10 SEP 2003 1 APPARATUS FOR COOLI NG THE POAER ELECTRONICS OF A 10 SEP 2003
REFRI GERATI ON COVPRESSOR DRI VE This invention relates to nethod and

apparatus for cooling of the electronics of a variable frequency drive
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heat transfer and thermal inertia characteristics. A flow passage is formed in the block and
15 coolant is circulated through the passage which absorbs excess heat and carries it out of the
system.

The use of water to cool the VFD heat sink has proven to be a satisfactory means of
cooling the VFD transistors, however, water cooling is difficult to control and the heat sink
temperature SOmMelMes can move out of desired operating range. This, in tum, can produce

20 overheating of the VFD electronics and adversely effect the operation of the refrigeration
i systemn. In addition. the water cooling circuit requires additional water handling components
such as pumps, heal exchangers and the like needed to discharge heat from the transistors into
the surrounding ambient. This type of cooling equipment is generally complex, costly and
requires a good deal of space to install.
25 It is therefore a primary object of the present invention 10 improve refrigeration
systems.

This object is attained in a closed loop refrigeration system that includes a condenser,
an evaporator, and a COmpressor connected in series by refrigerant lines and an expansion
means in one of the refrigerant lines for throttling refngerant moving between the condenser

30 and the evaporator from a high pressure 1o a lower pressure. A variable frequency dnve is

associated with the compressor that contains heat producing power electronic components 1n



This object is attained in a closed | oop refrigeration system that indiLatR2003
a condenser, an evaporator, and a conpressor connected in series by
refrigerant |lines and an expansion neans in one of the refrigerant |ines
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evaporator froma high pressure to a |l ower pressure. A variable frequency
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Fig. 3 is also a schematic representation relating to a still further embodiment of the
invention,

Fig. 4 is a schematic representation of yet another embodiment of the invention; and

Fig. 5 is an enlarged side elevation of a temperature expansion control valve suitable

20 for use in the practice of the present invention.

Turning initially to Fig. 1, there s illustrated schematically a refrigeration system,
generally referenced 10, that utilizes the Camot refrigeration cycle that includes a series of
refrigerant lines 12 that operatively connects the various system components. The system
further includes a condenser 13 that is connected to the outlet side of a compressor 15 by

25 means of a refrigerant line 12. The condenser 1s, in tum, connected in series with an
evaporator 17, the cutlet of which is connected via a refrigerant line to the inlet side of the
compressor to complete the system Joop. An expansion device 20 is mounted in the
refrigeration line between the condenser and the evaporator which expands high pressure
refrigerant leaving the condenser to a lower temperature and pressure. The expansion device

30 can be any one of many such devices, such as 2 throttling valve or capillary tube of the types
that are well known and used in the art.

A substance 1o be chilled is circulated through the evaporator in heat transfer




further includes a condenser 13 that is connected to the outlet side of(&EP 2003
conpressor 15 by 25 neans of a refrigerant line 12. The condenser is, In
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components is rapidly drawn away from and absorbed into the heat sink. An internal flow
channel 32 is mounted within the block of material. The channel follows a tortuous path of
travel through the block of material to provide for a maximum amount of contact area
50 between the channel and the heat sink. In practice, the flow channel can be a length of copper
tubing or the like that is embedded in the heat sink and which has an inlet at 33 and an outlet
at 34.
The inlet 33 to the internal flow channel is connected to the refrigerant outlet 35 of the
system condenser by a supply line 36. The outlet of the flow channel, in turn, is connected to
25 the compressor inlet by a discharge line 39. A control valve, generally referenced 40, 1s
contained in the supply line through which refrigerant is throttled from the higher condenser
pressure down 10 a Jower pressure thereby providing low temperature refrigerant to the heat
sink for cooling the power electronic components.
The control valve 40 is shown in greater detail in Fig. 5. The valve includes a sensor
30 probe 42 that is embedded in the heat sink as close as practicable to the power electronic
components that will best reference the operating temperature. The valve may be a

temperature control valve which responds 1o the temperature sensed by the probe or a



travel through the block of material to provide for a maxi num anount of
contact area 20 between the channel and the heat sink. In practice, the
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Fig. 2 depicts a further embodiment of the invention wherein like components
described with reference to Fig. 1 are identified with the same reference numbers. In this
embodiment of the invention the discharge line 39 of the VFD evaporator is connected into

20 the system evaporator 17 and combined with refrigerant being processed through the
evaporator. The valve sensor 42 is shown mounted upon the discharge line of the VFD
evaporator rather than embedded in the heat sink. The sensor feeds back temperature
information 10 the control valve 40 which, in turn, sets the positioning of the valve body in
response to the sensed refrigerant temperature to hold the sink temperature within the desired

25 operating range needed 1o cool the power electronic components.

Tuming now to Fig. 3, there is shown a still further embodiment of the invention
where again like numbers are used to identify like previously identified components. In this
further embodiment of the invention the control valve 40 is mounted in the discharge line of
the VFD evaporator 29 which, in this case, is connected directly to the compressor inlet.

50 However. as noted above, the discharge line may altematively be connected directly to the

system. The temperature sensor 42 1s embedded in the heat sink 30 of the VFD evaporator

and provides temperature related information to the control valve. Typically, the temperature

10 SEP 7003



renove heat fromthe VFD. As can be seen, the heat transferred to the}( SEP 2003
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traditional water cooling systems, is easier to install, and provides for greater control over the
cooling process. The present system, because of its efficiency, also allows for greater use of

the power electronics having a greater capacity than those presently found in the prior art

used in the compressor drive of a refrigeration system.



m croprocessor 50 that is programmed to process the data and send QIEQFPEMB

signal to the IL 0 valve. Other systemrelated information can al so be sent
to the mcroprocessor which can be additionally processed to arrive at a
desired val ve setting to provide cooling to the power electronics at a

m ni nrum of expense to the Systemis Overall performance. As evidenced from
t he di scl osure above, the present invention is a sinple yet effective
solution to cooling the power electritT conponents of a variable frequency
drive éﬁr a 5.r%%rjgerant conpressor. The present systemelimnates the
conpl eXi'tl &8 more traditional water cooling systems, is easier to
install, and provides for greater control over the cooling process. The
present system because of its efficiency, also allows for greater use of

t he power elect r Eablisg dmparatus far Geoawer cleetprnidstof avvaaghble fisauenpy dgenesed f ound
in the prior art wused in the conpressor. drive of a refrjigeration system
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13 circuit from the system condenser pressure to the compressor inlet pressure whereby said

14 power electronic components are cooled.

1 2. The apparatus of claim 1 wherein said variable frequency dnive evaporator
2 includes a heat sink formed of a block of material having a high coefficient of thermal
3 conductivity through which said flow channel passes and wherein said power electronic

;4 components are mounted in heat transfer relation with said heat sink.

1 3. The apparatus of claim | that further includes a temperature probe for

o8]

providing heat sink related temperature information to the said valve whereby the valve is

3 opened and closed in response 1o the sensed temperature.

1 4. The apparatus of claim 3 wherein said temperature probe is embedded in said
2 heat sink.
1 5. The apparatus of cleim 3 wherein said sensor is mounted in said flow circuit

downstream from the heat sink.

8]



14 power el ectronic conponents are cooled. 1 2. The apparatus of ClajFQ@EP?m1
wherein said variable frequency drive evaporator 2 includes a heat sin

formed of a block of material having a high coefficient of thermal 3
conductivity through which said now channel passes and wherein said power
el ectroni c 4conponents are nounted in heat transfer relation wth said heat
sink. 13. The apparatus of claim1l that further includes a tenperature
probe for 2providing heat sink related tenperature information to the said
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t enper ature 2expansion valve and further includes a tenperature probe for
provi ding pressure information 3to the val ve based upon the tenperature of
the heat sink,. Thelh®aRRRaTaLaE 60Fhetinisaniproveds emhediddn prdbeatismkenbedded
in said heat sink. 38. The apparatus of claim2 wherein said control valve
i szl ocated upon the 4 upstream side of said heat sink. 5 6 9. The apparatus
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M Gr ORfREESAQdeldIahidibeatZidd.r anged to accept input data fromthe probe and
provides an output control signal to said 3 valve for holding the heat
sinsk tenperature within a desired tenperature range.

6 9. The apparatus of claim 2 wherein said control valve is located on the

7 downstream side of the heat sink.

1 10. The apparatus of claim 3 that further includes a microprocessor that 1s
2  arranged to accept input data from the probe and provides an output control signal to said

3 valve for holding the heat sink temperature within a desired temperature range.

1 11. A method of cooling the power electronic components of a variable frequency
2 drive (VFD) used to control the motor of compressor in a refrigeration system that is

3 characterized by the steps of:

4 mounting the power electronic compenents of the VFD in heat transfer relation with a
. 5 heat sink,
6 bringing refrigerant drawn from the refrigeration condenser in heat transfer relation

7 with heal sink,
8 expanding the refrigerant drawn from the condenser pressure down to a lower

9  pressure to maintain the heat sink temperature within a desired range.

1 12. The method of claim 11 that includes the further step of discharging
2 refrigerant leaving said heat sink into the system compressor iniet.
1 13. The method of claim 11 that includes the further step of discharging

2 refrigerant leaving said heat sink into the system evaporator.




11. A method of cooling the power electronic conponents of a vari ablﬁ] SEP 2003
frequency 2 drive (VFD) used to control the notor of conpressor in a
refrigeration systemthat is characterized by the steps of: 4 nounting the
power el ectronic conponents of the VFD in heat transfer relation with a 5
heat sink, 6 bringing refrigerant drawn fromthe refrigeration condenser in
heat transfer relation 7 with heat sink, 8 expanding the refrigerant drawn
fromthe condenser pressure down to | ower 9 pressure to maintain the
heat sink tenpergture within a desired range. . ficlaiml |
that includés th ]WIBFWHQPPE?%lgf a&%"é@ﬁ%ﬂnﬁﬁlﬁﬁs &% Streé ?F%%?“Qﬁ‘g s?Igavi ng said
heat sj ' i bl @hid réBicerbRtintehdr0 dapferaklation | |
thgt |Srlﬁc e@i%h@%?ﬁ@%@?ggﬁ%?%gﬁggﬁgrgi ng g2 refrigerant 'l eaving, said
heat siiksdifiheattsik. syst em evaporator. 10SEP2003 8 1 14. The met hod of
claim11l that further includes the step of expanding said 2 refrigerant
through a control valve prior to bringing said refrigerant into heat
transfer relatio ] i : S dret @k claim 14 that
i nél udes th ff ur?ﬁ%%’emotg%fgfahgelﬁﬁéﬁ esi&tfgﬁ%g}ghﬁure l(Ii)gf'ﬂ(i_hsai d heat sink
and pogirpeRiure i faid ekt sixk aal position said spunsleatve is sdsponserte said s@isednper at ur e.

1 16. The nethod of claim 14 that includes the further step sensing the

t enper@mpesatuiz. of said heat sink, providing the sensed tenperature data to
a mcroprocessor for processing 3 and providing an output signal fromsaid
processor to said control valve for maintaining the 4 tenperature of said
heat sink wighi nThe@deshddsk damdet that includes the further step sensing the temperature

2 ofsaid heat sink. providing the sensed temperature data to a microprocessor for processing
1
3 and providing an output signal from said processor to said control valve for maintaining the

4  temperature of said heat sink within a desired range.



