-1 - .1 MPROVED APPARATUS AND METHOD OF Al R- CONDI TI ONI NG PARKED Al RCRAFT -

This invention relates to aircraft air-- conditioning systems and, nore€
particular]ly, to apparatus and nethod of cooling the passenger cabins of
parked aiXoraft. A number of systens have been devel oped over the years to
satisfy the requirenent of nmaintaining the tenperature of the passenger

cabin of nodern day aircraft at a |evel confortable to the passengers .
during the tine the aircraft is parked. In such aircraft, the hig 'dEhslfﬂs €
of passengers, the interior lighting, the |arge nunber of w ndows, and the
heavily insul ated fuselage all contribute to raising the tenperature of the
cabin of the parked aircraft to unconfortable |evels. Accordingly, it has

been found necessary to p@gﬁkggeg gggkgggugyﬁﬁsgkggﬁégﬁgé the aircraft
cabin tenperature, even cations with
relatively cold outside aghreRbnbePR8RRNE" BRRKED AZRCAX®rtYype of prior art
system fror cooling the cabfn of—a parked arrcrart_utrttzes an on-board -
auxiliary power -unit which is generally a small, . .

- - -

This invention relates to aircraft air-

- céndiéioning éystems and, more particularly, to €%§
h apparatus and method of cooling the passenger cabins -
of parked aircraft. |

A number of systems have been developed
over the years to satisfy'the requiréﬁgnt of
maintéining the tgmperatﬁfé of the passenger cabin of
modern day aircraft at a level comfortable to the
passengers during the time the aircraft is parked.
In such aircraft, the high dénsity of passengers, the
interior lighting, the large number of windows, and
the heavily insulated fuselage all contribute to (_
raising the temperature of the cabin of the parked
aircraft to uncomfortable levels. Accordingly, it
has been found necessary to provide a cooling system
to lower the aircraft cabin temperature, even when
the.aircraft is parked in locations with relatively

cold outside ambient temperatures.
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jet-fueled turbine. The turbine, which is operated when the aircraft is
parked i.S used to power the on-board cooling system This same cooling
sysiemis-powered by the main engines during flight. Another type of prior

art systemfor cooling the cabin of a parked aircraft. utilizes one or nore 14
on-board air cycle nachlnes MhICh are speci al - purpose heat punps. These t
machj nes cool the cabin air when they are supplied with a source of

hi.gh- pressure, high tenperature air. During flight, the source of air is an
on- board conpressor driven by the nain engines. Wen the aircraft is

parked, -a ground-based air conpressor is2connected to.the airplane to drive

t he heat punps. This connection is made using a hose which |inks the
conpressor to a heat punpofiensgsé o £ P56l etk s idtemo ol covliage of the
aircraft fuselage. Yet another type of systemfor cooling the cabin of a

par ked aircraft tie ciabés afgaopadkédsaiireraftcantdiltiizeseanupntbohrdh provi des
cool air under pressure directly into the cabin air-conditioning duct

system This greuyxdlBasgdraver contl tvhieh is germrallivch smplbe fixed in

Iocatlon or portable, is _connected to the parked airplane u3|ng a flexible
jet-fueled turbine. . The turbine, which is operate

when the aircraft is parked, -is used to” power the.
on-board cooling system. This same coolin& system is
o | powered by the main engines during flight.

.Another type of prior art system_for
cooling the cabin of a parked aircraft utilizes one
or more on-board air cycle'machihes which are
special-purpose heat pumpsf. These machines cool the
cabin air when they are supplied with a source of
high-pressure, high temperature air. During flight,
the source of air is an on-board compressor driven by
the main engines. When the aircraft is parked, a
ground-based air comptessor is connected to the
airplane fo drive the heat pumps. - This connection is
made using a hose which links the compressor to a
heat pump connector provided on the outer surface of
the dircraft fuselage.

Yet another type of system for cooling.the
cabin of a parked aircraft utilizes a ground-based
air conditioner unit which provides cool air under
pressure directly into the cabin air—conditioning

duct system. This ground-based air conditioner,



hose. This hose links the air conditioner to a connector, provided.on the
exterior, of.the fusel age, which communicates directly mnth the cabin ducts.
1n- th|s L§chan|zat|on there is no need to operate the. on-board coollng ¥
system when t he aircraft is parked. O the previously described types of
eooling systens, the ground-based air conditioner unit is general |y

recogni zed as being the nost energy efficient. Typically, prior art i
ground- based air conditioner units require fromone-fifth to one-tenth t he”
energy of those systens enploying on-board auxiliary power units, and from
one-half to one-fourth the energy of these systens enpl oying on-board air
cycl e machi nes. Even though ground-based air conditioner systens are
“general | y norvh efH inayemte tfixedndmy loctheiohypespoftalbd i nigs syst ens, they
still require large anpunts of power for their operation. For exanple

el ectrical | y aypuretted dio thengarkederispianasusbg | ar feexidnirercial j et

aircraft may require in excess of three hundred, and flf%% kil owatts of
power for theies@mperHtiohose Linkspihenair SPPQFtb??eﬁr - based air_

_Condltloner %y néﬂE%Jé””g%%Jﬁééﬁn@ O¥hver¥ter1 r oPdtﬁ V%hséiage,

which communicates’directly with the cabin ducts.: In
this mechanization, there is no need to operaté the.
on-board cooling system when the aircraft is parked.

Of the previously described types of
cooling systems, the ground-based air conditioner
unit is generally recbgnized as being the most energy
efficient. Typically, prior art groﬁnd—based'air-
conditioner units require f;om one-fifth to one-tenth

'the energy of those systems employing on-board
auxiliary power units, and from one-half to.
one-fourth the energy of those-éystems employing
on—-board air cycle machines. ‘

Even though ground-based air conditioner
systems are generally more efficient than many other
types of cooling systems, tﬁey still require large
amounts of power for their operatioﬁ. For example,
electrically operated air cdnditidner systems for
large commercial jet aircraft may require in excess
of three hundred and fifty kilowatts of power for

their operétion.



bl opers in _order to generate sufficient air flowto maintain the desired
cabi tenperature Those bl owers, sone of which nmay be rated in excess of
one hundred and fifty brake horsepomer (112. KW, generate substantiat+

| evel s of noise adjacent the air conditioner unit. 1In addition, these
Iarge bl owers cause the cool alr to exit the cabin air ducts at
sufficiently high vel ocities to produce not+geabl e cabin noi se. Yet another
dr asback to prior art ground-based air conditioner systens is the high

nmoi sture content of th&ustberai prileri aeteground+masmbiaimicondiittionethi s

moi sture i nor easesyAlung RyghdhtYy Sﬁlﬂ§b§‘9vé7}§t1§%§ém%]dd)3:ﬂéq:ﬁqmr' but i ng

to passenger disconfort. According to one aspect esent i nventi on
there is provided OWEFﬁo&noPrQPF EBnﬂ?P?B%F%gF%F%%ﬁ#&RFzﬁ%ﬁ:ﬁépﬁ §&vi ng an
external air inlemaintaimetheddesiradi ogbimeteaipasatiird.cdutiose blewers,

tenperature of a e e n ext er nal t the airgraft tqQq a
fi ?Et | evel of te%%era%l%r g"‘ﬁéﬁna gbiego%a &4 sYAtEM T & d’ne?x?'élpﬁﬁledt Snghe
ai rpl ane, and pro: 1é¢ugbrﬁ8erbggéenovenpé}thﬁﬁﬂfuqenﬁnaae substantiad the

aircraft external jaivielisNb®t ndis@ 885886nt e¥isd. éﬁrtéﬂﬁﬁyfﬂaﬂé% uhi€, 1In
tenperature of the rtlon gﬁﬁthe anblegigalr vein efréi_g;ced suff|C|entIy to

| ower the second P F*&P rt ENBER AL AFES HBIIUETHi G &84TE5Ar enhei t
(1.66[err]). Accomwlmgthe aabihealas@mctsodttéufﬂﬂ&xﬂnﬁly mdetht i on there is

provi ded a systemyfi Qikies to produce noticeable cabin noise.
et - Yet another drawback to prior art ground-based air
conditioner systems is the high moisture content of the
cool air delivered to the ‘cabin air ducts. This
moisture increases cabin humidity, causing mist
formation and contributing to passenger discomfort.

n

According to one aspect of the present invention
there is provided a method of air conditioning a parked
ai:craft'having an'external air inlet, the method
inéluding the steps of reducing the temperature of a
portion of the ambient air external to the aircraft to
a first level of temperature using a cooling system
located external to the airplane, and providing the

' reduced temperature air under pressure to the aircraft

L external air inlet at a sécond level of temperature,
the temperature of the portion of the ambient air being
reduced sufficiently to lower the second level of
temperature below thirty-five degrees Fahrenheit
(1.66°C).

According to another aspect of the present
invention there is provided a system of air
conditioning.parked aircraft having an external air
inlet, the system including cooling means located
external to the airplane for reducing the temperature
of a portion of the ambient air external to the
aircraft to a first level of temperature, and transport

‘means for providing the reduced temperature air under



condi ti oni ng parked aircraft having an external air inlet, the system -

‘i hcl udi n§ Tooling neans |ocated external to the airplane for reducing the
“tenperature of a portion of the anbient air external to the aircraft to a *
first level of tenperature, and transport neans for providing the reduced
-tenperature air under 17 -5- pressure to the aircraft external air inlet

at a second | evel of tenperature, the igprovenment conprising appar at us T
i

i ncluded as part of the cooling nmeans for reducing the second | evel of
tenperat ure hetewsdrd rdg/the \ed rdegfecexkEabnebhait| enl¢t drbwdemsics in
accordance w r ﬁﬁn nti p nption of

gr ound- based %?r%ﬁaﬁf cog§¥%io§$% ?ﬂ@??gﬁéggt ggﬁérd%cé% Al so, they

make it p055|¢99?ﬁ4t43nﬂﬂﬂhydﬁﬁba@a@ﬁﬁ eﬁﬁlﬁbﬁnéﬂﬁlbﬁgpﬁﬁ%ﬁﬁi%ﬁﬁcraft by
reduci ng the yPoueimNdH Edldng a@%uce@ B¥mpBLathfe CHOTD | @i gy System A

ground- based C nd|t|o Syst, ed aircraft, in accordance
with the presg’n‘f ‘fﬁﬂa‘rﬁ %J Q‘%&ﬁ%‘ﬁ‘?@ %@nvent i onal mechani zati ons of
such air conditi orBmtspdsiysndrss- ilmy acapplaneg wbthhehei presdédt air which is
coolred bel ow { xﬁ?ex(éf‘é’:?'é}&ﬂi@ UheObolRi® bonEBp8Lon COF UL £ b GHH N1t JUH POSES,

the: prlor art
aircraft air conditioning systems to be reduced.

) Also, they make it possible to improve the cabin
environment of parked aircraft by reducing the noise T
and humidity produced by the air conditioning system.

A ground-based air conditioning system for parked
aircraft, in accordance with the present invention,
departs from conventional mechanizations of such air
conditioning systems by supplying to the aircraft air
which is cooled below the freezing point of water.

‘'For air conditioning purposes, the prior art has
for the most part rejected the use of air cooled below
forty degrees Fahrenheit (4.44°C) on the basis that
such cold air results in an inefficient system and in
user discomfort. However, in embodiments in accordance
with the present invention there arée developed air
conditiOning configurations which cool the air entering
the aircraft below thirty-five degrees Fahrenheit '
(1.66°C) (preferably below thirty-two degrees
Fahrenheit (0°C)) to provide a system for cooling
parked aircraft which consumes less power, produces
less outside and cabin noise, and provides a drier and
more comfortable cabin environment than prior art
systems of comparable cooling capacity.

Several embodiments are described for providing
air at sub-freezing temperatures while overcoming the
problem of excess frost buildup on the cooling
elements. '

For a better understanding of the present

invention and to show how it may be carried into




%
for the nost part rejected the use.of air cooled below forty degrees
Fahrenheit (4.44[err]) on the basis that such cold air results in an
i fefficient systemand in user disconfort. However, in enbodinents in
accordance with the present invention there are developed air conditioning
configurations which cool the air entering the aircraft below thirty-five
degrees Fahrenheit (1 66[err]) (preferably ¥t ow thirty-two degrees
Falenheit ([err])) provide a systemfor cooling parked aircraft which
consunes | ess powSEf eﬁFedEE§§rP%§§ %h%%l%@yeﬁﬁiﬁﬁﬂﬁW19ﬁnW§¥ ofn§*%pPB}Rdes a
drier and nore combothabhecoempanyenyi doawings i hian witiahs art systens of
conpar abl e cooling cap eyer al d d X
providing air at sub- f?ggé#i ? }.’S %ra g@gg%ﬁa} %/f:rc n%[ fqi’eas%fiogllem of
excess frost bU|IGepdeﬁlpnenqoéYﬁhgme¢%nb@%stYEQHuﬁﬁdxin(ﬁheumdsﬁgpﬁndlng of
t he present |nvenghqgngmgntQogh@abbpmglg §E§ké&éé¥¥dﬂd¥%d nt o -6- effect,
reference will now be exa fo the anyi.ng -
drawi ngs, in which: Flgaﬁgrf ¥51§ 5I5€?eTﬁ zﬂﬁ?ﬁr§¥ gp £S&d air
condi tioni ng syst expahstiibe type uﬁedoohlm@ec¢n££gnnatmumemhmmh hay beoling a
parked aircraft; “used in the air conditioning system of Flgure 1 to i

practice the present 1nventlon,

18



: ]
Figure 2 is a schematic diagramof a direct- expansion type of cooling
"configupﬁgion which nay be used in the air conditioning systemof Figure 1 .
to practicCe the present invention; -7- Figure 3 is a schematic diagram
of achilled liquid type of cooling configuration which may be used in the
"air -conditioning systemof Figure 1 to practice the present invention; and
Figure 4 is a schematic diagram of ~a conbination chill'ed liquid and direct _
expansi on type of cooling configuration which may be used in the air W
conditioning systemof Figure-1 to practice the present invention. '
Referring to Figure 1, there is showt a bl ock di agram of a ground-based air

condi tioning systen110%¥$Sget9_f€q%4géﬁ%é§1ié1 J; %agag%eg aircraft 12. The

system 10 includes a coofing uni provi des a source of cold fluid

which is cirgylaygd wgewhﬁ?%@e@f @aﬁgﬁw%o@éguée%wng&ﬁ is used to

force ambient air, entéring through i over the surfaces of the heat.
exchanger 16payhgeeli¥ed Nenathe | £ik BRI diddiNg &3aiteRd oferpguRéUr € when it

exits-fromoutlet- 22. The heat exchanger 16-and the blower 18 are generally -
housed in a QO&&D@f&@QEOSUtHe present invention; and - : '
| Fiéure 4 is a_schematic diagram of a
combination chiIled liquid and direct-expansion type
of cooling configuration which may be uéed in the air : g_;

conditioning system of Figure 1 to practice the

present invention.

Referring to Figure 1, there is shown a
block diagram of a ground-based air conditioning
system 10 used to cool the cabin of a parked aircraft
12. The system 10 includes 'a cooling unit 14 which
provides a source of cold fluid which is circulated
through a heat exchanger 16. .A blower 18 is used to e
force ambient air, entering through inlet 20, over
the surfaces of the heat exchanger 16, whefeby the
air is cooled to the desired temperature when it
exits from outlet 22, The heat exchanger 16 and the
blower 18 afe generally housed in a common enclosure
which is located adjacent the airplane parking area.
This enclosure‘may be fixéd in location or may be

portable. The cooling unit 14 may be located in that
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which.is | ocated adjacent the airplane parking area. This enclosure may be
ftxed inlocation or nay be portable. The cooling unit 14 may be |ocated in

that © 20 -8 - same area or may be renotely located as part of a centra
airport cooling system In such instance, the cooling unit 14 is connected
to the heat - exchanger 16 using suitable piping. Electrical 20

power to operate the blower 18 and the cooling. unit "14-may be provided by
a pertable generator (typically driven by a diesel engine), or by the
airport power utility using fixed power |ines. The air conditioning system
ai'r outlet 22 communicates with one end eB-a flexible hose 24. The ot her
end of the hose 24 is- attached to a connector 26 provi ded on_the outside
surface of the aPfPfaREedor MaY &hriéModelys locatedr A RaRAf cites with a

network of air conditiponing ducts 28 distributed_throughout the passenger
cabin of the airE?ﬁFfa€2?1 PP £9° H?gpﬁﬁﬁﬁﬁg'a_EBn?BFEabT%t%WW?TonnEnt in

.tcggi ﬁatszenger caphl 8boi g AR 1€ 214! fn%eci;‘edi %odﬁﬁérﬁééﬁ o mai nt-al n
nperaturé€ at “a noni nal” seventy-t1ve degrees.Fahrenheit (23.9
[err]), .even U”dSQCHQﬁ&érCP§Eh§¥H&“§Jﬂ¥EBF@fbiping. Electrical prer_
' to operate the blower 18 and the cooling .unit 14-h§g
be provided by a portable generator (typically dfivén
kaf : .' by a diesel engine),lor by the airpért power utility
using fixed power lines. | |

The air éonditioning'system air outlet 22.
.communiCAteSZWith one end of a flexible hose 24. .The
other end of the ho;e 24 is-attached to a éonnector
26 provided on the outside surface of the airplane
12. The connéctor 26, in turn, communicatgs with a
network of air conditioning ducts 28 distributed
throughout the passenger cabin of the aircraft 12.

In 6rder-to provide a comfortable
environment in the passenger cabin of the parked
aipcraft,”it is desirable to maintain cabin
temperature at a nominal seventy-five degrees
Fahrenheit (23.9°C), even under worst case conditions of
maximum cabin heat load. Factors influencing this
heat load are outside ambient temperature, sunlight
radiating through the windows, interior cabin lights,

and the number of'passengers in the cabin.



maxi mum cabi n heat |oad. Factors influencing this heat |oad are outside.

ambi ent tenperature, sunlight radiating through the wi ndows, interior cabin®
lights, snd the nunber of passengers in the ‘cabin. 21 9 For-the nost d
part, préeér art air condi tioning systenms for parked aircraft acconpl i sh the

- cooling task by providing air at the heat - exchanger outlet 22 which has

been cool ed.to between forty and-fifty degrees Fahrenheit (4.44 to -
10[err]). Typically, the air flowi ng -through the flexible hose 24 14
undergoes a tenerature rise of about five degrees Fahrenheit (2.78 degrees
Cel sius). Accordingly, the tenperature”of . the air entering the airplane at

the connector 26 is be e J& a t | degrees Fahrenheit
(7.22 to i2.78[err]) |E$gr|9%%%é%/tséllﬁ'n@¢ J%I ova\ér% 18 is sized to

provide a SUEBh&hE'ﬂBnEﬁ«%es%t&\%’lfﬁ rodd K tﬁﬁ@a&taaecbmglﬁigﬁ' red cabin
t enperature .under conditions of maxi num cabin heat | oad ntil the present

invention, thasecobllihgdrasktine mrdvithithd arird 2@ nebst heakt rejected the
concept of . provi ding_ air _at-.the heat exchanger-.outlet 22 which is col der

than forty degcheagEahoauhettzz¢hhhﬂb .haEheésenbeboded. apebbaseeni n part on
the- technlcal ' '
- : . forty and - flfty degrees Fahrenheit (4.:44 to 10°C). Typically, the
air flow1ng-through the flexible hose 24 undergoes a
temperature rise of about five degrees Fahrenheit (2.78 degrees Celsius).
Accordingly, the temperéture of the air entering the
airplane aﬁ.the connector 26 is between fortv-five
and fifty-five degrees Fahrenheit (7.22 to 12.78°C) in prior art
systems. The blower 18 is sized to provide a-
sufficient rate of cool air flow to maintain the
desired cabin temperature undef cohditions of maximum
cabin heat load.
Until the present invention, those skilled
in the art had for the most part rejected the concept
of .providing air at the heat exchanger outlet 22
which is colder than forty degrees Fahrenheit (4.44°C). These
beliefs are based in part on the technical
information accumulated over the years relating to-

the air conditioning of residential and commercial

buildings.
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i nformati on accunul ated over the years relating to the.air conditioning of
residential and commercial bui.ldings. -10- Building air conditioning
systens are characterized by the ‘enpl oynent of very large air ducts having
a'low pressure drop. Air is cooled by cooling units to between. forty *and
fifty-five degrees Fahrenheit (4.44 to 12.78[err]) and is distributed™

t hrough the building duct systemat very low flow rates. Generally, air -
pr&sure of only one to three inches of water (0.25 to 0.75 KPa) is needed
to distribute the cool air throughout the building. Accordingly, the power
consumed by the. blowers enployed to novel®hke air is quite small conpared
to the power needed to cool the air. Further, the very low air pressure
used in these systens nearBuiltiing tad rbicondiis idoingt sgshemsbare si gni fii cant
heat to the air as the result of air conpression. In general, air -cooling
apparatus is | esShaFpgeerehteduith the EBPloyBgntocfoBrrYhdakge dBrow forty
degrees Fabrenhe tures .

it (4.44 ). Further, air at these_cold tenper

results in an ungﬁ#ﬁr?%‘b}%p c"’hiliﬂ“ﬂl PIPFSYERePECPA aAbEii Fﬁi‘ﬁ‘gggﬁ iMonnent . It
has al so .been foyugd) {§5tufifs Ao Wit Bt BAGAEVEES- ESve deg}eeg _
Fahrenheit (4.44 to 12.78°C) and is distributed through theé buildiné
duct system at very low flow rates. Generally, air '
pressure of only one to three inches of water (0.25 to 0.75 XPa) is
needed to distribute the cool air throughout the
building. Accordingly, the power consumed.bf the.
blowers employed to move the air is quite small |
‘compared to the power needed to codi the air.
Further, the very low air pressure used ih these
systems means that the blowers do not contribute
significant heat to the air as the result of air
compression.

In general, air cooling apparatus is less
efficient when called upon to cool the aif below
forty degrees Fabrenheit (4.44°C). Further, air at these cold
temperatures results in an uncomfortably chilly
atmosphere in a building environment. It has also
been found that air at these cold temperatures is
sufficiently low in humidity that it causes an
uncomfortably dry environmént for the building
occgpants. Another factor to be considered is that

the cooling of air below approximately thirty-five



sufficiently lowin humidity that it causes an unconfortably dry . .
. environment for the building occupants. Another factor to be considered i.s
that the cooling of air below approximately thirty-five - degrees ¢
- Eabrenhgirt (1.67C) requires the use of heat exchangers having sub-freezing
surface '%errperature_s. These sub-freezing tenperatures cause icing and '
frost buil dup problens which do not occur in the prior art air-conditioning,
systens. Thus, the prior art has generally rejected the use of air cool ed~
bel ow forty degrees Fahrenheit (4.44[err]) in air conditioning systens,
based on energy inefficiency, hardwardlmechani zation problens, and on user
di sconfort. In contrast to the prior art teachings, the present invention
enpl oys air degnees Habrenhehb| GwbT 10)r reqfires thegrsecst Reat enheit (1.67[err])
preferably bel ow the freezing point of water) in ground-based air.
condi ti oner syshangeryrhypinesuliriegaing sirfacesukenperateredse in power
consunption agd an inCéEase.in_gassen er confort. This surpgésing resul t
may be shownlPBSHeSTRT LI FRRF ®5n CMSPadfdPe ARPcHEAF% peculliar.
to aircraft gjr dit Lo ST e tI'n?‘ | ow,. . Due_fo0 space
limtations, b 'H%‘?@lféé%%g%'ﬁgaﬁméhon@é’l t".%g‘n%'#ﬁ“gug ngFeyﬁé%esas%'?i ly small in
Cross air-conditioning systems. Thus, the prior art has:
generally rejected the use of air cooled below forty .
degrees Fahrenheit (4.44°C) in air conditioning systems, based : e
on energy inefficiency, hardware mechanization
problems, and on user discomfort.
In contrast to the prior art teachings, the
present invention employs air temperatures below
thirty-five degrees Féhrenheit (1.67°C) wpreferably below the
freezing point of water) in ground-based air
conditioner systems for parked aircraft with a
resultant decrease in power consumption and an
increase in passenger comfort. This surprising e
result may be shown to be related to a combination of
factors which are peculiar to aircraft air
conditioning systems, as outlined below.
Due to épace limitations, aircraft cabin
air conditioning ducts are necessarily small in cross
section. Further, the high passenger density in
modern day aircraft, in conjunction with other heat

producing factors previously mentioned, result in a

heat load which requires a substantial rate of
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section. Further, the high passenger density in nodern day aircraft,
conj uncti.on with other heat producing factors previously nentioned,

i® a heat -l oad which requires a substantial rate of 12- cooling air flo

t-o mai ntain the desired cabin tenperature. The conbined requirenent
high air flowrate and small duct cross-section results in the need for

substanti al

air

pressure to force the cool air into the cabin-at the

resdired flow rate. The need for substantial air pressure is net in
art systemnms by enploying | arge and powerful blowers which consune a
substantial portion of .the overall energy,.consuned by the system By way of
exanple, in sone prior art parked aircraft air conditioning systens,
bl ower consunes ddb194ges3rof1b0" tY RELREN n Ofhd N LMRIEIIapINSt €M pover
This is as opposed to building air conditioning systens where
the bl ower reprasfiperatiiry.a The PeRbEMéd of eduicr emetitalolf RRWRr agpnNsunpti on.
The need for |large blowers to produce the required air.flow rates further
contributes to filsmematecfandcissaty duchuceossresactbionresudds. imatheo t he

air. This heat, which nust be renmoved by the cooling system .results from
t he conpr essi on "§ed ferysubgkppkfial air pressure to farce the coql :

consunpti on.

air into the cabin -at thé required- flow rate.

The need for substantial air preésure is
met in prior art éystemsiby employing large and
powerful blowers which consume a substantial porpion
of the overall energy consumed by the syétem. By Qay
of example, inlsomé prior art parked aircraft air
conditioning systems, the blower consumes in excess
of forty percent of the overall system power
consupption. This is as opposed to building air
conditioning systems where the blower représents only
a few percent of the overall power consumption.

The need for large blowers to produce thé

required air flow rates further contributes to system

inefficiency because these blowers add heat to the

air. This heat, which must be removed by the cooling
system, results from_thé compression of the air which
occurs when it is pressﬁrized.'

In the present invention, it hés been found
that a reduction in the temperature of the air

delivered to the airplane from that of prior art

'systems enables a reduction in the air flow rate

in
resul t
of

pri or

t he

24



occurs when it is pressurized. In the present.invention, it has been found
that a reduction in the tenperature of the air delivered to the airplang

" fromthat of prior art systens enables a reduction in the air flowrate

-13 -" necessary to maintain the desired cabin tenperature. Such a
.tenperature reduction (typically, to a tenperature |evel below the freezing

poi nt of-water) does result in a reduction in the efficiency of operatiof, -

of the cooling apparatus. However, the ability to reduce the airflow rate™
provi des nmj or system power savings because it both reduces the size of the
bl ower and reduces the cooling requiragents of the cooling apparatus. An
overal |l power savings in excess of thirty percent is not unconmon for

par ked ai rcr abtessargohdi ma bmtain sthe ales ined tcabinacempexatorerth t he
teachings of the present invention. The foll ow ng exanples are presented to
nore fully i Fhabt patemperaterg reduafiamd spisaliidn. tRXAMPLE | This exanpl e
“conpares the performnce, of i art. el ectri.cally .operated, ground-based

& BRI Ofr va5E5!

rio

air_conditi ohEMPEFALURE WYﬁPab%i)%arr}}ﬁ)l 8 A Em n"4 dance with

-th? teachingaogg }gnggefgng reQUction in the efficiency of
operatiqq of the cooliﬁg apparatus. However, the’
'abiliﬁy to reduce the air flow fate provides major
system power savings because it both reduces the size
of.the blower and reduces the cooling requirements of
the cdoling.apparatus; An overall power savings in
excess of thirty percent is not uncommon fpr parked
aircraft air conditioning systems built iﬁ accordance
with the teachings of the present invention. The

following examples are presented to more fully

illustrate the features of the invention.

EXAMPLE I
This example compares thé performance of
prior art electrically operated ground-based air
conditioner systems with a comparable system built in
accordance with fhe-teachings of the present
invéntion when used to cool the cabin of a narrow
body jet aircraft such as the Boeing Aircraft Co.

Model 727-200.




i nvention when used to cool the cabin of a narrow body jet aircraft such as
the Boeing Aircraft Co. Mdel 727-200. - 14 - Under the conditions of
-'n ‘out si de anbi ent .t enperatur'e of one hundred degrees Fahrenheit.
(37.8[err]) sunlight, the interior cabin Ilights turned on, and 134 -
occupants on board, the cabin heat |oad for the above nodelaircraft is 26
approxi nately 85,940 BTU per hour(25.2 KM. The goal air conditioning
sysfemis to maintain the cabin tenperature at seventy-five degrees

Fahrenheit (23.9[err]) at thi.s heat |oad. Referring briefly to Figure 1,

prior art ground-based air conditioning syt4ens generally-provide air at no

| ower than forty degrees Fahrenheit (4.44 [err]) at the outlet 22 of the

heat exchanger. A typicalUnder thigand tdionsniedi ep2ontsidgr asbéenti us)
tenperature rise in the hose 24 results in a ptininun1ain_ten&§{agyre of
forty-five degre&SMPaRREWRR|2E (M@ yundned gdegmees,Faprapbedbntct®hiC)26.

Loing, Lhe, above, LLgvgRe | bnd ™o b pUOUAIEY RESCORLHAD BuT dhev rate
KL L) A LSt Latoien, ATbLAEIoHP vt RGNt 8808 EoBrERLLY O
inches of water (lo¢e KB@e1 a4frAtdft bﬂ%%tﬂpﬁ:othmta}E@ly 85,940 BTU per
| hour (25.2 K. 'neqpalafﬂgair conditioning system is to
\..f maintain the cabin temperature at séventy-five
degrees Fahrenheit (23.90C) at this heat load.
Referring briefly to Figure 1, prior art
ground-based air conditioning systems g'eneraily .
pr.ovide air at no lower than forty degrees Fah‘renhei_t; 4.44<C)
at the outlet 22 ¢f the heat exchanger. A typical
ﬁWedsmaaEamahdt(237ébgseaﬂshs)témEEMnerkeinthehxe24nanus
in a minimum air temperature of forty~-five degrees
Fahrerbeit (7.2XC) at the airplare  connector 26. Using the
.above figures, it méy be shown t;.hat the cooling air
flow rate required to achieve tht‘a_'gesired cooling .is
about 200 pounds per minute: (90 kyfnirute). At this flor mate, the
blower 18 must devélop air pressure qf about
thirty-four inches of water (8.5 km). OF this pressure, sbout
- five inches of water (1.25 kpa) are attributable to the

restriction in the heat exchanger lG'and'related'

manifolds, about ten inches of water (2.5 kpa) are attributable



restriction in the heat exchanger 16 and rel ated mani fol ds, about ten
i-nches of water (2.5 kpa)are at attributable -15- to the restriction, .
“inposeg by the hose 24 and its related connections, and the renmining ‘
ni net een i nches of water(4.75 kpa) are attributable to the restrictions
tnposed by the cabin ducting 2.8. Assum ng atypical blower efficiency of
sixty-two percent and a bl ower notor efficiency of ninety percent, it may -
be shown that a blower rated at twenty-three brake horsepower (17.15 KW vy
regiured to provide the necessary air pressure. A blower of this size
consunes about 19.2 kilowatts of elecubhit power: It may al so be shown that

the cooling unit 14 nust .be,sized to provide cooling at the rate of 327,600
B0 ber hoor Hoty rRAEIEEIonSTRBRSe SOOI BhIAN (S acose 200

pounds per m_nyt 9 Loie )o I L, an chieve t.he necessary
tenperature & l??te %O%OF ge'f[%?‘#égde%?‘geéshﬁzaﬁermgan’}*n"ell'}g ("Zf‘.nf ee_lnr]) t he heat

exchanger Oubihl e I hah. DecEDOLEA 4N b TeeraliGohgmove the .

heat contri but ower 18 in conpressing the air. The twenty-three
brake horsepgwosed’by Kk BhPIRIaGOPidd rg.es heat at the rate of about .
58,512 BTU per hour(17.15KW (4.9 tons) Accordingly, the ¢cooling unit 14 : -
must be sized to suppl Rsauidhgl aotygPcal tmltwe 32 fAlikdemcyobf . .- -

sixty-two percent and a blower motor efficiency of
ninety peréent, it”may be shown that a.blower rated o
at twenty-three brake horsepower (17.15 K9 is requird to
provide the_necessary'air pressure. A blower of this
size consumeé a_bout 19.2 kilowatts of electric power.
It may also be shown that the cooling unit 14 must be
sized to provide cooiing_at the rate of 327,600 |
BIU per hoxr (969 (ebout 27.3 tors (230060 in. order to process
200 pounds per m.inute mlq,fm_rufe) of air ard arhie= the
necessary temperature reduction to forty degrees
Fahrenteit (4.44%) the heat exchanger outlet 22, Further, R
the cooling unit 14 must also remove the heat
.contributed by the blower 18 in compressing the air. .
' ~ The twenty¥three'brake horsepowér (17.15 W) bhlower
contributes heat at the rate 6f about 58,512 BTU per
hoar (17.156) (4.9 tns) Accordingly, the cooling unit 14
must be sized to supply a total of 32. 2 &rs (32,700']@ of
cooling. A typical cooling unit 14 might employ
direct expansion type refrigeration apparatus. A

well designed electrically operated air cooled



cooling. A typical cooling unit 14 m ght enpl oy direct expansion type
refri.geration apparatus. A well designed electrically operated air cool ed 25
-16-"refrigeration unit of this type which is configured to cool air to ¢
forty -degrees Fahrenheit (4.440C) may be expected to consune about 1.6

kil owatts per ton (1016 kg) of cooling capacity. Accordingly, the prior art
coollng unit described above would consume apgut 51.5 kilowatts which, when
combi ned with the bl ower power consunption, yields a -total prior art

system power Consuﬂ@ft£§bﬁgtﬂgh'hd&ﬂ(Bﬁﬂﬁhis pbuﬁﬁleﬁmh§0c@n§ﬂ§ﬁﬁﬁa to

rovi de the Same. cEBh TENKT ATHY G AT R FrUEeREq Soa*KEh BT  under
i e o Lt & W;;:@*:a;ﬁg;sngg;;ga*;e@nggr;gﬁ;ﬁm' :
Lhenty: f1ve deurees Seltenielt iw Sheve vOBiS CRRPRRERPYY H 11 ve
degree Fahrenheit kﬂl&ﬁht&gﬂﬁhﬁdﬁﬁfﬁh&ﬁ dombfined thehhere Bﬂﬁwéfmpdwér

femperature ot heeSaa o S TR R AL DB n (o 1 1))
: consumptlon of 70.7 kllowatts.
We turn now to-a system conflgured in accordance
o "with the teachings of the present invention to provide
S the same cabin temperature of seventy five degrees
Fahrenheit under the same heat load of 85,940 BTU per
hour (252 kw). The present system is designed to
provide air at the heat exchanger outlet 22 at a
temperature of twenty-five degrees Fahrenheit (-
3.899C), which is well below the freezing point of
water (thirty-two degrees Fahrenheit (0°C). Allowing
for a five degree Fahrenheit (2.78 degree Celsius) rise
in the hose 24, the air temperature at the connector 26
is thirty degrees Fahrenheit (-1.11°C)
In other words, the temperature of the ambient air
is reduced sufficiently to lower the temperature both
. at the heat exchanger outlet and at the connector 26 to
N below the'freezing point of water.
Using the above figures, it may be shown that the
cooling air flow rate requirement to achieve the
desired cooling is only 133 pounds per minute (60.3
kg/minute), which is 33.5 percent less than the
comparable prior art system air flow rate. At this
lower flow rate, - '



I's reduced sufficiently to lower the tenperature both at the heat exchanger
_outleg(;ﬁnd at the connector 26 to below the freezing point of water.. Using
"the aboVe figures, it may be shown that the 'cooling air flow rate ) d
r.equi renent to achieve the desired cooling is only 133 pounds per nminute
(60.3 kg/mnute), which is 33.5 percent less than the conparable prior art
systemair flowrate. At -this lower flow rate, " -17--the blower 18 need -.
only develop air pressure of about thirteen inches of wate (3.25 kpa). Ok*
pressure, about three inches of water (0.75kpa) are attributable to the
restriction in the heat exchanger 16.apd,related manifolds, about five

i nches of water.(125kpa) are attributable to the restriction inposed by the
hose 24 and itshe aldwsk QB NRRd Oly aedelBp heFBhP&GuEd VSr ia’lﬁhﬂﬁ of wa
ter.( 1.25 kpa) are attributable to the reStrictions inposed by the cabin
ducting 28. Asthinttreern himcherse ofl watenefifh w9ncoepréssare f bdud or art
‘system description above, it may be shown that” the blower in the present
system need onthrase inghes of Wadelyr (k75 kpa) sepasiutdie o ¥4/) Such a bl ower

typically consunes 4.9 kilowatts of power, which is about seventy .five
percent | ess JR®RFkqiPn Hak the heat exchanger 16 and related

manifolds, about five inches of water.(1.25 k) are
attributable to the restriction imposed by the hose
24 and its reléted,cnnhections, and the remaining
five inches qf water . (i,gs kpa) are attributzble o He
restrictions imposed by t__he cabin ducting 28. -
Assuming t':he'same blower efficiencies as. in
the prior art system descriptién above, it ma.y be
shown that the blower in the present system need onlir
be rated at 5.9 brake horsepower (4.4 X). Suh a bloer
typically consumes 4.9 kilowatts of powe.r, which is
ébout seventy five percent less power_than that
consumed by the blower in the prior art system. R
) The reduced air flow rate resﬁlté in. a
reduction in the cooling ;eqﬁirements of the,coolina
unit 14 to 268,128 BTU per hour((78.6 ¥ ('abo.r;: 2.3 tons (22,700 kg)).
The "additional heat cohtributqd by the smaller
bldwér is only 15,010 .BTU per hour. 4.4 %) (1.3 trmns (1320 k).

Accordingly, the cooling uni.t 14 in the present
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consunmed by the blower in the prior art system The reduced air flow rate
results i.n a reduction in the cooling requirenents of the cooling unit..14
t® 268,128 BTU per hour (78.6 KW (about 22.3 tons (22.700 kg)). The ', _
additional heat contributed by the smaller blower is only 15,6010 BTU peBlj
hour” (4.4 KW (1.3 tons (1320 kg)). Accordingly, the cooling unit 14 in the
present 18 system need 'only be sized to supply 23.6 tons (24000 kg )
cos¥ing, which is about twenty-seven percent |ess than'the cooling

requi renent for the prior art system. As explained earlier, cooling units
such as the direct expansion type-refriged8tion unit are |ess energy

ef ficient when designed to provide cooling bel ow about forty degrees

Fahrenheit, (4.44{etéh)need dilyy GRSif22 thespppIgnR3systeme (BoOkga cool i ng
unit may be expected to consune on the order of 1.85 kilowatts per ton
(1016 kg ) of coobl g ¢aymicch \is wibiosit itwealtgusesent pencemr Ckeds | ess
efficient than the prior art cooling unit. Accordingly, the sub-freezing
cooling unit wouFbBarokBengoebing weHUANEMedkafrs ®AfCAL 1QRedtonbi ned with
the bl ower power consunption, yields a total system power consunption of
48.6 kilowatts. &B#pEPrng the t-otal power consunption

As explained earlier, cooling units such as
o the éirect expansion type refrigeration unit are less
N~ energy efficient when designed to providé-cooling
below about forty degrees Fahrenheit, (4.44%) the
case for tﬁe.present system. Sugh-a cooling unit may
be exppq;ed.tb_consuhe on the order of 1.85 kilowatts
per ton (1016 Ig).qscmu;gcapacity, which is about sixteen
" percent less efficient than the prior art cooling-
unit. Accbrdingly} the sub-freezing cooling unit
would consume about.43.7 kilowatts which, when
combined with the blowe; power consumption, yields a .
T total system power consumption of 48.6 kilowatts.

B Comparing the total power consumption
figures for the two previously described systems, it
will be appreciated that, in spite of the less
efficient cooling uhit, the system of the present
invention consumes 22.1 kilowatts less than
comparable prior art systems, resultihg in a power

savings of over 31 percent.



figures for the two previously described systens, it wll be appreciated
cooling unit, the systemof the:

.t-hat,

present
syst ens,

ighspite of the less efficient
i

nvention consumes 22.1 kilowatts |ess than conmparable prior art
resulting in a power savings of over 31 percent. -19 - EXAMPLE

I1 This second exanple conpares the perfornmance of prior art electrically
oper ated ground-based air conditioner.systens with a conparable system

in accordance with the.. teachings of the present invention when used”
to cool .the cabin of a wide body jet aircraft such as

bui | t

Co. WModel

of one hundred degrees Fahrenheit (E

i ght

s turned on, and 511 occupants

ry]) sunlig
- the cab

the Boeing Aircraft

747-200. Under the conditiong 0T an outside anbient tenperature

ht, the interior cabin
in heat |load for the

above nodel aircraft isogpRr Qéizgﬁéela:‘(axff‘??e 3@&#&§5{1hehour (90 KW). The
S 0 nalntain

goal

of the air conditioning systemi

e.cabin tenperature at

seventy-five drirRenanelr 8ENeklibr (83t % Eéétd idd11igpdiRAted 0ad. The prior. -
art ground-based air conditioning systemprovides air at forty degrees™ --

Fahrenheit (4.gtbun@-bhsedt air conditioner. systems with a

comparable system built in accordance: yith the .. -

teachings of the present invention when used to cool

the cabin of a wide body jet aircraft such as the

Boeing Aircraft Co. Model 747-200.

Under the conditions of an outside ambieqt

temperature of one hundred degrees Fahrenheiti G37.80)

“sunlight, the interior cabin lights turned on, and

511 occupants on board, the cabin heat load for the

above model aircraft is approximately 305,305 BTU per

hoar (90 9. The goal of the air conditioning system is to

maintain the cabin temperature at seventy-five

degrees Fahrenheit] (3.9 at. this heat lcad. _

The prior art ground-based air conditioning

system provides air at forty degrees Fahrenheit 4.44°%0) at

the outlet 22 of the- heat, exchanger.

A typical five

degree Fahrerteit (2.77 égxeeCelshs) tererahae rise in the hose 24 results inan

air temperature of forty-five degrees Fahrenheit| (7.2%) at

the airplane connector 26.

Using _t__he above figures,

it may be shown that the cooling air flow rate

required to, achieve the.qesired cooling is about 706

pounds per. minutek(BZO kyfminite) . At this flow rate, the blower 18



&

the outlet. 22 of the heat exchanger. A typical five degree Fahrenheit
(2. 77 degree Celsius) tenperature rise in the hose 24 results in an air
tenperature of forty-five degrees Fahrenheitl (7.22[err]) at the airptane
connector 26. Using the above figures, it may be shown that the cooling air
flowrate required to achievqg the desired cooling is about 706 pounds per
m nut e(320 kg/ mnute). At this flcw rate, the blower 18 20 nust devel op
aix.pressure of about seventy-three inches of water (18.2 kpa). O this
pressure, about five inches of water (1.25 kpa) attributable to the
restriction in the heat exchanger 16-and .related manifol ds, about fifteeen
inches of water (3.75 kpa) are attributable to the restriction inposed by

the hose 24 and mustr @baéedpcainesidsiire ¥ doatr eeReRtpgthrééy-three
i nches of water (13.2 kpa ) afe attributable to the restriction inposed by

the cabin ducti Ngndsd. of AGeS1Y ki) | P ieia lrdabh tesos! fild gy of si xty percent
and a bl ower notor efficiency of ninety percent, it may be shown that a

bl ower rated at ofreatiaulii2ScapdEteiRpiabler dice ther S&5SRAFLEPB5iRVENE S
required to provide the necessar airufreSsure. A blower of this size

consunes about. oR82fURBFBANGRE 1§ 1ANF KiSIAkES: 8agt fetdEer PROBbwer. The.
cooling unit 14 @43hoBenshAEHel PP ALLE BORATaR acklifukl & BL 1 156 428
restpiction imposed by the hose 24 and its related
\~J connections, and the remaining Eiftf—three inches of
vater (13.2 ks) are attributzble t the restriction imposed by
‘the cabin ducting 28.
Assuming a typigal blower efficiency of
sixty percent and a blower motor efficiency of ninety -
percent, it may be shown that a blower rated at one
hu'ndxéed and eighty brake horsepower (:BSIW) is required to
provide the necessary air pressure. A blower of this
size consumes about one hundred and fifty kilowatts
of electric power. The cooling unit 14 must be sized
tp provide cooling at the rate of 1,156,428 BTU per
rour (340 KW) (sbout 96.4 tons (98000kg) in ometo process 706 pounds
per minute (320 kg/fninute) of air and achieve the necessary -
temperature of forty degrees Fahrenhe ii:L(4.44°C) at the heat
exchanger outlet 22. Further, the cooling unit 14
"must also remove the heat contributed by.the blower

18 in compressing the air.

oo



hour (340 KW (about 96.4 tons (98000kg) in ordeto process 706 pounds per

m nut e g320 kg/ m nute) air and achieve the ncessary tenperature of forty.
degi eab3Fahrenheit (4. 44[err]) at the heat exchanger outlet 22. Further, the
cooling unit 14 must al so renove the heat contributed by the blower 18 in
econpressing the air. 33 21- The one hundred and eighty brake horsepower
(135 KW) blower contributes heat at the rate of ‘about 457,920 Bl U per hour
= (134.2 KW) (38.2 tons (39000 kg).Accordingly, the cooling unit nust be’
sized to supply a total of 134.6 tons ( 137000 kg) of cooling. As
described in the previous exanple, a dhfect expansion refrigeration unit
configured to - cool air to forty degrees Fahrenheit((4.44[err]) may be

expected to consume on e dife HupBrel ahdSetyhe Eék@eﬁbi%";gc%?e?%e ) of

cooling capacity. Accordingly, the prior art codling unit above
woul d consumeppheett cbrftrdibiitded\ticht Whi ¢he vhes semiboed ¥4%vidie bl over

power consunption, yields a total prior art system power consunption of
365. 4 ki I'onatsg peViad U130, 2080V (3822 3869 SHHRHN A QUi Ldalyy a]qc_asda-rile) with the

teachi ngs of the present invention to provfde the sanme cabin tehperature of -
" seventy-five Weht setstrdie arilreidi tongeppiifeastobaheaf: 134.6 tons: (137000 ky) of
‘cooling. _As described in the previous .exan;\ple; a
.direct expansion refr'igeration unit con.figt':red to
cool .air to forty degrees Fahrenheit((4.44%) may be expacted
to consume on the of order of 1.6 kilowatts per tor (1016 )
of cooling capacity. Accordingly, the pti_.o-r art
cooling unit described ‘above would consume about
215.4 kilowatts wﬁich, when combined with the blower
power consumption, yields a total prior art system
power consumption of 365.4 kilowatts.
We turn now to a system configured in
accordance with the teachings of the present
invention to provide the same cabin temperature of )
seventy-five degrees Fahrenheit,‘ under the éame heat
load of 305,305 BTU per houri (0 Ki). The present: system is
designed to provide air at the heat exchanger outlet
22 at 2 temne.:"a\ture of twenty-five degrees
Fahrenheit (-3:_9%),;\110,;5:;3 for a five degree FahrenheitQ.ﬂch;réeSels.ﬂs
rise in the hose 24, the air temperature at the |

connector 26 is thirty degrees Fahrenheit
-1.10.



Ioad af 305, 305 BTU per hour (90 KW The present systemis designed to

prOV|de air at the heat exchanger outlet 22 at a tenperature of twentyrfive
degrees Fahenhelt( 3.9[err]). ‘Allowing for a five degree Fahrenheit (277
degree Selsuis rise in the hose 24, the air tenperature at the connector 26 3¢
Is t-hirty degrees Fahrenheit' (-1.1 O . 34 -22- Using the above figures,

It may be shown that the air flow rate requirenent to achieve the desired
ceeling is only 471 pounds perm nute (21.6 kg/mnute),which is 33.3 percent

| ess than the conparable prior art - - systemair flow

rate. At this lower flowrate, the blower 18 need only devel op air pressure

of about forty-six inches of (11.5 kpa) . @ This pressure, about four

i nches (1lkpa) of water arss%%rjgpéutéa%é ttﬁé]lf}%sfeﬁttr ln%v ga %H?gne ‘heat

exchanger 16 and rel ated nani inchés of “wat e 5kpa) are
attributable to ttl?ﬁtr RREM hili elob npgﬁ%zyui%émsw%cm@vht Egée| at ed

connections, and the remaining thirty-two i1 nches of watér are

attributable to Yegiredt tb6ling isnesEH 431 tgpunerdipe ok (ma Mdtgh
the same blower efficiencies as-in the prior art systen1descr|bed above, it -
may be shown is 33.3 percent less than the comparable prior art _ -

system air flow rate. At this lower flow rate, the

blower 18 need only develop air pressure of .about
 forty-six _inches of (1.5 kpa) . Of this pressure, about_

four incres (1 ks) of vater  are attributable to the

restriction in the heat exchanger 16 and related

.manifolds, about ten inches of wat'er'(z.sl.e;a) are attribatsble

to the restriction imposed by the hose 24 and its

related connections, and the remaining thirty-two

inches ofwater (8 km) amattributable to the restriction

imposed by the cabin ducting 28.

Assuming the same blbwer efficiencies as in

" the prior art system deséribed above, it may be shown

that the blower in the present system need only be

rated at 75 brake horsepowet\(SS K. Sxch a blower

typically consumes 62.5 kilowatts of powér, which is

about'fifty—eight percent less power than that

consumed by the blower in the prior art system.

The reduced ai; flow rate results in a
reduction in the cooling requirements of the cooling
unit 14 to 949,536 BTU per .hour (278.2 K} (gbout 79.1 tons (80400 k).

The additional heat contributed by the smaller blower



that the blower in the present systemneed only be rated at ‘75 brake _

.horsep r(56 KW. Such a bl ower typically consumes 62.5 kilowatts of " power,

whi ch i's about fifty-eight percent |ess power than that consumed by the -’

. blower in the prior art system The reduced air flowrate results in a
-reduction in the cooling requirenents of the,cooling unit 14 to 949,536 BTU
per hour (278.2 KW (about 79.1 tons (80400 kg)). Thé additional heat N
contributed by the small er bl ower 23 is only 190,800 BTU per hour (56 .
kw) (15.9 tons 16000 kg). Accordingly, the-cooling unit 14 in the present.
system need only be sized to supply 98 tons (96500 kg) of cooling, which is
about twenty-nine percent |ess than the cooling requirenent -for the prior
art system ilsiswly e s0Q\BTIOPSL ot d56 fladt (15.0ftchs86K0 Iaat t s per ton
(1016 kg) of cooling capacity established earlier, the sub-freezing cooling
uni t woul d cheserdimgiout thes cddliingnantis Wi ¢h, théepresermt ned with the
bl ower power consunpti on, ﬁg(ﬂ;ds_a.total system power consunption of 238.3
kilowatts. CEYpESRmpeheonis die.fdred tssoppt Potops J9ped. kgt ofhe two

.previously descrjbed systens Tor wi de-body aircraft, it will be appreciated
that in spi (SO0} A TGN drs (Abosk CHBBEYRGLAR PorEoRE RIS Fhan

" the cooling reqﬁiﬁémehi for the prior art system.
Using the ehergy consumption factor of 1.85
kilowatts per ton (1016 kg) of cooling capacity established A
earlier, the sub-freezing cooling unit would consume
about 175.8 kilowatts which, when coﬁbined with the
~blower power consumption, yields a total system power
.consumption of 238.3 kilowatts.
Comparing the total power'consumption
figures for the two previously described systems for
wide-body aircraft, it will be appreciated that in
spite of the less efficient cooling unit, the system
of the present invention consumes 127.1 kilowatts o~
less than comparaﬁle prior art systems, resulting in
a power savings of'about thirty-five percent.
In addition to power savings, air
conditioning systems constructed in accordance with
the teachings of the present invention offer other
advantages over prior art systems. For example, the
air cooled to forty-five degrees Fahrenheit (7.22°C) at the

aircraft connector in prior art sytems is generally

extremely high in moisture content, resulting in a



%

of the present invention consunes 127.1 kilowatts |ess than conparable
prior art systems, resulting in a power savings of about thirty-five °
pErcent 1n addition to power savings, air conditioning systens constructed
in accordance with the teachings of the present invention offer other
advant ages over prior art systens. For exanple, the air cooled to
forty-five degrees Fahrenheit (7.220C) at the aircraft connector in prior
arv’sytens is generally extrenmely high in noisture content, resulting in a
36 -24- relative humdity in the aircraft cabin in the range of 70 to 80
percent, which is considered unconfortablg,_ On the other hand,. in the
present invention, by cooling the air to Sub-freezing tenperatures, a great

deal Of NDI StUT eyd Fa ¢ ATE\AS 4 ?qﬁemﬁat hQPcrdeeotsh N9 ¥h ¢ Bidgeent ering
the cabin is nmuch Tower in humdity than in prior art systens ang a cabin

rel ative hum di tyf of0 &5 B0 pdtdenftl,ywhReeheds saysbheewepected. It will be
appreci ated that the air entering the cabin in the present systemis col der
t han that of priwncemforsyeatilens. ORr dimet b&éhpri bandyy t in edohipmssend] ated to
bU|Id|ng air conditioning, one -
/ invention, by cooling the air to sub-freezing
temperatures, a great 'deal of moisture is removed by
-condensation. Accordingly, the air.entering the
cabin is much lower in humidity than in prior art
systeme and a cabin relative humidity of less than
- fifty percent may be-expected.
It will be appreeiateﬂ that the air
entering the cabin in the present system is colder
than that of prior art systems. From the prior art
teadhings'related to building eir conditioning, one
might expece passenger discomfort at these lower
temperatures. On the contrary, it has been found
L that the high cabin heat load, the high density of
passengers, the felatively short time during which
the airplane is parked with passengeré aboard, and
the rapid mixing of air due to its-reiatively high
duct exit velocity, all contribute to obviate
passenger discomfort.
' It is interesting to note that the low
humidity of the cabin air produced using the present

invention could enable the cabin temperature to be

increased several degrees above the commonly selected

3 ‘



m ghfymexpect passenger disconfort at these |ower tenperatures. On the . _
cont, éry, it has been found that the high cabin heat |oad, the high densjty -
of "passengers, the relatively short tine during which theairplane is '

~ pafked with passengers aboard, and the rapid mxing of air due to its
r-elatively high duct exit velocity, all contribute to obviate passenger
disconfort. It is interesting to note that the low humdity of the cabin

air produced using the present invention could enable the cabin tenperature

to be increased several degrees above the commonly sel ected 25
- seventy-five degrees -Fahrenheit (23.9[er91), while maintaining the sane or
greater |evel of passenger perceived confort. It is well known to those

skilled in thée¥pnptyhAive RPOLeRS Fahxashelto (R313°C) & while FRinteinieg h of
t enperature and hunidité. Anot her. feature of the Eresent,invention-is t he

reducti on of EBBi 2SI 96 ITRRTHy 1IN DAk EASSERIERt PERCSAVPYi s delivered .
Into the-cablgog%ogtiIOfﬁrf§$¥§{H (ﬁﬁhj¥§“€h4#@ %&glﬁgaegnpgﬁgent | ess t han
uced- air 5]

that of- prior "art systens. S re . ow ra décr éases w nd noi se -
to less than Bakf hBat sakn Ppie Bida VMR IN0RSEuRERIBRCHoRISEDE the \
témpgragure'and humidity. A

Another featﬁre of the present'invention-ié
the reduction of cabin'noise. Using-the present
invention, air is delivered-into the cabin at a flow
rate.which is about thirty-three percent less than
that of prior art systéms. This reduced air flow
rate decreases wind noise to'less than hélf that of
prior art systems. Noise produced outside the
airplane in the vicinity of the blower 18 is also
reduced by practicing the present invention. The use
of smaller, less powerful blowers results in blower
noise which is about six to ten decibels leés than —~
that of prior art systems.

Installation and operating costs of systems '
constructed in accordance wiﬁh the teachings of the
present invention are greatly reduced over these same
costs for prior art systems. For example, the

reduction in system electrical power enables a

reduction in airport wiring costs for fixed




airplane in the vicinity of the blower 18 is also reduced by practicing the
pfesent invention. The use of smaller, |ess powerful blowers results in"
bliower- nhoi se which is about siX to ten decibels |ess than that of prior art
systens.. I nstallation and operating costs of systenms constructed in 3
accordance wth the teachings of the present invention are greatly reduced o
over. these sane costs for prior art systens. For exanple, the reduction in
system el ectrical power enables a reduction in airport wiring costs for

fixed i nstall ati on ground-based systens. Since an air conditioning
systemis generaly provided at each gate Lpean airport, this installation
savings is significant. Returning to Figure 1, the cooling of air-to

sub- freezing tenpa{aAldinat ioh YROURHCEEBEAI SYEREMON PEBRRNtE td1e probl em of
-frost buildup on the surfaces of the heat exchanger 16. It-wll be

appreci ated that donditfiicaMmgt Bgskemw aErgérepal ptpresidsmrct rache gatesent

i nvention, it is necessary to cool at 'least sonme portion of the- surfaces of
t he heat exchange&niﬁﬁtﬁﬂﬂﬂﬂ;tbhéhﬁSeezsﬁglbetn@no$awwn9§ ‘isThe buil dup of
frost on these surfaces is the result of the. free2|ng af moi sture which has
been condensed frov@nifdcant. | o .

Returning to Figure 1, the &ooling of air
to sub-freezing temperatﬁres in the presént invention
presents the problem of frost buildup én the surfaces
of the heat exchanger 16. It will be,appfeciated
that to achievg the low air temperatures used in the
preseht invention, it is necessary to cool at least
some portion of the surfaces of the heat exchanger 16
belowe the freezing point of water. The buildup of
frost on these su:faces.is the result of the freezing
of moisture which has been condensed from the air.
Excess frost accumulation can block the heat
exchanger air flow passages and reduce system cooling
efficiency. Figures 2 through 4 show various air
conditioning configurations which have been developed
aé part of the present invention to overcome the
frost'problem. |

"Figure 2 is a schematic diagram of a
ground-based air conditioning. system 10 employing a
direct expansion type cooling unit 14. The heat
exchanger 16 includes first and second sections 30

and 32, respectively, which are typically formed of



Excess frost accumul ation can block the heat exchanger air fl ow passages
ardlor educe system cool ing efficiency. Figures 2 through 4 show various air
condi tioning configurations which have been devel oped as part of the

present invention to overcone the frost problem Figure 2 is a schematic

: dlagran1of a ground-based air conditioning.
expansi on type cooling unit 14. The heat exchanger

system 10 enploying a dlrect
16 includes first and

second sections 30 and 32, respectively, which are typically formed of
-27- coil ed copper tubing. The. section 30 is positioned cl osest the bl ower
18, while the section 32 is positioned2adj acent the heat exchanger outl et

22. The sections 30..and 32 are interconnected so that a conpressible fluid

refrigerant,

inlet 34 to an outlet 36 and then thrqough section, 30 froman inlet 38 to an
| t chpseshethph kefer Jf Wi‘tlltehéhPl 88C5ionr| 3¢ d*¥s froma | ocation

_outl et- 40.

euche®50¢@mﬁwmﬁuﬂim@ﬂaﬁﬁﬁi@WCFHPOUQH ipepasttioned2 from an

cl osest the outlet. 22 | ocati.qn es he bl 1 th heat
. exchanger 16. P?ﬁ?‘%"‘ﬂ‘%é\z ?)‘gl?"e?'h e@} aﬁ'\ aj'h«? cga?’gﬁﬁgﬁgﬁ?g §f adi Znt e?n t he

-heat exchange&.h

22 -

) (R+T-11)
cbmpnessible fluid refrigerant, such as FreonA,may

flow through the section 32 from an inlet 34 to an
outlet 36 and then through section 30 from an inlet
38 to an outlet 40. It will be appreciated that the
flow.of fluid is from a loéatiqn closest the outlet
22 to a location closest the blower 18 in the heat
exchanger 16. This flow pattern establishes a
température gradient in the heat exchanger 16 whereby
the air flowing from the blower 18 to the outlet 22
is made progreésively colder..

The outlet 40 is connected to an inlet of a
compressor 42 used to compress the fluid. An outlet
of the compressor-42 is connected to an inlet of a
condenser 44 which may be air cooled by a fan 46 in
order to liquify the compressed fluid. An outlet of
condenser 44 is connected to an inlet of an expansion
valve 48, the outlet of which is connected to the
inlet 34 of the section 32. The expansion valve 48
is used to cause the fluid to expand and evaporate in
the coils of the sections 30 and 32, thus lowering

the temperature of the heat exchanger surfaces. An

sg@gﬁgﬁy 30 37 1P 19 b ERBhhEE LB OUE ed S 1L the outlet



is made progressively colder. The outlet 40 is connected to an inlet of a |,
conpressor. 42 used to conpress the fluid. An outlet of the conpressor 42 i:sf
connected to an inlet of a condenser .44 which may be air cooled by a fan 46
in-order to liquify the conpressed fluid. An outlet of condenser 44 i5
connected to an inlet of an expansion valve 48, the outlet of which is AT
connected to the inlet 34 of ‘the section 32. The expansion valve 48 is used
to“sause the fluid to expand and evaporate in the coils of the sections 30
and 32, thus lowering the tenperature of the heat exchanger surfaces. An

-28 - electrlcally oper at ed bypass val ve 50 és connected between.the outl et

of the conpressor 42 and the inlet 34 .of t%e heat exchanger section-32.

The nor mal I'y open e1alote i2Q11§ 6beEEHed NbySSPONGE J& ) & & si gnal
applied on line 52. The]éect?ong 30 Zn %g are sized s& th?&b%%gﬁ t he

bl ower 18 forces astwerin aihe OvuelethesetReCébwpiresddie L GNORNR0 jheduces
the tenperature of.the air until it is only a few degrees above freezing.

At this tenperaturd, of Ithegbepér erchaggenfsddieiomiI2.ur Thien nblrmadly i s
renoved mnthout any freezing of this noisture occurring on‘the surfaces

, open valve 50.is closed in response to an electrlcal
signal applied. on line 52.

The sections 30 and 32 are sized so ihat
when the blower 18 forces ambient air over these
sections, the section 30 reduces the température of
the aif until it is only a few degreés above -
freezing. At this temperature, a large peréentage.of
the moisture in the air is_rémoved without any
freezing of this moisture occurring on the éurf#ces'
of the section 30. The condensed moisture which
drips from the suffaces of the section 30 is removed
from the exchanger 16 using a suitable drain S4. The
chilled air then passes over the surfaces of the
second section 32 where iﬂ is cooled to the desired
sub-freezing temperature. Because most of the
moistﬁre has already been removed by section 30 (only
about 0.004 pounds of moisture remain per pound (4gm per kg) of

dry air), the rate of ice formation on the surfaces

of section 32 is relatively slow.



of the section 30. The condensed noisture which drips fromthe surfaces, of

fhe section 30 is renpbved fromthe exchanger 16 using a suitable drain 54.

J

The chil}ed air then passes over the surfaces of the second section 32 .
where it%#&s cooled to the desired sub-freezing tenperature. Because nost

of the noisture has already been renoved by section 3n (only about 0.004
pounds. of noisture remain per pound (4gm per kg) of ‘dry air), the rate of -
ice formation on the surfaces of section 32.is relatively slow. -29 -
The ice which does formon the surfaces of the section 32 is periodically
renoved by opening the bypass val ve 503g_ Opening this val ve 50 causes hot
refrigerant gas (at approxinmately 150 to 200 degrees Fahrenheit (56 to

93[err]) fromthe conpressite 4hich aided fidtm eCithensazchybsngeand rapidly
melt the ice. The nelted ice is drained away using drain 56. The-valve' 50

may be operatbd eechipardddis pesicdineldly elepcivedchly bppemingothelt omatically
defrost the section 32. It has been found that operation of the valve 50
for -about twBYRRASt¥3leee?Y- t RRARANG rhibtiss viad vedSQusruses hebvent excess
et ot ho R G R E Nade Y a0 Oty Ts0' B3 hBEPGESTass O 1N AT
exiting the. TBXEAGREARE 1925, (3t app b 4 g
- Fahrenheit (46 to 93°C) from the compressor 42 to enter the
section 32 tubing and rapidly melt the ice. The
melted ice is drained away using drain 56. The—ﬁalbe'
50 may be operated on a periodic basis by an
electrical timer to automatically defrost the section’
32.- It has been found that operation of the valve 50
for about two minutes every twenty minutes is
adequate to prevent excess frost buildup.
Durihg this short defrost cycle, the
- temperature of the air exiting ﬁhe exchancar 16 will
rise t§ about sixty degrees Fahrenheit (15.5°C). However, the
large thermal mass provided by the hose 24 and the
duct system 28 acts to maintain the temperature of
the air entering the cabin at very nearly the desired
temperature-during'this time. Accordingly, the
defrost cycle has negligible effect on the overall
cabin temperature.
Figure 3 is a schematic diagram of a
. ground-based air conditioning system employing a
chilled liquid type cooling unit 14. The heat

exchanger 16 includes first and second sSections 58



*

rise to about sixty degrees Fahrenheit (15.50C). However, the |large thernal
mass. provi ded by the hose 24 and the duct system 28 acts to maintain the
tenperature of the air entering the cabin at very nearly the desired
tenperature during this tinme. Accordingly, the defrost cycle has negFigibIeé,,
effect on the overall cabin tenperature. Figure 3 is a schematic di agram of %<&
a .ground-based air conditioning systemenploying a chilled liquid type
coeving unit 14. The heat exchanger 16 includes first and second sections

58 -30- and 60, respectively, which are typically fornmed of copper

tubi ng. The section 58 is positioned closegt. the blower 18,.while the
.-section 60 is positioned adjacent the heat exchanger outlet 22. The

sections 58 and &Rdase, i réspeornasiyed whbieh hat @ybigdildyheyimed af reezing
poi nt below that of water may flow through the section 60 froman inlet 62
to an outl et 64 aogpéhetubimgugTheeteictriond SBr am posinietedbeclasest out | et
68. It will be appreciated that the flow of Iiquid (Wwhich may be a mxture
of glycol and matgﬁ)bl@W¢Foh§eiWQkkﬁlQh?(§Q§§é9ﬂ BRelguppaitoned a | ocation

cl osest the blower 18 in the heat ex % r 16. The outlet 68 is ¢onnect ed
to an inlet of aadJacent the heat exc ang E outlet 22, The sections

58 and 60 are interconnected{so:that a liquid having
a freezing point below that 6f Qater may flow through
the section 60 from an inlet 62 to an outlet 64 and
then through section 58 from an inlet 66 to an outlet
68. It will be appreciated éhat the flow of liquid
(which may be a mixture of glycol and water) is from
a location closest the outlet 22 to a location
closest the blower 18 in the heat exchanger 1lé6.

The outlet 68 is connected to an inlet of a
pump 70 used to puﬁp the liquid through the heat
exchanger. An outlet of the pump 70 is connected to
an inlet of a chiller 72, and an outlet of the
chiller is connected to the inlet 62 of the section
60. The éhiller 72 may be any one of a number of
apparatus configurations which is able to cool the
liquid to a temperature below the freezing point nf
waﬁer ( for example, to twenty degreesEahnaﬂE@t(-Gﬁfb).

The sections 58 and 60 are sized so that
when the blower 18 forces ambient air over these
sections, the section 58 reduces the temperature of

the air until it is only a few degfees above



punp 70 used to punp the liquid through the heat exchanger. An outl.et of .
the punp 70 is connected to an inlet of a chiller 72, and an outlet 'of the
<chi |4@r is connected to the inlet 62 of the section 60. The chiller 72 may °
. be- any one of a nunber of apparatus configurations which is able to cool

" the liquid to a tenperature below the freezing point of water (for exanple,
to twenty degrees Fahrenheit (-6.7C). The sections 58 and 60 are sized sQ
t hat when the blower 18 forces ambient air over these sections, the sectidn
58 reduces the tenperature of the air until it is only a few degrees above
-31- freezing. As in the previously des8tibed configuration,-a |arge
percentage of noisture is renoved wthout any frost occurring on the
surfaces -of tfireesdnig.onAs8.in Ehedeneedonslgtdescxliledis via drain 74. The
chilled air passes fromthe section 58 to the section 60, where it is

cool ed to the ahoefiigar adiilont,r @clanget papeentage, CRMOIFUER rig hen. exits
through the outlet 22. The rate of ice formation on the surfaces of the

section 60 is Femenad, MiFhout,ange£5ASE AESHIBENY nRR bR tEHEF39PS he air has
By Pren TR el el 350 Bndlnsb ROLLLDGPRERY Jhlpt the Tlow of

drain 74. The chilled air passes from the section 58

to the section 60, where it -is cooled to the desired

sub-freezing temperature, and the air then. exits

through the outlet 22. The rate of ice formation on

the surfaces of'the_section 60 is relatively slow,

because most of the moisture ‘in the éir has already

been removed ih the section 58. It should be noted

that the flow of chilled liquid through the heat

exchangér 16 from the outlet 22 toward the blower 18

aids in establishing the section 60 as the coldest of

the two sections and provides the desired cooling

gradient. : W
The frost which doés form on the surfaces

of the section 60 is periodically.removed by stopping

the pump 70, which stops the flow of cold liquid

through thé heat exchanger 16. The warm ambient air

being drawn in by the blower 18 and forced over the

heat exchanger surfaces acts to quickly defrost the

section 60. Condensed moisture drains from the

section 60 via drain 76. .It has been found that by

stopping the pump 70 for two minutes every twenty



-«

exchanger 16 fromthe outlet 22 toward the blower 18 aids in establishing

the section 60 as the coldest of the two sections and provides the desired"
‘cooling gradient. The frost which does formon the surfaces of the section

60 is periodically renoved by stopping the punp 70, which stops the flow of 4
cold-liquid through the heat exchanger 16. The warm anbi ent air being drawn

in by the blower 18 and forcéd over the heat exchanger surfaces acts to -
quirekly defrost the section 60. Condensed noi sture drains fromthe section
60 via drain 76. It has been found that by stopping the punp.70 for two

m nutes every twenty -32- minutes, the-ggetion 60 is adequately
defrosted. As in the previous systemdescription, the short defrost

i nterval does notiipretRee they ssciiion &4ntisi adegastelp de fpdatmi calka
tenperature becauge of the large. -thermal mass of the hose 24 and duct
system 28. Fi gur el®. the RIYYiRYE Givs§eBmdgscaigtiond- baeecshert dsfriist oni ng
system enpl oyi ng bot h ch#éied Ikﬂyid gnd direct,ex?ansion cool ing. The heat
exchanger 16 i ncl YERF¥T Ao POt PERTUSECAPENS 1981 BLTARY, 1RTRASY ikl y,

whi ch nmay be_;‘i_gr-néffirﬁcarfzeo%%%r_ir{' L{:%im%grgrtugrgeblei:la(uerse (')I'Petgeec aiu.ggne'.78- .i.s
- - - thermal mass of the“hose.24 and duct systéh_zs. -
- - Figure 4 is a block diagram of é
s ground-based air coqditionihg system_empioying‘both
ghilled liquid and direct gxp;nsion_cooliné.- The'--
.heét exchangér 16 includes-first and second.sectians
78 and 80, rgspeciively,'which may be formed of
_¢copper tubing or the like. The éection 78 is
positioned closest the blowef 18, and includes an
inlet 82 and outlet 84.
The section 78—is connected as part of a
chilled liquid system comprising a pump. 86 and a
chiller 88. The pump 86 circulates a liquid, which -
may be water, through the chiller 88 and through the
section 78 from the iniet 82 to the outlet 84.
~ Connected between the pump 86 and the chiller 88 is a
heat exchanger coil 90 which is part of a condenser
92 further described below. |
Ihe sectién 78 is designed to cool the
incoming ambient air to a iemberature slightly above
-the freezing point of water. Accordingly, the li§uid

flowing through the section 78 need not be chilled



pogi-ti oned closest the blower 18, and includes an inlet 82 and outlet 84.
TheYsection 78 is connected as part of a chilled Iiquid.systen1conpn|5|Dg_a'
-punp 86 and a chiller 88. The punp 86 circulates a liquid, which may be .

- water, through the chiller 88 and through the section 78 fromthe inlet 82

to the outlet 84. Connected between the punp 86 and the chiller 88 is a
heat exchanger coil 90 which is part of ‘a condenser 92 further described
bel ow. The section 78 is designed to cool the incomi ng anbient air to a
tenperature slightly above the freezing point of water. Accordingly, the
Jiquid flow ng through the section 78_.8¢ed not be chilled -33- below the
freezing point of water. |In fact, the chiller 88 may be part.of a central
ai rport cool ibel ey tthem firee zdage patinBgo€owdteat er in apgk®, paid i on of this

wat er can be routed to flow through the section 78. Condensed noi sture
col | ecting orchitlHers #8f aews bef pahksofeat centrsl daiafprack Wowldmai n 94. The
section 80 is designed to cool the alreadg chilled air fromthe Section 78
to the sub-f ri¥shely faFmgensratdndespiedvater neardita erortiomief section 80 is

connegtgd as éﬁyé %gté% %Ehegg routed to flow through the section

— 78. Condensed moisture collecting on the surféces of.
this section is drained via drain 94. |

The section 80 is desigﬂed to cool the
already cﬁilled air from the section 78 to the
sub-freezing temperature desired at the outlet 22.
The section 80 is connected as_part of a direct
e#pansion refrigeration system.similar in operation
to that described above for the mechanization shown
in Figure 2. |

A compressible fluid refrigerant, such as
Freon, flows through the section 80 from an inlet 96
to an ouﬁlet 98. The outlet 98 is connected to an ' g/
inlet of a compressor 100 designed to compress the
fluid. An outlet of the compressor 100 is connected
to an inlet of the condenser 92 which is designed to
condense the fluid to a liquid. The heat exchanger
90, which is connected as part of the chilled water
system described above, provides éoéling for the
condenser 92 in lieu of air cooling. An outlet of
the condenser 92 is'conhected to an inlet of an

expansion valve 102, and an outlet of the expansion



éxpansion refrigeration systemsimlar in operation to that described above
for the mechani zati on shown in Figure 2. A conpressible fluid refrigerant,
suchi-as Freon, flows through the section 80 froman inlet 96 to an outl et 46
98. "The outlet 98 is connected to an inlet of a conpressor 100 designed to™
conpress the fluid. An outlet of the conpressor 100 is connected to an

inl'et of the condenser 92 whi-ch is designed to condense the fluid to a

liigui d. The heat exchanger 90, which is connected as part of the chilled
wat er system descri bed above, provides cooling for the- condenser 92 in

| ieu of air cooling. An outlet of the. condgnser 92 is .connected to an inlet
of an expansi on valve 102, and an outlet of the expansion -34-- valve 102

is connected to klagveniep 96 ednidersrdid WheBQnlkie 96XBENEhENsYEEL ¥én 102
causes the fluid to expand and evaporate in the coils of the section 80,

t hus | oweri ng t h80tenphe atxpansion healventl 02X camsgsr ther Ehadd to achi eve the
desired air tenperature. An electrically operated bypass valve 104 is
connect ed bet weegkphadoand cevaporake conhes soilsoofatbet pect ipet8®6 of the

section 80. The valve_104 is operated periodicallx to provide hot
conpr essed fl ui Jthus lowering the temperature of the heat exchanger

surfaces to achieve the desired air temperature.
‘ An electrically operated bypass valve 104
KV/ is connected between the outlet of the compressor 100
and the inlet 96 of the section 80. The valve 104 is
operated periodically to provide hot compressed fluid
to the section 80 in order to defrést the-surfaces of
this section. As in the previous mechanizations, a
two minute defrost interval every twenty minutes has
been found to be adequate. Melted ice is drained
from the section 80 using drain 106.
While there have been shown and described
preferred embodiments of the invention, it is to be .
understood that various other adaptations and
modifications may be made within the spirit and scope
of the invention. It is thus intended that ﬁhe
invention be limited in scope only by the appended

claims.



to the section 80.in.order to defrost the surfaces of this section. As in

the. previ ous nechani zations, a two mnute defrost interval every twenty ,
m nut es Qm Iummﬂg be adequate. Melted ice is drained fromthe -~

- &ction |mm !l 6. Wiile there have been shown and descri bed

pref erred erfbodi mBnt¥ of the invention, it is to be understood that various
ot her adaptations and nodifications may be nade Wthin the spirit and scope
of the invention. It is thus intended that the invention be limted in
scope only by the appended cl ai ns. 35 CLAI M5 1. A nmethod of air
conditioning a parked aircraft having-agg-external air inlet, the nmethod

i ncluding the steps of reducing the tenperature of a portron o.f the

ambi ent air external to the aircraft YBAIMSjrst | evel of tenperature using-

a cooling system|ocated external to the airplane, and providing the
reduced tenperature air under pressure to the aircraft external -air inlet

at a second | evel of t.egperatu rh eratuge‘dgtlggengogtron of the
anbi ent air’ being reducet suff ciHt ‘Vt Poker E T T

parked aircraft having an external air 1nlet,'the

method including the steps of reducing the
temperature of a portion of the ambient eir external
to the aireraft to a fi;st level of temperature'usiné- o/
a cooling system located external to the airplane,
.and'providiﬁg the reduced tempe;atﬁre air under
pfessure to the aircraft external air inlet at a

second level of temperature, the temperature

of the portion of the ambient

air being reduced sufficiently to lower

the second level of temperature below thirty-five

degrees Fahrenheit (1.67°C).

2. A method as claimed in claim 1,

in which the temperature of the portion of the

ambient air is reduced sufficiently to
lower the first and second levels of temperature to

or below the freezing pbint of water.



the second level of tenperature below thirty-five degrees Fahrenheit
(1.67[err]). 2. A method as clained in clain11 erature of
the portion of the anbient air 'is reduced suffi Wm mH“ @\Hﬁmhe first 48
and 'second | evel s of tenperature to or below thestreeaing p of water.

36 3- A nethod as claimed in claim2, in which the step of reducing the
tenperature of the portion of the'anbi ent air sufficiently to |lower the
seeond | evel -of tenperature to or below the freezing point. of water

i ncl udes the steps of: - providing a heat exchanger having
first and second secti ons of COI | ed 't ubi ng,36-6| rculating a fluid through the
second and first sections, respectively, of the heat exchanger; cooling the
fluid entering the second Beah msxehaages Sesined i€l avdive ¥, 68z iwhd gpoi nt

of water; forcing the portion of anbient air past the first "and second heat
exchanger sectio?i‘él ﬁé@peétfl V€¢9°1%e¥'éet¢@n%ﬁaté¥% iofg thige PPEEdPNheat

h ti bove_the. f t d h
et of 1 s ol SR EFeABRERN REF (M B <R ke Tz b Ra SREAMexchanger

level -of temperature to or below the freez;ng point

of water includes the steps of:.
providing a heat exchanger haviﬁg first and
— second sections of coiled tubing;
circulating a fluid through the second and
first sections, respectively, of the héét exchanger;
| cooling the £luid entering the second heat
exchanger section below the freezing point of water;
forcing the portion'of ambient air past the
first and second heat exChanger sections,'
respectively, where the air exiting the first ﬁeat
exchanger section is slightly above the freezing
point of water and has most of 'its moisture removed,
and the air exiting the second heat exchanger
section, which is at the first level of teméerature,
is below the freezing point of water; and
interrupting the circulation of the fluid
through at least the second heat exchanger ;ection
for a predetermined intervél of time on a;periddic-
basis to enable the forced portion of ambient air to

defrost the second heat exchanger section.



.. //
section, which is at the first level of tenperature, i's below the freezing
.point of wat e‘mﬂm‘mﬂl ng the circulation of the fluid through at.
|l east the seﬁ“\“ﬂm fyer section for a predeterm ned interval of
tine g&r*ga pertodi ¢ badis’to enable the forced portion of anbient air to
defrost“the second heat exchanger section. -37 - 4. A.nethod as cl ai ned
inclaim2, in which the step of reducing the tenperature of the portion —~
of .the anbient air sufficiently to | ower the second | evel of tenperature 1
or below the freezing point of-water i ?I_udes the steps of: -

provi di ng. a heat exchanger having- first.and second sections of coiled
t ubi ng; connnecti ng Ihe%first and second heat_ exchanger _sections to provide

fluid flow froman inle 'ofAtTﬁFQRﬂxﬁﬁj9ﬁﬁﬁﬂﬁﬂﬁ#Pocéﬁlﬂugkeﬁnth%ﬁE first
section; provhﬂé”?t@p‘:&m@&%fﬂge dHe i bmeraiturkn 8 eNefk BIFRAGHEr tubing;

conpressing the fluid exiting the first heat exchanger section; condensing
the conpressedef thé dambién@ dirjuEficiently to lower the second

le&el of temperature to o; beiow the fréezing point
, ofrwage; includeé-thé steps of:
. providing .a heat-exchanger having- first and

second sections of coiled tuBing; ()

connnecting the first and secqnd.heat
exchaﬁger sections to provide fluid flow frbm an
inlet of the secdnd'section to an outlet of the first
section; |

providing a compressible fluid within the
heat exchanger tubing;

compressing the fluid exiting the first
heat exchanger section;

condensing the compressed fluid into a
liquid;

expanding the liquid as it flows into the

inlet of the second heat exchanger section:;



expandi-ng the liquid as it flows into the inlet of the second heat

exchanger , secti on; L S -38- forcing bient air
past ‘the first and second heat exchanger sectif_oﬂmlﬂﬂmuﬁnllmumb
exiting-the first heat exchanger section is slightly dboPe fhe*freezing;
poi nt of water and has nost of its noisture renoved, and the air exiting

t he second heat exchanger section, which is at the first |evel of
tenperature is below the freezing point of water, and circulating the
conpressed, but not condensed or expanded, fluid through at |east the
second heat exchanger section for a predetgyam ned intervalof tinme on a
periodic basis to enable the conpressed fluid to defrost the second heat
exchanger section. 5. A neféwdirgs tieaippadtion olfapmbienknaihi past hehet ep of
reducing the tenperature of the portion of the anbient air sufficiently to
| ower the secondfitgt| apd seeprt heate axshangss) grctiaensycuberg g nt of

wat er includes the steps, of: proyjding a heat exchanger fornmed of first and
second sections 6?‘08¥EEH“QUE#%1,1 §$%9§CFWGH3“99F dection'Is

slightly above the freezing point of water and has
most of its moisture removed, and the air exiting the
second heat exchanger section, which is at the first
— level of temperature is below the freezing point of
water; and
circulating the compressed, but not
condensed or expanded, fluid through at least the
second heat exchanger section for a prédetermined
interval. of time on a periodic basis to enable the
compressed fluid to defrost the second heat exchanger

section.

5. A method as claimed in claim 2, in which

the stép of reducing the temperature of the portion
of the ambient air sufficiently to lower the second
level of.temperature to or below the freezing point
of water includes.the.steps of:

providing a heat exchanger formed of first
and second sections of coiled tubing, eaéh section

having an inlet and outlet; -



having an inlet_and outlet; 51 *. C L M S * -309-
provi di n§ ja conpressible first fluid circulating through the second. heat
“-exchanger "sectio “H ﬂ“e first fluid which exits the second HKeat -
exchanger; conde;mmmm ﬂl} ssed fluid into a |iquid; expanding the
Jiquidas it flows iAtotth® il ét of the second heat exchanger secti on;
circulating a second fluid through the first heat exchanger section; =
cooling the second fluid entering the first heat exchanger section; forci«g
the portion of anbient air past the first and second heat exchanger
sections, respectively, where the air gx_ting the first heat exchanger
‘section is slightly above the freezing point of water and has nost of its
moi sture renpved, and tgreovdidingxiat ico@prbesipiendihseat fexbdanger section,

which is at the first level of tenperature is below the freezing point of
wat er; and circulating through the second heat exchanger .

section;

compressing the first. fluid which exits the
second heat exchanger;

condensing .the compressed fluid into a

liquid; o
expanding the liquid as it flows into the
inlet of the second heat exchanger section;
‘circulating a second fluid through the
first heat exchangef section;
cooling the second fluid entering the first
heat exchanger section:;
forcing the portion of ambient air past the
first and second heat exchanger sections,
respectively, where the air exiting the first heat "

‘exchanger section is slightly above.the freezing
point of water and has most of its moisture removed,
and the air exiting the second heat exchanger
section, which is at the first level of temperature

is below the freezing point of water; and



-40- circulating the conpressed, but not condensed or expanded, first fluid
t hrough t.Ae second heat exchanger section for a pr val of
tkine 'On a periodic basis to enable the conpressed iﬂmlﬂ“ﬂ' ﬂ““t“ﬂ“frost

t he second heat exchanger section. 6. A-system of airtcondisti dni ng 52
parked aircraft having an external air inlet, the systemincluding cooling
means | ocated external to the airplane.for reducing the tenperature of a
poctli on of the anbient air external to the aircraft to a first |evel of
tenperature, and transport means for providing the reduced.tenperature air
under pressure to the .aircraft external aiggJnlet at a second | evel of:
tenperature, the cooling neans conprising apparatus for reducing the
.second | evel of tenperatureibeblweidy rihe fdomprdegeassobhahnstheit
(1.67[err]). 7. A systemas clained in claim6, in which the apparatus
further |ncIudescondeasé@rotowwpan@pdiufrnsmomduhévahrobghenberaemmmdto or

bel ow the freezing point of water.
heat exchanger section Eor a predetermlned 1nterval

of time on a per;odlc basis to enable the compressed
first fluid to defrost the second heat exchanger

section.

6. . A system of air conditioning parked
aircraft having an external air inlég, the system
including cooling means located éxterngl to the
airplane for reducing the tempefature of a portion of
the ambient air external to the aircraft to.a first
level of temperature, and transport means for
providing the reduced temperatufe air under pressure
to the aircraft external air inlet at a second level
of temperature, the cooling means
comprising apparatus for reducing'
the second level of temperature below thirty-five

degrees Fahrenheit (1.67°C).

7. A system as claimed in claim 6, in which
the apparatus further includes means for lowering the
second level of temperature to or below the freezing

point of water.



-41- 8. A ;;;PEETEE“C#aFﬂed\LQ claim7, in which the apparatus I ncl udes:

.heat exchangjﬂ' rmed of first and second sections of coiled tubing;
- fluid; nea M{/ I fluid bel ow the freezing point of water; "~ .
punphigans for cFrcu e cooled fluid through the second and first
heat ~exchanger sections, re8pectively; blower means for forcing the portion
of anbient air past the first and second heat exchanger sections, ' ~
respectively, where the air exiting the first heat exchanger section'is g
slightly above the freezing point of water and has nobst of its noisture
renoved, and the air exiting the seconditheat exchanger section, which is at
the first level of tenperature is below the freezing point of water; and
control neans for perio8i-cal®d pystear raptiagmédeini¢radmti onipfwHiled f 1 ui d

t hrough at | east the second_ heat exchanger section for a predetermn ned
interval of ti%he PBPaRakME dRelvdeed portion of anbient air to defrost the

second heat exéhanger section. - .
' . _- , heat exchanger means formed of first and

;séqppd sections 6f7c9iled tubing;
 fluid;: |
means for éooling the fluid below the
freezing point of water;

. pump means_for circulating the cooled fluid
through -the second and first heat exchanger sections,
respectively;

blower means for forcing the portion of
ambient air past the first and second heat exchanger
sectiong, respectively, wﬁere the air exiting the
first heat exchanger section is slightly above the
freezing point of water and has most of its moisture
removed, and the air exiting the second heat
exchanger section, which is at the first level of
temperature is below the freezing point of water; and

control means for periodically intefrupting
.the circulation of the fluid through at least the
second héat exchanger section for a predetermined
.interval of time.to enable the forced portion of
ambient air to defrost the second.heat‘exchanger-

section.



-42 9. A systemas claimed in claim8, in which
interrupts the circulation of fluid about every t nut es, and th
pr»edeterm ned interval of tine is about two m nuté@"yﬂﬁ” ulu
claimed in claim7, in which the apparatus includ neans

f or med of first and second sections of coiled tubing and connected to
provide fluid flow froman inlet of the second section to an outlet of the
fikst section; a conpressible fluid; a conpressor having an inlet and an
outlet for conpressing the fluid; a condenser having an inlet and outl et
for liquifying the fluid; an expansion vaﬁ@e—haV|ng an inlet and outlet for
causi ng the condensed f|UId to evaporate in the heat exchanger; neans for
connecting the conpressor ?Pnl &t systeneasutleimed imecldinsts hea wavigmanger

section; nmeans for connecting the conpressor qutlet to the condensor inlet;
means for connectfBgCPRErednBeARs  inkRTRUDYS thee cdrsadatdany afvElnidet ;

about every twenty mlnutes, and the predetermined

interval of time is about two minutes.

10. A system as claimed in claim 7, in which

k/ the apparatus includes:

heat exchanger.means-formed of first and
second sections of coiled tubing_and connected to
provide fluid flow from an iniet of the second
section to an outlet of the first section;

a compressible fluid;

a compressor having an inlet and an outlet
for compressing the fluid;

a condenser having'an inlet and éutlet_for
liquifying the fluid;

. an expansion-valve having an inlet and
outlet for causing the condensed fluid to evaporate
in the heat exchanger;

means for connecting the compressor inlet
to the outlet of the first heat exchanger section;

means-for connecting the compressor outlet
to the condensor inlet;

means for qonnecting the condensor outlet

to the expansion valve inlet;



-43- nmeans for connecting the expansion valve outlet to the inlet of the

second heat e bl ower neans for forcing the portion-of .. '
anbi en vl 1 qmﬂ'ﬁﬂ“vﬂmﬂmm second heat exchanger sections, !
respec :bely wheree t-he®ait exiting the first heat exchanger section is
slightly above the freezing point of water and has nost of its noisture
renoved, and the air exiting the second heat exchanger section, which is at
the first |evel of tenperature is below the freezing point of water; a
bypass val ve; neans for connecting the bypass val ve between the conpressor
outlet and the inlet of the second heat3-exchanger section; and contro

- nmeans for periodically opening the bypass valve for a predetermn ned

interval of tinme to fImﬂam$wingﬂcannkqﬁQMQoxhetbxpaasmod habte exchanger
section. -44- 11. A systemas claimed in claim7, in which the apparatus
i ncl udes: heautbﬁthhmgbhentﬁh%thﬁrﬁhﬁ(ﬁeqqnﬂsbeaﬁdeSEBQHQESect|ons of

c0|Ied tublng each sectlon havi ng
sect1on.-

blower means for forcing the portxon of
ambient air past the first and second heat exchanger
sections} respectively, where the air exiting the
first peat exchanger section is slightly above the
freezing_point of water and has most of its moisture
removed, and the air exiting the second heat
exchanger séction, which is at the first level of
temperature is below the freezing point of water;

a bypass valve;

means for connecting the bypass valve
between the compressor outlet and the inlet of the
second heat exchanger secﬁion; and control means for
periodically opening the by?ass valve for a _ ;o
predetermined interval of time to flow through and -

defrost the second heat exchanger section.

[NV W . ——— L — . .



an-inlet and outlet; a conpressible first flui
exchanger‘ section; a conpressor having an inIe an outlet for .
conpre55|ng the first fluid; a condensor having !ﬂ Ikﬂulﬂi | et fg(- 56
I|qU|fy|ng the first fluid; an expansion valve nd outl et

for causing the condensed flrst fluid to evaporate |n the héat " exchanger
second. section; nmeans for connecting the conpressor inlet to the outlet of

t hewssecond heat exchanger section; neans for connecting the conpressor

outlet to the condensor inlet; means for connecting the condensor outlet to

t he expansion valve inlet; means for connecijng the expansion valve outl et

to the inlet of the second heat exchanger section; a second fluid flow ng

in the first heat exchanger1sech @Rstem QF élgﬁ@é@dﬁfrclca?ﬁr[ |7ng thef‘ﬁg ond
fluid; punp nmeans for circulating the cooled secon | Ui roug i rst
heat exchanger the apparatus includes:

ond heat

heat exchanger means formed pf'firS£ and
second sections of coiled tubing, each seciigq having
an inlet and outlet;: f |
a compressible first fluid flowing:in the
~ second heat exchanger-section;
- a compressor having an inlet and an outlet
for compressing the first flu1d,
"a condensor having an inlet and outlet for
liquifying the first fluid;
an expansion valve having an inlet and
outlet for causing the condensed first fluid to
evaporate in the heat exchanger second section;
means for connecting the compressor inlet
to the outlet of the second heat exchanger section;
means for connecting the compressor outlet
to the condensor'inlet;
means for connecting the condensor outlet
to the expansion valve inlet; |
means for conﬁecting the expansion valve
outlet to the inlet of the second hegt exchanger
section;
a second fluid flowing iﬁ the first heat

exchanger section;



section; | ' orcing the portton of anbient air past .the °
Cfirst and second heat exchanger section, respectively, where the air. v
eX|t|n Tthe f|1ﬂ“ﬂ" I ﬂ“f@ section is slightly above the free2|ng s
poi nt’ of wat er

|ts noi sture renoved, and the air exiting
the second heat exchanger secti6n, which is at the flrst | evel of
tenperature is below the freezing point of water;' a bypass val ve; neans fpr
connecting the bypass val ve between the conpressor outlet and the inlet ofw
t he second heat exchanger section, and control neans for periodically
openi ng the bypass val ve for a predetejdgnned interval of tine to permt the
conpressed first fluid to flow through and defrost the second -heat

exchanger section. -éand 2for” SR heCls@BRE EDughai m 11, in which

t he condensor includes heat exchanger .nmeans which accommodat es a cool ant

for cooling the first fﬁunpimeunk|ﬂmvwhu®huube1ﬁgcend tboledis provided to

t he heat exchange neans as the cool ant. 13. A nethod of air

cond|14on|ng ae%gmﬁeﬁﬂuﬂ¢(ﬁhﬂquqhnhhﬁ;ﬁﬂr5$xheBMabxahangetet t he

sectlon..
") . 'blower means for forcing the portion of

ambient air past the first and second heat exchanger

't(;;

section, reépectively, where the air exiting the
first. heat exchangér section is slightly above the
freezing point of waﬁer and has most of its moisturel
removed, and the air exiting the second heat
exchanger section, which is at the first level of
temperature is_below_the freezing point of water;:

a bypass valve;

means for connecting the bypass valve
between the compressor outlet and the inlet of the
second heat exchanger section, and
| control means for periodically opening the
bypass valve fbr a predetermined inﬁerval of time t6
permituthe compressed first fluid to flow through and

defrost the second heat exchanger section.



nethod |nclud|ng the steps. of: reduci ng the tenperature of ap
anblent ai'r

external to the aircraft to a first mlm ture
av cooPlng system | ocated external to the alrplane ” r
heatne

forcing the portion of ambient air over a surface of &

er

f the
usi ng
f.or

whi ch

surface is cooled to reduce the tenperature of the portion of anbient air,
and providing the reduced tenperature air under pressure to the aircr
exfernal air inlet at a second | evel of tenperature, the inprovenent
conprising the step of reducing the tenperature of at |east a porti-on of
t he heat exchanger surface bel ow the freez#6g point of water in order

| ower the second | evel
(1.67 O). - -47- 14.

af t

to

of tenperature bel ow thi rty-five degrees Fahrenheit
12. gy yeenl agl b160RdAt iRNEDGiRaLKedi Riyiaf t

havi ng an ext ernal air inlet, the systemincluding cooling neans | ocated
external to 'the tdiq soadengorchnghydes bheakrefehanggringanshehdeh i on

" coodl ed to reduce 39

of anbient air

over a- surface of a heat exchanger, which surface is

to the aircraft tg afiirs chexge QL L RIPEL LT & 5¥EL£§§P%P "the

exchange means as the coolant.

13, A method of air conditioning a
parked aircraft having an external air inlet, the
me thod inciuding the steps of reducing the
temperature of a portion of the ambient air external
to the aircraft to a first level of temperature using
a cooling system, located external to-the'airplane'
which has a blower for forcing the portion of ambient
air over a surface of a heét exchanger which surface
is cooled to reducé the temperature of the portion of
ambient air, and providing the reduced temperature
air under pressu#e to the aircraft external air inlet
at a second level of temperature, the imprbvement
coﬁprising the step of reducing the temperature of at
least a portion of the heat exchanéer surface below
the freezing poiht of water iﬁ order to lower the
second level of temperature below thirty-five degrees

Fahrenheit (1.67°C).

“‘f"é’ﬁ’ﬁéﬁét Br gog}agt pERE | SRPLING Hehey Binst Eiyid ext ernal



for providi ng—the—reduced Tenperature air under -pressure to the aircraft
external air inlet IeveI of tenperature, the i nprovenent.. S
conprising app E“ﬂ!i@ s part of the cooling means which reduces '
the t eratur axportion of the heat exchanger surface bel ow
t-he freezing p0|nt of water in order to reduce the second | evel of
tenperqature below thirty-five degree Fahrenheit(1.66[err]) 15. A nmethod—
of air conditioning a parked air- craft substantially as descri bed her ei mw™
16. Equi pment for air conditioning a parked air- craft substantially as
described herein with reference to, and as shown in, the acconpanying
dr awi ngs. ' - 47-
14. A system of air conditioning parked
aircraft having an external air inlet, the system |
including cooling means located external to the
airplane which hés a blower for Eoréing the portion
of ambient air over a surface of a heat exchanger,
which surface is cooled to reduce the temperature of . : g
a portion of the ambient air external to the aircraft
te a first level of teﬁperature, and transport means
for providing the reduced temperature air under
pressure to the aircraft external air inlet at a
Secoﬁd level of temperature, the improvement
comprising apparatus included as part of the cooling
means which reduces the temperature of at least a
portionfof the heat exchanger surface below the
freezing point of water in order to reduce the second

level of temperature below thirty-five degrees ' | N

Fahrenheit(l‘ce‘c)

15. A method of air conditioning a parked air-
craft substantially as described herein.

16. Equipment for air conditioning a parked air-
craft substantially as described herein with reference

to, and as shown in, the accompanying drawings.




