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AIR CONDITIONING AND REFRIGERATION SYSTEM AND METHOD
UTILIZING A CRYOGEN

The invention relates in general to air condi-
tioning and refrigeration systems, and more specifically
to the use of a cryogen for controlling the temperature
of a conditioned space of stationarxry and transport type

5 applications of air conditioning and refrigeration
systems.

Stationary and transport applications of air
conditioning and transport refrigeration systems control
the temperature of a conditioned space to a predetermined

10 temperature range adjacent to a predetermined set point
temperature, with transport applications including those
used with straight trucks, tractor-trailer combinations,
refrigerated containers, and the like. Such air condi-
tioning and refrigeration systems conventionally utilize

15 a chlorofluorocarbon (CFC) refrigerant in a mechanical
refrigeration cycle. The mechanical refrigeration cycle
requires a refrigerant compressor driven by a prime
mover, which often includes an internal combusticn
engine, such as a diesel engine. Because of the suspect-l

20 ed depleting effect of CFC’s on stratospheric ozone (0,),
practical alternatives to the use of CFC’s in air condi-
tioning and refrigeration systemg are being sought.

The use of a cryogen, ie., a gas which has been
compressed to a very cold E}quid state, such as carbon

25 . dioxide (CO,;) and nitrogen (N,), in air conditioning and
refrigeration systems is particularly attractive because,
in addition to eliminating the need for a CFC, it also
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It would be desirable, and it is an object of
the invention, to provide new and improved cryogenic
based air conditioning and refrigeration systems, suit-
able for both transport and stationary applications,
which more effectively and efficiently utilizes the
cryogen, for lower cost operation, and for extending the
operating time in a transport application for a given on-
board supply vessel of cryogen.

The invention includes a method of reducing the
amount of cryogen consumed during a heating cycle of a
refrigeration system which utilizes a supply of pressur-
ized cryogen, including cryogen in a liquid state. The
cryogen is circulated through an active cryogen flow path
which includes heat exchanger means located to control
the temperature of a conditioned space to a predetermined
temperature band adjacent to a predetermined set point
temperature via cooling and heating cycles. The heating
cycle comprises the steps of heating the cryogen in
response to a predetermined 'cquition a first time,
passing the heated cryogen through the heat exchanger
means a first time, and repeating the steps of heating
the cryogen and passing the re-heated cryogen through the
heat exchanger means until the pressure of the cryogen
falls below a predetermined value.

ur ner connect ed
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second flow paths. The control means configures the

active flow path during a heating cycle to successively
15 direct cryogen in first and second passes through tha
heating means and the heat exchanger means wvia the first
and second flow paths of the heating means and the first
and second flow paths of the heat exchanger means.
The c¢ryogen may be re-heated and passed through
20 heat exchanger means as wany times as practical, ie.,
until the pressure energy in the cryogen is exhausted.
Thus, a given refrigeration unit will include at least
two, and possibly three, or more, passes through heating
means and heat eiéhanger means during a heating cycle.
25 The invention increases the amount of heating capability
obtainable from a given volume of cryogen by heating the
cryogen in multiple passes, followed by directing the
heated cryogen through heat exchanger means.
BRIEF DESCRIPTION OF THE DRAWINGS
30 The invention will become morxre apparent by
reading the following detailed description in conjunction
with the drawings, which are shown by way of example
only, wherein:
Figure 1 is a diagrammatic representation of a
35 refrigeration system constructed according to the teach-
ings of a first embodiment of the invention;
Figure 2 is a diagrammatic representation of a
refrigeration system constructed according to another
embodiment of the invention;
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"refrigeration system" is used to generically cover both
air conditioning systems for human comfort, and refriger-
ation systems for preservation of perishables and ship-
20 ment of industrial products. Also, when it is stated
that the temperature of a conditioned space is controlled
to a selected set point temperature, it is to be under-
stood that the temperature of the conditioned space is
controlled to a predetermined temperature band or range
25 adjacent to the selected set point temperature. In the
Figures, an arrow pointed at a valve indicates that the
valve is, or may be, controlled by a thermostat tempera-

ture controller.
The invention is suitable for use when a refrig-
30 eration system is associated with a single conditioned
space to be controlled to a selected set point tempera-
ture; and, the invention is also suitable for use when a
refrigeration system is associated with a compartmental-
ized application, ie., a conditioned space is divided
35 into at 1least first and second separate conditioned
spaces to be individually controlled to selected set
point temperatures. In a compartmentalized application,
for example, one conditioned space may be used to condi-
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ally indicating a vehicle in a transport application, and

an enclosure wall in a stationary application. Refriger-
15 ation system 10 may be used to condition a single condi-
tioned space 14 to be conditioned to a predetermined set
point temperature, and also to condition two or more
separate conditioned spaces to selected set point temper-
atures. For purposes of example only, the embodiments of
20 the invention set forth in the Figures illustrate refrig-
eration system 10 controlling the temperature of a single
conditioned space 14.
More specifically, refrigeration system 10
includes a vessel 16 containing a suitable pressurized
25 cryogen, such as nitrogen (N,), or carbon dioxide (CO,),
for example, with a liquid phase thereof being indicated
at 18, and with a vapor phase, located above the liquid
level, being indicated at 20. Vessel 16 may be filled,
for example, by connecting a ground support apparatus,
30 indicated generally at 22, to a supply line or conduit 24
which includes a valve 26.
Vapor pressure in vessel 16 is maintained above
a predetermined pressure by a pressure regulating
arrangement 28 connected between lower and upper points
35 of vessel 16 via conduits 30 and 31, respectively. When
the cryogen used is CO,. for example, the pressure in
vessel 16 must be maintained above the triple point for
Cco,, ie., 75.13 psia. A vaporizing coil 34, and a
pressure regulating valve 36 are connected between
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Using CO, as an example for the cryogen, vessel 16 may be

15 filled with CO, at an initial pressure of about 100 psia
and an initial temperature of about -58°F (-50°C). Of
course, other pressures and temperatures may be used than
in this example, such as an initial pressure of about 300
psia and an initial temperature of about 0°F (-17.8°C).

20 A first cryogen fluid flow path 42 is provided
which draws liquid cryogen 18 from vessel 16 via a
conduit 44. Conduit 44 extends from a low point of
vessel 16 to a tee 46, and conduit 44 may include é.
controllable valve 48. The first flow path 42 continues

25 from a first flow branch of tee 46 to heat exchanger
means S50. Heat exchanger means 50 includes at least
first and second heat exchanger coils 52 and 54, respec-
tively, with the first flow branch of tee 46 being
connected to the inlet side of the first heat exchanger

30 coil 52 via a conduit 56 which includes a controllable
path selecting valve 58 and a tee 60. Valve 58, and
other controllable valves in the Figures, are controlled
by a thermostat temperature controller 80, hereinafter
called controller 80.

35 The first flow path 42 continues from the outlet
side of the first heat exchanger coil 52 to air mover
means 62. Air mover means 62 draws air 64, called return
air, from conditioned space 14 into an air conditioning
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regulating valve 76. Vapor driven motor 72
isentropically expands the vaporized cryogen, driving fan
70 while reducing the pressure and temperature of the

20 cryogen. .

An output of vapor driven motor 72 is connected
to an inlet of the second heat exchanger coil 54 associ-
ated with air conditioning apparatus 66 via a conduit 82

- which includes a tee 83, a controllable path selector

25 valve 84, and a tee 86. The first cryogen flow path 42
then continues from an outlet of the second heat exchang-
er coil 54 via a conduit 88 which includes a tee 90. The
first flow path 42 continues from a first branch of tee
90 to an exhaust conduit 92 which includes a controllable

30 path selector valve 94. In a compartmentalized applica-
tion, the second heat exchanger 54 may be associated with
a second conditioned space having a set point temperature
above the set point temperature of conditioned space 14,
for example.

35 The first cryogen flow path 42 to this point of
the description is used to provide a cooling cycle for
conditioned space 14, when the temperature of conditioned
space 14 is above a predetermined narrow temperature band

~ relative to a set point temperature selected via a set
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results from the heat exchange relation between the
return alr 64 and heat exchanger coils 52 and 54, is
discharged back into conditioned space 14.
Air from conditioned space 14 does not mix with
20 cryogen at any point in the refrigeration systems of the
invention. Thus, there is never any contamination of
conditioned space 14 with cryogen. Refrigeration'system
10, however, may be used in combination with arrangements
which do inject a cryogen, such as CO,, into a conditioned
25 space for fast temperature pull down and/or for load
preservation. In such combined applications vessel 16
may be used as the source of the cryogen.
A temperature sensor 104 is disposed to sense
the surface temperature of heat exchanger coil 52 at a
30 location at or near the exit end of heat exchanger coil
52 to detect when evaporation may not be 100%, such as
when surface ice builds up on heat exchanger coil 52.
Thus, temperature sensor 104 may be used to enable
controller 80 to trigger a heating cycle for defrosting
35 heat exchanger coils 52 and 54. Other sensors may be
used to sense when a heating cycle for defrost purposes
is necesgsary, such as by disposing an air velocity sensor
106 in the discharge air path, with a velocity below a
predetermined value indicating that water ice has reduced
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A positive T triggers a heating cycle, and, as
15 just mentioned, a heating cycle may also be triggered by
defrost sensing means, such as the coil temperature
sensor 104, the air flow sensor 106, or a timer, to melt
water ice which may build up on heat exchanger coils 52
and 54 during a cooling cycle. In the embodiment of
20 Figure 1, a heating cycle is implemented by a second
cryogen flow path 108 which includes the hereinbefore
described cryogen supply vessel 16, conduit 44, control-
lable valve 48, and a second branch of tee 46. When the
second cryogen flow path 108 is the active flow path,
25 controller 80 closes valve 58,
The second cryogen flow path 108 includes
cryogen pre-heating means 110 and cryogen heating means
112. Cryogen pre-heating means 110 includes a pre-heat
coil 114, such as an ambient loop exposed to ambient
30 temperature., Cryogen heating means 112 includes at least
first and second heater coils 116 and 118. A conduit
120, which includes a controllable path selecting valve
122, interconnects a branch of tee 46 to an inlet of pre-
heat coil 114. Controller 80 opens valve 122 when the
35 second cryogen flow path 108 is chosen as the active flow
path. A conduit 124 interconnects an outlet of pre-heat
coil 114 with an inlet of the first heater coil 116. A
conduit 126 interconnects an outlet of the first heater
coil 116 with a branch of tee 60.
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second cryogen flow path is active, forcing the cryogen

15 to flow from tee 90 to the cryogen pre-heating means 110.
For example, cryogen pre-heating means 110 may
include a housing 132 about pre-heat coil 114, and
cryogen from tee 90 may be introduced into housing 132
and into heat exchangé relation with pre-heat coil 114
20 via a conduit 134. Conduit 134 includes a controllable
path selecting valve 136, which is opened by controller
80 when the second cryogen flow path is selected as the
active cryogen flow path. Thus, heat remaining in the
expended cryogen is used to add heat to the pre-heat coil

25 114.
Cryogen heating means 112 includes means 138 for
adding heat to the cryogen vaporized by pre-heating means
110, as the cryogen flows through the two passes through
heating means 112 defined by the first and second heater
30 coils 116 and 118. For example, means 138 may include a
fuel supply 140 connected to a burner 142 via a conduit
144 which includes a controllable valve 146. The fuel
from fuel supply 140, for example, may include liquefied
natural gas, propane, diesel fuel, and the like. In a
35 stationary application, other heat sources may be used to
heat the cryogen, including electrical, hot 1liquids,
steam, waste gases, and the like. When a heating cycle
is required to achieve and hold the set point tempera-

ture, or to defrost heat exchanger coils 52 and 54,
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point or to perform coil defrosting. After each pass
through cryogen heating means 112 the vaporized cryogen
is reheated and re-routed through a heat exchanger coil
20 disposed in heat exchange relation with air from a space
to be conditioned, eg., through heat exchanger coils 52
and 54 which are in heat exchange relation with air from
conditioned space 14. This looping through heater coils
associated with c¢ryogen heating means 112 and heat
25 exchanger coils associated with air conditioning appara-
tus 66 is continued until the pressure energy in the
cryogen is exhausted, ie., until the pressure drops below
a predetermined-minimum pressure value, such as 18 to 20
psia, at which time the still warm cryogen is directed
30 to pre-heating means 110. The main objective is to
minimize the use of cryogen during a heating cycle.

For a predetermined refrigeration system 10
which starts with cryogen at a known elevated pressure,
such as 100 psia, or 300 psia, it will be known how many

35 loops or passes- through heat exchanger means 112 and air
conditioning means 66 are reqﬁired to completely utilize
the stored pressure energy. If the.system 10 will use
cryogens at different initial pressures, then the pres-
sure of the cryogen may be sensed at the output of each,
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15 Pigure 2 is a diagrammatic representation of a
refrigeration system 148 which differs primarily from
refrigeration system 10 in the manner in which additional
heat is added to cryogen pre-heating means 110. Since
the second cryogen flow path 108 and the crydgen pre-

20 heating means 110 are modified, they are identified with.
reference numbers 108’ and 110’, respectively, in Figure
2. The cooling cycle defined by the first cryogen flow
path 42 is the same as in Figure 1. Like components are
identified with like reference numbers in all of the

25 'Figures and will not be described again.

More specifically, instead of using expended
cryogen to add heat to pre-heating means 110’, another
pre-heat coil 150 is disposed within housing 132, and the
outlet of the first heat exchanger coil 52 associated

30 with air conditioning apparatus 66 is connected to a tee
152 via conduit 74, and the back pressure regulating
valve 76. During a cooling cycle, tee 152 is connected
to the inlet of vapor driven motor 72 via a conduit 154,
a controllable path selecting valve 156, which is opened

35 by controller 80, and a tee 158, and thus the first

cryogen flow path 42 remains unchanged from the Figure 1
embodiment.

During a heating cycle to hold set point, or to
perform a defrosting function, tee 152 is connected to an
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second cryogen flow path Is active, forcing the cryogen to fld
tee 90 to the criyofd® prieuReatli egOREARSNE100r exhausted, as desired.

Figure 2 also illustrates another arrangement

for adding additional heat to pre-heat coils 114 and 150,

which arrangement may also be used in the Figure 1

15 embodiment, if desired. A housing‘166 is provided about

heater coils 116 and 118 to collect hot gases which are

formed as a by-product of combustion in heater 142, and

these hot by-product gases are introduced into heat

exchange relation with pre-heat coils 114 and 150 via a

20 pipe or conduit 168 which enters pre-heater housing 132.

_ Figure 3 is a diagrammatic representation of a

refrigeration system 170 which differs from refrigeration

systems 10 and 148 shown in Figures_l and 2, respective-

ly, by providing a dynamic number of passes or loops

25 through cryogén heating means 112 and through air condi-

tioning apparatus 66, identified with reference numbers

112’ and 66' in Figure 3 to indicate modifications

thereto. A third heater coil 172 is added to heating

means 112/’ and a third heat exchanger coil 174 is added

30 to air conditioning apparatus 66’. The first cryogen

flow path 42 is similar to that of the Figure 1 and

Figure 2 embodiments, traversing heat exchanger coils 52

and 54. The second cryogen flow path 108’’ has been

modified by changing the location of the vapor driven

35 motor 72, and by providing an option of a third pass

through cryogen heating means 112’’ and air conditioning
apparatus 66’'.

The second cryogen flow path 108’‘ is the same

as flow path 108’ of Figure 2 from tee 46 to tee 152,
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5imul taneously  embdd@itdAdY. bur.ﬂ?er %ﬁ%let‘eacgferhgg{: Sex]é]hanac_l;ner coil 174
extends to the inlet of pre-heat coil 150 via a conduit
175. The outlet of pre-heat coil 150 extends to tee 158

15 via conduit 164, and to the inlet of vapor driven motor
72, as in the Figure 2 embodiment.

The outlet of vapor driven motor 72 is connected
to conduit 82, which includes tees 176 and 178 and the
controllable valve 84. A pressure sensor 180 is disposed

20 to measure the pressure of the cryogen in conduit 82. If
the pressure sensed by sensor 180 is below a predeter-
mined minimum value, controller 80 may open a valve 182
connected to a branch of _tee 176, to exhaust the expended
cryogen; or, tee 176 and valve 182 may be eliminated, in

25 which case controller 8¢ may open valve 84 and exhaust
the cryogen through heat exchanger coil 54.

When pressure sensor 180 finds the pressure of
the cryogen is above the predetermined value, controller
80 connects a branch of tee 178 to an inlet of the

30 additional heater coil 172, via a conduit 184 and a
controllable path selecting valve 186, which is opened by
controller 80. An outlet of heater coil 172 is connected
to tee 86, and tee 86 directs the cryogen, heated for the
third time in cryogen heating means 112’‘’, to the inlet

35 of heat exchanger coil 54, for a third pass through air
Con&itioning apparatus 66’ .

Figure 4 ig a diagrammatic representation of a
refrigeration system 190 constructed accoxrding to another
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exhaust gases from any of the cryogen heating means being
used to wvaporize liquid CO,.
20 buring a cooling cycle, valve 58 would be opened
by controller 80, to select the first cryogen flow path
42, while valve 122 would remain closed. Liquid cryogen
would flow through the first heat exchanger coil 52, as
metered by cryogen flow regulating valve 48, with the
25 liquid cryogen evaporating in heat exchanger coil 52 due
to heat in return air 64. The vaporized cryogen would
then be directed through back pressure regulator 76 and
heater coil 194. Valve 146’ would normally be closed
during a cooling cycle, but heating means 192 may be
30 turned on during a cooling cycle by opening wvalve 146’
and igniting burner 142‘, to prevent the formation of CO,
"snow" in vapor driven motor 72. For example, heating
means 192 may be turned on by controller 80 in response
to a predetermined temperature of the vaporized cryogen
35 entering heater coil 194, and/or ambient temperature.
For example, heating means 192 may be turned on during a
cooling cycle when the ambient temperature, as sensed by
ambient air temperature sensor 98, ig below some prede-
termined temperature, eg., 45 °F (7.2 °C).
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exchanger coils 52 and 54, controller 80 opens valve 122
to select the second cryogen flow path 108, and heating
means 112 is turned on to vaporize and superheat the
cryogen. Heating means 192 is primarily for “snow”
prevention in vapor driven motor 72 during a cooling
cycle, and would normally be off. However, heating means
192 may be turned on during a heating cycle, if desired,
to add additional heat to the cryogen prior to entering
vapor driven motor 72. Controller 80 also opens valve
128, to direct the cryogen exiting vapor driven motor 72
through heater coil 118} for a second pass through
cryogen heating means 112. The re-heated cryogen is then
directed through the second heat exchanger coil 54, and
exhausted to the atmosphere through conduit 88.

While the arrangement shown in Figure 4 1is
preferred in a system where "snow" prevention in motor 72
during a cooling cycle is desired, in certain refrigera-
tion systems it would also be practical to eliminate
cryogen heating means 192 and still provide "snow"
prevention for vapor driven motor 72 during a cooling

cycle. In this instance, as shown in Figure 4A, the
output of back pressure regulating valve 76 is connected
directly into the input of the second heater coil 118 of
cryogen heating means via conduit 74. The output of the
second heater coil 118 is connected to the input of vapor
driven motor 72 via a conduit 198. The output of con-
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prie- heAting means 110", another pre-heat coil 150 is dlsposed mnthln
g 132, and the outlet of the first heat exchanger coi

ted 30 tWoU.tlab'lé mwélomngsam@d&dﬁﬁtéstmn%@f@ 5@ nhee
conduit 74, t he back pressure regul ating 6. ring

oling cycleseF88 1 gats eXGRABEREGCOLL 5410 the inlet of vapor driven
notor 72 via a conduit 1B4ring a caommﬁgreybaelevaaba selaahnagbgab enl56,

whi ch is opened nt rol.l.er d a.t 1 nd thus t I rst
cryogen flgm/pa?%EAfrg% %ghéoﬁ%ghg%agd SHIth %E EEFE% feal ex@ﬁﬂ&ﬂ?ﬁent
During a héati ngodycl5 it oback dpresspoe ntregulator valwyNT&unthedeEbeﬁﬁlng

function, tee 1 C t
13 |nlet§%ahgfg?82§tiggllpa v$€5ve%xﬂ? Oﬁ (?ﬁﬂ1elther Valncludes

a control | abl e B4t PSel28tor Wf\/ecqlwr%hl? oBO seleqt@r Bilwpeds. vahee 162

and cl oses Va|V@r¥5§eﬁU&h@5rals disbeakhBE €XChEe aIRSsBBEE@t QBdtQﬁeﬁecond
pre-heat coil s caonnected to tée 158, and t to the inl

vapor driven nDFBPtffliﬁFa 80 SslgGtS Mok Veﬂk?&en%h%dﬁﬁpor lsoﬁlfﬁ§t§dcond
cryogen flhow pathrbQgh tﬁe5$él&d>ri?d Heat Iéact:hangerdeéﬂl@@d rc%lrﬁtfo\l%trosbhe

a
Condui t 85 ey T8ReSp@ TESEHS | BhndBEIRETL D Rohr SR [1AF ek BS0"
as in the Bpgoed hnﬁﬂhmhmmmt14mr1gnﬁ&adt@&rﬂﬂg(&5t66ﬂ1ng cycle,
based upon the necessity of preventing the formation of
CO, snow in vapor driven motor 72, as hereinbefore

15 described relative to Figure 4.

During a heating cycle, controller opens valves
122, 128, and 146, and ignites burner 142. The crycgen
is thus heated in the first heater coil 116, passed
through the first heat exchanger coil 52, re-heated in

20 the second heater coil 118, passed through vapor driven
motor 72, and then directed through the second heat
exchanger coil 54. As hereinbefore stated, heating means
112 may have additional heater coils, and air condition-
ing apparatus 6§ mé} have additional heat exchanger

25 coils, to provide more than two passes through heating
means 112 and apparatus 66, during a heating cycle, when
the arrangement utilized still has usable pressure energy
in the cryogen to support additional passes through
heating means 112 and apparatus 66.

30 In summary, the invention reduces the amount of
cryogen required to implement a heating cycle in a
cryogen based refrigeration systeﬁ, to hold a predeter-
mined set point temperature in a conditioned space, or to
initiate a defrost cycle of a frosted heat exchanger coil

35 in air conditioning apparatus 66’. Pressure energy in
the pressurized cryogen is utilized as the motive means
for a plurality of passes through cryogen heating means
112’’ and air conditioning apparatus 66’, exhausting the
heated cryogen only when the pressure'energy is too low
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Figure 2 also illustrates another arrangenent for addi ng additional %

heat to pre-heat coils 114 and 150, mgﬁch arrangenent may al so be us®d
n-the Figure 1 15 enbodi ment, if desire 8 A housi ng 166 i s provided
about heater coils 116 and 118 to collect hot gases which are

formed as a by-prod iLon ip-heater 142, and ese

by - pr oduct gaseségr |ﬁ?rodugg§%hﬁFo $é;&éﬁe§% B?EﬁangeEW?Pat%BﬁHMAt

fre heat coils l19fperdeds50orypgen Ry qmqii(hE(uBEHutolsadwheah(ﬂuexhe
re-heater housiggy g L,agr g ?ngg
representation of aéé‘gm prree I}e;atelrna Pgﬁﬁgygiigm%l%ge%lgcﬁ’dl fers t%%arﬁed
refrigeration §§t%h%uﬁﬁ RMeRBiegtYn in Figures 1 and 2, respective-
1y, by providing a dynam ¢ nunber of passes or |oops 25 t hrough cryogen
heating nmeans 112 and through air condi - tioni ng apparatus 66,
identified with reference nunbers 112" and 66' in Figure 3 to

i ndi cate nodi fications thereto. A third heater coil 172 is added to
heating means 112'' and a third heat exchanger coil 174 is added 30
to air conditioning apparatus 66 The first cryogen flow path 42 is
simlar to that of the Figure 1 and Figure 2 enbodi ments, traversing
heat exchanger coils 52 and 54. The second cryogen flow path 108

has been nodi fied by changing the |ocation of the vapor driven 35
motor 72, and by providing an option of a third pass t hrough cryogen
heating means 112'' and air conditioning apparatus 66'.

The second cryogen flow path 108'' is the sane as flow path 108" of
Figure 2 fromtee 46 to tee 152,




14 B aversing pre-heat coil 114, heater coil 116 and the

first at coil 52. At tee 152 conduit 160, referenced 160" in
Figurgf 3, which conduit includes controllable . val ve 162, extends to
the i ffl et of the second heater coil 5 118, instead of to pre-heat coi
120 .s in the Figure 2 enbodi nent. The outlet of the second heater
CS extends to an inlet of the additional heat exchanger coi

174 pdded to air conditioning apparatus 66', via a conduit 130",
with the prime mark being added to indicate 10 that conduit 130 proceeds
tofa different heat exchanger coil in Figure 3 than in the Figure 1
and Figure 2 enbodi nents. The outl et of heat exchanger coil 174
extends to the inlet of pre-heat coil 150 via a conduit - 175. The

utl et of pre-heat coil 150 extends to tee 158 15 via conduit 164, and

o the inlet ofvaper—driven—rnotor 72, as in the Figure 2 enbodi nent.
The outlet of w '-nmﬂlﬂ_; 72 is connect ed to conduit 82, which
i ncl udes tees 1f i | Mhe control |l able valve 84. A pressure
sensor 180 is d|$pd5ed 20 Std measure the pressure of the cryogen in

conduit 82. If the pressure sensed by sensor 180 is bel ow a

pr edeter - m ned ni ni mum val ue, contfol ler 80 may open a val ve 182
connected to gryrmech of tee 176, to exhaust the expended cryogen,;
or, tee 176 and val ve e ase controller
80 may open val ve 84 ai gﬁ&ﬁgi g JP §§ﬁ FWPBBSh eSEYE9ERanger
coil 54. consumed duMhag @rhéanmngsnyui@rofSQ fe Mrligyettar ijmre systemof

th [ Ay t
2 branth o+ BEOVNIRY'S BrERShELTER-GulflY Cor (bdLR) Ynigh, incBasgT0eC 5
a conduit 184cayeggn in acbmmmtdlebaeepapnogede@gungf&atdefleﬁ pafiich i s
opened by forC GHd Oéd)}-fée gt tﬁﬁo%iﬁé H&a@eékéﬁaﬁféf hé4ns SifORARCT ed

to tee 86, and tee 86 ogen heat ed
low path, providing a ‘cooling cycle by pass1ng cryogen

through the heat exchanger means, and providing a heating
cycle characterized by the steps of heating the cryogen
in response to a predetermined condition, passing the

10 heated cryogen through the heat exchanger means, and
repeating the steps of heating the cryogen and passing
the heated cryogen through the heat exchanger means until
the pressure of the cryogen falls below a predetermined
value, '

1s 2. The method of claim 1 wherein the step of
providing a heating cycle further includes the step of
pre-heating liquid cryogen prior to the heating step.

3. The method of claim 2 wherein the step of
pre-heating liquid cryogen includes the step of using

20 cryogen heated by a heating step to add heat to the
liquid cryogen. ,

4. The method of claim 2 wherein the steps of
heating the cryogen the first and second times includes
the step of generating heated gases as a by-product, and

25 the step of pre-heating liquid cryogen includes the step
of using the heated gases to add heat to the liquid
cryogen. '




third tine in cryogen heating nmeans 112'', to the inlet 35 of
exchanger coil 54, for a third pass through air condi ti oni ng \@ear at us
66" . Figure 4 is a diagranmatic representation of a ¥
refrigeration system 190 constructed according to another

enbodi ment of the inventson pyd lethedpakt éLalmrl WHes@fiW the cryogen 1*‘“ when
the cryogen is ui d efrlgeratlon syaﬁgm

190 differs fro t'h@ndcg“rtiler charagE T Haed 9% F ) SEERS1 6 LsAGRARS i
1 by adding from the ccﬁfcﬁngemelaleapang feawat Ekhamgengedabeaherioi |

194. npecte n_cond 74, Dbet en back pressur
regul ating the KagE exc?‘ q‘?g gﬁ%{‘ntshe prl%rd.{:i g T&* d¥5Eh bt 01?372
Means 5 cryogéﬁ8flburpadh|ﬂglheatbYovcpqngeadftnwpggnthoougmleeater

coil 194 is S'”hég%dﬁgﬁ éﬁﬁ?ﬁ %1ﬂ?fﬁiraég&ﬁgjﬂf%%wbﬁtloned spafe ifhe

heater coils 116 aving two
suppl i es 140 anBeaBoexchasigeg kekardions bty the heptheexchanger meansysed

to provide fUG'dEQéCEQEQ @Héﬁeﬁ§eﬁéghfﬁﬁiéﬂzx% bkAow in the motoragéhhson to
cryogen heati ng, neans tee 86 o Fi.gure 1 has been

el i m nat ed, mnthSCGWﬁ@ﬂQQﬂﬂeﬂQ%&W% 84C°°llng cysle, mﬁEﬁ At vERti ng

cryogen t@ot he atyBgehehgstredfiefrom the motor n@ﬁhlsoﬂﬁbnctﬁégﬁét@éﬁlﬁl@atl ng
neans 110 of Fi

ur e not shaown_jn ure 4,. but
used, if deS|reg éﬁteCtS the need &g, prev %é Q’ ?h?hgogaéogen

heati ng means bﬁeags used to vaporize I|qU|d CIIerr]
20 During a cgoli C cIe val I e.Q ed. .
by controller 80, to sel ¢t ?hge g#r3§§§§e§§§¥%§/g%?hcoﬁggoflxng the

temperature of a condltloned space to a predetermined
15 temperature band adjacent to a predetermined set point
temperature via heating and cooling cycles, including a
supply of pressurized cryogen which includes cryogen in
a liquid state, a flow path for the cryogen, heat ex-
changer means in the cryogen flow path associated with
20 the conditioned space, control means for selectively
configuring the cryogen flow path to provide cooling and
heating cycle cryogen flow paths, and cryogen heating
means in the heating cycle cryogen flow path, the refrig-
eration system characterized in that said heating means
25 and said. heat exchanger means each have at least first
and second crycgen flow paths, said control means config-
uring the cryogen flow path during a heating cycle to
successively direct cryogen in first and second passes
through the cryogen heating means and the heat exchanger
30 means via the first and second cryogen flow paths of the
heating means and the first and second cryogen flow paths

of the heat exchanger means.
7. The refrigeration system of claim 6 further
characterized in that the heating means and the heat
35 exchanger means each have a third cryogen f£low path, and
wherein the control means configures the cryogen flow
path during a heating cycle to direct cryogen in a third

pass through the cryogen heating means and the heat
-

O N



, . & 122 would remain closed. Liquid cryogen woul d
fl ow t hroC gre first heat exchanger coil 252, as net ered by
: gul ating valve 48, with the 25 | i quid cryogen

heat exchanger coil 52 due to heat in return

KO0y means and rheaé“%%‘?{ o W;gg?‘ Val ve 146

Ing a coo |n% i but heating
89 ThersREFiTeTRIEON SYSE6BI PRgCépEmes hinebedt ng

ing’ crycgéﬁKbtéﬂﬂéé*ﬁh&ﬂﬂéaﬁb 1é%d;mEQnBr@Mﬁﬂéchﬁgfgéﬂ@t'0”
in vapor driven notor

cryogenRre Nt il TR, L Rt S AKPaE, E1SM BACBOIRRLAG
a heatihg aypledpi:fbm bedthenpeyagem eheatihg WeRes) Ze6r

-l ter 194, and/or anbient tenperature.
heaFPBﬁrﬁﬁésé Qg%@ﬁiﬁc ?ﬁhed on during a
e when t he anﬁ;ehrhaemqﬁrxganaglansaysﬂemdoﬁyclalm 8 includ-

e?gehggﬂéﬁhQQﬂﬁgﬁT E§(§Séﬁ“ﬁ§ Hﬁﬁ@%e cryogen heating
meaerint hbeatky amporreelattnsamamthdrqmgemt Btowing 72,
oagﬂet%élc%od&sa@euaeataﬁs means | eda)%rlat Hhe 8}¥6§'§n

Bor eX|§|

g vapor driven, 72, and the set poin
£ as i pUBC ?%EI“E)? meAns i %féﬁ#ﬂg tf@ﬁser%& &.h@ §EVOSES- 96, whet her
b-ve 84, ando exhailﬁhretfhe.géﬂﬁﬁﬁ.bﬁeﬁyﬁéf@gﬁ]cl@.&ni 9 GReFe¥Rl ve

B ot RBeChRRE e IS 385004 Boen e SIFERETLF LS
15 pre-heating means, dlrects cryogen from a point in the
heating cycle cryogen flow path located downstream from
the heat exchanger means.
11. The refrigeration system of claim 9 wherein
the means which directs heated cryogen to aid the cryogen
20 pre-heating means, directs cryogen from a point in the
heating cycle cryogen flow path located between the first
and second passes through the heat exchanger means.
12. The refrigeration system of claim 9 wherein
= the means which directs heéted cryogen to aid the cryogen
25 pre-heating means, directs'cryogen from a point in the
heating cycle cryogen flow path located after the second
pass through the heat exchanger means.
13. The refrigeration system of claim 6 wherein
the cryogen heating means generates heated gases as a by-
30 ' product, and including cryogen pre-heating means in the
heating cycle cryogen flow path for heating liquid
Cryogen at a point upstream from the cryogen heating
Méans, said cryogen pre-heating means including means
directing heated gases generated by the cryogen heating
33 step in heat exchange relation with the cryogen flowing
through the cryogen pre-heating means.
14, The refrigeration system of claim 6 includ-
ing meang for moving air from the conditioned space in
heat exchange relation with the heat exchanger means

AR ) O O




the set point tenperature are such that the cryogen will 10 renove

additional heat fromthe return air 64, Va|ﬁ/f 128 I S opened.
Qsherwi se, valve 84 is opened. During a heating cycle to hold
t he set point tenperature in conditioned space 14, or to defrost heat

exchanger coils S@&gﬁ%ﬁé&c‘gg{:ﬁoltﬁl r ggngggggnggl \r%)a% |1§l’flar ned':el)%g% t

second cryogen flow and heat |
vaporl ze and supé’tOI’Yéalg themns  ingludigen. Vapdeatdwemmtdﬁmesmpmnathhy
for "snow el omw o Wl mery ”QBQﬁst?gthH“f'} :919&' sBBond

cycle, and woul d normall However, heating neans 92 may be
turned on during FAPERN ﬁ&ot‘,"yé’laéh Ehraegh khe heat e%@‘%&ﬁ?%d%ﬂacf}sonal heat

to the cryogen prior to enseriTge refrig&Myich b?@ﬂeﬂ%ﬂrcﬂa?lrn eCantnall-er |
80 al so opens val,ye f

éf to direct _the cr en e or dri,ven

not or 72 t hr Sudir W= BV 1% o r%msgla ng8°B %El?’i%?% gﬁ’“z‘% in

cryogen heati ng rim égChandde redahdanedvittyoghe ll'featwe@x«.hangem:ll meahed

t hrough t he seco h r i exhauste th
%teé)&c ‘g{]gﬁ tHe cgﬁdlgggﬁeﬁl e §B3¢ e %& rin

at nosphere thr oug con Strr¥h rre
Figure 4 is meving mekns nclysting weaper "drniown prnetent hesns ninotbe 72

30 euri N ooelgy of o) 9P {5k dd) BEEUGL ERLT ESELE" ang sechhEl

systens it would al'sé be practi |m nat e yogen heati ng nmeans
192 and still pr GRAYRESTS paths ﬁ?eﬁbﬁth@ﬁtf%’fmmr dreansh notor 72
during a cooling cyalse. The t:éfﬁlgaﬁ&eﬂ@@ sf’@céﬁ‘% fe%lEbau'iﬁ 4fly the

38 ol PUL Of Dok B epstre feualing alve, 8ol OIS ey i
heati ng nmeans vi aleaadtidrizéd The altpuiovefr the€ans moviﬁgowﬁeﬁﬁ&ﬁ enel
iég I:sl_hgo(r)]u%f)fj'? d (g#o%c rt]:e:x.o'nré%utspg)v];:eVJ‘:JIIE) Cheat: exchang\éexr:]'e gén w:.t\ﬁ %he gggwt
exchanger means, said air mover means including wvapor
driven motor means in a cryogen flow path during both
cooling and heating cycles, means detecting when preven-
tion of CO, snow in the vapor driven motor means is
20 desirable during a cooling cycle, and heating means
disposed in the cooling c?cle cryogen flow path upstream
from the motor means, said heating means heating the
cryogen when the detecting means detects the need to
prevent CO, snow in the motor means.

LTI




trollable valve 128 is connected to the input of the

it exchanger coil 54. - During a cooling cycle, valve

e open and cryogen would flow through the first heat

' coil 52, back pressure regulator valve 76, the second

Y 188, vapor driven notor 72, and erthesvalve 84 or 128.
8:rol l er 80 selects valve 84, the ‘ctytgen vapor is dischaige

nosphere, and when controller 80 selects valve 128, the

5 directed 10 through the second hei: exchanger coil 54.

B0l er 80 nmakes a deci si on on whet ~value 146 w1l _be

B ond burner 142 ignited during a cooling cycle, based upon the

Pty of preventing the formation of CJerr] snow in- vapor

fnot or 72, as hereinbefore 15 described relative to Figure 4.

#a heating cycle, controller opens valves 122, 128, and 146,
Rites burner 142. The cryogen ' ) freatied in the first

B coil 116, passed througﬁTFH%s]ﬁzgggiggﬁﬁexchanger coil 52,

g ed in 20 the second heater be4 ; hr ough vapor driven

£72, and then directed through the second heat exchanger coil 54.

fei nbef ore stated, heating neans 2B12 may have additi ona$8 hehl er

F and air condition- i Nng appargtyisp 66 Avy have additional heat

;ger 25 coils, t%@g{ovide nmore tThan two passes througg heating
¢ 112 and appaPBR USOMSITIRNING AATh REFRIFERPIIION RFSTEM AND{ METHO
bement utilized still has usaBFELAEENG A CRYGEN in the cryogen

fpport addi tional passes through ~ heating means 112 and apparat us
N SUMMRLY. o081 ¢ UEINE Ol CYEEa i N8 BORURL el ds ana

apparatus for controlling the temperature of a condi-

tioned space to a predetermined temperature band adjacent
to a predetermined set point temperature via cooling and
heating cycles utilizing a supply of pressurized cryogen.
A fluid flow path for the cryogen includes a heat ex-
changer associated with the conditioned space. A cryogen
heater is connected in the active cryogen flow path
during a heating cycle, and cryogen is directed through
the heater and heat exchanger via at least two successive
serial passes, utilizing the elevated pressure energy of
the cryogen as the motive force.

R

This Sheet Has Been Replaced

[




in a condifioned space, or to initiate a defrost cycle of a frosted
heat exchghger coil 35 in air conditioning apparatus 66'. Pressure
energy in t he pressurized cryogen is utiligzd as the notive means

for a plurfality of passes through cryogen heatinhg neans 112'" and air
condi tionifng apparatus 66', exhausting the heat ed cryogen only when
the presS§re energy is too | ow 18 to

perform another efficient pass.
still be used to add heat to the
as illustrated in the Figure 1 e

- SEven then,

b

;~qéd to inmplenent a heating cycle in a
N system to hold a predeter-

ogen pre-heat
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14 EAI VE: 1. A nethod of reducing the anobunt of cryogen
consuned during a heating cycle of a refrigeration system providing a
pressurlzed supply of cryogen which includes », cryogen in a liquid
state, providing a fluid flow path 5 for theﬁkvyogen, provi di ng heat
g

exchanger neans in the fl ow path, providi a cooling cycle by passing
cr, t hrough the heat exchanger neans, and providing a heating
SRLRE ar act eri zed by the steps of heating the cryogen in response to
term ned condition, passing,the 10 heat ed cryogen through the heat
;er nmeans, and repeat i the steps of__heating the cryogen and

the heat ed cryogen ough the heagt

gﬁﬁla gL means unti |
i ne

= &= value. 15
Z[PPoR $ng a heating

) |igussl cryogen prior to
ai nfF2 wherein the step
ﬂ%of usi ng 20 cryogen

e nethod of claim1l mherel
gt urt her includes the step
fat i ng st ep.

= pre-heating |liquid cE8jod

g by a heating step to add §&

¥ and second tinmes |i ncl udes 1 ) : ) gases as
Por oduct, and
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25 t he ;Pgb of pre-heating liquid cryogen includes the step of

usi ng the/heated gases to add heat to the liquid cryogen.

5.*The nmethod of claim 1l wherein the cryogen is CJerr], and further
characterized by the steps of noving air fl%( the conditioned space in
heat hange relation with t he heat exchanger neans, providi ng notor
neans“¥n the 5 cryogen flow path driven by vaporized cryogen to inple-
ment the step of noving air fromthe conditioned space in heat
exchange relation with the heat exehanger neans, det ecti ng when
prevention of CJerr] snowin the fztor-neans I's desirable during a
cooling cycle, and heating the 10 cryogen upstr Blad t he notor neans
when the detecting step det &t "~ Nee tfﬁent err] snow in

t he not or means. ef Bjon em for

ace L&A predet er ni ned

controlling the tenperature ¢
paRnt

5 tenperature band adjacent_to]

tenperature via heating and cqﬁ[ supply of

pressurized cryogen which |nclug§% A\ iquid state, a flow
path for the cryogen, heat ex- '=§®. the cryogen flow path
associated with 20 t ans for selectively

heatlng
ting

configuring the cryogen f
cycl e cryogen fl ow pat hs
cycl e cryogen flow path,

it




EONn Syst 3@Echaracterized in that said heating neans 25 and said heat

pnger neafe each have at |east first and second cryogen fl ow

. said cgntrol neans config- uring the cryogen flow path during a

g cycl efto successively direct cryogen iy first and second
t#rough the cryogen heating neans and {he heat exchanger 30

via thd first and second cryogen flow paths of the heati ng

—nd the first and second cryogen flow paths of the heat

ker nmeans. 7. c%he refrigeration systemof claimbé6

. mgans each have a third Q%zrgen fl ow patfla éﬁh-ﬂ wherein the
e afs configures the cry@e qu"“ .ﬁg durgﬁ a heating cycle
g yogen in a third pasthhr@ﬁé% Cra0fe B= heat i ng nmeans

© &gpxchanger neans
frd cryogen fl ow pat hs g neans and heat

EPans. B \\ i ORAsymtem of claim6

g | Nng cryogen pre-heati S amg cgnnecting said
- heating nmeans in the g - ‘ dng 5 a heating
) to the cryogen heatin , vaporizing |iquid

9. The refﬁ h rten1of clarm 8 1 ncl ud]

. _ Rryopen heating means iin heat
f el ation with cfyoge®—f |Igwi '
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tt o aid the cryogen 15 pre-
k t he
kexchanger
herein

pre- heati ng neans,

neans.

Wclaim9 wherein
yogen 25 pre-heating
ycl e cryogen flow path

?

Fing means in adding heat to the cryogen.
bat i on system of claim9 wherein

heati ng cycle cryogen flow path

t he neans which directs heate
) directs cryogen froma point
icl e cryogen flow path | ocated between the first

ough the heat exchanger &eans.

t he yreans whi ch d|
.(;Ll.lcec.to_J
“Pog‘at@ af a2t :-

10. The
t he neans which directs heated
directs cryogen froma
ted downstream from

11. The reffy gerati on system of
cryogen to aid the
in the

and second
12. The refrigeration
eated cryogen to

£f1a point in the
& pass through

heati ng nmeans,

exchanger neans. 1% o 13 8’@ regE) ger@ Epn system of
wher ei n the cryogen | 2ilgg nFags ge at freat ed gases as a
product, and incl uding, b q?;-m\g-h aP! ngeieans in the heat i ng
ryogen flow path for h&t i} G qui O L cr) at a point upstream
e cryogen heating nea; sai @cr Y eating nmeans
li ng neans directing hegted gages gehg by t he cryogen heati ng
i n heat exchange re+at-i-eA—wi & \eryogpr—ft+onw-re ot t he
pen pre-heating neans. S8 e refrigeration systein of
6 includ- i ng nmean 1fromthe conditioned $pace in
exchange relation wth the Jreans
L

X200
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associ ated with the conditioned space, with the air novi ng neans

i ncl udi ng vapor driven notor neans in the cryogen flow path | ocated
downstream fromt he second cryogen flow path through the heat
exchanger neans. 5 15. The refrigeration systemof claim®6

i ncl ud- ing means for noving air fromthe conditioned space in

heat exchange relation with the heat exchanger means associated with
the conditioned space, with the air szlncluding vapor
driven notor neans in the 10 cryogen fléﬁgﬁgﬁﬁ%ﬁd ed between the first
and second cryogen flow paths of th exchanger neans.

16. The refrigeration systemas recited in any of clains 6-15 wherein
the cryogen is CJerr], and further characterized by air nover neans
noving air fromthe 15 condi ti oned space in freat>EXetange=—reffgti on with
t he heat exchanger neans, said air nover "ﬁﬂEEE or

driven notor neans in a cryogen flow path durinp

ottt g and
heati ng cycl es, neans detecting when preven- tﬂ ﬁﬁp rr] snow i n
t he vapor driven notor nmeans is 20 desirabl e fdu gpa coo 'vele, and

heati ng nmeans di sposed in the cooling cyclg *ryvgew*f?nmrﬁath upstream
fromthe notor neans, said heating neans heatihg the cryogqn when t he
detecting neans detects the need to prevent”" COErTT$HOW i'11”t he not or
means. 23 :

AIR CONDITIONING AND REFRIGERATION SYSTEM AND METHOD
Y UTILIZING A CRYOGEN

Air conditioning and refrigeration methods and
apparatus for controlling the ;emperature of a condi-
tioned space to a predetermined temperature band adjacent
to a predetermined set point temperature via cooling and
heating cycles’utilizing a supply of pressurized cryogen...
A fluid flow path for the cryogen includes a heat ex-
changer associated with the conditioned space. A cryogen
heater is connected in the active cryogen flow path
during a heatiné cycle, and cryogen is directed through
the heater and heat exchanger via at least two successive

) serial passes, utilizing the elevated pressure energy of
RN the cryogen as the motive force. '

FIGURE 1



