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(57) ABSTRACT 

An air-to-air heat recovery system for use With a building 
ventilation system includes ?rst and second heat exchange 
banks and at least one damper module. Each damper module 
includes a damper disposed Within a substantially rectangu 
lar housing having ?rst, second, third, and fourth ports. The 
?rst port is connected to the ventilation system exhaust line, 
the second port is connected to the ventilation system supply 
line, the third and fourth ports are connected to the ?rst ends 
of the ?rst and second heat exchange banks, respectively. 
The damper is periodically reciprocated betWeen ?rst and 
second positions, directing air ?oW betWeen the ?rst port and 
the third port and betWeen the second port and the fourth 
port in the ?rst position, and directing air ?oW betWeen the 
?rst port and the fourth port and betWeen the second port and 
the third port in the second position. The second end of each 
heat exchange bank is connected to the outside such that 
substantially no stale air is draWn into the supply line When 
the damper is reciprocated. 
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AIR-TO-AIR HEAT RECOVERY SYSTEM 

RELATED APPLICATION 

[0001] This application claims the bene?t under 35 U.S.C. 
§ 119(e) of US. Provisional Patent Application Serial No. 
60/238,141 ?led Oct. 6, 2000. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates generally to building venti 
lation systems. More particularly, the present invention 
relates to building ventilation systems having apparatus for 
recovering the heat in the air exhausted from the ventilated 
area. 

[0003] Ventilating systems are commonly used to main 
tain indoor environmental standards in industrial buildings, 
commercial of?ce buildings, schools and farming facilities. 
Such buildings include foundries, factories, metal ?nishing 
areas, Work shops, service areas, Warehouses, meeting halls, 
recreational buildings, animal nursery and feeder houses, 
sWimming pools and other facilities of many diverse types. 
Ventilation systems for such facilities are necessary to 
remove excess heat, discharge pollutants and unWanted 
moisture and to maintain a healthful, comfortable environ 
ment. Unfortunately, safety, health and economic consider 
ations are at odds With one another in that air, Which has 
been heated or cooled at substantial expense, is virtually 
throWn aWay by the conventional ventilation process. 

[0004] In the case of a heated facility, the exhaust air of the 
ventilation process contains not only the sensible energy 
expended in increasing the supply air temperature but the 
latent energy represented by the vaporiZed Water required to 
adequately humidify. With great pressure on poWer-produc 
ing utilities and the ever-increasing cost of fuels for heating 
and cooling, there is a great need to recover thermal energy 
from the exhaust air of all high performance ventilation 
systems. 

[0005] Conventional ventilation thermal energy recovery 
systems have used rotating Wheel heat exchangers as Well as 
non-rotating cross-?oW heat exchangers. Heat exchangers of 
these types have been constructed from metals such as 
stainless steel and aluminum and from certain ceramics such 
as aluminum oxide and silicon carbide. Such materials, 
While structurally sound, are expensive and have little or no 
capability of storing and releasing moisture not to mention 
the high maintenance required and lack of ability to provide 
free cooling When energy is not required to be recovered. 

SUMMARY OF THE INVENTION 

[0006] Brie?y stated, the invention in a preferred form is 
an air-to-air heat recovery system for use With a building 
ventilation system. The heat recovery system is adapted for 
installation anyWhere on or Within the building and com 
prises ?rst and second heat exchange banks and at least one 
damper module. Each of the heat exchange banks includes 
at least one heat exchange module having a heat exchange 
mass. Each heat exchange bank forms a How path having 
oppositely disposed ?rst and second ends. Each damper 
module includes a damper disposed Within a substantially 
rectangular housing having ?rst, second, third, and fourth 
ports. The ?rst port is connected to the air exhaust line of the 
ventilation system, the second port is connected to the air 
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supply line of the ventilation system, the third port is 
connected to the ?rst end of the ?rst heat exchange bank, and 
the fourth port is connected to the ?rst end of the second heat 
exchange bank. The damper is periodically reciprocated 
betWeen ?rst and second positions, directing air ?oW 
betWeen the ?rst port and the third port and betWeen the 
second port and the fourth port in the ?rst position, and 
directing air ?oW betWeen the ?rst port and the fourth port 
and betWeen the second port and the third port in the second 
position. The second end of each heat exchange bank is 
connected to the outside such that substantially no stale air 
is draWn into the air supply line When the damper is 
reciprocated. 
[0007] The heat exchange mass of each heat exchange 
module includes a plurality of corrugated aluminum plates 
de?ning parallel 4 mm ?oW channels. A housing composed 
of steel surrounds the heat exchange mass and is separated 
from the heat exchange mass by an electrically non-conduc 
tive lining. 

[0008] If the heat exchanger is to be installed on the 
outside of the building, the second end of each heat 
exchange bank is receives fresh air from the outside Without 
any intervening ducting. 

[0009] If the heat exchanger is to be installed on the inside 
of the building With one of the heat exchange banks receiv 
ing fresh air from the outside Without any intervening 
ducting, the heat exchanger further comprises a duct and a 
second damper module. The duct has ?rst and second ends 
located at an outside surface of the building and is connected 
to the second end of the second heat exchange bank at a 
position intermediate the ?rst and second ends. The second 
damper module is positioned in the duct proximate to the 
second end of the second heat exchange bank. The ?rst and 
second damper modules are simultaneously reciprocated 
betWeen the ?rst and second positions, With the damper of 
the second damper module directing air ?oW betWeen the 
second port and the third port in the ?rst position and 
betWeen the ?rst port and the third port in the second 
position. 
[0010] If the heat exchanger is to be installed on the inside 
of the building With neither of the heat exchange banks 
receiving fresh air from the outside Without any intervening 
ducting, the heat exchanger further comprises ?rst and 
second ducts and second and third damper modules. Each of 
the ducts has ?rst and second ends located at an outside 
surface of the building. The ?rst duct is connected to the 
second end of the ?rst heat exchange bank at a position 
intermediate the ?rst and second ends and the second duct is 
connected to the second end of the second heat exchange 
bank at a position intermediate the ?rst and second ends. The 
second damper module is positioned in the second duct 
proximate to the second end of the second heat exchange 
bank and the third damper module is positioned in the ?rst 
duct proximate to the second end of the ?rst heat exchange 
bank. The dampers of the ?rst, second and third damper 
modules are simultaneously reciprocated betWeen the ?rst 
and second positions, With the damper of the second damper 
module directing air ?oW betWeen the ?rst port and the third 
port in the ?rst position and betWeen the second port and the 
third port in the second position and the damper of the third 
damper module directing air ?oW betWeen the second port 
and the third port in the ?rst position and betWeen the ?rst 
port and the third port in the second position. 
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[0011] It is an object of the invention to provide an 
air-to-air heat recovery system Which may be installed 
anywhere on or Within a building. 

[0012] It is also an object of the invention to provide an 
air-to-air heat recovery system Which has substantially no 
cross-contamination of the air. 

[0013] Other objects and advantages of the invention Will 
become apparent from the draWings and speci?cation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] The present invention may be better understood 
and its numerous objects and advantages Will become appar 
ent to those skilled in the art by reference to the accompa 
nying draWings in Which: 

[0015] FIG. 1 is a simpli?ed plan vieW, partly in phantom, 
of a ?rst con?guration of an air-to-air heat recovery system 
in accordance With the invention; 

[0016] FIG. 2 is a perspective vieW of one of the heat 
exchange modules of FIG. 1 With the top Wall removed; 

[0017] FIG. 3 is a schematic vieW of the damper control 
system of FIG. 1; 

[0018] FIGS. 4a and 4b are simpli?ed plan vieWs of the 
air-to-air heat recovery system of FIG. 1 illustrating the 
operating cycle; 
[0019] FIGS. 5a and 5b are simpli?ed plan vieWs of a 
second con?guration of an air-to-air heat recovery system in 
accordance With the invention, illustrating the operating 
cycle; 
[0020] FIGS. 6a and 6b are simpli?ed plan vieWs of a 
third con?guration of an air-to-air heat recovery system in 
accordance With the invention, illustrating the operating 
cycle; and 

[0021] FIGS. 7a and 7b are front vieWs of the heat 
exchange cassette and desiccant veins of FIG. 1, illustrating 
Winter and summer modes of operation. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0022] With reference to the draWings Wherein like numer 
als represent like parts throughout the several ?gures, an 
air-to-air heat recovery system in accordance With the 
present invention is generally designated by the numeral 10. 
The system 10 is a modular design, having a damper module 
12 and a heat exchange module 14, or cassette. 

[0023] With reference to FIG. 2, each heat exchange 
module 14 includes a heat exchange mass 16 disposed 
Within a rectangular-shaped housing 18. Preferably, the 
housing 18 has a frame 20 and double-Wall 22 construction 
With oppositely disposed inlet and outlet ends and is com 
posed of galvaniZed steel. Preferably, the heat-exchange 
mass 16 is composed of sixty-?ve corrugated 1100 alumi 
num plates 24 spaced 4.0 mm apart from each other. The 
frame 20 is lined With a rubberiZed material to electrically 
isolate the steel housing 18 from the aluminum heat 
exchange mass 16 to eliminate the possibility of galvanic 
corrosion. The Walls 22 may be removed from the frame 20 
to alloW cleaning of the heat exchange material. The end 
to-end length 26 of each module 14 and the spacing betWeen 
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the aluminum plates 24 are selected to produce a pressure 
drop of less than 0.402 inches for air ?oWs having a velocity 
of 350 to 546 feet per minute. 

[0024] With reference to FIGS. 1 and 3, each damper 
module 12 includes a damper 28 and a damper control 
system 30 disposed Within a rectangular-shaped frame 32. A 
cover is mounted to the top of the frame 32 and the frame 
32 is mounted to a base, forming a housing having four sides 
44, 46, 48, 50. For the single damper module 12 of the ?rst 
con?guration and the ?rst damper modules 96, 120 of the 
second and third con?gurations, all four sides 44, 46, 48, 50 
are open and de?ne a port. For the second damper modules 
98, 122 of the second and third con?gurations and the third 
damper module 124 of the third con?guration, the ?rst, 
second and third sides 44, 46, 48 are open and de?ne a port 
and the fourth side 50 is closed by a cover 33. 

[0025] The damper control system 30 includes a solenoid 
valve 34 Which is periodically operated by a timer 36, 
generally every seventy (70) seconds. Alternatively, the 
solenoid valve 34 may be operated by a temperature indi 
cator/controller. Air supplied by the solenoid valve 34 actu 
ates a pneumatic air cylinder 38 to reciprocate the damper 28 
betWeen ?rst and second positions 40, 42. When the damper 
28 is in the ?rst position 40, air ?oW through the module 12 
is directed betWeen the ?rst and third sides 44, 48 and 
betWeen the second and fourth sides 46, 50. When the 
damper 28 is in the second position 42, air ?oW through the 
module 12 is directed betWeen the ?rst and fourth sides 44, 
50 and betWeen the second and third sides 46, 48. All of the 
damper control system components are mounted on a con 
trol unit base plate 52. Removing the base plate mounting 
screWs (not shoWn) and the damper shaft lock nut 54 alloWs 
the entire damper control system 30 to be removed, greatly 
facilitating maintenance and repair. 

[0026] The subject system 10 is a reverse ?oW design, 
requiring the use of identical, ?rst and second heat exchange 
banks 56, 58 as explained in greater detail beloW. Each of the 
heat exchange banks 56, 58 is composed of one or more heat 
exchange modules 14, depending on the required heat recov 
ery capacity. The ?rst and second heat exchange banks 56, 
58 are combined With one or more damper modules 12 
depending on the location of the installation. Conventional 
ducting 60 is used to connect the modules 12, 14 together 
and/or to the building ventilation system Where necessary. 

[0027] With reference to FIGS. 1, 4a and 4b, an air-to-air 
heat recovery system to be mounted on the exterior of the 
building includes a single damper module 12 disposed 
intermediate the ?rst and second heat exchange banks 56, 
58. The ?rst heat exchange bank 56 is connected to the third 
side 48 of the damper module 12 and the second heat 
exchange bank 58 is connected to the fourth side 50 of the 
damper module 12. If the installation alloWs, one or more of 
the heat exchange banks 56, 58 may be connected directly 
to the damper module 12. Alternatively, the heat exchange 
banks 56, 58 may be connected to the damper module 12 by 
a section of duct 60, as shoWn in FIGS. 4a and 4b. It should 
be appreciated that one face of the duct 60 is mounted to the 
damper module 12 and each heat exchange bank 56, 58 may 
be connected to any one of the other three faces, depending 
on the installation. The building ventilation exhaust line 62 
is connected to the ?rst side 44 of the damper module 12 and 
the building ventilation supply line 64 is connected to the 
second side 46 of the damper module 12. 
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[0028] During the ?rst half of the operating cycle (FIG. 
4a), the damper 28 is positioned at the ?rst position 40, such 
that the air discharged from the ventilation exhaust duct 62 
must travel through the ?rst heat exchange bank 56 before 
it is ?nally exhausted to the outside 66. As the air travels 
through the ?rst heat exchange bank 56, the heat energy in 
the air is absorbed by the aluminum plates 24 of the heat 
exchange module(s) 14 Which are cool relative to the 
outgoing air. Outside air that is draWn into the ventilation 
supply line 64 must travel through the second heat exchange 
bank 58 before it enters the ventilation supply duct 64. Heat 
energy that had been absorbed by the aluminum plates 24 in 
the second half of the previous operating cycle is absorbed 
by the incoming air Which is cool relative to the plates 24. 

[0029] After the time on the timer 36 has elapsed, the 
damper 28 is reciprocated to the second position 42 thereby 
changing the air ?oW path through the damper module 12 
(FIG. 4b). During the second half of the operating cycle, the 
air discharged from the ventilation exhaust line 62 must 
travel through the second heat exchange bank 58 before it is 
?nally exhausted to the outside 66. As the air travels through 
the second heat exchange bank 58, the heat energy in the air 
is absorbed by the aluminum plates 24 of the heat exchange 
module(s) 14 Which had just been cooled by the How of 
incoming air in the ?rst half of the operating cycle. Outside 
air that is draWn into the ventilation supply line 64 must 
travel through the ?rst heat exchange bank 56 before it 
enters the ventilation supply duct 64. Heat energy that had 
been absorbed by the aluminum plates 24 in the ?rst half of 
the operating cycle is absorbed by the incoming air Which is 
cool relative to the plates 24. 

[0030] After the time on the timer 36 has elapsed, the 
damper 28 is reciprocated to the ?rst position 40 thereby 
initiating the ?rst half of the next cycle (FIG. 4a). Alter 
nating the tWo heat exchange banks 56, 58 betWeen the 
ventilation exhaust line 62 and the ventilation supply line 64 
alloWs the heat in the outgoing air to be recovered, stored, 
and returned to the incoming air. It should be appreciated 
that in cold, Winter Weather, moisture in the outgoing air 
condenses on the aluminum plates 24 providing for recovery 
of latent heat. The short time period betWeen the tWo halves 
of the cycle limits the accumulation of ice on the aluminum 
plates 24 such that the heat of the outgoing air How is 
sufficient to defrost the surface of the plates 24. 

[0031] With reference to FIG. 1, porous desiccant ?lter 
veins 68 may be provided intermediate the heat exchange 
banks 56, 58 and the damper module 12. During hot, 
summer Weather, such veins 68 may be used to dehumidify 
the incoming supply air While the relatively cool building 
exhaust can be used to cool the aluminum plates 24, Which 
in turn cool the incoming supply air. Such operation reduces 
the capacity requirement for the building’s other cooling 
equipment. During cold, Winter Weather, such veins 68 are 
placed in the open position such that the air ?oWs past the 
face surfaces of the veins 68. 

[0032] With further reference to FIGS. 1, 7a and 7b, each 
desiccant ?lter vein 68 has an inboard edge 70 pivotally 
mounted to the heat exchange bank 56, 58 and an outboard 
edge 72. The outboard edge 72 is positionable by an operator 
74 at either an open position, FIGS. 1 and 7a, or a closed 
position, FIG. 7b. When the desiccant ?lter veins 68 are in 
the open position, air ?oWs past the face surfaces of the veins 

Apr. 11, 2002 

68. When the desiccant ?lter veins 68 are in the closed 
position, air must ?oW through the pores of the veins 68 
alloWing the desiccant material to remove the moisture 
entrained in the air. 

[0033] It should be appreciated that the siZe of the heat 
exchange banks 56, 58 is determined by the building heat 
recovery requirements, With each heat exchange bank 56, 58 
comprising an identical number of heat exchange modules 
14. The building ventilation system is run in an “economiZer 
mode” during the months in Which heat recovery is not 
required. Although the heat exchange module 14 are 
designed to provide a loW ?oW resistance, this small resis 
tance reduces the ef?ciency of the building ventilation 
system When it is in the economiZer mode. Bypass vents 76 
may be provided intermediate the heat exchange banks 56, 
58 and the damper module 12 that open When the ventilation 
system is in the economiZer mode, alloWing the incoming 
and outgoing air How to bypass the heat exchange banks 56, 
58. Preferably, an operator 78 automatically opens and 
closes the vents depending on the outdoor temperature, as 
sensed by an outdoor temperature sensor 80. 

[0034] In certain applications, it is not desirable to recover 
all of the heat energy of the exhaust air. For example, 
computer equipment is temperature sensitive and operates 
most reliably in a space that is maintained at a loWer 
temperature than is generally comfortable for personnel. Air 
conditioning equipment is bulkier, less ef?cient, and more 
dif?cult to install than heating equipment. Consequently, in 
buildings containing rooms for computer installations it may 
be more ef?cient to maintain the temperature of the supply 
air at a constant loWer temperature suitable for the computer 
equipment and to heat the portion of the supply air Which is 
routed to rooms Which are not devoted to computers. The 
ef?ciency of the subject air-to-air heat recovery system 10 is 
suf?ciently high that a How of unconditioned outside air 
must be mixed With the supply air heated by the heat 
exchange bank 56, 58 in order to cool the supply air to the 
desired temperature. A mixing damper 82 located in the 
ventilation supply duct 64 is provided for this purpose. 
Preferably, an operator 84 automatically opens and closes 
the vents depending on the supply air temperature, as sensed 
by a temperature sensor 86 in the ventilation supply duct 64 
doWnstream of the mixing damper 82. 

[0035] Cross-contamination of the supply air occurs When 
a portion of the exhaust air is returned into the building in 
the supply air ?oW. Such cross-contamination is not of 
concern in many installations because the building ventila 
tion system replaces only portion of the total volume of air 
in the building. HoWever, cross-contamination is of concern 
Where the building ventilation system must replace the total 
volume of air, to keep haZardous gasses beloW alloWable 
levels for example. Cross-contamination is minimal When 
the air-to-air system 10 is installed exterior to the building 
because the exhaust/intake 88 of each heat exchange bank 
56, 58 effectively de?nes the boundary betWeen the building 
interior and the building exterior. HoWever, it is not alWays 
possible to install the subject system exterior to the building. 
In such instances, ducting 60 is required to connect the 
exhaust/intake 88 of at least one of the heat exchange banks 
56, 58 to the building exterior. With a system of the type 
shoWn in FIGS. 1, 4a and 4b, exhaust air transiting such 
ducting 60 at the time that the damper 28 reciprocates to the 
other position Will be entrained in supply air, resulting in 
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cross-contamination. The tWo damper con?guration shown 
in FIGS. 5a and 5b and the three damper con?guration 
shoWn in FIGS. 6a and 6b provide cross-contamination free 
air-to-air heat recovery While allowing installation of the 
subject system 10 anyWhere Within a building. 

[0036] With reference to FIGS. 5a and 5b, the tWo damper 
con?guration is used When the exhaust/intake 88 of the ?rst 
heat exchange bank 56 is located at an outside Wall of the 
building. In this con?guration, the second heat exchange 
bank 58 is connected to the outside air by a duct 90 having 
?rst and second ends 92, 94 located at an outside surface of 
the building. In accordance With ASHRAE recomendations, 
the ?rst and second ends 92, 94 of the duct 90 should be 
positioned at least ten feet from the exhaust/intake 88 of the 
?rst heat exchange bank 56. There are no minimum distance 
requirements With respect to the ?rst and second ends 92, 94 
of the duct 90. The second damper module 98 is positioned 
in the duct 90 Where the duct 90 is connected to the second 
heat exchange bank 58. 

[0037] During the ?rst half of the operating cycle (FIG. 
5a), the ?rst and second dampers 100, 102 are each posi 
tioned at a ?rst position 40, such that the air discharged from 
the ventilation exhaust line 62 is directed through the ?rst 
heat exchange bank 56 by the ?rst damper 100, Where the 
heat energy in the air is absorbed, before it is ?nally 
exhausted to the outside 66. Outside air is draWn into the ?rst 
end 92 of the duct 90, directed through the second heat 
exchange bank 58 by the second damper 102, and directed 
into the ventilation supply duct 64 by the ?rst damper 100. 
Heat energy that had been absorbed by the second heat 
exchange bank 58 in the second half of the previous oper 
ating cycle is absorbed by the incoming air. 

[0038] After the time on the timer 36 has elapsed, the ?rst 
and second dampers 100, 102 are reciprocated to the second 
position 42 thereby changing the air ?oW path through the 
?rst and second damper modules 96, 98 (FIG. 5b). During 
the second half of the operating cycle, the air discharged 
from the ventilation exhaust 62 line is directed by the ?rst 
damper 100 through the second heat exchange bank 58 and 
is further directed to the second end 94 of the duct 90 by the 
second damper 102. As the air travels through the second 
heat exchange bank 58, the heat energy in the air is absorbed 
by the heat exchange module(s) 14 Which had just been 
cooled by the How of incoming air in the ?rst half of the 
operating cycle. Outside air is draWn through the ?rst heat 
exchange bank 56, Where the heat energy that had been 
absorbed by the aluminum plates 24 in the ?rst half of the 
operating cycle is absorbed by the incoming air, and is 
directed into the ventilation supply duct 64 by the ?rst 
damper 100. After the time on the timer 36 has elapsed, the 
?rst and second dampers 100, 102 reciprocate to the ?rst 
position 40 thereby initiating the ?rst half of the next cycle 
(FIG. 5a). 
[0039] With reference to FIGS. 6a and 6b, the three 
damper con?guration is used When both of the heat 
exchange banks 56, 58 must be located remotely from an 
outside Wall of the building. In this con?guration, each heat 
exchange bank 56, 58 is connected to the outside air by a 
respective duct 104, 106 having ?rst ends 108, 112 and 
second ends 110, 114 Which are in communication With the 
outside air. As shoWn in FIGS. 6a and 6b, the ?rst ends 108, 
112 of ducts 104 and 106 may both be connected to the same 
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outside access 116 and the second ends 110, 114 of ducts 104 
and 106 may both be connected to the same outside access 

118. In accordance With ASHRAE recomendations, outside 
access 116 and 118 should be positioned at least ten feet 
from each other. The second damper module 122 is posi 
tioned in duct 106 Where it is connected to the second heat 
exchange bank 58 and the third damper module 124 is 
positioned in duct 104 Where it is connected to the ?rst heat 
exchange bank 56. 

[0040] During the ?rst half of the operating cycle (FIG. 
6a), the ?rst, second and third dampers 126, 128, 130 are 
each positioned at a ?rst position 40, such that the air 
discharged from the ventilation exhaust line 62 is directed 
through the ?rst heat exchange bank 56 by the ?rst damper 
126, Where the heat energy in the air is absorbed, and outside 
through outside access 116 by the third damper 130. Outside 
air is draWn through outside access 118, directed through the 
second heat exchange bank 58 by the second damper 128, 
and directed into the ventilation supply duct 64 by the ?rst 
damper 126. Heat energy that had been absorbed by the 
second heat exchange bank 58 in the second half of the 
previous operating cycle is absorbed by the incoming air. 

[0041] After the time on the timer 36 has elapsed, the ?rst, 
second and third dampers 126, 128, 130 are reciprocated to 
the second position 42 thereby changing the air ?oW path 
through the ?rst, second and third damper modules 120, 122, 
124 (FIG. 6b). During the second half of the operating 
cycle, the air discharged from the ventilation exhaust line 62 
is directed by the ?rst damper 126 through the second heat 
exchange bank 58 and is further directed out through outside 
access 116 by the second damper 128. As the air travels 
through the second heat exchange bank 58, the heat energy 
in the air is absorbed by the heat exchange module(s) 14 
Which had just been cooled by the How of incoming air in the 
?rst half of the operating cycle. Outside air is draWn through 
outside access 118 and directed through the ?rst heat 
exchange bank 56 by the third damper 130, Where the heat 
energy that had been absorbed by the aluminum plates 24 in 
the ?rst half of the operating cycle is absorbed by the 
incoming air, and is further directed into the ventilation 
supply duct 64 by the ?rst damper 126. After the time 36 on 
the timer has elapsed, the ?rst, second and third dampers 
126, 128, 130 reciprocate to the ?rst position 40 thereby 
initiating the ?rst half of the next cycle (FIG. 6a). 

[0042] It should be appreciated that the use of the second 
damper 102 in the tWo damper con?guration and the use of 
the second and third dampers 128, 130 in the three damper 
con?guration isolates the ducting 90, 104, 106 containing 
outgoing air When the associated damper 102, 128, 130 
reciprocates to reverse the How of air through the heat 
exchange bank. Consequently, there is substantially no 
cross-contamination of the air supply no matter Where the 
system 10 may be installed. 

[0043] It should also be appreciated that the subject inven 
tion provides a high-performance ventilation system Which 
is capable of supplying air to and exhausting air from a 
thermally controlled area in a unidirectional ?oW pattern 
While at the same time recovering an extremely high per 
centage of thermal energy, both sensible and latent, from the 
exhausted air. Accordingly, Waste heat from lighting, com 
puters, motors and like devices is utiliZed. Therefore, the 
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invention makes possible an air-to-air heat recovery system 
having a loW initial cost Which can be offset in fuel savings 
in a very short time. 

[0044] While preferred embodiments have been shoWn 
and described, various modi?cations and substitutions may 
be made thereto Without departing from the spirit and scope 
of the invention. Accordingly, it is to be understood that the 
present invention has been described by Way of illustration 
and not limitation. 

What is claimed is: 
1. An air-to-air heat exchanger for use With a building 

de?ning an inside and an outside and having a ventilation 
system including an air exhaust line for discharging stale air 
from inside and an air supply line for receiving fresh air 
from the outside, the heat exchanger comprising: 

?rst and second heat exchange banks, each of the heat 
exchange banks including at least one heat exchange 
module and de?ning a How path having oppositely 
disposed ?rst and second ends, each of the heat 
exchange modules including a heat exchange mass; and 

at least a ?rst damper module, each damper module 
including a damper disposed Within a substantially 
rectangular housing having four sides de?ning ?rst, 
second, third, and fourth ports, the damper being peri 
odically reciprocated betWeen ?rst and second posi 
tions, the ?rst port of the ?rst damper module being 
adapted for connection to the air exhaust line, the 
second port of the ?rst damper module being adapted 
for connection to the air supply line, the third port of the 
?rst damper module being connected to the ?rst end of 
the ?rst heat exchange bank, and the fourth port of the 
?rst damper module being connected to the ?rst end of 
the second heat exchange bank, the damper of the ?rst 
damper module directing air ?oW betWeen the ?rst port 
and the third port and betWeen the second port and the 
fourth port in the ?rst position, the damper of the ?rst 
damper module directing air ?oW betWeen the ?rst port 
and the fourth port and betWeen the second port and the 
third port in the second position; 

Wherein the heat exchanger is adapted for installation 
anyWhere on or Within the building and the second end 
of each heat exchange bank is adapted for connection 
to the outside Whereby substantially no stale air is 
draWn into the air supply line When the damper is 
reciprocated. 

2. The heat exchanger of claim 1 Wherein the heat 
exchange mass of each heat exchange module comprises a 
plurality of corrugated aluminum plates de?ning parallel 4 
mm ?oW channels. 

3. The heat exchanger of claim 2 Wherein the each of the 
heat exchange modules also includes a housing composed of 
steel and an electrically non-conductive lining disposed 
intermediate the heat exchange mass and the housing. 

4. The heat exchanger of claim 1 Wherein each damper 
module also includes a damper control system comprising: 

a pneumatic air cylinder connected to the damper, 

a solenoid valve in ?uid communication With the pneu 
matic air cylinder, 

a timer in electrical communication With the solenoid 

valve, 
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Wherein the timer sends a signal to the solenoid valve at 
predetermined time intervals, actuating the pneumatic 
air cylinder With air from the solenoid valve. 

5. The heat exchanger of claim 4 Wherein the damper 
module further includes a control unit base plate, all com 
ponents of the damper control system being mounted to the 
control unit base plate. 

6. The heat exchanger of claim 1 Wherein the heat 
exchanger is adapted for installation on the outside of the 
building and the second end of each heat exchange bank is 
adapted for receiving fresh air from the outside Without any 
intervening ducting. 

7. The heat exchanger of claim 1 Wherein the heat 
exchanger is adapted for installation on the inside of the 
building and the second end of the ?rst heat exchange banks 
is adapted for receiving fresh air from the outside Without 
any intervening ducting, the heat exchanger further com 
prising a duct and a second damper module, the duct having 
?rst and second ends located at an outside surface of the 
building and being connected to the second end of the 
second heat exchange bank at a position intermediate the 
?rst and second ends, the second damper module being 
positioned in the duct proximate to the second end of the 
second heat exchange bank. 

8. The heat exchanger of claim 7 Wherein the dampers of 
the ?rst and second damper modules are simultaneously 
reciprocated betWeen the ?rst and second positions, the 
damper of the second damper module directing air ?oW 
betWeen the second port and the third port in the ?rst 
position and betWeen the ?rst port and the third port in the 
second position. 

9. The heat exchanger of claim 1 Wherein the heat 
exchanger is adapted for installation on the inside of the 
building, the heat exchanger further comprising ?rst and 
second ducts and second and third damper modules, each of 
the ducts having ?rst and second ends located at an outside 
surface of the building, the ?rst duct being connected to the 
second end of the ?rst heat exchange bank at a position 
intermediate the ?rst and second ends, the second duct being 
connected to the second end of the second heat exchange 
bank at a position intermediate the ?rst and second ends, the 
second damper module being positioned in the second duct 
proximate to the second end of the second heat exchange 
bank, the third damper module being positioned in the ?rst 
duct proximate to the second end of the ?rst heat exchange 
bank. 

10. The heat exchanger of claim 9 Wherein the dampers of 
the ?rst, second and third damper modules are simulta 
neously reciprocated betWeen the ?rst and second positions, 
the damper of the second damper module directing air ?oW 
betWeen the ?rst port and the third port in the ?rst position 
and betWeen the second port and the third port in the second 
position, the damper of the third damper module directing 
air ?oW betWeen the second port and the third port in the ?rst 
position and betWeen the ?rst port and the third port in the 
second position. 

11. The heat exchanger of claim 1 further including a 
plurality of ?lter veins composed of porous desiccant mate 
rial disposed intermediate each of the heat exchange banks 
and the ?rst damper module. 

12. The heat exchanger of claim 11 Wherein each ?lter 
vein has an inboard edge pivotally mounted to one of the 
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heat exchange banks and an outboard edge, the outboard 
edge being positionable at either an open position or a closed 
position. 

13. The heat exchanger of claim 12 further including 
operator means for moving the ?lter veins betWeen the ?rst 
and second positions. 

14. The heat exchanger of claim 1 further including ?rst 
and second bypass vents disposed intermediate the ?rst and 
second heat exchange banks and the ?rst darnper module, 
each of the bypass vents being positionable in an open or a 
closed position. 

15. The heat exchanger of claim 14 further including an 
outside temperature sensor and operator means in electrical 
communication with the outside temperature sensor for 
moving the ?rst and second bypass vents betWeen the open 
and closed positions. 

16. The heat exchanger of claim 1 further including a 
mixing darnper disposed in the air supply line, the mixing 
darnper being positionable in an open or a closed position. 

17. The heat exchanger of claim 16 further including a 
fresh air temperature sensor disposed in the air supply line 
and operator means in electrical communication with the 
fresh air temperature sensor for moving the mixing darnper 
betWeen the open and closed positions. 

18. An air-to-air heat exchanger for use With a building 
de?ning an inside and an outside and having a ventilation 
system including an air exhaust line for discharging stale air 
from inside and an air supply line for receiving fresh air 
from the outside, the heat exchanger cornprising: 

?rst and second heat exchange banks, each of the heat 
exchange banks including at least one heat exchange 
module and de?ning a How path having oppositely 
disposed ?rst and second ends, each of the heat 
exchange rnodules including a heat exchange mass; and 

a ?rst darnper rnodule including a damper disposed Within 
a substantially rectangular housing having four sides 
de?ning ?rst, second, third, and fourth ports, the ?rst 
port being adapted for connection to the air exhaust 
line, the second port being adapted for connection to 
the air supply line, the third port being connected to the 
?rst end of the ?rst heat exchange bank, and the fourth 
port being connected to the ?rst end of the second heat 
exchange bank, the damper being periodically recipro 
cated betWeen ?rst and second positions, the damper 
directing air ?oW betWeen the ?rst port and the third 
port and betWeen the second port and the fourth port in 
the ?rst position, the damper directing air ?oW betWeen 
the ?rst port and the fourth port and betWeen the second 
port and the third port in the second position; 

Wherein the heat exchanger is adapted for installation 
outside the building Whereby substantially no stale air 
is draWn into the air supply line When the damper is 
reciprocated. 

19. An air-to-air heat exchanger for use With a building 
de?ning an inside and an outside and having a ventilation 
system including an air exhaust line for discharging stale air 
from inside and an air supply line for receiving fresh air 
from the outside, the heat exchanger cornprising: 

?rst and second heat exchange banks, each of the heat 
exchange banks including at least one heat exchange 
module and de?ning a How path having oppositely 
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disposed ?rst and second ends, each of the heat 
exchange rnodules including a heat exchange rnass; 

a duct having ?rst and second ends located at an outside 
surface of the building; and 

?rst and second darnper modules, each darnper rnodule 
including a damper disposed Within a substantially 
rectangular housing having four sides de?ning ?rst, 
second, third, and fourth ports, the damper of each 
module being sirnultaneously periodically reciprocated 
betWeen ?rst and second positions, the ?rst port of the 
?rst darnper rnodule being adapted for connection to 
the air exhaust line, the second port of the ?rst darnper 
rnodule being adapted for connection to the air supply 
line, the third port of the ?rst darnper rnodule being 
connected to the ?rst end of the ?rst heat exchange 
bank, and the fourth port of the ?rst darnper rnodule 
being connected to the ?rst end of the second heat 
exchange bank, the second darnper rnodule being posi 
tioned in the duct intermediate the ?rst and second 
ends, the ?rst and second ports of the second darnper 
rnodule being connected to the duct, the third port of 
the second darnper rnodule being connected to the 
second end of the second heat exchange bank, the 
damper of the ?rst darnper rnodule directing air ?oW 
betWeen the ?rst port and the third port and betWeen the 
second port and the fourth port in the ?rst position, the 
damper of the ?rst darnper rnodule directing air ?oW 
betWeen the ?rst port and the fourth port and betWeen 
the second port and the third port in the second posi 
tion, the damper of the second darnper rnodule direct 
ing air ?oW betWeen the second port and the third port 
in the ?rst position and betWeen the ?rst port and the 
third port in the second position; 

Wherein the heat exchanger is adapted for installation 
Within the building Whereby substantially no stale air is 
draWn into the air supply line When the damper is 
reciprocated. 

20. An air-to-air heat exchanger for use With a building 
de?ning an inside and an outside and having a ventilation 
system including an air exhaust line for discharging stale air 
from inside and an air supply line for receiving fresh air 
from the outside, the heat exchanger cornprising: 

?rst and second heat exchange banks, each of the heat 
exchange banks including at least one heat exchange 
module and de?ning a How path having oppositely 
disposed ?rst and second ends, each of the heat 
exchange rnodules including a heat exchange rnass; 

?rst and second ducts, each of the ducts having ?rst and 
second ends located at an outside surface of the build 
ing; and 

?rst, second and third darnper modules, each darnper 
rnodule including a damper disposed Within a substan 
tially rectangular housing having four sides de?ning 
?rst, second, third, and fourth ports, the damper of each 
module being sirnultaneously periodically reciprocated 
betWeen ?rst and second positions, the ?rst port of the 
?rst darnper rnodule being adapted for connection to 
the air exhaust line, the second port of the ?rst darnper 
rnodule being adapted for connection to the air supply 
line, the third port of the ?rst darnper rnodule being 
connected to the ?rst end of the ?rst heat exchange 
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bank, and the fourth port of the ?rst damper module 
being connected to the ?rst end of the second heat 
exchange bank, the second and third damper modules 
being positioned in the second and ?rst ducts, respec 
tively, intermediate the ?rst and second ends, the ?rst 
and second ports of the second damper module being 
connected to the second duct, the third port of the 
second damper module being connected to the second 
end of the second heat exchange bank, the ?rst and 
second ports of the third damper module being con 
nected to the ?rst duct, the third port of the third damper 
module being connected to the second end of the ?rst 
heat exchange bank, the damper of the ?rst damper 
module directing air ?oW betWeen the ?rst port and the 
third port and betWeen the second port and the fourth 
port in the ?rst position, the damper of the ?rst damper 
module directing air ?oW betWeen the ?rst port and the 
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fourth port and betWeen the second port and the third 
port in the second position, the damper of the second 
damper module directing air ?oW betWeen the ?rst port 
and the third port in the ?rst position and betWeen the 
second port and the third port in the second position, 
the damper of the third damper module directing air 
?oW betWeen the second port and the third port in the 
?rst position and betWeen the ?rst port and the third 
port in the second position; 

Wherein the heat exchanger is adapted for installation 
Within the building Whereby substantially no stale air is 
draWn into the air supply line When the damper is 
reciprocated. 


