
A refrigerant system includes at least one compressor that compresses refrigerant and 

delivers it downstream to a heat rejection heat exchanger. The heat rejection heat exchanger 

is a microchannel heat exchanger. Refrigerant passes from the heat rejection heat exchanger 

downstream to an expansion device, from the expansion device through an evaporator, and 

from the evaporator back to the at least one compressor. A control operates at least one 

compressor and the expansion device to reduce pressure spikes at transient conditions. 



WE CLAIM: 

What is claimed is: 

1. A refrigerant system comprising: 

at least one compressor, said compressor compressing refrigerant and delivering it 

downstream to a heat rejection heat exchanger, said heat rejection heat exchanger being a 

microchannel heat exchanger, an expansion device downstream of said heat rejection heat 

exchanger, and an evaporator downstream of said expansion device; and 

a control for operating at least one of said at least one compressor and said expansion 

device to reduce pressure spikes at transient conditions. 

2. The refrigerant system as set forth in claim 1, wherein said microchannel heat 

exchanger includes a plurality of parallel flow channels having a hydraulic diameter of less 

than 3 mm. 

3. The refrigerant system as set forth in claim 1, wherein said control operates said at 

least one compressor to reduce pressure spikes at transient conditions. 

4. The refrigerant system as set forth in claim 3, wherein said at least one compressor is 

one of a variable speed compressor or a multi-speed compressor and is operated at least 

during a portion of the transient operation at a slower speed than during normal operation.. 

5. The refrigerant system as set forth in claim 4, wherein said compressor is generally 

operated at a slower speed for 30 seconds - 2 minutes. 

6. The refrigerant system as set forth in claim 3, wherein said compressor is operated 

with a series of on and off cycles at the transient conditions. 

7. The refrigerant system as set forth in claim 3, wherein said at least one compressor 

can operate in an unloaded fashion, and said control operates said at least one compressor to 

be at least partially unloaded at the transient conditions. 
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8. The refrigerant system as set forth in claim 3, wherein said expansion device is also 

operated to be in a more open condition during the transient condition. 

9. The refrigerant system as set forth in claim 7, wherein said transient condition is 

refrigerant system start-up. 

10. The refrigerant system as set forth in claim 3, wherein said at least one compressor 

includes at least two compressors, and the operation at transient conditions includes turning 

off at least one of said at least two compressors. 

11. The refrigerant system as set forth in claim 1, wherein said control operates said 

expansion device to reduce pressure spikes. 

12. The refrigerant system as set forth in claim 11, wherein said expansion device is an 

electronic expansion device, and is controlled to be in a more open condition during at least 

part of the transient condition. 

13. The refrigerant system as set forth in claim 11, wherein said expansion device is a 

thermostatic expansion device, and a heater is associated with a bulb for said thermostatic 

expansion device, and is operated at the transient condition to apply heat to the bulb. 

14. The refrigerant system as set forth in claim 10, wherein a bypass line is provided for a 

refrigerant bypass around said expansion device during transient conditions, and a valve is 

provided on said bypass line, and said valve being opened during said transient condition. 

15. The refrigerant system as set forth in claim 10, wherein said control of said expansion 

device at transient conditions occurs for 15 seconds - 1 minute. 

16. The refrigerant system as set forth in claim 1, wherein a sensor senses a condition 

within the refrigerant system, and is operable in combination with said confrol to stop 
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operation of said refrigerant system should said condition be indicative of an undesirable 

condition. 

17. The refrigerant system as set forth in claim 1, wherein feedback from the refrigerant 

system is provided to the control, and said control using the feedback to change the way it 

operates the refrigerant system at the transient conditions. 

18. The refrigerant system as set forth in claim 17, wherein said control utilizes the 

feedback to learn parameters for future operation of the control, to achieve better reduction of 

the pressure spikes. 

19. A method of controlling a refrigerant system at a transient condition comprising the 

steps of: 

(a) passing refrigerant from at least one compressor through a microchannel heat 

exchanger, and from said microchannel heat exchanger through an expansion device, from 

said expansion device through an evaporator, and then returning to said at least one 

compressor; and 

(b) controlling at least one of said at least one compressor and said expansion 

device to achieve reduction in pressure spikes during a transient condition. 

20. The method as set forth in claim 19, wherein said transient condition is a start-up 

condition. y 

Dated this SO''' day of March, 2012 of AnamKind Anand Advocates 
Agents for the Applicant 
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PRESSURE SPIKE REDUCTION FOR REFRIGERANT SYSTEMS 
INCORPORATING A MICROCHANNEL HEAT EXCHANGER 

RELATED APPLICATION 

[0001] This application claims priority to United States Provisional Patent 

Application No. 61/257,586, which was filed November 3, 2009. 

BACKGROUND OF THE INVENTION 

[0002] The disclosed invention relates to a control that is operable at transient 

conditions to reduce pressure spikes in a refrigerant circuit incorporating a microchannel heat 

exchanger. In particular, the disclosed invention relates to a control that is operable at 

transient conditions to reduce pressure spikes in a refrigerant circuit incorporating a 

microchannel condenser or gas cooler. 

[0003] In recent years, much interest and design effort has been focused on 

efficient and durable operation of the heat exchangers in refrigerant systems. One relatively 

recent advancement in heat exchanger technology is the development and application of 

parallel flow, or so-called microchannel or minichannel, heat exchangers (these terms will be 

used interchangeably throughout the text), as the indoor and/or outdoor heat exchangers. 

[0004] These microchannel heat exchangers are provided with a plurality of 

parallel heat exchange tubes, typically of a non-round shape, among which refrigerant is 

distributed and flown in a parallel manner. The heat exchange tubes typically incorporate 

multiple channels and are orientated generally substantially perpendicular to a refrigerant 

flow direction in inlet, intermediate and outlet manifolds that are in flow communication with 

the heat exchange tubes. Heat transfer enhancing fins are typically disposed in between and 

rigidly attached to the heat exchange tubes. The primary reasons for the employment of the 

microchannel heat exchangers are related to their superior performance, high degree of 

compactness, structural rigidity, reduced refrigerant charge and enhanced resistance to 

corrosion. 

[0005] MicroChannel heat exchangers provide beneficial results, at least in part, 

because their internal flow channels are of quite small hydraulic diameter. However, there 

are also challenges associated with microchannel heat exchangers related to their small 

hydraulic diameter and substantial reduction in internal volume as compared to the 

conventional type of heat exchangers. One challenge is that a microchannel condenser or gas 
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cooler is susceptible to pressure spikes at start-up or other transient conditions, such as 

operational regime changes. 

[0006] When pressure spikes occur in such a refrigerant system, they can lead to 

nuisance shutdowns and eventually to an inability to control environmental parameters, such 

as temperature and humidity, in the space to be conditioned. 

SUMMARY OF THE INVENTION 

[0007] A refrigerant system includes at least one compressor that compresses 

refrigerant and delivers it downstream to a heat rejection heat exchanger. The heat rejection 

heat exchanger is a microchannel heat exchanger. Refrigerant passes from the heat rejection 

heat exchanger downstream to an expansion device, from the expansion device through an 

evaporator, and from the evaporator back to the at least one compressor. A control operates 

at least one compressor and/or the expansion device to reduce pressure spikes at transient 

conditions. A method of operating such a system is also disclosed. 

[0008] These and other features of the present invention can be best understood 

from the following specification and drawings, the following of which is a brief description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1A shows a circuit incorporating the present invention. 

[0010] Figure IB shows another embodiment of the present invention. 

[0011] Figure 2A shows an exemplary microchannel heat exchanger. 

[0012] Figure 2B is another view of an exemplary microchannel heat exchanger. 

[0013] Figure 3 shows another embodiment of the present invention, in relation to 

the expansion device. 

[0014] Figure 4 shows a graph of the pressure spike reduction, in accordance to 

the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0015] A refrigerant system 50 is illustrated in Figure lA incorporating a 

compressor bank 52 that is shown having tandem compressors 54 and 56. It should be 

understood that the refrigerant system 50 shown in Figure 1 is the basic refrigerant system, 

and the refrigerant systems incorporating various options and features, known to a person 
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skilled in the art, will equally benefit from the invention. Although tandem compressors are 

illustrated, a refrigerant system having a single compressor would also come within the scope 

of this invention. Similarly, more than two tandem compressors can be employed. The 

compressors 54 and 56 may be compressors having the ability to operate at several speeds or 

may incorporate other means of unloading. Control 58 operates to control the compressors 

54 and 56. As an example, both compressors could be a two-speed compressor, or a multi-

speed compressor such as a compressor having an electronically controlled motor which may 

be powered and controlled by pulse width modulation or other technique to operate at several 

distinct speeds. On the other hand, only one of the two compressors may be provided with 

such speed control. 

[0016] The refrigerant compressed by the compressor bank 52 is delivered to a 

heat rejection heat exchanger 26. Heat rejection heat exchanger 26 is a microchannel 

condenser or a gas cooler, as will be better described below. Downstream of the heat 

rejection heat exchanger 26, the refrigerant passes through an expansion device 60. The 

expansion device 60 may be an electronic expansion device which is capable of being 

controlled to open to any number of varying positions after receiving commands from the 

control 58. 

[0017] The expansion device 60 may also be a thermostatic expansion device, 

rather than an electronic expansion device. A bypass line 62 may bypass the expansion 

device to provide a refrigerant path around the expansion device 60. At system shutdown, 

the bypass line 62 can allow pressure equalization between the two sides of the expansion 

device 60, which can reduce pressure spikes at start-up or operational regime change. 

However, the bypass line 62 may also be provided with a valve, such as a solenoid valve 64 

which may be controlled to open the bypass line. 

[0018] Downstream of the expansion device 60 is an evaporator 66, and from the 

evaporator 66 the refrigerant returns to the compressor bank 52. 

[0019] A sensor P is shown communicating to the control 58. This sensor can 

enhance the system operation to additionally alleviate a possibility of nuisance shutdown due 

to pressure spikes by providing direct indication of the instantaneous magnitude of the 

discharge pressure. The sensor P is exemplary of any number of locations of a pressure 

sensor (or other type sensor) in the refrigerant system 50. If the sensor P senses an unduly 

high pressure (or other undesirable condition), the control may determine it would be 
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advisable to shut down the refrigerant system 50, such as by stopping one or both 

compressors 54 and 56. Such shutdowns can be important to preventing damage to the 

refrigerant system 50. However, as mentioned above, at transient conditions, "nuisance 

shutdowns" may often take place. The embodiments of this invention are directed to 

eliminating or significantly reducing the occurrence of such nuisance shutdowns. 

[0020] As shown in Figure 2, the microchannel heat exchanger 26 includes an 

inlet 21 fluidly connected and delivering refrigerant to an inlet chamber 23 of an inlet/outlet 

manifold 28. After leaving the inlet chamber 23 of the manifold 28, refrigerant passes into a 

first heat exchange tube bank 25 and to a first intermediate chamber 27 of an opposed 

intermediate manifold 29. From the first intermediate chamber 27 of the manifold 29, the 

refrigerant returns through a second heat exchange tube bank 11 to an intermediate chamber 

13 of the manifold 28. From the intermediate chamber 13 of the manifold 28, refi"igerant 

passes through a third heat exchange tube bank 15 back to a second intermediate chamber 17 

of the intermediate manifold 29. From the second intermediate chamber 17 of the manifold 

29, the refi"igerant passes through yet another heat exchange tube bank 19 to an outlet 

chamber 16 of the manifold 28. As shown, divider plates 43 divide manifolds 28 and 29 into 

the chambers 23, 13, 16 and 27, 17 respectively. In addition, fins 18 are positioned between 

the heat exchange tube banks 25, 11, 15, and 19. It should be noted that a four-pass heat 

exchanger configuration is exemplary, and a different number of passes can be incorporated 

within the same heat exchanger construction. All these arrangements are within the scope of 

the invention. 

[0021] As shown in Figure 2B, the heat exchange tubes of the tube banks 

typically include a plurality of small refrigerant channels 100 divided by separator walls 101. 

These channels typically have hydraulic diameter less than 3 mm, and preferably less than 1.5 

mm. The channels can be any number of shapes, such as rectangular, triangular, trapezoidal, 

oval or circular, and the term "diameter" does not imply a circular cross-section. 

[0022] The control 58 is operable to take any number of steps to reduce pressure 

spikes, such as may occur at system start-up. In addition, the control can take steps to reduce 

spikes under other transient conditions, such as a change of mode of operation, between 

cooling and dehumidification for example. 
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[0023] The control may start the refrigerant system 50 with only one of the two 

tandem compressors 54 or 56 operational, and with another compressor turned off. This 

would significantly reduce the pressure spike. 

[0024] As shown in Figure IB, the compressor in the Figure lA system may be a 

compressor such as shown in the embodiment 200, wherein the compressor 202 has an inlet 

line 205 and an outlet line 206. A bypass or unloader line 204 selectively returns partially, or 

fully, compressed at least a portion of refrigerant back to the suction line 205. As known, a 

valve of some sort, or other control feature controls the return of this refrigerant. If such a 

compressor is utilized, the compressor can be run at least partially unloaded during transient 

conditions to reduce the volume of refrigerant being compressed, and thus address the 

pressure spike issues. 

[0025] One known type of compressor which has the unloader feature is a scroll 

compressor wherein the two scroll elements are held together by a back pressure force. The 

back pressure force is reduced by a control to allow the two scroll members to move away 

from each other, and allow partially compressed refrigerant to return to a suction location. 

[0026] The compressor example shown in Figure IB is highly schematic, and 

would cover the above-mentioned compressor, or any other type of compressor. The 

unloader or bypass line need not be outside of the compressor housing, and this bypass line or 

passage may be entirely positioned within the compressor housing, as is true in the above 

scroll compressor example. Should one of the compressors 54/56 be a compressor 

incorporating one of the unloading features, the control could start the refrigerant system with 

only this compressor operating, and with, for example, 20-70% unloading, such as for 

instance, pulse width modulation unloading. 

[0027] A variable speed compressor can also be operated at a reduced speed, such 

as 20-40 Hz, at start-up and then gradually ramped upwardly to a full operational speed or 

desired operational speed. If one of the compressors is a multi-step or multi-speed 

compressor, the system can start up in an unloaded mode or at a lower speed and then 

gradually ramped-up to a full/desired operational speed or desired loaded condition. Further, 

the compressor motor can be provided with power electronics that allow for a slower start-up. 

Again, by operating the compressor at the lower speed, the flow of the refrigerant being 

compressed will be reduced, and thus the magnitude of the resulting pressure spikes will also 

be reduced. 
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[0028] To reduce the pressure spike, a conventional compressor, typically not 

equipped with any unloading capability, can be started through a series of a short on/off 

sequential cycles, to be sufficiently short to prevent pressure build up above the allowable 

threshold. Running the compressor with a cycling on/off mode will reduce the average 

refrigerant flow, and again reduce the magnitude of the resulting pressure spikes. 

[0029] Generally, it is preferred that the system return to normal/desired operation 

within the time interval between 30 seconds and 2 minutes, depending on environmental 

conditions and thermal load demands. 

[0030] The expansion devices can be operated to reduce pressure spikes, either as 

a stand-alone step, or in combination with the compressor controls. As an example, the 

refrigerant bypass or bleed passage 62 may actually be an orifice through the expansion 

device body 60. Such systems are known. 

[0031] Solenoid valve 64 on refrigerant bypass line 62 can be opened for a short 

period of time (e.g. 15 seconds - 1 minute) after start-up, or other transient, in order to 

prevent pressure build-up. The solenoid valve can be opened during normal operation as 

well, which would allow for a size reduction for the expansion device. By opening the bypass 

line, one effectively increases the size of the restriction in the expansion device. Thus, by 

opening the solenoid valve and an additional refrigerant path through the bypass line, the 

refrigerant flow restriction throughout the refrigerant system is greatly reduced, and the 

pressure spikes will also be reduced. 

[0032] Alternatively, as shown in Figure 3, a small electric heater 76 can be 

associated with a thermostatic expansion valve bulb 74. The bulb 74 of the thermostatic 

expansion device effectively serves as a way to provide feedback from a location downstream 

of the evaporator regarding the amount of superheat, or the temperature at the evaporator exit. 

In the embodiment shown, the bulb 74 provides pressure feedback through a line 75 back to 

the valve 72. An increase in pressure from the bulb 74 tends to open the valve 72. Thus, by 

providing the heater 76, and turning the heater on prior to the anticipated transient conditions, 

the valve opens and the amount of restriction is reduced. 

[0033] Finally, an electronic expansion device may be utilized, and controlled to 

be at a more open condition at start-up, again allowing refrigerant migration prior to start-up, 

and lower hydraulic resistance during the start-up, thus reducing the pressure peak amplitude. 

An electronic expansion device is provided with an electronic control that achieves fine 
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control of the positioning of the valve, and thus the amount of restriction. Again, by 

providing appropriate controls, one can drive the electronic expansion device to a position 

such that the restriction is reduced during the transient conditions, and the resulting pressure 

spikes are reduced as well. 

[0034] With these combinations of controls, noticeable pressure spike reduction 

can be registered and is illustrated in Figure 4. While Figure 4 is not illustrating laboratory 

results, it is believed that it accurately illustrates how a system operating according to this 

application will function. As shown in Figure 4, before the implementation of the mitigating 

measures, the pressure spike was much higher than after the mitigation measures were 

implemented. As can be seen in Figure 4, the pressure spike caused the pressure to exceed the 

threshold value causing the unit to shutdown. As shown, the pressure after the shutdown 

equalized to the pressure before the shutdown. After the mitigating measures were 

implemented, while the pressure spike was still present, the value of the peak pressure never 

reached the unacceptable level. Consequently, after the pressure spike subsided, the unit 

continued to operate as expected, while the pressure on the discharge side during operation 

was higher then the pressure before the unit was started up. 

[0035] The control may also have a feedback loop to prevent the pressure build up 

from exceeding the threshold value. For example, the control may adjust the compressor 

speed, or the opening of the expansion valve, or the time interval when to engage the second 

compressor, or the duration of the "off" portion of the cycle of the pulse width modulated 

compressor, based on the feedback obtained, for example, fi'om the pressure sensor. For 

instance, if the discharge pressure, as determined by the pressure sensor, is rising quickly or 

approaching unacceptable upper limit, then the compressor speed is reduced, or the rate of the 

opening of the electronic expansion valve is increased, or the time interval between starting 

the second compressors is also increased. The control can also have self-learning features 

where, for example, if the pressure threshold is exceeded on the first start-up tripping the 

compressor, then on the subsequent start-ups, the control would control any of the unloading 

system features in such a way that the spike in pressure would not exceed the allowable 

threshold. Also, under certain conditions the system may be more prone to exceed the 

pressure threshold value, as for example, may occur on start-up at high ambient conditions, 

where the system pressure at standstill would be higher than at the lower ambient conditions. 
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In this case, for example, the control would provide for higher degree of unloading on start­

up to further minimize the spike in the discharge pressure. 

[0036] The refrigerant systems that utilize this invention can be used in many 

different applications, including, but not limited to, air conditioning systems, heat pump 

systems, marine container units, refrigeration truck-trailer units, and supermarket 

refrigeration systems. 

{0037J Although an embodiment of this invention has been disclosed, a worker of 

ordinary skill in this art would recognize that certain modifications would come within the 

scope of this invention. For that reason, the following claims should be studied to determine 

the true scope and content of this invention. 
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