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7) ABSTRACT

A method is provided for sizing an environmental control
system for controlling a temperature of a target. The method
comprises the steps of: identifying the target that is to be
temperature controlled by the environmental control system;
selecting a desired temperature of the target that is to be
temperature controlled; and determining optimal character-
istics of the environmental control system. Preferably, the
step of determining optimal characteristics of the environ-
mental control system includes referring to a nomograph
that charts numerical relationships of a plurality of variables.
Preferably, variables charted on the nomograph include a
temperature of discharge air that is to be discharged from the
environmental control system, a temperature of ambient air
surrounding the target, a distance between a discharge

Int. CL7 oo, GO5D 23/00; F25B 49/00 portion of the environmental control system and the target,
US. Cl s 236/94; 62/125 and a volumetric flow rate of the discharge air.
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METHOD AND APPARATUS FOR SIZING AN
ENVIRONMENTAL CONTROL SYSTEM

BACKGROUND OF THE INVENTION

[0001] The present invention relates to designing environ-
mental control systems and, more particularly, to sizing spot
cooling and heating systems for achieving and maintaining
localized thermal control.

[0002] Spot cooling is the cooling of a specific target or
area within a room, factory or other space, by delivering cool
air directly to the target or “spot” that needs to be cooled.
Similarly, spot heating is the heating of a specific target or
area within a room, factory or other structure, by delivering
warm air directly to the target or “spot” that needs to be
heated. In both cases, because the cooling/heating air is
delivered directly to the target or spot that needs to be
temperature controlled, effective thermal control of the
target or spot can be achieved without the expensive and
inefficient undertaking of cooling or heating the entire room,
factory or other space in which the target is located.

[0003] Spot cooling and heating typically involve only
minimal installation and are particularly beneficial in situ-
ations where it would unduly expensive or inefficient to cool
or heat by standard air-conditioning or heating systems. For
example, spot cooling and heating systems are commonly
used in industrial environments, such as large, open areas in
factories and warehouses. Spot cooling and heating systems
are ideal in such applications because only the target that
needs cooling (or heating) is cooled (or heated), not the
entire room, building or other large space in which the target
is located. However, their uses are not necessarily limited to
industrial environments. Spot cooling and heating systems
may also be used in commercial and residential environ-
ments, such as offices, computer rooms, tents, boardrooms
and homes. In addition, spot cooling and heating systems are
useful in outdoor events, and are commonly used as emer-
gency backups. Also, typically, spot cooling and heating
systems are relatively adaptable and flexible, which permits
customization to suit a particular target’s needs, and permits
reconfiguration when targets change, e.g., when workers in
a production line move within their stations or as the
production line is modified.

[0004] Thus, spot cooling and spot heating provides an
effective and relatively inexpensive solution to maintaining
thermal comfort and safety, and eliminates the need to air
condition or heat an entire factory floor or other ambient
space in which a target is located. However, it is still
necessary for a design engineer, plant manager or HVAC
technician to design and/or select a spot cooling or spot
heating system of appropriate size and capacity for a given
application. There is no “one size fits all” solution that will
be optimal in all situations. Various factors need to be
considered by the design engineer, plant manager or tech-
nician which selecting an appropriate spot cooling or heating
system, such as the desired temperature of the target, the
temperature of discharge air that is to be discharged from the
spot cooling or spot heating system toward the target, the
temperature of the ambient air surrounding the target, the
distance between the discharge duct(s) of the spot cooling or
spot heating system and the target (sometimes referred to as
“throw”), the desired coverage area, the volumetric flow rate
of the discharge air, the number and relative location(s) of
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targets to be temperature controlled by the system (e.g., the
number of workers or workstations), and the humidity and
air currents of the ambient air surrounding the target. Of
course, depending on the particular application and its
unique needs, other factors may need to be considered by the
design engineer, plant manager or technician, but these are
believed by the inventors to be the primary factors that
should be considered in designing and sizing a spot cooling
or heating system.

[0005] Conventionally, to size and select a proper spot
cooling system for a given application, the design engineer,
plant manager or technician determines the appropriate size,
capacity and other parameters of the system by utilizing
known principles of fluid mechanics, including a variety of
complex mathematical equations, to manually calculate
optimal parameters for each given application. Even if the
designer possesses the necessary background and knowl-
edge in the art of fluid mechanics and HVAC system design,
the process of manually calculating all of the optimal
parameters for every possible system variation of a given
application would be cumbersome, time consuming, and
potentially cost-prohibitive. Unfortunately, what sometimes
happens in practice is that the engineer, plant manager or
technician attempts to select system parameters by guessing
what parameters will be optimal or by trial and error, either
because the person designing or selecting the system does
not have the necessary background and knowledge in the art
of fluid mechanics or HVAC design or because the person
does not want to take the time and effort that would be
necessary to manually calculate the optimal parameters.
Occasionally, the person designing or selecting the system
will simply “over design” to ensure that the resulting system
clearly has the capacity to achieve the desired result for a
given application, but this defeats at least some of the
reasons for using spot cooling and heating systems over
conventional HVAC systems in the first place (e.g., cost
savings, efficiency, cooling the worker instead of the work-
space, etc.).

[0006] Thus, there is a need for a less cumbersome, less
expensive and more efficient manner of determining optimal
characteristics of an environmental control system, such as
a spot cooling or spot heating system, without the need to
process complex mathematical equations or navigate com-
plicated fluid mechanics principles, to manually calculate
optimal system parameters for each given application or
variation thereof.

SUMMARY OF THE INVENTION

[0007] It is therefore an object of the present invention to
provide a cost-effective and efficient method for sizing and
determining other optimal characteristics of an environmen-
tal control system, such as a spot cooling or spot heating
system. A related object of the present invention is to
provide a method for determining optimal characteristics of
an environmental control system, without resorting to the
traditional manner of manually processing complex math-
ematical equations or navigating complicated fluid mechan-
ics principles to calculate such parameters for each system
configuration or variation thereof. It is also an object is to
provide a visual reference tool that can be used by design
engineers, plant managers and technicians to efficiently size
and determine other optimal characteristics of an environ-
mental control system, in lieu of the traditional manner of
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manually processing complex mathematical equations based
on fluid mechanics principles to determine proper design
specifications. Another related object is to provide a tool for
efficiently determining optimal characteristics of an envi-
ronmental control system in the form of a nomograph that
graphically charts relationships between variables that may
impact the determination of optimal characteristics of an
environmental control system. A more specific object of the
invention is to provide a nomograph, and a method using the
same, wherein variables that may impact the determination
of optimal characteristics of an environmental control sys-
tem are plotted on a single nomograph or table for all ranges
of each variable, to allow the interpolation of the correct spot
cooling or spot heating system for any given application.

[0008] It furtherance of these objectives, a method of the
present invention is provided for sizing an environmental
control system for controlling a temperature of a target. In
general, one embodiment of the method of the present
invention comprises the steps of: identifying the target that
is to be temperature controlled by the environmental control
system; selecting a desired temperature of the target that is
10 be temperature controlled; and determining optimal char-
acteristics of the environmental control system to achieve
said desired temperature. Preferably, the step of determining
optimal characteristics of the environmental control system
includes referring to a nomograph that charts numerical
relationships of a plurality of variables. Preferably, variables
charted on the nomograph include a temperature of dis-
charge air that is to be discharged from the environmental
control system, a temperature of ambient air surrounding the
target, a distance between a discharge portion of the envi-
ronmental control system and the target, and a volumetric
flow rate of the discharge air.

[0009] In another aspect of the invention, a method of
sizing an environmental control system generally comprises
the steps of: identifying a target that is to be temperature
controlled by the environmental control system; and deter-
mining optimal characteristics of the environmental control
system by referring to a nomograph. In this aspect of the
invention, the nomograph preferably charts relationships of
a plurality of variables, including a temperature of discharge
air that is to be discharged from the environmental control
system, a temperature of ambient air surrounding the target,
a distance between a discharge portion of the environmental
control system and the target, a volumetric flow rate of the
discharge air, and a desired temperature of the target that is
to be temperature controlled.

[0010] In still another aspect of the invention, a nomo-
graph for use in sizing an environmental control system
comprises a graphic representation of relationships between
a plurality of variables, including a temperature of discharge
air that is to be discharged from the environmental control
system, a temperature of ambient air surrounding the target,
a distance between a discharge portion of the environmental
control system and the target, and a volumetric flow rate of
the discharge air.

[0011] In a further aspect of the invention, a nomograph
for use in sizing an environmental control system is pro-
vided for controlling the temperature of a target using at
least one duct that is adapted to discharge a non-isothermal
compact air jet toward the target. Preferably, the nomograph
comprises a graphic representation of relationships between
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a plurality of variables selected from a group consisting of
a temperature of discharge air that is to be discharged from
the environmental control system, a temperature of ambient
air surrounding the target, a distance between a discharge
portion of the environmental control system and the target,
a volumetric flow rate of the discharge air, coverage area of
the discharge air at the target that is to be temperature
controlled, and a desired temperature of the target that is to
be temperature controlled.

[0012] Inyetanother aspect of the invention, a nomograph
is provided for use in determining a characteristic of a
non-isothermal compact air jet discharged from a discharge
duct of an environmental control system for controlling a
temperature of a target at which the compact air jet is
directed. Preferably, the nomograph comprises a graphic
representation of a relationship between a range of values
for said characteristic and a range of throw distances.
Preferably, the value of the characteristic is a function of
throw distance, for a specified discharge air temperature of
the compact air jet, a specified volumetric flow rate of the
compact air jet, and a specified ambient air temperature.

[0013] While the principal advantages and features of the
present invention have been described above, a more com-
plete and thorough understanding and appreciation of the
invention may be attained by referring to the Figures and
detailed description of the preferred embodiments, which
follow.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The accompanying Figures, which are incorpo-
rated in and form a part of the specification, illustrate
exemplary embodiments of the present invention and,
together with the description, serve to explain the principles
of the invention.

[0015] FIG. 1 illustrates a nomograph that may be used
for determining characteristics of a non-isothermal compact
air jet, charting relationships between throw distance, cov-
erage area, velocity decay and temperature decay, for a
specified discharge air temperature, a specified volumetric
flow rate, and a specified ambient air temperature; and

[0016] FIG. 2 illustrates a nomograph that may be used
for sizing an environmental control system, charting rela-
tionships between discharge air temperature, ambient air
temperature, maximum throw distance, and coverage diam-
eter, for a specified volumetric flow rate of the discharge air.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0017] The specification, Figures and claims of this appli-
cation relate generally to the use of “nomographs” as a tool
for sizing or determining other optimal characteristics of an
environmental control system. As used throughout the speci-
fication and claims of this application, the term “nomo-
graph” is used to refer to any chart, table, graph, or other
visually perceptible representation of numerical relation-
ships of the various parameters and variables charted
thereon. It should be understood that the scope and appli-
cability of the present invention may extend beyond the
particular embodiments and uses described and shown
herein. However, in the interest of brevity and clarity, the
invention that is defined by the following claims will be



US 2004/0164172 Al

described hereinafter with reference to specific exemplary
and preferred embodiments that are intended to be illustra-
tive, but not limiting. Specifically, the invention is described
with reference to methods and apparatus for sizing and
determining other optimal characteristics of spot cooling and
spot heating systems.

[0018] Spot cooling is the cooling of a specific target (e.g.,
a worker, a piece of equipment, etc.) or a specific area within
a room, factory or other space, by delivering cool air directly
1o the target or “spot” that needs to be cooled. Similarly, spot
heating is the heating of a specific target or area by deliv-
ering warm air directly to the target or “spot” that needs to
be heated. Spot cooling and spot heating systems typically
comprise an air supply source with a blower (such as an air
conditioner for supplying cool air or a heating unit for
supplying warm air, as is well known in the art), an main air
plenum for conveying the cool or warm air supplied by the
air supply source, and one or more air duct assemblics
branching off from the main air plenum adjacent to the
location or locations that are to be temperature controlled
(e.g., at each workstation in a factory). Such duct assemblies
may include flexible ducts or tubes for conveying air from
the main air plenum toward the target(s) or area(s) that are
to be spot cooled or spot heated. Such duct assemblies are
also known in the art. The size and configuration of the
system (including the tonnage of the air supply source, and
the number and size of duct outlets branching from the main
air plenum) will vary from application to application
depending on a number of factors, including the number of
workstations or other targets to be temperature controlled,
the relative locations of the targets, factors affecting the
ambient air temperature, such as heat generated by machin-
ery, the local climate, etc.

[0019] Air supplied by currently utilized state-of-the-art
spot cooling and spot heating systems is distributed by air
jets referred to as “non-isothermal, compact jets.” When air
supplied to a space by a jet is of the same temperature as
ambient air in the space, it is referred to as “isothermal jet.”
However, in the case of spot cooling and spot heating
applications, the air supplied by the jets is not equal to the
temperature of the ambient air, so the jets are referred to as
“non-isothermal” jets. In currently utilized state-of-the-art
spot cooling and spot heating systems, the air jets are formed
by grilles, tubes, nozzles or other openings with relatively
small aspect ratios. Thus, these jets are referred to as
“compact jets.” Preferably, the compact air jets are three
dimensional and axi-symmetric, at least when initially dis-
charged from the opening, so the maximum velocity and
temperature difference relative to the ambient air in the cross
section of the compact jets is along the axis. Characteristics
of these jets in a room or other ambient space are influenced
by a number of factors, such as reverse flows created by
entrained air, other interfering air flows, inertial forces,
velocity of the discharged air jets, cross-sectional area of the
discharge opening(s), temperature differential, humidity, and
thermal buoyancy, among others. These characteristics are
governed by known air distribution other fluid mechanics
principles.

[0020] As discussed above, the inventors herein have
found that the primary factors that should be considered in
designing an appropriate spot cooling or heating system for
a given application include the desired temperature of the
target, the temperature of discharge air that is to be dis-
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charged from the spot cooling or spot heating system toward
the target, the temperature of the ambient air surrounding the
target, the distance between the discharge duct(s) of the spot
cooling or spot heating system and the target, the desired
coverage area, the volumetric flow rate of the discharge air,
the number and relative location(s) of targets to be tempera-
ture controlled by the system, and other factors that impact
“welocity decay” (jet velocity is highest at the point of
discharge and continuously decreases as the jet travels away
from the point of discharge) and “temperature decay”
(change in temperature as a non-isothermal jet travels away
from the point of discharge) such as humidity, thermal
buoyancy, air currents and other characteristics of the ambi-
ent environment surrounding the target.

[0021] The inter-relationships between these various fac-
tors are governed by known air distribution principles and
other principles of fluid mechanics. For example, for verti-
cally projected, non-isothermal, compact jets, “velocity
decay” can be determined using the following equations:

Arg=gAtH/TV,?
Ko={14/-Q2.5KoAr K P/ (A0) T 17
Vil VomlR Ko (A0) i
[0022] where,
[0023] Ar=the local Archimedes number at the outlet,

[0024] g=the gravitational acceleration rate (115920
ft/min®),

[0025] At =the temperature of supply air minus return
air temperature (° F.),

H_=the effective width of the diffuser (ft),
T=the mean absolute temperature of air (° R),
V _=the average velocity at discharge (ft/min),
K, =the coefficient of non-isothermality,

K, =the centerline velocity decay constant of the

[0031]

[0032] A =effective area of diffuser (ft*) (product of
diffuser free arca and discharge coefficient),

[0033] x=the distance away from diffuser (ft), and
[0034] V_=the centerline velocity at x (ft/min).

K, =the temperature decay constant of the jet,

[0035] Where the compact air jet is directed vertically
downward, Ar, is positive because buoyant force is in the
same direction as the initial direction of the compact air jet.
According to the American Society for Heating, Refriger-
ating and Air-Conditioning Engineers (ASHRAE), for aver-
age discharge air velocities between 2,000 ft/min and 10,000
ft/min (a range within which the discharge velocity of a
compact jet produced by a typical spot cooling or spot
heating system would fall), it is known that the centerline
velocity decay constant K;=7, and it is also known that the
temperature decay constant K,~0.85K,~6. Reference,
ASHRAE Fundamentals 2001. Thus, for a specified duct
size, a specified discharge air temperature, a specified ambi-
ent air temperature, and a specified volumetric flow rate (and
hence a specified discharge air velocity), these mathematical
equations can be used to calculate velocity decay at a

Wy

selected distance “x” away from the discharge opening.
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[0036] For vertically projected, non-isothermal, compact
jets, “temperature decay” can be determined using the
following additional equations:

(T THTLT)=Ko(A0) /0K
[0037] where,

[0038] T _=the supply temperature at the diffuser (° F.),
[0039] T,=the return temperature (° E.), and
[0040] T_=the centerline temperature of the jet at dis-

tance x (° F)).

[0041] Thus, for a specified duct size, a specified dis-
charge air temperature, a specified ambient air temperature,
and a specified volumetric flow rate (and hence a specified
discharge air velocity), this mathematical equation can be
used to calculate temperature decay at a selected distance

y??

X7 away from the discharge opening.

[0042] For vertically projected, non-isothermal, compact
jets, “coverage area” can be determined using the following
equations:

Fo5y=X tan 0
(t/r3.5v)"=3.3 log(V/V)
coverage diameter=2r

[0043] where,

[0044] r=the radial distance of point under consider-
ation from centerline of jet (inches),

[0045] 1, 5 =the radial distance in the same cross-sec-
tional plane from axis to point where velocity

[0046]

is one-half the centerline velocity (inches),

[0047] V=the actual velocity of the point under consid-
eration (ft/min), and

[0048]

[0049] According to ASHRAE, the average angle of diver-
gence of a vertically projected, non-isothermal, compact jet
is 22° Half of this value is the angle to the centerline (11°).
“0” is the angle where V=0.5V_, which is 5.5°. Thus, for a
specified duct size, a specified discharge air temperature, a
specified ambient air temperature, and a specified volumet-
ric flow rate (and hence a specified discharge air velocity),
these mathematical equations can be used to calculate cov-

erage diameter at a selected distance “x” away from the
discharge opening.

[0050] FIG. 1 is illustrative of one embodiment of the
present invention comprising a nomograph for use in deter-
mining characteristics of a non-isothermal compact air jet
discharged from a discharge duct of an environmental con-
trol system for controlling a temperature of a target at which
the compact air jet is directed. Specifically, FIG. 1 includes
an exemplary nomograph for sizing a spot cooling systems
that may utilize either 2-inch or 4-inch discharge air ducts,
which discharge air having a discharge temperature of 60° F.
into an ambient environment at 100° F. at volumetric flow
rates of 50 cubic feet per minute (CFM) and 200 CFM,
respectively. The nomograph of FIG. 1 charts relationships
of maximum “throw” distance (i.e., distance between the
discharge end of the discharge air duct and the target that is
to be temperature controlled), coverage diameter, velocity
decay and temperature decay, for the specified discharge air

B=the angle between V_ and 0.5V _.
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temperature, ambient air temperature, volumetric flow rates,
and discharge duct diameters. In particular, FIG. 1 charts
velocity decay profiles, temperature decay profiles and cov-
erage areas, all as a function of throw distance, for a
specified discharge air temperature, a specified volumetric
flow rate, and a specified ambient air temperature. Ranges of
these velocity decay, temperature decay and coverage arca
values and a range of throw distances are all charted on the
exemplary nomograph of FIG. 1 in a manner so that an
environmental control system designer can refer visually to
the nomograph to determine velocity decay, temperature
decay and coverage arca for any selected throw distance,
without manually calculating these characteristics. Within
these ranges, all values for each of these characteristics are
charted on the nomograph so that the designer can simply
refer visually to the nomograph to determine a specific value
for each characteristic for a variety of possible environmen-
tal control systems, regardless of throw distance, without
engaging in the cumbersome, complicated, and error-prone
exercise of manually calculating the specific value of each
characteristic for each possible variation of a environmental
control system to be designed.

[0051] FIG. 2 is illustrative of another embodiment of the
present invention comprising a nomograph for use in sizing
or determining other optimal characteristics of an environ-
mental control system for controlling the temperature of a
target. Specifically, FIG. 2 includes an exemplary nomo-
graph for sizing a spot cooling systems that may utilize
either 2-inch or 4-inch discharge air ducts, which discharge
air at volumetric flow rates of 50 CFM and 200 CFM,
respectively. The exemplary nomograph of FIG. 2 charts
relationships of discharge air temperature, ambient air tem-
perature, maximum “throw” distance, and coverage diam-
eter, for the specified discharge duct diameters and volu-
metric flow rates of the discharge air. Ranges of these
discharge air temperatures, ambient air temperatures, maxi-
mum throw distances, and coverage diameters are all charted
on the exemplary nomograph of FIG. 2 in a manner so that
an environmental control system designer can refer visually
to the nomograph to determine values of these various
characteristics, without manually calculating them. In the
nomograph of FIG. 2, a range of maximum throw distances
is charted along a Y-axis, a range of ambient air temperatures
is charted along an X-axis, and numerical relationships of
these ranges are represented by lines or curves plotted on the
nomograph, wherein each line represents discharge air at a
specific temperature and volumetric flow rate. Thus, within
these ranges, all values for each of these characteristics are
charted on the nomograph so that the designer can simply
refer visually to the nomograph to determine a specific value
for each characteristic for a variety of possible environmen-
tal control systems, regardless of the particular value of each
characteristic, without engaging in the cumbersome, com-
plicated, and error-prone exercise of manually calculating
the specific value of each characteristic for each possible
variation of a environmental control system to be designed.

[0052] Again, it should be understood that the particular
values, ranges and system parameters shown in FIGS. 1 and
2 and described above are intended to be exemplary only.
Other values, ranges and system parameters could be
included in similar nomographs and used without departing
from the scope of the present invention. For example, a
nomograph similar to the nomograph of FIG. 1 could be
used wherein different discharge air temperatures, volumet-
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ric flow rates, ambient air temperatures and/or duct diam-
eters are specified. Also, nomographs could be used in a
similar manner for determining optimal system characteris-
tics of spot cooling or spot heating systems with different
configurations, or for determining optimal system charac-
teristics of other kinds of environmental control systems.

[0053] Inaccordance with the above, the present invention
also provides a method for sizing an environmental control
system for controlling a temperature of a target. In one
embodiment, the method comprises the steps of: identifying
the target that is to be temperature controlled by the envi-
ronmental control system; selecting a desired temperature of
the target that is to be temperature controlled; and deter-
mining optimal characteristics of the environmental control
system to achieve said desired temperature by referring to a
nomograph. Preferably, the nomograph, which is used in the
step of determining optimal characteristics, charts numerical
relationships of a plurality of variables, including a tem-
perature of discharge air that is to be discharged from the
environmental control system, a temperature of ambient air
surrounding the target, a distance between a discharge
portion of the environmental control system and the target,
a volumetric flow rate of the discharge air, and coverage area
of the discharge air at the target that is to be temperature
controlled.

[0054] Thus, for example, the method of the present
invention would permit a designer designing a spot cooling
system to determine an optimal distance between a dis-
charge duct and the target, to determine an optimal tem-
perature of the discharge air that is to be discharged from the
duct, to determine an optimal volumetric flow rate of the
discharge air, and to determine a desired temperature of the
target that is to be temperature controlled.

[0055] In view of the foregoing, it will be seen that the
several advantages of the invention are achieved and
attained. The embodiments were chosen and described in
order to best explain the principles of the invention and its
practical application to thereby enable others skilled in the
art to best utilize the invention in various embodiments and
with various modifications as are suited to the particular use
contemplated. However, as various modifications could be
made in the invention described and illustrated without
departing from the scope of the invention, it is intended that
all matter contained in the foregoing description or shown in
the accompanying Figures shall be interpreted as illustrative
rather than limiting. Thus, the breadth and scope of the
present invention should not be limited by any of the
above-described exemplary embodiments, but should be
defined only in accordance with the following claims
appended hereto and their equivalents.

What 1s claimed is:

1. Amethod of sizing an environmental control system for
controlling a temperature of a target, the method comprising
the steps of:

identifying the target that is to be temperature controlled
by the environmental control system;

selecting a desired temperature of the target that is to be
temperature controlled; and

determining optimal characteristics of the environmental
control system to achieve said desired temperature by
referring to a nomograph that charts numerical rela-
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tionships of a plurality of variables, including a tem-
perature of discharge air that is to be discharged from
the environmental control system, a temperature of
ambient air surrounding the target, a distance between
a discharge portion of the environmental control system
and the target, and a volumetric flow rate of the
discharge air.

2. The method of claim 1 wherein the step of determining
optimal characteristics of the environmental control system
includes referring to a nomograph that charts numerical
relationships of a plurality of variables, including coverage
area of the discharge air at the target that is to be temperature
controlled.

3. The method of claim 1 wherein the environmental
control system is a spot cooling system for maintaining the
desired temperature of the target locally, and wherein the
step of selecting the desired temperature of the target
includes selecting a desired temperature that is lower than
the temperature of ambient air surrounding the target.

4. The method of claim 1 wherein the discharge portion of
the environmental control system includes at least one duct
adapted to discharge a non-isothermal compact air jet
toward the target, and wherein the step of determining
optimal characteristics of the environmental control system
includes determining an optimal distance between the at
least one duct and the target.

5. The method of claim 1 wherein the discharge portion of
the environmental control system includes at least one duct
adapted to discharge a non-isothermal compact air jet
toward the target, and wherein the step of determining
optimal characteristics of the environmental control system
includes determining an optimal temperature of the dis-
charge air that is to be discharged from the duct.

6. The method of claim 1 wherein the discharge portion of
the environmental control system includes at least one duct
adapted to discharge a non-isothermal compact air jet
toward the target, and wherein the step of determining
optimal characteristics of the environmental control system
includes determining an optimal volumetric flow rate of the
discharge air.

7. Amethod of sizing an environmental control system for
controlling the temperature of a target, the method compris-
ing the steps of:

identifying the target that is to be temperature controlled
by the environmental control system; and

determining optimal characteristics of the environmental
control system by referring to a nomograph that charts
relationships of a plurality of variables, including a
temperature of discharge air that is to be discharged
from the environmental control system, a temperature
of ambient air surrounding the target, a distance
between a discharge portion of the environmental con-
trol system and the target, a volumetric flow rate of the
discharge air, and a desired temperature of the target
that is to be temperature controlled.

8. Anomograph for use in sizing an environmental control
system for controlling the temperature of a target, said
nomograph comprising a graphic representation of relation-
ships between a plurality of variables, including a tempera-
ture of discharge air that is to be discharged from the
environmental control system, a temperature of ambient air
surrounding the target, a distance between a discharge
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portion of the environmental control system and the target,
and a volumetric flow rate of the discharge air.

9. The nomograph of claim 8 wherein the graphically
represented plurality of variables also includes a desired
temperature of the target that is to be temperature controlled.

10. The nomograph of claim 8 wherein the graphically
represented plurality of variables also includes coverage
area of the discharge air at the target that is to be temperature
controlled.

11. The nomograph of claim 8 wherein ranges of said
variables are charted on the nomograph in a manner so that
an environmental control system designer can refer visually
to the nomograph to determine optimal characteristics for
the environmental control system without manually calcu-
lating said characteristics.

12. The nomograph of claim 11 wherein all values for said
variables, within their respective ranges, are charted on the
nomograph in a manner so that an environmental control
system designer can refer visually to the nomograph to
determine optimal system characteristics for a variety of
environmental control systems, regardless of the particular
value of each of said variables, without manually calculating
the optimal system characteristics for each one of said
variety of environmental control systems.

13. The nomograph of claim 8 wherein a range of
distances between a discharge portion of the environmental
control system and the target is charted along a first axis of
a two-dimensional graph, a range of ambient air tempera-
tures is charted along a second axis of a two-dimensional
graph, and numerical relations between the ranges of dis-
tances and ambient air temperatures are represented by at
least one line plotted on said nomograph, wherein said line
represents discharge air at a specific temperature and volu-
metric flow rate.

14. A nomograph for use in sizing an environmental
control system for controlling the temperature of a target
using at least one duct that is adapted to discharge a
non-isothermal compact air jet toward the target, said nomo-
graph comprising a graphic representation of relationships
between a plurality of variables selected from a group
consisting of a temperature of discharge air that is to be
discharged from the environmental control system, a tem-
perature of ambient air surrounding the target, a distance
between a discharge portion of the environmental control
system and the target, a volumetric flow rate of the discharge
air, coverage area of the discharge air at the target that is to
be temperature controlled, and a desired temperature of the
target that is to be temperature controlled.

15. The nomograph of claim 14 wherein ranges of said
variables are charted on the nomograph in a manner so that
an environmental control system designer can refer visually
1o the nomograph to determine optimal characteristics for
the environmental control system without manually calcu-
lating said characteristics.

16. The nomograph of claim 15 wherein all values for said
variables, within their respective ranges, are charted on the
nomograph in a manner so that an environmental control
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system designer can refer visually to the nomograph to
determine optimal system characteristics for a variety of
environmental control systems, regardless of the particular
value of each of said variables, without manually calculating
the optimal system characteristics for each one of said
variety of environmental control systems.

17. The nomograph of claim 14 wherein a range of
distances between a discharge portion of the environmental
control system and the target is charted along a first axis of
a two-dimensional graph, a range of ambient air tempera-
tures is charted along a second axis of a two-dimensional
graph, and numerical relations between the ranges of dis-
tances and ambient air temperatures are represented by at
least one line plotted on said nomograph, wherein said line
represents discharge air at a specific temperature and volu-
mefric flow rate.

18. A nomograph for use in determining a characteristic of
a non-isothermal compact air jet discharged from a dis-
charge duct of an environmental control system for control-
ling a temperature of a target at which the compact air jet is
directed, said nomograph comprising a graphic representa-
tion of a relationship between a range of values for said
characteristic and a range of throw distances, wherein the
value of said characteristic is a function of throw distance,
for a specified discharge air temperature of the compact air
jet, a specified volumetric flow rate of the compact air jet,
and a specified ambient air temperature.

19. The nomograph of claim 18 wherein the range of
values for said characteristic and the range of throw dis-
tances are charted on the nomograph in a manner so that an
environmental control system designer can refer visually to
the nomograph to determine said characteristic for a speci-
fied throw distance, without manually calculating said char-
acteristic.

20. The nomograph of claim 19 wherein all values for said
characteristic, within its range, are charted on the nomo-
graph in a manner so that an environmental control system
designer can refer visually to the nomograph to determine a
specific value of said characteristic for a variety of environ-
mental control systems, regardless of throw distance, with-
out manually calculating the specific value of the charac-
teristic for each one of said variety of environmental control
systems.

21. The nomograph of claim 18 wherein said character-
istic graphically represented by the nomograph comprises
velocity decay of the compact air jet over a range of possible
throw distances.

22. The nomograph of claim 18 wherein said character-
istic graphically represented by the nomograph comprises
temperature decay of the compact air jet over a range of
possible throw distances.

23. The nomograph of claim 18 wherein said character-
istic graphically represented by the nomograph comprises
coverage area achieved by the compact air jet over a range
of possible throw distances.
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