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METHOD OF DEFROSTING AN ENERGY
RECOVERY VENTILATOR UNIT

CROSS REFERENCE TO RELATED

APPLICATIONS
[0001] This application is related to U.S. patent application
Ser. No. (docket no. P100090), by McKie et al.,

entitled, “DESIGN LAYOUT FOR AN ENERGY RECOV-
ERY VENTILATOR SYSTEM” (“Appl-17), filed on Oct.

, 2011, U.S. patent application Ser. No. 13/267,542
(Docket No. P100094), by McKie et al., entitled, “DETECT-
ING AND CORRECTING ENTHALPY WHEEL FAILURE
MODES” (“Appl-2”), filed on Oct. 6, 2011, and U.S. patent
application Ser. No. 13/267,492 (Docket No. P100076), by
McKie et al., entitled, “ERV GLOBAL PRESSURE
DEMAND CONTROL VENTILATION MODE (ERV
CASE)” (“Appl-3™), filed on Oct. 6, 2011, all of which are
incorporated herein by reference in their entirety. One or
more of the above applications may describe embodiments of
Energy Recovery Ventilator Units components and processes
thereofthat may be suitable for making and/or use in some of
the embodiments described herein.

TECHNICAL FIELD

[0002] This application is directed, in general, to space
conditioning systems and methods for conditioning the tem-
perature and humidity of an enclosed space using an energy
recovery ventilator unit, and in particular, to methods and
devices for defrosting energy recovery ventilator units.

BACKGROUND

[0003] Energy recovery ventilator units are often used in
space conditioning systems to maintain air quality while
minimizing energy losses. Sometimes the energy recovery
ventilator unit can become frosted, thereby reducing the func-
tionality of the unit.

SUMMARY

[0004] One embodiment of the disclosure is a method
defrosting an energy recovery ventilator unit. The method
comprises activating a defrost process of an enthalpy-ex-
change zone of the energy recovery ventilator unit when an
air-flow blockage in the enthalpy-exchange zone coincides
with a frost threshold in the ambient environment surround-
ing the energy recovery ventilator unit. The method also
comprises terminating the defrost process, including termi-
nating the defrost process when an operating condition in the
vicinity of the enthalpy-exchange zone substantially returns
to a pre-frosting operating condition.

[0005] Another embodiment is an energy recovery ventila-
tor unit. The energy recovery ventilator unit comprises a
defrost control module configured to activate the defrost pro-
cess and to terminate the defrost process, as described above.

BRIEF DESCRIPTION

[0006] Reference is now madeto the following descriptions
taken in conjunction with the accompanying drawings, in
which:

[0007] FIG. 1 presents a flow diagram showing selected
steps in an example method of defrosting an energy recovery
ventilator unit according to the principles of the disclosure;
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[0008] FIG. 2 presents an cross-sectional view of an
example energy recovery ventilator unit of the present disclo-
sure;

[0009] FIG. 3 presents a flow diagram of an example imple-
mentation of the method of the disclosure in the case where
the energy recovery ventilator unit does not include a pow-
ered heat source or a secondary air-intake opening;

[0010] FIG. 4 presents a flow diagram of another example
implementation of the method of the disclosure in the case
where the energy recovery ventilator unit does include a
powered heat source but does not include a secondary air
intake opening;

[0011] FIG. 5 presents a flow diagram of another example
implementation of the method of the disclosure in the case
where the energy recovery ventilator unit does include a
powered heat source 250 but not a secondary air-intake open-
ing; and

[0012] FIG. 6 presents a flow diagram of another example
implementation of the method of the disclosure in the case
where the energy recovery ventilator unit does include a
powered heat source and a secondary air-intake opening.

DETAILED DESCRIPTION

[0013] The term, “or,” as used herein, refers to a non-ex-
clusive or, unless otherwise indicated. Also, the various
embodiments described herein are not necessarily mutually
exclusive, as some embodiments can be combined with one or
more other embodiments to form new embodiments.

[0014] It is desirable to have an efficient and flexible
method for defrosting an energy recovery ventilator unit that
both minimizes the energy expended for defrosting and mini-
mizes the time spent when the energy recovery ventilator unit
is not in its normal operating mode.

[0015] FIG. 1 presents a flow diagram showing selected
steps in an example method of defrosting an energy recovery
ventilator unit according to the principles of the disclosure. To
facilitate understanding of the flow diagram presented in FIG.
1, FIG. 2 presents a perspective view of an example energy
recovery ventilator unit 200 of the disclosure, which can
include but is not limited to, any of the design layouts and any
of'the components parts described in Appl-1. The unit 200 can
be part of a space conditioning system 202.

[0016] For instance, the unit 200 can comprise a cabinet
205 housing an intake air zone 210 (e.g., sometimes a primary
intake air zone), a supply air zone 212, a return air zone 214,
an exhaust air zone 216 and an enthalpy-exchange zone 218.
The intake zone 210 and the exhaust zone 216 are both on one
side 220 of the enthalpy exchange zone 218, and, the supply
zone 212 and the return zone 214 are both on an opposite side
225 of the enthalpy exchange zone 218. The energy recovery
ventilator unit 100 also comprises a first blower 230 and a
second blower 235. The first blower 230 is located in the
intake zone 210 and is configured to push, or alternatively
pull, outside air into the intake zone 210 and straight through
the enthalpy exchange zone 218 into the supply zone 212. The
second blower 235 is located in the return zone 214 and is
configured to push, or alternatively pull, return air into the
return zone 214 and straight through the enthalpy exchange
zone 218 into the exhaust zone 216. The enthalpy exchange
zone 218 can include one or more enthalpy-exchanger
devices 240 configured as one or more enthalpy wheels or
other enthalpy-exchange devices such as plated heat
exchangers or heat pipes or other devices familiar to those
skilled in the art. As further illustrates the unit can further
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include a defrost control module 245 which as illustrated, can
be located on the outside surface of the cabinet 205 although
other located are within the scope of the disclosed unit 200.
[0017] Returning to FIG. 1, the method 100 of defrosting
the energy recovery ventilator unit 200 comprises a step 105
of activating a defrost process of an enthalpy-exchange zone
218 of the energy recovery ventilator unit 200 when an air-
flow blockage in the enthalpy-exchange zone 218 coincides
with a frost threshold in the ambient environment surround-
ing the energy recovery ventilator unit 200.

[0018] As further illustrated in FIG. 1 some embodiments
of'the method 100 can include a step 107 of determining if an
air-flow blockage exists in the enthalpy-exchange zone 218.
Step 107 can include any of the processes described in Appl-2
for determining the presence of an air-flow blockage through
an enthalpy-exchange zone 218. In some cases step 107 can
include determining a pressure difference across the
enthalpy-exchange zone 218 while the energy recovery ven-
tilator unit 200 is operating. In other cases, step 107 can
include determining a heat transfer efficiency across the
enthalpy-exchange zone 218 while the energy recovery ven-
tilator unit 200 is operating. The pressure or heat transfer
efficiency can be compared to the analogous operational char-
acteristic of pressure or heat transfer when the unit 200 deter-
mined during step 108 when the unit 200 was in a known
normal operating condition. When the pressure difference
increases or heat transfer decreases beyond a pre-defined
limit the presence of an air-flow blockage is signaled, such as
disclosed in Appl-2.

[0019] Asalso in FIG. 1, some embodiments of the method
100 can include a step 109 of determining if the air-flow
blockage in the enthalpy-exchange zone coincides with a
frost threshold existing in the ambient environment surround-
ing the unit 200.

[0020] The term, frost threshold, as used herein, refers to a
pre-selected temperature value corresponding to the mea-
sured ambient air-temperature surrounding the energy recov-
ery ventilator unit at which frost formation will occur. In
some cases, for example, the frost threshold can correspond to
a pre-selected temperature value in a range of 20 to 32° F. In
some cases, the frost threshold can be pre-selected tempera-
ture value that is adjusted depending on the relative humidity
within energy recovery ventilator unit 200. For example, in
some cases, the frost threshold may be a temperature value of
20° F. when the relative humidity is low (e.g., 30 percent or
lower) but linearly adjusted to 32° F. as the relative humidity
reaches 100 percent.

[0021] As illustrated for the example method 100 shown in
FIG. 1, when there is both an air-flow blockage (e.g., yes, in
step 107) in the enthalpy-exchange zone 218 and there is a
frost threshold (e.g., yes, in step 109) the defrost process (step
105) can be activated. Alternatively, when there is an air-flow
blockage (yes, in step 107) in the enthalpy-exchange zone
218 but there is a frost threshold (no in step 109) then a
non-frost failure mode step 110 can be activated. This can
advantageously prevent the unit 200 from going into a defrost
mode when it is determined a frosting condition unlikely to
have occurred. The procedures followed when the non-frost
failure mode (step 110) is activated can include any of the
processes described in Appl-2.

[0022] As shownin FIG. 1, the method 100 also comprises
a step 115 of terminating the defrost process, including a step
116 of terminating the defrost process when an operating
condition in the vicinity of the enthalpy-exchange zone 218
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substantially returns to a pre-frosting operating condition.
The term operating condition, as used herein, refers to an
environmental conditions or properties at one or more loca-
tions in the unit 200 that is measurable while the unit 200 is
operating either before or during the defrost process (step
110). The term pre-frosting operating condition refers to the
environmental condition when the unit 200 was in a normal
operating state step 108 (e.g., prior to detecting a air-flow
blockage in step 107)

[0023] It is often desirable for the defrost process to con-
tinue for as short a period as possible, because defrosting can
reduce the energy and heat transfer efficiency of the unit 200,
and in some cases damage components (e.g., the enthalpy-
exchanger devices 240) of the unit 200. In some cases, mini-
mizing the defrosting time can be facilitated by providing
multiple different criteria for terminating the defrost process.
Consequently, terminating the defrost process can include
monitoring one or more different operating conditions of the
unit 200.

[0024] For instance, in some cases, terminating the defrost
process (step 115) can further include a step 117 of determin-
ing the operating condition (as part of step 116), which
includes measuring an air-pressure difference across the
enthalpy-exchange zone 218 while the unit 200 is operating.
For example, pressure transducers 242, situated on either side
of the enthalpy zone 218, can monitor the pressure during
defrost process (step 110) as well as during pre-defrost con-
ditions, such as determined, e.g., during a normal operating
state (step 109). In such cases, terminating the defrost process
(step 115) includes terminating after the operating condition,
corresponding to the measured air-pressure difference across
the enthalpy-exchange zone 218, has decreased to substan-
tially equal to (e.g., within £10% in some cases) the pre-
frosting operating condition, corresponding to an air-pressure
difference across the enthalpy-exchange zone 218 measured
prior to activating the defrost process (e.g., measured during
step 109).

[0025] For instance, in some cases, terminating the defrost
process (step 115) further includes a step 119 of determining
the operating condition (as part of step 116), which includes
measuring a heat transfer efficiency across the enthalpy-ex-
change zone 218 while the unit 200 is operating.

[0026] For example, temperature sensor 244, situated on
either side of the enthalpy zone 218, can monitor the tempera-
ture during defrost process (step 110) as well as during pre-
defrost conditions, such as determined, e.g., during a normal
operating state (step 109). The heat transfer efficiency is
proportional to the ratio of: the temperature difference
between the intake air zone 210 and the supply air zone 212
divided by the temperature difference between the return air
zone 214 and the intake air zone 210. The temperature difter-
ence between the difference between return air zone 214 and
intake air zone 210 is considered to represent the overall heat
transfer occurring in the unit 200, e.g., that drives energy
transfer, while the temperature difference between the intake
air zone 210 and the supply air zone is considered to represent
the actual heat transfer occurring.

[0027] In such cases, terminating the defrost process (step
115) includes terminating after the operating condition, cor-
responding to the measured heat transfer efficiency across the
enthalpy-exchange zone 218, has decreased to be substan-
tially equal to (e.g., within £10% in some cases) the pre-
frosting operating condition, corresponding to a heat transfer
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efficiency across the enthalpy-exchange zone 218 measured
prior to activating the defrost process (e.g., measured during
step 109).

[0028] In some embodiments, however, if the operating
condition has not substantially returned to a pre-frosting
operating condition, then the non-defrost failure mode (step
110) is entered.

[0029] In some cases, it is also desirable to terminate the
defrost process (step 115) after a measured pre-selected time
limit is reached (step 120). This can advantageously prevent
excessive energy and time being expended on defrosting
when the enthalpy exchange zone 218 is blocked for reason
other than frosting. In some cases, if the time limit measured
in step 120 has reached the pre-selected time limit (e.g., a
defrosting time limit has expired), the non-defrost failure
mode (step 110) is entered.

[0030] To facilitate minimizing the defrosting time and
minimizing the energy expended on defrosting, some
embodiments of the method 100 provide multiple defrosting
strategies that can be implemented, either alone or in combi-
nation, as part of the defrosting process 105, and implements
in a fashion that depends on the ambient environmental con-
ditions surrounding the unit 200 or on the components that are
included in the unit 200.

[0031] For instance, in some embodiments, the activated
defrost process (step 105) further includes a step 130 of
activating a powered heat source 250 configured to warm air
in the intake air zone 210 or the exhaust air zone 216 located
inside of the unit 200. The powered heat source 250 can
pre-heat the ambient cold air outside of the unit to thereby
facilitate rapid defrosting. In some cases, the powered heat
source 250 can be an electric heater. However, in other cases,
a gas-fired heat exchanger could be used. In some cases, the
powered heat source 250 is, or includes, a modular electric
heater coupled to the outside of the unit 200 and located
upstream of an air intake opening 252 of the intake air zone
210. The term modular electric heater, as used herein, refers
to a self-contained heater that includes one or more of tem-
perature sensors, electrical power connections, device control
connections, as integral parts of the heater 250, thereby facili-
tating field-installation of the heater 250, e.g., to a previously
installed unit 200.

[0032] In some embodiments, activating the powered heat
source 250 in step 130 further including a step 132 of adjust-
ing the powered heat source 250 to one of a plurality of
different levels of heat generation as a function of an ambient
air temperature surrounding the unit 200. For instance, if the
ambient air temperature is at or below a pre-selected set-point
(e.g.,20° F. in some cases) then the heater 250 can be adjusted
to a high level of heating. If the ambient air temperature is
above the set-point then the heater 250 can be adjusted to a
low level ofheating. Having the ability to adjust to plurality of
different levels facilitates using the full heating the potential
of'the heater at certain times, but, avoiding excessive heating
at other times, that could damage, e.g., due to melting or
softening of plastic parts in the enthalpy exchange device 240,
or other components of the unit 200.

[0033] For instance, in some embodiments, the activated
defrost process (step 105) further includes a step 135 of
reducing airflow from an air intake zone 210 located inside of
the unit 200 to the enthalpy exchange-zone 218. For instance,
the speed of the air blower 230 located in the intake air zone
210 can be reduced. For instance, in some cases the speed of
the air blower 230 is reduced by about 20 to 30 percent as
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compared to the speed of the air blower when the unit 200 is
in its normal operating state (e.g., step 108). Reducing the
airflow can facilitate defrosting because the amount of cold
air drawn into the unit 200 from the ambient outside air is
reduced. In some cases, when the unit 200 includes the pow-
ered heat source 250, reducing the airflow from the air-intake
zone 210 (step 135) at or during the same time as activating
the heat source 250 (step 130) can speed defrosting because
the temperature of the air reaching the enthalpy zone 218 is
increased.

[0034] Insome embodiments, the activated defrost process
(step 105) further includes a step 140 of activating an air
controller assembly 260 so as to allow air-flow through a
secondary air-intake opening 262 connected to the supply
zone 212 located inside of the unit 200. As further disclosed
in Appl-1, the air controller assembly 260 can include baftles
or dampers 264 which are configured to be continuously
adjustable to allow substantially no air, to large volumes of
air, to pass through the secondary intake opening 260. In FIG.
2, only a partial cut-away view of the example air controller
assembly 260 is depicted so that the supply air zone 212 and
secondary input opening 262 can be more clearly depicted.
[0035] As illustrated in FIG. 1 in some cases, the air con-
troller assembly 260 is activated in step 140 when the air flow
through the primary air intake zone 210 is reduced in step 135.
In some applications (e.g., schools, hospitals), allowing air
through the secondary air-intake opening 262 is important to
meeting certain fresh air requirements that must be met, even
when performing the defrost process (step 105). In some
cases, to facilitate meeting the fresh air requirements, the
reduction in the air flow from the air intake zone 210 and an
increase in the air-flow through the secondary air-intake
opening 262 are coordinated such that the air-pressure inside
of the unit 200 substantially equals an ambient air pressure
surrounding unit 200. Examples of some such embodiments
are further described in Appl-3 in the context of using mea-
surements from a global demand pressure sensor of the unit
200 as part of controlling the air controller assembly 260 and
thereby achieving the desired amount of air-flow through a
secondary air-intake opening 262 to meet the fresh air
requirements. In some cases, the air controller assembly 260
is activated such that there is a slightly negative pressure
compared to the global demand pressure (e.g., within about
0.1 to -0.2 inches, water column) to help prevent any ensure
that any air conditioned by the enthalpy exchange zone 218
does not get blown out of the unit 200 (e.g., through the
secondary air-intake opening 262) before being transferred
into a air-handler unit 510, (e.g., heating ventilation and cool-
ing system, such as a roof top unit), coupled to the unit 200.
[0036] In some embodiments, the defrost process (acti-
vated in step 105) further includes a step 145 of activating a
heat source 270 of an air-handling unit 272 that is coupled to
the unit 200, such that the air exiting the air-handling unit 272
is heated to a substantially same temperature than before the
defrosting process was activated (step 105). The heater 270 of
the air-handling unit 272 can be a gas-fired heater, electric
heater or other heater familiar to those skilled in the art. As
illustrated in FIG. 2 the air-handling unit is located down-
stream, and configured to receive air, from the unit 200. The
air-handling unit can be part of the space conditioning system
202.

[0037] Activating the heat source 270 of an air-handling
unit 272 in step 145 can advantageously heat cold outside air
through the secondary air-intake opening 262 and thereby
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make the conditioned space more comfortable during the
defrosting process 115. In some cases, the heat source 270 in
the air-handling unit 272 is activated in step 145 at the same
time, or before, the air controller assembly is activated in step
140. For instance, in some cases, activating the air controller
assembly in step 140 cases dampers 264 covering the second-
ary air-intake opening 262 can take one to two minutes to
fully open. During this time, activating the heater 270 can
pre-heat the air such that when the secondary air-intake open-
ing 262 is fully opened, the air reaching the conditioned space
is preheated to substantially same temperature as before the
defrosting process started.

[0038] Another embodiment of the disclosure is the energy
recovery ventilator unit 200, which can comprise any of
embodiments of the unit 200 discussed in the context of FIG.
1 and presented in FIG. 2. For instance, the unit 200 com-
prises a defrost control module 245 is configured to activate
the defrost process (step 105) and terminate the defrost pro-
cess (step 115), such as disclosed in the context of FIG. 1.
Embodiments of the unit 200 can include the components
such as the intake air zone, 210, supply air zone 212, return air
zone 214, exhaust air zone 216, enthalpy exchange zone 218,
as disclosed above and as further disclosed in Appl-1, Appl-2
and Appl-3.

[0039] Forinstance, the unit 200 can include pressure trans-
ducers 242 configured to measuring an air-pressure differ-
ence across the enthalpy-exchange zone 218 while the unit
200 is operating. The pressure transducers 242 can be con-
figured to transmit the measured air pressure difference to the
defrost control module 245, and the defrost control module
245 can be configured to determine the operating condition as
including the air-pressure difference in accordance with step
117.

[0040] For instance, the unit 200 can include temperature
sensors configured to measuring air temperatures 244 of the
intake zone 210, a supply air zone 212, and a return air zone
214 located inside of the unit 200. The temperature sensors
244 can be configured to transmit the measured air tempera-
tures to the defrost control module 245. The defrost control
module 245 can be configured to determine the operating
condition as including a heat transfer efficiency determined
from the measured air temperatures, in accordance with step
119.

[0041] For instance, the defrost module 245 can be config-
ured to terminate the defrost process (step 115) after a prese-
lected time limit is reached. In some embodiments, e.g., the
defrost module 245 includes an electronic timing circuit that
monitors the time when the defrost process was activated in
step 105, and compare the accumulated defrosting time to the
preselected time limit, e.g., as set by factory or installation
personnel.

[0042] Forinstance, the unit 200 can further include a pow-
ered heat source 250 configured to warm air in the intake air
zone 210 or the exhaust air zone 216 located inside of the unit
200, and the defrost control module can be configured to
activate or deactivate the heat source 250. In some embodi-
ments the powered heat source 250 includes, or is, a modular
electric heater configured to be coupled to the outside of the
unit 200 and located upstream of the air intake opening 252 of
the intake air zone 210.

[0043] For instance, the defrost module 245 can be config-
ured to control the airflow from the air intake zone 210 located
inside unit 200 to the enthalpy exchange-zone 218. In some
embodiments, e.g., the defrost module 245 includes an elec-
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tronic circuit configured to control the speed of the air intake
blower 250 located in the intake air zone 210, in accordance
with step 135.

[0044] For instance, the unit 200 can further include an air
controller assembly 260 configured to adjust an amount of
air-flow through a secondary air-intake opening 262 con-
nected to a supply zone 212 located inside of the unit 200, and
the defrost control module 245 can be configured to control
the air controller assembly 260 to increase or decrease the
amount of air allowed through the secondary air-intake open-
ing 262.

[0045] For instance, the defrost control module 245 can be
configured the control a heat source 270 of an air-handling
unit 272 that is coupled to the unit 200. In some embodiments,
e.g., the defrost module 245 includes an electronic circuit that
is configured to activate the heat source 272, e.g., when there
is air flowing through the secondary intake air opening 262,
such that the air exiting the space conditioning system is
heated to a substantially same temperature than before the
defrosting process was activated. The electronic circuit can be
configured to deactivate the heat source 272, when the
defrosting process in terminated in step 115, or when there is
not longer air flowing through the secondary intake air open-
ing 262.

[0046] Aspects of the disclosed method of defrosting are
further illustrated in FIGS. 3-6, which present of example
implementations of the method 100 and the unit 200.

[0047] FIG. 3 presents a flow diagram of an example imple-
mentation of the method 100 in the case where the unit 200
does not include a powered heat source 250 or a secondary
air-intake opening 262. The method 100 can include a starting
a defrost check mode (step 301) which can include: step 303
of turning on the enthalpy exchange device 240 (e.g., make
sure an enthalpy wheel device 240 is rotating), step 305 of
verifying that the blower 250 is at the proper set point for heat
transfer to occur, and step 307 (an example of step 109) of
deciding whether to enter defrost mode including, e.g. mea-
suring the outside air temperature and determining if the
temperature is above the frost threshold. The defrost check
(step 301) can include entering a non-frost failure mode step
310 (an example of step 110), if' it is decided, in step 307, that
the blockage is not due to frost formation. The defrost check
(step 301) can include a step 313 of deciding if there is a
heater 250 installed. If there is a heater 250 installed, then
other procedures such as set forth in FIGS. 4-8 may be fol-
lowed. If there is not a heater 250 installed, then a blower
defrost mode (step 315) is entered (an example of step 105).
[0048] The blower defrost mode (step 315) can include a
step 317 of reducing the air flow to the enthalpy exchange
zone 218 e.g., by increasing the speed of the blower 230 (an
example of step 135), a step 319 of commencing a timer, a
step 321 of monitoring the accumulated time and determining
in step 323 if a time-limit is reached (examples of step 120).
Ifthe time-limit is reached, a step 325 of further increasing the
air flow (e.g., such as the air flow priorto step 317) is activated
and in step 327 the operating condition (e.g., pressure difter-
ence and/or heat transfer efficiency) is measured (an example
of steps 116, 117, 119). In step 329, it is decided if the
operating condition (e.g., pressure or heat transfer efficiency)
is not different than the pre-frosting operating condition. If
there is no difference, then the blower defrost mode (step 315)
is terminated (an example of step 115) and the unit 200
returns to a normal operating state in step 331 (an example of
step 108). If there is still a difference in the operating condi-
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tion compared to the pre-frosting condition, then a second
blower defrost mode (step 333) is entered (an example con-
tinuation of step 105).

[0049] The second blower defrost mode (step 333) includes
steps 335, 337, 339, 341, 343, 345, and 347 which are analo-
gous to steps 317, 319, 321, 323, 325, 327, and 329, respec-
tively, with the exception that the air flow reduction in step
335 is greater than the air flow reduction in step 317 (e.g.,
blower 230 speed is further lowered).

[0050] Ifthereis still adifference in the operating condition
(e.g., pressure difference or heat transfer efficiency) com-
pared to a pre-frosting operating condition, then a third
blower defrost mode (step 353) is entered (an example of
continuing step 105). Again the third blower defrost mode
(step 353) includes steps 355, 357, 359, 361, 363, 365, and
367 which are analogous to steps 317, 319, 321, 323, 325,
327, and 329, respectively, with the exception that the air flow
reduction in step 355 is more (e.g., blower 230 speed is lower)
than the air flow reduction in step 317 or step 335. In some
cases, the air flow is reduced to zero in step 355 (e.g., the
blower 230 is turned off), while in other cases there is still air
flow to enthalpy exchange zone 218. In some cases the time-
limit set in step 339 can be different than the time-limit set in
step 319.

[0051] Based on the present disclosure, one of ordinary
skill would appreciate that the number of blower defrost
modes could be increased or decreased compared to that
depicted in FIG. before after a final decision step (e.g., step
367) that the is still a difference in the pressure difference or
heat transfer efficiency compared to a pre-frosting operating
condition and the a non-frost failure mode step 310 is acti-
vated.

[0052] FIG. 4 presents a flow diagram of another example
implementation of the method 100 in the case where the unit
200 does include a powered heat source 250 but does not
include the secondary air intake opening 262. The same num-
bers indicate steps that are analogous to the steps described in
FIG. 3, with the exception that instead of a blower defrost
mode step 315, there is a combined blower and heating
defrost mode step 415, which can include activating the pow-
ered heat source 250 (an example of step 130, as part of step
105) and reducing the air flow such as described in the context
of the defrost mode 315 disclosed in FIG. 3.

[0053] In some cases, e.g., an electric heater 250 can be
staged to different heating levels based on an outside air
temperature measured in the air-intake zone 210 the control
module 245 can lower the intake air blower 230 speed, and
electric heater 250 heater operated at a low heating level, until
the pressure difference across the enthalpy zone 218 (e.g., an
enthalpy wheel intake pressure minus a the wheel exhaust
pressure) are at pre-frost conditions. If frosting not addressed
the speed of the blower 230 can be reduced to an allowable
minimum and electric heater will operate at a higher heating
level.

[0054] Aspects of a another embodiment staged heating are
further illustrated in FI1G. 5 which presents a flow diagram of
another example implementation of the method 100 in the
case where the unit 200 does include a powered heat source
250 but not the secondary air-intake opening 262. Again, the
same numbers indicate steps that are analogous to the steps
described in FIG. 3. Instead of a blower defrost mode step
315, or combined blower defrost mode and heating mode step
415 (FIG. 4), there is a staged heating defrost mode step 515
(an example of step 130 as part of step 105). In step 517, it
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determined if there outside air temperature is below a pre-
selected temperature. If the outside air temperature is above
the pre-selected temperature then at step 519, a low level of
heating is selected (an example of step 132). If the outside air
temperature is below the pre-selected temperature, then at
step 521, a high level of heating is selected (again an example
of step 132). Alternatively, if after the time-limit set in step
319 has expired and there is still a difference in the pressure
difference or heat transfer efficiency compared to a pre-frost-
ing operating condition, the heating can transition at step 323
from the low level (step 519) to the high level (step 521). If
after the time-limit set in step 337 has expired and there is still
a difference in the pressure difference or heat transfer effi-
ciency compared to a pre-frosting operating condition, the
staged heating mode step 515 can transition at step 523 to the
combined blower defrost mode and heating mode step 415 as
described in FIG. 4.

[0055] Insome cases,e.g.,an electric heater 250 is staged in
as quickly as possible to facilitate continued delivery the
correct amount of fresh air. The pressure across the enthalpy
zone 218 can be monitoring to determine if defrost has been
completed by observing that the pressure difference has
reverted back to pre-frosted level.

[0056] FIG. 6 presents a flow diagram of another example
implementation of the method 100 in the case where the unit
200 does include a powered heat source 250 and the second-
ary air-intake opening 262. Again, the same numbers indicate
steps that are analogous to the steps described in FIGS. 3 and
5. Instead of a blower defrost mode step 315, there is a
combined blower and staged heating defrost mode step 615
which can include activating an air controller assembly 260
and a heat source 270 of an air-handler unit 272 (examples of
steps 140 and 145, respectively as part of step 105).

[0057] After starting the defrost mode, a heat source 270 of
an air-handler unit 272 can be activated in step 617, e.g., as a
preheating step. After step 517, but before either of steps 519
or 521, there is a step 619 of reducing the air flow to the
enthalpy exchange zone 218 (e.g., similar to step 317) plus
activating an air controller assembly 260 (e.g., to open damp-
ers covering the secondary air-intake opening 262). In step
621 it is determined if the secondary air-intake opening 262 is
fully open and pressure in the unit 200 is at or slightly below
a global pressure value (e.g., such as further described in
Appl-3). If the pressure in the unit 200 is too low, then the
intake air flow is increases (e.g., by increasing the blower 230
speed) in step 623. Steps 619, 621 and 623 are followed by
either of steps 519 or 521 depending on the decision made in
step 517. Subsequent steps are similar to the steps presented
inFIG.3 or 5.

[0058] Insome cases, e.g., the control module 245 will slow
down intake blower 230 to a minimum accepted air-flow and
open up dampers 264 of the air controller assembly 260 until
pressure at the air-handler 272 is the same as the ambient
pressure. An electric heater 250 will energize at maximum
heating capacity until the pressure difference across the
enthalpy exchange zone 218 is at a pre-frost condition. Then
the damper will slowly close as the intake blower 230 speed
increases back to it normal set point.

[0059] Those skilled in the art to which this application
relates will appreciate that other and further additions, dele-
tions, substitutions and modifications may be made to the
described embodiments.
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What is claimed is:
1. A method of defrosting an energy recovery ventilator
unit, comprising:
activating a defrost process of an enthalpy-exchange zone
of the energy recovery ventilator unit when an air-flow
blockage in the enthalpy-exchange zone coincides with
a frost threshold in the ambient environment surround-
ing the energy recovery ventilator unit; and

terminating the defrost process, including terminating the
defrost process when an operating condition in the vicin-
ity of the enthalpy-exchange zone substantially returns
to a pre-frosting operating condition.

2. The method of claim 1, wherein terminating the process
to defrost further includes determining the operating condi-
tion, including measuring an air-pressure difference across
the enthalpy-exchange zone while the energy recovery ven-
tilator unit is operating.

3. The method of claim 2, wherein terminating the defrost
process includes terminating after the operating condition,
corresponding to the measured air-pressure difference across
the enthalpy-exchange zone, has decreased to substantially
equal the pre-frosting operating condition, corresponding to
an air-pressure difference across the enthalpy-exchange zone
measured prior to activating the defrost process.

4. The method of claim 1, wherein terminating the process
to defrost further includes determining the operating condi-
tion, including measuring a heat transfer efficiency across the
enthalpy-exchange zone while the energy recovery ventilator
unit is operating.

5. The method of claim 4, wherein terminating the process
to defrost includes terminating after the operating condition,
corresponding to the measured heat transfer efficiency, has
decreased to be substantially equal to the pre-frosting oper-
ating condition, corresponding to an heat transfer efficiency
across the enthalpy-exchange zone prior to activating the
defrost process.

6. The method of claim 1, wherein terminating the process
to defrost includes terminating after a preselected time limit is
reached.

7. The method of claim 1, wherein the defrost process
further includes activating a powered heat source configured
to warm air in an intake air zone or an exhaust air zone located
inside of the energy recovery ventilator unit.

8. The method of claim 7, wherein the powered heat source
includes a modular electric heater coupled to the outside of
the energy recovery ventilator unit and located upstream of an
air intake opening of the intake air zone.

9. The method of claim 7, wherein activating the powered
heat source further including adjusting the powered heat
source to one of a plurality of different levels of heat genera-
tion as a function of an ambient air temperature surrounding
the energy recovery ventilator unit.

10. The method of claim 1, wherein the defrost process
further includes reducing airflow from an air intake zone
located inside of the energy recovery ventilator unit to the
enthalpy exchange-zone.

11. The method of claim 10, wherein the defrost process
further includes activating an air controller assembly so as to
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allow air-flow through a secondary air-intake opening con-
nected to a supply zone located inside of the energy recovery
ventilator unit.

12. The method of claim 11, wherein the reduction in the
air flow from the air intake zone and an increase in the air-flow
through the secondary air-intake opening are coordinated
such that the air-pressure inside of the energy recovery ven-
tilator unit substantially equals an ambient air pressure sur-
rounding the energy recovery ventilator unit.

13. The method of claim 11, wherein the defrost process
further includes activating a heat source of an air-handling
unit coupled to the energy recovery ventilator unit, such that
the air exiting the air-handling unit is heated to a substantially
same temperature than before the defrosting process was
activated.

14. The method of claim 13, wherein the heat source in the
air-handling unit is activated at the same time, or before, the
air controller assembly is activated.

15. An energy recovery ventilator unit, comprising:

a defrost control module configured to:

activate a defrost process of an enthalpy-exchange zone
of the energy recovery ventilator unit when an air-
flow blockage in the enthalpy-exchange zone coin-
cides with a frost threshold in the ambient environ-
ment surrounding the energy recovery ventilator unit;
and

terminate the defrost process, including terminating the
defrost process when an operating condition in the
vicinity of the enthalpy-exchange zone substantially
returns to a pre-frosting operating condition.

16. The unit of claim 15, further including pressure trans-
ducers configured to measuring an air-pressure difference
across the enthalpy-exchange zone while the energy recovery
ventilator unit is operating and configured to transmit the
measured air pressure difference to the defrost control mod-
ule, and wherein the defrost control module is configured to
determine the operating condition as including the air-pres-
sure difference.

17. The unit of claim 15, further including temperature
sensors configured to measuring air temperatures of an intake
air zone, a supply air zone, and a return air zone located inside
of'the energy recovery ventilator unit and configured to trans-
mit the measured air temperatures to the defrost control mod-
ule, and wherein the defrost control module is configured to
determine the operating condition as including a heat transfer
efficiency determined from the measured air temperatures.

18. The unit of claim 15, wherein the defrost control mod-
ule is further configured to terminate the defrost process after
a preselected time limit is reached.

19. The unit of claim 15, further including a powered heat
source configured to warm air in an intake air zone or an
exhaust air zone located inside of the energy recovery venti-
lator unit, wherein the defrost control module is configured to
activate or deactivate the heat source.

20. The unit of claim 19, wherein the powered heat source
includes a modular electric heater configured to be coupled to
the outside of the energy recovery ventilator unit and located
upstream of an air intake opening of the intake air zone.
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