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(57) Abstract

A temperature control system (18) and method for maintaining the temperature of air within an air pressure controlled en-
closure (10) at a desired temperature (Troom-setpoint). The system uses an energy flow model to determine the temperature to
which the air supplied to the enclosure (10) must be heated to attain the desired temperature within the enclosure. The energy flow
model determines the desired supply air temperature based on the temperature (Ts) and flow rate (CFMs) of the supply air, the
current temperature (Tr) of the air in the enclosure, the heat transfer rate within the enclosure, and the temperature and flow rate
of make-up air (16) entering the enclosure (10).
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MODEL-BASED THERMOBALANCE WITH FEEDBACK

FIELD OF INVENTION
The present invention relates to a feedback

system and method for controlling the temperature of

5 the air in a contained space, and more particularly to
a feedback control system which implements a heat flow
model to control the temperature of the air in a
contained space while the air pressure of the contained
space is being controlled by an air pressure

10 controller.

BACKGROUND OF THE INVENTION
Many contained spaces, such as laboratories
and production areas, require either positive or
negative space pressure control to prevent contaminants
15 from either entering or leaving a designated location.
It is often also necessary to control the air
temperature within these pressure-controlled spaces.
Typically, to monitor and control air
pressure and air temperature within the same given
20 space, two independent feedback control systems are
used. Of these two systems, the pressure control
system typically has a much shorter time constant than
the temperature control system. For example, the time
constant of pressure control loops generally range from
25 15 to 60 seconds. In contrast, the time constant of
space temperature control loops generally range from 5
to 15 minutes, depending on the ventilation rate in the
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room relative to the room's size as well as the mass of
the space temperature sensor.

Due to the difference in time constants, the
space pressure control is capable of varying the amount

5 of supply air introduced into the space at a much
faster rate than the space temperature control can
sense and compensate for this thermo upset. As a
result, significant offset levels between the actual
space temperature and the desired space temperature

10 (the room temperature setpoint) can occur. Offset
levels as large as 5-10 degrees fahrenheit have been
observed.

To increase the accuracy of temperature
control systems which control the temperature of

15 airspace having pressure controlled by a pressure
control system, temperature control systems which
employ thermo energy models have been developed. For
example, such a system has been developed by Krueger,
Inc., and is described in System 3: Custom DDC VAV

20 Laboratory Ventilation Egquipment published in 1988.

The Krueger temperature control system
utilizes a very simple thermo energy model to decrease
the time constant of its temperature control loop. The
Kruger temperature control system heats supply air as

25 it flows into a room based on the room temperature, the
duct temperature, énd the room temperature setpoint.
However, the accuracy of the Krueger system is impeded
by its failure to compensate for other temperature-
affecting factors, such as the rate at which the heated

30 air is being supplied to the room and the mass and
temperature of air entering the enclosure through means
other than the supply air duct of the air pressure
controller.

Thus, it is clearly desirable to provide a

35 system and method for decreasing the time constant of
an air temperature control system disposed to maintain
the temperature of a pressure-controlled air space. It
is further desirable to provide a device and method for
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controlling the temperature of a room which implements
a more comprehensive energy flow model than is
currently provided in the art. It is further desirable
to provide a system which controls the air temperature

5 of an enclosed space with greater accuracy than is
achieved by systems currently implementing energy flow
models,

SUMMARY OF THE INVENTION
The present invention provides a system for

10 maintaining, at a room temperature setpoint, the
temperature of air within an enclosure having a supply
duct and an exhaust duct. The system includes heating
means for heating the air in the supply duct responsive
to a control signal, a first temperature sensor for

15 generating a room temperature signal indicative of the
temperature of the air in the enclosure, and a second
temperature sensor for generating a supply air
temperature signal indicative of the temperature of the
air heated by the heater means. The system further

20 includes a first air flow sensor for generating a
supply air flow signal indicative of the air flow in
the supply duct, a second air flow sensor for
generating an exhaust air flow signal indicative of the
air flow in the exhaust duct, and a temperature

25 controller coupled to the first temperature sensor, the
second temperature sensor, the first air flow sensor,
and the second air flow sensor. The temperature
controller is further coupled to the heating means and
provides the heating means with the control signal in

30 response to the room temperature signal, the supply air
temperature signal, the supply air flow signal, the
exhaust air flow signal, and the room temperature
setpoint.

The present invention further provides a

35 method for maintaining the temperature of air in an
enclosure at a desired temperature, wherein supply air
enters the enclosure through a supply duct, exhaust air
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leaves the enclosure through an exhaust duct, and make-
up air enters the enclosure from an exterior
environment. The method includes the steps of
providing a temperature controller, applying a signal

5 indicative of the temperature of the air in the
enclosure to the temperature controller, and
determining a heat transfer rate based on the
temperature of the air in the enclosure and the desired
temperature. The method further includes the steps of

10 applying a signal indicative of the flow of the supply
air to the temperature controller, applying a signal
indicative of the flow of the exhaust air to the
temperature controller, and determining the flow of the
make-up air based on the flows of the supply air and

15 the exhaust air. A desired supply air temperature is
then determined based on the flow of the supply air,
the flow of the make-up air, the temperature of the air
in the enclosure, the desired temperature, and the heat
transfer rate. The supply air is then heated to the

20 desired supply air temperature.

BRIEF DESCRIPTION OF THE DRAWINGS

The features of the present invention, which
are believed to be novel, are set forth with
particularity in the appended claims. The invention,

25  together with further objects and advantages thereof,
may best be understood by making reference to the
following description taken in conjunction with the
accompanying drawings, in the several figures of which
like reference numerals identify like elements, and

30 wherein:

Figure 1 is a schematic block diagram
illustrating the principle components of a temperature
control system in accordance with the present
invention;

35 Figure 2 is a schematic block diagram
illustrating the principle components of the
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temperature controller disposed in the system of Figure
; and
Figure 3 is a diagram of a linear feedforward
model by which a room temperature feedback controller
5 implemented in accordance with the present invention
estimates a heat transfer setpoint based upon the sign
and magnitude of a space temperature control offset.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
Referring to Figure 1, an enclosure 10 is

10 shown having a supply duct 12 and an exhaust duct 14.
An air pressure controller (not shown) supplies air
through supply duct 12 to the air space within
enclosure 10 to provide positive or negative space
pressure as exhaust air leaves enclosure 10 through

15 exhaust air duct 14. External or make-up air 16 enters
enclosure 10 through interstices in the walls, floor or
ceiling, in addition to variable openings such as doors
or windows.

According to the preferred embodiment of the

20 present invention, a temperature control system 18 is
connected to an air heater 20, a supply air temperature
sensor 22, a supply air flow sensor 24, a room
temperature sensor 26, an exhaust air flow sensor 28,
and an external air temperature sensor 30. Supply air

25 temperature sensor 22 is located in supply duct 12
between air heater 20 and the air space within
enclosure 10. Thus positioned, supply air temperature
sensor 22 monitors the temperature of the supply air
after it has flowed through and has been heated by air

30 heater 20. Sensor 22 transmits a signal indicative of
the temperature of the heated supply air (Tg) to
temperature controller 18.

Air flow sensors 24 and 28 monitor the
volumetric flow rates of the air flowing through supply

35 duct 12 and exhaust duct 14, respectively, and transmit
signals indicative thereof (CFMg, CFM.) to temperature
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controller 18. Temperature sensor 26 and temperature
sensor 30 monitor the temperature of the air within
enclosure 10 and the temperature of external air,
respectively, and transmit signals indicative thereof
(Ty, Tp) to temperature controller 18.

According to an alternative embodiment of the
invention, external temperature sensor 30 may be
replaced with a fixed constant representative of Tp.
This alternative embodiment is preferred when the
external temperature Tp is relatively invariant. Such
is the case, for example, when enclosure 10 is itself
enclosed within a larger enclosure, the temperature of
which is controlled. Under such circumstances, a fixed
constant T, may be used without sacrificing the
accuracy of temperature control, thus avoiding the
expense of external temperature sensor 30.

Temperature controller 18 receives the
signals indicative of the supply air temperature,
supply air flow, exhaust air flow, enclosure air
temperature, and external air temperature, and, based
on an energy flow model, controls air heater 20 to heat
the supply air to the temperature necessary to maintain
the air space within enclosure 10 at a specified
temperature (TummﬁmPMnﬁ° The energy flow model
implemented in temperature controller 18 will be
discussed in greater detail below.

Referring to Figure 2, it illustrates a
temperature controller 18 which may be utilized in the
system of Figure 1 in accordance with the present
invention. The temperature controller 18 generally
comprises an energy model controller 32, a room
temperature feedback controller 34, and a supply air
temperature feedback controller 36. Room temperature
feedback controller 34 receives a signal indicative of
Ty from room temperature sensor 26 and a signal
indicative of Tumnbwthn' Responsive to these signals,

room temperature feedback controller 34 generates a
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heat transfer setpoint (meomﬂ which it provides to
energy model controller 32.

The heat transfer setpoint (meom0 is an
estimate of the rate at which heat is added to the
airspace of enclosure 10 by, for example, electrical
devices, people, or exothermic processes within the
space, as well as heat transferred between the space
and the surrounding environment through the walls of
enclosure 10. meomtis generated by room temperature
feedback controller 34 pursuant to a method of heat
transfer estimation implemented by controller 34 which
will now be described in greater detail with reference
to Figure 3.

Because it is not practical to directly
measure or calculate the room heat transfer setpoint
(meomﬁl this value must be estimated responsive to Ty
and Tummﬁmpmmr According to the preferred embodiment
of the invention, room temperature feedback controller
34 estimates Qsetpoint by determining the sign and
magnitude of the space temperature control offset
(STCoffset) » Which represents the difference between T,
and Troom—setpoint' once STCygre is determined, Qsetpoint is
generated in accordance with a linear feedforward model
50 where the X-axis represents STCg and the Y-axis
represents the corresponding Qsetpoint * If STCyffet is
above a predetermined positive threshold value, Qsetpoint
is set to a predetermined maximum value (Qmax).
Conversely, if STCgg is below a predetermined negative
threshold value, meomtis set to a predetermined
minimum value (Qmin).

In an alternative embodiment, a feedback
controller with proportional and integral capabilities
(P.I.'controller) could be used to determine Qsetpoint 2S
a function of STCyg- Specifically, Qsetpoint MAY be

determined by the formula



WO 94/06069 PCT/US93/06205
-8 -

. t
QsatpOinc ( t) =Kp (STCoffset: ( t) +—;;fo STCoffsac( t) dt) (1)

where K is proportional gain and Ty is integral time.
Again referring to Figure 2, energy model
controller 32 receives T, from room temperature sensor
26, Qmmomtfrom room temperature feedback controller
5 34, CFM, from exhaust air flow sensor 28, CFMg from
supply air flow sensor 24, and T, from external air
temperature sensor 30. Responsive to these signals,
energy model controller 32 generates a signal
indicative of the temperature to which the supply air

10 must be heated (T 4&pdn0 to maintain the temperature

supply
of the enclosed air space at Ty5om-setpoint-

According to the preferred embodiment of the
invention, TmmDW*anm:is generated according to a heat
flow model represented by equation 2, where CFMy is the

15 volumetric flow rate of the exhaust air, T, is the
temperature of the room, CFMp is the volumetric flow
rate of makeup air, T is the temperature of the makeup
air, meomtis the estimated heat flow rate, and CFMg
is the volumetric flow rate of supply air. While CFM,

20 is not directly measurable, it is determined by
subtracting the volumetric flow rate of the exhaust air
(CFMg) from the volumetric flow rate of the supply air
(CFMS),'which signals are supplied by exhaust air flow
sensor 28 and supply air flow sensor 24 respectively.

Ty, = [(CFMT,) - (CFM,*T,) - (0.926%0,., ;) 1 /CFM,  (2)

25 Supply air temperature feedback controller 36
may be a conventional closed-loop feedback controller
disposed to control air heater 20 to heat the supply
air to the temperature represented by TmmpW@ﬂpMm:in
response to the feedback signal (Tg) generated by

30 supply air temperature sensor 22. As Tmmpwmmmﬁm

represents the temperature to heat the supply air to
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maintain the temperature of the air space enclosed by
enclosure 10 at Tpyomgempointr the temperature of the air
enclosed by enclosure 10 is accurately controlled.
Further, the time constant of the control loop of
temperature control system 18 is reduced significantly
by changing the effective temperature control loop to
that defined by heater 20 and sensor 22. The present
invention further provides increased accuracy by
adjusting the Tsupply-setpoint in response to changes in the
temperature of exterior air and changes in the flow
rate of the supply and make-up air, which changes may
significantly alter the supply air temperature required
to maintain the temperature of the enclosed space.

While particular embodiments of the present
invention have been shown and described, modifications
may be made. For example, supply duct 12 and exhaust
duct 14 may be replaced by any number of supply and
exhaust ducts. In such multi-duct systems, the
volumetric flow rate of the supply air would be the sum
of the flow rates of the various supply ducts.
Likewise, the volumetric flow rate of the exhaust air
would be the sum of the flow rates of the various
exhaust ducts. Therefore, it is intended in the
appended claims to cover all such changes and
modifications which fall within the true spirit and
scope of the invention.
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CLATIMS
What is claimed is:

1. A system for maintaining, at a room
temperature setpoint, the temperature of air within an
enclosure comprising a supply duct and an exhaust duct,
said system comprising:

5 heating means for heating the air in said
supply duct responsive to a control signal;

a first temperature sensor for generating a
room temperature signal indicative of the temperature
of the air in said enclosure;

10 a second temperature sensor for generating a
supply air temperature signal indicative of the
temperature of the air heated by said heater means;

a first air flow sensor for generating a
supply air flow signal indicative of the air flow in

15 said supply duct;

a second air flow sensor for generating an
exhaust air flow signal indicative of the air flow in
said exhaust duct; and

a temperature controller coupled to said

20 first temperature sensor, said second temperature
sensor, said first air flow sensor, and said second air
flow sensor, said temperature controller being further
coupled to said heating means for providing said
heating means with said control signal in response to

25 said room temperature signal, said supply air
temperature signal, said supply air flow signal, said
exhaust air flow signal, and said room temperature

setpoint.

2. The system of claim 1 wherein said
temperature controller includes an energy model
controller and a room temperature controller, said room
temperature controller being responsive to said room

5 temperature signal and said room temperature setpoint
for providing a heat transfer rate signal to said
energy model controller.
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3. The system of claim 2 wherein said
temperature controller further includes a supply air
temperature controller and wherein said energy model
controller is responsive to said heat transfer rate

5 signal, said room temperature signal, said supply air
flow signal, and said exhaust air flow signal for
providing a supply air temperature setpoint signal to
said supply air temperature controller.

4. The system of claim 3 wherein said
supply air temperature controller is responsive to said
supply air temperature signal and said supply air
temperature setpoint signal for providing said control
signal to said heater.

5. The system of claim 3 further comprising
a third temperature sensor for sensing the temperature
of air external to said enclosure, said third
temperature sensor being coupled to said energy model
5 controller for providing said energy model controller
with a signal indicative of the temperature of said
external air.

6. The system of claim 5 wherein said
energy model controller generates said supply air
temperature setpoint signal according to the equation:

Ty = [(CFMoT,) - (CFM,*T,) - (0.926°0, . 0:n:) 1 / CFM,

where Ty is said supply air temperature setpoint, CFMg
5 is the volumetric flow rate of the exhaust air, T, is
the temperature of the air in said enclosure, CFM, is
the volumetric flow rate of makeup air, Ty is the
temperature of the air external to said enclosure,
Qsetpoint is the heat transfer rate, and CFMg is the
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volumetric flow rate of supply air, wherein CFMp is the
difference between CFM, and CFMg.

7. A method of maintaining the temperature
of air in an enclosure at a desired temperature,
wherein supply air enters said enclosure through one or
more supply ducts, exhaust air leaves said enclosure

5 through one or more exhaust ducts, and make-up air
enters said enclosure from an exterior environment,
said method including the steps of:

providing a temperature controller;

applying a signal indicative of the

10 temperature of the air in said enclosure to said
temperature controller;

determining a heat transfer rate based on the
temperature of the air in said enclosure and said
desired temperature;

15 applying a signal indicative of the flow of
said supply air to said temperature controller;
applying a signal indicative of the flow of
said exhaust air to said temperature controller;
determining the flow of said make-up air
20 based on the flows of said supply air and said exhaust
air;

determining a desired supply air temperature
based on the flow of said supply air, the flow of said
make-up air, the temperature of the air in said

25 enclosure, said desired temperature, and said heat
transfer rate; and

heating said supply air to said desired
supply air temperature.

8. The method of claim 7 wherein the step
of heating said supply air includes the steps of:
providing a means for heating said supply

air;
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applying a signal indicative of the
temperature of the supply air to said temperature
controller; ’

determining the difference between the
temperature of the supply air and the desired supply
air temperature; and

_ controlling said heating means based on the

difference between the temperature of the supply air
and the desired supply air temperature.

9. The method of claim 7 wherein said
temperature’controller comprises a supply air
temperature controller, a room temperature controller,
and an energy model controller coupled to said room
temperature controller and said supply air temperature
controller.

10. The method of claim 9 including the
further steps of applying said signal indicative of the
temperature of the air in said enclosure and a signal
indicative of said desired temperature to said room
temperature controller; causing said room temperature
controller to perform said step of determining a heat
transfer rate based on the temperature of the air in
said enclosure and said desired temperature;

causing said room temperature controller to
generate a signal indicative of said heat transfer
rate; and

applying to said energy model controller said
signal indicative of said heat transfer rate.

11. The method of claim 10 including the
further steps of:

applying said signal indicative of said heat
transfer rate, said signal indicative of the
temperature of the air in said enclosure, said signal
indicative of the flow of said supply air, and said
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signal indicative of the flow of said exhaust air to
said energy model controller;

causing said energy model controller to
perform said step of determining the flow of said make-
up air based on the flows of said supply air and said
exhaust air;

causing said energy model controller to
perform said step of determining a desired supply air
temperature based on the flow of said supply air, the
flow of said make-up air, the temperature of said make-
up air, said desired temperature, the temperature of
the air in said enclosure, and said heat transfer rate;

causing said energy model controller to
generate a signal indicative of said supply air
temperature setpoint; and

applying to said supply air temperature
controller said signal indicative of said supply air

temperature setpoint.

12. The method of claim 11 including the
further steps of applying to said supply air
temperature controller said signal indicative of the
temperature of the supply air and said signal
indicative of said supply air temperature setpoint; and
causing said supply air temperature controller to
perform said step of heating said supply air to said
desired supply air temperature.

13. The method of claim 11 further
comprising the step of providing an external air
temperature sensor, wherein the temperaturé of the
make-up air is provided by said external air
temperature sensor.

14. The method of claim 11 wherein the
temperature of the make-up air is provided by a

predetermined fixed constant.
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1. A system (18) for maintaining, at a room
temperature setpoint, the temperature of air within an
enclosure (1C) having a supply duct (12) and an exhaust
duct (14), the system (18) characterized by:

a heater (20) fcr heating the air in the
supply duct (12) responsive to a contrel signal;

a first temperature sensor (26) for
generating a room temperature signal indicative of the
temperature of the air in the enclosure (10);

a second temperature sensor (22) for
generating a supply air temperature signal indicative
of the temperature of the air heated by the heater
(20);

a first air flow sensor (24) for generating a
supply air flow signal indicative of the air flow in
the suppiy duct (12);

a second air flow sensor (28) for generating
an exhaust air flow signal indicative of the air flow
in the exhaust duct (14); and

& temperature controller (18) coupled to the
first temperature sensor (26), the second temperature
sensor (22), the first air flow sensor (24), and the
second air flow sensor (28), the temperature controller
(18) being further coupled to the heater (20) for
providing the heater (20) with the control signal in
response to the room temperature signal, the supply air
temperature signal, the supply air flow signal, the
exhaust air flow signal, and the room temperature
setpoint.

2. The system (18) of claim 1 further
characterized in that the temperature controller (18)
includes an energy meodel controller (32) and a room
temperature controller (34), the room temperature
centroller (34) being responsive to the room
temperature signal and the room temperature setpoint
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for providing a heat transfer rate signal to the energy
model controller (32).

3. The system (18) cof claim 2 further
characterized in that the temperature controller {18}
further includes a supply air temperature controller
(36), and in that the energy model controller (32) is
responsive to the heat transfer rate signal, the rocom
temperature signal, the supply air flow signal, and the
exhaust air flow signal for providing a supply air
temperature setpoint signal to the supply air
temperature contrcoller (36;.

4, The system (18) ef claim 3 further
characterized in that the supply air temperature
controller (36) is responsive to the supply air
temperature signal and the supply air temperature
setpoint signal for providing the contrcl signal to the
heater.

5. The system (18) of claim 3 further
characterized by a third temperature senscr (30) for
sensing the temperature of zir external to the
enclesure (10), the third temperature sensor (30) being
coupled to the energy model controller (22) for
providing the energy model controller (32) with a
signal indicative of the temperature of the external
air.

6. The system (18) of claim 5 further
characterized in that the energy model controller (32)
generates the supply air temperature setpoint signal
according to the eguation:

Ul

T, = [(CFMT,) = (CPM T, = (C.5260,,,00000) 1 /CFM,
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where Tg is the supply air temperature setpoint, CFM,
is the volumetric flow rdte cof the exhaust air, T, is
the temperature of the air in the enclosure (10), CFMp,
is the volumetric flow rate of makeup air, T, is the
temperature of the air external to the enclosure {10},
Qsetpint 18 the heat transfer rate, and CFM. is the
volumetric flow rate of supply air, further

characterized in that CFMp is the difference between
CFMe and CFM;.

7. A method of maintaining the temperature
of air in an enclosure (10) at a desired temperature,
the enclosure (10) having one or more supply ducts (12)
through which supply air enters the enclosure (10), the
enclosure (19) having one or more exhaust ducts (14)
through which exhaust air leaves the enclosure (10),
and make-up air enters the enclosure (10) from an
exterior environment, the methed characterized by the
steps of:

providing a temperature controller (18);

applying a signal indicative of the
Cemperature of the air in the enclosure (10) to the
temperaturs controller (18);

deternining a heat transfer rate based on the
temperature of the air in the enciosure (1G) and the
desired tenperature;

applying a signal indicative of the flow of
the supply air to the temperature controller (18} ;

applying a signal indicative of the flow of
the exhaust air to the temperature controller (18);

deternining the flow of the make-up air based
on the flows of the supply air and the exhaust air;

determining a desired supply air temperature
based on the flow of the supply air, the flow of the
make~up air, the temperature of the air in the
enclosure {(10), the desired temperature, and the heat
transfer rate; ang
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heating the supply air to the desired supply
air temperature.

8. The method of claim 7 further
characterized in that the step of heating the supply
air includes the steps of:

providing a heater (20) for heating the

5 supply air;

applying a signal indicative of the
temperature of the supply air to the temperature
controller (18);

determining the difference between the

16  temperature of the supply air and the desired supply
air temperature; and

contreliling the heater (20) based on the
difference between tne temperature of the supply air
and the desired supply air temperature.

5. The method of claim 7 further
characterized in that the temperature controller (1i8)
comprises a supply air temperature controller (36), a
rocm temperature controller (34), and an energy model

5 controller (32) coupled to the room temperature
controller (34) and the supply air temperature
controller (36).

10. The method of claim 9 further
characterized by the steps of:

applying the signal indicative of the
temperature of the air in the enclosure (10) and a
signal indicative of the desired temperature to the

wn

room temperature controller (34);
causing the room temperature controller (34)
to perforn the step of determining a heat transfer rate
based on the temperature of the air in the enclosure
10 (10) and the desired temperature;
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causing the room temperature controller (24)
to generate a signal indicative of the heat transfer
rate; and

applyirg to the energy model controller (32)

5 the signal indicative of the heat transfer rate.

11. The methed cof claim 10 further
characterized by the steps of:
applying the signal indicative of the heat
transfer rate, the signal indicative of the temperature
5 of the air in the enclosure (10}, the signal indicative
af the flow of the supply air, and the signal
indicative of the flow of the exhaust air to the energy
model controller (32);
causing the energy model controller (32) to
10 perform the step of determining the flow of the make-up
air based on the flows of the supply air and the
exhaust air;
, causing the energy model controller (22) te
perform the step of determining a desired supply air
15 tenperature based on the flow of the supply air, the
flow of the make-up air, the temperature of the make-up
air, the desired temperature, the temperature of the
air in the enclosure (10), and the heat transfer rate;
causing the energy model controller (32) to
20 generate a signal indicative of the supply air
temperature setpoint; and
applying to the supply air temperature
controller (36) the signal indicative of the supply air
temperature setpoint.

12. Tha method cf claim 11 further
characterized by the steps of applying to the supply
air temperature controller (36) the signal indicative
of the temperature of the supply air and the signal

5 indicative of the supply air temperature setpoint; and
causing the supply air temperature contraoller (36) to
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perform the step of heating the supply air to the
desired supply air temperature.

12. The method of «laim 11 further
characterized by the step of providing an external air
temperature sensor (30), and further characterized in
that the temperature of the make-up air is provided by
the external air temperature sensor (30).

14. The methed of claim 11 further
characterized in that the temperature of the make-up
air is provided by a predetermined fixed constant.
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STATEMENT UNDER ARTICLE 19

Attached heretc are replacement pages 10-15 for
the application. Original claims 1-14 have been amended to

tc place the claims in EPO claim format.
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