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(57) ABSTRACT

A refrigeration plant with refrigerant evaporator arrange-
ment and process for parallel air and battery contact cooling.
The refrigeration plant includes a refrigerant evaporator
arrangement for parallel air and battery contact cooling,
having with a refrigerant compressor and a condenser An
evaporator with an assigned controllable expansion member
for air cooling and an evaporator as a battery contact cooler
with an assigned controllable expansion member for battery
cooling are provided. A throttling member is located
between the evaporator and the tap of the assigned control-
lable expansion member.

13 Claims, 6 Drawing Sheets
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REFRIGERATION PLANT WITH
REFRIGERANT EVAPORATOR
ARRANGEMENT AND PROCESS FOR
PARALLEL AIR AND BATTERY CONTACT
COOLING

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of priority of German
Patent Application Serial Nos. DE 10 2010 061 805.5 filed
on Nov. 23, 2010, and DE 10 2011 053 894.1 filed on Sep.
23, 2011, the entire disclosures of which are hereby incor-
porated herein by reference.

FIELD OF INVENTION

The invention relates to a refrigeration plant with a
refrigerant evaporator arrangement suitable for parallel air
cooling and battery contact cooling, and a process for
operating the refrigeration plant. A preferred field of appli-
cation of the invention is in the field of motor vehicle
cooling and HVAC in combination with the problem of
cooling the batteries or accumulators of motor vehicles.

BACKGROUND OF THE INVENTION

Within the scope of the development of electric or hybrid
vehicles, there is a trend towards, and the necessity to,
operate high-power batteries in motor vehicles. For optimal
utilization, the batteries require cooling to reach a defined
operating temperature.

It is well known that batteries, and more specifically,
high-performance batteries, have an optimum operating
temperature and require as homogeneous a temperature
distribution as possible over all cells. Therefore, the tech-
nical solutions of prior art aim at directly cooling the motor
vehicle batteries by using a refrigerant evaporator by refrig-
erant direct cooling or contact cooling, respectively. The
refrigerant evaporator is integrated into the motor vehicle’s
refrigeration plant for the air conditioning of the passenger
compartment.

DE 102009 029 629 A1 discloses a heat exchanger for the
tempering of vehicle batteries. The heat exchanger at the
same time is established as a holder of the battery units in
motor vehicles. In this instance, the surface temperature of
the cooling surface is maintained at a level as homogeneous
as possible by a defined guiding of the refrigerant through
the channels of the multipart tubes.

Further, DE 10 2008 035 400 Al discloses a device for
cooling a heat source of a motor vehicle. A cooling body has
several forward flows and several return flows, and a
homogenization of the surface temperature of the cooling
sheets is obtained by guiding the adjacent flows in forward
and backward directions.

Evaporators for the cooling of batteries, also referred to as
battery coolers or contact coolers, are integrated into the
refrigeration circuit, according to prior art, parallel to the
passenger compartment evaporator, or air cooler. Thus, the
pressure level at the exit of the battery cooler is equal to the
pressure level at the exit of the passenger compartment
evaporator. Therefore, the temperature level of the battery
cooler is equal to the temperature level of the passenger
compartment evaporator. The refrigerant mass flow in the
battery cooler, just like in the passenger compartment evapo-
rator, is controlled by a thermostatic expansion valve. The
thermostatic expansion valve controls the mass flow in such

20

25

30

35

40

45

50

55

60

65

2

a way that a defined overheating at the exit of the air cooler
and the battery cooler is adjusted.

The prior art has several disadvantages. First, dividing the
refrigerant mass flow supplied to the evaporators even for a
symmetrical design leads to a slight unevenness in the mass
distribution due to minor differences in the flow resistances
of'the individual flow paths. The refrigerant in the flow path
with a lower mass flow proportion will be overheated a little
more than the refrigerant in the other flow path. However,
due to overheating, the flow resistance in this flow path will
increase. This effect is compounded by the control of a
defined overheating at the exit of the evaporator after mixing
of the partial mass flows.

Second, normally at the exit of the evaporators there is a
diphase mixture with a low vapor proportion, but the vapor
proportion is not evenly distributed over the flow cross-
section. If a division into several flow paths is made, slight
differences in the vapor proportion of the single partial mass
flows will result. The flow path with the lower vapor
proportion will be overheated a little more than the other
flow path. As mentioned above, this effect will be com-
pounded by the higher flow resistance of this partial mass
flow.

Another disadvantageous effect if the battery and vehicle
coolers are operated in parallel is that a clearly higher
refrigeration power is required when the drive batteries are
dynamically cooled compared to the stationary cooling load
due to the electric losses. The dynamic refrigeration power
can be higher than double the stationary cooling load. The
high refrigeration power in case of dynamic battery cooling
causes an undesired high temperature spread in the battery
cells due to the relatively bad heat conduction in the cells.
The high temperature spread has a negative effect on the life
of the battery cells.

Further, the overheating at the exit of the battery cooler
causes the refrigerant temperature to increase, hence, an
uneven temperature distribution at the surface of the battery
cooler. This unevenness in the temperature distribution, due
to bad heat conduction in the battery cells, reappears in the
cells.

It would be desirable to provide a refrigeration plant and
process that realizes an improvement of the temperature
distribution in the battery cells.

SUMMARY OF THE INVENTION

Consonant with the present invention, a refrigeration
plant and process that realizes an improvement of the
temperature distribution in the battery cells, has surprisingly
been discovered.

The problem is solved by a refrigeration plant with a
refrigerant evaporator arrangement for parallel air and bat-
tery contact cooling that includes a refrigerant compressor
and a condenser. Further included is an evaporator for air
cooling with an assigned controllable expansion member
and an evaporator as a battery contact cooler with an
assigned controllable expansion member for battery cooling.
According to the invention, a throttling member is located
between the evaporator for battery cooling and the tap of the
assigned controllable expansion member.

According to the concept, the throttling of the refrigerant
downstream of the battery cooler causes the liquid refriger-
ant to be impounded in the battery cooler. This results in a
more homogeneous distribution of the refrigerant which, in
effect, will have a positive impact.

Surprisingly and particularly advantageously, it has been
shown that an improvement of the temperature distribution
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due to the reduced dynamic cooling power for the battery
cooler is accompanied by a simultaneous homogenization of
the surface temperature of the battery contact cooler.

An almost completely evaporated diphase mixture, espe-
cially using the refrigerants R134a or R1234yf, for example,
will be completely evaporated or overheated by a specific
throttling at the exit of the battery cooler. The thermostatic
expansion valve positioned after throttling controls the mass
flow such that the required overheating occurs after the
throttling. In the area of the actual evaporator, however, no
overheating occurs. The surface of the evaporator keeps a
very homogeneous temperature distribution due to the low
pressure loss and lack of overheating, which is particularly
advantageous. Due to the specific throttling of the refriger-
ant mass flow leaving the evaporator of the battery contact
cooling before the entry, or the tapping by the thermostatic
expansion valve the evaporation in the battery cooler occurs
at a higher temperature level than the evaporation in the
passenger compartment evaporator of the HVAC system.

The driving temperature potential between the surfaces to
be cooled and the cooling medium refrigerant is reduced,
which reduces the increased dynamic load. In this way
overheating is avoided, or minimized, and the temperature at
the surface of the battery cooler remains very homogeneous.

In addition, the throttling limits the refrigerant mass flow
through the battery cooler during the dynamic cooling.

In an embodiment of the invention, the throttling member
for throttling the refrigerant mass flow after the evaporator
for battery cooling is configured as a fixed throttle.

Another advantageous and additional measure is to pro-
vide means for the homogenization of the refrigerant liquid
and the refrigerant vapor. The refrigerant vapor portion of
the refrigerant mass flow provided for battery cooling is
evenly distributed over the partial mass flows of the refrig-
erant.

Specific internal attachments such as a helical insert, a
sieve or a sprinkler homogenize the flow at the entry of the
evaporator, creating a homogeneous division in the flow
paths with equal vapor proportions.

Another advantageous design measure that increases the
efficiency of the refrigeration plant is to provide a liquid
separator upstream of the evaporator for battery cooling.

The use of a liquid separator, such as a centrifugal
separator, at the entry of the evaporator divides the flow at
the entry of the evaporator into a purely liquid and a purely
vaporous flow. The refrigerant liquid is supplied to the
evaporator and divided into the appropriate flow paths of the
evaporator. The refrigerant vapor is, after specific throttling,
guided in bypass and reentered into the overheated refrig-
erant at the exit of the battery cooler, but before the tap of
the thermostatic expansion valve.

In other advantageous designs of the invention, the evapo-
rator for battery cooling includes several single evaporators
switched in parallel.

The process for the simultaneous air and battery contact
cooling using a refrigeration plant as mentioned above is
designed such that:

the refrigerant mass flow after the condenser of the
refrigeration plant is divided;

a refrigerant partial mass flow is throttled using an expan-
sion member before the evaporator of the refrigeration
plant for air cooling down to a low evaporation pres-
sure p; - for the air cooling, and parallel thereto;

a refrigerant partial mass flow is throttled using an expan-
sion member before the evaporator for battery contact

20

25

30

40

45

50

55

60

65

4

cooling to a higher evaporation pressure pz for the air
cooling, thereby impounding the refrigerant liquid in
the evaporator; and

the refrigerant partial mass flow for battery contact cool-

ing after the evaporator is also throttled to the lower
evaporation pressure p; - using the throttling member.

It has shown to be advantageous to design the throttling
member for throttling the refrigerant partial mass flow for
battery cooling such that the battery cooler inclusive of the
throttle has a pressure loss of 1.0 to 2.0 bar, with the throttle
proportion of the pressure loss preferably at least 0.5 bar.

The process is advantageously further developed because
refrigerant vapor and refrigerant liquid are homogenized to
make the vapor proportion more before the refrigerant mass
flow is divided into flow paths of the battery contact cooler.

In an alternative embodiment, refrigerant vapor and
refrigerant liquid are separated before the evaporator for
battery contact cooling and the refrigerant liquid is evapo-
rated in the evaporator. The refrigerant vapor is throttled and
reentered into the overheated vapor at the exit of the
evaporator.

Finally, in another alternative embodiment, refrigerant
vapor and refrigerant liquid are separated by use of a liquid
separator, such as a centrifugal separator, before the evapo-
rator for battery cooling and then mixed before the entry into
the evaporator in order to ensure an equally distributed
vapor proportion in the individual flow paths.

Thus, the refrigeration plant and the proposed process
have an especially advantageous even temperature distribu-
tion at the surface of the evaporator of the battery cooling.
This results in a lower load and slower aging of the battery
cells, and, as a result, an advantageous increase of the life of
the battery cells, especially the life of Li ion battery cells.

Also, the refrigerant mass flow required for the battery
cooler is reduced, which results in a lower energetic effort
for cooling the batteries. This results in a longer range of the
electrically driven vehicle with the same battery capacity.

The proposed measures enable the technically important
problem of the development of overheat zones in battery
contact coolers with overheat controlled refrigerant evapo-
rators to be solved by reducing these overheat zones.

Further advantages particularly of the invention are the
reduction of the overheat zone of an overheat controlled
evaporator, the even refrigerant division onto parallel
switched evaporators and the flow paths within the evapo-
rator, and the generation of different evaporation tempera-
tures in multi evaporator plants.

BRIEF DESCRIPTION OF THE DRAWINGS

The above, as well as other advantages of the present
invention, will become readily apparent to those skilled in
the art from the following detailed description when con-
sidered in the light of the accompanying drawings, in which:

FIG. 1 represents a schematic circuit diagram of a refrig-
eration plant according to an embodiment of the invention;

FIG. 2 represents a schematic representation of a battery
cooler according to an embodiment of the invention;

FIG. 3 is a log p, h-diagram of the refrigeration process of
FIG. 1,

FIG. 4: a time-temperature diagram of a refrigeration
plant as described in prior art;

FIG. 5: a time-temperature diagram of a refrigeration
plant of FIG. 1; and
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FIG. 6: a diagram of the temperature difference at the
battery cooler over the time at different pressure losses
according to an embodiment of the invention.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS OF THE INVENTION

The following detailed description and appended draw-
ings describe and illustrate an exemplary embodiment of the
invention. The description and drawings serve to enable one
skilled in the art to make and use the invention, and are not
intended to limit the scope of the invention in any manner.

FIG. 1 shows a schematic circuit diagram of a refrigera-
tion plant according to one embodiment of the invention
with the relevant technical components. The main element
of every refrigeration plant is the compressor 6 that com-
presses the gaseous refrigerant to the condensation pressure,
and delivers it to the condenser 7. In the condenser 7, the
refrigerant condenses to the condensation pressure level
releasing heat, which is schematically indicated by an arrow
in FIG. 1. The condensed, liquefied refrigerant reaches a
branching point where the refrigerant mass flow is divided
into a refrigerant partial mass flow for the cooling of the
passenger compartment and a refrigerant partial mass flow
for the cooling of the battery.

The evaporator 1 of the HVAC system, also referred to as
the air cooler or passenger compartment evaporator, is
connected to the assigned thermostatic expansion valve 2
and receives the refrigerant partial mass flow that is throttled
in the expansion member 2 provided for cooling the air. Air
is cooled for the air conditioning of the passenger compart-
ment and the refrigerant evaporates. The slightly overheated
refrigerant leaves the evaporator 1 and flows to the tap 8 of
the expansion member 2, where the control circuit of the
controlled thermostatic expansion valve 2 is closed.

The second refrigerant partial mass flow reaches over the
expansion member 4, which is also established as the
thermostatic expansion valve. The battery cooler 3 is con-
figured as two single evaporators switched in parallel. The
refrigerant partial mass flow is divided onto the two evapo-
rators 3, and the battery in direct contact with the battery
contact cooler 3 is cooled. The refrigerant partial mass flows
from the evaporators 3 are assembled and decompressed in
the throttling member 5, which is established as fixed
throttle, to the evaporation pressure p; . of the air cooler 1.
Subsequently, the tap 8 of the expansion member 4 controls
the thermostatic expansion valve 4 and eventually, the
slightly overheated refrigerant partial mass flows of the
battery cooling and the air cooling are united and supplied
to the compressor 6, closing the circuit.

FIG. 2 shows the battery contact cooler 3 in a schematic
representation. The liquid refrigerant flows over the expan-
sion member 4, where it is decompressed to the evaporation
pressure pg. of the battery cooler 3, into the refrigerant
evaporator arrangement 3 and is divided onto various flow
paths. Once past the evaporator 3, the refrigerant flow is
turned and assembled from the various paths into the fixed
throttle 5, where the pressure is reduced to the evaporation
pressure p; .- of the air cooler.

FIG. 3 shows a log p, h-diagram of a refrigeration process
according to the refrigeration plant shown in FIG. 1, wherein
the two refrigerant partial mass flows run at different evapo-
ration pressure levels in the diphase region of the refrigerant.
The process of the refrigerant circuit for the air cooler is
denoted as 10. The process of the battery cooling is indicated
as 11. The compression and the condensation for the air
cooling and the battery cooling occurs as common refriger-
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6

ant partial mass flow. In the upper left corner of the process,
after the condensation, the refrigerant mass flow is divided
and the refrigerant mass flow for the air cooling is reduced
to the evaporation pressure p;.. The evaporation of this
refrigerant partial mass flow for the air cooling is executed
up to a slight overheating.

The throttling of the refrigerant partial mass flow for the
battery cooling occurs after condensation of the battery
cooling down to the evaporation level p, which is over the
pressure level for the air cooling, p, ., and is represented as
mean horizontal denoted 11.

At the end of the diphase region after the evaporation, the
second throttling out of the diphase region up to a slight
overheating occurs and the assembling of the refrigerant
partial mass flows is executed in the lower right corner of the
refrigeration process prior to common compression.

The second throttling of the refrigerant partial mass flow
for the battery cooling is shown on the left side of the
diagram as a sectional enlargement.

In FIG. 4, a time-temperature diagram of the surface
temperature of the battery contact cooler of a refrigeration
plant according to the prior art is shown. The relatively high
temperature spread is very clearly seen by the various curves
of the individual measurement points at different levels that
run apart from each other in a vertical direction. The
resulting evaporation temperature level is about 8° C., which
is relatively low for an optimal battery cooling.

In contrast, FIG. 5 shows a time-temperature diagram of
the surface temperature of the battery contact cooler of a
refrigeration plant, with a smaller spread of the individual
temperature measurement points in the vertical direction and
the evaporation temperature increased to about 17° C.

In the evaporation processes according to FIG. 4, mea-
surements were made with an overheat of 3 K at the
evaporator exit, according to FIG. 5 after the throttling
member, also referred to as return throttle.

FIG. 6 shows a diagram of the temperature difference at
the battery cooler over time for different pressure losses at
the return throttle 5 according to FIG. 1. It is shown that
absent throttling there is a very big temperature difference,
and that high throttling results in a minimal temperature
difference.

From the foregoing description, one ordinarily skilled in
the art can easily ascertain the essential characteristics of
this invention and, without departing from the spirit and
scope thereof, can make various changes and modifications
to the invention to adapt it to various usages and conditions.

NOMENCLATURE

evaporator, air cooler, passenger compartment evaporator
expansion member, thermostatic expansion valve
evaporator, battery cooler, contact cooler, battery contact cooler,
refrigerant evaporator arrangement

expansion member, thermostatic expansion valve
throttling member, fixed throttle, return throttle
refrigerant compressor

condenser

tap of the expansion member

cooling tube

refrigeration process air cooling

refrigeration process battery cooling

W N =

= OWwo~oy b
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The invention claimed is:

1. A refrigeration plant having a refrigerant evaporator
arrangement for parallel air and battery contact cooling
comprising:
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a refrigerant compressor;

a condenser in fluid communication with the refrigerant
COmpressor;

a first expansion member disposed between the condenser
and a first evaporator for air cooling;

a single second expansion member disposed between the
condenser and a second evaporator for battery cooling,
wherein the second evaporator includes a plurality of
single evaporators arranged in parallel; and

a fixed throttling member disposed between the single
second evaporator and a tap of the second expansion
member, the fixed throttling member having a cross-
sectional area, wherein the cross-sectional area through
the fixed throttling member is constant over an instan-
taneous period of time to effect a pressure loss occur-
ring as a refrigerant flows through the second evapo-
rator;

wherein a first portion of the refrigerant flows through the
first expansion member and a second portion of the
refrigerant flows through the second expansion mem-
ber, wherein the second portion of the refrigerant flows
from the second expansion member to the second
evaporator and from the second evaporator to the fixed
throttling member, wherein the second portion of the
refrigerant flows through each of the plurality of single
evaporators of the second evaporator to the fixed throt-
tling member effecting an approximately homogenous
temperature distribution across a surface of the second
evaporator, and wherein at least the second portion of
the refrigerant flowing from the second evaporator to
the fixed throttling member is in a diphase state.

2. The refrigeration plant according to claim 1, wherein a
liquid separator is disposed upstream from the second
evaporator.

3. The refrigeration plant according to claim 2, wherein
the liquid separator is a centrifugal separator.

4. The refrigeration plant according to claim 1, wherein
the first portion of the refrigerant, after flowing through the
first expansion member, has an evaporation pressure lower
than the second portion of the refrigerant after flowing
through the second expansion member.

5. The refrigeration plant according to claim 4, wherein
the second portion of the refrigerant, after flowing through
the second expansion member, has the evaporation pressure
higher than the first portion of the refrigerant after flowing
through the first expansion member.

6. The refrigeration plant according to claim 5, wherein
the evaporation pressure of the second portion of the refrig-
erant after flowing through the second evaporator and the
fixed throttling member is equal to the evaporation pressure
of'the first portion of the refrigerant after flowing through the
first evaporator.

7. The refrigeration plant according to claim 1, wherein
the second portion of the refrigerant flow has the pressure
loss of 1.0 to 2.0 bars while flowing through the second
evaporator and the fixed throttling member.

8. The refrigeration plant according to claim 7, wherein
the pressure loss of 0.5 bars occurs as the second portion of
the refrigerant flows through the fixed throttling member.

9. The refrigeration plant according to claim 1, wherein
the second evaporator contacts and is in heat exchange
relationship with a battery.

10. The refrigeration plant according to claim 9, wherein
the second portion of the refrigerant is impounded in the
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second evaporator, resulting in a homogeneous distribution
of the second portion of the refrigerant in the second
evaporator.

11. The refrigeration plant according to claim 10, wherein
a throttling of the second portion of the refrigerant down-
stream of the second evaporator causes the impounding of
the second portion of the refrigerant in the second evapo-
rator.

12. A refrigeration plant having a refrigerant evaporator
arrangement for parallel air and battery contact cooling
comprising:

a refrigerant compressor;

a condenser in fluid communication with the refrigerant
compressor;

a first expansion member disposed between the condenser
and a first evaporator for air cooling;

a second expansion member disposed between the con-
denser and a second evaporator for battery cooling,
wherein the second evaporator includes a plurality of
single evaporators arranged in parallel; and

a fixed throttling member disposed between the second
evaporator and a tap of the second expansion member,
the fixed throttling member having a cross-sectional
area, wherein the cross-sectional area through the fixed
throttling member is constant over an instantaneous
period of time to effect pressure loss occurring as a
refrigerant flows through the second evaporator;

wherein a first portion of the refrigerant flows through the
first expansion member and a second portion of the
refrigerant flows through the second expansion mem-
ber, wherein the second portion of the refrigerant flows
from the second expansion member to the plurality of
single evaporators and from the plurality of single
evaporators to the fixed throttling member, wherein the
second portion of the refrigerant flows through each of
the plurality of single evaporators of the second evapo-
rator to the fixed throttling member effecting an
approximately homogenous temperature distribution
across a surface of the second evaporator, and wherein
at least the second portion of the refrigerant flowing
from the plurality of single evaporators to the fixed
throttling member is in a diphase state;

wherein the first portion of the refrigerant, after flowing
through the first expansion member, has an evaporation
pressure lower than the second portion of the refriger-
ant after flowing through the second expansion mem-
ber, wherein the second portion of the refrigerant, after
flowing through the second expansion member, has the
evaporation pressure higher than the first portion of the
refrigerant after flowing through the first expansion
member, and wherein the second portion of the refrig-
erant, after flowing through the second evaporator and
the throttling member, has the same evaporation pres-
sure as the first portion of the refrigerant after flowing
through the first evaporator.

13. The refrigeration plant according to claim 12, wherein
a liquid separator is disposed upstream from the second
evaporator.
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