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(54) Title: TRANSPORT TEMPERATURE CONTROL SYSTEM HAVING ENHANCED LOW AMBIENT HEAT CAPACITY

(57) Abstract

In a transport temperature control system having a cooling and heating mode of
operation an apparatus and method are provided for enhancing the heating capacity
during the heating mode of operation. A second expansion valve is provided to connect (57
the higher pressure liquid line to the refrigerant circuit downstream of the evaporator.
When additional refrigerant is needed in the heating circuit to increase heating capacity, 100
especially during low ambient temperature operating conditions, the second expansion
valve is caused to open to admit more refrigerant to the system. After passing through
the second expansion valve low pressure gas is passed to the compressor, optimizing
compressor efficiency such that an increased amount of hot refrigerant gas is delivered to

the evaporator for enhanced heating capacity.
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TRANSPORT TEMPERATURE CONTROL SYSTEM
HAVING ENHANCED LOW AMBIENT HEAT CAPACITY
TECHNICAIL FIELD
The invention relates in general to transport
temperature control systems, and more particularly to
systems having heating and cooling cycles which enhance the

capacity for heating a served space during low ambient
temperature conditions.

BACKGROUND OF THE INVENTION

Transport temperature control systems operate in
both a cooling and heating capacity to provide the neces-
sary environment for a served space, such as a truck or
trailer box section. The system switches between the

cooling and heating modes of operation by means of a mode

selector wvalve. In a first or cooling circuit, hot com-

pressor discharge gas is fed in series to a condenser, a

receiver, a heat exchanger, an expansion valve, evaporator,
an accumulator and 1s returned to the compressor. In the
second or heating circuit, the mode selector valve diverts
the hot compressor discharge gas to an evaporator defrost

pan heater, the evaporator, the heat exchanger, accumulator

and returns to the compressor.

To ensure that an appropriate level of liquid
refrigerant is available for the system during the heating
cycle, prior art procedures provide a means for pressuriz-
ing the receiver with the hot compressor discharge gas to
force liquid refrigerant from the receiver and into the
refrigerant circuit. A bleed port is provided in the

expansion valve to allow this ligquid refrigerant to flow
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into the evaporator during the heating cycle to improve
heating or defrost capacity. An example of such a system
is U.S. Patent 4,419,386. Improvements on this type of
operation can also be found in U.S. Patents 4,748,881,
4,912,933 and 5,056,324, all of which are assigned to the
present assignee. In some prior art arrangements, the
accumulator may also be heated to change the 1liqgquid

refrigerant to a gas to increase heating capacity.

In other prior art arrangements, the condenser 1is
flooded in order to increase the pressure in the system
such that additional refrigerant is added to the system
during the heating cycle. This has several disadvantages.
Some of these are that a larger charge of refrigerant 1is
required to provide the increase in pressure, shutters are
needed to restrict the air flow around the condenser during
cold ambients to minimize the amount two-phase refrigerant
present in the condenser, or condenser fan contacts and
controls are needed to shut off the fan for minimal con-
denser air flow. Each of these schemes requires increased
system complexity, and hence increased cost for the unit.

The desired result is high heat capacity at all
ambient temperatures without returning liquid refrigerant
to the compressor. An excess amount of liquid refrigerant
leaving the accumulator can enter the compressor and cause
failure of compressor components. Therefore, it 1is desir-
able that superheated vapor be returned to the compressor.
However, the accumulator 1s a two phase device that must
return a minimum amount of liquid to the compressor for
lubrication oil return for compressor components. Thus the
refrigerant mixture leaving the accumulator is most prefer-
ably above saturation temperature. A system and method are
needed that will control the amount of refrigerant flow so
that the maximum quantity of superheated gas and liquid o1l
are returned to the compressor at all ambient temperatures.

During low ambient temperature operating cond:-
tions, it is not uncommon for high pressure refrigerant to
migrate to the low pressure receiver and condenser during
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the heating cycle. This reduces heating capacity. Current
methods at low amblient temperatures only add refrigerant at
the start of the heat cycile. 1f the refrigerant migrates
back to the condenser, such as for example due to a leaking
check valve, then the heating capacity will drop off and
additional control methods are necessary to repeat the
receiver and condenser flush/evacuation cycles to return
the refrigerant to the heating circuit. Alternative prior
art methods require a liquid bleed port expansion valve to
permit high pressure liquid to flow into the system through
the thermal expansion wvalve. What 1s needed then, is an
alternative to these prior art schemes which will enhance
heat capacity of the system during low ambient temperature
conditions by preventing liquid refrigerant migration back
to the low pressure side of the circuit at low ambients,
which also returns superheated vapor to the compressor at
high ambients.
DISCLOSURE OF THE INVENTION

The above objects are attained by the present
invention, according to which, briefly stated, a transport
temperature control system having cooling and heating
cycles, a first refrigerant circuit which includes =a
compressor, condenser, receiver, first expansion valve,
and evaporator, a second refrigerant circuit which includes
the compressor and evaporator, and mode selector means
having cooling and heating output ports selectively connec-
tLable to the first and second refrigerant circuits, respec-
tively. The improvement comprises a second expansion valve
having its inlet connected between the receiver and an
inlet to the first expansion valve, an outlet connected

between the evaporator and the compressor and Sensing means

for sensing a superheat condition of the refrigerant at a
location between the evaporator and the compressor. The
second expansion valve means operates to moderate the level

of superheat of the refrigerant passed to the compressor to

permit more efficient compressor operation. Preferably,
the second sensing means is located a point upstream of the

outlet of the second expansion valve, such that the opening
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of said second expansion valve means is controlled accord-
ing to a predetermined level of the superheat condition.
BRIEF DESCRIPTION OF THE DRAWINGS

Various other objects, features, and advantages of

i

the invention will become more apparent by reading the
following detailed description in conjunction with the
drawings, which are shown by way of example only, wherein:

Fig. 1 is a schematic diagram of a preferred
embodiment of a transport temperature control system

according to the present; and

Fig. 2 is a schematic diagram of a second embodi-

ment of a transport temperature control system according to

the present.
DESCRIPTION OF THE PREFERRED EMBODIMBENT

Referring now to Figure 1, there 1is shown a
transport refrigeration system 10 according to the present
invention. The refrigeration system 1is mounted, for
example, on the front wall 13 of a t;ﬁck or trailer. The
refrigeration system includes a closed refrigeration
circuit 16 which includes a refrigerant compressor 185
driven by a prime mover, such as an internal combustion

engine (not shown). Discharge ports 22 of the compressor

19 are connected to an inlet port 25 of a three-way valve

28 via a discharge service valve 31 and hot gas conduit or

line 34. The functions of the three-way valve 28, which

has a heating and a cooling position, may be provided by
separate valves, 1f desired.

In a first refrigeration circuit 37, the three-way
valve 28 is placed in the cooling position (not shown), ana
one of the outlet ports 40 connected to an inlet side 43 ot
a condenser coil 46. An outlet side 49 of the condenser 1is
connected to an inlet side 52 of a receiver tank 55, which
includes an outlet side 58 which may also include a service
valve 61. If desired, a one-way check valve 64 may be
placed in the refrigerant line just prior to the receilver

tank 55. From the receiver tank, high pressure 1liqguid

refrigerant passes along a conduit 67 and through a coil 70

in a heat exchanger 73, via a drier 76, to a first expan-
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sion valve 79. If desired, a second one-way check valve 82
is placed in the refrigerant line between an outlet 85 of
the heat exchanger coil 70 and the inlet 88 of the first
expansion valve 79. The outlet 91 of the expansion valve
1s connected to a distributor 92 which distributes low
pressure liquid refrigerant to inlets on the inlet side 94
of an evaporator coil 97. The outlet side 100 of the
evaporator coilil 1is connected to the inlet side 103 of a
closed accumulator tank 106 wvia passage through the heat
exchanger 73. The first expansion valve 79 is controlled
by an expansion valve thermal bulb 109 and evaporator
outlet pressure. Low pressure gaseous refrigerant in the
accumulator tank 106 1s directed from the outlet side 115
thereof to the suction port 118 of the compressor 19 via
suction line 121, suction service valve 124, and an option-
al suction throttling wvalve (not shown). A portion of a
ligquid mixture 127 (generally lubrication oil) is passed
from the accumulator 106 to the compressor 19, for purposes
of lubrication of compressor components, which function
will be described more fully in discussion of the heating

mode of the present invention.

In the heating position (as shown in the Figures)
of three-way valve 28, a hot gas line 130 extends from the
second outlet port 133 of three-way valve to the inlet side
94 of the evaporator coil 77 wvia an optional defrost pan
heater 136 located below the evaporator coil. The heating
position of three-way valve diverts the hot, high pressure
refrigerant gas from the compressor 19 of the first refrig-
erant clxcuit 37, into a second, or heating'mode, refriger-
ant circuit 139. The second refrigerant circuit includes
the hot gas conduit or line 130, defrost pan heater 136,
the distributor 84, and the evaporator coil 97. The first
expansion valve 79 1is bypassed during the heating mode.
The one-way check wvalve 82 prevents any migration of
refrigerant from the first expansion valve 79 back to the
receiver tank 55 during low ambients. If the heating mode
1s 1lnitiliated by a defrost cycle, by an appropriate control

method, an evaporator fan (not shown) is not operated, or
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if the fan remains operative, an air damper (not shown) 1is
closed to prevent warm air from being delivered to the
served space 142. During a heating cycle required to hold

a thermostat set point temperature, the evaporator fan 1is

5 operated and the air damper remains open. After the
evaporator 97, the ligquid mixture, low pressure refrigerant

gas and oil, passes to the heat exchanger 73, accumulator

106 and back to the compressor 19, as in the cooling mode.

The need for the check wvalve 64 in the 1line

10 prior to the receiver tank to prevent the flow of refriger-
ant from the receiver to the condenser 46 in cold ambient
temperature operating conditions, while required in previ-

ous refrigerant systems, is not required 1in the present
invention for reasons which will now be more fully de-

15 scribed. A second expansion valve 145 is operably connect-
ed to the system 16 to meter the refrigerant flow under low
ambient operating conditions so that refrigerant gas is re-
turned to the compressor 19 at all ambilient temperatures,

while permitting refrigerant flow from the receiver 55 and

20 condenser 46 during low ambients, thus providing for the
required heating capacity at all ambient conditions. It 1is

an object of the present invention to return a minimally
superheated refrigerant gas to the compressor at all
ambient temperature operating conditions, most preferably

25 the refrigerant gas having a minimal superheat above a

level of about 20°F. At high ambient operating conditions,

flow through the second expansion valve 1s restricted or
closed off, while at low ambients, more refrigerant flows
through the wvalve into the system.

30 ~ As shown in Figure 1, an inlet line 148 of the

second expansion valve 145 is connected to the second 139

circuit at a point between the drier 76 and the first

expansion wvalve inlet 88, and preferably at a location

between the heat exchanger outlet 85 and the first expan-

35 sion valve inlet. The inlet 148 of the second expansion

valve 145 can be connected to the liguid refrigerant line

67 at any point upstream of the first expansion valve 79.

The outlet 151 of the second expansion valve is connected



CA 02212640 1997-08-07

WO 96/24809 PCT/US96/01315

to the second refrigerant circuilt at a location between the
- evaporator outlet 100 and the compressor, preferably at the

accumulator inlet 103, and most preferably at a point just

prior to the heat exchanger 73, as shown in Fig. 1. The
5 sensoxr bulb 154 of the second expansion valve is preferably
located downstream of the evaporator 97 and anywhere prior
to the compressor 19.
In a preferred embodiment of the invention, the
second expansion valve sensor bulb is located at a point
10 upstream of the second expansion valve outlet. If the
superheat of the refrigerant leaving the evaporator is
above acceptable limits, the second expansion wvalve 145
will open to allow refrigerant to pass from the conduit 67,
since the receiver has a higher pressure than that at the
15 evaporator outlet 100 (or the compressor inlet). Upon
passing through the second expansion valve 145, refrigerant

flashes off and is now passed to the compressor 19, via the

compressor suction line 121, for enhanced compressor
efficiency and thus enhanced heating capacity. Since the
20 sensoxr bulb 154 is located upstream of the second expansion

valve outlet 151, the moderated temperature of the refrig-
erant from high pressure side line 67 is not sensed by the
bulb. In this manner the actual superheat level of the
refrigerant at the evaporator outlet 100 is the controlling
25 parameter and adequate heating capacity is ensured, without
providing too much liguid to the compressor suction line.
By admitting ligquid refrigerant from the high side to the
system upstream of the compressor 19, such as at the inlet
to the accumulator 106, heating capacity is optimized while
30 also ensuring that a minimal level of liguid mixture 127 is
passed to the compressor 19 for adeguate component lubrica-

tion.
In another embodiment of the invention, as shown
in Figure 2, the sensor bulb 154 of the second expansion
35 valve 1s placed downstream of the outlet  151. In this
manner the sensor 154 senses the superheat of the refriger-
ant leaving the evaporator 97 after it has been moderated

by the additional refrigerant gas admitted from the high
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side condulit 67. This type of arrangement prevents too

much refrigerant from being added to the system such that

the superheat level of the refrigerant i1is above acceptable
limits which may allow liquid refrigerant to be passed to
the compressor 19, which would otherwise have the potential

to cause failure of compressor components. This arrangement

assures that the moderated superheat level of the refriger-

ant passing through the heat exchanger 73 is of sufficient

superheat so that the correct level of gaseous refrigerant
is passed to the compressor for enhanced heating.

An additional advantage of the present invention
is that it may energize during the first or cooling cycle.
If the evaporator outlet 100 has a superheat which is above
normal cooling levels, then the second expansion valve 145
will feed additional refrigerant to the circuit. During
moderate ambient, low box 142 (served space) temperature
operating conditions, it is possible for the refrigerant to
have too high of a superheat as 1t exits the evaporator 97.
If the ambient temperature 1s moderate, the condenser
pressure is not sufficient to force enough ligquid across
the thermal expansion valve 79. In this event, the second
expansion valve 145 1s enexrgized, thereby creating another
circuit for the refrigerant to enter the low side from the
higher pressure side, when too high a superheat 1s sensed
by the sensing bulb 154, to moderate the superheat entering
the compressor 19.

While specific embodiments of the invention have
been described 1in detail, i1t will be appreciated by those
skilled in the art that wvarious modifications and alterxr-
ations would be deveioped.in light of the overall teachings

of the disclosure. Accordingly, the particular arrange-

ments disclosed are meant to be 1llustrative only and not

limiting as to the scope of the invention which 1s to be
given the full breadth of the appended claims and 1in any
and all equivalents thereof.
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CLAIMS: \

| 1. In a transport temperature control system
having cooling and heating cycles, a first refrigerant
circuit which includes a compressor, condenser, receiver,
first expansion valve means, and evaporator, a second
refrigerant: circuit which 1includes the compressor and
evapcrator, and mode selector means having cooling and
heating output ports selectively connectable to the first
and second refrigerant circuits, respectively, the improve-
ment comprising second expansion valve means having its
inlet connected between the receiver and an inlet to said
first expansion valve means, an outlet connected between
the evaporator and the compressor and sensing means for
sensing a superheat condition of the refrigerant at a loca-
tion between the evaporator and the compressor, such that
the opening of said second expansion valve means is con-
trolled according to a predetermined level of the super-
heat condition.

2. The transport temperature control system as
recited in claim 1, wherein the predetermined level of the
superheat condition is within the range of 20°F-40Q°F
superheat of the refrigerant.

3. The transport temperature control system as
recited in claim 1, wherein said second expansion valve
means is fully closed when the level of the superheat
condition is below 20°F.

4. ' The transport temperature control system as
recited in claim 1, wnherein said second expansion valve



|
CA 02212640 2002-04-17

WO 96/24809 PCT/US96/01515

10

15

20

25

30

35

10 .

means 1s fully opened when the level of the superheat

"condition is above 40°F.

5. The transport temperature control system as
recited in claim 1, wherein said sensing means is located

a point upstream of the outlet of the second expansion

~valve.

€. The transport temperature control system as
recited in claim 3, further comprising a heat exchanger
connected between the receiver and said first expansion
valve means and an accumulator connected between said
evaporator and compressor, the heat exchanger having a
first inlet connected to the outlet of the receiver and a
first outlet connected to the inlet of said first expansion
valve means, a second inlet connected to the outlet of the
evaporator and a second outlet connected to an inlet of the
accumulator.

7. The transport temperature control system as
recited 1n claim 6, wherein the inlet of said second expan-
sion valve means 1is connected between the first outlet of
the heat exchanger and the inlet of said first expansion
valve means.

8. The transport temperature control means of
claim 6, wherein the outlet of said second expansion valve
means 1s connected between the outlet of the evaporator andg
the second inlet of the heat exchanger.

- 9. The transport temperature control system as
recited in claim 8, wherein the sensor bulb of said second
expansion valve means 1s positioned adjacent the outlet of
the evaporator.

10. The transport temperature control system as
recited in claim 1, wherein said sensing means is located
a point downstream of the outlet of the second expansion
valve.

11. The transport temperature control system as
recited in claim 10, further comprising a heat exchanger
connected between the receiver and said first expansion
valve means and an accumulatcr connected between the
evaporator and the compresscr, tne heat exchanger having a
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first inlet connected to the outlet of the receiver and a

" first outlet connected to the inlet of said first expansion

valve means, a second inlet connected to the outlet of the
evaporator and a second outlet connected to an inlet of the
accumulator. |

12. The transport temperature control system as
recited in claim 11, wherein the inlet of said second
expansion valve means is connected between the first outlet
of the heat exchanger and the inlet of said first expansion
valve means.

13. The transport temperature control means of
claim 11, wherein the outlet of said second expansion valve
means is connected between the ocutlet of the evaporator and
the second inlet of the heat exchanger. |

14. The transport temperature control system as
recited in claim 13, wherein said sensing means of said
second expansion valve means is positioned adjacent the
outlet of the evaporator.

15. A method of operating a transport temperature
control system having a heating cycle, the system compris-
ing a first refrigerant circuit which includes a compres-
sor, condenser, receiver, first expansion valve and evapo-
rator, and a second refrigerant circuit which includes the
compressor and evaporator, mode selector means having
cooling and heating output ports selectively connectable to
the first and second refrigerant c¢ircuits, respectively,
and a second expansion valve having 1its 1inlet connected
between the receiver and an inlet to the first expansicn
valve and an outlet connected between the evaporator and
the compressor, said method comprising the step of.:

i. sensing a superheat condition of the
refrigerant at a location between the evaporator and the
compressor; and

ii. controlling the opening ¢of the second
expansion valve when said sensed superheat condition 1s

outside a predetermined range.
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16. The method as recited in claim 15, wherein
the predetermined range of step ii. is between 20°F-
40°F. |

17. The method as recited in claim 16, wherein
step ii. comprises fully opening the second expansion valve
when the superheat condition is above 40°F. '

18. The method as recited in claim 16, wherein

' step ii. comprises fully closing the second expansion valve

when the superheat condition is below 20°F.

19. The method as recited in claim 17, wherein
step i. comprises sensing the superheat condition of the
refrigerant at a location between the evaporator and the
compressor, but downstream of the outlet of the second
expansion valve.

20. The method as recited in claim 18, wherein
step i. comprises sensing the superheat condition of the
refrigerant at a location between the evaporator and the
compressor, but downstream of the outlet of the second
expansion valve.

21. The method as recited in claim 17, wherein
step 1. comprises sensing the superheat condition of the
refrigerant at a location between the evaporator and the
compressor, but upstream of the outlet of the second expan-
sion valve.

22. The method as recited in claim 18, wherein
step i. comprises sensing the superheat condition of the
refrigerant at a location between the evaporator and the

compressor, but upstream of the outlet of the second expan-
sion valve.
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