wo 2014/176776 A1 |11 000000 0O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 November 2014 (06.11.2014)

(10) International Publication Number

WO 2014/176776 Al

WIPOIPCT

(51) International Patent Classification: (81) Designated States (uniess otherwise indicated, for every
F25B 1/047 (2006.01) F25B 43/02 (2006.01) kind of national protection available): AE, AG, AL, AM,
21) International Aoolication Number: AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(21) International Application Number: BZ, CA. CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
PCT/CN2013/075105 DO, DZ. EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
3 May 2013 (03.05.2013) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
(26) Publication Language: English RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
(71) Applicants;: TRANE INTERNATIONAL INC. [US/US]; IM, ZW.
One Centennial Avenue, Piscataway, New Jersey 08855 . o
(US). TRANE AIR CONDITIONING SYSTEMS (84) D.e51gnated. States (unle.ss othef"wzse indicated, for every
(CHINA) CO., LTD. [CN/CN]; Suzhou Donglu No.88, kind of regional protection available): ARIPO (BW, GH,
Taicang, Jiangsu 215400 (CN). GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, S8Z, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
(72) Inventors: LV, Zhenhai; No.100 Zun Yi Road, Shanghai TM), Buropean (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
200051 (CN). ZHANG, Limin; No.100 Zun Yi Road, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
Shanghai 200051 (CN). CHEN, Wenyong; No.100 Zun Yi MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SL, SK, SM,
Road, Shanghai 200051 (CN). TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
(74) Agent: TIDYTEND INTELLECTUAL PROPERTY ML, MR, NE, SN, TD, TG).
LAW FIRM,; Suite A511, Horizon international Tower, Published:
?8;16) Zhichun Road, Haidian District, Beijing 100088 with international search report (Art. 21(3))
(54) Title: OIL RETURN MANAGEMENT IN HAVC SYSTEM
199
k,:’v"
"o /{\\S
Compressor !é i

o

Evaporator
4

3.

k? Oif Seperator !
I

12

23
pa

P1
Condense X
T 2

[ S—
F2 s

P3 N

124

k2

| 8PHE
e

\15

. }52'
150

15¢

Fig.1
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system. A refrigerant/oil mixture can be directed out of the evaporator into an oil return heat exchanger that is configured to help va-
porize a refrigerant portion of the refrigerant/oil mixture. Superheat refrigerant vapor can be directed from a condenser into the oil
return heat exchanger as the heat energy to vaporize the refrigerant portion in the refrigerant/oil mixture. The oil return heat ex -
changer can be positioned lower than the evaporator so that gravity can help the refrigerant/oil mixture to tlow into the oil return
heat exchanger.
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OIL RETURN MANAGEMENT IN A HAVC SYSTEM

Field
The disclosure herein relates to heating, ventilation, and air-conditioning (“HVAC”)
systems, such as may include a chiller. Generally, methods, systems, and apparatuses are

described that are directed to oil return management in the HVAC systems.

Background

A HVAC system can typically include a compressor, heat exchangers such as a
condenser and an evaporator, and an expansion device forming a refrigeration circuit.
Refrigerant vapor is generally compressed by the compressor, and then condensed into liquid
refrigerant in the condenser. The liquid refrigerant is then expanded by the expansion device to
become low-pressure low-temperature two-phase refrigerant and is directed into the evaporator;
and the two-phase refrigerant can then exchange heat with a process fluid, such as air or water, in
the evaporator. The two-phase refrigerant may be vaporized in the evaporator and return to the
compressor. The process fluid may then be used for other purposes, such as for example cooling
a space of a building.

The compressors of the HVAC system, such as a screw compressor, may be lubricated,

for example, by oil. The oil can circulate in the refrigerant circuit along with the refrigerant.

Summary

Embodiments of managing oil return in a HVAC system are provided. Generally, a
refrigerant/oil mixture in an evaporator can be directed out of the evaporator into an oil return
heat exchanger configured to help vaporize a refrigerant portion of the refrigerant/oil mixture
with heat energy. The vaporized refrigerant portion can then entrain the oil portion of the
refrigerant/oil mixture to drive the oil portion back to, for example, the compressor. In some
embodiments, superheat refrigerant vapor from a condenser can be directed into the oil return
heat exchanger as the heat energy to vaporize the refrigerant portion in the refrigerant/oil

mixture.
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In some embodiments, a HVAC system may include an oil return heat exchanger that has
an evaporator side configured to receive a refrigerant/oil mixture from the evaporator and a
condenser side configured to receive superheat refrigerant vapor from the condenser. The
evaporator side and the condenser side may be configured to exchange heat in the oil return heat
exchanger.

In the evaporator side of the oil return heat exchanger, a refrigerant portion of the
refrigerant/oil mixture from the evaporator may be vaporized so that an oil portion of the
refrigerant/oil mixture may be entrained by the vaporized refrigerant portion. In some
embodiments, the refrigerant/oil mixture flowing out of the oil return heat exchanger may be
directed into the compressor by, for example, suction of the compressor.

In the condenser side of the oil return heat exchanger, the superheat refrigerant vapor
may be condensed into liquid refrigerant. In some embodiments, the condensed liquid
refrigerant may be directed back to the condenser after flowing out of the oil return heat
exchanger.

In some embodiments, the oil return heat exchanger may bephysically positioned lower
than the evaporatorso that gravity can help direct the refrigerant/oil mixture to the oil return heat
exchanger. In some embodiments, the evaporator side of the oil return heat exchanger may have
an evaporator-side inlet and an evaporator-side outlet, and the evaporator-side outlet may be
positioned physically higher than the evaporator-side inlet.

In some embodiments, the condenser side of the oil return heat exchanger may have a
condenser-side inlet and a condenser-side outlet, and the condenser-side outlet is positioned
physically higher than the condenser-side inlet.

In some embodiments, the condenser has a condenser oil return heat exchanger outlet and
a condenser oil return heat exchanger inlet, and the condenser oil return heat exchanger outlet is
positioned physically higher than the condenser oil return heat exchanger inlet.

In some embodiments, the oil return heat exchanger may be a brazed-plate heat
exchanger. In some embodiments, the compressor may be a screw compressor.

A method of managing oil return in a HVAC system may include directing superheat

refrigerant vapor into a first side of an oil return heat exchanger, directing a refrigerant/oil
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mixture into a second side of the oil return heat exchangerand directing the refrigerant/oil
mixture flowing out of the oil return heat exchanger to a compressor of the HVAC system. The
oil return heat exchanger may be configured to exchange heat between the superheat refrigerant
vapor and the refrigerant/oil mixture in the oil return heat exchanger. In some embodiments, the
method of managing oil return to the compressor in a HVAC system can include preventing the
superheat refrigerant vapor flowing into the first side of the oil return heat exchanger when the
HVAC system is operated at a full load condition or relatively high saturated evaporator
temperature.

Other features and aspects of the embodiments will become apparent by consideration of

the following detailed description and accompanying drawings.

Brief Description of the Drawings
Reference is now made to the drawings in which like reference numbers represent
corresponding parts throughout.
Fig. 1 illustrates a schematic diagram of a HVAC system including an oil return heat
exchanger, according to one embodiment.
Fig. 2 illustrates a schematic diagram of a HVAC system including an oil return heat

exchanger, according to another embodiment.

Detailed Description

A compressor of a HVAC system may be lubricated with oil. In some HVAC systems,
such as may include a chiller system, the oil of the compressor may circulate with the refrigerant
in the refrigeration circuit, which is typically formed by the compressor, a condenser, an
evaporator and an expansion device. Managing oil return to the compressor in the refrigeration
circuit may be important to keep a proper oil level in the compressor to, for example, lubricate
moving parts of the compressor. If the oil level in the compressor is too low, the compressor
may be damaged due to lack of lubrication. Improvements can be made to help manage oil
return to the compressor so that the oil level in the compressor can be kept at the proper level.

The embodiments as disclosed herein relate to methods, systems, and apparatuses that
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help manage oil return in, for example, a chiller. The chiller may include a condenser and an
evaporator. In some embodiments, a refrigerant/oil mixture can be directed out of the evaporator
into an oil return heat exchanger that is configured to help vaporize a refrigerant portion of the
refrigerant/oil mixture. In some embodiments, superheat refrigerant vapor from the condenser
can be directed into the oil return heat exchanger so that the heat energy of the superheat
refrigerant vapor can be used to vaporize the refrigerant portion in the refrigerant/oil mixture. In
some embodiments, the oil return heat exchanger can be physically positioned lower than the
evaporator so that gravity can help the refrigerant/oil mixture to flow into the oil return heat
exchanger. The embodiments as disclosed herein can help vaporize the refrigerant portion in the
refrigerant/oil mixture so that an oil portion in the refrigerant/oil mixture can be entrained in the
vaporized refrigerant portion and directed, for example, to the compressor by using for example
suction of the compressor. In some embodiments, the refrigerant portion may be largely
vaporized and the oil portion may be directed to the compressor as oil droplets entrained in the
vaporized refrigerant. The embodiments as disclosed herein may also help increase heat transfer
efficiency of the evaporator, and or the capacity/efficiency of the compressor.

References are made to the accompanying drawings that form a part hereof, and in which
is shown by way of illustration of the embodiments in which the embodiments may be practiced.
It is to be understood that the terms used herein are for the purpose of describing the figures and
embodiments and should not be regarded as limiting the scope of the present application.

Fig. 1 illustrates a HVAC system 100 that includes a compressor 110, a condenser 120,
an expansion device 130 and an evaporator 140, forming a refrigeration circuit. Refrigerant can
be compressed by the compressor 110 and condensed into liquid refrigerant in the condenser
120. The liquid refrigerant can be expanded by the expansion device 130 then be directed into
the evaporator 140 to exchange heat with a process fluid (e.g. air or water). The process fluid
can then be used for other applications, such as for example cooling a space of a building. The
refrigerant can then return to the compressor 110 to be compressed. The HVAC system 100 may
include other components, such as an oil separator 115, unit controller (not shown) and other
components as may be typically employed in a chiller.

Oil that lubricates the compressor 110 can be circulated in the refrigerant circuit with the
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refrigerant. Oil typically has a higher saturation temperature than the refrigerant and typically is
in a liquid state when being circulated in the refrigerant circuit with the refrigerant. The
evaporator 140, which may be a falling film type or a flooded type evaporator may tend to
collect arelatively large amount oil inside the evaporator 140 under certain conditions.

In a falling film type of evaporator, the refrigerant can be vaporized in the evaporator
140. An oil portion, which may be circulated along with the refrigerant, generally is not
vaporized. The oil portion may therefore accumulate inside the evaporator 140. In a flooded
type of evaporator, the evaporator 140 may include a relatively large amount of oil/refrigerant
mixture to submerge heat exchange tubes (not shown) in the evaporator 140. Managing oil
return in these types of evaporators may be important for maintaining a proper oil level in the
compressor 110 for proper lubrication of the compressor 110. If the oil is collected in the
evaporator 140 and does not return to the compressor 110, the oil level in the compressor 110
may get low, causing damages to the compressor 110. The oil collected in the evaporator 140
may also decrease heat exchange efficiency of the evaporator 140.

To help oil collected in the evaporator 140 return to the compressor 110, the
refrigerant/oil mixture in the evaporator 140 can be directed into an oil return heat exchanger
150. The oil return heat exchanger 150 is generally configured to have a condenser side 156 and
an evaporator side 157. The condenser side 156 is generally configured to receive, for example,
refrigerant from the condenser 120 as a heat source to exchange heat with a refrigerant/oil
mixture received by the evaporator side 157 from the evaporator 140. As a result, a refrigerant
portion of the refrigerant/oil mixture may be vaporized in the oil return heat exchanger 150.

The heat energy source of the oil return heat exchanger 150 can be superheat refrigerant
vapor from the condenser 120. The superheat refrigerant vapor can be directed out of the
condenser 120 from a condenser oil return heat exchanger outlet 122 into a condenser-side inlet
152 of the oil return heat exchanger 150. The superheat refrigerant vapor can exchange heat
with the refrigerant/oil mixture directed out of an evaporator oil return heat exchanger outlet 142
of the evaporator 140 into an evaporator-side inlet 153 of the oil return heat exchanger 150. The
superheat refrigerant vapor can help vaporize the refrigerant portion of the refrigerant/oil mixture

inside the oil return heat exchanger 150.
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The oil generally has a higher saturation temperature than the temperature of the
superheat refrigerant vapor. As a result, the oil portion of the refrigerant/oil mixture can remain
in the liquid state after flowing out of the oil return heat exchanger 150. In some embodiments,
when the refrigerant/oil mixture flows out of an evaporator-side outlet 155 of the oil return heat
exchanger 150, the refrigerant portion of the refrigerant/oil mixture can be largely vaporized and
the remaining refrigerant/oil mixture can be largely an oil portion in the liquid state. In some
embodiments, after flowing through the oil return heat exchanger 150, the refrigerant/oil mixture
directed into the evaporator-side inlet 153 can mainly contain oil droplets at the evaporator-side
outlet 155. The oil portion droplets can be entrained into the compressor 110 by the vaporized
refrigerant portion. This may help oil return to the compressor 110.

In some embodiments, the evaporator oil return heat exchanger outlet 142 can be
positioned at where an oil concentration in the evaporator 140 is relatively high. In a falling film
evaporator, generally the lower portion of the evaporator 140 has a relatively high oil
concentration. Accordingly, the evaporator oil return heat exchanger outlet 142 can be
positioned on the lower portion of the evaporator 140. In a flooded evaporator, the liquid level
position inside the evaporator 140 has a relatively high oil concentration. Accordingly, the
evaporator oil return heat exchanger outlet 142 can be positioned at about the liquid level
position in the evaporator 140.

In some embodiments, the oil return heat exchanger 150 can be physically
positionedrelatively lower than the evaporator 140, so that gravity can help drain the
refrigerant/oil mixture from the evaporator oil return heat exchanger outlet 142 into the oil return
heat exchanger 150.

In some embodiments, a density of the refrigerant/oil mixture at the evaporator-side
outlet 155 is lower than the density of the refrigerant/oil mixture at the evaporator-side inlet 153,
which can create a pressure differential between the inlet 153 and the outlet 155. The
density/pressure differential of the refrigerant/oil mixture between the outlet 155 and the inlet
153 can help drive the refrigerant/oil mixture to flow from the inlet 153 toward the outlet 155. In
some embodiments, the evaporator-side inlet 153 can be physically positioned lower than the

evaporator-side outlet 155.
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The condenser 120 includes an upper portion 123 and a lower portion 125. The upper
portion 123 may generally contain superheat refrigerant vapor and the lower portion 125 may
generally contain liquid refrigerant. The upper portion 123 has a pressure P1 that is higher than a
pressure P3 of the lower portion 124. In some embodiments, the pressure differential between
P1 and P3 is at or about 3 psi.

The condenser oil return heat exchanger outlet 122 can be generally positioned in the
upper portion 123 of the condenser 120, and the condenser oil return heat exchanger inlet 124
can be generally positioned in the lower portion 125 of the condenser 120. The pressure
differential between P1 and P3 can help drive superheat refrigerant vapor toward and pass
through the oil return heat exchanger 150.

In the oil return heat exchanger 150, the superheat refrigerant vapor generally releases
heat to the refrigerant/oil mixture from the evaporator 140. As a result, the superheat refrigerant
vapor can be condensed into liquid refrigerant, which can be directed back to the condenser oil
return heat exchanger inlet 124.

In some embodiments, the condenser-side inlet 152 of the oil return heat exchanger 150
can be physically positioned lower than the condenser-side outlet 154 of the oil return heat
exchanger 150. In some embodiments, a pressure P2 at the condenser-side outlet 154 is
generally smaller than the pressure P1. In some embodiments, a pressure differential between
the pressure P1 and the pressure P2 is smaller than the pressure differential between the pressure
P1 and the pressure P3. As a result, the refrigerant can be driven from the condenser oil return
heat exchanger outlet 122 into the condenser-side inlet 152 of the oil return heat exchanger 150
as a superheat vapor, then be driven back to the condenser oil return heat exchanger inlet 124
from the condenser-side outlet 154 as refrigerant liquid by the pressure differential.

The oil return heat exchanger 150 can be a brazed-plate heat exchanger, with the
understanding that other types of the heat exchanger can also be used. The brazed-plate heat
exchanger can be relatively compact, which may help, for example, a retrofit application of an
existing HVAC system with the oil return heat exchanger 150.

The heat exchanger capacity of the oil return heat exchanger 150 can be configured

according to design specifications. In some embodiments, the heat exchanger capacity of the oil
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return heat exchanger 150 can be configured so that a designed specific oil circulation ration
(OCR) (which is defined as the oil mass fraction in the compressor mass flow rate) can be
achieved. In some embodiments, the OCR may be, for example, about 0.03%. In some
embodiments, the heat exchanger capacity of the oil return heat exchanger 150 can be configured
based on the OCR, a peak oil concentration (POC) (which is defined as the highest oil
concentration in the refrigerant/oil mixture in the evaporator) in the evaporator 140 and a heat
exchanger capacity of the evaporator 140. In some embodiments, the heat exchanger capacity of
the oil return heat exchanger 150 may be configured relative to the heat exchange capacity of the
evaporator. In some embodiments, the heat exchanger capacity of the oil return heat exchanger
150 can be configured at about: (OCR)/(POC)* (the heat exchanger capacity of the evaporator
140). In some embodiments, the heat exchanger capacity of the oil return heat exchanger 150
may be about 0.5% to 1% of the heat exchanger capacity of the evaporator 140.

The compressor 110 for the HVAC system 100 can be a screw compressor, a centrifugal
compressor or other suitable compressors. These types of compressors may require oil for
lubrication, and can generally benefit from the embodiments as disclosed herein. The screw
compressor may require a relatively large amount of oil for lubrication, therefore the screw
compressor may benefit from the embodiments as disclosed hereinrelatively more than other
types of compressors.

The condenser 120 of the HVAC system 100 may be an air-cooled condenser or water-
cooled condenser. In some embodiments, the condenser 120 can be a water-cooled shell-and-
tube condenser.

As illustrated in Fig. 2, in some embodiments, a solenoid valve 260 can be positioned
between a condenser oil return heat exchanger outlet 222 and a condenser-side inlet 252 of an oil
return heat exchanger 250 of a HVAC system 200. The solenoid valve 260 can be configured to
have an “on” state that is configured to generally allow refrigerant vapor to flow from the
condenser oil return heat exchanger outlet 222 to the condenser-side inlet 252, and an “off” state
that is configured to generally prevent refrigerant flow between the condenser oil return heat
exchanger outlet 222 and the condenser-side inlet 252. By regulating a period of time that the

solenoid valve 260 stays in the “on” or “off” state, an amount of superheat refrigerant vapor
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directed to the oil return heat exchanger 250 can be regulated. By regulating the amount of
superheat refrigerant vapor directed to the oil return heat exchanger 250, the amount of heat
energy directed into the oil return heat exchanger 250 can be controlled. As a result, the
refrigerant/oil mixture flow in the oil return heat exchanger 250 can also be regulated. The
operation of the solenoid valve 260 can be controlled by a controller 270, with the understanding
that the operation of the solenoid valve 260 can also be controlled manually or by other suitable
controllers.

The solenoid valve 260 may help manage oil return in some operation conditions. For
example, when the HVAC system 200 is operated with a relatively high load, such as at or about
a full load condition or a relatively high saturated temperature in an evaporator 240, the OCR in
the condenser 220 and/or the evaporator 240 can be relatively low and more oil can return from
evaporator 240 to the compressor 210. In such a condition, the oil return to a compressor 210
may be sufficient to keep a proper oil level in the compressor 210, thus keep the compressor 210
properly lubricated without engaging the oil return heat exchanger 250. It may not be necessary
to use the oil return heat exchanger 250 to help the oil return to the compressor 210. The
controller 270 can obtain the load condition or the saturated temperature in the evaporator 240
from, for example, a unit controller of the HVAC system 200. When the controller 270 detects,
for example, a full load condition, the controller 270 can set the solenoid valve 260 to the “off”
state so as to generally prevent refrigerant flow between the condenser oil return heat exchanger
outlet 222 and the condenser-side inlet 252.

With regard to the foregoing description, it is to be understood that changes may be made
in detail, without departing from the scope of the present invention. It is intended that the
specification and depicted embodimentsare to be considered exemplary only, with a true scope

and spirit of the invention being indicated by the broad meaning of the claims.
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Claims

What claimed is:

1. A HVAC system, comprising:

a condenser;

an evaporator,

a compressor; and

an oil return heat exchanger;

wherein the oil return heat exchanger has an evaporator side configured to receive an
refrigerant/oil mixture from the evaporator and a condenser side configured to receive superheat
refrigerant vapor from the condenser, and the evaporator side and the condenser side are

configured to exchange heat in the oil return heat exchanger.

2. The HVAC system of claim 1, wherein the refrigerant/oil mixture from the evaporator side is

directed to the compressor after flowing out of the oil return heat exchanger.

3. The HVAC system of claim 1, wherein the superheat refrigerant vapor from the condenser is

directed to the condenser after flowing out of the oil return heat exchanger.

4. The HVAC system of claim 1, wherein the oil return heat exchanger is physically positioned

lower than the evaporator.

5. The HVAC system of claim 1, wherein the evaporator side of the oil return heat exchanger
has an evaporator-side inlet and an evaporator-side outlet, the evaporator-side inlet is configured
to receive the refrigerant/oil mixture from the evaporator, the evaporator-side outlet is configured
to direct the refrigerant/oil mixture to the compressor, the evaporator-side outlet is positioned

physically higher than the evaporator-side inlet.

6. The HVAC system of claim 1, wherein the condenser side of the oil return heat exchanger has
a condenser-side inlet and a condenser-side outlet, the condenser-side inlet is configured to
receive the refrigerant from the condenser, the condenser-side outlet is configured to direct the
refrigerant to the condenser, the condenser-side outlet is positioned higher than the condenser-

side inlet.
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7. The HVAC system of claim 1, wherein the condenser has a condenser oil return heat
exchanger outlet and a condenser oil return heat exchanger inlet, the condenser oil return heat
exchanger outlet is configured to direct the refrigerant to the oil return heat exchanger, and the
condenser oil return heat exchanger inlet is configured to receive the refrigerant from the oil
return heat exchanger, the condenser oil return heat exchanger outlet is positioned physically

higher than the condenser oil return heat exchanger inlet.

8. The HVAC system of claim 1, wherein the oil return heat exchanger is a brazed-plate heat

exchanger.
9. The HVAC system of claim 1, wherein the compressor is a screw compressor.

10. A method of managing oil return in a HVAC system, comprising:
directing superheat refrigerant vapor into a first side of an oil return heat exchanger;
directing a refrigerant/oil mixture into a second side of the oil return heat exchanger,
wherein the oil return heat exchanger is configured to exchange heat between the superheat
refrigerant vapor and the refrigerant/oil mixture in the oil return heat exchanger; and
directing the refrigerant/oil mixture flowing out of the oil return heat exchanger to a

compressor of the HVAC system.

11. The method of managing oil return in a HVAC system of claim 10, comprising:
preventing the superheat refrigerant vapor flowing into the first side of the oil return heat

exchanger when the HVAC system is operated ator about a full load condition.

12. The method of managing oil return in a HVAC system of claim 10, comprising:
preventing the superheat refrigerant vapor flowing into the first side of the oil return heat
exchanger when an evaporator of the HVAC system is operated at or about a high saturated

temperature.
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