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( 57 ) ABSTRACT 
A heat exchanger and method which is able to perform in 
different seasons . The heat exchanger has an upper header 
and a lower header . Multiple heat pipes extend between the 
upper header and the lower header , with each of the multiple 
heat pipes having an evaporator section at one end and a 
condenser section at the opposite end . The direction of heat 
flow through the multiple heat pipes is variable depending 
on ambient air conditions applied to the heat exchanger . A 
pump is provided in fluid communication with the upper 
header and the lower header . The pump operates when the 
heat exchanger is operating in a second mode in which the 
evaporator section is located above the condenser section , 
and the pump is disabled when the heat exchanger is 
operating in a first mode in which the condenser section is 
located above the evaporator section . 

21 Claims , 4 Drawing Sheets 
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PUMPED TWO PHASE AIR TO AIR HEAT heat pipes extend between the upper header and the lower 
EXCHANGER header . The heat pipes have first heat transfer sections 

proximate the upper header and second heat transfer sections 
FIELD OF THE INVENTION proximate the lower header . The first heat transfer sections 

5 are provided in a first gas stream , and the second heat 
The invention is directed to a two phase heat exchanger transfer sections are provided in a second gas stream . The 

and method which is able to perform in different seasons . In heat exchanger includes a working fluid and a pump in fluid 
particular , the invention is directed to a two phase air to air communication with the upper header and the lower header . 
heat exchanger in which a pump is provided to allow the The second heat transfer sections are evaporator sections 
direction of the heat flow through the heat pipes to be 10 when the air to air heat exchanger is operating in a first 
variable depending upon the ambient air conditions . mode , in which the second air stream is warmer than the first 

BACKGROUND OF THE INVENTION air stream , wherein the working fluid flows between the 
second heat transfer sections and the first heat transfer 
sections under the influence of gravity . The first heat transfer Known vertical air to air heat pipe heat exchangers rely on 15 

gravity to return the condensed working fluid from the sections are evaporator sections when the air to air heat 
condenser to the evaporator . For this reason , the condenser exchanger is operating in a second mode , in which the first 
must always be located above the evaporator . This works air stream is warmer than the second air stream , wherein the 
well for seasons when the air stream in the lower duct is working fluid is pumped by the pump from the lower header 
hotter than the air stream in the higher duct . However , the 20 to the upper header . 
known vertical air to air heat pipe heat exchangers do not An embodiment is directed to a heat exchanger which has 
transfer any energy from the condenser to the evaporator if an upper header and a lower header . Multiple heat pipes 
the evaporator is located above the condenser , as the con - extend between the upper header and the lower header , with 
densed working fluid from the condenser cannot be returned each of the multiple heat pipes having an evaporator section 
to the evaporator . Consequently , known vertical air to air 25 at one end and a condenser section at the opposite end . The 
heat pipe heat exchangers only work “ one way , ” meaning direction of heat flow through the multiple heat pipes is 
they can only transfer heat between the streams when variable depending on ambient air conditions applied to the 
positioned in a gravity aided position . heat exchanger . A pump is provided in fluid communication 

In order to overcome this problem , more complex and with the upper header and the lower header . The pump expensive heat exchangers have been developed having two 30 ope operates when the heat exchanger is operating in a second separate split coils with a pump provided there between to mode in which the evaporator section is located above the pump the working fluid between the split coils . condenser section , and the pump is disabled when the heat It would , therefore , be beneficial to provide a two phase exchanger is operating in a first mode in which the con air to air heat exchanger in which a pump is provided to denser section is located above the evaporator section . allow the direction of the heat flow through the heat pipes to 35 An embodiment is directed to a method of exchanging be variable depending upon the ambient air conditions . heat in a heat exchanger , the method including : providing 
SUMMARY multiple heat pipes extending between a first header and a 

second header , each of the multiple heat pipes having an 
An object of the invention is to provide a pumped two 40 evaporator section at one end and a condenser section at the 

phase air to air heat exchanger , having an upper liquid opposite end ; determining the direction of heat flow through 
header and a lower liquid header which is able to perform in the multiple heat pipes depending on ambient air conditions 
multiple seasons . applied to the heat exchanger ; engaging a pump when the 

An object of the invention is to provide an air - to - air heat evaporator section is located above the condenser section to 
exchanger which includes a series of straight heat pipes with 45 move a working fluid from the second header to the first 
fins on one end which form an evaporator section and fins on header ; and allowing the working fluid to be moved under 
the opposite end that form a condenser section , in which the the influence of gravity when the condenser section is 
direction of heat flow through the heat pipes is variable located above the evaporator section . 
depending on the ambient air conditions applied to the heat 
exchanger . BRIEF DESCRIPTION OF THE DRAWINGS An object of the invention is to provide a pumped two 
phase air to air heat exchanger which includes a pump FIG . 1 is a front perspective view of an illustrative 
provided to return condensed liquid from the condenser to embodiment of an air heat pipe heat exchanger of the present the evaporator when heat is being input to the upper fin invention , the air heat pipe heat exchanger includes a pump section and removed from the lower fin section . 55 to return working fluid to an upper section of the air heat An object of the invention is to provide an air to air heat pipe heat exchanger . pipe heat exchanger with a pumped liquid line for operation 
when the heat pipes are in the adverse gravity orientation FIG . 2 is a partial cross - sectional view of the air heat pipe 

heat exchanger of FIG . 1 , illustrating flow restrictors extend ( with the evaporator above the condenser ) , thereby provid 
ing fluid recirculation against gravity . 60 ing from a header of the air heat pipe heat exchanger into the 60 mg nmanoaudi 01 
An object of the invention is to provide an air to air heat heat pipes . 

pipe heat exchanger in which the upper ends of the pipes FIG . 3 is a diagrammatic view illustrating the operation of 
being capped , with each pipe having a flow - restrictor tube to the air heat pipe heat exchanger when warmer air is provided 
direct liquid against the interior wall of the evaporator to to the lower section of the air heat pipe heat exchanger ( for 
facilitate heat transfer . 65 example in the summer ) , gravity returns the condensed 
An embodiment is directed to an air to air heat exchanger working fluid from the condenser section at the top to the 

which includes an upper header and a lower header . Multiple evaporator section at the bottom . 
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FIG . 4 is an additional diagrammatic view illustrating the 28 are provided in liquid communication with the lower 
operation of the air heat pipe heat exchanger illustrated in liquid manifold 15 . One or more supply lines or pipes 30 
FIG . 3 , in which the pump is not operating or is in a passive extend from the one or more pumps 28 to the upper liquid 
mode . manifold 13 . 

FIG . 5 is a diagrammatic view illustrating the operation of 5 In the embodiment shown , the heat pipes 26 have first 
the air heat pipe heat exchanger when warmer air is provided heat transfer sections 32 in the upper compartment 14 and 
to the upper section of the air heat pipe heat exchanger ( for second heat transfer sections 34 in the lower compartment 
example in the winter ) , gravity does not return the con - 18 . The first heat transfer sections 32 are provided proximate 
densed working fluid from the condenser section at the the upper liquid manifold 13 . The first heat transfer sections 
bottom to the evaporator section at the top . 10 32 are provided in the first gas stream 22 and are in thermal 

FIG . 6 is an additional diagrammatic view illustrating the communication with the first gas stream 22 . The second heat 
operation of the air heat pipe heat exchanger illustrated in transfer sections 34 are provided proximate the lower liquid 
FIG . 5 , in which the pump is operating or is in a pumped manifold 15 . The second heat transfer sections 34 are 
mode . provided in the second gas stream 24 and are in thermal 

communication with the second gas stream 24 . The heat 
DETAILED DESCRIPTION OF THE pipes 26 provide a direct path of heat transfer between the 

INVENTION first gas stream 22 and the second gas stream 24 . 
Fins 36 may be provided in the upper compartment 14 , the 

The description of illustrative embodiments according to lower compartment 18 or both . The fins 36 are mechanically 
principles of the present invention is intended to be read in 20 and thermally connected to the heat pipes 26 . The fins 36 
connection with the accompanying drawings , which are to increase the heat transfer between the first gas stream 22 and 
be considered part of the entire written description . In the the heat pipes 26 and the second gas stream 24 and the heat 
description of embodiments of the invention disclosed pipes 26 , thereby facilitating the heat transfer between the 
herein , any reference to direction or orientation is merely first gas stream 22 and the second gas stream 24 . 
intended for convenience of description and is not intended 25 In use , in a first mode of operation shown in FIGS . 3 and 
in any way to limit the scope of the present invention . 4 , when the second gas stream 24 is warmer than the first gas 
Relative terms such as “ lower , " " upper , " " horizontal , " " ver stream 22 , the second heat transfer sections 34 of the lower 
tical , ” “ above , " “ below , " " up , " " down , ” “ top ” and “ bottom ” compartment 18 act as evaporator sections . As this occurs , 
as well as derivative thereof ( e . g . , " horizontally , " " down the heat energy of the second gas stream 24 is absorbed by 
wardly , " " upwardly , ” etc . ) should be construed to refer to the 30 the refrigerant or working fluid in the second heat transfer 
orientation as then described or as shown in the drawing sections 34 of the heat pipes 26 and converts the working 
under discussion . These relative terms are for convenience fluid from a liquid phase to a gas phase 37 . Because the 
of description only and do not require that the apparatus be latent heat of vaporization of the working fluid is relatively 
constructed or operated in a particular orientation unless large , considerable quantities of heat energy can be absorbed 
explicitly indicated as such . Terms such as " attached , ” 35 by the vaporization process with a very small temperature 
" affixed , " " connected , " " coupled , " " interconnected , " and difference . The vaporized working fluid will move inside the 
similar refer to a relationship wherein structures are secured heat pipes 26 to the first heat transfer sections 32 of the upper 
or attached to one another either directly or indirectly compartment 14 which act as condenser sections . In the first 
through intervening structures , as well as both movable or heat transfer sections 32 the working fluid is condensed . The 
rigid attachments or relationships , unless expressly 40 temperature of the working fluid will only change by a small 
described otherwise . Moreover , the features and benefits of amount during the condensing process . The condensed 
the invention are illustrated by reference to the preferred working fluid 35 will flow under the influence of gravity 
embodiments . Accordingly , the invention expressly should back to the second heat transfer sections 24 or the evaporator 
not be limited to such preferred embodiments illustrating sections . In this first mode of operation , the pump or pumps 
some possible non - limiting combination of features that may 45 28 are not engaged and no fluid is moved by the pumps 28 
exist alone or in other combinations of features ; the scope of between the lower liquid manifold 15 and the upper liquid 
the invention being defined by the claims appended hereto . manifold 13 . 
As illustrated in FIG . 1 , an illustrative embodiment of an In a second mode of operation shown in FIGS . 5 and 6 , 

air to air heat exchanger 10 includes an upper liquid header when the first gas stream 22 is warmer than the second gas 
12 with an upper liquid manifold 13 positioned in an upper 50 stream 24 , the first heat transfer sections 32 of the upper 
compartment 14 of the heat exchanger 10 and a lower liquid compartment 14 act as evaporator sections . As this occurs , 
header 16 with a lower liquid manifold 15 positioned in a the heat energy of the first gas stream 22 is absorbed by the 
lower compartment 18 of the heat exchanger 10 . A wall or working fluid in the first heat transfer sections 32 of the heat 
other type of partition 20 separates the upper compartment pipes 26 and converts the working fluid from a liquid phase 
14 from the lower compartment 18 . 55 to a gas phase 39 . Because the latent heat of vaporization of 

In general , as represented diagrammatically in FIGS . 3 the working fluid is relatively large , considerable quantities 
and 5 , the upper compartment 14 receives a first gas stream of heat energy can be absorbed by the vaporization process 
22 , such as return air , and the lower compartment receives with a very small temperature difference . The vaporized 
a second gas stream 24 , such as outside air . The first gas working fluid will move , under the influence of gravity , 
stream 22 and the second gas stream 24 have no direct fluid 60 inside the heat pipes 26 to the second heat transfer sections 
contact there between . 34 of the lower compartment 18 which act as condenser 

A number of heat pipes 26 extend between the upper sections . In the second heat transfer sections 34 the working 
liquid manifold 13 and the lower liquid manifold 15 . The fluid is condensed . The temperature of the working fluid will 
heat pipes 26 extend through the wall 20 provided between only change by a small amount during the condensing 
the upper compartment 14 and the lower compartment 18 . 65 process . The condensed working fluid 41 will flow under the 
The number of heat pipes 26 may vary depending upon the influence of gravity to the lower liquid manifold 15 to form 
amount of heating or cooling required . One or more pumps a reservoir or pool of working fluid in the lower liquid 
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manifold 15 . In this second mode of operation , the pump or and the flow of the working fluid vapor to the lower pressure 
pumps are engaged . The pool of working fluid feeds the second heat transfer sections 34 of the heat pipes 26 where 
pumps 28 which transports the subcooled liquid to the upper the working fluid condenses to form a pool of working fluid 
liquid manifold 13 via the pipe or pipes 30 and the cycle in the lower liquid manifold 15 . The pool of working fluid 
repeats as needed . 5 feeds the pumps 28 which transport the subcooled liquid to 

As described , in the second mode of operation , the pumps the upper liquid manifold 13 , as previously described , 
28 via the supply lines or pipes 30 and the shared upper allowing the cycle to repeat as needed . 
liquid manifold 13 moves condensed working fluid back to The method of exchanging heat in a heat exchanger 
the first heat transfer sections 32 which acts as the evapo - according to the present invention includes : providing mul 
rator section of each individual heat pipe 26 . The pumps 28 10 tiple heat pipes extending between a first header and a 
draw the subcooled liquid from the reservoir or pool of second header , each of the multiple heat pipes having an 
working fluid in the shared lower liquid manifold 15 and evaporator section at one end and a condenser section at the 
transports the liquid vertically through the liquid supply opposite end ; determining the direction of heat flow through 
lines 30 . As best shown in FIG . 2 , at the top of the heat the multiple heat pipes depending on ambient air conditions 
exchanger 10 , the working fluid or liquid enters the shared 15 applied to the heat exchanger ; engaging a pump when the 
upper liquid header 12 . The working fluid is distributed heat exchanger when the evaporator section is located above 
evenly to each of the vertical heat pipes 26 . The working the condenser section to move a working fluid from the 
fluid or liquid enters the top 40 of the heat pipes 26 and is second header to the first header ; and allowing the working 
directed to and cooperates with the walls 42 to wet the walls fluid to be moved under the influence of gravity when the 
42 of each first heat transfer sections 32 or evaporator 20 condenser section is located above the evaporator section . 
sections of the heat pipes 26 . The working fluid is vaporized The method may also include gathering condensed work 
by the air stream 22 flowing through the system . The ing fluid in the second header when the evaporator section 
resulting vapor flows to the lower pressure condenser sec - is located above the condenser section . The method may also 
tion where it condenses and forms the reservoir or pool of include distributing the working fluid to the multiple heat 
working fluid in the lower liquid manifold 15 . The cycle 25 pipes through the first header . The method may also include 
continues indefinitely as long as the system , which includes restricting the flow of the working fluid to the multiple heat 
a pump controller , recognizes that the temperature condition pipes to create a pressure drop between the first header and 
requires vertical liquid transport . the multiple heat pipes . The method may also include 

The use of the pumps 28 is only necessary when heat is directing the working fluid to walls of the multiple heat 
being input to the heat pipes 26 in the first heat transfer 30 pipes . 
sections 32 . When the heat is being input into the second The heat exchanger as described and claimed herein 
heat transfer sections 34 , the pumps 28 are turned off and provides a system that is able to perform in dual seasons 
each of the heat pipes 26 operate normally , with gravity while meeting the needs that are commonly requested by 
returning the condensed working fluid from the top of the customers . 
heat pipe 26 to the bottom . Some working fluid will remain 35 While the invention has been described with reference to 
stagnant in the liquid supply lines 30 and the lower liquid a preferred embodiment , it will be understood by those 
manifold 15 when the system is operating in this mode , skilled in the art that various changes may be made and 
thereby providing a mechanism for excess fluid storage . equivalents may be substituted for elements thereof without 

When operating in the second mode , proper fluid distri - departing from the spirit and scope of the invention as 
bution in each of the heat pipes 26 can enhance the perfor - 40 defined in the accompanying claims . In particular , it will be 
mance of the heat exchanger 10 and the system . As best clear to those skilled in the art that the present invention may 
shown in FIG . 2 , the interface between the upper liquid be embodied in other specific forms , structures , arrange 
manifold 13 and the top 40 of the heat pipes 26 includes ments , proportions , sizes , and with other elements , materi 
tubes or flow restrictors 44 ( FIG . 2 ) , such as , but not limited als , and components , without departing from the spirit or 
to liquid flow orifice tubes which direct the working fluid 45 essential characteristics thereof . One skilled in the art will 
from the upper header 22 to the heat pipes 26 . In the appreciate that the invention may be used with many modi 
embodiment shown , the flow restrictors 44 are small diam - fications of structure , arrangement , proportions , sizes , mate 
eter tubes that are attached to the top end 40 of the heat pipes rials , and components and otherwise , used in the practice of 
26 near to where the heat pipe 26 interfaces with the upper the invention , which are particularly adapted to specific 
liquid header 12 . The tubes or flow restrictors 44 extend 50 environments and operative requirements without departing 
through small diameter openings which extend through end from the principles of the present invention . The presently 
caps 46 . The small diameter tubes 44 act as flow restrictors disclosed embodiments are therefore to be considered in all 
to balance flow between each of the vertical heat pipes 26 respects as illustrative and not restrictive , the scope of the 
and to create a pressure drop between the upper liquid invention being defined by the appended claims , and not 
manifold 13 and the heat pipes 26 . The tubes 44 also serves 55 limited to the foregoing description or embodiments . 
to direct or inject the working fluid against the heat pipe The invention claimed is : 
walls 42 in the first heat transfer sections 32 rather than 1 . An air to air heat exchanger comprising : 
allowing the working fluid to flow directly down the center an upper header ; 
of the heat pipes 26 without contacting the walls of the first a lower header ; 
heat transfer sections 32 . The tubes 44 may promote spray - 60 multiple heat pipes extending between the upper header 
ing of the working fluid against the walls 42 . As the working and the lower header , the heat pipes having first heat 
fluid meets the walls 42 of the heat pipes 26 , the rifled inner transfer sections proximate the upper header and sec 
surfaces of the walls 42 will help to wet the entire walls 42 ond heat transfer sections proximate the lower header , 
of the first heat transfer sections 32 or evaporator sections of the first heat transfer sections provided in a first gas 
the heat pipes 26 , allowing the working fluid to be distrib - 65 stream , the second heat transfer sections provided in a 
uted along the length of the heat pipes 26 by capillary action . second gas stream ; 
This better facilitates the vaporization of the working fluid a working fluid ; 
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a pump in fluid communication with the upper header and wherein the pump operates when the heat exchanger is 
the lower header ; operating in a second mode in which the evaporator 

the second heat transfer sections are evaporator sections section is located above the condenser section , and the 
when the air to air heat exchanger is operating in a first pump is disabled when the heat exchanger is operating 
mode , in which the second air stream is warmer than 5 in a first mode in which the condenser section is located 
the first air stream , wherein the condensed working above the evaporator section . 

fluid flows between the second heat transfer sections 11 . The heat exchanger as recited in claim 10 , wherein fins 
and the first heat transfer sections under the influence of are provided on the evaporator section , the condenser sec 

tion or both . gravity ; 
the first heat transfer sections are evaporator sections 10 10 12 . The heat exchanger as recited in claim 10 , wherein 
when the air to air heat exchanger is operating in a flow restrictors are inserted into the multiple heat pipes , the 
second mode , in which the first air stream is warmer flow restrictors create a pressure drop between the upper 
than the second air stream , wherein the condensed header and the multiple heat pipes . 
working fluid is pumped by the pump from the lower 13 . The heat exchanger as recited in claim 12 , wherein 
header to the upper header . 15 outlets of the flow restrictors are positioned in the multiple 

2 . The air to air heat exchanger as recited in claim 1 , heat pipes , the outlets direct the working fluid to walls of the 
wherein the second gas stream is ambient air , wherein the multiple heat pipes . 
direction of the flow of heat through the heat pipes is 14 . The heat exchanger as recited in claim 12 , wherein the 
variable depending on the ambient air conditions applied to flow restrictors are liquid flow orifice tubes . 
the heat exchanger . 20 15 . The heat exchanger as recited in claim 14 , wherein the 20 

3 . The air to air heat exchanger as recited in claim 1 1 , liquid flow orifice tubes extend through end caps of the 
wherein the heat exchanger has an upper compartment in multiple heat pipes proximate the upper header . 
which the first heat transfer sections and the first gas stream 16 . A method of exchanging heat in a heat exchanger , the 
are located , the heat exchanger has a lower compartment in method comprising : 
which the second heat transfer sections and the second gas 25 providing multiple heat pipes extending between a first 

header and a second header , each of the multiple heat stream are located . 
4 . The air to air heat exchanger as recited in claim 3 , pipes having an evaporator section at one end and a 

wherein fins are provided in the upper compartment , the condenser section at the opposite end ; 
lower compartment or both . determining the direction of heat flow through the mul 

5 . The air to air heat exchanger as recited in claim 1 , 30 tiple heat pipes depending on ambient air conditions 
wherein flow restrictors are inserted into the heat pipes , the applied to the heat exchanger ; 
flow restrictors create a pressure drop between the upper engaging a pump when the evaporator section is located 
header and the heat pipes . above the condenser section to move a condensed 

6 . The air to air heat exchanger as recited in claim 5 , working fluid from the second header to the first 
wherein outlets of the flow restrictors are positioned in the 35 header ; 

allowing the condensed working fluid to be moved under heat pipes , the outlets direct the working fluid to walls of the 
heat pipes . the influence of gravity when the condenser section is 

7 . The air to air heat exchanger as recited in claim 6 , located above the evaporator section . 
wherein the flow restrictors are liquid flow orifice tubes . 17 . The method as recited in claim 16 , comprising : 

8 . The air to air heat exchanger as recited in claim 7 , 40 gathering condensed working fluid in the second header 
wherein the liquid flow orifice tubes extend through end when the evaporator section is located above the con 
caps of the heat pipes proximate the upper header . denser section . 

9 . The air to air heat exchanger as recited in claim 6 , 18 . The method as recited in claim 17 , comprising : 
wherein the flow restrictors are liquid nozzles . distributing the condensed working fluid to the multiple 

10 . A heat exchanger comprising : heat pipes through the first header . 
19 . The method as recited in claim 18 , comprising : an upper header ; 

a lower header ; restricting the flow of the condensed working fluid to the 
multiple heat pipes extending between the upper header multiple heat pipes to create a pressure drop between 

and the lower header , each of the multiple heat pipes the first header and the multiple heat pipes . 
having an evaporator section at one end and a con - 50 50 20 . The method as recited in claim 18 , comprising : 
denser section at the opposite end , the direction of heat directing the condensed working fluid to walls of the 
flow through the multiple heat pipes is variable depend multiple heat pipes . 
ing on ambient air conditions applied to the heat 21 . The method as recited in claim 16 , wherein fins are 
exchanger ; provided on the evaporator section , the condenser section or 

a pump in fluid communication with the upper header and 55 both 
the lower header ; 

45 


