature of the Water passing 
through the at least one Water chiller. 

[0021] One or more of the air conditioning systems 
described herein additionally includes a Water temperature 
control system and a temperature sensor con?gured to 
measure the temperature of the high temperature air from the 
building air conditioning system for adjusting the tempera 
ture or How of the chilling Water passing through the at least 
one Water chiller. 

[0022] One or more of the air conditioning systems 
described herein additionally includes a chilled Water ther 
mal energy Water storage tank that is operably connected to 
the Water chiller. 

[0023] One or more of the air conditioning systems 
described herein additionally includes a cooling toWer, pref 
erably one that is af?xed above the moveable support 
structure. 

[0024] In one or more of the air conditioning systems 
described herein, the air conditioning system additionally 
includes a cooling toWer, in Which: (a) the support base is a 
loWer support base on Which the plurality of Water chilling 
system components are af?xed; (b) the moveable support 
structure additionally includes an upper support base posi 
tioned above the loWer support base upon Which the cooling 
toWer is mounted. 

[0025] In one or more of the air conditioning systems 
described herein, the Water chilling system is assembled 
before it is installed at the location proximate the building, 
such that the assembled Water chilling system includes at 
least one base, at least one Water chiller, and at least one 
chilled Water circulation pump. Preferably the assembled 
Water chilling system Will also include at least one pump 
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suction strainer, at least one expansion tank, at least one 
isolation valve, at least one motor starter and at least one 
control system. Preferably all piping is prefabricated and 
installed on the system prior to shipment to the jobsite such 
that all Water piping is brought to the battery limits of the 
base. Preferably all electrical Wiring for both poWer Wiring 
and controls Wiring is preinstalled on the system prior to 
shipment to the jobsite such that ?eld interconnecting Wiring 
is minimized. Optionally a cooling toWer and support struc 
ture and connecting piping is also assembled before it is 
installed at the location proximate the building, such that the 
assembled Water chilling system includes at least one cool 
ing toWer cell & motor, at least one condenser Water 
circulation pump, and at least one motor starter. 

[0026] One or more of the air conditioning systems 
described herein includes a duct system; an air handling 
system; and a modular Water chilling system; Wherein: the 
duct system is in operable communication With a building 
that has a plurality of rooms, at least one of the rooms having 
a room air temperature sensor for detecting the room air 
temperature in the room, the duct system including at least 
one supply duct for directing loW temperature air from the 
air handling system to the building and at least one return 
duct for directing high temperature air from the building to 
the air handling system; the air handling system includes a 
plurality of air handling units, each air handling unit includ 
ing an air inlet for receiving high temperature air from the 
building, a cooling coil that includes at least one conduit 
through Which chilled Water ?ows, the cooling coil having 
multiple passes and positioned for heat transfer contact With 
the high temperature air, and a fan for increasing the static 
pressure of air in the air handling unit; the modular Water 
chilling system is installed at a location proximate the 
building, and is operably connected to the air handling 
system; the modular Water chilling system includes at least 
one moveable support structure, each structure including a 
support base on Which a plurality of Water chilling system 
components are affixed, the components on the total sum of 
the one or more support base including at least one Water 
chiller for loWering the temperature of Water from a high 
temperature to a loW temperature, Wherein the high Water 
temperature coming from the building air handling system 
or process is from about 45° F. to 75° F. and is chilled 
through the chilling system to a loW temperature of from 
about 34° F. to 55° F. Which is then supplied back to the 
building air handling system or process. 

BRIEF DESCRIPTION OF FIGURES 

[0027] Aspects of speci?c embodiments of the inventions 
are shoWn in the draWings for illustrative purposes only. 
Some of the draWings have similar or even identical parts 
and components, and like parts Will be given like reference 
numbers even though at some level of detail the parts may 
not necessarily be identical. 

[0028] FIG. 1 is a top schematic vieW of a speci?c 
embodiment of an air conditioning system for buildings 
having multiple chillers (not draWn to scale). 

[0029] FIG. 2 is a perspective vieW of a speci?c embodi 
ment of an air conditioning system shoWing both the loWer 
support structure and the upper support structure With the 
cooling toWer. 

[0030] FIG. 3 is a diagram shoWing the different parts of 
a speci?c embodiment of an air handling system. 
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[0031] FIG. 4 is a diagram showing different parts of a 
speci?c embodiment of a Water chilling system. 

[0032] FIG. 5 is a diagram showing possible dimensions 
and layout of a speci?c embodiment of a chilling system 
With tWo duplex chillers for larger building chilling systems 
in the siZe range of 3500 to 6100 tons. 

[0033] FIG. 6 is a diagram shoWing different parts of a 
speci?c embodiment of a tWo duplex Water chilling system 
for building air-conditioning With modular chilling and 
pumping and heating systems combined With an optional 
Thermal Energy Storage (TES) system. 

[0034] FIGS. 7-9 shoW a detailed vieW of different parts 
of a speci?c embodiment of a chilling system. 

DETAILED DESCRIPTION 

[0035] A. Introduction and De?nitions 

[0036] A detailed description Will noW be provided. Each 
of the appended claims de?nes a separate invention, Which 
for infringement purposes is recogniZed as including equiva 
lents to the various elements or limitations speci?ed in the 
claims. Depending on the context, all references beloW to 
the “invention” may in some cases refer to certain speci?c 
embodiments only. In other cases it Will be recogniZed that 
references to the “invention” Will refer to subject matter 
recited in one or more, but not necessarily all, of the claims. 
Each of the inventions Will noW be described in greater 
detail beloW, including speci?c embodiments, versions and 
examples, but the inventions are not limited to these embodi 
ments, versions or examples, Which are included to enable a 
person having ordinary skill in the pertinent art to make and 
use the inventions, When the information in this patent is 
combined With available information and technology. Vari 
ous terms as used herein are de?ned beloW. To the extent a 
term used in a claim is not de?ned beloW, it should be given 
the broadest de?nition persons in the pertinent art have 
given that term as re?ected in printed publications and 
issued patents. 

[0037] The term “building” as used herein refers to any 
enclosed structure having outer Walls and a plurality of 
rooms (more than one room), Wherein the rooms are 
designed to be occupied by people and maintained at a 
temperature that is different than the outside temperature, 
thus requiring cooling. A speci?c type of building is a 
multi-level building, Which has multiple levels or ?oors, 
e.g., a “high-rise” office building or apartment. Amulti-level 
building typically has at least some individual rooms located 
above other individual rooms. The term “building system” 
refers to a plurality of buildings. 

[0038] In at least one speci?c embodiment, the building is 
a hospital building. The hospital building includes indi 
vidual hospital rooms, each preferably having an individual 
room air temperature sensor. In that embodiment, a hospital 
air conditioning system includes a duct system; an air 
handling system; and a Water chilling system; Wherein the 
Water chilling system is installed at a location proximate the 
hospital building, and is operably connected to the air 
handling system. Preferred aspects of the duct system, air 
handling system and Water chilling are described herein. 

[0039] In another speci?c embodiment, the building is an 
of?ce building, e.g., a commercial of?ce building that pref 
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erably is a multi-level building, more preferably having at 
least three (3) ?oors connected by stairs and/or elevators. In 
that embodiment, an of?ce building air conditioning system 
includes a duct system; an air handling system; and a Water 
chilling system; Wherein the Water chilling system is 
installed at a location proximate the of?ce building, prefer 
ably on the roof or on an adjoining parking garage (or 
betWeen the building and the parking garage) or on the 
ground proximate the building. Preferred aspects of the duct 
system, air handling system and Water chilling system are 
described herein. 

[0040] In another speci?c embodiment, the building is a 
school building, eg a grade school, middle school, junior 
high school, or high school building. Or the school building 
can also be a college or university school building. Aschool 
building is preferably part of a larger school building sys 
tem, e.g., different buildings that may either share a common 
air conditioning system, or a common Water chilling system, 
or have different air conditioning systems or Water chilling 
systems. In certain embodiments, the building Will be a 
single story building; While in other embodiments, the 
building Will be a multi-level building, having multiple 
stories. In the school building embodiment, a school build 
ing air conditioning system includes a duct system; an air 
handling system; and a Water chilling system; Wherein the 
Water chilling system is installed at a location proximate the 
school building. Preferred aspects of the duct system, air 
handling system and Water chilling are described herein. 

[0041] In another speci?c embodiment, the building is a 
shopping mall building, Which may include not only indi 
vidual units, e.g., retail units, but also a common passage 
Way shared by a plurality of the individual units. Typically 
a shopping mall building Will be extremely large, With a 
?oor area ranging anyWhere from 200,000 ft2 to 1,000,000 
ft2, or higher, e.g., up to 3,000,000 ft2. In certain embodi 
ments, the building Will be a single story building; While in 
other embodiments, the building Will be a multi-level build 
ing, having multiple stories. In the school building embodi 
ment, a school building air conditioning system includes a 
duct system; an air handling system; and a Water chilling 
system; Wherein the Water chilling system is installed at a 
location proximate the school building. Preferred aspects of 
the duct system, air handling system and Water chilling are 
described herein. 

[0042] Unless otherWise speci?ed, or apparent from the 
context, all references herein to “circulating Water”, “Water” 
or “chilling Water” refer broadly to any portion or all of the 
circulating Water being used in the system, although in 
certain cases it Will be apparent from the context that a 
reference to “circulating Water” or “Water” refers only to a 
selected portion of the circulating Water in the system (eg 
When the temperature of a particular portion of circulating 
Water is identi?ed, in Which case the temperature of other 
portions of circulating Water in other parts of the system may 
not necessarily be the same). The Water may or may not also 
contain small amounts of chemicals for inhibiting biological 
groWth or for freeZe prevention in the circulating Water 
system. 

[0043] The term “load” as used herein, refers to the heat 
gain in the building or process that is to be cooled by the 
circulating chilling Water. 
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[0044] The term “preWired” as used herein, refers to 
Wiring the component, e.g., control systems or motor start 
ers, prior to delivery to a location proximate a building. 

[0045] Certain embodiments described herein relate to 
methods (i.e., processes) and apparatus for providing chilled 
Water or hot Water or steam for air conditioning and heating 
applications associated With large buildings such as univer 
sities, hospitals, schools, commercial and government office 
buildings, shopping malls, sports facilities (including arenas 
and domed complexes), internet server farms or computer 
cooling, industrial processes and manufacturing facilities. 
More speci?cally, certain embodiments utiliZe a modular, 
mass produced “package” that can be pre-engineered and 
manufactured in a factory environment, then shipped to a 
jobsite, i.e., a location next to a building that is to be air 
conditioned. Such a “package” (as it is sometimes referred 
to herein) preferably includes all the key mechanical and 
electrical equipment required or desired to provide chilled 
Water or steam at a central facility that can be piped to 
various air handling units or process loads to provide heating 
or cooling. That is, in a most desirable embodiment, the 
package is a “turnkey” apparatus, i.e., requiring minimal 
amounts of on-site labor to install. 

[0046] Systems that are different from the one claimed 
herein may suffer from various disadvantages, particularly 
in the installation phase. A hypothetical system Will noW be 
described, i.e., a large building or industrial facility that 
utiliZes a centrally located chilled Water plant to supply 
chilled Water and hot Water or steam as Well. Such a central 
plant is typically built at the site using available local 
craftsmen, even though they may not have the specialiZed 
skills or tools needed for ef?ciently installing air condition 
ing systems or circulating chilled Water systems. Such a 
plant Would need to be individually engineered on a case 
by-case basis and, once the speci?cation is completed, the 
oWner or developer Would need to issue the speci?cation to 
various mechanical or general contractors Who Would then 
bid out the equipment to be provided along With estimating 
all of the construction costs to develop the bid. The suc 
cessful contactor Would then pour a foundation and con 
struct a building complete With lighting and ?re protection 
features. The contractor Would then also purchase additional 
mechanical equipment such as Water chillers, circulating 
pumps, motor control centers, control systems, piping, insu 
lation, valves, strainers, expansion tanks, ?ttings, chemical 
feed systems, refrigerant gas detection, ventilation & alarm 
systems. These various pieces of equipment Would then be 
shipped to the jobsite and erected in the building using the 
contractor’s labor creWs or that of his subcontractors. Typi 
cally, the overall facility or plant Would be unique in terms 
of having different footprints, and different components and 
arrangements components, to Which there is very little 
standardiZation. These ?eld installed systems also do not 
normally bene?t from the high quality and repeatability 
available in a factory environment Where ISO quality pro 
cedures can be developed and maintained. Finally, these 
chiller plants are very dif?cult to move to a different location 
Which limits the ?exibility for the oWner and may make 
?nancing more difficult. 

[0047] Such large tonnage plants Would in all likelihood 
utiliZe ?eld erected cooling toWers or modular cooling 
toWers located close to, but aWay from the building that 
houses the mechanical equipment. Accordingly, piping 
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Would need to be installed (again, using local labor) to carry 
high temperature Water from the central plant to the cooling 
toWer; and additional piping Would need to be installed to 
carry the loWer temperature Water (pre-chilled) back from 
the cooling toWer to the central plant. This ?eld erection of 
the cooling toWer, cooling Water pumps, Water piping, and 
associated Wiring increases cost and installation schedule, 
Which is subject to local labor and climatic conditions. The 
remote cooling toWer also requires signi?cant plot space. A 
heating system could also be located in the same central 
plant building or in an adjacent heating building. Such a 
heating system Would be designed and installed in a manner 
similar to that of the Water chilling system, described above. 
The engineer Would then be expected to specify the type of 
boiler or Water heater and the pumps and motor control 
centers; and the contractor Would then construct an entire 
stand-alone building to house the equipment, and also to 
purchase and ?eld install all of this equipment and complete 
all of the piping and electrical installation at the site, e.g., at 
a location next to the building. 

[0048] Such a central plant could be built for a single large 
building or process load, but more likely, if multiple build 
ings or process loads existed in reasonable proximity to one 
another, the central plant Would furnish chilled Water and 
steam or hot Water to all of the neighboring buildings by 
means of a common piping that brings all of the loads to one 
central plant. 
[0049] In contrast to the central plant described above, 
certain embodiments of the present invention (re?ected in 
one or more of the claims) provide an improved approach. 
For example, in certain embodiments, a pre-engineered 
packaged system can be manufactured in a factory environ 
ment Where skilled Workers can be used to assemble the 
components and even to test them. Such a system preferably 
utiliZes a modular construction, such that each module 
(Which may include so-called “sub-modules”) has at least 
some components that are standardiZed, pre-designed and 
pre-fabricated. Those components are preferably designed 
so that they can be combined in different Ways to meet a 
Wide variety of project requirements. Moreover, they are 
preferably designed so that the overall number of compo 
nents is minimiZed such that each component or module is 
siZed such that it can be shipped by truck cost-effectively. 
Preferably, each module includes a separate support base, 
Which is preferably in the nature of a foundation base 
constructed of structural steel. Major mechanical compo 
nents can be designed, constructed, assembled, or purchased 
in advance, then placed on the support base or used as 
sub-assemblies for manufacturing the modular package. 
Such equipment, some of Which falls under the category of 
“components” beloW, may include one or more Water chill 
ers (described in detail beloW). Mechanical chillers may 
include (or have associated thereWith) one or more drivers, 
e.g., one or more electric motors, steam turbines, gas tur 
bines, turboexpanders, or engines. Alternatively the chiller 
may be an absorption chiller such that steam or hot Water or 
natural gas is used as the energy source rather than rotational 
energy. The equipment may also include prepiped chilled 
Water circulating pumps, condenser Water circulating 
pumps, pump suction strainers, chilled Water expansion 
tanks, Water piping, insulation, isolation valves, preWired 
control systems, preWired motor starters for all compressor 
motors, pump motors, and cooling toWer fan motors, etc. 
The equipment is preferably mounted on a structural steel 
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base, and the equipment and base is preferably enclosed With 
Wall panels to provide Weather protection for the equipment. 
Such Wall panels preferably have doors located as desired or 
necessary to provide an entry for operating and maintenance 
personnel. The Wall panels may also be designed to be 
removable to provide for even more convenient access 

during major maintenance events. The enclosure preferably 
has a refrigerant gas detection system Which is interlocked 
through the control system to activate an exhaust fan and an 
alarm if a high level of gas is detected. In certain embodi 
ments, the equipment and base Will preferably ship Without 
any enclosure panels to alloW it to be mounted inside a 
building or behind an architectural facade to alloW this 
mechanical room to match the architecture of the surround 
ing buildings. 

[0050] Certain embodiments are directed to a relatively 
small system, Which may have a Water chilling system that 
has all of its components positioned on and af?Xed to a 
single common base, or Within a single enclosure, and that 
entire Water chilling system may be considered to represent 
a single “module.” HoWever, in other embodiments, a larger 
system preferably has tWo or even more separate modules on 
separate bases, each of Which can be shipped and installed 
separately at the location, neXt to the building, then bolted 
together or otherWise affixed or operably connected after 
placement at the location, before operation is initiated. In 
certain embodiments, an air conditioning system may 
include a separate chiller module or multiple chiller mod 
ules, a pump module, an electrical/control module and an 
optional heating module, in Which case those modules could 
be considered “sub-modules” Which can be assembled at the 
jobsite to form a complete system. In another embodiment, 
several similar or identical modules may be installed near 
each other and connected together With a prefabricated 
piping package to form a single larger capacity chilling 
system (as shoWn in FIG. 2). A cooling toWer may be an 
integral part of the package, or a separate part. Preferably, a 
cooling toWer is pre-fabricated, then shipped to the instal 
lation location, along With a prefabricated support structure 
and piping that alloWs the cooling toWer to be easily 
mounted above the chiller and/or pumps With a simple 
bolt-together kit or the piping and/or cooling toWer can be 
installed on the package before shipment. Such an arrange 
ment may serve to minimiZe the footprint of the Water 
chilling system and make the design and layout more 
consistent and therefore predictable. Also, preferably the 
cooling toWer support structure Will be pre-engineered to 
alloW it to also be used as a lifting support alloWing for 
chiller maintenance, such as for compressor removal (FIG. 
5B). Also, the condenser Water piping and cooling toWer fan 
and heater electrical Wiring can be minimiZed if they are tied 
into the Water chilling package. 

[0051] An optional air-cooled condenser or evaporative 
condenser may also be provided to provide for heat rejection 
to the immediately adjacent environment rather than to 
Water that is transported to a cooling toWer. As such, less 
total Water Would be required. Such a system preferably 
includes a screW or centrifugal compressor mounted on the 
same base on Which the Water chiller(s) are mounted. The 
air-cooled or evaporative condenser is preferably located 
either adjacent to or above the refrigeration unit and con 
nected With a factory pre-fabricated piping package. 
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[0052] One of the design goals for this chiller plant 
package Would be to optimiZe the system for the loWest 
life-cycle cost and highest Net Present Value (NPV). The 
creation of a factory built chilled Water plant Which is loW 
?rst cost, highly efficient, quick to market, and movable 
from site to site alloWs it to be better utiliZed as a means of 
producing and selling chilled Water as a utility in a highly 
competitive deregulated environment. This plant may pref 
erably be offered in the market as a Build, OWn, Operate 
(B.0.0.) concept or a tolling agreement or a lease option or 
it may alternatively be offered With some other type of 
creative ?nancing package. This Will alloW the long term 
life-cycle cost bene?ts of high energy efficiency and loWer 
maintenance to be more effectively quanti?ed and captured. 

[0053] B. Air Conditioning System 

[0054] The speci?c embodiment of an air conditioning 
system shoWn in FIG. 1 includes a duct system 14 associ 
ated With a building system 12 (tWo buildings), an air 
handling system 16 that includes four separate air handling 
units (16a, 16b, 16c, 16d) and a Water chilling system 18 that 
includes components located on a moveable support struc 
ture. In FIG. 1, the moveable support structure includes 
three different support bases (20a, 20b, 20c). 

[0055] In FIG. 2, a perspective vieW of an air conditioning 
or process cooling system is shoWn, Which includes a Water 
chilling system located on a moveable support structure and 
an overhead cooling toWer. The air conditioning system in 
FIG. 2 has certain similarities to that shoWn in FIG. 1, and 
like parts (Which may be different at a detailed level) Will 
have like reference numbers. 

[0056] C. Air Handling System 

[0057] The air handling system that is part of one of more 
speci?c embodiments of the air conditioning systems 
described herein can be, in at least one speci?c embodiment, 
any conventional air handling system or fan-coil unit. A 
preferred embodiment is shoWn in FIG. 3, Which is one of 
the single units in FIG. 1, identi?ed simply as “unit 16” in 
FIG. 3. The unit (Which forms either part or all of the air 
handling system) includes (a) an enclosure housing 22; (b) 
an air inlet (intake) opening 24 that is preferably part of at 
least one side of the enclosed housing, the air intake opening 
preferably receiving high temperature air from the ducts that 
lead from the building rooms (e.g., circulating air that is 
desired to be cooled), as seen in FIG. 1; (c) an air ?lter 26 
through Which the incoming high temperature air ?oWs, 
Which removes contaminants, e.g., dust particles, from the 
incoming air; (d) a cooling coil assembly (described beloW) 
28, Which preferably includes a multiple-pass cooling coil 
30 that includes a conduit, a Water inlet 32 through Which the 
chilled Water enters the cooling coil conduit and a Water 
outlet 34 through Which the chilled Water eXits the cooling 
coil conduit; and (e) a fan 36 for moving the air from the 
cooling coil assembly toWards the duct system. In certain 
embodiments, an air outlet 38 is provided, through Which the 
cooled air passes from the cooling coil assembly 28 (Where 
it has been loWered from a high temperature to a loW 
temperature) generally toWard the duct system. The air 
outlet 38 can in alternate embodiments be part of the housing 
22, or part of the duct system, or a separate component. 

[0058] The fan 36 is generally con?gured to circulate, 
pull, push, direct, propel, or move the air across the outer 
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surfaces of the cooling coil conduit 30. For example, the fan 
36 can propel the supply air through the supply duct 24 to 
ultimately cool the various rooms, e.g., those forming part of 
the building system. 

[0059] It should be understood that although a single 
cooling coil and fan are shoWn in each of the air handling 
units in FIG. 1, multiple cooling coils and fans may be 
provided in each individual air handling unit. Each air 
handling unit may further include a heating coil (not shoWn) 
to receive heating ?uids con?gured to heat the air passing 
through the air handling units or there may be electric 
heating elements provided. 

[0060] Referring still to FIG. 3, the temperature of the 
Water passing through the cooling coil conduit 30 should be 
sufficiently loW to loWer the temperature of the air passing 
through the air handling unit(s) 22, e.g., from a high air 
temperature that ranges from 100° F. to 50° F., or from 80° 
F. to 60° F., or from 78° F. to 65° F.; to a loW temperature 
that ranges from 40° F. to 70° F., or from 45° F. to 60° F., 
or from 50° F. to 60° F. That is, the change in air temperature 
due to passing over the cooling coil 30 can have a “delta” 
that ranges from 60° F. to 0° F., or from 35° F. to 0° F., or 
from 28° F. to 5° F. The cooled air then passes (directly or 
indirectly) through a duct system, e.g., as described beloW. 

[0061] D. Duct System 

[0062] The speci?c embodiment of an air conditioning 
system shoWn in FIG. 1 includes a duct system 14, Which 
includes a “duct,” de?ned broadly herein in its broadest 
sense, as including any structure or collection of structures 
capable of directing air from one location to another loca 
tion. The duct system preferably includes insulation (not 
shoWn), e.g., one or more layers of insulation, of a type and 
thickness suf?cient to prevent heating of the air traveling 
through the duct system, particularly the “supply duct” 
(discussed beloW) that carries the loW temperature air to the 
rooms. In at least one speci?c embodiment, a “duct” can be 
a longitudinal holloW housing typically constructed of sheet 
metal that either itself extends throughout a building, or is 
made up of a number of duct sections (each of Which can be 
referred to as “ducts”) placed end-to-end With one another. 
This duct netWork is normally located above the ceiling of 
the building but may also be located beneath the ?oor or 
outside the building or elseWhere. 

[0063] The duct system preferably includes one or more 
“supply ducts”40, each of Which, generally speaking, con 
tains air ?oWing aWay from the cooling coil. Some of the 
supply ducts directly supply cool air to individual rooms of 
the building. The duct system also preferably includes one or 
more “return ducts”42, each of Which, generally speaking, 
contains air ?oWing toWard the cooling coil (although in a 
large building system, Where the duct system is maZe-like, 
the supply and return ducts may not direct air in a straight 
line aWay from or toWard the cooling coils). In preferred 
embodiments, the supply ducts contain air that is moving, 
and has a loW temperature, While the return ducts contain 
moving air that has a high temperature. The “loW” and 
“high” temperatures may be the temperatures described 
above, but, at a minimum, those temperatures are relative to 
one another, so that the “high temperature air” is higher than 
the “loW temperature air.” 

[0064] In at least one embodiment, the duct system 14 also 
includes individual room vents 44, e.g., diffusers, through 
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Which the cooled air (e. g., loW temperature air) is preferably 
supplied to the various rooms throughout the large building 
system, so that the average temperature of the air in the 
various rooms is loWered as the cooled air mixes With the 
room air, i.e., the air already in the room. 

[0065] E. Temperature Sensors 

[0066] An air conditioning system described herein pref 
erably includes air temperature sensors 46, as shoWn in FIG. 
1. An air temperature sensor may be located in each room 
48, or at least in one or more rooms of the building. An air 
temperature sensor may optionally be located in the supply 
air duct 40 to monitor the supply air temperature. Each 
temperature sensor may be in operable communication With 
one or more air or Water ?oW controllers (not shoWn). 
Accordingly, based on the sensed temperature (of the room 
air or supply air), the How controller may be activated to 
direct either more Water or less Water to pass through 
particular cooling coils. That is, the Water How can be 
increased to provide increased cooling of the air, and the 
Water How can conversely be decreased to provide decreased 
cooling of the air. Alternatively, the air How can be increased 
to provide increased cooling in the room, and the air How 
can conversely be decreased to provide decreased cooling in 
the room. While discussed herein in terms of cooling of air 
or room, it should be recogniZed to one skilled in the art that 
the systems described herein can also be used for heating the 
air in a large building system. 

[0067] F. Water Chilling System 

[0068] The speci?c embodiment of a Water chilling system 
located on a moveable support structure in FIG. 4 includes 
a number of different components. 

[0069] Preferably, Water passes from each of the air 
handling units to the Water chilling system, Which preferably 
includes a moveable structure 20 or structures on Which is 

mounted all key mechanical and electrical components 
required to provide circulating Water, Which is preferably 
chilled Water, but can also be hot Water or steam, to the 
various air handling systems to provide cooling or heating to 
the large building system. 

[0070] The movable support structure 20 preferably has 
sides and a bottom (not shoWn), and is con?gured to support 
the components described in further detail beloW. The 
dimensions of the movable substructure 20 are generally a 
function of the siZe and number of components attached 
thereto. Advantageously, as described above, a modular 
system can be provided, Which includes one of a selection of 
either standard-siZed support structures, or differently-sized 
support structures. An example of the dimensions for a 
speci?c embodiment of the chilling system substructure is 
shoWn in FIG. 5 Which shoWs the various sections Which are 
preferably shipped individually and then bolted together in 
a location proximate the building to provide a complete 
chilling system. 

[0071] An example of a support structure 20 includes a ?at 
steel member, Which may be stationary, but may also be 
mounted on Wheels, rollers, or similar devices (not shoWn) 
operably connected to the bottom or sides of the movable 
substructure for ease of transportation from the manufactur 
ing site to the installation site. The movable substructure 
may further include external connections (not shoWn), such 
as lifting brackets to facilitate the moving and loading of the 
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modular chilled Water plant and chilled Water supply and 
return connections for tie-in to the ?eld piping Which Would 
transport the circulating chilled Water from the modular 
chilling system to the building air-handling unit. Alterna 
tively this modular chilled Water plant can also be used to 
provide circulating chilled Water for use on industrial and 
petrochemical processes such as polyethylene and polypro 
pylene production, internet load centers, computers, manu 
facturing facilities such as microprocessor manufacturing, 
paper mills, automotive manufacturing, teXtiles and factory 
air conditioning. 

[0072] The components that can be placed on a moveable 
support structure 20 can include one or more Water chillers 

52, Which can be a centrifugal Water chiller, a screW Water 
chiller, or an absorption Water chiller. As used herein, the 
term “Water chiller” refers to any apparatus that includes and 
least one conduit through Which Water ?oWs that is capable 
of loWering the temperature of Water passing through the 
apparatus or conduit. The Water chiller 52 may be a 
mechanical chiller, Which may include a centrifugal or screW 
or reciprocating or rotary compressor, and Which may fur 
ther include an associated driver, such as an electric motor, 
a steam turbine, a gas turbine, turboeXpander, or an engine. 
The Water chiller 52 may be or include any number of 
conventional Water chillers installed either in parallel or in 
series, but for larger systems Which require more than one 
chiller it is preferable to have at least tWo chillers piped in 
series so as to stage the temperature drop of the circulating 
Water into an intermediate and a loWer temperature chiller, 
thereby saving poWer on the upstream/intermediate chiller 
and making the modular chilling Water plant more ef?cient 
than When the Water chillers are not piped in series. When 
the circulating Water 18 is chilled to a suf?ciently loW 
temperature to cool the return air to a predetermined tem 
perature, e.g., via sequential chilling, the air passing through 
the air-handling unit, herein referred to as return air, can be 
cooled With a minimum circulating Water ?oWrate and a 
maXimum circulating Water AT. As used herein, “circulating 
Water AT” refers to the temperature difference of the circu 
lating Water 18 betWeen the circulating Water inlet and the 
circulating Water outlet of the cooling coil in the air-handling 
unit. 

[0073] The components can further include chilled Water 
circulating pumps 54, condenser Water circulating pumps 
56, suction strainers, expansion tanks 58, isolation valves, 
motor starters for the Water chillers and pumps, control 
systems, ?re protection equipment, gas detection and ven 
tilation and other equipment that may be required by a local 
code. 

[0074] The components can be mounted on the movable 
substructure and can be enclosed by a housing (as shoWn in 
FIGS. 2A&B and FIG. 5) to provide Weather protection for 
the components. The housing can include doors located as 
necessary to alloW operating and maintenance personnel 
access to the components as necessary. As used herein, the 
term “housing” refers to any enclosure, Which may include 
a contiguous structure having sides and a top, or multiple 
pieces, Which are operably connected. In addition, the hous 
ing may be con?gured to be removable to provide further 
access for major maintenance requirements. The housing 
may be attached to the base at the assembly site or at the 
installation site. 
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[0075] The components are preferably piped together via 
conventional piping, such as by polyvinylchloride (PVC) or 
steel pipes having valves (not shoWn) Where appropriate. 

[0076] Each Water chiller should include at least one 
conduit, e.g., a piping or other tubular arrangement, through 
Which the circulating Water is capable of passing. 

[0077] In a preferred embodiment, the circulating Water is 
passed sequentially through tWo or more Water chillers. 
FIG. 6 illustrates an eXample of components of a modular 
chilled Water plant. In operation, that modular chilled Water 
plant includes passing circulating Water 100 from an air 
handling unit (not shoWn) to a ?rst Water chiller, then to a 
second Water chiller (or a single dupleX chiller as shoWn), 
then through an optional third chiller and fourth chiller (or 
a second dupleX chiller as shoWn in FIG. 6), and then back 
to the air-handling unit. Preferably each of the Water chillers 
Would include at least one opening for receiving the circu 
lating Water, and at least one outlet for dispensing the 
circulating Water. A conduit through Which the circulating 
Water is capable of passing should operably connect the one 
opening for receiving circulating Water With the one outlet 
for dispensing circulating Water. Preferably, the circulating 
Water passes through at least tWo Water chillers, Which can 
form part of a single “duplex chiller,” although it could 
alternatively consist of tWo simpleX chillers With the evapo 
rators of the Water chillers piped in series. Preferably, at least 
a portion of the circulating Water is passed from and through 
the ?rst Water chiller to and through the second Water chiller. 
More preferably, all, or substantially all, of the circulating 
Water is passed from and through the ?rst Water chiller to the 
second Water chiller. 

[0078] Passing the circulating Water through a Water 
chiller, e. g., a conventional mechanical or absorption chiller, 
reduces the circulating Water temperature. When the circu 
lating Water is sequentially passed through tWo Water chill 
ers Whose evaporators are piped in series (or through a single 
dupleX chiller), the circulating Water temperature is reduced 
tWice. Preferably, in carrying out certain methods of the 
invention, the sequential circulating Water temperature 
reductions are accomplished by passing the circulating Water 
through a dupleX mechanical chiller such as the Trane 
dupleX centrifugal CDHF Water chiller. As shoWn in FIG. 6, 
staged or step-Wise circulating Water temperature reductions 
can be accomplished by passing circulating Water through an 
evaporator 110 Within the dupleX mechanical chiller CH2. 
The evaporator chills the circulating Water by receiving a 
refrigerant such as ammonia, R-22, R-134a, or R-123 avail 
able from Dupont. Preferably, R-123 or a similar refrigerant 
is passed from a condenser 112 to the evaporator 110 to chill 
the incoming circulating Water. The refrigerant is then 
passed from the evaporator 110 back through a compressor 
114 to the condenser 112 for condensing the vaporiZed 
refrigerant back to a liquid. The refrigerant is cooled and 
condensed by condenser Water 116 passed from a cooling 
toWer 120 to the condenser 112 (typical of each chiller). 

[0079] A speci?c embodiment of the invention includes 
passing circulating Water through a dupleX chiller CH2 to 
reduce its temperature from a ?rst temperature to a second 
temperature loWer than the ?rst, then to a third temperature 
loWer than the second. The circulating Water can then be 
passed through another dupleX chiller CH4 to further reduce 
the Water temperature tWice (as shoWn in FIG. 6). Any 
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number of Water chillers may be included to reduce the 
temperature of circulating Water for large building systems. 
Any number of sequential steps may be used, although tWo 
duplex chillers in series (4 stages of cooling) is considered 
optimal. For larger building systems that Would require more 
capacity than can be accomplished With 2 duplex chillers, 
additional pairs of duplex chillers can be provided that 
divide the total How of Water into the parallel trains of 
chillers (as shoWn in FIG. 1 and FIG. 2). 

[0080] The discussion of the embodiments has focused 
primarily on the modular nature of the chiller system con 
struction and, for larger systems Which may require more 
than one chiller, on the sequential chilling of the chilled 
Water by using progressively colder evaporator refrigerant 
temperatures. HoWever, there is also increased ef?ciency 
available by utiliZing sequential heat rejection from the 
refrigerant to the condenser Water 116 through the use of tWo 
or more condensers 112 in series. It is preferred that the 
condenser Water 116 be piped in a counter?oW arrangement 
to that of the circulating Water 100, i.e., the coldest con 
denser Water is adjacent to the coldest circulating Water (as 
shoWn in FIG. 6). 

[0081] Sequential chilling of the circulating Water 100 in 
the evaporator 110, Which results in sequential vaporiZation 
of the refrigerant, can be combined With sequential heating 
of the condenser Water 116, Which results in sequential 
condensing of the refrigerant, thereby equaliZing the head on 
each compressor, e.g., by passing all, substantially all, or at 
least a portion, of circulating Water 100 from a ?rst Water 
chiller 112 to a second Water 104. Equalizing the head on 
each compressor 114 can increase the compressor ef?ciency, 
shoWn in greater detail beloW. As used herein, the term 
“head” refers to the compressor pressure ratio, Which is the 
pressure of the condenser 112 divided by the pressure of the 
corresponding evaporator 110. For example, referring to 
FIG. 6, the upstream compressor head is equal to the 
pressure of the upstream condenser 112 divided by the 
pressure of the corresponding evaporator 110. 

[0082] In a preferred embodiment of the invention, the 
circulating Water 100 is passed from a cooling coil located 
at the air handling unit in the building through tWo duplex 
chillers (CH 2 & CH 4) located in a prepackaged chiller 
system located proximate to the building. The circulating 
Water passing through the duplex chillers is sequentially 
reduced from a high temperature resulting from a high Water 
AT through the air handling system (from about 50° F. to 
about 65° to a ?nal temperature of from about 36° F. to 
about 42° F. 

[0083] One bene?t of sequentially chilling the circulating 
Water is that only the doWnstream compressor in the chiller 
108 needs to compress the refrigerant to a loW enough 
pressure to chill the circulating Water 100 to the loWer 
leaving chilled Water temperature Which is required With a 
loWer circulating Water ?oWrate. 

[0084] When the circulating Water ?oWrate is reduced, the 
poWer consumption of the doWnstream compressor may 
increase. The compressor poWer consumption increases as a 
result of chilling the refrigerant to a loWer temperature due 
to the loWer leaving Water temperature than that required at 
a high circulating Water ?oWrate. The circulating Water 
entering the doWnstream evaporator is at a higher tempera 
ture than When circulating Water is at full ?oW because the 
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air-handling unit Will heat up the circulating Water more at 
loWer ?oW. Therefore, at a reduced ?oWrate, the doWnstream 
refrigerant must be at a loWer temperature to maintain the 
required LMTD and heat transfer required at the air handling 
unit cooling coil. 

[0085] G. Cooling ToWer or Heat Rejection Condenser 

[0086] In certain embodiments, the cooling toWer is posi 
tioned on the ground, While in others it is positioned on one 
of the buildings that are being cooled, or even on an 
adjoining parking garage. HoWever, in a preferred embodi 
ment, a cooling toWer is positioned above the Water chilling 
system, e.g., supported by an elevated support base, as 
shoWn in FIG. 2. 

[0087] A cooling toWer is used to reject (i.e., expel) heat 
from the system, e.g., the heat contained in the high tem 
perature Water, Which in turn comes from the high tempera 
ture air returning from the building. Referring to FIG. 2A, 
one or more cooling Water pumps propels Water from the 
cooling toWer through the chiller, e.g., through condenser 
tubes in the chiller, then back to the cooling toWer. The Water 
circulating betWeen the cooling toWer and the Water chilling 
system is usually different from the Water that circulates 
betWeen the Water chilling system and the air handling 
system. 

[0088] Preferably, the cooling toWer is prefabricated, e.g., 
constructed prior to installation at the location proximate the 
building. Preferably, When installed at the building location, 
the cooling toWer is positioned above the Water chilling 
system. 

[0089] When no Water is available for use in a Water 
cooled condenser or at sites that have Water restrictions, an 
air-cooled condenser may be used. An air-cooled condenser 
transfers the heat from the refrigerant to the ambient air. An 
air-cooled condenser can be placed in a number of locations, 
but is preferably mounted either on, or alongside, the 
moveable substructure. An air-cooled condenser may be 
used With a screW or centrifugal compressor mounted on a 
base that has refrigerant piping to the air cooled condenser. 
An air-cooled condenser typically cannot be used to sequen 
tially reject heat to the ambient like that of series piped 
Water-cooled condensers, but it still can provide an increase 
in the upstream compressor ef?ciency as a result of sequen 
tially chilling the circulating chilled Water using staged 
evaporators to alloW sequentially loWer refrigerant tempera 
tures With the different compressors. In a preferred embodi 
ment, sequential chilling of the circulating Water is com 
bined With a chilled Water thermal storage tank as discussed 
elseWhere herein. This is especially bene?cial When no 
Water is available due to the great variability in the dry bulb 
temperature betWeen daytime and nighttime. The loWer 
nighttime drybulb temperature preferably substantially 
increases the capacity and also the ef?ciency of the chillers 
to generate chilled Water off-peak and minimiZe the daytime 
on-peak parasitic poWer required. 

[0090] H. Heating System 

[0091] In another embodiment of the invention, circulat 
ing Water is passed from an air-handling system to a heating 
system 120 (as shoWn in FIG. 6), Which is preferably 
mounted on the moveable substructure, and the circulating 
Water 100 is then directed back to the air handling system. 
For example, circulating Water 100 can be passed to the 
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heating system 120 on cold days. The circulating Water 100 
can be heated to provide heat that may be required at the 
load. Although any conventional heater may be used, 
examples of heaters are gas-?red or electric Water heaters, or 
steam to hot Water exchangers. 

[0092] 
[0093] Any of the methods described herein may include 
adding one or more additives to the circulating Water to 
either protect the circulating Water from freezing or to alloW 
colder circulating Water supply temperatures (e.g., from 
about 28° F. to about 35° Any additive may be added, 
including glycol. Preferably, an organic or inorganic salt is 
added. More preferably, sodium nitrate is added to prevent 
the detrimental effects of glycol on the heat transfer prop 
erties and viscosity of Water, Which tend to increase the 
poWer requirements for pumping and for the chiller com 
pressor. In addition, sodium nitrate is not corrosive like other 
salts. Sodium nitrate is generally a preferred additive if a 
chilled Water thermal storage tank is used due to its loW cost. 
HoWever for on-line systems Where no thermal storage tank 
is used, the most preferable additive is typically potassium 
formate. The ability of potassium formate to protect the coil 
and piping from freeZing during Winter ambient tempera 
tures, combined With its excellent heat transfer properties 
and loW viscosity at loW temperatures makes potassium 
formate an ideal additive for closed loop chilled Water 
systems in large building systems Where freeZing is a 
concern either due to loW ambient temperatures to Which the 
coil or piping may be exposed or due to loW desired leaving 
Water temperatures from the chiller Which might result in a 
freeZing concern if pure Water is used. 

[0094] J. Variable How 

I. Circulating Water Additives 

[0095] An air conditioning system may, in certain embodi 
ments, include a control system, such as a microprocessor 
based control system or a PLC-based control system. The 
control system should respond to temperature sensors, e.g., 
air temperature sensors in the individual rooms or air 
temperature sensors proximate to or otherWise adj acent With 
the air handling system. Preferably, a control system may be 
included that control the ?oWrate of the circulating Water. In 
order to vary the temperature at each individual air handling 
unit, the How rate of the circulating Water passing through 
the cooling coil of the air handling units, e.g., the volume of 
Water passing through the cooling coil conduits per unit 
time, e.g., hour, can be varied. 

[0096] As an example, circulating Water may be passed 
through one or more Water chillers (Which are preferably 
sequentially positioned) at a ?rst ?oWrate to reduce the 
temperature of the circulating Water, e.g., from a ?rst tem 
perature to a second temperature. In a preferred embodi 
ment, the ?oWrate of the circulating Water passing through 
the Water chiller may be reduced, eg to a second ?oWrate, 
during loWer ambient, e.g., at night-time to save energy in 
pumping poWer. 

[0097] Apreferred embodiment may also include passing 
circulating Water through one or more Water chillers (pref 
erably the same Water chillers corresponding to the ?rst 
?oWrate) at a different or “reduced” or “second” ?oWrate, in 
such a Way and in an amount to increase the temperature 
difference (AT) betWeen the circulating Water entering the 
air handling unit and the circulating Water leaving the air 
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handling unit. The second ?oWrate should be loWer than the 
?rst ?oWrate. Accordingly, different predetermined ?oW 
rates for Water passing through tWo or more chillers can be 
used. Then, the embodiment should also include passing the 
circulating Water having the second ?oWrate (or the reduced 
or different ?oWrate) through the air-handling unit in an 
amount suf?cient to loWer the temperature of the inlet air. 
Preferably the circulating Water having the ?rst (e. g., higher) 
?oWrate should be reduced to the second (loWer ?oW rate) 
once the Water AT (e.g., a temperature reduction by tWo or 
more sequentially positioned Water chillers) is reduced to a 
pre-determined point due to a reduction in ambient load. 

[0098] An important aspect of certain embodiments of the 
invention includes reducing the ?oWrate of circulating Water 
in a particular Way. All references to “?oWrate” herein refer 
to the rate of circulating Water passing through a particular 
portion in the system, e.g., the pump (e.g., in gpm), divided 
by a given amount of refrigeration duty (e.g., in tons). 
Preferably, optimiZing the proper gpm/ton is an important 
design criteria. It is desirable to vary the circulating Water 
?oWrate to maintain a relatively loW gpm/ton of from about 
1.5 to about 3.0 gpm/ton at ?ll load throughout the operating 
ambient range. The optimum design for on-line cooling 
systems Will be from about 2.0 gpm/ton to about 3.0 
gpm/ton. The optimum design for thermal storage systems 
Will preferably be from 1.5 to 2.5 gpm/ton at full load. In 
addition it is desirable to vary the circulating Water ?oWrate 
to maintain a relatively loW gpm/ton of approximately 1.0 to 
3 gpm/ton throughout the part-load operating ambient range 
or more preferably to maintain a How of approx 1.5 to 2.5 
gpm/ton. Since the pump poWer varies by the cube of the 
?oW, this loW-?oW design Will save signi?cant pump poWer 
during the part load operation and it Will also maintain a 
relatively Warm return Water temperature thus maintaining a 
high ef?ciency on the upstream compressors. The bene?ts of 
using a loWer chilled Water How and corresponding high 
chilled Water delta T are even greater in large district cooling 
and campus installations Whereby the chilled Water travels 
through many feet of pipe before it returns back to the chiller 
system. These systems can consume large amounts of pump 
poWer if the chilled Water delta T is not maintained properly. 
More speci?cally, one or more embodiments of the inven 
tion include reducing the ?oWrate of circulating Water 
passing through tWo or more sequentially positioned Water 
chillers, preferably tWo duplex chillers (Which provide four 
different temperature reductions), and passing the circulat 
ing Water having the resulting reduced ?oWrate through a 
cooling coil in an air handling unit in an amount suf?cient 
to loWer the temperature of the air passing through an air 
handling unit. In other speci?c embodiments, a method of 
chilling inlet air includes passing circulating Water, having a 
?rst temperature, through a pump, e.g., at a ?rst ?oWrate, 
then passing that same Water through a Water chiller that 
reduces that circulating Water temperature (e.g., using a ?rst 
compression) so that the circulating Water has a second 
temperature, Which is loWer than the ?rst Water temperature, 
and then passing that Water through a second Water chiller to 
reduce the circulating Water temperature from a second 
temperature to a third temperature (e.g., using a second 
compression) that is loWer than the second. 

[0099] High system ef?ciency can be achieved in certain 
systems by maintaining a high circulating Water AT, rather 
than providing for a high circulating Water ?oWrate. Pref 
erably, achieving a high system ef?ciency at a loW circulat 
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ing Water ?oWrate (e.g., about 1.5-2.5 gpm/ton) depends, in 
part, on reducing the temperature of the circulating Water at 
least tWo times before it chills the air passing through the air 
handling unit, i.e., sequential chilling. A preferred embodi 
ment of the method includes using at least tWo Water chillers 
to sequentially chill the circulating Water. 

[0100] In certain embodiments, the circulating Water ?oW 
rate is reduced to maintain the chilled Water AT Within a 
speci?c design range. This AT should be maintained Within 
a range of about 24° F. to 12° F. to maintain maXimum 
ef?ciency With a sequential chilling system With the higher 
end of this range being better for thermal storage applica 
tions & high ambient climates With high roW multi-pass 
cooling coils. The middle and loWer end of this range is 
better for typical on-line applications or eXisting air-han 
dling coils Which Were not designed for loW-?oW applica 
tion. In another speci?c embodiment, the leaving chilled 
Water temperature setpoint and the circulating Water ?oWrate 
setpoint may be changed to maintain the leaving air tem 
perature and the chilled Water AT Within the design param 
eters. As used herein, the term “setpoint” refers to any 
predetermined point or event that results in the ?oWrate 
through the chillers and the coil being changed, or a change 
in the temperature of the Water leaving the chiller. 

[0101] In one or more speci?c embodiments of the inven 
tion, the circulating Water is passed through at least one 
pump to vary the ?oWrate of the circulating Water before it 
is subjected to sequential chilling, e.g., using tWo in-series 
chillers as shoWn in FIG. 6. Alternatively or additionally, the 
circulating Water may be passed through any number of 
pumps. Preferably the pumps are generally mounted in 
parallel to alloW the How to be changed by sequencing a 
combination of pumps on and off. Preferably, at least a 
portion of the circulating Water is passed through one 
centrifugal pump, e.g., a horiZontal split case pump, and a 
different portion of circulating Water is diverted and passed 
through at least one additional pump the output streams of 
the tWo or more pumps then being combined. More prefer 
ably, the circulating Water is split, then passed through tWo 
or more centrifugal pumps in parallel, then combined. 
Optionally, one or more of the pump motors may be Wired 
to a variable frequency drive (VFD) for greater ?exibility in 
How control and greater partial load ef?ciency. The circu 
lating Water may be passed through a pump anyWhere in the 
system. Preferably, the circulating Water is passed through at 
least one pump, referred to as a primary pump, located in the 
piping that circulates the circulating Water through the 
chillers. Although the circulating Water ?oWrate is prefer 
ably varied only at the primary pump, the circulating Water 
may additionally or alternatively be passed through other 
pumps at any location in the system. When circulating Water 
is passed through those other pumps, those pumps are 
typically not used to reduce the circulating Water ?oWrate 
through the Water chillers, but rather are used for another 
purpose, such as to pass Water from a bank of chillers to the 
air handling units or as a booster pump for a remote load, or 
When a Thermal Storage System is employed (as shoWn in 
FIG. 6, Secondary Circulating Pumps). 

[0102] In a preferred embodiment, the circulating Water 
passes through at least one pump at full ?oW When the load 
and often the ambient Wet bulb temperature is at a maXi 
mum, typically at some point in time betWeen noon and 3:00 
pm during the summer season. As used herein, the term “full 
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?oW” refers to the maXimum circulating Water ?oWrate of 
the system. In this particular embodiment, When the load 
drops (e.g., to a loWer Wet bulb period such as during the 
morning or late afternoon or night) the Water AT also drops. 
When the chilled Water AT reaches a ?rst setpoint (e.g., from 
about 75% to about 50% of design AT), one of the centrifu 
gal pumps is preferably turned off. Shutting off one of the 
tWo operating centrifugal pumps should accordingly reduce 
the circulating Water ?oW rate from about 100 percent How 
to about 70 percent ?oW, thereby increasing the Water AT, 
e.g., by about 43 percent. Then, When the circulating Water 
reaches a second setpoint (e.g., from about 75% to about 
50% of design AT), the VFD on the ?rst VFD pump is 
reduced, further reducing the circulating Water ?oWrate 
enough to maintain the chilled Water AT to at least about 10° 
F. the circulating Water temperature may also be adjusted 
doWnWard to alloW the load to be satis?ed With the reduced 
?oW rate. 

[0103] K. Thermal Storage Unit 

[0104] Circulating Water may optionally be directed to a 
thermal Water storage tank. Preferably, the thermal Water 
storage tank is not mounted on the moveable substructure, 
but is in close proximity and operably connected to the Water 
chillers of the modular chilled Water plant (shoWn in FIG. 
6). Anumber of conventional devices can be used to chill the 
Water going to the Water storage tank. For eXample, the 
circulating Water can be chilled before introduction to the 
tank, by passing the circulating Water from the air-handling 
units either through a mechanical chiller or an absorption 
chiller to provide chilling Water that is then introduced to the 
tank. The thermal Water storage tank is preferably a ther 
mally insulated vessel, having an upper opening or connec 
tion or top inlet/outlet. In other speci?c embodiments, e.g., 
Where an open tank is used, the top “opening” or top inlet 
can be the open top of the tank, so that Water can be piped 
into the tank through the top. The tank may be made from 
any material having the strength and insulation qualities 
necessary for a thermal Water storage tank, hoWever, pref 
erably, the tank is constructed of steel or concrete. The top 
inlet/outlet (also referred to herein as an “opening”) both 
receives heated Water from the air-handling unit during a 
discharge cycle, and eXpels heated Water during a charge 
cycle. The thermal Water storage tank preferably also has a 
loWer connection or bottom inlet/outlet (or “opening”). The 
bottom inlet/outlet both receives circulating Water from the 
Water chillers during the charge cycle, and discharges cir 
culating Water to the air-handling unit during the discharge 
cycle. Preferably, the Water in the tank is “strati?ed” accord 
ing to temperature, and is used in “charge” and “discharge” 
cycles. Controlling of the How of Water in and out of a 
thermal Water storage tank is discussed in US. Pat. No. 
6,318,065, Which is hereby incorporated by reference. 

1-39. (canceled) 
40. A prefabricated chilling Water system for building 

cooling or process cooling, comprising: 

a duct system; 

an air handling system; and 

a Water chilling system; 

Wherein the duct system is in operable communication 
With the air handling system; 








