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[57] ABSTRACT

11 Claims, 15 Drawing Sheets

A pressure reducing assembly is provided for managing
refrigerant flow in a rcvcrsiblc HVAC system. Refrigerant
lines from the system heat exchangers connect to
bi-directional ports of a prcssure reducing assembly which
converts the high pressure refrigerant flowing from one heat
cxchangcr into prcssure reduced rcfrigcrant that tlows to thc
other hmu exchanger. The pressure reducing assembly con-
verts bi-directional rcfrigcrant flow from the heat cxchang-
ers into unidirectional refrigerant flow through a pressure
reducing device. Refrigerant emitted from the prcssure
rerlucing device tlows out of the pressure reducing assembly
to the other beat cxchangcr. Thc invention simplifies the
interconnection of reversible HVAC systems by elinunating
the. complex plumbing and extra valves associated wnh
conventional systems. In tuldition, thc invention can further
mtegrate the receiver/ilrier I'unction mto the pressure reduc-
ing assembly providing a centralized device for tiltcring
relrigerant tlow anil ensunng a continuous supply of hquid
rcfrigcrant to thc prcssure rcrlucing dcvicc. Also, outlets can
l&e ad(led to the receiver portion of the pressure reducing
assembly to provide a source of high pressure hquid refrig-
erant for secondary heal exchangers.
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6,082,121(
1

RFVERSIBLE AIR CONDITIONING AND
HEAT PUMP HVAC SYSTEM FOR

EI,FCTRIC VFHICI,FS

BACKGROUND AND SUMMARY OF THE
IN VEN I ION

The present invention rclatcs generally to automotive
IIVAC systems for controlling the environment of an auto-
mobile passcngcr compartment. Morc particularly, thc
mvention relates to a flow management system for control-
ling refrigerant flow in an automotive HVAC system.

This application is related to co-pending applications all
fiierl on Nov. 12, 1998 sand titlcii Refrigerant Flow Man-
agement Center I'or Automoiiiles, Controller I or Reversible
Air Conditioning And Heat Pump HVAC System For Elec-
tric Vehicles, Anti-I'og Controller I'or Reversible Air Con-
ditioning And Heat Pump HVAC System For Electric
Vehicles, Controller Iior ileating In Reversible Air (.'ondi-
tioning And Heat Pump HVAC System For Electric „oo
Vehicles, Air Hanilling Controller For Hvac System For
Electric Vchiclcs, and System For (.'ooling Electric Vchiclc
Battenes. Each of these applications is incorporateti by
rcfcrcncc into thc prcscnt application.

Automotive climate control systems have traditionally „&

been single loop designs ui which the full volume of
relrigerant flows through each component in Ihe system. In
operation, refrigerant in the vapor phase is pressunzed by a
compressor or pump. The pressurized refrigerant flows
through a condenser which is typically configured as a long
scrpcntinc coil. As rcfrigcrant tlows through the condenser,
heat energy stored in the refrigerant is rathated to the
cxtcrnal cnvironmcnt resulting in the rcfrigcrant traosition-
mg to a liqutd phase The hquelied rei'rigerant flows from the
conrlenser to an expansion valve locaterl prior to an evapo-
rator. As the liquid flows through the. expansion valve it is
converted from a high pressure, high temperature liquid to
a low prcssure, low temperature spray allowing it to absorb
heat. The refrigerant flows through the evaporator absorbing
heat from thc air that is blown through thc evaporator fins. 4o
When a sufficient amount of heat is absorbed the refrigerant
transitions to the vapor phase. Any further heat that is
absorbed raises the vaporized refrigerant into a superheated
tcmpcraturc range whcrc thc tcmperaturc of thc rcfrigcrant
increasee beyond the saturation temperaiure. The super- 44
heats«i refrigerant flows from the outlet of thc evaporator to
the compressor where the cycle repeats.

Oenerally, tbe refrigerant tlowmg into the compressor
shouki lie in the vapor phase Io maximize pumping efli-
ciency. The operation of the refngerant loop in conventmnal so
automotive HVAC systems is controlled bv cycling the
compressor on and off as well as by varying the volume of
refrigerant that is permitted to flow Ihrough the expansion
valve. Increasing the volume of refrigerant that tlows
through the valve lcngthcns the distance travcrscd by thc
hquid before it changes to the vapor phase, alloiving the heat
exchanger to operate at maximum cfflcicncy

Arlvanccs in automotive HVAC systems have led to zone
tcmperaturc control systems in which diifcrcnt zones of an
automobile are indepenriently controlled. Zone control sys- eo
terna generally include an evaporator and expansion valve
for each zone. The refrigerant flows through a compressor
and condenser, then is split liy a system of valves before
tiowing to thc expansion valve and evaporator of each zone.
The refngerant flowing out ol'he evaporator oi'ach zone is
then recombined iicforc rcturnin to thc compressor. A
ciimplex «ones of valves and plumbing is generally requirerl

to maintain a balanced HVAC system that provides indi-
vidualized control for each of the zones. The refrigerant
plumiiing associated with zone control systems is signifi-
cantly more iximplex than the plumbing of prior single loop
rival lls.

'lqie complexity of refrigerant plumbing has further
increased with the rcccnt implcmcntation of reversible heat
pump systems in automobiles. In a reversible heat pump
system the direction of thc rcfrigcrant tlow is controlled by
a four-way switch, thus permitting the HVAC system to
opcratc in both a heating moik and a coolin mode. In thc
cooling mode refrigerant tlov s from the compressor through
an outside coil (condcnscr) anil into an expansion valve and
ins«le coil (evaporator) before returning Io the compressor.
I lcat cncrgy is extracted from air that is blown through thc
inside coil (evaporator), thus providing cooled air to the
passcngcr compartment. In thc heating mode the four way
valve reverses Ihe flow of refrigerant through the cents,
thcrcby rcvcrsing thc function of thc coils. Rcfrigcrant flows
I'rom Ihe, compressor through the inside coil (condenser)
then into an expansion valve aml the outsiile coil
(evaporator) before returning to the compressor. Heat energy
m the hquetied refngerant floivmg through the mside coil is
absorbed by air that is iilown through the coil into the
passenger compartment thus providing heated air For the
rcversiblc system to opcratc, valves with associated plumb-
mg must be provtded to bypass one of Ihe expansion valves
during each mode When zone control is added to a revers-
ible heat pump system the complexity and cost of the HVA(.
further increases. In addition to excessive cost, the system
becomes less reliable iiue Io the increased number of valves,
plumbmg, and control software required for the system

One object of the present invention is to decrease the
complexity of automotive HVAC systems by employing a
pressure reilucing assembly in the system to reduce the
number of valves required to implement a reversible heating
anil cooling HVAC sysiem.

Another object of the present invention is to integrate a
receiver/dner function into the pressure reducing assembly
to provide a centralized assembly for supplying refrigerant
to the system heat exchangers.

A further object of thc prcscnt invention is to provido a

pressure reducing assembly with outlets for providing liquid
refrigerant to secondary heat cxchangcrs that may bc
employed in automotive IIVAC systems that implement
multi-zone control.

It is now proposed, according to the present invention, to
empkiy a centralizetl pressure reducing assembly to reduce
the cost and improve the performance and reliability of
automotive rcvcrsiblc HVAC systems by simplifying thc
interconnection of the I IVAC component~. Refrigerant lines
from thc system heat cxchangcrs connect to bi-directional
ports of a pressure reducing assembly which converts the
high prcssure refrigerant flowing from one heat exchanger
into pressure reduced refrigerant that flows to the other heat
exchanger. The pressure rcducin asscrnbly converts
bi-rhrectional refrigerant liow from Ihe heat exchangers into
unidirectional refrigerant flow ttirough a pressure reducing
device. Refrigerant emitted from the pressure rerlucing
device tloivs out of the prcssure reducing asscmlily to the
other heat exchanger. The invention simplilies thc intercon-
nection of reversilile HVAC systems by eliininating the
complex plumbing anti extra valves associated with conven-
tional systems In addition, the mvention can I'urther inte-
grate the rcceivcrrdricr function into thc prcssure reducing
assembly providing a centralized device for liltenng reirig-



erant flow and ensuring a continuous supply of liquid
refrigerant to the pressure reducing device. Also, the inter-
connection to secondary heat oxchangers is simplified by
routmg high pressure liquid refrigerant from outlets m the
rcccivcr portion of thc prcssure reducing assembly. s

'I'he above described device is only an example. Devices
in accordance with thc prcscnt invention may bc imple-
mented in a variety of ways.

liRILI DL'SCRIPTION Ol'HL'RAWINGS IO

DETAILED DESCRIPTION OF THE
PRL&I'LLRRLD L'MIIODIML'N'I'I(i.

I illustrates an exemplary reversible HVAC system
50 for motor vchiclcs that includes an air-flow structuro 52,
a refrigerant tlow system 54, and a front panel 55 Rlr

These and other olljects of the present invention &vill

become apparent to those skilled in thc art from the follow-
ing detailed descnption m con)unction with the attached
drawings in which.

I l(i. I is a schematic representation of a preferred
cmbodimcnt of Ihc automotive refrigerant circuit;

I IG. 2 is a cross-sectional view of thc tlow managcmcnt
center shown m FIG I,

FIGS. 3n and 36 presenL cross-sectional views oi'. flow
management devices embodymg the present mvention;

FIG. 4 is a schematic representation of an alternative
automotive refrigerant circuit;

I l(i. 5 is a block diagram illustration of the control circuit
interconnection to a revcrsiblc HVAC refrigerant circuit;

FIG. 6 is a flow cliagram showing an overview of thc
control program I'or the preferred embodiment of the inven-
t in&1;

110. 7 is a tlow diagram illustration of the expansion lo
valve control program for the prcfcrred cmbodimcnt of the
invention;

FIG. 8 is a flow diagram of the compressor speed control
moclule for the preferred embodiment of the invention;

FIG. 9 is a diagram dlustraung the interaction between the
expansion valve and compressor durnlg the turn-on transi-
L10 il,

I'IG. 10 is a datagram illustrating the relationship bctwccn
the temperature cycle and a schematic representauon of an
HVAC system;

ll(i. 11 is a tlow diagram of the anti-fog algorithm for the
prcfcrrcd cmbodimcnt of thc invention;

I l(i. 12A is a tlow diagram of the heating mode selection
module of: the presently preferred embodiment of. the 4

invention,
FI(i. I2B is a flow diagram of an alternauve heating mode

selection module in accordance v,ith thc principles of Ihc
invention;

FIG. 13 is a tlow diagram of Ihe air-handling method for 'o

the preferred embodiment of the invention;
Fl(i. 14 is a schematic representation of' pret'erred

embodiment of an IIVA('ystem coupled to a battery pack
module;

I l(i. 15 is datagram illustrating thc relationship between
a preferred cmbodimont of Ihc HVAC system and its heat
lo'lcl cvcle; encl

FIG. 16 is a datagram illustrating thc relationship bctwccn
the lemperalure lever position and Ihe corresponding oper- so
sting mode.

providing controlling inputs. The reversible HVAC system
50 can both heat aml cool the passenger compartment air of
a motor vehicle by using the refrigerant flow system 54 in
conjunction with the air-liow structure 52 to transfer heat
energy between the outside environment and the passenger
compartment. In heating mode, heat energy is transferred
from thc outside environment to air that flows into thc
passenger compartment and in cooling mode, heal energy is
transferred to the outside environment from air that flows
into the passcngcr compartment. Thc refrigerant tlow system
54 acts as a storage meclium for heat ener y that is bein
transferred between the outsule environment and the pas-
sen cr compartment. The air-liow structure 52 controls the
flow ol'onditioned air into the paxsenger compartment. An
inside heat exchanger 88 provides an intorfaco between thc
refngerant flov, system 54 and the air-flolv structure per-
mitting the transfer of heat cncrgy bctwecn thc rcfrigcrant
and the air flowing into the passenger compartment. The
front pane155 provides a means for the passengers to control
the temperature, flow rate, and operating mode oi'Ihe HVAC
svsti:nl.

Thc air-flow structure 52 includes a duct 56 throu h
which air is supplied into the pea~anger compartment, a
bio&ver 58 for introducing air into the duct 56, a recirculation
door 60 I'or controlling the proportion of fresh air to recir-
culated air, a P'I'('. heater 62 for heating the air, a blend door
60 for controlling Ihe proportion of air Lhat flows over the
PTC heater 62, and a set of duct outlets for discharging air
into ihe passenger compartment.

The duct outlets include a defrost outlei 64 for directing
air towards the windshield of the vehicle, a panel outlet 66
for directing air towards the upper extremities of the
passengers, and a tloor outlet 68 for discharging air towards
the lower cxtrcmities of thc passengers. The duct outlets
64-68 are selectively opened and closed by a mode damper
70 which operates in accordance with the position of the
mode selector switch 72 located on front panel 55.

The refngerant flow system 54 is operable in a heatmg
mode and a cooling mode and includes a compressor 76, a
I'our-way switch 78 for controlling the direction of rel'ng-
erant tlow, an inside heat exchanger 88 for transferring
energy between the refngerant and atr tlov,ing into the
passenger compartment, an outside heat exchanger 80 for
interfacing with the outside environment, a flow manage-
ment center 82 for reducing the pressure of refngerant
flowing into a heat cxchangcr that is functioning as an
evaporator, shut-off valves 84 and 86 for system protection,
zone-control heat cxchangcr 92 for providing indcpcndcntly
controlled cooling to a local region, and pressure reducing
dcvicc 90 for reducing the pressure of refrigerant flowing
into the zone-control heat exchanger 92. The refrigerant tlow
system 54 interacts with the air-liow structure 52 and thc
passenger compartment through Lhe operation ol'he inside
heat cxchangcr 88 during thc heating and cooling modes.
The function of the inst&le heal. oxchanger 88 changes in each
operating mode; during heating mode thc inside heat
exchanger 88 functions as a condenser transferring heat
energy to air that passes through air-tlow structure 52 into
the passcngcr compartment and durin cooling mode thc
inside heat exchanger 88 functions as an evaporator absorb-
ing heal energy from thc air that passes throu h air-liow
structure 52 into Ihe passenger compartmenL.

'I'he compressor 76 is driven by a variable speed electric
motor (not shown). Varyin thc spcvd of the electric motor
causes a commensurate change in the suction pressure and
rcfrigcrant discharge capacity of compressor 76. Although
the compressor in the present embodiment is a variable



speed compressor, it is within the scope of the invention to
employ a single speed compressor. The I'our-way switch 78

connected between the compressor 76 anal the heat
exchangers 80 and 88 to provide a method of changing from
air conditioning mode to heat pump mode by reversing the
direction of refrigerant flow,

'll&e ins&de heat exchanger 88 functions xs an evaporator
during a cooling operation and as a condenser during a
heating operation. Inside heat cxchangcr 88 is arranged
within duct 56 so that Lhe air blown through the exchanger
88 is conditioned prior to passing over P TC hcatcr 62 and
being dischar ed through the duct outlets. Shut-otf valve 84
provides a means of interrupting refrigerant flow during
HVAC operating modes that do not require operation of
inside heat exchanger 88. L'xamples of such operatin
modes include disabling operation of thc inside heat
evchanger 88 as an evaporator at low ambient temperatures
that could result in frcezin of thc heat cxchan cr 88 duc to
condensation, aml modes where only secondary heat
cxchangcrs arc operational such as zone control heat
exchanger 92 Such operating modes include coolmg of a
battery assembly and cooling of pro-sclcctcd regions within
the vehicle. The flow management center 82 reduces the
pressure of and expands the refrigerant to be supplied to the
inside heat exchanger 88 dunng a cooling operation

The ouLside heat exchanger 80, which is generally located
towards thc front of thc vehicle, exchanges heat bc(ween thc
outside air and the refrigerant A fan 94 ensures a constant
supply of outside air fk&ws through outside heat exchanger
80. During air conditioning mode the outside heat exchanger
80 functions as a condenser providing a means for the
refrigerant to shed heat to the out~ide air. During heat pump
mode the outside heat evchanger 80 functions as an evapo-
rator absorbing heat encr y from the outside air into the
refrigerant.

The floiv management center 82 provides a centralhzed
devic&, for reducing the prcssure of refrigerant flowing into
a heat exchanger 80 or 88 lhnctioning as an evaporator and
acts as a source of high prcssure liquid refrigerant for
secondary heat evchangers. Conventional mrcuits use a 4o
separate pressure reducing device with bypass plumbing for
each heat exchanger that functions ws an evaporator. By
using a single flow management center 82 to provide pres-
sure reduced refngerant the complexity of. the refngerant
flov" system 54 is greatly reduced Additionally, a receiver/ 4

drier function is intcgratcd into thc flow management ccntcr
82 for ehminating contammants and providing a reservrur of
pressurized liquid rcfrigcrant. Refrigerant tapped from thc
receiver portion is routed to pressure reducing device 90 and
then to zone-control heat exchanger 92. Although thc flow so
management center in the preferred embodiment includes a
rcceiverrdricr function the principles of the invention can bc
extended to flow management devices Lhat do not include a
receiver 'drier function.

I low managcmcnt ccntcr 82 is illustrated in greater detail .

m I'IO 2 to include a housing 100 defining bi-directional
ports 102 and 104, a prcssure sensitive valve 106, check
valves 108 and 110, desiccant 112, a uni-directional flow
member 114, prcssure reducin valve 116, outlets 118 and
120, temperature probe 124, and pressure probe 122. Pres- ec
surized liquid refrigerant tlows into bi-directional port 102
or 104, through the correspondin check valve 108 or 110,
through the dessicant 112, into reservoir 113, up the uni-
directional liow member 114, through prcssure reducing
device 116 and pressure sensiuve valve 106, and linally
rcduccd prcssure refrigerant flows out of thc other
bi-directional port 104 or 102. When the HVAC system 50

changes operating modes the direction of refri crant flow
reverses as high pressure refrigerant flows mto the
bi-&hrectional port that pressure reduced refngerant was
flowmg from Tl&e refrigerant then floivs through the corre-
sponding check valve 110 or 108, through the dessicant 112,
into reservoir 113, up the uni-directional flow member 114,
through prcssure rcducin dcvicc 116 and pressure sensitive
valve 106, and finally reduced pressure refrigerant flows out
of the other bi-&hrectional port 102 or 104. The pressure
sensitive. valve 106 perm&ts the flow of pressure. reduced
refrigerant out of one bi-directional port ivhile. prevenung
high pressure refrigerant from flowing directly between the
bi-directional ports. When lugh pressure refrigerant flows
into a bi-directional port 102 and 104 thc prcssure scnsitivc
valve 106 cloaca the flow path from thc port to thc pressure
reducing device 116 and opens a path from the pressure
reducing device to the other bi-directional port 104 and 102.
('losmg the flow path from the bi-direct&on el port 102 or 104
to the pressure reducing device forces refrigerant to flow
through the corresponding check valve 108 or 110, through
the dessicant 112, and into reservoir 113. The opposing
check valve 110 or 108 prevents high pressure liquid refrig-
erant in reservoir 113 from flowing out thc opposing
l&i-d&rectional port 104 or 102. Impunues within the refrig-
erant are removed by dessicant 112. Reservoir 113 provides
a pool of high prcssure liquid rcfrigcrant that can be sourccd
to multiple pressure reducing devices such as device 116
within the flow managcmcnt ccntcr 82 as well as pressure
reducing devices that provide reduced pressure refrigerant Lo

secondary heat exchangers Outlets 118 and 120 provide a
means of tapping oil refngerant from reservoir 113 and
directing it to secondary heat exchanger circuits. In the
preferred embodiment the pressure san~itive valve 106 is a
dual poppet valve, hoivever it is envisioned that other valves
such as multiple check valves, mushroom valves, reed
valves, or rotary valves may be employed Addi&&anally,
similar valves as listed above can replace check valves 108
and 110. Although the pressure reducing dev&ce 116 m the
prcfcrred embodiment is an electronically controlled expan-
sion valve it is within the scope of the mvention to use
mechanically controlled expansion valves as &veil as 90'alves.The desiccant 112 and the temperature anal pressure
probes 122 and (24 are merely ex&nnplary of additional
functions that can bc added to thc flow mana cmcnt ccntcr,
they are not required to practice the invention.

Returning to I l(i. I, the zone-control heat exchanger 92,
located within the interior of thc vehicle provides cooling
functions for local zones or assemblies flxarnples of local
znnc cooling include battery assembly cooling, air condi-
tioned seats, and mdividualized cooling of one side of the
passenger compartment. Pressure reducing device 90
reduces the pressure of and expands the refrigerant to be
supplied to zone control heat exchanger 92. The expanded
refrigerant absorbs heal from the air or liquid which is
passed through heat exchan cr 92, thereby cooling the air or
liquid.

The front panel 55 includes selector sw&tches for setting
thc operating parameters of thc air conditioning circuit 50.
The switches include a blower speed selector 73 Lhat in the
prcfcrrcd cmbodimcnt is adjustable from 30% to 100'/c of
the maximum blower speed, a mode selector switch 72
having five mode settings, a recirculation selector 75 for
selecting fresh or recirculated air, and a sliding tcmpcrature
lever 74 for setting the temperature of air discharged from
thc duct outlets. Although thc mode sclcctor switch in thc
prefl:rred embodiment has five discrete aching&, Lhe prin-
ciples of the invention can bc oxtcndcd to a mode selector
having an unlimited number of settings.



During coohng mode, thc refrigerant discharged from the
compressor 76 tlov,s through I'our-way switch 78 mto out-
side heat exchanger 80 wh&ch functions as a condenser As
heat energy stored in the refrigerant is shed to the outside air
which is blown through the exchanger 80 the ref«ngerant
condenses to a high pressure liquid. Thc liquid rcfrigcrant
flows into a bi-directional port 102 of thc flow managcmcnt
center 82, through the desiccant H2, into the reservoir 113,
up thc uni-directional flow member 114, through thc pres-
sure reducing valve 116, and then out the other bi-directional
port 104. A portion of thc rcfri crant is tapped ofl from thc
reservoir 113 and directed towards a secondary loop as
shown in I'IG I will be explained in a later paragraph. 'Fhe
refrigerant flowing through the pressure reducing valve 116
is pressure reduced and then passes through the other
bi-directional port 104. The prcssure reduced refrigerant
flows mto the manic heat exchanger 88 which functions as
an evaporator. Heat encr y from air passing through inside
heat exchanger 88 is absorbed by the pressure reduced
rcfrigcrant cmising thc rcfrigcrant to chan c to thc vapor .«
state. The vapor state refrigerant flows from the heat
cxchangcr 88 throu h the four-way switch 78 and back to
the inlet of compressor 76 which compresses the vapor and
directs it through four-ivay switch 78 to outside heat
exchanger 80.

The operation of the secondary loop durmg cooling mode
is as follows. Thc portion of refrigerant that tlowcd from an
outlet in reservoir 113 llows through shut-ofl'alve 86 ink&

pressure reducing dev&ce 9tl Pressure reduced refrigerant
flows out of device 90 into local-zone heat exchanger 92
which functions as an evaporator 'I'he refrigerant absorbs
heat from the air which passes through it thereby providing
separately controlled coohn for a portion ot'he passenger
compartment. Although the zone control heat exchan er 92
in the. preferred embod&ment functions as an air-to-
refrigc rant evaporator, it is within the scope of the invention
to employ other heat exchan ers such as refrigerant-to-
refrigcrant, water-to-refrigerant, and oil-to-refrigerant heat
exchangers.

Duwng heaung mode, the direction of ret'rigerant liow is 4«
reversed by changing the orientation of four-way switch 78.
A signal I'rom a controller 130, hereinat'ter described, con-
trols the orientation of four-way switch 78 The refrigerant
discharged from the compressor 76 flows through four-way
switch 78 into inside heat exchanger 88 which functions as 4

a condenser. As heat energy stored in thc refrigerant is shed
to the inside air which is blown through the exchanger 88 the
refrigerant condenses to a high prcssure liquid. Thc liquid
refrigerant flows mto the bi/dtirect&onal port 104 of the tlow
management ccntcr 82, through thc desiccant 112, into thc 5«
reservoir 113, up the uni-direct&onal floiv member 114,
through thc pressure reducing valve 116, and then out thc
other bi-directional port 102. The refrigerant llowing
through the pressure reducing valve 116 is prcssure reduced
and then passes through bi-directional port lt)2. The pres-
sure rcduccd refrigerant flows into thc outside heat
exchanger 80 which functions as an evaporator. Heat cncrgy
from air passin through outside heat exchan er 80 is
absorbed by thc pressure rc&luced refngcrant causing thc
ret'rigerant to change to the vapor state.. The vapor state 4«
refrigerant tlows from the heat exchanger 80 through the
I'our-way switch 78 and back to the inlet of compressor 76
which compresses thc vapor and directs it bacl'hrough
four-way switch 78 to inside heat exchanger 88.

Dunng heaung m&xle, the secondary loop operates in the
same manner as during a cooling mode. Refrigerant from
outlet 118 of flow management center 82 tlows through

pressure reducing device 90 and into local-zone heat
exchanger 92 in which it absorbs heat from air that is passing
through the exchanger 92. Pressure reducing device 90
pressure reduces the relrigerant to increase its capacity to
absorb heat cncrgy from air or fluid flow in« through thc heat
exchanger 92.

Employing flow management contcr 82 in rcvcrsiblc
HVAC system 50 greatly simplifies the interconnecting
plumbing an&I permits morc rcliablc implcrncntation of
secondary cooling loops. It is possible to alternately heat and
cool a vehicle with two heat cxchangcrs without thc addi-
tional valves and plumbing required for conventional sys-
tems. Complex refrigerant balancin schemes for dividing
refrigerant amongst muluple heat exchanger loops are not
required, thcrcby improvin system performance, increasing
system reliability, and reducing cost. A common sense point
at thc outlet of prcssure reducing device 116 is provided for
pressure reduced (low-side) refrigerant. Sensing tempera-
ture and prcssure at thc flow managcmcnt ccntcr climinatcs
the need of conventional systems for sensing at. the inlet to
each heat exchanger

Referring to FIGS. 3&& and 3/&, an alternate. flow manage-
ment dcvicc 81 is iflustratcd which does not include thc
receiver&drier function, but provides reversibility with sim-
pler plumbing than conventional systems and a single pres-
sure reducing device. The flow management device includes
a housing 100 defining bi-directional ports 102 and 104, a
pressure sensitive valve 106, check valves 108 and 110, a

uni-directional liow member 114, temperature probe 122,
and prcssure probe 124. Thc flow managcnicnt device 81
mcludes all the capabihties of the tlow management center
82 with thc exception of thc rcceiverr&lricr function.

I&IG. 4 illustrates another embodiment of an automotive
air con&htionin ~ circuit 40 that includes a compressor 41, an
outside heat exchan er 42, an inside heat exchanger 43, two
four-way switches 44 and 45, a rcccivcrrdricr 46, and an
electronic expansion valve 47.

Four-way switch 45, receiver/drier 46, andi expansion
valve 47 functionally replace the flow management center
82 that is employed in circuit 50 (see FIG. I). The funcuon
of four-way valve 45 is the mirror image of the function of
four-way valve 44. Valve 44 is employed to rcvcrse thc flow
of refrigerant through the heat excbangers 42 and 43. It
csscntiafly converts uni-directional refrigerant liow from thc
compressor 41 into bi-directional refrigerant floiv into tbe
heat cxchangcrs 42 and 43. &&Vhcrcas four-way valve 45
converts bi-directional reftngerant flow I'rom the heat
cxchangcrs 42 and 43 into a uni-directional flow through
receiver,'drier 46 an&1 expansion valve 47.

Rcccivcr/drier 46 rcmovcs contaminants from thc refrig-
erant and ensures a continuous flow of high pressure liquid
refrigerant into expansion valve 47. Expansion valve 47
provides refrigerant pressure reduction and expansion for
heat cxchangers 42 and 43. Expansion valve 47 is preferably
an electron&c expansion valve that receives its controlling
inputs from a controller that monitors thc saturation and
superheat temperature of the heat exchangers 42 and 43.
Howcvcr, other prcssure reducing dcviccs such as block
valves, 90'alves, an&I thermal expansion valves (TXV) are
within the ac«pc of the invention. Generally, to control a
TXV, refrigerant at the superheat temperature and thc satu-
ration temperature must he routed to thc device. To obtain
thc superheat tcmpcraturc thc rcfrigcrant from four-way
valve 44 to the rx&mpressor 41 mlet can be routed through the
TXV. For the saturation temperature tho rcfrigcrant cmittcd
from the TXV can be sensed.



During coolin ~ mode outside hest exchanger 42 functions
as a condenser shedding heat to the outs«le environment and
instde heat exchanger 43 functions as an evaporator absorb-
ing heat from air that is blown into the passenger compart-
ment. The refrigerant cycle is as follows: refrigerant floivs
oui of. compressor 41, through I'our-way valve 44, into the
outside heat exchanger 42, through four-way valve 45, mto
rcceiverrdricr 46 and expansion valve 47, through four-ivay
valve 45, to inside heat exchanger 43, through four-way
valve 44, and back to compressor 41. in

Dunng heaung mode four-way valve 44 change~ onen-
tation causing the tlow of reftugerant to heat exchangers 42
and 43 to rcversc. With thc rcvcrsal in thc direction of
refrigerant flow the functions of the heat exchangers 42 and
43 rcvcrsc as inside heat cxchangcr 43 functions as a
condenser and outside heat exchanger 42 functions as an
evaporator. In addition, thc orientation of four-v ay valve 45
is also changed to ensure that the. direction of refngerant
tlowing into receiver/drier 46 and expansion valve 47
remains constant. The refrigerant cycle during heat pump -n
mode is as follows: refri erant tlows out of compressor 41,
through four-way valve 44, into thc inside heat cxchangcr
43, through four-way valve 45, mto receiver/drier 46 and
expansion valve 47, through four-way valve 45, to outside
heat exchan 4:r 42, through four-ivay valve 44, and hack to s
compressor 41.

From thc foregoing it will bc understood that thc inven-
tion provides a flow management device v ith ln-directional
ports in which rcfrigcrant flowing into either port passes
through an expansion valve and exits the other port in
Additionally, the invention can integrate thc rcccivcrrdrier
function into a flow management device with bi-direcuonal
ports to provide the capability of tapping otf refrigerant flow
for secomlary cooling circuits. Also, the present invention
decreases the complexity of automotive HVAC systems by
integrating a tlow management device into the system to
reduce the number of valves required to implement a revers-
ible heating and coolin HVAC system. A further capability
of the invention is to provide a centralized flow management
center with taps for refri crant to reduce the complexity of 4n

automotive HVAC systems that implement multi-xone con-
trol.
Control System For Reversible Air Conditioning And Heat
Pump HVAC System I or Llectric Vehicles

FI(i. 5 illustrates the control system contiguration to 4

implement the preferred emborliment of the I IVA('ircuit
50. In FICa. 5 the outside coil 80, flow management center
82, inside heat exchanger 88, four-way switch 78, conipres-
sor 76, duct 56, an&i front panel 55 are interconnected in a

manner similar to circuit 50 dlustrated in I'l(i. I Addition- . o

ally illustrated is controller 130 which controls the com-
pressor speed and flow management center 82 operation
based upon inputs from front panel 55, duct 56, and thc
refrigerant system 54.

During operation of thc HVAC circuit 50, thc passenger .

selects a passenger compartment temperature and operating
mode by setting thc switches of front panel 55. Thc front
panel 55 switch settings are decoded by the controller 130,
which converts thc settings to values that rcprescnt desired
temperature, operating mode, and blower speed. The con- ec
troller 130 also monitors sensors that measure the actual
ambient and passen cr compartment tmnperaturc as well as
refrigerant temperature and pressure. 'I'he controller 130
compares thc deco&kd scttin s to thc actual ambient anil
passenger compartment temperature, and generates signaks
that modify thc operation of thc rcfrigcrant flow system 54
and air-tlow structure 52 to bung the actual passenger
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compartment tmnpcrature in conformance with the rlcsircd
temperature as represented by the front panel 55 switch
settings.

The operation of the refrigerant flow system 54 is modi-
fied by controller 130 through output signals that control the
orientation of the four-way switch 78, the speed ol'om-
pressor 76 and the duty cycle applied to thc prcssure
reducing device 116 within the flow management center 82.
Changing thc orientation of four-way switch 78 causes a

reversal in the direction of refiugerant tlow. The direction
that reftugerant flows &bctates whether the IIVA('. system is
in the heating mode or the cooling mode by interchanging
the functions of'he outside heat exchanger 80 and the inside
hi,at exchanger SS. In heating mode the outside heat
exchanger 80 functions as an evaporator and the inside heat
exchanger 88 functions as a condenser SS. Whereas, in
cooling mode the outside heat exchanger 80 functions as a
condcnscr and thc inside heat exchanger 88 functions as an
evaporator. Varymg the speed of'ompressor 76 during a
cooling mode or a heatin mode causes a change in the
reliugerant temperature at the compressor 76 inlet anil outlet,
which has a direct efFect on the temperature of air blown into
the passenger compartment. ('anging the duty cycle
applied to the pressure reducing device 116 during either
cooling or heating mode causes a variation in thc quantity of
refrigerant that the pressure reducing device 116 permits to
flow into thc heat exchanger 80 or 88 that is functioning as
an evaporator. 'I'oo much refrigerant tlowing through the
evaporator leads to flooding thc compressor 76, causing
degraded compressor 76 performance. Too little refrigerant
flowing through the evaporator limits thc cthcicncy of the
evaporator in alisorbing heat, resillting in a reduced cooling
or heating capacity of the HVAC system 50. The controller
130 constantly adtusis the duly cycle applie&l to the pressure
reducing device to keep thc evaporator operating at maxi-
mum efficiency and adjusts the, speed of compressor 76 to
control the temperature of the air blown mto the passenger
compartment.

'I'he air-liow structure. 52 operation is mod&tied by chang-
ing thc position of blend door 61 and the position of
recirculation door 60 Changmg the positmn of blend door
61 changes thc amount of supplcmcntal electric heating that
is applied to the air flowing through the air-flow structure 52,
directly etTecting the temperature of the passenger coiupart-
ment. The position of recirculation door 60 controls whether
fresh air from the outside or recirculated air from inside is
directed tnto the passenger compartment. Typically, more
energy is reqmred to heat or cool fresh air than recirculated
air liecause of. Ihe greater difl'erential between the tempera-
ture of the air tlov ing into the HVAC system 50 and the
dcsircd passcngcr compartment tempcraturc.

Inputs to controller 130 from the front panel 55 include
blower speed from blower spccd selector 73, mode sclcction
from mode selector switch 72, and the target temperature
from tcmpcraturc Icvcr 74. Thc duct 56 inputs include inlet
and outlet temperatures from temperature probes 132, 133,
and 134. Inputs from thc rcfrigcrant system 54 to thc
controller 130 include temperature probe 135 for sensing
ambient tcmpcraturc, temperature probe 124 for scnsin thc
expansion valve 116 outlet temperature, temperature probe
136 for sensing superheat temperature, and pressure pmlie
138 for sensing suction pressure.

Controller 130 is preferably a microprocessor-based
controller, that includes a processor 140 anil associatcrl
memory 142 An analog-to-&hgital converter 1A&B) 144
converts signals from thc various ac«aors to a digital form
used 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 thc compressor 76 in response to system
temperature inputs The interface circuit may also provide a

duty cycle signal for controlling thc expansion valve 116 to s

maintain a regulated average superheat temperature in the
compressor suction linc. Additionally, thc driver 146 may
include an interface circuit coupled to four-way switch 78
for reversing thc switch from cooling mode to heating mode.

Processor 140 includes a main program 151, depicted in io
the th&wchart of lqG. 6, to control the operating mode
selection, compressor speed control, and electronic expan-
sion valve (L&XV) contml. I'ICi. 6 gives an overview of the
control strategy illustrating the major functional modules
that are involved.

Referring to FIG. 6, the main program 151 is illustrated.
The main program 151 provnles the timmg for execution of
thc various control modules At step 152 thc program enters
the operating mode selection module. in which the operaung
mode of the system is selected The supported operating co
modes mclude defrost m&xle, vent mode, PTC heater mode,
heat pump mode, and air conditioning mode The inputs
monnored by the controller 130 to select the IIVAC'ystem
50 operating mode include the position of mode selector
switch 72, tcmpcraturc lever 74, inlet tcmpcraturc, and "s
duong a heating operation the capacity of heat pump mode
Although thc prcferrcd cmbodimcnt has fivc discrctc opcr-
atmg modes, the ponciples of the invention can be extended
to systems having either fcwcr operating modes or a con-
tmuously venable set of operatmg modes 3(i

FIG. 16 illustrates the system operating modes, During
the PTC heater(defrost mode, when the ambient temperature
is less than 40* F., controller 130 turns on the PTC heater 62
and moves the blend door to a position determined by the
location of temperature lever 74. However, for the first 3%
of temperature, lever 74 travel from the full cold position the
controller turns otf Pl'C'eater 62 and only enables the
vents.

In the heaung mode, with ambient temperatures greater
than 40'. or defrost operation with ambient temperatures &o

between 40' and 6(l'., controller 130 turns on the heat
pump and if ncccssary the PTC heater with bknd door to
generate the desired temperature that is reflected by the
position of temperature lever 74. I'or the first 3% of tem-
perature lever 74 travel from full coil the controller 130 4

turns off the heat pump and Pl'C heater 62 and only enables
the vents At temperatures greater than 100'. the controller
130 turns oft Fl'C heater 62.

The third operatmg mode, cooling mode, is selectal&le for
ambient temperatures that are greater than 40''. ('.ooling . o

mode is also used for defrost when thc ambient tcmperaturc
is reater than 6(l''(or the first 33% of temperature lever
travel thc controlkr 130 varies the compressor suction
pressure set point from 20 to 45 psig as the temperature lever
74 is moved from cold to ivarm. Varying thc suction prcssure
set point causes a direct chan e m the compressor speed,
thereby causin the air tcrnpcraturc at thc duct outkts to
change. From 33% to 1(10% of temperature kver travel the
controller 130 sets the compressor 76 suction prcssure to a
constant 30 psig and turns on the PTC heater 62 to reheat the eo
conditioned air.

Returning to FIG. 6, at step 154 thc program enters the
recirculation door positioning module which is described
below with rcfcrencc to FIG. 13. The recirculation door
positionmg module controls the proportion of fresh air to
recirculated air that is blown into thc passongcr compart-
ment. At steps 156 and 158 the program enters modules Rir
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monitoring and disablin the compressor in response to
detected faults The compressor speed control module,
which is described below with rcfcrcncc to FIG. S, is cntercd
at step 160 Varying the speed of compressor 76 causes a
proportional chan c in the air temperature blown from the
duct outlets 64—68. Step 162 les&Is to the EXV control
module which is described with rcfcrcncc to I-'IG. 7. Thc
EXV control module 162 modulates the output of the
expansion valve 116 in rcsponsc to changes in thc vapor
temperature sensed at the compressor 76 anal the compressor
sucuon pressure. Lech of the above listed modules will now
be further explained.

11G. 7 illustrates the detailed &iperation of L'XV control
module 162. The, module 162 controls the volume of refrig-
erant that is pressure reduced by the expansion valve 116 to
maintain a relatively constant superheat temperature at the
outlet ol'he evaporator As low-pressure refngerant flows
from thc expansion valve 116 through thc evaporator it
absorbs heat Irom the. air passing through the evaporator
After absorbing sutlicient heat the loiv-pressure refrigerant
trans&nuns to a vapor state. Any further heat that is absorbed
by thc vapor raises the refrigerant temperature above the
saturation temperature into a superheated temperature
region. To reduce the outlet teniperature of the refrigerant
thc volume of rcfrigcrant flowing into thc evaporator is
increased, thereby increasing the heat load capacity of the
rcfrigcrant. How&vcr, if thcrc is too great a volume the
refrigerant v'ill not transition to the vapor state, resulting in
thc compressor 76 being swamped by liquid rcfrigcrant. An
insuflicient volume of refrigerant floiving into the evaporator
results in thc refrigerant transitioning to the vapor state
before reaching the outlet of the evaporator. Vapor state
refrigerant has less capacity to store heat cncrgy than liquid
state refrigerant, therefore the portion of thc evaporator that
contains vapor state refrigerant has less capacity to store
heat energy, reducing the ofliciency of the evaporator. It is a
desirable to control the LXV 116 such that the liquid to
vapor transition occurs sli htly before the outlet of the
evaporator causmg the refrigerant to superheat a predeter-
mined amount. This maximizes the efticicncy of the evapo-
rator by ensuwn that virtually the entire coil is used for
absorbing heat.

In step 164 the proportional-integral-dilferential (PID)
constants are chosen based upon whether the system is in
heating mode or cooling mode. The selection of PID con-
stants is based upon the particular system characteristics and
is well known in the art Fofloiving selection of the PID
constants the L'XV control module proceeds to steps 166 and
168 wherein the expansion valve duty cycle is mitialized
based upon ambient tenq&erature and operating mode when
thc system first cntcrs either heat pump mode or air condi-
tioning mode I'he raph appended to step 168 depicts the
selection criteria for thc duty cycle. Ambient temperature is
sensed by temperature probe 135 located in front of the
outside heat exchanger 80. The initial duty cycle is then sct
to a value ranging from 50% to 100% of the maximum L'XV
duty cycle depending on thc ambient temperature. After
setting the initial expansion valve duty cycle the system
transitions through a start-up period bcforc scttlin into
steady-slate operation.

During steady-state operation the duty cycle of thc L'XV
is varied in order to maintain a constant superhcai
temperature, 4''reater than the saturation temperature, at
thc inlet to compressor 76. At step 170 thc average superheat
temperature is calculated by measuring the vapor tempera-
turo of rcfri orant exiting thc evaporator and subtracting thc
saturation temperature of the fluid. The saturauon tempera-
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turc is obtained by measuring thc compressor inlet suction
pressure and using the saturation temperature that corre-
spon&ls to the suction pressure. Althou h thc present
embodiment of the invention calculates the average super-
heat tcmpcraturc from thc vapor temperature and suction s

pressure, ii is within the scope of the invenuon to use the
vapor tcmpcraturc with an evaporator inlet tompcraturc
including compensating for the evaporator pressure drop.
Thc outlet of thc expansion valve 116 located in thc flow
management center provirles a common temperauire mea- io
surement location for evaporator inlet temperature in either
heating mode or cooling mode. In conventional systems that
use the evaporator mlet temperature to calculate the super-
heat temperature; temperature probes are required ai ihe
mlets to both the inside and outside heat exchangers to
provide inlet temperature in boih operating mories.

'I'he uprlaterl superheat temperature fr&im step 170 is userl
at step 172 to calculate a revised setting for thc L'XV duty
cycle. As a final step, at step 174 the. controller 130 Emits the
value of the L'XV duty cycle to between 5"/a and 100'/e to oo

ensure the. device remams withm a known operating region
Referring to lqG. 8, the compressor speed control module

160 is illustrated. The compressor speed is controlled by
applying a variable duty cycle to the electric motor that
drives thc compressor 76. Thc tiuty cycle is varied in os
response to a controlling input such as temperature lever
position and compressor suction prcssure. Varying the spccd
of compressor 76 causes a proportionate variation in the
dischar c tcmpcraturc and discharge prcssure of rcfrigcrant
tlowing out of the compressor 76 as well as an mversely io
proportional change in thc compressor suction prcssure and
refrigerant suciion temperature The increaseil refrigerant
discharge temperature results in an incrcascrl condenser
temperature, increasing the capacity of the HVAC system 50
to provide heat cluring heating mode. Thc dccrcascd refrig-
erant suction temperature result~ in a riecreascd evaporator
temperature, increasing the capacity ol the HVAC system 50
provide cooling during cooling mode. The speed of the
compressor 76 is therefore varied to maintam air blown mto
thc passenger compartment at a relatively constant tempera- ao
ture. duwng both heaung mode and cooling morle

The rlesired temperature is set by adjusting the tempera-
ture. lever 74 on front panel 55. The controller 130 calculates
the tar et suction prcssure corresponding to the temperature
lever position (xr1 ) ivhich ie equal to 20+75 "(x(L) for a 4

lever travel distance equal to 3396 of the available distance.
Using the suction pressure as the controlled parameter
instearl of air temperature provides a more stable and faster
responding system

Conventional systems that use air temperature as the .i)
controlled paramctcr have problems with surging of thc
compressor 76 in arltlition to slow response time As the
sensed outlet air tempcraturc changes duc to transient cft'ects
mcluding changes in vehicle speed or passiog through
intermittent sunlight, thc compressor spccd is changed in an .

attempt to keep the outlet temperature constant. When the
compressor speed is constantly changing thc passenger
perceives the changes as surging in the propulsion of the
vehicle. In thc prcfcrrcrl cmbodimcnt, the I.XV control loop
regulates a constant outlet temperature while thc compressor eo
regulates a constant suction pressure. As thc outlet air
temperature chan es thc heat that is transfcrrcrl between the
refrigerant and the inside heat exchanger varies, causing the
rcfri crant supcrhcat tcmperaturc to change. In response to
the change in the superheat temperature the rluty cycle of
prcssure rc&lucing valve 116 is changed by controller 130,
causing a shiit in the flow of refrigerant, resulting in a shght
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variation of the compressor suction prcssure. The controller
130 then modifies the speed of compressor 76 to bring it in
conformance with the target suction prcssure. However, the
required change in the speed of the compressor 76 is
significantly less than thc change that would be required in
an HVAC system that uses compressor speed alone to
compcnsato for changes in outlet tcmpcraturc. Thc minor
change in compressor speed is imperceptible to the
passengers, lcaclin to cnhanccd driving comfort.

In addition to elinunaiing surging, the response time of
I IVA( system 50 is retluced by using suction pressure as the
controlled input. Cooling air at the ilesired temperature is
bloivn over passengers in significantly less time than con-
ve,niional systems that control air temperature directly. Ae a
result, unlike conventional systems, PT('. heatmg of the
cooled air ie not requirerl to provide, fine control over ihe air
temperature, resulting in more energy eificient vehicle
operation.

Duwng heat mode the compressor speed is vened m
reaction to changes in the temperature of the air flowing out
of the inside heat exchanger 88. In heat pump mode, unhke
air conditioning mode, suction pressure is not directly
related to the temperature ol'ir flowing out of the inside
heat exchanger. 'I'herefore the air temperature sensed by
tcmpcraturc probe 133 is used as thc controlling input for
compressor speed

In step 176 thc controflcr 130 calculates thc error and
error derivative to be used in the PID controller for the
controlled input. In air conditioning mode the controlled
input is the suction pressure and in heat pump mode the
controlled input is the post inside heat 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 thc
PID constants anil the calculated error and error denvative.
'I'he revised duty cycle is limited to between Sc/e and 90% to
ensure tho compressor 76 is operatcrl within speciticrl
parameters.

FI( L 9 ilhistrates the interaction between the EXV control
loop and the compressor speed control loop during the
cooling mode start-up transition. As explained ihe EXV
control loop regulates the vohime of rel'rigerant that flows
through pressure reducing device 116 maintaining a prede-
termined refiugerant superheat temperature at the outlet of
the evaporator. A secondary eflect of the L'XV operation is
that as the EXV permits an increased volume of refngerant
to flow, the suction pressure at the inlet to compressor 76
ilecreasee The operation of the compressor 76 has a corre-
spondiog interaction with the L'XV. When the speed of
compressor 76 is changed, thc resulting change in suction
pressure and temperature at the inlet to compressor 76
causes a change in the saturation tcmpcraturc of refrigerant
that flows through the evaporator. Increased compressor 76
spccd, causes a lower suction prcssure, leading to a lower
saturation temperature, resulting in the reftngerant tempera-
ture rising to thc prcdctcrmincd superheat tcmpcraturc ear-
lier in ihe traverse of the evaporator. The EXV loop com-
pcnsatcs for thc change in superheat tempcraturc by
permitting an increased volume of refrigerant to flow
through the evaporator, thereby causing a higher suction
pressure. When the HVAC system 50 first turns on, if the
pressure reducing valve 116 is set to an initial rluty cycle of
flc/e, the volume of rcfri crant fiowing throu h the evapo-
rator will la ~ the tximpresvir speed throughout the entire
start-up time period, delaying thc start-up, resulting in a
start-up time penod of approximately 2 S minutes.
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Assuming an ambient tcmperaturc of 4Ct'., thc EXV is

set to an initial duty cycle of SCI&7c. at step 168 (see I'ICi 7)
Thc compressor suction pressure is sct to achicvc thc target
suction pressure corresponding to the locauon of tempera-
ture lever 74. Initially, the compressor suction prcssure s

decreases slightly dunng the first secon&ls oi'perauon as
fluid pours through thc EXV, then as thc compressor spins up
towards stearly-state epee&i suction pressure begins to
incrcasc significantly. At thc same time the EXV duty cycle
increases until the sucuon pressure has increased to a point io
where the EXV begins to track the suction pressure. I)uring
the early stages of start-up it is not unusual for the com-
pressor to tkiorl until the compressor speed increases a
suflicieni amount t&i develop appropriate sucflon pressure. In
the preferred embo&liment the compressor is operated on the
borderline of floo&ling during the start-up transition thereby
contributmg to a faster system response time. Also, as the
EXV duty cycle begins to track the suction prcssure it v ill
overshoot its steady-staLe value by a shght amount The
underdamped response displayed by the LXV control loop co
results in a further reduction m the system response. lime. In
combination the improvements result in air cooled to the
desired temperature bloiving over the faces of passengers
ivithin approximately 35 seconds of system start-up.

From thc foregoing it will bc understood that thc invcn- zs
tion provides a system for improving the steady-state
response time of an automotive HVAC 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 controllmg an HVAC: system that io
employs a flow management dcvicc. The invention further
provides a system for controlling an HVAC system incor-
porating a centralized flow management center.
Anti-Fog System for Reversible Air Con&liuoning anti Heat
Pump HVAC System for Automobiles 3

Referring to FIG. 10, a single loop reversible air condi-
tioning and heat pump system 191 is illustrated with the
corresponding temperature cycle diagrams for air condition-
mg mode l90 anil heat pump motte 192 As &vill be
descnbed, thc preferred embodiment of. tho presont inven- 4e
tron prevents undesirable fogging by slowly increasing the
speed of compressor 76 over a predetermined period of time.
Cienerally, in reversible HVAC systems foggmg may occur
during the transition from cooling mode to heatin mode.
Pnor to tlescwbing the solution provitied by the presently 4

preferred embodiment, a brief description of the refrigera-
uon cycle and how fogging occurs in a reversible system ts
provide&I with reference to I IG. 10.

The refrigeration cycle essentially uses a small amount of
energy to power a compressor in order to transfer a greater . i&

amount of heat energy from onc cnvironmcntai region to
another environmental region. It does this by using the
coolin eflcct of evaporation to lower thc tcmpcraturc of thc
air passmg through one heat exchanger (tbe evaporator) 88
and using thc heating effect of condensing hi h tcmpcraturc,
high pressure gas to raise the temperature of the air passing
through another heat exchanger (thc condenser) 80. With
reference to wavcform t, of FIG. 10, drawn from right to left,
the tcmpcraturc profile of rcfrigcrant floiving from an evapo-
rator 88, through a compressor 76 and four-way switch 78, ec
and then through a condenser 80 is illustrated Refrigerant
entering thc evaporator 88 is at low pressure and low
temperature. 'I'he temperature being the saturation tempcra-
turc of the prcssure rcrluccd refrigerant. As the refrigerant
passes through the evaporator 88 heat energy from air that
is blown through thc evaporator 88 is absorlicd by thc
refrigerant. The air that exits the evaporator 88 is nouceably

cookd due to thc transfer of heat energy from the air to the
rel'rigerant. The &xxiler air no longer has the capacity to
retain the same amount of. moisture as the warmer air that
ives blown mto the evaporator 88, therefore the excess
moisture condenses out of the air onto the external surface
of thc evaporator 88. 31&a vapor state rcfrigcrant flows from
thc evaporator 88 to thc compressor 76 ivhcrc it is com-
pressed io a high pressure, high temperature vapor before
flowing into the condenser 80.

When the controfler 130 commanris a change. to heating
motte the onentation of four-way switch 78 is changed, thus
interchanging the refrigerant connections to the compressor
76, thereby reversing the tlow of refrigerant through the
system causing the heat cxchangcrs to chan c functions.
Rcfcrring to waveform ta of FIG. 10, drawn from left to
right, pressure retluced refrigerant flowing into outside heat
exchanger 80 (the evaporator) absorbs heat energy from the
outside air which is blown through the evaporator 80. The
refngerant flowing through the evaporator remains at its
saturation tcmpcraturc for a majority of thc travcrsc. As thc
refrigerant nears the end of the evaporator 80 the accumu-
lated heat energy that has been absorbed causes the refrig-
erant to transition to a vapor state. Any further heat energy
that is absorbed in the refrigerant causes the refngerant
temperature to increase beyond the saturation temperature
into a superheated tcmpcraturc range. Thc superheated
refrigerant flows to the compressor 76 which compresses it
to a hi h prcssure, high tempcraturc vapor which is directed
to the inside heat exchanger (the condenser) 88. As the high
tcmpcraturc vapor flows into the condcnscr 88, thc tempera-
ture of the condenser 88 rapidly rises to an equivalent
tcmperaturc. Moisture that had accumulated on the inside
coil 88 dunng the air conditiomng mode begins to boil otf
as the condenser 88 increases in tcmpcrature. The moisture
is absorbs&i by air flowing through condenser SS into the
passenger compartment. Fogging then occurs when thc
moisture laden air strikes the cokl inside surface of. the
passenger compartment wmdows.

FIGS. 5 anil 11 illustrate an exemplary anti-foggin
system for controlling the operation of a reversible HVAC
system 50 for automobiles. FIG. 5 as explained earlier in this
specilication illustrates a control system tor an automotive
HVAC system. Using the same harrlware confi uration,
controller 130 minimizes the effects oi'ogging by gradually
increasing the compressor speed at a predetenuined rate, and
regulating the flow management center operation to ensure
eflicient use of the evaporator. Although a flow management
center 82 is empliiyed in the preferred embodiment it is
within the scope of the invention to use a pressure reducing
&levice with a separate receiver/drier. Additionally, the
invention encompasses any venable speed or capacity
compressor, cvcn though thc compressor in thc prcfcrred
embodiment is an electnc compressor.

Processor 140 is programmed to control the compressor
speed and tlow management center operation as depicted m
thc flowchart of FIG. 11. FIG. 11 provides a gcncral over-
view of the main system operating modes and the detailed
program steps rclatcd to thc anti-foggin routine. In thc
preferred embodiment of ihe invention the steps that are
include&i in thc anti-foggin routine 201 arc spread throu b-
out a number of program modules such as thc operating
mode selection 152, compressor speed control 160, and
EXV control 162 (scc FIG. 6). Calculated chan es to the
outputs that control the speed of compressor 76 and the
rc ulation of prcssure reducing &lcvice 116 only occur within
the designated m&xlules. To clarify the included steps, they
have bccn brought together and listed in anti-fog routine
201.



17
At step 200 thc program enters air conditioning mode in

&vhich cooling air is blovvn into the passenger compartment
During air conditioning mode, as a byproduct of thc refri-
erauon process moisture accumulates on the external surface
of inside heat exchanger 88. At step 202 an anti-fog tlag is s

se& Lo provide an indication &ha& there is moisture on the
surface of thc inside heat exchanger 88. The anti-fog tlag
will remain seL until heat pump mode is entered at step 2&14.

At step 206 thc program continues into thc anti-fog scqucncc
2(18 if &he anti-I'og flag is set, otherwise it branches olf. Lo io
steady-state heat pump mode at step 210.

The anti-fog sequence begins with selecting a post-inside
heat exchanger air target temperature and a duration of
operation at step 212 from a table ol'alues that are
represented in the graph The actual post-inside heat
exchanger air temperature is measured by probe 133. The
target temperature is se& equal &o the ambient plus an et(set
that is increased over time. I.imiting thc post-inside heat
evchanger target temperature to a speciiied ofl'set above
ambient indirectly limits the temperature of the compressed "o

rel'ngerant vapor the& tlows m&o the. condenser SS. The
evaporation rate of moisture located on the inside heat
evchanger Qi is directly related Lo the refngerant tempera-
ture at the inlet to condenser 88. Therefore, radually
increasing the target tcmpcrature causes a gradual increase "s
in the compressor speed, v'bich causes a gradual increase in
thc compressor discharge prcssure, which results in a
gradual mcrease in the refrigerant temperature at the inlet to
thc condenser, thereby limiting thc evaporation rate of
moisture on the condenser 88 s(i

At step 214 the compressor target suction pressure is set
to 45 psi. Starting the suction pressure a& 45 psi ensures that
the startin discharge pressure and temperature are low
enough to prevent uncontrolled moisture evaporation from
the condenser 88. Thc suction prcssure is related directly to
thc speed of compressor 76.

At step 216 a PID controller calculates the neiv compres-
sor speed setting based upon the target temperature and
previous suction pressure The change m suction pressure
from the previous setting is linn&ed to prevent undesiraiilc 4o

changes in compressor speed which could lead to high
discharge temperatures and uncontrolled condenser mois-
ture. evaporation. Although the preferred embodimen& of the
invention controls the compressor speed to regulate the
moisture evaporauon rate, it is within the six&pe of the 4

invention 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 correlates to the temperature
lever 74 position, then the Hl'C heater 62 is turned on and . o

the lilcnd door 61 is sct to a position that will cnablc thc
HVA('. to achieve the temperature lever target temperature.
I'hc required door 61 position is oiitaincd from a lookup
table that correlates blend door position to dtfferential tem-
pcraturc and airflow.

At step 218 the recirculation door 60 is set to the full fresh
air position. Setting thc recirculation door 60 to thc full fresh
air position in combination with slowly evaporating mois-
ture from thc condcnscr prevents fogging in thc passenger
compartminit. As moisture is slowly evaporated ofl'f the eo
condenser it is absorbed by thc fresh air flo&ving past the
recirculation door 60, through inside heat exchanger 88, and
into the passenger compartment. 'I'he moisture laden air
tlowing into the passenger compartment from thc outside
causes Lhe internal air pressure to &no&ease, acting to drive air
out of the compartment throu h vents and other unscaled
openings. Pushing air out the vents prevenLs an excessive

amount of moisture laden air from accumulating in the
passenger compartment as &veil as ensuring that the driest
possiiilc air is passed over thc inside heat exchanger 88.

The anti-I'og sequence continues until controller 130 has
executed thc table of values dcpictcd raphicafly at step 212.
Having completed the predetermined routine, all of the
moisture that cxistcd on inside heat exchanger 88 has
evaporated ami Lherelore the temperature of Lhe refngerant
cntcring thc condcnscr 8S no longer needs to bc controflcd.
The anti-log flag is reset ami &he heat pump system transi-
tions to 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 with temperature lever 74
is attained.

I'rom the foregomg it wdl be understood that the inven-
tion provides a system which con&rois fogging when chang-
ing modes in a reversible HVA('. system Additionally,
throu h thc usc of thc anti-fogging method thc rate of initial
heating of the passenger compartment is not compromised
Additionally, the invention permits a system v"hich controls
I'oggmg in an HVA( system when initially starting air
conditioning mode.
Heating System in a Reversible Air (.onditiomn ~ and Heat
Pump I IVA('ystem for Lkctric Vehicles

FIGS. 5 and 12 illustrate an exemplary tempcraturc con-
trol system for a reversible air conditioning and heat punip
HVAC system for an clcctric automobile. I IG. 5 illustrates
the niterconnection of controller 130 to an automotive air
conditioning circuit 50. Controller 130 controls thc com-
pressor speed, flo&v management center 82 operation, and
blend door 61 positioning based upon inputs from front
pane155, duct. 56, and the refngerani system The controller
130 is preferably a microprocessor-based circuit, that
includes processoir 140 for executing a program, its associ-
ated memory 142, an A'D 144 for converting analog signals
into digital inputs, and a driver circuit 146 for interfacing
with system components

Processor 140 is programmed to control the heating mode
selection that &s depicted in the flowcharts of. I&I GS 12A and
12B. The hcatin mode selection programs control thc
operauon of the IIVAC circuit 50 during a heatm operation.
In thc preferred embodiment of thc invention thc steps that
are included in the hea&m m&xle selecuon modules are
spread throughout a number of program modules such as the
operaung mode selection 152, compressor speed control
16(I, and BXV control 162 (see I'IG. 6) Calculated changes
&o the outputs that contr(il Lhe speed of compressor 76 and
the regulation of pressure reducing device 116 only occur
witlnn ihe designated modules. To clarify &he included steps,
they have been brought together and listed in the two heating
mode sclcction modules.

Heat to the passenger compartment is provided by a
combination of thc HVAC in heat pump mode and PTC
heaters 62 depending on the ambient temperature and the
rcqucstcd tar ct tcmpcraturc as sclccted liy thc position of
the temperature lever 74.

For ambient tcmpcraturcs less than 40'. heat is supplied
only by the PTC heater as Lhe reversible HVAC refrigerant
system is disabled to prcvcnt icing of thc heat exchangcrs 80
and 88 which would result in reduced airtlow and odors in
the passenger compartment. At ambient temperatures greater
than or equal to 40'. heat is supplied by either thc heat
pump, thc P f('. heater 62, or the heat pump supplemcntcd by
&lie PTC lien&or 62.

Rei'erring to FIG. 12A, at step 270 a target temperature is
calculated based upon the position of temperature lcvcr 74.
A lo&ikup table contains values that correlate temperature
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lever position to the target temperature of thc air flowing
from the duct outlets 64—68. The creation of a lookup table
containing such values is well known in the art. At step 272
Lhe target temperature is then compared to Lhe temperature
of air flowing into inside heat exchanger 88. Thc prc-indoor s

heat exchanger air temperature is measured by probe 132. If
thc air tompcraturc at probe 132 cxcccds thc tar ct tempera-
ture the PT('eater 62 &s turned olf, Lhe heat pump is turned
ofl; anti thc bpend rloor 61 is sct to thc max cool position. In
Lhe max cool position air bypasses the PT('eater and flows io
directly to the duct outlets l)uring this metic of operation
the out~ide air which flows into the duct 56 is warmer than
the passenger has requested via the temperature lever 74. 'I'o

cool Lhe incoming air to Lhe desire&i Lemperature the pas-
senger has the option of enabhng air conditioning metic

For incoming air that ie colder than the target temperature
the compressor speerl is adjusted by a PIIT controller at step
276 to drive the temperature of post inside heat exchanger
air Lo the target temperature As compressor speed is
increaserl the refrigerant suction pressure and temperature oo

decreases enabling the. refrigerant to absorb a greater amount
of heat from the external air as the refrigerant traverses the
outside heat exchanger (evaporator) 80. The rel'ngerant is
additionally compressed by the compressnr to a greater
discharge tcmpcrature and prossurc prior to bein ~ routcrl to as
the inside heat exchanger (condenser) 88 The increased heat
load of thc refrigerant, obtained from thc outside heat
exchanger 80, is then transferred to the air tlowing through
thc inside heat exchanger 88. Thc incrcascrl heat transfer
causes a commensurate mcrease in the post inside heat &o

exchanger air tcmperaturc, assuming thc ambient tempera-
ture anil air flow rate remains constant.

At step 278 thc post inside heat exchanger air temperature
is measured by probe 133 and compare«l to the target
tcmpcraturc. I'he post inside heat exchanger air temperature
represents the air temperature prior to the. PTC heater. If the
air temperature is greater than the target temperature, then
supplomontal heat is not requirod to achieve, Lhc target
temperature Therefore, at step 280 the controller turnsPT('eater

62 off, sets the blend door 61 to thc max cool position, ao
and returns to step 270 to begin another iteration This is the
normal operating loop dunng heat mode operation as the
controller 130 regulates the air temperature to the selected
target temperature. 'I'he post inside heat exchanger air tem-
perature will exlubit normal closed loop operation by fluc- 4

tuating slightly about the target temperature.
If the measured post ins«le heat exchanger air temperature

is less than the target temperature, then the electric heater,
PTC heater 62, is turned on. As the air flow rate across the
P'I'C heater 62 increases, the heat output of the device . o

incrcascs thcrcby transferrin a grcatcr amount of heat to thc
passenger cmnpartment 'li& regulate the quantity of heat tl&at

is transferred to thc passcngcr compartment blcnrl door 61
provides a path for a portion of the a&r to bypass the Ff('.
hcatcr 62 and recombine downstream with air that has .

flowed through the Pl'('eater 62. Hy retlucing the quent&ty
of air that flows over thc PTC hcatcr 62, less heat is
transfcrrerl to the air, thereby reducing the commensurate
incrcasc in thc tcmpcraturc of the air, and providing, a simple
means of regmlating the temperature of the recombined air. eo

At step 282 the requiretl blend rloor position to achieve the
target temperature is calculated in a manner known in the art.
The required eflectiveness represents the amount of PTC
hcatin that is rcquircrl to raise thc tcmpcraturc of the post
msitle heat exchanger air to the target temperature at the
existing airflow across the PTC. At step 284 thc controller
130 sets the posiuon of. blend tloor 61 and Lhe loop returns

to step 270 to start another iteration. This is the normal
operatmg loop when supplemental heat lrom the PT('eater
62 is required to raise the duct outlet air to the requested
temperature Lech t&me through steps 270, 272, 276, 278,
282, and 284 the position of the blentl door 61 is varied
slightly as the controller 130 responrls to changing condi-
tions.

Alternatively, the, heating moil&, selt,ction program can be
implcmenterl as illustratorl in FIG. 128. The program illus-
trated in Fl(i. 120 is particularly suitable I'or operating
motles where the overhead energy that is expended turnmg
on the heat pump or PT(l heater 62 exceeds the energy
required to raise the passenger compartment temperature to
thc dcsircd tcmpcraturc. At step 300 a forty second timer is
started. Thc timer acts thc time period during which thc heat
pump attempis io attain the target temperature. At step 302
the heat pump target temperature is calculated based on the
position of temperature lever 74 The compressor speed PII)
controller is adjusted at step 304 to tlnve the compressor
spec&I towards attaining thc target temperature. At step 306
the heat pump gain is calculated. The heat pump gain
represents the work the heat pump contnbutee to raise the
temperature of the passenger compartment under the exist-
mg operating conditions The heat pump gam &s set equal Lo

the outlet temperature, probe 133, minus the inlet
tcmpcraturc, probe 132, divided by the outlet mmpcraturc.
At step 308 the post-insirle heat exchanger air temperature as
mcasurcrl by probe 133 is compared to thc target tempera-
ture calculated at step 302 to rletermine if the heat pump is
capable of attaining thc target tcmpcraturc. If the heat pump
does attain the target temperature the forty second timer is
reset at step 310 and the program returns to step 302.
Adtlitionally, if the heat pump has not attained the target
tcmperaturc but thc 40 sccontl timer has not timed out, the
program returns Lo siep 302 to continue to atLempt to attain
the target temperature. Iiov.ever, if the heat pump does not
attain the target tempcrat.ure within 40 eecon&ls then at step
314 the measured values I'or heat pump gain and ambient
temperature are stored for later use. Although, in the pre-
ferred embodiment the heat pump is allowetl 4(l seen«die to
attain tho target temperature, it is within the scope of thc
&nvenuon that the allowed time may range. I'rom about (I

seconrls to beyond 40 seconds. For example, the heat pump
heating capability may be characterised by factory test or
simulation and a number representative of the capability
may be stored in memory for later recall Lo determine if the
heat pump is capable of attaining a target tenq&erature

At step 316 the heating mode transitions from the heat
pump to P'I'C heater 62 by gradually decreasing the heat
pump output anti increasmg the PT('eater 62 over a 40
secontl period Making a gradual transition enhances pas-
senger comfort by reducing thc noticeability of thc change
in system operation. At step 318 the storetl value for heat
pump ain is adjusted for changes in ambient tcmpcraturc.
At step 320 the revised value for heat pump gain is com-
pared to the system gain that represents thc amount of work
required to heat the passenger compartment to the target
tcmpcraturc. If thc system gain cxcccds thc heat pump ain,
there is insufficient capacity in heat pump morle for heating
the passen cr compartment, thcreforc thc program remains
in PTC heat morle and returns to step 318. If the heat pump
gain exceeds the system gain, the heat pump is capable of
supplying the required heat necessary to attain the tar et
temperature. 'I'he program advances to step 322 anti transi-
tions from thc PTC heater 62 to heat pump over a 40 scconrl
time penod, linally returmng «& heat pump mode at step 300.

From thc foro oing it will be untlcrstood that thc inven-
tion provides a system which min&mixes energy consump-
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tion dunng a heating operation of an automotive HVAC
system. Additionally, the method can be employed to
dynamically update tho heatin modo selection as operating
conditions change Also, through the use of the method the
cncrgy eflicicncy of an electric vehicle is incrcascd. 3

Addiuonally, the invention provides an energy eflicient
method for controllin the passenger compartment tempera-
ture of an electric vehicle.
Air Handlin for HVAC System for Electric Vehicles

Referring to FIGS. 5 and 13, an air handling system for an in
electoc vehicle HVAC system &s illustrated 1&IG 5 illus-
trates the interconnection of controller 130 to an automotive
air conditioning circuit 50. Controller 130 controls the
compressor speed, flow management center 82 opennion,
and recirculat&on door 60 positioning 1&used upon inputs
from front panel 55, duct 56, and the rel'rigerant system.
Recirculation door 60 may be set to any value I'rom full fresh
air, through part fresh air with part recirculated air, to full
recirculated air

The recirculation door control program 251 is illustrated co
m I&IG. 13. Although FIG. 13 depicts all ol'he recirculauon
door program components existing in a single separate
program module, it is within the scope of the invention I'or

the different elements to be spread throughout the system
program. In thc prcferrcd cmliodimcnt of thc invention thc "3

steps that are included in the heating mode selection module
arc spread throughout a num(acr of program modules such as
the operating mode selection 152 and recirc. door position-
ing 154 modules (scc FIG. 6). To clarify thc included steps,
they have been brought together and listed in the blend door ic
control module.

When the system is turned-on, step 25(3 is executed and
the recirculation door 60 is set to the recirculation position.
By starting in the recirculation position less energy is
consumed controlling thc temperature of thc passcngcr
compartment. In recirculation mode, air from within the
passenger compartment is routed through the inside heat
exchanger 88 before being directed back into the passenger
compartment 'I herefore to raise the duct outlet air to the
desired temperature the heat transferred from inside heat 4e
exchanger 88 only has to supplement the diiference between
the desired temporature and the temperature of the passen cr
compartment In I'resh a&r mode, to raise the duct outlet air
to the desired temperature thc heat transferred from inside
heat exchanger 88 supplements the difference betv,een the 4

desired temperature and the temperature of the external air
which is flowing into the passenger compartment.

I hving set the recirculation door 60 to its initial position
the program continues on ui step 252 in which the inputs
from the front panel 55 are interrogated to determine if a . o

particular positioning of tho recirculation door has been
requested If a recirculation door position change has been
rcqucstcd, then at step 254 thc recirculation door is sct to thc
requested position at step 254

In step 256 thc program optionally begins an anti-fog .

sequence. As is explained above, fogging of the passenger
compartment windows may occur when thc rcvcrsible
HVAC system 50 switches from cooling morle, to heating
mode. I)uring thc cooling mode cycle moisture accurnulatcs
on the, external surface of the insirk, heat exchanger 88 which ec
functions as an evaporator. When the HVA('witches from
cooling mode to heating mode thc refrigerant flowing into
the inside heat exchanger 88, which functions as a
condenser, rapidly increases in tcmpcraturc. As thc refrig-
erant begins to raise the temperature of the condenser 88,
moisture that had accumulated on thc inside heat cxchan &'r

88 during the cooling mode begins to boil olf. The evapo-

rating moisture is absorbed by air flowin throu h conrlcnscr
88 into thc passenger compartment. I'oggin then occurs
whon the moisture laden air strikes thc colder windows of
the passenger compartment.

At step 258 thc air handling procedure during an anti-fog
sequence is performed. The I'ront panel selection for the
recirculation door 60 position is ovcrriddcn as the door 60 is
set to the full fresh air position. With fresh air flowing into
thc passcngcr compartment thc air pressure within thc
compartment increases, forcing air out of vents and door seal
cracks As new fresh air carrying &ts load of moisture is
blown into the passenger compartment, preexisting moisture
laden air is forced out through the vents to the outside
environment The recirculation door 60 remains in the fr&,sh

a&r position untd the anti-fog sequence &s completed, at
which time thc recirculation door is rese&. &o its former
pordt lou.

In step 260 the program bc ins an air blo&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 the blower 58,
but also bacl up through the recirculation air duct 57. The
air flowmg hack into the recirculation air duct 57 bypasses
the inside heat exchanger 88 and PTC heater 62 which are
downstream from thc recirculation door 60. Thcrcforc, the
air flowing hack into the recirculation duct is unconditioned
external air. Thc cxtcrnal air couki vary from cxtrcmcly cold
dry air during winter months to very hot humid air during the
summer months. Thc external air flows out of thc duct inlets
and directly onto the passengers in the passenger compart-
ment.

At step 262 &he program sets the recirculanon door 60 to
prevent an undesirable air blow-by event from occurring.
The previous ~etting of the recirculation door 60 is overrid-
den and thc door is sct to thc full fresh air setting. Thc
recirculation air duct 57 is blocked when &hc recirculation
door 6(3 is in the full fresh air position, therefore the fresh air
is forced through blower 58, inside heat exchanger 88, and
YTC heater 62 The fresh air is properly conditioned to the
desired tempcraturc b&,fore heing lilown into the passenger
compartment and no air flo&vs hack through the recirculation
duct 57. Althou h in the preferred embodiment the rccircu-
lauon door is set to the full I'resh air aching it could
alternately be set to the full recirculation air setting, in which
case the fresh air duct 59 is blocked, preventing fresh air
fron& flowing into the duct 56. Additionally, although in the
preferred emliodiment the setting of the recirculauon door
60 is independent of the prior position of the recirculation
door 60, the selecuon of the full fresh air setting versus the
full recirculation setting cmild be based on the position of
thc recirculation door 60 prior to cnterin the air i&low-by
sequence

From thc fore oing it will lic understood that thc inven-
tion provides a system for selectively overridu&g the pas-
senger air mixture sclcction under prcdctermincd vchiclc
operating co&xlit&ons to permit IIVAC operating modes that
enhance passen cr comfort Additionally, the system can bc
employed to improve vehicle performance by automatically
adjusting thc air mix during predctcrrnined vehicle operating
modes.
System for (.'ooling Electric Vehicle 13attcries

Rcfcrring to FIG. 14, a schematic of an automotive HVAC
circuit 220 for an electric vehicle is illustrated. 'I'he HVAC
circuit 220 is an alternative embodiment of thc invention
wherein heat I'rom the battery pack 224 is used to supple-
ment heating of thc passenger compartment. Thc circuit 220
is similar to the HVAC circuit 50 illustrated in FIG. I with
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the addition of a heat exchanger circuit 222 for coolin a
Liattery pack 224. A heat exchanger circuit 222 communi-
catcs with auxiliary heat exchan cr 92 to cool Liattcry pack
224 and controller 130, and includes a heat exchanger 228,
a battery pack 224, a reservoir 230, and a pump 232. I

1.&quid high pressure refngerant from flow management
center 82 flows through expansion valve 226 and shut-otf
valve 86 into heaL exchanger 228. Although high pressure
refrigerant in the prefcrrcd cmbodimcnt is obtained from
flow management center 82, it is within the scope of the in
invention to obtain high pressure refrigerant from other
means such as a valve, a receiver/drier, or a reservoir.
Additionally, although a thermal expansion valve is
employed in Ihe preferred embodiment, Ihe principles of I he
mvention may be readily extended to &ither pressure reduc-
ing means such as an electronic expansion valve. Shut-olf
valve 86 is included merely to show a possible method of
controlling battery cooling by prcvcnting thc flow of refrig-
erant mto heat exchanger 228. The relrigerant outlet of heat
exchan er 228 is connected to the compressor 76 suction "o

lme such that the vapor is combmed with refrigerant vapor
from other system evaporators prior to flowing into the
compressor 76 inlet.

1he coolant outlet of heat exchanger 228 connects to
battery pack 224 which includes the vehicle energy storage zs
batteries. Iieet is generated in the batteries during eiiergv
storage and discharge cycles due to cncrgy losses from
converting chemical energy to electrical energy Iieat from
thc Liattcrics is transfcrrcd through the battery pack into the
coolant 'I'he outlet of battery pack 224 cminects to reservoir sn
230 which connects to thc inlet of pump 232. The pump 232
propels the coolant through heat exchanger circuit 222.
Coolant from the pump 232 flows through controller 130,
c&ioling the system electronic~. The heat generated Liy the
controflcr 130 is additionally transfcrrcd into thc coolant.
The controller 130 control~ the operation of HVAC system
220. The temperature of battery pack 224 is sensed by
temperature probe 225 which provides an input to the
Battery Linergy Management System (BEMS) 234 The
BEMS 234 controls the operation of shut-olf valve 86 in ae
response to the temperature sensed by probe 225.

FIG. 15 illustrates the operation of HVAC circuit 220. In
this emb&xliment controller 130 sets four-way valve 78 such
that the system heatin mode is operational. Iligh pressure,
high temperature refrigerant flows from compressor 76 4

outlet through four-way valve 78 into inside heat exchanger
88 which funcuons as a condenser. I.&quid rel'rigerant flows
from the outkt of condenser 88 through shut-off valve 84
tnt&i a bi-&hrectional port of. tlow management center 82. The
refrigerant then splits with a portion floiving from an outlet . e
of flow management center 82 to expansion valve 226, and
the remainder of the refrigerant tlowmg out of the expansion
valve 116 of thc flow managcmcnt center 226 to outside heat
exchanger 80 Pressure reduced refrigerant flows through
thc outside heat exchan cr 80 which functions as an evapo-
rator absorbmg heat energy from the outside air flowing
through it.

In operation, the refrigeranL that tlowed from thc outlet of
tlow managenient ccntcr 82 tio&vs through expansion valve
226 and shut-off valve 86 before entering heat exchanger ee
228. The pressure reduced refrigerant that tlows through
heat exchanger 228 absorbs heat energy from coolant that is
routed through heat exchanger circuit 222 I'he process by
which heat energy is transfcrrcd from thc coolant to thc
rel'rigerant m heat exchanger 222 is Lhe same as what occurs
in inside heat exchanger 88 thc functioning of an evaporator
descnbed earher. The coolant in circuit 222 flows through

battery pack 224 absorbing heat from the vehicle batteries.
I'he coolant then flows through reservoir 230 and pump 232
bcforc absorbin additional heat from controller 130 prior to
returnmg to heat exchanger 228 Hot coolant enters the heat
exchanger 228 inlet and transfers its heat energy to the
pressure reduced refrigerant flowing through Ihe refngerant
line within the heat cxchangcr 228. I'hc prcssure rcduccd
refrigerant Lransituins Io Lhe vapor slate as it absorbs heat
energy from thc coolant. Thc vapor state rcfrigcrant then
flows through the four-way switch 78 before combining with
vapor state refrigerant from outsule heat exchanger 80 prior
to the inlet to compressor 76.

Coolant continues to circulate through circa&it 222 so long
as the temperature of the battery pack 224 r&,mains above40''hen

the battery pack 224 temperature decreases below
40'. the BEMS 234 disables shut-ofl'alve 86 interrupting
the flow ol refrigerant to the heat exchanger 228. Coolant
continues to flow through heat exchanger circuit 222 as thc
temperature of'he battery begins to slowly increase. Once
the temperature of the battery pack 224 once again rises
above 40'. the BL'MS 234 enables shut-otf valve 86,
reestablishing the tloiv of refrigerant to the heat exchanger
228 and the transfer of'heat I'rom the heat exchanger circuit
224 to the HVA(.: circuit 220 resumes.

Waveform h, of FIG. 15 iflustratcs thc heat cycle of
IIVA('ircuit 220 Refrigerant flowing into evaporator 80
initially carries a heat load depicted as plateau 238. As the
refrigerant tlows through evaporator 80 it absorbs heat
energy from outside air that is blown through the evaporator
80 Meanwhile, refrigerant flowing through heat exchanger
228 also carries a heat load depicted as plateau 238. The
refrigerant flowing Ihrough heat exchanger 228 absorbs heat
energy that is transferred from the battery pack 224 of heat
exchanger circuit 222. The heat load of Ihe refngerant
increases to plateau 242 when the vapor state refrigerant
from heat exchangers 80 and 228 combines prior to com-
pressor 76 The refngerant heat load further mcreases to

plate tni 244 when compressor 76 compresses the vapor state
refrigerant to a high pressure, high temperature vapor. The
stored refrigerant heat energy decreases to plateau 238 as thc
ref'ngerant &reverses the mside heat exchanger 88 and the
heat energy is transferre&l to air that is Lilown through into the
passenger compartment.

Using waste heat from the battery pack to supplement
heat energy absorbed from Ihe outsule air for hex(in the
passenger compartment provides a number of advanta es It
expands the operaung con&buona umler which heat mode
operation of the IIVA('. is possible by increasing the stored
energy in Lhe refngerant. II improves the efliciency of the
overafl vehicle system by reducing the need to rely on
electric cncrgy to heat thc passenger compartment. Where
conventional systems would exhaust the battery pack waste
heat to the cxtcrnal cnvironmcnt and usc electric cncrgy
from the battenes to provide supplemental heat to the
passcngcr compartment, thc invention rcduccs thc nccd for
electrical heating by using the waste heat from the batteries
to supplcmcnt thc heat pump system.

Duwng cooling mock Ihe flow of the refwgcrant through
the main loop is rcvcrsed from heat pump mode. Heat from
air passing through the inside heat exchanger (evaporator)
88 is a(i&orbed by the refrigerant. I'he refri erant flowing
through local-zone heat exchanger 228 continues to absorb
heat from the heat exchanger circuit 222 (refer to I'l(i. 14).
The rcfrigcrant from the local-zone heat cxchangcr 228
combines with rel'rigerant from mside heat exchanger 88
prior to compressor 76. Thc rcfrigcrant is compressed fur-
ther sibling Lo Lhe heat load and directed Io the outside heat
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exchanger 80 (condenser). As thc refngerant traverses the
conilenser 80 the comb&ned heat load &s shed to the outs&de
air that flows through the condenser 80 The refngerant then
flov's to the flow management center 82 and then through tbe
remainder of the circuit s

From thc foregoing it will be understood that the inven-
tion provitlcs a system for increasing the operating ran c of
an automotive heat pump system. Additionafly, the invention
provides a system for improving the energy etl'iciency of an
electoc automob&le Further, the invent&on prov&des a system

&DI'r etlictently distributmg the heat energy oi'n electric
automobile. Also, a n&ethod is presenterl for coolm the
battery pack of an electric vehicle
Advantages of thc Invention

From thc foregoing it will bc understood that thc invcn-
uon provities a flow management device with b&-d&rectional
ports in which refwgerant flowing into either port passes
through an expans&on valve and ex&ts the other port
Additionally, the invent&on can integrate the receiver,'dr&er
function into a flow manage&nent device ivith bi-directional
ports to provide the capability of tapping off refrigerant flow co
I'or secondary coohng circu&ts Also, the present mvenuon
decreases the complexity of automotive HVA(.l systems by
mtegrating a flo&v management dev&ce into the system to
reduce the number of valves required to implement a revers-
ible heating and cooling HVAC system. A further capability os
of the invention is to provide a centralized flow managen&ent
ccntcr with taps for refrigerant to reduce thc complexity of
automotive IIVAC systems that implement multicmne con-
trol.

1'he mventim& provides a system for &rnprovmg the &o

steady-state response time of an automotive HVAC system.
Additionally, the invention perm&ts a retiuction in the star(-
up time of an automotive air conditioning system. Also, the
invention provide~ a system for controfling an HVA( sys-
tem that employs a flow management device. The invention
further provides a system for controlling an HVAC system
mcorporat&ng a centrahzerl flow management center.

The invention provides a system which controls fogging
when changm modes &n a revers&ble IIVAC system.
Ad(iitionally, through the use of thc anti-fo ging mcthori thc (o
rate of initial heating of the passenger compartmen& is not
compromised. Additionally, the invention permits a systmn
wh&ch controls fogging m an HVAC system when innially
startin air conrlitionin mode.

The &nvenuon prov&des a system winch minimizes energy 4

consumption during a heating operation of an automotive
HVAC system. Adtliflonally, the method can be employed to
dynam&cally update the heating mode selection as operating
conditions change. Also, through the use of the me(boil the
energy etylmency of an electr&c vehicle &s increased.. o

Additionally, the invention provides an energy cflicicnt
method for controlling the passenger compartment tempera-
ture of an electric vchiclc.

11&e invent &on provides a system for selectively overriding
thc passcngcr air mixture sclcction under predetermined .

vehicle operating conditions to perm&t HVAC operatmg
modes that enhance passcngcr comfort. Additionally, thc
system can be employed to improve vehicle performance by
automatically adjusting the air mix during predetcr&oined
vehicle operating modes. eo

The invention provides a system for incrcasin the oper-
ating range of an automotive heat pump system.
Additionally, the invention provides a system for improving
thc cncr y efiicicncy of an electric automobile. Further, thc
mvention provitles a system fi&r eflic&ently distributing the
heat oner y of an clcctric automobile. Also, a method is
presented lor cooling the banery peel of an elec&wc vehicle.

Althou h certain preferred embo(limcnts of the invention
have been harem doser&bed in order to alford an enlightened
understanding of: the mvention, and to doser&t&e

principles, it should be understood that the present invention
is susceptible to moditlcation, vanation, innovation and
alteration without departing or deviating from the scope, fair
meaning, and basic principles of thc subjoinctl claims.

What is claimed is:
1. A flow management system for controlling the flow of

refrigerant in a vehicle heating and cooling system, thc flow
management system comprising:

a compressor for compressing the refrigerant;
a first heat exchanger for transferring heat between the

rcfri crant and the vchiclc;
a sccontl heat exchanger for transferring heat betwccn thc

rei'ngerant and an outside environment;
a flow switching rlev&ce in corn municat&on w&th the com-

pressor for switching the direction of rcfrigcrant tlow
tower&la the lira& heat exchanger m a heattng motle and
towards the second heat exchanger in a cooling mode;

a prcssure reducing assembly for receiving high pressure,
liquid refrigerant I'rom either the first heat exchanger or
the second heat exchanger and emitting pressure
reduced ref&agerant to the heat exchanger from which
the high pressure, liquid refrigerant was not receive(I;

wherein, during the heating mode rcfogcrant flows from
the iirst heat exchanger, through the pressure reducmg
assembly, and into the seconrl heat exchanger before
returmng to the flow switching iievice; and

during the coolmg mode refogerant flows from the second
heat exchanger, through the pressure reducing
assembly, and into the first heat exchanger before
returning to the flow switching device.

2. The flow management system of claim I wherem the
pressure reducm assembly comprises:

a flow management device having bi-directional ports.
3. The flow management system of cia&m I wherein &he

pressure reducing assembly compnses:
a flow managcmcnt center having a first port for rccciving

anil emitting refngerant, a second port for receiving and
emitting refngerant, and a receiver for accumulating
ref&ugerant.

4. 'I'he flow management system of cia&m 3 wherein tbe
flow management center further comprises:

a dessicant for removing impur&ties from the refrigerant.
3. 'I'he flow management system of claim 3 further

composing a secondary heat exchanger circuit; ami
wherein the flow management center further include~ an

outlet for providing refogerant to the secondary heat
exchanger circuit.

f&. 'I he flow management system of claim 2 ivherein the
pressure roducing device is an electronic expansion valve.

7. 'I he floiv management system of claim I ivheretn the
prcssure reducing assembly comprises:

a pressure reducing device for providing pressure reduced
ref&ugerant to the lirst heat exchanger m the. coohng
mode and to the seconti heat exchanger in the heating
mode; and

a second flow sw&tch&ng device for convert&ng
bi-directional refrigerant flow from the first heat
exchanger and the second heat exchanger to a umdi-
rcctional flow through thc expansion valve, such that

in thc heating morlc rcfri crant flows from the first heat
exchanger, through the second flow switching device,
to the expansion valve, and out of thc second flow
switching device, and
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in thc cooling mode refrigerant flows from thc second

heat exchan er, through the second flow switching
device, to the expansion valve, and out of the second
flow switching device.

8. Thc flow management system of claim 7 whcrcin thc s

pressure reducmg asseml&ly turther compnses:
a rccc&vcr/drier for ensuring a continuous flow of thc

refrigerant to the pressure reducing device
9. Thc flow managcmcnt system of claim 7 whcrcin thc

pressure reducmg device is an electronic expansion valve.
10. Thc flow managcmcnt system of claim 7 wherein thc

pressure reducm deva:e is a thermal expansion valve.
11. Aflow management system for controlling thc flow of

a refngerant m a vehicle heating and cooling system, the
flow management system comprisinlp

a compressor for compressing the refri erant;
a tirst heat exchanger for transferring heat between the

refrigerant and the vehicle;
a second heat exchanger for transferring heat l&etween the

rcfrigcrant and an outsi&tc environment;
a secondary heat exchanger ay~tern for cooling secondary

clrcultg
a first tlow switching device in communication with the

compressor I'or sv, itching the d&recuon of the refriger-
ant tlow towards thc lirst heat exchanger in a heating

mode and towards ihe second heat exchanger in a

cooling mode;
a flow mana ament center for receiving the refngerant

from cithcr thc first heat cxchangcr or the second heat
exchanger, pressure reducing the rel'rigerant, and emit-
ting the refngerant to the heat exchanger from wh&ch

the refrigerant was not received;
the liow management center including;

a first port for receiving and emitting thc refrigerant;
a second port f&&r receiv&ng and emittmg the refngerant;
a rcccivcr for accumulating thc refrigerant;
a fess&cant t'or removing impurities from the refriger-

ant; and
an outlet for providing the refrigerant to the secondary

heat exchanger circuit;
wherein, during the heating mode refngerant flows from

thc first heat exchanger, through thc flo&v managcmcnt
center and into the second heat exchanger before
returning to the first flow switchin device; and

during the cooing mode refngerant flows from the second
heat exchanger, through thc flow management center
and mto the lirst heat exchanger before returmng to the
lirst flow switchin device.
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