
United States Patent
Xeng et al.

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
US0060(74()30A

[i i] Patent Number: 6,094,930
[45] l)ate of Patent: Aug. 1, 2000

[54] REFRIGERANT FI.OTy MANAGEMENT
CENTER I'OR AUTOMOBILL'S

5,832,741 11,'1998 Hutchison et al. G2i475

[75] Inventors: Xin Zeng, Auhurn Hills; Stefan
Schwanz, Orion Township; Barry J.
I nke, Troy, all of Mich.; Lawrence
Ziehr, Holland, Ohio

[21 j Appl. Nn: 09/191,030

[22] I iled: Nov. 12, 1998

[51[ Int. CI.'52]

U.S. CI...................... 6

......................... Ir25B 13/00
2/324.6; 62/160; 62/324.1,

62i509, 236,i92 B

........................ 62/324.6, 324 I,
62/509, 160, 511; 236/92 B

[58] Field of Search

[5(i] References Cited

U.S. VAI'L'N'I'lO('.UML'N'I'S

3,()29,6 I 4
4.227,901
4313,3/4
4.320,000
4,484,454
4.756, to6
5,454,233
s,fa92 394
5,749,239
5,768.902

4/1962
10 '1980
2/1982
3 '1982

I I/198-1
7 '1988

I 0/I 995
12i 1997
5/19WS
G,i 1998

Smith et at

Lange
Hoyanich
Lange ei al.....
Sugiyama
Tomasov
Naujock
Ozaki et al.
nomine
Nonaka et al.

62/324
..... 55/301
.. 62/324 I

21(//117
62/222

..... 62/509
62/5()9

..... 62,'509
62/225

..... 62,'183

[73] Assigncc: DaimlerChrysler Corporation, Auhurn
Hill~, Mich.

Primary EvnntinerMIcnry Bennctt
Assis/an/ Examiner~are Norman

[57] ABSTRACT

8 Claims, 15 Drawing Sheets

A flnw management device is provided fnr managing refrig-
erant flnw in a reversihle I IVA(: system Refrigerant lines
frnm the system heat exchangers connect to hi-directional
ports on thc flow managcmcnt rlcvicc which converts thc
high prcssure rcfrigcrant floiving in onc hi-rlircctional port
into pressure reduced refrigerant that flows out of the other
hi-ilirectional port. The flow mana ament device has mul-
tiple lii-directinnal pnrts and a flow path fnr refrigerant
extending hetween the ports I'loiv sensitive valves are
pnsitinned within the flow path to prevent high pressure
refrigerant from flowing hctwccn thc ports. A prcssure
reducing device is arranged so that high prcssure refrigerant
flowing into one of the ports flows through one of the flow
senmuve valves and then into the pressure reducing device.
Pressure reduced refrigerant emitted from the pressure
rerlucing device flows through a multi-functinn valve and
out the other port. The invention can further integrate the
rcccivcr/drier function into thc flow managcmcnt dcvicc
providing a ccntralizcd dcvicc for filtcring rcfrigcrant flow
and ensuring a conunuous supply of hquiil relngerant to the
pretwure reducing device. Also, outlets can he added to the
receiver poruon of the flow management center to provide a

source nf high pressure liquid refrigerant for seconrlary heat
exchangers
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REFRIGERANT FLOW MANAGEMENT
CENTER FOR AUTOMOBILES

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates generally to automohve
HVAC systems Ior controlling the environment of an auto-
mnbile passenger compartment More particularly, the
invention relates to a tlow management system for control-
ling refri erant tlow in an automotive IIVA('ystem.

This apphcahon is related to co-pendmg applications afl
liled on Nov. 12, 199S and ulled Reversible Air Conrhhon-
ing And Heal Pump HVAC System For Electnc Vehicles,
Controller I or Reversible Air ('onditioning And I Ieat Pump

&5IIVA('ystem I'or L'lectric Vehicles, Anti-I'og (lontroller
For Rcvcrsiblc Air Conrlitioning And Heal Pump HVAC
System For Electric Vchiclcs, Controller For Heating In
Reversible Air Comlihoning And Heal Pump HVAC System
For Electric Vehiclem Air Hamlling Conlrofler For Hvac

zo
System For Electric Vehicles, and System For Coohn ~

L'lectric Vehicle Batteries Lach of these applications is
incorporated by reference mto the present application

Automotive climate control systems have traditionally
been single loop designs in v hich thc full volume of .,
refrigerant flows through each component in thc system. In
operation, refrigerant in the vapor phase is pressurized by a

compressor or pump. The pressuhzed refngerant flows
through a condenser which is typically cnnhgured as a long
serpentine coil As refrigerant tlows through the condenser,
heat ener y stored in the refrigerant is radiated to the
external cnvironmcnt resulting in thc refrigerant transition-
in to a liquid phase. Thc liqucficd refrigerant flows from the
comlenser lo an expansion valve located pnor to an evapo-
rator. As the liquid flowy through the expans&on valve it is
converted from a high pressure, high temperature liquid to
a loiv pressure, loiv temperature spray allowing it to absorb
heat The refrigerant tlows through the evaporator absorbing
heat from thc air that is blown through thc evaporator fins.
When a suflicicnt amount of heat is absorbed thc rcfhgCrant an
transitions to the vapor phase. Any further heat that is
absorbed raises lhe vapohzed refngeranl into a superheated
temperature range ivhere the temperature of the refrigerant
increases beyond the saturation temperature The super-
heated refrigerant tin&vs from the outlet of the evaporator to
the compressor ivhcrc thc cycle rcpcats.

Generally, thc rcfrigcrant flowing into thc compressor
should bc in thc vapor phase Io maximize pumping clfi-
ciency. The operahon of the refhgerant loop in convenhonal
automotive HVAC systems is controlled by cyclin ~ the
compressor on and off as well as by varying the volume of
refrigerant that is permitted to flow through the expansion
valve. Increasing thc volume of refrigerant that flows
through the valve Icngthcns thc distance Iravcrscrl by the
liquid bcforc it changes to thc vapor phase, allowing thc heat ss
exchanger lo operate al maximum eflic&ency.

Advances in aulomohve HVAC systems have led to zone
temperature control systems in which difierent zones of an
automobile are independently controllerl Zone control sys-
tems generally inclurle an evaporator and expansion valve
for each zone. Thc rcfrigcranl flows through a compressor
and condcnscr, then is split by a sysmm of valves before
flovnng lo the expansion valve and evaporator of each zone.
The refngerant flowing out of the evaporator of each zone is
then recombined before returning to the compressor. A as
complex series of valves and plumbing is generally required
to maintain a balanced IIVAC system that provides indi-

vidualized conuol for each of lhe zones The relngerant
plumbing associated with zone control systems is signih-
cantly more complex than the plumbing of prinr single loop
designs.

The complexity of refri eranl plumbing has further
increased with Ihe recent implemenlauon of reversible heat
pump systems in automobiles In a reversible heat pump
system the direction of the refrigerant flow is controlled by
a fnur-way valve, thus permitting the HVAC system to
opcratc in both a heating mode and a cooling mode. In thc
coolin mode rcfrigcrant flows from thc compressor through
an outside coil (comlenser) anil into an expansion valve and
ansi&le coil (evaporator) before returning lo the compressor.
Heal energv is extracted from air thai is blown through the
inside coil (evaporator), thus providing cnnled air to the
passenger compartment. In the heatmg mode the four way
switch rcvcrscs thc flow of rcfrigcrant through the coils,
thereby rcvcrsing the function of thc coils. Rcfrigcrant flows
Irom the compressor through the inside coil (comlenser)
then into an expansion valve and lhe ouashle coil
(evaporator) before returmng lo the compressor. Heat energy
in the liquefied refrigerant flowing through the inside coil is
absorbed by air that is blown through the coil into the
passenger compartment thus providing hcatcd air. For thc
rcvcrsible system to opcratc, valves with associated plumb-
ing must be provided lo bypass one of Ihe expansion valves
&luring each mode. When zone control is ail&led to a revers-
ible heal pump system lhe complexity and cost of lhe HVAC
further increases In addition to excessive cost, the system
becomes less reliable due to the increaserl number of valves,
plumbing, and control software rcquircd for thc system.

One oblecl of Ihe present invention is lo provide a flow
management device with bi-directional ports in which
refrigerant tlows into one of the ports passes through an
expansion valve, and exits the other port

Another object of the prcscnt invention is to integrate a
receiver/drier funcuon mto the flow management device to
provide a continuous source of hquid refhgerant to the
pressure reducing device in the flow management center.

A further object of thc prcscnt invention is to intcgratc
outlets in the flow management dcvicc from which rcfrig-
crant can bc obtained for secondary cooling circuits.

Il is now proposed, according lo the present invention, to
prnvide a flow mana ement device to reduce the cost and
improve the performance and reliability of automotive
rcvcrsible HVAC systems by simplifying Ihc interconnec-
tion of thc HVAC components. Rcfrigcranl lines from thc
syslem heal exchangers connect to bi-direcuonal ports on
the flow management device which converts the high pres-
sure refngerant flowing in one bi-directional poh into pres-
sure reduced refrigerant that tlows out of the other
bi-directional port The tlow management device has mul-
tiple bi-directional ports and a flow path for rcfrigcrant
cxtcndin bctwccn thc ports Flow scnsitivc valves arc
point&oned within the flow path to prevent hi h pressure
refrigerant from flowing between the ports. A pressure
reducing device is arranged so &hat high pressure relngerant
tlowing into one of the ports flows through one of the tlow
sensitive valves and then into the pressure reducing device
Prcssure rcduccrl refrigerant cmittcd from the prcssure
reducing dcvicc flov s through a multi-function valve and
out the other port. The invention simplifies the interconnec-
uon ol reversible HVAC systems by eliminating the com-
plex plumbing and extra valves associated with conventional
systems. In addition, the invention can further integrate the
receiver/drier function intn the flow management rlevice



Thcsc and other objects of thc prcscnt invention will
become apparent to those skillcrl in thc arl from thc follow-
ing delaileil descnpuon in contunction with the attached
drawings in which:

I'IG I is a schematic representation of a preferred
embodiment of thc automotive refrigerant circuit;

FIG. 2 is a cross-sectional view of the flow management
center shown in FIG. 1, zo

I'IGS 3n and 36 present cross-sectional views of flow
manigcmcnt dcviccs embodying lhc prcscnl invention;

FIG. 4 is a schemauc representanon of an alternauve
auiomouve refrigerant circuit,

I'IG 5 is a block diagram illustration of the control circuit
intcrconncction to a rcvcrsililc HVAC rcfrigcrant circuit;

FIG. 6 rs a flow ihagram showing an overview oi the
control program for the preferred embodiment of the inven-
tion; ic

FIG. 7 is a flow rliagram illustration of thc expansion
valve control program for thc prcfcrrcd cmborlimcnt of the
invenhon;

I'IG 8 is a flow diagram of the compressor speed control
module for the preferred embodiment of the invention,

FIG. 9 is a diagram illustrating thc interaction bctivccn the
expansion valve aml compressor during ihe turn-on trans&-

tron,
I'IG 10 is a datagram illustrating the relationship between ap

the tcmpcraturc cycle and a schematic rcprcscniation of an
HVAC system;

FIG. 11 is a flow diagram of lhe anu-fog algorithm for the
preferred embodiment of the invention;

FIG. 12 is a flow rliagram of the heating motte selection a.

module for thc prcfi:rrcd cmbodimcnt of thc invention,
FIG. 13 is a flow dia ram of the air-handling method for

the preferred embodiment of the invention;

FIG. 14 is a schematic rcprcscntalion of a prefcrrcrl
embodiment of an HVAC system coupled to a battery pack

n

module,
I IG 15 is dalagram iflustrating the relationship between

a preferred embodiment of the HVAC system and its heat
load cycle; and

FIG. 16 is a dais ram iflustraling lhe relauonship between
the temperature lever posiuon and the corresponding oper-
ating mode.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

ec

FIG. 1 illustrates an cxcmplary rcvcrsiblc HVAC system
50 for motor vehicles that includes an air-flow structure 52,
a refrigerant tlow system 54, and a front panel 55 for
proviiling controllin ~ inputs. The reversible HVAC system as
50 can both heat and cool the passenger compartment air of
a motor vehicle by using the refrigerant tlow system 54 m

proviiling a centralized device lor lillenng refngerant flow
and ensuring a continuous supply of liquid refrigerant to the
pressure reducing device Alan, outlets can be added to the
receiver portion of the flow management center to provide a
source of high prcssure liquirl rcfrigcrant for scconrlary heat
cxchangers.

The above descnbed device is only an example. Devices
in accordance with the present inventinn may be imple-
mented in a vanety of ways.

lc

BRIEF DESCRIPTION OF THE DRAWINGS

contunction with the air-flow structure 52 lo transfer heat
energy between the outside environment and lhe passenger
compartment. In heating motte, heat cncrgy is transfcrrcd
from thc outside cnvironmcnt to air that flows into thc
passenger compartment and in cooling mode, heat energy is
transferred to the outside environment from air that flows
into the passenger compartment. The ref ngerant flow system
54 acts as a storage meihum lor heal energy thai is being
transfcrrcd between thc outside cnvironmcnt and thc pas-
senger compartment. The air-flow structure 52 controls the
flow of conditioned air into the passenger compartment. An
insiile heal exchanger 88 provides an interlace between the
refrigerant flow system 54 and the air-flow structure per-
mitting the transfer of heat energy between the refrigerant
and thc air floiving into thc passcngcr compartment. Thc
front panel 55 provides a means for thc passcngcrs to control
the lemperature, flow rale, and operaung mode of lhe HVAC
system.

Thc air-flow structure 52 includes a rluct 56 through
which air ts supplied into the passenger compartment, a

blower 58 lor introducing air into lhe duct 56, a recirculation
dnnr 60 for controlling the proportion of fresh air to recir-
culated air, a PTC heater 62 for heating the air, a blenrl door
60 for controlling the proportion of air that flows over the
PTC heater 62, and a sct of duct outkts for discharging air
into thc passcngcr compartment

Thc duct outlets include a defrost outlet 64 for directing
air towards thc windshield of thc vchiclc, a panel outlet 66
for dircctin air tov ards the upper cxtrcmitics of thc
passengers, and a floor ouflet 68 for discharging air towards
the lower extremities of the passengers. The duct outlets
64—68 are selectively opened and closed by a mnde damper
70 which operates in accordance with the position nf the
morlc selector sivitch 72 located on front panel 55.

I'he refrigerant flow system 54 is operable in a heating
mode and a cooling mode and includes a compressor 76, a
four-way switch 78 for controlling thc rlircction of rcfrig-
crant floiv, an inside heat cxchangcr 88 for transferring
energy beuveen the refrigerant and air flowing into the
passenger compartment, an outside heal exchanger SU for
interfacing with the outside environment, a flow manage-
ment center 82 for reducing the pressure of refrigerant
flowing into a heat exchanger that is functioning as an
evaporator, shut-off valves 84 and 86 for system protection,
zone-control heat cxchangcr 92 for provirhng indcpcndcntly
controlled cooling to a local region, anil prcssure reducing
ilevice 90 for reducing the pressure of refngeranl flowing
into the zone-control heal exchanger 92. The rein erant flow
system 54 interacts ivith the air-flow structure 52 and the
passenger compartment through the operation of the inside
heat exchan cr 88 during thc heating and cooling modes.
Thc function of thc inside heat exch anger 88 changes in each
operating mode; during heating motte lhc inside heat
exchanger 88 lunctions as a comlenser transferring heat
energy lo air that passes through air-flow structure 52 mto
the passenger compartment and during cooling motte the
inside heat exchanger SS functions as an evaporator absorb-
ing heat energy from thc air that passes through air-flow
structure 52 into thc passcngcr compartmcnh

I'he compressor 76 is driven by a variable speed electric
motor (not shown). Varying thc spccrl of thc clcclric motor
causes a commcnsuratc change in thc suction prcssure and
refrigerant ihscharge capacity of compressor 76. Although
the compressor in the present embodiment is a vanable
speeil compressor, it is within the scope of lhe invennon to
employ a single speed compressor I'he four-way switch 78
is connected between the compressnr 76 and the heat



exchangers 80 and 88 to provide a method of changing from
air comhuoning mode Io heat pump mode by reversing the
direction of rcfrigcrant flow.

The inside heat exchanger 88 functions as an evaporator
during a cooling operauon and as a condenser during a

healing operation. Insitle heat exchanger 88 is arran ed
within duct 56 so that thc air lilown through thc cxchangcr
88 is conditionctl prior to passing over PTC hcatcr 62 and
being discharged through the duct outlets. Shut-otf valve 84
provides a means of interrupting refrigerant floiv during
HVAC operating morlcs that do not rcquirc operation of
inside hi,at exchanger &8 Examples of such opcratin
modes include disabhng operanon ol the insnle heat
exchanger 88 as an evaporator at low ambient temperatures
that could result m freeinng nf the heat exchanger 88 due to
condensation, and modes where only secondary heat
exchangers are operational such as zone control heat
exchanger 92. Such operating modes include cooling of a
battery assembly and cooling of prc-sclcctcd rc ions within
the vehicle. The flow management center 82 retluces the zp
pressure of and expands Ihe refrigerant to be supplietl to the
inside heat exchanger 88 during a cooling operation

The outsitle heat exchanger 80, which is generally located
towards the front of the vehicle, exchanges heat between the
outside air and the refrigerant. A fan 94 ensures a constant
supply of outside air flows through nutside heat exchanger
80. During air contlitioning mode thc outside heat cxchan cr
80 functions as a condcnscr providing a means for thc
refrigerant to shed heat to thc outside air. During heat pump
mode Ihe ou(side heat exchanger 80 funcuons as an evapo-
rator absorbing heat energy Irom the outside air into the
refrigerant

The flow management center 82 provides a centrallized
device for reducing the pressure of relngerant flowing into
a heat exchanger 80 or 88 functinning as an evaporator and 33
acts as a source of high pressure liquid refrigerant for
secondary heat exchangcrs. Conventional circuits usc a
scparatc prcssure reducing dcvicc with bypass plumbin for
each heat exchanger that Iuncuons as an evaporator By
using a smgle flow management center 82 to provide pres- ac
sure reduced refngerant the complexity of the refngerant
floiv system 54 is greatly reduced Additionally, a receiver/
drier function is integrated into the flow management center
82 for eliminating contaminants and providing a rcscrvoir of
pressurized liquid rcfngcrant. Rcfrigcrant tapped from thc as
race iver portion is routed to prcssure rcducin device 90 anil
then to zone-control heat exchanger 92. Although the flow
mani ament center in the preferred embodiment rncludes a

receiver,'drier function the principles nf the invention can be
extended to tlow management devices that do not include a sc
reccivcr drier function.

I'low management center 82 is illustrated in greater detail
in Iil(l 2 to include a housing 100 defining bi-directional
ports 102 aml 104, a prcssure sensitive valve 106, check
valves 108 and 110, rlcsiccant 112, a uni-directional flow 3

member 114, pressure reducing valve 116, outlets 118 aml
120, temperature probe 124, and pressure probe IZZ. Pres-
suuzed liquid refngerant flows into bi-direcuonal port 102
or 104, through the corresponding, check valve 108 or 110,
through the dessicant 112, into reservoir 113, up the um-
dircctional flow mcmbcr 114, through prcssure retlucin
device 116 anil prcssure scnsitivc valve 106, anil finally
reduced pressure relngerant flows out of Ihe other
bi-threcuonal port 104 or 1U2. When the HVAC system 5U

changes operating modes the ihrecuon of refngerant flow as
reverses as high pressure refrigerant flows into the
bi-directional port that pressure reducerl refrigerant was

flowing from. The refngerant then flows through the corre-
sponding checl valve 11U or 108, through the dessicant 112,
into reservoir 113, up thc uni-directional flow mcmbcr 114,
through prcssure reducing dcvicc 116 anil prcssure scnsitivc
valve 106, and finally reduced pressure refngerant flows out
of the other bi-directional port 102 or 104. 'I'he pressure
sentuuve valve 106 permits the flow of pressure retluced
refrigerant out of one bi-directional pnrt while preventing
high pressure refrigerant from tloiving rlirectly between the
bi-directional ports. When high pressure refrigerant flows
into a bi-directional port 102 and 104 thc prcssure scnsitivc
valve 106 closes thc flow path from thc port to thc prcssure
reducing device 116 and opens a path Irom Ihe pressure
reducing device to Ihe other bi-direcuonal port 104 and 1U2.
(llosing the

floiv

pat from the bi-directional port 102 or 104
to the pressure reducing device forces refrigerant to flow
through the correspondin check valve 108 or 110, through
the dessicant 112, and into rcscrvoir 113. Thc opposing
check valve 110 or 108 prcvcnts high prcssure liquid refrig-
erant in reservoir 113 from flowing out the opposing
bi-ilirectional port 1U4 or 102. Impunues wuhin the refug-
erant are removed by dessicant 112 Reservoir 113 prnvides
a pool of high pressure liquitl refrigerant that can be sourced
to multiple pressure reducing devices such as device 116
within thc flow management ccntcr 82 as well as prcssure
reducing devices that provide rcducctl prcssure rcfrigcrant to
secomlary hea( exchangers. Ouflets 118 and 120 provitle a
means ol tapping oil refngerant Irom reservoir 113 and
directing it to secondary heat exchanger circuits In the
preferred embodiment the pressure sensitive valve 106 is a
dual poppet valve, however it is envisioned that other valves
such as multiple check valves, mushroom valves, rccd
valves, or rotary valves may bc cmploycd. Additionally,
similar valves as listed above can replace check valves 108
and 11U. Although the pressure reducing device 116 in the
preferred embodiment is an electronically controlled expan-
sinn valve it is within the scope of the invention to use
mechanically controlled expansion valves as well as 90'alves.Thc desiccant 112 and thc tcmpcraturc and prcssure
probes 122 and 124 arc mcrcly cxcmplary of additional
Iuncuons that can be added to the flow management center,
they are not required Io pracuce the invennon.

Returning to FIG. I, thc zone-control heat cxchangcr 92,
located within the interior of the vehicle provides cooling
Iuncuons for local zones or assemblies. Examples of local
zone conling include battery assembly cooling, air condi-
tioned seats, and individualized cooling of one sirle of the
passenger compartment Pressure reducing, device 90
reduces the prcssure of anil expands thc rcfrigcrant to bc
supplied to zone control heat exchanger 92. Thc cxpandcd
refrigerant absorbs heal Irom Ihe air or liquid which is
passed through heat exchanger 92, thereby coohn ~ the air or
liquid.

The front panel 55 includes selector switches lor seuing
the operating parameters of the air condiuomng circuit 50.
The switches include a blower speed selector 73 that in the
preferred embodiment is adjustable from 30% tn 1()0% of
the maximum blower spec(i, a mode sclcctor switch 72
having fiv mode settings, a recirculation sclcctor 75 for
sclccting fresh or rccirculatcd air, anil a sliding tcmpcraturc
lever 74 for setting the temperature of air discharged from
the duct outlets. Although the mode selector switch m the
preferred embodiment has five discrete settings, the prin-
ciples of the invention can be extended tn a mode selector
having an unlimited number of settings.

During cooling mode, the refrigerant discharged from the
compressor 76 floivs through four-way switch 78 intn out-



side heal exchanger 80 which iuncnons as a rxmdenser As
heal energy stored in Lhe reingerant is shed to Lhe outside air
which is blown through thc exchanger 80 thc rcfngcrant
condcnscs to a high prcssure liquid. Thc liquid rcfngcrant
floivs into a bi-directional port 102 of the flow management
center 82, through the desiccant 112, into the reservoir 113,
up the uni-direchonal flow member 114, through the pres-
sure reducing valve 116, and then out the other hi-directional
port 104 A portion of the refrigerant is tapped off from the
reservoir 113 and directed tnwards a seconrlary loop as
shown in FIG. I will bc cxplaincd in a later paragraph. The
refrigerant flowing through thc prcssure rcrlucing valve 116

pressure reduced and then passes ihrou h Lhe other
bi-threcnonal port 1U4. The pressure reducetl refngerant
floivs into the inside heat exchanger 88 which functions as
an evaporator. I lest energy from air passing thmugh inside
heat exchanger 88 is absorbed hy the pressure reduced
refrigerant causing thc rcfrigcrant to change to thc vapor
state. The vapor state rcfri crant flows from thc heat
exchanger 88 through the four-way switch 78 and back to
the inlet of. compressor 76 which compresses the vapor aml
directs it through four-way switch 78 to outside heat
exchanger 80.

The operation of the secondary loop during rxiolrng mode
is as follows 'I'he portion of refrigerant that flowed from an
outlet in reservoir 113 tlows through shut-off valve 86 into
pressure reducing dcvicc 90. Prcssure rcduccrl rcfngcrant
flows out of dcvicc 90 into local-zone heat cxchangcr 92
which functions as an evaporator. Thc rcfrigcrant absorbs
heal from Lhe air which passes through it therdiy providin ~

separately connolled cooling for a pornon of Lhe passenger
compartment. Although the zone control beat exchanger 92
in the preferred embodiment functions as an air-to-
refrigerant evaporator, it is within thc scope of thc invention
to employ other heat cxchangcrs such as rcfrigcrant-to- ss
refrigerant, water-to-rcfrigcrant, and oil-to-rcfrigcrant heat
exchangers.

During heating morlc, thc rlircction of rcfrigcrant flow is
reversed by changing the orientauon of four-way switch 78.
A si mal from a controller 13U, hereinafter descnbed, con- ao
trois Lhe orientation of lour-way switch 78. The refngerant
discharged from the compressor 76 tlows through four-way
switch 78 into inside heat exchanger 88 which functions as
a condcnscr. As heat cncrgy stored in thc rcfrigcrant is she(I
to thc inside air which is blown through thc cxchangcr 88 the a-
refrigerant condcnscs to a high prcssure liquid. The liquirl
refngerant flows into Ihe bi-direcnonal port 104 of the flow
mani ament center 82, through the desiccant 11Z, rnto the
reservoir 113, up the uni-directional flow member 114,
through the pressure reducing valve 116, and then out the so
other bi-directional port 102. Thc refrigerant flowin
through the prcssure reducing valve 116 is prcssure reduce(I
and then passes through bi-rlircctional port 102. Thc prcs-
sure reduced refiugerant flows into Ihe outside heat
exchanger 80 which iuncuons as an evaporator. Heat energy
from air passing through outside heat exchanger 80 is
aixsoriied hy the pressure reduced refrigerant causing the
refrigerant to change to thc vapor stak. Thc vapor state
refrigerant flows from thc heat cxchangcr 80 through thc
four-way switch 78 anil hack to Ihc inlet of compressor 76 sc
which compresses Ihe vapor and thrects it back through
four-way switch 78 to inside heat exchanger 88.

During heating mode, Lhe secondary loop operates rn the
same manner as dunng a cooling mode. Refn erant from
outlet 118 of tlow management center 82 flows through ss
pressure reducing device 90 anil intn local-zone heat
exchanger 92 in which it absorbs heat from air that is passing

through Ihe exchanger 9Z. Pressure reducing device 90
pressure reduces the refrigerant to increase its capacity to
absorb heat energy from air or fluid flowing thrnugh the heat
exchanger 92

Employing flow management center 82 in reversible
HVAC system 50 greatly simphlies the interconnecting
plumbing and permi(s more reliable implementanon of
secondary cooling loops. It is possible to alteniately heat and
cool a vehicle with two heat exchangers without the addi-
tional valves and plumbing required for conventional sys-
tems. Complex rcfri crant balancing schcmcs for dividing
refrigerant amongst multiple heat exchanger loops are not
required, thereby improving system periormance, increasing
system reliability, anil reducing cost. A common sense point
at the outlet of pressure reducing device 116 is provided for
pressure reduced (lmv-side) refrigerant leasing tempera-
ture and pressure at thc flow managcmcnt ccntcr climinatcs
the need of conventional systems for sensing at thc inlet to
each heat exchanger.

Referring to I'I(lg. 3rr anti 36, an alternate flow manage-
ment device 81 is illustrated which does nnt include the
receiver/drier function, hut provides reversiiiility with sim-
pler plumbing than conventional systems and a single prcs-
sure reducin device. Thc flow managcmcnt dcvicc inclurlcs
a houinng IUU delining bi-direcuonal ports IU2 and 104, a
pressure sensuive valve 106, check valves IU8 and 110, a
um-directional flmv member 114, temperature probe 122,
anti pressure probe 124. 'I'he floiv management device 81
includes all the capabilities of the tlow management center
82 with thc cxccption of thc reccivcrrdricr function.

FIG. 4 illustrates another cmborlimcnt of an automotive
air comlinoning circuit 40 that incluries a compressor 41, an
outside heat exchan er 42, an inside heat exchanger 43, Lwo

Riur-way switches 44 ami 45, a receiver,'drier 46, and an
electronic expansion valve 47.

I our-way switch 45, receiver/drier 46, and expansion
valve 47 functionally replace the flow management center
82 that is cmploycd in circuit 50 (scc FIG. 1). Thc function
of four-way valve 45 is thc mirror image of thc function of
Riur-way valve 44. Valve 44 is employed to reverse Ihe flow
of refrigerant through the heat exchangers 42 and 43. It
essentially converts uni-directional refrigerant floiv from the
compressor 41 into hi-directional reftugerant flow into the
heat exchangers 42 and 43 Whereas fnur-way valve 45
converts bi-directional rcfrigcrant flow from thc heat
cxchangers 42 and 43 into a uni-directional flow through
receiver/drier 46 anil expansion valve 47.

Receiver/drier 46 removes contaminants irom the refrig-
erant aml ensures a continuous tlow of high pressure liquid
refrigerant into expansion valve 47 Expansion valve 47
prnvides refrigerant pressure reduction anti expansion for
heat exchangers 42 aml 43. Expansion valve 47 is prcfcrably
an electronic expansion valve that rcccivcs its controlling
inputs from a controller that monitors thc saturation and
superheat temperature of the heat exchangers 42 anil 43.
However, other pressure reducing devices such as blocl
valves, 90'alves, and thermal expansion valves ('I'XV) are
within the scope of the invention. Generafly, to control a
TXV, rcfrigcrant at thc supcrhcat tcmpcraturc and the satu-
ration tcmpcraturc must bc route(I to thc rlcvicc. To obtain
the superheat tcmperaturc thc rcfrigcrant from four-way
valve 44 Io Ihe, compressor 41 inlet can be routed through the
TXV. For Ihe saiuration Lemperature the reingerant emitted
frnm the I'XV can he sensed.

During cooling mode outside heat exchanger 42 functions
as a condenser shedding heat to the outsirle environment and



inside heal exchanger 43 functions as an evaporator absorb-
ing heat from air that is blown into the passenger compart-
ment. Thc rcfrigcrant cycle is as follows: rcfri crant flows
out of compressor 41, through four-way valve 44, into the
outside heat exchanger 42, through four-way valve 45, into
receiver,'drier 46 and expansion valve 47, thn&ugh four-way
valve 45, to inside heat exchanger 43, through four-way
valve 44, and back to compressor 41.

l)uring heating mode four-way valve 44 changes orien-
tation causing the flow of refrigerant to heat exchangers 42

&u

and 43 to reverse. With lhe reversal in the ihrection of
refngerant flow the Iuncuons of Ihe heat exchangers 42 aml
43 reverse as insirlc heat cxchangcr 43 functions as a
condcnscr and outside heat cxchangcr 42 functions as an
evaporator In arlrhtion, the orientatinn of four-way valve 45
is also changed to ensure that the direction of refngerant
flovnng into reve&ver,'dr&er 46 and expansion valve 47
rem;nns constant. The refngerant cycle dunng heat pump
mode is as fofloivs: rcfrigcrant flows out of compressor 41,
through four-v ay valve 44, into thc inside heat cxchangcr
43, throu h four-way valve 45, into receiver/drier 46 and zu

expansion valve 47, through four-way valve 45, to outside
heal exchanger 42, through four-way valve 44, anil bacl to
compressor 41.

I'rom the foregoing it will be understood that the inven-
tion provides a tloiv management device with bi-direct&onal
ports in which refrigerant flowing into cithcr port passes
through an expansion valve and exits thc other port.
Additionally, the invention can integrate the receiver&doer
function mto a flow management device, with bi-direchonal
ports to provide the capability of tapping off refrigerant flow
for secondary cooling circuits. Also, the present invention
decreases the complexity nf automotive I IVA('ystems by
integrating a flow managcmcnt device into thc system to
reduce thc number of valves required to implcmcnt a rcvcrs-
ible healing and cooling HVAC system. A further capability zs
of the invenuon rs to prov&&le a centralized flow management
center with taps for refngerant to reduce the complexity of
automotive IIVA('ystems that implement multi-zone con-
trol
Control System for Reversible Air Conditioning and Heat au

Pump HVAC System for Electric Vi:hiclcs
FIG. 5 illustrates the conlrol system confi uration to

implement the preferred embodiment of Ihe HVAC circuit
50. In FIG. 5 lhe outside coil 80, flow management center
82, inside heat exchanger 88, four-way switch 78, compres-
sor 76, duct 56, and front panel 55 are interconnected in a
manner similar to circuit 50 illustrated in FIG. 1. Adrlition-
ally iflustratcd is controflcr 130 which controls thc com-
pressor speed aml flow management center 82 operahon
based upon inpuus from front panel 55, iluct 56, and the o

refngeranl system 54.
l)uring operation of the I IVA('ircuit 50, the passenger

selects a passenger compartment temperature and operat&ng
mode by setting thc switches of front panel 55. Thc front
panel 55 sv itch settings arc dccodcd by thc controller 130, s
which converts the sethngs Io values that represent desired
temperature, operaung mode, and blower speed. The con-
troller 130 also monitors sensors thai measure the actual
ambient and passenger compartment temperature as well as
refrigerant temperature and pressure 'I'he controller 130
compares thc dccodcd settings to thc actual ambient and
passenger compartment tcmpcraturc, and gcncratcs signals
that modify lhe operauon of the refrigerant flow system 54
and air-flow structure 52 to bnng the actual passenger
compartment temperature in conformance with the desired as
temperature as represented hy the frnnt panel 55 siv&tch

settings.
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The operation of the refrigerant flow system 54 is moth-

fied by controller 130 through output signals that control the
onentation of the four-ivay sivitch 78, the speed of com-
pressor 76 and the duty cycle apphed to the pressure
reducing device 116 within thc flow management center 82.
Changing the orientation of four-way switch 78 causes a
reversal in Ihe direction of refngerant flow. The direction
that relrigeranl flows dictates whether the HVAC system is
in the heating mode or the cooling mode by interchanging
the functions of the outside heat exchanger 80 and the inside
heat exchanger 88 In heating mode the outside heat
exchanger 80 functions as an evaporator and thc inside heat
exchanger 88 functions as a condcnscr 88. Whcrcas, in
cooling mode the ou(side heal exchanger 8U functions as a

comlenser and lhe mside heat exchanger 88 facet&ons as an
evaporator Varying the speed of compressnr 76 during a

cooling mode or a heating mode causes a change in the
refrigerant temperature al the compressor 76 inlet anil outlet,
which has a direct cffcct on thc tcmpcraturc of air blown into
thc passenger compartment. Changing the duty cycle
applied Io Ihe, pressure reducing device 116 dur&n ~ either
cooling or heanng mode causes a variation in Ihe quannly of
refrigerant that the pressure reducing device 116 permits to
flow into the heat exchanger 80 or 88 that &s functioning as
an evaporator 'I'oo much refrigerant flnwing through the
evaporator leads to flooding thc compressor 76, causing
dcgradcd compressor 76 pcrformancc. Too little rcfrigcrant
flowing through the evaporator firn&us the elflciency of. the
evaporator in absorbing heal, resulung in a reduced cooling
or heating capacity of the I IVA('ystem 50 The controller
130 constantly adjusts the duty cycle applied to the pressure
rerlucing device to keep the evaporator operating at maxi-
mum cflicicncy and adjusts thc spec&1 of compressor 76 to
control the tcmpcraturc of thc air blov n into thc passcngcr
compartment.

The air-flow structure 52 operation is modified by chang-
ing the posinon of blend door 61 and the pox&non of
recirculation dnor 60 ('hanging the position of blend door
61 changes the amount of supplemental electric heating that
is applied to thc air flowing through thc air-flow structure 52,
lhrcctly cffccting thc tcmpcraturc of thc passcngcr compart-
ment. The posiuon of recircu fanon door 60 conlroLs whether
fresh air from Ihe outs&&le or recirculated air from inside is
ihrected into the passenger compartment Typically, more
energy is required to heat or cool fresh air than recirculated
air because of the greater differential between the tempera-
ture of thc air flowing into the HVAC system 50 and thc
dcsircd passenger compartment tcmpcraturc.

Inputs lo controller 13U from the front panel 55 inclutle
blower speed from blower speed selector 73, mode selection
Iri&m mode selector switch 72, aml the target temperature
frnm temperature lever 74 I'he duct 56 inputs include inlet
anil outlet temperatures from temperature probes 132, 133,
and 134. Inputs from thc rcfrigcrant system 54 to thc
controflcr 130 include tempcraturc probe 135 for sensing
ambient temperature, temperature probe 124 for sensmg the
expansion valve 116 outlet temperature, lemperalure probe
136 for aentnng superheat temperature, aml pressure probe
138 for sensing suction pressure

Controller 130 is preferably a microprocessor-based
controflcr, that includes a processor 140 and associated
memory 142. An analog-to-digital convcrtcr (ArH) 144
converts iugnals from the various sensors to a digital form
use&1 by processor 140. Adnver circuit 146 operates the flow
management center 82 and compressor 76. This may be for
example an interface circuit that connects to the electric
motor for driving the compressor 76 &n response to system



temperature inputs. The interlace circuit may also provide a

duty cycle signal for controlling the expansion valve 116 to
maintain a regulated average superheat temperature in the
compressor suction line Additinnally, the driver 146 may
include an intcrfacc circuit coupled Io four-way switch 78
for rcvcrsing thc sivitch from cooling mode to heating mode.

Processor 140 incluiles a main program 151, depicted in
the llowchart of FIG. 6, to control the operaung mode
selection, compressor speed control, and electronic expan-
sion valve (LXV) control I'IG 6 gives an overview of the
control strategy illustrating the major functional modules
that arc involved.

Rcfcrring to FIG. 6, thc main program 151 is illustrated.
The main program 151 proviiles ihe timing for execuuon of
the vanous control modules. Ai step 152 Ihe program enters is
the operating mode selectinn module in which the operating
mode of the system is selected. The supported operating
modes include defrost mnde, vent morle, VI'C heater mode,
heat pump mode, and air conditioning mode. Thc inputs
monitored by thc controller 130 Io sclcct thc HVA(l system zo

50 operaung mode include Ihe posiuon of. mode selector
switch 72, temperature lever 74, inlet temperature, aml
during a heating operation the capacity of heat pump mode
Although the preferred embodiment has hve discrete oper-
ating modes, the principles nf the invention can be extended
to systems having cithcr fcwcr operating modes or a con-
tinuously variable sct of operating modes.

FIG. 16 illustrates Ihe system operanng modes. Dunn ~

the PT('eater,'defrost mode, when the ambient temperature
is less than 40'', controller 130 turns on the VT(l heater 62
and moves the blend door to a position determined liy the
location of temperature lever 74 Ilowever, for the hrst 3r7n

of tcmpcraturc lcvcr 74 travel from thc full cold position the
controller turns oft'TC hcatcr 62 and only enables the
vents. 33

In the heating mode, with ambient temperatures greater
than 40'. or defrost operanon wuh ambient temperatures
betiveen 40'r and 60'', controller 130 turns on the heat
pump and if necessary the VTC heater with blend door to
gencratc thc dcsircd tcmpcraturc that is rcilcctcd by the (o
position of tcmpcraturc Icvcr 74. For thc first 37r of tem-
perature lever 74 travel from full cold the controller 13U
turns oif the heat pump anil PTC healer 62 aml only enables
the vents. Ai temperatures greater than l(t0'. Ihe controller
130 turns off Vl'C heater 62 zs

The third operating mode, cooling mode, is selectable for
ambient tcmpcraturcs that arc grcatcr than 40'. Coohn
mode is also used for defrost when thc ambient tcmpcrature
ts greater than 60'. For the iirsi 33e/r of temperature lever
travel the controller 13U vanes ihe compressor suction o

pressure set point lrom 20 to 4S psig as the temperature lever
74 is moved from cold to warm Varying the suction pressure
set point causes a direct change in the compressor speed,
thereby causing thc air tcmpcraturc at thc duct outlets to
chan e. From 337z to 100'7r of tcmperaturc lcvcr travel the 3

controller 13U se(s Ihe compressor 76 suction pressure to a

constant 30 psig anil turns on the PTC heater 62 to reheat the
comhtioneil air

Returning to I'IG 6, at step 154 the program enters the
recirculation door positioning, module which is described
below vvith rcfcrcncc to FIG. 13. The recirculation door
positioning module controls thc proportion of fresh air to
recirculated air that is blown into ihe passen er compart-
ment. At steps 156 and 158 the program enters modules for
monitoring and disabling ihe compressor m response to as
detected faulas. The compressor speed control module,
which is described below with reference to I'IG 8, is entered
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at step 16U. Varying Ihe speed ol. compressor 76 causes a
prnportinnal change in the air temperature blown from the
duct outlets 64—68 Step 162 leads to the L'XV control
module which is described with reference to I'l(L 7 The
EXV control module 162 modulatcs thc output of thc
expansion valve 116 in rcsponsc to changes in thc vapor
temperature sensed ai the compressor 76 and the compressor
suction pressure. Each of. Ihe above listed modules will now
be further explained.

I IG 7 illustrates the detailed operation of LXV control
module 162. The module 162 controls the volume of refrig-
erant that is prcssure reduced by thc expansion valve 116 to
maintain a rclativcly constant supcrhcat tcmpcraturc at thc
outlet of ihe evaporator. As low-pressure refngerani Ilows
lriim the expansion valve 116 through ihe evaporator it
absorbs heat from the air passing through the evaporator
After absorbing sudicient heat the low-pressure refrigerant
transitions to a vapor state Any further heat that is absorbed
by thc vapor raises thc rcfrigcrant tcmpcraturc above thc
saturation tcmpcraturc into a supcrhcatcd tcmperaturc
region. To reiluce Ihe outlet temperature of Ihe relngerant
the volume of refrigerant llowing into ihe evaporator is
increased, thereby increasing the heat lnad capacity of the
refrigerant However, if there is too great a vnlume the
refrigerant will not transition to the vapor state, resulting in
the compressor 76 being swampcrl by hquid rcfrigcrant. An
insuificicnt volume of rcfrigcrant IIowing into thc evaporator
results in Ihe, refrigerant Iransitioning to ihe vapor state
before reaching Ihe outlet ol. the evaporator. Vapor state
refrigerant has less capacity to store heat energy than liquid
state refrigerant, therefore the portion of the evaporator that
contains vapor state refrigerant has less capacity to store
heat cncrgy, reducing thc cIEcicncy of thc evaporator. It is
dcsiralilc to control thc EXV 116 such that thc liquid to
vapor Irenic(ion occurs slightly before ihe outlet of the
evaporator causing Ihe relngerani io superheat a predeter-
mined amount. This maximizes the eiytctency of the evapo-
rator by ensuring that virtually the entire coil is used for
absorbing heat

In step 164 thc proportional-integral-ditfcrcntial fPIDj
constants arc chosen based upon whcthcr thc system is in
heating mode or cooling mode. The selection of PID con-
stants ts based upon the particular system characiensncs and
is well I nown in Ihe art. Following selecuon of ihe PID
constants the LiXV control module proceeds to steps 166 and
168 wherein the expansion valve duty cycle is initialixed
based upon ambient tcmpcraturc and operating mode when
the system first enters either heat pump mode or air condi-
uoning mode. The raph appended Io step 168 depicts the
selecuon en(aria for Ihe duLy cycle Ambient temperaiure is
sensed by temperature probe 135 located in front of the
outside heat exchanger 80 The initial rluty cycle is then set
to a value ranging from S056 to 100'7n of the maximum LXV
duty cycle depending on the ambient tcmpcraiurc. After
scttin thc initial expansion valve rluty cycle thc system
transitions through a start-up penod belore seuhng mto
steady-state operanon.

During steady-state operauon the duly cycle of Ihe EXV
is varied in order to maintain a constant superheat
temperature, 4''reater than the saturation temperature, at
the inlet to compressor 76. At step 170 thc avcragc supcrhcat
tcmpcraturc is calculated by measuring thc vapor Icmpcra-
ture of. refrigerant exitmg ihe evaporator anil subtracung the
saturation temperature of the lluiil. The saturation tempera-
ture is obtained by measunng the compressor inlet suction
pressure and using the saturation temperature that corre-
sponds to the suction pressure Although the present
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embodiment of the invention calculates the average super-
heat temperature from the vapor temperature and suction
pressure, it is ivithin the scope of the invention to use the
vapor temperature with an evaporator inlet temperature
including compensating for thc evaporator prcssure rlrop.
Thc outli,t of thc expansion valve 116 located in thc flow
mani ament center provides a common temperature mea-
suremenL location for evaporator inlet temperature m either
heating mode or cooling mode In conventional systems that
use the evaporator inlet temperature to calculate the super-
heat temperature; temperature probes are required at the
inlets to both thc inside anil outside heat cxchan crs to
provide inlet tcmperaturc in both operating modes.

The updated superheat temperature from step 17U is used
ai step 172 lo calculate a revised setung for the EXV duty is
cycle As a final step, at step 174 the controller 130 limits the
value of the L'XV duty cycle to betiveen 5'/n and IUU'7n to
ensure the device remains within a known operating region

Referring to FIG. 8, thc compressor spccd control module
160 is illustrated. Thc compressor speed is controllcrl by zo

applying a variable duty cycle to the electnc motor that
doves the compressor 76. The duty cycle is vaned in
response to a controlling input such as temperature lever
position and compressor suction pressure Varying the speed
of compressor 76 causes a proportionate variation in the
dischar c tcmpcraturc anil rlischargc prcssure of rcfngcrant
flowing out of thc compressor 76 as well as an inversely
proportional change in the compressor suction pressure arul
refngeranl suction temperature. The increased refrigerant
discharge temperature results in an increased condenser
temperature, increasing the capacity of the I IVA(l system 50
to provide heat rluring heating, mode I'he decreased refng-
crant suction tcmpcraturc results in a dccrcascd evaporator
tcmpcraturc, increasing thc capacity of thc HVAC system 50
proviiie cooling dunng cooling mode. The speed of the ss
compressor 76 is therefore vaned to maintain air blown into
the passenger compartment al a relauvely constant tempera-
ture during both heating mode and cooling mode

The desired temperature is set by adjusting the tempera-
ture lever 74 on front panel 55. Thc controller 130 calculates ao

the target suction prcssure corresponding to thc tcmpcrature
lever position (xiL) which is equal lo 20+75s(x,'L) for a

lever travel distance equal to 33'/r. of the available distance.
Uiong the suction pressure as the controlled parameter
instead of air temperature provides a more stable and faster
responding system.

Conventional systems that usc air tcmpcraturc as the
controlled paramctcr have proiilcms with sur in of the
compressor 76 in addihon to slow response time. As the
sensed outlet air temperature changes due to transient eifecls O

includm ~ changes in vehicle speed or passing through
intermittent sunlight, the compressor speed is changed m an
attempt to keep the outlet temperature constant When the
compressor spccd is constantly changing thc passcngcr
perccivcs thc changes as surging in thc propulsion of the s
vehicle. In the preferred emboiiiment, Ihe EXV control loop
regulates a constant outlet temperature while Ihe compressor
regulates a constant suction pressure. As the outlet air
temperature changes the heat that is transferred between the
refrigerant and the inside heat exchanger varies, causing the
refrigerant supcrhcat tcmpcraturc to change. In rcsponsc to
the change in thc supcrhcat tcmpcraturc thc duty cycle of
pressure reducing valve 116 is changeci by controller 130,
causing a shift in Ihe flow of refn erant, resulhng in a slight
varuition of Ihe compressor suction pressure. The controller as
130 then modifies the speed of compressor 76 to bring it in
conformance with the target suction pressure I loivever, the

required change in the speed of the compressor 76
significantly less than the change that would be required in
an HVAC system that uses compressor speed alone to
compensate for changes in outlet temperature 'I'he minor
change in compressor spccd is impcrccptiblc to thc
passengers, leading to cnhanccd rlriving comfort.

In addihon to ehminahng surging, the response nme of
HVAC system 5U is reduced by usin ~ su coon pressure as the
controlled input Cooling air at the desired temperature is
blown over passengers in significantly less time than con-
ventional systems that control air temperature directly. As a
result, unlike conventional systems, PTC heating of thc
cooled air is not required to provirlc hnc control over thc air
temperature, resulting m more energy eihcienl vehicle
operation.

During heat mode the compressor speed is varied in
reaction to changes in the temperature of the air flowing out
of the inside heat exchanger 88 In heat pump mode, unlike
air conditioning mode, suction prcssure is not directly
rclatcd to the tcmpcraturc of air flowing out of thc inside
heat exchanger. Therefore lhe air temperalure sensed by
temperature probe 133 Ls used as lhe controlhng input for
compressor speed

In step 176 the controller 130 calculates the error and
error derivative to be used in the PID controller for the
controlled input. In air conditiomng mode thc controlled
input is thc suction prcssure and in heat pump mode thc
conlrolled input is the post inside heal exchanger air tem-
perature measured by temperature probe 133. In step 178 the
PID constants corresponding to the appropriate operating
mode are selected. 'then in step 180 the PID controller
calculates the change in compressor duty cycle based on the
PID constants and thc calculated error and error dcrivativc.
Thc rcviscd duty cycle is limited to bctwccn 5% and 90% to
ensure the compressor 76 is operated within specified
parameters.

FIG. 9 illusirates the inlerachon between the EXV control
loop and the compressor speed control loop rluring the
cooling mode start-up transition As explained the LXV
control loop regulates thc volume of rcfrigcrant that flows
through pressure reducing dcvicc 116 maintaining a prcdc-
termined refrigerant superheat temperature al the outlet of
the evaporator. A secondary eifect of the EXV operauon is
that as the EXV permits an increased volume of reingerant
to flow, the suction pressure at the inlet to compressor 76
decreases 'I'he operation of the compressor 76 has a corre-
sponding interaction with thc EXV. When thc spccd of
compressor 76 is changed, the resulting change in suction
pressure and temperature at the inlet to compressor 76
causes a change in lhe saturanon temperature of reingerant
that flows through lhe evaporator. Increased compressor 76
speed, causes a loiver suction pressure, leading to a lower
saturation temperature, resulting in the refrigerant tempera-
ture rising to thc prcdetcrmined supcrhcat tcmpcraturc car-
licr in the traverse of thc evaporator Thc EXV loop com-
pensates for the change in superheat temperature by
permitting an increased volume of reingerant to flow
through Ihe evaporator, thereby causing a higher suction
pressure When the IIVA('ystem 50 first turns on, if the
pressure reducing valve 116 is set to an initial duty cycle of
0%, thc volume of rcfrigcrant floiving through thc evapo-
rator will lag thc compressor spccd throughout thc cntirc
start-up hme period, ilelaying Ihe start-up, resulung in a

starl-up time penod of approximately 2.S minutes.
Assuming an ambient temperature of 40'., the EXV is

set to an initial duty cycle of 50'7n at step 168 (see llG 7)
The compressor suction pressure is set to achieve the target
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sue«on pressure corresponding lo lhe location of tempera-
ture lever 74. Initially, the compressor suctinn pressure
decreases slightly during the first seconrls of operation as
fluid pours through the L'XV, then as the compressor spins up
tov ards steady-state spccd suction prcssure begins to
incrcasc significantly. At thc same time thc EXV duty cycle
increases until the suction pressure has increased to a point
where the EXV begins to track lhe suction pressure. Dura« ~

the early stages of start-up it is not unusual for the com-
pressor to flood until the compressor speed increases a
sufl'icient amount to develop apprnpriate suction pressure In
the prcfcrrcd cmbodimcnt thc compressor is operated on the
borderline of flooding [luring thc start-up transition thcrcby
contributing lo a faster system response ume. Also, as the
EXV duty cycle be uns to [rack the suction pressure it will is
overshoot its steady-state value by a slight amount. The
underdamped response d[splayerl by the L'XV control loop
results in a further reduction in the system respnnse time In
combination thc improvcmcnts result in air cooled to the
desired tcmpcraturc blowing over thc faces of passcngcrs zn

within approximately 35 secomls of system start-up
From the foregoin ~ it will be undersloo[1 [hat the [nven-

tion provides a system for improving the steady-state
response time of an automotive I IVAC system Additionally,
the invention permits a reduction in the start-up time of an
automotive air conditioning system. Also, thc invention
provides a system for controlling an HVAC system that
employs a flow management devil. The invenuon further
provides a system lor controlling an HVAC system incor-
porating a centralized flow management center. in
Anti-Iiog System for Reversible Air Conditioning and I leal
Pump IIVA('ystem for Automobiles

Rcfcrring to FIG 10, a single loop rcvcrsiblc air conCh-
tioning and heat pump system 191 is illustrated with the
correspon[hng temperature cycle diagrams for a[r comb«on- ss
ing mode 190 aml heat pump mode. 192. As wdl be
described, Ihe preferred embo[hmenl of lhe present [nven-
tion prevents undesirable fogging by slowly increasing the
speed of compressor 76 over a predetermined period of [ [me

Gcncrally, in rcvcrsiblc HVAC systems fogging may occur an

during thc transition from cooling mode to heating mode.
Poor to describing the solution prov«led by the presently
preferred embodiment, a bnef descnpuon of. the refngera-
t[on cycle and how fogging occurs in a reversible system is
provided with reference to I I(L 10 a.

The refrigeration cycle essentially uses a small amount of
energy to power a compressor in order to transfi:r a @cater
amount of heat cncrgy from onc cnvironmcnlal region to
another environmental region. I[ does [his by us[n ~ the
cooling ellect of evaporation to lower [he temperature of the n

air passing through one heat exchanger (the evaporator) 88
and using the heating efl'ect of condensing high temperature,
high pressure gas to raise the temperature of the air passing
through another heat cxchangcr (lhc condcnscr) 80. With
refcrencc to wavcform t, of FIG. 10, drawn from n ht to s
lail, lhe lemperature prolile of refngeranl flowrng from an
evaporator 88, through a compressor 76 and lour-way switch
78, and [hen through a condenser 80 [s illustrated. Refmg-
erant entering the evaporatnr 88 is at low pressure and low
temperature 'I'he temperature being the saturation tempera-
ture of thc prcssure rcduccd refrigerant. As lhc rcfngcrant
passes through thc evaporator 88 heal cncrgy from air that
ts blown through the evaporator 88 is absorbeil by the
refngeranl. The air that exi(s Ihe evaporator 88 is nouceably
cooled due lo the transfer of heat energy from [he a[r to the ss
refrigerant I'he cooler air no longer has the capacity to
retain the same amount of moisture as the wanner air that
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was blown into lhe evaporator 88, therelore Ihe excess
moisture condenses out of the air onto the external surface
of the evaporator 88 The vapor state refrigerant flows from
the evaporator 88 to the cnmpressor 76 where it is com-
pressed to a high prcssure, high tcmpcraturc vapor bcforc
flowing into thc cor«lcnscr 80.

When the controller 130 commamls a change to heating
moile Ihe onenlauon of four-way swnch 78 is changed, [bus
interchanging the refri erant connections to the compressor
76, thereby reversing the tloiv of refrigerant through the
system causing the heat exchangers to change functions
Ref[:rring to wavcform ta of FIG. 10, drawn from left to
right, prcssure reduced rcfrigcrant flowing into outside heat
exchanger 80 (Ihe evaporator) absorbs heat energy from the
outside air which is blown throu h the evaporator SU. The
refrigerant flowing through the evaporator remains at its
saturation temperature for a malority of the traverse As the
refrigerant nears the end of the evaporator 80 the accumu-
lated heat energy that has been absorbed causes thc rcfrig-
crant to transition to a vapor state. Any further heat energy
that is absorbed m the refngerant causes [he relngerant
temperature to increase beyond the saturauon temperature
into a superheated temperature range I'he superheated
refrigerant flows to the compressor 76 which cnmpresses it
to a high pressure, hi h temperature vapnr which is directed
to thc inside heat cxchangcr (thc conrlcnscr) 88. As thc high
tcmpcraturc vapor flows into thc condcnscr 88, thc lcmpcra-
ture ol the condenser 88 rapidly rises to an equivalent
temperature. Moisture [ha[ had accumulated on [he ins«le
coil 88 during the air conditiomng mnde begins to boil olf
as the condenser SS increases in temperature I'he moisture
is absorlied by air tlowing through condenser 88 into the
passenger compartm[,nt. Fogging then occurs when thc
moisture laden air strikes thc cokl insirlc surface of thc
passenger compartment windows.

FIGS. 5 and 11 illustrate an exemplary an[&-fogging
ay«lcm Rir conlrollm ~ Ihe operation of a reversible HVAC
system 50 for automobiles. I'IG 5 as explained earlier in this
specihcation illustrates a control system fnr an autnmotive
HVAC system. Using thc same hardy arc configuration,
controller 130 minimizes thc cffi:cts of fogging by gradually
increaiung the compressor speed al a predelermined rate and
regulaling Ihe. Sow management center operation lo ensure
elbe[en[ use of. [he evaporator. Although a flow management
center 82 is employed in the preferred embodiment it is
within the scope nf the invention to use a pressure reducing
device with a scparatc reccivcridricr Additionally, thc
invention encompasses any vanablc spccd or capacity
compressor, even though the compressor in Ihe preferred
embodimenl is an elec[wc compressor.

Processor 140 is programmed to control lhe compressor
speed and flow management center operation as depicted in
the flowchart of I'l(L 11 I'IG 11 provides a general over-
view of thc main system operating morlcs and the dctailcd
program steps rclatcd to thc anti-fogging routine. In thc
preferred embodimenl of. the invenuon the slaps that are
included in Ihe ant[-fogging rouune 201 are spread through-
out a number ol program modules such as lhe operating
mode selection 152, compressor spec[I control 160, and
L[XV control 162 (see I'l(L 6) ('alculaterl changes to the
outputs that control thc speed of compressor 76 and thc
regulation of prcssure reducing dcvicc 116 only occur within
the designated modules. To clamfy lhe included slaps, they
have been brought together and listed in anti-fog rouune
2UI

At step 200 the program enters a[r cnnditioning mode in
which cooling air is blown into the passenger compartment
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Dunn ~ air coruliuoning mode, as a byproduct of the refwg-
eralion process moisture accumulates on lhe external surface
of inside heat cxchangcr 88. At step 202 an anti-fog fla is
sct to provide an inrlication that Ihcrc is moisture on the
surface of the inside heat exchanger 88 'I'he anti-fog flag
will remain set until heat pump mnde is entered at step 204
At step ZU6 the pro ram continues into the anti-fog sequence
208 if the anti-fog tlag is sel, otherwise it branches oiT to
steady-state heat pump morlc at step 210.

Thc anti-fog scqucncc begins with sclccting a post-inside
lc

heat exchanger air target temperature and a duration of
operation at step 212 from a table of values that are
representetl in the graph. The actual post-insule heal
exchanger air temperature is measured by probe 133. The
target tcmpcraturc is sct equal Io thc ambient plus an offset
that is incrcascd over time. Limiting Ihc post-insitlc hcat '-'xchangertarget temperature to a specified otTset above
ambient indirectly limits the temperature of the compressed
refngeranl vapor that tlows into the condenser 88. The
evaporauon rate of moituure located on the insula heal
exchanger 88 is directly related to thc refri crant tempera- zc

ture at the inlet to condenser 88. Therefore, grrulually
increasmg Ihe target temperature causes a grathial rncrease
in the compressor speed, which causes a gradual increase m
the compressor discharge pressure, which results in a

gradual increase in the refrigerant temperature at the inlet to
the condcnscr, thcrcby limihng thc evaporation rate of
moisture on thc contlcnscr 88.

At step Z14 the compressor target suction pressure is sel
to 45 psi. Starung the sucuon pressure at 45 psi ensures that
the startin discharge pressure anil temperature are low
enough to prevent uncontrollerl moisture evaporation from
the condenser 88 The suction pressure is related directly to
the spccd of compressor 76

At step 216 a PID controller calculates thc ncw compres-
sor speed setung based upon Ihe target temperature aiul SS

previous suction pressure. The change in suction pressure
from the previous setung is limited to prevent untlesirable
changes in compressor speed which could lead to high
discharge temperatures and uncontrolled condenser mois-
ture evaporation. Although thc prcfcrrcd cmbodimcnt of the ac
invention controls thc compressor spccd to rc ulate the
moisture evaporauon rate, it is within the srxipe of the
invennon to control other system parameters such as suction
pressure, discharge pressure, or condenser inlet temperature.

If the post-inside heat exchanger target temperature is less
than the target temperature that cnrrelates to the temperature
lcvcr 74 position, then thc PTC hcatcr 62 is turned on anil
the blend door 61 is sct to a position that will enable the
HVAC to achieve the temperature lever target temperature.
The required door 61 position is obtainetl from a loot up o

table that correlates blend door position to thtTerential tem-
perature and airtlow

At step 218 the recirculation rloor 60 is set to the full fresh
air position. Setting thc recirculation door 60 to thc full fresh
air position in combination vulh slowly evaporating mois- s
ture from Ihe corulenser prevents fogging m the passenger
compartment. As moisture is slowly evaporated otT of the
corulenser it is absorbed by the trash air flowing past the
recirculation door 60, through inside heat exchanger 88, and
into the passenger compartment. 'I'he moisture laden air
flowing into the passcngcr compartment from thc outside
causes thc internal air prcssure Io incrcasc, actin to drive air
oul of Ihe compartment through venLs and other unsealed
openings. Pushing air out the vents prevents an excessive
amount of moisture laden air from accumulaun ~ in the ss
passenger compartment as well as ensuring that the driest
possible air is passed over the inside heat exchanger 88

The anti-fog sequence continues until controller L3U has
executed the table of values rlepicted graphically at step 212
Having completed the predetermined routine, all of the
moisture that existed on inside heat exchanger 88 has
evaporated and thcrcforc thc tcmpcraturc of thc rcfrigcrant
cntcring thc condcnscr 88 no longer nccds Io bc controlled.
The anti-log flag is reset and the heat pump system transi-
uons lo normal steady-state heat pump mode in which the
speed of the compressor 76 is controlled such that a desired
duct outlet temperature as selected ivith temperature lever 74
is attained

From thc fore oing it will bc understood that thc inven-
tion provides a system which controls fogging when chang-
ing modes in a reversible HVAC system. Additionally,
through the use of. the anu-to ging method the rate of inituil
heating of the passenger compartment is not compromised
Additionally, the invention permits a system ivhich controls
fogging in an HVA('ystem ivhen initially starting air
contlitioning mode.
Heating System in a Reversible Atr Conditioning and Heat
Pump HVAC System for Eleclnc Vehicles

FIGS. 5 arul IZ dlustrate an exemplary temperature con-
trol system for a reversible air conditioning, and heat pump
IIVAC system for an electric automobile. I'IG 5 illustrates
the interconnection of controller 130 to an autnmntive air
contlitioning circuit 50. Controller 130 controls Ihc com-
pressor speed, flow management ccntcr &2 operation, and
blend door 61 posiuoning based upon inputs from front
panel 55, duct 56, anti the refngeranl system. The controller
130 is preferably a microprocessor-based circuit, that
includes processor 140 for executing a program, its associ-
ated memory 142, an A, I) 144 for converting analog signals
into digital inputs, and a driver circuit 146 for interfacing
with system components.

Processor 14U is programmetl to control the heanng motte
selecuon that is depictetl in the flowcharts of FIGS. 12A and
TZB The healing mode selecuon programs control the
operation of the I IVA('ircuit 50 during a heating operation
In the preferred embodiment of the inventinn the steps that
are included in thc heating mode sclcction modules arc
spread throughout a number of program modules such as thc
operating mode selecuon 152, compressor speed control
16U, and EXV control 16Z (see FIG. 61 Calculated changes
to the outputs that control the speed of compressor 76 and
the regulation of pressure reducing device 116 nnly occur
within the designated modules I'o clarify the included steps,
they have bccn brou ht together and listed in thc two heating
motte selection modules.

Heal lo Ihe passenger compartment is provided by a
combinauon of. the HVAC in heat pump mode arul PTC
heaters 62 depemhng on Ihe ambient temperature and the
requested target temperature as selected by the pnsition of
the temperature lever 74

For ambient tcmperaturcs less than 40' heat is supplied
only by thc PTC heater as thc rcvcrsiblc HVAC rcfrigcrant
syslem is disabled to prevent icing of the heal exchangers &U

and 88 which v,ould result in reduced airflow and odors in
the passenger comparlmenL. At ambient temperatures greater
than or equal to 40'( heat is supplied by either the heat
pump, the PT('eater 62, or the heat pump supplemented by
the PTC heater 62.

Rcfcrring to FIG. 12A, at step 270 a target tcmpcraturc is
calculated based upon the posiuon of temperature lever 74.
A loot up table, contains values that correlate temperature
lever potulion to Lhe Largel lemperature of Ihe air flowing
frnm the duct outlets 64—68 I'he creation of a lonkup table
containing such values is well known in the art. At step 272



the target lemperature is then compared lo Ihe lemperalure
of air tloiving into inside heat exchanger 88 'I'he pre-indoor
heat exchanger air temperature is measured by probe 132 If
the air temperature at probe 132 exceeds the target tempera-
ture thc PTC heater 62 is turned off, thc heat pump is turncrl
oft; aml thc blend door 61 is sct to thc max cool position. In
the max cool posinon air bypasses the PTC healer aml flows
directly to the duct outlets Dunng this mode of operation
the outside air which tlows into the duct 56 is warmer than
the passenger has requesterl via the temperature lever 74 To
cool the incoming air to the desired temperature the pas-
scngcr has thc option of enabling air conditioning mode.

For incoming air that is colder than the tar ct tcmpcrature
the compressor speed is adlusled by a PID controller at step
276 to dove the temperature of post inside heat exchanger is
air to the target temperature As compressor speed is
increased the refrigerant suctinn pressure and temperature
decreases enabling the refrigerant to absorb a greater amount
of heat from thc external air as thc rcfrigcrant travcrses the
outside heat cxchangcr (evaporator) 80. Thc rcfri crant is zo

addinonally compressed by the compressor to a greater
discharge temperature and pressure prior lo bemg routed to
the inside heat exchanger (condenser) 88. The increased heat
load of the refrigerant, obtained from the outside heat
exchanger 80, is then transferred to the air flowing through
the inside heat cxchangcr 88. Thc increased heat transfer
causes a commcnsuratc increase in Ihc post inside heat
exchanger air temperature, assuming lhe ambient tempera-
ture and air flow rate remains constant.

At step 278 the post insirle heat exchanger air temperature
is measured by probe 133 and compared to the target
temperature The post inside heat exchanger air temperature
reprcscnts the air tcmpcraturc prior to thc PT(i hcatcr. If the
air tcmpcrature is grcatcr than thc target tcmpcralurc, then
supplemental heat is not required lo achieve the target ZS

temperature. Therefore, at step 280 lhe controller turns PTC
healer 62 olf, sets the blend door 61 lo the max cool posinon,
and returns to step 270 to begin another iteration 'I'his is the
normal operating loop during heat mnrle operation as the
controller 130 regulates thc air tcmpcraturc Io Ihc selcctcrl ao

target tempcraturc. Thc post inside heat cxchangcr air tem-
perature will exhibit normal closed loop operation by fluc-
tuating shghtly about lhe larger temperature.

If. Ihe measured post in«tile heal exchanger air temperature
is less than the target temperature, then the electric heater,
P'f(.'eater 62, is turned on As the air flow rate across the
PTC heater 62 incrcascs, thc heal output of lhc device
incrc ascs thcrcby transferring a grcatcr amount of heat to thc
passenger compartment To regulate lhe quantity of heat that
ts transferred to the passenger compartment bleml door 61 o

proviiles a path for a portion of the air to bypass the PTC
heater 62 and recombine downstream with air that has
floived through the PTC heater 62. By reducing the quantity
of air that flows over thc PTC hcatcr 62, less heat is
transfcrrcd to the air, thcrcby reducing thc commensurate s
increase in the temperature of the air, and prov«hng a simple
means of regulanng the temperature of. Ihe recombined air.

At slap ZUZ the required blend door position lo achieve the
target temperature is calculated in a mannerknown in the art
Vhe required effectiveness represents the amount of P'I'('eating

that is required to raise thc mmpcralurc of thc post
inside heat cxchangcr air to thc target tcmpcraturc at the
existing airflow across the PTC. At slap 284 lhe controller
130 sets Ihe posinon of blend door 61 aml Ihe loop returns
to slap 270 to start another iteranon. This ts lhe normal os

operatin loop when supplemental heat from the PTC heater
62 is required to raise the rluct outlet air to the requested
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temperature. Each nme throu h steps 270, 272, 276, 278,
282, and 284 the position of the blenrl rloor 61 is varied
shghtly as the controller 130 responds to changing condi-
tions.

Altcmatively, thc heating mode sclcction program can bc
implcmcntcd as illustrated in FIG. 12B Thc program illus-
trateil in FIG. 12B is parncularly suitable lor operating
moiles where Ihe overhead ener y that is expended turning
on the heat pump or Pl'('eater 62 exceeds the energy
required to raise the passenger compartment temperature to
the desired temperature Al step 300 a forty seconrl timer is
started. The timer acts thc time period rluring which thc heat
pump attempts to attain thc target tcmpcraturc. At step 302
the heal pump target temperature is calculated based on the
potation of temperature lever 74. The impresser speed PID
controller is adjusted at step 304 to drive the compressor
speed towards attaining the target temperature At step 306
the heat pump gain is calculated I'he heat pump gain
rcprcscnts thc work thc heat pump contributes to raise thc
tcmpcraturc of thc passcngcr compartment under thc exist-
ing operanng conihnons. The heal pump gain is sel equal to
the outlet temperature, probe 133, mimis lhe inlet
temperature, probe 132, divirled by the outlet temperature
At step 308 the post-inside heat exchanger air temperature as
measured by probe 133 is compared to the target tempera-
ture calculatcrl at step 302 to dctcrminc if thc heat pump is
capable of attaining thc target tcmpcraturc. If the heat pump
iloes slain Ihe target temperature the forty second orner is
resel al slap 310 and the program returns lo step 3U2.
Additionally, if the heat pump has not attained the target
temperature but the 40 second timer has not timerl out, the
prngram returns to step 302 to continue to attempt to attain
the target tcmpcrature. Howcvcr, if thc heat pump docs not
attain thc target tcmpcraturc within 40 seconds then at step
314 the measured values lor heal pump gain and ambient
temperature are stored for later use. Although, in the pre-
ferred emboihment lhe heal pump is alloweil 40 seconds to
attain the target temperature, it is ivithin the scope of the
invention that the allowed time may range frnm about 0
seconds tn beyond 40 seconds. For example, thc heat pump
heating capability may bc charactcrizcd by factory mst or
simulation aml a number represenlanve of the capability
may be stored in memory lor later recall to determine if the
heat pump is capable of anaimng a target temperature.

At step 316 the heating mode transitions from the heat
pump to PI'C heater 62 by gradually decreasing the heat
pump output and increasing thc PTC heater 62 over a 40
second period. Making a gradual transition cnhanccs pas-
senger comfort by reducing the nonceabilily of the change
in svstem operanon. Al slap 318 Ihe snored value for heat
pump gain is adlusled lor changes in ambient temperature.
At step 320 the revised value for heat pump gain is com-
pared tn the system ain that represents the amnunt of work
required to heat thc passcngcr compartment to thc target
tcmpcraturc. If the system gain cxcccds thc heat pump gain,
there is insuflicient capacity in heat pump mode for heating
the passenger compartment, therefore the program remams
in PTC heal mode and returns to step 318. If the heat pump
gain exceeds the system gam, the heat pump is capable of
supplying the required heat necessary to attain the target
tcmpcraturc. Thc program arlvanccs to step 322 and transi-
tions from thc PTC heater 62 to heat pump over a 40 second
nme period, finally returning lo heat pump mode at step 3UU.

From Ihe foregoing it will be umlerslood that the inven-
non provides a system which minimizes energy consump-
tion during a heating operation of an automotive IIVA(:
system. Additionally, the method can lie employed to
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dynamically update lhe heaung mode selecuon as operatin ~

conditions change Also, through the use of the method the
energy efticiency of an electric vehicle is increased
Additionally, the invention provirles an energy efflcient
method for controlling thc passcngcr compartment lcmpera-
turc of an clcctric vchiclc.
A&r Handlmg for HVAC System for Elec&wc Vehicles

Refernng to FIGS. 5 ami 13, an air handling system for an
electric vehicle IIVA('ystem is illustrated I'IG 5 illus-
trates the interconnection of controller 130 to an autnmntive
air conditioning circuit 50 Controller 130 controls the
compressor spccd, flow managcmcnt ccntcr 82 operation,
and recirculation door 60 positioning bascrl upon inputs
from front panel 55, duct 56, and the refngerant system.
Recirculation door 60 may be set lo any value from full iresh is
air, through part fresh air with part recirculated air, to full
recirculated air

The reckculation door control program 251 is illustrated
in FIG. 13. Although FIG. 13 depicts all of thc recirculation
door program components existing in a single separate zo

program module, it is within the scope of the invention for
the diilerent elements lo be spread throughout the system
program In the preferred embodiment of the invention the
steps that are included in the heating, mode selectinn module
are spread throughout a numiier of program modules such as
the operating mode sclcction 152 and rccirc door positionin
154 modules (sec FIG. 6). To clarify thc included steps, they
have been brought together and listed m the blend door
control module.

When the system is turned-nn, step 250 is executed and
the recirculation door 60 is set to the recirculation position
Hy startin in the recirculation position less energy is
consumed controlling thc tcmpcraturc of lhc passcngcr
compartment. In recirculation mode, air from within thc
passenger compartment is rouled through the inside heal zs
exchanger 88 before being directed bacl into lhe passenger
compartment. Thereiore to rame the duct outlet air to the
desired temperature the heat transferrerl from inside heat
exchanger SS only has to supplement the difference between
the dcsircd tcmpcraturc and thc tcmpcraturc of thc passcngcr ao

compartment. In fresh air mode, to raise thc duct outkt air
to the desired temperature the heal transierreil Irom inside
heal exchanger 88 supplements lhe difference between the
desired temperature and lhe lemperaiure of the external air
which is flo&ving into the passenger cnmpartment. a.

Havin set the remrculation rloor 60 to its initial position
the program continues on to step 252 in which lhc inputs
from thc front panel 55 arc intcrrogatcd to dctcrminc if a
parucular positioning of the recirculauon door has been
requested. If a recirculauon door posinon chan e has been o

requested, then at step 254 lhe recirculanon iloor is set to the
requested pnsition at step 254.

In step 256 the program optinnally begins an anti-fog
scqucncc. As is cxplaincd above, fog in of thc passen cr
compartment windows may occur when thc rcvcrsiblc s
HVAC system 50 switches from cooling mode to heann ~

mode. Dunng lhe cooling motte cycle moisture accumulates
on the external su rface of the inside heat exchanger 88 winch
functions as an evaporator. When the HVAC switches from
cooling mode to heating mode the refrigerant flowing into
the inside heat cxchangcr 88, which functions as a
condcnscr, rapidly incrcascs in tcmpcraturc. As thc rcfr&g-
eranl begins to raise the temperature of the condenser 88,
moisture that had accumulated on lhe inside heal exchanger
88 dunn ~ the cooling mode begins to boil oif. The evapo- os

rating moisture is absorbed by air flo&ving through condenser
88 into the passenger compartment. I ogging then occurs

when the moisture laden air stnkes the cokier windows of
the passenger compartment

At step 258 the air handling procedure &luring an anti-fog
sequence is perfnrmed. The front panel selection fnr the
recirculation door 60 position is ovcrrirlrlcn as thc door 60 is
sct to thc full fresh air position. With fresh air flowing into
the passenger compartment the air pressure wuhm the
compartment increases, forcing air out of vents and door seal
cracks As new fresh air carrying its load of moisture is
blown into the passenger compartment, pre-existing mois-
ture laden air is forced out through the vents to the outside
environment. The recirculation door 60 remains in the fresh
air position until thc anti-fog scqucncc is complctcd, at
which ume Lhe recirculation door is reset lo ils former
pomhon.

In step 260 the prngram begins an air bio&v-by sequence
When the vehicle speed exceeds a predetermined value, such
as approximately 42 mph, the pressure from air flowing into
the fresh air duct 59 flows not only through thc blower 58,
but also hack up through the recirculation air duct 57. Thc
air flowing bacl mto the recirculanon air duct 57 bypasses
the inside heat exchanger 88 and PTC heater 62 which are
dnwnstream from the recirculation door 60 Therefore, the
air flowing hack intn the recirculation duct is unconditioned
external air. Fhe external air could vary from extremely cold
rlry air durin winter months to very hot humid air during thc
summer months. Thc cxtcrnal air flows out of thc duct inlets
and ihreclly onto lhe passengers in lhe passenger compart-
ment.

At step 262 the prngram sets the recirculation &lour 60 to
prevent an undesirable air blow-by event from occurring
The previous setting of the recirculation &lour 60 is overrid-
rlcn and the door is sct to the full fresh air setting. Thc
recirculation air duct 57 is blocked when the recirculation
&hair 60 is in lhe, full fresh air posiuon, therefore ihe I rash ur
is Iorced through blower 58, inside heat exchanger 88, and
PTC healer 62. The fresh air is properly condinoned lo the
desired temperature before being blown into the passenger
compartment and nn air flmvs hack through the recirculation
rluct 57. Although in thc prefcrrcd cmborhmcnt thc recircu-
lation door is sct to thc full fresh air setting il could
alternately be set to the full recirculation air sett&ng, in which
case the lresh air duct 59 is blocked, prevenung Iresh ur
Irnm flowing into the duct 56. Addiuonally, although m the
preferred embodiment the setting of the recirculation door
60 is independent of the prior position of the recirculation
rloor 60, thc selection of thc full fresh air setting versus thc
full recirculation setting could bc bascrl on the position of
the recirculation door 60 poor to entenng lhe air blow-by
sequence.

From lhe foregoing it will be umierslood that ihe inven-
tion provides a system for selectively overrirling the pas-
senger air mixture selection under predetermined vehicle
opcratin conditions to permit HVAC operating modes that
enhance passenger comfort Additionally, thc syskm can bc
emploved to improve vehicle periormance by automaucally
adlusting the air mix dunng predetermined vehicle operating
moiies.
System for Cooling Electric Vehicle llatteries

Referring to I'l(k 14, a schematic of an automotive I IVAC
circuit 220 for an clcctric vchiclc is illustrated. Thc HVAC
circuit 220 is an altcrnativc embodiment of thc invention
wherein heal from lhe battery pack 224 is used io supple-
ment heating of. the passenger o&mpartment. The circuit 220
is similar lo the HVAC circuit 50 illustrateii in FIG. 1 with
the addition of a heat exchanger circuit 222 fnr cooling a
battery pack 224. A heat exchanger circuit 222 communi-
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cates with auxiliary heat exchanger 92 to cool bauery pack
224 and controller 130, anil includes a heat exchanger 228,
a battery pack 224, a reservoir 230, anil a pump 232.

I.iquid high pressure refrigerant from flow management
center 82 flows through expansion valve 226 and shut-off'alve

86 into heat cxchangcr 228. Although hick pressure
refngeranl in the preferred embodiment is obtained from
flov, management center 82, u is within the scope of the
invention to obtain high pressure refrigerant from other
means such as a valve, a receiver,'drier, or a reservoir lc

Additionally, although a thermal expansion valve is
employed in thc prcfcrrcd embodiment, thc principles of the
invention may bc readily cxtcndcd to other prcssure rctluc-
ing means such as an electromc expansion valve. Shut-olf
valve 86 is included merely to show a posinble method of is
controlling battery cooling by preventing the flow of refrig-
erant into heat exchanger 228. The refrigerant outlet of heat
exchanger 228 is connected to the compressor 76 suction
linc such that the vapor is combined with rcfrigcrant vapor
from other system cvaporators prior to flowing into thc zo

compressor 76 inlet.
The coolant outlet of heat exchanger 228 connects to

battery pack 224 which includes the vehicle energy storage
batteries liest is generated in the batteries dunng energy
storage and discharge cycles due to energy losses from
converting chemical cncrgy to electrical cncr y. Heat from
the batteries is transfi:rrcd through thc battery pack into the
coolant. The outlet of battery pacl 224 connects to reservoir
230 which connects lo lhe inlet of pump 232. The pump 232
propels the coolant through heat exchanger circuit 222
Coolant from the pump 232 flows through controller 130,
cooling the system electronics 'I'he heat generated by the
controller 130 is arlditionafly Iransfi:rrcd into thc coolant.
Thc controlkr 130 controls thc operation of HVAC system
220. The temperature of: bauery pack 224 is sensed by zs
temperature probe 225 which provides an mput to the
Bauery Energy Management System (BEMS) 234. The
BliMS 234 controls the operatinn of shut-off valve 86 m
response to the temperature senserl by prolie 225

FIG. 15 illustrates thc operation of HVAC circuit 220. In so
this cmbodimcnt controller 130 sets four-way valve 78 such
that lhe system heaung mode is operanonal. High pressure,
high temperature refngeranl flows from compressor 76
outlet through four-way valve 78 into inside heat exchanger
88 which functions as a condenser l.iquid refrigerant flows
from the outlet of condenser 88 through shut-ofy valve 84
into a bi-directional port of flow managcmcnt ccntcr 82. The
refrigerant then splits with a portion flowing from an outkt
of flow management center 82 lo expansion valve ZZ6, aml
the remainder of the refngeranl flowing out of. the expansion o

valve 116 of: the flow management center 226 to outsitle heal
exchanger 80. Pressure reduced refrigerant flows through
the outside heat exchanger 80 which functions as an evapo-
rator absorbing heat cncrgy from thc outside air flowin
through it. ss

In operanon, the refngerant that flowed from the outlet of
flov, management center 82 flows through expansion valve
226 and shut-ofl valve 86 before entering heat exchan er
228 I'he pressure reduced refrigerant that flows through
heat exchanger 228 absorbs heat energy from coolant that is
routed through heat cxchangcr circuit 222. Thc process by
which heat cncrgy is transfcrrcd from Ihc coolant to the
refngeranl in heal exchanger 222 is the same as what occurs
in insitle heat exchanger 88 the functioning of. an evaporator
described earlier. The coolant in circuit 222 flows through ss
battery pack 224 absorbing heat from the vehicle batteries
fhe coolant then flows through reservnir 230 anil pump 232

before absorbing addinonal heat from controller 13U pnor to
returning to heat exchanger 228 I lot cnolant enters the heat
exchanger 228 inlet and transfers its heat energv to the
pressure reduced refrigerant flowing through the refrigerant
linc vvithin thc heat cxchangcr 228. Thc prcssure rcduccd
refrigerant transitions to thc vapor state as it absorbs heat
energy from the coolant. The vapor stale refn erant then
flows through Ihe four-way switch 78 before combining with
vapor state refrigerant from outside heat exchanger 80 prior
to the inlet to compressor 76.

Coolant continues to circulate through circuit 222 so long
as thc tcmperaturc of thc battery pack 224 remains above40'.

When thc battery pack 224 tcmpcraturc dccrcascs below
40'. Ihe BEMS Z34 disables shut-off valve 86 interrupting
the flow of. refngeranl to Ihe heal exchanger 228. Coolant
continues to floiv through heat exchanger circuit 222 as the
temperature of the battery begins to slowly increase. Once
the temperature of the battery pack 224 once again rises
above 40', thc BEMS 234 cnablcs shul-ofl valve 86,
rcestablishin the flow of rcfrigcrant to thc heat cxchangcr
228 and Ihe transfer of heat from lhe heat exchanger circuit
224 to Ihe HVAC circuit Z2U resumes.

Waveform h, of I'IG 15 illustrates the heat cycle of
IIVAC circuit 220. Refrigerant flowing into evapnrator 80
initially carries a heat load depicted as plateau 238. As the
refrigerant flows through evaporator 80 il absorbs heat
energy from outside air that is blown through thc evaporator
8U. Meanwhile, refngeranl flowin ~ through heal exchanger
228 also carries a heal load depicted as plateau 238. The
refrigerant floiving through heat exchanger 228 absorlis heat
energy that is transferred from the battery pack 224 of heat
exchanger circuit 222. 'I'he heat load of the refrigerant
increases to plateau 242 when thc vapor state rcfrigcrant
from heat cxchangcrs 80 and 228 combines prior to com-
pressor 76. The refngerant heal loin) further increases to
plateau 244 when compressor 76 compresses Ihe vapor state
refrigerant lo a high pressure, high temperature vapor. The
stnred refrigerant heat energy decreases to plateau 238 as the
refrigerant traverses the inside heat exchanger 88 and the
heat energy is transferred to air that is blown through into thc
passenger compartment.

Using waste, heal from the bauery pacl to supplement
heat energy absorbed from lhe outsitle air for heating the
passenger compartment provides a number of advantages. It
expands the operating conditions under which heat mode
operation of the IIVAC is possible by increasing the stored
energy in thc rcfrigcrant. It improves thc cfflcicncy of thc
ovcrafl vehicle system by reducing thc nccd Io rely on
ekclnc energy lo heat the passenger compartment. Where
convennonal systems woukl exhaust Ihe bauery pack waste
heat to Ihe external environment and use eleclnc energy
frnm the batteries to provide supplemental heat to the
passenger compartment, the invention reduces the need for
clcctrical heating by using thc waste heat from thc baltcrics
to supplcmcnt thc heat pump system.

During cooling mode the tlow of the refngeranl through
the main loop is reversetl from heal pump mode. Heai from
air passing through Ihe mside heat exchanger (evaporator)
88 is alisorbed by the refrigerant 'I'he refrigerant flowing
through localcmne heat exchanger 228 continues to alisorb
heat from thc heat exchanger circuit 222 (refer to FIG. 14).
Thc refrigerant from thc local-zone heal cxchangcr 228
combines with refri erant from inside heat exchan er 88
pnor lo compressor 76. The refngerant is compressed fur-
ther adding to lhe heal load and directed lo the outside heat
exchanger 80 (condenser) As the refngerant traverses the
condenser 80 the combined heat load is sherl to the outside
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air thai flows through Ihe condenser 80. The refngerant then
flov,s to Ihe tlow mana ament center 82 and then throu h the
remainder of thc circuit

From thc foregoing it will bc understood that the inven-
tion provides a system for increasing, the operating range of
an automotive heat pump system Arlrlitionafly, the invention
proviifes a system for improving the energy efhciency of an
electric aulomobde Further, the invenuon provides a system
for cfficicntly distributing thc heat cner y of an clcctric
automobile. ALso, a mcthotl is presented for cooling the

lc
battery pack of an electric vehicle
Advantages of the Invention

From the foregoin ~ it will be underslootl that the inven-
tion provides a flow management device with bi-directional
ports in which refrigerant flowing into cithcr port passes
through an expansion valve and exits thc other port.
Additionally, the invention can integrate the receiver/drier
function intn a flnw management device with bi-directional
ports to provide the capability of lapping off refn erant flow
for secondary cooling circui(s. Also, Ihe present invention
decrcascs the complexity of automotive HVA(i systems by zo

inlegraung a flow management device mto lhe system to
reduce the number of valves required lo implement a revers-
ible heating and cooling I IVAC system A further capability
of the invention is to provide a centralized flow management
center ivith taps for refrigerant to reduce the complexity of
automotive HVAC systems that implcmcnt muhi-zone con-
trol.

The invention provides a system for improving the
steady-state response nme of an automotive HVAC system.
Additionally, the invention permits a rerluction in the start-
up time of an automotive air conditioning system Also, the
invention provides a system for controlling an IIVA('ys-
tem that employs a flow management dcvicc. Thc invention
further provides a system for controlling an HVAC system
incorporanng a cenlrahzed flow management center 35

The invennon provides a system which controls fog nn ~

when changing modes in a reversible HVAC system
Additionally, thrnugh the use of the anti-fogging method the
rate of initial heatmg of the passenger compartment is not
compromised. Additionally, thc invention permits a system ao

which controls fogging in an HVAC system when initially
starting air comhtioning mode

The invention provides a system which minimizes energy
consumption during a heaung operauon of. an automonve
I IVA('ystem Additionally, the method can be employed to
dynamically update the heating mode selection as operating
conditions change. Also, through thc use of thc method the
energy ctficicncy of an clcctric vchiclc is increased.
Additionally, the invenuon provides an energy etficienl
method for controlling the passenger compartment tempera- o

ture of an electric vehicle.
The invention provides a system for selectively overnding

the passen er air mixture selection under predetermined
vehicle operating conditions Io permit HVA(i opcratin
modes that cnhancc passcngcr comfort. Additionally, the 3

system can be employed to improve vehicle performance by
automaucafly adlusling the air mix during predetermined
vehicle operaung modes.

The inventinn provides a system fnr increasing the oper-
ating range of an automotive heat pump system ac

Additionally, thc invention provides a system for improvin
the cncrgy cfhcicncy of an clcctric automobile. Further, the
invention provides a system for efflciently dtstitbuttn ~ the
heal energy of an electnc automobile. Also, a method is
presented for cooling the battery peel of an electric vehmle. ss

Althou h certain preferrerl embodiments of the invention
have been herein described in nrrler to afford an enlightened

umlerslamfing of Ihe invennon, amf to descrdie fls
pnnciples, il should be understood thai the present invention
is susceptible to modification, vanation, innovation and
alteration without departing or rlcviating from thc scope, fair
meaning, and basic prinmples of the suftjoined claims.

What is claimed is
I A flow management device for regulaun ~ refngerant

flow in an automotive HVAC system, the flow management
tlcvicc comprising:

a hnusing defining a first port, a second pnrt, anil a flow
path extending between said Iirst port and said second
port lo communicate a flow of refrigerant lherebe-
twcen;

a lirsl flow sensiuve valve sealingly tfisposetl in saitl flow
path for prevenung the tlow of high pressure ref nge rant
from the second port to thc first port;

a secnnd floiv sensitive valve sealingly rlisposed in said
tlow path fnr preventing the tlow of high pressure
rcfrigcrant from thc first port to thc second port;

a pressure reducing device disposed in said floiv path for
pressure reducin high pressure refrigerant that tlows
through either said first flow scnsitivc valve or said
second flow sensitive valve, and

a pressure sensitive valve for preventing the flnw of high
prcssure rcfrigcrant bctwccn thc first port and thc
second port, said prcssure scnsitivc valve having a firs
position and a second posiuon such that when the
pressure sensitive valve is in Ihe Iirsl position pressure
reduced refrigerant is permitted to flnw from the pres-
sure reducing device to the second pnrt and when the
pressure sensitive valve is in the second position pres-
sure rcduccd rcfrigcrant is pcrmittcd to flow from thc
prcssure reducing dcvicc to thc first port;

wherein during one operating mode high prcssure rcfrig-
crant flows into thc first port, through thc first flow
sensitive valve, into thc prcssure reducing dcvicc
whereby pressure reduced refngeranl is emitted, and
the pressure reduced refrigerant flows through the
multi-function valve and out of the seconrl port; and

during a second operating mode high pressure refngerant
flows into the second port, through lhe second flow
sensitive valve, into the pressure reducing device
whereby pressure reduced refrigerant is emitterf, and
thc prcssure rcduccd rcfrigcrant flo s through thc
niulti-function valve and out of thc first port.

2 Thc flow managcmcnt device of claim 1 further com-
posing a receiver for accumulating liquid refngerant to
ensure a conunuous supply of. refngeranl lo Ihe pressure
rerlucing valve

3 I'he tlow mana ement device of claim 2 further com-
posing an outlet in thc rcccivcr for providing liquid rcfrig-
crant to secondary heat cxchangcr circuits.

4 Thc flow managcmcnt device of claim 1 further com-
posing a dessicanl for Iillenn contaminanls from lhe refitg-
i:rath.

5 The tlow management device of claim I ivherein the
high pressure refrigerant flowing into the first bi-directional
port causes thc prcssure scnsitivc valve to change to a
position that permits prcssure rcduccd rcfrigcrant to flow out
of thc second bi-directional port

6 A flow management device for regulaun ~ refngerant
flow in an automotive HVAC system, the flow management
device cnmprising

a housing defining a Iirsl port, a secomf port, and a flow
path extending between said Iirst port and said second
port to communicate a flow of refrigerant therebe-
tween;
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a lirst flow sensinve valve sealingly disposed in saicl flow
path for preventing the tlow of high pressure refngerant
from the second port tn the first port;

a second flow scnsitivc valve scalingly disposed in saicl
flow path for preventing lhe flow of high pressure
refrigerant from the lirsl port lo lhe second port;

a pressure redumng device disposed in said tlow path for
prcssure reducing high prcssure refrigerant that flows
through cithcr said first flow scnsitivc valve or saicl
secotlcl flo'tv st:llsilivc valve; lc

a receiver for accumulating liquid refngerant to ensure a

continuous supply of refrigerant to the pressure reduc-
ing valve;

an outlet in thc rcccivcr for providing liquid rcfrigcrant to,s
secondary heat exchanger circuias, and

a multi-function valve for preventing the flow of high
pressure refrigerant between the first port and the
second port and for permitting thc flow of pressure
rcduccd rcfrigcrant from thc prcssure reducing device zo

to the lirst port and lhe second port;
tvherein during one operating mode high pressure refiug-

erant flows into the hrst port, through the first tlow

sensitive valve, into the pressure reducing device
whcrcby prcssure rccluccd rcfrigcrant is cmittcd, and
thc prcssure rcduccd refrigerant flov s through thc
multi-function valve and out of the seconcl port; and

during a second operating moclc high prcssure rcfrigcrant
tlows into the second port, through the seconcl tlow
sensitive valve, into the pressure reducing device
whereby pressure reduced refngeranl is emitted, and
thc prcssure rcduccd refrigerant flov s through thc
multi-function valve and out of the first port

7 I'he tlow mana ement device of claim 6 further com-
pnsing a dessicant for filtering contami nants from the refrig-
t:rain.

g The flow management device of claim 6 wherem the
multi-function valve comprises a first prcssure scnsitivc
valve and a second prcssure scnsitivc valve such that prcs-
sure reduced refrigerant does not flow through the first and
the second pressure sensitive valves at substannally the
same time.


