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Chilled Beam Devices, Systems, and Methods 

Cross Reference to Related Applications 

[0001] 	The present application claims the benefit of US Provisional Application 

611297800, filed January 24, 2010. 

Background 

[0002] 	A chilled beam, more particularly, an active chilled beam, is a 

combined discharge register and heat exchanger that is provided in the ceiling of a 

conditioned space. The discharge register portion receives primary air that is 

conditioned to satisfy the latent load of the conditioned space, the ventilation 

requirements of the conditioned space, and some of the sensible load of the 

conditioned space. The sensible load is further satisfied in an active chilled beam by 

cooling primary and some secondary conditioned space air using the heat exchanger 

portion. The primary air is ejected through nozzles to create the secondary flow by 

induction thereof. Water is pumped through the heat exchanger portion at a 

temperature that is above the dew point to prevent the heat exchanger portion 

causing condensation. 

[0003] 	Active chilled beams provide benefits in areas with substantial sensible 

cooling and heating requirements and relatively mild ventilation requirements. This 

is because they can save on the primary air requirements associated with traditional 

VAV systems. Active chilled beams also are associated with low noise levels. 

[0004] 	In addition, due to the very low noise levels of active chilled beams 

buildings that have special noise levels requirements are good candidates. Finally 
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zones where there is high concern about indoor environment quality are ideal 

candidates as the conditioned spaces are provided with proper ventilation air and 

humidity control at all times and under all load conditions. 

[0005] 	Generally, active chilled beams in a zone are supplied by a respective 

air handling unit. The air handling units can provide temperature-neutral latent load 

reduction by, for example, a desiccant wheel. The water temperature can be 

controlled by a control valve regulating flow through the heat exchanger portion from 

a water supply to a return. Water temperature can also be controlled by varying the 

rate of flow on either side of a heat exchanger that removes heat from the water. 

Summary 

[0006] 	The Summary describes and identifies features of some embodiments. 

It is presented as a convenient summary of some embodiments, but not all. Further 

the Summary does not identify critical or essential features of the embodiments, 

inventions, or claims. 

[0007] 	According to an embodiment of the disclosed subject matter, a method 

of satisfying the load of a conditioned space includes conveying primary air from a 

central air handling unit to the primary air inlet of a chilled beam. The method further 

includes conveying conditioned return air to the primary air inlet of the chilled beam. 

In a variation, the conveying conditioned return air includes cooling return air from 

the conditioned space and mixing the result with the primary air from the central air 

handling unit to produce a combined primary air stream, which is provided to the 

primary air inlet of the chilled beam. In another variation, the conveying conditioned 
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return air includes cooling return air from the conditioned space and mixing the result 

in a terminal unit with the primary air from the central air handling unit to produce a 

combined primary air stream, which is provided to the primary air inlet of the chilled 

beam. In yet another variation, the conveying primary air from a central air handling 

unit includes conveying primary air at a quality and rate that is sufficient to satisfy a 

ventilation load of the conditioned space but insufficient to supply a design thermal 

load requirement. 

[0008] 	According to further embodiments, the disclosed subject matter 

includes a chilled beam system for a conditioned space. The system includes a 

handling unit configured to convey primary air from a central air handling unit to the 

primary air inlet of a chilled beam. The terminal unit configured to convey 

conditioned return air to the primary air inlet of the chilled beam. The conditioned 

return air may be cooled by the terminal unit and the result is mixed the terminal unit 

with the primary air from the central air handling unit to produce a combined primary 

air stream, which the terminal unit provides to the primary air inlet of the chilled 

beam. The terminal unit may be configured to mix the result in the terminal unit with 

the primary air from the central air handling unit to produce a combined primary air 

stream, and provide it to the primary air inlet of the chilled beam. The primary air 

from the central air handling unit may include a mechanism for conveying primary air 

at a quality and rate that is sufficient to satisfy a ventilation load of the conditioned 

space but insufficient to supply a design thermal load requirement. The terminal unit 

may include a condensing cooling coil configured to reduce the moisture content of 

the return air. The terminal unit includes a desiccant component configured to 

reduce the moisture content of the return air. 
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[0009] 	According to embodiments, the disclosed subject matter includes a 

method of satisfying the load of a conditioned space. The method includes creating 

a flow of primary air from a central air handling unit. The air handling unit provides 

fresh air from outside a building plus recirculated air in selectable ratios for form the 

primary air that is conveyed. The method further includes conveying the primary air 

from the central air handling unit to the inlet of chilled beams and creating a flow of 

conditioned recirculated air from terminal units. Each of the terminal units is 

connected to receive return air from a conditioned space served by a subset of the 

chilled beams and change an enthalpy of the return air to create the conditioned 

recirculated air. The primary air is received by the chilled beams after being 

combined with recirculated air flow created by the terminal units, the primary and 

recirculated air being combined within the terminal unit or by mixing output flows of 

the terminal units and the central air handling unit. 

[0010] 	The conveying conditioned return air may include cooling return air 

from the conditioned space within the terminal unit and mixing the result with the 

primary air from the central air handling unit to produce a combined primary air 

stream, which is provided to the primary air inlet of the chilled beam. The changing of 

the enthalpy in the terminal units may include removing moisture from the return air. 

[0011] 	According to embodiments, the disclosed subject matter includes a 

method of satisfying the load of a conditioned space. The method includes providing 

a terminal unit with a heat exchanger. The terminal unit is connected to a conditioned 

space to receive return air therefrom. The terminal unit is configured to condition the 

return air using the heat exchanger and combine conditioned return air with a 

primary air stream, which includes fresh air. The method further includes generating 
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a heating mode signal and configuring one of the terminal unit and a chilled beam in 

response to the heating mode signal. The configuring includes changing an aspect 

ratio of a discharge into the occupied space or switching the flow into the occupied 

space from a first aspect ratio discharge to a second aspect ratio discharge, wherein 

the first and second aspect ratios differ in magnitude. 

[0012] 	The method may include configuring the one of the terminal unit and a 

chilled beam in response to a cooling mode signal, the configuring including 

changing an aspect ratio of a discharge into the occupied space or switching the flow 

into the occupied space from the second aspect ratio discharge to the first aspect 

ratio discharge, wherein the first and second aspect ratios differ in magnitude. 

[0013] 	According to embodiments, the disclosed subject matter includes 

apparatus for conditioning the air of an occupied space. The apparatus includes a 

terminal unit with a heat exchanger. The terminal unit is connected to a conditioned 

space to receive return air therefrom. The terminal unit is configured to condition the 

return air using the heat exchanger and combine conditioned return air with a 

primary air stream, which includes fresh air. The apparatus further includes a chilled 

beam and a controller configured to generate a heating mode signal. The controller 

is connected to control at least one actuator adapted to reconfigure one of the 

terminal unit, a chilled beam, or a further device in response to the heating mode 

signal. The reconfiguring includes changing an aspect ratio of a discharge into the 

occupied space or switching the flow into the occupied space from a first aspect ratio 

discharge to a second aspect ratio discharge, wherein the first and second aspect 

ratios differ in magnitude. 
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[0014] 	The terminal unit may include a damper configured to vary a mix of 

return air from the occupied space and air from the primary air stream. The terminal 

unit may include a powered air mover such as a fan or blower. Each terminal unit 

may be connected to multiple chilled beams and multiple terminal units may be 

connected to an air handler providing primary air. 

Brief Description of the Drawings 

[0015] 	Fig. 1 shows a chilled beam system according to an embodiment of the 

disclosed subject matter. 

[0016] 	Fig. 2 shows a chilled beam system according another embodiment of 

the disclosed subject matter. 

[0017] 	Fig. 3 shows a terminal unit for use in the embodiment of Fig. 1. 

[0018] 	Fig. 4 shows a terminal unit for use in the embodiment of Fig. 2. 

[0019] 	Figs. 5A through 5G show various mode embodiments of chilled beam 

system embodiments. 

[0020] 	Figs. 6A and 6B show mode embodiments chilled beam system 

embodiments in which a chilled beam or a terminal unit is configurable for heating 

mode. 

[0021] 	Fig. 7 illustrates a chilled beam system employing local terminal units 

according to embodiments of the disclosed subject matter. 
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[0022] 	Figs. 8A and 8B show chilled beams with alternative additional 

selectable mixing register for heating mode utilization. 

[0023] 	Figs. 9A through 9C show embodiments of chilled beam units that can 

be configured for heating for the purpose of promoting mixing during a heating mode. 

[0024] 	Figs. 10A and 10B shows embodiments of terminal units that can be 

configured for heating for the purpose of promoting mixing during a heating mode. 

[0025] 	Fig. 11 illustrates the terminology of a low aspect ratio flow or jet and a 

high aspect ratio flow or jet. 

[0026] 	Figs. 12A and 12B illustrate respective configurations of a configurable 

chilled beam from the perspective of an observer looking up at installed chilled 

beam. 

[0027] 	Figs. 13A and 13B show cooling and heating modes of another 

configurable chilled beam embodiment. 

Description 

[0028] 	The description set forth below in connection with the appended 

drawings is intended as a description of various embodiments of the invention and is 

not intended to represent the only embodiments in which the invention may be 

practiced. The detailed description includes specific details for the purpose of 

providing a thorough understanding of the invention. However, it will be apparent to 

those skilled in the art that the invention may be practiced without these specific 

details. In some instances, well known structures and components are shown in 
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block diagram form in order to avoid obscuring the concepts of the invention. In 

particular, exemplary embodiments are provided below that specifically describe 

camera-ready or printed documents. Such specifics are for illustrative purposes only 

and one of ordinary skill will recognize that documents of various, different formats 

may be used without departing from the scope of the present invention. 

[0029] 	Referring to Fig. 1, a chilled beam system 100 provides heating and 

cooling to one or more conditioned spaces 110. The latter may be rooms in a 

building, meeting halls, warehouses, classrooms, data centers, or any of a variety of 

different occupied spaces requiring heating and/or cooling. Each space is provided 

with one or more chilled beams 101 which may be any suitable terminal unit with a 

heat exchanger heated or cooled by a flow of water or other heat transfer fluid and a 

source or-ventilation air. Such terminal units are identified herewithin as active 

chilled beams. 

[0030] 	Each chilled beam 101 receives final primary air 130 from a terminal 

unit 122 which conditions a return air stream 132 extracted from the conditioned 

space(s) 110. The return air stream may be provided from one or more return air 

registers serving (each of) the conditioned space(s) 110. The return air stream may 

also be provided from a selectable subset of multiple return air registers, one or 

more located near the ceiling for the cooling mode and one or more located low near 

the floor for heating mode. In embodiments, the heating or cooling return air 

registers may be selected based on whether heating or cooling is being supplied to 

the conditioned space employing any suitable control interconnect. 	The selection 

may be provided by a mode-switched damper, for example. 
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[0031] 	The terminal unit 122 conditions the return air 132 from the conditioned 

space and mixes the conditioned return air with initial primary air 133 from an air 

handling unit 120. The mixture forms the flow of final primary air 130. A fraction 174 

(between 0 and 100 percent) of the return air may also be conveyed back to the air 

handling unit 120. A variable mixing box 182 may be provided to control the fraction 

of air returned to the terminal unit 122 and the air handling unit 120. The latter 

feature of a mixing box and return air channel to the air handling unit may be 

provided in any of the embodiments disclosed. A controller 193 may be provided to 

control the system and components as described below for any of the embodiments. 

The controller may generate heating mode signals, cooling mode signals in a 

conventional fashion. Also, or alternatively, the controller may generate commands 

or signals to cause the terminal units and/or chilled beams of the embodiments to 

configure for a cooling mode or a heating mode. The controller 193 may be 

connected to control one or more actuators 149 for configuring chilled beams and/or 

terminal unit dampers as described elsewhere in the present disclosure. 

[0032] 	Referring to Fig. 2, a chilled beam system 200 provides heating and 

cooling to one or more conditioned spaces 110. As in the prior embodiment, the 

latter may be rooms in a building, meeting halls, warehouses, classrooms, data 

centers, or any of a variety of different occupied spaces requiring heating and/or 

cooling. Each space is provided with one or more chilled beams 101 as in the 

embodiment 100. Each chilled beam 101 receives final primary air 135 from a 

terminal unit 128 and an air handling unit 120 whose outputs are mixed at a mixing 

junction 139. The terminal unit 128 conditions a return air stream 133 from the 

conditioned space and supplies the conditioned air 137 in parallel with the primary 

air 131 from the air handling unit 120 via the mixing junction 139. As in the prior 
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embodiments, the return air stream 133 may be provided from one or more return air 

registers serving the conditioned space 110. The return air stream 133 may also be 

provided by a selectable subset of multiple return air registers, some located near 

the ceiling for the cooling mode and one located low near the floor for heating mode. 

As stated above, the ceiling registers may be automatically selected during cooling 

and the floor registers selected during heating. The latter control, as in all 

embodiments, may be slaved to a mode switch. 

[0033] 	Referring to Fig. 3, the terminal unit 128 has a flow chamber 402 with a 

heat exchanger 406 which provides heating or cooling to condition the return air 

stream 133 from the conditioned space as described with reference to Fig. 2. A filter 

407 may be provided in this and any of the other embodiments. The heat exchanger 

may be a water cooled liquid/air heat exchanger, an electric air heater, a gas-fired 

furnace, or any suitable source of heat or cool. Alternatively, the heat exchanger 

406 may be a multimode device with one or more heat exchangers or a single 

switchable heat exchanger that can supply heat and cooling effect or plurality of 

devices providing, at any given time, a selected one of heating and cooling functions 

(or both to respective air streams). The conditioned air leaves the terminal unit 128 

as a conditioned supply 131. The change in function can be provided, for example, 

by mode-switched valves connecting a single heat exchanger selectively to one of a 

chiller and a heater. 

[0034] 	In the present embodiment of Fig. 3 or the embodiment of Fig. 4 to be 

described below, a damper may regulate the proportion of flow to be provided to a 

direct mixing register 421 (which may be directly connected to the terminal unit or 

separately by a duct) or the conditioned supply 137 connected to one or more chilled 
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beams. The purpose of providing a different outlet from the chilled beams is that 

chilled beams are generally designed to provide relatively low primary air volume 

and once mixed with the induced return flow that passes through the heat 

exchanger, the mixed air ejected by the beam is of relatively low velocity. If heated 

air is supplied at low velocity from the ceiling level where the chilled beams are 

located, there is a tendency for the warm air to remain at a high level and thereby be 

less effective at providing comfort. By ejecting a flow of air at high velocity and low 

aspect ratio from a suitable mixing register, the throw of the heated jet can be 

greater and the comfort effect of the heated stream greater. The damper 419 may 

be switched in response to mode (heating versus cooling). It may also provide a 

variable ratio of air between the mixing outlet and the beam outlet. A fan, as 

discussed with reference to the embodiments of Fig. 4 may also be provided to 

provide a greater volume rate of flow. 

[0035] 	With a higher volume rate including return air directly provided to the 

terminal unit as well as primary air from the air handling unit, the design beam 

volume rate may be met whilst still providing additional volume for effective use of 

the mixing register 421. In an alternative embodiment, a simple damper is used in 

the mixing register output and at least some air is always permitted to go to the 

beam output 137. The fan may be a variable rate fan and may be turned off under 

selected conditions, for example, proportionally in response to higher load, during 

heating (when the mixing register is used in combination with the beams). Note in 

some embodiments, the beams may be bypassed in heating mode and a mixing 

register used alone. 
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[0036] 	Referring to Fig. 4 the terminal unit 122 has a flow chamber with a heat 

exchanger 406 which provides heating or cooling to condition the return air stream 

132 from the conditioned space as described with reference to Fig. 1. The heat 

exchanger may be a water cooled liquid/air heat exchanger, an electric air heater, a 

gas-fired furnace, or any suitable source of heat or cool. Alternatively, the heat 

exchanger 406 may be a multimode device that can supply heat and cooling effect or 

plurality of devices providing, at any given time, a selected one of heating and 

cooling functions: The conditioned return air is mixed with the primary supply air 133 

from the air handling unit 120 in a mixing flow chamber 403, which it leaves as the 

final primary air 130. In any of the embodiments described herein, a fan or other air 

mover 411 may be provided to provide increased volume flow, capability for 

balancing flow among local groups of chilled beams, or to overcome additional 

resistance of the heat exchanger 405, filter 407, or other factors. 	In addition or 

alternatively, a damper 417 may be provided in any of the embodiments to allow the 

variation of the mix of return 132 and supply 133 air in the primary supply 130. 

[0037] 	In any of the embodiments, a damper 419 may provide for selection of 

the ratio of primary supply 133 from the air handling unit 120 and the return air 132 

from the conditioned space. A fan 411 may be provided as discussed above and 

shown here. In low profile embodiments of terminal units, for example as discussed 

later for use with configurations that can fit over a hung ceiling, suitable fan designs 

such as tangential fans may be employed. 

[0038] 	In embodiments of any of the systems described herein, return air 

passes through a mixing valve configured to exhaust a selectable amount of the 
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return air and replace that amount with fresh air from a fresh air source. The 

resulting partial stream may be fed to the supply terminal unit. 

[0039] 	In embodiments, the terminal unit 128 is configured to permit primary 

supply air to be tempered by a heat exchanger in addition to the tempering of the 

return air stream. 

[0040] 	In embodiments of the systems described herein, return air passes 

through a mixing valve configured to exhaust a selectable amount of the return air. 

The resulting diminished stream is fed to the supply terminal unit. In a further 

embodiment, the terminal unit has mixes a selectable quantity of fresh air with the 

conditioned return air. 

[0041] 	In any of the embodiments described, various control methods will be 

recognized as suitable for regulating the rate of heating or cooling required. 

[0042] 	In any of the embodiments described, the terminal unit may include a 

regenerating desiccant to handle at least part of the latent load of the space. 

[0043] 	In embodiments of the systems described herein, a terminal unit is 

retrofitted to an existing chilled beam system which is otherwise configured to 

provide only cooling. In such a retrofit, the terminal unit adds heating capability to 

the system. 	 . 

[0044] 	In any of the embodiments described, a terminal unit is provided as a 

retrofit to provide an increased heating and/or cooling capacity to an existing chilled 

beam system. 

[0045] 	In a method of providing a chilled beam system, a cooling load is 

satisfied by designing providing a capacity of a chilled beam air handling unit is 
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based on ventilation requirements which may be ineffective for handling the total 

cooling load. In the method, the supplemental cooling effect is provided by a 

terminal unit as in any of the embodiments. In such system, the capacity of the 

terminal unit is sufficient to satisfy the total cooling load, reduced by the cooling 

effect provided by the air handling unit. In embodiments, systems are configured 

with components of the specified relative capacities. 

[0046] 	In one or more system embodiments of a chilled beam system, a 

cooling load is satisfied by designing providing a capacity of a chilled beam air 

handling unit is based on ventilation requirements which may be ineffective for 

handling the total cooling load. In the systems, the supplemental cooling effect is 

provided by a terminal unit as in any of the embodiments. 

[0047] 	In control embodiments, the heat exchanger and/or desiccant 

component of the terminal units are shut off when the capacity of the air handling 

unit is sufficient. In such embodiments, return air may be selectably made to bypass 

the heat exchanger or desiccant component to reduce pressure losses. In 

embodiments, the heat exchanger of terminal units 128 or 122 may be replaced with, 

or combined with, a desiccant enthalpy control device such as a desiccant wheel. 

[0048] 	In one or more control embodiments, at times when ventilation load is 

low such as night-time, the terminal units provide latent and/or sensible load 

management and the air handling unit is shut down or operated intermittently. 

[0049] 	One or more control devices (indicated as "XTL" in the figures) may be 

provided to control the terminal units, the air handling units or both. In any of the 

embodiments, the number of air handling units is independent of the number of 

terminal units. 
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[0050] 	In any of the embodiments, instead of a desiccant, a condensing heat 

exchanger may be provided. In any of the terminal unit embodiments, the heat 

exchanger 406 may be one or more heat exchangers at least one of which may 

include a condensing coil. 

[0051] 	As illustrated in Fig. 7, the combination of a central air handling unit 

300 with any number of multiple terminal units 302, 304 and any number of chilled 

beam units 101 may be hierarchical in a system such that each terminal unit serves 

one or more chilled beams and each air handling unit serves one or more terminal 

unit. In embodiments, the terminal units 302, 304 may be distributed and connected 

to the same piping as serving the chilled beams. In embodiments, the terminal units 

302, 304 are serviced by lower temperature heat transfer fluid (e.g. water) than the 

chilled beams 101 to permit them to handle part of a latent load, thereby reducing 

the latent load burdening the air handling unit 300. 

[0052] 	In embodiments, the terminal units provide additional capacity without 

the need to provide additional air through the primary ventilation channels; e.g., Fig. 

I reference numeral 133. In embodiments, the terminal units 122, 128 may have 

fans or other air moving devices upstream, downstream, or internally to them to 

permit them to circulate air, as described. 

[0053] 	As described above, terminal units may be connected to a main supply 

air duct that supplies air to one or more chilled beams and is provided from an air 

handling unit. As indicated, all or part of the air provided to the chilled beams (final 

primary air) may come from the main supply air duct (initial primary air). The final 

primary air can be a result of a series or parallel connection between the air handling 

unit and the terminal unit as described. The terminal unit may recycle room air and 
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provide heating or cooling depending on the mode. Terminal units may provide only 

one or the other or both. Heating or cooling effect provided by the terminal units may 

be provided from a heat transfer fluid provided from a boiler or chiller or from an 

internal unit such as a vapor compression device (e.g. reversible heat pump) or a 

hydronic device such as an instant on-demand water heater or chiller. 

[0054] 	The terminal unit may recycle air from the conditioned space of the 

chilled beams served by it. Also, as indicated, the return air may be partly (or fully) 

returned to the air handling unit. In embodiments, the terminal units recycle air 

through the heat exchanger to provide additional capacity. In this way chilled beams 

that provide only cooling may be provided with heating capability using heat from the 

terminal unit. This capability may be added as a retrofit product for an existing 

chilled beam system that lack heating capability, for example. 

[0055] 	Any of the embodiments may be provided with a controller which 

activates the additional heating or cooling provided by the terminal unit in the event 

of a load that is greater than the capacity of the chilled beam system. Also, any of 

the embodiments may be provided with a controller which activates the additional 

heating or cooling provided by the terminal unit in the event of a detected need or 

commanded requirement of fast ramp to target conditions. In other words, in the 

latter case, the additional capacity is used to overcome thermal inertia thereby 

allowing, lower non-occupancy intervals such as during weekends at an office 

building or school building. 	Detection of a condition requiring the additional capacity 

provided by the terminal unit may be, for example, a current temperature lower than 

a threshold or a comfort. An open loop program for saving energy may employ 

regulate temperature using the auxiliary capacity of the terminal unit to maintain a 

16 



WO 2011/091380 
	

PCT/US2011/022287 

target temperature or enthalpy profile over a period of predicted occupancy/non-

occupancy cycle. Thus, the controller may' receive the profile as a command or may 

store standard profiles which are selected via a user interface. 

[0056] 	Referring now to Fig. 5A, in a mode embodiment, a cooling load of a 

conditioned space is less than the capacity of the chilled beam cooling system 

without the additional capacity provided by the terminal unit. The air handling unit 

provides 100% of the latent cooling effect and the chilled beams provide sensible 

cooling effect. Ventilation is provided from the primary supply of air from the air 

handling unit. The terminal unit is in a bypass mode which may be passive or 

actively configured by means of a damper as discussed elsewhere herein. In this 

and other mode embodiments, the terminal unit may provide a ventilation boost or be 

used to correct flow imbalances in the system. 

[0057] 	Referring now to Fig. 5B, in a mode embodiment, a cooling load of a 

conditioned space is greater than the capacity of the chilled beam cooling system 

without the additional capacity provided by the terminal unit so the terminal adds 

additional cooling effect to supplement the air handling unit. Alternatively, as 

discussed above, the present mode embodiment is implemented in response to an 

open loop control command attending a large thermal inertia and short ramp time 

before comfortable conditions are to be established. The air handling unit provides 

part of the latent cooling effect and the chilled beams provide sensible cooling effect, 

however in this case, the terminal unit provides additional sensible and latent cooling 

using its heat exchanger. Ventilation is provided from the primary supply of air from 

the air handling unit. The terminal unit is in a passive or active configuration that 
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provides additional cooling effect to a return air stream, as discussed elsewhere 

herein. 

[0058] 	Referring now to Fig. 5C, in a mode embodiment, a cooling load of a 

conditioned space is greater than the capacity of the chilled beam cooling system 

without the additional capacity provided by the terminal unit so the terminal heat 

adds additional cooling effect to supplement the air handling unit. Alternatively, as 

discussed above, the present mode embodiment is implemented in response to an 

open loop control command attending a large thermal inertia and short ramp time 

before comfortable conditions are to be established. The air handling unit provides 

part of the latent cooling effect and the chilled beams provide sensible cooling effect, 

however in this case, the terminal unit provides additional sensible and latent cooling 

using its heat exchanger which is combined in parallel with ventilation air and further 

cooling effect from the air handler. Ventilation is provided from the primary supply of 

air from the air handling unit. The terminal unit is in a passive or active configuration 

that provides the additional cooling effect to a return air stream, as discussed 

elsewhere herein. The terminal unit may have a fan to permit it to draw return air 

and inject into a combined supply stream to the chilled beams. 

[0059] 	Referring now to Fig. 5D, in a mode embodiment substantially as in 

Fig. 5C, the air handling unit provides no conditioning and only provides ventilation 

air. Latent and sensible cooling are provided by the chilled beam and terminal unit 

or the terminal unit alone. The current mode may be invoked when the cooling load 

is determined to be lower than the combined capacity of the terminal unit and the 

chilled beams. Alternatively, in a variation, all of the load is satisfied by the terminal 

unit. 
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[0060] 	Referring now to Fig. 5E, in a mode embodiment, a heating load of a 

conditioned space is less than the capacity of the chilled beam heating system 

without the additional capacity provided by the terminal unit. The air handling unit 

provides part of the heating effect and the chilled beams provide the remaining 

heating effect. Ventilation is provided from the primary supply of air from the air 

handling unit. The terminal unit is in a bypass mode which may be passive or 

actively configured by means of a damper as discussed elsewhere herein. In this 

and other mode embodiments, the terminal unit may provide a ventilation boost or be 

used to correct flow imbalances in the system. 

[0061] 	Referring now to Fig. 5F, in a mode embodiment, a heating load of a 

conditioned space is greater than the capacity of the chilled beam heating system 

without the additional capacity provided by the terminal unit so the terminal unit adds 

additional heating effect to supplement the air handling unit. Alternatively, as 

discussed above, the present mode embodiment is implemented in response to an 

open loop control command attending a large thermal inertia and short ramp time 

before comfortable conditions are to be established. The air handling unit provides 

part of the latent heating effect and the chilled beams provide heating effect, 

however in this case, the terminal unit provides additional and latent heating using its 

heat exchanger. Ventilation is provided from the primary supply of air from the air 

handling unit. The terminal unit is in a passive or active configuration that provides 

additional heating effect to a return air stream, as discussed elsewhere herein. 

[0062] 	Referring now to Fig. 5G, in a mode embodiment, a heating load of a 

conditioned space is greater than the capacity of the chilled beam heating system 

without the additional capacity provided by the terminal unit so the terminal heat 
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adds additional heating effect to supplement the air handling unit. Alternatively, as 

discussed above, the present mode embodiment is implemented in response to an 

open loop control command attending a large thermal inertia and short ramp time 

before comfortable conditions are to be established. The air handling unit provides 

part of the latent heating effect and the chilled beams provide heating effect, 

however in this case, the terminal unit provides additional and latent heating using its 

heat exchanger which is combined in parallel with ventilation air and further heating 

effect from the air handler. Ventilation is provided from the primary supply of air from 

the air handling unit. The terminal unit is in a passive or active configuration that 

provides the additional heating effect to a return air stream, as discussed elsewhere 

herein. The terminal unit may have a fan to permit it to draw return air and inject into 

a combined supply stream to the chilled beams. 

[0063] 	Referring now to Fig. 5H, in a mode embodiment substantially as in 

Fig. 5C, the air handling unit provides no conditioning and only provides ventilation 

air. Latent and heating are provided by the chilled beam and terminal unit or the 

terminal unit alone. The current mode may be invoked when the heating load is 

determined to be lower than the combined capacity of the terminal unit and the 

chilled beams. Alternatively, in a variation, all of the load is satisfied by the terminal 

unit. 

[0064] 	Referring now to Fig. 6A, a mode embodiment as in any of the 

embodiments of Figs. 5E through 5H, a chilled beam is configured in a heating mode 

that facilitates heating. Configurable chilled beam embodiments are described 

below. Referring to Fig. 6B, a mode embodiment as in any of the embodiments of 
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Figs. 5E through 5H, a terminal unit is configured in a heating mode that facilitates 

heating. Configurable terminal unit embodiments are described below. 

[0065] 	Referring now to Fig. 9A, a configurable chilled beam 700 has a 

primary air plenum 706 with slit discharge 708 formed by components 702 of a 

housing thereof and the blade 704 of a damper. The primary air 704 flows through 

the slit 704 to form a jet 716 which induces air 720 through a heat exchanger 710. 

The blade 704 may be fluted to form low aspect ratio jets and provide standoffs to 

provide precise gaps 708 that are regularly spaced along the chilled beam 700 

longitudinal axis. The mixed conditioned air stream leaves the chilled beam 700 

through a downward opening channel 712. As shown in Fig. 9B, in a heating mode, 

the damper blade 704 moves to an opposite wall of the channel 712 blocking flow 

through the heat exchanger and providing a less restricted channel 712 for the air 

flow, the nozzles 708 being effectively eliminated. Fig. 9C shows a variation of the 

embodiment of Figs. 9A and 9B in which the baffle blades 705 span a smaller 

fraction of the longitudinal length of the beam so that air from the plenum 706 leaves 

through low aspect ratio registers or openings 715. Damper blades 707 may also be 

provided at other portions of the chilled beam length to close off the plenum 706 

exits except at the parts opened by blades 705. Alternatively, a fixed nozzle 

configuration of Fig. 9A may remain except at the portions opened by the damper 

blades 705. Figs. 12A and 12B illustrate the respective configurations of a 

configurable chilled beam from the perspective of an observer looking up at installed 

chilled beam. The cooling configuration is shown in Fig. 12A. The chilled beam 223 

has normally configured slot openings 225. In Fig. 12 B, a portion of the slots have 

switched to low aspect ratio openings 231 through which primary air may be ejected 

at a high volume. The remainder of the slot openings 225 may be closed or remain 
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open in a restricted fashion or may be closed as described with respect to the 

embodiments of Fig. 9C. 

[0066] 	Referring to Fig. 8A, a configurable register box 606 may be attached 

to the end of a chilled beam 604 to permit air to be selectively discharged from the 

box in a low aspect of diffuse jet. The register box 606 may be provided with a 

standard mixing diffuser which is oriented to throw heated air toward the area of the 

occupied space generally covered by the chilled beam 602. Flow may be diverted 

by a damper in the register box 606 to divert all, or a selected fraction, of the primary 

toward the mixing register outlet which may be located on a side or the bottom of the 

register box. 	In an alternative configuration, a register box 607 is provided at a 

terminal end of the primary air plenum internal to the chilled beam. The register box 

607 may be opened during heating mode to vent additional air from the primary air 

plenum. A fan in the terminal unit may cooperatively boost the flow of primary air to 

maintain flow through the chilled beam coil whilst conveying additional air through 

the register box. The latter function may be invoked by a controller to satisfy a 

greater ventilation requirement as well, for example, in response to a command by a 

room-use scheduler. 

[0067] 	As shown in Fig. 10A, in an embodiment, a mixing register box is 

provided as part of a terminal unit serving multiple chilled beams 804. In the 

example shown, the terminal unit 806 has a return register 822 which is used to take 

up return air from the occupied space. A heat exchanger 816 and filter 814 are 

provided as in the embodiments of Figs. 3 and 4. Air from the air handler, including 

fresh air, is provided directly to the terminal unit 806 via a connection 818. 	Ducting 

812 distributes air from the terminal unit 806. In a variation 808 of the foregoing, air 
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from the air handler is directly applied to the ducting 812 per the parallel 

configuration of Fig. 3. In both embodiments, a mixing register 810 is selectively 

available for heating either in combination with the discharges of the chilled beam or 

separately using a control damper. The mixing registers 810 may be bypassed 

during cooling using a suitable control damper (not shown). The terminal unit 806, 

808 may serve multiple or single chilled beams. In embodiments, the terminal units 

incorporate low profile components, such as, optionally fans and the other 

components described such as to form a low profile unitary device that can be 

mounted above a hung ceiling. 

[0068] 	In any of the embodiments, the controller may provide the additional 

capacity of the terminal unit responsively to a change in detected or predicted 

occupancy. For example, this may be a relevant strategy for occasional high 

occupancy or high activity levels that would generate moisture during cooling mode 

operation. 

[0069] 	Embodiments of this invention are described herein, include the best 

mode known to the inventors for carrying out the claims. Variations of the disclosed 

embodiments may become apparent to those of ordinary skill in the art in light of the 

present disclosure. The inventors expect that the invention will be practiced using 

details and variations that are left or our that depart the descriptions herein. Thus, 

the invention includes modifications, variations, and equivalents of the subject matter 

recited in the claims appended hereto. 

[0070] 	In the present application, the term "terminal unit" is used to describe a 

particular component of a chilled beam system even though chilled beam units may 

be identified as "terminal units" by those skilled in the art. 	In the present application, 
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the term "chilled beam" is used to identify a chilled beam type of terminal unit that 

includes a heat exchanger and induces flow through the heat exchanger by means 

of primary air jets. 

[0071] 	Referring to Fig. 11, the terms low aspect ratio jet or flow and high 

aspect ratio flow or jet are used herein to characterize the difference between the 

jets of chilled beams and typical heating registers. For example the high aspect ratio 

jet such as produced by a chilled beam 223 (a high aspect ratio jet) is typically 

formed by a linear slot opening 225. The low aspect ratio discharge, or flow or jet 

produced by a mixing register 227 is discharged by a low aspect ratio opening 229 

(or series thereof). The views in Fig. 11 are from the bottom. 

[0072] 	The term mixing register is generally used to identify a diffuser or 

opening with an aspect ratio that is lower than about five, In all embodiments where 

the use of a mixing register is invoked, by configuration of the chilled beam or the 

terminal unit, the volume of primary air (including air from the terminal unit) may be 

increased, for example, when a heating mode signal is generated. 

[0073] 	Figs. 13A and 13B show cooling and heating modes of another 

configurable chilled beam embodiment in which primary air is discharged from a 

plenum 802 through a heat exchanger 810 when the chilled beam 800 is placed in 

heating mode. The heating mode is shown in Fig. 8B. The normal chilled beam 

configuration is shown in Fig. 13A. Dampers 806 and 808 close to form channels 

804 forming jets that induce a flow of air through the heat exchanger 810 in the 

normal chilled beam operating mode. The edge 809 of the damper blade 808, as 

stated elsewhere, can be fluted to define channels. Also the an opposing element 

can cooperate with the fluted blade to form a series of orifices to create a series of 
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jets along the chilled beam. Figs. 14A and 14B show the a portion of an end 

cutaway of a chilled beam 801. Fig. 14A shows the heating configuration and Fig. 

14B shows the cooling configuration. The chilled beam 801 has a fluted damper 

blade 808 which cooperates with a fixed blade 815 whose shape is a mirror image of 

the fluted damper blade 808. As shown in Figs. 14C and 14D, the mirror image 

flutes of the blades 808 and 815 engage to form jet openings 817 that are regularly 

spaced apart when the damper blade 808 is tilted to the cooling position. The 

cooling position is shown in Fig, 14D and a transitional position between heating and 

cooling shown in Fig. 14C. 

[00741 	The terms "a" and "an" and "the" and similar terms are to be construed 

to cover both the singular and the plural, unless otherwise indicated herein or clear 

from the context of usage. The terms "comprising," "having," "including," and 

"containing" are open-ended terms that do not preclude additional elements or 

features unless otherwise indicated. The terms "attached" and "connected" mean 

partly or wholly contained within, affixed to, integral to, or joined together. Ranges of 

values include each separate value within the range, unless otherwise indicated and 

each separate value in the range is indicated by recitation of a range as if separately 

disclosed. Unless otherwise indicated or clear, methods described herein may be 

performed in any sequential order. Examples described herein are not intended to 

introduce limitations to the inventions. 
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CLAIMS 

What is claimed is: 

1. 	A method of satisfying the load of a conditioned space, comprising: 

conveying primary air from a central air handling unit to the primary air inlet of a 

chilled beam; 

conveying conditioned return air to the primary air inlet of the chilled beam. 

2. The method of claim 1, wherein the conveying conditioned return air includes 

cooling return air from the conditioned space and mixing the result with the primary air from 

the central air handling unit to produce a combined primary air stream, which is provided to 

the primary air inlet of the chilled beam. 

3. The method of claim 1, wherein the conveying conditioned return air includes 

cooling return air from the conditioned space and mixing the result in a terminal unit with the 

primary air from the central air handling unit to produce a combined primary air stream, 

which is provided to the primary air inlet of the chilled beam. 

4. The method of claim 1, wherein the conveying primary air from a central air 

handling unit includes conveying primary air at a quality and rate that is sufficient to satisfy a 

ventilation load of the conditioned space but insufficient to supply a design thermal load 

requirement. 

5. A chilled beam system for a conditioned space, comprising: 

chilled beam units, each having at least one heat exchanger and configured to 

receive primary air, eject the primary air through at least one jet to induce a flow of 

secondary air through the at least one heat exchanger, the heat exchanger being configured 

to receive a liquid heat transfer fluid from a heating or cooling source; 

an handling unit configured to convey primary air from a central air handling unit to 

the primary air inlet of a chilled beam; 
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a terminal unit configured to convey conditioned return air to the primary air inlet of 

the chilled beam. 

6. The system of claim 5, wherein the conditioned return air includes a 

mechanism for cooling return air from the conditioned space and mixing the result with the 

primary air from the central air handling unit to produce a combined primary air stream, 

which is provided to the primary air inlet of the chilled beam. 

7. The system of claim 5, wherein the conditioned return air is cooled by the 

terminal unit and the result is mixed in the terminal unit with the primary air from the central 

air handling unit to produce a combined primary air stream, which the terminal unit provides 

to the primary air inlet of the chilled beam. 

8. The system of claim 5, wherein the primary air from the central air handling 

unit is at a quality and rate that is sufficient to satisfy a ventilation load of the conditioned 

space but insufficient to supply a design thermal load requirement. 

9. A system as in any of claims 5-8 wherein the terminal unit includes a 

condensing cooling coil configured to reduce the moisture content of the return air. 

10. A system as in any of claims 5-9, wherein each air handling unit serves 

multiple terminal units and each terminal unit serves a multiple of said chilled beams. 

11. A method of satisfying the load of a conditioned space, comprising: 

creating a flow of primary air from a central air handling unit, the air handling unit 

providing fresh air from outside a building plus recirculated air in selectable ratios for form 

the primary air that is conveyed; 

conveying the primary air from the central air handling unit to the inlet of chilled 

beams; 

creating a flow of conditioned recirculated air from terminal units, each connected to 

receive return air from a conditioned space served by a subset of the chilled beams and 

change an enthalpy of the return air to create the conditioned recirculated air; 
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wherein the primary air is received by the chilled beams after being combined with 

recirculated air flow created by the terminal units, the primary and recirculated air being 

combined within the terminal unit or by mixing output flows of the terminal units and the 

central air handling unit. 

12. The method of claim 11, wherein the conveying conditioned return air 

includes cooling return air from the conditioned space within the terminal unit and mixing the 

result with the primary air from the central air handling unit to produce a combined primary 

air stream, which is provided to the primary air inlet of the chilled beam. 

13. The method of claim 11, wherein the enthalpy change in the terminal units 

includes removing moisture from the return air. 

14. A method of conditioning the air of an occupied space, comprising: 

providing a terminal unit with a heat exchanger, the terminal unit being connected to 

a conditioned space to receive return air therefrom, to condition the return air using the heat 

exchanger, and combine conditioned return air with a primary air stream, which includes 

fresh air; 

generating a heating mode signal; 

configuring one of the terminal unit and a chilled beam in response to the heating 

mode signal, the configuring including changing an aspect ratio of a discharge into the 

occupied space or switching the flow into the occupied space from a first aspect ratio 

discharge to a second aspect ratio discharge, wherein the first and second aspect ratios 

differ in magnitude. 

15. The method of claim 14, further comprising configuring the one of the terminal 

unit and a chilled beam in response to a cooling mode signal, the configuring including 

changing an aspect ratio of a discharge into the occupied space or switching the flow into 

the occupied space from the second aspect ratio discharge to the first aspect ratio 

discharge, wherein the first and second aspect ratios differ in magnitude. 

16. Apparatus for conditioning the air of an occupied space, comprising: 

28 



a terminal unit with a heat exchanger, the terminal unit being connected to a 

conditioned space to receive return air therefrom, to condition the return air using the heat 

exchanger, and combine conditioned return air with a primary air stream, which includes 

fresh air, 

a chilled beam; 

a controller configured to generate a heating mode signal; 

at least one actuator adapted to reconfigure one of the terminal unit, a chilled beam, 

or a further device in response to the heating mode signal, the configuring including 

changing an aspect ratio of a discharge into the occupied space or switching the flow into 

the occupied space from a first aspect ratio discharge to a second aspect ratio discharge, 

wherein the first and second aspect ratios differ in magnitude. 

17. The apparatus of claim 16, wherein the terminal unit includes a damper 

configured to vary a mix of return air from the occupied space and air from the primary air 

stream. 

18. The apparatus of claim 16 or 17, wherein the terminal unit includes an air 

mover. 

19. The apparatus of claim 16, 17, or 18, wherein the terminal unit is connected 

to multiple chilled beams. 

20. A configurable chilled beam, comprising: 

a longitudinal primary air plenum, a longitudinal mixing chamber adjacent the primary 

air plenum; 

the primary air plenum having jet outlets opening to the longitudinal mixing chamber, 

at least some of the jet outlets formed at least in part by at least one movable member; 

the movable member being configured such that when moved, a larger opening in 

communication with the primary air plenum is defined, the larger opening being larger in at 

least one dimension. 

29 



21. 	The chilled beam of claim 20, further comprising a heat exchanger. 

22. The chilled beam of claims 20 or 21 wherein the at least one movable 

member includes a fluted damper blade. 

23. The chilled beam of claims 20, 21, or 22, wherein the larger opening faces the 

heat exchanger. 

24. The chilled beam of claims 20, 21, 22, or 23, further comprising a an actuator 

configured to move the at least one movable member and a controller configured control the 

actuator to move the movable member in response to a signal to change between a heating 

mode and a cooling mode. 

25. A configurable chilled beam, comprising: 

a longitudinal primary air plenum, a longitudinal mixing chamber adjacent the primary 

air plenum; 

the primary air plenum having jet outlets opening to the longitudinal mixing chamber; 

at least one movable member configured such that when moved, a larger opening or 

at least one additional opening in communication with the primary air plenum is defined. 

26. The chilled beam of claim 20, further comprising a heat exchanger. 

27. The chilled beam of claims 20 or 21 wherein the at least one movable 

member includes damper blade and the at least one additional opening includes a mixing 

register. 
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