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A heat exchange structure includes a plurality of elongated air 
ducts. The heat exchange structure has an exterior heat 
exchange surface and interior heat exchange surfaces, the 
interior surfaces being in the elongated air ducts. The heat 
exchange structure includes a plurality of heat generators that 
are distributed on the exterior heat exchange surface along an 
elongated direction of the air ducts, in Which air ?owing in the 
air duct is heated successively by heat from the heat genera 
tors, and air How in the air duct is enhanced by buoyancy of 
heated air. 
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HEAT EXCHANGE ENHANCEMENT 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to concurrently ?led U.S. 
patent application Ser. No. , titled “Heat Exchange 
Enhancement” (attorney docket 19853-003001) and Ser. No. 

, titled “Heat Exchange Enhancement” (attorney 
docket 19853 -00600 1 ), both of Which are herein incorporated 
by reference. 

BACKGROUND 

[0002] This invention relates to heat exchange enhance 
ment. 

[0003] Electronic components often generate heat that has 
to be dissipated to the surrounding environment to prevent 
overheating. In some examples, the heat is dissipated to ambi 
ent air. A heat sink With a larger surface area can be used to 
enhance heat dissipation. Using a fan to increase air ?oW 
around the electronic component or the heat sink can enhance 
heat dissipation. Increasing the air-solid contact area (i.e., 
surface area) may also improve the heat dissipation. Another 
conventional Wisdom is to spread the heat to the heat sink 
effectively (via good conduction or convection media orboth) 
so as to increase the difference betWeen the heat dissipation 
surface and the ambient air temperature, at the same time to 
reduce the temperature difference betWeen the heat source 
and the dissipation surface. 

SUMMARY 

[0004] In a general aspect, air-solid heat exchange can be 
enhanced by increasing a heat exchange surface area of a heat 
conducting solid Without blocking a natural air ?oW. Air ducts 
are provided to alloW heated air to rise and exit the ducts 
through upper openings to carry aWay heat, at the same time 
alloWing cool air to enter the ducts from loWer openings and 
absorb heat from the Walls of the air ducts. The air ducts can 
reduce Weak linkages in thermal conductions and heat 
spreading. In some examples, ?ns are positioned in the ducts 
and aligned along the direction of air How to increase the heat 
exchange surface Without blocking the air ?oW. Heat 
exchange occurs along the length of the duct, causing hot air 
to continue to rise in the duct due to hot air buoyancy, creating 
a pumping effect to e?iciently move air through the duct 
Without the use of fans. 
[0005] In another general aspect, the quality of heat 
exchange betWeen a solid structural section and ambient air 
molecules can be enhanced by modifying a surface property 
(for example, surface potential) of the solid structural section, 
for example, by coating a thin layer of material on the solid 
structural section. The thin layer can be made of, for example, 
a ceramic material. The thin layer can have (a) spiky micro/ 
nano structures, and/or (b) porous micro/nano structures, in 
Which the spiky or porous structures (1) enhance the micro 
surface area, and (2) modify the solid surface potential of 
trapping/de-trapping (absorption & de-absorption) of air 
molecules for better heat transfer betWeen the solid surface 
and ambient air. 
[0006] The solid structural section may include a metal 
structural section. For example, the metal structural section 
may include at least one of aluminum, magnesium, titanium, 
Zinc, and Zirconium. For example, the structural section may 
include an alloy of at least tWo of aluminum, magnesium, 
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titanium, Zinc, and Zirconium. The structural section may 
include a ceramic structural section. For example, the ceramic 
structural section may include one or more of aluminum 

oxide, aluminum nitride, titanium oxide, titanium nitride, 
Zirconium oxide, and Zirconium nitride. In some examples, 
the thin layer of ceramic material includes at least one of 
aluminum carbide, aluminum nitride, aluminum oxide, mag 
nesium carbide, magnesium nitride, magnesium oxide, sili 
con carbide, silicon nitride, silicon oxide, titanium carbide, 
titanium nitride, titanium oxide, Zinc carbide, Zinc nitride, 
Zinc oxide, Zirconium carbide, Zirconium oxide, and Zirco 
nium nitride. In some examples, the thin layer of ceramic 
material includes a combination of at least tWo of aluminum 

carbide, aluminum nitride, aluminum oxide, carbon, magne 
sium carbide, magnesium nitride, magnesium oxide, silicon 
carbide, silicon nitride, silicon oxide, titanium carbide, tita 
nium nitride, titanium oxide, Zirconium carbide, Zirconium 
oxide, Zirconium nitride, Zinc carbide, Zinc nitride, and Zinc 
oxide. 

[0007] In one aspect, in general, an apparatus includes a 
heat exchange structure includes a plurality of elongated air 
ducts, in Which the heat exchange structure has an exterior 
heat exchange surface and interior heat exchange surfaces, 
the interior surfaces positioned in the elongated air ducts. The 
apparatus includes a plurality of heat generators that are dis 
tributed on the exterior heat exchange surface along an elon 
gated direction of the air ducts, in Which air ?oWing in the air 
duct is heated successively by heat from the heat generators, 
and air How in the air duct is enhanced by buoyancy of heated 
air. 

[0008] Implementations of the apparatus may include one 
or more of the folloWing features. The heat generators include 
electronic devices. The electronic devices include light 
sources. The apparatus includes signal lines that are attached 
to the exterior heat exchange surface, the electronic devices 
being attached to the signal lines. The heat exchange structure 
includes a metal structural section, in Which heat ?oWs from 
the exterior heat exchange surface to the interior heat 
exchange surfaces through the metal structural section. The 
heat exchange structure includes a structural section and a 
thin layer of ceramic material attached to a surface of the 
structural section, the thin layer of material having a thickness 
less than 100 microns. The thin layer of ceramic material 
includes a ?rst sub-layer that is substantially impermeable to 
air molecules and a second sub-layer that is at least partially 
permeable to air molecules. In some examples, the apparatus 
includes a fan to enhance air How in the air ducts. In some 
examples, the apparatus is con?gured to operate Without a 
fan. 

[0009] In another aspect, in general, an apparatus for dissi 
pating heat from electronic components includes a heat 
exchange structure that has an elongated air duct and an 
interior heat exchange surface positioned Within the air duct. 
The apparatus includes signal lines coupled to an exterior heat 
exchange surface of the heat exchange structure, the signal 
lines de?ning locations for attaching the electronic compo 
nents, the locations being disposed along an elongated direc 
tion of the air duct. The heat exchange structure is designed 
and con?gured to transfer heat from the electronic compo 
nents through the exterior and interior heat exchange surfaces 
to air ?oWing in the air duct such that the air ?oWing in the air 
duct is heated successively by heat from the electronic com 



US 2008/0180969 A1 

ponents disposed along the elongated direction of the air duct, 
and air How in the air duct is enhanced by buoyancy of heated 
an. 

[0010] Implementations of the apparatus may include one 
or more of the following features. The heat exchange struc 
ture includes a composite substrate that includes a substrate 
and a thin layer of ceramic material attached to the substrate, 
the thin layer of ceramic material having a thickness less than 
100 microns. In some examples, the apparatus includes a fan 
to enhance air How in the air ducts. In some examples, the 
apparatus is con?gured to operate Without a fan. 
[0011] In another aspect, in general, an apparatus includes 
a vehicle lamp that has a heat exchange structure including a 
plurality of elongated air ducts, in Which the air ducts include 
heat exchange surfaces con?gured to exchange thermal 
energy With air ?oWing in the air ducts. The apparatus 
includes light emitting diodes that are distributed along an 
elongated direction of the air ducts, in Which the light emit 
ting diodes are con?gured to transfer heat to the heat 
exchange surfaces in the air ducts to successively heat air as 
the air ?oWs through the air ducts and enhance air How in the 
air ducts by buoyancy of heated air. The vehicle lamp is 
con?gured to dissipate thermal energy generated by the light 
emitting diodes to the air ?oWing in the air ducts. 
[0012] Implementations of the apparatus may include one 
or more of the folloWing features. The heat exchange struc 
ture includes a structural section and a thin layer of ceramic 
material attached to the structural section, the thin layer of 
ceramic material having a thickness less than 100 pm. In some 
examples, the vehicle lamp includes a Water-tight chamber 
enclosing the light sources. In some examples, the vehicle 
lamp includes tWo Water-tight chambers connected by a pas 
sage, one of the chambers enclosing the light sources and the 
other of the chambers enclosing electronic components to 
control the light sources, the passage alloWing signal lines to 
pass, the signal lines connecting the light sources to the elec 
tronic components. 
[0013] In another aspect, in general, an apparatus includes 
a light source that has a plurality of light emitting diode 
modules. Each light emitting diode module includes a heat 
exchange structure including a plurality of elongated air 
ducts, in Which the air ducts include heat exchange surfaces 
con?gured to exchange thermal energy With air ?oWing in the 
air ducts. The light source includes light emitting diodes that 
are distributed along an elongated direction of the air ducts, in 
Which the light emitting diodes con?gured to transfer heat to 
the heat exchange surfaces in the air ducts to successively heat 
air as the air ?oWs through the air ducts and enhance air How 
in the air ducts by buoyancy of healed air. Each light emitting 
diode module is con?gured to dissipate thermal energy gen 
erated by the light emitting diodes to the air ?oWing in the air 
ducts. 
[0014] Implementations of the apparatus may include one 
or more of the folloWing features. The apparatus complies 
With MR-l 6 standard. The heat exchange structure includes a 
structural section and a thin layer of ceramic material 
attached to the structural section, the thin layer of ceramic 
material having a thickness less than 100 pm. In some 
examples, the light emitting diode modules are arranged such 
that the light emitting diodes of different light emitting diode 
modules face substantially the same direction. In some 
examples, the light emitting diode modules are arranged such 
that the light emitting diodes of different light emitting diode 
modules face different directions. 

Jul. 31, 2008 

[0015] In another aspect, in general, an apparatus includes 
a Wall Wash light having a heat exchange structure that has a 
plurality of elongated air ducts, in Which the air ducts include 
heat exchange surfaces con?gured to exchange thermal 
energy With air ?oWing in the air ducts. The apparatus 
includes light emitting diodes that are distributed along an 
elongated direction of the air ducts, in Which the light emit 
ting diodes are con?gured to transfer heat to the heat 
exchange surfaces in the air ducts and successively heat air as 
the air ?oWs in the air ducts and enhance air How in the air 
ducts by buoyancy of heated air. The Wall Wash light is con 
?gured to dissipate thermal energy generated by the light 
emitting diodes to the air ?oWing in the air ducts. 
[0016] Implementations of the apparatus may include one 
or more of the folloWing features. The heat exchange struc 
ture includes a structural section and a thin layer of ceramic 
material attached to the structural section, the thin layer of 
ceramic material having a thickness less than 100 pm. 
[0017] In another aspect, in general, a method includes 
transferring thermal energy from a plurality of heat genera 
tors to multiple locations of an interior heat exchange surface 
of a heat exchange structure, the interior heat exchange sur 
face being positioned in an air duct of the heat exchange 
structure, the heat generators being coupled to an exterior 
heat exchange surface of the heat exchange structure and 
disposed along an elongated direction of the air duct, and 
heating air in the air duct successively by transferring thermal 
energy from the multiple locations of the interior heat 
exchange surface to the air as the air ?oWs through the air 
duct, enhancing air How in the air duct by buoyancy of heated 
air. 
[0018] Implementations of the apparatus may include one 
or more of the folloWing features. Transferring thermal 
energy from the heat generators to the interior heat exchange 
surface includes transferring thermal energy through a Wall 
separating the exterior heat exchange surface and the interior 
heat exchange surface, the Wall having a thickness less than 5 
mm. In some examples, the method includes enhancing air 
How in the air duct by using a fan. In some examples, the 
thermal energy is transferred from the heat generators to the 
air ?oWing in the air duct Without using a fan. Transferring 
heat from the heat generators to the multiple locations 
includes transferring heat from electronic devices to the mul 
tiple locations. 
[0019] In another aspect, in general, a method includes 
transferring thermal energy from a heat generator to a heat 
pipe, transferring thermal energy from different portions of 
the heat pipe to a heat exchange structure that includes a 
plurality of elongated air ducts, the different portions of the 
heat pipe aligned along an elongated direction of the air ducts, 
and heating the air in the air ducts successively by transferring 
thermal energy from the different portions of the heat pipe to 
the air ?oWing in the air ducts, enhancing air How in the air 
ducts by buoyancy of heated air. 
[0020] Implementations of the apparatus may include one 
or more of the folloWing features. In some examples, the 
method includes enhancing air How in the air ducts by using 
a fan. In some examples, the thermal energy is transferred 
from the heat pipe to the air ?oWing in the air ducts Without 
assistance ofa fan. 
[0021] In another aspect, in general, a method includes 
mounting an array of heat generators on an exterior heat 
exchange surface of a heat exchange structure, in Which the 
heat exchange structure includes elongated air ducts, the 




















