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The present invention relates generally to alr
conditioning means for conditioning the air of

anx enclosure; and is concerned particularly with

such means for cooling or refrigerating air for

the cabin or other compartments of alrcrait.

It is one object of the herein described inven-
tion to provide gir conditioning means, wherein

power means such as a cooling turbine may be
utilized for converting energy of the enclosure
conditioning air into mechanical energy, and this
recovered energy utilized to drive coolant air cir-
culating means which is connected so as to- dis-
charge its output into an aspirator for creating
9. suction on the downstream side of the caalant
air path of a heat exchanger.

A further object is to provide a cooling system

for an enclosure, wherein a single-heat exchanger
of unitary construction may be utilized having &
primary section and & secondary sectiormn, ghd I
which power means driven by enclosure condi-
tioning air drives coolant air circulating means
for one. section of the heat exchanger, and the
discharge from the coolant air circulating means
is conducted to an aspirator for aspiraticn of
coolant air through the other section of the heat
exchanger.

- Another object is to provide air conditioning
means in which the output discharge of an- air

circulating mechanism is utilized Iin a sttitable
device, such as an aspirator, for creating a sue-
tion for the circulation of other air for a useful

purpose, for example, the coolant air for & heat

exchanger, and wherein the actuating air and
aspirated air leaving the aspirator are mixed and

discharged through a single duct rather than-a
plurality of ducts.

Still another object is to provide in' connection
with air conditioning means embedying g-power

driven air moving unit, such as- & compressor
unit, an aspirator in the compressor output for

effecting circulation of other air, and which will

at the same time serve as a load regulating device

on the compressor unit.

Further objects of the invention will be brought
out in the following part of the specification,

wherein detailed description is:for the purpose of
fully disclosing several embodiments of the- in-
vention without placing limitations thereon.
- Referring to the accompanying drawings,
which are for illustrative purposes only:
Fig. 1 is a view schematically illustrating
cooling mechanism embodying the features of
one form of the herein described invention;

Fig. 2 is a detail view diagrammatically illus-
trating the interconnection between the by-pass

control: valves .of the. present invention;.

Fig. 3 is a similar view of a modified farmt-of
the invention; and

Mg, 418 g Iragmentaly view shawmg a.-varia-
tion of the means for controlling the- discharge.
tiow of cooiant air trom the heat exchanger.

Referring now to the drawings, for purposes: of
HHustratlon several embodiments of thie mvention

- nave-been Hlustrated. In-its bread coneept;.the
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inveantion may- be- utilized for the conaisioning. of

aly for enciosures generally, but is particuwiariy

usetul for the conaitieming or: reivigeratlon: of
air i the compartments of aireract, which. may
ge-0f the pressurized or unpressurized. type.

The empodiment disclosed: in Fig, 1 is ulusira-

tive: of an arrangement 1or sUpplyang. concdivions=
ing air to-a pressurized.compartment: i¥ which
may be the cabin of an aircrart. The condition-
ing air is supplied from-a pressure air source.fi
to-a-heat exchanger (2 wherein the conditioning
air -is brought-into-heat exchange relatmn with
g #uid coolant. |
~ Air is. supplied from the pressure:air. souree: b
to - the heat. exchanger (2. thirough:. a. duct: 3
through which. the flow of air may be:econtrolled
and regulated by sensing responsive devices. (nog
shown) depending upon the: desighn.requirements
of the compartment of the alrplane:
- ‘The heat exchanger 12 Is. illustrated as: g; smgle
unit:having a.primary section 14 and a-secondary.
section (3. 'The conditioning. air: flows throush
the primary section in a single pass, pbut is.cons
ducted through. a. secondary: section: inn. g double
pass. The conditioning gir discharge from. the
heat exchanger is connected through a.duect: 8
with the. inlet. of energy. c(mvertmg: means: §7
which in this: instance comprises an expansion
turbine. which. acts: to further cool the condition=
mmg alr and convert energy of the.conditioning
alr into meehanical energy: for power or ather
useful purpose. The outlet of the energy cons
verting means: §T is: connected_ wﬂsh the campﬁrt- -
ment 10,

Coolant. fluid is supplled to the heat exchanger" |
from a suitable source, which in. this. instance: is
ilustrated as comprising a. ram-duct. 18 which is -
connected. with: the: coolant: inlet side of: the pri«

mary section (4 and:- secondary sectiom £5 of: the

heat exchanger..
The: outlet: side for: coolant of the: seeonda:ry

| section of the heat exchanger connects with-the

50

inlet: of air moving means {9, in this.instance.. &
fan having its. impeller directly. connected: for
drive: {from the energy converting means:; l1 hy
means of a transniission.-shaft.20. |

The outlet. from the- air moving. means 18 d].-r
- rected.: through: a. discharge- duct: 2I “which -inx




3

effect forms the nozzle of an aspirator, as gen-
erally indicated by the numeral 22, the dis-
charge duct being surrounded by a concentrically
positioned mixer duct 23.. The inlet end of the
mixer duct is connected fo receive the discharge
of coolant fluid from the primary section 14 of
the heat exchanger, and the outer end of the
mixer duct is carried to a discharge point where
the coolant fluid is discharged overboard or

otherwise disposed of.

Reverse flow of coolant ﬂmd through the prl- |
mary section 14 of the heat exchanger is pre-

vented under certain conditions of operation by
means of a check valve 24 which is mounted In
the connection of the coolant discharge of the
primary section {4 with the aspirator. Primarily,
the check valve 24 provides means for blocking
the primary heat exchanger coolant passage
when the air conditioning means is operated on
the ground, in which case the ram duct (8 is
ineffective. .
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. Means are provided for controlhng the tem- o

perature of the conditioning air in accordance

with the temperature variations of the compart-
ment 0. This is accomplished through the uti-

lization of a plurality of controlled by-pass ducts.

As shown in Fig. 1, one of these ducts, as indi-
cated by the numeral 25, is connected at its inlet
end with duct (3 upstream from the heat ex-
changer 12, and at its outlet end with a duct 26
which connects the outlet of the energy convert-
ing means {1 with the compartment 10. The
duct 25 therefore by-passes the heat exchanger
and energy converting means so as to conduct
conditioning air of relatwely higher temperature
to the compartment.

The other by-pass duct es deC&tEd by the.

numeral 21, is connected around the energy con- -

~ verting means i71 only, the inlet end of the by-

pass duct 27 being connected to the duct 16 and

the outlet end being connected to the duct 26.
In some installations, it may be found desirable
to leave out one or the other of the ducts 25
and.27.

. Flow . control through the ducts 25 and 2? is
controlled by means of a pair of butterfly valves
28 and 29, mounted respectively in the by-pass
ducts 25 and 21. These valves are actuated by a
common torque actuator 30, the direction of
which is controlled through circuit connections 31
and 32 which are selectively energized by a tem-
perature sensing demce 33 in the compart—
ment 10,

The Valves 28 and 29 are a
tlonally contro]l the flow of air through the by-
pass ducts, and are usually arrancged with a pre-
determined angular lag in the time of full clos-
ing of one valve with respect to the tlme of clos-—

B 1ng of the other valve.
. In the arrangement descnbed herem the volve

- 29 is arranged to open prior to the opening of

B valve 28. This is accomplished by having one of

the valves coupled directly to the actuator, and

prov1d1ng o lost. motion connection with the
other valve. Such a connection is diagrammati-

cally illustrated in Fig. 2, wherein the valve 29 is
shown as being directly connected with an ac-.

tuator shaft 34 for concerted rotational move-

- ment therewith. The valve 29 is shown as hav-

ing a disc 35 connected for movement therewith,

relative angular displacement of valves 28 and 29
being limited by limit studs 36a and 36b which
permit displacement of one valve with respect to
the other through an angle of substartially 45°, A

| | load.mg sprmg 31 norma,]ly biases -the valve 28

rranged to prcpor-'
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towards an angular position with respect to the
valve 29. With this arrangement, it will be ap-
parent that with both valves in closed position,
the valve 28 will remain closed until the valve 29
has been moved in an opening direction through
an angle of substantially 45°. It will be appre-
ciated that the angular relationship between the
valves 28 and 29, need not be limited to 45° but
may be made some other angle if desired. More-
over, the connection may be arranged so that the
angular displacement between the opening and
closing of the valves may be adjustable.

In the arrangement described above, the air
moving means 9 comprises a low head com-
pressor or fan, and the operation of the aspirator
22 may vary depending upon the conditions of
operation. For example, under no-ram or low-

ram conditions of operation, g pressure adjacent

the discharge end of duct 21 slightly in excess of
pressure existing at the coolant inlet to the pri-
mary section of the heat exchanger wiil cause
the aspirator to funetion as such. Thus, the op-

 eration will be somewhat different in different m-'

stallations due to duct losses, etc.

Under high-ram conditions, wherein the pres-
sure at the coolant inlet of the primary section
of the heat exchanger is much higher than the
pressure adjacent the discharge end of the duct
21, the aspirator functions more as & mlxer than
a.S a {rue aspirator.

The conditioning means described above is
advantageous in that it permits use of a turbine-
fan assembly of smaller weight, height and size

- than that which would ordinarily be reguired, so

that where the conditioning means is provided as
a refrigerating package, the material size physi-
cally of the package is reduced Moreover, the

utilization of an aspirator as explained above'_

- permits building a multi-section primary and

secondary heat exchanger as a single unit utiliz-

ing one discharge duct.
Referring to Fig. 3, the o,rrangement disclosed

therein is primarily a simple system embodying

- the features of the mvent:aon and while consid-
45

ered herein primarily for the supplying of condi-
tioning air to an unpressurized compartment or
enclosure, it is not limited to this particular use,
and may under proper conditions be utilized for
pressurized enclosures. Similar parts, corre-

.~ sponding to the parts of the arrangement shown

in Fig. 1, have been gwen the same 1ndlcatmg
numeral.

The e,rrangement of Pig. 3 dlffers basmally
from that shown in Fig. 1, in that the air moving
means 19 in this case has its intake supplied
directly from the ram duct {8 through a supply
duct 38, and has been illustrated as a true com-
pressor. The outlet of the air moving means (9.
is connected through an outlet duct 39 to the
discharge duct 21 which in this case comprises the
nozzle of the aspirator. = ,

It will be appreciated that the aspirator can
pump only very low heads, and that for this rea-
son pressure losses in the coolant circuit must be.
kept at a minimum for those conditions in which

The present invention contemplates a restrlct--'
ing device in the coolant e¢ircuit to prevent exces-
sive coolant air fiow when high-ram pressures are

available, but will have practically no pressure
losses, when ram is not available. |

In the arrangement shown in Fig. 3, a venturi
48 is positioned in the discharge duct for coolant
from the heat exchanger 12. This venturi is
connected with the outer mixer duct of the aspir-,
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section and s multiple pass:secondary:section: for
said conditioning air; a turbine.in said flow path:
downstream from said heat: exchanger; a fan:
driven by said turbine:; concentric inner and
outer tubular members forming an aspirator and.
mixing duct; a ram source of coolant air; branch:
ducts from said source, one of said branch: ducts:
heing connected through said secondary section

5

ator and allows adequate flow of coolant under
no-ram conditions, yet functions. to restrict
flow under high-ram conditions so as to prevent
excessive flow of coolant air and thus minimize
undesirable drag on the aircraft. 5

Instead of utilizing a venturi, as shown in Fig.
3-for automatically controlling the flow of coolant
through the heat exchanger 12, the coolant fiow

may be controiled by a valve, such as indicated
in Fie. 4 by the numeral &i, this valve being
actuatable by a. torgue actuator 42 which Is se-
lectively operable through a circuit 23 by means

of a. control switch 4&. 'The control switch 44 may

form. a part of a contirol device arranged for
thermostatic actuation, pneumatic actuation or
other siiitable means. If desired, the valve gl

may be manually operated. By utilizing a valve

instead of a venturi, the coolant drag is minl~
mized, since a greater flow restriction is possible
under high-ram conditions without exceeding the
low heads which can be developed by the aspil-
rator under nc-ram conditions.

The utilization of an aspirator 22, as described

in the arransement disclosed in Fig. 3, provides

the additional advantage of regulating the speed
of the turbo-compressor unit. Should the turkine
tend to increase iis speed, this increased speed
will ecause the compressor to build up pressure in
the aspirator nozzle, and as a result gdditionally
loads the turbine angd prevents overspeeding.
Conversely, should the furbine tend to slow
down, the pressure in the aspirator nozzie is cor-
respondingly reduced so that the load on the
turbine is decreased, whereupon the decrease in
turbine speed will be minimized. If will thereiore
be seen that the aspirator additionally functions
to regulate the speed of the turbo-compressor
unit. -

T claim:

1. Air conditioning means for an enclosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure; means in said path
for bringing the conditioning a2ir into heat ex-

change relation with a coolant: means for con-
verting energy of the conditioning air into me-
chanical energy; air circulating means driven by

said energy converting means; means actuated
by air from the air circulating means for induc-

ing flow of said coolant; a by-pass duct for llow
of conditioning air around the heat exchange

means and the energy converting means; a sepa-
rate by-pass around the energy converting
means: and valve means Ior pronortionally con-
trolling the air flow in said by-passes In response
to temperature variations within said enclosure.

9 Ajr conditioning means. for an enclosure,

comprising: a flow path for conducting condi-
tioning air to said enclosure; means In said path
for- bringing the conditioning air into heat ex-
change relation with & coolant: means for con-
verting energy -of-the conditioning air into me-
chanical energy; air circulating. means driven
by said energy converiing means; Mmeans actu-
ated by air from the air circulating means ifor
inducing flow of said coolant; a by-pass duct for
Aow of conditioning air around the heat exchange
means and the energy converting mears; a Sepa-
rate by-pass around the energy converting
means: and means for controlling the air flow in
said by-passes in response 0 an air conditioning
requirement of said enclosure.

3. Air conditioning means for an enclosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure; a heat exchanger
in said flow path having a single pass primary

10.
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and said fan to said inner tubular member; and:
the other branch duct being connected through
said primary section to said outer tubular mems

ber: and a check valve in said latter branch duct.

between said primary section and the outer tubu-
jar member operable. to. closed position upon. &.
predetermined reduction of flow. -

4. Air conditioning means: for an. enclosure;
comprising: a flow path for conducting condi-.
tioning air to sald enclosure; a heat exchanger
in said flow path having a primary section and
g secondary section; a turbine in said flow path
downstream from said heat exchanger; a. fan
driven by said turbine; concentric inner and:
outer tubular members forming an aspirator and.
mixing duet; a ram source of cooclant.alr; branch
ducts from said source, one .of said ducts being
connected through said secondary section and
said fan to said inner tubular member, and the-
other branch duct heing connected through said:
primary section to said outer tubular member;
and a check valve in said latter branch duct. be-.
tween said primary section and the outer tubular:
member operable to.closed position upon a pre-
determined reduction of flow. .- L

5. Air conditionineg means for an enclosure;
comprising: a flow path for conducting condi-.
tioning air to said enclosure; a heat exchanger
in said flow path: a turbine in said@ fiow path:
downstream from said heat exchanger; a com-
pressor driven by said turbine; an aspirator hav-
ing a nozzle for primary air and a- suction con-

nection; a ram source of coolant air; branch

4.9
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ducts from said coclant air source, one- of said
ducts being connected through said compressor-
to said nozzle, and the other of said ducts: being:
connected- through: said heat exchanger- to: satd:

‘suction connection, whereby coolant air-is sucked

through the heat ezechanger in heat exchange
relation to the enclosure conditioning air; and
a venturi in said latter branch duct between the
heat exchanger and aspirator suction connec-
tion. | T |

6. Air conditioning means for an enclosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure; & heat exchanger
in said flow path; a turbine in said flow path

“downstream from said heat exchanger; a com-

pressor driven by said turbine; an aspirator hav-
ing a nozzle for primary air and a suction con-
nection; a ram source of coolant air; branch
ducts from said coolant air source, one of said
ducts being connected through sald compressor

' to said nozzle, and the other of said ducts being

connected through said heat exchanger to said

 suction connection, whereby coolant air is sucked

65

throuegh the heat exchanger in heat exchange
relation to the enclosure conditioning air; and

means in said latter branch duct between the

70
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heat exchanger and aspirator suction connec-
tion for varying flow therein. |
7. Air conditioning means for an enclosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure; a heat exchanger
in said fow path; a turbine in said flow path
downstream from said heat exchanger; a com-
pressor driven by said turbine; an aspirator hav-
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ing a-nozzle for primary air and s suction con-

nection; a ram source of coolant air; and branch

ducts from said coolant air source, one of said
ducts being connected through said compressor
to said nozzle, and the other of said ducts being
connected through said heat exchanger to said
suction connection, whereby coolant air is sucked
through the heat exchanger in heat exchange
- relation to the enclosure conditioning air.

. 8. Air conditioning means for an enclosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure; a heat exchanger
in said flow path; a turbine in said flow path
downstream from said heat exchanger; a com-
pressor driven by said turbine; an aspirator hav-
ing g nozzle for primary air and a suction con-
nection; a source of coolant air; and branch
ducts. from said coolant air source, one of said
ducts being connected through said compressor

to said nozzle, and the other of said ducts being

connected through said heat exchanger to said
suction connection, whereby coolant air is sucked

through the heat exchanger in heat exchange

relation to the enclosure conditioning air.

9. Air conditioning means for an enclosure.

comprising: a flow path for conducting condi-
tioning air to said enclosure; a heat exchanger

10
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.12, Air conditioning means for an eiiclosure;
comprising: a flow: path for conducting condi-:
tioning air to said enclosure; heat exchange
means for bringing the conditioning air into heat
exchange relation with a coolant: means for con-
verting energy of the conditioning air into me-
chanical energy; and means actuated by said en-
ergy converting means for circulating said cool-
ant through the heat exchanger, said circulating

‘means including means for regulating the load

imposed on said energy converting means.

13. Air conditioning means for an enclosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure; heat exchange
means for bringing the condifioning air into heat
exchange relation with a coolant: means for con-

verting energy of the conditioning air into me-

20
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for bringing the conditioning air into heat ex-

change relation with air from a coolant air
source; g cooling turbine in the conditioning air
fiow path; an air moving device driven by said
turbine having an inlet connection with the cool-
ant air source and an outlet connection with a
~discharge duct; and a concentrically spaced duct
surrounding the discharge end of said discharge
~duct and having an inlet flow connection with
said coolant alr source including said heat ex-
changer, whereby air discharge from the dis-

charge duct is mixed with coolant air from the-

heat exchanger.

10. Air condltlomng means for an enclosure
comprising: a flow path for conducting condi-
tioning air to said enclosure; means in said path
for bringing the conditioning air into heat ex-
-change relation with a coolant; means for con-
verting energy of the conditioning air into me-

30
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- chanical energy; and means actuated by said en-

ergy converting means for circulating said cool-
ant through the heat exchanger, including means
for regulating the load on said energy convert-.
ing means in response to speed variations. =

14. Air conditioning means for an enclosure,
comprising: a flow path for conducting condition-
Ing air to said enclosure; means in said path for
bringing the conditioning air into heat exchange

relation with & coolant; means for converting en-
ergy of the oondltlonmg alr into mechanical en-
ergy, ailr circulating means driven by said en-
ergy converting means: and aspirator means ac-
tuated by air from said air circulating means for
inducing flow of said coolant and regulating the
speed of said energy converting means.

15. Air conditioning means for an enciosure,
comprising: a flow path for conducting condi-
tioning air to said enclosure: means in said path
for bringing the conditioning air into heat ex-

- ¢change relation with a coolant: a coolant source;

40
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- chanical energy: air circulating means driven

| by said energy convertmg means; and an aspira-
tor having a nozzle connected to receive air from
| the air elroula,tmg means, and a suction connec-

flow of said coolant therethrough.

- 11. A1r conditioning means for on enclosure |

_oomprismg a flow path for conducting condi-
tioning air to said enclosure; means in said path
for bringing the conditioning alr into heat ex-
change relation with a coolant; means for con-

verting energy of the eondltlomng air into me-’

chanical energy; air cu'cula,tmg means driven by
said energy oonvertmg means; and means actu-
ated by air from the air olrculatmg means for 111-
ducmg ﬂow of sald ooola,nt |

tion with said heat exchange means for inducing 50

55

60

Number

an aspirator having a nozzle oormeetron and ga
suction connection respectively with said coolant
source, said suction connection including said
heat exchanger means: and means driven by con-
ditioning air for olroule,tmg coolant air through
sald nozzle, whereby coolant flow is induced
through sald heat exchanger means. Y

- GLENN A. BURGESS
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