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APPARATUS TO ENHANCE COOLI.iC OF
KI,KGTRO)I(: HKVICK

'Hlis is a divisional of application Ser No 0I)/666.069
filed on Sep. 20 2000 now U.S. Pat. No. 6.435,267 which is
hereby incorpomted by reference herein.

I'lliI,D Oli 'II IE INVEN'I'ION

This invention relates to a heat transfer system More 10

spcciiicafly, tt relates to usulg a vcnlun lo create scparatc air
flow s Ill du clcctroulc device 10 ctiol coluptillclus.

BACKGROUND OF THE INVENTION
I

Many electromc dcvtccs have utattcxluatc )hernial nuul-
agcmmli. They either gcl too hol fiir comlorl or so hot llial
component or system reliability is reduced Many customers
of electmnic devices are starting to recognise that manufac-
nlrers are cuttin comers in thermal design as processor lo
speeds keep increasing FICiS. IA tllrough ID represent
difl'erent prior art approaches usin fans by several manu-
ftlCull cia.

FIG. 1A illustrates onc pnor arl approach to coolulg a heal
pmducing component 240 in an electronic device such as a
notebook conlputer An air-moving device 100, such as a fan
or blower„blows air across the heat producing component
240 and the air then exits the electronic device. While tlus
approach cools the heat pmducing component. it i nores the
rest of the system components 300 which typically compose
one lrdlf lo two llurds of thc syslem lhcnual load.

FIG. 1B iflustrates another prior art approach in which. the
air front air-moving device 100 that cools heat producing
component 240 passes over system components 300 before
cxtlulg ihe electronic dcvtcc. Thc result of ibis approach ts ls
that lhc system componmlls 300 arc healed by lhc warm heal
pmducing conlponent 240 air flow and thi ~ heating may
cause some of the system components 300 to fail prema-
nlrely. Additionally. the atr that does exit the electronic
device is lvanner than desired. often to the detriment of the do
user's conlfort.

Fl(i I('llustrates an alternative prior art arnsngenlent
where the cool outside air pulled into the electronic device
by air-moving device 100 passes over system components
300 before this air passes across heat producing component d-

240. While system components 300 are kept cooler. the
cflicicncy on coolulg heal producul componmlt 240
dimreases bccausc tlm air rcaclung tl ts warmed by systmn
components 300 Again, the air exiting the electronic device
is wanner than desired causmg user discomfort 0

FIG. 1D illustrates a prior art approach lo crcalulg lwo
scqtaratc air flow s for lhc clectroruc dcvicc 240 and systmn
components 300 by using two fans 100, onc lbr each heal
source and separated by wall 232 'I'his approach is ditficult
to implement in smaller electmnic devices because it is nmre I
expensive, it has higher power consumption and it needs
more space for each fan.

lllcrcforc. wlulc fans or blowers have been used in may
different configurations as cooling solutions in electronic
device~, such as notebook computers, a need exists when io
using a single fan or blower to separate cooliilg flows of
outside air for the CPU and the rest of the system.

SUMMARY OF THE D]SCLOSI )RE
ss

An electronic device has at least one coinponent that is
capable of generating a quantity of heat 'I'he electronic

device further has an air-movulg dcvicc and an air duct. Thc
air moving device is capable of creating a flow of air that
removes a portion of the quantity of heat I'he flow of air
enters the air duct. The air duct has a restriction chamber that
includes a venturi vent in which the flow of air into the duct
and through the restriction chamber creates a new flow of air
into thc vcnluri vent. lite ncw flow of atr into the vcnlun
vent docs nol pass over Ihc dt least one component in the
electronic device

In one einbodinlent. the new flow of air is used to cool
addttloiull colnpoilclrts ill lhc clcctt'ofllc device.

In another embodiment. the air duct is combined with the
at least one component to form a processor module used in
thc clcctronic device.

BRIEF DESCRIPTION OF THE DRAWINCiS

FICi 1A illustrates a poor art approach to coolulg a heat
prodtlculg ctlulptlnclln

FICi IB illustrates a lirst prior art approach to coolulg
both a heat producing component and other system compo-
IIClltS.

FICi. 1C illustrates a second poor art approach to coolin
both a heat producing component and other system compo-
nents.

FICi 1D illustrates a poor art approach to create lo
duflows USulg dUdl Idns.

lii(i 2 illustrates an air duct having a venturi vent and its
various components as used in the preferred embodiment of
the invention.

FICi 3A illustrates the preferred embodiment of the
invmllion showing dn cleclroruc dcioce using Ihc mr duel
wilh lhc vcnlun vent of FIG. 2.

FICi 3B illustrates another mnboduncnl of the ulventton
in which an air moving device is proximal to the intake
manifold of the air duct

FICi. 4 iliustrates a first alternative embodiment of the
invention in which the air duct is part of a processor module.

FICi 5 illustrates a second dltcmativc cmboduncnt of the
illvcllllon Usulg uullllplc vculUll vctlnu

FICi 6 illustrates a third altcroattvc embodiment of lhe
invention using a second duct to couple air to the venturi
VCllt.

FICi 7 illustrates a fourth alternative embodiment of the
invention used in conjunction with a heat pipe.

FICi 8 illustrates a fifth alternative embodunent of the
invmllion ul which the heat pipe is coupled to thc venturi
vent through a second duct.

lil(i 9 illustrates a sixth alternative enlbodiment of the
invention in which a compressed gas container creates the
air flolv, which generates the vacuum air flow in the venturi
vent that cools the heat producmg component.

FICi 10 is an isomctnc driiwing of an air duct useful lbr
designmg an exemplary embodiment of the invention

FICi 11 is a cross section of the air duct in FICi. 10 wlfich
illustrates the venous regions and prcssure areas used lbr
designing an exemplary mubodimcnt ol'hc invention.

DETAILED DESCRIPTION OF THE
PREFERRED AND ALTERNATE

EMBODIMI.N'I )

Thc invention solves d dtflicult cooing problem tn elec-
tronic devices in an elegant manner. Separate coolulg flows
drc clciltcd Usulg II l t:Iluul vent ill whu:ll a ical prodUculg
cmnponent, such as a ('PU, microprocessor or processor
nxldule, is cooled independent of the rest of the system
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components. Add&uonally, th&s vemun vent tccluuquc
extends to solve other diflicult therinal issues 'I he invention
addresses the need fi&r separate air flows by using an
air-niovin device. such as a fan or blower„ to create an air
flow liaving an air velocity and then a restriction chamber to
create a low pressure zone using the Bemoulli principle to
create a vacuum a&r flow in a ventun vmtt winch &s used to
cvacuaic either mann a&r from ins&dc thc proiluct or to draw
in cooler air from outs&de the product

FI(i 2 illustrates an a&r duct 15 that coinprises a ventun ic
vent 12U. 'I'he venturi vent 120 has an opening 140, that &s

prefembly flared. and v hich helps to couple and operatively
engage air external to the air duct 15 into the venn&ri vent
120. Thc air duct 15 has an &ntakc ma&ufold 130 in winch mr
is drawn uito thc mr duct 15 Thc iniake mmifold 130 has
a hrst volume 132 con&prised of a first area and a tirst length
Air &vithin the first volume &s compressed as it leaves the
intake manifold 130 and is coupled with first coupling 134
into restriction chamber 150. As the air is compressed. its
speed or velocity nu&st increase to conserve the amount ofair zo

mass mov&ng through thc a&r duct 15. When the vcloc&ty
incrcascs in thc rcstnct&on chamber 150. (he mr pressure
against the sidewalls of the air duct 15 in restriction chan&her
150 reduces Ibis reduction in pressure as the air velocity
increases is known as the l)ernoulli principle By controlling
the amount of restnction of the air and thus its velocity. the
ability to control the reduction in the air pressure is greatly
increased leading to dcs&gn flexib&lity. Thc rcstnction clrun-
bcr 150 further has an opcnu&g or opuo»ally a flarcd opening
140 on at least one sidewall to create a venturi vent 120 I'lus &c

venturi vent 120 then allows air outside of the air duct 15 to
enter the openin thus allowmg air outside of air duct 15 to
mix with the air entering the intake manifold 130. Tlus
mixed air is opemtively enga ed by being coupled tluough
a second coupling 152 to an exhaust mtmifold 110 whcrc it )i
cx&ts air duct 15. Thc exhaust mmufokl 110 iris a second
volume 154 that compnscs a second area and a second
length As the mixed air enters the exhaust inanifi&ld 110 it
expands and thus slows its velocity, thereby increasing the
pressure on the sidewalls and reduci&tg the pressure d&fler- so
ential bet&veen air ins&de the exhaust manifold 110 and the
outs&dc air Tlus normal&zat&on of pressure increases thc
cflbcuv encss ol'ov&ng a&r from thc exhaust m uufi&ld 110
to outsnlc of thc a&r duct 15.

IICi 3A is an illustrat&on of the preferred embodiment in
which an electronic dev&ce 10. such as a notebook computer,
implements the air duct 15 of FICI. 2. The electronic dev&ce

10 comprises a keyboard 220 and display 200. The display
200 has a cavity 210. Thc keyboard 220 1&as an enclosure or
cmity 234 winch conte&ns at least one heat producing o

component 240, such as a nucropmccssor, graphws control-
ler. niemory dev&ce or combination thereof and an air duct
15 &vhich has a venturi vent 120, an intake maniti&ld 130 and
an exhaust manifold 110 Air is pulled fl&rough the air duct
15 by the use of an a&r-moving device 100. such as a fan or s.
blower. In th&s cmbod&ment thc a&r-moving device 100 &s

proximal to the exhaust mmufold 110 of thc a&r duct 15 Thc
heat producing component 240 is thcnnally isolatcil from
the system components in keyboard cavity 230 by a barriers
232 to form an enclosure. Air outside ofelectronic device 10 re
is dmwn into the keyboard cavity 230 tlm&ugh a first set of
air vents 260 and a second set of air vents 270. The first setol'r vents 260 d&rect a&r over heai pmducmg component
240. wlnle tlu: second sct ol'&r vents 270 directs air uvcr
system components 300 incav&ty 230. Thus. two separate mr si
flo&vs are created winch are separated by barriers 232 The
first air flow over heat producing component 240 enters

intake man&l'old 130 of mr iluct 15 and &s constricted ui a
restrict&on chamber 150 such that venturi vent 120 creates a
vacuum suction force for the second air flow which draws in
a&r fmm cavity Z30 to cool the system components 300 '(he
two air flows are mixed in exhaust manifold 110 before
be&n expelled out of electronic device 10 by air-movin
dcvicc 100.

Altcmativcly, as shown &n tlu: embod&ment ol'IG. 3B,
the air-moving device 100 is placed near the first air vents
260 (l&I(i. 3A) and proxinial to intake manifold 130 to push
a&r stream 72 across heat producing component 240 before
entering intake manifold 130. This air stream 72 is com-
pressed in restriction chan&her 150 to create a vacuum air
flow 82 into vcnturi vent 120 Qm&ugh flarcx( opcnuig 140.
thus drawing in air from system componm&ts 300 in thc
keyboard cavity 230 (I&i(i 3A). The air fron& air-moving,
device 160 and the ventnri vent 120 are n&ixed and exhausted
as exhaust air flow 310 fmm exhaust manifi&ld 110 directly
out of the eiectronic device 10 (FICi 3A).

Optionally, rather than pullin air across system compo-
nents 300, vacuum a&r flow 82 can bc drmvn ut to the vcntun
vent 120 Ikom outsxlc thc clectromc dev&cc 10 to mix w&fli

the air streain 7Z front across heat producing component 240
in order to cool the air before it exits the electronic device
10, thereby making the exhaust air flow 310 more comfort-
able to the user.

Since processors are capable of be&ng the largest heat
gcncrat&ng component in clcctron&c dcv&ccs, &I is diflicult to
design an clcctncal nnd thcnnal utterfacc to them. To make
tlus design task easier, manufacnirers are now tending to sell
pmcessors in modules combined with other con&ponents
l&I(i. 4 illustmtes a first alteniate embodiment of the inven-
tion &n vvhich air duct 15 is shown as intey'a) to a processor
module 24Z having a heat producing component 240, such
as a processor, and a module connector 244 Ibr &ntcrfacuig
addit&onal electronics to processor module 242 An air
stream 72 &s directed over heat produc&ng component 240
and is operatively engaaed as it enters mtake manifold 130
1'his air streain 72 is con&pressed in restnction chamber 150
causing a vacuum air flo&v 82 to Ik&v, into venturi vent 120.
Opt&onally. a second duct 410 is used to couple and opera-
t&vely engage the vent uri vent 120 w &th thc electronic device
as part of the module*s mr interface by thc clcctro&uc
dcv&ce's designer. Thc vacuum air flow 82 is m&xcd w&th thc
a&r stream 72 and expelled front the exhaust manifold 110 as
exhaust air flov'1U

FICi. 5 shows a second alternative embodunent which has
more than one venturi vent to create addit&onal air flows used
to cool scnsitn c components 302 or to draw a&r fmm outsule
the electronic device: 10 (FIG. 3A) to cool thc nuxcd a&r flow
from tlm heat producing component 240 and system com-
ponents 300. I'o keep the venturi air flows separate, multiple
barriers 304 are used.

FICi 6 illustrates a third alternative embodiment in wlfich
the barrier fiuiction is performed by a second duct 410,
havu&g an opcnuig 142. which cmi be used to direct air mto
thc venturi vent 120 from miyw herc &n thc clcctronic device
10 (FIG. 3A), for example, such as thc display cavity 210
(l&IC). 3) I'he second duct 410 may be con&prised of rigid or
tlex&ble material.

FICi. 7 iliustrates a fourth alternative embodunent, which
comb&nes the venturi vent 120 with a heat pipe 250. In this
embodiment, heal from thc heal producu&g component 240
is removed by the heat p&pc 250 and w&th the a&r tha»s
blown over the heat proilucuig component 240 from air-
nx&ving device 100 The heated air from heat producing
cmnponent 24U enters the intake manifold 130 to create the
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I acuum air flow tluough the vcnturi vmi( 120 when thc mr
is compressed in restriction chamber 150. 'I'he vacuum air
flo&v may be used to create an air tlow over the systeni
components 300 or it may be used to draw in air outside of
electronic device 10 (FILI. 3A) to cool the warn& air
extracted from the heat producing component 240. The
condensing cnd ol'he heat pipe 250 is thermally coupled to
thc exhaust mani(old volume 154 such that Ihc mr Ilia(
passes over the condensing end extracts heat before exiting
out of exhaust manifold 110 '(itis embodiinent allows ntore in

heat to be extracted from the heat producing componmit 240
and the heat to be opemnttve engaged to the exhaust air flow
310 through thermal couphng with the heat pipe 250

FIG. 8 &llustratcs a Iil'th altcmativecmbodunent ui which
the system components 300 arc cooler( by crcatmg an mr
flo&v into intake nianifold 130 by air-moving, device 100
which pulls an exhaust air flow 310 from exhaust manifold
110. '11&e vacuum air flow created in restriction chamber 150
is coupled to a second duct 410. which is preferably further
coupled to the condensin end of a heat pipe 250. Heatpipe zo

250 is thcnnally coupled to heat producmg component 240,
winch is pre('crably scparatcd fmm system compo&wats 300
by a cavity or enclosure (not shown) 'I he second duct 410
further has an opening 412 used to drmv in outside air 280,
which is air external front electn&nic device (0 (lti(i. 3A).
When using heat pipe 250. the outside air 280 removes heat
from the condensing end of the heat pipe before heing drawn
into vmituri I ant 120 Otherwise, if no heat p&pc is used. thc
outs&dcmrflowsoverhcat pmducin componen(240 befi&rc
entering openin 412 3(l

11(i &J fllustmntes a sixth alternative embodiment in which
the air-movin device comprises a compressed gas car&udge
400. the gas being any suitable compressed gas Ii&r coolin,
such as compressed air or carbon dioxide, preferably carbon
dion&dc. Thc compressed gas relcasc &s controlled by a valve 34

410 (hai is activated by control circuit 430 Ihat has a Iirst
tcmpcraturc smisor 440 on heat producing component 240
and optionally, a second temperature sensor 450 monitoring
system coniponents 3UO When the control circuit 430
detects tl&at cooling is required, the compressed gas is 4o

released by operung valve 410 such that the compressed gas
cxpantls in fluc 420. As the gas expands &1 absorbs energy
thereby crcatin a cool air flow 460. Tlus cool mr flow
crosses heal gcncrating component 240 extracting hea1 from
it into intake manifold 130 of air duct (5. 'I'hi ~ cool air flov
460 is compressed in restnction chamber 150 to create a
vacuum air flow 470 into flared opening 140 of venturi vent
120. This vacuum air flow 470 ic used to cool system
components 300. The vacuum mr flow 470 nuxcs with cool
mr flow 460 in thc exlraust miuufold volume 154 before o

cx&tuig exhaust manifold 110 to become exhaust air tlow
310

An exeniplary design for an air duct for use in a notebnok
coniputer is nov, pmvided. This exemplary design provides
a first-pass method to get a rough approximation for desi n s.
I ariablcs. Factors such as Ibn or blower cflicicncy, fnction
duc to turbulence and surlbcc contacts and unusual shapes
ntxcssary to implmnent some solut&ons arc ignored in tlus
example for the purposes of illustration. 'I'hese factors must
be taken into account in an actual design Due to the ta
difficulty in determining these factors, those skilled in the art
are likely to either estimate the factors or resort to empirical
teeing to derive them. However, many 1&mcs a design will
be so complex that emp&meal testing of thc des&rcxl results
(c.g. 1(lc tt:&&&pc&'aturi: of cot&&pc&lctim). wllili: Iilotlilyiiig tile 64

air duct parameters, may be the only satisfactory design
technique

When lirst-pass dcs&gnuig mi exemplary mr duct having a
venturi vent, it is useful to separate different sections of the
air duct into zones. FI(i (0 is an illustration showing an air
duct broken intn seven zones marked by a black dot and
Roman numerais. Flfi. 11 is a schematic representation of
FILI. 10 showing the regions and the various pressure points
on the air duct's interior walls. A brushlcss DC f m such as
a Sunon EME fan and motor model //KDE054SPFSI-8 cmi
be used for the air-min ina device 100 'I'his fan can pmvide
up tn 8 cubic feet per minute (( I&M) ofair flow and measures
45 mmx45 inn& in area and (0 mm in thickness

The heat removal rate (P) of a heat tmm&sfer system is
equal to the mass flow rate of air (m) times the specific heat
of air (Cp) times thc diflbrcnce in tempcraturc a&r risc from
uilct Io exhaust a&r (AT), I.e.

p It& t phr(watts I

I'he n&ass flow rate of air (m) can be expressed as the air
density (p) times the volume flo&v mate of air (lt). I.e

For air. the air density (p) is approximately 1.18 (Kg/m') at
25" C. The specific heat of air (Cp) is appmxunately 1005
(3/(kg-K)). Thcrcfore, to maxinnze tlm heat removal rule (P).
either thc flou rate (F) and/or thc d&flbrmice &n tcmperaturc
(A'I) rise must be niaximized

To maximize AT, the air to the heat producing component
240 needs to be as cool as possible and the surface area that
thc air contacts &4 ith (hc component as largess posh&ble. For
cxmnplary design purposes. it is assumed that thc system
components v, ill typically require 8 Watts to be exhausted
from a first cavity or enclosure and heat producing compo-
nent 240 wiil typically require 24 Watts to be exhausted from
a second cat ity or enclosure. For convenience to the user (to
keep from bein bunted or otherv ise experience an elec-
tronic device that &s unacceptably warm) flm maxuuum air
exhaust tcmperaturc difli rential (AT) is prefi rably lim&ted to(5''n this example (i&I(i. 9 Illus&ms&en an enibodiment
where A'I'mi be greatly increased due to cool air flotv 460)
For cont ersion between the metric MKS system and English
system of units. one cubic foot per minute (CFM is equal to
4.72E— 4 ms/sec, Given the above, the volume flow rate of
air for this example cnn bc calculated. For thc system
components 300, 8 Waus need to bc cxhaustcd in tlus
exantple, so to find the volume air flow to cool the system
components 3UO, I'„„,„, e„„„8U:

p — tt watts — pFcpis

then

„„,,=S&I&pt'p

F„„„„s —si(it)(1 lax&tins&', (4 71 n
—(I 9634CFX/ IC/ 0

Likewise I'or the heat producing component 240, 24 Waus
nixd to bc exhausted in tlus example. so thc heat producuig
component volume airflo&v I'a„„„aa „„, 7U is:

/'1,„, „,4,. „, =34 it I(1 Ilntititt I*I /47 I.

661711/ &C'/'tit

Therefore the fan needs to supply a total volume air flow 60
of 4 CFM ol'ir flow in &his example, wluch thc Sunon
KDE0545PFSI-8 can liandle with its 8 CFM spec&licanon
w&th margin for losses tluc to backpressurcs air fnct&on,
restrictions, and nutflows or leaks num&ally encountered and
generally classified as a tent& called headloss 'I'he headloss
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term &s often rale&cd lo the square ol'he veloc&ly ol'he a&r

movina throu h a region I'herefilre it is difficult to deter-
mine precisely the headloss factor and it is either ignored in
prelinlinary des&gns or assun&ed to be an energy loss across
the boundaries of different regions.

Referring to FICI. 11. region I is outside of the air duct 15
and luis a gage n&r prcssure PJ of zero(0) kg/m . Also far
enough away Ibom the ultake manil'old 130, lhc velocity of
thc dlr ln It:gu&JI I ls zclo. Thc cquauiul Icplcscntulg lhc
consemation of energy between nvo regions is ( il

Now I'or thc regions V and Vl, we wan& nn mr flow 80 of
I CFM It can be assummi thai the prcssure PPJ=O and Ihe
velocity in region VI away from the venturi opemng 140 is
V„.,=O. Since v,e approximately knov the pressure at the
opening of the venturi vent 120. P,, at the restriction
chan&her 150 as PJJJ 'uld assuming PPJ O. the area of the
cross elution of thc van&un vmlt can bc culculated. Us&ng Ihe
conservat&on ol cncrgy cqualion w&lh llm above assumptions
and V,=F,/Area,. the cross section area of the venturi vent
IS:

Pt I'1 Ps VB
2

7 '

where / specihc weight of air — 12 kg,'ml sec',
g=gravitational constant of accefemtion=9.0 n&/sec-'. and
hl&l:hen(floss fnuu region I to rcglon II. Sulcc PJ:0 'ultl
V&WO and V»=3CFM/(area of the intake manifold cmss
sccuon). and & Boring llm hcadloss term hl,&. PJJ cBB bc
dclernnncd. By setuug thc area ol'he unakc mamfold cross
section lo 2 025I(— 3 ml ((4 5 cm)g by design choice, wluch
filr this example is the fan area size), the pressure on the
sidewalls of air duct 15 &n region II is:

— (3 472F.— 4/2ntmE — 31 &2
= -O.s 19/ttt'9t(

ut

I'tt At Btt

I 'or the regions I I and III, by the principle ofconservation
of mass, the velocities betv een the two regions are related
bl.

3s

P„V,— + ' 6/lt = il
tg

where hl„=headloss from region V to re ion VI and is
ignored.

t— I', 22ggI,,
V, =

F, I 6 472E — 3
At &,= =4&E — 4 m-

~P.„"g/y 9067 2 9 6/12

'I'herefore, for a square opening, each side would be approxi-
mately Zl mm.

Exa&uining the regions III and IV, we know that the V,»=3
CFM/Areal and V »4CFM/Areal aud assum&ng that Ihe
Area =Arear&- the prcssure on Ihc s&de&veils &n rcg&on IV,

PJ& c »I be calculated (ignoring any headloss between
region III and region IV) as

6 ttt 7 J&17 2

where Area(J is the cmss-sectional area of the intake man&-

filld 130 in re ion II and Area&JJ is the cross sectional area of
the restriction chamber 150 in region III. A ain. by design
choice. settmg the restriction chamber area to be two-thirds
of the intake manifold area, e.g .. Area,»=2/3 "Area». then the
plcssulc on lhc sl (lewd lls of Ihc les&mellon chan&bar in region
III is:

This P& P is the pressure on the sidev alla on the opposite side
of the venturi vent 120 from re ion HI.

For the rcg&ons IV to VII, wc know that thc fan arcs is (4.5
cm)l so if the exhaust nlanifold is made to mate directly to
the fan. Area,»=(4.5 cm)'nd Area».=Area&it 2/3BArea»
I'he velocity of air in reaion VII is 4 ('I'M/Area,ll and the
velocity of air in region IV is 4 ('l(M/Arealm thus the
prcssure &n region VII cml bc calm&lated (aga&n &gnonng any
hclulloss between lcgltu& IV tultl region VI) Bs.

/ Ptt I'tt Vttt
Ps( = 7 + — — lrl t)ir

w herc lflc, is Ihc IF&ct&on headloss from region II lo rcg&on
III and for this example is ignored I'herefore, the pressure
on the side&veils of the restriction chamber in region III
bacon&ca;

Ptt+tl — 16 1"—
&g

(3
6 -1726'

3)
Pst = — u 3 + 1, I — I 6 2«9S

= — u 67 M m-

69

lt1 J 11117Ps +

16(4.7 F.— 43 12 16 (472E — dl +12

2!9 S/i&76 -2!'(9 Sl(d 66. — I'I'hose

skilled in the art will appreciate that the intake
manifold, restriction chamber, exhaust manifold and venturi
vent could be other dimensions or shapes when designing,
the mr duct and still fall w&tlnn Ihc sp&nl and scope of Ihe
iuvm&lion which arc dclincd by lhc fi&liow&ng clauns.

What is ciaimed is:
I An air duct capable of usin a first air flov, the first air

flow having a first velocity for coolin at least one compo-
nent, smd a&r duct compnsulg.

an intake lnanifold having a first cross-sectional area, said
first air flo&v operatively engaged to said intake mani-
fi&ld,
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a res(nction chamber havuig an opemng mid a second
cross-sectional arcs. saul second cross-sccuoixil arcs of
said restriction chamber less than said first cross-
sectional area of said intake manifold, wherein said
restric(ion chaniber is coupled to said intake manifold
(o receive said first air flow. Said first air fhiv haviag a
second velocity in said restnction clmmbcr. said second
1 eloci(y morc than said Iirs( velocity, smd first air flow
flowing across said opening thereby creating a second
air flow into said opening from external to said restric-

1 I 1

(ion chamber thereby forming a third air tlow. and
an exhaust manifold. said exhaust manifold having an

exhaust opcmug and a third cruss-sectional arcs, smd
Ihird cross-secuonal area coupled 1o saul second cross-
sectional area wherein said third air flow exits said
exhaust manifold through said exhaust opening; and

ivherein said second air flow does not pass over said at
least one component

2. Thc mr duct ol'laun 1 whcreui said opcmn ui said
rcstncuon chamber is flarcd

3. A processor module comprising the air ducr of claim 1. io
4. An electronic device comprisiiig the air duct of cLaim

I

5 An air duct for receiving a flow of air over at least one
component, compnsing, a restnction clmmber, wiid rcstric-
uon chmuber having a Iirst end and a second cnd, mid said
restriction chamber having at least one venniri vent.

an intake manifold, said intake manifold capable of being
operatively engaged to the flow of air and hirther
operatively engaged to said first eod of said restnction
clramber. and

3(lan exhaust manil'old coupled (o said second end of smd
restnction chamber, wherein said a( least one vcnturi
vent creates a vacuum air floiv, and ivherein said
vacuum air tlow does not pass over said at least one
component.

31
6. A processor module comprising the air ducr of claim 5.
7 An eiectmnic device comprising, the air duct of claint

5
8. A cooing uppura(us Ior mi clcctromc device having a

Iirs( componcn( crcuting a first heated air mass and a second
component creating a second heated air mass. said apparatus so

conlpilsirig:
means for mixing a first air flow and a portion of said hrst

heated air mass thereby creating a inixed air flov
mcmis for rcstnctuig smd mixed air flow by chmuicling

said mixed mr flow through a rcstrwtion chmnbcr as
thereby increasin the velocity of the mixed air flov;

nieans for creatin a first vacuum pressure having a
second air flow in a first opening in said restnction
chamber: and

means Ibr mixuig said mixed air flow and said second mr
flow thereby crea(ing a combntcxi air flow.

9. The apparatus ol'laim 8, further compnsing:
means for exhaustin said combined air flow outside of

said electronic device.
1(l. 'I'he apparatus of claim 8, further compri ~ ing
means for mixing said second air flow and a portion of '

said second heated air mass.
11. The apparatus of claun 8, fiirflier compnsing.
nieans for mixing said second air flow and a quantity of

air external to said electronic device.
12. 'I'he apparatus of claun 8, further comprising. so

means for coupling thermally said at least one component
to said restncuou chamber usuig a heat pipe.

13. Thc apparutus ol'laim 8, funhcr comprismg.
means for mixing said first air flow and a portion of said

second heated air mass; and si
means for mixing said second air flow and a quantity of

air external to said electronic device

14. Thc appara(us of claim 8. further compnsing:
nteans for creating a second vacuum pressure having a

tlurd air flow ui a second opm»ng ui said rcstnc(ion
cluimbcr thcrcby creating a second ventun vent,

nieans for mixing said hrst air flow and a ponion of said
It(st heal cxi aii Iliass:

means for mixin said second air flow and a portion of
said second heated air mass, and

means fiir nuxing smd tlnrd air flow und a quantity of air
externai to said electronic device.

15 'I'he apparatus of claim 8. further coniprising:
means for sensin temperature within said electronic

device; and
means Ibr releasing smd lira( air flow from a compressed

gas container in response to said sensing of tempera-
ture.

16. The appara(us ol claim 15, fur(her comprising:
nteans for inixing said first air flow and a por(ion of said

first heated air mass; and
means for mixing said second air flov and a portion of

said second heated air mass.
17. The appara(us ol'laim 15, further comprising:
nteans for inixing said first air flow and a por(ion of said

second heated air mass: and
means for mixing said second air flov and said first heated

air mass.
18. The appara(us ol'laim 8. further comprwing:
means for restricting said first heated air mass to an

enclosure container containing said at least one com-
poncn(1

means for coupling said first heated air mass in said
enclosure to said venturi vent;

means Ibr nuxuig said Iirs( air flow and a portion of said
second heated air mass: and

nteans for mixing said second air flow and a portion of
said lira( hca(cxl mr mass.

19 'I'he apparatus of claim 8. further coniprising:
means for coupling a ilurd heated air mass from a sixond

cavity on said electronic device to said first venturi
vcilt.

20. The appara(us ol'laim 8. further comprwing:
nteans for coupling a quantity of air external to said

electronic device to said first ventun vent using an air
lb.1C(;

means for couplin said first heated air mass to said air
duct: and

means for mixuig said Iirst hcuted air mass to said
quantity of air external to said electronic device to fomi
said second air flow.

21. Ail clcctioilic ih:vlcc. coil(pris(rig.
an air moving device adapted to create a first air flow; and
a cooling appara(us. uicluduig,
a restriction chaniber having a venturi vent, the chamber

adapted to restrict said first air tlow by channeling said
first air flow thereby mcrea sing thc velocity ol'aid Iirs(
air tlow over Ihc 1 co(uri 1 cnt. thc veu(un vent adapted
to create a vacuum pressure lmving a second air flow in
a first opening in said restriction chamber, the chamber
further adapted to mix said first air flow and said second
air flow thereby creating a combined air flow; and

an exhaust manifold adapted to exhaust said combined air
flow.

22. Thc elec(rome dei icc of claim 21 fur(her compnsuig
at least one system component, wherein said second air flow
passes over said at least one system component




